
1                   EP 0 385 623 B1                 2 Description
micrometers, it is not sufficiently accurate to give use- ful measurements
of coating thicknesses of less than This invention relates to methods for
making opt-  a micrometer. Presently, coating thickness is deter- ical
fibers and, more particularly, to methods for  mined by measuring the
electrical conductivity along measuring and controlling thin carbonaceous
coat-   5   samples of the optical fiber. Since both the glass fiber ings
during optical fiber fabrication.             and the polymer coating are
non-conducting, electri- Primarily because of their use in optical commu-
cal conductivity along the sample length is a function nications systems,
the fabrication of optical fibers has  of the carbon thickness. This is
normally a destruc- been a subject of intensive research and develop-  tive
testing method, in that it requires separation of ment. Optical fibers are
typically made in a continu-  10  the fiber sample from the fiber under
production. ous process which involves drawing the thin glass  There is
thus a need for a simple and accurate meth- strand or fiber from a
partially molten glass preform,  od of determining carbon coating
thicknesses on opt- and thereaftercoating it with a polymerto increase its
ical fibers, and preferably a method that is non-de- structural strength.
The U.S. Patent ofAndrejco etal.,  structive to the optical fiber. Further,
there is a need 4,450,333, describes in detail a furnace of the type  15
for such measurement in a way that would provide that can be used for
heating a glass preform to permit  feedback during the production for
adjusting coating a fiber to be drawn.
thickness during a continuous production process to Optical fibers as
presently made are still much  assure that it remains within prescribed
limits. more fragile than metal conductors, and they are sub-  According to
the present invention, there is pro- ject to increased light transmission
loss due to hydro-  20  vided a method as defined in claim 1. gen
contamination. Contamination is particularly a     We have found that when
an appropriate laser problem if the optical fiber is used as part of an un-
beam is directed at an optical fiber containing a car- derwater cable
because permeation by water or OH   bon coating, the energy of the
forward-scattered las- radicals may result in an undesired reaction with
the  er light is monotonically inversely proportional to the glass (silicon
dioxide) optical fiber and because, in  25  thickness of the carbon
coating. As a consequence, that environment, fiber replacement or repair is
com-  the coating thickness can be measured during pro- paratively
inconvenient and expensive. A copending  duction ofthe fiber and such
information used to mod- U.S. application of DiMarcello et al., Serial No.
ify the coating thickness as the coating is applied. 098,253, filed
September 18,1987, and assigned to  The energy in the forward scattered
modes can be Bell Telephone Laboratories, Inc. (hereby incorporat-  30
conveniently monitored byintercepting laser light with ed herein by
reference), describes a method for her-  a screen, directing a TV camera at
the screen and metically sealing the optical fiber by coating it with a
monitoring the intensity of the received light after thin carbon film. The
fiber is coated by exposing the  blanking out the light of the unscattered
laser beam. hotfiberfromthefurnace to an atmosphere of, forex-  Moreover,
this measurement may be made through ample, acetylene and other gases,
which results in a   35  the use of equipment that is already installed for
the carbonaceous coating having a form which is partic-  purpose of
monitoring the concentricity of the poly- ularly reliable and effective in
protecting the glass fib-  mer coating. These and other objects, features,
and er from contamination. In particular, with the method  advantages will
be better understood from a consid- described, the coating results in a
cross-linked car-  eration of the following detailed description taken in
bon network which increases the strength of the fiber  40  conjunction with
the accompanying drawing. as well as providing protection.
FIG. 1 is a schematic diagram of apparatus for One problem with using the
DiMarcello et al.       fabricating optical fiber in accordance with one
method Is the difficulty of monitoring the fiber during  embodiment of the
present invention; production to assure that a carbon coating of the
FIG. 2 is a schematic view of a laser ray passing proper thickness is being
applied. Since the coating   45  through a section of optical fiber which
illustrates is only 0.05 to 0.1 micrometers (500 to 1000 ang-      certain
aspects of the invention; stroms) thick, normal mechanical methods of moni-
FIG. 3 is a graph of the scattering angle [err] of FIG. toring coating
thickness cannot be used. International  2 versus the distance [err] of the
ray of FIG. 2 from Patent Application, having the International Publica-  a
center-line of the fiber, tion Number WO 87/05831, shows the use of a laser
50   FIG. 4 isagraph of intensity of lightpassing trans- to monitor the
diameter of an optical fiber. The paper,  versely through an optical fiber
versus angle [err]; "Scattering from side-illuminated clad glass fibers for
FIG. 5 is a schematicviewof apparatus for detect- determination of fiber
parameters," L.S.Watkins,      ing forward-scattered light in accordance
with Journal of the Optical Society of America, Vol. 64, No.  one
embodiment of the present invention; 6, June 1974, pp. 767-772, describes
in detail; how   55  FIG. 6 is a schematic block diagram of apparatus such
a device can be used. While such a technique      for converting video
signalsfromthe apparatusof is fairly reliable for giving an indication of
glass fiber  FIG. 5 into signals for controlling gas flow in the diameter,
which is typically one hundred twenty-five   apparatus of FIG. 1. 2   



3                   EP 0 385 623 B1                 4 Referring now to FIG.
1, there is shown, as a   light intensity indicates that the coating is too
thick. functional block diagram, apparatus for fabricating  The monotonic
inverse relationship of the detected optical fiberin accordance with an
illustrative embodi-  light intensity to coating thickness of course
consti- ment of the invention. A draw tower in which the ap-  tutes part of
the computer program. While the dia- paratus is used typically includes a
furnace 11 into   5   gram shows the generated electrical signal as being
which a glass preform (not shown) is fed and from  used to control flow
rate, it should be understood that which an optical fiber 12 is drawn. The
furnace may  it could be used as a direct measure of thickness and be of
the general type described in the aforemen-  that an operator could use
that information to correct tioned patent of Andrejco et al., and may
produce a  gas flow. temperature on the order of [err] which partially  10
FIGs. 2 through 4 are presented to aid in an un- melts the preform and
which permits a glass fiber 12,  derstanding of the principles of the
invention. In FIG. typically 125 microns in diameter, to be drawn from  2
an optical fiber 12 (shown as a section taken trans- the molten preform at
a rate typically between two  versely to the fiber's central axis)
comprises an inter- and ten meters per second.                         ior
silica portion 26, an outer polymer portion 27, and As described in detail
in the aforementioned Di-  15  a carbon coating 28 between the silica and
the poly- Marcello et al. patent application, the heated fiber is  mer
portions. Line 29 is a center-line containing the then directed through a
carbon coating chamber 13  axis of the optical fiber. Consider a pencil
light ray 30 in which it is subjected to a carbon-containing gas. For
parallel to center-line 29 and displaced a distance [err] example,
acetylene [err] from a source 14 may be  from the center-line. It will be
scattered due to refrac- fed into the coating chamber 13 along with
nitrogen   20  tion by the polymer, carbon and silica components from a
source 15. As described in the DiMarcello et  and will exit the optical
fiber at a scattering angle [err] al. application, the object of the
coating process is to  with respect to center-line 29. deposit carbon on
the optical fiber that is chemically  Referring to FIG. 3, it can be shown
that, for light bonded with silicon atoms of the glass fiber 12 and
passing transversely through the glass fiber, the which produces a
cross-linked carbon network hav-  25  scattering angle [err] increases with
the distance [err] until ing unsaturated bonds. The flow of the acetylene
into  some maximum angle [err] is reached. As [err] increases the coating
chamber 13 is preferably adjusted such  further, the angle [err] falls as
shown in the graph. The that carbon coats on the optical fiber to a
thickness  same is true of negative values of [err], below the center- of
500 to 1000 angstroms (0.05. 0.1 micrometers.   line, which produce
negative angles 0. FIG. 4 shows A typical acetylene flow rate is 3.5 liters
per min-  30  a graph of the forward-scattered light intensity versus ute
with a nitrogen flow of two liters per minute.  theangle 0. Ordinate 32
represents the point atwhich After the carbon coat, the fiber 12 is
directed into  the angle [err] equals 0, while ordinates 33 and 34 rep- a
polymer coating applicator 17, which coats it in a  resent values of [err]
of + [err] and - [err], respectively. known manner with a polymer such as
an acrylate       Curve 36 illustrates a typical distribution of light
UV-curable coating. The diameterof the fiberwith the  35  intensity versus
[err] for an optical fiber in which there is polymer coating is typically
250 microns. Thereafter,  no carbon coating 28 as indicated in FIG. 2.
Maximum the fiber is directed through a polymer curing station  light
intensities are symmetrically disposed about 19 which directs the outputs
of ultraviolet lamps hav-  Line 32 at + [err] and - [err], and the light
intensity at all ing a power adequate to cure the coating material on
angles is comparatively high. If, in FIG. 2, rather than the fiber 12.
40  a laser ray 30 of infinitely small diameter, we were to In accordance
with the invention, prior to or after  consider a collimated light beam
having a uniform in- curing the polymer coating, a beam from a laser 20 is
tensity across its thickness and having a thickness directed transversely
at the optical fiber 12, and the  approximately equal to that of the coated
optical fiber forward-scattered laser light is detected by a light de-
12', the total distributed forward-scattered light would tector21 which may
be an array of photodetectors. As   45  correspond to Curve 36 if there
were no carbon coat- will be explained further later, we have found that
the  ing and if the polymer coating 27 were concentric with energy of the
forward-scattered laser light is mono-  the silica portion 26. Line 32 of
course represents the tonically inversely proportional to the thickness of
the  point at which the scattering angle is zero, which cor- carbon
coating. The detector may mask unscattered  responds to center-line 29 of
FIG. 2. It can be shown direct light so as to detect only scattered laser
light.  50  that if there is a lack of concentricity of the polymer Thus,
the output of the detector is directed to a com-  coating 27 with respect
to the silica portion 26, the re- puter 22 which generates an appropriate
signal for op-  gions of maximum intensity shown by lines 33 and 34 erating
a valve 24 controlling the flow of acetylene to  will not be symmetrical,
as shown, with respect to the coating chamber 13. The computer is program-
center-line 32. As described in the paper "High Speed med to increase the
flow of acetylene in response to  55   Measurement and Control of
Fiber-Coating Concen- a forward-scattered light intensity which indicates
tricity," by D. H. Smithgall and R. E. Frazee, the Bell that the coating is
too thin; similarly, the computer  System Technical Journal, Volume 60, No.
9, Novem- signal drives the valve to reduce acetylene flow if the  ber
1981, pages 2065-2080, advantage may be taken   



EP 0 385 623 B1                 6 of this phenomenon to detect and
automatically cor-  ed such that the scattering pattern is crossed by a
rect for lack of concentricity of the polymer coating.  multiplicity of
vertical scan lines (the symmetry of the For purposes of the present
invention, however,  intensity patterns around the center-line as
illustrated note is taken instead of the total energy of the for-  in FIG.
4 is arbitrarily taken as defining the horizontal ward-scattered modes,
which may be taken as being   5   direction). Thus, along each scan line
the intensity of proportional to the area under curve 36. As men-   the
pattern is sampled once. By extracting this infor- tioned before, we have
observed that the energy of  mation from the camera output, the scattering
pattern the forward-scattered laser light is monotonically in-  can be
reconstructed to give the Intensity distribution versely proportional to
the thickness of the carbon  as shown in FIG. 4. Furthermore, the location
of im- coating 28. Thus, if a carbon coating 28 of a given  10
portantfeatures within the pattern can be determined thickness is applied,
curve 36 will fall to the relative  by counting the number of samples, or
scan lines, be- position shown, for example, by curve 36A. If the car-
tween features. With thefull-field view of the camera, bon thickness were
increased further, the total inten-  the detector is insensitive to tilt in
the scattering pat- sity of the forward-scattered light would reduce fur-
tern resulting from an angularly misaligned camera or ther, and the curve
would fall to the position such as   15  optical fiber. that shown by curve
36B. In the apparatus of FIG. 1,   To align the laser beams to the coated
fiber, ro- we take advantage of this phenomenon to control au-  tatable
cubes 45 and 46, each mounted on the shaft tomatically the thickness of the
carbon coating on the  of a small servo motor, is located in each optical
path. optical fiber 26. It should be noted that FIG.4 does not  An aperture
between the cube and the viewing illustrate the intensity of the
non-scattered laser light;  20  screen eliminates spurious scattering
effects from the if this were included in FIG. 4, it would appear as an
corners of the cube. intensity spike centered about line 32 having a thick-
The output of each of the cameras 43 and 44 is ness related to the
thickness of the laser beam. It  processed identically; FIG. 6 is a
functional block di- should also be noted that, as used herein, forward-
agram showing the processing of the output of one of scattered light means
all light from a collimated beam   25  the cameras. The composite video
signal is separat- that is refracted or otherwise deflected from its prop-
ed into video and synchronization components by a agating direction by the
fiber and which impinges on  video separator 49 and a synchronization
separator a reference plane on a side of the fiber opposite the  50. The
video portion of the signal is directed to two light source.
separate integrator circuits 52 and 53. Integrator 53 Anotheradvantage of
our invention is that carbon   30  sums the collective value of all of the
video pulses coating thickness can be monitored by the same    contained in
one complete vertical field. Therefore, equipment that is used to monitor
polymer coat con-  the output voltage of integrator 53 is proportional to
centricity as described in the aforementioned Smith-  the total energy
contained in the forward-scattered gall et al. article. The optical layout
of such apparatus  pattern. This signal is directed to the computer Is
shown in FIG. 5, in which the output of a laser 37,  35  through an
analog-to-digital (A/D) converter. The sec- typically a 1 milliwatt
helium-neon laser, is split into  ond integrator 52 sums the signal levels
contained in two components 38 and 39 which are each reflected  each
vertical scan line. The output, controlled by line to intersect at the
central axis of the fiber 12. Located  synchronization pulses to form a
serialized box car approximately 4 centimeters from the fiber are view-
representation of the envelope, is directed to a high- ing screens 41 and
42. The screens may be white  40  speed A/D converter 55, which converts
each scan bond paper which provides a high contrast back-    line level to
eight bits of binary data, which are direct- ground and partially diffuses
the scattering pattern,  ed to the computer. The video scan line is
conditioned eliminating the fine structure corresponding to inter-  at the
scan rate of approximately 63 microseconds. ference of refracted and
reflected rays. The glass fib-  As described in the aforementioned
Smithgall et erdiameter is illustratively 125 microns, coated diam-  45
al. article, the computer can from this data develop a eter 250 microns,
and laser beam diameter 800 mi-  signal for changing the eccentricity of
the fiber with crons. The scattering pattern as viewed on the screen
respect to the polymer coating. Likewise, the comput- appears as a bright
bar on either side of the very  er is used to control the valve 24 of FIG.
1. This will bright central spot, the central spot representing the
normally require conversion of the computer output unscattered light and
the two bright bars representing   50  from a digital to an analog signal
so as to drive, for ex- intensity maxima as shown in FIG. 4.
ample, a solenoid that may control valve 24 in a The scattering pattern on
screen 42 is viewed by  monotonic inverse relationship to the detected
light a closed circuit television camera 43, and the pattern  intensity, as
described before. It should be noted that on screen 41 is viewed bya
television camera 44. The  the use of two laser beams at right angles for
detect- camera views the screen through a 0.633 micron in-  55  ing coating
thickness is preferable to simply using one terference filter which permits
the device to operate  beam, since it can be used better to detect non-uni-
in normal room lighting conditions, while only the  form coatings. The
computer will develop a signal scattering pattern Is observed. The camera
is mount-  based on a sum of both video outputs, which is nor- 4  
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representative of coating thickness          ward-scattered light pattern;
around the entire periphery of a given sample than            using the
intensity of forward-scattered only one video output would be.
light forming said pattern to generate a signal While the use of television
cameras to detect light  which is a function of the thickness of the carbo-
intensity has been discussed in some detail, it should   5  naceous
coating; be understood that a more straight-forward use of             and
using the signal to control the thick- photodetectors could be considered
advantageous.        ness of the carbonaceous coating in the coating
Photodetectors of course inherently generate an elec-   chamber. trical
signal proportional to light intensity, and an elec- trical inverterwould
convert such signal to be inverse-  10  2. The method of claim 1, further
characterized in ly proportional to light intensity. It is to be understood
that: that the monotonic inverse proportionality that we            as the
fiber is directed through the coating have discovered is not necessarily a
linear propor-     chamber, the coating is made by contacting the
tionality. Also, flow rate of acetylene in FIG. 1 is not  fiber with a gas
containing carbon so as to form necessarily linearly proportional to
coating rate.  15  a carbonaceous coating on the fiber. Since other
relevant parameters such as fiber tem- perature, coating chamber
configuration, draw rates  3. The method of claim 2, further characterized
in etc., can affect coating thickness, it is preferred that  that: the
functional relationship between generated [err]         the signal is used
to control the flow of the cal signal and coating thickness be empirically
de-  20  gas to the coating chamber. rived for each process under
consideration. This can be done by comparing various coating thicknesses
4. The method of claim 3, further characterized in measured electrically
with the generated electrical     that signals. Alternatively, the relevant
relationships can        the gas includes acetylene. be derived
mathematically.                      25 While the laser Is the most
practical device for  5. The method of claim 3 further characterized In
forming a collimated light beam, in principle, other de-  that vices could
alternatively be used. It may be desirable       the uncoated glass fiber
has a diameter of to screen the non-scattered laser beam so as to ob-
approximately 125 micrometers and the outer di- tain a total integrated
intensity that is more sensitive   30  ameter of the polymer coating is
approximately to changes in carbon coating thickness. On the other    250
micrometers. hand, because of the Gaussian distribution of light in-
tensity within most laser beams, if the beam is cen-  6. The method of
claim 3 further characterized in tered on the fiber, a large proportion of
the light inten-  that: sity will be transmitted through the carbon coating
35     the intensity of the forward-scattered light even if the thickness
of the beam is significantly larg-  is detected by inserting a screen in
the path of er than the carbon coating diameter; this means that    the
forward-scattered light and directing a televi- a large proportion of the
detected lightwill be forward-  sion camera at the screen, and the signal
is a first scattered light even if the non-scattered portion is not
electrical output signal of the television camera screened out. Other
modifications and embodiments  40    which is a function of the
forward-scattered light may be made by those skilled in the art without de-
intensity, such intensity being monotonically in- parting from the spirit
and scope of the invention.     versely proportional to the thickness of
the car- bonaceous coating. Claims
45  7. The method of claim 6 further characterized in that 1. Amethod
formaking optical fibers comprising the           the first electrical
output signal of the tel- stepsof drawing a glassfiberfrom a heated glass
evision camera is directed to a computer which body, directing the fiber
through a coating cham-  generates a second electrical signal and the sec-
ber, exposing the fiber in the coating chamber to  50  ond electrical
controls a valve that controls the a carbon-containing gas compound,
thereby to        flow of carbon-containing gas into the coating coat the
glass fiber with a carbonaceous coating    chamber. to a thickness of 0.1
micrometers or less, and thereafter coating the glass fiber with a polymer
8. The method of claim 3 further characterized In coating, characterized
by:                 55       that directing a laser beam at the fiber after
it        the laser beam is split into two compo- has been coated with
polymer, the impingement       nents which are directed at the optical
fiber at of the beam on the optical fiber resulting in a for-  right angles
to each other; 5  



7                    EP 0 385 623 B1                  8 mally more
representative of coating thickness           ward-scattered light pattern;
around the entire periphery of a given sample than             using the
intensity of forward-scattered only one video output would be.
light forming said pattern to generate a signal While the use of television
cameras to detect light  which is a function of the thickness of the carbo-
intensity has been discussed in some detail, it should    5  naceous
coating; be understood that a more straight-forward use of             and
using the signal to control the thick- photodetectors could be considered
advantageous.         ness of the carbonaceous coating in the coating
Photodetectors of course inherently generate an elec-    chamber. trical
signal proportional to light intensity, and an elec- trical inverterwould
convert such signal to be inverse-  10  2. The method of claim 1, further
characterized in ly proportional to light intensity. It is to be understood
that: that the monotonic inverse proportionality that we             as the
fiber is directed through the coating have discovered is not necessarily a
linear propor-      chamber, the coating is made by contacting the
tionality. Also, flow rate of acetylene In FIG. 1 is not  fiber with a gas
containing carbon so as to form necessarily linearly proportional to
coating rate.   15  a carbonaceous coating on the fiber. Since other
relevant parameters such as fiber tem- perature, coating chamber
configuration, draw rates  3. The method of claim 2, further characterized
in etc., can affect coating thickness, it is preferred that  that the
functional relationship between generated [err]       the signal is used to
control the flow of the cal signal and coating thickness be empirically de-
20  gas to the coating chamber. rived for each process under consideration.
This can be done by comparing various coating thicknesses     4. The method
of claim 3, further characterized in measured electrically with the
generated electrical      that: signals. Alternatively, the relevant
relationships can        the gas includes acetylene. be derived
mathematically.                      25 While the laser Is the most
practical device for  5. The method of claim 3 further characterized in
forming a collimated light beam, in principle, other de-  that: vices could
alternatively be used. It may be desirable        the uncoated glass fiber
has a diameter of to screen the non-scattered laser beam so as to ob-
approximately 125 micrometers and the outer di- tain a total integrated
intensity that is more sensitive   30  ameter of the polymer coating is
approximately to changes in carbon coating thickness. On the other     250
micrometers. hand, because of the Gaussian distribution of light in-
tensity within most laser beams, if the beam is cen-  6. The method of
claim 3 further characterized in tered on the fiber, a large proportion of
the light inten-  that sity will be transmitted through the carbon coating
35      the intensity of the forward-scattered light even if the thickness
of the beam is significantly larg-  is detected by inserting a screen in
the path of er than the carbon coating diameter, this means that     the
forward-scattered light and directing a televi- a large proportion of the
detected lightwill be forward-  sion camera at the screen, and the signal
is a first scattered light even if the non-scattered portion is not
electrical output signal of the television camera screened out. Other
modifications and embodiments  40    which is a function of the
forward-scattered light may be made by those skilled in the art without de-
intensity, such intensity being monotonically in- parting from the spirit
and scope of the invention.      versely proportional to the thickness of
the car- bonaceous coating. Claims
45   7. The method of claim 6 further characterized in that 1. A method for
making optical fibers comprising the          the first electrical output
signal of the tel- steps of drawing a glass fiber from a heated glass
evision camera is directed to a computer which body, directing the fiber
through a coating cham-    generates a second electrical signal and the
sec- ber, exposing the fiber in the coating chamber to  50  ond electrical
controls a valve that controls the a carbon-containing gas compound,
thereby to         flow of carbon-containing gas into the coating coat the
glass fiber with a carbonaceous coating     chamber. to a thickness of 0.1
micrometers or less, and thereafter coating the glass fiber with a polymer
8. The method of claim 3 further characterized in coating, characterized
by:                  55       that: directing a laser beam at the fiber
after it         the laser beam is split into two compo- has been coated
with polymer, the impingement        nents which are directed at the
optical fiber at of the beam on the optical fiber resulting in a for-
right angles to each other, 5  
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forward-scattered light from each of  5. Verfahren nach Anspruch 3, ferner
the laser beams is detected by locating two        dadurch gekennzelchnet;
daB screens such that each screen intercepts for-            die
unbeschichtete  Glasfaser einen ward-scattered light from one of the two
laser     Durchmesser von ungeflhr 125 Mikrometer hat beam components;
5       und der auSere Durchmesser der Polymerbe- and two television
cameras are used to       schichtung ungefihr 250 Mikrometer betragt.
generate third electrical signals indicative of the intensity on the two
screens;                   6. Verfahren nach Anspruch 3, ferner the third
electrical signals being combined   dadureb gekennzelchnet, dalS to form
said signal which is a function of the thick-  lo  die Intensitit des
vorwarts-gestreuten ness of the coating.
Lichtes durch Einsetzen eines Schirms In den Weg des vorwarts-gestreuten
Lichtes und Rich- ten einer Fernsehkamera auf den Schirm erfaft
Patentansprche                                        wird und das Signal
ein erstes elektrisches Aus- 15      gangssignal der Fernsehkamera ist, das
eine 1. Verfahren zur Herstellung optischer Fasern mit      Funktion der
vorwarts-gestreuten Lbhtintensitit den Schfitten des Ziehens ehner
Glasfaser aus ei-  ist, wobei diese Intensitfit monoton invers propor- nem
erhitzten Glaskorper, Ffhren der Faser         tional zur Dicke der
kohlenstoffhaltgen Be- durch eine Beschichtungskammer, Aussetzen
schichtung ist. der Faser einer kohlenstoffenthaltenden Gaszu-  20
sammensetzung in der Beschichtungskammer,       7. Verfahren nach Anspruch
6, ferner um dabei die Glasfaser mit ehner kohlenstoffhal-   dadureh
gekennzelchnet, daB tigen Beschichtung bis zu einer Dicke von 0,1 Mi-
das erste elektrische Ausgangasignal der krometern oder weniger zu
beschichten und da-      Fernsehkamera einem Computer zugeffihrt !st, nach
Beschichten der Glasfaser mit einer Poly-  26  der eh zweites elektrisches
Signal erzeugt, und merbeschichtung, glkennzuiehnot dureh:             das
zweitb elektrische Signal ein Ventil steuert, Richten eines Laserstrahis
auf die Faser      das den Strom des kohlenstoffenthaltenden Ga- nachdem
diese mit Polymer beschichtet wurde,       ses in die Beschichtungskammer
steuert. wobei das Auftreffen des Strahls auf der opti- schen Faserzu
einemvorwarts-gestreuten Ucht-  30  8. Verfahren nach Anspruch 3, ferner
muster fiihrt,                                     dadurch gekennichnet,
daog Verwenden der Intensitit des vorwarts-             der Laserstrahl in
zwei Bestandteile aufge- gestreuten Lichtes, welches dis Muster ausbil-
tait wird, die auf die optische Faser unter alnem det, zum Erzeugen aines
Signals, des aine Funk-    rechten Winkel zueinander gerichtet sind, tion
der Dicke der kohlenstoffhaltigen Beschich-  3S     wobei das
vorwirts-gestreute Lichtvonje- tung ist, und
dem Laseratrahl durch Anordnen der zwei Schir- Verwenden des Signals zum
Stbuern der         me so, daR jeder Schirm das vorwarts-gestreute Dicke
der kohlonstoffhaltigen Beschichtung in      Licht eines der beiden
Laserstrahlbestandteile der Beschichtungskammer.
schneidet, erfaftt wird, 40           und zwei Fernsehkiameras verwendet *
Verfahren nach Anspruch 1, ftraer                 werden, um dritte
elektrische Signale zu erzeu- dadurch gekennzeiehnet, dalt
gen, welche die Intensitat auf den beiden Schir- wenn die Faser dutch die
Besechichtungs-      men anzeigen, kammer geffihrt wird, die Beschichtung
durch in          wobei die dritten dlektrischen Signale Kontakt treten der
Faser mit einem kohlenstoff-   s  kombiniert sind, um des Signal zu bilden.
das ei- enthaltenden Gas hergestellt wird, um esine koh-   ne Funktion der
Dicke der Beschichtung ist. lanstoffhaltige Beschichtung auf der Faser aus-
zubilden. Rovendications 3. Verfahren nach Anspruch 2, ferner          50
dadurch gekennzeichnet, daB                     1. Proced6 de fabrication
de fibres optiques das Signal verwendet wird, urn den Strom     comprenant
les etapes consistent A: tirer une fi- des Gases in die Beschichtungskammer
zu steu-      bre de verre d'un corps en verre chauff6, faire ern.
passer li fibre dans une chambre de reveternent, 5s      exposer la fibre
dans la chambre de revetement 4. Verfahren nach Anspruch 3, ftrner
A un compose gazeux contenantdu carbone, afin dadurch gekennzelchnht, dafg
de revffir ainsi la fibre de verre d'un revetement das Gas Acetylen
enthalt.                    carbon6 d'une epaisseur de 0,1 micrometre ou 6 
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111ll 111111 moins, et r'evltir ensuite la fibre de verre d'un re-  regle
Is d6bit de gaz contenant du carbone en- vOement de polymere, caract6risd
par les etapes    trant dans la chambre de revftement. consistant a:
diriger un faisceau laser sur la fibre quand  S. Proced6 selon la
revendication 3, caracterise en elle a ete revatue du polymbre, le fait que
Is fats-   5  outre en eo quo: ceau frappe la fibre optique provoquant une
lefaisceaulaserestdivis6endeuxcompo- configuration lumineuse diffusee vers
l'avant,     santes qui sont dirig6es sur la fibre optique A an- utiliser
llntensite de lumiere diffusee vers  gle droit lune par rapport A l'autre;
I'avant qui forms ladite configuration afin d'en-        la lumibre
diffusae vers l'avant venant de gendrer un signal qui eat une fonction de
l'6pais-  10  chacun des faisceaux laser est d~ect6e en posi- seur du
revatement carbone;                        tionnant deux ecrans d'une
maniere telle quo et utiliser le signal pour rigler dans la     chaque
ecran interceptb une lumiere diffus6e chambre de revetement l'epasseur du
revete-        vers l'avant venant de l'une des deux composan- ment
carbone.                                      tes du faisceau laser; 15
et deux cameras de. t6levision sont utili- 2. Procede selon la
revendication 1, caracterise en    s6es pour engendrer des troisibmes
signaux outre en ce quo:                       -lectriques indicatifs de
lintensitM sur lea deux lorsque la fibre eat dirigee A travers la
ecrans; chambre de revetement, le revterment est effec-          les
troisibmes signaux electriques etant tue en mettant en contact la fibre
avec un gaz   20  combines de facon A former ledit signal qui est contenant
du carbone de facon a former sur la fi-  fonction de l'epaisseur du
revetement. bre un revetement carbone. 3. Procbdb selon la revendication 2,
caracteins6 en outre en ce quo:                           25 le signal est
utillse pour regler le debit de gaz entrant dans la chambre de revetement.
4. Procedi selon la revendication 3, caract6ris6 en outre on ce quo:
30 le gaz inclut de l'acetylene. 5. Procede selon la revendication 3,
caractiris6 en outre en ce que: le diambtre de la fibre de verre non reve-
35 tue eat d'envLron 125 micrometres et le diametre exterieur du revitement
de polymbre eat d'ap- proximativement 250 micrombtres. 6. Procedi solon la
revendication 3, caractbrisb en   40 outre en ce quo: I'intensit6 de la
lumiere diffusee vers l'avant eat detectee on inserant un ecran dans le
trajet de la lumibre diffusee vers l'avant et en di- rigeant une camera de
television vers l'ecran, St  45 Is signal estun premier signal electrique
de sortie de la camera de television qui eat une fonction de lintensite
lumineuse diffusee vera l'avant, cotte intensite etant invwrsement
proportionnelle de fa- gon monotone A l'paisseurdu revitementcarbo-  5 nb.
7. Procidi selon la revendication 6, caracterisb on outre en ce quo: le
premier signal electrique de sortie de la  55 camera de televisbon est
dirige vers un ordinateur qui engendre un deuxibme signal electrique, et le
deuxieme signal electrique regle une vanne qui 7    


