
PATENT SPECIFICATION    (11) 1 477 171 (21) Application No. 26173/74   (22)
Filed 12 June 1974 (31) Convention Application No. 48/067287 (32) Filed 13
June 1973 in (33) Japan (JA) (44) Complete Specification published 22 June
1977 (51) INT [err] G02B 5/14 (52) Index at acceptance G2J 34A1 34A2
34A5.34A7C (54) OPTICAL TRANSMISSION FIBRE (71) We, SUMITOMO ELECTRIC
self-focussing type optical fibre (e), and a INDUSTRIES LTD., a Japanese
Company, single material type optical fibre (f).  50 of No. 15 Kitahama
5-chome, Higashi-ku,    Optical fibre (a) is mainly used as a light
Osaka-shi, Osaka,Japan, do hereby declare  guide or an image guide but when
such an 5   the invention, for which we pray that a  optical fibre  is used
for optical patent may be granted to us and the  communication using
coherent laser light, method by which it is to be performed, to  the wave
surface of the transmitted light is  55 be particularly described in and by
the  unstable or unsettled and hence the pulse following statement:-
bandwidth widens gradually in the 10    The present invention relates to an
transmission of the optical pulse, which improved optical transmission
fibre and  makes it difficult to transmit information concerns a reinforced
clad type or  correctly.                               60 composite type
transmission fibre which    Clad type single-mode optical fibre (c) is can
be suitably used for optical  composed of core I and cladding 2 15
communication. The invention further  surrounding the core and if [err]
represents relates to a process of making such an  the refractive index of
core 1 having a optical transmission fibre.            radius a and [err]
represents the refractive  65 index of cladding 2, then the following In
optical communication systems  relationships are required: employed in the
case of communicating 20  using coherent light such as a laser, a beam
[err] guide system having focussing elements such as optical lenses or
reflectors periodically disposed in space, a. space                  (2)
transmission system, and a system using an 25  optical fibre made of a
light-transparent material such as, for example, glass,  wherein [err]
represents the wavelength of  70 plastics, etc.,' are known. The optical
light. transmission fibre of this invention belongs    In such a clad type
optical fibre, the light to the type used in the  last system among energy
is transmitted only through core 1, 30  the aforesaid three optical
communication  that is, light passes  through the  core of the systems.
Different from the transmission  clad type optical fibre while being
totally  75 systems used as a light guide or an image  reflected at the
interface between core I guide, optical communication is generally  and
cladding 2, and by reducing the performed by pulse transmission and hence
diameter of core 1, the wave surface of the 35  in an optical communication
system  a  transniission light can be put in order. material which does not
cause distortion of    Core 1 is usually made of a material  80 the
transmission waveform is required as  having a refractive index a few
percent the. material for the transmission line.  higher than the
refractive index of cladding The optical fibres which have been  2. Also,
the diameters of core 1 and 40  employed or  proposed at present are
cladding 2 of the clad type optical fibre are illustrated in Figure 1 ofthe
accompanying  selected as follows. That is, when, for  85 drawings.
example, a YAG laser (the laser obtained That is, Figure 1 shows,
respectively,  using a crystal composed of yttrium, cross-sectional views
and the refractive  aluminum and garnet and with the crystal 45  index
distributions of an ordinary optical  having been doped with trivalent
fibre (a), a clad type multi-mode optical  neodynium, holmium or the like)
having a  90 fibre (b), a clad type single-mode optical  wavelength of 1.06
u is employed as the 



fibre (c), an O-guide type optical fibre (d), a  light source, the diameter
of core 1 must be    2                                        1,477,171
2 about 3 u in order to satisfy the [err]   fibre can be made of a glass or
a plastics but single transmission condition and to keep  for the same
reasons as in clad type optical the focussing extent of the transmission
fibres, it is also preferable that the fibre be energy  in  core 1 higher
than 40%. In this  made of a glass where the fibre is to be used 5
case, the diameter of cladding 2 is selected   for long distance optical
communication.  70 to be about  few hundred microns, usually   Also, among
the glasses knownat present, from  about 200 microns to about 300  quartz
glass is preferable from the point of microns.
optical loss. O-guide type optical fibre (d) is  However, an opticalfibre
composed of a 10   composed of core 3, outer layer 5, both  glass only or a
glass and a liquid cannot be   75 havin a low  refractive  index, and
used as it is for practical purposes as an intermediate  layer 4 having  a
high   optical transmission line for the following refractice index
disposed between the core  reasons. 3 and the outer layer 5. .
. (A) Firstly, in the optical fibre made of a 15     Self focussing type
optical fibre (e) has  glass or of a glass and a liquid, the   80 the
refractive index distribution as shown  in  elongation until it is broken
is quite small, Figure 1-(e), that is, this fibre acts asa kind the bending
radius until  break is quite large, of lens. Therefore, such an optical
fibre canand also it is quite low in strengthto impact focus the light
energy at the centre of thew  force  and twisting Furthermore, the tensile
20   core and thus is suitable for long distance   strength thereof can be
quite high on the   85 transmission.                              average
but large deviations in the tensile Examples of clad type optical fibres
(b)  strength exist and the minimum value of the and (c) as illustrated in
Figure 1  are (1) an  tensile strength is quite low. Therefore, optical
fibre wherein core I and cladding 2  such an optical fibre has a
disadvantage in 25   are made': of glass, (2) an optical fibre  that the
fibre is, as a whole, very brittle, is   90 wherein core 1  is made of a
glass and   poor in flexibility, and can be broken even cladding 2 is made
of a plastics material, (3)  by a slight deformation. Moreover, during an
optical fibre wherein core .1 is made of a  the manufacturing of the
optical fibre or in plastics material and cladding 2 is made of a  the
course of handling the optical fibre 30  glass, (4) an optical fibre
wherein core 1 and  thereafter, defects such as fine cracks are   95
cladding 2 are made of plastics.material, (5)  easily formed on the surface
of the fibre an optical fibre wherein core  is made of a   and thus if an
external force or deformation liquid and cladding 2 is made of a glass, and
is applied to the defect-bearing portion, (6) wherein core 1 is made of a
liquid and   stress is concentrated  upon the  defect 35   cladding 2 is
made of a plastic.Of these   portion, which results in an acceleration of
100 optical fibres as indicated above, optical  the tendency of the fibre
to break. fibres (1), (2), (5) and (6) in which at least  Accordingly, such
an optical fibre is not core 1 is made of a glass or a liquid are
resistant to external forces or deformation preferable when the optical
fibre is to be   occurring during cable production using 40  used  for
long  distance  optical  the  optical fibre individually  or   by  105
communication since the light transparency   combining a plurality of
optical fibres or of the plastics known at present is greatly  during the
laying of the cable of the optical inferior to that of light of glass and a
liquid.  fibre or optical fibres and thus such an Furthermore, it is
believed that optical  optical fibre cannot be used as it is for 45  fibres
(1) and (5) are preferred from the   practical optical communication.  110
points of optical loss and practical use and  Therefore  an  optical
communication in fact, the application of optical fibres for  system
having excellent characteristics optical  communication  has  been   cannot
be achieved with such an optical investigated  mainly  with respect to
optical  fibre. This is also substantially true for an 50  fibre types  (1)
and (5).                 optical fibre comprising an outermost glass  115
Also, in 0-guide type optical fibre (d),  layer or an optical fibre
composed of a glass core 3, intermediate layer 4 and outer layer  and a
plastics. 5. can be made of any materials such as    (B) Secondly, the
optical fibre used for 



glass, plastics, liquid, etc., if they satidfy the   optical communication
must be very 55  relation of refractive index shown in Figure  transparent,
that is, the sources which . 120 1-(d) but for the same reasons as in the
case   cause absorption and scattering of light of clad-type optical
fibres, it is preferable   must be removed from  the material as that core
3 be made of a glass where the   completely as possible On the other hand,
fibre is to be used for long distance optical  defects such as fine cracks
formed on the 60  communication  and further it is most  surface of the
optical fibre causes scattering  125 preferable in such a case that each,of
core   of leaking light, which results in adverse 3, intermediate layer 4,
and uter layer 5 be   influences to a large extent on the optical made  of
glass.                    communication. The formation of  defects In the
case of self-focussing type optical  such as cracks on the surface of the
optical 65  fibre (e) as shown in Figure 1, the optical   fibre is severe
in the optical fibre wherein at  130    least the outermost layer is made
of a glass functional group on the surface of a core but such a difficulty
can also occur in an  .optical fibre. By the term "optical fibre" is
optical fibre wherein at least the outermost: meant one which  is already
suitable for' layer is  made of a plastics material.     optical
communication and  which  is 5    (C) Thirdly, if leaking light. is totally
already capable of transmitting light over   70 reflected at the outermost
surface of an  long lengths. In the present invention, the optical fibre
and returns to the central core  thermoplastics resin layer does not
function or if light enters  the central core from the  as a primary
optical cladding of a core outside, noise occurs in the optical  material
to form an optical fibre, but rather 10. communication and thus it is
desired to  is used as a protective and reinforcing layer   75 prevent the
leaking light- from returning to  for an optical fibre. the inside of the
optical fibre as much as    According to other embodiments of this possible
by leading the leaking light to the  invention, an optical transmission
cable is outside by some means or to prevent the  further provided
comprising one or more 15   entrance of external light as much as  optical
transmission fibres of this invention    80 possible.
as described above surrounded or covered (D) Fourthly, in, for example, the
by an outer protective layer. aforesaid clad type optical fibre, it  is
As a result of research on overcoming the impossible to focus or
concentrate the light  above-described difficulties (A), (B), (C) 20
energy completely in core 1 and the rest of  and (D), it has been
discovered that these  - 85 the light energy enters cladding 2. If core 1
difficulties can be overcome by employing is an ideally transparent body to
light, no  the optical transmission fibre or the optical difficulties
occur  However, usually  transmission  cable of this invention as
impurities are  present in core I or the  described above, that is, by
coating the 25  interface between core 1 and cladding 2 is  surface of an
optical fibre with a   90 uneven, even though the extent is slight,
thermoplastic resin having a functional which causes scattering of light.
Such  group in the molecule. scattered light causes light to leak. In using
- In the present invention the composition a single optical fibre, such
difficulty can be  comprising a thermoplastic resin having a 30   avoided
by releasing the scattered light into  functional group in the molecule is
used as   95 surrounding space. but in making a cable   the  material for
the reinforcing layer of an using a plurality of optical fibres, the
optical fibre as described above because it scattered light  enters the
adjacent optical  has been confirmed as the results of various fibres and
thus the scattered light must be  investigations that the reinforcement for
an 35  trapped.                                    optical fibre for
overcoming the aforesaid ' 100 An object of this invention is to provide a
difficulties in conventional optical fibres reinforced optical transmission
fibre which  can  be industrially . and economically can be used as an
optical transmission cable  realized using a thermoplastic resin having for
practical. purposes and which is not  a functional group  in the molecule.
40   accompanied .by some or any of the   Extensive comparisons were made
and in  105 disadvantages (A), (B), (C) and (D) as  the interests of
brevity and simplicity the described above .                        most
pertinent results, i.e., a comparison Another object of this invention is
to  of a composition mainly comprising a 



provide a process of making an optical  thermoplastic resin having a
functionalgroup 45  transmission fibre.                        as used in
this invention with a  composition   110 Still another object of this
invention is to  comprising a similar thermoplastic resin not provide an
optical transmission' cable  having a functional group and a composition
comprising one or a  plurality of optical  comprising a thermosetting resin
are set transmission fibres as described above.  forth  in detail and
explained below. 50  . A further object of this invention is to  Upon
consideration it was believed that a  115 provide an  optical. transmission
system   thermosetting resin was a quite preferable using the optical
transmission fibre or fibres  material for reinforcing an optical fibre due
as described above.                       to the  high tensile strength,
bending According to the present invention, an  strength, and compressive
elastic modulus 55   optical transmission  fibre is provided   of the
thermosetting resin but, as the result  120 comprising an optical fibre as
herein  of various investigations using such  a defined having  formed
thereover at least  thermosetting resin, it was confirmed that a one layer
of a composition comprising a  thermosetting resin  does not provide
thermoplastic  resin having' a functional  sufficient reinforcing effect,
an optical fibre 60   group in the molecule.                     reinforced
by such a resin does not show a  125 The aforesaid optical transmission
fibre  great improvement in tensile strength, a is produced according to
the process of this  thermosetting resin affects to a lesser extent
invention, that is, for   example, by  improvements in the elongation
percentage extrusion-coating a molten  composition   at break of the
optical fibre, and also an 65   comprising a thermoplastix resin having  a
optical  fibre  reinforced  by such a  130    4
1,477,171                                      A thermosetting resin has
poor flexibility and  fibre having a glass surface, the resin thus also has
poor resistance to twisting.      applied to the surface of the optical
fibre 0n the other hand, although it might be has the effect of preventing
the stress from considered that a thermoplastic resin would  being
concentrated at the  portions 5   be  unsuitable  for  einforcement of an
containing defects such as fine cracks, etc.,  70 optical fibre due to the
low tensile strength,  on the surface of the  optical fibre. bending
strength,  compressive  elastic     Moreover, by using  a  composition
modulus of the thermoplastic resin as well  comprising a thermoplastic
resin having a as  to its ready deformability by external  functional group
in the molecule, withthe 10   force, it has been found as the results of
resin composition having a refractive index   75 investigations that when
an optical fibre is which is the same as or higher than the. reinforced  or
composited  with a  refractive index of the surface portion of
thermoplastic resin having a functional group  the optical  fibre according
-to a specific in  the molecule, a positive composite effect  embodiment of
this invention, not only the 15  is  obtained, that is, the optical 'fibre
thus  difficulties (A) and (B) but also the   80 reinforced  is remarkably
improved in  difficulty  (C), that is, the undesirable elongation
percentage until break, tensile  influences due to the reflection of light
at strength, bending strength, impact  the interface between the optical
fibre and resistance,twist resistance, and  the   the resin  composition
layer formed 20   minimum value of the tensile strength and  thereover can
be removed. That is, in the   85 an optical transmission fibre which has
high embodiments of the- optical transmission flexibility and which
possesses sufficient  fibres of this invention as illustrated in
deformation endurance in producing an   Figure. 2 of the accompanying
drawings, the optical transmission cable using theoptical  optical
transmission fibres are composed of 25   transmission fibre or fibres or in
layingsuch   central core 1 , cladding 2 formedover the   90 an optical
transmission cable is obtained.  surface of core 1, and further layer 6 of
a Also, it has been confirmed that when a   composition comprising a
thermoplastic thermoplastic resin not having a functional  resin having a
functional group in the group in the molecule is used for the  molecule
formed directly on the surface of 30   reinforcement of an  optical fibre,
the   cladding  2. Furthermore, the optical  95 adhesion between the
surface or the optical  transmission fibre can have a layer 7 or two fibre
and  the  coating  layer of the   or more  such layers each having a 



thermoplastic resin is quite inferior, an   composition which is the same
as or optical fibre reinforced  by  such   different from that of layer 6,
formed on the 35  thermoplastic resin is quite inferior in  surface of
layer 6.                        100 various properties such as elongation
- When in the aforesaid configuration, the percentage until 'break, tensile
strength,  composition of layer 6 comprising- a bending strength, and
twisting resistance,  thermoplastic resin   having a functional that is, an
optical fibre reinforced by the  group in the molecule andthe composition
40   resin is quite inferior to an optical fibre   of cladding 2 are so
selected that the  105 reinforced by a thermoplastic resinhaving a
refractive index [err] of layer 6 and the functional  group ' in the
molecule and   refractive index [err] of cladding 2 satisfy the cannot be
used for practical purposes.  following relationship: In the course  of the
aforesaid 45  investigations, it was found that in the case
[err] of reinforcing ordinary  plastics,  the important concern is the
extent of the  the reflection of the leaking light from   110 endurance of
thereinforced plastics when   cladding 2' at the interface between an
external' force is applied to the plastics,  cladding 2 and layer 6 of the
thermoplastic 50   while in the case of reinforcing an optical  resin
composition as described above is fibre, the important concern is the
extent of  zero or is, if at all, a slight surface reflection the endurance
of the reinforced optical  only and the entrance of the incident light  115
fibre when not only an external force but  at the angles larger than the
total reflection also a deformation is applied to the fibre. angle at the
interface between cladding 2 55   Furthermore, it has also been confirmed
and layer 6 in light coming from the outside that the  excellent adhesivity
of the   can be prevented by total reflection at the thermoplastic resin
having a functional  interface. In addition when the refractive  120 group
in the molecule to the surface of an  indices of these components of the
optical optical fibre to be reinforced is 'also an  fibre satisfy the
relation [err], the leaking 60  important  factor in  the excellent  light
from cladding 2 is totally reflected at mechanical and optical reinforcing
effects  the interface between cladding 2 and layer achieved in this
invention. In particular, it  6 and then the reflected light enters core 1
125 is also believed that when a thermoplastic   again, which results in
increasing the pulse resin having a functional group in the   width. Also,
all of the light coming from the 65   molecule thereof is employed for an
optical  outside enters cladding 2 from layer6. The    5
1,477,171                                    5 above explanation is for
clad type optical  resin composition extrusion-coated on the fibres but is
also applicable to other types of  surface of an optical fibre using a
screw optical fibres.                        type extruder, fibre coating
within the die Also, by using the composition   head, fibre coating outside
the die head 5   comprising a thermoplastic resin having a  (including
suction), a gear pump type  70 functional group in the molecule, which has
extruder, or the like. the function of absorbing light of all    Of the
processes as described above, in wavelengths or selectively absorbing light
process (1) the resin composition must be of the wavelengths to be used for
the  dissolved or dispersed in a medium  or 10  optical transmission
according to another  solvent and hence the kind of the resin  75 specific
embodiment of this invention, not  composition is limited to a resin only
the difficulties (A) and (B) but also the  composition capable of being
dissolved or difficulty (D), that is, the entrance of  dispersed in a
solvent. Furthermore, in leaking light from an optical fibre to other
process (1), the thickness of coating 15  adjacent optical fibres in an
optical  obtained in one coating step is usually  80 transmission cable
composed of a plurality  limited to about few microns to prevent of optical
fibres or the entrance of light  difficulties such as blistering from from
the outside to the optical fibre can be  occurring. Therefore, if a coating
of, for prevented.                               example, 500 microns thick
is required, 20    The above technique can be attained by  coating and
baking steps must be repeated   85 incorporating carbon black or another
several tens of times and hence the coating 



appropriate pigment or dye in the resin  steps become complicated and also
require composition.                             a large installation.
Also, since process (1) Furthermore, by  using  as the   requires
repetitions of the coating and 25  composition of layer 6 a composition
baking steps several tens of times as   90 comprising a thermoplastic resin
having a  described above, the optical fibre tends to functional group,
said composition having  undergo large tension, twisting, and the light
absorpotion characterstics as  bending stresses as well as an impact force,
stated above and satisfying the refractive  which results in causing, as
the case may be, 30  index relation [err], all of the difficulties  a
breakage of the optical fibre or fine   95 (A), (B), (C) and (D) can be
eliminated and  cracks on the surface of the optical fibre. thus it is most
preferable to employ a  However, even with process (1), the desired
thermoplastic resin composition satisfying  optical transmission fibre of
this invention both of the conditions as stated above.  can be produced  by
improving the 35    Then, the optical transmission fibre of  precision of
the equipment used in the  100 this invention comprising  an optical fibre
production. and a layer of the composition comprising a    An optical fibre
ordinarily used has a thermoplastic resin' having a functional  diameter
below  several hundreds of group can be prepared using any one of the
microns. That is, since the optical fibre is 40  following processes (1) to
(4):          generally very fine, in process (2), the heat  105 (1) As in
the case of the producing   energy of the heating temperature usually
coated wires, a solution or a dispersion of  used for powder coating is
insufficient for the resin composition in a solvent can be  adhering the
resin powder to the surface of coated on the surface of an optical fibre
the optical fibre and melting the powder on 45  followed by baking.
the fibre and thus to effectively conduct  110 (2) An optical fibre can be
preheated and  coating using process (2) the heat energy a resin
composition powder is adhered to   must be increased by heating the optical
the surface of the preheated optical fibre to  fibre at quite a high
temperature, which melt the resin composition on the surface of  frequently
makes employment of the 50  the fibre, or an'optical fibre having a resin
process  difficult from  a practical  115 composition powder adhered
thereto is  standpoint. further heated to a temperature higher than
Process (3) involves less difficulties than the melting point of the resin
composition  in process (1) and process (2) but the kind to melt the resin
composition.           of monomers to which such a process is 55    (3) As
in the case of conducting the  applicable is limited to very few kinds and
120 vapour phase reaction of polyparaxylylene,  further quite a long period
of time is polytetrafluoroethylene, etc., an optical  required to form a
film of the polymer fibre can be placed in an atmosphere of a  having a
desired thickness. That is, the gaseous monomer having a functional
efficiency of process (3) is also low although 60  group under reactive
condition, whereby a  the process can be employed for specific  125 film of
the thermoplastic polymer is formed  kinds of monomers. directly on the
surface of the optical fibre.   In process (4), the resin composition can
(4) A composition of a thermoplastic  be heated to a temperature higher
than the resin having a functional group in the  melting point of the resin
composition and 65   molecule can be melted and the molten  a coating of a
desired thickness can be  130    6
1,477,171 formed in only one coating step. Also,  polysulphones are,  for
example, multiayer coating can be obtained using  Polysulfones P 1700, P
17-10, P 1720,P 3500, the same number of coating steps as the  and P 3510
(trade names, produced by number of the layers desired. Thus, in  Union
Carbide Corp.), Ucardel P 4174 (a 5   process (4), the damage or the
occurrence  trade name of a modified polysulphone  70 of defects in the
optical fibre at coating can  produced by Union Carbide. Corp.), be
minimized Furthermore, in process (4),  Polymer 360 (a trade  name,
produced by less. restrictions exist on the resin   Minnesota Mining &
Mfg. Co.), composition, such as  the solubility or  Polyethersulfones 200P
and 300P (trade 10  dispersibility of the resin composition in  names
produced by JIC Co., in the United  75 



solvent as in process (I)and the possibility  Kingdom), etc. Examples of
suitable of forming powder in process (2). That is,  ionomer resins are
Sarlyn* produced by E.I resin compositions which can be melted by  du Pont
de Nemours & Co., etc. Other heating and are fluid at the temperature
examples 'of the  thermoplastic resins are IS  until coating can be used.
Dumilan* (a 'trade name of. the   80 For the reasons as described above, of
modification polymer of an ethylene-vinyl the four processes described
above, process  acetate copolymer produced by Mitsui (4) is the most
suitable for producing an  Polychemical Co.) and'Dexon (the' trade optical
transmission fibre composed  of an  name of a polyolefinic copolymer made
by 20   optical fibre having formed thereover a  Exon Co.).
85 layer of a composition mainly comprising  Of these polymers or
copolymers, the the thermoplastic resin having a functional  most
preferable materials are polyamides group in the molecule among
the'aforesaid  and polyesters and then polyethers, four processes. Process
(I) is the next most  polysulfones, ionomer resins, and ethylene- 25
suitable process which can be used.     vinyl acetate copolymers follow.
90 The composition  comprising  a     Examples of this invention using
thermoplastic resin having a functional  polyamides are illustrated in
Examples 1, 6, group in the molecule used in this invention  7,8,9 and 11
and as shown in the examples, can further contain, if desired, additives
when  a polyamide was used, optical 30  such, as a thermoplastic resin
having no  transmission fibres having excellent  95 functional group, a
resinous additive, an  mechanical properties such as elongation, inorganic
filler, an organic filler, a pigment,  tensile strength to break,
toughness, and a dye, etc.                           flexibility as well as
being readily colorable . Examples ofg suitable thermoplastic resins  using
a dye, pigment, or a filler can be having a functional group in themolecule
obtained. Also, since the  friction  100 include polyamides, polyesters,
coefficent of a polyamide of is quite low in polycarbonates, polyurethanes,
polyureas,  making an optical transmission fibre using a polyimides,
polyhydantoins, polysuplones,  combination of  a plurality of optical
fibres polyethers, polyesterimides, polyvinyl  each coated with the
polyamide, the optical 40  acetals, polyacrylic acid esters, ionomer
fibresthuscoatedwith the polyantide show  105 resins, ethylene-vinyl
acetate copolymers, good slip characteristics with respect to urethiane
rubbers, chlorosulfonated   other in the case of assembling the cable
polyethylene  ethylene-acrylic  acid  and thus there is less.difficulty in
breakage copolymers, acrylate rubbers, etc.               of the optical
fibres in producing such an 45    Examples of suitable polyamides are, for
optical cable. In other words, in such a  110 example, 6,6-nylon, 6-nylon,
11-nylon, 12-  case, an optical transmission fibre having nylon,
6,10-nylon, nylon copolymers, etc.  quite excelent properties can be
obtained Also, examples of suitable polyesters' are,  and the product is
very excellent as for  example, polyethylene  terephthal-  compared with
the case of using 50  ate, polybutylene terephthalate,  thermoplastic
resin's having a function  115 polyhexamethylene  terephthalate,  group in
the molecule other than the polyethylene terephthalate-isophthalate
polyamide. copolymers,poly-1,4-cyclohexane    Examples . of using
polyesters are dicarbonylterephthalate, polycyclo-  illustrated in Examples
2 and 5. When a 55  hexylene dimethylene  terephthalate-  polyester is used
as the thermoplastic resin 120 isophthalate copolymers, polyethylene
having a functional group in the molecule naphthalate, etc.
as shown in the examples, an optical Examples of suitable polyethers are
for  transmission fibre which is superior in example, a PPO resin (the
trade name of a  flexibility and not greatly inferior in the 60
polyphenylene oxide produced by the General  friction coefficient to the
case of using a  125 Electric Co.), .a Noryl* resin (the trade  polyamide
is obtained and in addition name of a modified polyphenylene oxide
possesses the excellent properties of the produced by the General Electric
Co.), a phenoxy resin produced by Union Carbide   '*"Noryl", "Sarlyn" and
"Dumilan" are 65   Corp., etc. Also, examples of suitable  Registered Trade
Marks.    
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7 optical transmission fibre obtained using a micron. Since they are
overtones, the polyamide.                                absorptions are
not always large but less Examples of ionomer resins and   leaking    light
occurs. Therefore,' the ethylene-vinyl acetate copolymers are  coating
layer composed of the polyamide 5   illustrated in Examples 3 and 4. In
these  contributes to the absorption of light having  70 cases, the optical
transmission fibres thus  the wavelength used for light transmission.
obtained may be slightly inferior in break Thus, as' a result of such, it
will be resistance and elongation percentage to the   understood that
polyamides are excellent in cases of using a polyamide and a polyester
this invention. Also, it will be understood 10  as the thermoplastic resin
but are quite that polyesters,  ethylene-vinylacetate  75 excellent in
flexibility  and  minimum   copolymers, ionomer resins, etc., contain a
bending radius.      .                  carbonyl group and hence these
resins also It is believed that the improvement of the   act as the light
absorbing layer as in the properties of the optical fibres obtained   case
of polyamides to some extent. 15  using the polyamides, polyesters, ionomer
Furthermore, it has also been discovered   80 resins, ethylene-vinyl
acetate copolymers,  that when an optical fibre is coated with a etc., as
the thermoplastic resin having a  molten  resin composition comprising a
functional group in the molecule, which is  thermoplastic resin having a
functional group the  main  component of the resin  in the molecule by
extrusion, crystallization 20  composition depends partially upon the  of
the resin can be prevented and the glassy   85 improvement in adhesivity of
the resin and  state of the resin can be maintained, the surface of the
glass due to the pre ence  whereby the elongation percentage and the of the
functional group contained in the resin  flexibility of the optical
transmission fibre and the use of the aforesaid resins results in  thus
obtained can be greatly improved. This 25  great differences in the
properties obtained  can be performed by quenching the optical  90 from the
case of using a resin not having  fibre directly after coating to
temperatures such  a functional group, such as  below room temperature
using water, an polyethylene, polypropylene, tetra-  appropriate liquid, or
a gas at low fluoroethylene-hexafluoropropylene co-  temperature. This
procedure is particularly 30  polymers, polychlorotrifluoroethylene, etc.
effective when the highly crystalline resin   95 Furthermore, the
refractive' index of  having the glass transition temperature each of the
polyamides, polyesters,  higher than room temperature is employed. ionomer
resins, ethylene-vinyl acetate   For example, the aforesaid  case is
resins, etc., used in this invention as the  illustrated in Example 11 in
which an 35  thermoplastic resin is higher than the  optical fibre was
coated with 12-nylon by  100 refractive index (about 1.46) of quartz glass
extrusion as in Example 1 and cooled in air and thus the aforesaid
difficulty (C) can be  slowly. That is, the example demonstrates overicome
by employing such a  that the optical fibre thus coated had a thermoplastic
resin.                   white-turbid appearance, was high in 40     As
described before, the difficulty (D)set  elasticity but was curled slightly
in the  105 forth above can be overcome by adding, for  course of the
production thereof. On example, carbon black to the resin  comparing  the
tensile  strength composition as a component or adding an  experimental
data in Table 1 between additive capable of selectively absorbing  Example
1 and Example 11, it will be 45  the light of the wavelength to be used for
understood that the optical transmission  110 optical communication, such
as a pigment,  fibre obtained in Example I had superior a dye, an organic
or inorganic filler, a resin,  charcteristics, in particular was superior
in etc., to the resin-composition.         elongation percentage and
flexibility of the The' wavelength of light used for optical  coated fibre.
50   communication at present is about 1.06    As described above, in the
case of an  115 microns in the case of using a YAG laser as  optical
transmission cable made of  a the light source and about 0.85 microns in
material having a high elasticity but the  case  of using  a GaAs type
extremely poor flexibility, such as glass semiconductor laser as the light
source or  fibres, it is more important that the cable be 55   light
emitter. On the other hand, in the case  able to resist the extent of
deformation than  120 of using a polyamide as the main  to resist theextent
of the outer force. From component of the resin composition used  this
point of view, it is particularly effective 



for the coating layer of the optical fibre, the  in the production of such
an. optical polyamide has, in addition to absorptions of transmission:
fibre to quench the coated 60   the second overtone and the third overtone
molten resin composition directly after 125 of the  carbon-hydrogen group
near 1.1  coating. As in the case of using 12-nylon as microns and 0.85
microns, absorption of the  the thermoplastic resin, the optical second
overtone of the nitrogen-hydrogen  transmission fibre can be.greatly
improved group near 0.95 microns and the fifth  in flexibility as well as
in tensile strength by 65   overtone of the  carbonyl group  near 1.0
preventing the crystallization of the resin by  130    1,477,171
8 quenching because the resin is maintained  layers of. the composition. of
the in a glassy condition by quenching. Hence  thermoplastic resin having a
functional the flexibility of the resin itself increases  group in the case
of. multilayer type optical and also the adhesivity of the resin and the
transmission fibre. As other method of 5   glass at the interface thereof
becomes  colouringtheopticaltransmission fibrethe 70 better, . which
results in improving the  surface of the optical fibre may be dyed by
characteristics of the optical transmission  a dye, coated with a coating
composition fibre asthe composite.                  containing a colorant,
or a coloured resin It has further been found that when an  composition,
such as a composition of a 10   optical fibre, in particular, an optical
fibre  thermoplastic resin not having a functional  75 made of glass is-
coated by melt extrusion  group or a thermosetting resin. with  a
composition  comprising  a    Furthermore, an optical transmission.
thermoplastic resin having a functional  cable composed of one or more
optical group in the molecule, the adhesivity  transmission fibres of
thisinvention can 15  between the optical fibre and the resin  contain, if
desired, a feeder, an inspection   80 composition can  be improved  by
wire, a reinforcing line. an emergency preheating the optical fibre to
temperatures  communication line, etc. the same. as or higher than the
temperature    In the following examples, the break load of the molten
resin. composition. While not  and the elongation percentage were 20
desiring to be bound, the reason is believed  measures using an Instron*
tensile testing   85 to  be as follows. First, if the optical fibre is
machine (made by Instron Co., U.S.A.) at a cold when brought into contact
with the  distance of 40 mm between the chucks and molten resin
composition, the molten resin  a tension speed of 5 mm/min. The minimum
thermally shrinks resulting in less adhesivity  bending radius was the
value obtained on 25  of the two components at the interface and
measurement in a tension free state.  90 second, any foreign matter which
might be    The break- load, the elongation attached to the surface of the
optical fibre  percentage, and the minimum  bending is volatilized off by
the heat to provide a  radius were the values when an optical fibre clean
surface.                        and the layer of a composition of the 30
Moreover, when the outermost layer or  thermoplasticresin having a
functional group   95 surface of an optical fibre is made of glass,  in the
molecule formed. on the optical fibre the adhesivity between the optical
fibre and  were broken at the same time or one of a composition mainly
comprising the  them was broken first. In general, however, thermoplastic
resin  having a functional  the optical fibre only was broken or both of 35
group in the molecule can be improved by  the optical fibre and the layer
of the resin treating the surface of the optical fibre,  composition were
broken at the same time.  100 prior to the production of the optical
transmission fibre of this invention, with hydrofluoric acid or a silane
A preheated clad type optical fibre of 40   coupling  agent such  as
y-glycid-  quartz glass having a diameter of 200was oxypropyl
trimethoxysilane,  y-  coated by extrusion (under a reuced    105
aminopropyltriethoxysilane, etc., or further  pressure outside  the die
hard) with 12- with methacrylate chromium chloride (such   nylon(made by
Huls A.G., Germany) and as  B oran,  trade  name)  or  a             then
immediately     cooled with water to provide an optical transmission
fibre of the 45  tetraalkyltitanate. The optical transmission   provide an
optical transmission fibre of this 



fibres- prepared - after applying *such a  ivention; The coated layer of
12-on was  110 surface. treatment 'are also included in the. colourless and
transparent. The optical scope of the present invention.
transmission fibre thus obtained was quite Examples of inorganic or organic
fillers  flexible and could be handled easily. . 50  which can be used are,
for example, powders of [err] MnO, ZnO,  [err]  minimum  bending radius of
the optical  115 making an optical transmission cable using   values
obtained are shown in table 1. a plurality of optical transmission fibres,
EXAMPLE 2    - - 55  frequently each optical transmission fibre    A
preheated clad type optical fibre of must be coloured for discriminating
the  quartz glass having a diameter of 200 u was optical transmission
fibres from each other.  coated by extrusion with a polybutylene  120 This
can be achieved by, for example,  terephthalate resin (a polyester resin,
made incorporating a pigment, a dye, a coloured  by Toray Co.) and then
immediately cooled 60  filler,etc.,inthe layer of the composition of  with
water to provide an optical the thermoplastic resin having a functional
transmission fibre of this invention. The group in the molecule of the
optical  layer of the polybutylene terephthalate  125 transmission fibre in
the case of a single  resin was transparent. layer type optical
transmission fibre or in at    The tensile characteristics and the 65
least one of the layers including the layer or    *"Instron" is a
Registered Trade Mark.    9                                     1,477,171
9 minimum  bending radius of -the optical  immediately cooled with water to
provide transmission fibre were measured and the   an optical transmission
fibre of this results obtained are shown in Table 1.   invention The layer
of the 6 10-nylon thus formed was colourless and transparent.- EXAMPLE 3
The optical transmission fibre was quite  65 5     A preheated clad type
optical fibre. of . flexible and could be handled easily. The quartz glass
having a diameter of 200 [err] was  tensile characteristics of the optical
coated by extrusion (fibre coating outside  transmission  fibre were
measured, the the die head, under a reduced pressure)  results being shown
in Table 1. with Sarlyn #1652 (the trade name of an 10  ionomer resin made
by E.I. du Pont de               EXAMPLE 7 ..               70 Nemours &
Co.) and then  immediately   A  preheated quartz glass clad type cooled
with water to provide an optical  optical fibre having a diameter of 200
[err] transmission fibre of this invention. The  coated by extrusion (fibre
coating-outside layer of Sarlyn was colourless and  the die head, under a
reduced pressure) 15  transparent. The optical transmission  fibre  with,
11-nylon-(made by Aquitaine Organico  75 was quite flexible  and could be
handled   S.A., France)-and then immediately cooled easily.
with water to provide an optical The tensile characteristics and the
transmission fibre of this invention. The minimum  bending radius of the
optical  coated layer of 11-nylon was colourless and 20  transmission fibre
were measured, the results  transparent. The optical transmission fibre  80
obtained being shown in Table 1.        thus obtained was quite flexible
and could be handled easily. EXAMPLE 4                    The tensile
characteristics and the A  preheated clad type optical fibre of  minimum
bending radius of the optical quartz glass having a diameter of 200 [err]
was  transmission fibre were  measured, the   85 25  coated by extrusion
(fibre coating outside  results being shown  in Table 1. the die head,
under a reduced pressure) with  Evatate (the trade name of an
EXAMPLE 8 ethylene-vinyl acetate copolymer  resin    A  quartz glass clad
type optical fibre made by Sumitom Chemical Industries  having a diameter
of 200 u was coated with 30  Co.) and then immediately cooled with  a
methacresol  solution of 25% .12-nylon   90 water to provide an optical
transmission  (made by Hils A.G Germany) followed by fibre of this
invention. The optical  baking to provide an optical transmission
transmission fibre thus obtained was quite  fibre of this invention.The
above baking 



flexible and could be handled easily.    treatment was conducted at an oven
length 35    The. tensile  characteritics and the   of 1.2 meter, a line
velocity of 055  95 minimum bending.radius of the optical  meters/min, and
an oven temperature of transmission fibre were measured,the     [err]. By
repeating these, coating and results being shown in Table 1.
baking treatments ten times, an optical -
transmission fibre having a diameter of 456 EXAMPLE 5               was
obtained.                     100 40    A clad type optical fibre of quartz
glass    The tensile characteristics and the having a diameter of 200 [err]
was coated   minimum bending radius of the optical through a die with
molten Tenite* 7 DR OF   transmission fibre thus obtained were (the trade
name of ' a polycyclo-  measured, theresults being shown in Table
hexylenedimethylene terphthalate-  1.
105 45  isophthalate  copolymer  resin  made                 EXAMPLE .9. by
Eastman Chemical Products Inc.)    A  quartz tubular clad type optical and
then immediately cooled with water to  fibre having a diameter of 220 [err]
provide an optical transmission fibre of this  (a- liqu-id-filling clad
type optical invention. The tensile characteristics of  the  fibre) was
coated through. a die with   110 50   optical transmission fibre thus
obtained are  molten 12-nylon (made by  Hills A.G., shown in Table 1.
Germany) and then immediately  cooled with  water to  provide an optical
EXAMPLE 6                  transmission  fibre of this  invention. The A
preheated quartz glass clad type  coated layer of 12-nylon was colourless
115 optical fiber having a diameter of 200 [err] was  and transparent. The
optical transmission 55   coated by extrusion (fibre coating outside  fibre
thus prepared was quite flexible and the die head, under a reduced
pressure)  could be handled easily. The tensile with Amilan* CM 2001 (the
trade name of  characteristics of the optical transmission 610-nylon made
by Toray Co.) and then  fibre are shown in Table 1.              120
*"Tenite" and "Amilan" are Registered             EXAMPLE 10 60   Trade
Marks.                               Optical transmission fibres (easily
10                                     1,477,171
10 distinguishable)were prepared  in the same        an oven length of 2.2
meters, a line velocity manner as described in  Example 1 using  of
1.0meter/min., and an oven temperature coloured 12-nylon and 610-nylon
(Amilan,  of [err] and  the coating and baking produced by Toray Co.)The
optical optical transmission  fibre coated with 12-  elasticit and poor in
flexibility and it would nylon prepared in Example 1 (seven fibres   be
difficult to make a cable by combining  a in total) were twisted and the
outer side of  plurality such  optical transmission of the optical the
combination 'or assembly was covered  The tensile characterisitics of the
optical with Alumirror (a trade name, produced by  transmission fibre are
shown in Table 2. of the assembly of the units was covered  having
adiameter of 200 [err] was coated with    1,477,171 TABLE I Outer
Break   Elongation  Bending Diameter    Load   Percentage  Radius 5
Example   ([err])         (kg)       (%)       (mm) 1       600
5.53       2.8       5.5 2       535        4.02       2.2       6.0 3
645-        2.86       1.7       4.0 4       650        3.11       1.9
5.0 10                 5        512        3.11-      1.7 6       605
4.81       2.5       6.0 7       610         4.93  .    2.6       5.5 



8       456        4.70       1.7        9.0 9       505        4.86
2.6 15                11        600        4.40       1.9 TABLE 2 Minimum
Outer       Break      Elongation    Bending Comparison  Diameter
Load       Percentage    Radius 20            Example       ([err])
(kg)         (%)         (mm) 1         200         0.84          0.64
25 2         500          2.54         1.10 3         470          1.99
1.00 4         220          0.80         0.48         27 25               5
1000         0.93         0.74 While the invention has been described
thermoplastic resin is an ethylene-vinyl in detail and with reference to
specific  acetate copolymer, an ethylene-acrylic acid embodiments thereof,
it will be apparent to  copolymer or an ionomer resin.    60 one skilled in
the art that various changes    7. A process of producing an optical 30
and modifications can be made therein.   transmission fibre according to
Claim  1 which comprises extrusion coating the surface of an optical fibre
with a molten WHAT WE CLAIM IS:-                   composition comprising a
thermoplastic  65 1. An optical transmission fibre  resin having a
functional group in the comprising an optical fibre as hereinbefore
molecule. defined and thereover at least one layer of a    8. A process of
producing an optical 35  composition comprising a thermoplastic
transmission fibre as claimed in Claim 7, resin having a functional group
in the  including preheating said optical fibre to a  70 molecule.
temperature the same as or higher than the 2. An optical transmission fibre
as  temperature  of the molten  resin claimed in Claim  1, wherein said
composition before coating the optical 40   composition has a refractive
index the same  fibre with the molten resin composition. as or higher than
the refractive index of at    9. A process of producing an optical  75
least an outer portion of said optical fibre.  transmission fibre as
claimed in Claim 7 or 3. An optical transmission fibre as  8, including
immediately quenching the claimed in Claim I or 2, wherein said resin
molten resin composition on the optical 45   composition  absorbs light of
all  fibre after coating, whereby the resin wavelengths or selectively
absorbs light  composition is maintained in a glassy  80 having a
predetermined  range of  condition. wavelengths, such as light in the range
1.06    10. A process of producing an optical to 0.85 microns.
transmission fibre according to Claim  1 50    4. An optical transmission
fibre as  which comprises coating an optical fibre claimed in Claim 1, 2 or
3, wherein said  with a solution or a dispersion of a  85 thermoplastic
resin is a polyamide resin.   composition of a thermoplastic resin having
5. An optical transmission fibre as  a functional group in the molecule,
and claimed in Claim 1, 2 or 3, wherein said  baking the coated fibre. 55
thermoplastic resin is a polyester resin.  11. A process of producing an
optical 6. An optical transmission fibre as  transmission fibre according
to Claim 1,  90 claimed in Claim 1, 2 or 3, wherein said  substantially as
hereinbefore described.    Outer      Break   Elongation  Bending Diameter
Load Percentage  Radius Example    ([err])        (kg)    (%)        (mm)
2.8 4.02           2.2 645     2.86       1.7     4.0 650        3.11
1.9 3.11 -          1.7 



605  4.93      2.6 2.6 15                         4.40        1.9 TABLE 2
Minimum Outer  Break     Elongation     Bending Comparison  Diameter
Load       Percentage      Radius Example      Diameter        (kg)
(%)         (mm) 20        Example          200.84                    0.64
25 2          500         2.54          1.10 470          1.99         1.00
220         0.80          074 1000                        0.93
0.74 While the invention has been described  thermoplastic resin is an
ethylene-vinyl in detail  and with reference to specific      acetate
copolymer  an    ethylene-acrylic acid embodiments thereof, it will be
apparent to  copolymer or an ionomer resin.    60 one skilled in the art
that various changes           . A process of producing to Claim 1 30  and
modifications can  be made therein.    tranmission fibre according to Claim
1 WHAT WE CLAIM IS:-               composition comprising a thermoplastic
65 1. An optical transmission fibre  resin having a functional group in the
comprising an optical fibre as hereinbefore  molecule. defined and
thereover at least one layer of a   8. A process of producing an  optical
35   composition comprising a thermolastic transmission fibre as claimed in
Claim 7,     70 resin having a functional group in the         including
preheating said optical fibre to a molecule.
temperature the same  as or higher than the 2. An  optical transmission
fibre as  temperature of the molten resin claimed in Claim  1, wherein
said  composition  before coating the  optical 40 composition has a
refrative index  fibre with the molten resin composition.    75 as or
higher than the refractive index of at    9. A process of producing Claim 7
or least an outer portion of said optical fibre  transmission fibre as
claimed in Claim 7 or 3. An optical transmission fibre as  8,including
immediately quenching claimed  in Claim 1 or 2, wherein said resin  molten
resin composition on the optical 45   composition  absorbs light of all
fibre after coating,whereby the resine wavelengths or selectively absorbs
light  condition. having a predetermined  range of wavelengths, such as
light in the range 1.06    10. A process of producing  an optical to 0.85
microns.                           transmission fibre according to Claim 1
4. An optical transmission fibre as  with a solution or a dispersion  of a
50  claimed in Claim 1, 2 or 3, wherein said  with a solution or a
dispersion of a        85 thermoplastic resin  polyamide resin,
composition of a thermoplastic resin having 5. An optical trasmission fibre
as  a functional group in the molecule, and claimed in Claim 1, 2 or 3,
wherein said  baking the coated fibre. 55  thermoplastic resin is a
polyester resin.   11. A process of producing an optical 6. An optical
transmission fibre as  transnsission fibre according to Claim 1,  90
claimed in Claim 1, 2 or 3, wherein said  substantially as hereinbefore
described    12                                          1,477,171 12. An
optical transmission fibre  made according  to  the  process  of any  of
Claims 7     Chartered   Patent A gents to 11. 13. An  optical
transsmission   cable                      Chancery House, 5   comprising
a plurality of the optical                    Chancery Lane, transmission
fibres as claimed in any one of Claims 1 to 6 and Claim  12 and a
protective              39     and    


