Broad Bandw dth Optical Fibers, Jacketed Optical Fibers and Cpticaf?ﬁ%@eﬁs
Cords Technol ogi cal Area This invention relates to graded index

br oadband optical fibers suitable for light transm ssion in various data
comuni.cation areas involving voice, inmage, text, etc. because of their
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optical fiber units and optical f cords base nventi ona

Technol ogi ; etsf ni cations optical fibers designed for the
establishngé%lg?ﬁg?gﬁ?gpggd?gﬂygh-capacity data links are quartz

mul ti-node optical fibers and quartz single-node optical fibers which use
quartz glass in their cores and cladding, and their technical requirenents
are |laid odgchRo1dhPchdappagse I ndustrial Standards) C 6832, 6835 and 6831.
Jacketed optical fiber units based on themincorporate an optical fiber or
fibers, each provided with a primary - '

This invention relates to graded index broadband optical
fibers suitable fof light transmission in various data
communication areaé involving voice, image, text,; etc.
because of their high—speed signal transmission
capabilities, as well as secondary-coated optical fiber

units and optical fiber cords based on themn.
Conventional Technologies

Anmong telecommunications thical fibers designed for the
establishment of high-speed, high-capacity data links are
quaftz multi-mode optical fibers and quartz single-mode
optical fibers which use quartz glass in their céres and
cladding,\énd their technical requirements are laid out in
JIS (Japanese Industrial Standafds) C 6832, 6835 and 6831.
Jacketed optical fiber units based on them incorporate an
optical fiber or fibers, .each provided with a pfimary
coating, made of an ultraviolet (ﬁV) cured resin or
silicone resin and surrounding the quartz glass claddings,

and a secondary coating, madg of polyamide resin or the

like and surrounding it/them.



coating, nmade of an ultraviolet (UV) cured resin or silicone resin and
surroundi ng the quartz gl ass cl addings, and a secondary coating, nade of
pol yam de resin or the |I|ike and surrounding it/them Apart from
quartztsingle'nnde optical fibers, only graded index quartz mnulti-node

optical f Rﬁéft(ffaﬁ'ga%%g?chﬁéfétﬁ déoagélsélqyﬁﬁ zéopahggsgiaaeﬁS; are
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core- dianeter normally set i'n the err| mrange particularly 50
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fibers are rtz gl as attaching a crinp-fype connector by
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are nade o yners .causes themto crack crinp-type

connect or EibéEEaCEﬁg ?éerEtHPE“Qn&bkhBHBfREED¥E“QhEhéoPé'ngy and

secondary
optimized to minimize mode dlspers1on, which is a

trgnsmiSSion bandwidth limiting factor, with the core
diameter normally set in the 50 - 100 pm, range

(particularly 50 pm and 62.5 pm).

Since the cores and claddings of GI quartz optical fibers
are made of quartz glass, attaching a crimp-type connector
by crimping after the removal of the primhry and secondary
coatings, which are made of polymers, causes them to crack
or chip. Also, if a crimp-type connector is attached by
crimpingiwithout removing the primary and secondary
coatings, axial misalignment results, causing a large
optical connection loss, which makes this method

practically unusable.

' Conventionally, therefore, it was nécessary to use an
adhesive-type connector, in which the fiber is fixed at its
center by means of a thermosétting, UV-cured, thermoplastic

or two-part adhesive agent after removing the primary and-



coatings, axial msalignnent results, causing a |large optical connection
| oss, which nakes this nmethod practically unusable. Conventional l vy,
therefore, it. was necessary to use an adhesive-type connector, in which
the fiber is fixed at its center by means of a thernosetting, UV-cured,

t her mopl as$d €on®ry WD @dmeﬁdé/eoegﬁaﬁy:ﬁ’éfser FERYe Y fipe éé@n%ry and

secondary coatings, made o0 polyners to avoi d ove - pro

However, gehssiaestype connectors take a long tinme to install and are
therefore undesirable in terns of cost and | abor. In this respect,
crinp-type connectors are advantageous as they can be installed far nore-
easily and quickly than adhesive-type connectors, and are w dely used for

pol ymer  Ghawlsh i, auidgi ARl Rl ddResStdberelnali ook giemedgo as  PCOFs)

and plastic optlcal fibers. -
1nstall_and are therefore undesirable in terms of cost and

labor.

In this respect, crimp-type connectors are édvantageous as
they can be installed far more eaéily and quickly than

adhesive-type connectors, .and are widely used for polymer
cladding quartz optical fibers (hereinefter referred to as

PCFs) and plastic optical fibers.

A PCF consists of a quartz glass core and plastic cladding,
with a large core diameter, usually 200 pm or more, and has
a narrow bandwidth compared to a GI quartz optical fiber,
which has a quartz glass éladding. Althougﬁ a version.of
PCF with a graded index core (i.e. GI fiber) exists
(Japanese Laid-open Patent No. 3-245108 (1991), its
bandwidth, which is only in the 60 - 90 MHz*km range, is

inadequate.

Although a PCF is advantageous in that it allows the use of
a crimp-type'connector, it is associated with the problem
of inadequate transmission distance in, for example,

applications involving FDDI (Fiber Distributed Data



A PCF consists of a quartz glass core and plastic cladding, wth a large
core dianeter, usually 200 pmor nore, and has a narrow bandw dth conpared
to a @ quartz optical fiber, which has a quartz glass cladding. Although
a version of PCF with a graded index core (i.e. G fiber) exists
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advant age 2 toﬁlﬁ}atdde lqz\gsfntar}e_.ogqs%aglfdwﬁit@lrl np-type connector, it is

aSSOCIate e probl'em of Tnadequate transm ssion distance in, for
exanpl e, applications involving FDDI (Fiber Distributed Data
3 Interface) an optical fiber based copputer communi cation
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polymer called thermoplastic fluoroacrylate resin, which
has a Shore hardness of D 65 or more, over the quartz fiber

cladding has been proposed in the Japanese Laid-open Patent

No. 2-151821 (1990).

Although this method is fairly effective for optical fibers
with a cladding.diameter of 125 um end a rigid polymer
covering layer diameter of 140 pm or more, problems remain
in that such large diameters make connection with existing
GI qﬁartz optical fibers, which conform to a standard
optical fiber diameter of 125 + 3 uﬁ, as well as

maintaining cqmpatibility with them, difficult.

Tfansmission loss of Optical fibers with a hard resin
coveringﬁlayer of 140 pym or more in diametef shown in the
above patent can achieve performance levels comparable to
those.of existing 125 ym GI quartz optical fibers, although
is higher. However, as the thickness of the cladding is
reduced to bring the diameter of the hard resiﬁ covering

layer to 125 + 3 um, problems such as rapid deterioration



cl addi ng has been proposed in the Japanese Lai d-open Patent No. 2-151821
(1990) . Al t hough this nethod is fairly effective for optical fibers
with a cladding diameter of 125 pmand a rigid polyner ' covering |ayer
di aneter of 140 pmor nore, problens remain in that such |arge dianeters
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Opti cal ard resin covering |layer of 140 [err]mor nore in
di aneter shown in the above patent can achi eve performance | evels
conparable to those of existing 125 pm d quartz optical .fibers, although
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standard outer diameter of a GI quartz optical fiber, 125 t '

3 uym or less, while minimizing deterioration in
'transmission loss and eliminating fiber cracking or

chipping attributable to crimp-type connector mounting, as

well as increasing fiber pulling resistant force and

reducing crimping loss.
Disclosure of Invention

The main object of the present invention is therefore -to
offer broad bandwidth optical fibers which have bandwidths
suitable for telecommunications, are able to withstand the
pulling resistant force ﬁecessary to attach a crimp-type
éonnector firmly withouf developing cracking or chippipg,
minimize the connection loss through a low crimping loss
and a high axial alignment accuracy, facilitate connection
_with.existing GI quartz opticél fibers, which have a fiber
diameter of 125 um, and maintain excellent compatibility
with them, thus overcoming the shortcomings of conventional

technologies.



This has given rise to the need to reduce the dianmeter of this hard resin
covering layer to the sane level as the standard outer dianeter of a G
gquartz optical fiber, 125 3 pmor less, while mnimzing deterioration in
transm-ssion loss and elimnating fiber cracking or chipping attributable
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hardness of D 55 or more and thickness of 5 ym or more, and

'this is particularly effective in keeping the fiber outer

diameter 128 um or less. (up to 125 * 3 pum).

Preferably, the rigid polymer comprising this polymer
covering layer is a UV-cured acrylate resin containing no

fluorine with a refractive index of 1.50 or more.

Jacketed broad bandwidth optical fiber units pertaining to
the present invention consist of an optical fiber or
fibers, each provided with a primary coating, including one
or more layers with at least the innermost layer formed of
a soft polymer and surfounding the polymer coveriﬂg layer
of-said broad bandwidth optical fiber, and a secondary

coating provided over them.

Broad bandwidth optical fiber cords pertaining to the

present invention feature a polymer sheath provided around

said jacketed broad bandwidth optical fiber unit.



For this reason broad bandwi dth optical fibers pertaining to the present
invention are graded index optical fibers consisting of a graded index
quartz glass core, a quartz glass cladding provided over said core and a
pol yner- covering | ayer provided over said cladding. Said polynmer covering

;ﬁée{h:zkﬂgt%ﬁ%#%é?Létg?ﬁ?%€| eﬂ%étkﬁﬁiﬁéﬁls parglcdﬁ & ng@??%%ilcgr?n
keepi ng tr@tﬁaa%d%gﬁca@@f@éfr a&g LEL0InG 8- 1D 18ydidrs o
ab po

[err]m. Prefer the rigd r conprising I'S po yner covering

e 17 i g e s el b rohe AR afoRd 11 ber
units. pert@émqu@pcaihgnpéfsg@fdé% i&éﬁ%ﬂ?ﬂ %n@? {;@B caI fiber or

fibers, each provided with a prinmary coating, Inc or nore |ayers
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the pol ymer covering [ayer of said broa ban wi dt and a
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cords pertalnlng to
sheath in the case of the fiber cord, are removed, while

keeping the polymer covering iayer intact.

In the present invention, an'optical fiber consisting of a
glass core, glass cladding and a hard polymer covering.
layer, which is prbvided over the cladding, is referred to
as a bare opticallfiber (or simply an optical fiber), since
it is treated in the same manﬁer as a conventional bare
optical fiber, which consists only of a glass core and
glass cladding. A jacketed optical fiber unit is produced
by providing a secondary coating over one or more primary—
coated optical fibers, eéch consisting 6f a bare optical
fiber and a primary coating provided over it. An opticai
fiber cord is produced from this jacketed optical fiber by
further pfoviding a polymer sheath over it so as to
increase tensile strength,'with high tensile.materials also

inserted as necessary.

With the present invention, it is possible to achieve

excellent transmission loss and bandwidth characteristics



present invention feature a polynmer sheath provided around said jacketed:-
broad bandwi dth optical fiber unit. - Connector-attached jacketed

optical fibers and connector- attached optical fiber cords pertaining to
this invention are said jacketed broad bandw dth optical fibers and broad

band opticakehi her taar dsanee¥rded W bhrd 6fi FRak¥RCopEP2BAECEIHeat ONE or
both ends in such a manner that both primry and secondary coatings, as

wel | as thgrpokyWaBr wigheat Bolhmbbecegeeialy tLhgek B8r retdeqats f12BOYVRI,
whil e keeping the pol yrrer covering | ayer “intact. In the present

i nvention, oan1@pkl Cahdl pPekef@NS BN rabkingdb2SensPpengdligsa ehadding and
a hard pol yner covering |ayer, which is provided over the cladding, is

referred teypascanfakeo@Ptiscakthichel bgrc§&ﬂpﬁﬁgausgﬁgiﬁﬁé BEE%QEF_ i nce
it is treated in the same manner as a conventional ‘bare optical f1Dber,

whi ch conspgbgsarky tef oBtdhiasa ¢9kfm grdp, IAsIeChaddhigding kaeketed opti cal
fiber unit is produced by providing a secondary coating Over one or nore

primary- eeahedtebhi ¢aksf thebtigheachoworsinbing 96s8 hakeaOptighal fiber
and a primary coating provided over it. An opti Cal :

axial alignment accuracy.

This makes it possible to use a crimp-type connector for a
GI quartz broad bandwidth optical fiber (jacketed fiber, -
cord), without adversely affecting the optical fiber

characteristics.

Connector-attached jacketed optical fibers and optical
fiber cords with excellent characteristics can be produced
from_bare fibers with the same outside diamgter as eﬁisting
standardized GI quartz optical fibers, thus making
connection with such GI quartz opfical fibers easy, as well

as providing excellent compatibility with them.
Brief Explanation of Drawings
Figure 1 is a cross-sectional view illustrating a typical

jacketed graded index broad bandwidth optical fiber unit

pertaining to this invention.



fiber cord is produced fromthis jacketed optical fiber by further

provi ding a polyner sheath over it so as to .increase tensile strength,
with high tensile materials also inserted as necessary. Wth the
present invention, it is possible to achieve excellent transm ssion |oss
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using the necessary pressure .to obtain a firmgrip, while mnimzing the
connection | oss through a Iom/crinping |l oss and a high axial alignnment
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polymer covering layer in the present invention.

Figure 4 is a graph plotting the results of low temperature
characteristics tests (heat cycle tests) in Working Example
7 and Comparative Example 6, showing changes in

transmission loss over time.

In these drawings, symbols 1 - 5, A and B stand for the

following:

1: Core made of quartz glass with a graded index profile}
2: Cladding made of quartz glass; 3: Polymer covering layer
made of hard polymer; 4: Primary coating; 5: Secondary

coating; A: Wdrking Example 7; B: Comparative Example 6

Best Modes of Practicing Invention

In the present invention, the core, which is located at the
centér of an optical fiber and confines and transmits the

incident light beam, is made of quartz glass and has a



Connect or-attached jacketed optical fibers and optical fiber cords with
excel | ent characteristics can be produced frombare fibers with the sane
out side dianeter as existing standardized G quartz optical fibers, thus

maki ng - connection with such G quartz optical fibers easy, as well as
provi di ng B id i |efC§g% on of
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this invention. Figure 2 1s a cross-sectional view ratlng a

convent i onglad:2AGkRt 8¢ Hadyd % d%gtﬂzci}laﬂcésber unit. Figure 3 shows the

correl ati on between the Shore ness and dynani ¢ hardness of the hard
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Figure 4 is a graph ottlng t he resu ts o ow tenperature
that best approximates the outer boundary of the cladding,

and the core diameter refers to the diameter of a circle
that best approximates the boundary of the core region,
which is the portion of the optical fiber where the

refractive index 'n’' lies in the following range:
n >2n2n + 0.05 x (n1 - n2),

where nl = the maximum refractive index of the core; n2 =

the refractive index of the cladding.

Such an optical fiber, consisting of a graded index profile
quartz glass core and é quartz glass cladding, can be
produéed by hét-drawing a quartz glass rod preform with the
desired-refractive index profile. The quartz glass rod
.preform can be manufacturedlby subjecting the main glass
raw material cpnsisting of silicon compounds” to vépor phase
reaction with a glass'doping agent made of germanium
compounds, and various manufacturing techniques, including
vapor phase axial deposition, exist, with no particular
restrictions applying in this respect, as long as a

suitable refractive index profile and low loss can be

10



characteristics tests (heat cycle tests) in Wrking Exanple 7 and
Conpar ati ve Exanple 6, show ng changes in transmssion |oss over tine.
In these drawi ngs, synbols 1 - 5, A and B stand for the follow ng: 1
Core nmade of . quartz glass mﬁth a graded I ndex profile 2: O addi ng made of

doati ngo Btatheds ¥F oL ?IF%:' "d T AR SRRt i ve
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profile Cr&@éGEaﬁynggénﬁa —open néentrﬁ% 62-123038 (1987) are

acceptable.

Preferably, quartz glass cores pertainiag to the present
invention have their refractive index profile parameter "a"
in the 1.8 - 2.2 range to achieve a signal transmission
bandwidth of 150 MHz*km, withlthe 1.9 - 2.1 range
particularly desirable to obtain a wider signal

transmission bandwidth.

Preferably, core diameters pertaining to the present
invention are 65.5 pm or less in view of ensuring
consistency and compatibility with éxisting GI quartz
optical fibers, with 50 * 3 um or 62.5 + 3 pm particularly
desirable. It is preferable that cladding diameters be 118
pm or less in view of keeping ﬁhé outer diameter and
thickness of the polymer cover at prescribed values, with

97 - 118 pm particularly desirable.
Preferably, the numerical aperture (NA) of an optical

fiber, which is calculated from the maximum refractive

index of the core and the refractive. index of the cladding

1



cl addi ng, which surrounds the core, has a |l ower refractive index and is
made of quartz glass. The cladding dianeter .refers to the dianeter of a
circle that best approxi nates the outer boundary of the cladding, and the
core di-aneter refers to the diameter of a circle that best approxi nates

the boundanying the €ermulagdbelow,WkCh.B6 éhelegétIﬁareichhaertbC@b fi-ber

where the refractive index 'n' lies in the foll ow ng range: n[érr] n
[err] n[err]0+29, 0BoXohBheAr An- aBb&h&LS broa¥BaLARidERL he nmaxi mum
refractive index of the core; n2 = the refractive index of the cladding.

Such an optical fiber, consisting of a graded index profile quartz glass
core and a quartz glass cl addi ng, can be produced by hot-drawing a quartz
gl ass rod pAefoqm2w-t h,3)n€, desired refractive index profile. The quartz
glass rod preformcan be manufactured by subjecting the main glass raw
material consisting of silicon conpounds to vapor phase reaction with a
gl ass“dopi ng agent nade of gernani um conpounds, and various manufacturing:

t echni queswhéene! Hilt nGaxYAPAr refaset 8¥é i ndEROSEL R, cEXestn2Wi th no
particular restrictions applying in this respect, as Iong as a suitable
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Partigularly, from the viewpoint of ensuriﬁg consistency
and compatibility with existing GI quartz optical fibers,
it is desirable that the numerical aperture be set at
similar values to those specified in JIS (Japanese
Industrial Standards) C 6832 (i.e. NA = 0.20 + 0.02, where
core diamefer/bare.fiber diameter = 50/125 pm; NA =.0.275 +
0.015, where core diameter/bare fiber diameter = 62.5/125

pm) .

In the present invention, a polymer covér, made of a
‘certain ﬁard polymer, is formed over the cladding, and such
a hard polymer needs to be a UV-cured resin with a Shore
hardness of D 55 or greater, with the outer diameter of the
polymer covering layer defined as the diameter of a circle
that best épproximates its outer boundary. On the other
hand, a thérmoplastic resin would need to be either
hotmelting coated around the quartz glass cladding, or

applied as a solution and dried. However, its adhesion to

12



10 obt ai ned. For exanpl e, nethods shown in Japanese Patent
Publication Nos. 56-31291 (1981), 56-33327 (1981), 58-44619 (1983),
59- 6260 (1984), 59-13451 (1984), 59-27728 (1984), and Japanese Lai d-open

Pat ent -No. 62-123038 (1987) are acceptable. Preferably, quartz glass
cores per taid1Gddd rid) SRl 185 ¢y pddtvergd Hhd\Rrther orfEftrhEéthl\beﬁf ndex
profile paranmeter "a" in the 1.8 - 2.2 range to achieve a signa
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particularly desirable to obtain a Wi der signal transm ssion
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[err]mor less in view of ensuring consistency and conpat i |ty W
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pm or | essiirror-@irdls. Keaioth i tiHee sl frRd Q;fou@'&f_j not be obtained.

Among UV-cured resins, acrylate resins are preferable
because of their high curing speeds, eliminating the need
to reduce the drawing speed to adjust to the slow curing

speed to ensure curing to the prescribed hardness.

Curable monoﬁers (raw material) to produce UV-cured
acrylate resins consist mainly of those containing acryloyl
and/or methacryloyl groups, which have UV-curable double
bonds, and can either be homogenous or heterogeneous, with
no restrictions applying to fhe number of double bonds
within a single molecule, as long as a Shore hardness of D

'~ 55 or greater can be obtained after curing. The monomers
can also contain amide, imino, urethane, ester, ether,

epoxy, hydroxyl, carbonate, ketone, sulfone, melamine and

siloxane groups.

Resins can contain halogen atoms, although fluorine atoms
are undesirable,'as they tend to reduce the fiber pulling
resistant force of a crimp-type connector and increase tﬁe

loss attributable to connector mounticonnection ng as a

13



t hi ckness of the polyner cover at prescribed values, with 97 - 118 pm

particul arly desirable. Preferably, the numerical aperture (NA) of an
optical fiber, which is calculated fromthe maxi numrefractive index of
the core and the refractive.index of the cladding using the formul a

oroad bandwGLh °f Rt AR ER qTan 1€ s iRt Gl Bl T ™ ©
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core d' amﬂ{ﬁ@fﬁofé,b%hgim&%ofy&ezr 5(4:%1’%5contain a silane coupling

agent capable of strgngthening adhesion to the quartz

cladding. | |

A_high Shore hardness of D 55 or more is indispensable, as

it helps minimize the connection loss associated with the

installation of a crimp-type connector and axial

misalignment of the core, as well as ensuring a clean and

smooth cut surface or polished surface, in the case of

cutting an optical fiber or polishing a cut surface.

Shore hardness D is a hardness reading obtained using the D
method under ASTM-D2240, and the Shore hardness of the hard
polymer can be measured by first producing a polymer plate
specimen under the same curing conditions as applicable to
the optical fiber productioﬁ process, and then measuring
the hardness of this polymer plate specimen using the above

.method.

In the case of a bare optical fiber featuring a polymer
cover as its outermost layer, the hardness of the polymer
covering layer can be measured as a dynamic hardness based.

~on a diamond-tipped indentater pressed into the specimen

14



In the present invention, a polynmer cover, nmade of a certain hard polyner,
I's fornmed over the cladding, and such a hard polyner needs to be a
UV-cured resin with a Shore hardness of D 55 or greater, with the outer

di aneter of the polyner covering |ayer defined as the dianeter of a circle

' ' . d ..On th h hand, .
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poor, so th nteol of the fiber _di e Id _be difficylt, and there
woul d aIsocﬁépggﬁérgnpggﬁﬁgﬁs(éﬁ&ﬂaﬁg ggﬁgrégﬁﬁrc?Bb@ﬁ%lFBQSvl FER woul d
render it,upuysable. ., Besjides, .when_a_ filer s stress-ruptured, - a
mirror-finPEraBRsse iAFUSPAFE il Faglreonr athETeheS 0Bt APAbT LhC 8K png
“WV-cured resin a ing. are.preferable because of their high
curing”spegggéﬁePﬁgé%étﬁﬁgagéé ﬁggaﬁlg ﬁardﬁgss o MicFo Qlckers

hardness and Shore hardness D. Therefore, a Shore hardness

D 55 or more, as an expression of the hardness level of the
hard polymer comprising the polymer covering layer, is

equivalent to a dynamic hardness or micro-Vickers hardness

of 5 or more.

Preferably, the hard polymer comprising the polymer
covering layer has a sufficiently higher refractive index
than the quartz glass-forming the cladding. In concrete

' terms, since the quartz used for the cladding generally has
a refractive index of 1.458, it is preferable that the
refractive index of the hard polymer be 1.50'or more. Any
lower refractive index-value is undesirable, as it would
create different modes by generating reflectiens of the
transmitted light on the inner surface of the polymer

covering layer, thus reducing the bandwidth.

Preferably, the coefficient of linear expansion of the hard
' polymer is in the range of 0.6 x 107 - 2.0 x 107%/deg. If
it is smaller than 0.6 x 107%, chipping tends to occur

during fiber cutting or polishing, making it undesirable in
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to reduce the drawi ng speed to adjust to the slow curing speed to ensure
curing to the prescribed hardness. Curabl e mononmers (raw material) to
produce UV-cured acrylate resins consist nainly of those containing

acryl oyl and/or nethacryl oyl groups, which have UV-curable double bonds,

and can eigfay de JOFDASNYSc 2L SF Oge shé(ﬁtéhrfge’cé§5”i ctions

applying to the nunber of doubl% bonds thin a sing nol ecul e, as | ong

as a_Shor cdiaelgesy O+ £ 1 65,971 Al obnga be pbl@padaal LeE curing. The

nononmers can al so contain amde, 1m no, urethane, ester, er, epoxy,

hydroxyl , ®esRasei® 184 Ofena$UtS g, 1 dy@ni ne and  sil oxane groups. |
Resi ns can contain hal ogen atons, although fluorine atons are undesirable,

as they tend to reduce the fiber pulling resistant force of a crinp-type
connector and increase the loss attributable to connector npunticonnection

19, 2l Th® BT ST B A O S S eash T oo
amount of to have a thickness of 5 pm or more, with 5 - 15 pm
particulé}ly desirable, to prevent the glass ciadding or
core from cracking or chipping during the installatibn of a
crimp-type connector by crimpingldue to the stress
- concentration associated with it. Although the thicker the
polymer covering'layer, the greater its protective effecfs,
it is desirable to keep it up to 15 um, as too large a
thickness would be likely to increase the microbend loss
and axial misalignment of the polymer covering iayer or

core by forcing the cladding to become too thin to maintain

a small overall diameter of 128 pm or less.

Since a crimp-type connector is attached to the fiber after
removing the primary and secondary coatings with the
polymer covering layer intact in this invention, it is
preferable that high accuracy be maintained for the outer
diameter and éhape of the polymer covering layer in
consideration of connector installation. For example, the
deviation of its outer diameter and the circular
deformation of its outer boundary circle should preferably

" be limited to 6% or smaller and 4% or smaller,
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fluorine, as this would reduce the refractive index, making it difficult
to obtain the desired refractive index level. Furthernore, the hard

pol yner can contain a silane coupling agent capable of strengthening
adhesion.to the quartz cladding. A high Shore hardness of D 55 or. nore is

I h I d th
LRS‘SP‘SQ??%%%%%V#*%“&?ﬁ%"%%%ﬁ%ﬁ%c PG A o SR LR et of the
core, wgé%EESUfQE &gs %Efgn and snDoth_cut surface or pol i shed

i i

surface e case ng - an optical fiber or polishing a cut
surf ace. Shor e hardness D is a hardness readi ng obtained using the D
met hod under ASTM D2240, and.the Shore hardness of the hard polynmer can be

reasur o0 143k 0S4 20 PRLULE ki e?%%‘%?% lﬁee%?%%‘%sia”‘énS”{LQ%
et 10 i %@%:ﬁ%ﬂnégaf%f@%t%;w% LSl PS8 e oove
SR RN e TR
pressed“'Q§QpéP8eﬁP§§énFQtlo to the -nominal outer'dlameter. The ) '
circular deformation of the outer boundary_ci;clé of the
poiymer covering layer is the difference between the
diameters.of its circumscribed.circle and inscribed circle
as expressed in a percentage fatio to the diameter of a
circle which best approximates the outer boundary of the

polymer covering layer.

Therefore, it is preferable that the outer diameter of the
polymer covering layer be képt at 128 pm or less, with 125
i3-um particularly desirable. Such a small diameter
facilitates connectlon with ex1st1ng GI quartz optlcal
fibers, which conform to the standard outer diameter of 125
+3 ﬁm, and achieveé compatibiliﬁy with them. In other
words,'this_makes it easy td ensure consistency and

compatibility'with existing GI quartz optical. fibers.

The polymer covering layer described above can be produced

using the method shown below.
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14 (using an indentater with a regular triangular pyramd shape
(edge di stance=115[err]) in conjunction with a mcro- conpression tester
(Shi mazu MCTE-500)) or a mcro-Vickers hardness. As shown in Figure 3,
-there is a near linear relationship between dynam c hardness or

m cro- Vi ck shdhafdnes s and, Shor &rliadidn efs d2 1. ahh 1Ay rodti£ s dness

D 55 or nore, as an expression of the hardness | evel of the hard polyner

“conpri si ng—,ﬂ&eq&ow 16V dd g drdY Ylads clRBEMA eurtable MEHd har dness
‘or mcro-Vickers hardness of 5 or nore. Preferably, the hard pol yner

CONPri Si NG 4G AUNBI £ EOUEHd NhIRYSSL IR Tl T itand Ipb inaher refractive

I ndex than the quartz glass formng the cladding. In concrete ternmns,

since the Quatta Hsed dor;d A o ganet e B ref ractdne i ndex of
1.458, it 1Is p%%r%dglerfa‘léé{e tlhatﬁ%xﬁie refractive index%%}ethe hard pol yner be

1.50 or My@.+MNybed PRI rd &SI ROsd e, | ilexX prad diar e dIBd Mt $£.ar@$ 11 woul d
create di fferent nodes by generating reflections of the transmtted |ight
on the 'r”Eﬁréﬂ”ﬁﬁ%%ﬂ(ﬁhérﬁééiﬂéﬂmﬂardneés and refractive index are

obtained by subjecting it to ultraviolet radiation.

A primary coafing is then prévided'over the.polymer
covering layer, with a secondary coating further provided :
over this. The priméry coating is necessary to keep_
transmission loss down, in the event that the secondary
coating loses flexibility in a low temperature region, for
example 0 - -40°C. The primary coating can be either single
or multi—layered, but at. least its innermost layer needs to
- consist of a soft polymer. If not, microbeﬁd loss would

increase.

The soft polymer here can be any polymer with-a Shore
hardness of D 35 or less, with UV—éured acrylate or
silicone ;esins'used as primary coatings in existing GI
quartz optical_fibers suitable-for this purpbée. Outside
the innermost layef of the primary coating, which consists
of.the above soft polymer, a harder polymer can be provided
as the second layer of the primary coating. This polymer

can be selected from hard polymer options available for the

18



covering layer, thus reducing the bandw dth. Preferably, the coefficient
of linear expansion of the hard polymer is in the range of 0.6 x 10[err] -
2.0 x 10[err]/deg. If it is smaller than 0.6 x 10[err], chipping tends to
occur during fiber cuttlng ‘or polishing, making it unde3|rable in

| f ly,
| f it is | :Er gg)% q:fh Zeatlolq%?n%ﬁ[ éa‘r?k?]%lsgttages rll%o dm%@)r ofzg(r?nl%ces?nt gﬁdgv;a(r)sgey
have a thi cReaRe A 5L 'ﬂ&e)“@f Wi gﬁ%%q ) doplsh & B SRR a%%ﬁch .
m_cr i [
gﬁ?: Lgb!t ﬁe Olt??]stt@{a @hﬁ]ﬁﬁfﬁgﬁ r%c Caaqltg)%gf?(’)er?n ctor B ?}1 &5 %%l&r% %dﬁzé) to the

th th t.h | ymer
stress co%@tarxﬁ] %ﬁ%%om proc{ |ve eeg;%&q@ e |c§er e ep;)oy

covering | ayer great €r

keep it up 44 dpil e e e_»L% tg%ql I%rlgi?, %50t hi %If)'be?ﬁn woul d be Ii keI y to

I ncredse the mcrob

Preférabiy, the hard polymer comprisinglthe polymer
coverihg layer and the soft polymer comprising the
innermost layer of the primary coating are chosen from
thoée whose glass transition temperatures fall outside the
service temperature range of the optical fiber product
produced from them. For example, where the allowable
opérating temperature range is set to -20 - 60°C, it is
preferable that the glass. transition temperature of the
hard polymer comprising the polymer covering layer and that
of the soft polymer comprising thelinnermost layer of the
primary coating be above 60°C and below -20°C,
respectively. Furthermore, where the primary coating
consists of multiple layers, it is preferable that the
second layér of the primary coating, provided just outside
.the innermost.layer; which is made of.a soft polymer, be a
hard polymer that has a glass tranéition temperature of
more than 60°C. Where the allowable operating temperature
is set to -40 - 80°C, the corresponding glass transitién _
temperature requirements of polymers are above 80°C, below

-40°C and above 80°C.
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and axi al msalignnment of the polyner covering |layer or core by forcing
the cladding to becone too thin to maintain a small overall dianeter of
128 [err] mor |ess. Since a crinp-type connector is attached to the
fiber after renoving the primary and secondary coatings with the polyner

coveri ng '%X%rt&ﬁhﬁﬁ&g%?ohhh%s%”%%”%hogpgﬁgfgffiB%?LE%SQE@FE?%gyhi9“

accuracy bé maintaine or the oufer an pol ymer

covering | ayeneia:Cquy deratanuabscoptectar LastabbabkenctEop examl e,

the devia n of its outer anet er e circu ornation of its

outer boundaryclighesShaul deRneler 2hb%e Q%léh%kkﬁgtﬁﬂg6%%gg?ﬁﬁa i gh and 4%

or smaller, esp I'vel'y,”with 3%

or STl LT (R IR Bl KBSLLSObe char TRRCISKEGH on o

t he outer . erénce n nonminal” val'ue o

OUter,d'a"EHQ%SOErEB%itH%BY@%@P%%%%BFQQcbﬁﬁﬁ%iﬁﬂg %Eé gﬁ%%%%i%ﬁﬁu%hﬁé

expressed I’'n a percentage ratro to fhe-nom nal outer drameter. The
follows from the fact that the transmission loss
characteristics of an optical fiber are believed to be
adversely affected to a considerable degree by large
changes in the hardness of polymers that take place as they
enter the neighborhood of their glass transition
temperatures and undergo transition from the rubber state
to the glass state during cooling. Thus, the choice of
polymers which do not have glass transition temperatures

within the operating temperature range can help overcome

such adverse effects.

The glass transition temperatures of polymers are measured
using "TMA", a measuring instrument manufactured by Seiko

Instruments, under the condition of 10°C/min.

A jaéketed opfical fiber.unit may contain one or more
optical fibers, and is produced by préviding a secondary
coatinq over a single primary-coated fiber, a pair of
priméry—coated fibers or three or more'primary—coated
fibers arranged in a ribbon formation. The secondary

coating material can be freely chosen according to the
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circular deformation of the outer boundary circle of the polyner covering
| ayer is the difference between the dianeters of its circunscribed circle
and inscribed circle as expressed in a percentage ratio to the di aneter of
a - circle which best approximates .the outer boundary of the polymer
covering | aye Therefore fera e thaégthe oyter  dianeter of

t he polyngﬁpééﬁgFﬁﬁB IﬁﬁgPlﬁgdkgb% ffés ﬁFE; F hOR540 "8 [err]nL
| l, bl e. . Such et er, Itat t t

Eifiifﬁgar B ERE, RO BEREa A BERPE. CAHCEREEGPor APFD PRoSot andar d Bﬁ?eg

di d h i bilit tth th | t

St o it PSR

fib I d bed
Sﬁbié'QEnckéﬂgﬁéhéc g TORE AR ER O RO B o Ceserthed

17 polytetrafluorocethylene or tetrafluoroethylene-

.perfluoroalkylviﬁylether polymer; a polyamide resin, such

as nylon-11 or -12; a polyimide-resin; or a UV—cﬁred resin.

To produce an optical fiber cord sﬁitable for préctical
applications, a iacketed optical fiber is further provided
with a'polymér sheath to increase its tensile strength. To
this end, measures such as inserting a high tensile
material, e.g. a steel wire strand or aramid fiber, aﬁd
forming a composite cable in conjunctidn with copper

conductors can be taken.

As with_existing jacketed GI opticai fiber units or optical
fiber-cords, a connector is attached to a jacketed optical
fiber or optical fiber cord pertaining to the present
inveption,af one or both ends in practical applications,l
and. it %s preferable that such a connector be of the crimp-

'type, which allows adhesive-free installation.

Namely, in the case of a jacketed optical fiber unit, both
primary and secondary coatings are removed at one or both

ends where a connector is to be attached, with the polymer
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On the heels of the G quartz nmaterial drawi ng process for the quartz

gl ass core and gl ass cl addi ng, curable nononeric raw material for the hard
pol ynmer used as the polyner covering |ayer is applied onto the drawn
preform as the . so-to-speak "proto-fiber", to a prescribed thickness and

cured unt e RPN AUANRSS. F LA G ek 0, OlAIEhRA bY

subjecting it to ultraviolet radiation. primary coating is then

provi ded oyar I DY ¥iBled QI i 1Y, € Eio 1Widwd R 5V GO B4R G RALH 1 RG o Ur t her
provi ded g@é# this._Thee%r?ﬁgrylgggfﬁﬁg fg necesgéfy to keéb tﬁénsnission

| oss down, dpyy tﬂl%p?a‘&%iotﬂ‘%}r&éé%sie%%”%déss%‘iﬁki ng loses flexibility in a
for err

| ow t enperat uré région, exanple 0 - -40[ ]C. The primary coating can
be either single  or multi-layered, but at least its innernost |ayer needs
to consist of a soft polyner. If not, mcrobend | oss would increase.

The' sof t  PAINEI HE" S IGAN RRANGR0Y 8 -ty SR ctlat drese Bfcdd 35 or

| ess, ‘with UV-cured acrylate or silicone'resins used as prinmary coatings

in existing{do GHAJA Ry CRlvddiBRY S a3, ahhE ot & Rict RUHRRRR:, B4t Side
the innernost |ayer "of the primary coatiing, which consists of the above
soft polym%biﬁﬁi der polyner can be provided as the second layer of the
primary coati ng. i s polyner ' '

This allows quick assembly compared to the installation of
an adhesive—type'connector, while dramatically simplifying
on-site connector mounting during the installation of

jacketed opticél fiber units or optical fiber cords, as

adhesives are not required.

Although a sufficiently smooth surface can be obtained via
stress rupture élone'if hard polymers pertaining to this
invention éré used as polymer covering layers, polishing
may be performed to further prepare the fiber end. End
surface formation via stress rupture is advantageous in

- terms of convenience and simplicity, while that via
polishing is advantageous in terms of connection loss
reductions and reproducibility. End surface polishing'can
be either plane surface grinding or spherical surface

grinding.
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can be selected fromhard pol yner options available for the

18 pol ymer covering |ayer as descri bed above, and can be identical
to the polymer covering |ayer. The outer diameter "of the primary coating
can be freely chosen according to the application, required

characteri ﬁ'lg%el}’}g%jlc%/al ?#}%t%gfidte%"f&?bér?e 339&95%&@ igﬁfé?fﬁ'%rb’ DG asP0

[err]m pol'yimer conprising the polynmer covering

| ayer and tfe ﬁeogéuxfe%gﬂ@% h%%e@%é& qgsj}lgist}i&rﬁl%idcfﬁ?ertr@dé:he primary

coating are-chosen from ose ¢ ransition tenperatures fal
outside the service tenperature range of the optical fiber product
produced fromthem For exanple, where the allowable operating tenperature

range 15 Selol el bino eohg%{ér%sétni s pfﬁifé{ﬁ%&%i&fré&‘%&ﬂﬁi?k}é ggisi ti on

t'enperature 0 ard yiver- conpri sing YyMer cover | ayer and

ot ! b SR BRSPS BEBEA A 0el Pin ltt leir PTmY
where the pggig@é ysﬁé)@ﬁhé@ prodﬁced by 'curing the same monomeric raw
material used for the production of the polymer-covering.
layér under fhe Same conditions. In the case of the soft
polymer for the primary coating, too, a polymer plate
specimen produced by curing the same monomeric raw material
used for the formation of the primary coating under the

same conditions can be employed.

Refractive index profile parameter '¢&' of quartz glass
core: The refractive index profile parameter '&' is
measured at practical wavelengths using the general method
in which the interference patterns of a thin specimen,
which is a sliced optical fiber piece, is measured using én
interference microscépe and the refractive index profile is

calculated.

Averagé axial miéalignment of optical fiber mounted with.
connector (um):- This is measured as the eccentricity of
the circle formed by the outer boundary of the quartz glass
cladding in terms of the distance between the center of

this circle and that of the ferrule through microscopic
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consists of nultiple layers, it is preferable that the second |ayer of the
prinmary coating, provided just outside the innernost |ayer, which is nade
of a soft polyner, be a hard polyner that. has a glass transition
tenperature of nore than 60[err]C. Wiere the all owabl e operating

t enper at ur ebskgvattiohp w4lh- tBE[ ALbbGrehbALCOALESRANEHAT10! @%ﬁel‘sr ggsition
tenperature requirenents of polyners are above 80[err]C, below -40[err]C

and above 88ker khCaverage. _ _ 19 The
transm ssion | oss of an optlcal fiber is generally higher at |ow

tenperatures, but the adverse effects of low tenperatures, as well as
those of alternating |low and high tenperatures, can be mnimzed by

ensuring tkatrtie abexMgin |8§§1Eé§n§b550@dﬁﬁnperat@éﬁlﬁﬁng'5'@D§oﬁ&e
sati'sfied. This follows fromthe fact that the transm Ssion | oss

characterlath&anf&BeQpbgééhméhbﬁfoﬁiéeée%hEMeQ &enﬁéctaﬁvgﬁssh§ ahjected
to a Considerabl e degree by large - changes in the hardness of ynmers that

take pl acewaghblieyadrekebnt be aﬁhﬂﬁbﬁéhoeﬂeoﬁméﬁﬁtroﬁ|@§§n§ﬁ§€§%&'0“
tenperatures and undergo transition fromthe rubber state to the gl ass
state duri nggbeolsngirdhumeatiiee@nascenef initial light volume using
an 850 nm'LED. A connector is mounted at the other end of
.the specimen by crimping while making adjustments so that
the force required to pull the fiber out will be 2 kgf, and
the amount of transmitted light is measured in the same
manner as before. The difference between this reading and
the initial light volume is then calculated, and the whole

process is repeated three times, with the average of three

measurements defined as the ferrule crimping optical loss.

Average mirror surface ratio of fiber end (%): After
:stress-rupturing'the optical fiber specimen, the area of
~the mirror region-on the core rupture surface is measured
"using an opticel microscope, and the ratio of this area. to
the total sectional area of.the core is calculated, with

the measurement repeated 10 times and the average_taken.

Working Examples
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pol ymers which do not have glass transition tenperatures wthin the
operating tenperature range can hel p overcome such adverse effectf. The
glass transition tenperatures of polyners are measured wusing "TMA", a
measuring i nstrunment manufactured by Sei ko Instrunments, under the

condi.tion gf Q%ﬁﬂ{] e t hgal e I n one
or nore o%#F?él |g§??Hér(?ﬁqgﬁﬁ%)S%%gugﬁ % &1% %eﬁggigédarb coati ng
over a sin k o I r 0 iLbers or
Chree or nﬁ’fﬁf”%ﬁd;%{y R R é"’fgf&?é’ﬁg%%amﬁls@?.% SOPFEFRR on. The

secondar. | k fue sding t
20 Y %gggﬁqggﬁrg%?nrggjﬁke&gﬁhgra??ér?E@ﬁ%@eﬁ%ﬁ%}ghanghggt%gﬁgn
i nclude a heat<JSigsistant fluororesin, such as a

t et raf | uor oet hyl ene- hexafluoropropylene conpol ymer, an

et hyl ene-tetrafl uoroet hyl ene copolyner pol yt et raf | uor oet hyl ene or

tetrafl uoroet hyl ene-
Example 1

To produce a graded index profile optical fiber with a core
diameter of 62.5 pm and a cladding diameter of 125 um, a-
quartz glass.rod was fabricated by vitrifying the parent
material of the GI-qﬁartz glass, manufactured using the
Vapor phase axial deposition method. This was then fed into
a 2,200 °C furnace continuously, and drawn to 100 pm in
cladding diameter to become the "photo-fiber" over which a
polymer covering layér is provided. The core diameter was

50 pm.

Meanwhile, the monomeric raw material of a UV-cured
fluorocacrylate resin with a Shore hardness of D77 and a
refractive index of 1.460 when cured was passed through a

0.1 pm filter and fed into the coating die.

The monomeric raw material held in the Coating dié was
app;ied over the surface of the drawn preform as the
"photo-fiber", and cured by subjecting it to radiation from

a UV lamp with a central frequency of 360 nm. This was then
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per fl uoroal kyl vi nyl et her pol yner; a pol yam de resin, such as nylon-11 or
-12; a polyimde resin; or a UV-cured- resin. To produce an optical fiber
cord-suitable for practical applications, a jacketed optical fiber is
further provided wth a polynmer sheath to increase its. tensile strength.

hi d, h h I I :
Steel w o FEPRRETS g b 0 Sy S Ak B <RS0 ¢
t h d t be .t.ak t
conj unct i on WI c%o &rcq(jnr?l} glcglsofrc}t%%cral%u al eelpolalmAs‘: ‘@o%r% i ng

j acket ed GPTHUCA® 1A S connector is

attached t ac tical,. fiber, tlcal f|b r aining to
t he present érﬁlé:ﬁt eafjt) d“rigl o%' Wbt t?héﬁdg’oa\rr? 6) a ‘%acaﬁg’ﬁ% é# | ons and

it is preferable that su h AC ect Qﬁ)of th |ch al l ows -
adhes ve- f AT ARG ity 0 140t o B SR ?é&l&& Y55 1 cal
ends. wher e H g RERRY %%Srdc&éeeé%"{‘cde%#éf T R A B Rt thagne or beth
21 '

deformation of O. 8%.

The bare opticallfiber Was given a two-layér primary
coating consisting of two types of UV.urethahe acrylate
resins (soft and hard) in such a -manner that their
monomeric raw materials were applied and cured to outer
diameters of 250 um and 400 um, respectively. A secondary
coating consisting of nylon-12 was then provided to bring
the ou;er diameter to 900 pm via hotmelting to produce a
jacketed optical fiber unit, which Was further provided
with a polymer sheath with an outer diameter of 4 mm to
become aoptical fiber cord.:The produced optical fiber cofd
exhibited a transmission loss of 2.7 dB/km and a
transmission bandwidth of 250 MHz x km at 850 nm,
demonstrating its -superiority in terms of both transmission

loss and transmission bahdwidth{

All the outer covering layers of the optical fiber cord
right down to the primary coaﬁing were then removed at one
or both ends, exposing the bare fiber with an outer

diameter of 125 pm, and a PCF crimp-type connector, a
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covering layer intact, and a crinp-type connector is then placed and fixed
by crinping, followed by a standard fiber end preparation process, as
necessary. Thus, in this invention, a cri.np-type connector is nounted
onto the polyner covering layer, which is not renoved, by crinping.

This al | owgy i el ASSHI Y €L Uhdde 1t %dﬂsd ééfﬂ atd Ofagdihg

adhesi ve-type connector, while dramatically sinplifying on- srte connector

mounti ng duyfifigeddie 23“155"].?}111)' atd A of 5 J AckRisd Qﬂtd“?éerf otAkletlhougﬁgr§

optical fiber cords, as adhesives are not require

sufficient |M1§I@Qﬁaﬁr§l‘:ﬁu?fr?g Cek hebtaiNad Y ta oS! [ESS diitlE Jtane if

hard pol yners pertaining to this 1nvention are used as pol ymer covering

layers, poldighifon yridy Rsrdeidprimebt O fuy tﬂ%ezpreerﬂﬁrﬁr&é}%&u{bero@@fbf End

surface formati'on 'via stress rupture IS advantageous In terns

conveni enca Nt MBS twas Wl &4 halpellAa RS 'argffb%@-%rgmageous in

terns “of -connection | oss reductions reproduci bility urface

polishing cafs SSddNEY ane iy faee Aiisglidg or spherical surface

The axial misaiignment of the optical fiber mounted with a
connector was small, 1.8 um on average, and there was ho
damage to the fiberldue to crimping, with a small ferrule
crimping optical loss, 0.10 dB, and a high mirror area

ratio, 82% on average, thus producing excellent results.
Examples 2 - 6 and Comparative Examples 1 - 5

- An optical fiber cord was produced in the same manner as:
EXamp;e 1, except that the drawiﬁg conditions, and the type
and eoatihg conditions of the hard polymer were changed to
thoée shown in Tables 1 and 2. Its performance with a
crimp-type connector attached was then evaluated in the

same way, with the results also shown in Tables 1 and 2.
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which is a sliced optical fiber piece, is neasured using an interference

m croscope and the refractive index profile is calculated. Aver age
axi al msalignnent of optical fiber nounted with connector (pm: Thi s
is measured as the eccentricity of the circle formed by the outer boundary
of the quartz glass cladding in terns of the distance between the center
of this circle and that of the ferrule through m croscopic

23 observation, with the measurenment carried out 10 tines to take
an . aver age. Ferrule crinping optical |oss (dB): Taking a 3 m |l ong
optical fiber speci TONT (e thTacopmegtrogr gt jore My wi t hout
adhesi on or crinping, |tHe prpunt ofF t{r dnspi t ed idght] ip tirst nmeasured- as
. . Q .
the initial light vplLung ukinfg a1§850 nm| LED. |A Forngct pr|is nmounted at
the other -end of thelsdeg| ogn, fby| € ilnpi ap _whille_ maiifg., pdf ust ments so t hat
the force required [ &}pll| BhE [fper t= Wl ] Des PR, < pAd
. -~ . ﬁ E g
?
B
=
=
S
o 5 2
AMEEHEHEHEENHEEHENE
s 1, 2
2
3
;
f=]
=
3
ol § ]
Slelalslwl=] 2 =] 8] woo%"“
glalZl el =l= |5 3]s |~ & <|2[5]8
5 E g
(]
i
w 5
o 3
'a -
8 3 g
L] < =
‘:cgm"’c;‘ | 8] ~ womgﬁo
1B 2IB|2|R] 5 |22 = |«|8las]|=|S]8
b ® - g
? X
=4
3 .
E = E hﬁ 'E
[ 153 ) L 8
] gl | & =l 18] o
Aﬂ. 1l @] W al = -AAOV§
El 2 : 25 a0l =] 2 .EE“ »
Sl e 8132 | & 5| & 5 gl 812
',;;g 2|l s)| g 21| 8 A%‘Ev”:
21 B § | 8] & 351 & gl &1 =] *
gl |2l 5] 5] ° | 5 AR E R EIELE
2l el 3 2] 218 ol :'53%-‘6‘-35'3 &
SHEIMEIEIEREIEIEAMEIEIMEE
O'Hh L w-O | B T ] - =
Slel 22l 2z |2l 5|22 2] 5l 5| 2] 2°
Stz glsls] 25| |2l =22 =2 2] 5
slal sl 21 B8] sl o) 28| 8| 6| 2|«|=]|E
. £ 3| Sy 27| °| 2| §El =] =l 5| °| 5| &
N Bl &l ] <2 21 2] 53t 8l é]l ol 31 ol o
Ml=] 2] 9| 0] 2] 0] ~a] E} ] W] s§ =] w0
[ F] <1 B B M 2 ©| W af ol s| 2] 2] ©
= Bl Rl 32| 82 2| & 92| &) 5| 5] 8 E| &
C S|ol&|&| e8| 2|2 SE|&l&l2|&]&] =




the amount of transmitted light is measured in the sanme manner as before.
The di fference between this reading and the initial light volune is then
cal cul ated, and the whole process is repeated three tines, with the

-aver age of three measurenents defined as the ferrule crinpi ng opti cal

| oss. r.r.or, rf ace fiker end After

stress- ruptur| ng"'mn = 'I:ta;%(L:ia safcll ber&é g%? g e&‘fhl btlﬁ(.?dm rror regljon

on the cor rf asur ed i n optica nlcr scope, an

Phe Patr ol Sttt S ARS 4B INEY S B %a Geies) e k

cal cul at ed oo e d g RS %entrec%%tr%%yl,%' 12345 tﬂ% qvelage ! aken.

further expl i.ven bel OM/ rk|n exanpl es and
%§¥§814¥éde th c :ﬁ%ﬁ ox; H§g|%§dn5twg g %F

conparative exa e pr
i npl enment atolpcfﬂc@a.d%.%ssshom v}elﬁ.r as very smooth mirror-finish fiber’

end surface as in the case of Example 1.

In. contrast, Comparative Examples 1 and 5 exhibited a large
axial misalignment due to a low Shore hardness'of the hard
polymer, as well as a low mirror surface ratio. On the
other hand, both Comparative Examples 2 and 3, in which a
thermoplastic fluorocacrylate resin was used, exhibited a
low mirror surface ratio, while the transmission loss and
crimping losslwere acceptable with Comparative Example 3,
featuring a cladding diameter of 125 pm and a polymer'
covering layer diameter 140 pm,. but deteriorated with
Comparative Examples 2,.featuring a cladding diameter of
100 pym and a polymer covering layer diameter of 125 um,

" which were much less than in Example 3. In the case of
Comparative Example 4, crimping-related fiber damage could
not be prevented due to too thin a polymer covering layer

thickﬁess,'while crimping loss was also large.

Working Example 7 and Comparative Example 6
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Exanmple 1 To produce a graded index profile optical fiber with a core
dianeter of 62.5 [err]mand a cladding dianeter of 125 pm a quartz gl ass
rod was fabricated by vitrifying the parent material of the G quartz
gl-ass, manufactured using the vapor phase axial deposition nmethod. This
was t hen ffd I nto L.nuousl r,awn

' f 00
[err]min 8Wa58WR8rS%Hﬁg?Sngékgéfg%glgﬁe eﬁ%ﬁtgefﬁb Png Sggdmﬂpckﬁgl
I ded. Th di t
Rgaﬁuﬁ{|govgﬁégﬁ6 %ﬁ@FF?CPgafﬁéggPFsﬁ ?PC Q%Wp 3r dgﬁgiﬁg?gigrakate reshn
S D77 1.4
was passedPRRbagh Ta0eg, E°E8r}%?%d%FFE§%5a§§' V%a*; RS esaugge& 2?”:
Th t t t 1
surf 2‘3_2"2?%9&13%%.%%&35?@@% it%gceﬁaﬁgﬁs P8, So¥8 R IRk Ho kR eoti ng
Q;St?hgﬁdl§gh%% EgggE %fu¥he gglmary coa gh%auagrgﬂugng& gf ggg wHEcTh'S

had a glass transition temperature of -14°C.

Low temperature characterisfics test: Taking a 500 m-long
optical fiber cord, an 850 LED was eoﬁnected at oee end and
a power meter at the'other. Its 498 m-long middle section
was then immersed in a thermostatic chamber, and a heat
cycle test, in which a 2—heur cycie of alternating low and
high temperatures was repeated 100 times in the manner
"-20°C - 60°C -~ -20°C - 60°C -", with resulting changes inl

transmission loss measured over time.

-The_results of the low temperature characterisfics tests
are shown in Figure 4, in which the ordinate axis
represents changes in transmission loss relative to the
Velue measured at the beginning of the test,-with negative
figﬁres signifying deteriofation. Measurement results of

various physical quantities are shown in Table 3.

As can be seen from Figure 4 and Table 3, Example 7, in
which polymers used for the polymer covering layer and the

-soft polymer inner layer of the primary coating had their
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wound onto a bobbin via rollers at a constant speed, producing a bare
optical fiber wi'th a polyner covering | ayer dianeter of 125 [err]m This
bare optical fiber had a nunerical aperture (NA) of 0.20, a pol yner
covering |ayer outer boundary circle eccentricity of 1% and a circul ar
deformation of 0.8%  ~ The bare optical fiber was given a two-|ayer

pri mary bt nfr apestEen nteraverakrrsHdeert WiLthiet Huldelkks yanges,

resins (soft and hard) in such a manner that their  nononeric raw

mat eri al s ve¥Ribkbbed cerepblenf ceransmigeion charagierisifczverrai m and
400 [err]lm respectively. A secondary coating consisting of nylon-12 was
t hen provi deeWteehpergtures havblh drinpramderrse 9D rqn tampeatuge i ng
to produce a -jacket-ed optical fiber unit, which was further provided |
with a pol yrpangeaepserved anlueent ek et Conpdrat ke thxanp ke chmelmopt i cal
fiber cord. The produced optical fiber cord  exhibited a transm ssion

| 0ss of 2. WRBFRPRhANRrs U§eAnEed s P OhYTRRF dEV e 11350l L xatkdn e 850

nm denonstrating its superiority in terns of both transm ssion | oss
and transn SEfbrcohvmer dipner layer of the primary coating had their

glass transition temperatures outside suitable ranges,
exhibited poor transmission characteristics, particularly
at low temperatures, due to the considerable adverse

effects of temperature changes.

As in the case of Comparative Example 2, Comparative
Example 6 also performed pobrly in terms of crimping loss
associated with cqnnector installation, etc., because the
hardness.éf_the hard polymer used for the polymer covering

layer was too low.
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All .the outer covering layers of the optical fiber cord right down to the

primary coating were then renoved at one  or both ends, exposing the bare
fiber with an outer di aneter of 125 [err]m and a PCF crinp-type
connector, a 26 nodi fication of

Toshi ba Model TOCP101XK (for cladding dianeter 230 [err]m to suit a

cl addi ng dianeter of 125 [err]m while maintaining the same construction,
was nounted over the polyner . covering |ayer. The fiber end protrudi ng out
of the connector was stress-ruptured using a fiber-cutter, thus exposing

the fiber end surface. The axial m salignnment of the optical fiber
mounted with a connector was small, 1.8 [err]mon average, and there was
no damage to the fiber due to crinping, with a small ferrule crinping
optical | osg—O7TH0gB—andTa—yghmrrfror—preg—+ato—8p%or—eayer age, thus
produci ng ejced fent|requltg. - Exa@p es R - |6 and Conppr at}i ve {Exanples 1 -
5 - ) o
— M
5 ; i
(] T
o & o wn ol =3 A - <]
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Core diameter (pm)
" Core refractive index profilé parameter
Cladding diameter (pm)
Polymer covering layer outer diameter (um)
Polymer covering layer thickness (um)
.Type of hard polymer comprisiné polymer covering layer
Hardness of this hard polymer
Glass transition temperature of this polymer (°C)
Glass transition temperature of inner iayer-soft polymer
of primary coating (°C)
Glass transition temperature of outer layer hard polymer
of primary coating (°C)
Tranémission loss (dB/km)
Low temperature characteristics

Table 3




An optical fiber cord was produced in the same manner as Exanple 1, except
that the drawing conditions, and the type and. coating conditions- -of the
hard pol yner were changed to those shown in Tables 1 and 2. Its
performance with a crinp-type connector attached was then e

same way, w& h,the results also shown in Tables 1 and 2.
27 aims  rerr]

e NN

P 1. A broad baﬁdwidth optical fiber comprising a quartz

| glaés_core with a graded index profile, a quartz glass
provided over said core and .a polymer covering layer
provided over said cladding, with said polymer co#ering
layer made of a UV—curedlhard polymer with a Shore hardness

of D 55 or greater and at least 5 um thick-

2. A broad bandwidth optical fiber as claimed in claim 1,
in which the outer diameter of the polymer covering layer

is 128 pm or more.

3. A broad bandwidth optical'fiber as claimed in claim 1,
in which the hard polymer is a UV-cured acrylate resin
without containing fluorine atoms and with a refractive

index of 1.50 or mofe.

4. A broad bandwidth optical fiber as claimed in claim 1,
in which the thickness of the polymer covering layer is in

the 5 - 15 pm range.

This Sheet Has Been Replaced
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[err] ' As shown inHlmuﬂ ':j' Examples 2 - 6 exh_i_-bi.-.t-ed_f.-_--.'-__;_-:__. s
superior transm ssion |os ﬁ u , 'ﬂharacter!stlcs,.a accurate . asiakizi
al i gnment accuracy, no opticdl fti bér danmage . associ at ed mnth;pgnqggf?ﬁﬁg 2

nmounting and a low crinping optical loss, as well as very sH

i ~fini ' f in th Exanpl.e 1. . Ln

Cont rast " EonBabirds PRRAE efi g éy%ﬁfe%??%d%iagg%éﬁllﬁa@aﬂm b

' i : |- ' har d f th r,.as well as a
Tow i fror Byl el S8Rt ET M Phelinga. HBARSCoRyAEathrehaRD] s 2
and 3, I WIhCRe3 is in the 0.6 x 107 - 2.0 x 107/deg range.

..... —

- 6. A broad bandwidth optical fiber as claimed in claim 1,
in which the refractive index.profile parameter 'a{ of the

core is in the 1.8 - 2.2 range.

7. A broad bandwidth optical fiber as claimed in claim 1,
in which the numerical apefture (NA), which is calculated
using the.formqla'ﬁNA = (m? - n.?)Y2", where n: is the
maximum refractive index of the core and nz is the

refractive index of the cladding, is 0.30 or less.

8. A broad bandwidth optical fiber as claimed in claim 1,
in which the numérical aperture (NA) is in the 0.18 - 0.29

range.

9. A broad-béndwidth oﬁtical fiber as claimed in claim 1,
in which the deviation and circular deformation of the
outer boundary circle of the polymer covering layer are +6%

or smaller and 4% or smaller, respectively.

10. A broad bandwidth_optical fiber as claimed in claim 2,
in which the core diameter and cladding outer diameter are

65.5 um or less and 118 pm or less, respectively.

’ T
. : nReplaced
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t her nopl astic fl uoroacryl ' | , exhibited a kow-firrorrss
surface ratio, while the amﬁmgmmmmrand crinping | bssswere: |
acceptabl e with Conparati Fen3,s fweaturing a claddinpg di ametiewfof |
125 [err]mand-a pol ymer covering |ayer dianeter 140 pm baf~déteri-orated

with Co tjve Exanples 2. featuring a.cladding di aneter of . 100
and o pol yHer b GUET GG PRIt S £ br R [ R T b TR nn | cbs

i ber damsfo ot R0 FAREREBY duPeb YO0 T an G e tiver fng -
ayer I SkPeRs, ShLLe: S0 TRN00 L98S: BRaRLes | 8 8%0 +3 B Kpk e e 7
Cord produbtdin Hhanpt £ 2 EhdnEeherd bt (ERPIT RS Dor o produced in the
' same rmnner as 'Cbnparative Exanple 1, except that the soft polynmer in the
12. A jacketed broed bandwidth optical fiber unit
comprising one or ﬁore optical fibeis with polymer covering
layer ‘as claimed in claim-l, a primary coating consisting
of one or more or layers and formed over the bolymer
- covering 1ayer; and a secondary coating provided over the

primary-coated fiber or fibers, with at least the innermost

layer of the primary coating being a soft polymer.

13. A jacketed broad bandwidth optical fiber unit as
claimed in claim 12, in which the Shore hardness of the
soft polymer comprising the innermost layer of the primary

coating is D35 or less.

14. A jacketed‘broad bandwidth eptical fiber unit ae
claimed in claiﬁ 12, in-which the glass transition |
temperatures of the hard polymer comprising the polymer
covering layer and that of the soft polymer comprising tﬂe
innermost layer of the primary coating are 60°C or more and

-20°C or less} respectively.

This Sheet Has Been Replaced

U aAN
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inner layer of the primary coat mmm"'" mEﬂm?E 0 one which had a glass - -
transition tenperature of -14[e erature characteristics == .

test: Taking a 500 mlong -optical fiber *corsd, *an 850 LED_W@S“COQHQ&té?faf5f'ﬁ
one-end and -a power neter at the other. Its 498 ml ong nlddle_septlah__was_,w
cycle test, in which a

i i th t] hanber, and a heat
tz?ﬁgulng%ﬁgsqo?ngﬁoéﬁgﬁo%%% ?fr? l<:%‘rlhi Yo RFeaPFessaRss B¥epeat ed 100
i i " -.20 C _-..60 C.- -20[err - 60[err]C- ",
;[N:{Tﬁsrlegult %r?g%%a:ggeas Rq e dhgait ?’%@m% éﬁ[q?‘&é 5?6’1[%d over tine.
- The resul -t I te .at ure characteri,stics tests are shown
in Ei gurg Z),%n?i‘{uvdwz:?lcﬁ%t 1é:a§g e n:s as Cﬁ@ﬂf‘@?eﬁ?’sc Rdfge< i n

transmssion loss relative to the value neasured at the beginning of the
test, with negative figures signifying deteri.oration. Measurenent results

_ fi gures signif ration. Measurement resul t
een 7 om Bus SR At ored, AP LAl HBeFnBnd tusad or t he

pol Yot - SOVSIINGd P4Y el o LlinRR YR oS L8 8l e T TR

" both end of the jackefed broad bandwidth optical fiber unit

as.claimed in claim 12 after removing the primary and

secondary coatings,'with the polymer covering layer intact.

17. A connector—attached optical fiber cord produced by
mounting.a crimp-type connector to one or both end of the
broéd bandwidth optical.fiber cord as claimed in cléim 15
after removing the primary and secondary coatings and

polymer sheath, with the polymer covering layer intact.

This Sheet Has Been Replaced

(VAT
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glass grandition tenperatures kept within suitable ranges, exhibited
excel l ent transm ssion characteristics even at |ow tenperatures, with

m nor adverse effects of tenperature changes observed. In contrast,

Conpar ative Exanmple 6, in which polymers used for the polymer covering

| ayer and Ahstreds ofhdigelosuner .| ayer of the prinmary coating had their
gl ass transi-tion.tenperatures outside suitable ranges, exhibited poor
transm ssion characteristics, particularly at |ow tenperatures, due to the
consi der abl e adverse effects of tenperature changes. As i'n the case of
Conpar at i véhERakprenpiotonparieres besaaﬂpbenewadgb ertioakefilpevsly in
ternms of crinping |oss associated with connector installation, etc.
because thEhlﬁargﬁﬁgsaobrPﬁd haprdvwpethnsnitskdef fertdetpol yner covering

| ayer was -too | ow.
communication, are free from fiber cracking or chipping if

a crimp—type connector is attached with sufficient pulling
resistanf.force to hold the fiber firmly, minimize the
connection loss through a small crimping opfical loss and a
accurate axial alignment, facilitate connection with
existing.GI quartz optical fibers, which have a fiber
diameter of 125 pm, and offer excellent compatibility with

such existing GI quartz optical fibers.

Broad bandwidth optical fibers pertaining to this invention
are graded index broad bandwidth opticel fibers fabricated
from a core made of quart-based glass with a graded
refractive index profiie, a quartz glass cladding provided
over said core, and polyﬁer covering layer provided over
said cladding, with said polymer co&ering layer made of a
UV-cured hard polymer with a Shore hardness of D 55 or more
and a thickness of 5 pm or more. Jacketed optical fiber .
'units'are then produced by providing a primary coating over
an optical fiber and a secondary coating over a primary-
coated optical fiber or fibers. Finally optical fiber cords’
are produced by providing a polymer sheath around a

jacketed optical fiber unit.
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Fig. 1

Overall view Partially enlarged view

1 : core

2 : Cladding

sPolymer covering layer

| 4 :Primary coatig

Fig. 2
Overall view Partially enlarged view

1 Core

2 : cladding

5 : Secondary 4 :Primary. coating
~ coating



Clains - W .claim 1. A broad bandw dth optical fiber, having a
numeri cal -aperture (NA) of 0.30 or less, conprising a quartz gl ass core
with a graded index profile, a quartz glass cladding provided over said
core and a polyner covering | agkg.pBovi ded over said cladding, with said
pol ymer covering layer made of a UV-cured hard polyner with a Shore

har dness of D 55 or grenqter and at least 5 [err]mthick. -2. A broad
bandw dt h optical fi bel ‘gs clained inclaiml1, in ich the outer dianeter
of- the polynmer covering lfayer is 128 [err]mor norie. 3. A broad
bandw dt h optical fi berg 4s claimed-in claim1, ijn which the hard pol yner
is a W-cured acryl ate Pesin W t hout contaipmng [fluorine atons and with
a refractive i ndex of |1.50 or nore. ° 4/ A brjoad bandw dt h opti cal
fiber as clainmed in clgypl, in which t t hi ckniess of the pol yner
covering layer is in tthe 5 - 15 [err] Pgange
: : a _ _ |
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34 5. A broad bandwi dth optical fiber as clalned |ﬁ”@? ?%fl _
in which the coefficient of |inear expansion of the hard, pol fb+s &N the

0.6 x 10[err] - 2.0 x 10[err]/deg range. 6. A broadj bandmndth opflcal
fiber as claimed in claim, in which the refractive index proflle

paraneter 'a' of the coreis inthe 1.8 - 2.2 range. 7. A broad

bandwi dth optical fiber as clained in claiml1, in which the nunerical
aperturelébs is in the 0.18 - 0.29 range.

We claim:

1. A broad bandwidth optical fiber, having a numerical
aperture (NA) of 0.30 or lees, comprising a quartz glass
core with a graded index profile, a quartz glass claddlng
provided over said core and a polymer covering layer
provided over said cladding, with said polymer covering
layer made of a UV-cured hard polymer with a Shore hardness
of D 55 or greater and at least 5 um thick.

2. A broad bandwidth optical fiber as claimed in claim 1,

in which the outer diameter of the polymer covering layer

is 128 um or more.

3. A broad bandwidth optical fiber as claimed in claim 1,
in which the hard polymer is a UV-cured acrylate resin

without containing fluorine atoms and with a refractive

index of 1.50 or more.

4. A broad bandwidth optical fiber as claimed in claim 1,

in which the thickness of the polymer covering layer is in

the 5 - 15 pm range.

‘) O ) L
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8. A broad bandwi dth optical fiber as clainmed in claln1ﬂr;tgggahkch fhﬁ.

t
devi ati on and circul ar deformation of the outer boundary circid éPKtﬁ@? !
pol ymer covering |layer are 6% or smaller and 4% or smalil éxje r.espect.i-ve ;
9. A broad bandwi dth optical fiber as clained in clai m 2/ ==FA-wheh-tHe"
core dianeter and cl adding outer dianeter are 65.5 [err]mor |ess and 118
[err]mor |ess, respectively. 35

10. A broad bandwi dth optical fiber as claimed in claim9 in which the
core dianeter, cladding outer dianeter and polynmer covering |ayer outer
dianeter are 50 3 pmor 62.5 3 [err]m 97 - 118 [err]mand 125 3 [err]m
respectively. 11. A jacketed broad bandwi dth optical fiber unit
conpri s ngAdpakoad handwidthcaptiichdr £ ilietrh asolglreimexbvian iclain ayer as
claimed in claiml, a primary coating consisting of one or nore or |ayers

and foriedwloich the ‘poeffdciendvefi ng nemre expars ioors axh nictes yhaodit | ng
provi ded over the

polymer is in the 0.6 x 10‘ - 2.0 x 107%/deg range.

\.__ gty

6. A broad bandwidth optical fiber as claimed in claim 1,
in which the refractive index profile parameter 'a' of the

core is in the 1.8 - 2.2 range.

7. A broad bandwidth optical fiber as claimed in claim i,
in which the numerical aperture (NA) is in the 0.18 - 0.29

range.

6. A broad bandwidth optical fiber as claimed in claim 1,
in which the deviation and circular deformation of the
outer boundary circle of the polymer covering layer are 6%

or smaller and 4% or smaller, respectively.

9. A broad bandwidth optical fiber as claimed in claim 2,
in which the core diameter and cladding outer diameter are

65.5 pm or less and 118 um or less, respectively.
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primary-coated fiber or fibers, with at |east the |nnernDst Iayer of the
primary coating being a soft polynmner. 12. A Jacketed bro d bandmﬁdth
optical fiber unit as claimed in claimi1, in which the Shérie“hardnéss of

the soft polymer conprising the innernost |ayer of the prinmary...coating'is
D35 or |ess. 13. A jacketed broad bandwi dth optical fiber unit as

clainmed in clajm1l in which the glass transitio tenperat res of the
hard pol y%rAcBﬁﬁPgisPﬁ&WtﬁbIWﬁcoﬁﬂéﬁﬁgaq a‘ilg?“&‘ﬁcc'l that ?ﬂ‘mt e’ sof t

pol ymer conpri sin I nner nost " | ayer of, the rlnar coatlng%sre 60[err] C

t he
or more &RdWh 1?@[%P€]GQQ8IQ%ﬁﬁeq%%méﬁk ter diamqyer oad

bandwi dt h optical fiber cord produced by prOV|d|ng ol ynmer sheath around
t he j ack®CAIMETo &P VeFATdnilRYE LR ESY 4¥%R#t%ﬁ|§r%ssglg§nBﬂ PR BRaPm 11.

15. A connector-attached jacketed optlcal fiber unit cord produced by
nmount i ng*3d &Mm¥% ypd i imeanst biv otdyndtgrrespectively.

11 . A jacketed broéd bandwidth optical fiber unit
comprising one or more optical fibers with polymer covering
layer as claimed in claim 1, a primary coating consisting
of one or more or layers and formed over the polymer

- covering layer, and a secondary coating provided over the
primary-coated fiber or fibers, with.at least the innermost

layer of the primary coating being a soft polymer.

12 . A jacketed broad bandwidth optical fiber unit as
claimed in claim 11, in which the Shore hardness of the

soft polymer comprising the innermost layer of the primary

coating is D35 or less.

13. A jacketed broad bandwidth optical fiber unit aé
claimed in claih.lr, in which the glass transition
temperatures of the hard polymer comprising the polymer
covering layer and that of the soft polymer comprising tﬂe
innermost layer of the primary coating are 60°C or more and

-20°C or less, respectively.
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both end of the jacketed broad bandw dth optical fiber-unit--as=ctarFfed in
claim 1l after renoving the primary and secondary c aILngs sk thotheT |

pol ymer covering |layer intact. 16 . A connector-attached408$%qg% flb'r
cord produced by nmounting a crinp-type connector to.pne ot 1b d-
broad bandwi dth optical fiber cord as clained in clanh114"a?fer-T?r“""

-of ithe

g
th d . t t h I
Lhe primeny apd secondary, SRt 00t 201 AR AR buddd by e polyrer
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providing a polymer sheath around the jacketed broad

bandwidth optical'fiber unit as claimed in claim1l..

15. A connector-attached jacketed optical fiber unit cord
produced by mounting a crimp-type connector onto one or
both end of the jacketed broad bandwidth optical fiber unit
as. claimed in claim 11 after removing.the primary and

secondary coatings, with the polymer covering layer intact.

16 . A connector-attached optical fiber cord produced by
mounting a crimp-type connector to one or both end of the
broéd béndwidth optical fiber cord as claimed in cléinllé-
after removing the primary and secondary coatings and

polymer sheath, with the polymer covering layer intact.

A

37



