THERMOPLASTI'C ADHESI VE MOUNTI NG FOR AN OPTI CAL FI BER CONNECTOR*B848KkYr ound
of the Invention Field of the Invention The invention is concerH&d with a
connector for an optical fiber cable wherein a bare end of an optical fiber
is mounted with an adhesive, which connector permts the nounted optical
fiber to be connected optically, e.g, to another optic figer tp, an
opt oel ectroni c device. Description of the Related Art ?h ﬁﬂgﬁooBFPCQP fi ber
connectors, an epoxy resin adhesive is enployed to nount the end of the

optical fiber. Detailed i i ' jven in "Field
Term nation Instruction Na&gggpé?%g Ieé %mﬁ%ﬂ% ﬁbﬁ%ﬁt abl e Connectors, "
Dec. 1988, 3M Fi ber Optic E9RANOPTICALIEFIBER CONNECEOR resin adhesive is

m xed and 4 oaded into
Background of the Invention

Field of the Invention _
The invention is concerned with a connector for
10 an optical fiber cable wherein a bare end of an optical
fiber is mounted with an adhesive, which connector permits
the mounted optical fiber to be connected optically, e.gq,
to another optical fiber or to an optoelectronic device.

15 Description of the Related Art
' _ In most optical fiber connectors, an epoxy resin
adhesive is employed to mount the end of the optical fiber.
Detailed instructions for doing so are given in "Field
Termination Instruction Manual for Dorran™ ... Field

‘20 Mountable Connectors,” Dec. 1988, 3M Fiber Optic Products.
To do so, the epoxy resin adhesive is mixed and loaded into
a syringe by which it is injected into the connector.
After coating the outer jacket of the optical fiber cable
with a thin layer of the epoxy composition, the

25 epoxy-containing connector is threaded onto the fiber, the
connector is crimped onto the outer jacket, and a load
adapter and strain relief boot are applied. The resulting
assembly is inserted into a port of an oven to cure the
epoxy resin adhesive, followed by scoring and breaking off

30 the fiber and polishing until the end of the fiber and the
cured epoxy resin are flush with the end face of the
connector.

A number of patents concern other types of

optical fiber connectors wherein a base optical fiber is

35 mounted by a curable adhesive such as an epoxy resin
composition. For example, see U.S. Pat. No. 4,476,194
(Rasmussen) which employs an epoxy adhesive or a light-
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a syringe by which it is injected into the connector. After coating the
outer jdcket of the optical fiber cable_m%tb a thin layer of the epoxy
conposition, the epoxy-containing connectGr is threaded onto the fiber, the
connector is crinped onto the outer jacket, and a | oad adapter and strain

relief boot aggrofpl ddifbsiVie. ' Y Wl BIBETBAY. IS0l NPETEFEANI0 a port of

an oven to cure the epoxy resin adhesive, f wed b scorlqﬂ and breaki ng

of f the fiber (4acPPRAIEhiWh dhhGoncexascappParatpg thakrisimtpihdured epoxy
resin are flushprotd the @itk dfolcofofthehheatbdngcoOHrthé\ epuiberconparditdioins

- concern other?£¥9§ Qfcoptical fiber connectors wherein a base optical
fiber is nmounted i %%t abl e adhesive such as an epoxy resin conposition.
For exanpl g see U S. Fh¢S. at.4Nez641588¢ REE&nl@retgt ek rlenhiappresmsepoxy
adhesi ve or aahi@ptical fiber connector that preferably employs a :

hot-melt adhesive instead of a curable adhesive. Referring

to Fig. 1, the hot-melt adhesive is injection loaded into a

tubular member 24 of an optical fiber mounting means 16

10 which is placed in a heatable jig to liquify the hot-melt

adhesive and allow insertion of an optical fiber. The

hot-melt adhesive is not identified, and the Onstott

connector has not been marketed. _

U.S. Pat. No. 4,812,006 (Osborn et al.) says that

15 the use of an epoxy adhesive to retain an optiéal fiber

cable in a connector is messy and requires time for the
adhesive to cure. Osborn also says that another approach
which has been suggested is to use a soft plastic body
surrounding the cable and a metal tube covering the plastic

20 bodY. Osborn avoids the use of any adhesive by employing a

mechanical connector wherein the end of an optical fiber
fits snugly in a bore. Unfortunately, any connector that
employs only mechanical means to mount an optical fiber
would not be suitable for uses requiring precise

25 Positioning of the end of the fiber.

The term "optical fiber connector" has also been
used to describe devices for forming butt joints or splices
of optical fibers. See, for example, U.S. Pats. No.
4,729,619 (Blomgren); No. 4,812,008 (Tokumaru et al.); and
No. 4,784,457 (Finzel). The Blomgren patent points out
that in such devices, index matching materials enable the

30

splicing of optical fibers which have irreqgular ends or
which are not butted together precisely. However, the term
"optical fiber connector,” as used in the present

35 application, does not encompass such devices, but only a
device that can be mechanically fastened to another device
to effect an optical connection between the two devices.
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-2- curing adhesive. See also U S. Pat. No. 4,713,523 (MacDonal d) whi ch
concerns  apparatus that is said to inprove the control of the heating of

t he epoxy conposition during cure. U S.—PFat= No. 4,588, 256 (Onstott et al.)
concerns an optical fiber connector that preferably enploys a hot-nelt

adhesi ve instead of a curable adhesive..  Referring,to Fig. 1, the hot-nelt
adhesive is injection | oaded ié&ﬂﬂiﬁXLﬁﬁﬁﬁiﬁ_&BﬁﬁaElgﬂ of an optical. fiber
nmounting neans 16 whi clThes preseatl inventibon akheuld make liitoealsierhanbot - el t
adhesi ve and gldQ¥ it HedetB18 aRNopPiLSR! i contbe i AR Lriddhgakye is
nOt'IdentlflE%hagggjJg“%agq%&gttdoing so by mounting the end of the
optical fiber in a thermoplastic adhesive that can position
the end of the fiber as precisely and as reliably as can
epoxy resin compositions. Briefly, the thermoplastic
adhesive of the invention comprises a thermoplastic resin
and is characterized by
10 a) a viscosity of between 1000 and 10,000 cp at
a suitable working temperature not harmful to the
connector (up to about 260°C),

b) an Adhesion-to-Glass Value (as defined
below) of at least 10N, and

c) a Shore D hardness of at least 60 at 20°C.

5

s A thermoplastic adhesive of such properties has a number of
important attributes:
1) It lends itself to mass~production
techniques by being placed in body of the the optical
20 fiber connector during manufacture where it remains

viable until the connector is assembled, even after

prolonged periods of time; whereas uncured epoxy resin

compositions typically are loaded into the connector

at the same time as it receives the optical fiber and
25 have limited shelf life;

2) it has sufficient hardness to be polished
with the end of the optical fiber without smearing;

- 3) because the thermoplastic adhesive cools
quickly, the polishing can be done immediately,
contrasted to the time delay to permit an epoxy resin
to cure before it can be polished;

4) if the'optical fiber should break or
otherwise become damaged, the connector can be reused
by heating to liquify the thermoplastic adhesive,

. 35 whereas a connector with cured epoxy cannot; and
5) in contrast to epoxy resin compositions, no
mixing is required.

30
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connector has not been nmarketed. U.S. Pat. No. 4,812,006 (Gsborn et al.)
says that the use of an epoxy adhesive to retain an optical fiber cable in
a connector is nessy and requires time fo the adhesive to cure. Gsborn

al so says that another approach which has been suggested is to use a soft

| asti c body surroundin he cabl e and nef al tube cqvering the plastic
Body. CBbor% avoi ds th@gﬁgérﬂPP ﬁ?tgﬂhégh%%ﬁYﬁ/Qﬁ%ﬁhﬁnﬁﬂy%¥ﬁ¥89h§ﬁgcgﬁ
connect or wheirejettdd imtd ah aptdpalcfibér beonrdedtosmuglinsiertadbasea
Unfrort unat el yo 18y GRACEhITe! BRINGTREOYSA O Ve dERAAT Ay 1BRRRS £yOLBOUNt an
optical fiber wol]d ‘not be suita Pd TOF Uses requiring precise pasitioning
of the end ofwithin ithe rapge of AP0BpEecHY . 994 5P c oo diagie emds of| @88 been
used to degcrogsigklvifidferf @anf beningebtéd imtdithercdntecto:r thropghcal

fibers. S e,tﬁénmé?%%mpg%hegige.Pats. No.
For use in the invention, a preferred class of
thermoplastic resins is polyamides. They can be formulated
to provide thermoplastic adhesives that have good hardness,

10 low viscosity at suitable working temperatures, excellent
adhesion to glass, and thermal expansion coefficients
(TECs) that are lower than can be achieved with many other
thermoplastic resins., Even so, thermoplastic adhesives of
the invention inevitably have a TEC that is higher than the

15 TEC of glass and other components of the opticél connector.
In order to reduce the transmission of heat-induced
stresses to the optical fiber, the TEC of the thermoplastic
adhesive can be significantly reduced by filling it with
glass microspheres to a volume ratio up to 70 parts of

20 microspheres to 30 parts thermoplastic adhesive.
Preferably, that volume ratio is not more than 50:50 so
that its viscosity is not more than 10,000 cp at a
desirably low temperature such as from 80-260°C, more
preferably not exceeding 210°C. Keeping the application

25 temperature below 210°C both saves energy and minimizes any
danger of damage to the connectors or injury to persons who
assemble the connectors.

- When the thermoplastic adhesive includes

microsphéres, they preferably are at least 5 ym in diameter

30 S© that when an optical fiber is inserted into an optical
connector, it pushes any microspheres out of the alignment
bore, because the diameter of the alignment bore is
typically no more than 2 uym greater than that of the
optical fiber. On the other hand, the microspheres

35 preferably are no greater than 50 ym in diameter, because
microspheres of substantially larger diameter might block
the alignment bore and thus prevent an optical fiber from

T
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4,729,619 (Blongren); No. 4,812,008 (Tokunaru et al.); and No. 4,784,457
(Fi'nzel ). The Bl ongren patent points out that in such devices, index
mat chi ng materials enable the splicing of5optical fibers which have
irregular ends or which are not butted together precisely. However, the
term "optical_f,iber, connegtor, - gﬁed i n th esent application,

not enconpas<he, IREFEEES ! Bﬂ}eﬁﬁl ¢ HsARPlafic ahsst Hﬁcﬁén?BaFﬂ
fastened to diuomhet debpwedtslegféhatanscnnt(hﬂauaﬂﬂma¢udomhbeemdenfthe t wo

devi ces. cﬁ} %{ﬂ'{-}‘{%’ ‘?.fleQe Loveodh ofh %}qf&{)esent i nvention shoul d nake
It easier an aster to assenb e an optica connector and with | ess
5 Brief Description of the Drawing
The invention may be more easily understood in

reference to the dfawing, of which
FIG. 1 is a longitudinal cross section through a
preferred optical fiber connector of the invention; and
10 FIG. 2 is a longitudinal cross section through
another optical fiber connector of the invention.

Detailed Description
Before assembling the optical fiber connector 10
15 of FIG. 1, the jacket 12 is removed at one end'of an
optical fiber cable 14 to expose "Kevlar" polyaramid fibers
15, and the buffer 16 is stripped to bare the optical fiber
18. A thermoplastic adhesive 20 is injected into the
hollow interior of the connector and also fills a bore 21
20 in a ceramic ferrule 22. Then the optical fiber is pushed
through the molten adhesive until it protrudes from the
ferrule. 1In doing so, the optical fiber carries with it
some of the thermoplastic adhesive, and a bead 24 of the
solidified adhesive provides lateral support to the
25 Pprotruding portion of the fiber. Because of this support,
the optical fiber can be cleaved at the tip of the bead and
then polished until it is flush with the face 26 of the
ferrule.
" The thermoplastic adhesive 20 preferably contains
30 @ dye that affords a deep color to the bead. As long as
that color remains deep, the fiber end can be polished with
a relatively coarse abrasive, but one should switch to a
finer abrasive when a weaker color indicates that the end
of the optical fiber is nearly flush with the ferrule. The
35 Dolishing should be discontinued as soon as the color

disappears. Otherwise difficulties would arise due to the
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chance of failure, doing so by nounting the end of the optical fiber in a

t her mopl'asti ¢ adhesi ve that can position _the end of the fiber as precisely
and as reliably as can epoxy resin conpo§irions. Briefly, the thernoplastic
adhesive of the invention conprises a thernoplastic resin and is

haracteri ' ity of , 0

Su tabl o wor BrSBCRE BaPait e Bh thel s RMIRS", FUPEnaRAoLS; OPhs Peflutt,
[err]), b) has beenasthaped-td dde \wroper( guryatuped @edoqgnt)fmmdl east 10N,
and c)  a SpenesRihg’ EoEEs Plter tHAScudVatrkerr]. A thernopl astic

adhesi ve of such properties has unper of inportant atfrifutes: 1) It
lends itself to mass-pfBd ?i?ﬂf“&%ﬁ?@?eﬁﬁggpphgi‘%ﬁac o ahe body of the
the optica thermoplastic adhesive bonds to the "Kevlar" fibers 15 to’
restrain the optical fiber cable 14 against accidental
pull-out and also bonds to the bare optical fibet 18 along
the full length of the bore 21 to restrain the fiber
against pistoning due to stresses arising from temperature
- 30 Cchanges.
In the optical fiber connector 30 of FIG. 2, the
connector body 32 is formed with a fiber-alignment hole 33
into which a bare optical fiber 34 snugly fits. Before
assembling the connector, the jacket 36 and buffer 37 of an
15 optical fiber cable 38 are partially stripped ih the same
manner as was the cable 14 in FIG. 1. After placing a slug
39 of thermoplastic adhesive in a hollow 40 of the
connector body 32, the bare optical fiber 34 is cleaved and
fed through a longitudinal opening 42 in the slug until the
20 cleaved end is flush with the face 44 of the connector
body. Heat is applied to liquify the slug of thermoplastic
adhesive, causing it to become bonded both to the bare
optical fiber and to the cylindrical wall of the hollow 40.
Doing so guards against pistoning of the fiber, while a
25 Mmechanical clamping ring 46 grips the "Kevlar" fibers 48 to
restrain the optical fiber cable 38 against accidental
pull-out. Then a strain-relief boot (not shown) is applied
over the ring 46. '
- Another optical fiber connector in which the
3¢9 thermoplastic adhesive of the invention can be used is that
of the above-cited Onstott patent.

Adhesion~to-Glass Value
From one end of a piece of a 125-ym multimode
35 optical fiber cable (Siecor 1K31-31111-00) 0.6 m in length,
10 cm of the jacket and 5 cm of the buffer are removed to
leave 5 cm of the bare fiber that is then cleaned with
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fiber connector during manufacture where it remains viable until the
connector is assenbled, even after prol onged periods of tinme; whereas
uncured epoxy resin conpositions typically are |oaded into the connector at
the same tinme as it receives the optical fiber and have limted shelf life;
2) it has saddtcrieant ahasydindsicalbbope! (6 dumi i ddiftheahdof3 .2hamophi cal

el el SR ok peEIlEsARE LhcHPREY G SRR SO0 5
del ay to pernthezmppdmpbic adhesivectpecbectested: anth the haresfdbpersjs g
the optical fibedrediPWd] ieeEh19r 16h5ER WEEL O CONTS, IEUBIRY dEheheonnect or
Connect or i t AL A1, adiraove’ ifdErom 1000 €5 16, 66D Cp.! “ackieR °2° 2
the resin has cooled to room temperature, the fixture is :
clamped into the lower jaw of an Instron Tensile.Tester,
~and the jacketed end of the optical fiber is wound around a
rod and clamped on either side of the rod by the upper jaw,
10 thus ensuring against slippage in the upper jaw. The
Adhesion-to-Glass Value of the thermoplastic adhesive is
the resistance to pullout at a jaw separation rate of 6.4
mm/min. |
An Adhesion-to-Glass Value of at least 10N is
15 considered to be adequate to use a .thermoplastic adhesive
for mounting optical fibers in connectors. To minimize
temperature-induced optical transmission losses, the
Adhesion-to~Glass value preferably is at least 15N, more
preferably about 20N or higher. '
20 For comparative purposes, an epoxy resin can be
substituted for the thermoplastic adhesive and then cured
as recommended by the manufacturer.

Polyamides A and B
25 Thermoplastic resins that have been formulated
into thermoplastic adhesives of the invention include three
polyamide resins, one of which ("Versamid" v-900 from
Henkel) is commercially available, while the other two were
random condensation polymers of the following compositions
30 in equivalent percents: '

Polyamide A _B
dimer acid 68.0 67.0
monomer acid - | 0.3 1.3
azelaic acid . 31.7 31.7
35 ethylene diamine 81.0 81.0
hexamethylene diamine 19.0 19.0
_ antioxidant (wgt. %) 0.75 0.75
This Sheet Has Been Replaced




5) in contrast to epoxy resin conpositions, no mxing is required. -4-
A thernopl astic adhesive of the invention can be injected into an optical

fi ber connector or inserted as a sl ug. ThA whil e bei ng heated to reduce
~its viscosity to within the range of 1000 to 10 000 cp, the bare end of an
optical fiberarsy vied a%ﬁ&h%dekahﬁlaéewé 'ﬁﬂ?d&%%eq%'% By
ass thernoplastic

adhesi ve. For the .i nyeption, a pre erre
resins is pol% éﬁﬁﬁgg' Mderiatsge fornul ated to prOV|de t her mopl asti c

adhesi ves t hat haVEugmmdyharunézs & ohd yh-ssmbt dryi iy - poldinitaltle@ paneki Ng
tenperatures, excellengyqrocarbon tackifying resin having a ring-and-
5 ball softening point of 125°C (from Hercules)
"Dymerex", a high-softening-point tackifying resin
composed predominantly of dimeric acids derived
from rosin (from Hercules)
"Hercoflex" 500, a resinous plasticizer derived from
10 rosin (from Hercules)
"Santicizer" 711, a dialkyl phthalate plasticizer
(from Monsanto)

In the following examples, all parts are by
1

15 weight.

. Examples 1-5
A series of thermoplastic adhesives, the
formulations of which are given in Table I, were tested
20 with the results also reported in Table I.

Table I
Example 1 2 3 4 5
Polyamide A 50 55 50 50
25 Polyamide B : 55
"Versamid" 900 25 25 25 30 25
"Piccofyn" T-125 20 20 20
- "Dymerex" - 20 20
"Hercoflex" 500 5
30 'Santicizer" 711 5
Visc. (cp at 204°C) 1400 1240
TEC (cm/cm/°Cx107%) 255 159
Hardness (Shore D) 65 65
35 Adhesion-to-Glass
Value (Newtons) 15.0 19.3 12.5 14.3 24.5
Temp. Cycling Test (dB) 0.16 0.12

.:This Sheet Has Been Re[ilaced




adhesi on to glass, and thermal expansion coefficients (TEGCs) that are |ower
than can be achi eved with many other thernoplastic resins. Even so,

t her nopl asti ¢ adhesi ves of the invention9mevitably have a TEC that is

hi gher than the TEC of glass and other conponents of the optical connector.
In order to reduce the transhissLon-of heat - i nduce stressggbio t he

optical. fiber, the TEEOSt CPRRAFH800fHR (Gommeficdally ayai $Pgnificantly
reduced by fitheirmgpilastitchaghesives cvexsphfurmd sheda byolsuppliatsowhe h&d 70

f m cnfeeph t @430 t ﬂuﬁ? ' hesi rably, that
5g[hﬁeora?}grii@ngﬁﬁﬁgrg??h%ﬁﬁ§%§56m§%_t_E§E§%§§“3g5§§§¥?9PE§SE§F nore than
10, 000 cp at 2dhgsdve,BRryipgugeedmdhasien dirc19lassi.r offhpetwp, wesee

pref er abl yg ndMaexomeditNg6RER T the KRG dKt il dMeRivealtirom HSHHSlaLHﬁS bel ow
[err] both Sa%%%mﬁﬁ@mgg7?gdgﬂgéﬁé@§§§EfEUQJHQEQ%Z %&o%agﬁ?eag éogh
connectors or injury to pérson
were based on polyamide thermoplastic resins. These two
thermoplastic adhesives exhibited Adhesion-to-Glass Values

of 3.6 and 1.8 N, respectively.

10
Example 6

An optical fiber connector as illustrated in FIG.
1 of the drawing was constructed as follows:
a) While heating the connector to 204°C, the
15 thermoplastic adhesive of Example 5 contaiﬁing 0.1 %
of "0il Blue A" dye was injected into the connector at
80 psi (0.55 MPa), and the pressure was maintained for
about 6 seconds until some of the adhesive emerged
through the bore of the ferrule. ("0il Blue-A" dye is
20 1,4-di(isopropylamino)anthraquinone from E. I.
DuPont).

b) From an optical fiber cable (125 um
multimode from Siecor) 4m in length, about 3 cm of
jacket was removed, and the "Kevlar" fibers were

25 trimmed to about 3 mm.

c) All but 4 mm of buffer was removed and the
exposed optical fiber was cleaned with alcohol.

d) After reheating the connector to 204°C, the
bare fiber was inserted through the molten adhesive

30 until the cable bottomed in the connector and the
fiber protruded beyond the face of the connector,
while making sure that the "Kevlar" fibers were not
folded back. '

e) Adhesive which had extruded through the rear

35 of the connector was trimmed off, and the connector
was allowed to cool.

_——
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assenble t he connectors. Wen the thernopl astic adhesive includes
n1crospheres they preferably are at Ieaib S [err] in dianeter so that when
an optical fiber is inserted into an optical connector, it pushes any

m crospheres out of the alignment bore, because the dianeter of the

al i ghnent bore is typl %HYTB@ maé st B Pnd®'id sk tnﬂ@notfh%heof the

optical fiber. On _the other he m crospheres p era bly ‘are no
gPeater than 50 [ Veﬁ?‘if& Fé?l b%%ﬁ%%%??ﬁQﬂ(iﬂﬁﬁﬁqﬁ$iGP puadneieally
| arger di aneter niwgire ifioddowelle nhmgbypnthddf ibendvdshstoredyerleaneapt i cal

fiber from  bel hbilnhell GdenUs! fRSadlatd YR A3l H134N2R4E bE tHe'N®

formof a bored slug that i s not eate

5 bead became faint and then with 1 ym acetate until the
end of the fiber was flush with the face of the
ferrule.

Microscopic examination of the tip of the fiber showed it
to be free from adhesive and scratches.

10 An identical optical fiber connector was
assembled in the same way at the opposite end of the cable
to provide "jumper A" which with an identical "jumper B"
were subjected to the following "Temperature Cycling Test":

a) Connect the first end of jumper A to an 850

15 0nm optical source. '

b) Connect the second end of jumper A to the

first end of jumper B. '

' c) Connect the second end of jumper B to an
optical detector.

20 d) While monitoring the optical power
transmitted through the jumper assembly, subject the A-B
portion of the assembly to temperature cycling after an
initial stabilization period of 4 hours at 20°C, then
alternately to 60°, 20°, -40°, 20°, 60°, etc. for a total

25 ©f 50 hours from the beginning of the stabilization period,
with all temperature transitions at 1°C/min. and all dwells
for one hour. :

The temperature-induced optical transmission loss
during step d) was 0.12 dB which was considered to be

30 satisfactorily low for use with multimode fibers.

Example 7

An optical fiber connector was made as in Example
6 except using the thermoplastic adhesive of Example 2
35 without any dye. The absence of dye required the end of
the connector to be periodically examined under
magnification to observe the extent of the dull spot
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has been inserted. Brief Description of the Drawi ng The
i nventi on may be nore easily understood if reference to the draw ng, of
or

tor of the invention; and FIG 2 is a longitudinal cross
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35

i cal

ceramc ferrul
fi berUpen kempketing two jumpers having four:

connectors of this example, the temperature-induced loss
was 0.16 dB in the "Temperature Cycling Test" of Example 6.

Example 8

A biconical opticai fiber connector was

constructed like that illustrated in the "Field Termination
Instruction Manual for Biconic Plugs" of Dorran Photonics,
Inc., Atlantic Highlands, N.J.

a) While heating the connector to 204°C, the
thermoplastic adhesive of Example 2 containing glass
microspheres of 11.7 ym median diameter in a 50:50
ratio, by volume, was injected into the connector at
80 psi (0.55 MPa), and the pressure was maintained for
about 6 seconds until some of the adhesive emerged
through the bore of the ferrule. The connector was
then allowed to cool to room temperature.

b) From an optical fiber cable (125 um
singlemode Siecor 1531-31111-00) about 5 cm of jacket
was removed, and the "Kevlar" fibers were trimmed to
about 3 mm.

c) All but 8 mm of buffer was removed and the
exposed optical fiber was cleaned with alcohol.

d) After reheating the connector to 204°C, the

bare fiber was inserted through the molten adhesive

until the cable bottomed in the connector and the
fiber protruded beyond the face of the connector,
while making sure that the "Kevlar" fibers were not
folded back.

e) Adhesive which had extruded through the rear
of the connector was trimmed off, and the connector
was allowed to cool.

—_—
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t hrough the nolten adhesive until it protrudes fromthe ferrule. In doing
~so, the Optical fiber carries with it so of the thernoplastic adhesive,
and a bead 24 of the solidified adhesive™provides |ateral support to the
protrudi ng portion of the fiber. Because of this support, the optical fiber

can be cleaved at the ii)p ofiphgtessdo i ddiEimP Pdctivasuetkl oft-the flush
W th the face 26 of the fgrruL hernn.las&h% adhesi ve 20 E egerably
# }

. e t
contains - a dye aDP¥E-§4 dssée P PRt IS YsdickionMapy 8¢ hat
col or renmmi ns deeBicondcf Phags?ndecanfdkl gudd s mednediyt,h ther Sibervwhs coarse
abrasive, but one d aw to | IS ler col or
i ndi cat es t hat thes%%glddf %}[ﬁﬁé@gdf i gg}%lﬁﬁrﬂ?s n dzﬁéf?{i&?h%ﬁt N the

p
ferrule. Tge polidhitig 3RGuPd3pemdrsetats nueeckeddar denghd apdor
di sappears. O her \ejpa-_qc(ailf fFiaikhl, ean@oas senblie®, due to the

The procedure above was followed four times in constructing
two test jumpers of 125 ym in the same manner as in Example
6. In the Temperature Cycling Test, the

10 temperature-induced optical transmission loss was 0.6 dB.
This compares with a temperature-induced optical
transmission loss of more than 2 dB for test jumpers
constructed using the adhesive of Example 2 without glass
microspheres in an otherwise identical test.

15

20
25
30
35
e
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-6- greater hardness of the ferrule. Furthernore, the ferrule has been
shaped to the proper curvature, and continued polishing could alter that
curvature. In the conpleted connector of El4{ _1, the thernoplastic adhesive
bonds to the "Kevlar" fibers 15 to restrain the optical fiber cable 14

agai nst accidental pull-out and al so bonds to the bare optical fiber 18

along the full length of the bore 21 to restrainthe—fiber PROA4YIIO EPO SA
pi stoning due to stresses arising fron1tenperature ﬂnnges In the optical

A T gt 157 e

5 1. An optical fiber connector containing a
thermoplastic adhesive by which an optical fiber can be
mounted, which thermoplastic adhesive comprises a
thermoplastic resin and is characterized by

, a) a viscosity of between 1000 and 10,000 cp
10 at a suitable working temperature not harmful to the
connector,
b) an Adhesion-to-Glass Value of at least 10N,
and
c¢) a Shore D hardness of at least 60 at 20°C.
15
2. An optical fiber connector as defined in
Claim 1 wherein said thermoplastic resin is a polyamide.

3. An optical fiber connector as defined in
20 Claim 2 wherein said pdlyamide comprises a reaction
product of dimer acid, azelaic acid and diamine.

4. An optical fiber connector as defined in
Claim 1 wherein said thermoplastic adhesive comprises a
25 blend of a tackifying resin and a plasticizer.

_ 5. An optical fiber connector as defined in
Claim 1 and into which said thermoplastic adhesive has
been injected.
30
6. An optical fiber connector as defined in
Claim 1 and into which a slug of said thermoplastic
adhesive has been inserted.

35
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into which a bare optical fiber 34 snugly fits. Before assenbling the
connector, the jacket 36 and buffer 37 of an optica ' ' are
partially stripped in the sane manner as wed < he caulmlmlu“nﬂllglﬂm Af ter
placing a slug 39 of thernoplastic adhesive in a holfow 43 of the €onnector
“body 32, the bare optlca* fiber 34 s cI ed and fed throu

n

| ongi t udi nal openi ng 42 t fth 9 ?‘n’é %?'Eé%@’énﬂslgegfﬁgﬂ th the
face 44 of thd:hdrmeﬁ:tvdretﬂiy sa-hiitsluag aqi)ls&)i:ﬂtﬁlélmpplqstm adbegs bve

t her nopl astic gd bﬁf‘qﬂfg q‘wﬁéj
optical fiber anzfééo ﬁe cy %'J(i:%{é)l h O|PQEW 4%‘9 ‘%)lglf%lgaés'g guar ds
agai nst pi st oAl &ALl tHidey b%#n Rhifed d”#@&f&ﬁlwtw%n‘kﬂ%ga‘ﬂli‘ﬁﬁ Y- grips
the "Kevl arg flbers 48 to restrain the optical fiber cable 38 against

acci dental bull-out. Theg & sid ks &l s BePlcdMtlcebr 'l dseaRad! ef over
Claim 1 and in which an optical fiber has been mounted by
“heating the adhesive ‘above its softening point.

10 9. An optical fiber connector as defined in
Claim 1 wherein said thermoplastic adhesive is filled with
glass microspheres that are from 5 to 50 uym in diameter.

10. An optical fiber connector as defined in

15 Claim 9 wherein the volume ratio of the micréspheres to
thermoplastic adhesive is not more than 70:30.
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Anot her _optical fiber connector in mhlch the thernDpIastlc adhesi ve of the
i nvention can be used is that of theé “abdové: cited Onstott pat ent .

Adhesi on-t o-d ass Val ue: From one end of 'Hlpl"E‘CG of a [err] multinode
optical fiber cable (Slecor 1K31-31111-00) 0.6 min length, 10 cmof the
jacket and 5 cmof the buffer are renoved to |leave 5 cm t ar ieQer
that is then cleaned with -7- acetone. A cylindrical 8@ éQ%é% q%ﬁ-S
depth and 3.2 nmin diareter) of a steel fixture is filled with nolten

thernopl astic adhesive to be hpstpdct2B® the Bage1bkhge s inserted to its
full length V\:hlle t he vi SCOSILy of—t1Te

5 An optical fiber connector can be easily and
quickly assembled by mounting the end of an optical fiber
in a thermoplastic adhesive that is heated to & viscosity
of between 1000 and 10,000 cp, has an Adhesion-to-Glass
Value of at least 10N, and a Shore D hardness of at least

10 60 at 20°C. The optical fiber connector lends itself to
mass-production techniques and can be reused by heating to
liquify the thermoplastic adhesive.
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t her.mopl asti ¢ adhesive i.s from 1000 to 10,000 cp. After the resin has
cooled to roomtenperature, the fixture is ' ¢lanped into the |ower jaw of an
Instron Tensile Tester, and the jacketed end of the optical fiber is wound
around a rod and cl anped on either side of the rod by the upper jaw, thus
ensuring agai @t slippage in the upper jaw. The Adhesion-to-d ass Val ue of
e thernopl asty ¢ adhesive i's the resistance to pullout at a jaw separation
rate of 6.4 ng Mn. An Adhggi on-to-d ass Value of at |east 10N is

consi dered t o€ Rdequat }ﬁ use a thernoplastic adhesive for nounting
optical fibers iR &gnnegto To m nimze tenperature-induced optical
transm ssi on Iosss t le Adhesion-to-d ass value preferably is at |east

15N, nore preferablyl.apoutOON or higher. For conparative purposes, an

epoxy resin can 11 N N
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‘substituted for the t her nopl asti ¢ adhesi ve and_then cur 882t &8nmended by

:f he manufacturer. Polyam des A and B. Thernnplastkppigé
formul ated into thernoplastic adhesives of thg¢ mnmentle j%@l 5hreédG
o paged sz,

pol yam de resins, one of which ("Versam d" v-xmygr
comercially available, while the other two werg .t don1condens tpdngedlt

pol ymefs of the follow ng conpositionsli-n equj vg ANt P rcd’ﬁﬁ%"' &b yagedie:
A : B. dimer acid éﬁ' O“" PR . o paged -
aci d : 0.3 1.3 azeuglc aci d

31.7 31.7 ethyl ene diam ne TE 3F RECEIPT .87
hexanet hyl ene di am ne - 19.0 19. 0 anti oxi dant ¢ wgt—r34
0.75 0.75 THERMOPLASTIC ADHESIVE MOUNTING

FOR AN OPTICAL FIBER CONNECTOR

Background of the Invention

Field of the Invention

. The invention is concerned with a connector for
an optical fiber cable wherein a bare end of an optical
fiber is mounted with an adhesive, which connector permits
the mounted optical fiber to be connected optically, e.q,
to another optical fiber or to an optoelectronic device.

" Description of the Related Art

In most opt1ca1 fiber connectors, an epoxy resin
adhesive is employed to mount the end of the optical fiber.
Detailed instructions for -doing so are given in "Field
Termination Instruction Manual for Dorran™ ... Field
Mountable Connectors," Dec. 1988, 3M Fiber Optic Products.
To do so, the epoxy resin adhesive is mixed and loaded into
a syringe by which it is injected into the connector.
After coating the outer jacket of the optical fiber cable
with a thin layer of the epoxy composition, the
eboxy-containing connector is threaded onto the fiber, the
‘connector is crihped onto the outer jacket, and a load
adapter and strain relief boot are applied. The resulting
assembly is inserted intg a port of an oven to cure the
epoxy resin adhesive, followed by scoring and breaking off
the fiber .and polishing until the end of the fiber and.the
cured epoxy resin are flush with thé ‘end face of the
connector. Ll

A number of patents concern other types of"
optical fiber connectors wherein a base optical fiber is
mounted by a curable adhesive such as an epoxy resin
composition. For example, see U.S. Pat. No. 4,476,1§4
(Rasmussen) which employs an epoxy adhesive or a light-
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-8- Al'so used in the exanples were the followi ng commercially avail abl e
. materials: "Piccofyn' T-125, a high-softening-point terpene hydrocarbon
tackifying resin having a ring-and- ball softening point of [err] (from
Hercul es) "Dynerex", a high-softening-point tackifying resin conposed
predom nantly of dineric acids derived fromrosin (from Hercul es)
"Hercofl ex" 500, a resinous plasticizeg derived fromrosin (from Hercul es)
"Santicizer" 711, a dial kyl phthal ate plasticizer (from Monsanto)
cufing adhesive. See also U.S. Pat. No. 4,713,523
(MacDonald) which concerns apparatus that is said to
improve the control of the heating of the epoxy composition
during cure.
' U.S. Pat. No. 4,588,256 (Onstott et al.) concerns
an optical fiber connector that preferably employs a
hot-melt adhesive instead of a curable adhesive. Referring
to Fig. 1, the hot-melt adhesive is injection loaded into a
tubular member 24 of an optical fiber mounting means 16
which is placed in a heatable jig to liquify the hot-melt
adhesive and allow insertion of an optical fiber. The
hot-melt adhesive is not identified, and the Onstott
connector has not been marketed.

U.S. Pat. No. 4,812,006 (Osborn et al.) says'that
the use of an epoxy adhesive to retain an optical fiber
cable in a connector is messy and requires time for the
adhesive to cure. Osborn also says that another approach
which has been suggested is to use a soft plastic body
surrounding the cable and a metal tube covering the plastic
body. Osborn avoids the use of any adhesive by employing a
mechanical connector wherein the end of an optical fiber
fits snugly in a bore. Unfortunately, any connector that
employs only mechanical means to mount an optical fiber
would not be suitable for uses requiring precise
positioning of the end of the fiber.

" The term "optical flber connector" has also been
used to describe devices for. formlng butt joints or splices
of optical fibers. " See, for example, U.S. Pats. No.
4,729,619 (Blomgren); No. 4,812, 008 (Tokumaru et al.); and
No. 4,784,457 (Finzel). The Blomgren patent points out
that in such devices, 1ndex matchlng materials enable the

~splicing of optical flbers which have irregqular ends or
which are not butted together precisely. However, the term
"optical fiber connector," as used in the present

application, does not encompass such devices, but only a
device that can be mechanically fastened to another device
to effect an optical connection between the two devices.

'ThBisthereMacementéht.t
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In the follow ng exanples, all parts are by weight. *
_ Exanples 1-5 A series of thernoplastic adhesives, the fornul ati ons of which

are given in Table I, were tested with the results also reported in Table
|. Table |I Exanple -1 2 3 4 5 Pol yam de A

50 55 50 50 Pol yam de B _ 55
"Versam d" 900 25 25 25 _ 30 25 "Pi ccofyn" T-125

2.0 20 20 "Dynerex" 20 20
"Her cof | ex" 500 _ 5 "Santicizer" 711 5 Visc. (cp
at [err]) 1400  summary of thHe%hvention

The present invention should make it easier and
faster to assemble an optical fiber connector and with less
chance of failure, doing so by mounting the end of the
optical fiber in a thermoplastic adhesive that can position
the end of the fiber as precisely and as reliably as can
epoxy resin compositions. Briefly, the thermoplastic
adhesive of the invention comprises a thermoplastic resin
and is characterized by

a) a viscosity of between 1000 and 10,000 cp at
a suitable working temperature not harmful to the
connector (up to about 260°C), )

b) an Adhesion~to-Glass Value (as defined
below) of at least 10N, and

c) a Shore D hardness of at least 60 at 20°C.

A thermoplastic adhesive.of such properties has a number of
important attributes: .

1) It lends itself to mass-production
techniques by being placed in body of the the optical
fiber connector during manufacture where it remains
viable until the connector is assembled, even after
prolonged periods of time; whereas uncured epoxy resin
compositions. typically are loaded into the connector
at the same time as it receives the optical fiber and '
have limited shelf life;.

2) it has sufficient hardness to be polished
with the end of the optical fiber without smearing;

3) because the thermoplastic adhesive cools
quickly, the polishing can be done immediately,
contrasted to the time delay to permit an epoxy resin
to cure before it can be polished; '

4) if the optical fiber should break or
otherwise become damaged, the connector can be ‘reused
by heating to liquify the thermoplastic adhesive,
whereas a connector with cured epoxy cannot; and

S5) in contrast to epoxy resin compositions, no
mixing is required.

This is the replacement sheet
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TEC [err] 255 159 Har dness (Shore D)

.65 65 Adhesion-to-d ass Val ue (New ons) 15.0 19.3
12.5 14.3 24.5 Tenp. Cycling Test (dB) 0. 16 _ 0.12

-9- For conparison, two commercially available thernoplastic adhesives were
furni shed by suppliers who had been asked for a hard, high-tenperature
thernnplastlc adhesi ve havi ng good adhgsion to glass. The two were
"Macronel t" 6212 thernopl astic adhesivé from Henkel, and "Jet el t" 3779

t her nopl asti ¢ adhesive from 3M and both were based on pol yam de

thermopl astic resing cHMJ1M3tic adhesive of the invention can be ,
injected into an optical fiber connector or inserted as a
slug. Then while being heated to reduce its viscositf to
within the range of 1000 to 10,000 cp, the bare end of an
optical fiber can be inserted into the connector through
the molten adhesive.

For use in the invention, a preferred class of
thermoplastic resins is polyamides. They can be formulated
to provide thermoplastic adhesives that have good hardness,
low viscosity at suitable working temperatures, excellent

~adhesion to glass, and thermal expansion coefficients
(TECs) that are lower than can be achieved with many other
thermoplastic resins. Even so, thermoplastic adhesives of
the invention inevitably have a TEC that is higher than the
TEC of glass and other components of the optical connector.
In order to reduce the transm1551on of heat-xnduced
stresses to the optical fiber, the TEC .of the thermoplastic
adhesive can be significantly reduced by filling it with
glass microspheres to a volume ratio up to 70 parts of
microspheres to 30 parts thermoplastic adhesive.
Preferably, that volume ratio is not more than 50:50 so
that its viscosity is not more than 10,000 cp at a
desirably low temperature such as from 80-260°C, more
preferably not exceeding 210°C.-  Keeping the application
temperature below 210°C both saves energy and minimizes any
danger of damage to the connectors or injury to persons who
assemble the connectors.

When the thermoplastic adhesive includes

. microspheres, they preferably are at least 5 gm in diameter
so that when an optical fiber is inserted into an optical
bonnector, it pushes any microspheres out of the alignment
bore, because the diameter of the alignment bore is
typically no more than 2 ym greater than that of the
optical fiber. On the other hand, the microspheres
preferably are no greater than 50 uym in diameter, because
microspheres of substantially larger diameter might block
the alignment bore and thus prevent an optical fiber from

This is the replacement sheet

Date: 25 FEE 1997'



t her nopl asti ¢ adhesi ves exhi bited Adhesion-to-d ass Values of 3.6 and 1.8
N, respectively. Exanple 6 An optical fiber connector as illustrated in
FIG 1 of the drawing was constructed as follows: a) Wil e heating the
connector to [err], the thernoplastic adhesive of Exanple 5 containing 0.1
%of "Gl Blue A" dye was injected into the connector at 80 psi (0.55 MPa),
and the pressure was nai ntai ned for about 6 seconds until sonme of the
adhesi ve energed through the bore of 4tseferrule. ("GOl Blue-A" dye is

1, 4-di (i sopropyl am no) ant hr aqui none fromE. |. DuPont). b) From an

optlcal fiber cable (125 pm nul tinode from Siecor) 4min |ength, about 3 cm
of jacket haingchpsertedndurhess Kdhg dihre qmapdias tict @dhesive is in - the,

form of a bored slug that is not heated until the end of
the optical fiber has been inserted.

‘Brief Description of the Drawing
The invention may be more easily understood in
reference to the drawing, of which
' FIG. 1 is a longitudinal cross section through a
preferred optical fiber connector of the invention; and
FIG. 2 is a longitudinal cross section through
another oﬁtical fiber connector of the invention.

Detailed Description

Before assembling the optical fiber connector 10
of FIG. 1, the jacket 12 is removed at one end of an
optical fiber cable 14 to expose "Kevlar" polyaramid fibers
15, and the buffer 16 is stripped to bare the optical fiber
18. A thermoplastic adhesive 20 is injected into the
hollow interior of the connector and also fills a bore 21
in a ceramic ferrule 22. Then the optical fiber is pushed
through the molten adhesive until it protrudes from the
ferrule. In doing so, the optical fiber carries with it
some of.thg thérmoplastic adhesive, and a bead 24 of the
. solidified adhesive provides lateral support to the
protruding portion of the fiber. Because of this support,
the optical fiber can be cleaved at the tip of the bead and

then polished until it is flush with the face 26 of the
ferrule.

_ The thermoplastic adhesive 20 preferably contains

-- a dye that affords a deep color to the bead. As long as
that color remains deep, the fiber end can be polished with
a relatively coarse abrasive, ‘but one should switch to a
finer abrasive when a weaker color indicates that the end
of the optical fiber is nearly flush with the ferrule. The
polishing should be discontinued as soon as the color -
disappears. Otherwise difficulties would arise due to the
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trimred to about 3 nNm «c) Al'l but 4 nmmof buffer was renoved and the
. exposed optical fiber was cleaned wth al cohol. d) After reheating the
connector to [err], the bare fiber was inserted through the nolten adhesive
until the cable bottomed in the connector and the fiber protruded beyond
the face of the connector, while making sure that the "Kevlar" fibers were
not fol ded back. e) Adhesi ve whi ch gnad extruded through the rear of the
connector was trimed off, and the connector was all owed to cool. - 10 -
greater hardness of the ferrule. Furthermore, the ferrule
has been shaped to the proper curvature, and continued *
polishing could alter that curvature.
In the completed connector of FIG. 1, the
thermoplastic adhesive bonds to the "Kevlar" fibers 15 to
restrain the optical fiber cable 14 against accidental
pull-out and also bonds to the bare optical fiber 18 along
the full length of the bore 21 to restrain the fiber.
against pistoning due to stresses arising from temperature
changes.
In the optical fiber connector 30 of FIG. 2, the
connector body 32 is formed with a fiber-alignment hole 33
into which a bare optical fiber 34 snugly fits. Before
assembling the connector, the jaéket 36 and buffer 37 of an
optical fiber cable 38 are partially stripped in the same
manner as was the cable 14 in FIG. 1. After placing a slug
39 of thermoplastic adhesive in a hollow 40 of the .
connector body 32, the bare optical fiber 34 is cleaved and
fed through a longitudinal opening 42 in the slug until the-
cleaved end is flush with the face 44 of the connector
body. Heat is applied to liquify the slug of thermoplastic
adhesive, causing it to become bonded both to the bare
optical fiber and to the cylindrical wall of the hollow 40.
Doing so guards against pistoning of the fiber, while a
mechanical clamping ring 46 grips the "Kevlar" fibers 48 to
restrain the optical fiber cable 38 against accidental
pull-out. Then a stra;n—felief boot (not shown) is applied
over the ring 46. .
Another optical fiber connector in which the.
thermoplastic adhesive of the invention can be used is that
of the above-cited Onstoﬁt'patent.

Adhesion-to-Glass Value
From one end of a piece of a 125-ym multimode
optical fiber cable (Siecor 1K31-31111-00) 0.6 m in length,
10 cm of the jacket and 5 cm of the buffer are removed to
leave 5 cm of the bare fiber that is then cleaned with
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f) The steps outlined in Sections D-F of the above-cited "Field

-Term nation Instruction Manual .." were followed, nanely, the fiber was
scored, cleaved, polished with 5 [err] acetate until the blue color of the
bead becane faint and then with 1 [err] acetate until the end of the fiber
was flush with the face of the ferrule. Mcroscopic examnation of the tip
of the fiber showed it to be free from adhesive and scratches. An identical
optical fiber connector was assenbled7in the sane way at the opposite end
of  the cable-to provide "junper A" which with an identical "junper B" were
subjected to the follow ng "Tenperature Cycling Test": a) Connect the
first encaEtgnenpen Awldndri8sQ herepffcdl mpoincdepbh andodn2cmmtim .second

end of | YRGletA)0 JF'% steel fixture is filled with molten

' thermoplastic adhesive to be tested, and the bare fiber is
inserted to its full length while the viscosity of the
thermoplastic adhesive is from 1000 to 10,000 cp. After
the resin has cooled to room temperature, the fixture is
clamped into the lower jaw of an Instron Tensile Tester,
and the jacketed end of the ‘optical fiber is wound around a
rod and clamped on either side of the rod by the upper jaw,
thus ensuring against slippage in the upper jaw. The
Adhesion-to-Glass Value of the thermoplastic adhesive is
the resistance to pullout at a jaw separation rate of 6.4
mm/min.

" An Adhesion-to-Glass Value of at least 10N is
considered to be adequate to use a thermoplastic adhesive
for mounting optical fiﬁers in connectors. To minimize
temperature~induced optical transmission losses, the
Adhesion-to-Glass value preferably is at least 15N, more
preferably about 20N or higher.

For comparative purposes,'an epoxy resin can be
substituted for the thermoplastic adhesive and then cured
as recommended by the manufacturer.

Polvamides A and B. .
Thermoplastic resins that have been formulated
into thermoplastic adhesives of the invention include three
polyamide resins, one of which ("Versamid" v-900 from
Henkel) is commercially available, while the other two were

random condensation polymers of the following compositions
-- in equivalent percents:

Polyamide . _B -
dimer acid . 68.0 67.0
monomer acid 0.3 1.3
azelaic acid 31.7 31.7
ethylene diamine 81.0 81.0
hexamethylene diamine 19.0 19.0

antioxidant (wgt. 3) 0.75 0.75 .
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first end of junper
.optical detector. d)
t hrough the junper assenbly,

B. ¢)

tenperature cycling after an initial
then alternately to [err]
beglnnlng of the stabilization period, with al
one -hour.

[err],

[err] and all dwells for

Connect the second end of junper
Wil e nonitoring the optical

B to an
power transmtted

subj ect the A-B portion of the assenbly to

etc.

for

stabilization period of 4 hours at
a total

of 50 hours fromthe
tenperature transitions at

~T®e —t enper at ur e- i nduced opti cal

transm ssion | oss .during step d) was 0.12 dB which was considered to be

sati sfac
fiber

for use Wt

%ﬁ%éloﬁe nelfe SR

available materlals

mt,;lrﬁ:}':em%e ffoqelow1ng C

| e 7 .A

o tical
mmercia .

"Piccofyn" T-125, a high-softening-point terpene
hydrocarbon tackifying resin having a ring-and-
ball softening point of 125°C (from Hercules)

"Dymerex", a high-softening-point tackifying resin
composed predominantly of dimeric acids derived
from rosin (from Hercules)

"Hercoflex" 500, a resinous plasticizer derived from

rosin {from Hercules)

"Santicizer" 711, a dialkyl phthalate plasticizer
(from Monsanto)

weight.

Examples 1-5

In the following examples, all parts are by

A series of thermoplastic adhesives, the
formulations of which are given in Table I, were tested
with the results also reported in Table I.

Example
Polyamide A
Polyamide B

"Versamid” 900
"Piccofyn" T-125
"Dymerex"
"Hercoflex" 500

- "Ssanticizer" 711
(cp at 204°C)
TEC (cm/cm/°Cx107%)
Hardness (Shore D)
Adhesion-to-Glass
Value (Newtons)

° Visc.

Temp. Cycling Test (dB)

Table I
1 2 3 4 5
50 55 - 50 " 50
55
25 25 25 30 25
20 20 20
20 20
5
5
1400 1240
. 255 159
65 65
15.0 19.3 12.5 14.3 24.5
0.16 0.12
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6 ‘except using the thernoplastic adhesive of Exanple 2 without any dye. The
. absence of dye required the end of the connector to be periodically

exam ned under magnification to observe the extent of the dull spot
produced by the coarse abrasive as the end of the fiber and the bead of
adhesive were worn away. \Wen that dull spot nearly covered the ferrule
face, the polishing was conpleted witsh-the finer 1 [err] acetate abrasive.
Upon conpl eting two junpers having four connectors of this exanple, the

t enper at ure-induced | oss was 0.16 dB in the "Tenperature Cycling Test" of
Exanpl e 6. Exanpl e Bt ACQMRIN £}, I @Hmme dysira Ilgh reata idrabdess

thermoplastic adhesives were furnished by suppliers who had
beep asked for a hard, high-temperature thermoplastic
adhesive having good adhesion to glass. The two were
"Macromelt"” 6212 thermoplastic adhesive from Henkel, and
"JetMelt" 3779 thermoplastic adhesive from 3M, and both

were based on polyamide thermoplastic resins. These two
thermoplastic adhesives exhibited Adhesion-to-Glass Values
of 3.6 and 1.8 N, respectively.

Examgle 6

An optical fiber connector as illustrated in FIG.
1 of the drawing was constructed as follows:

a) While heating the connector to 204°C, the
thermoplastic adhesive of Example 5 containing 0.1 %
of "0il Blue A" dye was injected into the connector at
80 psi (0.55 MPa), and the pressure was maintained for
about 6 seconds until some of the adhesive emerged
through the bore of the ferrule. ("0il Blue-A" dye is
1,4-di(isopropylamino)anthraquinone from E. I.
DuPont).

b} From an optical fiber cable (125 um
multimode from Siecor) 4m in length, about 3 cm of
jacket was removed, and -the "Kevlar"” fibers were
trimmed to about 3 mm. .

c) All but 4 mm of buffer was removed and the
exposed optical fiber was cleaned with alcohol.

d) After reheating the connector to 204°C, the
bare fiber was inserted through the molten adhesive
until the cable bottomed in the connector and the
fiber protruded beyond the face of the connector,
while making sure that the "Kevlar" fibers were not
folded back. :

_ e) Adhesive which had extruded through the rear
of the connector was trimmed off, and the connector
was allowed to cool.
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constructed like that illustrated in the "Field Term nation Instruction
Manual for Biconic Plugs" of Dorran Photonics, Inc., Atlantic H ghl ands,
N. J. a) Wil e heating the connector to [err], the thernoplastic adhesive
of Exanple 2 containing glass mcrospheres of 11.7 [err] median dianeter in
a 50:50 ratio, by volune, was injected into the connector at* 80 psi (0.55
MPa), and the pressure was nai ntai ned for about 6 seconds until sone of the
adhesi ve enmerged through the bore ef 18he ferrule. The connector was then
allowed to cool to roomtenperature. b) From an optical fiber cable (125
[err] singlenode Siecor 1S31-31111-00) about 5 cm of jacket S renoved,
and the "Kevl ar" fﬁgerSTRErét??Snﬁ%ﬁl%%F%bh%ts%Fﬁh?“%)D’F/9# 8 "mm of

buf fer was reabeed-gidetiherield Termination Instruction Manual ..."
were followed, namely, the fiber was scored, cleaved,
polished with 5 ym acetate until the blue color of the
bead became faint and then with 1 ym acetate until the
end of the fiber was flush with the face of the
. ferrule. _
Micrdscopic examination of the tip of the fiber showed it
to be free from adhesive and scratches.

An identical optical fiber connector was
assembled in the same way at the opposite end of the cable
to provide "jumper A" which with an identical "jumper B"
were subjected to the following "Temperature Cycling Test":

a) Connect the first end of jumper A to an 850
nm optical source. .

b) Connect the second end of jumper A to the
first end of jumper B.

c) Connect the second end of jumper B to an
optical detector.: '

d) While nonitoring the optical power
transmitted through the jumper assembly, subject the A-B
portion of the assembly to temperature cycling after an
initial stabilization period of 4 hours at 20°C, then ‘
alternately to 60°, 20°, -40°, 20°, 60°, etc. for a total
of 50 hours from the beginning of the stabilization period,
with all temperature transitions at 1°C/min. and all dwells
for one hour.

The temperatnre-induced optical transmission loss
during step d) was 0.12 dB which was considered to be
satisfactorily low for use with multimode fibers.

Example 7
An optical fiber connector was made as in Example

6 except using the thermoplastic adhesive of Example 2
without any dye. The absence of dye required the end of
the connector to be periodically examined under
magnification to observe the extent of the dull spot’
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exposed optical fiber was cleaned with al cohol. d) After reheating the

* connector to [err], the.-bare fiber was inserted through the nolten adhesive
until the cable bottonmed in the connector and the fiber protruded beyond
the face of the connector, while making sure that the "Kevlar" fibers were
not fol ded back. e) Adhesi ve which had extruded through the rear of the
connector was trimred off, and the connector was all owed to cool. - 12 -
f) The steps outlined in sections- Gl -of the above-cited "Field

Term nation | nstruction Manual for

produced by the coarse abrasive as the end of the fiber and
the bead of adhesive were worn away. When that dull spot
nearly covered the ferrule face, the polishing was
completed with the finer 1 um acetate abrasive.

Upon completihé two jumpers having four
connectors of this example, the temperature-induced loss
was.0.16 dB in the "Temperature Cycling Test" of Example 6.

. Example 8
- A biconical optical fiber connector was

constructed like that illustrated in the "Field Termination
Instruction Manual for Biconic Plugs" of Dorran Photonics,
Inc., Atlantic Highlands, N.J. _

a) While heating the connector to 204°C, the
thermoplastic adhesive of Example 2 containing glass
microspheres of 11.7 um median diameter in a 50:50
ratio, by volume, was injected into the connector at
80 psi (0.55 MPa), and the pressure was maintained for
about 6 seconds until some of the adhesive emerged
thiough the bore of the ferrule. The connector was
then allowed to cool to room temperature.

b) From an optical fiber cable (125 um
singlemode Siecor 1831-31111-00) about 5 cm of jécket
was removed, and the "Kevlar" fibers were trimmed to
about 3 mm. .

cj All but 8 mm of buffer was removed and the
exposed optical fiber was cleaned with alcohol.

d) After reheating the connector to 204°C, the
bare fiber was inserted through the molten adhesive

- until the cable bottomed in the connector and the
~fiber protruded beyond the face of the connector,
while making sure that the "Kevlar" fibers were not
folded back.

e) Adhesive which had extruded through the rear
of the corinector was trimmed off, and the connector
was allowed to cool.
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Biconic Plugs" were followed, nanely, the fiber was scored, cleaved,

_ polished in sequence with 8 [err], 1 [err], and 0.3 [err] acetate, checked
for length and optical finish, and assenbl ed. The procedure above was
followed four times in constructing two test junpers of 125 [err] in the
same -manner as in Exanple 6. In the Tenperature Cycling Test, the

t enper at ure-i nduced optical transnission |oss was 0.6 dB. This conpares
with a tenperature-induced opti cal TraAsmi ssion | oss of nore than 2 dB for
test junpers constructed using the adhesive of Exanple 2 wi thout gl ass

mcrospheres in an pfhery e L Q04GR 1d&F in sectichs c-E of the
above-cited "Field Termination Instruction Manual for
Biconic Plugs" were followed, namely, the fiber was
scored, cleaved, polished in sequence with 8 um,
1 um, and 0.3 yum acetate, checked for length and
optical finish, and assembled.
The procedure above was followed four times in constructing'

two ‘test jumpers of 125 ym in the same manner as in Example
6. In the Temperature Cycling Test, the
temperature-induced optical transmission loss was 0.6 dB.
This compares with a temperature-induced optical
transmission loss of more than 2 dB for test jumpers
constructed using the adhesive of Example 2 without glass
midrospheres in an otherwise identical test.
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What is clained is: 1. An dptical fiber connector containing a
t hernopl asti ¢ adhesi ve by which an optical fiber can be nounted, which
t her nopl asti ¢ adhesi ve conprises a thernoplastic resin and is characterized

by a) a viscosity of between 1000 and 10,000 cgaziAghszégglg,ﬂQijng
tenperature not harnful to the connector, ron-t o- @ ass Vhlue
of at least 10N, and c) a Shore b h&rdness of - m .

An optical fiber connector as defined in Caim 1 gmmm“ m)pl ast i C
resin is a polyamde. 3. An optical fiber conne @f Il pfed*in Caim?2

wherein said pol yam de conprlses a reaction product of di mer acid, azelalc
acid and di am ne.

What is claimed is:

1. An optical fiber connector containing a
thermoplastic adhesive by which an optical fiber can be’
mounted, which thermoplastic adhesive comprises a
thermoplastic resin and is characterized by

a) .a viscosity of between 1000 and 10,000 cp

at a suitable working temperature not harmful to the
connector, | _ '
b) an Adhesion-to-Glass Value of at least 10N,
and ’
c) a Shore D hardness of at least 60 at 20°C.

2. An optical fiber connector as defined in
Claim 1 wherein said thermoplastic resin is a polyamide.

3. An optical fiber connector as defined in
Claim 2 wherein said polyamide comprises a reaction
product of dimer acid, azelaic acid and diamine,

4. An optical fiber connectér as defined in
Claim 1 wherein said thermoplastic adhesive comprises a
blend of a tackifying resin and_a plasticizer.

| 5. An optical fiber connector as defined in
Claim 1 and into which said thermoplastic adhesive has
been injected.

6. An optical fiber connector as defined in
Claim 1 and into which a slug of said thermoplastic
adhesive has been inserted. '
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4., An optical fiber connector as defined in Claim1l wherein said
thernopl astic adhesive conprises a blend of a tackifying resin and a

pl astici zer. 5. An optical fiber connector as defi N aim1l and into
whi ch sai d thernopl astic adhesi ve has been i nject ed. ' fiber
conngctor as defined in daim1l and into which a sl le‘mslmmmufmm astic
adhesi ve has been inserted. 7. - B4 eptical fibe rnector as defined

in Claim6 wherein said slug of said thernoplastic adhesive is forned with

a central through-hol e through which an optical fiber can be fed w thout
heati ng the adhesi ve.

7. An optical fiber connector as defined in*
Claim 6 wherein said slug of said thermoplastic adhesive
is formed with a central through-~-hole through which an
optical fiber can be fed without heating the adhesive:

8. An optical fiber connector as defined in
Claim 1 and in which an optical fiber has been mounted by
heating the adhesive ‘above its softening point.

. 9. An optical fiber connector as defined in
Claim 1 wherein said thermoplastic adhesive is filled with
glass microspheres that-are from 5 to 50 ym in diameter.

10, An optical fiber connector as defined in
Claim 9 wherein the vqlume'ratio of the microspheres to
thermoplastic adhesive is not more than 70:30.

shest
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8: An optical fiber connector as defined in Claim1l and in which an
_optical fiber has been nounted hy heating t:ihe adhesive above its softening

poi nt. 9. An optical fiber connector as defined in Claim1 wherein said
t hernopl astic adhesive is filled with glass mcrospheres that are from5 to
50 pmin dianeter. * 10. An optical fiber connector as defined in

Claim9 wherein the volune ratio of- tyge -m crospheres to thernoplastic
adhesive is not nore than 70; 30.

THERMOPLASTIC ADHESIVE MOUNTING
FOR AN OPTICIAL FIBER CONNECTOR

Abstract of the Disclosure

An opticél fiber connector can be easily and
quickly assembled by mounting the end of an optical fiber
in a thermoplastic adhesive that is heated to a viscosity
of between 1000 and 10,000 cp, has an Adhesion-to-Glass
Value of at least 10N, and a Shore D hardness of at least
60 at 20°C. The optical fiber connector lends itself to
mass~-production techniques and can be reused by heating tg
liquify the thermoplastic adhesive. .
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