ion relates to a nmethod of 5 nolding optical fiber connectors. The
pread inpl ementation of |ightwave or optical transm ssion systens
reguires the use of connectors to couple and uncoupl e gg[ﬂtz | bers for

i nstal l ation, testing and mai ntenance. In general, 2&? connect or
10 nust be capable of repeated couplings with a n1n|num(ﬁ optical signal (‘
| oss. Qoviously, the connector should also be relatively i nexpensive to :
manuf acture. Two types of optical fibers can be enployed in optical s
transm ssi~on systens. Mpnonode fibers transmt ‘15 only one node of Iight
while multinode fibers allow nmultiple nodes to propagate. Structurally, the
di ameter, of the light transnmitting core of a nononode fiber is 5-10 n1crons
(pm, or approximately one-fifth to one-tenth the core dianeter of a
mul ti node fiber. A lowloss optical 20 connection typically requires the
alignnment of two fiber cores end-to-end. Mbnonode optical connectors,
therefore, generally require considerably nore precision than their
mul ti mode counterparts. The .nol ding of optical fiber connectors is one. 25
process being investigated for the fabrication of |arge nunbers of

2084Q71 | MPROVED METHOD OF MOLDI NG OPTI CAL FI BER CONNECTORS The present =
i

econom cal, |low | oss connectors. One problemw th nolding a connector about
an optical fiber is the 28 bendi ngqok the.fiber during nolding. Such
bendi ng produces -2- signal losses by allowing light to radiate out of
the inner core of the fiber to its outej. claddlng ..Sgvere bending can, of -

courise, cause fiIMPROVERKMBTHODBORIMOLDING IQPJH;GA’IC;EIBER)er al so produces
varlhtlons in the p05|t|oncéNﬁﬁc&@Qsopt|cal fiber with respect to the .

mat i ng end. of the
The present invention relates to a method of

5 molding optical fiber connectors.

' The widespread implementation of lightwave or
optical transmission systems requires the use of connectors
to couple and uncouple optical fibers for instéllation,
testing and maintenance. 1In general, a practical connector

10 must be capable of repeated couplings with a minimum of
optical signal loss. Obviously, the connector should also
be relatively inexpensive to manufacture.

Two types of optical fibers can be employed in
optical transmission systems. Monomode fibers transmit

15 only one mode of light while multimode fibers allow
multiple modes to propagate. Structurally, the diameter of
the light transmitting core of a monomode fiber is 5-10

"microns (um), or approximately one-fifth to one-tenth the
~ core diameter of a multimode fiber. A low-loss optical

20 connection typically requires the alignment of two fiber
cores end-to-end. Monomode optical conmectors, therefore,
generally require considerably more precision than their
multimode counterparts.

The molding of optical fiber connectors is one.

25 process being investigated for the fabrication of large
numbers of economical, low loss connectors. One problem
with molding a connector about an optical fiber is the

28 bending of the fiber during molding. Such bending produces



sconnect dr* and 't he angl e therebetween. These vari ations cause nisalignnent
;of the.light transmtting fiber cores and thus S|gnal |'osses when two
‘connegtor halves are coupled together. Wiile, prior-art techniques, have
;10 adhressed the problem of fiber- bending, the tolerances on fiber |ocation"
‘W th respect to the nmating end of the cogpector are not precise enough for
‘us&.4 n the nol di'ng of | ow | oss nononode tical fiber connectors. This
Jlinitation |sstsgnlf1eaﬁ983bucelﬁondmuudﬁuhintptnaﬂtatq Quifotﬂtheblt rate

‘opt Ml si gnag findiet BokessrdiBRCrIbes RY 143 loutlel ¥1add fhg;
ifibers. and argﬁgégere ore, extrenely de5|rable for hi ong hau

{transmi ssi on RE. C&Re P ﬁQ“t"Getvhé'aﬁt’@séﬁ-lbqrn e-t h d%nschf
‘provi ded a nethedoptiaandmbeenaaw Woddd%@ veriaadionls id i sbi €&t i on

:hi d d f t h t f )
S PRk hAh GP e TRREC e BH ras e 1, Yhe, WA Te 02, the
.located in andonneetdr hndwehe amglepammummstmbemhe mue?eﬂvaiiatihnsll

t 25 b
Everin (ot cchBpa hipatEgnnPot, o the ighe dratihis Aine B A6 Sbegn o
‘foPm the optiand thuerStsnn%cﬂossethMantmheemnnenﬂonﬂhaives;arserted
‘through an 'né&ﬁgwa%ﬁgeeneeperwaiet 10} il Sebnnlyfiles’ o S Hdife OPL I Ca

flber 30 said Lhsert vi-n l'at. su ce substanti derpendi cul ar to
‘thé |nseriOap%ﬂ@ﬁ?éseﬂn&hﬁnprﬁbieﬂh@f #ddber bending, dhel takexances con

: predet erni nedeipERt 168881 0ANH1TR FeRpded P theS Waltdty eld b Nehd | at
.surface of said |nsgrt orlent d toward said Iana# ‘ﬁ@ sur?%ce 35 wher eby

‘the insert i|sCeBREEYOT AL B aP5ﬁ§1§& &1 l?ﬁ'dé‘fsec Hé‘ ghe aglding ok
“injected fillkowwbbesi mbnombide epmdchuauimn&embnneaturseﬂnmniéaid pl anar

”Dld surface ffhi@gtfgn isrgiEHEQQE@%ﬂ:@%ﬁ%@:n%%omo 'if%ers tréhsmit
' 15 higher bit rate optical signals with less dispersion per
unit distance than multimode fibers and are, therefore,
‘extremely desirable for high-speed, long haul transmission
| systems, Lt . o : .
According to the presentzinvention; there is |
20 provided a method of molding an optical fiber comnector
- with a body portion having a'predetermined shape for mating,
_'eomprising the steps of positioning an optical fiber in a
mold cavity such. that the fiber is located in and extends
between two apertures of the mold cavity, one aperture
25 being disposed in.a“planar'moid.surface; and injecting
 filler material into said mold cavity from at least one . .
) predetermined'location=toaIOrm the optical fiber connector,
wherein the optieaI fiber is inserted through an insert
having an aperture that slidingly receives the optieal fiber,
30'said insert having a flat- surrace substantially '
__perpendioular ‘to. the: insert aperture- and in that the
' insert is positioned between the predetermined looation(s)
. and said’ planar mold surface, with the flat surface of
said insert. oriented toward said planar mold surface;
35,whereby the insert is caused to slide along said fiber
| - under the pressure of the injeeted filler material until
.; said flat insert surface abuts said planar mold surface
38 thereby straightening the optieal_fiber and
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trolling the position and angle of the optical fi-ber relative to said
nar nold surface. Pursuant to the present invention, an inprovenent-
ded optical fiber connectors is achieved through the 5 use of an |nsert
aced within the nold. cavity The insert slides along the optical fiber
under the force of the mold maTefial until it abuts a portion of the nold .
cavi toontatoliling.t the npes iyl endand ahgleouﬁetheropthalsEibemg of the |nse&La

unt i | At RNt e§g¥: i 10 controls the position of the
fi ber % rest6 &S?%éelpﬁr}rf‘at'?ﬁjg?&eg‘gri\#g?he connector. In addition, the o/

“fiber is maintBUTRMARE tpptheuneeéﬂ@teinvenﬁéoantangi@puovemnn§ control of

| oo gfatasy e ey ol *‘eﬁiékaﬁ;tfeﬁéuﬁ. cepe e
cginéﬁFbﬁ§fe¥b Eim%ﬁé gtgghﬂlﬁéeoﬂ° ecﬁﬁtgﬁtloﬂ hecdBseRte i s made
t}g tiﬁmm\ﬁaryg nghelropt sl fnbehlnhderFtﬁbf forseaofr egeonegﬁg \ma:c O\rn g\év
Bur Sé@é q‘oi%ajé}%fij?%w#% % @étﬁfoﬁpég ﬁ’gnbgi—{id’ggi%g a partial

cr osdefining the/ imat ing téend nof dth&vcogmectcre Thehshiddng eofr uct ur al

nodi fﬂﬁat | @E{ﬂ% %I?&lt sr@dﬂ?@é.'i gbg{.o%négﬁgl Qﬂal view of the 25 #

nol d cavity e _two arrangements of

| d
it tqqxg:rqilé’erﬁlse Resiticn I"%fmrﬂ%l giab??ywé'FhFiF‘@PQCtFF% theis a partial
Cr 0S snadfitig @hd/ifV €He (donned €66, "eln "&deLti6h, L GBei Eivebr 2k ve opti cal

I Fﬁhﬂiﬁ%ﬁﬁ%a iRefoL AeEe o Shod! B5ingcenR, BRERS choey urop on

"~ the mmmtnnirqfffiherepmsitinmléngle &ndhofisthe phehddhgcofssheect i on vi ew
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15 low-loss monomode optical fiber connectors._
' For ‘a better understanding of ‘the invention
reference is made to the accompanying drawings, in which:-
- FIG. 1 is a cross-sectional view of a mold caVity
for an illustrative optical fiber connector shown for

20 purposes of exemplifying the present invention;

FIG. 2 is a partial cross-sectional view of the
mold cavity of FIG. 1 showing a structural modification
thereto,' B et . .
FIG. 3 is a partial cross-sectional view of the
25 mold cavity of FIG. 2 after molding;

FIGS. 4 and 5 are two arrangements of abutting
~- _inserts used in the mold cavity of FIG. 2;
FIG. 6 is a partial cross-section view of the
molded mating end of. the illustrative optical fiber

 FIG. 7 is a partial cross-section view of the
'illustrative.0ptica1_£iber.connector after application of
an epoxy drop on the protruding fiber end; and
: © - FIG. 8 shows a partial cross-section view of the
35 illustrative optical fiber connector after lapping and '
" polishing._- IO T T S T
' :The mold.structure for fabricating an

38 illustrative single optical fiber connector is shown in



© 38 ‘illuystrative single optical fiber connector is shown in 4 FIG 1. .
¢ Mol .cavity 101, conprising nold portions 102 and 103, is forned by nold
" hal{es 104 and 105.. Optical fiber 106 extends conpletely through nold .
i cavity 101 fromfirst aperture 107 in wall 108 to a second aperture 1.09 in _
: mall 5 110. Secorid aperture 109 extendz perpéndicularly fromwall 110
: ch forns the planar end face of porfif8nT103. Portion 103 defines a

: frusveponlcaIFEGape usMdldncakdtyl 101 ecomprdsing mpldf powrtionsndoend

. enlA

At ot T T s R
i under st ood th&ﬂ6aeutendp|eomphgtelyftyapushcmgﬂa savityl 194d from Ldawtdance
~with the pr esgg rt%@“b?ninogé‘fiahgﬁetsr alg@cbﬁdakigﬁ‘%\.\?@ A 1 YallYf (ﬁugh

insert 111 wt cavi t I nsertion o ber, through

insert occérs? @9%heﬁeﬁeﬂérGPBP§E€ﬁeﬂpgoﬁxﬁﬁ§d§ppﬁ€QPnﬂ#ﬁyﬁqr ¥ H&os wall
cavity or afttﬂOlﬁﬁﬁéhlﬁarhhrenahpzahhereﬁaefabethe goreoietos.bed first

i and second ap. The orner ¢ase se npll t.hat, .t he
parting line g?rfiann%Pé gﬁf BE8s8s FHPSB&R“& ELf e?eé@h&*ﬁbertures
- To facuI|tatealﬁgnnentnandhmaaﬁagtofetwptbonnenters enﬁ-m@-pndﬁerEWIler

provided w { hugegugi ofg8nkecBheaBaaNaN o BAIE battky 3030%ircs

| ocat ed bet ween econ at “su

ord ented 1@ma8%t2511EeCGNBi&ﬁeﬁaneOEBQSaSGrﬂé@eiﬂlohpynpeﬁﬁéﬁQQRQQarQ£i
the aperture eaureéerbelﬁﬁdeﬁétbsdl@ﬁa%talﬁaleaalbenhﬁhb&c%&e%a%@yﬂdeuid

vari ety . of terlali able of withstandi ng thé nol ding tenperatures and
pressures, th e ekl ruby or sapphire.jewel works satisfactorily.:

shoul d be noted 30 thnﬁ_gaeoraaﬁéé:wamhhung.@mpgenmsansgnwr@malgytﬂualu)
ong, s the | EEek 108, Th! 458 810a30E3Y, e Bolarihidelt 4 itnn
15 cawity 101. The insertion of the fiber through the insert
‘- occurs either before placement of the optical fiber in the
mold cavity or after insertion thirough either one of the
:abcve-described first and second apertures. The former
' case, of course, implies that the partirgline of the mold
. 20 passes through the first and second apertures. To _
. facilitate insertion, the aperture within insert 111 is
L preferably provided with a countersunk entranceway 115.
.7 . Insert 111 is positioned or located between gate 113 and
..~ second aperture 109 with flat surface 116 oriented toward
25 second aperture 109. Surface 116 is perpendicular to the
‘aperture in insert 111.. - While insert 111 can be fabricated

5oL - from a variety of materials'capabie~of.withstanding the
- molding temperatures and pressures, the use of a ruby or
s eapphire Jewel. worka -satisfactorily. It should be noted

_30;'that insert 111 can have. any cross-sectional shape so long
“.-'as the insert can slide along the fiber during molding.
o During molding, the force of filler material 112
ii-pushes insert 111 along. riber 106 until flat .surface 116 of
'insert 111 abuts wall 110., Wall 110, while illustrated as
.35 ‘a planar surface, need only ‘be planar in the portion which -
~ 7- contacts surface 116 of insert 111.  Arrows 114 indicate
' 7the direction of the- force applied by the filler material
38"to insert 111. Positions 1411' and 111'*, both in phantom




Ushies insert 111 along. fiber 106 until flat-surface 116 of insert 111
db” s wall .110. wall 110, while illustrated as 35 a planar surface, need
on be planar in the portlon whi ch contacts surface 116 of insert 111.
Arrows 114 indicate the direction of the force applied by the filler
material. 38 to insert 111. Pbos?tTons 111' and 111", both in phantom = ..

y -5 hikes, &@Wﬁi\ww lmimtaanlmeermumaeaammmmosmons of . "~

‘insert | t f 110 .
e Py TR I SR 1 ot “HAIEE 119, ¢ ?ﬁ%ﬂ;ﬁ apert it
109. abmmesit daimg: Bunfade ) reduces 1any abe@dsem«afiberb&@ 108 in :

: i?gr oI n rg&glﬁ@%ut I’T'E‘I']tit O??‘;U‘}é}g W %éy meegﬁi&ﬂhgr g V\al or

_ 116 t wall -T110, Th ti
0B WAGILLDTO O IPARE (1 LARR (CORTIFa OfLheR Lo S8 cRRRETNERDI0P e of

| burr 9y pSRitaSing iy f06 dlkstactia Ty pérpendséyian tbi waltquirenent
s tQ %ﬂbed a jewel within the portion of 110 surrounding aperture 109.. As

showd 10 FI G - 2, insert 21%; identical to insert 111, is disposed mnthln
wal | 110 - FI @o arﬂsiire 1 fukl rainesmenrt o:buslmfﬁoefﬂﬁsegasnstl and 211 when

~ nold. c e R 45 an 5 a b
. refi H’ ql’nj’iﬁn &lé\%e‘ﬁjéimo Jﬂ?&}i i8 ﬁn r| caﬁ:l ng I nsert 211 to
ne Iammﬁaqeuﬁﬂérshauldjhg ﬁEﬁQI¢ﬁéF¢%T%d°?nd¢b 34 BR® 20 roughness on

~the rHbh et é&ﬁﬂdu@@f%dtis@*iﬂéetﬁﬁs peHRL PbRenBULBEBL Of insert
111 &agalnst 1nsert 211, At t h b t b dif
tho GRRES o 458 oA WL 5HA | TRF LY 2be T 1) CSURERRARLBE This Lee of

. charfayertifires MDY\, | rnflﬁmv&zvmrmm.a?.phmserwau;smenmdazstoon al |
eboddRPT (i Ty rin s VitRERHEL o118y BT o TeTt T
15 41illustrates the abutment of inserts 111 and 211 when mold
cavity 101 is’ ‘completely filled. - . : -
©  FIGS. 4 and 5 show further refinements in the use
of inserts 111 and 211. By fabricating'insert 211 to be
larger than insert 111, as illustrated in FIG. 4, any
20 roughness on the edges 401 of insert 211 will not prevent
complete abutment of insert 111 against insert 211.
Alterhatively!'the-same-behefit.oan be gaihed if the edges
‘of one of the abutting surfaces are chamféred. This use of
chamfers is shown in FIG. 5 wherein a chamfer 501 is formed
25 on all edges of surface 116. '
: - Refer now. to FIG. 6. After molding, insert 111
~~ 18 embedded within frustoconical end 601, formed by mold.
portion 103, with surface 116 substantially flush with end
face 602. Fiber 106 extends from end face 602 and is
30 preoisely positioned with respect to the longitudinal axis
_603 of the optical connector.- : : :
_Conmnectors were molded using a ciroular"jewel
insert having a diameter of 1.5mm, a thickness of .75mm and
_ a 110um hole.. Using this jewel insert with a nominal 110um
.35 diameter Optical fiber, the offset of fiber 106 with’
:'-respect to axis 603 is held to 1pm. This offset is two" to
~ three times less than the offset obtainable without the use-
38 of insert 111.- In addition, ‘the fiber defleotioh angle,



portion 103, with surface 116 substantially flush with end face 602.. "Fiber’ Q/Q
1106 /ext ends-from end face 602 and is 30 precisely p03|t|oned W th respect d
‘ta t\hedl ongi tudi nal axis 603 of. the optical connector. Connectors were

;mol ded using a circylar. jewel insert having a dianmeter of 1.5nm a

gthlckness of .75mmand a 110[err] hole. Ugl ng this jewel insert with a .

‘no ngJ\ 110pm§5 di terf fiber, e-of fset of fiber 106 with - -
‘respeet to axi's %U&i k] gotﬁﬁ?ﬂ‘ a’FP\Fs Pt aed. fibeno106 tisree tines

I ess”than the maigteinedaleas! thant hau&egPQeHS§s3§om Qréﬂs%ﬁt Lihe egg'e

-addi tion, the I a e ang etweg 4
:203I alnd fi-ber %%fél sﬂﬁalﬁfﬁﬁgﬁ ig%gr Ph%1°2 §E§Pe§935§°éoﬁ§ap£ase¢ andne
degree vari at ibkber (deflection tangle aSEuhesopréG.ii.séf amiéﬁﬂén%ngff icher
bt scon o Chbee des Rikieh “the AMEEMo8Icki“eriag] b8 by obREical |

frustoconi cal ends of two tic

Mor eover, the ‘5 rﬁq"f?%ta’r'  RRUPIRA | Bogether. anlofrebvergethecsi iﬂl@hﬁt
‘permits the umedmaniom oof m&e%dyrﬂﬂérf@éfiggtilé_g é{lg%oﬁeﬁlgﬂ BRL.

= ti node or gpe er- connect ors
Eg%s required a corrp €>Pbcgr‘f£ hfé'bdf%i‘rtﬂ@? uf%brbcatign pfem sely
tEe smﬁl | er c@riéhﬁlarmldrisnﬁe mmmmtbmddégej ﬁé’@hG Bf% @Jﬂ& %82 8
shpw t-he i ber - epox is
apf)l i ed oﬁ@i5 end ce 68%90&%{% ﬂ%% %‘fﬁ%@ ??ﬁ#%eﬂr?@réﬁpene&ve
| apped and pof@Shdaeads taire e melmmmubil&r&
substanti al | ydﬂ,amaltlee-ls TdI ngo \QK}%' e the above

to 20 a SI n e fYhet

description has been dk;gg%te ‘onnector the present
invention is al so appl e 1 804}, 1§ ishq @ndereparatiom appl i cation
woul d onl y ‘r epeotruting bt amsandAp@dﬁ ¥ Ypdiy 701 is applied on
1 5 end face 602, After the epoxy cures, the :Eiber end is cut,
‘ lapped and polished to form a fiber end face 801, as shown

| in FIG 8. substantially parallel to connector end face
602. . .

(€ ()

While the above descr:.pt:.on has been directed to .

20 a single fiber connector the present invention is also
applicable to. multi-nber connectors. Such application |
would only require the insertion and positioning of

multiple inserts, i. e. » ONe for each fiber, within the ‘mold
cavity. e T :

25

38
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%iple inserts, i.e., one for each fiber,  within the 25 30
- 7 - CLAIMS.1. A nethod of nolding an m‘\‘ \\‘:\“‘nector
a body portion having a predeterm ned shape conprising the
steps of positioning 5 an optical fiberiin a nold caV|ty such that the -

~ fiber is located in and extends Petween t wo apertures of the nold cavity, -

one aperture being dlSpOSG@LAﬂug pl anar nold surface; and injecting flllefgf
material . Into said nold c TT-om at Ieast on redet ernmined | ocation to

“form10 thbe opﬁlESFthbBF molddng pn Apis &ptical fiber.is i nser t'o

]Eh[) ow&mlcdt@seﬁithﬁw bbdynpfareribur afatvlmrg adblpiwnycefmdles g he Iolotlcal )
i ber . said,inser aving_a ace subst | endicular to the
i nser$P %r:FﬁT &ﬁﬁgi’nc H'Rfritgﬁ #&’&% 'p&qa ofﬁeﬁodgfﬁéen 15 the

B edeﬂmrmptﬂaelalotibenn@n) aandldacdvpiltanaucﬂnlthmmaibsr hig he fl at

surf i d Lpse n I e; whereb
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i nj eccamityl. I enensperltureubsﬂngsdﬂ@msa@ idms @& planaxmakd abuts said

p! anaéuméesuaga% Be% hp &k&%@ha%aqatlhs gl ddy and controlling

t he p05|t|on he optical ti.ber relative to said planar nold ¥
sur f R&vity W%@ﬁoaeﬁe?@oPHPngrPGe@Fmp ed hocadhew kg FA¥Mg the said one

ape’ L$he &bti‘bﬂlaﬁﬁeﬁnéohﬁe%ﬂl sBeyed nithy rb;imau Apgervigl surface, ~
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receives the optical tiber, said insert having a flat
surface substantially perpendicular to the insert '
aperture; and in that the insert is positioned between
15 the-predetermined location(s);and-said planar mold
surface, with the flat surface of said insert oriented
toward said planar mold surface; whereby the insert is
'caused to slide along said fiber under the pressure of
the injected filler material until said flat insert
20 surface abuts said planar mold surface thereby
straightening the optical fiber and controlling the
. _position and ‘angle of the optical fiber'relative to said
. planar mold surface. - - |
2. A method according to claim 1, whereby
25 forming the said one aperture within a second insert
disposed within the planar mold surface, the flat
- _.surface of the first-recited'insert’being abutted against
a flat surface on the second insert by the pressure of
B the injected Tiller material. g
30 3. A method according to claim 2, wherein the '
flat surfaces oI the first and second inserts are the
‘same size. T o
_ 4, A method according to claim 2, wherein the
flat surfaces of the first and second inserts are of
35,'unequal size. _ o o
5. 4 method according to claim 3, wherein the
'edge of: the -flat surface of the first or second insert
38 1is chamfered.

R 4




a flat sur‘face on the second i nsert by the pressure of the injected filler
material. 30 3. A nethod according to-clai W

surfages of the first and second inserts are the s A met hod
accorbli:ng to claim2, wherein the flat surfaces of M ond
ingeaor er ein

inserts. are of 35 unequal size. 5. - A hod accord
‘the~edge-of the flat surface of the fir
- 8- 6. A nethod o§°m){5dlﬂﬁ¢haﬂ orftmdld:ﬁng)Wn Wpr sé&lr‘}t‘ g{w as
hereinbef ore deabstandiaiiy agf ﬁb%ﬁﬁbh‘} llﬁ(%sdfg %,ﬁind 3 or to %
_.6 7 or 8 of t{n‘e ﬁfgg”pimyb”g dr avvr ng 1 werence

nd' 5"or" to Fi&- 4y 5, 6, 7 or 8 of the

aecompanying drawings.
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