Optical Fibre End Face Angling This invention relates to a nmethod of
angling the end face of an optical fibre for use in a nechanical optical
fibre splice. Optical fibres used in tel econmunications are conmonly 5
singl e node fibres. Typi cally, sucha fibre has a 9pn1dianeter central
gl ass core along which optical signals are transnitteﬁa Dﬁ ng
surrounded by a gl ass cl addi ng whose di aneter is of the er of [err] The
cl adding has a refractive index that diffeds-slightly fromthat of the 10 ¢
core.. -The cladding is surrounded by a protective primary coating. DEVICE§A
are. knomn for aligning.the ends of optical.fibres.for the ‘pur'pose of".
splicing the ends together by butting the core end faces agai nst one
another to forma nechanical splice—To function properly, and to forma

| ow 15 |l oss splice, such a device nust align the two cores
accurately, for exanple to within [err] Mst conner0|ally avai l abl e
nmechani cal splices are nadeQphitiag G | IR i (1) The
fibres to be joined are prepared by strlpplng 20 the end portions

t hereof down to bare fibre (that is to say by renoving the primary coating
and exposing the cladding). The fibre ends are then cleaved to produce

bl enmi sh-free facegnwli Ghvar K PRl Ebk Ak ol @ R e Pl ’}tﬁgm S%béﬁé g(n%%]

The fibres are jinserted into_ an alignment 25
cl eaved endstaf8 Mf 120 OCBGECRdr f1bAPeIPFh ML abB &l |"gqf-gbﬁfb5/°#eaﬁ§tépa1
their claddi fgbreasgliee.he alignment of their cores depends upon the cores

bei ng concentric eigl ¢l addin rtunat e
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splices. diameter central glass core along which optical signals are

transmitted, the core being surrounded'by a glass cladding
whose diameter is of the order of 125pm. The cladding has
a refractive index that differs slightly from that of the
10 core. The cladding is surrounded by a protective primaiy
coating. Devices are known for aligning the ends of optiéél
fibres for the purpose of épliging the ends together by
butting the core end faces against one another to'form a
mechanical splice. To fgnction properly, and fo form a low
15 loss splice, such a device must align the two cores
accurately, for example to within lpm. -
' Most commercially-available mechanical splices are made {:
in the following manner, namely: -
(;) The fibres to be joined'are prepared'by stripping
20 the end portions thereof down to bare fibre (that is to say
by removing the primary coating and exposing the cladding). =
The fibre ends are then cleaved to produce blemish-free .
faces which are perpendicular to the axes of the fibres.
(2) The fibres are inserted into an alignment
25 mechanism, and the cleaved ends are butted together. The *
fibres are aligned by means of their claddings, and so the
alignment of their cores depends upon the cores being
concentric with their claddings. Fortunately, owing to the
improvement in single mode fibre quality in recent years,



(3) The interface between the fibres is filled with.-a geél “(or glue) which
has a refractive index which closely 5 mat ches that of he fibre cores.
The gel reduces refractive index msnmatch, thereby reducing the insertion
loss and increasing the return |oss of the splice. (4) The fibres are
bonded or clanmped in place. The major problem of such splices is the

varlablllty of 10 reflected power with tenperature. This variation is
to the refractive index of the matching -gIUe or. gel changing at a
d|f erent rate-to.that of the silica fibre. There is currently no known

“material -t hat.coul'd be:used. i'n this application ‘that- woil.d nat'ch t
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at a predeterm ne ;’\fsrégto the fibre axis, the Sihod Gor Piléng t he steps
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relative to 352 ace un re end face Is ) )
substantially currently no Xnown mater:Lal that could be used in this

application that would match the refractive index of silica

15 at more than one precise temperature. Typically, as the
ambient temperature moves away ZIrom room temperature, the
return loss decreases and reflection increases. Reflections

do not generally cause problems in simplex transmission, but

they can have an adverse effect on duplex transmission,

20 where reflections introduce crosstalk, thereby reducing
operational receiver gsensitivity. It is inadvisable,
therefore, to install mechanical splices in fibre ifietworks

! | that may be upgraded to duplex working.

' The present invention provides a method of forming an
25 end face.on one end portion of an optical fibre at a
predetermined angle to the fibre axis, the method comprising

the steps of inserting the fibre within a complementary
'through bore in a support, anchoring a portion of the
optical fibre remote from said one end portion to the

20 support, positioning said one end portion of the optical
fibre so as +to protrude from the through bore by a
predetermined distance from one surface of the support,
pos:.t:.on:.ng a polishing medium against said one surface of

the support, and moving the polishing medium relative to

" zs ‘said one surface until the fibre end face is substantially
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-3- parallel to said one surface, the axis  of the threugh bore being
positioned at said predetermined angle to said one surface, wherein the

nmet hod further conprises the step of anchoring said renpte portion of the
optical fibre prior to 5 positioning said one end portion so as to
protrude fromthe through bore. Where the predeterm ned angle is 900, the
pol i shing medi um may have a resilient surface Advant ageously, the nethod.

may further conprise the 10  step of ¢leaving the optical fibre to. - ﬁ;g-: |

define said .one.end portion, the cleaving step :being.carried out prior to;
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Preferably, PRAE conprises
portion of bhengpmqsdltlfmlﬁda 35 FRid nsedeter@lagda@% eteosEid a8/n8 of

the throughg hot sceTh%ﬂé%arH | Offe ahaeheaowuq%ea:pr@é@f@ségr ther By ags end
face on one en portlon of an optical fibre at a predeterm ned angle to
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fixing the o gtlcal fibre to the support so that said one end porti.on of the

optical fibFRTBrREPr BAES-fromthe through bore to lie at a predeternined

di stance from onwhenef agee opréaetemmnea arereebysa 903 ,i shheg puldisim wgn be
pl aced against. said ope 25 - surf C support and noved rel ative
thereto untTFTHE FFHr aY84 3% FEF ﬁ%r% é€L%C)SaId one surface, wherein

t he through boreAdsapbagepaﬁéd, atthai deghodetmayi fadthey ecovprise dike
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as to move © Ogro%grabl reéﬁgvﬁﬁihghfkaither comprises the step of
: Y, P p
anchoring said remote portlon of the. optical fibre so as to
15 lie at an angle to the axis of the through bore. o
The invention also provides apparatus for formlng an
end face on one end portion of an optlcal fibre at a'
predeternined angle to the axis of the opt;cal f;brep.the.
apparatus comprising a support_formed with a throughfbore
20 for receiving the oytical_fibre, and means_for fixing the.
optical fibre to the support so that-said one end portion of
the optical fibre protrudes from the_through bore to fie'at

a predetermined distance. from one-surfaoe of the support,

whereby a.polishing medium can be placed .against said one
25 : surface of the support and moved relative thereto until tho_
fibre end face is parallel to said one surface, wherein the
through bore is positioned at said predetermined-angle to
said one surface, and wherein the support is constituted by
a body portion and a cap portion,'the,body portion being:
30 provided with the through bore, and the cap portion being
provided with a clamp for fixing the optical fibre to the
support, the cap portion being slidable relative to the body
portion so as to move the optical fibre between a first
position, in which said one end portion is within the
35 through bore, and a second position, in which said one endi
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position, in which.sai d;fone‘;énd portion is wthin the.35 t hrough bore, .
and a second position; in which said one end -4- portion protrudes
from the through bore- by said predeterm ned distance. Preferably,
the through bore is defined-by a ferrule, the internal bore of which may
have an i nner diameter which 5 I's greater than the external dianeter of
the optical fibre by between [err] Advantageously, the base of the body
portion is provided with a plurality of support balls for engaging the
po&;shing,ncdiunl_the,spher@caL_sutfaces.of;Lhe batls renpte 10 = fromthe = .
" ‘base of the -bady perti-on defining sai'd-one surface..The:gpparatys fmay - . .
‘furt her “conpBioRti®tpr PFOtNEaS asEFRE thEPRap HHrYHh a%eﬂ o'lfP‘P’t h'egf)‘bg‘y e
portion ther%ggdg%é¥ﬁﬁﬂé4wu£§@aﬁ5§jcaI fibre inits first position
Conveniently, the clamp is forped wth a bore whgs Aal | |
agai nst the optic&r% 'ae]?lif'hegg ié\i‘ﬁ?ugﬁe%BSPean%te#g'%ﬁdaVn%{ b%i %aggﬁ%gét
W th respect the tihgexdsl Botdieof hwinikhh ey cha¥e edreriavhgyr dhaméteruwbich
positioned wi,thin the bo oriion ) o] RAGL. beig Sl esh Wel B8
cylindrPcal 26§ gr?éki egg?gaéﬁﬁgeFSE?§89fg%?ﬁ%&%rx Jgﬁ?ggé%€%?€€ rﬁe o
appar at us f ubyhéretswesn i jos and| 4 for cleaving the optical fibre to
define said one e | 1Freferablyage t Noe bl e T068% PBbELObna is
setting tool, t?u;gég%gﬁé %éﬁﬁ_%%ing engggg%ble with the %gppﬁgrtion 25
of the suppoptrovddesyevittie RIWAlithref SHRPO%S 3348 oL REAILRTI bheto
the cl eavi ng Q883N melifin, "\ - kpheWilclalnguriaceeseti bhRd balysenemote
TR by'wg of exanple, wth rgfgrence to tge acconpanyang dramﬁggse I n
wh{ ch: 10 rom the base of the £ ne surrace.

" ' The apparatus may further comprise a spring for
biassing the cap portion away from the body portion thereby
to position the optical fibre in its first position.

Conveniently, the clamp is formed with a bore whose
15 walls clamp against the optical fibre, the axis of the bore.

in the clamp being offset with respect to the axis of the

ody portion defining sa

'thnpugh bore.
Preferably, the ferrule is positioned within the body

portion, the body portion being formed with a cylindrical

20 chamber leading to the ferrule. ; '
‘Advantageously, the apparatus further comprises a blade
_ for cleaving the optical fibre to define said one end
: k/ portion. Preferably, the blade forms part of a setting
tool, the setting tool being engageable with the cap portion
25 of the support to move the optical fibre into its first

position, prior to the cleaving operation.

The invention will now be described in greater detail,
by way of example, with reference to the accompanying
drawings, in which: -

30 Fig. 1 is a schematic side elevation of a jig which
' utilises the underlying principle of the
invention and is used to prepare fibre end

faces; _ '

Fig. 2 is a schematic side elevation of a jig which

35' is constructed in accordance with
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end f

aces;

"Fig. 1 ‘i's a schematic si'de el evation of a jig which utilises’
underlying principle of the invention and is used to prepare fibre
Fig. 2 is a schematic side elevation of a jig which 35

is constructed in accordance with the invention and is used to prepare
fibre end faces; and Fig. 3 is a schematic side elevation of the jig of

Fig. 2 together with a setting tool. 5

Referring to the draw ngs,

Fig. 1 shows a jlg 1 which can be used to Form angl ed end faces on -

--.optical -

fi.bres.

le
respect to the perpendlcular 1% VS NTHAT a0 5 cusPg Bg ﬁepaL él?Fﬁ e“@r

capillary tube 3 is |nserte(‘famaeaxmaidy into. the: upper end of the ferrule
2, the capillary't

ng .hel d at,the rqulred [err o t.he
per pendi cul ar to t é'gUp?er S‘L?rfaac%cﬁ‘%mﬁf’lf:hél gealﬂq’%y {’rﬁpg Pl e°§1
fixed to the jig upper surfdteg. 15 together 'thd:h caaraéttmlyq tobk. 3
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constltuges
“into the ferrule 2

5b.

fibre 5. The f
unti B &FpSRahver d1ARRET Srif of CREr FBRERL ¢i BREEEROE Gde £0F N hed

aving a bare ort 5a a ed por

The int ecadl of awedert cof e IeFei nC-‘t‘ﬁe~$@?$uPé 2pitd clgdt iddres. A
[err]larger thgnnkheaettsraakodhaseber rakrub e 2 is OnokRt&aPpithon éﬂeqlé he

first,
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ibre 5 is pushed through the ferrule 2, strlpped end

B JA st andar d: flbre connector ferrule 2 i's nounted. mnthln th
. jig-1.in‘such" a‘manner that the  ferrdl’e’.subtends-an

» -

-
-

>

with respect to the perpendicular to the lower surface la of." “

the jig. A capillary tube 3 is inserted. co-axlally lnto the
upper end of +he *errule 2, the capillary tube being held at

the requlred angle [¢ to the perpendlcular to . the uppere]

surface 1lb of the iig 1) by_a.suppprt_pla;e 4 fixed to the
jig upper surface. ' ' o

The capillary 'tube '3 constitutes a -guide for .a

partially- stripped fibre 5 to be lnsertea into the ferrule N

2, the fibre having a bare portion 5a and a coated portlon

5b. -The internal diameter of the ‘bore in the ferrule;z lse-

between lum and 4pm lerge; then.the.external diameter of the



ferrul'e. .1n thIS positi.on, the ferrule 2 supports the bare 5 or
stripped fibre 5a, and the capillary.tube 3 supports the coated fibre 5b.
The coated fibre 5b is clanped (at 6) to the support plate 4. The clamp 6
is positioned 1cmfromthe free end of the capillary tube 3. Wen the | ower
surface la of the jig 1 is placed onto 10 a polishing nmedi um (not

showq) an axial load is applied to the fibre 5, this load tending to force
the,fd bre back into the ferriulie 2, and bendfng the ‘fi‘bre between the
;cap}flary ‘3.and. the clanp 6. As the fi.bre.5 attenpts to strai.ghten, its. end

_face.is presséd ‘agai nst 1t he-poli'shing nedjum *The 15 ‘end-face can then: .°.
be polished byPAB®i RPEIHLH OIS |ash?ﬁgtﬁ’§d| tEhPFel &+ vERto qlﬁé"? overisyPrgded 4 -

of the jig 1l (Qhrhﬁh@ﬁ Vetsd) . fen&sxlbhe 2) br e triippdd ghthy cofistg#) nedntil
within the ferrule 2 |@sff|C|£]e gndl oceur .$o danl}aqq:ethe fkbre the
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surface 1 i's relatively eas he en
the fibre 5 ac@wﬁ?él §1bTRUSD. by Thec FoRtad) Tkg n%}’th% ehampade (8t Hhetms

fibre 5 so as éﬂebgupﬁéﬁeeﬁlieérl t hgnd Iélra%p:@ﬂaep@%echwm ac Firbdl the
fibre to form ood neg %ﬁ sg ig haV|ng greatly-reduced return | oss
sensitivity to ¥%ﬁp%? t BFe*RPn°aREF L PEX FBPBhE- enhanced performance of the

splice, the cost ofwhér phki 3biey phgfhcbslalgmfﬁhénﬂig less phavedOonto

that- of #,cleay ollﬁihgoﬁegﬁﬂmb?ngéu%ﬁ!:%nfhou% aW iBa§ §Sgg§l%98f £6° |

it \Ls p05|t|one
the finished epieffitbre SA '§b4a$1dh¢@idp'@ﬁi#l@#ﬁl‘mgt@yﬁpécéa’ﬁhﬁeféb!’-‘ér haﬁlsdlnnat

W 'l produce a@hécféﬁkébéezf'%h&h%Qna&%gf%%%fffBEé”BbﬁW@éhaéhé'Q&ﬁlfﬂgry35
Thi's IS achlgyegngytkgcgegiin% ' %sagggnffgréxglaékeégts to straighten
’
its end face is pressed against the pollshlng medlum The
15 end face can then be polished by moving the pollshlng medium
relative to the lower surface la of the jig 1 (or vice
- versa). As the fibre 5 is tightly constrained within the
ferrule 2, insufficient bending occurs to damage the fiprg.
Polishing continues until the fibre end face is Qarallel to
20 the polishing medium, and thus has an'end angle determined
by the angle ¢ between the axis of the ferrule 2 and the
_ .~ perpendicular to the jig lower surface lla. In this way, it
U is relatively easy to angle the end face of the fibre 5
accurately. Thus, by accurately angling the end face of the
25 fibre 5 so as to be between 4° and 12°, the fibre can be used -’
with a similar fibre to form good mechanical splice having
a greatly-reduced return loss sensitivity to temperature.
In addition to the enhanced performance of the splice,
the cost of the polishing jig 1 is significantly less than
30 that of a cleaver. A fibre can be crudely cut (e.g. with
scissors) before it is positioned in the polishing jig d,-
without reducing the quality of the finished end face. A
standard polishing cycie can be determined that will produce
an acceptable finished end face from ahy initial fibre end.
35 This is achieved by .increasing the amount of polishing
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carried out  until it is sufficient to remove all of the fibre danaged'by

the crude cutt
t he pol i shing

regi on does not 5

be polished to
accel erated by
material, and

- be appreC|ated

fjfangled end faces to ‘be f.ormed. on. optlcal “fibres . in a qui ck.and.easy’

ing. This is made possible by continuously feeding fibre t
mediumuntil the fibre is fully relaxed. As the damaged

produce acceptable end face. The polishing process can be
the use of rough papers to renove the npjority of the -
a final polish to produce thé -required finish. It - will .
10 however, that the use.of .the.jia enahles accurate _“

manner. The OcBmmipdotawsi BAT2df i e =(‘3‘éﬁil§éed‘|tff~r%uP¢F“‘P€fese%lth§ssthe
l'ighting condif},pRS sahageeoty th@%f{ﬁfé%@m of flﬁls ﬁ%&d&%&km@d

be nade easier to achieve by the use aof ~a sinp
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normal ly extend to nore than 0. 5nm nost cut ends can
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For exanpl e,
to aid the |nT

nser fon o fibre 5.  Mdreover, in order . to

protect the frbmevs Wwhiec Imag ogetid O m%maﬁrerzfelr.ruéﬁ%dzapifrlaﬁlt PHHSH ¥R e
bei ng-pl aced @Eo&tl‘éepgﬁééh'%mﬁtédlm:uﬁﬂ{ otecivayshi elyh capptdiated,

utilised.

coul e in the formaof ‘a sprun concentrlc tube

surrount®ng eReHeFernethpf 1nBruineLBg-1e iy &3¢ ASSHHAF r’rﬂldad ?nd W

shows a nodi f EgdesOrm Gfe | Egrddd havi ngpwt duidy:=iorés onnl2 acmhakcapdl?easfrhe
cap 12 is a slldlng fit- on the body portion 12, the two nenbers being

bi assed apart ™Bj&

maxi mum 35

tight spring 14. The arrangenent is such that the
gap betvvee&--t—he-tmpeﬂs_sur ffc 2 ik2ze ofan hipebddf £portitortol Zemd .

unless llghtlng conditions are_goqd . The measurement of

15 thiS'lehgth'cbuid be made easieér to achieve by the use of a

‘a

almpLe jig device. This ﬂdnld:COneist of a flat plate, with

0. 5mm shim. n;aced upon it. The”jig 1 would be placed on

the_shzm, w1tH the Ferrule 2 above a hole in the shim.+ The
fibre weuld then be fed Hrough ‘the jig 1 until the flbre_
120 endfrested on the bottom plate, giv1ng a measured lenqth of

prot*udlng f*b*e

the jig described above. For example, a funnel structure o/

It will be. apparent that modlficatlons could be made to

" could be attacnea to the canlllary tube 3 to aid the initial.
25 insertion of the fibre 5. Moreover, in order to protect the

fibre 5 which protrudes Zrom the ferrule 2 prior to the -

fibre being placed on the pdlishiﬁg'medium,'a proteetivef

shield could be utilised. This could be in the form of a

.'sprunq concentric tube surrounding either the jig 1 or the
30 end of the ferrule 2. '

Fig. ‘2 shows a modiZied form of jig 11 having a body

portion 12 and a cap '13.  The cap 12 is a sliding fit on the

body portlon 12, the two members belng biassed apart by a

'llght spring 1+. The arrangement is such that the maximum

55 gap between the upper surface 12a of the.body portion 12 and

]
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- 8- the Iower surface 13a of t he cap 13 is lnm " The bod or ion 12-is

f ormed with a cylindri cal bore 15 whose axi's subtends ‘an én& et e?n[gris |

with respect to the perpendicular to the lower surface 12b of the body

portion 12. 5 A fibre clanp 16 is fixed to the cap 13, a fibre

gui de 17 bei ng supported above the clanp by neans of a suppdrt arm 18.

The axis of the bore (not shown) i-n the clarrp 16 is offset by about [err]
(%njthe axis of the bore 155 A ferrule 19813 fixed within a bore forned
‘tHe body portion 12, the. 10 .~ bore being co- aX|aI W|th t.he bore 15 and .

_opem ng Tnto-the” Iower surface : 2b’of .t ke ;hody _porti.on, The fer
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A fibre guide 2deiSopeovidedata iRk basehef obhy pon:é;lp@ tl@-gui de an opti cal

fibre (see bel ovv) i pt he ferr le 1 n e akkhal t d
opti cal - Fibre 22 R 81bge CERRE Fechs, ElxbA co EnBTbRRTLSY; 81 ELERS gjde
ar-ﬂ,]e
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fibre.22 has a,pare4sfripped)-penbl @Rré2a(did sh
@ﬁﬁ ednpajtid ol 16THes
ferrule 19 has a bore (no’. sh %)Wn) whose |Eril(ternal . tgf IS betiﬁ]b

[err]larger thafifsad PP aboexternaloH &St &5t OFhé? ar"é’rfe e por rru}fa
The top of theygfgrrpl Leq 1P thus 4 ok a;”s&ir.cah sfrp It Heh & otiya tpect tiid elqoorttheon

ond of 1 | erPOFE. DeioR CATRKAIACBET | ERE BOFEI 08 JHS CURTE: Bfat AcC (T
‘(I:'(r)\atl Ing stop, 1beed0 surfddy e:28 i reheassatiyt opakkdwnit t Ghet r e HRVER. 1o
e clamp 16 '§rggggt§p9%hege38wsgﬁ%rfo&Q% ELREGc8210R. t Nirg AR@SludEpaced
' ruby balls 20 (only two of which can be seen in Fig. 2) are
_ fixed to the lower surféce 12b, the balls also projecting
‘15 - 2mm below the surface 12b so that the end of the ferrule 19

is coplanar with the free end portions of the balls. A
fibre guide 21 is provided in the base of the bore 15 to
guide an optical fibre (see below) into the ferrule 19,
In use, a partially-stripped optical fibre 22 is
20 inserted into the fefrule 19 via the fibre guide 17, the
clamp 16, the cvlindrical bore 15 and the fibre guide 21.
The fibre 22 has a bare (stripped) portion 22a and & coated
NS portion 22b. The ferrule 19 has a bore (not shown) whose
internal diameter is between lpm and 4pm larger than the
25 external diameter of the bare fibre portion 22a. The top of
the ferrule 19 thus forms a stop for the coated fibre
" portion 22b, so that, in use, the bare fibre 22a projects

about 10mm below the free end of the ferrule. Once the
coated fibre portion 22b butts against the coating stop, the
20 fibre 22 is released to allow it to straighten.' The clamp

16 is then applied to secure the fibre 22 in this position.”
‘The fibre insertion operation is carried out with the cap 13
in its "down" position (that is to say with the spring 14
compressed). When the fibre 22 has been clamped in this
- 35 manner, the cap 13 is released so that the sp.ring. 14 forces

k4
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The fibre insertion operation is carried out-wifh;the'Qapf13*rn"ttsiﬁdomn“

‘position (that is to say with the spring 14 conpressed). VWen the fibre
22 has been clanped in this 35 manner, the cap 13 is released so that
the spring 14 forces the cap into its "up" position (as shown in

Fig. 2), partially retracting the bare fibre portion 22a into the ferrule
19. The bare fibre portion 22a is then cleaved (in a nmanner descri bed
below with reference to Fig. 3) flush 5 - Zwirth the free end surface of {3}
~the ferrule.19.. The jig 11.is placed onto a.polishing nedi-um (not.shown) &

- ’and the cap-13°i s-pushed down-to conpress the spring 14 and force the:fiee -

end of the barehdi i@ pbdrticon-?Ra iH'o FOFEadCR (RSt hERPBRi St ndidedi dir
Wien the free &nekof11heri@-accRagt it 28are0HidleS poeLPORI 20N AEEi U
it is preventqg'fron1protrqglng furtppi“fr9n11pe_f§%rule %9..thf remgi nder
of the 1mm traARITHE thE | ireapPas berny PARETCRHPHS 1hethPDr &l osvad, i-fig
within the cyld ndahfiak e rthed Aseidre iikhe ¥ eatdrmgpt ot Gigtr al phfnsh -

its end face is pressed. 15 _ -against the_polishLr diym The fibre end
face canffhehvﬁéﬂbo M hEE By HOVT Wt PR ?Fg'§§.€#?%uggcﬁgéular motion . -
relative to the Tmdishtny. nediren cidesdbabis a200ibehhysehédiumyvénpt
m nimse the frj.ction 2N, Lhe 4jal g<and.! ] LspiLng b NE i ey
A Zgﬁip MBED e 1l 953804008 BBYLSBRNGoRBELLL! £nd fpring

bendi ng of the rovides the 20~ = contro pressure on t

B N

-
A

end whi ch i s desiandblfodas T J36ls sMcngipideebare fibrenpopaienf Breinto . .

portion 22a i $4alatd aloh diddiy saonstdedingy Whihi Rnel Becef 8REULE tAS,
i nsufficient bendi ng occurs |n_tth*reg|on_to_dana_e,the fibre. . Pollsh&ngH
conti nued unt iROFHSR | BF2 ERBTRGER FSe28OLispdng) MAdiMRt He gt i BREHERTSD
- medi um and t KoM asr Prediné ace-angk e Zdene cien€d dynltchel Hngtiee [ Lemhinder
bet ween the axis of the ferrul 1% and the perpe 3i ular to.the jig.loper
surface 12b. ©f (the E?EfiFﬁBPg £ [ﬁﬂﬁsﬁ%?h%agig eggﬁ&gf§&§%ﬂ1dpgby'%ﬁe
Zibre 22 ending within the :cylindrical bore 1S5. As the
fibre 22 attemgts to 'st':aighten,'.- its’.-end face is pressed
15 - ‘against the polishing medium. The fibre end face can then
' be ‘polished by moving the jig 11 with a _circul_ar'mot_;'.on'
relative to the polishing medium, the balls 20 ‘being
effective to minimise the friction between the jig and the
polishing medium. The bendinc__r of the fibre 22 provides the -
-20 controlled pressure on the fibre end which is desirable for
the polishing process. As the bare fibre portion 22a is
relatively tightly constrained® within the ferrule 19, _

insufficient bending occurs in thj.s region to damage the V

fibre. Polishing contiaues until Ith_e fibre end face is ]
25  parallel to the polishing medium, and ‘this has an end face
angle 'determined by the angle ¢ betweén the axis of the
ferrule 19 and the perpendicular to the jig lower surface
12b. It is oreferable =o polish the fibre end face on .

several grades of polishing paper, in order to minimise the

(93]
o

polishing time. Usually, coarse, medium and fine grade
polishing papers are réequ:red, though it may sometimes be

possible to aﬁchi-eVé a satisfactory polishing performance

using only :th_e medium ané fine grades. _

' The bending 6f the Zibre 22 to provide the controlled

35  polishing pressure on the fibre end  face -is repeatable

't



- several grades of poli Shl ng: paper in order- to nmininise the30 polishing
tinme. Usually, coarse, medi um:and fine grade polishing papers are
required, though it nay sonetinmes be possible to achieve a satisfactory

pol i shing performance using only the nmedium and fine grades. The bendi ng of

the fibre 22 to provide the controlled 35 ‘pol i shing pressure on the
fibre end face is repeatable - 10- because of the offset of the bore of
the clanp 16. This ensures: tihat every fibrg to be ‘pol i shed bends in the
. same, direction, thereby ensurlng a .substantrally canst ant. pol i shi.ng -
" pressure. '5 S A import ant advanhtiage of the ji'g.. 11 .Fs ‘that -the. N

" bi assi ng of th@e%é%gvx@ﬁef rdmgstdua dapdyhaonobmn ciervks’ tdampt rigct tHeis -

fibre 22 into the f 19 wh
ol § Shi ng modi U S TSE Rt BEERG SRES 1B B r Bo EREAC Keflgs il A€ pame

fibre guide 1Hn1£écmduy, f atheirehyes ensemnq)n af @h@s'qaiqurl@l',_lgr i ngons fant
bore in the cla %ggy% g&f@ provi des an indication of when the fibre
e coa |

coating hits t op as the fibre will then bend, between_ the CL
and the fibre gw dAn7imrtant adyangageve?bpidit 3£ % hil IShb&Bskrent?e

polishing is f%féeﬂ%%f apPesas 1 WHWsF of £ o mwbm@sp@wm serdesmtand
fine grade polishi

wor kst ati on. rQWE? d@ygB,§¥§£?%éggﬁ%ﬂﬁgla Sﬁp jleokn]ngﬁ % F8¥e

can rock S"thiYc@ﬁtQBt w1theuhq;ﬁdlnshrmgemeduem,tmauﬂﬂﬁnnnﬁqﬁlnmethe
associ at ed polj, hlng;fl q$ The rocking notion is used to activate a
m.croswi tch dri P27 EN | ogs the nunber of turns that have been
cdanpl et ad The ertheofhbref gulidepdT stdthgopt Bcfasiddtatesn ins i Atd

_by a pre- OrdaHﬂﬁg QHQHEJ 95 into the bore in the clamp 16, but also
' ' prov1des an indication of when the fibre coating hits the
coating stop as the fibre will then bend between the clamp
and the fibre guide 17. '

15 In a development of this embodiment, polishing is

“ effected at a special workstation which has coarse, med%ﬁm

and fine grade pdlishing films supported on glass plates

forming part of the workstation. The glass :plates: are

"mounted on an axle, so that each plate can rock slightly as

20 the jig 11 is moved over the surface of the associated
polishing film. The rocking motion is used to activate a
microswitch driven counter which legs the number of turns

N ' that have been completed. The end point of the polishing
process can then be determined by a pre-ordained number of

- 25 turns (in practice about 20) for each grade of polishing

| £ilm. - |

Figure 3 shows the jig 11 in conjunction with a setting

tool, indicated generally by the reference numeral 31, for
facilitating cleaving of excess bare fibre prior to the

- 30 polishing process. The setting tool 31 includes a container
' 32 for collecting cleaved fibre ends fixed beneath a base”
plate 33 and a fixed blade 34. The body portion 12 of the

jig 11 is mounted in an apertured support plate 35 which is

slidable over the base plate 33. An operating lever 36,

35 which is pivoted (at 37) to an upright 38 fixed to the base



25 turns - (in pract1ce about 20) for -each grade of -polishing film
Figure 3 shows the jig 11 in conjunction with a setting tool, i ndi cat ed
generally by the reference nuneral 31, for facilitating cIeaV|ng of excess
bare fibre prior to the 30 polishing process. The setting tool 31

I ncludes a container 32 for collecting cleaved fibre ends fixed beneath a
base plate 33 and a fixed blade 34. The body portion 12 of the jig 11 is

P

.nounted in an apertured support plate 35 vihich is slidable over the base i:%pg,
- plate 33. . An operating |lever 36, -35 ... which'is.pi-voted (at 37) to an -j“@fu”f
‘upright 38 fixed to the base: " plate. 33 s pIOVIded f.or act vating: the - -

¢l eavi ng operptate. 3Theifepspvidedafor Askrabhngl thenfieaviAgcRPErasies.

down on the riygofetbe §aph¢-1§ af habszbhﬁailarﬁndsa WAL bhC plreak @ 3Ebwahioah
is engageable W th

' sion
39, provided Haevwedh ?ﬁetgﬁpﬁggtlﬁlagetgg he élstﬁﬁgnﬁnﬁ ngsa bFEQségBt
support pl at evggéhnsist hengageiatale am&m&ﬁbuhduﬂsuppdrtsaylaoeth35r|ghtAas

shown in Fig. 3 I n_use, the t

support Pl at € %‘éprﬁiﬁl?ﬂes%’élnéh i s]"bp%ozvs é)efii c#own (Lb ryVItthe ho%1t2> ﬁgﬁ.tag ﬁﬁ

of the settingnd ol sBdp meﬁheraﬁﬁzSBaaﬁotﬂsthﬁeS%BEOEB platReaphinst &bﬁn :
(that is to S@é(rﬁic 1tQ§mSBrs&>n9<%fktcoi@r@§S§Q} whi ke tﬁ?ﬁa bi® gRolA B ng_

i nserted. Wien t | bre 22 has been inserted and clanped in position 15-.
in the mannerF¥®scd ! bed above, the lever 36 i's depressed. As the |ever 36
pivots, its arm 36pnahkeysthBejgap 113 1ef gd figned wmmmethewapéstutrba

Lot o B b B B E PR D el 07 phhfad, ekl Shel 2

the ferrule JlQordw@stabwam i OFadde3ssetTinrg sgepilngt.ool The |a;rxsu§|6a

that the fibng,22a {15 C4ip b1y3 tcﬂ? tlﬂéa‘qe}.gy}. IOBJOVm (that is to say with the
spring 14 compressed) whilst the flbre 22 1s belng inserted..
When the fibre 22 has been lnserted and clamped in pos1tlon

15 in the manner descrlbed above, the lever 36 1is depressed
As the lever 36 prOtS, 1ts arm 36a allows the cap 13 of the
jig 11 to . rlse, whllst the vertlcal arm 36b pushes the
support plate 35 and the jig 11 to the left (as shown in
Fig. 3) so that the bare fibre portlon 22a pro:ectlng from

20 the ferrule 19 moves towards the blade 34. The setting tool
31 is such that the fibre 22a is cut by . the blade 34 ohly
after the cap: 13 of the jlg 11 has risen to its uppermost
position. It also prevents the 31g 11 from being removed iuj

_ until the flbre 22a has been cut.

25 It is, of course, p0551ble to use each of the jlgs
described above to form an accurately angled end face on an
optical fibre where the end face is at any desired angle
(including 90°) to the flbre axls _ Thus; the angle the end
face of an optical  fibre makes w1th the fibre axis is

30 determined by the angular p051tlon of the ferrule 2 (or 19)
within the jig 1 (or 11). The jigs are,- therefore, extremely
versatile in that they can'be used to form perpendicular end
faces as well as "angled" end faces,,pwhere the end face of
an optical fibre is to be perpendicnlar_to_the fibre axis,

35 it may be advantageous to round this;enc face so that the



““after the cap 13-of the.jig 11 has risen to its uppernost position. | t
al so prevents the jig 11 from being renoved until the fibre 22a has been
cut. 25 It is, of course, possible to use each of the jigs
descri bed above to forman accurately angled end face on an optical fibre
where the end face is at any desired angle (including [err] to the fibre
axis. Thus, the angle the end face of an optical fibre nakes with the
fliye axis is 30 deternlned by the -angular- posiiti‘on of the ferrule 2 (or

- 19§’mnth|n the.jig 1-(or 11)."The jigs are, therefore, extremely versatlle PR

|n t'hat:t Hey. tan:bé usedto. forn1perpend1cular end faces as well :

. angleg erd %ﬁggghclghggggthgrgadafaeﬁeoﬁhaaeopbpcab bpbs@itgfﬁd b& th:}
per pendi cul ar to the Xi S V. be gggu n is
end face so tRhPrengore.. 1XniF HOY qgﬁﬁﬁh gﬁﬂ%ﬁﬁéé§¥ég%§ 5 OESEQYEQQ S
constituted bynthpolibhé ngostep Using wmnsmglmt beobishipedPBY- cafihpnsy
out the polishi ste sin i +dd é-mﬁy_f JIL s
formed in thiS™ Hﬂﬁﬁg?gcgﬂrﬁgdg}) dll'% oget r c?(;ﬂan% Eﬁ& <:‘avz':”ve i,mpr.oved
core-to-gore tonhave imbeowbd enagrpﬁgcpsw F8§§aEGHV§HFF8%& eREBt ARG APV
splices to be, gRde onventIonal mechat®lch2d sl ifc@smiteg W rewdte.f ace on one
end portion o% an opticgl Plbre at a predetermned angle to the fibre axis,
t he nmethod conprising the steps of inserting the fibre 5 within a
conpl ementary through bore in a support, anchoring a portion of the optical
fibre renote fromsaid one end portion to the support, positioning said one
end portlon of the optlcal fibre so as to protrude fromthe through bore by

N\
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~a predeterm ned di stance from one surface of the sypport, 10 posi tioni ng

a polishing nedi um agai nst said one surface of the support, and noving the
polishing mediumrelative to said one surface until the fibre end face is
substantially parallel to said one surface, the axis of the through bore
bei ng positioned at said predeternmned angle to said one 15 surface,
wherein the nmethod further conprises the step of anchoring said remote -
portion of the optical fibre prior to pesit8iening said one end portlon SO %ﬁ%*
as t.q. protrude fromthe through bore. 2. A nethod as clained in | ﬁ-ifp;

-

.?clarnt 1, . viherein - said 20. predet’erm ned. arigl'e "i-s {err] -and the

pollshlng fredi um has a resrllent sur f acGhARME © A net hod as .cl ai ned inclaim
1 or claim2, further conprising the step of cleaving the optical fibre to
define said one end portion, the cleaving’ steE%bern carried out 25

prior to thelposifi BRERGEPEAUPHINT Y PR t FRFE wPRNPRSt RES RMUUGHPDHRE.
4. - A met hoghn asp€l 8alesi bfeddly ANFrédetd fhimed lartgnts to Ltrnehehmrrarxfsﬁg

the step of anchori ai d _remot.e portion of the ptical fibre to lie

at an angle ‘?% ':3398 FOrpFLst qq tE”f‘?r TP Hord lnsgrtlnﬂpp‘éﬁﬁtﬂéﬂ?%?

form ngs an emﬁtmﬁneaouompeemedtpmytmmmoohhabomptnaab Euippe xd, anchdrlng '

predeterm ne&i thf éPe ?1;912 %%f Qghr%alré && £rbie. sﬁé}ﬂ?l’ 8hdS ena
port Wi t Fou

conprising a s orne bore recelving the optical.
fibre, and Eortlcmeahe the suppngtt heoept:rtoallngr sraedt enehendymearai aro Q'-’hat

sai d one endtypgrééé)fcgi fberepéaceé {6 Prothid Udts TN UdH BEike sy ©

to lie at a predetermned distance from one surface of the support mhereby
a pol i shi ng #EBFefrEarmBaes fHesFanes nfroRaraeoF@LERGe cRE oFhENEWRRRFt (U
and moped 1GositbaihyeCatl POLEERINY idedifn fdfi#nendsdbgeons BarFac’) o

the support, and moving the polishing medium relative to
said one surface until the fibre eﬁd face is substantially
parallel to said one surface, the axis of the through bore
being positioﬁed at said predetermined-angle to saia one
15 surface, wherein the methdd'further comprises the Step Qf'
anchoring said remote portion of the opticél fibre prior to
positioning said ohe end portion so as to protrude from the

through bore.

2. A method as c¢laimed in «claim 1, wherein_ said

20 predetermined angle is 90° and the polishing medium has a
resilient surface. o/
3. A method as claimed in claim 1 or claim 2, further

. comprising the'etep of cleaving the-optical fibre to define'
said one end portion, the cleaﬁing step being carried out

25 prior to the positioning of said one end portion within the

.
H

through bore.

4. A method as claimed in anyr one of claims 1 to 3,

further comprising the step of anchoring said remote portion

of the optical fibre so as to lie at an'angle to the axis of
30 the through bore.

N O



sai d one -surface, wherein the through bore is positioned at said .

predetermi ned angle to said one surface, and wherein the support is

constituted by a body portion and a cap portion, the body portion being
provided with the through 15 ~ bore and the cap portion being provided

with a clanp for fixing the optical fibre to the support, the cap portion
betng slidable relative to the body portlon so as to nove the optical fibre
between a first position, in. mhlch sai d. onézend portion is within the

ﬂthrough bor-e,-.and.a_second 20" -posi ti-on,. in which said,one end portlon

prot r udes fron1the t hr ough bore Qy ‘said predetern1ned di'stance. ‘6. - R
Appar atus as Crai netPRAFAIUE AOF, LREarsioh aphen §a§é°©f°t1h@n%0%ﬂdmnrtbnnlsf -

provided W thaa plptiddalt ¥idreSHRPAr brodbtsrh0he&NIAGL 80t h@hé’oéi:%“ 88 th
medi um the spherlcal 2 sucfaces of the balls remte fromthe base o

D
the body port P&TFE nt Br§a|d18mfﬁﬁﬁf%ﬁ%§ ?°m°rkﬁb&ﬁﬂ%555§P8F&rﬁﬁFmﬂa
claim5 or cl siths, a f thrbethc tigpre s:’fcng Be8piivDggl Ahebi 5Gi o4 t &Qb&%flﬁ) and
portion away t 0 t teby t.Q 03|t|o the optical fibre in
30 itsS fi rs%ggﬂgsp‘fo%np%éiq% {Apga‘rjg 10‘%3 ‘c‘lbo E@ Thf SQ &Rt 5
to 7, wherei nsehd engnpnis-éorhed eftina d@:r-eca/xho‘séomlpmumaiq:; fromS:he
agai nst the ophiealnf i LHe134 Sl ot B2BRtE-hi npbe B AT D! B o (oed
arat us

wi th respect. to the axis of the throug ore as C Fn
‘any one of cl 8PFéase; @13 ththet @PPOrhe FRPEEFN I8orroliis iy n!;eldb\}madaer rhe e.

5 10.. Appakakus Afaitial "BgidNopkaig Sadhes e 'entehes d;?;ﬁc?f{‘agnaornf‘mfgd
tihe fert; | e has.an.inner, di aneter which is_greater_than the external
kl*a’netel” of thE&*BPETEaITHe IR YRkt wEBR [@3‘?‘]"" 19_0?‘1 BABf&r disuspazadlglnep |

claim9 or claaidlBpewberéabe, wherein the through bore is positioned at

=]

said predetermined angle to said one surface, and wherein
the support is constituted bv a body. portion and a cap
‘'portion, the body portion being provided with the through
"~ 15 bore and the cap portion being provided with a clamp for
fixing the optical fibre to the support,  the clap portion
being slidable relative to the body portion so as to m;ve
the optical fibre between a first position, in which-said
one end portion is within the through bore, and a second
20 position, in which said one end portion protrudes from the
through bore by said predetermined distance.
6. Apparatus as claimed in claim 5, wherein the base of
the body portion is provided with a plurality of support
balls for engaging the polishing medium, the spherical
25 surfaces of the balls remote from the base of the body ;

w

portion defining said one surface.

7. Apparatus as claimed in claim 5 or claim 6 further

comprising a spring for biassing the cap portion away from

the body portion thereby to position the optical fibre in
- 30 its first position. -

8. Apparatus as claimed in any one of claims 5 to 7,

wherein the clamp is formed with a bore whose walls clamp

N O R A




10 the ferrule is positioned within the body-portjon;athe'bbdy'pbrt@oh-

being formed with a cylindrical chanber leading to the ferrule. 12.
Apparatus as clained in any one of clains 5 to 11, further conprising a

bl ade for cleaving the optical fibre to 15 define said one end portion.
13. Apparatus as clainmed in claim12, wherein the blade fornms part of a

setting tool,

the setting tool being engageablé wth the cap portion of the

™

support to move the optical fibre into itstditst position, prior to.the

" .cl.eavi ng 20

-subst anti al
iIIustrated

fibre end fa&eanﬂmf@setthnﬂhsabspant|ablyh25axisa9fh¢malﬁhﬁaughchbrered

 operation. 4, .Optical fibre. end-face angl.ing- apparatus -

i
6

y, herej nb ; descr i be th. - 18f - d
e er%n%g{%l EEELLo bk, 4 g b o e

with reference to the acconpanying dramnngs [err]

10

15

20

25

9. Apparatus as claimed in any one of claims 5 to 8,

wherein the through bore is defined by a ferrule.

10. Apparatus as claimed 1n claim 9 wherein the internal
bore of the- ferrule has an inner. diameter which is. greater
than the external diameter of the optical fibre by between

lpm and 4um

11.. Apparatus as claimed in claimigpor claim io;-wherein
the ferrule is positioned withintthe body pertion, theebOdy-
portion being formed with a cylindrical chamber-leading to
the ferrule. ' |

12.. Apparatus as claimed in any one of\'_c_laim_s 5 to 11,

further comprising a blade for cleaving the optical fibre to

define said one end portion.

13. Apparatus as claimed in claim 12, wherein the blade
forms part of a setting tool, the setting tool -being
engageable with the cap portionfef the support to moverthe
optical fibre into its first position, prior to theieleaviﬁg'

operation.

14. Optical fibre end face angling apparatus_substantially
as hereinbefore described with reference to, and as
illustrated by, Figs 2 and 3 of the accompanying drawings.

15. An optical fibre end face angling method substantially
as hereinbefore described with reference to the accompanying

drawings.
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