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present invention relates generally to connectors for optical
fibers. In particular, the present invention relates to an alignnent

assenbly for an optical fiber cable connector having
alignment balls retained on a face of a fiber alignnment block
for alignment purposes. 10 BAKGROUND OF THE
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10 BACKGROUND OF THE INVENTION
Fiber oétic cables are well icnown for the transmission of optical
signals. Use of optical cable has generally been limited to long haul
trunking installations where the improved transmission characteristics of
the optical fibers justify the greater expense and difficulties associated
15 with their manufacturing and installation. As the demands on
communication media continue to increase, the advantages of using optical
cable for transmission of signals across shorter distances or, for
interconnecting local devices, continues to grow. Much development
work has been devoted to the provision of practical low loss glass
20 materials and production techniques for producing glass fiber cable, such
as optical fiber ribbon cables. Obviptisly, if fiber optic cables are to be
used in practical signal transmission and processing systems, practical
eohnectors for the connection and disconnection of fiber optic cables must
be provided.
25 Of considerable relevance to the problem of developing practical
fiber optic connectors is the question of optical transfer efficiency at the
connector. Various factors affect the optical transfer efficiency at a

connector including gap separation at the point of abutment, and lateral
separation due to axial misalignment. '

30 Numerous optical connectors have been developed to aid in the
connection of fiber optic ribbon cables. Examples of pin-type connectors
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spheres at significantly lower cost. Second, small alignment pins are
10 ‘neither robust nor durable, regardless of composition; brittle pins tend to
break, while ductile pins tend to bend. Spheres, by virtue of their
symmetrical shape, tend neither to break nor to bend. Third, aligning parts
using two or more pins mechanically overconstrains the ﬁlignment and
requires that the angular orientation, location, and extended cross-sectional
15 diameter of each pin socket, as well as the diameter and straightness of
each pin, be tightly controlled to avoid compounding errors which
degrade the alignment. In contrast, alignment using spheres depends only
on the diameter of the spheres and the accurate location of the sockets
which retain them, thus eliminating oirerconstraint and the potential for
20 compounding efrors. |
U.S. Patent No. 4,087,155 issued to Deacon discloses a method
for aligning a pair of single fibers that does not use alignment pins.
Specifically, the Deacon '155 patent discloses a connector for coupling a
pair of single optical fibers utilizing three equal diameter spheres to define
25 a tricuspid interstitial space therebetween into which an individual fiber is
inserted. The spheres surround the circumference of the fiber to keep the
fiber centered in the connector, which has a circular race to hold the
spheres. When a second like connector is mated in an axial abutting
relationship, the spheres in the connectors nest with respect to each other
30 to align the individual fibers. In order to properly align single fibers in this
manner, it is imperative that the equal diameter spheres surround the entire
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15 fiber receiving surface and a connector engagement surface. First and
second openings are provided in the connector engagement surface. An
alignment ball is provided and is tightly retained in the first opening for
aligning the connector with another like connector, and specifically, for
aligning optical fibers carried in the connectors.

20 The present invention also provides an optical cable connector
alignment assembly having a securing member for securing individual
fibers from a cable onto the alignment assembly. The alignment assembly
has a fiber alignment block that has a fiber receiving surface and a
connector engagement surface. The fiber receiving surface has a channel

25 formed in it with at least one alignment groove formed in the channel. A
securing member is provided that is sized to fit into the channel to retain
individual fibers in the alignment grooves. First and second openings are
provided in the connector engagement surface. An alignment ball is
provided and is tightly retained in the first opening for aligning the

30 connector alignment assembly with another like connector alignment
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10 alignment assemblies. A securing member is then instalied to retain the
individual fibers from the cable in the alignment grooves.of the alignment
assemblies. The length of cable is then sawed or cleaved between the
alignment assemblies. Finally, any necessai'y end finishing or polishing is
done. .
15 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of an optical cable connector
alignment assembly according to the present invention.

Figure 2 is a front plan view of the alignment assembly of Figure 1.

Figure 3a is a perspective view of a pair of alignment assemblies

20 according to the present invention about to be connected.

Figure 3b is a perspective view of the alignment assemblies in
Figure 3a connected.

Figures 4a-d illustrate an assembly process for assembling a
plurality of alignment assemblies in accordance with the present invention

25 with a multifiber optical cable.

Figures S5a-c illustrate an assembly process for applying an
alignment assembly in accordance with the present invention to an end of
an optical cable.

Figure 6 is a perspective view of an alignment assembly of an

30 alternative embodiment of the present inve_ntidn.
Figure 7is a cross sectional view taken along line 7--7 of Figure 6.
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10 surface 23 (not seen). Cable 16 is comprised of one or more individual

‘optical fibers 17, and in the pfeferred embodiment the individual optical

fibers are positioned adjaqent_ one another in a substantially planar

- orientation to form a ribbon cable.
Fiber receiving surface 14 contains a channel 20 formed out of
15 fiber alignment block 12. The channel contains first and second channel
retaining li'ps'. 22, 24 respectively, and a channel floor 26. Retaining lips
22, 24 are angled outward from front edge 13 to rear edge 15 to form a
trapezoidat shaped channel. Specifically, as retaining lip 24 extends from
front edge 13 to rear edge 15, it angles towards first side surface 21. As
20 retaining lip 22 extends from front edge 13 to rear edge 15, it angles
toward side surface 23. Also, retaining lips 22, 24 are slanted from top to
bottom to form a locking mechanism. Preferably, retaining lips 22, 24 are
formed from upper lip edges 22a, 24a and lower lip edges 22b, 24b,
respectively. Retaining lips 22, 24 slant in at approximately a 30 degree
25 angle such that lower lip edges 22b, 24b are closer to side edges 23, 21,
respectively than are upper lip edges 22a, 24a. It should be noted that
greater or lesser angles of slant could be used without departing from the
spirit or scope of the invention. |
One or more alignment grooves 28 are formed in channel floor 26
30 to retain individual fibers 17 from fiber optic cable 16. Alignment grooves
28 of the preferred embodiment are illustrated as being V shaped grooves,



A length of cable, optionally prepared for insertion in the alignment
assenblies by renoving sone or all of the cabling and fiber coating

material frqpy $ion of the fibers, is then provided on to

al i gnment asse?g?ﬁes A securing member is then installed to &Eﬁ%%ﬁgﬁﬁés

i ndi vidual fibers fromthe cable in the aliggnment grooves.of the alignnment
assenblies. The length of cable is then sawed or cleaved between the -

al i gnnment assenbl i es. Ngueh
done. 15 Uik Bl o e 080 ikt s Wb ab et lnabil, ©/tifed ©

Figure 1 is a- perspecmwmmmshmdcgmomloocumlwmmdmut departing from
al i gnnent assenbly accprdi.ng. to the ese | nvention . .
Figure 2 is a front pﬁ&’ﬂﬁ'gwwpﬂ? g{% &e@ﬂ?&cﬁ"ﬂf}r oq26lsa
Figure 3a is a perspechblé§acke€réceiving Mepioam.aaﬁmtopammbhbasoﬁ& cable
according to the present invention about to be connected

Figure 3b isBa perspediwill be partislly stripped to)expose individnal fibess 17 for placement
Figure 3a connected. ., ur.es .4 i 1J ust.rate an

assenbly process for into plignmegt grooves 28. fheq“ﬁﬁl ﬂaﬁéj and 8?“9!?‘?1 i, fiber
assenblies in aCCOfda%&nﬁﬂ&ﬁ‘r&xﬂﬁnﬂﬁﬂﬁﬁﬂﬁd'ﬁB&ﬂW wmheﬁnppedbackad&tahbe&
mul tifiber optical cable. Figures 5a-c illustrate an

assenbly process for d4east gqual tarthe length of alignment| srgnmﬂ .asBy pooviding cable

accordance with the pre t |nv.ent| nt an _opti cal
cabl e. ?:ep Waﬁ;eﬁ@&@” VT eNOWXnW@ﬁ\‘r&]

assenbly of ggn 30 subsmnally"tlpmwwhvma@adt fiRéntioé willh Of oSt alignment
I nvent 1 on. Fi gure is a cross sectional view taken

along line 7-7 of Figblackd2.

Connector engagement surface 18 and fiber receiving surface 14 in
the preferred embodiment are planar surfaces that lie perpendicular to each
other. Itis also possible, and in some cases beneficial, to have the pl.ane of

15 connector engagement surface 18 a few degrees (preferably 6°-9°) from
being perpendicular with fiber receiving surface 14, in order to reduce
back reflection of light within the fibers. The fiber receiving surface could
be either 6°-9° up or down from horizontal without departing from the
spirit or scope of the invention. In other words, the angle between fiber

20 receiving surface 14 and connector engagement surface may be in the
range of 81°-99°,

The optical fibers of the present invention may be single or
multimode, glass or plastic fibers. Multimode glass fibers typically have a
core diameter ranging from 50-100 micrometers. Single mode fibers have

25 smaller core diameters. Because the multimode fibers have larger core
diameters, they offer relaxed alignment tolerances compared to single
mode fibers. '

A dove tail retaining member 32 having a front edge 34, a rear
edge 36 and side members 38, 40, is provided to secure cable 16 in

30 channel 20, and in particular each of individual fibers 17 in alignment
grooves 28. An assembly detent 42 is provided on retaining member 32 to
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Remmng member 32 has a heught less than the vertical distance from
channel floor 26 to upper lip edges 22a, 24a. The height of retaining
member 32 is approximately 2 mm, but greater or lesser heights can be
used without departing from the spirit or scope of the invention. Retaining
15 ‘member 32 is sized such that front edge 34 is wider than channel 20 is at
front edge 13, to ensures that when retaining member 32 is installed in
channel 20, front edge 34 does not extend past front edge 13 and prohibit
tight engagement with opposing connectors.
Fiber alignment block 12 and retaining member 32 are molded out
20 of ceramic in the preferred embodiment. Tt would also be possible to make
fiber alignment block 12 out of plastic, glass, metal, or any other known
connecting block material. By using a moldable material in the preferred
embodiment, fiber alignment block 12 may be quickly and easily
manufactured as a one piece unit. For example, instead of having to carve
25 out channel 20, and alignment grooves 28, in the preferred embodiment
they can simply be created by the molding process. | _
Connector engagement surface 18 contains a first and a second
opening 44, 46 respectively. Castellated projections 48, 49 are provided
and project from fiber alignment block 12 substantnally parallel to each
30 | other and optionally substantially perpendicular to connector engagement
surface 18. Projections 48, 49 are positioned adjacent openings 44, 46,
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cabl e jacket receivg deasanceifit 380 m&%l%mﬂbe@s@eﬁmdﬂﬁ belowabl e
Openings 44, 46 can be seen in greater detail in Figure 2. As can

10 ‘e seen, openings 44, 46 are substantially similar in shape, but opening 46
is rotated 90 degrees from opening 44. The purpose of this will be readily
apparent after reading the description below. Opening 44 comprises a
main cylindrical receiving cavity 54 and a pair of clearance cavities 6.
Opening 46 comprises a main cylindrical receiving cavity 58 and a pau' of

15 clearance cavities 60. Main cylindrical cavities 54, 58 have diameters d,,
d,, respectively, indicated by arrows 57, 59, respectively. Diameters d,, d;
correspond to the distance between castellated projections 48, 49,
respectively. In the preferred embodiment of the present invention,
diameter d; of cylindrical cavity 58 is slightly larger than diameter d, of

20 cylindrical cavity 54, and accordingly the distance between projections 49
is slightly greater than the distance between projections 48. In the
preferred embodiment, the difference in diameters d,, d2 is on the order of
a few microns. The precise dimensions will depend upon the type of fiber
and connector materials selected.

25 As can be seen in Figure 2, clearance cavities 56 and castellated
projections 48 substantially surround main cylindrical cavity 54. Likewise,
castellated projections 49 and clearance cavities 60 substantially surround
main cylindrical cavity 58. Clearance cavities 56, 60 are shaped
substantially similar to castellated projections 48, 49 respectively, and are

30 deep enough to completely receive the projections. It is important that
clearance cavities 56, 60 be at least as deep as the castellated projections
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will be stripped back a distance at | east .equal to the length
of alignnent grooves 28. By providing cable 9 j acket receiving
channel 30, individual fibers 17 mai ntain a 10, . . Substantiall

pl anar pat h t hr oughout 48,49 sathatavhéntwp gennectors are jpiprd, their engagement su
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receiving surface 14 in the preferred enbodi nent are "pl anar
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front edge 34, a rear embodiment, ball 62 tsea diaxmetet of approximasely2ny8, and® diameter
ach of i ndi vi dual f1 belolsrange; of SpmrgEatgly 405 mictons.” Tt if'imporiahi i nbte Hat
) tolerances will vary depending upon the material used for the alignment
15 ball. While the folerance ranges are important to the proper operation of
| the present invention, it will be recognized that greater or lesser diameters
may be used, without departing from the spirit or scope of the invention.
As stated above, d; of main cylindrical cavity 54, and therefor the
distance between projections 48, is slightly smaller than d. of cavity 58.
20 This is to tightly retain ball 62 in cavity 54. Castellated projections 49 are
designed such that the distance between them (dz) allows them to
releasably slide about ball 62. If ball 62 was inserted into opening 46, it
.would not be tightly retained and could fall out. The tolerances for the
. distances between projections 48, 49 once again depend upon the material
25 used. In the preferred embodiment, ceramic is used for the fiber alignment
block, including the projections. In this case, the tolerance for the distance
between projections 48 (which form an interference fit with the alignment
ball) is approximately +2-3 microns, and the tolerance for the distance
between projections 49 (which form a clearance fit with the alignment ball)

30 is approximately +0-2 microns. If plastic is used for the projections, the
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| esser than the distari® Ball\G2cmay becnetdined tetween peijectivnb 48t entirely cutgide oof.

channel |1 oor 26 to By it anyeBe Balinasle.ot opHey b e el ouides o gay be

e Phous Sopas, ity B of B S oA B Uihel Bl e

15 ~ menber 32aligementoagabilitiés dftthe priesent inventien. Skt shouldiaiier be fiated that

chamel 20 19 8+ oo ok 98 b ket SRS SLSR, witgmts

does not extfnd past fdepaiingdtin the @irit d'sebpbf the invention. Furthermore, it should
be noted that it would be possible to have cylindrical cavities 54, 58 the
same size, such that both cavities slidingly receive alignment ball 62.
While such an embodiment would not prevent ball 62 from falling out of a
cavity wfxen connectors are not mounted together, it would give ad&itional

15 freedom in deciding which cavity to insert the ball into.

Figures 3a and 3b illustrate two connector alignment assemblies
made according to the present invention being precisely fitted together.
Connector alignment assemblies 10 are illustrated having fiber optic ribbon
cables 16 retained in alignment grooves 28 by retaining member 32. As
20 can be seen, balls 62 have been inserted into receiving cavities 54 of both
connector alignment assemblies 10, Castellated projections 48 provide a
tight fit to retain ball 62 in cavity 54. As the connector alignment
assemblies are brought together, castellated projections 48 fit into
clearance cavities 60 and projections 49 fit into clearance cavities 56.
25 Rounded inner surfaces 51 of projections 49 slidingly engage ball 62 as
they are inserted into clearance cavities 56. When connected, as in Figure
3b, individual fibers 17 of ribbon cables 16 are precisely aligned with each
other, and the comnector alignment assemblies are constrained from
moving in multiple directions.
30 The present invention also provides a method of automating the

assembly of connector alignment assemblies 10 with a ribbon cable. This



tight engagenent with opposing connectors. , Fi ber

al i gnment bl ock 12 and retai ni ng nenber 32 are nol ded out 20 of
ceramic in tWOWMB red enbodinent. It woul d al so be possi bl e PCI/HA6052
fiber alignment block 12 out of plastic, gl ag metal , or any other known
connecting block material. By using a rml dabli mat er i aI in the preferred

mant actur ed as  one FleGERd 8 dietaied seislially f Fghnd . N i e sgen, i

25 out channgf ZneciialiinhRRiRRbmBEQN0Gre pPovided irtare mbnauma
enbodi nment they can si rrply be created by the nol
prqQcess. face to face aprangement; emmmmmgqesemmbar

br 0] cct 1 ong. 45, 49 ar o7} iberayidsd to VB4 B5hidéror flgRRR SEleniey 10 figironthié

al i.gnment bl ogk 12 Subatswicealipw r Spdcitly bienhREN71 IT the present invehition dCa

optional |y substantially perpendicular to connector engagenent
surface 18. Proj ecti ondisposableo spacer #hat spases thgdplignment assembligs approximately
WD 97/ 34179

PCT/ US9/ 16052 0.015 inch (0.038 cm) apart, but greater or lesser d:sta%pes may be chosen
respectively, and are iygitRut dep frdftithasspitit'dr seb Fé bPthe invérdione NSpdebO 7k is
12. In the referre enbodi ment, castell ated projections 48,
49 extend from refgrub amasiecnf plsstic.chut may othes suitablesspasing anaterial

diameter of 90 all gnmeRe R& l . Connector alignment assemblies 10 may also be secured in place

by some sort of clamping mechanism without departing from the spirit or
scope of the invention.
- | Once the connector alignment assemblies are appropriately spaced
apart, a length of fiber optic ribbon cable 72 is provided from a continuous
15 roll or similar continuous supply. The ribbon cable is positioned over
connector alignment assemblies 10 such that individual fibers are
positioned in each of alignment groovés 28. A retaining member 32 is then
installed on both alignment assemblies 10 to tightly retain the ribbon cable
on the connector alignment assemblies. At this point, ribbon cable 72 is
20 then sawed or cleaved at the location of spacer 71. Finally, any necessary
finishing or polishing of the fiber ends is done. The above method is also
equally applicable to assembling a single connector to the end of a length
of ribbon cable. '
The connector alignment assemblies of the present invention are
25 also very well suited for easy field connectorization. This type of manual,
field connectorization process is illustrated in Figures 5a-c. In the field, a
technician first locates a desired location for connector 10 along a length
of ribbon cable 75. The cable is then cut at that point. The insulation
coating about the fibers is then stripped to expose individual fibers 76.
30 ‘The individual fibers are then placed directly above alignment grooves 28
of the alignment assembly. Next, retaining member 32 is slid into channel



62, which will be described in greater detail below As can be seenin 5
Figure 1, projections 48, 49 have rounded inner 50, 51 and outer 52, 53
surfaces re y. Rounded inner surfaces 50, 51 are adap

receive the a ?.;nfjrfé?t ball, while outer surface 52, 53 are adab’t‘&d‘gﬁ%’lwﬁ
cl earance fit into openings 44, 46 as wll Qe described in detail below.
Openi ngs 44, 46 can be seen in greater detail in Figure 2. As can 10

be seen, openings 44, %6ofitRe Alipirhérit aszemblySioTtightly iretafi &Bers 81 inOREintht 46
is rotated 90 degrees fromo o&im ng 44. The E/ rpose of this will be readily
apparent after readi ngroonss ch\!ﬁ portion] ofythefibars, gxtending sccmnector

mai n cylindri cal rece:’jf\!/‘;ﬁﬂqaeFP 54 gndllggg%v{ cI ear ance cavi S 56.

Openl ng 46 conpri ses T%/( l |18 il toue: 10104 &F
cl ear an%hgﬁﬂg;slmdﬁgf oriied.n cylindri cal caV| t i es 54, 58 have

dlaneters dierr], respectlvely, i ndi cated by arrows 57,

59, respectiwely. Di anet er A fifssalternative embodiment of the presentdryeokioni

di st bet t
reapectively. in tho b EBRF &' BHERhiEBRnra # v of Hip alispren, pagpmblies 80
di aneter d[err] of cylabot ic-B jeifed tugeier] SARpmG AssbmblycE0 Lbprisks dTIRE

dlerr] of 20 cyllndrlcal cavity 54, and accordingly the distance
bet ween proj ections 4g@lignment block 82 thatshas| wmﬂ@@@ﬁwﬂmm 84 andnae
bet ween projections 48, nbodi t he

h pr re
difference in dianet ercgnﬁ%é ?"8‘8'2"‘% %‘ﬁ&f%g ?vgaéc ‘g?"qsg cohnettor ehga%nqe&v
m crons. Thelpreci se GurfRéesbP Bfiothér likel eoiedtor ) O tm@&nbaemi&t,f fib&" alignment

and connector materi aI s sel ected. 25 can be seen in
Figure 2, clearance chlock 82 iseclded eutsof ceramic) or glass. A plurality rof] dignment

48 substantially sur L%%Wr?dﬂ@y@ﬁgégﬁﬁhafvﬁ&'&éw@%% 0N Petpin indiridst

mai n cylindrical cavi tfibefsSfromCaefitiernepsticC abllé.i €Thé Gibefi) af eetainageid alignment

substantially simlar to castellated projections 48, 49 respectively, and

ar e grooves 88 by any known securing means, such as thh adhesive tape or a
15 bonding agent. '

' Connector engagement surface 86 contains a first and second
opening 90, 92, respectively. Openings 90, 92 are connected to bores 90a,
92a, respectively, that continue though the length of alignment assemblﬁ
80 and terminate at rear openings 90b, 92b, respectively. Bores 90a, 92a

20 and rear openings 90b, 92b can be seen in greater detail in Figures 7 and
8. Opening 90 is sized to receive a substantial portion of an alignment ball
94, as will be described in detail below. Opening 92 comprises a chamfer
93 which is sized to receive and have secured inside a portion of alignment
ball 94.

25 Chamfer 93 can be seen in greater detail in Figure 7. As can be
seen, chamfer 93 is formed to retain less than 1/2 of alignment ball 94.
Specifically, chamfer 93 has a depth d; indicated at 95 which is less than
the radius R, indicated at 97, of alignment ball 94. In the preferred
alternate embodiment, alignment ball 94 has a diameter d,, indicated at 99,

30 of' appro:dmatély 2 mm, therefore it has a radius of approximately 1 mm.
Thus, d; 95 is less than approximately 1 mm and is in range of about 0.5-



30 deep enough to conpletely receive the projections. It is

| nportant that cl earance cavities 56, 60 be at |east as deep
as 't he cast eMOR7841TH oj ecti ons WO 97/ 34179 PCT/US96/16052
PCT/ US97/ 16052 9

48, 49 so that when two connectors are joi ne(},?’ their enQagerrent surfaces
18 can contact each ot t hus ald owi,n er of | 63l g i .
carried by each connecibﬁ h’c"blaﬁipl ré'lﬁeo@ %&%%s&ﬁ%%& 9jc’ Jj%édmg
Precision alignment ba'g%g@%sh&oﬂﬁé&dd@&: wm it secup® ball 94 in opening

44 between castel lated projections 48. Precision alignment ball 62 is
provi ded to precisely &2i dhshauidbe notedithatsit wonldslso be possible tshaver amalignment t

i trbers T anot e sesepioly BERGR Goren POnobts HESHRY i RRgl of the Hpmeie
formed from ogher assembly. Abdmil.%rigﬂnscmwuegapwm it thainfér 931ahd

beari ng such as tungsten carbide, ceram c, other netals, or

pl astics, such as |i quithencbalk94icopld bewnserted; thessin, as long as the bonding-pgantiis g

fromthe spirit or scope.of .the invention. |n £ef .

enbodi nent, ball 62 haSniforhy aaplied s tpﬁm |§$§ﬁ§{‘éﬁ’g"%‘%‘|"a‘r’r‘€?§?’ 9.

tol erance of approxi mately QReferfing'fie to! Fighife B/"Bpédiag 90t i3 illasieated dh greater

tol erances will vary dependi ng upgn t he mapg?i al ggﬂe'?for the ali gnmagnl:[ 15

bal | . Wile the tol er adetailr Oppoing-9isi sizedrslightly larger thansdismeter dpasindigated mt

the present ijgvention. do! Mis anods &gl oalf'sd 06 bidthgy 6 int8opefiigYo. As can
be seen in Figure 8, rear opening 90b and bore 90a are larger than opening |

90. Thisis to feduce the area needed to be machined. Precision is the key

to aligning optical fibers, thus opening 90 is machined to very tight

tolerances, on the order of 4 or. 5 microns. By having bore 90a and rear

15 . opening 90b larger than opening 90, a machining tool only has to machine

a small surface area. _ '

Precision aiignment ball 94 iS provided for insertion into opening

92. Ball 94 is provided to precisely align a pair of connector alignment

 assemblies 80 which in turn precisely align individual fibers of the fiber

20 optic cable secured to the alignment assemblies. Ball 94 is a highly

precise steel ball bearing having tolerances in the range of 0.5 microns for

applications using single mode fibers and in the range of +2 microns for

 applications using multimode fibers. Ball 94 could also be formed from

other materials having the precision of a ball bearing such as tungsten

25 carbide, ceramic, other metals or plastics, such as liquid crystal polymers,

without departing from the spirit or scope of the invention. As stated

above, ball 94 is bonded into opening 92. The bonding can be achieved by

an adhesive or a low melting temperature ceramic seal glass, which would

flow at moderately high temperatures, and then bond to both the ceramic

30 or glass fiber alignment block 80 and the alignment ball 94 upon cooling.



may be used, without departing fromthe spirit or scope of the invention.
As stated above, d[err] of main cylindrical cavity 54, and therefor the

d| stance b ojections 48, is slightly snaller than d2 ,@ggq,f“”‘s&
%&@%ﬁ?@;ls to tlghtly retain ball 62 in cavity 54. lQ(fﬁglste ated

prolectlons 49 are de5|gned $4/ch that the distance between

them (d[err]) allows themto rel easably slide about ball 62.

I'f ball 62 was insertggh Qd,ag‘igem alid be used without departing fidnntie spirit

tightly retained and couéirgb al ut ﬂ'ql'%e t ol erances for tphe e

di stances between pr opescopenfthepresept danestioRjai n depend upon the materia

25 used. In the preferred enbodi nent, ceramc is used for the

fi ber alignnment bl ock, including the projections. In this

case, the tolerance for the distance bet ween projections 48

(which forman interference fit with the allgnnent ball) is

approximately 2-3 mcrons, and the tol erance.for the distance '

bet ween projections 49 (mhich forma clearance fit with the alignnent ball)

30 is approximately 0-2 mcrons. If plastic is used for the
proj ections, the W) 97/ 34179
PCT/ US96/ 16052 10

tol erance for the distance between projections 48 is approxinmately [err]50
m crons and for projections 49 is approximately [err]50 m crons.



It is inportant to note that in the present ﬂ ' 62 need
not be.at any specific depth or position i nmmmllrm Hllﬂﬁll?len r%ect I ons
5 - MO IPMIT? 62 may be retai ned bet wden®prloj deti*ond 48 P98/

out si de of

15052
cavity 54, it may b alf inside of cavity 54 and

‘hal f outside, or it may be enti®ely inside of the cavify, or

anywhere in between, w

capabilities of the pre

hoyt. altering the al i HEET HAS BEEN !
g i itk

|

Mhvention. It should al so be ndted thEPLACED

ball 62 could be bonded between projections 48, if desired,lLwthout
departing fromthe spirit or scope of the invention. Furthernore, it shoul d
be noted that it woul d be poAmi bptical ofiber ccablel i gpmnectar alignment s assemblys (K
sanme size, such that both cavities slidingly receive alignnent ball 62.

Wil e such an enbodi nmerf®

cavity when cagpnectors

*not prevent ball 62 fromfalling out of a

are rwawma.m Block {¥2) hiving'\@fibdr Geoeiving duiface(14)

15 freedomin deciding Ich cavity to insert the ball into.

Figures 3a and 3b illustrate. two

meneiving oneraptisalfibes from an optical fiber

o
made according to the present inventi bei n recisely f] er.
Connector alignment assenblies 1&&&?)%??%5@5@%%&3? ’ri bbon
cables 16 retained in alignnggy ﬁaogm‘izgpmngset(agpppnge{n 3IRe élonnédtor

can be seen, balls 62 have been inserted into receiving cavities 54 of both
connector alignment assenblies 10engagement|sudfece (I8)ja@dt i ons 48 provide a

tight fit to &tain bal
assenbl i es are” brought

cl earance cavities 60 and projections 49 fit into clearance cavities 56. 25

Rounded i nner surfaces
they are inserted into

t ogertHEpERpEht bt (2 pudindy SIRRBEE Sheftng 0NN

51 of projections 49 slidingly engage ball 62 as
2| earHhe conngetor alignment aspambly: 5 i claim 1 wherein thegfiber

3b, individual fibers 17 aof. ribban cables 16 a

each ot hel®e¥Rg offTERIST o P‘%ﬁ%ﬁ‘? ysé%"r@k : gﬂs%%g?gﬂ for

constrdi ned from

15

retaining at least one fiber from the optical fiber cable.

3. The 'co_nnéctor slignment assembly as in claim 1 wherein the

~ connector engagement surface forms an angle in the range of 81°-99°, with

20

30

the fiber receiving surface.
4. The connector alignment assembly as in claim 1 wherein the second

opening is sized to slidably receive an alignment ball retained in a
corresponding connector alignment assembly to which the optical fiber
cable connector will be mated.

S. The connector alignment assembly as in claim 1 further comprising -

a first f)air of projections (48) adjacent the first opening and a second pair
of projections (49) adjacent the second opening wherein the projections

project from the connector engagement surface.

6. The connector alignment assembly as in claim 4 wherein the
alignment ball is retained between the first pair of projections.

* This Sheet Has Been Replaced
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moving in multiple directions.. 30 THlS SHEET HAS BEEMdent: i nvention
al so provideg a nethod of automating ‘the REPLACED asseribl y of -

connector al %ﬂﬁﬂ?ﬂ 7%1ssenbl ies 10 with a rm PCT/UE96/16052
97/ 34179 . _ _ T - d16' :
PCT/ US96/ 16052 - . ' ' ! . 10
method is illustrated schen’at ically in F| gures 4a-d. As can Imluuul" IIHI "IIIIHIII
of connector alignnent assenblies 10 are provi ded-and. are posititonéd Mn &
face to face arrmanent 7.1n e Eofi 3s ShoQkiRP 4 %R

E gﬁﬁﬁﬁdm assh&% ly kiRt fin the

71 is provided to space connect or .a 'es 10 an. appropriate

di stance apart. Spacialignmentball mKlidth‘ly engageableswith theseconid pair ofprajections.
di sposabl e spacer that spaces the alignnent assenblies approximtely -

0.0 15 inch (0.038 cn). apart, but greater. or |esser distances may be chosen

Wi t hout deparisi ng fromgt he t
preferably made of pl zTgf I C, %ut é‘r’]%%f Sul ?gsg'ﬁelbg%ggl‘#\agﬂr#a%r@%y u?réﬁh?
al so 10 be uwmghmdttermﬁavmmqﬁmﬁﬂprejuﬂ&srﬁu \alxe‘remhae

secured in place - by, some sort  of danpi ng mechanj sm wi t hout
departing fromthe spi Spqondopeningis sized to recaivesbe fisst parof prajedtonsn.

Once the connector alignnment assenblies are appropriately spaced

apart, a l'ength of fiber optic ribbon cable 72 is provided froma -

continuous 15 - 9. 1 Ol ITher cdiinBétor ralighment ieMblyU RS sy - dﬁhﬁlrmqabl S
is positioned over
10 alignment ball is ﬁxedlysecuredmto the first opening.

10, The connector ahgnment assembly as in clmm 1 wherein the -
ahgnment ball is bonded mtheﬁrst opening.

15 1. The conneaor'anmem assembly as in claim 1 wherein the first
o and second openings connect to first and second bores respectively, and
wherein the first and second bores extend throughout the width of the Siber

alignment block.

20 | 12.  An optlcal ﬁber cable connector a.hgnment assembly (10)
B comprising: '
a fiber ahgnment block (12) having a fiber receiving surface (14)
for receiving optical fibers from an optical fiber cable (16)
_ _ . | and a connector engagement surface (18); ' |
25 1 o achanne!(20)formedmtheﬁberrecemngsurface(l4);
| '. at least one alignment groove (28) formed in the channel (20); and
a securing member (32) sized to fit in the channel (20) to. secure
the at least one optxcal fiber in the at least one ahgpmsnt
gtoove (28).
30

. This Sheet Has Been Reﬂlaced |




connector alignnent as that TIAHSI THet—fibers are
posi.t.ioned in each of g mﬂm an L&C,E BeEMEr 32 is then
' tain '

i nstal | ed onWMEI¥B4AT% gnreNt asSenbdisi es 10 tig h @QTN89616052
cabl e on the connector ali gnrrea], assenbl1es. At this point,
ri bbon cable 72 is 20 t hen_sawed or*‘cl eaved at the |ocation of

spacer 71. Finally, any,nec ar finishin I S Q

the fiber ends is donel3 Theetj‘ﬁ Vémﬁ@f’ﬁcﬂ‘%eﬁtl wemm in M(ié Ugﬂeg" the
appl i cabl e to assenbl i EWW'&%HQ&EFM&@QW%%@M@&% s
of ribbon cable. The connéctor alignnent asse Fll (la'g

of .the present inventi m,ﬂ)enrﬁ‘.'wvherem the channel lips (22,24) mmpnsnmppul ahd lowerslip
field t t I

connect or 1 zat i on pr oce edsme(2aSRE 220285 Wherein the appss lip edass afe.d Gra distance
technician figst |ocat gsardaptPiic16wet BY %é&rhré R secoRid sthdte apdrt rlﬂe%P h

of ribbon cable 75. The cable is then cuit at that point. The I nsul at

coating about the fi beledgéswe lacthirdtdistaneefrom the channel sutface (26) and lvdxeeenmhe

ggooves - The i ndi vi dual |bﬁ§n§qare heng‘gl acew%ﬁ’wﬁ bovﬁipﬂﬂ Hﬁnt

32 is slid into channelpgt the &%s%c@%en the upper lip edges is less than the second
PCT/ US9/ 16052

20 of the alignnment asdistdnce between ghe loyver ip edgesi i bers 76 in aI i gnnent
grooves 28. ]Be portion of the fibers extendi ng beyond connector

14. The connector alignment assembly as in claim 12 wherein the
securing member has a thickness less than the third distance between the
- ' upper lip edges and the channel surface.

15 .15.  The connector alignment assembly as in claim 14 wherein when the
securing member is inserted into the channel the securing member is
retained in the channel by the first and second channel lips.

16. The connector alignment assembly as in claim 12 further
20 comprising first and second openings (44,46) formed in the connector
engagement surface and an alignment ball (62) retained in the first

opening.

17. The connector alignment assembly as in claim 12 wherein the
25 connector engagement surface forms an angle in the range of 81°- 99° with
the fiber receiving surface.

18. A method of automating the assembly of at least a pair of optical

. connector ﬁlignment assemblies (10) on a continuous optical fiber cable
30 (72) wherein the connector alignment assemblies (10) have a fiber

| alignment block (12) having a fiber receiving surface (14) for receiving at

Thxs Sheet Has Been Rep
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engagenent surface 18 j nd any necessary finishing or
polishing is then pe{dqumﬂlﬂmlﬁmur THIS SHEETTHIAS BEA tier nat i ve
enbodi ment  Qynlehgefpesent ci nve « illjustra 261 ACE : in Figuré
6. Figure 6 i11lTustrates a pair of like alil .es | gPCT/US6/16052
about to be joined together. Alignment assenggy 80 conprises a fiber

al i gnnent bl ock 82 that has an optical fiber receiving surface 84 and a

connector engagenent Sihdtagif %ayvnbﬁmfrghuaﬁ GAbRO(T25 @nd'a %Wﬁ&rggkgnem

surface of another |ike connector. | i s enbodi nent, fiber alig

bl ock 82 is nol ded out susface £€18)riachennel (20)formedin thel fiey receiving surface: (14), at

grooves 88 are forned Jjn . fibef receivin ace,84 to,retain. individual
fibers froma fiber opifﬁ%‘ﬁ 1 %"""Fﬁ&f?‘?‘%e@gf *amerf@ﬁm?‘ﬁ(g?)r Qﬁé'ﬁt“wmg
grooves 88 by any KnoVgiemB&r(32) sizEtP@ i in Bhi-chadiiel (20)) tiRARERbY Snchititi e sfeps®
bondi ng agent. Connect or engagenent surface

contains a fi?st and sefond : openi ng 90, 92, respectively.
Qpeni ngs 90, 92 are connected

£ 0.h ) : _
respectively, that conti nuep‘?sh%‘(ﬁ'é??o{‘}e?}t?%%b?‘he Ryr gfmm%ﬁggm g;sembhes

80 and term nate at rear openi ngg@%gw%ﬁ@mﬁ#ﬁ %/ Bores 90a, 92a 20
and rear openings 90b, 92b can be Seen in greater detail in Figures 7 and

8. "Opening 90 is sized to rpesitioning, auspacingt imembesr (710n between ahée goomnector

bal | 94, as will be described.in i1 hel ow. eni ng_ 92
conprises a chanfer “@&W&M&ﬁ@ of tﬁﬁcgi \Ifg)tar?ﬂeh%’é"f
secured insige a portion of aligpsmeEtor alignment assembli€A(10) 94. 25

Chanfer 93 can be seen in greater detail Tn Figure 7. As” can be

seen, chanfer 93 is formed layingethsi gontinuous hoptical xable £72)gaventthpatonmeator
Chan Y i us R Pkt Babeinpil' (0} SUot” et o]
the preferred fibers of the cable (72) are positioned in each groove of the
) alignment grooves (28); o _ '
15 - installing the securing member (32) to retain the cable (72) in the
' alignment grooves (28); and
cutting the cable (72) between the connector alignment assemblies

(10).

20 19. A method of assembling an optical fiber cable (16) with at least one
pair of connector alignment assemblies (10) wherein the alignment
. assemblies (10) have a fiber alignment block (12) having a fiber receiving
surface (14) for receiving at least one optical fiber (17) from the cable (16)
and a connector engagement surface (18), a channel (20) formed in the
25 fiber receiving surface (14), at least one alignment groove (28) formed in
the channel (20), a securing member (32) sized to fit in the channel (20),
first and second openings (44,46) formed in the connector engagement
surface (18), and an alignment ball (62) retained in the first opening (44),
the method including the steps of:
30 positioning the at least one pair of connector alignment assemblies
(10) in a face to face arrangement;

This Sheet Has Been Rerlaced
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| t t mbodi. t, . BNr], indicated at
00, 30, '”EED ool menﬂllllrlﬁnltrerm??é%%?a i ue of

appr oxi mat el WOB73M M Thus* err] l-ess—t+h anPCT/US96/16052
approximately 1 mmand is in range of about 1%5- WO 97/ 34179

PCT/ US96/ 16052 13

0.7 mm deep. Once ball 94 has,been seat ed, | n c 3, bondi ng

agent is introduced throug ¢hi Pjcu8 g'{ﬁ gtlhf' comaetorg
92. It should be noted that it V\&?#lgeﬁhﬁo Ia‘mmvmnoaélgam
assenbly w thout bores 90a, 92a t ughout the Ien th of the alignnent
assenbly. A bondi ng agent coul d tnnmgprnkgtm lies(10kanf er 93 and

then ball 94 could be inserted therei

as Ion s the bondin ent. |s
uniformy applied so that 2AYB8 ﬁF%' &able - £10) , o¥ex, 18 P@W
Ref-erring nowto Figure 8, Opemﬁlf'aﬂfés o suehthat individeaPiBérs OF the cable (16)
y

detail. Opening 90 is sized slig arger than dianeter d[err],

i ndicated at 10 99. Teanespasitioned inl éagh ngnoove af! thMalignmmt cgrughs
fit into opening 90. As can ) be seen in Figure-8, rear opening
90b and bore 90a are | ar ger than( ni ng 90. This is to

reduce the area needed to gmﬁhg%&p (82) td'Fetkiftfthe cable (16) in th
to aligning optical fibers, thus openl ng 90 Is mac% ned to very Fl(gﬁ)m ©

tol erances, on the order of 4 oraliznmentmvwshmdng bore 90a and rear 15
openi ng 90b .id':ll’ ger than openl g% 8‘0 caglenagm gl ng tthe con%n orhafis totrrgtsggln s
(10).
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a smal | surface area. ' Precision alignment ball 94 is

provided for insertion into opening 92. Ball 94 is provided, 6
to.precisel gl pai r of connector alignnent chg SdHEhsLS
80 which in ﬁ??\g{oir"gci sely align individual fibers of the fiber 8 _

optic cable secured to the alignment assenbM2s. Ball 94 is a highly
preci se steel ball bearing having tol erances in the range of 0.5 m crons
for applications using single node fibers and in the range
of 2 mcrons for gp! i cations using nmultinod TQers. Ball
94 could al so be for ot her materialpy having the
preci sion of a bal K& R_as4ungsten 25 car bi de,
ceram c, other \Q&\ D ' uch as liquid crystal polyners,
W t hout depar Gs;\}\ > scope of the ientign. As spqped
94 - »

above, bal | 2 bond€d i 42 opedP The bondi n§ aghf evegl by
an adhesive or a el N s 20 cer @0 c26ea” gl ass, wh
flow at noderately : S B4 theh bgr both the céxgm 30

or glass fiber alignnme
WD 97/ 34179 >
PCT/ US96/ 16052 )

Q her bondi ng agents may al so be used \1/i7 p
or scope of the present in\{antio
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REPLACENMENT SHEET [err] 1. An optical fiber cable connector alignnent

assenbly  WOSGB48Npri si ng: - a fiber alignment block (8BET

t op- 1 oadi'ng fi ber receiving surface 94) for receiving at

| east one optical fiber froman optical fib cable (16) and a
connect or engagenent surface (86), - first and second openi ngs
(92,90) fornmed in the connect or engagenent surface (86), wherein
t he. first opening has a dept [err] and the s

&gpnd
{22

23

Fig. 3a




opening is generally cylindrical and has a di aneter d2, and

- an alignnent ball- (94) having a radius R retained in the first.
openi ng, wheggighskiss dlerr] and 2R < d2. 2. The connector apCPWSHEL6052
assenbly as in claim1l where- in the fiber receiving surface conprises
at | east one al i gnnent .groove (28) for retaining at |east one

fiber fromthe optical fiber cable. - The connector alignnment assenbly
as in claim1l where- in the connect@/ engagenent surface forns an angle
in the range of 8l[err] to 99[err], with the fiber receiving

surf ace. 4. The connector alignment assenbly as in claim1 where- in
the second opening is sized to slidably receive an al i gnnent bal
retained in a correspondi ng connector aJ@gnnent assenbly to which the
optical fiber cable connector wll be4%Pteg2 The connect or
alignment assenbly as inclaim 1 49

oo 1
0\ :‘}q"‘ / 0
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further conprising a first pair of projections (48) [err]

adj acent the first opening and a second pair of pro- jecti 4
adj acent t hWQEHMA® openi ng wherein the proj ections proj e&oé]ﬁpé%?‘)ﬂ@
connect or engagenent surf ace. 6. THAEZconnector alignnent assenbly as
in claim5 where- ' :

49 48

10~ l 10
I S
48 49

49 .6 |
48
10~ ) (= y 10




in the alignment ball is retained between the first pai r of

proj ecti ons. 7. The connector alignnment assenbly as in claim5 where- « .. .
in the aligrnwomp3gemwl is slidably engageable with the s ec OPIT/VS9G/16052
proj ections. 8. The connector alignnent assenbly as .in claim5 where-
in the first opening is sized to reqeivesiﬁe second pair of projections.
and wherein the second opening is sized to receive the first pair of
proj ections. 9. The connector alignment assenbly as in claim11 where-
in the alignnent ball is fixedly secured into the first opening. 10.
The connector alignnent assenbl yW&s in claim1 where- in the alignnment
ball is bonded in the first openﬁqg. 11. The connector alignnent
assenbly as in claim1 where- s t—a=—sacond openi ngs connect
to first and = :

| \ =76

Fig. 5a
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second bores respectively, and wherein the first and second bores

extend t hroughout the width of the fiber al i gnnent bl ock. é&z
optical fibeWOSIBEconnector al i gnment assenbly (10) as i 96{140
further conprising: - a channel (20) formed in the fiber receiving sur-
face, REPLACEMENT SHEET . [err] éerr] 04 NOV 19917
[err] - - 17 -6/7
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- at least one alignment groove (28) formed in the channe

(20), and - a securing nenber (32) sized to fit in the channel « «
(20) to secwoeowdagreat | east one optical fiber in PCT/qS96/16Q52  _

| east one alignnent groove (28). 13. The connector alignnent
assenbly as in claim12 whejgi n the channel has a channe

surface (26) and first and 'second channel |ips (22,24) and

wherein the channel lips (22,24) conprise upper and |ower lip
edges (22a, 24a, 22b, 24b) wherein the upper |ip edges 80 first

di stance apart and the | ower I'ggedges are a secongé di stance

apart and the upper |ip edges
channel surface (26)
fromthe upper, fi
first distance between thégu
second di stance bgtwee 2

al i gnnent ass?-

menber has a

are a third distance fromthe

7 7

dg I T T —1—90a

YOOI,
Fig. 8




o

~and the channel surface. . .~~~ 15. - The.connect or gnnent
in claiml4 _ ~ wher ei n ‘when the securlng nenber #I iﬂ”ﬁ"il"
t‘he channel the securing menber |s retalned in

nel, by the first and second channel lips.” . ‘The connector
allgnnent assenbly as in cIa|n112 o . - 15 _mhereln the allgnnent bal
(62) is retained in the - - . first opening A
et hod of assenbling at ‘least a pair of opti cal " REPLACEMENT SHREGd or -+
al i gnment -assenblies (10) on a continuous optical fTlgr cable
(72) wherein the connector align- [ erGQAIMS 04 NOV 1997

1. An Optical fiber cable connector alignment assembly

(80) comprising:

- a fiber allgnment block (82) having a top loadlng
fiber rece1v1ng "surface (84) for rece1v1ng at
least one optical fiber from an optical fiber
c':able. (16) and a connector engagement surface'
(86) , S | o

- first and second openihgs (92,90) formed in the

 connector engagement surface (86), wherein the,

first opening has 'a depth d, and the second
opening"isf generally cylindrical and. has a
'dlameter d,, and ' |

- an alignment ball (94) having a radius R retained

in the first opening, wherein R > d; and 2R < d,.

2. The connector alignment assembly as in claim 1 where-
in the fiber receiving surface comprises at least one
alignment groove (28) for retaining at least one
fiber from the optical fiber cable. |

3. . The connector alignment assembly as in claim 1 where-

| in the connector engagement surface forms an angle in

the range of 81° to 993, with the fiber receiving
surface. ' '

4. _Thé-cqnnector alignment assembly as in claim 1 where-
in the second opeﬁing is sized to slidably receive an
alignment ball fetained in a corresponding connector
alignmentﬂassembly.tb which the optical fiber cable
connéctof will be mated. | '

5. The connector alignment assembly as in claim 1

further comprising a first pair of projections (48)

AMENDED SHEET
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-[err']' o . e

assenbl i es (10) have a fiber al i.gnment  bl'ock ' _ Ml“ ! |I"
a fiber receiving surface (14) for B _ rec

one optical fiber fromthe cable . -~ (72) and a connector
engagenent surface (18), a. chan- _ - 16 - nel (20) fornmed in the
fiber receiving surface (14) : - at | east one alignment groove
(28) formed in the - channel (20), and a securing nmenmber (32)
sized to fit . " in the channel (20), the nethod including the
st eps - adﬁacent the first openqngyamdoa|sgcpnd paireaftpooe
F:L; of connector - jectlons (49) adjﬁbbgﬂnfﬂé §§Eﬁ%ﬁﬂdﬁ§ﬁﬂhﬁpgﬁkge§nf@ﬁg to
spaci ng menber (71)lﬂﬂ®&ﬁ¢tl¢ﬁ5c9ﬁoject from the COHnQﬁ&RRHeéﬂgﬁg@ﬁéﬁt
.surfaces (18) of the %ﬁ #g@ét _ _ ' one pair of connector

- al i gnnent assenblies 5 : - - laying the continuous optical
cable (72) over the ' . connector alignnment assenblies (10)
such t hat 6. The connédﬂBﬁ”dﬁ#@ndéﬁ&Oabgdmbl?ea§ iaf dlkdncgbwhetd?)

are -
in the ‘alignment ball is retained between the first

pair of projections.

7. The ‘connector allgnment assembly as in claim 5 where-
5 . _1n the allgnment ball is slidably engageable with the
' second pair of projectionms. -

8. ' The connector alignment assembly as in claim 5 where-

- in the first opening is sized to receive the second

pair of projections and wherein the second opening is
sized to_receive'the first pair of projections.

- 9. The conneétor-alignment assembly as in claim 1 where-
in the alignment ball is fixedly secured into the
first opening. '

10. The connector alignment assembly as in claim 1 where-
' in the alignment ball is bonded in the first opening.

11. . The connector alignment assembly as in claim 1 where-
in the first and second openings connect to first and
second bores respectively, and wherein the first and
‘second bores extend throughout the width of the fiber
alignment block.

12."An opti¢al fiber cable connector alignment assembly
- (10) as in claim 1, further comprising:
- a channel (20) formed in the fiber receiving sur-

face,
. race REPLACEMENT SHEET

T
04 NOV 1997
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e of the afighhent grooves

posi tij - : S

- - i ndt AEPLAMEMENS SRERTr ifing nmenber (32) to ret ainthe | Ull“ I| ﬁm”““I
cabl'e lif the alTgnneny ¢rooves (28), and : '
cahl e : ' he . connector o B allgnnent assenblles
(10). . A-met hod. of- assenﬂﬁlﬁg an optical fiber cable (16) -
W th : pair  of “connector ~al i gnnent IR
as?egblles (10) wher ei n|t he al irgnment assenbl'i es (10) ' - -~ - have .. .
a fiber '

g 1 12) havi ng a _fiber rece|V|n%:-
surface (14) for receividhg leasSteene @ldgnment groove (28)pifiqrmed jifkrthe 7)

fromthe cable (16) andc%agggnqugﬁEPbﬁgENENT SHEET tor engagenent
surface (18), a channel (20) forned r.eceiv.

surface (14), at Ieast_éhéeSPFéﬁg memgf%r (32) SlT%#FT’flt Beuh! 5L Channeing

(20) to secure the at least one optical flber in
the at least one alignment groove (28).

. 13. The ‘connector allgnment ‘assembly as in- claim 12

- wherein the channel has a channel surface (26) and
first and second channel lips (22,24) and wherein the
channel lips (22,24) comprise upper and lower lip
edges (22a,24a,22b,24b) wherein the upper liﬁ'edges
are a first distance apart and the lower lip edges
are a second distance apart and the upper 1ip'edges~

. are a third distance from the channel surface (26)

' and wherein the channel lips slant inward from the
ﬁpper lip edge to the lower 1ipfedge such that the
first distance between_the upper lip edges is less
than the second distance between the lower lip edges.

' 14. The connector alignment assembly as in claims 12 and
| 13 wherein the securing member has a thickness less
‘than the third distance between the upper lip edges

and the channel surface. '

15. The connector alignment assembly as in claim 14
wherein when the secuting member is inserted into the
channel the secufing mémber is retained in the chan--
nel by the first and second channel lips. |

16. The connector alignment 'assembly as in claim 12
' wherein the alignment ball (62) is retained in the.
first opening.

171 A method of aSsemblinggat least a'pair_of optical

connector alignment assemblies (10) on a continuous
optical fiber cable (72) wherein the cannector align-

AMENDED SHEE



[err] : ' - 19 -  connector engagenent surface |

alignment -ball (62) retained in the first opening (44), the }“ “ “I ill“l"l
|nclud|ng the steps of: p05|t|on|ng_the at |'east one pair ofs caen

al i gnment assenblies (10) in a face - - face. arrangenent, - . .
positioning a spaci-ng nenber- (71) bet ween -tIi@ con- nect or engagerrent -
surfaces (18) of the at least - one pair of connector alignnent assenblies
(10), | ayi ng the optical .cable (16) over the connector al i gnnent

asserrbl ies (10):.such that i ndi vi_dual- fibers of the cable (16) are '
positioned in each GERSvASTeRHAes | fhiknhayeosy eEikem) aligniert ablos

the securing nenber (32R)tohaeiagn 4 h&iber receiving surface (14) for
receiving ‘at least one optical fiber from the cable
(72) and a connector engagement surface (18), a chan-
nel (20) formed 'in the fiber receiving surface (14),
at least one alignment groove (28) formed in the-
channel (20), and a securing member (32) sized to fit
. in the channel (20), the method including the stepe
of: '

.- positioning_the atfleast one pair of connector
alignment assemblies (10) in a face to face
arrangement, ' '

- p051tlon1ng a spac1ng member (71) between the con-
- nector engagement_surﬁaces (18) of the at least
one pair-of.connector'alignment assemblies (10),
- laying the continuous optical cable (72) over the
connector alignment assemblies (10) such that
individual uncoated fibers of the cable (72) are
positioned in each groove of the alignment grooves
- (29), | | |

- installing the securing member (32) to retain the

cable in the alignment grooves (28), and
- cutting the cable (72) between ‘the connector
alignment assemblies (10).

18. A method of assembling.an optical fiber cable (16)
with -at _leaet one pair of connector alignment
assemblies (10) wherein the alignment assemblies (10)

" have -a fiber alignment block (12) having a fiber

-receiving surface (14) for receiving at least one

_ optical fiber (17). from the cable (16) and a connec-

REPLACEMENT SHEET |  tor engagement surface (18), a channel (20) formed in

' the fiber receiving surface (14}, at least one align-

04'NOV 1997

ment groove (28) formed in the channel (20}, a

securlng member (32) sized to f£it in the channel

(20), first and second openings (44, 46) formed in the

AMENDED SHE
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| connector engagement'surfacé'(la) and an alighment

_ball"(62) retained in the first openlng (44), the

method . including the steps of: _

- positioning the at least one pair of connector
alignment assemblies (10) in a face to face
arrangement, o ' -

- positioning a spacing member (71) between-thé con-
nector engagement surfaces (18) of the at least .
one pair of connector alignment assemblies (10),

- - laying the optical cable (16) over the connector

alignment assemblies (10) such that individual
fibers of the cable (16) are positioned in each
- groove of the élignmeﬁt grooves (28),

- installing the_secuiing member (32) to retain the
cable (16) in the alignment grooves (28), and

- cutting the cable (16) between the connector
alignment assemblies (10). |

REPLACEMENT. SHEET.
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(S7) Abstract

The present invention provides a precise optical fiber cable connector (10) for aligning and connecting ends of a pair of cables. The
connector (10) has a fiber alignmeat block (12) having a fiber receiving surface (14) and a connector engagement surface (18). First and
second openings (44, 46) are provided in the connector engagement surface (18). An alignment ball (62) is provided and is retained in
the first opening (44). The alignment ball (62) is for aligning the connector (10) with another like connector, and specifically, for aligning
optical fibers carried on the connector alignment assemblies.




