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ALIGNMENT SYSTEM IN A CONNECTOR
FERRULE FOR A FIBER OPTIC CABLE

Field of the Invention _
5 This invention generally relates to the art of

fiber optic connectors and, particularly, to an alignment
system in a connector ferrule for a fiber optic cable which
includes one or more optical fibers.

Background of the Invention .
10 In fiber optic transmission systems, signals are

transmitted along optical fibers by optical frequency waves

(light) generated by such source as LED's, lasers and the

like. Optical fibers'typically are fabricated of glass

materials and, as optical fiber circuitry developed, it

15 became necessary to provide connecting devices which could

couple one optical fiber to another, only in an end-to-end

relationship. -

A traditional procedure for making a connection

between ends of optical fibers is to, first, remove a

20 protective jacket from a given length of fiber at the end

of the fiber to be joined. After the jacket is removed, a

250 micron (OD) buffer is exposed which can then be

stripped to expose a 125 micron (OD) fiber. The fiber is

then threaded through a passage in a ferrule where it is

25 affixed in place by adhesive and/or crimping. The fiber is

inserted so as to extend well beyond a front surface of the

ferrule. The exposed fiber material is then cleaved and

polished. Any remaining adhesive is removed. The ferrules

‘then are assembled into a connector assembly which is

30 intended to position the optical fibers with their optical

axes in alignment for connection to the fibers of a mating
connector or other appropriate connecting device.
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5 extent that a plurality of generally parallel optical
fibers or channels are disposed in a line or generally
coplanar relationship. Terminating the optical fibers of
a fiber optic ribbon cable is genérally similar to the
procedure described above. In general, the unitary
10 protective jacket surrounding the line of fibers is removed
so that the buffered fibers are exposed which are then
stripped and the unprotected fibers project from the flat
cable in a line. Typically, these individual fibers must
be inserted into respective individual holes or passages in
15 - ‘a prefabricated connector ferrule. The passages align the
fibers at a predetermined spacing for coupling to the ends
of the fibers in a complementary connector ferrule or other

connecting device. '
This terminating process of the individual fibers
20 of a multi-fiber cable, creates a number of problems.
First, because of the very thin size and extremely fragile
nature of the fibers, it can be tedious to insert a fiber
into a single aligning hole or passage. However, inserting
‘a plurality of such fibers from a single cable into a
25 plurality of passages can be extremely difficult. If a
single fiber of the cable is broken, the stripped cable end
and ferrule either must be discarded and/or reworked.
Since these processes typically are carried out by hand,
they can be rather inefficient and result in unnecessary

30 . expense.

In the prior art, placing individual fibers of a
multi-fiber cable into individual holes or passages in a
connector ferrule results in a high percentage of rejects.
The ferrules must be inspected hole by hole. In addition
35 to fibers being broken, the holes, themselves, may be too
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2 comprise'bodies which are crystalline in nature, typically

of ceramic material. However, they can be molded of

plastic or like material. For multiple channel ferrules,

5 the fiber-receiving holes or passages must be formed

precisely to maintain proper form or alignment and spacing

between the fibers to prevent tolerance problems causing
transmission losses during mating. |

The above alignment/tolerance problems are

10 further complicated in connector assemblies wherein a pair

| of mating connector ferrules, themselves, are placed in the

‘mating condition by two alignment pins. These alignment

pins typically have one end of each pin extending into a

‘ passage of the connector ferrule, and the opposite end of

15 the pin being inserted into a passage in the mating

connector ferrule, with a chamfered lead-in on the pin for

alignment. The problems of maintaining precise tolerances

with the aliénment pins and their passages must be added to

the tolerance problems in maintaining precise spacing and

20 alignment of the individual holes for the optical fibers of

the fiber optic cable. It can be understood why there is

such a high number of rejects during the fabrication of

prior art connector ferrules. The present invention is

directed to solving the problems. in the fabrication of a

25 multi-fiber ferrule.

Summary of the Inventiég
An object, therefore, of the invention is to

provide a new and improved alignment system in a connector
ferrule for a fiber optic cable which includes at least one
30 optical fiber. _

In the exempléry embodiment of the invention, a
ferrule body is provided for receiving the £fiber optic
cable and includes a fiber passage for receiving the
optical fiber and a pin passage spaced from the fiber
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A Ftiber- optic ribbon cable has become I ncreasi ngly. popul ar

to provide nmultiple channels in a single cable structure. An optical
ri bbon cable is simlar to any other well known ribbon electrical
cable tothe 5 extent that a plurality of generally parallel o ajt%anlt
fibers or channels are disposed in a line or generally " CQP)_anal

rel ationship. Termnating the optical fibers of a fiber optic rf%%on
cable is generally simlar to the procedure  described above. - In

general, the paiskage 10 Tharq%fﬁtiﬁﬁbéﬁgéetréégiééﬁmﬁdﬁitéﬁi o tof pin
fibers is renoved so that the buffered fibers are exposed which are
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5 pin passage for directly receiving the alignment pin. The
outside dimensions of the bushing are smaller than the
inside dimensions of the pin passage to define a space
therebetween. A filler adhesive is applied in the space
between the outside of the alignment bushing and the inside
10 of the pin passage. Therefore, the bushing can be
precisely.aligned in the pin passage from exteriorly of the
passage, and the filler adhesive can fix the bushing in
that precise alignment interiorly of the passage.

As disclosed herein, the ferrule body is adapted
- 18 for receiving a fiber optic ribbon cable which has a
plurality of generally parallel optical fibers in a line.
A pair of the pin passages and alignment bushings are
provided'and spaced from opposite ends of the line of
fibers. The alignment bushing is shown to be generally

20 cylindrical as is the piﬁ passage in the ferrule body.

' ~ Other features of the invention include the
provision of stop means in the pin passage to define a
limit position of insertion of the alignment bushing in the
passage. The pin passage is in a front face of the ferrule

25 body, and an opening is provided in the body remote from
the front face and communicating with the pin passage.
This allows for the filler adhesive to be inserted through
the opening into a rearward area of the pin passage.
Other objects, features and advantages of the
30 invention will be apparent from the following detailed
description taken in connection with the accompanying draw-
ings.
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fibers at a predeterm ned spacing for coupling to the ends of the
fibers in a conplenentary connector ferrule or other connecti ng

devi ce. This termi nating process of the individual fibers
20 of a multi-fiber cable, creates a nunber of problens. girst,
because of the very thin size and extrenely fragile natP ]

fibers, it can be tedious to insert a fiber into a single aligning
hol e or passage. However, inserting a plurality of such fibers from

a single cable g fiéfaDgécrlthBhabEtEthDE%%%%@%? can be extrenely
difficult. | f e cable is broken, the sérlgp
cabl e end and ferr&he g??HéFeﬁlBF Hals) inventPm Gt perobrideve

Since these progesbesndy$l Ca’izl"é Yeett EESHH lmmlﬁaf&)&diﬂmhty in tHehapped -b
rat her |neff|C|egt ind resulj, i n,unnecessar

n the prior artd GRACMSG | %! HEPSELnar s topesher” TR fes ?PBsFtéas‘PS
i nto indi¥%idual thelad;vmt@gesagbsreofa may be hmmentderstecdiby referencen

a high percentagg eﬁerfbffg§ing descrlptlon taken in conjunction with the
accompanying drawings, in which like reference numerals
identify like elements in the figures and in which:

FIGURE 1 is a front -perspective view of a

10 connector ferrule according to the prior art;
FIGURE 2 is ‘a vertical section taken generally
- along line 2-2 of Figure 1; _ '

FIGURE 3 is a perspective view of the prior art

connector ferrule about to be terminated to a mating
15 ferrule by using a pair of alignment pins; '

FIGURE 4 is a front perspective view of a
connector ferrule embodying the concepts of the invention;

FIGURE 5 is a fragmented horizontal section taken
generally along line 5-5 of Figure 4, but showing just the

20 ferrule body and one of the bushings;

FIGURE 6 is a vertical section taken generally
along line 6-6 of Figure 4, but showing just the ferrule
housing;

FIGURE 7 is a front elevational view of the

25 ferrule housing;

FIGURE 8 1is a rear elevational view of the
ferrule housing;

FIGURE 9 is a top plan view of a fixture for
terminating the fibers of a fiber optic ribbon cable in the

30 connector ferrule of Figure 4, with the fixture in open
condition to receive the cable and ferrule body;

FIGURE 10 is a top plan view of the fixture in
closed condition with a ferrule and cable positioned
therein; '
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Thb ferrules nust be inspected hole by hole. In addition 35 to fibers
,being broken, the holes, thenselves, may be too

3 _ | arge or too small or not circular. Connector ferrules
conpri se bodies which are crystalline in nature, typically Pk eG@r am c
mat eri al . However, they can be nvol ded- of pl astic or lgrkemaigeri al .

For multiple channel ferrules,

FIGURE 11 is an end elevational view of_the fiber

alignment block of the fixture;
N "~ FIGURE 12 is a fragmented'end elevational view,

on an enlarged scale, of the aligning grooves in the fiber
5 alignment block; _
FIGURE 13 is a vertical section taken generally
along line 13-13 of Figure 11; | '
: FIGURE 14 is a vertical section taken generally
along line 14-14 of Figure 11; and
10 : FIGURE 15 is an enlarged fragmented end
elevational view of the completély fabricated connector
ferfule, showing one of the alignment bushings and some of
the precisely aligned optical fibers surrounded by filler

adhesive.

—

jaced

(ﬂ

\ \\\\ “ﬁ

__._-—-—



5 ° the fiber-receiving holes or passages nust be forned

precisely to maintain proper formor alignnment and spaci ng - between
the fibers to prevent tol erance probl ens causing transm ssion | osses
during mating. The above alignnent/tol erance pr obIP%rEsenq:re
10 further conplicated in connector assenblies wherein a pai9r.7_2'78 sd)f
mati ng connector ferrules, thenselves, are placed in the mat'i n
condition by two alignnment pins. These alignnent pins typically have
one end of eachppid;qxkeliRd itlidr of the SRR Or
ferrule, andthe—cTﬁToLcﬁTe_‘én—c In being 1nserted Into a

orT, e p : A e .
passage in the mating Refediidtd ok of drhel drayingsy LRaFEREY edetadlon
the pin for Figahhegnnens . stiwy paohésiike Of ofbifirdlidigapeeetdsagt oter ames
wi th the alignnment gi@; an% tgﬁir assages st Q&' ded to n%%f
tol erance probl &MWECERTai Mtai nffig gFé8Fsea§ggci%ﬁ arfttPres & i hnditehr 2
-the indi vbdual hkonesctor Ehmnnﬁé(fdbfid&t@dodccqrdinghﬁofthercopbbptsahﬁa
|t can be undershaod MLINGI® | fs explaiteh 3" Ghe "VERRkGIEURENS Lhove,

during the fabrication _
after a fiber optic cable is terminated in the ferrule, the

ferrule then is assembled in an overall fiber optic
connector assembly. _ N

10 Before proceeding with a description of the prior
art and of the invention, it should be explained that the
connector ferrules are adapted for terminating a fiber
optic ribbon cable, generally designated 20, which includes
a plurality of discrete, generally parallel optical fibers

15 22 which are in a line or generally coplanar relationship.
However, it should be understood that many concepts of the
invention are equally applicable for any multi-fiber cable
which includes a plurality of discrete fibers that must be
aligned and properly spaced.

20 Turning first to Figures 1-3, a connector
ferrule, generally designated 24, is shown according to the
prior art. The ferrule includes a ferrule body 26 having
a front planar mating face 28. As seen in Figure 2, a
plurality of fiber passages 30 extend through body 26 and

25 into front mating face 28. As seen in Figure 1, fiber
passages 30 are in a line or row corresponding to the
coplanar relationship of in-line optical fibers 22 of
ribbon cable 20. A flexible boot 31 surrounds cable 20 at
the rear of ferrule body 26 to provide strain relief for

30 the cable. The boot is fixed, as by epoxy, in an opening
3la at the rear of the body. _ ,

Connector ferrule 24 of the prior art is adapted
for mating with a complementary ferrule, or similar
connecting device, generally designated 32 in Figure 3.

35 The connecting device is similar to ferrule 24 in that it
—_—
Th . I - 7 -
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pribr art connector ferrules. The present invention is directed to

solving the problens in the fabrication of a 25 multi-fiber ferrule.
Summary of the Invention An object, therefore, of the
invention is to provide a new and inproved alignnment systemgll g,
connect or ferrule for a fiber optic cable which includes gf_J-8ads one
30 optical fiber. In the exenpl ary enbodi nent of the

i nvention, a ferrule body is provided for receiving the fiber optic

cable and incluges aaf ifRentPasPansrf RlatlioRei ¥aAG8 BRE and a Dipid cak fAiwyr
and a pin passa%gs%g%%%d3%fggktchgkgggg the individuai fibers of a second
fiber optic ribbon cable 20A. As is known in the art,
ferrule 24 and connecting device 32 are mated by using a
5 pair of alignment pins 38 which are inserted into alignment
passages 40 (Fig. 1) of ferrule 24 and alignment passages
42 (Fig. 3) in connecting device 32. Alignment pins 38 are
effective to align fiber passages 30 (Fig. 1) of ferrule 24
(Fig. 1) with fiber passages 36 (Fig. 3) of connecting
10 device 32 and, correspondingly, aligning the optical fibers
of cable 20 with the optical fibers of cable 20A.

In fabricating connector ferrule 24 according to
the concepts of the prior art, it should be noted that
ferrule body 26 has an opening 44 in the roof thereof which

i5 - communicates with the interior of the body. Referring next
to Figure 2, it can be seen that ribbon cable 20 has a
front end portion of its protective jacket 46 removed to
expose the line of optical fibers 22. During fabrication,
the cable is inserted into ferrule body 20 in the direction
20 of arrow "A" (Fig. 2). During the insertion process, each
individual optical fiber 22 must be inserted into its
respective individual fiber passages 30. All the fibers
are inserted into the passages simultaneously. Although
not shown, typically, the fibers will extend beyond the
25 front mating face 28 of the ferrule body. After all of the
exposed fibers are inserted into their respective fiber
passages 30, a premixed epoxy 48 (Fig. 2) is poured into
top opening 44 to fix the cable, the fibers and the boot
within the ferrule body. After the epoxy is allowed to
30 cure, the fiber ends are cleaved adjacent to the £front
mating face of the ferrule body, and the fiber ends are
polished as is known in the art. |

Without repeating all of the problems explained

in the "Background", above, it readily can be understood
35 how difficult it is to insert exposed fibers 20 into their

e
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4 passage. The pin passage receives an alignnent pin
projecting fromthe ferrule body to align the body with a mat i ng
ferrule body or wth any other conplenentary connecting devi ce.

An al i gnnent bushing is disposed in the 5 = pin passage for dlre
receiving the alignment pin. The out si de di nensi ons of %g
o |ne a

are snmaller than the I nsi de di nensions of the pin passage t
space therebetween. A filler adhesive is applied in the space

bet ween the out ghdevehukhe ﬁiwfmaséyg%y ngoand tie hAgi€eoA) witd thie
pin passage. Ther ef or e, P bushln can % pre jsefg allgned I n
t he pin'passaged?FSFFE§?8P| PR Eﬁ%o art ferrule in Figures he

tolerance problems in -maintaining proper spacing and
alignment of fiber passages 30, plus proper spacing and
5 alignment tolerance problems with pin passages 40, now can
be fully understandable. o
Figures 4-8 show a connector ferrule 50 embodying
the concepts of the present invention. Again, the ferrule
is constructed for terminating a fiber optic ribbon cable
10 20 which includes a plurality of generally parallel optical
fibers 22 in a line or coplanar relationship. However, it
will be recognizable that many concepts of the invention
are equally applicable for other configurations of multi-
fiber cables. o
18 ’ More particularly, connector ferrule 50 includes.
a ferrule body 52 having a fiber passage 54 which is
elongated in cross-section to receive the entire line of
optical fibers 22. In other words, one elongated passage
54 is provided for receiving therein all of the fibers of
20 the cable. This is in contrast to the prior art which
requires a single passage for each respective fiber of the
cable. Connector body 52 also has a front planar mating
-face 56, a top opening 58, and a pair of passages 60 spaced
from opposite ends of elongated fiber passage 54. Passages
25 60 can be called "pin passages", although the passages do
not directly receive alignment pins 38 (Fig. 3) as in the
prior art, as will be described in greater detail
hereinafter.
According to the invention, epoxy is inserted or
30 + poured into opening 58 to surround the line of optical
fibers 22 in elongated passage 54. That is why the epoxy
will be referred to hereinafter as a "filler adhesive".
Figures 9 and 10 show a fixture, generally
designated 62, which is used to hold ferrule body 52 and to
35 precisely align fibers 22 within elongated fiber passage 54

This Sheet Has Been Repl ' -9-
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passage, and the filler adhesive can fix the bushing in t hat precise
alignment interiorly of the passage. As di scl osed herein,

the ferrule body is adapted 15 for receiving a fiber optic ribbon cable
whi ch has a plurality of generally parallel optical fibers in.a_line.

A pair of the pin passages and alignnment bushings are prgyL@é@eéép
spaced from opposite ends of the |line of fibers. The al i"gnment

bushing is shown to be generally 20 cylindrical as is the pin passage in

the ferrule bodye the body. The FikelLrkedirdiont ideahn¥pahi 82 1RG4
t he provi sion of stgp neans I1n the pin passage to define a

limt position SPRAAEdPR 4R Biduke &) ARAnEhta KikAsed) 9 aasembly copddlicm
The pin passageiinsFiguaef nont face of the ferrule 25 body, and an
opening is provided in the body renpte fro ,_the fraont face and
communi cating with the piﬁkﬁﬁéséﬁigglcuiarfihis iR 1o Bthelqéi?éhs a
adhesi ve 60 be geaertddyt hemigingular bdde apemountindgobiockabdawtiiahehasf

Eﬂg pin passage,n externally threg)&ggrrggjgf tsghag@ aéé‘”r?ﬁma;l.@x% %i\é%tt?&%%g%f

within an internally threaded bore (not visible in the

drawings). A manual rotating knob 68 is fixed to the outer

distal end of shaft 66. As seen best in Figure 9, a

10 channel 70 is provided for receiving ribbon cable 20, and

a receptacle 72 is provided for receiving ferrule body 52.

Channel 70 has a major horizontal width and a minor

vertical depth for receiving the flat ribbon-type cable.

A cable clamp in the form of a cover 74 is pivoted to one

15 - side of base 64 on a pivot rod 76. The cable clamp is

pivotally movable from an open position shown in Figure 9

to a closed position shown in Figure 10. In its open

position, the cable clamp projects upwardly at an angle to

base 64 and exposes channel 70. In its closed position,

20 the cable clamp holds the ribbon cable in channel 70. Most

of the components of fixture 62 can be fabricated of metal

material, and a pair of magnets 78 (Fig. 9) can be used for
holding cable clamp 74 in its closed, clamping position.

A ferrule clamp 79 holds a ferrule in receptacle

25 72. Like cable clamp 74, ferrule clamp 79 is pivoted, as

at 79a, to base 64 between an open position exposing the

. receptacle and a closed position holding the ferrule in the

receptacle.

A movable carriage, generally designated 80, is

30 reciprocally movable in the direction of arrow "B" (Fig. 9)

at an end of base 64 opposite cable-receiving channel 70

and cable clamp 74. Carriage 80 can be movably mounted on

base 64 by a variety of mechanisms. A simple mechanism is

to use shaft 66 which runs through base 64 and to connect

i



30 invention will be apparent fromthe follow ng detail ed

description taken in connection with the acconpanyi ng draw I ngs.
5 Brief Description of the Draw ngs The features of
this invention which are believed to be novel are set fortgagggg
particularity in the append- 97-278 SG
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threadingly rotating the shaft causes the shaft to move and
move the carriage therewith.

Movable carriage 80 of fixture 62 includes a
fixed alignment block, generally designated 82, and a
pivotally movable fiber clamp 84. Like céble clamp 74,
fiber clamp 84 is pivoted to one side of base 64 on a pivot
rod 86. Fiber clamp 84 has a tongue 87 that projects in a
direction toward receptacle 72. The fiber clamp is
pivotable from an open, upwardly angled position shown in
Figure 9 and a closed position shown in Figure 10. As will
be seen hereinafter, fiber clamp 84 is effective to hold
the fibers of the ribbon cable in position on fiber
alignment block 82. The fibers can be held simply by the
weight of fiber clamp 84, or appfOpriate.magnets (1ike
magnets 78) can be used to hold the fiber clamp down on the
fibers. A pair of alignment posts 88 are shown in Figure
9 projecting from fiber alignment block 82 toward
receptacle 72 which receives one of the ferrule bodies 52.
The alignment posts are insertable into passages 60 in the
ferrule body, as will be described hereinafter.

Figures 11-14 show fiber alignment block 82
removed from fixture 62 to facilitate the illustration.
More particularly, the fiber alignment block is a solid
component having a chamfered trough 90 formed in the top
thereof. As seen best in Figures 11 and 12, the side walls
of trough 90 are tapered downwardly in a converging manner
toward a bottom wall which includes a plurality of
generally parallel grooves 92. The grooves are enlarged in
Figure'lz to show that they are semi-cylindrical in cross-

‘section. It should be understood that the grooves also can

be triangular or otherwise polygonal in cross-section. In
any event, the grooves are spaced to precisely align fibers
22 within elongated fiber passage 54 of the ferrule body,
as will be described in greater detail hereinafter. Fiber
alignment block 82 can be fabricated as a high precision

-11-
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ed clains. The invention, together with its objects and 5 = the

advant ages thereof, may be best understood by reference to the
foll owi ng description taken in conjunction with the acconpanyi ng
drawi ngs, in which |like reference nunerals identify like e enments in
the figures and in which: ' FIGURE 1 is a fron579%5%§§§;ive
view of a 10 connector ferrule according to the prior art;

FIGURE 2 is a vertical section taken generally ~along line 2-2 of
Figure 1; formed metalfl A JPCLEPLl i VL | et i d{tn PrERne ¢
connector ferrule about to be t r&?%ategyto a rrlatirllqng(iyif ferrul e by using

a pair of aligfk¥fEapilige component. In eithgyrinstiafice.f GFHPOVSE HeldVe
view of a be £8PREEA0EAS SAT 4| My OIRDTY i dithddr® LN cAEIed reha tidaMiion;

FIGURE 5 is a frggnented hoti zont al section taken general ly al ong
line 5-5 of FiB&FB YT PIgRACTYRGY: e PFECLSY My ul e body and one of
t he bush$ngs; Still ref&kRinGg ts Bigwrés bl - sectiider aldgnment

general |y block 82 also has a pair of precisely located holes 94

which receive alignment posts 88 as described above in
‘relation to Figure 9. Again, holes 94 can be formed in
alignment block 82 with very high accuracy and precision.
10 : ' With the above detailed description of the
structure of connector ferrule 50 and fixture 62, including
fiber alignment block 82, the method of fabricating the
~connector ferrule now will be described. However, before
proceeding with the method in detail, a quick reference
15 - should be made to Figure 15 to visualize the size
relationship between optical fibers 22 and elongated fiber
passage 54 in ferrule body 52. As with the prior art, .
ribbon cable 20 is prepared by removing the protective
jacket from an end portion of the cable to expose the line
20 ‘of optical fibers at the end portion. Prior to positioning
the cable in the fixture, a pair of cylindrical bushings
100 (Fig. 15) are telescoped onto alignment posts 88. The
cable then is placed into channel 70 of fixture 62, with
cable clamp 74 in the open position as shown in Figure 9.
25 One of the ferrule bodies 52 is positioned in receptacle 72
of the fixture. The cable then is moved forwardly in
channel 70 into the rear end of the ferrule body until
fibers 22 project through enlarged, elongated fiber passage
54 in the ferrule body. In the alternative, the .cable and
30 fibers can be inserted into the ferrule body, and the cable
and body simply lowered as a subassembly onto the top of
the fixture, positioning the cable in channel 70 and the
ferrule body in receptacle 72. In either event, cable
clamp 74 then is pivoted from its open position (Fig. 9) to

This Sheet Has Been Reilaced -12-
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along line 6-6 of Figure 4, but showing just the ferrule housi ng;
FIGURE 7 is a front elevational view of the 25 ferrul e housing;

FIGURE 8 is a rear elevational view of the ferrul e housing;

FIGURE 9 is a top plan view of a fixture for term nating t§e fi%ers

of a fiber optic ribbon cable in the 30 connector ferrule of F
with the fixture in open condition to receive the cable”an

body;

FE4,
ggethle

FIGURE 10 is a top plan view of the fixture in

closed conditiog i thogebiepbileiaRd (F3.€189ST WilRCthagnets 78NBbedAng the
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cable clamp down on the cable. _

_ With the cable and ferrule body properly
positioned in fixture 62 as described above, knob 68 at the
end of externally threaded shaft 66 then is rotated to move
carriage 80 in the direction of arrow "C" (Fig. 10).
During this movement, the distal ends of alignment posts 88
(Fig. 9) first will enter passages 60 (Fig. 4) in the
ferrule body. Bushings 100 will move with the alignment
posts into passages 60. Further movement of the carriage
will cause fiber alignment block 82 to move under distal
ends of the exposed optical fibers which have been extended
completely through the enlarged, elongated fiber passage 54
of the body beyond front face 56 of the body. With the
carriage and alignment block 82 moved to the full
"assembly" position shown in Figure 10, all of the fibers
will be juxtaposed over grooves 92 (Fig. 12) in the fiber
alignment block. A small-amount of manual manipulation may
be needed to ensure that one fiber is in each groove.
Fiber clamp 84 then is pivoted from its open position (Fig.
9) to its closed position (Fig. 10). During closing of the
fiber clamp, projecting tongue 87 enters trough 90 of fiber
alignment block 82 and holds the fibers in precision
grooves 92. _

With the cable and ferrule body now being mounted
in fixture 62, and with the fibers of the cable being
precisely aligned by the grooves in alignment block 82,
filler adhesive is then placed into opening 58 in the top
of the ferrule body until the adhesive substantially fills
the cavity. The elongated pin passage 54 will receive
adhesive on the sides of the bushings 100 to captivate them
in place. Figure 15 shows filler adhesive 98 surrounding
all of the individual fibers in the enlarged passage as
well as around bushings 100 in passages 60. The filler
adhesive then is allowed to cure. In the alternative, the
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6 FIGURE 11 is an end el evational view of the fiber
alignment bl ock of the fixture; FIGURE 12 is a fragnented end

el evati onal view, on an enl arged scale, of the aligning grooves in
the fiber 5 alignnment bl ock; FIGURE 13 is a ve%gk%%t
section taken generally along line 13-13 of Figure 11, 97-278. SG
FIGURE 14 is a vertical section taken generally al ong |ine fZ—lf of
Figure 11; and 10 FIGURE 15 is an enlarged fragnented
end el evahenak ¥igwuek,t haciamRhe! eht bRRikqdhed CARIRCHAE ferrule

10

15

20

25

30

35

body, along with the applied filler adhesive, then can be
placed in an oven, if necessary, to heat-cure the filler
adhesive. |

After the adhesive is cured, alignment péSts 88
move out of the precisely positioned bushings as carriage
80 is moved back away from the cured connector ferrule. To
facilitate this process, posts 88 are lubricated prior to
applying the filler adhesive. The fiber ends which project
from mating face 56 of the ferrule body are then cleavéd_
and polished. If any filler adhesive protrudes slightly
from fiber passage 54 beyond mating face 56, the adhesive -
also is removed or polished-off.

Enlarged Figure 15 shows the end result of the
invention for precisely aligning fibers 22 within elongated
fiber passage 54 and the bushings 100 in passages 60 which
precisely align connector ferrule 50 with a complementary
ferrule or other connecting ‘device such as ferrule 32
described in relation to the prior art of Figure 3. Figure
15 shows a cylindrical bushing 100 inserted within one of
the passages 60 in ferrule body 52 of the connector
ferrule. Réferring back to Figure 5, it can be seen that
a shoulder 102 is formed within each passage 60. This
shoulder defines a stop limit for inserting boot 31. It
can be seen in Figure 15 that passage 60 is slightly larger
in diameter than the outside diameter of bushing 100.
Consequently, capillary action will cause filler adhesive
98 to £ill the space between the outside of the bushing and
the inside of the passage and precisely align the bushing
relative to the second bushing but also relative to fibers
22 fixed within the connector ferrule. It can be seen in
Figure 15 that the ‘bushings are slit, as at 100a. The
bushings, thereby, expand when telescoped onto alignment
posts 88, to the exact diameter of the posts. The posts
can be fabricated with precision and accuracy, and this
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ferrule, showi ng one of the alignment bushings and sone of

t he

precisely aligned optical fibers surrounded by filler adhesi ve.

7 Det ai | ed Description of the Preferred Enbodi nent

Referring to the drawings in greater detail, Figures 1-3 shgm%gnt
connector ferrule according to the 97_238 3G

accuracy 1is transferred to the bushings.

diameters of the alignment posts.

From the foregoing, it is readily apparent that

When filler
adhesive 98 cures, the bushings are secured at the exact

5 the invention is a vast improvement over the prior art.

essence, the fiber passages and pin passages in the ferrule

body of the inVention are not used to align the fibers and

alignment pins. A separate fixture of high precision is
used outside the connector ferrule and, in essence,

10 precision parameters are transferred to the ferrule.

transferring the precision from the fixture to the ferrule

as is contemplated by the present invention, the parameters

of the resulting ferrules are very consistent

repeatable. This process can be fine tuned or adjusted

1s simply by modifying the fixture. Still further, with fiber
passage 54 being considerably larger than the fibers
themselves, the same ferrule body can be used for different
sizes of fibers which is not possible with the prior art.
In fact, a single ferrule body, with its
20 elongated fiber passage can be used to accommodate fiber
optic cables of different numbers of fibers.
is not possible with the prior art, because the number and
sizes of the fiber passages must be varied in attempts to

arrive at any consistency whatsocever.

25 It will be understood that the invention may be
embodied in other specific forms without departing from the

spirit or central characteristics thereof.

examples and embodiments, therefore, are to be considered
in all respects as illustrative and not restrictive,
30 the invention is not to be limited to the details given

herein.
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concepts of the prior art, and Figures 4-15 show a 5 connector ferrule
fabricated according to the concepts of the invention. As explained

g above, after a fiber optic cable is ternmnated
ﬂﬂﬂlﬂﬂﬂ ﬂﬂu“"r“ull - ferrule then is assenbled in an overall Sfiher

optle ¢ t conrector assenbly. 10 Bef ore proceedighg w%t%Ga
description of the prior _ art and of the invention, it shoul& be
expl ai ned that the connector ferrules are adapted for termnating a
fiber opt pgatrmgbon cabl e, generally designated 20, which includes
a plurality of discrete, generally parallel optical fibers 15 22 whi ch
are in a line or generally coplanar rel ationship. However, it should
be understood that nmany cmncep&rs afigiment systemvemilaoncmmeequﬁl Egrrule

o Scr et fibers PhA this? taver SPeig oate aled propirt fipTedad 3 1eatt
Turning first onhe optgomésfibed, (22),coomprtising: ferrule, generally
deS|gnateg 24, is shown aQC@EQEHQetBoEQB(sz) for receiving the cable (20)
and including a fiber passage (54) for receiving the
optical fiber (22} and a pin passage (60) spaced from the
fiber passage for receiving an alignment pin (38)
projecting from the ferrule body to align the body with an
10 appropriate complementary connecting device (32);
an alignment bushing (100) in the pin passage
(60) for directly receiving the alignment pin, the outside
dimensions of the bushing being smaller than the inside
dimensions of the pin passage to define a space
15 therebetween; and
a filler adhesive (98) in said space between the
outside of the alignment bushlng (100) and the inside of
the pin passage (60),
whereby the bushing (100) can be precisely
20 aligned in the pin passage (60) from exteriorly of the
passage and the filler adhesive (98) can fix the bushing in
that precise alignment interiorly of the passage.

2. The alignment system of claim 1, including a
pair of said pin passages (60) and alignment bushings (100)
25 spaced on opposite sides of the fiber passage (54).
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fncl udes a ferrule body 26 having a front

pri
pl anar natlng face 28. As seen in Figure 2, a plurality of fiber

~passa j‘ﬁ M)ugh body 26 and 25 into front mating face 28. As
seen gﬁ”ﬂﬂm H“E‘ passages 30 are in a line or row

correspbndi nd tdt copl anar relationship of in-line OPngigngbers
a

22 of ri bbon cable 20. A flexible boot 31 surrounds cable

the rear of ferrule body 26 to provide strain relief for 30 t he cabl e.
The boot is fixed, as by QPOXThe'Blign&BﬁE'Qgstem of %lalﬁtzthﬁeféih Qﬁlﬁhe
body. Connector, ferrule 24 of the prior, art i dapt ed

for mating wit hf8XEBHEI DREAT &32 ) &t% uRdaprbed sﬁﬁFI§F°e1V1ng & ?Fn@ptlc

devi ce, general rybBefi gretbbel 3R20)n Wwhdwhe Bas35a pllwakigneelfi ngefleyhteyi s

simlar to ferrule %feino%Q%%éf fibers (22) in a line, and said pair of
5 pin passages (60) and alignment bushings (100) are spaced

from opposite ends of the line of fibers.

4. The alignment system of claim 1 wherein said
alignment bushing (100) is generally cylindrical.

- 5. The alignment system of claim 4 wherein said
10 pin passage (60) in the ferrule body (52) is generally
cylindrical.

6. The alignment system of claim 1 wherein said
ferrule body (52) has a stop means (102) in the pin passage
(60) to define a 1limit position of insertion of the
i5 alignment bushing (100) in the pin passage.

7. The alignment system of claim 1 wherein said
pin passage (60) is in a front face (56) of the ferrule
body (52), and including an opening (58) in the ferrule
body remote from the front face (56) and communicating with

20 the pin passage (60), whereby the filler adhesive (98) can
be inserted through the opening (58) into a rearward area
of the pin passage.
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has a front planar mating face 34 and a line of fiber passages 36 for

.recervrng—rhé—‘ﬁaTVTaﬁél fibers of a second fiber optic ribbon cable

20A. AS | the art, ferrule 24 and connecting device 32
are nmm‘ ﬂg Bms pair of alignment pins 38 which are insggtegdeinto
alig dges 40 (Fig. 1) of ferrule 24 and alignmegy_pagsages
42 (Fig. 3) in connecting device 32. Alignnent pins 38 are .effective
to align fiber passages 30 (Fig. 1) of ferrule 24 (Fig. 1) with fiber
passages 36 (Fig. 3) of c®nneah rQ idhmentdeyyseem2ianc eRirneaspONdfegryle

aligning the Op{é&) fofbgr%iber optic ribbon cable (20) which includes a
plurality of generally parallel optical fibers (22) in a
line, comprising:

5 a ferrule body (52) for receiving the cable (20)
and including fiber passage means (54) for receiving the
line of optical fibers (22) and a pair of pin passages (60)
spaced from opposite sides of the fiber passage means (54)
for receiving a pair of alignmént pins (38) projecting from

10 the ferrule body to align the body with an appropriate
'cbmplementary' connecting device (32), the pin passages
being in a front face (56) of the ferrule body, and with an
opening (58)’iﬁ the ferrule body remote from the front face
and communicating with the pin passages (60);

15 | a pair of alignment bushings (100) in the pair of
pin passages (60) for directly receiving the alignment pins
(38), the outside dimensions of the bushings being smaller
than the inside dimensions of the pin passages to define
spaces therebetween; and |

20 a filler adhesive (98) inserted through the
opening (58) in the ferrule body (52) into rearward areas
of the pin passages (60) and into the spaces between the
outsides of the alignment bushings (100) and the insides of
the pin passages, '

25 whereby the bushings (100) can be precisely
aligned in the pin passages (60) from exteriorly of the
passages and the filler adhesive (98) can fix the bushings
in that precise alignment interiorly of the passages.
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of cable-20 with the optical fibers of cable ZOA. In

fabricating connector ferrule 24 according to the concepts of the

pri oer,m mn\m"i'lne not ed t hat . ferrule body 26 has an opening 44
inth ich 15 communi cates with the interior of pgbheykody.
Referringnext ® S *to Figure 2, it can be seen that ribbon eghbggl@chas
a front end portion of its protective jacket 46 renoved to

expose the line of optical fibers 22. During fabrication, t he cabl e
is inserted into ferrule bodyTRe nlibhmesitr efistem 2F cladm & whereAh Ebiid
2). During the_insertion, process i ndi-vi_dual 1.C I fiber 22
nmust be inserteai?ﬁpge sbPl 1ngsré§§§§ta§glqﬁﬁqf Al ?Y gﬁipégsages 30.

Al'l the fibers are inserted into the passages simultaneously.
Al t hough not showng sty I 8 idP
front mating face 28 of t%e f2¥§€1%?%3éﬁﬁhé %ﬁ%é@&w%f éygﬁ1(§ Qﬁ%ﬁ%ggig%éé

fibers are |nseptédpﬁﬁﬁégﬂ%ﬂQGQbsb@ctheefﬁﬁﬁyﬂe body p2kadts g@negally
prem xed gpoxy 4@16hRgicdL.is poured into top opening 44 to fix the
cable, the fibers and the boot :

11. The alignment system of claim 8 wherein said
ferrule body (52) has stop means (102) in the pin passages
(60) to define 1limit positions of insertion of the
alignment bushings (100) in the pin passages.
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within the ferrule body. After the epoxy is allowed to 30 cure, the

fiber ends are cl eaved adjacent to the front ., mating face of the
ferrul e body, and the fiber ends are polished as is known in the
art. ‘Wthout repeating all of the problens expl apgednt

i'n the "Background", above, it readily can be understood 35 g¢hawsg gg
difficult it is to insert exposed fibers 20 into their
9

ABSTRACT

ALIGNMENT SYSTEM IN A CONNECTOR
FERRULE FOR A FIBER OPTIC CABLE

An alignment system is disclosed in a connector

5 ferrule (50) for a fiber optic cable (20) which includes at

least one optical fiber (32). A ferrule body (52) receives

the cable and includes a fiber passage (54) for'receiving_

the optical fiber. A pin passage (60) in the ferrule body

(52) is spaced from the fiber passage (54) for receiving an

10 alignment pin (38) projecting from the ferrule body to

align the body with an appropriate complementary connecting
device (32). An alignment bushing (100) is disposed in the

pin passage (60) for directly receiving the alignment pin.

The outside dimensions of the bushing (100) are smaller

15 than the inside dimensions of the pin passage (60).
define a space therebetween. A filler adhesive (98)

applied in the space between the outside of the alignment

bushing (100) and the inside of the pin passage (60).

Therefore, the bushing (100) can be precisely aligned in

20 the pin passage (60) from exteriorly of the passage, and

the filler adhesive (98) can fix the bushing in that
precise alignment interiorly of the passage.

-20-
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i ndi vi dual fi ber passages 30. In addi.tion, wth this descri ption

of the prior art ferrule in Figures 1-3, the tol erance problens in
mai nt ai ni ng proper spaci ng and al i gnnent of fiber passages 30, plus
proper spacing and 5 alignnment tol erance problenms with pin passages 40,
now can be fully understandabl e. Fi gures 4-8 show a
connector ferrule 50 enbodyi ng the concepts of the present invention.
Again, the ferrule i s constructed Hoﬁ)terninating a fiber optic

ri bbon cable 10 20 which includes a plurality of generally parall el

opti cal fibers 22 in a line or coplanar relationship. However, it

w || be recogni zabl e that many concepts of the invention are equal ly
applicable for other configurations of nulti- fi ber cables. 15

More particularly, connector ferrule 50 includes 2@ ferPul e body 52
having a fiber passage 54 which is el ongated in gross-seégtjon to

receive the entire |ine of 24

FIG.1

28 (PRIOR ART)
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optical fibers 22. In other words, one el ongated passage 54 is
provided for receiving therein all of the fibers of 20 t he cabl e. Thi s
is in contrast to the prior art which requires a single passage for
each respective fiber of the cabl e. Connector body 52 also has a
front planar mating face 56, a to&aggening 58, and a pair of
passages 60 spaged iéﬁ from opposite ) of elongated fiber passage 54.

cal l ed "pin passages", although the passages do
gnment pins 38 (Fig. 3) as in the prior art,
\n greater detail herei nafter.

According to : on. _epoxy is inserted or 30 poured into opening
58 to surrounyg/t e—or—orX i cal fibers 22 in el ongated passage
54. That is will be referred to hereinafter as a
"filler adhes Figures 9 and 10 show a fixture,
general ly d-g which is used to hold ferrule body 52 and
to 35 Prggi sef) 7 Fbers\22 within elongated fiber passage 54
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10 of the body. The fixture is shown in an open or Ioadiné

condition in Figure 9 and in a closed or assenbly condition in Figure
10. More particularly, fixture 62 includes a 5
general ly rectangul ar base or nounting bl ock 64 which has an
externally threaded rod or shaft 66 running therethrough

(3-7)
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within an internally threaded bore (not visible in the : drawi ngs). A
manual rotating knob 68 is fixed to the outer di stal end of shaft 66.
As seen best in Figure 9, a 10 channel 70 is provided for receiving

ri bbon cabl e 20, and a receptacle 72 is provided for receiving
ferrul e body 52. Channel 70 has a major horizontal width and a m nor
vertical depth for receiving the flat rlbefbtype cabl e. A cabl e
clanp in the formof a cover 74 is pivot one 15 si de of base 64 on
a pivot rod 76. The cable clanp is pivotally novabl e from an open
position shown in Figure 9 to a closed position shown in Figure 10.
In its open position, the cable clanp projects upwardly at an angle
to base 64 and exposg channel F. In its closed positBep, 20 t he
cable clanmp holds the ribbon cable/(n channel 70. Most of tggsz

conponent s of fixturere2—car—be—+aptt+ E@#Of met
~9) tan be

11 U

pair of magnets 78
inits closed, 8Qmp|p ﬁ:#a@@é

a ferrule in receptagle ,
Z

__L_a4<—l—
FIG.11

FIG. 12



25 72. Like cable clanp 74, ferrule clanp 79 is pivoted, as at

.79a, to base 64 between an open position exposing the .receptacle and
a closed position holding the ferrule in the recept acl e. '
A novabl e carriage, generally designated 80, is 30 reci procally novabl e
in the direction of arrow "B" (Fig. 9) at an end of base 64 opposite
cabl e-recei ving channel 70 and cgg-erxlamp 74. Carriage 80 can be
novabl y nmounted on base 64 by a variety of mechanisns. A sinple
mechanismis to use shaft 66 which runs through ba§e 64 and to
connect 35 a distal end of the shhft to the cg:lgage, wher eby
hrt
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threadingly rotating the shaft causes the shaft to nove and nove the

carriage therewth. Movabl e carriage 80 of fixture 62

i ncludes a fixed alignment block, generally designated 82, and a 5
pivotally novable fiber clanp 84. Like cable clanp 74, fiber clamp
84 is pivoted to one side of base 64 on a pivot rod 86. Fiber clanp
84 has a tongue 87 that projects.in a (6-7) direction toward receptacle
72. The fiber clamp is pi vot abl e from an open, upwardly angl ed
position shown in-10 Figure 9 and a closed position_shown in Figure 10.
As w || be seen hereinafter, fiberjclanp 84 is effpc@ ve to hold
the fibers of the ribbon cable in positipn on fiber <\jﬂ i gnnment bl ock
82. The fibers can be held sinply by the ;
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yeight of fiber clanp 84, or appropriate magnets (like 15 magnets 78)

. can be used to hold the fiber clanp down on the fibers. A pair of

al i gnnent posts 88 are shown in Figure 9 projecting from fiber
alignment block 82 toward receptacle 72 which receives one of the
ferrul e bodies 52. The alignnment posts are insertable into passages
60 in the 20 ferrule body, as wll QQ:qgscribed herei nafter.

Figures 11-14 show fiber alignnment block 8 renoved fromfixture 62
to facilitate the illustration. More particularly, the fiber
alignment block is a solid conponent having a chanfered trough 90
formed in the top 25 thereof. As seen best in Figures 11 and 12, the
side walls of trough 90 ere tapered downwardly in q?ﬁonverging

manner toward a botto I'l which includes a plurgTTy of
general ly paral |l el gifoov . | grooves ardg enlargeg in Figure 12
to show that they ar¢ sem-cylindrlical in crogs- 30 sectjon. It should

be understood that the-grogves gldo can be triangul af agpot herw se
pol ygonal in cross-s&t/of An/ / -~

o4
82
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any event, the grooves are spacea to precisely align fibers 420}2903 g
Wit hifn ehgpg&bggmhnﬁ f the ferrule body, as mﬁLng
can

descyi Weé RinBbf e et g npfter. Fiber 35 al i gnnent bl oc
be fclvﬁ@ ‘:ﬁ glg ed é:ﬁl’@l‘l
N I.._c NL of as a high precision forned

12

cryst aﬂm Ohag ;ﬁ e_r_ | nstancel grooves 92 can
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ALIGNMENT SYSTEM IN A CONNECTOR
FERRULE FOR A FIBER OPTIC CABLE

Field of the Invention

5 This invention generally relates to the art of
fiber optic connectors and, particularly, to an alignment
system in a connector ferrule for a fiber optic cable which
includes one or more optical fibers.

Background of the Invention

10 In fiber optic transmission systems, signals are
transmitted along optical fibers by optical frequency waves
(light) generated by such source as LED's, lasers and the
like. Optical fibers typically are fabricated of glass
materials and, as optical fiber circuitry developed, it

15 became necessary to provide connecting devices which could
couple one optical fiber to another, only in an end-to-end
relationship.

A traditional procedure for making a connection

between ends of optical fibers is to, first, remove a

20 protective jacket from a given length of fiber at the end

of the fiber to be joined. After the jacket is removed, a

250 micron (OD) buffer is exposed which can then .be

.- stripped to expose a 125 micron (OD) fiber. The fiber is

then threaded through a passage in a ferrule where it is

25 affixed in place by adhesive and/or crimping. The fiber is

inserted so as to extend well beyond a front surface of the

ferrule. The exposed fiber material is then cleaved and

polished. Any remaining adhesive is removed. The ferrules

then are assembled into a connector assembly which is

30 intended to position the optical fibers with their optical

axes in alignment for connection to the fibers of a mating
connector or other appropriate connecting device.

This is the replacement sheet .
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be fabricated in a nutually spaced and aligned relationship W th very
high accuracy and precision. 5 Still referring to Figures
11-13, fiber alignnment bl ock 82 al so has a pair of precisely |ocated
hel es 94 whi ch receive alignnment posts 88 as described above in
relation to Figure 9. Again, holes 94 can be forned in al i gnnment

bl ock 82 with very high accuracy and pregjsion. 10 Wth the
above detailed description of the «£ structure of connector ferrule

50 and fixture 62, incéydlgg | ber alj.gnment eﬂ%ﬁ 8 the nmet hod of
fabricating the onnetPEF fe??ﬁ+% ndw W PT b Tri HEREPEE

bef ore ' ipcueasdhggmmpcpuharnnmhoprbnldetlitrphmlchanabésenme &85
oA Fonke BRI BaB T M Fuptarl o MY LR £tn HigRe so singlar, .
54 in ferrul 8obdy 59t ens wallh knhewpr iddbhen A ectricalpissbleabte z@xe s
prepargd by pgEBWENOthAE pe[obq(ﬁtfa‘i‘itfy o fﬁéf%li{rorﬁa?x‘hﬂ'@'l PR 10f
the cable to _expose the |ine optical_ fjibers at the end porti.on.
Prior to posfiP§¥Enfr channels are disposed in a line or generally
coplanar relationship. Terminating the optical fibers of
a fiber optic ribbon cable is generally similar to the
procedure described above. In general, the wunitary
10 protective jacket surrounding the line of fibers is removed
so that the buffered fibers are exposed which are then
stripped and the unprotected fibers project from the flat
cable in a line. Typically, these individual fibers must
be inserted into respective individual holes or passages in
15 a prefabricated connector ferrule. The passages align the
fibers at a predetermined spacing for coupling to the ends
of the fibers in a complementary connector ferrule or other
connecting device.
This terminating proceés of the individual fibers
20 of a multi-fiber cable, creat'es a number of problems.
First, because of the very thin size and extremely fragile
nature of the fibers, it can be tedious to insert a fiber
into a single aligning hole or passage. However, inserting
a plurality of such fibers from a single cable into a
25 plurality of passages can be extremely difficult. If a
single fiber of the cable is broken, the stripped cable end
and ferrule either must be discarded and/or reworked.
Since these processes typically are carried out by hand,
they can be rather inefficient and result in unnecessary
30 expense. '
In the prior art, placing individual fibers of a
multi-fiber cable into individual holes or passages in a
connector ferrule results in a high percentage of rejects.
The ferrules must be inspected hole by hole. 1In addition
35 to fibers being broken, the holes, themselves, may be too
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the cable in the fixture, a pair of cylindrical bushings 100 (Fig.

15) are tel escoped onto alignnent® posts 88. The cable then is placed
into channel 70 of fixture 62, with cable clanmp 74 in the open
position as shown in Figure 9. 25 One of the ferrule bodies 52 is
positioned in receptacle 72 of the fixture. The cable then is
noved forwardly in channel 70 intQ the rear end of the ferrul e body
unti | fibers 22 project through arged, elongated fiber passage

54 in the f d [ n th altern I ve e_cabl ¢ and .30 [S can
be 1| nsertedeﬁ’&g gg ferru?%a d?r t?\%r%'ég?’é Ceonnea%tt?roo%@r T Ty
| owered as acompuisenbddgiestwhite ave ofystalllnehenfnature, Posicablbyng
the cable in, hQﬁﬂmJ.?co ﬁ\%‘ti_e %1 24 O owdifdH] € ¢l %g»’ ?Qnr%pﬂng%éﬂ of 1N

ei ther event, en 1's pivot romits open position
(Fig. 9) to plastic or llke materlal For multiple channel ferrules,

5 the fiber-receiving holes or passages must be formed
precisely to maintain proper form or alignment and spacing
between the fibers to prevent tolerance problems causing
transmission losses during mating.

The above alignment/tolerance problems are
10 further complicated in connector assemblies wherein a pair
of mating connector ferrules, themselves, are placed in the
mating condition by two alignment pins. These alignment
pins typically have one end of each pin extending into a
passage of the connector ferrule, and the opposite end of
15 the pin being inserted into a passage in the mating
connector ferrule, with a chamfered lead-in on the pin for
alignment. The problems of maintaining precise tolerances
with the alignment pins and their passages must be added to
the tolerance problems in maintaining precise spacing and
20 alignment of the individual holes for the optical fibers of
the fiber optic cable. It can be understood why there is
such a high number of rejects during the fabrication of
prior art connector ferrules. The present invention is
directed to solving the problems in the fabrication of a

25. multi-fiber ferrule.

Summary of the Invention

An object, therefore, of the invention is to
provide a new and improved alignment system in a connector
ferrule for a fiber optic cable which includes at least one

30 optical fiber. '

In the exemplary embodiment of the invention, a
ferrule body is provided for receiving the fiber optic
cable and includes a fiber passage for receiving the
optical fiber and a pin passage spaced from the fiber
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13 its closed position (Fig. 10), with magnets 78 hol ding the

cdbl e clanp down on the cable. ‘ Wth the cable and ferrule
body properly positioned in fixture 62 as described above, knob 68 at
the 5 end of externally threaded shaft 66 then is rotated to nove
carriage 80 in the direction of arrow "C' (Fig. 10). During this
novenent, the distal ends of alignnment pgsts 88 (Fig. 9) first wll
enter passages 60 (Fig. 4) in the +errul e body. Bushings 100 wil|l

t”ﬁ‘éec‘girwaggﬁaééégeﬁem e  pRPSTRdIUS PFRRRAIGEH50an FUT BRhe ARV SRR Of
§ projecting from the ferrule body to align the body with a
mating ferrule body or with any other compiementary
connecting device. An alignment bushing is disposed in the
5 pin passage for directly receiving the alignment pin. The
outside dimensions of the bushing are smaller than the
inside dimensions of the pin passage to define a space
therebetween. A filler adhesive is applied in the space
between the outside of the alignment bushing and the inside
10 of the pin passage. Therefore, the bushing can be
precisely aligned in the pin passage from exteriorly of the
passage, and the filler adhesive can fix the bushing in
that precise alignment interiorly of the passage.
_ As disclosed herein, the ferrule body is adapted
15 for receiving a fiber optic ribbon cable which has a
plurality of generally parallel optical fibers in a line.
A pair of the pin passages and alignment bushings are
provided and spaced from opposite ends of the line of
fibers. The alignment bushing is shown to be generally
20 cylindrical as is the pin passage in the ferrule body.
Other features of the invention include the
provision of stop means in the pin passage to define a
limit position of insertion of the alignment bushing in the
passage. The pin passage is in a front face of the ferrule
25 body, and an opening is provided in the body remote. from
the front face and communicating with the pin passage.
This allows for the filler adhesive to be inserted through
the opening into a rearward area of the pin passage.
Other objects, features and advantages of the

30 invention will be apparent from the following detailed
description taken in connection with the accompanying draw-
ings.

This is the replacement sheet

Date: 1 3 OCT 1998



wi || cause fiber alignnment block 82 to nove under distal

ends of the

eXxposed optical fibers which havebeen extended conpl etely through
the enl arged, elongated fiber passage 54 of the body beyond. front
face 56 of the body. Wth the 15 carriage and alignment block 82
noved to the full "assenbl y" position shown in Figure 10, all of
the fibers w Il be juxtaposed over_grooves 92 (Fig. 12) in the fiber

al i gnment bl ock. A snmall amount of nanuaﬁinanipulation may

to ensure th t.o%e fiber, i in each groove. 20 Fi ber cl
pi vot ed frongF%§—eB§§§§&?F%$@ﬁ9%FF&Q—QE@ELQQ% toits clos
10) . During closing of Theefeaturesfofethis algvemt Dpeoshitgh
trough 90 of .fiber | | l.oc, d

preci si on to 289%8‘63%3‘35% éggna%tﬁ) "91&‘ %%%@%ﬁ&%b
body now bei g mowimst The inwehtibm,e BRethar witht hbs

filler adhesive 1s t

be needed
anp 84 then is
ed position (Fig.
teareg b2 13 aveal er s
fi.bers. i
e‘%%ﬁaigfgh'é
f Pbdestsf ande

cable Being the advahesl_;%%xhgk;b%?dmﬁgngaggogéee%feéﬁ%a PRI r U Rfde 82,

en-placed Intd op

to the following description taken in conjunction with the

accompanying drawings, in which like reference numerals
identify like elements in the figures and in which:

FIGURE 1 is a front perspective
10 connector ferrule according to the prior art;

view of a

FIGURE 2 is a wvertical section taken generally

along line 2-2 of Figure 1;

FIGURE 3 is a perspective view of the prior art
connector ferrule about to be terminated to a mating

15 ferrule by using a pair of alignment pins;
FIGURE 4 is a front perspective

view of a

connector ferrule embodying the concepts of the invention;
FIGURE 5 is a fragmented horizontal section taken
generally along line 5-5 of Figure 4, but showing just the

20 ferrule body and one of the bushings;

FIGURE 6 is a vertical section taken generally

along line 6-6 of Figure 4, but showing just
housing;

FIGURE 7 is a front elevational
25 ferrule housing;

the ferrule

view of the

FIGURE 8 is a rear elevational view of the

ferrule housing;

FIGURE 9 is a top plan view of a
terminating the fibers of 4 fiber optic ribbon

fixture for
cable in the

30 connector ferrule of Figure 4, with the fixture in open
condition to receive the cable and ferrule body;

FIGURE 10 is a top plan view of the fixture in

closed condition with a ferrule and cable positioned

therein;
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of the ferrule body until the adhesive substantially fills 30 t he

cavity. The el ongated pin passage 54 will receive adhesi ve. on the
si des of the bushings 100 to captivate them in place. Figure 15
shows filler adhesive 98 surroundi ng all of the individual fibers in
t he enl arged passage as wel | as around bushings 100 in passages 60.
The filler 35 adhesive then is allomedsto cure. In the alternative, the
14 .
FIGURE 11 is an end elevational view of the fiber
alignment block of the ‘fixture;
N FIGURE 12 is a fragmented end elevational view,
on an enlarged scale, of the aligning grooves in the fiber
5 alignment block;
FIGURE 13 is a vertical section taken generally
along line 13-13 of Figure 11;
FIGURE 14 is a vertical section taken generally
along line 14-14 of Figure 11; and
10 FIGURE 15 1is an enlarged fragmented end

elevational view of the completely fabricated connector
ferrule, showing one of the alignment bushings and some of
the precisely aligned optical fibers surrounded by filler
adhesive.
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entire fixture, including the positioned cable and ferrule body,

along with the applied filler adhesive, then can be pl aced in an
oven, if necessary, to heat-cure the filler adhesive. 5

After the adhesive is cured, alignnent posts 88 nove out of the

preci sely positioned bushings as carriage 80 is noved back away from
the cured connector ferrule. To facylitate this process, posts 88 are
| ubricated prior to appl ying the f+i4 er adhesive. The fi ber ends

whi ch proj ectDlO rom ma.tl n%fac rt f &rﬁgﬂgoam YV @2r € t hen

cl eaved
fromfiber p
renmoved or p
result of th
el ongat ed

precisg]y al

10

15

20

25

30

35

. - i ST Ve protrudes slightly
assage 54 th'ﬁHut i kg f toe Sﬁqawmsadhaslmeeater dglted )i,s

d off I oW t nd
FIENES PiCa ol & GRERRSEP) IPniLe SRCESRIBROe e

gning fibers

concepter Passdige Prigyd ans. bu§ﬁﬂng§1$’eﬁeﬁn ‘baééagﬂé""ﬁo hi ch

| B EENSEt PEr£€1E UEELP OBt ER AceerBliageRbAthe concepts of
the invention. As explained in the "Background", above,
after a fiber optic cable is terminated in the ferrule, the
ferrule then is assembled in an overall £fiber optic
connector assembly.

Before proceeding with a description of the prior
art and of the invention, it should be explained that the
connector ferrules are adapted for terminating a €fiber
optic ribbon cable, generally designated 20, which includes
a plurality of discrete, generally parallel optical fibers
22 which are in a line or generally coplanar relationship.
However, it should be understood that many concepts of the
invention are equally applicable for any multi-fiber cable
which includes a plurality of discrete fibers that must be
aligned and properly spaced.

Turning £first to Figures 1-3, a connector
ferrule, generally designated 24, is shown according to the
prior art. The ferrule includes a ferrule body 26 having
a front planar mating face 28. As seen in Figure 2, a
plurality of fiber passages 30 extend through beody 26 and
into front mating face 28. As seen in Figure 1, fiber
passages 30 are in a line or row corresponding to the
coplanar relationship of in-line optical fibers 22 of
ribbon cable 20. A flexible boot 31 surrounds cable 20 at
the rear of ferrule body 26 to provide strain relief for
the cable. The boot is fixed, as by epoxy, in an opening
3l1a at the rear of the body.

.Connector ferrule 24 of the prior art is adapted
for mating with a complementary ferrule, or similar
connecting device, generally designated 32 in Figure 3.
The connecting device is similar to ferrule 24 in that it

“ sneu
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ferrule or other connecting device such as ferrule 32 described in

refation to the prior art of Figure 3. Figure 20 15 shows a cylindri cal
bushing 100 i nserted w thin one of t he passages 60 in ferrul e body
52. of the connector ferrule. Referring back to Figure 5, it can be
seen t hat a shoulder 102 is formed within each passage 60. This
shoul der defines a stop limt for insertigg boot 31. It 25 can be seen
in Figure 15 that passage 60 is slightly-arger in diameter than the

out si de di angter of shi ng,100. . nsequent | capjllary_action wll
cause fill er%gad%e ivé;éjonm 8la§§rt F&5ne to?g'@cgp;ac %é?w?eﬁiltrh% §5ts"t¥?§e%f

t he bushi ng ambsages 3§ for meicdd vihgt bbepisdiyddand pibersed§ aldeponde
bushi ng 30 t WMe o L ecggﬁh ushihng b I tive fihers
22 fixed wt h%%ﬁétlﬁebégﬁ%eg}ﬁ%% erru _eé ?![ahc'_an %% 2322“.{‘5"‘? i tth% _g#rqg' 15
that the busHiekjeule e24| pnd gongectdoe deviige 32 arepmafpdgdy tUilishy2

expand gwhen ted £ comed i« it ARl which aPaSifis8BtelOiité £XBSAment
di aneter of the posts. he. posts 35 can be fabrjcated with precision
and accuracy,P ges 40 (Flg. 1) of ferrule 24 and alignment passages
42 (Fig. 3) in connecting device 32. Alignment pins 38 are
effective to align fiber passages 30 (Fig. 1) of ferrule 24
(Fig. 1) with fiber passages 36 (Fig. 3) of connecting
10 device 32 and, correspondingly, aligning the optical fibers
of cable 20 with the optical fibers of cable 20A.

. In fabricating connector ferrule 24 according to
the concepts of the prior art, it should be noted that
ferrule body 26 has an opening 44 in the roof thereof which

15 communicates with the interior of the body. Referring next
to Figure 2, it can be seen that ribbon cable 20 has a
front end portion of its protective jacket 46 removed to
expose the line of optical fibers 22. During fabrication,
the cable is inserted into ferrule body 20 in the direction

20 of arrow "A" (Fig. 2). During the insertion process, each
individual optical fiber 22 must be inserted into its
respective individual fiber passages 30. All the fibers
are inserted into the passages simultaneously. Although
not shown, typically, the fibers will extend beyond the

25 front mating face 28 of the ferrule body. After all of the
exposed fibers are inserted into their respective fiber
passages 30, a premixed epoxy 48 (Fig. 2) .is poured into
top opening 44 to fix the cable, the fibers and the boot
within the ferrule body. After the epoxy is allowed to

30 cure, the fiber ends are cleaved adjacent to the front
mating face of the ferrule body, and the fiber ends are
polished as is known in the art. '

-Without repeating all of the problems explained
in the "Background", above, it readily can be understood

35 how difficult it is to insert exposed fibers 20 into their
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15 accuracy is transferred to the bushings. When filler

adhesi ve 98 cures, the bushings are secured at the exact di anet ers of
t he alignment posts. Fromthe foregoing, it is readily
apparent that 5 the invention is a vast inprovenent over the prior art.
In essence, the fiber passages and pin passages in the ferrule
9
individual fiber passages 30. In addition, with this

; description of the prior art ferrule in Figures 1-3, the
tolerance problems in maintaining proper spacing and
alignment of fiber passages 30, plus proper spacing and

5 alignment tolerance problems with pin passages 40, now can
be fully understandable.

Figures 4-8 show a connector ferrule 50 embodying
the concepts of the present invention. Again, the ferrule
is constructed for terminating a fiber optic ribbon cable

10 20 which includes a plurality of generally parallel optical
fibers 22 in a line or coplanar relationship. However, it
will be recognizable that many concepts of the invention
are equally applicable for other configurations of multi-
fiber cables.

15 More particularly, connector ferrule 50 includes
a ferrule body 52 having a fiber passage 54 which is
elongated in cross-section to receive the entire line of
optical fibers 22. 1In other words, one elongated passage
54 is provided for receiving therein all of the fibers of

20 the cable. This is in contrast to the prior art which
requires a single passage for each respective fiber of the
cable. Connector body 52 also has a front planar mating
face 56, a top opening 58, and a pair of passages 60 spaced
from opposite ends of elongated fiber passage 54. Passages

25 60 can be called "pin passages", although the passages do
not directly receive alignment pins 38 (Fig. 3) as in the
prior art, as will be described in greater detail
hereinafter. '

According to the invention, epoxy is inserted or

30 poured into opening 58 to surround the line of optical
fibers 22 in elongated passage 54. That is why the epoxy
will be referred to hereinafter as a "filler adhesive'.

Figures 9 and 10 show a fixture, generally
designated 62, which is used to hold ferrule body 52 and to

35 precisely align fibers 22 within elongated fiber passage 54
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body of the invention are not used to align the fibers and al i gnnment
‘pins. A separate fixture of high precision is used outside the
connector ferrule and, in essence, these 10 preci sion paraneters are
transferred to the ferrule. By transferring the precision fromthe
fixture to the ferrule as is contenplated by the present invention,
the paraneters of the resulting fegrules are very consi stent and
repeatable. This process can be fine t or adjusted 15 sinmply by

modifying the fixture. . Still further, with fiber, assage p4 being
consi derabl y q’élrblé‘f‘ PRIy -t hehis bé‘r’%ture 19 fBRWE| ¢&s 2% Hg‘?%rfgrfi‘?? ™ body
cap be used fesndifi®aii Figure 9 2&” dh &i bedbsedhorhassemblypossdbt domi t h
the prior art, act, a single ferrule body, with its enlarged, 20

. l n
el ongat ed fibe? %%%%ﬁﬁeléan be used to accommodate fi ber _ optic
cabl es of different nuners ofpanthienslarigai n, fiikktwire 62 | dnedudesssidl e

W h the PriObedlta POCRUSEahEE1ANREAU mount i BFodk 60OWAIER! has
passages nust~be varied In atfenpts to arrive at any consistenc
what soever. an externally threaded rod or shaft 66 running therethroug

within an internally threaded bore (not wvisible in the

drawings). A manual rotating knob 68 is fixed to the outer

distal end of shaft 66. As seen best in Figure 9, a

10 channel 70 is provided for receiving ribbon cable 20, and

a receptacle 72 is provided for receiving ferrule body 52.

Channel 70 has a major horizontal width and a ‘minor

vertical depth for receiving the flat ribbon-type cable.

A cable clamp in the form of a cover 74 is pivoted to one

15 side of base 64 on ‘a pivot rod 76. The cable clamp is

pivotally movable from an open position shown in Figure 9

to a closed position shown in Figure 10. In its open

position, the cable clamp projects upwardly at an angle to

base 64 and exposes channel 70. In its closed position,

20 the cable clamp holds the ribbon cable in channel 70. Most

of the components of fixture 62 can be fabricated of metal

material, and a pair of magnets 78 (Fig. 9) can be used for
holding cable clamp 74 in its closed, clamping position.

A ferrule clamp 79 holds a ferrule in receptacle

25 72. Like cable clamp 74, ferrule clamp 79 is pivoted, as

at 79a, to base 64 between an open position exposing the

receptacle and a closed position holding the ferrule in the

receptacle.

A movable carriage,.generally'designated 80, is

30 reciprocally movable in the direction of arrow "B" (Fig. 9)

at an end of base 64 opposite cable-receiving channel 70

and cable clamp 74. Carriage 80 can be movably mounted on

base 64 by a variety of mechanisms. A simple mechanism is

to use shaft 66 which runs through base 64 and to connect

35 a distal end of the shaft to the carriage, whereby
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25 It will be understood .that the invention may be

enbodied in other specific forns wthout departing fromthe spirit
or central characteristics thereof. The present exanpl es and
enbodi nents, therefore, are to be considered . in all respects as
illustrative and not restrictive, and 30 the invention is not to be
limted to the details given hereag; 16

threadingly rotating the shaft causes the shaft to move and

move the carriage therewith.
Movable carriage 80 of fixture 62 includes a
fixed alignment block, generally designgted 82, and a
5 pivotally movable fiber clamp 84. Like cable clamp 74,
fiber clamp 84 is pivoted to one side of base 64 on a pivot
rod 86. Fiber clamp 84 has a tongue 87 that projects in a

direction toward receptacle 72. The fiber clamp 1is
pivotable from an open, upwardly angled position shown in
10 Figure 9 and a closed position shown in Figure 10. As will

be seen hereinafter, fiber clamp 84 is effective to hold
the fibers of the ribbon cable in position on fiber
alignment block 82. The fibers can be held simply by the
weight of fiber clamp 84, or appropriate magnets (like
15 magnets 78) can be used to hold the fiber clamp down on the
- fibers. A pair of alignment posts 88 are shown in Figure
9 - projecting from fiber ' alignment block 82 toward
receptacle 72 which receives one of the ferrule bodies 52.
The alignment posts are insertable into passages 60 in the

20 ferrule body, as will be described hereinafter.
Figures 11-14 show fiber alignment block 82
removed from fixture 62 to facilitate the illustration.
More particularly, the fiber alignment block is a solid
component having a chamfered trough 90 formed in the top
25 thereof. As seen best in Figures 11 and 12, the side walls
of trough 90 are tapered downwardly in a converging manner
toward a bottom wall which includes a plurality of
generally parallel grooves 92. The grooves are enlarged in
Figure 12 to show that they are semi-cylindrical in cross-
30 section. It should be understood that the grooves also can
be triangular or otherwise polygonal in cross-section. 1In
any event, the grooves are spaced to precisely align fibers
22 within elongated fiber passage 54 of the ferrule body,
as will be described in greater detail hereinafter. Fiber
35 alignment block 82 can be fabricated as a high précision
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CLAI V5 1. An alignnent systemin a connector ferrule

(50) for a fiber optic cable (20) which includes at | east one opti cal
fiber (22), conprising: 5 a ferrule body (52) for receiving the
cabl e (20) and including a fiber passage (54) for receiving the
optical fiber (22) and a pin passage (60) spaced fromthe fiber
passage for receiving an alignnent .ﬂ (38) projecting fromthe
ferrule body to align the body with an 18i—— appropriate conpl enmentary
connecting device %33%; an alignnment .bushi ng (.100) .in tge
pin passage rormefggietal FIMMANSAL oLF Rfig 3 h&LAH gﬁrﬁ?ﬁg'sé“ioﬁl, fRgme

out si de cityseaiilane ebmpbachtshi mg béthgrsimbktancehagrbbeesn9Rdean

di mensions of yLhe pin.pas3ags { wdSld N 3RAE aha a11bRE4CPEILEEBNnATE
with very high accuracy and precision.

5 Still referring to Figures 11—13; fiber alignment

block 82 also has a pair of precisely located holes 94

which receive alignment posts 88 as described above in

relation to Figure 9. Again, holes 94 can be formed in
alignment block 82 with very high accuracy and precision.
10 With the above detailed description of the

structure of connector ferrule 50 and fixture 62, including
fiber alignment block 82, the method of fabricating the
connector ferrule now will be described. However, before
proceeding with the method in detail, a quick reference
15 should be made to Figure 15 to visualize the size
relationship between optical fibers 22 and elongated fiber
passage 54 in ferrule body 52. As with the prior art,
ribbon cable 20 is prepared by removing the protective
jacket from an end portion of the cable to expose the line
20 - of optical fibers at the end portion. Prior to positioning
the cable in the fixture, a pair of cylindrical bushings
100 (Fig. 15) are telescoped onto alignment posts 88. The
cable then is placed into channel 70 of fixture 62, with
cable clamp 74 in the open position as shown in Figure 9.
25 One of the ferrule bodies 52 is positioned in receptacle 72
of the fixture. The cable then is moved forwardly in
channel 70 into the rear end of the ferrule body until
fibers 22 project through enlarged, elongated fiber passage
54 in the ferrule body. In the alternative, the cable and
30 fibers can be inserted into the ferrule body, and the cable
and body simply lowered as a subassembly onto the top of
the fixture, positioning the cable in channel 70 and the
ferrule body in' receptacle 72. In either event, cable
clamp 74 then is pivoted from its open position (Fig. 9) to
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a filler adhesive (98) in said space between the out side of the

al t gnnment bushing (100) and the inside of the pin passage (60),

wher eby the bushing (100) can be precisely 20 aligned in the pin passage
(60) fromexteriorly of the passage and the filler adhesive (98) can
fix the bushing in that precise alignnent interiorly of the passage.
2. The alignnment systemof claiml1, including a pair of said pin
passages (60) and alignnment bushings (1 5 spaced on opposite sides

of t.he fiber passage (54).
fEs g%%ség'gosition (Fig. 10), with magnets 78 holding the

cable clamp down on the cable.
With the cable and ferrule body properly
positioned in fixture 62 as described above, knob 68 at the
5 end of externally thfeaded shaft 66 then is rotated to move
carriage 80 in the direction of arrow "C" (Fig. 10).
During this movement, the distal ends of alignment posts 88
(Fig. 9) first will enter passages 60 (Fig. 4) in the
ferrule body. Bushings 100 will move with the alignment

10 posts into passages 60. Further movement of the carriage
will cause fiber alignment block 82 to move under distal
ends of the exposed optical fibers which have been extended
completely through the enlarged, elongated fiber passage 54
of the body beyond front face 56 of the body. With the

15 carriage and alignment block 82 moved to the full
"assembly" position shown in Figure 10, all of the fibers
will be juxtaposed over grooves 92 (Fig. 12) in the fiber
alignment block. A small amount of manual manipulation may
be needed to ensure that one fiber is in each groove.

20 Fiber clamp 84 then is pivoted from its open position (Fig.
9) to its closed position (Fig. 10). During closing of the
fiber clamp, projecting tongue 87 enters trough 90 of fiber
alignment block 82 and holds the fibers in precision
grooves 92.

25 With the cable and ferrule body now being mounted
in fixture 62, and with the fibers of the cable being
precisely aligned by the grooves in alignment block 82,
filler adhesive is then placed into opening 58 in the top
of the ferrule body until the adhesive substantially fills

30 the cavity. The elongated pin passage 54 will receive
adhesive on the sides of the bushings 100 to captivate them
in place. Figure 15 shows filler adhesive 98 surrounding
all of the individual fibers in the enlarged passage as
well as around bushings 100 in passages 60. The filler

35 adhesive then is allowed to cure. In the alternative, the
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17 - 3. The alignnment. systemof claim2 wherein said

ferrule body (52) is adapted for receiving a fiber optic ri bbon cabl e
(20) which has a plurality of generally paral |l el optical fibers (22)
inaline, and said pair of 5 pi n passages (60) and alignnent bushings
(100) are spaced from opposite ends of the line of fibers.

4. The alignnment systemof claim1l \/\/nerei:l_n4 sai d al i gnnment bushi ng
(100) is generally cylindrical. :

entire fixture, including the positioned cable and ferrule
body, along with the applied filler adhesive, then can be
placed in an oven, if necessary, to heat-cure the filler

adhesive. '
S After the adhesive is cured, alignment posts 88
move out of the precisely positioned bushings as carriage
80 is moved back away from the cured connector ferrule. To
facilitate this process, posts 88 are lubricated prior to
applying the filler adhesive. The fiber ends which project
10 from mating face 56 of the ferrule body are then cleaved
and polished. If any filler adhesive protrudes slightly
from fiber passage 54 beyond mating face 56, the adhesive

also is removed or polished-off.

Enlarged Figure 15 shows the end result of the
15 invention for precisely aligning fibers 22 within elongated
fiber passage 54 and the bushings 100 in passages 60 which
precisely align connector ferrule 50 with a complementary
ferrule or other connecting device such as ferrule 32
described in relation to the prior art of Figure 3. Figure
20 15 shows a cylindrical bushing 100 inserted within one of
the passages 60 in ferrule body 52 of the connector
ferrule. Referring back to Figure 5, it can be seen that
a shoulder 102 is formed within each passage 60. This
shoulder defines a stop limit for inserting boot 31. It
25 can be seen in Figure 15 that passage 60 is slightly larger
in diameter than the outside diameter of bushing 100.
Consequently, capillary action will cause filler adhesive
98 to fill the space between the outside of the bushing and
the inside of the passage and precisely align the bushing
30 relative to the second bushing but also relative to fibers
22 fixed within the connector ferrule. It can be seen in
Figure 15 that the bushings are slit, as at 100a. The
bushings, thereby, expand when telescoped onto alignment
‘posts 88, to the exact diameter of the posts. The posts
35 can be fabricated with precision and accuracy, and this
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5. The alignnment systemof claim4 wherein said 10 pi n passage (60) in

the ferrule body (52) is generally cylindrical. .
The alignnment systemof claiml wherein said ferrule body (52) has a
stop nmeans (102) in the pin passage (60) to define a limt position
of insertion of the 15 al i gnment bushing (100) in the pin passage.

7. The alignnment systemof claim1l wherein said pi n passage (60) is
in a front face (56) of the ferrule -Jﬂﬁody (52), and including an

opening (58) in the ferrule body renote fromthe front face (56) and
comuni cat i NRSFUFRR0 is tweapsfepnedadw (6bp, hwrRERgst he Vheperfikani ve

(98) can adi¥s i V5 €58 egukBEQUEh el N MG Ca k& Bsebirad ate A &k AEtea
of the pin passage. ,
diameters of the alignment posts.

From the foregoing, it is readily apparent that

5 the invention is a vast improvement over the prior art. In
essence, the fiber passages and pin passages in the ferrule

body of the invention are not used to align the fibers and
alignment pins. A separate fixture of High precision is

used outside the connector ferrule and, in essence, these

10 precision parameters are transferred to the ferrule. By
transferring the precision from the fixture to the ferrule
as is contemplated by the present invention, the parameters
of the resulting ferrules are very consistent and
repeatable. This process can be fine tuned or adjusted

15 simply by modifying the fixture. Still further, with fiber
passage 54 being considerably larger than the £fibers
themselves, the same ferrule body can be used for different
sizes of fibers which is not possible with the prior art.
In fact, a single ferrule body, with its enlarged,

20 elongated fiber passage can be used to accommodate fiber
optic cables of different numbers of fibers. ‘Again, this
is not possible with the prior art, because the number and
sizes of the fiber passages must be varied in attempts to
arrive at any consistency whatsoever.

25 It will be understood that the invention may be
embodied in other specific forms without departing from the
spirit or central characteristics thereof. The present
examples and embodiments, therefore, are to be considered
in all respects as illustrative and not restrictive, and

30 the invention is not to be limited to the details given
herein.

v
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18 ﬁ‘“‘““‘---8« An alignnment systemin a connector ferrule

(59) f ber optic "Tibbon cabl-e (20) which includes a plurality
of gen ﬂ ,ﬂ&uﬂl tical fibers (22) in a line, conprising: 5
a ferru tl"frecel \ing the cable (20) and including fiber
passage means (5&) ¥ or* recei vi g™t he
16
CLAIM
1. An alignment system in a connector ferrule

(50) for a fiber optic cable (20) which includes at least
one optical fiber (22), comprising: .
5 a ferrule body (52) for receiving the cable (20)
| and including a fiber passage (54) for receiving the
optical fiber (22) and a pin passage (60) spaced from the
fiber passage for receiving an alignment pin (38)
projecting from the ferrule body to align the body with an
10 .appropriate complementary connecting device (32);
an alignment bushing (100) in the pin passage
(60) for directly receiving the alignment pin, the outside
dimensions of the bushing being smaller than the inside
dimensions of the pin passage to define a space
15 therebetween; and
a filler adhesive (98) in said space between the
outside of the alignment bushing (100) and the inside of
‘the pin passage (60),
| whereby the bushing (100) can be precisely
20 aligned in the pin passage (60) from exteriorly of the
passage and the filler adhesive (98) can fix the bushing in
that precise alignment interiorly of the passage.

2. The alignment system of claim 1, including a
pair of said pin passages (60) and alignment bushings (100)
25 spaced on opposite sides of the fiber passage (54).

T~
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line of ' | 22) and a pair. of pin passages (60) spaced
frem opposite sides of the fiber passage means (54) for receiving a

pair of al projecting from 10 the ferrule body to
align the anwumpmﬂﬂmoml ate conpl ementary connecting device
32) the pi pdssdges = . being in a front face (56) of the ferrule

body, and with an opening (58) in_the ferrule body renote fromthe
front face and comruni cating wt e pin passages (60); 15

? pahr oftﬁllgnnent bush%nggwégﬁﬁéﬁgn the g{ém °F3%}31Thg gﬁggéﬂgggs 560)
or directly rece|V|ng e

di nensi ons offéfwubeisbodys (Bel)ngssrmldwed for réhemvﬁ.hg iandf idee i optnst ons
of P 0 RPRSE S | T80y wiipBORES, W ORIRERSY 38 Elhermay
ferrule body m&zallelloopmcaér fikegws (22) inoa tlheep! @n@amgiaspa_(ﬁf)wénd
into the Spagggnb,}%&s&gegh%m and QU §n¢&acofb&g}€i@g}é MBSy LHshspese4100)

and the insi he pi n_pass ) )
from opposite ends of the line of fibers.

4. The alignment system of claim 1 wherein said
alignment bushing (100) is generally cylindrical.

5. The alignment system of claim 4 wherein said
10 pin passage (60) in the ferrule body (52) is generally
cylindrical.

6. The alignment system of claim 1 wherein said
ferrule body (52) has a stop means (102) in the pin passage
(60) to define a limit position of insertion of the
15 alignment bushing (100) in the pin passage.

7. The alignment system of claim 1 wherein said
pin passage (60) is in a front face (56) of the ferrule
body (52), and including an opening (58) in the ferrule
body remote from the front face (56) and communicating with

20 the pin passage (60), whereby the filler adhesive (98) can
‘be inserted through the opening (58) into a rearward area
of the pin passage.
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25 y the bushings . (100) can be precisely

al t gne e p|n passages (60) fo@omexteriorly of the passages and
t he f|IIer 8) can fix the bushings in that precise
aljgn “‘g dﬁ t he passages. 19 9. The
allgngn w1 of claim8 wherein said al i gnnment bushi ngs (100) are
generally cyllndrlcal
18
8. An alignment system in a connector ferrule

(50) for a fiber optic-ribbon cable (20) which includes a
plurality of generally parallel optical fibers (22) in a
line, comprising:

5 a ferrule body (52) for receiving the cable (20)
and including fiber passage means (54) for receiving the
line of optical fibers (22) and a pair of pin passages (60)
spaced from opposite sides of the fiber passage means (54)
for receiving a pair of alignment pins (38) projecting from

10 the ferrule body to align the body with an appropriate
complementary connecting device (32), the pin passages
being in a front face (56) of the ferrule body, and with an -
opening (58) in the ferrule body remote from the front face
and communicating with the pin passages (60);

15 a pair of alignment bushings (100) in the pair of
pin passages (60) for directly receiving the alignment pins
(38), the outside dimensions of the bushings being smaller
than the inside dimensions of the pin passages to define
spaces therebetween; and .

20 : a filler adhesive (98) inserted through the

' opening (58) in the ferrule body (52) into rearward areas
of the pin passages (60) and into the spaces between the
outsides of the alignment bushings (100) and the insides of
the pin passages,

25 whereby the bushings (100) can be precisely
aligned in the pin passages (60) from exteriorly of the
passages and the filler adhesive (98) can fix the bushings
in that precise alignment interiorly of the passages.
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10— Iﬁe aI [ gnrrent system of claim9 wherein said pi n passages (60) in

t he m‘ are generally 5 cylindrical.
The j \ of claim8 wherein said ferrul e body (52) has
anSL 182)sin*the pin passages (60) to define limt positions of
|nsert|on of the allgnnent bushlngs (100) in the pin passages.
19
‘ 9. The alignment system of claim 8 wherein said

alignment bushings (100) are generally cylindrical.

10. The alignment system of claim 9 wherein said
pin passages (60) in the ferrule body (52) are generally
5 cylindrical.

11. The alignment system of claim 8 wherein said
ferrule body (52) has stop means (102) in the pin passages
(60) to define 1limit positions of insertion of the
alignment bushings (100) in the pin passages.
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ABSTRACT

ALIGNMENT SYSTEM IN A GCONNECTOR
FERRULE FOR A FIBER OPTIC CABLE

An alignment system is disclosed in a connector
ferrule (50) for a fiber optic cable (20) which includes at
least one optical fiber (32). A ferrule body (52) receives

the cable and includes a fiber passage (54) for receiving

the optical fiber. A pin passage (60) in the ferrule body
(52) is spaced from the fiber passage (54) for receiving.an
alignment pin (38) projecting from the ferrule body to
align the body with an appropriate complementary connecting
device (32). An alignment bushing (100) is disposed in the
pin passage (60) for directly receiving the alignment pin.
The outside dimensions of the bushing (100) are smaller
than the inside dimensions of the pin passage (60) to
define a space therebetween. A filler adhesive (98) is
applied i_n the space between the outside of the alignment
bushing (100) and the inside of the pin passage (60).
Therefore, the bushing (100) can be precisely aligned in
the pin passage (60) from exteriorly of.-the passage, and
the filler adhesive (98) can fix the bushing in that
precise alignment interiorly of the passage.

Fig. 11
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