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Notice

This translation is machine-generated. lf cannot be guarantesd that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based on machine-transiation output.

DESCRIPTION RU2618780C2

[0001]

3 Application area

10002]

17 The present invention relates to a mulii-fiber optical connactor,

10003]
21 State of the art

[0004]

25 The telecommunications industry and data centers are demanding ever-higher data processing
speeds and performance.

27 in the telecommunications industry and data centers, multi-fiber optical conneclors are widsly
used

29 The basis of such connectors is the well-known standard MT format ferrule, which can
accommodate from oneg optical fiber to several tens of optical fibers.

a2 Connsclors using MT ferrules, such as MPO and MTP connectors, are usually factory instalied
on fiber oplic cables. MTP® is a registered trademark of US Conec Lid.

[0005]
a6 Examples of the implemerntation of multi-fiber oplical connectors are described in US paients
No. 5,082,346 and No. 8,474,878,
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[0008]

47 There is a field mountable {(or fisld mountable) MPQO connecior on the market known as the
"MPC Unicam connector” available from Corning Inc.

43 See aiso U.S. Patent No. 6,428,780,

[0007]
47 However, these figid-mountable connectors can be highly skilled and costly because the
mounting operations (&g, polishing, alignment) of these multi-fiber connectors are difficult.

{0008}
52 The essence of the invention

{0009]

s6 in accordance with a first embodiment of the present invention, there is provided a fiber optic
connactor for terminating a fiber optic cable containing a plurality of optlical fibers, comprising:
an outer conngctor housing, a substantially adhesive-free ferrule, a shank, and a sleeve
disposed between the ferrule and shank.

s0 The sleeve includes an area with a remote gripping part for remote fixation of a plurality of
optical fibers ouiside the ferrule.

[0010]

55 in accordance with another embodiment of the present invention, the fiber oplic connector
further comprises a resiiient mamber located between the shank and the rear of the hub, and an
intermediate spring member [ocated between the front of the hub and the rear of the ferrule.

s& In some embodiments of the present invention, the intermediate spring element has a
comprassive force from about 340 gram-force to about 740 gram-force.

[0011]

7z In accordance with vet ancother embodiment of the present invention, the gripping region is
designed o receive a gripping mechanism that fixes the axial position of a plurality of optical
fibers within the slesve,

[0012]
7e In accordance with an altemative embodiment of the present invention, the gripping region is
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designed (o receive an adhesive that fixes the axial position of a plurality of oplical fibers within
the sleeve.
a2 in some embodiments of the present invention, the adhesive comprises a fast curing adhesive.

10013]

g5 in accordance with yvet another embodiment of the present invention, the hub includes an optical
fiber stacking comb located at the front of the hub, the oplical fiber stacking comb including a
series of grooves, each of the grooves being designed to guide an optical fiber located therain.
fiber.

g0 In some embodiments of the present invention, the optical fiber stacking comb further includes
an inclined portion adjacent to a series of grooves, the inclined portion including a gradually
rising portion.

ez In some embodiments of the present invention, an optical fiber comb separates potentially
tangled fibers, positions a plurality of optical fibers with @ constant pitch between them, and
aliows a plurality of fibers to be fed straight into the ferrule channels during cable insertion.

[0014]
se I accordance with another embodiment of the present invention, there is provided a fiber oplic
conngctor for ierminating a fiber optic cable containing a plurality of optical fibers, comprising:
an outer connector housing, a ferrule, a shank, and a sleave located between the ferrule and
the shank.
103 The bushing includes an optical fiber stacking comb located at the front of the bushing, the
optical fiber stacking comb including a series of grooves, each of the grooves being designed
to guide an oplical fiber located therein into a ferrule.

[0015]

108 In accordance with another embodiment of the presant invention, there is provided a fiber optic
connector for terminating a fiber oplic cable containing one or more optical fibers, comprising:
an outer connector housing, a ferrule, a shank, and a sleeve located between the ferrule and
the shank, an elastic element located between the shank and the rear part of the sleeve, and
an infermediate spring element located between the front part of the slesve and the rear part
of the ferrule.

[0016]

118 In accordance with ancther embodiment of the present invention, there is provided a fiber optic
connector for ferminating a fiber optic cable containing a plurality of optical fibers, comprising:
an outer connector housing, a ferrule, a shank, and a slesve located between the ferrule and
the shank.

16-14-2021 3



22 The bushing includes at least two guide holes designed to secure the anti-skewing pins
inserted into these guide holes, and the anti-skewing pins after installation are exiended inio
the corresponding channels made in the ferrule.

[0017]

izg i some embodimentis of the present invention, the outer housing of the connector is configured
s0 that the connector can be inserted into an MPO receptacie.

(0018

133 In some embodiments of the present invention, the ferrule comprises an MT format ferrule.

[0019]

137 In some embodiments of the present invention, the shank further includes a mounting siructure
for attaching an optical fiber shield.

{0020}

142 The above description of the essence of the present invention does not disclose sach of the
presented embodimenis or each of the implementations of the present invention.

144 More delaiied examples of embodiments of the praesent invention are described in the following
detailed description of the invention, with reference o the accompanying drawings.

10021]

149 Brief Description of Drawings

[0022]
152 The following is a detailed description of the present invention with reference to the
accompanying drawings, in which:

{0023}
158 FIG.

1.

16z sometric view of a fiber oplic connector in accordance with one embodiment of the present
invention.
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10024]
167 FIG.

2.
171 Another isometric view of the fiber oplic connector shown in FIG. 1 in accordance with one
embodiment of the present invention.

0025]
176 FIG.

3.
g0 The fiber optic connadcior shown in FiG. 1, in accordance with one embodiment of the present
invention, in an exploded view.

{0026}
185 FIG.

4.

1ag An isometric view of the bushing of the fiber optic connector shown in FIG. 1 in accordance
with ong embodiment of the present invention.

10027]
194 FIG.

5.
198 Another isometric view of the bushing of the fiber optic connecior shown in FIG. 11in
accordance with one embodiment of the present invention.

10028]
203 FIG.

16-14-2021 &



8.
207 Another isometric view of the bushing of the fiber optic connector shown in FIG. 1in
accordance with one embodiment of the present invention.

[0029]
212 FIG,

7.
216 An isometric sectional view of the hub of the Tiber optic connector shown in FIG. 1in
accordance with one embodiment of the present invention.

{0030}
221 FIG.

8.
225 An isometric view of the bushing of the fiber optic connector shown in FiG. 1 during the
insertion of optical fibers, in accordance with one embodiment of the present invention.

{0031}
230 FIG.

Q.
234 Another isometric view of the bushing of the fiber optic connector shown in FIG. 1 during the
insertion of optical fibers, in accordance with one embodiment of the present invention.

[0032]

N

239 FIG.

10,
242 A front isometric view of the hub of the fiber oplic connactor shown in FIG. 1 with optical fibers
inserted, in accordance with one embodiment of the pressnt invention.

[0033]
16-11-2021 ©



248 FIG.

11.

252 Atop sectional view of a portion of the hub and ferrule of the fiber optic connector shown in
FIG. 1 with optical fibers inserted, in accordance with one embodiment of the present
invention.

{0034}
258 FIG.

12.
262 AN isometric view of the slesve and ferrule of the fiber oplic connector shown in FIG. 1in
accordance with one embodiment of the present invention.

[0035]
287 FIG.

13.

271 Another isomestric view of the sleeve and ferrule of the fiber optic connector shown in FIG. 1in
accordance with one embodiment of the present invention.

10036}
27 FIG.

14,
2g0 lsomelric view of an aliernative optical fiber connedctor in accordance with yet another
embodiment of the present invention.

{0037}
295 FIG.

15.
288 Another isometric view of the fiber optic connector shown in FIG. 14 in accordance with yet
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another embodiment of the present invention.

(0038}
294 FIG.

16.
208 The Tiber optic connector shown in FIG. 14, in accordance with another embodiment of the
present invention, exploded view.

{00391
s03 FIG.

17.
s07 An isometric view of the bushing of the fiber optic connector shown in FIG. 14 in accordance
with yet ancther embodimeant of the present invention.

{00401
312 FIG.

18.
316 Ancther isometric view of the bushing of the fiber oplic connector shown in FIG. 14 in
accordance with yet another embaodiment of the present invention.

[0041]
321 FIG.

18.
zzs Another isometric view of the bushing of the fiber optic connector shown in FIG. 14 in
accordance with yet ancther embodiment of the present invention.

10042}
a30 FIG,
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20.
234 An isometric sectional view of the hub of the fiber oplic connector shown in FIG. 14 in
accordance with yet another embodiment of the present invention.

10043]
a39 FIG.

21.
343 An isometric view of the bushing of the fiber optic connector shown in FIG. 14 during the
insartion of optical fibers, in accordance with yet another embodiment of the present invention.

{0044}
343 FIG.

22.
352 Ancther isometric view of the bushing of the fiber oplic connector shown in FIG. 14 during the
insertion of optical fibers, in accordance with yet another embodiment of the present invention.

10045]
357 FIG.

23.
as1 A front isomelric view of the hub of the fiber optic connector shown in FIG. 14 with optical Tibers
inserted, in accordance with yvet another embodiment of the present invention.

10048]
a86 FIG.

24,

370 A top sectional view of a portion of the hub and ferruie of the fiber optic connsclor shown in
FIG. 14 with optical fibers inserted, in accordance with yet another embodiment of the present
invention.
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{00471
a7s FIG.

25.
380 An isometric view of the sleeve and ferrule of the fiber optic connector shown in FIG. 14 in
accordance with yet ancther embodiment of the present invention.

(0048

a85 FIG.

28.
3¢ Ancther isometric view of the slgeve and ferrule of the fiber oplic connector shown in FIG. 14 in
accordance with yet ancther embodiment of the present invention.

{00491

304 The present invention s susceptible to various embodiments and modifications, the features of
which are set forth below in the detailed description of examples of embodiments of the
pregent invention with reference 1o the accompanying drawings.

207 However, it should be understood that the present invention is not limited to the detailed
exemplary embodiments.

300 On the contrary, the present invention is intended {0 cover all modifications, equivalents and
alternative embodiments within the scope of the present invention as defined by the appended
claims.

[0050]

405 Detailed description of the invention

[0051]

s09 The following is a detailed description of the invention, with reference {o the accompanying
drawings, which form a part of the present description, and which show specific embodiments
of the present invention.

412 However, directional terms such as "up®, "down”, "front”, "back”, "leading”, "leading”, "driven”,
atc. are applied {o the orientation of the described drawings.

414 Since the components of the embodimenis of the present invention may be aranged in
different orientations, directional terms are used for purposes of illustration and are not limiting.
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41s 1t should be understood that other embodiments of the invention are possible and various
design or logical changes can be made without departing from the scope of the present
invantion.

41s Therefore, the following detailed description of the invention is not 1o be understood in a Himiting
sense, but the scope of the present invention is defined by the appended claims.

{0052]

4z¢ The present invention relates {0 a fiber optic connector.

425 In many embodiments, a fiber optic connector is designed to terminate a plurality of optical
fihers.

«71n particular, a multi-fiber optical connector can be designed for field termination (which means
it can be instalied and / or terminated in the fisld) or for factory termination.

426 The multi-fiber oplic connector can be used o ferminate a flat fiber optic cable.

4z0 The comb for stacking optical fibers used in the mullifiber optical connector simphifies
instaliation of multiple optical fibers in the field, since it allows straight-line feeding of all optical
fibers at the same time inio the ferrule of the connector.

433 Iny addition, the muiti-fiber optic connector of the present invention employs an offset fixation
method whereby the optical fibers are anchored ouiside the ferrule, eliminating the need to
leave fiber protrusions and use a refractive index matching gel.

436 In addition, this design means that the ferrule of the connecior is essentially free of adheasive,
which allows the optical fibers to move, vibrate and / or bend within the ferrule,

438 This field termination connecior can be used in a varisty of applications, including fiber-to-home
eguipment, fiber-to-antenna equipment, LAN, data center, high-performance computing, and
many others.

10053]

444 According o a first embodiment of the present invention, an optical fiber connector 100 is
provided, and its componenis, shown in several views in FIGS. 1 to FIG.

426 13, Another embodiment of the fiber optlic connector 200 and its components are shown in
several views in FIG. 14 to FIG. 26, These fiber optic connectors can be terminated both in the
fieid and in the factory.

[0054]

452 Optical connector 100 is designed {o be connected to an outlet.

452 For example, the receptacie can be a connector, connector adapter, and / or connector
receptacie. Also, as shown in FIG. 1, an exemplary embodiment of a fiber optic connector 100
is in MPO {multi-fiber push-on) format. Therefore, in one embodiment of the present invention,
the connector 100 is compatible with the MTP ™ series of connectors (MTP ™ s a registered
trademark of US Conec Lid, Hickory, NC). in one embodiment of the present invention, the
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connector 100 is made in accordance with the requirements of the TIA / EIA Standard FOCIS-
5. However, as will become apparent from the present disclosure to those skilled in the art,
other muiti-fiber optical connectors may also be provided.

[0055]

454 The optical connector 100 is configured as a multi-fiber optical connector.

485 In the exemplary embodiments of the present invention described herein, connector 100 {and
connector 200, described in detail below) includes at least 12 optical fibers. As will become
apparent to those skilled in the arl herein, the optical connector 100 may be modified to
include fewer optical fibers or more optical fibers.

{0056]

472 The optical connector 100 may include a connector body 110 {or an outer connacior body) that
receives the terminal ends of the optical fibers from the fiber optic cable 180.

474 In this exemplary embodiment of the present invention, the connector body 110 is designed to
be connected to an MFO receptacie. FIG. 1 shows the first side of the connector body 110,
and FIG. 3 shows the second {opposite) side of the connector body 110, Optical connsctor
100 also includes a sleave 130, ferrule 120 (see FIG. 2}, and a shank 160. At least a portion of
the shank 180 (in this embodiment of the present invention i ig the front portion 162) is housed
within the connector body 110,

[0057]

4z3 In accordance with one embodiment of the present invention, ferrule 120 may be a commercial
ferruie such as a standard MT format ferrule available, for example, from US Conec (Hickory
NC).

435 Ferrule 120 contains the stripped ends of the optical fibers {0 be terminated, which terminate at
the front surface 122 in a series of closely spaced holes or channels. Ferrule 120 aligns the
optical fibers so that they can be aligned with anocther ferrule (not shown). The front surface of
the ferrule 120 may also be provided with guide holes 125 for guide pins {not shown in this
embodiment of the present invention). In addition, in the case shown in FIG. 2, fig. 3 and FIG.
11 o FIG. 13 embodiment of the present invention, ferrule 120 is somewhat different from its
commercial designs, as it has a tapered body near is rear end (i.e., the end located closer 1o
the sleeve 130). As will be described in more detail below, since the fiber optic connector 100
is a retractable connector, the ferrule 120 may be substantially free of adhesive. Ferrule 120
can be made of ceramic, glass, plastic or metal material,

495 The selection of suitable materials for the ferrule can be made according o the temperaturs
stability paramsters.

16-11-2021 12
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[0058]

so1 The shank 160 is a support structure and supports the connector 100,

s0z As shown in FIG. 1 and FIG. 2, the shank 180 includes a front portion 162 for securing the
conneactor body 110 (eg, with a snap or a snug fit). The front portion 162 may alse include a
recess 183 for receiving a resilient member or main spring, such as a spring 155, which
generates a biasing force. For sxample, the spring 155 of the fiber optic connector 100 may
prefoad with a suitable force on the connector body, up to about 1200 grams-force. Inone
embodimant of the present invention, the spring 155 may preload the conneclor body by
approximately 1100 grams of force. The shank 180 may also include a housing portion 184
that may be long enough to completely enclose any portion of the siripped fiber oplic cable
180, In an alternative embodiment of the present invention, the shank body portion may be
substantially shorter.

512 In addition, the shank 160 may further include a mounting structure 175 (located in the area
opposite to the front portion 182}, which is designed to attach an optical fiber shield {(not
shown), and which can be used to protect the fiber optic cable from losses assodiated with
with bending stresses. in accordance with one embodiment of the present invention, the
connector body 110 and shank 160 can be molded or molded from a resin material, however,
metal or other material with suilable stiffness can be used.

[0059]

521 Connector 100 further includes a sleave 130 that is positioned and retained within the
connector body.

523 Int accordance with exemplary embodiments of the present invention, the hub 130is a

muitifunctional slement that can provide an orderly introduction of optical fibers into the ferrule

120 and is the supporting structure for the locking mechanism 154 (see Fig. 3) located in the
area of the hub with a remote gripping part, which fixes the position of the optical fibers within
the connector 100. The locking mechanism 154 provides an external locking of the optical

fibers {0 be ferminated and is located outside the ferrule 120, Thus, the optical fibers are not

attached {0 the ferrule, but have the possibility of axial movement within the guide channals of

the ferrule. In accordance with one embodiment of the present invention, the locking

mechanism 154 may be located in an extended grip region 148 that includes a recess 134
{see, for example, FIG. 5) in the sleeve 130. On the side opposite {0 the recess 134, a slot or
opening 132 of a smaller size may be provided.

s34 If desired, additional slots or holes (such as slois 138a and 138b shown in FiG. 4) may also be

provided in the bushing body 131 o accommodate parts of the clamping mechanism. The

focking mechanism 154 may include a mechanical cdlamp that catches or clamps the optical
fibers g0 as to lock their position within the sleeve 130, In an alternative embodiment of the
present invention, the retention mechanism 154 may comprise an adhesive attachment, such
as a rapidly curing ultraviolet or visibie light adhesive, or a heat activated adhesive such as a
hot melt adhesive. The latching mechanism 154 is described in more detail below.

18-11-2021 13
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[0080]

s44 I particular, in FIG. 4 and FIG. 5 shows a bottom view and a top view, respectively, of the
sleeve 130.

s48 Slgeve 130 includes an optical fiber stacker 140 that supports, aligns, and guides optical fibers
to be terminated. The comb 140 for stacking optical fibers includes a top surface 148 {ses Fig.
5} and a series of grooves 142 (see Fig. 4) located on the underside of surface 145 located at
the end of the slegve 130 {(which, after assembly, is closest to the ferrule ), with each of the
grooves or channels 1423 through 1421 designed to guide and support one optical fiber from
the fiber optic cable 180. The comb 140 for organizing optlical fibers also includes an indlined
poriion 144 adjacent to the row of grooves 142 and located between the row of grooves 142
and the main body of the hub 130. Slope 144 includes progressively rising structures 143,
such as barbs or walls separating individual grooves {(see, for example, the cross-sectional
view shown in FiG. 7) that can assist in aligning individual optical fibers during insertion of the
optical fibers (in more detall described below).

s57 The design of the stacking comb 140 separates the potentially entangled optical fibers,
positions a row of optical fibers with a constant pifch between them, and allows the row of
fibers to be fed straight into the ferrule channels. In addition, the arrangement of the optical
fiber stacking comb, comprising a series of grooves and a gradually rising portion, enables the
array of oplical fibers 0 be accuratsly positionad when viewed with the naked eve.

[0061]

585 Slesve 130 also includes a rear portion 135 having an opening 138 (see FIG. 6 and FIG. 7) that
allows the entry of & fiber optic cable 180 {see, for example, FIG. § and FIG.

sa7 9). In accordance with one embodiment of the present invention, the rear portion 135 includes
extended support structures 1358a and 138b (opposite each other around the opening 139} In
addition, the rear portion 135 is also intended to contact and support the resilient member/
spring 155 {(see, for example, FIG. 2 and FIG. 3). A post or projection 137 may be formed on
the rear of the sleeve 130 o comtact the spring 155 and concentrate the force of the spring on
the slesve. Therefore, once the connector 100 is assembiled, the resilient member / spring 135
will be positioned between the sleeve 130 and the shank 180 (see, for example, FIG. 2).

[0062]

577 in the example shown in FIG. 4, figs. 3 of the exemplary embodiment of the oplical fiber
connector 100, the sleeve 130 may further comprise protrusions 133 located on each side of
the main body 131 of the housing.

sgo Projections 133 may be provided to Emit relative movement of ferrule 120 when connector 100
is fully assembled. In one embodiment of the present invention, when the connector 100 is
fully assembled but not connectad to another connector or receptacle, there is an adjustment
gap or space 129 between the hub projections 133 and the rear ferrule flanges 123 {see FIG.
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11). This adiustment gap or space 128 prevents these elements from moving excessively
relative to each other {(and therefore excessive force applied to the ends of the optical fibers
when the connector is connected).

[0063]

s90 10 further control the force applied {0 the ends of the optical fibers when the connecior is
connected, a small spring element 150 or an intermediate spring such as a flat or leaf spring
may be placed between the sleeve 130 and the ferrule 120.

sez In particular, the spring member 150 may be supported on a shelf or collar 157 of the sleave
{see for example, FIG. 7 and FIG. 13). In one embodiment of the present invention, the
intermediate spring 150 can provide a counter force (eg, when it resists or dampens a force
applied to the aligned optical fibers) in the range of about 300 grams-force {0 about 750
grams-force. As shown in FIG. 12 and FIG. 13, ferrule 120 includes a piilar or projection 127
ocated at its rear {opposite its front swrface 122) that provides a point of contact with spring
150 and allows centering of the force exerted by spring 150, The spring element 150 provides
the required ratio of elastic forces o be applied o the optical fibers o be terminated and
allows balancing the forces in the connector 100, Thus, once the connecior is altached, the
spring 150 can isolate the ferruls.

so3 Below is a more detailed description of the operation of the small spring / intermediate spring.

[0064]

s07 1 he actual force applied to the row of oplical fibers can be conirolied by adjusting the
compression force of the intermediate spring 1o create a variable resultant force applied to the
row of optical fibers.

s10 By employing this design, the multifilament connector (8} of the present invention can use the
alastic forces of a plurality of optical fibers, an intermediate spring and a main spring o
achisve a balance of forces, as shown in the following squation:

{0066}
516 Where:

[0067]

sz0 Frns is the force of the main spring;

[0068]

s24 Ffa is the natural elastic force of a number of optical fibers;
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[0069]
s28 Fis is the force of the intermediate spring.

[0070]

32 The following table shows the requirements for the amount of movement of the ferrule and the
contact forces, in accordance with the TIA 7 EIA 804-5-A FOCIS-5 Ture MPO standard (for a
flat cable with 12 optical fibars):

{0072]

s38 In accordance with one embodiment of the present invention, the slesve 130 may be molded or
molded from a polymeric material, however, metal or other suitable material may be used.

s40 For example, sleeve 130 may comprise a one-piece injection moided part.

s41 The selection of suitable bushing materials can be made according o the temperature stability
parameaters.

{0073]

s46 AS noted above, the connector 100 is capable of being terminated both in the factory and in the
field.

548 FFor example, terminating the connector 100 shown in FIG. 8 to FIG. 10 can be produced as
foliows.

[0074]

553 Fiber optic cable 180 may be threaded through the rear end of connecior 100, including an
opticat fiber shisld {(not shown}, shank 1680, spring 155, and bushing 130.

s55 In this example embaodiment of the present invention, the oplical fiber cable 180 comprises a
flat cable having 12 optical fibers.

s57 These optical fibers are referred {o as optical fibers 185, and each of the ends 188 of the
oplical fibers is individually accessed because a portion of the ouler jacket of the ribbon cable
180 has been removed near the ends 188 of the optical fibers.

ss0 In one embodiment of the present invention, the oplical fibers 185 ¢ be terminated in the
connactor may comprise standard single mode or multimode optical fibers such as SMF 28,
OM2, OM3, or OM4 flat fiber cabie (available from Coming Inc.).

ss2 In one alternative embodiment of the present invention, cable 180 may further include a cable
sheath portion and strength members.

s65 Strength members can be moided onto the back of the shank 180 using a conventional ferrule
or similar device (o relieve strain on the terminaled cable.
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[0075]

s70 As shown in FIG. 8, a fiat fiber oplic cable 180 can be threaded through the bushing 130,
through the rear part 135, in the direction indicated by the arrow 105, untii the ends of the
optical fibers protrude a necessary length beyond the grooves 142 of the comb 140 for laying
the optical fibers.

s74 T he design of the slesve 130 restricts the movement of the flat fiber optic cable 180 from side
o side, pre-aligning the optical fibers with the grooves of the comb 140 for organizing the
optical fibers.

577 As the oplical fibers 185 are inseried, the ramp 144 causes the clustered ends of the optical
fibers to bend or rise upward in the direction indicated by arrow 107.

10076]

sez The optical fibers 185 can then be stripped to the desired length.

sea In one embodiment of the present invention, the optical fibers 185 can be siripped from 8 mm
to 15 mm, preferably about 11 mm.

{00771

seg AS shown in FIG. 8, then the flat fiber optic cable 180 can be pulled backward {in the direction
of arrow 106), causing each individual optical fiber to drop or fall (in the direction of arrow 108)
into individua! optical fiber grooves 142a - 1421 in essance, at the same timse, as the exposead
portion of the flat cable sheath slides down the ramp 144, allowing the optical fibers 185 to
straighten out of their bent / raised state.

s93 In an alternative embodiment, {o achigve the same resul, the installer can slide the slesve
towards the ends of the optical fibers.

g95 Thus, as shown in FIG. 10, all individual optical fibers 185 can be housed in their respective
individual grooves 142a-1421 eliminating the need for an instalier o accuratsly position sach
individual optical fiber in the field.

[0078]

7or Affer the individual optical fibers 180 have been placed in separate channels or grooves 142a-
1421, the ferruie 120 can be slid over the fiber stacking comb 140 of the hub, as shown in FIG.
11, as a resull, the optical fibers 185 are disposed in the respective channels of the ferrule.

74 The outer dimensions of the front of the hub fit the cutout in the ferrule with sufficient accuracy,
20 now the optical fibers can be smoothly pushed forward through the ferrule channels with
great confidence that they will not encounter obstacies in their path. In one embodiment of the
present invention, each of the optical fibers 185 can have g diameter on the order of 125
microns, and the ferrule 120 includes a number of input channels 128, each of which has an
opening with a diameter of about 250 microns.
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[0079)

773 The ends of the optical fibers can then be advanced towards the leading edge of the stacking
comb o align and protect the ends of the optical fibers.

715 Thereafter, the intermediate spring and ferrule can be pushed onie the comb to place the
opticat fibers in their respective positions. Further, the finely positionad ends of the oplical
fibers can be pushed into the entry channels of the Terrule until the ends of the oplical fibers
protrude beyond the front surface 122 of the ferrule.

{0080}

722 As shown in FIG. 11, the ends 186 of the optical fibers 185 profrude some distance beyond the
front surface 122 of the ferrule (for subsequent trimming and polishing).

724 These protrusions allow the installer 1o subsequently trim and polish the ends of the oplical
fibers.

[0081]

7zg 1 hereafter, the tocking mechanism 154 can be aclivated so that the optical fibers 185 are
focked in the region 146 with the extended gripping portion of the hub.

731 As noted above, in one embaodiment of the present invention, the locking mechanism 154
includes a mechanical clamp that catches or clamps the optical fibers s0 as to lock thelr
position within the sleeve 130, For example, the latching mechanism 154 may comprise a
simple pressure plate or {atch. In an alternative embodiment of the present invention, adhesive
bonding may be used. Suitable adhesives include ultraviolet or visible light fast curing
adhasives, or a heatl activated adhesive such as hot meit adhesive,

10082]

70 For example, a fast-curing adhesive can be used to attach optical fibers {0 the inner surface of
a recess in a bushing.

742 In one embodiment of the present invention, the adhesive may comprise a formulation that
includes an adhesive having a viscosity of from about 10 cps to about 000 ops, a colorant
that is soluble in the adhesive, and is intended for the installer {0 see how the adhesive is
dispersed within the recess, and a curing agent for causing the composition o cure when
exposed 1o such radiation, preferably for the compoesition {o have a cure time of up 1o about 86
seconds o form a second color, more preferably up to about 30 sec.

[0083]
751 Thereafter, the shank 180 and the body 110 of the connecior can be connected to the slesve

18-11-2021 18

19



120 and ferrule 120 by means of laiches or tab-like elements.

[0084]

756 The ends 186 of the optical fibers can then be cutf and polished.

757 in one embodiment of the present invention, a clamping washer may be used to hold the
assembled conneclor o that the alignment of the sleeve and ferrule remains constant during
frimming and polishing.

7e0 Further, in one movement from top 1o botiom, the row of optical fibers is cut off at the front
surface of the ferrule, as a resull, relatively short (<500 um) protruding parts of the optical
fibers are left along the entire row of optical fibers. in ong embodiment of the present invention,
the widely available VF-45 cutier (available from 3M Company) can be used. In one preferred
embodiment of the present invention, the ends 189 of the optical fibers are then polished flush
or nearly flush with the front surface 122 of the ferrule.

[0085]

rs9 During the conneclion process, the design of the conneclor 100 can ensure proper distribution
of forces so thatl excessive forces are not applied directly to the opiical fibers, which could
result in damags.

77z Due 1o the use of a remote capture of optical fibers, a number of optical fibers at a certain
fength {in the embodiment shown in Fig. 1 - Fig. 13 - aboul 7 mm) beiween the front part of the
focking mechanism 154 and the front suface of the ferrule 122 are able t© be compressed
along their axis as how the force from the atiached connecior is applied o the ends of the
optical fibers. As force from the attachable connector is applisd o the individual optical fibers,
each of the optical fibers is pushed backward within the ferrule channels, creating a forward
compression force on the aligned optical fibers. This compressive force is necessary (o
maintain physical contact between the optical fibers as the structure expands and contracts
due to temperature changes.

{00aa]

7e4 In accordance with an alternative embodiment of the present invention, a fiber oplic connector
200 is provided, and its components, shown in several views in FIGS. 14 to FIG.

786 28, Just like the connector 100, the exemplary embodiment of the optical fiber connector 200 s
in the MPO format. Thereforg, connector 200 can be compatible with the MTP ™ series of
connectors. in one embodiment of the present invention, the connector 200 is mads in
accordance with the requiremenis of the TIA 7 EIA Standard FOCIS-5. However, as will
become apparent from the present disciosure {o those skilled in the art, other multi-fiber optical
connectors may alsoe be provided,
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0087)

75 The optical connector 200 is configured as a multi-fiber optical connector.

7es In the exemplary embodiment of the present invention described herein, connector 200
includes 12 optical fibers. As will become apparent from the present description, those skilied
in the art, as well as the above-described connector 100, the optical connector 200 can be
modified to include fewsr optical fibers or more oplical fibers.

[0088]

so2 The optical connector 200 may include a connector body 210 (or an outer connector body) that
receives the terminal ends of the optical fibers from the fiber optic cable 280.

so5 In this exemplary embodiment of the present invention, the connector body 210 is configured to
be connected to an MPO receptacle. Oplical connector 200 also includes a hub 230, ferrule
220 (see FIG. 15), and a shank 260. Al least a portion of the shank 280 {(in this embodiment of
the present invention, this is the front portion 2823, is located within the body 210 of the
connactor,

[0089]

&3 In accordance with one embaodiment of the present invention, ferrule 220 can be a commercial
ferruie such as a standard MT format ferrule available, for example, from US Conec (Hickory
NC).

g15 Ferrule 220 contains the stripped ends of the optical fibers {0 be terminated, which terminate at
the front surface 222 in a series of closely spaced holes or channels. Ferrule 220 aligns the
optical fibers so that they can be aligned with ancther ferrule (not shown). The ferrule 220 may
aiso be provided with guide pins 226 on the front surface of the ferrule 220 to mate with
ancther connector or receptacie in connection and to avoid distortion. These guide pins can be
inserted into the drive holes 225 (see FIG. 25). In this example embodiment of the present
invention, ferrule 220 does not differ significantly from s standard form.

{0090}

s26 Just like the above-described connactor 100, the fiber optic conneclor 200 is a removable
connector, so the ferrule 220 can be essentially free of adhesive,

s28 Farrule 220 can be made of ceramic, glass, plastic or metal material. The selection of suitable
materials for the ferrule can be made according o the temperature stability parameters,

{0091}

g23 Shank 280 is the support structure for connector 200,

s34 As shown in FIG. 14 and FIG. 15, the shank 260 includes a front portion 282 for securing the
connector body 210 {(eg, with a snap or a snug fit}. The front portion 282 may also include a
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recess 263 for receiving a resilient member such as a spring 2585 that generates a biasing
force. For example, the spring 255 of the fiber oplic connector 200 can preload with a suitable
force on the connector body, ranging from about 7.8 N to about 11.8 N in this embodiment,
the shank 280 does not include a large body. In allemative embodiments, shank 260 may
include a large body, such as that shown in FIG. 2 to building 164,

10092]

a44 In addition, the shank 260 may further include a mounting structure 275 (located in the area
opposite to the front portion 262}, which is intended to altach an optical fiber shisld (not
shown), and which can be used to protect the fiber optic cable from losses associated with
with bending sitresses.

848 I accordance with one embodiment of the present invention, the connector body 210 and
shank 260 can be molded or molded from a resin material, however, meial or other material
with suitable stiffness can also be used.

{0083}

as¢ Connector 200 further includes a sleeve 230 that is positioned and retained within the
conneactor body.

sz In accordance with exemplary embodiments of the present invention, the hub 230 is a
muitifunctional element that can provide orderly insertion of optical fibers into the ferruie 220
and is a support structure for the locking mechanism 254 {(see Fig. 15} that iocks the position
of the optical fibers within the connector 200. The locking mechanism 154 provides an external
locking of the optical fibers (0 be terminated and is incated outside the ferruie 220. Thus, the
optical fibers are not attached o the ferrule, but have the possibility of axial movement within
the guide channels of the ferrule. In accordance with one embodiment of the present invention,
the locking mechanism 254 may be located in an extended grip region 246 that includes a
recess 234 (see, for example, FiG. 18) in the sleeve 230, On the side opposite to the recess
234, a slot or opening 232 of a smaller size can be made (see, for example, Fig. 17). if
necessary, additional siots or holes (not shown) may also be provided in the slesve body 231
to accommodate parts of the clamping mechanism.

ssa AS in the above described embodiment, the locking mechanism 254 may include a machanical
clamp that catches or clamps the oplical fibers s0 as {o lock their position within the sileeve
230, In an alternative embodiment of the present invention, the retention mechanism 254 may
comprise an adhesive aftachment, such as a rapidly curing ultraviolet or visible light adhesive,
or @ heat activated adhesive such as a hot melt adhesive.

[0094]

a7s In particular, in FIG. 17 and FiG. 18 shows a botlom view and a top view, respectively, of the
sleave 230.
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gre Slesve 220 includes an optical fiber stacker 240 that aligns, guides, and supports optical fibers
to be terminated. The comb 240 for stacking optical fibers includes a top surface 245 (see Fig.
18) and a series of grooves 242 (see Fig. 17) locatad on the underside of surface 245 located
at the end of the sleeve 230 {which, when assembled, is the nearest 1o ferrule 220), with sach
of the grooves or channels 242a through 2421 designed {o guide and support one optical fiber
from the fiber optic cable 280, The comb 240 for organizing optical fibers also includes a ramp
244 adjacent {0 the row of grooves 242 and located between the row of grooves 242 and the
main body of the hub 230, The ramp 244 includes progressively rising structures 243, such as
barbs or walls separating individual grooves {see, for example, the cross-sectional view shown
in FIG. 20) that can assist in aligning the individual optical fibers during insertion of the optical
fibers.

sse The design of the stacking comb 240 separates potentially entangled optical fibers, positions a
row of optical fibers with a constant pitch between them, and allows the row of fibers to be fed
straight into the ferrule channesls.

[0095]

95 In addition, a skew prevention mechanism may be provided in the connector 260,

aes For example, in vet another embodiment of the present invention, drive holes 248 (sge FIG.
173, These drive holes are designed to secure anti-misalignmaent guide pins {see, for example,
ping 229 shown in FIG. 16), which stahilize the position of the slesve relative o the ferrule.
These anti-skew quide pins 229 can be inserted into the drive bores 248 such that a portion of
gach of the pins is held firmly within the sleeve and the other portion fits into the bore 224 of
the ferrule 220 (see, for example, FIG. 24). In addition, an internal shelf or protrusion can be
made inside the connector body 210, designed to further stabilize the sleeve and reducs the
influence of lateral or rotational forces due to distortions relative to the ferrule.

[0096]

so7 Sleeve 230 also includes a rear portion 235 having an opening 239 (see FIG. 19 and FIG. 20)
that allows the entry of an optical Tiber cable 280 (see, for example, FIG. 21 and FIG.

s0s 22). in accordance with one embodiment of the present invention, the rear portion 235 includes
axtended support structures 235a and 235b (located opposite sach other around the opening
239}, in addition, the rear portion 2395 is intended to contact and support the resilient member/
spring 255 (see, for example, FIG. 15 and FIG. 18). A post or profrusion 237 may be provided
on the rear of the sleeve 230 to engage the spring 255 and concentrate the force of the spring
on the sleeve. Therefore, once the connector 200 is assembled, the resilient / spring 255 will

he positioned between the sleave 230 and the shank 280,

0097}
g79 In this exemplary embodiment of the fiber oplic connector 200, to further controd the force
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applied o the ends of the optical fibers when the conneclor is connected, a small spring
glement 250 (seg FIG. 18) or an intermediate spring such as, may be placed between the
sleave 230 and the ferrule 220 fiat or leaf spring.

szz In this example embodiment of the present invention, the intermediate spring 250 can be
configured as an oval spring that fits over the stacking comb 240, The spring element 250
provides the required ratio of elastic forces 1o be applied o the oplical fibers to be terminated
and allows balancing the forces in the connector 200, Thus, once the connector is attached,
the spring member 250 can insulate the ferrule and can absorb any changes in ferrule 220
caused by temperature changes. Below is a more detailed description of the operation of the
spring element / intermediate spring.

[0098]

933 In accordance with one embodiment of the present invention, the sleeve 230 may be molded or
moided from a polymer material, however, metal or other suitable material may be used.

g35 For example, sleeve 230 may comprise a one-piece injection molded parl. The selection of
suitabie bushing materiais can be made according 1o the {emperature stability parameters.

{00091

s4o Tarminating connector 200 in the field can be performed in the same way as terminating
connactor 100,

942 For example, terminating the connector 200 shown in FIG. 21 to FIG. 24 can be produced as
follows. In this embodiment, fiber oplic cable 280 may be threaded through the rear end of
connector 200, including an optical fiber shield (not shown), shank 260, spring 255, and
bushing 230. In this exampie embodiment of the present invention, the optical fiber cable 280
comprises a flat cable having 12 optical fibers. These optical fibers are referred {0 as oplical
fibers 285, and sach of the ends 286 of the optical fibers is individually accessible because the
outer sheath portion of the flat cable 280 has been removed near the ends 286 of the optical
fibers.

[0100]

g3 I one embodiment of the present invention, optical fibers 285 o be terminated in connector
200 may comprise standard single mode or multimode optical fibers such as SMF 28, OM2,
OM3, or OM4 flat fiber cable (available from Coming Inc.).

sse I one alternative embodiment of the present invention, cable 280 may further include a cable
sheath portion and strength members. To relieve strain on the terminated cable, load-hearing
members can be pressed onto the rear of the shank 260 using a conventional ferrule or similar
device. The 285 optical fibers can then be stripped to the desired length. In one embodiment of
the present invention, the oplical fibers 285 may be stripped from 8 mm {0 15 mim, preferably
about 11 mm.
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0101

ses As shown in FIG. 21, a fiat fiber optic cable 280 can be threaded through the grommet 230,
through the back of it, in the direction indicated by the arrow 205, until the ends of the optical
fibers profrude a necessary length beyond the grooves 242 of the comb 240 for laying the
opticat fibers.

esg The design of the sleeve 230 restricts the movement of the flat fiber optic cable 280 from side
to side, pre-aligning the optical fibers with the grooves of the comb 240 for organizing the
optical fibers. As the optical fibers 285 are inserted, the ramp 244 causes the clusierad ends of
the optical fibers {0 bend or rise upward in the direction indicated by the arrow 207,

10102]

s76 As shown in FIG. 22, then the flat fiber optic cable 280 can be pulled backward (in the direction
of arrow 208), which causes each individual optical fiber to drop or fall (in the direclion of arrow
208} into individuai optical fiber grooves 242, essentially simultansously, as the exposed
portion of the flal cable jacket slides down the ramp 244, allowing the optical fibers 285 to
straighten out of their bent / raised state.

sa1 Thus, as shown in FIG. 23, all individual optical fibers 2885 can be housed in their respective
individual grooves 242a through 2421, eliminating the need for an installer to accurately
position each individual optical fiber in the field.

[0103]

sa7 After the individual fibers 285 are posilioned in a separate channe! or groove 242, the ferrule
220 can be slid over the hub optical fiber comb 240 as shown in FIG. 24, resulting in the
optical fibers 285 being positioned in the respective channels of the ferrule.

990 I one embodiment of the present invention, each of the optical fibers 285 can have an outer
diameter on the order of 125 microns, and the ferrule 220 includes a number of input channels
228, each of which has an opening with a diamster of about 250 microns.

10104]

s05 The ends of the optical fibers can then be advanced towards the leading edge ¢of the stacking
comb to align and protect the ends of the optical fibers.

ses Thersafter, the intermediate spring and ferrule can be pushed onto the comb 1o place the
opiical fibers in their respective positions. Further, the finely positionad ends of the optical
fibers can be pushed info the enfry channsls of the ferrule until the ends of the optical fibers
protrude beyond the front surface 222 of the ferrule.
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[0105]

1005 The ends 286 of the optical fibers 285 may protrude some distance beyond the front surface
222 of the ferrule (for later trimming and polishing).

1007 These protrusions aliow the installer 1o subsequently trim and polish the ends of the oplical
fibers.

{0106]

1012 The locking mechanism 254 can then be aclivated so that the optical fibers 288 are locked in
the region 246 with the gripping portion of the sleeve exiended.

1014 As noted above, in one embodiment of the present invention, the locking mechanism 254
includes a mechanical clamp that catches or clamps the optical fibers so as to lock their
position within the slegve 230 In an alternative embodiment of the present invention,
adhgsive bonding may be used. Suitable adhesives include ultraviolet or visible light fast
curing adhesives, or a heat aclivated adhesive such as hot melt as described above.

10107]
i0zz Thereafter, the connector shank 260 and the connector body 210 can be connected to the
collar 230 and ferrule 220 by means of latches or {ab-like elements.

[0108]

1027 The ends 286 of the oplical fibers can then be trimmed and polished.

1025 I one embodiment of the present invention, a retaining washer may be usad {0 hold the
assembled connector during cutling and polishing, as described above.

[0109]

1e33 During the connection process, the design of the connector 200 can ensure proper force
distribution so that excessive forces are not applied directly {o the optical fibers, which could
resuit in damage.

1026 1 hrough the use of a remote optical fiber grab, a number of oplical fibers, over a length
between the front of the locking mechanism 254 and the front surface of the ferrule 222, are
compressed along thelr axis as a force from the attachable connector is applied {0 the ends
of the oplical fibers.

1040 AS Torce from the attachable connector is applied 1o the individual oplical fibers, sach of the
optical fibers is pushed backward within the ferrule channels, creating a forward compression
force on the aligned optical fibers. This compressive force is necessary 1o maintain physical
contact between the optical fibers as the structure expands and contracts due to temperature
changes.
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{0114

1045 A% noted above, the connectors 100 and 200 feature an intermediate spring {eg, spring
slement 150, 250} located between the ferrule and the slesve.

1ose Typical MPO connectors use a standard industrial MT ferrule in conjunclion with a
compression main spring such as spring 155, 255 {0 maintain the physical contact required to
achigve the desired optical performance. After connecting the connector, the main spring
applies forward pressure on the back of the ferrule and the optical fibers, which, in typical
connectors, are usually glued to the ferrule channels, thus maintaining the necessary
physical contact.

0111]

1058 Once the connection is established, the ferrules of the two connectors are held tightly in
contact with each other by the compressive force of the opposing main springs, which press
the ferrules against each other.

wez in accordance with TIA / EIA 804-5-A FOCIS-5 Ture MPQ, when the connectors are
connected together, latches (not shown) keep the respective springs compressed.

10112

we7 In the above described embodiments of connectors 100 and 200, the connector design of the
present invention may further adjust the physical contact between rows of optical fibers by
means of an intermediate spring.

1e7p When the connectors are connectad {0 each other, the intermediate spring provides reliable
and controlied physical contact between each optical fiber of the first connecior and the
opposing optical fiber of the second connector, while avoiding stress on each of the
connected optical fibers, which could lead to destruction.

[0113]

1077 in accordance with one embodiment of the present invention, the preferred amount of contact
force betwesn the optical fibers to be connected may be from about 30 gram-Torce {0 about
80 gram-force.

ioso I order to provide the necessary amount of contact foree from about 30 gram-force o about
80 gram-force for each of the 12 optlical fibers of the row, in this embodiment of the present
invention, if is necessary that aimost all the force arising from the connection be distributed,
moreover, it was distributed evenly between the optical fibers and only a small part of this
force was applied {0 the ferrule. In order to fulfill this condition, when connecting the
connectors 100, 200, an intermediate spring 150, 250 is located between the sleeve and the
ferrule. The intermediate spring pushes the ferrule forward, pressing il tightly against the
contact surface of the shelf in the outer housing of the connector {for example, housing 110,
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210 of the connsctor) throughout the entire assembly process of the connector. Since the
ferrule is held in this position and the intermediate spring is slightly compressed, the ends of
the row of optical fibers can be polished substantially flush with the front surface {eg, surface
122, 222) of the Terrule.

1082 This design and process allows optical fibers to be substantially uniform in length, with ends
flush with the front surface of the ferrule, and the ends of the optical fibers can be sasily
cleaned prior {o bonding.

{0114}

1ose During connection, when the ferrule is pushed back by the plug-in connecior, the intermediate
sSpring is compressed even more.

1100 SINCE In the connectors 100, 200, an extemal fixation of optical fibers is used, the ferrule (120,
220 has the ability to axially move along the row of optical fibers, backward, towards the
bushing (130, 230). As the ferrule moves backward, most of the mainspring force is applied
fo the ends of the row of oplical fibers.

[0115]

1207 Using this approach, it is possible to develop a multi-fiber connector in which, due o the
choice of the compression force of the intermediate spring, an axial compression force of a
well-defined value {for example, from 0 to 11.8 N} will be applied to a number of optical fibers.

1110 A certain amount of physical contact force is required o ensure proper optical performance of
the conneclor.

[0116]

1115 As defined in the aforementioned TIA / EIA MPQ standard, FOCIS-S, the force when attaching
a standard MPO connector should not exceed 11.8 N at fuil compression.

1717 In typical connectors, the required force is generated by the main spring. Assuming that all
100% of the mainspring force is applied to the ends of a row of optical fibers, in @ system with
12 optical fibers, the resultant will be approximately 100 grams of physical contact force per
optical fiber. The results of experiments and simulations show that with a force of
approximately 100 gram-forces per optical fiber, the displacement of the end of the optlical
fiber will be approximately 14 um {depending on the type of optical fiber), in the direction of
the sleeve. Experimental modeling has shown that part of this displacement is provided by
axial compression of the optical fiber, and parl is associated with the bending of the optical
fiber under the applied force. Moreover, such simulations show that excessive bending of the
optical fiber can create tensile siress on the outside of the optical fiber. High levels of tensile
stress can shorten the lifespan of the optical fiber.
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[0417]

1131 As described above, in accordance with the embodiments of the present invention, the force of
the main apring applied to the plurality of optical fibers can be balanced by the intermediate
spring.

1124 For exampile, if a mainspring force of 1200 grams is applied to a row of 12 optical fibers, an
intermediate spring with a compression force of 200 grams can be used to actually transfer
those 200 grams of force from the ends of the optical fibers back 1o main spring. The
resulting force applied to the ends of the oplical fibers will be the difference (1000 gram-force
or 83 gram-force per fiber).

{0118]

1142 The field-mountable conneciors described here can be used in a varigty of applications,
including fibertc-home equipment, fiber-to-antenna equipment, iocal area networks, data
centers, high-performance computing, and more.

10119]

1145 From the present description of the invention, well-versad in the art to which the present
invention is addressed, it will be obvious that the present invention is susceptible o various
modifications, the use of equivalent processes, as well as a variety of structures to which the
present invention can be applied.
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Notice

This translation is machine-generated. lf cannot be guarantesd that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based on machine-transiation output.

CLAIMS RU2618780C2

1.
i3 Fiber oplic conneclor for terminating a fiber optic cable containing a plurality of optical fibers,
comprising:

2.
8 outer body of the connedclor;

3.

2z farrule, essentially free of adhesive;

4.
26 shank; and

5.

a0 a sleeve located between the ferrule and the shank, and the sleeve includes a region with a
remote gripping part intended for remote fixation of said plurality of optical fibers outside the
ferrule.

8.

26 2. Fiber oplic connector according to claim 1, characterized in that it further comprises:
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7.
40 an elaslic element located between the shank and the rear of the slesve; and

8.
4¢ an intermediate spring slement located between the front of the slesve and the rear of the
farrule.

9.
43 3. The fiber oplic connector of claim 2, wherein the inlermediate spring elementhas a
compressive force of from about 300 gram-force 1o about 750 gram-force.

140,
s4 4. The fiber optic connector of claim 3, wherein the intermediate spring element has a
compressive force of from about 500 gram-force to about 550 gram-force.

11.

s9 5. A fiber-optic connector according to claim 1, characterized in that the region with the removed
gripping par is configured {0 accommodate a clamping mechanism thersin, which fixes the axial
position of said plurality of optical fibers within the bushing.

12.

55 6. A fiber optic connector according to claim 1, characterized in that the region with the removed
gripping par is configured {0 accommodate an adhesive that fixes the axial position of said
plurality of optical fibers within the bushing.

13.
71 7. A fiber oplic connactor according to claim 8, wherein a fast-curing adhesive is used as the
adhesive.

14.

75 8. An optical fiber connector according to any one of the preceding claims, characterized in that
the sleeve includes a comb for stacking optical fibers located in the front of the sleeve, and the
comb for stacking optical fibers includes a number of grooves, gach of the grooves being
corfigured (o guide an optical fiber.
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15.
g2 9. A fiber optic connector according to claim 8, further comprising an inclined portion adjacent to
said row of grooves, wherein the inclined portion includes a gradually rising portion.

16.

as 10. A fiber opiic connector according o daim €, characterized in that the comb for stacking
optical fibers separates potentially tangled fibers, arranges said plurality of optical fibers with 5
constant pitch between them, and enables said row of fibers (o be fed straight into the ferrule
channels during insertion of the fiber oplic cable.

17.

g5 11. Fiber oplic connector for terminating a fiber optic cable containing a plurality of oplical fibers,
comprising:

18,
100 outer body of the connector,

19.
104 TerTUlS;

20,
108 shank; and

21.

112 & bushing located betwsen the ferrule and the shank, and the bushing includes a comb for
faying optical fibers located in the front of the bushing, and the comb for laying oplical fibers
includes a row of grooves, each of the grooves is designed o quide the optical fiber located
thersin in ferrule,

22.
13 an nclined section adjacent 10 said row of grooves, the inclined section including a gradually
rising section.
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23.

12¢ 12. Fiber optic connecior according to claim 11, characterized in that the comb for stacking
optical fibers separates potentially tangled fibers, arranges said pluralily of optical fibers with a
constant piteh between them and provides the possibility of straight-line feeding of a number of
fibers into the ferrule channels during the insertion of the fiber-optic cable ...

24,

131 13. Fiber optic connector according to claim 11, characterized in that the sleeve includes a
region with a remote gripping portion configurad 1o remotely fix said plurality of optical fibers
outside the ferrule.

25.

137 14, A fiber oplic connector according to claim 11, further comprising:

26,

141 an elastic element located between the shank and the rear of the sleevs; and

27.

145 an intermediate spring element located between the front of the sleeve and the rear of the
ferrule.

28.

is0 15, Fiber optic connecior for terminating a fiber optic cable containing one or more optical
fibers, comprising:

28.

155 outer body of the connecior,

30,

156 ferrule;

31.

163 shank;

16-11-2021 4

33



32.

167 & bushing located between the ferrule and the shank;

33.

171 an elastic element localed between the shank and the rear of the slesve; and

34.
175 an intermediate spring element located between the front of the sleeve and the rear of the
ferrule.

35.

g0 18. A connector according to claim 15, characterized in that the outer housing of the connector
is designed so that the connector can be inserted into an MPO sockst.

36.

125 17. The connector according o claim 15, characterized in that the ferrule is made as an MT
format ferrule.

37.

190 18. The connector of claim 15, wherein the shank further includes a mounting structure for
attaching the protective cap of the optical fiber.

38.

185 .
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POCCHUMCKA S ®EJIEPATINS (19) RU (11) 2 618 780(13) c2
(51) MIIK
G02B 6/40 (2006.01)

Be ﬁi/ atiwm

OENEPAJIBHA S CIIVXXBA

10 UHTEJIJIEKTYAJIbHOY COBCTBEHHOCTHU

(12) ®OPMYJIA U30BPETEHUS K ITATEHTY POCCUMCKOUN ®EJIEPAITUU

(21)(22) 3asBxa: 2015105514, 12.08.2013 (72) ABTOpP(BI):
. PUYMOH/ Mapk P. (US),
(24) darta nHauana otrcuera CpoKa JEHCTBUS IATEHTA: BEPAMAHT Txomun I1. (US),
12.08.2013 BAHT [Tusr (US),
IlaTa perucTpanuu: BI/IHAH)_IEP I[)KeﬁMC P. (US),
11.05.2017 CTUIIEK Harau (US)
ITpuopurer(sr): (73) ITatenToobmamaTenb(un):
(30) KOHBEHIIMOHHBIM TPUOPUTET: 3M UHHOBEMTUB ITPOIIEPTU3
12.09.2012 US 61/700,149 KOMIIAHHM (US)

(43) Harta nyomaukanuu 3as8ku: 10.11.2016 Broa. Ne 31 | (56) Criucok JOKYMEHTOB, IUTUPOBAHHBIX B OTYETE
o noucke: US 7369738 B2, 06.05.2008. EP
(45) OnyomukoBano: 11.05.2017 Bron. Ne 14 324272 A2, 19.07.1989. US 2002110333 Al,

(85) Jlata Hauana paccMoTpeHus 3asieki PCT Ha 15.08.2002. WO 2006029299 A2, 16.03.2006.

HanyoHaltpHOM (aze: 13.04.2015

(86) 3asBka PCT:
US 2013/054516 (12.08.2013)

(87) My6nukanus 3asBku PCT:
WO 2014/042799 (20.03.2014)

AJpec AI1s IEPETCKu:
105215, Mocksa, a/g 26, Priounoit H.A.

(54) MHOTOBOJIOKOHHBINM KOHHEKTOP C BEIHECEHHOM 3aXBaTHOM YaCTHIO

(57) ®opmyna u3ooOpeTeHus

1. BOJTOKOHHO-ONTUYECKUI KOHHEKTOP JUIS OKOHLIEBAHUS BOJIOKOHHO-ONTUYECKOT O Kabers,
COZEPIKALIETO MHOXKECTBO OIITUYECKUX BOJIOKOH, COAEPIKALLINIA:

HAPYKHBIA KOPIIYC KOHHEKTOPA;

dbeppyity, B CYIIIHOCTH, CBOOOHYIO OT aJre31Ba;

XBOCTOBUK; U

BTYJIKY, PACIOJIOKEHHYIO MeX 1y (peppyJIof U XBOCTOBUKOM, ITIPUYEM BTYJIKA BKIIOYAET
00J1aCTh C BBIHECEHHOM 3aXBATHOMW YaCThIO, MPETHAZHAYCHHYIO TSl BRBIHECEHHOM (hUKCaALN
YIOMSIHYTOI'O MHO>KECTBA ONTUYECKUX BOJIOKOH 3a IIpesienaMu (peppyJibl.

2. BOJTOKOHHO-ONTUYECKUI KOHHEKTOP 10 I1. 1, OTJIIMYAIOIIMIACS TEM, UTO JIOTIOJTHUTEIBHO
COJIEPIKHUT:

YIPYIUi 3JIEMEHT, PACIIOJIOKEHHBIN MEXAY XBOCTOBUKOM U 3a{HEW YaCTHIO BTYJIKU; U

IIPOMEKYTOYHBIN IIPY>KUHHBIN 3JIEMEHT, PACIIOIOKEHHBIN MEXY ITEPEIHEN YACTHIO BTYIIKU
Y 3a/JIHEH 4acThio heppyIabl.

3. BOJIOKOHHO-ONITUYECKUI KOHHEKTOP 110 II. 2, OTIIMYAIOLIUICS TEM, UTO IIPOMEKYTOUHBIN
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NIPYXUHHBINA 3JIEMEHT XapaKTEepU3yeTCsl YCUIIMEM CKkaThs OT mpuMepHO 300 rpamMMm-cuil 10
npuMepHoO 750 rpaMM-CHIL.

4. BOJIOKOHHO-ONTUYECKMI KOHHEKTOP I10 I1. 3, OTJIMYAFOLIMICS TEM, YTO IIPOMEKYTOUHBIN
MPY>KUHHBINA 3JIEMEHT XapPaKTEPU3YETCS YCUIIMEM CXKATHS OT IpuMepHO S00 rpamMM-CUIT 10
npuMepHoO 550 rpaMM-CHII.

5. BOJIOKOHHO-ONTUYECKUI KOHHEKTOP 10 I1. 1, OTIMYAIOIIUICS TEM, UTO 00JIACTh C
BBIHECEHHOM 3aXBAaTHOM YaCThIO BBIITOJIHEHA C BO3MOKHOCTBIO PA3MEILICHUS B HEN
32)KUMAFOIIET0 MEXaHU3Ma, KOTOPBIN (PUKCUPYET OCEBOE IMOJI0KEHUE YITOMSIHYTOTO MHOYKECTBA
OINTUYECKUX BOJIOKOH B MPEAEIaX BTYJIKHU.

6. BOJTOKOHHO-ONTUYECKUI KOHHEKTOP 1O 1. 1, OTJIMYAOIIUIACS TEM, UTO 0OJIaCTh C
BBIHECEHHOM 3aXBATHOM YACThHIO BBIMIOJIHEHA C BOBMOKHOCTBIO pa3MEIIICHUS B HEH aAre3UBa,
KOTOPBIN (PUKCUPYET OCEBOE MOJIOKEHUE YIIOMSIHYTOTO MHOKECTBA ONTUUYECKUX BOJIOKOH B
Mpeaenax BTYJIKH.

7. BONTOKOHHO-ONITUYECKHI KOHHEKTOP M0 M. 6, OTJIMYAIOIIUICS TEM, UYTO B KAUECTBE
aJIre31Ba UCIIOJIb30BaH OBICTPO OTBEPKIAEMBIN a/Ir€3UB.

8. BOJIOKOHHO-ONITUYECKUI KOHHEKTOP IO JTI000MY U3 MPE/IIIECTBYIONIMX ITYHKTOB,
OTJIMYAIOIIMHICS TeM, UTO BTYJIKA BKJIIOUAET IPEOCHKY ISl YKIIAJKKU ONITUYECKUX BOJIOKOH,
PACIOJIOKEHHYIO B TIEpeHEN YaCTU BTYJIKH, TPUYEM I'peOeHKA JJIs YKIIAAKU ONTUYECKUX
BOJIOKOH BKJTIOUAET PsiJl KEITOOKOB, MPU ITOM KaXIbIH U3 ®KeJTOOKOB BBITIOTHEH C
BO3MOHOCTBIO HAIIPABJISITh PACIIOJIOKEHHOE B HEM OIITUYECKOE BOJIOKHO.

9. BOJIOKOHHO-ONITUYECKHUI KOHHEKTOP MO I1. 8, OTIIMYAIOILIMUIACS TEM, YTO TOMOJTHUTEIIBHO
COJICPKUT HAKJIOHHBIN YYAaCTOK, CMEKHBIN C YIIOMSIHYTBIM PSIJIOM JKEITOOKOB, MPUYEM
HAKJIOHHBIN YYAaCTOK BKJIFOYAET IUIABHO MOBBIIIAIOIIMICS y4aCTOK.

10. BOJIOKOHHO-ONTUYECKUIA KOHHEKTOP IO I1. 9, OTJIIMUYAIOLIUICS TeM, YTO I'pebeHKa JIs
YKJIAQJIK ONITUYECKUX BOJIOKOH pa3AesieT OTEHIMAIbHO CITyTAHHBIE BOJIOKHA, PACIIOJIAraeT
YIOMSIHYTO€ MHOKECTBO ONTUYECKUX BOJIOKOH C IIOCTOSIHHBIM LIATOM MEK1y HUMHU U
00ecTieYnBaeT BOBMOKHOCTD IMPSIMOJIMHEMHOM TTOa4YM YIIOMSIHYTOTO PsiZia BOJIOKOH B KAHAJTBI
(dbeppyabl B Ipoliecce BBEICHUS BOJJOKOHHO-ONTUYECKOTO KaOensl.

11. BOTOKOHHO-ONITUYECKUI KOHHEKTOP JJIs1 OKOHLEBAHUSI BOJIOKOHHO-OITUYECKOTO
KabeJisl, CoJePkKAIIEro MHOXECTBO ONTUYECKUX BOJIOKOH, COJIEPIKAIIIMIA:

HAPYKHBII KOPIYC KOHHEKTOPA;

deppyy;

XBOCTOBUK; U

BTYJIKY, PACIOJIOKEHHYIO MKy (heppyJioit U XBOCTOBUKOM, ITPUYEM BTYJIKA BKIIIOYAET
rpe0eHKy ISl YKJIAJKU ONITUUECKUX BOJIOKOH, PACIIOJIOKEHHYIO B MEPEIHEH YaCTU BTYJIKHU,
npu4eM rpedeHKa JJIs YKIIaIKU ONITUYECKUX BOJIOKOH BKITFOYAET PSJI U3 )KETOOKOB, ITPU 3TOM
Kbl U3 KeJIOOKOB MpeTHa3HAYCH [IJI TOT'O, UTOOBI HATIPABIISTh PACIIOIOKEHHOE B HEM
OINTUYECKOE BOJIOKHO B eppydy,

HAKJIOHHBIN YYAaCTOK, CMEXXHBIN C YIIOMSIHYTBIM PSIIOM KET0O0KOB, MPUUEM HAKIIOHHBIH
YYaCTOK BKJIFOUAET IUIABHO MOBBIIIAIOIIUICS y4aCTOK.

12. BOJIOKOHHO-ONTUYECKUI KOHHEKTOP MO TI. 11, OTIIMYaromuics TeM, 4To rpedeHKa JIs
YKJIQJIKA ONITUYECKUX BOJIOKOH pa3AesieT IOTEHIMAIbHO CITyTAHHBIE BOJIOKHA, PACIIOJIAraeT
YIOMSIHYTO€ MHOKECTBO OINTUYECKUX BOJIOKOH C IIOCTOSIHHBIM LIATOM MEK1y HUMHU U
00ecTieunBaeT BO3MOKHOCTD MIPSIMOJIMHEHHOM TIOIa4M psiia BOJIOKOH B KaHAJIBI (heppyJIIbl B
MPOLIECCE BBEJIEHUS BOJJIOKOHHO-ONITHYECKOTO KaOensl.

13. BOJIOKOHHO-ONTHYECKUH KOHHEKTOP MO II. 11, OTIMYaroIuics TeM, YTO BTYJIKA
BKJIFOYaeT 00JIaCTh C BRBIHECEHHOM 3aXBATHOMW YaCThIO, BBITTOJIHEHHYIO C BO3MOXKHOCTBIO
yIajJeHHON (PMKCALMU YTIOMSIHYTOTO MHOKECTBA ONITUUECKUX BOJIOKOH 3a IpeiesiaMu heppyJibl.

14. BOJIOKOHHO-ONTUYECKUI KOHHEKTOP IO M. 11, OTJIMYAIOIIKIACS TEM, YTO JTIOTIOJTHUTEIIbHO
COIEPHKUT:
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YIPYIUM 3JIEMEHT, PACIIOJIOKEHHBIN MEXy XBOCTOBUKOM U 3aHEW YACTHIO BTYJIKU; U

IIPOMEXKYTOYHBIN IIPY>KUHHBIN 3JIEMEHT, PACIIOJI0KEHHBINA MEX1y ITEpEHEN YACThIO BTYJIKU
Y 3aJIHel 4acThio GeppyJIbl.

15. BOJTOKOHHO-ONITUYECKUI KOHHEKTOP JJIs1 OKOHLEBAHUS BOJIOKOHHO-OIITUYECKOTO
Kabest, coJiepKallero OJTHO Wik 00jiee ONTUYECKUX BOJIOKOH, COJIepIKaIIIUM:

HAPYKHBIA KOPIIYC KOHHEKTOPA;

(eppymy;

XBOCTOBMUK;

BTYJIKY, PACIIOJIOKEHHYIO MEXKAY (heppyJioli U XBOCTOBUKOM;

YIIPYTUI 3JIEMEHT, PACIIOJIOKEHHBIN MEXKIY XBOCTOBUKOM U 3aHEW YaCThIO BTYJIKU; U

IIPOMEXKYTOUYHBIN IIPYKUHHBIN 3JIEMEHT, PACITOJIOKEHHBIN MEXK Y ITIEPEIHEN YaCThIO BTYJIKH
W 3aJIHel 4acThio heppyJabl.

16. Konnexktop 1o 1. 15, OTJIM4aroIuics TeM, YTO HapY>KHbIM KOPITYC KOHHEKTOpa
BBITIOJIHEH TaK, YTOOBI KOHHEKTOP MOYKHO ObUIO BCTABUTH B po3eTKy popmata MPO.

17. KoHHekTOp 10 II. 15, oTIM4yarommiics TeM, 9To ¢peppyia BeIIOIHEHA KakK deppyia
dbopmata MT.

18. KonHekTop 1o 1. 15, OTIIMYaromuiicst TeM, YTO XBOCTOBUK JIOTIOJTHUTEIBHO BKIIIOYAET
MOHTAXXHYIO0 KOHCTPYKUMIO, IPEAHAZHAYECHHYIO U1 IPUCOCAUHEHMS 3AILUTHOTO KOJIIIayKa
OIITUYECKOI'O BOJIOKHA.
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