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PCTAUS96/ 06476 FI BER OPTI C RI BBON CABLE AND METHOD FOR | TS MANUFACTURE 5
FI ELD OF THE | NVENTI ON The present invention relates generally to optical
fiber transm ssion nedia and, nore particularly, to fiber optic ribbon
cabte assenblies having the fiber optic ribbon manufactured with arbitrary
spaci ng bet wegy isgal fibers, having the connectors manuf aciy | I ne
with the ri bbgﬁbéggt% s‘g assenbly, and having with the 10 ri bboﬁ’gﬁdgaﬂk
assenbly manufactured with or wi thout an outside jacket or reinfor.cing
shell. In addition, the present invention relates to fiber optic ribbon
cabl es having access points for ' | I ncor por at ed
into the ribbon cable during mn%ﬁ%ﬁﬁ%@ﬁﬁéﬁtéﬁﬁ%'&% BACKGROUND
OF -THE | NVENTI ON Optical fiber rMEEHODFOBITSMANIFACRURE f or t he
transm ssion of optical signals. Use of optical cables, including optical
fi ber ribbon cables, has generally been limted to | ong-haul trunking

i nstallations were the inproved tr SFIELDSOF THEINVENTEONSti cs of the
optical fibers justify the greater expense and djfficu]ty_20 assqci at ed
wi th*their manufacture aJhg Aresstainvention Telates generplly 'G’e?ﬂfﬁ’agﬁ‘lﬁ‘i RGP PR JeCEn
medi a continue to 'ﬁarﬁﬁﬁ%arﬁéﬁﬁrﬁgi@ﬁﬁégﬁﬁc fibbondaBié aS¥inibtiad héviy e iBEr optic
transm ssion of signals across shorter stances or, for interconnectin

| ocal devices, contribborsmanufagtused witlf arbitrampispaging belaveen saptical sBbars, ahavingii

the production of optical thBet caRlrANHRNh\BBon AR dsbbo, uh hibig Wich he

10  ribbon cable assembly manufactured with or without an outside jacket or reinforcing

shell. In addition, the present invention relates to fiber optic ribbon cables having
access points for subsequent connectorization incorporated into the ribbon cable

during manufacture.

15 ' BACKGROUND OF THE INVENTION
Optical fiber ribbon cables are well known for the transmission of optical
signals. Use of optical cables, including optical fiber ribbon cables, has generally
been limited to long-haul trunking installations where the improved transmission
characteristics of the optical fibers justify the greater expense and difficulty
20  associated with their manufactﬁre and installation. As the demands on
communication media continue to increase, the advantages of using optical cable for
transmission of signa]s.across shorter distances or, fog interconnecting local devices,
continues to grow. - Unfortunately, the costs associated with the production of |
optical fiber cable assemblies, and in particular with the installation of connectors on
25  optical fiber ribbon cables, continue to liniit the wide spread application of optical
fiber transmission media f_dr these applications.
Traditionally, a single fiber optical cable is assembled by coating an optical
fiber with a buffer layer and then encasing the buffered optical fiber within a
protective sheath that provides tensile strength and a vinyl outer jacket
. 30 commercially available from EI duPont de Nemours, Wilmington, DE, under the
trade designation Kevlar, that serves as an environmental shield. Multi-fiber optical
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25 optical fiber ribbon cables, continue to limt the w de spread
appkication of optical fiber transm ssion nmedia for these applications.
Traditionally, a single fiber optical cable is assenbled by coating an
optical fiber with a buffer layer and then encasing the buffered optical
fiber within a protective sheath that provides tensile strength and a vinyl

-outer jacket > mrercially available fromE. |I. duPont depMNefgys
g 96/38 : : J06476
W | m ngt on, @8 und‘gelr the trade designation Kevlar, that se(ral\,/es as an

environnental shield. Multi-fiber optical WD 96/ 38751
PCT/ US96/ 06476 cabtables areaassesibiediin adiniilar mawrienby bundlingimeitiple\buiared |optiepl fibers

mul tiple buffered opt.igal fjbe ray 'ﬁﬁ(}mﬁ?d
correspondi ng out eﬁ'ﬁg‘kee?ef‘éeﬁ'ﬁgg (Iﬁlglf’ l%’?%:ﬂl}f't?'% s\n%?'{glésg&rﬁ%% &téﬁé%@gbzﬁ%@e

]gpt-l cal tc?:a! e | s i witheeultiifibe bagdled:opﬁum abledoinproviding amecbnomid, edrivenientandm
or installing a co t t d f th ical fl.b

provide a fi nigshedr uﬂﬁéf,y%{;ﬂffog “E‘,séﬁyfe e’% %gé@ﬁ%p@g#ﬁielei sgﬂhg(rargfiﬁ Qﬁ%&to%s% |
mut ti-fiber bungl eﬁl‘o@ﬂ&!a%ish&?ﬁﬁe?oyﬁm&abﬁ%sefﬂb@.er ri bbons have been

devel oped in which nultiple optical fibers are aligned and majnt ine,g in a
pl anar configuration. UASan gigreative kpa nmitofiber byndled anticalcapls, @H“P‘rﬁﬁé§ b s

oo 1Y, O o A g i R oy,
a plurality of spaplame cbnfigarationf U1.8.i RateptNar 3,920432, sssqadi torSmithrdeseribesian sarlyed
into the spaces be}net %H oq‘dijalg'lcc%tnlﬁg glE) toipﬁgza!l fiber ribbon cable in which a plurality 6f glass
10  optical fibers are carried by a grooved holder with a plurality of spacing fibers of
triangular cross-section continuously fed into the spaces between adjacent optical
fibers in the holder. The spacing fibers are then melted to secure the optical fibers
within the holder. The advantage of this technique is that the optical fibers are
accurately aligned within the holder, thereby aiding in the ability to easily interface
15 the fiber optic ribbon with an optical cormector. The disadvantage is that this
technique limits the mechanical pefformance of the fiber optic ribbon by requiring
that the holder be provided for the entire length of the ribbon and that the holder
have sufficient structural integrity to accurately maintain the positioning of the
optical fibers within the holder. In addition, the requirement that the fiber optic
20 ribbon be heated in order to melt the triangular-type spacing fibers to secure the
optical fibers within the holder subjects the fiber optic ribbon to thermal stress.
U.S. Patent No. 4,289,558 issued to Eichenbaum et al. and U.S. Patent No.
- . 4,980,007, issued to Ferguson describe improved methods of fabricating a fiber
optic ribbon in which buffered optical fibers are positioned adjacent one another in a
25  planar orientation and then sandwiched between the adhesive layers of a pair of thin
binding tapes. The resulting fiber optic ribbon is then encased in protective fibers
and a plastic sheath, for example, to provide tensile strain relief and environmental
protection for the optical fibers. In this technique, the alignment of the optical
fibers within the ribbon is created and maintained by relying on the dimensional
30  characteristics of the buffer layer surrounding the optical fibers and then abutting

adjacent fibers so as to achieve a uniform spacing across a cross-sectional width of
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fibers in the holder. The spacing fibers are then nelted to secure the
optical fibers within the holder. The advantage of this technique is that
the optical fibers are accurately aligned within the hol der, thereby aiding
inthe ability to easily interface 15 the fiber optic ribbon with an
optrcal connector. The disadvantage is. that this technique limts the
mechani cal pekfodssesie of the fiber optic ribbon by requiringpétresesiobms

hol der be provided for the entire length of the ribbon and that the hol der
have sufficient structural [ntegrity to accurajely maintain {he posjtianing
of the optical fibdhefiber pptic bROn,oiWhile these trgbmgves Provide & & APRREIER,
the fiber optic 20 ' T Snfih IR0 K. baBovh 252, tgee
spacing fibers to Sacéxg{nﬁ%@? ﬁetpegtpe?ml lfd&ﬁ%gﬁstﬂggnlw'tg Egﬁ gttelrsbsg%?e’c'tzs’ t he
fiber optic ribbon prablerhsowhigh arstareates byuutilizingahese techniques re gn hgseaseds difficulty)

Ei chenbaumet al. a 4 , . i e ;
descii be i nproved H@%@?%@%@gtra?ca ﬁaﬂ‘agg’g?%gé?““cﬁg‘? %c&r%hgggcgﬁﬁg |e(§r?ptlc
buf fered opti cals firlbbosinasrderpo srehterfinishedifiber @ptic fiblonaablelassembly. a 25

planar orientation and then sandw ¢ched between the adhesive l.ayars of

pair of thin binding taj .e"‘*ﬁé’PF'ééGP?‘?eﬁﬁ"%,\ﬁﬂY&bfgb?‘?"E °PF%5%ﬂdi'§aiehcé)ﬂnec%°n
encased in protect g shlichy of e ofidXitbohs. CERAHBAMs of doRfiecks Which ark desigriitele
tensile strain relief and environnmental protection for the optical_f1bers.

In this technique, teminae anjendeofia fiber optic rihbon ate shpwp @nd dogeribgdintlh 8. Patemid¥e. i s
created and nai nt ai ' | [ | ce30: l{.Sté @S
of the buffer | ayerj}g%rdrl)éuﬁﬂe%&?ﬁ@&b%{g?g% 1E i gé‘?’sﬁéﬁg’ T “ﬁ@%‘%ﬁhﬁ"uﬁ”
adj acent fiberslgso #d U.5. Paréit ™ee 5300537 0sswed pnChurgetcalr ds sontrast, A% 8- RatertiNmal
wdth of -2- 3,871,935, issued to Cloge et al. and European Patent Publ. No. 0 613 031 81

both describe methods for encapsulating a middle portion of a fiber optic ribbon

within an optical connector assembly that is then severed in half to form opposed

ends of a pair of optical connectors. In both of these references, the protective

15 jacket and buffer surrounding the optical fibers are chemically removed in a middle
portion of the ribbon and the resulting bare optical fibers are positioned within an -

encapsulating mold into which a bonding material is injected to secure the optical

fibers. Once secured, the molded assembly is divided in half along a plane

perpendicular to the axis of the optical fibers, thereby éxposing ends of the fibers

20 which can be polished for alignment and/or abutment to other optical fiber ends.

The advantages of these encapsulation connector techniques are that they involve

less manipulation and mechanical stress of the optical fibers than the technique

taught by Smith. The disadvantages are that the stripping step subjects the optical

fibers to potential damage and that the alignment of optical fibers in the molded

25 - assembly is not certain due to the potential movement of optical fibers during the

encapsulating process. Additionally, this process is very labor intensive and not

easily duplicated in the field where a ribbon cable has already been installed.

It would be desirable to provide a ribbon cable capable of easy. field

connectorization. Currently there are two primary multi-fiber connectors, a fiber

. 30 connector available from AT & T under the trade designation MAC, and a

connector available from U S Conec under the trade designation MT. The MAC
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the~fiber optic ribbon. Wiile these techni ques provide a clear

manuf act uri ng advantage to the technique disclosed by Smith in U S Patent
No. 3,920,432, the problenms which are created by utilizing these techniques
are-an increased difficulty in attaching, aligning and installing optical
connectors oRyd fsefids of the fiber optic 5 ri bbon in ordepctossehoepte a
finished fiber optic ribbon cable assenbly. Numerous optical connectors

have been devel oped to aid in_the connection and sg)l | Ci ngﬁﬁ‘_1 fiber O%LC
ri bbons. Exanpl es connestarrisaetodesianpd &n be fielddastalighleat ol Tb¢ M gornegtor SAO8f a

L T B S A

i ssued to Mller, , I'ssued to Cannon, Jr., et al.
10 and U.S. Pat endonhiectorsoni®)sn 88fting rithoo cbable, ok techuiciamkuts the dahoncable., Thes,

Patent No. 3,871,935, issued to Cloge.et.al. E I :
0 613 031 81 bot h SUHPR gk 88‘%&%@*&1‘?@%&%@? E&b&gf%ﬂé‘g@gﬁ&ggg #g o
fiber optic riBbonhgidshlatiorjackepts bepedtadtiek! Ifthe siblondapletihait tos dedphynat this
severed in half to form opposed, ends of .a pair gi@gp i cal , copnectors.

in
both of these ref cRiftedhe optical fibgscequid be ssratche gedi 10y SEY Bng

the optical fibersyghtetheMCabion LBOMEE dld Be Pedi BacROT A@Npéfing Beck' thebon
and the resulting %are optical fibers are positioned within an

encapsul ati ng nol dinsulatiomjicketand oy stiengsheninganerahers that maychesesetity thedechniciapn o
optical fibers. Ong ecur t.he nol ded. ass o Yy | ) elp|
appl ane per pendi cu'Isz'ffP’ggf@%?ﬁ’s‘mo‘fm?%'emg%tpﬁgg% ¥1P @e&gﬁhgﬁ%ﬁg%@ﬁgé%gﬁﬁgg

ends of the fifer sofoptical fibers.
The tool used to strip the plastic ribbon coating from the optical fiber is

usually a hot blade stripper. This tool heats up the entire end of the ribbon which is

being stripped and then has two blades that come towards one another to cut the

ribbon coating and pull the coating off of the fibers. This step often causes damage

15 to the fibers because it is very easy to cut too deeply with the blades and therefore
damage the fibers. Once the fibers are exposed and are cleaned with alcohol to
remove any remaining coating residue or particles, the connector must be correctly

filled with the appropriate amount of adhesive. Then the fibers are manually
 inserted through holes in the connector. Once this is done, the adhesive must be

20 cured to secure the fibers on the connector.

While fiber optic ribbon cables have expanded the use of optical fibers, the
existing methods of stripping and connectorizing fiber optic ribbon cables are very
labor intensive and subject the optical fibers to potential damage due to the-
difficulty in stripping the protective jacket and buffer. Attempting to thread the

25  optical fibers through the holes of a connector is also a very tedious task. Ifevena
single fiber is broken in either part of this process, a new cut of the ribbon cable
must be made and the entire process must be redone. Consequently, it would be
desirable to provide an improved system for stripping and connectorizing fiber optic
ribbon cables subsequent to cable fabrication.
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20  which can be polished for alignnent and/or abutnent to other optical
fi ber ends. The advantages of these encapsul ati on connector techniques are
that they involve |l ess manipul ati on and nmechani cal stress of the optical
fibers than the techni que taught by Smth. The di sadvantages are that the
stri-ppi ng step subjects the optical fibers to potential danage and that the
al i gnnment of wotdsaedsifibers in the nol ded 25 assenbly is ngtcTaswéessrs due
to the potential novenent of optical fibers during the encapsul ating
process. Additionally, this procesa ig vegﬁ [ ' | ve and not easily
duplicated in the field where a ri ?ﬁﬁ&u‘!&)ﬂmﬁ

s=af-caay—been installed. It

woul d be desirable to prayipHQert ifivdalONisCAlibé dpho#Bbeh Edblecasambly Bhéing optical
connectorization. Currently there are two primary nulti-fiber connectors, a

fiber 30  connect ennegterassembligsymanufertugedrin lingayith the ribpenjeablp-agsepbly s @s MC,

and a connect or avayhal £eldsOierbi SpAARESE 1 Hffcal s foRfiGe F°GcH Bk tniHene

PCT/ US96/ 06476 &onrcentestoriassembly and having thetremiining ipettion iofi theAfibenbptie ritbon ichble
The MI connector can be field installed,, but not sinply.. nafield

t echni ci an desires ‘?*B‘“F within Re-athisATk lafetal sBRfing ﬁ%&?thcf‘v%“rri Ehiosah e
the technician cut sthdre A piiPeNadhesivetapd gersafd/sandwidhed A6HRL the Wpticdl liBers Gnd he
ri bbon cable is typically slit longitudinally to_allow 5 t he insul ation

jacket to be peel edhededine joptieahconnestrrnassemblies.; sBy: having dhe copneptort assemblies
manufactured in line with the fiber optic ribbon cable, the resulting ribbon cable

10  assembly is easier to manufacture, has a higher alignment accuracy, and is more cost
effective than existing techniques for manufacturing ribbon cable assemblies.
Additionally, the pair of adhesive tape layers preferably encapsulate the optical
fibers and may serve as the outermost jacket for the ribbon cable assembly, thereby
reducing the number of compoﬁents associated with the ribbon cable assembly.

15 In a first embodiment of the present invention, a fiber optic ribbon cable
assembly includes a pair of adhesive tape layers, A plurality of optical fibers are
arranged in a generally longitudinal orientation between a pair of adhesive tape
lajers with adjé.cent optical fibers positioned with an arbitrary lateral spacing
relative to each other. At least a portion of at least one connector assembly is also

20  disposed between the pair of adhesive tape layers. The plurality of optical fibers are
disposed within the connector assembly with adjacent optical fibers positioned with
a fixed lateral spacing relative to each other.

_.In accordance with the second embodiment of the present invention, a
method of manufacturing a fiber optic ribbon cable assembly involves the steps of

25 providing a plurality of optical fibers oriented in a generally longitudinal manner.
Adjacent ones of the plufality of optical fibers are then arranged in a fixed lateral
spacing relative to each other and a connector assembly is appiied onto a first
longitudinal segment of the plurality of optical fibers. At least a second longitudinal
segment of the plurality of optical fibers separate from the first longitudinal segment

. 30  are sandwiched between a pair of adhesive tape layers to fo;'m a ribbon cable



point, the optical fibers could be scratched and damaged. Any strengthening
menbers in the ribbon cable nmust al so be peel ed back. After peeling back
the insul ation jacket and any strengtheni ng nenbers that may be present,
the technician is left with a fiber ribbon conprising a plastic ribbon
coati ng encapsul ating a series 10 of optical fibers. The tool used to
strip the pl agbbgzsrspbon coating fromthe optical fiber is updftusysossisot

bl ade stripper. This tool heats up the entire end of the ribbon which is
bei ng stripped and then has_two bl ades that ¢o t owar gls one anot her, .t o cut
the ribbon coat i ngassseblpulAdiagent epsk: pinthe Jrlyraliy r&h‘é"“ﬁﬁb&ﬁ% arpmaintajned insane
causes damage 15 §BitfaRPlafetd? ShatingGEltieRtolehch Gthet3h YheQBSondIohelidindl QegrikaeP| ¥
with the bl ades and therefore damage the fibers. Once the fibers are
exposed and are cl eaneding prefeered embodiment; baplusality, of ontical; fiverspre fediframyspools

o P2 S S g AR

appropriate anount 0 ers are - nman erted
t hrough hol es i% t tommmentent arlowénmanddmrcomponknt svithtstractacthdedinedotherest soitbat20

cured to secure the,fihQers op the conngctor. Wijl.e fiber optic ribbon
cabl es have expand¥fen Hl—? '_ﬁ%’éﬁgfg}o‘mﬂic foef ﬂ@rsg‘,“i"f'ﬁéedel?ﬁ%g "ntg‘e HRP# ERLngor
stripping and conngghgdnert dhd thd Io®ler Btine&of cdMOneathe Fred laferaldfiter-fibdd @pacing
i ntensi ve and subject the optical fibers to potential danmage due to the

difficulty in strispesteylished. pFhe: erbitrane lateselidater-Sher snaring withan thenpan-gapnector
(Iread e 25 o PbbBh o Bl Ol nddOh6 0 o 20 Mt | b
process, a newl@ut imslinetdoanectdriassembliés includesstrubterendefigingactenterpastion suchthas dlass s
nust be redone. Oogesn € upeogttitlary mayi' ge @ﬁugl,egergl?y perpendicular to the longitudinal orientation of
the optical fibers, thereby exposing ends of the plurality of optical fibers with a
lateral cross section of the connector assembly and in the fixed lateral spacing. The
pair of adhesive tape layers may include a pair of margin portions that extend
15 laterally beyond a planar orientation of the plurality of optical fibers and are adhered
to each other to form a seal along at least a portion of the longitudinal edge of the
1ibbon cable assembly.
The present invention is a fiber optic ribbon cable having access points
manufactured in line with the ribbon cable so as to provide a simple access point to
20 the fibers for subsequent field connectorization and a method for installing a
connector thereon. At least one, preferably a pair of adhesive tape layers is
provided about the optical fibers to create a fiber optic ribbon cable. At least one
release element is provided between the adhesive tape layers and the optical fibers .
at one or more access points along the ribbon cable to form a release location to
25 allow easy access to the fibers therein. By having the access points manufactured in
line with the fiber optic ribbon cable, the resulting ribbon cable is much easier to
connectorize in the field.
The present invention also discloses a method for installing a connector onto
a ribbon cable comprised of at least one, preferably a pair of adhesive tape layers
30 and at least one optical fiber, and having' at least one release element at any number

of in-line access points. A technician must first locate one of the access points on
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desirable to provide an inproved systemfor stripping and connectori zi ng
fiber optic ribbon cables subsequent to cable fabrication. 30 -4- WO

96/ 38751 PCT/ US96/ 06476
SUMMVARY COF THE | NVENTI ON The present invention is a fiber optic ribbon

cabke assenbly having optical connector assenblies manufactured in |ine

wi th the ribbgggabiss assenbly so as to provide a fixed, | ateaicaiussqesareg of
the optical fibers relative to each other within the 5 connector assenbly -
and having the remajining portion of the fiper o taitﬁx ri bbon, cabl e

manuf act ur ed wi t hi hesbbepsable. Pyeq foprd. she cable i e ApRessRAint. After thesable is
relative to each Otfiehye ﬁh%ftﬁ? laf e gy U@eisﬂjPﬁee}eﬂWl@e@bﬁnéﬁﬂMi@dl‘ﬁgeﬁ at

around the optical frbers an e 1n-line optical connector assenblies. By
- havi ng the connect dhe secessipointsbecausetheslegseglements praeniitheadhesiversidg of thedape

ri bbon cable, the nesuktin L hb A - S €A
manuf acture, has a 'Wg h'g b’ agilh%'%rﬁ% ¢ g@é‘:‘%‘} é@e;‘s atgtﬁg Q%L%/%dr"gs'c 9@%‘?2‘??&& lla eé's
t han exi sting t &chnire pesed back naconhectonisithay instiiled onwathe exposed: fikdrs.e The release

Additionally, the pair of adhesive tape |ayers, preferably encapsul.ate he

optical fibers and NESATG e&§°‘f‘ﬂ‘éedgf?ff'%iﬂ?%‘§ °]a£€5§é‘f‘{§'8rax}3%}¥ersﬁ%lfgﬁac W8P

assenbly, thereby rllﬁﬁ'.'r'i%jtﬂ& {eB6red WHR ouldr sGAXER OF et conAketrC IFiallg any ekcessape
y : .

ri bbon cabl e assenbl?y.
is trimmed off.

10 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a Schematic illustration of the method of manufacturing a fiber
optic ribbon cable assembly having integrated in-line connector aséemblies in
accordance with the present invention.
~ Figure 2 is a cross-sectional view of a fiber optic ribbon cable of the prior
15 ar ' : )
Figure 3 is a cross-sectional view of a fiber optic ribbon cable of the present
invention.
Figure 4 is an exploded cross-sectional view of the fiber optic ribbon cable
of the present invention showing the layered details of the adhesive tape and optical
20 fibers.
Figure 5 is a cross-sectional view of the fiber optic ribbon cable of Figure 4
with sealed lateral edges.
- . Figure 6 is a schematic cross-sectional view of the process of the present
invention showing the application of the integrated in-line connector assemblies
25 onto the fiber optic ribbon cable.
Figures 7a-7d are a series of cross-sectional views of a fiber optic ribbon
ceble assembly produced in accordance with the present invention demonstrating a
preferred finishing technique for the integrated in-line connector assembly.
Figure 8 is a side view of a preferred embodiment of the integrated in-line

30 connector assembly.



15 In.a first enbodi nent of the present invention, a fiber optic
ri bbon cabl e assenbly includes a pair of adhesive tape layers, A plurality
of optical fibers are arranged in a generally longitudinal orientation
between a pair of adhesive-tape layers with adjacent optical fibers
positioned with an arbitrary lateral spacing relative to each other. At

| east a portwarpessrsat .| east one connector assenbly is al so 28cT/USHseI6 ed
bet ween the pair of adhesive tape |layers. The plurality of optical fibers

di s d within the.ce ' | | fj
posi 41 oned with a 11 xod Wi Sng AR Wil oL AR Sahodinl 6Pt dohidtor
accordance w th thasentbdpofFigar8di nent of the present invention, a method of

manuf acturing a fiber tic. ribbon, cable assenbly invqglves.the steps of 25
providing a plurality g‘B’f)llét%“ ef‘flf!@?”sofdﬁ? Eomnec ‘i%seé“%&ﬁéﬁlﬁ‘l'rﬂ%

| ongi tudi nal nanner. Adgigaentl BNEXop fvidwi ofPan aRérhdty eafboBittent D the idnfiectdre
then arranged in a fixed |ateral spacing relative to each other and a

connect or asserb| yassembipof the presant invantianineludiogmeehanicy aftachment featugss. t he
| [ f ical fi : . ' -
plurality of optica ‘ :%@Irﬁ 129 i%ﬁ%t\f@ws&cﬁgcﬁﬂeﬁgﬁ' %%\%Bdﬁﬁén Sﬁg{ﬁ%”&nﬂ&t&he

plurality of optical rs separate fromt I'Tst gl t udi segnment 30
are sandwi ched bet assamblyshpsinrin Higuedhlesi ve tape | ayers to forma ribbon

cabl e WO 96/ 38751 . _. . . .
PCT/ US96/ 06476 assenbl yFiB¥Ej i an sdsvigy of,an altemate; epbasimens; of. &) cqangetor
are maintained in ggerpipi trary lateral spacing relative to each other in

the second | oni:;i t udi nal _segnent . . )
0 Figure 14 is an end view of another alternate embodiment of a connector

assembly.

Figure 15 is a side view of another alternate embodiment of a connector
assembly.

Figure 16 is a schematic cross-section view of the process of the present

15 invention showing the application of the integrated in-line release assemblies into

the fiber optic ribbon cable. _
Figures 17a-f are a series of side views of a connector being installed_onto
the ribbon cable made according to the present invention.
Figure 18 is an end view of the installed connector of Figure 17.

20 Figures 19a-f are a series of side views of an alternate embodiment of a
connector being installed onto a ribbon cable made according to the present
invention.

Figure 20 is an end view of the alternate embodiment of Figure 19£.
Figure 21 is a schematic illustration of a method of manufacturing a second
. 25  alternative embodiment of the present invention.
Figures 22a-f are a series of cross-sectional views of a third alternate
embodiment of a connector being installed onto a ribbon cable made according to

the present invention.
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In a preferred enbodiment, the plurality of optical fibers are fed from
spool s of continuous optical fiber. The connector assenbly conprises an
upper connector 5 conponent and a | ower connector conponent with
structure defined therein so that- when the plurality of optical fibers are
sandwi ched between the upper connector conponent and the | ower connector
conponent, theddeseisil ateral inter-fiber spacing is establi sheghrusdbresszs
arbitrary lateral inter-fiber spacing within the non-connector portion of

the ribbon cable may riﬂfﬁ “gﬁ ?n 8 3 él& gi el I 0

in-1ine connector assems+ h’ mmm& on
such that the center pOrgdfGAng ey FRré Yl the deeod! dfyprodichnal fiBeH gptictribbbfl @able
| ongi tudi nal orientation of the optical fibers, thereby exposing ends of

the plurality of opassenahly 29 i accofdanpe with shepresent jnysnfioncwill; berdeserinefe At least
connect or assenbl d_ g ' . | ' ' . i
tape’' |l ayers may i %c%d%fg"{b‘giﬁ\' rtst éfgﬁ‘éérag?iﬁérg 305&@%}%{{%{&% B&Lr%fp%dl@éj RS W

n portions exten ateral ly
beyond a pl anar %r i sibli32doldidg suble opticat Sbers 30 thfough igniling conddr 34. LGuiding gomb

dhered t h other.to f ] | al | past t f th
ongh t udi nal _edge. ofd Emev ey SapeS w i S8R el d A Sachddeoresn ,
fiber optic ribbon gsfthe fibéyi 3W aPfefPsbiy) Ofhid!t spabig Uscreekptindsl with |d fiked)i laterdlhe '

ri bbon cable so as to provide a sinple access_point to 20 the fi beré‘i gor
subsequent field coltesdiber spasing of 2n0nnestor@sseadiy; 2% Whish ds,preferaply comprised 52

thereon. At least o E@H | r@ﬂ:? L %8 3APRALAYRICE fibers 30
provi ded about the E%'f ?ﬁﬁﬁfeﬁ eP‘s"e?S&@rbégﬂeo | J'("ar ’opt'i§ﬁri gn Cb;ele e.“,gt
| east one rel eas@ ebmughttthioaglpguiding edmb 84)the rortnkeetoncimpminents 23,24 drapesitionedd
the optical fibers at one or e acc oj it | ong t rd bhon cabl
form g Irel e as:a | ozaF‘? & ©o sand\rarnoch opt?ca?sﬁ?)el% 56‘ t?xereabe?wgem rmerell)y Xing axe Fatetrﬁ

inter-fiber dimension within connector assembly 22. At a point farther downstream

in the process, an upper adhesive tape 26 and a lower adhesive tape 27 are
introduced to sandwich optical fibers 30 therebetween creating a fiber optic ribbon
15  cable 28. (Of course, it is understood that an equivalent structure may be obtained
from a single adhesive tape which is folded around the optiéal fibers to form upper
and lower tape layers.) A pair of compression rollers 36, 38 are preferably used to
supply the force necessary to secure upper adhesive tape 26 to lower adhesive tape
27 with optical fibers 30 beian held therebetween and having an arbitrary and
20  non-fixed, lateral inter-fiber separation distance, except for in those locations of
optical fiber ribbon 20 where connector components 23, 24 have been located.
When present, optical connector components 23, 24 are also sandwiched between

upper and lower adhesive tapes 26, 27.

In one embodiment, connector assembly 22 is comprised of a pair of
25 connector components 23, 24, although it will be understood that other
arrangements of connector .assembly 22 .are possible, such as four connector
components (as shown in Figure 15) or 2 unitary connector assembly having an
aperture through which optical fibers 30 are threaded. It will be fecognized that
connector assembly 22 is usually cut along at least one axis that is generally
. 30 perpendicular to the longitudinal orientation of optical fibers 30, however, it is

possible to make this cut a small angle to perpendicular, for example, in order to aid
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25 al l ow easy access to the fibers therein. By having the access points

manuf actured in line with the fiber optic ribbon cable, the resulting

ri bbon cable is much easier to connectorize in the field. The present

i nvention also discloses a nethod for installing a connector onto a ribbon
cablLe conprised of at |east one, preferably a pair of adhesive. tape |ayers
30 and at | wadkemse optical fiber, and having at | east one rCIVEsS26/05476

el enent at any nunber of in-line access points. A technician nust first

| ocate one of the access points on.-6- 96/ 38751 .
PCT/ US96/ 06476 t he 'f 15 BB cof TEdions u PIEREr BRBFRY 2 I preliebn 0ot &
point. After the castic,ibat fidy alsd be masifecined fionpeerhrii @ et ynabeiaBamd imay, for

peel ed back exposing the optical, fibers at the aCﬁess poi nt s becausglht he

rel ease el ements preddBple. bpccompmised ol & Riastigr bqdye havinge 2 geramicr op petal, B¢t

to the optical fi becroﬁ'e%;onﬁihg t@ﬂxﬁ%ﬁﬁioﬂ‘?{f Féﬁxectgﬂﬁéehblﬁ 20 34HicH iftéAhdes With _Ig%ﬁ@al
e

peel ed back, a connector 1s then'installed onto the”exposed fi bers.
rel ease el ement $ arfiberst¥®n renoved fromthe tape | ayers and the adhesive

2,00 O 220, 2P 1271 5o A Mol ch Ry G B 58 oo o
BRI EF DESCRI PTI ON @nd BflonBRdW di§sindd @laneoptical coAnestdramedni endidf lanstheradablerusing
the method of I’TB.nUfaar.lCL[;thcia{'l gou?)lefr.i b%&hiie an optical coupler is normally required in order to
complete an interconnection between two cables, it should be recognized that it
10  would be possible to include the mating structure of an optiéal coupler as part of a
| connector assembly aé in Fig. 1. It also will be recognized that numerous
combinations and configurations of mechanical connector members and connector

orientation configurations can be accomplished in the embodiment of Fig. 1.
One of the advantages of assembling a ribbon cable with connectors in line
15  is that, by assembling optical fibers 30 within connector components 23, 24 prior to
completing the remaining assembly of optical fiber ribbon cable assembly 20, it is
not necessary to maintain specific inter-fiber distances or tolerances throughout the
entire length of ribbon cable 28. As shown in Figure 2, the prior art technique of
assembling a fiber optic ribbon cable 40 relies on positioning adjacent optical fibers
20 42 in a contiguous planar, abutting relationship. By doing so, the prior art relies on
the thicknesses of a buffer layer 44 surrounding each adjacent optical fiber 42 to
establish a fixed inter-fiber optical separation d shown at 46. While this process
works to define inter-fiber spaces 46 along a longitudinal length of fiber optic
ribbon cable 40, it does not work well enough to provide for consistent, accurate
25 inter-fiber spacings 46 which could be used for optical alignment within an optical

connector.

In contrast to fiber optic ribbon cable 40, fiber optic ribbon cable 28 (where
28 represents a cable or portion of cable manufactured according to the present
invention, but not containing embedded connector components) as shown in Figure
30 3 does not attempt to maintain a précisely fixed, lateral relation among optical fibers

30 when sandwiched between tape layers 26, 27. As a result, distances d' shown at
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optic ribbon cable assenbly having integrated in-line connector assenblies
I n accordance with the present invention. Figure 2 is a cross-sectional
view of a fiber optic ribbon cable of the prior 15 art. Figure 3 is a
cross-sectional view of a fiber optic ribbon cable of the present
invention. Figure 4 is an expl oded cross-sectional view of the fiber optic
ri bbon cabl e ®obdms7:ar esent i nvention show ng the | ayered detpdtressebssrbe
‘adhesi ve tape and optical 20 fibers. Figure 5is a cross sectional view

of the fiber optic f]bbpon,cable of Figure 4. with se teral S.
Figure 6 is a schenéd F‘E‘Pg &t p? er‘éW‘ﬂ’f‘ ‘Wf E‘e Q ngy ‘E"h@g et b
i nvention show ng tjaentRap! 'Eh%ﬁ'dlﬁa&fe #hend rw'eqmﬁtg%ﬂerhuy linchReCP ®Etween
assenblies 25 onto the fjiber optic ribbon cab 54m‘gures 7a-7d are a

series of cross-secichlixtadiacenhoptgal fbers,ndn shewn ét Az Show 2k 86, caltboygh it
P S0uoed 11 2ccor SO nbr ol GRS R 400, RO SRR ol s
is a side view & oopicalffibersexd arabosinmdtwﬂin tape layers @6 21, drlwould | alsocbe Jidssible
connector ass errbl. Y- for Z&jacent optical fibers 30 to, in some situations, be in an abutting relationship.
By assembling optical fibers 30 within connector assembly 22 prior to
completing the remaining assembly of optical fiber ribbon cable assembly 20,
significant time and money are saved with the instal_lation of optical connectors on

10  the optical fibers. The fixed, lateral inter-fiber spacing within -connector
components 23, 24 establishes a fixed pitch of optical fibers 30. Unlike the prior art
techniques, optical fibers 30 are not subjected to either thermal or chemical stresses
during the process of installing the optical connector assembly. In addition, there is
absolute certainty of the relative position of the optical fibers 30 within connector

15 components 23, 24. Finally, the manufacture of the integrated, in-line optical
connector assembly 22 can be incorporated into a continuous manufacturing

- process, thereby significantly reducing the production costs of fiber optic ribbon
cable assembly 20 as compared to prior techniques for the manufacture or
field-installation of ;aptical connectors on fiber optic ribbons.

20 Referring now to Figure 4, a preferred embodiment of tape layers 26, 27 and
optical fibers 30 will be described. Figure 4 shows an exploded cross-sectional
view of ribbon cable 28 prior to sandwich assembly of tape layers 26, 27 with
'optical fibers 30 therebetween. In this embodiment, optical fibers 30 are comprised
of an optical core 60 composed of a material selected from the set of glass, plastic

25 or air. Fiber optic core 60 is surrounded by a cladding layer 62 composed of a
material selected from the set comprising glass, plastic or metal.

The optical fiber 30 may also include a buffer layer 64 composed of a
. material selected from the set of plastic, metal, carbon, ceramic or any combination
thereof. In a preferred mbodiﬁmt, optical fibers 30 are available from 3M

30 Company, St. Paul, Minnesota, under the trade designation TECS FT-200-EMA,
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WD 96/ 38751

PCT/ US96/ 06476 Figure 9 is a top view of the | ower connector conponent of

t he connector assenbly of Figure 8. Figure 10 is an end view of the
connector assenbly of Figure 8. Figure 11 is a top view of an alternate
enbodi ment of the connector 5 assenbly of the present invention including
mechani cal atweehswst features. Figure 12 is a side view of pomUSdstoesmsat e -
engodlnentfof t he connector assenbly shown in Figure 11. Figure 13 is an

end view of an alteynate . emodi nent ,of cqQnnect or. asse . 10 .

Fi gu:ﬂg 14 is an endithaugh ibmibbg recagnizgd: 'Z‘Fhﬁ’?é”ﬁsﬁﬂto W@W{W’ PG, Fibken, gable
assenbly. Figure 13sdembRes3bAflidhEiwatetpoRiff@Entdpticd] fibére woakiddiasedptabll a
connector assenbly. Figure 16 i séaa schemati c c?lgss'- section view of the

process of the present IGons ambpdiment. Ssrouleyss 2e 24 5e icach tuee-layer; planar tape
integrated in-line aﬁsﬁhﬁﬁéesﬂ@?%gi"éf a‘?nsinﬁé?teﬂcaftpggaty D&Yer 90! ki adticRPO hy€PP3 Gnd

Figures 1 7a-f are a seri e views o nnector being installed
onto the ri bbon5calahoutengeotestive layendd.t Encapeulptingdayer 70rseryes tapencapiulpte optical

AN LY G TR AT s PN T

sensitive adhesive, thermoset adhesive, thermoplastic adhesive, radiation-curable

S

adhesive, gel, foam, fibrous material, deformable plastic or ahy combination thereof.
Adhesive layer 72 is interposed between inner layer 70 and 74 to secure each to the

10  other and is preferably comprised of a material such as pressure sensitive adhesive,
thermoset adhesive, fhermoplastic adhesive, radiation-curable adhesive,
mechanically interlocking structures or any combination thereof. Outer protective
layer 74 serves as the outer jacket for fiber optic ribbon cable assembly 20 and is
preferably comprised of a vinyl or plastic material which is suitable for a variety of

15  environmental applications, or may be comprised of plastic, metal, fabric or any
combination thereof, Preferably, layers 72 and 74 are comprised of a tape available
from 3M Company, St. Paul, MN, under the trade designation Scotch No. 471.
Preferably, layer 70 is comprised of a tape available from 3M Company, St. Paul,
MN, under the trade designation' VHB No. F-9469PC.

20 In Figure 5, protective layer 74 and adhesive layer 72 are extended beyond
encapsulating layer 70 in an area shown at 76, for example, such that the lateral
edges of fiber optical ribbon cable 28 are effectively sealed from environmental
contamination. While it is understood that, for economic reasons, in a preferred ]
embodiment, outer layer 74 is intended to serve as an outermost jacket of ribbon

25  cable 28, it would also be possible to enclose one or more ribbon cables 28 within
an additional outer jacket layer, such as in the case where a larger fiber optic cable
bundle is required for a long haul transmission application. In such an embodiment,
it would also be possible to arrange the fiber optic cable 28 within an additional
outer jacket such that the final cable assembly would offer more structural integrity

30  so as to prevent, for example, bending or crimping of optical fibers 30. One such

embodiment would involve folding the generally planar orientation of cable 28 into
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connector being installed onto a ribbon cable nade according to the present
I nvention. Figure 20 is an end view of the alternate enbodi nent of Figure
19f. Figure 21 is a schematic illustration of a nmethod of manufacturing a
second 25 alternative enbodi mrent of the present invention. Figures 22a-f
are.a series of cross-sectional views of a third alternate enbodi nent of a

connect or’ beivpg o542l | ed onto a ribbon cabl e made accor di ng pcashsepisesent
i nvention. 30 WO 96/ 38751

PCT/ US96/ 06476 DETAI LED DESCRI PTI ON OF THE PREFERRED_EMBODI MENTS RefeLrin
to Figure 1, the neRSothapad epndigurating M'!féra'tﬁ‘m‘iechﬁ&lfﬁtﬂP“c‘gB\I’\g p&%‘ééﬁwﬁﬂ"f go

bl ur al Ty of opt e o A e B o e
spool's 32 hol di ng #whide aptadditibnd icosr medbertarpundgrhich gﬂﬂw£$%%%@m ng
O 2 P one et ASAEER | BBl ] b Y St o
corresponds with atfatiiiosal thbule shdpeifor the fihalleable agamblpg of a connect or
oy 2 o At Bt S S BB S5 o B ot
ribbon cable assembly 20 is shown in which it is demonstrated how connector
components 23, 24 are inserted at discrete locations along the longitudinal length of
optical fibers 30 during the process of the present invention. It will be seen by
10  controlling the positioning and number of connector assemblies 22, it is possible to
produce a continuous run of cable 28 having a series of cable segments 80 (as
shown in Figure 7), each with a length effectively determined by the positioning of
sequential connector assemblies 22.
Figures 7a-7d show how cable segments 80 can be created from the .
15  continuous ﬁm of cable assembly 20. Cable assembly 20 is cut along a center
portion 82 of connector assembly 22. Center portion 82 is effectively defined in a
preferred embodiment between a pair of ridgé structures 84 which extend outward
from the body of connector assembly 22, for example. In a preferred embodiment,
ridge structures 84 include a pointed edge which, in connection with the operation
20 of rollers 36, 38, cuts or scores adhesive tapes 26, 27 to facilitate the removal of
portions 90. 'fo make cable assembly segment 80, cable assembly 20 is cut in an
orientation generally perpendicular to the longitudinal orientation of optical fibers
30 in center portion 82 of each connector assembly 22. Once cut, a portion 90 of
tape layers 26, 27 is removed from each end 92, 94 of cable segment 80, after
25 which each end 92, 94 may or may not require further polishing to complete
manufacture and assembly of cable segment 80.
Referring to Figures 8, 9 and 10, a more detailed description of the
preferred embodiment of connector assembly 22 will be presented. As shown in
Figure 8, each connector assembly 22 includes two connector components 23, 24
- 30  each of which is generally comprised of a pair of mirror image quarter sections (two

of which are shown in Figure 8), each quarter section beingl constructed of three
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10 brought through guiding conb 34, the connector conponents 23, 24 are
positioned so as to sandwi ch optical fibers 30 therebetween, thereby fixing
the lateral inter-fiber dinension within connector assenbly 22. At a point
farther downstreamin the process, an .upper adhesive tape 26 and a | ower
adhesi ve tape 27 are introduced to sandw ch optical fibers 30 therebetween
creating a fi\bargsm‘sic ri bbon 15 cable 28. (O course, it PeTUsST®64600d
that an equival ent structure may be obtained froma single adhesive tape

which is folded around the optical fiberg to form.u n

layers.) A pair of MBBRIWRNS; 3Fepisf P@’F‘é’“g aé’gg%tp‘émﬁggge?@b Vpﬁr\,\gc? %10 Sl y
the force necessarxstsao@ﬁwrguwei plafiiBSbiV@obwa @824 defiledVibhigindinally s ahape
27 with optical fibers 30 being held thérebetween and having an arbitr

and 20  non-fi xedinnerasusiaes adressdhe entise fengthyndithe bestomy half S‘Pfﬂ‘égt%ﬁ‘&‘éb‘?“ef“ogl n
those |ocations of g% l; fF‘l é lbl mo%aég a\’l\@%ﬁmﬁﬁ’&m@? R{OVGQ%EQEI raB@

24 have been | ocate en” present, connect or nponent s 3 24 are
al so sandwi cheds betmgﬂammcomdddtowcabﬁbaesm/mthmrlh;esspzee thereby defingde The

enbodi ment., connector, assenbly S CO C. or
conponents 23, 24, s%ﬂ"{“ﬁgl? eef‘tad%c?‘]t ‘é°"g§(§§ rsg'f"S?)as ?}?p %qm&“gé tgg?ténaentg'g %{l
of connector asserfmtéfaIZ&t&tfﬂ;ep%séebbaweau%aa@tf@ptrcamaaecsmrmdmmmmum

(as shown in Figure 15) or a unitary connector assenbly having an aperture
t hrough which opti emponentsi23. b are threaded. It will be recognized that

connector assenbly 22 ig ly ?ﬁﬁ{ tﬁH'éla réiduldr §FRing Qe diidnSiohd'8f grodves 88
general ly 30 per pendi cu a?’@t hﬁf tt? ngi t udi naI aa(?rnlgent ati onl of ogt I cal
fibers 30, howdOer within cmnmmstﬂn&lyﬁ cankbe seletted seias to achigve thgngqu@;mg(desnred

perpendicular, for Sﬁ(c??ofe bptkcgl %qu 30! OA?tematlvely, grooves could be defined in upper

connector half 24, or in both upper and lower connector components 23, 24. The
extent and cross-sectional shape of grooves 88 may also be selected to best
accommodate differing design considerations. For example, in a situation where it

15 is desirable to prevent optical fibers 30 from being withdrawn from connector
assembly 22, the depth of grooves 88 would be chosen so as to be shallow, thereby
transferring the laminating force induced by rollers 36, 38 directly to optical fibers
30. In contrast, if it is desired that the laminaﬁng force of rollers 36, 38 not be
applied to optical fibers 30, then the depth of grooves 88 could be selected so as to

20 minimize or preclude such a result. It will also be seen that other cross-sectional
shapes than triangular could be chosen, such as semi-circular, or rectangular.

In one embodiment, connector assembly 22 in_clddes mating details as shown
at 100, 102 in Figure 10 to assist in the alignment and compression of connector
Eomponents 23, 24 within the process of the present invention. Alternate

25  embodiments would permit the assembly of connector components 23, 24 without
such alignment ‘details, or would include a mechanism for joining connector
components 23, 24 such as an adhesive, a mechanical latching mechanism or
welding, including ultrasonic welding, to secure connector components 23, 24 to
one another. '

30 Referring now to Figures 11 and 12, an alternate embodiment- of a

connector assembly 122 is shown. In this embodiment, an upper connector
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- 9- WD 96/ 38751

PCT/[US96/ 06476 in the prevention of reflections. Connector assenbly 22 is
preferably nmade of plastic, but may al so be manufactured from ceram c or
metal materials and may, for exanple, be conprised of a plastic body having
a ceramc or netal insert corresponding to the portion of connector
assenbly 22 wWWOA§3BMlerfaces with optical 5 fibers 30. I n cBARVEMSOHS)
installation of fiber optic cables, an optical connector on an end of one

cable is joined to anOREACAI3, wmean&et_oﬁ@oﬁa&eﬁf 150 QiR tentbidl & pr&ViaELAN

optical coupler. Wiile an optical coupler I's normally required in order to
conpl et e an i nt er codesexitedonChurneatos rassembly 423 insludes additionali styecturednghe Farm of

that it 10 woul d be,..posgi bl e t o,4nalyde .t I r .
optical coupler as 5’3? & 8 ac?llm(?g{ nleicf‘?glrzgaag‘geﬁ%q\ggafg? ?’*ﬁ'%fflagﬁ#éﬁ?‘lv 5@8"\,‘&"?‘1
be recogni zed t hat eenfe¢tors22:0nbi nati ons and confi gurati ons of mechani cal

connector nenbers and conpector_ ori.entati on confj gurations n . be .
acconpl i shed in ¥he enboft the °ﬁ?‘5.“@.°(§‘?é‘°§fdbgﬁ a‘dﬁ&?ﬁ'a clang in order to

assenbling a ri bbongemblé foMnhtio 82 Slah& oblofl chbleCaltbhatd Pngitidlinal AYangements of
assenbling optical fibers 30 wthin- connector conponents 23, 24 prior to

conpl eting the renappiicabfibers 30breyalssf contempdated. f Inanyaltemateoambediment ofs epnpector
Do of amces Chr oucro Bberfnly 227 UnBbA iR FREE 1) otrBbBF nlvBCEa%) 224 W66 M-planer
- orientation. In this embodiment, each connector half 223, 224 would comprise a
10  semi-circular cross-sectional configuration having grooves 230 defined in a
peripheral surface thereof and would also have a corresponding outer portion 225,
226 between which optical fibers 30 would be disposed. In this embodiment, for
example, it would be possible to have optical fibers 30 braided in those segments of
ribbon cable assembly 20 between connector halves 223, 224. At a point where .
15  connector assembly 222 is to be inserted, the braiding of optfcal fibers 30 would
cease and optical fibers 30 would be directed onto grooves 230 of connector halves
223, 224. Although this embodiment suffers from the disadvantage of having a
larger connector surface than would otherwise be required for a planer
configuration of a like number of optical fibers 30, the remainder of fiber ribbon
20 cable assembly 30 being configured in a braided and round cross-sectional
configuration would offer symmetrical bend characteristics for the resulting final
cable assembly. .
In another alternate embodiment of a connector assembly 322 shown in
Figure 14, another non-planar orientation of optical fibers 30 is shown. In this
25 embodiment, each connector component 323, 324 is similar to connector
components 23, 24 except that groves 330 on one or both surfaces of connector
components '323, 324 are arranged in a non-planar configuration. Such a
non-planar configuration would be useful, for example, in a situation where a top
row of optical fibers are being used for transmitted signal channels and a bottom
. 30 row of optical fibers are being used for received signal channels.
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entire length of ribbon cable 28. As shown in Figure 2, the prior art

techni que of assenbling a fiber optic ribbon cable 40 relies on positioning
adj acent optical fibers 20 42 in a contiguous planar, abutting

rel ati onship. By doing so, the prior art relies on the thicknesses of a
buffer | ayer 44 surroundi ng each adjacent optical fiber 42 to establish a
fixed inter-fweegs38751i cal separation d shown at 46. Wil e t hPET[USHME4
works to define inter-fiber spaces 46 along a | ongitudinal |l ength of fiber

optic ribbon cable 40, does u r

consi stent, accurate 25i ﬁ}e aﬂgr%ngtlg %"g)a?%ém %gg %ﬂgﬁoﬁésge%ﬁgéfzgssg
optical alignment Figuk 15, aﬂnmm:r assbmble 02 cbnsists b focopiecea d81t 482 |43J33|and)ﬁ34 c
ri bbon cabl e 40, fiber $_th ri bbon cabl ;g vvhere 2& ﬁ pres a43§abl e
or portion of cabl ¥HHRBFAROPTTERT QEWORLH 6 ging fremprissd of plepes 8 S8
not contai ni ng e”bm‘ioﬁ%@ﬁ?%ﬂboxfeﬁﬂmsaﬁél:oxﬂﬁns%&l%%lebés 4329&#1&64330 In this
does not attenpt to maintain a precisely fixed, lateral relation anpn
optical fibers 30 wmbedimenticanoeaser dsmpanents 423pad 434 aresplitgn the/middle sg thﬂégam
di stances d[err] 5

PCT/ US96/ 06476 50 © Bt Fhees b and 1o BRS3E02 teed be severed pependipular to.te ay
or may not be i denucmghhdmal Eaeﬂitaﬁbrsbiadspmald'lbemm di order to greate adiber optictibhba a

space between | ater %/ d&acent optical fibers, Alerr] shown at 54 and A2
shown at 56, aItho&S‘ﬂ gsembly

Figures 16 and 17 showing a preferred embodiment of the present invention
10  will now be described in detail. Figure 16 illustrates a side view of the assembly
process of the fiber optic ribbon cable having release elements 504, 506 inserted at
discrete access points 502 along the longitudinal length of optical fibers 30. The
present invention will be described with reference to a multifiber ribbon cable 28,
but it should be understood that the present invention would also apply to single
15  fiber cables. Ribbon cable 28 may be spooled into a long continuous run or divided
into shorter segments as needed without detracting from the application of the
present invention. As in Figure 1, at least one optical fiber 30 is drawn from a
corresponding spool 32 which holds opﬁdal fibers 30. Fibers 30 are then drawn
through a guiding comb 34. Guiding comb 34 is f)rovided with structure to
20  establish a fixed, lateral inter-fiber spacing between optical fibers 30. As described
above, maintaining specific inter-fiber distances or tolerances throughout the entire
length of ribbon cable 28 is not necessary. Optical fibers 30 will be correctly
aligned with a fixed pitch when a connector is instalied as will be described below. -
After optical fibers 30 are brought through guiding comb 34, release
25  elements 504, 506 are positioned so as to sandwich optical fibers 30 therebetween.
Release elements 504, 506 may be applied to the fibers themselves, or, in the
alternative, coﬁld be applied to the adhesive tapes 26, 27. At a point farther
downstream in the process, an upper adhesive tape 26 and a lower adhesive tape 27
are introduced to sandwich optical fibers 30 therebetween creating the fiber optic |
30  ribbon cable. A pair of compression rollers 36, 38 are preferably used to supply the

force necessary to secure upper and lower adhesive tapes 26, 27 with optical fibers
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wi || be recognized that because no fixed lateral, inter-fiber spacing is

di ct.:ated when 5 optical fibers 30 are positioned within tape |ayers 26,
27, it would al so be possible for adjacent optical fibers 30 to, in sone
situations, be in an abutting relationship. By assenbling optical fibers 30
wi t hi n connector assenbly 22 prior to conpleting the remaining assenbly of
optical fiberwoiokBsgms: cabl e assenbly 20, significant tinme and FaImsSe6/86426
saved -with the inst aI | ation of optical connectors on 10 the opti cal

fibers. The fixed, teral fiber acing wthin con o ent s
23, 24 establishes % € S]ﬁ tﬁ%ﬁ)weeé'ptﬁge ‘?"F%@F'gelﬁﬁe %E%eﬁgn¥8 Brt
techni ques, opti calsahdviekied b%ew@haxppe:t axswbmﬁhmm/@t@bs ber27 has etedadbove, an

chem cal stresses durjng the oces i.nstalling the opt i cal connec
assenbly. |n addit iSGHivVaEpfestRIchuse 3% eLﬂbém%férf? it Snglg adheaive dane: whigh pb§1?chdon

of the optical fibefsundOmyi dglich MUSS fom LBper SRNOWEUpe l%§ers241f fésﬁ
the manufacture of the integrated, in-line Optical connectof assenb

can be incor por &t ecappmmaa releaseielementcavichalsabs configuyedfos dhis structirer eby

significantly reducing t r | L1 D

assenbly 20 as conpared g &gﬁ%’te&%ﬂ‘rﬁ‘. gﬁ@% tfh? ﬁagevhoglﬁﬁnvggteqn, ggﬁ?a?ﬁgérgare
field-installation cminp@séd ofadn apiodl@ototamposed omemmﬂillselecuebmnstheaet of glass,
oot " hore S0 PbRR e S S S o BT composc o
cross-sectional vi %t@ﬁal%bl?&@&‘ﬁ'ﬁﬁbch@ s&%ombhﬂﬁg bfssS EIQEEYU G méal STl dpeRehl ARAS

layers 26, 27 with optical fibers 30 therebetween. In this embodi nent,
optical fibers X0 a?f(bmsx)nlpvirsbde@fbua’nr taperi composadrof aaoatsoﬂmlsetsd@onathe set of

T erial selected g e caflnd s bt i) ot PP i
embodxment optical fibers 30 are available from 3M Company, St. Paul, Minnesota, _
under the trade designation TECS FT-200-EMA, although it will be recognized that
in the present invention fiber optic ribbon cable assemblies 20 utilizing a variety of

15 . different optical fibers would be acceptable. - }

As was also previously described, tape layers 26, 27 are each three-layer
planar tape assemblies comprised of an inner encapsulating layer 70, an adhesive
layer 72 and an outer protective layer 74, illustrated in Figure 4. Encapsulating
layer 70 serves to encapsulate optical fibers 30 and is preferably comprised of a

20 deformable material such as pressure sensitive adhesive, thermoset adhesive,
thermoplastic adhesive, radiation-curable adhesive, gel, foam, fibrous material,
deformable plastic or any combination thereof. Adhesive layer 72 is interposed

- - between inner layer 70 and 74 to secure each to the other and is preferably
| comprised of a material such as pressure sensitive adhesive, thermoset adhesive,

25 thermoplastic adhesive, radiation-curable adhesive, mechanically interlocking

structures or any combination thereof. Outer protective layer 74 serves as the outer

jacket for the fiber optic ribbon cable and is preferably comprised of a vinyl or

plastic material which is suitable for a variety of environmental applications, or may

be comprised of plastic, metal, fabric or any combination thereof. Preferably layers

v 30 72 and 74 are comprised of tape available from 3M Company, St. Paul, MN; under
the trade designation Scotch No. 474 and layer 70 is comprised of transfer tape
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material selected fromthe set conprising glass, plastic or. netal. The
optical fiber 30 may al so include a buffer |ayer 64 conposed of a materi al
selected fromthe set of plastic, netal, carbon, ceram c or any conbi nation
thereof. In a preferred enbodi nent, optical fibers 30 are available from 3M
30 . Conmpany, St. Paul, M nnesota, under the trade designation TECS

FT-200- EMA, wWOAers84 38751 PCT/US96/06476

PCT/ US96/ 06476 although it will be recognized that the present invention

fiber optic ribbon ca SS ies 2 | b inzdn I f.di L
optical fibers muﬁ‘a"‘@é‘%&%@ép a ?’@a"Y’gSt#\%‘H’mb%f%{aﬁ}%,tmtﬁéégs%n éﬁ%‘i é&éﬁl{mgh
are each three-| aye®46pl anar tape assenblies conprised of an inner -
encapsul ating | ayer 70, _a hesj ve | ayer 7 d 5 an outer tecgtive
| ayer 74. Encapsul at i ng_ﬂf%ﬁy,feies% n{Séoér,@gggﬁm@pwﬁ{mlyifﬁe@fl@e%
and is preferably GpEgihSRd aff spAcédainfory afonBRliSsgialinalUsiin@AfioR bf ThbbEcable
sensitive adhesive, thernoset adhesive, thernopl astic adhesive,

radi at i on- cur ablSe akBaeprreximatgly|one mstenapart.bitsheuldrbe noted that grepter anlesser lenaths i ¢
or any conbi nation f j a i S i iyan
Payer 70 and 74 +o SABHBERARIS SN Se N Fanify Iefuch bh BRI AR S0 56
conprised of a nmat exould beacdepeablepwitismt depstugsfromvtbe apitiesr venpe tdfgheriwertion.

USRS ETRINE I VIV E SN SR
protective |ayer 74mugfalo® vific the adhdsRie thpClifltnot @dhekd. DAlterfitelyC reldabddélementd| e
assenbly 20 and10I > can be comprised of a semi-flexible substrate to which an adhesion-inhibiting layer
has been applied. Suitable substrate materials include, for example, plastic, metal,
fabric, and paper, which could be treated to prevent adhesion in any number of
ways well known in the art. Suitable materials for the adhesion-inhibiting layer
include, for example, silicone, petroleum distillate, organic oil, plastic, low tack
15 adhesive, wax, low surface-energy coating, and' microstructured textured surfaces.
. In addition, release elements could be formed by applying an adhesion inhibiting

coating directly to encapsulating layers 70. Release elements 504, 506 serve two

primary functions. The first is to allow for quick access to optical fibers 30,

encased in protective tape layers 26, 27. The second is to preserve a fresh adhesive
20  surface on tape layers 26, 27 as will be described in detail below.

As with Figure 5 of the previous invention, the present invention may also
be utilized having protective layer 74 and adhesive layer 72 extending beyond
encapsulating layer 70 such that the lateral edges of fiber optical ribbon cable 28 are
effectively sealed from environmental contamination. In this embodiment, release

25  elements 504, 506 could be positioned only between encapsulating layer 70 and
optical fibers 30, or could be positioned so as to extend laterally between adhesive
layers 72 beyond encapsulating layer 70 such that all of the adhesive layer 72 is
preserved with a fresh adhesive surface.

The present invention may also include a means for indicating where access .

30 points 502 are located along ribbon cable 28. The indication means may be a dyed
marking line signifying access points 502 or a series of small cuts in ribbon cable 28
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preferably conprised of a vinyl or plastic material which is suitable for a
variety of 15 envi ronnent al applications, or may be conprised of plastic,
netal, fabric or any conbination thereof Preferably, layers 72 and 74 are
conprised of a tape available from 3M Conpany, St. Paul, M\, under the
trade designation Scotch No. 471. Preferably, layer 70 is conprised of a

t ape avai |l abl wof9638153M Conpany, St. Paul, M\, under the tradePEBYBWHE4760N
VHB No. F-9469PC. 20 In Fi gure 5, prot ective | ayer 74 and adhesive

| ayer 72 are extended be e tin ,
for exanple, such tWa‘? "é'eq]éet%ﬁ?’%pﬁ %«3 %Ps d“ccag{% @%ﬁ@&\é\%\f@ég?
are effectively seapétion &Dﬁheeﬂﬂihéﬁamatewm@arﬁmnﬁoatwm profrides fram ithe side of
understood that, for economc reasons, referred e ne

layer 74 is intendetibtoy cable\28 %Fsacﬁ?FscH?l"é? ?@sgs at‘B’Fn?"&ﬁ{fnp"zg’t ut

28, 1t would also bForBQﬁ%bthﬁ %emeg‘r%h%ﬁl&t&m e&emneoﬁeiemrumseswsos for
within an additional outer |acket |ayer, such as in the case where a I,ar%(ér

fiber optic cabl® bexatiple.ilt sheujdibecupted thas thesegexsmples  ara ok as ppustive list
The. fiber optic canldRauS RS mady B Spdlhd RoP GoRAM Aotee) Gofhd 0 are
final cable assenbl ;vaamb eithbitaleparting frotrthe spiritedr scupme@ithd: npve@ion so as to
Erbodi ment ol d | nvol veFBBIeg: Ha-f Hestgun & e Sh i 1o Pk Ao o
28 into -12- installed onto a ribbon cable made according to the present invention. Cable 28 is
10 cut along a center pértion df access point 502 exposing an end 509 of fibers 30.
Preferably, cable 28 is cut in an orientation generally perpendicular to the
longitudinal orientation of optical fibers 30. Once cut, a portion of tape layers 26,
27, each having release element 504, 506 attached respectively, is peeled back from
optical fibers 30 therein. A field installable connector 508 comprising a first
15  connector portion 510 and a second connector portion 512 is then positioned about
the exposed optical fibers 30. Connector portions 510, 512 are then secured about
optical fibers 30 by means such as clamping or crimping. Release members 504,
506 are removed from adhesive tape layers 26, 27 to expose fresh adhesive surfaces
514, 516 respectively. Tape layers 26, 27 are then pressed onto connector 508 to
20 positively secure connector 508 in cable 28. Finally, any excess tape from tape
layers 26, 27 is removed. One additional step may or may not be required. That is,
newly exposed ends 509-of optical fibers 30 may or may not require polishing.
Figure 18 illustrates an end view of connector assembly 508 secured aboqt
. optical fibers 30. As described with reference to Figures 8, 9 and 10, a plurality of
25  grooves 88 are defined longitudinally across the length of bottom connector portion
512. The shape and orientation of grooves 88 is preferably triangular to
accommodate optical fibers 30 within the space thereby defined. The inter-groove
spacing between adjacent grooves 88 serves as the structure to define the fixed,
lateral inter-fiber space between adjacent optical fibers 30 within connector portions
30 510,512
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WD 96/ 38751

PCT/ US96/ 06476 an S-shaped configuration. Another alternate configuration
woul d provide for a stacked orientation of nultiples of cable 28. Still
anot her enbodi ment woul d i ncl ude an additional core nmenber around which
cabte 28 could be wapped, with the core nenber having a circul ar cross
section, for WQAHPATEL to sinulate a nore 5 traditional tubPFHPS%NERTE for
the final cable assenbly. Referring nowto Figure 6, a side view of the

assenbl y process of fibgge ghbint of kit HtedecObyPa 3hRERA Yo Pl & LofROR ohHibbbh Ch
it is denonstrated how connector conponents 23, 24 are inserted at discrete

| ocations al ong t heableo2®yint thelifield is Igesatly medutechiftthe: eablef is ieanufagioredin iageprdance
process of the presegpt,| e dt wll .be t ' Lpe
posi tioni ng and numit rthé)g%g%%%%é{‘%‘lrn' a)é‘yissghggicgg&g%fb(?é["%g 's‘g|5l g‘%‘l éaﬁ)ié ?%thﬂl@
produce a conti nuoattenipting@b expdsedibaiy 30nisi greatly eduided,Sthefeby alnoat sltmimatitigsthe0
(as shown in Figure 7), each with a |ength effective det.grm ned t he
posi tioni ng of geqﬂ%ﬁ‘h foarepfags; %‘lﬁ%ﬂég%{}f‘? 48 égnlag?_ei éﬁ?’éég?ga-’%cgﬁ%\ﬁ'ﬁ%w
cabl e segnents 80 g@r ﬁ,rtgagﬁggnifnomtkh@sgséd_ continuous run of cable
assenbly 20. Cable assenbly 20 is cut along a center portion 82 of

connector assermbly 22. Fgutes19asdt30illugate 8 fisytraliemativg gmbpdiment (ofithe present
preferred enbodi ne e [ fo [ #ﬁﬁ:‘ic Wﬂ‘{d : :
outward fromthe boﬁ}'&f;lla 0 Y%)%Rgecdtqgr&g%sﬁéﬁbﬁﬁg&ﬁgg oruféﬁ;egtrr%ﬁset. ﬁﬂgfgé?eggxrs red
enbodi ment, ridge $drmed twithes réehse elementteoraelgments §0d puiitionedhonijy onithe tapnofthei on
with the operatjon_20 of ,rollers 36,, 38, cu or or hesi ve .t apes
26, 27 to faci Mtatﬁéerf R&- \gmagye M?‘B‘ﬂ’é °g§".g“ﬁec3%%ﬂ3?§$28§ﬁ‘fsgat§sa§grﬁ9ﬁ$’°
segnent 80, cable QexABE Witk Peferenéeio Kalingh single release element positioned on the top
portion of optical fibers 30. It should be noted that the release element, and the

subsequent connector portions as will be described below, could instead be on the

bottom of fibers 30 without departing from the spirit or scope of the invention.

15  Cable 518 is cut along a center portion of one release element 504. Once cut, upper

tape layer 26 with release element 504 attached is peeled back from optical fibers 30

exposing the top portion of the optical fibers. Optional lower tape layer 27 is still

adhered to the bottom portion of optical fibers 30.

" Connector 519 used in the first alternative embodiment is comprised of a

20 top connector portion 520 and a bdttom connector portion 522. Top connector

portion 520 directly contacts optical fibers 30. In order to properly align the fibers,

top connector portion 520 contains a series of grooves. Bottom connector portion

- 522 is a mechanical latching member that abuts lower adhesive tape layer 27. As

illustrated in Figure 19d, connecting portions 520, 522 are aligned with optical

25 fibers 30 and then are mechanically latched together. Releasing element 504 is then

removed from upper tape layer 26 and tape layer 26 is then secured to top
connector portion 520. Finally, any excess tape is trimmed off.

Figure 20 is an end view illustrating a series of optical fibers 30 in a ribbon

cable 518 secured between top and bottom connector portions 520, 522 according

30 to the first alternative embodiment of the present invention. As is illustrated in

Figure 20, connector portions 520, 522 include mating details 100, 102 to assist in
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orientation generally perpendicular to the |ongitudinal orientation of
optical fibers 30 in center portion 82 of each connector assenbly 22. Once
cut, a portion 90 of tape layers 26, 27 is renoved fromeach end 92, 94 of
cabl e segnment 80, after 25 which each end 92, 94 may or nay not require
further polishing to conplete manufacture and assenbly of cable segnent 80.
Referring to Wobdsemi8, 9 and 10, a nore detail ed descri pti onp©frusdesss7s
preferred enbodi nent of connector assenbly 22 will be presented. As shown

in Figure 8, each connector assenbly 22 includes two connegior. co nent s
23, 24 30 each ofthmlw%mg*e?mpmsw@éﬁﬁmeg@a pgtiogs 3%9 Pgé Imﬁwg@ % ke

quarter sections (Ui Qnndlbrfbrab QRS doBulsh @fotcd In mAGBusiARE Wiys SaH 4PN
bei ng constructed o ree -13- WO 96/ 3

PCT/ US96/ 06476 mai nwistyradhesives, IaeQbemcairlangns |lm¢h825msa°1f wiglslingy dnaluding ltrasoniry

a tapered portion 8? ﬁg shown in Figure 9, a plurality of grooves 88 are
defined | ongitudi na Fy h an i nner surface across the entire length of the

bottom hal f conngctor cdfipaeedt ildstrafes ahseoond raltﬁhgpiueeembpditrhm ofighe presént
Or LA o0 O 9100kce B2 eoRbE R ol Bl b2 B HER A e .
adj acent grooves 881&@&1&6&.@@:11%&%&%&;5&%?9 litRledefAtNéust b dpticaidibet 30 BIdedwn
inter-fiber space between adjacent optical "fibers 30 w thin connector
from a corresponding spool 32 through a guiding comb 34. Comb 34 is provided to
establish a fixed, lateral interfiber spacing between fibers 30. A strengthening

10 member 530 is also drawn from a corresponding spool 532 for holding such
strengthening members through guiding comb 34. Strengthening member 530 of

. the present invention is for providing tensile strength to the cable 28. The preferred
strengthening member is Kevlar, but it may also be steel, liquid crystal polymer,
high strength plastic, glass fiber or carbon fiber without departing from the spirit or

15  scope of the invention. |

As can be seen in Figure 21, for a two fiber comb 34, strengthening member

- 530 occupies one of the fiber positions. Therefore, the cable created in Figure 21

has only one light transmitting fiber. The present invention is equally applicable to
multifiber cables having more than two fibers.

20 Figures 22a-f illustrate a series of side views of a third alternative
embodiment of the present invention. This embodiment illustrates a method of field
installing a pair of connectors onto a ribbon cable made according to the present
invention. This embodiment is very much like the preferred embodiment except a
pair of connectors are being installed on a ribbon cable as opposed to a single

25  connector as in the preferred embodiment. Thus, like elements are correspondingly
labeled.

After ribbon cable 28 has been formed according to the present invention,
. adhesive tape layers 26, 27 are cut perpendicular to the longitudinal axis at
~ substantially the center of access point 502. Whilé thé tape-Jayers are cut, optical

30 fibers 30 are not cut at this time. Once cut, tape layers 26, 27 are peeled back to
expose optical fibers 30. A dual, field installable connector 540 comprising a first
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components 23, 24. It will be apparent that the particular spacing and

di nensi ons of grooves 88 10 w thin connector assenbly 22 can be sel ected
so as to achieve the resulting desired spacing of optical fibers 30.

Al ternatively, grooves could be defined in upper connector half 24, or in
bot h upper ‘and | ower connector conponents 23, 24. The extent and
Cross-secti oﬁ ofafje of grooves 88 may also be selected to S96/06476
accomodat e di ?eri ng design considerations. For exanple, in a'situation
where it 15 is desirable to prevent optical fibers 30 frombeing w thdrawn
from connect or assenhdcior@rtian 2 alsewnd goueoies p&ionSdd © then pasitiosed sboutis

0,56 b oty U Brobb ORI BLBhga0" TRl she e S YA el
the |aminating forseeured abicak bptical fiers 38 Release @lcriefisisod, 306 M ttien abmdbveldrom 30,

then the depth of grooves 88 could be_selegted so _as to 20 mnimze, or
precl ude such a régi’,ﬁ layers ?2\/@? to expose B’Sﬁ'sﬁﬁFF“{%%‘Ffaﬁﬁsh%ﬂ- é’rﬁ)gp@é'&?q}-oref&l’e

shapes than trisan , |5Ak , an@'
SANGeRd 26,034 ﬂ'et’c?erggﬁﬁsggtog?&' gihsng&ngnls g&'iloﬁé 5&*';' anf'any excess

rectangul ar. In on€ enmbodi nen 2 includes mating
details as shown dapel30hen 6maved FiGpanectarOpartionss¥i2s 544 aret then qiiti greester paint!

or aoent | nvent i on > APAPARRTRLE e Rrgnidhal ot of Aot 0 RmEing Sipers, o1

conlnegt or corrﬁonerﬁo&?&:’ﬁor ends. \Alslighttangle tinydel ipparesdt onte thei dus in m'ﬂenr/]lmﬁdllm the

i ncl ude a nmechani sm for, joini .connect or ,conponent 24 such as an
adhesive, a mec hari?"ﬁ‘éﬂ““?éaf’ﬁ Fﬁtﬂ'rg“‘wéc iW"bF%%F‘H’SPﬁ%E‘T%ﬂ }ay oF My I6hi ¢
vel ding, to seurereg@fWiitiRhalGRMEMARENt S 23, 24 to one anot her.
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30 Referring now to Figures 11 and 12, an alternate enbodi nent of a

connector assenbly 122 is shown. In this enbodi nent, an upper connector

-14- WD 96/ 38751

PCT/ US96/ 06476 conponent 123, and | ower connector conponent 124 are

assenbl ed as previously described. Connector assenbly 122 incl udes

addi tional stwadkdgmgiin the formof mating attachnents 126, %g%r%%gm ygnge

130 which are integrally formed with connector 122. 5 ough t he

orientation of optical fibers 30 is generally planar i ' e

~formation of a plan¥eclkeimsbon cable, alternate |ongitudinal arra Ewﬂf '
) | 3 a

optical fibers 30 are also contenplated. In an alternate

connector assenbly 222 shown in Figure 13, connector hal

non-pl aner ori entatl.on. A fibérioptic dbbvacdiabie sbmpsishg? connector hal f 223, 224
woul d conprise a 10 sem -circular crqss-sectional configuration havin
grooves 230 defined in a per BbIfaftne aghesive tanelayer Having\at 1astppe adhesive sydacy

correspondi ng ot er por tah@RavirDfirstafd sB&IniRads; Whi ch optical fibers 30 woul d
be di sposed. In this enbodinent, for exanple, it woul d be possible to have

optical fibers 30 braided inatHesst onggantivek fiber arianged imlal geresallyntingit@dinal
bet t hal : . ' . t nbl
et ween connector ha Ve?’h"%?‘%“',?'ﬁ%‘m&‘ ‘giﬂ,p‘?‘bg{ X@%eead}éﬂbe%@?%%ngr asse y

. . i
222 is to be inserted, rai ding of optlca ers
at least one release element disposed between the at least one

adhesive surface and the at least one optical fiber to form a release location
10 between the first and second ends.

2. The fiber optic ribbon cable of claim 1, comprising:
-a pair of adhesive tape layers having first and second ends;
at least one optical fiber arranged in a generally longitudinal.
15 orientation between the pair of tape layers; and
at least one release element dispesed between one of the adhesive

tape layers and the at least one optical fiber to form a release location
between the first and second ends.

20 3. The ribbon cable assembly of claim 2 wherein the pair of adhesive tape

layers include an encapsulating layer and are the outermost jacket for the ribbon

cable assembly.

| 4. The ribbon cable assembly of claim 2 wherein each of the pair of adhesive

23  tape layers includes a pair of margin portions that extend laterally beyond a planar
orientation of the plurality of optical fibers and wherein the pairs of margin portion
are adhered to each other to form a seal along at least a portion of each of a
longitudinal edge of the ribbon cable assembly.
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cease and optical fibers 30 would be directed onto grooves 230 of cohnector
hal ves 223, 224. Al though this enboth he di sadvant age of
having a | arger connector surface tha” ,jt herwi se be required for a

pl aner configuration of a |ike nunber w I’WMS 30, the remainder
of tiber ribbon 20 cabl e assenbly 30* bei d in a braided and

round cross- sg6bése®d configuration would offer sﬁlmr*et rical Penesosnssrs
characteristics for the resulting final cable assenbly. In another

al ternate enbodi ment of _a g%nnect or assenbly 322 shown in Figure 14,
anot her non- pl anar-or i Sied1bben cable gstembly of clgim 2 wherein the, pain of jadhesivestaps

embodi ment, each QqaRReLE RchCRMPREGISS a%%er%&e&ﬁe%ﬁﬁﬂeﬁranti&feﬁ%m& desive

conponents 23,. 24 éxcept that groves 330 on one or both surtaces o

connect or conponertyer,3né an dmer encapsulatingilgest. i n a non- pl anar configuration.
Such a non-pl anar configuration would be useful, for exanple, in a
situation where a top row of optical fibers are being used for transmtted

signal channel $ arél a Iihet AbbodOcable’ @usemblyopf iclaith $ i wiediéin agne lagérnof Wsedehial OF
recei ved signal channels.

- 15- 96/,3875 . .
PCT/ US96/ 06476 | n SOMBTIRgsboth 'g%M%F'g\géﬁﬁsg?%iiyeb$"déh%mﬁéeswula%@émy 422
shown in Figure 15, connector assenbly 422 consists of four pieces 431,
432, 433 and 434,

The ribbon cable of claim 2 wherein the connector assembly comprises an

upper connector component and a lower connector component, at least one of

10 which includes structure for separating adjacent optical fibers into the fixed lateral
spacing.

8. The ribbon cable of claim 7 wherein each of the connector components
includes at least a pair of laterally-oriented structures on an outer surface of the
15 component that define a longitudinal center portion therebetween from which the
pair of adhesive tape layers are removed.
9. The ribbon cable of claim 7 wherein each of the connector components
includes a longitudinal center portion which is cut generally perpendicular to the
20 longitudinal orientation of the optical fibers subsequent to disposition of the
connector assembly within the pair of adhesive tape layers to expose ends of the
plurality of optical fibers which are disposed within a lateral cross-section of the
connector assembly in the fixed lateral spacing.

25 10. The ribbon cable of claim 7 wherein each of the connector components
includes a longitudinal first half and a longitudinal second half such that the
connector assembly comprises four pieces and the optical fibers are cut generally
perpendicular to their longitudinal orientation subsequent to disposition of the
connector assembly within the pair of adhesive tape layers between the first halves

30  and second halves.
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wi th upper connector conponent 423 being conprised of pieces 431 and 433

and_| ower connector conponent 424 bei ng_conprised-of—pieces 432 and 434. In
this 5 enbodi ment, connector conponents 423 and 424 are split i

in the
m ddl e so that only optical fibers 30 a mlw ulummlit“ﬂ 27 need be
severed perpendi cular to the Iongltudln optical fibers 30
i n order to cwenisssmifi ber optic ribbon dable assenbl y. Fi gursmsrideocads 17
showi ng a preferred enbodi nrent of the present invention 10 wll now: be
described in detail, Fiqure 16 ill trates a side view of the assenb|y

process of the fibell-optife Fbhoposrbiesf slamy T rﬁg*heém&wesesern%sfoso@mnso@e

inserted at di scret@naétsicdmpehénts 502 al ong the |ongitudinal |ength of
optical fibers 30. The present invention will be described with reference
to a nmultifiber ri bbon cable 28, but it should be understood that the

present. | nvent i on wpil d ASguRPLe! G b0k utkdein l BEFIEARE Eeas iR ©

28 may be spooled in ong conti ntods riun or

segnents as needed dls;tobahht oxiformbt spaged tdcamdds&lmplhbdaﬁg'imﬂinalf ofiéativhesthic

i nveption. As in Fl&g{f E’t | east one optical fiber 30 is drawn froma
correspondi ng spool hol ds .optical fibers 30. Fibers 30 are then
drawn t hrough a guiding conb 34. Quiding conb 34 is provided with structure
to 20 . establish a fixed, lateral inter-fiber spacing between optical

fibers 30. As described Bhsotibbonnesbie of wlarrg X pehetein thei adhesive taper layérs thave e

or tolerances thro t

necessary. Opti cal U%E%%ﬁosn @%ﬂgﬁh&ﬁ a'n rre *’m“ﬁpg%égﬁpbﬁ{%&#ele}(%? E) tch

when a connectol0is installed as wll be descrl bed beI ow. After optical

fibers 30 are br 0“95‘1 t h{'h ugb%oﬁukﬂ cﬁumng ﬁ?rther compnsmg at least one tensile strength
member arranged in a generally longitudinal orientation between the pair of tape

layers.

15 15, The ribbon cable of claim 2 wherein the at least one release element is
comprised of a substrate layer and an adhesion inhibiting layer to reduce adhesion

between the at least one release element and the pair of adhesive tape layers.

16. A method of manufacturing a fiber optic ribbon cable assembly comprising
20  the steps of’ '
(a) providing a plurality of optical fibers oriented in a generally
longitudinal orientation;
(b)  arranging adjacent ones of the plurality of optical fibers in a
fixed lateral spacing relative to each other;
25 (c) applying a connector assembly onto a first longitudinal
segment of the plurality of optical fibers; and
(d) sandwiching at least a second longitudinal segment of the
. plurality of optical fibers separate from the first longitudinal segment
between a pair of adhesive tape layers to form a ribbon cable assembly

30 having adjacent ones of the plurality of optié.al fibers maintained ‘in an

-25-



25 el ements 504, 506 are positioned so as to sandw ch optical fibers 30
t her ebet ween. Rel ease el enents SWM to the fibers

t hensel ves, or, in the alternative; e applied to the adhesive tapes
26, 27. At a point farther downstr ' nS, an upper adhesive
tape 26 and a | ower adhesive tape ima\mm“ﬂmmﬂ to sandw ch opti cal
fibers 30 thewghgsygen creating theWTwertoptice 3¢ ribbon cghbbsoblodddd I Of
conpression rollers 36, 38 are preferably used to supply the force

necessary to secure upper and | ower adhesive tapes 26, 27 with optical
fibers -16- WD 96/ 38#bitrary lateral spacing relative to each other in the second longitudinal

PCT/ US96/ 06476 30 bei ngs%ﬁ,jegttherebet ween. \Were present, rel ease el enents
504, 506 are al so sandw ched between upper and | ower adhesive tapes 26, 27.
As noted above, an equival ent structure nmay be obtained froma single

adhesi ve tape which,is fol ded, agound, the optJjcal fibers form upper and
| ower tape |ayers. T?f désrf‘?tﬁ‘&q o wagﬂ'actugm gﬁ"?"é’&’é‘c Fgg%?i’?ee‘l’m“gébﬁ stgps
al so be configusedofior this structure. As was described with reference to
the previous invention, optical fibers are conprised of an optical core

conposed of a material sel ectadd fprevidingea pluralityf of ppsical fibgtsanriented ina generallyThe

fiber optic core i's sur il biefufin Wi hild SUERRERIR 0T 0 LT

selected fromthe set conprising glass, p c or ne e opti cal
fibers 10 30 may al so incl{le aappiyifgcat leasteonecreleases elemerdt o thet @ticall fibers

sel ected fromthe set OLetween the first and second ends;
10 - (¢)  providing a pair of adhesive tape layers; and
(d)  sandwiching the at least one release element and optical

fibers between the pair of adhesive tape layers to form a ribbon cable.

18." The method of claim 17 wherein step (a) is a continuous process of feeding
15 the plurality of optical fibers from a corresponding plurality of spools of continuous
optical fibers.

19.  The method of claim 17 wherein step (d) comprises compressing the pair of
adhesive tape layers together with at least a pair of rollers.
20
20. - A method of applying a connector having first and second connector
portions to a fiber optic ribbon cable containing a pair of adhesive tape layers, at
least one optical fiber arranged in a generally longitudinai orientation between the
pair of tape layers and a pair of release elements disposed between the adhesive tape
25 layers and the at least one optical fiber, the method comprising the steps of:
(a)  locating the release elements on the fiber optic ribbon cable;
(b)  cutting the ribbon cable substantially perpendicular to its
longitudinal axis near the midpoint of the release elements;
(c)  peeling back the adhesive tape layers and release elements to
30 expose the at least one optical fiber;
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pl astic, netal, carbon, ceramc or any conbination thereof In a preferred
enbodi nent, optical fibers 30 are avail able from 3M Conpany, St. Paul, '
M nnesot a, under the trade designation TECS FT-200- EMA, although it will be

recogni zed that in the present inv i “m Ic ri bbon cabl e '
assenblies 20 utilizing a variety mllmm mmﬂﬂl | optical fibers would be
accept abl e. Awowess78 SO previously deséribed! tapé | ayers 26pcEussioear6ach

three-layer planar tape assenblies conprised of an inner encapsul ating

| ayer 70, an adhesive |ayer 72 and an outer protective_|ayer 74,
illustrated in Figure 4. Enddbsul2ignng q"’agé‘? copnegtor \ROstion, with the a4 Igtst, one
optical fibers 30 and ié‘pgge@fﬂg@bl y conprised of a 20 def ormabl e materi al
such as pressure sensitive adhesive, thernoset adhesive, thernoplastic
adhesi ve, radiation-curabl e (8ihegligring thsl secandagonnéctasy partiomwithrthe pt least one

deformabl e plastic or a L nat, h ' Jlayer 72 is

i nt er posed bet ween inne'%Pi"@ﬁ’e‘%’dgﬁg"%‘ﬁﬁ%%"é‘?&p’gﬁ‘gﬁgﬁ to the other and is
preferably conpsised of a nuferi Fhstediigth firspamisseoon cdafectdr poftichs labait e at
t hermoset adhesive, 25 _ thernopl asiic adhesive, radiation-curable

adhesi ve, nechanically IWQP?WF@@H uctures or any conbination thereof
Quter protective layer 74 segyes ol addleie diiditl fb!tht Andsive thpeRydrs
ri bbon cable and is preferabl’y conprised of a vinyl or plastic material
which is suitable for aadariety of environnmental applications, or may be
conprised of plastic, netal,tabric,or an | i e y
| ayers 30 72 and 74 are conpri s¢ ﬁlylo'ﬁg tt%gﬁaepcegfégélrgg%lt@@ﬁ?%%ﬁ%%%@ﬁp%ﬁé&? t.
Paul , M\, undenothe tragertigfssi gnati on Scotch No. 474 and layer 70 is
conprised of transfer tape -17-

21.  The method of claim 20 further comprising the step of trimming away any

excess adhesive tape.

15

21-



WD 96/ 38751

PCT/ US96/ 06476 avai |l abl e from 3M Conpany, St. Paul, M\, under the trade
designation Scotch No. 9465. Preferably, release elenents 504, 506 are each
approximately 15 centinmeters in length and are spaced uniformy along a

| ongi tudi nal orientation of ribbon cable 5 28, approximately one neter
apart. |t showodsbhgsnoted that greater or |esser |engths of nRhA»Ees476

el enents 504, 506, or varying |engths between rel ease el ements 504, 506
woul d be acceptable wi thout departing fromthe spirit or scope of the

i nvention. Rel ease el enents 504, 506 can be made of any material,
preferably a flexible material, to which the adhesive tape will not adhere.
Alternately, release elements 10 can be 6§gprised of a sem -flexible
substrate to which an adhesion-inhibiting | ayer has been applied. Suitable
substrate materials include,__for exanple, plastic, netal, fabric, and
paper, which could be t Q prevent adhesion in any nunber of ways
well known in the art. aterials for the adhesion-i.nhibiting |ayer

include, for exanple, $§!icone, Qetroleun1disti||ate, organic oil, plastic,
| ow tack 15 adhesive}h« 'qtsurface-energy coating, and
m crostructured text ur eQ\ ! . In addition, release el enents could be

formed by applying an adiesior”I nhibiting coating directly to encapsul ating
| ayers 70. Rel ease el & % 504, 506 serve two primary functions. The first

is to allow for quick acgeds_to optical fibers 30,

q
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encased in protective tape layers 26, 27. The second is to preserve a fresh
adhesi ve 20 surface on tape layers 26, 27 as wll be described in detai
bel'ow. As with Figure 5 of the previous invention, the present invention
may al so be utilized having protective |ayer 74 and adhesive | ayer 72
extendi ng beyond encapsul ating | ayer 70 such that the |ateral edges of
fi ber opticalwoideBgnsicabl e 28 are effectively seal ed from enPCRESHOEESI
contamination. In this enbodi nent, rel ease 25 el enents 504, 506 could be
positi oned only betyeen encapsulatlng Iayer 70 nd optg cal fibers 30, or
coul d be positioneo‘*o as to extend ‘~tera tmeen gﬂ?esive | ayers 72

' @y 70 such t}.t al o t he adh ve layer 72 is

W‘J’mr"r‘r"w’" present invention may also
i ncl ude a nmeang=%; .r;y,v, nr¢~- -‘:o poi nts 502 are | ocated
al ong ribbon cao(J 33 ("ﬁi may be a dyed marking line
signifying acce ﬁ/‘ /‘\4" ‘ﬁ small cuts in ribbon cable 28

WO 96/ 38751 7 e
PCT/ ,US96/ 06476 'WA"'”’”/-"“”""'"-”- poi nts 502 Ri bbon cabl e 28

may al so have a flag portion at one @& the release el ements 504, 506 which
protrudes fromthe si deElg_h? cabl e 28 at access points 502 as an
i ndi cati on of where to i“®* flag portion could be integrated as .a

lateral extension of release elenents 504, &0, for 5 exangpe. It should
be noted that these exanples are not andq§ d"
. ’(,,28

27< B R




i ndi cati on nmeans, and many other neans for indicating access points 502 are
avaj l able without departing fromthe spirit or scope of the invention.
Figures 17a-f illustrate a series of side views of a connector being field
installed onto a ribbon cable made according to the present invention.
Cable 28 is 10 cut along a center portion of access point 502 exposing an
end 509 of fiWgyosssls Preferably, cable 28 is cut in an ori er%@lt,ﬁﬁggl?“%
general ly perpendicular to the longitudinal orientation of optica I bers
30. Once cut, a portion of tape |layers 26, 27, each having rel ease el enent
504, 506 attached respectively, is peeled back fromgptical fibers 30
therein. Afield install abl e connector E conprisin§ first 15

portion éﬁﬁ is then positioned
: ortions 510, 512 are then
secured about optical fibers 30 by means fuch as clanping or crinping.
Rel ease nenbers 504, 506 are renoved fro adhesi ve tape |ayers 26, 27 to
expose fresh adhesive surfaces 514, 516 rrspectively. Tape | ayers 26, 27
are then pressed onto connector 508 to 24§ positively secure connector 508
in cable 28. Finally, any excess tape fr-ﬂ tape |ayers 26, 27 is renpved.
One additional step may or may not be ren"red That is, newy exposed ends"
509 of optical fibers 30 nay or may not tﬁoUlre pollshlng Figure 18
illustrates an end view of connector ass?}nly 508 secured about optical
fibers 30. As described with reference trﬂ igures 8, 9 and 10, a plurality
of 25 grooves 88 are defined lgprg-pudi Y qQross the Il ength of bottom
connector portion 512. The shape and or i

I"
ffht atican of grooves 88 is
preferably triangular to acconmodate Opthﬂ“l fibers 30 within the space

t hereby defined. The inter-groove _ﬁ
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spaci ng between adj acent grooves 88 serves as the structure to define the
fixed, lateral inter-fiber space between adjacent optical fibers 30 within
connector portions 30 510, 512. -19- WO 96/ 38751
PCT/ US96/ 06476 The anount of tinme needed by a technician to put a connector
on tibbon cable 28 in the field is greatly reduced if the cable is '
manuf act ur ed woagsmidance with the present invention. Also, sodgee Of
damagi ng ri bbon cable 28 while attenpting to expose fibers 30 I's greatly
reduced, thereby alnost elimnating the 5 need to replace | engths of
cabl e due to damaged fibers if ribbon cable gagde according to the present
I nvention is used. Figures 19 and 20 illustr q a first alétgrnative
enbodi ment of the present invention. A cable 518 of trigﬁ t alternative
enbodi ment illustrated in @4gure %%is formed with a el ease el eneni-26
el enents 504 positioned onlly ogsthe top of the 10 fibers 30. Thg
alternative enbog Lo SRR 900020, Iy Shi s eramcin
descri bed with réferertenpd AT o T et LA R T,
the top portion of optic er q’gp It should be noted that th
or
spirit or scope of the invention.
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el ement, and the subsequ ﬁt connec por ags7/v| |1 be descri bedNzey ow,
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15 Cable 518 is cut along a center portion of one rel ease el enment 504. Once
cut, upper tape layer 26 with rel ease el ement 504 attached is peel ed back
fromoptical fibers 30 exposing the top portion of the optical fibers.
Optional |ower tape layer 27 is still adhered to the bottom portion of
optical fibers 30. Connector 519 used in the first alternative enbodi nent
i's conprised sowsRfds top connector portion 520 and a bott orpcANIg 6849
portion 522. Top connector portion 520 directly contacts optical fibers 30.
In order to properly align the fibers, top connector portion 520 contains a
series of grooves. Bottom connector portion 58,is a nmechanical |atching
nmenber that abuts |ower adhesive tape |ayer 27/44s illustrated_ in Figure
1 9d, connecting portions 520, 8822 are aB4gned wth opticalr’€2‘5£2 fibers 30
and then are nechani cgigly | atghed tog?gggr. Releasggg el e?ent 504 is then
renmoved from upper tape | ayery 26 and 1 | ayer 26{|s t hen secured to top
connector portion 520. Hinally, any €xcefs tape—+st+imned off. Figure 20
is an end viem/illust%itinq a_series of ppiical TIRers ——e—MBon cabl e

p

e

518 secured between and bottom cohnektor portions 520, 522 according 30
to the first alterna enbodi nent-. of the present invention. As is
illustrated in Figure 20, connector 2igronf 520, 522 include mating
details 100, 102 to assist in -20- 86738751

PCT/ US96/ 06476
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t he alignment and conpression of connector portions 520, 522. It should be
noted that connector portions could be secured together in nunmerous other
ways such as with adhesives, mechanical |atching nmechani sns or wel ding,
including ultrasonic welding. 5 Figure 21 illustrates a second
alternative enbodi nrent of the present invention. Because the enbodinent is
very simlar wwoédaezanbodi ment of Figure 1, l|ike elenments W | behfsosnsdze
correspondi ngly | abel ed. At |east one optical fiber 30 is drawn froma
correspondi ng spool 32 through a gz%ging conb 34. Conb 34 is provided to

establish a fixed, lateral interfi spaci ng en fibers 30,

strengt hening 10 menber 530 is al$bddrawn fro correspo ng spool 532
for hol di ng such strengtheni ng nmenbesrs t| nb “34.

providing tensile
is Kevlar, but

Lo
rnmverTreT

strength to the cable 28. The prefefred jThent ng nme

it my also be steel, |iqui &ceystel pol yner, high stren | astic, glass
fi ber or carbon fiber wthow—geparling fromthe spirit o 3pe of the
i nvemtion. As can be seen i ; =21, for a two fiber cpnb}34,

strengt heni ng nmenber 530 OCnun-dﬂ-u.e of the fiber positi Ther ef or e,
the cable created in Figure 21 has ¢nly apne |ight transm g fiber. The
present invention is equally applicgbl gto mul tJTEDET es having nore
than two fibers. 20 LLlustr ries of side views

of a third alternative embodi nent off the present inventjon. This enbodi nent
illustrates a nmethod of field inst430ng a pair of congggtors onto a ribbon

cabl e nade according to the present
Fig. 11




invention. This enbodinent is very nmuch |like the preferred enbodi nent
except a pair of connectors are being installed on a ribbon cable as
opposed to a single 25 connector as in the preferred enbodi nent. Thus,

li ke el ements are correspondingly |abeled.- After ribbon cable 28 has been
formed according to the present invention, adhesive tape |ayers 26, 27 are
cut perpendi cW96/38%1t he | ongi tudi nal axis at substantially tPEIGIN06476 Of
access point 502. Wile the tape-layers are cut, optical 30 fibers 30 are
not cut at this tine. Once cut, tape layers 26, 27 are peeled back to
expose optical fibers 30. A dual, field installable connector 540
conprising a first -21- WO 96/ 38751 7

PCT/ US96/ 06476 connector portion 542 and a seéand connector portion 544 is
t hen positioned about the exposed optical fibers 30. Connector portions
542, ,544 are then permanently secured about optical fibers 30. Rel ease

el emrents 504, 506 are then renoved fromtape |ayers 26, 27 to expose fresh
adhesi ve surfaces 514, 516 respectively. Tape 5 | ayers 26, 27 are then
pressed onto connector portions 542, 544 and any excess tape is then
removed. Connector portions 542, 544 are then cut at center point 546,
perpendi cular to the longitudinal axis of fibers 30, to formtwo separate
connector ends. A slight angle may be inparted onto t 22t in order.to aid
in the
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prevention of reflections. The newy exposed ends of fibers 30 may or may
not 10 require additional polishing. -22- WO 96/ 38751

PCT/ US96/ 06476 W claim 1 A fiber optic ribbon cable conprising: at
[east one adhesive tape |ayer having at | east one adhesive surface 5

and having first and second ends; at |east one optical fibe in a
general ly | \digednal orientation in contact with the at Igggﬁégﬁgﬁg
adhesive surface; and at | east one rel ease el enment di sposed between the at

| east one adhesive surface and the at |east one optical fiber to forma

rel ease | ocation 10 betweepg the first and second ends. 2.. The
fiber optic ribbon cable of clainllv/conprising: a pair of adhesive tape

| ayers having first and second ends;{& |east one optical fiber arranged in
a generally |ongitudinal 15 ori enff
| ayers; and at |east one rel ease el enent dif§
adhesi ve tape |l ayers and the at | east one (
| ocation

tion between the pair of tape
posed between one of the
qtical fiber to forma rel ease

Fig. 16




between the first and second ends. 20 3. The ribbon cabl e assenbly of
claim2 wherein the pair of adhesive tape |layers include an encapsul ating

| ayer and are the outernost jacket for the ribbon cable assenbly. 4. The
ribbon cabl e assenbly of claim2 wherein each of the pair of adhesive 25
tape layers includes a pair of margin portions that extend laterally beyond
a planar ori emeq6387s10f the plurality of optical fibers and \MaaYusosiotie
pairs of margin portion are adhered to each other to forma seal along at

| east a portion of each of a |ongitudi-nal edge of the ri bbon cabl e assenbly.

- 23- WD 96/ 38751 PCT/ US96/ 06476
5. The ri bbon cable assenbly of claim?2 wf rein the pair of adhesive
tape | ayers are each conprised of an26uter

blve menber, an
i nt ermedi at e adhesive | ayer, and an inner encapsYFati ng Iayer 5 6.

The tibbon cabl e assenbly ol e R B P Bk L ool Ri—wobar | al

conpri ses both the inter e TBRE PPt e i apsul at.i ng
| ayer. 7. The ri bbon cabl e of clAi assenbl y

|n1 wherel he connect ©
conpri ses an upper connector corrpgp? (lg onne&xtor cpgponent, at
ucture Tor

| east one of 10 whi ch i ncl udes
fibers into the fixed | ateral

separating adjacent optical

509

Fig. 17b 27




spaci ng. 8. The ri bbon cable of claim7 wherein each of the connector
conponents includes at least a pair . of laterally-oriented structures on an -
~outer surface of the 15 conponent that define a |ongitudinal center
portion therebetween fromwhich the pair of adhesive tape |ayers are

removed. 9. The ribbon cable of claim7 wherein each of the connector
‘conponent s i N¥PA6E&ISH | ongi t udi nal center portion which is cRCHRBAEPIE y
per pendi cul ar to the 20 | ongi tudi nal orientation of the optical fibers

subsequent to disposition of the connector assenbly within the pair of
adhesive tape |ayers to expose ends of the urality of optical fibers

whi ch are disposed within a |lateral cross-s ion of the connector assenbly
inthe fixed lateral spacing. 25 10. Th&ldi bbon cable of claim?7
wherein each of the connector conponents includes a |ongitudinal first half
and a | ongitudinal second half such that the connector assenbly conprises
four pieces and the optical fibers are cut generally perpendicular to their
| ongi tudi nal orientation subsequent to disposition of the connector
assehbly within the pair of adhesive tape |ayers between the first hal ves
30 and second hal ves. -24- WO 96/ 38751

PCT/ US96/ 06476
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11. The ri bbon cable of claim7 further conprising means for joining the

conpector conponents. 12. The ribbon cable of claim2 wherein a plurality
of release elenents are 5 di sposed at uniformy spaced | ocations al ong
t her | ongi tudi nal orientation of the cable assenbly. 13. The ribbon cable

of elaim2 wherein the adhesive tape | ayers have an indication neans for

i ndi cating th&olggagisi on of the at | east one rel ease el enent. pérnisdencazsl e
ri bbon cable of claim2 further conprising at | east one tensile strength
menber arranged in a generally |ongitudinal orientation between the pair of

tape layers. 15 15. The ri bbon cable of claim2 wherein the at | east
one release elenent is conprised of a substrdt Iayer and an adhesi on
inhibiting | ayer to reduce adhesi on between t | east one rel ease

el enent and the pair of adhesive tape |ayers. A et hod of

manuf acturing a fiber optic ribbon cable assenbly conprising 20 the steps
{a) providing a plurality of optical fibers oriented in a generally

| ongi tudi nal orientation; (b) arrangi ng adj acent ones of28 he plurality of

optigcal fibers in a fixed |ateral spacing rel aj+5@4to eachjother; 25

(c) applying a 1 0 eni ROt tpl-aaer-tud] 113 Qm of

"""'.’ AN LU o o et e 2 ¥ O e e e e et e . A '. il e

the plurality of
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(d) sandwi ching at | east a second |ongitudinal segnment of the plurality
of optical fibers separate fromthe first |ongitudi nal segnent between a
pair of adhesive tape layers to forma ribbon cable assenbly 30

havi ng adj acent ones of the plurality of optical fibers nmaintained in an

- 25+ WD 96/ 38751 ' PCT/ US96/ 06476
arbitrary | atwoaéssgpaci ng relative to each other in the secordrisssgsizadi nal
segnent. 17. A nmet hod of manufacturing a fiber optic ribbon cable

conprising the steps 5 of : (a) providing a plurality of optical fibers
oriented in a generally longitudinal orientation and having first and
second ends; (b) applying at |east one re§gase elenent to the optical

fi bers between the first and second ends; 10 - (¢) provi di ng
a pair of adhesive tape |ayers; and (d) sandwi ching the at |east one

rel ease el enent and optical fibers between the pair of adhesive tape |ayers
to forma ribbon cable. 18. The method of claim 17 wherein step (a) is a
continuous process of feeding 15 the plurality of optical fibers froma
corregsponding plurality of spools of continuous
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optical fibers. 19. The nethod of claim 17 wherein step (d) conprises
conpressing the pair of adhesive tape |layers together with at |east a pair
of rollers. 20 20. A nmet hod of applying a connector having first and
second connector portions to a fiber optic ribbon cable containing a pair
of adhesive tape |ayers, at |east one optical fiber arranged in a generally
| ongi tudi nal wioisgBg®mti on between the pair of tape |ayers and mcunsssnosats

rel ease el enents di sposed between the adhesive tape 25 | ayers and the at
| east one optical fiber, the method conprising the steps of: (a) | ocati ng
the rel ease elenents on the fiber optic ribbon cable; (b) cutting the

ri bbon cabl e substantially perpendi cul arl Its longitudinal axis near the
m dpoi nt of the rel ease el enents; (c) fdel i ng back the adhesive tape

| ayers and rel ease el enents to . 30 exposgythe at | east ong opti cal
fiber, -26- WD 96/ 38751 ' ™

PCT/US96/ 06476 (d) aligning the first connector
one exposed fiber; (e) al i gning the second conge
| east one _ _ N
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exposed fiber and with the first connector portion; (f) fastening the
first and second connector portions about the at | east one exposed fi ber,
(g)- renoving a release elenents fromthe adhesive tape |ayers; and (h)
applying the tape layers to the first and second connector 10

portions. 21. The met hod of claim 20 further conprising the step of
trimm ng anwawessssxcess adhesi ve tape. 15 -27- PCT/US96/06476




