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This invention relates to optical connectors and, nore particularly, to
ferrul es waseseh7esiot hi n t he optical connectors to hol d opti calT/fSobesR2
BACKGROUND Commerci al optical fiber connector assenblies 100, such as
shown in 10 exploded viewin FIG 1, are used to couple optical fibers
together so that light transiting froma bundle 102 of one or nore fibers

in one end 104 of the conne il pass through the
connector assenbly 100 to fé%@ﬁgﬂg?ﬁgg%égﬁégpﬁ%nnected to the other end 106
of the connector assenbly 100. A ferrule 108 is typically part of the
connector 100 and is the part of the connector 100 into which the fibers
110 thenselves are inserted before the ferrule 15 108 is inserted into the
overal | connector assenbl yFIRIGD I QEFHE INVENHONI| e 108 holds the fiber(s)
110 in a precise position and ensures that when the connector assenbly is

attached to a maldiAgeRRIERiAo aREANUMMeabrsSAdEmotdgticlamiic e ferhmesf | ber s
of the connector assenbly are held in consistent alignnment. In the

i - fihek: ' t QAR Fiseh hown in U S. Patent No.
rzrg 5', 5%%%”1%@&0% éogﬁﬂé@tbfs%@'h@ld cgﬁfgéﬂ fibgen as shown in aten

e connect| are for fiber arrays of between 2 and

12 fibers arranged in a single row (although sone commercial 2 x 12
configurations are avail able). Those connectors are referred to by various
nanmes, dependi ng upon who nmakes_t he I X 2 arrays, connectors are
referred to as ST, LC, MI-RJ cdﬁﬁg@ﬂgggﬁaiPle the 1 x 12 and sone 2 x 12
array connectors are referred to as MIP(r), MPO, MPX and SMC connectors,
among 25 ot her s Commergial optical fibesrcopngetarassgralies 400, ich apghayayinous
connectors use a common type of WD 03/076996 PCT/ US03/ 06322

10 exploded view in FIG. 1, are used to couple optical fibers together so that light transiting

from a bundle 102 of one or more fibers in one end 104 of the connector assembly 100 will
pass through the connector assembly 100 to fibers or a device connected to the other end 106
of the connector assembly 100. A ferrule 108 is typically part of the connector 100 and is the
part of the connector 100 into which the fibers 110 themselves are inserted before the ferrule
15 108 is inserted into the overall connector assembly 100 itself. The ferrule 108 holds the;
fiber(s) 110 in a precise position and ensures that when the connector assembly is attached to
a mating connector assembly or some other device, the fibers of the connector assembly are
held in consistent alignment.
In the multi-fiber connectors available today, such as shown in U.S. Patent No.
20 5,214,730, most of the connections are for fiber arrays of between 2 and 12 fibers arranged in
a single row (although some commercial 2 x 12 configurations are available). Those
connectors are referred to by various names, depending upon who makes them. In 1 x 2
arrays, connectors are referred to as ST, LC, MT-RJ connectors while the 1 x 12 and some 2
x 12 array connectors are referred to as MTP®, MPO, MPX and SMC connectors, among

25  others. Inthe 1x 12 or 2 x 12 area, all of the various connectors use a common type of



ferrule comrercially available from anong others, US Conec Ltd. and Al coa
Fuji kura Ltd. Moreover, in sone cases, the ferrules used in the snall
array corwewsor®9Iqi.e. for less than 12 fibers) are for mpaemasn/06322
conpatible for use with the MIP, MPO, MPX and SMC connectors. In addition,

ot her feﬁnmoﬁﬁn&@ﬁn?ra%iedbl&ﬂ&a%h&{gsoth%, 8@ dned kR¥ad AlcdaiRfksra(litae. | ess
than 12) 5 are available or have been proposed, for exanple, as shown in

U. S. Fi%%rvelj,\lﬂl so?ne7 Aééesy, gﬁe fenﬁie@'us&i iin%llgﬂngg%@%Pg%g&8ﬁ£%.%plesg ﬁllaJtl 12

perspective view, of a’prior art 1 X ng an outer

di mensional shape f use |. n MIP,. O, 9 tor of the
prior l?e[rse} %&FB’Taé’ld?fiflc8§1pﬁggleg?rellsﬁ%gll\{g§ Mﬁﬁdﬁé %@f“?‘g%@ﬁ‘&éws%r
exanple, the 1 x 12 (shown) and simlar 2 x 12 ferrule technology currently
i n conbreddition, atherfyacs of aoayaRrcigbemmag i fagsmal aswys aidibers (he.desadbart 1)1 ed
epoxy resin (a high-performance plastic) using a comon nol ding techni que
caldl edart pemkblerorieiebemp. propesed, fonsxdngde, aashowe ielHsS. Pgteneld. 3AdhgeuUsers in
the fiber optic field for |arger groups of fibers, so demand for single

connectors to harid. e ik ayisrgll phbldefphi in RXPe& S eOfiew 1o NAforkfank incr easi ng
as well. Today, ferrules 200 such as shown in FIG 2 that are nolded 15

out OffeﬁQ%O@%a@fng%ﬁ%&é&éﬁ?i@%ﬂ?@?slg%g?%ll&e g N@%@?\ﬁ?@yl\@@d &'anees for

smal | arrays of nmultino e order one or two rows of up to

2 fib but. i b K during. fabri ion. Pl i
F S Y R R R S
requi site

reci si for even snall arrays are extrenely djifficult, to nmake.
Even s%‘,ereF ¥ 22&5}{0 &ugh 6’6‘%’6 a& Qot%FHE’ termeQE CuRS Al Btommersiabr ocess
errors that occur in 20 plastics nolding. Since the tolerances on these
pi 18 e susaishaspd uper okiieg it @ringwiaigdass fidled epdxy rgpioe hightperermimpeons) , hi gh
yield manufacture is difficult when the array size necessitates two rows
and exdagbic) osiag b gomirfohi meldingftechniqreealléthinarisfer meldimg. The overal | ferrul e
volune is very small, since ferrules 200 for the above MIP, MPO MPX or
SMC connectors argréhfitced AMitctethoticed amdhg B8 in BEMLY SiRicandd for
larger groups of fibers, so demand for single connectors to handle arrays of fibers in excess of
12 has been increasing as well. Today, ferrules 200 such as shown in FIG. 2 that are molded
15  out of epoxies or plastics can be made to the necessary tolerances for small arrays of
multimode fibers, on the order of one or two rows of up to 12 fibers each, but special care
must be taken during fabrication. Plastic molding technology is very process sensitive and
molds having the requisite precision for even small arrays are extremely difficult to make.
Even so, yields tend to be poor due to the inherent manufacturing process errors that occur in
20  plastics molding. Since the tolerances on these pieces must be very accurate (on the order of
about 1 to 2 microns), high yield manufacture is difficult when the array size necessitates two
rows and exceptionally difficult for more than two rows.
The overall ferrule volume is very small, since ferrules 200 for the above

MTP, MPO, MPX or SMC connectors are about 2mm (2000 microns) high, 6mm wide and

25  8mm deep, and have a face portion of at least 3 mm thick to support and hold optical fibers,



25 8mm deep, and have a face portion of at least 3 nmthick to support and
hol d optical fibers, -2 W 03/076996 PCT/US03/06322 so nolding or

machi ni ngwofo3pe@abares into the face surface 202 of the ferculusss/odiepugh t he
face portion, in the nunber and size required to hold nultiple optical

fiber i e ] i j or both
il 1 E e b R B e B e er on o
center-to-center spacing. ("pitch").,of, 2 i Cr.Q P L fficult.
Addi t PSR g?%mw‘ﬁeg 31“3812% |r§°s““fe§rt2’ P&idd’éﬁggigroé’ffgﬁisﬁsbeﬁ%@vehl‘gliféfﬁ%%@? {e‘% fficult
because, as the hol es approach the perinﬁéyﬁﬁ{ the ferrul g, thggﬁtructural
i nt egbayf adRsmreronsiaddiigediametzy fardotempltmpedefihes andigipgle gaode fiber 20g@fet i on
process variations during production cause parts to also have poor

t ol er apewed fitont deeh péhei phercynten-eentersphding (‘pegh’h of A0 nuctens)yisMery r agi | e,
causing hole and in sonme cases conponent coll apse and/or they have

dist ogiffiems or excess material that inpedes or prevents fiber insertion
and are too fragile to successfully attenpt renoval of any such nmaterial.

The problemis thglidnnyh 'iﬂgfel?ﬁéstfbﬂal}ge& bith§Sis hodde cheh BloRadifi@iner

mul ti node fiber counts 1n the sane small area results in even |ess
structural int ity for, t.he | e 1 icn an attenpt
o adhpatse e s he g MHGHE S Srost Ryl e BUFRRITERRY Sh el T
manuf acture connectors for larger arrays using the techniques currently
Used PERIHUMEIE dY 18 BPIes dPeer o oo progehs st g BE BRdIFEoT ow o
between two and 12 fiber holes) with |ittle to no success. For exanple,
one ceompampts & dAsmolayemoontpleranashs the prripheryp Agrgigyult, dhgyihesomp@vel% 16 array
ferrule. One exanple of the 5 x 12 ferrule is shown in the 20 photograph of
FIG $agilel dandihg hsle atkd acsdnechsencddiypanest codlbpse didéor Bhaydrse distdrtidasrary Opt i cal
Fi ber Connector, Fujikura Technical Review (2000). However, although not
di scuggeds hidtdrfaBthat impedes or prevents fiber insertion and are too fragile to successfully

attempt removal of any such material. The problem is that in molding plastic ferrules for

holding higher multimode fiber counts in the same small area results in even less structural

integrity for the molded piece.

15 Nevertheless, in an attempt to address the increasing industry need, companies

have attempted to manufacture connectors for larger arrays using the techniques currently

used to manufacture small array ferrules (i.e. ones with a single row of between two and 12

fiber holes) with little to no success. For example, one company is known to have made a 5 x

12 array ferrule and 5 x 16 array ferrule. One example of the 5 x 12 ferrule is shown in the

20  photograph of FIG. 3 and both are described in Ohta et al., Two Dimensional Array Optical

Fiber Connector, Fujikura Technical Review (2000). However, although not discussed in the

article, applicants were informed that, in making those ferrules according to the prior art

molding technique, they achieved such poor yields that the commercial cost of producing the

pieces was deemed prohibitive — in that the problems encountered and extremely low yield

25  would result in their being sold for some $500 each, if they could be sold at all. Moreover,
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article, applicants were inforned that, in making those ferrules according
to the prior art nolding technique, they achi eved such poor yields that
t he conmewoioal7eest of producing the pieces was deened pralRiusot/deze2 - in
that the problens encountered and extrenely low yield 25 would result in

Nor cobBrottss fy s h BT, (RS U T S SRR R B e e

nol ds ,f or _produci ng the pieces were. destro insth result,
Chey Badreties Bpd Fnkis T Yk T Sl S5 s Wl AGERR e il Bl
using the nolding processes then avail abl e. thgr onpani es, . when asked if
t hey Bwlding prasessaethesianpilahle. | Qbgecomnaniess when pgksC lﬁ/ﬁg‘ﬁﬂngmﬂ%i’mé’ n attenpt to
do so, considering them5 unmanufacturable w thout even trying. As

descr sibethr large freayCletalest waild notipen, attetmpt foeda 4, eorsidesingdednydes a row of

gui de grooves for each row of holes. In the ferrule of FIG 3, the access
way hasmbeehcteRbi WiEkbwReen tiyiggupper rows of gui de grooves have been
renoved so that the holes for the fibers can be viewed through the access

way of the ferr 5&'& eéérﬁ)eﬁlir%e Ghta Bt ﬁrfdp%rﬁﬁ@fe&ﬁllé 18s %n@ﬂﬁ%@;ﬂf@@hﬁgﬂﬁet he 5 x

12 ferrule of Fli taken fromdifférent views. FIG is a close-up

phot ogf 3Ph. & 5%&; SXRIREY. TR 318! SIUE RedoBE Ry nhsARKh BitatdUiOnbiNe

ferru sS'way fromthée sane angle a he pur pose

of the guide grooves is to Llaci litate fid;){or insertio nd.to support the
fi ber theghper ISt Euilegioquss BpyeheepFaIRgvY rtaﬁtgtﬁﬁ bO]F?\ rt%Fﬁ IRFREL RS the face
portion by up to an additional 1.5mmor nore. FIG 5 shows a sinplified
vi ew sfeveedplrongly thesgoessfvay of g fgitelehaving a 3 x 4 array of fiber holes 502
and gui de grooves 504, simlar to those used in the ferrule of FIG 3. The
rogvs are steppedIGSi 4,6 4nde dreiester pboiosBhbef tip § hé2 fange of FlGaridtakerch
successi vely
from different views.
FIG. 4 is a close-up photograph of the exposed row of guide grooves taken
looking into the ferrule through an access way from the same angle as in FIG. 3. The purpose
of the guide grooves is to facilitate fiber insertion and to support the fibers once inserted by
15  effectively increasing the thickness of the face portion by up to an additional 1.5mm or more.
FIG. 5 shows a simplified view of a portion 500 of a ferrule having a 3 x 4
array of fiber holes 502 and guide grooves 504, similar to those used in the ferrule of FIG. 3.
The rows are stepped, with the lowest row 506 being the longest, and each successively
higher row 508, 510 being slightly shorter. Depending upon the particular ferrule the guide
20  grooves are semi-cylindrical or “V” shaped in cross section. During manufacture, fibers are
inserted into the guide grooves of the lowest row, followed by the next higher row, etc. until
all the desired fibers have been inserted. As their name implies, the guide grooves guide or
direct the fiber into the fiber holes of the ferrule.
FIG. 6 is a closer photograph of the ferrule holes in the ferrule of FIG. 3 taken

25  looking into the ferrule at an angle through the access way. As noted above, some of the
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hi gher row 508, 510 being slightly shorter. Dependi ng upon the particul ar
ferrule the guide 20 grooves are sem -cylindrical or "V' shaped in cross
sect i on. WorBngssmnuf acture, fibers are inserted into thecgaisdeogenoves of
the | owest row, followed by the next higher row, etc. until all the

desir i I L wgao i i i de grooves
gui de?%?gd%ﬁ%c%} 8‘%{ egqﬁﬁgglﬁaflﬁﬁggg%séﬁ?#b%?é{% es O%Hq?éﬁea?? gxrﬁro S{I?de.ﬂ)lrl FI G g6 is a
cl oser. phot ogra of the_.ferrule hol in the ferrul e of n 25
ookt i o D becseetitb i natpeEaRyt B FIG A piodt BdpBe Bl pEbfRughBbty
above, some of the -4 WD 03/076996 PCT/US03/ 06322 rows OE %uhde grooves
have Berb, thaipisedsible variation iibe size pefdhghape ohHiedwlesas VURSLBGVRES  vi ewi ng.

As can be seen in the photographs of FIG 4 and, nore clearly in the
phot ogemptingfone BbIB. fr@n ahbibee Tlesyvaidtioss srgrdusttd dre prableme neted@baykl shape of
the holes as well as the walls separating one hole from another. These

vasi aty aﬁin? ol bartichRr e, Birmohotedtiah oxeinhibiDRpetintertipny pifect ke
particul ar defect, the hole variation can inhibit fiber insertion, affect

the %t&tg Oy afttordhd BEndd1eod: Al Rtk REGBAGLET Bl VAl eatlat | nser ted

fiber esirable results. In addition, although these holes are
cl earl isible.in EL.G 6. in,actual it - f.] I obscured
From vreull ol Ao g sbRLERES ARk BilBie 2%, 6 IR Wil el B T0CC
grooves makes it difficult, if not inpossible, tp.fix _a partial bl ocked
or cobhrlepEeyldRs ebscurgd fom Big Watgﬁéll‘ﬁlﬁ oy es-eft ?ﬂodét.mIFF}@ ﬁ?seflge %Il%ﬁ ot ogr aph
of the sane holes taken looking into the ferrule of FIG 3 through the
rear entegfoavieenfalses itdifficwls, i€aot impessitils, tp dixgeraitially blppkedgr sedgsaphRolet her e
is visible variation in the size and shape of the holes as well as the
wab | s vagpar &nmapgngthe foohle. from anot her includi ng marked differences in
hol e size, partially blocked or collapsed holes 15 and variation in wall
t hi ckness bet wegnGadjacsititogiapiest the same holes taken looking into the ferrule of FIG.

3 through the rear end of the ferrule. As can clearly be seen in this photograph, there is

visible variation in the size and shape of the holes as well as the walls separating one hole

from another including marked differences in hole size, partially blocked or collapsed holes

15  and variation in wall thickness between adjacent holes.
As such, the prior art has been forced to do without commercial connectors for

such large arrays, because such arrays can not be reliably created, and ferrules for use in

commercial connectors for still larger format arrays are still considered unmanufacturable or

prohibitively difficult for those in the art to even attempt. Moreover, since single mode fibers

20  have an even smaller core diameter than multimode fibers and hence can have a smaller
overall diameter, molding or machining ferrules for use in present form factor commercial
connectors that will accommodate large arrays of single mode fibers is currently, for all

practical purposes, considered equally prohibitive if not impossible — particularly on a cost

effective commercially viable scale.



As such, the prior art has been forced to do w thout comrercial connectors
for such large arrays, because such arrays can not be reliably created,
and ferruwesfomIuse in conmercial connectors for still Pargse3/baemat
arrays are still considered unmanufacturable or prohibitively difficult

for those in theThid oliPatBveAs & fRTHH entiMPIROVAT nS1ME BosintaiflyBAabicber s 20
have an even smaller core dianeter than nulti node fibers and "hence can have

a smal &&@ectewngtaagipiﬂéc@a&fc%mg% qué&nﬁéda@@&b%g%}p%fff va&sLsL ?fﬁt,%g/gael‘x? &l n

pr esent ormfta nmercl a connectors t acconmoaa I"ar ge

arrays_of, single nmode fibers is currently, for all ractical purposes,
const dUBJATEE AT FIAY GBS Ao O OMRSEE P areshg G RAfIPRRIFT B cost
effectjve commercially viable scale. -5 WO 03/076996 PCT/US03/ 06322 Thus,
our at k@wﬁﬁtdsscwag‘?dqwéhk@ Hiose o s att seeine)siplag pieces imihecoasingionthat | abl e
connector conpatible plastic ferrule to accormbdate an array of 5 rows x 12
f i Ber sguchvierorles comd éitireg @of oy made am o agmiiercialéy visblefscaievbesuldfotrtemadevar t wo,
irrespective of fibers per row) |eft us discouraged and, |like those in the
art seglking simlar pieces, to the conclusion that 5 such ferrules could

ei ther not be nade on a comercially viable scale or could not be nade at

al'l. Thus, despifigt h@spﬁrs&wrﬁgqn@Wiﬁgne&?f&rff&;ulé%aﬁéaﬁ%ew@& fopan be

used for Jlarge arrays of fiberS, and t attenpts 1n the art to fulfill
t hose been | cessf ul do so., Mreover, to
the 11 ok 8T AeotEE BT BBrR YEERIB ol RS BbbBE "1 or
5 x 16 plastic ferrul es all, the ability to consjstently and reliably
pr oduc %g’cgll}“feé?fﬁhy Z\Q $Po MY Bt 1%5%‘51%%“%%“&‘? asgvenppen ablg tog] one i n
commodity item quantities, is elusive. SUMVARY OF THE | NVENTI ON

10 mold the above 5 x 12 or 5 x 16 plastic ferrules at all, the ability to consistently and reliably

produce such ferrules to address the need in the art at all, let alone in commodity item

quantities, is elusive.

SUMMARY OF THE INVENTION
15 We have discovered that, contrary to conventional wisdom and the teachings
of the prior art, by fabricating a ferrule where the overall thickness of the forward portion of a
ferrule (including any structures that facilitate fiber insertion) is less than the 3 mm (i.e. 3,000
microns) or more used in the prior art, a large format array ferrule can be formed using
conventional molding techniques. Moreover, it can be done with commercially suitable, cost
20 competitive, yields.

In addition, we have discovered that, by reducing the thickness of the forward
portion to less than the 3 mm used in the prior art, such large format array ferrules can also be
formed not only using transfer molding techniques, but also injection molding, casting, or
powder metallurgy-type “pressing” techniques, as appropriate, for polymers (including

25  thermoplastics, polyimides, curable resins, thermoset resins, etc.), ceramics and metals.
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15 W have discovered that, contrary to conventional w sdom and the
teachings of the prior art, by fabricating a ferrule where the overall
t hi cknesswofo3oh®9d orward portion of a ferrule (includingPamyuses/odier ures
that facilitate fiber insertion) is less than the 3 nm(i.e. 3,000

m crons) or mor &R fulthbEs@veRd Rt corftrabPod@nt St RkI Wstiéh hetikd!l € can be
formed using conventional nolding techni ques. Mreover, it can be done wth

conmmer.ci al | itable, cost c et ields. ] ition, we have
di sco&%arcgﬂlg%/ ﬁg ST Abti Sﬁga%%eaq%h@%ﬁﬁ%ag\s{%gpyfﬁ[lee%% A gg‘%porti on to |less
than the 3 mMmused in the prior art, such.lar format aryay. ferrules can
al so 5envenge ‘E‘BFg}BF]‘P © BeGeRY ?oérféqcégu gcﬁ“ﬁé’rts‘éﬂ?ﬂ% &%é? BRESEY so

i njection nolding, casting, or powder netallurgy-type "pressing"

t echnivgthealmoaterdingly o notaandirely owithait yregospiablydifipdiing eazs of fibembpisiraen Pt s,

pol yi m des, curable resins, thernoset resins, etc.), ceramcs and netals.

- 65 WO b3t QufpoatoR6Hy 495036 0312 2hichieshafrie tarmtahEportibs pinseheguitihigtooveont r ar y
to conventional wi sdomand the teachings of the prior art, as a separate

and sicQnbi G0 4108 16 axislo?e fdk H81c91:9638Ban WROUEREJRNal |y thought to be
necessary for fiber guiding and/or” support, can be dispensed wth al nost

entirely, if notT}%g%Mscgg%lg? -eéggf%e%m??ﬁ&ﬁ%%fﬂff%rﬁﬁh%e%@c%‘?diﬁggiieber

insertion or 5 fi ng as e over al ness o
forward portion plus the guide gropoves gPﬁas nmeasyred al ong. the axig of a
fi ber th%{’)"éfeqt @WCEE%H’PHEW“%(}V #Hq%c‘g’élﬁér} ¢ Enﬁilgad%}ﬂ’dﬁf‘ ﬁﬁ ‘98 ?ff“ﬁ% f or war d
portion of a ferrule made according to the present inventjon, particularly
when dbrdnatipng phiha BEide @roaries.ALows agonmersial emeeipr corppaiidile laggei faimatt i on, of
the guide grooves, allows a comercial connector conpatible |arge format
1Q@0ar razmpy ffenrula t@b¢ mobied mepedtadh Ly, e earhsiotopallyi suitellquantitees] W aggst abl e
quantities, in a cost conpetitive manner using prior art techni ques. Such
I nventdoMpefigid thhSer hag pbiet bk kechniques. Such inventive ferrules have better

uniformity in size and shape of the holes and walls between them, in large formats, than

could previously be made according to the prior art, without reducing the structural integrity

of the ferrule near the face to a point of concern.

15 A ferrule in accordance with the present invention therefore represents a
significant and valuable improvement in the art and addresses a significant need in the art.
The advantages and features described herein are a few of the many
advantages and features available from representative embodiments and are presented only to
assist in understanding the invention. It should be understood that they are not to be
20  considered limitations on the invention as defined by the claims, or limitations on equivalents
to the claims. For instance, some of these advantages may be mutually contradictory, in that
they cannot be simultaneously present in a single embodiment. Similarly, some advantages

are applicable to one aspect of the invention, and inapplicable to others. Thus, this summary

of features and advantages should not be considered dispositive in determining equivalence.



uniformty in size and shape of the holes and walls between them in |arge
formats, than could previously be nade according to the prior art, wthout
reduci ng wbaessteect ural integrity of the ferrule near thecrasesoas2a point
of concern. 15 A ferrule in accordance with the present invention therefore

r epr esedHiforf) fahBRd {dCantnBngd o‘f@kﬁéﬁ%@éxﬁidn@ﬂw&aﬁ@tap#d}eﬁthﬂt}&rfblléﬂsﬁ}mgaddr esses
a significant need in the art. The advantages and features descri bed

her ei Qle%{n%tﬁ%nfﬁ%%e ﬁﬂ%i%p%%ﬁﬁgﬁ%égﬁ&énd features avail able from

represe I'vEe enbodr men are presented only to assist in
understanding the invention. It should be understood that they are not to
be 20 considered limtations on the invention as defined by the clains, or
limtations on equivalents to the clainms. For instance, sonme of these

advant ages may be nuBRIEEDESGRIBIIONOYF THE PRAWINGEy cannot be

simul taneously present in a single enbodinent. Simlarly, some advantages
aré applicabl e tldGomés apprecirt admmbeeial optodl ifiber camdetonagppghblyabl e t o ot hers.
Thus, this summary of features and advantages shoul d not be consi dered

di spositive in dgtepnd M Bla@edpNGbERABE. in perspWARIEY,639G i WSOB! 06322

Addi tional features and advantages of the invention will becone apparent in

pescrimi o epe PRl s ral ke R L RETRET, S700 PR o S

fiber Egﬁmect or, assenbly; FIG 2 is an enlarged photograph, in perspective
view, BFPEEAF art 1 x 12 ferrule having an outer dinensional shape for
use in an MIP, connector of the prior art; FIG 3 is a

MPO, MPX or SMC
phot ogr aph of a HGx319aphotpgiaph gt 2 p fel feryle ofthe PAY %G 4 is a close-up
phot ograph of the exposed row of guide grooves taken
10 FIG. 4 is a close-up photograph of the exposed row of guide grooves taken
looking into the ferrule of FIG. 3;
FIG. 5 is a simplified view of a portion of a ferrule having a 3 x 4 array of
fiber holes and guide grooves;
FIG. 6 is a closer photograph of the ferrule holes in the ferrule of FIG. 3;
15 FIG. 7 is a photograph of the holes of FIG. 6 taken looking into the ferrule of
FIG. 3 through the rear end of the ferrule;
FIG. 8 is a simplified, generalized top view of a plastic ferrule of the prior art;
FIGS. 9A though 9G are example arrangements of ferrules configured for
large arrays of fibers;
20 FIG. 10 is a simplified representative example of a top view of a multi-row
ferrule according to the present invention;
FIG. 11 is an example embodiment of a ferrule incorporating the invention;
and

‘FIGS. 12A through 12C are cutaway portions of alternative examples of

25  various ferrule variants incorporating the invention;



| ooking into the ferrule of FIG 3; FIG 5 is a sinplified view of a
portion of a ferrule having a 3 x 4 array of fiber holes and guide
grooves; WD@®3/0%&9%6& a cl oser phot ograph of the ferrul e hol @sTiusoy/is21 errul e
of FIG 3; 15 FIG 7 is a photograph of the holes of FIG 6 taken | ooking

into the ferrul grof;s £ Ia?&rt?a(l)tcﬁ'ﬂ’a%gplg%ggecg?ﬁ“bf M?&fexﬁl:ﬁglé efile; FIG 8 is

a sinplified, generaliz p vie astic ferru of the prior art;
FI GS. 9A though re ex |l e arrangenents of .fer configured for

| arge arrays of F?&@%@;"‘@%@F@“ﬂ#%‘eﬁ’g}l Of??ré%{ﬁec’gﬁé%nt ative exanpl e
of atop viewof a nulti-row ferrule according to the Frfﬁse t i.nvention;
FIG 11 is an eKHap)Selsansgenl FaiatvayLross sestiph 08 anGihel sy amRts e8P ivent i on:
and FIGS. 12A through 12C are cutaway portions of alternative exanpl es of

25 vasinaiss td theronk @ FHB.i1&nt s i ncorporating the invention; -8 WD 03/076996
PCT/ US03/ 06322 FIG 13 is a partial cutaway cross section of another

exanpl e ferrul eFIE! B isbdattsal @opdietvi Akhd Rpuld wirtiod of FIE. 6 rul e portion of
FIG 13; FIG 15 is a partial cutaway cross section of another exanple

ferrule variant FI(?i i fs%rpamlkﬁﬁu@%%rdlsg_s&:t:i% 0;%0@3@,&@;]665@@16&@3%@ al top

view of the ferrule portion of Fl Is a partial cutaway cross

secti gﬂni thc?&l%torﬂggnﬁﬁmlge ferrule variant simlar to the one in FIG 13;

FIG. 18 is a partial top view of the ferrule portion of FIG. 17;
FIGS. 19A through 19C are examples of ferrules having different face and
10  inner surfaces;
FIGS. 20A though 20C are further examples of ferrules having different face
and mner surfaces;
FIG. 21 is a fiber optic cable assembly incorporating a ferrule according to the
teachings of the invention;
15 FIG. 22 is an alternative variant of the cable assembly of FIG. 21;
FIG. 23 is an example of a male half of an MTP, MPO, MPX-type connector
housing a ferrule made according to the present invention; and
FIG. 24 is a representative example of a male half of an SMC-type connector
housing a ferrule made according to the present invention.
20
DETAILED DESCRIPTION
FIG. 8 is a simplified, generalized top view of a plastic ferrule of the prior art.
In general, the ferrule 800 has an outer or face surface 802, a rear surface 804, and a chamber
806 defined by the body 808 of the ferrule 800. A forward portion 810 of the ferrule 800 is

25  defined by the separation between the face surface 802 and the innermost part 812 of the

-



FIG 18 is a partial top viewof the ferrule portion of FIG 17; FIGS. 19A
t hrough 19C are exanples of ferrules having different face and 10 inner
sur f aces;wWbBloG876920A t hough 20C are further exanpl es of fePCHluss3/ma@2i ng
different face and inner surfaces FIG 21 is a fiber optic cable assenbly

I ncor e hi on; 15
FI G 9%&%@62?%2{6&3‘%?0\52 ?hﬂgsggf%% g?gzﬁlg%tgg@aléeé%%ll FIG 23

s an_ex e c t sing a
For r UPBHEAS 4BEH T e %%?%Cﬁéaé F%aé et e B VS 880 35 kinghR
representative exanple of a male half of an SMC-type connector hou5|ng a

f er r uths fiale 899(?6?@11 AGORRSCiOle present invention. 20 DETAI LED DESCRI PTI ON
FIG 8 is a sinplified, generalized top view of a plastic ferrule of the
prior art. |n getherfairyles B0 ¢&the plier 800ht thickanssoilkt’ @ ther forsierd potid®d 802, a
rear surface 804, and a chanmber 806 defined by the body 808 of the ferrule

809. #, frioscsefddnOwith e Bdited bl thieychdal wesdda) at ka 3nde{(3,0e0migrons)e
separatlon bet ween the face surface 802 and the innernost part 812 of the

-9 VOQR/0HR8 FinBCGIAILER, Q%zedctb%mf a881e Jp?t:ﬁrﬁ%g doBné@liheSini® i City as

t he "1 nnet sur?ﬁce" The ferrule 800 al so %as a shoul der 814 near the rear

f 80 d h
Purt RS- B4 kS AR TP PP B ERE oL fagr 10 e

t hi ckpess "k" of the. forwar r
bya center—to center distance, ca?leg (t)h pltoh 8]'Most arrays are linear or rectangular and

have a pitch of 250 microns (+ a few microns of manufacturing tolerance).

10 Additionally, guide grooves 818, one for each hole 816 in each row of holes,
are located on the chamber side of the forward portion 810 to, as noted above, facilitate fiber
insertion and effectively extend the forward portion to provide further fiber support. These
guide grooves 818 are typically about 1.5mm long, although they can be longer or shorter. In
the case of the ferrules described in Ohta et al., the guide grooves are stepped as in FIG. 5 so

15 that each row of guide grooves is slightly longer than the row of guide grooves immediately
above it.

In some cases, the ferrule may also contain one or more additional (non-fiber)
openings or holes, such as guide pin holes, that are used for other purposes. Such non-fiber
holes, whether or not present, are irrelevant to the invention and therefore not discussed

20  herein.

To assemble the ferrule 800, the individual fibers of a group, typically a
ribbon or cable, are inserted into the chamber 806 through the rear surface 804 where they are
separated and each directed towards the individual holes 816 in the inner surface 812 by the
guide grooves 818. The fibers are inserted through the holes 816 up to or through the face

25  surface 802.
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51is, in accordance with the dictates of conventional w sdom at |east 3mm
(3,000 mcrons). Holes, called fiber holes 816, each sized to accept a

si ngl e opwpD®alo7dpber, connect the inner surface 812 w t hpChashaes2sur f ace
802. The individual holes are spaced from adjacent holes by a

cent er - t o~ cent el SLAM it R Sidyldie an Bbbeh il Aplcrf b8y sy | mear or

rectangular and ave a pitc 0 nlC ons ew m Crons O

ol o, BEBIR Baniperts e r‘rBrlrggm e 3%%3%&9%%8‘1@% R

forward portion 810 to, .as noted above, facilitate fiber rt on and
ef f ectnpyentateellens appEerdy Wk as B PRI Q ke lé‘rs‘éf\f;fiddétoftI]? PIP*?é’PbeF §g’r fjgeﬁg&‘o
These gui de grooves 818 are typical lﬁ about 1.5mm | ong, although they can
be | ofibes areralkingrlace; thetaby affivdng e withintbe farle B Qescthe Bibdrsiate Gl et

al ., the guide grooves are stepped as in FIG 5 so 15 that each row of

gUus dejsIaay B thes nihnigltdringlpen@sdes bidiastdngle mlishihg g flee giréoe 862 canrbeli at el y
above it. In sonme cases, the ferrule may al so contain one or nore

addrtg g@.‘mgnon fiber) openings or holes, such as guide pin holes, that
are u or other purposes. Such non- fiber hol es, whether or not present,

N onbl o trant o DRphitah RSt 8RR 00, %ﬁ!&%ﬁgftﬁ%?or@gfdfe%'g§%Ef%?fflezagc&gre' n. To

assenble the fe typically a

ri bbon or cable, are inserted.into er. 806 .t t he re r . surface
804 wHEKOW wymaréomgléiﬁérrlﬁr Erlfalﬁrjs‘g%?&ﬁ SEEPEE efaf‘r%ﬁa %ar KgP SRt al

hol es 816 in the inner surface 812 by the guide grooves 818. The fibers

are i nbbetimr stfanggH 2tsheh ml@gfnsnéﬂ@pﬁbl%ﬁher Ressudotding odbe 25 surface
802. -10 WD 03/076996 PCT/ US03/06322 An access w ndow 820 provides an
op@ni Bghvientiendl dsdona nhercasondobtiiehthickness “k” of the forward portion 810 being about

3 mm or more is to ensure there is adequate support of the ends of fibers inserted through the
holes 816 as well as adequate structural integrity of the ferrule 800 itself near the face surface
802. This is particularly the case where, due to the connector the ferrule will be used in, the
area of the ferrule face 802 can not increase (i.e. it will remain constant) as the number of

15  holes therein increases.

Conventional wisdom teaches that the thickness of the forward portion of the
ferrule be made thicker to increase the strength of the ferrule and support the fibers inserted
into the holes therein and that guide grooves are necessary to both provide support for, and
aid in proper placement of, the fibers in the fiber holes. Conventional wisdom specifically

20 teaches that the thickness of the forward portion of a ferrule be at least 3 mm or thicker, for
the structural strength of the ferrule and to adequately support the fibers inserted into the
holes therein. As we discovered, this conventional thinking sacrificed the ability to mold
ferrules for large arrays.

We have discovered that, contrary to conventional wisdom and the teachings

25  of the prior art, the forward portion of a ferrule of the present invention should be less than

-11-



facilitates the placing of the fibers into the guide grooves 818 during
manuf acture and, where appropriate, allows a material, such as an epoxy,
to be inswptoan749s¢ o t he chanber 806, after the fibers ar@calusos/os3pt ace,
thereby affixing themw thin the ferrule 800. Once the fibers are firmy 5

in pl ages nfiol bRfe B&Qéﬁt@seaﬁm&empgﬁsm@&%@éhmigcopeﬂeham,ng the face

surface 802 can be per med. Dependi ng upon the particular ferrule, the
f or war . aec i . COi.NgGi -0t i nner
R L L R R
812 such as sho in FIG_8,.1n either case, according.to the 10
converffisRsAsad wﬂ\gﬂ%}lmst eI Do IGh PV, RRITIE K Acaravk oF OWHE g

portion 810 being about 3 mmor nore is to ensure there is adequate
suppore&ffestivanges efribis approaripeias nphehwique driohtoegreliyieaking pdgrda Bawsg ael | as
adequate structural integrity of the ferrule 800 itself near the face

suisf acferw&0portibhi of 1&ss thwar 3mmLdnartbsying litefoe deabiiite te propedy supgoteandonnect or t he
ferrule will be used in, the area of the ferrule face 802 can not increase

(i .. dohstidih b 14r8EBHRy 6PABEE Mhllc @aiktBRiPUAD BEcRfary Stridah@P fdAE RiegihNCr eases.

Conventional wi Sdomteaches that the thickness ot the forward portion of

the ferrule be gadgLEESIchRoldGIERRE iIRrSLGINh 8frhbes bekul e and

support the fibers I nser nto the I'es QU|§e grooves
are riecessary to ho ovide s rt for d.,aidin oper pl acenent of,
the rimerar rere pthe et ERGuh e Shan itulson wbelt PREGISE T eaches
that the thickness of the forward portion of a ferrule be at | east 3 mmor
t hi ckegbouk Jpm qrilickeragdn gpmyentipnad figgrHeo fintadditiony angl ie capiast i wouxefipnal y
support the fibers inserted into the holes therein. As we discovered, this
cdiv envisdoral the irmidé nfthsaeesehi inzehtiondas bithinta) ta no guikes, af eppaské bog of ar ge
arrays. W have discovered that, contrary to conventional w sdom and the

t eachi gxgded Bagtf gdiflegiobi ey foatich roefholesar d portion of a ferrule of the

present invention should be |ess than
As a result, the configuration of the inventive ferrules makes molding large
array ferrules possible using prior art techniques and makes possible the doing so with a
commercial production level yield at a cost fairly close to that of the prior art ferrules
15  resulting in a significant cost savings relative to those of the prior art. The reduced thickness
of the forward portion of the ferrule allows polymer ferrules for large arrays to be made using
prior art techniques with better uniformity in the size and shap'e of the holes as well as the
walls between them, without feducing the structural integrity of the ferrule to a point of
concern. The inventive ferrules can therefore be reliably and repeatably made in formats of
20  more than three rows with a 250 micron pitch or less without the deformation and problems
heretofore experienced.
Testing conducted by the inventors and their associates has confirmed the
cooperative features and benefits of the present invention as contrasted with, and contrary to,

conventional wisdom and the teaching of the prior art. Specifically. contrary to conventional

25  wisdom, testing has revealed that up to a certain material specific point, reducing the
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-11 WO 03/076996 PCT/US03/06322 the 3 mmor nore presently used in the
prior art. Moreover, we have discovered that, contrary to conventi onal

wi sdom arwotobe7d9e@chi ngs of the prior art, the gui de grooPe3/usanodse2

di spensed with alnost entirely, if not entirely, particularly for arrays of

3 " OVhyiQnclDS J&wfgrﬁ&;. gﬂ(ﬁa%ﬁla%g it @1@00@59@&%&@1% gkt Pk OUs prior

to a y nmaKli ng a rru aving a 5 forward portion of |ess than 3mm

and testing it.for the ability to properly su rt..and . c ip alarge
arr ay?%ful‘f“ g@b’h@y %ﬂ?@@oﬁgfené‘%ﬁr#wﬂj ﬁ’ﬁ@gﬁg@elosl a yﬁlg tﬁrbﬁﬁstlﬂoaﬁggﬁ Eeﬂ{e?'u e
strength. In contrast to conventional w sdom, the forward portion, of

f er r ureditipn, atgdhiskeeseaf 1 30pEAERSHT QNET I5H glepmd%ppquglﬁ PREIGHET M3texiahor
ferrule, as opposed to being made about 3mm or thicker as in conventional
f er r unesl), tha fadi¥ ¢ stowturanotegritys althaugbtsliglcrsdveadttyomedbsolute mpasteaivas he
ferrule of the present invention has mnimal to no guides, as opposed to

| 09 @fore BaaRREttidR fettthe Gigdrdied uaéesThie reshirasmovobfiotoprés: to Astiag,r esul t,
the configuration of the inventive ferrules makes nolding |arge array
ferr .UIELﬁé wRO Sk t&é{p@&aﬁ%ﬁ@ Bordfehtibef RALANG o3 R IRR SnP 88 SdxBb&ericBe doi ng
so with a comercial production level yieldat a cost fairly close to that
of the .@rt'bor .aré flﬁrrul es 15 resulting in a significant cost savings

rel at V8 P8 HGNRYEf ¢ he prior art. The reduced thickness of the forward
portion of the ferrule allows polyner ferrules for |ar arra .0 be made
using prior ar tOyede i Guedian Fﬂ@t@é‘ﬁgﬂfﬁ#{gﬁﬁ’i@wﬁaﬁs 8ﬁ%be§f’i%a'é‘$18gshape of
the holes as well as the walls between them w thout reducing the

st r ucspecafic pmanggmienty su¢h asrhomarin fleSt YA dhrpugh G oravingiyedimensingali nvent i ve
ferrules can therefore be reliably and repeatably nade in formats of 20
moo e fhramts kg thamvike Wixt12 and250 1 ragayofjihe phioront ¢aass papduvedusinge

deformati on and problens heretofore experienced. Testing conducted by the
I NVentehden@iBialthslingaschatjuat. e AlthaschctB s hhufidelr Edifigurations and arrangements

of the arrays, in terms of specific placement, pitch and number of fibers in the array is
unimportant to the invention, some representative example arrangements that can now be
readily made include a large format rectangular array of multimode or single mode fibers
15  (FIG. 9A) on less than 250 micron pitch (for example, a 150 micron pitch for conventional
125 micron diameter (core + cladding) single mode and multimode fibers, or a 65 micron or
less pitch for single mode fibers with as small as a 7-9 micron diameter (5 micron core + 1-2
micron cladding)). In addition, arrangements of single or multimode fibers in a 3 row
rectangular array (FIG. 9B), a 6 row rectangular array (FIG. 9C), a 9 row rectangular array
20  (FIG. 9D), a square array (FIG. 9E), a hexagonal array (FIG. 9F) and a circular array (FIG.
9G) can be made on a pitch of 250 microns or less.
FIG. 10 is a simplified representative example of a top view of a multi-row
ferrule 1000 according to the present invention. The ferrule 1000 is dimensioned to be used
in a commercially available connector, such as an ST, LC, MT-RJ, MTP, MPO, MPX or

25  SMC connector to name a few. The ferrule 1000 has a body 1002, a chamber 1004 defined

-13-



cooperative features and benefits of the present invention as contrasted
with, and contrary to, conventional w sdom and the teaching of the prior
art. Specwbiosabdsge contrary to conventional 25 w sdom te®Cirngoheas2? eveal ed
that up to a certain material specific point, reducing the -12 WO

03/ 07§§§;§e ﬂgﬁg/ 19894 ARTcr 100, 6k (Eifona) abiis WATMAY HUROR bic@RuARE B1bM nal | ng

the gu oves no effect thé ferrule' s ability to support the
fib h Pl tQ i t ' [ g ddi ti on,
R e R G e e b

material used), the ferule's structural. integrity, although slightly

r educ 8¢ fasg 1%0%@H}Gl}fl’éerr?ﬁ%f%‘t?r]é),lzv@élhg’l?réﬁ’%qpﬁ%r}Oiéﬁ‘siS P‘@H#ﬁq‘yoarret he i nt ended
purpose. This result was not obvious prior to testing, _and was contrary to
expectatngedin ali gmedenivis ofia? heles peraerdrand; (apidrnsdly addiionel featirpiertiddtses  wi t h
those in the art. Due to the invention, ferrules configured for |arge

ar § ay gn@khéwhehst ark neddudi ofer pyrpodck not @iavamgenininserstionh as shown in Fl GS.
9A through 9G having two-di nensional 10 formats larger than the 1 x 12 and

2 x 12 arrays ofp, tBGrRf I%he Bfibr £BR0WE P tREHEA kS MBe frRBNEUional™” ®ol di ng
techni ques. Al though the particular configurations and arrangenents of the

array i,n_t . i £l ] in the
2t ay oos W PTG Plonf BFE G ATERIF Bha, i bheBhile WD EFe RS RISP S
arrangerrfnts that can now be readily made include a | arge format
rectaﬁb’ﬂ-ar array of multinode or single node fibers 15 (FIG 9A) on |ess
than 250 mcron pitch (for exanple, a 150 mcron pitch for conventional
125 micron dia e theanaximupy thighness pf Siedgrveardpagioan§ et eber s, or
a 65 mcron or less pitch for single node fibers with as small as a 7-9
miler ostradtares; i€ any)Svilli terless thar 3006 micfonsnthe periicolaatdelmgyy T thah cargel vgedn,
arrangenents of single or nultinode fibers in a 3 row rectangul ar array
(FI G vw8Bbe vAtin b oM JeqEAt a1 bk Aiatéridl dpdndbst and Genceg ndyvayy fremtrastgdlas ar r ay

material. This is because T is less than or equal to the maximum thickness that allows the
ferrule to be properly and repeatably formed from the material, at a commodity item volume
yield, using the applicable process.
15 In general, the minimum thickness, Tmin, of the forward portion 1014 may
also vary depending upon the particular material used to make the ferrule. However, Tmin
can be readily determined empirically by making a ferrule ;1sing the desired material of a
good thickness T, for example 250 microns, and then (non-destructively) reducing the
thickness of the forward portion 1014, for example by cutting, grinding or polishing, in 10,
20 20 or even 50 micron increments until the thickness can not properly support the fibers or the
structural strength of the ferrule 1000 is unacceptably compromised.
It is expected that, in practice, the thickness of the forward portion 1014 will
be somewhere between T < 3000 microns and Tmin and, most likely, within a range between

1000 microns and either about 150 microns or Tmin.
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20 (FIG 9D), a square array (FIG 9E), a hexagonal array (FIG 9F) and a
circular array (FIG 9G can be nmade on a pitch of 250 m crons or |ess.
FIG 10 iwoassiaypéified representati ve exanple of a top vipewusbs/es3oul ti-row
ferrule 1000 according to the present invention. The ferrule 1000 is

di mensi oned to .uﬁ%%anieﬂalﬁpfécéﬁﬂ?fdﬁhéﬂtlofa@é’xﬂlé@Pd)@irfé@%%ﬁl the SUCh as an
ST, LC, MI-RJ, , O, MPX or 25 SMC connector to nane a few. The ferrule

h b , i - . :
210, Sk A A B B I T o,
i 1008, e sl 1010, . ' 1012, f . [
O 8y BT Wl O e 1 001

surface 1012, nultiple fiber holes 1016 (as shown they are arranged in

al i gneeseripwmdoff 4 polyoicasppaficallywp cureddglesspiillasenoky) Thelfirtyloplad hisehd res or
holes 5 (not shown) that are used for other purposes not relevant to the

i Ny ent1D eectarlgnlag @ity apéeventytihe fitier doleal 10/ ouated in thielfece duraka B adfthd he
forward portion "T" is |less than 3000 m crons but greater than Tm n and,

i Nt higg@XANH Snd ARG AMEouRR BYTHR I RANAST 108 ofdhd ferdié | FOOHB EndmRKETUM

t hi ckness of the forward portion 1014 (i ncluding guide 10 structures, if

any) w lf%iciqu%tl S\%gflﬁf r}:ﬁge %&%OT%S%EE ﬁrﬁ cflglgléﬂgﬂéd' t6 %le%[iélgcgt%g%? ﬁﬁn-{laé E?éﬁt can be

used Wi range that w mat eri al nt an nce, my
RRMED CAE ORI RN R s
repeatably formed fromthe material, at a commodity item vol unme _yield,
usi ng neipkenPiehi Adbpeshnaexisent fromthis yigye thy thigkpess 'lrﬂfﬁ%ﬁ'rfoFWi‘rglﬂ‘?E%‘& Train,
of the forward portion 1014 may also vary dependi ng upon the particul ar
mao er 1408 isdest than 3000emichensi(frpuimseHoiusiratiomoalynit is 250 microns) and there
are no guide grooves at all. As shown, this ferrule 1100 also has the optional features of as
guide pin holes 1110, 1112 and placement indentations 1114, 1116 that relate to aspects not
pertinent to the invention.
FIGS. 12A through 12C are cutaway portions of alternative examples of
15  various ferrule variants incorporating the invention.
FIG. 12A is a partial cutaway cross section of the ferrule of FIG. 11 viewed
along direction Y at a section taken perpendicular to Y through line X-X. In this view, the
chamber 1202, two side walls 1204, 1206 of the body 1102 of the ferrule 1100, the row of
twelve fiber holes 1210-1232. In this view, the thickness T; of the forward portion 1108 can
20 be seen and, as noted above for purposes of illustration, is 250 microns. It will be apparent
that, in this example embodiment, the fiber holes 1210-1232 are, within acceptable
tolerances, cylindrical.
FIG. 12B is a partial cutaway cross section of another alternative variant of a

ferrule similar to the ferrule of FIG. 11 except that, in this case, the fiber holes 1236 are,

25  within acceptable tolerances, cylindrical for only a portion 1238 of their extension through
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can be readily determ ned enpirically by making a ferrule using the desired
material of a good thickness T, for exanple 250 m crons, and then

(non- destwoaBiowmbe) reducing the thickness of the forwar@Cparsns/ei3221014,
for exanple by cutting, grinding or polishing, in 10, 20 20 or even 50

mcr Oﬂle'fﬂﬁﬁﬁgﬁehﬁﬁmho.' UnfiRe el fileh B5%s §810-1942 Hroeenbx Rl thed die 4l bers

or the 'structural strength of the ferrule 1000 is unacceptably

I
conpromi.sed. . 11 is expect t il ractice. t.hi f e forward
por (1 Bitnatees byt e RE Gl A e R ¥ Sob! et E L e
nost |ikely, wthin a . range befween . 100Q mcrons and either about 150
mi cr ofge sWTaGeal2A4. Thie ippscause @@@W@g@gﬂﬁm es F‘Pr&un?ﬁceﬁssar%gﬁ%xarrpl e
enbodi nent of a ferrule 1100 incorporating the invention. The ferrul e body
1102 helss earclormedt ioomaelh be parpelln Adredos éapsrad 12d46vp aef ag ssmallrguidpeandmssist ar t
ferrules - in this case the shape being for use in an MPO style connector -
amgl i withiter ikeseni(Be. Medecaqfbeahqahy oas a sypemial guidé btyycharex uNexdkrthgleass-fi | | ed
epoxy. The ferrule also has a 6 x 5 12 rectangul ar array of seventy-two

f i ber hQl @i A La6RbLE PR of Anfnaf Suide'stras@rel 4R vefall (R kné®lof e 1100 and
extendi ng through the forward portion 1108 of the ferrule 1100 to the inner

sur f a?o%w%gcﬁﬁ?rﬁgg \Js_g%fe fglplﬁe,fihplﬁﬁitng%hgif ;%é&% ?tﬁ%&rg”nﬁqgs%qgg?) ) rpgfﬁﬁlg ghtly

Ia{ge ) f bnlcron ou a tomnmonly avai b
. ! . A Mty
ovi dete Sheulit fits 1PBele BREEhTaRhUE ST Rrapofiog PR i BhITRERSD 1108 1 s

| ess than 3000 nicrons_(for,purgfses of illustration only, it is. 250
m crons) and t héle: 1241 is ansrigalicaawsy seres segtonHf [yet guothey gliFmativy arkag) of)) e
1100 al so has the optional features of as guide pin holes 1110, 1112 and
pl@Gcenatule niheirrao therferrdle b4 FIG116exckplt thate iratthes dase, dlaplloardiotnstl 24peret i nent t o
the invention. FIGS. 12A through 12C are cutaway portions of alternative
exanmpkghiPicceptable tolerances, tapered along their entire length 1248 to act as both a fiber hole
and small guide. As noted above, despite the inclusion of another type of minimal guide
structure, the overall thickness of the forward portion of the ferrule, including the guide
structures, is less than 3000 microns. The thickness T3 of the forward portion 1250 in this
15  exampleis T min.
FIG. 13 is a partial cutaway cross section of another ferrule 1300 variant
similar to the one shown in FIG. 11 as viewed along direction S at a section taken
perpendicular to S through line W-W. In this view, the face surface 1302, chamber 1304,
upper 1306 and lower 1308 walls of the body 1310 of the ferrule 1300, a part of the access
20 window 1312, a column of six fiber holes 1314, and the inner surface 1316 are all visible. In
addition, the location of one of the optional guide holes 1318 is identified. As can be seen in
this view, and unlike the ferrules of FIGS. 11 and 12, the inner surface 1316 is sloped to form

a natural stepping of the rows of holes relative to each other. An advantage of this variant is

that, should a particular customer specification require stepped rows to accommodate a
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15 various ferrule variants incorporating the invention. FIG 12Ais a
partial cutaway cross section of the ferrule of FIG 11 viewed along

di recti orw® oab7@9cect i on taken perpendi cul ar to Y throughPCirnse3ees22 I n this
view, the chanber 1202, two side walls 1204, 1206 of the body 1102 of the

ferr uhﬁti&& ﬁb%ﬁﬁ%@rrﬁ%% %Ehmgﬂ\é? kyeBspfeb 1Rt 1P £ LR O ittt sadkifichip s view, the
1 of the forwar

t hi ckhess portion 1108 can 20 be seen and, as noted above
for purpose f..illustration, is 250 mcrons. It will be apparent that, in
this @?ﬁﬁ%ﬁé“%%@ﬁrﬁ%ﬂgs the fiber holes 1210-1232 are, within acceptable
tol erances, cylindrical. FIG 12B is . a partjal. cutaway c ction of
anot her al t er nath (s %ﬂni‘%ﬁf’ar&m’aﬁe f}lé?lg’ﬁg oét}‘?rif?r&’rar(f}?)or%/lﬂ’érl?%@?"a&argf FIG 11
except that, in this case, the fiber holes 1236 are, 25 within acceptable

t ol er hetvesn aayinimamithigkndsel s end ¢ nzaxporw; thiskness d sobutt revill kscgre#st Bant hr ough
-15 WD 03/ 076996 PCT/ US03/06322 the forward portion 1240. Unlike the fiber

ho es od 21 &2BRi0indT'Gwill BAlhothen 8000 ttieoss.ze of each fiber hole at the
i nner surface 1242 is larger than the size of the sanme fiber hole at the

face surface 1244 u,iJBisnils «RB6AHURAL, (A HRGUILs 1BRIEI3) ey, dethal aevsablear e
unnecessary, the holes can be nade to each be partially flared or tapered

1246 t 1Ryl - ' ; | ' ' I i j.e. th
can. b ARt DR i ol SRRt et by REDMIREPRERR e, oh with

the inclusion of a type of mniml guide structure, the overall thickness
of théyhli‘cf?ﬁ’/\?a‘i“&lcﬁ@fiti on of the ferrule, including such "guide structures",
is less than 3000 microns. . As shown in FIG 12B, the thickness T2 of the
forward porti on Figad4 ise pastialiton Bgwheidhe farulepestion o6F(G. 13 Iggking throvgh away

cross section of yet another alternative variant of 10 a ferrule simlar
t 60t héhef acesslveinddwHBE. IiFlék ddalthdvah nof to schiegeletiveto klke 1#), Hearst¢npins 1246
are, wthin acceptable tolerances, tapered along their entire |l ength 1248
t 0 achfaf ek RoksBEEI33Wbevirtue of the angling of the inner surface 1316 is apparent.
FIG. 15 is a partial cutaway cross section of another ferrule 1500 variant
similar to the one shown in FIG. 13. This variant however, has flared or tapered holes 1502-
1512 such as shown in FIG. 12C.
15 FIG. 16 is a partial top view of the ferrule portion of FIG. 15 looking through
the access window 1514. In FIG. 16 (although not to scale relative to FIG. 15), the stepping )
of the fiber holes 1502-1512 by virtue of the angling of the inner sufface 1516 is similarly
apparent.
FIG. 17 is a partial cutaway cross section of another ferrule variant similar to
20  the one shown in FIG. 13. This variant however, has partly flared or tapered holes 1704-
1714 such as shown in FIG. 12B.
FIG. 18 is a partial top view of the ferrule 1700 portion of FIG. 17 looking
through the access window 1702. In FIG. 18 (although not to scale relative to FIG. 17), the

stepping of the fiber holes 1704-1714 by virtue of the angling of the inner surface 1716 is

25  similarly apparent.
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and smal |l guide. As noted above, despite the inclusion of another type of
m ni mal guide structure, the overall thickness of the forward portion of
t he ferruwe,03iom®badi ng the guide structures, is |ess thamC30®03/0d3e2 ons.
The thickness T3 of the forward portion 1250 in this 15 exanple is T mn.
FIG 13 is a paAkiaaideqistqvisdty termgsrsgedtthanaltfough dirbeghoiethe diseud@BB vari ant
simlar to the one shown in FIG 11 as viewed along direction S at a

sect | Qieih MR AP ShtEREh6H ERE stuPaces hvVOBER shoWwg a¥bMhar for kiltiptickty eithet he face
surface 1302, chamber 1304, upper 1306 and |ower 1308 walls of the body

1310 of r . rd. . : ] : | um of
i x 1oe Rt Ealdeldlla Bty Blankile, EGTR R M RERMR ExplE
addi tion, I t] f 0 optional guide holes 1318 i

ent il 154, 265152 2BA, 200 ad ab B RBLA Pae Ghmie S SRS of Fics
11 and 12, the inner surface 1316 is sloped to form a natural stepping of
t e rwitbowfdenatiog fiom theiiyvention e hraddifione it is Enbaendertiepsetbatthe Fice syEfageant i s
that, should a particular customer specification require stepped rows to

ac conmndabasistentl pbad BTG 86 sRAFIdIS) 3¢ BEBQR 2t a palttanglel tathe didewallnsier t i on
techni que, the specification can be nmet w thout sacrificing

manuf @eteabl However, itshehidbe unferstvod tiex Afr@o Videi iakdrtion, ke fabé skess of the
forward portion 1320 will vary between a m ninmumthickness TA and a

maxi ' i1 | T : m n and
B wnﬁmigfsﬁ éggﬁeﬁrﬁ%}ﬁze 0 éoané%i:dr{woﬂr}sa.d Qil%r?g’t i sa?ge&ﬁéﬂng?lgngfﬁb%iﬁ%gﬁ{c?&?th% fiber

no o 5222 B S PG AP IS SopL O Sk a0,
][ {fgﬂf%lesgmgg{fghe fla4ce isgrfg:e,p%retﬂinigllmetss? Bt t\flle gvr\x%frd %Qr%ioilerﬁary%eelegsqcﬁgr{ Min, PRG 13
Thus, it should be understood that the minimum thickness Tmin is based upon the forward
portion thickness prior to fiber insertion since, following fiber insertion and affixation, both
the fibers and the ferrule body will be adequately supported irrespective of the post affixation
thickness of the forward portion.
15 In a similar vein, while the fiber holes have all been illustrated, for simplicity,
as having a circular cross section, it may be desirable in some cases to make the holes such
that they substantially have an oval, square, rectangular or other cross sectional shape to suit
a particular application or need.
It should also be understood that, while the ferrules have been illustrated and
20  described by implication as being formed as a single piece, typically from a homogeneous
material, ferrules according to the present invention can be made by forming the body from at
least two (i.e. multiple) pieces which may or may not be of the same material. In these multi-
piece variants, the manufacture of the ferrule body will necessarily require connecting the

pieces together using an appropriate bonding or connection process. For such multiple piece

25  ferrules, it is expected that one of the multiple pieces will include the forward portion.
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10 the access window 1312. In FIG 14 (although not to scale relative to
FIG 14), the stepping of the fiber holes 1322-1332 by virtue of the

angl i ng oWotohe7d9mder surface 1316 is apparent. FIG 15 i sPaTamnd/d@k2 cut anay
cross section of another ferrule 1500 variant simlar to the one shown in

FIG 13. This V%(fél%e @@H@@mﬁéﬁ édflagﬂ%g%i?%féﬂ&rtggoﬁ@nﬁ% gﬁiﬁ%duéliﬁég such

as shown in FIG top view of the ferru

portign of FIG .15 | ooki.ng through_. the_acges i ndow 15 . 16
(alth Rickptssiog 1 faRgaapa g foelol fetEsies oy large B .#P%#a’f FRES: | bor

hol es 1502-1512 by virtue of the angling of the inner surface 1516 is

si mi | e he mapplaetaiad usmamtharprpeessesFad maerialy thaly P de e COERYGIBAWEAOEh ot her
ferrule variant simlar to 20 the one shown in FIG 13. This variant
howev evquldast oak tforyrefidoms ethitar to twee didcissddeaboyz0Thus, Targe suahicaglesietin i n
FIG 12B. FIG 18 is a partial top view of the ferrule 1700 portion of FIG

1751 oqkd dnpatiBleamig clirfént a6 @efsciwlyghaitalllé @dnndctork-hésd fdBsrhall hinobghofiot to
scale relative to FIG 17), the stepping of the fiber holes 1704-1714 by

virtu angl g i aly o 611 RC@arkTokend18ing 2/ cekibh hidldidg,appar ent .
|17hv\%p§§6}1§@§1§9%£1p§?6%%%5}%%ﬂ2 A?sﬁa si de note, 1i lsngi oJ be1 underls ‘ood that,
al t hough .t hr oyghout the di scussi o . e . i f ace
sur' a EOrip G Bieah PR R T PE PR} fsphilfes, MRS R AERSRERRC OUF
alternatively be curved, for exanpl.e,, as shown jn.the representative
exanplag@y fegrulesy qag bepagde @%POE@@?E%%?‘%%%%WBP% Sy BOLEIASS, CAPY; cul ar
application or connector 5 w thout departing fromthe invention. In

addi t iresis, thtermgset s, etaderesamisd abhaetalhe face surfaces have consistently

been illustrated, for sinplicity, as being at a right angle to the side
wapl s of FIG. 21 is a fiber optic cable assembly 2100 incorporating a ferrule according

to the teachings of the invention. The assembly 2100 includes a length of optical cable 2102
made up of a bundle of multiple individual optical fibers, in this case rows of ribbon cables of
fibers where each ribbon has at least 6 fibers. A connector 2104, 2106 is located on each end
of the cable 2102. As shown, one connector 2104 is a female connector and the other
15  comnector 2106 is a male connector. The male connector 2106 includes a large format array
ferrule 2108 made according to the invention so that each fiber that is used in the bundle is
constrained in an individual fiber hole in the ferrule 2108.
FIG. 22 is an alternative variant of the cable assembly of FIG. 21. In this
variant 2200, the connector 2106 that houses the ferrule 2108 is attached to another element
20 2202, for example, a different type of connector, a set of connectors in a fan-out
configuration, a module (e.g. transmitter, receiver, transceiver, repeater, etc.) or some other
device that can send, accept or pass light into or out of the fibers 2102.
FIG. 23 is a representative example of a male half of an MTP, MPO, MPX-
type connector 2300 that is housing a ferrule 2302 made according to the present invention.

25  As shown, the ferrule has large format 7 x 12 rectangular array of fibers 2304 constrained
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the ferrule. However, it should be understood that, prior to fiber
insertion, the face surface could also or alternatively be angled. In
addi ti on,wav3pambé of the manufacturing process, the facePsunfSavessean be
angl e polished following fiber insertion. As a result, in sone cases after

10 DO'tﬂe?élh _CFLfZStrﬁi%r nﬁﬁehsmﬁﬁe%m&é@@r 130 TEGS2 N fhd ﬂaeufeoalym@hua@meon may

be less t it should be understood that the m ni num

t hi ckness Train i to fiber
| nser BpBir SR roRs R R cuite RiBL AR, 2 BEbRR: b aERRST By, %) v
and the ferrule_bod mnll be adequately s r t|ve of the ost
affixation thi iHedbiSgrrepieemia 4B i qtiaghale i‘S&Prﬁ 5 SRRCARE SOpRFSAOT whi | o
the fiber holes have all been |IIustrated for sinplicity, as haV|ng a

Ci r cuR4pO0 rabisshossiogiaderrule 246 ynade achosding it heipresspinaveriivas AsshawRebehe hol es
such that they substantially have an oval, square, rectangul ar or other
cr®ss faedt hankgesshaps 8016 tictangalaparrhy cﬁlmicampﬂiaﬁmtdrqi@u nocroneext) singleshoul d
al so be understood that, while the ferrules have been illustrated and 20

descriphed fherd mél'c%ﬁétfa%bd%ﬁeﬂéﬁi &0a DORIBEN RRcIR Fi tHELENRLRES406 ¥PFIRRUY from
a honopgeneous naterla ferrules according to the present invention can be

made by, tte%[n FQ%)tﬁ¥ oé{lgl{gl delh%?ei%t24f)m4()8 HowdTit i RlshrtRiugfr €S Whi ch

may or may no teria in'these nul'ti- piece variants, the
manuf act ur e % 6 E ferru ody will necessarily require connecting the

pi eceSORYKETREP d3?%ﬂﬁﬁﬁ Bropriate bondi ng or connection process. For
such mul tiple piece 25 ferrules, i.s expected that one of  the nultiple

pi eces wi || i nclThae white W%h@ﬁr@oﬁ’@r@ﬁ@ﬁsmbﬁ@gaws@}ﬁ@?@@@@PM‘W&J@GSI 06322
We have further discovered that, by going counter to convention and

r éduciimgentibme, it ﬁlomldﬂ%md@fstadddhatdhmbQifepbscmpmn@ff onlyeerfresentatize of errul es for
| arge arrays of optical fibers can be nmanufactured using other processes
and mafl@fiadlhé etbedimeldd®or tHeeof i @ltt iod il reddes dherabove description has

focused on a representative sample of all possible embodiments, a sample that teaches the

principles of the invention. The description has not attempted to exhaustively enumerate all

possible variations. That alternate embodiments may not have been presented for a specific

15  portion of the invention, or that further undescribed alternate embodiments or other
combinations of described portions may be available, is not to be considered a disclaimer of

those alternate embodiments. It can be appreciated that many of those undescribed

embodiments are within the literal scope of the following claims, and others are equivalent.
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woul d not work for reasons simlar to those discussed above. Thus, |arge
array ferrules that 5 are conpatible with current commercially avail abl e
connect orwouws®th9peOr smal |l nunbers of optical fibers, canPo@/usasies3esi ng any
of the prior art transfer nolding, injection nolding, pouring, casting or
powder metal |l urgy-type pressing teghgngges. This means that such large
array ferrules can be made from polyners (including thernoplastics,

pol yi m'deswc%lra l.e .resins, thernoset resins, etc.), ceramcs and netals.
10 FI G 21Whetls qlaimefiSnt i ¢  cabl e assembl'y 2100 incorporating a ferrul e
according to the teachings of the invention. The assenbly 2100 includes a
length of optichi cahlEPEEPMOHSEE up of a bundl e of multiple individual
optical fibers, in this case rows of ribbon cables of fibers where each

ri bbon has at | ehsdy,®efiphanly dimepsinned fosrec@imgavitiin ggomnmercadlt sd@ilableeach end
of the cable 2102. As shown, one connector 2104 is a femal e connector and

t he ofib&@loplio ceiueast or 2106 is a mal e connector. The mal e connector 2106
includes a large format array ferrule 2108 nmade according to the invention

so that each fiber tRhat,dsnH$ee thdbddytichHM} £oaviy; constrained in an
i ndi vi dual fiber hole iprfn?hg%’f errul e92f08i.?%Fl G 52 is an alternative

iant of the cabl Ly of . L8 VA e
Connect or 2106 that  HBIERY tekEEp i hsish ol ma o lec Bt el ) oy

20 2202, for exanple, a different type of connector, a set of connectors in
a fansig&t confi guration, a nodule (e.g. transmtter, receiver, transceiver,
repeater, etc.) or sonme other device that can send, accept or pass |ight
into or out of the fibers tElimt siedefipmgiasfage oithe daBHe.at i ve exanpl e of a
mal e hal f of an MIP, MPO, MPX- type connector 2300 that is housing a

fedrul e 2302 nmade accor di tige tear didedgfimgseat innavenfaconf the 28viks shown, t he
ferrule has large format 7 x 12 rectangular array of fibers 2304

constrained -19 WO 06994 pBionUal 3003 et format array of fiber holes, each of
the fiber holes in the array extending between the front side and the rear side and being sized
to accept an optical fiber inserted therein, and

the forward portion having a thickness, T, less than 3000 microns but

15  at least a minimum thickness sufficient to support optical fibers inserted into the fiber holes.

2. The ferrule of claim 1 wherein T is between about 250 microns and the

minimum thickness.

20 3. The ferrule of claim 1 wherein T is about 250 microns.
4, The ferrule of claim 1 wherein T is about 150 microns.
5. The ferrule of claim 1 wherein T is between the less than 3000 microns

25  and about 150 microns.
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therein on a 125 mcron pitch. In the connector 2300 of FIG 23, the
ferrule also includes the optional guide holes through which guide pins
2306, 23080msotavecle for alignnent purposes. FIG 24 is a PEprussyoisati ve
exanple of a male half of an SMC-type connector 2400 that is housing a
ferrul e 2402 made according to the present invention. As shown, the 5
ferrule has large format 8 x 16 rectangul ar array of 15 mcron dianmeter (9

m cron core) sipgle e fibers 2404 const m cron
pitch. In the c®nnec gvg%%‘?)ogﬁlalﬁ} éw%%m? {é %‘rg’rrlu E{{tff Q%Rllqlcr]{c sz%ds t he
optional gui de holes 2406, 2408, however in this partlcular connect or
2400, ahyeyS@mecrat used. Thus, while we have shown and described various
exanpl es enploying the 10 |nvention, it should be understood that the
above description is only representative of illustrative enbodi nents. For
t he conveni ence of the reader, the above description has focused on a
representative $anp|?h@ﬁxﬂﬂéoﬁ@ﬁﬁmbb@wﬁﬂb@d$bﬁﬁhﬁnahnﬂdﬁﬁ@ﬁnmbnsmtbaches
the principles of the invention. The description has not attenpted to
eXha“ﬁ%&ﬁﬁhﬂ mipEiAte all  possible variations. That alternate enbodi ments
may not 'have been presented for a specific 15 portion of the invention, or
that further undescribed alternate enbodi nents or other conbinations of
descri bed portions may be available is not to be considered a disclainer

of those alterpate enb d| bﬁ i %%n b% B reci q b at. nan those
undescribed enbodi meAE ETEIEOLFIRHR b hgEeIR T3 E?E%%@lé PW@DP% ng
clains, and others are eqU|vaIent. -20 WO 03/076996 PCT/USO3/06322 CLAI M5
What ignigduen theckniess: 1. A ferrule conprising: a body, peripherally

di mensi oned for receipt within a commercially avail abl e

10
9. The ferrule of claim 1 wherein T is between about 150 microns and the
minimum thickness.
10. The ferrule of claim 1 wherein T is between the less than 3000 microns

15  and about 1000 microns.

11. The ferrule of claim 1 wherein the large format array of fiber holes is

arranged in a rectangular array.

20 : 12.  The ferrule of claim 11 wherein the large format array of fiber holes

comprises at least 9 holes.

13.  The ferrule of claim 11 wherein the large format array of fiber holes
comprises at least 3 rows of at least 3 holes per row.

25

22-



5 fiber optic connector, the periphery of the body defining a cavity; the
body having a forward portion conprising a front side and a rear side; the
front sidwodehiaweang a face of the ferrule, 10 the rear siaeTdshi/mi3ny an

i nner surface of the cavity, the forward portion having a | arge format

array of fiber Rhgles gg@?&ﬁn@tﬁcﬁaﬁﬁ1fwig§;égéinHiédﬁ?ge!fenﬁﬁ?an%&roaﬁb@%ﬁcﬁ&di ng

between the front si and the rear e and being sized to accept an
optical fi.ber i?n%%rt}g)? therein, and the forward portion having a thickness,
T | eSYUPHES 256588 SH9'Shs but 15 at |east a nini mum thi ckness suffici ent
to support optical fibers inserted into the fiber holes. 2. The ferrule of
claiml wherein T is between about 250 microns and the mninmmthickness.
20 3. The ferrule of claim1l wherein T is about 250 mcrons. 4. The
ferrule of claidfl wibedemuld of slaihddtwheson Hiedprggornsat amgy of pehadesof cl ai m
1 wherein T is between the | ess than 3000 nmicrons 25 and about 150
myroa@nprigeg AWVR2ARE09968 PCT/ US03/ 06322 6. The ferrule of claim 1l wherein
T is between about 1000 mi crons and about 150 microns. 5 7. The ferrul e of
claiml1l wherein T is between about 1000 m crons and the m ni numthickness.
8. The ferrule of claim1l wherein T is between about 500 m crons and the

16.  The ferrule of claim 1 wherein the large format array of fiber holes

comprises at least 60 holes.

10 17. The ferrule of claim 16 wherein the large format array of fiber holes

comprises multiple rows of at least of 12 holes per row.

18.  The ferrule of claim 16 wherein the large format array of fiber holes
comprises at least 5 rows of at least 12 holes per row.

15

19. The ferrule of claim 1 wherein the large format array of fiber holes

comprises at least 72 holes.

20.  The ferrule of claim 19 wherein the large format array of fiber holes

20  comprises rows of at least a multiple of 6 holes per row.

21. The ferrule of claim 19 wherein the large format array of fiber holes

comprises at least 6 rows of holes.

25 22.  The ferrule of claim 1 wherein the body comprises a polymer.
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m ni mum t hi ckness. 10 9. The ferrule of claim1l wherein T is between about
150 mcrons and the mnimmthickness. 10. The ferrule of claim1l wherein
T is betwensh®ié ess than 3000 m crons 15 and about 100@CmUuSK®®ES22 11. The
ferrule of claiml wherein the large format array of fiber holes is
arranged in a rectangular array. 20 12. The ferrule of claim 11l wherein the
|l arge format array of fiber holes conprises at least 9 holes. 13. The

ferrule of claimill whgr@hRidd&idial f I es
conprises at least 3 rows of at lea%WB%ﬁﬁegﬁgl f%ﬁédfg(%%% WO 03/ 076996

PCT/ US03/ 06322 14. The ferrule of claim1l wherein the |arge format array
of fiber holes conprises at Ieast 32 holes. 15. The ferrule of claim14
wherein the large for t ar ag:q iber holes 5 conprises at |east three
rows. 16. The fg’w“r ul e Lﬁ whereinrfle pured 8perorigatelass {iH9d 6POX: ber
hol es conprises at Ieast 60 holes. 10 17. The ferrule of claim 16 wherein
thé large format array of fiber holes conprises nultiple rows of at |east
of 12 holes per row. 18. The ferrule of claim 16 wherein the |arge formt
array of fiber Hifl.es The ferrule of claim 22 wherein the polymer is a thermoplastic.

26.  The ferrule of claim 22 wherein the polymer is a polyimide.

10 27.  The ferrule of claim 22 wherein the polymer is a polymer derived from

a curable resin.
28. The ferrule of claim 27 wherein the curable resin is a thermoset resin.
15 29. The ferrule of claim 27 wherein the curable resin is UV curable.

30. The ferrule of claim 27 wherein the curable resin is electron beam

curable.
20 : 31.  The ferrule of claim 1 wherein the formed body comprises a metal.

32.  The ferrule of claim 1 wherein the formed body comprises a ceramic.
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conprises at least 5 rows of at |east 12 holes per row. 15 19. The ferrule
of claim1 wherein the large format array of fiber holes conprises at

| east 72 WOl08®76920. The ferrule of claim 19 wherein the | cygashpoasar arr ay
of fiber holes 20 conprises rows of at least a nmultiple of 6 holes per

row. 21. The fepgul eqf &Jn%bBTJ‘lgln’{"ﬁ'%f]%?'éinttﬁ'éesﬁ%ﬁ?ﬁﬁ&'hHBtm@{erl VgTeOf fiber

hol es conpri ses at leas rows of 25 22. The ferrule claim1l

LR I SER AT e R e R

ferrule of claim23 wherein the cured epoxy is a gl ass f| IIed epoxy. 5 25.
The fBritgpedeepticabiib§r22 wherein the polymer is a thermoplastic. 26. The
ferrule of claim?22 wherein the polymer is a polyimde. 10 27. The ferrule
of claim 22 wherein the polynmer is a polyner derived from a curable resin.
28. The ferrule of claim27 wherein the curable resin is a thernoset resin.
15529. The ferrghe ofThelfeinite 37 clathe B8 iwhetdie tieufitedd heles @stha large vmatr abl e.  30.
The ferrule of claim 27 wherein the curable resin is electron beam

curablg, %ch%]face-rmhé?érﬁﬂé Srdbn £hALIDAaDMIELS) Midihes. f or med body conprises a
nmet al . \é The ferrule of claim1 wherein the forned body conprises a

ceramc.

35. The ferrule of claim 33 wherein the fiber holes in the large format
array, at the face of the ferrule, are on a pitch of less than 250 microns.

10

36. The ferrule of claim 35 wherein the fiber holes in the large format

array, at the face of the ferrule, are on a pitch of about 125 microns.

37.  The ferrule of claim 35 wherein the fiber holes in the large format

15  array, at the face of the ferrule, are on a pitch of less than about 125 microns.

38. The ferrule of claim 33 wherein a narrowest dimension of a fiber hole
in the large format array, at the face of the ferrule, is slightly larger than a diameter of an
optical fiber cladding.

20

39. The ferrule of claim 38 wherein the narrowest dimension is slightly

larger than 70 microns.

40.  The ferrule of claim 38 wherein the fiber hole in the large format array,

25 at the face of the ferrule, has a non-circular cross sectional shape.
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-24 WO 03/076996 PCT/ US03/06322 33. The ferrule of claim1l wherein the
size of a fiber hole in the large format array, at the face of the ferrule,
is slightwopoBargeé than a cross sectional area of a nultipepdsSospdsezal
fiber. 5 34. The ferrule of claim33 wherein the fiber holes in the |arge
format array, at the face of the ferrule, are on a pitch of about 250

m crons. 35. The ferrule of claim 33 wherein the fiber holes in the | arge

m crons. 10 36, Hne 14r Raracor R el R R ERRRrCT R *°

| arge format array, at the face of the ferrule, are on a pitch of about
125 mcrons. 37. The ferrule of claim 35 wherein the fiber holes in the

| arge format 15 array, at the face of the ferrule, are on a pitch of |ess
t han about 125 #ARcr ofhe f@sule Phelaine AP wherey thelshpps B3ubtiatells saiasdr r onest
dimrension of a fiber hole in the large format array, at the face of the
fesrule, is slightly larger than a dianeter of an optical fiber cladding.
20 39. The ferrule of claim 38 wherein the narrowest dinension is slightly

l'arger than 70 piCroRge 4Pule bPBlafiB UD WiRrddh tife shhpe BEubhaltRID rédighidper hol e
inthe large format array, 25 at the face of the ferrule, has a

non-circul ar cross sectional shape. -25 WO 03/076996 PCT/ US03/ 06322

44. The ferrule of claim 1 wherein the size of a fiber hole in the large
format array is slightly larger than a cross sectional area of a single mode optical fiber.
10
45.  The ferrule of claim 44 wherein the fiber holes in the large format

array, at the face of the ferrule, are on a pitch of about 250 microns.

46.  The ferrule of claim 44 wherein the fiber holes in the large format

15  array, at the face of the ferrule, are on a pitch of less than about 250 microns.

47.  The ferrule of claim 46 wherein the fiber holes in the large format

array, at the face of the ferrule, are on a pitch of about 125 microns.

20 48.  The ferrule of claim 46 wherein the fiber holes in the large format

array, at the face of the ferrule, are on a pitch of less than about 125 microns.

49.  The ferrule of claim 46 wherein the fiber holes in the large format
array, at the face of the ferrule, are on a pitch of between about 125 microns and about 25

25  micromns.
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41. The ferrule of claim40 wherein the shape is substantially oval. 42.
The ferrule of claim40 wherein the shape is substantially square. 5 43.
The ferruwe 7¢b@i m 40 wherein the shape is substantial | yCrasoaoged ar .

44. The ferrule of claim1l wherein the size of a fiber hole in the large
format array is slightly larger than a cross sectional area of a single
node optical fiber. 10 45. The ferrule of claim44 wherein the fiber holes

inthe large fo t rra the . face of th err. . ar tch of
about 250 mor onl. aBhe it 8 SAEeL PG ab o L el St atibaP bRl e P
the large format 15 array, at the face of fhe ferrule, are on.a pitch of

| ess AR laBLHIALTT, o) BhCHf ?hﬁﬁﬁgufee%%ﬁbﬂét%%af%qréﬁ% UG &f A2 t he i ber
holes in the large format array, at the face of the ferrule, are on a

pi t chomtfcabhbbaertcldddingri crons. 20 48. The ferrule of claim46 wherein the
fiber holes in the large format array, at the face of the ferrule, are on
aitch of less than about 125 mcrons. 49. The ferrule of claim46 wherein
the fiber holes in the large format array, at the face of the ferrule, are

on a pitch of b %.V"ee'Th@?é?Hﬂe 23 aikh §6 VhSreA thedhRHE01E 3N thRIafbe F19MHE arrab WO
03/ 076996 PCT/ US03/ 06322 50. The ferrule of claim44 wherein a narrowest

di nmensji on .of fiber le in {. t ay, at the face of the
ferr uf‘tetfqe fasce ?F}bﬁ@wlergarsgaer}onfﬁgcﬁﬂ%%%% gﬁé‘?{eorgﬁosfh%a{i optical fiber cladding.
5

52.  The ferrule of claim 51 wherein the shape is substantially oval.
10
53.  The ferrule of claim 51 wherein the shape is substantially square.
54,  The ferrule of claim 51 wherein the shape is substantially rectangular.
15 55.  The ferrule of claim 50 wherein the narrowest dimension is slightly
larger than 125 microns.
56.  The ferrule of claim 50 wherein the narrowest dimension is slightly
larger than 17 microns.
20

57. The ferrule of claim 50 wherein the narrowest dimension is between

slightly larger than 125 microns and about 17 microns.

58.  The ferrule of claim 1 wherein the commercial standard fiber optic

25  connector comprises one of an MTP, MPX, MPO or SMC type connector.

27-



51. The ferrule of claim50 wherein the fiber hole in the |arge fornmat
array, at the face of the ferrule, has a non-circular cross sectional
shape. 52w0Th@7des rul e of claim51 wherein the shape is skoTtsns/oakiy oval .
10 53. The ferrule of claimb51 wherein the shape is substantially square.
54. The ferrule of claim51 wherein the shape is substantially rectangul ar.
15 55. The ferrule of claimb50 wherein the narrowest dinension is slightly

| than 125_pi - 56, The ferrule af clai i - t
i monsi on 1's o1 Pgnt1 e rergee! vinan{ 1t s @i abs L e R ol 0L 2SN

50 wherein the narrowest dinension is between slightly larger than 125

M cr oPRINGeIET edsBRMises PRAPEMDAL, LET MARIt¥Pe eAT@CEPT.cl ai m 1 wherein the
comercial standard fiber optic 25 connector conprises one of an MIP, MPX,
MPO or SMC type connector. -27 WD 03/076996 PCT/ US03/06322 59. The ferrule
of claim1l wherein the commercial standard fiber optic connector conprises

ong of an ST, Lgpor NheRlinilypEcle@nnediondin tike ldly cohpribesa sihgleof claim 1
wherein the body conprises a single honbgeneous piece. 61. The ferrul e of

cl ai w@&r Lok body conprises at |east two pieces and wherein one of
t he gb&Pe sfg%ﬁg'gfeces includes the forward portion. 10

61.  The ferrule of claim 1 wherein the body comprises at least two pieces
and wherein one of the at least two pieces includes the forward portion.

10

62.  The ferrule of claim 1 wherein the face and the inner surface are

substantially parallel to each other.

63. The ferrule of claim 1 wherein the inner surface is at an angle relative

15 to the face.

64. The ferrule of claim 1 wherein at least one of the face or the inner

surface are curved.

20 65.  The ferrule of claim 1 wherein the fiber holes are substantially

cylindrical along their length.

66. The ferrule of claim 1 wherein the fiber holes are tapered along their
entire length.

25

-28-



62. The ferrule of claim1l wherein the face and the inner surface are
substantially parallel to each other. 63. The ferrule of claim1 wherein

t he i nnerweuwsha®es i s at an angle relative 15 to the facePC®AISOTNS2Eerrul e
of claim1l wherein at |east one of the face or the inner surface are

curved. 20 65. The ferhddetutf ofanm Whekal @k FbehEoltd fetapRddaBons £part
substantially cylindrical along their length. 66. The ferrule of claiml

mherehg-%gg%hk er holes are tapered along their entire length. 25 -28 WO
03/ 076 é 503/ 06322 67. The ferrule of claim1 wherein the fiber

hol es are tapered along a part of their length. 68. An optical connector
conprising: 5 a connector housing; a ferrule sized for containnment within
t he connector housing; and multiple optical fibers within the ferrule, the
ferrule conprisi®ly a fBOREeR BRRECI §eTPHENGUI de grooves and having a

| eadi ng end including nmultiple holes extending through the leading end to
a Pace surface, abmnecioebouseigng spaced from each other in a regular 10
arrangenent by a predeternmined pitch, each of the nmultiple holes containing

one of the nulti pr@l®fkddcoE cditfiaisnt &Binl theebmgcNHolsawi; agd a t hi ckness of
between a m ni num structural thickness and under 3000 m crons.
multiple optical fibers within the ferrule, the ferrule comprising a formed body
lacking guide grooves and having a leading end including multiple holes extending through
the leading end to a face surface, the holes being spaced from each other in a regular
10  arrangement by a predetermined pitch, each of the multiple holes containing one of the

multiple optical fibers, the leading end having a thickness of between a minimum structural

thickness and under 3000 microns.

69. The ferrule of claim 68 wherein the thickness is between about 250

15  microns and the minimum thickness.

70. The ferrule of claim 68 wherein the thickness is between about 1000

microns and the minimum thickness.

20 71. The ferrule of claim 68 wherein the thickness is between about 500

microns and the minimum thickness.

72. The ferrule of claim 68 wherein the thickness is between about 150
microns and the minimum thickness.

25
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69. The ferrule of claim®68 wherein the thickness is between about 250 15
m crons and the mninmumthickness. 70. The ferrule of claim®68 wherein the
t hi cknesswolslbatoween about 1000 m crons and the m ni num PoiraiSepes22 20 71.
The ferrule of claim®68 wherein the thickness is between about 500 m crons
and the m ni mum1hi ckTesfrrukdf clim dSewherem thé nailiin] eh68s wheihahged e

t hi ckness is between about 150 mcrons and the m ninmumthickness. 25 -29
WO 03/0dt6@88arRetyUS03/ 06322 73. The ferrule of claim68 wherein the

mul tiple holes are arranged in a rectangular array. 74. The ferrul e of
claim 73 wherein the multiple holes conprise at least 9 5 holes. 75. The
ferrule of claim73 wherein the nultiple holes conprise at |east 3 rows of
at | east 3 holes_ per row. 10 76. .The ferrul e of clajm 68 wherein the

nul ti pl e hol es c7o‘ﬁpr i i]%e @fm&e‘g al ‘ﬁﬁ?rg@.tﬁe?‘??uh’lﬂ%%h‘?lé? pompRrissiat {9agh 4 76
wherein the multiple holes conprise nultiple rows of at |east of 12 holes
pep réWles15 78. The ferrule of claim 76 wherein the nulti pl e hol es conpri se

at least 5 rows of at |east 12 hol es per row.

75. The ferrule of claim 73 wherein the multiple holes comprise at least 3

rows of at least 3 holes per row.

10 76.  The ferrule of claim 68 wherein the multiple holes comprise at least 48

holes.

77. The ferrule of claim 76 wherein the multiple holes comprise multiple

rows of at least of 12 holes per row.

15
78.  The ferrule of claim 76 wherein the multiple holes comprise at least 5
rows of at least 12 holes per row.
79. The ferrule of claim 68 wherein the multiple holes comprise at least 72
20 holes.

80.  The ferrule of claim 79 wherein the multiple holes comprise rows of at

least a multiple of 6 holes per row.
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79. The ferrule of claim68 wherein the nultiple holes conprise at |east 72
20 holes. 80. The ferrule of claim79 wherein the multiple holes conprise
rows of awoOoBea®ve a nultiple of 6 holes per row -30 WO 0RCOMNBIDE322

PCT/ US03/ 06322 81. The ferrule of claim79 wherein the nultiple holes
conprise at |eag{ 6 ThOWSnI86f cldiE7d FhédhPheimftife MofkS cBRRLi& &t 1&éde6 f or med
body conprises a polyner. 5 83. The ferrule of claim82 wherein the
polynmer is a cured epoxy. 84. The ferrule of claim83 wherein the cured
epoxy™d6- a glass filled epoxy. 10 85. The ferrule of claim82 wherein the
polynmer is a thernoplastic. 86. The ferrule of claim82 wherein the polyner
is a polyimde. 87. The ferrule of claim82 wherein the polyner is a

pol ymer derived from 15 a curable resin., 88. The ferrule of claim87
wherein the cur &bl e Tbsifarnilsofclpimephvbetein hsiformeddmdy TREWESESTARAYBEL- | ai m
87 wherein the curable resin is UV curable. 20 90. The ferrule of claim87
wherein the curable resin is electron beam curable. 91. The ferrul e of

cl aim 68 wherein the fornmed body conprises a netal. 25 -31

83. The ferrule of claim 82 wherein the polymer is a cured epoxy.

84.  The ferrule of claim 83 wherein the cured epoxy is a glass filled epoxy.
10 85.  The ferrule of claim 82 wherein the polymer is a thermoplastic.

86. The ferrule of claim 82 wherein the polymer is a polyimide.

87.  The ferrule of claim 82 wherein the polymer is a polymer derived from

15  acurable resin.

88. The ferrule of claim 87 wherein the curable resin is a thermoset resin.
89. The ferrule of claim 87 wherein the curable resin is UV curable.
20
90. The ferrule of claim 87 wherein the curable resin is electron beam
curable.
91.  The ferrule of claim 68 wherein the formed body comprises a metal.
25

-31-



WO 03/ 076996 PCT/ US03/ 06322 92. The ferrule of claim68 wherein the forned
body conprises a ceramc. 93. The ferrule of claim®68 wherein the nultiple
optical fwbes®7@se mnul ti node optical fibers and the hol espraraseseds2xsl i ghtly
| arger than a cross sectional area of a 5 multinode optical fiber

cont ai ned thereg@ 9‘%he-fé?ﬁllé6f€1‘d11§69fw}féf@%Hie%@nﬂ‘élﬁﬁ&iy%oﬁﬁlﬁs@é’@gﬁhﬁ{dn ned

pitch is about 250 m crons. . The ferrule of claim93 wherein the
predeterm ned pitch is |ess than 250 m crons. 96. The ferrule of claim95
wherein the predetermned pitch is about 125 mcrons. 15 97. The ferrule
of claim95 wherein the p

determned pitch is l.ess than., about 125
mcrons. 98. Thé> ferrBFéerBﬁee%‘éﬁa’rﬁlgg éﬁl%ﬂﬁr{lwepfﬁﬂpﬁﬁcgﬁ%b%sp% Fcal fibers
are single 20 node optical fibers and the holes are each slightly |arger
t han mudtimede epsisel Bbeas ard g holesare edchglighthblaeses Pran@aiross; SB@FOT@gWFéPﬁ%d
therein. 99. The ferrule of claim98 wherein the holes are on a pitch of
abput maddmodd eptvabiiber Ton@heMhd&&ih076996 PCT/ US03/ 06322 100. The ferrul e of
claim 98 wherein the holes are on a pitch of |ess than about 250 m crons.

94.  The ferrule of claim 93 wherein the predetermined pitch is about 250

microns.

10 95.  The ferrule of claim 93 wherein the predetermined pitch is less than

250 microns.

96.  The ferrule of claim 95 wherein the predetermined pitch is about 125
microns.
15
97.  The ferrule of claim 95 wherein the predetermined pitch is less than

about 125 microns.

98.  The ferrule of claim 68 wherein the multiple optical fibers are single
20  mode optical fibers and the holes are each slightly larger than a cross sectional area of a

single mode optical fiber contained therein.

99.  The ferrule of claim 98 wherein the holes are on a pitch of about 250

microns.

25

-32-



101. The ferrule of claim 100 wherein the holes are on a pitch of about 125
5 mcrons. 102. The ferrule of claim 100 wherein the holes are on a pitch
of | ess twanms/oaout 125 microns. 10 103. The ferrul e of clpairmst®e3vher ei n
the holes are on a pitch of between about 125 mcrons and 25 mcrons. 104.

The ferrule of ghai Mgy ée@ﬂé 8f61aﬁ1'i‘§8 SETERS HeAolealaf6kk Pitbth BETesOBlA C

connector conprises one o X, MPO or SMC type connector. 15 105.
The f r(r])lﬁg of. claim 68 wherein the comerci al standard fiber optic
connedqo8F 22QMFP8%s one of an ST, LC or MI-RJ-type connector. 106. The
ferrul e of cI aim 68 wherein the formed body further includes an 20 inner
surface and wherein the face surface and the inner surface are

substantially parallel to each other. 107. The ferrule of claim 68 wherein
the formed body 10Ur t ibe firnde afieleinah00 wharein therhples ereen anpitanefi borel 2% i ve to
the face surface. 25 -33 WO 03/076996 PCT/US03/06322 108. The ferrul e of
clsai mpuégomdierein the fornmed body further includes an inner surface and at
| east one of the face surface or the inner surface are curved. 109. The
ferrule of claim®68 wherein the nultiple holes are substantially 5
cylindrical along their length. 110. The ferrule of claim68 wherein the

mul tiple holes 365 take %&'ﬂlléh? 88im 100 wherein the holes are on a pitch of less than

about 125 microns.

10 103. The ferrule of claim 100 wherein the holes are on a pitch of between

about 125 microns and 25 microns.

104. The ferrule of claim 68 wherein the commercial standard fiber optic
connector comprises one of an MTP, MPX, MPO or SMC type connector.

15

105. The ferrule of claim 68 wherein the commercial standard fiber optic

connector comprises one of an ST, LC or MT-RJ-type connector.

106. The ferrule of claim 68 wherein the formed body further includes an
20 inner surface and wherein the face surface and the inner surface are substantially parallel to

each other.

107. The ferrule of claim 68 wherein the formed body further includes an
inner surface at an angle relative to the face surface.

25
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their entire length. 10 111. The ferrule of claim®68 wherein the multiple
hol es are tapered along a part of their length. 112. A fiber optic cable
assenbl y wormpni@®pbeg: a bundl e of multiple individual opti ®ar/fSobeiss2 havi ng
a first end and a second 15 end and a length in between; and a connector

located on at | qagt Oﬂﬁfe&uM%cfahﬁ%fgvﬂ{er&ﬁmnﬁe@%dm@ﬂhemcmgs arfonnect or
I ncl udes the ferrule of one of clains 1 through 67, and wherein the

|nd|V|duaI |bers e e each
const randy fg aﬁdr%t ea%l:lo%%gugfm%g fa%gl & f;ﬁte lﬁe?iﬁrf&%ar ge %; mat array. -34
109. The ferrule of claim 68 wherein the multiple holes are substantially

5  cylindrical along their length.

110. The ferrule of claim 68 wherein the multiple holes are tapered along

their entire length.

10 111. The ferrule of claim 68 wherein the multiple holes are tapered along a

part of their length.

112. A fiber optic cable assembly comprising:
a bundle of multiple individual optical fibers having a first end and a second
15  end and a length in between; and
a connector located on at least one of the first or second ends, wherein the
connector includes the ferrule of one of claims 1 through 67, and wherein the individual
fibers of the bundle of the at least one end are each constrained within individual fiber holes

in the large format array.
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