BENDI NG RESI STANT LARGE CORE DI AVETER H GH NUMERI CAL APERTURE MULTI MODE

FI BER FI ELD OF THE | NVENTI ON The present invention relates generally
to optical data transmi ssion, and nore particularly to a bendi ng-resi stant

| arge core dianeter high nunerical aperture nultinode fiber that can be
utilized in data transm ssion and optical devices. The fiber has not only
desirabl e bendi ng resi stance performance and a feature of easy coupling to
a light-emtting 10di ode (LED) Iight source, but also a very high
bandw dt h. BACKGROUND OF THE | NVENTI ON Fi bers enter a practical stage
as nultinode fibers energe. in recent years, for single-node fibers, new
varieties continue to energe, functions are increasingly enriched 15and

Fibers cannor berHINERENISIASIFARCIEORE TAMETRE HRGH. ™
reason is that a wwﬁmm’g&?%?@ meWM@gEqim]ggr requirenents

on a | ocal area networ i ber that the single-node fi does not
have. Conpared with a | ong-di stance trunk, a LAN fiber network has

the followng features: the transmssion rate is relatively |ower; the
transm 8sion di stance is rel atiE&BOSHHEANVENEIQNe nunbers of nodes,

connecting poin . hs, o] HRhess, usgd,L e | arge,
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fibers are g.g§ssithamnt RalstRte it rohAQ Hd A0ELE 'ob@zstcoJﬂlﬁlgstb ROLR-R@e S | bers
are cheaper, ané have better performance than the R ultiEnoric fibers, hut
why t héOsi nglde{hibldeliglitlseurse, drealsror varg bighibandwiddecess network? The reason is
that in this type of networks, the nunber of bent paths is |arge and the
loss is large; the |arge nunber of nodes results in frequent optical power
di vi si on, which requires tpaickGROWBIOPTIRINVANTIODEr s have suffi cient
optical power transm ssions. Conpared with the single-node fiber, the
mul ti mode fi ber Fiass catdrampsticdl siage 8 miinendedparsgmesicgedn AROFEREl Oapertur e,
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nunber )of “cénsu connectors and couplers~i's Iarge. Unusually, passive

devi cegsof ahdentghagl endibdeost pbésrmaacecomingsex pempsia dut hahintddatfibefs canidti nodc
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source, an I'S nmuc re expensive than an LED usually used by the
10nui t i nodeinfzlcb@nde fispdoesalot igvef or a LAN, the network size is small, and

when the nunber of |ight. sources consuned . per -unit_ distance f.ibers is
large, if the siNEPACHIEH % OB Suagpetragh pi AN G eriW‘X‘Hﬁ%‘F%‘ifi@L"W%h

si ngl eonodecfibeind RhsmidBneas s Rfatil&1e 1dwdPSthb aamiEissidhéistardeds rdpanklyof the
overall cost of the network. Therefore, although the single-node fibers are

cheaper t hahortenebutthietjumies dfingdess connpeling ngkntp Pelergthsf andigennectys afd t he
‘norease t hugysra e b ReRbplihe PlobiS GRE s e ET s
i nt er nat i onahsusicdpdavidsdistgrniffdti Omdge. The low transmission rate and the short
transmission distance may be addressed with bandwidth features of the multimode fibers
25  and the feature that transmission losses of the multimode fibers are less than that of the
single-mode fibers. The single-mode fibers are cheaper, and have better performance than

the multimode fibers, but why the single-mode fibers are not used in an access network?

The reason is that in this type of networks, the number of bent paths is large and the loss is



such as the I EC and the ITU, conventional nultinode fibers may he
classified into two categories, nanely 50 pmand 62,5 pm The 50 pm
category may be further classified into OM2, OM3, and OM4 types, according
to the bandw dths. Light gathering capability of 20the fibers is indicated
by the nunerical aperture of the fibers. Normally, the nunerical aperture
of a 50 pmmultinode fiber is 0.20, whilg the nunerical aperture of a 62,5
pm ultinode fiber is 0.27. Recently, in order to neet requirenents of
access network applications and data centers on fiber bending radius,
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di scusggd h@N@hbde fiber. EfeciBEdoher &NNihe hBOvokeEine isanm@lpdridzwhdnnie niibe”
refers to a tubular base tube having an inner wall bearing glass state
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core inthe fiber cross section. As used herein, the term"a trench
cl addi ng" ref er s\ctardarg tatrutadaids epmingyesd BOnrenedional slapdards prgamditivgst he
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aperture of a 50 um multimode fiber is 0.20, while the numerical aperture of a 62.5 pm

multimode fiber is 0.27. Recently, in order to meet requirements of access network

applications and data centers on fiber bending radius, bending resistance performances of

the conventional multimode fibers have been improved, thereby resulting in

25  bending-resistant OM3 and OM4 fibers. However, the existing multimode fibers still
cannot fully meet high bandwidth requirements of data transmissions.
Therefore, a heretofore unaddressed need exists in the art to address the

aforementioned deficiencies and inadequacies.



n -11 100%:1: Ix 100% no 4 where ni and no are respectively a
refractive index of a corresponding, part of the fiber and of pure silica

gl ass at a wavel ength of about 850 rum As used herein, the term
"exponent refractive index distribution profile” or "a-profile” refers to a
refractive index distribution of a fiber which stratifies with the
foll ow ng exponent function: n2 01,, nlZ [l ar <a. wherenlis a
refractive index at the central axis of the fiber, and r is a distance from
the central axis of the fiber, ais the radius or the core of the fiber, a
is an exponent; Ais a core/cladding relative refractive index difference.
10According to the invention, one of the objectives is to provide a

bendi ng-resi stant |arge cor esdivaIRRar ORITHIE INVENTI@N aper t ure mul ti node
fiber that has not only a high bandw dth and a | arge r(]_urreri cal aperture,
but al so desi r abhetesaniiedgn HesspseiaiseoNRERs Bl HBHE N AHYIRANEREYRES P Tgasy

coupling t 0, Aihihd (A SAHE fifond S at PR GRLIE RbiLLOMALORh A Wb0e

i nvention i's”dliscusse ndi ng-resi stant mul ti no&
fiber wsth Grhiargensabatardisadnet @scritrdhaineghonmendisiussdd bepey. uecksewinot udes a

core and a cl addi_ng. surroundi ng.the core, where a.radius R. 1. of the.core
isina raﬁlﬁ‘espﬁ‘llﬁgglfﬁoto%o o Hé",“a]agLP‘iaF‘F%@ttﬁ?/BraFtﬁtmr i?lgﬂrﬁi“lgeth%fjesfﬂ%“%re
has a paralpl.g ) 1RwhiPbd FAROBahe E9d @ind-cdn b&BHd & M8 thabdee! ati ve
refractive%ﬂ\H g%ﬁ??‘?er%‘ﬁ)&e Algb&?r?acx 'S ?n % rangg%ocfnl .9%to 2.5% The

cl addi ng cowmyr i Sessequentlpnaereliactingepgantd smonymy BAX be 20d Ifaiduiymge oamdran

outer claddind i SPRSELel ATt B i APhelidl SIFHANEE dehiRRIUEOEatilie)e the
10  not a term is elaborated or discussed herein.

As used herein, the term “a quartz liner tube” refers to a tubular base tube having an
inner wall bearing glass state oxidized deposits resulting from a plasma-enhanced chemical
vapor deposition (PCVD) chemical reaction.

As used herein, the term “a core” refers to a central part of a fiber which is located

15 in a central area of a cross section of the fiber, and is a major light guide region of the fiber.

As used herein, the term “an inner cladding” refers to an annular inner layer of the
fiber immediately surrounding the core of the fiber, and is corresponding to an annular area
immediately surrounding the core in the fiber cross section.

As used herein, the term “a trench cladding” refers to an annular inner layer

20  immediately surrounding the inner cladding of the fiber, and is corresponding to an annular
area immediately surrounding the inner cladding in the fiber cross section.

As used herein, the term “an outer cladding” refers to an outer annular layer
immediately surrounding the trench cladding of the fiber, and is corresponding to an
annular area immediately surrounding the trench cladding in the fiber cross section.

25 As used herein, the term “a relative refractive index difference” refers to the

following formula:

2 2 .
A%:{(n' ‘”o>/ 2}<100% ~ M 100%
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inner cladding has a radius R2 in a range of 28 to 55 mcrons, and a
relative refractive index difference A2%in a range of -0.1%to 0.1% and
the trench cladding has a radius R3 in a range of 28 to 60 mcrons, and a
rotative refractive index difference A3%in a range of -0.15%to -0.8%
251 n one enbodi nent, the outer cladding surrounds the trench cl addi ng,
where a radius R4 of the outer cladding js in a range of 60 to 65 m crons,
and a relative refractive index difference A% of the outer cladding is in
a range of -0.1%to 0.1% In one enbodi nent, the relative
refractive | St t ant
or radially hg‘i’?a(iialgcillfl eﬁé Fegégtleémge?‘féflréﬁﬁt @Hg}?g%ual g@“ﬁg’é p%P (?ﬂé@fﬁﬂe#gﬁ(?%
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desce
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glass. In one e diment . materi al conmponents of the Ge-F-doped quartz
gl ass abe Hl0RvifePoRerCIyncing: nat eri al conponents of the F-doped quartz
glass are Si02-F-Cl. in one enbodinent. A is introduced through G
resulting from tm@r)r_eﬁp@@(ge] ween t 0SirGl 4, GeCl4, and 02, the
fluctuation of the Cl contemt does not affect the performance of the fiber
nmuch, and t | uctuation .of t I dition
is not viol fe MHR Z Y lactiﬁxralnghe Cﬁgggg&%%&é@% satnﬁli’lsea &E@S&Sﬁnﬁ% in one
aspect, th%exhtmraﬂi’fsbefherﬂblenatae§thte@acausrm“mlw ddrubfmgﬁbat hmlaméxpanemn;lmsa, de fi ber
that is disclosed as fol |l ows. 5A pure quartz glass liner tube is fixed on a
PCVD pl at f sere/alasiderelating wopetyedes3SHiTERe A f1 uori ne- containing gas is
I nput ijpto reacéé:?%d&%stgﬁeihgnhon Y of B obRclifE o pr%@é D8end@idrebi@hi 1S
i nput to i ncur e reaction gases in the liner tub are ionized
into ions tihiigough drmmm\h@hemmeand agereurt nmidiithyded@pogiat kab rioh onlye higr m of
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m xed gas i r@%g@gn&@fegﬁpp@gas}tmp%ga@%mg sbif@e.core in sequence.

After the deposition iIs conpleted, an electric heating furnace is used to
fuse and shri nk Thheecripgsbtusidn addpsed ntthe veaidnds diseesehis folbaws.i al  cor r osi on

is perfqQrned on the core by .usi,ng H '. ac | t he
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a fiber preformrod ositing the outer cladding outside the core rod
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inner cladding has a radius R2 in a range of 28 to 55 microns, and a relative refractive index
difference A2% in a range of -0.1% to 0.1%, and the trench cladding has a radius R3 in a
range of 28 to 60 microns, and a relative refractive index difference A3% in a range of
-0.15% to -0.8%.

25 In one embodiment, the outer cladding surrounds the trench cladding, where a radius
R4 of the outer cladding is in a range of 60 to 65 microns, and a relative refractive index

difference A4% of the outer cladding is in a range of -0.1% to 0.1%.



5 n one enbodi nent, at the wavel ength of 850 urn, the fiber has a bandw dth
of 200 MHz-km or over 200 MHz-km 1n another enbodi nent, at the wavel ength
of 850 nm the fiber has the bandw dth of 500 MHz-km or over 500
IVIITtz-ktn. A nunerical aperture of the fiber is in a range of 0.29 to
0.33. In one enbodi nent, at the wavel ength of 1300 the fiber has the

bandwi dth of 200 MHz-km or over 200 MHz-km In another 10enbodi nent, at the
wavel ength of 1300 111)1, the fiber has the bandwi dth of 500 MHz-km or over
500 MHz-km For the fiber of the present invention at the wavel ength
of 850 Mrh a bendi . i .ndi L.he at a bend
radius of 7.5 mﬂﬂ“?e?r%ﬂl[’bg)rﬁgm%nz’%ﬁée}sezgltvggenﬂ%gggéelgg%){Jﬂ Slfebs% 3%3?%6&%&%}%& ng

| oss resul ceddipy isMadaiingorstdt bi ddially wadidlchsigad, ithecibergradadi ¢handdefthd 5
millineters is less than or equal to 02 dB; and the bending foss resulted
by wi ndi ng relpevereliative alek diffrsense ApKecomies aedie] hange i 4seerding 4dfts | ess
than or eq : h i tJ : QWi ng
advant ages. 1) "8 P fere P e e apE R e LRI G ROASIMIR 0 SRR

wavegui de st r uctmuoree énsbod@sérgrtbelcors endithe ictadfimgs dre madnof Gasiepther Brdoghdicdt h
and the nurzﬁa(ral;gal 2 erture of the nmultinode fiber, thereby greatly-

i mprovi ng tffe" 28RS g‘ﬁtpuffé’{uﬁg?gﬁﬁg'capabi lity of the fiber and facilitating
coupling to an IERd digidii@HI B erid ooMpbiRRCIT tikd @eleiddged guAh-spaseasd out side
the core of the fiber, thereby significantly decreasing nmacro bending

gener at ed &@efe@t-Fdr; afd maferiflicoeporants afrir bdppry dyeridplaes are SiQthntde
performance of 4ng Il Ackimdk ANeRLaSENkpIMER LaNiA%oR FEASIRARRvcen
structural design, desi rapr'e ser Vi ce performance, ard a si rrpelae and
conveniignt SaeRUGETE, whil 09, e flbadatidhwTther] dbdecdeasesaifzontht geurfaiiaate 60st s of
a LAN while inproving optical power transm ssion and optical  data

transm ssi & fikgrauch. angdphg Lughrasion gt thg (Jeorienf|iv 2 sRBlgRERGESTCOAHHIOBADAL i on.
These and o t . tion will become apparent from
the foll ovm%dggg’etg%??}g{eﬁ%ﬁ&%w?%(@Ergrr%g eorrrcecfﬁg'rrbodi ment taken in conjunction
with the foll owimgne dpawithgsyerldnhelagh tovamaatfeansngmahpddf 4§ motmaledsiteher ei n
may be effected w thout e&arti ng fromthe spirit and scope of the novel
concepts ofhd Felighlesed 85 HHI8WSBRI EF DESCRI PTI ON OF THE DRAW NGS The

acconpagyi ng d_r %V\ﬁﬁgauzidz! %Fé“s%'liﬁé&uw@ fiRkd Wﬁ@c@@ﬂgif%ﬂb%eﬁforrhﬂgpé@yen“ on
and toget her WI.Fh t he witten plescrl ption, serve to exgll ain the principles
of the i nvenpdsgion. Whellwrise-cpoginitg g it inputdairecactipe gasat 8l luarseP stodnairused
t hr oughout _t he. draw to refer to-the same.or |ike elenents. of an
oo mont F-dpire] 81 B8 Qb § InchP GhERRE o T st BSTF ekl wBitre o

profile of igifddhglo iaaaBfdbRghidrowarts Rmbotdhamnip&ited hethprasestglissvgani on.
FIG 2 is a schematic view of a refractive index profile of a fiber
ceor di ng t snghvehef therdivediuhe nt AgprdingtoglopderieqyiisieAlsioda waveguide siuguraofy s g
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and the core in sequence. After the deposition is completed, an electric heating furnace is
used to fuse and shrink the deposited tube into a solid core rod. Partial corrosion is
performed on the core rod by using HF according to needs, and then the synthesized pure
quartz glass or F-doped quartz glass is used as a sleeve to produce a fiber preform rod by
25  adopting an RIT process, or to produce a fiber preform rod by depositing the outer cladding
outside the core rod by adopting an outside vapor deposition (OVD) or vapor axial

deposition (VAD) outside cladding deposition process. The fiber preform rod is placed in



DESCRI PTI ON OF EMBODI MENTS OF THE UNVENTI ON The present invention is
nore particularly described in the foll owi ng exanples that are intended as
illustrative only since numerous nodifications and variations therein wll
be apparent to those skilled in the art. Various enbodi nents of the

i nvention are now 20described in detail in conjunction with the
acconpanying drawi ngs. Referring to the graw ngs, |ike nunbers indicate
I i ke conponents throughout the views. In accordance with the purposes

of this invention, as enbodied and broadly described herein, this

I nvention, a dreilv%n% %fu ogpgrr’(%gllwt%ltﬁlé ﬁger;b? pa%\ﬂgé norJ.§ %gér% %Pﬁl]pjagiro%? I yo&tegeétﬂl ?m;t er

hi gh nunerica

gener at ed IpoBacranéreain a@a/@fafddldn&(iuffacwmfhhdoﬂbuﬂw dth in the enbodinents are
illustrated bel ow The macro_ bending |loss is neasured according to
the FOTP-62 (I E® esrydofinept)thedperig-coptapipegas ihyeyone @5 orgsshgstidd™emt o n

tarns/circl 2F, 2, & §el (such as 15 mm 20 mm and 30 nm, and then
t he turns/é?réle? 5€%gﬁ¥ ?lber are rel eased, so as to test the changes of

opti cal Spower béf areenandinaditt.ert theheavalength g SSQ\hﬁncﬂhe ifiberusec msdwileh aftdNO0

bending Io t he fiber t he test ircled flux,l | aunch
oomat 1 on” M Zhmedt Al HEKL ' dn B by oA B Atk e R eth g s g e

obt ai ned t iLRUGR tﬁél?anfi&ldﬂ%\f 119 Mﬁtzlk%jor Hef SOIM A AEL £uhRABal aperture of

50-m cron-core-dianeter nultinode fiber is fused with a front end of the

fiber underthetfé@r is inpdandeof Ai28do 8.38f tnhmefenibediment, woihadvavaleongth of 1300 nm,
25-m | linete o overflll |s | aunched into the
ttl?e %be; h%;a dlé\ggth of 2 8r PY %ﬂp II\}IIQ nh

fiber, the C|rc |gh auncﬁ'1 The

overfilibed eh@umﬁnbanmmwleng&h FEER0MEY tiRcie dhdge bendvigthFsDFBY ROz -retdrod,
10and t he test agéﬁts an overfilled | aunch condition. Enbodi nent 1:
The desi gnoyér & &kand cl addings of the fiber according to the enbodi ment

is shown in FI G, t}g‘ﬁﬂ& d’%éheTﬂ‘gsengﬁ%rﬂbe% {h%gwﬁ@l%{ﬁ'&g of Wﬁﬂ' 28 gtlB

pr esent i nventi on 15i ncl Udés preparing a group o ormed rods an
per f or m ng rabuhyd bygwaikdirg thke vdrngo speed adfend 0livvetf §ryY milhumters iThas gianoet ur e

and, 1 e 01 ICS,PRCATELer 2 o U LBt B0 dshed L Toble 1 fabl e
15 of 15 millimeters is less than or equal to 0.2 dB; and the bending loss resulted by winding
the fiber 100 turns at the bend radius of 30 millimeters is less than or equal to 0.2 dB.

The present invention has the following advantages. 1) The fiber having a large
core diameter and a specific waveguide structure is designed, so as to further increase the
bandwidth and the numerical aperture of the multimode fiber, thereby greatly improving the

20  light gathering capability of the fiber and facilitating coupling to an LED light source. 2)
A trench cladding is disposed outside the core of the fiber, thereby significantly decreasing
macro bending generated attenuation of the fiber and improving bending resistance
performance of the fiber. 3) The present invention has a reasonable structural design,
desirable service performance, and a simple and convenient manufacturing method, further

25  decreases configuration costs of a LAN while improving optical power transmission and
optical data transmission, and is applicable to large-scale production and promotion.

These and other aspects of the present invention will become apparent from the

following description of the preferred embodiment taken in conjunction with the following
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drawings, although variations and modifications therein may be effected without departing

from the spirit and scope of the novel concepts of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate one or more embodiments of the invention
and together with the written description, serve to explain the principles of the invention.
Wherever possible, the same reference numbers are used throughout the drawings to refer to
the same or like elements of an embodiment.

FIG. 1 is a schematic view of a refractive index profile of a fiber according to an
embodiment of the present invention.

FIG. 2 is a schematic view of a refractive index profile of a fiber according to
another embodiment of the present invention.

FIG. 3 is a structural view of a radial cross-section of a fiber according to yet

another embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS OF THE INVENTION

The present invention is more particularly described in the following examples that
are intended as illustrative only since numerous modifications and variations therein will be
apparent to those skilled in the art.  Various embodiments of the invention are now
described in detail in conjunction with the accompanying drawings. Referring to the
drawings, like numbers indicate like components throughout the views.

In accordance with the purposes of this invention, as embodied and broadly
described herein, this invention, in one aspect, relates to bending-resistant large core
diameter high numerical aperture multimode fiber.

Tests of a macro bending generated loss and an overfilled launch bandwidth in the
embodiments are illustrated below.

The macro bending loss is measured according to the FOTP-62 (IEC-60793-1-47)

method. A fiber under test is wound into n turns/circles at a diameter (such as 15 mm, 20
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mm, and 30 mm), and then the turns/circles of the fiber are released, so as to test the
changes of optical power before and after the winding, which is used as the macro bending
loss of the fiber. During the test, an encircled flux light launch condition is adopted. The
encircled flux light launch condition may be obtained through the following method. A

5  common 2-meter-long 50-micron-core-diameter multimode fiber is fused with a front end
of the fiber under test, and the middle of the fiber is wound into a 25-millimeter-diameter
circle. When overfilled light is launched into the fiber, the fiber under test is encircled
flux light launch.

The overfilled launch bandwidth is measured according to the FOTP-204 method,

10 and the test adopts an overfilled launch condition.

Embodiment 1:
The design of a core and claddings of the fiber according to the embodiment is
shown in FIGS. 1 and 3. The manufacturing method according to the present invention
15  includes preparing a group of preformed rods and performing drawing at a drawing speed of
600 meter/minute.  The structure and main performance parameters of the fiber are listed

in Table 1.

Table 1: the structure and the performance parameters of the fiber

Sample 1 2 3 4 5
Core o 2.02 | 203 | 2.04 | 2.00 | 2.02
Almax (%) 2.232 | 2.230|2.230 | 2.229 | 2.236
A2 (%) 0.001 | 0.001 0 |-0.001 0
A3 (%) -0.489 | -0.50 | -0.51 | -0.505 | -0.48
A4 (%) -0.002| 0 |0.001 0 0.002
R1 (um) 30.2 | 30.6 | 40.1 | 48.6 | 399
R2 (um) 31.7 | 32.1 | 41.6 | 50.1 | 412
R3 (um) 403 | 41.8 | 50.5 | 585 | 50.6




run (MHz-km Overfilled I aunch bandw dth ¢c221300 urn (MHz-km E62. 0.310
206 570 62.5 0.309 211 505 63 0.309 206 514 62.3 0.310 220 590 618 0. 311
218 524

R4 (um) 62. | 625 | 63 62.3 | 62.8
B Numerical aperture 0.310 | 0.309 | 0.309 | 0.310 | 0.311
Overfilled launch bandwidth @ 850
206 | 211 | 206 220 | 218
nm (MHz-km)
Overfilled launch bandwidth @ 1300
570 | 505 | 514 590 | 524
nm (MHz-km)

2-turn 7.5-mm-bend-radius macro
bending loss/attenuation @ 850 nm | 0.222 | 0.225 | 0.200 | 0.231 | 0.218
(dB)

2-turn 15-mm-bend-radius macro
bending loss/attenuation @ 850 nm 0.075 | 0.083 | 0.075 | 0.079 | 0.077
(dB)

100-turn 30-mm-bend-radius macro
bending loss/attenuation (@ 850 nm 0.075 | 0.06 | 0.078 | 0.079 | 0.078
(dB)

Embodiment 2:
The design of a core and claddings of the fiber according to the embodiment is
shown in FIG. 2. The manufacturing method according to the present invention includes
5  preparing a group of preformed rods and performing drawing at a drawing speed of 600
meter/minute.  The structure and main performance parameters of the fiber are listed in
Table 2.

Table 2: the structure and the performance parameters of the fiber

Sample 6 7 8 9
Core a 2.13 2.12 2.11 2.13
Almax (%) 2.136 2.15 2.152 2.153
A3 (%) -0.389 | -0.39 -0.40 | -0.411
A4 (%) -0.002 | -0.001 0 0.001
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R1 (um) 353 40.1 45.6 47.3
~ R2(um) 35.3 40.1 456 | 473
R3 (um) 40.6 50.1 52.1 53.5
R4 (um) 62.5 63.6 64.1 62.2
Numerical aperture 0.295 0.304 0.305 0.305
Overfilled launch bandwidth @ 850
211 206 215 218
nm (MHz-km)
Overfilled launch bandwidth @ 1300
365 336 312 354
nm (MHz-km)

2-turn 7.5-mm-bend-radius macro
bending loss/attenuation @ 850 nm 0.32 0.33 0.32 0.31
(dB)

2-turn 15-mm-bend-radius macro
bending loss/attenuation @ 850 nm 0.09 0.089 | 0.095 0.092
(dB)

100-turn 30-mm-bend-radius macro
bending loss/attenuation @ 850 nm 0.10 0.11 0.11 0.15
(dB)

The foregoing description of the exemplary embodiments of the invention has been
presented only for the purposes of illustration and description and is not intended to be
exhaustive or to limit the invention to the precise forms disclosed. Many modifications
and variations are possible in light of the above teaching.

The embodiments were chosen and described in order to explain the principles of
the invention and their practical application so as to enable others skilled in the art to utilize
the invention and various embodiments and with various modifications as are suited to the
particular use contemplated. Alternative embodiments will become apparent to those

skilled in the art to which the present invention pertains without departing from its spirit



0.078 Enbodi nent 2: The design of a core and cl addi ngs of the fiber
according to the enbodinent is shown in FIG 2. The manufacturing nethod
according to the present invention includes 5 preparing a group of
preformed rods and perform ng drawing at a drawi ng speed of 600

meter/ mnute. The structure and main performance paraneters of the fiber
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and scope. Accordingly, the scope of the present invention is defined by the appended
claims rather than the foregoing description and the exemplary embodiments described

therein.



-0.40 -0.411 A4 (199-0.002 -0.001 O 0.001 10 The foreizoing description of
the exenpl ary enbodi nents of the invention has been presented only for the
purposes of illustration and description and is not intended to be
exhaustive or to limt the invention to the precise fornms disclosed. Many
nodi fi cations and variations are possible in Ilight of the above teaching.
The enbodi nents were chosen and described in order to explain the
principles of the invention and their practical application so as to enable
others skilled in the art to utilize the invention and various enbodi nents
and with various nodifications as arec%%hﬁﬁg to the particul ar use

contenpl ated. Alternative enbodi nents econe apparent to those
10ski | | ed iwhdt recl@pdedi® wWhich the present invention pertains wthout
departing Fromits spirit and scope. Accordingly, the scope of the present
invention is defined by the appended cl ains rather than the foregoing

description and,t 1 i I : L . |

W' hat is 2[ ai m':A ﬁgﬁg?%ggrt]%ﬁ#&%gﬁs@%ﬁtﬁ%ﬁf;@%ﬁgﬁ| Z‘{rr%\&/l\/lata #l%%fugrrégecmsor e
di aneter and a hpgture)dompiidad: aperture, conprising: a core; and a cl adding
surroundi ng the core; wherein a radius Rl of the core is in a range
of 28 to 50 microns, 28 Fe¥active index profile of the core has a parabolic

shape, a is in a range,Qfind sSrduRdAgthe @Rd @ maxi numrel ative refractive
index difference A 1% max Is in arange of 1.9%to 2.5% and

wherein a radius R1 of the core is in a range of 28 to 50 microns, a refractive
index profile of the core has a parabolic shape, o is in a range of 1.9 to 2.2, and a
maximum relative refractive index difference A1%max is in a range of 1.9% to
2.5%; and

wherein the cladding comprises an inner cladding and/or a trench cladding,
and an outer cladding disposed from the inner to the outer in sequence;

wherein the inner cladding has a radius R2 in a range of 28 to 55 microns,
and a relative refractive index difference A2% in a range of -0.1% to 0.1%, and
wherein the trench cladding has a radius R3 in a range of 28 to 60 microns, and a

relative refractive index difference A3% in a range of -0.15% to -0.8%.

Vi The bending-resistant multimode fiber according to claim 1, wherein the outer
cladding surrounds the trench cladding, wherein a radius R4 of the outer cladding is
in a range of 60 to 65 microns, and a relative refractive index difference A4% of the

outer cladding is in a range of -0.1% to 0.1%.

3: The bending-resistant multimode fiber according to claim 1 or 2, wherein the
relative refractive index difference A3% of the trench cladding is radially constant or
radially gradual changed, wherein the gradual change of the relative refractive index
difference A3% comprises a gradual change in an ascending order from inside to

outside or a gradual change in a descending order from inside to outside.



wherein the cladding conprises an inner cladding and/or a trench cl addi ng,
and an outer cladding disposed fromthe inner to the outer in sequence;
wherein the inner cladding has a radius R2 in a range of 28 to 55 m crons,
and a relative refractive index difference A2%in a range of -0.1%to 0.1%
and wherein the trench cladding has a radius R3 in a range of 28 to 60
mcrons, and a relative refractive index,difference A3%in a range of
-0.15%to -0.8% The bending-resistant nmultinode fiber according to claim
1, wherein the outer cladding surrounds the trench cladding, wherein a
radius R4 of the outer cladding is in a range of 60 to 65 mcrons, and a
relative refractive index difference Ad% of the outer cladding is in a
range of -Q. 1% tr@e Qentifg-rEhictalengitingdé 66érsicedttingwd tlaimder 2 fwhetinaecareli ng to
claiml1 or 2, wherein the relative refractive index difference A3% of the
trench cl addi ngandthe shdaingsate siese ahPedprsdatirdepeds Gsrizderad CPAFGBRIZ 86} -ei n
the gradual change of the relative refractive index difference A3%
conprises a gradual change in an ascending order frominside to outside or
a gradual changehi berlirfessiendi mgltiatode fibéraocorilingitaelaino | oul shadénga 1. 3 4. The
bendi ng-resi stant nul tinmode fiber according to claiml or, 2, erein the
core and the cl 2#¥i"igd c4P80 H‘H%k‘Bfor@é@r@gB ,Z'g%ﬁwyel@gth-o(%g@l}mor pur e
gquartz gl ass. The bendi ng-resistant nultinmode fiber according to claim1l or
havi ng a bandw dth of 200 MHz-km or over 200 MHz-km at a wavel rngth of 850
run,. The endi fite besiimg-anistanuntitimede fibertzecording ¢ dliaing St lmvengad mimgerichlvi ng a
nunerical aperture in.a range. o%?to.o%% to 0,33. The bendi ng-resi stant

mul ti node fi ber BT Hidg 8 I 4 O %or 2, having a bandwidth of 200 MHz-km
or over 200 Miz-kmat a wavel ength of 1300 urn. The bendi ng-resi stant

mul ti node fiber according to claimor 2, wherein For the Tiber at the

wavel engt h 7of 85be hending-tssinhhiguitiopde fiberiace@dingyo Glaidil 9§ 2t My g ber two
turns at a bend,radi. RN s, } 0. 35 dB;
the bending oo Ll tOEBO@Vﬁ%% ioﬁge%rﬁfg%r“?%é#‘ﬁf%%?ﬁgé%?’qﬁ b Padi v
of 15 mllinmeters is less than or equal to 0.2 dB; and the bending | oss
resulted by winding the fiber 100 turns at tge bend,raltdi liS ﬂf 30
milinmeters-is [Ibg8endingresistapgmultinage fibor aggording to claim 1 or 2, wherein for the

fiber at the wavelength of 850 nm, a bending loss resulted by winding the fiber two
turns at a bend radius of 7.5 millimeters is less than or equal to 0.35 dB; the bending
loss resulted by winding the fiber two turns at the bend radius of 15 millimeters is
less than or equal to 0.2 dB; and the bending loss resulted by winding the fiber 100

turns at the bend radius of 30 millimeters is less than or equal to 0.2 dB.



