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"AND APPARATUS FOR LASER SPLI CI NG OF OPTICAL FIBERS 5 Technical Field This
invention relates to the splicing together of ends of 10 a pair of 3qpﬁi
fibers uswogiamnasg nt ense beam of | aser radiation. Backgr o%nr(!:il Ther e has been
-heavy growth in the area of optoel ectronics and parti cul 9”“%” he
utilization of optical fibers as the preferred nmediumfor carryin

heav
communi cati on | oads O¥EFHPRFD] HPEABATNS cRORITASER @PLIpANG St ronmmmm"’mﬁﬂmlmmn
of electronic interference. Such'OBmHETIMALf FBERsShave | ow| oss

capabilities, the optical transm ssion path providing electrical inpusaand
output isolation in a light weight and | ow cost cable, while avoiding

suscept i bitddhhitealelrFgeligomagneti c i nduction effects. 20 An optical fiber
conprises a first -transparent dielectric cylinder surrounded by a second

transparent di ! L | 1 ght ansported by a aeries of
reflections f rglnqa\%allh%feg%vgﬁﬁﬁ%]faftegn tf’n%é?fﬁ’gﬁl%’e‘ﬂ\ééﬁ‘ettﬁéri ohegnds/|qfnder
(the core)_and.the puter cylinder (the cladding). The reflections are made
possi bl e 5 B{'3 h‘?gh R i FEPIRIeRsdngt an cdnsengeerbedm anll ddsewer
refractive index of the cladding material, such that light is 3 0 MAR
2004 WO 01asHa3r4opET/ | B00101730 transported froma |ight source to a |ight
detector. These cylinders are typically covered by a protective plastic
jacké® and there may al so be included strengtheni ng nenbers which surround
and further protect the optical fiber. Miltiple optical 5 fiber cables are
al so used.paddkeaybanan nust be made for joining optical fiber cables together
as joints are frequently enployed in long haul fiber links as well as in

ocel, oo et wheks LhANeL KK BRI Sk B MBERILAS SR L

field. However, coupling optical”1 ers can resu
such as t LU P39, the utilization of optical fibers as the

preferred medium for carrying heavy communication loads over long
15 distances aﬁd safely past strong sources of electronic
interference. Such optical fibers have low-loss capabilities,
the bptical transmission path providing electrical input and
output isolation in a light weight and low cost cable, while
avoiding susceptibility to electromagnetic induction effects.
20 An optical fiber comprises a first transparent dielectric
cyiinder surrounded by a second transparent dielectric cylinder,
light transported by a series of reflections from wall to wall
off an interface between the inner cylinder (the core) and the
outer cylinder (the cladding). The reflections are made possible
25 by a high refractive index of the core material and a lower

refractive index of the cladding material, such that light is
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.of the fiber ends, gap | osses, etc. Proper joining, preferably by splicing
"of the ends, is inperative to achieving high performance from an optical
fiber link. Such fiber splicing is currently perfornmed by arc-fusidal MR 2004
mechani calo ks N techniques. In arc-fusion splicing, an electric arc is
‘enpl oyed to provide localized heating at the interface BETHRIAEU0 butt ed,
pre-aligned fiber ends causing themto soften and fuse. |In nechani cal

splicing, tiahepsraee Hebah ian BldgnnEstrdy €68 NBGRANIdeRlEBANS (B4eh as
speci al tubes, 20 grooves, etc.) and optical epoxies axe injected at the

fiber joinRi1taqepki aget P } . cIANRMET ur, LCJ )ften
restrict ?ﬁé quality of ? gb?g?%tcand th&?'%hﬁﬁggéfgggét%gg?gﬁ%gﬁgifgd
signal. Fqr se , e of ar.cCi el.ectrodes.-2. 3 0 R 2004 \i'O

0i / 32348 %é‘? / Tﬁg%egl 'P%g n%;sf%ca%%e lcggtgg%dnasﬁrc?ﬁlggf’ef‘ﬁggj (S‘Ieﬂ‘gér?uﬁ&"rg}‘, t he
time required to . obtain a joint is excessive. Although |asers are
extensi\Nﬂsyrﬁgéﬂdi§P4;§H§tgﬁﬁlPE%&?QE1§h§u€PF%ﬁ?km@FBPﬁg, Mygitdele reptieadki ng,
etc., their potential for 5 splicing optical fibers has not been exploited.
This 9 s pdibey dakle® a¥e alisdiuadd.y in deternmining the appropriate
paranmeters for |laser splicing and partly because of problens with process

i npl ement at i onPdoeisbos mahkt f bee matiez e xdi pomtiely Fprakeat FiRrmcames)
conplicated further because the fiber is itself 10 transparent to |ight and

absor pti oRogbthagens! jelhtsnheet hee&héﬁﬁl}%sea{ﬂ&yéd@xl 1%y Sl #TBkL Ng of
the fiber ends may not occur easily and iT sone 'nelting does occur, It is

Q1o ! Apidoad e ldnaBOLH 1 dcal B MENdMke THRRE S Horb Ol BEARlent 251

splicing of optica ers has not been achi eve umrar

I nvention_lt Fs gg ogéegtbof t he Qéesgmt i,nveption to provjde a nethod for
fusi ng optP&BF PEEYFSRnAELFERi 4Py “BRITEPLA: | oHPHFYEEDy t FRPLING (PEARL t her
obj ect toéggovide a netqod,for fusin%izo optical fiber ends with a precise

heat!&our E&PEBS 1§37 ReFdtlfefiBovarioys Jassesopeh ahjtderueh Pisasigamentet hod

for fusing optical fiber ends that is rapid, easy to use and adaptable for
use in of the fiber ends, gap losses, etc.

Proper joining, preferably by splicing of the ends, is
imperative to achieving high performance from an optical fiber
link. Such fiber splicing is currently performed by arc-fusion

15 or mechanical splicing techniques. 1In arc-fusion splicing, an
electrié érc is employed to provide localized heating at the
interface between two butted, pre-aligned fiber ends causing them
to soften and fuse. In mechanical splicing, fibers are held in
alignment by some mechanical means (such as special tubes,

20 grooves, etc.) and optical epoxies are injected at the fiber
joint to splice the fibers. However, current splicing methods
often restrict the quality of the joint and thus can degrade the

transmitted signal. For example, the use of arcing electrodes



-3 30 MAR 20D4 WO 01/ 32348 PCT/1B00/ 01730 renote field | ocations with

"l ow power consunption. It is yet another object to provide a field usable
‘apparatus for fusing optical fiber ends using a | aser as the heat sblMaR 2004
It is ath her object to provide a nethod and apparatus for 5 the rapid
‘epoxy fusivﬂ&”m‘ he ends of a pair of optical fibers. Thesapamghipt her

obj ects of the invention are achieved by a nethod for fusing the ends of a

pair of opki{c&dudd rising: providing two optical fiber
ends, pl aci %g the ?%‘%%?ﬁ%%ﬁ&f%&ﬂ%ﬂﬁ% i%“EB}é?’falt% tdRReFquiTedch
that the @8d§b€‘£e in contact and applying an intense beam of

e

el ect romagne AR A0 1S EFEeS6AYEct ed ends in an anount sufficient to
effect nmelting and fusing of the fiber ends. In one enbodi nent of the

i nvention, thePbENH ldsenseanomapessivelpdiaed omivany | asarieashthat is
of sufficient intensity so as to create a plasma effect during fusing.
Accor di ngsueh camvesidimgal ddliddding, Waghking] Set®afiofedt gdiemQapoigl of
irradiation should result in erratic performance, distortion and/or higher

at t esuat i splidindamthiean €isepyergs Adiathedn as foppesat iﬂ%{tissgg%kﬁzed
I'gh "€én

parameters can achieve a plasna effect which results in rgy
onsumpt | e h et MR CAN PR AR rainiBh EBrprretPTiane RoRREbeRPal |y
-4 30 %gngggg% spliéing and partly because of problems with process
implementation due to small fiber size (diameter of about 100
microns), complicated further because the fiber is itself
10 transparent to light and absorption of laser light into the fiber
is very small. As such, melting of the fiber ends may not occur
easily and if some melting does occur, it is difficult to assure
uniformity. Consequently, successful commercial laser splicing
of optical fibers has not been achieved. |
15
Summary of the Invention
It is an object of the present invention to provide a method
for fusing optical fiber ends rapidly and with low distortion.
It is .a further object to provide a method for fusing
20 optical fiber ends with a precise heat source to minimize
defects.

It is another object to provide a method for fusing optical

fiber ends that is rapid, easy to use and adaptable for use in



WO 01/ 32348 PCT/1B00/ 01730 aligning two optical fiber ends, nmeans for

“generating an intense beam of el ectromagnetic radiation and neans for

appl ying the intense beam of el ectronagnetic radiation to the al ij-ﬁ]”ﬁﬂ; {Uhkber
ends for a tine sufficient to effect fusing of the fiber ends. 5 '

Pref er ablWOOVRM8appar atus further includes means for obsefnkdagihe fiber
ends, neans for testing the fused ends to assure optinum performance, and

cont rol or. cont.orol li.ng the fusion process. Most preferably, a

conput er n%%ﬁ?‘rz%l leegl ASERS, g‘tsePﬁlﬁL’i i@wlﬁg‘f’%’éé?"’tﬁ”@tﬂ’éé,‘ma M cro positioning
system and a CCD canera are used to obtain high quality renote field

| ocation opticht A BEF 3pPrhes ohiketsyetrravidel anfigldaisahlbatpmmatpever ed.
I n anot her enbodi nent of the invention, the apparatus includes neans for
appl yi ng ocrufuming pptacad €obpouends audirg b5 lhisber agnelise adnshtaGeRTEeMEANS
for applying the beam of el ectromagnetic radiation to the fiber ends and

j 0i ning conpour 0 andthBECObHECE UED Bl Vi SS mePhb&T 2l S48 .a&t%tﬁ?l@. ebyt he
Drawings 20 Fig. 1 is a block diagram showi ng a | aser base plicing system

accosdi Ngchd +AA.PLBBRY! rhBYLOLS P end dhas? ded a2Rab L] UBLEALD W.ng the
f usi on processé&gl]c t%e ?nventlgn. n%h % ﬁ&%azgahrvﬁfoﬂ%ﬁ%sfqgem'

PCT/ 1 BOO/ 0173 i 0. i raph show t he maxi mumpower |imt for a
cont i nuous vvasxé@éza gséFgeeraﬁ%eﬁsfmo.P%ilﬁ ipvegtion, Agievied PHedef f ect
of using a, pul gfd | aser illustrating the dependence of the maxi mum
power |in??éw C&xpYEUNE theeend® PI B Raix gfaphtiedh FiPause togsther
splicing of an epoxy based joint illustrating the effect of nmaxi mum power
versus ep®RYPEAINYG tine. Fig. 6 is a graph showi ng the variation of
attenuation as 10 a function of |aser power and exposure tine.

providing two optical fiber ends, placing the two optical

10 fiber ends in coaxial alignment, ‘such that the ends are in
contact and applying an intense beam of electromagnetic radiation
to the contacted ends in an amount sufficient to effect melting
and fusing of the fiber ends.

In one embodiment of the invention, the beam of

15 electromagnetic radiation is a laser beam that is of sufficient
intensity so as to create a plasma effect during fusing.

According to conventional thinking, light dissipation at the
point of irradiation should result in erratic performance,
distortion and/or higher attenuation. It has been discovered

20 that a laser operating at specified parameters can achieve a
plasma effect which results in high energy absorption, resulting

in an excellent fiber joint, with low power consumption.

The apparatus of the invention comprises means for coaxially




Fig. 7 is a photograph of a |aser spliced fiber joint. Fig. 8 is a view of
"a fiber alignment tool. Detailed Description of the Invention 15 Referring
to Fig. 1, a block diagramillustrates a field usable splicing stati®hpMp 2004
ﬁccordinqvgﬁ y present invention. Prior to explaining the inventive
system it shoul'd be understood that the fiber ends nee8CT#BWRIT epared fox
joining using the well known techni ques for renoving the protective
covering, a29g84td 1A Rekkshi P t nd because these steps are known,
they are not r epéeat edolanlt hlhjs g%% iéclha sle}o%.egﬁgy%rplqe&eﬁﬁtéf‘at?%n”ﬁf'eﬁ‘ég
several s stens., These include an. inmagi ng subsystem 2, which has a

caner a 3,Bg%éfé?aﬁ%fc5r855985ﬁéFa?agﬁatéoﬁaﬁﬁﬁamgens oy MmRlydog whe

01/ 32348 PCT/1B00/ 01730 _controller 4 which directs the camera 3. The canera
is used tonVERSE tPRAT | D rekeriranagneg icheafli deionl tgninentakbigheplfiideng
process. The station 1 further includes a fiber positioning subsystem5 5
whi ch haseadpaferof vime osphfidianens @fflecehrasimg tée fad rfi0ferf idhass to be
spliced, and a pair of corresponding mcro-position controllers 7 that
dirests the merefqeily onene [ apPRYErhd ISARAEEE SACIABLL WA YSE"
viewing the fiber ends, to nove the fiber ends into alignnment. 10 0SS
nMeasur eneghs SHPRYS AR 85 {15 HS 0 r el roygh the j.oipt after
fusion. This may utilize aen o%??%:’al 0SS foe%{legrtgg%t té’?‘ﬁi #@SFSSE“E:ESES on
macr o- bendj ng. urse, other tests.,could also be used and the invention
i s not Iigné{\g(@e‘:c\a tgf gtg ﬁ%’g ?"é&m}%‘f:ﬁod@’.‘d 1G§r§5ErPis‘é‘?a‘bﬁJrf°&'s§€%F?/1]9"{Soﬁﬂb?i ses a
| aser dri¥er,10, a |l aser source il, a lens assenbly 12 and a delivery

syst em 13-URA? AFP9%8Fers nay be used, for exanple, CO= |asers, Nd: YAG

| asers (Neodymiumin a host crystal of yttrium alum num garnet), excinmer

| asers, HeCd M4 wrefezablivun? somputieronductallall ddssdrasymssem20sing

Conti nuous wave or pul sed outputs can be used, though pul sed output is
prefl@rr edlas®r obiodss, whithictdepdsitnidHingesystemuand, ai tepi khmbeauager st ood
that any intense beam of el ectromagnetic radiation that is of sufficient
power to hssk dhebthlRAr hegASquality remote field location optical fiber

splices, thg system optimally being battery powered.
In another ewbodiment of the invention, the apparatus
includes means for applying a curable joining compound to the
15 fiber ends and access means for applying the beam of

electromagnetic radiation to the fiber ends and joining compound

to advance the curing process.

Brief Description of the Drawings
20 Fig. 1 is a block diagram showing a laser based splicing
system according to the present invention.
Fig. 2 is an illustration showing the fusion process of the

invention.



3 0 MAR 2004 WD 01/32348 PCT/1B00/ 01730 coul d be used in the present
“invention. A laser gun alignnent systeml14 is integrated with the fiber
'posi tioning subsystem The |laser gun alignment systemutilizes a | d0MARuAK
laser diode 15 and a photo detector 16 for precisely 5 positioning the

1 aser bedfmobBrtthe fiber ends to be spliced. The di ode ipg§HB&eRI3HOW powner
beamthat is used to target the fiber. ends, allow ng position adjustnent of
the high energy laser gun prior to fusing. A conmputer system 17, that can
be a standar dFdgt-eBooks & dvaplapsewinypuber paxiomin opswdhel immiserf gumn

al i gnnment system CCD canera controller and | aser driver, receiving

i nf or mat icomtfinapushe@acaneoa landr osgsiBasuneMent systemto confirmthat the
fused fiber ends have | ow | oss characteristics, Referring to Fig. 2, the

i magi ng subsysgtigm 4 ks Hsﬁga%ﬁ) é’lﬁcﬁylri]gs driae effifggf: 89%51?{% ?napgm%.%eancﬁ on

nonitor 20. The conputer System 17 is used to direct t I'0- posl
control | g

: 1 t f4 ber .ends, ¢l ed i.n the mcro:positioners
6, in coaxi 5% %??g%ﬁié% o hégl%cge u g?ngfis?grﬁ%r?é‘??’%&uf’\/gf’é@rt ﬂ%’ﬁ)’r%s‘ﬁ} gun
al i (r;ﬁnrrent system 14, powering the |laser diode 15 and receiving 20 a signal
from t he PRGEY GetdBfor 16. The conputer systemthen directs the |aser
alignment systemto nove into the optinumalignnment with the fiber ends,
t hus sinul t an&dds| y aRlegai agapheshawing tihe dsserbispl9ciigeof caplamxysyst em
17 then sets the laser g 3 0 MAR 2004 CVO 0113234B PCT/1B00/ 01730 gun
power, sésetihgointpddinstirateng itlid ieffest | 6 afaximbinngowert vieRBus epoxy
curing time.
Fig. 6 is a graph showing the variation of attenuation as
10 a function of laser power and exposure time.

Fig. 7 is a photograph of a laser spliced fiber joint.

Fig. 8 is a view of a fiber alignment tool.

etailed Description of the Inventio

15 Referring to Fig. 1, a block diagram illustrates a field
usable splicing station 1 according to the present invention.
Prior to explaining the inventive system, it should be understood
that the fiber ends need to be prepared for joining using the
well known techniques for removing the protective covering,

20 cutting, polishing, etc, and bécause these steps are known, they
are not repeated in this application. The splicing station 1
has several subsystems. These include an imaging subsystem 2,

which has a camera 3, preferably a CCD camera, and a camera



~sel ected exposure tinme, and then tests the joint using the | oss neasurenent
"subsystem 8. A systemutilizing various high power |aser sources has been 5
eval uated which confirmed that |aser splicing with high energy anﬁlysﬂ(ﬁr@
pul se dur@(t,iogﬂ3 rovides high quality fiber joining in a m ninum afou AR 2904
tinme. Contrary to the expected energy dissipation, util irernBpoanmssntense

el ectromagneti c beamthat induces a plasna effect, causes a substanti al

i ncrease bsaibed Lcal . power hy. .the fiber to effect rapid

hi gh qual i ?ﬁeﬁéﬁ%ﬁﬁgﬁoﬁﬁ%ﬁﬁ? L SR A TIII‘% RART T es Ugesl 6B1 em
with currgaply. available | asers which emt energy at wavel engths that are
subj ect tg%gwta sogr eI"fone"tﬂ.} t%‘ér’dﬁﬂi the diper. a%ﬂsnpﬂagmnda@@égcang
significant increase in the absorption of the laser 15 radiation at |ow
absor pti oR*®8%%Fengt hs. While the plasnma effect can occur wth continuous
wave | asers, the effect is nore pronounced in the pul sed node of operation.
This is detect®ee @ asiondtiehuithereaselidesnds 86 Pét QoA ibAend antisyReuRr at
the fiber joint. For a diode |aser operated 20. in CWnode, at 820nm

pl as&a gehewlatdDmaac aupai AtoPaiRIrd-eek s i shoMe Sk chNgPHb S8k , ofhe
peak power is in the KWrange, though the average pgwenf?I IIIS ver?%g%a?If due

to th I | : L. h I I

vary i thmoe S BRI U TPEAE it S o Ee anll or
f usi i AN . el ect ti di ati t hat d

the ot asneomrrEiferd Y ( BBRE, inBsth, R Ot req o R-aeBAFS] ihFeMeon. 1Vl | ous

| asers and power |levels were evaluated to confirmb5 successful fiber
splicing {IEEEI)IICIr‘eranOt RePy oAt 2 W tVigvinghehe fibey pads ortmmoeanbe
properties were determ ned by studying |aser power, wavel ength, and

cont i nuouS¥RRYN isd@scoplégarent on, |aser pulse width, pulse repetition
rate, duty cycle etc. A closed |oop piezoelectric mcro-positioner with

act %e feedbadk lpEswasassrehndrdr subsystein gnienisedhes meaarpr €her 8bsy pi ezo
el ectric mcro-positioners which have a resolution/accuracy in the

nanonet erthangd. theejeimewees fyPiadl | YhRaveap Q2688 Adidpdimat 16an9e of
4mm with a resolution of |E.cm and a fine adjustnent range of 300um wth

a resol uldert o 30amindi ksl Dab@EOLH hA-LHNGIE! 3 ISR, T GEndl i NG

of the fiber ends during the splicing process. |aser Splicrng,

i j Qi 1 I i cal/elect Jto identif
Ty StructOra Geretranyd e e e Kl Fpgtut h AL R LT R S he
splice I(gﬂgséM¥%s%S%Eggggg.USIng (1) optical

15 A laser gun assembly 9 comprises a laser driver 10, a laser
source'll, a lens assembly 12 and a delivery system 13. Various
lasers may be used, for example, CO, lasers, Nd:YAG lasers
(Nepdymium in a host crystal of yttrium aluminum garnet), excimer
lasers, Becd (Helium - Cadmium) or semiconductor/diode lasers.

20 Continuous wave or pulsed outputs can be used, though pulsed
output is preferred. Of course, while the term "laser" is used,
it will be understood that any intense beam of electromagnetic

radiation that is of sufficient power to fuse the fiber ends



20 return | oss neasurenent (ii:) fiber image profile analysis and (iii)
“macr o- bendi ng techni ques. These tests established the effectiveness of

| aser splicing utilizing specific process paraneters of silica f¥ﬂFM§RQ@9th
~,oul tinode and singl enode) and -10 WO 01/ 32348 pol yner fi bers. e

“fol | owi ngVP Y4838 were enpl oyed: CO Laser ( Wavel ength rcifBodo@s) Nd: YAG

| aser ( Wavelength = 1.06~tm 5 Exciner |aser( Wavel ength = 248nn) He-Cd

Laser( Wa g = 5 CT1.1 B00/ 01730 Di.ode Laser( Wavel ength = 820nm
850nm and\égggan%? ‘és%gwﬁg?geofzﬁsﬁd\te IOXG PR - node silica fibers were

| aser spliced, th cl ose io 500 fiber pairs spliced under various
operating 10 pﬁ\r,\%?"f%?’érgémf POAPREBRPC STYStRE Abpoive indesratedinddgd. tBeGiber d: YAG
and Di ode Lasers A Q02 |aser has a typical energy conversion efficiency of
10% A chPeflhtoRimagaibslystemg TheWasasayurd Gl igpivieakNgysted it ida Jdsber s
is its operating wavel ength of 10.6~cm which gives 15 an absorption of

around | OdBlo@npowersillaisea, dS6aRALSthid a Rhoko & &mpabser EB%P&&% - YAG

| aser. For the avail abl e diode | asers, the absorption in silica s t ween

0. 16 5dB/ kpbk 0t { SisnPle 1B kB dependi &9 (9 gﬁag%h&g&%ﬁ!ﬁ%gg@vﬂe”,;Q\ghgr .

However, when silica fibers are irradiate

| aser 20 di - Lgnj fq i hcr.ease .i.n ahsorption i s observed, nost

li kely dugitgggpfgg%ggéenjg‘g{klg%%emqeﬁ% RS b6 k‘QSfl FRet3ToRyr thet &ibsr above
certain thr@shol aower | evel s. Laser diodes are preferred as these offer
benefits SUZH & '4%ﬁ9§v885FFQHP ady esteppt of the high energy laser gun

prior to fusing.
A computer system 17, that can be a standard notebook or
10 laptop computer, controls the laser gun alignment system, CCD
camera controller and laser driver, receiving information from
the camera and loss measurement system to confirm that the fused
fiber ends have low-loss characteristics.
Referring to Fig. 2, the imaging subsystem 2 is used to view
15 the fiber ends 18 and 19 on a monitor 20. The computer system
17 is used to direct the micro-position controllers 7 to position
the fiber ends, clamped in the micro-positioners 6, in coaxial
alignment. The computer system then activates the laser gun
alignment system 14, powering the laser diode 15 and receiving
20 a signal from ﬁhe photo detector 16. The computer system then
directs the laser alignment system to move into the optimum
alignment with the fiber ends, thus simultaneously aligning the

laser gun assembly 9. The computer system 17 then sets the laser



3 0 MAR 2004 WO 0113234A PCTI1 B0O0/01730 efficiency, |ow voltage operation,
“electronic control conpatibility, small size, and | ow wei ght. Usi n? fﬁ

CZl aser (Synrad Model 48-1-28 and Coherent D anond 84, 250W, 500 @i B%,ZUUL
Jairs have been exposed under various 5 operating paraneters fromthe

‘| aser, bowoas2aenti nuous and pul sed node of operation, ﬁ&{ﬁg‘gﬁh@fy t he
range of paraneters suitable for splicing. The dependence 4 to splice
~was also determined with various | aser paraneters, to determ ne the optinum
speed of t¥en gsiveri, ngeps odes BxpAsLeaUaingn it asat e Bakser10i Waie fRer frs ned

on 100 fiber pairs to confirm successful splicing at various | aser

par anet er sse¥eqiieal exdpolshi@eBihé NP WaYer E@EES(QEXOTBHd%ngln henkl bgLeW 11
evaporate or nelt down due to excessive heating) for fiber splicing wth

cont i NUOUSHME e-drfalt (_;,Qf)sly%%@l;, gadiation, is shown 15 in Fig.3 and
i ndi cates that the maxi num | aser power for splicing is dependent on the

exposure tine. ,I r range was _fromabout -, 13.5 Wto 30 W with an
exposure time of @S’rsg%}%ﬁgghfl%@gsgérf%u% PoWet lasepeEpyveas hagoheen

| evel s bel ow 10Wejther require too | ong exposure tinme or do not cause

suf fi @i entSYRAYALRS tBisth sndiiamgds bhat }aser . spl isHegowisphhaghaengpiyal

| aser-spliced fiber joint is illustrated in Fig. 7. Spliced fibers obtained
usi ng pul st EIPtaPyl seadivatiom grevidesnhighFqeel 4y Mibel fodheagesnt he
dependence of maxi num power -12 a3 0M-~R 2004 WO 011 32348

PCT/ | BOO10d 7@fniiaint aewuexpesureitd e Tontbkyat Ot 2o dPlehErd) ) -
Wth a pul se period of 4nms, the naxi mum power ranged from about 15 t0 30 W

with an expeeididh Obt 8P0Mng. Bnt AriloMk %RERGRIBAEELYClkar Otn gul'se

period of 2nms, at the same power 5 range, the exposuré tine. reduce

ange, e s P ef Bot, RAREPEL elbeRant IRy i nt el o ok,

range, t he exposure tine reduced to tromless 4 C,

the wd tiributabl t, t hi I | s, t he pl asy

of t i} TrRREPeL bEL RS bee Y i S BRmoBF (RS aEeRHL Figh Tosbier

| evel s, at_a_.high.pulse rate. In addition to direct fiber-to-fiber |aser
splicing, fugden g’bﬁ‘] QY BSIer| SRRIIMRGIRG - opTREBIOVEFERTRS § BFebarM3GIth 310

and currently available lasers which emit energy at wavelengths that
are subject to low absorption by the optical fiber. The plasma
causes a significant increase in the absorption of the laser

15 radiation at low absorption wavelengths.

While the plasma effect can occur with continuous wave
lasers, the effect is more pronounced in the pulsed mode of
operation. This is detected as a sudden increase in adsorption
of the laser power at the fiber joint. For a diode laser operated

20 in CW mode, at 820nm, plasma generation occurs at power levels
above 35W. In pulsed mode, the peak power is in the KW range,
though Fhe average power is'very small due to the small pulse

width and duty cycle. Of course these power levels may vary with



314) injected between the fiber pairs has al so been achieved. In this
“enbodi ment of the invention, a curable joining conpound 15 is applied to
the aligned fiber ends. Again, the energy beamis aligned with the fﬁ?ﬁﬁRZ%k
.ends. However, since fusion will be effected by curing the joining
“conpound, wdwisgaeput er systemsets the laser for a | ow power |evel, and
adj usts the exposure tine to advance the curing process 5 YR80 per
melting. For laser 20 splicing of fibers using epoxies, the dependence of
epoxy curi R§herne lesdraseandbmer i£8sshgwn parakegerb. One sy i Kbagnf eafsur e
of the epoxy splicing using |aser enhanced curing is that it requires a
consi der abkyetbremagndtid 94di 26860 POMEE . o - 004 WO
011 32348 PCT/ | BOO/ 01730 w or | ess, anﬁgfscfagsﬁerr‘ﬁtuﬁgnjcﬁ‘ﬁe ‘gig%?%ﬂﬁﬁ%ﬁglt
epoxy spli g t i Vi CH ured joint at fromabout 1 to about
18 seconds?b%g%vgﬁ%nai e%%yée?eg%ngaéegraﬁ%ﬂ'lf attFYeqi-re from1 to 3
mn. 5 The varigt}on of ., attenuatjon for |aser spliced fibers as a function

of |aser power a%dﬁ%&ﬁxﬁﬁﬁ?fﬁl ROYSToWS Vieh SFvgTesevaheatiesh tat eomfatrinon

curves show sinilar patterns. For |ow |aser power |evels, the loss is very
cl ose 3 o FPRSREFsfRkfihar rsplisdner utbbbeinghid presenst iofeoptomummnal ue,
the splice loss is 10 significantly higher. This nmay be due to inproper

mel ting an@Pbiveepecfermancet andl properteet iwnse dtysaiiekd byt Reuliyhay
joint. However, the curves do show that with optimum splicing paraneters,

the rel ati Yeseplgower, oRaveBndth, MhRlnt&adinushudl/ bal séd Rl RIS haye been
carried out with Nd: YAG and 15 di ode | asers. Fé? t%ese | asers, GK'

no
signi ficanjag@kt bi¥stand gz, | ?Lﬂ@e Ofe Jd 35D Sra({beser%%gy Egl)é%\% a?"_rcf'(g.rtgi :

t hreshol d power. For Nd: YAG | aser (from Fox [abs ard
t hreshol d i 0 ependent on.the | aser beam di anet er.
ol cimg conti oot IO b8 SrR S a0 '
Splicing cou %S #ggé 85 & ‘go%("i'rq BPALELGPeR WA BRIy 3G vso terPerhg at
Iomeropowe&aéegglg g%y bgﬁggssigLe using a small beam di aneter Nd: YAG
| aser? By (RT n§SSINECHVBOHRET a2eORPERt t he ThRSR d2RBJTSEeERRI ML POAZOA
splice join{ has, been achieved with the follow ng paraneters: -14
electric wmicro-positioners which have a resolution/accuracy in
the nanometer range. These devices typically have a coarse
adjustment range of 4mm, with a resolution of lum, and a fine
adjustment range of 300um, with a resolution of 50nm. A high-
15 resolution CCD camera was used for viewing of the fiber ends
during the splicing process. After laser splicing, the splice
joints were examined using optical/electron microscopes to
identify any structural defects of the irradiated fibers. The
attenuation of the splice joint was estimated using (i) optical
20 return loss measurement (ii) fiber image profile analysis and
(iii) macro-bending techniques. These tests established the

effectiveness of 1laser splicing utilizing specific process

parameters of silica fibers (both multimode and singlemode) and
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" PEAKAVERAGEBEAMPUL SEPOVERPONERW DTHREPETI TI ONRATE Tl MEL

| 3. OkWB. 9WL00ns3kHz60s2. 13. 3kW2. OWh0ns3kHz60s5 3) | 3. k2. 6\Wh0Nns 48 620Q9004
One inportant factor is the alignment of the |aser-beamw th respect to the
fiber to swaunegdghat maxi mum power is received by the fipber. Referring to
~Fig. e, atool 21 for aligning a pair 10 of optical fi beFSTIBOOYRMN. The
tool 21 has a pair of high precision V-shaped grooves 22 and 23 which
recei ve t hpopumerofibetscal fibers, the grooves having a tol erance of

<| ~em The mcro-positioners 6 thus nove the fibers along a single axis, .
defined by the @hiesSfellébEndromeas Wbkl ehBeoféder ends are 15, abutted, as
shown in Fig. 2. A hinged cover 24 is then closed over the aligned fibers)
t he cover havi R for,adm ssion of a high energy beam 26 to
the site OF fﬁgg?%?n?pﬁgﬁgﬁn§§Poal1%?%@?§es a rapid alignnent of the fiber
ends for fuysi nd c al so be used to effect the epoxy fusion process 20
descri bed §§69RG %%E?I %él?qgfyb=n&n96éﬂbantages and are a preferred

radi ati on source) Hi gh power diode |asers operating at 820nm (16W, 850nm
(40W Sand §5BRHEY sbAjenhviavysd@ngtided R488plice -15 3 0 MAR 2004 WO

011 32348 PCT/1B00/ 01730 fibers. Wth 35Wof CWpower, exposing the fibers
for 2 m nuHesCdtL3%@n WaveddGryuhc an3Benm) a good splice. Splicing could be
achi eved at hi gher power |evels (>35W and shorter exposure tines. No
splice is ntbdeveaseart ( penwanldrejeal s Bebaw, 3O nd enP ds%s?.g\)di odes can be
operated in CWnode, however they are preferably operated in pul sed node
and a hi gh poves;nyile agdl ﬁ\tﬁf{iQﬁ&ﬁesi'l§c9rﬁfb%gﬁeger%ﬁg%rgégéﬁgoé M fm

| aser di odes nay be used because they are easily av a estf

wavel engt h | ugi f SRl ici applications, . and | onger ,
wavelengthéfﬁégrq%% g?gdegi§§¥c%k§?% ngﬁﬁggﬁgni %ﬁbrga#éﬁﬂﬁl§*§%5FF58Ie
can q% usedaéo grovi hi%gcggalitﬁ | aser splices with even | ower exposure
ti me Ui I PR TR P&nERBnabaYe ASeTaISTGES -j oi nt i s obt ai ned
that is of _high quality in a_ significantly shorter time 15 peri od.

Particul ar AEr-eSRENERPAACS JaaRg beamis pul sed over a short duration
to assure obtaining a plasm effect, excellent joints are achieved. The
apparatus of tHe ¢Qwéasesnhks potyrbtel emergynciwevéaticer \efifdeteadyseost hat
effective splices are obtained even at renote |ocations. 20 Wile preferred
enbodi ment0%f Ahehieds emdvanvaget icfh ey beeaoshvaseandodesplibesy be Wil l
be understood by those skilled in the art that various changes and

modi fi catisibigodithere FBAet M Shurdde ivar ¥hte AR 112 18CBRR, AbnidnNgiRbgsent

i nvention. -16
15 an absorption of around 10dB/um in silica, compared to the 1-

2dB/km absorption for Nd:YAG laser. For the available diode

o lasers, the absorption in silica is between 0.16 dB/km to tens
of dB/km depending on their emission wavelength. However, when

silica fibers are irradiated with a high power Nd:YAG or a laser

20 diode, a significant increase in absorption is observed, most
likely due to plasma generation within the bulk of the fiber

material above certain threshold power levels. Laser diodes are

preferred as these offer benefits such as improved light emission

-11-



3 0 MAR 2004 WO 01/32348 PCT/1B00/01730 fibers. Wth 35Wof CW power,
“exposing the fibers for 2 mnutes at 850nm or 940nm can form a go?eimﬁlzﬁ[ﬁe.
Splicing could be achi eved at hi gher power levels (>35W and shorte

- exposure tinmes. No splice is achieved at power |evels bel ow 30W The 5

‘| aser di oWe91B2e be operated in CWnode, however they arwg&;ﬁ%@bl y
operated in pul sed node and a hi gh power pul sed | aser diode, 1s preferred.
Whi | e 820/ 850/ 950 nm | aser di odes may be used because they are easily

avai | abl e SHELE GHvel et hs VRiEasst  ewppuatienf or edmdtriongcapptémaidions,
and | onger wavel ength | aser 10 di odes which are now becom ng nore readily
avai | abl e ceERabébiis bty t ospablisliczehi gindglali wyidglaser splices with even | ower
exposure time. Utilizing the present invention, an optical fiber joint is

obt ai ned that Using aiqy) Wy (gyhPad@ Mddili ch%n%byﬁ(&&%&‘ehhgﬁ%gﬁ%m@e” od.

Particularly where the intense energy beamis pul se ver a s uration

to assureggbt aigy a ffect |l ent joints are achieved. The
appar at us 8o t he Wﬁvgﬂ?? oflfq?’g%p rtabl %ggendBESH ﬁé‘pﬁ’ﬁfager SwefEFd 4§ t hat

effective ' ar bt ai ned even at renote |ocations. 20 Wiile preferred
embo |rrent°§8%'f£?ﬁ% Ssggg‘ﬁt%eirﬁv qubn%v%a%%‘é'n BABMN i8nFadd@mPBed andt wi | |
be understogd gy tgose skilled in the art that various changes and

modi f i cat PBHESColIPYe bef nRBETRFLABuUL tQalfemel fy othe heangwpef gfaranes epsesent

invention. -16 3 0 MAR Z004 CLAIM5S 1. An apparatus for producing a fusion
joint bet Akl Hfiar ePligdogef Thewlapsrideakef ob et ime aPEp3 i 6¢:wds EREBS f Or

coaxially aligning the pair of fiber ends and for holding the fiber ends in

coaxi al akbegemeined meded fosrpener abblg FParameerss, boadn abrelafid oppgnetic
radi ation of an intensity sufficient to produce a plasma; 10 neans for

di recti ngopbemuinispited bFathel spl 86119 P MISC ?EgkﬁhkeﬂoﬁChé%%ﬁg%bggggd

fiber ends and for applying the intense beamo ectronmagne ration
Lond® | B iantd 01O Red, PSR HESH SRR AIRAREE v ng
a viewabl g i pRg&, of fJE%J“ﬂ%?Aﬁ%@%%s. ‘
A plot of the maximum power limit (beyond which the fiber
will evaporate or melt down due to excessive heating) for fiber
splicing with continuous wave (CW) €O, laser radiation, is shown
15 in Fig.3 and indicates that the maximum laser power for splicing
is dependent on the exposure time. The power range was from about
x\ 13.5 W to 30 W, with an exposure time of from about 28 sec to
about 1 sec respectively. Power levels below 10W either require
too long exposure time or do not cause sufficient melting to
20 obtain a fused joint. A photograph of a typical laser-spliced
fiber joint is illustrated in Fig. 7.
Spliced fibers obtained using pulsed CO, laser radiation are

shown in Fig. 4, which indicates the dependence of maximum power

-12-



3. The apparatus of claim1 further conprising neans 20 for testing the
“fused fiber ends for optical |osses and defects. 4. The apparatus Ofaﬁl ai rP
1 wherein the nmeans for coaxial alignnent conprise at |east one MAR 2004
.mcro-positioner 25 and at | east one mcro-positioner controller. 5. The
“appar at ugv#1/32348i m 1 wherein the nmeans for generating apeifdoftss beam of

el ectromagnetic radiation is a conti nuous wave or pul sed wave beam havi ng
an 30 aver.age, power of at least 10 W -18 3 0 MAR Z004 6. The apparatus
of claim f‘ﬁﬁh RBr SERNPHI S it ec 6FpHiEd ) aABaPR RWaTegeedodo (BnH. tontWiald i ng
the means for _coaxially aligning the pair of fiber ends, the neans for
gener ati n@ PHéS?aJEI‘F’éW‘iv)rbeéam ahlde trhasx lnesmmpdiveecranged fanabodt 1Neo
apparatus of claim1 further conprising neans for receiving a curable

j oi ni ng c8@polind vwdlbbut an hexploisgped Himker ceNdbouithes i it ggsehgam of o

el ectromagnetic 10 radiation pronoting curing of the joining conpound to

effect fusesgedtiiBeyfi baiorendsy,yBe T, ar. at of ¢claim 1l wherein the
nmeans for directi ngP¥he i r?’tenszp‘ll)eaem %?r%%gc{)?orarg‘ahe?%c%rhgdisa?ﬂeo@%r

conprd ses S river,...a Laser_source, a |ens system and a neans for

al i grﬁ ng t ﬁgb?ég‘g}‘gpr’é%%lerley 6‘\"/%~rr‘?‘ﬁ§e£ itﬁnélPY‘F b SfFs. T9SPatel vedar at us
of claim ]l _wherejn the neans for 20 generating the intense beam of '

el ect ronaéﬁe?i%ﬁr%ﬁjipﬁl?&ﬁ PE Im$ od@r ddecsrpy Powrn tiamggn otipe comisstreng of
a C02 |laser, a Nd; YAG | aser, an Exciner laser, a HeCd |aser or a

seni conduEiBf/ Bedueed sserfram leEs Ahant Rodetotof abbuy 4 heeendsheofwidepai r of
optical fibers together conprising: providing the optical fiber ends;

pl aci ng thangeoaspribatablbenternds imigheaoapowdr alégar@nts 3Beapnlakingg an

i ntense beam of el ectromagnetic radiation to the fiber ends at a power

1 evel andepfest. - There3@sMARs 2804 e tad, Hitlghies ﬁﬁgoi'ﬁtggrpq@%eah?bﬁsm
and for a tinme sufficient to produce the plasma to effect fusing of “the

fibap endsowdr llevelle Nkt goqgi% ﬁhi‘gg‘ L.d urther conprising obtaining a
vi ewabl e 1 mage of the fiber ends. 12. e method of claim 10 further

conprising tesgld . used.f] ds for .optical |osses and 1Q defects.
13.rrpA net god foﬁ c%gl%qf& ?’ﬁr iéér)g'{:o%ﬁrs'itﬁjfé 5Fy?ﬁ§e’é RN /] giaﬁFﬁg

conpound e align fiber ends and applying the intense beamfor _a tine
suffici en%&f%&cn e6€5§$ﬁeerf oty W &gﬂﬂeﬁus@PPﬁékf BBdr dhQsand
together._l14. The nethqod of claim 10 wherein the intense beam of

el ect r omeyheh i Priegked iRpryeen theaddPggePpbverhas aksqo dean pehdeved. 15, The
met hod of claim 10 wherein the intense beam of el ectromagnetic radiation is
appl i ed Bt Shigmesbediment cofibthe 3resdomdsa 26rdble Theimietchedmpbuniai m 13
wherein the intense beam of el ectromagnetic radi ati on has an average power
of &bout 15 Bppdismdott thé aVined £ibppl énds f OAdaiaN 8heuéndrdyo halamuis 20

seconds. 30 17. The nethod of claim 10 wherein the intense beam of
el ect r onmegnigfriei rwdiiat tRE iFSbBEONAR] bYHAWdASE - sired fusion will be
effected by curing the joining compound, the computer system sets
the laser for a low power level, and adjusts the exposure time
to advance the curing process without fiber melting. For laser
20 splicing of fibers using epoxies, the dependence of epoxy curing
time on laser power is shown in Fig. 5. One striking feature of

the epoxy splicing using laser enhanced curing is that it

requires a considerably lower amount of laser power, about 1.5

-13~-



30 MAR 2004 18. The nethod of claim 10 wherein the intense beam of
“electromagnetic radiation is provided by a | aser selected fromthe group
consisting of a CO2 laser, a 5 Nd: YAG | aser, and Exciner |aser, a B8GHp 2004
~laser or a sem conductor/diode |aser. 19. A portabl e apparatus for fusing a
pair of &Y@el/Rastwo optical fibers in renpte |ocations gefpisizag: 10 a
portabl e housing conprising: a) mcro-positioner means for precisely

al i gni ng tvpe of f| ber ends and for holding the fiber ends in coaxi al
al i gnnent ; % FrebR3teor Lipmetha | eppuantilonedsepoBy pplseihgeam
of el ectromagnetl C rad| at| on at an intensity sufficient to produce a

pl asma: c)tﬁrﬁim’mt!feor pravgdinggat baredt poset hennixin elbettr amagnabbet 18

radi ati on on the aligned fiber ends d) nmeans for imaging the aligned fiber
ends; and S&ﬁnﬁ@rtabheezﬁﬁmmlefep"@@"%e%ﬁﬁﬂéﬁéédgé&ﬁﬂqw%%ef Prom 1
recogni zing the image fromthe neans for ineging, for controlling tT1e

m cr o- posidd agngfipneans and | aser di ode neans and for applying the pul sed
beam of el ectrorragnetl c radiati on at a povver | evel and a pul se duration 25

*0 S\ e BRI A IAOR e, HIE Sl ST SR R L
?

: 2?223‘021 ] i%é”s%al e Ca]g‘é]Ra@%‘é]a]@%]@ES]é SUjea] o showt n Figou o F K
T
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PS/ _b| wr mipewéd] [lleszllea] adlec d]axay chg Cod ] @Bd@eﬂ] ] Baddiad Ic alser] Gald ajzal cal ¢
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diameter Nd:YAG laser. By using a NEC M690B laser with the pulsed
mode of operation, a splice joint has been achieved with the

following parameters:
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10@® 910%@&’ () - 36! 109& () -1 3$10%& ()- 1! 109%& ()-/!10%& ()--! 109%& (30 4R

10@@ | 10%63& ()- ! 10%6& ()- -10%3& ()-!: 10%00& () - "10%3& ()- 10@@10@@ _

'F dEE 10 @@ 048R () - y$10%3&' () - ! 10%3&' () - 3! 10%G&' () - é%ﬁwm}om& ()-F
<ydBE 10@® @ %40%] & ()-9' ! 10%% ()- %$109%6& ()-"!1

| 10%63&' () - 10%& ()-5u2 dEE |

10@@ 6! 10%5&' (PERK10%G&' () - 1IAMERBEE( ) - / BRANGS' ()punsm%s&' ()-1+10%& ()-2 6

789 FTc ~ @10@!10%& ()-4!S-10%& ()-!'MO%[& ()-s' m0%& ()- 10G

10G 10G®| 10%BOYER  =~udE~ @bm@mwgﬁ,@ & ENE 1ol RMPROVRR: () -2

1 109Z& () -3 10%Z& ()- F10%&Z& ()-; qdE~_@

1. 13.0kw 3.9W 100ns 3kHz 60s
2. 13.3kW 2.0W S0ns 3kHz - 60s
5 3. 13.0kW 2.6W 50ns 4kHz 60s

One important factor is the alignment of the laser-beam with
respect to the fiber to ensure that maximum power is received by
the fiber. Referring to Fig. 8, a tool 21 for aligning a pair

10 of optical fibers is shown. The tool 21 has a pair of high
precision V-shaped grooves 22 gnd 23 which receive the pair of
obtical fibers, the grooves having a tolerance of <lpm. The
micro-positioners 6 thus move the fibers along a single axis,

. defined by the axis of the grooves until the fiber ends are

15  abutted, as shown in Fig. 2. A hinged cover 24 is then closed
over the aligned fibers, the cover having an opening 25 for
admission of a high energy beam 26 to the site of the joint.
Such a tool provides a rapid alignment of the fiber ends for
fusion, and can also be used to effect the epoxy fusion process

20 described above.

Diode lasers have many advantages and are a preferred
radiation source. High power diode lasers operating at 820nm

(16W), 850nm (40W) and 950nm (80W) have been used to splice
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10ZF: mLO%Z& () -ss6! 109%Z& () -&F4 10%Z& ()- s2 10%Z& ()-LO0$10%Z& () -; GSbaBYNC
A0@B! 1096& () - 109%6& () - 109%6% ()- S@O0%& ()-!:10%: & ()-&M0%=% ()- MO
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10@BYy#10%6& () L' 109638 ()-!10%& () -! 109%6& () -10%& ()-s10%=& ()- _bVAEYNC
10@@3!10@@xb€§8590u10%§& Y- CW power, exposing the fibers for 2 minutes

109638 ()-'1096&" () -9 109%6& () - 4409%6& () - VIJdE:/ 10G

110G mom&t()esb%mm:(o)mﬂw@cfé}msa'g%@& 18Q! 10UBE6 ha- LLAYESLE) -
/| 1000 10%G&' ()- F " $LOYUGE' ()- Y! 10%G&' (V- @LOYGCE' () -1 LO%&' (7 - (QmlO%E: ()

d ! 0/ -1 0
183&)/?')_%%%}/&0% 3},@-1%%} (1' ﬂ&/ﬁ& B%%Ve d (@5&9 aRd shorter exposure

10G0510968 01 1075 1) 1068, CLoLa ALY (e 19268, (15! 1958 O
5 laser diodes can be operated in CW mode, however they are
preferably operated in pulsed mode and a high power pulsed laser
diode, is preferred. While 820/850/950 nm laser diodes may be
used because they are easily available, these wavelengths are not
exclusive for splicing applications, and longer wavelength'laser
10 diodes which are now becoming more readily'available can be used
to provide high quality laser splices with even lower exposure
time.

Utilizing the present invention, an optical fiber joint is
obtained that is of high quality in a significantly shorter time
15 period. Particularly where the intense energy beam is pulsed
over a short duration to assure obtaining a plasma effect,
excellent joints are achieved. The apparatus of the invention
is portable, and can be battery powered so that effective splices

are obtained even at remote locations.
20 While preferred embodiments of the present invention have
been shown and described, it will be understood by those skilled

in the art that various changes and modifications could be made

without varying from the scope of the present invention.

-16-



10G 10G 10GY: | 109%G& () - 6@L0Y%GE () - YA109%G& () - @10%G& () - Yet NAEnbC
"10G 1 109 ()- LL 10% ()- @ 0% ()-L 10% ()-v 30 MAR 2004
y@O0%&' ()-mo%& ()-N_! QEMbC 10G L10%&' ()-93 10%&' ()-ss10%&' ()-s! 10%&' ()- L
10% ()- 10% ()- QTdEmbC
"10Gs&* | 10V@ON3R348( | 109K () - LYSLOYR () - #, 109%& () - 9109 ( by o ()- T
1 dEnbC 10GL6 "109& ()- 4! 10%& ()- 2! 10%& () - LO PR Fhad
V0% ()- F.!10%& ()-s@!10%& ()-11111:1yl11{\= 10G
1094 & ()-! 1098 £Y@imz 1@ 10%e& ()-! @10%| | & ()- 10 10
10: MLOYK () -!!>"#VH#HHdE{\ = 10G 10%| & ()- !10%} & () -
$10%1| & ()- & 10%}| & () - nBMB10%}| & ()-3  10%}| & () - 3#$( $gSSSSYaE{\ =
10G+H 1094 & ()- )!110%H & ()- '!10%H & () - YOB10%| & () - @
109 & ()- & 1 10% & () - $9%€ 90086 & & &a&b&JE: | 104]
104| Y: 10%}| & () - ss6! 10%}| & () - F4! 10%}| & () -, 2! 10%}| & () -s/ $10%4| & () -
- 110%| & () - b&c&P&&&&/ ' p' uV7/ 104! 109Z& () - F! 109Z& ()-3 109%Z& () -
10928&' ()-!s$10%>& ()- SE&LY109&Z& () -

-17-



104| p' ' ' 1(B({((dE7/ 104! $109%& ()- 109%&Z& ()-z109%&Z& ()-!109%&& ()-
"O1109&& ()- Y3 $109@& ()- ((<)f))) & dE7/

104! 1 1092& () - 9$1092& () - sf #3109&Z& ()- L! 109&Z& () - 30 AR 2004
110928 ()-!109@& ()- & e***! +] ++aB7/ 1044! 109Z& () - S2! 109Z& () - &0
“040%Z& ()-.!109Z& () -+ 109%Z& ()-!) YAOUXX& ()- ++++++++ bC
104@1092& ()-: 109%& () - L&MO%Z& ()- 10Z 10Z

10Z: 1092& () -6! 109%Z& ()-,, Q , ,, (- dEbELAGMMBLOZE () -3 109%&Z& () -
Y 100Z& ()-Y 110%& ()-3Y! 10%Z& ()- 9! @0%& ()-(-.a. ////dBbC

104!) 9* 94 0% () -
*$100@& () - 3! 109
104! 7! 1092& () -

( 1092Z& ()-9%40%&Z& ()- y!109Z& ()-m

Ifﬁ%@y&%@ggﬂ%g’% %{W&'a‘( SOk Y RV Eze: () - 11

1111111bC BO4hlil- BEYERUS) 0BGLAW EpElical0¥TBets- MoMBOYEEnGY- 10Z 10Z 10Z@
10‘%2&'(%-112P2223dEbC 104! Y! 10928 ()~ $1002& ()- 3 10%& ()- " S109%& ()-
)

| 1092Z8&!
104Ff , 1 109%Z& 4 JeolK

Fl 109@8& () - Fs$109%Z& ()

- F! 1008830 3944 49A55508bC aligning t

pair of fiber ends

&é@%§3%h F%QBQQ%%§9§£}ﬁ&§é8£@§1(éllgnment;

ub66, 71727

means for generating an intense beam of

electromagnetic radiation of an intensity sufficient to

produce a plasma;

10 means for directing the intense beam of

electromagnetic radiation to the aligned fiber ends and

for applying the intense beam of electromagnetic

radiation for a time sufficient to produce a plasma to

effect
15

2.

fusing of the fiber ends.

The apparatus of claim 1 further comprising means

for obtaining a viewable image of the fiber ends.

3.

The apparatus of claim 1 further comprising means

20 for testing the fused fiber ends for optical losses and

defects.

4.

The apparatds of claim 1 wherein the means for

coaxial alignment comprise at least one micro-positioner

25 and at

5.

least one micro-positioner controller.

The apparatus of claim 1 wherein the means for

generating an intense beam of electromagnetic radiation

is a continuous wave or pulsed wave beam having an

30 average power of at least 10 W.
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7. The apparatus of claim 1 further comprising means
for receiving a curable joining compound about the
aligned fiber ends, the intense beam of electromagnetic

10 radiation promoting curing of the joining compound to

effect fusing of the fiber ends.

8. The apparatus of claim 1 wherein the means for
directing the intense beam of electromagnetic radiation

15 comprises a laser driver, a laser source, a lens system,
and a means for aligning the laser precisely over the

aligned fiber ends.

9. The apparatus of claim 1 wherein the means for

20 generating the intense beam of electromagnetic radiation
is a laser selected from the group consisting of a CO2
laser, a Nd;YAG laser, an Excimer laser, a HeCd laser or

a semiconductor/diode laser.

25 10. A method for fusing the ends of a pair of
optical fibers together comprising:
providing the optical fiber ends;
placing the two optical fiber ends in a coaxial
alignment;
30 applying an intense beam of electromagnetic

radiation to the fiber ends at a power level and pulse
-10-
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eam for a time sufglcient to cure

15 the joining compound and fuse the fiber ends together.

14. The method of claim 10 wherein the intense beam

of electromagnetic radiation has an average power of at

least 10 W.
20
15. The method of claim 10 wherein the intense beam
of electromagnetic radiation is applied for from about 1
to about 30 seconds.
25 16. The method of claim 13 wherein the intense beam

of electromagnetic radiation has an average power of

about 0.5 to about 1.5 W and is applied for from about 1

to about 20 seconds.

30 17. The method of claim 10 wherein the intense beam

of electromagnetic radiation is provided by a laser.
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electromagnetic radiation on the aligned fiber ends;
d) means for imaging the aligned fiber ends; and,

20 portable computer means connected to the housing for
recognizing the image from the means for imaging, for
controlling the micro-positioner means and laser diode
means and for applying the pulsed beam of electromagnetic
radiation at a power level and a pulse duration

25 sufficient to produce a plasma for fusing the optical

fiber ends together.
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