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an optical fiber by pumping light into the fiber, wherein the core of the fiber

is doped with constituents which emit laser radiation when excited by light

15 at a certain wavelength. Generally, diode laser stacks are employed as a

pump light source, in order to generate relatively high power laser

radiation by the fiber. In order to efficiently introduce the power from the

diode laser stack into the fiber, double-clad fibers are to be employed,

wherein besides the core there exist two layers of cladding, an inner

20 cladding where the pump light propagates and an additional outer

cladding. Also, when significantly high-powers are to be emitted by the

fiber, the pump light may be introduced at a multiple of predetermined

regions along the length of the fiber. The distance between every two such

consecutive predetermined regions is of the order of the length along

25  which the power of light is absorbed by a certain amount (i.e., the
absorption length).

US Patent No. 4,815,079 issued to Snitzer et al., and entitled

"Optical Fiber Lasers and Amplifiers", is directed to a structure for an

optical fiber laser, which allows the multi-mode radiation of a cladding to

30 be coupled to a single-mode core. The optical fiber laser includes the



si ngl e-node core surrounded by a first nmultinode cladding | ayer, a second
cl addi ng |l ayer surrounding the first cladding |layer and a third cl addi ng

| ayer whiwio smwpésounds the second cl addi ng | ayer. The cros®cgatovi/@asof the
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15  efficiency of side pumping of the single-mode is increased, because the

skew rays are more readily absorbed.
US Patent No. 6,317,537 issued to lonov et al., and entitled
"Launch Port for Pumping Fiber Lasers and Amplifiers", is directed to an
apparatus and a method for pumping light into a convex section of a coiled
20 double-clad fiber. The apparatus includes a first diode stripe, a second
diode stripe, a first lens, a second lens, a launch port and a support block.
The launch port includes a first pump light entry face and a second pump
light entry face. The launch port is shaped to match the contour of the
convex side of the fibers and the support block is shaped to match the
25  contour of the concave side of the fibers. The outer cladding of a plurality
of sections of the coiled fiber is stripped off at a location on the convex
side of the coiled fiber, thereby exposing the inner cladding of each of the
fiber sections.
The convex side of the support block is placed tightly adjacent
30 the inner claddings, wherein the inner claddings form into a convex

contour. The concave side of the launch port is tightly placed adjacent the
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contour. The concave side of the launch port is tightly placed adjacent the
-2 WO 03/096491 PCT/1L03/00332 convex side of the inner claddings. The
first | enwoiss/obaaent ed between the first punp |ight entrypcageozwdsz he
first diode stripe. The second lens is |ocated between the second punp

L Tght ent pyni@e ik bt 8 ipRePRIaddings. The! fifkt leflds iobated Bafwekr #hes 11 ght
fromthe tirst diode stripe to't nner 5 claddi ngs through the first punp
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t he | aser diteodelight fimnanldetmmd:tlrdde: strige ¢ottbe. inAee claddingiscthretiglect or i s
| ocat ed between the focusing lens and the collimating lens. The fiber is 15
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light at [Jeafedberdednetss foaunsingriersird |théhd;ollimating lens. The fiber is
15 located between the focusing lens and the attenuator. The attenuator is
located between the fiber and the optical isolator.
The collimating lens directs light at 980 nm from the laser diode
array to the dichroic reflector. The dichroic reflector transmits light at 980
nm wavelength to the focusing lens and the dichroic reflector reflects light
20  at other wavelengths (such as 1550 nm). The focusing lens focuses light
at 980 nm wavelength to first end of the fiber. Light at 980 nm wavelength
repeatedly passes through the core of the fiber and the erbium ions of the
fiber emit light at 1550 nm wavelength. Hence, light at 1550 nm
wavelength emerges from the first end and a second end of the fiber.
25 The attenuator attenuates light having a wavelength of 980 nm
and passes light having a wavelength of 1550 nm to the optical isolator.
The optical isolator passes light at 1550 nm wavelength and prevents light
at 1550 nm to travel back to the fiber. Light can be pumped into the
cladding of the fiber, from a side thereof and through a prism. Due to
30 internal reflections from the boundary of the cladding, the pumped light is

confined.
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at 1550 nmto travel back to the fiber. Light can be punped into the
cladding of the fiber, froma side thereof and through a prism Due to 30

i nt ernal wefd3medsvons fromthe boundary of the cladding, treTgueg@ds2ight is
confined. -3 WD 03/096491 PCT/1L03/00332 US Patent No. 6,243,515 issued to
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I ncl udes a plurality of turns and can be wound in a plurality of |ayers.
The opti cgtatingogerioakc isidedectedosach2tha tHeadliffragtioni ahgkumatoids tihe core
and a porous glass matrix |ayer which surrounds the cladding. The wedge is
in the foprarsgationymosiecef the multimadefigar andcihesklazed: ¢yrugaieshrelieti r cul ar
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a US Patent No. 5,923,694 issued to Culver and entitled "Wedge
15 Side Pumping for Fiber Laser at Plurality of Turns", is directed to a system
for pumping light into a wound pack of an optical fiber, from the side of the
wound pack. The system includes the wound pack, a wedge, a lens
element and a pumping laser. The wound pack includes a plurality of turns
and can be wound in a plurality of layers. The optical fiber includes a core,
20  a cladding which surrounds the core and a porous glass matrix layer which
surrounds the cladding. The wedge is in the form of a cylinder with a
triangular cross section, when a circular fiber is used. The wedge may
have a simpler shape, when a rectangular fiber is used.
The wedge is located adjacent to a side of the wound pack in a
25 lasing region of the wound pack. The lens element is located between the
wedge and the pumping laser. Light is introduced into the optical fiber from
the pumping laser, through the lens element and the wedge. The light is
introduced in such a manner that it is trapped within the cladding and so
that the recirculating pump light does not escape. Additional sets of
30 wedges, lens elements and pumping lasers can be employed to introduce

light at a plurality of lasing regions of the wound pack.
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25 lasing region of the wound pack. The lens elenent is |ocated between the
wedge and the punping laser. Light is introduced into the optical fiber
from thewpuspbseugl | aser, through the | ens el enent and the pordges/oodsee | i ght
is introduced in such a manner that it is trapped within the claddi ng and
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30 wedges, lens elenents and punping lasers can enpl oyed to I ntroduce

light at &SjdeuPalriped Fibérabasgr'risadicetedftot hesystemdopgamimping WEhDBO96491
PCT/1L03/ 00332 International Publication No. WO 00/ 54377 entitled

" Si de- PunpBdticat fibenéem & sidgitheteefd The sysigayiasludas thenpptical fibgi ai nt o
an optical_ fiher froma side thereaof..The tem includes, the optical
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the couphi aiaduingowhich Ewersids lthe tbed. Thet edexref aeftattieni oidahe of
refraction of the core is greater than that of the cladding. A w ndow

channel i souplingwdndewtisegreptesrthaindbad of the coraaadrile ipdexaisefragtienaddi ng
material 1 romthe optical fiber, t dept h .whi th . Th
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fiber. The coupling w ndow can be repeated along the length of the optical

fiber, sowimdowlisdpaated indhe sdodew ¢mannelhe optical fiber froma plurality

of laser light sources, at different regions of the optical,.fiber. US
Patent No. 5,854, ti%'%‘ﬁbde@@r%&ﬁﬁb@i’ibgad eéntffqmetbep}%ﬂm{taﬁwrﬁﬁbarat us
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formed onfigephafi® Wil &VEnteRlly G¥upié heto thEN€orDRAGAG YRe longitudinal extent
15 of the optical fiber. The coupling window can be repeated along the length
of the optical fiber, so that light is introduced into the optical fiber from a
plurality of laser light sources, at different regions of the optical fiber.
US Patent No. 5,854,865 issued to Goldberg and entitled
"Method and Apparatus for Side Pumping an Optical Fiber", is directed to
20 an apparatus for pumping light into an optical fiber from é side thereof,
through a groove formed on a side of the optical fiber. The apparatus
includes the optical fiber and a laser light source. The optical fiber includes
an inner core, an outer core which surrounds the inner core and an outer
cladding which surrounds the outer core. The index of refraction of the
25 inner core is the highest and that of the outer cladding is the lowest. The
groove is formed in the outer core and the outer cladding. The laser light
source is located on the side of the optical fiber opposite the groove.
Light from the laser light source enters the optical fiber through
the outer cladding and the outer core, and strikes the facets of the groove.
30 The groove is formed such that the light which strikes the facets,

undergoes specular reflection and is maximally reflected within the outer
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i ncludes the optical fiber and a | aser |ight source. The optical fiber
includes an inner core, an outer core which surrounds the inner core and
an outer woladdé#g whi ch surrounds the outer core. The i nadet/mbs/oesxy acti on
of the 25 inner core is the highest and that of the outer cladding is the

| owest. e. qf @ﬁaqnhérfdefrg%maﬁéﬂ@c% Qfoﬁ%@l't@eﬁt@d thER thit { Rgh hiclviish ng.  The
| aser Ilg source I1s located on the side of the optical fiber opposite

t he gr oovroplaigaités Withvim the dudsecots, glctivates the active sonbhtuemﬁs dherétper
t hrough the outer cladding and the outer core, and strikes ihe facets of
t he gr oovallowigg thl@eogﬂ@@vfébﬁfstq epataie ar AN ampPlifige ARluRlINNOEBreeYeses t he
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act i ve; coggiel tedbtical fi58r fﬁ@uéh@ﬁch%?tﬁ@se%r@@@@@? es within the outer

core, actrvates t e active conStituents eby allow ng the optical
fiber to operate as an anplifier. A plurality of grooves can be forned at
appropriate |locations on the optical fiber and light can 5 enter the
optical fiber through each of these grooves. -6 WO 03/096491 PCT/I1L03/00332
SUMVARY OF THE DI SCLOSED TECHNI QUE It is an object of the disclosed
technique to provide a novel nethod and systemfor anplifying light. In
accordance with the present invention, there is thus provided a device for
anplifying light. The device 5 including an active optical fiber and a

|l ight introducer. The optical fiber is arranged such that a plurality of
sections thereof are aligned and closely packed along a substantially fl at
pl ane, thereby defining a |light punping region. The |ight introducer has
an entry surface and a substantially flat exit surface. The substantially
flat exit surface is coupled wwth the Iight 1o punping region, wherein the
| ight enters the active fiber at the light punping region, through the

| i ght introducer. The device anplifies the |ight



by repeatedly exciting the active constituents of a core of the active

optical fiber. If reflectors are placed at the ends of the active optical
fiber or wex@pesal to these ends, the device is operative Poa/ipopaase | aser
radi ati on. 15 In accordance with another aspect of the disclosed technique,

there is thus provi %ﬁggwm@@i:fﬂﬁ B‘i@p

'Lfd:?Eﬁ) TECHNIGDE et hod i ncl udes
t he procedures of | y aligning a plurality of sections of an active

optical fiber, sigegbynséligct afote alisclbsédntechniqud ltet provide.a ma®ing a
flat surface of a light introducer adjacent to the sections, repeatedly

refl ecti nmetboti gid syistémnfarhemplifying lighti dal addasdancenwittartpei prasegtt he
light within the active optical ,fiber, lLaser radi.ation. n.pe produced, by
pl aci ng r Eyvesdiony shere tsng‘tpseﬁﬂ%v"é?dé}(p@tvf% ?qroaméﬁ'émg'gﬁ‘?' -lrﬁ@ ‘g%‘f'?%e
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fully frpmﬂah@eﬁaﬁdmtm dglaidliivgl ol essutions! BRréekare ialigned) amgtolegely th
the drawings n which: 5 Figure 1A is a schematic illustration of a section
of a |ighpackeglalbhgra substantiallyefiatapthney dharelve defining: ar lighic pumping an
enbodi mrent of the disclosed technique; Figure 1 Bis a schenmatj.c

i |1 ust r at regiods Theelighbyyraduaardias rhﬁntra(cwﬁ%cmmﬁa S?h’%@%éhy fld 1 ght
anplifier _of Figure A, 10 .Fi | LG : I On; a

l'i ght anp??('ﬁi%q'?acecoﬁg?r?}iqséghg#y J%Qr%)?} %é’%%%g%cggﬂglrﬁéng'\n{rﬁhgﬂl er
embodi e nbyRipihg Crediof ARSI SReNIGHE: effesdiPe2Blife AfiseNITBING light
illustratlon 'ofa top view of alight anplifier, whichis simlar to the
l'i ght anpr)hfﬁrﬁngoéglﬁrguhmm thislighigintroditer sThe sieviceamplifiesdberlighton of a

light anplifier, constructed and operative in _accordagnce with a further
enbodi nenbydepentedlyiexeitingahier activg gorstituents of a core of the active optical

fiber. If reflectors are placed at the ends of the active optical fiber or
external to these ends, the device is operative to produce laser radiation.
15 In accordance with another aspect of the disclosed technique,
there is thus provided a method for amplifying light. The method includes
the procedures of linearly aligning a plurality of sections of an active
optical fiber, side by side, along a substantially flat plane, placing a flat
surface of a light introducer adjacent to the sections, repeatedly reflecting
20  light within the active optical fiber, and amplifying the light within the active
optical fiber. Laser radiation can be produced, by placing reflectors at the

ends or external to the ends of the active optical fiber.



Figure 3B is a schematic illustration of a top viewof a light anplifier,
which is simlar to the light anplifier of Figure 3A; 20 Figure 4 is a
schemat i cwoloBosdésont i on of a |ight focusing assenbly, con®cmutez@3znd
operative in accordance with another enbodi nent of the disclosed

techni que; Figure 5 i R@EF%E%@H’TIHN@FW%@RAVW%S“0” of a |ight

anplifier, constructed and operative I n accordance w a further 25

enbodi ment of theTHesdisefsbd aebhhigue; wWill b eurfdérsteod clredredpprecidtedt rat i on
of atop viewof a light focusing assenbly, constructed and operative in

accor danceatet fullyftamdhe folipwingrsletailad dasCription len irepRiunadionvidre 7 is

a schematic idl lustration of a light anplifier, 30 constructed and
oper at i veh§dRWIBISIAMNIEN h a further enbodi ment of the discl osed

t echni gue; and - 8¢} 34 Q9649 /: . Ej : -
il ustgat i on of aF'ﬁgtr%oéIRf %rl alopé;ra rb%gét'ﬁg%ﬁ"g?\%%p%éfcﬁgﬁ %f%ir@ﬂtgs 1A,

oper at i veaniplifies Ot slastegctatt ndiopehative Rimhocbiimceowithien dnsisddiamht of
techni que. -s WO 03/ 096491 PCT/ | L03/ 00332 DETAI LED DESCRI PTI ON OF THE

EMBODI MENU® Glselatiesttemdwiqueichni que overcones the di sadvantages of the
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constructed and operative in accordance with another embodiment of the
disclosed technique;

Figure 2B is a schematic illustration of a top view of a light
amplifier, which is similar to the light amplifier of Figure 2A,

15 Figure 3A is a schematic illustration of a light amplifier,
constructed and operative in accordance with a further embodiment of the
disclosed technique;

Figure 3B is a schematic illustration of a top view of a light
amplifier, which is similar to the light amplifier of Figure 3A;

20 Figure 4 is a schematic illustration of a light focusing assembly,
constructed and operative in accordance with another embodiment of the
disclosed technique;

Figure 5 is a schematic illustration of a section of a light
amplifier, constructed and operative in accordance with a further

25  embodiment of the disclosed technique;

Figure 6 is a schematic illustration of a top view of a light
focusing assembly, constructed and operative in accordance with another
embodiment of the disclosed technique;

Figure 7 is a schematic illustration of a light amplifier,

30 constructed and operative in accordance with a further embodiment of the

disclosed technique; and
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cl addi ng, such as air, vacuum an outer cladding, and the like. Only a

| i ght 10 beam whose angle relative to the nornal to the boundary of the

cl addi ng,woics/ogesent er than the critical angle, is totallypcafiLesiogsk from
the inner boundary of the cladding. The term"active optical fiber" herein

bel ow, refers to FEEQPPé’tB' i scﬁéﬁ%ﬂc"‘ﬂ]%ﬁaﬁ@ﬁ ®fi S nfttRed M%@ér@lﬁtﬁ%%%a

sel ected chem cal enment an active constituent

er bi um  vyiightr Riroplifiern bft lllrlebe1AAhlc1;ieranyearrpla¢qordagbe aniths pemathiec
wavel engt hs, when excited light. In a double- clad fiber, the core is
surroundeelmbpd@mehhﬁéthQﬂ!ﬁ@Lﬁﬂj?tGﬂﬁiWe-s further surrounded by an outer
cladding. The term"total internal reflection" (TIR) herein below refers
to reflection of |ight between the sides of the inner 20 cl addi ng, where
the outer cladding is stripped off and the inner cladding is surrounded by
a substance whose index of refraction is |lower than that of the inner

cl addi ng, such as air, vacuum nitrogen and the |ike. Sone of the
reflected light enters the core, thereby exciting the ions which in turn
anplify light at a specific wavelength. 25 The term "light punping region"
herein below, refers to a region of the active optical fiber where
different sections thereof are aligned and closely packed along a
substantially flat plane. The ternms "punp light" and "punp |ight beant
herein below, refer to light which is introduced into the active optical
fiber in order to anplify a light signal. -10 WO 03/096491 PCT/1L03/00332
Reference is now nmade to Figures 1A and 1B. Figure 1A is a schematic
illustration of a section of a light anplifier, generally referenced 100,
constructed and operative in accordance with an enbodi nent of the

di scl osed technique. Figure 1B is a schematic illustration of the cross 5
section of an active optical fiber of the light anplifier of Figure 1A
generally referenced 150. Light anplifier 100 includes a |light source 102,
an optical



assenbly 104, a light introducer 106 and a plurality of active optical
fibers 1121, 1122 and 112N. Light source 102 includes a plurality of |aser
di ode lo wormspesiol whi ch may be in the formof a stack whi @oTimed/wedes a
plurality of stri pes. Active optical fi bers 1121, 1122 and 112N are

substantially WFENE@F MERTT®N relates only
to active opti cal ﬁ% %g'rququmpgﬂ I's applica qy[?so to active optical
fibers 1122 and ITRALdiéclbbed Rhniqle fovrtombsl theyadisddeartageseoflde an
inner cladding 15 114 which surrounds core 124, an outer cladding (not

shown), wprioh arsbyr pmvm;ng rmdlghtl%mallﬂgr whichnincluges e fat \f@C?taléﬂém (not
outer claddi jntroducer 106 can be in

tsﬂgwpz)’r mWn aﬁhe‘gur ! iP&&O'%%ek PBrﬁqqg’et‘?ﬁ)tg?‘?éLﬁ'lbgr" trapezoi dal, and
t he | |4<e Li ght %rté’rqHG%tl %ﬂﬂe”?d?‘e‘?éq)ﬁgb'ew s Akkinelrgnspar ent

material, such as glass refractive index of Iight
|ntroducer 106 is substantially equal refractive index of the inner
cl addi ng 114 of active optical flbe@ 3%2 ’“ i ght introducer(1106 i ncl udes
an entry surface 108 and an exit sufface The optical power of entry
surface 108 can be either zero (i.e., by beln for exanple substantially
flat) or non-zer owhereng lbythbamd&g of @ranlmrao the dladdingsotancepticalconvex,
and the like). Exit surfac ? substaptially.flat. Active

1 ber o 11506 andannii tha Sides 6 4pirgaton i Be BRtealovbish Sysdn @'a%ked

along a s I I d n iy

whi ch exi ?I%Qﬁ?éx @Aﬂ%@' 'ai\l g%tcggﬁbagﬁ ay#?ﬂgl%ﬁ?gnsir%fﬁ t@%gp (é:a%nlhﬁgl de a
lens, 4 pbééﬁjowwos%f ah 5r%$at|ve3fb & o] 't@%e%cﬁl‘fﬁl’ﬁ? .ofahd dlhddindse.
q)tlc asse 104 | | ocated between light source 102 and entry surface
108. I nneis gdwﬂdr thanlthe dritical Ahghe) i83otiyaetiebted froasiionBB®eribmatdeny

adj acent to exit surface 110. The cross section of inner cladding 114 is
subst ant i @f the elegldit@yul ar or square. Alternatively, the cross section of

e e ol 20 0 S8 S R YR bGP, B tpricaforent
fiber whose core is doped with ions of a selected chemical element (i.e.,

15 an active constituent), such as erbium, ytterbium, and the like, which may
amplify light at specific wavelengths, when excited by light. In a double-
clad fiber, the core is surrounded by an inner cladding, which is further
surrounded by an outer cladding. The term "total internal reflection" (TIR)
herein below, refers to reflection of light between the sides of the inner

20 cladding, where the outer cladding is stripped off and the inner cladding is
surrounded by a substance whose index of refraction is lower than that of
the inner cladding, such as air, vacuum, nitrogen and the like. Some of the
reflected light enters the core, thereby exciting the ions which in turn
amplify light at a specific wavelength.

25 The term "light pumping region" herein below, refers to a region
of the active optical fiber where different sections thereof are aligned and
closely packed along a substantially flat plane. The terms "pump light* and
"pump light beam" herein below, refer to light which is introduced into the

active optical fiber in order to amplify a light signal.

-10-



5 light beans originating fromthe Iight source 102 toward |ight introducer
106. The |ight beans which originate fromlight source 102, are
representwo dpoq@anp |ight beans 116 and 118. The fol | owi n@CaaBeyGop32 on
relates to the process of introducing light into active optical fiber 112,

and the repeat ed pgldrgabbasndll a® 1d Piurek01A 4 NERCFIg(ReOPAI g2k f1 ber

1121. This process Is known in the art and is included herein, to conplete

t he descrggtiérmatiofillidteatibrs of assecticar bhiadlight arplifierqlgenesaltprgfetOdcedr ect s
i ght beans 116 and 118 in a direction which 1s substantially
per pendi clPs constaucteyd and fepasativs in Siaeesdanee mwith aptembodimant eé the | i ght

LSL&E"TEE&%@%@S? iRy g Y s <4 sclieindle iYafen ot hidfse 114"
ol addihg T hd e o gRRCATHRA. of R0 IORPTDRHfbrof  THOrETIRL the

i ndex of geherdiyireferehcellel50redi um (e.g., air or vacuum) in contact with
bottom surface 122 is 20 substantially less than the index of refraction of

cl addi ng 114, |i dHghbeamplifien el Ghdinchilesfa eightf senrest 1@ Ay feptical22. The
i nd f ref ' f the. i um | t. with sur f 0 i
Fog one. cReRATPaRO8 e Nt inBAEET dfie i Apiray e BB Whges " <

bst ant i he : ' | b0 Ghfl It
Cop surt abbobZephde 12y RbRL EPGed 802 BREfuCY aCoRFaNhor e Hoder Pl o
bot t oyp Suéffriﬁ@?,, Which trhay ey iptiey iférmgoft atsthck iwtiiehriatludes! @ glurity Bt al

internal reflection takes place, provided the angle between the direction
of |ight $tipes. 1Aetivedoptigabifibarie 1H@nmal 120 ané 113nghteidsubstastialy of

o thi s nielengeal. ianghtnisaths kWG desciption edalrolnh b achvai agtalr | act od
a0t BERAHTA SR opledE 4GS 1BVl Roit a5 Bl 162
PCT/ 1L03/ 00332 pagstived opficaHfibef ane, indludfesagtdore P4, alinhéberaddidg. At
every15pas1s14 which surrounds core 124, an outer cladding (not shown), which
surrounds inner cladding 114 and a protective jacket (not shown), which
surrounds the outer cladding. Light introducer 106 can be in the form of a
prism whose cross section is triangular, trapezoidal, and the like. Light
introducer 106 is made of an optically transparent material, such as glass,
20 and the like. The refractive index of light introducer 106 is substantially
equal to the refractive index of the inner cladding 114 of active optical fiber
112;. Light introducer 106 includes an entry surface 108 and an exit
surface 110. The optical power of entry surface 108 can be either zero
(i.e., by being for example substantially flat) or non-zero (e.g., by having a
25 curvature, such as concave, convex, and the like). Exit surface 110 is
substantially flat. Active optical fibers 1124, 112, and 112y are aligned side
by side and closely packed, along a substantially flat plane defining the
light pumping region, to which exit surface 110 is attached.
Optical assembly 104 can include a lens, a plurality of lenses,
30 other optical elements, and the like. Optical assembly 104 is located

between light source 102 and entry surface 108. Inner cladding 114 is
-11-



t hrough core 124, light beans 116 and 118 excite the ions (such as erbium
ytterbium and the like) that are doped into core 124, wherein these ions
anplify twewmiogssal |ight by the known process of stinul at @dT/RozBRSi on. As
| ight beans 116 and 118 repeatedly totally reflect off the edges of inner

cl addi ng L1480 HAVANCR, BRIt C%C‘H eTPR! biRls §68%6n bE4Aner bl’éﬁjdh‘i)g‘er of
and 1 ca

the light beans 1 ecays. e I ength along active opti fiber

1121 at V\/m¢hstsmﬂbsmnmllyOfedtbngalmrtdreslquarghtAltmaaHvelqpH}es chysslseatiorr t ai n
amount is herein belowreferred to as "absorption |en The absorption
| engt h depleritie mﬂem@la@d;@gehsgtaq shana gMFBICBemﬁluqqs agdeqqts one Higedt eri al s
conposi ng _the core_.an ctur,

core and TFIMEREePriEN 't?]‘efarﬁﬁé't qqq(éqort r@‘%o@%%%h%??ﬁ% @ﬁ%ﬁ% thet he
OPti Ca)  ARHRTBEAm BFRMAIHAE frohh She Iyt sy iceabo DRI dSRyt irddiRerar €

substantially co n the di ng, are direct such

that the y106al Thet ¢|gha| beafﬂseCWhmh coriginateonfrom nligite souree di02]diang are
fulfilled. The dianeter- an? Broduct I s defined as S=dspotxenax is
const ant , regresentecdippump lightbeaats til@madet18.and 6max is the maxi num

e b he|ight b d th i
R e LI R T S R T A AR

the di anell@{t 789 sRRE G Cal Tidet £1DS4AAHE! eheallls raflbetidtie Bl tHIgNigHEe | 1 aht

beans und 0 various lons ‘an rac I 'ons ht anplMi fier

such as |Wﬁhtn Jeavef opticalOfbdr1 921 e ThR) prcbds@ss i o fiv theaaﬁ an@ igui ded
by the inner cladding. Hence, at the plane ﬁgerpendl cular to the fiber

axi s, thelmtlwdﬂﬂ dreraitgl to pooylete the Idesc l’IEUObyO ﬂmmsaiose\dete@hnlqma s the
I B T A A Ly gt g
| oo LU kBl ARl 8%y e g | S *ﬁ@ﬁ%ﬂ‘é&gz@dﬁx
ok o PSS RSB Ro il Bt bl syt
15 equal, light beams 116 and 118 pass through a top surface 120 of inner
cladding 114 without being substantially refracted.
Light beams 116 and 118 enter inner cladding 114 and strike a
bottom surface 122 of cladding 114. Since the index of refraction of the
medium (e.g., air or vacuum) in contact with bottom surface 122 is
20  substantially less than the index of refraction of cladding 114, light beams
116 and 118 reflect from bottom surface 122. The index of refraction of the
medium in contact with top surface 120 in regions other than the region in
contact with light introducer 106, is substantially less than the refractive
index of cladding 114. As a result, top surface 120 reflects the reflection of
25  light beams 116 and 118 from bottom surface 122, thereby providing total
internal reflection. Total internal reflection takes place, provided the angle
between the direction of light beams 116 and 118 and the normal to the
longitudinal axis of active optical fiber 112, is greater than the appropriate
critical angles. In this manner, light beams 116 and 118 are repeatedly
30 totally reflected from bottom surface 122, top surface 120, and side

surfaces 160 and 162, while at each time having a certain probability of
-12-



-13 WO 03/096491 PCT/1L03/00332 di ode stripes, whose |ight beans may be
concentrated into the inner cladding and guided thereby. This condition
al so di ctwoas/obé¥elr maxi mum nunber of inner claddings to wWrCTLOI@35UNMD

| i ght beans may be concentrated. 5 A light anplifier such as |ight

anplifier %ng xm*eﬁx %rrBOﬁéheef ddtive bgfﬁeél Gdert Y12bY Apr 6vér)i pasan
appar at us peat passing |ight rough the anplifier. "Accordi ngly,

punP :clghthmﬂlghn‘;:]:onalut@tl light bidaens i Y16 arwhpl 18 iescitet biee dbis p(suchcasg and
anplifying a l'ight signal. This lLight signal is anplified, the anplified
si gnal re?mlhmt}m@mumrpﬂm(ﬂ ithe H‘Fﬂ% thats are aper "&prpf‘? @4, aWBeiNt or t h.

lﬁ?sexéﬂﬁrs' s SubBREEURE PloBliaht, BY: e Kb, Stogers | osoiBitangly

reflecgor ? bced at each end of the optical fiber, whereby |ight
repeatedly refl’ects fromone reflector to another, each time passing 15

through the |ight Agnfight beanmdntﬂmsadbensgrépeatbdty aotaillyf reflbct off the
Alternatively, the | |?ht anplifier may be incorporated in a.laser ring

cavity. A® geauhofgnyerc :gmg r@ﬁe@[ﬁ%lélﬁ?/aﬂﬁﬁ\lbf@lgrhﬁ%% optigal Bl 1#2ng, “each
t t b

I R s s TR S AR P, 11
152 and Sk 599,80 B 0RO, PEELIREA g8 SHEL S 153

circlgo Aal cgitain atrouhidsrheiein Ibiowadfegbtl fonas ddbserptids lersgthl .athe
adj acent to active optical fiber 150, such that a surface (not shown) of
i nner cl aabsatpticBulengthidenensls omdhel waelangthaof kight: beamst 1 1561awd)1 & i nner

25 cl addi ng 154, mak i f the
nt FoducelTe RIS COTBRSIG dhece/e A0 MRS JPBRRGTEIURE efisth the « ne

S oh B BE o e dihe bt Tandpes. 1 2 plural ity of

It is noted that in general, the optical assembly concentrates the

15 pump light beams so that they are substantially confined within the inner

cladding, and are directed such that the total internal reflection conditions

in the inner cladding are fulfilled. The diameter-angle product is defined as

S=dgpotxBmax is constant, wherein ds, is the spot diameter, and 6, is the

maximum angle between the light beams and the optical axis. It is known

20 in the art that for a collection of light beams traveling along an optical axis,

the diameter-angle product S is substantially constant, even when the light
beams undergo various reflections and refractions.

In a light amplifier such as light amplifier 100 (Figure 1A), the

pump light beams are guided by the inner cladding. Hence, at the plane

25 perpendicular to the fiber axis, the diameter-angle product is limited by

P=dxNAxn, wherein d is the lateral dimension of the inner cladding, NA is

the sine of the maximum angle between the direction of propagation of the

pump light beams and the longitudinal axis of the inner cladding, and n is

the refractive index of the inner cladding. Accordingly, at the origin of the

30 light beams (i.e., at the laser diode stripes), the condition S<P should hold.

It is noted that this condition directly dictates the maximum number of laser
-13-



and wherein each coil is |ocated within another coil having a | arger 30

di aneter. The active optical fiber is wound such that the height of all the
coils arewsuBspv@ntii al |y equal and that the outer annul ar fraaasosdosz | t he
coils -14 WD 03/096491 PCT/1L03/00332 are |ocated on the sanme plane. The

flat surfgege Of%argsesé 9 dolsat Lgﬁ'%%ranh§ %&aﬁedcaﬁcémrétda ) ﬂ%aﬁﬁa the

out er annul ar into the active optical er,

froma |igdaddimy ane gbrdvmma@bqptTmslcca&hmmlaylsoadudtetths theghta)qlmUm)ducer
5 Reference is now nade to Figures 2A and 2B. Figure 2A is a schenmatic

i |1 ustratnember ef lingat elegdirgseito ydrieh athey pt@ﬂ@r dgbbdreos Mmahe uct ed
and operat I ve i.n accordance with anot her enbodi nent of the disclosed
technlque edﬂ%thlsaschenatlc|IIustrat|on of atop viewof a |Iight

2ol 14 or of Fi o JOPhEGIRA RckPds, i Sirpbfiicr 100, May Belingolpdited 1,

i ncl udes jni ghtased @aVits b¥8§rw‘kﬂin98én @;@pamdjs dop eapbatll §assiry 1ight a
l'ight introducer 190 and an active optical fiber 192. Light introducer 190
i ncl udes tough ther ampifien.oAceordingly, pumprightiis istrpduced 19@) tb%tlghé

t | fib 19 | | 2 2002.
iy f%m%rhﬂar IneEeharodusing aiie sumityinge diott Riodal2 3 iGRPBighBle.

Each of aFnﬁ{?%C%elﬁ Aufifidd SRl Syl 8 the 5ere>hf.eﬁ%&ﬁ§% F' gur e

1A) . Each %0 cal asse l'ar to o asserrbly

104. P@tldmmﬁﬂbdcahdfs@erbrth%rh@ thensigaal ﬁ@r@péateiﬂ)@mmplﬁledlth@lfeﬂ 2. 20
The manner in which coils 2001, 2002 and 200N of active optical fiber 192

ar e woundpraduaites tagdsdighiber ei n bel ow with reference to an active optical

fiber 206 of lig anplifier 204 of Figure 2B. ght .anplifier 204
i ncl udes active gép@" Eamplgert 90@%@{dcgvl ty gRay; k’@r@du‘@g};r Jager |Gy

'ntrOducv\n}él\Sscg%lycé ﬁﬁf&tl 58&@%@%&1%8'}5’( t%#zo@%]%e?x% &by ace

(not sho e s srmlar Intro uce¥ 190
(Figure 2fght repeatedly reflects from one reflector to another, each time passing

15 through the light amplifier and thus being further amplified. Alternatively,
the light amplifier may be incorporated in a laser ring cavity. Accordingly,
light repeatedly travels through the laser ring, each time passing through
the light amplifier and thus being further amplified.

With reference to Figure 1B, active optical fiber 150 includes a

20 core 152 and an inner cladding 154. The cross section of inner cladding
154 is confined by a sector 156 of a circle (not shown) and a chord 158 of
this circle. A light introducer similar to light introducer 106 is placed
adjacent to active optical fiber 150, such that a surface (not shown) of
inner cladding 154, defined by chord 158 and a length (not shown) of inner

25 cladding 154, makes contact with an exit surface of the light introducer,
similar to exit surface 110.

According to one aspect of the disclosed technique, an active
optical fiber is wound in a plurality of coils having a mutual longitudinal axis
and wherein each coil is located within another coil having a larger

30 diameter. The active optical fiber is wound such that the height of all the

coils are substantially equal and that the outer annular faces of all the coils
-14-



Active optical fiber 206 is wound in a plurality of coils 2141, 2142,

2143, 2144, 2145, 2146, 2147, 2148 and 2149, thereby formng a coiled
struct urewP8/09630i | s 2141, 2143, 2145, 2147 and 2149 hel i earhyoz@since in a
di rection which points perpendicularly out of the drawing sheet. Coils

2142, 30 2 fcAddCorntfoddhe PRIaThy fil/ailsed oica dihditronuobi 6 poi nt s
perpendicularly into the drawi ng sheet. -15 WO 03/096491 PCT/1L03/ 00332 The

porti on' oplazeti atethipplarse afdjdeent2be datenaamutai facedldnd dight i@ pumpéd

referenced 2181, 2. The portion of active optical fiber 206 between K coils
2142 and Plathe pstiveoptisattiben frpma lighfes P?itgFPLtQh apigRical gssebly i per

206 bet we ol .S 4 2145, is referenced 2184,5. The portion of 5
SRa e pippEtiheig P

active op tween coils 2146 and 2147, is referenced 2186, 7.

The pogtion of aghifeARsiiSahow! MRIe2RP FRRAINEEIACMY DE.1FIgABRAL48 IS

referenced 2187,8. The portion of active optical fiber 206 between coils
2148 and gdHématis ilkfstratione dbf2 E88ight Bmeplifier, egeiserallyaceferenopdi d80, f i ber
206 are referenced 220 and 222. 10 Wth reference to Figure 2A, coils 2001
and 200N GeNsteugteyd andepesative in agcosdancs Withs agattes emposimant 9&@4. Coi |

2002 advances in,, a,directd.on j gnat i . , 2002
ang 200N F5EIRsEd ‘FSB”&QH%@&“F%?E %3 éﬁﬁ%ﬁ‘é‘t@ﬁ&%ﬁg@l%'%ié‘ iR 205 and
a bottom pann £ ac h ' e i23Q; hi cture
S0 15 G drfileRs Syerighyg MRl BB CIRAT S SiRlaca0! g Hohy
2147, 1@148mpiifidr BflFRydrerada top annul ar face and a bottom annul ar face (not
shown). The di stance between the top annul ar face_and the bottom annul ar

face of coiled sSiithcrefesence torFigure 2A) light ramplilierc d§0Hinalwdes dighér ence
L0 L0t o< oalPAd Ao S5 Dol SabiribReg e PR, 815 bt BllpcfRbfee 1°2
he" oSS PL HS Gl o165, LuphRckiter o0 Ghekedsoehagent Lo
surfaces 194 and 196 and an exit surface 198. Active optical fiber 192 is
15 wound in a plurality of coils 2004, 200, and 200y, thereby forming a coiled
structure 202, where N is a positive integer. Each of light sources 182 and
184 is similar to light source 102 (Figure 1A). Each of optical assemblies
186 and 188 is similar to optical assembly 104. Active optical fiber 192 is
similar to active optical fiber 112.
20 The manner in which coils 2004, 200, and 200y of active optical
fiber 192 are wound, is described herein below with reference to an active
optical fiber 206 of light amplifier 204 of Figure 2B. Light amplifier 204
includes active optical fiber 206 and a light introducer 208. Light introducer
208 includes entry surfaces 210 and 212 and an exit surface (not shown).
25  Light introducer 208 is similar to light introducer 190 (Figure 2A).
Active optical fiber 206 is wound in a plurality of coils 214, 214,,
2145, 214,, 2145, 2145, 214, 2145 and 2144, thereby forming a coiled
structure 216. Coils 2144, 2144, 2145, 214, and 2144 helically advance in a
direction which points perpendicularly out of the drawing sheet. Coils 214,
30 2144, 2145 and 2144, helically advance in a direction which points

perpendicularly into the drawing sheet.
-15-



exit surface 198 nmakes contact wth coil 2001 is referenced 2321. A light
punpi ng region where exit surface 198 makes contact with coil 2002 is 25
ref erenced0aB®2649A | i ght punpi ng regi on where exit surfacecTaBoymies

contact with coil 200N is referenced 232N. The outer cladding (not shown)

of active opticalTHd bRyrtid@2f ActiRyioplicalfibbr 256 bARBeA3EHd 218 ramped of f,

thereby allowing exit surface 198 to nmake contact with the inner cladding
(not shov@)4gfis cefdrenzed 121007 henpoiadNof aAbtive rapdicabfibeef206chetweart |i ght

30 introducer 190 is substantially equal to the index of refraction of the
inner  cleRIls Aldoand A 14e: 19 [riptenced gé&z,&gﬁhepp@ﬂv@cg@ﬁ@%mwai tiber

e LT 008 N, BN 25, M6 20 R ARAEREED B0 SEbRSEBABRTEEY | o5,
192, i 5@% B%éélgﬁﬁetpﬂﬁﬁ'ww%ﬁ'c%lﬁs ﬁi‘léan@ﬁ?@}ﬂg réfetbneéd aetg e

optical fiber . Active optical fiber 192 is wound, such that the length
of acti veThetperionSof idntivel8gtidadt fleem 206gbetweeni calsr 2dAprend 2A8gaisl 2322,
is substantially gqual to the absorption length of active optical fiber

192. Si nitefergncedha18yendthie pertian of adpta entica| fiber 12036 hatween £t

punpi ng regions 2 and 232N, i ub t,i.all .0t tion
angt hoof 2 Ehe Aog ol o3 refetaaiced §18sonn 168 . oS U aehifh ol FRET,

punpi ng regs %p% réferénédd 2%’@)23,1&(222[ ong active optical fiber 192, is of the
order of the absorption I'ength o active optical fiber 192. Simlarly, the
di st afgce bet ween Withhtreferencegto riEiguems2A326bin ROB2knal @iPyadielicallppt i cal
fiber 192, is of the order of the absorption |ength of active optical

fiber 192adwinge in gHlirectioradesignated byeare pginy R24s Gait 200z ad¥aneesibne end

f th ti fib .t hi [ ght b 5 | ifi d wi f
the ofhifa aictiondesigefast by A Arown 526 A 200 o At and Phok Th8 % per at e
as a li a i fd /3:h ' '
shovvn_) gf pl g %] 'uie?rﬁfarco%\l%te?ﬁ (23%@6 iezsﬁfaoégg(f"@l a(rj"‘fq B@H{é {E(? Zta)k%entd t o%gbgﬂ%ﬁ? <(51P01E ace
of coi | edangtiayclagee (R0 shdwn) | uanotieer eedl @30 of heviled strictwre 2020 i ght

sources 182

15 Similarly, coils 214, (Figure 2B), 214,, 2145, 2144, 2145, 2144, 214, 2144
and 214, form a top annular face and a bottom annular face (not shown).
The distance between the top annular face and the bottom annular face of

coiled structure 202 (Figure 2A) is referenced H.
With reference to Figure 2A, optical assembly 186 is located
20 between light source 182 and entry surface 194. Optical assembly 188 is
located between light source 184 and entry surface 196. Exit surface 198
is located adjacent to the top annular face. A light pumping region where
exit surface 198 makes contact with coil 200, is referenced 232,. A light
pumping region where exit surface 198 makes contact with coil 200, is
25 referenced 232,. A light pumping region where exit surface 198 makes
contact with coil 200y is referenced 232y. The outer cladding (not shown)
of active optical fiber 192 in regions 232,, 232, and 232y is stripped off,
thereby allowing exit surface 198 to make contact with the inner cladding
(not shown) of coils 2004, 200, and 200y. The index of refraction of light
30 introducer 190 is substantially equal to the index of refraction of the inner

cladding of active optical fiber 192.
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20 and 184 (Figure 2A), punp light into active optical fiber 206, through
two optical assenblies (not shown) simlar to optical assenblies 186 and
188 and wotwypswr f aces 210 and 212. Thus, the two |ight ouricesoopszrp | i ght
into active optical fiber 206 through |ight punping regions of active

optical fiber 2 ' | | ral |
flat plane. 25 A%PC%Q%&%FB?% qgggbggt%ruﬁgﬁgtfgl@?%ﬁ eﬁ]%@ds?g%ﬁcey

bet ween exady 88\and dighs etrsducer! 1a0ytpurnprighg intecactive, opticaldittdnel 9% gt h of
active optical fiber 206, is of the order of the absorption |ength of
active opeachlofflighdrpuropingnregionst 232n c3d0amd @d2a QfA,aCBH@ Qﬂ]l‘?@é?‘b@f coils

2001, 200 . s Lim . i

opt cal F 182r Agtse opu6a| fagh 198 i W BB SUER PR IS IR Vs Bl e 16
and 188. - ; i h ' ;

et ver oplDEa o2 bansT Joh A Blng Pl 980 e 225, B scbsmialy ™ ©f
properti eég@él 86 ttheealosdrptioh ferigth dPActivé roptivadriberf 192aSimitarlyj ghe
sources 182 and 184, magnification of each of optical assenblies 186, and

_183 anddt Ie@gﬂ? I(ﬁhaqtbfegmﬁ@aifﬁbﬁfi 192 betwaendight Joamping seg@ionsrd 3z and

i ndepen t t f ti A | fi.b 192, Th f

re aht Heﬁéag,b@ soSt3ntaly Sotiaf o, atssthlion denat of AcHie, obtics ¥Befi i
eeping t [ b ' | | i '

(oot " bel SRed TRy fep Hsttith BetedYoBtleiiiing, Ledion, 282 and pazans

punpi ng r apingachve dpticdl 7ibeN)190, orkgoRthie \rdepof ahb dbdwptibAZength of

substantially constant. Thus, by increasing height H dianeter .can be 10
reduced, abiive dutimal rfibarnd 92i sSmnitaryh ethee shistaneecbatween i Nghtl pympPINguni ng

i bst ant al | d. Inthis. . SOl
L e R
i ght int ' ' {i [ ' I

pover . 11 PSR, By B SRR shficel SR 392, WneRBBhETALE certailR SR

assenbl i egaqBMbAdtENS ihtbAQERH #itd of@RriEof ﬂ@h@tﬂv@ﬁib@?,?l?ﬁs lighcaidyops al ong

the top annul ar surface of coiled structure 202, and a
15 amplified and will emerge from the other end of the active fiber. Thus,

active optical fiber 192 operates as a light amplifier.

With reference to Figure 2B, the exit surface (not shown) of light
introducer 208 is located adjacent to the top annular face of coiled
structure 216. Two light sources (not shown) similar to light sources 182

20 and 184 (Figure 2A), pump light into active optical fiber 206, through two
optical assemblies (not shown) similar to optical assemblies 186 and 188
and entry surfaces 210 and 212. Thus, the two light sources pump light
into active optical fiber 206 through light pumping regions of active optical
fiber 206, which are located side by side along a substantially flat plane.

25  Active optical fiber 206 is wound such that the distance between every two
consecutive light pumping regions, along the length of active optical fiber
206, is of the order of the absorption length of active optical fiber 206.

With reference to Figure 2A, the number of coils 2004, 200, and
200y is limited and depends on the parameters of active optical fiber 192,

30 light sources 182 and 184 and optical assemblies 186 and 188. These

parameters include, for instance, the outer diameter Dy of active optical
-17-



ot her locations along the bottom annul ar surface of coiled structure 202.
According to anot her aspect of the disclosed technique, a plurality of
secti ons wbD odioddser ent coils of a coiled active optical filremr/1R6300320 dr awn
out of the coiled boundaries of the active optical fiber and the sections

are | ineafibyr abbonaffdngrohdties of aptve Ugﬂ. o dlbaci bos eighgiohfs bhe

| i ght introducer i's placed ong the flat plane and adj acent the sections,

and | i ghteash pofnighit i sdurcebe 182c aindnd 8#y mma@rilflcgiﬂorsmireacht bf mpicahn
optical assenbl 25 Reference is now made to Figures 3A and 3B. F| gure 3A

'S o schessmblies (186 and d88cand the dke. it L1 cgled SHUCIUTPE2QR &g

the’ di scruaslanfialiindRshabnt Br e ParAnERiE Ml bt BEteH: i JP20" L op
vi ew of aTRbfé?BF e g'rhf('ﬁrca%?%e %ﬂa‘@e’dafortﬁtélﬁﬁétbgf'@ 6f%'o'ilfedeétn§’c§tu|;é gure

3A. 30 Li arrp | 240 1 ncludes a source 242, an opti cal

assenbly 2@2 whilei |rngptm@dhstancé4fetwednaevayttmmea01|abenallghi pempd@. Li ght
-18 WO 03/ 096491 PCT/1L03/ 00332 introducer 246 includes an entry surface
250 and afegians (e betweesn hghtupgnﬁmplggme«georm%%@nd:aﬁ a@%bevv@am i ght

aSEr?‘éfgﬁlﬁ@ L RyigpB kegionsoBarE ndoaSeyl crleRbr Rl Bbtcds il 184 \c®
optical !shktanaiy 2ohSRRACTHIR, by ﬁf&éygn@pﬁég{t i BRimett DSC&H%@ into a

coiled structure acti cal er 248 °7s simlar

to thay ofedutedict itileokd g fhé)edlsfeﬁﬁ:e( Fbguveer8Bheof consgdutiaapllighter  258.
Wth reference to Fi gure ht anplifier 258 includes active optical
fi ber 256pdmpinrg rwnnsmubsianhal y peohangegd: In this snaoeer, golednelryelvse 10 an

o S R0 Rt SR RS T HE Sher iz, GBbARY plescr . 2°°
e SRR O SPURES Fif ERRRGRA e, FRRuETpiEl et
I nto substantially the same power. It is further noted that other sets of light

15 sources, optical assemblies and light introducers, can be located at other
locations along the top annular surface of coiled structure 202, and at
other locations along the bottom annular surface of coiled structure 202.

According to another aspect of the disclosed technique, a
plurality of sections of different coils of a coiled active optical fiber are

20 drawn out of the coiled boundaries of the active optical fiber and the
sections are linearly aligned along a flat plane. The flat exit surface of the
light introducer is placed along the flat plane and adjacent the sections,
and light is pumped into the sections from a light source, through an
optical assembly.

25 Reference is now made to Figures 3A and 3B. Figure 3A is a
schematic illustration of a light amplifier, generally referenced 240,
constructed and operative in accordance with a further embodiment of the
disclosed technique. Figure 3B is a schematic illustration of a top view of a
light amplifier 258, similar to the light amplifier of Figure 3A.

30 Light amplifier 240 includes a light source 242, an optical

assembly 244, a light introducer 246 and an active optical fiber 248. Light
-18-



a plurality of coils 2681, 2682, 2683, 2684 and 268N, thereby form ng a 15
coiled structure 270. Coils 2681, 2682, 2683, 2684 and 268N are wound in a
manner siwbDloanod4o1 coi | s 2141 (Figure 2B), 2142, 2143, 214#CTALEH03R2146,
2147, 2148 and 2149. Thus, a diverting portion 2721,2 of active optical

fiber —25fhirQUREIS2461 ing| Rl aAnEnit§Suriatdi 250 |ahd andeXR' $uMdc@@sd.on
2722,3 of active optical fiber 256 couples coils 2682 and 2683, a

di verti ngLjgitt sourc202222dplicaf agsemidy a4, clightf inteodu@es 246iHreb actives 2683
and 2684 and a diverting portion 2724, N of active optical fjber 256?
coupl es cOplicabdiberardd assnsimilas ta rlighteferrasst 1 A Higren Hii ngRtiGal active
optical fiher 6 Eigure. 2A cty I cal,. fi ber,. 256 1.0 3B), is
that di ve???‘ﬁ'&‘%?&51bért?{8_ﬁg 5&@@,&27%485% s e&?ﬁ'%aa el olfore o
coi | 2§8Nré’§;5‘edﬂ|v%1?ﬁdA8W§bgﬁcélhﬁoéneghmscw&ﬁhﬂqmob& &Qidaestratiinetags 270.
Furthernore, diverting poftions 2721,2, 2723,4 and 274 are arranged, such
t hat a seThieowirdlitd obfactidevapticahdibee24igois siifitar2o that et anaact/ecapiical

di verting _Bort ion 2723,4 and a sectjon 276N of diverting portion 274, are
linearly HbegrE8 (FigrensBseiightzumplite2285 1 at pl ane (not shown). -19 WO

e oo en "omt veoViP Rerkhed o ThRe 1! KGN ARBE 246 e s PRBESr o e
or der. Tnggaf ﬁBerrﬁé%pér?d aa|i§¥HtVr?|rthd" .ePOZGO.%Pﬁﬁ'fhtP@d&éErf@éot?ﬁ&M%g@ coils

2681 and e exit surface of light 1 ntfoducer 260 1s place

adj acent wA enkyisueiaee2Z62iand’6A exitisdfade (Aot ishiowmuigstive optisalrfibatr whi ch
the exit surface nakes contact with section 2761 is referenced 2781.

Si ni | ar | y256i gnd lightiipireducesR6h aratsingiliae o tamdivexoptiealrfikgre24@KEigurent act
e oot Ly E SR Bl 2eCanSL Y. T e AN E et AR v
;‘r’]"g ggg;egﬁgin%r% réfe Sl 0 108% LR 288 AGH opficall B5er PHERS NbuRPiBs 2761
a plurality of coils 268;, 268,, 2683, 268, and 268y, thereby forming a
15 coiled structure 270. Coils 2684, 268,, 2683, 268, and 268y are wound in a
manner similar to coils 214, (Figure 2B), 214,, 2145, 2144, 2145, 214,
214, 214g and 214,. Thus, a diverting portion 272, , of active optical fiber
256 couples coils 268, and 268,. Similarly, a diverting portion 272, 5 of
active optical fiber 256 couples coils 268, and 2683, a diverting portion
20 27234 of active optical fiber 256 couples coils 268; and 268, and a
diverting portion 272, of active optical fiber 256 couples coils 268, and
268\.
The difference between the windings of active optical fiber 206
(Figure 2A) and active optical fiber 256 (Figure 3B), is that diverting
25  portions 27245, 27234 and a diverting portion 274 of coil 268y are placed
outside the region confined by coiled structure 270. Furthermore, diverting
portions 272, ,, 27234 and 274 are arranged, such that a section 276, of
diverting portion 272,,, a section 276, of diverting portion 27234 and a
section 276y of diverting portion 274, are linearly aligned side by side

30 along a flat plane (not shown).
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active optical fiber 256 is substantially equal to the absorption |ength of
active optical fiber 256. It is noted that additional diverting portions of
t he sane woioB/ogam 15 protrude fromthe coil ed structure, patideddossent

hei ghts of the coiled structure. Thus, at each hei ght along the

I ongi t udi nal axi sjtofs hb@e&_OIHa@dan?t Bitgflelr @iverti) Wattiohy cah BV ¢6imed
portions fromdifferent coils protrude from the coiled structure. The
secti ons betweem arfy tWe ooilsewhuhy are ingd nesassanidy i aeaohsetutive) order.

hei ght s, n be linearly arranged side by side_ al ong another flat plane
(ot showkPUsniPTEReIS. # GroTAG: BRTIEST Sahihe domosd|bameseoliael 246
(Figure 3A}‘|d°$§3 be pl aced adjacent to these new sections. Light can be
punped i nto tte*active optical fiber at these new |ight punping regions, by

enpl oyd ng a | i ghtTROUEGE stirfiiceaf tighti iafodeeEr B 48 pFladed@nadjabbAtlito 25
assenbly simlar to optical assenbly 244. The active optical fiber is wound
i n such asestiowes 276hal76heaantd 27463c A Highteeumeing yegiom abrvelsicht theeekit ght
punpi ng regions of these new diverfin ortions along_the actiye optical
fiber, isSdifaeesmakes contaghyvith seetin %@ﬂ%i@@iﬁe'ﬂ%%ﬁ%fsﬂﬂ ol

opti cal i ber.. 3 | f f . cofbi i i ' | cal
agsenbl i ebu%ﬁ}p&gﬂ%&%rﬁs%&ﬁ&@gﬁcﬂ% %gﬁte%ﬁggéﬁ?ggéuwtéggwﬁ{ %Pgﬂ&h active
optical 228, WRJOB7EPOAR réfelehtfd/ &3 3nd i7sy,; réa,\tpeféiii/éﬁf. PtiveedsHtiat
thereof. For“exanple, a plurality of oOptical sets, each optical set

i ncl ugh ngfibet PGBtisiwdund stueh thad the distancal betwssarbeyencitwo domsesptioged to
punp light into the sections of each of the divertin portions at each of
t he hei ghlight PHMPING: FEYIENEnFUER @SS ight W@i@in@é@@@@&%ﬁa B glengnt o al |

h [ . Al ' .al | ' f | ,£he di Y i

i 7 or ent B AICRATDEE 2 18 s SFNART s8ha b, dhe atisorPibh gl fng T ne
sane |i ghécﬂ\% bﬁﬂb‘&lef beroitig cal assenbly and |ight source may be enpl oyed
to punp Iirght ihto the active optical fiber. Further

It is noted that additional diverting portions of the same coil can
15 protrude from the coiled structure, at different heights of the coiled
structure. Thus, at each height along the longitudinal axis of the coiled
structure, a plurality of diverting portions from different coils protrude from
the coiled structure.
The sections of each of these new diverting portions at each of
20 the heights, can be linearly arranged side by side along another flat plane
(not shown) and another light introducer similar to light introducer 246
(Figure 3A) can be placed adjacent to these new sections. Light can be
pumped into the active optical fiber at these new light pumping regions, by
employing a light source similar to light source 242 and an optical
25 assembly similar to optical assembly 244. The active optical fiber is wound
in such a manner, that the distance between every two consecutive light
pumping regions of these new diverting portions along the active optical
fiber, is substantially equal to the absorption length of the active optical
fiber.
30 Different combinations of light introducers, optical assemblies

and light sources can be employed to pump light into the active optical
-20-



alternatively, one optical assenbly can be enployed to direct light at the
10 entry surfaces of a plurality of light introducers. Alternatively, |ight
can be iworcdscied into the fiber at each |ight punping regrangs/ings:
enploying a light introducer simlar to light introducer 190 (Figure 2A),

opti cal aﬁ@énbétl Gﬁferéhﬂhbfﬂg’hté qhepddfc Forageafipld, e phdalignef bficandetd, ght
sources simlar to light "sources 182 and 184. 15 Reference is now made to

Fi gure 4, eabhaiptical sed dhelmding:a lightustroduicen asid anldpfioal fassesibly, assenbl vy,

general ly referenced 350, con tru te and g erat n ordance with
anot her eRBogMrlayedsto paimp;l ﬁﬁiCHBBS ¢ @"ﬁclhf QEJE‘ien& Bl y 350

| aserai opeRidfifal Bach of (2P 9%392@92%%%%*%&% Hoht et der 956,
Li ght 4 nt paphifs RghtSipko bﬂQhé%‘étléﬁs Aﬁbfdatwlwéapséé&r@méf a tig divertingace

360. QOtlcaI assenbly 354 and |ight introducer 356 are simlar to opti cal
assenbl y podiqris gdrdifferegt heights g1n1ay bet ardnged Iméarly és pihe isaotg flatpt i cal

assenbly 354 is | ocated bet ser diod ri pes 3521, 3522 and 352N
and entrypbﬂmﬂ‘ﬁﬁg tb@@”‘@fgg&m 19P %ﬁﬁe@gt?lé’a light %‘PHrC@rﬁ‘?Ved by

| aser di o 1 2 N L owa i f

cl addi ngs n rhbﬁ)m%\m‘?‘iﬁ%ar@?ﬂpﬁﬁéalﬁ& ég?)\?eedgbﬂéﬂ fje%?ro E&%%ée 360.
As in theg|ts 'd)ﬁé Qfeptibfapagée%ly idan 5eeém9[tsye%i td Hﬁfecalnbht Ta'?Qﬁé Ilght
rays have ang es relative to the fiber axis such that they wl

gui dedb byehtrg surfacesc bhddplugality -cf1ligh ifbaacaesl AGTrmiatioalyaiddie oant beal

assenbly 354 directs the |ight from|aser diode stripes 3521 3522 and
352N t owalniradusechinge tlaeémrrag eachelighyPurpping kegiopo Ry espRloYing gdighiot

Show) o i R0 5 B pR sl TR oK) 8Py ghebhbyg oo o
5l S, oo 108, i A st st
sources 182 and 184.

15 Reference is now made to Figure 4, which is a schematic
ilustration of a light focusing assembly, generally referenced 350,
constructed and operative in accordance with another embodiment of the
disclosed technique. Light focusing assembly 350 includes a plurality of
laser diode stripes 352,, 352, and 352y (i.e. a laser diode stack), an optical

20 assembly 354 and a light introducer 356. Light introducer 356 includes an
entry surface 358 and an exit surface 360. Optical assembly 354 and light
introducer 356 are similar to optical assembly 104 (Figure 1A) and light
introducer 106, respectively.

Optical assembly 354 is located between laser diode stripes

25 3524, 352; and 352y and entry surface 358. Optical assembly 354 directs
the light emitted by laser diode stripes 352, 352, and 352y toward a
plurality of inner claddings (not shown), which are optically coupled with
exit surface 360. As in the light amplifier 100 of 1A, it is essential that all
those light rays have angles relative to the fiber axis such that they will be

30 guided by the inner claddings.
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which forns the inmage external to the inner cladding, totally reflects from
the side of the inner cladding opposite that of exit surface 360 and forns
a real iwegs/ifeswt shown) of |aser diode stripes 3521, 3522Tanas/@32N wit hin
10 the inner cladding. This real image is substantially smaller than the

conpl ete i mage ar@pfgc%l' 584erABREBBUY diPedts! fheCﬁgﬁi Freph 98sen eibde atri dpé&e real

image is entirely ¢ ined wthin the inner c ding. It is noted that the

opti cal mmaezm 35@1 ttdﬂarrchﬂ'teamweve:lac@agpmesrebg formingeasemplete
reflective el enents rg rrors), a conbinatiagn 18&&1% r eof nd the
like. It lﬁbag%rﬂﬁblsh@&\t dot lﬁﬁeft ﬁ'@d@uﬁﬁ'ﬂqsgﬁﬁ 2¢aRoBe g@wr‘é(h it o the

now made K40 gRHEERARENTY LR o M loda AR SRBIT "oF &
light anpppéi 'e%‘{gern%?@ Hﬁéﬂ bf fﬁé?ﬁ%ﬂ@@ﬁ&%@owrﬁ%%@&b@@ﬁ%%ﬁb @Pﬁ’f@t ive in

accordance wt enbodi t of the disclosed technique. Light

anpl i fierinf8P dladdingeoppobitghthas afr exit iiﬁﬂfaczm S&Qo(mmalshammﬁ)nmhe dght a
| i ght introducer 386, an optical nediator 38 actiye optical fiber 390
and a refwemformthmrgagelextefrmjd@rtheawneﬁcqlw@ag dotadlyireflests frape 394

e Ol e i ISR 8 P
T 55 el en s o

optical ass Intro and_cof are simlar to

|'i ghtygsouthee idRgr (Cfadding. 1THis, reglt imal eawadbstaﬁﬁduy $rgher |thanotlw:er 106
and core 124, respectively. Inner cladding 400 is 30 simlar to eith

i nner cl aeemplete image gd @pimpl assembly 353 a@@pngtrmgfaect suefuthatthp) reaA
section S of outer,.cl addlﬁ (i 'r1ermved aer eby -22 WD 03/096491

PCT/ | LOS/'W'%?BW&IY@OE‘ '39 W'M@é ainelfdadgiGm sur f ace 406 of i nner

cladding 400. | The oAb Ohal Oes UiRep XAl Il Gholtlll calraehel 2t o

388, is surroun st ance, as alr,” vacuum and t
whose elements (e.g., lenses), reflective elements (e.g., mirrors), a combination

15 thereof, and the like. It is further noted that the pump light can be
concentrated into the inner cladding by imaging or non-imaging optical
techniques.

Reference is now made to Figure 5 which is a schematic
illustration of a section of a light amplifier, generally referenced 380,

20 constructed and operative in accordance with a further embodiment of the
disclosed technique. Light amplifier 380 includes a light source 382, an
optical assembly 384, a light introducer 386, an optical mediator 388, an
active optical fiber 390 and a reflector 392. Light introducer 386 includes
an entry surface 394 and an exit surface 396. Active optical fiber 390

25 includes a core 398, an inner cladding 400 and an outer cladding 402.
Inner cladding 400 includes a top surface 404 and a bottom surface 406.

Light source 382, optical assembly 384, light introducer 386 and
core 398 are similar to light source 102 (Figure 1A), optical assembly 104,
light introducer 106 and core 124, respectively. Inner cladding 400 is

so similar to either inner cladding 114 (Figure 1A) or inner cladding 154

(Figure 1B). A section S of outer cladding 402 is removed, thereby
290



I ndex of refraction is substantially smaller than that of inner cladding
400. 5 The refractive index of outer cladding 402 is substantially smaller
t han t hatwoaB/opeawer cl addi ng 400. Optical nedi ator 388 i s paTiihoanodayer of
liquid, fluid, gel, solid nmaterial, and the |ike, whose refractive index

| s subst a@xpehldg jo’%hrﬁa@etﬁ'@& arff bbttam suwarc@dmeerof%‘ﬁﬁea@@bdmﬁgr4m addi ng

400. If optical ator 388 1s 1n 10 formof an adhesive, then exit

surface 39he srelgian eokedopo susfaceudCk eodtide bof aydtioadl meekiator 088888is | f
optical nediator 388 is in formof a thin solid |ayer, }]hen opti cal
medi at or §8'8qu§'®ICb@¥dab%#b%@ﬁC@xrStJCBu%a%'é ¥96uHAY amd)ﬁ Sulifcwhese.

Refl ector .3 f orm. of f Iver,
o orm um ket ol epfratBRes myBsfafiief) sty gner Riad utco B WRnd 400 { e
ke, uhi ah feffRitivesfidbR diRiiertmidding 2008 squ§t§ﬁf‘a§l§} Yflaller RN grdror 302
isinformof a I'n layer of a refl ive nateri al Al um num
Silver, chimmernctaddind 40@. | i ke, or dielectric nmaterial, V\/m ch is fastened
to bottom surface 406, Optical assenmbly 384 is | ocated between |I?
source 382 20 andQgutica r@@dr@é@re%&ls cq@tthkfhlla)éﬁjs@frﬂlw@,sﬂum r@&lt $olidght
beans 408 and . 410 from ght, sourc

the refrafd é' 'u%‘éih% dﬂrﬂoﬁ’%{?@ﬁ%@\é‘?t r%og%%tép? agﬁéf?%géa 1’1286
i nner cl a%ﬂi“ngﬁtﬂ% ucer%@gghh@# 'cvadch R SEE If bbagéa PR of 88 eRdn4 10

pass froml to botto surface 4 through optlcal

medi atigr  3&in Wftdn @@lhe@ﬁ/edehénecaxntomrfa@@l Jodigrtdstened €6 .toPedurtaden 10392
directs Iight beams 408 and 410 from bottom surface 406 to top surface 404

at |ocati @tysoatl@aigmedmior (a%ddf @Qtlﬂebmedtﬁtql’e3&8|l8 Herformgat ai tin slider 386
nor optic nmedi at or d 400. .. Th d
r ef ragt i o?@éﬁ Sh%“sﬂm}&‘@i ﬁbgﬂ'r%; B@r‘f&? 6?\&9 e i %‘?ﬁ%‘? 13%?0 apek ace

404 outsuil(?pgy rredl ator 388, is less than the index of refraction
i nner ¢C I ng 4 " whereby top surface 404 reflects -23 WO 03/096491

PCT/ | LO3/ 00332 Reflector 392 is in form of a reflective coating of Aluminum,
15 Silver, Chromium, dielectric coating, multi-layer interference coating, and
the like, which is applied to bottom surface 406. Alternatively, reflector 392
is in form of a thin layer of a reflective material, such as Aluminum, Silver,
Chromium, and the like, or dielectric material, which is fastened to bottom
surface 406. Optical assembly 384 is located between light source 382
20 and entry surface 394. Optical assembly 384 directs light beams 408 and
410 from light source 382 toward entry surface 394. Since the refractive
index of light introducer 386, optical mediator 388 and inner cladding 400
are substantially the same, light beams 408 and 410 pass from light
introducer 386 to bottom surface 406, through optical mediator 388 with no

25  deflections and minimal losses.
Reflector 392 directs light beams 408 and 410 from bottom
surface 406 to top surface 404 at locations along inner cladding 400,
where neither light introducer 386 nor optical mediator 388 contact inner
cladding 400. The index of refraction of the substance which surrounds the
30 region of top surface 404 outside of optical mediator 388, is less than the

index of refraction of inner cladding 400, whereby top surface 404 reflects
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| i ght beans 408 and 410 toward bottom surface 406. Reflector 392 directs

| i ght beans 408 and 410 toward a region of inner cladding 400, which is
surr oundewoly/oeawer cl adding 402. Since the index of refracrime/Bsout er

cl adding 402 is smaller than that of inner cladding 400, top surface 404 5

directs | Ilgﬁ‘lt b&&NEE4d9 Bndng & 1owhRIBbRoRP SLIAELE YT Fefféiior SoRCEIréutser

cl addi ng 402 surrounds 1 nner cladding 400 at all regions of active optical
fi ber 390lighttbpamse408and410 tywardeamegi®8 ohinherddladairg A€fe avleidhyist ot al | 'y
reflected between top surface 404 and hottom surfac g I n th| S. manner,
|i ght beafidraupdaddy nuter sladsing Aé?%n%'”ﬁ? thaéndey ghidefigction, ofwpites sone

410 are + SRGRRIG DR I S48y RRE AL o brief g RaE 408 Eéﬂ%gﬁ;'&%%aﬂ%ms e

sur facg 49%@&@@'%%&4%%%%@@%&&% sutitetddp of i nner claddi ng
400. It is further noted that |ight beans 408 and 410 which reflect 15

from bott om sur f a8imcé06uter bladcbmlgfm silioursds iitmert ctad;imga4:©04él4abut si de
exit surface 396. This is possible, by providing Li I ntroducer 386 with

a sel ect R0igasAftactivenaptical mﬁroaeelwentgeﬂct@@aﬁs?gbé beams 408 apd i nner

cormal Lol ?e?fé‘né@ﬁ%‘%yxf‘o?a@m%?ﬁgﬁ%&“ﬁsﬁveﬁ,xép Wlies 04000 T oa o
20 than tggrfa&ét rﬁﬂ%%a%@?r ﬁfebeaggégmgﬁsga&guiég@ rgrt@%agk@evwgpg exit

i nner cl adding 4 rough exit ’su face peat e

total hy r&'frieercctlammgee@o bahile rsotwie fof the4fifie pa:ssmagntrﬁm@M@ereaBngltds
surfaces 412 and 414. Reference is now nmade to ure 6, which is a
schenmat i chotesl ithatukghtabeamsof08 angh 4ﬂ|0ewre>freaeaia§i%y t@t@é'Msz’ﬁ@Cé%%émy,

[ f d
anothor | LlRNTaRE 2o aaqbofolE hias 4l ms Rel A im FOB STy ac0
i ncl udes éggmm SPIAk %e%ﬁ%ng% 34, a beam splitter 436, an optical

assenbl y and a roducer 440. Light introducer 440 includes an
entry surface 44239 f@mmeamepeldt thsatr figistebéanis gosvand 41 which sefidaice is

substantially flat.

15 from bottom surface 406 to top surface 404, strike top surface 404 outside
exit surface 396. This is possible, by providing light introducer 386 with a
selected geometry and by introducing light beams 408 and 410 into inner
cladding 400, such that the angle between light beams 408 and 410 and
the normal to longitudinal axis (not shown) of inner cladding 400, is greater

20 than the critical angle. Otherwise, light beams 408 and 410 would exit
inner cladding 400 through exit surface 396 and would not repeatedly
totally reflect between bottom surface 406, top surface 404 and side
surfaces 412 and 414.

Reference is now made to Figure 6, which is a schematic

25 illustration of a top view of a light focusing assembly, generally referenced
430, constructed and operative in accordance with another embodiment of
the disclosed technique. Light focusing assembly 430 includes light
sources 432 and 434, a beam splitter 436, an optical assembly 438 and a
light introducer 440. Light introducer 440 includes an entry surface 442

30 and an exit surface (not shown). The exit surface is substantially flat.

Optical assembly 438 and light introducer 440 are similar to optical
-04-



Optical assenbly 438 and |ight introducer 440 are simlar to optical -24
WO 03/096491 PCT/1L03/00332 assenbly 104 (Figure 1A) and light introducer
106, respwotmsmedsgr Each of |ight sources 432 and 434 is @cmiLesoosse | i ght
source 102. However, light sources 432 and 434 are of different optical

character I t m
hsddipBly SIBQB([F?I‘%%ré’VgAZ eﬁﬂﬂhght RitfGdUcEH 106, rsybddiivelyi. KeactBen

splitter 436 is™an o l'ement which partly transmts and partly
reflects light smncdasntlSQl@hrﬂ 434l ép eirdilag torightesayrcec 402 ¢ hoveeesy ilight ¢ of
the incident |ight q)tlcal assenbly 438 is Iocat ed between entry surface
442 and wmes?pﬂﬁet and, 464 Bé@ns)fsay fferest aplicalschataatensties, wadeh | aght

source 434 _ a C Uk 4 hnts
toward a WQX%'%‘I@?E Oﬁ”%%ﬁﬁf%ﬁ 46% I'lgé:]} %%gﬁnﬁséli)%}t t‘%@ h%(é""] ?béhtﬁ ed by
approxﬁl Mgy @wtﬂ@ﬁ%ﬁﬂ%%&héﬂﬁﬂs' hAg rﬂ){gFEflé&fts {HEhtingriehg eligiid and
optica asse t source 432 points toward another face 446 of
beam spl |dependaag orathb bptieakettanactaristict oviednojuent dighbssenbl y 438. The
exit surface of i ntroducer 440 is |ocated above a plurality of

sections 448 of aQPH@@h assersbbpdB8ds localed helyreemmenty. suriate 4fi2sand i ons

ii‘ﬁflfnZ;ﬁ%' o HEaap oBpaln hute? 25 BrlocBed el il FreE B4 1°
i gur o214 Bfica) BSpERtp R Suchtndt IERFBSHICY IBRTRS RIS A L o

|'i ght 10 20444 WideedBdsplitverr 436 pBeanh s@ﬂ’ﬁenﬂl% is3tilte BdgmapptoXimately345
reflects |ight beans 452, and 4522 from|light source 432 toward opti cal

assenbl y degreescffont dheding @bl sightef dight cosiree Ah4iand @pticghasseky 450,
and 4502 298 | EBk SRS a s et ne S 2R A M LT A6 242
o "o e oaEp et a0 d hfcsrastitby apblereBieutaCOSGHE
| nt r oducejitrdéicer P40 3s doshieteebbivehd ;ilemﬁty 4fidsectivhs348 of an active
15 optical fiber (not shown). Each of sections 448 is similar to sections 318;,
318, and 318y (Figure 4) and sections 448 are linearly aligned along a flat
surface (not shown) below the exit surface of light introducer 440, in a
manner similar to that illustrated in Figure 4.
Beam splitter 436 transmits light beams 450, and 450, from light
20 source 434 toward optical assembly 438. Beam splitter 436 reflects light
beams 452, and 452, from light source 432 toward optical assembly 438.
Optical assembly 438 directs transmitted light beams 450, and 450, and
reflected light beams 452, and 452, toward entry surface 442, as
combined light beams 454, and 454,. It is noted that the power of
25 combined light beams 454, and 454, is equal to the sum of transmitted
light beams 450, and 450,and reflected light beams 452, and 452,.
Light introducer 440 directs combined light beams 454, and 454,
toward sections 448. Thus, light focusing assembly 430 focuses light from
two light sources toward a plurality of sections of an active optical fiber.
30 It is noted that if the cross section of the light introducer is

trapezoidal, thus having two entry surfaces, then light can be pumped into
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toward sections 448. Thus, light focusing assenbly 430 focuses light from
two light sources toward a plurality of sections of an active opti cal

fiber. 30wbtosioss4ant ed that if the cross section of the |i gtr/iLedooesucer is
trapezoidal, thus having two entry surfaces, then |ight can be punped into

-25 WO 03’(Hé9ﬁl§8rlsé’éﬂéﬁérﬂ%9@ﬁ3c§’othf@f ﬂwleb@rﬁtry%‘@ma@@% traveling inene fiplers he

entry surfaces, traveling in the fibers in generafly opposed directions.
In this cmsgenaradlgtomoé,ecgkiiresbumsem thismases @ set of Ingtmﬁsmpme@albmwbl Y,

simlar to |ight ource 432 d 434, bea litter 6 a p

assenbly Q@lﬁterr%@gé&t! I%?eﬁﬁgy’aﬂr@}?de@ P%htt g‘éu@essaﬁ%% rﬁaﬂiﬂgpg' %§3a;5‘i‘ aced at
each of t

sections %ﬁtﬁip‘lg@ 4')(%%3%'&%@%%3?%? 44% tSPgE:PV ff er enf'%dq&fl 4 Elg%r ces.

It is got @&hntehﬁiadneshis bléa@@aﬁbtabﬁn@ﬂ tHe ORb Sy GRFfITRE, bl%husl Nightgsiced
into the active optical fiber at the same sections. For exanple, 10 |ight
beans 452ihtraciicéslihtodihebsegiionsi dbthd activanoptical fieermfroph ifouedifférant serves

to add light beans fromtwo individual sources, and so forth. Reference is
now made QhFSQ}UF'@S? which is a schematic illustration of a | i ght

aceor dance wi th ot b hded oRESali A" Rt E8) Bol SEREEN K. cbe i

anpl i fi erjngrefiucae M@@%hélddngetop%w%eé% thars4bi $ettionds FRMdanple, 2
light introducer 476 and a plurality of fiber section layers 4781, 4782

and 4¥BN. lightdhgamst452|aret 482 6miaydiel pesvideddrorm awthecbeaaﬂspmtergﬂmatsour ce
472, optical assenbly 474 and |ight introducer 476 are simlar to light
sour ce l1o%envesdarad K@ht eamsdroraduenindjvidyal serrcesgandisq fastucer 20 106,

oo ke BTED B O LR BN )
! oo LSOO ot 2GR ORI oS 0d ™ e capgrignd e, o)

secti ons dpedativé83?, accordance with a further embodiment of the disclosed

15 technique. Light amplifier 470 includes a light source 472, an optical

assembly 474, a light introducer 476 and a plurality of fiber section layers

4784, 478, and 478y. Light introducer 476 includes an exit surface 480.

Light source 472, optical assembly 474 and light introducer 476 are similar

to light source 102 (Figure 1A), optical assembly 104 and light introducer

20 106, respectively.

Fiber section layer 478, includes a plurality of fiber sections

482,, 482, and 482). Fiber section layer 478, includes a plurality of fiber

sections 484, 484, and 484y. Fiber section layer 478y includes a plurality

of fiber sections 4864, 486, and 486y. Each of fiber sections 482,, 482,,

25 482y, 4844, 484,, 484, 4864, 486, and 486y is part of the same active

optical fiber (not shown), similar to active optical fiber 112 (Figure 1A).

Fiber sections 4824, 482,, 482y, 484, 484,, 484y, 486,, 486, and 486y are

arranged such that the distance between every two consecutive sections

along the length of the active optical fiber, is of the order of the absorption

30 length of the active optical fiber.
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25 482N44841, 4842, 484N4A4861, 4862 and 486N is part of the sane active
optical fiber (not shown), simlar to active optical fiber 1121 (Figure
1A). Fi bwo smedsppns 4821, 4822, 482N44841, 4842, 484N, 4APCT/MLEB®2322and 486N
are arranged such that the distance between every two consecutive sections

along the length ti e S r
absorption 30 | eﬁgﬁhhﬁﬁﬁ]ﬂegg‘%ve@pzt Ta?g ﬁ82b afs ézlg§e g;;'(()g%fﬂ@

PCT/ | LO3/ ahg3ed Bldrey assadistantiadysflat pl@@Z(mndshmm\) defined byedxit ﬁmaeel and
aligned along a substantially flat plane (nat shown) g) efi ned by
L

surface #80 maae@m&allyanqqpleeuﬁutl@@w §‘Hrféﬁﬁ3t4&§hr|1—’ S@é‘éionﬁu

Subst anti 4pf 280 i BEA{ESAY BB IR é'l@@éﬁ%‘@ﬁé‘%@“@ﬂ§ﬂb§ﬂa“@9l'?”°t e

surfacg 4ﬁ9t pBhBeS Bgfédt%ggtpefr%ﬁél wﬂﬁftﬁaﬁafieﬂﬁ@Nr%VC% 4:8@8%& B@@ﬁ@ﬁs and

al i gned al ong anot er antrally flat plane, substantially parall el

wi th that486,,e486, sancﬁa486§}8@re Fclbeelysc,{xaaked Iamierallgﬁ&ﬁ iadorgt anathiey
coupled with exit surfa and with fiber section | ayer 4782 and fi ber
section | aylstantially flat @tﬁﬂ&;eﬁubﬁtaﬂwﬁl%mﬁlﬂa@@ withrthat ptexi seiriase 483:er 4782.

486N (i 0., i nnerFBREaaPHRR)Rkeeefdr B artialy Clifed P pd RMase R0 (e
 ndi ces_ohn H%ﬁﬁqwe?;b%giﬁﬁygr@iéUﬁﬁga@éragéé’h%ﬁ%%r 478Y3s dpighlly whi ch

enters fiber section hr oug exit surface 480, enters

fi ber jgectoapledAbiti fibéB4ection 14pdiNI78.£ Giace rfrbehsecﬂnSns Mt8249h825]@482mosu te
sides of fiber sections 4821, 4822 and 482N. This |i enters the other

fi ber sec#8én 481152e|4§4(\m686$,h4)8ﬁ2) a@ﬂﬂ@@Ndﬂ(Bt,llﬁgef £ @@taf@r@aftzﬂ@ﬂle 4842

d 484N and t fi.b A861
Cides of PRI AGBE PRHSAHRST, 118dAdkR VeieN AoNRbyELoPhard SIBSGNERL of -

e | SEANELIFL G Siher p0SP ety 4820 AB8leanauran. o
| ess t hanekipaiurfaicef 4861 eptsiisi fither 486tlonx1882, 218443 4BhAYsredpeetively,
15 through the opposite sides of fiber sections 482,, 482, and 482y. This light
enters the other fiber section layers (not shown) after exiting fiber sections
484,, 484, and 484, and énters fiber sections 4864, 486, and 486y,
respectively. .
The sides of fiber sections 4864, 486, and 486y opposite to the
20 sides at which light entered fiber sections 486,, 486, and 486y are
exposed to a medium, such as air, vacuum, and the like, whose index of
refraction is less than that of fiber sections 486,, 486, and 486y. Thus, the
light reflects from fiber sections 4864, 486, and 486y, passes through fiber
sections 484, 484,, 484y, 482,, 482, and 482y, and reflects from the
o5 sides of fiber sections 482,, 482, and 482y, which are located away from
exit surface 480.

In this manner, light repeatedly passes through the core (not
shown) of the active optical fiber, wherein it is amplified. It is noted that by
arranging the active optical fiber in parallel layers 478, 478, and 478y, it is

30 possible to form a substantially large image of light source 472 within fiber

section layers 478,, 478, and 478y.
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light reflects fromfiber sections 4861, 4862 and 486N, passes through
fiber sections 4841, 4842, 484N44821, 4822 and 482N, and reflects fromthe
25 si des wb oBiob@&p1 secti ons 4821, 4822 and 482N, which are pPcaagneza3zaway from
exit surface 480. In this manner, |ight repeatedly passes through the core

(not ~shown) of tREfAREhcKe|LHIWanadedeH  FIMREEBD Whidhs iR séh&fatitt 1S
noted that by arranging the active optical” fiber in parallel |ayers 4781,
4782 and ilashiation of aBOnethesi bdre operdtargnthesligist amplifidryol &iguresmdde of

i ght source 472 within fiber section |ayers 4781, 4782 and 478N. -27 WO
03/ 0964910PrAtiVE0IN0@TSrdRNGCE cWHB AnohRY rembodinentueke tg,e wWhedased a

schematic, illustration of a haod f . rat | the || : Lfier of

i gures stechnigld i rBpR0uR & a ot o el B el Brispb ekt 8 ontiest

di scl gsed T [0 r H regdti f \VGiEe b n
acti ve oplySERREVAHELy iR ke alord LR ing; WRTIERIENS: 13!

pl ane. W FigureftA erespdobtivefinger eladding rsestieosi ofeactiveeoptitaldiiberg 82{ i ons of
active optical fibers 1121, 1122 and 112N, are linearly aligned side by

si de al onj12nandubkrararedingarty aligngd sisle by sige aleng the subs@ntigy dladcedur e

512, a flat surface of, a light introducer is placed 10 adjacent to the
linearly ﬁlﬁp&n%fge)gﬁépﬁgﬁg_ﬁwth reference to Figure 1A, exit surface 110

of i 9t 0t T oducy Aok ace. 8t 8GHAUE (PRIt intBBEe} 18 lacdd 22 and

112N. I n procedure Ight T's introduced into I near I gned

secti ans, adjacengho the lineahly aliyrneetseetionsVWMithr effereaveeetd Figurgut &, At
optical 15 assenbly 104 directs Iié;ht beans 116 and 118 from| i?ht source

102 to bsufaee siiir at §ghbintedduaeielO& ismplaaay onsactiver eptieall fikgrs Ther oducer
106. In pﬁ) edure_”alG, the introduced light is repeatedly reflected wthin
the activ é%)?f‘gal N-ber. Wth reference to Figure 1 A |ight beans 116

and 118 are repeghediy-dhilecshad IRFRECMRAIURE o' B%E Ih@arlyt GRgReaT ace
sections, through the light introducer. With reference to Figure 1A, optical
15 assembly 104 directs light beams 116 and 118 from light source 102 to
bottom surface 122 of inner cladding 114, through light introducer 106.
In procedure 516, the introduced light is repeatedly reflected
within the active optical fiber. With reference to Figure 1A, light beams 116
and 118 are repeatedly reflected between bottom surface 122, top surface
20 120 and side surfaces 160 and 162, wherein light beams 116 and 118
propagate within active optical fiber 112.
In procedure 518, light is amplified within the active optical fiber.
With reference to Figure 1A, as light beams 116 and 118 repeatedly reflect
between bottom surface 122, top surface 120 and side surfaces 160 and
25 162, light beams 116 and 118 enter core 124. When light beams 116 and
118 strike the active constituents which are doped into core 124, these
active constituents are excited and thereby amplify light at predetermined
wavelengths. With reference to Figure 2A, the amplified light emerges
from ends 234 and 236 of active optical fiber 192.
30 It will be appreciated by persons skilled in the art that the

disclosed technique is not limited to what has been particularly shown and
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20 120 and side surfaces 160 and 162, wherein |ight beans 116 and 118
propagate within active optical fiber 112. In procedure 518, light is

anpl i fi edweioslbeaot he active optical fiber. Wth referencecraLéi/gase 1 A
as |ight beans 116 and 118 repeatedly reflect between bottom surface 122,
top surfa ; f 1 5 ik e nk%ﬁa d 118
enter corggﬁ 4. @ﬂgﬁgpggﬁﬁk%egﬁgﬁﬁlgﬁzﬁgep%1gﬂgﬁ?i%gg?%geagﬁ?be ¥
const i t uedefinediionly by ¢hdaipsichd, whichdoow24, these active constituents are
excited and thereby anplify light at predetermi ned wavel engths. Wth
reference to Figure 2A, the anplified |ight energes fromends 234 and 236
of active optical fiber 192. 30 It will be appreciated by persons skilled
inthe art that the disclosed technique is not limted to what has been
particularly shown and -28 WO 03/096491 PCT/1L03/00332 descri bed

her ei nabove. Rather the scope of the disclosed technique is defined only
by the clains, which follow -29 WO 03/096491 PCT/1L03/00332 CLAIMS 1
Light anplifier conprising: an active optical fiber, arranged such that a
plurality of fiber sections thereof are aligned and closely packed al ong a
substantially 5 flat plane, thereby defining a |ight punping region; and
at least one light introducer having at | east one entry surface and a
substantially flat exit surface, said substantially flat exit surface
bei ng coupled with said |ight punping region, wherein punp light enters
said active optical fiber at said |light 10 punping region, through said at
| east one light introducer, and wherein said light anplifier anplifies a
| i ght signal by exciting the active constituents of said active opti cal
fiber.
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2. The light anmplifier according to claim1, wherein said active optical
15 fiber is wound in a plurality of coils having a nutual |ongitudinal

axi s, whwoasmaach of said coils is |ocated within other®cafiLeaod3xoil s,
wherein the height of said coils are substantially equal, and wherein
annul ar faces of said coils are |oc@egdpg said substantially flat plane.
20 3. The light anplifier according to claiml1, wherein a plurality of

| i ght purpi nhight ginoplifiesfcampusiagt i ve optical fiber are arranged al ong a

plurality of substantially fla | anes, substantially parallel w.th said
substantial |y fl a@nes¢tives aptigat fibss, wrang §é4‘3§5' ﬂi‘ h@ B&‘r‘rﬁ'itbigowé bns are

arranged in a_direct},0 t Lal I i I.ak:lLy flat
exit surface, Sg‘#]tb&v%g}%%ﬁégé(iﬁig%&ﬁté%%%cﬁ%y rptea%#(gﬁsggﬁgb%%@ﬁ%ﬂ%ﬂ"%“xoupI ed
there . betwee . | SBFini | idHtSSurd ' 1 laim1l, wherein the
di stan?:e bet V\gaetnéﬁgééﬁé}‘té cé!é;fr?sugg%t idvhetq{ui gﬁtﬁ@{oﬁH igrr]fg@rr“ggi ons along the

| ength of said -&0led6t 6BLARM Mitrediicentts/ing 2 least ove eafryistafade ded, is of
the order of the absorption |length of said active optical fiber. 5 5. The
light anplifiarsukstantialy Ha3 exihj shriacewnsaid substantially; Uat epiti surfacei per i s

wound such that. at |le one di Vert. e} f at |least one of said
coils, protru Eg‘gf?%@éarv&@? 8%'%@#@388@@ t%é“SRCoi | s, at at |east one
predet er m ned | ocghi liQkt bkl rsAign fofichE SBEE bt \@id Qi of sai d
at | east one of s\gﬁspécxgla*g%arllg tlkoahmrseél“g g%ﬁﬁ\/eégtogg‘cgnesgof saild @lhber
sectiams at apuhgrsg regionothroshdsait dtdeast ome light mttodugepoand on, are
linearly aligned along at |east one substantially flat plane. 6. The |ight
ampl i fi er accor di whereinsgaid dight amplifierr anpplifies atlﬁﬁﬁélmIMeWCItlng the

active constituents of said active optical fiber.

2. The light amplifier according to claim 1, wherein said active optical
15 fiber is wound in a plurality of coils having a mutual longitudinal axis,
wherein each of said coils is located within others of said coils,
wherein the height of said coils are substantially equal, and
wherein annular faces of said coils are located on said

substantially flat plane.

20

3. The light amplifier according to claim 1, wherein a plurality of light

pumping regions of said active optical fiber are arranged along a

plurality of substantially flat planes, substantially parallel with said
substantially flat exit surface,

25 wherein said light pumping regions are arranged in a direction

substantially normal to said substantially flat exit surface, and
wherein said light pumping regions are optically coupled there

between.

30 4. The light amplifier according to claim 1, wherein the distance between

every two consecutive light pumping regions along the length of said
-30-



15 every two consecutive fiber sections along the length of said active
optical fiber, where punp light enters said active optical fiber, is of the
order of woasabserption |ength of said active optical fibecT/irosabe |ight
anplifier according to claim1l1, wherein said active optical 20 fiber

includes: a caefje dpfical flibes! i lordeNgrder sl idmsorption dength dighidi rst

cl addi ng having a | at surface | ocated between said exit surface and said
core. 25 8. Taetive gpticalnfddérfi er according to claim7, wherein said |ight
anplifier produces said anplified light signal, by repeatedly reflecting
said punp light between said flat surface and other surfaces of said first
cl addi ng, and by repeatedly exciting said active constituents. 30 9. The
light anplifier according to claim7, wherein the refractive indices of

said |4ght i nTh@Ohgﬂﬁramgmfiéaia%cbmm@ © apiinng, AferebshantbdcliveYopia! - - 31
WO 03/ 096491 PCT/ 1103/ 00332 10. The light anplifier according to claim7,
wher ei n sai d fibghis wophidf sech thalr ahleast omer divestiran poptiore aif atdeast onel ocat ed

between said exit, surface and said flat surface. 5 11. The |ight anplifier
according to €f %@lﬁI\QQ]lS,\Mﬁ@V@ijﬂS?Wraeﬁ%@ PQ@ﬁnﬁﬁdWc%%'dd?‘)@a?B%F }Qj’rﬁt

I ntroducer, said optjcal | at on. an ' ISt [ .
substanti al | yogaL&r%dei%rr’ri%%%ﬂoecqqoghglojﬁp?ﬁ% |Im%a£c@b§gﬁj n‘gg?g’r%p%%"%,
wherein said bh@fbg s@;ﬂ)é’{ fdan oﬁé’éf%‘ﬁﬂ &ARpPahges a reflective layer located
on at | east one of sal ot her surfaces, said reflective |ayer reflecting
sai d hoght betweewheedid séleateds wniescef saill fibed sectionssatr Ahteast dise 3. The
l'ight anplifier according to claim7, wherein the cross section of said
first claddi ngaidsaklgastiane divertingdartien, aemiinearlyqlignedglendat least

one substantially flat plane.

6. The light amplifier according to claim 5, wherein the distance between
15 every two consecutive fiber sections along the length of said active
optical fiber, where pump light enters said active optical fiber, is of the

order of the absorption length of said active optical fiber.

7. The light amplifier according to claim 1, wherein said active optical
20 fiber includes:
a core; and
a first cladding surrounding said core, said first cladding having a

flat surface located between said exit surface and said core.

25 8. The light amplifier according to claim 7, wherein said light amplifier
produces said amplified light signal, by repeatedly reflecting said
pump light between said flat surface and other surfaces of said first

cladding, and by repeatedly exciting said active constituents.

30 9. The light amplifier according to claim 7, wherein the refractive indices

of said light introducer and said first cladding are substantially equal.
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rectangul ar; and a shape which includes at |east one |inear segnent. 20
14. The light anplifier according to claim1l1, wherein the optical power of
said at |waswoessel entry surface is different from zero. 1PCTihes/doBspht
anplifier according to claim7, wherein said active optical 25 fiber
further includes a second cladding surrounding said first cladding,
wherein the index of refraction of said second cladding is less than the

i ndex of t@f rHee¢ ilight fmphfier accotding dddlagn Bneheheinesaidalighteasipliiepor t i on
of said second cladding at each of said 30 fiber sections is renoved from
sai d active dprthesl compsises. ap wptiosl gpedirtopdocatass/ketweem gaidnexit i ght

anplifier acc erein said light anplifier further
conpri ses at ﬁ‘gg%qeqaﬂg %EH'@HE& %Bﬂ%h% in formof a |aser diode stripe. 5 17.
The light anplifier according to claim16, wherein said light anplifier
further conprises at |east one optical assenbly |ocated between said at
| east oneli. dhtte S%htcenmmaaadcattdm@am obaien et ywheneiractdae aeflaetiv ei n
said optical asse focuses said at least one lig source at said |ight
punpi ng regi dndices Qé sam&ghtgntmduﬁerfwd aeﬁ@aldmﬁﬁlat@rcarad madd Wekr ei n
said |ight ar@I If,ier c&n‘grl S a first light source; a second
| i ght source; aﬁﬁ .gsarz?% Bf‘ ¥ papa}- ocat ed between said first |ight
source and said entry surface, wherein said beamsplitter is tilted by
approxi mately 45 degrees

10 12. The light amplifier according to claim 8, wherein said light amplifier

further comprises a reflective layer located on at least one of said
other surfaces, said reflective layer reflecting said light between said

flat surface and said other surfaces.

15 13. The light amplifier according to claim 7, wherein the cross section of
said first cladding is selected from the list consisting of:
square;
rectangular; and

a shape which includes at least one linear segment.

20
14. The light amplifier according to claim 1, wherein the optical power of
said at least one entry surface is different from zero.
15. The light amplifier according to claim 7, wherein said active optical
25 fiber further includes a second cladding surrounding said first
cladding,
wherein the index of refraction of said second cladding is less
than the index of refraction of said first cladding, and
wherein at least a portion of said second cladding at each of said
30 fiber sections is removed from said active optical fiber.

-32-



fromthe line of sight of said first |light source and said entry surface,
wherein said first light source points toward a first face of said 20 beam
splitter,weandowier ein said second |ight source and said ercmyL&a0B&ECe poi nt
toward a second face of said beamsplitter, opposite to said first face.

19. The | ight Tﬁ@Pl'igeﬁt' %pﬂﬁépra%aedihg {d 8idinl§, wikem %a?di'ligh{ g lifsrp!l 1 fier
25 further conprises an optical ass&mbly | ocated between said entry

surface and stirthdreeomppisett &t leedd. oridetiightl sowrcaripl fioirgn of) d lager, diole net hod
conprising the procedures of: linearly aligning a plurality of fiber
sections of aflrl&ive optical 30 fiber, side by side, along a
substantially flat plane; -33 WO 03/096491 PCT/1L03/00332 placing a flat
surface of a light introducer adjacent to said fiber sections; repeatedly
reflectingli They gt } } tdisah 1fd : i t bhyhdidgiesai d

l'i ght \%\n tﬁi7h ggibdjmaﬁéﬁr@gﬁ@%'??gg{)@{ﬁ%gg.élgﬁgf.e’%geﬁﬁ%gé&g@bg?g?é\]gﬁio claim
20, further CmmiérdemEﬁsescatédasmm optical adsemidy tecatedibBtveient saidai d

fi ber sections, through said light introducer, after said procedure of

pl aci ng. 10 2at lepst onetlighl secees @ndgsaid alileash one entit siefac@Nd sing a

prelimnary procedure of renoying _at |east. a rtio an_,out er,. ¢l.addi ng
of said active OW?'PE%W P?'GgPP?('ﬁa?ﬁésﬁaﬁﬁlsJOSngai%F"ai %Lﬁe@c5?§4¥$t23. The
nmet hod accor dj 0. I g : rising a prelimnary 15
procedure of %pgrc(‘fenagtcgﬁug?&%?gé{nq@egﬁggor between said flat surface and an
i nner 1gl addi ng of said active optical fiber. 24. The nethod according to

claim 20, further conprising a prelimnary procedure of coupling a
reflecti vd8l afbe lightnamplifiena@ccordingi tegclimsai avhez@lra@taid/élgbgtairm@hﬂa’ri ber ,

further comprises:
a first light source;
a second light source; and
15 a beam splitter located between said first light source and said
entry surface,
wherein said beam splitter is tilted by approximately 45 degrees
from the line of sight of said first light source and said entry surface,
wherein said first light source points toward a first face of said
20 beam splitter, and
wherein said second light source and said entry surface point

toward a second face of said beam splitter, opposite to said first face.

19. The light amplifier according to claim 18, wherein said light amplifier
25 further comprises an optical assembly located between said entry

surface and said beam splitter.

20. Method for amplifying light, the method comprising the procedures of:
linearly aligning a plurality of fiber sections of an active optical

30 fiber, side by side, along a substantially flat plane;
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wherein said inner cladding is |ocated between said reflective |ayer and
said flat surface. 25. The nethod according to claim 20, further conprising
a prelimwerog/0991 procedure of w nding said active opti calpcirithexroodse a
plurality of coils having a nutual |ongitudinal axis, wherein each of said

coils is located MablHd acfifessriate D4 light itrodbe sHjackhe thYaudtiibel said
coils are substantiall'y equal, and wherein annular surfaces of said coils

are | ocated asecdwmnd; 30 substantially flat plane. -34 WO 03/ 096491

PCT/ 1 L03/ 00332 26. The nmethod according to c]aim25, further conprising a
procedure of wi f@Pegtedlyde @ptl%?legt w%@rn papbactivg epticaldibesi angast a

di verting portion . I . < 0f i Il S, trudes froma region
confined by said a@@!'f@ﬁg5?@@&3&&6'“0%%{1%}%&&@?tr'ﬁoeﬂg@)el?bcati on al ong the
linearglength of 5 a respective one of said at |east one of said coils,
and wherein selected ones of said fiber sections at at |east one of said
at | east 2he Theenethud pocoiding tarctaim @@aflithet cgmgrisingagpriceldesstof one
substantially flat plane. 10 27.. The nmethod according to c|aim20, further
conpri si ng a iptredugingrsaidpligbkdite ssidgbbengsectianse Biroyghgsatd ilightopt i cal

act v " consineeneer apiebaBeUElpfBRANd. 15 55, The methou accordi ng

to claim 20, further conprising a procedure of producing an image of at
| east one light source at said fiber sections wthin an inner cladding of

said acti22. ophéaqaktiioderccoadingrtosalaim 200 edhere comprising reg pralimittary Laser
cavity conprising: an active optical fiber, arranged such that a plurality
of fiber sedplioseduragifgemayingatilgastapertionoekad quekstadgdingpfsaid

substantiall Yactive optical fiber in the region of said fiber sections.

23. The method according to claim 20, further comprising a preliminary
15 procedure of placing an optical mediator between said flat surface

and an inner cladding of said active optical fiber.

24. The method according to claim 20, further comprising a preliminary
procedure of coupling a reflective layer with an inner cladding of said

20 active optical fiber,
wherein said inner cladding is located between said reflective

layer and said flat surface.

25. The method according to claim 20, further comprising a preliminary
25 . procedure of winding said active optical fiber in a plurality of coils
having a mutual longitudinal axis,
wherein each of said coils is located within others of said coils,
- wherein the height of said coils are substantially equal, and
wherein annular surfaces of said coils are located at said

30 substantially flat plane.
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flat plane, thereby defining a |light punping region; and at |east one |ight
I ntroducer having at |east one entry surface and 25 a substantially flat
exit surfwoe3osabd substantially flat exit surface beingpcaupbi@3se th said
|'i ght punping region, wherein punp |light enters said active optical fiber
at sai d | bght ThaumBtHEH BEe8bRIIng Bl Q1HIBR zesalfdrtnér b@ﬁﬁiné_?ﬁgd Bgmeduffércs:ducer,
and wherein said |aser caV|ty repeatedly anplifies |ight by repeatedly 30
di recting sai wihdiggtsaidramiiyle spinmialdﬂ:!ercahchltbat at leas al\Oi\(B‘liOgaImﬂion

PCT/ 1 LO3/ 00332 30. The | as accor di n to clajm 29, rein said

| aser cavity Pkahleastng OF iRrplrugles f @d%f‘)’bﬁwt@ei@%‘i% ng to

claim 29, whe thod
for produci ng&§g§e$%t28%§fghﬁc&égg?@ﬂgg '§8%€‘?’$&"§1@‘519E§W%%’y?%

linearky aliggiagpactld'bAbidnsd at 1088t REbi 941 mnsa@rﬁ:tlve optlcal 10
fiber, side by Sld , along a substantially flat plane; placing a flat
surface of a |ighwhenginoseleetechdjineseot sail $ibed sectiens akat ileast; onemdat edl y
reflecting punp, light within said active optical fiber; and 15 repeatedl y

directing a | pgié aklaasdioneAeshing hartiept a&%ﬂmeaﬂwahgn%a&cmg Abjratted! v

anplifying sai The Iight amplifier according to any of
the clains 1- Egeﬁﬁ%@%a&rﬁﬁq&ﬁ#%} Fﬁéhedescri bed herei nabove or as illustrated
in any of the drawings. 20 34. The net hods according to any of the clains
20-28 and 32 substantially as described hereinabove or as illustrated in

any ofiot he7. dThei mgthod according to claim 20, further comprising a preliminary

procedure of doping a core of said active optical fiber, with active
constituents which amplify optical radiation, when said active

constituents are excited by said light.

15 28. The method according to claim 20, further comprising a procedure of
producing an image of at least one light source at said fiber sections
within an inner cladding of said active optical fiber, after said

procedure of placing.

20 29. Laser cavity comprising:
an active optical fiber, arranged such that a plurality of fiber
sections thereof are aligned and closely packed along a substantially
flat plane, thereby defining a light pumping region; and
at least one light introducer having at least one entry surface and
25 a substantially flat exit surface, said substantially flat exit surface
being coupled with said light pumping region,
wherein pump light enters said active optical fiber at said light
pumping region, through said at least one light introducer, and
wherein said laser cavity repeatedly amplifies light by repeatedly
30 directing said light through said optical fiber.
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25 35. The laser cavity according to any of the clainms 29-31 substantially
as described hereinabove or as illustrated in any of the draw ngs. -36
WO 03/096491 PCT/IL03/00332

30. The laser cavity according to claim 29, wherein said laser cavity is a

linear laser cavity.

31. The laser cavity according to claim 29, wherein said laser cavity is a

5 laser ring cavity.

32. Method for producing laser radiation, the method comprising the
procedures of:
linearly aligning a plurality of fiber sections of an active optical
10 fiber, side by side, along a substantially flat plane;
placing a flat surface of a light introducer adjacent to said fiber
sections;
repeatedly reflecting pump light within said active optical fiber;
and
15 repeatedly directing a light signal through said optical fiber,
thereby repeatedly amplifying said light signal.

33. The light amplifier according to any of the claims 1-19 substantially as
described hereinabove or as illustrated in any of the drawings.
20
34. The methods according to any of the claims 20-28 and 32
substantially as described hereinabove or as illustrated in any of the

drawings.

25 35. The laser cavity according to any of the claims 29-31 substantially as

described hereinabove or as illustrated in any of the drawings.
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