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,'\ ,nct.h,_d ic)r ir:jee.ling ,.-xh;_h l:,e.a.kpo..ver multimode '/AG ta__a,,bea_L:b:!.,_a,;

op.=i,_-_lllber h.n._l:,.?en develc_v',ed. The.- deMgn minil_:ir.r.s _,hc pc_k irradia.nce cq

_l_e fiber's entrance face mid reduces its depetldeat:e on the laser's mode st.ruct ure

a-,:l tb_ .,.:yst,:,,r,alignr,'|e.ut. A ,i.m,p).e ler.,s and a .,:pecially desiD_ed kir,oform '.or

a:t)ar:i ,_l)t,ics element) oper'at_, togetho: t,:, tra n,;fc.,.m a 5 ;,am cllm-,_,'t,,,"1o'...or':,'.-._m

it.to two ccncent.-ic ring f_c{ t,ha._ fit ,_p.tke -100 lira dJ_me,'.er fiber face.

2, INTRODUCTION

As iasers become more po_e:'ful and ]ess c.xpensive, there )s a)) incren.;i_g

number of applicat, ions which use lasers p;'ima.rily as an ecergy source.. In n.._ny

. ,.,I."these ;,oolications. the o.utpu.t of a pulsed, high power la__c: i._coupled iar.._ a

multJ-tn,:,de fiber. The fiber ks u_,.t a.s _ light, pipe arid delivers the or, tlca.] cr.cr&._.
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the, la_.er. Both of thc,ge affects can be mitigated by a tiber iu)e:.tor which is

insensitive t;o v.'.triation_, in the tr.,c.,de_tru,-.h,r,': and th_ div_rgen,ze of {he' l_,_ot'.

A8 .',nothe:" cxa.n;ple, rnech_.niea] teier_nces can result, in signiticant _',l'c'lllSls,.tkq'.'

and tilt. ,:,I tke laser beam A iit:er iljector which is insensitive to th_.._e variat.iol_.

can elimiL_gtc _'.qe need for an active alignment system,

l,br--mr ,:b_,ign, v,-_.a_e.urrir_dthe: fohowmg typical n,:mb,.'.r._.: a o-{Jmm diarnr'.er

b..,,er l:.emn wid; a ,:t_verg,:-.ncoof 2.5 mrad and a ,100 #m dia.n:et#r tiber with a

aumerical aperture of (1.22. '.l'iit and deceatration crrors are esi.,rr,_ted to b,."

about. 2 m>'__dand 0.6 n:nl, respectively

a. 'F'H_' SYSTEM

, • . .,.L-. r

Our ._y,__temis similar in opera.'don to a lens/axi<_n ,.omr.,in._lo,t [1], ['2], a_

dapict,:,d in figuro. 1.. B) itself, a icn_ would cre,__t,? it focal spot a: the t:,?.,':t ,:_

of t.he C'ber, _s sl'lo_'.,a in _gurc la. ttowever, in corr-hinai.inn wi_.h an axicon c,

cr,_a.to_ .-aring f,:.eu8 ._;am _gure 1}'. In ou:' system, we rcplace the a_icon wid'..

a bi,,;,.ry op',,':, elen_e>t (or kinotb,m} [a] thst diffract_ the focusing ,o - "....... ,,' e ;_,I i _ 11] ['O

two cow:en,,_ic ring._ a_ sl_own i:: _gurc lc. These rings have 160 g:;: and ",301),m_

diam.eter_ _,c the p'-.tt,:rr. +]t_..",n the _I00 ym di_m,_tor fiber {or at,:,, riu 8 width

lc,,_ t.l'.a_ 1'90 /,m. The . rnm di_m]eter lens and axicon .'_ue apert'.arcs larger

titan the beanl in order t,:, accommodate_ beam ,:lecer_tratiar. We }-im,eeh,>,:e_,

the shc_rrcst .%¢al lenath 1)ossibte f,jr the. lens, thereb_ minimi_.ing the n;a,.'en.,_,,_

of t.ho ",,wo.r_'ng !:,atf,_rn on the f:iF,c,r fuce wtlen there art: g,ci:::i,g _rrors and
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Figl',re 1: Operation r_f a lc.ru.-',/kir._foemly_t:e,n :_.) i,en_, a[,:m,_prc,,.lu.-e_ _ f:,ca!

_pot nt. _.lnefiber center Iv..)Lens/,efr_,ctiv.? .._xic,_)tlproduces a rb'lg focus at. the

fiber c) Le,s/kinofonr, produces mul(iple rit:g loci.

al:_ K_'lutahing t.hc" in,:c,n',ir,_8 be.attl (.c the numerical apert.,.;re of the fiber. Tile

focal length oF lT mm cot-abir_ed with t,h,-:7 mm aperture creatr: a began with a

maxir_:uttl uumerica] aperture of .'20, which is a bit smaller than 1,hal (;f I;b_ fiber.

which h_.-_a nunaerica] ap_:_rl,ure of .9_. £horter foc.al !,:_x_gti-:._,when coupled v,,ir.h

the possible .Wstem variations, cou l,'t potent, ially exceed the nuraeric.a! ap,e:'tt_re cf

tt'._-fiber. We would like to match tl-:e t:umeri,:al ;,.perf.hr.. of .'.hefiber ',.as ,:)ppos,:4

to .,tl,Jer_lli_lg th_ fib_,r) since we f.,_l _hat !]iti:x8 :r_.-,rcc,£d,,'__qI_:.'t'_,uxc:..ie._m-,k,.:e

t,l':e lntc:n.ei_-ymo_:e up:form.

So v,.jletbq:_.,_we e:,po.cr,frc,:.:lthis system7 The: nlost i:mpurt.a,!, poin: ,_;

the*., the peak in.',.or,_ityis minimized kc:causetA,ebeam fc;otnrinr, o;t the fii:,,ei-

fm:e is larg_.. }'tlrtJtern_=r_, th: {c:,-:tl:,rl,t. area a= r,:;usk,ly aq,,_¢l to _t-:_.San', of

the t,..vr_riga_ lcngr.hs muJi.:.plied by the ri::_g width. Thu_. :t is pr,)p,:,rl.ic)ua! :,:0

the [..'vr.erdivcrge!';::c, _:lc{ not _c. the sc'_-__rcv_f_he divergence, a, ._<,ut,t !,,: the.

c;_e. wi/h a conventional lens gystcm Jeer '.tie laser diverg_nce_ given: the raric_

betwe.o_, the 1._eak intensity _r_d r,he etverage in_,e'a*ify ovcr the tiber l_cv i._in the

range of 1.0 < ipcM:/l,i,aeraee <..3 " At. first glance. (,r:e w,:mdcrs;via5'a :,:,rig

focal leng;h ler.,s coul:_, not be ,._...>'c_5:.,r the fiber injcctio;;. 'ihis i_. e. workable
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Pigurc 2: 'l'h_ kinoform behavc_ __imuha_,.__ou._lya_ c_fra,-tlv,: a.xicon:. ,:,fcliff'.:,r.,,t

powe:'s: with ea.¢h diffract, ion order corresponder, B to a ._pcci_c axicorJ

approach in the lab who.r,the divergence of the laser can be measured and

eompenc.atod, blo_,_wr, far rm operational ,a,_c,_::n-,,t,he focai length of the- {(::;,_

would have to be chosen to accemmoda.te the greatest dlvergei:ce, wl_ich is b

mrad. 2'u.rtl_errnore, the 2 mrad po{nting tolerance _.oul,J ha-'e to 1.',¢in,zl_da.d,

along with a small a_a,:ahly tolerance. "Ph_int._n_ity 1"a_-ioigth,._rd;:,zo in t},_.

_.,-.mge2,% < i_e_.t,/&L,era_,.< 9. W_.feelt.hat,the lo_verpeak intens=riesof tile

lens/_l_otorm syst,_rn ju.c,nfics the added comp!cxit, y,

4..THE. KIN O(_._OA-LM

The km,:,fc:rm is a. dJffra,:tive _.xio:,r,. ReI'e.rri:_g to the F,r_vi'e,u_ fiBur_ l, _acl_

diffraee.lo,', ,:;rd_r ,.,t"I,h_ kln_form will produce. _, ring fo,:us, }u._t like ;_ r-:..cr_(;t.ix-".

axicor,. Considering all the diffraction orders t,:,ge_her, _>en. the kp.!ofor, u t0-...

_:ave._ likc ma.,,) dift'eren: r:zfracz:,ve, axicon.,; gin-.,ul_.aneousl._ as showt, in Bgurc

with t.he ;._,_;:)t,n¢.of light w!nch '-_._._."each r_tYactiw axi,',-,n being .J,:.,t.a._:';m!_.,c.

by the effici.-.,,::y of the.-correspon,.ti, 8 diffract.ion order.

Our kinororm is designed to diffract 90% of the light in_;o the. +l and --2 orders

with "..hesame int,endty in each ring. T,hc ¢_+_.Iorders produce the inner ring drown

in fi.gut'_ 1. while t,he 4-2 o_-dm-.,produce the out,'_ m,_g. The .-,e.m,-in_ng 10% of

the !igh_. i_.di_,tribut.ed into higher orders. The intensitio..q m the 4-,3. =4 8:ld ..+.5

orders, _,;hi¢_._f_,i! on the £ber ¢]a,.-lding, is low s,; very little light, is ditt?a,:ted i_,t,,J
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I.he claddi,_ Furfl:ermc.,re, t.hc design is_.ves almost nr) l;ght in t.h: zero order

sn r..here will not i-,e a ILc-,tspot oa._.xis if 4.l_elaser beam ha_ beqer beam qualit,,

t,han n×rJ,:.,cted.

'l'ho kin,:,fc.rm diffr_ct._ light iu_,:' t'¢ur ,.,rden._: tile +2, +l,-I and -2 orders

Trois ha_ a r.:-)u:,le of advan_:ages ,:,vcr el;h,.',r 7 ,-'-i,,....:_,.,._,_lede.g!gns. First,, designs whlc.,!-_

difl3a....:t light primarily imc o:dy two orders (e.g., a design which utilizes the

-1 orders or one which uses the 4-1 and +2 crderQ hava an ,,t'erall diffraction

,'-ff.,clel_cy wl',ich i_ _,bom: 10¢._lower the,, c,ur design. On the _t;her h_md, deslgli_

wl_ich util;z,-, more 1;ban fou:" orders (e.g.: one which rises t,_r: ±1 -t-2 ann ....

c,:ders) ::;:'e more sensltivr, tc, :r.hri,.'.ntiort error,'., _vit.1zoq,_._ :si_:ifi::::,j_ ir.,c:e,_._cll'_

d._^ , . ..imra,-t:on ,:_._.",:iencv.Seco_.d.l.t:e ints.n_;_ty profile en t'hr; _,et _r.,:{u;t:,-.."_n_.,-nc.:l,,v,:_.

to, I_c,ar,, c.a:_r,_.ri:-gon r..hekiaof.'.,zm "Io ur;derstand this. cen::id,vr the ";5" in fig..',r,:

3 which strikes _h..-.top of the kmoform. Ninety percent of the .o,r;srgy in _hia ray

is .split. mr,=, t!:e £.,ur rays .=.orresp,:,nd;ng t,:, r,he lk:ur diffra,c:ti,:;n ,:_rders of interest

_md the +1 ord:r ray is diffracted acros._ the cen_ ._:td iilumlr,_a.t._s _!_ t,._tt,:,m

,_,f the :qner ring, while t,he -1 ord,',.r ilh_minat.os the to.p. _v_ti_ tJ_e -t-t2 and -_

orders behaving in a similar manner with respect to I._e.o,ter ring [ec_s. Now

,:on_ider what occurs if the whol_, beam is mo,;_d a sn,.all amoun: downward. Due

t,c;.this splitt.ing bef,ween plus and minus or,:lers_ half of _..hedisplaced li.,h_ st,il;

illumiJ)ai.,e.s _.t_e t¢_l:ScJf each ring and half _;hc c,c,ttoms, b,-_,r..ofir:-v o:de."., the

systera is insensitive to beam decer_t.rati,__n.
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Figure: 5, ***"l_ypicai inte:_sir.,v profil," oil th,:-fiber face, u.<ng a we,,-alk:ncd lasp.r.

_o!:,l,li_d by gNL.

.Re._:ding dama.ge t,;, t[:,.- axicol: itself, sine,:, the device is a surface relief i7_

¢,ilica and ¢ont.oin¢ no othe.r ma.t.¢rials, w0 ,_xp,_ct. it shouM haw. damage ,-ha.r-

acr,ari,3"Lic.,.:sit'nii.'.-trto that. of bulk :.qF,o'.4. Our experiment,,; t,':, date coufir¢__ t._ia

b0Jie!.

°, ° t ,-

A. S','sl_I/L h.aa bsol, d_sig,_d, built_ i_l,d i_.,'.ed ¢_h_t_inj_ci:.s a high pcawer, altort,

t.'.,.i!s,._, 1ylullitnode xa"AG l_.ser beatn into e.rLoptical fiber without damage. 2"h,:;

:;'(.,lel!-i t:<iri l.:.,ier:_l.e ;, sig_:it]c;_.'_l &;,lOl.tnt.Ol_ l,r_ser ,:avit; miealign,,:_-,,t, with:mL- ,

damage r.o{,he,fiber c,r iv.e cladding.
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