; €3e0TvbD6TO~" -,.?,1-2 6 MAR 2003 PATENT APPLI CATI ON
JIIIIIIIIIIIIIIII LICUICLI T Er il 5 M CRO- OPTIC LENS W TH | NTEGRAL
ALI GNVENT MEMBER 10 This application is related to pending U S. 95 MAR 2003
Application No 455, entitled "M CRO OPTI C LENS W TH | NTEERfMy
ALI GNMVENT NEIVBEQ) n%%ed on Septenber 28, 1998. TECHNI CNAL FI ELD The 5992254
present invention relates generally to mcro-optical |enses, particurawly
cylindrical 15 microlenses, and nore particularly to cy lindrical

merol enses part 1 oul arly st eopyermersivgigporet o = - oI

al i gnment. Such cylindrical mcro enses may e passwely or se

ali gnedsvm' th el ectro-opyi cal devM‘I Fﬂ) di odes and i nt egrated
optics, as well as other opti j&%ﬁ% % tro-optical devices.
20 BACKGROUND ART Semi conduct MEMBERnt sources of |aser

radi ati on, however the highl y 25 30 35 di vergent beam emtted froma
sem conductor | aser di o@RQ > ; 8 , .
di vergence of the sem conductor | aser d| ode' s beamis caused by its exit

apertugg which i a REG &N f

defined to be peghYsew ll@;\iir?l Hade &WWE&S{W Nl 4(5? %ﬁtglei
t he perpendi cul ar, agn% 28 "axi's Ich 1s deftine e paral ?
t he | aser junctl { axes correspond to the Y and X axes, as w ||
be later explained. The cross secti or][%mﬂmm%tted al ong the fast,

or Y, axis is highly divergent due to diffraction effects. In conparison,
the w der apertur epmmgmomg}atehsemw te mxemmual bvem particaycylingical
that divyerges o sl i |od duct or
| ncer 513 ar S Feiiintes gnd et panfy o 3viRrs sihfeRe e EipRa 0 grie

sem conduct ﬁﬁgtﬂﬁ&ﬂBﬁEérhit%dﬁgigﬁ SI?%kiziﬁt%rfliQSuch%y@héﬁéﬁ &ua@l@éest:hsfse Bﬁs:%ly{lir{%émi-

can be found In R chard I, Sem conduct or Lasers ‘and LE
El ect r oni cs pEssiyielycdigned wathathentrio-orgical davice,lncludingflaser diogesiandrinjegtabaheptits@s

Fi nk and Dona risti.a 1 .0 .correct the divergence of the
out put beam“fch&%cg‘qﬁgg déﬁﬁ'é‘fgtfﬁg %@%Fﬁlﬁy V%Riccessful net hodol ogy has
been to .direct that beam through a particularly configured ---] .. 2

6 MAR 2003 WD 00/ 19?A8 PCTNS99I 22254 cylindrical mcrol ens, and several
patent20 and patent applications ar cBACKGROWNI) ARF t hering this technol ogy.

One such device Qf an early, t j s tayght Pat e
oferonted: im0, Sempsbnditoflabaiodss ats Sifiem sPures ¢ actk Epdintin, Paseve theiehly;

cylindrical S e i h i 0
Caugnt 1 n U Serlsal BepScfihydd ot B saRiRORAHr Find (GioBE PrEis BXSIIOh bany

preferred nepplivdtib:  Thddivesgenon ofi thecsehiicahdiictat lasercdiotie!s beam g4 eaused by its exit
form ng the desire shaeasa Ias reform The, preformi hen heajed,to
the mni mm‘P ﬁ‘é" Hg ﬁ’ﬂg MRS (gﬁd fEst?I% ‘i”éi ’EH \%ﬁg?%)ﬁ?
The cres &gahaﬁ WME18Er Jgﬁa}Jn')%a 'Wider ﬂbﬁgg&e ﬂe%ahi&mr&smet"mw«

shape of th ormfrom t “was drawn, ormng the polished
m crol ens. &xis, wigich isalefinedvtonbe pmailnbast,hcﬂdser Jhmﬁummewoamcs‘mmnﬂécdmﬁ

optically snopih due to In order t Ilim bea
pPoducedybya%é:}(é’é‘Eﬁiaﬂ%'&ILe ?{Exp t| ﬁ@éﬁﬁﬁ{w‘?ﬂp‘@e%w}i ?ﬁdtﬁagﬂg“fl fast, or
S, 081, 639 1 qaghess iy BRRnR Budlo kb eiicofsn In beifiSarfiBh. (hElvidér B defitied

the | aser provi de a beamof collimted |Ight fromt e Y axis
of the di odelon'g' tiee X axis; entits ddbeamsrods| spctionthattdivérgesonly shightlides a

di ffr ion-l1im lindrical |ens havin unerical ertur reater
than 038 whi ch | LotRrcopes. ol Mofm REoReTge RTIPBAIGST Yot S setertlid sprristedy
beam i s onegaudy, {o%wélﬁkh?fbﬁ ﬁgﬂ 59&' %ueéi{du&lov H xfa&unh ?echnélbgy rﬁﬁ&c%sglon

within the beamare trave stantially parallel to one anot er
U. S. Patent oﬁﬂxesépﬂx&ipl@?éanbd:Mdan&chardaRuSMII Sen . and {[EDs in

be " r cul abiiages EaunsoRitaock e T““‘}ﬁ%ﬁ@@fﬂ@?ﬂm@)

ectranics E g-'_ SN _Handbog

i s avail abl @hﬁﬁ&ﬂ Qg SER" di ode avai I abl e from Bl ue Sky Research in

San dose, 3 grée Pat ent Application Serial No. 08/ 837,002, entitled
"MULTI P.‘LE EL ENENTOZ@rteéBm mmmss&n&wtpmmm NGaSBerdede mr_tlcularl)’

M CROLENS", ther i be ot her di od cr ol ens s stem

m crol ens dS¥Ee E’(?ﬂ?oéﬁo& oﬂasag’{’? ﬁ'\’i’tdl"% dﬁhB%‘tghb %‘hﬁ'ﬂ 'ﬁ%‘“‘g“e
i nstead corrected downstreamwith a |arger |ens or other rreans In this
system no active alignnent is required to position the m crol ens adjacent

(o the aser diode facet. so automation of the process i< renfHINIII

*G00002*

=




30 ot-her nmeans are then required to correct for the astigmatismof the
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Figure 1. Haikengierfot@r enadditiondlhaitichl glementsainsetitédn it ahe beamremezging 00 ths
shown) The lens has three axes, X, Y and Z. The Z axis, 1, corresponds to
the optical M&PENsf the optical system The X, 3, axis is 15 transverse to
the Z axis, 1, in the horizontal plahe! The Y, 2, axis is al so

perpendi cular to the Z axis but in the verfical direction. Positioni ng the
| ens along the X, Y, and Z axes defines the first three degrees of freedom
Furthernore, the I ens may be rotated about each of these axes as shown at
10, 20, and 30, and each of these rotations also defines a degree of
freedomwith regard to alignnent of the lens in the optical system For
cylindrical |enses, placenent of the 20 lens along the X axis, 3, is often
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met hod taught in U S. Patent Application Serial No. 08/ 725,151 spreads the
20 active alignnment "cost" over a nunber of devices, there still exists the
need to actively align the




di ode row and the mcrolens taught therein. What is clearly needed is a .
met hodol ogy which will result in further substantial savings in s%blﬁg
manpower currently required to accurately assenble a cylindrical' rhPc Re2®3
usi ng current nowér?ﬁ@ e alignnent nethodol ogi es. This advant age REIUSPRR254
effected if some workabl e passive or sem -passive alignnent nethodol ogy 25
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ref erences nadstehded use, tthe rraéthod rof eheip mrmuditure chasslseretdfoas desuttad! i nariFaitng
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25 alignment with changes in size frommcrolens to mcrolens. This feature
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integral alignment nmenbers: chan | al. -he m.cl.ol e ' :
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approxirmately in the correct scale of the requisite correction. Assum ng
that the integral alignmeny nenber is properly scal ed~during formation of
the preform the resultant microlens, when passively aligned, wil2 o MAR 2003
in alignment Wwb@uioezagcourse to an active alignnment reginme. 10 $99/22254
DESCRI PTI ON OF THE DRAWNCS Fig. 1 is a depiction of the several axes

defined by a | indrical J t ha. of .freedom inherent in
et ned B gkl iyl nen Bl L Bl B BB A58 ol der
I ncorporati nﬁ;&r@&eg%&sl@fﬁﬂéddhﬁﬁﬁqfﬁi‘ctpﬂ%pewi Bitt of thedens with relgpd&t todfk disdSor RBr
perspective view of the cylindrical mcrolens of Fig. 2A. Fig. 3 is

cross- sect i odeyice.e Whiteeevan # parfest lenshas/heretgfare aequited rsomentypeo of Betive @igniment,

operative conbjnation wth,a,.l aser diqd howi ng the | aser beam entering
and exiting PH mﬁieﬁ%ﬁlbar’( :ab%u%f)br_n S@F‘is‘gﬁﬁ%ﬂ‘fgﬁer spective view of a
cylindrigal m crolsepsrlyaicdl adtivé alighmdny nidthddely Yenérdlly ﬂF&'éedsZ%&Hﬁé’wé:;First, a

accordance with the principles of the present invention. Fig. Is a front
per spect i ve sé¢atianof cdindtinalmicydlensiisimeuinted an osmalt moantingbrackkt wWhichebecause of its

lurality of po ed rf.ac agai n fornhed, i n accordan { t.h t he )
Br :Jnci IpI ?és Of@sp%@iaﬁpgiogm%oqtﬁég&qqq(ghft 1§5efg|§5d_ tI°5as|aghcgaajfﬁ“lfﬁ’t? I\émgr‘gﬁga‘fq that rpfatipn
of a cylindrhgdl REK &R YSBARSH dbfnddsy iR 1BRBbsifor bBh R os9- Ak

. géal ?1‘ @e%nSSié
cross-sectional representation of the cylindrical optical spacer o I g.
i n oper ati venmunted mattheogoalpost, the igaslqposdiensiassamblyds thehioptcalygpositioned blong the Y
showi ng, t he | aser beamentering.the spacer, and exitin he._ m crol ens, 30
fo 78", #aT 2 axes apadhe bins Atitsrio 366 SeRtipGnGiON haser Gigfc i 9rd torpeonn dhese
of Fig. 2A i r.ai\ o nat 4: \ Is ' L& ks
showi bg the [oerdl fighifensy 3Ra! ifle Ml (RGOBP 16 XD ¢ fons Wi PliEARly be

m crol ens. assembledpisenagizzdaniithe 3i0des hsentzatditestedthmugh theslens toapgcraepdhe
perspective view of anot her clyl indrical mcrolens forfred in accordance with
e

the princi pl @Rerator manipglatesdhg lens glong apdiabou theiseyeralaxss patikihe prpiectesl bram megts
t oot moen . . .
o LT Rl 5 Sl R BRGNS s A ol 51050 s

nou e and In operative conbl nat |

crossedl5s m caowellas robdtion abOutithose axesis npmipuiuted byvsn opefatorohd dsserdblés eathddns and
Fig. 9. Fig. 11 is_a perspective view of one_ enbodinent aof the present
i nvent i on whasg dioden o The entise gperation s erpdenendent on the skill of theapegtoreat the optical

menbers prio f ' fagh ' ' ' is '
of a mcrol e%%&@gs“g{h??é\g?#} rtgm 1?1{3% gé %{% °"‘E#’g§‘ aﬁ! ﬁ%@é&éﬁé@% 1‘!@@%@/‘%
PRACTI CI NG TiiridUWihd tHa'\prblest. r Thig vadabie iiengenddfedbylthéFactahatith@siiface tension of

cylindrical mcrolens, 102, incorporating the principles of the present
i nventi on i stheesment bethesengbe sevegal rlements op svhighyitiis usedcepusesmetion betwepe those

i i th H t . . h . . - . .
D e or 188 T oncleTeRi « FIRs AR £ GRATR gl ol elfieh) ARG afilfnept
in this exenglefifodobgitdi dreOfencrillBuntilizeiStoapioguce tie devibsr Guglt Bl BI8lopdient 116K

and 200'. Standoffs 200 and 200" extend a distance "d" froma first optical
surface, 206.081.68Randpd®ds224. I n this enbodi ment, a second optical Surface,

204, is forned i nTlhg Qém}?&asgﬁ,g Siohfheht™" uﬁpg{egeqllln, Rfhbas @{%cggs wp%{'%%}afh% lens is

principles of the presentrinventiron cohtenp ens or er o

el ement conguligiddogith vdapéct tb Ahsthesdevide dolely bassechhhisilanesms afd thedeatier sethfddeid
to generate the proper alignnment distance in the Z axis (not shown) 20 from
the devdke t Bositiprewith psppetie theidipds erather devigg. iExamples ﬁéﬁuci\rfmvhmaaltmﬁags include

vi ew). Moreoyery. the.. ' LA ' f ALY ' .
def i med by ¢ HECRihEint Bt wighenetuBideRt ah o 1 2500 affme ok ot eguire e
surfaces whi Efbjedti@nbhh befitof iphethiough &l lers, hbrdndeed sharépulaticirofaly lewd with respect

respect to three deglrees of freedom alaong _the Z axis; about the Z axis; |
and about t héo beami alignmeent cqrsperfirmagces. y fassiye pligwnentareligs salelynen Hhe sreshgnieal

accurately f Qﬁg‘ﬁrﬂgm%f %eelfe% With respect to the diode or other device to achieve the required optical
30 alignment.

-

The term "semi-passive alignment", as used herein, defines an alignment methodology

whereby the lens is aligned with respect to another device along at least one degree of freedom
) AR 4
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enbodying all the features of the resultant mcrolens, then heating the
preformto about its m ninumdrawi ng tenperature, and fimnally pulling the

m crolens fromthe preform Were lens 102 is slightly over-pull edzﬁ MAR 2003
resulting in a g}&@? g‘&s of slightly smaller profile than design
specification, O SIANEE "d" of standoffs 202 and 202 is I|ikew sePCT/US99/22254

proportionally smaller than 30 desjgn specjfication. This proportional |
reduction of $hlely hycwechpnical maans, kevepassiysly: Fxamplss afiuich mechanicyl peansiinglude

The reductio I Sit:AACE 1ie L6 : ﬁ']%g ' .
closer to thgn g‘%‘\?‘ﬁi‘ gg‘}@bﬁxﬁugegt agr%@eap?lgg%’rem@i%%g@'g 0 vjﬁaaqc m %r@%ge%&sﬁ%?eiﬂ%e
al i gned and aprbjecticitof albéam of lighOtHFOUgHARE Bens,.nor irideed MARpaREidn Bﬁﬁél&@%@ﬁ%ﬁﬁct
is exactly the correct direct to effect the desired carrection occasioned,
by the slighttor ke @lighment o pedfopnaies; obrsaiveyalignmesy, seliesr sl prothe| machanical

102. Mbreover g . . t] i gk o t .
| east ap%r oxXi %%9?%%% %g? {:etghée;:'t grr%%? Ofdr%gl}cgggﬁcg%%gemegléed{ea%ﬁed optical
i mpl ement at i cdligafrRhebAliganfend G2thi respees®i ol of rabiegiTatle Wilich dagreassf freéidede wiage
is 5 shown at Figure 3. Having reference to that figure, lens 102 is )
i ndexed on orreaviregniscefigcted by as@etiveealigamentschemey; Thedagsive amhqative glignment steps in

surface 302 of | aser .diode 30Q i j di vergent beam 310 typical of
such devi ces.am'p(?ﬁ'?%gﬁg%?lg c%h%@??é’nlgglgip? RS iaﬂ%gfrlaeé‘ fi xed
non-zero di stance Prdferabifyanfidedlséri-pasioe Bzhnitint bétefie RtfRs HE Paddive PR dTfthe
standoffs 202 and 202", which rest ?J on surface 302. .plén this gnbodiqﬁent

st andof fI§ 202alignmentalong the most erifisal degres of &ieedem. This is eftarf the eligarent plong dheZ-
not ot herw se attached theret t far._ i nst.ance,the

it ul art ved Pk SEEN AERAERG coRpIeB, Y et B¢ Pouted'in ePRHBR Reuebprtsadhe otper
shown at 320.deée. al ternative to this enbodi ment contenpl ates the
attachrment of lens 102 to the surface 302 of Iaser di ode 300, at standoffs
202 and 202'. Thi sSignificantreffort has/beea expended dorpvercome the/effecys eftpudlitgarrars on the
techni que wel | - known .to ase of. ordinary skill in the art. These,. .
toohn ques. | TRTHBCERE cHery,of dRyiset HePmp g pifuoleaseS oyl oL pptical deyiopyor
the use 18f add)&rRemsS In HRAHP HicBo niodeRIgies, Qid He@ipitates whith§etofm RBEH] &6k be
t her no- conpr essi on bondi ng; ul trasoni ¢ bondi ng; therno-sonic "bondi ng; and

ot her at t achndivided imtdtved clgises thase whichoaek todnerbase éhedfficicnéynefithe prvipusly discussed

art. 20 The previously di scussed .enbodi t s focused on_an,.
rpi emont at | GHURAPEeRt rEp AR PRCYRFA STk © HRIEhS A RA v igmgmsat peoveen the
optical surfaggrdlencaidisifler dhiRaPéIEMEAR] €s of the present invention

specifically contenplate its adoption on optical devices having zero to a
plurality of curveWhilpthamethod tfugbtis hidPatent dmplicationRprial Noe@72%hH spreads the

i nt Ly f d ali t el t.. Ref.err.ing.to Fi 4A and 4B '
of ol 178 i CootRs SRt S ey el m Ll of Feviods et S RHFTRaE Redito aptively AEn'e
feature a pl udigld fow 2hd B MRToleRs iaﬁ%ﬂt tBHETA OR Rat iE¥lehAP hESRY 81 feflodBRgd Qbhich

has a convex first optical surface 404 in operative and optical conbination
with a secondwillreswkinsfetedsulstantiall saving$ incskillabmagydwerduirently required wraccurgiely

Conbinart on viSHHale ceOiamEa s ey e el BPR P ud Al erghent fifodojogies. This
il1lustrated hgrgitdee éduldibé bifRediP¥biRe frofkaBRDabive GideRfi Pasivealiphimbht thethbdslogy

art that 30 substantially any comnbination of concave, convex, or flat
sur f aceR5may, weretnhadeqesbibleaci [ ity, be inplenented in accordance with the

t eachi ngs of the sent. inventjqn. T reseni. i nvention specificall .
contenpi ates all s tﬁsr%‘iﬂ_é%ﬁ?dﬁgi’soa}f_g&ﬁo&l?gy ‘O(Ewh%a%e_ ¢ P ﬁﬂ%gg‘é"s%depasswe
enbodi nent  of ot i8S PO hligAMERIdfANehs paRichiatly! DEYIINdShE MRlr6lehy) Wil esp@k 65 an
whi ch do not |end thenselves to internal grinding. One such formis shown
in Figure 4 asletom device, particularlya laser dipdeclallessitham2 miaas withtrespeet tpfing opmore
al i gnnment nenbers 4 and 406' can be di.fficult. .The. .enbodiment shown in
Figures 11 an gf?scﬁ%&eﬁa%mt gt Qﬁnf“f‘ilf%r}}'l qlong &ﬁ\é Y gF?‘(ané'r%%%'g‘ now to Figure
11, prefqy m 450 i swipk @610 Furfer he@Rl i§ MenethotoldlyowRieHREfRER (passive alighinent while
exenpl ar preform 450 is conposed of a first section defining optical
surfaces 402 beiog a¢l4tivelpdnsengitive toehagescindinal miciplensisizerresiang framppullipg errors.

Shown at 456, 1 ho- SRR redTE § LRl AR o koGt b Rpanees

havi ng one face, 460 and 460', precisely matching the correspondi ng portion
of 10 optical surface 404. The edge of this enbodinent is shown at "B". A
further alternative to this enbodi nent contenplates the fornation of

al i gnnent el enments which are substantially planar in aspect, and which form
a portion 456 of at |east one optical surface. This alternative is shown at
"A" and "A"'. In either alternative, alignment elenents 452 and 452' are

oy




| S to preformbody 454, and the assenbly heated to at | east the mninmum
drawi ng tenperature for the preformmaterial select ed?-)M crol ens 40%@%&1
in Figure 12, is then pulled fromthe preforn as taught in at | e

t he incor por at esonefigzaences. The heat/nelt/stretch sequence serveeTishRd,
or weld the several elenments of this enbodinent into one physical and

opti cal momﬁﬁeﬁ'gﬂh"%@ﬁ'é&g t%qméﬁg%_her i npl enmentation of the present

i nvention, erein the op |ca1'ls el enent includes a plurality of flat
surfaces, is showThakevergweferehcesiitadehgreirehoeeferenes works bad tofissiied £nd pRAdING Phtents

spacer 500 conprises, an optical el enent having a first flat optical
surface, 504151 showtha state of the astat the tune Hepresant ipvention aas srada Ehes& references are

flat optical A I i nner, optical spacer can serve to
passi vely al Pé%(‘;é‘?‘@g%%’ﬁg&%‘f}c‘%ﬁ’%‘evi ce, not shown in this figure, with a
third device. 25 Simlarly, opiDISGULGSURBECGETERANVENPREN MY, optionally,
be formed in non- gi_ar allel alignment, thereby defining a mcro-prism

i ncorporating at

Thgqresans invention feaches the wse ofipt leasteone, and prsferably aspluradity of,

01 Sl osed nt IR riemBiS fomeh AeRER AP fhe A0flod Ao hioichi BHE s s ianyytacture.
enpl oyed to Fhé adigniefle Pientiérs}| dr WARIBEs 3Mhal GhNE Severd) Fofthd, | Kitlin ARY sitfpledt Yorm

the case lens 600, and another device, here |aser diode 300. Spacer 500 may
be utilized comprssanextgnsion, gnfingen, afithequopetiopties! dengtistodffechatdeash partiahpdssive

2 6 MAR 2003 integral. .alignnent el epents.. as shown. in.this figure,.or to
ol omelfl an LA 2 156 AT riicfolE i Siet deticg, YopshsTpers Betndishs 22754
greater than woul ¢hbarijBasit Mnberd inbrpbrhteat 1843t b RFdrinde QBadetb ReaY dmsgmnem.
formed alignnment elenents. The divergent beam out put from di ode 300 1

shown at 300Imnde pheferred wmbadimdrdant feastnent dignnient eopembey i ineorparates reapiucality fof
di ode 300, S00 d 600 i t 620. Again, th t t

IR 2 R O N 0 L I M BB R AT
wel | - known to t hogge QlyliRAsdal Hi¥roRaskd Mcﬂrﬂogilx%rﬁncgirdl'%ﬁﬁd&ff? nﬂhwaf'&nw%g,d@e

but are again not necéssarily limted to, ering; brazing; the use o
adhesi vi¥s, npringiples of thegirgsent inventioredndrenised fo manufacture dsingle hens/diode pair, or, in
t her mo- conpr essi.on bondi ng; ultrasqni c bondjng; therno-sqni ¢ bondj ng; an

ot her attac hﬁ’@n‘lhet"%ﬁ’ﬁo%‘gib%‘sﬁé?‘? %M ?ﬁ{rf'?tg’éee ‘?H%Fcﬁqﬁ‘éﬁy gﬂavﬁg? Qr l"ﬂ'{fr
art. Wilet VAR 'ﬁ?y&'d [ Bfeviind:ial i . ;
utilization %l?ct E"gl(%)ri néfy{) esst?()aqgﬁg@he gresent ilﬁ\s/%htg’itgﬂdggﬁ Ié}gidle?%fc%rﬁlénga
formati on of umiyl wholej This unitaryokole niaydhene diwisibledato indivilpakiend/diedepairs, or may
princi pl es rrakies obvi ous, the fact that they may, with facility, be

i mpl enent ed uslude several ‘Sﬂifé’cé_enép_ti cal devices. One such inplenentation is
shown &g Figure 7ypphiiifiodoll bl Rt cinblefl BssvecAlighieht o181, phaSliafty's
integrally forned alignment @l ement, /700, Is passively aligned wth, an
subsequent | ycdindsicdianictalensawith caspect kearseleci®dp device tgarteculaclymihser dinde,lto Blenapees

beam 730, is_.focused into lens 702, which lens, further, focuses it into
cylindri cal ﬂd?? g"?W‘W’: respechio opne B{J{mffedoﬁﬁre/ef@?f’?ﬁ&%ri nci pl es of
the present invenghan bidoGabf¥ets hg;m[ﬂt Re .hlggﬁrﬁéfﬁn%ﬁﬂ&%' eless
principles on a bﬁggdn%?%gbid(%? op%(ﬁ' cg{b evi ?egaglsncl udrng, but not n?é Y
necessarily insefsitivé td chaiges in finalmeicrdlensssize; reprlfisgrfromghdlingarorsli théreby scating its
gratings; optjcal fihers; fresnel .l enses; mnors;  hol ograns; hol ogr i C

01 71 0l on BhmoRg b 5 S5t FPTURERIers|a ATigiolgo it deptire Aopieieple besouse
pl ates; gradgfl, Loy ' o 'rrﬂétfo‘?l'?ifﬂ{t%rﬁl; lighinkfie @o?é%rhh’:{a%%? KK
apodi zers | nsgaper aﬁ%@g‘%:dggngjirﬁ%?ig% él'ﬁge previ ously adllkscusse“a“applcl catl g‘ns
of the preseaof thenwdatoles easibeed hy pullsy emomsrindecchelminged imk¢alm o€ the alignment
a'cylindrical mcrolen ith respeci to,anpther ice, for jinstance an

el ectroni c dEPMNETS, gesfgnd o #"h’"t'h%_ @ﬁ‘gfﬂ?l‘ge_ S’ﬁ%ﬁﬂ’&f&?’% di scussed,
this axis is oftefy tdiferwofds? witpd 'acé*lirﬂﬁlcﬁl’ nfiéroleb Ss &b cﬂﬁ)_ﬁfﬁlﬁﬂ%% RrofD e
critical alignnment in the Tormation of an electro optical device. udy of
the pri3ki pl psopostioyial réduction afdhe ahtegtah atigaenti member provides andegrée of alignment
acconplished with, respect, to the.other de}gr,ees,of f reedom ilnh rent in the 1
desi gn of a EGTPRIRM WAIChis Agt ont dn Hhe Gciest eigectiof b if PRI AR iapRiopmatcly
contenpl ate GRUR0 (P fHeSscale'bf Rédired RErrbiiordT BY WY bf AlusithliGH) Whire o
surfaces foren% °°3$‘tgﬁiégo al‘g@to %r?e .ang%hler?, egch élo o?‘pm%: ch |Iu§ orlthogorfgl
to the Z axis. This arrangenent enabl es passive alignment of a cylindrical
m crolens wth respect to another device with respect to five degrees of
freedom A sinple inplenentation of this concept contenplates the use of
one of the surfaces of the .. 12




2 6 MAR 2003 WD 00/19248 PCT/ US99122254 microl ens) for instance | ower
surface 210 shown at Fig. 2A™as a second alignnment surface. Wile the
previously discussed inplenmentations enabl ed passive alignment alpggMARE2(03
axis, by using 84210 as an alignment surface in operative CARPEsHN
wi th anot her surface of the el ectronic device, passive alignment wth

Fa 6, the ubBoRfets T o ER 8 lRe YR iy srbfll D i€ RS Yo, S
cylindrical n‘hﬁgﬂh@:&sactiSQ,OptieGio’&Elﬁ)%co%%ﬁﬁlﬁidaibﬁvéw,owbﬁldf Q' B Met:hic@oréiéslf %ﬁghﬂy

and second optical surfaces, 804 and 802; a first alignment surface,

and a second glosgmiecthe laser fiode, Wilizing therprinsiplesanfthe pesertrioventianotheqmoportional
the Junct 1 on Bdelipf 8 ETihiphaht Blehogr SERHEPEr v the Ao o ol Ofse e
816, whic engjiérBent Ratltdinlte RMdRASH Icheth cTikk SibAnRhEMERL&ORhREA tedtictibh is at IFaSt

el ectron device 300, thereby elimnating errors in formng the juncture o
surfaces 812 apm'omwlyamthd@elrwlSpal&ftﬁfg%t:im@u&tvec(a‘rdcgnm isspmiongethat ther infégral

T gnent  sor Aligugerd meRies Epropenty,sbeked ofRe oo iortOt i BRf et i5SRR fojorolens,
di sposed wi t hyhgaRAGVAIP aligﬁedé drillstieﬂi&iiﬁ in RASTheAL vithodd P&B%nggo ag%cge@ Slifchdht

respect to another devicCe, here a |aser diode 300, Is ena

alignnment is egwnei ned as follows: urging surface 314 into intimte contact
with surface 814 aligns mcrolens 800 with diode 300 wth respect to the Z
axi s. Urb?ng surface 312 into intimate contact wth surface 812, in and of

itself, aligns lens 800 w t hghipEDBOCRIPTION OF et DRAWIRGY axis. If the
two urging actions are perforned 1 n operative conbination wih 20 one

anot her, further affimitiagdepieticmfithe sevemfhaxesdefinatddyi aeylimdricdl dertsyend of the degrees
alignments not _only aligns.the | ens and diode along the Z and Y axes, but

al so aligns tﬁggﬁe mbfg'%ﬂ‘t@esfr%ﬁd all three axes. Hence the principles
of the present inv [ : i RWNyit i g. I 1h et :

al i gnnment of |ens g% gﬂndggilo grggp'gg%p §Vlat h rlgg}p&;ﬂc? c?' gnﬁ??jag eE]drléehésﬂg?rpommg the
f r eedom 13Vbr eptinciplesbEthe predentimverttianl. i ght 1y over- or under- pul | ed,

acceptabl e alignnent is .25 effected.w thout. further. action. This automatic
Corraction 1o pul i gBds AGTE TESPEXICIREGT e Pt migrolinof Fify S pu |

results inthe propgyty @glosscatidhall R0 bf BUCENIMATRNHEARICRL of Tg. 24 in
| ens. This reduction in scale occurs at all dinmensions, 1ncluding the

| engt h of st aoperhfise 8dMibmatioB With a FEser diede,i shewingothe dader bearh @ntesingeand exiting the
smal | er than specified is to nove the lens closer to the light source to
the | ens. The™@@lf®i on in scale, and hence el evation, of standoffs 810
results g9 in a pregordd L8ive Ve of Y BRAH ] -mRhs A it9 o
m cr ol en%@800 is u?l? (f[% %%lf%)%ﬁ?g%# V\A&fh l%uro?agdg’ﬁ:%lﬁ ofmﬂ asersqgiﬁ’or%gggg%, ity
t he reduct i onpbweddsturfas, fotthedraebniaace With theeprmeiplepof the preserttisventionovi ng
optical surface 804, of |lens 800 closer to emtter 310 of diode 300: 13, WO
00/ 19248 2 6 MAR 2&im 4Bdtadrembperspesiive view P%ﬂ&f 88@?4’&&1 E‘éﬁfg‘é% haying a different
di rection alo Wefed MPEAY Ghain FoEnihRELHIA e VAR e PPRERIAGSE (H bleRht
devel opnent o?gltrﬂ?por% ser??edl nven%l’o%allns t hat th{I:S correcti OT?Q?S@]O'[ on%lg e|§k"r;1l
t he proper diimehtiom, but is also at | east approximtely correct with
respect the reqyjred anmpunt of the corregctiqn.,In othe vvorg%,r.the

scal ar régucti on iw'%lig’csﬁ ant: RECSRESXe Viesy 3%]‘ 95915}‘16@@[ ?Q}lc[a.[]g)ager vingpo powered
correction regwf%%gl_ to optically align the over-pulled | ens for nost
applications. Indeed, initial experinmentation by the inventor indicates

that in many i npl eFigtéisi eress-tectionatwepresantatioo of dur ¢ydindrisalmpéicalssphger of Fig. 5 in
proportional to the degr.ee, of i s-pulLing. simJ.ar, but opposite effec
occurs where Pﬁgaﬁlﬁn@mg@“ﬂméﬁ”[t?bﬁ iﬂl%e@w?%@ ?ﬁxl!ﬂd“f’ﬁls'mc&ﬂ?"i%’%’}% ths; faper beam
results in the,s6 AY4ShHE QRitb thdgidbRhance between 10 the centerline
820 of the m CP%Pghggea{ﬁ alcdi;]gnrr{en surflace 812, hereafter referred to as
di st ance30x". Thi s Rigt7 m islcrdss-se¢tianaprepvésentslign of the wybadricabsuérokens of &ig. 2A in
automatic correction in the correct direction .along the Y .axis,, and again,.
e amount _of opAEtEH PRGN M secabd S inddrainRiiersy SholyiRE LRe 1agf be alkring
conbi ni ng t he yal {PAPRGcrdfehs AP eafingBid et Mitifleees 814/ 314 and 8121312,
further 15 advantages eventuate. The»conbination of the alignnents results
not only in alignment along the Z and X axes,g but al so, from geonetry,

about the X, Y, and Z axes. Accordingly, passive alignnent of the lens to
the diode or other device is achieved with respect to five degrees of
freedom One device inplenmenting these principles is shown at Figures 9 and
10. The present invention further contenpl ates nethodol ogi es wher eby

passive alignment



20 is ‘attainable along two axes and about all three axes_of the |ens.
Accordingly, it wll be appreC| ated that the principles her ei naf

enuner at ed enabl e passive alignnment of a cylindrical mcrol ens V\kﬁ{'l MA&FZQ@
to anot her devWeoomo48 respect to five degrees of freedom The PENUSIIR2254
eXBnpl ars of the present invention have discussed inplenentations wherein
the integrally forjgeg idhired BWard PERBEvR View WP ahGthb: é)linuangerdle&%ﬁnwn
aspect. The 25 use of a plurality of alignnent surfaces for at angle !
one anot her ascerslence Withtthe principlestof gl present dneemgion, fuither theorpomtingpl somility 60
such an arrangement is shown at Figures 9 and | 0. Having reference to

t hose fi gur &8 re(gcpwrsfeceéw indrical microlens 900 is formed with at |east
one integral ali gngegts MEBREperfRBtiveRoRAIE thOleitAONnE 8 . S0fnted of 4!

provi ded with 30 ag§g| r of alignnment surfaces 910 an % I'n tohi Sshgﬁfateand
enbodi mént nebpemtwecmnbi’natlenw@tlnmmhd?t&swdemxmtpnsudi nal | y di sposed and

ort hogonal to one_.angther, but alternative an y with equal facility,
be i npl ement ed. %18 iﬁﬁdﬁmfmﬂ%wﬁw&;tﬂé%deg"?ee‘? 48 Yroove, 914 which ,,

14 )., L~ 2

al i gnnent surfaces glllgi s% r%’g é"?g&ﬁ? 3§ &“%dnwﬁpglgéﬁsénﬁﬂé&ﬁ%ﬁ ‘ﬂ{éﬁ%n the
m cr ol ens wipréfotth s itrgtlerhgnted withidiscsstt: al@th1mdmembbrsrprmr(d forma®éivof the mlitdlens.
exanpl e includes a fjrst, planar, .optical rface 904 and a second_ gpti cal

surface 906 in ofdgal?is@ meeﬁm Wew qfadweri%nsaﬁsqm@mthe predorpt efFigubl-y

di scusigd substantial ly : RV ENTE) ity, be 5

I npl eménted. A further alTg e provi ded. Study of

Figures 9 and 10 Refugingso FigairesaZA &nhml,ta simpb@yﬁn&ﬁh‘il ﬂﬂdo&ﬂxﬁ 192 fincorporating the
asymmetrical , and the principles of the present invention specifically

cont enpl at e Pringiplesof ghe me'i,ent inyentinads shenayi lans 92 isgenelly formadda agmdance with

depi ct ed her, .' gﬁ?%u?

devi ce of tﬁgé l?sguﬁﬁ? clai ne eéé Qﬁ%@%&{é#ﬂ%}ﬁf&r caFBl %)tﬁ erl aT'VhKf(I)1
08/ 837, 004, whﬁ&oms i dfuw:ew fohnemmm rleasednénanaaﬁeme RREmplE\d pair 8Pfhtegral
furt her i ncorporates a second cylindrical mcrolens 1000, including a first

opt i call5sur mligemenapembers 9B siendofsn 20¢ and 200+ Standafin200 and 209’ extend adistance "d"

i er ol ons 1085 F R cRARTR M A0 bP e Bl i R mboRfitelitch KA Sl G urface,
cylindrical 204ciabened 9Q8ns W@%ﬁs@@ﬁrsﬁ Bplidat Burfae 208cbut tHe prisciplesloPeie pieit

and substrate el ements 920 and 15 Laser di ode includes an emtter, or
"p" face 35 nnmuoapomtempﬂat@ hns oF athar omqai d@msnmfmnsemwhqm dhig issatile case

al i gnnent e bIed I i | es.o I sent ventlo e

25 Tol Tovs: Lippge B i) Srera e prpet efiE B SRS 8 e gl P
l'aser gpode f?&@ﬂiemepice% %w‘htthé ea@wBﬁ?ereadth (hot dhhl%h%li’ﬂﬁd VieW)) Motddver, the
al i gnnment surfaces 910 and 912 arrayed on al gnnent menber 908 of microl ens

902. A cl ampongitudinglly astending smfaces 202 andh202rde the planpdingarcnainre @6 saodoffs

Phe. orevi oudty aap 200ed strdhedRiRte REERIn IS shibotimSard shdfiv i prbhdhyBihet

subsequent %&@%@g@d& ko tHre&Ilié Ogreésrbftﬁbedmsabﬁgu@ Z aRieaBouPthe @ axtif G @Bbut the Y

m crol ens 902 wit i ode 300 with respect to five degrees of freedom
aldrig the axnd Y axes; and about the Z, Y, and X axes. Follow ng

oL achUE | L S b Rieq oS AR dOR) 3P e Slnb B0 D

In this exe'ﬁ%{lﬁiﬂ ﬁiéba‘lt ﬂﬁtﬁa&l‘&rﬁi‘%§ réddRanit iflicfbibhs? iienadfRath@ HeYprofornab about its
menbers, the several surfaces of which are substanti al I%q orthogonal _to one

anot her . Aganinimamijdrayving terhpergfureaanst finally pulling the minselans foom thepreorn o Mhgee

There fne suterB gty et et HbREER 4 fiodfend B Sfigha tile; }trpf;@'tﬁ%?%ﬁgn
figures, thepatiHasiere distaticemde opkandoff202 sHdoZE2' PRlikeviS proportiohall kaalethan

pr oceed elther with the attachment of the several elenents of the

subst r 80e, olesigs speaifieationt dhistnsppartionabrgdyetian ofidistancedi enqbles theradyaptages of the
t he resul tant deV| ce .cou be u ed or My, evi ce of %ﬁﬁ
5003 Vib 00, T5esFa Bt onad g S9G0H of PetsiRy zﬁ%ﬁe\m‘?’i}’ “E%FB’WS s“é“ﬁf

di scussed. o the device, for instance a laser diode, to which microlens 102 is aligned and attached. This

| A
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Wth the addition of second mcrolens 1000 to the assenbly including .
m crolens / diode pair 902/300 and substrate el enents 920, and 930, gﬂﬁxélfen
of the type found in U S. Patent Application Serial No. 08/ 837, 004 2003
passi vely al i gnadobon9sdsi. The final formation 5 proceeds as fol | orernushenass
assenbly including mcrolens / diode pair 902/300 and substrate el enents

920 and 930 i m&éwﬁg tiie SotidcRBRect U3EHTec? thesddaired edrfeclibf BBEkioRaP by Bk sﬁgﬁﬁfeahéft%n
form ng surface 1008 of second cylindrical nicrolens 1000 to be orthogona

to its other 3dwstaleescasioredsbyrihecoysralcanangtofdenss 192.adbor¢0as, tha asouhor R38R of

lts i t I | Al hi p bet first Jm I 02 d )
Second: m cr of EuichBagr dxahte i T hpreufPAR RS ltihe Aol ormesone pegsired.
1006 and 1006" of so¢anflefdhtdtiofWhetéllehs 1gﬂﬁﬁéskwelycg@hwaﬁ&%ax\értq??des?g(o is

surfaces 932 and 1008 provide the proper alignnent wth respect to a
degrees of fr ehowmabFigee dndavingrefecence 10 dtt figuref lens # 02riscindéxed on%0 2ligidkwith a

o1 oved by artaaes e Reer dodeafih HiuRed td Hsourbhs 302 phlee §ade 300 is e avidely
932 and first dme_?%éﬂt%@&ngﬂ% 7Bl dfSubl deViBesC 'O Gslich P ag@tsmﬁf fé@flgsgﬁoshfbned a

U.S. Patent Application 15 Sérial No. 08/ 837,004." Final

precedi ng di sfixedinon-Zers distance 'd'chway frore sntfa¢eciV2adff 1aser diodg 300 by meanobsiandoffs
w th one di odg,,St Rf ._Pat ent ljnqatian Serial No. 08/ 725 15 .
reveal s that ?R% aﬂa%& , WE@E@?&‘J Mﬁfﬁcﬁgﬂéi h“ g‘?"é"?’&??&‘ﬂ@’lm g&ﬁq%ﬁ?&?@é@w are
that t echol 0QYeed3) dotalPYAR SRR HEE AR thd-RAE S Hacte Tl OhE Dy Phcam
the present invention specitically contenplate the 20 e(fl mnation o he ’
active al i gnméotinstanmgithe cincildrized lasércreamond, the previolylyrdiscdssed 1GIREUBASER® diode,
greater inproyemrent over prior active alignnent schenes. U S. Patent

Appl i cation Sésr"?@lw‘!\ﬁ.:” 8/ 725,151 is herewi th incorporated by reference.

The present inventi hern td L | '

respect to certai n(%%e?ger??ed er?bllﬂgi((iiérrnéa%rytdi%o?lt %@%W%gégﬁgﬁgg@%ﬂ%&ozl tto the
shoul d be r eadutfyceapp2irafntas¢rodiode s¥0ofat 2Zfamioffs r202y asd 200", i Thidettéshinenbahay be
various changes in ppdifications in formand detail nmade be mgde w t hout
departi ng?f rpﬁ?ﬁwlgf"ﬂ“? %@%@Bﬂ@té‘?“ HeiRre .qvﬂhtoa‘g‘%‘-’e?f (?;EW skl f‘hglc art.
appended cl ai fecd fbcRATghES HoRide, GRAY 5Bt g&egﬁhﬁr liftied ¢d! §5ﬂk§ihgnﬁm%%h§%e of
prescriptions, Tens gednetries, optical device descriptions, attac n

met hodol ogi es adlmssiviesmaionadricgpotpmericorertimmtvise pauttctit bonding) thesmocampression bading;
as alignnent surface angl es needed t et the requirenments_of a particular
30 appl i cati oNltEgsanighen F!géﬁlewo‘é%f’g’ﬁg&&ge@ ¢rnstaghment teghaalogies wygll known to
present i nve%ﬁ&gbfg%n' vsﬁminqﬂegljtscl osed herein nmay be practiced w thout
any el enent Ich 1s not- specifically disclosed herein. ., 16 wo oonn4s

VHAT |'S 2 Al MED | S:Th2 pewbisly dischssed et indéiz hds focusddonl anrithplenadntavioarwiieens first
capabl e of passi.ve alignnment .the mcrol ens, conprj sing:

i £ h anot her ,‘glgvié;e, g
a cylindrical ORiieal sheface ‘ﬁaﬂﬂ"ﬁ%\‘q'és?l?ﬂ%tte%‘ﬂ siriagt is ghrgedy nkheprusiplesPtdhe preggnt

surface; a si Al | o i i i€ '
oxt endi g par SPcEch ATy BRBAHIA iR Htorh SRl SvicIhevite 7881d o EEARE of
sai d di stal erdrvedoptidilngriacesand dorgdrating atdeadt orecintegrailyfonhedaiginsent glanent.

menber bei ng such that when f,ai d contact_flat, i cgg& acf ed tpo a sjngle

surface of said deReering,o Figpes 40,anq AP & pair QF sybpdrical microlensas g 440 are
position at ' | t!ﬂ@% QR Vd 2 ). ;

as in d g?m 1d cﬁs&?%ﬁ%lﬁéfﬂgﬁg? %att(ﬁ){-'fe% al ﬁg{(lsgnnentd%rtrig%bggfﬁlcess' S’C&?ﬁﬁl}[‘lﬁ%?ﬁl E%E%ns
contact with 480tasaogivexdirstioptical shirfsc 404de wperative andloptical aimbisation with a second

passively aligned with said mcrolens wfth respect to the Z-axis. 3. _A .
mcrolens as Fﬁnﬂxa$%Pﬂj\ﬂﬁBFqg}sH'f§% @%de\éﬂg‘de }cé‘.élgnsa"‘(?“a ra ERnsa¥e firsy optical
sai d contact f Cﬁ@i?%&ﬁmﬁ@eﬁmcﬁﬁ 1 coHbiRE6n Hith egoﬂd"‘&ﬁﬁ'e)gk&gﬁ(il géﬁc}aﬁ‘surface

mcrolens as in alm erein s al 1 gnment nmenber 1S rectangu
shape. 5. A c@0Bi WihileatotdHustrated lerein,dt wilbbeobvisws thoselsvinglirdibery skilinouthe @d that

glni Snngaﬁt)'[ ﬁt gupsggxgkﬂu %ggglorrr]lg%l:agpnn o co(rzlga{vle,n éjoB'vgﬁ Ior a%u(% a%er:]ss m )z/i,s\%ltﬁ/gci&z/ﬂ facility, be

implemented in accordance with the teachings of the present invention. The present invention

specifically contemplates all such implementations.
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conbi nation conprising: a-cylindrical microlens having a first optical
surface and a second opticél surface; a | aser diode iT]}:I udi ng an egima
surface; a single alignnent nmenber di sposed on said mcrolens, sdi p
ext endi ng par aMW@P0/19348, Z- axi s of said microlens and having a di BCRMUS®9ZE254
said distal end including a contact flat; and the alignnment nmenber

extending a di st a0 embbdithédlof thepreseit hvetibriiipatticilarlySsuitableds 1@ foftnd Which
emtting surface of said diode, the first optical surface of said mcrolens

i s positi onedo pet lendihemselvestodntemapgrindipg.i ©a¢ sughsform deshovanindiigerediasd@0. The

MAR 2003 Pcr 27Sa L ' L OR.. in I m6 wherein e di pensi ons
of said ali gﬁs 10 %@P@r%ﬁaﬁ{ Hﬁ'?"ﬁ@ﬁ“tﬁﬁﬂﬁ“ﬁﬂ%ﬁ?‘%ﬁ@r%graﬂ%s%r&%%e
i nto contact diffibdlt,SAHE &fibddimest Shuvira e Pifuréal [ adil A9Cobvikte tHisCAiiMS. OHalilg
conbination is passively aligned with the | aser diode with respect fo tﬁe

Z-axis. 8. Areferemdernow orFigureild, preform 450in formied of atdeast taediseretewampentntsy Ia this
substrate. 9. A nmcrolen s inCajmbéb erein Ld alilgnhment er .|

rectangul ar PAF %fﬂ’é‘.’tlofﬂasglscmq?éﬁ%ﬁ %F%?%@"UMF% Sb‘féﬁg“égb%é 4b4, and
al i gnment Wi § BaipgedifGEte 99%¢:§a{t nttRtiersq 32hnd 4?,2’§l>mgm{ehﬁmein%8'4s? and 452 may take

conprising: a drawn cylin cal mcrolens having a frst optical surface” anc
a second opt sevetal furmbatregnedorrh sshownan 458, thesaligament membars arersabdtantiatly spmsteddal

on said mcraql ens, said nenher endi perpendi cular to the focal plane
of Said m or SPBRRts SRAEPR ki 500 RS 460, Brectielt paichit he,GopesRarging BRraon od
align ”Eiri?lﬁ:r e st : igh»cont act flat and
sai d malg)tr ol ens. all%ﬁ%d,&:ggelgl gg?%géa?&n!\ﬂ%:rol engnggtll n al m‘ﬁlb, wherein said at
| east one al i gnmeAt furtheb altermatiye tos this embodigient abntgmpiatds tre formatioh?of dlignment
cylindrical mierolens.as in O ai , Wherein the contact flat qof said

ST hole al | griemEs iR e SvhsiRoell PGhar i Bt pad whish Kt apofien 436 of dicest one

—

the length Of)ptﬁﬁi glr?‘{cggggisf%@eg%:ﬁgggs dRWheh «<Reipg«agvech that when said

contact flat 1s contact single surface of ‘said optical device,
the mcrol ens is hoeiher alteenative, alignmeptslendritg4Sioanid 452 Sare paceiselycaligaed with respect
opti cal

devi ce; and_ whereby e contact flat, being urgeable into contact
with sdidd sit®d ognbpéxég‘bfan@ aafﬁm@&imé‘rcﬁw@ﬁ@?stéﬁ%@w@ Wingdemperature for

al i gnnent of i L+ ) | t G Vj '

fo ot T east Bedrefbtin AR AL MAgSIch: kDo chguth s gher 12 biifit biited RORSEL
PGT/ US99/ 22 2préfoth asAaupht innel ldastdnerdf thicdheorporated ir¢fefehedsThe heathmelestretchaeguence
optical device conprises a | aser diode and said single surface of the .
optical devi¥avesdo bprd erveld;the several elementsof thigiemhodiment into ope physi¢al and optical
m crol ens as_}| rein said alignnment nmenber fiuther inciudes a
rabbet. 15. thfﬁs%h%%%crol ens as i ngCI ai m 14 wherein said rabbet has
a vertizgal wal |l apdothehimipléraaitation’'st the piebent itmehtiorg wherin the @ptical efenfenginehides

to said Z-axis and the horizontal wall_being orthogonal to_a Y-axis. 16. A
cylindrical #plaiteatflasurfaces; igshevmatffigyreion Hayingrefersnea fo thal figuse @ptisal spacer

hori zont al _vidd o3l Rl th & ARRRerh i BhORE b fird bl UtarbubdllE S04 firoplrlifh il paralle

being formed a ] un
optical combination with a second flat optical surface, 502. In this manner, optical spacer can

serve to passively align a second optical device, not shown in this figure, with a third device.
25 Similarly, optical surfaces 504 and 502 may, optionally, be formed in non-parallel alignment,
thereby defining a micro-prism incorporating at least one integrally formed alignment element

or standoff.
One use for the device previously described and shown at Figure 5 is disclosed at Figure
6. With reference to that figure, spacer 500 may be employed to effect a desired alignment
30 between one optical device, in the case lens 600, and another device, here laser diode 300.
Spacer 500 may be utilized to passively align cylindrical microlenses which do not include
integral alignment elements, as shown in this figure, or to implement an alignment distance

| 4
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17. .An el ectro-optical device incorporating the cylindrical mcrolens of

Claim10. 18. A cylindrical nmicrolens as in Caim10, whgrein said at |east
one alignment. menber conprises two alignnment nmenbers di sposed or $aMAR 2003
cylindrical m gy@l6igeegsai d mcrolens being sandw ched between sgic4nso9/22254
al i gnnment nenbers; said two alignnment nenbers each having a contact sur’?ace

at one end: and.ea 0 i nal i t nber ving a Length, ,said
| engt h defi n%ﬁ%%t% gﬁ%t‘&ﬂ@@ gee?%ébﬁe s"gﬂﬁgﬁ' 0 B‘i’onsaﬁy P@B% 'gﬁﬁmil |%"Pf“? é'xflgnment
optical surf akfien®)dHeldivdrgsy bBaiousiit o @ioad BONIFBRGWHRIBEY sndi8E RBuRAHE Beam
t hat when said two contact surfaces are contacted td a single surface of

sai d optical fermeddy, the eperative compinatian ofdiefle 860,spaces iS00 and fens 60@ is shown at 620.

positioned at, a.praoper. optical .distance,fromsaid tical vi,ce. 19.

b ect ror opt 1 bt JRERnRRimsO b el SEFR SRE ity 3R aecBimpfisivd 5 avs aedfrmen
20. The gyl i pchhnfqile WEILkRWH o @bsdbPordinkfs sRiM O iefare FHés&chiighidsGAblude, but are
m crol ens includes a first non-optical surface and a second non-opti cal

surface; sai dgdinnotnacessamlytlinitad te,noldering;chrarings thawuse obadhepives; aionemefig pelymeric
bei | i th X Z pl : f i d t | i t. bei .

i spased: on kpUepmrE eufesfie Suite: Hege Rambresdny baufne: {AHStie Bonng hermpamonic
2003 PCTJUSOBbgdidg andtithéiafttaChmEm tectnbRgids wedINB w1 Thése Df BRdiRdy Yk HNARLarP N

said second non-optical surface, said mcrolens being sandw ched ltggtween
sai d two al i gnnmentWhilathe psevitius dideussigrisihaviy largely centeresd arithe ufiligition of @@ principles

wh [ I d | i t. menb I ent tantial l l el t
each ot Hr.  sbiheaiessih IRuiomePRied orths ornor oty Ridcal Rismleny Gpdeexioen S0y
Jiode b ALy . P oo . !

| ode by Conbf‘g%c'sg' “*‘?‘.eﬁg‘l}&é Bb{1068 i fadtahal tHPHRY, Wil {%lﬁ%ﬁ@?pslam?mcd ona

conprising: a drawn cy Ical mcrolens having a firs rface, a
second opt i chtoadurahge ef optidaladqyices.al Qreysueh implenpgrttatooml issshovace Rigwail where a

plurality of non-optical surfaces inclyding a fir on- opti cal surface and
a second nongglﬂquf‘&f ‘_‘%‘EIPF&E&C"’S?Q‘W% atg?a[sb&% é&ﬁ%bb@rma 1gAMIGH isgpent, 700, 1s
al i gnment e B Pel)sﬁiﬁ)c_ﬁ'\ﬁiﬁ,aﬁ&b@&@&%tl?‘iﬁ?&{ed%ﬁao&é&% 1Rfs,58b A1 {HiSdxample, an

non- opti cal ace, said rst menber éxtendi ng perpendicular tot
pl ane o015 sai thmit dreame 7302 ixdfdoused indo ileny 702, awlich $ensciurthercfochibeatit istai aylindrical

second al i gnnent . e r digpased on sajd s nd,..pon-.optical . surface, ,said
second non- oBF?r@éqnsrsT?@r &’g‘é‘i’ogqrﬁﬁ ‘&‘tr‘}BVtgh%m %8sa Ee fpf‘t“E‘PLﬁo?f- @'ﬁt presgnt invention
surface, sai adl ; | : :
ol d o of e TGO (PRIt the RlploienBHR of dhate Brintiples th & BEA ftaf B olical
said first adevisednslddiag,annetriecesarile limifed tognesaraiore:Herses; phiems;etdlohsf diffsdction

and second contact flats are contacted to said diode, the djode and said
m crol ens ar 8raings PriGpkbeEstrasneklonsesmezens; helpgrmsphologrphic iffigtion gratings;

m crol e of I Jy: ) L I Ly T e . } f I.c..
al i gnma%t'? rreb exﬁsﬁgr?térstg?%% Idgdgﬁﬂ(l)&é ég{n?l%ﬁtsgr\gﬁ‘r%f g@{ebg’og&sag?ahﬁl%sgét&gfglée. B
24. The cyl i atkrnvaalrs;filtirs)lapeures; aodapodi2ds imbparative cmbdnaiongl e surface of
said diode is the_emtter facet of ;sai.d diode. . 25. The cyljndrical )

m crol ens of d ai H%%QAJFC‘(AB%?‘% discussed applicapions offbe pressyf iRy ERiion enable the passive or

20 2 6 MRG0 006 o O fibhi | thicfolérs with f&ﬁc?{o%@ﬂﬁa@a@é&f&fimtam an

passive alignment wth another optical device, the mcrolens conprising: a
cylindrical electratiedevibgalong one axis. In the exemplars previously discussed, this axis is often the

25 Z or optical axis, as this axis is often the most critical alignment in the formation of an electro-
optical device. Study of the principles taught herein reveals that passive alignment may be
accomplished with respect to the other degrees of freedom inherent in the design of a cylindrical
lens. The principles taught herein specifically contemplate all such embodiments.

Further, the use of a pair of alignment surfaces formed orthogonally to one another, each

30 of which is orthogonal to the Z axis. This arrangement enables passive alignment of a
cylindrical microlens with respect to another device with respect to five degrees of freedom.

A simple implementation of this concept contemplates the use of one of the surfaces of the
rr
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at l.east one ali gnnment menber di sposed on said mcrol ens_body, each
al i gnment nmenber having a distal end: said at |east on atlgnment rrm
having a | ength which defines a proper distance bet Ween said mcld

and sai d devi ogp gafishesai d distal end of said at |east one ali gnmpuggg,g%gg
bei ng urgeable into contact with a single surface of said device to enab

2t | bast ondeisAREERY Ryeddi ol SERA eyl Tid " UBK seborti fnbBRr
| engt h of t h&hidd &@?ﬁ'@i&buslse&heﬁssb@hﬁplbnleﬁtanehs?étﬁdleti(paﬁdi@e Alifinnfent albh@RRIA hﬁ§

of the mcrol ens A mcrolens as in Claim26 wherein said length of th
al i gnnent rrbm@m&sgrfmﬂdp@e aﬂ@hgme@ﬁsge‘awrmpn@amw@ngtmmwh hersheface of

| f d
par ot | 6t o G YBBECGRE Bashidd Bignhat Widkrestitile e HABRRS oF NG EEAGHIGS
si ze angl curvat U'H%viﬁg felfteiod N\ td Figl. 8'he ugé 616 paiBef aligenemt Surflced) 819 hn@ged M

26, wherein said at least one ali gnrrent menber conprises a single ali gnnent
menber. 31. fqlmﬁdce}ﬂ a gplindrigal micral¢nsn80Qis shosmnmMierolensc08iin fernied with h dasttand

I t N t th of d
mebor s bor AEPRRGULEH RS B0 AaR R0% € Frsd AL sutfhoeaLE aad8 aeiple alfugent
enabl i ng pagsiyg, 812 IMIEMeraf S(ﬁﬁhﬁofﬂhﬁ{v@'&Bﬁchtéiiur‘éhﬁhQﬁVélﬁﬁnM bedifBPBfzbrs
to at | east one degree of freedom 21 Al A{

. A9. AU, . A@ ogddgiondd by fismatiomgitorsrat me’)um@ oﬂsﬂavgs Rl12n8d 814. Ahds faatafeHs Xrdief
hkn>#
T ear M) onprony et i ens ks Bhfonty syrfages 812 ap &) 4 o da pontagtoxith slpeom deieea
] c<al] c<aV] 8pp,GhdrEhPdIfRinGAng errors in fodtming the juncture of surfaces 812 and 814 from adverse
dl'| 2U af ~ytoj e [ V] Ca] ca] ca]ca] ca] ca] ca] ca] cal] ca] ca] ca] caV] ca] ca] cal calU|caJc
a] ca] ca] ca] efffatmgahd/hligvhent]pradesa] cal cajcajcal!2 7 C PN tul 117" " M##$S* %%
8** ++++ f a\ . . . . .
a cal oal t] ca) ca PR ARSI 2 micraleEs S 800t e ohpihpsomly disneed pligmmsptc
:ﬂ gg] ca] catiTases 812 apd 814, which surfaces are further orthogonally disposed with sespectto the £

a] ca] cbj ca] aﬁi.lscpd-‘i}iw& 'dllgﬂtheﬂ'a}m]? dﬁismﬁt wspedt w}iw!lﬂalmch@re a]lasz} dinde 3P0AdsC

- <c<<<8==70f g ,* '.' 5 %Wﬁfg}hﬁs} Bﬂ%ﬁ%@fﬁau inig intimate contact with

? 1: ;? 1: ;? ::J] 2l g%@?%@%ﬂﬂﬁ I'J eJ nJJ KZé 000, iKhEKiLELI lﬁl_lEa =L ng]gfjg %ﬁgﬁdﬁz@ﬁa
a] ca] caV] cajmalistihte apatatcojthavifaed 8, dahnd pf ithelf atighs ks 8D¢ ajithadiodd 364 wa]xc

a]J ca] ca] ca] ca] ca] c”a! LMN, OO CONQQQOSRRR SWSST TTTTUUnUU8Vt
eeapea te fheck clg%&% 1013 g PEHPIRdCiR apsTatiyg € Jé
e ] e ey @W»@mﬁ;&w&&;@ﬁﬁ%ﬁﬁc
W]ca c ca] calca ? a?l cal calUlc

czupkfa aj c

SLC ?U] ¢ Z] c aﬁgisahé lea$ a] diajie along eed ang ¥alkes; butdlscedlipgha Hesd ted eleqents emund 4tiu
ggglLhi

i gijjijki kkieenwesniderssdhe prnsiplesiof the preseahinvantion applied ps shav) indiie-f resylisin.

ooy SR ARERbEa e PR i GRUE 300 UG GRHBIFRICAIEbEALCRIT | =255 0

ca] ca] ca] ca] ca] cMeoredeas] odicke allens is shghtly over- or under- pulled, acceptable alignment is
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obtained during development of the present invention is that this correction is not only in the
proper direction, but is also at least approximately correct with respect to the required amount
of the correction. In other words, the scalar reduction in distance "d" is acceptably close to the
perfect correction required to optically align the over-pulled lens for most applications. Indeed,
initial experimentation by the inventor indicates that in many implementations, the amount of
correction is precisely proportional to the degree of mis-pulling. A similar, but opposite effect
occurs where the lens is under-pulled. '

In similar fashion, an over-pull results in the scalar reduction of the distance between
the centerline 820 of the microlens and alignment surface 812, hereafter referred to as distance
“x". This action, like that previously discussed results in an automatic correction in the correct
direction along the Y axis, and again, the amount of the correction is at least approximately
correct.

By combining the alignment actions of mating surfaces 814/314 and 812/312, further
advantages eventuate. The combination of the alignments results not only in alignment along
the Z and X axes, but also, from geometry, about the X, Y, and Z axes. Accordingly, passive
alignment of the lens to the diode or other device is achieved with respect to five degrees of
freedom. One device implementing these principles is shown at Figures 9 and 10.

The present invention further contemplates methodologies whereby passive alignment
is attainable along two axes and about all three axes of the lens. Accordingly, it will be
appreciated that the principles hereinafter enumerated enable passive alignment of a cylindrical
microlens with respect to another device with respect to five degrees of freedom.

The previous ‘exémplars of the present invention have discussed implementations
wherein the integrally formed alignment members are substantially plano-linear in aspect. The
use of a plurality of alignment surfaces formed at angles to one another present further
advantages. An example of a device implementing such an arrangement is shown at Figures
9 and 10.

Having reference to those figures, a first cylindrical microlens 900 is formed with at
least one integral alignment member 908. Member, or standoff, 908 is further provided with
a pair of alignment surfaces 910 and 912. In this embodiment reference surfaces 910 and 912
are longitudinally disposed and orthogonal to one another, but alternative angles may, with
equal facility, be implemented. This embodiment mcorporatcs a relief groove, 914 which
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T#10% & () - yT#109D&vice 900/8bPidtedl Kerei9s-an enlbodiniént of Ggopredditiitvendion applied to a
@O%&: () -1 TR & ﬁa)e_t%el %‘};ﬁgﬁ' sl clatmed i U Patent Application Serial No. 08/837,004, which
10 is herewith incorporated by reference. Device 900 further incorporates a second cylindrical
microlens 1000, including a first optical surface 1002, as second optical surface 1004, and a pair
of integrally formed alignment members 1006 and 1006'. Second cylindrical microlens 1000
is, in this embodiment, mounted orthogonally to first cylindrical microlens 902.
Device 900 further includes: a laser diode 300; and substrate elements 920 and 930.
15 Laser diode includes an emitter, or "p" face 35, and at least two planar surfaces 352 and 354.
The passive alignment enabled by the principles of the present invention is explained
as follows: first microlens 902 is mated and mechanically aligned with laser diode 300 by
placing surfaces 352 and 354 in juxtaposition with alignment surfaces 910 and 912 arrayed on
alignment member 908 of microlens 902. A clamp or jig (not shown) maintains microlens 902
20 and diode 300 in perfect alignment while they are attached one to the other utilizing any of the
previously discussed attachment methodologies. This alignment and subsequent attachment
results in the passive alignment of cylindrical microlens 902 with diode 300 with respect to five
degrees of freedom: aldrig the Z and Y axes; and about the Z, Y, and X axes.
Following attachment, the combined microlens / diode pair 902/300 may then be further
25 mounted to a substrate, in this exemplar substrate elements 920 and 930. In this exemplar
substrate elements 920 and 930 are generally planar members, the several surfaces of which are
substantially orthogonal to one another. Again, a jig or clamp maintains the alignment of the
microlens / diode pair 902/300 while it is attached to the several substrate elements. Where the
substrate is a multi-part structure, as shown in the present figures, the attachment of microlens
30 / diode pair 902/300 thereto may proceed either with the attachment of the several elements of
the substrate, or as a discrete step in conjunction therewith

At this point, the resultant device could be used to form a device of the
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microlens 1000 and first microlens 902. The passive alignment of second microlens 1000 with

first microlens 902 followed by attachment of second microlens 1000 to at least one of surface

932 and first microlens 902 results in the crossed lens device taught in U.S. Patent Application
15 Serial No. 08/837,004.

Finally, while the preceding discussion has centered on the notion of forming one
microlens with one diode, study of U.S. Patent Application Serial No. 08/725,151 reveals that
the principles enumerated herein are further applicable to that technology, and to devices
formed thereby. Indeed, the principles of the present invention specifically contemplate the

20 elimination of the active alignment taught in that reference, thereby rendering it an even greater
improvement over prior active alignment schemes. U.S. Patent Application Serial No.
08/725,151 is herewith incorporated by reference.
The present invention has been particularly shown and described with respect to certain
preferred embodiments of features thereof. However, it should be readily apparent to those of
25 ordinary skill in the art that various changes in modifications in form and detail made be made
without departing frc;m the spirit and scope of the invention as set forth in the appended claims.
In particular, changes in materials, dimensions, optical prescriptions, lens geometries, optical
device descriptions, attachment methodologies, number of alignment elements and alignment
surfaces as well as alignment surface angles needed to meet the requirements of a particular
30 application are specifically contemplated by the principles of the present invention. The
invention disclosed herein may be practiced without any element which is not specifically

disclosed herein.
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SH10%VE ()-! 10%ake lehgth@¥d&d @lgmmmm%uch that when said contact flat is contacted
to a single surface of said device, the first optical surface of said microlens is positioned at a

proper alignment distance from said device.

2. A microlens as in Claim 1 wherein the length of said alignment member is such that
upon contact with said single surface of said device, said microlens is passively aligned with

said microlens with respect to the Z-axis.

3. A microlens as in Claim 1 wherein said device comprises a laser diode and said contact

flat contacts an emitter surface of said laser diode.

4, A microlens as in Claim 1 wherein said alignment member is rectangular in shape.
5. A combination as in Claim 3 wherein said laser diode is mounted on a substrate.
6. In combination, a cylindrical microlens passively aligned with a laser diode, said
combination comprising:

a cylindrical microlens having a first optical surface and a second optical surface;

a laser diode including an emitting surface;

a single alignment member disposed on said microlens, said member extending parallel
to a Z-axis of said microlens and having a distal end;

said distal end including a contact flat; and

the alignment member extending a distance such that when said contact flat is contacted

to the emitting surface of said diode, the first optical surface of said microlens is positioned at
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to the Z-axis.
8. A combination as in Claim 6 wherein the diode is mounted on a substrate.
9. A microlens as in Claim 6 wherein said alignment member is rectangular in shape.

10. A cylindrical microlens capable of passive alignment with another optical device in a
Z-axis, the microlens comprising:

a drawn cylindrical microlens having a first optical surface and a second optical surface;

at least one integral alignment member disposed on said microlens, said member
extending perpendicular to the focal plane of said microlens and terminating in a contact flat;
and

the length of said alignment member defining a proper distance between said contact

flat and said microlens.

11. A cylindrical microlens as in Claim 10, wherein said at least one alignment member

comprises a single alignment member.

12. A cylindrical microlens as in Claim 11, wherein the contact flat of said single alignment
member contacts a single surface of said optical device;

the length of said single alignment member being such that when said contact flat is
contacted to said single surface of said optical device, the microlens is positioned at a proper
alignment distance from said optical device; and

whereby the contact flat, being urgeable into contact with said single surface of the
optical element, enables the passive alignment of the cylindrical microlens with the optical

device with respect to at least one degree of freedom.
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of said rabbet intersect, forming a juncture, a relief being formed at said juncture.
17.  An electro-optical device incorporating the cylindrical microlens of Claim 10.

" 18. A cylindrical microlens as in Claim 10, wherein said at least one alignment. member
comprises two alignment members disposed on said cylindrical microlens, said microlens being
sandwiched between said alignment members;

said two alignment members each having a contact surface at one end; and

each of said two alignment members having a length, said length defining a distance
between said contact surface and said first optical surface; and

the length of said two alignment members being such that when said two contact
surfaces are contacted £o' a single surface of said optical device, the first optical surface of said
microlens is positioned at a proper optical distance from said optical device.

19.  An electro-optical device incorporating the cylindrical microlens of Claim 18.

20.  The cylindrical microlens of Claim 18, wherein said cylindrical microlens includes a
first non-optical surface and a second non-optical surface;

said first non-optical surface and second non-optical surfaces being coplanar with an X-
Z plane;

one of said two alignment members being disposed on said first non-optical surface; and
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22. A cylindrical microlens for passive alignment with a laser diode by contacting a single

surface of said diode, the microlens comprising:

a drawn cylindrical microlens having a first optical surface, a second optical surface, and
a plurality of non-optical surfaces;

said plurality of non-optical surfaces including a first non-optical surface and a second
non-optical surface; ’

a first alignment member and a second alignment member;

said first alignment member disposed on said first non-optical surface, said first member
extending perpendicular to the focal plane of said microlens and terminating in a first contact
flat;

said second alignment member disposed on said second non-optical surface, said second
non-optical surface being coplanar to said first non-optical surface, said second member
extending perpendicular to the focal plane of said microlens and terminating in a second contact
flat; and

the length of said first and second alignment members being such that, when said first
and second contact flats are contacted to said diode, the diode and said microlens are at a proper

distance from each othet.

23.  The cylindrical microlens of Claim 22, wherein said first and second contact flats of said

alignment members are contacted to a single surface of said laser diode.

24, The cylindrical microlens of Claim 23, wherein said single surface of said diode is the

emitter facet of said diode.

25. The cylindrical microlens of Claim 24, wherein said laser diode is mounted on a

substrate.
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contact with a single surface of said device to enable the passive alignment of the microlens

body with the device with respect to at least one degree of freedom.

27. A microlens as in Claim 26 wherein said length of the alignment member length is
related to the optical properties of the microlens.

28. A microlens as in Claim 26 wherein said length of the alignment member is related to

the size of the microlens body.

29.  The microlens of Claim 26 wherein the length of said alignment member extends
parallel to a Z-axis of said microlens, said length being related to the size and curvature of the

cylindrical microlens.

30.  The microlens of Claim 26, wherein said at least one alignment member comprises a

single alignment membér.

31.  The cylindrical microlens of Claim 26, wherein said at least one alignment member
comprises a pair of alignment members, both of said members being urgeable into contact with
a single surface of said device enabling passive alignment of said microlens with the device

with respect to at least one degree of freedom.
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