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BACKGROUND ART
15

Couplers are optical elements that join a light source, such as a laser diode, a
light-emitting diode, an optical fiber, or other light source, to a light collector, such as a
photo detector, an optical fiber, an optoelectronic chip, and the like.

Prior art couplers comprise either (1) homogeneous glass lenses or (2) radially-

20  graded index of refraction glass cylinders or rods. The homogeneous glass lenses require
air space and have a low numerical aperture or light collection value, which results in
Jess light being delivered to the collector than was incident on the coupling lens. In ad-
dition, homogeneous glass lenses are incapable of correcting for spherical aberration,
which results in inefficient coupling, unless an aspheric surface is formed on the lens.
25  Finally, multiple elements are required in order to sufficiently couple the light.

The radially-graded index glass cylinder lenses function with flat surfaces and
focus light at the lens exit surface, thereby overcoming one of the problems of homoge-
neous glass lenses. Further, the radially-graded index glass cylinder lenses comprise a
single optical component, thereby overcoming another problem of homogeneous glass

30 lenses. However, these radially-graded index glass cylinder lenses are incapable of
forming small focal points, resulting in inefficient coupling performance. While cou-

pling performance may be improved by forming a curved surface on the exit surface of
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distribution of light intensity fromcenter to periphery of the spot. In
particul 20, dodhriemteance and exip surfadezeAilsurfaesdenf. th@ Bub-elements are flat. The sub-

element thus has a gradient in index of refraction beginning at a lower value (L), and

ending at a higher value (H). Two such sub-elements are joined together either along the

low index surfaces or the high index surfaces to form a high-low-high (H-L-H) configu-

ration or a low-high-low (L-H-L) configuration, respectively. Such a biaxial lens is used
25  inplace of a cylindrical lens to form a line focus.

Thus, what is needed is a lens element having the ability to gather and focus
light to a spot with a minimum of spherical aberration and with a substantially uniform
distribution of light intensity from center to periphery of the spot. In particuiar, a square
spot size is needed.

30
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Biﬂlmmnts, each havi ng ent rancréc%ﬁég?/ztl
surfaces. The exit su

of the elenents is joined to the
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axi al gradi efiguadexis]™Jensrtheseipr escri bed vari ati on of re- fractive index
change,; Fl 1b,..on coordi nates of.refracti.ve index and
thicknesd? is a pIT&F axy X’é’ﬁegtlls e(igmen or}?he. oY j%%?%@éﬁtyotf’ gFé‘F?%\@tfobn
profile for Lheigmiieh s§oedite R mihBien S S¥ritdl dbbigatioch®ind4Pith a substantiallf bk 22
depicts a prior art biaxial gradient Iens conprising two axial l|ens ele-
ments, j oi nedoral disgibutien of lightpiatensitie fmingdenten de pepheryob the spot. In a preferred F| G
2b, on coordi nat es o[ relfracltivet inde€< and_thi cl{mless, is a plot

i I'lustrating“@R° ‘men_’ﬂé%(g%? PG ETRER T ST G Ot P'6% profile for the biaxial
gradi ent | ens sho@thérbbidcts, fedfiires, and advantaFes offth&presdént iR 6615 wall Bédofre pr t

bi axi al gradient |lens conprising two axial lens ele- 30 nents, joined

al ong thdbr pespeapreysonyderptinier! dhe ffoltaveng detailed description and accompanying

drawings, in which like reference designations represent like features throughout the
FIGURES.

BRIEF DESCRIPTION OF THE DRAWINGS

20
The drawings referred to in this description should be understood as not being
drawn to scale except if specifically noted.
FIG. 1a depicts a prior art axial gradient lens with a prescribed variation of re-
fractive index change;
25 FIG. 1b, on coordinates of refractive index and thickness, is a plot illustrating an

exemplary index of refraction profile for the axial gradient lens shown in FIG. 1a;
FIG. 2a depicts a prior art biaxial gradient lens comprising two axial lens ele-
ments, joined along their respective high index surfaces;
FIG. 2b, on coordinates of refractive index and thickness, is a plot illustrating an
30  exemplary index of refraction profile for the biaxial gradient lens shown in FIG. 2a;
FIG. 2c¢ depicts a prior art biaxial gradient lens comprising two axial lens ele-

ments, joined along their respective low index surfaces;
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sbme Iev tional view of a quadaxially-grédded *
coupl er conponent of

e R .
| nvention, conprisi
bi axi al | ywgositia87 corrp 90 degr ees W th rggﬁ{ﬁg%mtgyleach
ot her and cenented en FIG 3b is a top plan view of
t he quadaxi al | y-graded coupl er corrponent ghown 5 in FIG 3a; :
FIG 3c is an end view of the first biaxially- graded conponent, depicting

t he re- suItrn&lrne f.ocus; FI G is an end view of the.
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fromthe use of diff nt cha e |n ipndex of refraction (An val ues in the
two biaxially-gr adFe[tg:Ye g g“ view of tﬂe quadaxmﬁy-@racfg g cpuplgr ¢ranpqpspk showmy i ey
depi cting 4 hepgh IGe%f ation of two bi axially-graded 15 coupl er conponents,

prior to joining thémtogether to formthe quadaxially-graded opti -
cal el enent of theFiG8sésin éndvaew iobthe first biaxially-graded-¢dpoblent, depictiey thpest i ve

vi ew of the quadaxia graded optical elenent follow ng j oi ning

t oget her of t%\*@ﬂt&ﬁﬂl t‘fJPé'wr al | y-graded coupl er conponents shown in FIG 4a;
FIG 5a depicts theiguadesh ahd bﬁaﬁop&etqnsdama@@f%&deu%sﬂ& Qﬁnﬁﬁeﬁt dhotHriyed
exit sur- 20 face to generate elliptical or re specifica circular

spot geonet ril&S. 6a and 6b,depictingrthGresbhing square domis wpatywhichtahiees fror’n the use of
gquadaxi al IOy gfi%dedlcou%) r conponent shown in FI G 5a, depicting the
resul ti ng ci rict 4P ¥Fsulting fromthe use of the curved exit

surface; and FIG. 4a is a'f)le@pec'iﬁrc'v'ieva d&l@ﬁﬂx%sih@‘drﬁﬁtah&u bhako ‘Biaxl:ajll%grﬁéd but
depicting an elliptical focus”spot, resulting fromthe use of fferent

change in i ndeuplst corgpongotsi pnpr(twgmmglthm tagathehte fomo the quadaxially-graded opti-

axi al | y- graded BEST MODES FOR CARRYI NG QUT
THE | NVENTI ON Ig]ﬁ’g"% %epresenﬁ@?’%rrtgﬁw is now made in detail to certain

speci fic enbodi MenkIE. ab i h@eRp@ti®Bview of the iqa¥ER1alIOBradshiopicdll didhsént &1Rw-t he
best nodes present|y contenplated by the inventors for
15 ing joining together of the two biaXially-graded coupler components shown in FIG. 4a;
FIG. 5a depicts the quadaxial lens of the present invention with a curved exit
surface to generate elliptical or, more specifically, circular spot geometries; and
FIG. 5b is an end view of the quadaxially-graded coupler component shown in
FIG. 5a, depicting the resulting circular spot, resulting from the use of the curved exit

20  surface.
BEST MODES FOR CARRYING OUT THE INVENTION

Reference is now made in detail to certain specific embodiments of the present
25  invention, which illustrates the best modes presently contemplated by the inventors for
practicing the invention. Alternative embodiments are also briefly described as applica-

ble.
Axial gradient index of refraction lenses, sometimes referred to in the prior art
as GRIN lenses, are flat glass slabs with a predesigned refractive index perturbation
30  within it which provides the functionality of analog lens array; see, e.g., P.K. Manhart,
Optics and Photonics News, pp. 44-47, (Mar. 1995). The unique axial gradient lens
fabrication technology available from LightPath Technologies, Inc. (Albuquerque,
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4a ,practicing the invention. Alternative enbodinents are also briefly
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Meeti ng, Roch- ester, NY (June 7-8, 1994), which_ disclose, stacking a

plurality of csteadVy (funedss, W94k vnch discloge siaghing éﬁlmél&bf‘ﬁ’%ﬂ‘isﬁ Blates; gachdiim o

stack, which i : ficl.antly: fi: pause

I nterdiffusi gn&g%gg’?é"rgrgﬁtg gtlg#’ tt%h%ﬁf‘:loérr%fgglet‘%v%lﬁg 1? Eheerneglﬁeé gg%%ﬁgﬁgéﬁbl high

Iu_ni tary gl assehpétyturd toecanse interdiffusionraffelénsens of theewmpbsitioh, thetebyp formwhgtaher
) . : : . ;

hREh chn st S bt S s o VB -

i ndi vi du gl ] . : i j ' )|

froma ca(’@ill:oculbg)%51 ?’o a(;if'a‘%%l %‘%ﬁg&{t ?’gﬁ%%ggllg{lﬁﬁbd)p F%{&*edi%gwté‘ﬁﬁisf%ﬁ’?@g@'ﬁfgﬁg t in

t hat patent. fractions (compositiongrodttheindiiquad gtdss plptess Thils, iatdesired plodilesmg teo

formthe lens blank. . In this 15 he desirged i b .
fabricated, PBa¥ERENTPHA ﬁ!ielF‘tblﬁtt‘c’rbngs’ﬁfet ﬁ‘l‘é‘???f‘zér%r&ieﬁg X 0 'fe§a°gg§u?§$a“$‘?fdlax of

refraction (¢ Q&pt i on). Know ng the density of a particular glass
conposition permts conversion of plate thickness to weight. This approach
is the subj edn apbther pappreach, sgipssi frits inay, beSeseid b fivon thelens hlans Infthised

May 15, 1995, and as-. I gned. t@.the ne_assignee. e, pr.esent

Appl | cat ian. catf e Sesired pppflefffut Foiied ed o8 ofE BEIPL of ARLPHAEE R ot

by heating tRRufhk afgexPbRtcHaclbén (composition). Knowing the density of a particular glass
composition permits conversion of plate thickness to weight. This approach is the
subject of a patent application, Serial No. 08/441,275, filed May 15, 1995, and as-

signed to the same assignee as the present application.

20 The unitary glass body, or boule, that is formed by heating the glass plates or
glass frits to a sufficiently high temperature for a period of time is then core-drilled to
provide a plurality of glass blanks, which are then ground and polished to provide
lenses. A variety of lens surfaces may be formed, including plano, concave, and con-
vex, and combinations thereof.

25 FIGS. 1a and 1b present a schematic illustration of the change in the refractive
index along the axis 116 (across the cross-section). As shown in FIG. 1a, the glass
blank 110 has a low index face 112 and a high index face 114. Face 112 of blank 110
is formed of a material having the lowest refractive index in the stack, while the oppo-
site face 114 is formed of material having the highest refractive index. The index of

30 refraction varies in some prescribed fashion between the two faces 112, 114. Prefera-
bly, the profile is parabolic. An example of a profile is depicted in FIG. 1b, which is a

half-parabolic curve 118.
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of refractive index only al ong one axis 150 orthogonal to the axis 152

of the | ensanditask|sarfaces22hami ¥44aand candct and ciphndiical lens g ifocas ght fterR aand

144, and ca { as. a l,.en o focus light froma two-
di mensi onal R‘f‘hﬁ&t?nil&éa“ 35324{5?'%%5‘1135?4% | f the high index faces

114 are joined, tfltBe h@sirider Fadtk AqY ok GoiR@E the ¢RIl bIZEINE20 has a ckAi#alof
mat eri al having a high refractive index. Fromthis central zone 122, the

i ndex deo  zone 122afamaterieldwringsa high tsfrdetivesindey. From thisentrabmneTiia, the
resultant p n8£>t hgcrggsesr EJWa?cf’s thv gn&snfﬁ of the block 120. The resultant profile of refrac-

tive index across the width of the block 120 is represented by Curve 126 in FIG. 2b.

gI ass frits to a sufﬂflggh mgeepk Ipmterrperature for a period of tinme is then

This curve 126, as may be expected, is a combination of two of the curves 118 illus-

trated in FIG. 1b. In order for the block 120 to act as a cylindrical axially-graded lens

25  that focuses light into a line such as line 148 in FIG. 2a, the curve 126 of the refractive

index profile must be substantially quadratic or parabolic. However, other profile
shapes may also be used for other applications. '

If the low index faces 112 are joined, then the resulting block or lens blank

130 of optical material is as schematically represented in FIG. 2¢. In this lens blank

30 130, the central zone 132 has the lowest refractive index, while the outer edges 134

have the highest refractive index, opposite to the situation described immediately

above. The resultant profile of refractive index is a combination of the two curves 118
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This curve 126, as may be éﬁlﬂ.acmec,"'}‘ ation of tw of the
curves 118wpIsBist87ated in FIG |b. for {t he bl 8ER/UB2T1378! act

as a cylindrical axially-graded |ens that focuses light into a ~line

such as line 148 in FIG 2a, the curve 128 of the refractive ffdextiprofil et
must be sub- stantially quadratic or parabolic. However, other faind,

H

profil e shapes may al so be used for ot her,  appli cations. i

't the |ow | BeXnABEIC: ﬂng‘étr ﬁlej I5Yeres of e FAsenubsre ?&%lx@%é&%rllﬁe%
bl ank 130 of : ' 4 |15 ' r ad,.i -1 G
e I this Ho;iggd. blﬁﬁiﬁbﬁq&god’@ﬁ éﬁt@hdéd applicdie T piofild thaly R’ SRAFHRDr gard

7 centbolit. zone 132 has the |l owest refractive index, while the outer

edges 124 have the_ high- t,refractive index,. osife to the
situation descri bgla’fﬁ“gﬁé‘ﬂ?”a“? étlléga%gé‘?‘g%ﬁ?l?’ ﬁ@s‘lﬂagﬁﬂ?ﬁfgg‘v“ge‘{)‘?@cﬂ goupfer 10
refractive i i n‘iﬁHHQ | QU : e b,
but 1? hqugéleﬂlgzee@oof thg{?a%dgﬂpmﬁ?éegﬁﬁée%}agg glfﬁ%gilﬂ ?eejlicszes 1%%Iberllrée1g‘]ng|&ned.
Dependi ng on hahiegianplabo entranvdestirfappl8 @ad iaopland kxit pndfidel 20 mag the opticati raisi ¢
or parabolic. Turni ng.now to .F] GS.. 3a-d.and 4a-b, the

quagaxi al ly- é]i’eéﬁt?awﬁeﬁ‘t ?%:aThecg‘fﬁglmé‘ Il}i-quggénclex of ’se%ﬁ@tf‘g‘ %GWBBh‘é?pr’EﬁﬁﬁWPsi ng
a quadaxi al | ;85 AResaldidBdex0ds reRidtRA LB R R BINEHH 69.3%cﬁguﬁelement 86,38 0m-

entrance surface and a plano exit surface 20 and the optical axis

t her ebet ween p2iges two axidtlyegradeddasi¢at] sefrgotinpenibisnttelements 54, 58cnid 356 21 Wyent

C6 Enon 8. nPAAEH? bt 3 Y Bt B Bent M Gl 02Ty 25
refraction siga-dnebueaem@itt éndbfy at2Bhighet vafe (H)Th al S57REE s\iick, Thawhé SutR

gradient in i ndex_of refraction that beginning at a | ower value (L) on
one surface anerelemenisgS6at8andil§nelS8 are joiped togethey) atdhe aurfapgp baving thruhighare.

The two sub-sub-el.e t .58 d.156 58.are joined t oget her at
{he surf aces Hup o gRaeneT Rrigicot B artaortier phie d-dipiitpres to e
surfaces 15 eRiisoffadee18eR0li THe o Biaxikie chided dileR ofRefrXibh sablefentns 663.6820.
The two bi axi al | yegraded I ndex ) of re'fraction sub-el ements 66, 68 are
j oi ned t ddet et jomed ipeathar alopgtheexit gutace @0’ offong sub-glement 66 to the|eaiveee sB6 t o

the entrance rf . Of her.osub: el enent, 6 L.th e.sup-el enent
or OO R 0 e e YA e B R et S PR
sub-el ement . &havmef@?éa t® thej sthetisiB-element. THeEdetdll® cTYSInRIgHHE BIS sBelchRnRr €
shown in FIGS. 4a (be oi ning) and 4b (after joirning). 20

ore |j
Li ght passi néGtﬁﬁé"G@ho‘%’h@#qusz‘a rgj@ipiag) angieth @herdening). to a |ine 70

having a finite . J S, W E AL pAaSS: h the
second sub- el ementLl%lét , ﬁ%f%}ég fhf‘g‘?ﬁh tlﬁg\wSt sl e#e?(\:e&ggg 1$goc§£e§1 qtﬁaar iéﬂe%é ﬂ[ﬁ&aﬁg ﬁg a
si de | engbh tfinite widtheagishowindn FIIG. ¥4, N fter hssirgethtoupl thelsec&sd sub-elemedt@8Nthien
FIG 3d. Consequently, the output fromthe Ii&%t;t source 12 is nmde

symmet ri cal light is fagised ta Hequareale hgvipg a sidelepgiin that jstegyali to Ahe width o€ thetline

65 has o scequi BRIl Frar CHBabpaf, iR opBlf sblCup iR aRed 12 AT

rect angl e 172ymasetidabuout thebd 4ad y3axes. FIG 5a depicts a
uadaxi al lens prqyided wi.th a cqQnyvex, spherical exit surfac 0".
g P %G. ga depicts a quagax\{alxlens rowdeg with a convex, spﬁer?ca exit surface

25 20", Such a surface circularizes the focus spot 72, as shown in FIG. 5b.
In any of the foregoing embodiments of the present invention, it appears that the
preferred profile is a parabolic profile. The parabolic profile is preferred for replicating a
concave curved entrance surface. The An employed may be any reasonable value, with
the caveat that a smaller An only requires a larger overall lens size.
30 A very important set of additional features includes the placement of diffractive
optical surfaces onto the surfaces of and or between the axially graded index of refrac-

tion elements to provide additional degrees of freedom to correct for chromatic aberra-
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Such a surface circularizes the focus spot 72, as shown in FIG 5b. In.the |,
si.tuation in which the first biaxial elenment 66 has a first An and

t he secon&olysaxisal el enent 68 has a second, 30 and differemusszn72t he
light is focused to an ellipse 172, as shown in FIG b5c.

7a In any of the foregoing enbogi nents of the present invention,
It appears that the preferred profile is a parabolic profile. The parabolic
profile is preferred for replicating a WO 98/ 19187

PCT/ US97/ 19 1R along the optical axis of the above described lens configurations and/or to jgovide

tion al ong the tical | §: 0f: the.. e described, | ens confi.gur at.ions’
andlor ¢ o° praoaihe B olipiich 30y RLER B LB In SR T A PR e ¢ ne
above | ensesidnNSath adéhistdofldte BtH@Nby placingth® BiffrHE efenhddd HnfoP biveR quit or med
by placing the diffractive elenment onto a given sur- face I'n the

subst ance offaegningthe sybsianceof an eppxy materiah dipt do thent esnentsdtthethe other agiallnl | y

et racti on G ifHogRRemEhiP BT i S5a chhdi penor bR lp R P

refraction sngptitleenmchythdi lidenandexfofeefridioh sighificAftly differsdip®oyn (Bt 6f thal -
This permits the coupling of tunable |asers w thout changes in optical path

dif- f SPERCEAEHAD) and provides the ability to focus |ight

A PonUeEL and prov A3 ! oms:
Chrough the ot 1 cat® Bttt bolilind Be s ES: Wik RinglP i oML A RE. (%)
axis; and (drende @RID| adrfrovidey the abilithe> fptid Hght siiltanasusty abfreth to ke em

pl oyment of the aforenentioned diffractive and/ or hol ographic optica
el ement g0 sources in two or zgpiF direqtigns:y(a) thequigh dhenentisel axis adP(F degrge angle

i ndi ces can Jbe nodul.ated.t.o _pro- o Vvide optically transparent signal or
focal point i‘w gﬁ%‘?m{jafﬁﬂ%ﬁ“gr@ %4%ea‘“§gcd@dt%? GPEEAl axis asleé‘ﬁglgg BYi 'S‘Egﬁ’éed
above. ployment of the aforementioned diffractive RSO RhptE 61t G\ Ebnbrty|
Additionally, active materials whose refractive indices can be modulated to pro-
vide optically transparent signal or focal point switching functions may be added to the

15  lenses disclosed above.
INDUSTRIAL APPLICABILITY

The quadaxially-graded optical element is expected to find use in a variety of
20  applications for the gathering, focusing, collimating and coupling of light with or with-
out airspace in which high numerical apertures and nearly even distributions of light in-

tensity are desired and in which curved surfaces are not desired.

Thus, there has been disclosed a quadaxial lens. It will be readily apparent to
25  those skilled in this art that various changes and modifications of an obvious nature may
be made, and all such changes and modifications are considered to fall within the scope

‘of the present invention, as defined by the appended claims.




The, quadaxi al | y-graded optical element is expected to find use in a variety
of 20 applications for the gathering, focusing, collimting and coupling

of |ight wio 98/198Mi t h- out airspace in which high nunmdf¢HF 7488t ur es
and nearly even distributions of light in- tensity are desired and in
whi ch curved surfaces are not desired. 9 Thus, there has been

di scl osed a g i m wll be readily apparent to 25 those
skilled in thﬁ “m“ ‘m us changes and nodifications of an obvi ous
nature may Y De madet dnd”*all such €bBES and nodifications are

considered to fall wthin the scope of the present invention, as
defined by the appended cl ai ns.

9 What Is Claimed Is: CLAI M5 What |'s
Cl ained Is: 5 1. A quadaxial lens conmprising a first biaxial
el ement and a second bi axi al el ement joi ned together, each biaxial
el enent conprisin wo - al ra i . r I o g
sub- el enent s, eacﬂ‘ %‘u%u-ag{ﬂelgnlelﬁs %é‘\‘? ‘ﬁg‘gafgfsgﬁ%‘ﬁ% ellehneflfn gxéa%%cbfr?g}) lra?;l{%:at1 ielgn
t hat beahN ik Bgdthereeac didxsal efentune having anteaneadné exis sarfacas inihisheare
val ue on an opposite surface, . __WwWi,th both said sub-.el ?rrent Z’)@j oi.ned
toget her at perpendignlarteas optG pxis s3ish exitFgaes of said farsinaxigl element beinggjoined

refraction t ' [ Y Laxi : i
ntrance i BieBbk H3elPEPSid Bbid ol 85k WK oF b Bkia B |
and to said RitgBd withersspect to thé other drgicwith sad dirsbbidxial eidnene caffignasditof genert

bi axi al el enment being joined to _said_ entranc

.. surface of .said second
bi axi al &P emdi§ta ling fopusH s xit §§f@eﬁpéﬁméﬁe@r@m§m%e BFa‘i“é’al%meﬁ to generate
respect to the &tfg&%s ﬁ?@%&iﬁ@t‘fﬁe?ﬁch%aﬁéhiﬁ q?Q&jaxmltléhs_ sl dnldSbole@tibidito
el enent conflgare o) generate a line Tocus at its exit surface and
sai d second biidxpad with enpinimwnnf ispherieal dberration andgwitk asubstantimfly tuniforn disat
its exit surface, suych that 'ngi(d guadaxi al. | ens %?(Lhers and focuses
light to sai &}59R ohiight igtensitySrom conien to PeHPheY Af WS bution of Ii ght

intensity fromcenter to periphery of said spot.

15 2. The quadaxial lens of Claim 1 in which said optic axis is perpendicular to the

index of refraction gradient.

3. The quadaxial lens of Claim 1 wherein said first biaxial element is rotated 90
degrees with respect to said second biaxial element.

20

4, The quadaxial lens of Claim 1 wherein said exit surface is plano.

5. The quadaxial lens of Claim 4 wherein said first biaxial element has a first An
and wherein said second biaxial element has a second, and different, An, whereby said

25  spot is rectangular.

6. The quadaxial lens of Claim 5 wherein said first and said second An are iden-

tical, whereby said spot is square.

30 7. The quadaxial lens of Claim 1 wherein said exit surface is curved.

e
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20 2. The quadaxial lens of Caim1 wherein said first biaxial .
elenment is rotated 90 degrees with respect to said second bi axi al

el ement. WO 98/19187 3. The quadaxial lens of Claim1l RVES/VIZALd exit
surface of said second biaxi al el ement is plano. 25 4.
The quadaxial lens of Claim3 wherein sailg first biaxial element has a
first change in index of refraction and wherein said second bi axi al
el enent has a second, and different, change in index of refraction,
wher eby sai d spot 8i ’fh&qaﬂdaxigljbmbf Claim 7 wherein said first biaxial element has a first An

10 . The quadaxjal_ lens of Caim4 wh reln sald flrst

change in i né%@(WBPrer‘faﬂfhéqcP%b‘ma elemspt kagiasesandy apd i heaby s
refraction a i whereby said spot is square. 6.
The quadaxi a &T e%@ﬂ%)‘#&%l aim1l wherein said exit surface of said second
bi axi al 5 el enment is curved. 7. The quadaxi al |ens of
Claim6 wherein said first biaxial elenment has a first change in

i ndex of fefracti @nThhavadaeirklens efClain 8 whetrin paig fizst and said second Anqgre Wednd,

and di r cha in.index of refraction, whereby said spot is
elliptical. ft‘ % Wﬂerbbysal({l%%t nl%ﬁe guadaxi al lens of Claim7 wherein said
first change in index of refractlon and sai d second change in index
of refraction are identical, whereby said spot is circular.
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