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This application is related to pending U. S. Application No. 09/162,455, entitled . 
"MICRO-OPTIC LENS WITH INTEGRAL ALIGNMENT MEMBER", filed on 
September 28, 1998. 

IECHNICNAL FIELD 

The present invention relates generally to micro-optical lenses, particularly cylindrical 

microlenses, and more particularly to cylindrical microlenses particularly adapted to passive 

alignment or semi-passive alignment Such cylindrical microlenses may be passively or semi­

passively aligned with electro-optical devices, including laser diodes and integrated optics, as 

well as other optical, electrical and electro-optical devices. 

BACKGROUND ART 

Semiconductor laser diodes are efficient sources of laser radiation, however the highly 

divergent beam emitted from a semiconductor laser diode presents problems in many 

applications. The divergence of the semiconductor laser diode's beam is caused by its exit 

aperture which is very narrow along one axis (the "fast" axis, which is defined to be 

perpendicular to the laser junction), and much wider along the perpendicular axis (the "slow" 

axis, which is defined to be parallel to the laser junction). These two axes correspond to the Y 

and X axes, as will be later explained. The cross section of the beam emitted along the fast, or 

Y, axis is highly divergent due to diffraction effects. In comparison, the wider aperture, defined 

along the X axis, emits a beam cross section that diverges only slightly. 

Laser diodes, or more properly, semiconductor lasers, are generally constructed 

according to well-known principles of semiconductor manufacturing technology. A discussion 

of these principles can be found in Richard R. Shurtz II, Semiconductor Lasers and LEDs in 

Electronics Erwineers' Handbook, 3rd ed. (hereinafter "Shurtz") (Donald G. Fink and Donald 

Christiansen, eds. 1989). 

To correct the divergence of the output beam from a laser diode, one particularly 

successful methodology has been to direct that beam through a particularly configured 
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cylindrical microlens, and sev~ patept~ and p~teµt applications are directed to furthering this 
·:· . . · ... · .. 

technology. 

One such device ~raij early typ~ is ~u~ht in U.S. Patent 4,731,772, as referenced in 

U.S. Patent 5,050,153 

5 
, I . ... ... 

Another method for th~ fabricatiq~ of cylindrical micro lenses of the type embodied in 
. :. . l . . . .. .. . . 

the present invention is t~ii~ in U ·S~ _Patent No~ 5, 155,631. ·According the '631 reference, a 

preferred method for fabri~ti~n of cylindri~ mi~olenses starts by forming the desired shape 
i . . 

as a glass preform. The' pre~rm is then heated to the minimum drawing temperature of the. 

glass, and a fiber is drawn fi'.okt it ]'4e cross-:sectional shape of the fiber bears a direct relation 
. l : : ·: 

to the shape of the preform tom which it ~as drawn, thus forming the polished microlens. 
: . I . . 

During the drawing process, the lens surfaces so formed become optically smooth due to fire 

10 

polishing. '. 
. ! . . . . . . 

In order to collimate ~e beam produced by a laser diode, the invention taught in U.S. 

Patent No. 5,081,639 teaches/the mounting of a cylindrical lens optically aligned with the laser 
. i . • • 

• J : 

15 diode to provide a beam of ~ollimated light from the Y axis of the diode. The laser diode 

assembly taught therein incJudes a diffraction-limited cylindrical lens having a numerical . . 

aperture greater than 0.5 w~ch is used to collimate a beam :from a laser diode. A collimated 

beam is one which is neifu~r converging nor diverging; i.e., the rays within the beam are 

travelling substantially p~,el to one another. . 

20 U.S. Patent No. 5~18~,224 illustrates the use of cylindrical lenses to (inter alia) create 
. ; : . 

a slowly diverging beam Ii#. This lens may be said to be "circularizing" and, when installed 
. . l . . 

on any ofa variety of laser ~odes is available as the "CIRCULASER®" diode available :from 
' i . 

Blue Sky Research in San Jqse, CA. · 

1n· U.S. Patent Appl~cation Serial No. 08/837,002, entitled "MULTIPLE ELEMENT 

25 LASER DIODE ASSEMBLV INCORPORATING A CYLINDRICAL MICROLENS", there 
. . 

is described another diode I microlens system in which the microlens does not correct for 

astigmatism of the diode be~, but which is instead corrected downstream with a larger lens 

or other means. In this sy$tem, ·no active alignment is required to position the micro lens 

adjacent to the laser diode f~cet, so automation of the process is rendered possible. However, 
. . ! 

30 other means are then requir~d to correct for the astigmatism of the beam. These other means 

take the form of additionhl optical elements inserted into the beam emerging from the 

microlens. 
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In U.S. Patent Application Serial No. 08/837,004, a laser diode I cylindrical microlens 

assembly is taught in which a crossed pair of cylindrical micrql~~ses is attached to a substrate 

on which is mounted a laser diode chip. The microlenses are mounted with their flat surfaces 

facing the emitting facet of the diode, which arrangement provides for passive alignment and 

5 possible automated mounting, but requires no additional lenses for astigmatism correction. The 

crossed pair of lenses can collimate or focus the laser diode beam, for example focusing the 

beam into a single mode fiber. 

U.S. Patent No. 5,050,153 teaches a device related to the device taught in the '772° 

teaching. In this teaching, the device is implemented as a semiconductor laser optical head 

. O assembly utilizing a tilted plate for astigmatism correction in place of the cylindrical lens taught 

in the '772 reference. 

To overcome the loss of optical efficiencies inherent in each of these designs, U.S. 

Patent No. 5,181,224 utilizes a cylindrical microlens which with one optical element 

circularizes and corrects the astigmatism in the output beam of a semiconductor laser diode . 

. 5 To obtain these advantages, the cylindrical lenses must be aligned to tolerances less than 2 

microns along at least one axis. This precision alignment has heretofore required the active 

alignment of the lens with the diode. The resultant apparatus, e.g., the previously discussed 

CIRCULASER™, is a low-divergence, low numerical aperture, highly efficient semiconductor 

laser diode assembly, with properties unmatched by other laser diodes. 

~O Indeed, the advantages accruing to the CIRCULASER™ are only obtainable by the use 

ofmicrolenses. In optical systems of the type described in U.S. Patent 5,080,706, reducing the 

size of the optical elements thereof is generally regarded as having positive advantages in lens 

fabrication and accuracy. Indeed, the performance provided by the use of microlenses, i.e. 

lenses not substantially larger than about 1000 microns in diameter, is not attainable using 

~5 macroscopic lenses. 

U.S. Patent Application Serial Number 08/725,151, entitled: "ELECTRO-OPTICAL 

DEVICE WITH INTEGRAL LENS", teaches an improvement to prior active alignment 

methodologies for mounting a long cylindrical microlens to a row of laser diode chips which 

has been cleaved fro~ a wafer. According to this reference, the lens and the diode row are first 

iO positioned on a substrate. The long lens is then actively aligned to the diode row by powering 

at least one of the diodes and actively aligning the lens by inspection of the resultant laser beam 

formed in conjunction with the lens. Once aligned, the lens and diode are then fixed to 

3 
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establish their relative positiotj. Finally, lh~ l~n~ I 4iode row is cut into individual diode chips. 

In this manner, the alignln.~nt "cost" is ~p~e~d ·over a· number of devices. While the 

methodology taught in this i;e:fl'erence p~ents a s~bstantial economy over the fodividual active 

alignment hitherto require.~, th.ere still exists the need to actively align the diode row and the 

5 micro lens. 

· While the previouslYt discus~e4 laser diode assemljlies are fully effective for their 

intended use, the method of their manufacture has heretofore resulted in manufacturing 

inefficiencies. In any optical; system, the alignment of the various optical elements is criticai 

to the functioning of the system. This is certainly the case where a cylindrical microlens is 

10 incorporated into an optical system with a laser diode to provide a low-cost source of collimated 

light. As is typical of many optical applications, there are six degrees of freedom inherent in 

the positioning of the lens With respect to the laser diode, as shown in Figure 1. Having 

reference to that figure, a cy_ljndrical microlens, 100 is shown. The lens has three axes, X, Y 

and Z. The Z axis, 1, corresponds to the optical axis of the optical system. The X, 3, axis is 

15 transverse to the Z axis, 1, in the horizontal plane; The Y,2,.axis is also perpendicular to the 

Z axis but in the vertical direetion. Positioning the lens along the X, Y, and Z axes defines the 

first three degrees of freedom. Furthermore, the lens may be rotated about each of these axes 

as shown at 10, 20,.and30, and each of these rotations also: defines a degree of freedom with 

regard to alignment of the lens in the optical system. For.cylindrical lenses, placement of the 

20 lens along the X axis, 3, i's often not critical; In swmnary, the accurate alignment of a 

cylindrical micro lens With , respect to a semiconductor ·laser diode often requires precise 

alignment of one with the other with respect to five degrees of :freedom. 

One reason thatalignment is required between lenses and other optical elements is that 

minor variations in lens geometry and size require correction. Moreover, the positional 

25 tolerances required to achieve optimal optical perfonnanc~ are exceptionally small: often less 

than two microns. This is particularly true along theZ axis, where positional accuracy is more 

often critical than along the Y axis, for instance. The achievement of this accuracy in positional 

alignment has heretofore generally been accomplished by some means of active alignment. 

With respect to microlenses~ the act of heat-pulling the prefonn to draw the lens to its final size 

30 can produce microlenses which are either slightly over:-pulled or under-pulled. Lenses having 

· these "pulling errors"· may very well present optical properties which are scaled versions of the 

mtended lens. This presents a problem in prior attempts at passive alignment in that very small 
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differences in physical dimension require different placement of the lens with respect to one or 

more degrees of freedom to ·«qffect proper alignment of the lens ~~respect to .the diode or other 

device. While even a perfect lens has heretofore required some type of active alignment, 

pulling errors have absolutely mandated such a process. 

A fairly typical active alignment methodology generally proceeds as follows: First, a 

section of cylindrical microlens is mounted on a small mounting bracket which because of its 

resemblance to a football goal post is referred to as a 11goal post." It is intended that rotation 

about the X and Y axes is defined by the lens' position on the goal post. After the lens is 

mounted on the goal post, the goal post/lens assembly is then optically positioned along the Y 

l 0 and Z axes, and the lens affixed to the semiconductor laser diode. In order to perform these 

several alignments, a laser diode, usually the diode to which the lens will ultimately be 

assembled, is energized and the diode's laser beam directed through the lens to a screen. The 

operator manipulates the lens along and about the several axes until the projected beam meets 

the required specifications for the assembly. In this manner, movement along the several axes, 

l 5 as well as rotation about those axes is manipulated by an operator who assembles each lens and 

laser diode .. The entire operation is very dependent on the skill of the operator, as the optical 

cement utilized first to affix the lens to the goal post and finally. to the diode introduces a 

variable into the problem. This variable is engendered by the fact that the surface tension of 

the cement between the several eleinents on which it is used causes motion between those 

W elements. This motion of course tends to misalign the optical elements. Active alignment 

methodologies are generally utilized to produce the devices taught in U.S. Patent Nos. 

5,081,639 and 5,181,224. 

The term "passive alignment", as used herein, defines a process whereby the lens is 

aligned with respect to another device solely by mechanical means and thereafter secured in 

?5 position with respect to the diode or other device. Examples of such mechanical means include 

mechanical jigs, fixtures, alignment blocks, and the like. Passive alignment does not require the 

projection of a beam of light through the lens, nor indeed manipulation of the lens with respect 

to beam alignment or performance. Passive alignment relies solely on the mechanical 

alignment of the lens with respect to the diode or other device to achieve the required optical 

W 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 

5 
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solely by mechanical means, i.e., p~sively. ~x~ples of such mechanical means include 

mechanical jigs, fixtures, alignment bl9c~s, and the li~e .. Passive alignment does not require the 

projection of a beam of liglitt1iirough theJens, nor indeed manipulation of the lens with respect 

to beam alignment or perf"onnance. ·· Passiv~ alignment :relies solely on the mechanical 
. . 

5 alignment of the lens wit}ire$ect to the diocJ.e or other device. to achieve the required optical 

alignment. Alignment With tespect ~o one or more of the other degrees of freedom, where . 

requited~ is effected by an active alignment scheme. The passive and active alignment steps in 

a semi-passive alignmentmepiodolo$y may be performed in any order. 

Preferably, an ideal se,l:ni-passivealigruneiit scheme performs the passive portion of the 
; : .: . 

10 alignment along the most critical degree of freedom. This is often the alignment along the Z-

axis. After all alignment is completed, the lens is secured iri position with respect to the other 

device. 

Significant effort haS been expended to overcome the effects of pulling errors on the 

manufacttirlng efficiency of devices incorporating microlenses and other optical devices or 

15 elements. In general these ~tnethodologies, and the apparatus which perform them, can be 

divided into two classes: tho$e which seek to increase the efficiency of the previously discussed 

active alignment process, and those which seek to achieve :a passive aligmn.ent between the 

microlens and other optical elements. 

While the method ta~ght in U.S. Patent Application Serial No. 08/725,151 spreads the 

20 active alignment "cost" over'a number of devices, there still exists the need to actively align the 

diode row and the micro lens· taught the~in. What is clearly needed is· a methodology which 

will result in further substantial savings in skilled manpower currently required to accurately 

assemble a cylindrical microlens using current non-passive alignment methodologies. This 

advantage could be effected if some workable passive or semi-passive alignment methodology 

25 were made possible. 

30 

What is further needed is a methodology which enables the previously discussed passive 

. or semi-passive alignment ofa lens, particularly a cylindrical microlens, with respect to an 

electron device, particularly a laser diode, to less than 2 microns with respect to one or more 

degrees of freedom, most particularly along the Z axis of the microlens . 

. What is still further needed is a methodology which effects passive alignment while 

being relatively insensitivt to changes in final microlens size resulting from pulling errors. 

What is yet further:needed is a methodology which scales its alignment with changes 

(; 
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in size from one microlens to another. 

The several referenc¢s µiade herein to reference works a;n(:it.o issued and pending patents : ... "·~ ·. 

·is to show the state of the art at the time the present invention was made. These references are 

herewith incorporated by reference. 

5 DISCLOSURE OF THE INVENTION 

The present invention teaches the use of at least one, and preferably a plurality of, 

alignment members formed integrally with the cylindrical microlens during its manufacture. 

The alignment members, or standoffs, may take several forms, but in the simplest fomi 

comprise an extension, or finger, of the proper optical length to effect at least partial passive 

.0 alignment of the cylindrical microlens with another device, for instance a laser diode. 

The aligiiment members incorporate at least one reference surface to effect alignment. 

In one preferred embodiment, at least one alignment member incorporates a plurality of 

reference surfaces whereby as many as five degrees of freedom are referenced and defined. 

The cylindrical. microlenses incorporating integral standoffs in accordance with the 

5 principles of the present invention can be used to manufacture a single lens/diode pair, or, in 
the alternative, can be· used to fabricate a structure having a plurality of diodes or other 

electrical devices affixed to a length of cylindrical microlens, the diodes and lens forming a 

unity whole. This unitary whole may then be divisible into individual lens/diode pairs, or may 

include several diodes per lens. 

:0 The. methodology enables the completely passive alignment of a lens, particularly a 

cylindrical microlens, with respect to an electron device, particularly a laser diode, to tolerances 

of less than 2 microns. with respect to one or more degrees of freedom. 

The methodology effects completely passive alignment while being relatively 

insensitive to changes in final microlens size resulting from pulling errors, thereby scaling its 

5 alignment with changes in size from microlens to microlens. This feature is attainable because 

of a startling discovery regarding the formation of integral alignment members: changes in scale 

of the microlens occasioned by pulling errors induce changes in scale of the alignment 

members, which changes tend to be in the direction of desired correction! 

In other words, where a cylindrical microlens is subject to a pulling error, the 

0 proportional reduction of the integral alignment member provides a degree of alignment 

correction which is not only in the correct direction, but is generally at least approximately 

correct with respect to the scale of required correction. By way of illustration, where a 

7 



W000/19248 PCT/US991222S4 

microlens is over-pulled, r~ulting jn a sl~ghtly smaller· lens than is desired, the correct 

alignment action, previously1 accompli~hed ·actively, would. to move the microlens slightly 
. : ' . : 

closer to the laser diode~ • utilizing th~ principles of the pre$ent invention, the proportional 

reduction of an integral alig~ent member occasioned by the reduction in scale of the entire 
! 

5 microlens results in the reduction in lep.gth of the: ~igriment member, which reduction is at least 
., ·. : . 

10 

approximately in the correcil scale of the req~isite oorrectiqn. Assuming that the integral 

alignment member is properl* scaled during fonnation of the·preform, the · resultant microlens, 

when passively aligned, 'will remain in alignment without recourse to an active alignment 

regime. 

BRIEt DESCRIPTION OF TIIE DRAWINGS 
. . 

Fig. l is a depiction dtthe several axes defined by a cylindrical lens, and of the degrees 

of freedom inherent in theseiaxes. 

Fig. 2A is a front perspective view of a cylindrical microlens incorporating the 
i 

15 principles of the· present. invfntion. 

25 

30 

Fig. ·2B is a rear per~ctive view of the cylindrical micro lens of Fig. 2A. 

Fig. 3 is cross-sectfonal representation of the cylindrical microlens of Fig. 2A in 

operative combination with a laser diode, showing the laser beam entering and exiting the 

micro lens. 

Fig. 4A is a front pbrspective view of a cylindrical microlens having a plurality of 

powered surfaces, formeci in accordance with the principles of the present invention. 

Fig. 4B is a front petspective view of another cylindrical microlens having a different 

plurality of powered surfaces, again· formed in accordance with the principles of the present 

invention. 

Fig. 5 is a front perspective view of a cylindrical optical spacer having no powered 

surfaces. 

Fig. 6 is a cross-se¢tional representation of the cylindrical optical spacer of Fig. S in 

operative combination With a laser diode and a cylindrical microlens, showing the laser beam 

entering the spacer and exiting the microlerts. 

Fig. 7 is a is cross-sectional representation of the cylindrical microlens of Fig. 2A in 

operative combination with a second cylindrical microlens, showing the laser beam entering 

the second micro lens and exiting the first microlens. 

8 
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Fig. 8 is a rear upward perspective view of another cylindrical microlens formed in 

accordance with the principles of the present invention, further incorporating a plurality of 

reference surfaces. 

Fig.·9 is a front perspective view of the device of Fig. 8., mounted on a substrate and 

5 in operative combination with a second, crossed, microlens. 

~o 

Fig. 10 is a rear perspective view of the device of Fig. 9. 

Fig. 11 is a perspective view of one embodiment of the present invention wherein the 

preform is implemented with discrete alignment members prior to formation of the microlens: 

Fig. 12 is a perspective view of a microlens resulting from the preform of Fig. 11. 

BEST MODE FOR PRACTICING THE INVENTION 

Referring to Figures 2A and 28, a simple cylindrical micro lens, 102, incorporating the 

principles of the present invention is shown. Lens 102 is generally formed in accordance with 

the principles of the incorporated references, but with this difference: the preform from which 

the microlens is drawn is formed with at least one, and in this exemplar, a pair of integral 

l 5 ·alignment members or standoffs, 200 and 200'. Standoffs 200 and 200'. extend a distance "d" 

from a first optical surface, 206, of the preform. In this embodiment, a second optical surface, 

204, is formed in lens 102 opposite first optical surface 206, but the principles of the present 

invention contemplate lens or other optical element configurations where this is not the case. 

Distance "d" is calculated to generate the proper alignment distance in the Z axis (not shown) 

W from the device to which the lens will later be aligned (not shown in this view). Moreover, the 

longitudinally extending surfaces, 202 and 202' defined by the piano-linear nature of standoffs 

200 and 200', are reference surfaces which, in this embodiment enables the passive alignment 

with respect to three degrees of freedom: along the Z axis; about the Z axis; and about the Y 

axis. 

?5 Lens 102 is typically formed by the methodology of accurately forming a preform 

embodying all the features of the resultant micro lens, then heating the preform to about its 

minimum drawing temperature, and finally pulling the microlens from the preform. Where lens 

102 is slightly over-pulled, resulting in a microlens of slightly smaller profile than design 

specification, distance "d" of standoffs 202 and 202' is likewise proportionally smaller than 

JO design specification. This proportional reduction of distance "d" enables the advantages of the 

present invention. The reduction of distance "d" acts to move optical surface 206 slightly closer 

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

9 
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is exactly the correct direct t<) effect ~e de~ired correction occasioned by the slight reduction 

in scale occasioned by the ~v~r-drawing of \ens 102;. Moreover, the :amount, or scale of 
. ' 

reduction of distance "d":is atleast approximately correct for the amount of correction required. 

- An implementation ~hereby lcms I 02 is passively aligned with a laser diode 300 is 

shown at Figure 3. Having teference to that figure, lens 102 is indexed on or aligned with a. 

surface of laser diode 300. ·;Emitted from the surface 302 of laser diode 300 is the·widely 

divergent beam 310 typical· bf such devices. One optical. surface of lens I 02 is positioned a . 

fixed non-zero distance lld" ~way from surface 302 of laser diode 300 by means of standoffs 

202 and 202", which rest upon surface 302. In this embodiment standoffs 202 and 2021 are 

10 urged into contact with surfabe 302, but are not otherwise.attached thereto. One output beam, .· 

for instance the circularized iaser beam of the previously discussed 11CIRCULASER®11 diode, 

is shown at 320. 

One alternative to ~is embodiment contemplates the attachment of lens 102 to the 
; 

surface 302 of laser diode 300, at standoffs 202 and 202'. This attachment may be 

15 accomplished by any attac~en:t technique well-known to those of ordinary skill in the art ... 

20" 

These techniques include, but are not necessarily limitedto, soldering; brazing; the use of 

adhesives, monomeric, polymeric or otherwise; eutectic bonding; thermo-compression bonding; . 

ultrasonic bonding; theimo~sonic bonding;· and other attachment technologies well known to 

those of ordinary skill in th¢ art. 

The previously disc\lssed embodiincmt has focused on an implementation where a first 

optical surface is flat and it~ opposite optical surface is curved. The principles of the present. 

invention specifically conte~plate its adoption on optical devices having zero to a plurality of 

curved optical surfaces and! incorporating at least one integrally formed alignment element. 

Referring to Figures 4A and 4B a pair of cylindrical microlenses 400 and 440 are 

25 · disclosed each of which feature a plurality of curved optical surfaces. Cylindrical micro lens 

400 has a convex first optitjtl surface 404 in operative and optical combination with a second 

convex second optical surface 402. Cylindrical microlens 404 has a concave first optical 

surface 410 in operative and optical combination with a second convex second optical surface 

408. While not illustrated l:terein, it will be obvious those having ordinary skill in the art that 

30 substantially any combination of concave, convex, or flat surfaces may, with equal facility, be 

· implemented.in accordanc~ with the teachings of the present invention. The present invention 

specifically contemplates ~I such implementations. 

10 
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One embodiment of the present invention is particularly suitable to lens forms which 

do not lend themselves to itj,~ grinding. One such form is ·~Q.own in Figure 4 as 400. The 

formation of optical surface 404 within a pair of alignment members 406 and 406' can be 

difficult. The embodiment shown in Figures 11 and 12 obviate this difficulty. Having 

5 reference now to Figure 11, preform 450 is formed of at least two discrete components. In this 

exemplar preform 450 is composed of a first section defining optical surfaces 402 and 404, and 

a pair of discrete alignment members 452 and 452'. Alignment members 452 and 452 may take 

several forms. In one form, shown at 458, the alignment members are substantially rhomboidai 

elements having one. face, 460 and 460', precisely matching the corresponding portion of 

10 optical surface 404. The edge of this embodiment is shown at "B". 

A further alt~tive to this embodiment contemplates the formation of alignment 

elements which are substantially planar in aspect, and which form a portion 456 of at least one 

optical surface. This alternative is shown at "A" and "A'". 

In either alternative, alignment elements 452 and 452' are precisely aligned with respect 

15 to preform body 454, and the assembly heated to at least the minimwn drawing temperature for 

·the preform material selected. Microlens 400, shown in Figure 12, is then pulled from the 

preform as taught in at least one of the incorporated references. The heat/melt/stretch sequence 

serves to bond or weld the several elements of this embodiment into one physical and optical 

whole as shown at 400. 

20 Another implementation of the present invention, wherein the optical element includes 

a plurality of flat surfaces, is shown at Figure 5. Having reference to that figure, optical spacer 

500 corn.prises an optical element having a first flat optical surface, 504 in operative and parallel 

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 

11 
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greater than would be feasible utill~ng exc~tionally lorig integrally formed alignment 

elements. The divergent heaztj. output from diode300 is shown at 300 and the resultant beam 

formed by the operative col:n~inationofdiode 300, spacer 500 and lens 600 is shown at 620. 
'· : .·· 

Again, the attachment ofth~se several elements may be· accomplished by any attachment 

5 technique well-known to tho~e of ordinary skill in the art. These techniques include, but are 

again not necessarily limited t~, soldering; brazing; the use of adhesives, monomeric, polymeric . 

or otherwise; eutectic bondin~ thermo-compression bonding; ultrasonic bonding; thermo-sonic 

bonding; and other attaclll:netlt technologies well known to those of ordinary skill in the art. 
i 

While the previous di~cussioiis ·have largely centered on the utilization of the principles 

I 0 of the present invention appli~d to the formation of cylindrical microlens I diode devices, study 

of these principles makes obiious the fact that they may, with facility, be implemented on a 

broad range of optical devi~es. One such implementation is shown at Figure 7, where a 

cylindrical microlens incorp~rating at least one integrally formed alignment element, 700, is 

15 

passively aligned with, and spbsequently attached to, a second lens, 702. In this example, an 

input beam, 730, is focW1e~ into lens 702, which lens further focuses jt into cylindrical 

microlens 700 which fonn.$ output beam 720. ; The principles of the present invention 

specifically contemplate: the! implementation of those principles on a broad array of optical 

devices including, but riot nedessarily limited to one or more: lenses; prisms; etalons; diffraction 

gratings; optical fibers; fresiiel lenses; mirrors; holograms; holographic diffraction gratings; 

20 · beam splitters; polarizing Jptical elements; wave plates; graded index' optical elements; 

attenuators; filters; aperture~; and apodizers·in operative combination. 

The previously discUssed applications of the presentinvention enable the passive or 

mechanical alignment of a cylindrical ·microlens with respect to another device, for instance an 

electronic device, a.long one axis. In the exemplars previously discussed, this axis is often the 

25 Z or optical axis, as this ·a.Xis' is often the most critical a.ligmnent in the fonnation of an electro­

optical device. Study of the principles taught herein reveals that passive alignment may be 

accomplished with respect tc; 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 tespect 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 
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microlens,. for instance· lower surface 210 shown at Fig. 2A as a second alignment surface. 

While the previously discus~ed implementations enabled pas~~;\'€! alignment along the Z axis, 
. . ~· .. :-; '· 

by using surface 210 as an alignment surface in operative combination with another surface of 

the electronic device, passive alignment with respect to five degrees of freedom is enabled. 

5 Having reference now to Fig. 8, the use of a pair of alignment surfaces, 812 and 814, 

formed on a cylindrical microlens, 800 is shown. Microlens 800 is formed with a first and 

second optical surfaces, 804 and 802; a first alignment surface, 814 and a second alignment 

surface, 812. Microlens 800 also shows another feature which eliminates registry errors 

occasioned by formation errors at the junction of surfaces 812 and 814. This feature is a relief 

lO groove, 816, which ensures that only surfaces 812 and 814 are in contact with electron device 

300, thereby eliminating errors in forming the juncture of surfaces 812 and 814 from adversely 

affecting the alignment process. 

By implementing a microlens, as 800, with a pair of orthogonally disposed alignment 

surfaces 812 and 814, which surfaces are further orthogonally disposed with respect to the Z 

l5 axis, passive alignment of the lens with respect to another device, here a laser diode 300, is 

enabled. This alignment is explained as follows: urging surface 314 into intimate contact. with 

surface 814 aligns microlens 800 with diode 300 with respect to the Z axis. Urging surface 312 

into intimate contact with surface 812, in and of itself, aligns lens 800 with diode 300 with 

respect to the Y axis. If the two urging actions are performed in operative combination with 

W one another, further advantages eventuate. The combination of the two alignments not only 

aligns the lens and diode along the Z and Y axes, but also aligns these two elements around all 

three axes. Hence the principles of the present invention applied as shown in Fig. 8 results in 

the alignment of lens 800 and diode 500 with respect to five degrees of freedom. 

Moreover, where a lens is slightly over- or under- pulled, acceptable alignment is 

~5 effected without further action. This· automatic correction for pulling errors is explained as 

follows: a small over-pull results in the proportional scalar reduction of every dimension of the 

lens. This reduction in scale occurs at all dimensions, including the length of standoffs 810 and 

· 81 O'. ·The required correction for a lens smaller than specified is to move the lens closer to the 

light source to the lens. The reduction in scale, and hence elevation, of standoffs 810 results 

lO in a proportional reduction of distance "d". When surface 814 ofmicrolens 800 is urged into 

contact with surface 314 of laser diode 300, the reduction in distance "d" occasioned by the 

over-pull results in moving optical surface 804 of lens 800 closer to emitter 310 of diode 300: 

13 
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exactly the desired corrective direction alon,g the Z axis. Moreover, the surprising result 

obtained during development of the present invCJ1tion 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 otherwcrds, the scalar reduction in distance "d" is·acceptably close to the 

5 perfect correction required to /optically align the over-pulled lens for most applications. Indeed, 

initial experimentation by thd inventor indicates that in many implementations, the amount of 
. . 

correction is precisely propotiional to the degree of mis-pulling. A similar, but opposite effect 

occurs where the lens is und¢r-pulled. 

In similar fashion, atj over-pull results in the scalar reduction of the distance between 
; 

l 0 the centerline 820 of the mic~olens and alignment surface 812; hereafter referred to as distance 

"x". This action, like thatpntviously discussed results in an automatic correction in the correct 

direction along the·Y axis, ~nd again, the amount of the correction is at least.approximately 

correct. 

By combining the al~gnment actions of mating surfaces 814/3 l 4 and 812/312, further 

15 advantages eventuate. The ~mbination of the alignments results not only in alignment along · 

the Zand X axes, but also, ftom geometry, about the X, Y, and Z axes. Accordingly, p~sive 

alignment of the lens to 'the' diode or other device is achieved with respect to five degr~es of. 

freedom. One device implehientingthese principles is shown at Figures 9 and 10. 

The present invention :further contemplates methodologies whereby passive alignment 

20 is attainable along two· axes and about all three axes of the lens. Accordingly, it will be 

appreciated that the prilicipl~s hereinafter enumerated enable passive alignment of a cylindrical 

micro lens with respect to another device with respect to five degrees of freedom. 

The previous exemplars of the present invention have discussed implementations 

wherein the integrally.formed alignment members are substantially piano-linear in aspect. The 

25 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 

30 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 incorporates a relief groove, 914 which 
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ensures that alignment surfaces 910 and 912 mate tlushly . with the device to which the 

microlens will ultimatelyb¢:~igned. Cylindrical microlens 902:41,.this example includes a first, ·-.:·:·· . '·:·:. 

planar, optical surface 904 and a second optical surface 906 in operative and optical cooperation 

therewith. As previously discussed, suQstantially optical profile may, with equal facility, be 

5 implemented. A further alignment member, 916 may also be provided. Study of Figures 9 and 

10 reveals that alignment members 908 and 916 are asymmetrical, and the principles of the 

present invention specifically contemplate the use of such in some embodiments thereof. 

Device 900 depicted herein is an embodiment of the present invention applied to a 
device of the type taught and claimed in U.S. Patent Application Serial No. 08/837,004, which 

l 0 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. 

l5 Laser diode includes an emitter, or "p11 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 microlen~ 902. A clamp or jig (not shown) maintains microlens 902 

W 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: along the Z and Y axes; and about the Z, Y, and X axes. 

Foil owing attachment, the combined microlens I diode pair 902/300 may. then be further 

!5 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, ajig or clamp maintains the alignment of the 

microlens I 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 

iO I 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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"CIRCULARIZER™" type, previously discussed. 

With the addition of sdcond 'microltmS 1000 to the assembly including mi9"0leils I diode 

pair 902/300 and substrate· e~bnerits 920 and 930, a device of the type' found .in U.S. Patent 

Application Serial No. 08/sj7 ,004 may be passively aligned formed. The final formation 

5 proceeds as follows: the ass~mbly including microlens I diode pair 9021300 and substrate 

elements 920 and 930 includds a surface, 932, of substrate element 930. By.carefully forming 

surface 1008 of second cylir¥b'ical microlens 1000 to be orthogonal to its other surfaces, the 

simple placement of $urface ~008 on surface 932 results in an orthogonal relationship between 

first microlens 902 and·secdnd rnicrolens 1000.' Additionally, integrally formed alignment 

10 members 1006 and 1006' of s~cond microlens 1000 in operative combination with surfaces 932 

and 1008 provide the proper alignment with respect to all six degrees of freedom of second 

micro lens 1000 and first mic~olens 902~ The passive alignment of second micro lens 1000 with 

first microlens 902 followed ~y attachment of second micro lens 1000 to at least one of surface 

932 and first microlens 902 r~stilts in the crossed lens de'Vice taught in U.S. Patent Application 

15 Serial No. 08/837,004. 

Finally, while the pteceding discussion has centered on the notion of forming one 

microlens with one diode, ~dy ofU.S:. Patent Application Serial No. 08/725,151 reveals that 

the principles enumerated l).erein are further applicable to that technology, and to devices 

formed thereby. Indeed, th~ principles of the present invention specifically contemplate the 

20 elimination of the active aligpment taught in: that reference, thereby rendering it an even greater 

improvement over prior a~tive alignment schemes. U.S; Patent Application Serial No. 

08/725,151 is herewith inc'*1>orated·by reference. 

The present inventioh 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 ordinmy skill in the art that various chang~s in modifications in form and detail made be made 

without departing from the $pirit and scope of the invention as set forth in the appended claims. 

In particular, changes in mEt:lterials, dimensions, optical prescriptions, lens geometries, optical 

device descriptions, attacbnlentniethodologies, number of aligmnent 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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WHAT IS CLAIMED IS: 

· I. A cylindrical microlens capable of passive alignment with another device, the microlens 

comprising: 

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

5 

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 length of said alignment member being such 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 I 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 I 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 I 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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10 a proper optical distance from said diode. 

7. A. combination as in Claim 6 wherein the dimensions of said alignment member are 

such that when the alignment' member is urged into contact with said emitting surface of said 

diode, the micro lens of the combination i~ passively aligned with the laser diode with respect 

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 compnsing: 

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

at least one integral: alignment member disposed on said microlens, said member 

5 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 alignmeri.t member. 

12. A cylindrical inicrolens 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 fl.at is 

contacted to said single surface of said optical device, the microlens is positioned at a proper 

5 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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13. A cylindrical microlens as in Claim 12, wherein said optical device comprises a laser 

diode and said single surfaqe of the optical device is the emittjng facet of said diode. 

14. ·A cylindrical microfons as in Claim 10 wherein said alignment member further includes 

a rabbet. 

15. · A cylindrical microlens as in Claim 14 wherein said rabbet has a vertical wall and a 

horizontal wall, the vertical wall being orthogonal to said Z-axis and the horizontal wall being 

orthogonal to a Y-axis. 

16. A cylindrical microlens as in Claim 15 wherein the vertical wall and the horizontal wall 

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 I 0. 

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 to a single surface of said optical device, the first optical surf~e of said 

microlens is positioned at a proper optical distance from said optical device. 

19. An electro-optical device incorporating the cylindrical micro lens 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 m{ X­

Z plane; 

one of said two alignment members being disposed on said first non-optical surface; and 
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another of said two ~ignment members being disposed on said second non-optical 

surface, said microlens being sandwiched between said two alignment members 

21. The cylindrical micrt>lens of Claim 20,,wherein said two alignment members are 

oriented substantially parallel to each other. 

22. A cylindrical microlens for passive alignment with a laser diode by contacting a single 

surface of said diode, the mi¢rolens comprising: 

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

a plurality of non-optical surfaces; 

5 said plurality of non-Gptical 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 m;ember 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 

10 flat; 

15 

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 other. 

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 mictolens 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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26. A micro.lens capable of passive alignment with another optical device, the microlens 

comprising: 

a cy Iindrical micro lens body; 

at least one alignment member disposed on said micro lens body, each alignment 

member having a distal end; 

said at least one alignment member having a length which defines a proper 

distance. between said microlens body and said device; and 
. . 

said .distal end of said at least one alignment member, being urgeable into 

contact with a single surface of said device to enable the passive alignment of the micro lens . 

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 micro lens 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 member. 

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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