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2 Foreword

Thechair of optoelectonicsbeganits work in the summeiof 1996as one of thefirst chairs of the newly establis-
hed course of studies,Technishe Informatik (Computerengineering)at the university of Mannheim.Sincethis
was oneof thefirst technically orientedchairs in the faculty, specialthankhasto be attributedto the university
adminstation for assistingin the fastformationof our experimentareseach ervironmentSeveral contributions
in this report confirm, that after oneyear of constructingthe labs, the componentabrication hasnow become
routine With three opticslabs, one procesdaboratory and one cleanroom,the chair of optoelectonicsis now
in the positionto continueits reseach in optical microintegration of componentsor optical communicatiorand
processingOtherreseach topicsalsohavebeenincluded.Sothefacilities for measuringandtesting which were
availablein Erlangen, hadto bereconstructedere. With one of my assistantslJ. Kradkhardt, also expertisein
three-dimensionahetology wasadded.

The new studentsof computerengineeringare now in their 3. Semesteandit will take anothertwo yeais until
they bagin their mastes thesis(Diplom). Theefore we are very gratefulthat someof themare alreadyhelpingin
thelabsonthebasisof socalledHIWI jobs.

Thisreportdescribegheresultsof our efforts during this first year of reseach andwe hopethat the reades will
find interestin someof thesetopics.

Karl-HeinzBrenner



3 Designtool for systemsof stacked micro lenses

K.-H. Brenner

For the designof optical systemsray tracingis commonlyused.This approachs alsovalid for micro optical

systemssincetheeffectsof diffractionandrefractioncanbe separatedf microlensedabricatedoy ion exchange
in glassareto beincludedin the systemanalysisfay tracingin inhomogeneoumediais necessaryCorventional
ray tracing software only supportsa limited numberof simpleindex models.Previous work hasshavn thatthe

wave aberrationsaswell astheimagequality dependrery sensitvely ontheindex distribution. We thereforehave

developeda designtool, which allows to take measuredndex distributionsinto accountfor computingthe ray

path.The simulationuseghe standardRunge-Kittaalgorithmto solve the differentialequation

o%r
pri ngradn)

with thepathelementdt = %S. Presentlyimplementednodelsof index distribution includecylindrical andspheri-
cal distributionswith n(r) = np + Anmax- f(%) andthenormalizedfunction f (x) representedsa polynomialwith
orderupto 12. The presentmodelalsoincludessphericalensesandprismswith homogeneoumdex.
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[2] J.Bahr, K.-H. Brenner Realizationandoptimizationof planarrefractingmicrolensesy Ag-Naion-exchange
techniquesApplied Optics.35,5102-5107(1996)



4 Demonstration of stacked microoptical systemwith large numerical
aperture

R.Klug,K.-H.Brenner

In the field of microopticsthereis a demandfor objectiveswith large numericalaperturegNA). An exampleis

opticalstoragewhereNA > 0.5is required For planarmicrolensegPMLs)theNA is determinedy the maximal
index differenceandthe degreeof exchange2] andreachegypical valuesof 0.13-0.2.Thusstackingis needed
to build high NA objectvesfrom PMLs. As anexample,we realizeda confocalsensotheadfrom four microlens
arraysandfrom onepinholearraymask.The systemdesignis shovnin figure 1.
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Figurel: Systemdesign
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Thesensoiis illuminatedby a multimodefiber with a corediameterof 50 pm.
Theilluminating light travelsthrougha 50 um pinholein substratéd andthen
throughfour microlenslayers.Theendof theilluminatingfiberis |magedonto €04l
the optical axis of the fourth microlenswith unit magnification.The working
distanceof the systemis 350um. Accordingto the confocalprinciplethelight  °?]
reflectedor scatteredrom the objectreacheshe detectorfiber only if theob- 4 — - . . .=
jectis at the working distance Oneimportantadwantageof our designis that ~ ©0¢ ©8 02 01 0 01 02 03 04
the illuminating light usesa different path than the reflectedlight, thus this fxial Distance [
systenmrequiresno beamsplitteandthereareno disturbingbackreflectionsn Figure2: Axial response
thesystemWe haverealizedanarrayof 16x32confocalimagingsystem®ona
grid with 500pum x 250 um pitch. E
ThePMLswerefabricatedy field assisteddg-Naion- achangeThesubstra->
teswere alignedundera microscopeby the aid of concentriccircles with 5 ML
pum accurag andfixedtogethemwith UV-curingglue. Figure2 shavs theaxial /
responsef the sensotheadwithout pinholes,whena mirror atthe outputis 7 7/777”
scannedongitudinally Thefull width at half maximumof theintensityis 100 f
Hm, whichis in agreemenwith thetheory if apinholeof 50 um diametex(fiber o~ 260 3(310 o
core)is assumed. Z [um]

206

Figure3: Light propagatiorafter
thesensohead

Figure 3 showvs the measuredight propagatingn air behindthe substratet (S. Fig. 1), whendetectorfiber and
sourcdiberareilluminatedatthesametime. Thehatchedareashavsthoselocationswherethemeasureédhtensity
exceedghebackgrounchoise.The slopeof the outerlinesin figure4 is 0.328rad, thereforethe NA of the sensor
headis 0.32.TheentranceNA of the systemon thefiber sideis 0.17,while the NA of all PMLsis only 0.13.

We demonstratedhatopticalsystendesigncanbeappliedto staclkedmicrolensesndwe have verifiedthis design
in anexperiment.

References

[2] J.Bahr, K.-H. BrennerRealizatiorandoptimizationof planarmicrolense®y Ag-Naion exchangeechniques,
Appl. Opt.35,5102-7(1996)



5 Investigationof the stability of the algorithm for iterati ve index recon-
struction

J. Bahr, K.-H. Brenner

Thealgorithmfor reconstructinghe 3D index distributionfrom interferometrianeasurementdescribedn [1] was

shawvn to be perfectfor noiselesslataandeven for non monotonuousndex distributions[4]. Herewe reportthe

stability of the algorithmfor noisy dataandmeasuremergrrors.For the simulationa randomphasewith amean
amplitudeof 0.1\ wasaddedto a given phasedistribution, which is comparabldo the accurag of experimental
data(fig. 1). The reconstructiorthen shaons an increasingdeviation in the centerregion (fig. 2). The statistic
deviationswerediminishedby a subsequenbw passfiltering of the reconstructedata.Fig. 3 demonstratethat

thereconstructiorthenis in goodagreementvith the original index distribution. The reconstructiorshovs good

stability againstsingularmeasuremergrrors,suchas missingdata.Although threesamplingpointswere setto

zero (fig. 4), the reconstructiorshavs good consistencavith the original datain a sufficient distancefrom the

measuremergrrors(fig. 5). Finally we investigatedhe sensitvity concerninghe determinatiorof the centerof

the phasedistribution. If the samplingvaluesare shiftedlaterally from the centerof symmetrythe geometryof

the distribution is expectedto be incorrect,which leadsto wrong propagatioriengthswithin certainzonesof the

distribution. For aradially symmetriadistributionthelateralshift of thedatacanbeexpressedby thetransformation
ri — ri +dx andx] — xj + dx. Thelight pathin asinglezoneis givenby

LX), rin) — LG, 1) = \/ri2+1+2ri+1-dx—x12—2xj-dx— \/ri2+2ri -dx—x¢ — 2x; - dx

For examinationof theoutmostzonej =i = x; =r; thelight pathcanbewrittenas

L(X,Fi1) = L(X,1)) = \/(rir+Axr)2+2(ri +AX) - dx—r2—2r; - dx = 1/2r; - Ax+ Ax2 4 2Ax- dx

with ri1 = rj + Ax andAx is the distancebetweerthe samplingpoints.Accordingto the lastequationthe lateral
shift becomessignificantfor the centralzonesfor the calculationof the light path.Fig. 6 demonstratethe sen-
sitivity to shifteddata.In this examplea shift of only two samplingpointsleadsto anerror of about10% of the
centervalueof theindex distribution. Fromthatpoint of view the centralpoint of the phasedistribution hasto be
determinedrery accurate.
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6 Comparison of several methodsfor measuementof the 3D index dis-
trib ution

J. Bahr, K.-H. Brenner

In earlierworkswe demonstratethatthe3D index distribution canbereconstructeétrom only oneinterferometric
measuremerif the geometryof the distribution is known a priori [1]. In this article the resultsof the iterative
reconstructiooethod(RA) arecomparedo thoseobtainedby alternatve methodssuchastherefractedhearfield
methodRNF [6], the diffractiontomography(DT) [10], dataobtainedby numericalsimualtionandtheinvestiga-
tion of thin slices[6]. Theobjectunderinvestigationvasatwo dimensionaplanarGRIN-lens,sincethe methods
with exeptionof theiterative algorithmandthe diffractive tomographyarerestictedto 2-dimensionastructures.
Themeasureghhasedistribution andthe value of the width of the maskwerethe input datafor the RA algorithm.
For fabricationwe useda line shapednaskaperturewith awidth of 80um(fig. 1) in athermalion exchangepro-
cess.

TheRNF-measuremeird reportedo beaccuratdor measuringheindex distribution of 2- dimensionalndex gra-
dientslik e waveguides.The methodis very sensitve to materialabsorptionsThereforethe methodis limited to a
depthof sometensof micrometersyhichis sufficientfor wave guides- but notfor microlensesk-or concentration
profilesextending150uminto the substratehe measuremernis affectedeven by weakabsorptionyesultingin a
measuremertf higherindex.

The DT methodonly respondgo phaseshifts andthusallows a measuremenrdlsofor large depths.A problem
associateavith this methodis the requiremenbf a continuousndex distribution. This cannotbe satisfiedat the
substratesurfacesinceanindex jumpin thedirectionnormalto the surfaceis inevitable.Dueto thistheindex near
to the substratesurfaceis measurednaccurateout for largerdepthshe methodis veryreliable.
Theinvestigatiorof thin slicesrequiresaccurateknowledgeof thethicknessf theglassslice. Theattainableeso-
lution in this experimentis therefordimited at 10~2. The numericalsimulationof theion exchangeprocessn fig.
2 wasdonewith thek-parametemodel[7] for ak valueof 3. In theregion underthe surfacethe RA shavs good
agreementvith the RNF dataandthe resultsof the thin slice investigation For larger depththe datafit very well
to thoseof the DT.

To summarizeéheRA canbeusedfor acharacteri-
sationof the threedimensionahdex distribution.
It shavsgoodagreemento theDT andRNFwhe-
rethodemethodsareapplicable.

The autorsthank W. Singer B. Dobler and B.
Messerschmidfor the DT, the RNF andthe thin
slicemeasurement.

Fig. 1 2-dimensionaplanarmicrolensby thermalion exchange
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7 Rastered Grey—Tone Maskswritten by Laser—Lithography

K.-H. Brenney U.W. Krackhardt

The mostcommonapplicationof laserlithography(seealsoarticlein this report)is binary structuringof a sub-
strate.However, thereare someapplicationgequiringquasi—analogransmissioreitherwith respecto phaseor
amplitude.Thatis, phasegratingsor grey—tonemaskswith multilevel or even continuoudistributionshave to be
realized[5].

A well known techniquéfor fabricatingcontinuougphasestructuress to spatiallycontrolthe exposuredose.This,
howeverrequiresspecialandexpensve extra equipmenbf thelithographicmachine.
Providedthelithographicprocesganhandlesmallerstructureshancanberesohedby theopticalsystenin which
thefabricateccomponentvill be used,a binary codingof continoudevelsis sufiicient. In this approachwe ap-
plied a techniquefor rasteringgrey level imageswhich wasdevelopedby us earlier The techniquechoosenjs
basedon clusteredthresholdmatricessinceit providesvery good greytonelinearity and good seperatiorof the
spatialobjectspectrumandthe carrierspectrum.

Thesubstrateonstistof a glasssubstratea chromiumfilm anda photoresistayerontop.

- - - - - - - -

First the photorestistlayer is structuredby lithogra-* #® ® & =& & & & &« &« »
phic exposureand subsequentieveloping. Then,the ™ & = & = = = = = =
regionsnot coveredby photoresistare accessibldy a ;*1*1 T 9 %" %9 9.9 9 -

wet—chemicaprocesstep,which removesthe chromi- ’ ‘ * ‘. * ‘

umfilm. Thus,anamplitudemaskis obtained.

Takinginto accountthe limitations of our lithographic g8 A EEEE: -
procesgseean otherarticle in this report),we mana- [ JE JHEE ST SR SUEE S S s +$ 4
gedto composeary rasterpattern(seefig. 2) by ele- - s e " e wm e e e =
mentaryfeatureqsquaresyith minimumedgesize of
1.6um Figure 1 shaws a sectionof a rasteredsinusoi-
dal intensity profile. The smallestfeaturesare square
of 2umx 2um The componenwasfabricatedfor use
in optical 3D—metrologywith fringe projectiontechni-
quel3].

& & &

Fig. 1: Micrographof a 160umwide sectionof arastered
sinusoidalntensityprofile

Fig. 2: Sub—setf rastematternsof adithercell consistingof 8x8 elementanfeatures.
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8 Laboratory Facilities

U.W Kradkhadt, M. Kraft

The chair of Optoelectronichasinstalledlaboratoriedor chemicalandlithographicprocessingandfor optical
research.

Thelithographicprocessings performedn acleanroom:

Subtratege.g.glass,fusedsilica, or Si) coatedwith photoresistirestructuredoy meansof a laser lithr ography
machineDWL 2.0from Heidelbeg Instruments.

A lasetbeam(HeCd,442nm)is focusseanthesubstrate
surface.The substratés placedon a moving tablewhich
is positioncontrolledby aninterferometerThe machine
is capableof writing structureswith a minimum feature
sizeof 0.8 um within an addressasterof 50 nm. Since
the DWL is a matrix writer, the writing time is indepen-
dent of the compleity of the structurebut dependson
the overall areato be exposed.An areaof about3 cm
x 3 cm canbewritten within 40 min., approximatelyFor
multilayerexposureshemachinds equippedvith anali-
gnmentfacility providing anaccurag of 200nm.

Landscap®f thecleanroom

For multi-layerlithographythesubstraténasto berecoatedvith photoresisbetweereachsubsequenithographic
exposure.This is donewith a photoresistspinner which offers high reproducabilitydueto programmablespin-
ning profilesandautomatiacontrolof photoresistiose.

A subsegenéxposurecanbe performedeither pointwiseby laserlithographyor in onestepby a mask aligner
with alateralaccurag of £0.5um

A Reactive lon Etching (RIE) machineis availableto transferthe structurefrom the photoresistayerinto
glass(e.g.for computeholography)Basedon a physical/chemicabrocesglass(fusedsilica) is removedat regi-
onsnot coatedby photoresist.

For characterizatiopurposea microscope(max. magnification1200:1)equippedwith a CCD-cameranda PC-
basedramegrabberis usedfor computeraidedprocessontrol. Especiallyfor characterizatioof surfaceprofiles
aPCcontrolledtactile profiler with adepthresolutionof down to 50 nmis applied.

Ourthreeoptic laboratories areeachequippedwith avibrationdampedablethatsenesasawork benchfor
opticalhardwaredevelopment.
Oneof thesdaboratoriess usedfor opticalmetrology For the measurementsf optical pathlengthsinterfer ome-
ters of the Mach—Zehnderandthe Linnik—type canbe used.The softwareis describedn anotherarticle of this
report.

In aprocesdaboratory anelectronsputtermachineenableghe depositionof metalliclayersontosubstrates.
Thisis usefule.g.for for realizationof opto—electronicircuit boardsor for thein-housefabricationof substrates
which areusedfor ion—exchangedn glass(seean otherarticlein this report). The set—upfor ion—exchangds also
placedin this procesdaboratory



9 Transmissioninterfer ometerfor PhaseElements(Mach-Zehnder-Type)

ChristophPasson

To measurehe phaseprofile of op-

tical elementsin the submillime-

ter rangean interferometehasbe-

ensetup. The setuppresentsa ty- ‘
pical Mach-Zenderinterferomete
with thereferenceandthemeasure
mentpathforming a rectangle(see
fig.1). At theinput beamsplitte(5)
two differentlight sourcescan be
feed into the system. At the out-
put beamsplitte(10) the two opti-
cal pathsarejoined andinterferein
theimageplane(12).

Fig 1: Mach-ZehndenterferometeSetup

In thereferencepaththedeflectingmirror (4) atthe cornerof the optical pathis mountedon a piezoactuator(11),
which canbecontrolledby acomputerThe piezoactuatoiis suppliedwith a capacitve distancemetersupporting

positioncontrolin the subnanometerange.

A revolver with a selectionof 4 grey filters in the re-
ferencepath offer the ability to adjustdifferencesof
brightnessbetweenlight from the referenceand the
measuremermath,whichresultfrom absorbtion®f the
testobject(8). Identicalmicroscopebjectives(9) atthe
endof the referenceandmeasuremerpathsimagethe
objectplaneto the imageplanewith zerophasediffe-
rencewhen no objectis insertedin the measureme

path.An optional microscopeobjectie (7) in front of
thetestobjectcanbeinsertedn the measurememtath
to testsphericaphaseelementsy illuminating thetest
objectwith a spericalwave and measuringthe diffe-
rencebetweenthe resulting plane wave from the test
elementandthe planewave from thereferenceath.A i
selectionof microscopeobjectives (13) mountedon a i}

revolver in the exit path of the interferometeiproduce |
imagesat differentmagnificationon the CCD camera
(1 x, 2.5x, 5x). With thesemagnificationghe fieldsize
ontheCCDis 300um 600um 1.5mmrespectiely. |
Thecompletesetupis mountedbnabreadoboardwith 90 |
cmx 60 cm andis shieldedagainstair turbolencesy a |
plasticcaseof 50 cm height. The systemis controlled
by a standard®C equippedwith aframegrabbertboard.
The piezo actuatoris drivenwith a control box which
is connectedo the PCvia a serialport. Thetestobjec
holderis mountedon a xyz stage providing abilaty to
measureafield of 10cmx 10cmsize. Themanualcon-
trols of the xyz stageare plannedto be exchangedvith
computeicontrolableactuatorgo allow fully automized
measuremeruf thefull measuremeriteld.

Interferogramnof a p-lens-array(pitch 250 pm)

10



10 PSM — Software for PhaseShift Interfer ometry

K.-H. Brenner U.W. Krackhardt, S.M.Million, C. Passon

In orderto optically characterizeomponentdik e micro lensesmadeby ion exchangg1] or computetholograms
[8] PCcontrolledinterferometer§Mach—ZehnderandLinnik—Type)have beensetup. The softwarefor control-
ling the interferometerandfor evaluatingfringe datahasbeenwritten in—house sincethis allows for quick and
easyimplementatiorof the latestalgorithmsfor measuremengvaluationandpresentation.

Gernerallythe softwarecando metrologywith ary kind of fringe dataobtainedby realor synthetigphaseshifting.
Thereforghesoftwareis calledPSM asanacrorym for Phaseshift Metrology. PSMhasbeenwrittenin PASCAL
with atool for Rapid-ApplicationDevelopmeni{RAD) underMS-Windows 95.

The essentiagoalsfor thedesignof this softwareare:

1. Intuitive userinterface

. Easeof functionalityupgradej.e addingnew operations

. Universalitywith respecto thetype of the phaseshift interferometer

. Flexibility with respecto hardware(framegrabbeyphaseshift controller)

. Off-line functionality, i.e. dataevaluationwithout interferometethardware attachedo the PC, shouldbe
supported

a b~ WODN

Simulate
Lens

Userlnterfaceof the Software

The userinterfacehasto supportthe handlingof a hugeamountof operationgknown in fringe analysis We reali-
zedabothflexible andintuitive softwareinterface(GUI) thatrepresentthedataflow graphicallyby operatorsand
links.

An operatorcanbeselectedrom a dialogsimilar to thefile selectobox, wherebythe directoriesprovide a classi-
ficationschemdor the setof operatorsThe operatorsaredisplayedsimilarto files with attributeslik e nameof the
operator /O specificationscommentsgcreationtime, etc. An operatoiis insertedinto the flow chartby a simple
drag—and—dropction.For easeof upgradingunctionalitythe operatorarecollectedin DLL—files thatcanbe dy-
namicallylinkedto the mainprogrammFor a furtherincreaseof conveniencesachusercansetup his individual
GUI profile.
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11 Fabrication of integrated GRIN-ROD lenses

J. Bahr, K.-H. Brenner

Thetypical way to fabricateGRIN-ROD lenseds the preparatiorof singleglasscylindersin aion exchangepro-
cess[9]. For integratedoptic applicationsan additionalalignmentstepis neccessaryin this artice we reporta
fabricationmethodfor integratedGRIN-ROD lenses.

As reportedearlierGRIN-elementsvith nearlyideal radial symmetryareobtainedusingspotlike maskapertures
in afield assistedon exchangeprocesq2]. With transitionto line shapednaskswith a width of a few microns,
cylindrical distributionscanbe realized.Accordingto fig.1 two substratesvith semi-g/lindrical distribution can
be assembledo attainintegratedfull-cylinder-ROD lenses.Sincethe maskis structuredin a photolithographic
procesdhelateralaccurag of the positionof the elementss the sameasthatat the photolithographigrocessin
addition,for further machiningalignmentmarkscanalsoberealisedon the substratesimultaneouslyn the same
structuringprocess.
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£ x\)\
% & measured index
S 1.50 { —— Parabula (BestFif) \
L within 740m diam.
s;z;:ilf;jvla“cn . \X
1.48 — o
0
. ]
0 200 400
radial extension [um]
Fig. 1 assemblingf two half-cylinder ROD arrays Fig. 2 radialindex distribution

With thefield assistedon exchangeprocessearlysteplike index distributionsareobtained For imagingapplica-
tion aradialindex distribuiton with the shapeof

2 - ANmax
(No+ ANmay * T2op

A 2
n(r) = nosectv/A-r) = ng ( - _r) ;. n(2 =cong where A= :r < rroD

2

is required.In this notationng is the refractive index of the glasssubstrateTo achiese this distribution a post
heatingprocesss emplgyed (fig. 2). Sincethis is anisotropicprocesghe symmetryof the elementis consered
[2]. With theappliedsilversodiumion exchangeprocesave attainanindex incrementAn of 0.11in our substrate

glassesAccordingto equation
2 - ANmax
N =
Amax No + 3+ ANmax

we achieve a numericalapertureof 0.35(fig.3). For verificationa testpatternwasimagedby a half-pitch GRIN-
ROD. Fig. 4 demonstratethe goodresolutionof the GRIN-ROD, thatis comparabldo the resolutionof micros-
copeobjective with anumericalapertureof 0.35(fig. 5).

o
o4

0.2 +

|77

max. numerical aperture

0.0

0.00 ‘ 0.84 0.(‘)8 ‘ 0.‘12 ‘ 0.‘1\

) max. inde)f incremem 7 ) E
Fig. 3 achievabelnumerical Fig. 4 imageof atestpatternwith Fig. 5 imagewith anmicroslopeobjectie
apertures theROD-lens (N.A.=0.35)
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12 Mask-optimization for fabrication of microlensarrays with a high fill-
factor

J. Bahr, K.-H. Brenner

For paralleldataprocessingvith microlensarraysa high lateralfill-f actoris requiredto utilize the substratearea.
In our institute microlensarraysare fabricatedby field assistedon exchangeprocessesvith diffraction limited
performanceandnumericalapertureupto 0.2[2]. To geta high lateralfill-f actorthe mutualinfluenceof ion cur-
rentsthroughadjacentmaskwindows hasto be consideredbecausehis effectsa deviation from the symmetry
of themicrolens(fig. 1) thatresultsin nonsymmetricon-axisaberrationslt hasbeenshowvn, thatsymmetriclens
aberrationganbe supressedfficiently by anadditionalpostheatingstep[2, 11]. Thusit isimportantto avoid hon
symmetricon-axisaberrationslreadyin thefield assistegrocesstep.

We investigatedhe deviation from the cylindrical symmetryin anarraywith cartesiararrangemenby calculati-
on of the wavefrontaberrationgrom simulateddata.The pitch hasa value of 250um Fig. 2 shavs the standard
deviation from thewavefronto(w) versusthe lateralradiusof the microlens.For diffractionlimited performance
o(w) hasto belessthan)/14. For circularmaskapertureghe aberrationgetsignificantwith increassindateral
extension.Using extendedmaskaperturegheseaberrationsould be reducedby screen-df effects. But in this
casethe optical pawerwould be decreasedyecausehe extensionof thoselensesn thevolumeis reduced?2]. To
achieze anaspectatio of 1 betweerlateralandtrans\ersalextensionwith respecto the A/ 14-criterionwe found
amaximumlateraldiameterof 65% of the pitch usinga maskwith anapertureof 40um
Thisvaluecouldbeincreasedy optimizationof thegeometryof themask.Fig. 3 shavstheshapeof themaskand
the topographyof the simulatedmicrolens.For a smalllateralextensionthe lensshapeshows a strongdeviation
from cylindrical symmetry(fig. 4), becausef the asymmetricshapeof the mask.With increasingextensionthis
deviationis compensatety the mutualinfluenceof ion currents At a certainpointwe obtaina minimum (fig. 4).
Using a maskwith anedgewidth of 70umwe obtaineda maximumlateraldiameterof 85% of the pitch. Futher
increaseof thelateralextensionagaindiminishegheradial symmetryof themicrolens.
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13 Parallel optical fiber plug

ChristophPasson
v-groove
Theconcepbf parallelopticalconnectorsisingbeamcollimationcoup- glass fiber
ling was developedfor an optical backplanein a 19" computerrack.
Usingthis couplingprinciple for paralleloptical connectionglemands planar
very high precisionduringmanufcturing.To simplify the assemblyof microlenses
the parts,V-groovesare usedto hold the fibers. This reduceghe num-
bersof degreesof freedomin the positioningof the fiberswith respect I 6
to thelenseslin the experimentarealizationthe V-grooveswerefabri- wayeguide —— b
catedby injectionmolding,usingSi-groovesasmasteiby Universityof
Dortmund.Thefront surfacesalsopossesanangleof 54° andsene as =

mirrorsfor deflectingthe light out of the substrateThis anglehasthe
adwantagethat backreflectionsare reducedconsiderablycomparedo

a 45° angle.For angledfiber front facesthe total isolationfrom back @
reflectionsreaches value of approx.150 dB. The mirrors are coated

with silver andhave areflectvity of 98 %.

Fig. 1 Schemeof the paralleloptical
connector
A planar microlensarray is usedto collimate the be-
ams.This array hasto be positionswith respectto the
V-groovesso that for eachchannelafter reflection,the

[te= | WHHH optical axis of a fiber meetsthe centerof the correspon-

N V_ dinglens.Therequiredaccurag hereis approx.0.5um
grating array amray

Fig. 2 Alignmentsetupusinga diffractiongratingasan-
glereference

For positioningthemicrolensesthreedegreesof freedomhave to beadjustedthex-y-
directionandtheangularp aroundtherotationaxis.For adjustingthex-y-position,the
collimatedbeambehindthelenswould have be setto 54°, which s difficult to verify.
Thereforewe have fabricatedareferencagrating(fig. 2) , whichis placedbetweerthe
laserandthe microlensarrayandthe optimumpositionis determinedy maximizing
the opticalpower coupledinto thefiber. Thethicknesof thelenssubstratés adapted
to the focal length of the microlensesThe lens coupling systemwas also usedto
connecto planarwaveguides.The schemdor a fiberwaveguideconnectoiis shovn
attheleft side.For thebackplaneisotropicandanisotropicetchingprocesseareused
to producethe waveguidesandthe mirror. Taking all possiblesourcef lossin the
connectoiinto accountthedifferentcontribtutionsaredueto

¢ optical System -0.40dB
e mirror -0.09dB
¢ misalignment -0.10dB

¢ absorptiorin thefilling polymer -0.05dB

andthetotal couplingefficiency shouldassume valueof 0.64dB.
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