AnnualReport1998

Chairof Optoelectronics
Faculty of MathematicandComputerScience
University of Mannheim
B6,26
D - 68131Mannheim
Telephonet+49(0)621/ 292- 5459
Fax+49(0)621/ 292- 1605
EMail info@oe.ti.uni-mannheim.de
WWW http://wwwti.uni-mannheim.de/ oe



Contents

1 Membersof the chair of Optoelectronics

2 Foreword

3 Projection Unit for optical 3D-Metrology basedon Polarization Optics

4 Refractive Volume Hologramsrealizedby lon Exchangein Glass

5 Analysisof phaseanomaliesand designof continuousphaseelements

6 Realizationof planar microlenseswith long focal distanceby mask-synthesis
7 1:3 Beam-Splitting with a H-ROD Element

8 Variable Fractional Fourier Transform using an H-Rod Micr olens

9 Experimental Characterization of Micr ooptical Objectsin PhaseSpace
10 Angular Multiplexing for optical Board to Board Inter connections

11 Micr oobjectiveswith largenumerical aperture by stacking of microlenses
12 Software Toolsfor Pattern Designin Lithography

13 Softwarefor Computer Aided SurfaceProfiling

A List of recentPublications

10

11

12

13

14

15



1 Membersof the chair of Optoelectronics

(o]

~N o1 w

N

Dr. Bahr

Prof. Dr. Brenner

Dengler
Doringer

Dr. Dragoman
Dr. Dragoman
Fauland
Flammuth
Froning

Klug

Dr. Krackhardt
Kraft
Obertoffken
Passon
Reichel
Schiek
Schmelcher
Volk

Jochen
Karl-Heinz
Christian
Oliver
Daniela
Mircea
Michael
Swven
Holger
Robert
Ulrich
Michael
Arndt
Christoph
Dirk
Stefen
Thilo
Sabine

1613
5147
1616

5541

5541
5459

jb@oe.ti.uni-mannheim.de
brenner@rumms.uni-mahaeimde
cdengler@rumms.uni-maneaim.ce
doering@rumms.uni-maneimde
dd@oe.ti.uni-mannheim.de
md@oe.ti.uni-mannheim.de
fauland@rummes.uni-mannine.de
flammuth@rumms.uni-mannheide
maddock@rumms.uni-maheimde
rklug@oe.ti.uni-mannheimed
krackhdt@rumms.uni-mameimde
kraft@oe.ti.uni-mannheim.de
wwwadmin@oe.ti.uni-mannheimed
c.passon@oe.ti.uni-mannheira.d

schiek@rumms.uni-mannheine.d
t.schmelcher@oe.ti.uni-mannheite
office@oe.ti.uni-mannheim.de



2 Foreword

Thelastyearhasbroughta few changes.Mostimportantly sinceSeptembepur chair is fortunateto havea new

and highly efficientsecetary, Mrs. SabineVolk. If you havecontactedneby telephonepreviously youmayhave
alreadymadeacquaintancewith her kind voice In the laboratory, our technician, Michael Kraft continueshis

excellentwork, helpingusto solvemanyof thetechnolagical problemsin Februaryof lastyear an old friend and

well-knownspecialistfor Wigner functions,Daniela Dragomancameas a Humbold-visitingprofessortogether
with her husbandwhois also a professorat the National Reseath Institutefor Microtedinolagy in Budharest,
Romania.This visit hasalreadycreatedseveral productiveresults.So,our work on the hemisphericatod lens
couldbe megedwith the expertiseof DanielaDragomanon fractional Fourier-transformsandresultedin a joint

publication. One of my PhD-StudentsChristophPassonhas reachedthe end of his PhD-workand hasleft us.

Thushis contributionsto theannualreportunfortunatelycould not beincludedhere. For the designof continuous
phaseelementsafter manyyears of seach, now a satisfactoryapproac hasbeenfound, which is reportedas

contribution no. 3 in this report. Anothernew developmentthe angular multiplexing of signalsin a multi-mode
fiber has developedinto a very promisingtecniquefor short distanceinterconnectionsOur first studentsof

computerengineeringare now in their fifth semesteand someof themhave already usedthe opportunity of

acceptingshortjobsfor contributing to thereseach work, which is documenteéh the contributions12 and 13.

Karl-HeinzBrenner



3 Projection Unit for optical 3D-Metrology basedon Polarization Optics
U.W Kradkhadt, K.-H. Brenner

In optical 3D-metrology(topometry)objectshapesr surfaceprofiles,respectiely, are acquiredfor subsequent
digital processingA well-establishedechniquefor imaging3D-metrologyis fringe projection:A fringe pattern
is projectedonto an objectundertest. The patternis obsened by a camerafrom a differentdirection.Depthin-
formationof the objectcanbe obtainedfrom thelocal fringe displacement-or resolvingthe fringe displacement
with high accurag, phasesamplingtechniquedik e in interferometry(PSl)areapplied.Therebythefringe pattern
is laterally shifted(phaseshift) by a fractionof a fringe periodbetweersubsequergxposures.

However, this techniquesuffers from an ambiguity by principle: Fringe displacementd, e. lateralfringe shifts,
canonly be detectedip to multiplesof thefringe periodresultingin relative data.Absolutedatacanbe obtained
eitherby codingthefringe number(e.g.by Graycodes)r by usingmultiple fringe periodscomparabléo multiple
wavelengthinterferometry

Consequentlyfor achierzing accurateandabsolutedatait is desirablgo have adjustabldringe periodsandphases.
For rapid dataacquisitionit is necessaryhat the phaseshift of a fringe patternis the samefor all patternswith
differentperiods We developeda fringe projectionunit for measuringabsolutedatawith no extra acquisitiontime
in contrasto otherabsoluteneasuremen{d 3]. Theprojectionunit providesfringe patterngeneratedby interfe-
rence Theopticalsetupis basicallyapolarizationinterferometenf the Michelson—typeTheintensitydistribution
attheoutputof theinterferometers thefringe pattern.The periodcanbe adjustedy tilting onemirror.

In our approachthe patterncanbe shiftedwith high accurag and, mostimportantly the shift is independenof
thewavelengthA. Thepolarizationopticalelementareneededo achieve thewavelengthindependenshift of the
fringe pattern.The A/4-platein the output pathgenerateswo circularly polarizedfields with oppositerotation
resultingin alinearly polarizedfield. The directionof polarizationis determinedyy the phasedifferencebetween
thecircularly polarizedfields. By tilting onemirror aspacevariantphasedifferences realized leadingto a space
variantorientationof thelinearly polarizedfield [8].

Theanalyzemprojectsthefield ontoa particularpolarisa-
tion orientationgenerating fringe pattern.Rotatingthe

analyzemby ananglea resultsin a phaseshift of the pat- linear
ternby ¢ = £. In contrasto piezo—drvenphaseshifting pojarisaton
devices,thisapproacldemandsubstantiallyessaccura l ense
cy for aphaseshifting unit: A phaseshift of ¢ = 2mt-xis PBS

realizedby the rotationof an analyzerby a = % which

is to be comparedo a mechanicakhift of a mirror by

dz=A\-3. //
The obtainedphaseshift is independenof wavelength  mirror =7,
sinceit is only proportionalto the rotationangleof the analyser

analyzer The realisationof the phaseshift canalso be
describedby a topological phasechangeon the Poin-
cae—spheréBerry/ Pancharatnam—Phasshichis ano-
ther explanationfor wavelengthindependenc§l0]. For
multiple wavelengthapplicationsone can use multiple
light sourceswhich may be mutually incoherent.Dif-
ferentwavelengthsresultin differentperiodsandinitial
phase®f the fringe pattern.The scenemay be obsened
by multiple detectorse.g. a 3-chip color CCD, equip-
pedwith appropriatdilters for eachwavelengthchannel. )
Thus,parallelfringe evaluationfor obtainingabsoluteda- Opticalset-up
tais possible.
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4 Refractive Volume Hologramsrealizedby lon Exchangein Glass

U.W Kradkhadt, J. Bahr

Beamdeflection,shapingandfocussingare the basicoperationeededn ary optical processingystem.Typi-
cally, theseoperationsarerealizedby micro—opticalcomponentbasedn diffractionor refraction.The properties
of anideal micro—opticalcomponentre designflexiblitiy, optimumoptical performancedurability and easeof
assemblyOptimumoptical perfomances determinedyy enegy efficiengy, minimumaberrationandapplication
specificwavelengthdependencproperties.

We intendto userefractive volumehologramqRVH) asa basicconcepffor achieving micro—opticalcomponents
with high efficiengy, high durability, simpleassemblybehaiour, low wavelengthdependencandhigh designfle-
xibility . Especiallythe wavelengthsensitvity is reducedn RVHSs sincetherestrictionof the phaseto theinterval
[—1, 1 is omitted.

RVHs shav a distribution of refractive index within the volumein contrasto surfacestructuredik e corventional
computergeneratedolograms(CGH) or classicalrefractive optical elementdik e lensesor prisms.As a conse-
guencethe surfaceof theseelementss flat andthus accessibldor further processindik e structuring,coating
or assemblyln contrastto diffractive (Braggeffect) volumehologramsRVHs arerefractive andthereforeshov
substantiallfesswavelengthdependencandhigh efficiency evenfor smalldeflectionangles.

We realize RVHs by ion exchangein glass. A Desion \WV_J
schematiqrocesdlow is depictedin fig. 1: Star

ting from a desiredindex distribution an appro-

priate diffusion maskis calculated.The maskis Mo — ——— ——— —— — -
optimizedin termsof positionsandareasof ope-

nings. To this end, continuousindex valuesare

mappedto the binary mask structureby half—

toning. In a thermaldiffusion processsilver ions lon-Exchange
penetratehe glasssurfaceat the locationsof the
openingsandreplacethe sodiumionsin the glass

matrix. Theareaof anopeningdefinegheamount

of silverionsandthustheincreasef refractivein- Post-Diffusion W
dex in thatregion. After removing the masklayer

a componeniith space—ariantrefractionin the

volumeis obtained. Fig. 1 Schematigrocesslow for realizingan RVH

However, the thermaldiffusion processs non-linearandisotropic,which impliestwo requirementgor the mask
geometry:i) Theareaof anopeningis not proportionalto the index changeii) Mask openingsmustnot be mu-
tually separatedy morethanthe diffusionlengthin orderto obtainsmoothindex distributions.We incorporate
theserequirementénto the fabricationprocessuy i) processcharacterizatiospecificfor a substratenaterialand
i) applyinganappropriatgorecompensatiom the half—tonematrix[12]
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Fig. 2 Phasegampwithout Fig. 3 Phaseampwith Fig. 4 Phaseprofile of a9—fold
compensation compensatiomo post—difusion beam-splittermplementechsa RVH
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5 Analysis of phaseanomaliesand designof continuousphaseelements
Karl-HeinzBrenner

The designof diffractive optical elementsds typically performedby iterative Fourier transformalgorithmslike
the Gerchbeg-Saxton-Algoithm. In the imageplane,a desiredintensitydistribution is enforced whereasn the
elemenplanethefabricationrequirementareimplementedFor phaseelementse.g.,theamplitudeis setto unity
andthe phasds adjustedreely. In the caseof phaseslementgealizedby ion exchangeanadditionalrequirement
hasto be met: the phasedistribution hasto be continuous.This requiremenis dueto the fact that for the ion
exchangeprocesstheindex distribution arisesfrom thermaldiffusion of Ag-lons. Thusthe gradientof theindex
distribution cannotexceedtypical valuesof 2r/8unt . Accordingto the iterative Fourier transformalgorithm,
thereare two sourcesof discontinuities Regular discontinuitiesoriginatefrom the fact that the phaseis a 21
periodicfunction.

q Thesdliscontinuitiesanberemovedsimply by continuationwhich
is a procesof addingmultiplesof 2t until all phasestepshave va-
nished.The secondkind of discontinuitiesare phaseanomaliesas
shavn in fig. 1. Theseanomaliesare a seriousproblem,sincethey
appearfrequentlyandpreventa phasedistribution from beingcon-
tinuable.This can be realizedby observingin fig. 1 that someof
the edgelines of the discontinuitiesdo not form a closedregion.
A first attemptto solve this problemwas treatedin [5] for one-
dimensionabr two-dimensionabut x-y-separabl@istributionsand
for non-separabldistributionsin [2] with moderatesuccess.
Fig. 1 Anomalousphasedistribution

Thenew approachs alsobasedn theiterative Fouriertransformalgorithmbut it startsin the elementplanewith
a heightdistribution insteadof a phasedistribution. After eachiterationthe heighth is correctedaccordingo

n
30y) =1P(x3) + 67 cy) - 2n-saw (700 )
wherethe SAW-functionis a modulo-functiorwhich mapsits agumentto valuesbetween0.5and0.5. As a se-
condstep,alow-pasdilter is appliedto the heightdistribution to assurdhatthe heightgradientdoesnot exceeda
maximumvalue.Fig. 2 shavstheresultingheightdistribution for a binary256-imageasdesiredntensity(fig. 3).
Thephasecorrespondingdo this heightvariesover 4rtandis guaranteedb be continuable The digital reconstruc-
tion shavnin fig. 3 hasa standardieviation of 10 % after300iterations.

Fig. 2 Continuousheightdistribution Fig. 3 Reconstructethtensityfrom the phaseof fig. 2

Thecontinuouseightdistribution canbetransferredo abinarydiffusionmaskby half-toning,resultingin aRVH,
asdescribedn page5 of this report.
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6 Realization of planar microlenseswith long focal distance by mask-
synthesis

J. Bahr, K.-H. Brenner

We reporta realizationof microlensesith a diameterof 400 umanda focal distanceof 17mmwith diffraction
limited performanceApplicationsof theselensesarein the field of sensorssuchasin a Hartman-Shackystem
or in confocalmicroscop.

For fabricationwe exclusively usethermalion exchangein glass,sincethe parametersf this processare quite
easyto control.By combiningdifferentmaskstructuresa broadvariety of phasedistributionscanberealized Ex-
amplesncludeastigmatioor asphericalensesin our presentvork we usea synthesiof concentriaing apertures
to attainmicrolensesvith awavefrontoptimizedfor collimating/focussingurposesThe minimumfeaturesizeis
2 um, whichis givenby the photolithographi@andthewet-etchprocessappliedfor maskstructuring.Theoptimum
structureof themaskis determinedy numericalsimulationof the diffusionprocessFor simulationwe usethek-
model[7] for non-lineardiffusion problemsamplementedn cylindrical coordinatesFigurel shavs a photograph
of amaskconsistingof circularringstypical for our processFigure2 shavs the phasedistribution of anelement
afteranion exchangeprocesf 460 minutesat a temperaturef 400°C. The solid line representshe phasedis-
tribution throughthe centerof the elementmeasuredn a transmissiorinterferometerthe dottedline shavs the
simulateddata.Figure 2 indicatethe good agreemenbetweenexperimentand simulateddata. To smootherthe
index distribution we appliedan additionalpostheatingstep[1]. Figure3 shows the index distribution andthe
simulationresultaftera postheatingtime of 300minutesat40(°PC. The shapeof thewavefrontis in sufiicientap-
proximationhyperbolic,whichis idealfor focussing/collimatingipplicationsThe focal distancds 17mm which
corresponds$o a numericalapertureof 0.012. Figure4 shaws the wave aberration®f the microlenscomparedo
simulateddata.Accordingto the Maréchalcriterion the lens providesdiffraction limited performancewithin its
whole aperture By the useof differentoptimizedmaskstructuresa variety of focal distancesanbe achiesedon
onesingle substrate Applying the fabricationparametersnentionedabove, the focal length can be adjustedto
valuesbetweernlOmmand30mm which correspond$o a numericalapertureof 0.02to 0.007.By variationof the
time of ion exchangenumericalaperturesipto 0.05 canberealizedwith thistechnique.
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7 1:3 Beam-Splitting with a H-ROD Element
J. Bahr, K.-H. Brenner

We reportarealizationof a 1:3beam-splittingoperatiorusinga H-ROD elementSincethereflectionathe surface
virtually completeshe H-ROD to afull-cylindrical ROD lens,the H-ROD performstelecentricalmagingwith the
full numericalaperture[3]. A testpatternconsistingof point sourcesvasimagedover a half-pitch distance On
the surfaceof the H-ROD, which is afilter- plane[3] we depositedh specialamplitudegratingin reflectionmode
to providethatlight of the 1., -1. and0. orderof theinput patternis preseredin the element At theendplaneof
theH-ROD the dublicatedmagescouldbe obtained Figure1 shovs a schematicsetup.

filter plane \

Fig. 2 Simulationof the splitting operationusingthe
BPM method

Fig. 1 Schematicsetupof the 1:3 beamshaper

Figure2 shavs a simulationof thefilter operationwith the beampropagatiormethod.The orientationof the H-

ROD elemenis analogto thatin fig. 1, thethin white line markstheinterfacebetweertheelementandtheair. The
amplitudegratingwascalculatecholographically

For experimentalealizationwe useda half-pitchH-ROD elemenfabricatedn aSCHOT T BGG 31 substratglass
with arefractive index of 1.474.The index wasincreasedn the centerby anamountof An = 0.065 by thefield

assistedsilver-sodiumion exchange. The diameterof the elementwas 740 um, the half-pitch lengthwas 3900
um. Thefilter gratingwasdepositecon the surfaceof the H-ROD elementMatchingthe gratingwith an optical
glue,which hasa higherrefractive index comparedwith that of the H-ROD surface,enableghatlight cantravel

out of the elementat certainpointsof the surface.For demonstrationwve useda three-pointestpattern.Figure 3

shavs the pointto pointimagingof the testpatternwithout thefilter. Figure4 demonstratethe resultof thefilter

operation.

Fig. 3 Imageof thetestpatternwithoutfiltering Fig. 4 Resultof thefilter operation

References
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8 Variable Fractional Fourier Transform using an H-Rod Micr olens

D. DragomanK.-H. BrennerM. Dragoman J. Béhr, U. Kradkhardt

The fractional Fourier transform,widely usedfor signalprocessingand characterizatiompplicationsjs a linear
integral transformof a field distribution characterizedy a degree of fractionality a. We have microoptically
implemented3] afractionalFourier transformemvhich simultaneoushdisplaysa rangeof continuouslyarying
a values.Thedevice which performsthis taskis a semiglinder graded-indg mediumwith aradialdistribution of
therefractive index in adirectiontrans\erseto the cylinder axis,

n(x,y>=no(1—§(x2+y2>) x<0

calledH-rod microlens(Fig.1a).Typical valuesareny = 1.544 A = 1.2- 10~3unm ! and500 umfor the diameterof
theH-rod microlens.

fixed degree

continuous varying degree
of fradionality

a
Fig.1(a) Theoff-axisilluminatedH-rod microlensand(b) therecordedutputwhenilluminatedwith amono-

modeopticalfiber

If illuminated off-axis the H-rod microlensdisplayson its planesurfacethe fractional Fourier transformof the
incidentlight with variablea valuesin the meridionalplaneandthe fractional Fourier transformwith constant
valuein the sagitalplane.Along the z direction,the degreeof fractionalitya recordedat adistancez = am/2A is
determinedy theexcitationpositionX; andexcitationanglep; as

T Xi
tan(a 2) = nOAT)l
The rangeof displayeda valuesdependsn the angulardivergenceof the incidentlight beamandits point of
incidenceon the H-rod microlens.A spanof a valuesfrom 0.5to 1.5 is easily obtainable Fig.1b presentshe
intensityrecordedon the planesurfaceof the H-rod if illuminatedwith a monomodepticalfiber. In this casethe
outputshouldhave aGaussiarrvelopedeterminedothby thewidth of theincidentbeamandthex;,p; parameters.
Theexperimentatesultsconfirmthe shapeof theervelopeaswell asits width dependencie®ossibleapplications
of thevariablefractionalFouriertransformeiincludeopticaltomographyasa methodof reconstructinghe phase
spacdistribution of theincidentlight from fractionalFouriertransformswith variousa-values.
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9 Experimental Characterization of Micr ooptical Objectsin PhaseSpace
D. DragomanM. Dragoman J.Bahr, K.-H. Brenner

Usinganopticalset-upwhich allowstheoptimizationof blurringandamagnificatiorof theobject(Fig.1),we have
measuredor thefirst time thespectrogranof individual microlensesvith sub-mmdiameterg4]. Theangularand
spatialvariablegphasespacevariables)f the spectrogranarerelatedto the coordinatesn the outputplaneby

Y — fosinG
f = Tcosplou

respectiely wheref is the anglemadeby the rotatedslit with the x axis.

rotated slit

a b
Fig.1 Experimentaket-up Fig.2 Experimentatesults

Fig.2ashaws the spectrogranof anindividual microlensfrom a microlensarray with a diameterof about250
pm and Fig.2bis the spectrogranmof a GRIN-lenswith a 1 mm diameter;both objectswere illuminated with
a planewave. For purely phaseobjects,characterizedy a transmissiorfunction T (x) = exp(i@(x)), the phase
spaceimage(spectrogramjs given by d(kp — dg/0x) with k the wavenumberof light. In the caseof quadratic
phaseobjects,for exampleideallensesthis phasespacemageshouldbe a straightline. Fromthe slopetan® of
the spectrogranone canthendeterminethe focal lengthF of the microlensasF = fptanftand aswell asthe
eventualaberrationdgdentified as deviationsfrom the straightline. The measurementaerefoundto bein very
goodagreemenvith thoseobtainedrom experimentainterferometricresultsof the sameobjects Typical values
for thefocal lengthsof the sphericalandcylindrical lensesare f = 300mm and fo = 200 mm. Theimportanceof
phasespacaneasurements thatthey offer an optimumdisplayof informationof the studiedobject.Our results
shav thatphasespacemeasurementsf microopticalobjectscanbe performedwith a suficientaccurag.
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10 Angular Multiplexing for optical Board to Board Inter connections
R.Klug U. W. Kradkhardt andK.-H.Brenner

Opticalsignaltransmissiofenefitsamongotherfeaturesfrom its hugebandwidthwhichis exploitedcommonly
by wavelength time or spacedivision multiplexing (WDM, TDM, SDM). As opticalinterconnection®ecoming
attractve alsofor shortdistancesa furtheralternatve, angledivision multiplexing (ADM) is now applicable.
Over distancesn the orderof 10 metersthe couplingangled betweerthe symmetryaxis of a step-inde& multi-
modefiber andthe principle propagatiordirectionof a beamis consered[6] asdepictedin figure 1. This con-
senationbehaior canbeusedfor codingdifferentchannelgor multiplexedtransmissionTo exploit conseration
of couplinganglefor multiplexedtransmissiorines, suitableoptical set-upgor multiplexing andde-multiplexing
(DeMUX) operationsveredesignedanda particularDeMUX device wastested.

Whenanoff-axis Gaussiatbeamis launchednto amulti-

modefiber, theintensityin the farfield of thefiberis dis-

tributed over an annularring with the radiuscorrespon-

ding to the couplingangled. Thefinite thicknessof the
circleresultsfrom threeeffects:

1. Finite angularspectruntfinite _k>-spectrum))f the
inputbeam.

2. Dueto theuncertaintyprinciplethefinite coredia-
meterd of the fiber core resultsin an angular
spread\/d (where) is the wavelength)at the fi-
beroutlet.

3. 9-blur due to fiber interaction: Imperfectionsof Figurel: Conserationof couplingangled
boththe fiber coreandthe core/claddingnterface
inducemodecoupling,describedby amodecoup-
ling constanD [6]. Sincethis effectscaleswith the
propagatiordistance angularblur increaseswith
thefiberlengthL.

collimating
lens

focusing

direction
Themaximumnumbe of multiplexedchannelss basi-coded channels
cally limited by thenumberof modesin thefiber. Howe-

ver, cross-talkrequirementsnay reducethis numberdue

to mode-couplindeadingto &-blur. Thereforethereare Figure2: Concepfor aDeMUX device
thefiber lengthL, the corediameterd, the fiber NA and

the mode-couplingconstantD to optimizethe transmis-

sionline for amaximumdegreeof multiplexing.

TheDeMUX device mapslight distributedover differentannularings (correspondingo differentd-directions)to
separateghointsin the detectomplane.The device consistsof two lenseghatimagethefiber outputto a detector
planeandafilter to performthe mappingbetweerannularingsandpositonson the detectomplane.Basically this
filter actsasa setof prismsof differentorientationsanddeflectionangles gachclippedby anannularing. Within
eachring the deflectionangleis constaniandtunedto matchthe correspondingletectomosition.Figure2 shovs
asetupwherethedetectorsarelined-up.

Becausef designflexibility in thefirst stepwe useda computemeneratediiffractive elemenf{CGH). To achieve
high diffraction efficiengy n andlow straylight (i.e. low cross-talk)an 8-level CGH with n s 80% canbe fabri-
catedusinglithographyandreactve ion etching(RIE). Sucha deflectingcomponentanbe designedor almost
arbitrarydetectorgeometriesilt is evenpossibleto includefan-outoperations.

With abinaryamplitudeCGH anda step-inde& mulimodefiberwith acorediameterd = 200um , anNA=0.48and
alengthL = 0.4 m we could demultiplex 11 channelswith anaveragecross-talkof -11 dB [9]. A highernumber
of multiplexed channelsor lower cross-talkrequiresthe useof fiberswith higherNA or shorterdengthor smaller
couplingconstanD.

References

[6] G. Glode,Optical Paver Flow in Multimode Fibers,Bell Syst.Techn.J.51, 1767-83(1972)
[9] R. Klug, U. W. KrackhardtK.-H. Brenner DirectionalMultiplexing for opticalBoardto BoardInterconnecti-
ons,Proc.SPIE3573,p. 174-77(1998)

11



11 Micr oobjectiveswith large numerical aperture by stacking of micro-
lenses

R.Klug J. Bahr andK.-H.Brenner

In thefield of microopticsthereis ademandor objectveswith large numericalaperturgNA). Examplednclude
objectivesfor optical disksor highly light efficient collimating optics. If onewantsto usemicrolensesn these
applicationsthe NA of asinglemicrolensis not sufiicient. Consequentlanobjective shouldbe build.

For constantadiusof cunaturethe NA of a classicallenscanbe increasedy increasinghe refractive index of
the glass.In orderto avoid aberrationsasphericaburfacesarerequired.For Gradientindex (GRIN) microlenses
the maximumNA is determinedby the index differencebetweenexchangedand nonexchangedegions. These
typesof lenseshave mary advantagesver classicalensesMost importantly theindex distributionis insidethe
glass,allowing an optimizationof the index profile [1] andleaving the substratesurfacesflat. Thereforeseveral
layersof microlensescanbestacledwithoutanair interface realizingalarge NA multi-lensimagingsystemAn
additionalbenefitof stackingseverallenseds the possibilityto correctfor differenttypesof aberrationsThereby
large aperturesystemscan be correctedalsofor large fields, which would be difficult or impossiblefor a single
lenssystem.

We have alreadydemonstratedarlyer[11], thatit is possibleto designandfabricatea stacledopticalsystemswith
microlenseswhenwe realizedan off-axis confocalsensotheadwith a NA of 0.32. Now we realizedan on-axis
16x32arrayof microobjectveswith aNA = 0.45from threeGRIN-lensarrays.

For the optical design a previously developed a
GRIN-ray trace software(TraceSys)[see annual re-
port 1997] was used.Figure 1 shows the light pro- ZL

pagationthroughthe stackascalculatecby TraceSys. ti

For the design,we usedlenseswhich wereavailable
andwerecorrectedor light collimation,having a dif-
fractionlimited NA of 0.15.

The microobjectve, constructedrom 3 lenseswas
designedor a two to one demagnificatiortaskat a S "=
wavelengthof 0.63um The imaging result for test
masksis shawvn in figure 2. The NA of the objective
wasdeterminedvith theequation:

Figurel: Raytraceof a microobjectvefrom 3 GRIN
lenses

061\

Xmin

NA

Figure2: 2 to 1 imaging,linewidth in the objectplaneis

3.175um
whereA is the wavelengthand xmin is the resohed

linewidth.

The microobjectve resohes structuresof 2.4pum size. This correspondso a NA of 0.3 at the imageside of the

microobjectve anda NA of 0.15 at the objectsiderespectiely. Thusthe objective hasan overall power of 0.45,

whichis threetimeslargerthanasinglemicrolensThefabricationof microobjectveswith largerNA is possibleby

stackingsererallenslayers.Additionally the aberration®f the objective canbe correcteceitherby optimizingthe

gradientindex profile of individual microlense®r by optimizingthe systemdesign.For futurework, a combined
optimizationof gradientindex profile andsystemgeometrywill beincludedin thetracesoftware.
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12 Software Toolsfor Pattern Designin Lithography
U.W Kradkhardt, O. Doringer

In lithographytherearedifferentpatterndesriptionlanguagesnostly optimizedfor the needof microelectronics.
Exceptfor very expensie professionakoftware thereis no assistancdor interactve designor previewing of
patternsWe decidedo createsoftwaretoolsrunningunderMS-Windows™ for ourin—housdaserlithograph:

Previewer: A tool to inspectat designedatternseforethey arecorvertedor plotted.This savesa considerable
amountof timein thedesignprocess.

Expander: Helpsto extendcommonpatterndescriptionanguages$y addingcustomesspecificcommandsThis
is usefulwhenusing specialobjectslike circles,bezér curves, speciallystyledlabels,etc. The customer
specificdialectis thenmappedo the standarccommand®f anappropriatgatterndescriptionanguage.

Texter: This tool allows plotting standardext fonts of a MS-Windows—Systenby meansof a lithograph.The
userhasthe samefreedomin choosingfont, style, sizeasin commonWISIWY G—text editors.The texter
mapsthetext asa bitmapgraphicontoa userselectedstandargatterndescriptionanguage.

Designer: Puttingall the othertoolstogetherandaddinga visual draving panenaturallyleadsto a designsoft-
ware. The main differenceof this tool ascomparedo standarddesignsoftware underMS-WINDOWS is
that geometricparametergan be determinedwith high resolution.As an example,considera lithograph
with 200nm addresgrid writing on4* substratesThis meanghatcoordinatesangefrom 0 to 500.000 ap-
proximately The Metafile—formatin MS-WINDOWS encodegoordinatedy 16—bitvaluesallowing only
65.535steps.

Currently only the previeweris in aready—to—usstate Theothertoolsarein abeta—ersion—stateThe previewer
is capableof handlinghugefiles sinceonly the visible portion of a patternfile is loadedandevaluated.The user
caninteractively selecta zoomwindow with adjustablezoom factor and position within the completepattern.
If provided by the patterndescriptionlanguagethe usercanselectparticularlayersof a patternto be displayed.
Additionally, patterninformationis displayedlike boundingbox, numberof call statementspumberof ignored
commandsetc. In caseof errorswhile interpretingthefile, the errormessagearelisted with details.By double
clicking an error messagen external editor can be ervoked which supportsline addressingo displaythe line
causingtheerror.

llk Layers [_[O[ =]
Pleaze chonse the layers to be dizplayed:
v Pl i
E Testl
v
x Cancel |
Fig. 1: Main window shaving a half—tonemaskfor
thefabricationof a beamsplitterwith continuous Fig. 2: Layerselectialog
phaseby ion—exchange
L Info -0l
Design Info
Line Error Code  |Error Description
Pattern boundaries: G000 » G000 pm 3 2 Parameters e:-:pec:led.
e o Ly 1 4 5 Wiong parameter recoghized.
Filesize: 34537334 Byte (33727 KB
Cornrnands ir file: 1334273
Commands recognized: 1334272 [100.00 %)
Commands ignored: 1[0.00 %)

Fig. 3: Patterninformationdialog Fig. 4: Sectionof anerrormessage
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13 Software for Computer Aided SurfaceProfiling

U.W Kradckhadt, T. Sdhmelher S.Sdiek

Surfaceprofiling is a contactmethodfor sensingprofilesof flat surfacesIn our departmentve useanalpha—step
stylusproberfor characterizatioof micro—opticalelementsWe have developeda softwarefor remotecontrol of
the stylusproberandfor real-timedataacquisition. The datais evaluatedfor processontrol.

Thus, etchratesof a reactve ion etchingfacility (RIE) or the volume changedueto ion exchangein glasscan
be characterizedThe proberis calibratedby interferometridestingof glasssheetshaving a squarewvave surface
profile realizedby RIE.

Thealpha-steprofileris originally designedor manualoperation We modifiedthe built—in electroniccontroller
to enableremotecontrol. Thus,ausercaninteractwith the proberby a PC. Datais acquiredby meansof a ADC—
cardandis displayedon—line on the screenThe software caneasily be setto the differentconfigurationsof the
prober:Scanspeedanddepthresolutioncanbe adjustedor metricdisplayof scanningesults.

Therearetwo operatingnodesof the software:

Manual mode: The software continuouslyacquiresdatafrom the prober The usercan manually control the
prober This modeis to provide a comfortablevisual proberinterfaceasan extensionof the standardprint
out on a paperstrip. The usercaneasilyfind the region of interestanda propersetupfor scanspeedand
depthresolution.

Automatic mode: Assoonastheuserstartsascarnby pushingabuttonof the prober dataacquisitionis triggered.
To this endthe controlsignalof thesteppemotorof the proberis continuouslymonitored Sincescanspeed
anddepthresolutionareknown by set—upthe scandepthis displayedasa function of relative lateralco—
ordinates.

As the softwareis generallysuitedfor acquiringtime dependentoltagesignals thusactingasa PC basedoscil-
loscopewe callit TimeScan

/¥ TimeScan M=

File Edit Help /‘ Setup |- [Of <]
i Card |AD | View  AlphaStep | Piobe |
ScanMade:———————— Scan Direction:
 Automatic o Left
" hanually £ Right
Horizontal Magnification: G0 =
Range: S000A=500nm =
Stylus Thwipe (nur zur Information): 0ip 'I I1.D prn =
e o WEI[I Z[‘I[I 3[‘I[I 4[‘I[I SE‘I[I E[‘I[I 7[‘IEI E[‘IEI SE‘IEI 1000
\lemm - L Lancel | Refresh | Load delau\lsl Save values |
!’r: Tiggersd Mol Continuous Mode (nm]  Cortinuous Mods. [mvl‘ B | iz | X ¥ | =S |
Fig. 1 Main window Fig. 2 Parametedialogfor interactionwith the
alpha—stestylusprober
A Setup M= F Setup = [O]x]
Card |AD | View | AlphaStep | Probe | Card |AD | View |AlphaStsp Probe |
I S Scan Date: [1112.98 Actualize I
Frequency (Card): 1000 = Hz Scan Time:[13.4558 Clear I
Analog input Range: -0 625\ - Proke Comment

Mo comment .

Lancel | Refresh | Load delau\lsl Save values |

Cancel | Refresh | Load defaultsl Save values |

Fig. 3 Dialog for settingupthe ADC Fig. 4 Dialog for enteringsessiorinfo
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