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Overview of Pbotonics Researchat LawrenceLivermoreNationalLaboratory

FrankRoeske, Bob Deri,Sol Dijaili,HowardLee, MarkLowry,CharlesMcConaghy,FrankPatterson,
Mike Pocha andTed Strand

LawrenceLivermoreNationalLaboratory
P.O. Box 808, Livermore,California94550

ABSTRACT

Much of LawrenceLivennore NationalLaboratory's(LLNL)expertisein photonicswas acquired
in the execution of the NuclearTesting mission. As LLNL refocusesits resources into areas that have dual
benefit for the nation, ourphotonics programis beginning to apply our uniquecapabilities to key national
issues involving high-speed communications, while retaining the expertise to apply the technology to
defense missions. Much of the exciting work being done at LLNL will have applications in photonics
systemsandexperiments to be used in space.

We will describeresearchbeing conductedin the following areas: high-speed, 50 ohm, phased-
matched modulatorsandtheir applicationsto digital links; promising new researchon flat-paneldisplays
that will be full color, fast response,very thin, andhave a veryhigh resolution;all optical switches that are
extremely fast, integrableand do not have the latency problems that exist with currentoptical switches;
semiconductoroptical amplifiers that aremonolithically integrable,more flexible and less expensive than
existing fiber amplifiers; novel, semiconductorwaveguide devices; and automatedpackaging techniques
thatwill lower the cost of photonicscomponents.

Much of this researchcan directlybenefit the developmentof space systems where reliability,size
and cost are important considerations. Additional applications in commercial Communicationsand in
militarysystems qualifiesthe photonicsresearchatLLNL as multi-use technology.

1. INTRODUCTION

Until recently, a large fraction of effort at Lawrence Livermore National Laboratoryhad been
devoted to the design andtestingof nuclearweapons. In the Nuclearlest Program,we were faced with the
challenge of obtaing large quantitiesof data in a very short time interval. The experimentalenvironment
was extremely hostile and the data had to be recordedat a safe, distant location from the detectors. Size
was often an issue since a largequantityof detectorsandexperimentalapparatushad to be located nearthe
nuclear device and was placed in a large metal canister which was buried deep undergroundwith the
device. Reliability of the data acquisition systems was very importantsince the turn-aroundtime for
experiments could exceed a year.

These requirementsled us to developphotonicsmeansforgatheringand recordingthe data. Fiber
optic transmissionsystems havethe bandwidthcapability to allow us to transmitthe large quan_titiesof data
in the short time intervalsavailableto us. Integratedoptical techniquesallowed us to make small, reliable
and radiation-insensitive instrumentationto be placed in close proximity to the nuclear device. These
photonics techniquesled to the developmentof instrumentationsystems that could transmithigh-resolution
picturesto the recordingtrailerin a fractionof a second. An analogsystem was developed that transmitted
data over a 1 km optical data link with an equivalentdigital rate of 80 Gbit/s. This system has measured
the fastest phenomenaon a nuclearevent that hasever been recorded.

In response to thechallengingnucleartest drivenrequirements,we have gathered and built a vast
amountof photonics equipmentand capabilities. We have the knowledge and expertise to progress from
the conception anddesign stages of developing an optical data gathering system to the fabrication,testing
and implementationof thesystem.



With the waning of the requirementsto conductnucleartests, we are focussing our solid core of
knowledge andlarge amountof equipmentin integrateAopticaland electrooptical systems to key areas of
National interestinvolving high-speedcommunications. A few of these areas are described below. The
experience and expertise gained from fielding rugged, reliable, high-bandwidth photonics systems in
hostile, remoteenvironmentswith size andcosts restrictionscould be valuableto the areaof Space Systems
wherethereis obviousoverlapin manyof the requirements.

2. HIGH-SPEED, $0 OHM, PHASED-MATCHED MODULATOR

Importantcharacteristicsof an electroopticmodulatorare thebandwidth,drivevoltage
andcharacteristic impedance. Higherbandwidthmodulatorsare fabricatedby introducinga traveling-wave
electrode structureso thatthe optical andelectricalsignalspropagatethroughthe interactionregion at
nearly the same velocity. Thecloser the velocity match,become the higherthepossible bandwidth.
Theoretically, if we ignore packaginglimitationsandlosses, foran electrode structurethat is perfectly
velocity-matched to the optical index we shouldbe able to achieve bandwidthsexceeding several hundred
gigahertz. Practicallimitationsin packagingandelectrode losses limit the bandwidthof phased-matched
devices to <_50 GHz.

Low drive voltage is also importantto get the maximummodulationdepth when the modulators
are drivenwith typical signalsused in communicationtransmission systems. Improvedvelocity matching
requiresthicker electrodes which in turn,lowers the device impedance.Lower impedance,however, means
higher drive voltage andis undesirableforgood device performance.However,velocity matcheddevices
can have longerelectrodes which canmitigatesome of these effects andcan achieve a lowerV_ thana
non-velocity matcheddevice.

The modulatorsshouldhavea characteristicimpedanceof 50 ohms since mostcommunications
systemsuse that value.Any device withnon-50ohmcharacteristicimpedancewill introduceunwanted
reflections on the signallines. Typicallythisproblemhasbeen circumventedby addingimpedance
matchingresistors in the device packageor reactivelymatchingover some narrowerbandwidth. This
approachcomplicates the packagingand lowers thebandwidthof the packageddevice.

2.1 Device Structure

We havedesigned andbuilt modulatorsusing the thickelectrode/bufferlayerapproach
thatcomes veryclose to achieving the desired .50-ohmcharacteristicimpedanceand a velocity match,while
maintaininga reasonablylow drivevoltage.

Fig. 1 shows how these devices differfromthe conventionalmodulatordesign. Ourdevices use
X_cut LithiumNiobatecrystals with a co-planarelectrodedesign. The wavegui_teswere fabricatedusing
the annealedprotonexchangeprocessand these devices were designed to operateat 800 nm.

The desiredcharacteristics of the modulatorareobtainedby using a thick electrode structureand
thecombinationof a relativelythick SiO2 bufferlayer anda large gap between the signalandgroundplane
electrodes. This combinationof designparametersgives us a nearly phasedmatched device approaching
the 50-ohm characteristicimpedancegoal. Fig. 2 shows the ideal parametersthat we are strivingforand
two devices we have fabricated.

2.2 Device Performance

One concernwith the approachwe are takingis that most of themethods we use to
phase-matchandobtaina 50-ohm characteristic impedancetendto pushthe drivevoltage up. Inorderto
bringthedrive voltage backdown it is necessaryto makethe device as long aspossible. For a truly
phased-matched,Iosslessdevice, this is nota seriousdrawbacksince therewill not bebandwidth
degradationdue to the optical andmicrowavewalkoff. Electrode loss, however,comes into play at higher
frequencies.
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We have been able to obtain a very reasonable value of 5 volts for the drive voltage for devices
that have electrode structures 10 mm long. The frequency response of the device up to 26 GHz is shown in
Fig. 3. The -3db point falls at about 24 GHz for this device. Past 24 GHz the device shows a region with
serious resonances in the response as well as a faster than desired falloff in response. The problem in this
area is most likely due to the tapers that interface the electrodes to the Wiltron connector. To correct this,
we are considering fabricating the tapers off of the niobate chip. While this may solve the frequency
performance problems, it will complicate the packaging procedure.
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Figure 3 Swept Frequency Data for 50 ohm/phase matched Device

3. NEW MATERIALS FOR OPTOELECTRONIC AND PHOTONIC APPLICATIONS

The goal of this effort is to develop and implement new materials for optoeleetronies and
photonies. This is directed towards improving present capabilities and perhaps enabling new ands



unforeseentechnologies. Two examplesof systemsunderstudyarenanocrystals(poroussilicon) and
fullerenes.

3.1 Nanocrystals

Nanocrystalshave two attractivepropertiesforopteelectronicsandphotonics: enhancedlight
emission andenhancedopticalnonlinearities. Improvedluminescentpropertiesbenefitcolor flat panel and
three-dimensionaldisplays,light emittingdiodes (LED), andlasers,while an enhancednonlinearoptical
responsecan be appliedtowardsopticalswitching,optical limiting,andharmonicconversionapplications.

Silicon nanocrystalsfulfill several importantrequirementsin this effort. It has long beendesired
to developsilicon lightemittingdevices. Thiswould enableoptoelectronicsto be basedentirelyon silicon.
There presentlyexist silicon-baseddevices to accomplishthis (waveguides,detectors, etc.) save for the
crucial light emittingdevice. Opticaldevices of siliconintegrateeasily with standardsilicon
microelectronicsand their fabricationexploitsmaturesilicon microprocessingtechniques. Silicon crystals
are moreeconomicalandeasily grown thancompoundsemiconductors.Unfortunately,the indirect
bandgapin silicon greatlydiminishesits light emission andlimits its luminescenceto a spectralregionnear
its bandgap(1.15 eV). However,poroussilicon andsilicon nanocrystalsshow efficientphotoluminescence
and electroluminescencein the infraredandvisible.

In collaborationwith the Universityof CaliforniaatDavis, we havemade silicon nanocrystals
thatphotoluminescein the red, green,andblue,dependingon the detailsof theprocessing, andwith
efficiencies of a few percent.The photoluminescencespectraareshown in Figure4a. These silicon
nanocrystalsare being developedas economicalandefficientmulti-color phosphorsfordisplays. We have
also succeeded in fabricatingarraysof miniatureporoussilicon-basedLED's emittingthroughoutthe
visible andin the near infraredregion. The visible electroluminescence(EL) wouldenablecolor flat panel
displays to be made fromarraysof poroussilicon-basedLED's. The infrared EL, shown in Figurelb,
covers the technologically importantregionnear 1300and 1500nm andrepresentsthe first infrared LED
madefrom poroussilicon. Ourresultsvalidateporoussilicon as a useful materialforoptoelectronic
devices. We are continuingto developporousandnanocrystallinesilicon as light sources (coherentor
incoherent)foroptoelectronicsandphosphorsfordisplays.

100 5.0 • • I ' s • I • -

_'80 _4.0"_ =

. 4o
2 _

20 _ 1.0

0 0"0800 1000 1200 1400 1600500 750

Wavelength(nm) Wavelength(nm)

Fig.4aPhotoluminescencespectraofSinanocrystals Fig4b Electroluminescencespectrumof
porousSiLED

3.2Fullerenes

Fullerenesaresoccerball-shapedcarbonmoleculesconsistingmainlyofC60 andC70.They
representanewclassofmaterialswithinterestingpropertiesforoptoelectronicandphotonicapplications.
We havefocusedontheirpotentiallylargeandfastnonresonantZ(3)nonlinearityforbroadbandswitching
applications.Inaddition,thesimplicityoffabricatinghighopticalqualitythinfilmsandguidedwave



structures,andtheeconomy of producinglargequantitiesof materialenhancetheir value. Potential
applicationsincludeall-opticalswitching,nonlinearwaveguides,andopticallimiting.

We havecompleteda comprehensivestudyof thenonlinear opticalpropertiesof fullerenethin
films. We found theirnonlinearoptical responseto be surprisinglylarge andfast. The figureof merit
(FOM) of fullerenesforall-opticalswitchingis competitive with optical fibers,which has one of the largest
FOM of existing materials for all-opticalswitching. However,the large FOM foroptical fibers resultsnot
from a largen2, butratherfromsmall two-photonabsorption. Consequently,all-opticalfiber switches are
hundredsof metersto kilometersin length,makingthemcumbersomeandcreatingsignificant latency
problems. Alternatively,the muchlarger Kerrindex (n2) alongwith theultrafastnonlinearoptical response
of fullerenes enablesconsiderablysmallerswitches(millimeters)to be fabricatedin an integratedoptics
approachandpotentiallyhigh-speedoperationin theTbit/sregime. This effectively eliminates the latency
problem. We have demonst:atedthe firstfullerene-basedall-opticalswitch usinga C70 thinfilm anda new
device design. In this initial effort,we demonstratedaconservativeswitching speedof 82 MHz along with
a switchingenergyof a few 10's of picojoules. Theoutputof this switch is shownin Figure5. We are
working to optimize andimprovethis performance.To implementan integratedopticsapproach,we also
developeda process to patternC.60into guidedwave structures. Though fullerenesare a new material,
theirunique opticaland nonlinearpropertieswarrantclose scrutiny foroptoelectronicandphotonic
applications.
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Figure 5 Output from all-optical switch using C70 thin film

4. DEVELOPMENT OF SEMICONDUCTOR OPTICAL AMPLIFIERS FOR FIBER-OPTIC
DATA LINKS

Optical amplifiers have revolutionizedthedesign of fiber-opticcommunicationsystems. Erbium-
doped fiberamplifiers(EDFA), have enabledhundredsof thousandsof simultaneoustelephone
conversationsacross continents on a single fiber-opticcable. However,the use of EDFA's is limited due to
their large cost ($40,000) andsize as well as severalperformance issues like theirrelatively narrowand
uneven gain spectrum,an inabilityto performas switchesandbecausethey are not monolithically
integrablewith otherdevices. Semiconductoropticalamplifiers(SOA) are attractivealternativesbecause
they are inexpensive,miniature,extremelywavelengthflexible andcanused asexternal modulatorsor as
switches in networks. Severalobstacleshavepreventedthemass deploymentof SOA'sinto today'soptical
communicationsystems: 1) polarizationsensitivity,2) unacceptablenoise figure,3) limited outputpower,
4) large inputandoutputcoupling losses, 5) limited datarate- time domaincrosstalk, and6) wavelength
division multiplexing(WDM) crosstalk. Recent workatPhilips OptoelectronicsI andAT&T2 using



strained multiple quantum well (MQW) amplifiers has significantly impacted problems 1-4. LLNL has
invented a technique to eliminate SOA crosstalk in both the temporal and spectral domains (obstacles (5)
and (6)).

4.1 Capabilities for semiconductor optical amplifier development

Several capabilities are required to fabricate and package SOA's. We have developed a self-
aligned narrow ridge waveguide process for single quantum well GRINSCH InGaAs/GaAs/AIGaAs
lasers. The lasers routinely achieve 20 mA thresholds for lmm long devices and 12 mA for 500 Ilm long
devices. These thresholds are comparable to the best thresholds reported for uncoated devices. Incidental
to this self-aligned ridge waveguide process, we have developed a thick oxide liftoff process for ridge
structures in GaAs/AIGaAs material. High gain, high fidelity SOAs require facet reflectivities below

=10 -4. We have developed laser diode based in-situ monitored anti-reflection coating hardware. For
convenience and ease we are presently utilizing a combination of moderately tilted facets (3) and SiO or
A1203 coatings.

Another key technology is the ability to package and fiber pigtail the SOA's. We are developing
automated techniques to reduce the cost of packaged optoelectronic (OE) devices. This will be discussed in
section 6.

4.2 Crosstalk Elimination in Semiconductor Optical Amplifiers

For time division multiplexing (TDM) applications, the main limitation of standard semiconductor
amplifiers operating at the milliwatt power level is the gain recovery time which is limited by the carrier
lifetime to about 1 ns. This gain recovery problem limits the data throughput of semiconductor optical
amplifiers to about a GBit/s due to gain saturation cross-talk (intersymbol interference (ISI)). This data rate
is insufficient even for today's optical links such as the synchronous optical network (SONET) OC-48
standard, which operates at a 2.5 GBit/s.

Fig. 6a amd Fig 6b show experimental pump-probe data for standard GRINSCH and double
heterostructure SOA's comapared with the LLNL process. Here a saturating optical pulse is coupled into
the SOA followed by a weaker, probe pulse with adjustable delay. The transmission of the probe pulse as a
function of time delay directly maps out the gain recovery of the'SOA. In Fig 6a, the standard process
recovery doesn't occur until approximately 2 ns and in Fig 6b, it takes roughly 1 ns for the standard process
to reach zero. Our process is an order of magnitude improvement over the standard.
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Using our SOA process, the gain recovery times are shortened by more than an order of magnitude
for both quantum well and double heterostructrue devices. Calculations indicate the error-free data
transmission up to 20-30 Gbit/s will be possible with SOAs.



For wavelength division multiplexing (WDM) applications, the gain saturation induced by one
wavelength channel causes disruptive modulation of other wavelength channels. This problem has
preventedSOAs from useful applicationin WDM systems. Fig. 5 shows the results of WDM crosstalk
measurementson a standardSOA (Fig. 7A) and on the LLNLSOA (Fig. 7B)
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This dramatic suppression of the crosstalk will allow our SOA device to be employed in WDM
multi-channel links. For reference,AT&TBell Lab'sbest published suppression of crosstalk distortion is
14 dB and their technique is limited to "tuning" the gain of an electrical amplifier to that of the optical
amplifier in a feed-forwardmanner3. We believe that our crosstalk suppression technology will facilitate
the widespreaddeploymentof SOAs into fiber-opticsystems.

5. SINGLE CHIP WAVELENGTH DIVISION MULTIPLEXED TRANSCEIVER

Wavelength division multiplexing(_DM) is a verypowerful techniqueto multiply the numberof channels
of information that is carriedon a single optical fiber.The main drawbackpreventingthe implementationof WDM
currentlyis the lack of a good low cost transceiverto convert the electrical signals to light of differentfrequencies
andmultiplex themonto a single fiber, andto convertthemback to electricalsignals at the otherend. Recently,
researchersat Bellcore have developeda laser sourceusinga curved gratingand an arrayof laserdiodes on a single
chip that providesa discretely tunabletransmitter4 Using apassive gratingchip they have also madea wavelength
demultiplexerfora receiver5. We are buildingon this workto developa quickly (nanosecond)reconfigurable
WDM transceiver that will simultaneouslyoperateatmany wavelengths.

The structurewe haveDesigned is shownin Fig. 8. It is a single OaAs chipencompassinga passive grating
and active waveguideamplifiersections. The input/outputwaveguideis designed to be gain leveled and the rest of



the arrayof activelasers(p-njunctionridgewaveguides)havetwo electrodes insteadof just one. Gain leveling of
the input/outputwaveguidewould be usedto stabilizethe gaincharacteristics.The split electrodeson the remaining
waveguides could be used to changetheactiveregionunderthe endelectrode(by changing the bias) from a lasing to
an absorbingregionand thusact as a detectorof the signalin that channel.The secondelectrode region would
providepreamplificationof thesignal _ocompensateforgratinglosses. Carefuldesign of these electrodes is
necessary to providethe properbalancebetween amplificationandabsorptionof the signal.

Technicalchallenges includedevelopmentof the fabricationprocess for the slabwaveguide gratingsand
monolithic integrationof the active andpassive guidesby epitaxiairegrowth.We have established the
etching andregrowthtechnology andare in theprocess of fabricatinga set of passive gratingsas a proofof
principleexperiment.
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6. AUTOMATED OPTOELECTRONIC PACKAGING AND FIBER PIGTAILING

At present,the cost of optoelectronic(OE) devices is dominatedby theeffort requiredto package
thosedevices into an integratedsystem. Componentssuch as laserdiodes andmodulators,desig_ledfor
high-performanceapplications,aresingle-mode devices; theymust be connected togetherusing optical
fibersor othertype of waveguidewithsub-micronalignmentaccuracies. Presently,OE packagingis
usually performedby highly skilledtechnicianslooking throughmicroscopesandmanuallyadjustingsub-
micronstages. Once the alignmentis correct,the componentsmustbe held in place usingepoxy, solder,or
other attachment techniquein such a mannerthat noneof the componentsmove duringthe attachment
process. This labor-intensiveprocess resultsin only a few packagesbeingproducedperday by each
technician. The packagingcosts are usuallyby far thehighest fractionof the total cost of an assembledOE
package,particularly for high-performance,single-modedevices. The consequencesof this low-volume
labor-intensiveprocessof packagingOEdevices are readilyapparent. The costs aretoo high to allow the
advantagesof fiber optics to penetratesuch marketsason-chipinterconnects,interboardconnections in
computers,local areanetworks,or fiber to the home.

At LLNL, we believe thatautomationof thepackagingcould significantly reducethe costs of OE
devices. The electronics industryhas successfullyreducedthe costs of its productsthrough the massive use
of automation,includingrobotics,partshandlingandfeeding, andin-situ qualitycontrol. A simple model,
which takes into accountthe initialcost of theautomatedmachinery,the laborcosts of an operator,and the



material costs of the devices, shows that substantial cost savings may also be realized in the optoelectronic
industry at even modest production rates. Unfortunately, the sub-micron precisions
required for OE packaging greatly exceed the requirements of the electronics industry. The automated
systems developed to assemble integrated circuits cannot be applied to the problem of packaging
optoelectronic circuits.

To help the US OE industry progress in this crucial area, we are designing and building a machine
for automating the packaging of OE devices. The initial task of our Automated Fiber Pigtailing Machine
(AFPM) will be to align a single-mode fiber to each end of a Mach-Zehnder modulator. The AFPM uses a
two-step alignment procedure to achieve sub-micron accuracies. The first step of the alignment, the so-
called coarse alignment, uses a two-view camera system and object-recognition software to identify and
locate the optical fiber and the waveguides in the lithium niobate substrate. The computer then sends the
commands to move the fiber within a few microns of the waveguide; this is sufficiently accurate to couple
some light between the waveguide and the fiber. For the second step of the alignment, which we call the
fine alignment, a laser diode is turned on and the light passing between the components is monitored with a
photodiode while the sub-micron stages complete the alignment. The fine adjustments are made by
maximizing the amount of light coupled between the fiber and the modulator. This combination of coarse
and fine positioning techniques will result in faster, less expensive automated systems.

Vision system
for top view

i_posltloners

Fig. 9 A CAD drawing of the AFPM

The software that controls the AFPM and analyzes the camera images is presently in C-language
on a 486-based PC; we are planning to make the software compatible with a Macintosh, also. The views of
the top and side CCD cameras are recorded by a frame grabber with 480 x 640 pixels which provides
approximately 800 micron fields-of-view with 1.44 micron resolution. Both cameras are mounted on
translation stagesto provide automatic zoom and focus as well as to view different areas on the modulator;
in addition, the top camera is mounted on a rotary stage to move that camera out of the way for the
application of epoxy to attach the fibers. The stages that position the fibers have 25 mm of travel and 0.05
micron resolution. These stages have sufficient travel and sufficient resolution to satisfy the requirements
for both the coarse and fine alignment procedures. At present, the computer takes approximately 10
seconds to acquire and analyze the images from the cameras; the subsequent coarse alignment motion of
the stages takes less than 1 second. Generally, 6 to 10 images are needed to move the fiber from outside the
camera field of view to within a few microns of the modulator waveguide. This means that the coarse
alignment takes one to two minutes. The fine alignment of maximizing the amount of light passing between



the components uses the patented AutoAlign "hill-climbing" algorithms developed by Newport/Klinger.
This procedure also takes one to two minutes for a total time to perform sub-micron alignments of less than
five minutes. Future hardware and software upgrades should reduce this time by nearly an order of
magnitude. A CAD drawing of our AFPM is shown in Fig. 9.

The active alignment procedure being applied to the modulator i_lthis prototype AFPM is also
directly applicable to pigtailing laser diodes. We are also working on fiber attachment techniques which
are compatible with high-volume production rates. There are many applications, however, in which passive
components require high precision alignments. We are investigating the use of tactile feedback to perform
the fine alignment of, say, flip-chip bonded components or fibers into silicon V-grooves. Performing sub-
micron alignments at high production rates suggests that machine vibrations may be a concern; we are also
addressing ways to incorporate active vibration control into the design of the AFPM.

We are designing and building silicon microbencbes with geometries that are compatible with
automated processes. Silicon microbenehes provide the stability required to maintain the sub-micron
alignment tolerances necessary for single mode operation. We design our microbenches with discrete areas
for OE device attachment and areas for fiber attachment. For example, the microbench shown in Fig. 8 is
for packaging a 1550 mr DFB laser. This microbench is 13 mm long by 6 mm wide and 0.5 mm thick. On
the left half of the microbeneh, we photolitho-graphically pattern gold pads to provide a ground plane for
the laser and stress relief pads for the wire bonds. To attach the fiber on the right half of the microbeneh,
we pattern two heating elements made of polysilico.n which are connected to gold bonding pads for
electrical contact. In the center of each heater, we patteni ttgold pad on a layer of silicon dioxide. This
gold pad provides the solder attachment base while the silicon dioxide electrically isolates th.e gold pad
from the polysilicon heater. The gold pads are 1 mm by 0.5 mm each and are sufficiently large to solder a
250 micron diameter fiber at each attachment pad. Presently, we use either 100-micron diameter solder
balls or solder paste to attach the metalized fiber.

OE device _-" _"- Fiber attachment
mount

Polysilieon Silicon
Laser diode heaters

\
Metalized fiber

Strain Ground Gold Gold pads on
relief plane electrical silicon dioxide
pads contacts

Fig. 10 Microbench for packaging DFB laser

We originally built silicon microbenches with on-board heaters to pigtail single-mode fibers to
high-powered 800 nm laser diodes. The performance of the polysilicon heaters on this prototype is very
reproducible using a power supply that allows us to accurately control the magnitude and time of the
applied current. For this application, we use active feedback to align the fiber to sub-micron accuracies.



While the fiberis held in the position thatmaximizesthe opticalcoupling,currentis passed throughthe
heaterto reflow the solder;the solderthenwicksaround the metalized fiber. We typicallyapplyone amp
of current forapproximately0.5 sec to reflow the solder. We observeno decreasein the light coupled

. from the 800 nmlaserdiode into the single-modefiber afterthe solder hascooled andhave achieved upto
65% opticalcouplingefficiency with conically taperedfibers. Commerciallyavailablesingle-mode laser-
diode pigtailstypically have25 - 30%couplingefficiencies.

Ourmicrobenchgeometrieswith on-boardheatersallow rapidattachmentof notonly the fiber but
also othercomponentsto be placedon the microbench.Applying largercurrentsfor longer periodsof time
allows solder reflow atotherlocationson themicrobench. Using solderswith differentmelting
temperaturesandjudiciously choosing the orderof attachmentallows a varietyof components to be
solderedto the microbenchwithoutmovement of previously attachedcomponents. Generally,components
furthestfrom a heaterareattachedf'LrStusinga highcurrentthroughthe heater. We canhand solder a
thermo-electficcooler, a thermistor,andalaser diode ontoour microbenchat differentdistancesfromthe
heaters in less than 15 minutes. The placementof these componentsdoes notrequiresub-micron
alignment;we envision that theplacementand solderingof these components onto themicrobenchescould
be performedby an automatedsystem in only a few seconds. As the last step, the fibermustbe aligned to
sub-micronaccuraciesand then be attachedusing the leastcurrentthroughthe heaters.

The idea of on-boardheaterslends itself to applicationsother thanpackaginglaser diodes. We are
presentlydesigning a longermicrobenchwith heatersat each end to pigtailboth _ds of a semiconductor
optical amplifier. We arealso investigatinggeometries compatiblewith high speedapplicationsin which
on-boardtransmissionfineswill be neededto provide sufficientbandwidthfor the OE device.

7. CONCLUSION

LLNLhas expanded its photonicseffort, based uponhigh-speedphotonicsresearch fornuclear
testing,to addresskey nationalissues involving high-speedcommunicationsand photonicscomponents.
The philosophyat LLNL hasbeen to embracea hybridizationapproachthatwill allow access to the full
spectrumof existing opto-electmnicandelectronicmaterialssooner;than awaitingfull integration. This
approach,calleda hybridOptoelectronicMulti-chipModule (OEMCM)uses a sificonwaferboardon which
optical components (modulators,lasers, optical receivers, waveguides, opticalamplifiers, etc.) are
interfacedwith micro-electroniccircuits. The areasof researchdescribedin this paperarekey
developments thatwill lead to thehybridOEMCM,as well as have valuableapplicationson theirown.
Because of the requirementsof high-bandwidth,small size, high reliabilityandlow cost these
developments shouldbe a significantbenefit for the Aerospace industry,as well as manyotherUS
industries- particularlyas the informationage fully matures.
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