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Abstract raThe high cost of optoelectronic (OE) devices is INTRODUCTION
due mainly to the labor-intensivepackagingprocess. Manually
pigtailing such devices assingle-mode laserdiodes and modula- OE devices cost too much
tors is very time consuming with poor quality control. The
Photonics Programand the Engineering Research Division at At present,the cost of optoelectronic devices is dominatedby
LLNL are addressing several issues associated with automati- the effort requiredto package those devices into an integrated
caUy packaging OE devices. A fury automated system must system. Components such as laser diodes and modulators,de-
include high-precision fiber alignment, fiber attachmenttech- signed for high-performanceapplications, are single-mode de-
niques, in-situ quality control, and parts handling and feeding, vices; they must be connected together using optical fibers or
This paperwill present on-going work at LLNL in the areas of other type of waveguidewith sub-micronalignment accuracies.
automated fiber ali_lment and fiber attachment. For the fiber Presently, OE packaging is usually performed by highly skilled
alignment, we arebuildi_g an automated fiberpigtailingmachine technicians looking through microscopes and manually adjust-
(AFPM) which combines computer vision and object recogni- ing sub-micron stages. Once the alignment is correct, the com-
tion algorithms withactive feedback toperform sub-micron align- ponents must be held in place using epoxy, solder, or other at-
merits of single-mode fibers to modulators and laser diodes. We tachment technique in such a manner that none of the compo-
expect to perform sub-micron alignments in less than five min- nents move during the attachment process. This labor-intensive
utes with this technology. For fiber attachment, we are building process results in only a few packages being produced per day
various geometries of silicon microbenehes which include on- by each technician. The packaging costs are by far the highest
board heaters to solder metal-coated fibers and other components fraction of the total cost of an assembled OE package. The con-
in place; these designs are completely compatible with an auto- sequences of this low-volume labor-intensive process of pack-
mated process of OE packaging. We have manually attached a aging OEdevices are readily apparent. The costs are too high to
laser diode, a thermistor, and a thermo-electric heater to one of allow the advantages of fiber optics to penetrate such markets as
our microbenches in less than 15 minutes using the on-board on-chip interconnects, interboard connections in computers, lo-
heaters for solder reflow; an automated process could perform cal area networks, or fiber to the home.
this same exercise in only a few minutes. Automated packaging
techniques such as these will help lower the costs of OE devices. OE packaging must be automated

At LLNL, we believe that the pack-
_o5 ' ' ' .... , ........ , ........ , ........ , ........ , ....... aging process must be automated to sig-

Almurnee: Labor coets ,: $160k/yr Machine throughput:

Equlpmemcosts 103/yr- 125min/pigt,al nificantly reduce the costs of OE devices.
Automated - $100k/$1ff 104/yr - 12.5 mtn/piglall The electronics industry has successfully_. Manual • $50k/Syr .,o; ...........

104 _ _ _11h ...... lu-,yr.. 1.Z_ mlruplgtall

---__ "-....... reduced the costs of its products through
"'" 106/yr=7.s,_._pim,_l the massive use of automation,including

_'_ _d.__*_/_ot-,i__e, robotics, parts handling and feeding, and

lO3 r in-situ quality control. A simple model

(Figure 1),whichtakes into account the ini-

100 _ _._. tial cost of the automated machinery,the
o _ laborcosts of an operator, and the material

,L- _....t:_.s..._, costs of the devices, shows that substantial
E.Um.t.nr.o,r_,nt . cost savings may also be realized in theop-

10 "n_te_le.mmB_ e._. _.=___.._.7_._ toelectronic industry at even modest pro-. - - - _ duction rates. Unfortunately, the sub-mi-
1 ........ ' ........ ' ........ ' ........ _ ........ , ". .... cron precisions required for OE packaging

1 10 100 103 104 10 5 106 greatlyexceed the requirementsof theelec-
Market Volume(pigtails/year) tronics industry. The automated systems

Figure1. Substantialcostsavingsmaybe realizedatevenmodestproduction developed to assemble integrated circuits
rates. Anautomatedsystembecomeslessexpensivethanmanualpigtailingat cannot be applied to the problemof pack- ,

approximately100pigtailsperyear,or onepigtaileverytwoor threedays. aging optoelectronic circuits.



AUTOMATEDFIBERALIGNMENT view differentareason the modulator;,in addition,the top cam-
erais mountedon a rotarystage to move thatcamera out of the

Our AFPM achieves sub-micron accuracies way for the applicationof epoxy to attachthe fibers.The stages
supportingthecamerasystemsarehigh precision stages; the po-

For the past severalyears, we have been workingon a project sitionsof thecamerasarerepeatiblewithin 2 to 5 microns. There
to design and build a machine for automatingthe packagingof aresome alignmentproceduresin which the objectsrequiredto
dE devices. The initial taskof ourAutomatedFiber Pigtailing performagiven alignmentcannotall be containedwithin a single
Machine (AFPM) will be to align a single-mode tibet to each field-of-view. It is often necessaryto accuratelymove from one
end of a Mach-Zehndet modulator TheAFPM(Figure2) usesa field-of-view to anotheralong the modulatoror to move between
two-step alignment procedureto achieve sub-micronaccuracies, two focal planes without losing absolute position information.
The first step of the alignment, the so-called coarse alignment, The stages thatposition the fibers areNewport/Klinger PMS00
uses a two-view camerasystemandobject-recognitionsoftware with 25 mm of travel and0.05 micronresolution. These stages
to identify and locate the optical fiber and the waveguides in the have sufficient traveland sufficientresolution to satisfy 111ore-
lithium niobate substrate. The computer then sends the corn- quirementsfor both the coarse and fine alignment procedures.
mands to move the fiberwithin a few micronsof the waveguide; At present, the computer takesapproximately 10 seconds to ac-
this is sufficiently accurate to couple some light between the quireand analyze the images from the cameras; the subsequent
waveguide and the fiber For the second step of the alignment, coarsealignmentmotion of the stages takes less than 1 second.
which we call the fine alignment, a laser diode is turnedon and Generally,6 to 10 images are needed to move the fiber from
the light passing between the components is monitoredwith a outside the camera field of view to within a few microns of the

photodiode while the sub-micronstages complete the alignment, modulatorwaveguide.This meansthatthecoarsealignmenttakes
The fine adjustmentsare made by maximizing the amount of one to twominutes.Thefinealignmentof maximizingtheamount
light coupled between the fiber and the modulato[ This combi- of light passing between the components uses the patented
nation of coarse and fine positioning techniques will result in AutoAlign "hill-cfimbing" algorithms developed by Newport/
faster, less expensive automatedsystems. Klinger.This procedurealso takesone to two minutes fora total

time to perform sub-micron alignments of less than five min-
utes. Futurehardwareand softwareupgradesshouldreduce this

D _ Visionsystem time by nearly an orderof magnitude.
V lfortopviow

i_ ' Visionsystem The AFPM could be usedfor passive alignment
I 11

L....ff/_ _ Rberholder The active alignmentprocedure being applied to the modulator

_ _ in this prototypeAFPMis also directlyapplicable to pigtailing

laser diodes; the laser diode itself could be turnedon to provide

Waveguide the light outputwhich wouldbe monitoredat the opposite endof

__:______ the fiberbeing pigtailed. Therearemanyapplications,howevez;
in whichpassive components requirehighprecisionalignments.
We are investigating the use of tactile feedback to performthe

2ne alignment of, say, flip-chip bonded components or fibersiato siliconV-grooves. Inthis scenario, the vision system would
be used to align the component to within a few microns,as be-

Figure 2. OurAFPM uses a two-stepalignmentprocedureto fore, andthenthe fine alignmentsystem wouldachieve the high-
obtainsub-micronaccuracy, precision alignment by monitoring a tactile feedback system.

Multi-modefiberattachmentsgenerallydo notrequiresuchhigh
precisions,so the AFPMcould perform those alignments using

Sub-micron alignment takes only afew minutes only the coarse alignmentvision system.

The software thatcontrols theAFPM andanalyzes thecamera AUTOMATEDFIBERATTACHMENT
images is presently in C-language on a 486-based PC; we are
planningto makethesoftwarecompatiblewithal_¢acintosh,also. Weare developing attachment techniques compatible with
The views of the top and side CCD camerasarcrecordedby a automation
framegrabberwith 480 x 640 pixels which provides approxi-
mately 800 micron fields-of-view with approximately1.4 mi- Full advantageof the short alignment times achieved by the
cron perpixel resolution. Both camerasaremountedon transla- AFPM cannotbe realized unless all otherprocesses associated
don stages to provide automatic zoom and focus as well as to with the packagingarealso short in duration.An importantad-



ditional aspect of our automated packaging concept is the ers to pigtail single-mode fibers to high-powered 800 nm laser
pigtailing of the optical fiber to the OEdevice. Weare designing diodes (Figure 4). The performance of the polysilicon heaters
and building silicon mierobenches with geometries that are corn- on this prototype is very reproducible using a power supply that
patible with automated processes. Silicon microbenches pro- allows us to accurately control the magnitude and time of the
vide the stability required to maintain the sub-micron alignment applied current. For this application, we use active feedback to
tolerances necessary for single mode operation, align the fiber to sub-micron accuracies. While the fiber is held

in the position that maximizes the optical coupling, current is
Our silicon microbenches have on-boardheaters for fiber passed through the heater to reflow the solder, the solder then
attachment wicks around the metalized fiber_We typically apply one ampof

current for approximately 0.5 see to reflow the solder Weob-
We design our microbenches with discrete areas for OE de- serve no decrease in the light coupled from the 800 nm laser

vice attachment and areas for fiber attachment. For example, the diode into the single-mode fiber after the solder has cooled and
microbench shown inFigure 3 is for packaging a 1550 nm DFB have achieved up to 65% optical coupling efficiency with coni-
laser. This microbench is 13 mm long by 6 mm wide and 0.5 eaUy tapered fibers.
mm thick. On the left half of the microbench, we photolitho-

OE device_ _ Fiberattachment
mount
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Figure3. Our siliconmicrobenchesuseon-board
polysiliconheatersto simplify componentattachment

andfiberpigtailing. Figure4. Thepolysiliconon-boardheatersare
compatiblewith sub-micronalignmenttolerances.

graphicallypatterngoldpadsto providea groundplanefor the
laser andstressrelief pads for the wire bonds.To attachthe On-boardheaterssimplify theattachmentof other components
fiberontherighthalf of themicrobench,wepatterntwoheating
elementsmadeof polysiliconwhichareconnectedtogoldbond- Ourmicrobenchgeometrieswith on-boardheatersallowrapid
ing padsfor electricalcontact.In thecenterof eachheate_;we attachmentofnotonlythefiber but alsoothercomponentstobe
patterna goldpadona layerof silicondioxide.This goldpad placedonthe microbench.Applying largercurrentsfor longer
providesthesolderattachmentbasewhilethesilicondioxideelec- periodsof time allowssolderreflow at other locationson the
trically isolatesthe goldpad from thepolysiliconheater The microbench.Usingsolderswith differentmelting temperatures
goldpadsare 1 mmby0.5 mmeachandaresuficientlylargeto andjudiciouslychoosingtheorderof attachmentallowsa vari-
soldera 125microndiameterfiberateachattachmentpad.Pres- ety of componentsto be solderedto the microbenchwithout
ently,we useeither 100-microndiametersolderballsorsolder movementofpreviouslyattachedcomponents.Generallscorn-
paste toattach the metalized fibez These on-board heaters elimi- ponents furthest from aheater are attached first using a high cur
hate the need for cumbersome soldering irons or hydrogen flame rent through the heater. We can hand solder a thermo-electric
set-ups to reflow the solde_ cooler, a thermistor, and a laser diode onto our microbench at

different distances from the heaters in less than 15 minutes. The

The on-board heaters allow sub-micron alignment of single placementof these componentsdoes not require sub-micron align-
mode .fibers ment; we envision that the placement and soldering of these com-

ponents onto the microbenches could be performed by an auto-
We originally built silicon microbenches with on-board heat- mated system in only a few seconds. As the last step, the fiber



must be aligned to sub-micronaccuraciesand thenbe attached
using the leastcurrentthroughthe heaters.

Weare designing microbench geometries for other applica-
tions

The idea of on-boardheaterslendsitself to applicationsother
than packaginglaserdiodes. We arepresentlydesigningalonger
microbench with heaters at each end to pigtail beth ends of a
_miconductor opticalamplifiez As hybridOEMCMgeometries
become morecomplex, on-boardheaterscouldprovidemoreflex-
ibility in the packaging process. On-boardheaterscould be de-
signed to achieve solder reflow forbump-bondattachment;this
would provide localized heating ratherthanelevating the tem-
peratureof the entiresubstrate.

CONCLUSION

The key element in reducing_e costs of packagedoptoelec-
tronicdevices is to minimize the manuallaborcosts. According
to our model, manual p_gtailingtechniques will not allow the
cost of a pigtailed OE device to dropbelow approximately$250.
On theother hand,an automatedprocesscouldallow the costs to
dropas low as$10 perpigtail--a factorof 25 decreaseincost. A
fully automated system for fiber pigtailing must include auk
mated fiber alignment, fiber attachmenttechniques which are
compatible with an automatedprocess, in-situ qualitycontrol,
andautomatedpartshandlingand feeding. We presenthereour
efforts in addressing the alignmentissueand a fibera_chment
technique. Variationsof an automatedsystem suchas this could
perform not only sub-micronactive alignments as we discuss
here, but also passive alignments using tactile feedbackrather
than optical feedback. The importantpoint is to automatethe
process regardlessof the alignment techniqueinvolved. Webe-
lieve thata massive marketis readyfor thetechnology thatopto-
electronics canprovideand is waitingfor the costs tobe reduced.
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