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Multiple wavelength Fabry –Pérot lasers fabricated by vacancy-enhanced
quantum well disordering
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Wavelength-shiftedGaAs/AlGaAs Fabry–Pérot ridge waveguide lasers were fabricated by
vacancy-enhancedquantumwell disorderingusingdielectriccapannealing.500mm longand4 mm
wide Fabry–Pérot laserswith emissionwavelengthsselectivelyshiftedby 20 nm were integrated
with unshiftedlaserson the samechip, characterizedand further comparedwith lasersfabricated
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from as-grownmaterial.Theseinvestigationsshowedthat theabsorptionedgeof a single-quantum

well double heterostructurecan be selectively blueshifte
compromisingdiodelaserperformance.

Postgrowthcontrol of a quantumwell ~QW! profile has
important applicationsfor monolithic integrationof active
andpassiveoptoelectroniccomponents.A straightforwardre-
alizationof manyconceptsin integratedoptoelectronicsre-
quiresa postgrowthconversionof a semiconductorhetero-
structureinto a patternof transparentandabsorbingregions.
The absorbingsectionsbecomelight sourcesand detectors
while the transparentregionscouldbe low-losswaveguides,
phasemodulators,or distributedBragg reflectors.Themost
promisingprocessesarebasedupona local partial intermix-
ing of a quantumwell to blueshift the energy bandgapby
several tenths of nm. Demonstratedtechniques include
impurity-induced disordering using various impurity
species1,2 andvacancy-enhanceddisordering~VED!.1–7VED
by dielectriccapannealinghasthe advantagethat only par-
tial intermixing occurs,leaving waveguidingstructuresin-
tact,andthat theelectricalpropertiesof thematerialarenot
stronglyaffected.Recently, VED hasbeenusedto blueshift
the absorptionedgeof the grating sectionof a DBR laser.8

However, thresholdcurrentswereincreasedby eitherZn dif-
fusion into theactivelayer9,10 or amismatchbetweenBragg
peak of the grating and gain peak of the material raising
doubtsabouttheapplicability of theprocess.Our resultsin-
dicatethatVED canbeemployedin integratedoptoelectron-
ics without the drawbackslisted above.In this letter we de-
scribe the use of VED to locally shift the band gap of a
single-QW separate-confinementdouble heterostructure.
Ridge waveguideFabry–Pérot laserswere fabricatedfrom
unshiftedand shifted sectionson the samelaser bar. Both
showedcw outputpowersup to 12 mW per facet,threshold
currentslessthan14mA anda slopeefficiencyof 0.42W/A.
Thesevaluesare comparablewith thoseof unannealedde-
vicesfabricatedfrom the samematerial.

The layer structure for these experiments was a
MOVPE-grown separate-confinement double hetero-
structure grown on an n-type, Si-doped ~1018 cm23 Si!
GaAs substrateand consistedof the following layers: a
1.1 mm thick Al0.8Ga0.2As lower cladding layer ~n-
doped1.531018 cm23 Si!, an undoped 165 nm thick
Al0.3Ga0.7As corecontaininga singleGaAsQW ~7 nm! and
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an0.8mm thick Al0.8Ga0.2As uppercladdinglayer ~p-doped
1018 cm23 Mg! coveredwith a 100nm thick highly p-doped
1018 cm23 ~831018 cm23 Zn! GaAscaplayer.

Dielectriccapannealing,which is usedfor theVED, has
beendescribedextensivelyin Refs. 5 and 9; therefore,we
will giveonly abrief introduction.Usingstandardprocessing
techniques,thesamplewascompletelycoveredwith a single
layer of eithere-beamevaporatedSiO2 or thermallyevapo-
ratedSrF2. During rapid thermalannealing~RTA! at 960°C
for 30 s, group-III vacanciesare generatedunder the SiO2

cap,but not undertheSrF2 cap.Under theSiO2, the vacan-
cies promote intermixing of the Ga in the GaAs quantum
well with column-III atoms @Al,Ga# of the adjacent
Al0.3Ga0.7As core,therebyincreasingtheeffectiveAl content
and the energy bandgapof the QW. Transmissionelectron
microscopepicturesof suchintermixedquantumwells fab-
ricatedin thismaterialsystemareshownin Ref.11. Figure1
shows the achievableblueshifts of the photoluminescence
spectrumexcitedwith anargon-ionlaser~l5488nm,P510
mW! andmeasuredat room temperature.After RTA of 30,
60, and 90 duration, at temperaturesbetween 910 and

FIG. 1. Photoluminescencewavelength shift of SiO2-capped and

SrF2-cappedmaterialaftervacancy-enhanceddisorderingat differentanneal
temperaturesandannealtimes.



960°C, we measuredblueshiftsof the photoluminescence
spectrumof 25 to 70 nm underthe SiO2 capand lessthan
10 nm undertheSrF2 cap.

Laserswere then fabricatedin both the shifted and the
unshiftedregionsandin as-grownmaterial.Theprocesshas
beendescribedpreviously12 andis basedupondry etchingof
4 mm wide ridgesto within 100 nm of thewaveguidecore.
250 nm of Si3N4 wasusedasa passivatingandelectrically
isolating layer on the shouldersand the sidewalls of the
ridges.Thematerialwascleavedinto 500mm longbarscon-
taining shifted and unshiftedareas.The different types of
laserswereseparatedby 250mm andweretestedunbonded
in bar form, undercw conditionsandat room temperature.

Figure2 showstheemissionspectraof threerepresenta-
tive lasersdriven cw abovethreshold,all at approximately
the same current density. The as-grown, SrF2-, and
SiO2-cappeddevicesexhibit a peakspontaneousemissionof
826,823,and805nm, respectively;i.e.,wavelengthshiftsof
3 and21 nm. The correspondingphotoluminescencewave-
length shifts measuredin this material are 2 and 19 nm
(l initial5812 nm!. These values are slightly smaller than
thoseof the correspondingphotoluminescencespectra~tri-
anglesat 960°C in Fig. 1! becauseof theshorterannealtime
~24 s insteadof 30 s!. The lasingwavelengthsarelocatedat
or 1 nm to the long wavelengthside of the spontaneous
emissionpeak, typical for our Fabry–Pérot lasers.All de-
vicesaresinglemodewith a sidemodesuppressionratio of
20 dB whendriven at I533I th .

In Fig. 3 are shownthe cw light versuscurrent (L– I )
datafor thethreedevicesof Fig. 2. Theas-grownlaserhada
thresholdcurrentof 12 mA (Jth5600 A/cm2) anda slope
efficiencyof 0.52W/A. A maximumoutputpowerof 14mW
at I543I th wasachieved.In comparison,theL– I curveof
the SiO2-cappedlaser had a lower thresholdcurrent of 10
mA (Jth5500 A/cm2), while the SrF2-cappeddevicehada
somewhat higher threshold current of 14 mA
(Jth5700 A/cm2). The slope efficiencies of the

FIG. 2. Optical spectra of SiO2-capped, SrF2-capped, and as-grown materia
Fabry–Pe´rot lasers.
SiO2-cappedlaser ~0.42 W/A! and the SrF2-cappedlaser
~0.36W/A! are lower then that of the as-grownlaser. Mea-
surementsof severallasersof eachtypegavenearlyidentical
results.

I–V curvesof the threelasersareshownin Fig. 4. The
characteristicsof the as-grownand the SiO2-cappedlasers
are comparablewith thresholdvoltages,V(I th), of 2.1 and
2.15V andseriesresistancesof 30 and24 V, respectively.
Thehigherthresholdvoltageof 3.3V andseriesresistanceof
37V of theSrF2-cappedlasermaybea resultof a displaced
p-n junction causedby dopant diffusion during the RTA.
However, no evidenceof Zn diffusion into the n side was
observedin stain-etchedcrosssectionsof the material.An-
otherpossiblecauseis theexposureof the contactregionof
the SrF2-capped devices during three plasma processes
(SiO2 patterning,SiO2 strip and Si3N4 contacthole etch!.
The SiO2-cappedlasersexperiencedonly oneplasmaexpo-
sure(Si3N4 contacthole etch!. The higherthresholdvoltage

l FIG. 3. L–I curves of SiO2-capped, SrF2-capped, and as-grown material
Fabry–Pe´rot lasers.

FIG. 4. I–V curvesof SiO2-capped,SrF2-capped,and as-grownmaterial
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Fabry–Pérot lasers.



and seriesresistanceof the SrF2-cappedlasermay explain
the higher thresholdcurrent and reducedslope efficiency.
Although no systematiclifetime measurementswere done,
we could not seeany degradationof the laserperformance
during thesemeasurements.

In conclusion, Fabry–Pérot lasers with two different
emissionwavelengthshavebeenfabricatedon thesamebar.
Thewavelengthshift of 20 nmwasachievedthrougha post-
growth process,vacancy-enhanceddisordering.As opposed
to earlier experiments,9 the performanceof thesedevicesis
comparablewith that of as-grownmateriallasers.We could
not seeany Zn diffusion into the active regionand further-
more,we were able to achievecw operationof all our de-
vices.
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