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Multiple wavelength Fabry —Perot lasers fabricated by vacancy-enhanced
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Wavelength-shifted GaAs/AlGaAs Fabry-Perot ridge waveguide lasers were fabricated by
vacancy-enhanceguiantumwell disorderingusingdielectriccapannealing500 um long and4 um
wide Fabry-Perot laserswith emissionwavelengthsselectivelyshifted by 20 nm were integrated
with unshiftedlaserson the samechip, characterizedind further comparedwith lasersfabricated
from as-grownmaterial. Theseinvestigationsshowedthat the absorptionedgeof a single-quantum
well double heterostructurecan be selectively blueshifted after epitaxial growth without

compromisingdiode laserperformance.

Postgrowthcontrol of a quantumwell (QW) profile has
important applicationsfor monolithic integration of active
andpassiveoptoelectronicomponentsA straightforwarde-
alization of many conceptsin integratedoptoelectronicge-
quiresa postgrowthconversionof a semiconductohetero-
structureinto a patternof transparenandabsorbingregions.
The absorbingsectionsbecomelight sourcesand detectors
while the transparentegionscould be low-losswaveguides,
phasemodulators,or distributedBragg reflectors.The most
promisingprocessesire basedupona local partial intermix-
ing of a quantumwell to blueshiftthe enegy bandgap by
several tenths of nm. Demonstratedtechniquesinclude
impurity-induced disordering using various impurity
specie$? andvacancy-enhancetisordering(VED).2~ VED
by dielectric cap annealinghasthe advantagehat only par
tial intermixing occurs,leaving waveguidingstructuresin-
tact, andthat the electricalpropertiesof the materialare not
strongly affected.Recently VED hasbeenusedto blueshift
the absorptionedgeof the grating sectionof a DBR laser®
However thresholdcurrentswereincreasedy eitherZn dif-
fusioninto the activelayer'° or a mismatchbetweernBragg
peak of the grating and gain peak of the material raising
doubtsaboutthe applicability of the processOur resultsin-
dicatethatVED canbe employedin integratedoptoelectron-
ics without the drawbackdisted 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-Perot laserswere fabricatedfrom

unshiftedand shifted sectionson the samelaser bar Both

showedcw outputpowersup to 12 mW per facet, threshold
currentslessthan14 mA anda slopeefficiencyof 0.42W/A.

Thesevaluesare comparablewith thoseof unannealedle-
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 (10'® cm 3 Sj)
GaAs substrateand consistedof the following layers: a
1.1 um thick AlygGaAs lower cladding layer (n-
doped1.5x10* cm3Si), an undoped 165 nm thick
Al iGa, 7/As core containinga single GaAs QW (7 nm) and

3E|ectronicmail: hofstetter@psi.ch

an 0.8 um thick Al ¢Ga, sAs uppercladdinglayer (p-doped
10'® cm ™2 Mg) coveredwith a 100 nm thick highly p-doped
10'® cm™3 (8x10'® cm 2 Zn) GaAscaplayer
Dielectriccapannealingwhich is usedfor the VED, has
beendescribedextensivelyin Refs.5 and 9; therefore,we
will give only abrief introduction.Using standardrocessing
techniquesthe samplewascompletelycoveredwith a single
layer of either e-beamevaporatedsiO, or thermally evapo-
ratedSrF,. During rapid thermalannealing(RTA) at 960°C
for 30 s, group-lll vacanciesare generatedunder the SiO,
cap, but not underthe SrF, cap.Underthe SiO,, the vacan-
cies promoteintermixing of the Ga in the GaAs quantum
well with column-lll atoms [Al,Ga] of the adjacent
Al sGa 7As core,therebyincreasinghe effective Al content
andthe enegy bandgap of the QW. Transmissiorelectron
microscopepicturesof suchintermixedquantumwells fab-
ricatedin this materialsystemareshownin Ref. 11. Figurel
shows the achievableblueshifts of the photoluminescence
spectrumexcitedwith anargon-ionlaser(\=488 nm, P=10
mW) and measurecdat room temperatureAfter RTA of 30,
60, and 90 duration, at temperaturesbetween 910 and
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FIG. 1. Photoluminescencewavelength shift of SiO,capped and

SrF,-cappedmaterialafter vacancy-enhancedisorderingat differentanneal
temperaturesnd annealtimes.
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FIG. 2. Optical spectra of Sicapped, Srk-capped, and as-grown material

Fabry—Peot lasers.

960°C, we measuredblueshifts of the photoluminescence
spectrumof 25 to 70 nm underthe SiO, cap andlessthan
10 nm underthe SrF, cap.

Laserswere then fabricatedin both the shifted and the
unshiftedregionsandin as-grownmaterial. The processhas
beendescribedreviously? andis basedupondry etchingof
4 um wide ridgesto within 100 nm of the waveguidecore.
250 nm of SizN, was usedas a passivatingand electrically
isolating layer on the shouldersand the sidewalls of the
ridges.The materialwascleavedinto 500 um long barscon-
taining shifted and unshifted areas.The different types of
laserswere separatedy 250 um andweretestedunbonded
in bar form, undercw conditionsand at room temperature.

Figure 2 showsthe emissionspectraof threerepresenta-
tive lasersdriven cw abovethreshold,all at approximately
the same current density The as-grown, SrF-, and
SiO,-cappeddevicesexhibit a peakspontaneousmissionof
826,823,and805nm, respectivelyj.e., wavelengthshifts of
3 and 21 nm. The correspondingohotoluminescenceave-
length shifts measuredin this material are 2 and 19 nm
(Niniia =812 nm). These values are slightly smaller than
thoseof the correspondingphotoluminescencspectra(tri-
anglesat960°C in Fig. 1) becausef the shorterannealime
(24 s insteadof 30 s). The lasingwavelengthsare locatedat
or 1 nm to the long wavelengthside of the spontaneous
emissionpeak, typical for our Fabry-Perot lasers.All de-
vicesare single modewith a side modesuppressiomatio of
20 dB whendrivenat | =3Xy,.

In Fig. 3 are shownthe cw light versuscurrent(L—1)
datafor the threedevicesof Fig. 2. The as-grownlaserhada
thresholdcurrentof 12 mA (J;,=600 A/cm?) anda slope
efficiencyof 0.52W/A. A maximumoutputpowerof 14 mwW
atl =4Xx1y, wasachievedIn comparisonthe L—I curve of
the SiO,-cappedlaser had a lower thresholdcurrentof 10
mA (J;,=500 A/cm?), while the SrF,-cappeddevice had a
somewhat higher threshold current of 14 mA
(J;y=700 A/lcm?). The slope efficiencies of the
SiO,-cappedlaser (0.42 W/A) and the SrF,-cappedlaser
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FIG. 3. L-I curves of Si@-capped, Sri-capped, and as-grown material
Fabry—Peot lasers.

(0.36 W/A) arelower thenthat of the as-grownlaser Mea-
surement®f severalasersof eachtype gavenearlyidentical
results.

-V curvesof the threelasersare shownin Fig. 4. The
characteristicof the as-grownand the SiO,-cappedlasers
are comparablewith thresholdvoltages,V(ly,), of 2.1 and
2.15V and seriesresistance®f 30 and 24 (), respectively
Thehigherthresholdvoltageof 3.3V andseriesesistancef
37 Q of the SrF,-cappedasermay be a resultof a displaced
p-n junction causedby dopantdiffusion during the RTA.
However no evidenceof Zn diffusion into the n side was
observedn stain-etchectrosssectionsof the material. An-
otherpossiblecauseis the exposureof the contactregion of
the Srk-capped devices during three plasma processes
(SiO, patterning,SiO, strip and Si;N, contacthole etch.
The SiO,-cappedliasersexperiencenly one plasmaexpo-
sure(SizN, contacthole etch. The higherthresholdvoltage
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FIG. 4. 1-V curvesof SiO,-capped,SrF>-capped,and as-grownmaterial
Fabry-Perot lasers.



and seriesresistanceof the Srk,-cappedlaser may explain

the higher threshold current and reducedslope efficiency

Although no systematiclifetime measurementsvere done,
we could not seeany degradatiorof the laser performance
during thesemeasurements.

In conclusion, Fabry-Perot laserswith two different
emissionwavelengthshavebeenfabricatedon the samebar.
The wavelengthshift of 20 nm wasachievedhrougha post-
growth processyacancy-enhancedisordering.As opposed
to earlier experiments, the performanceof thesedevicesis
comparablewith that of as-grownmateriallasers.We could
not seeany Zn diffusion into the active region and further
more, we were able to achievecw operationof all our de-
vices.
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