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Room-temperature pulsed operation of an electrically injected InGaN/GaN
multi-quantum well distributed feedback laser

Daniel Hofstetter,a) Robert L.Thornton,b) Linda T.Romano, David P.Bour, Michael Kneissl, and Rose M.Donaldson
XeroxPalo Alto ResearchCenter,3333CoyoteHill Road,Palo Alto, California 94304

We demonstrateroom-temperaturepulsedoperationof an electrically injectedInGaN/GaN-based
distributedfeedbacklaser with an emissionwavelengthof 403 nm. The thresholdcurrent of a
1000-mm-long and20-mm-wide devicewas3.2 A; correspondingto a thresholdcurrentdensityof
16 kA/cm2. The 3rd ordergratingproviding feedbackwasdefinedholographicallyanddry etched
into the upperwaveguidinglayer by chemicallyassistedion beametching.We observedsingle
modeoperationof the laserwith a sidemodesuppressionratio of 15 dB over a temperaturerange
of about30 K.
The developmentof an electrically pumpedlaseremit-
ting light around 400 nm has experiencedtremendous
progressduring the pastcoupleof years.Under the lead of
Nakamuraet al. both pulsedandcontinuouswaveoperation
of InGaN/GaN baseddevices have been demonstratedat
room temperature.1–4 One of the main concernsin nitride
lasersis the fabrication of high quality mirrors. While the
lattice misorientationto sapphiresubstratesmakescleaved
facetdevicesdifficult to realize,sawingandsubsequentpol-
ishingof the lasermirrors is a very time-consumingprocess.
Dry-etchedmirrors with high reflective coatings seem to
work well in this materialsystem.5 However,whengrowing
on sapphiresubstrates,theseetchedmirrorsaretypically not
at the edgeof the substrate.Thus,usuallya certainfraction
of the optical modegetsdiffractedinto or reflectedfrom the
sapphiresurface,leading to an asymmetricfar field with
multiple emissionlobesin the vertical direction.1,6 The use
of distributedfeedbackfor providing optical cavity forma-
tion couldpartly eliminatesomeof themirror issuesbecause
no optical quality mirrors are requiredto achievelasingac-
tion. Moreover,the longitudinalmodestructure,which, due
to the closemodespacingin thesedevices,is very competi-
tive and noisy, could be markedly improved by using the
distributedfeedback~DFB! mechanismfor modeselection.
This idea hasalreadybeenexploredto someextentby the
fabrication of optically pumpedDFB lasers.Very narrow
linewidths,locking of theemissionwavelengthto thegrating
resonancewavelength,andoperationevenat the absenceof
cavity mirrorshavebeenreportedfor suchoptically pumped
devices.7,8

In this article,we demonstratethefabricationof anelec-
trically injected InGaN/GaN-basedDFB laser with a holo-
graphically defined 3rd order grating. When comparedto
normalFabry–Perotdevicesfabricatedfrom the samemate-
rial, we observea comparablethreshold current density,
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single modebehaviorwith a higher side modesuppression
ratio,anda modehop-freetuningovera temperaturerangeof
morethan30 K. This guaranteesa reducedtemperaturesen-
sitivity of the lasingwavelengthrelative to Fabry–Perotla-
sers.

The fabricationof thesedevicesrelied on growing a 4-
mm-thick n-typeGaN:Silayeron C-facesapphire.On top of
this layer,we grewa 500-nm-thick,n-dopedAl0.08Ga0.92N:Si
lower claddinglayer,a 100-nm-thickn-dopedGaN:Silower
waveguiding layer, a 30-nm-thick undopedactive region
with five 3-nm-thickIn0.15Ga0.85N quantumwells and7-nm-
thick GaN barriers,and a 180-nm-thickp-dopedGaN:Mg
upperwaveguidinglayer.The3rd ordergratingwith a period
of 240 nm wasthendefinedby a holographicexposureand
dry etchedinto the upperwaveguidinglayer by chemically
assistedion beametching.Thegratingdepthwasnearly100
nm, which resultsin a high couplingcoefficientof 100cm21

for a rectangulargrating.However,sincethe tooth shapeof
the gratingwasnot perfectlyrectangular,the couplingcoef-
ficient wasreducedto the orderof 5–10 cm21. For a cavity
length of 1000 mm, this coupling strengthwould roughly
translateinto aneffectivereflectanceof 15%–30%.Figure1
showsan atomic force microscopy~AFM! surfacescanof
the grating beforeregrowth.A root meansquare~rms! sur-
faceroughnessof around3–5 nm wasobserved;this is com-
parableto the rms roughnessof the as-grownsurface.After
grating fabrication, we performedoptical pumping experi-
mentsin order to confirm the matchingbetweenthe grating
resonancewavelengthand the gain peak. Then, we pro-

FIG. 1. AFM surfacescanof a 3rd orderdiffraction gratingin GaN before
over growing the uppercladdingandthe contactlayer.
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ceededwith an epitaxial regrowth to completethe device
structure. This regrowth consistedof a 300-nm-thick p-
dopedAl0.08Ga0.92N:Mg uppercladdinglayeranda 100-nm-
thick p-type GaN:Mg contact layer. Cross-sectionaltrans-
mission electron microscope studies of the overgrown
grating showedthat no additionaldislocationswere created
at the interfacebetweenthe groovedGaN waveguidelayer
and the upperAlGaN claddinglayer. This observationis in
sharp contrastto InGaAsP/InP-basedinfrared DFB lasers,
wherethe groovedinterfaceservesas startingpoint for nu-
merousdislocations.9

Device processinginvolved the definition of mesasto
enablelateraln type contactingof the devices,andevapora-
tion of standardn- and p-metal Ti/Au layers.The p-metal
contactstripeswere4, 10, or 20 mm wide, andthusdefined
the width of the gain region. A SiON layer was used to
electrically isolatethe noncontactedareasand the sidewalls
of the mesas,thereby restricting gain to within a narrow
stripe in the lateral direction. Following the SiON window
etch,we evaporatedanotherTi/Au layer in order to provide
the p-metal contactpadsfor the probe.Finally the mirrors
wereetched,againby chemicallyassistedion beametching.
In order to ensurethat theselaserswould not accidentally
oscillateas Fabry–Perot lasers,we dry etchedonly one of
the facetsexactly vertical while leaving the otheroneat an
angleof approximately20° to thevertical.As a resultof this
fabricationprocedure,we obtainedgain guidedDFB lasers
with cavity lengthsof up to 1000mm andstripewidthsof 4,
10, and20 mm.

Measurementsof the current–voltage (I –V) and light
output-current(L – I ) characteristicswere carriedout under
pulsedcurrentconditions~500 ns pulselength,0.05%duty
cycle! at roomtemperature.The laserswereprobecontacted
andtestedon chip. At 1 mA forwardcurrent,the I –V curve
typically exhibiteda ‘‘turn on voltage’’ of 3.3 V, and for a
1031000 mm2 contact region, we observeda seriesresis-
tanceof 10 V. As shownin the L – I curvesof Fig. 2, we
obtained,for the longestdeviceswith 10 mm stripe width,
pulsedthresholdcurrentsof 1550mA at 3°C and2050mA
at 33°C. From thesemeasurements,we determinethe T0

valueto beapproximately100K. A valueof T05150K was
found for Fabry–Perottype lasersfabricatedfrom the same

FIG. 2. L – I characteristicsof anInGaN/GaNDFB laserwith anactivearea
of 1031000mm2 at four different heat-sinktemperatures.
material.The strongertemperaturedependenceof the DFB
laser’s thresholdcurrent can be explainedby the different
T-tuning coefficientsof the gain peakand the grating reso-
nancepeak,which, at elevatedtemperatures,lead to an in-
creasingmismatchbetweenthe maximalreflectancepeakof
the gratingandthe gain maximum.

Thebestthresholdcurrentswereobtainedon laserswith
20 mm stripe width and 1000 mm cavity length. Valuesof
3200 mA for 20 mm-wide deviceswere observed,corre-
spondingto thresholdcurrent densitiesof 16 kA/cm2. For
shorter~500 mm long! deviceswith 20 mm stripewidth, we
measuredhigher thresholdcurrentsof 4600 mA ~threshold
currentdensityof 23 kA/cm2!. For the bestdevices,typical
thresholdvoltagesof V(I th)516 V wereseen.

High-resolutionspectraof theselaserswere measured
using a grating spectrometerwith a resolution of 0.5 Å
~SPEX, dfocal51.26 m, wslit550mm).The laser output was
focusedon to a quartz fiber using a microscopeobjective,
andfed into the input slit of the spectrometer.By placinga
1024 element array photodetectorinto the output image
plane,we were able to measurethe spectrumin a spectral
window of 10 nm width within 1 sec.

In Fig. 3, we show high-resolutionemissionspectraat
various current levels ranging from 1.013I th to 1.283I th .
While thereis only onecleanpeakwith a resolutionlimited
width of 0.5 Å for lower injection currents,thereappearto
be multiple peakswith an overall width of 5 Å at higher
injection levels.Thefact thatall additionalfeaturesoccurred
at the long wavelengthside of the main peaksuggeststhat
chirpingdueto deviceheatingduringthecurrentpulsecould
beresponsiblefor this kind of broadening.Fromthespectral
broadeningat higher injection currentsand the temperature
tuning coefficient derived in the following paragraph,we
were able to estimatethe temperatureincreaseduring the
pulseto beon theorderof 20–30 K. Anotherpossiblereason
for the spectralbroadeningat higher current levels is the
onsetof lasing in higher order lateral modesin thesegain-
guidedstructures.This explanationis supportedby the fact
that the L – I curvesshowseveralkinks.

Emissionspectraof a 1000-mm-long DFB laserat four
different heat-sinktemperaturesare shown in Fig. 4; they

FIG. 3. Emissionspectraof an InGaN/GaNDFB laser at four different
injection currentlevels rangingfrom 1.013I th to 1.283I th . All curvesare
drawnusingthe samevertical scale.
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reveallaseroscillation in a single longitudinalmodewith a
sidemodesuppressionratio of 15 dB andat a centerwave-
lengthof around403nm.Giventhegratingperiodof 240nm
andthe aboveemissionwavelength,we wereable to calcu-
late theeffectiverefractiveindexof thepropagatingmodeto
be neff52.52. In order to maintainnarrow emissionspectra
for this measurement,we adjustedthe injection current to
alwaysbeat 1.13I th . Thedeviceremainedin a singlemode
for temperaturesranging from 2 to 35°C, which is a tem-
peraturerangeof more than 30 K; the temperaturetuning
coefficientwason theorderof 0.014nm/K. For Fabry–Perot
type lasersfabricatedon the samewafer, we measureda
muchlargeraveragetemperaturetuning coefficientof 0.065
nm/K.

The far field of the DFB lasersreportedin this article
exhibits the usual interferenceeffects due to the reflection
from and the diffraction into the sapphiresubstrate.How-
ever,in the lateraldirection,we observeda far field angleof
approximately10° abovethreshold,anda broadLambertian
characteristicsbelow threshold.On Fabry–Perotlasersfrom
similar material,we polishedonemirror facetin orderto get
a far field measurementwithout thediffraction andrefraction
artifacts.Due to the insufficiently thick Al/GaN lower clad-
ding layer,theresultof this measurementwasvery similar to
what we reportedearlier on optically pumpedlasers.6 It re-
vealedtwo main emissionlobesin the vertical directionand
a numberof weakeroscillationsin between.

FIG. 4. Emissionspectraof the samedeviceas in Fig. 3 at 1.13I th andat
different heat-sink temperatures.The temperaturetuning coefficient ob-
tainedwas0.14Å/K.
In conclusion,we havedemonstratedan electrically in-
jectedInGaN/GaN-basedDFB laser.Thebestthresholdcur-
rentdensityobservedwascomparableto thatof conventional
Fabry–Perot type devices, and was on the order of 16
kA/cm2. The T0 value describingthe T dependenceof the
thresholdcurrentwas approximately100 K. The reasonfor
the muchbetterT0 valuemeasuredon Fabry–Perotdevices
fabricatedfrom the samematerial (T05150 K! is the in-
creasing mismatch between the grating resonancewave-
length and the gain maximumwhen heatingor cooling the
DFB lasers.The emissionof the DFB laserwasat a wave-
lengthof 403nm andoccurredin a singlelongitudinalmode
with a side modesuppressionratio of 15 dB. The primary
emissionpeakcould be temperaturetunedcontinuouslybe-
tween2 and35°C at a rateof 0.14Å/K.
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