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We reportopticalabsorptiorandphotocurrenteasurementsn a GaN/AIN-basedsuperlatticeThe
opticalabsorptiorhasa full width at half maximumof 120 meV andtakesplaceat anenegy of 660
meV (5270 cm™1); this correspondgo a wavelengthof 1.9 um. While the optical absorption
remainedunchangedip to room temperaturethe photocurrensignal could be observedup to 170
K. With respectto the optical absorption,the photocurrentpeak was slightly blueshifted(710
meV/5670 cm 1) and had a narrower width of 115 meV. Using this quantum-wellinfrared
photodetectqwe wereableto measurehe spectrunof a 1.55 um superluminescenight-emitting

diode.

Optical devicesbasedon intersubbandransitionshave
seena decadeof tremendousprogresswhich led, among
other milestonesto the demonstratiorof room temperature
continuouslyoperatedjuantumcascadéQC) lasers! far in-
frared QC laserswith an emissionwavelengthof 87 um 2
room temperature quantum-well infrared photodetectors
(QWIPs at 10 um.? and highly sensitiveinfrared cameras
basedn arraysof QWIPs*All these-impressiveesultshave
triggered the implementationof intersubbanddevicesinto
“real-world” applicationslike optical gassensors, process
monitoring system< and wirelesstelecommunicationrans-
mitters or receivers. For the latter, thereexist basicallytwo
different possibilities:one can eitherwork in one of the at-
mospheriavindow regionsandutilize, for instance standard
10 um QC lasersin conjunctionwith QWIPs or classical
mercury-cadmium-telluride detectorspr usel.55 um inter-
bandlasersand detectthe radiation with fast nearinfrared
(nearlR) interbandor intersubbandletectors Sinceits con-
ductionbanddiscontinuityis on the orderof 2 eV, the mate-
rial combinationAIN/GaN is the ideal material systemfor
such nearlR itersubband detectors. Gmachl etal.® and
lizuka et al.® havedemonstratedpticalintersubbangbsorp-
tion on GaN/AIN-superlatticesthey reachedvavelenghtsas
shortas1.35um. Recently our researclgroupsin Neuchael
andCornell observedntersubban@bsorptionin the triangu-
lar well of a GaN/AlGaN-basedield effect transistort® In
yet anotherline of researchGopal et al. showedintersub-
bandabsorptionin InGaAs/AlAsSbquantumwells at wave-
lengthsof 1.35um.* All of thesedevices however werenot
electrically active, which so far preventedthem from being
useful for practical applications.In this letter, we conse-
quently presentresultson a GaN/AIN-basedQWIP working
at wavelengthsdlownto 1.55 um.

Growth of thesesuperlatticesvas basedon molecular
beamepitaxyon c-facesapphiresubstratesThermalsources
for the group Ill elements,and a remote radio frequency

3E|ectronicmail: daniel.hofstetter@unine.ch
Ypresentaddress:OptoelectronicdDepartmentUniversity of Ulm, Albert-
Einstein-Allee,89081UIm, Germany

sourcefor the atomicnitrogenwere usedin the epitaxy sys-
tem. After a very thin AIN nucleationlayer, a 500-nm-thick
n-doped (Si, 5x 10 cm™3) AlyGa, N buffer layer was
grown, followed by a 20 period GaN/AIN superlatticewith

20 A thicknessfor eachlayer and n-dopedwells (Si, nomi-

nally 5x10'° cm™3). The top layer was a 100-nm-thick
n-doped(Si, 1.5x 10'® cm %) AlyGa, N layer The com-

positionsand the thicknessef the superlatticewere con-

firmed by x-ray diffractionandtransmissiorelectronmicros-
copy (TEM). Capacitancevoltagemeasurementsn the as-
grown wafer revealeda doping level of 1-2x 10 cm™3

for the top AlgsGaysN layer; due to the relatively large

thicknessof the latter, the carrier densityin the underlying
wells could not be accuratelydeterminedThe TEM analysis
revealeda certainsurfaceroughnessvhich did not adversely
affect the optical propertiesof the device.After growth, the

sampleswvere metalizedusing a shadowmaskwith 800 um

wide openingsWe first depositeda Ti/Al/T i/Au (40/200/40/
200 nm) ohmic contactwhich wasannealecat 800°C for 60

s. Betweenthe annealedohmic contactstripes,we evapo-
rated stripe-shaped”d/Au (40/200 nm) Schottky contacts.
The wafer was then polishedin a standardmultipasswave-
guidegeometrywith two parallel45° wedgesanda polished
back(seeinsetof Fig. 1). Dueto the hugesizeof the contact
stripes(800 umx3 mm), we observedratherlarge leakage
currentsacrossthe diode. Using a small In dot which was
squashedowardsthe polishededgeof the wafer, we con-

nectedthe ohmic top contact—andorobablyalsothe under

lying superlatticeand the buffer layer—to the coppersub-
mount, whereasthe Schottky contactwas bondedto a Au-

coatedceramic contact pad. Due to the rather low lateral
conductivityof the top contactlayer, the superlatticevasnot

short-circuitedby the In dot.

All experimentaverecarriedout in the samplecompart-
mentof a Nicolet Fouriertransformspectromete(FTIR) us-
ing the internalwhite-light sourcewith beamcondenserthe
internalroomtemperatureleuteratedriglycine sulfatedetec-
tor, andthe quartzbeamsplitter The samplewasheld on the
cold finger of a liquid He-flow cryostat. The background
measurementtor the optical absorptionwere done using a
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FIG. 1. Schematicconductionband structureof a GaN/AIN superlattice
with 20-A-thick well and barrier layers. The observedtransition, AE,,
takesplace betweenthe ground stateand the first excited stateand hasa
computedenepgy of 610 meV. The inset showsa schematiccrosssection
throughthe sample.

metalgrid polarizerin TE orientation.For photocurrenimea-
surementsan EG&G voltage amplifier was connectedbe-
tween the Schottky and the ohmic contactsof the device.
Betweenthosetwo electrodesthe photocurrentinduced a
small, but measurablesoltage difference;the output of the
amplifierwasfed into the externaldetectormport of the FTIR.
The photocurrenexperimentwas doneat low temperatures,
typically betweenl0 and 170 K. For the optical absorption
measurementsyhereno differencewasseenbetweer77 and
300K, we measuredisually at room temperature.

In Fig. 1, we presenta computedbanddiagramof our
structure The conductionbanddiscontinuitywasassumedo
be 2.1 eV. All layer thicknessesare 20 A, and the internal
fields at eachinterfaceare 6.5 MV/cm.'? The simulation
was doneassuminga superlatticewith an infinite numberof
periods,no boundaryeffects, and no externalbias voltage.
Basedon theseassumptionsye found a transitionenegy of
610 meV and a dipole matrix element(an integral [ z,4]
=[¢5(2)-z- ¢1(z)-dz describingthe spatial overlap be-
tween? electronicwavefunctiong of 4.9 A betweerthefirst
excited stateand the ground state.Betweenthe secondex-
cited stateandthe groundstate the respectivenumberswere
1.24eV and0.1A. Figure2 showsa comparisorbetweerthe
optical absorptionsignal at room temperatureat 77 K, and
the photocurrentmeasurementsit 10 K for both TE, and
TM-polarized light. Electromodulatedabsorptionmeasure-
mentslike describedn Ref. 10 weretried aswell, but dueto
the large thicknessof the top Al Ga, gN contactlayer and
the high dopinglevel in the wells, no depletionof the latter
could be achieved.The optical absorptioncurveswere ob-
tainedfrom measurementsnderboth polarizationsandsub-
sequent normalization using the formula alL
=Log(T1e/Ttm). T1e and Ty, arethe transmittedintensi-
tiesin thetwo polarizationsand«L is the absorbancef the
structure Fromtheintegralunderthe absorbanceurves,we
deduceda carrier density of 6.5x10'° cm™~3; this valueis
consistentwith the intentionaldoping level in the wells. In
orderto excludethe effects of the top metalization,optical
absorptionwas measuredn an areawithout metal. The ab-
sorptionsignal peaksat 5270cm ™! (660 meV/1.9 um) and
showsa full width at half maximum (FWHM) of 120 meV.
The absorptioncurvesat 77 andat 300 K were nearlyiden-
tical. Since the numberof electronsin the wells remains
essentiallythe same the amountof opticalabsorptiondid not
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FIG. 2. Comparisorbetweenoptical absorptiorat 300K (circles and & 77
K (dashedine), photocurrentat 10 K using TM polarizedlight (solid line
with triangles, and photocurrentat 10 K using TE polarizedlight (solid,
noisy line along the floor). The units on the y axis are valid only for the
optical absorptiormeasurementd he insetshowsdark currentvs bias volt-
agefor 10 K (lowestcurreny, 100,200,and300K (highestcurreny.

change.The TM photocurrentsignal is slightly blueshifted
with respectto the absorption,peaksat 5670 cm ! (710
meV/1.76um) andhasa FWHM of 115 meV. This blueshift
is expectedbecausmptical absorptions possibleassoonas
the enegy exceedghetransitionenepy, leadingusuallyto a
Lorentzianline shapeThe photocurrenin our device,how-
ever is a product betweenthe Lorentzian absorptionline
shapeand the tunnelling probability, which increaseexpo-
nentially with decreasingoarrier height. Due to this effect,
the high enegy tail of the initial absorptioncurve is en-
hancedquite considerably;resultingin the observedblue-
shift. The inset of Fig. 2 showsdark current versusbias
voltage for temperaturesof 10, 100, 200, and 300 K. As
mentionedbefore, theselarge Schottky diodes were rela-
tively leaky with dark currentdensitieson the order of sev-
eraltensof uA/cm? at low biasvoltagesof 0.2 V.

In order to obtain the responsivity of this QWIP, we
replacedthe internal white-light sourceof the spectrometer
by a narrow emissionroom temperatureoperatedl.55 um
superluminesceright-emitting diode (SLED). In Fig. 3, we
presentseveralphotocurrentmeasurementas a function of
temperatureusing the white-light source; and one curve
showing the emissionspectrumof the SLED. The output
powerof the latter wassetto 1 mW, this produceda photo-
currentof 20 nA, resultingin a responsivityof R=20 uA/W
at 10 K and 1.55 um. Assuminga coupling efficiency into
the deviceof 1, we deducea peakresponsivityof R;=100
wA/W .12 Basedon a 10 K deviceresistanceof 8.1 M, and
considering Johnsonnoise as the dominant noise source
(NEP=1y, onnsof Ri =45 nW), this resultsin a detectivity of
roughly 2x10° (cm? Hz)Y%W. Knowing further the quan-
tum efficiencyof »=0.68,the conversionfactore/hv=1.41
A/W, the captureprobability of p,=1, and the number of
QWs,N=20,we wereableto estimatethe escapgrobability
pe=(Np:R;)/(en/hv)=0.002. Given the barrier height of
morethanl eV in our structure this small valuelooks quite
reasonable.

Figure 4, finally, showsthe photocurrentversusphoton
enegy curvesas a function of temperaturaup to 170K. In
the inset, we presentpeaksignal height versusbias voltage
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FIG. 3. Photocurrentvs photon enegy curvesfor temperaturesf 10, 30,
50,and70K. The peakedsignalat 1.55 um wasobtainedusingan external
SLED (P=1 mW, T=300K) asexcitationsource.

(left half) and versustemperaturegright half). Under appli-
cation of a positive bias voltage,the photocurrentincreased
slightly, namelyby about25%for a voltageof +0.7V on the
Schottkycontact.Likewise, a signal decreasef about30%
could be observedunderapplicationof a negativevoltageof
—0.6V. Basedon theseobservationsye concludedthat the
directionof the unbiasedhotocurrents from thetop contact
towardsthe buffer layer. For highervoltagesof both polari-
ties, the signalbecamencreasinglynoisy, and no additional
measurementsvere possible. Especially at very low tem-
peraturesa small shoulderon the high enepgy tail of the
main peakbecamevisible. The approximateenegy of 9500
cm ! and its small relative height, only about 5% of the
main peak, are consistentwith what we predictedfor the
slightly diagonalAEj3; transitionin the quantumwells. Due
to the greatly reducedresidualbarrier height/thicknessand
thusthe muchhighertunnelling probability, eventhis transi-
tion with its extremelysmall oscillator strengthcould con-
tribute to the photocurrent.

When going up to 170 K, the sensitivity droppedby
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FIG. 4. Photocurrentvs photon enegy curves, at zero bias voltage and
differenttemperaturein stepsof 20 K from 10K (highestsigna) to 170K
(lowestsigna). The insetshowsthe peakphotocurrensignalasa function
of differentbiasvoltages(left) at 10 K; andasa function of temperaturet
zerobias (right).

abouttwo ordersof magnitude A likely reasonfor this ob-
servationis the internal device resistancewvhich eventually
getstoo low, so that the signalbecomesf comparablesize
asthe Johnsomoise.A classicalQWIP hasits excitedstate
resonantlyalignedwith the upperbandedge.This guarantees
a high escapeprobability of the electrons Jowerstheir cap-
ture probability, and allows to improve the responsivityby
applying a voltage on the structure.Iln our case,the upper
stateis still more than 1 eV below the upper band edge.
Thus,a very low probability tunnelling processs necessary
to enablecurrent flowing acrossthe superlattice As seen
above we estimatedp,=0.002for this probability Fromthis
point of view, a GaN/AIN QWIP at 1.76 um suffers from a
similar performance problem as a QC laser used as
photodetectol® The photoconductivegain is also low be-
causethe electronswill havea high capture but a very low
escapeprobability The naive estimationmentionedbefore
resultedindeedin gpnoi= 10~ 4. We thereforeexpecteda low
responsivity and only a maginal improvementunderappli-
cationof a small biasvoltage;in agreementvith the experi-
mental findings. However since the noise gain is small as
well, the noisebehavioris quite good,whichis confirmedby
the detectivity value of 2x 10° (cm? Hz)Y4/W.

In conclusion, we have presenteda GaN/AIN-based
QWIP which is mostsensitiveat a wavelengthof 1.76 um.
Using this structure,we were able to measurethe emission
spectrumof a 1.55 um SLED. This resultis an extremely
importantmilestonetowardsthe demonstratiorof a high per
formance intersubbanddetector at the telecommunication
wavelengthof 1.55 um.
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