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Room-temperature, mid-infrared (A=4.7 um) electroluminescence
from single-stage intersubband GaAs-based edge emitters
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GaAs-based, single-stage, intersubband devices with active regions composed of deep quantum
wells (i.e., InysGa 7As) and high AlGaAs barriers display strong room-temperature emission at
N=4.7 um. The structures are grown by metalorganic chemical vapor deposition. The large energy
barriers(~360 meV for electrons in the upper energy level of the active region strongly suppress
both the carrier leakage as well as the tunneling escape rate out of the wells. As a result, the ratio
of emissions at 80 and 300 K is as low as 2.0, and thus there is considerably less need for a Bragg
mirror/transmitter-type region. Devices with virtually 100% tunneling injection efficiency have been
realized, and their room-temperature spectra are narrow: 25 meV full width at half maximum. These
deep-well, single-stage structures are intended for use as the emitting units in two-dimensional,
intersubband quantum-box lasers, or as the stages of quantum-cascade lasers for efficient,
room-temperature operation in the 3B wavelength range. @004 American Institute of
Physics [DOI: 10.1063/1.1819518

In the quest to achieve efficient, room-tempera{iRe), GaAs/AlGaAs superlattices do not need to be used on both
continuous-wave(cw) laser operation in the mid-infrared sides of the active region, resonant tunneling cannot occur
(IR) wavelength ranggi.e., 3—5um) one proposed ap- betweenX valleys at high transition energies, and thus RT
proach is the use of two-dimensional arrays of unipolaremission in the mid-IR range becomes possible for
quantum boxes(QBs), with each QB incorporating a single- GaAs-based devices.
stage, intersubband-transition structure. In previous work on The material used in the devices is grown by low-
single-stage, unipolar devices RT intersubband emission ha@essure metalorganic chemical vapor deposi(MOCVD)
been reported only from InP-based structiras a wave- at 700°C and is essentially a single-stage structure embed-
length of 7.7um. For 30- to 40-stage GaAs-AlGaAs ded in a plasmon-enhance#GaAs waveguidé;' which
quantum-cascadeQC) lasers at RT, intersubband emission gives an optical-mode confinement factdf, of 0.48%.
wavelengths shorter than@m cannot be achieved, since at Shown in Fig. 1 is an electron-energy diagram for the single-
higher transition energies the active-region upper level is apstage structure and the squared wave-function moduli for the
parently depopulated via resonant tunneling betweenxthe relevant energy states. As shown, the single-stage structure is

valleys of the surrounding AlGaAs barriets. composed of a superlattice injector and a double-QW
We present here the realization of RT mid-IR electrolu-
minescence emission fromsingle-stageintersubband de- 1.0
vices. The RT output power is of the same order of magni- |— Doped 1 Al Ga, As
tude as that of InP-based QC structures of approximately the osp n
same wavelength. The RT emission linewidth is narrow < 0.6 :\;‘{ﬁfgg:‘ 4 360 meV
[~25 meV full width at half maximum(FWHM)] and the 2 |
80/300 K emission ratio is very low~2). ? 04f
Optimization studies of GaAs-based devitesave G 02} GaAs
shown that for thin barriers between the injector region and ool 4
the active region, two effects occur which cause significant ' F— 80 kV/em
decreases in the uppérnergy state injection efficiencyl) 0.2 In,,Ga, As
a diagonal radiative transition from the injector-region R
ground stateg, to an active-region lower state, aq®) se- Distance (nm)

vere carrier leakage from the stag¢o the continuum. Here ) ) L ) .
we show that by using GaAs-based devices Wiﬁny deep FIG. 1. _Conductlon—band—eniargy diagram of the “injector +act|v§ region (_)f
. . the device when stategsandn=3 are at resonance, under an applied electric
a?t've guantum WG"SQWS), In0.36_30.7AS active I?-yers sand- field F=80 kV/cm. Shown are the moduli squared of the relevant wave
wiched between AlgGa ,As barriers, we can virtually sup- functions. The injector region is-type doped(4x 10t cm3) over the in-

press carrier leakage to the continuum. Furthermore, sincdéicated range. The layer thicknesses in nm from left to right are:
4.0/3.0/3.0/3.0/1.83.3/1.62.9/2.02.5/2.44.6/2.43.6/2.4 where the
barriers are underlined. The first four layers argG¥, ,As, wherex is 0.02,
¥Electronic mail: botez@engr.wisc.edu 0.04, 0.06, and 0.08, respectively.
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4.7 um is estimated to be 25 meV, a value quite similar to
the best RT values reported for QC devfteperating EUN
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Figure 3 shows the light-currefiL-1) characteristics at
°r . | 80 and 300 K. (Drive conditions: 1.5us-wide pulsed;
2 4 6 8 10 12 16-kHz rep. ratg The outputs are of the same order of mag-
(b) Wavelength (um) nitude as those from InP-based QC structures emitting at the

FIG. 2. Intersubband electroluminescence spectreaptt0 K, for four dif- same approxmatg Wavelength'. Due .bOth to the deep wells
ferent currents under pulsed conditiars200 ns, 84 kHx. The low-energy and the_ high t,)a_mers' thermlonlc carrier leakage to the C,On'
peak is due to photon-assisted tunneling of electrons from the injectofiNUUM is negligible by comparison to that observed for thin-
ground statélevel g) to then=2 state; while the high-energy peak is due to barrier GaAs/A} 3Ga ¢As QC deviced (i.e., the emission
the vertical transition between the=3 andn=2 states{b) room tempera- s not temperature independenProof of suppression of the
ture and 400-mA drive currerite., 1.6 kA/cnt current density carrier leakage is the fact that the/@D0 K emission ratio is
only about 2.0, compared to typical values-68.0 for QC
(DQW) active region. The GaAs/AlGaAs superlattice injec- devices®* Ideally, if no carrier leakage exists, the 80/300 K
tor is n type (4 x 1017 cm™3) over the indicated range and is emission ratio should be 1.7 as dictated by Bose-Einstein
designed for resonant tunneling into state3 of the active statistics’ The strong carrier-leakage suppression occurs be-
region at a field of 80 kV/cm. A step-graded region insurescause the energy barrier seen by the electrons imthe
effective carrier flow to the miniband of the superlattice in- state is~360 meV, a value about four times larger than for
jector. The DQW active region is designed for a verticalconventional 5xm-emitting QC device§’ Furthermore,
radiative transition of 263 me¥{i.e.,A=4.71 um), where the due to the DQW structure and the high exit barrier the tun-
wells are 4.6- and 3.6-nm thick and the three barriers ar@eling escape probability of the electrons in the3 state to
each 2.4-nm thick. Th@=1 state is separated from tme the continuum is strongly reduc&dlhus, there is consider-
=2 state by approximately 32 meV, the LO-phonon energyably less need for the Bragg mirror/transmitter region char-
Since the energy splitting at resonance betweengtiséate  acteristic of conventional QC devicd€ This fact, aside
(of the injectoy and then=3 state is about 8.4 meV, the from meaning less device complexity and easier fabrication,
states are strongly couplédhe oscillator strength is distrib- allows for_the fabrication of QC devices for which
uted between two radiative transitions: a diagonal one fronbackfilling’ becomes negligible at room temperatufe.g.,
stateg to then=2 state, and a vertical one from the3 to  if two structures similar to the one shown in Fig. 1 are placed
then=2 states.

Current confinement is provided by a @On-wide 1.0
metal-contact stripe and two 1/&m-deep grooves etched Al Ga As
through the heavily dope¢s x 108 cm™) n-GaAs upper- 08F A GaAs N P
cladding layer. The devices are 3@®n long and mounted % 0.6 | Injector 3
on Cu heat sinks. The spectra as a function of drive current g Miniband VA
and temperature are shown in Fig. @rive conditions: S 04} p
~200-ns-wide pulses; 84-kHz repetition rat&t T=10 K S i 0 A GaAs
and low drive levels, the electron population in thetate is 02F 11— H <
much higher than that in the=3 state, which causes the 0_0'_ L
diagonal low-energy transition at240 meV to dominate. | F=70 kV/cm ~In Ga As
The gm|55|on4FWHM is IargevSS me\@, as was found by -0.2_10 a (') 1'0 . 2'0 . 3'0 . 4'0 . 5'0 e
Barbieri et al.” for thin-barrier QC devices. As the electric Distance (nm)

field increases the population of the=3 state increases,
which causes a shift of the emission primarily to the vertical FIG. 4. Conduction-band-energy diagram for device optimized for 95%
high-energy transition at 259 meX =4.78 Mm)- Increasing tunneling-injection efficiency from the stageto then=3 state. The injector

. . region isn-type doped just as shown in Fig. 1 for the nonoptimized device.
the temperature_to 300 KFig. 2(b)] furth.er increases the 5 layer thicknesses in nm from left to right are:
=3 state population, such that most emission occurs from thgs;2 5/2.5/2.5/1 5.5/1.82.2/2.111.9/2.44.6/2.43.6/2.4 where the

vertical transition at\=4.7 um. The emission linewidth at barriers are underlined.
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~ 400 thus fully correspond to vertical transitions. The FWHM
3 Ao linewidths are 19 meV at 80 K and 25 meV at 300[Khe
a0 | e AT 300-K value stays constant to the highest drive current of
& 1.5 A (i.e., 6.3 kA/cn? current density]. These values are
2 200} the same as, if not better than, the best values rep?dnrtam
E 5-um-emitting QC devices optimized for an,, value of
3 100f ~100%, and thus demonstrate that the spectral linewidths of
§ o . intersubband GaAs-based devices grown by MOCVD can be
w AR as narrow as those of InP-based devices grown by molecular
2 3 4 5 6 7 8 9 10 1 beam epitaxy.
Wavelength (um) In conclusion, by using deep-well, GaAs-based intersub-

. band devices with high AlGaAs barriers we have obtained

FIG. 5. Intersubband electroluminescence spectra at 80 K and at room tem—t RT . in th id-IR f inale-st

perature for the optimized device shown in Fig. 4. S rong em|SS|_on In the mid-Ik range rom single-stage
intersubband emitters. Furthermore, the devices have been

back to back, the energy difference between the quasi-Ferrr%pt'mlzed for tunneling injection efficiency close to 100%.
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