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Room-temperature 2.5 um InGaAsSb /AlGaAsSb diode lasers emitting
1 W continuous waves
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We have characterized 2/m-wavelength InGaAsSb/AlGaAsSb/GaSb two-quantum-well diode
lasers that emit 1 W continuous waves from a 108-wide aperture at a temperature of 12°C. The
threshold current density is 250 A/émand the external quantum efficiency near threshold is 0.36.
The wall—plug efficiency reaches a maximum of 12% at a current of 2 A. Operating in the
pulsed-current mode, the devices output nearly 5 W at 20 °C. These lasers exhibit internal losses of
about 4 cm* and differential series resistances of about(.1A broad-waveguide design lowers
internal losses, and highly doped transition regions between the cladding layers and the GaSb
reduces series resistance. 2002 American Institute of Physic§DOI: 10.1063/1.1517176

High-power midinfrared diode lasers operating at roomAIGaAsSb diode laser. The devices were grown by
temperature have important applications in countermeasuresolecular-beam epitaxyMBE). Heavily doped, composi-
LIDAR, remote trace-gas monitoring, and secure communitionally graded, 40-nm-thick regions between the cladding
cations. Recent work extended room-temperature operatidayers and thex-GaSb substrate and tipg -GaSh cap layer
of antimonide-based devices to a wavelength of 2!  improve electron and hole conduction. Theregion is Te
The devices incorporated two 20-nm-wide “quasiternary” doped to < 10'® cm™2 and thep region is Be doped to 2
InGaAsSb  quantum wells (QWs) surrounded by x10°cm 3. The cladding layers are @2m-thick
Al Gay 7AS) 0Shy o7 barriers and separate-heterostructure-Al , (Ga, ASy o7Shy os. The n-cladding layer is Te doped to
confinement(SCH) layers. (The quantum-well material is 3x 107 cm_3, and thep-cladding layer is Be doped to 1
called quasiternary because of its low As confefihe maxi-  x 10'8 cmi~2 over the first 0.2um and to 5< 108 cm™ 3 over
mum cw output power at 17°C for a 2/4m-wavelength  the remaining 1.§:m. This was done to reduce intervalence-
device was 250 mW. The threshold current density was abowand absorptioA.The undoped SCH- and barrier-layer com-
300 A/cn?, and the external quantum efficiencyy, was position is Ab 2:G 3 75850 055k o8- The two
0.301we have redesigned the laser structure to reduce mte;n0 1163 sASy 1.5k g6 QWS are 14.5 nm wide. They are
nal loss,a;,” and series resistance. The two QWSs in oury 6% compressively strained. The calculated type-I band off-
devices are 14.5-nm-wide JaGay 5ASy 1.5k g6 quaterna-
ries. The barriers and SCH layers are
Al G 75880 0:5hy 0s. These design changes produced in- AlpsGag.1Asg07Sboss  Alo.2sGap.7sAS0.025bo.es

= . . 2-pm Claddin 300-nm SCH Layers
ternal losses of 4 cmt, and, coupled with the devices’ low H g v Gash
a

series resistance of 0Q that reduces power dissipation, the GaSb / \ Contact
devices output considerably more power. We have measured s“bs""atj/_l—lﬂl—l—\_Ec
maximum continuous-wave output powers of 1 W at 12°C

with 74 values of 0.36. In the pulsed-current mode the peak 0.72¢ 1.5

power at 20 °C was nearly 5 W. Ev
Figure 1 schematically depicts the energy bands of the <_>0-83um
broadened-waveguidéBW) two QW 2.5 um InGaAsSh/ Ing.41Gao.59AS0.145bo 85 Alg.25Gag 75AS0,025bo 98
two 14.5-nm QW 200-nm Barrier
¥Electronic mail: leon@ece.sunysh.edu FIG. 1. Schematic energy-band diagram of the 2m diode laser.
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L=1mm,S=100 um (b) diode laser.
s . AR/HR, T =20°C
= 200ns, 10kHz latter values are comparable to those of 218 antimonide
g laserst Characteristic temperatures generally decrease with
e 3 T increasing wavelength for antimonide diode lasers.
3 Figure 4 shows the cw spectra at 15, 23, and 30°C, all
3 2r ] taken at a current of 1 A. The spectra are multimode, and at
= 30°C the maximum wavelength is 2.5Q8m. The long-
Q .
a 1t - wavelength edge of the spectrum increases at a rate of 1.5
T~ n,=044 nm/K, as expected for antimonide-based midinfrared lasers.
0 . . s : s Figure 5 shows the subthreshold modal gain spectra
0 5 10 15 20 25 30

taken at six different currents, for a 1-mm-long laser at
20SDC. We used the Hakki—Paoli method to obtain these
FIG. 2. Output characteristics of two 26n diode lasers in the o) and ~ data from the amplified spontaneous emission spectrum at
pulsed-current modéb). The output aperture, cavity length, and the heatsink each specified curreft For photon energies about 0.47 eV
temperature are indicated in each graph. the spectra converge, for the material gain at sub-band-gap
energies, is zero at any current and modal gain is equal to
sets for the QWSs are 0.139 eV in the valence band and 0.336tal loss~22 cmi . Subtracting from this value the mirror
eV in the conduction band. The wafers were processed inttsses, which are about 18 ¢ for a 1-mm-long laser,
100-um-aperture lasers with antireflectigdR) and high- leaves a value for internal loss of 4 ¢ This value is
reflection (HR) facet coatings of 3% and 95% reflectivity, comparable with the losses in aun, BW antimonide lase.
respectively. Cavity lengths are 1 and 2 mm. The device$Jsing the measured values of thg for 1- and 2-mm-long
were indium-soldered-side down to copper mounts and lasers, we find a consistent value for the internal quantum
characterized. efficiency, ;, of about 0.5. Derivingy; and 7; from a plot
Figures 2a) and 2b) show the cw and pulsed-mode of 1/74 versus cavity length yield values 6f5.2 cm tand
(200 ns current pulses at a 10 kHz repetition yaietput-  0.56, respectively, which are in fair agreement with the num-
power (P-1) characteristics of 2 and 1-mm-long diode la- bers obtained from the gain spectra of Fig. 5. BW lasers have
sers, respectively. The wall—plug efficiency for cw operationlower internal efficiency,owing perhaps to carrier recombi-
is shown in Fig. 2a). The cw threshold currenty,, is 0.5 A  nation in the extended SCH layers. We are currently rede-
(250 Alcn?), and near thresholgy is 0.36 photons/electron.
With increasing current the power tends to saturate as a re- - ———T —
sult of heating, and the maximum power is 1 W at a heatsink 1.0}
temperature of 12 °C. The peak wall-plug efficiency of 12%
occurs at a current of about 2 A. Active-area heating is not as
significant a problem in pulsed-mode operation. Figui® 2
shows that at a heatsink temperature of 20°C a 1-mm-long
device outputs a maximum peak power of 4.9 W at 27 A,
which is power-supply limited. The shorter cavity length of 1
mm increasesyy to 0.44, because of the higher mirror losses.
Figure 3 shows the characteristic temperatuiigsand
T,, associated with the exponential changejnand exter-
nal slope efficiency,ns (9q=2[A/W]7ns), measured in
pulsed-current operation over the temperature range of
20-60°C. We foundT;=83 K and T;=185K over the
temperature range of 20—-60°C. Over the limited temperarg, 4. cw laser spectra at 15, 23, and 30 100 «m, L=2 mm, and

ture range of 20-40°CT,=89K andT;=251K. These 1=1A.
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0 T T ; T diode laser§. This relatively low series resistance results
L=1mm, S=100m, mainly from the low n-metal contact resistance and the
_ A0t Q&I:':f I;nﬂ)zc g heavily n-doped graded region between theladding layer
“'g 280 mA and the substrate.
5 .20 250 | In conclusion, we have developed 28n InGaAsSb/
% fgg ] AlGaAsSbh/GaSh diode lasers with internal losses of 4tm
o 100 and series resistances of 0Q. These features enable
§ 30 50 | continuous-wave output powers of 1 W at 12 °C and pulsed-
= ] current mode output powers of 5 W at 20 °C. The low inter-
A0 ernal loss - 4cm’ nal losses are the result of a strongly mode-confining wave-
Internal eff. = 50 % "Q 3 .-,E_’;.? gwd_e. We attribute the low series resistance of@.lb high
'58.47 0.219 £a 05‘1 . 'o'.le;s‘ Sy doping in the graded layers, including the cladding layers at

the graded-layer/cladding-layer interface. We are currently
investigating waveguide designs that increase the internal

FIG. 5. Six subthreshold gain spectra of a 1-mm-longbdiode laser at  quantum efficiency.
20 °C. Each gain spectrum was taken at a given current, increasing gain
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