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Optical gain and loss in 3  um diode “W” quantum-well lasers
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Gain in broad-area midinfrared diode “W” laserk € 3—3.1um) has been measured using lateral
mode spatial filtering combined with the Hakki—Paoli approach. The internal optical los4 ®f

cm ! determined from the gain spectra was the same for devices with either ten or five period active
regions and nearly constant in the temperature range between 80 and 160 K. Analysis of the
differential gain and spontaneous emission spectra shows that the main contribution to the
temperature dependence of the threshold current is Auger recombination, which dominates within
almost the entire temperature range studigd-160 K. © 2002 American Institute of Physics.
[DOI: 10.1063/1.1471571

Considerable progress has been made in the developN,=5x10'® cm %) and a 50 Ap*-GaSb cap layer. Only
ment of midinfrared interband type-II optically pumped and5-\w—QWw structures had the hole blocking region.
diode laserd3 Despite the spatial separation of electrons Gain-guided lasers with 10@m wide stripe contacts
and holes at the type Il heterointerface, the W-quantum welyere mountegp side down on a copper heat sink attached to
(W—-QW) design of the active regiérprovides a sufficiently e cold finger of a liquid nitrogen cryostat. Gain spectra
large optical matrix element. At the same time it permits ayere measured using the Hakki—Paoli technique adapted to
large variation of the lasing wavelength controlled by they a4 area devicdsModal gain spectra for the 10-W—QW
active region layer thickness and barrier height. __device operated in cw mode at 80 and 160 K are shown in

Performance of diode W—-QW lasers degrades rapldl)f:ig. 1. The modal gain equats=NI'G— ay, whereN is

with increasing temperature. The highest reported heat sinﬁ1 : . .
. . . e number of W—QWsl" is the optical confinement factor
temperature for cw operation of diode W—QW lasers is 200 Qwsl b

K. while for the optically pumped devices it is 290%n per well, andG is the material gain. The total loss, has

: been estimated from the low energy side of the modal gain
this letter we study the temperature dependences of the op- . ] .
. . o sgectra, where the material gat is sufficiently small to
tical gain and spontaneous emission spectra as well as ttg keq~ — This g 34 cmL. One facet of h
optical loss and differential gain of diode W—QW lasers. Weda €9~ "~ - 'j ?'Vis.ar‘]"thI cm = dneh aceho feac .
find that, in contrast with optically pumped device$,in evice was coated for high reflection and the other for anti-

both five and ten period devices the internal loss is almos'ieflecuon pro""?"”g the .reflecuvmes 0Rh:0'95, andR,
the same and remains nearly constant in the temperatur:eo'o‘r’* res_plectlvely. Th's corresponds to a mirror loss of
range from 80 to 160 K. The temperature increase of th&m™ 15 cm *. Subtraction ofay, from the measuredr
threshold current can be explained by the dominant role ofives an internal loss o~ 19 cm *. The temperature in-
Auger recombination at high carrier concentrations com-créase from 80 to 160 K leads to an apparent broadening of
bined with the linear temperature increase of the thresholé€ gain spectrum and a redshift of the gain maximum from
concentration. 0.412 to 0.397 eV, with the linear temperature tuning coeffi-
The diode W—QW laser structures were grown by mo-cient B~ —2x10 * eV/K. The full width at half maximum
lecular beam epitaxy. Am-type GaSb substrate was fol- Of the gain peak increases from 12 meV at 80 K to 20 meV
lowed by a lattice-matched 1Gm-thick n-type AlGaAsSb  at 160 K. Measurements of the total loss at 160 K give the
optical cladding layer Np=2x10" cm™3), a lattice same value within the experimental accurd€jg. 1). The
matched 0.6um-thick AIGaAsSb separate confinement het-internal loss obtained for 5-W-QW lasers is also the same
erostructure(SCH) layer, a hole blocking regioin some  within experimental accuracy.
structurey, consisting of seven periods 14 A AISb/15 AlnAs, There are three major reasons for the temperature in-
W-QW active region, consisting of five or ten periods of 80crease of the threshold current. These are: a temperature in-
A Alg15GaAs oSy og15 A INAS/27 A GalpsSh/15 A crease ofy, a temperature decrease of the differential gain
InAs, another 0.6um AlGaAsSb SCH layer, a lattice- dg™dJ and a temperature increase of the leakage current
matched 1.5um p-type AlGaAsSb optical cladding layer nto the cladding region. It was shown previously, that at
temperatures as high as 80 °C, the hole heterobarrier leakage
3Electronic mail: suchal@ece.sunysb.edu current in GaSh-based lasers with similar waveguide and
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100 , . , whereG, is a weak functioh' of T, n, p(I,T) are the elec-
08 039 h 040 V 041 042 tron and hole concentrations in the wells, anfl, m} are
v, e the electron and heavy hole effective masses. The electron
FIG. 1. Spectral dependences of the modal gain for the laser with 10-W—a_nd ho_le Concentr,atlons are assumed to _be equal anFj’ for
QWs at 80 K(upper panéland 160 K(lower pane. simplicity, broadening of the energy levels is not taken into

account. To obtain information about the current and tem-
perature dependences of the carrier concentrat{drnT) we
analyzed the spontaneous emissi@E) spectra collected
from a side of the devic® A 0.5 mm slit was used to filter
L ) S _out the stimulated emission contribution from the laser fac-
Firstis the fr_ee-carner absorptlop in the quaqtum wells. Th'Sets. Dependences of the integrated spontaneous emission in-
mtha”'Sm_'S found to be dor_mnant n mu'ltlpenCﬁD—BO' tensity I s, on current below the threshold are shown in Fig.
periods optically pumpeq devices, where it is respon5|ble3. The dependence,J) is linear at 80 K, while at higher

for more than a twofold increase of;,; in the temperature temperatures a regior;p~J2’3 appears as the threshold in-

_7 . . .
range from 80 t°_160 R The_ second (_:ontr|but_|on is due t_o creases. This dependence can be interpreted as a result of
modal overlap with the cladding material and light scattering

in the waveguide. The fact that the internal loss does not
depend strongly on either the number of wefise or ten),

or temperature strongly indicates to the conclusion that the
second mechanism is dominant in these electrically pumped
W-QW lasers.

Since a4 is independent of the temperature, a possible
reason for the temperature increase of the threshold current is
the temperature dependencedsf;'*/dJ. One can se¢Fig.

2) that as the temperature increases from 80 to 160 K, the
averagedgl'®7dJ decreases from=0.29 to~0.03 cm Y/mA.

The behavior ofdgy'®7dJ for 5-W—-QW samples is qualita-
tively the same, except that the magnitudedaf,*/dJ is
larger, viz. ~0.4 cm YmA (80 K) and~0.1 cm ¥/mA (120

K) for the lasers without the hole blocker; and0.7 100 200
cm YmA (80 K) and~0.07 cm Y/mA (160 K) for the lasers TK

with the hole blocker. This may indicate an inhomogeneous '

carrier distribution among the wells in the 10 W—-QW de-

vices, which reduces the effective number of wWedad sup- FIG. 3. Current dependences of the integrated luminescence intégsity
pressesj gmax/dJ 80 K (open circleg and 160 K(solid circles. The arrows mark the lasing

n N . max : thresholds. The fitting lines ark;,;~J for 80 K andl 3~ J2° for 160 K. The

The net gain maximung," can be expressed in terms jpset is the dependence bf, on inverse temperature for=0.1 A (1) and

of two-dimensional2D) carrier concentrations s 0.3A(2).
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cladding materials is small and cannot be a limiting factor
for the high-temperature performarfte.
We can specify two contributions to the total losg;.
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energy shift between the SE spectra recorded in pulsed
ns, 2% duty cycleand cw modes gtL60 K). AlthoughAT is
relatively small (<5 K) at cw currents below 800 mA, it
reaches 15-20 K at the currestl.3 A. This corresponds to
a specific thermal resistance sf11 K cnf/kW.

In conclusion, we have experimentally investigated the
optical gain and internal loss in3m type Il W diode lasers.
The internal optical loss is19 cm * for devices with both a
5- and 10-W-QW active regions and remains nearly con-
stant within the temperature range 80—160 K. This implies
that the main contribution to the internal optical loss is the
waveguide and cladding loss rather than free carrier absorp-
tion in the wells. Analysis of the spontaneous emission spec-
tra shows that the reason for the temperature increase of the
threshold current is Auger recombination.
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