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Low-threshold room temperature continuous wave 1.49 mm GaInNAsSb lasers are presented. Room temperature threshold current
density of 1.1 kA=cm2 was observed with a high external quantum
efficiency of 40% and maximum output power of 30 mW from both
facets.

Fabrication: The lasers were grown on a (100) n-type GaAs substrate
by solid source molecular beam epitaxy (MBE) with nitrogen
supplied with a modified SVTA plasma cell and antimony by an
unvalved cracker. Dopants were supplied by solid silicon and CBr4
sources. The active layer was a single 70 Å GaInNAsSb QW surrounded by 200 Å thick GaNAs barriers. GaNAs barriers were chosen
over GaNAsSb because of superior low-temperature growth morphology, strain compensation and likely improved electron confinement
[9]. This layer was embedded in the centre of a one wavelength
undoped GaAs waveguide surrounded by Al0.3Ga0.7As cladding, as
shown in Fig. 2. The structure was capped with a highly doped GaAs
contact layer.

Introduction: Since the initial discovery by Kondow and co-workers
of anomalous bandgap bowing in the nitride–arsenide alloys, much
work has focused on demonstration of high-performance 1.3 mm
range lasers [1–3]. Recent results from several groups have shown
extremely low threshold edge-emitting lasers and high-performance
VCSELs in the 1.3 mm range [3, 4]. While there has been considerable
effort on growth of higher indium and nitrogen content alloys to
decrease further the bandgap for 1.55 mm devices [5–7], state-ofthe-art edge-emitting lasers show rapidly increasing threshold with
wavelength. Results for GaInNAs(Sb) lasers between 1.2 and 1.5 mm
are summarised in Fig. 1 [8]. Between 1.2 and 1.3 mm, threshold
current density increases with wavelength 2.2 A=cm2 per nm. By
comparison, the increase between 1.4 and 1.5 mm has been, hitherto,
approximately 11.6 A=cm2 per nm.

Fig. 2 Device structure of lasers in this study

Device fabrication consisted of lift-off metallisation (Ti=Pt=Au)
followed by a self-aligned dry etch through the top Al0.3Ga0.7As
cladding layer. The wafers were thinned to 120 mm to allow the
cleavage of high-quality mirrors and backside metal was evaporated
(Au=Ge=Ni=Au). This was followed by a one minute contact sinter
at 410 C. Device bars ranging in length from 400–800 mm were manually cleaved.

Fig. 1 Recent trends in GaInNAs(Sb) lasers
j

1.3 mm range lasers with linear fit (solid line)

Results: Fig. 3 shows the CW RT light output with input current
(L–I ) for a device measuring 20  760 mm. The device lased at
1.490 mm (Fig. 3 inset) with a CW threshold of 1.1 kA=cm2. The
CW slope efficiency was 0.34 W=A, corresponding to a 40% external
quantum efficiency. To the best of our knowledge, these are the best
threshold current density and efficiency data ever reported for a
dilute-nitride laser in this wavelength range [6, 7]. Additionally,
devices showed maximum CW output powers of 30 mW before
thermal rollover and pulsed output powers (5 ms pulse and 1% duty
cycle) as high as 300 mW.

 previous 1.5 mm range lasers with linear fit (solid line)
w represents this datum
Extrapolation of the 1.3 mm range fit (dashed line) to 1.5 mm fits well with the
results of this study
Adapted from [8]

For the first time, a continuous wave (CW) 1.5 mm range GaInNAs(Sb) laser with threshold current density comparable to 1.3 mm
range GaInNAs lasers is presented. Single quantum well (QW) photoluminescence (PL) samples had a room temperature (RT) PL peak at
1.42 mm and a linewidth of 29.7 meV. This is the narrowest PL
linewidth reported for such QW structures, an indication of the much
improved growth conditions of these lasers. RT threshold current
densities of 1.1 kA=cm2 (CW) and 910 A=cm2 (pulsed) were observed
for a 20  760 mm ridge waveguide device. The device lased at 1.49 mm
and showed record high CW output powers up to 30 mW (both facets)
with external efficiency of 0.34 W=A (40% external quantum efficiency) and a characteristic temperature of 62K (pulsed). Devices
were tested epi-side up, at RT, and without facet coatings. The CW
threshold current density is in keeping with the trend of 1.3 mm range
devices (Fig. 1), indicating that material degradation with increased
nitrogen incorporation and longer wavelength is not as severe as once
thought. Additionally, these devices represent a substantial improvement over those previously reported.

Fig. 3 L–I for 20  760 mm device
Inset: Spectrum

ELECTRONICS LETTERS 2nd October 2003 Vol. 39 No. 20

The device structure was chosen to minimise thermal heating around
the active layer to allow CW operation. A difference of 200 A=cm2
between pulsed and CW threshold current density indicates some
heating, although other devices showed significantly less difference.
The turn-on voltage was 0.9 V, which compares favourably to the
bandgap energy of 0.83 eV. Additionally, the diode ideality factor was
computed to be 1.3. These data indicate an excellent balance between
device heating issues and free carrier absorption.
While the threshold current density is over three times lower for other
reported devices at comparable wavelengths (Fig. 1), these devices are
more temperature sensitive. The characteristic temperature (To) under
pulsed conditions was 62K as measured from 25 to 60 C. This is likely
due to reduced electron confinement in GaInNAsSb=GaNAs structures
as compared to GaInNAs=GaAs [6].
Conclusions: We have demonstrated a 1.5 mm range GaInNAs(Sb)
laser with a record low threshold current density of 1.1 kA=cm2 and a
record high external efficiency of 0.34 W=A. This is the first device in
this wavelength range that conforms to the threshold current=wavelength trend observed for GaInNAs lasers 1.3 mm. Extrapolation
(Fig. 1) predicts a threshold current density of 1085 A=cm2 at 1.5 mm,
which matches quite well with the devices presented here. Future
work will focus on achieving higher To and further reducing threshold
current densities.
Acknowledgments: The authors thank S. Zou of Santur Corp. for
assistance in wafer thinning, and V. Sabnis for many enlightening
discussions. The authors also acknowledge A. Moto of Sumitomo
Electric Industries for helpful discussions and donation of substrates.
This work was supported under DARPA and ARO contracts
MDA972-00-1-024, DAAD17-02-C-0101 and DAAD199-02-10184, ONR contract N00014-01-1-00100, as well as the Stanford
Network Research Center (SNRC).
# IEE 2003
Electronics Letters Online No: 20030928
DOI: 10.1049/el:20030928

17 July 2003

S.R. Bank, M.A. Wistey, H.B. Yuen, L.L. Goddard, W. Ha and
J.S. Harris Jr. (Solid State and Photonics Lab, Stanford University,
Stanford, CA 94305, USA)
E-mail: sbank@stanford.edu

References
1

2

3
4

5
6
7

8
9

KONDOW, M., KITATANI, T., NAKATSUKA, S., LARSON, M.C., NAKAHARA, K.,
YAZAWA, Y., OKAI, M., and UOMI, K.: ‘GaInNAs: a novel material for long-

wavelength semiconductor lasers’, IEEE J. Sel. Top. Quantum Electron.,
1997, 3, (3), pp. 719–730
LARSON, M.C., COLDREN, C.W., SPRUYTTE, S.G., PETERSEN, H.E., and
HARRIS, J.S.: ‘Room temperature continuous-wave operation of GaInNAs
long wavelength VCSELs’. 58th Dev. Res. Conf., 2000, Denver, CO,
USA
TANSU, N., KIRSCH, N.J., and MAWST, L.J.: ‘Low-threshold-current-density
1300 nm dilute-nitride quantum well lasers’, Appl. Phys. Lett., 2002, 81,
(14), pp. 2523–2525
JOHNSON, R., BLASINGAME, V., TATUM, J., SCHEN, B., MATHES, D.,
ORENSTAIN, J., WANG, T., KIM, J., KWON, H., RYOU, J., PARK, G., KALWEIT, E.,
CHANHVONGSAK, H., RINGLE, M., MARTA, T., and GIESKE, J.: ‘Long
wavelength VCSELs at Honeywell’ in KILCOYNE, S., LEI, C. (Eds.):
‘Vertical-cavity surface-emitting lasers V’, 2003, p. 4444 (J., Proc. SPIE)
HA, W., GAMBIN, V., BANK, S., WISTEY, M., YUEN, H., KIM, S.M., and
HARRIS, J.S.: ‘Long-wavelength GaInNAs(Sb) lasers on GaAs’, IEEE J.
Quantum Electron., 2002, 38, (9), pp. 1260–1267
GOLLUB, D., MOSES, S., FISCHER, M., and FORCHEL, A.: ‘1.42 mm
continuous-wave operation of GaInNAs laser diodes’, Electron. Lett.,
2003, 39, (10), pp. 777–778
LI, L.H., SALLET, V., PATRIARCHE, G., LARGEAU, L., BOUCHOULE, S.,
MERGHEM, K., TRAVERS, L., and HARMAND, J.C.: ‘1.5 mm laser on GaAs
with GaInNAsSb quinary quantum well’, Electron. Lett., 2003, 39, (6),
pp. 519–520
HARRIS, J.S., JR.: ‘GaInNAs long wavelength lasers: progress and
challenges’, Semicond. Sci. Technol., 2002, 17, (8), pp. 880–891
(References therein)
YUEN, H.B., BANK, S.R., WISTEY, M.A., HA, W., MOTO, A., and HARRIS, J.S.:
‘An investigation of GaNAs(Sb) for strain compensated active regions at
1.3 and 1.55 mm’. 45th Electron. Mat. Conf., 2003, Salt Lake City, USA

ELECTRONICS LETTERS 2nd October 2003 Vol. 39 No. 20

