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Abgract : Room temperature operation is an important criterion for high performance of quantum cascade lasers. A

strain-compensated quantum cascade laser A= 5 %4 m) with optimized waveguide structure lasing at room tempera

tureis reported. Accurate control of layer thickness and strain-compensated material composition is demonstrated u-

sing X-ray diff raction. An output power of at least 45mW per facet is realized for a 2Q) nrwide and 2mnrlong laser at

room temperature.
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1 Introduction

The quantum cascade lasers (QCLs) designed
through band-structure engineering and grown by
molecular beam epitaxy (MBE) , have obtained
great achievement snce their first demonstrationin
1994 4 In particular ,QCLsin the 3 & m spec
tral range have made great progress® because of
their potential applications,such as trace gas sens
ing ,medical diagnosis,and optical free gpace com-
munication'® . Some of them have been used for
chemical detection experiments’'. Room tempera
ture operation is necessary for all these applicar
tions,and it’ s also an important criterion for QCL
high performance. For the purpose of room temper-
ature operation ,the strairn-compensation technique,
as the most effective method ,is an absolutely nec-
essary means recently adopted in QCL structure
design and material growth. The strain-compensa
ted material system can not only give an enlarged
conduction band discontinuity but also make the
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control of material quality easer by adjusting the
alloy compositions and balancing the tensle strain
and compression strain. In this paper ,we report the
room temperature operation of A= 5 I m strain
compensated QCL s incorporating optimized struc-
tures and high quality material s.

2 Sructure optimizing and materials
characteristic

The strain-compensation technique used in our
structure has been the first choice for high per-
formance QCL s since the pioneering work of Liu et
al.®®% This effective method results in perfect
material quality and high performance due to a lar-
ger conduction band discontinuity™™ . We use InP
as a waveguide material instead of InGaAs and In-
AlAsin order to improve the heat dissipation of
the device,a main obstacle to the development of
the QCL ,because the thermal conductivity of InP
isabout 10 times higher than that of InGaAs and
InAlAs(Figure 1) . Furthermore,the refractive in-
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dex of InP,nme= 3 10,isless than that of InAlIAS
(3 20) and InGaAs(3 49) ,allowing for a larger
ref ractive index step between the core and the clad-
ding layers.
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FHg. 1 Caculated therma conductivity of InP, In-
GaAs,and InAlAs meterials usng 4 06 - 0. 020 T +
2 88x10°° T*for InP,0. 29- 0. 00139 T+ 1 98 x 10" °
T2 for Ino.ss Gao.arAst™ Jand 1. 25 x0. 29- 0. 00139 T +
1 98 x10°° T*for Ino.s2 Al ssAs™

The laser wafer was grown by MBE on
doped InP substratein a solid-source MB E system.
The active region consists of 30 stages,which are
alternating n-doped injector regions and undoped
coupled well active regions usng an Ino.s Gao.a-A g
Ino.aAlo.s As material system. The structureis smi-
lar to that of Ref.[13]. The detailed structure in-
cluding the waveguide isillustrated in Fig. 2.

InGaAs 400nm 5x10%cm- 3
InP 2500nm O 10%Fem”? T
1x10Ycm-3
InGaAs 350nm 1x10%cm" 3
(Active + Injector) 30 x
InGaAs 300nm 1x10Ycm" 3
InP substrate n-doped

Fg.2 Schematic cross section of the complete InGaAs InAl-
A¢ InP laser structure grown by MBE

The double X-ray diffraction spectrum of the
whole structure was used to evaluate the wafer
quality before the device processng (Fig 3). The
excellent periodicity and narrow linewidths of the

satellite peaks shown in Fig. 3 indicate extremely
good quality of the material ,especially good inter-
faces between the superlattice layers. The mis
match of the structure can be calculated from the
results of the X-ray experiment by

mzé—aa:-éecoﬁ (1)

where ais the lattice constant 9 ais the difference
between the substrate and the epilayer ,and® isthe
substrate Bragg diffraction angle ,which can be cal-
culated usng Bragg’ s equation, 2ds® = A . A
rocking curve was recorded for the (004) reflec
tionsfrom the sample,s0 dis theidentity distance
of (004) . Finaly 00 is the difference of Bragg dif-
fraction angles between the substrate and epilayer.
The zero-order peak of Fig.3 shows a nearly per-
fect overlap with the diffractive peak of the InP
substrate, which indicates that the whole QCL
structure, made from strained Inos Alos As and
Ino.s Gao.a As, has been almost properly strain-bal-
anced to give a net strain of nearly zero.
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Fg.3 X-ray dffraction pectrumfor a 30 period INnGaAs
INAlASs QC laser structure

The thickness of a dSngle layer cannot be deter-
mined from the result of the X-ray dffraction because
of the complicated diff raction interaction due to the pe-
riodic multistage structure of QCLs and the limited
range of measurement ,but the thickness of one period
can be calculated usng Eqg. (2) .

t= % Y1260, 50y 2
where Li and L; are two different diffraction or-
ders,and@; and®; are the corresponding diffraction
angles. The calculated thickness of one period of
our structure from the result of the double X-ray
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experiment is 5L 87nm ,which is very close to the
desgned value of 51nm.

3 Device fabrication and characteris
tics

Photolithography and wet chemical etching in
a HBr HNOs H.O solution were used to
process lasers into 2Qu m strips. After the ridge
waveguide was etched ,a SO: layer was grown by
chemical vapor deposition to provide insulation be-
tween the contact pads and the n* "-InGaAs layer.
After opening a window into theinsulation for cur-
rent injection, norralloyed Ti/ Au ohmic contacts
were deposited on the top layer and the substrate.
The devices were then cleaved into laser bars leav-
ing the facet uncoated ,and then soldered ,epilayer-
down ,to copper holders usng indium and wire
bonded toget her.

After soldering ,the heat snkswereplacedin a
liquid nitrogen cryostat, and the spectra were
measured with a BRUKE EQUINOX 55/ S step
scan Fourier transorm infrared (FTIR) spectrom-
eter and aliquid nitrogen cooled HgCdTe detector.
Figure 4 shows the lasng spectra of the device
with a duty cycle of 1% and a repetition rate of
5kHz at room temperature and 83K. The lasng
wavelength is 5 44 m at room temperature. The
line width of room temperature spectrum is some-
what wider than that of 83K. Moreover ,the inten-
sty of the room temperature spectrum is weaker
than that at 83K. When keeping the heat snk tem-
perature fixed while increasng the driving current ,
no detectable wavelength shift was observed. The
emisson intendity increases almost linearly with
the driving current (inset of Fig.4) ,indicating that
there is no obvious rise in core temperature resul-
ting from the increase of the current under this
pulse width. This attests to the good heat disspa
tion of our devices,which is due to the use of InP
as a cladding layer.

The measurement of optical power at room
temperature was done in atmosphere on a copper
mount usng 3 slong driving current pulses at a
5kHz repetition rate. The optical power emitted
from a single facet of the laser was measured with
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Fig. 5 Light-current (L-1) characteristics at room
temperature from a single laser facet  The device is
driven in pulse mode with a pulse width of 21 s and a
repetition of 5k Hz.

a thermopile detector placed near the facet of the
laser. The L-1 curves of pulse operation at room
temperature are shown in Fig. 5. An optical output
power as high as 45mW per facet was obtained at
room temperature for an uncoated device. This is
one of the best results ever reported.

4 Conclusion

In summary ,we report the room temperature
lasng performance of strain-compensated InGaA s/
InAIAY InP QCL s grown by MBE. A double X-ray
diff raction experiment is used to test the structure
and quality of material. Anoutput power of at least
45mW per facet is realized for an uncoated 2Q nr
wide and 2mnrlong laser at room temperature.
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