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Abstract : Single mode operation of st rain2comp ensated In1 - x Ga x As/ In1 - y Al y As quantum cascade lasers emit ting

at λ≈514 and 8μm is realized by shortening t he Fabry2Perot cavity lengt h . Accurate cont rol of growt h p arameters

and st rain balance results in a perf ect lat tice match and t hus in excellent material quality. Single mode emission

wit h a side mode supp ression ratio greate r t han 20dB f or uncoated lasers is realized. Record low t hreshold cur rents

of 50 and 80mA and record short cavity lengt hs of 145 and 170μm are achieved f orλ≈514μm andλ≈7184μm de2
vices , resp ectively ,in p ulsed mode .
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1 　Introduction

Recent work on mid2inf rared quant um cascade
lasers (QCL s) has p roduced a variety of powerf ul
coherent emit ters[ 1～3 ] . Steady improvement in the
past years has enabled continuous2wave and room2
temperat ure operation. This has made QCL s more
appealing for real world applications , such as f ree
space communications and remote chemical sens2
ing , which demand cheap monolit hic mid2inf rared
sources. Most of t hese applications require stable ,
single mode emission of QCL s. Dist ributed feed2
back and micro cavity resonators have been em2
ployed to produce such required emission. These
techniques ,however ,result in inevitably complicat2
ed and prolonged fabrication processes.

Significant achievement s in vertical2cavity sur2
face2emitting lasers have helped us hit on a new i2
dea. Single mode operation can be easily demon2
st rated for vertical2cavity surface2emit ting lasers u2
sing Fabry2Perot microcavities with highly reflec2
tive Bragg2mirrors. Recognizing t hat t he QCL
wavelengt hs are in t he mid2inf rared range ,stable sin2
gle longitudinal mode operation can be achieved in

QCLs by shortening the cavity length. The spacing of
Fabry2Perot modes increases with the decrease of cavi2
ty length. Thus , the number of allowed oscillation
modes is reduced. When the secondary modes beside
the master mode pass over the range of gain band2
width ,only the master mode acquires sufficient gain to
reach its threshold. Thus a short Fabry2Perot cavity
provides a very elegant and simple route to achieving
the required single mode operation. In this paper , we
demonstrate single mode QCLs with short cavities.

2 　Fabrication and measurement

The designs p resented here forλ≈514 (sample
G064) and 8μm ( sample G044) employ a double2
p honon resonant design similar to one previously
p ublished[4～6 ] . This four quant um2well design has a
high injection efficiency due to t he first t hin well
and a short lifetime in t he lower lasing state. The
t hick wells also decrease scat tering due to t he in2
terfacial roughness ,and the relatively high barrier ,
made by st rain2compensated In GaAs/ InAlAs , ef2
fectively decreases t he elect ron t unneling probabili2
ty f rom the upper state to the continuum. Laser
wafers were grown by solid2source molecular beam
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epitaxy on n2doped InP ( Si , 2 ×1017 cm - 3 ) sub2
st rates. The growt h process started with the lower
waveguide layers ( InGaAs ,Si , (6～8) ×1016 cm - 3 ,013
～014μm in thickness) ,continued with the thirty stage
of strain2compensated In1 - x Gax As/ In1 - y Al y As active
layers and the upper waveguide layers ( InGaAs ,Si , (6
～8) ×1016 cm - 3 ,013～014μm in thickness) ,and was
finished with thicker upper waveguide cladding and cap
layers ( InP , Si , 1 ×1017 ～ 5 ×1018 cm - 3 , 215μm in
thickness) . The active regions of QCLs are designed as
partially strain2compensated ,while the remaining strain
is compensated in the cladding layers. The net strain in
the complete structure tends to zero.

X2ray diff raction spect ra of the laser wafers
are shown in Fig. 1. The excellent periodicity and
narrow line2widths of the satellite peaks indicate
ext remely good material quality ,especially good in2
terfaces between the layers. The zero2order super2
lat tice diff raction peaks show a perfect lat tice
match to the InP subst rate , indicating ext remely
good material quality. This indicates t hat t he laser
wafers incorporating st rained InAlAs and In GaAs ,
have been properly st rain2balanced to give a net
st rain of zero .

Fig. 1 　 X2ray diff ractions of st rain2compensated

In1 - x Ga x As/ In1 - y Al y As QCL s 　(a) λ≈514μm ; ( b) λ

≈7184μm

Devices fabricated f rom the sample wafers

were p rocessed into ridge mesas with various
widt hs (10～30μm) wit h p hotolit hograp hy and wet

chemical etching in HBr ∶HNO3 ∶H2 O solution.

A SiN x O y layer wit h a coverage t hickness of 350nm
was deposited around t he mesa for elect rical isola2
tion. Au GeNi/ Au was used for top and bot tom
contact s. No annealing of t he contact s was per2
formed. The lasers were cleaved into cavities wit h
various lengt hs , wit h t he facet s lef t uncoated for
testing. All devices were tested wit h t he epitaxial2
layer2side2down bonded to Cu heat sinks in a tem2
perat ure cont rolled ( 77 ～ 400 K) liquid nit rogen
cooled Dewar wit h Ba F2 windows. The devices
were driven wit h a 1μs p ulse at a 5k Hz repetition
rate.

3 　Device performance

The spect ral characteristics of t he devices

were tested wit h a Bruker Equinox 55 Fourier
t ransform inf rared spect rometer wit h a liquid nit ro2
gen2cooled HgCd Te detector . To reveal t he influ2
ence of cavity lengt h on t he performance of QCL s ,
devices fabricated f rom wafers G044 and G064 wit h
different cavity lengt hs were cleaved. Figure 2
shows t he lasing spect ra of G064 QCL s wit h cavity
lengt hs of 145 ,290 ,and 390μm at 78 K. The lasing
wavelengt h is about 514μm. The mode spacings are
2910 ,1415 , and 1018nm , respectively , as expected
f rom t he cavity lengt hs and the lasing wave2
lengt hs. The QCL s wit h 290 and 390μm cavity
lengt hs show multimode spect ra. However , t he
spect rum of t he laser wit h a 145μm cavity lengt h
shows a distinct single mode and a f ull width at
half maximum of only 2nm. The observed single
mode is so perfect t hat no detectable side2modes
can be caught .

The emission wavelengt h of a QCL can be
t uned over a small range by changing t he tempera2
t ure. The single mode emission spect ra for a
145μm2long cavity QCL ( G064) at heat sink tem2
perat ures of 78 , 90 , 109 , and 129 K are shown in
Fig. 3. At a fixed current of 100mA , t he emission
wavelengt h of the laser shif t s form 5147μm at 78 K
to 5148μm at 129 K. The single mode emission is
quite stable throughout t he entire temperat ure
range. The measured single mode wavelengt hs are
well fit ted by a linear f unction (inset of Fig. 3)

with a wavelengt h2temperat ure t uning coefficient
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Fig. 2 　Lasing spect ra of 22μm wide and 145 ,290 , and

390μm long Q CLs at 78 K 　A distinct single longitudi2
nal mode is observed f or Q CL wit h a cavity lengt h of

145μm.

Fig. 3 　Single mode emission spect ra of 22μm wide and

145μm long Q CL ( G064 ) at diff e rent temp eratures

between 78 and 129 K 　The device operates in p ulsed

mode (1μs ,5k Hz) . Inset shows t he emit ted wavelengt h

dep endence on temp erature at a constant drive cur rent

of 100mA .

dλ/ d T = 2193 ×10 - 4μm/ K. Due to t he higher mir2
ror loss , t he maximum operation temperat ure is
limited to about 130 K.

The outp ut power was measured f rom a single
laser facet using a Molect ron EPM1000 power me2
ter wit h a t hermopile detector , which was placed
315cm in f ront of t he laser facet ( because of the
Dewar size) . No parabolic mirror or lens was used

to focus t he light between Dewar and detector . The
outp ut power recorded f rom the detector was only
a portion of t he t rue optical outp ut of t he devices
due to the absorption of t he optics windows (BaF2 )

and the poor collection efficiency of the detector
(which was limited by t he laser far2field character
and was calculated to be no more t han 60 %) . Typi2
cal values of optical power per facet versus current
behavior of the uncoated QCL s ( G064) wit h differ2
ent cavity lengt hs at 78 K are shown in Fig. 4. The
t hreshold current s are 50 ,300 ,and 360mA ,respec2
tively. The corresponding powers are 3116 , 9167 ,
and 29156mW , respectively. The considerable re2
duction in t hreshold current is t he result of t he
shorter cavity lengt h. But the mirror loss varies di2
rectly wit h inverse cavity lengt h ,and eventually t he
maximum power decreases due to t he reduced e2
mission volume and limited maximum current den2
sity.

Fig. 4 　Optical power f rom a single facet as a function

of driving current for λ≈514μm lasers wit h diff erent

cavity lengt hs (145 ,290 , and 390μm) measured at 78 K

The inset enlarges t he L2I curve of 145μm long Q CL .

　　The above mentioned single mode operation of a
QCL draws attention to a clever and simple route for a
micro Fabry2Perot edge emitting QCL to realize single
mode operation. We also investigated the cavity2length’
s effects on QCLs made with sample G044 and realized
single mode operation at 71839μm. The single mode
emission spect rum for a 170μm2long short cavity
QCL ( G044) at a heat sink temperat ure of 84 K is
shown in Fig. 5. The device is emit ting in single
mode at 71839μm wit h a side mode suppression ra2
tio of 20dB limited by t he intensity dynamics of t he
measurement setup . The single mode emission is
also quite stable.
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Fig. 5 　Single mode emission spect rum of QCL ( G044)

22μm in widt h and 170μm in lengt h at 84 K

4 　Conclusion

In summary , we report t he fabrication and
characterization of short cavity single mode QCL s
atλ≈514μm andλ≈7184μm. The first and shor2
test operating micro QCL has a cavity length of
145μm which is , to our knowledge , the shortest
edge emit ting QCL realized. Our work is intended
mainly to open a simple and feasible route to a2
chieve t he necessary single mode operation. On the
basis of high quality st rain2compensated In GaAs/
InAlAs materials , t his main goal is achieved by
shortening t he cavity length. Record low values of
a t hreshold current of 50mA for a λ≈51 4μm un2
coated device wit h a cavity lengt h of 145μm , and
80mA for aλ≈7184μm uncoated device with

a cavity lengt h of 170μm have been achieved in
p ulsed mode at liquid nit rogen temperature. This
fascinating feat ure of QCL s may promote their po2
tential applications.
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短腔长单模量子级联激光器 3
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(中国科学院半导体研究所 半导体材料科学重点实验室 , 北京　100083)

摘要 : 报道了激射波长为 514 和 7184μm 的应变补偿 In1 - x Ga x As/ In1 - y Al y As 量子级联激光器的单模激射. 以高
质量的应变补偿量子级联激光器材料为支撑 ,通过减小 FP 腔长 ,开辟实现单模器件的新途径. 首次实现阈值电流
仅为 50mA 、腔长为 145μm 的激射波长在λ≈514μm 的单模激射和阈值电流仅为 80mA 、腔长为 170μm 的激射波长
在λ≈7184μm 的单模激射. 这是目前 In GaAs/ InAlAs 材料体系最短腔长的边发射量子级联激光器.
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