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Abgract : The compressively strained InGaAs InGaAsP quantum well distributed feedback laser with ridge-wave
guide isfabricated at 1 74/ m. It is grown by low-pressure metal organic chemical vapor deposition (MOCVD). A

strain buffer layer is used to avoid indium segregation. The threshold current of the device uncoated with length of
30Q mis 11l 5mA. The maximum output power is 14mW at 100mA. A side mode suppression ratio of 35 5dB isob-

tained.
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1 Introduction

High strained InGaA s InGaA sP quantum well
distributed feedback lasers at wavelength range
from1l 6to 2 QU m can be used in remote sensing,
pollutant detection ,and molecular spectroscopy'™ .
However , the high strain quantum wells make it
difficult to obtain high performance laser diodes.
With the increase of the wavelength from 1 6 to
2 QU m,the indium concentration in the quantum
well should be increased. However , high indium
concentration will lead indium segregation during
the quantum well growth. At long wavelength
range the laser characteristics deteriorate because
of large optical loss,such as Auger recombination
and intervalence band absorption. Much effort has
been spent on the research of long wavelength la
sers,most of which were prepared by MBE such as
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a2 03 mDFB MQWslaser succesd ully fabricated
by metalorganic molecular beam epitaxy (MO-
MBE) under low temperature!® *'. A high perform-
ance InGaA ¢ InGAIAs QW 1 83 m laser was re-
alized by wlidsource molecular-beam epitaxy
(MBE) ™.

Hydrogen chloride (HCI) gas monitoring is
important ,such asin the semiconductor processes,
because it is widely used for etching or cleaning in
L SI manufacturing and slicon epitaxial process.
HCl has a strong absorption line at 1 7441 m. In
this paper we report on the low threshold InGaA ¢
INnGaAsP QWs diode lasers with wavelength of
1 744 m grown by MOCVD. During the MOCVD
growth ,a strain buffer layer is used to avoid indi-
um segregation. Mechanisms of indium segregation
are related to the growth conditions and the surface
quality of the interface. Growth conditions are well
understood , such as low growth temperature,high
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/ ,and growth rate are widely used in high
strained material s growth.Based on the knowledge
that strained layers can be used to remove threa
ding didocation ,we insert a strain buffer layer to
improve the quality of the interface on which the
strained quantum wells are grown. The thickness
of the strain buffer layer is below the critical thick-
ness.

2 Experiment

The wafer used in this work was grown by
metalorganic vapor phase epitaxy (MOV PE) with
a horizontal reactor under low pressure of 2 2kPa
andat 655 .TMG,TEGa,and TMI| were group
metalorganic sources,PHs and AsHs were  group
sources. S Hs and DEZn were employed as - and
p-type dopants. to ratioare70inthe InGaAs
well layer and 250 in the InGaAsP barrier layer as
well as confinement layer. A 40nm thick InGaAs
layer (with strain of 1 9%) was grown first as
shownin Fig.1. A strain InGaAslayer (with strain
of 0. 99%) was grown before the high strained In-
GaAs layer as strain buffer layer to improve the
quality of the interface between InP and high
strained InGaAs. The band diagram of the laser
structure is shown in Fig. 2. The buffer layer of
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Schematic of the structure used for investiga
quality

M mrthick with graded ntype doping InP (9-
doped ,n =1 x 10"
the nInP substrate. The four-pair quantum-well
structures sandwiched between 100nnrthick In-
GaAsP A =1 3 m) SCH layers were grown suc-
cess ully. The same strain buffer layer as described
above was grown in the lower InGaAsP SCH lay-

5 x 10" cm™®) was grown on

n-inp InP

Carrier blocking layer

Strain buffer
layer

Fig.2 Band diagram of InGaAs strained QWSs laser
structure

er. The wells were compressvely strained
(+1 6%) Ino7 Gao.s As with a thickness of 7nm
and the barriers were tensile strained ( - 0. 3 %)
INnGaAsP A =1 21 m) with a thickness of 10nm.
The E; increased from SCH layer A =1 31 m) to
the barrier layer A =1 24 m) continuoudy. Rela
tively high barrier heights also act as carrier bloc-
king layers'®”' . Bragg corrugation with a pitch of
271nm wasformed on the upper confinement layer
using holographic lithography. After definition the
grating was dry-etched and chemically wet-etched
to tranger the patternfrom the res st into the senr
iconductor. Following removal of the resist,the
grating was then overgrown with InP and highly
doped InGaAs layer to make a good Ohmic con-
tact. At last ,a ridge wave guide laser with an active
region width of 31 m was fabricated. The uncoated
laser samples were mounted on a copper heat snk
with p-side up.

3 Resultsand discussion

In Fig. 3 the Pendell6sung fringes appear be
tween the InP substrate peak and high strained In-
GaA s peak ,indicating a very high crystalline quali-
ty of the high strained InGaAs layer. Without the
strain buffer layer thereis no Pendellosung fringes
and the FWHM of the peak of high strained In-
GaAsis wider (not shown in this paper). S the
strain buffer layer improves the quality of the sur-
face of InP on which the high strained InGaAs is
grown. The strain buffer layer was also used in the
DFB laser to improve the quality of the quantum
wells.
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10° served over relatively wide temperature and injec
tion current range. Figure 6 shows the changes in
) o wavelength with current in temperature rangefrom
%10‘ 10 to 30 . The current-tuning rate of the DFB
£ mode is 0. 014nm/ mA at 10 ,0 016nm/ mA at
=10 20 ,and 0 013nm/ mA at 30 ,which is in the
same order as those of the conventional 1 3 and
10 . e 1 3 m lasers. The total wavelength tuning rangeis
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Diffraction angle/(°)

Fig.3 Rocking curve of sample with large stran€ =
1L9%

Figure 4 shows the CW light-current charac-
teristics of the DFB laser in the temperature range
from 10 to 40 . The laser cavity length is 30Qu m.
At 20 ,the threshold current is 11 5mA and the
dope efficiency ranges from 0. 31 to O 35W/A.
There is no saturation of output power up to
14mW. In the temperature rangesfrom 10 to 40
the characteristic temperature To is 57K ,which is
comparable to that of the 1 5% m-wavelength In-
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FHg.4 Light-current characteristics under CW opera
tion Inset shows the current dependence on mount

temperature.

GaAsP/ InP-DFB laser. Both the maximum output
power and the dope efficiency are higher than
those of the 1L 741 m DFB laser reportedin Ref. [ 8]
which is the best result until now as far as we
know. Figure 5 shows the lasng emisson wave-
length with the injection current of 50mA
(6 7mW). The side mode suppresson ratio
(SMSR) is 33 5dB. Sngle mode operation is ob-

2 6nm from 10 to 30 . The laser diodes had a
screening procedure: 24h under automatic current
control (ACC) at 150mA driving current and
100 (measured at the heat snk). The threshold
current and the dope €efficiency almost did not

change.
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Fig.6 Wavelength variation with changes in operation

temperature and injection current

4 Conclusion

In concluson, the DFB laser emitting at
1 744 m has been fabricated by introducing a large
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compressive strain in the INnGaAs InGaAsP quan-
tum well. The laser performance is comparable to
that of the 1. 55 m-wavelength InGaAsP/ InP-DFB
laser ,which has the same MOCVD growth condi-
tion and fabrication process. Under CW operation
the threshold current is 11. 5mA and the maximum
output power is more than 12mW. The sope €ffi-
ciency and the characteristic temperature in a
30Q m long laser were 0. 31 0 35W/ A and 57K,
respectively. The wavelength tuning range was
2 6nmfrom 10 to 30 with atuning rate of about
0. 014nm/ mA. As an optical source,it is suitable

for HCl gas monitor system.
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