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Abstract: A 1. 3Mm low-threshold edge emitting AlGalnAs multiple quantunrwell( MOW) laser with AllnAs oxide confinement

layers is fabricated. The A} contained waveguide layers upper and low the active layers are oxidized as current- confined layers using

wet- oxidation technique. This structure provides excellent current and optical confinement, resulting in 12. 9mA of a low continuous

wave threshold current and 0. 47W/ A of a high slope efficiency of per facet at room temperature for a 5 Bnrwide current aperture.

Compared with the ridge waveguide laser with the same-width ridge, the threshold current of the AllnAs oxide confinement laser has

decreased by 31. 7% and the slope efficiency has increased a little. Both low threshold and high slope efficiency indicate that later-

al current confinement can be realized by oxidizing AllnAs waveguide layers. The full width of half maximum angles of the AFInAs

oxide confinement laser are 21. 6" for the horizontal and 36. 1° for the vertical, which demonstrate the ability of the AllnAs oxide in

preventing the optical field from spreading laterally.
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1 Introduction

The long-wavelength semiconductor lasers emitting at
1. 3tm are very attractive for access networks and optical
interconnects. They are required to meet several demands
including super- performance, long-term reliability, low
cost, and so on. Especially, the temperature characteristic
of GalnAsP semiconductor lasers is poor due to the Auger
recombination current and the thermal leakage current'').

As for active layers, there are some materials investigated
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for an emission wavelength at 1.3Hm, and some of them

-
are reported on super performance'

‘. As a promising
one among them, AlGalnAs strained MQW lasers are de
veloped. AlGalnAs MQW lasers have a large AE. of con
duction band offset, which can efficiently suppress the car
riers’ thermal leakage. So low threshold current, high effi-
ciency, and high characteristic temperature can be ob-
tained.

On the other hand, conventionally there are mainly

two types of structures used in edge- emitting lasers to pre-

vent the lateral current from spreading, that is the ridge
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waveguide( RWG) structure and the buried heterostructure
(BH) . The RWG lasers’ processes are simple but their
threshold currents are high due to the poor lateral current
confinement. The BH lasers are widely used as the long
wavelength optical sources to meet the requirement of sta
ble transverse mode beam, low threshold current, and so
on. However, the fabrication process of the BH lasers is
very complicated because one or more regrowth steps and
precise control of the active width as narrow as approxi-
mately 1. 5Um are needed. Except for that, there is a serr-
ous oxidation problem for the Al contained active layers
when they were etched to be a reverse mesa before the
buried process.

Recently, there has been great interest in applying a
buried layer of native oxide to optoelectronic devices be-
cause of the native oxide’ s insulation and low refractive
index. The native-oxide of Al contained IIF V alloys pro-
vides both electronic and optical confinement making it
possible to fabricate low threshold, high efficiency lasers.
In addition, it simplifies the process of the laser fabrica
tion. For vertical cavity surface emitting lasers ( VG-
SELs) , the native-oxide of AlAs has been employed in

(&= 81 For

DBR structures!” , or in current constriction
edge emitting lasers, as for GaAs based devices, the na
tive-oxide of AlAs has been utilized to fabricate stripe-ge-

I and index-guided lasers'"”!. With InP-

ometry lasers
based long-wavelength edge emitting lasers, structures
with an inner AlAs or AllnAs oxide layer as current con-
finement have been reported ' ' In the edge emitting
lasers, the AF contained layers are inserted into the upper
cladding layer or the lower cladding layer or both, located
away from the active layers for preventing the degradation
of the active region.

In this paper, we report a 1. 3Hm low- threshold edge
emitting AlGalnAs MQW laser with Al InAs oxide con
finement layers. It is different from the structures reported

before; we made the Al InAs waveguide layers oxidized for

the current and optical confinement directly. This work is

very challenging and seems to be very attractive because
of its simpler structure. The AllnAs oxide confinement
laser had obtained 12.9mA of a low continuous wave
(CW) threshold current, 0. 47W/A of a high slope effr
ciency per facet, 21. 6" of a horizontal far-field FWHM an-
gle, and 36. 1° of a vertical far-field FWHM angle at room
temperature for a 5 Hnrwide current aperture. Compared
with the RWG laser, the AllnAs oxide confinement laser
had much lower threshold current, increased slope effi-
ciency, and a relative large horizontal far-field FWHM an-
gle. All these characteristics demonstrated that the All-
nAs-oxide can provide excellent lateral current confine

ment and optical field confinement.

2 Device design and fabrication

Figure 1 shows a schematic diagram of the AllnAs
oxide confinement laser. All the hetero-structure layers
were grown by low- pressure metalorganic vapor phase epri-
taxy on an InP substrate. The active region included six
AlGalnAs quantunrwell layers and was sandwiched by a
pair of 100-nnrthick Ing 47 Al 53As waveguide layers. A
pair of 1.5 Hnrthick InP cladding layers was located on
and below the active region. A 50- nnrthick Gag, - Ing, gs
Aso.osP etclrstop layer was inserted in the p- InP cladding
layer and 100nm away from the active region to facilitate
the RWG structure fabrication. A 50-nnrthick p* -Gap, 13
Ing. 71As0, 1P barrier reduction layer was grown at the top
of the upper p-InP cladding layer followed by a 100nm
Ing, s3Gag. 47As cap layer.

After growth, a layer of 150nm SiO2 was deposited on
the crvstal surface. The SiO2 laver was then patterned into
20 Pnrwide stripes using standard photolithographic tech-
niques. These SiO; stripes served as etching mask for wet-
chemical etching to define the mesa by etching away the
InGaAs cap layer, the GalnAsP barrier reduction layer, the
1. 5-Hnrthick prInP cladding layer, the GalnAsP etchrst

op layer, the active region and part of the - InP cladding
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Fig. 1 Schematic diagram of the AllnAs oxide confinement laser

layer. Then the edges of the upper and lower 100-nnr
thick Alp s3Ing 47As waveguide layers were exposed. The
wafer was then immediately placed in an oxidation furnace
at 520°C supplied with pure nitrogen flow bubbled
through water at 90 C. The oxidation rate was around
0. 06~ 0. 09¥m/ min. After about 90min, the nitrogen car-
rying saturated H>0O vapor was stopped, and the wafer was
annealed in dry N, for about 30min. The oxidized wafers
were covered with 350nm Si0O; film, and the contact win-
dow was opened by CFy dry etching. The wafers were
lapped and polished for about 100Mm of thickness. The
samples were then metallized with Ti/ Pt/ Au for p contact
and Au/ Ge/Ni for n contact and then alloyed. Finally, the
lasers were cleaved, sawed, and mounted on the I coated
copper heat sinks (p side up) for device characterization.

For comparison, a RWG laser with the same wafer
and same wide ridge as that of the AllnAs oxide confine-
ment laser’ s current apertureis was fabricted. But there
was a difference from the AF InAs oxide confinement laser
like that, the ridge mesa of RWG was etched down to
GalnAsP etched stop layer only.

3 Results and discussion

Figures 2 and 3 show separately the typical spectra
of the AllnAsoxide confinement laser and the RWG

laser. It can be seen that no evidential shift of emission

wavelength is introduced due to the oxidizing of the All-
nAs waveguide layer. Both of two types of lasers obtained
1. 3im emission wavelength, and their emission intensities

were of no evidential difference too. There is no evidence
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Fig.2 Lasing optical spectrum from RWG laser at 38mA

driving current
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Fig.3 Lasing optical spectrum from AllnAs oxide confine

ment laser at 38mA driving current
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that can indicate any influence of oxidizing the AFInAs
waveguide layers for the microstructure of the quantum
wells in the active layers. But this issue needs to be fur-
ther discussed by investigating other facts.

The typical light output power versus current ( P-I')
characteristics of 300- Hnr long AllnAs oxide confinement
lasers and 300~ Bnr long ridge wave guide lasers under CW
operation are shown in Fig. 4. The AllnAs oxide confine
ment laser diode has 12.9mA of a threshold current and
0.47W/ A of a slope efficiency per facet, while the RWG
laser diode has 18.9mA of a threshold current and
0.45W/A of a slope efficiency per facet. The threshold
current of the AllnAs oxide confinement laser diode is de-
creased by 31. 7% and the slope efficiency is increased a
little compare with those of the RWG laser diode. These
data show that the AllnAs oxide in the AllnAs oxide con-
finement laser had indeed provided a good confinement for
the lateral current expanding in the active region. Lower
threshold current and higher slope efficiency of the All-
nAs-oxide confinement laser diode would be obtained if

high-reflection (HR) facet coatings were used.
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Fig. 4  Room temperature CW light output power versus i
jection current ( L-I') characteristics of the AllnAs oxide

laser and the RWG laser

Figures 5 and 6 show the farfield patterns of the
RWG laser and the AllnAs-oxide confinement laser. All
diodes were measured under 40mA direct current ( DC)
driving current at room temperature. The FWHM angles of
the AllnAsoxide confinement laser are 21. 6" for horizon-

tal and 36. 1° for vertical. And the FWHM angles of the
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Fig.5 Far field patterns of AllnAs oxide laser and RWG

laser in horizonal direction
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Fig. 6 Far field patterns of AllnAs oxide laser and RWG

laser in vertical direction

RWG laser are 13.9 for horizontal and 32. 8 for vertr
cal. The larger difference of the parallel far field to the
junction plane of them demonstrates that there is a differ
ent lateral optical field confinement between the AllnAs
oxide structure and the RWG structure. The refractive in-
dex of AllnAs is about 3. 23, while the one of AllnAs ox-
ide is about 2. 51 for 1310nm light wavel . And the dif-
ference between the refractive index of the oxidized All-
nAs waveguide and that of the unoxidized AllnAs waveg-
uide poses the different effective refractive index in the
active region. So, a lateral effective index step is formed in
the active region. Together with the large lateral index step
in the waveguide, the AllnAs oxide confinement structure
provides a stronger confinement for the lateral optical field
than the RWG structure. Therefore, the AllnAs oxide con-
finement laser has a larger far-field FWHM angle in hori-
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zontal direction. On the other hand, there is no any change
in the active layers and the waveguide layers vertical to
the junction plane for both structure, so the vertical far-
field FWHM angle of the AllnAs oxide confinement laser
is not evidently different from that of the RWG laser.

4 Conclusion

A 1.3tm low-threshold edge emitting AlGalnAs
MQW laser with AllnAs oxide confinement layers has
been fabricated. The Ak contained up and low waveguide
layers have been oxidized as current confined layers to
confine the lateral current and the lateral optical field. The
threshold current of the AllnAs oxide confinement laser
has been decreased by 31.7% compared with the RWG
laser and the slope efficiency has been increased a little.
The FWHM angles of the AllnAs-oxide confinement laser
are 21. 6" for the horizontal and 36. I° for vertical. The
low threshold current, high slope efficiency, and large hor
izontal farfield FWHM angle indicate that the lateral cur
rent and optical confinement could be realized by oxidizing
AllnAs waveguide layers. Supper performance would be
obtained with the structure and the fabrication processes

would be optimized.
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