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Abstract: To achieve high optical power as well as low vertical divergence angle, a new kind of optimized large opti-
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cal cavity (LOC) structure is applied to a ridge waveguide 980nm InGaAs/GaAs/AlGaAs multiquantum well

laser. T he optical power density in the waveguide is successfully reduced. The maximum output power is more than

400mW with a slope efficiency of 0. 89W /A and the farfield vertical divergence angle is lowered to 23°.
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1 Introduction

980nm single lateral mode InGaAs/GaAs/Al-
GaAs quantum well lasers have attracted intense
attention as pumping sources for the erbium-doped
fiber amplifiers (EDFA). We hope pumping lasers
emitting more power to get sufficient gain in ED-
FA and smaller vertical beam divergence angle
which improve the optical coupling efficiency from
laser chip to fiber. T hese two characteristics are al-
so very important for other diode lasers used as
light sources for optical communication, optical
storage and so on. We have finished several studies
to achieve high efficiency 980nm laser diode'"?.
But there are still many restriction to obtain higher
output nower.one of them is the catastronhic onti—
cal damage (COD) of laser cavity under high pow—
er operation. By using LOC structure, the optical

power density in the waveguide can be reduced and
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higher output power can be obtained under the
same COD level. Meanwhile, the vertical beam di-
vergence angle can also be reduced by optimizing
the LOC structure properly'™”. We have demon-
strated a new kind of LOC structure in high power
broad stripe 980nm InGaAs/AlGaAs/GaAs"” and
Al-ree active region lasers'® . In this paper, we re—
port a newly optimized LOC single lateral mode
980nm InGaAs/GaAs/AlGaAs

laser with narrow vertical divergence angle and

ridge waveguide
high power. The full width half maximum
(FWHM) of vertical divergence angle was reduced
to 23° and the maximum output power reached as
high as 400mW with a sufficient high slope effi-
ciency of 0.89W/A, which showed good material

property.

2 Device structure

The refractive index distribution and theoreti-
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cal optical field distribution of the LOC waveguide
are shown in Fig. 1. The main difference between
this LOC structure and conventional single quan-
tum well (SQW) structure is that two waveguide
layers W and J between the quantum barrier and
one of the cladding layers were added. T he function
of these two layers is to widen the optical distribu—
tion peak so that the optical power density in the
waveguide and the far-field divergence angle can be
reduced. To obtain the best result, i. e., the width
of the optical distribution peak is as large as possi—
ble, the whole structure must be designed carefully
to form a flatop optical distribution in the center
of the waveguide (see Fig. 1), which means the ef-
fective refractive index of the guided mode (N ur)
should be equal or very near to the refractive index
of layers W (N ). Under this condition, the trans—
verse light propagation coefficient in layer W will
be zero or near to zero and the optical power densi-

ty in this layer is nearly constant.
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Fig. 1 Refractive index and optical mode distri-

butions of the LOC structure

When the optical distribution becomes wider,
the confinement factor becomes smaller. So we in-
crease the number of quantum well to obtain suffi-
cient gains. As a consequence, transparent current
density will increase. Because the mobility of elec—
tron is much larger than that of hole in GaAs/Al-
GaAs materials, layers W and J are put at n-side in
the waveguide. In order to reduce the absorption of
free carriers, the optical field should decay quickly
in upper cladding layer. We accomplish it by adopt-
ing high Al fraction AlGaAs material as p-cladding

layer. There are also some other advantages of high
Al-raction upper cladding layer: the leakage of
electrons is suppressed and the p-cladding layer
can be thinner' . Thinner p-cladding layer will re—
duce not only heat resistance with p-side down
configuration, but also threshold current in ridge
waveguide structure, which will be discussed be-
low. When the general structure of the LOC
waveguide is determined, we can adjust Nerto Nw
by changing the Al fraction and thickness of layer ]
slightly. It should be noticed that the difference of
Al fraction between layers W and J is not too much
large in order to reduce the barrier effect on elec-
tronic transportation. The flat4op optical distribu-
tion in W is very sensitive to N .r because the devia—
tion of Nar by 107" order can severely change the
distribution, as well as the vertical divergence an-
gle. This means the material growth must be con-
trolled precisely.

The thickness of layer W is important. If it is
increased, the vertical divergence angle (0) of out-
put light will decrease. But the confinement factor
will decrease simultaneously, which means higher
threshold current density (Jm). A proper thickness
of layer W should be chosen to compromise 8 and
Jum. Theoretical results of far-field optical pattern
are shown in Fig. 2, which gives a FWHM value of
22.7° when the thickness of layer W is 800nm. T he

confinement factor is 1. 55%.
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ig. 2 Calculated vertical farfield pattern

The laser has a structure of ridge waveguide,

which is formed by means of wet etching. One of
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the most important structure parameters of a ridge
waveguide laser is the residual thickness of upper
cladding layer at both sides of the ridge. T o reduce
lateral current diffusion, we should etch the upper
cladding layer as deep as possible, i. e. , the residual
thickness of upper cladding layer should be small
enough. But in a conventional ridge waveguide
laser., if the residual thickness is too small, the lat-
eral difference of N.r will be large enough to allow
high order lateral mode. In the newly optimized
LOC structure, since the Al fraction in upper
cladding layer is much higher than that of other
layers, the optical field decays fast in it. T his means
that the upper cladding layer has relatively small
contribution to Ner, therefore, Ner is not sensitive
to the residual thickness. Then the residual thick—
ness of upper cladding layer can be smaller than
conventional ones with same N« difference and at
the same time the lateral current diffusion is sup-
pressed sufficiently. To control the etching depth
precisely, we inserted an InGaAsP etching-stop

layer in upper cladding layer.

3 Device fabrication and perfor—
mance

The laser was grown by metalorganic chemical
vapor deposition (MOCVD). The LOC structure
consists of a 0.2pm n-GaAs buffer layer, a Si-
doped 1. 5pum n-Alo2sGaonsAs lower cladding lay-
er,a 180nm AloisGao.ssAs layer, a 0. 8um undoped
Alo.22s Gao.73s As layer, three Ino2GaosAs strained
quantum wells with GaAs barriers, a 70nm un-
doped Al:Gai-« As graded index (GRIN) waveg—
uide layer, where x changed from 0 to 0.41, a Zn-
doped 1.23um p-AlossGao.ssAs upper cladding lay-
er and a 0. 2um p" -GaAs layer for Ohmic contact.
InGaAsP (E, =

1.61eV ) etching stop layer was inserted 30nm

In upper cladding layer, an

above the GRIN layer. After material growth, ridge
waveguide with 4um stripe width was formed by
standard photolithography and wet chemical etch-

ing. Si02 was deposited as insulating layer as well

as defined the metal contact stripe. After deposi-
tion of TiPtAu as p-electrode, the wafer was
thinned to 100um, then n-electrode was deposited
by using AuGeNi/Au. The wafer was cleaved to
bars. The cavity length was 600pm. HR and AR
film was deposited on each facet of the bar by elec—
tron cyclotron resonance chemical vapor deposition
(ECR-CVD). The reflectivities are 95% and 5%,
respectively. After being cleaved, the chips were
mounted on copper heatsinks with the configura-
tion of p-side down.

Figure 3 gives the power-current, voltage-cur-
rent characteristics, far-field pattern and emission
spectrum measured under CW condition at room
temperature. The threshold current is 44mA and
the serial resistance is 1. 24Q. The maximum out-
put power exceeds 400mW. The slope efficiency is
0.89W /A, which remains relatively high value
compared with previously published result'”. T his
result indicates that the material property is very
good so that the photon loss and nonradiation re-
combination are very small in the waveguide, espe—
cially in layer W where the optical intensity is very
large. The FWHM of divergence angle vertical to
the junction plane is 23°, which is correspondent to
the theoretical result and less than that of the con-
ventional ones whose typical FWHM is larger than
30*". The FWHM angle parallel to the junction
plane is 8.3° As a return of the characteristics of
high power and small divergence angle, the thresh-
old current is several times larger than that of the
conventional SQW lasers, whose typical value are

10~ 20mA.

4 Conclusion

We demonstrated a single lateral mode 980nm
InGaAs/GaAs/AlGaAs ridge waveguide laser with
new LOC structure. The output light power ex-
ceeded 400mW and the FWHM of vertical diver—
gence angle was reduced to 23°. T he slope efficien—

cy was 0. 89W/A.
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Fig.3 Measured P-.V curve. farHield pattern and emission spectra
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INEEE KB K IEAE 980nm 4R InGaAs/GaAs/AlGaAs = FHE RS
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