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Abstract: The 808nm laser diodes with a broad waveguide are designed and fabricated. T he thickness of the Alo.ss—
GaossAs waveguide is increased to 0. 9um. In order to suppress the super modes. the thickness of the Alo.ssGaossAs
cladding layers is reduced to only 0. 7um while keeping the transverse radiation losses of the fundamental mode be-

=1 m . . on T M
low 0.2em™ . The structures are grown by metal organic chemical vapour deposition. The devices show excellent

performances. The maximum output power of 10. 2W in the 100um broad-area laser diodes is obtained.
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1 Introduction

High power 808nm laser diodes are widely
used for pumping Nd: YAG solid-state lasers, sol-
dering, material processing, and medical therapy. In
order to achieve higher power, one approach is to
use a broad waveguide structure that has many ad-
vantages over conventional narrow waveguide
structure. A broad waveguide structure, which in-
creases the fundamental transverse mode width, re—
sults in effectively spreading the intensity over a
large area, reducing the intensity at the facets and
allowing for higher output power'"”. Additionally,
by using the broad waveguide structure, most of
the optical intensity concentrates in the undoped
waveguide. As a result, the coefficient of internal

loss is decreased.
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[n the wavelength range around 808nm the
maximum output power that has been reached so
far is 8. 8W for a stripe width of 100um"*™ ™. In this
paper AlGaAs/GaAs quantum well laser diodes
with a broad waveguide were described. A broad
waveguide structure with small vertical farfield di-
vergence was used. T he maximum output power of
10. 2W in the 100pm broad-area laser diodes was
obtained. In addition, comparison studies of narrow
and broad waveguide laser diodes indicate that us-
ing a broad waveguide effectively increases the

maximum output power.

2 Design and fabrication

The wafer used to fabricate devices was grown

organic chemical deposition

(MOCVD). The structure of the wafer is as fol-

by metal vapour
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lows: The substrate is a Si doped n* -GaAs with Si
density of 2X 10" em™ ", After growing a 0.2um
GaAs buffer layer, the following layers were grown
successively: (1) 0. 7um N-Alo.ssGao.ssAs cladding
layer, (2) 0.45um AlossGaossAs waveguide layer,
(3) AlGaAs barriers and double quantum wells,
(4) 0.45um AlossGaoes As waveguide layer, (5)
0. 7um P-AlossGaossAs cladding layer, (6) 0.2um
p" -GaAs top layer, (7) 20nm p” -GaAs cap layer.
The conduction band diagram of the laser
structure is shown in Fig. 1. The waveguide is very
broad, 0.9um thick. Theoretically, such a broad

waveguide allows lasing of three transverse modes,

AlgsGagesAs, 0.7pm

Alg15GagesAs, 0.9pm

AlGaAs(A=808nm)
Fig. 1 Schematic diagram of GaAs/AlGaAs

broad waveguide laser structure

Oth, Ist and 2nd-order mode. Figure 2(a) shows
the calculated results of the TE mode field pro-
files. The optical confinement factor T' of the Oth,
Ist and 2nd -order transverse mode is 2.73%,
0.01% and 1.29%. respectively. In order to sup-
press the Ist and 2nd modes, the thickness of the
cladding layers was decreased to 0. 7um, which in-
creases radiation losses to substrate. The trans—
verse radiation losses of the Oth, Ist and 2nd -order
mode is 0. 18cm™ ', 5. 1234cm™ ' and 87. 24em™ ', re—
spectively. Since the super modes are suppressed
due to small optical confinement factors and large
radiation losses to substrate, only the fundamental
transverse mode is supported in the broad waveg-
uide. Figure 2(b) shows the calculated results of
the vertical farfield pattern. The divergence of the

o

Oth-order transverse mode is 36.7
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Calculated results for GaAs/AlGaAs
(a) Optical

Fig. 2
broad waveguide laser structure

mode distribution; (b) Vertical far-field pattern

In order to confirm the expected effects from
the broad waveguide, laser diodes with a narrow
waveguide were fabricated. The structure is a sin-
gle-quantum-well, with separate confinement het-
erostructure with aluminum composition Ale.3Gao.
As confining layers, which form optical waveguide.
Even higher aluminum composition AlosGaos As
cladding layers enclose the narrow waveguide to
further confine the optical wave. The waveguide is
100nm thick.

For the two kinds of laser diodes, the wafer
structures are different, but their fabrication pro-
cesses are almost the same. Broad area laser diodes
with stripe widths of 100pm were processed. To re-
duce the influence of current-spreading the cap lay-
er has been wet-chemically etched beside the con-
tact stripe. Outside of stripe, an insulator layer
(Si02) was deposited. A Ti/Pt/Au metal contact

was evaporated on the p-side. After wafer thin-
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ning, n-side was metallizated. The wafer was
cleaved to obtain cavity lengths of 1. 2mm. Low re-
flection (R< 5%) and high reflection (R> 95%)
coatings were formed on the front and rear facets,
respectively. Laser diode chips were mounted p-
side down on Cu heatsink. The parameters of the

devices were described in the following sections.

3 Results

Figure 3 shows the power-current characteris—
tic of a single 100uym wide broad-area laser diode at
an ambient temperature of 25°C. At a driving cur-
rent of 1.3A the output power reached 1. 0W. T he
threshold current is 0.38A. The maximum slope
efficiency of 1. 12W/A was achieved. Due to the
low series resistance of 0. 195Q, maximum conver—

sion efficiency reached 42.9% at 1.0W output

power.
10 5
0.8 14
0.6 13

04 12
—_—
02 41
1 i 1
0005 10 15 20°

IiA

Fig. 3 Light output power versus driving cur—
rent characteristic for 100um GaAs/AlGaAs

laser diodes with a broad waveguide

Figure 4 shows transversal farfield patterns at
IW. The full width at half maximum (FWHM) is
36.6°, closely matching the theoretically calculated
results. T he farfield profiles indicate that the lasing
of all higher order modes is efficiently suppressed

and the laser diode is operating in the fundamental

mode.
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Fig. 4 Measured vertical farfield patterns for
100um GaAs/AlGaAs laser diodes with a broad

waveguide
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Fig. 5 Maximum output power for 100pm
GaAs/AlGaAs laser diodes (a) with a broad

waveguide and (b) with a narrow waveguide
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The maximum output power in the diodes
with a broad waveguide was compared with that
with a narrow waveguide. Figure 5 shows the out-
put characteristics of the two kinds of laser diodes.
Compared to that of narrow waveguide laser
diodes, the threshold current is higher because of
double wells in broad waveguide laser diodes. The
maximum output power of 10.2W is achieved at
driving currents 9. 8A. In narrow waveguide laser
diodes catastrophic optical mirror damage occurred
at driving currents 2. 9A and the maximum output
power are 2.7W. It appears that using a broad
waveguide structure increases the maximum output

pow er remarkably.

4 Conclusion

808nm GaAs/AlGaAs laser diodes with a

broad waveguide were designed and fabricated.

With optimized waveguide and cladding layer, the
devices show excellent performances. The power
level of 10.2W from a 100um broad-area laser

diode has been measured.
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