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Single-mode ridge — waveguide AlGaAs/GaAs quantum well lasers

Cao Sansong
(Southwest Institute of Technical Physics)

Abstract: Ridged-waveguide AlGaAs/GaAs single-quantum-well lasers with graded-index separate
confinement heterostructure were fabricated by molecular beam epitaxy. Fabricated diode lasers exhibited
excellent lasing characteristics including a low threshold current of 23mA (CW, 25T, 5um stripe). Con-
tinuous-wave laser output increases linearly with the drive current up to 15mW in single-mode operation.
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1. Introduction

In recent years particular attention has been paid to semiconductor quantum well lasers, be-
cause they possess several novel characteristics different from conventional the double heterostruc-
ture (DH) lasers, among which are extremely low threshold current densities, less temperature de-
pendence of the threshold current, much narrower spectral width, wavelength tailoring, and im-
proved dynamical propertiest! “21. It has already been shown that, by careful optimisation , single-
mode semiconductor lasers can be made!®!. Single-mode(i. e. , a single transverse mode and single
lateral mode) operation is necessary for achieving good speatial coherence of the laser beam. There
is an ever-increasing demand for quantum-well lasers with good beam quality, such as solid-state
laser pumping, fiber coupling, long-distance high-data-rate optical communications, etc. . In this
paper, a well-known GRIN-SCH was adopted for the AlGaAs/GaAs single-quantum-well laser
structure and a ridge-waveguide was fabricated to confine the lasing mode. The result of investi-
gating single-mode AlGaAs/GaAs GRIN-SCH SQW ridge-waveguide lasers will be presented.

2. Quantum-well structure and epitaxial growth

The very small thickness of active region in QW laser is reason to greatly reduce the thresh-
old of laser. But, because its small physical dimension results in the insufficient carrier and optical
mode confinement, high performance in QW laser can not be readily obtained. This problem can be

solved by using graded index separate confinement heterostructure (GRIN-SCH). The AlGaAs/
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GaAs single-quantum-well semiconductor laser structure reported /in, this paper. were grown by
molecular beam epitaxy (MBE) . The strucrure of laser is the GRIN-SCH SQW, in which a single-
quantum-well active layer is embedded in a graded-index waveguide layer which is in turn sand-
wiched between outer cladding layer. The structure was grown on an n-doped GaAs substrate at a
substrate temperature of 700°C . First, a Si-doped buffer layer was grown on the substrate to pro-
vide a damage-free crystallographic surface for the following layers. An 1. S5pum n-Aly 45Gay ssAs
cladding layer was then grown. The following layers were a n-doped 0.2pm Al_Ga, ,As graded-

index layer with a linearly varying Al concentration between x =0.45 — 0. 15, an undoped GaAs

well with width L =70A and 0.2um p-doped graded index region. The 1.5um p-doped cladding
Aly.45Gag.ssAs layer and a 0. 1pm p-doped GaAs layer were finally grown. The n-confining layer
was doped 5 % 107 ecm ™3, the p-confining layer at 5 X 107 cm ™3, while both graded regions were
doped at 2% 10”cm ™ 2. The doping density of the top GaAs layer is sufficiently high enough for
good ohmic contact. ng. 1 shows a scanning electron microscope (SEM) photograph of a cross
section of the actual GRIN-SCH SQW laser epitaxial layers fabricated by MBE.

Because the growth of high- -

O T

quality quantum well active layer
is essential for high-performance
operation GRIN-SCH SQW laser,

we have measured the optical and contact GaAs

n = Aly 45 Gag,ss As

GaAs substrate
physical properties of epitaxial P Alg.4s Gag,s5 AS—
layers before laser devices fabrica- 70A GaAs

tion. Room temperature photolu- Fig.1 The SEM photograph of the actual layers of GRIN-SCH SQW laser

minescence was measured to verify the luminescence properties of the well and to estimate the ef-
fective well thickness from the energy transition of photon . The peak of luminescence is 84lnm,

which corresponds to a photon energy hv =1.474eV. This photon transition energy is attributed

to the le-hh transition in a well with L =70A and x =0.15 Al barriers. This confirms that the
well thickness was controlled efficiently by MBE. In addition, the actual thickness of GRIN-SCH
SQW layers were measured by transmission electron microscope( TEM). The thickness measure is

important for etching the ridge waveguide in mode controlled laser fabrication.

3. Ridge waveguide

It is known that the carriers and optical mode confinement in the plane perpendicular to the
junction of semiconductor laser is accomplished by the dielectric waveguide formed by the active
layer and the four AlGaAs confining layers. The GRIN-SCH SQW structure greatly improves the
carrier and optical mode confinement in this direction. Because of small active region, the GRIN-
SCH SQW laser inherently exhibits single mode behavior in the transverse direction. The only
concern in this direction is to control the thickness of quantum well active layer and the alloy com-

position of AlGaAs confining layers in epitaxial growth. However, it is necessary to reduce the total
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threshold current in order to reduce the power consurnption’and heat dissipation when laser diode
is required to CW stable operation at room temperature. It'is also’ important'-to-control 'the laser
spatial mode. The single mode operation is necessary for achieving good spatial coherence of the
laser beam. For these purposes, stripe-geometry configurations have been proposed, in which the
carriers and optic modes are laterally confined to a narrow stripe in the lasers.

There are different methods which can be

used to realize stripe-geometry to achieve lat- b PUA;,

eral confinement of injected carriers and opti- 277t

cal mode!*!. One of the simplest structure for P* - GaAs § Si;N, !;)’_-Ali\(l;(:::s
this confinement is the ridge waveguide struc- :F = undoped GaAs
turel3). The fundamental structure of the ridge SQW  wavegude _l_‘n-. ':f::s
waveguide laser is shown schematically in Fig. AuGe/An
2. In this structure, the electrical confinement SR

is achieved by limiting the current flow to a Fig.2 Schematic AlGaAs/GaAs ridge-waveguide laser

narrow stripe window opened on the top surface of the device. The lateral optical confinement is
provided by etching off part of the material outside the waveguide in order to obtain a sufficient
refractive index decrease in the etched region, thus creating an optical waveguide. For achieving a
single lateral mode emission, it is necessary to choose the parameters of the ridge waveguide laser,
that is the ridge width o and depth ¢ in Fig.2. The number of propagating modes and the
waveguide dimension for single-mode eperation in ridge waveguide can be deduced approximately
in theory. The maximum ridge waveguide width w for single-mode operation can be selected by
adjusting the thickness :. We chosed ¢ = 0.3um as a minimum value which can be easily con-
trolled by etching. This etching depth provides an index-guide structure and a low leakage
current. By qalculation, we estimated that the ridge stripe width w = 5um could be considered as
an upper limite for single laterale mode laser operation in our ridge waveguide laser.

Ridge waveguide lasers were fabricated with relative sin{ple
processing. Firstly, Sum wide polymide stripes were placed on the
top side of the wafer to define the ridges by standard pho-
tolithographic techniques. Secondly, the ridges were formed by wet
chemical etching at room temperature (H,SO,: H,0;: HZO =1:8:

100) . Because precise etching depth is required to control the lateral

Fig. 3 The SEM photo-

graph of a cross section of a laser mode, etching was stoped 0.3pm above the active layer. Fig. 3
ridge waveguide processed by shows a SEM photograph of a cross section of our ridge waveguide
wet etching

processed by wet etching. Then, a 1000A Si;N, layer was deposited

by CVD and a contact window was opened on the top of each ridge. To obtain low resistance
ohmic contact to the cap layer, shallow Zn diffusion was carried out. The Ti/Pt/Au(300A /
1500A /1500A)contact was then evaporated on the P — side by electron beam evaporation. The

substrate was thinned to about 150um, and a AuGe/Ni/Au(1500A /300A /1000A) contact was
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evaporated. The contacts were alloyed at 420°C for 1 mintue. Finally, the wafer was, cleaved into
bars of various cavity length ranging from 300um to 1000um. For simplicity, no facet coatings
were employed.

4. Device characteristics

The current-voltage curves of the laser diodes showed a voltage drop at threshold of about
1.5V and a series resistance at 30mA of 3Q for 5250um? area. No current leakage was observed

with reverse bias up to the breakdown votlage of 8V.

Laser performace paramefers were measured under 20 T=25

CW condition. The devices were junctién—side-up placed on 16

a copper heat sink. The room temperature light output !

power-current characteristic of a 300um-long laser with a E'i. o cw

Sum wide ridge is shown in Fig. 4. The CW threshold

current at room temperature was 23mA. The CW differen- i L;, i“::::

tial quantum efficiency was 48%, if the light from both 0 020 40 60 80 100

laser facets was included. The laser with ridge width of I(mA)

Sum emitted 15mW/facet CW power. Fig. 4  Optical output from one facet
The far-field intensity distribution was measured for versus injected current under

CW lasers operated at current 2I,,. Fig. 5 shows the CW operation of laser

measured far-field intensity distribu-

e il IS b tion of laser with Sum ridge width
% < and 300um cavity length. Near-
g ‘.'é' Gaussian far-field patterns were ob-
E E served. This confirms that the laser
-40 =20 0 20 40 -40 -20 ) 30 40 operated at single mode. From far-

angle(deg) angle(deg) “field pattern measurement, we know

Fig.5 Far-field pattern of a ridge waveguide laser with w = 5pm that the beam dlvergence is 40° in

a— Intensity distribution in direction parallel to the junction plane b - the direction perpendicular to the
Intensity distribution in direction perpendicular to the junction plane junction, and 18° in lateral direction.
The transverse mode was confirmed to be stabilised in both directions over the whole range of the

drive current. The wavelength of laser is near 850nm.

5. Conclusion

In conclusion, a ridge-waveguide GRIN-SCH SQW AlGaAs/GaAs laser was fabricated from a
single growth step and one mask to make the ridges. The diode laser has shown a low threshold
current and single mode properties. Further improvement to single-mode power capability of diode
laser should be possible as further work is carried out to improve the heat sink of devices.
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A research advance on the interaction mechanism of
high — power laser and materials

Lu Jian, Ni Xiaowu, He Anzhi
(Nanjing University of Science & Technology, School of Science)

Abstract: The present situation and quastions in physical mechanism research of laser interaction to

some materials are summarized in this paper. The theoretical and experimental works finished in our lab

are emphasize. And the further research direction on this field is pointed out.
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