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Abstract Using solid source molecular beam epitaxy we have fabricated
strained InGaAs/AlGaAs graded index separate confinement single quantum
well lasers emitting at 0.98 pm. For broad-area, uncoated Fabry-Perot
devices with cavity lengths of 560um, the threshold current density is
145A/cm?, a value which is believed to be the lowest value ever reported
domestically for quantum well laser diodes in any materials system. The
external differential quantum efficiency is 35% per facet.

PACC: 4255P, 4280R, 7360F

1. Introduction

The InGaAs/AlGaAs strained quantum well lasers emitting at ~1p m have many
desirable features, due to the changes of energy band structure induced by strained
nature of the active region. (1) the extended wavelength capability for long wave-
length lasers (0.9 <1 << 1.ipm)™, and these wavelengih range cannot be achieved
with lattice- matched materials such as GaAs/AlGaAs system (0.7—0.9um) and I[nP/
InGaAsP system (1.1-1.65um), (2) lower threshold current density (Jth)®, (3) hi-
gher temperature operation due to reduced Auger recombination®, (4) high modu-
lation frequency due to larger gain coefficient®, (5) high output powers due to more
than several factors higher facet catastrophic optical damage (COD) limit compared
with that of GaAs and AlGaAs materials’®, (6) high efficiency and low noise pumping
sources for Er**-doped fiber amplifiers at 0.98um"™, (7) obtaining visible blue-green
laser emission by frequency doubling, (8) long life operation reported in recent yea-
rs® er al. and just because oi these above advantages, it has recently stimulated
much interest, the lowest threshold current density has been decreased to less than
100A/cm? reported by now'. There is still quite a gap compared to that of abroad.
In this paper we reported the new results obtained in our laboratory.

2. Laser design and material growth

The growth of the laser material was performed in a RIBER MBE 32P system
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on Si-doped (n*,10%cm™3) 4°-off (100) towards {111) A GaAs substrates. Before
being loaded into the growth chamber, each wafer was prepared by the following
processes: first degreased sequentially in trichloroethylene, acetone, and methanok
for three times, etched in 5H,S80,:1H,0,:1H,0 solution for several minutes, then
rinsed in 18MQcm running de- ionized water and finally blown dry with f{iltered ni-
trogen gas. The cleaned substrates were then mounted onto a molybdenum block
with high purity indium and transferred into the preparation chamber immediately.
After degassing at 400°C for about one hour, the substrate was placed into the gro-
wth chamber, followed by the usual deoxide process at temperature 580°C, for good
unifomity, the wafer holder was rotated continuously with 20rpm during MBE growth.

The laser design is a graded-index (GRIN) separately confinement single qua-
ntum well structure, as illustrated in Fig.l. It consists of 2 0.7um -thick n*-GaAs
(2 X 10%cm™) buffer layer, a 0.15pm n*-Al,Ga,_,As(l X 10%m™) compositionally
graded layer (X value from 0.2 to 0.6), a 1.2um n-Aly ¢Ga,,As(l X 10%cm™) cladding
layer, a 0.2um undoped linearly graded index Al,Ga,_,As (# from 0.6 to 0.2) wave-
guide layer, a 40A undoped Ing ;Ga,,As strained active layer surrounded on both si-
des by a 100 A -thick undoped GaAs spacer layer, a 0.2um undoped Al,Ga,_,As (x
from 0.2 to 0.6) graded waveguide layer, a 1.2pm p-AlyGag ,As (1 X 10%cm™) upper
cladding layer, and finally a 0.2um p-GaAs (1 X 10%cm™) top layer and a 200;&
ohmic contact layer (5 X 10¥¢cm™). The n and p dopants were Si and Be, respecti-

vely.
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Fig. 1 Schematic diagram of the strained InGaAs/AlGaAs graded index (GRIN) separate
confinement heterostructure (SCH) single quantum well(SQW) laser

During the MBE growth, all the AlGaAs layers including n-,p- cladding layers,
compositionally graded layers and 80% of the graded waveguide layers, were grown
at constant temperature of 700°C, the GaAs and InGaAs quantum well region were gro-
wn at 560°C. The growth temperature was ramped from 700°C to 560°C or vice-versa
during the remaining 20% of GRIN layer adjacent to the quantum well region. The
GaAs buffer and upper p-GaAs layer were grown at 600°C. No growth interuption
was used during the growth. V/III flux ratio was selected near-critical arsenic-stabi-
lized condition.

Because of the higher compressive strain induced by the larger InAs content of
0.3 used in the active layer, when the active layer thickness was thinner than the
critical thickness, the threshold current density will decrease compared with that of
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InAs content of 0.2.In order to adjust the emission wavelength at 0.98um, the qua-
ntum well thickness was chosen to be about 40A.

3. Device Fabrication and Characteristics

After MBE growth, a 1000 X Nomarski phase contrast microscopy or scanning
electron microscopy was used to examine the surface. Except some occasionally obse-
rved oval defects, featureless surface morphologies were obtained.

A confcrmal 2000 A -thick §10, was deposited over the entire p-surface by Plasma-
Enhanced Chemical Vapor Deposition (PECVD), then contact stripes were opened by
standard photolithograph. After the process of thinning, deposition of electrode film.
(TiPtAu as p-contact and AuGeNi as n-contact), cleaving, testing and soldering (p
side down), the broad-area quantum well laser diodes were obtained.

Light output power measurement as a function of injected current was performed
for each laser. The measured values of threshold current and slope efficiency were
very close, which indicates very good uniformity. A typical P-I curve was shown in
Fig .2, the cavity length, stripe width and threshold current were 560um, 120um and
97mA, respectively. From these data we can calculate that the broad-area Jth is 145A/
c¢m?, and this value takes no account of any current spreading, nor of the anti- gui-
ding effects which widen the effective stripe width. If the cavity length was exte-
nded, the threshold current density will decrease further, From Fig.2 we can see that
the linear output power is more than 600mW, a power output of 0.5W per facet is
achieved at an injected current approximately 1.28A. The external differential qua-
ntum efficiency (n4) of 35% per facet is obtained for the device.
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Fig. 2 Continuous wave light output asa Fig. 3 Room temperature spectrum of strained
function of drive current for a device of InGaAs quantum well laser at 150mW. The peak
length S60Mm wavelength is 978, 1lom

We attribute this extremely low value of the threshold current density to the



568 ¥ 58 Kk % #® 15 %

following three factors: (1) the optimization of laser design, such as graded index
waveguide layer and cladding regions with higher aluminum content which will pro-
duce larger optical confinement. (2) strained nature of the active layer produces the
changes of energy band structure, namely, the removal of the heavy hole/light hole
degeneracy, symmetrization of conduction and valence-band densities of states, and
these make the population inversion more easier. (3) the high quality of the MBE-
grown material, and this is also the very important factor. It results from optimizing
separately each process condition, such as the substrate temperatures for both AlGaAs
cladding and the InGaAs quantum well active layer, V/III flux ratio etc.

We know that the electron capture time is the shortest for single quantum well,
and is monotonic function of well thickness.™ When the thickness decreases, the ca-~
rrier collection efficiency also decreases. The external quantum efficiency of the de-
vice was not high enough might be in some extent attributed to this reason.

The measured laser spectrum is shown in Fig.3, the emission wavelength is 978.1
nm under 150mW output power, and this wavelength will become longer at higher
output power.

4. Conclusion

By optimizing the laser structure and the process condition, we fabricated exce-
llent uniformity and very low threshold current density strained InGaAs/AlGaAs qua-
ntum well diode lasers. The value of Jth decreases due to large optical confinement
factor produced by high aluminum content cladding and linearly graded index wave-
guide layer. For higher performance operation, all the AlGaAs cladding layers should
be grown at 700°C, so as to obtain high quality MBE growth material. Furthermore,
the optimized growth temperature for InGaAs quantum well, and extremely clean
growth environment are also key factors for high quality material growth.
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