
the primary source responsible for the interface states, it is
not difficult to conceive that a very basic change in the mode
of oxidant diffusion could bring about an appreciable change
in the interface state density. As the oxidation of silicon pro
ceeds inward, the conditions prevailing during the growth of
the last monolayer determine the interface properties.

Sakurai and Sugano'? have carried out a theoretical cal
culation of the Si-Si02 interface state density distribution.
Their calculations indicated Si dangling bonds generate in
terface states in the midgap region,o-vacancy and Si-Si
weak.bonds generate states in the upper band-gap region,
and Si-Q weak bonds generate states in the lower band-gap
region. Furthermore, the energy location of the trap state
was found to vary with the bonding parameters such as bond
lengths and bond angles. The shift in Epes.k observed by us
could reflect variations in the bonding parameters, brought
about by changes in the oxidation process.

In conclusion, an interesting observation of our experi
mental investigation concerns the interface state density ver
sus oxide thickness profile, which appears to go through a
valley followed by a peak, instead of being a monotonically
decreasing one.,The valley/peak feature in the profile may

reflect the transition in the diffusion of the oxidizing species
from the field-aided mode to the field-free mode.
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Effects of GaAs/AlAs superlattice buffer layers on selective area regrowth
for GaAs/AIGaAs self-aligned structure lasers
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Hyogo661, Japan
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The effects of GaAs/AlAs superlattice buffer layers on selective area regrowth by molecular
bearnepitaxy were investigated for self-aligned structure lasers. It is demonstrated that the
superlattice buffer layer is an effective means to obtain a smoother interface with reduced alloy
clustering, from which the threshold current was reduced and stable single transverse mode
operation was obtained.

Recently, molecular beam epitaxy (MBE) has attracted
a considerable interest as an excellent epitaxial growth tech
nique for optoelectronic devices.1A large uniform epitaxial
layer (thickness fluctuation less than ± 5%) over a 3"in.wa
fer grown by MBE is a great advantage for mass production
as compared with conventional liquid phase epitaxy (LPE).
The MBE process offers a more significant capability, i.e.,
the controlled ability to fabricate superfine heterostructures
of designed thickness, composition, and doping profiles.
Fabrication of sophisticated devices such as a multiple quan
tum well (MQW)laser" and a high electron mobility transis
tor (HEMT)3 makes use of this advantage. In spite of its
importance for device applications, however, the epitaxial
growth over preferentially etched channels has not been well
investigated. Such growth is indispensable for fabricating
transverse mode controlled lasers4-6 as well as integrated
optoelectronic circuits (IOEC's).

In this letter, the effectsofGaAs/AlAs superlattice (SL)
.buffer layers on selective area MBE growth are reported for
the first time. We have studied these effectsfor the case of the
GaAs/AlGaAs self-aligned structure (SAS) lasers, which re
quire regrowth over a preferentially etched channel to obtain
the lateral confinement.

Figure 1 shows a schematic diagram of the GaAs/
AlGaAs SAS laser studied in this work. Both current and
light parallel to the junction are confined in the stripe by the
n-GaAs antiguidinglayer. The SAS lasers were fabricated by
a two-step MBE growth technique using a Varian Gen II
system. The substrate temperature was 630·C during

.growth. In the first step, seven layers of (1) n-GaAs (Sidoped,
2 X 1018 em-3), 0.2 f.Lm; (2) n-Ala.3Gao.7 As (Si doped,
5X 1017cm-3),1.7 f.Lm; (3) undoped GaAs, 0.11 f.Lm; (4)p
Ala.3 Gao.7 As (Bedoped, 5X 1018em-:3),0.3 f.Lm; (5) n-GaAs
(Si doped, 1X 1018 cm-3), 0.74 f.Lm; (6) n-Alo.3Gao.7As (Si
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FIG. I. Schematic diagram of the self-aligned structure (SAS) laser, where
the (I(0), (III ), and (011) facets were in the groove.

doped, I X 1018 cm - 3), 0.20 /-lm; (7) undoped GaAs, 500 A.
were sequentially grown on (100) oriented n-GaAs sub
strates (Si doped , 2 X 1018 em- 3). After the first growth, a
silicon nitride SiNx film was deposited by plasma-assisted

(a)

(b)

FIG. 2. Scann ing electro n microscopic picture s of the SAS lasers: (a) with
superlattice buffer layer ; (b)without superlatt ice buffer layer.

FIG. 3. Current-voltage characteri stics of the SAS lasers: (a)with superlat
tice buffer layer ; (b)without super latt ice buffer layer.

chemical vapor deposition, and 6 /-lm windo w stripes (paral
lel to [Oil] direction) were formed by conventional photo
lithography and dry etching. Then the wafer was successive
ly etched through the Si'N; mask by 9H 2S04:1H202:1H20
solution at 5 °Cand 30H202:1NH40H solution at room tem
perature down to the fifth n-GaAs antiguiding layer. After
the SiNx was removed, the remaining Alo.3Gao.7As eaves
were removed by a supersonic microcleavage method-.The
(1(0), (111), and (011)facets were formed in the groove . Here
we have the (011)facet, which is a very steep facet. The final
width of the channel stripe was about 9/-lm.

After the formation of the groove, a second MBE
growth was done under the similar growth condition. At this
stage, the wafer was divided into two parts. For one part of
the wafer, two layer s of 1.4 /-lm p-Alo.3 Gao.7 As (Be doped,
5X 1018 cm-3) and 0.6 /-lm p-GaAs (Be doped, 1X 1019

cm - 3) were grown. For the other part, a GaAslAlAs super
lattice buffer layer was additionally inserted at the regro wn
interface. The SL buffer layer was composed of 30 pairs of
GaAs (lz -35 A.) and AlAs (/b -23 A.) layers (Be doped,
5X 1018 em -3). After the second growth, ohmic contacts to
the diodes were made by evaporating Cr-Au on the p side
and AuGe-Ni-Au on the n side, followed by sintering in an
H2atmosphere.

20 °C
pulse (a) (b)

5
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FIG. 4. Current-light output characteristics of the SAS lasers: (a) with su
perlatt ice buffer layer; (b)without superlatt ice buffer layer.
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FIG. 5. Far-field patterns of the SAS lasers at 5 mW: (a) with superlattice
buffer layer; (b)without superlattice buffer layer.

Cleaved and etched cross-sectional views of the lasers
with and without SL buffer layer were shown in Figs. 2(a)
and 2(b),respectively. The higher contrast at the interface in
Fig. 2(a) is due to the deep etching of the SL by the stain
etchant. The regrown interface with the SL is much smooth
er than that without SL, especially on the (011) facet. The
disorder on the (011) facet without SL is caused by the fol
lowing reason. The (011) facet is too steep to obtain uniform
irradiation of the molecular beam from the source, so that
alloy clustering occurred and crystal defects such as stacking
faults might be introduced into the overgrown layer. On the
other hand, in case of the laser with an SL buffer layer, a
fairly smooth interface was obtained even on the (011) facet,
since the alloy clustering was suppressed by the binary SL
and the stacking faults might be eliminated by the flattening
effectdue to the slight difference oflattice constants between
GaAs and AIAs.7

Typical 1-V characteristics of the lasers with and with
out SL buffer layers are shown in Figs. 3(a)and 3(b), respec
tively. The built-in voltage of each laser was about 1V. How
ever, the resistance of the laser with the SL is 2.5 times higher

than that without the SL, which may be caused by the unop
timized values of I, and /b'

Figure 4 shows typical I-L characteristics of the lasers
with and without SL buffer layers in pulsed operation (5p,s
pulse width, 1ms duration) at room temperature. The cavity
length ofeach laser was 330p,m. The threshold current I th of
the laser with SL was 238 rnA, while that ofthe laser without
SL was 270 rnA. It was found that I th of the lasers with SL
was always 8-12% less than that without SL in spite of its
higher series resistance. This result indicates that the optical
loss was reduced in the grooved channel due to the improved
interface by the SL buffer layer. It is expected that the device
characteristics can be further improved by optimizing the
designed parameters of the SL buffer layer.

We also studied the transverse mode characteristics of
the lasers. Figure 5 shows the far-field patterns parallel to
the junction at 5 mW. The laser with a SL buffer layer was in
single transverse mode whereas the laser without a SL was in
transverse multimode. This is due to the following reason.
The laser without a SL has compositional fluctuations due to
alloy clustering at the regrown interface as shown in Fig.
2(b), which caused an abrupt refractive index change, and
the electric field is strongly confined in the relatively wide
(- 9 p,m) stripe, thus higher order mode appeared. On the
other hand, the laser with a SL has a smoother interface at
the groove as shown in Fig. 2(a);therefore, a single transverse
mode was obtained.

In summary, the effects of GaAs/AlAs superlattice
buffer layers on selective area MBE growth were investigat
ed for the case of the SAS lasers. A very smooth interface was
obtained from the SL buffer layer, so that the threshold cur
rent was reduced and stable single transverse mode oper
ation was obtained.
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