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Abgtract : The wet oxidation of Al GaAs with high Al content in a distributed Bragg reflectors (DBR) is studied by
scanning electron microscopy (SEM) and transmission electron microscopy ( TEM) . Some voids distribute along the

oxide/ GaAs interfaces due to the stressinduced by the wet oxidation of the Al GaAs layers. These voids decrease the

shrinkage of the Al.Os layers to 8 % instead of the theoretical 20 % when compared to the unoxidized Al GaAs lay-

ers. With the extension of oxidation time ,the reactants are more completely transported to thefront interface and the

products are more completely transported out along the porous interfaces. As a result ,the oxide quality is better.
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1 Introduction

The vertical cavity surface emitting laser (VC-
SEL) offers various advantages over other light
sources,including a symmetrical output beam and
ease of manufacturing in the form of two-dimen-
sonal arrays. In fact,it has now replacing the
standard edge-emitting laser and light emitting di-
ode (L ED) in many optical data communications
applications. In recent years,advancesin VCSELSs,
such as ultralow thresholds'” and high eficien-
cies?! jare attributed to the wet oxidation of high
Al composition - compounds'® . The wet oxida
tion process can proceed laterally (along heterolay-
ers) to create buried apertures that can not only
guide electron and hole currents but also provide a
lateral refractive index contrast in the active layers
of the VCSEL. Furthermore, wet oxidation also
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forms high refractiveindex contrast Al.O,/ GaAs
Bragg reflectors instead of the usual low contrast
Al GaA s GaAs DBRs. Compared with the conven-
tional AlGaAg GaAs DBR, the oxidized Al«O,/
GaAsDBR canincrease the mirror band width ,ele-
vate the reflectivity of DBR ,and reduce the number
of pairsin the mirror ,which is useful to decrease
the growth thickness and growth time of a
VCSEL * ' As a result ,a VCSEL utilizing oxi-
dized aperture and oxidized DBR demonstrates im-
proved performance ,such as high power converson
efficiency ,low threshold current ,and low threshold
voltage®*" .

Although thereis alot of research on the wet
oxidation of AlGaA<d GaAs DBR,most of it about
the microstructures and components of the ox-
ides®® ™ the porousoxide/ GaAsinterfaces(espe-
cialy their effects) are seldom studied. In this pa
per, by means of scanning electron microscopy
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(SEM) and transmisson electron microscopy
(TEM) ,weinvestigate the effects of the porousin-
terfaces on the oxide quality of DBR and the con-
traction of oxidized Al GaA s layers.

2 Experiment

The samples used in this work were grown by
molecular beam expitaxy (MBE) on (100) S| GaAs
substrates. First,a 200 nm thick undoped GaAs
buffer layer was grown. Then a seven-period undo-
ped DBR was grown, each period including a
AlxGa- xAslayer and a GaAs layer. After photoli-
thography and wet etching (H2S0s H:0: H:0
=5 1 1) ,13¢ mwide trenches spaced 64 m a
part were formed. Then ,the samples were oxidized
in a quartz furnace at above 400 though water
vapor with nitrogen flow ,the oxidation time being
12,20, 40min, respectively. Oxidation, as is well
known ,proceeds laterally in the Alx Ga:- xAslayers
of DBR ,beginning at the edge defined by chemical
etching and proceeding inwards. Secimens from
the unoxidized and oxidized samples were prepared
for DCXRD and cross sectional SEM experiments.
The oxidized samples for TEM observation were
mechanically polished and ion thinned by Ar” in
standard fashion.

3 Resaults

The DCXRD rocking curves of the asgrown
DBR are shown in Fig. 1. From the measured and
smulated curves,we can determine that the Al
compostion is 0 97 and the thickness of the
Al Ga- «Aslayer and GaAs layer in each periodis
152 7nm and 70nm ,respectively ,which are almost
in agreement with our desgn. Moreover ,the nar-
row line width and the large number of satellite
peaksindicate that the quality of the as.grown mar
terialsis good.

During the wet oxidation ,aluminium atomsin
Al GaAs layers react with water vapor , probably
forming Al20s withy 9 ,andX phase in which the
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Fg. 1 DCXRD rocking curves of the asgrown
AlxGai- x As/ GaAs DBR

curve;Curve b:the smulated curve

Curve a: the measured

Y -Al20s; phase is dominant. In general , some hy-
droxyl phases besides Al.0s ,such as Al (OH)s and
AlO(OH) ,are aso obtained® *'. The structures
of AlGaAs and GaAs are both zinc blend, while
that of y-Al20s is spinelle. Snce the volume per Al
atomin Aloor Gao.os As is ggnificantly larger than
that iny -Al20s ,there should theoretically be 20 %
linear contraction of they-Al.Os layer along the
growth direction compared with the asgrown Al-
GaAs layer'® . As a result, the shrinkage would
produce stress that can greatly affect the mechani-
cal and optical properties of oxidized DBR ,such as
delamination or small fracture of the oxidefilms af-
ter complete oxidation™” . The interfaces of the ox-
ide/ GaAs layers can not stand so great a stress and
ultimately fissure. Figure 2 is the TEM images of
the sample oxidized for 20min. From Fig. 2(a) ,we
can see that the oxidized Alo.o7 Gao.os AS region is
well confined by a convex-shape oxidation front.
We can al so clearly observe the voids. Figure 2(b)
indicates that these voids (as pointed to by arrows)
primarily distribute along the sde interfaces be
tween the Al20Os and unoxidized GaAs layers. In
turn ,these voids release the stress induced by the
wet oxidation of the Al GaAs layers. As a result ,
the oxide layers can not shrink as much as the ex-
pected 20 %. In our experiments,the oxide layers
only shrink about 8 % along the growth direction.
Figure 3 shows cross sectional SEM images of
DBR as grown ,oxidized for 12,20 ,and 40min ,re-
spectively (the dark layers are unoxidized and oxi-
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Oxidation direction

{Front interface

Fig.3 Cross sectional SEM images of DBR
20min; (d) Oxidized for 40min

dized Al GaAs and the bright layers are GaAs) . We
can see that the longer the oxidation time is,the
better the oxide quality and the smoother the ox-
ide/ GaAsinterface. In the process of oxidation ,the
reactions are asfollows® :

Al GaAs+ H20 -Al:0: + AsHs + Ga

AlGaAs+ H:0 -AIO(OH) +AsHs + Ga

Al GaAs+ H20 Al (OH)s +AsHs + Ga

(a) Asgrown; (b) Oxidized for 12min; (c) Oxidized for

Ga+ H20 -Ga0s + H2
AsHs; + H.O A5 0s + H2

As0; + H, sAs+ H.O
A's shown above,the interfaces of the oxide/

GaA s layers are porous and they can serve as chan-
nel s to transport reactants and products. When the
oxidation front propagates inwards in Alo.s7 Gao.o3-
Aslayers,the reactants (such as H.O) have to be
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transported to the front interface and the products
(such as AsHs ,As0s and As) are transported
out. The voids along the oxide semiconductor in-
terfaces are in favor of the transport of the chemi-
cal species to and from the oxidation front. If the
oxidation timeis s0 long that water vapor can fully
diffuse along the porous interfaces, the reactions
between the AlGaAs layers and water are more
complete. During wet oxidation,arsenic atoms in
the Al GaAs layers are converted to AsHs ,A%0s,
and As,which can serve as main volatile speciesfor
the removal of arsenic elements from the oxidized
films'® . We anticipate the residual arsenic element
in the oxidesto be aslittle as possible because high
resdual arsenic can deteriorate the capabilities of
VCSEL ,such as GV and transport behavior™ .
Consequently ,continued oxidation or heating helps
these arsenic products to be remove through the
porousinterfaces and reduces the content of residu-
al arsenic. In our experiments,the quality of the
DBR oxidized for 40min is the best and that oxi-
dized for 12min is the worst. Therefore ,the oxida
tion time should generally be kept long enough to
complete the wet oxidation of the high Al content
layers.

4 Conclusion

The porous oxide/ GaAs interfaces and their
effects during wet oxidation of Alosr Gaoos A
GaAs DBR are studied. The TEM images show
there are some voids along the oxide/ GaAs inter-
faces due to the stressinduced by the wet oxidation
of the AlGaAs layers. These voids decrease the
shrinkage of the Al.Os layers to 8 % instead of the
theoretical 20 % compared with the as-grown Al-
GaAs layers. The SEM images show that with the
extengon of the oxidation time the quality of the

oxide layersis better in that the diffusion of water
in the oxide layers is more complete. In addition,
the removal of volatile products, such as AsHs ,
A%0s ,and As,is more sufficient through the por-
ous oxide/ GaAs interfaces,which benefits the ca
pabilities of the VCSEL .
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