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ABSTRACT

The laterd thermd oxidation process of Alp.ogsGapo2AS layers has been udied by
transmisson eectron microscopy. Growing a  low-temperature  GaAs layer beow the
Alo.0sGap 02AS has been shown to result in better qudity of the oxide/GaAs interfaces compared
to reference samples. While the later have As precipitation above and below the oxide layer and
roughness and voids a the oxide/GaAs interface, the structures with low-temperature have less
As precipitation and develop interfaces without voids. These results are explained in terms of the
diffuson of the As toward the low temperature layer. The effect of the addition of a SO, cap
layer isaso discussed.

INTRODUCTION

Laterd oxidation of AlkGa.xAs layers is a very dtractive technology for the fabrication
of isolating oxide layers in optodectronic devices because of their dability, high resgivity and
near planar topology. They have been used in forming sdf-digned didectric layers in the
fabrication of semiconductor laser diodes and on vertica cavity surface emitting laser (VCSEL)
goplications due to the excelent carrier confinement provided by the oxidized layer. These
methodcan aso be used attention n meta-oxide-semiconductor (MOS) devices. The high qudity
of the oxide is attributed to the formation of stable AIO(OH) and Al,O3 compounds [1]. However
some problems related to the excess As created during the process, and weakness of the oxide
interfaces, due to structura changesin the AlyGa;-xAs layers, remain unsolved [2,3].

The influence of parameters, such as temperature, layer thickness or composition, on the
oxidation process has been the subject of recent studies. In this work we study the structurd
changes resulting from the induson of a low-temperaiure (LT) GaAs layer. The effects of the
presence of a LT-GaAs on the oxidation rates was reported previoudy [4] indicating a higher
oxidation rate for samples including LT-GaAs layers. The influence of the incorporation of a
SO, capping layer on the qudity of the oxide layer is aso discussed.

EXPERIMENTAL

Samples were grown by molecular beam epitaxy (MBE) on a (100) semi-insulating GaAs
ubgtrate. Two dmilar dructures (shown in Fig.l) were grown to be oxidized. The only
difference between the two types of sample is that in one the centrd 300 nm thick layer is
standard GaAs grown at 580°C wheress in the other sample it is low temperature GaAs, grown at
210°C. The low temperature GaAs was aneded a 600°C for two minutes in-situ and recelved
further anneding during growth of the subsequent layers a 590°C: 100 nm of n-GaAS(Si:10'®
cm®), 30 nm of Aly,gsGan.02As, and a capping layer of 35 nm GaAs. In addition thin layers (0.5
10nm) of AlAs were grown on ether dde of the LT. The reference and the LT samples were
processed smultaneousy. Mesas were formed in the top of the samples by patterning and
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Fig. 1. Sample structure. LT GaAs is substituted by
standard GaAs in reference sample.

RESULTS

etching in H3PO4:H,02:H,0 (3:3:100).
The etch extended past the AlGaAs but
not the LT GaAs, exposng only the
AlGaAs and pat of the nGaAs
ddewdls to the oxidizing ambient.
One more sample with LT-GaAs
include a PECVD SO cap. Oxidation
was carried out in a water vgpor with a
N. carier gas, which was bubbled
through water heated to 80°C and
flowed over the sample, placed in a
furnace held a a constant temperature
of 450°C. Samples were prepared for
transmisson electron microscopy
(TEM) oObservetion by conventiona
mechanicd polishing axd Ar ion
milling in a cooled dage untl
perforation. Topcon 002B and JEOL
ARM microscopes were used for these
studies.

Anneding of the LT-GaAs layas during the e

subsequent growth causes the formation of As precipitates
that can be recognized as dark spots in Fig. 2. Previous
investigaions [5,6] show that LT-GaAs as grown is non
doichiometric, containing excess As in amounts up to
15%. The anneding leads to a decrease of the
concentration of Asgy, anttiste defects with smultaneous
formation of hexagond As The average dze of the
precipitates prior to oxidation is about 4.3 nm, consistent
with our previous dudies [6]. A dight increese in
precipitate average Size, about 2%, is detected after
oxidation.

After oxidaion of samples with a sngle GaAs
capping layer, both sandard and LT-GaAs samples
developed a homogeneous oxide layer. However in the

case of the sample with sandard GaAs (Fig. 3.8, As Fig. 2. Top reglon of the sample
precipitates were formed above and below the origind containing LT-GaAs. Note the As
Alo.osGap02As layer as a product of the oxidation. precipitatesin LT layer asdark spots.
Furthermore, the inteface between the oxide and the

surrounding GaAs was rough and degraded by the presence of voids that may cause

ddamination.

It has been proposed [1] that the products of the oxidation reection of AIAs are mainly Al
oxides and hydroxides, and AsHs. AsH3 is a materid which was assumed to escape to the

urface:



2AlAs + 3H,0 U Al,O3 +AsH3 (1)
AlAs + 2H,0 U AIO(OH) + AsHs 2)
AlAs+ 3H,0 U Al(OH); + AsH3 ©)

However our results show that a dgnificant amount of As remans in the sample after
oxidation suggesting that either arsine decomposes|[7]:

2AsH3 U 2As + 3H, (4)

Or that direct formation of As and H takes place by subgtitution of reaction (4) in (1), (2)
and (3).

Conversdly, the sample that
includes a 300 nm LT GaAs layer, a e b
ingead of standard GaAs, developed | o
higher qudity oxideGaAs intefaces =
(Fig. 3.b). Arsenic precipitates in the
vicnity of the oxide layer ae only
occasondly found in this case, and oxide
the interfaces were smoother, with no
voids dong the intefaces. Another
interesting feature is the fader
oxidation rate of the sample with the
LT GaAs layer (21 mm in 10 min)
compared to the standard sample (10 = o
nmm in the same time) [4]. Fig. 3. Oxidized Aly0sGa002AS layer in standard sample (@)

It is not yet clear what is the andinsamplewith LT-GaAs (b). Arsenic segregated from the

reason for reduced As precipitation oxide and voids are found at the interfaces in (a). Interface
nexr the oxidized layer when an quality isgreatly improved in (b).
underlying layer of awmneded LT-
GaAs is present. One possible explanation is that the presence of As precipitates in the annedled
low-temperature layer acts as a Sink br excess As so that near the oxidized layer the excess As
concentration never reaches the critica vaue for precipitate nucleation. Another factor that could
play a role is introduction of some excess Ga vacancies during anneding a of the low
temperature GaAs into the layers above the low temperature layer which could facilitate As
diffuson away from the oxide layer. Migration of excess As away from the oxidation front to the
As precipitates in the low temperature layer is dso consgtent with the observed smdl increase in
Sze of the As precipitates after the oxidation trestment.

Findly, we present the results for the sample tha includes a top SO, capping layer. The
micrographs (Fig. 4) show agan sharp intefaces and clean from As like in the case that no
capping layer isincluded.

Future work involves the cgpping of the sample with SsN4 which is known to be non
permedble to As, acting as a barier to outdiffuson. This will dlow us to assess whether the
arsnic accumulations diffuse modly towards the LT-layer or leave the sample through the
surface.

PR - L m




CONCLUSIONS

The influence of a low-temperature-grown GaAs layer,
on the oxidation behavior of an Alp 9sGap.02AS layer, has been
invesigated by TEM obsarvations. Results show  an
improvement of the quaity of the oxide/GaAs interfaces when
aLT GaAslayer isincluded.

The exact reason for this improvement is not yet clear
but it appears that the presence of As precipitates in the
annedled low temperaure layer may be acting as a sink for As
thus reducing its build up near the oxidation front.
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