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Capadtance voltage (C-V) technique is used to determine
the kinetics of lateral oxidation of Al,Ga;  As layer in
circular mesa structure. The oxide layer width determined
by C-V technique ayrees with opticd measurements.
Additionally C-V technique has advantage of determining
different types of defedsin the oxide which isimportant
for reliabili ty of verticd cavity surfaceemitting laser
(VCSEL) devices.

Receantly wet oxidation of AlAs (or AlGaAs with
high Al content) has generated intense interest in term of
its physicd propertiesand device gplication due to
opticd mode and current confinement of laser structure.
This gable native oxide can be formed by various
tedhniques: such as dry or wet oxidation, anodic oxidation
and chemicd oxidation. For current confinement in
VCSEL gtructure, oxidation is done for few micrometers
from the edge of the mesa structure. There exist
considerable mntroversies whether oxidation foll ows
linea or parabalic growth rate. Kim et a reported linea
growth rate for different Al mole fradion and aso they
showed oxidation rate strongly depend on AlAs thickness
On the other hand Ochiai et a reported a parabali c growth
rate & longer oxidation time.

The lateral oxidation width in GaAlAs mesa
structure is measured either by opticd or scanning
eledron microscopic technique. However in adual
VCSEL gtructure opticd method can not be used asthe
oxide layer is few micron below the top surfacelayer.
Also SEM techniqueis time consuming and also sample
isprepared by cleaving which is a destructive technique.
We report here the cgadtance-voltage technique to
determine the lateral oxidation width as well as various
trapsin the oxide. Thistechnique is compatible with
VCSEL fabrication processand hence can be
implemented through the test structure in the wafer. It is
found that negative charges are produced during wet
oxidation processwhich agrees with previously reported
results.

The eoitaxial structures used in this gudy were
grown by moleaular beam epitaxy technique on N-plus
GaAs subgtrate. Different mesa structures were
lithographicdly defined using a test mask and wet
chemicd etching. The mesa structure ranges from 25 to
60 micron diameters. Wet oxidation was carried out in the
temperature range of 400-435°C with nitrogen carrier gas
bubble through H,O at 85 °C. It iswell known that
oxidation moves inwards garting from the eldge of the
wafer with increasing time. After oxidation, the AlGaAs
oxide layer is converted to native oxide and henceits
refradive index is changed. Hencethe alor of the
oxidized layer is different from the unoxidized layer.
After oxidation Ti/Au (3002500 A) was deposited as p-
type mntad metal on top side and Ge/Au metal film was
depaosited as n-type metal on badkside of the wafer. The
wafer was anneded at 400°C for 60 sec in forming ggs
by rapid thermal anneding technique.

The high frequency ( 1IMHZz) capadtance-voltage
curve was taken by using HP 4280A meter. After mesa
etching both top and batom contadt metal was deposited.
The C-V curves own here ae from p-n junction mesa
structure without any thermal oxidation layer. The

cgpadtance deaeases with deaease of arealinealy and
shows depletion layer capadtance d gate bias lessthan 0
volt. With increase of paositive voltage greaer than 0 Volt,
capadtanceincreases with inversion layer cgpadtance
and for voltage greder than 2.0 Volt, cgpadtance
deaeases as the onductanceincrease due to the forward
bias condition of p-n junction. The onset of inversion
occurs at about 1.0 V for all these aurves. The depletion
layer width stays same for large reverse bias voltages of 0
to 5.0V asit isevident from constant cgpadtancein the
voltage range. Unlike unoxidized mesa structure, the C-V
curves for oxidized mesa shifts to higher positive values
compared to unoxidized mesa C-V curve, indicaing
negative charges present in the oxide. From the observed
shift of 0.3 V in case of C-V curvesfor 10 min. oxidation
at 400°C, the cdculated axide trap density is 2X10"/cm?.
For higher oxidation time (80 min.) capadtance arve
shifts 9 much positive that we saw very littleincreasein
cgpadtance d positive voltage of 2.0 V. However, the
depletion layer cgpadtance for negative biases (for
voltages below 0 V) deaeases with increase of oxidation
time. Thisisduetothe dangein cgpadtancedue to
oxide layer formed in the mesa structure. This changein
depletion layer cgpadtanceis used to measure the width
of the oxide layer at different oxidation time.

At present, we do not know what isthe origin of
this negative charge in the oxide, which increases with
higher oxidation time and temperature. For reduced oxide
charge of same oxide width, it is advisable to use lower
oxidation temperature

In summary a new approach to measure the
oxidation kineticsis proposed for GaAs mesa structure.
This method can be used to measure the oxidation width
in VCSEL mesa structure as well asthe oxide trap
density. Thisis essential in determining VCSEL
reli abili ty. Longer oxidation time not only result in higher
oxidation width but also higher oxide trap density. We
ohserved alinea oxidation growth rate for shorted
oxidation time and a paraboalic growth rate & longer time.
Sinceanneding in nitrogen environment reduces both
trapped charge and interfacedensity, anneding may be
used to achieve low voltage VCSEL operation.
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