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Lateral Oxidation in Vertical Cavity Surface Emitting Lasers
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Abdtract : L ateral oxidation in vertical cavity surface emitting lasers (V CSELSs) is described,and its characteristics
are investigated. A linear growth law is found for stripe mesas. However , oxide growth (above 435 ) follows a
nonlinear law for the two geometry mesa structures which we employ in VCSEL. Theoretical analysis indicates
that mesa structure geometry influences oxide growth rate at higher temperatures.
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1 Introduction

The oxidation of AlAs (or AlGaAs with a
high Al content) layers has been successully em-
ployed in the fabrication of high-performance VC-
SEL s* 1. Oxide layers have been used to form cur-
rent apertures and index guiding. Oxide-confined
V CSEL s have exhibited the highest power conver-
son eficiency (> 50%) "™ and lowest threshold
current'! . But accurately controlling the oxidation
processis difficult. Many researchers have investi-
gated the characteristics of lateral oxidation' .
However , there is consderable controversy over
whether or not oxidation follows a linear or para
bolic growth rate.Linear growth rates were repor-
ted for the latera oxidation of Alo.ss~ Gao.oo AS*.
Meanwhile ,it has been reported for the lateral oxi-
dation of AlAs that the oxide growth is initially
linear over time and converts to parabolic growth
as the oxide thicknessincreases® . In this paper we
employ the partial oxidation of an Alo.ss Gao.o2 AS
layer in the DBR mirror stack to form current aper-
tures. We fabricate VCSEL s and characterize their
static properties usng perforated ring (PR) instead
of ring trench (RT) as lateral oxidation win-
dows® . Here the lateral oxidation of Alo.ss Gao.0z
Asin N2/ H20 atmosphereis characterized with re-
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spect to oxidation temperature ,N: carrier gasflow ,
and the geometry of the mesa structures.

2 Sructure and experiment

The epitaxial structures used in this study
were grown by molecular beam epitaxy (MBE) on
n* GaAs substrates. The bottom Bragg reflector
cong sted of 34 ntype S-doped Alo.o Gao.1As GaAs
pairs with quarter-wavelength-thick layers. The ac-
tive region contained a GaAs Al GaA s based triple
guantumrwell in a sngle wavelength cavity for
850nm emisson. The top Bragg reflector cons sted
of 24 p-type C-doped Alo.s Gao.1Ag GaAspairs. An
Alo.ss Gan.o2A s layer used for the subsequent lateral
oxidation was placed in the fourth quarter-wave-
length layers above the active region.

Mesas with different geometries (stripes,ring
trenches, and perforated rings) were etched by
chemically asssted reactive ion beam etching (u-
sing Clz/BCls) down to the active layer ,usng sili-
con nitride as the etch mask. The exposed Alo.cs-
Gao.o2 As layer was oxidized at different temperar
turesin N2/ H2O atmosphere. Dry N2 with a con-
stant flow of 1 5L/ min was used as carrier gas for
H20O vapor. Figure 1 shows the experimental set-

up.
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Fig.1 Experimental setup for oxidation

3 Experiment resultsand analysis

Figure 2 shows the lateral oxidation depth w
versus oxidation time t at temperatures ranging
from 350 to 460 for the stripe mesa. A linear be-
havior of the oxidation depth isobserved. Figures 3
and 4 show that at low temperatures (below
435 ) |lateral oxidation of Alo.es Gav.coAsfollows a
linear growth law ,and at high temperatures ap-
proximately increasng parabolic growth is ob-
served.
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Fg.2 Measured lateral oxidation depth versus time
for the mesa with stripe at different temperatures
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FHg.3 Measured lateral oxidation depth versus time
for mesa with RT at different temperatures

The observed difference of the oxide growth
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FHg.4 Measured lateral oxidation depth versus time
for mesa with PR at different temperatures

can be explained theoretically asfollows.

In both circles and squares ,the surface area of
the oxidation front decreases as the oxidation pro-
ceeds,and this geometric effect causes an increase
in the oxidation rate'™® . However ,at relatively low
temperatures the thermal movement of ions and
molecules (O°" ,0. ,H:20) istoo sow to enable e
nough diffuson through the oxide. Thus the geom-
etry of the mesa structures has little effect on oxi-
dation rate. Conversely, at higher temperatures,
there is an adequate supply of the reactant at the
oxidation front in spite of the increasng oxide
length. Thus,the geometry of the mesa has a sg-
nificant effect on the time dependence of the oxida
tion process at higher temperatures.

We take the oxidation time to be the sum of
the time required for reactant atoms to diffuse to
the oxide-semiconductor interface and the time re-
quired for the atoms to react at that interface:

toxidgation = taituwion (D, Xo) + treacion ( K, Xo) (1)
Here, K is the parameter relevant to the reaction
rate ,given in Eq. (3) ,and D is the diffuson con-
stant for oxygen in the oxide film. The oxidation

time can al 0 be expressed as™”
2

_ X0 , Xa

t= K * ko 2

K = RIpO (3)

ko = 4D[Erf *(Q 5)]? (4)

Here,xo isthe length of the oxideformed,Risthe
reaction rate (in unitsof atoms per unit time) P is
the concentration of oxidant molecules in the ox-
ide,and0 is the outsde surface area of the oxida
tionfront of the mesa. At low temperatures, ko is
very small and hence the second term on the right-
hand side of Eq. (2) isvery large,so K has no ob-
vious effect on the total time t. Conversely , ko is
larger at higher temperatures and the first termin
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Eg. (2) contributes noticeably to the total timet ,i.
e. ,the éffect of Kon the total time t cannot be ig-
nored. For a steady-state process ,we assume R and
p are constant at higher temperatures,i.e. ,they are
independent of the distance from theinterface with
the ambient. In the case of mesas with stripesg isa
constant ,but for mesas with RTs 0 decreases as
the oxidation proceeds. According to Egs. (2) and
(3) ,the oxidation rate increases for mesas with
RTs as the oxidation front approaches the center of
the mesa. In the case of mesaswith PRs @ increases
during theinitial oxidation and then decreasesfrom
the maximum as the oxidation proceeds. This re-
sultsin adrop in the oxidation ratefor thefirst mi-
nute and then an increase afterward. Thus the ge-
ometry of mesa structures influences distinctly on
the oxide growth rate at higher temperatures.
Figure 5 shows that the lateral oxidation is
very senstive to temperature. The lateral oxidation
depth increases as the process temperature increar
ses. Between 350 and 440 ,the oxidation rate in-
creases by afactor of 10. Therefore ,higher temper-
atures result in a substantial reduction in the oxi-
dation time necessary to produce a required oxide

aperture.
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Fig.5 Pot of oxidation rate versus temperature

Figure 6 shows the relationship between the
carrier gas flow rate and the oxidation rate at
440 . The water temperature was maintained at
92 . The oxidation rate increases rapidly with in-
creasng flow rate of the carrier gas in the small
flow region. The oxidation rate then tends to re-
main constant ,independent of the carrier gas flow
rate. The threshold point is 1 27L/min. This
means that in order to obtain an oxidation rate in-
dependent of the carrier gas flow rate,the carrier
gasflow rate should be higher than 1 27L/ min at
440
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Fg.6 Pot of oxidation rate versus the carrier gasflux

4 Conclusion

The characteristics of the lateral oxidation of
Alo.ss Gao.o2 As layers in VCSEL s have been re
searched. The oxidation for stripe mesas follows a
linear behavior. However ,for the two geometry
mesa structures we employed in VCSEL s, oxide
growth follows a linear law at low temperatures
(below 435 ) and anincreasing parabolic behavior
influenced by the geometry of the mesa structures
at higher temperatures (above 435 ). Theoretical
analysis demonstrates that the geometry of mesa
structures distinctly influences the oxide growth
rate at higher temperatures. The oxidation is very
sensitive to temperature. Between 350 and 435
the oxidation rate increases by afactor of 10.
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