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Sealing Method of Dry-Etched AlAs/GaAs Top Mirrors in Vertical Cavity
Surface Emitting Lasers
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A versatile sealing process for AlAs layers is presented. This sealing prevents the AlAs layers of AlIAs/GaAs top distaipgited Br
reflectors from further undesired oxidation during the wet oxidation of the AlAs current constriction layers in verticaluravity
face emitting lasers. This method has been successfully applied to protect the etched pillars in top mirrors althoudgwrghose pil
were plasma dry etched.
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The selective wet oxidation of Al-rich layers like AlAs and intracavity contacts. Finally, 28 pairs of AIAs/GaAs form the bottom
AlGaAs and their use in the fabrication of optoelectronic devicesDBR mirror. The active layer is formed byx28 nm thick quantum
such as vertical cavity surface emitting lasers (VCSELSs) has becomeells of Iry 1/Ga, gsAs surrounded by two AlAs layers intended to
an important issue in the last few years. Numerous adthare be oxidized in order to ensure the electrical and optical confine-
using this process to oxidize AlAs layers within the cavity to obtainments. The VCSEL processing is schematized in Fig. 1. The results
a desired current constriction. This is absolutely fundamental irof those VCSELs have been reported eatlfer.

VCSELs when low voltage devices are required such as can be real- The first attempt at sealing consisted of depositing a.éhick

ized using the so-called intracavity contacted VCSELs. TheseSiN, layer around the top DBR after the mesa was etched. This
devices have lower serial resistance as the current does not flowffered sufficient protection for large devices. However, the DBRs of
through the AlAs/GaAs distributed Bragg reflectors (DBR). 5 um devices and smaller were oxidiZedhen, the method of

The wet oxidation of AlAs and Al-rich AlGaAs layers is usually Huffaker et aB was tried. This technique failed when applied to
performed at a temperature of 400-500°C in a nitrogen ambient saDBRs etched using reactive ion etching (RIE) based on,®iCl
urated with water vapor. In this process, two AlAs layers within thechemistry. Even so, based on this method, we introduced a number
laser cavity are wet oxidized, leaving a small window in the middleof variations, e.g., extending the exposure time to ambient of the
of the device which allows the current to flow in the same area where
the photons are generated. This oxidation achieves simultaneously

lateral photon and current confinement. This technique has some Photoresist

drawbacks. The first one is the stress induced in the structure at the —
oxide-semiconductor interface which can lead to device degradation. Top DBR —nu,

The second is related to the processing of the VCSELSs: the already E—

exposed AlAs layers of the top AlAs/GaAs DBR must be protected AlAs A — «— QW

from undesired oxidation. One way of circumventing this problem is
to use A} oGay g As/GaAs DBR instead of AlAs/GaAs because the
oxidation rate of A 9gGay g4As is much lower than that of AlAs.
This would introduce another problem as a larger number of pairs
are necessary to achieve the required reflectance. The second way |
to seal the top DBR mirror and thus protect the AlAs layers from fur-
ther oxidation during the oxidation of the current constriction layers.

Huffaker et aP were the first to publish about sealing AlAs lay-
ers using a method consisting of a rapid thermal anneal (RTA) step
at ~500 to 600°C in forming gas (90%,N.0% H,) after having
exposed the AlAs to room temperature. The annealing is thought to
form a thin surface barrier layer preventing further wet oxidation.
Lim et al4 reported also about a sealing method using the principle
that the wet oxidation is a one-shot process. This means that the oxi:
dation does not continue after it has been interrupted. They found
that a wet oxidation at 408°C for 15 s completely sealed the DBRs.
Both papers dealt with wet-etched mesas. In our case, where the toj
mirror mesa was dry etched, these methods did not work. Dry etch-
ing of the top DBR mesas is widely used as it presents advantage:
over wet etching such as better uniformity and no underetch profile.
In this paper an efficient sealing method of AlAs layers is reported
which is applicable also to dry-etched DBRs.

The VCSEL structure used is a molecular beam epitaxy-grown
structure having 18 pairs of AlAs/GaAs top DBRs, & & cavity d g

with -layer an m n-layer ined for th
thatop GaAs p-layer and a bottom GaAs n-layer destined for t ?:igure 1. Processing steps of intracavity VCSELSs: (a) first RIE-etched mesa,
(b) second RIE-etched mesa, (c) wet oxidation of the AlAs constriction lay-
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Table I. An overview of the sealing esults of dry etched mesas i S y S
after intr oducing the wet dip etching demonstrating its eiiency. : e _-;:.‘;maf-iv

Run Wet/dry Dipetch Gases Sealed
etched DBRs in RTA

25 Dry Yes O,/N, Yes
26 Dry Yes HJ/N, Yes
27 Dry Yes O,/N, Yes
28 Dry Yes HJ/N, Yes
29 Dry No HJ/N, No
30 Dry Yes O,/N, Yes
31 Dry Yes HoN, Yes

tched DBRS up to 24 h and using a mixt 1.9 ol S drbm (SR L0
etche S up to and using a mixture :9 wlume
8 y R ) Figure 2.Cross-sectional photograph of a run where the top DBR has gotten

instead of the formingagp during the 30 sTR step at 550°C. ; o o
A L . .. a wet-etch dip follwed by annealing in £N, before wet oxidationThe
Also, several combinations of thoseanations were tried and it AlAs layers (dark gray) remain unoxidized.

has been found that most of the samples where the DBRs are etched
chemically are déctively sealed preided the are annealed for at
least 30 s at 550°C either i, or in the Q/N, mixture. Thestep

of exposing the etched DBRs to air ambient for 24 h seems to be
redundant. On the other haradl, dry-etched samples were unsealed
irrespectve of the combination used.

Considering thedtct that the wet oxidationauld be a one-shot
proces$ the possibility of sealing the DBRs by means of a short wet
oxidation of the gposedAlAs layers vas irvestigated.We call this
procedure a preoxidation stefhis is intended to create a shallo
oxide surhce on the walls of theAlAs layers which is able to pre-
vent the DBRs from further oxidation during the intentional selec-
tive oxidation of theAlAs constriction layersThe samples are
exposed to an kD vapor (95°C) which is carried by nitrogen (0.6
L/min) at 400°C for 30-120 S he result vas that some of the dry-
etched DBRs were sealed and others were not.

An important diference between the dry-etched mesas and the — 1 m
wet-etched ones is that in the dry process the etcladld are “‘
exposed to the plasma which introduces some damage to the sideigure 3.Sealed top DBR mirror and oxidized bottom DBR mirror of a run
walls of the mesale believe that during the preoxidation steéhbese  where the top DBR is sealed and the bottom one isThetdark grayAlAs
contaminated sidealls do not oxidize completelpr, at least not  layers become completely black when oxidized.
uniformly, which males the subsequent sealing process nonrepro-
ducible.A simple way to get rid of plasma induced damage or con-
tamination is to apply a short wet-etch dip directly after the dry-etch ~ Although there is no cleaxplanation of the mechanism of the
step of the DBRsThe sample is dip etched in an j®H:H,0,:H,0 sealingand in order to clarify this point we widoped the follving
(1:2:50) solution for 10 s at room temperatUfighis solution etches  theory based on the almmentioned result¥he dry etching of the
the sidevalls of the DBR and &cts the shape of the medais top DBR is performed using SighndAr and it results in ertical
leads to slightly norertical sidevalls kut in the same time it sidewalls which are damaged or contaminated by the plaama b
removes the plasma induced damage producingasasfcomparable they are still carbon freelhe exposedAlAs layers of this DBR get
to those of fully wet-etched DBRs. Subsequetitly sealing process  oxidized due to ydrolysi$-10and become an amorphous combina-
has been continued without performing the preoxidation 3iep. tion of Al,03, AIO(OH), and Al(OH). However, this oxide is not
samples were only annealed in forming gas or in $ibl£mixture uniform, or it contains some microstructures as a direct result of
at 550°C for 30 s. No special precautionsatalen to aoid a de  plasma damagé&herefore this oxide cannot be used to seal the top
facto eposure to air during thevieminutes when the sampleasv ~ DBR. The dip wet etching renves the contaminated parts and helps
transported either to perform the dip etch or the annealingAdtep. in getting a uniform and smooth sacké on the edge of thdAs
runs hae resulted in fully sealed top DBR mirroighe wet-etch dip  layer The annealing step leads to As diffusion from theAlAs
appears to be aek step in sealing the top DBR mirrors of the layer into the oxidé! Arsenic reacts wittAIO(OH) and Al(OH)4
VCSELs.Table | shavs an @erview of the runs using the wet-etch producing the more stabld ,05 with removal of H, and AsH;.11
dip step. Subsequentlythe oxide is transformed into a polycrystallieO5

Figure 2 shars a cross section scanning electron micrographwhich protects the inner part of tA6As from further oxidation and,
(SEM) of the sealed DBR of a run where the dip etch is combinedhence seals the\lAs layers of the DBR mirror
with the annealing step in the /M, mixture. Figure 3 shes a In summarywe hae demonstrated a sealing processAbtks
cross-sectional SEM photograph of a run where the top DBR meslayers used in dry-etched DBR mirrors WESELs that protects
was dry etched follwed by the sealing process before a second mesthem eficiently against wet oxidationTo our knavledge,this is the
through the bottom DBR &g also dry etchedfterward the sample  first time that such a technique is described where dry-efdAsd
was wet oxidized; it &s clearly obserd that the laver unsealed layers used in top DBR mirrors are seakedhort wet-etch dip fol-
DBR was oxidized while the upper DBRaw undfiected. lowing the dry etch process is theykto success of this sealing

process.
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