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Wet thermal oxidation technique for current guiding in
membrane lasers
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Electrically pumped membrane lasers have great promise for compact, high-contrast,
photonic integrated circuits. To reduce the threshold current of such lasers, it is
important to avoid current spreading. Here a method is described 1o achieve this. An
InAlAs-layer, lattice-maiched to InP, is grown as part of the membrane. During the
processing of the membrane laser wet thermal oxidation is partially performed on this
layer. This oxide blocks the current and forces it through the adjacent layers towards
the active region where the mode is present, The oxidation parameters are investigated
and good cantrol of the oxidation depth is demonstrated,

Introduction

InP membrane on Silicon (IMOS) generic technology can pave the way for reduced
footprint and low-cost photonic integrated circuits [1]. Compact passive components
with good performances have already been reported on this platform. The next step in its
development is to design and fabricate active components, starting with an electrically
pumped laser. A mesa structure etched in a typical layer stack to achieve this is shown
in Fig.1. Feasibility for the operation of an active component on such a stack is studied
in [2] and the design of laser circuits is reported [3]. For carrier and mode
confinement, the stack includes a layer of InAlAs, This layer can be selectively oxidized
into an electrically isolating dielectric with a lower index [4].

As part of the fabrication flow for the laser circuit, one of the steps involves lateral
oxidation of InAlAs to a certain depth. This oxidation depth has to be well-defined in
order to optimize the electrical and optical
waveguiding properties of the membrane laser. To
have a good control over the depth, time dependence
and uniformity studies are carried out. The oxidation
setup used, the methodology and the tests performed
are described in the next section. The results and
discussion section presents the oxidation rate and
uniformity of oxidation depth in a single run and
reproducibility over different runs, Furthermore,
possible explanations for the observed behaviour aré¢  comnonent fabrication,

also discussed.
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Oxidation setup and methodology

Oxidation setup

The oxidation sctup u
zones, with the outer two controlling
running through the length of the furnace

ised is shown in Fig.2. [t consists of a furnace with three internal
the temperature in the central zone. A quartz tube
acts as the chamber where oxidation takes
place. One end of this tube is connected to a watcr bubbler where water is heated to
98°C. Nitrogen gas is constantly fed through it and carries the water vapour to the
sample in the chamber. The other end of the quartz tube is used to load the sample that
oxidized. This end of the tube also has an exhaust for the gas flow,
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Fig.2: Experimental setup for oxidation |

ation measurements of the furnace the region with the

termined. This region is chosen for placing the sample
of oxidation depth, prepared samples
aced in the furnace for various time periods. Afterwards, by
cleaving through the mesas, the depth of oxidation 1s measured in the SEM. A cross-
section image can be seen in Fig.3. To check for uniformity over the sample, SEM
ned at multiple positions of the cleaved sample. For uniformity
SEM images are made from the top. Finally,
it is repeated on different samples.

during oxidation.
with etched mesas are pl

inspection is perfort
inspection over a single mesa, high voltage
to check for reproducibility of the process,

Results and discussion

A plot of the oxidation depth witl
the time dependence is lincar and hasg a rate -
linear dependence 18 discussed below.
The variation in the oxidation depth of the sample is measured at various positions for
T=500°C, time = 33 min and is shown in Fig.5. The oxidation depth has a mean value of
1.52 pm with a standard deviation of 61 nm. As can be seen in Fig.6, an image from the
top of a mesa shows that the interface between the oxide (dark periphery) and the
semiconductor (bright centre) is smooth along the length and symmetric on both sides of

| time at T=500°C is shown in Fig.4. As can be seen,
_ 50 nm/min. A possible reason for such

the mesa.

From literature the dependence of the lateral oxidation depth on the time is expected to
follow a squarc-root law [5], as s the case in a diffusion-limited process. However, the
observation of a linear dependence indicates that the reaction occurs in the kinetic
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Lateral oxidation depth Vs time for T=500°C
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Fig.3: Cross-section image of a 0,5
partially oxidized lateral mesa
regime. This can be explained as 0.0+
follows. It can be found in
literature  that the interface
between  the oxide and  the
semiconductor 1s weak due to
high siress load that is developed during

micro-pores in the oxide. These pores, in
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Fig4: Plot of oxidation depth with time for a furnace

temperature of 500°C.

oxidation [6]. This leads to the formation of

turn, allow the reactants to casily flow to the

oxidation front, bypassing the need for the reactants to diffuse through the already
formed oxide. Hence the oxidation rate is limited by the reaction rate.
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Fig.5: Plot of oxidation depth at various positions on

the sample.

Conclusions

An oxidation setup is calibrated and opt
oxidation rate for the process is determined
less than 200 nm for a given run with a

25

Fig.6: High voltage SEM image from top of a
mesa showing uniform oxidation,

imized for lateral oxidation of InAlAs. The
1 to be ~ 50 nm/min. A maximum variation of
standard deviation ~ 60 nm over the entire

sample is abserved. Uniform oxidation depth over the entire sample in a single run and
reproducibility over different runs is achieved. The interface between the oxide and the

semiconductor appears smooth along the
mesd.

length and symmetric on both sides of the

175




Proceedings Symposium IEEE Photonics Society B

enelux, 2014, Enschede, NL

Acknowledgements
The authors thank STW-IMOS project for financial support.

References

(1]

(2]

(3]

[4]

[3]

(6]

1. Pello, F. Bordas, G, Roelkens, H. Ambrosius, P, Thijs, F. Karouta

J.1.G.M. van der Tol, R. Zhang
Membranes on  Silicon”, [ET

and M.K. Smit, “Pholonic Integration in Indium-Phosphide
aptoelectronics, vol. 5 (3), October 2010.

9 P, Bhat, 1.J.G.M. van der Tol, G. Roelkens and M.E. Smit,
On Silicon(IMOS) laser,” in Proceedings of the 16th European Con
(ECI02012), Sitges, Spain, April 18-20, 2012,
. Bhat, (. Roelkens, 1.J.G.M. van der Tol and MLIC Smit, “Design of InP Membrane Laser in a
Photonic Integrated Circuil,” in Proceedings of the 17th Annual Symposium of the [EEE Photonics
Benelux Chapter, Mons, Belgium, pp-203-206, November 29-30, 2012

Thijs, B. Smalbrugge, T. de Vries, G, Roelkens,
Photonic Crystal Laser”,

“Feasibility study of an Inf* Membrane
ference on Integrated Optics

R. Zhang, 1.1.G.M. van der Tol , H. Ambrosius, B,
F. Bordas, and M.K. Smit, “Oxidation of AllnAs for Current Blocking in a
Proc. COMMAID 2010, paper 105, Canberra (Australia).

. Gebretsadik, K. Kamath, W-D. Zhou, and P, Bhattacharya, “Lateral oxidation of InAlAs in InP-
based heterostructures for long wavelength vertical cavity surface emilting laser applications”, Appl.
Phys. Lett. 72 (2), Jan 1998,
5. Guha, F. Agahi, B. Pezes
AlGaAs-oxide heterolayers formed by wet oxidation”, Appl, Phys. Lett.,
1996,

hki. J. A. Kash, D. W, Kisker, and M. A. Bojarczuk, “Microstructure of
vol.68 (7), 906 — 908, Feb




UNIVERSITY
OF TWENTE.

MESA+

INSTITUTE FOR NANOTECHNOLOGY

%A Netherlands Enterprise Agenc
%m& P gency

—

i Ocean

. Q@pOpfics

-~ ASML
- Ao

i I

- IE

connectivity

Lioni X®

AVANTES

solutions in spectroscopy

VTEC

LASERS & SENSORS

Xz20

photonics

Proceedings of the
19" Annual Symposium of the
IEEE Photonics Society Benelux Chapter

Editors

Sonia M. Garcia-Blanco
Klaus J. Boller

Mustafa Akin Sefunc
Douwe Geuzebroek

November 3 - 4, 2014
University of Twente

Enschede, The Netherlands

%l% IEEEI l o
SOCIETY



ISBN: 978-90-365-3778-0
IEEE Benelux Society Benelux Chapter
www.photonics-benelux.org

University of Twente
Enschede, The Netherlands

S




