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oxide-confined vertical-cavity surface-emitting laser Õresonant detector

V. Bardinal,a) L. Averseng, C. Bringer, T. Camps, J. Polesel-Maris, P. Dubreuil,
C. Fontaine, E. Bedel-Pereira, C. Vergnenegre, and A. Muñoz-Yagüe
LAAS–CNRS 7, avenue du Colonel Roche, 31077 Toulouse, Cedex 4, France
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We report on design, fabrication, and characterization of a vertical-cavity surface-emitting laser
~VCSEL! used as a resonant-cavity-enhanced detector for dual-purpose application. The geometry
of this oxide-confined VCSEL takes advantage of the properties of the buried oxide layer to allow
both single-mode laser emission and detection on a large surface. Here, we demonstrate the presence
and the influence of oxide modes in the optical sensitivity spectrum of the device through spatially
localized detection measurements. The wavelength of these modes has been correlated to the dip on
the reflectivity spectrum measured at the same area of the device surface. ©2002 American
Institute of Physics.@DOI: 10.1063/1.1506013#
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The increasing need for high-speed, efficient, comp
and low-cost devices for optoelectronic applications such
bidirectional optical interconnects, optical imaging, or tele
etry has recently led to focus on the optimization of du
purpose vertical-cavity surface-emitting lasers~VCSELs!
used as resonant cavity enhanced~RCE! photodetectors.1,2

Despite a narrow spectral detection sensitivity due to
high finesse of their cavity, VCSEL diodes are indeed able
efficiently detect light at their resonance wavelength by
simple change in their applied voltage polarity.3–5

Here, we present results on design, fabrication, and c
acterization of an oxide-confined top-emitting VCSEL f
both light emission and photodetection at 830 nm in a sing
cavity GaAs-based device. It is now well established that
best performance VCSELs are oxide-confined ones: ind
the use of a buried oxide aperture close to the cavity allo
for the definition of a very low active volume, leading
ultra-low-threshold currents and single-mode emiss
beams.6,7 In our case~Fig. 1!, the buried oxide layer is no
only used to obtain a high optical quality laser beam but a
to enable decoupling between the surface emission, lim
by the oxide aperture (diameter,10mm), and the surface
detection, delimited by the internal diameter of the top el
trodes~diameter chosen here to be larger than 50mm!. In-
deed, the oxide layer remains transparent to the incom
optical beam and can thus participate in optical detection
a larger area than the emission one. This simple device m
mizes optical losses in the detection mode due to the enla
ment guided optical system and can be used for half-dup
bidirectional communication links.

However, the optical path change, due to the refrac
index difference between the oxidized and nonoxidiz
zones of the VCSEL, leads to a shift in the wavelength of
Fabry–Pe´rot cavity mode.8 These ‘‘oxide modes’’ have al
ready been reported in oxide-confined VCSELs:9,10 these
high-order transverse laser modes have been found to
blueshifted from the aimed wavelength and to be highly
vergent. We have demonstrated a similar effect in photo

a!Electronic mail: bardinal@laas.fr
1770003-6951/2002/81(10)/1771/2/$19.00
nloaded 06 Jan 2011 to 140.93.2.83. Redistribution subject to AIP license
t,
s

-
-

e
o
a

r-

-
e
d,
s

n

o
d

-

g
n
i-
e-
x

e
d
e

be
-
e-

tection by means of spatially localized photocurrent and
flectance spectra measurements.

VCSELs have been grown by molecular beam epita
under a real-timein situ thickness control11 so that the maxi-
mum of the gain spectrum of the three GaAs–Ga0.7Al0.3As
quantum wells placed at the center of the cavity is perfec
matched to the cavity mode, thus avoiding the formation
oxide modes when laser emission occurs. Oxide-confined
vices were then fabricated by reactive ion etching, wet th
mal lateral oxidation, polymer planarization, and front a
back metallic electrode deposition steps. The thickness of
AlAs layer to be oxidized, located very close to the cavity
avoid lateral current spreading, was intentionally chosen
be equal to a quarter wavelength in order to obtain a str
optical effect on the cavity mode.

The vertical experimental setup for the optical and t
electrical characterization of devices before and after mou
ing is shown in Fig. 2. To achieve spatially localized pho
current and reflectivity spectra measurements, a tunable
nium:sapphire laser is used. It provides a large spectral ra

FIG. 1. Description of the single-cavity emitter detector for dual-purpo
application.
1 © 2002 American Institute of Physics
 or copyright; see http://apl.aip.org/about/rights_and_permissions
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~750–920 nm! and a spectral resolution better than 0.05 n
The Ti:Sa laser beam is coupled to a single-mode opt
fiber and to an infrared treated320 microscope objective in
order to obtain a spot diameter as low as 8mm on the surface
of the VCSEL, thereby allowing for a spatially resolve
analysis of either oxidized and nonoxidized zones. Tuning
the wavelength within the range investigated is achieved
means of a computer-controlled step-by-step motorization
the Lyot filter. The photocurrent is collected and amplifi
between the two electrodes of the device under zero or
verse bias. The reflectivity is detected by a Si photodio
The two resulting signals are demodulated by a lock-in a
plifier and acquired by a computer. Photocurrent spectra
normalized by replacing the VCSEL by a reference photo
ode and the gold contact pad of the VCSEL is taken a
reference for reflectance normalization.

Photocurrent and reflectivity spectra obtained on nono
dized ~a! and oxidized~b! areas are shown in Fig. 3. At th
center of the device, we observe a single detection p
spectrally matched to the emission peak with a maxim
sensitivity of 0.18 A/W, which is independent of the appli
reverse bias voltage~0 to 28 V!. At the periphery of the

FIG. 2. Experimental setup used for spatially resolved photocurrent
reflectivity spectra measurements.

FIG. 3. Photocurrent and reflectivity spectra measured in the emission
~a! ~dashed lines! and in the periphery~b! ~solid lines! of the device under a
25 V reverse applied voltage.
nloaded 06 Jan 2011 to 140.93.2.83. Redistribution subject to AIP license
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device, a single detection peak is also observed, demons
ing that the photocurrent is correctly collected by the el
trodes via the oxide aperture. However, this peak is found
be 17 nm blueshifted from the central one, thus leading t
five times lower sensitivity. Each detection peak is observ
to match the dip of the corresponding reflectivity spectru
This demonstrates the existence of oxide modes in the la
zones. It is worthwhile to notice that this effect was observ
even though there are no oxide modes in the emission s
trum of the VCSEL. The spectral difference between the t
peaks is in good agreement with reflectivity simulations ta
ing into account refractive index values generally used
Al2O3 thin films.12 The misalignment of the quantum we
gain and of the cavity mode can thus explain the lower va
of sensitivity obtained in the oxidized zones.

In conclusion, we have demonstrated the presence
the influence of oxide modes in oxide-confined VCSE
used as RCE detectors by means of simultaneous spa
localized photocurrent and reflectivity spectra measureme
The observed spectral split between oxidized and non
dized zones has been correlated to the reflectivity spectr
It accounts for the optical cavity length change. This m
match, which is detrimental to a dual-purpose applicati
can be reduced to about 3–4 nm by minimizing the thickn
of the oxidized AlAs layer and by placing it at a node of th
intracavity optical field as it has been already proposed
oxide-mode suppression for laser emission.9,10 However, for
photodetection, these oxide modes will not be totally su
pressed because there is no gain selectivity. A perfect spe
overlapping between emission and detection on the wh
active surface can only be achieved by locally degrading
finesse of the cavity. This can be obtained by etching a
periods of the top Bragg reflector in the oxidized zones. T
technology is under study.

The authors wish to thank Michel Fraces and Bru
Duchenne from ONERA, De´partment d’Optique The´orique
et Appliquée ~DOTA! in Toulouse, France, for financial sup
port and technical assistance.
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