
 

Polarization stabilization in vertical-cavity surface-emitting
lasers through asymmetric current injection
Citation for published version (APA):
Verschaffelt, G., Vleuten, van der, W. C., Creusen, M. P., Smalbrugge, E., Roer, van de, T. G., Karouta, F.,
Strijbos, R. C., Danckaert, J., Veretennicoff, I., Ryvkin, B., Thienpont, H., & Acket, G. A. (2000). Polarization
stabilization in vertical-cavity surface-emitting lasers through asymmetric current injection. IEEE Photonics
Technology Letters, 12(8), 945-947. https://doi.org/10.1109/68.867969

DOI:
10.1109/68.867969

Document status and date:
Published: 01/01/2000

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 23. Aug. 2022

https://doi.org/10.1109/68.867969
https://doi.org/10.1109/68.867969
https://research.tue.nl/en/publications/f6499573-aefe-443a-8036-75339c8b75a3


IEEE PHOTONICS TECHNOLOGY LETTERS, VOL. 12, NO. 8, AUGUST 2000 945

Polarization Stabilization in Vertical-Cavity
Surface-Emitting Lasers Through Asymmetric

Current Injection
G. Verschaffelt, Student Member, IEEE, W. van der Vleuten, M. Creusen, E. Smalbrugge, T. G. van de Roer,
F. Karouta, Senior Member, IEEE, R. C. Strijbos, J. Danckaert, I. Veretennicoff, Member, IEEE, B. Ryvkin,

H. Thienpont, Member, IEEE, and G. A. Acket

Abstract—We present experimental evidence that asymmetric
current injection in intracavity contacted vertical-cavity surface-
emitting lasers (VCSELs) stabilizes the polarization of the emitted
light. Anisotropies in the gain and loss mechanisms introduced by
asymmetric current injection are considered to explain this effect.
This design scheme opens perspectives to obtain actual polariza-
tion control in VCSELs.

Index Terms—Polarization, surface-emitting lasers.

I. INTRODUCTION

I NTRACAVITY contacted vertical-cavity surface-emitting
lasers (VCSELs) have several advantages due to their

unique design. In these VCSELs carriers are injected into the
active region via two highly doped contact layers on either
side of the active region inside the Fabry–Perot cavity. In this
way, the high-resistivity distributed Bragg reflectors (DBR)
are bypassed [1], [2]. In this design, an efficient lateral current
constriction is needed in order to force the current to pass
underneath the top mesa, which is often realized by lateral
oxidation of one or two AlAs layers in the active region.
However, intracavity contacted VCSELs typically suffer from
current crowding on the inner edges of these oxidized AlAs
layers, favoring the excitation of higher order modes.

It is well known that VCSELs in general are quasi-symmetric
devices with no preferential polarization direction. This makes
it difficult to predict, stabilize or control the polarization of the
emitted light. With polarization stabilization we refer to the ef-
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fect of pinning the polarization into ana priori known direc-
tion, while with polarization control we mean that the polariza-
tion of the emitted light can actually be changed via an exter-
nally controllable signal or event. In some VCSELs polarization
switching with increasing current has been observed [3]. One
customary way to stabilize the polarization is through the in-
troduction of loss anisotropy by using anisotropic mesa shapes
such as rectangular posts. Mechanisms of polarization control
based on the integration in the cavity of electroabsorptive and
electrorefractive effects have been proposed [4].

We have introduced a novel design of intracavity contacted
VCSELs based on an asymmetric contact layout in order to sta-
bilize the polarization and to avoid current crowding. In these
devices the p and n contact metallizations are restricted to oppo-
site sides of the top and bottom mesa (see Fig. 1). In this paper,
the first experimental results on the polarization stabilizing ef-
fect of the asymmetric current injection scheme are presented.

II. EXPERIMENTAL POLARIZATION BEHAVIOR OF INTRACAVITY

CONTACTED VCSELS

Our intracavity contacted VCSEL structure (see Fig. 1) was
grown by MBE on a (001) GaAs substrate and has 18 pairs
AlAs–GaAs top DBR, a 6 cavity with a top GaAs p-layer and
a bottom GaAs n-layer destined for the intracavity contacts. Fi-
nally, 28 pairs of AlAs–GaAs form the bottom DBR mirror.
The active layer is formed by two quantum wells (QWs) of
In Ga As, each 8 nm thick and designed to emit light at
980 nm. The active region is surrounded by two AlAs layers,
which form a current constriction (CC) aperture after oxida-
tion. The dimensions of the mesas and the oxidation time are
chosen such that the oxide aperture is slightly (about 1m)
smaller than the top mesa. To protect the AlAs of the top DBR
against oxidation, the top mesa has to be sealed before the CC
layers are oxidized. The sealing method used here follows the
procedure described in [5] with the addition of a wet etch dip
before the high-temperature anneal step because in our case
the top mesa is dry etched. Further details about the fabrica-
tion process have been published elsewhere [6]. Symmetrically
contacted VCSELs with top mesas of various sizes and shapes
(circular, square and rectangular) and square devices with asym-
metric current injection were fabricated and interspersed across
the wafer. In this way we are sure that our results are not influ-
enced by a systematic shift between gain-peak and cavity mode.

1041–1135/00$10.00 © 2000 IEEE
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Fig. 1. VCSEL with symmetric (left) and asymmetric (right) current injection,
illustrating that devices with symmetric current injection will suffer more from
current crowding effects. Asymmetric current injection also results ink =

k 6= 0. The surfaces in the insets represent the dependence of the optical
transition probability on the crystal momentumkkk and the polarization direction
EEE of the emitted light, while the contours indicate the transition strength for the
polarization directions in the plane of the QWs. Herex is along [1–10] andy
along [110].

Fig. 2 gives an overview of the polarization properties of these
devices. From the data of the square devices with symmetric
current injection, a general preference for a polarization along
the [110] crystallographic direction is observed. This preference
can also be derived from the polarization behavior of the rect-
angular devices. The rectangular shape of the top mesa should
favor a polarization along the longer mesa side [7], but from
Fig. 2 it is clear that the effect of this kind of asymmetry was not
large enough to stabilize the polarization direction completely.
This is probably due to the relative large mesa sizes of the fabri-
cated VCSELs, since the smallest device implemented had top
mesa dimensions of m .

However, for all square devices with asymmetric current in-
jection the emitted light is polarized perpendicular to the direc-
tion of current injection, proving that asymmetric current in-
jection can be used to stabilize the polarization of the emitted
light in intracavity contacted VCSELs. Usually, the higher order
transverse modes appear with a polarization perpendicular to
that of the fundamental mode. Nevertheless the spectra of the
asymmetric injected devices depicted in Fig. 3 show that most
of the optical power is polarized perpendicular to the direction of
current injection even though these devices feature higher order
transverse modes.

We have also recorded the polarization resolved-curve
of the devices with asymmetric current injection (see Fig. 4).
Again these measurements confirm that most of the emitted light
is polarized perpendicular to the current path. The polarization
contrast, defined as the ratio of the optical output power of the
two orthogonal polarizations, becomes even larger for higher
values of the injected current.

The polarized resolved -curve is not smooth due to the ap-
pearance of higher order transverse modes. We expect that re-
ducing the size of the devices with asymmetric current injection

Fig. 2. Polarization of the emitted light for different device shapes. “Switch”
indicates polarization switching with current. SCI (ACI) denotes symmetric
(asymmetric) current injection.

Fig. 3. Spectrum of the devices with asymmetric current injection at 18 mA.
(a) Polarization resolved spectrum (with the spectrum for the polarization
along [1–10] magnified). (b) Total spectrum. The largest peak in spectrum B
corresponds to a wavelength of 970 nm.

Fig. 4. Total and polarization resolvedP–I curve of a device with asymmetric
current injection.

will result in single mode operation and hence a further increase
of the polarization contrast. From Fig. 4 one can also see that the
efficiency of the devices is rather low, due to imperfections in
the growth of the structure.

III. POLARIZATION EFFECTS OFASYMMETRIC CURRENT

INJECTION

To explain the effect of asymmetric current injection on the
polarization of the emitted light, we look for anisotropies intro-
duced in the gain and loss. First of all, the asymmetric current
injection results in an anisotropy in the gainfor the two orthog-
onally polarized modes. As shown in Fig. 1, it indeed induces
a nonzero transverse component of the crystal momentum ()
of the injected carriers in the active layer. Because the active
layer consists of compressively strained quantum wells, it is es-
sentially the transition between the conduction and heavy hole
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band that will determine the laser output. The polarization de-
pendence of this transition is well known and given by [8]

Transition probability

As depicted in the inset of Fig. 1, this electron-hole tran-
sition probability depends on the relative orientation between
the crystal momentum of the injected carriers (unity vector)
and the electric field of the emitted electromagnetic wave (unity
vector ) and will be maximal when the optical field is polar-
ized perpendicularly to the transverse component of the crystal
momentum. If we define ( ) as the gain of the mode po-
larized parallel (respectively perpendicular) to the current direc-
tion, the former means that .

Second, the asymmetric current injection will also cause a
definite direction of the transverse component of the electric
field in the plane of the contact layers. This results in a less well-
known polarization dependence of the optical loss, which
can in principle be used for polarization selection [4]. A first
contribution to the polarization dependence of the loss is deter-
mined by the electroabsorption effect (e.g., Franz–Keldysh ef-
fect). This polarization dependence was tested experimentally
in semi-insulating GaAs at room temperature in [9]. We have
measured the polarization dependence of the electroabsorption
in intrinsic GaAs using a metal–semiconductor–metal (MSM)
structure. By applying a voltage across the metal fingers of the
MSM structure, an electric field is generated in the GaAs be-
tween the fingers in a similar way as between the asymmetric
contacts of the VCSEL structure. The responsivity of this de-
vice (measured at 980 nm) for two different polarizations of the
input light beam is a measure for the electroabsorption in the
GaAs layer. This experiment showed that the electroabsorption
is larger for light polarized along the direction of the applied
electric field, resulting in . Here ( ) is the loss
of the VCSEL mode polarized parallel (respectively perpendic-
ular) to the current direction.

Another contribution to the loss is the free carrier absorption
occurring in the p-doped contact layers due to transitions be-
tween the heavy hole and split-off valence bands. Theory [10]
predicts for these transitions a larger probability for light polar-
ized perpendicular to the transverse component of the electric
field in the contact layers, yielding .

Of the three mechanisms described here (gain, electro-ab-
sorption and free carrier absorption), the first two would pre-
dict a polarization of the emitted light perpendicular to the cur-
rent path while free carrier absorption would favor a polariza-
tion parallel to the current path. The anisotropy introduced by
each of these three mechanisms is difficult to estimate quanti-
tatively, as each of them will be small. However, it is known
that the polarization state of VCSELs is determined by relative
anisotropies as small as – [3], [7]. Our experiments
indicate that for our structure, the anisotropies in the gain and
electroabsorption are more important than the one of the free
carrier absorption.

IV. CONCLUSION

Intracavity contacted VCSELs with asymmetric and sym-
metric contacts have been fabricated and characterized. The
square devices with asymmetric current injection emit light
polarized perpendicular to the direction of the current injection,
also in the higher order transverse mode regime. However,
more quantitative estimations of the gain and loss anisotropies
due to asymmetric current injection are necessary to pin
down the polarization stabilization mechanism(s). Moreover,
incorporating two orthogonal and separated current paths in
one device could prove the feasibility of asymmetric current
injection for electrical polarization control, which could be
very useful to realize fast reconfigurable interconnects [11].
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