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Polarization switching in composite-resonator vertical-cavity lasers
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We report polarization switching in a monolithic dual-resonator vertical-cavity laser. The light
output from the top ion-implanted cavity under forward bias above threshold is partitioned into two
orthogonal polarizations of the fundamental transverse mode. A reverse bias of sufficient magnitude
applied to the bottom oxide-confined cavity causes the abrupt suppression of the dominant
polarization and simultaneous emergence of the orthogonal polarization. We find that the
electro-optic birefringence of the two polarizations increases with increasing reverse bias. We show
that the mechanism of the polarization switch is consistent with wavelength-dependent loss from
electroabsorption in the reverse-biased quantum wells of the oxide-confined cavity. ©2003
American Institute of Physics.@DOI: 10.1063/1.1636266#
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Vertical-cavity surface-emitting lasers~VCSELs! offer
inherent high-speed operation due to their small active v
ume and low threshold currents.1 However, because of thei
typically isotropic transverse cavity geometry, the light o
put is typically a superposition of two orthogonal polariz
tions for each transverse mode.2,3 The polarization compo-
nents usually exhibit slightly different frequencies because
several factors, including crystal strain, electro-optic birefr
gence due to the built-in electric field in the structure, a
the spin dynamics of the carriers.4,5 In addition, the partition-
ing of the laser power into the two polarizations is usua
unequal, and is influenced by the relative spectral ove
with the material gain.6 There has been considerable work
the area of polarization modulation and switching
VCSELs. Polarization modulation has been achieved thro
a variety of techniques, including anisotropic cav
geometries,7 an external cavity with feedback,8 and optical
injection.9 Recently, polarization switching in composite
resonator vertical-cavity lasers~CRVCLs! was reported un-
der pulsed operation.10

In this letter, we report the polarization properties of
CRVCL under cw operation. A schematic of the device ch
acterized, depicted in the inset of Fig. 1, shows two act
coupled cavities.11 It is grown by metalorganic vapor-phas
epitaxy, and is composed of a monolithic bottom distribu
Bragg reflector~DBR! with 35 periods, a middle DBR with
14.5 periods, and a top DBR with 21 periods. The mir
layers separate two 1-l-thick optical cavities, each of which
contains five GaAs quantum wells~QWs!. The top cavity is
defined using ion implantation, with an aperture of 6mm.
The bottom cavity has an aperture of approximately 10mm,
and is defined using selective oxidation. The device is fa
cated in a double-mesa structure to allow for independ
electrical injection into either cavity.

The additional cavity and middle mirror in the CRVC
have interesting consequences to the spectral output o
device. The middle DBR has a reflectivity of 85%–90%
which implies that an optical field generated in one cav
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will be coupled into the other. This coupling produces tw
longitudinal resonances, each of which can lase indep
dently with a family of transverse modes.12 In general, elec-
trical injection into both cavities may be necessary for t
laser to reach threshold, since the unpumped QWs in an o
circuited cavity will strongly absorb light.13 However, for
many of the devices characterized in this wafer, the laser
operate with dc injection into only one cavity.

We have obtained cw polarization-resolved light outp
with a reverse bias applied to one cavity. The top io
implanted cavity is forward biased above threshold usin
precision power supply and the bottom oxide-confined cav
is reverse biased using a semiconductor parameter anal
The light output is captured with a Si photodetector and
spectral output is examined using an optical spectrum a
lyzer with a resolution bandwidth of approximately 0.6 Å
The output polarizations were distinguished using a lin
polarizer. Under these conditions, the output of the devic
both single longitudinal and single transverse mode, withl
'900 nm. This indicates that the cavity resonances are
shifted with respect to the peak of the material gain, which
important for the analysis to follow.

FIG. 1. Light output versus injection current into ion-implanted cavity f
various values of reverse bias to oxide-confined cavity. Inset: Device st
ture for the CRVCL.
8 © 2003 American Institute of Physics
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Figure 1 shows the cw light output versus injection c
rent only into the ion-implanted cavity with various values
reverse bias in the oxide-confined cavity. An increase in
verse bias in the oxide-confined cavity causes an increas
threshold current and a decrease in differential slope e
ciency, consistent with increasing optical loss.

Figure 2 shows the light output of the device for a
proximately 8 mA of current injected into the top ion
implanted cavity versus reverse bias applied to the ox
confined cavity. Figure 2 is consistent with previous repo
on a CRVCL with a bulk GaAs absorber as a second cavit11

as well as integrated QW modulators in VCSELs.14 The re-
verse breakdown voltage of the oxide-confined cavity
larger than215 V, so that it is never in the current avalanc
breakdown regime during any of our measurements.
general trend of decreasing light output with increasing
verse bias is consistent with the increase in electroabsorp
in the reverse-biased QWs.15

Figure 3 shows an example of the light output vers
reverse bias with the two polarizations, p1 and p2, resolv
When the oxide-confined cavity is open circuited, the out
of the ion-implanted cavity lases in two orthogonal line
polarization states, with the p1 polarization dominant. As
reverse bias in the oxide-confined cavity is initially i
creased, the majority of the light is maintained in the dom
nant p1 polarization, although the partitioning chang
slightly. However, at approximately213 V, there is an
abrupt switch, and the p1 state is suppressed in favor of

FIG. 2. Light output versus reverse bias in oxide-confined cavity.

FIG. 3. Polarization resolved light output versus reverse bias in ox
confined cavity.
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orthogonal polarization p2. For a given device, this swit
occurs at slightly different values of reverse bias for repea
sweeps of voltage~which is the cause of the small gap b
tween the turn-off of the p1 state and the turn-on of the
state in Fig. 3!, and also varies between different device
Eventually, as the reverse bias is increased beyond215 V,
both p1 and p2 states are extinguished.

Figure 4 shows the wavelengths of the p1 and p2 po
izations versus reverse bias in the oxide-confined cavity.
initial apparent birefringence is smaller than the resolut
bandwidth of the optical spectrum analyzer. Near the reve
bias corresponding to the polarization switch, however, th
is an increase in the birefringence between p1 and p2 th
larger than the experimental error. It is also notable that n
the polarization switch, the orthogonal polarization p2 sh
to a longer wavelength than does p1. Both of these tre
have been observed from several CRVCL devices. Si
both polarization modes are redshifted with respect to
material gain, the mode with shorter wavelength should h
more available gain. Furthermore, upon heating, the pea
the material gain will shift to longer wavelengths.3 There-
fore, we do not believe that the polarization switch is caus
by the relative spectral overlap of p1 and p2 with the ma
rial gain, where the spectral overlap may change with reve
bias in the oxide-confined cavity.

Previous work has analyzed polarization switching
conventional VCSELs by including changes in the gain a
loss for the two polarization states.16 An explanation for the
CRVCL polarization switch observed here is waveleng
dependent optical loss from electroabsorption in the reve
biased QWs. The data in Fig. 4 are consistent with the g
eral trend of decreasing absorption coefficienta for
wavelengths longer than the bandgap of bulk GaAs.15 Herz-
ingeret al.15 calculated the valueDa/Dl;1 to 5 cm21/nm,
which would produce sufficient excess loss for the sho
wavelength mode to induce a polarization switch~especially
given the larger birefringence near213 V!. The increase in
wavelength splitting between p1 and p2 observed with
creasing reverse bias is presumably due to the electro-o
effect.4 This hypothesis implies that the polarization wi
longer wavelength will encounter less electroabsorption
will therefore become the dominant lasing mode, as obser
in Fig. 3.

In summary, we have reported polarization switching u
der cw operation of a CRVCL with one cavity biased ne
-

FIG. 4. Spectral evolution versus reverse bias in oxide-confined cavi
IP license or copyright, see http://apl.aip.org/apl/copyright.jsp
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threshold and the other reverse biased. Because the
modes are redshifted with respect to the peak material g
the relative spectral overlap of the two polarizations prod
ing differing modal gain is not the cause of the switch. O
results are consistent with differing optical loss produced
wavelength dependent electroabsorption in the reve
biased QWs of the oxide-confined cavity. The polarizat
switching of light in a CRVCL provides an enhanced meth
for performing optical modulation since the switch can
controlled by an electric field external to the lasing cav
and thus may not be limited by the relaxation oscillati
frequency of the laser. This could offer an alternative to
direct modulation scheme used by laser sources in op
communication systems.
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