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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 cavit200®
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Vertical-cavity surface-emitting lase®&/CSEL9 offer  will be coupled into the other. This coupling produces two
inherent high-speed operation due to their small active vollongitudinal resonances, each of which can lase indepen-
ume and low threshold currentddowever, because of their dently with a family of transverse modé&sin general, elec-
typically isotropic transverse cavity geometry, the light out-trical injection into both cavities may be necessary for the
put is typically a superposition of two orthogonal polariza- laser to reach threshold, since the unpumped QWs in an open
tions for each transverse moti2 The polarization compo- circuited cavity will strongly absorb lightt However, for
nents usually exhibit slightly different frequencies because ofmany of the devices characterized in this wafer, the laser will
several factors, including crystal strain, electro-optic birefrin-operate with dc injection into only one cavity.
gence due to the built-in electric field in the structure, and ~ We have obtained cw polarization-resolved light output
the spin dynamics of the carrietS.In addition, the partition- With a reverse bias applied to one cavity. The top ion-
ing of the laser power into the two polarizations is usuallyimplanted cavity is forward biased above threshold using a
unequal, and is influenced by the relative spectral overlafrecision power supply and the bottom oxide-confined cavity
with the material gaifi.There has been considerable work in IS reverse biased using a semiconductor parameter analyzer.
the area of polarization modulation and switching in The light output is captured with a Si photodetector and the
VCSELs. Polarization modulation has been achieved througfPectral output is examined using an optical spectrum ana-
a variety of techniques, including anisotropic cavity lyzer with a resolution bandwidth of approximately 0.6 A.
geometried, an external cavity with feedbaékand optical ~ The output polarizations were distinguished using a linear
injection® Recently, polarization switching in composite- polarizer. Under these conditions, the output of the device is

der pulsed operatiolf. ~900 nm. This indicates that the cavity resonances are red-

In this letter, we report the polarization properties of aShifted with respect to the peak of the material gain, which is

CRVCL under cw operation. A schematic of the device char/mportant for the analysis to follow.
acterized, depicted in the inset of Fig. 1, shows two active,

coupled cavitied! It is grown by metalorganic vapor-phase %_é "ion-implanted '
epitaxy, and is composed of a monolithic bottom distributed 4 == °a"'(‘;’dde confined
Bragg reflectofDBR) with 35 periods, a middle DBR with %/cww_

14.5 periods, and a top DBR with 21 periods. The mirror
layers separate two A-thick optical cavities, each of which
contains five GaAs quantum well®Ws). The top cavity is
defined using ion implantation, with an aperture ofuf.
The bottom cavity has an aperture of approximatelyui®,
and is defined using selective oxidation. The device is fabri-
cated in a double-mesa structure to allow for independent 1
electrical injection into either cavity.

The additional cavity and middle mirror in the CRVCL
have interesting consequences to the spectral output of the 75 85 95 105
device. The middle DBR has a reflectivity of 85%—90%, Current (mA)

which implies that an optical field generated in one cavity

FIG. 1. Light output versus injection current into ion-implanted cavity for
various values of reverse bias to oxide-confined cavity. Inset: Device struc-
3E|ectronic mail: choquett@uiuc.edu ture for the CRVCL.
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. . . . ) FIG. 4. Spectral evolution versus reverse bias in oxide-confined cavity.
FIG. 2. Light output versus reverse bias in oxide-confined cavity.

Figure 1 shows the cw light output versus injection cur-orthogonal polarization p2. For a given device, this switch
rent only into the ion-implanted cavity with various values of occurs at slightly different values of reverse bias for repeated
reverse bias in the oxide-confined cavity. An increase in reSWweeps of voltagéwhich is the cause of the small gap be-
verse bias in the oxide-confined cavity causes an increase fWeen the turn-off of the p1 state and the turn-on of the p2
threshold current and a decrease in differential slope effiState in Fig. 3 and also varies between different devices.

ciency, consistent with increasing optical loss. Eventually, as the reverse bias is increased beyef V,
Figure 2 shows the light output of the device for ap-both pl and p2 states are extinguished.
proximately 8 mA of current injected into the top ion- Figure 4 shows the wavelengths of the p1 and p2 polar-

implanted cavity versus reverse bias applied to the oxidelzations versus reverse bias in the oxide-confined cavity. The
confined cavity. Figure 2 is consistent with previous reportghitial apparent birefringence is smaller than the resolution
on a CRVCL with a bulk GaAs absorber as a second caVity, bandwidth of the optical spectrum analyzer. Near the reverse
as well as integrated QW modulators in VCSEf.ghe re-  bias corresponding to the polarization switch, however, there
verse breakdown voltage of the oxide-confined cavity isilS an increase in the birefringence between p1 and p2 that is
|arger than—15V, so that it is never in the current ava|anche|arger than the experimental error. It is also notable that near
breakdown regime during any of our measurements. Théhe polarization switch, the orthogonal polarization p2 shifts
general trend of decreasing light output with increasing reto a longer wavelength than does pl. Both of these trends
verse bias is consistent with the increase in electroabsorptidf@ve been observed from several CRVCL devices. Since
in the reverse-biased QWS. both polarization modes are redshifted with respect to the
Figure 3 shows an examp|e of the ||ght output Versugmaterial gain, the mode with shorter Wavelength should have
reverse bias with the two polarizations, pl and p2, resolvedhore available gain. Furthermore, upon heating, the peak of
When the oxide-confined cavity is open circuited, the outputhe material gain will shift to longer wavelengthshere-
of the ion-implanted cavity lases in two orthogonal linearfore, we do not believe that the polarization switch is caused
polarization states, with the p1 polarization dominant. As thedy the relative spectral overlap of p1 and p2 with the mate-
reverse bias in the oxide-confined cavity is initially in- fial gain, where the spectral overlap may change with reverse
creased, the majority of the light is maintained in the domi-bias in the oxide-confined cavity.
nant pl polarization, although the partitioning changes Previous work has analyzed polarization switching in
slightly. However, at approximately-13 V, there is an conventional VCSELs by including changes in the gain and

abrupt switch, and the p1 state is suppressed in favor of thiess for the two polarization staté€$An explanation for the
CRVCL polarization switch observed here is wavelength-

dependent optical loss from electroabsorption in the reverse-
biased QWSs. The data in Fig. 4 are consistent with the gen-
eral trend of decreasing absorption coefficieat for

04

03 | p2 % J wavelengths longer than the bandgap of bulk G&Aderz-
g \ p1 ingeret al® calculated the valuA a/AN~1 to 5 cm Y/nm,
bt A :g; which would produce sufficient excess loss for the shorter
g 02r / 1 wavelength mode to induce a polarization switekpecially
g I given the larger birefringence nearl3 V). The increase in
2 I wavelength splitting between pl and p2 observed with in-

ot - | creasing reverse bias is presumably due to the electro-optic

I
| effect? This hypothesis implies that the polarization with
B R e longer wavelength will encounter less electroabsorption and

0 * ' . . .
15 -10 5 0 will therefore become the dominant lasing mode, as observed
V (voits) in Fig. 3.
FIG. 3. Polarization resolved light output versus reverse bias in oxide- N summary, we have reporte(_j p0|ar|zat|0_n SWItChlng un-
confined cavity. der cw operation of a CRVCL with one cavity biased near
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