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GalnAsP Microcylinder (Microdisk) Injection Laser with AlInAs(Oy) Claddings
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We propose and demonstrate a LB-GalnAsP/AllInAs microcylinder laser which improves the fragility of the microdisk
laser. The threshold current density was comparable to that reported for the@-@InAs microcylinder laser. The selective
oxidation of the AllnAs claddings will further reduce the threshold by strong optical confinement in the disk like structure and
will simplify the large-scale integration of this type of device.
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Microcavity semiconductor lasers are suitable for largeflow rate is higher than 3 sccm, the optimum value for InP.
scale integration due to their ultrasmall volume and ultralowt is effective for increasing the etch rate of AllnAs, which
threshold. In particular, microdisk lasér8 have simple is nearly 60% of that for InP, and the etching selectivity of
geometry and can easily realize a highwhispering gal- AllnAs against the EB resist. Figure 1 shows the scanning
ley (WG) mode. This is because of the strong optical corelectron micrograph (SEM) of the fabricated microcylinder
finement in both vertical and lateral directions by the totaser. The side-wall angle of formed mesas was &jyainst
tal internal reflection at semiconductor and air boundariethe substrate plane, and the side-wall roughness was less than
In the GalnAsP/InP system, we have demonstrated roori® nm. As the injection device, it has an AuZn electrode for
temperature continuous-wave operation with a threshold cuhe top p-side and a AuGe one for the n-side.
rent of 404A* and the smallest injection device with a disk Figure 2 shows lasing characteristics at room tempera-
diameter of 24m.® However, the structure of injection de- ture under the pulsed condition. The lasing is observed at
vices is fragile, since the disk active layer is exposed td = 1507 nm and 1520nm. The mode space of 13nm is
the air and supported by posts of submicron width. As anarrower than 19 nm, which was calculated for two differ-
alternative, a microcylinder laser having a simple circular
mesa cavity has been investigafédHdowever, the optical
confinement is lower and therefore, the threshold is high
than those in microdisk lasers. In this study, we propose
GalnAsP/AlInAs microcylinder laser to solve these problems
An Algglngs2As layer lattice-matched to an InP substrate
has a refractive index of 3.16 at a wavelengtbf 1.55um,
which is slightly lower than that of InP. The use of this laye
as cladding is expected to improves the optical confineme
factor into quantum wells (QWs) by 10%, compared with tha
for InP claddings. In addition to this, it is expected to achievg
a much higher optical confinement, as in microdisk lasers, b
selective oxidation. In this paper, we first describe the fab-
rication and evaluation of the microcylinder laser. Then, Weig. 1. SEM of fabricated 12-;:m-diameter GalnAsP/AlInAs microcylin-
discuss the possibility of the oxide cladding structure. der laser.

In the experiment, we prepared an epitaxial wafer by
low-pressure metal-organic vapor-phase-epitaxy. It had a
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GalnAsP (Q) active layer composed of six 1% compres- 293K, Pulsed (100 ns, 10 kHz)
sively strained (CS) QWs each of 4 nm thickness, [An2- L .

Q barrier layers each of 10 nm thickness, and;1i2-Q and ) o |Resdlution0.1nm
1.1-um-Q cover layers of 50 nm and 30 nm thickness, re- =l

spectively. The spontaneous emission peak wavelength was g O 26 mA d

A = 1.525um. The thickness of the upper p-type and lower =

n-type Ab.4glngs2As claddings was 1.am, and the highly p- g i

doped GalnAs top contact layer was @13. For this wafer, = 21 A
circular mesas of 12m in diameter and 4.8m in depth were i 185 |
formed by electron-beam (EB) lithography and, @duc- K bt et
tively coupled plasma (ICP) etching using SAMCO Interna- B L
tional Inc. RIE-101ip” For GalnAsP/InP, we sometimes use 1450 Wa/d%a?w%?h [nm] 1550
CHgj-based plasma etching, since it achieves a smooth etching 01030394050

profileY) However, the etch rate of this plasma against AllnAs Current [mA]

is too low to form fine mesas using an EB resist mask, Cl _ » _ _

ICP etching successfully solves this problem. We employedd: 2  Lasing characteristics of 12-um-diameter GalnAsP/AllnAs micro-
. cylinder laser.

a gas pressure of 0.5 Pa and a fidw rate of 10 sccm. This
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Fig. 3. Schematic of GalnAsP microdisk laser with selectively oxidized
AllnAs claddings.
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Fig. 4. Temperature dependence of AllnAs oxidation. Open and closed
circles denote oxidation rate and relative PL intensity, respectively.

ent azimuthal modes by the formula A%/ (27any,) with the
disk radius a and the modal index n,. The lasing modes
are considered to be different radial modes. The threshold
current is 9mA. The threshold current density Ji, which is
obtained as the threshold current divided by the mesa area,
is 8.0kA/cm?. This value is comparable to that reported for
a microcylinder laser with a 0.98-.um-Gag glng 2As CS-QWs
active layer, which is expected to have a higher gain than that
of GalnAsP?® A reasonable explanation is the low surface re-
combination of GalnAsP and the smooth side-walls formed
by the ICP etching. However, compared with the threshold
of microdisk lasers, these values are too large, even consid-
ering the large leakage current (~ 70% of the total current)
passing through the center region. Clearly, this is caused
by the low optical confinement of the GalnAsP/AlInAs or
GalnAg/GalnP structure.

For the threshold reduction, we next discuss the possibil-
ity of the oxide cladding device. A schematic of the target
structure is shown in Fig. 3. It has the appearance of a mi-
crodisk laser buried by the oxide. It has been reported that the
index of AlInAs is decreased to 2.4 by the oxidation.®) The
estimated optical confinement factor in one QW will be en-
hanced to 2.3 times that by InP claddings and 0.8 times that
by air claddings. Thus, this structure achieves both the me-
chanical stability and the strong optical confinement simulta-
neously. The optimum oxidation depth for low light scattering
loss of the lasing mode and efficient current injection through
unoxidized claddings is nearly 0.7 um.®) As a similar struc-
ture, a GaAg/GalnAs QW active layer with oxidized AlGaAs
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cladding has been reported.? A GalnAsP active layer bonded
on a GaAg/AlAs substrate has been investigated as another
candidate.2® However, GalnAsP/AlINnAsO, is more advanta
geous for the reduction in device size and threshold due to the
lower surface recombination and/or the simple process that
does not involve bonding.

As a preliminary experiment for the oxidation of AllnAs,
we prepared awafer without the top contact layer. The oxida-
tion was carried out by using water vapor with N, gas. Fig-
ure 4 shows the temperature dependence of the oxidation rate
and the relative photoluminescence (PL) intensity normalized
by that before the oxidation. The oxidation rate simply in-
creases as the temperature increases. However, the surface
after oxidation was very rough due to the evaporation of As
at a temperature over 550°C. The oxidation rate was much
slower than those reported for thin films of less than 0.1 um
thickness.*19 The PL was not degraded or was improved at
atemperature less than 520°C due to an annealing effect. One
problem with the oxidation which we noted is the nonunifor-
mity of the oxidation depth. This will be improved by con-
trolling the vapor flow in the furnace, as has been done for
oxide confinement vertical-cavity surface-emitting lasers.

In conclusion, we proposed novel schemes for the
microdisk-like laser, i.e., the GalnAsP/AlInAs microcylinder
laser and its oxidized device. We achieved lasing operation
of the former device, and performed the preliminary experi-
ment for the latter device. The strong optical confinement and
the mechanical stability expected for the oxidized device will
help the planarization of the device substrate by a polymer
and the formation of metal pads. Thus, this device will be
effective for the large-scal e integration of this type of device.

The authors would like to thank Dr. N. Nishiyamaand Mr.
M. Aral, Tokyo Institute of Technology, for help with the ex-
periment.
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