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Abstract InGaA s/InGaA sPM QW microdisk lasersw ith the diameter of 2um w ere fabricated
by using ractive ion etching andw et chemiical etching A n ultralow lasingw ith a threshold of on-
ly about a fev microw attsw as achieved w hen the microdisk laser was continuously pumped at
liquid nitrogen temperature by A r ion laser. T he phenomena of multiple mode lasing, mode
chirping and output saturationw ere investigated A possible explanation is that the opticalmode
distribution and the competition betw een different modes are influenced by pump pow er.
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W ith the advance of samiconductor nanofabrication technique and the need for ultra-
large scale integrated optical electronic devices, microcavity lasers have been more and
more attractive Semiconductor fabrication techniques have advanced to a stagew here it is
possible to make optical resonatorsw ith dmensionsof the order of an optical w avelength
In thismicrocavity Ilimit there isonly one low lossmode that interactsw ith the optically
active materials in the cavity. M icrodisk lasers represent a class of structures cagpable of
providing three dmensional photon confinement in the samiconductor environrment Pho-
tons can be confined in a disk by meansof aw higpering gallery mode W GM ) , w hich is dif-
ferent from that of F-P cavity samiconductor laser. W GV optical field is constructed in a
m icrodisk cavity due to the total internal reflectance at the circumference of the disk T here
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have been many reportson the lasing characteristics of microdisk lasers up to date'* °.

M ost of thesem icrodisksw ere pulsely pumped by an optical source In thispaper, we re-
ported the fabrication of INnGaA s/GaA sM QW microdisk laserw ith a diameter of 2um. A n
ultralow threshold lasing w as achieved in this disk by continuously optically pumping
INGaA s/InGaA sPM QW structure used in thiswork was grown on InP substrate by
gas-ourceM BE technique The detailed layer structure is shown in Fig- 1 A |l the epitaxial
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FIG.1 L ayer structureof InGaA s/InGaA sP/InPM QW microdisk laser

layersw ere undoped A n InGaA sP etch-stopping layer was used to prevent selective etch-
ing into the InP substrate during the mcirodisk fabrication processing A 1pm-thick InP
pillar layer was used to form a pillar to support microdisk in the air M QW active layer
oonsists of three 10nm-thick InGaA s quantum w ells separated by 10nm InGaA sP barrier
layers TheM QW active region was caped by two 70nm-thick end caps on both sides
N anofabrication techniques including standard photolithography, reactive ion etching
(RIE), andw et cham ical etchingw ere used to fabricate them icrodisk lasersw ith the diam-
etersof 2 20um. Figure 2 show sa SBM mage of a 2um-diam eter microdisk laser.

To study the lasing property and the pectrum char-
acteristics of the microdisk laser, the microdisk layers
w ere optically pumped at liquid nitrogen tenperature by
a continuous w ave 514.5mm line of Ar ion laser The
pump bean w as focused w ith a 40X m icroscope objective
to a single disk laser. The dianeter of the focused ot is
about 10um. L ight scattered from the microdisk laser
w as collected through the sameobjective and detected by
a liquid-nitrogen cooled Ge detector The pump pow er
absorbed by one disk is calculated by measuring the FIG.2 SBM imageof a 2um-
punp power focused on one disk and subtracting the dianeter InGaA s/InGaA sPM QW
reflection on the surface of disk microdisk laser

Figure 3 presented the lasing gpectra of a 2um-dianeter microdisk laser at different

pump pow er. W ith increasing the pump pow er, anarrow lasing peak eppeared W ith in-
creasing the pump pow er further, some new peaks appeared and becane dominant in the



1124 20

gectra This phenomenon meant that
there were multiple optical modes in the
disk and the cavity Q factors and the com-
petition capability of these modes were
comparable The chirping betw een differ-
ent modes might be as follows when
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pumping at high pow er, the temperature of
the disk might get a little higher, resulting
the changes and modification of the refrac-
"i___A _166uW | tive index of the disk This modification
e e 98W | then resulted in the changes of the optical
A T T A %50 3uW | mode distribution and the competition be-
1400 ’152:] 1690 4y een the different optical modes
The inset of fig- 3 showed the output

FIG.3 Photoluminescence pectra and threshold  characteristics of the 2um-diameter mi-
characteristics of a 2um-diameter INGaA s/InGaA s crodisk lasers The intensity of the vertical
M QW microdisk laser pumped at 77K

axis indicates the integral sum of all lasing
peaksin the gpectrum. W ith increasing the pump power, the intensity of lasing line in-
creased dramatically, indicating that lasingw as reached T he threshold pow erw as estim at-
ed to beonly afev (W. Itwasal® observed that the intensity of the lasing lines became
saturated w ith increasing the pump power. W e believe that the saturation is due to the
changes of the tanperature in the disk W hen increasing the pump pow er, the temperature
of the disk will get increased T he increase of the temperaturew ill then reduce the gain in
the activer region, resulting the decrease of the output intensity of the lasing line

In conclusion InGaA s/InGaA sPM QW microdisk lasersw ith the diameter of 2um were
fabricated by using R IE andw et chanical etching T he lasing thresholdw asonly about a
fav microw attswhen pumped by A r ion laser at liquid nitrogen temperature M ultiple
mode lasing, modes chirping and output saturationw ere investigated w hen pumped at high
optical pump density.
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