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INg /G & 7eN/INg oG ay 9N multiple quantum wel(MQW) microdisks 6.Qum in diameter have been
fabricated by photolithography and ion beam etching. Photoluminesd@hgespectroscopy has
been employed to study the optical transitions in these microdisks as well as in the original MQW
structures prior to microdisk formation. With respect to the original MQWSs, a blueshift in the PL
peak position, enhancement of the PL intensity, and narrowing of the PL linewidth were observed
at 10 K in the microdisks. These observations can be understood mainly in terms of a reduction of
piezoelectric field strength due to partial strain relief in the microdisks. The magnitude the
piezoelectric field reduction was estimated to be around 0.27 MV/cm, which is of the same order as
the previously reported value of the piezoelectric field in similar MQW structures.20@1
American Institute of Physics[DOI: 10.1063/1.1355280

I. INTRODUCTION and the barrier thicknesses were 2 and 10 nm, respectively.

The group llI-nitride semiconductors are recognized aSPhotollthography was employed to fabricate arrays of photo-

very important materials for many applications in the area o{eSiSt microdisks on top of the MQW water. The photoresist
yimp Y app microdisks, with diameters of 1@&m and center-to-center

optqelectrp n|c_2deV|ces _aqd hlgh—temperat.ure/ power eIecs'pacing of 5Qum, were then used as masks in the successive
tronic devices: "2 The emission mechanisms in InGaN alloys

and multiple quantum wellEMQWS) are currently under ion beam etching process. A fluorescence microscope was
) ultiple quantt _5 . ty ! . used to observe the photoluminesceribt) image of the
intensive investigatioris® because of their applications in

UV/blue light emitting diodesLEDS) and laser diodes. Mi- Sanbie 10 Make sure that iere was no lli-niride materia
crodisk cavities have been studied intensiéelysince Mc- P PL  spectra were measured fo?. both  the
Call et al.demonstrated optically pumped semiconductor mi-In Ga, SNSIn GaoN MOW wafer and the MQW mi

H H H H 0.2 7 0.0 .94 -
crodisk lasers in 1992 MlprocaV|ty I_asers. havg Many crodisks. Excitation laser pulses with a pulse width of about
advantgg_es over edge emntmg lasers including h|gher. quaiy, ps and a repetition rate of 9.5 MHz were provided by a
tum efficiency, a higher quality) factor, and lower lasing cavity-dumped dye laser, which was pumped by an yttrium—
threshold'!~**We have recently fabricated and studied SeV-, luminum—garnetYAG) \aser with a frequency doubler
eral types of lll-nitride microcavities including microdisk The output from the dye laser was frequency doubled ag.ain
and microring cavities. Optical resonance modes have been

. . y a second frequency doubler to provide tunability in the
o_bserved n _both_GaN/AIGal_N and InQaN{?aN MQW micro- UV region. The laser output after the second doubler has an
disks and microrings by optical pumpif$:*Enhancements

. o ; " - . average power of about 20 mW and tunable photon energy
in the intrinsic optical transition efficiency and carrier decayu to 4.5 eV. The laser wavelenath was chosen as 290 nm
lifetimes were also observed in GaN/AlGaN MQW P | : 9

) . . . . . nd the laser beam had a spot size of about 0.3 mm. The
microdisks. In this article, we report a possible reduction o N .

. . , . . . .~ laser excitation intensity was controlled by a set of neutral
piezoelectric field due to partial strain relief in

: . density filters. The high and low excitation intensities re-
Mo 2452, 7N/INo.06G20. 9N MQW microdisks. ferred to hereafter differed by a factor of about 20. The PL
detection system consisted of a 1.33 m monochrometer, a
Il. EXPERIMENTS fast microchannel plate photomultiplier tulfeMT), and a

. single photon counting system.
The MQW structure was grown on @001) sapphire

substrate by metal organic chemical vapor depositionIII RESULTS

(MOCVD). It consists of a buffer layer of GaN, a 24m )

epilayer of GaN, and an §3,Ga 7g\/INg oGap.9dN MQW Figure 1 is a scanning electron microsc¢S&M) image
structure with a total of four wells and five barriers. The well of an In, ,,Ga, 7dN/INg oGay oN MQW microdisk. Because

of the long-time ion beam etching, the real size of a micro-
aAuthor to whom correspondence should be addressed; electronic maifliSK after'etchlng was Sma”er_ than that of the 0r|g|'nal m"f‘Skv
lundai@ibm320h.phy.pku.edu.cn and the side of the etched microdisk was not vertical. Since
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PR T in the effective pumping areas between the MQW structure
o . and the microdisks, the PL intensity in the microdisks was
§ enhanced by a factor of about 2.5 compared with that of the
MQW structure. As the setup of our PL measurement system
was such that only light emitted from the top surface could
be collected, the enhanced PL intensity in the microdisks is
not likely due to the increased light leakage at the microdisk
edges. A spectral blueshift of electroluminescefEg) in
InGaN/GaN MQW microdisk LEDgu-LEDs) with respect
to that of the broad area INnGAN/GaN MQW LEDs has been
reportedt’ and is similar to the results observed here.

The peak position of the dominant transition from the
MQW structure under high intensity laser excitation is at
2.798 eV, which is blueshifted by 20 meV with respect to
that of the MQW structure under low intensity laser excita-
tion in Fig. 2a). This is most likely due to the effects of band
filling and carrier screening under high intensity laser exci-
the layer thickness of the entire MQW structure is very thin,tation, which reduces the piezoelectric field strength in the
the real diameter of the MQW microdisk was approximatelywells, an effect that has been observed and discussed
equal to that of the top surface of the microdisk. From Fig. 1 previously!®!°The PL peak position of the microdisks under
the diameter of the MQW microdisk was estimated to behigh intensity laser excitation is at 2.888 eV, which is blue-
about 6um. shifted by 90 meV with respect to that of the MQW. This

Figure 2 is low-temperatur¢l0 K) continuous wave value is larger than that of 53 meV under low intensity laser
(cw) PL spectra of the MQW structure and microdisks underexcitation observed in Fig.(8). The FWHM of the dominant
low intensity (LI) and high intensityHI) laser excitation. In. PL spectrum for microdisks reduces to about 49.7 meV un-
Fig. 2a), the peak position of the dominant transition from der high laser power excitation. Taking into account the dif-
the MQW structure is at 2.778 eV. Interference fringes beference in the effective pumping areas between the MQW
tween the interfaces of the top layer/air and buffer/sapphirgtructure and the microdisks, the PL intensity in the micro-
located at the lower energy should@.683 and 2.573 eV  disks was enhanced by a factor of about 10 compared with
are quite evident in the original MQW sample. In compari-that of the MQW structure.
son, the interference fringes in MQW microdisks are quite  In  summary, with respect to the original
small, which is reasonable because of the reduced total latn, ,,Ga, 7dN/INg 0éGa 9N MQW structure, a blueshift of the
eral area of the microdisks. The PL peak position of thePL peak position, enhancement of the PL intensity, and a
microdisks is at 2.831 eV, which was blueshifted by 53 meVreduction of the PL emission line FWHM have been ob-
with respect to that of the MQW structure. The full width at served in 1g ,JGa, 7g\/INg oGy oN MQW microdisks. All
half maximum(FWHM) of the PL spectrum from the micro- these phenomena become more pronounced with increasing
disks is about 123.6 meV. Taking into account the differencdaser excitation intensity.

FIG. 1. SEM of an lg,/Ga 7d\/Ing oGay g MQW microdisk with a
diameter of around 6.@m.

1.2

10} 6 Microda lLOIK ] IV. DISCUSSIONS
08 Optical transitions in the InGaN MQWs at low tempera-
= 0.6f tures under low intensity laser excitation are dominated by
ﬂ[\)] 0.4} ] localized excitatiorf:®> The localized exciton energy is deter-
:C—‘; o2l (a)] mined by(a) the energy gap of the }Ga _,N wells, (b) the
é 0.0 C quantur_n conf_inement energies of the.electrons_ an_d h@es,
5 _ _ ~ 2.888/ 10K ] the exciton blndlng energ;(d) the exutpn .Iocall|zat|.on en-
g 1.0p o Microdisk 4 ergy, and(e) the piezoelectric or polarization field induced
~—~ N HI N . . .
= 0.8} MQW £ energy shift. Because of the polarization field resulting from
—" 06l 23 . the symmetry of the wurtzite structure of nitrides as well as
04l 5 ] the piezoelectric field resulting from the lattice mismatch
02l ﬁ 8 ()] between the wells and barriers materials, an electric field
‘ 4/_/&-_7&_& perpendicular to the plane of the wells is built up in the
0935526 27 28 29 30 3.1 wurtzite lll-nitride MQW material systerf1?°The piezoelec-
tric field, if strong enough, will induce spatial separation of
E(eV) the electron and holéf an exciton wave functions in the

FIG. 2. Low-temperaturé10 K) PL spectra of a I, Ga -\/Ing oGab o wells. It will then lead to a redshift in the emission spectra as

MQW sample and a MQW microdisk undé) low intensity and(b) high well as a rEdL_'Ction in radiative d_ecay I’iﬁw PL intensity in
intensity laser excitation. the MQWs with respect to that in the epilayers.
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barrier . bination rate will be increased,which results in an increase
. barrier in the PL intensity in the MQW microdisks. Our experimen-
barrier barrier E, tal results demonstrate that the optical properties in the
E /L L MQW microdisks are quite different from those of the
o _ |l E MQWs. The differences should be studied thoroughly and
taken into consideration for future nitride microsize structure

and device designs.

E, V. SUMMARY

INg /G &y 7dN/INg oG &y 9N MQW microdisks were fabri-
cated by photolithography and ion beam etching. The optical
properties of the microdisks were investigated by PL spec-

(@) (b) troscopy and compared with those of the original
FIG. 3. Schematic diagram of the electron and hole energy levela)in  1N0.25G8.7dN/INg 0Gap 0N MQWs. Our results suggest that,
MQWs with the original piezoelectric field an@) a MQW microdisk with  in the MQW microdisks, the lattice mismatch induced strain
a reduced piezoelectric field. was partially relieved and thus the piezoelectric field was
reduced. This partial strain relief in the MQW microdisks
Due to the piezoelectric field resulting from the lattice leads to a b_Iuesh|ft OT the_ PL peak position as well as en-
mismatch induced strain, it is conceivable that a finite size Opfamced PL. |n.ten5|ty n _mlc_rod|sks. The magm'tude_ of the
the microdisks is required in order to sustain the lattice mis-plezoeIECtrIC field reduction in the MQW microdisks is esti-

match induced piezoelectric field. In other words, when themated to be around 0.27 MV/cm. Narrowing of the PL emis-

size of the MQW microdisk is smaller than a critical size, Sfﬁagzgvmvf;? ';(:jgetgsetr W(;tshsig:: i:rigrnogc:vrirgIssé?fr;cltr:ei?mslxe
strain relaxation could occur, and hence the piezoelectri 99 P y

field would be reduced. Figure 3 shows a schematic diagra QW microdisks_ under high intensity Ia;er excitation. Qur
of the electron and hole energy levels in MQWs with ther.GSUItS also provu;ie_ some usgful information for the realiza-
original piezoelectric field and a MQW microdisk with re- tion of future lll-nitride microdisk lasers.

duced piezoelectric field. Due to the presence of the piezo-

electric fieldE, the emission energy of the excitons in the ACKNOWLEDGMENTS
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