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Microdisk lasers with active region made of type-II GaSb/GaAs quantum dots on the GaAs substrate
have been demonstrated. A microdisk cavity with diameter of 3.9 �m was fabricated from a
225-nm-thick GaAs layer filled with GaSb quantum dots. Lasing at wavelengths near 1000 nm
at 150 K was achieved for this microdisk. A high threshold characteristic temperature of 77 K
was also observed. It is found that the lasing wavelength matches closely with the first-order
whispering-gallery mode of the cavity as obtained from the finite-element method simulation.
© 2011 American Institute of Physics. �doi:10.1063/1.3543839�

In recent years, the GaSb/GaAs quantum dot �QD� struc-
tures have attracted great interest due to their type-II band
alignment and intrinsically different properties compared to
the well known InAs/GaAs QD system.1–3 There are several
studies of the type-II GaSb/GaAs QDs for understanding
their optical properties and carrier dynamics.4–6 The type-II
band alignment accommodates spatially indirect transitions
in which the interface properties will drastically influence the
optical and electrical properties. Meanwhile, the type-II
band-alignment heterojunctions have been widely studied
for semiconductor lasers,7–9 memories,10,11 and light emitting
diodes.12,13 Besides the emission at the near-infrared or mid-
infrared regimes, the light sources with type-II QDs might
also have advantages in photon stability, thermal stability,
and an extra parameter to fine tune wavelength.8 These ad-
vantages will benefit many applications such as optical inte-
grated circuits, flexible optoelectronics,14 or bioimage.15

In this study, we demonstrated a compact microdisk cav-
ity laser16 made of type-II GaSb/GaAs QDs on GaAs sub-
strate. The GaSb/GaAs QD epitaxial wafer was prepared for
optical emission around 1 �m wavelength. Microdisk cavi-
ties were fabricated in the GaSb/GaAs QD membrane by
electron-beam lithography and several etching steps. The ob-
served blueshift in photoluminescence �PL� spectrum is one
of the key characteristics and indications for type-II QD
heterostructure.6,12,17 The lasing action was obtained from a
3.9 �m diameter microdisk with a low threshold. The high
quality factor first-order whispering-gallery lasing mode was
verified with three-dimensional finite-element method �FEM�
simulation.

The microdisk cavities were fabricated from a 225-nm-
thick GaSb/GaAs QD layer. This GaSb/GaAs QD layer con-
tains three monolayer thick GaSb QD sublayers separated by
GaAs barriers, which forms the active region for the QD
heterostructure laser. Figure 1�a� shows the layer structures
of the GaSb/GaAs QD epiwafer. The first half of the wafer
includes 2.0-�m-thick AlGaAs layer grown by metal-organic
chemical vapor deposition, followed by the active GaSb/
GaAs QD region grown by molecular beam epitaxy. Figure
1�b� shows the atomic force microscopy surface image of the
GaSb/GaAs QD layer prior to encapsulation by GaAs. The

area density of GaSb QDs is around 4.53�1010 cm−2.
For fabrication of microdisk cavities on the wafer, a sili-

con nitride �SiNx� layer and a polymethylmethacrylate layer
are deposited for the dry etching processes and electron-
beam lithography. The microdisk patterns were defined by
electron-beam lithography followed by two dry etching steps
with CHF3 /O2 mixture and Ar /SiCl4 mixture gas in the in-
ductive couple plasma system. From the suspended mem-
brane structure, the Al0.6Ga0.4As sacrificed layer was re-
moved by HF solution with HF:H2O=1:1. Figure 2�a�
shows the scanning electron microscopy �SEM� image of a
microdisk cavity with diameter of 3.9 �m and Fig. 2�b�
shows the angle view.

The microdisk cavities were then optically pumped in
the cryostat by using an 850 nm wavelength diode laser at
normal incidence with a 1.5% duty cycle and a 30 ns pulse
width. The pump beam was focused on the devices by a
100� objective lens. The pumped beam spot size is approxi-
mately 2 �m in diameter. The output power from the lasers
was collected by a multimode fiber connected to an optical
spectrum analyzer.

Before measuring the optical properties of microdisk
cavities, the PL from the GaSb/GaAs QD wafer was first
characterized. Figure 3�a� shows the PL spectrum from QD
wafer under different incident pump powers. The PL spectra
show good optical response form the GaSb/GaAs QD wafer
for the wavelength region from 950 to 1100 nm. Three main
peaks were observed. They could correspond to lowest un-
occupied molecular orbital–highest occupied molecular or-
bital emissions from QDs of different sizes or from emis-

a�Electronic mail: mhshih@gate.sinica.edu.tw.

FIG. 1. �Color online� �a� The illustration of a layer structure with the
GaSb/GaAs QD epiwafer and �b� the atomic force microscopy image of the
GaSb/GaAs QD epiwafer.
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sions involving excited states of QDs �which are populated
at high pump power�. The emission associated with the GaSb
wetting layer was observed for other samples and it is much
weaker than the QD emissions shown here. The PL spectrum
also shows a blueshift as the pump power increases, which
is one of the key characteristics of type-II gain material,
which had been studied widely.17–19 Time-resolved PL
spectra characterization is our current work, and we will in-
vestigate more details of carrier dynamics in the type-II QD
system.19–21 The peak position for the principal PL peak of
this QD wafer versus the pump power density is shown in
Fig. 3�b�. As shown in Fig. 3�b�, the principal PL peak is
shifted from 1.2424 to 1.2523 eV with increasing pump
power density. The black curve in Fig. 3�b� is a fitting
curve based on the following relation: �PL peak energy�
=1.299 12+0.000 23 �power density�1/3. This relation be-
tween energy and power density can be explained by the
band bending effect due to excited carriers and had been
reported.6,17 We obtained a good agreement between fitting
curve and measured results.

The lasing action of the microdisk cavities was observed
during the characterization. The blue curve in Fig. 4�a� illus-
trates the lasing spectrum from a microdisk laser with
3.9 �m diameter at 150 K temperature. The lasing peak ap-
pears at a wavelength of 968.2 nm. The light-in-light-out
�L-L� characteristics of this laser are shown with a red curve
in Fig. 4�b�. It was found that the laser has a low threshold
power of 450 pJ/pulse. The linewidths of the lasing mode at
various pump powers are also marked with blue circles in
Fig. 4�b�. A linewidth narrowing was observed as the inci-
dent pump power increases, confirming the lasing action
from the GaSb/GaAs QD microdisk. The quality factor of the
microdisk cavity is approximately 5300, which was esti-
mated from the ratio of resonant peak wavelength to line-
width at transparence �i.e., Q�� /���. The temperature de-
pendence in lasing threshold was also studied. The device

was characterized at different temperatures under similar
pumping conditions. Figure 4�c� shows the threshold power
versus operating temperature. The threshold power of the
microdisk laser rises from 235 to 465 pJ/pulse as the tem-
perature increases form 120 to 170 K. The temperature de-
pendence of lasing threshold �Ith� can be described the em-
pirical form,

Ith�T� = Ith�T0�e�−T/T0�, �1�

where T0 is the characteristic temperature of threshold for the
laser. By fitting experimental data to this formula, we ob-
tained a threshold characteristic temperature of 77 K for the
GaSb QD microdisk laser. This value is higher than reported
values for similar-size lasers made of InGaAsP quantum
wells22 and InAs QDs.23 A high threshold characteristic tem-
perature indicates high thermal stability of this microdisk
laser, which is one of the advantages of the Type-II QD
lasers.

In order to understand the optical mode of this microdisk
cavity, the three-dimensional FEM was used to perform the
simulation for the 3.9 �m microdisk. A whispering-gallery
mode �WGM� was observed at 961 nm in the FEM simula-
tion, which is close to the lasing mode observed at 968.2 nm
from the measurement. Figure 5 shows the simulated Hz
mode profile for the lasing mode: �a� top view and �b� cross-
section view. The results indicate the behavior of the first-
order WGM lasing mode in the microdisk cavity. The small
wavelength shift ��1%� between simulation and measure-
ment is attributed to the imperfection of fabrication. Another
WGM resonant mode was also observed at 991 nm wave-
length in the lasing spectrum of Fig. 4�a�. Other modes were
not observed because they are outside the strong optical gain
region of GaSb/GaAs QDs.

In summary, a GaSb/GaAs QD microdisk laser with
3.9 �m diameter has been demonstrated. The high-Q micro-
disk cavity was fabricated in a 225-nm-thick type-II GaSb/
GaAs QD layer on the GaAs substrate. The blueshift in PL
peak with increasing pump power was observed for the
type-II QD structure. The lasing at 968.2 nm wavelength
with a low threshold was achieved at 150 K. The resonance

FIG. 2. The SEM image of a microdisk cavity with a diameter of 3.9 �m.
�a� Top view and �b� angle view.

FIG. 3. �Color online� �a� The PL spectrum from the GaSb/GaAs QD layer
on a GaAs substrate with different incident pump powers at temperature of
150 K. �b� The measured PL peak energy �squares� and the fitting curve for
PL peak energy with a cube-root dependence of the power density.

FIG. 4. �Color online� �a� The lasing spectrum from a microdisk laser at 150
K and its lasing wavelength is 968.2 nm. �b� The L-L curve, the linewidth
�circles� of the laser, and its threshold behavior were observed at an incident
power of 450 pJ/pulse. �c� The measured threshold power of the GaSb QD
microdisk laser at different temperatures.
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wavelength of the first-order whispering-gallery lasing mode
was also verified by the three-dimensional FEM simulation.

The authors would like thank the Center for Nano Sci-
ence and Technology �CNST� in National Chiao Tung Uni-
versity �NCTU� for the fabrication facilities. This study was
supported by the National Science Council �NSC� of Taiwan,
ROC under Contract Nos. NSC-99-2112-M-001-033-MY3
and NSC-96-2112-M-001-037-MY3 and by the Grant of
Academia Sinica Nano Program, Taiwan.

1F. Heinrichsdorff, M.-H. Mao, N. Kirstaedter, A. Krost, D. Bimberg, A. O.
Kosogov, and P. Werner, Appl. Phys. Lett. 71, 22 �1997�.

2H. Y. Liu, D. T. Childs, T. J. Badcock, K. M. Groom, I. R. Sellers, M.
Hopkinson, R. A. Hogg, D. J. Robbins, D. J. Mowbray, and M. S.
Skolnick, IEEE Photonics Technol. Lett. 17, 1139 �2005�.

3Z.-C. Lin, C.-Y. Lu, and C.-P. Lee, Semicond. Sci. Technol. 21, 1221
�2006�.

4C.-K. Sun, G. Wang, J. E. Bowers, B. Brar, H.-R. Blank, H. Kroemer, and
M. H. Pilkuhn, Appl. Phys. Lett. 68, 1543 �1996�.

5F. Hatami, M. Grundmann, N. N. Ledentsov, F. Heinrichsdorff, R. Heitz, J.
Böhrer, D. Bimberg, S. S. Ruvimov, P. Werner, V. M. Ustinov, P. S.
Kop’ev, and Zh. I. Alferov, Phys. Rev. B 57, 4635 �1998�.

6T. T. Chen, C. L. Cheng, Y. F. Chen, F. Y. Chang, H. H. Lin, C.-T. Wu, and
C.-H. Chen, Phys. Rev. B 75, 033310 �2007�.

7Y. R. Lin, H. H. Lin, and J. H. Chu, Electron. Lett. 45, 13 �2009�.
8J. Tatebayashi, A. Khoshakhlagh, S. H. Huang, G. Balakrishnan, L. R.
Dawson, and D. L. Huffaker, Appl. Phys. Lett. 90, 261115 �2007�.

9T. Yang, L. Lu, M.-H. Shih, J. D. O’Brien, G. Balakrishnan, and D. L.
Huffaker, J. Vac. Sci. Technol. B 25, 1622 �2007�.

10M. Geller, C. Kapteyn, L. Müller-Kirsch, R. Heitz, and D. Bimberg, Appl.
Phys. Lett. 82, 2706 �2003�.

11M. Geller, A. Marent, T. Nowozin, D. Bimberg, N. Akçay, and N. Öncan,
Appl. Phys. Lett. 92, 092108 �2008�.

12S.-Y. Lin, C.-C. Tseng, W.-H. Lin, S.-C. Mai, S.-Y. Wu, S.-H. Chen, and
J.-I. Chyi, Appl. Phys. Lett. 96, 123503 �2010�.

13M.-C. Lo, S.-J. Huang, C.-P. Lee, S.-D. Lin, and S.-T. Yen, Appl. Phys.
Lett. 90, 243102 �2007�.

14M. H. Shih, K. S. Hsu, Y. C. Wang, Y. C. Yang, S. K. Tsai, Y. C. Liu, Z.
C. Chang, and M. C. Wu, Opt. Express 17, 991 �2009�.

15S. Kim, S. Y. K. Lim, E. G. Soltesz, A. M. De Grand, J. Lee, A. Na-
kayama, J. A. Parker, T. Mihaljevic, R. G. Laurence, D. M. Dor, L. H.
Cohn, M. G. Bawendi, and J. V. Frangioni, Nat. Biotechnol. 22, 93
�2004�.

16S. L. McCall, A. F. Levi, R. E. Sludher, S. J. Pearton, and R. A. Logan,
Appl. Phys. Lett. 60, 289 �1992�.

17D. Alonso-Álvarez, B. Alén, J. M. García, and J. M. Ripalda, Appl. Phys.
Lett. 91, 263103 �2007�.

18W.-S. Liu, D. M. T. Kuo, and J.-I. Chyi, Appl. Phys. Lett. 89, 243103
�2006�.

19B. Liang, A. Lin, N. Pavarelli, C. Reyner, J. Tatebayashi, K. Nunna, J. He,
T. J. Ochalski, G. Huyet, and D. L. Huffaker, Nanotechnology 20, 455604
�2009�.

20C. H. Wang, T. T. Chen, Y. F. Chen, M. L. Ho, C. W. Lai, and P. T. Chou,
Nanotechnology 19, 115702 �2008�.

21M. C.-K. Cheung, A. N. Cartwright, I. R. Sellers, B. D. McCombe, and I.
L. Kuskovsky, Appl. Phys. Lett. 92, 032106 �2008�.

22P.-T. Lee, J. R. Cao, S.-J. Choi, Z.-J. Wei, J. D. O’Brien, and P. D. Dapkus,
Appl. Phys. Lett. 81, 3311 �2002�.

23T. Yang, S. Lipson, A. Mock, J. D. O’Brien, and D. G. Deppe, Opt.
Express 15, 7281 �2007�.

FIG. 5. �Color online� �a� The top view of Hz mode
profile for a 3.9 �m microdisk cavity at 961 nm from
the FEM simulation. �b� The cross-section view of the
calculated Hz profile around the edge of a microdisk
cavity.
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