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Abstract—Scaling, coherence, and amplification of a subwave-
length surface plasmon micropillar optical cavity have been stud-
ied using 3-D finite-difference time-domain calculations. Two ex-
periments have also been conducted for the demonstration of the
gain-assisted propagation of surface plasmon polaritons in a pla-
nar metal–semiconductor waveguide and the enhancement of the
cavity-Q factor in a subwavelength surface plasmon micropillar
cavity.

Index Terms—Cavity resonators, optical planar waveguides,
quantum-well devices, semiconductor heterojunctions, semicon-
ductor waveguides, surface waves.

I. INTRODUCTION

THERE has been a growing interest in the field of optoelec-
tronics for subwavelength high-Q optical cavities. Sub-

wavelength optical cavities can miniaturize the dimensions of
optoelectronic devices and systems, enabling nanoscale lasers
[1]–[6], optical filters [7], optical parametric oscillators [8], etc.,
and facilitating optoelectronic integration. In recent years, ad-
vances in novel optical cavity structures, such as distributed
Bragg reflectors [9], photonic crystals [10], whispery gallery
mode (WGM) microdisk [11], and microtoroid [12] resonators,
have led to rapid shrinkage of optoelectronic devices down to
a micrometer scale. However, further scaling of optical cavi-
ties beyond a subwavelength scale has been challenging due
to the optical diffraction limit that sets the minimum size of
an optical confinement structure for a transverse electromag-
netic wave to be on the order of an optical wavelength. Hence,
to achieve a subwavelength optical cavity, optical confinement
structures for longitudinal electromagnetic waves are required.
These include metal–semiconductor hybrid structures that sup-
port the propagation of longitudinal surface plasmon polaritons
(SPPs). Indeed, subwavelength optical waveguides confining
SPPs in a nanometer scale have been demonstrated [13]. Due
to a typically large metal absorption loss, a subwavelength sur-
face plasmon microcavity can only achieve a high cavity-Q
factor provided a gain medium is used to compensate this metal
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loss [6]. Although gain-assisted subwavelength optical cavi-
ties confining SPPs have been proposed that include metallic
nanoparticle chains [14], metallic spheroid arrays [4], bowtie
antenna cavities [2], nanopatch cavities [1], and nanopillar cav-
ities [6], experimental studies are still lacking. In this paper,
we will theoretically and experimentally investigate the scal-
ing, amplification, and coherence of a subwavelength surface
plasmon micropillar cavity.

A schematic of the surface plasmon micropillar cavity is
shown in Fig. 1(a), which consists of a semiconductor gain
region immediately placed underneath a metal–semiconductor
interface. A surface plasmonic (SP) mode can propagate along
the circumference of the pillar by total internal reflection, form-
ing a longitudinal WGM sustained by such an optical cavity.
This optical confinement is illustrated in Fig. 1(b) using 3-D
finite-difference time-domain (FDTD) calculations. The sur-
face plasmon micropillar cavity is similar to a conventional
microdisk cavity except that the transverse optical confinement
(z-direction in Fig. 1) is established by the exponentially decay-
ing optical field profile of the SP mode along the surface normal
of the metal–semiconductor interface. Despite the similarity,
the surface plasmon micropillar cavity provides two distinct ad-
vantages over the microdisk cavity: 1) the removal of the air
cladding structure of a microdisk cavity considerably improves
the heat dissipation capability through the substrate and 2) a
larger effective index of the SP-WGM than that of the WGM
in a microdisk cavity can improve the scaling property of a sur-
face plasmon micropillar cavity. As shown in [15], the active
region temperature in a surface plasmon micropillar cavity is
estimated to be around 80 ◦C lower than that in a microdisk
cavity. The improved thermal properties can potentially be crit-
ical for active optoelectronic devices employing subwavelength
optical cavities. In this paper, the scaling property of a surface
plasmon micropillar cavity will be examined and compared to
a microdisk cavity. We will show that former is superior to the
latter as the cavity dimension is scaled much below an optical
wavelength.

Perhaps the most critical challenge in a surface plasmon op-
tical cavity is the large metal loss, which considerably limits the
achievable cavity-Q. It has been predicted that a gain medium in
close proximity to the metal–semiconductor interface can com-
pensate such a loss [16]. Gain-enhanced surface plasmon reso-
nance and propagation have been experimentally demonstrated
using the organic dye as a gain medium [17]–[19]. However,
gain-assisted SPP propagation in semiconductor materials has
not been observed. Such demonstration is important because:
1) semiconductor gain media can exhibit a very large optical
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Fig. 1. (a) Schematic of the surface plasmon micropillar cavity. The origin of the coordinate system is defined at the center of the metal–semiconductor plane.
(b) Calculated optical field (Ez ) at the z = 0 plane of a SP-WGM confined in a subwavelength surface plasmon micropillar cavity with a diameter of 1080 nm.
The resonance wavelength is fixed at 1360 nm. The metal and semiconductor regions are assumed to be silver (Ag) and InGaAs, respectively. (c) Calculated Ez

at the y = 0 plane.

gain, 103–105cm−1 , that is required to compensate a typically
large metal loss in the visible/infrared wavelength range and 2)
semiconductor gain media can be readily integrated with most
surface plasmon optical cavity structures proposed to date as
well as other optoelectronic devices. In this paper, we will ex-
perimentally demonstrate an increase of the SPP propagation
length using an optically pumped metal–semiconductor planar
waveguide structure.

When a gain medium is integrated with the optical cavity,
stimulated emission can be generated, resulting in the amplifi-
cation of the cavity mode. Furthermore, as the round-trip am-
plification is enough to compensate the round-trip loss, coher-
ent laser emission can be achieved. Lasers with optical cav-
ity dimensions barely larger than an optical wavelength have
been demonstrated [10], [11], [20]–[22]. Similarly, subwave-
length lasers using subwavelength optical cavities have been
proposed [1]–[5], [15]. In this paper, we will examine the coher-
ence and amplification of a surface plasmon micropillar cavity
integrated with a semiconductor gain region.

The organization of the paper is as follows. In Section II, a the-
oretical model will be developed for a subwavelength surface
plasmon micropillar cavity. Scaling properties of the surface
plasmon micropillar cavity will be studied in comparison with a
conventional microdisk cavity. Gain-assisted cavity-Q enhance-
ment and lasing action will be investigated. In Sections III
and IV, gain-assisted SPP propagation along a metal–
semiconductor interface and gain-assisted cavity-Q enhance-
ment in a subwavelength surface plasmon micropillar cavity
will be experimentally demonstrated.

II. THEORETICAL MODELING

In this section, the surface plasmon micropillar cavity will be
theoretically studied by full 3-D FDTD calculations. We con-
sider a micropillar cavity that consists of a 100-nm-thick silver
(Ag) cap layer and a uniform semiconductor pillar, whose re-
fractive index is assumed to be 3.35. For simplicity, we assume
the semiconductor pillar to be infinitely tall such that the under-
lying substrate can be neglected. The computational grid sizes
used in the FDTD calculations are 20 and 4 nm along the lateral

(x- and y-directions in Fig. 1) and transverse (z-direction in
Fig. 1) directions, respectively. These grid sizes chosen are less
than λ/10, where λ is the free-space wavelength. A smaller grid
size along the transverse direction is used due to the rapid field
decaying of an SP mode. A TM-polarized optical excitation
source is used to excite a longitudinal SP wave in the micropil-
lar cavity. Note, because of the finite grid sizes used, scattering
losses from sidewall roughness are automatically included in
the FDTD calculations [23]. The dielectric constant of Ag was
taken from [24].

A. Passive Surface Plasmon Micropillar Cavity

First, we consider the case that the semiconductor pillar is
not optically pumped; therefore, no optical gain exists and the
worst-case scenario for the cavity-Q factor can be assessed. The
dependence of the cavity-Q factor on the resonance wavelength
of a subwavelength SP-WGM is calculated and shown in Fig. 2
with a fixed cavity diameter of 1000 nm. Discrete data points in
Fig. 2 correspond to the resonance wavelengths of possible SP-
WGMs. Unlike in a microdisk cavity, the cavity-Q factor of an
SP-WGM does not always increase with the D/λ ratio, where
D and λ are the cavity diameter and the resonance wavelength,
respectively. There are two limiting factors for the cavity-Q in
a surface plasmon micropillar cavity: the waveguide bending
loss and the SPP propagation loss. If we use QWG and QSPP
to represent the cavity-Q factors calculated solely from each of
these two limiting factors, the overall cavity-Q Qtotal can be
expressed as follows if the two limiting factors are independent
from each other:

1
Qtotal

=
1

QSPP
+

1
QWG

. (1)

In (1), QSPP can be calculated analytically from the SPP
propagation loss that is related to the complex refractive index
neff = nSP + ikSP of the SP mode by nSP/(2kSP); QWG can be
estimated from 2-D FDTD calculations using analytically calcu-
lated nSP inside an infinitely tall cylinder. As shown in Fig. 2,
Qtotal obtained from 3-D FDTD calculations follows closely
the value calculated from (1). For large D/λ (λ < 2.2 µm for
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Fig. 2. Calculated cavity-Q factor Qtota l in a subwavelength surface plasmon
micropillar cavity using 3-D FDTD (squares) and (1) (solid state), respectively.
Also shown are QWG and QSPP calculated by considering only the waveg-
uide bending loss and SPP propagation loss, respectively. Discrete data points
correspond to the resonance wavelengths of SP-WGMs. Two dashed lines are
for visual guidance only.

λ = 1.36 µm), Qtotal is limited by the SPP propagation loss
as a result of the metal loss. For small D/λ(λ > 2.2 µm for
λ = 1.36 µm), Qtotal is limited by the waveguide bending loss
primarily due to optical diffraction.

To compare the scaling property of a surface plasmon mi-
cropillar cavity to a microdisk cavity, we fix the resonance
wavelength at 1360 nm and calculate the cavity-Q factors of
both structures using 3-D FDTD calculations. Cavity diameters
for both structures are fixed at 1000 nm. We assume the thick-
ness of the microdisk structure to be 208 nm such that a single
transverse mode is supported. The results are shown in Fig. 3.
It can be seen that the surface plasmon micropillar cavity ex-
hibits a superior scaling characteristic when D/λ < 0.7. This is
because of the larger effective index of the SP-WGM as com-
pared to that of both TM-polarized and TE-polarized WGMs
in a microdisk cavity. A larger effective index can reduce the
waveguide bending loss, improving scaling in a subwavelength
optical cavity.

B. Gain-Assisted Surface Plasmon Micropillar Cavity

One of the major challenges to realize a high-Q surface plas-
mon micropillar cavity is the large metal loss, which consider-
ably limits the SPP propagation length. Even as the cavity-Q
is no longer limited by the metal loss for very small D/λ, it is
still advantageous to compensate such a loss in order to obtain a
higher quality factor. Previously, it has been predicted that a gain
medium in close proximity to a metal–semiconductor interface
can effectively compensate this metal loss [16]. To examine the
effect of a gain region near the metal–semiconductor interface
in a surface plasmon micropillar cavity, as shown in Fig. 1, we
performed 3-D FDTD calculations by varying the optical gain
in the semiconductor pillar at a fixed resonance wavelength of
1360 nm and a cavity diameter of 1000 nm. We assume the opti-
cal gain is uniformly distributed throughout the semiconductor
pillar. The result is shown in Fig. 4. The increase of the cavity-

Fig. 3. Comparison of the scaling properties of a subwavelength surface plas-
mon micropillar cavity and a microdisk cavity using 3-D FDTD calculations.
The resonance wavelengths are fixed at 1360 nm. The cavity diameters are 1000
nm. Discrete data points correspond to the resonance wavelengths of SP-WGMs.
All lines are for visual guidance only.

Q factor Qtotal with an increasing optical gain is slow initially
but becomes very rapid as the optical gain exceeds 1000 cm−1 .
This optical gain can be readily achieved in semiconductor het-
erostructures. For example, if multiple quantum wells are used
as the gain region, the material gain required to achieve this
gain value is around 2000 cm−1 . As the optical gain is further
increased, reaching around 2500 cm−1 , the cavity-Q factor be-
comes infinite in the calculations, corresponding to a threshold
condition similar to that in a laser. This threshold condition has
been theoretically analyzed in [25] in the context of surface plas-
mon amplification by stimulated emission of radiation (spaser).
A spaser device has not been realized to date primarily due to the
challenge of achieving a high-Q optical cavity confining SPPs.
The surface plasmon micropillar cavity analyzed in this paper
uses a single gain region to both generate the surface plasmon
amplification and enhance the cavity-Q necessary to reach the
threshold of a spaser. Indeed, a nanoscale laser based on such a
subwavelength optical cavity has been proposed [6]. In the fol-
lowing, we will experimentally demonstrate gain-assisted SPP
propagation and gain-assisted cavity-Q enhancement.

III. EXPERIMENT: GAIN-ASSISTED SPP PROPAGATION

In this section, gain-assisted SPP propagation will be demon-
strated using a planar metal–semiconductor waveguide. The
experimental procedure is as follows. To provide the optical
gain, the sample consists of four pairs of GaAs/AlAs multiple
quantum wells (MQWs) epitaxially grown by metal–organic
chemical vapor deposition (MOCVD), as shown in Fig. 5. The
quantum well (GaAs) and barrier (AlAs) thicknesses are 10 and
8 nm, respectively. The peak wavelength of these MQWs is
840 nm at room temperature, as determined by a photolumi-
nescence measurement. We have chosen unstrained GaAs/AlAs
MQWs for this experiment because: 1) they can provide a strong
TM gain component at a slightly shorter wavelength than the
ground state transition and 2) this wavelength is more acces-
sible by commercially available lasers as will be required in
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Fig. 4. Calculated cavity-Q factor of a subwavelength surface plasmon mi-
cropillar cavity as a function of the optical gain in the semiconductor pillar. The
resonance wavelengths are fixed at 1360 nm. The cavity diameters are 1000 nm.
The line is for visual guidance only.

Fig. 5. (Left) Schematic of the sample used in the gain-assisted SPP propaga-
tion experiment. (Right) Scanning electron micrograph of the waveguide used
in the experiment.

the pump–probe experiment described in the following. The top
AlAs barrier thickness is reduced to 7 nm to increase the overlap
between the SP mode and the gain region. To prevent the top
AlAs barrier from oxidation, a thin GaAs cap layer was first
grown and then removed immediately before the deposition of a
30-nm-thick Ag layer by electron beam evaporator. Germanium
wetting layer (1–2 nm) was inserted between Ag and AlAs to
improve the smoothness of the Ag layer. Finally, a 100-nm-
thick SiO2 layer was deposited to prevent the oxidation of the
Ag layer.

The waveguide was defined by optical lithography, as shown
in Fig. 5. Areas outside the waveguide region were covered
with Ti. This is to block the optical pump, and thus minimize
the spontaneous emission from the substrate. The sample was
then lapped and cleaved. Because the SPP propagation length is
less than 2 µm at 840 nm wavelength, we are mostly interested
in waveguide lengths on the order of 10 µm. Hence, only the
entrance facets of the waveguides were cleaved. The exit facets
of the waveguides were defined using focused ion beam (FIB).
As shown in Fig. 5, lateral optical confinement was offered by
the presence of optical pumping, i.e., in the areas outside the
optical excitation, the SP mode, which experiences a large metal
loss, would not be able to sustain itself. Therefore, each triangle

shown in Fig. 5 was thought to comprise of a series of “waveg-
uides” of different lengths from the leg to the hypotenuse.

To characterize the gain-assisted SPP propagation, we
adopted a pump–probe differential transmission configuration.
The pump beam was generated using the second and third
harmonic outputs of a mode-locked titanium–sapphire laser
(Spectra-Physics Tsunami). The pump beam was first elongated
by a cylindrical lens before being focused onto the waveguide
using a 27× UV objective lens (Newport). The pump beam
covered the entire waveguide from a normal incidence. The
thickness of the Ag layer was chosen such that it was thick
enough to completely confine the SP mode but thin enough for
the UV pump beam to penetrate into the MQWs. The transmit-
tance of an UV beam through a 30-nm Ag layer is around 25%.
The sheet carrier density in each quantum well was estimated
to be around 1013 cm−2 for 100 pJ of pump pulse energy.

To excite the SP mode, we adopted an endfire coupling
scheme that is suggested in [26]. Two CCD cameras are used
to align the probe beam to the pump beam. Because SPPs are
predominantly TM polarized, we chose an 835-nm continuous-
wave (CW) probe laser to excite the SP mode in order to better
align the SP mode to the TM component of the optical gain.
A half-wave plate and a linear polarizer were used to align the
probe laser polarization perpendicular to the Ag layer. The ex-
ited SP mode was collected by a long working distance 10×
objective lens (Mitutoyo) into a photomultiplier (PMT), which
was then interpreted by a lock-in amplifier as follows. Assum-
ing the pump beam went through an optical chopper, the lock-in
signal then corresponded to the differential transmission (∆T )
of the probe beam with and without the pump beam. Ideally,
this ∆T signal relates directly to an increase of the SP inten-
sity exiting the waveguide as a result of the gain-assisted SPP
propagation. But in the experiment, the detector ∆T signal also
includes signal from MQWs spontaneous emission and scat-
tered pump signal that enters the PMT; therefore, to obtain the
part of the signal that corresponded to the gain-assisted SPP
propagation, we subtract the ∆T signal without the presence of
the probe laser to the ∆T signal with the presence of the probe
laser. In the measurement, the pump wavelength was fixed at
260 nm and the probe power was 30 mW before entering the
objective lens. Before focusing, the pump beam had 105 pJ per
pulse of energy, 130 fs of pulse width, and 80 MHz of repetition
rate. All measurements were performed at room temperature.

Fig. 6 shows how gain-assisted SPP propagation varies with
the waveguide length. For comparison, the SPP propagation
length without gain assistance was calculated to be 2 µm [27].
Therefore, the ∆T signal corresponds to the SPP transmission
assisted by the MQW gain. In Fig. 6, all four samples show
much increased SPP propagation lengths. To further analyze the
result, we use the following relationship for the SPP propagation
to take into account a time-dependent optical gain due to the
pulsed excitation:

Iout

Iin
=

C

12 ns

∫ 12 ns

0

{
exp

[
− αmetalL

+ ΓgTM

(
exp

(
− t

tA

)
− B

)
L

]}
dt (2)
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Fig. 6. Gain-assisted SPP propagation versus the waveguide length. Four
samples were measured, which showed a common trend but different signal
levels. This is due to the difference in excitation efficiency of the SP modes
at the entrance facets of the waveguides. The solid line for sample 3 is fitted
to (2). All measurements were performed at room temperature. (Inset) TRPL
measurement of GaAs/AlAs MQWs.

where Iin and Iout are the intensity of the SP mode at the
entrance and exit facets, respectively, αmetal is the metal ab-
sorption coefficient, Γ is the optical confinement factor deter-
mined by the overlap between the SP mode and the MQWs,
gTM is the TM component of the MQW gain, and tA and B
are fitted parameters determined by the time-resolved photo-
luminescence (TRPL) measurement to account for the pulsed
nature of the pump laser. We assumed the gain became nega-
tive, i.e. loss, after certain time following the same exponential
function using the term B. The variable C is a proportionality
constant and 12 ns is the interval between two consecutive pump
pulses. In (2), Γ was calculated to be 0.4 using a transfer matrix
method [28] and αmetal was calculated to be 2100 cm−1 using
optical constants reported for an Ag thin film prepared using
a similar technique [29]. From (2), the possible range of the
maximum modal gain ΓgTM(t = 0) was found to be between
575 and 1660 cm−1 , as shown by the solid line in Fig. 6. Com-
paring the measured modal gain to the metal absorption loss, it
is possible to at least partially compensate the metal loss via a
proper optical gain.

Fig. 7 shows how gain-assisted SPP propagation varies with
the pump energy at a fixed waveguide length of 5 µm. In this
measurement, the pump wavelength was fixed at 360 nm. The
probe laser power was fixed at 33.5 mW. With increasing pump
energy, the gain-assisted SPP transmission increases and follows
the logarithmic gain characteristic of the MQWs according to
(2).

IV. EXPERIMENT: GAIN-ASSISTED CAVITY-Q ENHANCEMENT

In this section, gain-assisted cavity-Q enhancement in a sub-
wavelength surface plasmon micropillar cavity will be demon-
strated. For the measurement, we used a microphotolumines-
cence (µ-PL) configuration. Since no probe laser was required
as in the waveguide experiment, a different sample consist-
ing of tensile-strained InGaAs/InAlGaAs MQWs was chosen
in this experiment to provide an optimized TM gain com-

Fig. 7. Gain-assisted SPP propagation versus pump energy. The waveguide
length is 5 µm. The solid line is fitted to a logarithmic equation, as shown, which
describes the optical gain in the MQWs. In the equation, ε′′s is the imaginary
part of the semiconductor dielectric function and P is the pump power. The
measurement was performed at room temperature.

ponent that can most effectively compensate the metal loss.
The sample was grown by molecular beam epitaxy (MBE)
on an (0 0 1) n+InP substrate. The MQWs consist of four
pairs of tensile-strained In0.43Ga0.57As–In0.53Al0.22Ga0.25As
heterostructures. The thicknesses of the quantum well and bar-
rier are 5 and 10 nm, respectively. The top barrier layer is reduced
to 8 nm to maximize the overlap between the SP-WGM and the
MQWs. The micropillar structure was fabricated by electron
beam lithography and wet etching. A 150-nm Ag layer was de-
posited on the pillar that was then protected by a 30-nm nickel
layer on the top. The details of the fabrication procedures will
be published elsewhere.

The measurement was performed with the substrate kept at
10 K to minimize nonradiative recombination processes. A stan-
dard µ-PL was used with a 532 nm wavelength CW pump laser.
The polarization of the pump laser is in parallel to the surface of
the micropillar. The spontaneous emission was collected by an
objective lens with a numerical aperture of 0.55, which was sub-
sequently dispersed by a 0.5-m focal length monochromater and
detected by a cooled InGaAs photodetector using a lock-in am-
plifier. Because of the proximity (8 nm distance) of the MQWs
to the thick metal layer (180 nm total), the only optical mode
that can propagate and be confined in the cavity is the SP-WGM
mode as confirmed by 3-D FDTD calculations. Previously, it
has been shown that part of the spontaneous emission can be
coupled to SPPs [30]. Hence by measuring the linewidth of the
spontaneous emission versus the pump power, we can expect
a linewidth reduction if the cavity-Q is enhanced. The results
are shown in Fig. 8(a) comparing four different pillar sizes. It
can be seen that as the pump power increases, the linewidths of
all four pillars increase initially. This increase is attributed to
thermal broadening that is consistent with a redshift of the peak
wavelength, as observed in Fig. 8(b). As the pump power is fur-
ther increased, the linewidths of the two larger pillars continue
to increase while the linewidths of the two smaller pillars start
to decrease. The linewidth of the smallest pillar (with a D/λ
ratio of 0.9) starts to decrease first with the pump power.
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Fig. 8. (a) Photoluminescence linewidth versus pump power for 7.8-, 5.8-,
1.8- and 1.2-µm-diameter surface plasmon micropillar cavities. Solid lines are
for visual guidance only. The linewidths were obtained by Lorentzian fitting.
The pump power was measured as the total power arriving at the sample surface.
Note most pump power is blocked by the metal cap. But due to a large numerical
aperture (NA = 0.55) of the objective lens and a larger-than-pillar laser focus-
ing spot, a small portion of the pump beam can still enter the MQWs near the
periphery of the cavity. Cavity-Q factor versus pump power is also shown.
(b) Photoluminescence peak wavelength versus pump power for 1.8- and
1.2-µm-diameter surface plasmon micropillar cavities.

The experimental observations are interpreted as follows. In
the experiment, the cavity-Q factor of the SP-WGM can only
be observed if it becomes greater than the quality factor corre-
sponding to the spontaneous emission linewidth. The thermal
broadening decreases this quality factor and enables the cavity-
Q enhancement to be more easily observed. The calculated
cavity-Q factors for surface plasmon micropillars with D/λ ra-
tios >0.9 are around 60 according to Fig. 3. For D/λ > 1, the
cavity-Q factor is limited by the metal absorption loss and re-
mains nearly a constant. Because larger cavities possess larger
MQW volumes, the total optical power required to enhance the
cavity-Q factor to an observable level increases with the cavity
size. As shown in Fig. 8(c), the largest cavity-Q factor we have
observed was 66 from the D/λ = 0.9 sample (cavity diameter
1.2 µm). A further increase of the cavity-Q factor has not been
observed with increasing pump power due to sample damage.
In the current pumping scheme, a portion of the pump beam was

absorbed by the silver layer, resulting in excessive heating. A
more effective configuration by pumping through the substrate
is currently under investigation.

V. CONCLUSION

In summary, the scaling, coherence, and amplification of a
subwavelength surface plasmon micropillar cavity are studied.
A theoretical model using 3-D FDTD calculations has been es-
tablished to examine the cavity-Q factor of such a cavity and
its integration with a semiconductor gain medium. The sur-
face plasmon micropillar cavity exhibits superior scaling prop-
erties as compared to a conventional microdisk cavity when
its size is scaled much below the free-space optical wave-
length. The enhancement of the cavity-Q factor has also been
studied. The integration of a semiconductor gain medium in
close proximity to the metal–semiconductor interface can ef-
fectively increase the cavity-Q factor. The same semiconduc-
tor gain medium can also function as an optical amplifier for
the SPP propagating in the cavity. Thus new devices, such as
nanoscale lasers, optical filters, optical parametric oscillators,
and optoelectronic-integrated circuits, can be enabled by such
high-Q subwavelength surface plasmon micropillar cavities. In
addition to theoretical studies, two important results predicted
from FDTD calculations, the gain-assisted SPP propagation and
the gain-assisted cavity-Q enhancement have also been experi-
mentally studied. Using a planar metal–semiconductor waveg-
uide with the inclusion of the MQWs, the gain-assisted SPP
propagation has been demonstrated. A maximum modal gain
of 575–1660 cm−1 is inferred from the experimental results
to compensate the metal absorption loss in the SPP propaga-
tion. Using a µ-PL measurement, the gain-assisted cavity-Q
enhancement has also been demonstrated in a subwavelength
surface plasmon micropillar cavity. A cavity-Q factor of 66 was
observed in a 0.9λ diameter cavity, which was larger than the
passive cavity-Q factor calculated using 3-D FDTD calculations
for the same cavity under no optical excitation.
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