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A B S T R A C T   

In this work, ultraviolet Fabry-Perot (FP) microlaser, made of an individual rectangular-shaped ZnO microwire, 
was achieved. The bilateral smooth facets and single-crystalline specificity of as-grown ZnO microwires can 
enable the realizing of lateral FP microresonators. By incorporating Ag nanowires (AgNWs), plasmon-enhanced 
FP lasing performances of an individual ZnO microwire, specifically for the sharply reduced threshold, increased 
lasing intensity and increased Q-factor, were achieved. Accordingly, the enhanced working principle was 
implemented, and is resorting to the confinement and enhancement of localized electromagnetic-field produced 
by AgNWs, which can make up the metal loss and accelerate more radiative recombination. Thereby, the 
incorporation of a rectangular-shaped microwire and AgNWs via desired ultraviolet plasmons can be used to 
exploit the modulation of metal nanostructures on lasing characteristics of wide bandgap semiconductors. 
Further, this study also suggestes that AgNWs with excellent ultraviolet plasmons can be generally utilized to 
modulate the optoelectronic characteristics of wide bandgap semiconductor materials and devices, indicating its 
underlying applications in fabricating high-performance light-emitting diodes and lasers, photodetectors and so 
on, working in the ultraviolet wavelengths.   

1. Introduction 

Microsized laser devices have undergone breathtaking progress over 
the last few years and become a vital component in evolving coherent 
light sources, particularly the subminiaturized laser devices. That is, 
they can support excellent ability of optical confinement, and charac-
terize expressly enhancing light-matter interactions [1–5]. The original 
microlasers design are mostly based on optical microresonators, con-
taining whispering gallery mode (WGM) [6,7], Fabry-Perot (FP) modes 
[8,9], photonic crystal modes [10,11] and distributed feedback (DFB) 
modes [12,13]. By comparison, one of the most distinct characteristics 
arising from the FP microcavities, like output directionality, can be 
developed for knowledgeable applications. The perspective of designing 
and constructing creative FP resonators, and the corresponding FP-like 
laser devices has drawn growing interest [8,14–16]. Among the con-
figurations of fabricating optical microcavities, nanowires (NWs) can 
naturally form FP microcavities with two end-facets working as 

reflecting mirrors. That is, light is confined inside wires and oscillates 
between two end-facets [17–19]. However, increasing the large axial 
length of low-dimensional semiconductors, the micro/nanowire lasers 
representatively exhibit multimode lasings, which greatly influences the 
corresponding lasing threshold, the output color purity, directionality 
and temporal stability [20–22]. 

As increasing the cross-sectional size of one-dimensional wires, 
specifically for the diameter, the electromagnetic wave can be confined 
in the cross section, wherein the light resonances are satisfied with a 
closed round trip of the oscillating modes. That is, the light is totally 
reflected at the inwall facets of low-dimensional micro- and nano-
structures. This kind of electromagnetic field confinement and locali-
zation for the light wave within the inwalls via total internal reflection 
have been extensively employed to fabricating WGM microresonators 
[23–25]. Apart from the WGM cavities, another light oscillation be-
tween two opposing parallel facets serving as highly reflective mirrors 
can also be observed, like FP microresonators [26–28]. Recently, 
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semiconductor micro/nanostructures with rectangular-shaped cross 
section, such as nano-/microcubes, microwires (MWs) and micro-
ribbons, have been employed to construct FP microcavities, which being 
implementated by the light oscillation between the lateral facets of 
semiconductor microcrystals [14,26,28,29]. ZnO is a typical semi-
conductor having a broad bandgap and high energy of exciton binding, 
that makes it interesting for many electronic and optical applications in 
the ultraviolet wavelengths. Nowadays, ZnO micro-/nanostructures, 
like microrods, microribbons, microdisks and so forth, have been pre-
pared successfully through hydrothermal synthesis, chemical vapor 
deposition (CVD), metal-organic vapor phase epitaxial technology, laser 
ablation and template-based synthesis [30–34]. Accordingly, the cor-
responding optical resonance modes of low-dimensional ZnO laser de-
vices depend principally on their geometric morphology and intrinsic 
gain properties, yielding outstanding significances to design and fabri-
cate optoelectronic devices [35–38]. Despite some accomplishments of 
ultraviolet lasing actions being achieved in ZnO-based NWs, MWs, 
microdisks, microrods, and nanoribbons etc., relevant studies in fab-
riating high-performance ultraviolet FP lasing behavior based on 
quadrilateral ZnO MWs are still in their infancy [39–43]. 

In the present study, individual ZnO MWs with quadrilateral 
morphology and straight side walls were obtained self-catalyzed by 
using CVD method. A new kind of microsized FP laser devices, composed 
of an individual quadrilateral ZnO MW, was realized upon ultraviolet 
pumping, and its operating behaviors was featured in the ultraviolet 
wavelengths. Due to high optical gain, the single ZnO MW can provide a 
workable platform to achieve FP lasing, which naturally enabled by the 
bilateral facets of the MW. By introducing Ag nanowires (AgNWs), the 
FP-mode lasing features was greatly improved, including the much 
lower threshold, higher Q-factor of FP-microresonantor, and the signif-
icantly enhanced lasing intensity. To exploit the enhanced working 
principle, the plasmonic response of AgNWs being excited by ultraviolet 
excitation can reorganize the surface electron wave at the surfaces of the 
ZnO MW, which efficiently reduce the optical loss, together with the 
improvement of light confinement and localization within the wire. The 

increased working principle was evidenced by means of time resolved 
photoluminescence (TRPL) characterization and finite different time 
domain (FDTD) simulation. This study can deepen and promote its 
further research and application in developing high-performance 
microsized semiconductor coherent light sources and photodetectors 
operating in the ultraviolet wavelengths. 

2. Results and discussion 

It is widely reported, individual ZnO MWs with well-defined crys-
tallographic facets have been prepared. To achieve the MWs with 
quadrilateral cross-section, the growth conditions, particularly for the 
oxygen-deficient environment, should be regarded with great attention 
[28,38]. The as-synthesized samples were measured using a scanning 
electron microscope (SEM). Illustration of a SEM image in Fig. 1(a) ex-
hibits that an individual ZnO MW possesses well-constructed smooth 
surfaces, and the width of the wire is evaluated to about 10 μm. The 
crystal character of ZnO MWs was characterize by X-ray diffraction 
(XRD) analysis. As demonstrated in Fig. 1(b), the XRD patterns of the 
samples exhibits the presence of wurtzite ZnO phase (JCPDS 65–3411), 
and the corresponding cell constants is extracted of a = 3.24 Ȧ and c =
5.19 Ȧ [7]. AgNWs were prepared by the slow injection poly-
vinylpyrrolidone (PVP)-directed polyol method [44,45]. By using 
spin-coating technique, an individual ZnO MW covered by AgNWs 
(AgNWs@ZnO), was fabricated as follows [44,46]. First, a ZnO MW was 
placed on quartz substrate. Second, the solution of AgNW via certain 
concentration was deposited on the entire wire, and then followed by a 
thermal annealing (the temperature at 100 ◦C), leading to a preparation 
of an individual AgNWs@ZnO MW. Varying the volume of the AgNWs 
droplets, the coverage concentration of AgNWs can be easily modulated 
[28,44,47]. Fig. 1(c) demonstrates SEM image of a ZnO MW covered by 
AgNWs. It is obviously illustrated that AgNWs with uniform distribution 
can be deposited on ZnO MWs. 

The as-synthesized AgNWs was characterized. SEM image displayed 
in Fig. 1(d), exhibits an average diameter ~ 50 nm and average length ~ 

Fig. 1. (a) SEM image of an individual ZnO MW. (b) XRD peaks of the as-synthesized ZnO MWs. (c) SEM image of a ZnO MW covered by AgNWs. (d) SEM image of 
as-synthesized AgNWs, with the diameter of about 50 nm. (e) Extinction spectrum of the as-synthesized AgNWs, and the main extinction peak positioned at around 
371.0 nm. (f) PL spectra of a ZnO MW not decorated, and decorated by AgNWs. 
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10 μm. Accordingly, the optical extinction of these AgNWs was 
measured by using a UV-6300 spectrophotometer. The main wavelength 
in the extinction peak was obtained at about 371 nm, as demonstrated in 
Fig. 1(e). To exploit the influence of AgNWs on the optical properties, 
photoluminescence (PL) measurements of ZnO MW not covered, and 
covered by AgNWs, were performed by using a He–Cd laser via a 
LABRAM-UV Jobin Yvon spectrometer (the pumping wavelength at 325 
nm). Upon ultraviolet excitation, the emitted photons were recorded, 
and the optical spectrum was plotted in Fig. 1(f). It exhibits that the 
main wavelength of PL spectrum of single bare ZnO MW is observed at 
380.0 nm, operating in the ultraviolet band. The unique ultraviolet PL 
emission is assigned to typical near-band-edge (NBE) emission of ZnO 
[7,29]. Additionally, the other negligible broadband visible radiation, 
could be attributed to the intrinsic defect related luminescence. 
Conclusively, the as-synthesized samples show superior crystalline 
quality [7,28]. Interestingly, by introducing the AgNWs, an observably 
increased ultraviolet emission of the ZnO MW was acquired. The 
improved character can be interpreted as the interaction of ZnO excitons 
coupled with localized plasmons of the deposited AgNWs [28,39,48]. 

As we all known that, semiconductor microcrystals with smooth 
facets can potentially feature as the reflecting mirrors for designing and 
engineering optical microresonators. Combining with the outstanding 
lasing gain of ZnO, it is highly workable to design lateral-cavity FP 
microlaser based on an individual quadrilateral ZnO MW. Schematic of 
the optically pumped a quadrilateral ZnO MW based FP microlaser was 
demonstrated in Fig. 2(a). Shown in the device architecture, the utilizing 
single ZnO MW with quadrilateral cross section naturally form a FP 
microresonator, with both the bilateral sides functioning as reflecting 
mirrors. Thereby, light can be confined inside the MW, and oscillate 
between two bilateral facets. Taken a single quadrilateral MW shown in 
Fig. 2(b) for example, the SEM image exhibits a perfect quadrilateral, 
cylindrical structure, whilst smooth side surfaces. To confirm the self- 
constructed FP cavity, theoretical simulation of standing-wave field 
distribution via FP resonant modes in the rectangular-shaped cross 
section of the wire were checked by utilizing FDTD method [28,41]. In 
the calculation, perfect matched layer (PML) was adopted to absorb the 

outgoing waves. A single ZnO MW with quadrilateral cross-section 
placed on a quartz substrate was modeled. The width of the MW is set 
to D = 10 μm, the incident wavelength λ is 390 nm; the refractive in-
dexes of ZnO nZnO, quartz substrate nquartz and air nair are set to 2.35, 1.5 
and 1.0, respectively. As shown in Fig. 2(c), FP oscillation created in the 
quadrilateral cross section of ZnO MW was well simulated numerically, 
thus, both the lateral sides can serve as the reflecting mirrors [14,30,41]. 
Further, the enlarged electric-field distributions at the air/ZnO interface 
were extracted, and demonstrated in Fig. 2(d)–(f). The oscillating 
feedback in the bilateral microresonator can be evidenced by the peri-
odically distribution of antinodes and nodes of simulated electromag-
netic fields, which observably acknowledged by the resonant patterns. 

To confirm the FP character, a ZnO MW was optically pumped by 
using a fs pulsed laser consisting of an optical parametric amplifier 
(OPERA SOLO) with a Ti:sapphire laser (coherent) and a confocal micro- 
PL system (Olympus BX53). The radiated photons were collected by 
using a spectrometer (SpectraPro-2500i, Acton Research Corporation) 
[7,28,49]. Upon the ultraviolet excitation, optical PL image with an 
observable luminescence area can be captured. It indicates that the 
single ZnO MW can emit a powerful beam of light, with luminescence 
regions distributed at the bilateral edges of the wire. To study the 
luminescence modes, it may be assigned to the specific FP. That is, both 
the lateral facets can be used for the reflection mirrors featuring the total 
internal reflection. Varying the pump fluence, Fig. 3(a) shows PL spectra 
of a single ZnO MW. As the pumping fluence increased less than 2.98 
mJ/cm2, the obtained PL spectra are dominated by spontaneous lumi-
nescences. The main wavelengths of PL situates at around 383.0 nm, and 
spectral linewidth of about 12 nm. As the excitation fluence reaches 
3.25 mJ/cm2, a group of sharp spikes with evenly mode spacing can be 
observed. Above all, the increase of light intensity as a function of the 
excitation power exhibits a nonlinear feature. The experimental results 
indicate that the lasing action of an individual quadrilateral ZnO MW 
upon ultraviolet pumping may be attributed to FP. 

As the excitation fluence increased above 3.25 mJ/cm2, the PL 
spectra are completely governed by a series of sharp luminescence 
peaks, and the sharp peak intensity increases sharply. These may be 

Fig. 2. (a) Schematic representation of the lasing experiments for FP-mode microlaser device involving a ZnO MW with quadrilateral cross section, which pumped by 
ultraviolet excitation via fs pulsed laser (the pumping wavelength of 355 nm). (b) SEM image of ZnO MW via the quadrilateral cross-section. (c) Cross-sectional plots 
of the electric-field distribution |E|2 inside the lateral cavity, which naturally formed by the bilateral facets of a quadrilateral ZnO MW. In the figure, three different 
regions were labelled as I, II and III, respectively. Enlarged electric-field intensities at the interface of ZnO/Air (d) region-I, (e) region-II inside the wire, and (f) the 
region-III, respectively. 
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explained through the amplification of FP mode by the optical feedback 
in the quadrilateral cross section of ZnO MW. Regardless of the excita-
tion fluence, the peak spacing between nearby oscillation mode, is 
seemingly constant. Taken a pumping fluence of 3.65 mJ/cm2 for 
instance, multimode peaks with uniformly spaced gap (Δλ) is extracted 
to be 1.20 nm, and full width at half maximum (FWHM) (δλ) is evaluated 
to be 0.38 nm. Thereby, the Q-factor is evaluated to about 1000 due to 
the formula of Q = λ/δλ, where λ is the peak wavelength. Further, 
theoretical analysis on the PL emission feature of the single ZnO MW was 
performed. The formula of the mode spacing for FP-type optical cavity 
[14,26,38,41], 

Δλ =
λ2

2Lc

(

n − λ dn
dλ

), (1)  

where Lc is the width of the quadrilateral cross-section of the wire, dn/ 
dλ = − 0.010 nm− 1 at 390 nm [14,38]. The cavity length Lc is evaluated 
to about 10 μm, which is approximatively agreed with the experimen-
tally observed value. Therefore, ZnO MWs with quadrilateral morphol-
ogies and straight facets can be used to developing FP microlasers. 

Contrast that with a hexagonal ZnO MW via the approximate size 
(the diameter of hexagon-shaped MW is equal to the width of the wire 
with quadrilateral cross-section), optically pumped FP lasing charac-
teristics of the quadrilateral ZnO MW exhibit relatively higher threshold, 
and much lower Q-factor [7,39,41]. Fortunately, nanostructured metals 
having outstanding plasmonic response, can be utilized to improving the 
lasing performances, such as the enhanced luminescence efficiency, the 
increased Q-factor and the reduced threshold [39,50]. In recent years, 
noble metals containing Ag, Al, and Ga, are currently featured as ul-
traviolet plasmonic materials because of their unique responses in the 
shorter wavelengths [39,51,52]. Exploring nanostructured metals with 
regard to their plasmonic behaviors, including high stability against 
various complicated environments, the controlled sizes, and 
energy-tunable plasmons in the ultraviolet wavelengths, is ongoing [43, 

46,53]. 
Being generally worked as ultraviolet plasmonic materials, AgNWs 

were successfully synthesized [45,48]. The nanostructured Ag can pro-
duce spatially localized electromagnetic field, and can highly increase 
enhanced characteristics of optical field around the sharp tips. The 
unique plasmonic influence can efficiently increase the optical perfor-
mances of low-dimensional ZnO nano/microcrystals [28,39,54]. To 
study the influence of AgNWs on the FP lasing features, the same ZnO 
MW covered by AgNWs were also illuminated by a fs laser. Fig. 3(b) 
represents luminescence spectra by varying the pump power. As the 
pumping fluence reaches 1.56 mJ/cm2, a group of sharp peaks appeared 
in the spontaneous emission background, can be captured. Thus, the 
incorporation of AgNWs can contribute FP-lasing action because of 
selectively amplified by the enhanced optical feedback in the cavity 
self-constructed by the AgNWs@ZnO MW. Compared with that of the 
bare ZnO MW, the Q-facor is increased up to about 1300. Additionally, 
the integrated light intensity in terms of excitation energy was plotted in 
Fig. 3(c). Shown in the figure, the lasing threshold Pth of the 
AgNWs@ZnO MW was extracted to be about 1.33 mJ/cm2, which much 
lower than that of the same bare MW. Therefore, the reduced threshold 
and increased lasing intensity of the AgNWs@ZnO MW based microlaser 
indicates that the ultraviolet plasmons of AgNWs can be utilized to 
improve the performance of the FP microcavity [27,28,39]. 

Illustration in Fig. 4(a), PL spectrum of the bare ZnO MW at the 
pumping fluence of 3.25 mJ/cm2, exhibits that the mode spacing Δλ is 
extracted to about 1.20 nm, the FWHM δλ is extracted to about 0.38 nm. 
Accordingly, the Q-factor is evaluated to about 1000. The corresponding 
bright-field optical PL image from the bare ZnO MW was captured in 
Fig. 4(c). Clearly, bright lighting spots was recorded, and the lumines-
cence regions distribute along the two lateral facets of the rectangular- 
shaped wire. It indicates that strong waveguide oscillating along the 
width of the wire, can enable the fabricating lateral FP microresonator. 
Further, the modulation of AgNWs on the luminescence features of the 
quadrilateral ZnO MW was made. The lasing spectra from the MW not 
decorated, and decorated by AgNWs, which being illuminated at the 

Fig. 3. FP lasing characterization of a ZnO MW not decorated, and decorated by AgNWs. Under ultraviolet excitation via a fs pulsed laser, PL spectra of the single 
ZnO MW not covered (a), and covered by AgNWs (b), as functions of the pumping fluence. (c) Integrated PL intensity versus the pumping fluence of the ZnO MW not 
covered, and covered by AgNWs. 
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same excitation power intensity of 1.85 mJ/cm2, was plotted in Fig. 4 
(b). It demonstrate that more than 15 times increased ratio of light in-
tensity was acquired by introducing AgNWs on the ZnO MW. The cor-
responding bright-field PL image from the ZnO MW coated by AgNWs 
illustrates that much brighter dazzling light can radiate from both the 
bilateral sides of the MW, as illustrated in Fig. 4(d). In addition to the 
sharply reduced lasing threshold and remarkable increase of the light 
output, the Q-factor was obviously improved. Therefore, the FP lasing 
performance of the single quadrilateral ZnO MW was significantly 
enhanced through incorporating AgNWs on the wire. 

As we described above, the achievement of plasmons-mediated FP 
lasing properties of single ZnO MW is realized by introducing AgNWs 
with desired ultraviolet plasmonic response. To exploit the enhanced 
working principle of AgNWs on the FP lasing properties of the single 
ZnO MW, the time-resolved photoluminescence (TRPL) measurement 
was performed by using an optically triggered streak camera system 
(C10910, Hamamatsu) at 295 nm through frequency-doubling of the 
fundamental 35-fs pulses at 590 nm with a repetition rate of 1 kHz 
(OperA Solo, Coherent) [28,39,41]. The tested TRPL results from single 
ZnO MW not decorated, and decorated by AgNWs, are shown in Fig. 5 
(a). According to the fitted TRPL decay curves, the luminescence lifetime 
of the ZnO MW decorated by AgNWs ~ 177.7 ps is observable shorter 
than that of the bare wire (~ 276.9 ps). Further, temporal spectroscopic 
profiles of the bare ZnO MW, and the MW decorated by AgNWs, were 
further exhibited in Fig. 5(b) and (c), respectively. Compared with bare 
MW, a much faster decay rate of the AgNWs-decoated ZnO MW can be 
achieved. The carrier lifetime of ZnO MWs is observably reduced by 
coating AgNWs layer. That is, the incorporation of the AgNWs can 
successfully facilitate the carrier recombination of ZnO excitons. By 
compared with that of the bare ZnO MW, a new path of carrier recom-
bination could be emerged. Due to the TRPL studies, it can be deduced 
that AgNWs-plasmon can efficiently couple with ZnO excitons [39,48, 
54]. 

Moreover, the role of AgNWs plasmons and the underlying enhanced 
mechanism in fabricating high-efficiency low-dimensional laser devices 

working in the ultraviolet wavelengths were implemented. Numerical 
calculations of FP cavity and near-field electromagnetic responses of a 
single AgNW, which deposited on ZnO MW, were performed via FDTD 
method [28,39,41]. In the simulation, an individual AgNW was modeled 
using pentagon-shaped wire, according to the SEM image of AgNWs, 
which shown in Fig. 5(d) (The cross section of an individual AgNW 
exhibits pentahedron-shaped morphology). A ZnO MW covered with 
AgNWs were built up (the width of quadrilateral ZnO MW D = 10.0 μm). 
The calculated parameters are supplied, including refractive indexes of 
ZnO MW (nZnO = 2.35), quartz substrate (nSiO2 = 1.5), air (nair = 1). The 
incident light termed as propagating plane wave, was illuminated at the 
model, leading to interacte with the target (the excitation wavelength at 
370 nm). The spatially localized electric-field intensity distribution of an 
individual AgNW was calculated numerically. It can be obviously seen 
that the calculated near-field are mainly concentrated at the endpoints 
of pentagon-shaped cross section from the simulated optical path along 
the x-direction (Fig. 5(e)) and y-direction (Fig. 5(f)) in the x-y-plane. 
Thus, the strongest enhancement of localized electromagnetic field can 
occur at the sharp tips of the pentagon-shaped AgNW [28,44,55]. 

The spatially localized electric-field intensity distribution of an in-
dividual AgNW placed on ZnO MW was also calculated numerically. As 
illustrated in Fig. 5(g), significantly increased electromagnetic field can 
be observed at the AgNWs/ZnO interface from the optical path along x- 
z-plane. The enhanced confinement and localization of the simulated 
fields can be ascribed to the excitation of localized surface plasmons of 
AgNWs. In the hybrid architecture, AgNWs can work as plasmonic an-
tennas, resulting in strong interacting with the incident light. The 
nanostructured metals can concentrate the incident electromagnetic 
energy localized at the AgNWs/ZnO interface, and then interacted with 
the ZnO excitons availably [28,44]. From these simulated results, it is 
observably illustrated that the light wave propagating horizontally in 
the quadrilateral wires was dramatically intensified due to the 
increasing reflections at the AgNWs@ZnO/air boundary. And it also 
indicates that the performance of a single-ZnO-MW enabled FP micro-
resonator is improved by depositing AgNWs. Incorporated with the 

Fig. 4. (a) PL spectrum of a bare ZnO MW at a pumping power density of 3.25 mJ/cm2. (b) Comparison of PL spectra of the ZnO MW not covered, and covered by 
AgNWs, at a pumping power density of 1.85 mJ/cm2. (c) Optical microscope image of the bare ZnO MW under a pump fluence of 3.25 mJ/cm2. (d) Optical mi-
croscope image of the same ZnO MW covered by AgNWs under a pump fluence of 1.85 mJ/cm2. 
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near-field localization and enhancement of AgNWs, it can be concluded 
that plasmonic energies generated from AgNWs-plasmon can permeate 
into the neighboring ZnO MW, reorganizing the localized optical-field 
distribution. It suggestes that ultraviolet plasmonic response of AgNWs 
can be utilized to increasing the lasing properties of individual ZnO MWs 
based microlaser devices [39,41,44]. 

3. Conclusions 

To summarize, lateral-cavity supported FP microlasers from indi-
vidual quadrilateral ZnO MWs were demonstrated. The current lateral 
cavity microlaser outputs from both the bilateral sides of the MWs. 
Perhaps in future, the coating of totally reflecting mirror on one facet of 
the quadrilateral MW, may lead to realizing unidirectional coherent 
output. More significantly, AgNWs serving as broadly used ultraviolet 
plasmonic antennas, were utilized to advance FP lasing properties of an 
individual ZnO MW. By incorporating AgNWs, improved FP lasing 
characteristics, containing the sharply reduced threshold and increased 
Q-quality, were observably reached. The excitation of AgNWs plasmons 
towards the interface of AgNWs/ZnO can reorganize the localized 
electromagnetic field, such as compensating the optical loss, and 
accelerating more photons confined in the FP microresonators, which 
naturally created by the bilateral facets of the quadrilateral micro-
structures. The representative results are significative, not only to 
interpretate the coupling between nanostructured metals and semi-
conductors in physics, but also to motivate innovative design of 
plasmons-mediated high-performance optoelectronic devices in tech-
nology. We expect that achieving high-performance lateral-cavity FP 
lasers in microsized level can contribute to the broadest applications in 

fabricating highly integrated coherent light sources. 
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