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ABSTRACT: Realizing dynamic wavelength tunability
could bring about tremendous impacts in laser technology,
pressure nanosensing, and lab-on-a-chip devices. Here, we
demonstrate an original strategy to operate the lasing mode
shift through reversible length changes of a CdS nanobelt,
which is determined by the direction of piezoelectric
polarization. The relationships between the direction of
applied strain, the lasing mode shift, and the tunable
e�ective refractive index are elaborated in detail. The
correlation between the piezoelectric polarization-induced
lasing mode red shift and the blue shift in the wavelength of the lasing mode output caused by the Poisson e�ect is
discussed in depth, as well. Our study comprehensively considers the in�uence of both the cavity size variations and
refractive index changes on the control of the lasing mode and provides a deeper understanding of the strain-induced
lasing mode shift.
KEYWORDS: CdS nanobelt, mode shift, piezoelectric polarization, Poisson ratio, F�P lasing

Nanoscale photonic devices, such as light-active optical
switches, light-emitting diodes, photodetectors, and
waveguides,1�4 which are the driving force of future

technological progress, have drawn much attention due to their
various optoelectronic applications.5 To meet the demand for
coherent nanoscale light sources for these devices, dynamic
wavelength tunability of coherent light is urgently needed.
Considerable e�ort has been expended on cavity-mode tuning.
To date, tuning of the optical cavity mode has been achieved
through a self-absorption e�ect,6 band gap engineering,7,8

electric �eld modulation,9,10 and optical feedback of photonic
crystals. In earlier approaches, the self-absorption e�ect and
band gap engineering still lack reversibility for the dynamic
wavelength tuning;5 in later approaches, the nanowires are
highly prone to damage during electric �eld modulations,6,11

and the high-cost, complicated fabrication, weak coupling, and
high optical losses outweigh the advantages of optical feedback
of photonic crystals.12,13

Strain-dependent band gap deformation14,15 and refractive
index changes16�18 are expected to o�er a realizable strategy
for modulating the optical gain region and lasing mode. CdS, a

widely used II�VI semiconductor, is an ideal gain medium for
designing laser devices.19�21 CdS nanobelts, which represent
another interesting con�guration of one-dimensional growth,22

form Fabry�Pe�rot (F�P) cavities naturally and possess �at
facets for good optical feedback of the optical oscillations.23 In
wurtzite CdS nanobelts, the thickness of the belt is much
smaller than its width,22 and the growth directions are along
the c-axis crystal orientation and perpendicular to c-axis crystal
orientation.24�28 These wurtzite noncentrosymmetric crystal
materials have been used to theoretically support the existence
of piezoelectric polarization under mechanical strain along the
[001] direction,29�33 realizing piezotronic and piezo-photo-
tronic e�ect tuned optoelectronic devices.34�36 Vedam et al.
reported that strain polarizability was the main reason for the
changes in the refractive index rather than these changes being
caused by an increased number of dispersion centers per unit
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volume in the wurtzite-structured crystals, which o�ers an
inspiration for modulating the lasing mode by the piezoelectric
polarization.37 As has been recently reported by Lu, the lasing
mode can be tuned by the piezoelectric polarization via applied
strain in ZnO microwires, realizing a lasing mode modu-
lation.38,39

In this work, we designed several individual CdS orientation-
dependent nanobelt devices with both ends �xed to a
polyethylene terephthalate (PET) substrate, where tensile
strain can be exerted on the CdS devices by applying bending
stress to the PET substrate. This enables controllable strain-
tuned modi�cation of the resonant cavity mode from the
spontaneous to the stimulated emission region. In our
experiment, two kinds of nanobelts were applied to illustrate
that the strain direction along the [001] crystal orientation will
lead to the most signi�cant piezoelectric polarization with the
largest piezoelectric coe�cient. Hence, the piezoelectric e�ect
can be negligible when the uniaxial strain direction is
perpendicular to the [001] orientation.31 Consequently, the

piezoelectric polarization e�ect is proven to be the main factor
for the shift of the lasing mode according to this direction-
reliant phenomenon.

RESULTS AND DISCUSSION
The wurtzite-structured CdS nanobelts were synthesized by a
simple vapor�liquid�solid method and were shown to have
good crystallinity and high optical quality. Figure 1a shows
typical scanning electron microscope (SEM) images of a single
parallelogram-like CdS nanobelt. Figure 1b shows the typical
atomic force microscope (AFM) images (bottom) and height
pro�le (top) taken at the position of the black dashed line. The
thickness of this nanobelt is approximately 100 nm, and Figure
1c displays an enlarged SEM image of the yellow framed area
in Figure 1a. It can be clearly seen that the CdS nanobelts
possess a smooth surface with a uniform thickness over the
whole sample. Figure 1d,e is the corresponding energy-
dispersive X-ray (EDX) element mapping, which shows that
the distributions of Cd (blue) and S (yellow) are uniform. In

Figure 1. Morphology, optical performance, and structural characterization of a CdS nanobelt. (a) High-magni�cation SEM image
demonstrating the parallelogram-like CdS nanobelt. (b) Typical AFM images (bottom) and height pro�le (top) of an as-grown CdS
nanobelt. (c) SEM image of the yellow framed area in (a) for EDX element mapping. (d,e) Typical elemental mapping images with Cd/S =
1:1. (f) HRTEM image of the parallelogram-like CdS nanobelt. (g) Entire shape of a CdS nanobelt with the [001] growth direction
indicated. (h) Photoluminescence spectra of a single CdS nanobelt. (i) Raman spectrum of a single CdS nanobelt. (j) XRD pattern of CdS
nanobelts, indicating the wurtzite hexagonal phase. The vertical lines show the CdS JCPDS No. 96-101-1055.
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Figure 1f, clear lattice fringes in the high-resolution trans-
mission electron microscopy (HRTEM) image, magni�ed
from the sample chosen in Figure 1g, can be seen. The
HRTEM image con�rms the high crystallinity of the CdS
nanobelt, and Figure 1g shows that the growth direction of the
rectangularly shaped nanobelt is along the [001] crystal
orientation. Figure 1h shows the photoluminescence (PL)
spectra of a nanobelt. The intense peak at 490.7 nm is
attributed to the near band edge (NBE) emission of CdS,
which appears blue-shifted compared to the �500�520 nm
NBE emission of ordinary CdS23,40�43 because of the quantum
con�nement e�ects of the ultrathin CdS nanobelt.44,45 The
broad emission at 550�700 nm, centered at 622.8 nm, is due
to surface defect emission, such as structural defects, sulfur
vacancies, or impurities.27,41,42 The Raman spectrum of an
individual CdS nanobelt is shown in Figure 1i. Typical Raman
peaks centered at 212, 234, 253, 300, 347, 365, and 602 nm
can be observed. The X-ray di�raction (XRD) pattern (Figure
1j) can be identi�ed as that of the wurtzite CdS phase (JCPDS
No. 96-101-1055).

Figure 2a shows the bright-�eld optical image of the
nanobelt used for optical emission, which has a width of 19.4
� m, and Figure 2b,c shows the dark-�eld optical images of the
spontaneous and stimulated emission, respectively, of this
nanobelt under di�erent pulse energy densities. Figure 2d
displays the typical lasing spectra as a function of the pulse
energy density for this nanobelt cavity. A slight red shift of the
optical mode occurs with increasing power because of the
recombination of the electron�hole plasma.40,46,47 The pulse
energy density dependence of the laser output intensity is
plotted on a double logarithmic scale in Figure 2e (blue
points), which reveals a lasing threshold of �53 � J/cm2.

Emission transitions from spontaneous emission (43.5 � J/cm2)
through ampli�ed spontaneous emission (51.2 � J/cm2) to the
entire lasing action (55.4 � J/cm2) are provided with increasing
pulse energy density. In addition, the slope of the emission
output line becomes superlinear with increasing excitation
energy densities, re�ecting the fact that the sharp lasing
emission intensity is several orders of magnitude larger than
that of the spontaneous emission.48 The fwhm (full width at
half-maximum) as a function of the pulse energy density is also
depicted in Figure 2e (red line), the transition point of which
matches the lasing threshold.

To clarify the in�uence of the nanobelt width on the lasing
characteristics, the lasing spectra for four di�erent nanobelts
with widths of 14.0, 17.2, 23.4, and 26.8 � m were measured, as
shown in Figure 3a. It is noteworthy that the number of
resonant modes decreases with the size reduction of the F�P
cavity in the gain region, which also means an enlargement of
the mode spacing (� � ), also known as the free spectral range
(FSR). As plotted in Figure 3b, the FSR is proportional to the
inverse of the microcavity width according to � � = � 2/2L(n �
� (dn/d� )) for the F�P cavity, where L is the width of the
nanobelt, that is, the length of the cavity, n is the refractive
index of CdS, and dn/d� is the chromatic dispersion relation.
The formula n � � (dn/d� ) represents the e�ective refractive
index, neff, of CdS. Additionally, the lasing Q-factor has a linear
relation to the cavity size, as seen in Figure 3c, which can be
estimated by Q = � /�� , where � is the wavelength of the mode
and �� is the fwhm of the resonant mode. This linear relation
can be attributed to a smaller microcavity, which increases the
amount of optical loss due to a weaker ability to con�ne the
optical �eld. Furthermore, the single nanobelt with a width of
26.8 � m maintains a high Q-factor of 1625. Figure 3d shows

Figure 2. Lasing characteristics. (a) Bright-�eld optical image of the CdS nanobelt. (b,c) Dark-�eld optical images of the excited CdS
nanobelt under di�erent pump intensities. (d) Optical emission spectra of the CdS nanobelt with di�erent pulse energy densities. (e)
Double logarithmic plots of the emission intensity as a function of the pulse energy density (blue points). The blue points are �tted by three
lines, which give a threshold value of approximately 53 � J/cm2. Power-dependent fwhm of the F�P mode of the CdS microcavity (red line).
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the optical images of four CdS nanobelts with four previously
mentioned diameters. A single lasing mode for a CdS nanobelt
can be possibly obtained through a further reduction of the
cavity size. However, more severe optical loss is possible,
resulting in a low Q-factor and a high threshold for this
approach.

To investigate the dynamic modulation of coherent light
emission, an e�cient approach was proposed via the strain-
induced change of the refractive index of the optical resonator.
Figure S1a displays an integrated set of confocal microsystems
coupled with a spectrograph and a CCD detector, a camera for
image capture and a 355 nm femtosecond pulsed laser. A one-
dimensional manual displacement stage was equipped to
investigate either the spontaneous or stimulated emission
properties under di�erent applied strains. In addition, an
optical photograph of the measurement setup is shown in
Figure S1b. Figure 4a and Figure S2a depict a schematic view
of a CdS nanobelt in the normal state and the tensile state, in
which the two ends are �xed to the PET substrate using an
epoxy resin glue. Generally, two kinds of shapes exist for CdS
nanobelts, namely, a parallelogram and a ladder. In comparison
with the ladder-shaped CdS nanobelt in Figure S2b, the
parallelogram-like CdS nanobelt is shown in Figure 4b. The
growth direction is dramatically disparate for two-shaped CdS,
whereas the parallelogram-like CdS nanobelts always grow
along the [001] orientation preferentially, according to Figure
1f,g, some of the ladder-shaped CdS nanobelts grow
perpendicular to the [001] orientation, as shown in Figure
S2f,g. Because a uniaxial mechanical strain direction is used
along the crystal growth direction, the di�erent optical

properties detected in the diverse resonators are reasonable.
When a tensile strain is applied from 0 to 0.41% for the
parallelogram-like CdS nanobelt, a red shift phenomenon
appears in both the lasing peak (Figure 4e) and the NBE
emission peak (Figure 4d). Meanwhile, a blue shift
phenomenon appears in the Raman 2-LO peak (Figure 4c),
which was also observed by Zapf et al.5 Comparatively, when a
tensile strain is applied from 0 to 0.41% to the ladder-shaped
CdS nanobelt, a blue shift phenomenon appears in the lasing
peak (Figure S2e), whereas no peak position change occurs for
either the NBE emission peak (Figure S2d) or the Raman 2-
LO peak (Figure S2c). The shift of Raman peak indicates the
frequency change of lattice vibration, which reveals the crystal
orientation along the strain.49 The shift of the PL spectra
indicates the change of the NBE band gap. Therefore, the shifts
of the NBE emission peak and the Raman 2-LO peak are
associated with the intrinsic characteristics of the CdS material
itself. This illustrates that the intrinsic characteristics of the
parallelogram-like CdS nanobelt with strain along the [001]
orientation have substantially changed, whereas those of a
ladder-shaped CdS nanobelt with strain perpendicular to the
[001] orientation remain unchanged. In other words, the shifts
in the strain-tuned lasing spectra are related to the direction of
the applied strain in the CdS crystal. As the literature reports,
the shift of the NBE emission under di�erent applied strains
for CdS nanowires (piezoresistive e�ect) was observed;5
however, this property for bulk CdS was rarely reported. The
bulk CdS may have a piezoresistive e�ect, which is related to
the crystal orientation but independent of the size and
morphology of the material. According to our deduction, a

Figure 3. Size-dependent lasing modes for CdS nanobelts. (a) Lasing spectra collected from di�erent sizes of CdS microcavities. (b,c)
Dependence of the FSR and quality factor (Q) on the size of the CdS nanobelts. (d) Optical images of CdS nanobelts with di�erent widths.
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red shift of the lasing emission is mostly attributed to
piezoelectric polarization, and a blue shift of the lasing
emission is due to the reduced length of the resonant cavity.
In addition, due to the modulations of the Raman peak, PL and
lasing emission respond to tensile strain, which indicates they
have the signi�cant capability to identify the CdS crystal
orientation and be used as a strain sensor.

Among all the nanobelt samples, the relationship between
the [001] crystal orientation and growth direction of the two
shapes is not consistent but follows a regular statistical law, as
depicted by the pie charts in Figure S4a,b. All of the statistical
data from the TEM images are shown in Figure S5. The
corresponding selected area electron di�raction pattern
(Figure S4c) indicates that the CdS nanobelts have good
crystallinity, and the zone axis is indicated as [�110]. Figure
S6 and eq S1 illustrate the calculation for estimating the
applied tensile and compressive strains. Figure S7 gives the
calculation of piezoelectric potential, and these calculated data
show the piezoelectric property in CdS. The generated
piezoelectric potential increases with the increase of the
applied stress, demonstrating a linear relationship. It re�ects
that the polarization degree of the crystal varies with the
increase of external mechanical strain, leading to the change of
the dielectric constant (refractive index) of the medium, which
is consistent with the results obtained in our experiments.

Now that the shift in the lasing spectra is related to the
[001] orientation of CdS crystal, analysis of the piezoelectric
polarization in the CdS lattice structure is possible. Due to the
noncentrosymmetric wurtzite structure of CdS, Cd cations are
located in the center of a tetrahedron composed of four S
anions, in which the centers of positive and negative ions

overlap (Figure 5a(I)). When tensile strain is applied along the
c-axis of the tetrahedron, the dipole centers of the cation and
anion are separated, leading to a piezoelectric polarization
e�ect (Figure 5a(II)).50 Further, induced piezoelectricity in the
c-axis can change the refractive index of the optical resonator.
When applying tensile strain along the other two axes of the
tetrahedron, the piezoelectric polarization is not distinct
because the hexagonal (001) plane of the S atoms is
centrosymmetric (Figure S4d). Therefore, when a uniaxial
strain is applied perpendicular to the [001] orientation, the
piezoelectric polarization e�ect would be negligible.30,31 The
lasing of the nanobelt is excited by a 355 nm femtosecond
pulsed laser, and the width of the CdS nanobelt is length of the
resonant cavity (Figure 5b(I)). As the tensile strain is applied
to the nanobelt, the Poisson e�ect would appear and the length
of the resonant cavity would be reduced, accompanying the
piezoelectric polarization e�ect. The position of the Nth mode
is demonstrated by the formula � = 2neffL/N, where neff is the
e�ective refractive index and L is the resonator length. The
piezoelectric polarization e�ect increases neff, resulting in a red
shift of the corresponding mode,37 whereas L is decreased by
the Poisson e�ect, causing a blue shift of its respective mode
(Figure 5b(II)). Thus, applying tensile strain, the parallelo-
gram-like CdS nanobelt has both a piezoelectric polarization
e�ect and the Poisson e�ect (Figure 5c(I)), and the ladder-
shaped CdS nanobelt possesses only the Poisson e�ect (Figure
5c(II)). The red shift (2.9 nm at 0.41%) in Figure 4e is
approximately twice as large as the blue shift (1.6 nm at 0.42%)
in Figure S2e under the same strain, indicating that the
piezoelectric polarization e�ect has a stronger ability for tuning
the mode than the Poisson e�ect.

Figure 4. Optical dynamic regulation under tensile strains. (a) Schematic diagram of a CdS nanobelt in the normal and tensile states. The
two ends of the CdS nanobelt are �xed to the PET substrate. By bending the PET substrate, tensile stress is applied to the nanobelt. (b)
Optical image of a parallelogram-like CdS nanobelt. (c) Strain-dependent Raman 2-LO peak measured on the PET substrate, which was
already coated with 40 nm of Ag and 20 nm of SiO2. (d) Strain dependence of the spontaneous PL emission of the nanobelt. (e) Strain
dependence of the laser emission of the nanobelt. A strain-induced red shift with increasing tensile stress becomes obvious. The TE mode
numbers, N = 385...381, are presented in di�erent strains.
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The Poisson ratio of the CdS nanobelts is calculated by the
formula E/G = 2(1 + � ), where E is the Young’s modulus, G is
the shear modulus, and � is the Poisson ratio. According to a
report by Guler, the Poisson ratio is calculated to be 0.69 at a
pressure of approximately 0 GPa.51 This high Poisson ratio has
a considerable impact on the elastic deformation of CdS
nanobelt and can be further used to calculate the value of the
blue shift in the lasing mode, as plotted in Figure 6a. The blue
shift can be estimated by eq S6, in which the assumption is no
piezoelectric polarization e�ects. Within the elastic strain
range, the data calculated from the Poisson e�ect are slightly
di�erent than the experimental values (obtained from Figure
S2e). This demonstrates that the Poisson e�ect plays a vital
role in blue shifting the lasing mode and that further inducing
compressive deformation can still trigger piezoelectric polar-
ization, leading to a small blue shift. To analyze the red shift
originating from the piezoelectric polarization in depth, a
diagrammatic sketch of the gain spectra and lasing mode
positions for the normal and tensile states is provided in Figure
6b. In the normal case, the blue Gaussian curve is the gain
spectrum of CdS with the F�P mode positions of the
resonator marked as the solid vertical lines. When the modes
exceed the lasing threshold (TH, dashed horizontal line),
ampli�cation can occur, and F�P resonator modes will be
selected. Under applied tensile strain, the red shifts of gain
spectrum and the resonant wavelength become apparent. The
blue Gaussian lines represent the initial state, whereas the red
lines represent the tensile state (0.29%). The e�ective
refractive index of the lasing mode is expressed as Sellmeier’s

dispersion function, shown in eqs S7 and S8,52 where the
refractive index of CdS is 2.79, as determined in Figure 4b. In
accordance with the formula for an F�P resonator, the red
shift of the lasing mode can be used to deduce the variation in
the e�ective refractive index. Assuming that the length of the
resonator remains unchanged, the e�ective refractive index can
be obtained from eq S9 and is plotted as the red line in Figure
6c. In actuality, the length of the resonator decreases due to the
Poisson e�ect, resulting in the modi�ed eq S10, which was
used to accurately calculate the blue line shown in Figure 6c. A
schematic diagram of the refractive index change is shown in
Figure 6d, where (I) and (II) are the normal and tensile states,
respectively. The increasing e�ective refractive index (� < � ) is
accompanied by piezoelectric polarization, re�ecting the fact
that the piezoelectric polarization e�ect has a crucial impact on
the variation of the e�ective refractive index of resonator.

CONCLUSIONS
In summary, we have demonstrated the direction-dependent
dynamic tuning of a nanobelt laser by a strain-induced
refractive index change. The impacts of this demonstration can
be understood step by step. First, two di�erent shapes of CdS
nanobelts were fabricated. The red shift and blue shift of the
lasing mode induced by tensile strain-tuning were interestingly
found corresponding to the two shapes: a parallelogram and a
ladder, respectively. Hence, the laser modulation is closely
relevant to the [001] orientation of the CdS nanobelts. In
addition, the most signi�cant piezoelectric polarization of
wurtzite CdS is in the [001] orientation with the largest

Figure 5. Mechanism analysis. (a) Tetrahedron structure of the Cd�S�Cd stacking in the wurtzite CdS crystal lattice (I). A piezoelectric
polarization �eld forms when the unit cell of CdS is stretched along the c-axis (II). (b) CdS nanobelt stimulated by a 355 nm femtosecond
laser. The width of the nanobelt serves as the F�P microcavity itself (I). The CdS nanobelt is stretched along the growth direction of CdS,
accompanied by the Poisson e�ect and piezoelectric polarization (II). (c) Parallelogram-like CdS nanobelts almost always grow along the
[001] orientation. When tensile strain is applied, the Poisson e�ect and piezoelectric polarization appear simultaneously (I). The ladder-
shaped CdS nanobelts generally grow perpendicular to the [001] direction. When tensile stress is applied, the Poisson e�ect emerges, and
the piezoelectric polarization e�ect can be ignored (II).
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piezoelectric coe�cient. The refractive index of the resonator
is improved by piezoelectric polarization causing a red shift of
the modes, whereas a reduction of the length of the resonator
is the main factor for the blue shift of the modes when strain is
applied perpendicular to the [001] orientation. Indeed, this
phenomenon proves that piezoelectric polarization is the major
regulating factor for changes in the refractive index. Addition-
ally, the data for the blue shift of the lasing mode are
approximately �t by the calculation for the reduced resonator
length using the relatively stable Poisson ratio. The value of the
red shift can reach 2.9 nm at a strain of 0.41%, which is almost
twice as large as that of the blue shift (1.6 nm). As a result, this
work clari�ed the mechanism for the strain-modulated lasing
mode and provided a concept for pressure nanosensing based
on the shifts in the NBE emission, Raman spectra, and lasing
modes that occur with changing strain states. Additionally, this
concept may strengthen the research on tuning the mode
phase, dynamically selecting the resonant mode, and tunable
waveguides.

EXPERIMENTAL METHODS
Material Preparation and Characterization. The CdS nano-

belts were synthesized via a simple vapor�liquid�solid mechanism
using a quartz tubular furnace at 800 °C as described previously.30

Brie�y, a quartz boat containing 2 g of CdS powder (99.999%, Alfa
Aesar) was positioned in the center of the furnace tube, and 10 nm of
gold was deposited on a silicon wafer as the catalyst. The temperature
was set at 800 °C, and 150 sccm of Ar was used as the carrier gas.
After being maintained for 45 min, the temperature of the quartz tube

was cooled under a constant Ar �ow. The as-synthesized CdS
nanobelts were characterized by XRD (PANalytical X’Pert3), AFM
(MFP-3D-SA), HRTEM (TECNAI F20), and �eld-emission scanning
electron microscopy (Nova NanoSEM 450) coupled with an energy-
dispersive spectrum. The prepared CdS nanobelts on the Si substrate
were mechanically transferred to a �exible PET substrate. Then, the
epoxy resin glue was added to the two ends of some nanobelts to �x
the sample to the PET substrate. After 24 h, the mixture of hardener
and epoxy resin with the mass of 1:2 can harden completely.

Optical Setup. After the preparation of CdS nanobelts on the
PET substrate, the Raman spectra and NBE PL spectrum were
measured by a laser confocal micro-Raman system (LabRAM HR
Evolution), where wavelengths of the excitation laser were 532 and
325 nm, respectively. The PET substrate was coated by 40 nm of Ag
and 20 nm of SiO2 to prevent from the Raman peaks of the PET
substrate. In order to measure the lasing characteristics under
di�erent tensile strains, a femtosecond pulse laser (� ex = 355 nm,
repetition rate 1000 Hz, pulse length 190 fs) equipped with a confocal
� -PL system (Zeiss M1) acted as the excitation source. Spontaneous
and stimulated emissions were obtained and analyzed by a CCD
detector and an optical multichannel analyzer (Andor, SR-500i-D1-R)
with a 1200 g/mm grating. The applied strain was provided through
bending the �exible PET substrate, which was operated by a one-
dimensional manual displacement stage exhibited in Figure S1.
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Optical path and the measurement setup (Figure S1);
analysis of a blue shift of the lasing mode (Figure S2);

Figure 6. Calculation of the blue shift and the e�ective refractive index. (a) Strain dependence of the blue shift of the lasing mode shown in
the ladder-shaped CdS nanobelts. If the ladder-shaped CdS has no piezoelectric e�ect, the blue shift of the lasing mode can be calculated
using the Poisson ratio. In this �gure, the experimental data and calculated data are compared. (b) Gain spectra and lasing mode positions
for the normal and tensile states (0.29%). A spectral broadening for increasing tensile stress becomes apparent and is recognized as the
envelopes of the lasing modes. (c) E�ective refractive index of the No. 383 mode under tensile strain with or without considering the change
in the cavity length due to the Poisson e�ect. The mode number is calculated by eq S13. (d) Schematic diagram of the refractive index
change resulting from the piezoelectric polarization e�ect, which is divided into the normal state (I) and tensile state (II) of the CdS
nanobelts. The de�ection angle of light, � > � , visualizes the fact that e�ective refractive index increases as a result of the piezoelectric
polarization e�ect.
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lasing properties in the tensile and the compressive
states (Figure S3); statistical charts for the relationship
between shapes and growth directions (Figure S4);
HRTEM data for the statistics (Figure S5); calculation
of the applied strain (Figure S6); calculation of the
piezoelectric potential (Figure S7) (PDF)
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