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Polymer films doped with gold (Au) nanoparticles have been successfully employed to realize optical data
storage and carbon dot generation. However, such nanomaterials are not expected to have a long lifetime
because polymers are not stable against humidity and heat. Here, we propose the use of two-dimensional closely-
packed Au nanoparticles deposited on a silica substrate as the platform for realizing simultaneously high-density
optical data storage and efficient carbon dot storage. The hot spots formed by plasmonic coupling between Au

nanoparticles enable the realization of polarization and wavelength multiplexing in optical data storage with
high quality and low energy. In addition, strongly localized temperature distribution can be achieved in closely-
packed Au nanoparticles exploited to produce luminescent carbon quantum dots by using direct laser writing.
Our findings indicate the potential applications of this new nanomaterial in the fabrication of novel photonic
devices for optical data storage, optical display, and optical sensing in the future.

1. Introduction

Nanoparticles of noble metals, such as gold (Au) nanoparticles of
different shapes, have attracted great interest in the last two decades due
to the existence of surface plasmon resonances (SPRs) which exhibit
potential applications in the fields of plasmonics [1], nanophotonics
[1-8] and biophotonics [1,9]. The SPRs of spherical Au nanoparticles
generally appear at ~ 530 nm while cylindrical (or rod-like) Au nano-
particles support another SPR located at a longer wavelength, usually in
the near infrared spectral range [10,11]. SPRs can also be created in the
assemblies of Au nanoparticles of different fashions, such as dimers,
oligomers and closely-packed nanoparticle arrays. It has been known
that photoluminescence (PL) can be generated by resonantly exciting
the SPRs of single Au nanoparticles or assemblies of Au nanoparticles by
using either continuous wave or pulsed lasers [3,12,13]. Apart from
down-converted PL which is generally observed in Au nanoparticles
excited by continuous wave lasers, up-converted PL can also be

generated when Au nanoparticles are excited by pulsed lasers. The up-
converted PL of Au nanoparticles (e.g., Au nanorods) generated by
femtosecond laser pulses, which is commonly referred to as two-photon-
induced luminescence (TPL), has received intensive and extensive
studies in the past decades owing to its potential applications in bio-
imaging [14], photothermal therapy [15] and optical data storage
[16-19]. Although the physical mechanism for the TPL of Au nanorods
remains controversial, it is now gradually accepted that the lumines-
cence emitting from Au nanoparticles belongs to hot-electron intraband
luminescence (HEIL) [20-23]. The HEIL from Au nanoparticles exhibits
a broad spectrum spanning the visible to near infrared spectral range.
Also, the slope extracted from the dependence of the luminescence in-
tensity on the excitation irradiance in a logarithmic coordinate is pro-
portional to the energy of the emitting photons.

In an assembly of Au nanoparticles, plasmonic coupling may occur
when the volume density of Au nanoparticles is sufficiently large. In this
case, hot spots with significantly enhanced electric fields are created in
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the gap regions between Au nanoparticles. As a result, the linear and
nonlinear absorptions of the assembly are governed by these hot spots
(or the Au nanoparticles adjacent to the hot spots). It has been confirmed
that the plasmonic coupling between Au nanoparticles can be exploited
to enhance both the linear and nonlinear optical responses of the as-
sembly, including HEIL [20]. Since the hot spots are strongly correlated
with the gap widths between Au nanoparticles, they can be eliminated
through the thermal reshaping of Au nanoparticles induced by femto-
second laser pulses, quenching the HEIL from the assembly. Recently,
the polarization and wavelength sensitive hot spots have been exploited
to realize optical data storage with ultrahigh density and ultralow en-
ergy [16-18].

Apart from the strong localization of electric field, the plasmonic
coupling between Au nanoparticles is also important in the achievement
of highly localized temperature distribution. It was found that a Fano
resonance, which is formed by the plasmonic coupling between Au
nanoparticles, can be generated in the extinction spectrum of an olig-
omer of Au nanoparticles [24]. A spatially localized temperature dis-
tribution can be realized when the Fano resonance is resonantly excited.
The highly localized temperature distribution, together with the cata-
lytic properties of Au nanoparticles, leads to the formation of carbon
quantum dots with efficient emission in the visible light spectrum in a
polymer film doped with Au nanoparticles [24].

So far, the materials used for optical data storage and carbon dot
generation are thin polymer films heavily doped with Au nanoparticles
[3,12,16,24]. Since Au nanoparticles are embedded in a polymer matrix,
any deformation in the supporting polymer may significantly affect the
distance between Au nanoparticles and the plasmonic coupling between
them. As compared with dielectric materials, polymers are not stable
against to humidity and temperature. The adsorption of water vapor in
the atmosphere may lead to the deformation or even melting of polymer
films. During data recording, the heat released from Au nanoparticles
can also result in the deformation, modification and even dehydration of
the polymer, as evidenced in the generation of carbon quantum dots
[24-26]. Therefore, the data storage media made of polymers films,
which are not expected to have a long lifetime, are not satisfied for
practical applications. From the viewpoint of carbon dot generation
[25-29], the wavelength range in which the Fano resonances are
available for creating small carbon dots, is limited to 600-650 nm. This
wavelength window is narrow and incompatible with the commonly
used femtosecond laser source (~ 800 nm). Therefore, a new material
platform on which optical data storage and carbon dot generation can be
simultaneously implemented is highly desirable.

In this article, we proposed a simple platform, which comprises two-
dimensional closely-packed Au nanoislands deposited on a silica (SiO3)
substrate, for simultaneously realizing high-quality optical data storage
and efficient carbon dot generation. We confirmed by numerical simu-
lation that polarization and wavelength-sensitive hot spots are present
in the closely-packed Au nanoislands and demonstrated that high-
quality optical data storage with polarization multiplexing can be real-
ized by using femtosecond laser pulses. We also revealed that spatially
localized temperature distribution can be achieved in closely-packed Au
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nanoislands after the irradiation of femtosecond laser pulses and
demonstrated the generation of carbon dots emitting white light effi-
ciently. We compared the efficiencies of carbon dot generation in
different polymers including polyvinyl alcohol (PVA), polymethyl
methacrylate (PMMA) and polyvinyl pyrrolidone (PVP) and found that
PVP is the best one in producing highly luminescent carbon dots.

2. Results and discussion

Closely-packed Au nanoislands used in this work were obtained by
sputtering Au on a SiO, substrate. The morphology of Au nanoislands
deposited on the SiO, substrate depends strongly on the sputtering time
(t), as shown in Fig. 1a-f where the transmission electron microscopy
(TEM) images of Au nanoislands obtained by using different sputtering
times are presented. It can be seen that Au nanoislands become closely-
packed for a sputtering time longer than 15 s. With increasing sputtering
time, more and more small Au nanoislands are merged into larger
nanoislands and the gaps between nanoislands become narrower. If the
sputtering time is further increased, it is expected that all the Au
nanoislands will eventually disappear and a flat Au film will be ob-
tained. In Fig. 1g, we present the TEM image of a single Au nanoparticle
from which the crystalline structure of the Au nanoparticle can be
identified. It can be seen that the Au nanoparticle is a polycrystalline,
which is further confirmed by the eletron diffraction pattern shown in
Fig. 1h.

In order to gain a deep insight into the morphology change of Au
nanoislands with increasing sputtering time, we have analyzed the size
distributions of Au nanoislands obtained at different sputtering times by
using a software with which the areas of all Au nanoislands in the SEM
images can be extracted, as shown in Fig. 2. It can be seen that the
average size (or area) of Au nanoislands increases rapidly with
increasing sputtering time, implying the merge of small Au nanoislands
into large ones. In addition, it is noticed that the size distribution also
becomes larger at the same time. More importantly, it is remarkable that
the filling ratio of Au nanoislands increases also rapidly from ~ 52% at t
=10sto~ 77% at t = 40 s (or the decrease of the space filling ration
from ~ 48% to ~ 23%), implying reduction in the gap width between
Au nanoislands that leads to the formation of plasmonic hot spots.

As discussed at the begining, Au nanoparticles can emit efficient
HEIL if the SPRs of Au nanoparticles are resonantly excited by using
femtosecond laser pulses. A well-known case is Au nanorods with lon-
gitudinal SPRs appearing in the near infrared spectral range [3,13].
Efficient HEIL from Au nanorods has been applied in bioimaging, pho-
tothermal therapy and optical data storage [15,19]. Isolated Au nano-
particles with sperical shapes do not emit HEIL under the excitation of
800-nm femtosecond laser pulses because their SPRs appear at ~ 530
nm [3]. However, a dimer of spherical Au nanoparticles may have its
SPR appear in near infrared spectral range, depending on the gap be-
tween the two constituent Au nanoparticles [30]. In this case, a plas-
monic hot spot is created in the gap region of the dimer and it can emit
efficient HEIL under the excitation of femtosecond laser pulses. By
inspecting the morphology of closely-packed Au nanoislands, one can

Fig. 1. TEM images of the two-dimensional Au nanoislands obtained by using different sputtering times of (a) 10 s, (b) 15 s, (c) 20's, (d) 25 s, (e) 30 s, and (f) 40 s.
The magnified image for a single Au nanoparicle and the corresponding electron diffraction pattern showing the crystalline structure of the Au nanoparticle are

shown in (g) and (h), respectively.
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Fig. 2. Statistics of the size distribution of Au nanoislands obtained by using different sputtering times of (a) 10 s, (b) 155, (¢) 20 s, (d) 25 s, (e) 30 s, and (f) 40 s. The
evolution of the filling ratio of Au nanoislands (or space) with increasing sputtering time is shown in (g).

expect the existence of a large number of plasmonic hot spots in the gap
regions between Au nanoislands. Therefore, it is expected that closely-
packed Au nanoislands can produce efficient HEIL when being excited
by femtosecond laser pulses.

We examined the HEIL emitted from Au nanoislands deposited at
different sputtering times by using 800-nm femtosecond laser pulses, as
shown in Fig. 3. We also compared the corresponding transmission
spectra of these nanoislands (Figures S1, Supporting Information). For t
= 10 s, Au nanoislands are well separated with large gaps (see Fig. 1a).
In this case, only Au nanoislands with rod-like shapes can generate HEIL
under the irradiation of the femtosecond laser pulses. As a result, very
weak HEIL was observed at low laser fluences (F), as shown in Fig. 3a.
An increase of HEIL was found when the laser fluence was raised from
0.16 to 0.31 mJ/cm?. After that, the intensity of HEIL remains nearly
unchanged when the laser fluence was increased from 0.62 to 1.55 mJ/
cm?, probably due to the melting of rod-like nanoislands which
quenches the HEIL. For closely-packed Au nanoislands formed at t = 15

s, a dramatic increase in the HEIL by nearly one order of magnitude was
observed, as shown in Fig. 3b. In this case, the efficient HEIL was
ascribed to the formation of a large number of plasmonic hot spots in the
gap regions between closely-packed Au nanoislands. Similarly, a slight
reduction of the HEIL was seen when the laser fluence was raised from
1.24 to 1.55 mJ/cm?, implying the disappearance of some plasmonic hot
spots at high laser fluences. For closely-packed Au nanoislands obtained
att=20s, 25 s, 30 s, we observed quite similar behaviors in the laser
fluence dependence of the HEIL intensity. A monotonic increase in the
HEIL was observed when the laser fluence was increased, as shown in
Fig. 3c,d,e. However, a further increase in the HEIL was found when the
laser fluence was raised from 1.24 to 1.55 mJ/cm?. It means that a larger
laser fluence is needed in order to quench the plasmonic hot spots
formed by the coupling of closely-packed Au nanoislands. For t =30, a
different behavior was observed. A relatively weaker HEIL was found at
low laser fluences and it barely changed when the laser fluence was
varied from 0.16 to 0.62 mJ/cm?. From Fig. le, it is noticed that the
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Fig. 3. Evolution of the luminescence spectra with increasing laser fluences measured for the closely-packed Au nanoislands deposited on SiO, substrates with
different times of (a) 10 s, (b) 155, (c) 20 s, (d) 25 s, (e) 30 s, (f) 40 s. The dependences of the luminescence intensity on the excitation laser fluence measured for

different samples are sumarized in (g).

sizes of Au nanoislands become larger and the gap widths between them
become narrower. As a result, the SPRs of the plasmonic hot spots are
shifted to longer wavelengths, leading to the reduction of the HEIL
(Figures S1, Supporting Information). The irradiation of closely-packed
Au nanoislands with femtosecond laser pulses with a small laser fluence
results in the shrinkage of Au nanoislands, leading to the widening of the
gap regions and the shift of the SPRs back to a shorter wavelength.
Consequently, a rapid increase in the HEIL was observed at a laser flu-
ence of 0.93 mJ/cm? and a further enhancement of the HEIL was found
at laser fluences of 1.24 and 1.55 mJ/cm?. For t = 40 s, the number of
plasmonic hot spots with their SPRs appearing at ~ 800 nm was reduced
dramatically. Accordingly, a dramatic reduction of the HEIL was seen, as
shown in Fig. 3f. The dependences of the HEIL intensity on the laser
fluence measured for different samples are presented in Fig. 3g.

As mentioned above, a large number of plasmonic hot spots are ex-
pected to exist in closely-packed Au nanoislands. Significantly enhanced
electric fields achieved at such hot spots lead to the emission of HEIL.
Apparently, the appearance and location of hot spots exhibit a strong
dependence on the polarization and wavelength of laser light [16-18].
This unique feature makes it possible to realize multi-dimensional op-
tical data storage, which has been demonstrated in an assembly of Au
nanorods [3,16]. Previously, a polymer film heavily doped with Au
nanorods was employed as the medium for optical data storage. In this
case, Au nanorods are supported by the mesh structure of the polymer
film, which is not stable against the humidity of air and the heat released
by Au nanorods. The latter may lead to the damage of the polymer film if
the laser fluence used for data recording is large. It is highly desirable
that Au nanorods can be doped in dielectric materials, such as silica or
ceramic, so that the lifetime of the storage medium can reach several
hundred years [19]. However, the achievement of such a data storage
medium remains a big challenge from the viewpoint of fabrication
technology. Here, we deposited closely-packed Au nanoislands on a SiOy
substrate with the hope that a two-dimensional optical data storage
medium, which is quite stable in the atmosphere, can be demonstrated.

In order to verify that optical data can be recorded and extracted by
exploiting the HEIL emitted from the randomly distributed plasmonic
hot spots in closely-packed Au nanoislands, we examined the changes in
the HEIL spectrum of the sample with t = 25 s induced by irradiating
femtosecond laser pulses with different laser fluences, as shown in
Fig. 4a. In each case, the HEIL spectrum was obtained at a small laser

‘without laser irradiation

Luminescence intensity (arb. units)

P I
350 400 450 500 550 600
Wavelength (nm)

Fig. 4. (a) Comparison of the luminescence spectra of the Au/PVP film before
and after the irradiation of femtosecond laser pulses with different fluences. (b)
Image recorded and extracted in the sample with t = 25 s by using 800-nm
femtosecond laser pulses. The images recorded by using 800-nm femtosecond
laser pulses with cross polarizations (horizontally- and vertically polarized) and
different laser fluences of 0.67, 0.75, 2.51 mJ/cm? and exracted by using
femtosecond laser pulses with the same wavelength and polarization but a
smaller laser fluence of 0.17 mJ/cm? are shown in (c)-(h), respectively. In each
case, the polarization of the femtosecond laser light used for data recording and
readout is indicated by an arrow.

fluence of 0.06 mJ/cm?, which did not induce any change in the HEIL
spectrum. As expected, the HEIL was found to be reduced by a factor of
~ 3.0 after the irradiation of laser light with a large fluence (1.55 mJ/
cm?), which eliminates most hot spots in the area. Accordingly, an in-
crease in the transmission of the sample at the laser wavelength (800
nm) was also observed because of eliminating hot spots at this wave-
length (Figures S2, Supporting Information). We performed data
recording and readout experiments by using a laser scanning confocal
microscope, as shown in Fig. 4b where the logo of our university was
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used. It is demonstrated that high-quality optical data storage, which is
reflected in the large correlation coefficient and contrast of the extracted
pattern (Figures S3, Supporting Information), can be realized by using
closely-packed Au nanoislands. The correlation coefficient and contrast
of the extracted image were estimated to be 0.96 and 0.66, both are
better than those achieved in the storage medium made of a polymer
doped with Au nanorods (Figures S4,S5 Supporting Information). In
order to demonstrate the polarization multiplexing in optical data
storage, we recorded two images (the university and school logos) in the
same area of 100 x 100 pm? by using femtosecond laser pulses with
cross polarizations (i.e., horizontally- and vertically-polarized). The
images recorded by using three different fluences of 0.67, 0.75, 2.51 mJ/
cm? and extracted by using femtosecond laser pulses with the same
polarization and a smaller fluence (0.17 mJ/cmZ) are presented in
Fig. 4c,d,e, respectively. For laser fluences smaller than 0.75 mJ /em?, no
cross-talk was observed between the two recording channels, implying
the realization of polarization multiplexing (see Fig. 4c,d). However, the
quaility of the extracted image was not satisfied when a small laser
fluence of 0.67 mJ/cm? was used, as shown in Fig. 4c. In contrast, cross-
talk between the two recording channels appeared when a large laser
fluence of 2.51 mJ/cm? was employed, although the image’s contrast
was improved simultaneously (see Fig. 4e). This result indicates that the
optimum laser fluence for data recording with polarization multiplexing
is found to be ~ 0.75 mJ/cm? We also demonstrated that three po-
larization recording channels separated by 60° with negligible cross-talk
can be realized by using closely-packed Au nanoislands. (Figures S6,
Supporting Information).

Similarly, the wavelength-sensitive hot spots existing in the closely-
packed Au nanoislands enable data recording with wavelength multi-
plexing. Owing to the spectral shift of the SPRs (Figures S2, Supporting
Information), however, the small cross-talk between neighboring
recording channels has not been completely removed (Figures S7, Sup-
porting Information).

Very recently, it was found that highly localized temperature dis-
tribution can be achieved by exploiting the Fano resonances generated
in the oligamers of Au nanoparticles [24]. The combination of the
spatially localized temperature distribution and the catalytical function
of Au nanoparticles can be utilized to produce carbon quantum dots with
small diameters, which emit white light efficiently. Here, we showed
that highly localized temperature distribution can also be achieved in
two-dimensional closely-packed Au nanoparticles. Upon the irradiation
of femtosecond laser pulses, reshaping of Au nanoislands appears,
leading to the formation of closely-packed elliptical Au nanoparticles, as
shown in Fig. 5a. The physical model we used to simulate the temper-
ature distribution is also shown in Fig. 5a, where the nanoparticles
selected from the SEM image were displayed in yellow color. Each
nanoparticle was approximated as an ellipsoid with a similar volume. In
order to reduce the burden of calculation, some nanoparticles with very
small sizes were not included in the physical model. In Fig. 5b, we

I E/E,

Fig. 5. (a) Au nanoparticles selected from the SEM image for numerical sim-
ulations. (b) Electric field distribution calculated for the assembly of Au
nanoparticles at 800 nm. (c) Temperature distribution calculated for the same
assemble of Au nanoparticles at 800 nm.
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present the electric field distribution calculated for the physical model.
Randomly distributed plasmonic hot spots, manifested themselves as
significantly enhanced electric fields, can be identified in the electric
field distribution. Based on the physical model shown in Fig. 5a, we also
calculated the temperature distribution in the array of closely-packed Au
nanoparticles. As an approximation, we simulated the temperature
distribution in closely-packed Au nanoislands induced by a continuous
wave laser beam by using a commercial software (see Method). The
maximum temperature shown in Fig. 5¢ (~ 370 K) is the temperature
induced by a continuous wave laser beam with a diameter of 1.0 pm and
a power of 1.0 mW (i.e., ~ 0.16 mJ, /cmz). Here, it is important to reveal
the formation of spatially localized “hot spots” which can be utilized to
produce carbon quantum dots. A temperature much higher than 370 K
can be achieved if we used a higher power laser beam. As can be seen in
Fig. 5c, hot spots with highly-localized temperature distributions are
created and they play a crucial role in the generation of carbon quantum
dots [31-35], as demonstrated in the following.

The existence of spatially-localized hot spots of temperature in
closely-packed Au nanoparticles can be exploited to generate carbon
quantum dots. In previous studies, carbon quantum dots were generated
by exploiting the Fano resonances formed in the oligomers of Au
nanoparticles appearing in the wavelength range of 600-650 nm [24].
No carbon quantum dots were obtained when 800 nm femtosecond laser
pulses were used as the excitation source. Here, we showed that 800 nm
femtosecond laser pulses from a Ti-saphire oscillator could be employed
directly to produce carbon quantum dots from a polymer film spin-
coated on top of two-dimensional closely-packed Au nanoparticles. In
Fig. 6a, we present the school logo recorded in the sample consisting of a
polymer (PVP) film and a metal film (i.e., two-dimensional closely-
packed Au nanoparticles) by using 800-nm femtosecond laser pulses
with recording and readout fluences of 3.82 and 0.17 mJ/cm?. The large
values of correlation coefficient and contrast, which were extracted to be
0.92 and 0.69 respectively, indicate the high quality of the recorded
image. It can be seen that the area irradiated by femtosecond laser pulses
with a large fluence appears to be dark due to the reduction of the HEIL.
When we irradiated the image with a mercury lamp, the school logo was
still visible, as shown in Fig. 6b. It is noticed, however, that the area
irradiated by femtosecond laser pulses appears to be bright owing to the
generation of carbon quantum dots that emit white light. The creation of
carbon quantum dots was also confirmed in the image extracted by using
a single-photon laser scanning confocal microscope, as shown in Fig. 6c.
The image extracted by detecting the luminescence of the carbon
quantum dots excited by a continuous wave laser also possesses a high
quality. The above experiments also indicated that carbon quantum dots
could not be lightened by using 800 nm femtosecond laser pulses.

Carbon quantum dots generated in this way can emit white light
efficiently under the excitation of laser light at shorter wavelengths
[36-41]. In Fig. 7, we show the images (the school logo) recorded in the
above sample by using 800-nm femtosecond laser pulses and observed in
the four wavelength channels of a single-photon laser scanning confocal
microscope. The excitation wavelengths for the four images were 405,
488, 561, and 640 nm while the detection wavelength ranges of the four
wavelength channels were 400-492 nm, 500-550 nm, 563-588 nm, and
601-657 nm, respectively. In this case, the image extracted by using
800 nm femtosecond laser light was similar to that shown in Fig. 4b

Fig. 6. Images recorded by using 800-nm femtosecond laser pulses and
extracted by using (a) 800-nm femtosecond laser pulses, (b) mercury lamp and
c) single-photon laser scanning confocal microscope.
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Fig. 7. Images recorded by using 800-nm femtosecond laser pulses and
extracted by using a single-photon laser scanning confocal microscope with
excitation wavelengths of (a) 405 nm, (b) 488 nm, (c) 561 nm, and (d) 640 nm.
The corresponding wavelength ranges for collecting the luminescence are (a)
400-492 nm, (b) 500-550 nm, (c) 563-588 nm, and (d) 601-657 nm,
respectively.

where the irradiated area appeared to be dark. In Fig. 7a-d, we can see
clear images in all channels displayed by the light emitted from carbon
quantum dots, which are complementary with that shown in Fig. 4b. It
indicates that white light with broadband was generated when carbon
quantum dots were excited by using laser light with a short wavelength.
It is noticed, however, the clearest image is obtained in the yellow
channel (563-588 nm), implying the peak position of the luminescence
emitted from carbon quantum dots.

3. Concluding remarks

In summary, we proposed using two-dimensional close-packed Au
nanoislands deposited on a SiOy substrate as the platform to realize
simultaneously high-quality optical data storage with polarization
multiplexing and highly efficient generation of carbon quantum dots. It
was demonstrated numerically and experimentally that hot spots of both
electric field and temperature, which are sensitive to the polarization
and wavelength of laser light, can be created in closely-packed Au
nanoparticles. It was shown that highly efficient HEIL can be genearted
when closely-packed Au nanoparticles are excited by using femtosecond
laser pulses and it can be exploited to realize optical data storage with
high-quality and ultralow energy. It was revealed that carbon quantum
dots can be generated in the polymer spin-coated on two-dimensional
closely-packed Au nanoparticles by utilizing the hot spots of tempera-
ture and the catalytical properties of Au nanoparticles. Our findings
indicate the potential applications of this new nanomaterial in the
fabrication of novel photonic devices for optical data storage, optical
display, and optical sensing in the future.

4. Method

Sample preparation: Two-dimensional Au nanoislands used in this
work were deposited on SiO substrates by sputtering. The morphology
of the two-dimensional Au nanoislands could be modified by controlling
the sputtering time and closely-packed Au nanoislands could be ach-
ieved by using a sputtering time larger than 10 s. Thin films of different
polymers (PVA, PMMA and PVP) used for producing carbon quantum
dots were spin-coated on the SiO5 substrates with pre-deposited two-
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dimensional Au nanoislands. The thicknesses of the thin polymer films
could be adjusted by varying the concentration of the polymer or the
speed of spin-coating.

Experimental setup: The femtosecond laser light with a repetition
rate of 76 MHz and a duration of 130 fs (Mira 900S, Coherent) was
employed for optical data storage and carbon dot generation. It was
focused on the samples by using the 60x objective lens (NA = 0.85) of a
two-photon laser scanning confocal microscope (A1MP, Nikon) or a
inverted luminescence microscope (Obsever Al, Zeiss). The generated
optical signals (i.e., HEIL of Au nanoparticles) were collected by using
the same objective lens and directed to the spectrometer attached to the
microscope for analysis. The HEIL of Au nanoparticles in the wavelength
range of 450-650 nm was detected. Data recording and readout were
completed by using the raster scanning system of the microscope. The
extraction of the patterns composed of carbon quantum dots induced by
femtosecond laser pulses was realized by using a single-photon laser
scanning confocal microscope (A1, Nikon).

Numerical modeling: The electric field distributions in two-
dimensional closely-packed Au nanoislands and the temperature dis-
tributions in two-dimensional arrays of Au nanoparticles were calcu-
lated numerically based on the finite element method (FEM) by using a
commercially developed software (COMSOL Multiphysics v5.4). A
perfectly matched layer boundary condition was employed to ensure the
absorption of all the outgoing radiations. The temperature inside each
Au nanoparticle was assumed to be uniform owing to the small size of
nanoparticles and good conductivity of Au.
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