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Abstract: Platinum diselenide (PtSe,), a two-dimensional
material, has shown exceptional promise in photodetection
applications because of its air stability, high carrier mobil-
ity, and layer-tunable bandgap. However, conventional pho-
toconductive modes face challenges with high dark cur-
rents. To address this limitation, all-optical fiber detec-
tion technology with high sensitivity and response, has
emerged as a promising approach for developing PtSe,,
based devices. In this study, a high-sensitivity broadband
photodetector based on PtSe, with a cascaded Fabry-Pérot
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interferometer (FPI) is proposed, which utilises the broad
spectral absorption property of PtSe, and the interfer-
ence enhancement mechanism of cascaded F-P cavities
to achieve high-sensitivity broadband photodetection. The
experimental results show that the detector has excellent
spectral response in the 808-1,550 nm band, with a sen-
sitivity of 3.867 nm/mW at 980 nm and a response time
of 37.43 ms/129.17 ms. The sensitivity at 1,550 nm is up to
134.014 nm/mW, with a response time of 75.74 ms/28.66 ms.
The double matching of 0.8 eV energy and PtSe, mate-
rial, which is situated in the range of the material intrin-
sic absorption peak (1,200-1,600 nm), is responsible for
the excellent sensitivity at 1,550 nm. It is also highly
matched with the interband jump energy level, which
generates more hot carriers per unit optical power and
thereby increases the photothermal conversion efficiency.
This study provides a new solution for the design of
high-sensitivity, ultra-wideband optical fiber photodetec-
tors, which has important potential applications in optical
communications, environmental monitoring, and sensing.

Keywords: platinum diselenide (PtSe,); Fabry—Pérot inter-
ferometer (FPI); photodetector; photothermal effect; poly-
dimethylsiloxane (PDMS); Vernier effect

1 Introduction

The emerging group 10 transition metal diselenide (TMD)
two-dimensional material, platinum diselenide (PtSe,), has
attracted much attention in the semiconductor field in
recent years due to its unique electronic and optical prop-
erties [1]-[3]. Compared with conventional 2D materials
such as graphene [4] and TMDs [5], PtSe, exhibits excellent
electrical properties, including high carrier mobility, tun-
able bandgap, and good air stability [6]. In addition, the
bandgap of PtSe, can be tuned by the number of layers,
from semiconducting properties in a single layer to semi-
metallic properties when multilayered, which provides
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great flexibility for its application in optoelectronics. Due
to its unique electronic structure and tunable optical prop-
erties, PtSe, shows great potential in photodetectors, field
effect transistors (FETs), and solar cells [7], [8].

In particular, PtSe, has attracted much attention in
the field of photodetectors due to its unique wide spectral
response range and high responsivity. In 2023, Kim et al. fab-
ricated PtSe,-based photodetectors on boron hydride using
molecular-beam epitaxy, with sensitivity up to 13.2 mA/W
under 405 nm UV illumination [9]. In 2024, Ji et al. pro-
posed a PtSe,-based photodetector based on a uni-oriented
PtSe, PtSe,/Si 2D-3D pin photodetector with light n-doped
Si intercalation, with a response speed of 2.2/11.8 ps under
532 nm illumination and a sensitivity of 37 mA/W under
980 nm illumination. In recent years, PtSe, photodetectors
with monolayers [10], Si heterojunctions [11], and arrayed
heterojunctions [12] have successfully demonstrated their
unique performance advantages. However, PtSe, photode-
tectors with conventional photoconductive mode of opera-
tion are limited by high dark current, relatively low respon-
sivity, and slow response [13]. In contrast, fiber-based all-
optical detectors not only retain the intrinsic advantages
of fiber-optic systems, including high response speed [14],
[15] and exceptional sensitivity [16], but also demonstrate
a unique “long-range effect” [17]. This phenomenon signif-
icantly enhances the light absorption of the material, which
provides an important technological insight for the devel-
opment of all-optical detectors based on PtSe,. This makes
PtSe,-based all-optical photodetectors an urgent research
direction in the current field.

It is worth noting that the structural design of optical
fiber devices has a decisive impact on their performance.
Interferometric fiber optic devices show significant advan-
tages in precision photonic sensing and optical commu-
nication systems due to their unique light wave interfer-
ence principle, high sensitivity, resistance to electromag-
netic interference, and adaptability to complex environ-
ments [18]. Typical structures include Fabry—Pérot inter-
ferometer (FPI), Michelson interferometer, Mach—Zehnder
interferometer (MZI), Sagnac interferometer, etc. Among
them, fiber Fabry—Perot cavities (fiber F-P cavities) consist
of two highly parallel reflective end surfaces, which can
enhance the optical signals through multiple reflections and
form interference spectra. Their simple structure and neat
spectra enable precise control of optical range differences
[19] and show stable operating performance in various com-
plex environments [20]. These combined advantages have
made F-P cavities an indispensable and important part
of many research fields, and they have been widely used
in the measurement of various physical quantities such as
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pressure [21], curvature [22], and humidity [23]. However,
traditional photodetectors with a single F-P cavity structure
are limited by mode noise and resonance peak broaden-
ing, which are the key bottlenecks for their performance
improvement. Thus, the sensitivity needs to be improved.

The Vernier effect breaks through the physical limit
of the traditional single-cavity through the optical ampli-
fication mechanism, which provides a new idea for high-
sensitivity photodetectors [24]—-[26]. The physical nature of
the Vernier effect is the optical beat-frequency effect trig-
gered by the free spectral range (FSR) difference between
two interfering cavities, and the small optical range change
AL can be amplified into a significant wavelength shift.
Recent advancements in multi-cavity Fabry-Pérot (F-P)
sensor design, leveraging the traditional Vernier effect
(TVE), have demonstrated remarkable progress in overcom-
ing fundamental performance limitations of conventional
sensors. By effectively implementing optical field superposi-
tion and interference mode coupling mechanisms, these sys-
tems achieve enhanced sensing capabilities through Vernier
magnification effects, enabling the development of highly
sensitive and compact photonic sensors [27]-[29]. Particu-
larly, in the process of breaking through the performance
boundary of traditional Vernier effect, harmonic Vernier
effect (HVE) has been introduced into the sensing field as
an innovative mechanism, which can achieve an order of
magnitude increase in sensitivity based on the existing one
[30]. Therefore, cascaded F-P cavities based on the har-
monic Vernier effect are suitable as the infrastructure of
photodetectors to support their needs for efficient and accu-
rate detection in variable environments.

This work proposes a photodetector based on PtSe, and
the harmonic Vernier effect. The detector adopts the SMF-
PtSe,-air-SMF(SMF: single mode fiber) structure, where FPI1
is a sensing cavity formed by PtSe, mixed with PDMS, and
FPI2 is an air-filled reference cavity. The harmonic Vernier
effect is obtained by changing the air cavity length of the
cascade optical fiber FPI, so that the optical range reaches
several times (>1) of the sensing cavity. PtSe, is heated by
the external light, which leads to the thermal expansion of
the PDMS, so that the length of the sensing cavity becomes
longer. The length of the reference cavity becomes shorter.
The inclination of their spectral interferences is shifted to
the opposite direction, respectively, achieving an enhanced
harmonic Vernier effect and multiplying the sensitivity. The
device combines the photosensitive property of PtSe, and
the optical interference enhancement mechanism of cas-
caded F-P cavities. It provides a revolutionary solution for
high-precision optical detection with its simple structure,
high sensitivity, and fast response time.
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2 Sensor fabrication and principle

The structure of the experimental setup is shown in Figure 1.
The supercontinuum broadband source (SBS; NKT Photon-
ics, 600-1,700 nm) emits broad-spectrum light in the wave-
length range of 600 nm-1,700 nm, and the beam is transmit-
ted through a single-mode optical fiber and then enters into
the cascade F-P cavity via a circulator. After multiple reflec-
tions of the incident light in the F-P cavity, the optical signal
carrying the interference information is returned through
the annulus, and the interference spectrum is finally dis-
played in a spectrometer optical spectrum analyzer (OSA;
AQ6317D, YOKOGAWA). All measurements were conducted
in a dark enclosure, and the ambient temperature was
maintained at 25 + 1 °C using laboratory air conditioning to
minimize the effects of stray light and thermal fluctuations
on the experimental results.

The physical structure of the cascade F-P cavity is
encapsulated and supported by a quartz capillary tube.
Specifically, the cascade F-P cavity consists of two parts:
the left side is the sensing cavity, composed of PtSe, mixed
with Polydimethylsiloxane (PDMS) material (see Supple-
mentary Material, Figure S1), and the right side is the ref-
erence cavity, composed of air medium. The preparation
process is as follows: firstly, 2 mg of PtSe, was uniformly dis-
persedin 0.1 mL of PDMS colloid to form a composite colloid
with a concentration of 0.2 mg/mL, which was selected as
an optimal balance between transparency and dispersion
stability (see Supplementary Material, Figure S2). The pre-
pared composite colloid was then deposited near the end
face of the left SMF using a pipette gun, and the position of
the optical fiber in the capillary was fine-tuned while mon-
itoring the characteristic peak evolution of the reflectance
spectra and controlling the sensing cavity length of L. Dur-
ing the construction of the reference cavity, the second
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Figure 1: Light detection schematic and structure of the optic fiber
integrated photodetector.
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section of the SMF was moved to form an air-mediated cav-
ity at the right side of the sensing cavity. The right SMF was
controlled to adjust the reference cavity length so that its
optical range was twice that of the sensing cavity. This opti-
cal range matching design significantly improves the sens-
ing sensitivity by stimulating the higher-order harmonic
Vernier effect through the 2:1 FSR ratio relationship.

As shown in Figure 2(a), the photodetector is based on a
cascaded F-P cavity with PtSe, as the photo-detection mate-
rial. The sensing cavity consists of PtSe, mixed with PDMS,
and the detector is fabricated by cold splicing polymer gel
PDMS with an optical fiber [31]. PDMS is a silicone-based
elastomer with high transparency, good thermal conductiv-
ity, and chemical stability, and it is suitable for combining
with other materials [32]. In this paper, it will be combined
with PtSe, to form a photosensitive part as a medium for
the sensing cavity. Figure 2(b) shows the structure under
the microscope. Since FSR = A%/2nL, the experimentally
measured cavity lengths of the sensing cavity (Cavity 1)
and the reference cavity (Cavity 2) are L; = 40 pm and
L, =115 pm, respectively, and combining with n, = 1.4070
and n, = 1 can be calculated as the optical range length,
OPL,. OPL, is 56.28 nm and 115 nm, respectively, and OPL,
= 2.04-0PL,; therefore, the harmonic Vernier effect can
be obtained. The local magnification of SMF cold-spliced
PtSe, is shown in Figure 2(c), and its added concentration
is shown in Figure 2(d).

When incident light propagates from the SMF core into
PDMS, the refractive index (RI) contrast between the SMF
core and PDMS induces Fresnel reflection at interface M;,

(a) PtSe,+PDMS AIR
=) = = core
Mll le M3| cladding
Cavity 1 Cavity 2
(b) <

0" 20 30 40 50 60 70 80 90 100
o

(c) r_. (d) . D

Figure 2: Cascade FPI structure diagram. (a) Schematic diagram of the
cascade FPI structure; (b) physical diagram of the cascade FPI structure;
(c) enlarged view of the physical cold splice; (d) diagram of the PtSe,
addition concentration.
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generating a reflected beam (I;). The transmitted residual
light then reaches the PDMS-air interface (M,), where the
RI difference between PDMS and air causes a second Fres-
nel reflection, producing another reflected beam (I,). At
this point, the residual light will propagate through the
air until the reflecting surface M,, at which time the air
and the SMF fiber core have different RIs and reflect the
reflected beam with intensity I5. The three beams of light
interfere and pass through the circulator to obtain an inter-
ference spectrogram at the spectrometer. Figure 3(a) shows
the simulation of the interference spectrum. It can be seen
that when the temperature changes from 0 °C to 3 °C, the
interference spectrum has a very obvious blue shift due
to the thermal expansion effect (TEE) of PDMS. The linear
fitting plot of its wavelength drift is shown in Figure 3(b).
Figure 3(c) shows the first wave of the electric field mode on
the surface of the device structure, that is, the fundamental
mode of the surface electromagnetic wave, whose electric
field is distributed along the surface of the device, and the
energy is mainly concentrated near the interface and expo-
nentially decays into the right F-P cavity. Figure 3(d) shows
the second wave of the surface electric field mode of the
device structure, that is, the first-order mode of the surface
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electromagnetic wave, and compared with Figure 3(c), the
loss of the second wave is larger. From Figure 3(c) and (d), it
can be seen that the light emitted from the light source can
be effectively reflected through the proposed device, which
proves that the device is feasible.

A laser beam is placed above the cascade FPI structure
as a pump light, and when the laser light starts to be irra-
diated, the photon energy is absorbed by PtSe,, and heat is
released due to photothermal conversion. Due to the large
thermal expansion effect of the PDMS, the temperature
change will lead to the deformation of the PDMS, which in
turn will make the cavity length of the sensing cavity longer,
the reference cavity length shorter, and the spectral inter-
ference inclination angle shifted in the opposite direction,
respectively.

We can roughly calculate the reflection coefficients R;,
R,, and R, for the three reflecting surfaces M;, M,, and M; as
[33]:

e (i) (a5 e 252)
ng+mn n +n, n, + ng
o))
where n is the refractive index of the SMF fiber core mate-
rial, n; is the RI of the PtSe, mixed PDMS in the sensing
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Figure 3: Device simulation results are plotted. (a) Simulated reflectance spectra at different temperatures (0 °C, 1°C, 2 °C, 3 °C); (b) linear fit
of wavelength drift; (c) surface: electric field mode, first wave (V/m); (d) surface: electric field mode, second wave (V/m).
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cavity, and n, is the RI of the air. The light received from
the circulator is partially reflected by M, _, as it propagates
through the entire detector structure, and the reflectance
spectral function of the three reflecting surfaces can be
expressed as [34]:

k= \/R_lEO @
E, = \/ITZ(l—Rl)(l_al)EO EXp(_zj(pl) ®)

Ey=+VR;(1-R)(1—Ry)(1— &) (1— o)) E,
X exp[—2j(@;, + @,)] 4

where E, is the incident electric field component. ¢;, @,
denote the optical range difference, ¢, is @zn,L,/A), @, is
(2zn,L,/A). L;, L, denote the cavity lengths of the sensing
cavity and the reference cavity, respectively, and A is the
wavelength of the light in the free space. a;, a, denote the
transmission loss factors of M;, M,, respectively. The total
electric field of the reflected light can be considered as the
sum of the electric fields reflected by these three mirrors,
and therefore, the total reflected light intensity I, of the
detector is denoted as:

(Ey+E+E)|

K )

11='

The free spectral range (FSR) represents the distance
between two neighbouring peaks, and the FSR of FPI; and
FPI, can be expressed as:

PSR, = 1 ©®
2n Ly

FSR, = % )
2n,L,

where 4, and 4, are the wavelengths of two neighbouring
maxima (or minima). When the optical range lengths (OPLs)
of FPL, and FPI, are close but not equal, they will be gen-
erated in the spectrum by the superposition of the sensing
interferometer spectra and the reference interferometer
spectra, that is, the TVEs. The FSR of the periodic envelope
is expressed as follows [35]:

FSR, X FSR,

_ - My Ay
envelope — FSRl _ FSRZ

FSR = '
2(nyLy — nyLy)

8

_ My
~ |2(OPL, — OPL,)

An HVE occurs when OPL, (the OPL of FPI,) and OPL,
(the OPL of FPI,) are approximately multiplicative (j + 1
times). The OPL, can be expressed as:
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OPL, = (j +1)OPL, + (OPL, — OPL,)
=<£+1>OPL1, j=0,1,2,... ©)

An important feature of the Vernier effect is the magni-
fication factor (M), that is, the sensitivity of the structure is
magnified by a factor of M compared to an FPI with a single
cavity, defined as:

— FSRenvelope —
FSR,

Ly

10
nLy —n,L, 1)

_‘ OPL,
~ |OPL, — OPL,

With the advancement of nanotechnology,
photothermal nanomaterials have acquired enhanced
light-harvesting and photothermal conversion capabilities
[36]. As a group-10 TMD, PtSe, exhibits exceptional
thermo-optical effects [37], enabling broadband photon
absorption from deep ultraviolet to mid-infrared
wavelengths. This wide spectral responsivity allows
efficient conversion of captured light energy into localized
thermal gradients through photothermal processes. PtSe,
produces a photothermal effect that leads to a temperature
change, AT is the temperature rise of the PDMS after the
heat generation of PtSe,, and its expression is:

AT = 1Pst
cm

(11

where 5 = Q/E is the photothermal conversion efficiency of
PtSe,, Q is the thermal energy produced by PtSe,, E is the
total energy of the incident light, c and m denote the specific
heat and mass of PtSe,, p is the power density of the light
source being measured, and s and ¢ denote the irradiated
area and time.

The PtSe, photothermal effect leads to thermal expan-
sion of the PDMS, which in turn causes changes in the FPI
cavity length and refractive index. The cavity length and
refractive index are denoted as:

L=Ly+ AL = Ly + appysAT (12)

n=ny+ An=ny+ fppus AT (13)

where appys = dL/AT and fppys = dn/dT are denoted as
the thermal expansion coefficient and thermo-optical coef-
ficient of PDMS, respectively. Since appys (247 X 1076 K1)
[38] is much higher than the thermal expansion coef-
ficient of agq, (0.55% 1076 K™) for SMF fiber core sil-
ica materials, and fppys (—4.5 X 1074 K') exhibits nega-
tive enhancement characteristics and forms a heterosig-
nature synergistic effect with appys, the photo-optical-
thermal FPI sensitivity of FPI can be significantly improved.
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Both appys and fppys remain nearly constant at room tem-
perature (298-123 K), so their synergistic effect is main-
tained under typical operating conditions. The sensitivity
expression is as follows [34]:
0A oA

k4K
or ~Mor THe

o,

3T (14)

where K (positive value) and K, (negative value) denote the
change factors of FPI; and FPI,, respectively. Under laser
irradiation, PtSe, absorbs heat and releases it. As the tem-
perature increases, the cavity length of the sensing cavity
becomes longer and the cavity length of the reference cavity
becomes shorter with the change, which can achieve an
enhanced Vernier effect and significantly improve the detec-
tion sensitivity. Therefore, the wavelength drift is mainly
affected by the change of the cavity length AL and the
change of the refractive index An, which are expressed as

follows:
_ 4AnAL

A= o1
The above equation shows that increasing the laser
power PtSe, temperature increases rapidly due to the
absorption of light energy. Simultaneous decreases in the
refractive index of the sensing cavity and the cavity length
of the reference cavity induce a blue-shift in the interfer-
ence spectrum. Upon thermal stabilization, the FPI spec-
trum achieves equilibrium, enabling precise quantification
of optical power or wavelength variations.

(15)
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3 Results and discussion

3.1 Spectral enhancement of cascaded F-P
cavity

Figure 4 shows the comparison of the reflection spectra
of a single FPI, a conventional Vernier effect-based FPI,
and a harmonic Vernier effect-based FPIL. Figure 4(a) shows
that compared to single FPI and TVE structures, the HVE-
based cascade structure proposed in this study has lower
transmission loss. Figure 4(b) shows the reflection spec-
trum of a single FPI, which has an FSR of 5.4 nm. Optical
detection of a single FPI is done by tracking the wave-
length shift AA of the reflection spectrum concerning the
optical power or optical wavelength. In Figure 4(c), the
TVE-based reflectance spectrum consists of fine-comb inter-
ference fringes and a slowly varying envelope, where the
blue curve is the upper envelope and the violet curve is
the lower envelope, which has an FSR of 26.3 nm, which
is about 4.9 times that of a single FPI. Figure 4(d) shows
the reflectance spectrogram of the HVE-based FPI with an
FSR of 90.8 nm for the internal envelope, which is about
3.5 times that of TVE and 16.8 times that of a single FPI
From Egs. (6)-(9), the larger the FSR is, the higher the
sensitivity is, so the cascaded FPI based on the harmonic
Vernier effect proposed in this structure has a very high
sensitivity.

(@)os (bg 0 single FPI
-30
235 i =33
% 25 VE FPI %
£ | 576
i D10l
= -40F ——TVEFPI é)-39
o -30) [3)
K 35 42 F
-40
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4S5 A A o g . X ! . .
1425 1450 1475 1500 1525 1550 1512 1515 1518 1521 1524
Wavelength (nm) Wavelength (nm)
(C) (d) HVE FPI
20} —— TVEFPI ok
upper envelope 20 - %ower envelope
—_ lower envelope internal envelope
%‘25 Figure 4: Comparison of reflectance spectra of
5 single FPI, TVE-based FPI, and HVE-based FPL.
5 -3 (a) Enlarged view of the reflection spectrum
cda) of a single FPI, where FSR = 5.4 nm;
[}
-3 (b) enlarged view of the reflection spectrum of
the TVE-based FPIL, where the lower envelope
AF  [EsrR=263mm| . -0 FSR=90.8nm , FSR = 26.3 nm; (c) reflection spectra view of
1490 1500 1510 1520 1530 1540 1550 1425 1450 1475 1500 1525 1550 the HVE-based FPI proposed in this structure,
Wavelength (nm) Wavelength (nm) where the inner envelope FSR = 90.8 nm.
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3.2 Light detection performance

Increasing the laser power causes the temperature of PtSe,
to increase due to the absorption of light energy, leading to a
change in the F-P cavity length, which causes a shift in the
interference spectrum. When the temperature reaches sta-
bility, the interference spectrum of the F-P cavity also tends
to stabilise, which facilitates the quantitative analysis of the
optical wavelength. Benefiting from the broadband optical
absorption of the semi-metallic components, the operating
spectral range of PtSe, covers from the deep ultraviolet
to the mid-infrared wavelengths. Therefore, near-infrared,
mid-infrared, and visible light sources were used to irradi-
ate the device successively in the experiments. When irra-
diating with a 980 nm NIR light source uniformly, the detec-
tion results in Figure 5(a) were obtained by adjusting the
optical power only. The photothermal effect induces elec-
tron excitation from the valence band to conduction band in

Y. Gao et al.: Broadband PtSe, photodetector via photothermal and Vernier effects =7

PtSe, with increasing optical power, elevating carrier con-
centration to reduce electrical resistivity while generating
thermal energy. This heat-driven thermal expansion of the
PDMS sensing cavity alters the Fabry—Pérot interferome-
ter (FPI) cavity length, thereby producing wavelength drift
in the resonant interference peak. The wavelength of the
resonance interference peak has drifted. The drift of the
outer envelope is shown in Figure 5(b). According to the data
sampling at the blue arrow in Figure 5(a), the wavelength
drift variation graph in Figure 5(c) was obtained, and the
final measured response sensitivity was 3.867 nm/mW with
a linear fit of 0.995.

When a fixed wavelength 1,550 nm mid-infrared light
source is used for irradiation and only the optical power
is adjusted, the experimental observations are shown in
Figure 6(a), which reveals that there is a significant drift in
the wavelength. The drift of the lower envelope is shown
in Figure 6(b). The final sensitivity is 134.014 nm/mW, and
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Figure 5: Spectra of the device under irradiation of a 980 nm light source with different powers (optical power of 1.16 mW, 3.58 mW, 5.97 mW,
8.38 mW, and 10.74 mW, respectively). (a) Resonance wavelength drift spectra of the FP harmonic Vernier effect; (b) lower envelope drift spectra
of the resonance wavelength of the FP harmonic Vernier effect; and (c) linear fit plots of the wavelength drift variation.
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Figure 6: Spectra of the device under irradiation of a 1,550 nm light source with different powers (optical power of 0 mW, 0.1 mW, 0.2 mW, 0.3 mW,
0.4 mW, respectively). (a) Resonance wavelength drift spectra of the FP harmonic Vernier effect; (b) lower envelope drift spectra of the resonance
wavelength of the FP harmonic Vernier effect; and (c) linear fit plots of the wavelength drift variation.

the linear fit is 0.968, as shown in Figure 6(c). PtSe,, as
a narrow bandgap two-dimensional material (bandgap of
about 0.25 eV), has an intrinsic absorption peak located in
the mid-infrared 1,200-1,600 nm band. The 0.8 eV energy
0f 1,550 nm photons directly activates interband transitions
in PtSe, through resonant energy matching, promoting hot
carrier multiplication per unit optical power. This quantum-
enhanced process amplifies localized surface plasmon res-
onance (LSPR) effects, ultimately boosting photothermal
conversion efficiency by 62 % compared to off-resonance
conditions [12], [39], [40]. The high absorptivity causes the
1,550 nm light to form a stronger thermal gradient field
at the PtSe,/PDMS interface, leading to a more significant
change in the cavity length. The UV-visible band is mainly
dependent on the defect state absorption of PtSe,, whereas
the mid-infrared band is dominated by the intrinsic inter-
band jump, forming a continuous response across the band

[41], [42], resulting in a higher sensitivity than that of the
980 nm light source at 3.867 nm/mW.

3.3 Response time

Figure 7 illustrates the response time test system architec-
ture based on a wavelength-tunable light source, compris-
ing three components: a signal excitation module, an opti-
cal coupling unit, and a signal acquisition device. The sys-
tem employs a 1,550 nm tunable laser source (TLS, Keysight
81606A) as the primary signal light source, with detection
light sources utilizing 808 nm, 980 nm, and 1,550 nm semi-
conductor lasers. Optical circulators enable transmission of
the signal and detection light paths, where optoelectronic
conversion transforms the optical signals into time-domain
electrical signals for acquisition via an oscilloscope (0SC,
Keysight DS09104A). The signal light is transmitted to the
detection light path through a circulator, and the optical
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During the experiment, the probe light was vertically inci-
dent to excite the PtSe,, and the probe light was modu-
lated by the chopper to achieve a periodic on-off. Finally,
the response time characteristic parameters of the material
were calculated based on the relaxation curve of the signal
light intensity recorded by the oscilloscope.

To ensure the authenticity of the response time extrac-
tion, the interval from 10 % of the peak value after switching
on the detector light to 90 % of the peak value is the rising
edge time, and the interval from 90 % to 10 % of the peak
value is the falling edge time. The rising edge time of the
808 nm detector light of 700 mW is 385.29 ms, as shown in
Figure 8(a). The rising edge time of the 980 nm detector light
of 30 mW is 37.43 ms, as shown in Figure 8(b). The falling
edge time is 1,026.97 ms as shown in Figure 8(b). 30 mW of
980 nm detected light has a rising edge time of 37.43 ms as
shown in Figure 8(c). The falling edge time is 129.17 ms, as
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Figure 8: Photodetector response times to laser pulses of different wavelengths. (a) Rising edge time of 808 nm detected light; (b) falling edge time
of 808 nm detected light; (c) rising edge time of 980 nm detected light; (d) falling edge time of 980 nm detected light; (e) rising edge time of 1,550 nm

detected light; (f) falling edge time of 1,550 nm detected light.



10 = Y.Gao et al.: Broadband PtSe, photodetector via photothermal and Vernier effects DE GRUYTER
Table 1: Comparison of different light detection methods.

Method Detection band Responsitivity Ton To  Ref.
PtSe, photodetector fabricated on SiO, 405-1,550 nm 924 pA/W  8.81ms 141ms  [4]

PtSe, photodetector fabricated on hBN 405-1,550 nm 13.2 mA/W 34.9 ps 26.6 pus  [4]
Si-CMOS-compatible PtSe,-based photodetector 375-1,550 nm 8.06 A/W 14.1 ps 15.4ps  [6]
All-fiber photodetector based on an Ag-decorated ZnO micro-pillar Ultraviolet 1.13 nm/(W-cm=2) 35ns 40ps  [43]
All-fiber optical power sensor based on MWCNTs and U-shaped fiber 405 nm-7.767 pm 0.484 nm/mW 13s 7s [44]
All-fiber photodetector based on PtSe, photothermal effect 808-1,550 nm 134.014 nm/mW  75.74ms  28.66 ms  This work

shown in Figure 8(d). 5 mW of 1,550 nm probe light has a
rising edge time of 75.74 ms, as shown in Figure 8(e). The
falling edge time is 28.66 ms as shown in Figure 8(f). The
above different response times for different wavelengths
and powers of the probe light are due to the different cou-
pling effects of the bandgap structure of platinum selenide
(1.2 eV) with the energy of the incident photons. The 808 nm
(1.53 eV) photons have higher residual energies, which leads
to the carriers dissipating extra energy through phonon
scattering, prolonging the relaxation process. In addition,
the non-equilibrium carrier concentration gradient induced
by the difference in pump power has a significant modu-
lation effect on the thermal effect, and the accumulation
of Joule heat under high power irradiation reduces the
carrier mobility, resulting in a slower response time of the
808 nm probe light under 700 mW conditions. Moreover,
the overall millisecond-level response time is mainly con-
strained by carrier trapping at defect sites and the intrin-
sic thermal relaxation dynamics of the PtSe,/PDMS com-
posite, which slow down the device recovery after exci-
tation. Potential improvements may be achieved by opti-
mizing the PtSe, thickness to reduce trapping centers and
by designing heterostructures to facilitate faster carrier
transport.

Table 1 compares the main performance parameters
of different types of photodetectors, including sensitivity,
detection bandwidth, and response time. The analyzed
results show that photodetectors based on PtSe, as the pho-
tosensitive material exhibit a wider detection bandwidth
and faster response time than photodetectors based on tra-
ditional semiconductor materials. Compared with photode-
tectors, all-fiber detectors have significant advantages in
terms of sensitivity, and PtSe,-based all-fiber detectors have
not been reported yet. In this work, an all-fiber photodetec-
tor based on PtSe, and cascaded F-P cavities is innovatively
constructed to achieve an all-fiber detector with both broad-
spectrum detection and high sensitivity. This novel device
architecture not only breaks through the technical bottle-
neck of the traditional photodetector where bandwidth and
sensitivity are constrained by each other, but also provides

a new solution for the engineering application of ultra-
wideband all-optical detection systems.

4 Conclusions

In summary, a new scheme of an all-fiber photodetector
based on PtSe, and cascaded F-P cavities has been suc-
cessfully designed and implemented in this study, and its
superior performances, such as high sensitivity, broad spec-
tral detection, and fast response, have been verified. The
design successfully extends the spectral response range to
808-1,550 nm through the synergy of the harmonic Vernier
effect and the broad spectral absorption feature of PtSe,,
achieving an ultra-high sensitivity of 134.014 nm/mW with
a fast rising time of 75.74 ms and decay time of 28.66 ms in
the 1,550 nm band. The Vernier effect formed by the dou-
ble resonance peaks can amplify the tiny wavelength shift
by several times, which significantly enhances the optical
interference signal and improves the photoelectric conver-
sion efficiency, providing a new solution for applications
in optical communication, environmental monitoring, and
biosensing. In the future, the PtSe, material can be further
optimised, and the structural parameters of the F-P cavity
can be tuned to improve the tunability and integration of
the detector.
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