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Abstract: Platinum (Pt) is a rare and precious metal element with numerous unique
properties. These properties have led to the widespread use of Pt in electronic components,
thermocouples, and high-temperature devices. In this study, we present the bolometric
effect of single-metal Pt-based negative photoconductivity (NPC) devices under the laser
irradiation of 375 nm, 532 nm, and 808 nm. Under the condition of applying 0.5 V voltage,
the responsivity (R) of the Pt photothermal detector (Pt-PTD) under 375 nm laser irradiation
was 69.14 mA /W, and the specific detectivity (D*) was 5.38 x 107 Jones; the R of the Pt-
PTD under 532 nm laser irradiation was 59.46 mA /W, and the D* was 4.61 x 107 Jones;
the R of the Pt-PTD under 808 nm laser irradiation was 37.88 mA /W, and the D* was
2.95 x 107 Jones. Additionally, a single-site scanning imaging system based on a Pt-PTD
was designed to test the capability of the device. This study provides a strategy for the
development of thermal measurement detectors based on Pt materials.

Keywords: platinum film; bolometric effect; photothermal detector; negative photoconductivity

1. Introduction

A photoelectric device is a device that can convert optical signals into electrical signals;
according to different light response mechanisms, photoelectric devices can be divided into
two categories: PTD and photon detectors [1-6]. The principle of the PTD is to convert
the light radiation energy absorbed by the material into the thermal motion energy of the
lattice [7], triggering different mechanisms, changing the physical properties, and then
measuring and converting it into electrical signals [8,9]. In PTDs based on photothermal
conversion, electrons excited by light return to the ground state through a non-radiative
transition, releasing the absorbed light energy mainly in the form of heat [10]. The spectral
response range of the photon detector is limited by the band gap of the active material [11],
while the PTD can respond to a wider spectrum, especially in the infrared region, where
the photothermal effect is more obvious [10]. Detectors based on the bolometric effect
have a wide range of infrared detection, thermal imaging, and temperature measurement.
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They provide important technical support for industrial, military, and medical applica-
tions [12-14]. Examples include photothermal therapy [15], light energy harvesting in
photocatalysis [16], thermo-optical data storage, and optoelectronic devices [17,18]. Al-
though the photothermal effect of materials and structures has received much attention, it
needs further study in the field of light detection. In addition, the performance parameters
of PTD, such as response time and R, have been questioned due to a lack of sufficient
evidence [11].

Pt is a rare and precious metal with many unique properties such as corrosion resis-
tance, high melting point, high density, and excellent catalytic performance [19]. Pt has
good thermal conductivity, which allows heat to transfer quickly. Pt is therefore widely used
in electronic components, thermocouples, and other high-temperature applications [20].
The research of Pt in the field of detection mainly focuses on the enhancement of the perfor-
mance of the detector by Pt nanoparticles (NPs). Tian and colleagues fabricated a series of
ultraviolet photodetectors with Pt NPs on MgZnO thin films, which improved the dark
current of the device and enhanced the performance of visible-blind photodetectors [21].
Pei et al. reported a metal-semiconductor-metal ultraviolet photodetector based on a ZnO
film /Pt NPs/ZnO film composite structure. By embedding Pt NPs in the ZnO film and
varying the embedding depth of the Pt NPs, they achieved a controllable enhancement
range of the sensitivity of the ZnO ultraviolet photodetector [22]. Zeng et al. reported that
decorating vanadium pentoxide (V,Os) nanobelts with Pt NPs can significantly improve
the performance of Schottky-contacted photodetectors. After Pt NPs modification, the
photocurrent of V,0Os5 nanobelts increased by more than two orders of magnitude, while
the photo-response speed improved by at least three orders of magnitude [23]. However,
there are few reports on detectors based on metal Pt thin films.

In this study, a single-metal Pt-PTD was fabricated to take advantage of the excellent
thermal conductivity of Pt. The NPC performance of Pt-PTD was tested in the range of
ultraviolet to near-infrared light, and the bolometric effect of PT-PTD was observed under
three different laser wavelengths. The R of the devices under 375 nm, 532 nm, and 808 nm
laser irradiation is measured at 69.14 mA /W, 59.46 mA /W, and 37.88 mA /W, respectively,
while their D* is calculated as 5.38 x 107 Jones, 4.61 x 107 Jones, and 2.95 x 107 Jones,
respectively. This study provides valuable insights into the bolometric effects of Pt in the
ultraviolet to near-infrared light range and offers strategies for developing and applying
new Pt-based optoelectronic devices in practical applications.

2. Experimental Section
2.1. Device Preparation

First, clean the sapphire substrate with an ultrasonic cleaner, followed by acetone,
deionized water, and ethanol; clean each for 5 min, and then dry under nitrogen protection.
Put the clean sapphire substrate into the sample room, and ensure that the water, air, and
power supply are normal. Turn on the cooling water and fill the sample room with nitrogen.
After the vacuum is pumped to 1 Pa by mechanical pump, argon gas is put in and the
pressure of argon is adjusted between 5 and 10 Pa. Press the RF source switch and the
filament switch on the RF power supply and preheat for about 5 min. After preheating,
deposit the Pt film on the sapphire surface by RF magnetron sputtering. Finally, 10 nm
chromium and 300 nm gold are grown on Pt thin films by vacuum thermal evaporation to
prepare PTDs.

2.2. Material Characterization and Device Measurement

The surface of Pt films was characterized by field emission scanning electron mi-
croscopy (FE-SEM) (Quanta FEG 250, FEI, Hillsboro, ON, USA). An analysis of Pt thin-film
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materials was performed using X-ray photoelectron spectroscopy (XPS) (ESCALAB 250Xi,
Waltham, MA, USA) and energy dispersive X-ray spectroscopy (EDS) (Ultim Max, Abing-
don, UK).

Two Au electrodes are connected to the two output ports of the Keithley 2400 as a
source and drained to detect the channel current of the device under the application of
an applied drain-source voltage. The photoelectric tests were performed under 375 nm,
532 nm, and 808 nm illumination.

3. Discussion and Results

Figure 1a shows the schematic diagram of the Pt-PTD, which utilizes sapphire as the
substrate with a Pt thin film deposited on the sapphire surface and Au electrodes at both
ends. The cross-section morphology of Pt-PTD under a 500 nm scanning scale is depicted
in Figure 1b, revealing a thickness of approximately 78 nm for the Pt film and 1 mm for the
sapphire. The XPS of the Pt film (the inset is the SEM image of the Pt surface) is presented
in Figure 1c, and it can be seen from the inset that the Pt film is uniformly distributed over
the surface of the substrate, where peaks at 72.6 eV and 75.98 eV correspond to the Pt 4{7/2
and Pt 4£5/2 orbitals, respectively. As shown in Figure 1d, the EDS analysis of the thin film
confirms that the thin-film material on the substrate is Pt.
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Figure 1. (a) Structure diagram of the Pt-PTD device. (b) SEM images of the cross-section morphology
of Pt-PTD. (c) XPS characterization of Pt (illustration: surface SEM image). (d) EDS spectrum of the
Pt sample.
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The I-V curves of Pt-TPD at 375 nm, 532 nm, and 808 nm are depicted in Figure 2a—c.
The channel current (Ips) is modulated by the voltage (Vps) and optical power, and the
device operates as a PTD. It can be observed from the graphs that the Ipg of Pt devices
increases linearly with voltage at three different wavelengths. Additionally, as the laser
power density increases, the Ipg exhibits a decreasing trend, known as negative response.
A quantitative evaluation of the device performance was conducted, and the R and D* of
the device were calculated separately to analyze the performance of Pt-PTD. R is defined
as the ratio of the current or the voltage of a PD to the incident light power [24]. It can be
calculated using Equation (1).

Al Ly —1
R = [BIps| _ [l — Liark] )

P E, xS

where [;j; is the currents of the Pt-PTD under illumination; I, is the currents of the Pt-PTD
in the dark; E, is the light irradiance of the light source; S is the effective area of the channel,
which is the product of the width and length of the device channel (the width of the device
channel is 2.5 mm and the length is 50 um). The D* is the ratio of the generation rate to the
recombination rate of carriers which reflects the ability of the device to detect weak light
signals [25], and can be expressed as follows:

WL

Dx =R
zeldark

(2)

where W represents instrument channel width and L represents instrument channel length.
We have obtained the R and D* of the Pt-PTD under the irradiation of 375 nm, 532 nm,
and 808 nm lasers (the voltage of the device is 0.5 V), as shown in Figure 2d—f. The R
and D* of the Pt-PTD decreased with the increase in the irradiation density. The deteri-
oration of the response time of Pt-PTD under high-power laser irradiation is related to
various factors such as thermal accumulation, thermal stress, and changes in material
properties. When irradiated with a 375 nm laser, the device has an R of 69.14 mA /W and
a D* of 5.38 x 107 Jones. With a 532 nm laser, the device’s R is 59.46 mA /W and the D*
is 4.61 x 107 Jones. Under the influence of an 808 nm laser, the device exhibits an R of
37.88 mA/W and a D* of 2.95 x 107 Jones. From comparing the three data sets, it is evident
that the R and D* of the Pt-PTD under 375 nm laser irradiation are higher than those under
532 nm and 808 nm laser irradiation. This suggests that the NPC response of the device is
more pronounced in the 375 nm band compared to the 532 nm and 808 nm bands.

The transient response time, as an important device parameter, reflects the ability of the
PTD to rapidly track the change in optical signals. The fast time response is very important
for high-speed optical communication and fast photo-switch applications. Figure 3a—c
show the variation in the Ipg flowing through the Pt-PTD over time under 375 nm, 532 nm,
and 808 nm lasers. We characterize the response time of Pt-PTD to lasers of different
wavelengths using periodic optical switching devices. Upon observation, the Pt-PTD
was found to have good periodicity and persistence. The graph shows that the current
gradually decreases as the optical path is switched on and gradually increases as the optical
path is switched off. When no laser is applied, the optical response range of the device
remains largely unchanged. The Ipg gradually decreases as the laser power increases,
which confirms the presence of an NPC response in all three bands. Figure 3d—f shows the
response time of a single optical switch in the Pt-PTD when exposed to 375 nm, 532 nm,
and 808 nm laser radiation, respectively. The rise time (1) is defined as the time taken for
the current to rise from 10% to 90% of the maximum current. The fall time (t¢) is defined as
the time taken for the current to decay from 90% to 10% of the maximum current [26]. The



Photon

ics 2025,12, 6

50f9

I,(mA)

Responsivity (A/W

rise and fall times of the Pt-PTD under 375 nm, 532 nm, and 808 nm laser irradiation are
calculated to be 0.3/0.32s,0.34/0.31 s, and 0.32/0.26 s, respectively.

8 (b)6 (C)S
Dark Dark Dark
6 b ——473mwrenm ———236mW/em® 6 b——330mw/em:
—— 847mW/cm? 4 f——364mW/em* ———455mW/cm*
4 | ———1078mW/cm*® ————488mW/cm?* 4 | = 565mW/cm?
= 1308mW/cm?* ———608mW/cm* = T1TmW/em?*
o [ ——1580mWrem: —~ 2 ——74amWiem* 2 5 [ 827mWren:
———1784mW/cm* <
= £ =
OF < OFf ~;, OF
~Z| & 2
2F = — L, § 8
= 7/ 21
41 = 4+
= 4t
6F -6 F
o s o Too
Y - i i R Y - i . 3 i i i L Va®
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 -1.0 -0.5 0.0 0.5 1.0
Vps(V) Vps(V) Vs(V)
(e) (Doos
6x10 5x10 ® ROriginal {3 )07
0.08 : :.(’(;lﬁl':::d 0.08 | : II;;O(r)uilr:aI‘I s = D*-Original |~ _
5 -Origin o
007l ReFiuing 453107 2~ 0.07f ReFitting | | 4x10 = 2o} s-ﬁ;:r';ﬁg {2sx107 8
—D*-Fitting 2 B —— D*-Fitting 9 2 r g
0.06 I PRRICIED ) e S =
<~ Toost w0 S 2ol 12001077
L& & > £ g
0.04 e £ 2" w0 g Z {15x107&
I § g 003} T gom §
0.03F E S0l 1x10 % ] 1 1.0x10 é
ol ix107 3 a
0.02 1x10 & ool 0 001 . | -
[T T 0.00 F i " i i
300 350 400 450 500 S50 600 650 700 750 : L R : . 400 500 300 000 1200 1200
Incident Power Density (mW/em”) 300 400 500 600 700 800

Incident Power Density (mW/cm?)

Incident Power Density (mW/cm?)

Figure 2. I-V curves of Pt-PTD under laser irradiation of (a) 375 nm, (b) 532 nm, and (c) 808 nm with
different optical power densities. (d) Under 375 nm, (e) 532 nm, and (f) 808 nm laser irradiation, the
R and D* of the device are obtained.
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Figure 3. I-t curves of Pt-PTD under different optical power densities of (a) 375 nm, (b) 532 nm, and
(c) 808 nm laser irradiation. (d) Rise (fall) time of the Pt-PTD in one cycle under laser irradiation at
375 nm. (e) Rise (fall) time of the Pt-PTD in one cycle under laser irradiation at 532 nm. (f) Rise (fall)
time of the Pt-PTD in one cycle under laser irradiation at 808 nm.
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The NPC effect observed in devices is attributed to bolometric effects. When a bias
voltage is applied, the temperature of the Pt film increases significantly due to the Joule
heating effect. In addition, when light is irradiated onto the film, the photothermal effect
further increases the temperature of the film. An increase in resistance results in a neg-
ative current due to the positive temperature coefficient of the resistance of Pt [27]. The
slow response time of Pt is caused by the injection of heat carriers due to the bolometric
effects [28]. The light response of Pt decreases continuously as the wavelength increases.
This phenomenon is due to the fact that short-wavelength light has a higher frequency
and energy, which is easier to excite atoms and molecules inside the substance, resulting
in a more significant thermal effect leading to a weaker radiation effect [2,8,29,30]. The
bolometric effect is usually associated with changes in conductivity caused by photother-
mal effects. The change in conductivity may be due to variations in the number of charge
carriers that generate current as the temperature rises under the incident light. Due to the
bolometric effect, the device has a broad response from visible light to infrared at room
temperature [31].

As shown in Table 1, the performance of PTD was compared. The Pt-based PTD we
prepared has higher R, D¥, and slightly lower response speed. This is due to pollution,
oxidation, or insufficient activation during the preparation process of Pt thin films, as well
as the instability of the testing environment. If we comprehensively consider and optimize
multiple aspects such as material selection, preparation process, usage environment, and
signal strength, we believe we can obtain Pt-based PTDs with better performance. In
addition, the performance of the device can be improved by preparing dielectric layers and
constructing heterostructures.

Table 1. Performance comparison.

Response Time

Materials R (mA/W) D* (Jones) Ref
(ms)
Pt microwire 0.3 / 0.05 [11]
SnTe thin films 39 1.3 x 1010 78/84 [32]
Graphene 5 / / [33]
Black phosphorus 0.35 / 0.04 [34]
Pt thin films 69.14 5.38 x 107 320/260 This work

To examine the optoelectronic imaging performance of the device, we developed a
single-site scanning imaging system using a Pt-PTD. The schematic diagram of the imaging
system is illustrated in Figure 4a. The system consists of a 375 nm laser, a 2D scanning
platform, an image mask, and a Pt-PTD. The incident laser is projected onto a predefined
image mask, such as the five-letter sequence “T ] T P I”, the abbreviation of Tianjin Jinhang
Technical Physics Institute. By moving the mask plate, the laser beam scans different areas of
the mask plate. As the mask plate shifts, the photocurrent signal from the device fluctuates,
and the photocurrent at each position is recorded. An appropriate algorithm is then applied
to process and compute the changing optical signals for generating photocurrent mapping
images. We successfully captured the imaging results of the five-letter pattern “T J T P1” at
375 nm, depicted in Figure 4b. It can be inferred that similar outcomes can be achieved in
the 532 nm and 808 nm bands. The imaging results indicate the visible spectral imaging
potential of Pt-PTD.
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(a)

Image mask

Pt device

Figure 4. (a) Schematic diagram of the principle of a single-point detection imaging instrument.
(b) Single-point imaging images of device components at 375 nm.

4. Summary

In conclusion, the bolometric effects of Pt-PTD are systematically investigated. The
presence of bolometric effects was observed in experiments with three different wavelength
light irradiations. Under the laser irradiation of the same wavelength, the NPC effect
of the Pt-PTD increases with laser intensity. Under the irradiation of the 375 nm laser,
the R of the device is 69.14 mA /W and the D* is 5.38 x 107 Jones. Under the irradiation
of the 532 nm laser, the R of the device is 59.46 mA/W and the D* is 4.61 x 107 Jones.
Under the irradiation of the 808 nm laser, the R of the device is 37.88 mA /W and the D* is
2.95 x 107 Jones. To investigate the optoelectronic imaging performance of the Pt-PTD, we
constructed a single-point scanning imaging system. Pt-PTD exhibits excellent radiative
thermal effects in the ultraviolet to near-infrared light. This study provides insights into
the application of metal-based bolometric effects in industrial manufacturing, aerospace,
laser processing, and other fields.
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