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Abstract: Short-wave infrared (SWIR) light, 0.9-2.5 um All-

wavelengths, has widespread applications, including s

inspection processes, nighttime imaging, and machine 2’ 1=

vision. As such, there is increasing demand for %

practical and effective SWIR detectors. Many current £ '
&
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SWIR photodetectors are based on high-cost materials
and require cryogenic cooling. Perovskite materials,
including CsPbl;, have been effectively used as 10
photodetectors in the UV to near IR ranges, but their

large bandgaps limit their use for lower energy SWIR

light. In this report we introduce an all-inorganic perovskite photodetector based on CsPbl; with heterojunction
engineering for efficient and practical detection in the SWIR range at room temperature. The devices undergo a
simple, solution-based fabrication process which includes spin-coating under ambient conditions and moderate
annealing temperatures. Without additional cooling, the SWIR devices produce excellent results at room
temperature with responsivity of 1.65 x 10> A W! and a specific detectivity of 8.0 x 10'° Jones under 0.28 mW
cm 2 of 1310 nm light and bias of =5 V. This material shows not only high response but also high sensitivity,
making it stand out in the field of SWIR photodetection with the additional benefits of low-cost production and
room temperature operation.
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1. Introduction

Short-wave infrared (SWIR) light, 0.9-2.5 um wavelengths, has become important in many applications,
such as remote sensing, communications, spectroscopy, security, and hyperspectral imaging processes [1-5]. In
the communications sector, utilization of SWIR wavelengths enables free-space optical communication systems
and optical wireless communications where radio frequencies are congested [6]. SWIR imaging is able to penetrate
harsh weather conditions like fog better than visible light, providing usefulness in automotive applications [1,7].
Furthermore, SWIR sensors can reliably distinguish between components in the recycling process of lithium-ion
batteries, increasing recycling efficiency and decreasing waste [8]. Sensors for this wavelength range have also
been applied in very-high resolution satellite imaging, making possible large-scale vegetation mapping for
conservation and forest management [9]. Additionally, machine vision in the SWIR is important in military
applications for the identification of camouflaged materials and even the detection of landmines and chemical
warfare agents [2,10]. As such, practical, affordable, and sensitive SWIR photodetectors are needed.

Current state-of-the art SWIR photodetectors are made from mixed-alloy semiconductors such InGaAs, due
to their favorable sensitivities in the range of 10° A W' at 1550 nm with specific detectivity on the order of 10'2
Jones [1,11-13]. However, such materials are economically and energetically expensive, often operating under

Copyright: © 2025 by the authors. This is an open access article under the terms and conditions of the Creative Commons
Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).
BY

Publisher’s Note: Scilight stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.




Mater. Interfaces 2025, 2(3), 302312 https://doi.org/10.53941/mi.2025.100023

cryogenic conditions to achieve optimum results, warranting the search for new SWIR detection materials [5]. An
emerging candidate for SWIR applications is colloidal quantum dot detectors, due to their tunable spectral
properties, solution-processability, silicon-compatible fabrication, and low cost [10,13—15]. Lead-based quantum
dots (PbS and PbSe QDs) are one of the most promising materials, having solution-processibility, being low-cost
to produce, and possessing tunable bandgaps within the infrared [16]. In 2021, Kwon, et al. fabricated a solution-
processed SWIR detector based on PbS QDs using conductive polymer [17]. The material had an absorption
maximum at 1410 nm and achieved an ultra-high responsivity of 6 kA W' [15]. Chen et al. used a layer-by-layer
spray technique to form a well-rounded PbS QD photodetector with a responsivity over 360 A W' under 1250
nm light, also yielding a detectivity on the scale of 10'? Jones [18]. Yet, these materials have quantum efficiency
and charge transport that are low compared to epitaxial InGaAs, HgCdTe, or InSb detectors [14,15,19]. On the
other hand, graphene-based technologies possess many attractive qualities as SWIR detectors [10,13—15]. Due its
near-zero bandgap, graphene exhibits broadband absorption into the far infrared with fast response and high carrier
mobility [1,20-22] However, graphene has very low light absorption of about 2.3% which limits its responsivity
to the mA W' scale [1,13,20]. Recently, another promising candidate has emerged in the field of SWIR detection:
perovskites materials [23—-26]. Known for having good optoelectronic properties and simple synthesis, these
materials are finding expanded applications in photodetection [23,27-30].

Perovskites are designer materials which have received enormous attention in recent years in fields spanning
from catalysis to solar cells with unprecedented performance [23,31,32]. These materials take the general form
ABX;3, where A is a cation such as methylammonium, B is a transition metal such as lead, and X is a halogen
anion; all together it possess the same type of crystal structure as CaTiO; [23]. Perovskite photodetectors (PPDs)
exhibit notable characteristics including a tunable bandgap, high carrier mobility, and solution-based coating
processes which make them appealing for commercialization [28,33]. Organic-inorganic PDDs, notably
methylammonium lead triiodide (MAPbIs) PDDs have repeatedly shown useful response in the UV to near-IR
(about 300-800 nm) regions but with highly variable responsivity, specific detectivity, and external quantum
efficiency (EQE) [28,34,35]. However, the wide bandgap of these perovskite materials limits their performance in
longer wavelengths, such as SWIR [28,36]. Additionally, organic-inorganic hybrid PPDs suffer from instability in
oxygen and moisture, making broader application difficult [28]. Recent research from our group introduced a
hydrazinium-doped methylammonium lead iodide perovskite, [(MAI)_«(HAI)x]o[Pbl:], a mixed halide perovskite
as a powerful SWIR-absorbing material, whose peak absorption was tunable based on the proportion of MAI to
HAI [26]. The PPD made using this material demonstrated a broad detection range, responsivity of over 10> A
W1 at 1310 nm, good specific detectivity and high external quantum efficiency: all at ambient temperature and
pressure. While this novel material showed superior stability over pure MAPbI;, its relative photocurrent decreased
to about 20% of its original value after 8 months [26].

Research into the application of more stable all-inorganic perovskites as photodetectors is an active field.
All-inorganic lead halide perovskites offer superior stability by replacing the MA group with Cs [37]. Cs-based
inorganic PDDs have shown high temperature tolerance, even maintaining 70% visible photodetection ability
under 373 K heat after 9 h, showing promise for real-world use. However, this photodetector was essentially blind
to wavelengths greater than 430 nm [38]. In 2021, Pintor Monroy et al. published an all-inorganic, all-evaporated
CsPbl; photodetector with NiO and TiO, for broad-band use within the visible range. They formed a fast-
responding mixed-phase CsPbl; to obtain a desirable bandgap of 1.7 eV with responsivity of 0.4 A W™, detectivity
of over 10" Jones, and EQE greater than 70% [39]. CsPbBr;, having a bandgap of 2.3 eV, is another popular
inorganic perovskite for photodetection. For example, Liu et al. fabricated a self-powered, evaporated CsPbBr;
PPD without charge transport layers with the simple configuration ITO/CsPbBris/Ag [40]. The stability of this
device was outstanding, along with responsivity 0.05 A W' and specific detectivity near10'° Jones for visible
detection. Nevertheless, modifications to the perovskite must be made to decrease the bandgap and expand their
usefulness to the SWIR regime.

To overcome the shortcomings of an all-inorganic CsPbls PPD, we present here a unique preparation process
by introducing hydrazinium iodide ((NH,NH;" I"], HAI) stabilized by hydriodic acid (HI) for photodetection in
the SWIR range based on the heterojunction approach of our recent organic-inorganic PPD []. With its facile
synthesis and ambient-condition coating process, we developed an effective SWIR photodetector. The device
achieved remarkably high responsivity and external quantum efficiency measured at room temperature.
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2. Experimental Methods

2.1. Preparation of SWIR Materials

For the SWIR material, Pbl, (Sigma Aldrich, St. Louis, MO, USA, 99.995%), CsI (Alfa Aesar, Ward Hill,
MA, USA, 99.9%), HAI (synthesized in-house) [26], DMF (Sigma Aldrich, St. Louis, MO, USA, anhydrous
99.8%), DMSO (Sigma Alrich, St. Louis, MO, USA, anhydrous >99.9%), GBL (Aldrich, St. Louis, MO, USA,
>99%), and HI (Alfa Aesar, Ward Hill, MA, USA, 57% w/w aqueous solution stabilized with 1.5%
hypophosphorus acid) were used. The solution was prepared in a 2:1 of CsI/HAI and Pbl, ratio using CsI/HAI
with 15% HAI, and Pbl,. The solvent used was a mixture of DMF, DMSO, and GBL. The solution was heated
while stirring for 60—120 min producing a bright yellow solution. HI was added to the vial 3—10 min before coating
and returned to heat. As a result, the sample solution color deepened to a rust red. After heating the substrates to
180-200 °C, 150 uL of the rust red CsPbl; sample solution was deposited and spin coated for 30—60 s.

2.2. Fabrication of SWIR Devices

50 um FTO-striped glass substrates were cleaned using Piranha solution (3:1 of H,SO4 and H,0,) before
rinsing thoroughly and being stored in ethanol. Substrates were dried under an air stream and cleaned in an Ossila
UV-ozone cleaner. Meanwhile, PEDOT:PSS (Heraeus) solution was sonicated for at least 30 min. 150 pL of
PEDOT:PSS was deposited onto the substrate and spin-coated for 20—45 s. The substrates were then annealed at
145 °C under vacuum, then cooled to room temperature. After heating the substrates to 180-200 °C, the rust red
CsPbl; sample solution was deposited on the PEDOT-coated device and spin coated for 30—60 s which resulted in
a black coating. The device was then annealed at 100—130 °C for 20—50 min under vacuum which cooled to a pale-
yellow color. This process is depicted in Figure S1.

2.3. Testing of SWIR Devices Performance

The fabricated devices were prepared for testing by scraping off excess sample from the surface, leaving a
stripe of perovskite over all active cells of the substrate. The testing was performed under ambient conditions in
the dark inside a dehumidified shielding box to decrease environmental effects or disturbances. The light source
was a 1310 nm laser (LPSC-1310-FC, Thorlabs, Newton, NJ, USA) witha 7.1 X 10~2 c¢m? spot size and a Keithley
2401 source meter provided bias to the system and recorded current outputs. The laser output power was measured
at 40.0 mW and regulated by an ND filter to desired levels. The light intensity was measured with a Newport 1916-
R Optical Power Meter (Newport, Irvine, CA, USA).

2.4. Characterization of SWIR Materials and Devices

Mott Schottky measurements were performed using a Gamry Instruments potentiostat from —1 Vto 1 V with
an AC voltage of 10 mV and frequency of 100 Hz. Electrochemical impedance spectroscopy (EIS) was performed
from 10 kHz to 2 Hz using an AC voltage of 10 mV. Transient absorption (TA) spectroscopy was performed
following the procedure of Han et al. (2020) [41]. Fluorescence lifetime measurements were performing using a
515 nm light source by doubling a fundamental light from a Carbide laser (Light Conversion, Vilnius, Lithuania)
and detected by a time-correlated single photon counter (PicoQuant Gmbh, Berlin, Germany).

3. Results & Discussion

We begin our analysis of the all-inorganic CsPbl; material by determining its light absorption properties.
Figure 1A shows absorption spectra of the material coated at a substrate temperature of 185 °C with varied amounts
of HAI included, further explanation for calculating the percentage of HAI is in the SI. Depending on the
composition, each spectrum shows a broad SWIR peak 1200-2500 nm, in addition to a peak at ca. 800 nm due to
the classical perovskite semiconducting material. As the HAI content increases, the SWIR peak is blue-shifted.
Additionally, scanning electron microscopy (SEM) images were also taken to analyze the surface morphology of
the PPDs. The SEM image in Figure 1B shows the surface of the perovskite film at 1000x magnification,
demonstrating that the film was compact. In general, the images were found to be relatively homogenous
but with very small holes. It also shows some self-assembled tree-branch like structures. Careful
inspection of the SEM image shows topographical changes in the sample, with most of the material
being spread out in florets with thicker structures being more disperse. Further optimization of the
coating process may resolve the small holes and structural heterogeneity and potentially improve device
performance. Figure S2 shows the XRD spectrum of our prepared CsPbl; material with HI. In comparison, Haque
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et al. demonstrates that even with varied amounts of HI, the a-CsPbl; diffraction peaks which result from the 100,
110, 200, 211 and 220 Miller indices occur at approximate 20 values of 14, 21, 28, 36 and 42, respectively. As our
sample solution contains 40 pL of HI per mL of solution, it was expected that its XRD spectrum should be similar
to the literature. Our spectrum contains some corresponding peaks near 21, 28, and 36, yet lacks other characteristic
peaks and contains many additional peaks, making the spectrum difficult to decipher. Our XRD results are more
similar—but not a perfect match— to that of 5-CsPbl; shown by Montecucco et al., with many more peaks visible
including those caused by FTO. This may indicate that our compound has characteristics of both & and non-6
CsPbls, and that the inclusion of HAI greatly affects crystal formation in the sample and warrants further
investigation [3,37,42—45]. Counterintuitively, our PPD utilizes the 6 phase of CsPbls for detection of longer
wavelengths than the aforementioned visible detectors, without the need for strict environmental controls. This
generally undesirable form’s bandgap is considered too large for visible detectors but has been reduced to
accommodate SWIR wavelengths with the inclusion of HAI
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Figure 1. (A) Absorption spectra of CsPbls material with different percentages of HAI. (B) SEM image of the
perovskite surface; (C) Schematic of CsPbls photodetector on FTO glass; (D) Energy level diagram of the
perovskite photodetector.

After establishing the absorptive properties of the CsPbls; material, we turned to a simple device fabrication
strategy. The as-prepared all-inorganic perovskite photodetectors consist of FTO-striped glass coated with
5 x 10™* cm? layers of PEDOT:PSS and CsPbl; in the center, with FTO on either side of this stripe as shown in
Figure 1C. The resulting matchup of electronic band structures using pure CsPbl; as the perovskite is shown in
Figure 1D. CsPbl; has a valence band (VB) at —5.8 eV and a conduction band (CB) at —4.1 eV resulting in a
bandgap of 1.7 eV [5]. Additionally, the PEDOT:PSS HTL has a bandgap of 1.7 eV as well, with the work function
of commercial FTO at —4.6 eV [46,47]. The absorption spectrum of our PPD is shown in Figure S3. A local
absorption peak occurs at 725 nm, corresponding to the bandgap energy of CsPbls. Interestingly, the absorption
maximum for the fabricated CsPbl; device occurs at 1132 nm (1.095 eV), suggesting that notable heterojunction
or intraband absorption are occurring in our HAI-doped material [15,35].

Several metrics are used to analyze the performance of photodetector devices. The first is the responsivity, R
(A W), which represents the ability of a photodetector to convert incoming light into useful electrical signals.
Responsivity is the ratio of output current to incident light power on the active area:
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_Ip—la
R=+—= (1)

where I, is the photocurrent (A), I, is the dark current (A), 4 is the cell area (cm?), and P is the incident light
fluence (W cm 2). Additionally, the calculations for the incident light fluence are also found in the Supplementary
Materials. As shown in Figure 2A, we measured the responsivity of the PPD using a 1310 nm laser with incident
fluence values from 0.28 to 567 mW cm 2. We observed an impressive responsivity of 1.65 x 103 A W ! under
0.283 mW cm™? fluence at a bias of —5 V, indicating exceptional detection even at low levels of illumination.
Under the same intensity at a bias of —1 V, the responsivity still reached a value of 1.01 x 10> A W', Overall,
low fluence achieved the highest responsivities and higher fluence maintained similar response curves at lower
magnitudes. We can also look at the responsivity of our device as a function of incident fluence at different applied
potentials, as shown in Figure 2B. At negative potentials, the responsivity of the all-inorganic PPD decreases
quickly with increased fluence and is greater for larger magnitude applied negative bias. The net photocurrent,
1,—1,; remains approximately constant, such that increases in responsivity are a function of the fluence. Assuming
the resistance of our material is constant, Ohm’s law explains the linearity of Figure 2B.
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Figure 2. (A) Representative photoresponsivity curves at various power levels of 1310 nm illumination. (B)
Responsivity at biases from —1 V to =5 V as a function of incident fluence. (C) Photocurrent through the device
with 1310 nm light on and off under a bias of 3 V. (D) Photocurrent as a function of incident fluence.

Another important metric for photodetectors is their external quantum efficiency (EQE), which quantifies the
number of free charge carriers generated from the photosensitive material per incident photon:

Rxhc
EQE = 1 (2)
Here, / is Planck’s constant (6.626 X 1073% Js), c is the speed of light (3 X 108 m s7"), and e is the charge

of a single electron (1.602 x 1071° C). Using R = 1.65 x10° A W' achieved under 0.283 mW/cm? and —5 V bias,
the EQE is found to be 1.48 x 10°. Even at —1 V, the EQE is 90.7.
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Next, we investigated the generated photocurrent over time at different incident intensities, as shown in
Figure 2C. An increase in photocurrent is observed when the sample is irradiated with 1310 nm laser light and
quickly decreases to baseline when the light is blocked. It is also apparent that the photocurrent increases with
incident fluence, and the detector’s response is reproducible for multiple cycles. These experiments produced a
net photocurrent (/,—,) up to 8.8 uA at an incident fluence of 567 mW c¢m™2. Furthermore, we observed a linear
relationship between maximum photocurrent and applied fluence, as shown in Figure 2D. This is important when
implementing the photodetector to easily scale the response with incident light intensity. The theoretical
photoconductive gain, G, is a key parameter for evaluating the efficacy of a photodetector, representing the ratio
of photogenerated charge carriers to absorbed incident photons in the material:

_ Iphv
T epA

3)

Here, v is the frequency of the incident photon (Hz). Under a bias of —5.0 V and intensity of 0.283 mW cm 2,
the gain was found to be 1.43 x 103. Even under only —1.0 V bias, the gain is 87.08, as shown in Table S1.

Specific detectivity, D* (Jones), is a measure of sensitivity which quantifies the ability of the photodetector
to discern weak light signals from noise, and can be computed as

D* = _VAfR - _VAAf (4)
in NEP

In this equation, Af'is the bandwidth (Hz), i, is rms noise, 4 is the active area of detectors, and NEP denotes
the noise equivalent power, or the amount of input signal required for the signal-to-noise ratio to be one [48].
Using the measurements shown in Figure S4, the specific detectivity of our device was found to be on the order
of 8.0 x 10'" Jones under a bias from —1.0 V to —5.0 V. Specific detectivity at other biases can be found in Table
S2. With these baseline metrics of the all-inorganic PPD outlined, we can perform further analyses to better
understand its mechanism for excellent performance.

First, Mott-Schottky measurements were used to characterize the SWIR materials. In such an analysis, the
inverse of the square of the material’s measured capacitance is plotted as a function of applied bias potential. A
positive slope is characteristic of an n-type material while a negative slope indicates a p-type material [49]. Figure
3 A shows an inverted “V” shape, where a positive slope occurs from —1.0 to 0 V and a negative slope occurs from
0 to 1 V. This indicates that a p-n junction was formed within the perovskite material due to the HAI doping
process, since CsPbl; is an inherent p-type semiconductor. Next, fluorescence lifetime measurements were used
to investigate the lifetime of photoinduced carriers to better understand the nature of the SWIR materials. The free
carrier decay can be seen in Figure 3B, after a sharp increase in free carriers is caused by a 515 nm excitation
pulse. A double exponential curve fitting was performed, yielding both fast (t;) and slow (t2) decay constants to
be 10.7 £ 0.1 ns and 68.2 = 0.7 ns, respectively, with an average (Tavg) 0f 39.5 + 0.4 ns [50]. While there is variation
in the carrier lifetime of CsPbls, these are comparable to other studies finding values between 33 and 50 ns [51—
53]. These results suggest that the formed doped structures still have similar carrier lifetimes to CsPbls, allowing
ample time for carrier extraction.

Last, to better understand how charge carriers flow in the heterojunction structure, transient absorption (TA)
measurements were also conducted on the all-inorganic PPD. Figure 3C shows several representative TA spectra
at delay times of —1, 0, 1, 10 and 100 ps between the 515 nm pump and the white light probe. A full 2D plot of
this data including longer delay times is shown in Figure S5. The negative feature denotes photoinduced absorption
(PIA) and is most clearly seen from 800 to 1000 nm with a shoulder at 1070 mm which decreases significantly
with increasing delay as the excited state population declines. The time trace of the PIA at 1070 nm was extracted
and fitted using a double exponential function, as shown in Figure 3D. The fitting yielded two fast decay time
constants of 4.0 = 0.3 ps and 25.9 + 0.9 ps at 1070 nm, which may be due to forward and reverse charge transfer
processes, respectively. These fast processes describe the processes by which the photogenerated carriers transfer
between the doped and undoped perovskite.

As shown in Table 1, our heterojunction-engineered material produces SWIR responsivities far greater than
other modern materials such as other perovskites [26], traditional semiconductors [54], hybrid materials [7,55],
and quantum-confined systems [56] which operate at or below room temperature. Interestingly, a graphene/black
phosphorus detector [57] has achieved responsivity on the same order as ours but requires meticulous fabrication
where our PPD has the advantage of solution processibility and simple spin-coating fabrication.
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Figure 3. (A) Mott-Schottky plot of the fabricated all-inorganic perovskite photodetector; (B) Fluorescence lifetime
measurements; (C) Transient absorption spectra of the PPD device at representative time delays; (D) Time traces
of the TA response at 1070 nm.

Table 1. Comparison of representative SWIR detector performance based on material and operating parameters.

Light Source Responsivity  Temperature

Material (nm) Bias (V) (A/W) (K) Reference

CsPbl;/HAI 1310 -5 1650 Room temp. This work
[(MAI)0_835(HAI)0'165]n[Pb12]1 1310 -5 157 Room temp. [4 1]
InAs/GaAs QDs 2000 -3 60.34 13 [58]
Graphene/InGaAs 1550 04 7.6 Room temp. [57]
InAs/InAs; «Sby/AlAs; Sby 1600 0 0.47 300 [7]
Graphene/black phosphorous 1550 1 3300 Room temp [59]
Monolithic InSb 1550 1 0.50 77 [56]

By doping all-inorganic CsPbls perovskite with HAI, we have extended the useful range of such
photodetectors into the SWIR region through engineering a p-n heterojunction between the doped and undoped
materials. With the introduction of this heterojunction, the effective bandgap of CsPbls is lowered to less than 1.0
eV, which allows for response to light in the SWIR region, where perovskites have historically been blind. Our
PPD achieved moderate specific detectivity, very high gain and EQE, and an excellent responsivity of 1.65 x 103
A W at 1310 nm. A key feature of these PPDs is their ability to convert weak SWIR light to large amounts of
current in ambient conditions without the need for cryogenic cooling systems. This makes our PPD especially
appealing for integration into electronic systems, including low-light contexts like night vision and weather-
impaired imaging, while decreasing cost and complexity.

While our CsPblz-HAI perovskite material shows potential in SWIR detection, improvements to the proof-
of-concept device need to be made. One difficulty is that the absorption spectrum of the PPD was very affected by
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small changes in fabrication conditions. Additionally, our experiments were implemented under ambient
conditions, which resulted in poor stability, as shown in Figure S6 where the device’s performance decreased over
80% in 6 days. This is most likely due to moisture and is typical for CsPbl; and other perovskites [37,52,58—60].
However, this can likely be remedied by mounting the device in a dedicated housing to ensure dry and nonreactive
conditions during preparation and use as shown in the literature [61,62]. Lastly, being a Pb-containing material
poses human and environmental health concerns. Proper handling and disposal must be considered if
commercialization is to occur.

4. Conclusions

In summary, we produced all-inorganic SWIR materials using HAI as an additive to CsPbl; perovskite to
engineer a p-n heterojunction within the material. We further developed simple and highly effective SWIR
detectors based on the HAI-doped CsPbl; on a polymer HTL. We achieved a responsivity as high as 1.65 x 103
A W under 1310 nm light and —5 V bias at room temperature under fluence of 0.28 mW cm 2. The detector also
displayed an ultra-high EQE of 1.48 X 10° and gain of 1.42 X 10° under —5 V, exemplifying its strong ability to
convert incoming photons to charge carriers supplied to the external circuit, which is essential for real-world
application. Additionally, a specific detectivity of 8.0 X 10'° Jones was found, demonstrating the sensitivity of
this material. Our mechanistic studies show that a p-n junction was formed within the perovskite material between
the doped and undoped phases. Fluorescence measurements characterized the carrier lifetimes in the material and
TA revealed ultrafast charge transfer across the heterojunction. The performance of this material shows the
potential for a new era of all-inorganic SWIR photodetectors which do not require extreme temperatures and conditions
to achieve high performance, leading to important technological improvements without prohibitive costs.

Supplementary Materials: The following supporting information can be downloaded at: https://media.sciltp.com/articles/others/250
7301050279228/07-18-2025-all-inorganic-SI_Yi.pdf, Figure S1: Schematic of CsPbI3 device coating process. The main steps are
preparation for PEDOT coating, PEDOT coating process, preparation for sample, and the sample coating process; Figure S2: XRD
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various bias if we assume 1 + 472 f272 = 1.
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