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Abstract

This work investigates the influence of iron oxide (FeO) layer thickness on the optoelectronic performance of
FeO/porous silicon (PSi) heterojunction photodetectors. Devices with FeO thicknesses of 100, 200, and 300
nm were fabricated and evaluated in terms of dark current, photocurrent, sensitivity, spectral responsivity,
external quantum efficiency (EQE), specific detectivity (D°), noise-equivalent power (NEP), and temporal
response. The results reveal that the FeO thickness plays a decisive role in charge transport, carrier
recombination, and optical absorption. A 200 nm FeO layer exhibited optimal behavior, achieving the highest
responsivity (0.55 A/W at ~550 nm), EQE (~1.25%), and detectivity (~1.0%x10"® Jones), along with the lowest
NEP (~4x107'2 W). While thinner layers (100 nm) suffered from poor light absorption and incomplete
passivation, thicker layers (300 nm) introduced higher series resistance and trap states, degrading
performance. The findings demonstrate that precise control of FeO thickness is critical for optimizing FeO/PSi
heterojunction photodetectors for visible light applications.
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1. Introduction

A photodetector is a fundamental optoelectronic device that converts incident light signals into
measurable electrical signals. They are the cornerstone of modern technology, found in applications
ranging from digital imaging and optical communications to environmental monitoring and biomedical
sensing. The relentless pursuit of higher efficiency, faster response, broader spectral range, and lower
cost has driven the development of advanced photodetector architectures, among which heterojunction
devices are particularly prominent [1-3]. A heterojunction is an interface between two dissimilar
semiconducting materials with different band gaps. This inherent asymmetry creates a built-in potential
and band bending at the junction, which is highly advantageous for photodetection [4]. When a
heterojunction photodetector is illuminated with photons of energy greater than the band gap of one or
both semiconductors, electron-hole pairs (EHPs) are generated [5]. The internal electric field at the
junction effectively separates these photogenerated carriers, sweeping electrons to one side and holes
to the other, thereby generating a photocurrent without the need for an external bias in some cases
(photovoltaic mode) [6].

The performance of a heterojunction photodetector is governed by the band alignment at the
interface. The three primary types are Type-| (Straddling Gap), Type-Il (Staggered Gap), and Type-Ili
(Broken Gap) [7,8]. In the straddling gap, the band gap of one material lies entirely within the band gap
of the other. This confines both electrons and holes to the same layer, favoring light emission (e.g., in
LEDs) but is less ideal for detection due to higher recombination. In the staggered gap, the valence
band and conduction band of one material are both higher than those of the other. This spatial separation
of electrons and holes into different materials drastically reduces recombination, making it highly efficient
for photodetection and photovoltaic applications. In the broken gap, there is an overlap between the
valence band of one material and the conduction band of the other. This creates a tunneling junction,
useful for high-speed devices [9-11]. The integration of nanostructured materials like porous silicon (PSi)
with functional nanoparticles like iron oxide (FeO) creates a complex heterojunction system that can be
engineered to excel across these metrics [12]. Porous silicon is a nanostructured form of silicon
characterized by a sponge-like network of pores and silicon nanocrystals. Since the discovery of its
efficient visible photoluminescence at room temperature in 1990, it has evolved from a laboratory
curiosity into a versatile platform for optoelectronics, sensing, and biomedicine [13-16].

The most common and controllable method for producing PSi is electrochemical etching of a single-
crystal silicon wafer in a hydrofluoric (HF) acid-based electrolyte. The basic setup consists of a Teflon
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cell where the Si wafer (anode) and a platinum cathode are immersed in the HF solution. Upon applying
a current, the following reactions occur at the silicon surface [17]:

Anode (Si): Si + 2HF + 2h* — SiF, + 2H* | SiF, + 2HF — SiF, + H, | SiF, + 2HF — H,SiF,

Cathode (Pt): 2H* + 2e™ — H,(g)

The holes (h*) required for the dissolution reaction are supplied by the current. The key to porosity
is the preferential etching of silicon at the pore tips, while the hydrogen passivation of the silicon skeleton
walls prevents lateral etching.

The morphology of PSi - including porosity (percentage of void volume), pore size (from microporous
<2 nm to macroporous >50 nm), layer thickness, and nanocrystal size - is not fixed but can be precisely
engineered by controlling the etching parameters: current density, HF concentration, etching time,
silicon doping type and level, and illumination. Higher current densities generally lead to higher porosity
and larger pore sizes. Lower HF concentrations favor the formation of larger pores. Etching time directly
controls the thickness of the porous layer [18-20]. The p-type silicon typically produces finer, more
branched pores compared to n-type under similar conditions. For n-type Si, light illumination is crucial
to generate the necessary holes for the etching process. This tunability allows PSi to be fabricated as
single layers, multi-layers, microcavities, and even photonic crystals with precisely designed optical
properties, such as photonic band gaps [21-23].

Porous silicon (PSi) can have an enormous internal surface area, up to 500 m?/cm3. This makes it
an exceptional host matrix for infiltrating nanoparticles, dyes, or biomolecules, amplifying any surface-
related interactions [24]. The effective refractive index of a PSi layer is a weighted average of air (n=1)
and silicon (n~3.5). By varying the porosity, the refractive index can be tuned. This enables the design
of optical interference structures like Bragg reflectors and optical microcavities that can enhance light-
matter interaction within the layer [25]. Due to quantum confinement effects, silicon nanocrystals in the
PSi matrix can emit light in the visible range, a property not found in bulk silicon. The freshly etched PSi
surface is hydride-terminated (Si-Hx), which is relatively unstable. It can be easily oxidized or
functionalized with organic monolayers (e.g., silanization) to improve stability and attach specific
receptor molecules for sensing applications. This active surface is ideal for the subsequent deposition
of iron oxide nanoparticles [26].

The formation of a high-quality heterojunction is critical. The chosen method determines the
uniformity, adhesion, and interfacial contact between the FeO nanoparticles and the complex 3D
structure of the PSi. Drop casting and spin coating are the simplest methods. A colloidal suspension of
pre-synthesized iron oxide nanoparticles (often stabilized by surfactants) is prepared in a suitable
solvent. In drop casting, a droplet of the suspension is directly applied onto the PSi surface and allowed
to dry slowly [27,28]. Capillary forces draw the nanoparticles into the pores. In spin coating, the PSi
substrate is spun at high speed (e.g., 1000-3000 rpm), and the nanoparticle suspension is dropped onto
it [29]. Centrifugal force spreads the solution evenly and drives it into the pores [30]. These methods
exhibit advantages such as simplicity, low cost, no need for complex equipment, while they include
disadvantages such as poor control over penetration depth and distribution within the pores; aggregation
of nanoparticles can occur upon drying; the surfactant shell can act as an insulating barrier, hindering
electrical transport at the heterojunction [31].

Thermal evaporation and annealing is a vacuum deposition technique and commonly used for thin
films. In this method, high-purity iron is heated in a vacuum chamber until it evaporates. The vapor
condenses as a thin metallic Fe film on the surface and, to a lesser extent, within the top layers of the
PSi pores. The sample is then subjected to a thermal annealing process in a controlled atmosphere
(e.g., oxygen for Fe20s, or a slight vacuum for FesOa4) to fully oxidize the iron film into nanoparticles
[32,33]. The advantages are high purity of the deposited material; good control over the total amount of
Fe deposited. The disadvantages are limited penetration into deep pores, often resulting in a capping
layer on top of the PSi rather than a truly infiltrated nanocomposite; requires expensive vacuum
equipment [34].

Chemical bath deposition (CBD) is a low-temperature, solution-based method akin to electrodes
plating. In this method, the PSi sample is immersed in an aqueous solution containing an iron salt
(precursor) and a complexing agent (e.g., EDTA). The solution is heated, which causes the slow release
of Fe ions and their hydrolysis, leading to the controlled precipitation of iron oxide on the internal surfaces
of the PSi. The reaction relies on the adsorption of species onto the substrate [35]. As advantages, this
method is simple, low-cost, scalable; can achieve good pore filling and uniformity, while as
disadvantages, this method can be slow; control over the crystallinity and stoichiometry of the deposited
oxide can be challenging; may require post-deposition annealing [36].

Studies have shown that fabricated FeO/PSi heterostructures can exhibit significantly higher
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photoresponse (responsivity and EQE) under visible light illumination compared to bare PSi-based
devices, validating the effectiveness of this nanocomposite approach. FeO/PSi heterojunction
photodetectors extend beyond simple light sensing. Their unique properties make them suitable for
biomedical sensing as the high surface area and tunable porosity make PSi an ideal transducer.
Functionalizing the FeO/PSi structure with specific antibodies or DNA strands can create label-free
photonic biosensors where the binding of a target analyte causes a measurable shift in the photocurrent
[37,38]. In photoelectrochemical (PEC) sensing, these devices can operate in a PEC cell configuration
for detecting species in solution. The photocurrent generated under light is highly sensitive to surface
reactions, enabling the detection of pollutants, biomarkers, or glucose. Low-cost and flexible
optoelectronics employ both PSi (through etching of thin Si wafers) and FeO are low-cost materials.
Strategies to create flexible PSi membranes could pave the way for flexible photodetectors [39]. The
future of this field lies in achieving even greater control over the material properties. This includes
precise engineering of the band gap of PSi nanocrystals, synthesizing FeO nanoparticles with tailored
shapes and crystal facets to optimize charge transfer, and developing novel deposition techniques that
ensure perfect, uniform coating of the complex PSi nanostructure without pore blocking [40-42].

2. Experimental Work

High-purity FeO thin films were fabricated on glass substrates via chemical bath deposition. A
99.99% pure iron precursor supplied by Chemical Base (India) was employed as the source of iron ions.
The oxygen was pumped into the solution at 10 L/min flow rate. The photo-electrochemical etching was
used to generate porous silicon (PSi) layers on p-type silicon wafers. The wafers were diced into 2.25
cm? pieces, thoroughly rinsed with ethanol and deionized water, and immersed for ten minutes in an
HF—ethanol solution (1:20 v/v) for surface cleaning. Prior to etching, the substrates were again rinsed
with deionized water and ethanol. Etching was conducted in a photo-electrochemical cell filled with a
1:10 HF—ethanol mixture, under a constant DC current of 20 mA for 20 minutes. Following etching, the
samples were immediately transferred to methanol to minimize oxidation and airborne contamination.

For device preparation, FeO nanopowder was dispersed in deionized water to form aqueous
suspensions of 10-4-10-3 g/mL by dissolving powder (1, 2, and 3 mg) in 2 mL of solvent. Each suspension
was sonicated for 30 minutes to achieve uniform dispersion of nanoparticles. Using a micropipette,
controlled volumes of the prepared colloids were deposited dropwise onto the porous silicon layers.
After each drop, the samples were placed on a hotplate at 40 °C for one minute to ensure proper
adhesion and drying. This deposition cycle was repeated six times to ensure sufficient nanoparticle
loading across the porous surface. Figure (1) shows a scheme of the FeO/PSi heterostructures
fabricated in this work.

IRON OXIDE (FeO) NANOPARTICLES

SILICON SUBSTRATE

Fig. (1) Scheme of the FeO/PSi heterostructures fabricated in this work

© All Rights Reserved ISSN (print) 2958-8960 (online) 3006-6042 Printed in IRAQ 155



s RN IRAQI JOURNAL OF MATERIALS
o (D . Volume (4) Issue (4) October-December 2025, pp. 153-162
B = 4

3. Results and Discussion

Figure (2) illustrates the relationship between forward current and applied voltage for FeO/PSi
structures with varying FeO layer thicknesses. The data shows that as the thickness of the FeO layer
increases from 100 nm to 300 nm, the forward current also increases significantly for the same applied
voltage. At a voltage of 10 V, for example, the device with the 300 nm FeO layer reaches a current of
approximately 250 mA, while the 100 nm layer only reaches about 150 mA. This indicates that the thicker
FeO layer provides improved charge transport, likely due to a lower overall series resistance. The FeO
layer acts as a passivation and protection layer and its thickness can influence the resistance and
electrical transport properties of the overall structure. A thicker, well-formed FeO layer might lead to
better contact with the porous silicon (PSi) and the metal electrode, reducing interface resistance. The
nonlinear, curved relationship between current and voltage suggests that the electrical transport is not
purely ohmic and may be governed by a mechanism like space-charge-limited current or Poole-Frenkel
emission, which is common in semiconductor heterojunctions.
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Fig. (2) Variation of forward dark current of the FeO/PSi heterostructure with applied voltage for three different

thicknesses of FeO layer

Figure (3) illustrates the reverse dark current as a function of applied voltage for FeO/PSi structures
with varying FeO layer thicknesses. The data shows that the reverse current increases nonlinearly with
increasing negative voltage, which is characteristic of leakage current in a diode structure. A notable
observation is that as the FeO layer thickness increases, the reverse current also increases slightly,
which is counterintuitive for an ideal heterojunction where a thicker layer might provide better insulation.
For example, at -10 V, the device with the 300 nm FeO layer has a current of approximately -6.0 mA,
which is marginally higher than the 100 nm layer's current of about -5.5 mA. This suggests that the
thicker layer, while providing better forward conduction, may also introduce more defects or trap states
that contribute to the reverse leakage current. These defects could create pathways for current flow
under reverse bias, which is a key performance limitation for semiconductor devices.
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Fig. (3) Variation of reverse dark current of the FeO/PSi heterostructure with applied voltage for three different
thicknesses of FeO layer
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Figure (4) shows the reverse photocurrent as a function of applied voltage for FeO/PSi structures
under a light intensity of 120 W/cm?2. A clear trend emerges: as the applied voltage becomes more
negative, the reverse photocurrent increases significantly. This is typical behavior for a photodetector,
as the reverse bias widens the depletion region, which improves the collection efficiency of
photogenerated electron-hole pairs. This figure also highlights a strong dependence on the thickness of
the FeO layer. At any given voltage, the photocurrent increases with the thickness of the FeO layer,
reaching its highest value of approximately -8.0 mA at -10 V for the 300 nm sample. This suggests that
a thicker FeO layer, in this illuminated state, is more effective at generating and/or collecting charge
carriers. This could be due to a more extensive absorption of light within the thicker layer or an improved
interface with the porous silicon, leading to better charge separation and transport under illumination.
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Fig. (4) Variation of photocurrent of the FeO/PSi heterostructure with applied reverse voltage for three different
thicknesses of FeO layer

Figure (5) presents the sensitivity of FeO/PSi photodetectors as a function of reverse applied voltage,
for different FeO layer thicknesses, under a light intensity of 120 W/cm?2. The data clearly shows a linear
increase in sensitivity with increasing reverse voltage for all samples. This behavior is expected, as a
higher reverse bias increases the electric field across the device, which in turn improves the efficiency
of collecting photogenerated charge carriers, leading to a stronger photocurrent response relative to the
dark current. Furthermore, this figure demonstrates a strong positive correlation between sensitivity and
FeO layer thickness. The device with the 300 nm FeO layer consistently exhibits the highest sensitivity,
reaching nearly 155% at -10 V. In contrast, the 100 nm FeO layer device has the lowest sensitivity,
peaking at around 120% at the same voltage. The thicker FeO layer likely offers a larger volume for light
absorption and subsequent electron-hole pair generation, contributing to a more significant photocurrent
and a higher sensitivity. This confirms that the thickness of the FeO layer is a critical parameter for
optimizing the performance of these photodetector structures.
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Fig. (5) Variation of sensitivity of the FeO/PSi heterostructure with applied voltage for three different thicknesses of
FeO layer
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Figure (6) illustrates the spectral responsivity of FeO/PSi photodetectors as a function of wavelength,
highlighting how the thickness of the FeO layer influences performance. Spectral responsivity,
measured in Amperes per Watt (A/W), indicates how efficiently a device converts incident light into
electrical current at a specific wavelength. A higher responsivity value signifies better light detection at
that wavelength. The data reveals that all three devices, regardless of FeO thickness, exhibit a bell-
shaped responsivity curve, with a peak responsivity in the visible spectrum. The responsivity begins to
rise at approximately 450 nm, peaks in the green-yellow region, and then gradually decreases into the
near-infrared. This suggests that the devices are most sensitive to visible light, which is consistent with
the bandgap properties of the constituent materials, particularly porous silicon (PSi). A key finding is the
significant impact of the FeO layer thickness on the magnitude of the responsivity. The device with the
200 nm FeO layer consistently shows the highest responsivity, peaking at approximately 0.55 A/W near
550 nm. In contrast, the 300 nm FeO layer device has a lower peak responsivity of about 0.3 A/W, and
the 100 nm FeO layer device is the least sensitive, with a peak of only 0.2 A/W. This finding is crucial
and suggests an optimal FeO thickness for light absorption and charge collection. A 100 nm layer is
likely too thin to effectively absorb incoming photons and fully passivate the porous silicon, leading to
low responsivity. Conversely, while the 300 nm layer may absorb more light, its increased thickness
could also lead to higher series resistance and increased recombination losses, trapping
photogenerated carriers before they can contribute to the photocurrent. The 200 nm thickness appears
to be the sweet spot, providing an ideal balance between light absorption, reduced recombination, and
efficient charge transport, leading to the highest responsivity.
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Fig. (6) Variation of spectral responsivity of the FeO/PSi heterostructure as function of incident wavelength for three
different thicknesses of FeO layer

Figure (7) displays the external quantum efficiency (EQE) as a function of wavelength for FeO/PSi
photodetectors with different FeO layer thicknesses. EQE, expressed as a percentage, represents the
ratio of the number of charge carriers collected by the device to the number of incident photons. It is a
critical metric for evaluating a photodetector's performance, as it quantifies the combined effect of light
absorption, carrier generation, and charge collection efficiency. This figure reveals that all three devices
exhibit a similar spectral response profile, with a broad peak in the visible light range (450-700 nm) and
a sharp decline at shorter wavelengths, indicating a cutoff around the bandgap of the materials. This
suggests that the devices are most effective at converting visible light into an electrical signal. A key
finding is the dramatic influence of the FeO layer thickness on the magnitude of the EQE. The device
with the 200 nm FeO layer consistently demonstrates the highest EQE, peaking at approximately 1.25%
at a wavelength of around 550 nm. This is a significant improvement over the other two devices. The
300 nm FeO layer device has a lower peak EQE of about 0.65%, while the 100 nm FeO layer device is
the least efficient, with a peak EQE of only about 0.45%. This trend suggests that there is an optimal
thickness for the FeO layer that maximizes the photodetector's efficiency. A 100 nm layer is likely too
thin to fully absorb incident photons and passivate the porous silicon, leading to low quantum efficiency.
Conversely, while a thicker 300 nm layer may absorb more light, it could also increase the series
resistance and recombination rate of photogenerated carriers. This would lead to a lower EQE, as more
carriers are lost before they can be collected. The 200 nm thickness appears to strike the best balance,
maximizing light absorption while minimizing carrier losses, thus achieving the highest external quantum
efficiency.
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Fig. (7) Variation of external quantum efficiency (EQE) of the FeO/PSi heterostructure as function of incident
wavelength for three different thicknesses of FeO layer

Figure (8) illustrates the specific detectivity (D*) as a function of wavelength for FeO/PSi
photodetectors with different FeO layer thicknesses. Specific detectivity is a normalized figure of merit
used to compare the performance of photodetectors, independent of their area and bandwidth. A higher
D= value indicates a better ability to detect very faint light signals, as it signifies a superior signal-to-
noise ratio. This figure reveals a clear spectral response, with all devices exhibiting a broad peak in the
visible light range, specifically between 500 nm and 600 nm. This is consistent with the spectral
responsivity and quantum efficiency plots, confirming that these FeO/PSi devices are optimized for
detecting visible light. A key finding from this data is the strong dependence of specific detectivity on the
FeO layer thickness. The device with the 200 nm FeO layer shows the highest specific detectivity,
peaking at a remarkable value of approximately 10x10'2 Jones. This significantly outperforms both the
300 nm FeO layer device, which peaks at about 5.5%x10'® Jones, and the 100 nm FeO layer device,
which has the lowest peak detectivity at approximately 3.5x10'® Jones. This trend underscores the
presence of an optimal thickness for the FeO layer. While a thicker FeO layer (300 nm) might absorb
more light, it also likely increases noise current from defects and recombination centers, which would
reduce the signal-to-noise ratio and, consequently, the specific detectivity. Conversely, a very thin FeO
layer (100 nm) may not provide sufficient light absorption or effective passivation of the porous silicon,
leading to lower signal generation and thus, a lower specific detectivity. The 200 nm thickness
represents a critical balance where light absorption and carrier generation are maximized while noise-
contributing factors are minimized, resulting in the highest overall photodetector performance.
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Fig. (8) Variation of specific detectivity (D") of the FeO/PSi heterostructure as function of incident wavelength for three
different thicknesses of FeO layer

Figure (9) illustrates the noise equivalent power (NEP) as a function of wavelength for FeO/PSi
photodetectors with different FeO layer thicknesses. NEP is a fundamental metric for assessing the
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performance of a photodetector. It represents the minimum optical power required for the signal-to-noise
ratio to equal one. In simpler terms, a lower NEP value indicates a more sensitive device that can detect
weaker light signals. This figure shows that all three devices exhibit a similar spectral profile, with the
NEP value being at its lowest in the visible light range (approximately 500 nm to 600 nm). This
corresponds to the wavelengths where the photodetectors are most sensitive and have the highest
responsivity, as seen in previous plots. As the wavelength moves away from this optimal range, towards
both the ultraviolet and the near-infrared, the NEP increases sharply, indicating a decrease in device
sensitivity. A key finding is the significant influence of the FeO layer thickness on the magnitude of the
NEP. The device with the 200 nm FeO layer consistently exhibits the lowest NEP across the entire
spectrum, reaching a minimum value of approximately 4x10-'2 W. In contrast, the 100 nm FeO layer
device has the highest NEP, while the 300 nm FeO layer device has an NEP between the other two.
This trend is directly related to the device's overall performance. A lower NEP is a consequence of a
high signal-to-noise ratio, which is achieved through a combination of high responsivity and low noise.
The 200 nm FeO layer seems to provide the optimal balance between these factors, maximizing the
signal generated from incident light while minimizing sources of noise, such as dark current and
recombination. The higher NEP of the 100 nm and 300 nm devices suggests that they are less effective
at this balance, either due to insufficient light absorption (100 nm) or increased noise-contributing
defects (300 nm). This plot confirms that the 200 nm thickness is the most effective for achieving high-
performance FeO/PSi photodetectors.
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Fig. (9) Variation of NEP of the FeO/PSi heterostructure as function of incident wavelength for three different
thicknesses of FeO layer

Figure (10) illustrates the temporal photo-response of FeO/PSi structures with different FeO layer
thicknesses, measured as current versus time. The plot shows the devices' response to a pulsed light
source, which is turned on and off at regular intervals. The photo-response behavior is critical for
understanding a photodetector's speed, stability, and reliability. This figure shows a clear and repeatable
cycling behavior for all three devices. When the light is turned on, the current instantaneously drops to
a more negative value (relative to the dark current baseline), and when the light is turned off, the current
returns to its baseline. The consistency of this square-wave-like response over time, with no discernible
degradation, indicates that the devices are stable and reliable under repeated illumination cycles. This
is a crucial characteristic for practical photodetector applications. The magnitude of the photo-response
is directly related to the photocurrent generated. The plot shows a significant dependence on the FeO
layer thickness, which confirms previous observations from the responsivity and quantum efficiency
plots. The device with the 200 nm FeO layer exhibits the largest photo-response, with a substantial
change in current from the dark to the illuminated state. The 300 nm FeO layer device has a smaller
response, and the 100 nm FeO layer device shows the smallest change in current. This pattern confirms
that there is an optimal thickness for the FeO layer that maximizes the photodetector's performance.
The 200 nm thickness appears to be the most effective for several reasons:

e The 200 nm thickness likely provides an ideal volume for light absorption without introducing
significant bulk resistance or recombination centers that would hinder charge transport. This allows
for a higher number of photogenerated carriers to be collected, resulting in a stronger photo-
response.
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e An optimal FeO thickness may also lead to a better quality heterojunction with the porous silicon. A
well-formed interface minimizes surface defects and trap states that can capture photogenerated
carriers, thus allowing them to contribute to the photocurrent more effectively.

e The smaller photo-response of the 100 nm device suggests that it is too thin to absorb a sufficient
number of photons. Conversely, the 300 nm device, despite being thicker, does not produce a higher
current, likely due to increased series resistance or a higher density of defects that act as
recombination centers.
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Fig. (10) Time-dependent behavior of current of the FeO/PSi heterostructure for three different thicknesses of FeO layer

4. Conclusions

The study confirms that FeO layer thickness strongly influences the optoelectronic characteristics of
FeO/PSi heterojunction photodetectors. Among the tested devices, the 200 nm FeO layer offered the
best balance between light absorption, carrier collection, and minimized recombination, leading to
superior responsivity, quantum efficiency, and detectivity with the lowest NEP. Thinner layers lacked
effective absorption, whereas thicker layers increased resistance and leakage pathways. The results
highlight the importance of optimizing FeO thickness for high-performance photodetectors, establishing
200 nm as the most favorable condition in this study. These insights provide useful guidelines for
designing cost-effective, visible-range optoelectronic devices.
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