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Abstract: The yttrium iron garnet (YIG) material doped with molybdenum (Mo*") with the
composition Y3Fes96M00 04012 (x = 0.04) was synthesized using a sol-gel method combined with
thermal treatment. The resulting powder had a single-phase structure, high crystallinity, and a
uniform microstructure. Morphological, structural, and electrical characteristics of the material were
investigated using XRD, SEM, FTIR, and /-V measurements. A bolometer device was fabricated
by depositing the YIG sensing layer onto an interdigitated Pt electrode array. Photo-current,
responsivity (R;), noise equivalent power (NEP), and specific detectivity (D*) measurements were
performed in the ultraviolet—visible—near-infrared (UV-VIS-NIR, 281-1010 nm) range. The x =
0.04 sample yielded an activation energy of 0.32 eV, a TCR of 3.9 %K™, a photo-current of ~106
uA, and a responsivity of 848 mA/W. The NEP and D" values were suitable for a sensor operating
at room temperature without the need for cooling. The results were compared with other doped YIG
samples, such as Y3Fe49Nip08012 and Y3iFes9Mo0g.1O12, which showed that the x = 0.04 sample
achieved an optimal balance between thermal sensitivity and electrical insulation, promising for
bolometer applications in a wide spectral range.
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1. Introduction

Bolometers are among the most important thermal radiation detection devices today, especially
useful in applications such as uncooled infrared detection, thermal imaging, laser measurement, security
devices, and astronomical research [1-4]. Bolometers operate based on the phenomenon of increased
heat in an absorbing material when exposed to electromagnetic radiation, which changes its electrical
resistance and generates an electrical signal [1, 2, 5]. In the trend of modernizing non-contact sensor
systems, uncooled bolometers are becoming an attractive option due to their low cost, wide spectral
resolution, and high integration capability [1, 2, 4].

In the near-infrared (NIR: 750—1400 nm) region, the requirements for bolometric materials become
even more stringent due to low photon energy and high background noise [6, 7]. Although traditional
materials like VO,, a-Si:H, or TiO: have certain sensitivities, they often face limitations in thermal
stability, response time, and the ability to detect weak signals [6, 8, 9]. Therefore, developing new oxide
materials with tunable conductivity, high thermal sensitivity, and long-term stability in the NIR region
is a pressing research direction [6-8, 10-12].

The operating mechanism of bolometers is primarily based on three physical factors: i) The
temperature coefficient of resistance (TCR), which reflects thermal sensitivity; ii) The photocurrent (/ph),
which represents the ability to generate a signal upon photon absorption; and iii) The noise equivalent
power (NEP), which reflects the smallest detectable signal threshold [2, 3, 13]. These factors depend on
the material's electronic characteristics, such as activation energy, resistance, doping level, and
microstructural properties, including grain size, defect density, and inter-grain connectivity [2, 13, 14].
Therefore, the controlled tuning of electronic and microstructural properties is key to enhancing
bolometric performance [2, 13-15].

Yttrium iron garnet (YIG, formula Y3Fe5012) is a magnetic dielectric oxide material with a stable
lattice structure, good thermal conductivity, low conductivity at room temperature, and tunable electrical
properties through doping [16-18]. Although YIG is typically known in the fields of magnetic and
photonic materials, it has recently attracted attention as a potential platform for bolometer sensors
operating in the NIR region [16, 19,2 0]. Among various dopants, the Mo** ion (with a higher valence
than Fe*") is expected to bring significant improvements. First, Mo®* can tune the bandgap by creating
intermediate energy levels, which aids in NIR photon absorption. Second, the presence of Mo®* can
promote the formation of Fe?* to maintain charge neutrality, thereby increasing the carrier density. Third,
Mo** contributes to improving the lattice structure, reducing defects, and minimizing background noise.
Previous studies have shown that the concentration of Mo** doping strongly affects the electro-optical
properties of YIG, but the optimal doping level remains an open question that needs clarification [16,
17].

In this context, this study focuses on investigating the bolometric characteristics of a Y3Fes..Mo0.O12
(x =0.04) sample, synthesized by the sol-gel method, and comparing it with a sample with a higher Mo
concentration (x = 0.1) and a Ni**-doped YIG sample (x = 0.08). The goal is to determine the mechanism
by which the Mo** concentration affects the sensor's performance, thereby evaluating its practical
applicability in uncooled infrared thermal sensors.

2. Experiment
2.1. Material Synthesis

The molybdenum-doped YIG sample (Y3Fes.906M00.04012) was synthesized using a modified sol-gel
method. First, Y>03 (99.9%) and Fe(NO3)3-9H>0 (99.9%) were separately dissolved in hot 1 M HNO3
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solution to form 1 M Y*" and Fe*" ion solutions. Mo>* was introduced into the system using a 0.1 M
MoCls solution in 1 M HNOs (yellow in color). The metal solutions were mixed in the molar ratio of
[Y]:[Fe]:[Mo0]=3:4.96:0.04. Next, 3 M citric acid was added in a molar ratio of three times the total
amount of cations. The mixture was continuously stirred at 80 °C until a homogeneous gel was formed.
The gel was then dried at 130 °C for 12 hours to produce a porous xerogel, which was then pre-ground
with an agate mortar. The calcination process was carried out at 900 °C and 1000 °C for 5 hours to
obtain crystalline Y3Fe49sM00.04012 powder.

2.2. Structural and Microstructural Analysis

The crystalline structure of the samples was determined by X-ray diffraction (XRD) using a Siemens
D5005 (Bruker, Germany) diffractometer with Cu-Ka radiation (1 = 1.5406 A). The XRD data were
processed using SmartLab Studio II software to identify phases and determine lattice parameter values.
Morphology and grain size were investigated by scanning electron microscopy (SEM, Jeol JCM 7000).
Elemental composition was determined by inductively coupled plasma-atomic emission spectrometry
(ICP-AES, Thermo Fisher ICP-IRIS). Raman spectra were measured using a Renishaw Invia
microscope with a 514 nm laser at 2 mW power in the range of 110-800 cm.

2.3. Electrical and Bolometric Properties Measurement

The powder sample was mixed with a PMMA polymer solution and deionized water to form a
homogeneous suspension (0.3 g YIG powder, 3 g PMMA, 200 ml water). This suspension was drop-
casted onto an interdigitated platinum electrode array on an alumina substrate (electrode gap and width
of 200 um). After each deposition (5 ul), the sample was dried at 70 °C for 10 minutes and thermally
treated at 350 °C for 20 minutes. This process was repeated five times to create a uniform sensing layer.
The device was fixed on a copper block and maintained at 300 K throughout the measurement.

Current-voltage (I-V) characteristics were recorded in the 300—425 K range using a Keithley 2602B
measurement unit. Parameters such as room temperature resistance (Ro), temperature coefficient of
resistance (TCR), and activation energy (AE) were extracted from the obtained characteristic curves.

Photo-current response was investigated using a modulated monochromatic light source system
(Zahner) in the wavelength range of 315—-1010 nm, with a square wave signal at 0.1 Hz frequency and
apower density of 25 uW/mm?. The total optical power illuminating the sensing area was approximately
125 pW. The noise current was measured to determine the noise equivalent power (NEP) and specific
detectivity (D¥).

All sample fabrication and standard measurement procedures (including structural, morphological,
and basic electrical characterization) were conducted at the Electronic Materials Laboratory, School of
Materials Science, Hanoi University of Science and Technology (HUST). The ICP-AES measurements
were carried out at the Vietnam Institute of Geosciences and Mineral Resources.

3. Results

Figure 1 shows the X-ray diffraction (XRD) patterns of the Y3Fes.Mo,Ow samples with Mo
concentrations x = 0 and 0.04. All samples exhibit characteristic peaks of a cubic garnet phase, with no
secondary phases appearing, which proves that the synthesis process produced a single-phase material
[21, 22]. When doped with Mo** (x = 0.04), the diffraction peaks shift slightly towards a smaller 26
angle, reflecting the phenomenon of lattice expansion. Rietveld refinement results show that the lattice
constant slightly increases from 12.3756 A (x = 0) to 12.3781 A (x = 0.04) [21, 22].
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This increase initially seems contradictory to predictions based on ionic size, as Mo** (r = 0.61 A)
is smaller than Fe3* (» = 0.645 A) and would be expected to cause lattice contraction when substituted
into the Fe site [23]. However, to balance the charge due to the higher valence of Mo**, some of the Fe**
ions in the lattice may be reduced to Fe** (r = 0.78 A) [17, 23]. The appearance of Fe**, with its
significantly larger radius, can lead to lattice expansion, which counteracts or even outweighs the lattice
contraction effect of Mo**. Therefore, the observed slight increase in lattice constant is most likely the result
of a coordinated effect of two opposing factors, with the influence of Fe** being dominant [17, 23].
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Figure 1. XRD patterns of Y3Fes.,Mo,Oi, samples Figure 2. SEM images of the samples x = 0 (upper)
(x=0and 0.04). and x = 0.04 (lower). The distance between the two
white scale bars at the corner of the image
represents 2 pm.

Figure 2 presents SEM images of the surface of samples with Mo doping levels of x = 0 and x =
0.04. The SEM images show a clear change in morphology upon Mo>" doping. The undoped sample (x
= () consists of large, plate-like particles with an estimated size from 5 to over 12 um, exhibiting an
elongated shape and a porous structure oriented in clear radial patterns, which reflects an orderly and
uniform crystallization process. In contrast, the Mo’-doped sample (x = 0.04) consists of plates that are
distinctly fragmented into smaller pieces (approximately 2—8 um). The surface shows a dense
distribution of random pores and numerous fine particles of a few hundred nanometers attached to the
surface. The pore size ranges from a few hundred nanometers to less than 1 um, suggesting that the
oriented crystallization process was interrupted, and also indicating an increase in lattice defects due to
the doping effect of Mo®". The fragmented structure with a larger surface area is expected to improve
optical absorption and heat transfer, which is favorable for bolometric applications.

Figure 3 shows the FTIR spectra of Y3FesMo,O1, samples (x = 0 and 0.04). The main absorption
bands appear in the range of 550-600 cm™ (octahedral Fe—O bending vibrations) and 600-700 cm™
(tetrahedral Fe—O stretching vibrations), which are characteristic of the garnet lattice [24—26]. Upon
Mo>* doping, these bands shift slightly towards higher wavenumbers and their amplitudes decrease,
indicating a partial substitution of Fe** at the octahedral sites and a local distortion of the crystal lattice
[24,25]. This shift is attributed to the substitution of Fe*" (= 0.645 A) by the smaller Mo®* ion (r = 0.61
A) at the octahedral sites, causing local lattice compression and a shortening of the Fe—O bonds, which
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increases the bonding force constant [24, 25]. Additionally, the distortion of the FeOs octahedra and
FeOs tetrahedra also contributes to an increase in the bonding force, leading to higher vibrational
frequencies (shifted to higher wavenumbers) [24-26]. Combined with the morphological observations
from the SEM images, it is evident that Mo®>* not only affects the crystallization kinetics but also
contributes to the local structural stability of the crystal lattice [24].

Figure 4 illustrates the /-V characteristics of the Y3Fes..Mo,O12 (x = 0.04) sample in dark conditions
at different temperatures. It can be observed that the current increases faster at higher temperatures,
reflecting the thermally activated semiconducting nature of the material. The /-V characteristics of the
Y3Fes.:MoxO12 (x = 0.04) sample at various temperatures show two distinct conduction regions. In the
low voltage region (<1 V), the current increases linearly with voltage, which reflects the Ohmic
conduction mechanism dominated by free carriers [27, 28]. In the range of 1-3.5 V, the I-V curve
becomes noticeably non-linear, suggesting the onset of a space-charge-limited conduction (SCLC)
mechanism where charge traps dominate the transport process [27-29]. The SCLC mechanism occurs
when the current is limited by the accumulation of space charge rather than the number of injected
carriers; this theory is detailed in classic literature such as Rose (1955) [28], and Sze & Ng (2006) [29].
At low voltages, conduction follows the Ohmic mechanism; as the voltage increases, charge traps (from
lattice defects, impurities, grain boundaries, multi-valent cations like Mo®*, Fe**, or secondary phases)
capture carriers, leading to a non-linear /-V relationship (I < V7, n > 2) [28, 29]. When the traps are
filled (trap-filled limit), the current increases almost linearly due to the predominance of free carriers;
this concept is well-described in typical examples on metal oxides by Bubel et al., [27]. Notably, from
approximately 3.5-5 V, the /-V relationship returns to a nearly linear state, indicating that the charge
traps have been filled, leading to the predominance of free carriers and a steady increase in current with
voltage [27]. At 5 V, the current reaches approximately 6.8x107° A at 300 K, reflecting a high carrier
density and good electrical stability of the material, which is suitable for bolometric sensor applications
requiring high thermal sensitivity [27].
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Figure 3. FTIR spectra of the Y3Fes.x\Mo0,O1> Figure 4. Current-voltage (/-V) characteristics of Y3Fes.
samples. The dotted lines mark the centers of the «Mo0,O12 (x = 0.04) sample in darkness at different
absorption bands for the sample x = 0. temperatures.

The resistance of the sample at various temperatures was determined from the linear segment of the
current-voltage (I-V) characteristic in the high voltage region, where the /-V relationship obeys Ohm's
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law. Specifically, at each temperature, the resistance value was calculated by taking the slope of the
linear segment using the expression R = AV/AL

Figure 5 shows the temperature dependence of resistance (R—T7) for the x = 0.04 sample. The
Y3Fes96Mo00.04012 sample exhibits a marked decrease in resistance as the temperature increases from 300
K to 425 K, reflecting the typical behavior of a semiconductor material. The variation of resistance with
temperature is consistent with a thermally activated conduction mechanism, which can be described by
the Arrhenius function [30]:

_A_E(l_i)

R(T) = R(Tp)e *s'T To (D
where R(T) is the resistance at temperature 7, R(7)) is the resistance at the reference temperature 7
(usually room temperature), AE is the activation energy, and kg is the Boltzmann constant. The inset in
Figure 5 displays the corresponding temperature coefficient of resistance (TCR), calculated from the
derivative of the resistance with respect to temperature using the formula:

TCR =—(1/R) - (dR/dT) (2)
where R is the resistance at temperature 7 and dR/dT is the rate of change of resistance with temperature.

The calculation results show that the TCR of this sample has a value of 3.9 %/K at 300 K. The
corresponding electrical parameters are presented in Table 1.

Figure 6 shows the photoresponse of the YsFes.Mo.Oi2 sample with x = 0.04 under different
illumination wavelengths in the range from 281 nm to 1010 nm, measured at a bias voltage of 5 V. The
results indicate that the photocurrent gradually increases with the illumination wavelength, from a very
small value in the UV region to a maximum value in the NIR region, particularly at 914 nm. This
increase reflects the material's more efficient absorption and conversion of photon energy in the visible
and NIR light regions, suggesting its high potential for application in photothermal sensor devices
operating in this spectral range.
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Figure 5. Resistance (R) of Y3Fes.xMo.O12 sample  Figure 6: Photocurrent response (/ph) of Y3Fes..Mo,O12

(x =0.04) as a function of temperature. The inset ~ sample (x = 0.04) at a bias voltage of 5 V under different
shows the temperature coefficient of resistance illumination wavelengths (315-1010 nm).

(TCR) of the sample as a function of temperature.

Figure 7 illustrates the dependence of the photocurrent (/1) on the excitation photon energy at a 5
V bias voltage. The photoresponse of the Y3Fes9sM00.04O12 sample was investigated in a wide
wavelength range from ultraviolet (UV), through visible (VIS), to near-infrared (NIR). The photocurrent
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is defined as the difference between the current under illumination (Jon) and the current in the dark
({orr), reflecting the material's ability to convert photons into electrical signals. The results show that,
in the UV region (281 nm wavelength), /,, only reaches a very low value (~0.016 mA), demonstrating
the material's weak response to high-energy photons. However, as the wavelength gradually increases
towards the visible and near-infrared regions, the photocurrent increases significantly and reaches a
maximum value (~3.83 mA) at a wavelength of 914 nm, indicating the highest photon absorption and
conversion efficiency in this region. The increasing trend of Iph from UV to NIR suggests a prominent
role for energy levels related to the Fe* ion in the garnet crystal lattice, particularly the ‘Aig — *Tig
electron transition at the octahedral site [31], along with the photoluminescence quenching effect at long
wavelengths [32], which contributes to the increased efficiency of photothermal conversion.

The responsivity (Ri) quantifies the photo-sensitivity of the YiFes.MoOix (x = 0.04) sample,
reflecting its efficiency in converting light into an electrical signal. It is calculated using the formula: R;
= Iw/P, where P is the incident radiation power (W). The calculated sensitivity results at various photon
excitation energies are also presented in Figure 7. According to the data, R; peaks at 848 mA/W at a
wavelength of 914 nm, indicating the sample's efficient absorption and conversion of photons in the
near-infrared (NIR) region. At other wavelengths, such as 737 nm (792 mA/W), 823 nm (832 mA/W),
and 953 nm (704 mA/W), R; also remains high, confirming that the NIR region is the optimal operating
range. In the visible (VIS) region, R; values are still quite good, reaching 640 mA/W (495 nm) and 504
mA/W (382 nm). Conversely, in the ultraviolet region (281 nm), R; only reaches 128 mA/W. This
distribution reflects an energy band structure that is favorable for absorbing medium-to-low energy
photons, which is associated with the Fe**/Mo>* centers. With performance comparable to or exceeding
many traditional bolometer materials like VO, [33] or a-Si: H [31], the Mo-doped YIG sample shows
great potential for high-sensitivity optical sensors and thermal detectors.
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Figure 7. Photocurrent (/,n) and responsivity (R;) of Figure 8. Normalized photocurrent response of

the YsFes.:Mo,012 sample (x = 0.04) as a function Y;Fes.xMo.O1, sample (x = 0.04) under pulsed light

of excitation photon energy under bias voltage 5 V.  illumination at a bias voltage of 3 V. Rise time (zsc)

and fall time (zrn) are 76 and 72 ms, respectively.

Figure 8 displays the normalized transient photoresponse of the Y3Fes..Mo0.O,, sample with x = 0.04
when illuminated with pulsed light at a bias voltage of 5 V. The obtained curve shows that the
photocurrent signal exhibits good reproducibility across the light on/off cycles, with a stable and nearly
zero-delay amplitude. This reflects the material's fast response and high sensitivity to changes in the
input light, proving that the sample operates stably under varying illumination conditions, making it
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highly suitable for real-time bolometric sensing applications. The rise time (zsc) and fall time (zrn) are
approximately 76 and 72 ms, respectively, indicating a fast response—a critical factor for high-speed
bolometer sensors.

Noise Equivalent Power (NEP) is a quantity that characterizes an optical sensor's ability to detect
weak signals. It is determined by the formula NEP = I,/R;, where I, is the noise current density. A smaller
NEP value indicates a more sensitive sensor, meaning it can detect weaker radiation signals. For the
sample under investigation, the NEP is in the range of (2.86-5.73)x108 W-Hz 2.

The detectivity (D) is calculated by the formula D*= Ri/NEP. A higher D*reflects a better ability to
detect signals in noisy conditions.

Figure 9 illustrates the dependence of D* and NEP (inset) on the photon excitation energy for the
Y3Fes:Mo,O12 sample (x = 0.04). The data shows that the detectivity of this material changes with the
excitation wavelength, clearly reflecting the effectiveness of signal detection under the influence of
noise. Within the surveyed energy range, D* fluctuates from 7.8x107 to 5.4x10% cm-Hz"2-W-!, with the
maximum value at 914 nm, which coincides with the peak of the photocurrent (/,n).
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Figure 9. Normalized detectivity (D) of Y3Fes..Mo,O12 sample (x = 0.04) as a function of excitation
photon energy. The inset displays the Noise Equivalent Power (NEP) of the sample.

The combination of NEP and D+ shows that although the smallest NEP occurs in the UV region (281
nm), the D+ at this wavelength is low due to the very small value of R;. Conversely, at 914 nm, both I,
and R; are high, while the NEP remains low, leading to a maximum D" value. This confirms that the 914
nm wavelength is optimal for signal detection efficiency and highlights the potential applications of Mo-
doped YIG material in thermophotovoltaic sensors operating in the near-infrared (NIR) region.

4. Discussion

To evaluate the bolometric efficiency of YIG materials doped with different elements, we performed
a comparative analysis of a series of representative samples representing various modifications of the
garnet lattice structure, drawing upon experimental results from recent studies. For this purpose, we
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chose three YIG material samples for comparison: YsFes—xMoyOi2 (with x = 0.04 and x = 0.1 [34]), and
the Y3Fe49Nio 03012 (Ni-doped YIG) sample [35]. Crucially, these comparison samples were fabricated
and characterized by our research group under the identical synthesis conditions as the sample reported
in this current study. The electrical and optical parameters relevant to the bolometric effect for these
samples are summarized in Table 1.

In terms of electrical properties, the Y3Fes9Mo0o.1012 (x = 0.1) sample exhibited the lowest room
temperature resistance (Ro) (~7.3 x 10* Q) and the highest photocurrent (/,n) (~270 uA), indicating
superior electrical conductivity and a strong photothermal effect. Conversely, the Ni-doped YIG sample
had the highest resistance (2.5 x 10° Q) and the lowest photocurrent (~83 uA), reflecting a poorer
bolometric performance. The Mo-doped sample with x = 0.04 achieved intermediate values, with Ry
around 6.54 x 10* Q and Iph approximately 106 uA.

Regarding the activation energy (AE), the x = 0.04 sample has the highest value (0.32 eV), indicating
a well-ordered crystal structure with few electronic defects, which helps to maintain its insulating state
at low temperatures. Meanwhile, both of the other samples (x = 0.1 and Ni-doped) have a low AE (0.19
eV), reflecting the presence of intermediate impurity levels generated during the doping process, which
contributes to lowering the potential barrier and increasing conductivity.

Table 1. Comparison of characteristic electrical and optical parameters for the bolometric effect of YIG samples
doped with Ni and Cu, with the values measured at room temperature; the values of Ion, Ri, and D" are
determined at an excitation wavelength of 914 nm, corresponding to the peak position of the optical response,
and an incident power of 125 yW.

Parameters Ni-doped YIG Mo-doped YIG Mo-doped YIG
(x=0.08) [34] (x=10.04) (x=0.1)[35]
Resistence (Ro) [Q] 2.5 x10° 6.54 x 104 7.3 x 10*
Activation energy (AE) [eV] 0.19 0.32 0.19
TCR [%'K] 2.4 3.9 2.5
Photocurrent (zn) [#A] ~83 ~106 ~270
Noise Sp[i:,tﬁﬁg?my () 1.25 % 10 3.54 % 10 3.81 % 10°
NEP [W-Hz '] 0.5 x 107 4.17 x 10° 0.25 x 108
Responsivity (R;) [mMA/W] 370 848 ~2160
Detectivity (D*) [cm*Hz"*/W] ~3.5 x 107 ~2.5 x 108 ~5.2 x 108

The resistance at room temperature (Ro) not only reflects the intrinsic electronic properties of the
material but is also strongly influenced by its microstructure, such as grain size, grain boundary density,
and the degree of sintering. The Ni-doped sample has the highest Ro, suggesting that the crystal lattice
was not effectively doped, and a large grain structure with poor inter-grain connectivity may exist. In
contrast, the x = 0.04 sample has a lower resistance, which suggests that the doping level and
microstructure have begun to support conduction. Notably, the x = 0.1 sample has the lowest Ry,
indicating an effective combination of a high Mo doping level and a well-sintered grain structure, which
reduces the electrical barrier at grain boundaries. Thus, the decreasing trend in Ry is not only due to improved
electronic states but also to the optimization of the material structure during the fabrication process.

The combined effect of AE and R, directly influences the photocurrent obtained (/). Specifically,
the x = 0.1 sample has a low AE and a small Ry, resulting in the highest /. In contrast, the x = 0.04
sample has a reasonable Ry but a high AE, so its /,n is only at a medium level. The Ni-doped sample has
a low AF but a very high Ry, which impedes charge carrier flow, leading to the lowest /. This shows
that to achieve a strong photocurrent, the material needs both a low conduction potential barrier and an
optimal level of resistance.
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The Noise Equivalent Power (NEP) is a quantity that evaluates the threshold of the weakest radiation
signal that a sensor can detect, and it depends on both the electrical conductivity and the intrinsic noise
level. The Ni-doped sample has the highest NEP (0.5 x 10° W-Hz""?), mainly because high resistance
increases Johnson noise. The x = 0.04 sample has a lower NEP (4.17 x 10® W-Hz''"?), reflecting a good
balance between insulation and conductivity. The x = 0.1 sample achieves the lowest NEP (0.25 x 108
W-Hz'2), which demonstrates the optimization in noise control and improved conductivity.

The photoresponsivity (R;) is a function of /,n, NEP, Ro, and AE. With a large photocurrent, a low
potential barrier, and low noise, the x = 0.1 sample achieves the highest R; (~2160 mA/W). The x =0.04
sample has a medium R; (848 mA/W), while the Ni-doped sample only reaches ~370 mA/W due to a
combination of a weak I, and high noise. Thus, to achieve a high R;, the material needs to
simultaneously ensure good conductivity, charge carrier activation capability, and effective noise
control.

Finally, the overall parameter of detectivity (D*), which characterizes the ability to detect a weak
signal in noisy conditions, reflects the overall effectiveness of the material. The x = 0.1 sample continues
to show superiority with the highest D* (~5.2 x 10% cm-Hz!">-W-!), due to the simultaneous convergence
of optimal physical factors: low resistance, low potential barrier, strong /yn, low NEP, and high R;. The
x = 0.04 sample gives a medium D+ value (~2.5 x 10® 10® cm-Hz!?-W!) by maintaining a balance
between these factors, while the Ni-doped sample has the lowest D* (~3.5 x 107 108 cm-Hz">- W) due
to limitations in photocurrent, conductivity, and noise levels.

In summary, among the three samples studied, the Y3Fes9Moo.1012 material shows superior
bolometric performance due to the simultaneous integration of optimal physical factors: good
conductivity, high thermal sensitivity, effective noise control, and a strong photo-signal. This makes it
a highly promising candidate for near-infrared thermophotovoltaic sensors.

5. Conclusion

The Y3Fes496Mo00.04012 sample exhibits impressive bolometric performance due to a harmonious
combination of high activation energy, suitable resistance, and a large TCR, which enhances thermal
sensitivity. Although the photocurrent and responsivity have not reached the maximum levels of the x =
0.1 sample, the low NEP and stable characteristics of the x = 0.04 sample still ensure high detectivity,
especially in the near-infrared region. Compared to the Ni-doped sample (x = 0.08), the x = 0.04 sample
is clearly superior in terms of photocurrent, sensitivity, and noise stability. These results confirm that
low-level Mo** doping (x = 0.04) is an effective strategy for enhancing the bolometric properties of YIG,
while maintaining a stable lattice structure and being suitable for sensors operating under real-world
conditions.
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