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Abstract. This article elucidates a systematic fabrication and analysis procedure of
Ag@SWCNT/MWCNT broadband photodetector via combined electrochemical and electro-
explosion techniques. The microstructural, optical, electrical, and photoresponsive
characteristics of the fabricated layers were thoroughly investigated. In detail, the optical spectra
of the pronounced layers exhibited a wide-reaching absorption phenomenon along the scanned
wavelength 200-800 nm. In conjunction, the fabricated devices demonstrated considerable
photoresponsive parameters with higher photo-responsivity with Ag@SWCNT as compared to
that using Ag@MWCNT. In detail, the addressed figure of merit delivers values of 3.3 and 0.17
A/W at wavelength of 365 nm, respectively. R; values of 3.9 and 4.2 A/W were obtained for the
Ag@SWCNT photodetector under illumination wavelengths of 460 and 808 nm, respectively,
indicating that such values were higher compared with the value at 365 nm wavelength. The
external quantum efficiency (EQE) exhibited values of 11.09 and 0.53 at 365 nm for
Ag@SWCNT and Ag@MWCNT, respectively.
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1. Introduction

In recent times, porous silicon (PS) technologies have been well-thought-out as a potential
pathway for functionality development of the bulk silicon-technology. Additionally, it has been
recognized that bulk silicon personification is simple and cost-effective pathway for an advanced
bulk silicon nanostructured characteristic, from which remarkably advanced behavior could be
of reach. In this context, PS has drawn substantial reflection from industrial and research
societies because of the well-oriented photoluminescence (PL) performance within ordinary
laboratory conditions; the addressed singularity may range from violet to red spectrum as a
function of the fabricated PS surface morphology, nanoparticle size, and crystal structure [1-3].
As such, PS technology is well-considered in multiple applications such as broad-band
optoelectronics, through which UV-Vis-NIR incident wavelengths could be detected through
signal conversion-based optoelectrical effect, have been widely explored. This is mainly due to
wide-approaching applications in environmental monitoring, chemical/biological analysis,
optical and space communications, etc. The most advanced broadband photodetectors available
today are highly sought after for a variety of imaging, sensing, environmental monitoring, and
communication applications. These include broad spectral photo-response, high sensitivity,
room-temperature operation, and environmental stability. These days, sources that span a wide
range of wavelengths, from ultraviolet to visible to near-infrared, offer significant and promising
uses in environmental monitoring. For example, absorption spectroscopy in the near-infrared is
one of the most crucial methods for gas detection in industrial and environmental monitoring.
Additionally, one of the biggest threats to the ecosystem is the observation of an increase in
ultraviolet (UV) radiation brought on by global warming [4, 5].
Particularly, there are two main optoelectrical effect pathways, photovoltaic and photo-
conductive modes [6]. The former, usually, delivers suggestively high photo-response rate
including homo/hetero junctions and Schottky contact. In contrast to the photovoltaic mode, the
photoconductive mode demonstrates relatively high photocurrent gain due to multi-cycled
carrier’s singularity within the external circuit along with disadvantageous slow
response/recovery proportion [7]. Hence, a countless research dedication is highlighted for the
development of considerable photovoltaic mode optoelectronics; a number of nanostructures are,
therefore, being considered for the addressed subject; for instance, Cadmium Oxide (CdO), Zinc
oxide (ZnO), Tin oxide (Sn0O), copper oxide (CuO), Cadmium sulfide (CdS), and carbon
nanotube multi-walled carbon nanotubes (MWCNT) and Single-walled carbon nanotubes

(SWCNT)) [8-15]. Among these, CNTs, with their excellent durability, flexibility, and
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conductivity, exhibited a number of well-outlined applications in both optical and electrical
solid-state nanodevices, photo-detector in particular [15]. Further, hybrid nanostructure-based
CNTs are also being investigated in optoelectronic nanodevices through which broad-spectrum
absorption is required [16]. For example, ZnO/CNTs structure demonstrated wide absorption
range with considerable photoresponsive rate [17]. Another study reported MoS:/CNTs
heterostructure that covered both UV and Vis ranges of the spectrum [18].

In this attempt, this study aims to demonstrate the combination of Ag@CNTs/PS structure has
a lot of potential for broadband wavelength multiplex detection of various analytes and
environmental contaminants. In particular, Ag/CNTs/PS geometry is fabricated via combined
electro-explosion and drop casting methods. Silver's combination of cost-effectiveness, excellent
conductivity, unique catalytic properties, antimicrobial effects, strong SPR, and compatibility
with nanostructured materials makes it a compelling choice for detector applications; while other
metal such as platinum (Pt) and gold (Au) have their ad-vantages in terms of catalytic activity
and stability. These factors contribute to its growing use in various sensing technologies,
particularly where performance and economic feasibility are critical. The correlation between
the structural, morphological, and optical characteristics along with the photo-responsive
analysis are systematically illustrated.
2. Experimental procedure
2.1 Fabrication of porous Si layer
Porous Si wafer (p-type, 1 — 1.5 0.cm, 508+10 um) was attained via typical electrochemical
etching framework. Systematically, 1 cm? p-type Si wafer was firstly cleaned using sonication
solution consisting of distilled water and 48% HF (10:1) for 45 sec. Subsequently, the multi-
cycled cleaned Si wafer was immersed in Teflon container that contains 1:1 (v/v) of EtOH and
HF solution. Concurrently, 20 mA/cm? current was supplied for 10 minutes to the anode-based

Si electrode with Pt serving as the cathode.

2.2 Synthesis of CNTs/Ag nanoparticles and fabrication of Ag@CNTs/PS photodetector

Ag nanoparticles were synthesized in distilled water through modified electro-explosion of wire
approach in conjunction with 36 V DC battery [19]. In typical procedure, the negative potential
was connected to a wire through which 100 A is passed to another ohmic contact. Herein, the
resultant plasma-based 0.5 ml of Ag nanoparticles solution with the average diameter of 69.3 nm
was thoroughly mixed with 2ml of SWCNT/MWCNT (95%, Nanostructured & Amorphous-
Inc.). SWCNT was provided with 10-30 nm in diameter and 1-2 pm in length, while MWCNT
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has diameter and length of 1-2 nm and 30 pum, respectively. The final Ag-CNTs mixture was then
deposited on the porous Si substrate through drop casting approach. In detail, the droplet made
with volume of 30 pL, while the temperature was left as room temperature. Hereinafter,
interdigital aluminum (Al) contacts were methodically deposited on the top of the casted layer
via thermal evaporation technique with 500nm thickness as shown in Figure 1.

2.3 Characterizations

The structural features of the deposited layer/s were evaluated via X-ray diffraction (XRD, 2700
AB HAOYUAN) with CuKa radiation of 1.5406 A, while the morphological topographies were
carried out using field emission scanning electron microscopy (MIRA3 TESCAN, FE-SEM).
The optical characteristics were attained via UV-Vis spectroscopy (Shimadzu, UV-1800). The
electrical properties were studied using Hall Effect measurements method (HMS-3000 Ecopia).
Finally, the current-voltage (I-V) characteristics under both dark and multi-wavelengths
monochromatic light source (365 nm, 460 nm, and 808 nm) emitting by laser diode with light
intensity 5 mW /cm? focused over the light spot (1 cm? ) were recorded using source measure
unit (SMU) Keithley 2401 in conjunction with PC-based Lab view software; the optical power
was measured using optical power meter (Thorlabs) at room temperature, while the bias voltage
applied for figure of merit evaluation was 5 V. The measured values of the attained current were
repeated 5 time after which the average values were demonstrated for error analysis. The

measurement setup is illustrated in Figure 1.
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Figure 1. Schematic illustration of the fabricated photodetector along the measurement setup.

15



Journal of Sustainable Environment and Energy Frontiers Volume (1), Issue (1), Year (2026)
ISSN: 3105-3157

3. Results and discussion

The XRD patterns of the deposited nanostructured, namely: Ag, SWCNTs/Ag, and
MWCNTs/Ag, are presented in Figure 2 (a-c). In detail, prominent peaks perceived at around 20
~ 38.1°, 44.3°, 64.6°, 77.5° which are corresponded to (111), (200), (220), and (311) plans,
respectively, indicate the occurrence of face center cubic Ag metallic particles; the attained XRD
peaks (Figure 2, a) are indexed to the JCPDS data report no. 04-0783. Continuously, two main
peaks (Figure 2, b & c¢) attained at 20 = 26.2° (002) corresponded to the formation of CNT
(MWCNTs & SWCNTs) and 20 = 44.2° correspond to both of the miller indices (100) for CNT
and (200) for Ag NPs; the former is corresponded to the CNT while the latter is indexed to Ag
metallic particles. The occurrence of such Ag@MWCNTs/SWCNTs arrangement were found to
be in good agreement with previously published reports [20].
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Figure 2. XRD patterns of the fabricated layers (a)Ag, (b)) MWCNTs/Ag, and (¢) SWCNTs/Ag.

The topographies of the fabricated layer/s are depicted in Figure 3 (a-d) through which it can be
clearly observed that the attained porous Si layer (Figure 3, a) is highly uniformed along clear
spikes formation; the addressed layer exhibited surface roughness and average diameter of
2.83nm and 81.35 nm, respectively. The attained Ag nanoparticles exhibited a compact surface
topography along with average nanoparticles diameter of 69.3 nm (Figure 3, b). The surface
morphology of the fabricated Ag@MWCNTs/SWCNTs layers exhibited clear formation of
homogeneously distributed Ag nanoparticles along nanotubes (light spots, inset into Figure 3 (c

and d)).
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Figure 3. Surface topographies of (a) porous Si, (b) pure Ag, (¢) Ag@MWCNTs, and (d)
Ag@SWCNTs.

The UV-Vis spectra of the deposited layer/s are presented in Figure 4 (a-c) in which single Ag
layer demonstrated rather wide absorption spectrum (Figure 4, a) along a distinguished broad
resonance absorption peak at around 415 nm. The attained surface plasmon resonance (SPR)
singularity was found to be continued along the visible spectrum in which previous published
reports agreed with the proposed one [21]. The MWCNTs demonstrated a concentrated
absorption peak at around 250 nm, while SWCNTs exhibited a distinctive absorption peak at 220
nm with a continuous absorption throughout the UV region (Figure 4, b). Continuously, the
absorption spectra of Ag@MWCNT/SWCNT sample/s demonstrated relatively weak peaks for
the pronounced samples (Figure 4, a and b) with overall absorption profile ranging from 200 to
800 nm. It could be clearly perceived that the attained peaks at around 415 is mainly attributed
to the SPR characteristic within the Ag nanoparticles [22]. Additionally, a broad absorption
behavior could be attained as a result of plasmon-plasmon interaction within the Ag

nanoparticles geometry [23].
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Figure 4. UV-Vis spectra of the deposited (a) Ag, (b) MWCNTs & SWCNTs, and (c)
Ag@MWCNTs/SWCNTs.

Hall measurements have been done by Van der Pauw, model (HMS-3000 Ecopia). Measurements
required four ohmic contacts on the sample (four Aluminum electrodes were deposited on its
sides) with the applied magnetic field (0.551 T). Table 1 illustrates the measured Hall effect
parameters of the fabricated layers in which it can be clearly perceived that SWCNT attained
higher electrical parameters as compared to that attained for MWCNT; related to the structure of
SWCNTs, which directly affects the electrical characteristics of nanotubes include their electrical
nature, which can be either metallic or semiconducting dependence on the (n, m) index, which
describes the chiral vector specifically, the angle between the lattices of graphite. In addition, the
diameter of the SWCNT is shorter than that of MWCNT which in turn may results in higher
conductivity of the attained geometry.

Table 1. Hall-effect characteristics of the deposited layers.

Parameter SWCNTs/Ag NPs/PS  MWCNTs/Ag
NPs/PS

Charge -8.565x10" -5.260x10"

Concentration

(1/cm3)

Conductivity (17 1.263x10? 4.135%x102

Q.cm)

Mobility (cm?/Vs) 9.204x10! 4.907x10!

Resistivity (Q.cm) 7.918x10 2.418x10 73

Type N-type N-type
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Figure 5 (a and b) elucidates the I-V characteristics of the fabricated Ag@MWCNTs/SWCNTs
photodetectors considering a range of wavelengths, respectively. In general observation, the
illuminated I-V profiles demonstrated higher current as compared to those obtained under the
dark state. The stated dark current is occurred as a result of the adsorption of oxygen molecules
according to [0,(g) + 05 (ad) = 0,(g)]. This particular observation could be highly traced
because of an improved electron mobility in the Ag/SWCNT (Figure 5, b) as demonstrated in
Hall effect analysis (Table 1). Continuously, the current acquired under illumination is mainly
resulted from the energy of the incident photon/s which in turn demonstrated higher possibility
of oxygen-adsorbed electron along photo-generated hole recombination [h* + 05 (ad) —
0,(g)] [24, 25]. Additionally, the I-V characteristics exhibited almost a linear increase as a
function of the applied wavelength through which both proposed devices responded coherently
to the applied wavelengths. In detail, higher I-V curve was attained within the IR region (808
nm) as compared to those obtained throughout the Vis and UV regions (460 and 365 nm,
respectively). Such a behavior could be mainly attributed to the window effect via the utilized
Si wafer of the fabricated device/s. High current obtained under visible region (465 nm) could
be due to the presence of Ag nanoparticles within the proposed structure as demonstrated in UV-
Vis analysis, while the current noticed under the illumination of 365 nm could be because of the
existence of MWCNT/SWCNT within the fabricated photodetector; this was previously
predicted from the UV-Vis analysis (Figure 4, a-c). It is worth mentioning that higher
dark/illuminated current was attained with Ag@SWCNT photodetector as compared to that
fabricated with MWCNT, with respect to the wavelength applied.
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Figure 5. I-V characteristics of the fabricated (a) Ag@MWCNT and (b) Ag@SWCNT.
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Figure 6 illustrates the attained current under dark as well as the utilized wavelength-based
illumination (365, 460, and 808 nm). The depicted current is considered at 5 V, wherein 5
repeated measurements were considered and the average value is demonstrated accordingly. It
can be clearly noticed that the measured values are not overlapped which in turn proves the

accuracy of the measured current.
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Figure 6. Variation between incoming wavelength and current generated in photodetector.

Further, the calculated figure-of-merits are depicted in Figure 7 (a and b) for Ag@SWCNT
Ag@MWCNT photodetectors, respectively. Specifically, photo-responsivity (Ry = Ipp/Pin)
[26] demonstrated an increasing trend from 3.264 to 4.213 A/W, for Ag@SWCNT
photodetector as the illumination wavelength increased semi-linearly from 365 to 808 nm

(Figure 6, a); similar behavior was perceived for the photo-detectivity [D* = (Ipn/P)/

(2qIp)"/?] along the utilized wavelengths. However, the external quantum efficiency (EQE =
(I,n/e)(P;hv) X 100%) [26] demonstrated an inverse profile which is attributed to the fact that
the attained increment in the ratio of the photocurrent is lower than that of the applied
wavelength. The photo to dark current ration, on the other hand, exhibited a considerable linear
ratio increment as a function of wavelength with R? = 0.851, inset into Figure 7 (a).
Continuously, the stated figure-of-merits of Ag@MWCNT photodetector delivered lower values
(Figure 7, b) which in turn suggests preferable electron transfer mechanism in the utilized
Ag@SWCNT photodetector as compared to that of Ag@MWCNT [27, 28]. Further, the linear

correlation attained in Ag@SWCNT device was notiveebly enhanced as a function of the applied
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wavelength for the investigated Ag@MWCNT photodetector with an average R? of 0.969, inset
into Figure 7 (b).
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Figure 7. Figure of merits of the fabricated devices; (a) Ag@SWCNT and (b) Ag@MWCNT.

3. Conclusions

Nanostructured Ag@SWCNT and Ag@MWCNT wide range of spectral response
photodetectors were successfully fabricated via electro-explosion wire method and direct
mixing. The optical analysis exhibited a wide absorption range within the scanned spectrum. In
conjunction, the fabricated devices related figure of merits exhibited linear increment (R*~0.9)
as a function of the utilized wavelength. In detail, the R;values were found to be 3.3, 3.9 and 4.2
A/W for wavelengths of 365, 460 and 808 nm for Ag@SWCNT based photodetector; these

values were perceived to be relatively lower for device fabricated using MWCNT.
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