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Si(PS). Porous silicon (PS) is synthesized by using the photo-
electrochemical etching (PECE) of n-type crystalline Si (c-Si) wafers

ﬁ%’%"%ﬁs' of (100) orientation. The intensity of the etching current density was
Nanopar’tides, (4, 12, and 20 mA/cm?), with 16% (HF), and the etching time was 15
Laser ablation, minutes. The X-ray diffraction (XRD) techniques, scanning electron
Porous silicon, microscopy (SEM), UV-visible spectrophotometry, and electrical
Photo-detectors properties are used to characterize the obtained particles. From the

. _ photo-detector measurements, the spectral responsivity curves three

E?ﬂ‘;:ij"%%‘:;g%ﬁ”tho“ inclusive regions; the first peak was due to the absorption of UV light

25.18.99@grad.uotechnology.com by Au: TiO, NPs. The second peak was corresponding to the visible
light absorption with the PS layer and the third peak was due to the
absorption edge of the Si substrate. The higher responsivity of Au:
TiO, NPs/PS photo-detector was found to be 2.56A/W for specimens
prepared at laser energy 800mJ.
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1. Introduction

Nanoparticles are particles with sizes in the range of hundreds of nanometres in the unit, which have lately been
attracting comprehensive attention in different fields of physics, material science, and chemistry, as a result of
their unique electronic, physical, magnetic, optical properties [1]. Photodetectors, gas sensors, and solar cells
devices are all made with these nanomaterials [2—4]. Chemical and physical processes can both be used to
generate NPs. Chemical methods were utilized to produce diverse NPs; but, chemical approaches have
significant drawbacks (which include toxicity, incompatibility with the environment, and unwanted compounds)
that make them inappropriate when compared to physical processes [5-6]. As a physical approach, pulsed laser
ablation in liquids (PLAL) is used. The process of removing a portion of material from the surface of a solid
after laser irradiation is called laser ablation. This plays an important role in the processing and structuring of
materials in many areas of technology [7]. The laser ablation of a solid target immersed in a liquid milieu has
become an increasingly important “top down” method for fabricating and producing metallic colloids metal,
semiconductors, alloy, and oxide nanoparticles in deionized water and solvents [8-12]. The size and shape, as
well as concentration, of NPs could be controlled by altering the wavelength, energy, and pulse duration of the
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laser pulse. [13-16]. The major advantage of the PLAL method is that the produced colloids were chemically
pure, containing the only target and fluid constituents. The produced particles are surface-charged as a result of
the laser ablation, which is another advantage of the approach. This prevents them from aggregating and ensures
the generated colloid's long-term stability (for some months). The fundamental disadvantage of the PLAL
technique is the broader size distribution of the nanoparticles generated compared to nanoparticles produced by
chemical methods [17-20]. Therefore, laser ablation in solutions has been comparatively rapid, easy to
manipulate, and a cost-effective technology [21-22]. TiO, is an n-type semiconductor that has a wide band gap
of 3.2 eV. There has been much interest in its basic characteristics and for many applications including solar
cells, photodetectors, protective coatings, and gas sensors. [23- 25], due to its outstanding physical and chemical
properties. These structures have long-term stability, a large surface area to volume ratio, easy preparation, and
low cost [26-29]. The crystalline structure of TiO, exists mainly in three forms: rutile, anatase, and brookite
[30]. In particular, TiO2 is sensitive to light with wavelengths below 380 nm, which belong to the UV region,
due to its broad band gap [31]. Noble metal (e.g. gold (Au) nanoparticles) exhibit more favorable plasmon-
dominated optical properties than conventional bulk metal because of the resonance of conducting electrons with
the incident light [32-34]. Because the SPR occurs from the excitation of vibration of free electrons in response
to the electric field of the electromagnetic radiation of incident light, Au NPs show high absorption in the visible
region [35-38]. Au NPs can also be used in a variety of fields, including medicine, sensors, and electronics [39].
Au NPs have attracted much attention due to their unique physical and chemical properties that depend on size
and morphology [40]. In the present study, we will describe the successful manufacturing of Au-TiO, NPs using
the PLAL method of Ti plate in a solution of CTAB at room temp, and the manufacturing of photo-detector by
deposited colloidal of Au-TiO, NPs on porous silicon by the drop casting method.

2. Experimental Details

2.1. Chemicals and Materials

A pellet of gold (Au) with high purity (>99.9%) was obtained from the central bank in Baghdad, Iraq. Ti was
acquired as a powder and then formed into a pellet using a 10-bar hydraulic press. Cetyltrimethylammonium
bromide (C19H42BrN, Mol. Wt 364.45 g mol).

2.2. Preparation of Au:TiO,; NPs/PS

The colloidal solution of Au:TiO, NPs was prepared by using the pulsed laser ablation method. In the first step,
the Au NPs that were synthesized via pulsed laser ablation of the gold plate were put on the bottom of a glass
vessel filled with 3 ml of an aqueous solution of cetyl-trimethylammonium bromide (CTAB). The target has
been irradiated with a laser beam of different values of energies (600, 800, and 1000 mJ/pulse) with 100 pulses
and wavelength (1064 nm). This colloidal solution has become to some extent, colored following the procedure
of ablation for confirming Au NPs formation. After that Titanium (Ti) target has been placed in Au NPs solution
that has been suspended and ablated by the same laser at a variety of concentrations of the TiO, NPs. In the
second step: an n-type silicon wafer (100) with a resistivity of 1.5-4 Q.cm was prepared by the PECE method.
PECE was achieved by etching silicon target in 16% Hydrofluoric acid (HF:C,HsOH) as electrolyte at current
density 4, 12, and 20 mA/cm? for 15 min. and illuminated by a halogen lamp. Then, the Au:TiO, suspension was
dropped on PS by the drop casing method.

3. Results and Discussion

Figure 1 shows that the materials' X-ray diffractograms were investigated as a function of (core-shell). Au: TiO,
NPs specimen was prepared by laser ablation at 800mJ energy of the pulsed laser which was deposited onto
porous-Si. This figure indicates that the Si is crystalline in the (100) plane at 26 =33.3° [41], whereas the X-ray
photons diffracted from the PS substrate are apparent on the XRD pattern of the sample at 20 = 70-. In all of the
samples, the core shows peaks due to (200) reflections corresponding to bulk fcc Au [42]. The diffraction peaks
of Au NPs consistents of the usual (JCPDS card No 002-1095). The XRD of the anatase TiO, NPs has two
characteristic peaks at 37. 8 and 60.56, which were corresponding to the planes of (112) and (204) respectively
according to (JCPDS card No. 21-1272) [25].
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Figure 1: XRD pattern of Au:TiO, NPs/PS laser ablated at 800 mJ on PS preparing at etched current 12mA/cm?
for 15 min. and HF; 16%.

Figure 2 shows the surface morphology of generated Au: TiO, NPs fabricated by PLAL at several energy pulses
600, 800 and1000 mJ that's been deposited on the prepared porous silicon by (12mA\cm?) etching current
density. The ablation using Nd: YAG laser with wavelength 1064 nm. Figure 2-A indicates the regular pores,
these small pores begin to form on the Si-layer. Figure 2(B-D) represents Au:TiO, NPs/P, which leads to
structures that are comprised of spherical and platelet like nanocrystals. There are both isolated particles and
agglomerated chains.
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Figure 2: SEM images of Au:TiO, NPs/PS (A) PS(12mA/cm?) (B) Au:TiO, NPs laser ablated at 600 mJ (C)
Au:TiO;, NPs laser ablated at 800 mJ (D) Au:TiO, NPs laser ablated at 1000 mJ.
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From Figure 3, It is observed that the optical absorption ranges of UV-vis. The absorption spectrum of the
solution of Au: TiO, nanoparticles were produced at various laser energies. The wavelength range between 200-
900 nm is used to determine the absorbance of Au:TiO, NPs. The spectrum of TiO, contains several absorption
peaks as observed in Figure 3. The spectrum shows strong absorptions between 200 and 345 nm [43]. UV-vis
absorption spectroscopy was used to track the formation of colloids. In organic solvents, the peak maximum
corresponding to gold plasmon excitation usually occurs at 512-520 nm [18]. As the gold cluster surface is
coated with an oxide layer, the red peak shifts (Figure 1). Shifts in encapsulation and shifts in increasing particle
dimension are the two types of shifts. The dielectric constant of the surrounding matrix is related to the shift in
plasmon after encapsulation. From Figure 3, it is calculated that the optical band gap Eg of Au: TiO, NPs
increases with the increase of the laser energy. The energy band gap of the Au: TiO, NPs was 4.3, 4.4, and 5.3eV
of laser energies (600, 800, and 1000 mJ respectively), which is larger than the 3.2 eV of bulk TiO,. When the
energy of the laser pulses increases (the laser power increases), nanoparticles size decreases, and therefore the
energy gap values will increase according to the effects of quantum confinement [44].
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Figure 3: shows absorption of Au: TiO, NPs prepared at different laser energy (A) 600, (B) 800, and (C)
1000mJ 100 pulses and laser wavelengths 1064nm, with The energy band gap of Au: TiO, NPs.
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Figure 4 shows the Current density-Voltage (I-V) characteristics in forward and reverse biases of the Al/Au:TiO,
NPs/PS/nSi/Al in dark surroundings, we found in Figure 4 that there is an increase in the forward current by the
increase of voltage (greater 1Volt) and the leakage current decreases (less 1 Volt) because of the resistivity of
porous layer decrease. Furthermore, I-V measurements show that the Au:TiO, NPs/PS samples have the same
current density. In this figure, the forward current is divided into two distinct areas. The first area recombination
current is established when each electron stimulated from the valance band to the conduction band recombines
with a hole in the valance band, increasing the recombination current. The forward current is exponentially
enhanced with the applied voltage in the second area at high voltage because this voltage provides enough
energy for electrons to exceed the barrier height and the diffusion current to prevail. In the reverse bias, one
region exists, it is where the reverse current increases with the applied voltage, and the generated current takes

precedence [45].
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Figure 4: The 1-V properties of PS and Al/Au: TiO, NPs/PS/n-Si/Al preparing at various laser energy and
different current densities with fixed etching time (15 min) on the PS layer.

Figure 5 showed the I-V characteristics in presence of the light illumination of Al/Au:TiO, NPs/PS/n-Si/Al
samples fabricated at the same etching time (15 min.) with a constant current density of 12 mA/cm?® for
comparison, using several power intensities. The increase of the reverse bias voltage leads to the increase in the
internal electric field which leads to an increase in the probability of the separated electron-hole pairs. Also, the
photocurrent increases with the increase of the incident power intensity (5-125 mW/cm?) due to the increase in
the number of the generated photo-carriers in the depletion region [45]. In general, the output currents are
decreases when the band-gap increasing for the same light power applied. In the case of Au: TiO, NPs/PS
samples, there is a higher reverse current density compared to PS due to the conductivity of Au: TiO, NPs/PS
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layers which were very high. Figure 6 displays the spectral response of the Au:TiO, NPs at a bias of 5 V. the
responsivity as a function of wavelength for Al/Au:TiO, NPs/PS/n-Si/Al samples prepared by laser ablation
were deposited on PS layer etched at 12mA/cm? current density with 16% HF concentration for 15min. In Figure
6, it is observed that there are three peaks, first region illustrated higher responsivity due to the absorption of UV
light 450 nm by Au: TiO, NPs. While the second peak refers to the absorption of the visible light region (600-
650 nm) for PS, after that the reduction in the responsivity is observed that attributed to the absorption of light
by silicon substrate at (750 and 800 nm). The shift in the peak of the response of photodetector toward UV
region after the deposit of the Au: TiO, NPs ascribed to the enhancement in UV absorption due to a reduction in

energy gap [25].
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Figure 5: The I~V behavior of the applied reverse voltage of (A) c-Si (B) PS etched at 12mA/cm? current
density with 16% HF concentration for 15min., Al/Au:TiO,NPs/PS/n-Si/Al with different laser energy (C) 600
mJ, (D) 800 mJ and (E) 1000 mJ.
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Figure 6: Responsivity of (A) PS and Au: TiO, NPs/PS samples at different laser energy ablated (B) 600, (C)
800 and (D) 1000 mJ, 100 pulses with laser wavelength 1064 nm.

4. Conclusions

From this study, it is concluded that the laser ablation of Au:TiO, metal in CTAB is considered a promising
technique for preparing Au:TiO,NPs. As deduced by XRD analysis which indicates that the Au:TiO, NPs were
polycrystalline structure, and optical properties detected that Au:TiO, NPS band gap was specified by the
quantum size effectiveness. The electrical measurement and photodetectors were strongly dependent on the laser
pulse energy. This result improves high responsivity, in the visible region as a photodetector device after we
deposited the Au: TiO, NPs on porous silicon. The spectral responsivity curves included three regions; the first
peak was due to the absorption of UV light by Au:TiO, NPs. The second peak corresponds to the visible light
absorption with the PS layer and the third peak to the absorption edge of the Si substrate. The best performance

of Au: TiO, NPs/PS as photo-detector for specimen prepared at laser energy 800mJ were found when the higher
responsivity was equal to 2.56A/W.
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