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Abstract

Graphene (Gr) decorated with silver nanoparticles (Ag NPs) were used to
fabricate a wideband range photodetector. Silicon (Si) and porous silicon (PS) were
used as a substrate to deposit Gr /Ag NPs by drop-casting technique. Silver
nanoparticles (Ag NPs) were prepared using the chemical method. As well as the
dispersion of silver NPs is achieved by a simple chemistry process on the surface of
Gr.

The optical, structure and electrical characteristics of AgNPs and Gr decorated
with Ag NPs were characterized by ultraviolet-visible spectroscopy (UV-Vis), x-ray
diffraction (XRD). The X-ray diffraction (XRD) spectrum of Ag NPs exhibited 20
values (38.1° 44.3°, 64.5°and 77.7 °) corresponding to the silver nanocrystal, while
the XRD pattern of Gr-Ag NPs shows two distinct diffraction peaks at 2 6 =
26.2°and 54.7 which correspond to the (002), and (110). The absorption spectrum of
Gr-AgNPs extended from UV to near IR region, surface plasmon resonance (SPR)
absorption peak position for the AgNPs at (~320-480) nm. The I-V characteristics
for the photoconductive detector on Si were measured with three sources: UV,
visible, and IR. The photocurrent increased under the illumination of UV light
(10W, 365nm), a Tungsten lamp (250W, 500-800nm), and a laser diode (300mW,
808nm). The I-V characteristics for the photoconductive detector on PS were
measured with three sources: UV, Visible, and IR. Furthermore, we coated
polyamide-nylon polymer on Gr/Ag NPs samples deposited on a Si and PS layer by
the drop-casting method the results show that the photocurrent increased for all
samples.

Keywords: sliver nanoparticles, Graphene, surface plasmon resonance,
photoconductive detector, I-V Characteristics.
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1. Introduction

Noble metal nanostructures are a type of functional material that has distinct physical and
chemical properties that are influenced by its size, shape, composition, and structure [1,2].
The production of unique noble metal nanocrystals and their prospective applications in
different sectors such as catalysis, electronics, sensing, and medicine have made significant
progress [3-8]. Due to the scarcity and high cost of noble metals, combining them with other
low-cost, sustainable materials is one of the most appealing approaches to improve their
qualities and reduce their usage [9-11]. The resulting composition not only possesses the
combined properties of their individual components but also potentially demonstrates novel
functions with enhanced performance [12,13].

Noble metals have been successfully combined with inorganic nanostructures, organic
molecules, polymers, biomaterials, and carbon materials, extending their prospective
applications [9-15].

In metallic nanoparticles such as silver, the conduction band and the valence band are very
close to each other as the electron moves freely. These free electrons give rise to the SPR
absorption [16,17], occurring due to the collective oscillation of electrons of metal
nanoparticles in resonance with the light wave [18]. Typically, the characteristic formation of
colloidal silver nanoparticles is confirmed by the appearance of the sharp SPRs in the range of
(350-600) nm [19, 20]. This absorption strongly depends on the particle size, the surrounding
chemical and dielectric medium [17]. The UV-visible spectrum of the attenuated scattering of
colloidal particles can be calculated from Mie theory [21]. Theoretically and experimentally,
it is found that when size decreases, the SPR peak shifts towards the side of the shorter
wavelength [22]. It was also found that with decreasing size, the absorption spectra become
weak and broadband [22,23]. The same applies to the case of fluorescence [24-28].
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The combination of noble metals and carbonaceous materials, such as carbon black and
carbon nanotubes (CNTs), can improve the catalytic, electrochemical, and electrical
characteristics of these materials dramatically [14,15]. Graphene has recently been employed
as a promising foundation for the fabrication of graphene-based noble metal nanostructures
[29,30].

The electrical and optical properties of graphene, a two-dimensional honeycomb lattice of
carbon atoms, have piqued interest [31,32]. The unique characteristics stem from the zero-
bandgap structure of graphene, which enables ultra-broadband optical applications from the
ultraviolet to microwave regime [33]. In addition, graphene's higher carrier transfer properties
enable the ultrafast operation of electronic and optical devices [34,35]. Moreover, the
compatibility of graphene with developed complementary metal-oxide-semiconductor
platforms has received considerable interest. Graphene-based low-cost, high-performance
devices can be easily integrated on a single chip. Graphene-based photodetectors [36-41],
optical modulators [42,43], and electronic circuits [44,45] have all been described using these
features. Because of its high-speed functioning [37,39] and wide optical bandwidth [38],
graphene has been widely used in photodetectors. However, the response of graphene
photodetectors is limited to tens of mA/W due to the poor optical absorption of monolayer
carbon atoms [41]. To improve the response of graphene photodetectors, various approaches
have been proposed, including adsorption-supported lead sulfide quantum dots [46],
graphene-semiconductor hybrid structures [19,20,47,48], and photonic nanostructures [40].

In this work first, have been focused on the synthesis of Ag NPs by chemical method, the
prepared Ag NPs added to graphene. Graphene/Ag NPs nanocomposites was deposited on
silicon and porous silicon to test it as a photoconductive detector in different spectrum
regions.

2. MATERIALS AND METHODS
2.1 Synthesis of Silver Nanoparticles (AgNPs).

At first, silver nitrate solution had been prepared by dissolving 0.020 g of AgNO3 in 100
mL distilled water. Then, NaBH, solution was prepared by dissolving 0.022 g of NaBHy, in
200 mL distilled water. After that, solution of polyvinylpyrrolidone (PVP) was prepared by
dissolving 0.1g of PVP in 30 mL of distilled water. Then, the synthesis of Ag NPs as in the
following procedure: adding 30 mL of sodium borohydride (NaBH,) to an Erlenmeyer flask.
The liquid had been stirred and cooled at room temperature for about 20 minutes. Then
dropped 2 mL of silver nitrate into the stirring NaBH, solution at approximately 1 drop per
second. Initially, when to start to drop the AgNOg3; the liquid starts to seem yellow after two
minutes, indicating the creation of silver nanoparticles. Finally, the PVP (poly N-vinyl
pyrrolidone) was used as a protective medium for the silver nanoparticles' colloidal
suspension. The PVP affects the molecular motion of reduced silver, inhibiting the
aggregation of nanoparticles.

2.2 Synthesis of Gr-Ag Nanocomposite

Graphene solution was prepared by adding 0.05 g of Gr in 5 mL of distilled water. After
1h of sonication, the mixed solution was stirred for 3 days to form a homogeneous Gr
suspension. Then, 1.2 ml of AgNPs solution was added into 4 ml from Gr with stirring for a
week.

2.3 Preparation of Porous Silicon (PS) Layer by Electrochemical Etching (ECE)
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Various PS production procedures have been proposed, as well as a variety of reaction
mechanisms. The electrochemical etching procedure was used in this study. The
electrochemical etching operation was carried out using the equipment depicted in Figure (1).
Silicon wafers of the n-type (1.5 x1.5 cm?) were used, with an orientation of (111) and a low
Resistivity of 0.02 Ohm-cm. To eliminate any remaining stains and debris, the wafers were
cleaned numerous times with methanol and then with distilled water. Then dried in an oven, at
50°C temperature.

After cleaning, the samples were immersed in a Teflon beaker containing 40%
Hydrofluoric acid mixed with ethanol in a (1:1) ratio. The samples were placed vertically in
the beaker on two Teflon tablets so that the etching current could complete the circuit between
the top and bottom surfaces of the Si sample. The current density was set to 20 mA/cm?, and
the normal electrochemical etching period was set to 10 minutes. The nanostructure silicon
films were used as a substrate for the manufacture of Photoconductive detector elements after

the electrochemical etching process.
Pt Electrode l
HF W/ EIOH S

Teflon

O-ring

S1 Wafer

Teflon Base [:l

Figure 1: a) Cross section of anodization cell with ECE arrangement illustration and b)
Teflon etching cell.

2.4 Fabrication of Photoconductive detector

A Si (n-type) wafer of (0.008-0.020) Q.cm resistance and thickness of (525 + 25um) were
used as a substrate for the photodetector. Samples with dimensions of 1.5 x 1.5 cm? were cut
from a Si wafer and rinsed with distilled water and ethanol to remove dirt. An electrode
spacing mask (0.4mm) was used to deposit aluminum electrodes on the Si surface, as shown
in Figure (2).
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Figure 2: Schematic diagram for interdigital electrodes of photoconductive detector mask.

The Gr/Ag NPs solution was deposited on the electrodes by drop-casting technique, and
the samples were left to dry at room temperature. The photodetector response is measured
using ultraviolet light of wavelength and power (365 nm, 10 W), a tungsten lamp (500-800
nm, 250 W) and a laser diode (808 nm, 300 mW) as the illumination of the source. The
measurement circuit of the photodetector is shown in Figure (3).
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Figure 3: Schematic diagram of the experimental photoconductive detector setup.

3. Result and Discussion
3.1 UV-Vis spectroscopy analysis
The UV-Vis absorption spectra of the silver nanoparticles are shown in Figure (4a). The
absorption (SPR) peak is obtained in the range of (~320-480) nm, no SPRs were observed at
more than 500 nm, indicating that most of the AgNPs obtained have small sizes and similar
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shapes. Such observation also gives preliminary indications regarding the size and size

distribution of colloidal AgNPs.

Figure (4b) shows the ultraviolet-visible spectra of graphene. The spectrum of graphene
has an absorption peak at 300 nm, which can be assigned to the n—zn* transitions of C=0
bonds [6,14]. Figure (4c) shows Optical properties in terms of absorbance and analysis of Gr-
AgNPs were analyzed through UV-Vis spectrograph ranging from (200-1200) nm. Gr-AgNPs
nanocomposites exhibited a plasmonic absorption band (~277) nm, indicating the presence of

AgNPs in the Gr dispersion.
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Figure 4. UV-Vis spectra of Ag-NPs, Gr and Gr-AgNPs.

3.2 XRD analysis
Figure (5) represents the XRD pattern
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planes (11 1), (200), (22 0) and (3 1 1) of face-centered cubic (fcc) Ag nanoparticles. The
corresponding d-spacing values of the Ag nanoparticles were investigated as (2.36, 2.04, 1.44
and 1.23) A, respectively. The highest intense diffraction peak at around 38.1° shows the pure
crystalline nature of Ag nanoparticles [49]. As compared to Ag nanoparticles Gr-Ag shows
two peaks at around 26.6" and 54.7° with d-spacing values of 3.327 and 1.671 A° correspond
to the (002) and (110) planes, respectively.
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) A AQ‘EWI Gr{110)  Ag(220) Ag(311)
= 0 I S T
= (002)
e 24600 | Gr
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= 16400
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) ] ) ] ) i ] " 1 1 1 1 1 L 1
1020 | () AgNPs
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Figure 5: XRD patterns AgNPs, Gr and Gr-AgNPs nanocomposites.

3.3 Hall Effect Measurement

Hall effect experimental results can be used to interpret the conductivity type, Hall
voltage, mobility, and carrier density parameters. The Hall measurements parameter for
AgNPs, Gr-AgNPs/Si and Gr-Ag NPs/PS exhibit in Table (1)

Table 1: Hall Measurement parameter

1.08x101 2.36x10" 1.36x10° 4.23 N-type

. 2
3073 x 1016 5.874x 101 1 193x10 1-702 P-type
4.731x 101 1-807x 107" 2384 x 10° 5.535 N-type

The table shows that the electrical conductivity of Gr/Ag NPs/Ps becomes much higher
than that of Gr-AgNPs and Ag NPs and the concentration of carriers increases when Gr is
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decorated with Ag NPs. The electrical transport of Gr-Ag NPs was improved when Gr was
decorated with Ag NPs.

3.4  1-V Characteristics for photoconductive detector on silicon (Si) and porous silicon
(PS) substrate

The current-voltage (I-V) characteristics of the manufactured photodetector are shown in
Figure (6). The I-V curves in Figure (6(a) (b), (c), (d),(e) and (f)) indicate the ohmic nature of
the detector. Using a tungsten lamp (250 W, 500-800 nm), ultraviolet light (10 W, 365 nm),
and infrared light (300 mW, 808 nm) for illumination, it was observed that the light current
under illumination had increased. The device is used up to 5V as the bias voltage and the
corresponding current is shown in milliamperes. It can be seen that, the dark current is low in
some regions, while the light current increases under illumination. The measurements of
current in the dark and in illumination were studied as a function of voltage and presented in

Figure (6 (a), (b), (c), (d), (e)and (f)).
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Figure 6: The variation of the (a) and (b)UV light, (c) and (d)Tungsten lamp (visible light),
(e) and (f) Laser diode (IR) photocurrent of the fabrication photoconductive detector on Si
and PS as a function of voltage for Gr-Ag NPs.
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The figure of merit for a photoconductive detector for different sources of light (UV,
Visible, and IR) have been shown in Table (2). At first, the photoconductive gain (G) has
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been calculated, which is the ratio between the photocurrent to the dark current at the same
bias voltage (G=I,u/l,). Also, the response time (1) was calculated after calculating transit-time
(T=£*pn.V,) which £=0.4mm, V,=5V and p is the mobility for Gr/Ag NPs/Ps was found from
Hall measurements, then by using the equation G=t/T. calculated response time in
microsecond and then calculated noise equivalent power (NEP= I nuise/R;) Where | poise=
elyariAf )1/ 2, Detectivity (D=1/NEP) and specific detectivity (D*=D(A Af)%) where A
represents the area of detector equal to 1cm? and Af represent noise bandwidth equal to 1 Hz.
It can be observed figure of merit for photoconductive detector from the table for Gr-Ag
NPs/Si and Gr-AgNPs/PS.

Table 2: Figure of merit for photo-conductive detector as silicon and porous silicon substrate

1.465
x 10710 x 10° x 10°

7.15 7.15
=7
1.398 x 10 < 106 105

v 1012 0.044

2-18 1.559

1.043  1.399 1ot 1ot

2.132 1.79 1.79
-11 -9
1208 3239 1.187x10 % 10-3 5.567 x 10 % 108 % 108
3.64 3.64
-11 -6 -6
1990 2670 1.45x10 5.28 x 10 2.746 x 10 % 105 % 105

2.57%

2008 5385 1.230x 107! 3.166 3.885x 10712 2.57x10'*

1011
1.71 1.71
-11 -3 =2
0790 144  2.06x 10 353 x 1073 5.835x 10 < 10° 107

After coated polyamide-nylon polymer on Gr-Ag NPS sample deposited on Si and PS
layer by drop-casting method, the results show that the photocurrent increased for samples
(Gr-Ag NPS/PS) and the polymer effect on it behave like Gr-Ag NPs with UV source, Visible
source, and an infrared source. Whereas photocurrent of Gr-Ag NPS/Si layer samples is
higher than without polymer, figure (7 a, b, c, d, e, and f) shows the variation of the
photocurrent of the fabricated photoconductive detector on Si and PS layer with polymer and
without polymer as a function of the bias voltage. This polymer coating can be considered as
a surface treatment of the detector film, which highly increases the photoresponse and specific
detectivity of the fabricated detector.

5227



Mohammed et al. Iragi Journal of Science, 2022, Vol. 63, No. 12, pp: 5218-5231

Gr-Ag NPs/polymer/Si Gr-Ag NPs/polymer/PS
0.7 25
0.6
2 2 20
£ s
g 03 g 10
5 0.2 5
0.1 O 5

-~

o
o

05 1 15 2 25 3 35 4 45 5 05 1 15 2 25 3 35 4 45 5
Voltage (volt) Voltage (volt)
Idark luv luv +polymer Idark luv luv +polymer
(@) (b)
Gr-AgNPs/polymer /Si Gr/Ag NPs/polymer/PS
0.8 25
0.7
<06 %
Eos E 15
€ 04 1=
€03 g 10
302 3 .
0.1
0 0
05 1 15 2 25 3 35 4 45 5 05 1 15 2 25 3 35 4 45 5
Voltage (volt) Voltage (volt)
Idark Ivib Ivib + polymer Idark Ivib Ivib + polymer
(©) (d)
Gr-AgNPs/polymer /Si Gr/Ag NPs/polymer/PS
1.5 25
< 20
1
% %15
E’ § 10
S 0.5 =
] O 5 -
0 0
05 1 15 2 25 3 35 4 45 5 05 1 15 2 25 3 35 4 45 5
Voltage (volt) Voltage (volt)
e |dark  ess=||R e=—||R +polymer Idark IIR IIR + polymer
(e) ()

Figure 7: The variation of the (a) and (b) UV light, (c) and (d) Tungsten lamp (visible light),
(e) and (f) Laser diode (IR) photocurrent of the fabrication photoconductive detector with
coating polymer on Si and PS as a function of bias voltage for Gr-AgNPs/Polymer.
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Conclusion

Photodetector Graphene decoration with silver nanoparticles synthesized by the chemical
method was studied. The XRD, UV-visible spectra, hall effect and I-V Characteristics results
were confirmed the property of the sample. It was found that, the nanoparticles were spatially
well dispersed on the graphene. It is suggested that decorating the surface of Gr with Ag NPs
can change the properties of materials from n-type to p-type. Experimental results showed
that Gr-AgNPs can become important building blocks for photodetector synthesized on
silicon (n-type), the device shows good response and response time for broadband wavelength
especially Gr-Ag NPs.
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