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involved the combination of green tea extract and a silver nitrate
(AgNOs) solution. Subsequently, to create a thin film containing the

Keywords AgNPs as an SA, the resulting mixture was blended with a polyvinyl-
Green synthesis, Silver alcohol (PVA) solution. The modulation depth and saturation intensity
nanoparticles, Q-switched, of AgNPs were determined to be 24.37% and 0.15 MW/cm?
Saturable absorbers respectively. By incorporating the AgNPs thin film into a single-ring

cavity, we achieved a stable Q-switched fiber laser at a maximum pump
power of 190.30 mW. The Q-switched fiber laser exhibited a maximum
pulse repetition rate of 56.93 kHz, the shortest pulse width of 2.00 ps,
a maximum pulse energy of 0.2 n], and a signal-to-noise ratio (SNR) of
61.67 dB. These findings suggest that the AgNPs synthesized through
the green synthesis approach performed effectively as a SA in the C-
band region.

1. Introduction

Q-switching, or "Quenching Switching," is an advanced technique used in laser technology to generate pulsed laser
beams with a very high peak power. The fundamental purpose of Q-switching is to store energy in the laser
medium for an extended period of time before releasing it in the form of a short, strong pulse. This approach is
essential in applications that require precise control and manipulation of laser pulses, such as medical operations,
material processing, and communication systems [1]. The typical Q-switched Nd:YAG laser pulses, for example,
have durations of 3-7 nanoseconds [2]. Q-switching employs methods such as Acoustic-optic Q-switching and
passive Q-switching to generate short, high-intensity pulses. In Acoustic-optic Q-switching, an acoustic-optic
modulator (AOM) within the laser cavity modulates the laser beam's intensity by periodically changing the
refractive index of a crystal through which the beam passes. Adjusting the AOM's parameters controls the laser
energy buildup, and when the AOM is switched to high-transmission, a powerful pulse is emitted [3] [4]. On the
other hand, passive Q-switching involves incorporating saturable absorbers, like carbon nanotubes or graphene,
into the laser cavity [5]. Initially, these absorbers saturate, absorbing laser light, but as intensity increases, they
quickly become transparent, releasing a high-energy pulse when the laser gain surpasses cavity losses [6]. These
Q-switching techniques find applications in various lasers, serving diverse purposes such as material processing
and medical procedures by delivering intense, controlled laser pulses [7]. The choice between these techniques
depends on the specific laser system, pulse characteristics, and application requirements. The material used for
the generation of Q-switching typically involves biocompatible and environmentally friendly substances. Plant
extracts, such as those derived from medicinal plants or algae, are commonly employed due to their ability to act
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as reducing agents. These extracts contain bioactive compounds, such as polyphenols, flavonoids, and other
organic molecules, which facilitate the reduction of silver ions to form AgNPs [8]. The characteristics of the
resulting material include excellent biocompatibility, low toxicity, and eco-friendliness, making it suitable for
various applications in biophotonics and biomedical fields [9]. The unique optical properties of AgNPs, such as
their surface plasmon resonance, make them effective SA for Q-switched fiber lasers.

To initiate the green synthesis of AgNPs as a SA for Q-switched fiber lasers, start by preparing a green tea
extract that serves as both a reducing and stabilizing agent. Boil green tea leaves in water to extract bioactive
components such as catechins. In the meantime, make a silver nitrate solution as a precursor for AgNPs. Add the
silver nitrate solution into the green tea extract to cause a reaction in which the bioactive components act as
reducing agents, transforming silver ions into AgNPs. This reduction step produces well-stabilized nanoparticles
with the advantages of green tea. To characterize the size, shape, and optical properties of the produced AgNPs,
employ techniques such as UV-Vis spectroscopy, transmission electron microscopy (TEM) and scanning electron
microscopy (SEM). Once characterized, integrate the green-synthesized AgNPs into the cavity of a Q-switched
fiber laser, leveraging their unique properties for efficient pulse generation in laser applications. This integration
acts as a saturable absorber, allowing the laser pulse to be tuned. A various range of AgNPs sizes may be produced
by green synthesis techniques, making it difficult to achieve consistent characteristics. AgNPs' effectiveness as a
SA may be affected by size variations [10]. The purity of green-synthesized AgNPs matters as contaminants in the
synthesis process can affect their optical characteristics and effectiveness as a SA [11]. Fine-tuning synthesis
parameters, such as the concentration of green tea extract, AgNOs, and reaction time, presents challenges.
Optimization is necessary to achieve the desired AgNPs characteristics [12]. The green synthesis of AgNPs using
green tea leaves as a reducing and stabilizing agent presents an environmentally sustainable and biocompatible
approach for the preparation of SA in the context of Q-switched Fiber Lasers [13]. This process involves boiling
green tea leaves, which are high in bioactive chemicals, to extract the essential components. The obtained green
tea extract is then mixed with a AgNOssolution to initiate a reduction reaction in which the bioactive components
act as natural reducing agents, allowing silver ions to be reduced to AgNPs. The benefits of this green synthesis
method are significant, aligning with the principles of green chemistry by minimizing the use of hazardous
chemicals and reducing environmental impact. This eco-friendly approach contributes to sustainable
nanotechnology. Additionally, the availability of green tea as a source material makes this synthesis method cost-
effective and sustainable, enhancing its scalability [14]. Numerous studies have explored biological techniques for
AgNPs production, investigating sources such as fungi, bacteria, and algae, in addition to plants [15]. Because of
its unique chemical constituents, green tea is frequently used to synthesize AgNPs as a saturable absorber for Q-
switched fiber lasers. Green tea contains polyphenols, particularly catechins, which act as reducing agents,
allowing the reduction of silver ions and the formation of AgNPs [16]. Furthermore, the antioxidant properties of
green tea help to stabilize the formed nanoparticles [17][18]. This stability is necessary for their successful
integration into Q-switched fiber lasers, where the SA plays an important role in pulse generation. Green tea-
derived AgNPs are also biocompatible, which makes them suitable for a variety of applications, including
biomedical and sensing devices.

Various types of green synthesis method have been reported to synthesize nanoparticles. Eugenia jambolana
leaf extract was employed to synthesize AgNPs [19]. The synthesized AgNPs using aloe vera showed that AgNPs
had a high antibacterial which depended on their synthesis conditions [20]. The synthesized of AgNPs by
Boerhaavia diffusa plant extract reveals that AgNPs are in spherical shape with an average size of 24 nm [21].

Hence, this study utilizes green synthesis approach to fabricate AgNPs thin film as SA for generation of Q-
switched fiber laser. The Q-switched fiber laser able to achieve maximum repetition rate of 56.93 kHz, pulse width
of 2.00 ps, pulse energy of 0.20 nJ, average output power of 5.00 mW, and SNR of 61.67 dB.

2. Materials and Methods

2.1Preparation of AgNPs as SA

Fresh young green tea leaves were harvested from Cameron Highlands, providing an alternative source for the
green synthesis of AgNPs. Fig. 1 (a) shows the preparation of green tea extract where 20 g of fresh green tea leaves
were washed by using deionized water to eliminate any dust and particles. Then, the leaves were cut and ground
with a mortar and pestle to form a tea paste. The tea paste was then mixed with 50 mL of deionized waterina 100
mL round-bottom flask and stirred at room temperature for two hours. Subsequently, the mixture was left
undisturbed for 30 minutes before filtering using Whatman filter paper to obtain green tea extract. Fig. 1 (b) shows
the synthesis of AgNPs thin film as SA. This involved mixing 10 mL of silver nitrate solution with 100 mL of green
tea extract, resulting in a change in the mixture's color to maroon, indicating the presence of the AgNPs. To create
the AgNPs thin film, a mixture of 125 mL of PVA solution and 100 mL of the AgNPs solution was prepared and
poured into a petri dish. The drying process was carried out in an oven at a temperature of 60°C for a duration of
6 hours.

Penerbit
UTHM



268 Enhanced Knowledge in Sciences and Technology Vol. 4 No. 1 (2024) p. 266-273

-l -¢

Green Tea 20 g of fresh Leaf extract
Leaves Green Tea Leaves of Green Tea

(a)

Maroon extract

Fig. 1 a) Preparation of green tea leaf extract; b) Synthesis of AgNPs solution

2.2 Characterization of AgNPs as SA

Fig. 2 (a) illustrated the experimental setup of a twin-detector system designed for measuring the nonlinear
absorption of AgNPs as a saturable absorber (SA). The experimental configuration included a homemade
femtosecond laser with a repetition rate of 56 MHz, a pulse duration of 430 fs and operating wavelength of 1560
nm. An attenuator was positioned after the femtosecond laser source to regulate the output power and was then
linked to a 50:50 optical coupler for splitting the light signal. Following the split, one port of the 50% optical
coupler was connected to power meter 1, serving as a reference to read the power value. Simultaneously, the other
port was connected to a fiber ferrule containing the AgNPs thin film. This fiber ferrule was then linked to power
meter 2 to measure the output power. Fig. 2 (b) show the graph of nonlinear absorption, which fitted by using an
equation below [22]:

a

N=—3>2=
a(l) 1+ /1y,

+ Ay

where a is absorption a,, is non-saturable loss, a, is saturable absorption, I is intensity and /g, is saturation
intensity. Based on the figure, the modulation depth, non-saturable absorption, and saturation intensity of AgNPs
thin film is 24.37 %, 4.92 % and 0.15 MW /cm?.
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Fig. 2 (a) Twin detector system for measuring nonlinear absorption of AgNPs. (b) The graph of nonlinear
absorption

In addition, the AgNPs was characterized by using scanning electron microscope (SEM) to observe the surface
morphology and size of AgNPs. Fig. 3 (a) shows the surface morphology of AgNPs which exhibit a round shape of
particles at magnification of x5.0 kV. To measure the absorption of AgNPs, UV-Vis was utilized at wavelength from
250 nm until 550 nm. The obvious absorption peak was observed at wavelength of 445 nm with absorbance of
approximately 2.0 a.u. as depicted in Fig. 3 (b). The absorption spectra obtained through UV-Vis spectroscopy
accurately confirmed the presence of AgNPs, as these nanoparticles displayed a pronounced absorption peak due
to surface plasmon excitation in the UV range. Typically, AgNPs exhibit an absorption band around 420 nm.
Smaller AgNPs tend to shift this band to approximately 420 to 430 nm, while larger AgNPs cause the band to
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extend to around 430 nm to 445 nm. The observed widening of the peak suggested a wide dispersion of the
particles. It is noteworthy that the size of nanoparticles is a crucial factor influencing photon excitation and the
formation of absorption bands [fuhb]. Fig. 3 (c) shows the Fourier Transform Infrared Spectroscopy (FTIR)
spectrum to determine molecular structure and chemical bonding of AgNPs. The FTIR spectrum of AgNPs was
recorded within the wavenumber range of 600.10 to 3984.52 cm™ . The complexity of the biological material is
evident in the multiple peaks observed in the FTIR spectrum, including distinct peaks at 3213, 2915, 1629, 1040,
and 820 cml. The prominent peak at 3213 cm™ corresponds to the broad absorption of the -OH group,
characteristic of polyols like hydroxyflavones and catechins.
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Fig. 3 (a) Surface morphology of AgNPs using SEM; (b) The absorption of AgNPs using UV-Vis spectroscopy; (c)
FTIR spectrum of AgNPs.

2.3 Experimental design of Q-switched

Fig. 4 illustrates the setup of the Q-switched fiber laser incorporating AgNPs thin film as SA. A 3.00 m length
erbium-doped fiber (EDF), a 980/1550 nm wavelength division multiplexer (WDM), an optical isolator, a 10/90
output coupler (OC) and a 980 nm laser diode (LD) were used to construct a single ring cavity. The EDF as gain
media was is pumped using LD through the WDM. The end of the EDF was spliced with ISO isolator to guarantee
that light traveled only in single direction. The AgNPs thin film was sandwiched between two fiber ferrules to act
as SA and integrated inside the cavity after the isolator. To complete the single ring cavity, the 90:10 OC was linked
after the SA, where 90 % port of OC was spliced with 1550 nm port of WDM. Meanwhile, the 10% port of OC was
connected to 50:50 OC. Both port of 50% was joined for monitoring the optical spectrum using an optical spectrum
analyzer (OSA) and observing the time and frequency domain of the Q-switched system using an oscilloscope
(0SC).
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Fig. 4 Q-switched fiber laser using AgNPs schematic diagram

3. Results and Discussion

A stable Q-switched fiber laser was observed after inserting the SA and increased the pump laser. At pump power
of 33.10mW, the pulse optical spectrum of the Q-switched depicts in Fig 5 (a). The laser is operated at 1569.00 nm
central wavelength at 1.0 nm resolution. The 3-dB bandwidth is 0.60 nm. Fig 5 (b) displays the pulse optical
spectrum of the Q-switched at a pump power of 190.30 mW with a 1.0 nm resolution, the central wavelength of
1568.20 nm was detected. The broader bandwidth is 4.60 nm, which broadens caused by self-phase modulation
(SPM) effect [23].
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Fig. 5 (a) The laser performance at 33.10mW pump power; (b) The laser performance at 190.30 mW pump power.

Fig 6 (a) shows the pulse train when the pump power is set to a minimum of 33.10 mW. the short pulse width
is 8.80 ps with time difference between the two pulses is 43.30us. The peak amplitude remains relatively constant
at around 0.01 V, indicating a consistent pulse train. However, the pulse train does not show any significant
amplitude fluctuations; instead, it appears to maintain a consistent pulse shape and intensity. The typical pulse
train is displayed in Fig 6 (b) at the highest pump power of 190.30 mW with the short pulse width of 4.10 ps. The
17.60 ps time difference between the two pulses. At about 0.018 V, the peak amplitude stays comparatively
constant, suggesting a steady pulse train. The Q-switched stability can be seen by its consistent pulse shape,
intensity, and amplitude across various pump powers. The ability to maintain a consistent pulse rate is a positive
performance characteristic. The change in time difference between pulses with varying pump powers indicates
control over the pulse repetition rate. This modulation is unique to Q-switched lasers and allows for more
flexibility in pulse generation. The Q-switched laser system's ability to maintain a relatively constant peak
amplitude across different pump powers reflects its stable performance.
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Fig. 6 (a) Typical pulse train at 33.10 mW pump power; (b) pulse train at 190.30 mW pump power

Fig 7 (a) demonstrates the fundamental frequency of 26.16 kHz at pump power of 33.10 mW. Furthermore,
the signal-to-noise ratio (SNR) is 54.00 dB, with a resolution bandwidth (RBW) of 300 Hz and span of 300 kHz of
with nine harmonics. At maximum pump power of 190.30 mW, the fundamental frequency is of 56.26 kHz was
demonstrated with SNR of 61.67 dB as shown in Fig 7 (b). This indicates that the pulses that were produced were
highly stable and matched those from other similar operations [24,25].
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Fig. 7 (a) RF spectrum at the minimum pump power of 33.10 mW; (b) RF spectrum at the maximum pump power of
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90.30 mW

The examination of both the repetition rate and pulse width of a Q-switched was investigated by changing the
pump power from 33.10 mW to 190.30 mW. Fig. 8 shows the pulse width narrows swiftly from 4.9 ps to 2.0 ps as
the pump power increases from 33.10 mW to 190.10 mW. On the other hand, the repetition rate steadily rises
from 23.16 kHz to 56.93 kHz at pump power of 33.10 mW to 190 mW.
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Fig. 8 The pulse width and repetition rate versus tuned wavelength at pump power of 190.30 mW
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Fig 9 shows the patterns in the of average output power and pulse energy against pump power. The average output
power and pulse energy increased as the pump power increased from 0.05 nJ to 0.20 nJ and 1.20mW to 5.00mW,
respectively.
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Fig. 9 The average output power and pulse energy versus pump power

4. Conclusion

In conclusion, we successfully demonstrated the generation of a Q-switched fiber laser using AgNPs as a SA
through a green synthesis approach. The AgNPs were synthesized by combining green tea extract with a silver
nitrate (AgNO3) solution, and the resulting mixture was blended with a polyvinyl-alcohol (PVA) solution to form
a thin film. The AgNPs exhibited a modulation depth of 24.37% and a saturation intensity of 0.15 MW/cm?.
Incorporating the AgNPs thin film into a single-ring cavity resulted in a stable Q-switched fiber laser with notable
parameters, including a maximum pump power of 190.30 mW, a maximum pulse repetition rate of 56.93 kHz, the
shortest pulse width of 2.00 ps, a maximum pulse energy of 0.2 nJ, and a SNR of 61.67 dB. These findings
underscore the effective performance of AgNPs synthesized through green synthesis as a SA in the C-band region
for generation of pulse fiber laser which can be applied in optical communication system.
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