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Exploring new saturable absorber (SA) materials with excellent 
performance to achieve Q-switching operations is a hot topic in laser 
research. For SA, there are fews techniques to produce Q-switched fiber 
laser including using a real SA like a semiconductor saturable absorber 
mirror (SESAM) or an artificial SA like a nonlinear polarisation rotation 
(NPR), nonlinear optical loop mirror (NOLM), or a nonlinear amplifying 
loop mirror (NALM). However, there are some drawbacks such as 
substantial intensity losses, a small operating wavelength, and 
challenges in optical preparation according to these techniques, 
therefore, spider web is using as potential SA in this study since the 
characteristic of spider silk is stronger strength and biocompability. 
According to the result obtained for spider silk, the modulation depth 
and saturation intensity was 20.67% and 0.11 MW/cm2 for spider silk. 
It was also found that the repetition rate raised from 23.3 to 63.3 kHz, 
while the pulse width has been reduced from 9.173 to 3.889 µs by using 
laser diode. The signal-to-noise ratio (SNR) for the fundamental 
frequency is determined to be 63.3 kHz which is calculated to be 56.21 
decibels (dB). The highest average output power and pulse energy is 
0.074 mW and 1.162 nJ respectively. As a result, the result of the spider 
silk can be considered as an alternative SA for generation of pulse fiber 
laser. 
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1. Introduction 

Pulsed fiber lasers attract interest when used in certain niche applications such as spectroscopy, fiber-based 
sensors, biological research, and small-scale manufacturing. Analysts are also seeking higher-quality laser 
output using a variety of techniques, such as the production of Q-switched fiber lasers, which are extensively 
used several different commercial uses [1]. When lasers modulate intracavity losses to produce intense short 
light pulses that are not ultrashort, this process is known as Q switching, which also affects the laser resonator's 
Q factor. 

Q-switching techniques can be used in active or passive ways to create optical pulses in a laser system. Q-
switching is an active or passive modulation technology that produces brief pulses with strong peaks. Active Q-
switching necessitates electro-optical or acoustic-optical modulators, which ultimately result in substantial 
cavity loss. Passive Q-switching suffers less than active Q-switching. In comparison to other conventional 
methods for Q-switching in laser cavities, a passive Q-switched fiber laser utilising a saturable absorber (SA) as a 
switch is easier, more compact, and more affordable [2]. Since it is simpler to generate the pulsed laser, Q-
switching is often a superior method of producing pulses than mode-locking. When there is modulation 
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intracavity loss, Q-switched lasers produce brief pulses with pulse duration in the microsecond and nanosecond 
range [3]. An optical modulator is required to regulate the quality factor of the laser cavity (the ratio between 
the energy stored in the gain medium and the loss each oscillation cycle) to accomplish pulsed operation in fiber 
lasers [4]. In fiber lasers, Q-switched can be produced with the aid of the saturable absorber (SA). Therefore, 
there is a tremendous incentive to create new SA types [5]. It is possible to produce a Q-switched fiber laser in a 
number of ways, including using a real saturable absorber (SA) like a semiconductor saturable absorber mirror 
(SESAM) or an artificial SA like a nonlinear polarisation rotation (NPR), nonlinear optical loop mirror (NOLM), 
or a nonlinear amplifying loop mirror (NALM) [1]. Therefore, a passive technique using spider silk as SAs is 
applied to generate Q-switched fiber lasers.  

Semiconductor saturable absorber modulator (SESAM) is the method utilised in the creation of Q-switched 
that is the most well-known. This method has several disadvantages, including substantial intensity losses, a 
small operating wavelength, and challenges in optical preparation. Ultrafast recovery times and saturable 
broadband absorption are two benefits of graphene [6]. The poor absorption co-efficiency and no band gap of 
only 2% of incident light each layer, two inherent drawbacks of graphene, severely restrict its ability to 
modulate light and its potential applications in optics-related fields that might call for potent light-matter 
interactions [7]. Because CNTs are inexpensive and simple to prepare, they are frequently utilised in passively Q-
switched lasers. However, the diameters had an impact on the bandwidth and absorption effectiveness [8]. 

In addition, another group of material as SA for Q-switched lasers in fiber-based systems include transition 
metal dichalcogenides (TMDCs) and black phosphorous (BP). These group of material have their excellent 
performance and ultrafast carrier dynamics. However, a majority of these materials encounter certain 
limitations in addressing the issue of broadband operation. (like TMDCs), easily oxidised under ambient 
conditions (like BP) [9]. Besides, this material required additional process in synthesis to form an SA. Hence, this 
work is used spider silk that collected directly from the N. Clavipes to apply as SA without needs another 
process.  

The Pauli exclusion principle states that two or more identical fermions, like electrons, cannot both occupy 
the same quantum state at the same time. As a result, there are a limited number of places for electrons in a 
semiconductor's conduction band. When a SA material is exposed to bright light and the ground-state 
absorption is greater than the excited-state absorption, electrons from the valence band are activated and fill the 
conductance band. The utilization of spider silk as saturable absorbers stems from its unique combination of 
robust strength and biocompatibility. Spider silk, renowned for its exceptional tensile strength, provides a 
durable and resilient material for applications in saturable absorbers. This inherent strength allows spider silk 
to effectively withstand and modulate the intensity of light pulses, making it an ideal candidate for optical 
devices and laser systems. Additionally, the biocompatible nature of spider silk enhances its versatility, enabling 
its integration into various biological and medical applications without adverse effects. Thus, the distinctive 
properties of spider silk not only contribute to its efficacy in optical technologies but also broaden its potential 
applications in fields where biocompatibility is crucial. 

2. Methods and Characterization of spider silk 

The two female N.Clavipes spiders taken for silk collecting. Two non-gravid adult and sub-adult spiders is mixed 
together. The spider silk was fabricated by using mechanical attachment techniques before employing in single 
ring cavit design.  

Fig. 1 depicts the arrangement used to assess the performance of a laser diode pump operating at a 
wavelength of 980nm. A laser diode is connected to an optical power metre, with a 980nm wavelength serving 
as the pumping source. However, in this experimental setup, only wavelengths of 980 nm are used to 
characterise pump 

Prior to coupling the laser diode from Thorlabs with the Wavelength Double Multiplexer (WDM), there are 
two distinct wavelengths available: 980nm and 1550nm, as shown in Fig. 2. The Wavelength Division 
Multiplexer (WDM) is then connected to a 3-meter-long Erbium Doped Fibre (EDF), which is in turn connected 
to an Isolator. The current flows in accordance with the direction of the isolator. The outcome of the spectrum 
graph was displayed on the Optical Spectrum Analyzer (OSA). 

In Fig. 3, the laser diode is linked to a Wavelength Double Multiplexer (WDM) and connected to a 3-meter-
long Erbium Doped Fibre. The isolator is subsequently linked to a coupler, with 90% of the signal being coupled 
to the output of the Wavelength Double Multiplexer, while the remaining 10% is coupled to the Optical Spectrum 
Analyzer to display the output spectrum. 

The fibre laser system, seen in Fig. 4, consists of two wavelengths: 980nm and 1550nm. However, the laser 
diode utilises the 980nm wavelength as the pumping source. A laser diode is connected to a fused wavelength 
division multiplexer (WDM) with a wavelength of 980 nm. The wavelength division multiplexer is linked with an 
erbium-doped fibre (3.0m) and thereafter connected to the isolator (ISO). The isolator is connected to the spider 
silk-SA and subsequently to the coupler. The coupler splits the signal, with 90% of the output port going to the 
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WDM and the remaining 10% going back to the coupler. The coupler splits the output port into two equal parts, 
with 50% going to the OSA and the other 50% going to the OSC. 

 

 

Fig. 1 Experimental design to characterised nonlinear laser diode at wavelength of 980nm 

 

 

Fig. 2 Experimental design to characterised erbium-doped fiber 

 

 

 

Fig. 3 Experimental design to characterised single ring fiber laser 
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Fig. 4 Experimental design of Q-switched fiber laser using spider silk at wavelength of 980nm 

 

3. Results and Discussions 

3.1 Ultraviolet-visible, SEM, FTIR, Nonlinear absorption 

Fig. 5 presents the absorbance spectrum observed within the wavelength range of 200 nm to 800 nm. The 
absorption peak of spider silk is observed to be approximately 5.609 at a wavelength of 285 nm. This 
observation underscores the potential utility of spider silk in the field of ultrafast photonics, specifically within 
the telecommunication range of approximately 300 nm. 

Fig. 6 displays SEM images of spider silk, captured at a magnification of 2,000 times. The analysis indicates 
that the nanofibrils acquired exhibit a notably organised arrangement, playing a pivotal role in dictating the 
mechanical properties of various biological substances, such as spider silk. The morphology of spider silk, 
comprising twisted nanofibril bundles, was revealed through the utilisation of SEM. The nanofibrils exhibited 
interconnectivity, and when subjected to stretching, the formation of nano-cracks occurred instead of significant 
cracks. The exceptional toughness and strength of nanofibrils can be attributed to their evident connectivity. 

Furthermore, Fig. 7 illustrates the EDX spectrum, accompanied by a table presenting the tabulated data of 
the elements. The utilisation of EDX analysis confirmed the purity of the spider silk SA, as evidenced by the 
elemental composition obtained from the EDX spectrum. The elemental composition acquired comprises carbon, 
oxygen, nitrogen, and sulphur. The carbon element exhibits the highest atomic percentage in comparison to 
other elements 

Fig. 8 shows a FTIR analysis was conducted to investigate the chemical constituents present in the 
synthesised spider silk. Fig. 8 displays the FTIR absorbance spectrum of spider silk, acquired within the 
wavenumber range of 400-4000 cm-1. The absorbance spectrum exhibits multiple peaks at various positions. 
The observed peaks at 1266, 1101, 1019, 873, and 639 cm-1 are indicative of the C-O stretching vibrations. The 
peaks observed at 1717, 2860, 2930 are indicative of the functional groups C=O, H-C-H respectively. 

Fig. 9 illustrates the nonlinear absorption characteristics of spider silk. The figure represents the 
relationship between the modulation depth and saturation intensity, which are measured at 20.67% and 0.11 
MW/cm2, respectively. The findings of this study validate that spider silk is comparable to other SA materials in 
terms of its suitability for pulse fibre laser applications, despite having a slightly lower energy bandgap value 
compared to other SA [10]. 
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Fig. 5 Absorbance spectrum observed from 200 nm to 1000 nm 

 

  

(a) (b) 

Fig. 6 SEM images: (a) Raw spider silk with the corresponding EDX elemental analysis shown (b)Spider silk with a 
high magnification image corresponding EDX elemental analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7 Spectrum of element carbon, oxygen, nitrogen and sulfur 
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Table 1 Spectrum of element composition obtained such as carbon, oxygen, nitrogen and sulfur 

Spectrum 1     

Element Line Type Weight % Weight % 

Sigma 

Atomic % 

O K series 29.33 1.61 24.76 

C K series 44.34 1.80 49.85 

N K series 26.33 2.53 25.39 

S K series 0.00 0.09 0.00 

Total  100.00  100.00 
 

 

 

Fig. 8 Fourier Transform Infrared Spectroscopy of spider silk 

 

 

 

Fig. 9 Nonlinear optical absorption of spider silk 
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3.2 Characterization of laser diode, erbium doped fiber, single ring fiber laser 

Fig. 10 depicts the graphical representation of the correlation between the current and input pump power for a 
laser diode operating at a wavelength of 980nm.The magnitude of the current is directly proportional to the 
magnitude of the input pump power. Hence, it can be observed that the relationship between the two variables 
exhibits a linear trend, wherein the current demonstrates a proportional increase with the corresponding 
increase in input pump power. The current attained its maximum value of 500mA. 

Fig. 11 shows the spectral response of amplified spontaneous emission (ASE) for EDF by varying the pump 
power from 38.70mW to 219.40mW. The output power is -34.027 dBm and a central wavelength of 
approximately 1558.4 nm. In this experimental study, the erbium-doped fibre (EDF) laser initiates the 
continuous wave (CW) mode when the pump power reaches a value of 38.70mW. A transition from continuous 
wave (CW) to pulse regime is observed when the pump power reaches 129.10 mW, resulting in a power level of 
-44.231 dBm. The system's observability persists until the pump power reaches 219.40 mW, with the operating 
wavelength approximately at 1559.2 nm and peak power at -34.017 dBm, as depicted in Fig. 12 [11]. 

The Q-switching phenomenon in a fibre laser was observed when the pump power reached a value of 14.10 
mW. The Q-switched spectrum was examined using an optical spectrum analyser by incrementally raising the 
pump power up to 159.40 mW, as depicted in Figure 12. The Q-switched spectrum exhibits a central wavelength 
of 1565.0 nm, accompanied by a peak power of -19.996 dBm. The occurrence of an unstable Q-switched fibre 
laser was observed upon further increasing the pump power beyond the threshold of 159.40 mW. The 
investigation focused on analysing the performance of the Q-switched system under a fixed wavelength while 
varying the pump power [11]. 

 

 

Fig. 10 The relationship between current and input pump power 
at 980nm laser diode 

 

 

Fig. 11 Laser emission spectrum of EDF at 1558.4nm 

 



Enhanced Knowledge in Sciences and Technology Vol. 4 No. 2 (2024) p. 417-427 424 

 

 

 

Fig. 12 Characterize single ring fiber laser 

 

3.3 Performance of Q-switched fiber laser using spider silk  
Fig. 13(a) illustrates the spectrum of the lasing wavelength with a Q-switched configuration, represented by the 
blue solid line. The wavelength at the centre is approximately 1569.2 nm, with a -7.488 dB.  

Fig. 13(b) displays the OSA spectra of the lasing wavelength when utilising SA, as represented by the blue 
solid line. The central wavelength is estimated to be around 1569.4 nm, accompanied by a -2.243 dB. A laser 
with a maximum pump power of 184.30 mW was utilised to achieve a stable spectrum. Once the power of the 
pump exceeds 184.30mW, the resulting laser spectrum becomes unstable. 

Fig. 14(a) illustrates the pulse train observed at the minimum pump power of 50.50mW. The pulse train is 
produced with a high repetition rate of 23.3 kHz and demonstrates a brief pulse duration of 9.173µs. The 
temporal duration separating the two pulses is 42.33 µs. The peaks exhibit a relatively stable amplitude of 
approximately 0.013 V, suggesting a consistent pattern of pulse train. Nevertheless, the pulse train does not 
demonstrate significant amplitude fluctuations; rather, it seems to sustain a consistent form and intensity of 
pulses [12]. 

Fig. 14(b) illustrates the pulse train observed at the highest pump power level of 184.30mW. The pulse train 
is produced at a high frequency of 63.3 kHz and has a narrow pulse duration of 3.889 µs. The temporal duration 
separating the two pulses amounts to 15.98 µs. The peaks exhibit a relatively consistent amplitude of 
approximately 0.015 V, suggesting a stable and uniform pulse train [12]. 

 

 

Fig. 13 (a) Spectrum Q-switched with minimum pump power (50.50mW) (b) Spectrum Q-switched with maximum 
pump power (184.30mW) 
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Fig. 14 (a) Typical pulse train at minimum pump power of 50.50mW (b) Typical pulse train at maximum pump 
power of 184.30mW 

Based on the data depicted in Fig. 15(a), the fundamental frequency is determined to be 23.3 kHz. 
Furthermore, the signal-to-noise ratio (SNR) has been calculated to be 56.21 dB, with a frequency span of 200 
kHz and a resolution bandwidth of 200 Hz. The measurement was acquired using a pump power of 50.50 mW. 
Moreover, the examination of the radio frequency (RF) pertaining to the laser cavity has failed to detect any 
frequency constituent apart from the multiples of the primary frequency.  

Fig. 15(b) shows the maximum frequency is measured to be 63.3 kHz. In addition, the calculation of the 
signal-to-noise ratio (SNR) yielded a value of 51.25 dB, given a frequency span of 200 kHz and a resolution 
bandwidth of 200 Hz. The measurement was obtained with a pump power of 184.30 mW. 

 

 

Fig. 15 (a)RF spectrum at the minimum pump power of 50.50mW. (b) RF spectrum at the maximum pump power of 
184.30mW. 

The investigation focuses on the examination of both the repetition rate and pulse width of a Q-switched 
pulse fiber laser. The pump power used in this study ranges from 50.50 mW to 184.30 mW. In Fig. 16(a), it can 
be observed that the repetition rate has been raised from 23.3 to 63.3 kHz, while the pulse width has been 
reduced from 9.173 to 3.889 µs. This change in repetition rate and pulse width corresponds to an increase in 
pump power from 50.50 to 184.30 mW. The findings of this study indicate that the minimum pulse width of 
3.889 µs exhibits a slight increase in duration, suggesting that there is potential for improvement through the 
reduction of the cavity length [12]. 

Fig. 16(b) depicts the patterns observed in the average output power and pulse energy, which exhibit a 
resemblance to the repetition rate. The average output power exhibited an upward trend as the pump power 
increased, while the pulse energy demonstrated a corresponding decrease, aligning with anticipated outcomes. 
The mean output power demonstrates an increase from 0.048 to 0.074 mW, leading to a corresponding 
alteration in pulse energy from 2.05 to 1.162 nJ. 
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Fig. 16 (a)The relationship between repetition rate and pulse width against pump power (b)The relationship 
between average output power and pulse energy against pump power 

4. Conclusion 

The characterization shows result Q-switched started from current pump power which is 120mA and stable 
until 340mA. The wavelength at the centre is almost 1569.2 nm for minimum pump power and maximum pump 
power. The pulse train observed at the minimum pump power of 50.50mW is produced with a high repetition 
rate of 23.3 kHz and a brief pulse duration of 9.173µs. The highest repetition rate is 63.3kHz and the pulse width 
is 3.889 µs is produced with the highest pump power level of 184.30mW. This means that there is potential for 
improvement through the reduction of cavity length. Furthermore, the signal-to-noise ratio (SNR) has been 
calculated to be 56.21 dB at a pump power of 50.50 mW while the signal-to-noise ratio (SNR) yielded a value of 
51.25 dB was obtained with a pump power of 184.30 mW. The repetition rate has been raised from 23.3 to 63.3 
kHz, while the pulse width has been reduced from 9.173 to 3.889 µs. This change in repetition rate and pulse 
width corresponds to an increase in pump power from 50.50 to 184.30 mW. The mean output power 
demonstrates an increase from 0.048 to 0.074 mW, leading to a corresponding alteration in pulse energy from 
2.05 to 1.162 nJ. As a result, the performance of spider silk shows that the graph is stable and the result obtain is 
suitable to use as fiber laser. 
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