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 

Abstract—We report bidirectional red-light passively 

Q-switched all-fiber lasers based on a ring-cavity 

configuration using single-wall carbon nanotubes (SWNTs) 

as saturable absorber (SA). By manipulating the cavity 

design and intra-cavity polarization state, two sets of 

output pulses with different features could be achieved 

from the clockwise (C.W.) and counterclockwise (C.C.W.) 

directions, respectively. In the C.W. direction, the lasers 

generate the wavelength of 635.4 nm, the pulse trains with 

minimum pulse duration of 1.35 μs (1.51 μs) and the 

repetition rate ranging from 65.2 to 143 kHz (67.8 to 96.5 

kHz). In the C.C.W. direction, the lasers, also emitting at 

635.4 nm, deliver the pulse trains with minimum pulse 

duration of 0.81 μs (3.59 μs), as well as the repetition rate 

range of 57.5-98.2 kHz (37.2-58.9 kHz). This is, to the best 

of our knowledge, the first demonstration of bidirectional 

red-light passively Q-switched all-fiber ring lasers based on 

SWNT-SA.  

 
Index Terms—Fiber lasers, nanomaterials, saturable absorber, 

passive Q-switching, visible laser 

 

I. INTRODUCTION 

HORT-pulse all-fiber lasers have been of great interest for 

widespread industry and scientific research applications, 

due to its inherent compactness, simplicity and efficient 

heat dissipation [1]-[4]. Q-switching mechanism, which has 

been well known and intensively studied for decades, is mainly 

involved for short pulse generation with pulse duration of μs or 

ns level and low repetition rate of kHz. The dominant 

technology is based on a passively Q-switched scheme without 

resorting to complex and costly electrical modulators [5], 

which is enabled by a nonlinear element, i.e. saturable absorber 

(SA).  
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Currently, the commercial SAs are based on semiconductor 

quantum wells, known as semiconductor saturable absorber 

mirrors (SESAMs) [6], [7]. Limited operation bandwidth and 

high fabrication cost of SESAMs have stimulated the 

continuous motivations to find versatile SAs with ultra-broad 

operation bandwidth and the facile accessibility. Since 1990s, 

nanomaterial-based SAs, including single-wall carbon 

nanotubes (SWNTs) [8]-[11], graphene [12]-[16], 

transition-metal dichalcogenides (TMDs) [17]-[23], 

topological insulators (TIs) [24]-[30], black phosphorus (BP) 

[31]-[35], filled skutterudites (FSs) [36], and MXenes [37] 

have been demonstrated as effective SAs for pulsed fiber lasers 

at infrared wavelengths. Along with the rapid advances in 

infrared fiber lasers based on nanomaterials SAs, there is also 

continued interest in the development of fiber lasers at 

wavelengths extendable to the visible region. Herein, our recent 

reports demonstrated the visible pulsed fiber lasers using 

TMDs [38], [39], TIs [40], and BP [41]. As the first 

nanomaterial-based SA, SWNTs have been extensively 

explored in pulsed fiber lasers due to the advantages including 

subpicosecond recovery time, broadband tunability and 

compatible to fiber [42]-[44]. In SWNTs the tube diameter 

controls the bandgap, thus, defining the operating wavelength. 

Utilizing such a design guideline, SWNT-based pulsed fiber 

lasers have been demonstrated mainly across the near-infrared 

spectral range [45]-[49]. And recently, Xu et al. reported 

ultra-broadband saturable absorption properties of SWNTs 

using the combination of Z-scan and degenerate pump-probe 

techniques, and experimentally validated that nonlinear 

absorption of SWNTs could extend into the visible region [50]. 

Additionally, our successive work also reported a deep-red 

light short pulse generation from SWNT-based passively 

Q-switched all-fiber lasers [51]. The motivation that triggered 

this study was shorter-wavelength operation achievable from 

SWNT-based pulsed all-fiber lasers (e.g., at red, green or 

ultraviolet), which would further reveal that SWNTs could act 

as an ultra-broad bandwidth SA. Meanwhile, different from the 

unidirectional ring cavity design, the bidirectional cavity 

configuration enables the pulsed lasers to operate without 

isolators. The bidirectional pulsed lasers are very useful for 

gyroscopes [52], [53], synthesis of optical waveform [54], [55], 

sensors [56], [57], and other versatile applications. 

In this work, we demonstrate SWNT-based bidirectional 

red-light passively Q-switched all-fiber lasers for the first time. 

By controlling the cavity design and intra-cavity polarization 
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state of light, bidirectional short pulse operation with distinct 

output features are readily realized from the same laser cavity. 

As a comparison, two types of bidirectional Q-switched 

all-fiber lasers based on 0.9-m-length and 1.4-m-length active 

fibers are proposed. Stable Q-switched operations achieved 

generate the output pulses with minimum pulse duration of 

0.81-3.59 μs and the repetition rate of 37.2-143 kHz, for both 

the C.W. and C.C.W. directions. Such all-fiber ring lasers 

provide output pulses with selective characteristics that could 

find much more attractive applications. 

 

II. CHARACTERIZATION OF THE SWNT-SA 

In our experiments, the SWNT sample was 

commercially-available purified one that was prepared by the 

electric arc-discharge technique [50]. A SWNT/polyvinyl 

alcohol (PVA) film was fabricated by evaporating the SWNT 

polymer composite solution to dryness. For the practical use, 

the as-prepared SWNT/PVA film is cut into small pieces and 

sandwiched between two fiber connectors [38]. Fig. 1(a) shows 

the optical absorption curves of the SWNT/PVA film and pure 

PVA film, which were recorded by an UV/VIS spectrometer 

(Perkin Elmer, Lambda750). The absorbance of the 

SWNT/PVA film is 0.32 and 0.30 at two wavelengths of 635 

nm and 700 nm, respectively. However, the corresponding 

value for the pure PVA film is estimated to be only 0.04.  

Fig. 1(b) gives the nonlinear power-dependent absorbance 

measurement of the SWNT-SA at the visible wavelength of 700 

nm. The blue circle represents the experimental result, which 

was measured by using Z-scan technique with a balanced 

twin-detector [58]. The laser source for the experimental setup 

is an optical parametric amplifier, which is pumped by a 1 kHz, 

800 nm Ti: Sapphire amplifier system (Coherent Inc.), 

delivering ~100 fs pulses. The red line in Fig. 1(b) represents 

the fitted result, which was evaluated by using a classic 

saturable absorber model based on the following equation (1) 

[50], [59]. 
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Where  denotes the linear absorption, 
0 is the saturable 

absorption, 
ns is the non-saturable absorption, so 

 nsT   00
 represents the modulation depth, 

I and 
satI  are the laser radiation intensity and saturation 

intensity, respectively. As shown in Fig. 1(b), the saturable 

absorption 
0  and non-saturable absorption 

ns  are 19% and 

81%, respectively. The calculated modulation depth of T = 

19% is measured at the wavelength of 700 nm. The saturation 

intensity 
satI  is about 400 MW/cm

2
. These results confirm 

that the SWNT-SA could provide saturable absorption at 

visible 700 nm wavelength, promising for pulse generation in 

the visible region [51].  

 

 
 

Fig. 1. (a) Linear absorption spectrum of the SWNT/PVA film in comparison 

with pure PVA film. The laser operation wavelength is shown as a dashed black 

line. (b) Nonlinear absorption characterization for 700 nm with saturable 

absorption fitting (red solid line). 

 

III. EXPERIMENTAL DETAILS 

The schematic diagram and experimental photograph of the 

proposed bidirectional red passively Q-switched all-fiber lasers 

are shown in Fig. 2(a) and (b), respectively. The laser ring 

cavity consists of a wavelength division multiplexer (WDM), 

followed by Pr:ZBLAN fiber, polarization controller (PC), 

SWNT-SA, and optical coupler (OC). Here, the pump source is 

characterized by a house-made laser diode (LD) pigtail output 

based on the silicate single mode fiber (SMF) 630-HP (Nufern; 

core/cladding: 3.5/125 μm, NA: 0.13), which has a center 

wavelength of 444 nm and a maximum output power of ~ 0.4 W. 

A 0.9-m-length or 1.4-m-length Pr:ZBLAN fiber (Le Verre 

Fluoré; core/cladding: 6/125 μm, NA: 0.15, Pr
3+

: 1000 ppm), 

with absorption coefficient of ~ 18.8 dB/m at 444 nm and 

intrinsic loss of less than 0.1 dB at 635 nm, is used as the gain 

medium. The Pr:ZBLAN fiber is pumped by the blue LD 

through a 630-HP fiber-based fused 444/630 nm WDM coupler. 

In the experiments, two ceramic sleeves with an inner diameter 

of 2.5 mm were utilized to realize the high-efficiency coupling 

between the Pr:ZBLAN fiber and the silicate SMF 1060-XP 

(Nufern; core/cladding: 5.8/125 μm, NA: 0.14). The PC is used 

to adjust the intracavity birefringence. The SWNT-based SA 

acts as a switcher to modulate the intracavity loss, which is 

assembled by sandwiching a free-standing SWNT-PVA film 

between two fiber ferrules that are self-made SMF 1060-XP 

pigtails. A 630-HP fiber-based 2×2 10/90 OC (Operating 

wavelength: 630 nm) extracts the ~10% signal from the 

clockwise (C.W.) and counter-clockwise (C.C.W.) directions 

for measurement. Without an imposed optical isolator inserted 

in the ring cavity, bidirectional operation is achieved 

reasonably. The total cavity lengths of the proposed two 

all-fiber ring lasers are 4.5 m and 5.0 m, respectively.  
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Fig. 2. (a) Schematic of the proposed all-fiber ring laser setup, where LD, WDM, PC and OC are laser diode, wavelength division multiplexer, polarization 

controller and output coupler, respectively. C.W.: clockwise, C.C.W.: counter-clockwise. (b) Experimental photograph of bidirectional red passively Q-switched 

all-fiber ring laser configuration. 

 

 

The output powers are measured by two power meters 

(Ophir, Nova P/N 1Z02413 and Coherent, PM3). And the 

output spectra are recorded by two optical spectrum analyzers 

(Ocean Optics, HR4000/USB4000). The output Q-switched 

performance is monitored by two digital oscilloscopes with 

bandwidths of 100MHz (Tektronix TBS1102, 1 GS/s sampling 

rate) and 500 MHz (Tektronix TDS4054B, 2.5 GS/s sampling 

rate), together with two Si Biased detectors with rise time of 1 

ns (Thorlabs, DET10A), followed by a radio-frequency (RF) 

spectrum analyzer (Gwinstek, GSP-930). 

  

IV. RESULTS AND COMPARISONS 

A. Bidirectional Red CW Ring Laser 

The bidirectional red CW ring laser without a SWNT-SA 

was firstly produced. To confirm the CW operation, we 

investigated the laser output with an oscilloscope. No pulse 

trains were observed despite increasing the incident pump 

power and adjusting the polarization controller, as similar to 

our previous work [41]. Fig. 3 reports the output optical spectra 

of red CW ring lasers in both C.W. and C.C.W. directions. As 

shown in Fig. 3(a), we simultaneously recorded the lasing 

properties of the CW red ring laser with a 0.9-m-length active 

fiber, which presents a red-light wavelength of 635.7 nm at an 

incident-pump-power of 97.2 mW. In the inset of Fig. 3(a), a 

zoom-in image of the optical spectra for C.W. and C.C.W. 

directions is displayed. The output optical spectra of the CW 

red ring laser with a 1.4-m-length active fiber under an 

incident-pump-power of 91.8 mW were also measured. As 

plotted in Fig. 3(b) and its inset, a red-light wavelength of 635.7 

nm is illustrated. But the wavelength profile has two peaks at 

634.7 nm and 635.7 nm, respectively, which is due to a wide 

gain bandwidth (~3 nm) of red-light wavelength in the active 

fiber [38].   

 
 

Fig. 3. Output optical spectra of red CW ring lasers with the active-fiber lengths 

of (a) 0.9 m and (b) 1.4 m, respectively. Insets: the close-up views of the optical 

spectra in both C.W. and C.C.W. directions. 

 

Fig. 4 illustrates the output power characteristics of the red 

CW ring lasers. In the case of a 0.9-m-length active fiber based 

ring laser, the change of the output power with respect to the 

incident pump power is given in Fig. 4(a). The output powers of 

2.9 mW and 2.2 mW at the incident-pump-power of 127.8 mW 

with the lasing threshold of ~50 mW, corresponding to C.W. 

and C.C.W. directions, respectively, were simultaneously 

measured. The slope efficiencies are estimated to be 3.8% and 

2.9%, respectively. In comparison with those above parameters, 

the red CW ring laser with a 1.4-m-length active fiber has the 

output powers of 1.1 mW (C.W.) and 3.5 mW (C.C.W.) at the 

incident-pump-power of 127.8 mW, with a lasing threshold of 

~55 mW as well as the slope efficiencies of 1.4% (C.W.) and 

4.6% (C.C.W.). In order to protect the fiber ring cavity 

components, we did not further increase the 

incident-pump-power for enhancing the output-power. Here, 

the implementations towards the laser cavity design and 

intra-cavity polarization state of light are the reasons behind the 

different output powers [60], which stem from gain and loss in 

a distinct level for both directions. Due to the low output 

coupling value (10%), the proposed red ring lasers are 

characterized by low output power and low slope efficiency. 
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Fig. 4. Output power characteristics of bidirectional red CW ring lasers with (a) 

0.9-m-length active fiber and (b) 1.4-m-length active fiber, respectively. 

 

 

B. 0.9-m-length Active Fiber Based Bidirectional Red 

Q-switched ring laser 

By integrating the SWNT-SA into the fiber ring cavity, the 

Q-switching state could be achieved. When increased the 

incident-pump-power to ~81 mW, the red CW ring laser came 

out. Obviously, this CW laser threshold with SWNT-SA is 

higher than the one (50 mW) without SWNT-SA. Thus, the 

insertion loss of the SWNT-SA is estimated to be 2.1 dB at 635 

nm. When the incident-pump-power was increased to 83.6 mW, 

stable Q-switched outputs from the C.W. direction could be 

observed on the oscilloscope screen. However, until an 

incident-pump-power of 87.1 mW, the stable Q-switched 

operation from the C.C.W. direction could be achieved. 

Fig. 5 shows the output oscilloscope traces of the red 

Q-switched ring laser in both C.W. and C.C.W. directions. The 

pulse-train evolution by increasing incident-pump-power is 

clearly exhibited. In C.W. direction, the number of the pulses 

captured increases from 13 pulses to 27 pulses over the same 

time period as the incident-pump-power is raised from 83.6 to 

100.6 mW, corresponding to the repetition rate ranging from 

65.2 to 137.7 kHz, as shown in Fig. 5(a). One can see from Fig. 

5(b), in C.C.W. direction an increase of the 

incident-pump-power from 87.1 to 98.9 mW leads to the 

variation of the pulse trains from 57.5 to 83.3 kHz.  

 

 
 

Fig. 5. The oscilloscope traces with respect to different incident pump powers 

for 0.9-m-length active fiber based bidirectional red Q-switched ring laser: (a) 

in C.W. direction, and (b) in C.C.W. direction.  

 

Fig. 6 further gives the proposed red Q-switched ring laser 

characteristics for both directions. From Fig. 6(a), at an 

incident-pump-power of 97.2 mW, the single pulse shape 

presents a symmetric Gaussian-like intensity profile with pulse 

duration of 1.48 μs. It should be mentioned that the 

corresponding oscilloscope trace with a repetition rate of 124.5 

kHz has been plotted in Fig. 5(a), which has a pulse-intensity 

fluctuation as low as 5%. In Fig. 6(b) is shown the RF spectrum. 

The signal-to-noise ratio (SNR) of the fundamental frequency 

peak at 124.5 kHz is recorded to be ~43 dB, comparable to 

those reported passively Q-switched red-light/near-infrared 

fiber lasers utilizing 2D materials as SAs [40], [41], [61]-[63], 

indicating a good stability of the red Q-switched outputs in the 

C.W. direction that is suitable for practical applications. 

Correspondingly, Fig. 6(c) also reports a symmetric 

Gaussian-like single pulse envelope, which has pulse duration 

of 0.87 μs at the incident-pump-power of 97.2 mW from the 

C.C.W. direction. As shown in Fig. 6(d), the RF SNR is about 

40 dB at the fundamental frequency of 74.3 kHz, which is 

comparable to our previous works on visible Q-switched 

Fabry-Perot fiber lasers using 2D-material-based SAs [38], 

[40], [41]. Likewise, these results verify the good stability of 

the red Q-switched operation in the C.C.W. direction, 

indicating a promising capacity of this laser. 
 

 
 
Fig. 6. Red Q-switched ring laser characteristics. (a) Single pulse shape and (b) 

RF output spectrum at the fundamental frequency of 124.5 kHz for the C.W. 

direction (upper). (c) Single pulse profile and (d) RF output spectrum at the 

fundamental frequency of 74.3 kHz for the C.C.W. direction (lower). 
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C. 1.4-m-length Active Fiber Based Bidirectional Red 

Q-switched Ring Laser 

Firstly, under an incident-pump-power of ~85 mW, the red 

CW laser was running-up. The CW laser threshold with 

SWNT-SA is higher than the one (~55 mW) without 

SWNT-SA. Here, the insertion loss of the SWNT-SA is 

calculated to be 1.9 dB at 635 nm. Further increasing the 

incident-pump-power to 86.7 mW, stable Q-switched pulses 

was initiated in the C.C.W. direction, until 88.2 mW the stable 

Q-switching from the C.W. direction emerged. 

Fig. 7 summarizes the output properties of the proposed red 

Q-switched ring laser at an incident-pump-power of 91.8 mW. 

In the case of C.W. direction, a SNR of ~42 dB at the 

fundamental frequency of 79.4 kHz was measured, followed by 

the corresponding oscilloscope trace with a pulse 

intensity-fluctuation of ~3% and its single pulse shape with 

pulse duration of 1.70 μs are separately recorded, as presented 

in sequence from Fig. 7(a) to Fig. 7(c). For the output pulses in 

C.C.W. direction, Fig. 7(d) gives the RF spectrum, showing a 

~40 dB SNR at the fundamental frequency of 45.8 kHz. Fig. 7(e) 

shows the corresponding pulse trains, which has a less than 5% 

intensity-fluctuation. Then, the zoom-in image of this output 

pulse is also exhibited in Fig. 7(f), showing a symmetric 

Gaussian-like shape with pulse duration of 3.76 μs. These 

above results confirm that such a Q-switched laser is also 

suitable for practical applications.  

 

 

 
 

Fig. 7. Measured output properties of bidirectional red Q-switched ring laser based on 1.4-m-length active fiber in C.W. direction (upper) and C.C.W. direction 

(lower) at an incident-pump-power of 91.8 mW. (a, d) RF output spectra. (b, e) The oscilloscope traces. (c, f) The corresponding singe pulse shapes. 

 

D. Experimental Comparisons and Discussions 

Fig. 8(a) and (b) depict the optical spectra of both 

0.9-m-length and 1.4-m-length active fiber based bidirectional 

red Q-switched ring lasers. Two sets of red Q-switched ring 

lasers have a similar lasing line 635.4 nm for the C.W. and 

C.C.W. directions at PP = 97.2 mW and PP = 91.8 mW, 

respectively. Whereas some minor differences exist in the 

lasing spectral profiles, as separately shown in the insets of Fig. 

8(a) and (b). Such an appearance is mainly because the output 

pulses experience gain competition effects in the laser cavity 

(i.e., gain and loss in a different level) [53]. Fig. 8(c) and (d) 

show the variations of the average output power of the 

bidirectional red Q-switched ring lasers with respect to 

different incident pump powers. For the 0.9-m-length active 

fiber based Q-switched ring laser, one can see from Fig. 8(a), 

the average output power linearly increased with the incident 

pump power, generating the maximum values of 0.39 and 0.29 

mW, respectively, corresponding to the C.W. and C.C.W. 

directions. As for the 1.4-m-length active fiber based one, Fig. 

8(b) clearly shows the linear dependence of the average output 

power on the incident pump power. The recorded maximum 

average output powers are 0.046 and 0.33 mW, respectively, 

for the C.W. and C.C.W. directions. Obviously, these results 

are similar to the above-described CW situation.  

 
 
Fig. 8. Output characteristics of red Q-switched ring lasers based on (a, c) 0.9-m 

and (b, d) 1.4-m active-fiber lengths. Insets of (a) and (b): the close looks at 

635.4 nm for both C.W. and C.C.W. directions. 
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Fig. 9 describes the repetition-rate and the pulse-duration 

variations as a function of the incident-pump-power for the 

Q-switched pulses from the proposed two sets of ring lasers 

operating in both C.W. and C.C.W. directions. Larger pump 

intensity leads to higher repetition rate and smaller pulse 

duration, which is a typical state of passively Q-switched 

scheme [64]. As for 0.9-m-length active fiber based Q-switched 

ring laser, in C.W. direction when the incident-pump-power 

was raised from 83.6 to 104.1 mW, the repetition-rate increased 

from 65.2 to 143.0 kHz, while in C.C.W. direction the 

Q-switched pulses experienced the variations of the 

repetition-rate boosting from 57.5 to 98.2 kHz, as shown in Fig. 

9(a). One can see in Fig. 9(b), the corresponding pulse duration 

decreased from 3.9 to 1.35 μs in C.W. direction and from 1.92 

to 0.81 μs in C.C.W. direction, respectively. Comparably, there 

is a similar feature shown in Fig. 9(c) and (d), illustrating the 

output characteristics of 1.4-m-length active fiber based 

Q-switched ring laser in both C.W. direction and C.C.W. 

direction. In C.W. direction, the output pulses have the 

repetition-rate range of 67.8-96.5 kHz and the pulse-duration 

range of 2.55-1.51 μs with the incident-pump-power increased 

from 86.7 to 102.3 mW. While in C.C.W. direction, the laser 

delivers the pulse trains with the repetition-rate range of 

37.2-58.9 kHz and the pulse-duration range of 5.11-3.59 μs. 

These parameters embody the typical passively Q-switched 

features and are comparable to the previously-reported 

visible/infrared Q-switched all-fiber lasers enabled by other 

nanomaterial-based-SA [65]-[68]. Here, bidirectional red 

Q-switched output pulses with unsynchronized repetition rate 

from both C.W. and C.C.W. directions could be interpreted by 

the power-density difference acting on the SWNT-SA between 

two directions, which originates from the different-level gain 

and loss in both directions of the ring cavity.  

For our experiments, under high intensity pumping, the 

SWNT-SA became over-saturation [18], which may be 

attributed to the performance of the fabricated SWNT-SA was 

not optimized for the red-light lasing wavelength [69]. Such a 

mechanism causes the pulse duration suddenly increased near 

the maximum incident pump power, as exhibited on the last 3 to 

4 points of Fig. 9(b) and (d).   

 

 
 
Fig. 9. Dependences of repetition rate and pulse duration on the incident pump 

power in both C.W. and C.C.W. operations, (a, b) for 0.9-m-length active fiber 

and (c, d) for 1.4-m-length active fiber, respectively. 

 

Based on the above investigations, the output performances 

of two sets of bidirectional red Q-switched all-fiber ring lasers 

are summarized in Table I, which is meaningful to compare the 

Q-switching operations generated from different ring-cavity 

configurations. In Table I, one can clearly see that the output 

features are distinctive. The discrepancies, including the 

threshold incident-pump-power Pth and the maximum 

average-output-power Pmax could be attributed to the changes of 

both the cavity design and intracavity polarization state. The 

reason that the PC was used to manage the outputs, is the 

random rotational orientation of the fibers in the ring resonator 

produces the polarization dependent loss [70]. The 

repetition-rate range (rep) is diversified with the 

incident-pump-power and exhibits a clear variation trend. The 

0.9-m-length active fiber (i.e., Lac = 0.9-m) based Q-switched 

ring laser shows better performance and the best one is from its 

C.W. direction: the repetition-rate range is about 80 kHz and 

the SNR reaches to ~43 dB. Moreover, such a laser exhibits 

shorter minimum pulse duration (τmin) for both directions. And 

this experimental result is also consistent with the general 

prediction that the pulse duration is set by the cavity length in 

fiber lasers [71], namely, the pulse duration is shown to be 

directly proportional to the cavity round-trip time. In 

correspondence to the average-output-power Pmax, the obtained 

maximum pulse energy (Emax) is also relatively low that is 

mainly determined by the laser ring cavity configuration.

 
TABLE I 

OUTPUT COMPARISONS OF TWO SETS OF BIDIRECTIONAL RED-LIGHT PASSIVELY Q-SWITCHED ALL-FIBER RING LASERS WITH SWNT-SA 

Lac Type λ/nm Pth/mW Pmax/mW rep/kHz τmin/μs Emax/nJ SNR/dB 

0.9-m 
C.W. 635.4 83.6 0.39 65.2-143.0 1.35 2.73 43 

C.C.W. 635.4 87.1 0.29 57.5-98.2 0.81 2.95 40 

1.4-m 
C.W. 635.4 88.2 0.046 67.8-96.5 1.51 0.48 42 

C.C.W. 635.4 86.7 0.33 37.2-58.9 3.59 5.60 40 
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In our experiments, the mode-locking pulse was not achieved, 

and the reasons may be considered as follows: (1) the 

SWNT-SA for the red-light wavelength (i.e., 635 nm) was not 

optimal, including lower damage threshold and high 

nonsaturable loss, which are crucial for mode-locking pulse 

generation [72]-[75]. (2) The cavity design was not constructed 

for dispersion management [76]-[78]. Considering that it is a 

bit complicated in the case of our all-fiber-based laser cavity 

regime, which has non-negligible dispersion and χ(3) 

nonlinearity within the cavity, unlike in solid state laser cavities. 

The ongoing subject need to be accomplished for the visible 

mode-locking operation based on our ring cavity configuration 

with nanomaterial-based SAs, in that addressing the 

above-described challenges. 

V. CONCLUSION 

In summary, we experimentally demonstrate bidirectional 

red-light passively Q-switched all-fiber ring-cavity lasers 

incorporating a SWNT-based SA for the first time. Two sets of 

distinct output characteristics are performed by the 

combination of adjusting the cavity design and intra-cavity 

polarization state. The 0.9-m-length active fiber based 

Q-switched laser delivers the counter-circulating pulses with 

minimum pulse durations of 1.35 μs and 0.81 μs, respectively, 

the repetition rates ranging from 65.2 to 143 kHz and 57.5 to 

98.2 kHz, respectively. As a comparison, the 1.4-m-length 

active fiber based Q-switched laser emits 1.51 μs and 3.59 μs 

minimum pulse durations, as well as the repetition rates of 

37.2-96.5 kHz in both C.W. and C.C.W. directions. Such 

results not only further confirm the knowledge of 

ultra-broadband optical properties of SWNTs, but also provide 

a design guidance for the bidirectional Q-switched all-fiber ring 

lasers with selective outputs, which could find applications in 

sensing, medical and other versatile areas. 
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