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摘要：本文提出了一种基于 45°倾斜光纤光栅与带通滤波器的连续可调谐全光纤调 Q 掺铒激光器，45°倾斜光纤光栅与

其两侧的偏振控制器可以实现非线性偏振旋转效应，调 Q 的产生则是因为非线性偏振旋转效应使环形腔中的激光产生

强度依赖损耗从而导致脉冲压缩。在泵浦功率为 655 mW 时，通过调节具有中心波长选择作用的带通滤波器，调 Q 状

态下可以实现光谱在 1512 nm∼1552 nm 范围内的连续可调，平均输出功率从 0.282 mW 逐渐增加到 4.884 mW，脉冲

重复频率从 23.7 kHz 逐渐增加到 119.0 kHz。据我们所知，这是目前为止基于非线性偏振旋转效应与光谱带通滤波器

实现的可调谐调 Q 的光纤激光器中连续可调谐波长范围最宽的。 
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Abstract: A continuously tunable Q-switched all-fiber Er-doped laser based on a 45° tilted fiber grating and tunable 
bandpass filter is demonstrated. The 45° tilted fiber grating is used to achieve the nonlinear polarization rotation 
(NPR) along with two polarization controllers (PCs), Q-switching is realized due to the fact that the NPR effect in-
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duced intensity-dependent loss. Under the pump power of 655 mW, the Q-switched optical spectrum can be conti-
nuously tuned from 1512 nm to 1552 nm by simply rotating the tunable bandpass filter. During the wavelength tuning 
process, the average output power increases from 0.282 mW to 4.884 mW while the repetition rate enhances from 
27.3 kHz to 119 kHz. To the best of our knowledge, this is the widest continuously tunable range of Q-switched fiber 
Lasers based on nonlinear polarization rotation effect and spectral bandpass filter. 
Keywords: fiber laser; Q-switched laser; fiber grating; tunable laser 
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1 引  言 
波长可调谐的调Q光纤激光器在通信[1]、医疗[2-3]、

测距[4]以及激光加工[2, 4-5]等领域[6]都有着重要应用。一

般来讲，调 Q光纤激光器可分为两类——主动调 Q光
纤激光器和被动调 Q光纤激光器。主动调 Q光纤激光
器需要在激光腔中加入声光或者电光调制器，这增加

了激光器的复杂性，同时也提高了激光器的成本[7-8]。

相对于主动调 Q光纤激光器，采用被动调 Q技术的光
纤激光器具有结构紧凑、设计简单和价格低廉等优点。

在激光腔中放置半导体可饱和吸收镜[9-10]是应用较早

的被动调 Q的技术，这种方法虽然已经较为成熟，但
半导体可饱和吸收镜较窄的工作带宽会限制光谱调谐

的范围。利用过渡金属掺杂晶体作为可饱和吸收体同

样可以产生调 Q脉冲，但是这会带来额外的插入损耗
[11-12]。在光纤激光器中运用碳纳米管[13-14]作为可饱和

吸收体来实现调 Q 脉冲输出可以极大减小腔内的损
耗，但是碳纳米管的制备工艺复杂，不易获取。本文

提到的非线性偏振旋转技术[15-16]可以等效为人造式可

饱和吸收体，相比上述方法，此项技术不仅可以维持

光纤激光器的全光纤结构，而且还能通过调节偏振控

制器的状态来改变调 Q脉冲的宽度。本文中的非线性
偏振旋转技术是通过 45°倾斜光纤光栅与其两侧的偏
振控制器来实现的，45°倾斜光纤光栅具有偏振相关损
耗高、鲁棒性强以及成本低廉等优势，目前已经被广

泛应用于激光器、成像、光通信、偏振分析等领域[17-21]。

这种光纤光栅对不同的偏振光具有不同的衰减特性
[17]，它在本文所报道的调 Q光纤激光器中相当于一个
光纤型起偏器[21]，调节其两侧的偏振控制器可以实现

调 Q脉冲的输出。 
另一方面，实现调 Q光纤激光器波长可调谐的方

法有：腔外插入光纤布拉格光栅[13]或者衍射体光栅[12, 

22-23]、利用环形激光腔内的双折射效应[15]以及使用商

用光纤型带通滤波器[24-27]。采用在腔外插入衍射体光

栅的方法虽然可以得到较大的调谐范围，但是打破了

激光器全光纤的结构。腔外插入光纤布拉格光栅的方

案虽然可以实现波长可调谐，却又存在着调谐范围有

限的缺点。利用环形光纤激光器腔内的双折射效应可

以在调 Q光纤激光器中实现波长可调谐，但是这种可
调谐通常都不是连续的，并且会带来腔长变长、系统

复杂的问题。 
本文提到的使用商用带通滤波器来实现调Q光谱

调谐的方法不仅保证了激光器的全光纤结构，而且可

以做到输出光谱的中心波长在 1512 nm∼1552 nm范围
内连续可调。保证调 Q状态不变，当泵浦功率从 106 
mW逐渐增加到 661 mW (实验中最大)时，平均输出
功率从 0.282 mW逐渐增加到 4.884 mW，脉冲重复频
率从 23.7 kHz逐渐增加到 119.0 kHz。泵浦功率为 655 
mW 时，输出脉冲重复频率为 105 kHz，平均输出功
率为 4.45 mW，调 Q脉冲的信噪比为 39.89 dB。 

2  45°倾斜光纤光栅与带通滤波器的

特性 
45°倾斜光纤光栅具有很强的偏振依赖特性，非偏

振光通过此器件之后将变为线性偏振光[17-21]。本实验

中所用 45°倾斜光纤光栅的偏振相关损耗(polarization 
dependent loss, PDL)响应以及插入损耗是由一套商用
检测设备(LUNA system)和一台可调谐激光器(Agilent 
8164A, 1 pm resolution)一起测量的。测量得到此偏振
元件的光谱覆盖范围在 1525 nm∼1608 nm之间。 

45°倾斜光纤光栅的主要光谱特性如图 1所示，可
以看到在 1525 nm∼1608 nm光谱范围内平均插入损耗
约为 3.7 dB。图 1(a)所示的插入损耗主要是由高阶布
拉格反射引起的，这对光栅在实验中的偏振作用没有

影响。图 1(b)所示的偏振相关损耗响应是在较宽波长
范围(1525 nm∼1608 nm)内测量的，这个范围内光栅的
偏振相关损耗均大于 12 dB，这表明此光栅是一种有
效的宽带宽偏振器件。可以看到，图 1(a)所示插入损
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耗特性曲线与图 1(b)所示偏振相关损耗特性曲线都呈
现波纹状的抖动。其原因解释如下，当光信号通过 45°
倾斜光纤光栅时，垂直偏振光将以辐射模的形式从纤

芯向着垂直于光纤轴的方向耦合出去，由于光纤包层

有限，部分辐射模将会从包层和空气的边界反射回纤

芯与包层的边界，由此形成谐振[28]。在本实验中，上

述插入损耗以及偏振相关损耗特性的波动对于激光器

的性能没有影响。 
实验中所用可调谐带通滤波器的光谱选择特性是

通过一个自制的宽带 C波段光源测量的，结果如图 2
所示。由图 2(a)可知，在 1512 nm∼1552 nm范围内带
通滤波器具有良好的波长选择特性，在 1512 nm附近
时滤波器的响应强度有所下降。图 2(b)所示为滤波器
在 1548 nm处的典型光谱特性，3 dB带宽为 4.22 nm，
其余波长处的 3 dB带宽均与此接近。 

3  实验装置 
45°倾斜光纤光栅波长可调谐调 Q 光纤激光器的

实验结构如图 3所示，该激光器主要由泵浦源(980 nm 
pump source)、波分复用器(wavelength division mul-
tiplexer, WDM)、掺铒光纤(erbium-doped fiber, EDF)、
光纤耦合器(output coupler, OC)、可调谐带通滤波器
(tunable bandpass filter, TBF)、45°倾斜光纤光栅(45° 
tilted fiber grating, 45° TFG)和偏振无关隔离器
(polarization-independent isolator, PI-ISO)等器件组成。
其中增益介质为长度 0.94 m的掺铒光纤(EDF)，长度
为9.85 m的单模光纤(single-mode fiber, SMF)被用来增
加光纤的非线性效应及补偿腔内的色散。可调谐带通

滤波器具有滤波以及波长选择作用，主要用于实现输

出激光光谱的连续可调。45°倾斜光纤光栅(45° TFG)
以及其两侧的偏振控制器 (polarization controllers, 
PC1&PC2)用于产生非线性偏振旋转效应从而生成调
Q脉冲。偏振无关隔离器(PI-ISO)则用于保证光信号在
腔内的单向传播。波分复用器两端的尾纤(OFS980)长
度为 0.435 m，腔内的净二阶色散约为-0.21 ps2。 
泵浦源为 980 nm的台式激光器(OVLINK, Wuhan, 

图 2  可调谐带通滤波器的光谱特性。(a) 1512 nm∼1552 nm；(b) 1548 nm 

Fig. 2  Spectral characteristics of tunable bandpass filter. (a) 1512 nm∼1552 nm; (b) 1548 nm 

Δλ =4.22nm

 
 
 
 
 
 
 
 
 
 

1552nm
1548nm

1544nm

1540nm
1536nm

1532nm

1528nm
1524nm
1520nm

1516nm

1512nm

1500 1510 1520 1530 1550 1560

Wavelength/nm 

1540 

1512 nm 

1516 nm 

1520 nm 

1524 nm 

1528 nm 

1532 nm 

1536 nm 

1540 nm 

1544 nm 

1548 nm 

1552 nm 

In
te

ns
ity

/d
Bm

 

1535 1540 1545 1550 1555 1560

Wavelength/nm 

(b)
-30

-50

-80

(a) 

In
te

ns
ity

/d
Bm

 

-70

-60

-40 Δλ=4.22 nm

图 1  光谱范围在 1525 nm∼1608 nm 时 45° 倾斜光纤光栅的损耗特性。(a) 插入损耗；(b) 偏振相关损耗响应

Fig. 1  Measured insertion loss of the 45° TFG from 1525 nm to 1608 nm. (a) Insertion loss; (b) PDL response 

(a) -3.4 

In
se

rti
on

 lo
ss

/d
B -3.6 

-3.8 

-4.0 
1530 1545 1560 1575 1590 1605

Wavelength/nm 

(b) 30

Po
la

riz
at

io
n 

de
pe

nd
en

t 
lo

ss
/d

B 

24

18

12
1530 1545 1560 1575 1590 1605

Wavelength/nm 



光电工程    DOI: 10.12086/oee.2018.170741 

170741-4 

China)，其产生的泵浦光经过 980/1550 波分复用器 
(wavelength division multiplexing, WDM)进入激光腔
内，激光在环形腔内沿顺时针方向单向传播，最终由

一个 90:10 光纤耦合器(OC)的 10%端口输出。输出激
光的光谱由光谱分析仪(OSA, Yokogawa AQ6370C)测
量，脉冲序列以及射频谱则需要输出光通过 12.5 GHz
的光电探测器(PD, Newport 818-BB-51F)之后分别用带
宽为 1 GHz，采样率为 5 GS/s的示波器(OSC, Tektronix 
MSO4104)以及频谱分析仪(SSA, Siglent SSA 3032X)测
得，输出功率由数字光功率计 (PM, Yokogawa 
AQ2160-02)采集。 

4  实验结果与讨论 
在 106 mW的泵浦功率下，我们得到了稳定的调

Q脉冲输出，这一泵浦功率也是该激光器产生调 Q的
阈值功率。光信号通过 45°光纤光栅之后变换为线偏
振光，45°光纤光栅两侧的偏振控制器用来补偿由于光
纤非线性引起的偏振态旋转，由此产生的非线性偏振

旋转效应让环形腔中的激光产生强度依赖损耗从而导

致脉冲的生成。此时，铒离子的上能级将会积聚大量

的粒子，当积累的能量以及激光辐射强度达到合适状

态时，激光器就会输出调 Q脉冲[29]。 
由于掺铒光纤的增益带宽比较大，光谱带通滤波

器又具有让特定波长范围内的光通过的特性，所以实

验中可以用光谱带通滤波器来实现输出光谱的中心波

长连续可调。 
当把泵浦功率增加到 655 mW时，适当调节偏振

控制器以及带通滤波器之后，我们很容易观测到稳定

的调 Q脉冲。保持泵浦功率为 655 mW不变，仅调节

带通滤波器而不改变偏振控制器的状态，输出光谱的

中心波长可以从 1512 nm处连续移至 1552 nm处，具
体的光谱漂移现象如图 4(a)所示。光谱漂移过程中，
1548 nm处的调 Q脉冲输出最为稳定，此时 3 dB带宽
为 1.45 nm，这由商用光谱带通滤波器的带通选择特性
所决定的，如图 4(b)所示。保持输出激光的光谱中心
波长为 1548 nm不变，测量得到时域脉冲序列图以及
单脉冲波形图分别如图 4(c)和图 4(d)所示，此时脉冲
重复频率为 105 kHz，脉冲宽度为 4.2 μs，平均输出功
率为 4.45 mW。频率范围设为 0∼200 kHz以及 0∼500 
kHz的频谱如图 4(e)所示，此处调 Q脉冲的信噪比为
39.89 dB。当中心波长靠近 1512 nm或者 1552 nm这两
个极限时，激光器输出的调 Q脉冲变得不稳定。这主
要是由于 1512 nm的增益较小，非线性效应不明显；
另外，1552 nm处的增益与 1548 nm不同，因此在 1548 
nm处满足的非线性偏振旋转条件会在 1552 nm受到
一定程度的影响。 
与锁模不同，调 Q脉冲的重复频率与腔的长度无

关，而与腔内的增益、损耗以及双折射效应有关。随

着泵浦功率的增加，更多的粒子将被激发到增益介质

的上能级上，这会使得输出调 Q脉冲的累积时间与发
射时间都变短，进而导致脉冲重复频率变高。本实验

中，保持两个偏振控制器以及带通滤波器状态不变，

光谱的中心波长仍然为 1548 nm时，其平均输出功率
以及重复频率与泵浦功率的关系如图 4(f)所示。泵浦
功率从 106 mW逐渐增加到 661 mW的过程中，激光
器的平均输出功率从 0.282 mW 逐渐增加到 4.884 
mW，脉冲重复频率则从 23.7 kHz 逐渐增加到 119.0 
kHz。 

图 3  45°倾斜光纤光栅波长可调谐调 Q 光纤激光器示意图 
Fig. 3  Schematic diagram of the wavelength-tunable Q-switched fiber laser based on a 45° tilted fiber grating 
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5  结  论 
本文报道了一台基于 45°倾斜光纤光栅与带通滤

波器的连续可调谐全光纤调 Q掺铒激光器。这也是迄
今为止报道过的基于非线性偏振旋转效应和带通滤波

器实现的可调谐调Q的光纤激光器中连续可调谐范围
最宽的。此激光器中调 Q 脉冲的输出是基于 45°倾斜

光纤光栅以及两个偏振控制器产生的非线性偏振旋转

效应，同时维持了激光器的全光纤结构。调 Q光谱的
波长连续可调谐则通过调节光谱带通滤波器来实现。

实验结果表明，波长可调谐的范围涵盖了 1512 nm至
1552 nm。在泵浦功率为 655 mW时，输出脉冲的重复
频率为 105 kHz、平均输出功率为 4.45 mW、且信噪比
为 39.89 dB。在同一调 Q状态下，我们还将泵浦功率

图 4  泵浦功率在 655 mW 下激光器的输出特性。(a) 光谱漂移；(b) 光谱；(c) 脉冲序列；(d) 单脉

冲；(e) 频率范围为 200 kHz 的频谱图，插图是频率范围为 500 kHz 的频谱图；(f) 输出功率和重复

频率与泵浦功率的关系 
Fig. 4  Measured characteristics of Q-switched fiber laser under the pump power of 655 mW. (a) Optical spectrum shift;
(b) Optical spectrum; (c) Pulse trains; (d) Profile; (e) RF spectrum with a 200 kHz span, inset presents the RF spectrum
with a 500 kHz span; (f) The laser output power and repetition rate variations along with elevating pump power 
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从 106 mW上升至 661 mW，得到的平均输出功率从
0.282 mW逐渐增加到 4.884 mW，脉冲重复频率从 23.7 
kHz逐渐增加到 119.0 kHz。未来，我们希望将这种技
术扩展到 1 μm、2 μm等波段并搭建稳定的波长可调
谐全光纤激光器作为加工、成像、非线性研究的种子

源。 

参考文献 
[1] Mears R J, Reekie L, Poole S B, et al. Low-threshold tunable 

CW and Q-switched fibre laser operating at 1.55μm[J]. Elec-
tronics Letters, 1986, 22(3): 159–160.  

[2] Luo Z Q, Liu C, Huang Y Z, et al. Topological-insulator pas-
sively Q-switched double-clad fiber laser at 2μm wavelength[J]. 
IEEE Journal of Selected Topics in Quantum Electronics, 2014, 
20(5): 1–8.  

[3] Wang L, Gao C Q, Gao M W, et al. A resonantly-pumped tuna-
ble Q-switched Ho: YAG ceramic laser with diffraction-limit 
beam quality[J]. Optics Express, 2014, 22(1): 254–261.  

[4] Sharma U, Kim C S, Kang J U, et al. Highly stable tunable 
dual-wavelength Q-switched fiber laser for DIAL applica-
tions[C]//Proceedings of 2004 Laser Applications to Chemical 
and Environmental Analysis, Annapolis, Maryland United 
States, 2004: 1277–1279. 

[5] Chernikov S V, Zhu Y, Taylor J R, et al. Supercontinuum 
self-Q-switched ytterbium fiber laser[J]. Optics Letters, 1997, 
22(5): 298–300.  

[6] Dong B, Hao J Z, Hu J H, et al. Wide pulse-repetition-rate 
range tunable nanotube Q-switched low threshold er-
bium-doped fiber laser[J]. IEEE Photonics Technology Letters, 
2010, 22(24): 1853–1855.  

[7] Pérez-Millán P, Cruz J L, Andrés M V. Active Q-switched dis-
tributed feedback erbium-doped fiber lasers[J]. Applied Physics 
Letters, 2005, 87(1): 011104.  

[8] Delgado-Pinar M, Díez A, Cruz J L, et al. Single-frequency 
active Q-switched distributed fiber laser using acoustic 
waves[J]. Applied Physics Letters, 2007, 90(17): 171110.  

[9] Keller U, Weingarten K J, Kartner F X, et al. Semiconductor 
saturable absorber mirrors (SESAM's) for femtosecond to na-
nosecond pulse generation in solid-state lasers[J]. IEEE Jour-
nal of Selected Topics in Quantum Electronics, 1996, 2(3): 
435–453.  

[10] Li J F, Hudson D D, Liu Y, et al. Efficient 2.87 μm fiber laser 
passively switched using a semiconductor saturable absorber 
mirror[J]. Optics Letters, 2012, 37(18): 3747–3749.  

[11] Filippov V N, Starodumov A N, Kir’yanov A V. All-fiber passively 
Q-switched low-threshold erbium laser[J]. Optics Letters, 2001, 
26(6): 343–345.  

[12] Laroche M, Chardon A M, Nilsson J, et al. Compact di-
ode-pumped passively Q-switched tunable Er–Yb double-clad 
fiber laser[J]. Optics Letters, 2002, 27(22): 1980–1982.  

[13] Zhou D P, Wei L, Dong B, et al. Tunable passively Q-switched 
erbium-doped fiber laser with carbon nanotubes as a saturable 
absorber[J]. IEEE Photonics Technology Letters, 2010, 22(1): 
9–11.  

[14] Cao W J, Wang H Y, Luo A P, et al. Graphene-based, 50 nm 
wide-band tunable passively Q-switched fiber laser[J]. Laser 
Physics Letters, 2011, 9(1): 54–58.  

[15] Luo Z C, Liu J R, Wang H Y, et al. Wide-band tunable passively 
Q-switched all-fiber ring laser based on nonlinear polarization 
rotation technique[J]. Laser Physics, 2012, 22(1): 203–206.  

[16] Wang T X, Yan Z J, Mou C B, et al. Stable nanosecond pas-
sively Q-switched all-fiber erbium-doped laser with a 45° tilted 
fiber grating[J]. Applied Optics, 2017, 56(12): 3583–3588.  

[17] Yan Z J, Mou C B, Zhou K M, et al. UV-inscription, polariza-
tion-dependant loss characteristics and applications of 45° 
tilted fiber gratings[J]. Journal of Lightwave Technology, 2011, 
29(18): 2715–2724.  

[18] Yan Z J, Mou C B, Wang H S, et al. All-fiber polarization inter-
ference filters based on 45°-tilted fiber gratings[J]. Optics Let-
ters, 2012, 37(3): 353–355.  

[19] Zhou K M, Cheng X F, Yan Z J, et al. Optical Spectrum Analyzer 
using a 45° tilted fiber grating[C]//Proceedings of 2012 Ad-
vanced Photonics Congress,  Colorado Springs, Colorado, 
United States, 2012: BW2E. 7.  

[20] Yan Z J, Mou C B, Sun Z Y, et al. Hybrid tilted fiber grating 
based refractive index and liquid level sensing system[J]. Op-
tics Communications, 2015, 351: 144–148.  

[21] Zhou K M, Simpson G, Chen X F, et al. High extinction ratio 
in-fiber polarizers based on 45° tilted fiber Bragg gratings[J]. 
Optics Letters, 2005, 30(11): 1285–1287.  

[22] Renaud C C, Selvas-Aguilar R J, Nilsson J, et al. Compact 
high-energy Q-switched cladding-pumped fiber laser with a 
tuning range over 40 nm[J]. IEEE Photonics Technology Letters, 
1999, 11(8): 976–978.  

[23] Fan Y X, Lu F Y, Hu S L, et al. Tunable high-peak-power, 
high-energy hybrid Q-switched double-clad fiber laser[J]. Op-
tics Letters, 2004, 29(7): 724–726.  

[24] Popa D, Sun Z, Hasan T, et al. Graphene Q-switched, tunable 
fiber laser[J]. Applied Physics Letters, 2011, 98(7): 073106.  

[25] Chen Y, Zhao C J, Chen S Q, et al. Large energy, wavelength 
widely tunable, topological insulator Q-switched erbium-doped 
fiber laser[J]. IEEE Journal of Selected Topics in Quantum 
Electronics, 2014, 20(5): 315–322.  

[26] Huang Y Z, Luo Z Q, Li Y Y, et al. Widely-tunable, passively 
Q-switched erbium-doped fiber laser with few-layer MoS2 sa-
turable absorber[J]. Optics Express, 2014, 22(21): 
25258–25266.  

[27] Woodward R I, Kelleher E J R, Howe R C T, et al. Tunable 
Q-switched fiber laser based on saturable edge-state absorp-
tion in few-layer molybdenum disulfide (MoS2)[J]. Optics Ex-
press, 2014, 22(25): 31113–31122.  

[28] Mou C B, Zhou K M, Zhang L, et al. Characterization of 
45°-tilted fiber grating and its polarization function in fiber ring 
laser[J]. Journal of the Optical Society of America B, 2009, 
26(10): 1905–1911.  

[29] Hönninger C, Paschotta R , Morier-Genoud F, et al. 
Q-switching stability limits of continuous-wave passive mode 
locking[J]. Journal of the Optical Society of America B, 1999, 
16(1): 46–56. 

 



光电工程    DOI: 10.12086/oee.2018.170741 

170741-7 

Wavelength-tunable Q-switched fiber laser based 
on a 45° tilted fiber grating Hu Xiaolin1, Yan Zhijun2, Huang Qianqian1, Zou Chuanhang1,  Wang Tianxing1, Mou Chengbo1* 

1Key Laboratory of Specialty Fiber Optics and Optical Access Networks, Shanghai Institute for Advanced 
Communication and Data Science, Joint Laboratory of International Cooperation for Specialty 
Optical Fiber and Advanced Communication, Shanghai University, Shanghai 200444, China; 

2The School of Optical and Electronic Information, National Engineering Laboratory for Next Generation Internet Access 
System, Huazhong University of Science and Technology, Wuhan, Hubei 430074, China 

 
Optical spectrum shift 

 
Overview: Wavelength tunable Q-switched fiber lasers have important applications in the fields of communication, 
medicine, ranging finding and laser processing. Generally speaking, Q-switched fiber lasers can be divided into two 
types using either active or passive system. There are several kinds of saturable absorber can be used to realize passively 
Q-switched in fiber lasers, including semiconductor saturable absorber mirrors (SESAMs), transition metal-doped 
crystals and single-wall carbon nanotubes (SWNTs). However, the method of using nonlinear polarization rotation 
(NPR) technology which is an artificial saturable absorber to realize passively Q-switched can not only maintain all-fiber 
structure of fiber lasers, but also change the width of Q-switched pulses by adjusting the states of polarization control-
lers. By regulating commercial bandpass filter, the central wavelength of the Q-switched pulses can be adjusted conti-
nuously in a larger range. 

In this paper, a continuously tunable Q-switched all-fiber Er-doped laser based on a 45°-tilted fiber grating and tuna-
ble bandpass filter is demonstrated. The 45°-tilted fiber grating is used to achieve the nonlinear polarization rotation 
(NPR) along with two polarization controllers (PCs). In this experiment, the fiber grating is equivalent to an ideal 
in-fiber polarizer because it has strong polarization-dependent loss (PDL), then the Q-switched pulses can be easily ob-
served by properly adjusting the polarization controllers. Under the pump power of 655 mW, stable Q-switched pulses 
with central wavelength of 1548 nm, average output power of 4.45 mW, repetition rate of 105 kHz, and signal to noise 
ratio (SNR) of 39.89 dB are obtained. Furthermore, the Q-switched optical spectrum can be continuously tuned from 
1512 nm to 1552 nm by simply rotating the tunable bandpass filter with 655 mW pump power. As far as we know, this 
is the widest tunable range of tunable Q-switched fiber Lasers based on nonlinear polarization rotation effect and tuna-
ble bandpass filter. 
 
Citation: Hu X L, Yan Z J, Huang Q Q, et al. Wavelength-tunable Q-switched fiber laser based on a 45° tilted fiber grat-
ing[J]. Opto-Electronic Engineering, 2018, 45(10): 170741 
 

——————————————— 
Supported by National Natural Science Foundation of China (NSFC) (61605107, 61505244), Young Eastern Scholar Pro-
gram at Shanghai Institutions of Higher Learning (QD2015027), and “Young 1000 Talent Plan” Program of China 
* E-mail: mouc1@shu.edu.cn 

1512nm

1516nm

1520nm

1524nm

1528nm

1532nm

1536nm

1540nm

1544nm

1548nm

  

1552nm

 
 
 
 

 
 
 
 
 

1500 1510 1520 1530 1550 1560

Wavelength/nm

1540 1570

1512 nm

1516 nm

1520 nm

1524 nm

1528 nm

1532 nm

1536 nm

1540 nm

1544 nm

1548 nm

1552 nm

In
te

ns
ity

/d
Bm

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


