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Abstract: The nonlinear noise effect in optical fibers is an important factor to limit the development

of high power fiber lasers. The threshold of nonlinear effect can be improved by suppressing the time

domain instability (self-pulsing phenomenon) of lasers. On the basis of an all-fiber resonator cavity, a si-
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mple fiber Fabry-Perot cavity is incorporated. The noise dither is reduced to one third of its original value

and stable continuous laser output suppressed by self-pulsing is realized. This simple cavity structure

can maintain a higher slope efficiency (76.5%) and can implement high power laser output (48.7 W bump

light can generate 36.5 W laser). The all fiber resonator cavity in the cavity structure not only can be

used as a stable continuous laser, but also can be used as the seed of higher power fiber amplifiers for

limiting the generation of nonlinear effect.

Key words: Yb-doped fibre laser; all-fiberized; self-pulsing

0 vw
���������
��������

�����������
��������

�������� [1−2] ���
������

������
�������������

�
��������� �! [3−5] ����"

#������ � $!�
������

����!�� "%! (Self-Phase Modulation,

SPM)�#�"#�$ (Stimulated Raman Scatter-

ing, SRS) Æ#�&$"�$ (Stimulated Brillouin

Scattering, SBS) �'#$�%(���
)�%

&��
����'*�!�� [6] �(% &

+'()������
&'()*+!��

��������'#$�%�,,)�(�

�����-.�/0!�1-23�

 .��/*
�����)*+��0

451Æ�*,�% [7] �+�
0451,�-

 -2�.(675.!��� /m83/

���*,�%9,�����'4Æ:;,

���0�%!<Æ�
��%!0�675

.�1520 ,%���
3�+!75.�

������
��4=5��>68�1�

�!��������7*�2(
Guan W �

463�75.�:48 �� (>2 km) 5�

�.!�(75
)�58�75.����

��!$ [8] �(�9�8 ���<�)*�

�����6?Æ'#$�% (SRS �SBS Æ7

:�%�) n@8;�Mizrahi V Æ Chen H �4

<89$ .��A-. ((=-:�>?�)

9B@A2:A;-.;!�CB���:;

Æ%<+!����3/ [9−10] �Loh W H �4

63�=���C9DEDA;9B<8�F

A;G.6<�0475 [11] �H,=���C

9�A;) �1�
��G.9�����

58>?
,�=!�,'7*�%8�Hideur

A �4638IE@F.6<75G,>
o

H����!������ [12] �JA�Æ?5

;!��<��:4.%ÆKI$
L��+

B?������!���Lee J S �463�

75.!M�Np.�JKOPG,75L:

4�(75
)�� 5.9 W��!������
[13] �H,
75.!C0�D�Q��=!�

��E0R58
��75.2:,LF��

�FG2$�
,��-MS75.?*8�

�0R���>?-.�

T@<8�A����N,m375.2

:OD
LM�B��H� FP .�I8 48.7 W

A;�3/� 36.5 W ��
L�B���+!

�����3/
UV��!��������

,'B��H�75.-.)*8�(���

��>?��>?�

1 xyqr
C 1 375.�)P-.C�+�
A;)

<8JWD�H�=-:���
A;C93

976 nm �A;)63 (2 + 1)× 1 K��LA;�

sKE:;��$�:;��<8'U??,

X�"#��
+��Æ!"#�QMPY3

10 µmÆ 130 µm
NAPY3 0.08Æ 0.46�� 976

nm D
��EF3 4.74 db/m 
��9$JK 4

m
*URSZ�A;EF�m3.2:�D


���N��2�N (HR) �2$�3 99% 
=

�BN3 0.2 nm �;2�N (LR1) �2$�3

10% 
=�BN3 0.05 nm �LR1 G=�K��

�TO�-
HR G=�.�P0F*F�2:

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.38, No.3, Mar 2017



14 � � 2017 � 3 �

H 1 ÆUI[Q\H

H 2 J]K LR2 L[M^�(a) LV�(b) NV

R!�.OG=��A;S+�*S+"#�


��PWT*_XFG2$�PO
3�+!�

�����`/
�:;��6 LR1 Y0M�

P0W;2�N (LR2) 6 HR F�Np.�

2 xyqtzu{
C 2(a) QR3.!SM� LR2 2����

�2Z�!$�aT�D3UV�@Ua�Æ

RC�
aT��3 5 W 
aT203 50 µs �

+�'WX�Yb��[R�c\�����

� (bb@/VZ@ =8.56) �C 2(b) QR3,�

�E]d$^e[\���0ZW�0Zb0

J3 19.6 MHz 
,%� 5.1 m �75.9�

f.!M� LR22
.!����g+!


)�����!����� (]C 3) �� 0.1 ms

�aT20!
bb@/VZ@3 2.8
R*�,

'_���������+!�

,'.��������+!C`+��

LR2 �M�*^� HR F����Np.���

Np. Z:4.!�(�75
E�+!�

H 3 ]K LR2 L[M^LV

���3/�.!�(75)*8X (1) /h�

τ
c

=
2nL

c(− ln R1R2 + 2αL)
(1)

X�
τ
c
3.!�(75�n 3�����a

$��L 375.�.9�R1 Æ R2 PY3��

�N,�2$��α 3+Y%<�� <� LR2

�Z_�
n = 1.452 
L = 5.1 m 
R1 = 0.10 


R2 = 0.99
α = 5×10−3 m−1 
.753 20.9 ns�

f<�Np. (R1 = 0.10 
R2 = 0.99 
L = 2 m)

2
.!75:b 29.2 ns 
)��I����

Infrared (monthly)/Vol.38, No.3, Mar 2017 http://journal.sitp.ac.cn/hw



s 38 t�s 3 u � � 15

H 4 M^	��(a) i`H�(b) �[H

���+!��Np.:4�(75�\2


�!75]D
L*!75G,��%�?6>

j:����kaR2��,XlB9B,X

^ebm��������
_\cc�!�H

fOd@e �!2
�����L�0QQ

��� 4 LR2 2
��75.�75G,#

@eÆ:;�#��%�def?�,'lB

�-MV��g/75
E�3/V����

���4� LR2\
75G,f`\2hSJW

.�� (LR1 Æ HR �LR2 Æ HR) 
,L�I�

�!750��PO
��Np.���`�g

B8 ��
#@edef?���
,'��

(4�I�����a6Æ+!�

C 4(a) QR3����_A;����e

HZ_�� 48.7 W A;��A;�
����

��3 36.5 W�C 4(b)QR3W���3 76.5%

2������W�+�
������gC9

3 1063.02 nm 
6 LR1 UV0M�=�BN3

0.057 nm ���� "%!�[N�%
S@i

?� LR1 �nN�

3 q|}
63�B��75.�M�0WjI��

�Np.
)�����+!��!����

����+�
��Np.�0,���N�

�
�.!Æ��:4�(75��!75G,

Æk@eob�m8
)�=!�����3

/
L�hclB8bid� 1/3 �,'jI�

.��UV�f��W��� (76.5%) 
)��

�������� (36.5 W)�,'B��H�.

�� l)*8m����!�������

���
��m)*8m(�����>?�

�'(
8�=!'#$�%�3/�

vw@A

[1] Paschotta R, Nilsson J, Tropper A C, et al.

Ytterbium-doped Fiber Amplifers [J]. IEEE Journal

of Quantum Electronics, 1997, 33(7): 1049–1056.

[2] Tunnermann A, Schreiber T, Roser F, et al. The

Renaissance and Bright Future of Fibre Lasers [J].

Journal of Physics B, 2005, 38(9): 681–693.

[3] Bielawski S, Bouazaoui M, Derozier D, et al. Sta-

bilization and Characterization of Unstable Steady

States in a Laser [J]. Physical Review A, 1993, 47(4):

3276.

[4] Tsang Y H, King T A, Ko D K, et al. Output Dy-

namics and Stabilisation of a Multi-mode Double-

clad Yb-doped Silica Fibre Llaser [J]. Optics Com-

munications, 2006, 259(1): 236–241.

[5] Salhi M, Hideur A, Chartier T, et al. Evidence of

Brillouin Scattering in an Ytterbium-doped Double-

clad Fiber Laser [J]. Optics Letters, 2002, 27(15):

1294–1296.

[6] Dawson J W, Messerly M J, Beach R J, et al. Anal-

ysis of the Scalability of Diffraction-limited Fiber

Lasers and Amplifiers to High Average Power [J].

Optics Express, 2008, 16(17): 13240–13266.

[7] Brunet F, Taillon Y, Galarneau P, et al. A Simple

Model Describing Both Self-mode Locking and Sus-

tained Self-pulsing in Ytterbium-doped Ring Fiber

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.38, No.3, Mar 2017



16 � � 2017 � 3 �

Lasers[J]. Journal of Lightwave Technology, 2005,

23(6): 2131.

[8] Guan W, Marciante J R. Complete Elimination of

Self-pulsations in Dual-clad Ytterbium-doped Fiber

Lasers at All Pumping Levels [J]. Optics Letters,

2009, 34(6): 815–817.

[9] Mizrahi V, DiGiovanni D J, Atkins R M, et al. Stable

Single-mode Erbium Fiber-grating Laser for Digital

Communication [J]. Journal of Lightwave Technol-

ogy, 1993, 11(12): 2021–2025.

[10] Chen H, Zhu G, Dutta N K, et al. Suppression of

Self-pulsing Behavior in Erbium-doped Fiber Lasers

with a Semiconductor Optical Amplifier [J].Applied

Optics, 2002, 41(18): 3511–3516.

[11] Loh W H, De Sandro J P. Suppression of Self-pulsing

Behavior in Erbium-doped Fiber Lasers with Reso-

nant Pumping: Experimental Results [J]. Optics Let-

ters, 1996, 21(18): 1475–1477.

[12] Hideur A, Chartier T, Ozkul C, et al. Dynamics

and Stabilization of a High Power Side-pumped Yb-

doped Double-clad Fiber Laser [J]. Optics Commu-

nications, 2000, 186(4): 311–317.

[13] Lee J S, Kim J W. Suppression of Self-pulsing in

Yb Fibre Lasers Coupled with External Fabry-Perot

Cavity [J]. Electronics Letters, 2014, 50(9): 695–697.

(~xy 11 �)

4 qz

I8 Zernike 6jX��eGf[iAk�

AghCn�'iGGF\
gh$ ��j

l58�),p�%)*o�
�Akk2�

Agh�
 Zernike 6jXeGBlX MTF @

� 50 lp/mmDZ� 0.6*-
pmW'iG58

� 15.9%*-
mGpe(?
gh=�n$!

=��8 Zernike 6jX/o�GF�Ak�A

gh�:���qpmq
58�m
�� 

r`��mr'iG�

vw@A

[1] Yang H, Zhang Y, Zhang F, et al. Study on Grind-

ing of Free-form Optics Surface in Three-axis CNC

Machine[C].Proceedings of SPIE - The International

Society for Optical Engineering, 2014,9281(1):105–

106.

[2] qstsr LED[stntuu��opqv [D].

�������� 2014.

[3] wxtstntvuw��op�[�� [D]. �

������r� (vw�������sy��

�), 2016.

[4] txu���stnt[xÆvywxopyz{

�
�� [D]. z���� 2008.

[5] Zhu J, Hou W, Zhang X D, and et al. Design

of a Low F-number Freeform Off-axis Three-mirror

System with Rectangular Field-of-view [J].J. Opt.,

2015,17(1):015605.

[6] Saunders I J. Fabrication and Metrology of

Freeform Aluminum Mirrors for the SCUBA-2 in-

strument[C].Proceedings of Spie the International

Society for Optical Engineering, 2005.

[7] Kim D W, Oh C, Lowman A, et al. Manufactur-

ing of Super-polished Large Aspheric/freeform Op-

tics[C].SPIE Astronomical Telescopes and Instru-

mentation, 2016:99120F.

[8] y{t��stntqvz{|���� [D]. y

}��� 2013.

[9] z{|�|}}t Zernike ~~|}~z{|��

[J].Æ{|}~�, 2002,10(3):318–323.

[10] zxtstnt���~|����� [D]. ��

������ 2014.

Infrared (monthly)/Vol.38, No.3, Mar 2017 http://journal.sitp.ac.cn/hw


