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æ^üàëYÄ$�ª, égd$=�V���Q1n-1ì�ÑÑA5?1
�[�¢�ïÄ. ¢�¥Ø�
*	�
góÀ, �Äg3gd$=�1n-1ì¥*	�g£�y�, é§��)�ÔnÅn?1
�A�n
Ø©Û. ©ÛL²: OÃ1n�f (�) Ä$Ü©é&Ò1�áÂ��1n-1ìSgóÀ�Ñy, ¶���m�û
ªÚg� N���g£�y��Ñy, É-.ùÑ�!É-Ùp�Ñ����5�A¦§�?�ÚOr. �Ä
$1õÇÑpuK��, góÀ°Ý'�°, �Ä$1õÇO\góÀ�ó°CÄ; góÀ�ä¡S�g£�óÀ
�°Ý�Ä$1õÇO\�CÄ, ?�ÚO\Ä$1õÇ, góÀÚgóÀ�ä¡S�g£�y���. ¢�ÿ�
g£�óÀ�m�� 224 ns, �� (�) g£�óÀ��p�°�� 35.0 ns (6.3 ns); ÿ�&Ò1�¥%Å�� 1090
nm, Ì��p�°��� (�) ��� 7.05 nm (2.01 nm).

'�c: 1n-1ì, góÀ, g£�

PACS: 42.55.Wd, 42.60.Fc

1 Ú ó

Dè�,1n-1ì�~5�¬G�N-1
ì�'äk1å�þÐ!=��Çp!(�;n
�`:, Cc5É�
ïÄ<
�¿©'5, ��

2���\�ïÄ [1−12]. �Q1n-1ìäk
þf�Çp!OÃ�°�!Ã-u�áÂ!Ãß
Ý|«!áÂ�°±9�±æ^Å�3 915 nm
½ 976 nm NC�õ��õÇ��N-1ìÄ$�
A:, cÙ·^põÇì�, Ïd3Dè�,1n
-1ì[x¥w��©�. 8c, �QV��1
n-1ì�ÑÑõÇ®²Jp�
Z�? [13−15],
Ù3ó�!��!I���¡�A^�FÃ2�.

ïÄuy, =¦´3ëYÄ$�¹e, �D
è (X Er3+, Nd3+, Yb3+ �) 1n-1ì�¬Ñy
¤¢�góÀ1�, E¤1n-1ìÑÑõÇ�Å
Ä [4]. duV��1n-1ìOÃ« (n�) S�U
þ�Ý�puDÚ�ü��1n-1ì, Ïd3V

��1n-1ìSgóÀ�Ñy¦�1nS�É
-.ùÑ� (SRS)!É-Ùp�Ñ� (SBS) ���
5�A�´Ñy. 3põÇ-1ì¥ SRS, SBS �
��5�A�ÑyØ�¬K�-1ÑÑ�½5,
¦ÑÑ�1å�þC�, $��¬Úå1nà¡�
�ú [10,16], ¦-1ìØU�~ó�. î8��, <
�éDè�,1n-1ì¥�góÀy�®²k
�õ�¢�ÚnØïÄ [2,5,7,9,17−21], �´<�é
góÀy��)º�vk�£. Sanchez � [18] @
�©Ù31n¥��,lfé�m��p�^¿
�
��ÚáÂN��^, l��
1nS�g
óÀ; Rangel-Rojo � [2] @���nS&Ò1Ú�
=âfê�m��p�^�)�µþ��´gó
À�å; Martı́nez � [22] @�´n�S�pÑ�
�Ñ��
V���Q1n-1ì�góÀ1�;
©z [3, 10] @�´OÃ1n�f (�) Ä$Ü©é
&Ò1�áÂÚå
1n-1ìS�góÀ1�.
éu�Q1n-1ì5`, 3yk�õ«'ugó
ÀåÏ��.¥,·��\��u1n�f (�) Ä
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$Ü©é&Ò1�áÂ�..
l©z � � 5 w, < � é u g d $ = �

1 n - 1 ì S � g ó À y � ? 1 
 � þ � ï
Ä[2−5,7,9,10,12,16−18,22,23], éN Q 1n-1ì�g
£�y��?1
ïÄ [1,6,24,25], �égd$=1
n-1ìS�g£�y��ïÄ�é��.·�æ
^üàëYÄ$�YéV���Q1n-1ìS
�góÀÚg£�y�?1
�[�¢�ïÄ, ¿
?1
�A�nØ©Û.·�¤*	��gd$=
�V���Q1n-1ì3ØÓÄ$1õÇe�
g£�A5�vk���L, ù«g£�y��u
yé£�1n-1ì�ïÄäk��ë�d�.

2 ¢�C�

¢�C�Xã 1 ¤«. Ä$���N-1ì,
�k�»� 200 µm!ê��»� 0.22 �ÑÑ�n,
ÙÑÑ�Ä$1¥%Å�� 975 nm, Ì° (FWHM)
� 3 nm, ��ÑÑõÇ� 30 W. Xã¤«�, �,
�, �|¤Ñ\ÍÜXÚ, ü�ßº�Ú��ÍÜ
'� 1 : 1.49; ²ï��1�1n�à¡Ú��º
��¤{Ùp - ÑÛ (F-P) n; �Ú�|¤ÑÑÍ
ÜXÚ. �Úº�Ú�é 975 nm �Ä$1pß, ß
�Ç� 96%, é 1030—1100 nm Åã�1��Ç�
u 94%, °���º����Ç� 95%. ¢�¥¤
^��QV��1n��� 23 m, S��� D .,
�»� 400 µm, n��»� 24 µm, n�ê��»
� 0.13, S��ê��»� 0.37, 1né 975 nm Ä
$1�áÂXê� 1.22 dB/m. �
Jp1nà¡
��úK�, éOÃ1n�üà?1R���, ¿
æ^�z¾ï��?1ï��1.

ã 1 1n-1ì(�«¿ã LD�Ä$, �, �, ��ßº,
�, ���Úº, ��°���º

·�¦^��¯�71>&ÞÚ���°

� 350 MHz!æ�Ç� 2.5 GS/s �êiF1«
Åì5iÀ!P¹1n-1ì���A5; ¦^
�� (EPP2000-VIS .) �.1n1Ì¤iÀÚ
P¹-1ì�1ÌA5. æ^ LPE-1C .-1õ
Ç/UþOÿþÄ$1Ú&Ò1�õÇ. �
�B,
�©¥J��Ä$1õÇ���ÍÜ?1n�Ä
$1õÇ.

3 ¢�(J�©Û

·�æ^ã 1 ¤«�¢�C�, éüàëYÄ
$��QV��1n-1ì�góÀ!g£�±
91ÌA5?1
�[�¢�ïÄ, ±e´äN�
¢�(JÚ�A�nØ©Û.

3.1 gggóóóÀÀÀAAA555

ã 2 ´3ØÓÄ$1õÇ Pp �¹eÿþ�&
Ò1���A5. lã 2(a) �±wÑ, -1ì�Ñ
Ñ3K�c¿vkLyÑ²w�ÅÄ. �´�Ä$
1õÇf��K�, -1ì�ÑÑÒLyÑÃ5Æ
�góÀy�, Xã 2(b) ¤«. �XÄ$1õÇ�
O\, ù«góÀÑy�ªÇ�5�p, rÝ�Å
ìOr, �ó°%Åì~�, Xã 2(b)—(d) ¤«, ù
´äk��ÚáÂN��ÄN Q óÀ-1ì�Ñ
ÑA5. ·�@�Ñyù«�¹´du1n��
à (�éuÄ$à) Ä$�éf½vk�Ä$, ùÜ
©f (�) Ä$1n3-1ìS¿�
��ÚáÂ
N��^, Ùé&Ò1���ÚáÂ��
&Ò1
�õÇÅÄ, Ïd�)
�Å�góÀy� [10]. ±
þ*	��y���±��k��ÚáÂN�3
������yâ. ã 3 ¤«�´góÀó°�
Ä$1õÇO\�Cz. lã 3 �±wÑ, 3K�
NCgóÀ�ó°�Ä$1õÇO\×�~�, Ä
$1õÇ�� 1.000 W ±�, ó°�Czªu².
�Ä$1õÇO\� 3.062 W �, 3ÑÑ�góÀ
¥Ñy
prÝóÀ, Xã 2(e) ¤«. ·�@�ù
Ì�´Ï��XÄ$1õÇ�O\, d�ÚáÂ�
A¤�)�góÀ�¸�õÇ��
1nS��
�5�A�K�, Ïd�)
áÄ�p¸�õÇ
óÀ. 31n¥��5�A SRS, SBS �K�de
¡�ªf�Ñ [26,27]:

P SRS
th ≈ 16 · Aeff

gR · Leff
, (1)

P SBS
th ≈ 21 · Aeff

gB · Leff

[
1 +

∆νS

∆νB

]
, (2)
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Aeff = Γ 2 · π · a2, (3)

Leff =
1
αs

[1 − exp (−αsL)] , (4)

Ù¥, gR, gB��=¥�.ùÚÙp�OÃXê, Ù
�©O� 5× 10−11 Ú 1× 10−13 m/W; Aeff , Leff ´
k�1nn�¡ÈÚ1n�Ý, ∆νB = 3.0×107 Hz
�Ùp�OÃ�°, ∆νS = 7.56 × 1011 Hz�&Ò
1�°, ù�¢�¥ÿþ� ∆λs ≈ 3 nm �éA,
αs = 5 × 10−3 m−1 ´&Ò1Å��Ñ��Ñ, Γ

��|�»�n��»�', Ù��� 0.80, Γ �
n��»�Cz¬k���UC; a �n��»,
L�1n�Ý. �â (1)—(4) ªO�� SRS Ú SBS

�K�©O� 2.1 Ú 141 kW. w,, 3·�ïÄ�
1n-1ì¥, SBS �K�' SRS �K�p
é
õ, Ïd3ù«-1ì¥´uu)���5�A
´ SRS. 3¢�¥É¤¦^�1Ì¤���, vk
*	� SRS Ñy���yâ, =3 1140 nm NC�
.ù1Ì. ��©z [10, 12] ¥�¢�(J�'�,
·��±ä½, 3Ä$1õÇ�� 3.062 W �, g
óÀ�¸�õÇ��
 SRS �K�. ��góÀ�
¸�õÇ����5�A�K�, 3-1ì¥Ò¬
/¤áÄ�óÀ, 3�"��¹e, ù
óÀÏ
L1n�âfê�=J��;�ý�Ü©Uþ, l
u�Ñp¸�õÇ�óÀ.

ã 2 1n-1ì���ÑÑA5 (a) Pp = 0.760 W; (b) Pp = 0.781 W; (c) Pp = 0.865 W; (d) Pp = 1.005 W; (e)
Pp = 3.062 W; (f) Pp = 8.326 W

�XÄ$1õÇ�O\, prÝóÀÑy�V
ÇÚrÝÑ²wO\, �´�XÄ$1õÇ�?�
ÚO\, ·�uyù
prÝ�góÀÅìCf,
�Ñy�VÇ�~�. �Ä$1õÇ� 8.326 W
�, ·�uyprÝ�óÀA�Ø2Ñy, =¦ó

�Ñy, rÝ�®²éf, ���ÑÑõÇÌC°,
-1ìÄ�?3��OëY�ÑÑG�, Xã 2(f)
¤«. ·�íÿù´Ï�Ä$1®²v
r, ��
1n�f (�) Ä$Ü©�� (��~f), Ïd&Ò
1�ÑÑØ2Ï�kwÍ�áÂ�^�)gó
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À, l¦-1ÑÑ��
Xã 2(f) ¤«�OëY
G�. ·�@�?�ÚO\Ä$1õÇ, ½N�±
¦-1ì�ÑÑ�\½.

ã 3 góÀó°�Ä$1õÇ�Cz (ÚOêâ)

3.2 ggg£££���AAA555

²L�þ�¢�, ·�*	�
g£�y�,
Xã 4 ¤«. 3góÀÚprÝóÀ¥Ñ�3Xg
£�óÀ, ù
g£�óÀÑy3góÀ��ä¡
S, ÙrÝØ��Ù¤3�góÀ�ä¡S��é

 �k', ���Ù¤3�g£�S�¥��é
 �k'. g£��óÀm��� 224 ns, ù�1
3-1ìnS� ��m

τ = 2nL/c (5)

��, ª¥ n �n��ò�Ç, L �1n��Ý, c

�ý�¥�1�. lã 4 ¥�±wÑ, g£�óÀ
�¸�õÇ�XÄ$1õÇ�O\O\, g£
�óÀ��p�°%�Ä$1õÇ�O\~�,
l 35.0 ns ~�� 6.3 ns. g£�óÀó°�Ä$
1õÇO\¥�ê5Æ~�, Xã 5 ¤«. ���
J�´, 3Ä$1õÇ�$�, g£���u)3
góÀ�eü÷, góÀ�þ,÷���õ¸(
�, Xã 4(a), (b) ¤«. �XÄ$1õÇ�O\, g
óÀþ,÷�õ¸(��Åìdþ�e/¤
g
£�óÀ, �ª3��góÀ��ä¡S/¤
X
ã 4(c) ¤«�£�óÀ. g£�óÀ�ê8�Ä$
1õÇ�O\kO�~, 3d SRS ¤Úå�p¸�
õÇóÀ¥=�¹
�êØõ�A�g£�óÀ,
Xã 4(d) ¤«. Ä$1õÇ?�ÚO\, ��Xg
óÀÚprÝóÀ���, -1ì?\OëY�ó
�G�, 3góÀÚprÝóÀ�ä¡S�g£�
Åì��.

ã 4 ØÓÄ$1õÇ��g£�óÀ (a) Pp = 0.802 W; (b) Pp = 1.811 W; (c) Pp = 3.062 W; (d) Pp = 4.047 W
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Ò·�¤�, 3Ø\?Û£�N�ì��1n
-1ì¥Ñyã 4 ¤«�g£�y������.
éuÑyù«y���Ï, ·�?1
Xeíÿ:
duQlf�u�ÌÚOÃ�°Ñ'�°; ��n
�nº´vk?ÛÅ�ÀJ�°�nº; OÃ1n
'��. Ïd, 3��nS���p�éõ, ØÓp
��m�3-��¿�ÚÍÜ. ¶�p��m�û
ª��&Ò1õÇÅÄ, 3góÀ�þ,÷/¤õ
¸(�, Xã 4(a), (b) ¤«. 3góÀ�ºÜ, dg
� N� (SPM) ¤Úå���p��m�� �
�C½�unS�p�m�, u´äk�é`³�
,� (A�) �ªBl¯õ�ª¥øLÑ, /¤

g£�óÀ. �XÄ$1õÇ�Jp, d1rÚå
� SPM ��XOr, Ïd�XÄ$1�O\, 3g
óÀ�þ,÷�gþe/¤
g£�óÀ. �d
Ó�, góÀeü÷�£�óÀ�ÅìO\, l
O\
góÀ�ä¡Sg£�óÀ�ê8. d SRS
Úå�prÝóÀ¥g£�óÀê8Åì~�, Ì
�´Ï�prÝóÀ�ó°C��5�Ä. ,	,
(Ü<�éN Q 1n-1ì¥g£�y��©
Û [1,6,26,27],·�@�1n�fÄ$Ü©¤¿��
��ÚáÂN�^ég£���)�k�½�z.

ã 5 g£�óÀó°�Ä$1õÇ�Cz (ÚOêâ)

3é-1ì���A5?1ÿþ�Ó�, ·

��^1Ì¤P¹
-1ì3ØÓÄ$1õÇ
��&Ò11Ì, Xã 6 ¤«. &Ò1�¥%Å
�3 1090 nm NC, �XÄ$1õÇ�O\, &Ò
1Ì°ÅìO\, 1Ì� FWHM l 2.01 nm O\
� 7.05 nm. ÏLO���, �XÄ$1õÇ�O\
3&Ò11ÌS¤NB�p�ê8l 1.13× 105 �
O\� 3.99× 105 �, ��, �Ä$1õÇO\��
nSë����p�ê8O\, ù�ã 4(a)—(c) ¤
«��Ä$1õÇO\g£�óÀê8O\��.
�Xë����p�ê8�O\, U
¼��g£
�ó°C��5��, Xã 5 ¤«.

ã 6 -1ì3ØÓÄ$1õÇ��&Ò11Ì

4 o (

¢�ïÄ
üàëYÄ$�¹e, gd$=�
V���Q1n-1ì���A5Ú1ÌA5. 3
góÀ��ä¡SÄg*	�
g£�y�, ¿é
£�óÀ��mm�Úó°Cz?1
¢�*ÿ.
égóÀÚg£��)�ÔnÅn?1
�A�
nØ©Û. @�1n-1ìSOÃ1n�f (�) Ä
$Ü©¿�
��ÚáÂN��^, Ùé&Ò1�
áÂ��
góÀ��), ¶��ûªÚ SPM
��
g£���). �XÄ$1õÇ�O\ SRS,
SBS ���5�A¦góÀÚg£�?�ÚOr.
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Investigation of self-pulsing and self-mode-locking in
ytterbium-doped fiber laser∗
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Abstract
The output characteristics of a continuous-wave diode pumped free-running double-clad ytterbium-doped fiber laser are investi-

gated. In the experiment, not only self-pulsing is observed, but also self-mode-locking is observed for the first time in the free-running
fiber laser. The physical mechanism responsible for these phenomena is analyzed. The analysis reveals that the signal is absorbed in the
weakly pumped or non-pumped part of the active fiber, which leads the self-pulsing to be present, and self-mode-locking is induced by
axial mode beating and self-phase modulation, which are enhanced by nonlinear effects, stimulated Raman scattering, and stimulated
Brillouin scattering. The pulse width of self-pulsing decreases as pump power increases. The pulse width of self-mode-locking pulses
becomes narrow with the increase of the pump power. When the pump power is higher than 8 W, self-pulsing and self-mode-locking
disappear. The interval between adjacent self-mode-locking pulses is 224 ns, corresponding to the cavity round-trip time. The maxi-
mum and the minimum durations (full width at half maximum) of self-mode locked pulses are about 35.0 ns and 6.3 ns respectively, and
the maximum and minimum spectral widths (full width at half maximum) of signal light are about 7.05 nm and 2.01 nm respectively.

Keywords: fiber laser, self-pulsing, self-mode-locking

PACS: 42.55.Wd, 42.60.Fc
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