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3��N-1ìpõÇÄ$�Q!?��ÍzW (Yb, Na:CaF2) -1ì¥, ÏLé¬N�K9ßº�A�ê�
�[, ?1-1ìn.�N!Ú`z, ¦�T-1ì3æ^ 2%�ÍÜÑÑºÚáÂÄ$õÇ� 7.8 W �^�e, ¼
�
óÀ°Ý� 190 fs!²þÑÑõÇ� 503 mW!¥%Å�� 1034 nm!EªÇ� 82.4 MHz �ëY£�óÀ
S�. XJO�¬NL¡���Ù¦/ª��¦ÑÑ, -1ì�o²þÑÑõÇ� 905 mW.
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1 Ú ó

� Yb lf�-1á�duÙU?(�{ü!
þf"��$±9äk°�u�1Ì, ¤�
C
�Ac5-1+��ïÄ9:. Äuù
á�, d
��N-1ì��Ä$��áóÀ��ì!��
ìºYÑy, ØäíÄ-1Eâ, AO´�áóÀ
Eâ�uÐ�A^. �þ�� Yb �zÔ-1¬
N®²¤õA^u�áóÀ��)½ö��, Ì
��) Yb:YAG, Yb:YVO4, Yb:GdCOB, Yb:KGW,

Yb:KYW, Yb:GSO, Yb:YAB, Yb:Y2O3 � [1−9]. 
ÍzÔ¬NK´,	�a��-10�, §ä
k�
ÕA�`:: 1Ìß����~° (�±l
�b	���¥ù	), áÂXê$, �5���
5ò�Ç�$, �úK�p�. ùa-1á�Ì�
�) Yb:CaF2, Yb:SrF2, Yb:BaF2, Yb:KYF, Yb:YLF

� [10−12]. Ù¥, Yb:CaF2 ¬NÏä��$�(f
ªÇ!�p�9D�Ç±9N´)��ºÝü¬
�`:, wyÑ
�Ð�-1A5, g 2004 c¯
±5ÒÚå
2�'5 [13,14]. Cc5, Yb:CaF2

�-1A5�ïÄ?Ð�Ú<Ê8. 3põÇ$
=�¡, 2008 c, Boudeile æ^ Yb:CaF2 ¬N, 3
¿§e¢y
²þÑÑõÇ� 10.2 W!�Ç�Ç
� 21.6%�ëY-1ÑÑ [15]. �C, Ricaud[16] �
�
 Yb:CaF2 3 77 K �$§e¢y
 97 W �ë
YÑÑ. 3£�$=�¡, 2009 c, Friebel � [17] �
� Yb:CaF2 -1ì�� 99 fs �óÀS�, �´8
cT-1ì����ÄóÀV¹. 3¼�pUþó
À�¡, Yb:CaF2 �32)��ìÚ}òóÀ��
ì¥k
ûÐ�A^ [18,19].

2005 c, ¥ I � Æ � þ ° 1 Æ ° � Å � ï
Ä¤M�!�û+� [20,21] ÄgJÑ|^ Na+

� Yb3+ (Ü¤ Na+-Yb3+ lfé, QÖ�
 Yb3+

� � Ca2+ � � 5 � > Ö � �, q U 
 k � �
� Yb3+ �ìqÚ�-¹� Yb2+ �)¤, l
��/Jp Yb3+:CaF2 ¬N�F1u��Ç, d
d�)
#.�Q!?���ÍzW¬N (Yb,

Na:CaF2). � Yb:CaF2 �', Ù$K�A5®²3
¢�¥���y [22,23], ¿3¿§e^�e¼�

�p�Ç!�põÇ�ëYÑÑ [15,24]. Pugžlys
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� [25] ��
$§e%^�e� Yb, Na:CaF2 ¬N
2)��ì, �)
 3 mJ, 200 fs �pUþóÀ.

�©Ì���3��N-1ìpõÇÄ$�
Q!?��ÍzW (Yb, Na:CaF2) -1ì¥, ÏL
é¬N�K9ßº�A�ê��[, ?1-1ìn
.�N!Ú`z, ¦�T-1ì3æ^ 2%�ÍÜ
ÑÑºÚáÂÄ$õÇ� 7.8 W �^�e, ¼�

óÀ°Ý� 190 fs!²þÑÑõÇ� 503 mW!¥
%Å�� 1034 nm!EªÇ� 82.4 MHz �ëY
£�óÀS�. XJO�Ù¦�«��¦õÇ, -
1ì�o²þÑÑõÇ��� 905 mW.

2 ¢�C�

¢�¥¤^� Yb, Na:CaF2 ¬N�R���,

º�� 4.7 mm×4.6 mm×3.7 mm, ü�Ï1¡�1,

¿ÛOß� AR 960—1100 nm. Ù��� Yb Ú Na

��fê©ê©O� 2%Ú 3%. T¬N^�¡�
K, ¿�½u�kÌ�YeXÚ�Ô�þ, Y§�
�3 18 ◦C.

¢�C�Xã 1 ¤«, Ä$´ nLIGHT ú
i ) � � 1 n Í Ü Ñ Ñ � - 1 � 4 +, � � u
�õÇ� 20 W, ¥%Å�� 976 nm, 1n��»
� 200 µm, ê��»� 0.22. Ä$1²Ld (f1

¸ 25 mm) Ú (f2 ¸ 30 mm) |¤�ßºXÚ?1
O�Úà�, ?\-1¬N.�
��¬Nü�²
1L¡�m/¤ Fabry-Perot �A, ¬NÑk��.

ã 1 Yb, Na:CaF2 £�-1ì(�ã

-1ìæ^��N��ÚáÂN (SESAM) é
Ä£�, ÀJ�äNëê�: ¥%Å�� 1040 nm,

�ÚáÂÇ� 2%, N��Ý� 1.2%, µþ�m
� 500 fs, �ÚÏþ� 70 µJ/cm2 (�I Batop úi).

ÚÑÖ�^�nScºé (SF10) m�� 235 mm,

�gnÌ��±Jø�� 2700 fs2 �K+ò´Ú

Ñ.

DM�éÄ$1 (¥%Å�� 976 nm) pßÚ
é-1 (¥%Å�� 1040 nm) p��VÚº; M1,

M2 Ú M3 �¥¡��º, Ù¥ M1, M2 Ç�»
� 400 mm, M3 Ç�»� 300 mm; ÑÑº OC(¥
%Å�� 1040 nm) �ß�Ç T = 2%. du´põ
ÇÄ$^�, Ïd3�O��n�, �����À
JålI��Ä9ßº�Aé��n�K�.

3 ¢�(J�?Ø

¢�¥æ^ Coherent úi)��.Ò� Field

Mate õ Ç O ÿ þ - 1 õ Ç, ANDO ú i ) �
� AQ6315A .1Ì¤P¹1Ì, óÀ°Ýd APE

úi)�� PulseCheck .g�'¤ÿ�, óÀS
�æ^¯�A1>�4+�ÂÚ Iwatsu úi)�
� SS-7840 A .�[«Åìi�.

FWHM = 3.44 nm

FWHM = 4.76 nm
FWHM = 5.6 nm
FWHM = 6.6 nm

ã 2 ØÓÑÑõÇe�óÀüC� (a) óÀ°Ý; (b) é
A (a) �ØÓÑÑõÇeóÀ1ÌüC�

T - 1 ì � - 1 $ = K ��áÂ Ä $ õ
Ç 2.3 W, d�-1ì´ó�3N Q G�. UY
O\Ä$õÇ, SESAM þ�-1õÇ�Ý���
O�. �áÂÄ$õÇO�� 4.2 W �, £�$=
éÄ, d�-1ìÑÑ�²þõÇ� 200 mW, ó
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À°Ý� 369 fs (b�óÀ/G�V��.). �
XÄ$õÇ�UYO\, £�-1�²þÑÑõÇ
ØäO�, óÀ°ÝÅìCÄÚ1Ì±YÐ°. T
üCL§Xã 2 ¤«, Ù¥, ã 2(a)�óÀ°Ý�
-1ÑÑõÇ�Czã�, ã 2(b) ��A1Ì°
Ý�-1ÑÑõÇ�Czã�. �áÂÄ$õÇ�
� 7.8 W �, ¼�
 503 mW £�ÑÑ, óÀ°Ý
� 190 fs, 1Ì�¸�°Ý (FWHM) � 6.6 nm, é
A��m�°È� 0.35 (b�óÀ/G�V��
.), ®²�C=C4�óÀ. XJUYO\Ä$õ
Ç, ÒÑyóÀ©�y�. ù`²óÀ�1Ì®²
É�OÃ�°�ÑÑ�^, SESAM ���ÚáÂ
�N��^®²é�, XJUYO\óÀUþ, -
1ì��ªuõóÀ$= [26].

ã 3 -1$=G�ÚÑÑõÇ�éuáÂÄ$õÇ�Cz'
X

ã 3 �N
T-1ì�Ñ\ - ÑÑ'X. Ù¥,

3ü�G�=C:, =lN Q � (�¬) �ëY£
�üóÀ� (��) ÚlëY£�üóÀ��ëY
£�õóÀ� (n�), ÑÑõÇÑk�ÌaC. A
O´31�=C:�, -1ìG�Czk�½�
¢��A, �ã 3 ¥�Þ¤«: eü�áÂÄ$õ
Ç� 3.9 W � ($uþ,L§¥éÄ£�¤I�õ

Ç), E,�±�±ëY£�üóÀG�. ã 4�æ
^¯�A1>�4+Ú�[«Åìuÿ�£�ó
ÀS�, w«ÑEªÇ� 82.4 MHz. T-1ìë
Y£�ó�G�½5éÐ, �±ëY$=ê��.

ã 4 ¢�¼��ëY£�óÀS�

ÍzW���á�ÚÑ�~�, ¢�¥¦^�
¬N�á�ÚÑ=� 100 fs2 �m; ��
�±
�f.£�$=, nS7L�±ÀK+ò´ÚÑ�
G�, Ïd, ·�ÀJ�nScºém�U
Jø
 ��±�� 2700 fs2 �K+ò´ÚÑ, =nSJ
cý3
���K+ò´ÚÑþ. ù�3põÇ$
=I�O\Ä$õÇ�, ØäOr�g� N��
A (SPM) N\��}ògÄ�ù
ý3�K+ò
´ÚÑØÊ/-�, ¦óÀ°ÝÅì�Ø , 1Ì
°ÝØä�Ð°. 3�¢�¥, £�óÀ�1Ì°
ÝléÄ£��� 3.44 nm *Ð� 6.6 nm, óÀ
°Ýl£�m©�� 369 fs Ø ��Ä� 190 fs.

�ÄóÀ���m�°È� 0.35, �C�4� (V
��.� 0.315) � 1.12 �, `²d�nSý3�
K+ò´ÚÑþ�ÐÖ�
 SPM �AØäN\�
�}ò.

L 1 ÿþ��«ÑÑ/ª�ÑÑõÇ

2%OC � zg¬NL¡ zgcºL¡ º¡ß�õÇ�Ú/mW oÑÑõÇ Ptotal/mW (POC/Ptotal)/%

ÑÑõÇ POC/mW ��õÇ/mW ��õÇ/mW

503 63.5 15.3 87 905 55.6

�u�CkI	©z3O�-1ìÑÑõ
Ç��Ç�, �ÄO\nS�«±�¦/ª�Ñ

Ñ (�ÍÜÑÑºÑÑ)[16],·��éT-1ì¥3
¬NÚcºL¡���!nº�ß���¦ÑÑ
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�-1?1
ÿþ, (J�L 2. �Ä�-13n
S ��±©OI� 4 g²{¬NL¡��Úc
ºéL¡���Ñ, ±9��]¡��ºßÑ�Ñ,

���Ñ��¦Ñ�-1õÇ� 402 mW, =�Ü
ÑÑõÇ� 905 mW.

4 ( Ø

3 LD à¡Ä$� Yb, Na:CaF2 ¬N£�-

1ì¥, ¼�
²þÑÑõÇ� 503 mW!óÀ
°Ý� 190 fs!¥%Å�� 1034 nm!EªÇ
� 82.4 MHz ��¦-1óÀ, �A�üóÀUþ
� 6.1 nJ. e�ÄÙ¦/ª�-1�¦, T-1ì
�²þoÑÑõÇ� 905 mW. T¢�(JL², I
� Yb, Na: CaF2 ¬N´�«`��põÇ�áó
À-1á�.
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Generation of 190 fs optical pulses from a
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Abstract

In the paper, the demonstration of a high-power LD-pumped Yb, Na:CaF2 femtosecond laser is presented, which the cavity is

optimized concerning the numerical simulation for the thermal lens effect. With a 2% output coupler, a continuous-wave mode-locked

pulse train with a pulsewidth of 190 fs, the average output power of 503 mW, the center wavelength at 1034 nm and a repetition

frequency of 82.4 MHz is obtained under the absorbed pump power of 7.8 W. If other forms of output are recorded, such as the

reflection of the crystal surface, the total output power is 905 mW.

Keywords: Yb, Na:CaF2 crystal, Laser diode-pump, femtosecond laser
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