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æ^l�eü{)�
 Yb : CaF2-SrF2 ¬N, ÿÁ
T¬N�áÂÚF11Ì±93ØÓ§Ýe¬N�9*Ñ
XêÚ9)äXê, ¿�O�
¬N�9)äXê±93~§e�9�Ç. æ^é'��{, é¬N�áÂ1Ì, F
11Ì, 9Æ5U?1
©Û. láÂÚF11Ì(JL²: 3�,�é�pßÝ� SrF2 �·¬¥, Yb3+ áÂ�¡
Úu��¡'��. Yb : CaF2-SrF2 (19%) ¬N3 1040 nm NC�u��¡'��, 1Ì�'�°. ù`²3�,�
ÓßÝ Yb �, ·¬¥ CaF2, SrF2 �'~ØÓ, ¬N�1Ì5�ØÓ, Ì��Ï´3·¬¥¬N�ÃSÝØÓ, ¬N
é¡5ü$, /¤$é¡1Æ¥%. l9*ÑXêO��9�Ç(JwÑ¬Näk'�Ð�9�Ç.

'�c: Yb : CaF2-SrF2, áÂ1Ì, F11Ì, 9Æ5�

PACS: 78.15.+e, 78.45.+h, 78.30.Ly, 78.20.–e

1 Ú ó

Cc5, �X��NpU-1Eâ�uÐ4
�4+Ä$-1ì�)pUþóÀ-1Úå2
� � , �. � Yb3+ - 1 á � � � � á Â ¸ ?
u 970 nm NC, U� InGaAs -1�4+Ä$Å
� (0.9—1.1 µm) k�ÍÜ, 3�¯Ú�N�-1
�¡ÐyÑéÐ�A^cµ [1−8]. Yb �,�¬N
á�duÙ°�áÂÚu��¡, 3�4+-1
Ä$AO´�¦-1EâkX2��A^.  Yb

�,�ÍzÔ3�5�, põÇ, pUþ-1NX
� Yb �,��zÔÚÀæ�'3�
�¡kÐ�
`³ [9]. Ì�´3F1Æ·, Å�N�, ��5ò�
�ê�, �)�áóÀ�°Ý� (�� 100 fs), 9�
Ç� YAG ��. 3$§e, Yb �,�ÍzÔ3�
¦-1óÀ��
?ÐÚpU-1��ì��


À. Ó�3$§e, Yb �,�ÍzWäk�~$
�þf"�, Yb �,ÍzW3põÇ�4+Ä$
e-1ÑÑ [10].

�8c�� Yb �,�ÍzÔ (Ì�´Íz
W, Íz+) -1¬N33p²þõÇ, pUþ, á
óÀ, p¸�, °N��ØÓ-1XÚ¥kXA
^ [11−14]. du Yb �,�ÍzÔ��
2��A
^, kéõïÄ'uÏé�«#�Ä�á�. Í
zÔ·¬ M1−xM ′

xF2 (M,M ′ = Ca, Sr, Ba) � CaF2

ü¬�'äk�Ð�Ôn5U, ¿���
2�
�A^ [15−18]. ¤± Yb �,�ÍzÔÄ�á�
�uÐ�lü|°�õ|©�Cz, M1−xM ′

xF2

(M,M ′ = Ca, Sr, Ba) du´ÓÌx��, /¤�
ÍzÔ�q, |©3�½��SU
�C�L,

$�/¤�L [19].  Yb �,�ÍzÔ·¬ä
k�Ð�1Ì5UÚ-15U, 3-1ÑÑ�¡
�k��. � Yb �,� CaF2, SrF2 ü¬�'�,
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Yb �,� CaF2-SrF2 ·¬äk�$�-1K�,

���-1�Ç, ��Ç��
 83%[20,21]. Ó�,

Basiev �<3 Yb �,� CaF2-SrF2 ·¬>b�k
-1ÑÑ [22].

3�©¥, é¬N?1áÂÚu�1Ì�ï
Ä´Ä��ïÄ��, �©æ^ 940 nm InGaAs

LD Ä$��-u, ïÄ
T¬N�ØÓßÝ'
~ CaF2, SrF2 ·¬�áÂ1ÌÚF11Ì�¿§
A5, luy
3�,�ÓßÝ Yb, ØÓ CaF2,

SrF2 '~�Ä�¥, �,�pßÝ� SrF2 �·
¬,Yb lf�áÂÚu�1Ì5�'�r. Ì�´
du3�,pßÝ SrF2 ·¬, ¬N�ÃSÝO�,

é¡5ü$, /¤$é¡1Æ¥%. ùé`z CaF2,

SrF2 '~, )�p�þ!��áÂÚu��¡!$
K��-1¬Nk��¿Â. ��-1á�, 9
Æ5UkX��¿Â. é·¬9Æ5U�ïÄÌ
�´ïÄ
3ØÓ§Ýe�9*ÑXê!9N!
9)äXê. 3·¬¥�X SrF2 ßÝO�, 9�Ç
Ú9)äXê~�. l9*ÑXêO�¬N�9�
Ç�±wÑ, ¬Näk'�Ð�9�Ç, ùé/¤
-1¬Nk�¿Â.

2 ¢ �

2.1 ¬¬¬NNN)))���

¬N)�¤^���´XÝ� 4N � CaF2,

SrF2, YbF3, Uì n (YbF3) : n (CaF2) : n (SrF2) = 5

: 76 : 9.5, n (YbF3) : n (CaF2) : n (SrF2) = 5 : 76 :

19, Oþ'?1��, 3¬N)�L§¥�
�Ø
¬NduY)Ú�z�^)¤��zÔ (��
zÔ!Í�zÔ), 3��¥þ!·\�þz©'
� 1%—2%� PbF2 ��Ø�J. æ^l�eü{
)�, )�¤^l�� Pt l�, ��XÚ3µ4�
í¨¥)�. )�§Ý�â CaF2-SrF2 ·¬�XÚ
�ã [19], ò§Ýþ,� 1400 ◦C, ü§�L§¥(
�§ÝÚ§|�ð½, eü�Ç� 0.5—1.0 mm/h,

¬N)�3ý�Ý�� 10−2 Pa ?1, eü§�Ç
� 10—15 ◦C/h. À^ [111] ���d¬, ����
1Æ�þûÐ�ÃÚß²�¬N. ò)��¬N÷
X [111] ¡²��!ï�!�1�óS\ó¤¡G
�¬, ^u�«5UÿÁ.

2.2 111ÌÌÌÿÿÿÁÁÁ

æ^ Lambda 1050 UV/VIS/NIR 1Ì¤ÿÁ�
¬¥�áÂ1Ì, F11Ìd{I Jobin Yvon Inc.

úi Fluorolog-3 F11Ì¤ÿ�, æ^ 940 nm �
-1�4+ (InGaAs) ��-u. 9*ÑXêÚ
9)äXê´dìÀ�Æ:¢�¿JøÿÁ,

l 5 at%Yb : CaF2-SrF2 ¬N¥��Ñ�¬º�
� 6.0 mm×6.0 mm×3.0 mm ��¬N?19�Ç
ÿÁ. æ^é'¢��{, éü«¬N�áÂ1Ì,

F11Ì, F1Æ·, 9Æ5U?1
©Û.

3 (J�?Ø

3.1 áááÂÂÂ111ÌÌÌ©©©ÛÛÛ

ã 1 � Yb : CaF2-SrF2 ¬ N � á Â 1 Ì.

Yb3+ 3¬N�¥�áÂ�¡æ^�´ σabs =
2.303 log(I0/I)

Nl
úª, ª¥, I0 �\�1rÝ, I �

Ý�1rÝ, N ��,lfßÝ (ions/cm3), l �
�¬þÝ (cm). lã 1 �áÂ�¡1Ìã¥�
±wÑ: 3�,�ÓßÝ� Yb3+ 3ØÓ�'·
¬¥, du SrF2 �,�¹þØÓ, 1Ì�u1r
ÝØÓ. 3�,�é�pßÝ SrF2 �·¬'$ß
Ý SrF2 ·¬áÂ1Ìr, áÂ�¡�'��. 3 Yb

: CaF2-SrF2(19%) ¬N¥, �,�ÓßÝ Yb, ��
,pßÝ� SrF2 �, ÙáÂ¸rÝ'��, ù`²
�, SrF2 K�
¬N�1Ì5�.

ã 1 Yb : CaF2-SrF2 áÂ1Ì

3.2 uuu���111ÌÌÌ±±±999FFF111ÆÆÆ···©©©ÛÛÛ

ã 2 � Yb : CaF2-SrF2 ¬N�¬�F11Ì.

dã 2 �±wÑ, �¬�u�Å�� 976 nm, éA
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u 2F5/2→2F7/2 U?�[. u��¡�â F-L úª
O���. 3�, SrF2 �pßÝ�·¬¥XÚ�
ÃS5��, u�1Ì3 1040 nm NC�rÝ'�
�, ¿�u�¸�'�°. 3�,�pßÝ SrF2

·¬¥, �X Sr, Ca '~O�, �â Ca1−xSrxF2 �
ã [19], N´/¤�L, ½´�C�LNX, ù¦�
NX�·ÏÝO�¬N�é¡5ü$. Youngman

�<ÏL NMR ïÄ3 CaF2-SrF2 ·¬¥, Sr2+ l
f?\ Ca2+ lf�� , �� Ca �� ´�Å©
Ù [23]. 3�,pßÝ SrF2 �, Sr2+ �� Ca2+ �
� �$ßÝ�', VÇ'��, ¦�¬N�ÃS
ÝO�. ��¡ Yb3+ �� Ca2+ � �, � Yb �
,�ÍzW¬N�¥, Yb3+ ?\¬�, �� Ca2+

� , dud�Ø�Ó, ��ÛÜ>ÖÖ�, mY F−

?1>ÖÖ���¬�ÆCé¡5ü$, ùÒ3¬
N�¥�)
´L�õ� , l�� Yb 3Íz
Ô¥°�áÂÚu�1Ì; ,��¡ù«�C�L
NX�·¬, ¬N·ÏÝO�, é¡5ü$, /¤$
é¡1Æ¥% [24]. Yb 3 CaF2,SrF2,BaF2 ¬�¥,

�Xlf�»�O�, 3 CaF2 ¬�¥/¤� C4v,

3 BaF2 ¬�¥/¤� C3v,  SrF2 ¬�¥�Uù
ü«Ñk [25]. ¤±3�,�pßÝ� SrF2 �·¬
NX¥, Yb3+ 3 Yb : CaF2-SrF2 (19%) ¬N�u1
r. 1ÌC°, Ì��Ïdu3·¬¥, ¬N·
ÏÝO�, l��1ÌC°. Ïd�±`z¬N
¥ CaF2, SrF2 �'~, lJp1Ì5�. L 1 �
Ñ
¬N�1Ì5U.

ã 3 � Yb : CaF2-SrF2 ¬N�¿§F1Æ·
�, �
~� Yb3+ 3¬N¥�gáÂ, ò¬N�¤

�¡, ,�ï�¤[®?1F1P~��ÿÁ.

æ^�ê¼ê y = y0 + A exp(−τ/t) [ÜÑF1P
~�. l[Ü�F1Æ·�±wÑ, �X SrF2 ß
ÝO\, F1Æ·~�, �´ØÓßÝ� SrF2 éF
1Æ·CzØ�.

ã 2 Yb : CaF2-SrF2 ¬N�u�1Ì

ã 3 Yb : CaF2-SrF2 ¬N�F1Æ·

L 1 Yb : CaF2-SrF2 ¬N�1Ì5��'�

�¬ Å�/nm u��¡/10−21 cm2 Å�/nm áÂ�¡/10−21 cm2 F1Æ·/ms

5 at%Yb : CaF2-SrF2 (9.5%) 1040 1.43 975 5.31 2.41

5 at%Yb : CaF2-SrF2 (19%) 1040 1.9 976 5.65 2.35

4 at%Yb : CaF2-SrF2
[26] 1040 1.6 — — 2.56

Yb : YAG[27] 1048 2.725 969 4.02 1.18

3.3 999ÆÆÆ555UUU���ÿÿÿÁÁÁ©©©ÛÛÛ

9 Æ 5 U ´ - 1 ¬ N � �  � � 5 �, c
Ù ´ 3 ë Y p U Ä $ - 1 ì - u e � ) - 1.

ã 4 ´�¬3ØÓ§Ýe�9*ÑXê. �â

úª k = ρCpλ[28], O�Ñ9�Ç3 300 K e�
9�Ç, Ù¥ ρ ´¬N��Ý, ÏLüY{O�Ñ
¬N��Ý. Cp ´9N, λ ´9*ÑXê. ã 4

´¬N3ØÓ§Ýe�9N. ã 5 ´9*ÑX
ê, �X§Ý�,p, *ÑXêÅìü$. ÏL
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úªO�Ñ3 300K �, ü«¬N�9�Ç©O
� 3.75 W·m−1·s−1, 3.37 W·m−1·s−1, l(JL²3
�,�pßÝ� SrF2 �·¬¥, 9�Ç'$ßÝ
� SrF2 ��. ��p9�Ç� Yb : CaF2, Yb:SrF2

�', ù´du3·¬¥, � Ca2+ lfÚ Sr2+ l
f(fÑ�k', 3�3�p SrF2 ·¬¥��·
¬(f²þgd§~�
, ¤±�,�pßÝ SrF2

ü$¬N�9�Ç. ã 6 ´¬N�9)äXêã,

l9)ä�±wÑ, �X§Ý�,p, ¬N�9)
äXêC�. Ó���±wÑ, �X§Ý,p, 9)
äXêÄ�¥�5'X. �âXeúª [29]:

α(T0 − T ) =
∆L

L0
· 1
∆T

,

Ù¥, T0 ´Ð©§Ý, 3�¢�¥� 303.15 K, T

� 766.15 K, L0 ´§Ý� T0 ��¬��Ý, ∆T ´
§Ý�Cz ∆T = T −T0, ∆L ´§Ýl T0 � T C
z��Ý�Cz, ÏLúªO�Ñ 〈111〉 ¡9)ä
Xê: 5% Yb : CaF2-SrF2 (9.5%) Ú Yb : CaF2-SrF2

(19%) ©O� 1.33×10−5/K, 1.24×10−5/K. l9)
äXê�±wÑ, �X SrF2 �,ßÝO\, 9)ä
Xêk¤~�. ùÌ��Ï´du SrF2 ¬N�9
)äXê' CaF2 ¬N��, �X SrF2 ¹þ�O�,

9)äXê�Ò~�, �´Cz¿Ø´é�. lO
�9�Ç5w, ·¬3~§e�9�Ç'�Ð, ù
é/¤-1¬Nk�¿Â.

ã 4 Ó§Ýe Yb : CaF2-SrF2 ¬N�9N

ã 5 ØÓ§Ýe Yb : CaF2-SrF2 ¬N�9*ÑXê
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ã 6 ØÓ§Ýe Yb : CaF2-SrF2 ¬N�9)äXê

4 ( Ø

æ^
l�eü{)�
 Yb : CaF2-SrF2 ¬
N, ÿÁ
áÂ1ÌÚu�1Ì, ±9*ÑXê
Ú9)äXê. dáÂ1ÌÚu�1Ì�±w
Ñ, Yb : CaF2-SrF2 (19%) ¬Nk�Ð�1Ì5�,

3 1040 nm NC�u��¡'��, u�1Ì¸'
�°, k|u-1ÑÑ. l9�Ç5w, Yb : CaF2-

SrF2 ·¬3~§ek'�Ð�9�Ç, ùépõ
Ç, pUþ-1¬NkX��¿Â. �´�Jp
¬N�1Ì5�, K�?�Ú`z CaF2, SrF2 �'
~¤©, )�Ñp�þ�¬N.
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Abstract

Yb : CaF2-SrF2 crystals are grown by Bridgman technique. The spectroscopic properties, thermal diffusion coefficients and

thermal expansion coefficients at different temperatures are studied. Thermal conductivity at 300 K and thermal expansion coefficient

are calculated. The absorption spectra, fluorescence spectra, thermal properties of crystals are analyzed by comparison method. The

results show that the absorption and emission cross sections are larger in the high concentration SrF2 disordered crystal. And also the

emission cross section is large and wide at 1040 nm in the Yb : CaF2-SrF2 (19%) crystal. It demonstrates that for different ratios of

CaF2 and SrF2 in the disordered crystals, the spectroscopic properties are different. The main possible reason is the different disorders,

low symmetry, low symmetry optical centers in the disordered crystal. It can also be seen that the disordered crystal has a good thermal

conductivity.
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