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(1. YNP_SQbRXOW`V[�YN 315211; 2. ZTU\P_Qb^℄_a�ZT 200030)G C� 
T�ZFzp�N 32CaO-12Y2O3-24Al2O3-31SiO2-1Yb2O3 b-��Z`b-�-
950 � 1050 � 1100◦C ��2=Tulx{L��% XRD �\{L�8�Zbi#�% TEM ; 1050◦C {L�8b�Z�+�x# 1050◦C {L�g8�Zb#`4z��xh)&��-�> 1050◦C {L�8�>-�℄A�W� YAG iKp��Æ{L�g8�Z#`4zb#=&�{L�8?;b Yb3+ �k�'l�^ YAG p�R�Z�`^#�� Yb:YAG Kp-��� � �� y�w1�,�ÆKp-�ÆZ�Æ#`4zL4�!��TQ171 8:�.&�A

1 D�Ih�8O%e&�"&.���<t���/�"f��*1�
�r[\
�Oq8/.� [1,2]. _E�m�<
x2�-�q8 (RE:YAG) �a_&�"&�x2�-�
(YAG) �m�O Y3Al5O12, YAG q8{+�-
Lrkv�ABv�>�Wq{/℄|{�,P�OD�m6��-
qC?t� YAG q8��_��<_E�m
I\8' [3,4];y_E�m�<
 YAG O%eB
O%O[
uTh��P���~$IO%�_E�m�<
 YAG Xq�sFOIhq`�
�8O%I\ [5,6].� Yb3+ �mx2�-�q8 (Y3−xYbxAl5O12 � Yb:YAG) ��k
 InGaAs {P"�_
O%8'�|�{P(��̂  V
� InGaAs {P"�_P!Hv^ �$%!CD�P+qKP�|�g>U�P�q$IO%P!�qC�)PU�bh$O%uT�3 [7].&{P"�_ Yb:YAG q8��O|F��3O%
��Dw
YIh Yb3+ �m�< YAGq8
��*6�}[�a_
�L_[��}+F��'����<�+v6fwk�>�#_HT
f[�L��[%
QO%$I�3L�6�
� Yb3+ O%.�B{+[�>�{P/%a{\�.oV�8'[����%�\!����[F%
f(k [8], Y*..�I\^ Yb3+ 
^ /|�g>NT1o� q8h��&!T�$IO%eL
��_E�m�<_0�V�
.�G8^�<,w.�8'
[|Lq>M���a_E�m�<_iqj
�S^�B��Fa{+|%q"
�~:AB
Lq.��0Æ,*� 2005–12–12, 0�?
Æ,*�2006–03–17��<'� T/�1�Hk (2005A610023 � 2005A610010); MaÆd2:��lH (20051747) �MaÆÆpmRd�idW< (2004921)MI��� H6[ (1968– ), K�1��
d"	 E-mail: zhangyuepin@nbu.edu.cn



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

1308 Y J 6 % � � 21 }G�[FLq.�%
�LÆLq.�>�{+q80.�
(k [9∼11]. 9( Corning �(
P.A. Tick[12∼14] f}
�y�r'BZLq.�^Lq
Hv�[?J;!T��B%-.�:43X�ABLq.���&r%nme^
oS
_E�m�<
Lq.� d$}:
2Uuu�)
�w_E�m�<
Æ�>0[Lq.�
�y [15]. X:
�y'B Yb:YAG Lq.�+JFO,�_�8O%I\
��r�� Yb3+ 
 CaO-Y2O3-Al2O3-SiO2 .�rhs8�s|M�9�a_$AB

Yb:YAG Lq.��& XRD �℄$3>Uv|M�9�\
j$�,�y$ 1050◦C |M�h9�\
%a5{

2 -A
2.1 /B	K|F6����� 32CaO-12Y2O3-24Al2O3-31SiO2-1Yb2O3 
V�E! 50g �℄O3'�`3'C0~:9\n�!st^�>��>UvO 1650◦C, �U 2h, `.��8\�e9DN�z9Y.5	0^nyFE�..�f$Uv Tg �U 2h 9�� 10◦C/h 
+3bUW 50◦C, �!5	0n4otbUW�U�tI.�
`.��\��r<FE0^? 950 � 1050 � 1100◦C b�UM� 2h, z9=� 10◦C/h
+3bUW 50◦C, �!r<FE0n4otbW�U�a_|M�9
�\
`|M�h9
�\[�F7 1mm �U>U%
���&r%a:�

2.2 �/�
>|�℄* CRY22P v>|�℄�:a� XRD * D/MAX2 � C v X �h
��:a�n� 40kV, n/ 30mA, & TEM-200CX A�nv!<�QLq.�
$%%a9&}(
J-Y�(
 TIAX550v$%%a�:��& 940nm LDrOO|4�A,%a* Perkin-Elmer

Lamda 35 jG�℄%a�:�

B 1 �Zb={�\qg
Fig. 1 DTA curve of the Yb3+ doped CaO-

Y2O3-Al2O3-SiO2 glass

3 ���1%
3.1 �+6���"��	;~O$PFaAB
Lq.��"=q�
,�R>G℄qGv
>��?q>M���|�t0�
q>Uv��U�\Q�[~:
UvC
C 1O3�.�Q 100∼1400◦C
>|rh�
.�f$Uv Tg O 950◦C,℄qd�Uv Tx O 1040◦C, ℄q�Uv Tp O 1060◦C..�f$Uv Tg 0℄qUv Tx 
Uv>T
∆T (∆T = Tx-Tg)O 90◦C,.�|Wq{e>���℄q�Y+�.Lq.�
[�
�t℄qd�Uv�o��3>Uvny|M���(O 950 � 1050 � 1100◦C, �U 2h, xqqZLq>Uv
& XRD �℄3>Uvb|M�9�\
j$�C 2 �3�.�s3>Uvq>M�9
 XRD Ca�i*d��? 950◦C q>M�98+
����P.��\~O�q2�
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1050◦C |M�9Ie$�`(8+A(tm

���0%h�-� XRD 
��j�X��PwF$X�
�-�qj�l+.�2

����Pa_LqjO YAG
Lq.�

1100◦C |M�
�E XRD 
�C^+ Ca2Al2SiO7 (211) � Ca2Al2SiO7(111) � Ca2Al2SiO7

(201) f��J�-�qjG�Ie$ Ca2Al2SiO7 
<\j�� Yb3+ 
�m�w0 Y3+ 
�m�wjo��P Yb3+ �m�n�_ YAG q�S�y3�n�_ Ca2Al2SiO7 L�<\jq�S
QC 2(b)X �h
�
��i*��& X �hh
}�R& Scherrer ��

D = 0.89λ/(bcosθ)�^� D Oq�HT� λ O X �h0D�R 1.54nm, θ O
�
� b O
�h�kvM

v�X,L�m
^~�w��,
^~�w <45nm. Q�\G!	!<� 1050◦C |M�9
Lq.��jZAB
 1100◦C |M�
Lq.�I�	3AB�L�*..�^
Lq�n�5DU��QIe Ca2Al2SiO7 fLq�%
��Ck
C 3 O 1050◦C |M�9�\
A�nvKY�KY^	�ei
	g[O.�I8�.�I8^�4
1kOLq���eU
��Sw7 35nm, o
��Sw7 10nm. �z

XRD �℄i*0A�nv!<�Q 1050◦C |M�9[a$ YAG J;Lq.�


B 2 2=Tu{L�? Yb3+ b CaO-

Y2O3-Al2O3-SiO2 -�b XRD B`
Fig. 2 XRD patterns of the glasses an-

nealed at different temperatures

3.2 6��$	�)3>$%%a0A,%a:�.&�\~O 1050◦C |M�h9
�\
C 4(a) �� Yb3+
 CaO-Y2O3-Al2O3-SiO2 .�
$%%a�QC^�Q Yb3+ $%%a+���T��(S. 978 / 1024nm, w".O|2PT 2F5/2 qhg2_I2PT 2F7/2 
3>g2
8f�
^ 978nm O
�SY�/w". 2F5/2 / 2F7/2 �PT
qh'0�P2R\
8f
*. Yb3+ �mM.x_�S�.�
$%%a*./��~:fA9p[
�%a
>�`�UB+U��M
C 4(b) O 1050◦C |M�9Lq.�
$%%a�? 1030nm M+q
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$%��++ 1050 � 970nm fo�
 Yb:YAG q8
PTi�℄C 5[16], Yb3+ �m?x2�-�qC��/
O|2PT 2F5/2 /I2PT 2F7/2 B
 Stark �)��(�)O

B 3 1050◦C {L�8�Zb�
luJX
Fig. 3 TEM photograph of the sample an-

nealed at 1050◦C

3 �mPT/ 4 �mPT�? Yb:YAG q8^�k
qCr&℄X$ Yb3+ �mPTU
 Stark �)
dz�Lq.�$%%a^ 1030nm M
$%�w". Yb:YAGq8^ Yb3+ �mO|2 2F5/2 qhmPT 10327cm−1 _I2 2F7/2 
j�mPT
612cm−1 
8f� 1050mn $%�w".O|2 2F5/2 qhmPT 10327cm−1 _I2 2F7/2 
j)mPT 725cm−1 
8f�
970nm$%�w".O|2 2F5/2 qhmPT 10327cm−1 _I2 2F7/2 
qhmPT
8f


B 4 ? Yb3+ b CaO-Y2O3-Al2O3-SiO2 -�{L�g8b###`
Fig. 4 Fluorescence spectra of the Yb3+ doped CaO-Y2O3-Al2O3-SiO2 glass before and after annealing

B 5 Yb:YAG p7� Yb3+ bOSB
Fig. 5 Energy level diagram of Yb:YAG indi-

cating Stark level separation

Q	% 1050◦C |M�h9�\
$%%a�℄�Q�Yb3+ �m?|M�h9�'eI3>
$%5{
 Yb3+ 
$%5{Sf0 Yb3+ 
VSn�+��|M�9Lq.�
$%�SY0
Yb:YAGq8
PTi�j�X�PBLq.��\^ Yb3+ �mA(n�_ YAG q�S
L�*.x2�-�^x�m0z�m (Yb3+)�w efo��(� Y3+(0.1019nm) �Yb3+ (0.0985nm),.� Yb3+ �m��n�M$
�VSx�m�S�?|M�,G^ Yb3+ �m��YA Y3+ �myFO Y(3−x)YbxAl5O12 q8
�P� Yb3+ �m CaO-Y2O3-Al2O3-SiO2 .�s,Lq>M�9a_$ Yb:YAG J;Lq.�
C 6(a) O|M�h� Yb3+ 
 CaO-Y2O3-Al2O3-SiO2 .�
A,%a�:!0D~MO

400∼1100nm,?L�0D~MN!<_ 976nm ��U
^ ��
o.I2PT 2F7/2 _O
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6 b G5Z�d� Yb:YAG Kp-�bZ�/#`4z 1311|2PT 2F5/2 qhg2
^ 
C 6(b) O|M�9Lq.�
A,%a�*.Lq.�^S?
Lq d%����Lq.�
A,3+.bh�Y? 400∼760nm~MN
�℄%I�	A,�[a
Lq.��AB

? 850∼1100nm5G0D~MN�!<_ 4 �^ ��w"
^ 0D�(O
 913� 940 � 970 / 1030nm,Q Yb:YAG q8� Yb3+ 
PTC���I�913�940/ 970nm
^ �(
o. 2F5/2 
���)PT A1 10327cm−1 �A2

10624cm−1 �A3 10930cm−1 
^ � 1030nm 
^ 
o. 2F7/2 
j�mPT 612cm−1 _
2F5/2 mPT 10327cm−1 
^ 
A,%a^
 Yb3+ ^ �SY0 Yb:YAG Xqj�X�L�'B|M�9 Yb3+ �mA(n�_ YAG Lqj^


B 6 ? Yb3+ b CaO-Y2O3-Al2O3-SiO2 -�{L�g8b�+#`
Fig. 6 Transmission spectra of the Yb3+ doped CaO-Y2O3-Al2O3-SiO2 glass before and after annealing

4 �%? 32CaO-12Y2O3-24Al2O3-31SiO2-1Yb2O3 `?.�^� 1050◦C |M�9?.�^B

Y3Al5O12 Lq��


Yb3+ �m?Lq>M�h9�'eI3>
%a5{� 1050◦C |M�9Lq.�
$%%a? 1030nm M+qk$%��w". Yb:YAG PTC^O|2 2F5/2 qhmPT
10327cm−1 _I2 2F7/2 
j�mPT 612cm−1 
8f�$%5{'B Yb3+ �mM.x2�-�q�^
Lq.�
A,%a'BLq.��AB
�l Yb3+ �mM. YAG Lqj^
�P 1050◦C Lq>M�9� Yb3+ �mA(n� YAG q�S�[�a_$AB

Yb:YAG Lq.�
� 79
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Preparation and Spectroscopic Properties of Yb:YAG Glass-ceramics

ZHANG Yue-Pin1, XIA Hai-Ping1, ZHANG Xin-Min1, WANG Jin-Hao1, JIANG Chun2

(1. Laboratory of Photo-Electronic Material, Ningbo University, Ningbo 315211, China; 2. Department of

Electronic Science and Technology, Shanghai Jiaotong University, Shanghai 200030, China)

Abstract: The Yb3+-doped 32CaO-12Y2O3-24Al2O3-31SiO2-1Yb2O3 glasses were prepared by a

melting method, then the glasses were annealed at 950◦C, 1050◦C and 1100◦C. The crystallographic

structures of the glasses annealed at different temperatures were analyzed by XRD, the glass

annealed at 1050◦C was observed by TEM. The spectroscopic properties of the glass before and

after annealing were investigated. The results show that the glass annealed at 1050◦C is YAG

glass-ceramics with no impurity crystalline phase. The spectroscopic properties indicate that

Yb3+ ions are preferentially entered into the YAG crystal phase. The transparent Yb:YAG glass-

ceramics obtained are based on the controlled nucleation and crystallization of CaO-Y2O3-Al2O3-

SiO2 system glasses containing Yb3+ions.

Key words Yb:YAG; glass-ceramics; preparation; spectroscopic properties


