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��
�«#��^71u1�4+ (LED) k�-u��Úu1Àæ. ù«�°��ÚF1Àæ�¬´3$
7W¾�íÀæÄ�¥�, Ce3+, ¿æ^LK{���. ÏLéáÂ1Ì!-u1Ì!F11Ì±9ØÓ-u
eF1rÝÚ¸�Å��ÿÁ, ©Û
�¬�u1A5. ¿|^71 LED 5-u�¬, ¼�x1u�. lÚ�I�
O�ÚÀæ���`³5w, ù�u1NX3ì²Úw«��¡äké��d3A^d�.

'�c: �ÚF1, 1ÌA5, u1Àæ

PACS: 78.55.Qr, 76.30.Kg, 32.30.Jc, 71.55.Jv

1 Ú ó

�DÚì²1�', ���1 4 �ì²1
�x1u1�4+ (LED) kNõ`:, X�Ç
p!NÈ�!UÑ�!�A¯!Æ·�!ÃÀ/
�, ÏdkXwÍ�!UcµÚ
���5ì²
½| [1−3]. d	, DÚ�ì²Úw«á�´Äu>
-uþ�ð�)� 254 nm b	15-u�+S9
F1á�u1�. duþ����¬E¤î�
�¸À/, ¿� 254 nm b	�é<N���kú
³, Ïd?\ 21 V±5Ì��x11d�Ú
F1®�71 LED ·Ü¤, ¤�y8Ì6�ì
²�Y [4−6].

�éuF1®5`, u1Àæ´�a���
F1á�, Ï�§äkéõF1®Ã{¢y�`
:, 'X´u/¤�«/G!d�$í!`û�ß
²5�� [7−9]. ùò��ü$ì²XÚ�ó²E
,§ÝÚ)�¤�. Ïd, u1Àæ3ì²Úw«
+�òkéÐ�A^cµ. �CAcéõÆö�
ïÄÌ�8¥3±��í½'�í��ÀæÄ�,

Ì�´�Ä
DèlfÚLÞ7álf3ùA«
ÀæÄ�¥�M)Ý�é��, ´¢y����,

þ, ´JpF1rÝ. �ùA«ÀæÄ�du��
�k�5���zÆ½5�ÚÔn5U� [3,4],

Ø·ÜA^u�¸^�'����/�. ,	�k
Ø�ÆöïÄ
5U�é½�7'�íÀæN
X [1,6,10], 3ù«NX¥¢y
F1u�. du(
fUþp, DèM)Ý�$�Ï��K�, ù«u
1Àæ�F1�Ç'�$. ,�«u1á� YAG :

Ce3+ Àæ>bCc5¼�'�¤õ�uÐ, ÙØ
=äk
¬Nu1rÝp�u1A5, �äk
À
æ���5. �Ù3Àæ1N�ÀJþäk�½�
Û�5, Àæ��Lz§ÝØU�p; ,��¡�
XÀæ¥ YAG �¬¹þ�O\±9�¬º��O
�, ß²5U¬�5�� [11,12]. üX�LKÀæ
�,Dèá�ØÉp§���, ¿��X�,ßÝ
�,p, Àæß²5Ø¬u)²w�UC. �,±
ù
Àæ¤©�Ä��,u1�ïÄ¼�
éõ
¤J, �´§����k�":±9éu1¸ Ú
u1�°N!Uå�k�5´'�J±�Ñ�.

�©|^�Ä�ÀæØ
äk�zÔÀæ�
`ûA5	, �äk$(fUþ�A5. (fUþ
� 800 cm−1,  u7�íÀæ 1100 cm−1 ±9��
zÔÀæ 500 cm−1 �m. q�â^Àæäk'�
$�(fUþ, Ó��äk'�r�¬|ù�A5,
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�±íØÑù�$(fUþ�Ä�7,äk'�
r�¬|. 2nÜ�Ä� Ce3+ lf� 5d >f4´
É	�¬|�K�UCu1Å�Ú�°, 3ù�
ÀæÄ�¥7,�±¢y�N!�°���u1.

,��¡, ù�ÀæNX�äk�Ð�¤À5U.

Sampaio ïÄ�|é Nd2O3 �,�$7W¾�í
Àæ�¤À5U?1
�[�ÿÁ©Û. ÏL DTA

�©Û, Àæ=C§Ý Tg, (¬§Ý Tx ±9^z
§Ý Td ©O� 850, 1050 Ú 900 ◦C. �,�X�,
ßÝ�O\ Tg, Tx Ñk¤eü, �¤À5U�L�
ëê (Tx-Tg) ��3 200 ◦C NC [13].

�
~�k³��Ë�µþ�[, JpÀæ�
u1�Ç, �Á��¬�L�I�3ý�^�e?
1. ù«L�í¨�±¦þ~� OH−1 �í3. 3
ù«Àæ¥du(fUþ'�$, éÃË�µþK
��, ? OH−1 �K�Ò¬¤�Ì�Ï�. ,�
�¡, ��z5��(í¨�k|upd�lf�
$d��=C, r?u1¥%�/¤.

2 ¢ �

2.1 u1Àæ�¬���

�¢�¤k�¬þæ^LK{��. Ä�|
¤� 8% SiO2-58% CaO-27% Al2O3-7% MgO, Ù¥
�|©�ßÝ¹þÑ���z©' (mol%). ¤^
���©ÛX� SiO2, CaCO3, Al2O3, MgCO3 ±
9 CeO2. UzÆOþ'O(¡�¤I����,

,�3çØïÄ¥¿©ï�þ!, 2C\f�½
É7l�¥, �N�\§S���ý�p§¬¥
3 1600 ◦C LK 2 h �, òLN�Ò3ýk\9�
=�þ|e¤.. �
�Ø�¬¥�3�í{A
å, Jp�¬�½5, ¤.�á=3 600 ◦C >
{¬¥ò» 1 h, ù�ò»§ÝÀJ�$uÀæ=
C§Ý Tg. ò»���¬²��Ú1Æ�1��
¤ 15 mm×15 mm×1.5 mm �Àæ¬, �e�Ú�
1ÆÿÁ�O�.

2.2 ÿÁ�{

F11ÌÚ-u1Ì^ Jasco FP-6500 .F1
1Ì¤?1ÿ½, -u� 200 � 750 nm ëY
�N�°�1, F1ÿÁ��� 200 � 900 nm.

¤kÿÁ3ð§ð��¸e?1. áÂ1Ì|

^ Lambda 35 .b	©11ÝOÿ½, ÿÁ��
� 200 � 1100 nm. .ù1Ìæ^ HORIBA Jobin

Yvon LabRAM HR 800 UV 1Ì¤ÿ½. Ù¥, F1
1Ìé-u��6A5, ´ÏL�gO\-u1
Å�P¹�A�F1¼��. -uÅ�l 250 nm

��Cz� 450 nm, Å�m�� 5 nm.

3 (J9?Ø

3.1 �¬�áÂ�.ù1Ì

ã¥�¬ a ���,�Ä�Àæ, ^5��
,��¬ b Ú c �é'. Ù¥, �¬ b �, Ce3+

� ß Ý � 0.1 mol%, � ¬ c � , Ce3+ � ß Ý
� 0.3 mol%. �X Ce3+ ßÝ�O\�¬�b	
áÂ>�u)²w�ù£, ù�°�áÂ¸8á
uB+#N� 4f—5d �[. ùÓ��)º
�¬
ôÚd�,c�ÃÚ��,�Ñ��ÉÚ�Cz
�Ï: �XáÂ��ù£, �Ü©71��¬á
ÂK, ¥yÑ�ôÚÒ´�áÂK71���É
Ú [14−16]; Ùg, ÀæÑy�fôÚ�,���Ï
�U´ Ce4+ lf¿vk3ý�í¨¥����
� Ce3+ lf. ,����5¿�/�´, 371±
����1«���Cù	«, ØØ�,�Ä�¬
�áÂrÝA�Ñ´". ùéuì²^�1ÆÀæ
´�~��, �±Jp1�ßL5, Jp1>=
��Ç.

ã 1 ¥eã�Ä�ÀæÚ�,�¬�.ù1
Ì, -u1Å�� 544 nm. �â©z]�, ·�@
� 548 cm−1 ?�.ù¸´duäko�x��¾
�o¡N�é¡�ÄÚå�; 767 cm−1 ?�.ù
¸´duäkn�x�Ú���x��¾�o¡
N�ÄÚå�; �r� 855 cm−1 ?�.ù¸´d
uäko��x��7�o¡N�� �ÄÚå
� [13,17−20]. Xã 1 ¤«, �þ Ce3+ lf�\\v
kéÀæ�.ù1Ì�)²w�K�. d.ù1Ì
�/G�±��, ù�NX¥¿vk/¤¬N(�,

E,´ÃS�Àæ�.

3Àæ�ä(�¥��x��ØU÷vDè
lf�� ê��¦, l��Dèlf�
©
��x�ìq��å. É«lf�ìq~�

âf�m�ål, k|uUþD4�u); Ó«
lf�m�ìqduO\
Uþ[£�gê, ¦U
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þ�N´�"�Ð¼½�N´�)lf�m��
�µþL¤K. ®kéõ'u Al 3ÀæÄ�¥
å�©ÑJ�^���, \\ Al2O3 �Jø
�
	��x��, ¦ìq�lf©Ñm5, O\
g
dlf�ßÝ, ü$
lf�ìq�AÚF1d«
�A. �©.ù1Ì¥�r��x���¸�*/
y²
 Al 3Àæ¥å���^. Ùg, ¾�o¡
N [AlO4/2]−1 �å�
>ÖÖ���^, r? Ce

lfdpd��$d��=C.

,��¡, wè7á Ca2+ lf�\\�å�

O\�x���^. Ï�, wè7á�zÔ�l
fzÜÔ, Ùlf�rÝ����u�d�rÝ,

ù¦�wè7á���m�4zÇ�~�, ��
Dè�zÔ¥%�f�4zÇÒ7,ér, ��¥
%�f/¤�d�fé. 2K, wè7á�äké
p�1ÆwÝ, �Ò´äkér�ø�>f�Uå.

ùü�¡�Ór¤
ù�Ä�'�p��,A5.

ã 1 Ä�±9�,�¬�áÂ1Ì (þã) Ú.ù1Ì (eã),

�¬þÝþ� 1.5 mm

3.2 -uÚF11ÌA5

ã 2 ¥, �>n^Ì��-uÌ, iÿÅ��
520 nm; m>n^Ì���A�F11Ì, -uÅ
�� 405 nm. �¬ a, b, c éA� Ce3+ �,ßÝ©
O� 0.1 mol%, 0.2 mol%Ú 0.3 mol%. 1Ì�X�
,ßÝ�O\u1rÝ�gOr, Ù¥, u1ÌÚ
-uÌ¥²w�V¸y�, ´du-¹lf3Àæ
¥¤?�� ØÓ, 5d >f�É��K���ØÓ
¤�. -u1Ì8Ñu Ce3+ lf� 4f—5d �[á
Â, F11Ì�²Ld÷�d £�� 5d—4f �
[. Ce3+ lf�u1r���6uÄ��|¤, �
XÄ�¤©�UC, Dè Ce3+ lf¤É���d

�Ú¬|rÝ�K����UC, u1Å��lb
	ëYCz��Ú. ù´du÷>f�� 5s Ú 5p

;��´¶-K
Ä��¸é 4f >f��K�, %
ØU�o�	�� 5d ;�>f [21,22]. Ïd, XJ
Ä�äkr��d5½¬|, Ce3+ lf� 5d >f
;�UþÒ¬C�, u�1Ì�A/u)ù£. �
©¥¼�u�1Ì¸�Å�3 520 nm, �éuÙ¦
~^��zÔu1ÀæX7�íÀæ!��íÀ
æ!'�íÀæ�, u�Å�ù£
�zõB�,

d7b1«�ù£��1«�. ��¬N�'�ä
k�½��å, ÏÙØä�5K�¬�(�, éD
èlf����^'��.

ã 2 ØÓ Ce3+ �,ßÝ�¬�-uÚF11Ì

ù�u1NX�Ù¦�x1¬N (~Xk¾
�0�¬N!7�+¬N) �', u1���°,

l 400 nm ��� 750 nm. Ïd, F"¤�x11
�ÚF1®�,�O�ö, l?�ÚJp1�
wÚ�ê. �)ù��°�u1��Ï�±8��
��� Ce3+ lf� 3ÀæN¥�þ!�©Ù!
>f�)ä�A±9¬|©��.

��>f�)ä�A�)��ÏÌ�kü�
¡ [21]. �´�K>Ö��Nlf½lfì¦7
á-¹lf�k��>Ö~�, �� d �>f;
�)ä, >f�mü½�^~�, l¦U?Uþ
ü$, 1Ìu)ù£. �©Ä�NX¥�¹�þ
� [AlO4]−, Ïd¬�)²w�>f�)ä�A. �
´7á-¹lf��N/¤�d�, ¦>f;�C
�, d�f;�/¤©f;�. �©Ä�¥¹k�
þ� Ca2+ lf, �X Ca2+ lf�\\NX¥�
x��¹þ�¬O\, ¦��f�4z5�Ò´�
d5Or [14,21]. >f;�C��, >f�m�ü½
Uü$, r¦ 5d U?Uþü$, �ª��1Ìu)
ù£. d	, ¬|��^¬�� 5d U??�Ú©�
¤fU?, ?�Ú~�
Ä��-u��m�U�
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°Ý.

3.3 -uÅ�éF1¸�K�

�!�Ñ
 Ce3+ �,Àæ�¬3ØÓ-uÅ
�-ue, F1¸�rÝÚ¸�Å��Czª³.

F1rÝ�X-uÅ�d 250—450 nm ± 5 nm �
Ú�ìgO�, ¥yÑkOr�~f�ª³, Ù¥
3 375 nm -ueF1�Ç�p, ¿��NrÝC
z��~²w. ¸�Å��CzKké��
a�5, Ì�8¥3 425, 475 Ú 535 nm n�/�.

(Üã 3 ¥�F1ÌL², -¹lf©Ù3ü«Ø
Ó�� �¥: ��u1¥%8¥3 425 nm, ,�
�3 520 nm NC. ù�íØÏLã 4(a) ¥éF1
1Ì�¸�[Ü�Ñ, u1Ì�©¤ü�pd¸.

 475 nm ´dü�¸�CzL§¥�pU\/¤
�.

�âù�Cz'X, ·��±�ÑØ=ÏLU
C71 LED u1rÝ½�¬ÀæþÝN!u1

ã 3 Ce3+ �,Àæ�¬3ØÓ-uÅ�eF1¸�Å�Ú
F1¸�rÝ�Czª³

ôÚ (Xã 4), �ÏLUC-uÅ�5��N!u
1�8�. Ï��X-u�Cz, F1¸�Å�
ÚrÝÑ¬�A/u)Cz. ØÓ�� 3E¤Ø
Óu1¸�Å��Ó�, -uÅ��äkØÓ�¸
 , Xã 2 ¥�-uÌ, 3b	«Ú71«�k�
�-u¸. �´, duu1rÝÚu1Å�Ñ3u
)Cz, O\
N!�Ú�Y��½JÝ. 3�e
5�ó�¥, ·�ò��[/éù�Ån?1ïÄ,

ÏLÚ�I!w«�ê��O�5¼�u1�N
�u1Àæ.

3.4 Àæ�¬�x1u1A5

ã 4(a) ¥ a ��¢SÿÁ1Ì, b, c, d �©
Ñ�n�pd©¸. �
¼�x1u1, ·�æ^
�²;�|Ü, 7Ú LED \�ÚF1Àæ. ã 4(a)

¥ 405 nm NC�Ä¿�-u1�áÂ��{�7
1±9Ü©ÀæF1�U\, °�u1� Ce3+ �
,Àæ�F11Ì. 3ã 4(b) ¥�Ñ
371 LED

-ue�¬�Ú�I a, �IO�x11Ú�
I o '��C. ã¥[Ü�pd¸©OéAX7
1 LED ��¬áÂ��{�71±9?uü«Ø
Ó� ¥� Ce3+ lf�u1. ùn�Å�Ä�þ
©OéAuùÉ7nÚ. Ïd, |^N!71 LED

rÝ�Àæ�ÚF1rÝ'~��{¢yéÑÑ
1Ú�I�N!. ��¡�±ÏLN!71 LED

�rÝ¢yéx1ÑÑ�N!, ��±ÏLUCF
1Àæ�þÝ¢yù�N!. Ùu1Ú�I a �,
vk��IO�n��, �Ù��´3ý�x1«
�S�'��C.

ã 4 71 LED -u�ÚF1Àæ�)�F11Ì (a) Ú±d��âO�Ñ�Ú�I (b)
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4 ( Ø

�©æ^LK{3$7W¾�íÀæÄ�¥
��
 Ce3+ ü���Úu1Àæ, ��
ù�N
X�u1A5, ¿éÙ?1
©Û. NX¥�þ�
¾�o¡NÚWlfr¤
ù�`É�u1A5,

§�ÏL>f�)ä�A!�d�A¦ Ce3+ lf
�u1d7b	ù£�
�1«�, ¢y
�0�

¬N��^. ,Àæ�éuF1®äké��U
,`³, 2\þ Ce3+ lf��¤äk��áÂX
êÚpu1rÝ, ù«u1Àæ3w«!ì²�+
�äké��d3A^d�.

éu¥�E�Æ©ÛÿÁ¥%��ÿÁ�¡��ÏL

«a�.

[1] Li P L, Wang Z J, Wang Y, Yang Z P, Guo Q L, Li X, Yang Y M,

Fu G S 2009 Acta Phys. Sin. 58 5831 (in Chinese) [o�5, ��
�, �L, �², H��, oR, ý¬, F2) 2009 ÔnÆ�
58 5831]

[2] Jayasimhadri M, Jang K, Lee H, Chen B, Yi S, Jeong J 2009 J.

Appl. Phys. 106 3105
[3] Chen D P, Miyoshi H, Akai T, Yazawa T 2005 Appl. Phys. Lett.

86 231908
[4] Liu W, Chen D P, Miyoshi H, Kadono K, Akai T 2005 Chem. Lett.

34 1176
[5] Liu Y H, Qing W D, Gao W G, Hu Y S, He T, He H Q 2010 Acta

Phys. Sin. 59 8200 (in Chinese) [4�ù, �¥À, p©B, �$
), Û7, Ûur 2010 ÔnÆ� 59 8200]

[6] Yang L Y, Yamashita M, Akai T 2009 Opt. Express 17 6688
[7] Babu P, Jang K H, Kim E S, Shi L, Seo H J, Lopez F E, Rodriguez-

Mendoza U R, Lavin V, Vijaya R, Jayasankarm C K, Moorthy L R

2009 J. Appl. Phys. 105 013516
[8] Luo Q, Qiao X, Fan X, Yang H, Zhang X, Cui S, Wang L, Wang G

2009 J. Appl. Phys. 105 043506
[9] Gouveia-Neto A S, Bueno L A, do Nascimento R F, da Silva E

A, da Costa E B, do Nascimento V B 2007 Appl. Phys. Lett. 91
091114

[10] Liu S, Zhao G, Lin X, Ying H, Liu J, Wang J, Han G 2008 J. Solid

State Chem. 181 2725
[11] Fujita S, Sakamoto A, Tanabe S 2008 IEEE J. Sel. Top Quantum

Electron. 14 1387

[12] Nishiura S, Tanabe S, Fujioka K, Fujimoto Y 2011 Opt. Mater. 33
688

[13] Sampaio J A, Catunda T, Gandra F, Gama S, Bento A C, Miranda

L, Baesso M L 1999 J. Non-Cryst. Solids 247 202

[14] Jang H S, Young D 2007 Appl. Phys. Lett. 90 041906

[15] Jang H S, Kang J H, Won Y H, Lee S, Jeon D Y 2007 Appl. Phys.

Lett. 90 71908

[16] Liu Z J, Dai N, Luan H, Sheng Y, Peng J, Jiang Z, Li H, Yang L,

Li J 2010 Opt. Express 18 21138

[17] Sampaio J A, Gama S, Baesso M L, Catunda T 2005 J. Non-Cryst.

Solids 351 1594

[18] de Sousa D F, Sampaio J A, Nunes L, Baesso M L, Bento A C,

Miranda L 2000 Phys. Rev. B 62 3176

[19] Baesso M L, Bento A C, Duarte A R, Neto A M, Miranda L, Sam-

paio J A, Catunda T, Gama S, Gandra F 1999 J. Appl. Phys. 85
8112

[20] Utegulov Z N, Eastman M A, Prabakar S, Mueller K T, Hamad A

Y, Wicksted J P, Dixon G S 2003 J. Non-Cryst. Solids 315 43

[21] Blasse G, Grabmaier B C 1994 Luminescent Materials (Berlin:

Springer)

[22] Zeng X H, Zhao G J, Zhang L H, He X M, Hang Y, Li H J, Xu J

2005 Acta Phys. Sin. 54 612 (in Chinese) [Q<�, ë2�, Üë
¿, Û¡², É×, où�, M� 2005 ÔnÆ� 54 612]

237803-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 23 (2012) 237803
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Abstract

We present a new glass able to produce ultra-broadband yellow fluorescence. The luminescence system is Ce3+ doped low silica

calcium aluminosilica glass excited by blue light emitting diode (LED). The glass is prepared by the conventional melting process.

We analyze the luminescence properties of the samples by measuring their absorption spectra, excitation spectra, fluorescence spectra.

Furthermore, we study the influence of excitation wavelength on the fluorescence intensity and peak wavelength. The doped glass

combined with blue LED to obtain the white lighting is achieved. Besides we calculate the Commission Internationale de I’Eclairage

chromaticity coordinate. Therefore these glasses have large potentials to be used as white lighting phosphor materials.

Keywords: yellow emission, spectral characteristic, luminescent glass
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