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æ^��D{��
ØÓ Eu3+ �,ßÝ� CaWO4 F1®á�. ÏL X ��û�Ú|u�×£>ºEâ
é�¬�(�Ú/m?1
L�. ÿþ
��¬�-u1Ì!u�1ÌÚF1P~�, O�
��¬�Ü
© Judd-Oflet (J-O) ëêÚ 5D0 (Eu3+) U?þf�Ç, ±9F1®�Ú�I, ?Ø
�¬>Ö[£��érÝ!J-O

ëê!þf�Ç��,ßÝ��6'X. é Eu3+ �,� CaWO4 u1á��1�u15��ïÄL², 3 CaWO4:

Eu3+ ¥ 5D0→7F2 �[� 616 nm ùÚu1U� 394.5 nm Ú 465 nm �-u1k�-u, äkCb	 (½71) -u
�ÇpÚd«ßÝ��`:, kdå¤�p��Cb	 (½71) -ux1u1�4+^ùÚF1®á�.

'�c: ßÝ�6, ùÚF1®, Eu3+,¾�í

PACS: 78.20.–e, 78.55.–m

1 Ú ó

Dèlf�,u1á��2�A^u��-
1ì!1n��ì!w«ì!ì²��!)ÔD
aì�+�, ÏdÉ�ïÄö��'5 [1−4]. 3¤
k�Dèlf¥, Eu3+ duÙÕA� 4f6 ��(
�, �±�b	1½Ò4��k�-u, ¢ypÚ
XÝ�ù1u�, ²~�^�ùÚu1á��u1
¥%, Eu3+ -¹� Y2O3 Ú YVO4 F1®®²��

2��û�A^. Cc5, du Eu3+ -¹�¾�
íá�U
¢yCb	1 (½71) �ù1�p�
=z, k�U¤�#.�Cb	 (½71) -u�x
1u1�4+ (LED) ^ùÚF1®, Ïd¤�#�
ïÄ9: [5−9]. �þïÄL², DÚ��¾�í�
p§��{�3Ü¤§Ýp (1100 ◦C—1200 ◦C �
(ê��)!UÑ�!F1®�â/m�!âÝ©
ÙØþ!�¯K; L�v� (pechini) ÚY9Ü¤
�^zÆ�{�kó²E,!�Ç$!��±Ï
� (k�I�êU�m) �":. ¤±, Ïé�\²

L{B�¾�íá��Ü¤�{´�~��.

Äu±þ�Ï, 3�ó�¥·�æ^��D
{��
ØÓ Eu3+ �,ßÝ� CaWO4 F1®á
�. ÏLé�¬�?1 X- ��û� (XRD) Ú×
£>º (SEM) ©Û, ¼�
�¬�(�Ú/m&
E. ÿþ
��¬�-u1Ì!u�1ÌÚF1P
~�, O�
��¬�Ü© Judd-Oflet (J-O) ëê
Ú Eu3+5D0 U?þf�Ç, ¿±�
 Eu3+ u1�
ßÝd«�, é Eu3+ �,� CaWO4 F1®�1
�u15�?1
'��[�ïÄ.

2 ¢ �

��D{äkö�{ü!²L, �D�Ôâ
Ý©Ù���!/m5K!�,þ!�`:, �
2�A^u7á�zÔ¬N®"Ú>bá���
� [10−13]. 3�ó�¥, ·�ÏL�þ¢�o(
Ñ
^��D{�� Eu3+ �,� CaWO4 F1
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á���A^�. äN�{´r¯k��Ð� Ca

(NO3)2 Ú Eu2(NO3)3 U¤I'~ ([Ca2+]+[Eu3+]

oÔ�þ� 0.005 mol) �\ 40 mL �lfY¥, ^
ß��N�M� pH �� 2, ��¤·ÜM�. r
·�Ô�þ� Na2WO4·2H2O Mu 50 mL Y¥, ¿
^RYN!M� pH �� 10. r·ÜM��ú%
\ Na2WO4 M�¥, Ó�?1��, d�kxÚ�
DÔ)¤. ·ÜM��Ü%\�, òdxÚ]Z�
UY�� 1 h, ¦�A?1��; ,�rxÚ�D
Ô^�lfYW*êH�lY¥l%©l, �\Z
H�, 3 80 ◦C eZH 3 h; ��òZH���DÔ
�\ê6¬¥ 900 ◦C �( 2 h =�¼�¾�W�
¬. |^±þ�{,·���
ØÓ Eu3+ �,ßÝ
� CaWO4 �¬, Eu3+ ßÝ���ßÝ, ©Ol 1%

—50%
(

ßÝ� =
[Eu3+]

[Eu3+] + [Ca2+]
× 100%)

)
.

¢�^zÆ�Jþ�©ÛX. ��¬� XRD

dF� SHIMADZU XRD-6000 . X ��û�¤
ÿ�, Cu Kα1 �� (λ = 1.5406 Å) � X ��,

×£�� 2θ = 15◦—-60◦, ±ISIO7�SI.

SEM ì ¡ d F � HITACHI S-4800 | u � × £
>º (FE-SEM) û�. u�1ÌÚ-u1Ìd=
I EDINBURGH-LFS920 F11Ì¤ÿ�, -u1
� 450 W ��. F1P~��ÿþ¥, �¬u
�1^{I ANDOR-SR750 n1»üÚ¤©1, ^
{I STANFORD-SR430 1fOê½I²þì?1
&Ò?n, -u1�=I Quantel Brillant B YAG

óÀ-1ì�n�ªÑÑ, Å� 355 nm.

3 (J�?Ø

3.1 ���¬¬¬(((���ÚÚÚ///mmmLLL���

ã 1 �Ø Ó Eu3+ � , ß Ý CaWO4 F 1
® XRD ã�. lã 1 �±wÑ,·���� CaWO4

�¬¬��N%o�, ´IO�x¾¶(�, � 77-

2233 Ò JCPDS k¡û�ã���. CaWO4 �¬
� XRD Ì¥vk*	�,�û�¸, ù`²��
��¬´X��. lã 1 ¥��±wÑ, 3ù��
¬¥, �X Eu3+ �,ßÝ�Jp, �¬ XRD Ì�
û�¸rÝk¤ü$, =¦3p�,ßÝ� (40%)

�¬ XRD Ì¥E�*	�²w�,�û�¸, ù
`²·���� CaWO4 á�äk���-¹l

fM)Ý. SEM *ÿ(JL², ØÓ�,ßÝ�
¬�/mÚâ»º��q. ã 2 � Eu3+ �,ß
Ý 25%� CaWO4 F1®N�×£>ºì¡. lã
¥�±wÑ, ®N�â¥¥/, âÝ©Ù'�þ!,

â»3 4 µm �m.

ã 1 ØÓ Eu3+ �,ßÝ CaWO4 �¬ XRD Ì

ã 2 Eu3+ �,ßÝ 25%� CaWO4 �¬ SEM ì¡ (a) �À
�oN/m; (b) ü©Ñ�¥/�â

3.2 ���¬¬¬111���uuu111555���

ã 3 � Eu3+ �, CaWO4 �¬�u�1Ì.

Ù¥ã 3(a)�3 394.5 nm (éA Eu3+ 7F0→5L6 �
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�[áÂ) -ueØÓ Eu3+ �,ßÝ�¬�u
�1Ì, ×£�� 500—750 nm. ã 3(a) ¥��ã
´ 394.5 nm -ue CaWO4 �¬¥ Eu3+ 5D0→7F2

�[�ùÚu1�ßÝd«�, l¥�±wÑ,

ØÓ Eu3+ �,ßÝ�¬u�1Ì�Ì�/GC
zØ�, u1rÝ�X Eu3+ ßÝ�O\Åì
O\, �,ßÝ 25%������, d�UYO
\ Eu3+ �ßÝ, u1rÝÄ��±ØC. ± �
ïÄL², 3¾!��íNX¥�¢y�pßÝ
� Eu3+ �,, Eu3+ u1�ßÝd«y�Ø²w,

=¦3X� Eu2 (WO4)3 ¥EU*	��r�u
1 [14−16],·�¤*	��y��|±
± �ï
Ä��. ã 3(b) � Eu3+ �,ßÝ 25%�, -uÅ
�©O� 250, 394.5 Ú 465 nm ��¬-uÌ. l
ã 3(b) �±wÑ, u�Ì¸Ñ u 616 nm ?, é
A Eu3+ � 5D0→7F2 �[; �U²w*	� 580—

601 nm � 5D0→7F1, 640—660 nm � 5D0→7F3

Ú 685—712 nm � 5D0→7F4 u�¸; 580 nm ?
� 5D0→7F0 u�¸éf; 3ØÓÅ��-ueu
�Ì�¸ vkCz, Ì�/GÄ��Ó.

ã 3 CaWO4: Eu �¬�u�1Ì (a) 394.5 nm -ueØÓ
ßÝ�¬�u�Ì, �\ã� Eu3+ 5D0→7F2 �[u��ß
Ýd«�; (b) Eu3+ ßÝ� 25%��¬ØÓÅ�-ue�
u�Ì

ã 4 � CaWO4: Eu �¬�-uÌ, iÿÅ�
� λem = 616 nm (5D0→7F2). Ù¥ã 4(a)� Eu3+

�,ßÝ� 25%��¬�-u1Ì. lã 4(a) ¥
�±w�, -u1Ì´d 220 nm � 300 nm �°�
Ú 350 nm � 550 nm �mÄ��¤. °�Ü©�
O-Eu Ú O-W �>Ö[£�U\¤, |^ü�
pd¼ê��/|Üé>Ö[£�?1[Ü, [
Ü(J�¢��ÎÜ�éÐ, �¬�ü�pd
¼ê�¥% �©O3 240 Ú 260 nm, ©Oé
A O-Eu Ú O-W �>Ö[£�. -uÌ¥ 350—

550 nm ��S��G-u¸5g Eu3+ � 4f-4f

�[áÂ, l��m�g� 7F0→5D4, 7F0→5L7,
7F0→5L6, 7F0→5D3, 7F0→5D2 Ú 7F0→5D1. l
ã 4(a) �±wÑ, �r� 4f-4f -u¸ u 394.5 nm

(7F0→5L6) Ú 465 nm (7F0→5D2). ã 4(b) �Ø
Ó Eu3+ �,ßÝ�¬U>Ö[£�rÝ8�
��-u1Ì. lã 4(b) ¥�±w�, �X Eu3+

ß Ý � O \, O-Eu Ú O-W > Ö [ £ � � é r
Ý � ' � � � � O \, O-Eu Ú O-W > Ö [ £
� � È © r Ý � ' © O� 0.257 (10%), 0.371

(15%), 0.649 (25%), 0.701 (40%). ù � U ´ d

ã 4 CaWO4: Eu �¬�-u1Ì, iÿ Eu3+ 5D0→7F2 �
[ 616 nm u1 (a) Eu3+ �,ßÝ� 25%��¬�-u1Ì;

(b) ØÓ Eu3+ �,ßÝ�¬�-u1Ì
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u�¬Ä�¥ O—W ��êþÉu1¥% (Eu3+)

�ßÝK�é�, �u1¥%�ßÝ,p�, ²
þz� Eu3+ ¼�5g O-W >Ö[£�Uþ�A
Ç��~�; éz� Eu3+ ó, �-u�>f
d O-Eu >Ö[£�µþ� 5D0 (Eu3+) |��A
Ç´Ø��,ßÝ�CzUC�, ¤±� O-W

>Ö[£���érÝ�'-uÌ¥ O-Eu >Ö[
£�¬�X Eu3+ ßÝ�O\Or.

é�¬u�1ÌÚ-u1Ì�'�©Û`²,

CaWO4: Eu ¥ 5D0→7F2 �[�ùÚu1�ÏL
æ^ 394.5 Ú 465 nm -u¼�, ù¦§3Cb
	 (½71) -ux1 LED ^ùÚF1®á��¡
äké��A^då.

3.3 ���[[[rrrÝÝÝëëëêêê Ωλ ÚÚÚ Eu3+ 5D0 UUU???
þþþfff���ÇÇÇ���OOO���

�
ïÄØÓ Eu3+ �,ßÝéá�u15�
�K�,·�|^ØÓ�,ßÝ�¬�u�1ÌÚ
F1Æ·, ÏL J-O nØ [17,18] O�
 Eu3+ �1Æ
�[rÝëêÚþf�Ç.

3 Eu3+ � 5D0→7FJ (J = 0, 1, 2, 3, 4, 5, 6) �
[¥, 5D0→7F1 �[´^ó4�[, 5D0→7F2,4,6

�[´>ó4�[, 5D0→7F3,5 �[Qk>ó4�
[�¤©qk^ó4�[�¤©. 5D0→7F0 �[
ÃØé>ó4�[�´^ó4�[5`Ñ´B+
�. ¢�¥*	�� 5D0→7F0 ��fu�´5g
u 5D0→7F2 � “J” G�·, [19,20]. L 1 ¥�Ñ

 CaWO4 ¥ Eu3+ 5D0→7FJ (J = 0—4) �[u1
éA�²þUþ (cm−1).

�â J-O nØ, Eu3+ � 5D0→7F1 ^ó4�[
�Ç�±L«�

Amd =
64π4k3

md

3h(2J ′ + 1)
n3Smd, (1)

ª ¥ kmd � 5D0→7F1 ^ ó 4 � [ ¤ é A u �
1 � Å ê; n �Ä � � ò �Ç, é u CaWO4 Ä
� n = 1.92; h �ÊK�~ê; J ′ ��[Ð��
1Ì|�, 3ùp J ′ = 0; Smd � 5D0→7F1 �[
�^ó4�[�Ì�rÝ, Ï�^ó4�[A�
ØÉ	Ü�¸�K�, ¤±��@�éu(½�
[� Smd ��Ä�Ã', ´��~ê. éu Eu3+

� 5D0→7F1 �[, ÏL©z [21] ¥�êâ·��
±O�Ñ Smd ê�� 7.83×10−42 esu (c) cm2. Ñ
u J-O nØO��S., �!úª¥�ëêþæ^
pdü �.

L 1 CaWO4 ¥ Eu3+ 5D0→7FJ u1éA�²þUþ (cm−1)

5D0→7F0
5D0→7F1

5D0→7F2
5D0→7F3

5D0→7F4

CaWO4: Eu 17241 16891 16233 15267 14245

5D0→7FJ (J = 2, 4, 6) ��[´>ó4�[,

ÏdË��[�Ç�±L«�

AJ =
64π4e2k3

J

3h(2J ′ + 1)
n(n2 + 2)2

9

×
∑

λ=2,4,6

Ωλ〈ΨJ
∥∥Uλ

∥∥Ψ ′J ′〉2, (2)

Ù¥ e �>f�>þ, kJ �>ó4�[u�1�
Åê, J ′ ��[Ð��1Ì|�, Ωλ ��[rÝë
ê, 〈ΨJ

∥∥Uλ
∥∥Ψ ′J ′〉2 ��[��zÝ
��²�.

5D0→7FJ (J = 2, 4, 6) �[��zÝ
��²�
�L 2.

rL 1, 2 ¥�ê��\ (2) ª, ��

AJ =
64π4e2k3

J

3h(2J ′ + 1)
n(n2 + 2)2

9

×ΩJ 〈Ψ J
∥∥Uλ

∥∥Ψ ′ J ′〉2 . (3)

¤±>ó4�^ó4�[�Ç�'�±��
AJ

Amd
=

e2k3
J

Smdk3
md

(n2 + 2)2

9n2

×ΩJ

〈
ΨJ

∥∥Uλ
∥∥ Ψ ′ J ′〉2 . (4)

L 2 Eu3+ lf 5D0→7FJ (J = 2, 4, 6) ��zÝ
��²�

5D0→7F2
5D0→7F4

5D0→7F6

[U(2)]2 0.0032 0 0

[U(4)]2 0 0.0023 0

[U(6)]2 0 0 0.0002

�U?��[�Ç�Ùu�1ÌÈ©rÝ¤

�', =
AJ

Amd
=

∫
IJ(k)dk∫
Imd(k)dk

, ¤±|^ Eu3+ �

,á��u�1ÌÒ�±�â (4) ªO��� ΩJ .
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du 5D0→7F6 �[u��~f, ¿� uù	«,

·�Ã{*	�ù�u�, ÏdÃ{O� Ω6 ��,

�UO� Ω2 Ú Ω4.

Ï L ¢ � ÿ � � ê â � � ± O � Ñ Eu3+

� 5D0 U?u1�þf�Ç. Eu3+ � 5D0 U?
�F1Æ· τ ÚË��[�Ç AR,ÃË��[�
Ç AN kXe'X:

1
τ

= AR + AN, (5)

ª¥ AR �uz� 5D0→7FJ (J = 0, 1, 2, 3, 4,) �
[�Ç�Ú

∑
J=0,1,2,3,4

AJ ( 5D0 U?�ù	«u

�éf, ùp�±�ÑØO), r Amd (= A1) �
\ (4) ª=�¦Ñ AJ Ú

∑
J=0,1,2,3,4

AJ .  Eu3+

� 5D0 U?þf�Ç η =
AR

AR + AN
, ¤± η �±

L«�

η = τ
∑

J=0,1,2,3,4

AJ . (6)

·�ÿþ
 355 nmóÀ-1-ue Eu3+ �
,� CaWO4 �¬ 5D0 U?�F1P~�, ¿
^ e �êP~[ÜÑ τ �. r τ ���\ (6) ª

¥B�¦Ñ η. L 3 �Ñ
ØÓ Eu3+ �,ßÝ
� CaWO4 �¬� Ω2, Ω4, τ Ú η ��. é Ω2, Ω4

�ßÝ�Czª³?1�5[Ü, [Ü(JXã 5

¤«.

l ã 5 ¥ � ± w Ñ, é u CaWO4 Ä �, �
X Eu3+ �,ßÝ�O\, �¬� Ω2 �O\. ù
�U´Ï�, CaWO4 �N%o�(�, �-¹l
f?u�ü¥% ��, Ù>ó4�[´ÀJ�
[½K¤B+�. �X Eu3+ �,ßÝ�O\, Ä
��(¬Ýü$, CaWO4 ¬N(�3�½§Ýþ
�»�, -¹lfÅì l�üé¡¥% �, >
ó4�[�B+�Ü©)Ø, l�NþwùòJ
p Eu3+ 5D0→7F2 �>ó4�[��[�Ç, �
� Ω2 O�; ,	, (¬Ý�ü$òJpu1¥%
¤?Ä��¸��d5, �¬¦ Ω2 ��k¤O�.

Ω2 O��Ó�, �¬ Ω4 ��K3 4.7 NC�Ä.

du 5D0→7F4 �[�u1rÝ' 5D0→7F2 �f
�õ, ÏdO� Ω4 ��Ø��'O� Ω2 ��, Ω4

ê���ÄÌ�uO���)�Ø�, ¤±·�
@� Ω4 ��Ä�Ø� Eu3+ ßÝ�CzUC.

ù`² Eu3+ � 5D0→7F4 �[éu1¥%¤?�
¸�¯a§Ý�$u 5D0→7F2 ù�Í¶��¯
a�[.

L 3 ØÓ�,ßÝ CaWO4 ®Ná��Ü© J-O ëê!F1Æ·9þf�Ç

ßÝ/% Ω2/10−20 cm2 Ω4/10−20 cm2 AR/s−1 AN + AR/s−1 τ /ms η/%

1 10.422 4.793 1011.621 1492.359 0.670 67.787

5 10.598 4.714 1008.408 1543.091 0.648 65.350

10 10.704 4.916 1027.929 1638.270 0.610 62.745

15 10.609 4.646 998.098 1657.880 0.603 60.203

20 10.653 4.662 1006.682 1686.113 0.593 59.704

25 10.993 4.508 1022.784 1690.103 0.592 60.516

30 10.814 4.648 1005.319 1692.821 0.590 59.387

35 11.176 4.652 1031.500 1696.813 0.589 60.790

40 11.135 4.633 1037.936 1702.997 0.587 60.948

45 11.686 4.767 1077.562 1785.842 0.560 60.339

50 11.840 4.930 1091.134 1818.182 0.543 59.269

lL 3 ¥�êâ��±wÑ, 3�,ßÝ�$
�, �¬�þf�ÇÑ�X Eu3+ �,ßÝ�O\
ü$, �ßÝ�L 20%±�, þf�ÇÄ��±
3 60%�m. ù´Ï��,ßÝ�$�, Eu3+ ßÝ

�O\Jp
u1¥%�m�UþD4�Ç, ?u
-u��>f�Uþ�N´�D4�d«¥%, ù
òJp-u�>f�ÃË�µþ�Ç, ¦u1U?
�þf�Çü$; ��,ßÝ�p�, Eu3+ �,ß
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Ý�O\¦Ä�¬N(��»��§ÝO�, 3Ã
Ë�µþ�ÇJp�Ó�, Ë��[�Ç�k²
w�Jp (Jp�Ï�þ©¥é Ω2 � Eu3+ ßÝ
�JpO��?Ø), üö�Ó�O\��p�
,ßÝ�¬�þf�ÇØ2²wü$, ©ª�±
3 60%�m.

ã 5 CaWO4: Eu �¬ J-O (�ëê Ω2, Ω4 � Eu3+ �,ß
Ý�Czª³

ã 6 CaWO4: Eu �¬� CIE Ú�Iã�

3.4 CIE (Commission International del’
Eclairage) ÚÚÚ���III���OOO���

·� � O �
� Z Eu3+ � , ß Ý (25%)

� CaWO4 u1á��Ú�I�, òÙI53Ú
�Iã¥ (�ã 6), ¿Ú Y2O2S: Eu û¬ù®�Ú
�I?1
'�. CaWO4: Eu �Ú�I�� (0.667,

0.332), Ùu1ÚXÝ`u Y2O2S: Eu û¬ù® (Ú
�I� (0.64, 0.34))[22]. ,	ã 6 ¥�IÑ
 YAG:

Ce �ÚF1®�Ú�I� (0.461, 0.525). ÏLÚ
�I��'���,·����¾�íNXF1®
�±^�Cb	�¡nÄÚx1 LED XÚ�ùÚ
F1®; ����ÖÚF1®, ^5�Ö®û¬z
� GaN 71�¡ +YAG: Ce �ÚF1®x1 LED

XÚù1¤©�Øv, JpÙwÚ5.

4 ( Ø

�ó�¥æ^��D{��
ØÓ�,ßÝ
� CaWO4: Eu F1®á�, ÏL XRD Ú SEM é
�¬�(�Ú/m?1
L�; ÿþ
�¬�u
�1ÌÚ-u1Ì, ¿ÏL¢�êâO�
Ü©�
¬� J-O ëêÚþf�Ç. lé¢�(J�©Û�
±wÑ, �¬u15���,ßÝk�²w��6
'X, �X Eu3+ ßÝ�O\, �¬-uÌ¥ O-Eu

Ú O-W >Ö[£��érÝ�'����O\,

�¬��[rÝëê Ω2 �X�,ßÝ�O\O
�, þf�ÇKkü$�±² (�u1rÝ�Cz
ª³�q). é�¬1�u15��ïÄL²,·�
��� CaWO4: Eu F1®� 394.5 Ú 465 nm -u
�¢yk�� 5D0→7F2 �[�ùÚu1, äku
1ÚXÝp!�(�má!§Ý$!��ó²{
ü!Ñ�� (�ÜL§^� 10 h �m) �`:, kd
å¤�p��Cb	 (71) -ux1 LED ^ùÚ
F1®á�.
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Abstract

Eu3+ doped CaWO4 phosphors of different concentrations are prepared by a co-precipitation method. The X-ray diffraction

patterns and field emission scanning electron microscopy images are investigated. The excitation spectra, emission spectra and the

curves of fluorescence decays of the samples are measured. The Judd-Ofelt (J-O) parameters, quantum efficiencies of the 5D0 level of

Eu3+ and color coordinates are calculated. The dependences of relative intensity of charge transfer band, J-O parameter and quantum

efficiency on doping concentration are discussed. The photoluminescence properties of Eu3+ doped CaWO4 luminescent material are

studied. The results indicate that the 616 nm red emission of Eu3+→5D0→7F2 transition can be effectively excited by 394.5 nm and

465 nm with high excitation efficiency and the concentration quenching is high. So the CaWO4: Eu red phosphor may have a potential

application for white light emitting diode.
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