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ï Ä
Ê�� � Er1.0P5O14 � ¬ À æ � ù 	 þ f } à y �. l á Â Ì Ú - u 1 Ì � O � ' � ¥ � ½

 Er1.0P5O14 �¬Àæ� 1537.0 nm ù	F1�õ1fþf}àF1. l Er1.0P5O14 �¬Àæ���Úù	
F1u�1Ì¥uy, -u 2H11/2, 4G11/2 Ú 4G9/2 U?¤��� 4I13/2 → 4I15/2 þf}àù	F1ér; Äu
guË��Ç!ÃË�µþ�ÇÚUþD4�Ç�ëê�O�, éÙþf}àÅn?1
©Û. uyå
uÄ�
�re=�UþD4 {2H11/2 → 4I9/2, 4I15/2 → 4I13/2}, {4G11/2 → 4I13/2, 4I15/2 → 2H11/2}, {4G9/2 → 4F7/2,
4I15/2 → 4I13/2}Ú {4G9/2 → 4I13/2, 4I15/2 → 2H11/2}´�� Er1.0P5O14 �¬Àæäkr�n1fÚo1fþf
}àù	F1��Ï. ïÄ(JéUõ��U>³�Çk�½¿Â.

'�c: Dèù	þf}ày�, ��U>³, Er1.0P5O14 �¬Àæ

PACS: 78.55.−m, 78.56.−a, 78.30.−j

1 Ú ó

�¥U
�¤ÅcO�, ýO� 2050 c�¥
U
�¤þ�' 2001 cO���. ���«S�
�#U
��U�|^�M�
é�Ï" [1−7]. �
�U�|^I�k��±�5Â8!=�Ú�;
��Ë��Uþ, 
U
r��1��=��>U
���U>³Ò¤�3���Sk�Â8Ú=�
��U��ÐÿÀö [2−17]. �´, 8cÏÙzÝ>
�¤�Lp, ��U>³�|^É�é���; ü
$¤��å»�´ü$Ù�¬�¤�, �´JpÙ
Uþ=��Ç [5].

��U>³��ÑÌ�5gü��¡: �´
áÂpU1f�9>Ö�Çé�µþ, �´$U1
fUþ��áÂ. éuÄ�Y���Ná�X Si
Ú Ge �, 9z�ÑÒ¤�Ì��Uþ��. ~�9
z�Ñ�±��´æ^õ(?ë��U>³, �´
§�Edép [5]; 1�Ò´þf}à [2−17]. þf
}àzáÂ���Uþ1fÒ�Ñü��Uþ1
f, -uUþ©�
ü�1f��áÂUÃ�Ñ�
ù£¼��u 100%�u1�Ç. gl ¿ScienceÀ

3 1999 c��
Wegh �é Eu3+-Gd3+ XÚ��
�þf}à�ó�±5 [2], þf}ày�¤äk
�­�5ÚA^¿Â®�2�
) [1−25]. 2005
c, Vergeer �ÄkuL
^uuÐ��U>³�
��1�ù	1�ù	þf}à [2,3]; 2007 cå
ù	þf}à3IS	¤���#,�ïÄ9
:, �8®3IS­�rÔþuL
NõïÄ¤
J [2,3,5−10,14,15,17], Ù¥õ�´V1fþf}à�
¡�ïÄ. XJ����1f=�¤ü�ù	1f,
3F1þf�Ç��Jp�Ó�9z�Ñ�±~
���. þãó�?�Ú�½
þf}à��U
>³A^��15. þf}à��U>³3Ðy

Ùp<�cµ�Ó�, ��3X¤¼��ù	þ
f}àu1rÝ'nØýÏ���õ�¯K, ½�
I�éù	þf}àu1��\&¢, ±¼�U

÷v¢^�¦�r�ù	þf}àu1 [5,7]. �©
3¢�ÿþÚnØO��Ä:þ, é Er1.0P5O14 �
¬Àæ�ù	þf}ày�?1
ïÄÚ©Û, u
y Er1.0P5O14 �¬Àæk�r�n1fÚo1f
ù	þf}àu1. �©�nØO�éü« Er3+

lf�ù	þf}àäk­��ë�¿Â: lÔn
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Å�þ5`, |^ Er3+ lfé����UþD4
Ï��Ç�±Jø�p�þf}à�Ç.

2 ¢�C�Ú�¬

ÿþù	F1�¢�¤ì��� Edinburgh ú
i� F900 .F11Ì¤, ÿþ��F1�¢�¤
ì��� JY-ISA úi� Fluorolog-Tau-3 .F11
Ì¤, ¤ìg� Xe ���Ä$1
. ¢�¤^üÚ
¤�p°ÝüÚ¤, ©EÇ�� 0.05 nm; ù	&ÿ
ì� Ge 1>+, 3 800—1700 nm ��SkéÐ�
(¯Ý. -u1�����ÂF1���R�, ¤
k¢�&Ò­���O��¢�&Ò­�, ¢�&
ÒäkéÐ�&D'.

¤ ^ ¢ � � ¬ � � ® < ó ¬ N ï Ä ¤
J ø � Er1.0P5O14 � ¬ À æ Ú Er0.1La0.9P5O14

� ¬ À æ � ¬ [11]. 3 T a � ¬ ¥ - ¹ l f
Ø ´ � � , � � � \ Ä � á�¥, 
 ´ � �
� � | ¤ ¤ © � ¤ � ½ z Æ O þ ' � z Ü
Ô. 3 T ( � ¥ D è l f � é Ð / ¶ -, ?
Û ü � D è l f Ñ Ø � ^ Ó � � O � f, D
è Er l f m � � á ë � ´ Er3+-O-P-O-Er3+-,
��måØ�u 0.5 nm. Er lfm���lf
må�f
lfm��p�^, ld~�
lf�
p�^E¤�F1|« [11].

3 ¢�(J

Äk, ·�ÿþ
 Er0.1La0.9P5O14 �¬Àæ
�áÂÌ, ¢�(JXã 1 ¤«. dã 1 ��,

Er0.1La0.9P5O14 �¬Àæ�Ì¸¸ ��g�:
(1532.0, 1498.0), 975.7, 799.2, 651.5, 543.2, 519.7,
487.5, 450.3, 442.7, 406.5, 377.0, 364.3 Ú 356.5 nm.
N´�@Ñ§��géAX: 4I13/2, 4I11/2, 4I9/2,
4F9/2, 4S3/2, 2H11/2, 4F7/2, 4F5/2, 4F3/2, 2H9/2,
4G11/2, 4G9/2 Ú 2K15/2 U ? � á Â, Ù U ? (
� X ã 2 ¤ « [12]. O � � �
þ ã U ? � ­
% � �: 1521.8, 978.2, 802.5, 654.5, 543.5, 521.8,
488.0, 451.2, 441.9, 407.1, 378.2, 364.8 Ú 360.0 nm.
O � � � � J-O nØ� n ë þ 1 Ì ë þ �:
Ω2 = 5.12. × 10−20 cm2, Ω4 = 1.36. × 10−20 cm2,
Ω6 = 0.88. × 10−20 cm2.

ã 1 Er0.1La0.9P5O14 �¬Àæ�áÂÌ

ã 2 Er1.0P5O14 �¬Àæ�U?(�Úþf}àL§�nã
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ÿ þ
 Er1.0P5O14 � ¬ À æ � Er3+ l
f � 1537.0 nm � 4I13/2 → 4I15/2 ù 	 F 1
� 200 nm—887 nm ���-u1Ì, ¢�(JX
ã 3 ¤«. �ÿþ
 Er3+ � 544.5 nm � 4S3/2 →
4I15/2 ��F1� 285 nm—530 nm ���-u1
Ì, ¢�(JXã 4 ¤«. Er1.0P5O14 �¬Àæ�
-uÌ¸�g�: 800.0, 651.0, 543.5, 520.0, 487.5,
450.0, 405.5, 378.5 Ú 364.5 nm; N´uy§��g
éAXlÄ�� 4I9/2, 4F9/2, 4S3/2, 2H11/2, 4F7/2,
4F5/2, 2H9/2, 4G11/2 Ú 4G9/2 U?�áÂ�[ [12].

��, ·�ÿþ
 Er1.0P5O14 �¬Àæ���
F1u11Ì, ÿþ(JXã 5 ¤«. Er1.0P5O14 �
¬Àæ�-uÌ¸ 800.0, 651.0, 543.5, 520.0, 487.5,
450.0, 405.5, 378.5 Ú 364.5 nm �À5^�-uÅ
�, ÿþuy
ü^��F1�, §� u 522.8 nm
Ú 544.5 nm ?, N´�@ÑþãF1� Er3+ lf
� 2H11/2→4I15/2 Ú 4S3/2→4I15/2 �F1�[ [12].
¤kÿþ�F11ÌÑ®�O, l¢�­�O��
��È©F1rÝ��uL 1.

ã 3 Er1.0P5O14 � ¬ À æ � Er3+ l f 1537.0 nm
� 4I13/2 → 4I15/2 ù	F1� 200 nm—887 nm ��
�-u1Ì

� �, · � ÿ þ
 Er1.0P5O14 � ¬ À æ
3 750 nm—1700 nm Å����ù	F11Ì.
Ó�, Er1.0P5O14 �-uÌ¸ 800.0, 651.0, 543.5,

520.0, 487.5, 450.0, 405.5, 378.5 Ú 364.5 nm �À
5^�-uÅ�, ¢�(Juy3ù	«k�
�wÍ�ù	F1 u 1537.0 nm ?, N´�@
Ñ§´ Er3+ lf� 4I13/2 → 4I15/2 ù	F1�
[ [12]. L 1 ��Ñ
T Er3+ lf� 1537.0 nm
� 4I13/2 → 4I15/2 ù	F1�È©F1rÝ. Ó�,
ã 5 �Ñ
ÿþ���ù	F11Ì. ã 5 ÚL 1
�¤kÿþ­�ÚêâÑ®²�O, §���ér
Ý�±��'�.

ã 4 Er1.0P5O14 � ¬ À æ � Er3+ l f 544.5 nm
� 4S3/2 → 4I15/2 ��F1 285 nm—530 nm ���
-u1Ì

ã 5 Er1.0P5O14 �¬Àæ3 750 nm—1700 nm Å�
���ù	F11ÌÚ 395—750 nm Å�����
�F11Ì. ã¥�êi�-uÅ�; ∗20 �LrÝ
��
 20 �
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L 1 Er1.0P5O14 �¬Àæ�F1���O�È©F1rÝ

-uÅ� ��«F1È©rÝ/arb. uints ù	«F1È©rÝ/arb. uints

/nm 522.8 nm 544.5 nm 1537.0 nm

800.0 2.223 × 104

520.0 4.663 × 104 1.457 × 106

378.5 7.528 × 103 3.523 × 104 2.566 × 106

405.5 2.066 × 103 1.944 × 104 7.162 × 105

450.0 2.285 × 103 2.144 × 104 4.816 × 105

364.5 3.028 × 103 2.237 × 104 1.433 × 106

487.5 4.718 × 103 3.335 × 104 1.312 × 106

543.5 3.964 × 105

651.0 2.843 × 105

4 �Ë�µþ�Ç�O�

·�lÿþ���Æ·�[ÜO���
¤
k�õ(fµþ�Ç [12]:

W p = W0 · e−α·∆E . (1)

ÿ þ Ú O � u y 4I13/2 ⇒ 4I15/2, 4I11/2 ⇒
4I13/2, 4I9/2 ⇒ 4I11/2, 4F9/2 ⇒ 4I9/2, 4S3/2 ⇒
4F9/2, 2H11/2 ⇒ 4S3/2, 4F7/2 ⇒ 2H11/2, 4F5/2 ⇒
4F7/2, 4F3/2 ⇒ 4F5/2, 2H9/2 ⇒ 4F3/2, 4G11/2 ⇒
2H9/2 Ú 4G9/2 ⇒ 4G11/2 � Ã Ë � õ (
f µ þ � Ç � g �: 83.2, 3095.8, 13422.2,
8761.1, 6105.8, 99797.0, 46749.7, 30417.2, 100469.7,
23325.1, 30183.5 Ú 53797.2 s−1.

lÃË�õ(fµþ�Ç�[Ü¥·��
� W0 Ú α ëê, §Ì��UþD4�ÇO�¤7
L�ëê.

5 UþD4�Ç�O�

UþD4�Ç (Kushida nØ) �O�úªÌ�
k [1,6,12]:

W
(d−d)
ET =

2
3
· 1
gigk

· π2e4

h2c
· χ

R6

·
∑

t=2,4,6

Ωt

〈
Ψi ‖ U (t) ‖ Ψj

〉2

×
∑

t=2,4,6

Ωt

〈
Ψk ‖ U (t) ‖ Ψe

〉2
S, (2a)

W
(d−q)
ET = 11.4 · 1

gigk
· π2e4

h2c
· χ

R8

·
∑

t=2,4,6

Ωt

〈
Ψi ‖ U (t) ‖ Ψj

〉2

× 4
9

[〈
4f ‖ C(2) ‖ 4f

〉〈
r2

〉〈
Ψk ‖ U (2) ‖ Ψe

〉]2 · S, (2b)

W
(q−q)
ET = 48.7 · 1

gigk
· π2e4

h2c
· χ

R10
· 4
9[〈

4f ‖ C(2) ‖ 4f
〉〈

r2
〉〈

Ψi ‖ U (2) ‖ Ψj

〉]2
× 4

9
[〈

4f ‖ C(2) ‖ 4f
〉〈

r2
〉

〈
Ψk ‖ U (2) ‖ Ψe

〉]2 · S; (2c)

χ =
(n2 + 2

3n

)4

, (3)

〈f ‖ c2 ‖ f〉 = −
(28

15

)−1/2

, (4)

S =
Γ

Γ2 + ∆υ2
, (5)

〈Ψl

∣∣r∣∣Ψk〉2 =
∑

Ωλ · 〈Ψl ‖ U (λ)

‖ Ψk〉2, (6)

〈Ψl

∣∣ ∑
rtrt

∣∣Ψk〉2 =
4
9
·
[
〈f ‖ c2 ‖ f〉 · 〈r2〉

×〈Ψl ‖ U (2) ‖ Ψk〉
]2

. (7)

ù
úªO��´Uþ���"����¹�U
þD4�Ç [12−18,21−25]. éu�3�½Uþ��
�(f9Ï�UþD4�Ç (Miyakawa-Dexter n
Ø) �O�úª� [12−18,21−25]:

WPET = WET · e−β·∆E , (8)

Ù¥�'�ëê β �deãúªO���

β = α − γ, (9)

γ =
1

~ω
· ln

(
1 +

gA

gD

)
, (10)

α �dÃË�µþ�Ç�[Ü¥·��� α ëê.
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L 2 Er1.0P5O14 �¬Àæ¤k�­�� (å
uÄ��) e=�UþD4�Ç

�ÌU? ÉÌU? Uþ ­UÈ© UõcU Uõ�U

�� /cm−1 þD4 /s−1 þD4 /s−1

3 1 0 1 −766.094 0.000179 17272.71586 438.2027

4 1 0 1 1827.728 3.96 × 10−5 2937.287928 2937.288

5 3 0 1 −911.626 0.000137 18232.38328 230.1603

5 3 0 1 1328.185 7.15 × 10−5 1678.729416 1678.729

5 1 0 2 1328.185 7.15 × 10−5 8024.484166 8024.48

6 4 0 1 −2999.86 1.52 × 10−5 11231.34974 0.00634

6 3 0 1 −177.427 0.000622 1294348.845 552702.7

6 2 0 1 2062.384 3.15 × 10−5 4141.422089 4141.422

6 2 0 2 −1583.04 5.19 × 10−5 12467.92838 6.287807

6 1 0 2 2062.384 3.15 × 10−5 51886.82098 51886.82

6 1 0 3 −177.427 0.000622 9614.216684 4105.386

7 3 0 1 1235.856 8.14 × 10−5 14049.18792 14049.19

7 2 0 2 −169.759 0.00063 145049.7909 64258.21

8 4 0 1 103.8923 0.000685 175965.8344 175965.8

8 3 0 2 −719.098 0.000197 57576.37115 1829.981

8 1 0 4 103.8923 0.000685 24221.99283 24221.99

9 4 0 1 596.6846 0.000255 7105.746513 7105.75

9 3 0 2 −226.305 0.000572 149532.226 50508.79

10 3 0 2 1646.072 4.82 × 10−5 4980.929937 4980.93

11 7 0 1 −1022.56 0.000113 616949.3761 4574.776

11 6 0 1 305.3355 0.000488 21080.86151 21080.86

11 4 0 2 546.2361 0.000285 1418834.279 1418835

11 1 0 6 305.3355 0.000488 18331573.52 18331577

12 7 0 1 131.8549 0.000664 5397725.835 5397726

12 6 0 1 1459.753 6.03 × 10−5 135311.6561 135311.7

12 4 0 2 1700.653 4.54 × 10−5 73897.1468 73897.15

12 1 0 6 1459.753 6.03 × 10−5 14343105.98 14343107

12 1 0 7 131.8549 0.000664 93203.7741 93203.77

12 0 0 11 762.0367 0.000181 438244.3751 438244.4

L¥U?SÒ 0, 1, 2—12 �g©O�L 4I15/2, 4I13/2, 4I11/2, 4I9/2, 4F9/2, 4S3/2, 2H11/2, 4F7/2, 4F5/2,
4F3/2, 2H9/2, 4G11/2 Ú 4G9/2 U?.

·�®3k'ó� [18,21] ¥uy: éu Stokes
UþD4L§ (8) ª´�Ð¤á�, �´éu Anti
Stokes U þ D 4 L § (8) ª I � \ þ U õ Ï
f exp{∆E/kT} âU�(£ã Anti-Stokes Uþ
D4�Ç [17,18,21]:

WAnti-Stokes
PET = WET · e−β·∆E · e−∆E/kT , (11)

∆E = |�Ìº��Uþ

−ÉÌáÂ�Uþ|. (12)

·�3O����guË��ÇÚÃË�µ
þ�Ç�Ä:þ��
¤kUþD4L§�Uþ
D4�Ç [17,18,21], L 2 �Ñ
¤k�­�� (å


uÄ��) e=�UþD4�Ç. ¤k�éu
þf}ày��O�©ÛÑ´±þãnØ�Ä:
� [17,18,21].

6 ¢�(J©Û

��'�áÂÌÚù	F1Ì��-uÌ
´ u � ´ Ä � 3 þ f } à y � � � � � � �
â [2,3,5−10,12,14,15]. �âÿþ���ã 1 �áÂ
ÌÚã 3 � 1537.0 nm � 4I13/2 →4 I15/2 ù	F1
� 200 nm—887 nm �-u1Ì, ·�O�
 800.0,
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520.0 Ú 378.5 nm n�Ì��áÂ1ÌÚ-u1
Ì�È©rÝ!¸�rÝÚ'~, (JXL 3 ¤
«. lL 3 �±wÑ: XJr 800.0 nm Ì��r
Ý8�� 1[5,7], @o 520.0 nm Ú 378.5 nm ü�Ì
��-u1Ì�áÂ1Ì�8�È©rÝ'~
Ú8�¸�rÝ'~Ñ��u 2[5,7]. T(Jw,
y¢
 2H11/2 Ú 4G11/2 U?záÂ��1fÒ
U' 4I9/2 U?õº�Ñü�Cù	1f [5,7], X
J 4I9/2 U?�e=�þf}à�ÇU�L 100%,
@o 2H11/2 Ú 4G11/2 U?�e=�þf}à�Ç

ÒU�L 200%.

lã 5 ÚL 1 �±wÑ: -u 2H11/2, 4G11/2,
Ú 4G9/2 U?¤��� 4I13/2 → 4I15/2 þf}àù
	F1ér, �-u 4I9/2 U?¤��� 4I13/2 →
4I15/2 þf}àù	F1éf, cö�'�ö�

�C 100 �. -uÙ¦U?¤��� 4I13/2→4I15/2

þf}àù	F1rÝ?3¥�G�. ��T«
y��Ôn�Ï�±lL 3 �¤k�­�� (å

uÄ��) e=�UþD4�Çêâ¥©Û�
Ñ [17,18,21].

L 3 áÂ1ÌÚ-u1Ì�È©rÝ!¸�rÝÚ'~

800.0 nm 520.0 nm 378.5 nm

áÂ1Ì È©rÝ 0.4755 6.0395 6.6310

8�È©rÝ 1 12.701 13.945

¸�rÝ 0.073 0.841 1.378

8�¸�rÝ 1 11.520 18.877

-u1Ì È©rÝ 3.908 × 104 9.304 × 105 1.173 × 106

8�È©rÝ 1 23.808 30.030

¸�rÝ 2.500 × 103 6.260 × 104 8.520 × 104

8�¸�rÝ 1 25.000 34.080

-u1Ì
áÂ1Ì

8�È©'~ 1 1.87 2.15

8�¸�'~ 1 2.17 1.81

éu 2H11/2 U?, §�å
uÄ��e=�
UþD4 {2H11/2 → 4I9/2, 4I15/2 → 4I13/2}ETr63-
ETa01 ��UþD4Ï���Ç 5.527 × 105 s−1

é �, ' § � o g u Ë � �Ç 7.275 × 103 s−1

Ú 2H11/2 ⇒ 4S3/2 �ÃË�µþ�Ç 9.980 ×
104 s−1 Ñ � �, Ï d, - u 2H11/2 U ? ¤ � �
� â f ê Ì � Ï L {2H11/2 → 4I9/2, 4I15/2 →
4I13/2}� ETr63-ETa01 � � U þ D 4 Ï � D 4
�1�-u�, \þ 2H11/2 U?áÂ��fr
Ý 7.69×10−6 é�, ¤±, -u 2H11/2 U?¤�
� � 4I13/2 → 4I15/2 n 1 f þ f } à ù 	 F 1
rÝé�.

é u 4G11/2 U ?, § � å 
 u Ä � � e =
� U þ D 4 {4G11/2 → 4I13/2, 4I15/2 → 2H11/2}
� ETr111-ETa06 ��UþD4Ï���Ç 1.833 ×
107 s−1 é �, ' § � o g u Ë � �Ç 2.212 ×
104 s−1 Ú 4G11/2 ⇒ 2H9/2 � Ã Ë � µ þ �
Ç 3.018 × 104 s−1 ��éõ. Ïd, -u 4G11/2

U?¤���âfêÌ�ÏL {4G11/2 → 4I13/2,
4I15/2 → 2H11/2} � ETr111-ETa06 ��UþD4Ï
�D4�1�-u�, \þ 4G11/2 U?áÂ��f

rÝ 14.07 × 10−6 é�, ¤±, -u 4G11/2 U?¤
��� 4I13/2 → 4I15/2 o1fþf}àù	F1r
Ýé�é�.

éu 4G9/2 U?, §�å
uÄ��e=�U
þD4 {4G9/2 → 4F7/2, 4I15/2 → 4I13/2}� ETr127-
ETa01 ��UþD4Ï���Ç 5.398 × 106 s−1

Ú {4G9/2 → 4I13/2, 4I15/2 → 2H11/2}� ETr121-
ETa06 ��UþD4Ï���Ç 1.434 × 107 s−1

é �, ' § � o g u Ë � �Ç 1.861 × 104 s−1

Ú 4G9/2 ⇒ 4G11/2 � Ã Ë � µ þ �Ç 5.380 ×
104 s−1 Ñ��éõ, Ïd, -u 4G9/2 U?¤�
� � â f ê Ì � Ï L {4G9/2 → 4F7/2, 4I15/2 →
4I13/2}� ETr127-ETa01 Ú {4G9/2→4I13/2, 4I15/2→
2H11/2}� ETr121-ETa06 ��UþD4Ï�D4
� 1 � - u �, \ þ 4G9/2 U ? á Â � � f r
Ý 1.65 × 10−6 ��, ¤±, -u 4G9/2 U?¤�
�� 4I13/2 → 4I15/2 o1fþf}àù	F1r
Ýé�.

T(J¿�XlÔnÅ�þ5`, |^ Er3+

lf���UþD4Ï��±Jøép�þf
}à�Ç. �, 4G11/2 Ú 4G9/2 U?duÃË�
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µþ�Çé�, Ä�vkF1, �´, §����
��UþD4Ï��Ç%�ÏÙr�õêâf�
�UþD4�1�-u�
uÑér�ù	þf
}àF1.

7 ( Ø

� © ï Ä
 Er1.0P5O14 � ¬ À æ � ù 	 þ
f } à y �. ÿ þ
 Er0.1La0.9P5O14 � ¬ À æ
� á Â Ì Ú Er1.0P5O14 � ¬ À æ � 1537.0 nm
ù 	 F 1 � - u 1 Ì, l Ù Ì � � O � ' �
¥ � ½
- u 2H11/2 Ú 4G11/2 � U ? ¤ � �
� Er1.0P5O14 �¬Àæ� 1537.0 nm ù	F1�
õ1fþf}àF1. é Er1.0P5O14 �¬Àæ�
��1Úù	1�F1u�1ÌÚÈ©F1r
Ý�ÿþuy, -u 2H11/2, 4G11/2, Ú 4G9/2 U

? ¤ � � � 4I13/2 → 4I15/2 þ f } à ù 	 F 1
é r. · � � é Er1.0P5O14 � ¬ À æ � g uË
��Ç!ÃË�µþ�ÇÚUþD4�Ç?1

O�, éÙþf}àÅn?1
©Û, uyå

uÄ��re=�UþD4 {2H11/2 → 4I9/2,
4I15/2 → 4I13/2}, {4G11/2 → 4I13/2, 4I15/2 → 2H11/2},
{4G9/2 → 4F7/2, 4I15/2 → 4I13/2}Ú {4G9/2 → 4I13/2,
4I15/2 → 2H11/2}´�� Er1.0P5O14 �¬Àæäk
r�þf}àù	F1��Ï.

�ö3d��®�Æ¶§¥P�!ÇÛ1P�!� 

P�!�Ça¬!�P�!'ïP�, �®���Æ�E

?pÿ�P�ÚÇP�!4$zP�, �®�ÆÙÜP�,

�®���ÆÔo[ûP�Ú¥�;|k�úiå¥IP

�, I[ïáÛ<ó¬NïÄ¤4óT!ë�!P��±

©%�a-.
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Abstract

The infrared quantum cutting phenomena on Er1.0P5O14 noncrystalline glass is studied in the present paper. The 1537.0 nm

infrared fluorescence of Er1.0P5O14 noncrystalline glass is confirmed to be the multi-photon quantum cutting fluorescence by compu-

tation and comparison between absorption and excitation spectra. It is found that the 4I13/2 → 4I15/2 quantum cutting fluorescence

is very strong, induced by the excited 2H11/2, 4G11/2, and 4G9/2 energy levels. Its mechanism is thoroughly analyzed based on the

calculation of spontaneous emission rates, nonradiative multiphonon relaxation rates and energy transfer rates. It is found the strong

downconversion energy transfers {2H11/2 →4 I9/2, 4I15/2 →4 I13/2}, {4G11/2 →4 I13/2, 4I15/2 →2 H11/2}, {4G9/2 →4 F7/2,
4I15/2 → 4I13/2}Ú {4G9/2 → 4I13/2, 4I15/2 → 2H11/2} are responsible for the strong infrared three-photon and four-photon

quantum cutting fluorescence of Er1.0P5O14 noncrystalline glass. The present research is significant for enhancing solar cell efficiency.

Keywords: infrared quantum cutting, solar cell, Er1.0P5O14
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