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γ ËËËìììééé��� Er 777���íííÀÀÀæææáááÂÂÂÚÚÚuuu111AAA555���KKK���*
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( 2011 c 6 � 2 FÂ�; 2011 c 10 � 23 FÂ�?Uv )

^DÚ�p§LK{L�
�X�� Er 7�íÀæ, ¿ÿÁ
ù
�¬² 5 kGy γ ��Ëìc�b	�Cù
	�áÂÚF11Ì. ¢�(JL², Ë�Vz�A¦�Àæá�¥/¤
�þÚ%, ��3 400 nm NCÑyrá
Â�, Ù�àò��Cù	«. Ëì�)�#U�O\
Ä�� Er3+ A½U? (X 2H11/2, 4S3/2 9 4F9/2 �) �m
�UþD4, l¦Ëì���¬F1Æ·~�, �3�Ó-u^�eF1rÝeü. ¿§eËì�¬3F1ÿÁ
L§¥Ñy
¤xy�.

'�c: � Er 7�íÀæ, γ Ëì, Ë��Ñ, F1Æ·

PACS: 63.50.Lm, 61.80.Ed, 61.72.jn, 33.50.−j

1 Ú ó

�X�E�uÐ, �=Ä� Er 1n (EDF) �
�1n��ì!1n-1ì±9Daì�F11
�'��� [1], ®²2�A^u1nÏ&!ó�
\ó!I�!��+� [2,3]. �DÚ�k1ì�
�', 1n-1ì�1n��ìäk��5p!�
Çp!1å�þp!þ�ÚNÈ��`³, AO
·Ü^u��&ÿÚ�mÏ&XÚ¥, ¼�¿DÑ
&E [4], Ïd��
.�IÊUÅ���à. Ó
Ï&1n�q, �í3 1.55 µm Å�NC��3�
�Ï&I� [5], TÅ�TÐ u Er �u���, �
� Er 1n-1ìÚ��ì�^3¥(½�mÕ�
/¡ÄÕ�m�-1Ï&XÚ¥. d	 EDF ��
��1núÚ¤��F11A^3ÊUìS
Ü [6].

8c, NõI[��ï<
Ñ3ïÄ EDF 9
Ùì�3���¸¥¦^��15. 3��¥, 1
Æì���m�³3����mËì�¸¥, ¤É
��pJþËì´��Ù5Uü$½���Ì�
Ï�. éu1n-1ìÚ��ì, ��m!$Jþ
Ç��mËì¬E¤ì�5U:ìeü, $�k�
U���� [7−9]. CA�c5Ëìé1n5U�K

�®²��
2�ïÄ, ��@���1n5Ue
ü�Ì��Ï´, pUËì¦�Àæá�¥�)

gd>fÚ�Çé, �á����Ð©�f"�½
,�Ð¼/¤
Ú% [3,10]. Ë�Ú%��Àæ
U?(�u)²wCz, �)
#�áÂ½F1�,
lîK�
 EDF �DÑ9u1A5. 1n3
��¥É��ËìoJþ 10 cØ�L 2 kGy, ù«
JþY²�ËìéX�=1n�)�K�¿Ø²
w. ,3 EDF n�¥Ø Er3+ 	, Ï~�
Uõ
Ù1Æ5U�¬���
Ù¦��. X�³� Er3+

�ìq�A!JpÙ3�=Àæ¥�M)Ý�
�¾�, ù
��,J4�/O\
k1n�
Ëì¯a5, ¦�Ëìé EDF �K�C��~E
, [11−13].

�8c��, <�'uËìé EDF 5UK�
�ïÄõ8¥3Ë��Ñþ, é�k<ïÄË�
Ú%é Er3+ u1A5�K�. ��\ïÄpUË
ìé1ná�5U��úÅn, �©é� Er 7�
íÀæ3 γ ��Ëìc��1ÆA5?1
ïÄ.
�Ä�Ëì¬��Àæá�3b	9��«Ñy
#�áÂ�, ±9 Er3+ ��E,�U?(�, �¢
�ÀJáÂÌÚF1ÌÿÁ��ïÄËìK��
ü�Ì�Ãã [14]. �©ÿÁ
�¬3Ëìc�b
	�Cù	Åã�áÂÚF1Ì, ÏL©ÛË��
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ÑÌ�±(&, Àæá�² γ ��Ëì��)
�
þ�Ú%. ù
Ë�Ú%¦�Ä�3���Cù	
��S�áÂXê²wO�, ?O\
Ä�á�
� Er3+ U?��p�^�Ç, ��� Er 7�íÀ
æ�F1rÝ9F1Æ·²weü. ¢�(Jéï
Ä EDF �ËìA5äk�½�ë�¿Â.

2 ¢ �

2.1 ÀÀÀæææ���¬¬¬���������

�¢�¥¤k�¬Ñ´æ^DÚp§LK
{��¤�. Ä�|¤� 65SiO2-10Al2O3-25CaO-
xEr2O3 (x = 0, 0.2, 0.5, 1.0, 2.0 mol%). ��À^p
XÝ� SiO2, Al2O3, CaCO3 Ú Er2O3. UzÆOþ
'°(¡�¤I����, ,�3çØïÄ¥¿©
ï�þ!, 2C\f�l�¥, �N�\^§S�
��>{¬¥. 3 1580 ◦C p§eLK 2 h �, òL
N�Ò3ýk\9L�=�þ|e¤.. �
�Ø
�¬¥�3�í{Aå, �X�\ò»¬¥ 600 ◦C
ò» 2 h. ò»���¬²��Ú1Æ�1�\ó
¤º�� 15 mm × 15 mm × 2 mm �Àæ¡øÿ
Á. �ïÄËìé� Er 7�íÀæ�1ÆA5K
�, z«�¬þ^ 60Co γ Ë�?1oJþ�� 5
kGy �Ëì?n.

2.2 ÿÿÿÁÁÁ���{{{

� Er 7 � í À æ � á Â Ì ^ PerkinElmer-
Lambda35 .b	��©11ÝOÿ�, ÿþÅ
���� 200—1100 nm. 3 980 nm ��N-1
ì (LD) Ä$e�F1Ìd ZOLIX SBP300 .1Ì
¤ÿ�: 1400—1600 nm ���F1d InGaAs &
ÿìÿ�, 450—700 nm ���d1>�O+ÿ�.
¤kÿÁþ3¿§�¸e?1.

3 ¢�(J9?Ø

3.1 γ ËËËìììééé��� Er 777���íííÀÀÀæææáááÂÂÂAAA555���
KKK���

ã 1 �ØÓßÝ�, Er2O3 Àæ�áÂXê
Ì. Ù¥ã 1(a) ´Ëìc�� Er ßÝ�7�íÀ
æáÂXêÌ, áÂ¸©OéA Er3+ lÄ� 4I15/2

��-u��áÂ�[. Xã 1(a) ¥¤«, �¬�
áÂrÝ�X�,ßÝ�O\�54O, ���¬
�áÂÌ�A�Ä��Ó. ã 1(b) ´�A�¬² γ

��Ëì�áÂXêÌ. é'ã 1(a) �±wÑ, ¤
k�¬3����1��S�áÂXêÑk��
ÌÝ�O\, , Er3+ ���áÂ¸�Å�Ú�
p°3Ëìc�Ä�vku)Cz, ù`² Er3+

NC��¸Ä�vkÉ�K�, γ Ëì�´��À
æÄ�á��)
N\�Ñ. Ó�k7��Ñ�´,
�k Er ���ÀæÙËìp�áÂXê�Ä�À
æ�Ä�Ü, �Ò´` Er �Ú\¿����¬
3ËìL§¥�)�	�Ú%. ù�U´Ï� Er
3Àæá�¥��3�«½d�, Ïd3 γ Ëì
L§¥Ø�3>Ö���, �ÒØ¬¦á�/¤�
	�Ú%.

ã 1 Ëìc��� Er 7�íÀæáÂÌ (a) Ëìc;
(b) Ëì�

Ë��Ñ (radiation-induced absorption, RIA) ´
ïþ1Æá�FËì5U���'��I [11], �
dËìc��¬�ßLÇ'��Ñ, L�ªXe:

δ (λ)=
1
l

ln
(

I1 (λ)
I0 (λ)

)
=

1
l

ln
(

T1 (λ)
T0 (λ)

)
,

Ù¥ δ(λ) L«ÿÁÅ� λ ?Àæ�¬�Ë��Ñ
rÝ, l ��¬þÝ (ü � cm), I0 �Ëì�ÏL

116301-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 11 (2012) 116301

�¬�1õÇ, I1 �ËìcÏL�¬�1õÇ, �
A T1 Ú T0 �©O�Ëìc��¬�ßLÇ.

��, Er ���Àæ�¬Ë��ÑÌXã 2
¤«. ã 2 w«Ëì��¬3 400 nm NCÑy�
��~°�ráÂ�, Ù�à�ò��Cù	«.
¯¤±�, Àæ(��á§kS�§ÃS, 3�
�L§¥Ø�UÚ\�½þ�,�lf	, �k�
UÑy¥mN!]!�!L� ±9L�ë��
��:"� [10,14,15]. �XEâ�uÐ, ,�lf
�K�®²��k�)û, X1ÆÀæ¥LÞ7á
���ßÝy®�±ü�A� ppb (part-per-billion,
10−9), Ïd��:"�¤�K�ì�1Æ5U�
Ì�Ï� [16,17]. ²LA�c��\ïÄ, <�éË
ì3Àæá�¥�)�Ú%®k���
), Ù¥
áÂ�3��1��S�Ë�Ú%«aXL 1 ¤
« [15,18,19].

L 1 7�íÀæ¥�Ë�Ú%9ÙáÂ�ÚF1� �

Ú%a. Ú% áÂ�/eV F1�/eV

�^5Ú%
L�ë� 7.0, 3.8 Ã
DOS � ∼ 5, ∼ 3 Ø(½

^^Ú%
L�Ä 5.3, 2.3 2.24

�x��Ç% 6.8, 4.8, 2.0 1.9

ã 2 Ä�ÀæËìp�áÂXêÌ9pd[Ü

ÄuL 1, ·�éÄ�Àæ�Ë��ÑÌ?1

pd©) [20], (JXã 2 ¤«, Ù¥o:��ÿ
ÁÌ/, ¢��[ÜÌ/, [:��pd©)¤�
��Ú%áÂÌ/. ©Û(Jw«, 640 nm NC�
��x��Ç% (≡Si—O ·, Ù¥ — �7��, · �
�¤é>f. eÓ), 541 nm NC��L�Ä (≡Si—
O—O ·), 406 nm NC��V�,7� (dioxasilyrane
ring, DOS �. =Si(O2)), 332 nm NC�áÂ�A�

L�ë� (≡Si—O—O—Si≡). lã 2 ��, �)
� DOS �Ú%áÂ�r, �x��Ç%��p
°��, ÙáÂ�Å��òÐ�Cù	��.

�Ä�7�íÀæÄ��b	��>�3 300
nm NC, ��3�b	«PkáÂ��Ú%éJ
ÏLË��ÑÌ&ÿ�. ù
Ú%Ì��)��
  ODC(I) (≡Si—Si≡, 7.6 eV), E′ a% (≡Si ·, 5—
6 eV), 7zÄ% (=Si=O, 5.65 eV), ��  ODC(II)
(= Si ··, 5.0 eV) �. �°(ïÄË�Ú%, �IéÀ
æ�¬?1>fg^�� (ESR) ÿÁ. ¢Ã�´·
�¢�¿"y�'���, Ã{?1��\�ïÄ.

ã 3 � Er 7�íÀæ²Ëìc��F1ÌÚF1Æ·
(a) F11Ì, ¢%ÎÒ�Ëìc�¬, �%ÎÒ�Ëì
��¬; (b) F1Æ·

3.2 γ ËËËìììééé��� Er 777���íííÀÀÀæææuuu111AAA555���
KKK���

ã 3(a) � 980 nm LD -ue, ØÓ Er3+ �,
ßÝÀæ�F11Ì, ã¥¢%ÎÒ���ÉË
ì��¬F1Ì�%ÎÒ��Ëì���¬F
1Ì. lã 3(a) wÑ, � Er2O3 ßÝO\F1rÝ
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kO��~f, =Ñy
ßÝ|«y�, ¿�F1
3 1535 nm �¸�rÝeüÌÝ��u 1480 nm
�¸�rÝ, ù�U´duF1Ð¼�AE¤�.
¯¤±�, Er3+ �F11ÌÚÄ��áÂ1Ìk�
��1ÌU«, ��æ��[�)�guu�
1f�U¬��C� Er3+ 2áÂ. �X�,ßÝ
�O\, ü NÈS Er3+ âfê×�O\, F1Ð
¼�A�\²w, ¦�Ä$Uþl�� Er3+ =£
�,�� Er3+. ��L§��±ÑyõgE, l
���¬�F11Ì/Gu)Cz±9þf�
Çeü [21]. Ëì�¤k�� Er 7�íÀæF1r
Ýþ²weü. Ó�ã 3(b) w«, Er2O3 �,ßÝ

� 0.5 mol%��¬²Ëì�3 1530 nm ?�F1
Æ·d 6.5 ms ~�� 4.1 ms. ,��¬F1¸�
¸�Å�!�p°9rÝ��é �Ñvku)
Cz, ù�?�Ú`²
Ëì¿vkUC Er3+ �
��¸. lã 2 ��, γ Ëì�)�áÂ�Ì��
3u��1��S, 3Cù	«�áÂ�~�,
=éÄ$1ÚF1�N\�ÑÑé�, �´ Er3+

3 980 nm LD Ä$e��±�)þ=�u1, Å�
T?uË��Ñ�ráÂ��S, ù¿�XÄ$U
þ�ÏLþ=�L§D4�Ë�Ú%, ù�´��
�¬1Æ5Ueü�Ì��Ï��.

ã 4 (a) Er3+ þ=�u1�AU?9L§; (b) Ëìc�� Er 7�íÀæþ=�u1Ì, ¢%ÎÒ�Ëìc�¬, �%ÎÒ�Ëì��¬

Er3+ �U?(�'�E,, 3 980 nm LD Ä
$e�±�)þ=�u1. þ=�u1´^�
Å��1-u¼�áÅ��1ÑÑ, �q�¡�
ªÇþ=�½Uþþ=�. 8c��ÊH@��
þ=�ÅnÌ�k-u�áÂ (ESA)!õ1fá
Â (MPA) ±9Uþ=� (ET, �)��µþÚÜ�
þ=�) �. ã 4(a) ´ Er3+ �Ü©U?(�, �
�3 980 nm 1-ueØÄ�áÂ	, Ó���3
-u�áÂ9Uþ=��þ=�L§. � Er 7
�íÀæ²Ëìc��þ=�u1ÌXã 4(b) ¤
«. lã 4 wÑ, � Er 7�íÀækn�þ=�
u1¸, ©O� 2H11/2 → 4I15/2 �[u�� 522
nm É1!4S3/2 → 4I15/2 �[u�� 545 nm É
1Ú 4F9/2 → 4I15/2 �[u�� 658 nm ù1,
�A�þ=�L§Xã 4(a) ¤« [22]. 522 nm É
1�érÝ�� 658 nm ù1�érÝ��, �
�¸�rÝ� Er2O3 ßÝO\�5O\, vkÑy
ßÝ|«y�.

(Üã 2 �±wÑ, þ=�u1T?3Ë�Ú
%�ráÂ��S, Ëì��¬É1?�rÝeü

ÌÝ�uù1, ù�Ë��Ñ�Å�O�~f�
ª³��. w,Ëì/¤�#�á�U?(���
O\
 Er3+ �ÀæÄ�UþD4�VÇ, ù�U
´��Ëì�� Er 7�íÀæF1rÝeü�Ì
��Ï. ¢Sþ, �Ëì��¬3ÿÁL§¥þÑ
y
¤xy�, =3-1Ä$eË�Ú%ñÚ. Ï
�Ú%´dÀæá�Ð¼>Ö�/¤�, ¤±3Ä
$1��^e��±Åì�ò, $����Ø, ù
�L§�¡�1ñÚ [23]. 1õÇ�r, Å��á,
1ñÚ�JÒ�²w. Ëì�, Ü©Ä$1�Uþ
²õ1fáÂ½ Er3+ -u�áÂD4�Ë�Ú%,
�)Ú%F1½ÏLÃË��[=C¤9U, ��
�¬§Ý²w,p, �ª¦�Ú%���. ù�L
§Ø=��� Er 7�í3 1550 nm ?�F1rÝ
eü, Ó��ü$
�¬��úK�, 3põÇÄ
$eÀæéN´Ñy»�. k7�`²�´, �Ä
$õÇ�O\, �,ùn�F1¸��¥%Å�v
ku)UC, �z�F1¸�O��ÌÝ%Ø��
�Ó: 522 nm ?�¸�O\ÌÝ��, 658 nm ?�
¸�O\ÌÝ��. �Ä$õÇO���½§Ý�,

116301-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 11 (2012) 116301

þ=�u1Ì/�ªC¤ 522 nmÉ1�érÝ�
r 658 nm ù1�f (ÿÁ(J��Ñ). duË�
�Ñ3áÅ�?�r, �±�Ñù���(Ø, =
ó�3põÇG��Ëìé� Er Àæì�E¤�
5UeüK�¬��, �,Ù¤xy��Ò�²w.

4 ( Ø

�©^DÚ�p§LK{L�
�X�� Er
7�íÀæ, ¿ÿÁ
ù
�¬² 5 kGy γ ��Ë
ìc��áÂÌÚF11Ì. O�Ë��ÑÌw«,
pUËìVz�A��Àæá�¥/¤�þÚ%,
¦�¬3 400 nm NCÑy���~r�°áÂ�,
Ù�à�ò��Cù	«. duË�Ú%�u1�

Ç�$, �Ëì�Àæ�¬��µ�ÑwÍO\,
�éË�Ú%a.?1��\�ïÄ, �I3�Y
�¢�¥é�¬?1 ESR ÿÁ. du Er3+ �d�
½5, vk���,Àæ3ËìL§¥/¤�	
Ú%.

Er3+ 3 980 nm LD Ä$e�3-u�áÂ�
þ=�y�, Ëì�)�#U?(�O\
Ä�
� Er3+ A½-u�U? (X 2H11/2, 4S3/2 9 4F9/2

�) �m�UþD4VÇ, l¦ Er3+ �F1Æ·
~�, 3�ÓÿÁ^�e�¬F1rÝeü. Ü©
Ä$1Uþ²þ=�½õ1fáÂL§D4�

Ú%, 2²�öÏLÃË��[=C¤9U, E¤
�¬§ÝwÍþ,¿�k¤xy��). ¢�(J
éïÄ EDF �ËìA5äk�½�ë�¿Â.
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Abstract
A series of Er-doped silicate glasses is prepared by a conventional melting method under normal processing conditions, and the

effects of gamma-ray radiation on absorption and emission properties of all samples are investigated. The radiation-induced darkening
causes a strong broad optical absorption band that has a maximum around 400 nm and extends to the near infrared region. The point
defects generated in the silicate matrix by irradiation around the Er3+ ion favor the activation of non-radiative relaxation channels
thus modifying the photoluminescence quantum efficiency from specific excited levels, such as those emitting at 520 and 650 nm.
Photobleaching effects are observed in Er-doped silicate glasses pumped by 980 nm LD at room temperature.

Keywords: Er-doped silicate glasses, gamma-ray radiation, radiation-induced absorption, fluorescence lifetime
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