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Abstract: Fluorescence properties of Er3+:4I13/2 → 4I15/2 transition were measured in a tellurite

glass. The fluorescence spectra, fluorescence intensities and lifetimes were investigated as a function

of erbium ion concentration. It is found that there are intense radiation trapping and concentration

quenching effect in erbium-doped tellurite glasses. With the increase of erbium ion concentration,

fluorescence spectrum broadens significantly and its main emission peak shifts from 1532nm to 1556nm

as a result of the changed relative intensity of each spectral component caused by radiation trapping.

Fluorescence intensity decreases strongly with higher erbium ion concentration due to concentration

quenching effect caused by cooperative upconversion among Er3+ ions. Also, radiation trapping and

concentration quenching cause fluorescence lifetime increase at first and then decrease rapidly with the

increase of Er3+ concentration.
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�
e+
!s C -	kS)+ L -	 (1570∼1610nm)�|-��_G�O��| [1−3]. O����&�w>O8g+=�>OM
L+=
 1.55µm U�sq
sC�<&��
sQp�,�` (σe ≥7.5×10−21cm2)R�+slC�0+ (FWHM≥65nm), E;! C+L-	+eC��

��4(s[0k&6F	x:�&�w>O8g+=��A�>OM
L+=us0s�$<�URk&hP [4−6]. dZ��C�*0��9T�>OM
L+=C�(s�$<0j�/%℄-e{ (FWM), vA
M
L+=C�(>&0t�O2;`i�C�B�	�Æ�O2;>�t�sÆ}Xde.[1'`m)�%O2;slC#h�t�K
0j�℄Æm)mC��

s<o %	dZ�O�O2;
M
L+=k&(st�m)�rq�+W	k���wL
L+=�F
L+=k&(O2;>�t�sm)_s&jsO� [7,8], �" [9] �0xO2;>�t�sM
L+=�:C[1kw
OH− 5f�oAh6st�K
h8)zdC&\Gp8U�h�wM
L+=lC�<osm)um)n4�s�zO�	�8GvKO%0xO2;>�t��sM
L+=V|��zO�)��CO2;>�t��M
L+=lCp<sm)��>OM
L+=k&sX�jpO�EC1kS<8G	
2 ~�℄\
2.1 �z�P;S(�> Er3+ M
L+=V|A��
75TeO2-20ZnO-5La2O3-xEr2O3(x=0.2 �0.5�1.0�
2.0�3.0mol%), A� La2O3 s}&(`
w+=k&s�$<0j [10]. V|%�(jp~F$���Y���EA 10g s+=V|~F�M�eS�j& 30mL s.{HI(�$w
�� 900◦C DtsFn�~P(#^ 30min, )v`0YU�>x�:RYU4��X�P�&yh(�G8X℄&W$P(�:~f�~f
�� 300∼320◦C, �

2h X�` 10◦C/h sa�
!I
	�~fXs+=OiwC�%G 10mm×10mm×2.0mm s;KV|	
2.2 ÆwV��,T;K7pB.z+��V|^�;K7pÆk℄o�	�MC�7p Perkin-Elmer-Lambda

950 UV/VIS/NIR 8�CC�z;K�;A���

300∼1700nm. lCC�7p�I J-Y:[s TRIAX

5508lCC�^;K�p 975nm LDG�p��	
Er3+2; 4I13/2oxlCW��$r[I Tektronix:[ 100M TDS1012 U>_T�-
�P	js;K$
I
��:	
3 ~�je| 1 � Er3+ 2;℄p�mox 4I13/2 +kmox 4I15/2 �
?3sH[^lC�f>�t�s$^�,	℄| 1 (`��x%P� Er3+ 2;lC�95f7 Er2O3 >�MA�3Cd�s$^	i Er2O3 >�MA <2.0mol%:�Er3+ 2;
M
L+=(slC2�	w 1532nm U���jw 4I13/2 R 4I15/2 ?1oxsBw Stark ;ox��s�
	f7 Er2O3 >�MAsÆ}� 1556nmUslC[�&�w 1532nmUslC2�HaÆ��)
 Er2O3 MACK 2.0mol% :G�4slC2��ÆlCC�d��+��[|(`℄| 2 slC�0+ (FWHM) $^(%P	lCC�ilC�0+sd�}+�2WErlC#h0jf�s [11,12],lC#h0jA�3
lC�R�M��

{ 1 GZ℄kAA�e Er2O3 =��r#℄
Fig. 1 Normalized fluorescence spectra varied with

Er2O3 doped amount

{ 2 kA�/*e Er2O3 =�L�r#℄
Fig. 2 FWHM of fluorescence varied with Er2O3

doped amount
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� Tm3+ 2;s 2.0µm -B 3F4 ↔ 3H6 ox��
	| 3 E;S;qs Er3+ 2; 4I13/2 oxlCOfR
 4I13/2 → 4I15/2 ox��
�,slC��f7 Er2O3 >�MAs$^�$	r| 3 (��lCOf_
7[1q�	
 Er2O3 >�MA
<1.0mol% :�lCOff7>�MAsÆ}02Æ
	
 Er2O3 >�MA`m 1.0mol% X�lCOff7>�MAsÆ}Ha�.	Er3+ 2; 4I13/2oxlCOff7 Er2O3 >�MAI!P�*�Æ
X�.s$^!,X�3
�k>O+=k&( [8,13], �WH�w Er3+ 2;
+=k&(slC#h0j`urw>�t�Æ}f�st�K
0j;xGps�J	xV�Er3+ 2;lC��f7>�MAÆ}&!PC&^s$^�D	�wlCÆQ�Er2O3 >�MAsÆ}�[�`=q1�
 4I13/2 ox)8y=�!,�
s Er3+2;UÆ��f�!,��sÆ
�M[�`rw
Er3+ 2;�� Er3+ 2;y+=(9_s OH− 5�3�!,oA4℄�GK
}!�l#lC��Æ
a�
w0!�
	i>�t�Æ}m[�J�:�X�G�2Wm)d_	

{ 3 kA��QkANee Er2O3 =�L�r#℄
Fig. 3 Fluorescence intensity and lifetime varied with

Er2O3 doped amount

4 je_�
4.1 �d{�o

Er3+ 2;
+=k&(slCC�RCrw+=�<s���9Gs$�}+���rw+=�V�<s�.�p<�Z1>�s Er3+ 2;�U
[10��&xs_�(��10��&xs_��31 Er3+ 2;sGp0[V�dZ0xs
Er3+ 2;
.�y	�sGp��j?3sox	$"?3C[1�.s℄��31 Er3+ 2;
�


KJ(9GC`j[{T�(5sC�$8��*$8� Lorentz $8 [14], Æ?slCC� (i�V$) �Er�1�:s Lorentz$8s�}�CD
Gauss NU�1	. Lorentz $8NU�

g
L
(ν) =

∆ν

2π

1

(ν − ν0)2 + (∆ν/2)2
(1)�(� ∆ν ��$+�� ν0 ��$(5{T	�

Er3+ 2; 4I13/2 → 4I15/2 ox��
slCC�(&��
F (λ) =

m∑
i=0

Cigi(λ) (2)�w Er2O3 >�MA� 0.2mol% slCC��pSqms3�$G�%| 4 j� ( �w�k>�MAslC���J0^). | 4 ���M
L+=k&( Er3+ 2; 4I13/2 → 4I15/2 ox��
slCC�2Wr℄1�$G�AG����	$�'�jw 1497�1532�1558R 1599nm(���$+��'� 30.5 �23.7�33.9R 40.7nm. +=( Er2O3 >�MAs0x�lCC�(�℄1�$G�s&���0x�| 5 E℄1�$G��3=lC�?��(�9f7 Er2O3 >�MAs$^�D	(`��x%m�f7 Er2O3 >�MAsÆ}��$ 1 R�$ 2 G�
3=lC?��(j�s&��90��.�Æ�$ 3 R�$ 4 G�s&��9f�q0	rw�$ 1 R�$ 2 G�&���s
w��$ 3 R�$ 4 G�&���sÆ���GClC�,2�s�tRC�95s$
	Æ���$ 3R�$ 4 s+�`u�$ 3 y�$ 4 ���-B�<�'
w�js�$ 1 R�$ 2, dZ�f7
Er2O3 >�MAsÆ}�lCC�$+�lC�0+ (FWHM) }
	rw Er3+ 2; 4I13/2 → 4I15/2 ox��
slCC�2Wr℄1�$G�AG�dZ��w�

{ 4 GZ℄kA�+�s� Lorentzian �#F�
Fig. 4 Normalized emission and its Lorentzian spec-

tral components
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{ 5 GZ℄2�#��e Er2O3 =�L�r#℄
Fig. 5 Normalized spectral intensity varied with

Er2O3 doped amount℄1�$G���f Er2O3 >�MAs$^�,(r| 6 j�sv0℄oxh8x`�G	�p�m 4I13/2 s Stark �H�G[1Bw;ox E20 R[A;ox E21, xV�km 4I15/2 s Stark �H�G[1Bw;ox E10 R[A;ox E11, �w>�t��slC�,2� 1532nm �$.=w3=
Stark �HsBw;ox E20 R E10 �s�
	x:�r+�8Y�1ER ∼ exp(−∆E/kT )(��I
�p�m 4I13/2 s Stark �H0om E21 )1�7[�UAs;;U (�� E20 ox;;Us 48%,�5 ∆E �j�$ 1 R�$ 2 s��oA<), (`!��$ 1 E.=w 4I13/2 0om E21 + 4I15/2 Bw;ox E10 s�
�Æ�$ 3 R�$ 4 ��'.=w 4I13/2 0om E21 RBw;ox E20 + 4I15/20om E11 s�
	�$ 1 R�$ 2 �js��-BoA< (152.6cm−1) �^vw�$ 3 R�$ 4 s��oA< (164.6cm−1), `u�$ 1 R�$ 3 �js��-BoA< (261.5cm−1) �^vw�$ 2 R�$ 4 s��oA< (273.5cm−1), ZdqPs�*v0s℄ox�
h8ES4s	f7+=k&(
Er2O3 >�MAsÆ}��$ 1 R�$ 2 slC&����
��$ 3 R�$ 4 slC&���Æ���ElC#h0j (| 6 (?$j�) f�s�J	lC#h0j=qUwp�ms Er3+ 2;=�!,G�s[3�C;�Uwkms Er3+ 2;�MXu�
bmp�mox��143sp�m2;u=�!,G�PC;�l\(s[3�u+4�km�M��V�&sG�R�MKJ?d�G[�oAsh6�℄Æ=q�$ 3 R�$ 4 �j�
swoAlC�,qmÆ���*Æ�0jf7+=k&( Er3+ 2;t�sq0Æ��d�	lC#h0j�A�3
�MC�RlCC�P!+�s'ox�}2;/) [11,12]. | 7 E

Er2O3 >�MA� 1.0mol% sM
L+=V|(
Er3+ 2;�M�`RzdqmsQp�,�`	�(� Er3+ 2;�M�`r;S;Ams�MC����ÆQp�,�`�5� McCumber 4Ur�M�`zdqm [15]. r| 7 (�� Er3+ 2;

4I13/2 R 4I15/2 ox�s�MR�,�
�3CT
J�s+��+��`o���1�MC�`os 72% Dt�dZ�(`(, Er3+ 2;>�sM
L+=k&(_
7���JslC#h0j,T	
{ 6 Er3+ 19 1.5µm �+rt/\mwg7
Fig. 6 Four-level equivalent model for 1.5µm emis-

sion of Er3+

{ 7 LbK*<' Er3+ 19r�LQ�+�_�
Fig. 7 Absorption and emission cross-section of Er3+

in tellurite glass

4.2 �dy["u_sO�&d [16,17], Er3+ 2;�s3G)4a� Er3+ 2;y+=(9_s OH− 5�3�!,oA4℄Ef�p�m) Er3+ 2;oAh6℄Æl#t�K
s+Wd_�%| 8 j�	�:�
Er3+ 2;s�!,�
W�aT(`&��

Wnorad = WEr−Er + WEr−OH + Wmp (3)>(�WEr−Er R WEr−OH �'&� Er3+ 2;�s3G)4aR Er3+ 2;y OH− 5�soA4℄aT� Wmp &��1;L}aT	�1;L}aTr�>4P [16]

Wmp = B∗exp[−∆E − 2h̄ω)α] (4)
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{ 8 4I13/2 mw( Er3+ 19
 +m�g5?a{
Fig. 8 Schematic diagram of the mechanisms for

Er3+ nonradiative energy loss of 4I13/2 level�5�B∗ R αE+=sp�8U��wM
L+=k&��'� 107.97s−1R 4.7 ×10−3cm[16]. M��M
L+=(B
1;oA h̄ω ≈ 750cm−1,�js Er3+2; 4I13/2 y 4I15/2 ox�oA< ∆E ≈ 6530cm−1,rZ(`=zP�1;L}aT Wmp ≈ 0.005s−1.dZ��wM
L+= 4I13/2 ox) Er3+ 2;.Z��1;L}f�sm)(`0x&Q	+=(2;�s�!,oA4℄�[�Ekw~uq�~uq&\Gpn4	�w~uq�~uq&\GpsoA4℄��� Forster-Dexter oA4℄;�4U [18,19], ?1uq;&\Gp 2�
RDA U�3;�:�72 (D) 2;�oA4℄mQ2 (A) 2;=��
mj[p�m��X�!,bmkm��[oA4℄aT(`&T�

WDA = ηR−6
DA

∫
GD(ν)KA(ν)

ν4
dν (5)�wA�4�s+=k&ÆQ� η E1AU	>(o�*aTC722;�,� GD(ν) yQ22;�M� KA(ν) sC�+���( ν E-U	�w��s722;RQ22;�C�+�*XE1AU�dZ�
;S)���> (5) &�G%�9>

WDA = C[D][A] (6)�5� C EoA4℄�U� [D] � [A] �'&�722;RQ22;t�	�s.Z��w Er3+ 2;�s3G)4a��: Er3+ 2;{E722;uEQ22;��oA4℄aT�
WEr−Er = CN2

Er (7)vr3G)4af�soA4℄��!,�
W�aTy+=(s Er3+ 2;t�~�G�9	�wvK OH− 5�3s�!,oAh6��4℄aT�
WEr−OH = CNEr · N

2
OH (8)rw;S(+=V|k&A��K0$��
0
#"%�KJ(vURY:�&x�0x Er3+ 2

;>�t��+=V|(9_s OH− 5t�
#&���r| 9 sV��M�(`%P	dZ��:vK OH− 5f�soAh6aTy>&s Er3+2;t�G�9	B);Ams 4I13/2 ox) Er3+ 2;lCOfr=�!,�
R�!,�
W�aT;x#�
τ−1
m = Arad + Wnorad (9)�(�Arad � 4I13/2 → 4I15/2 ox�=�!,�
aT�(`vK Judd-Ofelt 4Ur�MC�zdqm	&Qm+=k&(_
slC#h0j�;AmslCOfj=�� [20]

τ−1
m = Arad(1 − ftrap) + Wnorad (10)�5� ftrap �lC#h8U�&�
!,�
?3sC;?U(+�+=k&�MsC;Uj��9� ftrap U��
�&d�lC#h0j��M+	lC#h8U ftrap (`vK�>zd [20]

ftrap = Ω[1 − exp(−NErσaV
1/3)] (11)>(� Ω ��T Er3+ 2; 4I13/2 ↔ 4I15/2 ��
�js�MC�R�,C�+��`o��1�MC�`os�9�NEr � σa R V �'&� Er3+2;>�t���M�`R+=V|so	� (10)>+4vG�(`qm�!,�
W�aTsM[*zd9>

Wnorad = τ−1
m − Arad(1 − ftrap) (12)�V�vK;S;A0x Er2O3 >�MA�+=V|slCOf τm, �Sr Judd-Ofelt 4UR

(11) >zdqm=�!,�
aT Arad �lC#h8U ftrap, qmC 4I13/2 ox) Er3+ 2;�!,�
W�aTy Er3+ 2;>�t�u>�t�~�s$^���%| 10 R 11 j�	&�| 10 ÆQ�
�0s Er3+ 2;>�t��� Wnorad y+=( Er3+ 2;>�t�~�I!PC6Os$<

{ 9 LbK*<QXÆWU��L�
Fig. 9 Infrared absorbance spectra of tellurite-based

glass without and with bubbling
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{ 10 
 +V�`Se Er3+ =�s�r?�
Fig. 10 Nonradiative decay rate varied with Er3+-ion

doped concentration

{ 11 
 +V�`Se Er3+ =�s�}�r?�
Fig. 11 Nonraditive decay rate varied with the square

of Er3+-ion doped concentration�����%> (7)j��b�7�: 4I13/2 ox)
Er3+ 2;sW�Er?1 Er3+ 2;�8yGps�J	&d�KFisRYU4X�0>�t��
Er3+ 2;slCt�K
2WEr3G)4af�soA4℄l#s	w>�t�:� Er3+ 2;y+=(9_s OH− 5��s�!,oA4℄G�2Wd_��:f7+=( Er3+ 2;>�t�sÆ}� Wnorad �^$<Æ
	
5 js

1. M
L+=( Er3+ 2;s 4I13/2 ↔ 4I15/2ox��
_
7�JslC#h0j�lC#h0j=qlC�(3�$G�f7+=( Er3+2;>�t�sq0Æ�3+$�℄Æl#lC�95s$^�lC�2�r 1532nm (�4℄m
1556nm (��lC��+�lC�0+Æ
	

2. �w#"KJ(�:vURYU4Ks>
Er3+ M
L+=�0>�t��lC���3K
�2WErw Er3+ 2;�s3G)4af�s

oA4℄h6�Gs�!w+=(9_ OH− 58ysoA4℄2Wm)
w>�+=V|(	
3. lC#h0jRt�K
0j;x#�7

Er3+ 2;slCOf�lC#h0j=q;Ams 4I13/2 ox) Er3+ 2;lCOfPB�Æt�K
0j=�Ha�
	dZ�f7+=( Er3+ 2;>�t�sq0� Er3+ 2;lCOf�7C[1�02Æ
XHa�.sKJ	xV�rw Er3+2;>�t�sq0`ut�K
0jsÆ��
4I13/2 ox) Er3+ 2;lC���7C[10^s$^ER	Un�
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