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Abstract: The temperature dependence of luminescence and decay time under optical excitation from

Li6Gd(BO3)3:Ce single crystals was investigated in the temperature range of 80–500K. The Ce3+ emission

under the direct Ce3+ excitation (346nm) shows the temperature dependence different from that under the

Gd3+ excitation (274nm). The former is governed mainly by the thermal quenching effect and the later

is determined collectively by the energy transfer from Gd3+ to Ce3+ and the thermal quenching of the

Ce3+ emission. Below 200K, the luminescence intensity under the 274nm excitation is enhanced with the

temperature, which is attributed to the increase of the energy transfer rate from Gd3+ ions to Ce3+ ions.

Beyond 200K, the luminescence intensity under the 274nm excitation is dominated mainly by the thermal

quenching effect and decreases with the temperature. Decay times at different temperatures from 80K

to 500K were measured and two distinct decay changing trends were observed. The decay time increases

slightly with the temperature below 225K, which is ascribed to a photon trapping effect. Beyond 225K,

the decay time reduces gradually when the temperature is increased, which is caused by the increase of the

non-radiative relaxation rate. The activation energy calculated by using the classical thermal quenching

equation, 0.33eV matches well with that deduced by using the Arrhenius law, 0.32eV.
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 Li, Gd, B; �+4�n 6Li ��Qx
Q 6���X�Y� 1.670[3]. 1l?��� MSI(Mission

Support Incorporated)" Photogenics�y [3,4], r�
ICMCB-CNRS Fd� [5,6], �t|%FrAsH^Fd� [7∼9] TrF4�"�yxxi�^
Q℄0�#<"Qx<+p}�Fd��
�1l�(�Q�+:JMSpq9y [10∼12].�fiQx^
Qq�"vHi%DQa.��R�&M�+Q_f" Ef��O\sU�
Bi4Ge3O12 " PbWO4 ^
q�"vHQ�fQ{�<OU�$ [13,14]. ���q�"vHQ�f�<QFdi�l�V LGBO:Ce ^
�+
� Gd3+0 Ce3+ Q=[�5 [5]. >IQFd [5] YY:�^
x 9 " 300K Qq��&
XFdq�Q�fQ{�<�I�N�;X���vHn�fQ�&U�E�
\?�p}�^
q�"vHQ�fQ{�<QFdfi9��LQ��"+dXY
�
)+p� 80∼500K t�)� LGBO:Ce ^
x 346" 274nm �8q)QqX�6�Q�&
XFd�8q�Q�fQ{�<
�
�w$"���8vHQ�fQ{�<

2 VoU>f� 99.99% Q Li2CO3, Gd2O3, H3BO3 "
CeO2 y
�o���
�^CH?r"�x℄0
V�x"W*+�℄09 Li6Gd(BO3)3:Ce (1at%)^

^
Æ$�"J#��
�x 380∼800nm�FfiQ�Q�AÆ��
+pK3Q7B�
7mm×7mm×mm, 8� 7mm×7mm �/�
qX�6x℄� Edinburgh �y℄.Q FLS9209`��6RT+p�8qq�.R
+p
�K3�bxK3DT�K3D�l Oxford NI�~:)��
 C–100S 9�5u�:u��f
�iQ�6+pla�8qq�HPR"�+:Q�6.^3��8q"qX'}l� 0.16nm, 6w
F� 0.20s,%0� 0.20nm. +p�ft�� 80∼500K.vH+pMx FLS920 9`��6RTZ:�8qq�& R (nF900). )

F��H�$�t0DvH
F6��
�h6,$v:R:.^�t"y[Qa.�~K3Q�dvH
F
+p�ft�� 80∼500K, 8q 0� 346nm, qX 0� 390nm.

3 I�C[Q
3.1 9?5b7rN℄k$��f)QqX�6L� 1" 2�i
g��s
�x 80∼500Kt�)��!�fQPV��6l�Kw�4��q�E
���q�Eng Ce3+Q 5d1 +<0 4f1 1�Q��+< 2F5/2,

2F7/2 u=.℄Q [15].

� 1 346nm 7p(#��ePpW�5
Fig. 1 Emission spectra under the 346 nm excitation at

different temperatures

� 2 274nm 7p(#��ePpW�5
Fig. 2 Emission spectra under the 274 nm excitation at

different temperaturesx 80∼500K t�)�i$��f)�$�8q 08q)0DQqX�6Z:6w�6w�fn�fQ�&L� 3" 4�i
�� 3s
�x 346nm�8q)��!�fQ_��^
Qq��f$hH2�K�f�l 200K,pe9+$*Qq�H-"� 300K Qq��fY� 80K Q 60%. 	ea^QH-"���q�Q�fQ{�&s
L)Q�gy�i [16,17]:

I(T ) =
I(0)

1 + Aexp(−∆E/kT )
(1)8� T �ki�f� A �/t� I(0) � 0K Qq��f� ∆E �H-"�5Q8.+� k ��n
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1 7 1n{�S��7p( Li6Gd(BO3)3:Ce \	p�!uGP�ePz�; 27"�/t
� 3 ��=,��
�g (1) i 300KUTQq��fZ:,$QU��,$O9Q*t
 I(0)=93.43, A = 1.8× 105, ∆E=0.33eV.i�,$ndItes
�V�go��i2,�JD
�$
%>�2,Qo\*$$E�iGZO%dIw$"��


� 3 346nm 7p(pW5P5v?e��eP�(
Fig. 3 Integral intensity of emission spectra under the

346nm excitation as a function of temperature

� 4 274nm 7p(pW5P5v?e��eP�(
Fig. 4 Integral intensity of emission spectra under the

274nm excitation as a function of temperature

274nm �8q)q�Q�fQ{�<n 346nm�8q)q�Q�fQ{�<Ax$*B� (I�
4). xV�g (80∼200K),q���f_�m{��x��g (200∼500K),q���f_�m�%PV
���fQ{�<sU�
 Gd3+ �$0 Ce3+ �$Q+
=[U: Ce3+ �$q�H-"Æ�)
Q4�Z:Vo


Gd3+ �$QqX�6 (313nm'jQ8qz) n
Ce3+ �$ 4f − 5d Q8q�6 (z
�l 300nm 'jQ8qE) i�`�Ax Gd3+ �$0 Ce3+ �$Q+
=[ [5,18], 8�5L� 5 �i
O�mG����$ (S, #)�$� A, 8.�$) �FQ+
=[4�sU
L)Q�g�i [19]:

PSA =
2π

h
|< S, A∗ | HSA | S∗,

A >|2
∫

gS(E)gA(AdE (2)g��HSA �8� | S∗, A > "�� | S, A∗ > -&)
Q��j~��6wF�� S QqX�6" AQ8q�6Q�6�`
8q�6"qX�6l,H�w)��6wfn�fQ�&sU
U)�g�i [20]:

Γ (T ) = Γ0

√

coth(
h̄ω

2kT
) (3)g� Γ (T ) nki�f T 
�6wf� Γ0 n 0K 
�6wf� h̄ω nn_$u=-�Q^��
+�

k ��n"�/t


� 5 Gd3+ �#/ Ce3+ �#<Z*	PhW�
Fig. 5 Schematic for energy transfer from Gd3+ ions to

Ce3+ ions

313nm 'jQ Gd3+ QqX�6" Ce3+ Q8q�6l��f_�mH�w)�L� Gd3+ QqX�6n Ce3+ Q8q�6Q�`��f_�m{C
g�g (2) s
� Gd3+ 0 Ce3+ Q+
=[|�,��f_�m{D�\?� Ce3+ Qq�s+��f_�m{�
xV�g (80∼200K), +
=[�em�q���f_�m�i{��Jx��g (200∼500K),H-"9�L)
�q���f_�m�KHN

3.2 ZG5b7rN℄kx 80∼500Kt�)��
 346nm  0Q�8q
LGBO:Ce^
�0D� 390nm;qX�QvH
F6 (L� 6), �ivH
F6l�$HÆtvH��
ivH
F6Z:,$�O9$��fQvH
F τd, N8n�fQ�&�ix� 7 �
K�fVl 225K
�vH
F��f_�m�i{D��
40.4ns {DM 41.8ns; K�f�l 225K 
�vH
F��f_�m�KH2�K�fDl 300K 
�vH
FB|� 30.7ns H2M 0.2ns.
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� 6 80∼500K �es�(PuGbE5
Fig. 6 Decay time spectra in the temperature range of

80–500K

� 7 uGbEm�eP�%
Fig. 7 Decay times as a function of temperature

� 8  ~Wt<=�m�eP�%
Fig. 8 Non-radiation rate for LGBO:Ce as a function of

inverse temperaturenTsU�-}zQvH
FQ�fQ{�<M|9+x YAlO3:Ce, Y3Al3O12:Ce, CaF2:Ce,

YLiF4:Ce " Lu2Si2O7:Ce T)$#� [21,22]. O�mG�q�(�QvH>�sU
L)Q�gy�i [22]:

τ−1
esp = τ−1

R + τ−1
NR (4)8� τexp �dAvH
F� τR " τNR w���X""�X�5i^QvH
F
V�
 (80K≤ T <225K), �Xu=�em�n�-�Q[$�04^��f_�m{���K�

Xu=>���f_�mH2
&�� τexp ��f_�m�i{C [22].��
 (T ≥225K),"�Xu= (;q�-") 9�L)
�m"�Xu=>���f_�m{C
&�� τexp ��f{Dm�KH2
"�Xu=>� WNR n�fQ�&sU
 Ar-

rhenius �g�i [22]:

WNR = τ−1
NR = τ−1

t exp(−
∆E

kT
) (5)8� kn n"�/t�∆E 8.+�τt � T = ∞KQvH
F
"�Xu=>�"�fQ�&*I�

8, �
�g (5) idIteZ:,$�OMQ-"8.+ ∆E=0.32eV.

4 IQ
1. x 346nm �8q)� LGBO:Ce ^
q��LqH-"u��q���f_�mHN

2. x 274nm �8q)� LGBO:Ce ^
Qq�g Gd3+ 0 Ce3+ Q+
=["H-"Æ�jb
q�n�fQ�&w���Sg
Vl 200K, Gd3+0 Ce3+ Q+
=[��LX��q���f_�m{���l 200K,H-"�%DF+
=[4��La.\{�q���f_�mHN

3. x 225K U)��Xu=>���LX��vH
F��f_�m{D�x 225K UT�"�Xu=DF�Xu=4�jb<\{�vH��f_�mH2

4. 	eq�Q�fQ{te��
a^QH-"�g�~9Q-"8.+� 0.33eV; 	evH
Fte��
 Arrhenius �g�~Q-"8.+�

0.32eV; o�9�-[�&�(�
wi
�7�HA�Fdpx^
℄0Z�u�QD�	6��7��4�<
5`�3+
5`x^
℄0
VT��"iZQ��
J� Fdpx���5u��9�>kMZ<QXI�x?�i�8Q�7�1L
g
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