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Abstract: Thermal quenching is a phenomenon that the luminescence intensity of fluorescent con-
version materials decreases with the increase of temperature, and it seriously affects the performance
of the devices and limits the applications in high power LED/LD lighting. However, the lumines-
cence intensity of some fluorescent materials often increases with the rise of temperature, which is
named as the abnormal thermal quenching effect. As an effective way to improve the performance of

luminescent materials and devices, the abnormal thermal quenching effect has been widely studied.
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In this paper, the research status and application of fluorescent materials with abnormal thermal

quenching effect was reviewed, the mechanism of abnormal thermal quenching effect was illustrated ,

and its future development trend was prospected. This review will help to develop new luminescent

materials with better abnormal thermal quenching characteristics to meet the application requirements
of high efficiency and high power LED/LD lighting devices.
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Fig. 1 Schematic diagram of energy transfer from defect level

to excitation level of emission center
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Fig.6 Configuration of GAVO,: Eu’* excited at 254 nm(a), 313 nm and 365 nm(b).
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n=[e"" 117", W(0)J&0 K B iy HKHER, i LA, ik 5 Fh 5 ikl O R R 4
LR N OIS E BT S BL T SO A R S R E K AL
W(0) = Bexp[ - (AE - 2hv)a],  (6) N, XA BTHERITRAE 5 3% B T h6E
Horp o M1 B NHEL TRAFIE RAPTRAHE KM RE AT RSO R
2017 4, R HEH TR 2 5 ) G102 1A M S TR AL B IR S 0 B

16 Eu’* B2% LaAlO, ZOEM R B A T TMBL Al LUESOEEEH &G RE, B 5m ¢ 6 A Rl R Th =
5,727 ~207 C BB FE N, F 365 nm AR T4 BRI RUH BIRRRN , #2125 T s
K BT,592 nm Fl 618 nm ZbHY &Gt EREE IR E ARG SR BRI T AR AR
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Tab.1 Relevant parameters of abnormal thermal quenching in some fluorescent materials

Thermal ac-

Fluorescent Chemical Excita- Emission/ E.. Thermal quench- Defect
) . ) tivation en- ) Ref
material composition tion/nm nm eV ng performance type
ergy AE/eV
Naz _;,5¢, (PO, ) 3: 200 °C (100% )
370 453 vd [13]
0.07Eu** peak
K, BaCa( PO, ) ,: 275 °C (100% )
350 460 0.51 0.68,0.76 Vi, Ve [23]
Phosphate 0.03Fu2* Integrated
175 “C (120% )
Cs,SrP,0,:0.01Eu®* 365 543 integrated 175 C [60]
(110% ) peak
Sr[LiALN, ]: 227 °C(95% )
466 654 [11]
0.4% FEu®* integrated
Oxynitride
N 150 “C(95% , ,
Li, CaSi,N,:0.05Ce>* 430 507,557  0.13 Ad, Ve, [29]
104% )
Bay 4 Sry 4Si0,: 0.775, 150 °C (90% )
254,365 410 0.239 [26]
0.1Ce** ,0.1Na* 1.113 integrated
150 °C (103%
RbLi( LiySi0, ), (108% )
460 530 integrated 150 °C [57]
8% Eu®*
(92.4% ) peak
Silicate Bay Y, o4 Cey. 6~ 227 C(75% )
394 480 [46]
SigOyy integrated
Li,Sr, 4Cag 57~ 200 °C(95% )
372 435 0.122 [82]
(8i0,),:0.03Ce* peak
K, HfSi; 0y 0.62, 200 °C (100% ) Ad, Vi,
400 507 [28]
2% Eu? ,6% Sc** 0.93 peak A\
. 204 °C (347 times)
K, SiF,: Mn** 477 630 [83]
integrated
K, ( ey ,Sig ) F: 150 °C (117% )
Fluoride 460 631 [84]
Mn*+* integrated
CsMoO, F: 150 °C (129% )
450 633 [85]

3.88% Mn** integrated
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*®1(8)
) ) o Thermal ac-
Fluorescent Chemical Excita- Emission/ E..~ Thermal quench- Defect
) . ) tivation en- ) Ref
material composition tion/nm nm eV ing performance type
ergy AE/eV
3 0.97,0.98, 227 C(90% )
NaMgBO;:0.01Ce’* 370 480 Ad [61]
1.08 integrated
\ 100 °C (1. 878 times)
Others Lug 0o V0,:1.0% B 385 576 [86]
peak
250 C(134% )
Ba,ZnGe, 0, Bi** 346 507 Vo . V7. [87]

integrated

* peak ; m%{ﬁ)“ﬂ%;integrated SRR Vd .vacancy defect; Ad ;antisite defect,
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Fig.7 Schematics of the light leakage through the edges of

the YAG: Ce ceramic(a) and Al,0,-YAG: Ce com-
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posite ceramic(b) "
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Fig.8 (a)Schematic representation of energy-transfer proces-

ses. (b)Schematic diagrams of rigid units™".
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and decrease in emission intensity is observed with increasing temperature

(a) Temperature dependence of the relative internal QE for BLS: 119% Ce’* excited at 400 nm. (b) A minimal blue shift

93] (¢) Temperature-dependent PL spectra of

annealed LuAG: 0.5% Ce +0.01BS(Ba”*-Si** ) ceramic phosphors. (b)Normalized integrated PL intensities ™! .
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