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Optical Properties of Ce*/Tb* Co-Doped SrAlLSi,Os Phosphor for
Temperature Sensing
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Abstract: A series of Sti30..,,ALS,04:2Ce™, yTh** phosphors were prepared by high temperature solid state
reaction under a weak reducing atmosphere. The crystal structure, optical properties and temperature sensing
performance of the phosphors were analyzed by X-ray diffraction ( XRD) , fluorescence spectroscopy and
fluorescence intensity ratio (FIR) thermometry. The XRD results show that both Ce’* and Tb’* occupy the
Sr** lattices and the crystal structure of all samples do not change with the substitution of rare earth
elements. The fluorescence spectra results indicate that the phosphor shows emission peaks of Ce'" and
Tbh’* ions under the excitation of near-ultraviolet light, and the optimal doping concentration of phosphor is
Sros6sALS1,05:0.05Ce™,0.04Th™. In addition, the excitation spectra of the co-doped phosphor are consistent when
monitored at different wavelengths, indicating that there exists Ce’™—Th’" energy transfer process in the
phosphor. The calculation results of FIR method show that the relative sensitivity of the phosphor increases with
the increase of temperature, and the maximum value achieves 0.022 4 K™' at 520 K. The above results show that
the excellent optical properties and temperature sensing performance of the phosphor make it become a
promising material for temperature sensing.

Keywords: SrAl:Si,Os phosphor; doping; fluorescence intensity ratio; energy transfer; optical properties;

temperature-measurement materials

s B #1:2019-09-26

E&WE RO CRRF LR 224 (16Q0D28) 5 Wb A 1 RFL = 54 (185020)

EE®N A L5 A . E-mail :jia.zhou@wit.edu.cn

*EIRAEE K, P RFIE#Z . E-mail: wubin.dai@wit.edu.cn

SI3eag = A Bl sk, 55, Ce™/Th™ X4B 4% SrALSLOs M 1 A2 J P g B LA I T S5 iy g L) ). s CAR R 2
25 40,2020,42(4) :411-414.



412 BB TR K222

a2t

Wl BB K M 1 B TR 2R B JEHL POt
T A RHE BRI 7% A2 Wy AR K BH AE L TB A B il
JEABIRAF R Z G BA T Z R IR EAE A
— DA B I 2 SR, X A i T Sl AR AR 5
A G R PR R I B T O
AR FHBIETE 0 T BT () o A% 48 0 4 S Q00 ol 1
C AR R AR BE T, BB A5 ) )2 W HT T 2R
Az e (H T — SRR R IR (AN SR B 37 9 R
IR JE i A5 ) A A Can gy i SR T /N DXL A= )
PR B 20 ) W JE T 0 2 o ARk B T R
OV Jot B i R 7 A 1 I ik =0 R v T RE 8
o e A% Gt 4 ik X UL RE B A B0 R O BB AT RS 2
o R R A A R B 2 PR
SR T TR 2 & 1 I il o I il A5 ) A 5
P,

Hir B TR A TCHLZO 2 T L B T
P BT (I PEE R W (E L B 58 e b T/
Uk 745 i 45 ) B IR B A 1Y SRR ke S BN Y
H 92638 B L (fluorescence intensity ratio, FIR ) il
i BEARAE o H A I T 5 P B e 2 B — B 5
T, HCI I et R R kR A A AR Y
HAFEE KRR SRR R RE R IT I &
S B DEOG 5 R B FE AR S B .l T FIR 0
A Xk N 5 2 A7 R ) LA S5 1 (OB R A O, A A2 T
T S O W MR 2 TR S A S | O EL
T8 T F R B RS OIR BE 20 ARE A RE i
PP TSR, AR 2 0 B 7 #0 AT LR T
FIR W 7L v #E 47 5 B B B 52 7 % AR +
BT XA HE EC /YD Tm®/YB (Ho® /Y
Dy " /Nd™ "4

FLRT, BB 2% % 890k a4k R N T IR
B 0 408 75 AR, {E 2 7 00 O ST B AT R . Ce™

T > d REGLIRAE AT LA™ AR AR 5 A S W Wieads , T Th™

BT T o BB K BR AT T O & R B I,
R L Ce™ B T 18 AR 790, 38 2 5 A% 3 X3
58 Th' B 1 1 & G5 BE o BEAh, Ce’ A Th 1 & 5F
Sif i 30 R B S ] ) A8 s A, PR 3 T X
Fift 25 Ak b #5ORT FIR 0 3 B B AT DA A L B A% Ik
BEEF ST WRIT KB, fE R R £ SrALSLOs B & 1A
g F L — R 51 Si0, F1 A10, Y 1 4438 3o £ 3L =2
75 2 2 M R, S o 9 2 e 67 BT A = 4
28 AR DRI A R ELA BT A B A AR
FEME . ST UL AR SCR F e il AR A T
— PR e 4 K BB Sria,2ALSEOg s xCe’
yTb™, JERFFEIZE A B 8 Tk B A SRR 1

1 SEIGER S

1.1 FE &

SrCOs, ALOs, Si0,, CeO, Fl Th,0,, ¥ K 53 Hr 4,
1.2 SEIgiR

iz B8 A AR AL 2% 3K Sty 2ALSEOg: xCe™ , yTh*
XoF 17 P Ak 27 T g 43 ) Bk EBOCRH I g ) T 3 3
WF&R i A 2 TG K £ BEAF I A K SR A S
B 3% B E AL I T, R R T A U T
1 350 CHYm ik 25 38 A VIN,) : V(H,)=19: 11
RESIE B0 hEHARHNERIR, ARG &T
e 20 BIF B2 i B AT A5 21 I A 2 R A i o
1.3 RIEFE

K F X 9 2 AiF GF AL (X-ray diffractometer,
XRD) X HE 5 HEAT 90 A 431, T A H R R A 3
530 2R 40 kV F140 mA ;2K F FLS920 £ 28/ 25 %¢
T A R U R O N R OIS TR
SR 450 WARKT 5 et B2 455 1 i THMS600 > 52 38
T2 35 B A 300~520 Ko

2 ZER5VE

2.1 BIELEHHH

K1k 55 SrALSLOs, B 1B 2% 92 6 K B i
Sto525sA1,81:05: 0.05Ce** Fl Sro05ALSi,05: 0.04Th** Kz %L
B4 EHY SrosesALSI05: 0.05Ce™ , 0.04Th* i) XRD
I35 LA K STALSLOsBRifER o I T H AT LUE Y
ANFISE R B il XRD [ 3% 1 B0 04 437 59 0 34 5 A v
R X — B, R Ce™ B T A Th B T B 4t
PR 23 AR B T SrA LSO 1Y RS . TEESRE
iR £ SrALSLOs fb IR 45 4 77 7 2 Sr* (AL I Si*

Sros6sA1:S1,05:0.05Ce™ , 0.04Th™

Sr00sA1S1,05 ¢ 0.04Tb3+

St0925sA 151,05 0.05Ce™

Intensity (a.u.)

SrALSi, 0

JCPDS:70-1862

| l METH Y *‘Jll.-‘-l-—

llx I_.JIJ_
20 25

10 15 30 35 40 45 50 55
20/ (°)
Bl 1 SriswerALSLOs:xCe™ , yTh* 32 S #B9 XRD Bl &
SrALSLOBREFF

Fig. 1 XRD patterns of St s(,1nALSi:05: 2Ce™ , yTh™
phosphors and SrALSi,Os standard card



o 43]

JE A A CeTH WAB 2% StALSLO B8 G 1K) & 6 PEfE K

LA AR ) 7 T 413

=R BH B AR AL, Horp AR SIS T 5 A
B A7 4 £ 3 52 Si0, A1 ALO, DY T A4 4 o H: 1A
0T Set TR o s e A B R N 4 R 45 45
F o AR T AL A S BB F A& AL, S B 1 5 Ce™
BT AT B T I AR e, I e 48 Ak
e B 1 F Th™ B 1 O ] T (5 4l Sr™ 25 1A% 4 .
22 RAMBEHAR

I 2(a) N SrosssALS1H05: 0.05Ce™ , 0.04Th* % )
13 B T RN A SO o R B AT
2 i W E A A T 275 nm A1 294 nm B9 Se o T,
WAL A%, A T Ce™ B 19 4f—>5d BEZURIE . ]
i, 7EAS [l 9% K (A,=385 nm FIA.,=545 nm) it 15 1)
T A5 3] A R OGS AE 250~425 nm P KT B N
5 BE A T 22 AN R AR A AR AL, R WIHE XL
BADEEH PR Ce " —Th e RS I L. 78
RN IR T % AUB 2R 9L BE 5 B & 5
i R Y Ce™ B 1 HI Th* B 1 F R A & S 06, 43
BT Ce’ B T B 5d—4f BE PR T i R K
Th* & F 1 °D.—"F,(J=6,5,4,3) BE S BR i i 72 .
K 2(b) A Ce™/Th* B4 4 SrALSI, 04 2¢ 6B B i (1)
KGR R BB 2 B i AR A 4k, WKL 2(b) rha]
PIF B35 2 i), Ce™ FIl Th™ il e 1: 45 2% BE IR Mk
4351 4 0.05 F10.04, [H itk 345 2% i) g5 A 48 2% ok
BB EHAL 2 T H SrosesALS1L0s:0.05Ce™,0.04Th™

= Ce™

< Th™

Relative intensity (a.u.)
Relative intensity (a.u.)

250 350 450 SSIO 650 0 O.(I)Z 0.64 0.06
A/ nm Doping concentration
B2 (a)Ce™/Th"WIBREHMBIME R G,
(b)Ce"/Th" BB RIS M L IR BB RRETH L&

Fig. 2 (a)Excitation and emission spectra of Ce™/Th*

co-doped phosphor, (b)curves of emission intensity variations

of Ce”/Th* single-doped phosphors with doping concentration
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