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#1800 C MBEE 3 h BMARNEIE Tm?, Yb*
142 Bi,WO, #H}

Table 1. Synthesis of Tm?*, Yb3* co-doped BisWOj
materials with different doping concentration at the
sintering temperature and time of 800 “C and 3 h.

Sample Mole fraction  Mole fraction =~ Mole fraction

No. of Tm*/% of Yb**/% of BiyWOg/%
1 0.5 6 93.5
2 1 6 93
3 1.5 6 92.5
4 2 6 92
5 1 4 95
6 1 8 91
7 1 10 89
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BI1 250 T H R FE AR DL 800 °C 48tkE 3 h
FM AR BiaWOg:2Tm3t, 6%Yb* (2= 0.5%,
1%, 1.5%, 2%) LAK 1% Tm3, yYb3+:Bi,WO; (y =
4%, 6%, 8%, 10%) FE & B X B ATHHE (XRD),
JITA il BRE S LA SR 5 Bi,WOg BIARIER
5 (PDF#39-0256) £F & 13484, I & B H A 24
I X Fe B Tm3t, Y3 {4828 R4 50 IE A8 i &
ZEFIY Bi,WOg. B Tm, Y3 B T4 24 IR 43
O, EATHE (131) ZRHET 0 KA E WAL AH
A & 37 B AL 3R B R, Yb3 8 1242 (0.0868 nm)
I Tm3+ 8 1242 (0.088 nm) /N T BT 1248
(0.103 nm), /N FHAEH) Tm?, Y HUR
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Fig. 1. (a) XRD patterns of 2Tm**, 6%Yb**:Bi;WOg (z = 0.5%, 1%, 1.5%, 2%); (b) XRD patterns of 1%Tm?**, yYb**:Bi,WOq (y =

4%, 6%, 8%, 10%).
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Fig. 2. Upconversion emission spectra of Tm3*, Yb** co-doped Biy;WOy excited by 980 nm laser (379 mW): (a) 2Tm?**, 6%Yb3*:

Bi,WOy; (b) 1%Tm*", yYb**:Bi,WOy.
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Fig. 3. Upconversion luminescence process of Yb®* sensit-

ized Tm?3+.
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Fig. 4. Upconversion spectra of 1%Tm3*, 6%Yb3:Bi,WO

excited by 980 nm laser at different pump powers.
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Fig. 5. Relationship between upconversion luminescence in-
tensity and pump power of 1%Tm?*, 6% Yb3":Bi,WO4.
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Fig. 6. (a) Upconversion emission spectra of 1%Tm?", 6%Yb*":Bi;WOg at different temperatures; (b) change of red fluorescence in-

tensity (685, 705 nm).
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Fig. 7. Relationship between the fluorescence intensity ra-

tio at 705 and 685 nm and the absolute temperature for 3F;/
3F, produced by Tm?* thermal coupling energy level.

WA IFIHE 298 573 KR JE T, 1% Tms3,
6% Y b3 :Biy W Og FF ity (1) 2 X i 385k 52 450 5 A0 AH X0
T R AR PR AR A, anf&l 8(a) FNIEL 8(b) JIF
7. IR BE T, Rk e XTI R AR S, R
W R AR S, W/ 78 298 K A, 115315
S b 1 28 0 I 9 R B B R A 0.00254 K1

a —0— Data point
D -
2B g
\ 5 _ |dBrm| _ AE
AT mar T T e
~ 20} w\
|
X o]
Toast \q,
= N
Z 1}
= o
0 10+t o
\0\
O
0\0\
5t ©
300 350 400 450 500 550 600
Temperature/K
14} o) —&— Data point
\ 1 dRpir AFE
12 + o) Sr = Iy 2
\ Rpig  dT kT
7
10 + @
X
T \“’
Losl S,
Z N
= O
w6 o
G>\
Oy
4 To—g
2

300 350 400 450 500 550 600
Temperature/K

Pl 8 KA B A BE GO 3F, /F, FAL T EE I X 1
(a) 4 %F R AN (b) FH X I 2 A5
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Fig. 9. Temperature dependence of fluorescence intensity

ratio at 705 and 650 nm produced by 3F;/'G, at non-

thermal coupling level.
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#2 RRAETRDR R T R A
Table 2. Temperature sensing performance of Tm?* in various host materials.
. Temperature Relative temperature
Host material Energy level range/K mee?s.ur.emenf Ref.
sensitivity /K™t
SiO,@Tm* :NaYbF, 3Fy. 3, *H;~*Hg 100—700 Max = 0.00054@298 K [18]
Tm?**, Yb**:LuYO, 3F,, SF3— Hg 223—723 Max = 0.00461@516.3 K [15]
Tm?*", Yb* :LiNbO, 1G—Fy, *H—Hg 80—260 Max = 0.0125@80 K [19]
Tm?**, Yb**:Big gy W.1606.24 SHy (1), Hy)—"Hg 323—573 Max = 0.00068@323 K
Li*, Tm®", Yb*":Bis 54W.1606.24 SHy (1), "Hy)—*Hg 323—573 Max = 0.00103@323 K [20]
Mg, Tm**, Yb**:Bi; 5yW 1606.24 SHy(1), “Hayy—"Hg 323573 Max = 0.00070@323 K
5Fy, 5—%Hg 298573 Max = 0.00144@298 K
Fy, 5" He 313 0.0013 K
Tm*, Yb**:Bi,WOy Foa - b0z K This
Fy—Hg , G, —%F, 298—573 Max = 0.0378@298 K work
Fy—Hg, GFy 313 0.0343 K !
SFy—*Hg, 'G—F, 323 0.0322 K!

I 2T L, AR R A S0l R A R vy, SO ) A
L B A M T S B T2 3 T P PR A=)
HAU R R AR T

B 11 g5 TR T By E A A Al 1 298

I 573 K IbE T IOCHRE HIREE. Rerg, 2 1%
Tm?*, 6%Yb*:Bi,WO, £ ARG RELLNT 3F 5 /°F
Y IAE 298 Rl 573 K I 3EEIEE 1L, Ry 2 1%
Tm?*, 6%Yb*":Bi,WOg BE il IE AR A BEZUN 5F,/
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G, 43 B 298 Al 573 K B9z tam L. A 11
AT LUE Y AL E [) G PR L, 76 W] — BT, &
I B RE A ARAR 1Y 208 1 573 K B HGEA e
MR W Rpry MAEPER G REG IR L Ry
FEAAAR | FeB T il £ O RE S AE 208—573 KikLEE
JEFENA R RO E M, 18 G s Ak

2 R TS AR Tm?, Y3+t
AR R B TR AR SER R RE . 5 A L A LA
b, #UETE Tm* B 24 AL, 980 nm & T,
ARTAEREH) 1% Tm?t, 6%Yb*H:Bi,WO, ¥ i, F)
F T3 HE $GE A BE R X 3F,/1G, 966 JE L&
IR, £E 298 K T ARAS 1 d5e FCAH X6F i) 7k 2
S X FEWHH Tmd+ iy IR A e 2 LR
JE HERTNI, BB A5 A A5 oA 3 (] — A ek 1 T 3 2R f
FE. U HJEAE 313323 K i [l A TAE AT & ke
FRFEIL LA 980 nm OGHE KR T A TmH JE GRS
B 90 22 1IE I B %) AH X B A R R AR R R,
0.0343 K1, fii 313323 K (4050 °C) 2y 40
L8 T R EE X ], R Tm, Y3+ :BiyWOg #4
BHEFE G BE P RNE T A LA R HANE, X1
T Rl N AR A P L 2N R B A R A R T
H— BB .

4 % @

3 Ao I SRR R B T AS [V BE Y Tmd
Yh3 BRI Bi,WO, LB XRD 4521 3%
B, Tm® A1 Yb¥8 A F] Bi,WO, 3T, AN
WA IE A8 A R BiyWOg RS, Fifig Tm?*, Yb*
BB IR B3N, AT HE (131) &)
KA. 78 980 nm FOLHA T, Tm+Hl Yb+
BAREEIR B E 1% 1 6% BHRASEE H Tm+
R B oK. BEUR M Y1 E M 100 mW 3 2
400 mW, 1%Tm3*, 6% Yb3*:Bi, WO £ H Tm3+
() 4 A % St I B A A8 199379 mW i &
FT, FESOGR T AR D)% Pr 2 IMEC R, 1T
FEAZVE I R I TR Tm R S 9mEERR,
158 Tm* Y 4 N ARSGEIETROEFIRIL. 980 nm
WOEHK T (379 mW), iR EE M 298 K Tt £
573 K I, 1%Tm3", 6%Yb3:BiyWOg K& Tm3+
IPFRA BEHXT (3F, 3F,) P24E 705 F1 685 nm Ab
SR SO EE AR W IN T 28.4 A% N 31.6 £%. 24U M
298 K FH# 3] 573 K i), F Tm? #HH A REH °Fy—

SHg 1 3Fy—3Hg XL Y 705 nm 1 685 nm % St 5%
FE LG RAEIR B, AR 2IHE 298 K B, FF Sl i K4
XoF I v R AR A 0.00254 KL, 5 KR R YL R4
JEH 0.00144 K5 [ARERILG 2500 T, A Tm?+HE#
A RE Y 3F—3H 111G, —3F, %R Y 705 nm
650 nm PEEHE E R IETRE, TR AR RITE 573 K
A, d R4 X IR R DTN 0.167 K1, 298 K A fix
FAHRTI Y 5 Gy 0.0378 K L, A R 36
TIETL S5 ORI 3 R AU 3 T 26 £7%
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Preparation and temperature sensing properties of Tm3*, Yb3*
co-doped Bi,WO; upconversion luminescent materials’

Arepati Xiakeer V2  Wang Lin-Xiang V2T Li Qing?
Bai Yun-Feng?  Munire Maimaiti ?

1) (School of Physics and Electronic Engineering, Xinjiang Normal University, Urumqi 830054, China)
2) (Xingiang Key Laboratory for Luminescence Minerals and Optical Functional Materials, Xinjiang
Normal University, Urumqi 830054, China)

( Received 9 November 2022; revised manuscript received 3 January 2023 )

Abstract

Tm?* and Yb?, with different concentrations, co-doped Bi;WOjg up-conversion luminescence materials are
prepared by high temperature solid state method. The microstructure, upconversion emission spectra, and
optical temperature sensing properties of the synthesized powders are characterized and analyzed. The X-ray
diffraction results show that the doping of Tm3* and Yb3* ions has little effect on the orthorhombic structure of
Bi,WO; matrix material. Under the 980 nm excitation, the maximum emission intensity of Tm?3*t ions is
obtained when the doping concentration of Tm?" and Yb** are 1% and 6%, respectively. The intensities of four
emission peaks of Tm?' in 1%Tm?*", 6%Yb*":Biy;WO; sample increase with the excitation pump power
increasing from 199 to 400 mW. With the excitation power of 199-400 mW, the sample light intensity I and the
excitation power P" show a linear relationship. The relationship between the excitation pump power and the
emission intensity of Tm?* in this range is investigated. The four emission peaks of Tm?3* at 478, 650, 685 and
705 nm correspond to the n values of 1.01, 1.34, 1.77 and 1.75, respectively, indicating that the above emission
peaks are derived from two-photon absorption. Under 980 nm excitation (power 379 mW), when the
temperature increases from 298 to 573 K, the thermal coupling energy levels of Tm?** in 1%Tm?", 6%Yb3*:
Bi,WOg4 samples produce 705 and 685 nm emission whose intensities are increased by 28.4 times and 31.6 times,
respectively. The relationship between the fluorescence intensity ratio of the thermal coupling energy levels (°F;, *F,)
of Tm3* in the sample and the temperature is fitted. The maximum absolute temperature sensitivity of the
sample is 0.00254 K ! at 298 K, and the maximum relative temperature sensitivity is 0.00144 K!. Under the
same conditions, the relationship between the fluorescence intensity ratio of 705 and 650 nm produced by the
non-thermal coupling energy level pair (°F3, 'G;) and the temperature is fitted, and the maximum absolute
temperature sensitivity is calculated to be 0.167 K ! at 573 K. The maximum relative temperature sensitivity is
0.0378 K ! at 298 K, which is 26 times higher than the relative maximum temperature sensitivity S, of the
thermal coupling level (°F3, °F,).

Keywords: upconversion luminescence, thermally coupled energy level, non-thermally coupled energy level,

temperature measurement sensitivity
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