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UV Upconversion Luminescence Property of Sr,B,0,:Pr’* Phosphors
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Abstract: Ultraviolet C light, spanning the wavelength range of 200 - 280 nm, holds significant application val-
ue in areas such as sterilization and anti-counterfeiting. Different from conventional mercury lamp and deep ultravi-
olet light-emitting diodes, we prepared a series of Sr;_ ,B,O¢: 4P’ (x = 0. 005 - 0. 05) phosphors via a high-temper-
ature solid-state method, and systematically investigated the phase structures, luminescence properties, and up-
conversion performance of these phosphors, aiming to develop an upconversion ultraviolet light source excited by
blue light-emitting diodes. Under a 450 nm blue laser excitation, the samples exhibited upconversion ultraviolet
emission, with the emission peak located in the 250 = 370 nm ultraviolet band, attributed to the 4f'5d'—4f transi-
tion of Pr’* ions. The power dependence was further explored, and the results indicated that the ultraviolet emis-
sion originated from a two-photon upconversion process. The upconversion ultraviolet emission intensity showed no
significant attenuation under continuous 450 nm laser irradiation for 2 h. Moreover, when the temperature was ele-
vated to 436 K, the upconversion ultraviolet emission intensity remained 75% of that at room temperature, demon-
strating the excellent stability of the investigated system. Furthermore, an upconversion ultraviolet emitting device
was fabricated by encapsulating the phosphor with a 450 nm light-emitting diode chip, and it was successfully ap-
plied for high signal-to-noise ratio marking in various complex scenarios. This study provides an important refer-
ence for the development of novel deep ultraviolet light sources and their applications in fields such as anti-counter-

feiting marking.
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(a) XRD patterns of Sry..B,0g:4Pr**. (b) Rietveld refinement pattern of Sry0;B,04:0.01Pr™. (¢) Crystallographic struc-

ture and rare-earth doping schematic of the Sr’B’0° matrix.
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Fig. 2

(a) XPS survey spectrum of Sry0;B,04: 0.01Pr*". (b = ) High-resolution XPS spectra of Pr, Sr, B, and O elements.

(f) SEM image and corresponding EDS elemental mapping of Sry_0;B,04:0.01Pr**
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Fig. 3 (a) Emission spectrum of Sty B,04: 0.01Pr’ under X-ray excitation. (b) Ultraviolet-range PL and PLE spectra of

Sr3001B,06:0.01Pr" at room temperature. (¢) Visible-range PL and PLE spectra of Sry¢;B,04:0.01Pr’ at room tempera-

ture
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Fig.4 (a) Emission spectrum of the laser diode (LD) , and photoluminescence excitation (PLE) and DR spectra of

Sr3.001B206: 0.01Pr'". (b) Upconversion emission spectrum and energy transfer schematic of Sry,B,0¢: 00, Pr’". (¢) The

relationship between upconversion intensity and excitation density. (d) The relationship between the upconversion UVC

intensity of Sty B,04:4Pr’ and x. (e) Evolution of upconversion intensity with irradiation time. (f) Temperature-depen-

dent upconversion intensity



6 -

1l

3

BKIT P, REH L2 T it i % %) 'D,
B G, P38 2 & A TR U R D, i R A #
4f'5d' BB , SR 5 AR 5 5 ith 7 i e R AIK B 41'5d]
B R ARS BB R 415d' — 4P BT, ) AF
WA UVC O, Ba(e) B TR DR g S
WMEBREZRMPLR . LS LG RE TSR
WP RT LR
[« P, (1)
Horpn R BR ERETFAY S AR B0 B Ak A
o R R RER LG E Y 1. 96, 3% 5 HLE (H 2
oy HHAT L% AE FAE A, UVC 58 5k A 30T E
& 4(d)J2 SryBy0g:aPr i b 45 H# UVC 38
HaZ B FR . INEHATLIE 2] UVC 58 B B «
5 ETHE TR TE«(H R 0. 01 IF 35 3R K Y «
EHE L 0. 01 J5 & S 58 B R K, vl g Al it R 2 ik
WERBN o SRAE B AR 7R 58 B A8 A, AR FRATT 0
T 6, 85 R R R o {8 T FE S A 5 &
S5 O v 08 8 B3 T AR R DL W AR Ak . 1 4 (e)
JEOR T RE S LR UVC 38 B 5 55 28 0% i 8] Y
KR WEFTR B TE 450 nm 806 RS2 IR 5
o, b UVC SR BE AR /N [ 3y, i R AR E
FasE . B 400 B T RS B FEH UVC 35 5 Rl R
JER AL OC 2 - BE IR T, UVC SR e 2218
T, bt % W N R S B R AR KR

SRR S IR B a3 B AE 436 K AT 9K g I
5 R 75% , R UIRE O B R AF i R
M
3.4 LEBEIMESHRIE

FE I i b e AR R B UVC S T AE R
SR P EABFES A SHAE IR H G
e, AT LI AT b A 25 0 A A PRI b B A B
[ 6 2 br id b W J1 o B 5 (a) J& LED I ¥ 4
UVC & 5135 8 K% B UVC 63 Wi K 604 nm
) PLE J6i% 450 nm LED .8 A B % H1OG3E% .DR G
i LA M 450 nm oth FOk BT #4506 35 (DC
spectrum ) , [ % 356 3% (9 35 T2 5 18 F 450 nm 306
WOR WS T 40 A, IF SR B T DAREOG S CR
£ 2, UL A LED 3 B 308 19 L 553 UVC 3R
A LLIk 20 N F bR fE o 7E B AT DU #) 450 nm
LED .t B 896 1% 5 PLE J6 1% Ml DR G % T it B
I, J9f HAE 450 nm LED # & T il 716 F 40 &
S, UEW] 450 nm LED & 4538 MU 6 . 18 5(h)
JE/R T LED L 564 UVC % f %6 B 76 K i (] T4
T UVCHRBE M AL . S5 8 o, 78 WA /N 4 fff
a8 UVC R 5 0 e AR R R
K BA RAFRARREPE. B 5(c) IR )& LED
LB UVC EHEBERN UVCE S 5 s 2
W] B 56 22, 1T LA Y UVC S 5 55 2 B 1E 25 0 1
I, 2x 28T B BE IS 2 W ZE

(a) (b)

RTTESSS

—— UC spectrum
—A,, =604 nm
LED emission
—— DR spectrum
DC spectrum

J

Intensity (a.u.)
Intensity (a.u.)

(©)

Intensity (a.u.)

N

o
T,

200 300 400 500 600 700 800 0 20 40
Wavelength (nm)

Time (min)

80 100 120 2 4 6 8 1o
Distance (m)

K5 (a)LED F#:4: UVC & 5248 1 2 ROGIEXT 3 (b)LED FHEH: UVC & 5248 8 i UVC 38 B Bl 1] 19 28 6 2 2 5 (e)
LED B4 UVC & 5925 B 10 UV C 3R B Rl 22 W BE 55 i 28 4k 6 &

Fig. 5

(a) Comparison of various spectra of LED upconversion UVC emitting devices. (b) Relationship between UVC intensity

of LED upconversion UVC emitting devices and time. (¢) Relationship between UVC intensity of LED upconversion

UVC emitting devices and receiving distance
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Fig. 6 Optical marking images of the LED upconversion UVC emission device from different viewing angles. (a) Left column:

visual observation by human eye. (b) Middle column: imaging results from the visible channel of the UV imager. (¢)

Right column: overlaid imaging results from both the visible and solar-blind channels of the UV imager
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