H41H AN Kot R Vol. 47 No. 4
20264 4 CHINESE JOURNAL OF LUMINESCENCE Apr. 2026

XEHS: 1000-7032(2026)04-0692-12

HET Ew/Th AU K YCH 1 B e 2418 B 5 i)
XBE, REK, & &, KbE, BEEA, B B, KE%

CPHZ2 MR K2 7 TR 2B, BEVS P92 710000)

T E : 2RI Eh & R BE R TSR, b A O R i 2R LR X A & R E T LG, B
SRR 5 (E B R A U O IR T T o A% G RSS2 i RN R 7 SR — R O U AR B R L B
PRI REAEAE 5 0 B 0 R PR o D62 45 BN 2% 2 52 B A B DR 10— b A% O BOR BR AR | B0 27 i 2 AT A1 22 0k
Boot & SRR O S8 e Atk BRORTIE 5 T RE PR Y By O 0 R B AL T QR AR o AR ST R v R R AR 9 1 T
% T BaSi,05:Eu’, Th™ {14, iz F PL XRD Fl SEM %5 R AF R R Gk 55 Hot2: 58545tk . XRD RAFUEL T
PR BLT & B . AN i SR S R AR RS T AR R e RE . R K O R R A g i 2 B L F B O
G, A5 RFUT, IR 09 SR R TE 377 nm 1 395 nm % T 43 1) 2 B 5 A0 B B 6 R 4T 68 R BT T R
2RI P PERE R . BEAh R FH &6 AR AT BT T B R K S 377 nm Fl 395 nm 14 35T L RURE 3 & 1R )
A ST AU BURE G 24 B B TR L A B D B R 10 R SRR T R 1 B R 5 G S EB AR -

X 8 W W06 ReiRAA s DL 58

FESES: 0433.4 THEEARIRAD : A
DOI: 10.37188/CJL. 20250247 CSTR: 32170. 14. CJL. 20250247

Dual-mode Luminescent Properties of
Eu/Tb and Optical Information Encryption and Identification

LIU Luxue’, CHEN Yuxin’, GAO Jia, ZHANG Junjia, GE Haojie, CHU Chu, ZHANG Zhiyu*
(School of Electronic Engineering , Xi’ an University of Posts & Telecommunications, Xi’an 710000, China)

* Corresponding Author, E-mail: zhangzhiyu@xupt. edu. cn

Abstract: With the booming global market economy and continuous advancement of science and technology , estab-
lishing an efficient anti-counterfeiting technology system to tackle the increasingly rampant counterfeiting and shoddy
goods has become a key research focus in materials science and information security. Traditional single-mode optical
encryption, which typically produces monochromatic luminescence under a single excitation mode, suffers from limi-
tations such as susceptibility to replication. In contrast, optical information encryption represents a critical technolog-
ical pathway for achieving advanced anti-counterfeiting capabilities, multi-mode optical encryption, leveraging multi-
band light emission characteristics, offers an innovative pathway for anti-counterfeiting applications with high securi-
ty, concealment, and reliability. In this work, BaSi,Os: Eu™, Th™ crystals were successfully synthesized via a high-
temperature solid-state method. Their optical and structural properties were systematically investigated using charac-
terization techniques such as photoluminescence (PL) spectroscopy, X-ray diffraction (XRD) , and scanning elec-
tron microscopy (SEM). XRD analysis confirmed the successful synthesis of the material. Furthermore, the lumines-
cent properties were explored through spectral characterization. Finally, the material was applied in the field of anti-
counterfeiting utilizing binary encoding. The results indicate that the designed phosphors exhibit strong orange-yellow
and vermilion emission under 377 nm and 395 nm excitation, respectively, meeting the performance requirements for

multi-mode optical encryption. Additionally, a novel dual-mode excitation scanning device, employing light-emitting
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diodes with excitation wavelengths of 377 nm and 395 nm, was designed. This device enables efficient dual-mode op-

tical anti-counterfeiting functionality, providing a new technical solution and theoretical foundation for the advance-

ment of anti-counterfeiting technologies.
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Fig.1 Morphology characterization of BaSi,0s. (a) XRD patterns of BaSi,05: 7%Tb* , BaSi,05: 3% FEu™, BaSi,05:3.5%FEu™,
7%Th* crystals. (b) Rietveld refinement results of the BaSi,05:3%Eu’, 7%Tb” XRD pattern. (¢) Crystal structure dia-
gram of BaSi,0s. (d)SEM image of BaSi,05:3%FEu™,7%Th™ at a scale bar of 1 um. (e)-(i)Elemental distribution maps
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Fig.2 Photoluminescence spectra of BaSi,O5 singly doped with Th** and Eu™. (a) Excitation spectrum of BaSi,O5: 7%Th™ moni-

tored at an emission wavelength of 545 nm. (b)Emission spectra of BaSi,05:y%Th" (y=5, 7, 9) measured under an exci-

tation wavelength of 377 nm. (c) Excitation spectrum of BaSi,05: 3.5%FEu’ monitored at an emission wavelength of

611 nm. (d)Emission spectra of BaSi,05:x%Eu*(x=3, 4, 5) measured under an excitation wavelength of 395 nm
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Fig.3 Photoluminescence spectra of BaSi,O5 co-doped with Th™ and Eu®. (a)Excitation spectra of BaSi,05:7%Th* ,x%Eu™ (x=

0.5, 2, 3.5, 4) monitored at an emission wavelength of 545 nm. (b)Emission spectra measured under an excitation wave-

length of 377 nm. (¢) Excitation spectra of BaSi,05: 7%Th™ ,x% Eu’" monitored at an emission wavelength of 611 nm. (d)

Emission spectra measured under an excitation wavelength of 395 nm
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