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Constructing Energy Traps and Regulating Multimode Luminescence in
Garnet-Type NazCaSnzGeg,Ou:anJr

ZHOU Xinquan', XIA Zhiguo'*
(1. State Key Laboratory of Luminescent Materials and Devices, Guangdong Provincial Key Laboratory of Fiber Laser Materials and
Applied Techniques, School of Materials Science and Engineering, South China University of Technology, Guangzhou 510641, China;
2. School of physics and Optoelectronics, South China University of Technology, Guangzhou 510641, China)

Abstract: Mn*" doped garnet-type Na,CaSn,Ge;O;, phosphor was selected and studied due to its abundant chemical compositions
and several crystallographic sites. Several ion substitution strategies including the chemical substitution of Na'/Sr**/Ba®* on Ca®* sites
and the anti-site occupation of Sn*"/Ge*" were designed for regulating the different energy traps and promoting multimode
luminescence properties like persistent luminescence, X-ray storage capacities and mechano-luminescence. In addition, the X-ray
luminescence storage and mechano-luminescence properties of these materials as well as their applications on X-ray luminescence
extension imaging and stress sensing were also investigated.
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Table 1 Chemical compositions and labels of Na,CaSn,Ge;0y,:
1% Mn*" with different chemical substitutions

Sample No. Chemical composition
NCSG Na,CaSn,Ge;012:1% Mn**
NCSG-Na Nay 2Ca,9Sn,Ge;012:1% Mn**
NCSG-Sr NayCagoSto,18m:Ge3012:1% Mn**
NCSG-Ba Na,Cag9Bag 1Sn,Ge;015:1% Mn*"
NCSG-Ge Na,CaSn; §Ge3 ,012:1% Mn?*

1.2 #m*KRIE
Fil PANalytical Aeris 7 X 5 & ATHH M7= 4
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Fig. 1 Crystal structure of NCSG and XRD patterns of the as-prepared samples
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(b) XRD patterns of as-prepared samples
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(c¢) Normalized emission spectra of
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(d) PersL decay curves of as-prepared samples
and PersL photographs for NCSG-Ge.
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Fig. 2 PL and PersL characteristics and X-ray absorption characteristics of the as-prepared samples

23 NORXESHBEINFE

HHT, TEHLARME AR A EAL I i K
BOE BOR TR LR RE . AR T T RLEML
W R PR, BEE S5 AOER L ES A,
AR R TR R EFIRIE R OB A
[ KA, IR AFARLE AR B ADRL AR R 4 B 70 K e
BICAE B TBR —. T, DIREERE R
(1) NCSG-Ge Fffh B, BT T HRN I3 R SEREE .
N1 RERARIEE T R, AT IE 10 min 5
KAL) R I .

B 3 T )24 0 i 0 I g RO RN BB
] 3a BT UL, Ry ARE i 7B 20— B ) )5, e

WA DA FEARTOVERT M B RN, CI BEBOR R AT
HELH R R IEE S, Son iz BA N Rk
R W AT, RSN R M BT 5
A B A R I RE R . BRI AT DU R
TERE BB MI IR . IR A SR . B 3D
A TAE BT & BRI AR e xS B, 7E X
NCSG St &5 FHUARE,  #AVRE G AH X o FE 25 R
ANFEFEFEI SR, RS TR RGN T = E
BRI B, Horh NCSG-Ge FE i B BHR FE I Ik %,
NCSG-Sr k2 . b4k, Na B-FHAL Ca & FhEm 1Y
TRERFEBE (2 450 )R FE . SR A St/Ba &+ HUAX Ca
B, O T REAR S A B R B B k. T



5055 12

JEE A 2. ARA S5 NayCaSn,Ge;01,: M RS R FA B 5 5 2 R kOB AT « 3107 -

F Ge B5-FHUR Sn &1, TIN5 e B BE 1) 184
TTHREEK - Clabau 25 R 175 Mn” 1B = K R ke D
ek Hp 3B 2 B SIS A B S T (B 4B e 7
fy EEL S A e T B 5 P 8 1) A R T A e e
fE NCSG R & Ge'" B A w5 952 NCSG-Ge
TF it o 384 000 DA B 4 12 i 5 B P R TR 22—
BB T 2 V) R A 2 a1 SRR I R 1 B
FHREEAH

¢4 PR A% FBE A2 B i i T R R B BT 11 22 A2 50RO 1tk
REM) A —E B e br. NIk, KRHNPGEEE, HK18
TARFEINAGHEF T NCSG-Ge HIHFELIEA 3c),

Intensity

Background
| L

| L Il
500 600 700
Wavelength/nm
(a) ML spectra of NCSG-Ge

Intensity

| L | L 1 L |

350 400 450 500 550

Temperature/K

(c) TL glow curves of NCSG-Ge
at different heating rates

J#KH Hoogenstraaten i H 12246 24 sCHEAT {5 5 [
G

PE -F
= sex 1
kB'T2 P kB'Tm M

K pRTHRERK s™); E NHEBHAEE(eV): ks
A Boltzmann % #(; T APEGIEIE(EK); s A
KA T(s). WA 3d Fizn, NCSG-Ge HikFaBHA
FEZ1N 0.89 eV, ERMEBHAEZIN 1.79 eV. KB
H BRI TR AR R R S R AT R O R Ak
S, A RIT AR A R R A
i P AR, R A T A e

NCSG-Ge

Intensity

Il L | L | L L T
350 400 450 500 550
Temperature/K

(b) TL spectra of as-prepared samples

*
2L ® Shallow trap
- Slope=0.89
St »
N
®
@ Deep trap
— Slope=1.79 4
10F ¢
| L | L | L Il L Il L |

2 24 26 28 30 32 34
(KxT,) eV

(d) Corresponding trap depth fitting
using the Hoogenstraaten method

B3 RIS SO IBO R
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Fig.4 Application demonstration of X-ray extended imaging and stress sensing based on NCSG—Ge materials
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