%475 H5H AHIFERFFROE AT R Vol.47 No.5
2019 5% 9 A Journal of Henan Normal University (Natural Science Edition) Sep. 2019

XEHS:1000—2367(2019)05—0085—06 DOI1:10.16366/j.cnki.1000—2367.2019.05.013

Ce’ " -Nd*" 345 Y3 AL O 5 e RH & i B H;
ULZL A TR PR 58

f{g)ﬁ;ﬁil ’ é‘ l/“i:‘z ’ ﬂ,‘7]£7]é3
(LB BE LA A0 T2 B 5 87 B - S 90 K A R 5% ool , BEPE 2 B 7250005 2.9 R BHBE R 2% b T 5 1 25 24 Be
VRS 3% BH 47102353300k Tk K2 RE IR 2E & AR HE R BT B, K EE 300130)

B OELEEBEMHESR— R Ce N 4548 Y, AL O (YAG) & 6 bR} 5 53t 3¢ 56 56 1% 35 7 B, 78
YAG FJFHp Ce*™ -Nd* 2 [8] % A 5 33 5 500 20 A0 it 7 5 8%, RE I A% 33 DL R & FE BB I T 3% e 76 460 nm KM &
T Ce® " B F IR — AT WG F BRI 5dy BB ARG B B R A% 28 45 WA GBS A N T & S L S AL
ARG X RE B 2 G VR LA AT AT, Ce® -Nd T Z [H] B T ROR Bk 177.8 % 3t Ce® ' -Nd* ' Z [f] i 1 7 57
B TR I PH % Hh il I A0 58 A T UL I B A0y S T A0 BE L A R TR BH % T A b gl R T A B i R St TR i
FURH.

KW 4k Ty Ce’ -NE T L 48 VAT 7 4 5 i ik K I AE Fi dtb

FESES 069 X FRERD A

AR BB AT R SR RS AR S A A 8 VR T I RS v L R ™ EE A PR T Y I, AT W T )
) KUBE L K BHRE 93 747 8 55 8 — A5 1i% AR UK. K PH R DR 3% JC ¥ G L it 1 LR AN 32 bl B o) 46 00 34 4 32 %
T i A A B B Rt 2 Y T SR Tz B R R BH BE A e, SR T S B AR 7 v E S A O FR R B S50OR (A
19 %0 i AR T 3IE bR KAE 31 %05 350 5 ik K PH B FE Tt S8R IR A9 — A 1 22 it PR O 335 48 . o Ak DK PR
AE HL b O B T8 B R ~1.12 eV, X R BHGIE S 900~ 1 100 nm 4 3T £1 41 i BE A 558 19 0 17, 107 % T B8 & 45
1R R A 1 AT DL -5 AU B, R A 14 Rl A LA b A AR 2 T SR L R B A R Y S 40 R R AT SR B0 F
FERCRAR T MRS T. Trupke FrH& 0 T 55 40 AL 25 7 ol o 28 187 7 35 — R #6452, i 0t B 1 Y 30K
IR BGRB8 - 1] WS P4 R TS 900~1 100 nm BT 2L 406 7, W0 A g 5 7 oK FH i Fi vt 98 43 it
WSOR 5 DT 2 8 e e 20 5.

HOOLIY BT B R R A PR B R B TR ORB ER LR b T YD BB R, H R
SYEALF 900~1 100 nm fY 3 £1 A0 DX I, Wi 17 4 ik A H FEL S 799 e 5 WO A0 0 B2 » AL WP A R I B 9% R A vh
RE-Yb*' #tB K R B WiERE A Ce' -Yb* B Eu? -Yb* 7, ThP -y b? B0l prét -y p? el
Nd*"-Yb* ™ 1 SR N BB I L AT R R B PR S AR 2 I Ce't B T 4 —>5d F
PR ARVFBRAE B A B 58 1 W IS T, L R DY 05 1 7 I ) TR ot A 3 ) el R T e A R Ak DR Ik R R K BH O % R
Al A5 150 1 0 BEAEAT T8 R WL SR YD AR AT X Y R G B A S . HELAT Yb-O Z ) Y H A BR A, DT R
X H b T ) 2R AT A SO R RS R Ce' T oY BT ] ) BE R AR A, Cet oY DY iR 4e B

s HHA:2018-11-06; f& B HH#A :2018-12-13.

E&TH: BXH KRB 54 (21406052); PVE 4 B H0T | 13 H (2019TM-229); 1] 7 4 = 55 2 &R OF 3 H
(18B150005) ; %2 HE T BH 4% 7 Tl T 52 5 H (2018 AKO01-12) 542 JE 25 B 2 B4 52 LAk 4 5 B (2017 AYJCO1) 5 % J
2B E R AA R 85 H (2016 AYQDZRO5).

B B O (1982 — ), B vl i ME L N, 22 e 2 B B 28042 1, 2 B 5 7 il R 48 P R 6 R ) B vl Ak 2 M B F
%% s E-mail:chem_yuan@163.com.

BAEMEE SKAKOEA986—) 55 AL TR BI04, T4 o4 2 5 0, 328 A28 S 8 b0 Rk 4 S MR RE I OE
E-mail: yongguangzhang(@hebut.edu.cn.



86 T IR IL K FIRCA RAF RO 2019 4

JOT AR AFAE 7S T e o 7 W BEAIG AR M 22 A e ST B R T A R R R B RE P A R LN R S — R B
LA RGBS, 5 Y AH L N 9 & Ot B R B 55 5 [ 58 (850 ~1 100 nm) , K IGIEE A T
1 064 nmib . BEA RO & ik K BH g it i 20 -, B N RS & 4 Nd-O Z [8] 1 HLfaf BRAE , BB A &R #b
Yb' B LR, TR Ce " -Nd* T d - 5Y 38 & O M RHR 4 i i Ak K P RE F Tt e R 1 — S IR AR

ARG FEHT Ce' -NE* 488 Y, AL O, (YAG) I 20 58 & Y6 KL & B B HE 58 6 1 7 5 8 4% v 7
YAG 3, Ce'™ BB L AL T 300~500 nm 71 [l P, &b T A BH O 33 Hh o B 48 K 14 4% 41— D ik Bt 3 ik
Ce® " -Nd*" B A% K BAGIE T 300~500 nm #48 HEAT S8 31 W2 Wi, #6110 2 7 87 3 850 ~1 100 nm MY UL 4L
AT L)k it A O B B Y 78 A3 WO A L PR L YAG s Ce® T NPT IR LA a7 50 3% RO MR BT A e R
FH fiE Fi ot 1) 1 2 48 )23 I8 AT P St %o A BH Y6 3 g 0450 R 17T 2 48 0 FL A 4 50

1 £ %

1.1 HRH&E

LY, Oy (Sl EE 99.9%) (AL Oy (G B2l .CeO, (LEEE 99.9%) \Nd, O, (£l 99.9%) . H, BO, (4347 46) Ky
JEORE L L 3 i e T AR B A YAG: Ce®™ N 217 35 2% & 6 MR 185 5 10 4k 240 o= b v Bk o
AL B Db BB T I B AR sp A B 1~2 ho A 5% (B0 1 H,BO, 158 B 7SR 5K T - IR 211
JE AR R B W E b E TE XD PR AT EE TR ZE 1500 C MR 2~3 h. By % 2 bk
B JE B AT A3 3 — R 31 YAG:1.0%0Ce® (BE/R 8. TR w2 %0 Nd*' (£ =0,1.0,2.0,5.0,10.0) # & . 435l 6y 24
4 S0,S1,S2,S3 Fl S4MAM IR A FE T LA T YAG:1.0% N S B HE .
1.2 HRMERERIE

FH X G AT 41 (Bruker D8 ADVANCE B) X iy 75 45 5 79 s AU S 45 44 2647 43 B, $ 4 Y Lol 10~
70° K 3 [ Edinburgh 2 "B FLSPI20 B 556 1% O R it (19 5 ' 1 BB 8 A7 3, B A7 I il 24 76 % 0 R
#EAT.

2 ER545H

2.1 HEMREREBSHT
&1 A8 EE S XRD B3, 5 YAG XF A XRD & F (JCPDS No. 34-0379) B 246 A& . A 1
()] MR, R AR S XRD KRR WG BREF NI dh R YAG A B WA Z2 0 30 & 1(b)
Sy i 5 AT S UG8 P R A 5 K T s DA A R v T A OUR R R L Bt NP B 2 B I 8 L AR i B AT e 0 K 9 1)
BINHIAT S A0 i B AR 5 AT LA 25 8 BT A5
AVhE+ R+ 17
“T T 2sing
Horp A g XS 2R AT S b B AR S TR A K (A =0.154 06 nm) , (A k1) K AR B 45 5.0 AT . a
SR AR B — T E B AT AT R L LA Rk D RIE R R 1 T EE N B TR 4 v R RS
BE S AT 0 B/ X R R TE YAG:Ce®™  Nd® FEfL L Ce® " FI N U T YAG @R 4 Y™
AR, Ce't (102.0 pm) FI Nd* ' (98.3 pm) FIREAR R T Y S T2 42 (90.0 pm) o S350 5k 3 80 o 19K, R T
SR 0 WX B Ce® Al Nd'" 35  iiB 44 3] YAG FLJTih o — 38 Z [ i g i AL 3 SR 4L T nI 171
2.2 RERIGFEE KIS
Kl 2 0 Ce* Hi48 YAG H B & X &6 I 2 B L 7E 531 nm R MA T .Ce' B 71
YAG F& 5 B30k 6% A 300 ~500 nm Y 58 1, 1EAE 43 A7 T 339 nm Al 460 nm 4k, JEH Ce'" BT/
Af—>5d RERERIT MG M. T Ce® " B ¥ 1Y I A W 1 [ A B, W X oK FH G 33 #E 47 78 43 b W IS R . Ce®
B YAG B R SHOEIENE 2(b) FT7R 76 460 nm B K MER T . Ce’ B RGHGE b — 46 T o] LB IX
B YE W (450~650 nm) , WE(E A7 T 531 nm, &AL T A SR Ce' BRiF 2 IA (5d =4 O 1M = 4. Nd*
B YAG TG NIR FIE 2(0) . 78 YAG FEH Nd* 1930k 615 8 55 96 2 500~700 nm , f 3 3%

, @)



%54 AR, FCeT NI £ 35 Y AL O L AM A 49 & RA L LI FF T HAF LTI 87

WA BT 518 nm #1576 nm, 5 Ce® " B9 & S (450~650 nm, IE{H 531 nm) A WK E S HE For-
ster-Dexter BRIE 1" HENIEE B AT, Ce® ™ B FREXT Nd* T B FE 3 B - Sk /E A B — & 2 8 &

A R AL 3.
R CIT W I NN O W N _
; Lss b 1 3
BTN R 5
g Lostd o b ool g
= Loso b e b =

JOS 350001 JCPDS 33-0040

10 2‘0 310 4‘() 5]() 6‘() 70 32.5 33[. 0 33‘. 5 34‘. 0 34.5
20/C) 20/C)
(a) 4% (OFZisip a2 ON

JE45 (S1-S4) YAG BER K XRD &3

B 1 1500 CRREGIEET , Ce* H145 (S0) K Ce*-Nd*
(S1-S4) samples under 1 500 ‘C sintering temperature

The XRD patterns of Ce® single doped (S0) and Ce®-Nd* co-doped

Fig. 1
itk U] Cet N 2 I8 B R 1 i
SRR AR BIIR T Co'' -Nd' 645 HE h 9 % B oS
SBT3, 30 AR ST MR N FL0%
i A3 B ST RERE T 531 nm F1 1 064 nm &b lw ] L TR
1 D A W 0 A B AR 0 ) 45 B EN IS ]
F 193 26 5 S 386 I R 068 43 42 F 339 nm A ,“\A Pyt %
460 nm Ab, 011 B iR B 4% R B 2 i THEL o Ly
Ce'" 1y Af —>5d BRIT SR .3 Nd™ 19 % 5 1 ..f x_} ,'.)2\-,1 N
FEAT WD T M A 2 th Ce® TS i R O, iE 300 400 500 600 700
AW T e’ 5 Nd® 4 2E AT 2000 A I £ 3 A/m
RERRI AR R BE DG T AR L X T ROk (a) o™ BRI RER (YAG:1. 0% Ce¥) th Co¥ RUBURIY
15 B I S A AT X PRt T 8 (=501 ) () Ce” BRI (1,160 mm)
S g A A 1 B B S T 1 0% 0k, T E E:)\: quw)% (YAG: 1. 0% Nd*) i Nd* BIBA i
Ce -Nd** 2 i 1 At 138 0 0 24 7643 ) D ik R
&ﬁ{ﬁ%ﬁ%%l@ﬂ@ﬁﬁi?ﬁ%@ 3(b)H Ced - B2 YAG FEJFE T Ce™ IR HHEIE S Nd* R GG E &
NSO RIREL kiR T

i AE MR WK R 460 nm B9 IR S 2F R L W]

A R O 3 L Bl N 48 20K BE A 3, Ce® ™ 78 T WO IX SR e 19016 33 ik B I8 35 AN, 5 e A 2 NP 7 3
ZUAM X B &G B D) B G 4 . 2 N R R 3Bl & 5 DO FLAE I £0 4 X & O R IR B SR o, Ak SR 3
Nd*™ ¥R BE L D) & S D' i 58 5 F T 9 BE AR T B A1 R T AEAS [RVRE i Ce® 9 B 7K 4340 1 06 1 78 AN A8, BT LA 3t
BEER B R SIS S AR L R Ce® ™ -Nd* ™ Z [ R fE s 5 A, B Ce*™ Ab T 54 WA SIE K A St s
LB g N Ll B A OG5 BE FRAR , [RIBS 3 T Nd® (038 25 A Ji i 5 | kS & D' 5 B 3 K.

23 BEERBEVESH

Kl 4 R Ce®™ A Nd* 1Y RE G 45 1 S — 3% 1 Be £ 1% 3B AL 3R =L FE YAG R T BT 76 9 dn ik 3
Ce’ B8 T 4 —>5d FVFERIE , PRI H 5 i o 58 1% 67 & Bl ir Ak b 14 32 1 e 722 i 22 £k [R] B, 78
YAG HEFh Ce® ' B 5d R R ARER > 2 (5d, T 5d.) FEAFHCHI BB R , Ce® ™ B Tl — A% 4N 1
MM ERIT & 5d, AR  BL LW IRIT I = 54, AEH G2 RN Ab TR Ce® " il W e — nJ 10

Je T B ERIE 2 5d, BB G X I FPERIZ K IR T Ce® :5d, BEZR () B A JE.Ce® " :5d, BEZL (i) X L



88 T IR IL K FIRCA RAF RO 2019 4

FIRE A 20 000 e ' ZEAT L N 'Fy "1 BRAE TR RE & (29 9 390 em™ ) B AY. K 0L L 78 38 &k I K
460 nm LT . —ANAE T 5d, BB (R Y Ce® 41 H B BB 5t A% 3 25 T I i 19 Nd* T 25, IR LWl
RE RS A T Fy MR AR Fyy =1 o BRIT . R ST 1 064 nm B LLAM G, B — 38 Z 6] & A2 T A7 A% iy & 7 55
T Ce’' 5d, (R4 f BRAE LR b JC b BB, JUr LA B AT 22 (0] (9 AR 2 14 s LB Oy & VR RE & T 5 e %
R HLEEAE Ce’ -Yb'" (B’ -Nd&* " ISR R ip O WEHE S i 7 59 8 &6 AR RE K K B
HRE T 5K R 1 — N SR AT U0 E R P R AR T 21 AR ' DT R A A B FRL it 7 43 I ISR T B IR
PRATUFE A R 5 H Tt 1) O L B B R

[ () Excitaiton L (b) imission A_=160 mm
S0

—s— Monitored by 1 061 nm
[—e— Monitored by 531 nm
—a— solar spectrum

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

%,

00 q
A OO‘Q
) M ) . M

300 300 100 150 500 an0 500 600 900 1 000 1 200

A/nm A /nm
B3 BB SRR Cetiad =40 BRIE (B31 mm &) RN, =1, BT (1 064 nm &) FIARSCROLIE (a) F1
460 nm PEACHCR 1, S0-54 B e IO RUE LA X BUR T FE 9418 (b)
Iiig. 3 [xcitation spectra of S1 monitored by Ce™:5d —A[ transition (A_=531 nm) and \d":*I,, —"l  transition

(A_=1 064 nm) (a) and emission spectrum of S0-S1 in visible and \IR region under 160 nm excitation (h)

24 ETEHRMESMN

NI N .o 32 132
j‘jﬁéiﬁ‘ﬁ C63+7Nd3+ ZIEﬂ E/J o r:_ﬁd:("ﬂm) 08
B AR, Wi T Ce' B K ” ”
Cet™ Nd** SEABHE i 09 6 56 I 2% | .é Lo |
U 5 R % R h 199 56 5 4 T 1T (2) | = Lo
KA E - |
5 12F z 1R R A i 412
1 co E E - 3/2 °lZ E
r:fJ I(e)dr, (2) 8 = |= S < 18
Lo Jo 4 Sl 3 4
;H\:':F' Io IEEHTJ‘I‘ETJ t=0 HTJ‘ Ce‘“ Z’j__‘:531 nm ol j:u,;’ i’l|~‘ — :1111:_0
b wy B G R B, T (e) SB[ Dy ¢ W N Ce* N “
Ce’ 1 531 nm 4b 1 %2 6 58 JE it 1Y B4 Co NG 12 YAG SR I R B LK Cov —Na® 2 I RER AL R
%j‘%ﬁﬁﬁﬁi‘l‘%%{}ﬁ EHE] éjéT E]/\J *,Elﬁj\ Fig.4 Energy-level diagram of Ce® and Nd* in YAG matrix, which illustrates
ﬁf/ﬁlm‘ﬁ%tﬂxd—? CeB\ ﬁ%ﬁﬁ:ﬁ (S0), the probable energy transfer mechanism between Ce* and Nd*

HAS AR 12.2 s, ELVOR R 43 30 MAEHOB B N 131 AL Ce'™ 88 T 19 g il 7 38 24
N BT I F1 B 96 6 47 6 4 B 00 B it 195 16 75 A U B 9.4.7.6.,4.2 il 2.7 s (S1-S0) Ll 2
7 97 0 289 204 0% 20 th T e BE /R 4B 5 4 1,026, B FEAE 531 nm Ak 36 5t 77 fiy 9 58 06 0 B F 51 A
TR R R A L B Ce N A PR RE BT R

Ce™ -Nd** 2 i ) g 4k e BB A e T () AT AL

JI 5o dt ]
% Nd* T, 34
771:T1:=1—J21_ «%,Nd ’ o

T, 3+
0% .Nd
Io%.,Nul3+ dz ’

R T, oD, e SPBIRE Ce BIB T Ce' -Nd** JEIBHE B 7E 531 nm %OGHRAN 0 R OLIRIE o oo
T APEIEEE Cet BB I Cet N HEB SV TE 531 nm KOBIE AL BB



%54 AR, FCeT NI £ 35 Y AL O L AM A 49 & RA L LI FF T HAF LTI 89

1M Ce’" -Nd*" Z [ 1) S F80% QE 4% i () k1735 .

QE = nce (1 — nere) + 29k1e » €Y
X g3 Ce' " -Nd* " Z [ B fE AL 1B 3R . pe. A Ce JCHR BT ERATE T 8 AL 28 850 R AE FADIR S T L pe 19
BB AT AR 100 %6.Ce’ " 7E 531 nm KGN 9t Ffim . Ce® " Nd™ Z 8] 1 58 AL 3B ORI N 8 24 ik i
MR fE AN & 6 TR B Nd*" ZERE G TP as 20k BE 3 K, Ce' ™ 26 A B B T B, Ce® ™ -Nd* ™ 2Z ] Y fiE 1t
1 33 R B 4 v o bR 22,9 %6 (ST) AR A 28 78.8 %0 (S2) X I 14 4 1 (4) AT 15 A RE S v Ce® " -Nd* T 22 8]
() i T80 40 122.9%6,137.7 % ,165.6 %6, 178.8 Y0t i 12 T AR R ik 178.8 %0 » 4223 200 %6 1Y FRIE A , AP
Ce' " -Nd*" KA M & sk i T O L A E A0S T Ce®' MO B BRIT B Nd* " B BE IR K S R R L i 45
SEPRAY T RCRAR T 178.8 %0 B FHE (.

12F % o 180 =
~
/ s
10 F \ . 8
- ” 0, 160 3
= = o
< ~ L o
< g ° ) :
& 5 R 140 5
Z 6 / %
E 3 e ) 120 =
= = 4 F k >
.| B
oL 4 S odo 5
1 1 1 1 1 1
50 100 150 200 0 2% 4% 6% 8% 10%
t/ns Concentration of Nd*
&5 460 nm AWK T, Ce* :5d, —~4f ERIE (531 nm RIG) 1% 6 Ce”:5d,—~4f BRIiE (531 nm) [R5 e il Ce® -Nd®* [A]
o IS G kM 2% [ g B AL B 28R Bl Nd® 15 IR FE I AR 1L 1
Fig.5 Decay curves for the Ce’:5d —4f transition Fig.6 The mean decay lifetimes of the Ce’:5d —4f transition
(531 nm emission) under 460 nm excitation emission (531 nm) and energy transfer efficiency between
Ce* and Nd* as a function of Nd** concentrations
A
3 & it

St RE R BHBE M L R, A LT Ce' " -Nd' 48 YAG 3T 2041 i 7 BV 38 & 6 4 . 28 6 3 iE B
Ce’ " -Nd'* Z Al W RE AL 28 8 T AR RE & T 75 4. 0 1 1% & 7 5V 8 & e b kL, nli e 3% Y5 I 7E 250 ~450 nm
) — A~ 185 BB G #R BT S A I 204G F , DA E K B BE F Tt 1) 78 43 TR ORI . e e L B e A R TR T
Ce’ " -Nd*" Z [8] 1) BE 1 1% 38 RIOR T B 780, 43 B ik 78.8 Y0 1 178.8 %4, 45238 T 200 %6 1) BRI f5e /51 {HL. AS I3
TAEAG BE Ay 44 5 it A K B A bt Xt K B Y 1 A R 23R, i v L B ORI — SR B iR AR

2 % X #

(1] Xz 20 A AT, 55 4 Jm 40 K U 3 5 K PR R P stb 56 WSO8 BF 5 [, 10 i T 90 2% 24 4 (1 SR B35 D 5 2015, 43(5) £ 38-42.

[2] Trupke T,Green M A, Wiirfel P.Improving solar cell efficiencies by down-conversion of high-energy photons[J].] Appl Phys, 2002, 92
(3):1668-1674.

[3] Liu X,Teng Y,Zhuang Y.et al.Broadband conversion of visible light to near-infrared emission by Ce** , Yb* " -codoped yttrium aluminum
garnet[J].Opt Lett,2009,34(22) ;3565-3567.

(4] 2B EWIRNL T .Ce® Y JhiB YAG P00 7 55 #20t iY oe BE KT BE A (1], % e 41, 2016, 37(12) : 1445-1450.

[5] Ueda J,Tanabe S.Visible to near infrared conversion in Ce?**-Yb** co-doped YAG ceramics[J].] Appl Phys,2009,106(4):043101.

[6] Lin H,Chen D,Yu Y,et al. Broadband UV excitable near-infrared downconversion luminescence in Eu?" /Yb*" : CaF, nanocrystals em-
bedded glass ceramics[]J].] Alloy Compd,2011,509(7) :3363-3366.

[7]  Zhou J,Zhuang Y.Ye S.et al. Broadband downconversion based infrared quantum cutting by cooperative energy transfer from Eu’" to
Yb*" in glasses[J].Appl Phys Lett,2009,95(14):141101.

(81  XIHEAE  FFSCH HK P2 45, Sry Al O+ ThP T, Y3 9y 13 4140 ik 7 BT 8RO L) 1. OB 2441 . 2017.38(4) 1 423-429.

[9] Liu X,Ye S,Qiao Y.et al.Cooperative downconversion and near-infrared luminescence of Th*"-Yb*" codoped lanthanum borogermanate



90

TR F RO RAF ) 2019 4

(1o0]

[11]

(12]

[13]

[14]
[15]

[16]
[17]
[18]

[19]

glasses[ J]. Appl Phys B.2009,96(1):51-55.

Ye S,Zhu B,Chen J.et al.Infrared quantum cutting in Th** ,Yb®" codoped transparent glass ceramics containing CaF; nanocrystals[J].
Appl Phys Lett,2008,92(14) :141112.

Jaffres A, Viana B, Vander K E.Photon management in La;BaZnOs : Tm®" , Yb*" and La; BaZnOj5 : Pr®" , Yb*" by two step cross-relaxa-
tion and energy transfer[ J].Chem Phys Lett,2012,527.42-46.

Ming C,Song F.An L.et al.Highly efficient quantum cutting in Yb/Pr-codoped NaY(WQO,), crystal[ J].Curr Appl Phys,2014.,14(8):
1028-1030.

JA A O L BB L 4. Cas Gar Ges Oz : Pro™ Y3 S e P il B FC A BEOBHGAL R B G R b v 9 0 FH 0L DU T R4 241 . 2018, 40€6)
46-50.

Chen D, Yu Y,Lin H,et al.Ultraviolet-blue to near-infrared downconversion of Nd*"-Yb*™ couple[J].Opt Lett,2010,35(2):220-222.
Tai Y, Li X,Pan B.Efficient near-infrared down conversion in Nd*"-Yb*" co-doped transparent nanostructured glass ceramics for photo-
voltaic application[ J].J Lumin,2018,195:102-108.

Dexter D L.A theory of sensitized luminescence in solids[ J].] Chem Phys,1953,21(5):836-850.

Nie Z G,Zhang ] H,Zhang X,et al.Photon cascade luminescence in CaAl;» 19 :Pr.Cr[J].]J Solid State Chem,2007,180(10) :2933-2941.
Tai Y.Li X,Du X, et al. Broadband near-infrared quantum cutting by Ce-Yb codoped YAG transparent glass ceramics for silicon solar
cells[J].RSC Adv,2018.8(41):23268-23273.

Zhang H,Wang Y.Han L.Photoluminescence properties and energy transfer between Eu®*" and Nd*" in polyborate BaGdBy Oy : Eu® ™",

Nd**[J].J Appl Phys,2011,109(5) :053109.

Synthesis of Ce’" -Nd*" codoped Y;Al;O,, phosphors and the near

infrared quantum cutting performance investigation

Yuan Guanghui', Tai Yuping®,Zhang Yongguang®

(1.Department of Chemistry and Chemical Engineering,Research Center of New Advanced Materials, Ankang University, Ankang 725000,

China;2.School of Chemical Engineering & Pharmacy, Henan University of Science and Technology, Luoyang 471023 ,China;
3.Research Institute for Energy Equipment Materials; Hebei University of Technology, Tianjin 300130, China)

Abstract : Ce*" -Nd** codoped Y; Al; Oy, (YAG) phosphors were synthesized by a high temperature solid state method.

Broadband near infrared quantum cutting was achieved and proved to be a cooperative down-conversion process. Under 460 nm

excitation, Ce’" absorbed visible photons to occur electronic transitions to 5d, and then and transferred their energy to two

neighboring Nd*" . Subsequently, two NIR photons were emitted by Nd*". The down-conversion quantum efficiency were esti-

mated to be as high as 177.8%. This work will open a new route towards increased efficiency in silicon solar cells. According to

the quantum cutting between Ce*" -Nd*" , the UV-Vis broadband wavelength in the solar spectrum can be converted into NIR

waveband, and then absorbed efficiently by the crystalline solar cells.

Keywords : quantum cutting;Ce’ " -Nd*" codoped;cooperative energy transfer;crystalline solar cell
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