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Atomic level microstructures of near-infrared wide-band glass phosphors and increase
of luminescence efficiency
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In this study, we investigated the relationship between the luminescence efficienc

y, local structures around rare-earth ions, and the glass structures of matrix glasses for the realization

of high-luminescence-efficiency near-infrared glass phosphors. By extended X-ray absorption fine structur

e measurements, it was revealed that the first neighbor atom was Oxygen. In the case of the second neighbo

r atom was Boron, luminescence efficiencK decreased. By high-energy X-ray diffraction measurements, it was

revealed that the glass phosphor which has medium-range structures in the matrix showed higher luminescen
ce efficiency.



B X C—19,. F—19, Z—19 (tm)

1. WFZERRMEL IO 5

VTARAMER, RIS TAEKRDZR ) ERFIEND 750
~1250nm F2 & O RH#PHIL, Fx DR X
IR ERIZH T A FmBBENE N E RS
NTW5, ZORBEENL, EERNEOG
W 24T O I ARSI E DO B D3 ATAT D
NTW5d, 0 HEROE) ORREHEESK
BEAN—TEXLEMANF T xarF 707
DI THDH, N"NaF T TIXEMTIHFIC
R THD MBI HVnSENTWS
D, A ARKEL, BHm, BRZ .
ERAEHNREE L WY RN D, DT
B, UTARSMEIR CIAHHRFR O &2 R ao ik &
LED ZfHAG b7 85 LW RN A Hr g s
FIYCIRDOBFE 2> TW 5, 2 E TIZ Y3,
NIRRT T 2w R 2 BRFE L, — % 7e
LED & il L C 2 5D In#Ab, 1lem A LL
. e ImW Ll &k L=, 51,
Sm3INAY 7 A k% Ybs+, Nd3+HLiRin
T AR EFEETHZ LIk - T, 860
~1200nm TH}HT 25 LED ~X— 2D/
FAEBRLEZ (K1),

S HRIA S R &Y, N HiFHS ADERE

\

3&E [arb. unit]

—fkE9 7 LED

900 1000 1100 1200 1300
K& [nm]

X1 AHEERETICHAFELEAS RAH
RIEADARY ML

2. WFFEEDOHW

BAS U 72 ARSI T 7 A R DN
RN R IR K B0%FEETH Y | A LED
WCHWBND YAG:Ce H561KD 80~90% &
DAV, FT, TARINAHI AT T A HOEIR I
RHAT T AR THIE LA, — iR 7t
AR TR A BN CTRET D Z &5
NTW5, ZOX DN EEOEWT, %
L TH DA HFEA A 2 OJE D R PTE E
0. A A A ORI ~OBGA
DEVWHRINEEZEZ DD, &2 T, AW
TiE, UTD2H8EHENITHZEEEHN
L L7,

1 AL, A HEA A VB BT S L3
WNREORERTH D, TR T T A ENERD
TNV A THEA A D A NEER AT L
TV D, Ak Af WBaER I XEEHER TH 5 73,
R TR CII RN 35 O 588 % 52 1 A5 )M iR
%, BT8R OFEEESCRRREC

Ko TR D70, i LEEA A 2 0 /P
EEHOGNITAZ LITEHEETH A,

2 M BIX. H T AERAEGLRIEhROB
BTH D, FICHIEICESEREL 5 2 5Dk
#i LA AV ELRPEE TH D EB XD
b, LinL, BT AEEEENELT IR,
i L¥EA A L R PTREE H Ab T 5 ATHE
PEDSE, IS, RHAT 7 AhEIC X 538
WHNEHNRWEIKE LT, HT7 2AFHKF X
I T RABENOA LA A ~D =RV
F—ZREIIHDEEZLND, FTDI2D, H
T ABHEEAHA LT HZE L EET
H5,

3. WHED Tk
(1) /LEA A U EARFTREE & AR
DEfR

ARFIETIE Sm3RINAG T 2@ ek % Il E
RGeS L CEIN L=, F T ALY
% Bo0s & L. &gt % Bi2Os, Zn0O,Ca0
EBL &2 Sm3RINT T Ad ek (R
H 7 A M O £ . 50Bi203-50B20s,
50Zn0-50B203, 50Ca0-50B203 T3 7% 7
ED mol%)) L. EHifE{LY & H T ARk R
(bbb 25 b S S 72308 (BT Z A AR,
25Bi203-75B20s3, 50Bi203-50B20s3,
75Bi203-25B203) (ZxF LT, TR /LF—]0
WA e DO 7+ b7 7 7 h U —(PF)
2T, oz ba ot ad vz am X Rk
I simtgE s (EXAFS) RIEEITH-7T2, Fiz.
EXAFS JERBREMIT L, I—T 7 4T
4TIk o T, B LITEROE 2 whEE 1
F COMFR%EEZ RO (K2), 2DLHITL
THOLNTfRNTRER & BEHIE L7723 %h
KRBT A LICkY . FZHEAA LD
JEA R PTG DA 5, FEIEhR R R w53
2 DT,

Bst?2 BiFt? ==

_ 02 - EXAFS BIEIC L W, 58 158 RT
R Ea B 2ERETECOERE, B25EE
@ B OEEREND,
027 027
Bg+ Bi3+
/
0z \ \Oz_
N
Bi3+ \ BS+

/ \Og,/ Ry bI—OEE
* XRD BBl &KW HSXBEEEZ
HEYT B,

B 2: AHARIZEWNTEB LRIV +

(2) A RABRIBE L FEAVEORER
Sm3IRINAT T A 2 P E Gl &

LOER LT, U7 ALY % B0s &

L. Effif2{t# % Bi0s, Zn0O,Ca0 & (LS



B2 SmHIRIN A T AWK LT,
SPring-8 12T, > 7 ha o txHuni-mE
T X=X BEYT (XRD) JIEEIT-7,
F7-. B R/LXF—XRD HIER LA L.
T AERAEEORBERHE LT (K2), =
& BERE Lo R & 2 i+ % =
IR T RAEEEEEDOMN, FAEhHE
M LI G35 DT,

4. HFFERE
(1) FL1EAF U EDRFEE & RALHE
(Y[R

OH S AR ERIEYM%E B0, & L. 1E8HER LY
% Bi0;, Zn0, Ca0 &ZibSH1=RH¥xt
ERAY: b
3 OO Sm3HRMA T 2RI KT B

EXAFS JIEREF 2 M LT B A7 7]

BBt E . 470nm @ LED THE L7548 D

Sm3+* DR R ER R AR 1ITTRT,
3OO0 Sm3 NN 7 A B IR T, FE A

R MO RE BT ESI N o T2,

EXAFS JIEOMHTRER TIL, 2 TORET

Sm3H+DRITHEF X O THY . T DS

FEREBITITE DO o T, ZTHUTFEE AR

7 MVICREZREZEDNR NN EITx S

LTWbEBExbN5,

& 1 EHBRIEMERILSELHIRITH
9 % EXAFS fEATHER & RmhE

Bi.0s % Zno % Ca0 %
sm* ERHE 11 0.96 0.75

SmoBEEE[A] 2203 2305  2.265
Sm-BEERE [A]  2.946 2.940 2.883
Sm-BifE#k [A]  2.854 — —
Sm-znfEk [A]  — 3.076 —
Sm-Caief [A] — — 3.114

—J7. Sm3*DOFEENFEIT, Bi203-B20s %
HITABRKKRKTHY, ZnO-B20s LT A,
Ca0-B203 %W 7 ADJEITAE T L7z, Sm3+iR
A Z Ad AR T, Sm-B FEfEIC K X 7248
LI 672y, UL, BHIENMET T
DARMNZHKHSET 5 L 912, Sm-Bi [ Bk,
Sm-Zn [EFEEE. Sm-Ca FIHEENIEIZE < 72
S TWB, FriZ, Bia03-B20s 2 A7 A TiL B
U B Sm3HIITHE L TV D Z & DNREFE
Thod, ZI T, 74/ L DIHEHES
EWOELE T, Sm3ORNIROE|E
I LEEO(—RANIC, Zn-O fEED T+ /) v
ITHRLAXF—L. BIrOD T+ /) o LF—k
DKWY, FD72% . Bis0s-B20s T H T ZIZ
BWT, BLVY Bid Sm3HliiEELTnWad Z
EML SmIOFEHNFRIZENEEL H 2 T
HEEZLND,

QEEthEitME N> AMRBIEMLEEEL

===

3 DD Sm¥IMNAT T AT T D
EXAFS JIERS S AT L TR o= i1
BBt L . 470nm @ LED THE L7348 D
Sm3* DI =R ERE R A FE 2 1277,

& 2. (EMBREYMZE Bi0, & L. HS XM
MZEEIESEEBIIT 5 EXAFS f24T

fER & RAME

25Bi20s 50Bi20s 75Bi20s
Sm* FEkHE  0.86 11 0.20
smOmM[A] 2321 2293 2287
Sm-BEEEE [A]  3.006 2.946 2,518
Sm-BifE# [A]  2.831 2.854 2.840

3OO0 SmYSINH 7 A AR T, FE A
7 MO RERBITBE SN o T2,
EXAFS HIE DGR TlL, & TORET
SmH+DRITHER A1 O THY . T DI+
HEEL IZIFE DB, QO%E EFEE, =
DI LI, AT PVITRERENRD
NNz LIk LTnWab EEZ 5N 5,

—J7 . Sm3*DFNFHFIT, 25Bi203-75B203
HZ ALY 50Bie0s-50B203 7 A D Ji
WA, 75Bi203-25B20s T A TIEE < 72
72, Sm-Bi HfflIC K& 2B LIT R ohZen
23, Sm-B BB K> TRE B LT
HTENbnh, ¥, 75Bi20s-25B203 4
T AT, M 2 DDk}l H~T Sm-B [
FEEE DN R <A LTWB, Z Dk HE,
25Bi1203-75B203 4 7 A & 50Bi203-50B203
FATIE, BXY BiASm3IEEL TV 5
73, 75B1203-25B20s 7 ATiL Bi L0 BM»”
Sm3HIITE L TV AR LERH-> TS, LTz
NoT, OLFERE. B XY Bi A Sm3HIirH:
LTWDZ &, Sm3+DRENNRIZ BV
EHZTWbHEEZLND,

(2) HSRBHRBELERALDEOBER

H T AR % B20s & L., EfifiiR{L
Y% Bi20s, Zn0,Ca0 L&fLx®7z 3 2D
Sm3RMNA 7 2@ Nk (4. (DOD & [ TR
B I LT, Bz F—XRD HlEE R =
7e oz, PIERSR AN L CE O - &R
T S(Q %X 3R T, Efiifg b & 2 b & &
HTEIZE-T, BERTFARELSZELT
WABZ ERDMND, ZD X D7 S(QDEALA,
T AR ED X 5 IeEE A IR
DZMERLNCT D720, BIE, HiETrT
eI al—3iar (RMC) fi#hr 2
TW5, 3 DORECREMAREE R &
I R IHIBEHRE RIIE O TN DE L DD, FE
7S £ I L Ty, 5%, RMC
AT 2 Akfe 3 2

QED /NS Wiz iR L7z S(Q %X 4
R, R COREHIIEBE L TWVD @= 2A1



—— Bi20:-B20: HS R
—— Ca0-B:0: H5 R
Zn0-B:0s HS X

S(Q)

poe—————
;j V

0 5 10

o

-2
5 20 25

1
Q[A7]
X 3: EfkibmELLSEHMICH
9% XRDAIEM b FOoN-BERF

fEDORE2E—7 K0, QIEN/ NS VWE
b A bl BEOH T 5 &, Bis0s-B20s 477 A Tlx
(=0.6 A1 fHIICHfER & — 7 MFET Do
F72. ZnO-B20s 7 A Tlx @=1.1 A1+
WCNEWE—7 BEELTWD, —J7,
Ca0-B:0s H 7 ATld, ZD ke —71%
FELZR, @I/ NS WiEE, Sz
1EH T ARERF A D 2 R OFEE FERE (41
Z1E B-O FEORE G HERE) L0 bRV RS
TEREIIC W T, TS NOREENFEL T
L ENbNb, LT, (1) o@OIERL
7=k 91z, 470nm ® LED THbEE L7-354 0
Sm3+DOFEYEFhRIL, 1.1% (Bia03-B20s H &
A). 0.96% (ZnO-B:0s &7 Z). 0.75%
(CaO-B20s 7 R) ThbdH, £H5TD&,
B-O %0 2 7RG HEREL v b RV Rk
T DOTFAEN, Sm3+ OISR RICB WAL
H 2 TWBHa[EENH 5,

4

—— Bi203-B20: iS5 R
L —— Ca0-B:0: iS5 X
Zn0-B:0s 5 R

IYay

0 1

2
Q[A7]

B4: E3IHNT, 0 BANELGESE
K L F- R

U EORER LD Sm3RINE vER R T T A
HOGRIZ BV T,
s S ORITHER 1L 0 TH Y, A~
7 MVICRERENRONIRNZ &
«Sm3+é B ORIV B SmitE M ({Efififig
{£¥) - MxOy) DOREBED T BEWEAIZ, L

iR S IR s = A Rl
*B-OMEAED 271 E D b EWHEEED
WEE AT HH T ABEEEN, @hEFR
WA ERTA-DICITEETHLEEX
BNLHZ &
DAL NE 2o T, SkIE, DT T AR
SN TH EXAFS HIE & &= % /L¥—XRD
B E R O OFFHT, W ORISR E
R IRV, AR TR ONTZMEAN ==
— VIV IR THDINE I DRFEEED 7=
W, £72 Bz LF—XRD flIEIC L DES
7= S(QIzxt3 % RMC fiftr 2 b TH T %
BHAEIEOFEM oM 2k Z 72\ EXAFS
W E FREHTRE R & DR TS AR 2 D 720,
Z LT, 26 OREEMITRE RICES < &
HDfREESD Z EE B LTV,

5. ERRRMIE

Udessamsc) GE o 244)

(DS. Kobayashi, S. Fuchi, K. Oshima, and Y.
Takeda, Increase of light extraction from
Bi203-B20s based glass phosphor doped
with Yb3* and Nd3*, European Journal of
Glass Science and Technology Part B, it
A , Vol. 54, 2013, pp. 247-253,
http!//www.ingentaconnect.com/content/sgt
/pcg/2013/00000054/00000006/art00002

® K. Oshima, K. Terasawa, S. Fuchi, and
Y. Takeda, Fabrication of wideband
near-Infrared phosphor by stacking
Sm3+-doped glass on Pr3*-doped glass
phosphors, Physica Status Solidi (¢), &t
A , Vol. 9, 2012, pp.2340-2343,
10.1002/pssc.201200318

(Fa¥ER) Gt 9

O WEKBER, EORCK, EAEZHR, P EE,
YrEER, Smst, Pravdifinsg 7 286K o
FEICHE — AT T 2 AFE—, % 61 [H
I B BAMR I AR, 2014 4 3 H 18
H, FILFpERs, )R

@ KB, TEOHCK, EAER, B EE,
YrEER, Sms+, Pra+difin g 7 286K o
FEICHENE, T4 USRS A
2, 2013 4F 9 H 17 H, REHKREF, 55
¥

@ KoL, P EE, AT, Y SER,
Sm3INAY 7 AEHR & Pr3tiisiny 7 A
HARDIENH M — R A N T =— LDy FR—,
55 60 [E1IG B BAfRE G5 2, 20134F- 3
A 27 H, #&E)TRRSE, R

@ P EiE, KEILW, A, e,
B R#IR (760~ 1100nm) FE e D A T A
R—{RH LED, % 28 [BIEIRSN 7 +— T A,




201343 H 9 H, WHERB LIRS mtE ¥
—Twnwb5b, i

® 8. Fuchi and Y. Takeda, Near-infrared
wideband light source by combination of
glass phosphor and GaN-based LED, 12th
Akasaki Research Center Symposium, 27
February 2013, Nagoya, Japan,

@ BB, VT HER, AERRE TR S
WO ORISR — 7 A4k e — KM L=
LED—, “Fik 24 8 H ARERE T2 1
FEORES, 2012 4F 10 A 20 H, Bekstba X
RS, BN

@ KE5LM, H# BE, PEEYETE, MR,
TEZEF, Sm3RINAY T A @R OFE
—Sm3+JE0 R TG DR, 5E 73 EIISHY)
PRAESAA S, 20124E9 A 12 H, g
K - IR, BRI

® M BEfE, KEOL, SRS, YTHEER,
Pr3tiiin Al 7 A ek & Sm3iRIN A 7 A
SeAk—RBLE AR A8 LED, 25 344 [AlH
SRR, 20124E 8 A 3 H, {b¥%a
A —, HAEHETRUEX

©® K. Oshima, K. Terasawa, S. Fuchi, and
Y. Takeda, Wideband Near-Infrared
Phosphor Made by Stacking Sm3*-doped
and Pr3*-doped Glass Phosphors, Fifth
International Conference on Optical,
Optoelectronic and Photonic Materials and
Applications (ICOOPMA2012), 4 dJune
2012, Nara, Japan

(XM= GF 0fh)

(PESEIA PEHE]
Otk Gt o)

Ok Gt o)

(Z Dfth)
L

6. WFIERE

() wrgefkaEs

P4 EE (FUCHI Shingo)
FILFRERE - BLTEE - HEHE?
WM& 60432241

@) Wr7esHE 2L

(3) WfERFIEE 7oL




