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Luminescence properties of CeF3:Eum'investigated

by high resolution laser spectroscopy.

Ji Hye Yoo

Graduate School of Education

Pukyvong National University

Abstract

Luminescence properties of CeFsEu”  are investigated by high-resolution
laser—-excitation spectroscopy. More than five lines corresponding to the
different crystallographic sites for Eu’ are observed in the excitation spectra
of "Fo — °Dy transition at 12 K. The 'sharp lines at 577.6 (A), 577.9 (B),
575.3 (C), 579.1 (D), 5794 (E) show quite different behavior in
comparison with the broad band in the wavelength range of 574 ~ 586
nm (F band). Upconversion emissions in the wavelength ranges of 426
~ 452 nm and 340 ~_ 390 -nm are observed as the five sites (A to E)
are selectively excited, while no upconversion emission was observed
for the site with broad F band. The results indicate that the sites A to
E are attributed to the isolated Eu’ with different crystallographic
symmetries situated near the Eu”" clusters and the site F with broad
band are due to the Eu’ clusters. The pump photon energy of the
upconversion excitation matches with the transitions Fo — "Dy — °Is. The ions
in the 515 state relax nonradiatively in cascade to the lower levels causing 5H3
and “Ds levels to emit. The origin of different crystallographic sites and

upconversion mechanism of Eu” in CeFs. are discussed in detail.
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pumping g F M A7 o] A (Spectron Laser System, Model: SL400B/G)Z
o] 7| F o= ALEstA . A A E ExcitonAb®] rhodamine 590+610-% A}-8-s}
At M #HolA wR7Ie wWES 1279 rhodamine 590-63.0mg ¥}
rhodamine 610-30.6mg = Y +«tl. gl AAdgold FE7]o WeE 1
2 o rhodamine590-30.4mg ¥} rhodamine 610-124mg & Y+t A5 &=

S 919 el A et
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™32 AY AA =0t NA:YAG #HolA=%E Dye #HolAE A
He= #olA beame & MlolA F Z#= Azt sives A&
Ml ®EALEL F= AL M2, slit S1, @2 L1 9 Zg5S AAHA A=
zozlg, & dde 71 Mle F34% F A& M3, 1/4 A
(waveplates), 332 P, A& M4, A% MbGE AAH, d4=5A7] (Fizeau,
Model: Wavelength Meter 7711)2 QAFE o] 345 Fels=d o] §H ).
ANgold WEyE i3 W= L2 L3, filter F ¥ slit S25 Ax Bx4A
218 (Acton Reserch Corporation, Model: SpectraPro-750)ol] 4 X & %l
g3e PMTE Agslo =ZA 7|3, A& ~33 (LeCroy Model
93100 A A A computerd] d=E=o] Al 2D 7|EHO, AL FH FHY
L= 2% A o] 7] (Lakeshore, Model :.330)2 A}g3to] Ao, =A 3

o AL e fste] WA AL 53 A Ui FE A =
2 Boldh 4 ALFAE Agete] 2R g WA 200K7F {9 A
< A AA] JF dEE Fay JF HE TS A AZG 2
2 AL (12K)0] = wkx 7k, ALo) A oA el HE =R L
A 2L gk o}
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“ﬁ%ﬁ.--- ------------l§3L4 Nd:YAG Laser

€ ' r
'L =
Computer Wavelength ' *
meter 1w
: Dye Laser
1M1
Aﬂ?‘*'714*'
| Temperature |
Digital Controller | )
oscilloscope )
l
|
P Mono 1 -
MY chro | S
T mators :
i K M
] °
|
o
Prisms Power meter

M1, M2, M3, M4, M5 : mirror. W : waveplates
S1, S2 ¢ slit. P : polarizers.

L1, L2, L3, L4 : lens. F : filter.
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WA QArEE ol Ao F97F AARA 49 VEE Agate] F4q)
o oAseel4 Aol A" WX star a9 3244 L2 L3 A=
2 g3e veazuge &9 REd ANGES d=E 2P do. P
FUH Rio] FAHEES W) oV ANEAL AT Wi Leaw
HE Agate] 222 3 mmz AAHA 44w

742 (300K), 200K, 100K, 12Kl A of 7] 3p43 w&eqivt. A o] A 9
WS WA AZIHEA AR 2520 AZF7] A (time-cursor)E 0.2 ms =
SEAth A Hel A s T dske 3 ol9f e gL Al A
590 nm TEE AREelAaL, ojw L2, L3#El=E o] &30l 725 A6
. PMTE 60022 F3FAZth Ay oelAe] u4wstE 300K, 200K, 100K
M= 20 nm/s 2 93, 12K A2oAE B A3 A52 47 Y3l
A SAEE 01 nm/s Be SEZ HMSATHA =45 AT

Blo] 3 WMgA7IEA SAAY. S5 200 pmE A8 AT oA
Z2aFEZ) A AN HAE 3500 psol AL PMTE 60002 8%

HEaAEdSE AT dels ZHE AMSeA @t ExaRvEe i
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4.1 CeF3:Eu’'? "Fy—°D, o7] 2" &

a4-18 12Kl A =43 CeFyEu’ ZAA 9 o7 ~=)

m
o
o

o, A A HolAe AL 574.0nmol A 583.7nm 7} A scand}H &

L

SAsAd. 4 A-EA3 FA (monochromator)e] 3 & A x5
zero-orderel Fal A 55l 5, ARAA A= ReE HF

(total luminescence)S PMT = monitoring 3tdA o 7| A& 2=

SHA T 1¥4-1a o o}7] AFER A 581 - 582 nm Al ©]

o
i
flo

M=ok A 549 Fpo"De A7 HBECG, 7o A 5776
nm, 577.9nm, 575.3nm, 579.1nm, 579.4nm?°] ¥ X sz Qli, o I =

=< 44 A, B, C, D, Eekal EA S Y. 7] 2HAEHAN |2

S 2ol 574 -nmolA 587 nmo kAL WA BRI o
581.5 nm 9 583 nm F<rol A Fol Z A BAT, 174-13
Zol 'Fe—"Dy Aolel 93 o7] ~AdlEg] A FE 2 CeF; Z
Q4 &o EAstE Eu’ ol29 Ao]E £E uyedlt, & Eu’ o
o] CeF3 274 FolA 19 4-29 o] A 714 A= o2 37
| 5o 37l wEel 5709 AT YE

Aot} Eu °] & clusterel] 93] dAE Aoz o Axr},

1py
2
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a¥84-1b
a3 4-1. A A 3F3F (total luminescence)SE 12Kl A

monitoring® CeFsEu’'9 "Fy—>°Dy Aol9 7] ~2AEF
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Y 4-2. Energy level diagram
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4.2 AolE AE A o7]d 9% BE AFEY

4.2.1 °Dy >'Fy Aole] 9@ BE 2HEY

18 4-19 12K Foe—>"Dy 917] 2~ EZ A #ze 5719 Eu’Alo]lE
A (5776 nm), B (5779 nm), C (5759 nm), D (579.1 nm) ¥ E (579.4nm)

S M dolAe RS EEHEA A7 AelEES o]7]dte] 585 nm

AA L foollv A dde) Thedk Aol =

W
AR A APl EVE BRE APO]ESE o] dke] gtk o] oluA 7t e v
2 AelE A, B, C, D, = EE AEET. A AloJEdA HE AlJER

(E= 22 A AolE) olyA] dde] 7hesta F A

ﬁd
o
lu
H
iy
)

>
>
o

m

o] el o5 Ateole] oy HdEE VAT 5 Advk #F

A "ol B 2% Ay o)L Foz HArE Eul': CeFs

A e’ Ael 9k A = o] (substitution) ZA8F% 93l EA) (interstitial) ol
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T AolE o] o] M= o]feto] EAT G T = vk AAAFA

o

T

§4eol A H7kE Eu’ ol&olghd o] 2o Ay shAA FF 2 Ce’
Aee dAetel AN AolH, Eu'e @ A HYE AlEE AAm
A4 WAAE C’ AolES] AT 2L C ANY Aoz did
th el B AT CeFaEu’'s $§4HoA A4E CeFyEu’ ot 2&
~HAEY 54 HAA g AL & F Aok

ado A De—"Fy (J=1,2)0ll diFetE ol A A Folla W
A Vet 349 wag 77

(©:599.8nm)&t & A5tk

®

, ®, © (@:594.6nm, ®:597.5nm,

06 594.6 599.8
¥ 4 5975

= %5036 595.5 E
c o
S
2
8 044
>
=
7]
c
[}
2
=
(D)
=
S 02
(&)
(7]
(D)
£
IS
>
-

0.0

T T T T T T T T T T
585 590 595 600 605 610
Emission Wavelength (hnm)

a94-3. 12K A 242t A, B, C, D, E Ato]Ed A9 W& ~AdEH
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4.2.2 Upconversion %= A9 EZH

74zke] ApelEg of7] S W 1@ 4-343 Fo>"Do delel 83

rr

A (577.6nm) % B (577.9nm) AtolEE 7] st Wl ¥ 4-13% 2
= 7] Ay A BHop 22 oy A9 ## (Stokes emission ©o]2F3h)o] W
= 2 Bnk ofye} 1% 4-49F 4-53 9 o7y A KBt 2 upconversion
P #AFZ3UY. C, D 9 E Ao]EE 978t upconversion ¥ -

29 4-49) 459 A, B Abo|EZ of7] @ st A¥ERE %9

i
ol
ol
2
=
=,

ol

T w9 sttt 1y F WHEE 7] 8t upeonversion 32
HEEA GAurt L7 4-4 9 4-5914 A9} BAIOJEE o 7|sto] A& W
= 29 EYE Stock's WE I M I7HAR A ] T LA

2% 4-49] 420 - 460 nm 37 W el A upconversion< 429.4, 431.2,
432.8, 4364, 4425 2 4509 nmelA 27k ek on Eu’'e 5D367FJ
(J=0,1,2..) Holel t-55= FFo|tt. I8 452 340 - 400 nm & Gl A
£ 3526, 359.1, 2 379.9 nmelA 3 A7k veton  Eu''Y °Hy—F; A

ofel f&H+= ALz oAz,
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Luminescence Intensity(arb.unit)

4315
204 @ 2 436.4
E 0.5
154
o
£ 442.6
E 450.9
10- 0.0
) wn s
4&8 Emission Wavelength (nm)
54
04
| . I y | ! | ) | 3 | !

425 40 4% 440 445 450 45
Emssion\WWavdength (nm)

I 4-4. 420 ~ 460 nm %G Dol A2 upconversion B %
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Luminescence Intensity (arb.unit)

6
0015- @
- 39
Q.00+ H31
N1
0006+ X0
Y

R

000

¥ T -1 %l A
A 30 3B 0

EvissonWadength ()

T T
340 400

a9 4-5. 340 ~ 400 nm %G 9ol A2 upconversion B %
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4.3 A8 H B o7 &=

)

3 E
— ™

Upconversion 8339 mechanismS <& © ®2437]935t9 total
luminescence”} oFd W3 3RS A€l A0 monitoringdstAA Fo. Do

7] 2HERL

5\
o

3191 t}h. Total luminescence: Eu’'7} e mE &
%S monitoring 3t %ottt WA total luminescence®] tdF o] 7]
2~#HE YL upconversion 3333} Stoke's FF F JHA HARE BT X
& A "Bk 294-3 ol vEY J3 F A °Dy =Fy(J=12) FFel
AFsle @ @, © FFS9 7] 2FEHo] a7 4-63 o] FAHHS
thoo] 29> 1% 4-1b%k Hlwstd 4-1b°] F wh=vwk Wi A B, C, D
9 E 93zt Abebx 2eFelnh. ey 4-73 4-89] upconversion 3 3% 9
o7] 24 EHLE F Mg AL A B, C D, E Jag &&=y, o
A °Dy —»'F(J-l2) B#< WS F WEo] ¢ oli A B C,DH¥E
ALolEE 7] & wvkiupconversion %S AGLE, HAE A NS

F

=3

=
= CeF; 24 <ol A cluster @8 o Bu’ o]&ol o3 Roz Azt
th. wptol @t Eu''s CeFs 24 oA wadd 2o dud 2
57

Fol At Mz 2 A4S 7 o] 252 cluster2 4] 5}

et e

o

|25 Afole] oux] Ag mEE oA 3ol Ao} °Dy.'F, @]
Attt 223l o] cluster WolA & upconversion®] dojuA ¥FSS &
T AT o]F o]&& ESA e A3 FA4 ¢ Fole sink7b Ao
ESAZ 7] & oduyAl= vAL Mol AF S AA 7IAGHE ol v
s 4 Aok 28 Y upconversiones Yo7]= A, B, C, D ¥ E Alo]E9]

Eut o] &8 cluster 2o A3t ESA 9= =ddto] E’' 9 ESAY)
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oAt ouA = WALl HAHE AA VA dEHE solva & 4 i

0.6-
05-

04

03-. @

01-

Luminescence Intensity (arb. unit)

00—

T o] _ % T T 1
58 50 B2 4 5%

Bxitation Wadength (nm)

T T
5/6 88

¥ 4-6. °Dy >'FJ=1,2) %9 o7 ~2AEY
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Luminescence Intensity (arb.unit)
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Luminescence Intensity (arb.unit)
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44 F3%9 8%

Upconversion 2 Stock 332 FHAIMS FAA Y. 29 4-9, 19
4-10 2 29 4-112 7+7F °Dy — Fy, Dy — F) 2 "Hy — F; 839
FH A 7bolth. "Dy — Fy @39 FHAIFS 480 us oW, Dy — Fy 2

Hy — F; 83S 7b7F 300 s 2 7.6 us ojth BE A o] FHALS

flo

o)
(-
i,
by
r‘VO

o
32
i)
£
rle

G4 A2 ey 27 Aol rise time
upconversion A o] ET7} ol STEP 9% wajEc}t. wpels Eu o]+

@ e A Foskel Do AHE o/ Ha A6l Eolow e %

A5 FFste] Pl YA ESAZE dojdti(a g 4-12). LE o7 | o]
2o olgdEHA ¥y ZE ypconversion FFLS WEFA HE Aol

9.11882E-4
3.35463E-4

1.2341E-4+
4.53999E-5

1.67017E-54

Luminescence Intensity (log)

6.14421E-6
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Luminescence Intensity (log)

Luminescence Intensity (log)
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184-12. CeFsEu’ AARANAN9 STEP #A upconversion
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V. d ¥

B =R A2 (12K) oA Eu’ 7} o] & F14 w2 doping
5017 CeFs Z2AoNA Eu’'el 354 S Aol Adls oA o7 &
Mo g zAelgth 567nm ~ 599nm W Fo — "Dy o17] ~HMEHY
ol A 5719 HdEo] F2 IA(A B, C, D, E)9 W2 H=EFE &9
th ol HAT 6709 ME t2 @7 Eu’ 7 A8 & 5 rh
GRS AEFE 7O A e AR gE Ao]JEE of7]ste 345 -

390 nm T 426 — 452 nm ©° 9o A upconversion & #< #HZeY ). 345

|

a5

- 390 nm 9% "Hy — Egdolo] 1426 - 452 nm P9 Dy — Fy
A olo] 9] upconversion & #o°]t}l. o] upconversione FH Al 7bo] wd
A2 yebb e o]= upconversion®] STEP (sequential two
photon excited process) A U= YEFWHTEE Upconversione AdlA E 7}
A 5 ARelEE o] wivl @ EHGY F O WE=E  o7|sH

upconversion o 3Fo] FEE X Fokth. Upconversions 9O 7|4 &= 4

& M= Eu’' b CeFsollA] ek (cluster) & & A @t =452 vk 24
gt A% annealing HA S A Algo tis] s oo gk,
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