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Luminescence properties of KMgF3:Sm*"

and KMgFgISm2+ILi+ crystals

Seong Wook Heo

Department of Physics, Graduate School,

Pukyong National University

Abstract

KMgFsSm®  and KMgFsSm™ Li' crystals were grown by the
Czochralski  method and their luminescence properties have been
investigated by site-selective laser spectroscopy. Five lines observed in the
excitation spectrum for the "Fo — "Dy transition of Sm® are attributed to
Sm™ with different site symmetries. The two of the five sites have been
intensively investigated by adding Li~ ions in KMgF;aISmb and by UV
irradiation on the KMgF3:Sm” and KMgFsSm>"Li’ crvstals. The Sm® ion
substitutes for a K ion in the KMgF3 crystal and a K vacancy is
created for charge compensation in the vicinity of Sm*'. Different positions
of the charge compensating vacancy give rise 1o Sm® with different
crystal field symmetries in which Cav and Cov sites for Sm*® had already
been elucidated. By temporal and spectral analysis of the Sm’
luminescence, the doping of Li' ions in KMgF+Sm® crystal forms

newSm“ site. The Li" ion does not substitute for the Mg® site but for

_vi...



the K' site. When Li" ions are replaced by K' ions interstitial fluorine
atoms can be introduced into the KMgF; crystal because the ionic radii of
the Li" ion is much smaller than the K ion. This fact results in the
formation of Ha centers (F: molecular ion) by UV irradiation on the
sample. Sm”" ions associated with interstitial fluorine atoms are responsible
for the Sm™ site (called site E) corresponding to the excitation line at
68255 nm due to the 'Fy — SDo transition. The peak intensity of the
excitation line for the E site is considerably increased by UV irradiation
(355 nm pulsed laser) at 10 K. By increasing temperature from 10 K to
room temperature for the sample uradiated by 355 nm pulsed laser at 10
K, a numerous new peaks are appeared in the Fy — °Dy excitation
spectrum measured at 10 K. These results are ascribed to the hoping or

reorientation of the [F2 ] centers about Sm’" ions.
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3.1 A93A 2 Uy
311 M4 o)A

B AFo= s 427t H1 AHHol 3§ grazing-incidence
configuration™ g zt= A gelAZ uwrEo] AYel olRstFov, 1 #F
ArE 19 319 YeEri Y AR S polarizerE A beam  splitterol A
F o7t el wew gednt polarizer® ZWE Fa s wballel vl g &
WAl 2 = lr} oscillatorel]l $JAFE = ¥ 2 amplifierel]l AME < e A7)
&S 372 Astdch 5 o7tee 9 & 7t A% AReto A= |
A HEE § oscillator dye cell& B} o2 & 7pe 2 A L300 A v
AbElo] Al Z2e0 A A 45k T amplifier dye cell& B3tk oscillator dye
celldl Al A HPF5 FollA ALZ2d FHOR (A= HFE HEAlH o]
Aol Pgabate] whdpdakQl s d AR Atk o7l ALZE 2H 3
o Ag2eA e grAL o] # AR e AE Hg SHs] dAjA

7k BEAAR YAEE Hae] P e ALITo R AR T, ARE
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lens
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amplifier dye cell o5& REALET, ALIFCE WALY = RIES M2 H4
o] HlHA AAF FAYL] (Mid wet GE)E PAEA HHAG AL
1o Fe] & ude] ¥yyrs ddsie AAAE A HHARAITE o] HF e
T 3 FAAANA HHALE o] oscillator dye cell& A A1) dALEHT o]
A EARstA Aag s3be] &4 AE2 — oscillator dye cell — 3 H A A}
— 7181 — 3AA2} — oscillator dye cell = AHE2E 9B 9 7hEA |
A dleo] X Fo] grE AT} o8 A ThgolR Ho| MRS sldAAANM URT}
amplifier dye cell2 YA = =Hl, A714 2z HGdle] olaf FEH o] A7z}
T 51 2 ool Ago] whEoi AT oA TE ol ARYE AZ4E A
MEol ol &}

312 ¥48 4¥EA
i Fale wHelA £33 Aaje Abgetd dEE dAsHn, ddEA
AL 2¥ 32004 derdAd o AYPAAE dolA FA R AoRE

(NA:YAG laser, dye laser, dye scan #|°f7], ye scan Ao]& PC, mAHA,
Azaza 2 feaAo] (Ag g A xd) B (A&HA, s #oir],
#A-F chamber) ¥ 3 #F 9 F3 F& (GNFA, GAZ3A Aoy, PMT
ZEZ7], 83 A8 PC, digital oscilloscope)o 2 FA & et

oAl 2glof A A}EGE A HojH e HA Fo]l 5ns, F BA AFrE 10

Hzolrl A £382 50 mJelAdvt & 7bH H = 400~990 nmolar = A
FAb (scan) X 0005 nm/min o}tk A Ee 5= 10 Kol A7
Al ofsk Erb‘] Hoalzaele g1 £ do]ld ¥ AAREA gRs)sol

001 A (in 500 nm)°] v}

313 AEuhy

B AZRE Agtel Ael ol
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.
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HA-e Wy HNUsEE 13T, dye scan Aloj 8 HAFHZ M4 ol
HRe AE Weoa WA FIHAN delHE ARS ZASAY. o o ¢
Hyli= vl AlEE PMTolAM A7)H 2l&& vy 3, o] A3 F oscilloscope®
BEsAs 43 Aold PFHA IS 54 g iz g7 AHE
He =AY de 4 AL HFEE monochromatore] IEAAE £A
d o] shgo] wie}l & HHAAALE A8 3 monochromator?] A= g}
48 54 g sgexm wro] WENE o JhA el FHa FolA
kol sbgo] gubs Mysie s d@rh t1 9 %) A o] g, ¥
Fol 54 q4s delstAL £y Fgste ofF vy AAg IsE
A7) Yated M #ol A S 0001 nm/s =S S5 E HIA A
(2) $ErAE7] £4

Dye scan #AFEHZ M4 #olAe mds EXS el uAsti #olA
2 AEo xolWA 1 o) WEHFE H3E monochromatore] YA 21
i H3 Aog AFE R FFS el uwel Az HrH Nz vy
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Z2A4E Y M YAG laser §lo] Avtzd of a4 2 & WAL A& HE
s Fub 193t YAG laserolA W2+ 355 nm laser® ¥HAF AL 1, 23
S AFH Ao A7 2k 2381 & ALSE dd AHE AYFA dye
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Al Zs =AY AbsbEc mebs B4 E 248 AAdATE AE
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O AARE O™ 340 Jehuddg 24 s 3@
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He Z oA 78 1 Ar 7JAE AY 2Tk F7) F9) Ak 2o
27 Aol afel A Aok} wrgats Ag ur] ¢3 Aelmz AFES} &
42 2oh ada Ar 71AE AY WE AL AEAECAM e Agst
AAZE Eobe] FwralbiE 2 JAEky] 8 Aotk FaW BaE wv
b geb e Bae 2Aw gdbd F ok Ar 71HY HE 921 mo o
= QY Y Ae wg olegjd oA e z=A stv] daiAoltt. HE
91712 el Ar Z1AE 15 Kgflem™2 A& F WzH4E 753EA 650
Tel xollal 8 AIZF S+ A% stk 22 Fo| Aloke] A= WA
b wFoldn FF57I7F WA HA b Aolo] Be W FIhgo] A7)
N A Bzt o] §A AR

Aatat av)o] ZAr|greod AE =43 KMgF, T4 242 24 &d

£

nAsto] Aol & mrHYE FH7I2e WAdd Axv Ed F Ar 7] A
15 Kgf/em™2 a9 2o

Wrta a2 7lselya] 2% Fd Zgade Malsled 200 C/1he &%
2 o7FEskedd 900 CHE 2 T/lmine) £ 2 A &3 7tdaulr T
of Alekah BV e whe] AelE Fo @A BEsdcd 910 THE #4712
Well Az Edol Fubstyl Al Tl 034 CHE] Ajeke] 7] A =g}
o £28 934 Tol mAsIACE 6 ol A Aleko] kA Holom A
ol gro A Fo] WED YA 30 W vIE dA 2L E FA I}

i

rfU o

FTAEUE Wl T Ade qwe Egi

A8& AdsN AgA SRS 3 mvhE %Rl T 2RE 05
T/m o] HEw welWA dde F#/1Z #A shEA stdv. ok w0 ¥ ¥
A e dAatu A7 AR dque Aes Folsto] A
o Aol Auweld 3w wAHAE W AHE FA Fasdch 4o o
Aol Al Hel® F 650 T/3h — 20 C/4h — 20 T/10he} T2 aPo e et
vk WzstEs vF e shel Aol Aol HA Ay "

FAY2IY R YPAT KMgFy 448 dehdo] 47 wekg 7hal 74
g Advlgolh iR o ofAREod i ol HE WERE A
Apelel Aol F& Ao bdvh 1AM 1 Abele] FEE %lfsml o7

3509 ol % Wkl wob WA E 4vl Wtk KMgF, 2748 %3
58 sne A% del ArAZA ¥ oNel 100 %8 8RS S
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P8 Bl vl HE H flolA Antatdth dRbAlY WA EAME HA 100
%9 AEFE LG F dAuid AEE AL HHAAE AHEd 19
35A A Ag Zrid 4t
NEE Edo Y o AladA TAHE 23 H=
7] wro g whAlgl A &) et #3 Ato Fos
EoARY F dde] # HES F7] it HEF HJAAE
ZuF e Foen T HEoMn FHAe FH A F AL FH
JaAE AHgEd 2 AdxAT F 28 olgsdd = &
fos]

A RE Aloldle o ddo] F He HA 22ES uEF
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4. 4
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4.1 KMgF3:Sm>'¢] 47129 EH @ EAvdE Y

a9 412 10 Kol 8% KMgFaySm® (1.0 mol%) 2A 9 or|AsEe
olt}, ~#MERY %9 7} gak Sm¥ o9 F — Dy Hold L3t A
olty, 1ol HE ule} o] A mart 571 eIt 2 glze] g
3 A3 JEZYMEH AdE A B C, D 2 E Z&12 32 Sm* o} &g
Dy o TR 9= AAFA Hold BEHr g w9y Z29oth M F
— Dy AMold o9& orjamER A FE T AA Fo ZAstE Sm®
o] FF =F *}OIE 2 Y™ = g™ o] 2] KMgF: 23 %9l
A 571 M2 g 87 & o Q7] "l 549 sAart vebd Hol
t}

3% % ..= total Fluorescence

Fluocrescence Intensity(arb.)

O' | J_CDli

679 680 681 682 683 684
Excitation Wavelength(nm)

7% 41 10 KellA] Ax® @l g Fy - "Dy el
A7 2= EH(1.0 mol% Al %)
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‘\ ,\ AB80.765nm
g
[»]
g B:680.838nm
>
")
C
2
£ C:681.237nm
3 -——JL—JL
C
3 ﬂ I A
a D:681.340nm
o
=
Li
AM E:682.555nm
N 1 " 1 //l, | i ! 1 i 1 1
690 69 715 720 725 730
Emission Wavelength (nm)

219 42 10 Kol H Fy — "D 7] Al KMgF«Sm™ 2A 8 Ty — 'Fy dolol
Nt WE2HEY $3 HFE 7 site o o7 goth

19 41004 Z szl wBRg M dolHE or|se d& FA4e wF
~#E-e a9 429 #vh 690 nm Fe HAEE Sm 01%94 Dy —
F, dolo thLetE ABSo|l: 720 nm H9 JIAES SmP o] Dy
— 'F» Holo] &3t HFEO M gAY A B, C 3o gt
gzadeEde of ¢ HNgdg g3g Yo, D, E 334 9% wEs

° o

1%

% of a2zl dystA v gtk 2
43¢ KMgFiSm™ d#4olA w#&de @3 F9A7eg. A, B 5z 2
3 s AN zHzE 168 ms, 184 msEA vlad Z2AA ey C,
E 9]7o] o& ol puAzbe 7hzh 202 ms, 229 msEA AHo=

N Do
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A 168 ms
B: 184 ms
C:2.02 ms
E: 228 ms

Fiuorescence Intensity (arb.)
o]
T

L : i
0.01 0.02 0.03

Time (s)

29 43 10 Kol KMgF«Sm™ A4l Dy — k)

Adolol thgat BRSOl ABAE

A vhebxkch D oFlEel o d gl A gael A7)z oA
HatA| watgdot o7IME A, B #ao oF @2
S 2 o5 g gurH o giAMde] x&FE T L
Aol weFZ FHATe #o FolM YEHAT PESHELDR
b oun 29 YadAn 4B Ads wE 7 29
stolo] ol A& Hgste] BMFozM A B % C Had ;
7k 2328 M MEE Cyyv, Cov 2 Cav AtolEo] tigdvhs ZHeo] on
Foll ols WA k.
—l‘d 44% 100 Kol 48 KMgFySm™ 242 o7l as ko), 2w
zale] 7b wai: SmY ol 29 "By — "Dy Molel tl&ahe Aol gl A

o]
=

4 ru!
Im
T,
b2
5N afn Az £ de

Wi nhel o] MTo] vha W& ®org @ Az 6 e gk oA
sloh wpabA whgo@ S a b, o e fol WA AelEx ekelA
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0142 |

s o Total Fluorescence

Fluorescence Intensity (arb.)

693.0 6939 694.8 6957
Excitation Wavelength (nm)

% 44 100 KM WA g3el ol T — Dy delel ofsjauey

(2.0 mol? A &)

ATE Cpy, Cov 2 Cnldl, 2ubell s doll th&38hs Aol EE cubiceldt=
Ax A avkae] vhel up o Cubic AlelEel tigshe AW WAk
Ty — "Dy Holo] r)amER (2@ 4DeME vdeldx g3 Fy — "De
dole] o7 AHEY (4% A4 AR debd A A A 23 HEE A
oko by mRoltl (2164 #FF). iy 19 419 o7 AHE-NA D
e} E ¥ ztol] ofgh %‘%OH o) &5l AtolE= wakel A gte A Eatech
237k Sm? ol&el By — Dy £ T > Dol e HES ofvjad
g oele amuasg AFEEr. 29 455 10 KA Sm® ol&2 Dy F
98u osetdy HHI Ao R Fo — "Dy dolol 2= orjAHEY
olt}, oA zb ¥aES AFHAMREE AR A, B, G, D, Ei=

1
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Fluorescence Intensity (arb.)

x I 2 1 8 i |
623.5 624.0 6245 625.0
Excitation Wavelength (nm)

29 45 10 Kol KMgFaSm® 232l Ty — “DyHole Bfhgshi
ol 7] 2 W E Y

FAEAT. 7t Ha3o fexe wEAAEAL 79 46904 ehNUT
Al 21’ 490] A 9) ﬂﬂﬂﬂﬁ AHEZ FolA 600 nm B9 HHES
Sm” ol 2ol "D, — 'F, Aole]l WLt S0 720 nm B9 WAL

° Sm’ 0]—‘&"] 5D() - Fs ’HO]Oﬂ EH"S—EE 55‘%%‘-"]‘;}. LE],J_ 680 nm F

o .18,

— )\ = [}
s %} A0 5 e A9y 3
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? 9% ==
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Fluorescence Intensity(arb.)
[ O

1 . 1 . 1 ; L ; 1
680 690 700 710 720

Emission Wavelength{nm)

1@ 46 10 KA Ty — Dy 9471 A KMgFeSm™ ¢ KMgFySm® ' Li'
Ado] Dy - Ty Aol dddt WEaAEY

olvh, el ¢ B et 23
Do o)w @ae) MEaHE
42 FolMd 2e Refe %L%/:_.
) AL e ST, 100 KA TF — Dy o149 elske Az e
WEA~AEd oA cubic A].o] = o) EH%E] s olgbi= Ao o] ¢lEH 9
L—_]__H A BAire i of b dhE R A e 7F0 — T)o Holo o] &35
Ar|~mee o D ¢ E ¥ o F#g rHetA g

2% 472 10 KollA] 228 Sm® ol %o HrtrLrt A2 o2 AR o
Nrmeoln), Aol HEE KMgF, 240l ##z Sm” ole&g 77t 03
mol%. 1.0 mol%, 2.0 mol%® #H7stgch 2ol Wi AXHE C D A2
o o]sh e A B ¥ ou d@much vzt wl$ ofs #ut ojujel
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(a) J k Sm¥'{0.3moi%)
e, N
A

(b) J U E  sm’{1.0mal%)

Fluorescence Intensity (arb.)
w

(c) '!l} Sm**(2.0mol%)
Jall

e e (. U o S U

1 L ] . 1 L 1
680 681 682 683 684

Excitation Wavelength (nm)

12 47 KMgFy 442 % Sm’ o]-29 ¥ %9 KMgFsSm®
Aol me AsER ¥l

A7bE e SmY o] o] wwel o3 dakw A Witk SmT ool Hot

wirvh A8 (03 mol%) Wiz C, D #A2d g HFe A9 vehtA @
gk H7b s 57} 2 (1.0%) W Ays] Jdehdu, 1d D #aeel 9% ¥
g AAS QA7 A]cLO]] e}l el s 3 (2F 4.7 (b)) YGEREA
G % sAd (18 47 (). ol7lelA D F Aol 2¢ dFo] Sm™ o] 29
gt A A WEA glo] A= J’};O et dEd AaAs #F veldd 3
o] BEeo] wy¥vh 2u) Fobg uf A7) fds] glolA e @42 BrEl
b VB 7] wrAsl @ ade] o]lR o gi= Aol A HzA et 1
o AR ARG sEolpgitt 19 47(C)e AYS A A AT

WA s Eo) Aloks v ALER T oA AoRS AME @ Aolth &8 2& A
of Alk& ALEFAIRE Ajoke] X T plge] S
Qa D odsie] dlgebe A Al vigem
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Fluorescence Intensity (arb.)

J C
E
00 . . 1 N 1 N 1

679 680 681 682 683 684
Excitation Wavelength{nm)

=
-

18 48 10 Kol A KMgFaSm® (2.0 mol%) 2 & o]
Fo — "Dy Mool th Loty of 7] ET

& Ao ARG Haw D #art et @ AL SmT ool F
w7 £7kgk A Fad Aotk oy 482 A Aoz AAE AFAAA
A wHE KMgFeSm™ Alas oA Z33 of7jas el
N D A R weksel Bustth 2@ D v
ool vlFog FFHY LA e uE B 9% ¥

oZHE WEIyo 3 gaizll:} AA A KMgFaSm® A28 A4 o
21 ggl Alekel = T ol " o]lQo] Mol 9l Ao Rolm ARzt
spo.z Hhse] v 01 Lit oled e Alopubd tia g 4 Qv A
ol Lit of&el Aid o wol 4ol dod Sm’ ool dFE ¥
As)a 1@z erow A dgk AU Ao JE&E T @E Aotk 17
Mool FAE o5z ¢ thE HEE0] L ool ®
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42 KMgF;:Sm* 24 F Li' o|¢° 9%

stol Al D 9210 of@ Fae Aol vFoz gid 455121 ge ge
BEBo PEge we syt ojLomiE | %El%l% o2 FAHF}ACE o
5t Aol AN E #E]lalr] Yol KMgFaSm —_2301] Li" o] & %
hatel A2 e AR AANHG TEstel Lit ol&o] HWihHA AF 29
oo Wz wawstel Bgrh 1@ 49% 10 KolA KMgF;Sm™ Z R

Li" o]fo] #H7ts7) AF e AmoA FAHE Arjsndegiold L o] &0
H7bE]7) A KMgFsSm™ A& 9 o7 ~#leeds) vlastel vyl a3 A A
2 e veud gzee A Wz 5 oyt L oo Hrtd $9
A7) AMEANAE D H 2yt wo] AHS o] }_ aelx L' ol #Hibs
£g Z7lA9)w D sasc gagid o AR olAdL D Hax Li eof&x
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o 8
L] 24
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C A
Q
O
[ 7]
o
Q
)
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Sm? (1.0 mol %):Li"(2.0 mol%)

A
L 1 L 1 L | L 1 i

679 680 681 682 683 684

Excitation Wavelength (nm)

28 49 10 Kol 4 KMgFsSm” ¢ KMgFsSm' i’ 47
Fo — "Dy dolof th&3h= A7) ~H e vl
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o
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D:681.340nm

Fluorescence Intensity (arb.)
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5
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Emission Waveiength (nm)
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2 E v3c] 2f¢ ¥yge] wHFAHER (2
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