Journal of 1he Koiean Celamic Society
Vol. 37, No. I, pp. 33~43 2000

S|EF flAo S| o5t fluoride FEIGIML] &AH AFSEMO| 8 A

RHe

!
AR e AFE - F5ER

(1900 8% 132 FHP)

.y

Co-doping Effects on the Blue Up-conversion Characteristics of Fluoride Glasses

Sun-Youn Ryou

Division of Materials and Metallurgical Engineering, Sun-Moon University, Asan 336-840, Korea
(Received Augnest 13, (999}

| H2lad HEA laserE 08T S A7) fiE

=
IEH U425 Hrkgk Fe21¢] up-conversion T 7] F4 2 o] 7
322 =Y & vk AEE TP laser FY Ao %‘Qﬂ E]F_ girh, B AFeAE S up-convertor 7S
&) phonon energy’t AThH o W fluoride FIE IJEF d45S B3 Irisk] A=zsl, od isHe &1 31E
4 AAEE Zgsilan] IEF 94 FGrle o Ak f4s w9eiarth S EER H4aES B AT 107
Z72] fluoride ‘TI‘E]EE B R e {jol%l.—_ e, '}fi'p-ﬁ W, AR, 291E 59 7129< fEe 2 52 £
& stgen. B9 J7k BBl 2% energy 474 F @At 800 nmrlS] pumping sourceS ol-E-8te] EEH S
AT JEE Bg Hrp 245 F, Yo Imrr 29 @7}51 ZBLAN -£2]olA 4480 nm)e F3-& dolen, 3
A Aside)l Haol 7 28K 0 =2 Houpr) fT B ”‘7?9 e 244 Welela Z2He Hr 2L 03 mol% TmF,, |
mol% YbFHE ¢ 5 iR

o r!o

-1n:_

l

ABSTRACT

Up-conversion of rare-carth element added glass is promising arca for short wavelength laser source by utihzing high power
semiconductor infra-red laser if the efficiency can be increased by proper method. In this study, relatively low phonon energy {loornde
glasses were prepared by co-doping rare-earth elements 1o realize the high efficiency up-convertor. The physical, chemical. and optical
properties ol co-doped [luonde glasses were measured. 10 combinations of 5 dillerent rare-sarth {luoride elements doped samples were
prepared and their transinon temperatures. chemical durability, density, hardness, refractive index, abqorpnon fluorescence. and
{luorescence lifelume were measured. 480¢ nm wavelengths blue up-conversion was found in the Y/ Tm™ co- doped glass sample with
800 nm laser source and the optimum composition for the most efficient bie up-conversion was found from the glass sample with
0.3 mol% TmF; and 1 mol% YbF;.
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Table 1. Compositions of the Glass Samples (mol%)

71F,| BaF, | LaF; | ALF, [NaF| Dy EiF; | ThF, [TmF; YbF;
DELI [53]20] 3 | 2|20 11
DTblf | 53] 20| 3|2 |20 1 1
DTmll| 53] 20| 3|2 |20 1 1
DYl [53]20] 3| 2|20 1 1
ETbll [ 53] 20| 3 | 2 |20 1]
ETmll| 53|20 | 3 | 2|20 1 1
EYI [53]20] 3 |2 |20 1 1
TTIL [53]20] 3 | 2 |20 1|1
Thy1 [ 53] 20] 3 | 2 |20 1 1
TmYIl|53]20] 3 | 2 |20 1| 1
YOoro s3] 20] 4 | 3 |20
YOTOL | 53 | 20 {3.94|2.96| 20 0.1
YOT02 | 53 | 20 |3.89|2.91| 20 0.2
YOTO3 | 53 | 20 |3.83|2.87| 20 0.3
YOTOS | 53 | 20 371|279 20 ‘ 05
YITO01] 53 | 20 |3.42(2.57| 20 001 1
YIT005, 53 | 20 |3.40(2.55| 20 0.05| 1
YITOL | 53 | 20 |3.37(2.53| 20 0.0 | 1
YIT03 | 53 | 20 {3.26|2.44| 20 03| 1
YITOS | 53 | 20 |3.14]2.36| 20 05| 1
YOITe3| 53 | 20 {3.77|2.83| 20 03 | 0.1
YO3TO3 53 | 20 |3.66(2.74 20 0303
YOSTO3 53 | 20 |3.54[2.66 20 03|05
Y2TO3 | 53 | 20 |2.69[2.01| 20 03| 2
YIT0 | 53 | 20 [3.43]257] 20 1

(999% ZrF, 999% DyF, 99.99% FErF,. 99.99% ThbF,.
99.99% TmF;. 99.9% YbF,; Aldrch Chem. Co., 99% Bal,,
099% LaF,, 999% AIF; Acros Organics, 99.8% NaF [, T.
Baker Tnc. A5 A
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Table 2. Vickers Micro-Hardness(H,) and Chemical DurabiliLy
of the Glass Samples Measured

H, (GPa) Dxy {% weight loss)
DE11 123 0.1433
DTbil 137 0.0850
DTmll 10.1 01258
DY11 14.7 0
ETbl1 137 0.0211
ETml] 108 {.5878
EYI1L 145 0.1121
TT11 123 0.2873
TbY11 143 0.0591
TmY11 11.9 0.1006
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Fig, 2. Vickers micro-hardness (Hv) and chemical durability (%
weight loss) of samples measured as a Tunction of ave-
rage crystal ionic radius,
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Table 3. Glass Transition Temperature(Ty), Crystallization Tem-
perature(T,), Melung Temperature(T)), Thermal Stabi-
lity(T=T,-T,) (°C). and Measured Densily(p) of the

Glass Samples
T, | T, T, T @) |
DE!] 275 | 348 | 483 | 73 4.3611
DTl | 281 | 348 | 480 | &7 43793
DTmIl | 273 | 338 | 484 | 65 13632
DY!1 276 | 48 | 487 | 72 43559
ETbIl | 273 | 30 | 48 | 67 43404
ETmll | 275 | 48 | 487 | 73 43783
EY11 276 | 351 | 486 | 75 43641
TT11 273 | 330 | 485 | 57 43677
Y1 | 273 | 337 | 486 | o4 43658
ToY1l | 268 | 338 | 4% | 70 43841
YOTO 276 | 345 | 442 | o9 43140
YOTOL | 276 | 349 | 443 | 73 43425
YOT02 | 274 | 347 | 444 | 73 43178
YOTO3 | 271 | 348 | 441 | 77 43153
YOTOS | 271 | 349 | 443 | 78 43213
YITooL | 276 | 345 | M3 | 69 43413
YIT00s | 274 | 345 | 4 | 71 43447
Y1TOL 275 | 348 | M3 | 73 43510
YITO3 | 273 | 348 | 445 | 75 4.3667
YITos | 273 | 338 | 445 | 65 4.3586
YOITO3 | 271 | 328 | 440 | 57 42871
YO3TO3 | 273 | 351 | 445 | 78 42983
YosT03 | 272 | 351 | 44n | 7 13024 |
Y2ro3 | 275 | 343 | 446 | 68 43522
YITO 276 337 4435 61
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33 BEZ 23 &7} =M9| Hspectra

Fig. 32 DyF, EF. TbF, TmF, 9 YbES 5744
AEF ionZ2 2 F7ek 10 7] 42 7913} 980 nm
excitation pumping source= Z4gr HWspectraZ FER
zlolt), o}Z=8 ZI7] tE Al YA setting TO=
ol5led wkzkel peakell Th5kd integration® normalization 3}
ck 10 72 24E £ 791 am excitation®] XM= 7 7€)
A0, 980 nm excitationl A & FRe] FAgolA] FpASE
A HHe) o] e FelErl ol F FA I
@] 480 mm® FEHS TmY1l sample]s] 7913 980 nm®]
of 7] Flella] B #AFEFen ThYll Al#alM= 980



HER H48 23710 21E fluoride SelelMe] A AlspdolEal 37

Frission {2 u}

Emission [a u)

Waveleng h {nm)

Fig. 3. Fluorescence spectra of various co-doped fluonde gla-
sses with (a) 791 nm and (b) 980 nm excitation in the
wavelength ranges of 350~750 nm and 350~700 nm res-
pectively.
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Fig. 4. UV/VIS/NIR absorplion spectra of (1) 0.3 mol% Tm
F; and (b} 1 mol% YbF; doped (luoride glasses wn the
wavelength ranges of 200~2200 nom and 200~1100
nm respectively.
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Fig. 5. UV/VIS/NIR absorption spectrum of 0.3 mol% Tir 31
mol% YbF; co-doped fluoride glasses in the waveieng(h
range of 200~2200 nm.
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Table 4. Energy Levels of Tm’* in ZBLAN Glass Compdred
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’F, 1698 1660 1695
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Fig. 7. Fluorescence specira of TmY11 co-doped fluonde glass
with {a) 791 nm and (b) 980 nm excifaticn 1n the wave-
length ranges ol 350~750 nm and 350~700 nm res-
pectively.
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