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ABSTRACT

700 nm red emission(Fs—"H,) in T ion with 800 nm( H6—> H,) excitation via upconversion process has been Jep(nted only
in host materials which have low phonon encrgies such as halide cryslals. However, we observed 700 nm and 480 nmy{’ Gy— “He)
upconveried emission with 800 num excitalion in sey eral oxide glasses which has never been reported. With spectroscopic analyses and
lifetime measurements of each eneigy level of Tm™ ion doped m varjous oxide glasses, following meclmusms are suggested, For red
upconversion, upconversion mechanism changed with Tin™ concentration. W]ule direct excnmon up 10 *F; level via anti-Stokes
excitation was dominaled at low concentration. (wo-step excllalion via HﬁH H4 and RH F, transitions was dommnated at high
conceniratlon For blue upconversion, two step excitalion mf:charusm up to 'Gy level was suggested as follows : electrons are exmted
up 1o *Hs with direct excitation with pumping hght up 1o “H, followed by muluphonou relaxation. and then additional reabsorption
of purnping light excites electrons up 10 Gy,
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Table 1. Glass Compositions and Their Fundamental Phonon Ener-

gies

Phonon
Glasses Compostlion (mol%) Energy
(cm")
Phosphate | 50 Py0s -12.5 ALO, -37.5 K0 1200%
Flint 50 Si0,-50 PbO 1100"
Calelum- | 51 - .36 ALO,-10 BaO-3 Z4O 800"

aluminale -
Tellurite 70 Te, -10 Na,O -20 ZnO 700"
Mixed-halide | 35 CdCly-18 CdF.17 BaFy,-30 NaF | 370™
Ge-Ga-§ 25 Ge-5 Ga-70 S (al.%) 350"
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Fig. 1. UV/VIS/NIR absorption spectrum and the ¢orrespon-
ding energy levels ol Tm™ in phosphate glass.
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Fig. 2. Emission spectra of Tm;0a(0.2 mol%)-doped tellurite
glass pumped with 800 nm n the range of (a) visible
(400~730 nm) and (b) infrared( 1000~2600 nm).
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Table 2. Number of Photons for Red Upconversion in Various
Glasses (Glasses are prepared up (o solubility limil of

Tm,0s5)
iﬁ;ﬁs Tellunite gﬁ;ﬁiiﬁé Flint Phosphate

0.02 L.06 1.08 1.06 -
0.1 1.07 1.08 1.05 1.07
02 1.11 1.19 1,13 -
0.3 1.17 1.38 1.22 1.12
0.5 [ 23 1.52 1.34 1.22
1.0 146 - 145 137
2.0 1.71 - - 1.52
3.0 1.80 - - -
5.0 1.87 - - 1.90

A 37 W A 2 Z2000)



114 A &

ToaOy7F AFER A7 7S, dhtel 42 HE
79 #4121 R, 91764 91712 ¢ e 2 anti-Stokes
excitation®] =}, 2, phononell &8l Z5HA A2 (coupling)=]

]
o gli= F e oludA] £41 F &% % 1("H4)§f_ o 7]
% FAFE 4% ABN phonone] HE el of3] A
FACEYRAA AF o7EHE AHE "] nlghc), oleldh
antl—Stokcs excitation®]] 2|3t Ho] FFe gt 7op P

Wanu-Slokc:(AE): WDe-mSH"kTME (2
o7l A Wes ZIXA R wlE A Aol ke
Boltzmann <=, Te 2%, AF= 5 597k o] o)

g 722} L’]“E]'Lﬂtq o= 1A A E2] phonon o] R

sl holnh $ Aela & & d%ol, AETE HETE,
23 A E2] phonon ¢NARFE FHE o] HEE F=o}
Al gE, Tm™e] °F, 299 *H, 914 AEE 2 2000
cm’'o)x, ThiE-Ee] 4kEE RElolM phonon SHA7E ~
1000 cm”' U 1‘”0 vt o, 7R R wel &F 2 ]
7 37H°l phonon FT& % & F, = 2R 047]%
9188 o = It} o= )& fluorided FElelA E
2 8 5719] phononel] ] al'" AL 42 phonon j]S_
2 3l= #H 02 phonon energy? £ ABHE feldlA A
wH A deld & gl= 7ol #, F £917 pho-
non AL #F oux] 29 FE 4 HEE 59
Bajo] 7hgaich Telludte G212 79- °F, £ B ol
2+ (4860 sec’ )@ multiphonon relaxation rate(10° secHVE
Erjz AN 23, °F, ©0 3% £ o 1 welth
Wil AlA et e oF 400 psE AlAkA ] wE] -
AW calcium-aluminate <522 A% ok 200 psZ Y
Ho] 3R, 99 ah8l F9191 'H, 9= dD 4T e
o1& coupling ®¢ e ¢ T Sl

Tm07F TEEE AZERE AL, 94 =9 vlst 2
o] T 748l FAE %‘FﬁH‘:‘ A7} AujE eIt} Fig.,
o=} E9)ERE OF, £92e Aelrt 7}‘56@- S5
2= *Hel R, 971 AdsS ¢ 5 3ok H; £919
2 5l =29 *p, 299 ¢F 2500 em’ zgza] SIE
ZolE 7T gle] BlEAF FHo) FEo] Fo} o Tl
¢l Aeolel| g G AL ZlHE7| ok F49, R, £
A= BF ol 4 Y ps ~1 ms LHS’H 7l ok
(meta-stable) =32, o] 2H Q) of7] Fhe] Fo «dF
3 Flo|7F HA Lojd & ek =, R, %—?]01]»’1 o]7 )2
ohA] gl FRale] O, £99% 04?’]? H aEAL dol=
F, #4278 ¢ i 7Bl B =t Fg 4
', 2o e] HEe Bx &AL H(1450 nm) B
*R,(1800 nmysh | wgk Aok, R %Wﬂvﬂﬂwﬂ1_
#FE& Rl 2991

I

Foz Bep R 2912 ﬁﬂ-%Eﬂ‘EQ-ﬂﬂ

skl 3t A

1800 : ——— ———r—T
1600 - o -
1400 o/ \ |
1200 o ]
1000 [ ]

BOO |- d -

400 © 4

700nm emussion ntensity (a u.)

zm L " 1 L 1 i L
o0 a2 0.4 06 08 10

Tm® concentration (mal%)

{a)

2000 T T T y T T T T
O,
1eo0F L \ -
1BOO | e
0
1400 -

1200

1000 { -

1800nm emission itensity {a u.)

1450nm emission intensity (a.u.)

&00 i 1 " A N L L N n
[y 0.2 04 06 aB 10

Tm™ concentratian (mol%)
(b
Fig. 4. Concentranon dependence of the emission inlensities of
{2) 700 nm and (b) 1450 and 1800 nm 1n tellurile glasses
pumped with 800 nm.

Lo olETe 9 4 9tk wek, R, £ R 29
AR VI AT $7 297 A8TE F S 2

I, 92 o718 A7E WA R, £978 BAF B Y
AL dolEl 3, of7lelM HA] oA R elldE 555
o] °F, 9714 715 A4 AA 700 ame] BT
Ae] 7hsd Aotk (Fig. 5.(a)

olelg 7175 S5 AN L oSt Y v
2.

E—(Dp0'24n;+W 5Nz ‘vVHl'l\—n 3)
E = (DDG 4N—“ CPHSN W ASD'}_E (4)
n n - n =
Rg:BT_:*‘EWCRHSN*‘PDUMM—E 5)

o714 n= 7 o= F91E L}E]"—“—_L’(Fi“ 5.a) ),
e pumping flux, o= > —l> Z47F 5 A, Wy
‘H—"F,2} *F—°H, 7t 23 s %hg(cmss-lelaxa—
tion rateys ZFzb o|olFlch H:gh Wt anti-Stokes exci-
tation rate, Wiz 5 =] HIEAL Hol HE, N Tm®
9 B2, 1= &9 EAl 3% 4. pe §E 2HES



le [G4
y ¥
F 23 *—— 4 "Fas
“H, ? T 3 IO "H
3H5 i ‘I' 3H5
IR, 5 °F4
Hpg ¥ L A ¥ OHs
700nm  700nm 480nm
Low Conc. High Conc.

(a) (b)

Fig. 5. Schematic d1auram of the upconversion mer,hamsms for
(a) 700 nm { F3 — Hﬁ) and (b) 480 nm( G4 - Hﬁ)
fluorescences in Tm’ “doped glasses.
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