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Fig. 1 Energy-level diagram of Tm3’+

Fig. 2 Excitation spectrum (emitting wavelength at 810 nm)

in ZBLAN glass of 1.5 mal% Tm*" ions in ZBLAN glass
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Table 1 Oscillator strengths of Tm** ions in ZBLAN (300 K).

All transitions are from the 3H level

Line intensity (10~2°cm?)

Level transition A (nm)  f., (107%) Feu (107°8) S S A5
—%F, 1660 169 170 2. 479 2. 499 + 0. 0196
— 3, 1210 132 115.2 + 25. 1= 1. 413 1. 234 — 0.179
— 3, 783.5 185 190 1. 285 1. 318 + 0. 033
— 3p, 683
249 272 1. 506 1. 583 + 0. 077
’F, 658
—'qy 467 67. 0 05. 3 0. 277 0.229 — 0. 048
— 1D, 356 173 170 0.544 0. 535 — 0. 009

Ome = (2;(A8)?/(Ny — Nparam V2 = 0. 102 X 1072 cm?

B 3FE 449548 H7E 259 nm (*P;), 357 nm (!D,) Hl 468 nm (}G,) K F Tm*t BEFH
KICHBE ;AR BERMR TR —RBRW R RERELN . BIBEFRED °P.,°P, Po 3 s BB
% L, TR A9 & S AR AR R AY  iX R P20 B REZRAY PR HE 48 5T B IR E LY
T 'Zs BER A FESR S R RAR /MY . D BER AR TR E R Bl o' 1— D, FH BRI X P, T
16, M H, BB 738 R U E S AL R R 4 ¥ & D 5'G, B, °H o~ *Hs B BRI B2 [ B
¥ B, 3 B G *Hs (769 nm) , D, *F, (779 nm)Fl *H,— *Hs (791 nm)#E 740~840 nm KKK
DEZERBIA. B 583 (@) 357 nm 1 (b) 468 nm ¥R T ZBLAN 8 Tm** @ 'D,,°H, DA &
G R IEREREE Tm® KR AEL, NE 5 (o) B HEB IR KRB, HFAE
1. 5 mol % Tm** B BRI KR BE s T AE (0) H°H —*Hs KGR KEW'G—F,,*Hs R .38
HEEREE, Tm* B FZ RN — XX R IBENE LR FRER, W | ‘6,
*Ho)— | *Hs ., *HO L BVG BRI BPH- MR XM E R T Tm® BF M *H. kTR H. B R (B E R
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Fig. 3 Emission spectra of Tm** in ZBLAN, Fig. 1 FEmission spectra of Tm** in ZBLAN

excited at 259 nm (*P;) — excited at 357 nm (!Dg) ;---; excited at 468 nm (1(}y)
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Table 2 Radiative transition characteristies of Tm®* ions in ZBLAN

A A Ana B >A 7, AA a,
Transition
(um) (s™H (s H (s™) (ms) (nm) (X 1072 cm?)
W,—3H, 1.810  109.13 1. 00 109.13  9.160  196.0 0. 35
H;—~3Hs 1.970  146.70 53.9 0. 99 202.7  4.930
P, 3.517 0. 01
SH—~Hs; 0.791  622.2 0. 883 28. 0 0. 50
P, 1.405 62.9 0.089  704.9  1.418 80. 0 0.18
SHy  2.284 14.7 512 0.028 100. 0 0.32
>34, 0.683 1322.0 0. 842
P, 1.118 47.4 ~0 0.030 1570.7  0.640
SHy  1.591  198.8 0.127
SH, 5.002 2.5 0. 001
¥,—~H, 0.658  424.4 0. 490
P, 1.069  286.8 0. 331
Hy  1.461  146.3 0.169  865.4  1.160
SH, 3.912 7.9 0. 009
F; 17.953 ~ 0 ~ 0
'G—~3H, 0.468  518.7 0. 455
P, 0.646 94. 6 0. 081 7.60  1.25
SHy  0.769  388.4 0.333 1165.6 0. 860
SHy 1.147  123.1 0. 106
Fs 1. 489 32.0 0. 027
¥, 1.623 8.8 0. 008
D,—~*Hs, 0.357 5271.3 0. 349
¥, 0.450 7735.3 0.513 8.80  2.08
SHy  0.509 66. 1 0.004 15092.1  0.066
W, 0.649  860.2 0. 057 22. 0 4. 00
¥y 0.744  520.1 0. 035 16. 0 5. 74
W, 0.779  548.2 0. 036
¢, 1.495 90. 9 0. 006
Is—3Hs 0.289  674.8 0. 079
P, 0.346  4744.3 0. 557 10. 0 3.92
SHy;  0.381 34. 8 0. 004
SH, 0.455 1291.9 0.152 8513.1  1.175
%y 0.501 16. 1 0. 002
¥, 0.515  511.4 0. 060
‘G,  0.755 1193.8 0. 140
D, 1.526 46. 1 0. 005

INF 1 um FEREE T ZBLAN 1 Tm® i *H— F, fil’F— *He R RE 6.5 F 1.5
mol % Tm** B i}, WA WM B *H.—~3F, (1. 48 yum) BRIFE R Y. F—H B KBNS T 1,
FEIRM M R IEFHE (Adr = 200 nm) , AT BUKHE| ZBLAN : Tm** $OEZR7E 1. 68~2. 0 pm
WENEFLREEHEE . B 7 P4 H ZBLAN B Tm™ REX F—*H KT
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Fig. 5 Emission intensities of Tm®* ions in ZBLAN functioned as Tm?*"

concentration by excitation at (@) 357 nm ('D;) and (b) 468 nm (!G,)

550 B AN HAH N G FF iy v B, HE 7 B . BB AR AR I 9. 5 ms BB S
2 ms, i H R NIRERE No K F| 2.5 mol%y Tm** K& KAE , )5 FF A TR, T4 8 Tm*
BTZEfFE HREEBLRE. £ T R5F, BHE F 2RO LB LEMYE 7 GER
X B FEAER AT AR ORGSR E SIS BE 1| G Ho—| 'F., Fo; 2) |
"G, *He)— | *H,*Hs) 5 3) 1'Guy®He) = | °F4*Fo) 5 4) | PHCH)— | ¥F,F ) B4 b Bt 2 . 24
WG B ERTH T | 'Gu Ho— | *Hs,*H) W H, RRR A S 2 4, i+ 2) SR M/°Hs gk
OB FHOE R T4 B bl S AP 2 A TGS BMCHs BPF, BER L GF B BT g 1D
BACK, R #°F, BB RR TR AR RRATF — *He R GT S4KEE T 1.5 mol Y% Tm*t
B, B2 g 3P *He BRaE V8 I 2 H ,— °F, (1. 48 um) & Y6, T4 e B 2 H. F1°F, BN BB Y &6t
BEMETESR WU 4 SEEEB N Tm® §) ZBLAN & -FHEBELZT VBT E.

N “aEH — b e 7 8 B4R (A]
W ZHE T RSB W, War, = cet "0, H
Hoefll o B ERFEA XN EE AL
ERERIHBMEMHBEROGERMEE.
RIESCHRL6 ] P 3R AEE L P05
e LA Fos 5H RER 2 [B] ) Wwe (E B KT

3‘*'4 - 3”5

3 X 10°s™ ', Wi (HHRIL K T X LERER A - K,

%B{Jﬁg‘fﬁﬁggy ﬁﬁ%%ﬁﬂ&?ﬁ"?u T_lﬁ_ 1. 4 l.‘5 ].Iﬁ I'L':F'_ﬂllg 1_‘9 2.£D 2‘1}
3P2.I.0 ﬂlst.z ﬁﬁﬁﬁﬂ;‘fé}‘]i%ﬁﬁ, i s, Wavelength (um)

1Dy,'Gy, *Hay *Hs FIOF 55 BE DR W [T /]S Fig. i NIR emission spec tra of Tm** in ZBLAN by
._]: 18 s-! ' excitation at <1 um wavelength

Xt °F BRI T MM B A 5OEF ar sl Rk E T RS RS FHMEREBIRE AR
FeBEEN Wer = 1/7 — 1/, RIEE 7 PEEEE, TR 8 /R Wer BB M B 1A (L h
BXRF, KB Wee 5B N BIEH, B IE K F 1/R8(Ro: BT HIEE) , WEFA T #E48 0. 5 mol %
Tm** Bf B & 4 Dexter™ Fifii 5§ 1) Tm** —Tm** 2 B @ AR EAEA .



= N e W N

206 G ] ¥ ¥ , 21 %
100 )4 um 10 400)
80+ -8 .
300
E 60r -6 7 =
: E i
s = .
3 Y o 200
40k 44
100
20 -2
1 1 1 1 1
0 1 2 3 4 5 0 5
S No(mol%) N (mol%)
Fig. 7 Emission intensity and fluorescence lifetime of Fig. 8 Dependence of the *F, level energy transfer
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Optical Transitions of Tm?* Ions in Fluorozirconate Glass

Abstract

Qi Changhong Zhang Xiurong Hu Hefang Gan Fuxi
(Shanghai Institute of Optics and Fine Mechmics, Acodemia Sinica, Shanghai 201800)

The experimental and calculation results of spectroscopic parameters ( 4., £, Tu,

7.5 AA, 0,) of Tm** ions in ZBLAN are given. Emission spectra (UV-NIR) of Tm®* ions

under different excitation wavelengths, the fluorescence lifetime and emission intensity as a

function of Tm®* doped concentration were reported. Energy transfer process between

Tm3t ions are discussed in detail.

Key words Tm3* ion, ZBLAN, energy transfer





