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Abstract Tm’' /Ho*" co-doped tellurite glasses with the composition of TeQ,-Zn0O-Na,O are prepared by the high
temperature melt-quenching method. The intensity parameters (2, (t=2,4,6), spontaneous radiative transition rates
A, fluorescence branching ratios g and radiation lifetimes z.q of Ho’" are calculated from the measured absorption
spectra with the Judd-Ofelt theory. Meanwhile, the fluorescence spectra of glass samples with different doped
concentration of Ho’" ions are measured, and the results show the intense mid-infrared fluorescence emission around
2.0 ym band in the Tm*" /Ho*" co-doped tellurite glasses pumped by 808 nm diode laser. The analysis indicates that
the mid-infrared emission of Ho*" ions is mainly the result of resonant energy transfer from Tm*" to Tm*" ions. and
then zero phonon- and one phonon — assisted nonresonant energy transfer from Tm’" to Ho’" ions. The energy
transfer micro-rates, critical radius and phonon contributions for the above energy transfer process are calculated and
analyzed. Meanwhile. the absorption. stimulated emission cross-sections and gain coefficient of Ho*' :°I, =°I;
transitions are calculated. The research shows that Tm®" /Ho®" co-doped TeQ,-Zn0O-Na,O glass is a promising host
material applied for 2.0 xm-band mid-infrared solid laser.

Key words laser optics; energy transfer; Tm®" /Ho®" co-doping; mid-infrared fluorescence

OCIS codes 300.6360; 060.3510; 160.3380

rFS B HA: 2012-06-05; Y ZEIME B TR HHEA: 2012-06-21

E&WE: ERARPIES61178063) (Wi VLA BF 78 LE ALK BHF I H (YK2010048) |, 77 I “ #7 B0 /3 Ty R A4 kL K &5 147
A3 AT BA 35T H (2009B21007) 77 i K 2% 58 U 3% A Z5 4 FHH i 16 75 18 25 4 % B U .

EEB N RAERA9I8—) B w054, E 2 NFH 5+ Kot KAk i 1% 388 7 i I FoT .
E-mail: 349510119@qq. com

SImE A FWINA965—) B 4 B, FE NS LIS R R .

E-mail: zhouyaxun@nbu. edu. cn

1006002-1



# ot

1 g a5

FH T E A T I L O B R A B 2 TR
42 B0 I8 DL RRAUE TS 40 B0 7 4 Uy T
AT R SR 0 A 2. 0 pm
B ar Ah ot dn B AT aF s it H
B A A+ Ho' ™ 8 7° I, —° 1y BE 2k 18] 19 4% 5 BR 1T
JEIH 2.0 pm PR L ANE K A RGERZ
—. SR Ho B F 1Y 2.0 pm K P LA T
Pl A 980 nm B 808 nm (¥ Ot — M 45 (LD)
B IS S TR G A LA B 7 Tm®" 5
Yb' B AR HA AR . Tm® B F E800 nmil
BB H T 1 W AT I K 3 TR A R 1 Wi A A T DA
AR A K 1 8 & 285 73 1 » T DA %W WA 38k 1) il iz
oo METFWEHANE, B T B Fl 540 F i
LM H B EAEmREAH®: T’ CF) +
Ho'" CI))—Tm’" CHy) + Ho®" CL) ., af LUK H i
KET BRSNS NMISEE Ho'' B F2. 0 pm P K1
AR 2

KT AR E AL 2. 0 pm P B P ALAN O &
S ATE TR W T — R 7 Re 2 OGBS
0 g 1 Bl e R AL ) BB A . {E b Ak A AL )
YIS AFAE B A2 A0 e P 25 a8 DRI HE | 5 4 o A 30
2T Jeiy 2 U RO A 1 A AT A R B S AT Y S B
23N TR, A BT e Ak R A ) B L
P 56 B BT B R B T R B R T g
BB T SR UEAT SO ET 4 L R I AR E PR AL
R Ik RECE R S — HBOAN AR L& 8
Z R AR G 2 2 18 1) B A B 3 R S L IR, B Y
Tl TR 3 T B A Ay e £ A0 i Ol 8 5 B b R LA B R Y
SR S

HAl, Ho'" B F AR T 2150 & 680 & il 29
HOW R EZERN B, TS Ho' B 7 i 2 sh
RCHRCE , NATHEAT T RE R TAE. 40, PREL
YR T Tm’ /Ho®™ B F I8 1) TeO,-WO,-
ZnO B R T Tm' B F B EXF Ho'' &
T 2.0 pm B AM SO R E RR . Gao S
BFH T Tm®t /Ho*t B8 F 3B TeO,-ZnO-ZnF,-
Na, O-K, O 355 il id 5| A F 1B 7R 3% 2.0 pm
BB e e R, IR X Tm® /Ho®" 8 7 1] 1) BE &
R LT T 2 i . (AZE ARG A i
RIMEFERRAE Tm® (Ho'" B FHB LK L,
{UN I 2% e B R AL 43 2 1 b Xt 3 3 o Ho' ™ B 1 vh
AN RGP AT IR 5T A X Tm® " /Ho® &+
] 1 R it A% 3 UL AOR A 43 BT . T3 Ah B TR AE

it Zid i Tm' B 15 Ho' B 1 A I fiE 9 i) /7
e —E MR R (K2 500 em™ D), A Tm?™/
Ho' B FRIMAE LR T —FfEAE T2 55
AR PRRE AL s e . AR XIS R AR = AL b
AR T Tm® " 87 Ho' " 85 F Iy #5244 vk 1,
FAKHE TS b P2 S5EM. BT
A AR D

BEXTLL ) 8, AR PR AL KE T Tm’t /Ho™
B4 F TeO,-ZnO-Na, O [ T R £ 5 35, 78 4F
Tm®" /Ho' " $542Mk BEWF 55 1y Sk iy 1, ifF — 2B Wb 52 0F
G3 AT T B U T A AR A% 3 AR b T R AR
R BT B T BT 75 A I 0 i 1% 3 RO 3
AR AR B I 2 A2 R RS - BTk B SR A S O S
. XX FWA T Tm® /Ho™ B 7 8] 1) B it 1%
AL AT SR 2 2 0, Ok 5 2 3 1 1k 3
B FRe . N — & Tm® /Ho'" B+
IF1] f1) fi B % 138 R0, B 3 il PR SR B 35 Ho'' B
19 2.0 pm JEIEFEPEST N R 4700 TAE LA

2 5L [

FHIER Tm® B F 4B M Tm® /Ho' ' g ¥4t
B 75TeO,-(19-2) ZnO-5Na, O-1. 0Tm, O;-2Ho, O,
(45 S Ak Wy T T ) 50 3R 7R PE R 43 . (=0, 0. 2,
0.5, 0.7, L.OJHBEERER B B AT G, Hrp,
it B REF T’ Ml Ho'' 2% H Tm,O, Al
Ho,O, 44351 A . H4E Ho, O, 4148 3 AN ] . 3%
BERE SRR A 44 TZNO, TZN1, TZN2, TZN3 Fi
TZN4, [6iF, 5256 ) & 7 A4 43 09 T 1 8
B TR L BE B AL 5L Ho® ' B T 248 1Y T R 5k Bk
BEESh (44 0 TZNHo) . B 5 i il % JFORE TeO, |
Zn0O . Na,CO; . Tm, O, fil Ho, O, ¥ K43Hrali, K
FREE 10 g M AR b R, &2 IR & J5 B A
30 mLEg W EH L BT 900 C~1000 C i fii #
HLp R R N 1 h, SRS LS IR =
T 0 A A L R S RS A RS A R I A A
HEATIR KL 7E 320 CHEEMRIR 2 h 5, HAR &2
. KR OIS Y B 3 OF E 4l O . i 10 mm X
10 mm X1 mm K/NAIFE S FHF 25 0635 .

SR R BA] 56 A 7 0 i 3 B A O B R 2R IR K
YERNBEB A . >R Sairon 23 1) SPA-4000 A 5E
A 4SO 3 38 1 A S R OB R BE T 632, 8 nm (1)
He-Ne #0640 AT 09 35537 56 %8 2. 0135, R
J¢ [E Renishaw 2% 7] i 357 & 43003 3% 18 74 H7 2 6
% . KM Perkin-Elmer-Lambda 950 UV/VIS/NIR

1006002-2



HRIRE .

Tm®" /Ho® " 45 filf B2 £5. B3 14 vh 210 4 D't I B k1% 338 ML

R 5300 BE 10 X B 3 Y WSO % D Y FEL N
400~2200 nm, & H 5 373 Omni-3015 8 £1 4p
B (e AN [ Scitec 23 H Model 420 5 4AH i K
Fr M 2059063 iz U5 35 [ Coherent 24
F] Mira 900-D B K5 4 KR BOL AR iz K
808 nm, A MHEXHITE = T 17,

3 R 51He
3.1 H i R IE A Judd-Ofelt 32 it 5 47
1y S50 I B 1) JC AR + B 8 AR IR B B
TERESLAE 200 ~1000 em ' {5 Bl N 19 B2 635 . H
PETE I AT L, T R R 3 3 vh L 2 OB % A 413,657,
759 cm ' AMAEAER 3 M HRAE V& L 43 B T B B 45
e Te—O— Te 8 #Y X5 FR il 45 0125 i 42 3 L TeO,
K= HE AR Te— O B Y 520 FR A 45 4ik 3l DL &
TeO; =MW TeOs, = MK Te—0
R Te=O XU 25 Mok 2010 dy T 0 L i
MR ER BB L I B KA FRERE 200 750 em ', A
L T A A Ak W B R ) ol R AR B R (4 R
1350 em ™ ') B R R BEHE (£ 1250 em ') FIGE R
R BEEE (LYo 1100 em ) L il R 5 Bl B8 5L B w9 e K
GERIE - YINCEA NS RS E L)
SEH R R LA R

S 25F

: T

3 20 T T 759

£ 15 g 657

2

2

& 101

g

= o

o

¥ 400 600 800 1000

Wavenumber /cm™!

1 Tl 2 5 0 L
Fig. 1 Raman spectrum of tellurite glass
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Table 2 Spontaneous radiative lifetime, transition rate and fluorescence branching ratio of Ho’" ion in the TZN3 glass

Transition |[u® |? U™ |* |[u® |* A /nm Au/s ! Apa/s ! B Trad/ 18
I, 0.0249 0.1344 1.5231 1943 98.9 55. 8 1 6464
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Wi 1] X B A 5 B B Gl Can Bl 5 BT ) . 8K
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T2 R S EOE S S Ho™ B 1 W ISR T i 2 [
HA e A& L 22 0] 1 e i G 3 e T 2
TZ5HhEn. RS RER, Tm® /Ho'" 7
A R B 2 3o 3 AR 11 S BRI A A IR R AR L —
WA RLH S F25MES 16 EE 8 R
Tm*" CF,)+Ho*" CL,)—>Tm*" CH;)+Ho* CL);
T RTEH 1A T2 5 U B o8 o AR ik
e & {4 % of . Tm®" CF,) + Ho' Cly) —
Tm®" CHg)+Ho*" (°1,) +1 phonon, £ ¥ /> it &
it B e 15 B BTk T 55. 900 FN 44 10 A
ME B, BT HES T2 5B 5. Wk
Tm®" /Ho'" B F R it f& i 1 2 b L AL B & 1% 8 i
PR 55 1 fE f AL 3 MO S 8 Cron [ ZE B B /N T
Tm®" /Tm’" B F fig it 1% 3 i B b i oW 2 %L
CrotafH. XEWREM Tm® /Ho' IL48 TZN 31
M5 . & Tm®" /Ho' " B 7 ] i) BB it 4% 32 3008, X
Filk—2 42 7 808 nm fiz T Ho'™ B 1 1 &k obsk
RN JCHE B AR H A . TR R 3 T, i
SR B 0 1F 1] B 5 1% 38 R B Crono 2920 L 10] BE 1t 15
R B Crtorn 1645 5 B85 19 Crwvto / Chio 1t Ho {EL E

3 TZN3 BEHAE G b T A1 Ho'™ &7 1] (1) g B AL 38 S8
Table 3 Energy transfer parameters in Tm®" /Ho®" co-doped TZN3 glass

Ratio of phonon

Ratio of phonon Coa/ Cop/

Energy transfer contribution when N=0  contribution when N=1 (107" em®/s) (107" em®/s) Re/nm
Tm*"— Tm®" 97.8% 2.2% 220. 8 1.91
Tm’"— Ho'" 55.9% 44.1% 169. 1 — 1.82
Ho'" —Tm*" 100. 0% 10. 5 — 1.28
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Fig. 6 Gain coefficient of °I; level of Ho*™ in TZN3 glass
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