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WE. RHBEEAEARBAT 0.2 mol% Er,O,.1 mol% Yb,O,.0.1 mol% Tm,O, #1 = mol%
Pr; O, (2=0.25.,0.3.0.35 f 0. )B4 K 65Te0,-15Zn0-10Na, O-10 WO, F T iR £k Bt 5 , 38 12
X G 2 A7 §F (X-ray diffraction, XRD) | 22 #4494 it £k (differential scanning calorimetry, DSC) % 3§ #5§
B HOHT SR AR G MR HEAT T RAE . SRR, BB AR S B A R R POAT L BT R R
BN E ZME R 140 C, BRI MHREEE, RYOEESE R E R, ECT /YD /Tm® /P L5 R
5k B% 35 7E 980 nm &b A7 & iR AY W i 06 L B mT LA SR A 980 nm BRI IR N X B RS AR W R AT M & L7
1200—2000 nm IT £L &b ifl B ¥ el o 3 368 4 A7 7E W (B o0 1,35 pm  1.53 pm A1 1. 8 pum 3 AN BR
S, B 3 A4 R 5 B 585 2 B 5% (full width at half maxima, FWHM) ¥k F 100 nm, H 8 2% 7z
TR E.S.CH CH+L 4 4>k B, KR BE b 48 &5 T 18 8 6 £F i K 4% Cerbium doped fiber amplifier,
EDFA) i K 58 .
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Ultra-wideband near-infrared emission of Er** /YDt /Tm*t /Pr**
codoped tellurite glass
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Abstract; The 65TeO,-15Zn0-10Na, O-10WO, series tellurite doped with 0. 2 mol% Er,O,,1 mol%
Yb, 0, 0.1 mol% Tm,O,,and x mol% Pr,O, (x=0. 25,0. 3,0. 35 and 0. 4) are prepared by melt
quenching technology. The glass sample is characterized by X-ray diffraction (XRD) and differential
scanning calorimetry (DSC) curve to characterize the crystallization resistance and thermal stability. The
results show that the glass sample has good crystallization resistance, the difference between crystalliza-
tion temperature and transition temperature is 140 ‘C,and has good thermal stability. The absorption
spectrum results show that the Er'" /Y /Tm™*" /Pr'" codoped tellurite glass has a strong absorption
peak at 980 nm,so the glass sample can be excited by a 980 nm pump source. In the near-infrared range
of 1200—2000 nm;,the glass sample has three emission peaks of 1. 35 ym,1. 53 pym and 1. 8 ym.and the
full width at half maxima (FWHM) of the three emission peaks is greater than 100 nm, which covers

the four wavebands of E,S,C and C+L for optical signal transmission,and greatly increased the amplifi-
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cation bandwidth of erbium doped fiber amplifier (EDFA).
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AL vk 4y 55 H R (wavelength division multi-
plexing, WDM) X H: B K (1 47 58 B¢ I8 00 55 0 3
F 30 B K A% i 45 1 d o L E AR, H
W 2 LR AR © 4 0 /2 WDM b, % 42
i) 45 6 Ot £F it K 4% Cerbium doped fiber amplifier,
EDFA) ™! (88 5% 4 ik K 2§ (Pr-doped fiber ampli-
fier, PDEA) 1 L 2 48 48 6 £ it K 2% ( Tm-doped
fiber amplifyier, TDFA) 2% SR 1M . /£ 85 () % £F
R i 0 3 45 4 9 /N T 100 nm, 18 AN RE B R DG
WAFM KGR RNT R, EER, AT HEOL
SRR A B TR AT 9 R H AR K N (Pt
Yb'' A LR B 298 ok AR AR R [ ik B T 41 41 D%
R GE K gt HIUR T — & Mi&k . DAN,CHENG
SO A P /EST /YD L PeT /BRI 1
AR T 4 12501650 nm i [ 19 2 ¥ 7 9
(full width at half maxima, FWHM) & 300 nm
UL LLAM AT Ot A, B I A AR A LT
B 2R AR 7E — 0 B bl e 2 T G AR K A Y
g iy B PR Eh B IS AE O — R TR E BN . R
S TR I AR 2 R PR B 0 B B R BT R R B B
A G £F R 2 v

Er'" B + 545 i B2 £h 30 B AE 980 nm 4b iy K
W B /N AR AR AR L FEES T B TR AL

filt b e PR ER B B AR S b gl AU R - YD B
Tl LA$E S 980 nm [ I AL FE . Er /Y J
B T X L5 pm B BOGAR SR H AN BB
#1318 um B, [l Pr T BCIE 0T 1L
AL 13 pm A AR SE VS N Y 25 Tm® T 5
UG % i T 1. 8 kb B AT, 3
1.5 pm A1 1.8 pem 62 B 3 5 KA T Y O £F B 5
XL ERENY AT REAAERE L,
M A 03k $E 65Te0,-15Zn0O-10Na, O-10WO, %
fiff R b 3% B, 38 A 4 bR ok ikl & ErT /YT
Tm’" /Pr' dL45 ff B2 46 3 55 . x5 6 3% o fg i 47
BT RS ECT /YD /Tm® /Pr B W] 19 B 4t
1% 3% (energy transfer, ET) [0 W I E M + B F 1Y
AEB AW .

2 Xk
2.1 BERBHE

R A% Gt s R Kk i & R W VR B Pt B 48
228 ECT /YD /Tm* /Pt 3 TZNW (TeO,-
ZnO- Na, O-WO, ) iff 2 £5 3 55 , ) 25 4 i v FH 0 Dot
AiREY R 99. 9900 HH MR AL 2 4 4y BT L gk 1 R
TN il A I IR LRSI ORE 15 g, IR R T
R R R A IR EE IR A S B JEEHEA 35 mL
Wl EHB A, 3B T900°C M5k b A= B 40 &5 gl
Lh, ZJ/E RGN IRGEEEBM N 350 CHyA
SE LIPS AL AR DL R AR k2 h B EL
BN 78R G LA10 C/h (R ER R B2 = . &
Ja - K PT AT B AR S V)R 2R 1.5 mm 3

®1 ECT/YDT /T’ /Prt SRR IR RACFE S L

Tab.1 The chemical composition ratio of Er** /Yb*" /Tm** /Pr** codoped tellurite glasses
Chemical composition ratio/(mol %)
Sample
TeO, Zn0O Na, O WO, Er, Oy Yhb, Oy Tm, O, Pr; Oy,
0.2Er, Yb 65 15 10 10 0.2 2 0 0
0.5Tm 65 15 10 10 0 0 0.5 0
0.3Pr 65 15 10 10 0 0 0 0.3
0. 2Er, Ybo.y 65 15 10 10 0.2 2 0.1 0.25
Tmy, »; Pr
0-ZEr. Y b 65 15 10 10 0.2 2 0.1 0.3
m,, ; Pr
0. 2Er, Yho.y 65 15 10 10 0.2 2 0.1 0.35
Tmy, 35 Pr
0. 2Er, Xbo.y 65 15 10 10 0.2 2 0.1 0.4

Tm, , Pr
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B A DL HEAT W BRGS0
2.2 AN

FHPFA #EIC DX-2700 # X B A7 S (X-ray
diffration, XRD) X} 3 38 £ /& BT #7 & 2 47 R A4E,
35 B A 10°—80°, % J§ NETZSCH 7% #
STA449F3 B[] 25 28 43 BT A 53 A B 55 B 1 B A
P, nGE 2R 10 K/min, # ] inVia-96Q857 B ff
SO AL S P20 R, R A g AR
UV1800PC #Y 5 &h-AT UL 435t 0 B 30 X 3 B A i 7
300—1100 nm 5 [l 4 19 OGS . RS E 2 T
P& FLS980 AIZE g AN, LAYk &K 24 980 nm Ay
W % (laserdiode , LD) S ZZ W VB . Ml £ 1000 —
2100 nm {8 Bl N 1Y 5665
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Fig. 1 XRD patterns of tellurium glass sample
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Fig.2 DSC curve of 0. 2Er, Yb, ; Tm, ; Pr glass sample
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Fig. 3 Raman spectrum of 0. 2Er, Yb, ,

Tm,_; Pr glass sample
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Fig. 4 Absorption spectra of 0. 5Tm, 0. 3Pr,0. 2Er, Yb,
0. 2Er, Yby ; Tm,_; Pr glass sample
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379 nm o X B Tise B0 Ty ' Loy ' Forn V' Sy s
"Hivo ' Fro S Fspe S Ho BV Gy IROEREE 5972 nm
Qb F ) TR S W S YD B TR F > F ), BE R BR AT
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WU L B 45 2% 1 LRI RS + B T #8152 T AR & 19 R
G RIE . T 0. 2Er, Yb, Tm,  Pr L4552 £5 9%
BEAE 980 nm Ab A A5 1 W WAL U L K JiS SR HE AT Kk IO
T 3 B, 2R 9 80 nm B W R X 1% B B RE 5 S AT
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Fig. 5 Emission spectra of TZNW samples with different

molar concentration of Pr’*
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Prit B2 vk B R B8N, 1. 35 pm (G, —*H;) il 1. 53
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AF LI B T ECT M P B T ET B&.
1.8 pmC F,—* Hy) JE B 205 & 65 1. 35 pm Al
1.53 pm PHALAS AL AL AR B, Pret B ik B L 1. 8
pem Ab B 3T £ A0 KOG 5 BE IR, WAE W] T Tm?®
Pri' B FZ A ET LR,

B0 EXT YD M Pt B T2 M ET )
B, WE 6 fiR E 980 nm LD [ F L EXT B
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ho—>Er'" 'Ly, ZJE BRE 2 & 0 F, BB %
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+Yb' 2 F ).t FAE 980 nm 4b YBUTB T i i
WK T Er B Lk ik E°7 &5 ' s, BR
TEF, R BMmES /YD ETE :S/EM.
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M 4 ATLLE P B A 980 nm Ab ASA7 78 W K
W, rdl Pt BRI YD 7E 980 nm Ab A KRR 1Y
W W il E 4T ET (PP H, + YW LF,, —
Pr'" PP+ Y P F, ) R SEPE 1. 35 pm P B IT 4L
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WEBF - B 20224 $33E

Er'" 'Ly BT ECT B 7 Lo BB 7 B0
BT LA 25 & A TG B 4 ot B R W BR G 2 1. BB K
20 s, REGSE IR BRI s S5 BRI B AR s
CTge=>" 15 JFBEAL 1. 53 pm PG T MG, fiE
e Pt B RG> Hs s B IFRL 1. 35 pm
WBLRE T bt 2 & 4 ET3 i . Pr'” . 'G, +
Er" ' 1., —>Pr . H,+Er'" .'I,,. ET1.ET2 fl
ET3 ET f B AEM B T Er " 5 F 148 28 ik A
A5, b Pt B A W B R . 1. 53 pm
=" 10 ) P BEAY ST 2T 40 e 0l 5 B S TR 184 58

M Tm’" B F U RSN, b5 P B2

CET2
25— X10° CET1
JPZ B
B 2 £ JPl -
Fot' Ky ZH”/ 3P“ T
20 Sn ET1 ;
=l ‘B, N .
£ 15| :
= G ¢ 1
st Lo /’ETZ\ I
o N N 4 ]
E 16 Bt Foa Lin X ;GJ 4
. 3F‘, 1 350 nm
L F
5 980 nm 980 nm [1 530 nm|  ET3 H —ee——
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Fig. 6 ET processes between Er** ,Yb*" and Pr**

W R, Tm® B 74 1.8 pm I B 9 & 5 &
CF,— H) 58 BER Wi REAR E ] T 3B #E f rh Tm?"
BT Pr B FAAE ET CR. BE 4 A, Tm®'
B F1E 980 nm Zb A R L B DL Tm’ " B ¥ 2 3
i Er*T/Tm®" B 7 d ET k528 1.8 pm BT
aih kN, B’ 7T Rk ECT/Tm® /Pr'" B8] ET %
AL E % EXC B IEAE M TR R ) 8
G, 2 5 T & A TCHR G ot PR 1 ) T BE K A
e —FRor T RE R R T R AE e i % B (ETD 2
%, Ef* ', + T °Hy, — EXf'".'1;, +
Tm’" H; K REEFEBH R Hs B T’ B 7. &
Afe B Tm' BFaRELWG BB EF, i
P MWFAE" T BEH EI— 0 Er' B e
FNIEE s BERIF B 1.5 pm P BEHIE T, 55—
BT W R A Be i R (ET2): EX 'Ly, +

Tm*" *Hy —> Er*" ', + T P F,, {8 38 it &
BOF, BB Tm® BT, HE Tm’ BT F, B4R
5°Hg BB Z 18] K A b T8 5% . W F fig 958 it
FN°Hs REZOIF RN 1. 8 pm P B BYOG T, 5 MR i 23
k4 ET3 ET i #&: Tm* °F, + Pr'" .°H;, —
Tm*" * Hy + Pr't ' G, R 3 Pt B 7 & §F H
1.35 pm JEBAY PG, H Y Pro’ B 45 4 vk B2 3
F, 1. 35 pm Y% B B9 92 O B BE A /0N I B Y 0,
Tm®" B F7E 1.8 pm BB A5G0 BE AW R, 7T
PLE W, M 7E TZNW 3% 85 o ik 47 Ef°7 /YD /
Tm® /Prrdaf LB FHB R . BREER
0.2Er;0;-1Y,0;-0. 1Tm,O;-0. 3 mol% Pr; Oy, B}, ‘&
S 3 AN & ST UG R B RE 22 /0N S R A B T 0l
01, 35 pm. 1. 53 pm FIL 8 pm. FWHM 4051
140 nm,106 nm,140 nm ) 3 MR G, H = T6E
G E.S.C A CHL 4 AN iBL.
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Fig.7 ET processes between Er*™ ,Tm** and Pr**
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Fig. 8 Absorption spectra of Er** ,Pr**
single-doped TZNW glasses
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Fig. 10 The absorption and emission cross-sections of Pr’*
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