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Fabrication and Characteristics of Bi** -Ga** -Al** Codoped High
Concentration Er** -Doped Silica-Based Fiber

Peng Jian Liu Lisong Fu Yongjun Wei Huai Zheng Kai Jian Shuisheng
(Key Laboratory of All Optical Network & Advanced Telecommunication Network, Ministry of Education ,
Institute of Lightwave Technology , Beijing Jiaotong University, Beijing 100044, China)

Abstract High-concentration erbium-doped fiber plays a very important role in optical transmission and related
devices based optical-fiber. On the grounds of characteristic of modified MCVD technique, the preforms were
manufactured by "online" solution doping technique. The fabrication process of Er®" -Bi*" -Ga®" -AI’" codoped fiber by
using modified furnace round heating MCVD was discussed. Especially, the depositing temperature of porous core
layer was very significant, the best value was 1560 C ~ 1600 ‘C. The action mechanism of bismuth was also
discussed. The effect of increasing concentration of Er®" by codoped Bi*", Ga’" and AI’" was analyzed. The core
areas performances were detected by scanning electron microscope (SEM) and the mole ratio of different ingredients
of fabricated fibers were measured by electro-probe micro analyzer (EPMA). The highest absorption coefficient at
1530 nm was about 60 dB/m. The concentration of Er*" in the fiber was about 3.84 X10%° m*
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Fig. 1 (a) Modified MCVD lathe, (b) graphite electric furnace
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Table 1 Mole ratios of Al, Ga, Bi, Ge and Er in
Er*"-Bi*T-Ga’*" -Al*" co-doped silica fiber

Al/%  Ga/%  Bi/% Er/%  Ge/%

H1 5.58 0. 00 0.06 0.72 1. 55
H2 5. 37 0.00 0. 37 2.25 1.42
H3 5.16 0. 00 0.35 1.78 0.78
H4 4.37 0.00 0. 00 1.12 1.02

FePrER AR A a2 R AR R 3L B Y
BRDGLE L FexS 70 A 4 U Il i) B L 15 31 T8 41
JEEFAE 1530 nm A {9 W IR RS DOBUIR B 1 R
e 4 pros . IE AT RUE S S uAs 2 i T
1300 C . gith = SRS E N EERE 5 8% 7 5
T’f)’ééiﬂﬁ%;i*ﬂ%‘?é;%ﬁﬁﬁ&}%ﬁfﬁ%ﬂ: 1800 C

60 at
50
40}
30} o

20} .

10f « .

Absorption /(dB/m)

0 1 1 1 1 1 1
1300 1400 1500 1600 1700 1800

Temprature of the core layer /('C)

&l 4 1530nm Ab o W A0 25 S50 I o 0 )23 UL 22 A 1 6 R
Fig. 4 Relationship between absorption coefficient at
1530 nm and the deposition temperature of porous

core layer

BRGNS . X T4 B R T
WRE A JZ DLRUR BETE 1560 C ~1600 C [l N
I £F R B K BRI B 1B B SO A 1
1530 nmi KA AR W R B T 50 dB/m, H
HA B ) H 2 P € 1560 'C ~1600 C &2
iV B T2 A B L

A ' W IR R o RN T R OB T o, TS
BT T AR T N /956 R AR A 8

1B T Y1
a(/\) :6(A>F(A)Noa (3)
HA
_ a(dB/m)
a(l/m) = L343 4)

M 2 3245 H2 Y6 2F 1550 nm 4b By WL ik 2 %
30 dB/m, 48 B + 1550 nm &b W e #% 1 {E B 3 X
107" m*, YBHEXSLEEAN, EERSHET
QO B BEEL (EDF) By 5 2 B R, FAR 42
BB 27 A5 B i T 5 A5 3 1550 nm b ) 1 R
B R0 BB D I E S BN F LR 0.6,
5 T AR B B R B AL 2 DURUR E T 145 e f op
FEBSFYREE Hy 3. 84X10% m™?,

T AT U B A A TR R s e
B AEICET b 1 5 A B2 A 80 40 ) T S 1 A
e 0P EG T HT AR AR AR JR A Ay — AR DL T IR
BRI B L 5064 H3 £ A8 M A &5
(ASE) i, Scue g anfE 5 fron . S8 v 7e 354



1144 % s,

BRERER IE AR 1 R vk T 1B B L AT I BT A B R A 2883

BY)R Tl T 4 B 7 C I B
ASE {45, & 6 fros . ME Al DUE H, BRI
H ) ASE 5L IR IEA — B (H R H3 (1 WA 38
KE T —4 dBm, i KB M B LN
—49 dBm, 3t A DB BT B LA JE X i
BF AR B WA . BT 26 0 A A R
MLE A LR WA 56— e — M ELSETE,
— N TE A S TR RS R A 4w A,
Bi, Oy, A 2y Bi— O H% 8m H Si— O 5 2 (8] 19 8
SREIFZ BT LA Bi— O BT 25 5 AT T 1M 7= AR AR AR
PR NN = TR s A e T A
B A J2 R 0 VS R B B B B R R 1 #5 k. BCL Bt H
SR R HE K i ;A i BiIOCL

BiCl; + H,O — BiOCly +2HCIA.  (5)

16

(a) 13

Intensity /dBm

—44 /

-64

-84

Wavelength /nm

1500 1550 1600

i F BIOCl AN T /K UL VE Y - H AR K 2 8
RIPORAR BRI 2 pm, 552 7 2255 B
EARZIE— DR K., HILERA B Z RIS T
W BF Al b AL T AN 2 A BN I BIOCT JBURL R R
b1 R T B I RIS T R DA R R R v T
T ORE TR E. —BRIELT BRI TR
T v B R B VR R Y 20 A5 A b BRI R LR R
W B AE BIOCL ¥ AR UKL (1 41 25 1 BE 9 4R B 7 T
Bl DT R AT D' 2 v g 7 1 AT o

980 nm pump
EDF 1SO

WDM @ OSA

B 5 KB L4 ASE jE i e B
Fig. 5 Setup for measuring ASE spectra of EDF

~3 (b) EDF without doping Bi#*

-49
g
% / N
B 59 -
B
=1
g
S —69

-79

1485 1535 1585
Wavelength /nm

6 C W B ASE %
Fig. 6 ASE spectrum of C waveband

4 4% ®

RO ) MCVD 2 IF45 4 fE 4 1B 2 T 2
P TR I o R B 0 0 S 4 1 9 A 0
FeF . 5 e 2 DR A SR L R o T
AL BRIP4 I 2R Wi 1 0 2 0
U] R I 9 SEM A1 W0 43 B 35 & ot A B 5 2F 1
EPMA. 140 10 25 S8 42 B8 Lt 4002 1 0L
LT 5 WS R 3 T O ELZA e 0 DA
TR REZE 1560 C~1600 ‘C = [ . 76 1. 05 FEl P 200 44 1y
fYEEF1E 1530 nm 3 K 40 1 02 1 2 5086 7650 dB/m
DL ERA AP T S b (5505 T BT e )
Wit 2B T T RS Tk 2y 3. 84107 m 7,
BS54 0 T 3 48 B 1 S 4B i G 4B G 4T
ASE §% , MU S e T 5075 22 0 A K8 3 61 T 1
Y 7 LA 900 S T PR e 0 0 B SR N Oy
I PRE T H P A HLEE . SXFRh BiGaErAl 48 (1 47 36 5%
e £F 18 VR G4 TR 38 RO 27 WO 28 7 i A5 % BT
f 7 R 1

5 F X

1B. C. Hwang, S. Jiang, T. Luo @ al.. Performance of high-
concentration Er*" -doped phosphate fiber amplifiers[ J]. IEEE
Photon. Technol. Lett., 2001, 13(3): 197~199

2 Dong Qinglei, Zhang Liyan, Hu Lili. Crystalization stability and
spectral properties of Yb®"-doped alkaline metal modified
fluorophosphates glasses[J]. Acta Optica Sinica, 2008, 28(12) :
2383~2387
T, SR, SATHIE. R AR AL X B YD GURE IR b 3k
FEHT AR MR R LT ] R FdR, 2008, 28(12):
2383~2387

3 S. H. Scott, Y. Akasaka, Y. Kubota e al.. Transient
dynamics of fluoride-based high concentration erbium-cerium
codoped fiber amplifier[J]. IEEE Photon. Technol. Lett. , 2004,
16(2) . 425~427

4 A. Mori, K. Kobayashi, M. Yamada e al.. Low noise
broadband tellurite-based Er®"-doped fibre amplifiers [ ] J.
Eletron. Lett. , 1998, 34(9). 887~888

5 Chen Bingyan, Liu Yuehui, Chen Dongdan et al.. Spectroscopic
properties of new erbium-doped tellurite glass[J]. Acta Physica
Sinics, 2005, 54(5) . 2374~2378
BRIE 58, X BB, BRZRFE 48, — Rl T 45 SR IR +h B 3 19 S 0 1k
FEWF5E[]]. 3R, 2005, 54(5): 2374~2378

6 Zhou Yaxun, Wang Jun, Dai Shixun e al.. Effect of Yb*" on
infrared and upconversion emission of Er*"-doped tellurite-based
glasses[ J]. Chinese J. Lasers, 2007, 34(12);: 1688~1693



2884 2l 5]

oo e 3%

FAWAN . TR, W . Y3 X 45 6 A R L 5% B 40 4 A |
e keIl P Esok, 2007, 34(12): 1688~1693

7 Yang Jianhu, Dai Shixun, Wen Lei e al.. Spectroscopic
properties and thermal stability of a new erbium-doped bismuth-
based glass[]J]. Acta Physica Sinica , 2003, 52(2); 508~514
W, W, R & SE. BB R R O A LI R R
EMEWETEL]]. 4R, 2003, 52(2): 508~514

8 Zhou Yaxun, Gai Na, Chen Fen et al.. Comparative investigation
on amplifying performance between 980 nm and 1480 nm pumped
bismuth-based EDFA [ J]. Chinese J. Lasers, 2009, 36 (3):
558~563
JIWAI, 5 W, BR 2% 4F. 980 nm A1 1480 nm ffiid T 84 A
EDFA JAR F¢ 5 19 L 8 BF 58 [T ], F B 35k, 2009, 36 (3):
558~563

9 Guillaume G. Vienne, Julie E. Caplen, Liang Dong et al..
Fabrication and characterization of Yb*" . Er**t phosphosilicate
fibers for lasers[J]. J. Lightwave Technol., 1998, 16 (11):
1990~2001

10 Gao Yaming, Feng Guang, Liu Yongjian et al.. Manufacture of
erbium-doped optical fiber[J]. Infrared and Laser Engineering ,
2009, 38(3): 515~519
WL S, Xk S BHEDC ML oo s sk
A2, 2009, 38(3): 515~519

11 K. Chida, F. Hanawa, M. Nakahara. Fabrication of OH-free
multimode fiber by vapor phase axial deposition[ J]. IEEE J.
Quantum Electron. , 1982, QE-18(11) . 1883~1889

12 Yi Yongqing, Tian Haisheng, Ning Ding. Study of the influence
of the deposition temperature by using the MCVD technique on
the rare earth ion concentration of active fiber [ J]. Optical
Communication Technology, 2007, 31(1): 60~61

FAKT, B, T . MCVD L2 UBUE X A oL 52
WHEERSZmRFFEL) ], B H AR, 2007, 31(1): 60~61

13 C. R. Giles. E. Desurvire. Modeling erbium-doped fiber
amplifiers[J]. J. Lightwave Technol. , 1991, 9(2): 271~283

14 Chen Genxiang. The Basis of Lightwave Technology [ M ].
Beijing: China Railway Publishing House, 2004. 30~42
BRAREE. SLdeF R LR CM. Jemt: o B GE I R4k, 2004,
30~42

15 S. Tanabe, N. Sugimoto, S. Tto e al.. Broad-band 1. 5 pm
emission of Er*" ions in bismuth-based oxide glasses for potential
WDM  amplifier [ J ]. Journal of Luminescence, 2000,
87-89. 670~672

16 H. Sotobayashi, J. T. Gopinath, E. P. Ippen. 23 cm long
Bi; O3-based EDFA for picosecond pulse amplification with 80 nm
gain bandwidth[J]. Electron. Lett., 2003, 39(19): 1374~1375

17 H. Hayashi, N. Sugimoto, S. Tanabe. High-performance and
wideband amplifier using bismuth-oxide-based EDF with cascade
configurations[ J]. Optical Fiber Technology. 2006, 12 (3):
282~287

18 Ning Tigang, Pei Li, Hu Xudong et al.. Dual-wavelength of
single polarized fiber laser based on common active fiber[]].
Chinese J. Lasers, 2008, 35(12): 1868~1871
TR, W, SOAR A SR IR SO AR PR R A TR B 2O T
Jefsl]]. FE# k. 2008, 35(12); 1868~1871

19 Li Jian, Liu Peng, Wang Jing et al.. Experiment study on a
tunable fiber laser using optical circulator and tunable fiber Bragg
gratings[ J]. Chinese J. Lasers, 2009, 36(5); 1047~1050
AR, OM. EOE S LURAT S RDGER R S B 0 T
WARELRFWOLAR ). F E#k, 2009, 36(5): 1047~1050



