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Effect of fiber paran eters on the perfom ance of Er’ /Yb" co-doped
double-clhhdding fiber khsers
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Abstract Based on rate equatbns chang ng doping concentration and cladding size of the Er* /Yb* codoped double
cladding fber laser the effect of the doping concentraton and cladding sizeon the perfomance of the E£* /YH*  co-doped
double-chdd ng fber laser was studied Analys® resuls shov: when Er' - concentration & stable the output pover will be
increased efficiently with Yb'* -concentratbn increasg when Yb™ - concentmtion is stablg the output paver will be ncrased o

w ih E7" - concentmtion ncreasg but he change & not cbvibus he optinal fber length of he hser becomes shorter when the

inner cladding sze becanes snaller @
Key words hsers doublechdd ng fher hser E£* /YB* codoped doping concentraton cladding size

3+ 3+ 1 El'3+ /Yb3+
Er /Yb
e ’ (504)2—
Ef" /YL , (SDs )
, o Ef (S04)7
Ef" b R Yb(zFS/Z) + ) Erf
Er(4 ks )_’ Yb(szz) + El"(4 111/2) , E1r3+
: Ef b i : B -
, , Erf’
; - Erf’,
, Ef", Yb'
Ef" /Yb" Erf’
; Ef" /YE' Ef’ ,
Erf’ Yb Yb*
(1980 ’ (S04)™ Er’ YL EL
* Email xmech® sina com , Yb

. 2006 05 22 . 2006- 0 05 Er’ Er’ Er’



432 2007 8
Er’ , [ Og(V
' Wes(z 1) = ﬁff”h(z) (11)
Moy 980nm LN, N2 Ns Ny Er* s 4113/2, 4111/2
Ef Nb" 980mm "1 ,Ns N Yb*
’ D) Yb3+ ’ 2FS/Z 2F7/2 H Bl T65 113/2
2 2
("Fsr) (" Frn), 2FS/z sAn A Er’
Yb'™ : :Cy Co Er’
R E1§+’ E1§+ ; ° ; On, Oy , O13, Os6
EI‘+ 065 5 h
B’ . LS] PV, V. A
, Er L P.(2). P, (2) ;
1550nm , Er’ /YD r,(v) T.(V)
9 1 9 FP
o r., Co(V)= 1- exp{ - 2[b/o(V)]
, L 0(V)=a(A + AN +A3/V6),V:
2MaVA /N b , a , NA
b/la=1 LA, A, A, c A, =
Q 616 A,= 1 660,A5=Q 987"
22
Fig 1 Enemgy level tansfer of EF* /Y™ co-doped systan
2 F-P
2 PI_'(—“ . 4—:”__.'1:]
21 Erf', Yb" ,TE'TSF [H0 Cony MY -
EI"SJr /YbSJr o, i}IRjMTI R;(lpl:__,_ t)l[:itsr::t
[6l, @ P (> =Pi2)
(le Fig 2 Schenaticview of the fber laser stucture
Tt:—W12N1+W21Nz+ —W13N1+CPZV2— ) ’ 2= 0 ’
CI4N1-]V4+Cu]JV3_Cm]VIN6 (1) , z=L
av N N N N .
2 WoN = WaN,— _2+A32N3— P, (2), P, (2), P. (2), P, (2)
dt Ty ;
2Cu}jv§+ Z;‘IWI'N4 (2) Rl(}\p)v RZ()\'p)a Rl()\'s)a RZ(}\'s)
oN .
TS WV 1= AV ik AN = 0N+ CN NG (3) v h A
av N
— = WsVs - — - WeNo- C.NNg (4 ;
at Tes [,
Nio= Ny +Ns+Ns+ N, (5) PE(2) '
z
Ny, =Ns +Ns (6) + I;iz == Dy {0.(M)Nvw = [Ou(N) +
W R O (N ) INv(2) )Py (2) = Qy(2)P] (2) (12)
s 12 s +
W =—— —P, 7 &P,
efa )= —pyg, o 0 (7 + 8 v ppo (n) < o) Neuz) -
_ I (v)ou(v.) *
Wal(z t) = WA P.(z) (8) Ou(MINE P (2) + U0 (A )Nei(2)Po( N) -
. core i
[,05(V,) a.(z)P. (z) (13)
Wis(z t) = —hvam Py(z) (9) 0.(N)  O.(\)
»0.(N) P
['0s(V) aar 0
Wse(z t) = RVA o — P, (z) (10) , 2/102/)\3'1' 7



31 4

EF* /YB® 433
(P (0) = P : 200Hm
3+
P, (L) = R:P} (L) 3+ Yb L 0x
. B (14) 1026 -3
PL(0) = RP.(0) e ’
_ . s L=5m , 3%,
P (L) = RP. (L) .
3 2 0x10°m~° 50% ,
E3+ /Yb3+ SIII Yb3+
r
Yb™* Ef’ |
, Er’ Cup ' |
rel 3+ ’
Ccrl 0% 10°m "~ 1 0x 107 *.3Yb Yb? '
-22 3 " - — 22 SIn 3+ 3 2 E '
,C.o 1 0X10 "m /s 3+5 0x10 "m /s Yb Y
107m™’, C.. 53 0x10 7m’ /s P —— —
Co=10%x10 "+ (Nyy— 1 0x 107 ) x )
3 9604x 107 (15)
C, Er Ng 4 4x10°m°
~10x10"m”’ . Cp 35x107
3 = 23 3 3+
m /s 1 7x10 "m /s Er
Cop=35%x10 "+

(NEr _ 4 4% 105) x 2 4107x 10—49 ( 16) fiber length/m
EI?H /Yb3+ Fig 4 Relation between sbpe efficiency and length of the fiberw ih Er** -
, . ( 1) con cen tration
: 16km Q20 @ . L
Y Nyy=37x%1
0. 2dB hu; (2) 980mm, b w=37%10°m ;
1550m; ( 3) 3 .
100% Do + b
() Py= W Lo ’
i1 yp” ’ .
Yb' Er" b ’ . .
: Er’ Ng.= 5 0%107 ' ’
-3 3+ 26 ’
Y 1 0x1 . .
" , Yb 010 Er, Er
m’~4 8x10°m : 3
_ ' 33
55k s - i
e 3 .ﬂcq ’
2 S0
’l45 .3 , .
t§a % M T _}ﬁ
é 35{ o 5 6 ’
e , R 50Hm, 100Hm,
25 v
3 20y | 150Hm  200Mm
’?If)/l 5720 25 3.0 3.5 40 45 5.0 >
fiber length/m 5
Fig 3 Relaton between shpe efficiency and lengh of he fberw ith Yb* -
concen tration R oo = S0Mm , L=2 5m



434

2007 8

; R o = 200Hm
, L=5m , 25%
6
6
R a= S50Hm 3W;
R = 200Hm @
2 65W
4
7 ,
EY 805 Ef" /YD
, 2m
tailed front
fiber mirror power
meter
S}:::.ITCPC lens coupling double cladding e
system fiber
Fig 7 Experinental setup
EY 805 Ef" /YD”
:4 80 % 10°m > ( Q 0060) Erf',
3 7x10°m ( Q 0465) Yb"
, 16km Q20
, 200Mm,
Q35 8 2. 9W

3.
4.5
4.04
35
%3.0--
z 2.5}
2201
1.5}
1.0¢-
g-‘ S,
0.0 1.0 20 3.0
position/m

R
4.0 5.0

Fig 5 Pump pover in different mner chdding sem id iam eter

\

R T

0 1.0

3.0
position/m

3.0

Fig 6 Laser power in different inner chdding sem idian eter

L OO T MO 2

R e s SR

Fig 8 Light fran the expermentat2 9W of pump pow er

769mW,

3+

Er

3+

Yb
, Er, Yb'
, Ef" /YD
: (1) Ef
Yb3+ ,

Er /Yb' : (2)

3+

Yb

[1]

[2]

[3]

[4]

[3]

[ 6]

[7]

[ 8]

3+

: (3) , )
Lopt a ” 2

ZHAN Sh B, ZHAO Sh H, DONG Sh F et al The analysis of sieady-
state behavior of EF* /Yb* co-doped doublk-chd fber hser [ J].

Laser Technobgy, 2003 27(4): 345~ 348( in Chinese).

ZHAN Sh B, ZHAO Sh H, DONG Sh F et al The analysis of dynamic
behavior of Er** Nb** co-doped double clhd fber hser [ J]. Acta
Photonica Sinicg 2004, 32( 4): 409~ 411( in Chinese).

ZHAN Sh B ZHAO Sh H, DONG Sh F et al Control of up- conversion
process of EF* /YB*  co-doped fber laser [ J]. Laser& Infrared

2002 32(6): 400~ 402( in Chinese).

M INELLY JD, BARNESW I, LAMNG R Tet al Diode array pun-
ping of EF* /YB* co-doped fber lasers and amplifier [ J]. EEE
Photonics Tedino bgy Letters 1993, 5( 3): 301~ 303

VERMEIHOM V D, PESCHEL U, AITTCHISON JS Smpk and
acairate procedure formodeling eth im-doped waveguide amplifiers
w ith high concentration [ J]. EEE Joumal of L ightvave Technology

200Q 18(3): 401~ 407.

KARASEK M. Optinum design of Er/Yb codoped fber for hige sig
nal highr pum p~ pow er applications | J]. IEEE J Q E, 1997, 33( 10):

1769~ 1705.

YAHEL E HARDY A. Efficiency optin iztion of high-paver Ef* -
codoped fiber an plifiers or wavelength-d ivisiorr m ultip kex ing app lica
tion [ J]. JO S A 2003, B20( 6): 1189~ 1197.

MYSLNSKIP, NGUYEN D, CHROSTOW SK I J Effects of con cen trr
tion on the perfbomance of ethbium-doped fber anplifiers [ J]. EEE
Joumal of L igh twave T echnology, 1997, 15( 1): 112~ 120



