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Theoretical and experimental study of Yb**-doped

double-clad fiber laser

DAI Xian-zhe, LUO Zheng-gian, YE Chen-chun, Cai Zhi-ping, Li Qi-bo, Kang Yun

(Department of Electronic Engineering,Xiamen University,Xiamen 361005,China)

Abstract: Studies of Yb*-doped double-clad fiber lasers(Yb-DCFL) are reported. Under the
steady-state conditions, a simplified analytic solution is deduced in the strongly pumped condition based on
the rate equations. Using a 975 nm laser diode (LD) as the pump source, we obtained 88 W CW output
laser power at a wavelength of 1 082.4 nm is obtained. The slope efficiency is as high as 84.4%. The
experimental results and theoretical ones from our analytic solution match very well.

Key words: Fiber laser; Yb**-doped double-clad fiber; Analytic solution

2004 Jeong
1.36 kW 1.1 um
2007-04-30
(2005H089)
(1982-)

Email:ccye@xmu.edu.cn

Yb3* Yb-DCFL ™ 2005
Gaponstev

2 kw (2] IPG

2 kW
(3]
2006
Yb3+
714 W 4
700 W [5]

Email:joiet@163.com



Yb3+

33
o7
Kelson  Hardy Yb®* 9(2)= L P, exp[-(a,F, +a,)z] x
’ 3)
ﬂ 1
A 1+[P*(2)+ P (2)]/R,
671 Xijao
[8]
P*(0)=RP(0) @)
20%
6.4% P7(L)=R,P"(L) 5)
3+
Vb P P
9(2) Pp
3+
Yb a,
a &
Os (4
1 Yb* fp
L
M, _
Ps=(hvs/ o5 7¢) At Po
M, Ri R M,
MZ M1 l
Ma P4=0 1 2
P(z) Piz) [6-9]
Ml M2
P*(z)-P (2) =k (6)
.
| Double clad fiber '//(Z):P+(Z)_P(Z) 6
L | .
0 Lo P*(2)-(P"(2) -w(2)) =k )
1 Yb%* 7
Fig.1 Schematic of Yb-DCFL . B w(2)+ ‘//(Z)Z + 4k
. P'(2) = . ©®)
\ 214k
dP*(2) o P@s0  pr(g) AW @

a,P, exp[-(a,F, +a,)z]x

dz hv, O
Iy R +P(2) .
A 1+[P"(2)+ P (2)]/P, &P (@
dP~(2) _ 0T 3 y
e ™ a,P, exp[-(a,F, +a,)z] o

r, P, +P (2)
A 1+[P(2)+ P (2)]/P,

+a,P(2)

2

#(2)=P"(2)+ P (2)=ly(2)" +4k  (9)

P'(@) P Wz)

W) 7=0 Z=L



34 36
Pou=0 Yb**
¢(Z)min = P+ (O) + P_ (0) (10)
b hv, A (78, +a,)(aL —In(RR,)/2) a8
P(2) e =P (L) + P (L) (11) o o I8, (1—e Pt
Yb*
2
L
[9(2)dz=aL-In(RR,)/2 (12) » oy
0
LIMO200-F400-DL975
3 12 200 W
Lexp(—(F.a +a.)z 975 nm 5nm
PC(R*3)2) ) ol _inRR,)/2 (13) -
0 R +¢(2) i R gt
LD A fun
O-sTpraaPpPs yh o | 080 ik %
=_°> 1 P3PS 13 !
hv, A
2 Yb%*
10 11 13 Fig.2 Configuration of Yb-DCFL
2 25 mm
P (L) = ! y
' \ RR, + \ R, / R (14) 78%
[ AL—e ety Pl D, AR@975 nm T>97% &
(I8, +a)(aL-In(RR,)/2) ° HR@1 080 nm R>99%
45° D, HR@975 nm R>97% &
P (L) 1 HT@1 080 nm T>85% Yb**
= X
2 1+R, Nufern 20 um
A(l_e—(Fpanrap)L) (15) 400 um 0.06
[ -R]
(738, +a,)@L~In(RR,)/2) 046 975 nm
2.0 dB/m
P*(L) 13dB/km 22 dB/km 15m
P (L) _RL)+R (L) (16)
2 1.0W
Yb*
X 116 W 88W  1082.4nm
Pu =(@-R,)P"(L)
1 1 3
=(1-R,)( + Yx (A7) 3 Yb
" JRR, +\JR,/R  1+R, o
_ a(Fpag+ay)L
All—e ) P /2]
2(Ipa, +a,)(aL-In(RR,)/2) 84.4%



Yb3+

35

100 —Simplified .||:..||3.Iu.' EYRl [TURTT 1]

a

Crutpat pasw eV

] i 40 il

® Experimental data

Absorbed pump powerf

3

20100 120

Fig.3 Laser output power vs. pump power

4 Yb**
88 W
7 nm
D; 1 080 nm
Yb3+
aof r ,r._= —I;,_,,.=NN_\:\"_
& ~S0f A
g‘ -60}
80 i AR

1 000 1 040 1 080 1 120 1 160

Wavelength/nm

4

Fig.4 Spectrum of output laser
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