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Research ofmode selection in a coiled Yb'* doped
multimode double clad fber laser
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Abstract In ower to realze them onomode output in large coremultin ode doub k-clad fber laser to suppress the nonlinear
effects i high pow er doub k-clad fiber lasers mode sekction by bend ng the lamge core mu lin ode double-chd fber to a suitable
rad s was used Theoretical analysis and experments about mode selectbn mn large core multinode double-chd fber laser were
den onstrated n ths paper Factos that nfluence the laser bend ng loss and outputmode such as nner clad refractive ndex core
rad s laser wavelength bending rad s were ob ta onomode output w as obtained fran multmode double-chd fber laser by
bending the hom anade Yb'* -doped hige core multm@de fiber The hser has a findan ental m ode output w ih pow er of W,
convers bn efficiency of 17 3% . The research is usefil inmode selecton from large core multin ode doub le clad fber laser

Key words fber optcs findan entalmode bend ng bss large coremultm ode double clad fber

( stinulated Raman scattering SRS)
( stmu hted Brilloun diffusion SBS)

[L2]

(four wave m xing FWM ) ) W,
, , 17 % ,

[3] 1

2 o 2
(LPy) [4] [7~ 14]
[356]
Bg : nlk() < BF< nzk(), lf()
1979-), , s
( ) s T mn

Email wf2000@ 163 net ’ ’

: 2006- 09 19 : 2007-01- 25



2007 12

608
: o B> nok, 1, 1L 5mm
) Q LP11 Z(IB /H'l, 1(}11,
) LPI] 1% ) .
[ 7~ 14]
MARCUSE , ,
el R D ietrich M arcuse s
ST exp{ 208 )R]
2(1 = 3 ( 1) ’
PVIJRK ) (1)K, (ra)
,a R , k P
’ 3 ‘
29v=0 I
e = { (2) - f
Lo # 0 £ 2 n !
22,2 2 a
V= Ko (ni-n) (3) 2 ﬁ m Lﬁacm
v LPmn m V= 0 N e = 2 é 1 8(.‘111
(HE  EH) B Jj
! o 013605 T 6I0 14615
r = (B§’ - nxk ) (4) refractive index of inner clad n,
Bg . Fig 2 Bending bss versus refractive index of mner chd n different
bend radius
Bg =nk(1l+ A— Ab)
A= (n.—n)h (5) ’
, , T , b ’ ’
10an R 10m
, : D, 350Mm x 400Hm, Lp 100
1. 458 Q 47 . , LbPp L o, i
14 3Hm 1 462 , -~ L (n2=
12 ’ : LP()[, LPu, ) - 0 0539 ’
LPs, [Py, LPy, LPs, [Py, LPu LPo, LBy, LPyy Ly 0™ 0
LPy, Py, ?
o 1 2
36 , ; a
~32 1 461
£238
cn 24 3 4 3 ,
220 250
216 _ L
212 LP, LP, -'E 200f LP, use=t
}5 0.8 p 1sob.. Lest
0.4 S S I150E-
001611 12 13 14 15 16 EIOO-
bend radius/mm 2
Fig 1 Bending bss versus bend rad us 2 sof
LP,,
” LPH 0
1.05 1.10
LPy, , wavelength/um

Fig 3 Bending bss of LP;; and LP|, versus laser wavelength

( refractive index of mner chd is L 461)



31 6 609

250 ¥ 35 —— before bending the fiber

g R - after bending the fiber
:.;200 : S 9 30

. ’ .
250} : B2
- -
2 : e, ¢ g2
2 100} I'. e | | l." =z 15
3 s ° g0 7 =
8 L, >3 I

b L Sl = —r sl T T T T
0% n - 5.0 05 10 20 30 40 30

radius of core:’prﬁ pump power/W

Fig 6 Output pover versus ov er
Fig 4 Bending loss of LP;; and LP,, versus radius of the core( 1e ¥ putp h pamp P

fractive index of mner chd is 1 461) P 1/3 P
, .4 3 cCD :
2 2 ’ 7
2048
’ 1792
” ? q 1536
=«
[2] =, 1280
Z1024
LPy, u , £ 768
512
’ 256
) 0 !'I_U.l??
0 128 256 384 512 640 768
, cross section/pm
46 N 4096 |
3584 b after
> ’ 33072 ]
976mm 3dB /m, 25m 212580 F\
22048 A
2 1536 A
1024 | f
s12f
10,0,334 |
ouplin power meter 0%
systom 0 64 128 192 256 320 384
spectrometer cross section/um
Fig 7 Output ntensiy distrbution
bichrioc . output
glass DCF  copple ’
glass .
Fig 5 Sewp ofmode selection n acoiled double chd fiber laser ’
) 2
19mm R
, 3
10%,
LD ) G entec
700, 6
2
W, : 17 %,
S2W
5w 17 3o,

W 50 8% , (T#% 6127 )



612 2007 12
] -
38 o 450mW
_g // 9 SmW, 5
Mo ,
1
§} r’/ [ 1] MATSASV J NEWSON T P, RICHARDSON D J et al Self starting
./-/ passively mode-bcked fibre ring solion laser exp biting nonlinear po
0 100 200 300 400 500 larization rolation [ J]. Electron Lett 1992 28( 15): 1391~ 1393
pusmp powes/mA [2] LIShP CHEN X KUKSENKOV D V et al W avelength unable
Fig 4 Relatnship of ouput paver vs punp power of locked mode stretched-puke m ode-bocked alkfber etbim ring hserw ih single po
fiser larization fber [ J]. OpticsExpress 2006, 14( 13): 6098~ 6102
385mW [3] LEFORT L, PRICE JH V, RCHARDSON D J et al Practical bw-
noise stretched-puke Yb>* - doped fber hser [ J]. Opt lett 2002 27
’ (5): 291~ 293
’ [ 4] NELSEN C K JESPERSEN K G, KEDNG S R A 158fs5. 3n] f1
s ber laser systm at Imm using photonic bandgap fbers for d persion
control and pulse can pression [ J]. Optics Express 2006, 14( 13):
6063~ 6068
3 [5] LMH, LDAY F O, WISE FW. Generation of 2-nJ pulsed fran a
fan osecond ytietbium fber hser [ J]. Opt Lett 2003 28( 8): 660~
s 662
[ 6] PASKHM, CARMAN R JHANNA D Cetal Y ttethim-doped silica
’ fber hsers vemsatile sources for he 1. 24m region [ J|. EEE Joumal
’ ) B of Sekected Topics in Quantum Elkctronics 1993 1(1): 2~ 3
, [7] MAH Q ZHAO W, ZHANG W et al W avelength-tunable passively
1053nm 23 MHz 126pS mode-bcked fber hsers| J|. LaserT echnology, 2006 30(6): 289~
291( in Chinese).
[ 8] CHEN B, CHEN LR LN Z Q etal Selecting lasing wavelength hy
4 vary ing fber length [ J]. Chinese Joumal of Lasers 1999 26( 12):
1Um 1061~ 1065( in Chinese).
© [9] NELSON L E JONESD J HAUSH A et al Ulumashortpuke fber
’ ’ ring hsers [ J|. Appl Phys 1997, B65( 2): 277~ 294
(L% 6097 )
[7] WEAKLY DG. Guiding fbers [ J]. ApplOpt 1971, 10( 10): 2252~
[1] ORTAC B, HDEUR A CHARTER T Infhience of cavity losses on 2257
stinulated brilbuin scatiering in a selfpulsing side-pum ped ytierht [8] MARCUSED. Curvaure bss bmuh broptical fbers[J]. JO S A,
um-doped double-clad fber laser [ J]. Optics Canmun 2003 215 1976, 66( 3): 216~ 220
(6): 389~ 3%, [9] MARCUSE D. Field defom ation and loss caused by cuwature of optt
[2] HIEUR A CHARTER T, SANCHEZ E Ylbrdoped double chd fber calfbers [J]. JO S A. 1976 66(4): 311~ 320,
hser in a unidirectional ring cavity [ J]. SPE, 1998, 4216 15~ 21. [10] HE G Y, JANG JX, LU P Theory of bsses in bending ofmultr
[3] SHENH, DNG G L, WANG Y Sh eral Sinulation and experin en tal mode fbers [J]. Jumalof Habin Universiy of Science and T echr
study of double chdding Er-doped fber lasers [ J]. Laser Technolos nobgy 1997 2(5): 91~ 96(in Chinese).
e 2006, 31( 1): 70~ 72( in Chinese). [11] LUY X,YANG XY, CHEN X Q etal Analyss ofmultinode fber
[4] OFFERHAUSH L, BRODER LK N G, R CHARDSON D J H ighr err bending loss [ J]. Joumal ofZhongshan U niversity 2002 41(5): 25
ergy sing k- transverse'm ode Q- switched fiber hser based on amult ~ 27( i Chinese).
mode hugem ode-area ebim-doped fber [ J]. Opt Lett 1998 23 [12] LU J FERD NAND P. Theoretical analysis ofmultinode fberm 1
(21): 1683~ 1685 crobend atienuation and its application [ J]. Joumal of Beijng Unt
[5] GRIEBNER U, KOCH R, SCH ONNAGEL H et al. E fficient laser oper versiy of Posts and Telecnm unicating 1994 17(1): 56~ 60(n
ation w ith nearly diffraction-lin ited output fran a diode-pump ed heav Chinese).
ily N crdopedmultinode fber [ J]. Opt Lett 1996, 21 ( 4): 266~ [ 13] DUESA I, SUNAK R D. D esign consideration form niiztion mac
268 whending bss in etbium-doped fber anplifiers [ J]. IEEE Photonics
[6] SHIL ZHAO ShH, ZHOUW Y et al Doublk-pass foward pum ping Tedno bhy Letters 1991 3(1): 50~ 52
broadband E 2% /YL [ 14] 1JONMAA S Bean-propagation analysis of bss in bent opticalwa-

co~doped superfluorescent fber source [ J].
Laser Technology, 2006, 30( 2): 148~ 151( in Chinese).

veguides and fibers[ J]. JO S A, 1983 73(12): 178~ 1791



