58 12 2009 12

1000-3290/2009/58 12 /8289-08 ACTA PHYSICA SINICA

Vol.58 No.12 December 2009
(©2009 Chin. Phys. Soc.

Yb

2008 8 21
Yb

Yb

PACC 4255N 2410H
1.
Yb
1—3
4

5—7

4—8
* NCET-05-0784

T . E-mail zhangbinff @ sohu. com

2009

610064

4—11

Yb

Yb

Yb

Yb



8290 58
LS f S S
R 4 > R
iL
A=z
P "
z
o =N "
A1
/12 "~.‘
Y
At L M
 /
\ES z(z)
s RS
x\
x// z//
o Yb x” Ay A, Ay Ay A
1
A Ay 1
j =0
(x0 - p)°
E x 0 _exp(— Owéj 1
wo p; =JjAp J
Ap
12
2.1. ABCD
2M +1 S ’
|
non lkw(z) L
E ¥ 2 = 7B - ikAw(z)eXp ikz
ik (2ABpS — 4Bpx” + 2BD ¥ + ika*wy 1 — AD )
X exp| 7 . 2 . 2
2B 2B — ikAw,
|
’ 14
ABCD n A
A B D%ufm zf/:2f+m. 4
¢ pl=E f B 3 /
U_1yr oY X
x” = ndcosa. 5



8291

12 Yb
2.2.
2 3
2 3
a Y N,
S
z/
Z/

x’ A'B’

2

AX

15

IAY

" dceosf’
6 AX = wydcosalf.

_ (! )
By = z(cos3 -1

AB

o M e
F\eose ~ % T \coso ™2

A, =ndsina + &’ — ndcosf

sin a — 7, (1 1)
><Cos B+ 7. " cosel

n

A=A +A, =4, + C(x/ = A)

3
Cr +Al
16
Ay
n ’y”
yr: = }/0 + A}/rz
yO Ayu
Ayu - Nr X Ay
-11
A,
A, = x' - ndcosf
sin a — 7, .
cose —sin B+ 7,
X cos B+ 7,

10



8292

58
+ A+ A 12 s(Ax+£cos(}’"+ﬁ))
2
12
A, = ndsina n=-N -101 N. «x x
A, = ndcosf %o n ¥
z
A =ose =7 z, = zy — ndsinf. 13
C_sin(a—}’n)—sin(,8+7n) 2 — 5 12
- cos(B + 7,) 2
(AX —%cos()’n +B))<x’ J
|
N T A +5eos(7,+B) ( )2
E x z = Z:NA/ - STzexp(ikz)J B | E " 2 exp(ikA) exp{ ik %} dx’
= A ~Len( 7,48)
: ZW: 1 inf? wy ( ire( ndcosap? —4f*) )
TS 2N Af + inndcosapwg P A + inndcosapw;
X exp L rcndcosawé(4f2pj + ndcosa(f* +2p3))
Af A+ inndcosapjw(z)
C2
x exp) ik (1 —7)Z+Ao+ Cly —A)+ A+ 4
x[erf[lz‘l ?kacos}’,b+ﬁ +2x -4, - Cz ]
+er({i_1ﬁ acos ¥, + B3 -2 x-A, - Cz ” 14
4 z
|
k=27/A erf - . A, 7
=0 14 13 a =ag + arctan( - LAB)
8 /
A; =d sing; — sinf . 16
17 m
A . I x z =j:z_m77j|Ej x z |7, 17
77J 19 20
N = ‘osinc2
. . x
< sinf — sina; — ;osﬁ + cosq; tany "
. .j ) D>z =AZ +Bz+(C
) sinf} — sina,
sm[ TIN(Ai)d] . B/2
J 2 _ T v
1 [ (sinﬁ— sinaj)d] 15 Mo =AY -4 18
sin| A
d N Y 3.



Yb 8293

3.1.

1070 nm Yb 5
. 5
Ap =250 pm wy =20 pm
f=3cm [ = 830/mm
y=27.7° p=0.85
a=17.2°
e =0.974°. w0l
4 Yb R KA
a
4 a 10
4 b
0 I I I I ! 1 '
0 0.04 0. 08 0.12 0.16
z/m
5
o 12 A’ =0.0011 B' =
@ ﬂ z=0.0lm 7.6702x 107° C’' =1.8991 x 107 M* =33.2013
) I z=0.015m A'=9.2260 x 107 B’ =
5 o8l 0,05 9.4203x 107" €' =2.0141 x 10°® M* = 1.0006.
e =0.
K]
% I N 2=0.1m M
= .
% 0.04 |~ z=0.15m
=
0 . K 3.2
-4 -2 0 2 4
x/mm 6
o1 z=0.0lm 6
® z=0.015m
r z=0.05m . .
z=0.1m _
0.08 - z=0.15m Ad =
° ’ 0.5 nm A =
i - 9.2259x 1077 B’ =1.1112x 107" €' =2.0141 x
=
~ ool 10°° M =1.0006
. o
3.3.
0—2 -1 0 1 2
x/ mm
7
4 Yb z=1.0m



58

8294
2.04
8
r 2
L M ~ 8
- EEAAH
MZ
8
MZ
8
0 0.00 0.08 0.12 0.16 M
z/m
MZ
6
1.2x1073
9
.0 8x107% [
N
g L
™ 0.4x107%
0.25% .
4.38% .
s 2 6.1x 107" rad
m’ 1.123 August
> 5 Yb
7 M 1.14.
16
12
ﬂ%%fﬁﬂfﬂﬁﬁﬁ— N
12 e L RSN
GO I ES
T o8
E
4 L
0 L L L
0 0.01 0.02 0.03 0.04
A/ (%)
O Il 1 1
0 0.01 0.02
8 M? INVAQ)



12 Yb 8295
M2
4.
Yb
Yb
1 Guo Y B Huo J Y 2008 Fiber Lasers and Applications Beijing 11 Bochove E J 2001 Proc. SPIE 4270 95
Science Press pl in Chinese 2008 12 Li B D 1999 Propagation and Control of High- Power Lasers
1 Beijing National Defence Industry Press p23 in Chinese
2 Song YJ HuM L Liu QW Li J Y Chen W Chai L Wang Q Y 1999 23
2008 Acta Phys. Sin. 57 5045 in Chinese
2008 57 13 Zhang Y Zhang B Zhu S J 2007 Acta Phys. Sin. 56 4590 in
5045 Chinese 2007 56 4590
3 Wang Y G MaX Y FuSG Fan WD Li Q Yuan SZ Dong X Y 14 Zheng H 1982 Chin. J. Lasers 10 1 in Chinese 1982
Song Y R Zhang Z G 2004 Acta Phys. Sin. 53 1810 in Chinese 101
15 TLiL B Lou Q H 2006 Laser Optoelectron. Prog. 43 37 in
2004 53 1810 Chinese 2006 43 37
4 Liu A Mead R Vatter T Henderson A Stafford R 2004 Proc. SPIE 16  Bayanheshig Gao J X Qi X D Li Y H Zhang F C Li C Q 2005
5335 81 Chin. J. Lasers 32 301 in Chinese
5 August S J Goyal A K Aggarwal R L Fan T Y Sanchez A 2003 2005 32 301
Opt. Lett. 28 331 17 Bayanheshig Gao J] X Qi X D Li C Q 2004 J. Optoelectron . Laser
6 Fan T'Y Sanchez A Daneu V Aggarwal R L. Buchter S C Goyal A 15 1137 in Chinese
Cook C C 2000 Proc. IEEE 349 2004 : 15 1137
7 Loftus T H Thomas A M Hoffman P R Norsen M Royse R Liu A 18  Zhao B Yan L 2004 J. Opt. Tech. 27 103 in Chinese
Honea E C 2007 IEEE J. Sel. Top. Quantum Electron . 13 487 2004 27 103
8 Xiao R Hou J Jiang Z F 2008 Acta Phys. Sin. 57 853 in 19  Sun W Gao C Q Wei G H2000 J. Beijing Inst. Technol. 20 471
Chinese 2008 57 853 in Chinese 2000
9 Bochove E J 2002 IEEE J. Quantum Electron . 38 432 20 471
10 Daneu V Sanchez A Fan T Y Choi H K Cook C C 2000 Opt. 20 Zhao C M 2000 J. Laser Technol. 24 341 in Chinese

Lett . 125 405

2000 24 341



8296 58

Analysis of the beam characteristics and the propagation model
of spectral combining systems for Yb-doped fiber lasers ™

Pan Lei-Lei Zhang Bin®  Yin Su-Qin  Zhang Yan
College of the Electronics Information Engineering Sichuan University Chengdu 610064 China
Received 21 August 2008 revised manuscript received 18 March 2009

Abstract

The propagation model for the spectral combining systems including Yb-doped fiber laser arrays transform lens grating and
output coupler has been built up. By taking into considerotion the grating angle dispersion the fabrication errors of groove angle
and the diffraction efficiency of the grating the formula for the phase change of the Gaussian beam unparallelly oblique incidence
on the grating and the analytical expression for the intensity distribution of the combining beam have been derived by using the
ray tracing method the diffraction integral method the principle of incoherent superposition of laser beams and the intensity
second-order moments method. Consequently the effects of the angle dispersion the diffraction efficiency and the fabrication
errors of groove angle of the grating on the beam characteristics of the spectral combining system have been analyzed for the case
of Gaussian beam unparallelly oblique incidence on the grating. The results show that the beam quality of the combined beam
remains almost the same as that of a single fiber laser. The effect of the angle dispersion of the grating on the beam quality of
combined beam can be neglected. The beam quality of combined beam degrades with the increasing of the fabrication errors of
groove angle of the grating. For the case of the large fabrication errors of groove angle of the grating the effect of the diffraction

efficiency of the grating on the beam characteristics of the combined beam should be considered.
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