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Abstract Based on the model of ytterbium-doped fiber amplifier and the effect of the central wavelength of the
amplifier and the length of gain fiber on amplified spontaneous emission (ASE) is analyzed. According to the
calculation results, the 1030 nm narrow linewidth fiber laser amplifier is optimized. Adopting the structure of
master oscillator power amplifier (MOPA), a continuous wave (CW) laser with central wavelength of 1030 nm),
3 dB linewidth of 0.072 nm and maximum power of 1.01 kW is achieved with narrow band seed and one stage
amplifier, in which 25 pm/400 um (diameters of core/cladding) ytterbium-doped fiber is used as the gain fiber. The
optical-to-optical conversion efficiency is 81 %, and 1030 nm output power is more than 99 % of total output power.

The calculated and experimental results show that by reasonable optimization design, 1030 nm narrow linewidth CW
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fiber amplifier with high power, high efficiency and high signal noise ratio can be achieved.

Key words lasers; master oscillator power amplifier; ytterbium-doped fiber; amplified spontaneous emission;
signal noise ratio
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Fig. 1 Spectra of absorption cross section and emission cross section of Yb-doped fiber
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Fig. 4 Experimental setup: 1030 nm narrow linewidth fiber amplifier

3.1 FHEMTFENA

U5 ARG AR 450 . EEF Y (FBG) By RO B 1030 nmy, =5 )2 M S 58 %8 99 %6, 1% e 6l s
SN 10% . WA R 10 pm/130 pm BEIECLF (YDF) L 7E 976 nm 40X R 2R 3.90 dB. £ {H 1L
R 0.08, AT SEHBR AR A L G L BT IR AL SEAN H R EN R IR DR A s S T
A ER T 1030 nm 1R A5 MR LL Pl O F5 8 G A Al DR U AR S PR RO A L DR 28 0 K O 1030 nm,
JEPRLL 60 dB, JEWE A A — AT HE L 0T S RO ER SE # ASE [ TR RO B R e L e,
MAHIE IR Yy 28 W I AT IR 20 W, 3 dB £ 988 0.028 nm. H K 5Ca) . (b) Al %1,1030 nm %
HAFME L LYl 40 dB, MG ATHT, 1030 nm AP F IR SCHL T BAM OGS, )L AN ASE HE ST,
FETEALAE 1 pm U% BE I = 3 BN B 0.02 nm, T [A] .

-20 -20

@ (b)

—40 -40
. E
S S
E -60 % -60
= s

—-80 -80

~100" -100

1029.0 1029.5 1030.0  1030.5 1031.0 1000 1050 1100
Wavelength A /nm Wavelength 4 /nm

B 5 FlT VR EOE R . (a) 1029~1031 nm 78 Bl N6 (40 3% 0.02 nm) ;
(b) 1000~1100 nm 7 [l PY 63 (43 H# 2 1 nm)
Fig. 5 Output spectra of seed. (a) Spectrum from 1029 nm to 1031 nm (resolution: 0.02 nm);

(b) spectrum of from 1000 nm to 1100 nm (resolution: 1 nm)

0601003-4



I # ot

3.2 WMXBNE

Tl UG I 10~25 pom 237558 B & E A O #S . BORASECH] 6 St DR 25 2 200 W B9 06—
WA K 976 nmL B LR 200 pm/220 pm,ilid (6+1) X1 SR EFEAM LT b, Wi
LR R AT 25 pm/400 pm BEOCL, BUE LN 0.06, 75 976 nm Al iz W I R Eh 1.80 dB.
1030 nmiot i i A )2 0631 B 25 R B R R iz 6 )5  E B A e AT M s iR F b . B A N B T,
/N 25 016 2K AT RO RO B By ASEABSEBR RGEH O T AR UE L K 8% BRCR , HZ R GR B
R bR AE ) B BRI 3 25 AT RN L

WE 6 Frs , FEBOGA BB S FE b, B 3 il iz DR 38 K A5 5 OG0 8] T S8 00 2 1 B2 24 8547
XRWTE KA B ASE 13 3] 7847 fg il . B, YR s filiz T &0 1240 WO, 30 i b 2 2235 3]
1010 W,oBJ6R0R A 81% , BISETI LN 50 mW., MIZ 45 5 0l A1, S AR UK A8 3 25 L 4P 500, e il 1
W% HH T 976 ~1030 nm A 75 B A HEAZ GE B K A /D s B 26 1030 nm BOLHBORACRE A W B 1T
B, ORERI DB RE W 7 froR . EZRIA ASE,

1200

Output power /mW

P 6 ot DA R AR 1815 T A B iz Ty A< i AL 4

Fig. 6 Output power, backward power versus pump power

800+

400+

120

« output power =

= backward power o* =

: 180 5

i %

. 4 Q‘

-~ R °©

ot l40 &

- " g

al R — %

A . ]

o-o-? " L 0
0 500 1000 1500

Pump power /W

Power /dBm
Lo
< S

|
[o]
S

il

-100

1000

F7 ok DR E RS (G #EA 1 nm)

Fig. 7 Backward spectrum of amplifier (resolution: 1 nm)

1050
Wavelength A /nm

1100

8 M KA 1010 W Tl 3 aF ) i 1 5635 B 8 Ca) IT & L il K # 4 HH 90k 3 dB 2858 0 0.072 nm . 6
TR B G O AN S AR ™ L a3 2 PR R R R T R AR RN S B 38 25 O £ AR R e R A D TR A A
BT RIS . W (b)Y A& i O3 R LT %A ASE, BOGIE IR L2k 35 dB, a5, %
e EY 1030 nm BOETR G KT 99% . 1 8(b) By L & a] 1, 78 HFb I K 29 1010 nm F1 1045 nm
b FEAE WO B W25 53 BT IA g 2 TR g A5 T 9 DL 30 TS A0 3 B 1Y

Power /dBm
&
(=)

Fig. 8 Output spectra of amplifier. (a) Spectrum from 1028 nm to 1032 nm (resolution: 0.02 nm);

-20

(a)

|
S
=)

|
x©
S

100
1028

1029

1031
Wavelength A /nm

1030

B8 MUK % b ot e ik
(b) 1000~1100 nm & [ P96 3E (3 HER 1 nm)

3.3 hEEWTR

T A X DB R s T R S B [ S Ty e il 2 DA KR I O R 1 o0 B R i — 2B R R s
14,1030 nm J R ERATIER AT LALE CRUESE i 15 MR U A 25 00 8 S B0 sy T 3 i i i o TR B, 78 S 3 rp i 9, JD
oK A 14 45 0 S 5045 B AR AL 0 A0 2R 2R B8 008 422 0 o 8 22 s Y & % B 1 o T Y A A B AR A A Ak L B

-20

|
N
S

Power /dBm
&
(=)

1000

®)
| ‘ I
_100 ‘h|

1050
Wavelength A /nm

(a) 1028~1032 nm & Fl N G 3% (4 HEH 0.02 nm) 5

(b) spectrum from 1000 nm to 1100 nm (resolution: 1 nm)

0601003-5



H = # ot

e JL - FU A B0 T AR 2> il A ASE A A IR G L RBOL SR BB M. BT DLW TR IR O AR R
IR k5 SuR LU R B2 R PR | B 3 DS

4 = e

ST BB BRL A3HT T G AR OO 28 0 YA Y f O R SR E X ASE W52, MRE TSR,
AL T 1030 nm L TG HOLMKRARBIT S5, #BE TR TEW AT — R SRR s LT
UK 1030 nm. 3 dB £ 98 0.072 nm. i & MR 1.01 kW [ 2280 b OO SR 81% .,
1030 nmiFETIE A7 LR T 9996 . MR (0 i R D335 T 60, 320K 28 6 o Hh B 0 35 1 ASE, S 26 vl i
1 3 s T R AR AR S 8 Oy U — DR T L BE 1030 nm SO R BT TR

2 % x M

1 Wirth C, Schmidt O, Tsybin I, et al.. High average power spectral beam combining of four fiber amplifiers to 8.2 kW
[J]. Opt Lett, 2011, 36(16): 3118-3120.

2 Lockheed Martin. Lockheed Martin demonstrates weapons grade high power fiber laser[EB/OL]. [2015-12-25] http://
www. lockheedmartin. com/us/news/press-releases/2014/january/140128-mst-lockheed-martin-demonstrates-weapons-
grade-high-power-fiber-laser. html.

3 Ma Yi, Yan Hong, Tian Fei, et al.. Common aperture spectral beam combination of fiber lasers with 5 kW power high-
efficiency and high-quality output[J]. High Power Laser and Particle Beams, 2015, 27(4): 040101.

%, B g, WK, OLEEOEIALAR G G RSB 5 kW s R B L] . SREBOE 5 RF R, 2015, 27(4):
040101.

4 Zhou Cuiyun, Liu Yuan, Du Songtao, et al.. 1030 nm high repetition rate nanosecond pulse all fiber amplifier [J].
Chinese ] Lasers, 2011, 38(8): 0802010.

JAZZ, R UR, AR, . 1030 nm R E A FURGARDIK of e EFHORAR (] P EBOE, 2011, 38¢8): 0802010.

5 Huang Y, Edgecumbe J, Ding J] W, et al.. Performance of kW class fiber amplifiers spanning a broad range of
wavelengths: 1028~1100 nm[C]. SPIE, 2014, 8961: 89612K.

6 Stiles E. New developments in IPG fiber laser technology[C]. 5" International Workshop on Fiber Lasers, 2009.

7 Gong M L, Yuan Y Y, Li C, et al.. Numerical modeling of transverse mode competition in strongly pumped multimode
fiber lasers and amplifiers[J]. Optics Express, 2007, 15(6): 3236-3246.

8 Feng Y J, Wang X J, Ke W W, er al.. Numerical analysis to four-wave mixing induced spectral broadening in high power
fiber lasers[C]. SPIE, 2015, 9255: 92550Q.

9 Huang Z H, Liang X B, Li C H, et al.. Spectral broadening in high-power Yb-doped fiber lasers employing narrow-
linewidth multilongitudinal-mode oscillators[J]. Applied Optics, 2016, 55(2): 297-302.

0601003-6



