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Abstract: The amplification of continuous-wave backward signal in 1 um high-power master-oscillator-power-
amplifier based Yb-doped fiber laser was investigated using rate equation model. The results show that the
backward light power would be amplified significantly by the high-power amplifier. The 100 W backward signal

from the output end of the fiber amplifier can be amplified to up to kW level. Meanwhile, the amplification of
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backward signal can consume the population inversion, saturate laser gain and thus decrease the laser output
power seriously. Furthermore, the backward signal amplification would result in a much higher laser intensity at
the incident end of the amplifier gain fiber, where the highest pump power existed. The temperature at the
incident end of the fiber can be 100 °C higher than that without backward signal. The higher laser intensity at the
incident end could break the pump absorption saturation, and enhance the rates of pump absorption and stimulated
emission a lot, hence increased the thermal load and the temperature significantly. Since the backward signal gain
was determined by the saturation of population inversion by the forward seed, the power fluctuation of oscillator
caused by the amplified backward signal may aggravate the backward signal amplification, and further increase
the risk of damage. Higher forward seed power resulted in stronger saturation of the laser gain in the active fiber,
which could suppress the backward signal amplification effectively. However, higher seed power put forwards
much complex requirements to laser oscillator, and the thermal load in the active fiber of the laser amplifier would
be more concentrated, which made the thermal management more difficult. Furthermore, with higher seed power,
the stimulated Raman scattering and thermal induced transverse mode instability are more likely to occur.

Therefore, it is important to optimize the seed laser power based on a comprehensive consideration of the above
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issues, and to prevent the backward light from coupling into the fiber amplifier.

Key words: fiberlaser; fiber amplifier;
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Tab.1 Parameters of typical 10-kW-level fiber laser systems
Parameters IPG Photonics'” CAEP report 7 SIOM report!”!
Output power/kW 10 10.6 10.14
Structure Oscillator and one-stage amplifier
Laser wavelength/nm 1070 1080 1070
Seed power 1 kW 1 kW 170 W
Fiber core size and lengths 30 pm, 15 m 30/900 pm, 25 m 30/900 pm, 18 m
1018 nm, 12690 W, 976 nm, 11500 W, 976 nm, 11359 W,
Pump scheme . . A .
backward pumping forward pumping bidirectional pumping
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Fig.1 Theoretical model of the ytterbium-doped fiber amplifer (YDFA)
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Tab.2 Parameters adopted in the calculation
Parameters Value Parameters Value
Ap/nm Pump wavelength 976 Ag/nm Signal wavelength 1080
I, Signal overlap efficiency 0.85 I Signal overlap efficiency 0.85
R ore/m Core diameter 30 R jadding/ M Clad diameter 900
0y(4p)/m’ Pump absorption cross section 8.5x107% 04(A)/m’ Pump absorption cross section 8.5x107
oA/’ Pump emission cross section 8.2x107% ao(A)m’ Pump emission cross section 9.9x107¢
hs™! Planck constant 6.626x10* c/ms™! Light speed 3x10°
N/m™ Yb**doping concentration 1.3x10% 7/ms Upper laser level lifetime 0.84
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fiber (P,(0)=11.8 kW, P,"(0)=1 kW)

202000094



i E ok A2

% 104

www.irla.cn

23

% 49 A

NG RT R R N R AR € N e e R L)
WS o

o3 A7 PR ET ORI B35 Fo A v 19 B 1) {5 55
JCI R B 46 R 045 5 TR A AR OC R 4. W]
DL W, 18 1 AR 500 Wi, i K5 (495 18] %
T HE3 4 kW, Q0 1 O DR e B ) i A
155 2 A AR AR 5 4 2 B 3453, A ml g
2o A R AR HEA LD ZEI R, B R R 440, /Y
LRI R K TR 100 W AT 10 W R, il KR £11A
EF i A ) S P ERdL 251 A E 1.05 kW Fl~110 W
G S AR A S T S IO ET R JE TE
AR, B R Gt iy e sds; 55— Jr i, R &
G A KA, AR5 R U $R TS #E
2 EOE i B DR TR, B 4 R 25 OE s
S AR BETE A E S IR AR, BB X
] A DG 0 S #] 500 W, iR 2% 14
B9 EINE M 10.24 kW FEZE~T kW,

10 500 4500
—— Signal output power 14000
10000 - - -- Amplified backward power _.- >
= 135008
T 9500 =Y
K4 13000 g
29000 {2500 &
2 7
28500 | {2000 £
° =
E 11500 3
& 8000 g
A 1000 &
7500 1500 =
7000 0

0 100 200 300 400 500
Incident backward power/W

P 4 R[RIIIR DI B A5 S AEAT IROGET FP OSSN xT it o
ORI (P(0)=11.8 kW, P (0)=1 kW)
Fig.4 Signal output power and amplified backward power as functions

of incident backward power (P,(0)=11.8 kW, P, (0)=1 kW)

A AT R RE W i — AR A A BOLEF h & At
Yhii AL LA AR, SR 5 . AT
LA A TR DGER P R I B O e e AR T A
e SR D 23 v B TR A AT DO T il A S, TS A G
JA—@ N E . X ER o T AR 15 S ORI
AR, BRI I A 0 A A, X BB
B KL 1 3 BOSCR AT BR, DT BR ) 1 223 6 14 1
W, RN AT . B R 5 A A O S P A3
TR, B2k S it R 1) B 1 O, A B AR b T

HARAEEF 515 2 R A A 't i Ze i A8 AL A ARAT

A B I {55 6, B 1) 55 UK B AR A%
Bt s LA ) R 2 BN R 2 R e s T
RS i S i ) 52 JESOWMT R 52 3808 S 3 R O R, o)
B ST AT I EE R, A5 B AT R
RUTH S TR 00 o B 1 45 5 48 B0 T A IROG 2T AR 1i]
I BE oA e, TH AR AN 6 s . FTLUE A7
TE S 1455 I, HOR AR B9 A g, o BV R 5 R AR 5
A IBECLT I G AL RIS ), SOt fe e
18 FE R R

i bR R, SRS S A RO LT
RATRET | L tH D3 T B 2= RGT A0, R
RS . EDW L, IE M AR TOL AR M, 0 T R
KL R B BOHE T8 73, A8 5 4 P DI S5 S Ik, D S )

. 600
E10}
; / AN 1 500
= N g -
5 08 1/ | s00 2
|5} RV =
- pe =3
g 06 N 300 &
5 g \ g8
a =
S04} « {200 3
g AN S
T 02l S S 1100 =
£ 7 [ /~—Thermal load per unit length-..__
= ——Total thermal load = 40
= 0 L L L L

0 5 10 15 20

Position/m

P 5 A5 TOGET AR EL L BE 7 A B 4 S B AR 4K (P (0)=11.8 kW,
P, (10)=1 kW)
Fig.5 Thermal load per unit length in the gain fiber and the total thermal

load(P,(0)=11.8 kW, P, (10)=1 kW)

400
—— No backward signal
100 W backward power
300 _\\\-.\ 200 W backward power|
&} e 300 W backward power|
B s N 400 W backward power|
E / S, 500 W backward power
£ 200 | N
o %
=3
5
= 100 |
0

0 2 4 6 8 10 12 14 16 18 20
Position/m
P 6 [l J2 ) B 3 A PG 2F ARG 1] 3R EE 43 A LA (Py(0)=
11.8 kW, P (10)=1 kW)
Fig.6 Temperature distribution with different backward powers in

the active fiber(P,(0)=11.8 kW, P, (10)=1 kW)

20200009-5



ISk A2

% 10 47

www.irla.cn

JEAR BRI 25K . R, TR IR 1 Al TR T R
P (0) #£ 500~1500 W i [El N T3 10 W I 2 [) {55 1)
ORISR, Q& 7. 7T LAFE Y, BOK #8141 7]
[ STy 3 25 Bl 25 1 ) o 7 ) S 00 48 o i BAALK, 17 1 ol
Pt Ol Th Z [ 2 500 W I, TR B9 R ) e 2
1t 200 W, A HIE [ AP O6 1 kW B T — 5 LA
o B, ZECRIE R e fe E PRI FISCR I RT3 T, 3
B M HR G i AR O T 3R Bl R 1) el
TR . SEbR TAE, $k % dvdin th A Fh T DR 0
WRRIE T LR G H IRIR G dn A M L R M i o 3K
ZREST . R VRS CET fiy AR S R D 2 2
AT (SRS) A% .

¥ S U WO AE TR A B 4R 1 S BR A8 45 9 (i
fief A S AR, [ B R A AR SN E i e T
BN R 30 um AR Y 6 £F BT 2R 2 B TR R
15.9 kW, i — 25 38 038 ' 9 2 238 1] 6 428 3 K AR 1
FEEFU AR AT SCAY TGS R, 3 SR T R OR
TR SRR WEICEF h = A MR R {55
N B R A T SR, I 1) A T G R D o 2 R T
BB . (R, BRI R 10 23 B B 3 iR 35 2%
FEEF M O T 3% B, TG 2R S 451 405 B 1
TEAR T A P CEr, Hai s m D e et — e bn fi
R UIREE S 2-3 kW, WIDGET et R ab BEAE J1 1
BN, RGO T BUR 5 45 C L M & A 1 5
A A K . MR IR 7 BTG SR mT i, — EL ff)
Il S K 5 IR 5 2 T B AL 1 1 1) B TR AR 5 & A
W sh R B, B R 5 76 A TG AR Hof A9 210 5 0 3
£, BIIROR AR 0 A S (04 R ) DR 2 i — 2 BT, S

200
180
160
140
120
100

Injected seed power/W
20

m 80
60
40
20

6 8 10 12 14 16 18 20
Position/m

7 AN I T Joi) B 56y 2 A PG 45 v e i B 3R ORGE AR
(Pp(0)=11.8 kW, P; (10)=10 W)

Fig.7 Amplification of backward signal in the active fiber with different
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