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Theoretical research of high-power asymmetric pump combiner

Tan Qirui, Ge Tingwu, Wang Zhiyong
(Institute of Laser Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: High-power asymmetric pump combiner is the key passive optical device of the high-power
continuous all-fiber laser. Multiple pump lights are efficiently coupled into the main fiber through the
high-power asymmetric pump combiner, so that enough pump powers are provided for the high-power
fiber laser. The current coupling theory of the double waveguide directional combiner can’t be directly
applied to the study of the high-power asymmetric pump combiner. In order to solve this problem, the
incomplete coupling theory of the double waveguide directional combiner was used as the foundation and
the asymmetry was used as the feature of the high-power pump combiner. The coupling coefficients
equations and the power equations of the high-power asymmetric pump combiner were further derived
and the simulation results were also obtained. The conclusions are as follows. The powers of the pump
fiber and the main fiber change periodically. When the taper angle of the pump fiber is between 1° and
1.5°, more than 97% coupling efficiency is obtained. The local variation of the coupling length has little
effect on the coupling efficiency. The conclusions are instructive for the designs and productions of high-
power fiber coupler.

Key words: pump combiner; high power; asymmetry; theoretical model

s B 8. 2015-05-05; 1&1T B #§ . 2015-06-08

BEL£W B . T & YR8 HoR 19 I & (20102X04013-052)

EE B WAL (1985-), B, T4, 2N F = D SR 4R S48 7 I (A5 . Email:tangirui @emails. bjut.edu.cn
SUmE . TR 5B A970-), 5 #U WEE S0, HA, RS R IR oA R R AR EOE A T BT

Email:zywang @bjut.edu.cn

0105004-1



aoh gk T2

%14 www.irla.cn % 45 %
MRS bR, R B AT E 3 MATLAB X iZ g
0 5] § FERUEAT T RUEAT B, WRIR 45 S REE i D R AE X

TE W NAELOCLF RO A A WT R S 2 b, i
B 22 iSRG AR ™ A2 B R I AR A DL 8 28R
L e i s FORV R N A R b e DN RS
figp R B[R]0 SR DG R ORI A R R T
i IR AR X AR R S AR SC B, P LR DR
FERSFR A 5 45 2 = D RSO RO AR i
TP eae, Enl LIFEA N 6L ih 5 5ot E
AURTSE T, K5 22 R AR IR G = AR M A k21
SPBER LIOUR B ZEE i e
JeA R BT SR T R

WF5E s DR AR X AR AL A 5 % B R 5 BRI R
FH B ) BRAR R XU 3 %€ 1o AR A e, X AT g
Oy M R R A G RS . AR 1972 4F | Allan
W. Snyder X YC£F Z [n] (B AL HIE HEAT T TR 40 H
IR, 70T 1A FEDGER A i e i o2 1] R 4 A
HARG  JFTE M T AR LR | T 1973 4R 4 ) T OEr
IR G RO D) R Iy R [ A SR A e
FAEOEE B ) — 5 1, 13 B T 2 i)
M Ao T AR E e T — OB
WA, SRJE FZRE ST R AL B XU 5
IR DR, S SR AR S AT R, AR 8 T P R
el R BARFIARX, @l bkl KAt
BT S5E 4 PSR AR R R 5 3 03 A1 ¢
SRR, WP S 2 (E) RS 5 o BEARRR & P
AR RCT R S AR A A e A R], WP 2
] AR5 D AR BRI 5, BI— 3 PR 1A
RESE M A E S — U h . PAE XU SRS R
B AR BEAE X v D R AR X R I HE 5 28 2RO ER A
T Z W G LR e T BIS RRE , (HZ eI
BEA S5 5 m DIRAR XS PRI R & A 56 P 2R i R o
Jt 2R F A B0 G 2F R0 DG LR 7= i i B 6 7 ke 75 2]
TG B AL T T AR A5 RCR M BR S5 R

SCAAE R 5 [ RS i 1A 98 i 1 BEE 2
fili b, B DA R RS S A A SO AT A
FAYHSBORF LA & XA S
T ICEF AR B L, AL T X A B AY
Bl & READC 2 R 7ot — e, JF4gs
B SR A P AR P SR B SO ER R EDGE

PROCEF R & AR 19 BT S Rl VR e 4

1 BiHHh

9 DR AR PRI A A S5 A 1 PR
R IR E AT A X SR R AR D X
FASPCREIR T 5 O A L 2T b i) 2 S A 1F
T 2R LT i e S e A5 i A ot 0
i, RIS 6 RN S XY
K, AT DU ZE 3D i BRI 5 2 TORER AR
DA E o D A PR A A B A A S5 R R A, I Al
6] HUIC 55 /M B A s L PSS R AN 18] 2 s, Herp
Jede T 1 AERAOLER DLl 2 AR IO,
Jel TP AT EAHE LT,

k

P 1 e Dyl 0BRSS & 4%

Fig.1 High power asymmetric pump coupler

Pl 2 25 Tl S8 E 0 ik 2 i A i A A
Fig.2 Model of high power asymmetric pump coupler
AR WU T 1] # 5 A B 58 AR PG
DARRAERFROCE S S B & R BN

ﬂ (nz —ni )e; -edrdg
Kiy,=ws, (D

ﬂ (eth: +ez xhy) - zedrde

J] (n? —ni )e: ce,drdg
Ky=we, (2)

[ (exxiy+e, x) - zdrdg

0105004-2



aoh gk T2

% 144

www.irla.cn

% 45 %

FA BB K, R 1 R 2 14
BN, FE RE Ky R3S 2 P
X 1A B N . T R ERAE RO
G AR DA )RR S A S e £
JCEF FARA ELBEIN 1T HAE RS & XL BAR BT
AR/ AR SRR 612 R B2 — 2PN, B PAt
Ab 2 AR . R AELL B, 23 Fi)

*%_t% e, @2,/’11 ,h2 JEHQ$JL)EP Eﬁ*%%ﬁ%ﬁﬁ/ﬁ
e @y=c, - oo | U - | 3)
hl(”] N (P)=—COIU71] Bl-’] ( Ul%) (4)
e, @)=¢, ‘5 | (5)
tra, @)=t pun | Ui | (6)
iﬁ*&h<th<RLLi=@ﬁh—BﬂRlJ&=@ﬁé—Bsz’B
Sy TR I 27 1 DI ST R A I B A0 3 e, o SR
R BT I B PSB MR RG2S AR, I 0t B

gk, HEAAIE SN Bi=nksinb,, B=nksin6,, HLILTT
HeS A R K, MKy EAFRBER N .
K=

(n -n )wza,,w)Ule H Jl( )drd(pﬂ]l( Uz*)drd@

(7)
2[32U1R2ﬂ J, (Uz " )drdcp

K=

(nl O)afa‘oyﬂU]& J] 11( UL )drdcp ﬂ 11( Ur - )drd(p

(€))

2BUR, [ 1, U |drde

MA(DF@) T LA A RS T H
7 P B A A L K EYHE S EA X, Hrh
S ELARUY 2 hOE R BTN, TS 2 (Y AR
FEAAS 2 0 3 8 T Al X B R £ Rl
ST 1 A AR, B B O s B,
HedR z=0, A ¢(2)=c1(0), c2(2)=0, % 26=B,—B, M
WO R D 2 R R

Z
PI(Z) |C1(O)| [COSZ( \/ K]2K2]+8 Z)+ 5]
K]2K21 8

Sll‘lz( \/ K]2K2]+82 Z)] (9)

Py(2)=lc,(0)P Kngz' s (VKo Kot & 2)  (10)
12 Zl

WYL G BB Ky, B Ky BYAE AT LUK H 0 3 S
(= Py AL Py, A () FIA0) AT LA T 1
T 2 PO R | 1 R A, A R
K, Tl Ky J2 T z (A8 GE, LRGSR RIAR G 2
RAAR Bl , LRSS 1 S mne
LA K, HAN, BRI S 1 LRSS A U
T2 ESH TR 1 P S G S AR AR A
W 2 v EA MRS XIS 1 A KD

2 (FE#HR

HRE 13 5 D) R AR X R SR A AR A HE S
FEDS Had R RS 1 ISR 47 2 Nufern
28 ] Y MM =S105/125-22A £ 46 3 RAL G LF
B 2 B 345 & YDF—20/400—VIIT A H37 T FH 3L
2B ILE , TR M OE I K 976 nm , ¥
BT 1 BIAEA A 10, RISHEEE 1 TSI
PG T R A R B0 TR 4L M6 o A 5 fR 4l
BEI ARG R K, T Ko, BE 2 9728460 IE 3 B,

15 40
~ @ 23 (b)
) S
> > 301
Qo Q
g 101 8 2sf
2 2
g g 20/
2 st R
= e 10f
3 2
&} o 3
0 |_ 1 — 1 — 0 1 - 1 — 1 .
1x10®  3x10™ 5x10° 1107 3x107 5x107
z/m z/m

Fig.3 Relation curve of K, Ky versus z
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Fig.4 P,, P,, coupling efficiency versus z
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Fig.5 Coupling length and coupling efficiency at the taper angle
of 0.5°, 1°, 2°
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Fig.6 Coupling length and coupling efficiency at the taper angle
of 0°to 5°
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