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Abstract Beam quality (BQ) of the coherent beam combination system of lasers in two-dimensional distribution is
studied with BQ as the evaluation factor for beam quality of the output laser. By using passive phase locking
technology with optical feedback in a ring cavity, the experimental setup of coherent beam combination of four lasers
in two dimensions is built, and the combination of four fiber lasers is realized. When the diameter of ideal beam is
selected as the circumscribed circle diameter of sub-beams in near-field, circular flat-topped beam or Gaussian beam is
taken as the ideal beam model. Corresponding to different bucket sizes of laser spot in far-field, BQs are measured
separately. The results show that, the selection of ideal beam model in the definition has little effect on BQ, but the
selection of bucket size of laser spot in far-field has greater impact on BQ. The BQs of different coherent beam
combination systems should be evaluated with a clear definition of BQ.

Key words lasers; fiber laser; coherent beam combination; beam quality

OCIS codes 140.3510; 140.3295; 140.3298

KFHER: 2010-10-18; W RIS B HA: 2010-11-30

EE&WHE: E XK 863 i+ (2008AA03Z405) . [H 5 H 2K B % £ 4 (60908011, 60907045) Fl b i i Bl £ 55 W] B = &
(09QB1401700) %% Bl iFE 55,

EER N : & RA986—) . 5B W LA A, EENE G U HOCLFBOGE DGLT R AR 55 T Tl A 5E
E-mail: lznkgx@163. com

SImE A B FEAI72—) Bl R G EENFE DR B DA R A T AR .
E-mail: junzhousd(@ mail. siom. ac. cn

* BIEBERE AN, E-mail: bryanho@mail. siom. ac. cn

0402002-1



L

L5  F

UTAR R L B 2 S AEOE A IS SR AL O
LR 2R 3R L G R 0L & B0 H H 2 AR R
Jh. IPG AR E T 2009 4FSC8 T HARDLET 10 kW
UL TR R 2B/ E4 AU RN R | B2 B OIVAS = VD)
B ]+ SRR ' 2T B % th D R AN T RE JC R $
I 2 B RO I AR T AR B R 15 3 1 [ N APt
FEWZEAS . LR BT (BQ) & & %0
LFHOCR I — A EEAEREAE bR . AT AR HOR AT L
T 5 R BT T R T B I A e A Y TR

X AR T 4RO B St R A R S RO SR
M AR HOBIHRTUR AT BE - B0 OB R 2 I
7 % o 2% , 1) ) Strehl B DU A fil B e AS [ o
IR T RO R B A 22 5 AR F R
W (AR JO AR T 4R S 5 R 1A BQ ORI O R
U BQ R T IR B bR AL 5 OGO R R
R JE G IR ) A IR E K R RO
WAE H AR TE b A RE B 4R P RE L BQ 2 A AR BT
P4 JBE 3R DG PR L X SR OGS H AR Y RE RS S
R IR0 1) WF 98 A 52 B 3 (o 2 06 0 o %
O O 1 BB AR R R S AR R I, ) e
BQ R IFEM. JGH &5 K F (BPF) 2 — Fi & BE
TR A AR o R AR BQ R 5 A
BN H AT A MU S AR A BQ YR
[f) 5 SCH 1 BQ I Sk BT B T A1 322 37 06 B A R~
A TA] 2 X I 45 2R 5 A R

AN AL RO T R R 50 BQ #E47
TSRS . SRHDE S BERIE I i 8l AR 0 B E A
THLT 4 AL RO T AR SRR T
O BQ. b T BQUE CH Y AR AR
ARG 37 6 AR R B RO BQ I8 245 2 )52 1

2 BQ By X507k

BQ Jo i oF 2y % e . B BR [ AE A H S8 T 1
TER I, A SOk HL A A R ST P A S B R B o R
ColC A ) 5 M TR A7 R < 10 952 B ' B 5 [ 2 2 (ol A
) HAE A AR I ML B BQ & XA /Pt /Pt
5/ Eua/Ea o ¥ 5 25 7% MO BQ & X W
I P R fo AR AT SRR R O R B A%
Jo D T AE R B CEAD i A/D i 3h 5 gt
T AR s VRS 2 ) 46 B AEL I 797 5T W BR O o X
Jo TG TR . 7 T 52 3 WO O R 7E & B CF
$5) N A/D P35 O 6 5 T R A A

XA N REEOE A . D oy R OO R AR
Y BAR LR b A% o w0 a4y
BEAR R B XEOE G A S S R . kS BQ
1) — e SCAEA BT b g — B0 . ks 2 vl g Llrp
JIT Y 28 37 G BEAR RS 242 AL /DL L 2Ry S A% i
P AR B AR 389 50 S v 38 ) [ L A SR mT A
B LB AR 1. 2221 /D VBl 3 6 BEAR R ~F . 78
TR R G #06 BQ Al DL A0 6 BE
fE I A PR L BQ /N H O BB BT Y fE S Lt
R . OB 28 5 TG R B AR S5 A AR
SRR BE , ot G BE BT Y BE A E ] O R s
FoA 56, DABITE P 00 o o BEAR DG A, SE L BE 42
RIT G HCBEARRAT 6 T 4 JBOGLEL 2 X2 1E B HE
) ABRE F 6 R4 Sy v 30T O o 7R S B AR 4 1 T
TLE1CHHEIS IR BQ S5O 5 A e R il
2. R & as Eb B K O N F 6 SR 22 Ta] ) R
AN O BQ BN, SRR B YO
25 PR B 21 S 14 0 B R R Y R G BE T
1Y BE & L o oK

BQ
— 0O Ol e 1 ® ©

01 02 03 04 05 06 07 08 09 1.0
Duty ratio
Bl 1 BQ SOLH A28 H i 56 A i £
Fig. 1 Relation curve of BQ versus duty ratio
BQY fufl f NS EAR. XWSEEY
LB G e BEAR RO R 2 e i OB IR A
MBOLLRIE T B D, S5 R B EOLL . &5
i 3 O RE T BOROEOE R 2 2970 1080 nm, X
S A4 BOGEF RO A T AR 4 B8O R AE T B
XERRHEAT . AnIEL 2 Fr s f I OCOE R AE B 3 ) H
& D AT LI P R 2 I i AR Bl R R . AN fAT 3
IR B A — A Al AZ G BOR A E Do R E] /)
AR R S R Y AR - R T — T R O B AR RS R
W D' PR LA 9 98/ 5 i 0 B O T R IEAR R AE
R ELAR IR/ BV 4 O R NI A BE A8 42 R A
B IS AT A2 G R BLAR RO N N B D
Sou—NENETFEAE . X T EA AT AR |
JEREAR N D i EIE - TG A HAH I Y 80 4 7

0402002-2



= /iy
R

ARG T AR R GO R PR 5 T

H 2 #obtwiny B

Fig. 2 Near-field diameter of laser beam
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Fig. 3 Measurement method for near-field diameter

of laser beam
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Fig. 4 Theoretical beam patterns in far-field. (a) circle radius equal to the “bucket” radius, (b) circle radius equal to

the radius of whole beam pattern
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Fig. 5 Schematic diagram of experimental setup
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Table 1 Measurement results of BQ factor corresponding to different ideal beam models or bucket size

of laser spot in far-field for different output powers

Output power 46 W

140 W 569 W

i Circular
Bucker size of laser spot
flat-topped

Gaussian

Circular Circular

Gaussian Gaussian

flat-topped flat-topped

in far-field eam beam
beam beam beam

1.22AL/D 1.73 1.75 1. 64 1.66 2.29 2.32

AL/D 1.94 1. 89 1.82 1.77 2.49 2.43
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