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Abstract  High-power diode lasers with excellent beam quality are used in various applications in laser processing, laser
communication, scientific research, and other fields. Improving the output power and beam quality of diode lasers remains a
primary focus of international research and a hot topic in the field. Among numerous strategies to augment diode laser output
power, beam combining technology stands out as the simplest and most effective. Incoherent beam combination often increases
output power at the expense of decreasing spatial, polarization, or spectral characteristics, making it suitable for applications with
less stringent beam requirements. Conversely, coherent beam combination not only increases the output power of diode lasers but
also improves the beam quality and narrows the spectral linewidth, presenting an important direction for advancing the
development of high-brightness, narrow linewidth diode laser technology. This article concisely delineates the principles and
requirements of coherent beam combinations. Starting with phase locking technology, this paper presents a comprehensive review
of recent developments in coherent beam combining technology for diode lasers. The advantages and drawbacks of active and
passive phase locking are summarized. Active phase locking technology, which employs a master oscillator power amplifier
structure and implements a phase-negative feedback, has advantage in the number of combined units. This enables high-power
coherent output, eventhough the technology has a structurally complex nature. Meanwhile, passive phase locking technology,
characterized by a simple structure, typically achieves phase locking among units through diffraction effects in an external or a
common cavity, demonstrating its self-organizing phase locking characteristics; however, the technology is less effective in
realizing high-power output. Finally, the future development of coherent beam combining technology for diode lasers is discussed.

Key words coherent beam combining; diode lasers; phase locking; high beam quality; high power

Wi BHEE. 2023-12-12; EEHH. 2023-12-26; RABH. 2023-12-28; MEHELZBH: 2023-12-31
HEE&WB: ExXAKRES (62175232, 62175230, 62275244, 62225507)

HBIE1EE . plzhao@semi.an.cn, “xclin@semi.ac.cn

0114007-1


https://dx.doi.org/10.3788/LOP232659
mailto:E-mail:pfzhao@semi.an.cn
mailto:E-mail:xclin@semi.ac.cn
mailto:E-mail:xclin@semi.ac.cn

1 5l =

F FRBOLR BT AR R RER LR Z
— B ERBUN Bk FEARROR & RS MR A
FRAE DL A FE O N T i {5 AR #5457 A 4
FAEH . 2 S URBOGAR i TR 52 2 B ot
2GR (COD) BRI, Ry 1 42 v iy 1 oy % 3l %
FH T T 3R R ek ko s e AT A R Ak B R v
JEES IR B FEAR OGO k
S AT BE U /INE Bl T 1) B 4% 0 LUE S B 454, B
HI BRBOEER M A& YT LAA 3] 1~5 pm. 7E R FLAR
KBGO R 506 ot i M a A RO L S
TRBOE RS W5 B DR IR T i N 2 .

WO A R AR R = 2 RO D R A AU
Jrik A HUE W SR EOE AR TR DGR R A, BB
K 3 7 4 [ A SOG A 09 i KO s AR
pR” [ [ Bl &6 57 WA F0K 100 kW I B #2214k
POEE IR PR /N O B AT A ok R T R ik
WOC R 5 R LRI R, LLH & R B T
MBI T/ 2 SR BOE R Mok RER B
RO R T R T B A T . AR G R
TR AE, AT 4 AR A R A T AR AR . JE
AT AR AR O T A ) & 6 BT R AR A i Ty R
B v A AR DA 23 (8] A IR A T 4 e AR 22 AR HER
MESE /N, KA B, AR SOOI . M A REAR
2 45 ] 22 AN B0 OG22 ) A (8 A5 e Ok
1E H AR E I R A 8, DT R 5 e AR
B BRI AN RE 2 R i TR R BB R R O R T A
FEZE G5 8 B o M T AR R 48R A5 BT O A
7 A 41 25 ISR 36 g B — B0 4G 25 IO N A 3
5B I 10T 8 R A 4 T S B T R O R A 67 52
B AH I 5 Ry BRI 4 o % I RR A B T2 B (MIT)
MR =R FE B RES LA EA 211K
S BT Y 2 AR bar K PEAT AT AR L A HOR I
1) PR IT B IR B 2184, J& H ik S AR B a8 2 sh Bl
B 2 ot 8. 25 Oak Ridge 5 S5 50
AERAGT PAKOCH (VBG) I H 78 8% sh B0 R 48 , M+
AW JE RO L 98 (FWHM) 34 2] 0. 07 nm , $£3F

Near field

»

Beam
propagatio

VVVVYV

Far field

E61EE1H/2024 F 1 B/BAERBFFHE

H 2T Nd: YAG B ARBOEA . 4, & E MIT,
Oak Ridge F K 5L 5 % (75 [ Fabry 5255 % | Thales iff
%P A [ % 3 R 1R A 55 B (FBH) W 55 B 8 in 3% 5
TR TR v [ R 2 B A A6 2 A L S ) BT
FEP AL Tl K 2 55 1 22 B RN 2 S AR OG 2R 1
TG R ARMAT TIRAT . A AT 5
AW EE & A AR L AR R R AR OSSR A T G
IR I 5 i Jie S T i AR R, O SR ok T e Y kR Ea H
TR,

2 MTAHEH

P BN A R AR TR] AR AL 2208 58 PR 3l 5 1a] — ARG H
AR 2 M A28 B XN & 7= AR M2, SR S
TG 72 A 0 T G5 o A SR
1=(EY={(E, + E.)")=1+ L+ 2/, cos 8, (1)
X EE, 4300 S5 F N AR O AR R 0 R
PR O CI AN 22, M o=2mn(m NEE), BHI,=
L=1I18 M T &G0 E6 R I=41,,1, 8 LR
R .

[ L, NSOGB TT A T 6 30, 76 3 3 & i IX 3
) A B i 2 4% RSO A 38 3 O 7 A IR S 1 4 i A, B

E(x,y)zzE,,(x,y)o (2)

7 IR i AH (R EL 6 A T B i 25 A B LR, N R
WO A IR 7 3 B A D BRLROEOE Y N X
NAE . AT AR E T R IE R o, B Al
Je IR A bR B, R BADIRZS T TR R ARG A
ORI T SRR TR NG

R A R 2 g i i O X O O Bl AL AR
(TA) % A58 FLAR (FA) S i, 04 A 07 X
BT R . A2 TA RGP BOLIE IR Y K A+, X M
J7 AT A O N T B T, I e 1 3R A5 4 K
G U R P WOL B TT 2 )R AT R HE S 2 AT 1D
A E R . EFA RS, BOWL R Y & B+
W, e 7 AT LUR AR R 1) O 1 20 R A N2 5
AR B ABOLERT EAT IE 0 R AL IR R A 3R O
F A BEB BB w0 AR o TA RGN LWy
PEEOREAT FA RS A%, I AE & R B s B

Near field

Bl (a) FalifL 44 RN (b) B AL AR
Fig. 1 (a) Tiled aperture output and (b) filled aperture output™”

0114007-2



B LR IR

AL HBOE R ITH S = IRk A# 1, g TA
RGHDCR A M B X TA RGERFRE IR
TR AR LS5 M RE L, 39 w5 L O RE R . FA REEM
DRZ TG RGEADOER M FEZOR T HAR S
(G AR, OGRS R T A

AR A A ROR T A DR A R g A
W T AR SO LU VR . RBDL A B
DA, VIR B T &R A I T RO B = 1
S BE ELWLPE O RS S 1Y RE B A v AR, O TR B
i BV THT ARORI B ST A N R OGS R BR R  BR

R BOC TR e SRR B A
CP
b=y (3)
A (M*)

At PR 3 5 C R OB HOBAR 5 A9 3 BB
WEH A L C = 1) 2R K M R AU i A
Fo A0k S RHOLRE O Bt — R HDE SRR Q
KA

0

Q:wO.E’ (4)

Ko, MR MERAR 0 NI kA . QI /N,

RO R R AE . SRR
R PLE K

B= P s

Q. Q,

P Q.. Q, 43 2 7w 1% il Jy 1wl AP Al Iy 1) b 1 R

Ji

TEM T ARRGEM S 05— S HOE W ESUR

b (SR, o Sk 52 B (14 Bl 1 37 3 W {0 5 5 4[]

Ty KRS 43 A3 ¥ 40 1) T ARG oA Sl Y 06 {F Y 5 1Y

FUAR o 2 SR OG 8 00 6 BE R i R | BEAE R B8 5 52

FrOGEE 2 18] i T 3O 525 5 SLhR )R 5 H A

R, SR SE B 6 72 o 45 Fh I 2 i i 1 i) g

(5)

E615E 1H/2024 £ 1 B/BEXRBFEHE
G A R B o STROGT AR G AR A 4 i RE X R 1
il AE X i 4R 4 SRR O T 1 i R b R 22, DL K
P AL RGN T AR AR B (B LR
RGN T AR T H S ) 5 2 M R RO BU
6 75 1 A0 T 3 2R G5 B TR B9 38 o0 78 T 3 AR 47,
T YEFE SRAEE N AN WOG B TT ] A AL 22 19 5 iR AE %
SR —RMF TR N g Y S A R T
B2 E AT AL 25 1 5 AR AR N o 7R AR e R
J7 AT B SR AME, LA O 0 Ab A 4R S 38 5 1
NEZJR AT/ o FEAR AL B E B, SR AEE AT DL B
FLAR O BR Ak 1 - BE7 4 W 1) ~F- T 5 40 - O 8 P Y (R Y
FefE ™. A Oy R R G FA REPOER
B I 0 I iR 25 R0 T A R Ge b O I 5 48 1) 2
SR SR AL . E LK SRAE 1Y 80 % W R AT 5T Mk
BE 75 X R 0 v 0 45 T0T IR 3 R AT 7 A A o 1 R 45 B
TCIGHL R AH , DLk B30T 177 4% PR i i

3 CERAREOEA T A REOR

R 5 TR O i SRR SO 0 25T A = (8] A [A] L
HEAT LB R R HEGHOR . RIS HARGN
JUARAE B8 4% 1 J7 30, AlRE B B0 AR 23 0 3= 3l BT R
BB o BBl B B AR R 1 o A S 5 A BRG] Y fE
A S AR AL Y F A UBIUE L T S B B R S
Aok A 0 2 O % BT A Y D' SRR AT S A 1
AR AL VE] ] o 425 1) 4% B TT AR (3 52 AR DL B0 o AR
ot AR A A REOR B W5 B AR 20 IR R k] T
T, 3% 22 MRS W B, G B D't R T B e 3k
BT 900 %, A WA T AU BT S B 25 0 B
PR B JRARBL
3.1 ETEHUHEMBFTFERER

F= B B 28 G H AH LA I R AR AL 4 A2 P R o 20
B, FC ISR P 2 F 7, A A A I 32 AR T R 5t A

Phase-locking Variable
system optical delay 2
Spliter Y i Amplifiers Comiilier
| ] j
. H—em— H—]
J { 1
Laser — _ L |
e 1 Output
) i
i — - |
J | {
o) L -
Power
detector
Feed back system
Controlling system

K2 EahBiH R gR 2R

Fig. 2 Schematic diagram of active phase locking system

0114007-3



B LR IR

FGE, AL VA ) DU P O VA R VR R R g R
Wl A8 B . BIRG YRBK( MOPA) 4545 )& £ 30
BA R G b Bl S50, 28R 4 — R R AR T
U W AR Ty 22 - U, T 3R IR 2 F8 B ol 4 R Gl
SUR & N SR NI Y NI N NI RSB o
D A A AR 5 28 A A AL ARG I 2 R AT A, P AR
I A T 235 SR 388 e AR 57 42 o 8 X 4% S e AR A3 AT S B
il o8 45 B SO B T AR A — B, e i R s T A T
WL ST N FE A RO, T
N HL I B /NS B AR A R el e AR R R X
) EL I 4 25 SRR 8 4 — B, IR b Bl R e O T T AR
AFASE i) 17 AN 2 2R 19, #E R G A ST I A R — A
WO B TTAE SRy Xt BE S TR AR H 3 DA BUAS BIK B L R S
A 22 18] 11 bR B OG 2 , b LAY 9% 2 45 100 mA 1)
9K Bl H AR Ak, 25 51 20 (A 7 AR Ak, F R AL o AR Y
Tl R 25 R TR 2 5 R R R Y A R

TE2 AR BOG SR T sh B R ge b, B B oA 4
W R AL IR AT B BE T B (SPGD) 50k o 22
e, 3 1o A I ' TS B v DR R T b A A R
9K 2 HL I W A A 2 o A 25 T I R R R A 250
U A (OPLL) o 3 il 2 AR BOG8 mAH A7, H 3
BLEEMI AN E 3 T o TEANZE IR, BEROCEE A A AL
S KR POCH B e S R OB RS ok
LR DU 25 T iR A, 7 AR Y A A R 25 48R I 8 A A

Master
laser

Spectrum
analyzer

Slave
laser

Loop filter

13 e hh 2 B R
Fig. 3 Schematic diagram of optical heterodyne phase locking'*"’

1.5GHz
RF signal

F61EF1H/2024 £ 1 B/BAERBEFFEHRE
(RF ) & {5 5 A7 1R A I A, 08 ik 48 0 UB TR & 615
5 B B AR B 1R 2515 5 JE R IR R RO AR L AT
SE B BAR AT 3R A RO B A TE R K, H
T BT M R L RS R R N Y R R B R B
L SRR BT R T A A LR 5 SR
i T TR AR ST N BN A 25 1k ) X o A
2R Bk SREOE g (DFB) #E4T 80M B 5 4> R 93
Yo S FROCHm BT T AR, SPGD Bk & —Fl
FI 38 V6 24 B8 OE | 3 o 6 A5 AN 0% 5T Y 3K 2 H i e
TN B EESh, DO A I A o8 B A SR RRS B T
PR pR R B B KAERT , R 40 h i AR A7 3k 1) — 3, 528
BARH o B R 52 IR BT P s B R AN, BE S X IOk
JC B AR AL AT S A L AH T AR B A PR, HOE T/
RIS E U N
2009 4, 95 [E MIT MR 52 56 %= 8 B 16 4 il
)RR A6 B SRR (SCOWA) #E AT UK,
A AE L - R (M-2) B A I k7 A Ak, 8
a4 i R IR 1 SR R AR, FE LIRS 1. 08 A B B
HIRAE 4. 9 W, U BE X B4 51 v i) B3SO BT 1Y)
FL O O AT A g R, AR 7 RE B <<2/10. 2011 4F
Redmond 275 55 & b 32 A SPGD 5 il 2% , H 25 # n
4 i os |, B 6 8 AT 36 2% oo 4 (DOE) 43 1 2 4>k
W, 25 SCOWA UK 5 F- 647 A 3, A SPGD 551
XL EA 214 0% 5 00 A9 2 SR B0 bar 25 A 437
PEAT R, 45 ) % BE X 2314 BATC b Y SR Sl e 30t I
SRRk 5 I X HL P 1 A T DAY /INAS BT R A A 22, B
LT 2184 PR IT IO A T A B, 1 S Hh T Rk #
38.5 W (HiZ$e & i i o 280 1 B s B e IR 7 4
1%, 5 77 A 55 e, B F 5 4R 38R BT TR B Fabry-
Perot & 51 AR 5 4, BRI 7 X% 9K 2h B i i i 4 .
TR X SE ) BT, 2012 4F Montoya 25 7 i N 5| A DOE
K BN K bar 25 (55 3CHRL9 TAHTRD B A B FLAE B TA
AN FA SRS (M, =1. 1,M’ =1.6) {H )&
M T A R T B B R TR R 12 W [R/4R,

Isolator i
: Double-pass SCOWA
] SCOWA Current
S ARRAY Drivers
DOE ;
| ._ SPGD
Controller
Power Near- Far-
otictor Field Field
camera Camera

K4 SCOWA L8t RGmZE "
Fig. 4 Schematic diagram of SCOW A active phase locking system'”

0114007-4



Creedon %5 5| ABE G UK S0 TG K, 8k 5
WAL 6 BT Ay R AR AT 4y R, T B 2 0 8 A Ak
Tk U 0 B A 40 ol K A Ol B 36 B SCOW A 1Y i
AT, S25 i S S 30 47 4~ SCOWA M T4 1L 7E 1T A
A LR SRR E 30 WL AR A BUR AR 90% , 15
1AAM TAERT T il PRIk E 40 WA ROR R
87% R 1A T R B M4 o 1. 7R L. 3

2017 4F , ¥ [ )6 22 WF 5% BF Fabry 5286 & V006 2 &
WHEE R KRwEHBMTERASE P, HILT
SCOWA , #EJE Jilt K H A BH 5 (9 I 3, A7 50kt fie
TR IE 5| ke A 2 58 4, 43 501 65 TE X R4 TE IX B He
TLAEATFE ), AT 3 A 1 I X H I R A A A 3 i
PP R XY HL U B R MG 2R 0 2018 4R, L E
Albrodt %" F I M-Z #5440 s Xt 3 4~ #E T2 K #5% 1F
TR, #1976 nm 19 DFB 2 S K 3O 88 7E K #h 7
S, 38 A T Ll B3 9 e ) A % TR X R 9 S IO o 4
il 710 AMITEABT T, RERAA 12.9 W B fiT 4
Mo BR O o i (ME<<1. 1, M3<<2.5) , & LA & N
65% . HTFMAGEHITH AR, REHS N —K

F61EF1H/2024 F1 B/BAERBEFEHRHRE
KT AR, X FHSHE LSRR IR T
225, [A) A 2 S A B T 0K 28 o O SRS 2 A R o R
W T A AR EE ., 2019 4F, Albrodt 28 1E 5 A 4544
BT 1A BOGER T, AR AN 1 S s By 45 R JF 28
Tk v L AT BCR AR T A RS BT R
22.7 W, A& BBCR K 645, P12 Bl gy i MP N T
1. 3. 2020 4F v [ B} 2 B K 5 6 48 25 IR 5 4 2 0
FEHT Zhu 55 R) FE R AR 7 T AR SiE SR 28 Ok S0 AR 47 7
il Xt 4 N HETE OR R AT T T A, 3615 6.9 Wi
S AR 2% . BT COD W, B
SR B RR an 43 A AR P ST OE SR (DBR-RWL)
oy A R B3 BOE#R (DFB-RWL) |, H 1) R 3
BRI AE JL T 22 B0, SR FAH T A A T 2 T SRS 1 B 11
Ty, 2022 478 [ FBH 5% 55 = (19 Mourikis %%
WK M 808 nm 1Y DBR-RW L A 2 Fb 1 U5, 43 i 194 5% o
HE TR A8 A, 82 B M€ L B 3 56 7 BB 16 B4 A A7
HEAT PR, 76 3.5 W I Je K th D18 F & A%
TAY A O AGE B T Mo A1, 13, M SR BLR T &
R SAHOLIR R T %

Optical
DFB isolator  50:50 Beam splitter ~ Tapered Amplifiers
5 “
 — | v N
976nm
A— e H—
f\ N
L} N
N
| Photodetector
Control loop
B 5 HEIEROR S F S B R G R
Fig. 5 Schematic diagram of tapered amplifiers active phase locking system""

H T B AT A B AR i T AE E S R 4
WO ARG B HLAE R T 2 B . 2019 4, Fabry SE 86 %= 78
T B R G 5] AR FLBE R % R ) R
{0 A B, BT U/ N G TR AR 2548 & T RROR
W6 TR o 2 FARBEOEH T A O R H & B
HH BT, A T L T AR . 2019 4F, Fabry 5256 %
K2 9.2 W K 976 nm B9 T4 G A E 1 MgO:
PPLN £k v S A, 3045 2. 1 W B9 3506 , 5 80K 3k
F 22% 0 2 ARG A A U BE B A K hoh
i R . 2023 4F, Fabry 3250 2 F) HOG 45 85 & 4% 1F
17U B RG22 B 8 0K R 828 nm 1 Ff 56 43 1 M
F K G FEA K, B S B AR R0 G ik ol o 0 (T
R M 10.3 W, Bk vh g0 10. 3 pJ, B F 5 k45 0
AT A 1 A3 ] 4 HER

3.2 EF@RHHMENBETAREA

ol B BRE R R T R R WL AR A R 1 3
B RGBT AT 1 3 2 42 ) T T
TR T30 I A B A A O Y A 67 T L
B R4 T 2 A S B2 B AT Aol b
PO HR 25 10962 28 G0 0 AR B 3 4% AR T R
SE A O B8 2 R 7 R A T U 2 g
BB AR RSN T S L 7 S RO 28 3
SR 0 2 9 7 B A AN MG R v A
T {4 .25

T 35 o SO B 1) v FH B 7
Z— b SRR T HEI BRI A R A, Tl
634 TR A KR B L OV I ) ] B S/ T
O B FLAR I A RESC B RLZE 19704, 2
DUJR 93 % 1Y Ripper %6 £ 2 B GaAs WOEH & L%

0114007-5



F61EF1H/2024 £ 1 B/BAERBEFFEHRE

Optical
DFB isolator  50:50 beam splitter ~ Tapered Amplifiers
=]
=] N~V
NA—=HH—
0 Micro controller
v photodiode
A4
A, 71%
L ~
BAr O 2 CBCA,,,
- 3.5W § 5 77%
@ _ -
o | ( 'S
=
6.2 W
CBC A1+2+3+4
85%
s
L @
@
—_— . 9.7W
2 Mege = 66%
- 76%
3
—- [
As 70% *
P 5.8W
L
34W

Bl 6 (a) HETE K f BT T4 S B IR (b) 3 o f e BE ]

Fig. 6 (a) Schematic diagram of tapered amplifiers piezoelectric mirror coherent beam combine system and (b) corresponding spot'"’

B BE XTI A HEATBIAE . 2 )5 IBM 2 F] 9 Philipp-
Rutz 257 G % SE B0 T 3 % GaAs BOGH A %,
BRI E] T 5 W, 19784F, Scifres %5 1 6 141 ik
AL T 58 GaAs OB AH T & B, B AE J5 22
WFFE 22 550 A O (5 45 50 I8t R 75 AR 1) B 5 S
8 TG X 7, DRI 9 A B 0 35t 0 4 R A 42 B IL
A DL, AT T VR 2 BIS ST H A SRR IR IE

AH D P 325 A1) D & 4 B9 XU 5 4350z R IS %) i 41 452
FESC LBk Sl AR . — SR DR B O HE A SUHT S AR (L
SEH A TG T R B £ 4 B o YR e 6 3B B AR
Sk A 4 7 ) 3 L HL BT — A A 25 RO O
A3 R LA 3R G FR Y RO R ] 3l 1 LT
S AR IS KA B — R ARG o SR 7RSI O O
Bt — R B4 e 6 5 R BE A ST S SR AR AT DL A
BATT 5 A1 s R RS B L LB BT AE I PN R 4R Tl
HBE A I ST S AR B 7 B R E e nT LA
A — TR PR OB . R R B TR ) Purnawirman
LU A RO PR OT R AR Y B L T
SHIE SR TN 4 YVO, SR OB 442 SR OB s o
I E AT A B 5 B S0 A% o A TR AR %

PG RO S 2 i A e 1 RO B SR A, AR M AR
TR T AR R R RS .

AP 1 8 22 A I ST 3 AR A B0 AR TS AR R D
I 38 3 O T 2 ST AR AR A O R A IR AR
AT 72 A AR, XS, AT L I SRR AR G A s 5 AR
o AR M SR R AR — A R A O B, )
Z: 55 A 18 B 2 B 1 T AT O B AR R e L A T
MRS . FER S BIA R G, d5cw (8 89 7 ik 2 Ak
Ji 1k, R A0 s BiAE JE R O A ORI
I AR REIE G VBG B OGRET J& B R R A
SR Z — 8 WLAIE IR A Talbot B2 M-Z # & 4
JiE A Dammann JG RS & S0 E S . BB BIAHE R ) 32
PASTECAY BRI, R 22 W 5% B 22 UE BH Bl 25 2R T By 34
B ECR A R WA TR

1) Dammann Y6

1987 4, 3¢ [ MIT 5 25 = 8 k42 A
DOE X} AR PO BRI 17 73 R & R kOB HRIT
5 Dammann Y9 AT 5 9% R B R, D6 Bl BB X A 47
— T MHOE AT AT A3, 20114, 35 [ Thales F 5%
JIt Bloom 4§ 5 YOKE 54 SR I 7 GO HOG 78 1V 7E

0114007-6



8 42 ik
LA Dammann G 4 & o o0 4 B9 RS G S EE L 3RS T
0.65 W i 1 22yt D A, 5 RO IK B 70 06, He A8 4l
I MPE/NTF 1.6, ¥4 Fabry 5256 % 78 40 i vhon
A WA~ Dammann Y, H 4544 G018 7 Br s, 54 Y6

FolEFE 1H8/2024 F£ 1 /B EXEFFIHE
B A 5r T AE MBS SO0 R R v TR s A AL
RS AR AR T KT 7.5 W Y4 T 5%
BHRBFE R 8% AAE KRBT, T RBEMEK
e BRSO S AR A R

B e e e o s cocsnEzRCs Doublet
1 FAC
o A A
]
g * 4
By, 1
. Tagm, 1
High- 1
reflective !
mirror [ j
- L
1
i rmn : v
St _____ o ______Extendedcavity |
DOE1 DOE2
K7 W Dammann YEHF7ME R 2 K T
Fig. 7 Schematic diagram of double Dammann grating external cavity™”
2) Pk TV AR L Q i ) R G TR K A T AR o

HA IR RSB T TR EERE, W LA
5 A IR I AL 45 Michelson i AT M-Z Ji . H 43 AR iR B
152 1) L i 3 R A B S A RO T SO £ B 3 35 X
S PR B G A T T Michelson JB, M-7Z 5 BB B 5
B O B R A . F7E 2006 4F B Bk KRRy
Venus 257 M-Z & FH 2 AH T4 &R g8 b, 91 R
VBG EZE i . 2010 4, Thalse HF %% ff Bloom 25 )
A Michelson & 5% I AH T & AW > = F S BE O 48
(QCL), Je s B 15 8 (a) fr s, Herp P J& e s K

QcL,

(2)

Mirror

L%,
., )

@ | BS

0OC: output coupler, BS: beamsplitter, CL: collimation lens

M 8(b) ] LU i, P i 5 Q v 19 it T 48 i 55
FHA QCLMYIRZ ., X RGP, U4 2%
35 B 8550, PR Bl 7 1) 19 % BB & 4 B Ch 1.2 F
1.35, 2016 4, Fabry 92 %3 % /9 Schimmel %5 F| F #E
T WO 2% 1 e B T 5 A7 SO M B R s 4 Bl A A
B AR E LA B O E 6 AR LR T S T
6.7 W Bt B G AR B 820 . HAR B A IR I
B R R B A AR LA R R A S 2 BIRA
5203 L 1y B o

400
. QCL, + QCL,

90 - [
gam g 5 ~" A‘“ P
" - L

=
%200 -
a 80 v
Sioo | 350 550 750
g. Current (mA) Q

1]
. (L L
0 . .
0 200 400 600 800

Current (mA)

8 (a) Michelson [ 4 & 4 A1 7 25 Pl e (b) By 52 vt i i 2R P

Fig. 8 (a) Schematic diagram of passive phase locking of Michelson cavity and (b) power-current curve diagram'”

3) Talbot #h i %

Talbot & &AM ik h e w8 B IR IE 2 — . R
P H Talbot 20 8 BR i B A O EE , ff i R
i v A A () AR AR R S AR AR S B AT T AR AR
PO Z (R AH T i, 5 A7 S5 AH A2 = 1 o > o )
SR AH AR o 3 S RS R v S A — AR

]

AT LA S AR A SR R R Talbot i 3 22 b 1
RO bar 25095 M. FLATE 2006 4F , JE 5T Tl K
BRI AR i 5T A AR S 1/4 Talbot
JE B IR W D g A A% B 0 50 pm, JH 12 100 pm,
S A1 B 9 BE IR R 4 B 37 o [ AH AR X, DL AT A
B FF 18 A 2 AL P 2 0 B TR A . 2007 4F

0114007-7



ftb {138 Xt Talbot fis v A4 45 AR AL BE R AR A7 4 sz i A
PEAT THESE . 2008 4F , 3¢ [F MIT Mk 5 52 58 = 1]
Talbot B A& W T 104~ SCOWA HuJT , fii H D) %35
7.2 W AH T 6 B o6 A T 55 o BRAR (B 3
L, A4E, 35 [ Oak Ridge 52 5% % /) Liu 25 F) FH V
JE Talbot & X = T 2 58 4% 2 RO 51 (BALD) i#f
ATAHTF A3, an [ 9 fr s, fF 1% 25 8 rp 3l 3 28 e 5 =X

FolEFE 1H8/2024 F 1 B/BkEXEFFIHE
1B B A ROE BR T OGRS R smile” BN,
F R AR A A SEAE S B T 2 G, ) A R 49 S
JeB It RIF IR R 5.3 W L TEH 0. 1 nm A9 Tk
W Ak B WL N T RBAR T 0 5 I RE i LR
o FERIH Talbot I8 #E 4740 T A B 75 22 30t s oo HE
H A, BVIE 5 BN s, DR o — N TR AR EOG
bar 2545 W, LSS 47 B R50OR

BALD array

Power
detector

Grating

CCD

IO BB VIESMIE Talbot Ji i
Fig. 9 Schematic diagram of closed V-shaped Talbot cavity™”

2010 4F , Liu %" e J5A 458 B T — 46
M, 2B 5 4 A T A T 4T AN O BT, R
HAS G F] 0. 07 nm, 7E 60 A B HLI T, B i 2 55k 2]
12.8 W 2013 4F A1 2k 4 s WOG BE 51 14 O i 2 4
R o G B HE — 2B BR AR “smile” RN, R SE 10 4
BALD A& B0 76X Fh 420 (4 S ah b, Liu 570K
Talbot i i) B 85 1 — 4 4 08 8 AT R G g i faifk L 1%
TF 58 AR A BRSO VR R BT 10 4 BALD B
JCAH T A, sz i 10 iR AN K R A
25 mm, AN R G0 0] LLCTE 6 HL A b B R S B
e 5 /N E Ak . Corcoran 2 6] 7E 2005 4E 3 & T A
Fourier Ji /) 2 3 R BOG FE 51 A T & B4 A AL It

collimator

FI10 %% VIE Talbot i T4 1 BALD 7= 514
Fig. 10 Schematic diagram of compact V-shaped Talbot cavity

coherent beam combining BALD"

F 2010 5EH) F A Fourier 5 52 #1354~ i 57T 14 51 1)
A A AR TR BT R 3 2 M TR, R T
201G JE AL 10% M F MM R ZK T 2%, H
Fourier [ 78 #4 '% B 51 A T & B b A9 223K 25 1 0
HAR

4) R AR

5 Al 28 T SO B A B, DS R S IO BT Y 2
LN G ot r VN Ll o A= o T 1 BN G AR S N §
G A I g R, BT 20 tH 42 80 AR AR HE I 4 X
AR T A BB IR S B T T AR
B, 2012 4F , 22 | Clemson K2 1 Zhao 257
X RESET &5 BT A RER RS, &iF T WE 11
FIE 7 B9 6 M 45 40, 08 R b B A O s ER AL LR [
0 BE X R AR 0 S AL o ' TR A A A A S S A o
AN B DX 8 A A AT S R A e AR ST A
I8 o AR AR D ) R B R A 78,57 mW L R G AR
90% . 20144, Clemson K 2 HR 45 12 455 4 1 Ty il 2%
AT 6 Y bar &7 I 3 I R A RO R B AT
AT AT 5 A IR ) v o EERE T B AR

2016 4, Clemson K27 3 T 00GE & G T 06 #5545
SERTT BRI FERE LT3 A L SR —Fh A UK A T
B R B OE FE S R Sl At 2 X 2 R R A AR B
SEPL A PABLE I SO A T A . 20194, Zhu
SV £ T — K AN BT A T A A ik O AR S
B, o F 0 B B O 60 mA, 7E 120 mA B4 iR akCR
F92% . 20224, Zeng FEVAE S B AEEL T 4 O

0114007-8



FER LR IR

F61EF1H/2024 F1 B/BAERBEFEHRHRE

etch depth Planarizauon BCB

coupling region

active regiol

BT AR T A WRDE RO &R B

Fig. 11 Schematic diagram of coherent combination tilted
]

grating laser’”

B A T A R, A R Y B R T R Gk F] 350 mW
2017 4F , v [ RL 27 B 2 AR B 55 0T 44 Jia 26 e R b
LI T HE T Talbot RN H AT A 25 0] 38 % 4% 19 18 I8
SCEE 7R 11 T BB oA T A R, Hod
7B R %k 750 mW, 11 1K B8 T A R )R Ky
1250 mW . Jb 5 Tl K 2% Yan 25 7E 2022 48 41 85
F 48 A A G R 0 T a2 AR O B
G0 b 20 iR 1) A% A2 2 AN B %) B Talbot Ji2
LG R A A S o R R R AR i 2
WG 5 TS IR A 8, R RS R Bl AR
SR S BB AR R el BB S B K T R
T 2 3 T2 R B Ol A B 2 0 KT Y S Bk
BA T A AP HE T T R

4 GERE

A R BE 52 B i B9 5 S OF PR B DG
W, AT S RARG S, W KA MOPA
S5 T OB OR % AL S TR O AR
AR 268 5 D6 I T R A, S PR O WO A% o i T
ARAF 30 dB BLEAYIEHT 4 o HOE I Z 18] A9 A A 22 2
HATE SRR GE 00 BRI P A, e i 2 AR 45
i A 2% o 2 RO bar 28 BYA T & SR AE ST Hc
AP H A A5 SRR AL AR A R, A
B mOE M BEAT A, B2 T N T DA 55 O BE A
PR FOL AT 2 A SO BT AL AR A R, AL
Or KB HEAT AR HOGEAE TR FOE AR L 2 M i
9 5 BE [ I Dl A e AR o A P A RE R B Ok

R 2R B8 T B S B R 20 78 T 0 4% BTt A
FAALBEAT BIUE |, 2 S AHOL &% 1Y 32 3 B £ 20 ikt
PRt DEAT 8] 42 2R, 45 0 9% B L 370 A Dl /0 A o7 1%
22 AR T O HOR # A9 P00 25 PR 3R Bl HL IS A
7 2 18] B e RO AR AN R Z MR Y, DRI 7 B 4 A R
HEAT BRI LA E HL R OGN T R ST R ok

L SRS i B O o et M o N T v 1 L E [
SPGD B iE"™ | IE 28 % % 4 3h F ik IR 2 S 5
PEUAR  LAE— 5 R i A A 9, AR 808 22, AT
S Z POT A R . Bl B R ST S5 A A o, H
A B A ZUBR R, HLRE 18 G ' M oo 4 58 B 2k S
B2 BTG BT A 2% HE LS, TR AR HE 2R
RERIRANT G A

BN S LY P DN Y e U )
Mok Ae HIER G %, RS AL 22 ) 5% 2 R O H
w0l BRI LR IR NI R o BB BT R A A
L GVBIAR R I, S5 R TR PR, B IS TR A A, R OR
R I 23 WO 7 86 R B0 50 TR AR RS 7 ) 2
A, S PR DR AR LR SR HOERE S

Z % X #

[1] Tomm J W, Ziegler M, Hempel M, et al. Mechanisms
and fast kinetics of the catastrophic optical damage
(COD) in GaAs-based diode lasers[J]. Laser & Photonics
Reviews, 2011, 5(3): 422-441.

[2] Wade J K, Mawst L. J, Botez D, etal. 8.8 W CW power
from broad-waveguide Al-free active-region (1= 805 nm)
diode lasers[J]. Electronics Letters, 1998, 34(11): 1100-
1101.

[3] Morita T, Nagakura T, Torii K, et al. High-efficient
and reliable broad-area laser diodes with a window
structure[J]. TEEE Journal of Selected Topics in
Quantum Electronics, 2013, 19(4): 1502104.

[4] Huang R K, Chann B, Burgess J, et al. Teradiode’ s
high brightness semiconductor lasers[J]. Proceedings of
SPIE, 2016, 9730: 97300C.

[5] Stickley C M, Filipkowski M E, Parra E, et al. The
future of high-efficiency diode lasers[J]. Proceedings of
SPIE, 2006, 5991: 599110.

[6] Marmo J, Injeyan H, Komine H, et al. Joint high power
solid state laser program advancements at Northrop
Grumman[J]. Proceedings of SPIE, 2009, 7195: 719507.

[7] Bachmann F. Goals and status of the German national
research initiative BRIOLAS (brilliant diode lasers)[ J].
Proceedings of SPIE, 2007, 6456: 645608.

[8] Fan T Y. Laser beam combining for high-power, high-
radiance sources[J]. IEEE Journal of Selected Topics in
Quantum Electronics, 2005, 11(3): 567-577.

[9] Redmond S M, Creedon K J, Kansky J E, et al. Active
coherent beam combining of diode lasers[J]. Optics
Letters, 2011, 36(6): 999-1001.

[10] Liu B, Liu Y, Braiman Y. Coherent beam combining of
high-power broad-area laser diode array in CW and
pulsed modes[J]. Proceedings of SPIE, 2010, 7583:
758307Z.

[11] Chinn S R. Review of edge-emitting coherent laser arrays
[J]. Surface Emitting Semiconductor Lasers &. Arrays,
1993: 9-70.

[12] Leshchenko V E. Coherent combining efficiency in tiled
and filled aperture approaches[J]. Optics Express, 2015,

0114007-9



F61EF1H/2024 £ 1 B/BAERBEFFEHRE

(21]

[22]

[23]

(26]

(27]

(28]

[29]

23(12): 15944-15970.

Zhi D, Zhang Z X, Ma Y X, et al. Realization of large
energy proportion in the central lobe by coherent beam
combination based on conformal projection system[J].
Scientific Reports, 2017, 7: 2199.

Wacks M, Ryan L, Johannsen D, et al. The alpha
program[J]. Journal of Directed Energy, 2006, 1: 275-
277.

Coherent laser beam combining[M].
Wiley &. Sons, 2013.

FEALEE, BT, KRR ORI S RO S AR T
HEDE2, 2015, 8(4): 517-534.

Wang L J, Peng H'Y, Zhang J. Advance on high power
diode laser coupling[J]. Chinese Optics, 2015, 8(4): 517-
534.

Leger J R. External methods of phase locking and

Weinheim: John

coherent beam addition of diode lasers[J]. Surface
Emitting Semiconductor Lasers &. Arrays, 1993: 379-
433.

Nabors C D. Effects of phase errors on coherent emitter
arrays[J]. Applied Optics, 1994, 33(12): 2284-2289.
Botez D. Monolithic phase-locked semiconductor laser
arrays[J]. Diode Laser Arrays, 1994: 1-71.
Botez D, Ackley D E. Phase-locked
semiconductor diode lasers[J]. IEEE Circuits and Devices
Magazine, 1986, 2(1): 8-17.

Philipp-Rutz E M. Single laser beam of spatial coherence

arrays of

from an array of GaAs lasers: free-running mode[J].
Journal of Applied Physics, 1975, 46(10): 4552-4556.
Twu Y, Dienes A, Wang S, et al. High power coupled
ridge waveguide semiconductor laser arrays[J]. Applied
Physics Letters, 1984, 45(7): 709-711.

Corcoran C J, Rediker R H. Operation of five individual
diode lasers as a coherent ensemble by fiber coupling into
an external cavity[J]. Applied Physics Letters, 1991, 59
(7): 759-761.

Sanders S, Waarts R, Nam D, et al. High power
coherent two-dimensional semiconductor laser array[J].
Applied Physics Letters, 1994, 64(12): 1478-1480.

No K H, Blackwell R J, Herrick R W, et al. Monolithic
integration of an amplifier and a phase modulator
fabricated in a GRINSCH-SQW structure by placing the
junction below the quantum well[J]. TEEE Photonics
Technology Letters, 1993, 5(9): 990-993.

Osinski J S, Mehuys D, Welch D F, et al. Phased array
of high-power, coherent, monolithic flared amplifier
master oscillator power amplifiers[J]. Applied Physics
Letters, 1995, 66(5): 556-558.

No K H, Herrick R W, Leung C, et al. One dimensional
scaling of 100 ridge waveguide amplifiers[J]. IEEE
Photonics Technology Letters, 1994, 6(9): 1062-1066.
Krebs D, Herrick R, No K, et al. 22 W coherent
GaAlAs amplifier array with 400 emitters[J]. IEEE
Photonics Technology Letters, 1991, 3(4): 292-295.
Levy J L, Roh K. Coherent array of 900 semiconductor
laser amplifiers[J]. Proceedings of SPIE, 1995, 2382: 58-
69.

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[43]

[44]

0114007-10

Liang W, Yariv A, Kewitsch A, et al. Coherent
combining of the output of two semiconductor lasers
using optical phase-lock loops[J]. Optics Letters, 2007,
32(4): 370-372.

Grant M, Michie W, Fletcher M. The performance of
optical  phase-locked

loops in the presence of

nonnegligible loop propagation delay[J]. Journal of
Lightwave Technology, 1987, 5(4): 592-597.

Ramos R T, Seeds A J. Delay, linewidth and bandwidth
limitations in optical phase-locked loop design[J].
Electronics Letters, 1990, 26(6): 389-391.

TR, AR, BT, 55 90 E BUE 808 nm UL A
BE5 7] EOE 2023, 50(5): 0501001

Zhang N L, Wang C L, Xiong C, et al. 808 nm laser
array with wide temperature-locking range[J]. Chinese
Journal of Lasers, 2023, 50(5): 0501001.

Vorontsov M A, Carhart G W, Ricklin J C. Adaptive
phase-distortion correction based on parallel gradient-
descent optimization[J]. Optics Letters, 1997, 22(12):
907-909.

WEL, WM, 2300 . Al NG R T B
JET 4 ) 55 0 05 0 AT D). S22 41, 2007, 27(8):
1355-1360.

Yang HZ, Li X Y, Jiang W H. Simulation and analysis
of stochastic parallel gradient descent control algorithm
for adaptive optics system[J]. Acta Optica Sinica, 2007,
27(8): 1355-1360.

Huang R K, Chann B, Missaggia L. J, et al. Coherent
combination of slab-coupled optical waveguide lasers[J].
Proceedings of SPIE, 2009, 7230: 72301G.

Montoya J, Augst S J, Creedon K, et al. External cavity
beam combining of 21 semiconductor lasers using SPGD
[J]. Applied Optics, 2012, 51(11): 1724-1728.

Creedon K J, Redmond S M, Smith G M, et al. High
efficiency coherent beam combining of semiconductor
optical amplifiers[J]. Optics Letters, 2012, 37(23): 5006-
5008.

Schimmel G, Janicot S, Hanna M, et al. Coherent beam
combining architectures for high power tapered laser
arrays[J]. Proceedings of SPIE, 2017, 10086: 1008600.
Albrodt P, Hanna M, Moron F, Coherent
combining of high brightness tapered lasers in master

et al.

oscillator power amplifier configuration[J]. Proceedings of
SPIE, 2018, 10514: 105140T.

Albrodt P, Niemeyer M, Crump P, et al. Coherent
beam combining of high power quasi continuous wave
tapered amplifiers[J]. Optics Express, 2019, 27(20):
27891-27901.

Zhu H B, Duan X M, Fan S L, et al. Scalable structure
of coherent polarization beam combining based on tapered
diode laser amplifiers[J]. Optics &. Laser Technology,
2020, 132: 106470.

Mourtkis C, Blume G, Maalidorf A, et al. Coherent
beam combining progress on diode lasers and tapered
amplifiers at 808 nml[J]. Proceedings of SPIE, 2022,
11983: 119830D.

Hamperl J, Albrodt P, Georges P, et al. Compact



F61EF1H/2024 F1 B/BAERBEFEHRHRE

module for high power coherent beam combining of
tapered amplifiers[C]/2019 IEEE High Power Diode
Lasers and Systems Conference (HPD), October 9-10,
2019, Coventry, UK. New York: IEEE Press, 2019: 33-
34.

Albrodt P, Jamal M T, Hansen A K, et al. Recent

progress in brightness scaling by coherent beam
combining of tapered amplifiers for efficient high power
frequency doubling[J]. Proceedings of SPIE, 2019,
10900: 109000.

Liu Q, Janicot S, Georges P, et al. Coherent
combination of micropulse tapered amplifiers at 828 nm
for direct-detection LIDAR applications[J]. Optics

Letters, 2023, 48(2): 489-492.

Vysotsky DV, Napartovich A P. Coherent beam
combining in optically coupled laser arrays[J]. Quantum
Electronics, 2019, 49(11): 989-1007.

Ripper J E, Paoli T L. Optical coupling of adjacent stripe-
geometry junction lasers[J]. Applied Physics Letters,
1970, 17(9): 371-373.

Philipp-Rutz E M. Spatially coherent radiation from an
array of GaAs lasers[J]. Applied Physics Letters, 1975,
26(8): 475-477.

Scifres D R, Burnham R D, Streifer W. Phase-locked
semiconductor laser array[J]. Applied Physics Letters,
1978, 33(12): 1015-1017.

Ng S P, Phua P B. Coherent polarization locking of a
diode emitter array[J]. Optics Letters, 2009, 34(13):
2042-2044.

Purnawirman P, Phua P B. Coherent polarization locking
of multimode beams in a diode bar[J].
SPIE, 2011, 7918: 791815.

Han J L., Zhang J, Shan X N, et al. High-power narrow-

Proceedings of

linewidth diode laser pump source based on high-
efficiency external cavity feedback technology[J]. Chinese
Optics Letters, 2022, 20(8): 081401.

Kouznetsov D, Bisson J F, Shirakawa A, et al. Limits
of coherent addition of lasers: simple estimate[J]. Optical
Review, 2005, 12(6): 445-447.

Fridman M, Nixon M, Davidson N, et al. Passive phase
locking of 25 fiber lasers[J]. Optics Letters, 2010, 35(9):
1434-1436.

Leger J R, Swanson G J, Veldkamp W B. Coherent
laser addition using binary phase gratings[J]. Applied
Optics, 1987, 26(20): 4391-4399.

Bloom G, Larat C, Lallier E, et al. Passive coherent
beam combining of quantum-cascade lasers with a
Dammann grating[J]. Optics Letters, 2011, 36(19): 3810-
3812.

Venus G B, Sevian A, Smirnov V I, et al. Stable
coherent coupling of laser diodes by a volume Bragg
grating in photothermorefractive glass[J]. Optics Letters,
2006, 31(10): 1453-1455.

Bloom G, Larat C, Lallier E, et al. Coherent combining
of two quantum-cascade lasers in a Michelson cavity[J].
Optics Letters, 2010, 35(11): 1917-1919.

Schimmel G, Doyen-Moldovan I, Janicot S, et al. Rear-

[61]

[62]

[63]

[64]

[67]

(68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

0114007-11

side resonator architecture for the passive coherent
combining of high-brightness laser diodes[J]. Optics
Letters, 2016, 41(5): 950-953.

Lohmann A W, Silva D E. An interferometer based on
the Talbot effect[J]. Optics Communications, 1971, 2(9):
413-415.

Hassiaoui I, Michel N, Lecomte M, et al. In-phase
coherent coupling of tapered lasers in an external Talbot
cavity[J]. Proceedings of SPIE, 2007, 6485: 64850E.

Li Q, Zhao P F, Guo W R. Amplitude compensation of
a diode laser array phase locked with a Talbot cavity[J].
Applied Physics Letters, 2006, 89(23): 231120.

Li Q, Zhao P F, Guo W R, et al. The in-phase mode
selection of a high-power diode laser array by a Talbot
cavity with an amplitude compensator[J]. Optics
Communications, 2007, 270(2): 323-326.

Zhao P F, Li Q, Guo W, et al. In-phase output beam
from broad-area diode array using Talbot cavity[J].
Chinese Optics Letters, 2007, 5(5): 284-285.

BTG, SR R, 2208 . Talbot SM E AH HH 07 b 3% 7T 1
A TR [T]. R BOL SRR, 2007, 19(1): 19-22.
Zhao P F, Guo W R, Li Q. Phase compensation of
Talbot cavity[J]. High Power Laser and Particle Beams,
2007, 19(1): 19-22.

SR, 2R, FRIE A, S TR OGRS Talbot S
Jiis BAE HLFE 1 92 B 0F 5T (D). e L F 0%, 2007, 18(6):
672-674.

Zhao P F, LiQ, Guo W R, et al. Phase locking of a high
power diode laser array in an external cavity[J]. Journal of
Optoelectronics+ Laser, 2007, 18(6): 672-674.

Liu B, Liu Y, Braiman Y. Coherent addition of high
power laser diode array with a V-shape external Talbot
cavity[J]. Optics Express, 2008, 16(25): 20935-20942.
Liu B, Braiman Y. Coherent beam combining of high
power broad-area laser diode array with near diffraction
limited beam quality and high power conversion efficiency
[J]. Optics Express, 2013, 21(25): 31218-31228.

Liu B, Braiman Y. Coherent addition of high power
broad-area laser diodes with a compact VBG V-shaped
external Talbot cavity[J]. Optics Communications, 2018,
414: 202-206.

Corcoran C J, Durville F. Experimental demonstration of
a phase-locked laser array using a self-Fourier cavity[J].
Applied Physics Letters, 2005, 86(20): 201118.

Corcoran C J, Durville F. Passive coherent combination
of a diode laser array with 35 elements[J]. Optics
Express, 2014, 22(7): 8420-8425.

Dan B. High-power coherent GaAs-based monolithic
semiconductor lasers[J]. Proceedings of SPIE, 2001,
4533: 41-46.

Welch D F, Cross P S, Scifres D R, et al. High-power
(cw) in-phase locked “Y” coupled laser arrays[J]. Applied
Physics Letters, 1986, 49(24): 1632-1634.

Zhao Y S, Zhu L. On-chip coherent combining of angled-
grating diode lasers toward bar-scale single-mode lasers
[J]. Optics Express, 2012, 20(6): 6375-6384.

Zhao Y S, Zhu L. Integrated coherent beam combining of



F61EF1H/2024 £ 1 B/BAERBEFFEHRE

[81]

[82]

a laser diode mini-bar[J]. Proceedings of SPIE, 2014,
8965: 89650F .

Wu T W, Chang W Z, Galvanauskas A, et al. Model
for passive coherent beam combining in fiber laser arrays
[J]. Optics Express, 2009, 17(22): 19509-19518.

Zhao Y S, Zhu Y Y, Zhu L. Hybrid integration for
coherent laser beam combining on silicon photonics
platform[C]//2016 IEEE Photonics Conference (IPC),
October 2-6, 2016, Waikoloa, HI, USA. New York:
IEEE Press, 2017: 633-634.

Zhu Y Y, Zhu L. Integrated single frequency, high
power laser sources based on monolithic and hybrid
coherent beam combining[J]. IEEE Journal of Selected
Topics in Quantum Electronics, 2018, 24(6): 8300908.
Zhu Y Y, Zeng S W, Zhao Y S, et al. Hybrd
integration of active semiconductor devices with passive
micro/nano optical structures for emerging applications
[J]. Proceedings of SPIE, 2019, 11089: 1108908.

Zeng S W, Zhao X L., Zhu Y Y, et al. Watt-level beam
combined diode laser systems in a chip-scale hybrid photonic
platform[J]. Optics Express, 2022, 30(13): 23815-23827.
Jia Z, Wang L, Zhang J, et al. Phase-locked array of
quantum cascade lasers with an intracavity spatial filter

[83]

[84]

[85]

(86]

[87]

0114007-12

[J]. Applied Physics Letters, 2017, 111(6): 061108.

Yan Y F, Liu Y, Zhang H Y, et al. Principle and
numerical demonstration of high power all-fiber coherent
beam combination based on self-imaging effect in a
square core fiber[J]. Photonics Research, 2022, 10(2):
444-455.

Wang X F, Lan T, Ruan R J, et al. Dynamics of mutual
diode
interference effect[J]. Optics Communications, 2022,
522: 128616.

PRAGEE , 20, B4, % . SPGD ik m M I # A4
ZARLIE T [T]. St2f2ai, 2023, 43(5): 0511001.

Chen M R, Jiang L., Mao H M, et al. High-Precision
Static Aberration Correction Method of SPGD Algorithm
[J]. Acta Optica Sinica, 2023, 43(5): 0511001.

Jiang M, Su R T, Zhang Z X, et al. Coherent beam
combining of fiber lasers using a CDMA-based single-

injection phase-locking of laser array  with

frequency dithering technique[J]. Applied Optics, 2017,
56(15): 4255-4260.

Hou T Y, An Y, Chang Q, et al. Deep-learning-based
phase control method for tiled aperture coherent beam
combining systems[J]. High Power Laser Science and
Engineering, 2019, 7: e59.



	2　相干合束原理
	3　半导体激光器相干合束技术
	3.1　基于主动锁相的相干合束技术
	3.2　基于被动锁相的相干合束技术

	4　结束语

