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Review of optical phased array technology and its applications

Tian Boyu, Peng Yingnan, Hu Qiqi, Duan Jiazhu, Luo Yongquan, Zhao Xiangjie, = Zhang Dayong
(Institute of Fluid Physics, CAEP, Mianyang 621900, China)

Abstract: The optical phased array technology has the advantages of fast response speed, compact structure,
and flexibility in control, thus it has been widely used in many scientific and technological fields. Over the past 50
years, many excellent research results have emerged. To give an overview of the optical phased arrays, the article first
briefly reviews the history of the optical phased arrays, and introduces the basic principles. From the perspective of
different applications including beam projecting and receiving, combined with the author’s thinking, the current status
of the developments in high-quality laser source, laser coherent combining, laser steering, atmospheric distortion
correction, and synthetic aperture imaging are introduced in detail. Finally, the bottleneck and the future development
trends of the optical phased arrays are given.
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Fig. 2 Principle of optical phased array (1D)
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Fig. 6 Schematic diagram of solid-state slab lasers
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Table 2 Representative research results of solid-state lasers

year type institution power/kW beam quality
2009 slab Northrop Grumman , USA 15.3 1.58
2010 slab North China Research Institute of Electro-Optics, China 11.0 4.8
2011 slab China Academy of Engineering Physics, China 11.3 7.56
2012 disk Boeing, USA 30.0 <2
2015 disk General Atomics, USA 150.0

2018 slab China Academy of Engineering Physics, China 223 33
2018 disk China Academy of Engineering Physics, China 9.8 14.7
2019 slab Technical Institute of Physics and Chemistry, China 60.0

2021 waveguide China Academy of Engineering Physics, China 10.0 <3
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AR Ay v o T R IR AT K . MOPA 2544 1) Y6 27 SO 28 A0 L T BRLAIR 355 25 45 W 1 6 2T SO 25 78 ' o T At Jy 1
AL, ST 5 S R DR . 7R SRR A A H BT IO RS D T, 2016 4R H AR Fujikura 24 @) Al H K
PN EARGE AR T R 3 kW A EOGE L, BT DG LR MK R A F 20 m, SEINECRIA R 70%5Y, 2018 4, [ B A
Fi K2 FIH 915 nm 30O RS XUa] 2 BG4k 1 O =X G S5 O 14 A2 R 2 0 R AR R 1, R R
L) ELAR L 25/400 (38 25 S 4R SE30 T 5.2 kW SR HR i I M2 2958 2.2 B, e s MR GA 3] 63%, %30
FRLEA I 7 TR, 2020 4F, H A Fujikura 24 B R IE T 5 D)8 K 5] 8 kW AT BAADOGEFBOGER, 2 B8R 2 Bl

LDs 7x1TFB
combiner

(6+1)x1 TFB

combiner
PM

LQM

endcap

oC CLS CO "HRrR
FBG

Fig. 7 5.2 kW all-fiber MOPA configuration
B 7 5.2 kW LA ORG24
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b 1k O A4RGE 1 B EF FOEIR 5 2 1 SR i i o TRIAR, B BB 24 1 BB AT OB IR 5 25 4 Hh D R 28 T 7 kW
£ MOPA 2545 1) G2 O 2% 7 T, 2012 48, SEE IPG 24 v A H [A) 7 8 HOR 52 B8 T MOPA 2544 (1 FALE 20 kW (14 %
HH S, T AR Sf R P AF 9 B A A v [ T AR A BRI Y B . P R A B L B R K 2R R A R i iE T MOPA
LR BOLRIBFSE, (HEA LT E AN e A A — & 2215 . 2018 4, v [ T RE 4 B 73 B A1) FH 22 3 346 25 — IR 1ok
2F, 38 A B B A A UM A B R ST 11.23 kW I HOGH 57, 2019 4F, Hh EIRFE BE 1 I ' 224 % ML 52
JUTil i AL-P-Si = JCOGEF AR T 10.14 kW RO 15, B LR ROBARRE R R BUR PRI R AN ER 3 R .

£3 BBEAHAERBRFRARS

Table 3 Representative research results of fiber lasers

year type institution power/kW beam quality
2016 Fujikura Ltd., Japan 2 1.2
2016 National University of Defense Technology, China 2 1.6
2017 Fujikura Ltd., Japan 3 1.3
2017 National University of Defense Technology, China 3.05 1.3
2018 monolithic fiber Fujikura Ltd., Japan 5 1.3
2018 National University of Defense Technology, China 52 2.2
2020 Fujikura Ltd., Japan 8

2020 National University of Defense Technology, China 7 2.4
2021 National University of Defense Technology, China 6 1.3
2015 National University of Defense Technology, China 3.15 1.6
2016 Massachusetts Institute of Technology, USA 3.1 1.15
2017 MOPA Tianjin University, China 8.05 4
2018 China Academy of Engineering Physics, China 11.23

2019 Shanghai Institute of Optics and Fine Mechanics, China 10.14

2021 China Academy of Engineering Physics, China 5.07 1.252
2021 National University of Defense Technology, China 6 1.36

213 CESREOL

e SR AL ROCR R, S5 8 LA LT R ROG R o688 1 R g, 7RG A I M SR R AR & T2 BN
o oM KU R A YR AL 02 RO T LU T M R % L FERBOLSRE S YIRS T4
PE R 2 BN ) B FLARORE UG W AT, ) 1) 52 I8 5 550 7 8 25 i 5 %5007 5 ) Bl it R 0%, 5 Ah 2 AR O g A B
{18 4y BEEATL A AN R T AR OGSO R L A i TSR OL, BT DUTE 5506 S SR O i R
R AR E AN R 5 Al A R D) F o SR BO G SIS T ARZ M R . 2013 4F, HZ%H) Hamamatsu
Photonics K.K.2> Fl RIS T E iR F 19.8 W TH3R 915 nm 2k SRBOL SR, S KOGRBCR A X 68%, 2017 4F, HA
Fujikara 23 7] FI| FH 56 2 B 45 4, SEBL T A5 fi e B tB 2028 33 WG 915 nm 2 AR BOE A, [/ 4F, SEEAY IPG 24 A
B T RCR AT K 73% 19 976 nm B SARBOEERE, 2020 4F, P22 8 E B A RIRGE T 12 °C 87 44 F Y 301 W
T3 808 nm HUA P R RO AR, AL TP S ORBOE RIS U, A s RS ER B AT C 2T LR S R
98 /N 10 kHz 19 28 28 5 21 AR BOE AR 70 R A0 s B0 AR D0 R DA — 25 1 ] 2 T AR SO 38 A 9, 2015 4F
T[] FBH A 5% T ) FH A i e £ 1 A L -0 0 s g o 1) R B I iR s 8L 8 T DA SIE B 15.7 Hz (B 4 4k e
22 BAMBFER

TCVS AT T O 75 #8232 PR T A2 M 2 U . FARLONE | AR 405 DA RS OB 1 A R AR R A 52 ),
R OR AT e JE BRI A FR R 7 AGER O AR R B, 3 5748 307 - 36 5 /R 9250 & Y Dawson 48 @ T RO
LR PO B4 T 3R ACT I Wy B RL, 43 AL T BB R RB AR LA OB R BRI R 36.85 kW il 36.2 kW,
IRBE R 15 B A 45 R 2RISR EOE A BE M BR AR, SEFR b BRI AR 2R T8 S AR EOE AR FR D) KR K T i
HIE WU . BEE P FOCLF G T 3R A WIEE T, SO Al 2 P RN LA AR i % W S, BRSO 45 380 (10 o SR 4R 7
MEFE L ASOR K A AR SR B A SO A i D DD SR B B AR B KR, SRR OGS AR . R Z B0
J ST, AT DAAEAS B ISR OO D R A R T, KRR FHE R0t L BOG A B AR T A BURTAE T A
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B o ARAHTA B T N B R D E S, W] LAA I W S B AR TR 2 N AT o TR TG U s A ) Oy =K
A N FEBOCTE R S 7 AR T3, AT DA i W (52 BE R T 2 N A% o TR ok U A O T8 LR g s T2
MR, EA 1A b IR B B A O 42 S AR, R JE TG AP B . A EFEEA T A, AT A A
KR 7, B 9 AN S ALAG B XA T U JF R T R 09T, DARPA 511 MELT 5 H 52K O AH 1
B LEARANE R AR LA RIS S —

WOCAH T AR S 2 A 4 W 1% BURU Ry, L o R AE A R 0 ST 4 o) 22 8% o Sz FLAR B O I S, SCIAE
MK O BRREOEH 1 . TIREOES B 00 F il 1 R B 2R B FE bR AR L (00RH  AE ZE A P . SRR
) 30 3 DB RO AR, i o R R 2 OB IEAR T B LA, SR SE AR A A 2 B A o AR S a4 o T
FOGHE, B0 PRSI LR H AR AE A S A BN 16 S AR 7 45 1 D) Xt 7 oA B A R A7 1 22 AT AME, ST
H = RO TG . JCIR 2 T RO G T 1 SO AR 5 5, P06 L B EORER . BOCH T &R H i EZA W
KK RETT I, RV DR M 2 A, S0 & BT K, WO T & U FREE AR 3R 48 AT LU 4y S SR O6 A T & 8L
e FARBOCH T A B EARBEOEAH T & G EFHOEAH T & 0, b DL B T & RS A O T 6 il
R, R — EL R IR A5

WOCA T A AR N TSR BOG AR, 1964 4F 55 [ Bell 5256 %8 1 Enloe 25 A i 5 W0 % S A SO G 2 52 90 T
WOEAR T BT, S IR L R A T AR SO A T A S R T T R AR AT, (R
SR B A UL A OE RDG RS0 R A 3R 1 8 B O 6 I8 AL AR 1 B, SRRSO TA BUW R R B ks Tl gk i
AR AL B3 & T 2E WO A T A R 2 SR EOE 1A T A BUE ST, HUR R G DR R BT W g e,
B A OGO LT OB A T4 U D3RO A R M 25 15, KW Lk — ELAR B8 B AH T & BT 0. 25
RBEOEAH T A BS SRBOEH T A B2, 766 BT 3R 07 T 504 (R B0 B S5k i) O 38, 3 4 00 i 1 3 1Y) 2 R 1A 0%
JEAHT B ARG FACE AL E T W RS, R Z R THE SR BOL A B A BOR J7 58 1 %, {3 )2
KA LR FAARBOCFEA T SR IR B, BOmAESEAH T & USRS %, B R T SR kW R

T 155 Th RO A T B Ak A 2R A Ry 28 H B 2 Ui I A - v
WOt 20 4K 2 21 220, BIABOCR AT & MRS
LB 52 B FC 1 9 A i 7K SEE 1 32 1Rl 1Y Northrop Grumman
7y A #E JHPSSL %1 (4 3E T #E47 H kW R ERBOE RS
W, 2008 4F B 52 BE 1 79 % [EAOGAR T8 15 30 kW A %0
O H bR, 7 300 s LIS AT A R ORI R i A B T
215 fEAT IR o #E 2009 AERT, TR S T H kW i gAY [
WHOEH T ARG, E 8 iR, ZAGKUT 8 H il :
JEAHT G AR, BT B HCR H MOPA 45, B B% 30O T & g
PLSZEE 15 kW Hir th, AT A R 48 6 fi DR T 8 100 kW, Fig. 8 100 kW solid-state laser system by Northrop Grumman
2 A HIZ R G E bR L 2 RGE A R EOEH & il '8 [ Northrop Grumman 2 ] 100 kW [ 10k 32 56 %
1o KT, AR H AT AN WO T A R I 5 R DK o B S T A PG R AR O T A R S
B ARE , X T ARG AR T4 B 5 2% ] A T 0 A 4 1 B2 3K Bl B AR 1 1 150

FEEF WG IR T AE R BOE AR T & B s FATTIAF5E 7 1], H DARPA $2 ) APPLE 1815, YR HOEH T &
B AR T A R R, A2 525 1R AHR I I . 6 S TR . 2B WOLH T 6 R S0, 36 | BR
R S RN X R T AR R SE T AE . A BT AR BOG, SRR O T 28 5 S £ B BORT T A . 2006
AR, e MO LI ST AT R A B Y 32 BE G EOEAE T A A HALIR 25 /T /502, 2011 4F, 3 [ Thales
58 OB E AR OEAR T A B AR T 22 64 50V, 2020 4F, [ B R RS0 T 107 BOGEF BOGH T4 8L, %
REMEH T 1064 nm J B#oOt, #E7 PR 5r R 2 J5 8 i 1 S SE PR S5 IR BT 92% 1 4 He, anEl 9 iR .
X — RS B ETGEF BOE A T4 AT 1Y B 8 2z 500, 2011 4, FE R RHE KF 5B T 3x3 S5 MY 1.08 kW LT i
JEH T ARG, EEMG LR E LI T 8 4 kW ICLFHOEH T4 A, RN 10 iRty T4k, h
AR FRAF 5T e 3 VR 0 BRI 5 T AR AE G AT OG- A U X 2R G T S AN AL O A S G S R R IR T R TR
BRA MBI TR, B8 T EZERE AR R . HlC SH0E 30 B0 R 8CRE L HOEH T4 0, £ MR 22 1/5405%
LR FOEAH T A iR G fie AR R B B 2R 2015 A AR 5200 % 19 42 B% 44 kW LR OEAH T/ IR 5, % R
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Fig. 9 107-channel fiber laser coherent combining system

B9 107 BOCEFBOLHT & MR G4 1 1] 1 S g 4 2R
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10 GHz Ry :
( ) splitter — ' ’ 1 l

fiber/micro-lens
array

FPGA-based SPGD
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far-field on-
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Fig. 10 4 kW fiber laser coherent beam combining by Lincoln Lab. MIT
Pl 10 26 MRS 9250 5 4 kW SELF BT T A B 5 40 J50 3% 25

& HADEL O 6 MU Y 2 R 2 5

TEIBSR B A 22 BBOR T8 R s B2 b, BIFFE N S i R B DGR A | ARHASE I S5 A AL 28 1R B AR T
ROM T U EE B . Ot 7 2 18] A6 — HAR DCBC i 2 S SAORE SIE I 2800, 532 M) i 26 9 DI TR U003 o T
1522 W 22 T B SDERAE H AR b 7= A6 3 B 87, BE TS BESE BUA B AR K T3 B . B WO 5 10 B i 43
T, BE A B ST AR AR AR AT B Ay R, e 23 52 R AR 37 4 ) S E O W BIGE R . I Ah, BEE O A U AR T, B
R0 B3R AR A7 M58 7 RO A AR RS B A 1 i, Sk — AP SN T ARG A BMERE o I, AR Ok Z iR B
O 4 D7 YR B Y, LA R T 3 B S ()BT OGRS 5 B BURHE 1 | 5 TR 24 o] B BIURR 45 1 O vk L TE 2 e B
BEahE LK A& R REALIFAT RS T R L AR, S i Bk LA S B R R SR G, 4R T SO AL 3 S A
il 0, —E R B TR A Z B0 TG B . 25 b, WO T U UERMERT R SR AL S Ik 4
JiR
23 RIS

JC=E AR A 73 A — A B B A i S8 BRAE ARG A E SR R 4 o AESOLE (S ATP R G MIBEOLH A% RS
Hh i G IRHEAT S I A 2 [ 44 S BOE R AR 5 1o 5 0T SR P e 0 IR B ) RO SR I R oh T L
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T4 BEHETERRREFRITKRM

Table 4 Representative research results of coherent beam combining

year type institution power/kW number of channels

2008 Northrop Grumman, USA 30 2
solid-state laser

2009 Northrop Grumman, USA 100 (Record) 8

2011 Thales Research & Technology, France 64

2011 National University of Defense Technology, China 1.08 9

2011 Massachusetts Institute of Technology, USA 4 8

2011 University of Dayton, USA 7

2014 Northrop Grumman, USA 2.4 3

2015 Massachusetts Institute of Technology, USA 44 42

fiber laser

2016 University of Dayton, USA 21

2019 National University of Defense Technology, China 60

2019 National University of Defense Technology, China 8 7

2020 Thales Research & Technology, France 0.105 61

2020 Civan Advanced Technologies, Israel 16 37

2020 National University of Defense Technology, China 107 (record)

Al X T 2 A1 i BILRAD  s ABE DR, PR Ok M LA T AR 5 Wi 7 3R R T 52 00 41 i 8RBT OB S AR PR Y AR AL
ARG AT B TT LR AR 37 47 1 S BT WU 3 9 SC s A BE DA - AT, 1T T OB it M R 3=
T LT WA B L AR I | 25 T RE S T HOL A FITEFE FIEE T MEMS (OG22 AR 0, Bk 1R,
FEA B OG0 RO 1 2 R T 1] K A% L e g ol 6 A R =4 205 1], DL b = 28 E R O ROt A 4%
BEHA 1 S SR N EE i 5 PR BUR A A AR ]

AR 2 R T R A X A R B O i input plane wave  gyriped
A, e AR L TR 7 TR L T M s B LA applied voltage_ — lectrodes

g

liquid

RARIPEH . ETRAR G A T SCHRARIE , e AR 2 A A A5 B A
BATCHATT T, Wi AR P A 1) O B B AR ATS AL T OB B i

qf

film
) )\
S

UL B A5 — A — 4 VS R P B 3 [ 19 Raytheon 24 7 T - vl

1989 4ESEBE, WP 11 Frst, % — 4B AR Ve R 3 f 5 - //0‘3\**‘/\?& h indi;idugﬂy

43000 - HLHE, R B30 5 7= 24 S0 DA AR Bl 52 3008 4 : . whvefronts
|

AT o 38 o 5 P AR R B A DR R S Y £ B R,
P SEARATR RO o (EZ M B B ARG, e
SN R S BE S B B WA BE R A, FOR ARG OB AR liquid erystal
A, B K 85%. 2000 4F, ¥ [ BNS 2 Rl AYfE & (LCoS) Fig. 11 One-dimensional liquid crystal optical

R B S 3T 3000 1Rl P 8000 i % 1 B2 114 ¥4 32 2 Ol TR 4 phased array by Raytheon

AR KL B 633~1550 nm, A R0 #2355 T 7.4 mmx 11 3% [ Raytheon 2 ) F il i — 4k Y it s 2 1 e

6 mm!"", DL F ARG bl LA ) S — B4 R A 4 R 24 0 A S 3 DR L 1) Y SR, Ry s R 2 A 3 R R T 4
JFEBOR B AR MBS o S5 UL A 12 AR T B2 R A A4 B 3 B P9 ™ A 224 B T 38 D o, DA 0 TR DR 0 O
258 B A O, AR T S . 22 T AR A SO A B T fi I G M S B R i AR 1 2008 4
J6R % SN M ST AW T — 306 1550 nm ZT 8056 T LSS 3 £40°40 Bl 3% 252 451 48 1) — 2 V0 b A 428 R s 4, KA BE AT
SRR T 80%, % AR U 12 fr 7R,

Tt i T RER 2 0 R R, T 2z 2 i T ) 3 X v B S O AR AR B T T R A R I AR R YRR AR 42 R 1) 5
ST I PR KR T o 2010 4F, 36 [ 48 A2 S 00 5 R B T 5E O VR AL R 1) 0 R IR Ak 4 VAR A B S e T
SEEL 100 W/em? A58 G 32119, 2016 4F-, Rockwell 23 ] Al Boeing /A 7] F & A9 Transcon 1 ¥ & AH 4% [ 5 o 5 i8S 52 B
TR OGS T, WRSCRAU 0.2%, 254 ESh AR ST, B0 AR M R 32 T FL O ER IR A A2 R
TR T2 A ) R, )T T SR ' 1) TR 1 B Y 45 BR AE BRI R T I, BRI A B AR R . 2017 4F,
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Fig. 12 Wide-angle 1D liquid crystal optical phased array by North Carolina State University
12 JE-RE RGN S22 R AR RE — 4 W R 4% [ 8 1

L, PR KA IR Y 5 S M AR RS A S AR E T 272.4 W/em?® B 7 T RO T 22 R, (22 AE a8 a0 &0 T iR
THBSRIBE] T 14 C, RGRAA 89.87%"M, H 2002 4F 52, H [ TR 4 BEAF 53 B it 1R 0 BELATT 52 ST 26 i ook S Y ot A
P W 0 T LT R TR TN, B R 2 T 5 A A R R AT T AR 2 A R A A ST Al L A
2010 45 FF 4f ZR Getk b I Ji 17 5 T A AR 4 B B R O G I 5 B R B 5 5 g AR e H i b TR B A Y B
it A Py BATE 5 JUT A T 8 VR A R O T IOES T OC BRI R T AR 04V A D' IR A TE 2 B i SRR T i AZ SR 6 T
R A I 2300 W/em?('2,

i B U T A T R R SO T 22 M LR B RS AR B A AR 2, (R A R, B AR S
TR HA E W B, R WA R T Z . 48K FRE(S SOD) & B B P S 62 M B Al A 2 77 4l ok R
JE I TG BB T RTEEY, 1997 4F, Trinh S8 ABFH] T A 55— 3T SOI il 5 45 AR iy A 4 e Xk o0 2 /i
AR, bRk 1 RE G T A R R R A R0, I S ik S U AR A I ) TR R . SR G T ) R

TE— 4 ik O I S A B O i, 38 B RS L R AE
Christopher ¢ A\ T 2018 4 1% 11 T — Fh BT AU 64 [ I 7 A1 5 .
P, 38 2k O 1) e 1 AR PR A0 SE B T — 4k 180° R iR KA 4 L facet fiber
Gy f, WA 13 BRI BCR A AT 1k B 4R 8 9 5 T \dl
Bl B AR Y R RE LG I S AR B S B R M
R G B, AR B A RE T ER ORI & R, TSR L T
WM FH RN . 2014 45, 35 EFRE P T4 B 1) Yaacobi 5%
NG IR R i 7 S T R e 0 AR B, &
WA T 15 100 KMz, J5 KB FH AR 1 T 3% 51009, 2015 4F, Sk N e - \“
T DARPA ) SWEEPER i H I ff ] (19 64x64 570 4 4 7 2 shifters “mm“\\\\“““ﬁ\\\\\\\\\“\“\
P B E R RS T T 100 KHz, S OGEE T 510, B B ‘\““ -
WA HARA — & 28, (HE 0 2n] LU 2 2 50f 17 5,

input

1 mm

#Eﬁ%“*iﬁ%ﬁ%?ﬂ?ﬁ E‘J@Fﬁﬂﬁ . DARPA i‘l“jZ'J 1E G Fig. 13 64-channel 180° waveguide optical phased array

W AR B L O C T, 2018 4F, I NN K 2% 9 Chung %5 A F ] SOI 545 CMOS 5 A, % 1024 4 03 S AR %
P55 5 DB o BRORT I 46 5 R0 AT AR S AH g8 A B TR — AN R g5 A b, BOET 5.7 mmx6.4 mm, SEEL T 1550 nm
WO A £22. 5494, W El 14 ProR . 2020 47, o E R BEAT S ALK (5 BIFSE T Ma 55 A A BE T AR T
ZAB I T W OGS, %A TR D SR B T LS v R T LAY 180 x 7o KA i1,

MEMS A% M A 57 1= 2 ) L REARNE R L AR B F, A 0 Bl 7R AL AR 245 0 XoF S AT Ol R AT i, DR R 2>
2 H I MEMS AR#E FEA T F AR AEHUC I OE R R BOR o FE MEMS B9 AL ES 4 R H 5 5 A R 1300,
ATH SR AT LR AR — i U TE 5% sh B i AEHUAR G SR R . MEMS A% B [ RE AT 25 N Tiif 5 6 1 ik, {1
J& MEMS A% [ 5 A — 2 12 SRS AP, BLA S S AU B R L G R Bl . 78 B R0R 9 MEMS AH 2 [ 1
FETT I, 2014 4F Yoo 55 A ) 55 1 8 XF L BE 0% 1 G 9 32x32 F4: o0 MEMSS AH ¥ B4, XF 1550 nm i B e T 4
i3 99.9% 9 BT RR, fe KA AR BE 201 KA 3% 19 MEMS AH 5 [ 00F 23 7 1T, 2020 4F i M K 2 A1 5 1 434
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Fig. 14 CMOS waveguide optical phased array by University of Southern California
P 14 BN K2 FEF SOT CMOS (148 WL 3 AR #5 1F
il (14 8192 FIT—ZEAH 4 5B T 100°FK) KA,
BRUA LSS EARR M EROEATEEOR, 2021 AN KSR SR MR T —FipirsoR it i LOrT il Yy 16384
BT AR RO R IAE S T I REOR S MEMS £OR, il i MEMS SEIF 5G4 O i B R 2 Hh s 1, LA
FBUCA A %ﬁﬁﬂﬂwm%%wﬁMAﬁﬁﬁ%ﬁé%ﬂwm%ﬁkﬁim

BR O L AP AR, 4 S SRS A AR B SRR R (0 BAR 15 ok 5 R R AT T R
RS5 HEEELRABBABFSMEETERRER S
Table S Contrast of optical phased arrays and corresponding development trend
type maturity feature future trends
L large aperture
ture fabrication technol
liquid crystal OPA high .ma reta flca ton fechno .Og}f high damage threshold
suitable for high-power application
large range
compactness more channels
waveguide OPA low large view field larger view field
high frequency higher frequency
high efficiency
MEMS OPA low more channels
fast response
novel OPA flexible more advantages integration
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it Z2 B} 2 et KA i i B A8 HE AT RS IEN ), COAT AR 19 56 A [ 31 4y ) FH AR I 28 B8 422 05 vh 4 BRE A 3R TR HRCS 190
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A, Y T R R SRR . T COAT 1A R FH I TR ST 14, Br LAR] DUH 28 T JC I B4R U /Y H S
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Table 6 Representative research results of atmospheric distortion correction based on TIL

year institute number of channels experimental environment
2011 . ) 7 7 km outdoor
University of Dayton, USA

2016 21 7 km outdoor
2012 7 5 m in Lab. (without turbulence)
2018 . . . . 7 0.2 km outdoor

Institute of Optics and Electronics, China
2021 19 2 km outdoor
2021 51 2.1 km outdoor
2011 2 10 m in Lab.(without turbulence)
2012 National University of Defense Technology, China 9 10 m in Lab.(without turbulence)
2018 6 0.8 km outdoor
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