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Two—dimensional multi-beam forming based on optical Blass matrix
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Abstract: According to the application requirements of multi-beam in multi—functional phased array
system, a two—dimensional multi-heam forming method based on the combination of optical Blass matrix and a
two—stage cascade structure is proposed, in which coherent beam forming method in optical domain is employed
to form the first—stage beam in horizontal direction, and the incoherent beam forming method in optical domain
is employed to form the second—stage beam in vertical direction, such that the two—dimensional beams can be
realized. This architecture bears several advantages:on the one hand, the scale of optical phased array system
can be increased from dozens to more than several hundreds units, and this can break the limitation on the
scale of the optical array beamforming due to the small quantities of optical wavelengths. On the other hand, it
can significantly reduce the number of optical beam forming chips, and the number of beam chips can be
reduced from M * to (N+M) for the system with array number of NxN and beam number of MxM. Moreover, the
structure of the multi-beam system can be drastically simplified by combining the photon integration
technology, which is helpful to improve the integration degree and engineering realizability.

Keywords: microwave photonics; optically controlled phased array; multi-beam forming; two-

dimensional multi-beam; optical Blass matrix

ZWHREARZEIRFERERALHAZEF S Z RN CHE R, TAZERTFTIAREMZ B . )
P HGIRE T, AR ARG N & W HARIEEE T, U RIERTHEE RGN B EmA =, 8
TR RBRA T EAT Z AN AN EY . T T HEOR B AR N & B AR A B A BRI e 58 . R/ &
AR PR TR o . AT AR S AR A, T LR Ol 2% R B T B AT 9 85 U o O AR 5 FL AR D R 1) iy PR
i, MR HL B & T R B R SR RRE . B TG B B Y AR I RO R % B R A [ AR AR B T
SRS, LGSR DGR RE AT S RE A s ) SR VR b A AU AR T 28 ok S IR 1 22 U R
R EH: 2022-09-21; {EEIH#A: 2022-12-27




55 8 1] BakJIE. ETXBlass SBFEMNIE —H S ERZ4 873

% T2 BIBECRBCR A LRI, RS TR R EL, R T A RS KR

AR SCHR B B T L Blass 4 BRI o — 90 G IR I 520 48 2 PR O SR AR T ORI A BT vk S8 BEK
SPO7 1) — T PR, AR B 1) SR AR AR O B A B B R s A P, R A S B A4 1) A [ I
tho SCHRURE X BB 2 R @ SR ], Beit 1 64 B0k 25 S iy 2 RO iU M 28 R 48, 7E/KF 5 3 H 7 [0 Al LA
Je A5 MY 2 BB, AE ST AR E T BT R S RS A L o R AR SRR A AT LR IR R A A R Y
Fe g LB RR M, i FL&S &0t TR MR T B, AR R AR /N e P A I R SRR R, BT AT

1 SiERERE

R AR R 45 B 2R g R IS 6] B BRI A S e, S SRR e
A6 B R i R T A2 PR e AR 1B B L £ B 1 49 JR) (International
Telecommunication Union Telecommunication Standardization Sector,
ITU-T) ] FH O I R i iy BRI, 5 i A0 22 I 4 52 FH 1 D' gl ol
B JOHME L SR B 9 AR . R S PR, A ST BOR A
BITRIME LS, BERRRITLEIIREN NN, iﬁﬁ(gﬁﬁi’ﬁ& Fig.1 Schematics of multi-beam forming
BN MM, #EIEKFESEE 2 N EEBRH AN, Hd, H— ‘ Bl L iy
PR T ARG R, B_FRMEMTER T E. Bkl &

Jel NXNABIT I NAT . B —ATBOE N — DR FFRIT, AT M R W — N BOCEE 8k, ZHotaSE 4
G35 X N SRS S BEAT FE S OGRS L SE R DL SO A, AR MASA TR . R R AT R IR TR K
BIBOGES , 85— A B A MINASF IR B RN TR — A R R R b, AT —
P, XFETEH 0 N PR W AE S AT AR 5 0l , RSB MxM A Z4EP0R . 7E 2 PRS2 7 5
. Blass 25 FF R BOTE R MR, BCHAL Dy U E T OR MR S I R g R AR SC LA Blass B O SRRl 45
BT HOR MR ST TR BT, 3 00 S — G R T R S 58 AR AR T B R A . K Blass 4 B 500G 5
AR RE ARG G, JERADGFREMEAR, AT LUROGHE 22 R D RE 50T 19 £ N H FLY MxM s> Sl N+M A,
AT KRN 2 P R R G AR, P RGN SRS

1.1 BFiERERIET

A0 T % 3R (Coherent Beamforming, CB)& i K FH E 2 i/ () R GL 2840 . B4 #% (Laser Diode, LD)iil i 647 #%
w oy B, AR B 2 B A L RN B R E S, SRS 25 A Blass B M P HEAT IR G R H AR A 9 AT
VI i R RO ] i 25 5 B I B AT R 0 R et L RUE R S A RESE Ty A IR R, AR TR O AR R
MR G n] Sk, WM ARG RAL . DOFE . XF T G AR A2 % U R, R PR A U % (Single Side Band Filter,
SSBF) 5 4R R A M 7 2, K AH 7 181 1 7 F5 10 o B8 I o), 5 TS SO H AR A A R . L 2 TR R A Ah 1Y 2
PEOGAR S, B AR P A 8 1) 28000

MZI- kA m A
splitter
pha od 0
CB
MMI "_ - MZI-splitter
CW Tl T! TI T!
CB,
1. 1. 1. vy
C34 2 2 2 2 /CW
T T | T T,
~ CB,
T T T T i ini
cB, ; AT[M'I; AT M AT M'li Mar, .@ Fig.3 Stucture of beam combining and

waveguide crossing

3 TR G RS X HIE T

Fig.2 Schematics of coherent multi-beam forming

€2 AHT Z R4
H1E 2 AT 1, Blass #EFFH I CHIIGEZ — BIES A . G5 HE, Hrh g A AR 560,
VIRAIE 45 5 B0 oA 55 o 1 — B0, RN 3 Fn 85 M 528 . S5 WAL 6 1 ATl R e ik a8 L 1 D28
T (Multimode Interference, MMI)& #1155 B L H L . (55 19238 H G50 7] R - F I A2 28
N T (Crossing Waveguide, CW)SZ BRI 0] 3 38 5% 40 8% #8521 I %F AR 5 ik 385 18 /R F 35 45 #49 (Symmetric Mach-



§74 KM Z RIS 58T B2 %2 %

Zehnder Interferometer, S-MZID)SZI/r EINHE, Wi 717 S-MZI Ap
VB AR 67 22 R RT S AN ] LG A A S o3 e e

ALY o i AR A A TN A 4 BT s, B 2 AL Fa i
3 dB A G a5 A AL AT Y TR A, O T Y R
TAR S B AT S804 Lo IR, i ) Re 45 B A B DG &R AT
LKoRH

] S 1 f based tunable spl
=72 e j S-MZI ]
E 2 2 eJ"/Z(e'A‘*’ + 1) (1) (a) stucture o ased tunable splitter
K Ap Ry I T 2%

MR, 2007 1 i A U — g R S AR A 25 =[] Y
KE, WK A0 TR IWERarE, 2 A i o 0 A B AN
ik, ARG 22 TE O~n Z (AR AL I, a2 4% 7] S8 AL 38
Srotteh it o 7F Blass HiFE b, Gl i X AT IRDE S B SR RIES 5 5
I HR) 45 DI A0 N 3 3 R EE 7 T ) 24 20

H T T i ROTE 1 b 45 B A SR AR A2 98 ] 5% 48 B0 0l S

normalized amplitude/dB

o6 ATT (3 ) 4 A R 4, SR P AR R A B 7 5 003T015202530354045505560 6570
\\\\\ gy s Lor 3 s b N _ phase/ra

TS o U A B A , )Iill‘ [ 3ukiEcE- A& % , BP (b) normalize§ output power of the tunable splitter

T 52 B A A7 I i (Phase Modulation, PM) 3| 5 & I il (Intensity TE.phusE Uilierence

Modulation, IM) a2 AINE R 7] ﬁ%&ﬁ}iﬁ—ﬁ WmE s s . Fig.4 Structure and characters of tunable optical splitter

Pl 4 R SRS AL SR
1.2 EEEFERERIRIT
AR T A 23 A ET AL, AR T RO R T R B A
AN TE GBI K, TR A O I TR 1 ) 2% vh ] ) p— :
Py Z T AT Z P K BAER T 5 8, i ]

filtering

WV, AR I 6 B . A i
NP, BBt MA TR, e M
SIS S T B L S N8 < Vb DA S R S |
FlaB oM. AN T AR R, 5% 2008 ‘ soction M
MG WA=, 258 MRS i I il 2%
AN OB

A AH T ARG 42 (R R R FH Blass 5 B 7 0S80, Fig.5 Phase modulation to intensity modulation conversion based on
ET Y K T AR T A R 2 A R K i carrier injection - ‘
S I Tt MY ER e L e (15 JET TR A BYARL ] ) 21 i 2 8] il e 45t

(Asymmetric Mach-Zehnder Interferometer, A-MZI)if i % K8 LML KAE S G0, FEAEIE 7 Fros.

CB optical network input .
MZI-splitter

MZI-WDM

Fig.6 Schematics of noncoherent multi-beam forming

Fl 6 AFAHT 2 3 & U
BOE A-MZIW T R 2208 AL, WDGAE 576 BN PB4 A i A2 220



HokJIE: ETFHXBlass BN IE _ S SRR 4E

875

A ng N A-MZUR ARG AR 3R A MK . X A0=Q2k+1)n(k=0,1,2,3, - ,n) i},

AOQ = 2nn,AL/A

2)

CRcA S E I

AO=2km(k=0,1,2,3,---,m) I}, {55 ELad 4 i o PR AT LAGE S A B9 2 AN BT 5 23 00 6 T A-MZI S W) e {55 45 (B 25

b, MK 2 AE T 2 IRl — AN s F R, SEIE S kS .

HI L7 AT, A-MZI T35 25 0 B 1E 5208 200 w38 A i 635 B Reg=c/(n, ALY, A I3 2 i 28 T
WK E2Z AL, AT HAREKEIFCESWEH . MEREZ R KNG, RHAZHMZIE 451,
GEEW S E bR K, &P R IT Y Ry 1T LAFR BB 2NxR g 1 B 2 100 GHz . 200 GHz .
W3R AR, N R, PR AT

mE 8w, 4
400 GHz %, JfH i KEE 2.

Fig.7 Stucture of A-MZI based wavelength division multiplexing
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Fig.8 Beam combining based on cascaded MZI wavelength division multiplexing
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Tablel Parameters of multi-beam forming

parameter value
array scale 8x8(64)

RF/GHz 8~12

scanning range/(°) +45
beam number 5x5(25)
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Fig.9 Beam patterns for different frequencies
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