Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

T R I ER B R B 35 5 N v
HiEL EEP FAE

Conversion method between port field and internal field of electromagnetic device based on time—reversal
technique

Chen Chuan-Sheng  Wang Bing-Zhong  Wang Ren

5] Fi{i5 &, Citation: Acta Physica Sinica, 70, 070201 (2021)  DOI: 10.7498/aps.70.20201682
TELR T2 View online: https://doi.org/10.7498/aps.70.20201682
A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

BT 1 7237 s ) 52 T 3B U A
Far—field time reversal subwavelength imaging of sources based on grating structure

YIBR2EA. 2017, 66(4): 044101 hitps:/doi.org/10.7498/aps.66.044101

TCER ZAR R 1 T I ] S 3 A ) B2 22 A A AL )

Secure transmission mechanism based on time reversal over wireless multipath channels

YIBR2A4R. 2018, 67(5): 050201  https://doi.org/10.7498/aps.67.20172134

FHTSEBLRIUN A b i ] Sz 3 R AR A LB A A 1
Coherence of digital phase conjugation for implementing time reversal in scattering media

YrH2E 4. 2018, 67(5): 054201  https:/doi.org/10.7498/aps.67.20172308

BT 2 TP AL T D0 P 228 9 28 78 S B A 1] sz 75 5 1 ]

Prediction of time reversal channel with neural network optimized by empirical knowledge based genetic algorithm

YIBR2A 4. 2019, 68(17): 170503  hitps:/doi.org/10.7498/aps.68.20190327

P 398 TS AR 5 (A3 I 470 S X ) 52 68 P 3 1) PR SR A

Fast solution of near—field time reversal electromagnetic field of sub—wavelength perfect conducting ball arrays

Y2 2018, 67(8): 084101  https:/doi.org/10.7498/aps.67.20172508

S AR AR R BT AN n— o HIUHBIFSE
Investigation of n— @ scattering by combining complex momentum representation and Green’ s function

PIFAEA. 2019, 68(9): 092101  https://doi.org/10.7498/aps.68.20182197


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20201682
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.66.044101
https://doi.org/10.7498/aps.67.20172134
https://doi.org/10.7498/aps.67.20172308
https://doi.org/10.7498/aps.68.20190327
https://doi.org/10.7498/aps.67.20172508
https://doi.org/10.7498/aps.68.20182197

) 32 Z 3R Acta Phys. Sin. Vol. 70, No. 7 (2021) 070201

B T B (8] iz i 5 AR B FR R = 4 im 3%
SRNEAEE R TTE

Rt E R P

F £

(FL R 22 0 Y ERIF ST T, IR 611731)
(2020 4 10 A 12 H#eE; 2020 4F 11 A 11 H#IB20R)

B 5 LB A 1 B0 S A, O A R | S B D RE A R 2 R A% Tl i) R 5 A L 2, B A S
BESRIE N, A& G vt 77 1L B W 1 A Wt 8 YD 2T —FhoB 09 ML G 258 5 e O 1 AR SCOM) A ek 1) Jz 35 r
e By s ) A0 SR AR R, IR AT K I Ji) S 3 R N TR B R AT RE . 1 S, B T A SR B R
it A o ) BT8GR A P o 0B FL o P AR DB, 8 M1 8 1 3 1 3 93 A e 45 Dl NS 3 03 A 1Y
D5k, FFUEW H 3 1 300 52 37 0 IRF 5] S5 6 37 7 2 1) — o7 B AR A5 14 328 2 2 A5 Y 2L o3 A AT e s 1 Ak A
WG 3 504 HAE S G st ad e v, UG A S 1A 3 sl il 3 1) 01 1 2 B R S o 11 3 5 9
TR A RIS, A B RS MR bR B0 B 5 PR R A SCT B BB ANGE AR B 5, AT BUE 05 FLRAE, S Hr e TR
[0 i 15 B A 1F R %05 T6 B SE . D7 ELE R 5 B AT, TEWT 1 BRSO TE A P, DR e i i) S e R R T

LR e U B B HR E T AT RE.

RERIA): WIS, BT, AR AR
PACS: 02.30.Zz, 41.20.Jb

1 5 =

B AR 10 Z2 DIRE | A S A g, 4% T REAR
B2z )M 5 R0 13 2 2 e e B st T ik iy
BT R ARE | BT HEREBEIRIG . 4R —Bh AR
PRSI AR AT, 1E RN 3] A
TEE 2 GUHRZ 2] T [ A2 B )2 5 B2,
TELN KOG 2 BT A 238 R i ) D vk it 1 8
AU B o B i 1 %0 s 5 O A% G2~ i A
TIEBO T AR L, TESS R EAESAANTR]. Ji ik
ZERR A L B S BAL E CEEIR, SR
PP AR RE T R R A ER A, A PR

DOI: 10.7498/aps.70.20201682

T3k O SERGBETT. TR A FHAR [R]85 ikt S B
T =W U, UESE T iz0k i r A A .
M T7 kAR S I B R AR AT 21 1 N FH I B
TABERIRCR -1 B S M I K
HoAb T > MO T B TR B BT 7 ik BB i 12, 5
AN BT RYIE RS EII T8 —20, X sy 43
i S 30 FR A R BRI, AEO i 7 o A AS sk
T T REEAERAE. o THESCR, & 14
bOpLiN e EE A YO R A RS R G R T E A
HE IS GRER BB AG S ve  FEARE A R
AR TB, R ARSI AL, A REI B4R
s, A IR AL T S B BT, IR A
TSR ] A ) B g (2191,

*ER ARBF IS (S 61901086). T AT AA CEEHR (LS BX20180057), T EE LR EE S (HEHES:
2018M640907) HIrh e @A HEAR BN 45 2% (HHES: ZYGX2019J101, ZYGX2019Z016) ¥EBIAIL.

t BIE1E#E . E-mail: bzwang@uestc.edu.cn
T BIE1EE. E-mail: rwang@uestc.edu.cn
©2021 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

070201-1


http://doi.org/10.7498/aps.70.20201682
mailto:bzwang@uestc.edu.cn
mailto:bzwang@uestc.edu.cn
mailto:rwang@uestc.edu.cn
mailto:rwang@uestc.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 70, No. 7 (2021) 070201

A S B, S X HE R I B R 5 e
PEAT I [E) S S AL B, A 5 G 25, TR I SR T 1l S
Bl %) P ) 6 PEL TR (2. P IV S 8 P 5 O A ek Tl 21
Ui e RS AR 2 AR A B ), e i [
3 I [ A0 SR AR R 1) SRl N ] T TS
LIS | ORI A5 15 2207 1 1022 AR SCIE R T
R ER AR, MR BT A TR A 5 T AR bR R
TR TR 3 11 33 73 A7 e 48 D 2 7 A Xk
Yy AR BETT ik, IR gy IR B2 e Y
itk 3 BITE I Hh s [E) A2 S R g il T R
PiEEIE, 77 BA5 R SR A RO — 2. %3
TEas BT R, e MBS EdE RAEEARER 2
SERE Y 1 375004, SCAEE R s 1 3% 3041 B 2%
PESERE T BB I, TEW] T7ERRSE 6T, L E A
03 11 35 3 A FE AL TT I IR

2 Hip AT

HL W 1 ) 3 T () S R T MRS R DA =2
B—24, th BAriim 0S80 &, 1520884 105 H
Yior A, iX— L R B B P G A A T
Y. Banc M S S48, AT LIARE b - 3 45 1)
(R i = | s 2 L sl H) i) e PR A e H o X
S SH TAER K S 0504, IF i S S50
H 3 T Sl /08 O A, BRI = o 5 i A
BRI D g o A i o R A
AR E s 1 S o A S L THR R AR R R 337
O3, X —2 P KGR S TR I R T A% A
B, INJEARSCIBRGE TR, 55 =20 W FINE )=
3353 53 A0 G A5 R 2 A DS X 7 1) 5 KA 0 A 8 IR
1, WG HEMCR, X — PRt ik
FAAFFE TAE R FME T Z—, BT BB SCFEXT
AR BIEE T BN G W i T, BOTiE e
— W R B AN, SCilk [3]) FE A5 ERE AR S
FITEOLT, FR A A5 B0 7 1) F A i S K
3, IFIH FDTD-GTSC >Rf##s 23 fil 3D EFIE
SRAREAR A BIAE e = YRR ISR T IE [ 5E,
SRS G, TESCREAE X BT IR AR
DI U5 A e A R LRGSR 28U A, (B AT 7E
Y3 b S R H G A S5 2 B0 A AT SR R A i D
(A [l S0, SCRik [24] 35 SR A 45 e /NER B 51 11
SRR TR R A R HR G Ty R A s ST T
Y 5 45K OCHK.

ARSCFEE X PR A A PR AR Ty
12, BIAAAnr 5 B S 141 32 B N 37 2 TR A 4. AR
SCHR M A B 2 W A P o 2800 2 141 3903
A i, 63 S 11 3773 A Tt s 18] B 8 A A S 11 5
R, i 11 SR AE A F N R I — %€ 1 3 73
S ERESE Y 73 (A I 8] S J8 A, 88 R 7 S 1
AbARA B A I S0 AR S R T AU B AR
PR INTSE O S S BITE LB b oL R T LB
ZEIE. AR I S M A B DT A AN
L, BRI PEHAE T T ICRK kAU 2.
AEGI, SISO B 18] SRR A T4
SRR AT, SRR, ATl il
T i 1 375 N AR e e

2.1 FIEEE

ZIEME 1 FrRmZS BIFRINCR, 5T
TREEARXT R R o VBRI, (ARG AR HNER
He— o B350 A, X R AR NI B Bk SE  , J2
Rk, Fm o /F R BAnil, ARG BRI E S
AR O AR, AEA R i AR R R
Y, Hod b AR IE TS R BN Z R i —
2 T .

[ TEE PN

Fig. 1. Topological relation of space.
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Fig. 2. A problem transformation diagram for numerical
validation: (a) Numerical verification model corresponding
to mathematical model; (b) numerical verification model

converted by reciprocity principle.
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F1 BEPTEERE

Table 1. Table of numerical simulation results.

5 5 FH A 3 DR Fieldi® FPCF FACF PPCF  PACF
1 field = {Ex, By, Ez, Hz, Hy, Hz} 0.0077 0.0647 0.0189  0.0712
2 fﬁézfl’d* field = {Ez, By, Ez} 0.0086 0.0784 0.0085  0.0735
3 field = {Ex, Ey} 0.0082 0.0750 0.0085  0.0735
4 field = {Ex,Ey, Ez, Hz, Hy, Hz} 0.0081 0.0624 0.0191  0.0735
5 Fram field = {Ex, By, Ex} 0.0092 0.0703 0.0098  0.0707
6 field = {Ex, By} 0.0088 0.0668 0.0098  0.0707
7 field = {Ex, By, Ez, Hz, Hy, Hz} 0.0078 0.0635 0.0189  0.0713

E,up * €, down* i = . 074 . 071
8 FEm ", FG o field = {Ez, By, Ez} 0.0087 0.0747 0.0090  0.0718
9 field = {Ex, Ey} 0.0083 0.0712 0.0090  0.0718

1) fi i F5) w PG fe, A, Hoh
field = {Ez,Ey} 8Y field = {Ex, By, Ez} By field =
{Ex,Ey,Ez,Hx,Hy,Hz};

o) W FS SR o, T, S
field = {Ez, Ey} i field = {Ex, By, Bz} 1§ field =
{Ez,Ey,Ez,Hx,Hy, Hz}.

0.15
—s— FPCF
- e - FACF
- PPCF
0.10 —v-- PACF
¥>J4:_—*: _v___""*:t"\t"'"' -y
0.05 -

Cost function

—0.05 L L L L L L L
1 2 3 4 5 6 7 8 9
The experiment number
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Fig. 4. The calculation results of the cost function of the re-

build source.
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Fig. 5. The amplitude-phase distribution of the original source: (a) The phase distribution is a special function; (b) the amplitude
distribution is a special function.
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Fig. 6. The amplitude-phase distribution of the reconstructed source in free space: (a) The amplitude-phase distribution of the re-
constructed fg oo (€,y) with experimental number 5; (b) the amplitude-phase distribution of the reconstructed fg o (x,y)
with experimental number 8; (c) the amplitude-phase distribution of the reconstructed fg Amplitude (z,y) with experimental num-
ber 2; (d) the amplitude-phase distribution of the reconstructed f% Amplitude (z,y) with experimental number 8.
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Fig. 7. The amplitude-phase distribution of the reconstructed source in PEC space: (a) The amplitude-phase distribution of the re-
constructed fg oo (x,y) with experimental number 4; (b) the amplitude-phase distribution of the reconstructed fg o . (z,y)
with experimental number 7; (c¢) the amplitude-phase distribution of the reconstructed FEe Amplitude (z,y) with experimental num-

ber 3; (d) the amplitude-phase distribution of the reconstructed fg Amplitude (z,y) with experimental number 9.
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Conversion method between port field and internal field of
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Abstract

With the integration of electromagnetic devices, the modules that make up into the devices and the
functions that the devices needed to achieve are becoming more and more diverse. The coupling between the
modules is difficult to ignore, the difficulty in designing increases sharply, and the traditional design methods
gradually become incompetent. It is urgent to find a new comprehensive electromagnetic design method. This
paper is to use the spatiotemporally synchronous focusing characteristics of time-reversed electromagnetic waves
to explore the possibility of applying time-reversal technique to device design. First, based on the general device
inverse design process, using the time-reversal technique, dyadic Green's function and basic principle of
electromagnetics, a method of converting the port field distribution into the internal field distribution of the
device is proposed. It is also proved that the continuous equivalent source obtained by the time-reversed field at
a certain position in space can produce a field distribution close to the desired field at the port. In the single
frequency inverse design process, only the tangential component of the electric field or magnetic field of the port
is needed to be known. Then, with the help of the reciprocity of Green's function, the above theory is
transformed to facilitate the numerical simulation. This numerical simulation realizes the reconstruction of the
amplitude distribution source and the phase distribution source. It should be noted that the amplitude
distribution source and phase distribution source are both randomly constructed. The numerical simulation
verification is completed in two different cases and a variety of different initial conditions. All the simulation
results are consistent with the theoretical results, which proves that it is feasible to apply time-reversal

technique to the inverse design of electromagnetic devices.

Keywords: time-reversal, inverse design, Green's function
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