Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

SCEL HUSH R T B R B R B S e 5
i/u}lﬂ% i%‘:}’ X e FAE

Inverse design method of microscatterer array for realizing scattering field intensity shaping
Wang Zhi-Peng  Wang Bing-Zhong  Liu Jin-Pin ~ Wang Ren

5] Fi{% B Citation: Acta Physica Sinica, 70, 010202 (2021)  DOI: 10.7498/aps.70.20200825
TEZE [T View online: https:/doi.org/10.7498/aps.70.20200825
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

100 Me V[T ROASBURAY 37 k1T

Design of 100-MeV proton beam spreading scheme with double-ring double scattering method
YA 2019, 68(5): 054104  https:/doi.org/10.7498/aps.68.20181787

FTF3.5 Me VAR DU BT I 2 0 -h 73R 725 B A R B AR i 1

Design of beam shaping assembly based on 3.5 MeV radio—frequency quadrupole proton accelerator for horon neutron capture therapy

YIFI44. 2018, 67(14): 142801  https://doi.org/10.7498/aps.67.20180380

R IRIG S 19 AR 2% S BRI A TG I
Passive detection of scatterer using autocorrelation of surf noise

YIBR2EA. 2017, 66(19): 194304 htips://doi.org/10.7498/aps.66.194304

—FH R AR BN o R it
Novel design of microstrip antenna array with low scattering performance

PyFEEEAR. 2019, 68(3): 034101  hitps://doi.org/10.7498/aps.68.20181708

— 7 2 B AR 2k RIS A A e v R A7) it

A coding metasurface antenna array with low radar cross section

YrHE2E 4. 2020, 69(24): 244101  https://doi.org/10.7498/aps.69.20200978

TR BUN 7 A
Analysis of optical scattering of micro—nano particles

YIBR2A . 2017, 66(9): 097301  https://doi.org/10.7498/aps.66.097301


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20200825
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.68.20181787
https://doi.org/10.7498/aps.67.20180380
https://doi.org/10.7498/aps.66.194304
https://doi.org/10.7498/aps.68.20181708
https://doi.org/10.7498/aps.69.20200978
https://doi.org/10.7498/aps.66.097301

) 32 Z 3R Acta Phys. Sin. Vol. 70, No. 1 (2021) 010202

Sk I B A 37 98 B S B B S AR B B 3 ()1 3T 7 7R

TR

FERFI

X4 dm EAE?

(FL R 22 0 BRI T, IR 610054)
(2020 4E 6 F 1 Hilic#l; 2020 4E 8 H 12 HULEME i)

AR Y — T A A HL AR A 4 TS5 B 21 8 300 1 8 D s, P DA S BT H 37 0 R R L 2 1%
T B LA 5 A AR A, AR E AR DX A ST B S B B S 20 A D 0 ) SR A A R 4 RS U
PP o T DRI, 306 B RO R S, LR T e T S R R R R SRR R 1 Y
LG S B o0 A T 42 1 A ) B3t Ok, SO BRI T 4RI B0 R R BRG], SEBL T g D i H AR X
A HC R Y . BNETT A5 e HAE AT & RAF, SRIIAR SO 0t 1) B3 i B T Ak S A o

KB WA BT, BUIREIE, 25 R
PACS: 02.30.Nw, 41.20.Jb, 87.56.jk

1 5 &
TR AR 1]

FRIERAE 1 22 el b B 0 DL S e
Y (e, WTCHASI | JEAE | BT | o2 Th AL i 5
I AR AU A TSR] S (time-reversal,
TR) FAR O FE2pAHR MR B0 255 X &5 [a] v
PRI TR RORETE . AR A e S [ R Y
Pl BIE SR T E TR T2, IR — &R
S EE R

Xof L W S 1 A 4 AT LA 4 Sy 3 1 i 5
e I R AR R G AR 7 e i PR R 2 S )
FAL 7 SR A AR R 3 X 3 ) A i 1080 R
FEHERE B R REA A T XIS TR 19101,
FE T A SCHRRTE Y, TR S8R 1112 2 H
PRI D)2 )5k 8 Ak 2 Hs TR HoR 1
A DU R 2 MRS AR I 3 7 A AT R I B 1 H i
TEARELEIZE. SR, TR J7 76 HOmE T 8 280 At

DOI: 10.7498/aps.70.20200825

b, T ZNWT LA - R AR A, HAROBT R
RS IR 2R AR, AT A A A 1]
AIPLAETHSE, AR T B A s SE B

PR R 0 4 2 o 7 R = A TR A LA
HEE S, I HAEF Z IR A E Iz 8 A
(6L, Q0 R T B B (191 D i R A A e RIS i A 00071,
Forbr, R TE B AR XU AR, RIS
D B BIWT A T — RPN BIBERE . TR 4R SC
RIRF A Fr 22 5% FH I 37 3R A Al 1200 Rl 2 i (2129
SERLHUN S a0 B A, SR NTHIRGE P Y BEI7 1%
WO TS 2R A R A 451, X LAE i P AR s
W ERIE L.

ARSCHR T — MR H AR X U0 2R AU L
5t A1 PR [6] L P R TR PR I 5 ) D5 0
O, TS (AR B AR S A e, M HARIX
SR Y B A v S5 B A H A 306 ) SRR T ) L
e PG 4ok, A4 1 IR IR A T 45
FERENEA R A B SN DAY, i Hh A AR
L 7 RS e R BRI AR 70 A 2 A e o P T

*ER A RBA IS (S 61731005), T JE AT A CEEHR (S BX20180057), T EE L EREEE S (S
2018M640907), 1 R @ IEARMIN L 452 (HHES: ZYGX2019J101, ZYGX2019Z016) ¥ B ARSI

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

010202-1


http://doi.org/10.7498/aps.70.20200825
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 % 3R Acta Phys. Sin. Vol. 70, No. 1 (2021)

010202

B TT . XL A T A B B 70K £ H
DS N & U R RS oA . Bm, MR T A
W BT B AT T BRSO, SRR T
=4k (three-dimensions, 3-D) 1§ T #1124
WF5E T J7 % T H AR XU B i AR AT AR
Y5 or A, R 1T — R ok A s, BR
23 (6] 3 A1 S A B 0 A AT e i 5 H AR X Ak 3
B HUN T AR T PR T T 3OR TS Bm 4k
TS B HARDK ™ 4 7“1, “T7, “X”
TR EZZRIEIE. i Bah RS A SR H i
W BT IR TR R 25 R4 & R, X R W7
B A RH AT,

2 # WP RE
2.1 #FEigitiss

AT B AR X s 0 A s, FE A 1) o ST A
MFRZR, T EHFRXIEA T 2 = 07 b ZIEIEA
S, BV R Ao 1y M AL SRS TR W+ 2
1 B H AR XA, e R TE B AR XIS S
y WAL A3 AT Y B (2, y) B HL 50 (T Hoen:
E(x,y) BIMEREMG, R H AR, s 1R,

T A

EARIXIE,

Bz,y) A

: A

T

‘)
H
Bl iR EIE

Fig. 1. Schematic diagram of inverse design.
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Fig. 2. Schematic of micro-sphere array design: (a) 3-D view; (b) top view; (c) front view; (d) side view.
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Fig. 4. Normalized scattering field distribution of focused shape in target area: (a) 3-D view; (b) top view.
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Fig. 5. Normalized scattering field distribution on three special lines in target area: (a) A cut view in y = 0; (b) a cut view in z = 0;

(c) a cut view in y = z.
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Inverse design method of microscatterer array for realizing
scattering field intensity shaping”
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Abstract

It is a novel and interesting idea to inversely design the scattering structure with the desired scattering
field intensity distribution in a given target area as the known information. The inverse design method proposed
in this paper does not need to be optimized, and the spatial distribution and dielectric constant distribution of
the micro-scatterer array can be quickly analytically calculated according to the desired scattering field
intensity in the target area. First, based on the spatial Fourier transform and angular spectrum transformation,
the plane wave sources required in all directions are inversely obtained from the electric field intensity
distribution required in the target area. Then, based on the theory of induced source, a method of irradiating
the array of all-dielectric micro-scatterers with incident electromagnetic field to generate the required plane
wave source is proposed. The scattering fields generated by these micro-scatterers will be superimposed on the
target area to achieve the desired scattering field strength intensity. Finally, according to the proposed inverse
design theory model, a specific three-dimensional (3D) design is carried out. In the 3D example, we study the
scattering field intensity distribution of the point-focused shape of the square surface target area, and show an
all-dielectric micro-sphere distribution design. Its spatial distribution and permittivity distribution are both
obtained through the rapid analytical calculation of the desired scattered field intensity shape in the target area.
Finally, based on the principle of linear superposition, we quickly and easily generate the complex shapes of “I”,
“T” and “X” in the target area. The satisfactory results of full-wave simulation show that the proposed inverse

design method is effective and feasible.

Keywords: inverse design, scattering field intensity shaping, spatial spectrum
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