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Study of Electromagnetic Radiation Control
Materials Based on Periodic Structure

ZHOU Peiheng, CHEN Wanli, ZHANG Linbo, ZHANG Nan,
ZHANG Huibin, XIE Jianliang, DENG Longjiang

(National Engineering Research Center of Electromagnetic Radiation Control Materials, State Key Laboratory of Electronic Thin

Film and Integrated Devices, University of Electronic Science and Technology of China, Chengdu 610054, China)

Abstract: As one of the essential electronic information materials, electromagnetic radiation control material manipulates the
transmission, absorption and reflection of propagating electromagnetic wave. Due to the flexible design and unique properties,
periodic structure has brought new development to electromagnetic radiation control technique, but its character of strong elec-
trical/magnetic resonance also causes the narrow-band problem. In this work, several kinds of electromagnetic radiation control
materials based on periodic structure are introduced to realize broadband and high efficiency design by multi-resonance cou-
pling. The coupling between electrical/magnetic resonant components breaks the polarization and incident angel dependence of
absorption in asymmetric periodic structure; the resonance condition based on effective electromagnetic parameters is proposed
to support the design and loading method of periodic structures, e.g. field confinement and pattern coupling, and the -10 dB
reflection bandwidth has been increased by 65% while the low-frequency absorption has been increased by almost 3 times; the
broadband and high-efficiency problem of periodic structure based polarization convector has been solved, while the proposed
polarization convector of transmitting type has three functions as band-pass filtering, cross-polarization, and asymmetric trans-
mission. Based on the dielectric layer stacking method, broadband infrared absorbers are proposed with the ability of thermal
radiation control, which inspires the new technique for infrared radiation manipulation.

Key words ; electromagnetic radiation control; periodic structure ; absorption; polarization conversion; infrared radiation
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Fig. 1 The electromagnetic resonance absorption mechanism and spectrum of asymmetric SRR (a) configuration of the structure;

(b) schematic of the LC resonance for TM polarization at 9.5 GHz; (c¢) and (d) schematics of the LC resonance

for TE polarization at 9.5 and 11 GHz; (e) and (f) tested absorption spectra of TM and TE polarized oblique incidence!'®]
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Fig.2  The electromagnetic resonance absorption mechanism and spectrum of cross unit periodic structure: (a) configuration of the structure;

(b) electric field distribution of the cross unit; (c) simulated absorption spectra of the magnetic absorber loaded without ( MA) and

with square cross (MAWCP)/ needle-like cross (MAWNP) array; (d) tested absorption spectra for the absorbers! %
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Fig. 3 The electromagnetic resonance absorption mechanism and spectrum of soft magnetic film based dipole-like periodic structure ;

(a) side view of the structure; (b) cross view of the dipole-like unit; (c¢) simulated and tested absorption spectra of the

structure for different cases; (d ~f) the magnetic filed distribution at 5. 8 GHz for case A, B, and C shown in (

2.2 fUEHmtE#R

R A2 4 0T T R 4 R B R EL A A o AR
B0 TS R I R RERR T RE S S B R I BB
AT, SRR AR R BN = R 5830 S i st
H A IR A G 1 BT B, B T AR AR T T A
HAER ST S S SRR A 4 L Rl da TR, 58
AR x Ry I 1 AR — K — R,
Tl 8 BRLT BE 51) R 32 22 0 1 4 J0ll Bf  E Teflon A1 ST AR (9 |
TR, fEREEASPREATIEM 8.6 GHz #112. 1 GHz
A A A ST (AN Rl 4b) i 5 PR S S 1 4R B
B R FE0. 8 BSEE T iR F] 8.3 ~14. 3 GHz, 3f
HAm s R 50 Ha5 R —5

e A 2 e 14 iR ) T LA 3 Ao A0 P s P R i R
x Fly 7] bR AERH T 2R R (3) Ak (4)

Z, =R, +joL, 3
)= Ry ol (3)

24

. 1
Zy (@ = Ry +iol, + e (4)

LI y T 1) B ELA SRR, e A A R A R R B R R

C) [26]

= = g 7

1
o ._ Xy b
THtT ottt o1 sttt IR

o AR A e e o
T e B e

—Sim.
= Sim.
= Mea.
"y ——Mea.
0.0 s s s b 2 L
6 8 10 12 14 16 18

Frequency (GHz)

4 AR T IEIIRAC A . (a) ARSI LR
Pl (b) BURSGF EASEIE RIS I, R RIS S 2R 5L
CAIS RS S P SR y i) S, BSOS I R (AT
AT y i, R A ) B

Fig. 4 The proposed reflective polarization converter based on

asymmetric cross-shaped resonator: (a) top view of the

structure; (b) simulated and tested reflectance of co-and

cross-polarization, r

s Ty and Tay[31]

VNG S B AL ORI A 1) AR A B Sk
R AR, AL T S 1 2 R R A
IIEHTIE I W& Sc F15d, 7E 8.6 GHz, « Ml y J7



$9 M

JEMRGHT 46 T o S 235 14 vl R o S s R A R 5 671

] b A VR R A Y, H2
(S, S I BR™ A )
6], Wi Z, 5 Z, 0220 180° g siBl 12t tl fhe ..

- = = =]
<[ [
-+ =1

sy T A S T Jr 1 oy
IR EL y J7 10 L s 51 2 8 » J5

S N |

1B, Kl Se #15EFRM, 78 12.1 GHz, « My J5[a) LAY
M RAERE AN, MR 2R, 1 2, 5 Z, M 22
90°, [RIRESE B ALt o

y [b]
E

E-field (f; = 8.6 GHz) E-field (fz 12.1 GHz)
R Reeerfprrecrr.. tRwned]l | [Fo-=== ‘;,: “F-r e ramAptr
v v ree- l-..-. ....... ]:;; 7 b~ .’-oaﬂl; »
........... - - Jlﬁ;a~~ PR P
...... Cly v - C PARARA AR s s s s s a AR AR~
SR NN T::--v —-“\~--T: FRAwd P s wan s s pRARI N>
M\K\\ . Newwsr s man s -  AAAI e - » tl ARy
«-M g w\\\\-:f )mm\}y-fi Slogad
es.o8 s 1 Sl ead
el G S G s mac it AR X 35 e
et LR : 3 PLEE T LS C T
e B ettt s &
...... > P - J-F-:wa..mﬂ-- o
FeEr R «PI bt | |- Eead b a5 B i ae L
PPrYY YRR ehe Cifp + ~dpbttee| | |+<+++ .. ~ G, P o
R ERERT.. " oo . igilittre] | Laswe T W, < T2 pyEdew

KS ARXSFR 5 AR A 4 5 2 -
(e) () 12.1 GHz Kbra 37 FIk ifi HL U

(a) F1(b) MfbFEHEEHR R
M g B

;3 (e)MI(d) 8.6 GHz 4 HL 7RI AT HL I A 1k A1 14 5

Fig.5 The mechanism of the proposed reflective polarization converter based on asymmetric cross-shaped resonator: (a) and

(b) configuration of the structure; (c¢) and (d) electric field and surface current vector distribution at 8. 6 GHz;

(e) and (f) electric field and surface current vector distribution at 12. 1 GHz!?!
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