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Energy harvesting surfaces in complex electromagnetic environments

Wang Weibin
(Key Laboratory of Specialty Fiber Optics and Optical Access Networks, Shanghai University, Shanghai 200072, China)

Zhou Yongjin

Abstract; In order to harvesting electromagnetic(EM) energy effectively in the complex electromagnetic environment, a
novel metasurface is proposed, whose unit consists of eight open resonant loops and is arranged in a regular octagon,
with the addition of a parasitic patch of regular octagon. Eight resonant rings with the same opening are arranged in
rotation, and the inner parasitic patch is used to form a central symmetrical structure. A novel electromagnetic energy
The

microstructures of the metamaterials are analyzed and optimized by the microwave simulation software CST. The

collecting surface is designed, which has multi-frequency and polarization-insensitive working characteristics.

electromagnetic energy collection efficiency, the energy distribution and the S parameters of the incident electromagnetic
waves are studied. The simulation results show that the maximum collection efficiencies of 82%, 79%, 61%, 71%,
70% and 73% at five frequencies of 5. 75, 6.5, 6.84, 7.56, 7.98 and 8. 55 GHz when the electromagnetic waves are
incident vertically ;In the 0° to 60° at 20° interval oblique incidence, the surface of the TE wave and TM wave can
maintain an effective collection efficiency.
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[ 0% e B4R+ L
AT S8 IR AT S ) L B e T L B R T A 119 i i

Ell
BB JCLGE 5 HOR T i A T s N2 AR (Y B 55 o ST

il

F40 % W

i TiE e WA 2 T AN S0 AT LA B TR 9B 6 O —

P A% 326 3 57 88 b URE [0 05 R AT AR M A R . R fiE

T AP ARG . T SE AR L ] A A5 1] SR R
RERC g1k T ANTAE L. o 300 R 2 0B U P s 4 A
10 e i R R HLRE 5 A A0 A 3 B 5 b R Ak XA
G0 L R RERE S OF B AL O ERE . AR SRR A
T PRI AE A A WAl 5 3R ARl 98 25 5 T 25 AN AR )
Hy T REBLR AR A9 1 BRI L R TR R AT IRA 2
AN L N BT R S B AR B R AR R

Wi B B :2017-02

S 2R I A AF 5 2 AL T T R LY Y 25 4 OF S R 2R
(SRR) A1 . % IF 3% #% ¥ (CSRR) . A DL T 4F 76 88— 4t
IR Z A ) R SR R B AR A E TR R
AREF X 7 M B 2R Ak i . BRUE TR R Z 00 LA
S8 B FAR AL AS U TAE R PE e g RE R dE R LA
B R

* FEATE « [E R B R4 (61307129) « I T RF 2 HOR Z2 51 £ (13ZR1454500) | i S5 2E A 1 25 B s B WURHBIF 2 43 (20133108120016) B Bl 3 H

e 6 .



F\}

A

N

B RN TALBRRBEAOLEERELR

%9

1 HBEHEgEEREBREMIRIT

FEFTRHRTT L JE BRI G R A PN R L PR A B
M Z AR S 1.2 Fros. 2Bk 4 8 3 b
SEF R T 8 AR Y T I 38 4R B 28 A HE 51 B A b
U X PR 5 A 8 0 e A A D S B A AN SRR 9 A
Mo — 07T BT G MR 2 O B B Y BT L B g
BT Mo B RE A R L N TR B T RCR . Sy — D T
i 51 AR A A 5 T RROT N AR R . R
X AP\ DI #4 A SRy AN R CRR T P (IR B 8 5 28 BB
BT Z BRI . O T A A [l WA S SR T Y R G
AEHE . 7E 8 T F R 36 1 1 i AR T BRIP4 ) i L =
T MM IF 5 3t W B L 7 R AL R 1] B Ak 4 A DT
Pic FEL B OB BB 1t o ik R B R ACAR R 0 HL A I IR &5 4
BB A

B1 BB IT B LA

B2 bR T R R

FE AR IT R SR A Rogers 5880 1 A iUAR » i
BEARJE S 1. 524 mm, S LW AL e=2. 2, BAFE M IED)
tan D=0.001, 4 J@8 ¥ ¥ K HE E N 0. 035 mm Ay #i
e EMABRITREKRAS, FOERFBK L=
16 mm, 2k 5 W=3.1 mm, Ml 48 JF O & R 3 ) i ¢ =
I mm, @@L ER N 2 mm, FAEM A S=16 mm, §
JLil K P=58 mm,

2 HEEEWSERENTESHT

2.1 frE®It

% HOL G e B MACAE R T Y BT B YR DS IR S
SRR S R R L 3 L G R D A R A R N
BRI E Lo MR ISR A BB AL TT X L 1 3 1) R M A
3, AR F A S A Sy 43 I FRR SR R BORME i R AL
F TR LT % S 0 AR L R AR AR R R 0.
I R e MR I3 R S S el S R BRI AR
BESEE PN STy Tl WL iR 5= v LN ST
AR

A=1—|S,|*— Sy |* (D
S M S, 43 RN UM RECR B A 8. B TR
K LT B S AR, A2 R 0, Wk, 525 %
WA AR X B /N S A R Bk S

W B R R TR AT B B TR A Lk e R 1 3 B
PH B RE ST AT RN N

P

77 P
e P P J3 R AR 3 B BT ) 4 A BE E i e
LA SR 31 5050 3 11 1) L G RE A

5 Z B R BT AL 0 B K [ 1) 1) 26 A BR T £ P A
H A CST Microwave Studio #4715 B . 7EZHI0Hy 4 4~
A TE 15 5 ) 0 1 B 2 A R R TE R R iy — 4k [ 4[]
TE BT Y T 1 % B Floquet 3 I 3E 47 3 i, SR A3 B A
0.5 Wiy #ife AN B oTRIE ., AT Hiz#
A EEASE AT DA LR Y B o L 7E B — I H IR 2R 53
LN AR =[] 42 A DG T W BHL. AS 523 B VS T R BEL R
50 Q. i1 F T 45 AR ST R 205 - Bk b SR A7 7E — 1 I
P 8 BELAE 45 1 B 3k 30 0 4, 3 A d PR R BB 5 5T #1 4b
ik AR S B MBI EZ A EEN R,
2,2 EEANGTHI( ks

T U W G e R R E A R T R B
NI B A AN U TAE R . 4 Floquet i H 1
T BRI T 05 BT ARy 1 2k 0 X R CTM ) fiy Y
B CTE J) BT X 07 1 WU R0% DA R BT B 09 6 & 401 - 4
3.4 7R . W] LA 1% ri i e et hc B3 2 1 A 7 AR Ak 1
A& I AT T F I A R A R AR . Bk
& 7ES5. 75.6.5.6.84.7.56.,7.98.8.55 GHz Z4~ i S Ab 4y
BikF] 822 .79% .61%.71% 70% .73 % By &t K UL KL
o MR BN IR IRE S R R E
R Ak T A I R4 AT T e A R AT 5 [ A k) B AT LA
77 HE AR R A ORI

[ B Sy T 150 D R T A % R A AR AR 22 ) 11 R R L AR
R T HRITHREEL RSNG00 Q& 4 7R i 5 R %8 % B LA
TILE . DFEREA U P 53 A0 7E AR FI A AR 9 BE B S
FMEEAGRERM 2%, 2 F SRR B Fe 8N, b

« 7 .

(2)



540 B v F o

---TE
| y  -=TM
: 08} - A i
2 s 1 by f
E dd|p il || ! \ ,'l h
R I AT RN AN
ST N R AT WAL
2 il 1 ll ! b\ | \
02 ] A AT
l| /\'\.v | J \‘
,’\’\._/ T / ! .
0E—2 - 5 5
Frequency/GHz
&3 TEH AL R UCECE
1.0 —Substrate
' = =Load
Foy i i - - Metal H
~§ 0.8-l ‘—--Absorbeq‘ . 1 5
S \ -
£ ] i o
< 0.6-: i I A
= i! ,“ { v ] E M
;’éo4-!' l AIREANE
2 "R : | A .
& N H j I \ ! =
dofft L4
5 02r ' ‘
L | AV T jk‘
A4 W { 9

6 7 8
Frequency/GHz

B4 EEAMTREE SR

M A F) RE it TP 52 4 Ml A 338 21 T B8 o T iR A
W SR RORTE R B LT X 4 o (B — 3R 02 Gl AL AL B Y
PeFExt L B BLGR OW ICRE 4 58 42 1% 326 B S 3 F) i 7 R Bofy
FERELEMEM.
2.3 ERHE

T k20 W% BT AE R D RN T I R LR
I T T H A T SICAE A R UG i R T o A . e
5 BN AT AR MBS S i T LTI A ) 2R R 5
FEAE AT LA AN T3 98 I 5123 o I ) Hi, 37 43 A1 2 AN [6] 1+ B
B LT IE IVES _b 0A S HL g o A T [ 32
F WL W R A0 A5 5 AL 3 0 A A O s HL AN [R] 1 38 I AR
T IF IR T AR R A B Y . X SR TT BRI R AR
H A 3 R BT 208 B R BT RE 8 K RE IO 4
TETFIER bJH RAUCER .
2.4 BN THIIEMRE

BRJGIRTE T REAGE T XL B8R o Bl X TE 9
TV SR TOE B ok A S il 4 05 1 B 1ET 6.7 s 1T LA
S BLREE AGF M HEO BA K A T — WA . 6 TM
5« A5 A A MAE B BRAS P 2 B 5 72 4% s P9 9 e
KU BB Z W b T (R 8500 s % TE Bl & - £ AL
FiMTEA AL B 1 B P, 7. 5~8. 5 GHz B BE A 4 Je Kl
ERCR I B R0 T R . YT A2 AL B R BT
FETAATS IR 2 B 22 R AL AN SRR ) R 4 L 7 52 2% 278 (9 L Tl

.« 8 .

Absorption

Frequency/GHz

6 ANTRASE A X I A T 1Y I s 36

R

Absorption

Frequency/GHz
K7 ST 0 0 TE 95 W i sk 5
AR T AE R SR R i Bk E AR T A

UIWS I RS
3 & ®

ARSCRI A CST 5 AP At A7 T H . B H
AT B FLAE R AR I il 5 T A1 Rk H R SR
FTHA 2R AL AS U R s BEASE T (9 07 4G
W A HL A ST A B DR AR B i A9 7 B A3
A o AR SCBCTH AR 3 Fof 5 T 8 B ) 22 00 A0 A A B0 BE A IS
A LR e RS R IS S e A T KB A M E S



IR F.ATHALORRER

MR BKERD %94

AR B AR A IR B P R R RE R . LS

%

>\

U

Tk RE F WSO R T T LA Oy e R AR R B AR R Y
2 {E

S % ik

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

J

VR ORI A, BT FHAMELRERE RS
Mgt S B OT]. W 0 &R, 2015, 38 (10)
122-130.

Jrunzg, FE L IV, JC L% R AR N 45 0l A Y 0 2E
e RS (T ] 700 &k 5 {8 2 k. 2016, 30 (4)
558-567.

&F ET PXIMELAEfFERELRF AKX
WL ESh o F IR R ,2015,34(3) :81-84.

LU P, YANG X S, LI J L, et al
reconfigurable broadband rectenna with tunable matching
IEEE
2016,

Polarization

network for microwave power transmission [ ] ].

Transactions on Antennas and Propagation,
64(3):1136-1141.

NIE M J, YANG X X, TAN G N, et al.
2.45-GHz broadband
coplanar waveguide[J]. IEEE Antennas and Wireless
Propagation Letters, 2015(14) . 986-989.

SONG C, HUANG Y, ZHOU J, et al. A high-

efficiency broadband rectenna for ambient wireless

A compact

rectenna using grounded

IEEE Transactions on
Antennas and Propagation,2015, 63(8): 3486-3495.
SHI C, ZANG X F, JI X B, et al. Ultra-broadband

terahertz perfect absorber based on multi-frequency

energy harvesting [ ] ].

destructive interference and grating diffraction [ ] ].
Physics, 2014 ,arXiv:1409. 6103.

LEEK T, JIC, GUO L ]J. Wide-angle, polarization-
independent ultrathin broadband visible absorbers[ ] ].
Applied Physics Letters, 2016,108(3): 031107 .

JIA X. L, MENG Q X, YUAN C X, et al. Visible
light broadband perfect absorbers [J]. Physics of
Plasmas,2016,23(3): 032103 .

HE Y, JIANG J J, CHEN M, et al
and wideband

Design of an

adjustable polarization-independent

(11]

(12]

[13]

[14]

[15]

[16]

[17]

electromagnetic absorber [ J]. Journal of Applied
Physics,2016,119(10) : 105103 .

RAMAHI O, ALMONEEF T. ALSHAREEF M.
Metamaterial particles for electromag neticenergy

harvesting [ J ] . Applied Physics Letters, 2012,
101(€17) . 173903 .

o W 1 4 AE - R AIR O£k E A% 4 4D
Sk vk U g L. {0 U3 27 ik, 2016, 37 (10D
2382-2391.

ALAVIKIA B, ALMONEEF T S, RAMAHI O M.

split

95;1 7'<P§

resonator arrays for

Applied

Complementary ring
energy harvesting [ J .
Physics Letters,2015, 107(3): 033902 .
ALMONEEF T S, RAMAHI O M. Metamaterial
electromagnetic energy harvester with near unity
efficiency [ J]. Applied Physics 2015,
106(15):153902 .

ASSIMONIS S D, KOLLATOU T, TSIAMITROS
D.et al.
electromagnetic energy harvester[C]. ELECO, 2015:
320-323 .

Alavikia B, ALMONEEF T S, RAMAHI O M.

Wideband resonator arrays for electromagnetic energy

electromagnetic

Letters,

High Efficiency and triple-band metamaterial

harvesting and wireless power transfer[J]. Applied
Physics Letters,2015, 107(24):1030-1035 .

ZHONG H T,YANG X X, TAN C,et al. Triple-band
polarization-insensitive and wide-angle metamaterial
array for electromagnetic energy harvesting [ J .

Applied Physics Letters, 2016, 109(25) 253904,

EE® A

FIE,1990 4F A, T2 M0+, 32 B0 58 0 1) ok fL T
meEIERS.
E-mail; wangweibin@i. shu. edu. cn

B&k & GHEIREE) . Ll KR #0824, FEMHR

J5 1) Ry 2% TG S B WO IR AR .
E-mail: yjzhou@shu. edu. cn





