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Impact of resonator rotational symmetry on infrared
metamaterial absorber
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Abstract: The impact of rotational symmetry of the metamaterial perfect absorber on its performance was investigated.
The absorber consists of a metal particle/dielectric-spacer/metal film structure. Using a square metal particle as an exam-
ple structure and by introducing small air holes to the different y-direction sides of it, we study the absorption properties
of the fourfold, twofold and non-rotational rotational symmetrical absorber. The calculated results show that when the
polarization of the incident light parallels to x axis or y axis, the same single absorption peak appears in the absorption
spectrum. The absorption peak of the twofold rotational symmetrical structure splits into two peaks when the polarization
of the incident light parallels to x axis. The absorption peak splits into two peaks no matter the polarization of the incident
light parallels to x axis or y axis in the case of non-rotational symmetry. The results of the absorption peak properties with
different rotational symmetry may be helpful to design novel polarization-insensitive absorbers.

Key words: rotational symmetry, metamaterial, perfect absorption, ;finite difference time domain method

PACS: 78.68. +m, 42.25.Bs, 42.70. —a

HISERL & T u SBSLI5E R W LASK , 2 T A4kt
ORISR B T B P R e FELr s
B 2008 4F Landy %' 42 T R VA MEAORE  SRTURS RABUR RS L BB R i S A

L
il

I F HEA:2013 - 03 - 29, f&[E] H #7:2014 - 05 - 29 Received date: 2013 - 03 - 29, revised date: 2014 - 05 - 29
EL&WH : BRESEMBPFZI H (2011CB922004,2013CB632705) ; E K H ABL# 34 (10990104 ,61290301 )

Foundation items: Supported by the State Key Program for Basic Researchof China (2011CB922004,2013CB632705 ) , National Natural Science Founda-
tion of China(10990104,61290301)

{E& B4 ( Biography) : 3% (1984-) , B ,BRFE B FHA , B LW A&, T ENEREEEFOTHF Y5, E-mail: nibo@ mail. sitp. ac. en

* @ ifl4E& ( Corresponding author) : E-mail ; xschen@ mail. sitp. ac. cn



4 (R B 45 WERERTRRYE LT SR b 55 2 A A e 281

SBT3 KRN FRTR. 5 AR,
FEAS RS AR 1T LA B e R R O RS L. WAL
Wt TAES R f A BLNTER & Tl p S50k
RE , ARETH 2 25 P4 R O R (A0 95 2538 R 5E
) BTG R , B IO SCHF H AR SR B R 24 I B2
T AR R SRS 1T LUE i BeEr il i S Bk v
HR [0 A R i i mT A g /NG A5
BATE T RSB BB TR BEERIE /N T, 30
TRGER, AR E T2 = 21 TAEPEREA TR
RAER. BRT, @R B 3 1 ORAH2E B 4L
SMRIE BB A IRBE. 45 B A R 1 A
BHR RS , AN R AN SURE T A B | 28 A e
A SRR SRS 2 LR R AT, IR B LR 4R
AR )l 2 2R R 2 B s
FEAT R s th B 27 SR FUESE. FERIF LA X
SUOE BRI RO EA L, e AN BT fe) AL 25 4 Xt TR AR
BHR YA A HlE T Z B AR EA ERE L.
PR D kA SRR B e Xt T AR IR IR0 A SE 4 O
WA R BT LAl e 3 B 4 W i 45 4 LA i i
AR — MR MBS SR A AL

WESE T RSB 58 SR IR A A A o AR Mo L
WRFPE R RZ . e )R J7 B/ s A R < TR VIR =
JEE AR B R sl e R RSB
JrYIBORL y J7 B AR R A AR IS AL, 2 SIS
T VYEE TECRAR R X AR A B R . B
GEREY, ABEIRIRIE VAT T 2 2y Bl 77 1) i 9
MRS P -5 TR X A P EE S R AR G DU B e e %o
PRIACAS TEIE A SR IRFAT T o 2y Bl B S e R
Aoy e R AR AR B i 2 7E A
TRIRFAT T o Gt S 2R 5034 il 4 i 2 AN B A e
FERSBRVERS , TC1e AR IR 06 IR 9% P47 T » BhEl y
B, Mg ER 2 0 . S E— ST 2 R B BT
FT T ARSI 7E A J5 = B R 37 56 0 A [, 5
AR L X R WU ) 3 ML B REA T T — BB

1 Fiigit il e

AR R BT A s B E A 1 TR &
S =R & 1B R4S (gold) JrHUBAL, £
T—EREEE, ER i RECE NS R e (w)
=gll -~/ +iyw) , XH & REEHRNEE
B,o BAFNKIE, FEFHE o, =1.37 x
10" rad/s,BHJE B y =4. 08 x 10" rad/s"*"). H1j] —
EREFAE NAEER e =1.9, RWIREM 2 A
T H AP BN RICER G 8 R R RS G i

5338 A(w) \R(0) M T(w) B LIH A(w) =
1 -R(w) - T(w) BRRGE A(w) . TERGH Y, H
TRERERE, EHiE TN(w) =0, A(w) =1 -
R(w). HILATLLE H, R 2 &M R 530 AT LU 3
B KRS 7T ASE aof o0 AR R SO #% 1 254 S 80k
TTTER & Tl p S50, SEHHA B 25 6] By BB T
e, AR BI85 1 BISC8CR. R 2 TRt A R
24P ELI LR (7 K 14 EastFDTD™ %ot [ 1 gz ik
AT, BRSNS, LRE Y
£ a=350 nm, BE h, =20 nm. PEFIEEE b,
=30 nm, T 2&MEEE hy =200 nm. BANLEHTT
e x Fly J7 8 p = 600 nm. £ B35 A 2 ]
WULEN Av = Ay = Az = As =5 nm, B [H]2B 5 B
At =As/2¢=8.339 1 x 10 ®s. x Fl y 7 [A]i% & &
WEH B 2 7 BCE G R

¥

B1 R BT R

Fig. 1  Schematic of the perfect absorber
cell structure
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Fig.2 Simulated absorption and reflection spectra of
the fourfold rotational symmetrical absorber
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Fig.3 (a) The simulated absorption spectra of the
twofold rotational symmetrical absorber when the polari-
zation of the incident light parallels to x axis, (b) and
(c) are the electric field intensity distributions of the
shorter wavelength and longer wavelength absorption
peak when the length of the air hole is 50 nm, respec-
tively, (d) and (e) are the electric field intensity dis-
tributions of the shorter wavelength and longer wave-
length absorption peak when the length of the air hole is
100 nm, respectively
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Fig.4 (a) The simulated absorption spectra of the
twofold rotational symmetrical absorber when the polari-
zation of the incident light parallels to y axis, (b) and
(c) are the electric field intensity distributions of the ab-
sorption peak when the lengths of the air hole are 50 nm
and 100 nm, respectively
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Fig.5 (a) The simulated absorption spectra of the
non-rotational symmetrical absorber when the polariza-
tion of the incident light parallels to x axis, (b) and
(c) are the electric field intensity distributions of the
shorter wavelength and longer wavelength absorption
peak when the length of the air hole is 50 nm, respec-
tively
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Fig.6 (a) The simulated absorption spectra of the
non-rotational symmetrical absorber when the polariza-
tion of the incident light parallels to y axis, (b) and
(c) are the electric field intensity distributions of the
shorter wavelength and longer wavelength absorption
peak when the length of the air hole is 100 nm, respec-
tively. (d) and (e) are the electric field intensity dis-
tributions of the shorter wavelength and longer wave-
length absorption peak when the length of the air hole is
150 nm, respectively
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