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A double peaks bio-absorber, which includes two metal layers and one dielectric layer, is proposed. The
surface metal layer of the bio-absorber is a square array that consists of a plum shape metal cell that can
produce double resonance absorption. By studying the surface current and electric field z-component, the
double peak is shown to originate from the two distinct resonance modes of the plum flower curves induced
by the incident electromagnetic wave. Due to the symmetrical structure, the proposed bio-absorber is not
sensitive to the polarization direction of incident waves and can maintain high absorption rates in a wide,
range of angles.
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Paspaboman 0gyxnuxogulii 6uonoznomumens, KOMopbiil K0Yaem 6 cebs 08a MEMAIIUYEeCKUX Clos U
ooun dudnekmpudeckuti caol. IlosepxHocmublil MemaniuyecKuti ciot Guono2iomumens npedcmaegiiem co-
00U KBAOPAMHYIO peulemKy, COCMOAWYIO U3 MEMALTUYECKUX A4eeK 8 hopme CAUBbl, KOMopas Modxcem 0a-
samb 060UHOE pe30HaHCHOe nocroujenue. Mccnedoganue nogepxHOCMHO20 MOKA U Z-KOMHOHEHMbL DJIeK-
MpUYecKo2o noJisa NOKA3AN0, YO OBOUHblIe NUKU BO3HUKAIONM U3 08YX PASTUUHLIX PE3OHAHCHBIX MOO CHIPYK-
Mypbl MUNA Y8eMKA CAUBYL, UHOYYUPOBAHHBIX NAOAIOwjel INeKMpoMasHumHol goanoll. Brazooapsa cummem-
PpUYHOCIU CIPYKIYPbl OUONO2TOMUMENb He YYECMBUMeneH K HANPAeieHuio NoAApU3ayuu Raoaiouux 60aH u
Modicem no00epICUBAMb BbICOKYIO CKOPOCMb NO2NOWEHUS 8 WUPOKOM OUANA3OHE Y2T108.

Knrwoueswle cnosa: noznomumens, mepazepyosulii OUanasoH, No210WeHue, NuK.

Introduction. Since the concept of perfect bio-absorber was proposed by Landy et al. [1] in 2008, the
resonance structure of bio-absorber has changed a lot in recent years; all kinds of structures, for example,
electromagnetic induction coupling (ELC) [2-5] and frequency selective surface (FSS) [6-8], have been ap-
plied to design and fabricate perfect bio-absorbers. So far most of the literature reports on bio-absorbers in-
volve putting much resonance structures together. However, such structures are bulky and difficult to fabri-
cate. In this paper is proposed a novel double peak bio-absorber by using plum flower curves — the double
peaks derived from the resonance model of plum flower curves. In this design, each unit cell of the bio-

** Full text is published in JAS V. 85, No. 4 (http://springer.com/10812) and in electronic version of ZhPS V. 85,
No. 4 (http://www .elibrary.ru/title_about.asp?id=7318; sales@elibrary.ru).
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absorber has the same geometry, size, and orientation. Compared with the square resonators [9—11], the plum
flower curves bio-absorber has a smaller size. Our simulation shows that the proposed bio-absorber is not
sensitive to the polarization direction of incident waves and can maintain high absorption rates in a wide
range of angles.

Structure design and characteristics analysis. The proposed bio-absorber is a three-layer structure,
namely metal, medium, and metal. The two metal layers are gold whose conductivity is ¢ = 4.09x10” S/m,
and the medium layer is polyimide whose real dielectric constant and loss tangent are g, = 3.5 and tand =
=0.057, respectively. In the bio-absorber cell D = 2w, whose structure is shown in Fig. 1, D is the total
length of the metal, and w expresses the side length of the square (D = 2 w).The bottom of the cell is a metal
film, while the surface metal of the cell is composed of a square and four semicircles. The thickness of the
two metal layers and medium layer are 0.2, 0.2, and 1.2 um, respectively, while that of both of the circle
sizes in the x and y direction is 20 pm.
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Fig. 1. The structure diagram of the bio-absorber.

In this paper, the performance of the bio-absorber is simulated by CST Microwave Studio 2011 with the
time domain finite integral method. To facilitate the analysis, the directions of x and y are taken as periodic
boundary conditions, while the direction of z is regarded as the open boundary condition. When the THz
wave vertical is incident on the surface, the absorption 4 of the bio-absorber can be obtained by using
A=1- |S11|2 - |S21|2, where S1; and S>; are the reflection coefficient and transmission coefficient. Due to the
THz wave walking in the metal just around 70 nm distance, the transmission coefficient S>; =0 and absorp-
tion 4 =1-|S,%

In order to get the maximum absorption rate, the reflectivity must be reduced according to the theory of
impedance matching — the equivalent impedance of the bio-absorber changes with change in the bio-absor-
ber’s structure parameters. When the equivalent impedance equals the free space impedance, the reflectivity
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is minimum and the absorption is maximum. Through the simulation analysis, the absorption and reflectivity
of bio-absorber are shown in Fig. 2, where there are double peaks at 0.3 and 1.75 THz, and absorption of the
first peak and second peak is 94.2 and 98.5%.

Figure 3 shows the absorption peak diagram of square and plum flower bio-absorbers that have the
same size and array cycle. It can be seen that the plum flower bio-absorber has two absorption peaks. Such
phenomenon is the result of the space filling in plum flower structure: in a certain area, the line length of the
plum flower will be increased, with the order growing endlessly.

Absorption principle and experimental simulation. In order to study the absorption principle of the
proposed bio-absorber, the surface current and Z component of the electric field are calculated and analyzed
in this paper. A field monitor is set at 4.32 THz, while the surface current and z component are shown in
Fig. 4. Figures 4a,b show that the reverse parallel current is formed on surface metal and substrate metal, and
the reverse current can produce strong electromagnetic response, thus forming a resonance in the z direction.
The distribution of the electromagnetic field is shown in Fig. 4c,d. It can be seen that the charges are gath-
ered in surface metal and substrate metal layer along the y direction. Meanwhile, the upper and lower metal
layer have the opposite charges at the same time, which show that there is electric dipole resonance caused
by the electric field in the y direction. The strong electromagnetic resonance causes the electromagnetic ener-
gy to be consumed by the bio-absorber.
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Fig. 4. The surface current and z component of the bio-absorber.

To have a better understanding of electromagnetic resonance, the equivalent circuit of electromagnetic
resonance is shown in Fig. 5, and the resonant frequency of equivalent circuit can be expressed as [12]

f=nfL,C,/2)"

for which the equivalent inductance L, = Dt/w, and the equivalent capacitance C,=wD/2t. Here, D is the
total length of the metal, W is the side length of the square, D = 2w, and ¢ is the thickness of dielectric layer.
The resonance frequency is inversely proportional to the square root of L.C,, while L.C, is proportional to
D?, so the resonance frequency is inversely proportional to D, this is confirmed by the simulation result.
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Fig. 5. The equivalent LC circuit of the bio-absorber.
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Fig. 6. The relative impedance of the bio-absorber.

In the effective medium theory [13], a bio-absorber is regarded as an equivalent medium. By adjusting
the structure of the resonant cell and the distance between upper layer and lower layers to the relative input

impedance 2/20 = \/(1 +85,)° =S5, / (1-S,))* = S;, =1, where Z, is the characteristic impedance of free

space, the bio-absorber can realize perfect absorption under a specific frequency. Figure 6 shows the relative
input impedance of the interface between surface and air.

Due to the symmetrical structure, the proposed bio-absorber is not sensitive to the polarization direction
of incident wave. Under the condition of different polarization angles ¢, the absorption frequency and effi-
ciency of the two absorption peaks remain almost constant. Figure 7 shows the changes in the absorption
peak with different polarization angles under the condition of vertical incidence. The polarization angle
changes from 0 to 90°, while the absorption peak almost does not change, as can be seen from Fig. 7a.
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Fig. 7. The change in the absorption with different polarization (a) and incident (b) angles
under the condition of vertical incidence.



686-5 ABSTRACTS ENGLISH-LANGUAGE ARTICLES

In practical applications, the incident electromagnetic wave on the bio-absorber surface usually has an
angle. Figure 7b shows the changes of the absorption with different incident angles under the same condition
as in the case of vertical incidence. It can be seen that the absorption is not changed with different incident
angles. With increase in incident angle, two increased absorption peaks at 0.3 and 1.7 THz can be seen.

Conclusion. This paper proposes a new terahertz bio-absorber with dual peaks by using plum flower
curves. The bio-absorber not only is nonsensitive to incident wave polarization but can also maintain a high
absorption rate in a large angle. The symmetrical structure confers the proposed bio-absorber the advantages
of small size and double absorption. The bio-absorber can solve the problem of inability to work at higher
frequency of the traditional bio-absorber. Compared with the traditional structure, the plum flower curves
bio-absorber is more advantageous.
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