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Figurel (Color online) Relative density and shrinkage of BST Ceramic sample. (a) Relative densit; (b) shrinkage
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Figure2 (Color online) Dielectric spectrum of BST Ceramic sample. (a) Dielectric constant; (b) dielectric loss
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A it A0 A TR IR S T I A ) B A B ) A FL SR
AL, B B BSTxx i 8 (4 L B L
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b, B 5s, B B s BRI RE
HRELRA N T B P L. IR, BB B T
AR, % i R R ST — 20N R A
BRI FE AL B 22 0/

24 MT,LMTE44:fE

FHA IR I VR A5 45 2% i B 88 1 SOt B A e A

F1 BSTx* MR BB S FBE

Tablel Microwave dielectric properties of BSTx* ceramic samples

RE [T {E an e 201 7w

ATUAAE Y, it AR B Ae bk, (115 BST40*
T AR B R B4 v B 7 48~10838 Bl 1N, A e 11 K
B2 11078 2. il T B BE AR ] . AR
s 38R RN B R e 14050 5 A R L s e o
gL, IRZETEFTHME . FRATAT LIRS A 7] () 75 SR 8 42
ARG RPMT, LMT, KM/ rkfe, beghih B
A AR A HL B B e

3 Pirptit5apr
o U 26 R I B ) R R

N E 3@ R A, HIEARSE N a=20 mm, a=
6.5 mm, c=2 mm, d=7 mm; FEFE2F & B R SR

s3] Pab BRR B (C) PN % (MH2) i JoE R A AL FE
BST45* 1420/3 h 680.73 1397 282.75 0.00350
BST40* 1420/3 h 484.07 1657 383.56 0.00258
BST30* 1420/3 h 363.18 1912 400.75 0.00247
BST20* 1420/3 h 278.53 2145 483.56 0.00207
%2 BSTA0*BEMTHILMTH SRS B 6B B RE
Table2 Microwave dielectric properties of BST40* doped MT and LMT ceramic samples
& AL T (C) I LA A FE (MHZ) s T PR 4K I L FE
0.47BST40*+0.53MT 1345/3 h 65.87 4466 666.67 0.00150
0.43BST40*+0.57TMT 1345/3 h 48.59 5252 632.91 0.00158
0.7BST40*+0.3LMT 1550/3 h 108.73 3556 680.27 0.00147
0.65BST40*+0.35LMT 1550/3 h 100.31 3627 724.634 0.00138
0.6BST40*+0.4LMT 1550/3 h 85.65 3922 793.65 0.00126
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Figure3 (Color online) The simulation of ADM FSS. (a) Simulation model; (b) magnitude of S
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Figure4 (Color online) (a) Effective permittivity; (b) effective permeability
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Bl 6 (MZhUE)8.7 GHzAL R SR I /A6 i B0, (8) TER Aoyl L% 53, (b) “FIily=0 ZbEA R B4, () “Fiiy=10 4b#43%
FARMT; (d) FTHy=—10 ARG R oA

Figure 6 (Color online) Vector distribution of electric field and magnetic field at 8.7 GHz. (a) Electric field distribution in plane z=0 mm; (b)
magnetic field distribution in plane y=0 mm; (c) magnetic field distribution in plane y=10 mm; (d) magnetic field distribution in plane y=—10 mm

B 7 (M4IUF(1)10.44 GHZAE LY S RE I ST 43 AT BL. (8) TER ASTxoy iy LA K4t 434, (b) “Fifly=0 &bl (o) V- iiy=6 ALt
KALGAR; (d) Fiiy=—6 A7 Ko AR

Figure 7 (Color online) Vector distribution of electric field and magnetic field at 10.44 GHz. (a) Electric field distribution in plane z=0 mm; (b)
magnetic field distribution in plane y=0 mm; (c) magnetic field distribution in plane y=6 mm; (d) magnetic field distribution in plane y=—6 mm

3284



) e e T e
iy .--:':'_: Npg k= g =
-/ ‘i sttty 7 }
e K x Nyl 2 \h#
LA AnEe o L
[ e i B S N et
-~ 3
-.-';h_\\_\i'_ - ': o ey : - K {l:o-
N e
DN ) ]:-. :] L
w‘;"l L A AT AN il At & Bt B SN Tty
|1 s PO i P ey e ik
e Y P AR WL LN RS
N N N
¥ 3, H
Y oY W
n{ ‘\-—JI b {*‘«.-—,.f “‘":"-'1'
E‘:..“I“;"i 3 5P B irpaad P b e £ P i i
Hy k

(b)

(@)

B8 (MZMUR(1)11.3 GHZAL L% SHEG I R AT K OL. (8) TES AL xoyifi (LG5t 43415 (b) “FIfiy=0 AbRES R 23011 () “F-TTy=6 b

WAL, (d) “FTRy=10 ARG it oAl

Figure 8 (Color online) Vector distribution of electric field and magnetic field at 11.3 GHz. (a) Electric field distribution in plane z=0 mm; (b)
magnetic field distribution in plane y=0 mm; (c) magnetic field distribution in plane y=6 mm; (d) magnetic field distribution in plane y=10 mm
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Microwave characteristics and design of frequency
selective properties based on barium strontium titanate

HAN Peng™?, YU Fei'®, ZHANG JieQiu', WANG Jun*, QU ShaoBo', MA Hua,
WANG JiaFu' & SHI Yan?
 College of Science, Air Force Engineering University, Xi’an 710051, China;

2 Air Force Aviation University Flight Instructor Training Base, Bengbu 233000, Ching;
3 Astronaut Scientific Research Training Center of China, Beijing 100094, China

Frequency selective surface (FSS) is akind of electromagnetic functional devices with a spatial filtering efficiency. It can
transmit or reflect electromagnetic waves at certain frequencies and is widely used in microwave, infrared and terahertz
electromagnetic frequency. Conventional FSSs usually consist of a 2D periodic array of metal structures, but they are
prone to breakdown, oxidization and corrosion, especially in high-power and high-temperature applications. According to
Maxwell’s equations, the conduction current and displacement current have similar effect in the excited time-varying
field. Hence, high-permittivity ceramic particles can be employed as the elementary unit cell to fabricate al-dielectric
metamaterial FSSs. First, solid sintering method is used to prepare Ba,Sr; «TiOz ceramics. Here, the x refers to 0.2, 0.3,
0.4 and 0.45, the BaSr; «TiO; are marked as BST20*, BST30*, BST40*, BST45* respectively. The induced density and
dielectric properties of different BaSr1.TiOs ceramics were tested and discussed. The testing results indicate that when
sinter temperature is up to 1420°C, the Bay 4Sro6TiOs ceramics can obtain a high dielectric constant and a low loss and it
is selected for the following research. For the pure BST ceramics, the dielectric constantis high, which results that the
resonant occurs many times in a narrow frequency band. So, it's difficult for designing of the FSS. In addition, the rela-
tive higher dielectric loss leads to a larger insertion loss and a wide cut-off frequency band. In order to improve its per-
formance, the Mg,TiO4(MT) and LA(MgosTigsO3)(LMT) are mixed into BST40*. Through testing, the dielectric con-
stant of the improved Bay 4Sro6TiOs ceramics with different components can be obtained (¢=48-108) and dielectric lossis
reduced to 10~ order of magnitudes. After that, the high-permittivity and low-loss ceramics with ¢=67.87 is chosen to
design the 3 band-pass all-dielectric FSSs, which implemented by the two-dimensional periodic arrays. The center fre-
guencies are 8.7, 10.4 and 11.3 GHz respectively, and the passband fluctuation is flat. The —3 dB bandwidths of the low-
er and upper passbands are f;=0.26 (8.5-8.8 GHz), f,=0.42 (10.2-10.6 GHz) and f;=0.50 GHz (11.1-11.6 GHz) respec-
tively. Based on the effective medium and dielectric resonance theory, the effective permeability, the effective permittiv-
ity and the normalized impedance are discussed. The results show that the major cause of the passing band is electro-
magnetic coupling. Finaly, the distribution of dynamic vector field is investigated. Through which, the mechanism of
resonance and band-pass characteristics are further verified. Take the first transmission pass band (8.5-8.8 GHz) as an
example, after 8 GHz, the effective permittivity gradually increases to a maximum value (15) at 8.6 GHz, and then de-
creases rapidly until reaches a negative evalue (—50), which means a strong electric resonance occurred. In addition, at
the right side of the 8 GHz, the effective permeability firstly increases to a maximum value, and then decreases to a
minimum valueat the 8.6 GHz, which means strong magnetic resonance occurred. Therefore, the electric and magnetic
resonance can be coupled to achieve the passhand filtering characteristics. In the first passband, the real part of normal-
ized impedance gradually decreases from more than 1 to 1 on the right side of at 8.6 GHz, and then continues to decrease
until less than 1. When the impedance valueis 1, it is fine for air matching, while larger or smaller than 1, slightly worse.
Although the minimum |S,| value of the first passhand is approximately 0.87, the insertion loss is small and it still can
achieve a good transmission effect. This proposal provides a method for designing the high-permittivity and low-loss
all-dielectric FSS.

Ba,Sr1 «TiO3 ceramic, MT and LMT mix, microwave dielectric properties, all-dielectric metamaterial frequency
selective surface
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