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Fig. 1. (a) Unit model; (b) the equivalent circuit of

outer loop.

1 Pendry 25 (11 32 W (38 AT 41, wires(4: )@
Ze B 1)) v DASEI A7 SR80 M . R, STk [12]
WF R B 2 D5/ S MR IR AR A 2R, 55
A AMER. SCHR[11, 12) 3R, BT 5ok
IR 5% & R R AR S A AE, B on 45
REW8 7= A R, R = ARSI L. 1%
F TG Y A IR TE BRI PR R B, B 1 (b) LA IR
SRS, Lo 3R 7R A1 530 BT X6 B 1R 45 R0 H IR,
Co RN INIA BN TF DAL BT 6 B2 &5 R 25, A
11 (b) FYT DA, R = VIO, S,

L= dLo,C = }Lco, 5,5 45 1) B 0 4 PR R [

BRI £ = %\/—LQC’O. SETR Y B i
IS, AT A R AR 19— (B P i

R B, (ERDRHE — S UK F 722 R
it

3 EFMAFERI SR

AR Ansoft HFSS 3K A1 43 73l X 5. 76 45 1)
AN SRR AT SRR AT 3, A SR R 2 kg 1] 2 o
AN, 75 R TR R I, R BT A FH <7 T 0 R
HEZ B TC Al R R o J AR Y LT B AR R
HEEAT T . R AR R SR A BT A R [R] B
0.1 mm. Re3E ELT BB NS 7 1 (y Bh07 170) B
P EE T BN S i R S B B
PRI BE T E N PRAE HLBE (PEC) X, 5 2 HhTE B
PRI e BE T B N B AR REEE (PMC) X, I R
5.1 mm x 6.1 mm x 0.854 mm (535X 2 il 77
W,y FhOT R, 2 f ). B3R A BTR o BN
FLETCEE M AN IR B4 S S8 2, DL
i1 S SHHAL AT L.

K2 0 s

Fig. 2. periodic model.
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Fig. 3. (a) The S-parameter of unit structure; (b) the phase of S-parameter.
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Fig. 4. (a) The S-parameter of periodic structure; (b) the phase of S-parameter.
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Abstract

The unique electromagnetic properties of left-handed materials have received much attention due to their appli-
cations in microwave devices, radar antenna and electromagnetic stealth and so on. However, the double side etching
of dielectric substrate for most traditional left-handed materials will lead to the complexity of manufacture, narrow
left-handed bandwidth and higher loss. In order to overcome the shortages of traditional left-handed materials, a new
broadband and low-loss left-handed material with multi-opening cross shape structure is presented in this paper. The
structure is fabricated on a single side of a dielectric substrate by integrating an electric resonator with a magnetic
resonator to form a left-handed unit. Through theoretical analysis, software simulation and effective electromagnetic
parameters extraction, the results show that the structure has a double negative characteristics (¢ < 0, g < 0) in the
12.7-21.1 GHz range, which is basically in the Ku band. The absolute bandwidth of left-handed character is up to
8.4 GHz and the loss of unit cell is less than 0.3 dB. The structure realizes a wider left-handed bandwidth with smaller
cell size and lower loss than the conventional left-handed materials, and it provides an important reference for the

application and design of the broadband and low-loss microwave left-handed materials.

Keywords: left-handed materials, multi-opening cross-shape, broadband, low-loss
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