AR ‘_5'[4-'0)1-04'-' \\”\AjulsaVc)LM‘be‘ffjolim;bdwadm

Sgo 138 o o 3339 aadidd (20 38 J1 o i 2 yb

Sboleul ‘de olase ¢ Lils ‘lg},é) Slgzdaste S £ 55D (ggzmiile ‘\‘ScLé..ia o

U‘J”‘_ u‘ﬁ— ).».M:‘ S (e olisls f}.:.mlfj 8y ‘Sblim.a‘é éo.;..?bo—\
razavismj@mut.ac.ir - ol sl - g5 - il S cis K25l JalS § 5 2Kiils zaizxe =Y
U‘J”‘_ u‘ﬁ— ).».M:‘ S (e olKisls f}.:.mlfj 8y ‘Sblim.a‘é M—Y‘

Shsle jo olge 13 ples 51 oy 0 Gl sl odd Byme Jubaiie pizge B jo X wil B oniwo s SO lie ol o toduSs
5 ENG (aie Jolae (S xS0l 6303555 b ame <3l sl ¥ ) 59, oadicinn Sdmun (oo sloaks 5l B slronins s
S o0 ki (bl 0Ly et b el oBioslinal MNG (giie Jolao (qucbline (25l 5 slml (sl sole jué o 50 S 2 (bl abewses
2 3l 518 0aand podS (139 pdyeelais Sl i yd oS Whioo st (6508 Toe JB 5 e Bee Tae Jlatl Sl g Su b s lanil els
o o dalys ol (s e Al Jamte SISl opl cgole pué o 50 Sy Wbl g 5 oaims i opl o Slge 13 5l eolinal 4 axg b
onl 3o edleds .m0 (2l | oole 18 516 coins 1usd (5 g ali 45 009 MNG  >1)b )5 g, slgiion cllia ol (sodes slacs,slss |
AR VY 050 Jsane gloil b dslin ;o Gl osd )0 Fge (s slal 4S5 sbay ceadoslinl 35 eole 13 (g5lucSasS Coge 5l 5 oaims s
zoepled Siluwand @mls @b Sl oad (>l 38 5 zg) S Su S sl hlanie Ojgod w51 osied i (nl 405 Sl 4L alS

el 4Bl g 030 18 51 (Sloosins ynis a4y Sl 93 3905 (soleiiiny JLSLu 51 ;i (CST 38l 5 alwwgay

385 e S S50 o6 lucSa S ¢ jgae Gl pdupadais wlge 18 (b 8 oaims puis tguudS saojly

Tunable, Metamaterial Based Ferrite Phase Shifter Design

Meisam Shafaee?, PhD Student, S. M. J. Razavi?, Associate professor, Emad Hamid?, Assistant professor

1- Electrical and Electronic Engineering University Complex (EEEUC), Malek-e-Ashtar University of Technology (MUT), Tehran,
Iran, Email: meisam.shafaee@gmail.com

Abstract: In this paper, a rectangular waveguide phase shifter is introduced in X band. In order to benefit the metamaterial properties
in this device, cooper wires are periodically printed on the substrate for composing effective electrical negative (ENG) permittivity
and, the ferrite slabs are biased extraordinary for obtaining effective magnetic negative (MNG) permeability. By changing the phase
shifter’s bias current, electromagnetic properties of ferrite are varied. Therefore, propagation constant of the wave, or in the other
words, phase of the propagating wave is shifted, that results in tunable phase shifter design. According to the use of ferrite slabs in
the extraordinary bias mode, to compose metamaterial medium, the structure suffers from high insertion loss disadvantage. One of
the significant novelties of this paper is reducing the insertion loss which is achieved by MNG design method used in metamaterial
phase shifter. Moreover, the proposed phase shifter benefits the miniaturization advantage of metamaterials, such that the phase
shifting part of the device is reduced about 12 times regarded to the conventional phase shifters in the same frequency band. Bias
circuit of the phase shifter is designed flexibly for both odd and even excitation modes. Also, according to the full wave CST
software simulation results, almost twice phase shift of similar metamaterial phase shifters has been achieved.

Keywords: Phase shifter, ferrite, metamaterial, tunable, insertion loss, miniaturization, odd and even mode excitation.
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