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AnHomauyusi — TeopeTnyeckn uccriegyeTcsl BNUsiHUE NoA-
NOXKM Ha OCHOBE METANIoAMINEKTPUYECKMX IIEKTPOMAarHuT-
HbIX KPUCTasfoOB Ha CBOWCTBA MMKPOMOMOCKOBbIX MaHapHbIX
aHTEeHH. Ha npumepe TpexmepHOro mateMaTuyYeckoro Moaenu-
poBaHusa metogoM FDTD nokasaHo, YTO UCMONb30BaHME Takon
NOAJIOXKM 3HAYUTENBHO Yy4LIAET XapakTePUCTUKN aHTEHHbI

|. BBepgeHue

Beunay manbix pasmepoB 1 geLleBon TEXHONOornn mns-
FOTOBMEHWS, MWKPOMOMIOCKOBbIE MNfIaHAPHbIE aHTEHHbI
LUMPOKO MPUMEHAIOTCA B MHTerpuvposaHHon CBY-
TexHuke [1]. OgHaKko, rmaBHbIM HEAOCTaTKOM NiaHapHbIX
aHTEHH SABNSeTCH Marnoe YCUNeHWe U HWU3KMN koadhum-
LMEHT HanpaBneHHOCTU. JTO OOyCnoBMeHO Tem, 4YTo
MOAOXKA, HA KOTOPOW HaxXoAMTCHA aHTeHHa, nornowjaet
Bonblylo YacTb u3nyveHus. [MpoeKkTMpoBaHMe aHTeHH
npeTeprneno MHOro M3MeHeHW 3a nocriegHve AecATu-
netns. MHOro HOBbIX TEXHOMOTUYECKMX peLleHWn Gbinm
MCnonb3oBaHbl ANsi yNyylleHUsl CBONCTB COBPEMEHHbIX
AQHTEHH W OOHWM W3 TaKMX MEePCNEeKTUBHbIX PELUeHUN AB-
NseTcs  OTKPbITUE  ANEKTPOMAarHWTHbLIX  KpUCTannos
(nmetowee apyroe HasBaHue — «OTOHHbIE KpucTan-
nbi») [2].

Il. OcHoBHasA 4yacTb

Ha puvc. 1 npuBegeHo cxematuyeckoe nsobpaxeHue
MUWKPOMOJIOCKOBOW MlaHapHOW aHTEHHbI C NOAJIOXKKOM Ha
OCHOBE MeTannoaManNeKkTPUYecKoro aneKTpPoMarHMTHOro
Kpuctanna. Pa3mepbl MMKPOMOTOCKOBOW aHTEHHbI B3si-
Tbl 13 [3]. ONEeKTPOMarHWTHbIN KpUcTanmn COCTOUT U3
KBagpaTHbIX MeTannMyecknx UWIMHAPOB PacrnofiokeH-
HbIX B KBagpaTHOWN pelueTke ¢ nepvogom a lMapameTpbl
3NEeKTPOMArHUTHOrO KpucTtanna creaywowme: grnvHa w1
LUMpUHaA MeTannuyeckoro umnuHgpa — 3,2 MM X 3,2 MM
COOTBETCTBEHHO; BbicoTa — 0,794 mm. PaccTtosiHne me-
XAy ueHTpamu umnuHgpos — 4,8 mm. MeTtann B gaHHou
paboTe yunTbiBaeTCA Kak MaearnbHO NPOBOASALLMIA MPO-
BOAHMUK.

Puc. 1. CmpykmypHas cxema MUKPOIoocKoeol
rnnaHapHolU aHMeHHbI C NodIoXKoU U3
MemarnnoduaneKkmpu4ecKko20 3/1eKmMpoMagHUMHo20
Kpucmanna.

Fig. 1. Structure chart of microstrip planar antenna with
metallodielectric electromagnetic crystal as substrate

KoacpdumumeHT oTpaxenuns (S11) Obin mMccnegoBaH
yncneHHo metogom FDTD [4], koTopbIn No3BoNseT nNpo-
BOOUTb TPEXMEPHbIE BbIMUCIIEHUS B pearlbHOM MacluTa-
0e BpemeHuW. [INs BbIYUCIIEHUA Mbl UCMOMb30BaNKU cre-
ayrowme napameTpbl: Ax = 0,20 mm, Ay = 0,20 mm n Az

= 0,1588 mM. BpemeHHon war paseH 0,4369 Hc. Konu-
yecTBO UTepaumi pasHanoce 10000. BeluncnutenbHbin
06beM orpaHvyeH uaearnbHbIMM NOrnaliarwymn rpa-
Huuamu [5], ¢ TonwmHoW rpaHuubl paBHon 10 suyenkam.
Wccnegyemasi cTpyktypa Bo3Oyxganacb WMMYrnbCOM,
umetowmm ayccoBy ¢opMy. YacToTHble 3aBUCMMOCTU
paccunTbIBannCb MyTemM OTHOLUEHMS OTPaXEHHOro Cur-
Hana K BXO4HOMY.
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Puc. 2. KoagpgbuyueHm riponyckaHusi MUKPOMOI0cKog8oU
aHmeHHbI ¢ U 6e3 arieKmpomMazHUMHo20 Kpucmarna.

Fig. 2. Transmission constant of microstrip planar

antenna with and without metallodielectric
electromagnetic crystal
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Puc. 3. Quazpamma HanpasneHHocmu Onsi Yacmomel 18
ITy: a) 6e3 anekmpomazHUmMHo20 Kpucmarsnna, 6) ¢
3/1€KMPOMacHUMHbLIM KpUCMasI/IoM.

Fig. 3. Direction diagram for frequency 18 GHz: a)
without metallodielectric electromagnetic crystal; b) with
metallodielectric electromagnetic crystal
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Ha puc. 2 nokasaH paccymTaHHbIN KO3 MULNEHT OT-
paxeHus (S11) MMKPOMNONOCKOBON aHTeHHbI. BuaHo, 4to
B Criyd4ae NoAnoXKW C 3MNeKTPOMAarHUTHbIM KPUCTarnnom
3HAYNTENBHO MeHbLUe. JTO CBUAETENLCTBYET O TOM, YTO
aHTeHHa nsnyyaet 6onee addekTnBHO.

Ha puc. 3.a, 3.6 npuBeaeHbl guarpaMmmbl HanpaeBneH-
HOCTU MUKPOMOMOCKOBOW aHTEeHHbI €3 af1eKTpoMarHnTHO-
ro KpucTanmna u ¢ 3NeKTPOMarHUTHLIM KPUCTarnioM.

IIl. 3akno4yeHune

Mbl nccnegoBanu BRusiHUE MeTannoguanekTpuye-
CKOrO 3MeKTPOMarHWTHOrO Kpuctanna B KavecTBe Mnopg-
NOXKW ANsi MUKPOMOMOCKOBOW NnaHapHOW aHTeHHbI. No-
Ka3aHo, 4YTO MPUCYTCTBME 3MEKTPOMArHMTHOroO Kpucrarn-
na MOXeT CyLLEeCTBEHHO YBEMUYUTb YCUIEHNE aHTEHHbI
W ynyywuTb AvarpaMmbl HanpaeneHHoctu. Bonee pge-
TanbHoe M3yyeHne NoAoOHbIX CTPYKTYpP U WX BRUsSHUE
Oynet caenaHo B Oyayliem.

IV. Cnucok nutepaTtypbl

[1] Bahl I. J., Bhartia P. Microstrip antennas. Artech House,
Dedham, MA, 1981.

[2] Yablonovitch E. Phys. Rev. Lett.B, 1987, 58, p.2059.

[3] Sheen D. M. et. al. IEEE Trans. Microwave Theory Tech.
1990, 38, 849.

[4] Taflove A. Computational Electrodynamics. Artech House,
New York, MA, 2005.

[5] Gedney S. D. IEEE Trans. Microwave Theory Tech. 1996,
44,1631

MICROSTRIP PATCH ANTENNA
WITH METALLODIELECTRIC
ELECTROMAGNETIC CRYSTALS
AS A SUBSTRATE

Ustyantsev M. A., Churyumov G. I.
Kharkov Technical University of Radio Electronics
14, Lenin Ave., Kharkov, 61166, Ukraine
Ph.: +38 057 7021057, e-mail: g.churyumov@ieee.org

Abstract — The influence of a substrate of metallodielec-
tric electromagnetic crystals on properties of microstrip pla-
nar antennas is theoretically investigated. Simulations made
by means of 3D FDTD code have revealed that the use of

such substrates might greatly improve performances of ex-
isting antennas.

|. Introduction

Radio-Frequency Engineers have long prized the planar an-
tenna for its ability to couple incoming and outgoing radiation
from microwave integrated circuits [1]. Besides being more
compact and less expensive than air-filled radiators (e.g., feed
horns), a planar antenna allows integration of metallic radiators
with transmit and receive electronics in the construction of
phased arrays and synthetic apertures. A drawback, however,
is that a planar antenna does not readily produce satisfactory
gain or directivity. The high dielectric constant of these common
semiconductors tends to trap radiation in the substrate, leading
to degradation of the gain and directivity. Antenna designs have
experienced enormous advances in the past several decades
and they have been still undergoing monumental develop-
ments. Many new technologies have been emerged in the
sphere of modern antenna design and one of the most impor-
tant breakthroughs is a discovery development of electromag-
netic band gap (EBG) structures. The applications of EBG
structures in antenna designs have become a topic of many re-
searches of antenna scientists and engineers [2].

Il. Main Part

Fig. 1 shows the structural arrangement of the microstrip
planar antenna with a metallodielectric electromagnetic crystal.
The dimensions of microstrip antenna are the same as in [3].
Electromagnetic crystal is composed of square cylinders in a
square lattice with lattice period a. The dimensions of electro-
magnetic crystal are: length and width — 3,2 mm x 3,2 mm, re-
spectively; height — 0,794 mm. Lattice period is equal to 4,8
mm. Metal is treated as a perfect conductor.

FDTD was used as a primary investigation tool [4]. The fol-
lowing parameters were used: Ax = 0,20 mm, Ay = 0,20 mm
and Az = 0,1588 mm. Temporal step was equal to 0.4369 ns.
Number of iterations was 10000. Perfectly matched layers were
used as absorbing conditions [5].

Fig. 2 presents the S11 of a microstrip antenna with and
without an electromagnetic crystal.

Fig. 3 shows the radiation pattern of the studied antenna.

lll. Conclusion

We analyzed the effect of the electromagnetic crystal on
the performance of a microstrip antenna. We shown that such
crystals might greatly improve the characteristics of existing
antennas.
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