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MOJIEJTUMPOBAHUE MUKPOIIOJIOCKOBO AHTEHHBI
JIAAIIA30HA YACTOT 2300-2400MT'II JIJIA CACTEM TEJJEKOMM YHUKAIIUI

A.B. KAPACbH, kano. mexu. nayk, ooy. B.®@. AHYIIIKEBHY
(ITonouxuii zocyoapcmeennuvtit ynueepcumen, Hoeononoux)

IIpeocmaenenvl Ouzaiin u MOOeIUPOBAHUE NPAMOY20IbHOU MUKPONOLOCKOBOU AHMEHHOU peuemKy Ha 4a-
cmome 2300-2400MTy. Ha ocnosanuu cmandoapma LTE 4Gpaspabomana anmennas pewemxa 01 becnpo-
600HOU c8s3u, obecneuusaiowasn ycuiernue 14,06 0Bu. Moodenuposanue nposedeno 8 npocpammHoM naxkeme
Antenna MagusPaspabomana KOHCMPYKYUsi MUKPONOIOCKOBOU AHMEHHOU PeemKU ¢ VIyYueHHbIM Kodpu-
yuenmom nepedau 6 ouanazone 2300-240QUTy. [Ipedcmasnernvl pe3yibmamol pacuenmos 6X00H020 CONPOmue-
JIeHUsI GHMEHHOU PeulemKu 8 YKA3aHHOM OUANa3oHe Yacmon.

Knrwouesvle cnosa. Mukpononiockosvie aHmennsl, MOOUIbHASL C8A3b, COMOBAS CEMb.

Beenenne. CoBpeMeHHbIE TPeOOBaHMSA K XapaKTEPHCTHKAM BBICOKOHAIEKHBIX aHTCHH (YMEHBIICHUS
CTOMMOCTH, Beca, pa3Mepa) CTaBsIT HOBBIC 33a4ud B 00JacTH OECIIPOBOTHON CBA3H. AKTYalbHOCTh HCCIIEI0Ba-
HUS BbI3BaHa HEOOXOJMMOCTBIO NPOEKTHPOBAHMS KOMIIAKTHBIX aHTEHH C ONTHUMAaJbHBIMHU XapaKTepUCTUKAMHU
B auamna3zoHe yactor 2300—2400MI' myis cuctem TenekoMMyHHUKanuii. [ToBbilieHne (yHKIIMOHATBHOCTH H3-
JICITUI AIIEKTPOHUKH CIIOCOOCTBYET X MHHUATIOPU3AIINH, YTO HAKJIAJbIBAET COOTBETCTBYOIME TPEOOBaHHS Ha
aHAJIOTMYHbIE YMEHBILICHUS pa3MepoB aHTeHH. Kpome Toro, KOHCTPYKIIMM MUHHUATIOPHBIX aHTEHH TaKXXe BaxK-
HBI JUIsI QUKCUPOBAHHBIX OECHPOBOAHBIX YCTPOHUCTB. MHUKPOINOJIOCKOBBIE aHTEHHB! HAaXOAAT IIHUPOKOE MpHUMe-
HEHHE OT CUCTEM CBSI3H JI0 CITyTHUKOBBIX 1 OHOMEIUIIMHCKUX YCTPOUCTB.

INocneaHUM M3 BHEAPEHHBIX CTAHAAPTOB OECIPOBOAHON CBSI3M B HACTOSIIIEE BPEMsI SIBISICTCS] CTAHIAPT
LTE. Ou ocuoBan Ha GSM/EDGEu UMTS/HSPA ceTeBbIX TEXHOIOTHSIX, KOTOPbIE OTHOCSITCSI K YETBEPTOMY
MIOKOJIEHHIO COTOBOM cBsi3u (4G) M MpenoCTaBIsIOT Iepeaady JaHHbIX co CKOpocThio 10 300MGut/c. Baaromaps
4G MBI yKe MOKEM T10J1b30BaThCcs YOUuTuben cmorpers posnku B HD kadecTBe. B uieanbHBIX YCIOBHIX CKO-
poctb cereit LTE cpaBHMMa ¢ IPOBOAHBIM MOJIKIIOYCHUEM. B CKOPOM BpPEMEHHM NOJDKHO BBINTH M YITydllICHHE
crangapra LTE —st0 LTE Advancedco ckopoctsto 300 Mout/c. K mpumepy, 1,5I6aiita nanHsix OyayT cka-
YMBATHCS TOJIb30BATENSIMH 32 MUHYTY. OCHOBHOE MPEMMYIIECTBO HOBEHUIINX MOKOJIEHUH COTOBOI CBSI3H — IO-
BBILIEHNE CKOPOCTH IEPEAadyr JaHHBIX B YCJIOBHSX MEPErpyKEHHBIX AMANa30HOB paguoyactor. B aTom vacror-
HOM CIIeKTpe paboTaloT He TOJBKO COTOBBIE OnepaTopkl, HO M TB-koMIannu, npoBaiepsl CIIyTHUKOBOM CBSI3H,
a TakKe OKOJIO JeCSATKA pPa3HbIX TEICKOMMYHWKAIIMOHHBIX KommaHuil. LTE maet Bo3aMokHOCTH O0Jee 3¢ dek-
THUBHO HMCIIOJIb30BaTh PaJAMOIUAIIA30H U MPEJOCTABISAET JOCTYII K COBPEMEHHBIM CEepPBHCAM OOJIBIIEMY YHCITY
HOJIb30BaTeliel OHOBPEMEHHO [1].

B ocnoBy crangapta LTE nonoxeno ucnosis3oBaHue TexHosoruu nepenaun uapopmau MIMO ¢ npu-
MeHeHneM cuctemsl koaupoBanuss OFDM. Ilpunuun aevicteust TexHogorun MIMO ocHoBad Ha paboTe mpueM-
HBIX ¥ NEpeNaroNiX aHTeHH Pa3HOrO THIA, IIPUYEM PACIIOJIOKEHHE ITUX aHTEHH INpeyCMaTpUBaeT MpaKTHye-
CKH II0JIHOE OTCYTCTBHE KOPPEISILMOHHON 3aBUCHMOCTH.

Cospemennsie cetu crangapra 4G B ocHOBHOM pabotaroT Ha yactore 2300MI 1. Yactora 2500MTI' He
MeHee BocTpeOoBaHa, MPEANOYTeHUE eif OTAalT OOJIBLIIMHCTBO COTOBBIX omneparopoB EBpaszuu, SInmonuun u Co-
emunenHbix LltaTtoB Amepuku. M3-3a y3koro aumamnasona (ot 5 no 15 MI ') yactora 2100MI' 6onbuioro pac-
npocTpaHeHus He nosyumia. HoBbie Bo3MOXHOCTH MpuMeHeHus! crannapra 4G nosayyaroT oneparopsl COTOBOM
cBs13u npu pabote B puamazone 4actoT 2300—240MI 11, Tak Kak ero UCIOJIb30BaHNE HE TPEOYyeT MPHOOpETeHNUS
U HACTPOIKH T0oporocTosiiero obopyaosanus [2].

Lenp paboThI 3aKiI0OYaETCsl B IPOEKTUPOBAHUU M CO3/JaHMHM MHUKPOIIOJIOCKOBOW aHTEHHBI B JAMAIa30HE
gactoT 2300—240MMTI 11, umeromeii ko3 dunuenT ycurenus oonee 13 nbwm.

Onucanue aHTeHHbI. MUKPOIIOJIOCKOBAsl aHTCHHA UMEET MIOCKOCTh 3a3€MJICHHUS Ha OJTHON CTOPOHE [TU-
INIEKTPUUECKOM MOAJI0XKKH, Ha IPYroil CTOPOHE — M3JyYaIOINe dJIEMEHThl. DJIEMEHT, KaK IPaBuUIO, N3TOTOBJICH
U3 MPOBOJSIIIETO MaTepuaia, TAKoro Kak MeIb WM 30JI0TO, ¥ MOXET IPUHUMATh JI00YI0 BO3MOXKHYIO (hopMmy.
Judnektpuueckas OCTOSHHASI TOUIOKKH (€;) HAXOAMUTCS B quanazone 2,2 <g < 12.]l1s ynpouieHus aHaiu3a
Y IIPOTHO3UPOBAHUS [TPOU3BOANTEIBHOCTH M3JIYYaIOIIUHA 3JIEMEHT OOBIYHO YCTaHABIIMBAETCS KBaJApPAaTHOM, Npsi-
MOYT'OJIbHOH, KPYTJIOW, TPEYTroJbHOM, SJUIMITHUECKON WM JPYroi pacrnpoctpaHeHHo# (opmbl. /st coznanus
AQHTEHHBI ¢ OOJIbIIEH MPOIYCKHOI CIIOCOOHOCTBIO, BBICOKOH 3(p(pEeKTHBHOCTHIO U MaKCUMalIbHBIM KO3 duIreH-
TOM YCHJICHHSI, OHA JIOJDKHA OBITh BBINOJHEHA HA MOJUIOKKE, MaTepUall KOTOPO MMEET HAMMEHBIIYIO JHIJICK-
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TPUYECKYIO MOCTOSIHHYIO M ONTUMAIBHYIO TOJIIMHY. J[yis moBbIeHUs] KOA)HULHECHTA YCUIICHUS UCTIONB3YEeTCs
MacCHB H3JIYYarOLIHX JIEMEHTOB.

B kauectBe mnpuemHol anTeHHbl auana3zoHa LTE 2300-240MI'1 BbhiOpaHa aHTEHHas pelieTKa,
C YIy4IICHHBIM K03()(GHUIMEHTOM yCHIICHUs, IpecTaBlIeHHas Ha pucyHKe 1. KOMIOHEHTHI 3JIeKTpHUYEecKoro Mo-
71 Ha ABYX KpasX IO IIMPHHE HAXOAATCS B IPOTUBOIIOJIOXKHBIX HAIPABICHHUAX U, TAK KaK 3JEMEHT UMEET JUTHHY
A/ 2, ypaBHOBEIIMBAIOT APYT APYra B HONEPSIHOM HAmpaBicHuH. TaHICHI[MATbHBIC KOMIIOHCHTHI, KOTOPBIC Ha-
xonircs B (base, HOKa3bIBAIOT, YTO IOJYYEHHBIC ITOJIs 00BbEANHAIOTCS, YTOOBI JaTh MAaKCHUMAJIbHOE T10JIe U3JTyde-
HUS TI0 HOPMAJIH K TOBEPXHOCTH KOHCTPYKIuH [3].

OcHoBHble TpeboBanus crannapra LTE 4Gk xapakrepuctrkaM anTeHHb! quanazona 2300-240MI n:

—  MOJspU3aLUsL JIMHEHas;

— JAuarpaMma HampaBJIeHHOCTH HIMPOKUIA JTyd OJHOHATPABIICHHBIN;
— ycuJIeHHE 13 1bwMm;

— CONPOTHUBJICHUE 500wm;

— MpOIIyCKHAsi CIOCOOHOCTh 5 %.

Pucynok 1 —MuxponoJjiockoBasi aHTeHHasl pemeTka Auanazona 2300—-2400MTI'n

Cnoco6 numanusa. Ilutanue OAMHOYHBIX DJIEMEHTOB MacCHBa MHUKPOIOJIOCKOBON aHTCHHBI OCYIIECTBIIS-
€TCsi C MOMOILBI0 MUKPOIIOJIOCKOBOM JIMHHH, MOJIKIIFOYCHHOI K Kparo deMeHTa. YeTbipe deMeHTa ¢ OHUM TH-
MOM MOJISIPU3ALUK 3TOI aHTCHHBI MUTAIOTCSA OT OJHON TOYKH Moja4yu HampspkeHHs. CruObl MUKPOMOIOCKOBBIX
muauit mox yriaom 90°, a Takke T-00pasHble MEPEKPECTKH YMEHBILIAIOT PACCOTIACOBAHUE M3-32 OTPAKEHUUN
B MECTaX HMX pa3BeTBIICHHUI. IMIeaHC MOXKHO PEryiupoBaTh ¢ MOMOLIBI LIMPUHBI MUKPOMOJIOCKOBBIX JTHHHI
nepeaayH.

BeiOpanHOe ycTpOHCTBO 2 1O 2 coveTaeT B cebe KOHCTPYKLHMIO OTACIBHOIO 3JIEMEHTa ¢ MUTaHHEM IO
MHKPOIIOJIOCKOBOM JIMHHU. Pa3Mepsl OHOrO PE30HAHCHOTO SJICMEHTA OIPAHHYCHBI MapaMeTPaMH MOIIOKKH.
BonHOBOE COMPOTHBIICHHE JHUHHI MEpeAadyn AUKTYETCS COOOPaXCHUSIMH KOHCTPYKTHBHOTO HcmosHeHus. Ha-
NPUMeEp, IS XapaKTePUCTHYSCKUX MMIEIaHCOB 3HAYMTEIBHO BhINIE, YeM, ckakeM, 100 OM, mmpuHa IHHHN
MOXET CTaTh CIMIIKOM Yy3Kas IS TPABJICHUS, B 3aBUCUMOCTH OT BBICOTHI ITOJJIOXKKH ¥ OTHOCHTENBHON JNIJIEK-
TpUYecKol MpoHMIaeMocTH. M1 Hao0OpoOT, €ciiu CONMPOTHBICHHE BXOJHOIO IOpTa OyIeT BBIOPAaHO CIHIIKOM
HH3KO€, TO LIMPUHA JIMHUH MOXKET OBITh HeIpHeMiIeMo 0oJbIIoN. [{iHa /ieMeHTa MOXKET ObITh H3MEHEHaA, YTO-
OBl CMECTHTHh PE30HAHCHI WJIM LIEHTPAIbHBIE YAaCTOTHl OTAENIBHBIX 3JIEMEHTOB. Pe30HaHCHOE CONPOTHBICHHUE
BXOJIa OJTHOTO AJIEMEHTa MOXET OBbITh YMEHBIICHO 32 CUCT YBEIMYCHHS IIUPHHBI IIACTHIPS. ITO IPHEMIEMO 10
TeX T0p, MOKa OTHOLICHHE IIUPHHBI K JUTHHE He npeBbiliaet 2. s MOBBILICHUS IPOIYCKHO#M CIIOCOOHOCTH He-
00X0ANMO YBEJIHUYUTh BBICOTY MOAJIOKKH U/HIH YMEHBIIHTh JUAICKTPUYECKYIO IPOHULAEMOCTD MOUIOKKH (ITO
TaKkKe OyJIeT BIHATh Ha PE30HAHCHYIO YaCTOTY M COIJIACOBAHUE UMIICIAHCA).

MonennpoBanue aHTeHHBI B TporpaMMHoM nakete Antenna Magus:

HauasbHble mapaMeTpsl, KOTOpbIC HEOOXOAUMO 3a/1aTh B IPOrpaMMme, MPEAIoKeHsl B Tabumuue 1.
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Tabmmua 1 —HavanpHble mapaMeTpbl aHTEHHEI

HaumenoBanue napamerpa 3HaueHue
HenTpanbHast qacToTa 2,35ITn
MuHuMaJIbHAs YacToTa 2,3ITn
MakcuMmanbHas 4acToTa 2, 41T
BxopHoe conpoTHBiIeHHE 500m
Tommuuua marepuana 1,575mMm
JlusnekTprdeckast IPOHUIAEMOCTh 2,2

JInst mpOeKTHPOBaHUs PAMOYTOJILHON MUKPOIOIOCKOBOH aHTeHHbI Ha yactoTe 2,4 T B OCHOBHOM HC-
mosk3yeTcst Marepral nomtoxku Rogers RT duroid 5880 = 2,2 [4].

B pe3synbrare paboThl IporpamMmMbl (MOAEIMPOBAHUE HAYAIBHBIX IaHHBIX) ObLIM MOJYUYEHBI TEOMETPHUYE-
CKHE pa3Mephl aHTEHHEI, PEICTABIEHHEBIE HA PUCYHKE 2.

Wp 5043 mm
Lp 42,23 mm
w1 8556 pm
L1 4358 mm
W2 1412 mm
Wm 1.193 mm
Iy 2413 mm
Sx 1021 mm
Sy 1021 mm
H 1.575 mm
&r 22
g, ¥
Wm—=> =< — W1
A L L
A Lm f
W2 > |«—Wp —>|
Sy

< Sy ———>»

Pucynok 2 —I'eomeTpuueckne pa3Mepsl IPOMOJeTHPOBAHHON AHTEHHBI

JIJiss HaWTydImero corjiacoBaHuss HE00XOIUMO, YTOOBI BXOJHOE CONPOTHUBIICHUAC aHTCHHBI ObLIO PaBHBIM
50 Om. BxoaHO#M UMIIeJaHC MOJICIIUPYEMOI aHTEHHBI MPEJCTaBIIeH Ha PUCYHKE 3.
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Impedance ()
15

2325 235 2375 24
Frequency (GHz)

PucyHok 3 —3aBHCHMMOCTH BXOJHOI'O CONPOTHBJIEHUSI (AKTHBHOIO U PEAKTHBHOI0) AaHTEHHBI OT YaCTOThI

C momomsio guarpaMMel Bonenepra — CMuTa, IpeACTaBICHHON Ha pUCYHKE 4, ONpeaeseH0 KOMIUIEKC-
HOE CONPOTHBIICHUE HATPY3KH JIMHUH 0 3HAYCHUSIM Kod(urmenTa crosaeii Bonust (KCB).

0.8

-1

Pucynok 4 —/Iluarpamma Boabnepra — Cmura

Ilo JaHHBIM BXOJHOI'0 CONPOTUBJICHHSA AHTCHHbBI BUIHO (pI/IC. 5), YTO aHTCHHA XOpPOMLIO corjacoBaHa

C MPUEMHBIM YCTPOHCTBOM, MO3TOMY KO3 (HUIIMECHT CTOSYEH BOJIHBI HA HCOOXOIMMOW HaM 4acTOTE TaKkKe OyaeT
cootrBercTBOBaTH KCB aHTeHHEL.

Port1 —

23 2325 233 2375
Frequency (GHz)

Pucynok 5 —3aBucumocts KCB ot yacToTsi
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Ha PUCYHKC 7 mokaszaHa AuarpaMMma HalpaBJICHHOCTHU aHTCHHOU PCUICTKU. MaxkcumainbHoe yCUJIieHHUEC pu
TOPU30OHTAJIBHOM PACHOJIOKCHUHU aHTCHHBI CO CTOPOHBI U3JTydaTeIst COCTABJIACT 14,06,HBM

oo

z70®

1802

. Design 1
Peak gain @ angle (freq) [p = 0] 14.06 dBi @ © = 0 ° (2.35 GHz)
Peak gain @ angle (freq) [ = 90 7] 14.06 dBi @ 9 = 0° (235 GHz)

Main 3dB beamwidth (freq) [p=0°] 32987
Main 3dB beamwidth (freq) [p = 90°] 33.85°

Pucynok 7 —/luarpaMMa HaNpaBJIeHHOCTH AHTEHHOI PeleTKH
Pacyer auarpamMMbl HallpaBJICHHOCTH MPOBECH IO CICTYIONNM (hopMyIam:
F,(6,9) = (L, [Cosp + L Usinp) [ @0,
rie Ly — BcromorarenbsHbI apameTp, onpenelsieMbli o Gopmyiie

_ cosu[kinv
X _—l

\'

L

U — BeJIMYHHA, ONPE/IeISIONIas YIIIOBYI0 3aBUCUMOCTS 110 koopauuate b (b J(0,48...0,49)A, , A¢ — anu-
HBI BOJIHBI B JUDJIEKTPUKE), BEIYHUCIIsEMAs 0 GopmMyJie

U= k, (bsino [sind
2

V — BeJIMYHHA, OLPEeISIONIas yrIoBYyIO 3aBUCUMOCTD 10 KoopauHare a (a< A, ), Bbruncisiemas 1o ¢op-
MyJie
V= k, LAlsing [sind
2

¥, ¢ —yraoBbie KoopauHatsl: 0 =0;
Ko — BOJIHOBOE YHCIIO 715t CBOOOJHOTO MIPOCTPAHCTBA

_ 21
=3

0

Ao — [UTMHA BOJIHBI TSI CBOGOIHOTO MPOCTPAHCTBA;
L, —BcriomorarenbHblii mapameTp, paBHblii 0.
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I[I/Ial"paMMa 06III€F0 YCUJICHUA AHTCHHOU PCUICTKU MMOKa3aHa Ha PUCYHKE 8.

-
Total Gain [dBi]
B iz06
543.0e-3
1297
- I 22649
40

Pucynok 8 —/Inarpamma o01iero ycujeHus

KoaddummenT obrero ycuireHns aHTEHHON PEIIETKHA PacCYUThIBaeTCs 1o popmyrie
G =G, +10Ign,

rie  Ga — KO3 PUIHMEHT yCUIeH s OTHOTO JIEMEHTA aHTCHHOU PEIeTKH,;

N —KOJIWYECTBO AIEMEHTOB AaHTEHHOH PEIIeTKH.

3akniouenue. Takum oOpa3oM, OblIa YCHIEITHO IPOMOJICTUPOBaHA aHTEHHAs pelIeTKa AUana3oHa YacToT
LTE 4G 2300-2400T 1.

IIpeumyniecTBa JaHHON aHTEHHBI!

— yMEHbIICHUE PacCOTJIACOBaHMS 33 CUET U3rnda MUKPOIMOIOCKOBBIX JnHUA moj yriom 90° u Hamuuust
T-00pa3HBIX MEPEKPECTKOB;

— ycunenue mourHoctr 14,06 1bM nonydeHo nog00poM ONTUMANBHBIX COOTHONICHHH IMUPHUHBL U IJTH-
HBI OJTHOTO 3JICMEHTA PEIICTKH, 8 TAKIKE 3a CYCT MACCHBA U3JTYYAIOIINX 3JICMCHTOB.

OTa MOJENbh aHTCHHBI SBISCTCS SYKOHOMHYCCKU 3(P(PEKTUBHOM, TOCKOIBKY 00JIaIaeT HAMITYYIINMHA Mac-
corabapUTHBIMU MMOKA3aTEISIMH, C ONTHMATBHBIMH U3IYYAIONIIMMH XapaKTePHUCTUKAMHU.
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SIMULATION MICROSTRIP ANTENNA FREQUENCY RANGE OF 23 00-2400 MHZ
FOR TELECOMMUNICATIONS SYSTEMS

A. KARAS, V. YANUSHKEVICH

The need to reduce the cost, weight, size, highiglile antenna poses new challenges in the fiekhe
tenna design Wireless. This article presents theggtieand simulation of a rectangular microstrip anba array
at a frequency of 2300-2400 MHz. Described LTE 4@ munication standard, which is the working rand§e o
the antenna array developed for wireless commuiticatvhich provides radiation pattern and the gadéaches
14.06 dBm. Modelling conducted in Antenna Magusveoé package. Microstrip antenna array with impeov
gear ratio is the perfect solution for use in thisquency range. Array of design in the range 23800 MHz.
The results of the calculations of the input impesaof the antenna array in the specified frequeaoge. The
results can be used in telecommunication systems.

Keywords: microstrip antenna, mobile communication, cellutatwork.
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