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BBEJAEHUE

ANSYS Electromagnetics Suite 18.1 (2017.1) — 3T0 makeT mporpaMm, Mpej-
Ha3HAYEHHBIN 111 MOJEIUPOBAHUS PAJHOAIEKTPOHHBIX YCTPOMCTB M pacyeTa ux xa-
pakTepuctuk. KoncrpykrusHeiidi Moayinb HFSS design mo3Bossier, ucmosb3ys Habop
rpaduyecKkux TMPUMHUTHBOB, HAUYEPTHTh BUPTYAJIbHYIO MOJEIb HCCIEAYEMOTO
YCTPOWCTBA, pPacyYETHbIE MOJIYJIM, WCIONb3YIOUIME METOAbl KOHEUHBIX 3JIEMEHTOB,
MOMEHTOB, UHTETPAJIbHBIX YpaBHEHUHN, PU3NYECKON ONTHUKHU U T. [., MPOBOJUTH pac-
YET 3JIEKTPOMArHUTHOTO MOJIA Il MOCTPOSHHOW MOJENH, & MOCTIPOLIECCOpP AAET
BO3MOKHOCTb IIPOBECTH 00PAaOOTKY U JI€TAJIbHBIN aHAJIU3 NOJYyYEHHBIX PE3YyJIbTaTOB.

B nporecce koHCTpyHpoBaHUsI BUPTYalbHOM MOAETN HEOOXOIUMO 3a]1aTh TUI
pacyeTa MOJIEINIA, HAaYE€PTUTh AHAITU3UPYEMOE YCTPOMCTBO, TMOO cOOpaTh €ro CXemy U3
TOTOBBIX JIEMEHTOB, yKa3aTh MaTepHalibl U CBOMCTBA I KaX/10T0 00bEKTa B MOJIETH,
BKJIFOYAsi TPAHUYHBIE YCIOBHS, ONPEAEIUTh NOPThl. Kpome TOoro, mocTaHOBKa 3aa4u
BKJIFOYAET B c€0sl YCTAHOBKY YaCTOTHOIO JAMana3zoHa JJI1 aHajlu3a U OIpeAesICHHUE
YCIIOBUW CXOJIUMOCTH PELICHHUS.

[Tocne 3amycka ANSYS Electronics Desktop Ha skpaHe MOHHTOpa MOSIBUTCS
paboumii ctoia (puc. 1). UaTepdeiic pabouero croia COCTOUT U3 JTUHEHKHA MEHIO, Ta-
HeJIe MHCTPYMEHTOB U HECKOJBKUX OKOH. IIyHKTHI MEHIO cozepskaT MOJHbIN Habop
KOMaHJ, KOTOpPbIE MO3BOJISIIOT pelIaTh BCE 3a/1a4M BO3ZHUKAIOLIKME B IIPOLIECCE MOJE-
aupoBaHus. [[aHenTn MHCTPYMEHTOB IMO3BOJISIIOT OCYIECTBISATH OBICTPBIA AOCTYI K
Han0OOoJIee YacTO UCIOJIb3yEMbIM KOMAH IaM.

B oxne menemxepa mpoekta (Project Manager) oroOpaxkaeTcsi CTpyKTypa
IIPOEKTa, KOTOpas MpeJICTaBlIEHa B BUJIE JAepeBa NMPOeKTa. BepXHUM y3JI0M B JepeBe
OpoeKTa sBiseTcss uMs mpoekTta. [lo ymoilyaHui0 MPOEKTy NpUCBAMBAETCS HMS

Projectn, rae N — mOpsIAKOBBIM HOMEP MPOEKTa, OTKPBITOTO B TEKYIIIEH cecCUu paboThI

c ANSYS.
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Puc. 1. Unrepoeiic padouero croina ANSYS Electronics Desktop

Jl1st Toro, 4TOOBI HAYaTh PabOTATh C MIPOEKTOM, B HETO HEOOXOUMO BKIFOUUTH
X0Ts1 ObI 071HY Mojeb (Design). UtoOsl 100aBUTh B TEKYIIHIA TPOEKT HOBYIO MOJIEIb
HEOOX0JIMMO, UCIONB3Ysl MEHIO, aTh KoMaHay Project — Insert Name Design, rae
Name — uMs UCTIOJTHUTENBHOTO MoayJis (puc. 2). JIpyroi crnoco0 1o0aBiaeHUs dMO-
JeNid B MPOEKT — Ha)kaThe KHOMKU Ha TMaHeJIM MHCTPYMEHTOB, COOTBETCTBYIOIIEH
onpeaeneHHoMy Moayito (puc. 1). B pe3ynbrare BBIIOJHEHHUS 3TOH KOMaHJbI B Jie-
peBo mpoekTa OyaeT 100aBjiIeH BTOPOU y3ell, KOTOPOMY MO YMOJYaHUIO MPUCBaUBa-
ercs ums NameDesignm, rie M — mopsAKOBBIN HOMEP MOJENH, J00aBICHHON B Te-
Kylmuil rnpoexkT. B aTom y3i1e copepkuTcs Bcs HMHPOpMALMS O MOJENH, BKIIOYas

yCJI0BUs pacdcTa, CXCMbI, TOIIOJIOTHH, ICPECMCHHBLIC MOJCIIN, I'PAHUYHBLIC YCJIOBUA,



PACCUUTAHHYIO CTPYKTYPY MOJIsI, PE3YJIbTaThl MOCT-MIPOLIECCOPHOM 00PaOOTKH U T. II.
Hwxuuii y3en naepeBa npoekta OyAeT COAepKaTh MepedyeHb MaTEepPHaIOB, UCIIOJIb30-

BAHHBIX MPU TOCTPOECHUU MOJIEIH.
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Puc. 2. Jlo6aBneHue Moienu B MPOEKT

Bxitouenue B mpoekT HoBoM monenu HFSS winu HFSS-IE npusener k oTKpbI-
thio okHa 3D-koucTpykropa (3D Modeler), kotopoe mosiBUTCS cripaBa OT OKHa Me-
Hekepa npoekta (Project Manager). Tlpu nomoru 3D-KOHCTPYKTOpa CO37aacTCs
reometpus mojaenu. OxkHo 3D-koHCTpyKkTOpa pa3douTo Ha JIBE 00JIACTH — JEPEBO MO-
JIeNH, B KOTOPOM OTPAXKAIOTCSI BCE JIEUCTBHSI MOJIB30BATENS B MPOIIECCE MOCTPOCHMUS
MOJICIIH, U OKHO MOJCIIH, KOTOPOE COACPKHUT ee rpaduueckoe m3obpaxenue. s
paboTbl ¢ 3D-KOHCTPYKTOPOM HEOOXOAMMO 3a7aTh CAMHUILY U3MEPEHHS Pa3MepoB
MoOJeNu. DTOU MeNHu CIY>KUT KoMaHaa MeHo Modeler — Units. B oTkpeiBiiemcs
JIMAJIOTOBOM OKHE U3 CHHUCKa BHIOEPEM B KAYECTBE €IUHHUIIBI U3MEpEeHUs MM (MuJ-

aumeTp) U HaxmeM kHonky OK (puc. 3).
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Puc. 3.YcranoBka CANHUIBI U3SMEPCHUA Pa3MEPOB B MOJCIIN

Nurepdetic crona HFSS conmepxut emie Tpu TOMOTHUTENBHBIX OKHA. OKHO
CBOMCTB OTOOpakaeT JMOO MapaMeTpbl BBIJCJIECHHOTO AJIEMEHTa B MOJAENH, JUOO
JTAaHHBIC BBIICIEHHOTO MyHKTa JiepeBa MpoekTa. B okHe cooOiieHnii BHIBOJSATCS CO-
OOIIIeHMS, CBSI3aHHBIC C Pa3BUTHEM IIPOCKTAa, TaKWe KaK COOOIIeHHs 00 OIMOKax,
BO3HHKAIOIIUX B X0JI¢ KOHCTPYUPOBAHMSI MOJACIIH, I MH(GOPMAIIMOHHBIE COOOIIIESHUS
0 XOie BBINOJHEHMs aHaiu3a Mozenu. OKHO mporpecca 0ToOpakaeT Mpolece perie-
HUSI 33/1a44 aHaJin3a mocTpoeHHoi moaenu. Moaens B HFSS coctout us rpadudeckux
MIPUMUTUBOB — 0a30BBIX OJOKOB KOHCTPYKIHMH (JIMHHH, MPSIMOYTOJIBHHKOB, KPYTOB,
IapOB, MPSAMOYTOIBHBIX MMapaUICTECIUIIEOB U T. ) C 0003HAUYEHHBIMU CBOWCTBAMH,
MarepuaiamMu U T. 1., HACTPOCK CHCTEMBl KOOPAWHAT, TPAHUYHBIX YCJIOBUH, HUCTOY-
HUKOB BO30Y>KICHHsI, THOPUAHBIX YCIOBUN, HACTPOCK CETKH Pa30MEHUsI, HACTPOEK
pElIeHUs], HACTPOEK ONTHUMH3AIMU U MapaMEeTPUUECKOro aHaau3a, JaHHBIX IOCTO-

OpabOTKM pelleHus], HACTPOEK AJI pacueTa U3IydeHHs B JaibHel U OIMKHel 30Hax.



Monayne HFSS ucnonb3yet meton koHeuHbIX d7eMeHToB (MKD) kak 0CHOBHOM
1T pacdera Xapaktepuctuk. [Ipu ncnonszoBannn MKD Bcs aHanmm3upyemasi MOJIEIb
pa3OMBaeTCsl Ha TETPAdPHI, M DJICKTPOMATHUTHOE TOJIE OIMPEACNIICTCS PEIICHHEM
ypaBHEHU MakcBeiia B y3/JI0BBIX TOUKaX TETPAdPOB, & BHYTPU HHX TOJIE aIlpPOK-
CUMHUPYETCS HEKUMHU TPOCTHIMH (PYHKITUSIMH, COCITUHSIONIUMHU 3JICKTPOMArHUTHOE
MOJIE B Y3JIOBBIX TOYKaX. JTU (PYHKIIMHM MOTYT OBITh NMOCTOSHHBIMH, JTUHEHHBIMH,
KBaJIpAaTHUECKUMHU WJIM CMEIIAaHHBIX MOPSIIKOB (Pa3HBIMU TSI PA3HBIX TETPadpOB B
mozenu). He pa3OuBaroTcs Ha TeTpa’Aphl, HAPUMEpP, UACATBHO NPOBOISIINE HIIA
xopoiio npososiire Tena (u3 marepuaia PEC — perfect electric conductor, copper,
aluminum, iron, gold, silver u T. 11.), UX MOBEPXHOCTh pa30MBACTCS HA TPEYTOJIbHHUKH,
KOTOPBIE SIBISIFOTCS OCHOBAaHUSIMH TETPA3IPOB B COCETHUX TEJIaX, 1 OHU OMUCHIBAIOTCS
IPaHUYHBIMU YCJIOBHUSIMU Ha MMOBEPXHOCTH, O€3 pacyera mosist BHyTpH. [1o yMmonuanuio
BHEIIIHUE TpaHuIlbl Mojenn B HFSS cunrtaroTcs nueansHO MPOBOASIINMHA CTEHKAMH,
€CJTM Ha HUX HE 3aJIaHbl IT0JIh30BaTEIEM CIIEIIHaIbHbIC TPAHNYHBIC YCIOBH.

[Ipu pemenun 3amnau 06 u3nydeHUH aHTeHH B moayie HFSS neob6xomumo, Ta-
KM 00pa3oM, 3a7aBaTh T'PAHWYHBIC YCJIOBUS Ha BHEIIHUX MOBEPXHOCTSIX MOIEIH,
WHAYe MOJEINpyeMasi aHTEHHA OKAXETCS YKPAaHUPOBAHHOW OT BHEIIIHETO MPOCTPAH-
ctBa. CaMBIMH pacrpoCTpaHEHHBIMHU TIPU aHAIM3€ aHTEHH TPAHWYHBIMHU yCIIOBUSIMH
ABISTIOTCS ycnmoBust manydeHus (Radiation). OHM MOTIOmMAOT 3JIEKTPOMArHUTHYIO
BOJIHY Ha TPaHUIIE MOJEIH, M0 CYTH, «pa3dayBash» TPaHHUIBI OECKOHEYHO JAJIEKO OT
mozenu. B HFSS onu nHOTIa ONMKMCHIBAIOTCS KaK MOTJIONIAIONINE TPAHUYHBIE YCITOBUS
(Absorbing Boundary Condition umu ABC).

N3ny4daroriasi mOBEpXHOCTh HE 00s3aTENBHO JOJKHA OBITh CPepruecKoid, HO
OHa J0JDKHA OBITh BHEIIHEH 1O OTHOIICHUIO K MOJICIH, BBITYKJIOW IO OTHOIICHHUIO K
WMCTOYHHKY U3TyUYEHUs, U OTJAJICHA TI0 MEHBIIIEH Mepe Ha Y€TBEPTh IJIMHBI BOJHBI OT
M3JTyYaroIlero NCTOYHUKA. Ecii paccTosiHue OT M3MydaTesnsl 0 3TOH TpaHMIbl OyaeT
MEHBIIIE, TO HAKJIaJbIBAGMbIE Ha PEIICHUE TPaHUYHBIC YCIOBHUS HE OYyIyT COOTBET-
CTBOBaTh JICUCTBUTENBHOCTH, W pelIeHne OynaeT omuooyHbiM. COOTBETCTBUE
HaKJIaIbIBAEMBIX HA MOJIEb YCIOBHIA M3ITyYCHUS PEATHbHOCTH OYAET TeM Jydllle, YeM

AAJIbIIC I'paHuIa U3JIYYCHUA OT U3JIyHaTClIsdA, HO TCM 60J'IBHIYIO 001acTh IMPOCTPAaHCTBA



HeoO0XoauMo OyzeT pa30uBaTh HA KOHEYHBIE AJIEMEHTHI U OOJIbIIE TPAaTUTh BBIYMC-
JUTENBHBIX PECYpCOB Ha 3TO. B HEKOTOpBIX cilydasx IpaHULA WU3JIyYEHUS MOXKET
pacrojaraTecsi OJIMKe K U3ITydaTeNo, YeM YeTBEPTh JUIMHBI BOJIHBI, HATPUMED, B TOM
YacTH IPaHULbl U3JIyUEHUs, T1e OxKuaaercs cnadoe nznyuenue. [lone B nanpHel 30He
AHTEHHBI 1OCJIE HAIOXKCHHSI YCIIOBUHN M3JIyYCHUS PACCUUTHIBACTCS B COOTBETCTBHUH C
TEOPEMOi SKBUBAJICHTHOCTH KaK MOJI€, U3Ty4YeHHOE TOKAMU C TPAHULIBI U3Ty4YEHUS.

[Ipu onTHManbHOM pa30MEHUH MOJEIN Ha KOHEUHBIE 3JIEMEHTHI, YeM OOJIbLIe
OyZeT TeTpa’ApoB B MOJAEIH, TEM TOYHee OyJeT pacder, HO TeM OOJbIlle BPEMEHH U
BBIUMCIIUTENBHBIX PECYpCOB OH Oyner TpeOoBaTh. /s onpeneneHuss onTUManbHOIO
KOJM4YecTBa M KOH(pUrypanuu KoHeuHbiX sjeMeHTOoB B ANSYS peanuzoBan agan-
TUBHBIA METOJ JHUCKpeTH3anuu Mojead. OH 3aKII0YacTcs B IOCIEIOBATEILHOM
MHOTOILIarOBOM pa30MEHUHN MOJIEIHN Ha Bce 0OJIblIee KOJIMYECTBO TETPA3POB C Ipe-
MMYIIECTBEHHBIM YMEHBIIEHHUEM HX pa3Mepa B 3JIEKTPO3HAUMMBIX oOjacTsax (oOna-
CTSIX ¢ HamOoJjee ObICTPHIM M3MEHEHHEM BEIMYMHBI W HApPaBICHUS HaMpsKEHHO-
CTH TIOJIS).

Ha nepBoii urepanuu Mozenb pa30dMBAETCs Ha TETPadAphl C pa3Mepamu, CBs-
3aHHBIMH C JJIMHOW BOJIHBI B MIPUMUTHBAX MOJEIH M pa3MepaMu CaMUX 3JIEMEHTOB
(4ueM MeHbIlle MPUMHUTHUBBI, TEM MEHBIIE TETPA’APbl BOIM3U HUX), IPUTOM pa3OuBa-
€TCsl JOCTaTOYHO TpyOO MPH HACTPOMKax MO YMOTYaHHIO (Ha Majoe KOJIUYECTBO
0O0JBIIMX MO pa3Mepy KOHEUHBIX 3JIEMEHTOB), MOCJE YEero MPOUCXOJUT pacyer Xa-
pPaKTEepPHUCTUK MOJEIU C ONpeAeTICHUEM €€ MaTpHIlbl paccessHus. Ha BTopoit uteparuu
CeTKa pa30MeHUs y4YalllaeTCsl, YBEIMYMBACTCS KOJMYECTBO 3JEMEHTOB, MPEUMYIIIe-
CTBEHHO, B 3JIEKTPO3HAUYUMBIX 00JIACTAX, U CHOBA IPOUCXOAUT PACUET XapaKTEPUCTUK
MOJICTIH C OMpEIEICHUEeM €€ MaTpHIIbl paccesHus. MaTpulilbl paccesHus Ha IBYX
UTEpalusiX CPaBHUBAIOTCS U PACCUMUTHIBACTCS YHCIIOBas oneHka ux paznuuus (Del-
ta S). Dra olleHKa CpaBHUBACTCS C 3aJaHHBIM MAKCHUMAJBLHBIM JIJIsl Hee 3HAUCHHEM B
HacTpoikax perrenus: (maximum Delta S), u, eciiu ommOka He MPEBBIIIACT 33aHHOES
3HaYeHHUe, TO pa30HeHNEe Ha MOCIEIHEeN UTEPAlUd CUUTAETCS TOCTATOYHO TOYHBIM U

JTAJIBHEUIIMNA pACUYET XapAKTEPUCTUK ITPOUCXOIUT UMEHHO C ATOU CETKOM.



Ecnu ke ommbka npeBbillIaeT 3aJaHHOE 3HAYEHUE, TO MTPOUCXOAUT CIACAYIOIIAs
UTEpalMsl aJanTUBHOTO YMEHBIICHUS Pa3MEpPOB KOHEYHBIX AJIEMEHTOB, pacyeT Xa-
PAKTEPUCTUK W MATPHUIIBI PACCESHUSI MOJACIH W CPAaBHCHHE €€ C TOJYyYCHHBIMH B
npenpiayen urepauuu. [pu cHUKEeHUU OMMOKU A0 33JJaHHOTO YPOBHS, MOCTIEAHIS
UTEpaIys CYNTACTCS PEIICHHON C TOCTATOYHOM CTETICHBIO TOUHOCTH.

AHanoTHYHBIM 00pa30M MPOUCXOIUT pa3OMEeHNE KOHEUHONIEMEHTHON CETKHU B
moxayie HFSS-IE ¢ Tolt mompaBkoi#i, 4TO B HEM HCIOJIL3YETCS MPEUMYIIECTBEHHO
MeToJT MHTerpalibHbIX ypaBHeHui (IE — Integral Equations) mist pemrenns BHyTpeHHEH
3aJlayu MOUCKA pacIpe/iesieHrs TOKOB MO MOBEPXHOCTSM MPUMHUTHBOB B MOJIEH 0€3
BBIYKCIICHUS TOJISI B 00BEME ITHX MPUMUTUBOB (€CJIHM 3TO HE 33JaHO B CaMUX YCIIO-
BHUSIX pEIICHHs). TOKH OMPENeNsItOTCS B Y3JOBBIX TOYKAX TPEYrOJLHHUKOB Ha TIO-
BEPXHOCTAX MPUMHUTHUBOB MOJENIU. DJIEKTPOMAarHUTHOE IOJIE B aHTCHHBIX 33j]a4ax B
JadbHEW 30HE 3aTEM OMPENENAeTCs KaK pelieHrue 3a1aud 00 W3ITyYEeHUH 3THUX TOKOB.
CootBerctBeHHO B Monyine HFSS-IE Her HeoOXommmocTH OTpaHWYMBATH MOJCIH
AQHTCHHBI JIOMTOJTHUTEILHBIMU TPAHUYHBIMU YCIOBUSIMHU, B oTIIMUKE OT Moayis HFSS.
[Tomyuaercst, uto B HFSS-IE s To# ke Moaenu OyaeT MeHbIle KOHEUHBIX dJIEMEH-
TOB, ueM B HFSS, uTo mpuBeneT k MeHbIIEMY pacXOAy BbIUMCIUTEIBHBIX PECYPCOB,
OJTHAKO KPYT pemIaeMbIX 3a/1a4 MmoayduTcs yxe. [[ocKoabKy Ha KOHEUHBIC IIEMEHTHI
pa3OMBArOTCS TOJBKO IMOBEPXHOCTH B MOJCIH, IJII SKOHOMHUHM BPEMEHH pacdeTa
JydIIe, Tam, T/ie 3T0 000CHOBAHO, KPUBOJMHEHHBIE TOBEPXHOCTH alllIPOKCUMHUPOBATH
IUIOCKUMU. KPUBOJMHEHHBIC MPUMHUTHBBI (IIMUIMHAPKI, cPepbl U T. 1.) 3aMEHATH Ha
MIPUMUTHUBHI C TUIOCKUMU TpaHsSIMU (MHOTOTPAaHHUKH, KyObl U T. [1.), @ MaJble 1O pa3-
Mepy 00bEMHBIE MPUMUTHUBHI B MOJICNIA (MHOTOTPAaHHUKH, IIWJIMHPHI, CIIMPATIH U T. 1I.)

3aMEHSTh TUIOCKUMHU (MPSMOYTOJIbHUKU, KPYTH U T. 11.).



ABTOMATHU3UPOBAHHOE ITPOEKTUPOBAHUE JIMHEWHBIX
AHTEHHBIX PEHIETOK

Lenp pa®oOTBl — O3HAKOMHUTHCA C OCHOBAMHM aBTOMATHU3HPOBAHHOTO MPOEKTHU-
pOBaHMS M MOJCIHMPOBAHMS JIMHEHHBIX aHTEHHBIX pemieTok B ANSYS Electronics
Suite, uccnenoBaTh UX XapaKTEPUCTHKH.

[lepen HawyamoMm paboOTHI HACTOSTENBHO PEKOMEHIYETCS O3HAKOMUTBCS C

HPUHITUITAMA PaOOThI TMHEHHBIX aHTEHH U perieTok [1].

JlomaniHee 3a1aHue
1. PaccuuTaTh JUIMHY IOJTYBOJHOBOM BHOpPATOPHOW aHTEHHBI C UCIOJIb30Ba-

HUCM I.[GHTpEUIBHOﬁ HYaCTOThI pa6oqer0 JAualria3doHa 13 tabn. 1.

Tabmuma 1
ITapameTpbl aHTEHH
No | Yacrora, | Ne | Yacrtora,| Ne | Yacrtora,| Ne | Yacrora,
Bap. MI'm Bap. MI'11 Bap. MI'1g Bap. MI'g
1 150 6 1500 11 2450 16 240
2 450 7 1800 12 788 17 210
3 900 8 1200 13 400 18 500
4 868 9 2100 14 300 19 600
5 433 10 800 15 270 20 1000

2. Onpenenuts K03(PpPHUIMEHT YKOPOUCHHS] BHOPATOPHON aHTEHHBI B COOTBET-

cTBUH ¢ TpadukoM Ha puc. 4. [IpunaTs tuametp npoBoaHuka paBHbIM A / 100.
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Puc. 4. 3aBucumocTh K03 GUIIUEHTAa YKOPOUEHUS OT JJTUHBI BOJHEI (2p — TMaMeTp MPOBOTHUKA)




IIpakTH4eckas 4acTb

3arpy3uB nporpammy, cosnaauM HoByto mozaens HFSS (HFSS Design), Haxas
MpaBOil KHOMIKOW Ha Ha3BaHWM IMPOCKTa B JIEPEBE MPOEKTA, U BHIOPAB COOTBETCTBY-
IOIIMK MMyHKT MEHIO (pHc. 5), MO0 HaXkaB Ha COOTBETCTBYIOIIYIO MKOHKY Ha TaHe-

JI1 UHCTPYMEHTOB.

A ANSYS Electronics Desktop - Project3

File Edit View Project Tools Window Help

Asp-3 = EXR==1H| ~|@%lQ
‘O

4R e E R G G

Project Manager 1 x

E‘W
T Paste Ctrl+V
Rename F2

> Delete Project Permanently from Disk Delete

Insert > &3 Insert HFSS Design
@ Insert HFSS 3D Layout Design
Close @Y Insert HFSS-IE Desi
nse -IE Design
E save Ctrl+S | . =
S A @ Insert Q30 Extractor Design
Ve A & Insert 2D Extractor Design
Analyze Al £ Insert Circuit Design

Submit Job... =h Insert Circuit Netlist

Project Variables.. Insert Maxwell 3D Design

brofect Dataset M Insert Maxwell 2D Design
roject Latasels.. & Insert RMxprt Design
— Convert All Designs to Full Access ffa Insert Maxwell Circuit Design

|
MName . .
— Convert All Designs to Read Only i Insert Simplorer Design
%2 Insert Filter Design ..

Insert Documentation File...

Puc. 5. Jlo6aBineHue Moieu B IPOEKT

Co3aaaum miedo BuOparopa, HaprcoBas HuauHap (puc. 6). [locine Haxkatus Ha
MYHKT MEHIO HEOOXOJMMO Ha)KaTh JICBOW KHOIKOM MBIIIM B OKHE MOJIEIH IOCIIEI0-
BaTeJIbHO Ha MPOW3BOJILHBIC TPU TOYKHU JJIsi 0003HAYCHUS Pa3MEPOB M IOJIOKCHUS
CO3/1aBa€MOT0 MPUMUTHBA (JIEMEHTA). 3aTEM B J€PEBE MOEIH MOSIBUTCA HOBBIN y3€T
B paznene Solids (o0beMHBIC 00BEKTHI) B MaTepuaie vacuum (Bakyym) — Cylinderl
(mo ymomuaHuio 00BEKTHI co3faroTcs ¢ mMmeHem Objectp, rme Object — nHasBanue

kiaacca oobekra — Box, Cylinder, Line, Cone, Sphere u 1. 1., a p — HOMep 00beKTa).
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B File Edit View Project | Draw

S

{ ™ Line .

i Vi Spline
g Arc 3

o

Equation Based Curve

3D OO0 O

Rectangle

]

Ellipse
Circle
Regular Polygon

Equaticn Based Surface

Box
Cylinder |

Reaular Polvhedron

Puc. 6. Coznanue nummHapa

Bce o6pemunie 00bekThl B HFSS rpynmupytores mo marepuanam, u3 KOTOPBIX
oHU cocTosT. BHyTpu y3ma Box1 3anuceiBatoTcst Bce NEUCTBUSL C HUM U CBSI3AHHBIC
00BEKTBI, €CITM TAaKOBhIe ecTh. [lepBoe aelicTBue — 310 coznanue oobekra Cylinder —
CreateCylinder. B cBoiicTBax 3TOro AeWcTBUS (pHC. 7) MOKHO U3MEHUTH NEPBOHA-
YaJbHO 3aJIaHHBIC MIPH MOMOINM MbIIHM ero pazmeps! (Radius, Height) u koopauHater
nenTpa ocHoBanus muuHApa (Center Position), oT KOTOPOTO OTCUUTHIBACTCS PATHYC

Y BBICOTA BJIOJIb KOOPAWHATHI, 3anucaHHor B AXiS. Cmenute AXIS Ha X.

I T
=[] Projects* Bl el
g8 HFSSDesign1 (DrivenModal) L8 vacuum |
20 Definitions B-€P Cylinder!
i-1#, Coordinate Systems Expand All ¢
-4 Planes Collapse All

068 Lists

Properties...

Upgrade Yersion

CreateCylinder
...|Global
L |0D0

Puc. 7. 3aganue mapameTpoB 00BEMHOM GUTYPBI
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3amaaum pasmepsl Cylinderl. nieHTp OCHOBaHHS MOMECTHUM B CMEIICHHYIO OT
Hayvaja CUCTEMbI KoopauHaT Ha 2xr1 touky: BouieM B mmoje Center Position 2*rl, 0, 0
1 HaxxMeM Enter, mocie 4ero oTKpoeTcss OKHO BBOJA 3HAYCHHUS TIEPBOTo mapamerpa Il
(puc. 8). Paguyc rl muinMHApa 3aJalM paBHBIM OJHOM JBYXCOTOM [JIMHBI BOJIHBI B
CBOOOJTHOM TIPOCTPAHCTBE Ha IMEHTPATHHOM YacTOTE MO Tabd. 1, BMMCcaB B OKHO 3TO
3HaYeHHUE, 00s3aTSIbHO 0003HAYMB pa3MepHOCTh (MM) mocjae caMoro 3HAYCHHS |
HaxkmeMm Enter. 3amumem rl B mose Radius B okue cBoiicTB. B mone Height 3aganum
BBICOTY mapameTpoMm |1 (miwHa ruieya — 4eTBEepTh JUIMHBI BOJIHBI) U JOOABHM COOT-
BETCTBYIOIIEE 3HAUCHHUE TTIEPEMEHHOM B IIPOCKT aHAJIOTUYHO paauycy. B HkHeH ya-
ctu okHa cBoiicTB B moje Number of segments Beeaure 4. TemM caMbIM MBI 3aMEHUM

IWJIMHJIP MIECTUTPAHHUKOM, YTO CYIIECTBEHHO COKPATUT BPEMS paCu€TOB B OYIyIIEM.

Properties Add Variable “
Mame | Value | it Mame |r1
Command | CreateCylinder _
Coordinate... Global Ll Tz |N':'ne ﬂ
Certer Po... |271.0.0 m Uit | j
Hods X
Radius 2 6925824035673  'mm Walue 3|
Height 3 mm
Mumber of... 0
Type | Lacal Y ariable J
k. | Cancel |

Puc. 8. 3ananue pasmepoB U KOOpIMHAT apaMeTpamMH

3agaauM MaTepual MUJIMHIPA, Ha)KAaB MPaBOM KHOIMKOM MBIIIM Ha Vacuum u
BbIOpaB Properties (puc. 9). B oTKpbIBIIEMCS OKHE MOXKHO BbIOpAaTh MaTepuasl W3
OMOIMOTEKN MPOrpaMMbl, OTPEIAKTUPOBATH MapameTpbl Marepuanga B OMOJIHMOTEKE
1160 100aBUThH CBOE OIpeiesieHre MaTepuaia. BeibepeM marepuall allfoMMHUAN, BBES
B nosie Search by Name aluminum u HakaB Ha Matepuan B OKHE JIBaXbl, JINOO BbI-
nenus ero u HaxaB OK. Ilocie u BbIOOpa MaTepuana HMUWIMHApPA €ro Ha3BaHUE IO-

SIBUTCA B I€PEBE NPOCKTA BMECTO Vacuum.
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=4 Model

= Project3* E|u_/' Solids
&-¢§ HFSSDesign1 (DrivenModal)* E---SM
; N Expand All
B+ Definitions -4 Bo
- Collapse All
=12, Coordinate S Select All
=& Planes History Tree Layout >
€2 Lists .
Properties...

Materials | Material Fiters |
- Search Parameters : = =
Search by Name - Search Criteria lLibraries ¥ Show Project defintions [~ Show all libraries
— % by Name " by Property | [[sys] AmoldMagnetics ~
IE Liminum [m] ChinaSteel
Search_| | Refative Permittiviy | | ] Damat, v
) . Relative Relative B A
/ Mame Location Origin — Pemeabilty Cond
air SysLibrary Materials 1.0006 1.0000004 0
AlZ2_03_ceramic Syslibrary Materials 98 1 1]
A_N SysLibrary Materials 88 1 0
alumina_52pct SysLibrany Materials 52 1 0
™ e T — T "
: S Sty Labasinls 4 4 oo e
" [aluminum_no2_EC SysLibrary Materials 1 1.000021 33000000sie
Adon 25FR {¢m) SysLibrary Materials 358 1 0
Adon 25N ¢m) Syslibrary Materials 338 1 1]
Adon ADT000 ¢m) SysLibrary Materials 10.2 1 1] -
< h T T ; - o - B >
View/Edit Materials... Add Material... Clone Matesialis) Remove Materlis) | Exportto Library... |
| 0K I Omvena Cnpaeka |

Puc. 9. 3ananue marepuaa

Co3maauM BTOpOE IUICUO BUOpaTopa MyOJIMPOBAHUEM IEPBOTO C MOBOPOTOM
BOKpyr ocu Y Ha 180 rpamycos (puc. 10). ITocie 3Toro B aepeBe MOACIN HOSBUTCS
y3en DuplicateAroundAxis nox Cylinderl u nosiii mpumutus Cylinderl 1. B or-
JUYHEe OT nmepBoHavaibHoro npuMmutuBa Cylinderl HeBo3MokHO OyaeT 3a1aTh mapa-
METpPbl HOBOTO NMPUMHTHBA HANPSIMYI0, MOXHO TOJBKO M3MCHHTH CBOMCTBAa POJIH-
TEJILCKOTO y3J1a B JIEPEBE MOJICIIM U CBOWCTBA orepaiuu ayonupoBaHus. Ternepb B
MOJICJIA MPHUCYTCTBYIOT 00a IUieya BUOpATOpa, OHM MMEIOT OJWHAKOBYIO JUIMHY W
pasHeCeHbl Ha YEeThIpEe paanyca mpoBoia. YToObl B OKHE MOJICIIH YBUAETH BCIO MOJIEb

HeoOxoauMo Haxats Ctrl+D.
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I g Along Line

1/o=  Around Axis...

1Ak Mirror

&

[Tpexae, yem 3amaBaTh MCTOYHUK BO30YXKJACHHS W3MEHHM THIT PEIICHHS Ha
Driven Terminal B cBotictBax momenu (puc. 11). B oTkpbiBIIEMcss OKHE BbIOEpEeM
Terminal u moctaBum ranouky Ha Auto Open Region, B kotopoM Beioepem Radiation.

B Moznens Oynmer aBTroMaTW4ecKkd A00aBleH MPUMHUTHB, OTPAaHUYUBAIONIMA 00JIaCTh

&€ U=

. B Cr Expand All
I¢ Coordinate Syste Collapse All
Copy Ctrl+C Edit
Paste Ctrl+V
Group
Delet Delet
e e Create 30 Component...
Properties...
R S  Assign Material...
Arrange 3 i
View
Duplicate * .
Properties...
Scale )
Create Array ...
Surface ¥ )
Create Open Region ...
Boolean » . .
Update Open Region Padding...
Sweep k .
Assign Boundary
Delete Last Operation Assign Excitation
Assign Hybrid
Assign Mesh Operation
Plot Fields
Plot Mesh
Duplicate Around Axis
Axiz Cw Yy Oz

fingle: |1 a0

x| dea =]

Total number: |2 j

Aftach To Onginal Object:

MOTE: “When ‘Attach to Original Object’ iz zelected,
facesedge azsignments [e.q. boundanes /excitationsz)

r

on duplicates will be lost, to ensure model
conziztency, when 'Total Mumber' iz edited.

Cancel
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pacdeTa, C rpadiaMu, OTCTOAIKMMHU OT MOACIN IIPUMEPHO Ha YCTBCPTH AJIMHBI BOJIHBI.
Ha HeM aBTOMaTMU€eCKHU 6y,Z[YT Ha3Ha4YCHLI YCIIOBUA U3JIYUYCHUA, U OH 110 YMOJIYaHHUIO

OyIeT HEBUIUM IS TTOJIh30BaTEIs.

Project Manager I
=+ Projecta®
HFSSDE nl § B
E o - B Copy Ctrl+C
ﬁ 3D Compong -
_____ Model (2 Paste Ctrl+V
[ F Boundaries Rename P2
-} Excitations
Delet Delet
-5 Hybrid Regid 25 455 e
----- BH Mesh Opera Convert to Full Access
""" ﬁ Analysis Convert to Read Only
l@ Optimetrics
..... @ Results | Solution Type... |
B T s N e o I I =

— Solution Types

" Modal

™ Tranzient
" Eigenmode
™ Characteriztic Mode

— Drriven Options

&+ Metwork Analpzis { Composite Excitation

V¥ Auto-Open Region

{* R adiation ™ FE-BI

Puc. 11. I3meneHue Tuma pemeHus

VYBuieTh aBTOMAaTHUECKHM Ha3HAYEHHBIC T'PAHUIBI MOJIEIM MOXKHO HaXKaB
KHOIIKY KaK MOKa3aHO Ha pHUC. 12 uiau BbIOpaB COOTBETCTBYIOIIMM MyHKT MEHIO, U B
OTKPBITOM OKHE Tepeiis Ha BKIaJKy Boundaries u oTMeTuB rajao4koi eInHCTBEH-

HBIM ITYHKT.
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iIBIBBIBEEF i~ 2D

'5 IHide..fShnw overlaid visualization in the activeviewL |
. i — gttt 1" o

File Edit View | Project Draw Modeler HFSS Tools Window Help

Status Bar cal

(X
v
i Project Manager | s ||I'|f ;|||3D Ll
v .
v
v

Message Manager

Properties

Progress

ACT Extensions

<]

Component Libraries
Layers
Mets

Components
Docking Window Layouts J

WYariables

Undo View : Fit All Ctrl+5Shift+£
Redo View Ctrl+5Shift+Y
Clear Unde/Redo History

iv 15

Madify Attributes b
Interaction *
Fit All 3
Fit Selection *
Visibility J Hide Selection J
Animate... Show Selection 3
Clipping ' Show Only Selection »

Show All 3
Render *

B Active View Visibility...

Coordinate System 3

aD Modelerl Color Keys I Amray Setup Excitations I Heldsﬂﬁ-porterl

| visibilty

AutoOpen

Puc. 12. YcTaHoBKa BUIUMOCTH 3JIEMEHTOB MOJEIN

3amaguM UCTOYHHMK BO30YXAECHUS, CO3AaB MPSAMOYTOJbHUK KOMAaHIOM MEHIO

(puc. 13) 1 aBaXK/IpI KJIMKHYB B IPOM3BOJILHBIX MeCTaX OkHa Mojeiu. [Tocie cozpanus
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IPSIMOYTOJIbHUKA B JIepeBe MPOeKTa MosiBUTCs 00beKT Rectanglel, pasmepsr koToporo
B €r0 CBOICTBAaxX HEOOXOAUMO 337aTh KOOPAMHATHI HAYAIBHOTO €r0 y3Ja, pPa3Mephl U
OCh Kak Tmoka3aHo Ha puc. 13. AXIiS B cBoiicTBax 0003Ha4aeT OCh, BJOJb KOTOPOU
pacrioyio’keHa HopMallb K MPSIMOYTOJILHUKY. [IpSMOYTONIbHUK — HE 0ObEMHBIN O0OBEKT,
IIO3TOMY OH BO3HHKACT B JiepeBe B y3ie Sheets, a ve Solids. Marepuan eMy 3a1ath
HEJIB3sI, MOXKHO TOJILKO 33/1aTh TPAHUYHBIC YCIIOBHS HA HEM HITH, HATIPHUMEP, UCTOYHUK

BO30YXKIEHUS.

Lo oy —rmem e

Results ----- [ CreateRectangle
| G neet Cinld Dot 1 ... CoverlLines
w12, Coordinate Systems
Properties --E Planes
@ Lists

MName Walue Lt
Command  CreateRectangle
Coordinate...| Global
Position =21 41 Omm
Podis Z

¥5ize 4711
fSize 211

Puc. 13. Co3nanue npsiMoyrojbHHUKa Ui opTa

3agaquM Ha MPSIMOYTOJbHUKE UCTOYHHMK BO30YKIEHUS B BHIE COCPEIOTOUYCH-
Horo nopta (Lumped Port), kak moka3aHo Ha puc. 14. B oTKpbIBIIEMCSI OKHE CTaBHM
rajJo4yKy HaIlPOTHB IIEPBOHAYAILHOIO IHIKHHAPA. TeM caMbIM MBI 3a1a€M HCTOYHHK B
BUJIC HANPSDKEHUS HA OJHOM peOpe MpsIMOYrojbHHKA IO OTHOIICHHIO K JIPYromMy

peopy npsmoyrosbHuka (Reference — Cylinderl).
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Part Name: I'I

— Terminal Maming

' Use conductor name

™ Use port object name
5] File Edit View Project | Draw

. ] MOTE: kultiple reference conductors touching a
#  Line =2 port riust all be connected in the plane of the port,

Tse o= Pt

=

: \: Spline 5
Arc k

Conductor

Cylinder1
Cylinder1_1

" {1 Equation Based Curve

) 2
|I:I Rectangle |F

262 Cylinderl_1
_ £| DuplicateBodyArounc
E|IZI Sheets
E|IZI Unassigned

Expand All
Collapse All

+-l2, Coordinate Systermn
+-4 Planes

+-€8 Lists Group -
Create 30 Compoenent...

Edit 3

@

Assign Material...

View r
Properties..,
Create Array ...

Create Open Region ...
Update Open Region Padding...

Assign Boundary J
Wave Port... Assign Excitation r
Lumped Port... Assign Hybrid L
Floquet Port... Assign Mesh Operation L

Puc. 14.3ananne uCToUHNKA BO30YKICHUS

CocpenoTOYEHHBIN MOPT AHAJIOTMYEH MCTOYHUKY TOKAa M MOXKET TaKKe MC-
MOJIb30BAThCS AJI BO30OYXKACHUS TUHUI mepenayu. Takue mopThl MPUMEHUMBI Kak

MCTOYHMKHU HANpPsDKEHUS B pa3pblBaxX MPOBOJHUKOB WIIM APYTHX ClIy4asix, KOTrJa He-
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BO3MOXHO HCITIOJIb30BaTh BOJIHOBOJHBIE MOPThL. Kak MpaBWiIOo, OHU HPUMEHSIOTCS
BHYTpU Mojenu (HE Ha BHEMHHUX ee¢ rpaHsax). OHU TO3BOJSIOT MOJYyYaTh
S, Y, Z-mapameTpsl U MO, HO HE MAIOT HUKAKOW MHGOPMAIIMA O BOJTHOBOM COIIPO-
TUBJICHUW JIMHUU WIK BOJHOBOM 4mciie B Heil. K pesynbraram, mojgydyeHHbIM TpU
MIOMOIIY TAKOTO TOPTA HEJb3S MPUMEHUTh CMENIEHUE MJIOCKOCTH OTCYETa, HO MOXKHO
MIPOU3BECTU IEPEHOPMUPOBKY XapaKTEPUCTUUECKUX MATPHIL.

B ornuune oT BOJTHOBOJHBIX MOPTOB, COCPENOTOUYEHHBIE MOPTHI MOTYT IO/I-
JepKUBaTh TOJBKO OAHY Moay. OHU MOTYT OBITh 3a/laHbl Ha J000M 2D 00BeKTeE,
UMeroIIeM pebpa Ha JBYX MPOBOJAIIMX TelaxX WIM MOBEpPXHOCTAX. KomruiekcHoe
CONIPOTHUBJIEHUE, OMPEAEIAEMOE MPU CO3/IaHUM MOPTA, CIYKUT BOJHOBBIM COIPO-
THUBJICHUEM JIMHUH TTPH HOPMHPOBKE S-MATPHIIBI, OHO UCTIOJIB3YETCS IS OTPEISTICHIS
aMIUTUTY/Ibl KICTOYHHKA, HAIIPUMED, MOJIAJILHOTO HaNpsbkeHus V 1 MoIalibHOTO ToKa |,
4yepe3 HOPMUPOBKY KOMIIJIEKCHOM MOIIHOCTH.

CocpenoToueHHBINM OPT B JAHHOM padOTe SBISETCS aHAJIOTOM CUMMETPUYHOTO
BO30Y)KJICHUSI TIOJYBOJIHOBOTO BHOparopa (OJWH TMPOBOJHHMK MPUCOCAUHSIETCS K
MepBOMY IJIeyy, a BTOPOM KO BTOpoMy). Mojiesib mojydaeTcsl yIpoIlleHHas!, 0JTHAKO
JUTSI HACTPOMKU aHTEHHBI TMOJXOJUT JOCTaTOYHO XOPOIIO, W COKpAIIAECTCS BpPEeMs
pacuera Mo CPaBHEHUIO C TOUYHBIM MOJCIMPOBAHUEM KOAKCHAIBLHOI'O BXOJa C CHUM-
METPUPYIOLIAM YCTPOHCTBOM.

3aga UM CONMPOTHBIICHHE HCTOYHMKA (TTopTa) 75 OM (puc. 15).

Eﬂ Excitations

Sef
BRI ke i I LS
< > ey
. Rectangle1_T1
Properties 1 x :-.5..,,._?.-.__;_-_ =
£ >
MName |"u"alue| it | Evaluat
Properties a3 =
Mame 1
Type Lum... Mame |"u"a|ue| Linit |E1.ra|uat
Impedance |75 | ohm 7hohm I MName Rec...
Mum Temin... |1 Type Ter...
Deembed [ Terminal Re... |75  |ohm | 75chm
Renom All ... | [w

Puc. 15. 3aganue conpoTUBIEHUS TOpTa
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JloGaBieHne aBTOMAaTHMYECKMX TIPaHUIl CBA3aHO C JUIMHOM BOJIHBI B MOJENH,
[IO3TOMY BMECTE C TPAHUIIAMU B MOJIEJIb aBTOMATUYECKHU OyIE€T 100aBJICHO PEILICHUE C
HAaCTPOMKaMM MO YMOJIYAHHUIO, & TAKKE€ HACTPOMKH ISl pacyeTa JruarpaMMbl HaIpaB-
JIEHHOCTU KakK IokKa3aHo Ha puc. 16. [Ipu sTom 3amaercs cerka i pacueTra dJeK-
TPOMAarHUTHOTO MOJISI B CPEPUUECKOM cHCTEME KOOPAUHAT B IalibHEH 30HE (IIar CEeTKH
no yriiaMm ¢ u 0 u ux npenensl). [lpu aBToMaTHYeCKON HACTpONKE TPaHMIl MOJEIU
co3maercs Tpu ceTku: Uil BbiBojna /IH B TpexmepHom Buze (3D), B asumyranbHOU
mwiockoctd XOY (Azimuth) m B yriomectHoi miockoctu (Elevation). Dtu cetku
MO>XHO M3MEHUTH, ABAXJbl KIIMKHYB IO ITyHKTaM JepeBa npoekra. st 1aHHou pa-

0OTEI JOCTAaTOYHO 6yI[GT HaCTPOCK 110 YMOJIYAaHHIO.

Results
Port Field Display
Field Overlays

Puc. 16. Hactpoiika 1i1s pacueTa quarpaMMbl HallpaBI€HHOCTH

Jlo0aBHM B MPOEKT HACTPOMKY pElIeHMs], KIMKHYB ABaXabl Ha y3ie Autol B
nepese mpoekta (puc. 16). 3amaiite yacrory pemenus (frequency) u ee eauHUILY H3-
MepEeHUs B COOTBETCTBUHU € TabJ. 1 1 MakcHMallbHOE KOJIMYECTBO I1aroB aJIallTUBHOIO
pasouenus 20 (puc. 17). DTta HacTpoiika HeoOXoauMa, T. K. YCTAHOBJICHHOTO KOJIH-
YEeCTBa LIAroB 10 YMOJYaHUIO HHOI'/IA HE XBATAET JUIsl aHAIN3a TPOBOJIOYHBIX AHTEHH
C HACTPOIKaMHU pelleHus 1o yMosiyaHuto. O0paTute BHUMaHKE, YTO TPAHUIBI MOJAEIIN
MU3MEHSATCS IOCIE U3MEHEHMS] 4acTOThl PEIICHMS, T.K. U3MEHUTCS WM JUIMHA BOJIHBI
pellIeHusl, B COOTBETCTBUU C KOTOPOM TpaHMIIbl JOKHBI ObITh YAAJNE€HBI OT 3JIE€MEH-

TOB MOJCJIH.
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Driven Solution Setup X

General JOptions Advanced] Hybridl Expression Cache Derivan’ves] Defaults]

Setup Name |Setup‘|

[+ Enabled [ Solve Ports Only

Adaptive Salutions

Solution Frequency: (@ Single (" Multi-Frequencies i Broadband
Frequency |5 MHz ﬂ
Maximum Number of Passes ‘2'3

i® Maximum Delta S ‘U-UZ

(" Use Matrix Convergence

Use Defaults

HPC and Analysis Options... ‘

Puc. 17. YcranoBKka 4acTOThl 1 MAKCUMAJIBHOTO KOJIMYECTBA UTEPALMi aJalTUBHOTO PELLIEHUs

JloGaBum kadanue 4actoThl (puc. 18). Ycranosum tumn xauanus Fast, a mua-
na3oH 4actoT +20% oT uactoThl, ykazaHHoiW B Ta0n. 1l (puc.19). OcranbHblie
HACTPOWKH OCTaBUM 110 ymordanuio u HakmeMm OK. 3amyctuM pacder, HakaB KHOTIKY

Analyze All Ha nmaHenn MHCTPYMEHTOB WJIM B KOHTEKCTHOM MeHIo y3ia Analysis B

nepese npoekta (puc. 20).
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EI,‘? Ar|a|'5.|5j5. I - EH DuplicateArounds

i : H s I i O [T B |

e ;‘? Autﬂl .
{7 Optimetr Copy Cti+C |
..... E Results @ Paste Ctrl+V
[-[f1 Port Field T Rename -
----- Field Owerl:

IE. .uer X Delete Delete

El';" Radiation

----- s 30 Properties...

""" "-'I'" Azimutf Disable Setup

------ Elevati

& Deﬁ%uns |j.£ Add Frequency Sweep...

Puc. 18. JloO6aBiaeHre KayaHUs 9aCTOThI

Edit Frequency Sweep

General |Defau|t5|

Sweep Name: |Sweep [v Enabled

Sweep Type: IIFast LI I

— Frequency Sweeps [451 points defined]

Distribution | | Start | End
1 |Linear Count I AGHz 11GHz oints 431
Add Above | Add Below | Delete Selection Preview ...

—3D Fields Save Options _ i i
Time Domain Calculation...

[v Save Fields

[ Save radiated fields only

- Generate fields at solve time
(All Frequencies)

0K OTMena

Puc. 19. YcTaHOBKM KayaHUSA 4aCTOTHI
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W alysig & = e

-4 Setu Paste Ctrl+V
~{ optimet 3 Add Solution Setup..
List...

Port Fie

Analyze All
B-°g Radiatio Revert to Initial Mesh

B File Edit View Project Draw Modeler HFSS Tools Window Help
‘D& H G| 9 el ~EE I 0iEZ2eB |0

‘@ e DoC® ®iD e &xy »|lfsp |t

Puc. 20. 3anyck pacuera

OneHuTh CXOJIMMOCTh aJalTHUBHOTO pEIIeHUs MOXHO HaxkaB Convergence B
KOHTEKCTHOM MeHI0 y31a Autol B gepeBe npoekra, mu6o no kHomke Solution Data Ha
HaHeaIM UHCTPYMeHTOB (puc. 21), nepeitns Ha Bkiaaaky Convergence. OTKpoeTcs OK-
HO, IOKa3aHHOE Ha puc. 22. 3/1eCh MOXKHO BUJIETh KOJIMYECTBO KOHEYHBIX 3JIEMEHTOB U
OIMOKY MO CPAaBHEHUIO C MPEIbIAYIIEH UTepalveil i KaKI0W uTepanuu aganTrB-
HOro perieHus, a Takke craryc cxoaumoctu pemenuss (CONVERGED — kpurepwii
cxogumocTtu focturHyT wim NOT CONVERGED - kpurepwuii He nocturnyt). Hop-
MaJIbHBIM SIBJISICTCSI TIOCTETIEHHOE yMeHbIneHue ommokun Max Mag Delta S ¢ ysenu-
YeHHEM KOJIMYECTBA 3JIE€MEHTOB. V3MeHeHHe OMMOKN C HOBBIMU UTEPALIUSIMU TAKKE
MOJKHO TIPOCIEIUTh Ha Tpaduke, eciim BeIOpath B okHe Plot, mo xotopomy MokHO
OTMETUTh MOHOTOHHOE YMEHBIIEHHE OLIMOKM C YBEJIMYEHHEM HOMEpa HuTepa-
IIUU PEILICHUS.

Ha Bruagke Profile moxHO yBUaeTh BpeMsi pacuera, Kak peajbHOE, TaK M B
nepecyeTe Ha SIpo MpoIeccopa, a TaKKe MCIOJIb30BAHHBIN I pacdeTa 00beM Orle-
patuBHOU namsaTd. Ha Bkianke Mesh statisticS MoskHO yBHIETh KOJIMYECTBO KOHEY-
HBIX JJICMEHTOB B/Ha KaX<JIoM NMpuMHUTHBE Mojeiau. Ha Bkitagke Matrix Data oro0pa-
KAIOTCS JTAHHBIE XapaKTePUCTUUECKUX MaTpHIl MOJEIU B BbIOpaHHOM (popmare, OT-
CI0Jla MX MOYXHO OJKCIIOPTUPOBATh B CTaHAAPTHBIE HJIS TPOrpaMM MOJIEIHPOBa-

HUs (OpMaTHhI.
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Modeler

¥ analysis

]

-4 (Y

§| Optimetrics
¥ Results

=¥ Termine

operties

MName

d

1=

MName
Enabled

Passes

Solution Fr...
Basis Order
Max Refin...
Use Max ...
Usze ABC ..

Solver Type O
£

HFCS I

T
o
w
= | miticlen k3

G

Copy
Paste

Rename

Delete

Properties...
Disable Setup
Add Frequency Sweep...

Analyze

Submit Job...

Revert to Initial Mesh

Add Mesh Linked Solution Setup
Apply Mesh Operations

Clear Linked Data

Create Quick Report...
Perform FFT on Report ...
Perform TOR on Report ...

Profile...

Ctrl+C
Ctrl+Y

F2
Delete

Convergence..,

HFS5 Tools Window Help

"
= :ILocaI
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VAR 0 E2LBIor BIOTSS

T

Solution Datalyy:
=
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Puc. 21. OTkpbITHE OKHA C pe3yJabTaTaMu aJJalTUBHOTO pEeIIeHUs
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17 Solutions: LabT0MWDAS - HFSSDesign1

Simulation: ISEtup1 LI

Design Yariation: |a='1DDmm' b="100rmrm' h="1rmrm' xsub="300mm' v0="25mm' ysub='300mrm'

nce | Matrix Data | Mesh Statistics

—Murmber of Passes

Pass Mumber| Sokved Elements | Max Mag, Delta S

Completed 11
hdEirnum 20
inirmum 7

—MaxMag. Delta 5
Target 002
Current  0.017735

Yiewe (@ Tahle " Plaot

Export... |

[ CONVERGED ]

—Consecutive Passes————————————
Target 1
Current 1

—Default Settings

Sawve Defaults Clear Defaults

—Mumber of Passes——— 10.00

Completed 10

Mawimum 20

kirirmum 7

—Max Mag. Delta5———————
Target 0.02 e

2

Curent  0.012346

N

View:  Table i Plat
b IF"ass Mumnber

Y Ih-'la:-: bag. Delta 5

Max Mag. Delta 5
=
=
1 1

Lol Lo

CONYERGED

— Conszecutive Pazses

Puc. 22. Pe3ynbTaThl aJanTUBHOTO PELICHUS

25

Target 1 .
Current 1 \
— Drefault SEttiﬂQS 0.01 T T T T [T T T T [T T T T [T TT1 TT 11 TT T T [ T T T T[T T 11
Save Defaults Clear Defaults 2 3 4 5 6 7 9 10
Pass Mumber




Beigenute B nepese npoekTa o0a y3i1a, COOTBETCTBYIOLIME IJIedaM BUOpaATopa,
3akaB KiaBury Shift, HaxMuTe Ha BBIZICTICHHBIC Y3JIbI TPABOI KHOITKOM MBIIIIH, 3aTEM
Plot Fields, J, Mag_Jsurf (puc. 23). B nmosiBuBIIIeMCS OKHE MOXKHO BBIOPATh YacTOTY,
Ha KOTOpPOMl OTOOpa3uTCs BEIMYMHA IJIOTHOCTH TOKAa, HO OCTaBUM HACTPOWKY IO
YMOJIYaHUIO (4acTOTa aIallTUBHOrO pelieHus) 1 Haxxmem Done. UtoOsl mocne 3Toro
KapTHHA TOKAa OKa3aJach BHJIMMOW, HEOOXOJUMO BBIOpATh B JAEPEBE MPOEKTA COOT-

BETCTBYIOIIMH y3€JI JIEBOM KHOMKOM MbIIH (puc. 23). CaenaiTe BHIBOIBI.
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-4 aluminum
8=l Cylinderl
£ Cylinderl_
(-3 Sheets Expand All
E|H\* Lines Collapse All
B Polylinel
412, Coordinate Systems Edit '
]g Elam‘-s Group 4
i - 15t3
sians | Create 30 Component...
S  Assign Material...
View '
Properties...
A Create Array ...
>

Create Open Region ...
Update Open Region Padding...

Evalu
Assign Boundary »
- Assign Excitation »
Azsign Hybrid » ’
Assign Mesh Operation »
E 3 Plot Fields 3
H * Dlat hdack
] » Mag_lsurf
Q » ComplexMag_lsurf
o G Palyin [P
T optreties -1, Coordinate Sy: b
7 Results 4 Planes 5 54575:921
3.4 Caleulator Expressions | @ Lists || 2. 2289 -p81
1 Port Field Display 1: 911PE-B81
3 1 1,5937E-BE1
| Field Overlays 1, 27B4E-AA1
3-B Jsurf 9. 5985E -B02
do . 5. 4172E-B82
7 Radiation 3 3, 244EE-BE2
7. B752E-0EY
rties 2 ox
lame Evalu
e Mag
fion Aut...
e o deg
03 GH:

Puc. 23. OtoOpaxeHue MIOTHOCTH ITOBEPXHOCTHOTO JJIEKTPUIECKOTO TOKA Ha BHOpaTope

JloGaBuM rpaduaeckoe 1moJie ¢ BXOJHBIMH XapaKTEPUCTUKAMH MOJICITH, HA)KaB B
JepeBe mpoekTa Ha MyHKT Results nmpaBoii kHomko# MbIm 1 BeiOpaB Create Terminal
Solution Data Report (manusle perienus s TEpMHHAIOB B moptax ), Rectangular Plot

(ToJie 1eKapTOBOM CUCTEMBI KOOPAMHAT) KaK MoKa3aHo Ha puc. 24.
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=-[f] Port Fie
- 1

- Mgy Field Oy
=.- W Jsun

<

Puc. 24. Jlo6aBnenue rpaduka B JeKapTOBOH CHCTEME KOOPAWHAT 110 TEPMUHAIBHOMY PEIICHUIO

JloOaBrM B MPOEKT Tpaduk 3aBUCUMOCTH BEUIECTBEHHON M MHUMOM 4YacTei
BXOJIHOTO COTPOTHBICHHS OT YacTOTHI, BBHIOpaB B TOSBUBIIEMCS OKHe Terminal
Z-parameters B jeBoi 4acTu U MpuMeHUB K HUM GyHKuu IM 1 Re u3 npapoii yactu

okHa (puc. 25). BriOupars HECKONBKO (QYHKIHMHA 32 OIWH pa3 MOXKHO YACPKHUBAs

Create Modal Selution Data Report
Create Fields Report

Create Far Fields Report

Create Emission Test Report

Create Report From File...

Delete All Reports

knasuiny Ctrl. Haxxmem New Report.

----- BH Mesh Operations I L{, Coordinate Sy | |
3. 4 Analysis e
= ﬁ nalyss Paste
,@ Auty
l@ Optimet Create Terminal Solution Data Report
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Rectangular Plot
Rectangular Stacked Plot
Polar Plot

Data Table

Smith Chart

3D Rectangular Plot

3D Polar Plot

Rectangular Contour Plot



S =

[t Trace I Families I Families Display I
Solution:  [a14n1 : Swee b
I ' A J Primary Sweep: IFreq ;I I"’"" _I
Domain: Swee *
I a J ¥ v Default IFreq _I
TDR Options, .. | I I - Range
W Ire{Zt{Redﬁng 21 _T1,Rectanalel_T1)); im{Zt(Rectan Eunchion...
Quanﬁty:l ~ I Function:
Variables Zt[Rectanglel_T1 Rectajill Bull kS
Output Variables ang_deg
Terminal 5 Parameter ang_deg_val
Terminal ¥ Parameter ang_rad
Terminal Z Parameter arg
Terminal VSWR cang_deg
Terminal Port Zo cang_deg_val
Group Delay cang_rad
Passivity dB10
Design dB 10normalize
Solution Convergence
—Update Report normalize
V¥ Realtme Update ™ | < >
CQutput Variables. .. | Options... | Mew Report apply Trace | add Trace | Close |

Puc. 25. BriBog Ha rpaduk TeHCTBUTEIIFHON M MHIMOM YacTei BXOAHOTO COMPOTHBIICHUS

Ecnu Bce mapamerpsl BuOpaTopa pacCuuTaHbl BEPHO, TO HA TOSBUBIICHCS Ya-
CTOTHOW 3aBUCUMOCTH MOYKHO OyJeT HaOII0JaTh MOCIEAOBATEIbHBIN PE30HAHC KaK

3TO MOKA3aHO Ha pHC. 26.
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Terminal Z Parameter Plot 1 HFSSDesign1
250.00 Curve Info

—— re(Zt(Rectangle1_T1,Rectangle1_T1))
Auto1 : Sweep

—— im(Zt(Rectangle1_T1 Rectanglel_T1))
Auto : Sweep

200.00 —

150.00 —

100.00 —

Y1

50.00 —
0.00 —

-50.00 —

-100.00 — . ——— — —— . T .
240.00 260.00 280.00 300.00 320.00 340.00 360.00
Freq [MHz]

Puc. 26. YactoTHast 3aBUCUMOCTH BXOJHOTO COTIPOTUBIICHUS

Kak npaBuio pe3oHaHC MOJIy4aeTcsi HECKOJIbKO CMEIICHHBIM OT LIEHTPaJIbHOU
Y4aCTOThI, 3aIaHHOM M0 BapuaHTy U3 Tabi. 1 1 aHTEHHY HEOOX0AUMO MOACTPOUTH. {71
HACTPOMKH 110 4aCTOTE HEOOXOIMMO M3MEHSTh IJIMHY Iuteua BuOpatopa |1, 3agannyro
OJIHOMMEHHOU nepeMeHHOM. J{1s1 3Toro HeoOXo0AUMO BHIOPATh B J€PEBE MPOEKTA UMS
Mojenu. Torma mepeMeHHbIE MOJAEIH OTOOpas3siTcs B OKHE CBOMCTB U MX TaM K€
MOXHO OyzmeT u3MeHsATh (puc. 27). [locie u3MeHEeHUsT pa3MepOB aHTEHHBI HEOOXO-
JMMO CHOBa 3amyckaTh pacueT (puc. 20). M3MeHsiiTe pe30HaHCHBIA pa3Mep JI0 TeX
nop, MOKa IMOCJEN0BaTEeNbHbIN pe30HaHC He OyAeT HacTymnaTh Ha IEHTpajIbHOW 4Ya-
cToTe (MHHUMas 4aCTh COMPOTUBIICHUS HAa HEM JOJDKHA OBITH OJIM3Ka K HYJIIO, a Bellle-

cTBeHHas K 75 Om).
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=3 Laba11* P

¥PY rssesign1 (DrvenTermina

é 3D Components
----- %} Maodel
- [F Boundaries
=% Exdtations
5P Hybrid Regions
----- BE Mesh Cperations
=-JF Analysis
- Autol
- {f#] Optimetrics
=[] Results
=-EJ Terminal Z Parameter
----- M re(ZtRectanglel_T1,R
L. im{Zt{Rectangle1_T1,R
=1l Port Field Disolav

AL |

Properties

MName | Value | Unit | Evaluated Value
rl 3 mm 3mm
| 250 'mm 250mm

Puc. 27. VI3ameHeHWe IEPEMEHHBIX B MOJICITH

BriBenem Ha rpaduk B aekapToBoil cucreme koopauHat KCB anamormyHo
puc. 25, Ho BbIOpaB B jieBoM crircke Terminal VSWR Bmecto Terminal Z-parameters,
a B MpaBoM criicke GyHKIMo None (orcyrcrBue Gpynkiumn). Ha monmyyenHom rpaduke
HAXMHTE JICBOW KHOTIKOM MBIIIN ABAXK/IbI HA BEPTUKAIBHYIO OCh M BHIOEPUTE BKIAAKY
Y1 Scaling. 3anaiite MmunumansHoe 3HadeHne KCB mms oroOpaxkenus (min) 1, a
makcumanbHoe (max) 5 (puc. 28). Eciau HacTpoiika aHTEHHBI BBIMOJIHEHA BEPHO, TO

MuHuManaprHOe 3HaueHrue KCB Oyner Ha0moaaTbest BOIM3U LIEHTPATBHOM YaCTOTHI.
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Cartesian I General I Grid

| Header | Legend | X s | X Scaling | Y1 Axs Y1 Sealing |

Name | Walue | Lnit | Evaluated Value Description -

Pods Scaling Linear
" [specy Min -
[ Min 1
| Specty Max r
[ [Max 5

Spacing 10
| Minor Tick Divs |5

~Manual Units
: Auto Units |7 o
< >

[~ Show Hidden
ITI Ommena MpMMEHUTE

Puc. 28. 3aganue npenenoB oroOpaxkeHus rpapuka

Haxxmute Ha rpaduke mpaBoil KHOTKOW MBIIIH, BIOpaB myHKT Trace Charac-

teristics, All...

(puc. 29). B OTKpBIBIIEMCS OKHE BBIOGPHTE BHHU3Y CITHCKa

XWidthAtVal (oTtoOpaxeHne mMpHHBI rpaduKa 1Mo 3aaHHOMY YPOBHIO) U BBEIAHUTE

3HAYCHUC BHU3Y

OKHA 2 (OTOGp&)KGHI/Ie IIAPUHBI ITOJIOCHI COIJIACOBAHUA 110 YPOBHIO

KCB = 2). Haxxmute kaonky Add Trace Characteristics. Ha rpaduke mosiButcs 3Ha-

YCHUC HMIMPUHBI ITOJOCHI 4YaCTOT B TCX KC CAMHHIAX M3MCPCHUSA, YTO M YaCTOTHI Ha

ocu adcrucc.
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/ | Marker *

Recent Trace Characteristics ¥
Favarites 3 Add Mote...
Al | Add Limit Line ,
Clear All Wiew ¥
Accumulate
Edit 3
Maodify Report...
. . ) . i ! . Update Report -
1.000
Freq [GHz] Report Templates *
s | Export... B

Category: |Al

Favorite | | Categary | Defauit | A
[T | xdbioBeamwidth Radiation

2 [T YADMn Math
nl [T vatval Math
W
I Returns the X width between the first 2 occurrence of Y value.
Urit | Description | |
¥ Walue at which we need to find X Width
¥ Current stidey range overrides saved default
Add Trace Characteristic | Save As Default | Close
B

Curvelnfo | XWidthAtyval(2)

— VSWR(1) =
Setup1 : Sweep 0.0030

Puc. 29. Onpezenenue MoI0CH COTJIaCOBaHMS 110 3aaHHOMY ypoBHIO KCB

33



JloGaBbTe B MNpOeKT Tpaduyueckoe Imojie s OTOOpaKEHHsS JIUarpammbl
HarnpasyieHHocTH ([IH) anTenns! (puc. 30). Jlo6aBsTe Ha rpaduyueckoe mojie oToopa-
KEHUE HOPMHUPOBAHHOW BEIMYMHBI HAMPSHKEHHOCTH AJICKTPUYECKOTO TMOJS KakK I10-
kazano Ha puc. 30. Ha Bkmagke Families (otoOpakeHre CeMEHCTB 3aBHCHMOCTEH)
BeiOeputre ¢ = 0, 90°, ynepxusas Ctrl (oto6paxenne JIH B rIaBHBIX MIOCKOCTSIX).
Haxmure New Report. AHamoruyHelil pe3ysibTaT MOKHO IMOJIYYUTh, €CIU BHIOpaTh B
JeBo BepxHel yactu okHa Elevation smecto 3D. Ilpu stom BeiOOp yrios Phi cpasy
Oynet orpanudex 0 u 90°.

B mnosBuBmiemcs okHe aHanmoruyHo puc. 29 ompenenure mupuny JH 1o
ypoBHI0 —3 1b (0,707 mo Hanpsp>KEHHOCTH TOJIsT). AHAJIOTHYHO MOXKHO rmoctpouTs JIH
aHTEHHBI B JenuOenax B JIEKapTOBBIX KOOpAMHATaX, N100aBUB rpaduueckoe moje C
JICKapTOBBIMH KoopJuHaTamMu (puc. 24) u BbIOpaB Function k Toi jxe BelMYUHE

dB20Normalize B mpaBoii yactu okHa qobasieHus rpaduka (puc. 30).
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E Paste Ctrl+V
Create Modal Sclution Data Report ]
Create Fields Report J
Create Far Fields Report * Rectangular Plot
[ Pnrt-FieId Create Emission Test Report r Rectangular Stacked Plot
w1 Create Report From File... Radiation Pattern
Mg Field Ove
EE E Fial Delete All Reports Data Table
o 3D Rectangular Plot

Category: Quantity:l =~ I Function:

Variables degel A
! i rephi deriv
rETheta E:Sn
rEx int
rEY i0
Eelali;edﬁGaiE ; (EZ fl
clarization Ratio n
Axial Ratio rELHCP log 10
Antenna Params rERHCP Mg
Design rEL3X
rEL3Y
I ) A R p A

JAS - HFSSDesign1 - New Report - New Trace(s)

Trace Families Display I

—Families : 2 available

¥ Sweeps { Available variations

Variable Value

™ Use all values

]

¥ Selectvalues ¢ Specify range

Clear all

|

Select all

Sweep: (¥ Default © Edited

—‘ Mominals: I a, b, h, xsub, v, ysub

Puc. 30. JlobaBieHne B MpOEKT rpauuecKoro MmoJist s TuarpaMMbl HallPpaBJICHHOCTH
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B nepese mpoekra Haxxmute Ha y3en 3D B Radiation mpaBoit KHONKOW MBbIIIN
(puc. 31) u BeiOepuTe Compute Antenna Parameters (pacder aHTECHHBIX XapaKTEpH-
CTHK). B mosBuBIIEMCs OKHE 0TOOpakaeTcs MaKCHUMAalIbHBIM KO3 (PUIIMEHT Hampas-
neunoro aevictBus (KHJI) antennsl (Peak Directivity), MakcuManbHbIH KO3hGUITUECHT
yewitenus (KY) antennsl (Peak Gain) u ero 3HaueHUE ¢ YIETOM HEHJICATHBHOCTH CO-
rimacoBanus (Peak Realized Gain), a Taxke yrisl 0, ¢, Ipu KOTOPHIX OHU HaOJIO/a-
etcsi. Kpome Toro, B OKHE MOXKHO YBHJIETh PACCUNTAHHYIO 3P (HEKTUBHOCTh U3ITyICHUS
wm KI1J] antennsr (Radiation Efficiency) u xo3ddunment 3ammrHOTO neiicTBus
(K31) anrennst (Front to Back Ratio). MoxHO ompeaeauTh MPEeHMYIIECTBEHHYIO
MOJISIPU3AIMIO TIOJIST M3JIYYCHHUSI aHTEHHBI B PA3IMYHBIX HAMPABICHHUSX 10 JTaHHBIM

BHU3Y OKHa. Hampumep, U3 3TUX JaHHBIX BUIHO, YTO B HanpasieHuu 0 = 140°, ¢ = 90°

—

MaKCHMalbHa OYJeT X-COCTaBJIsAIONIas BekTopa E M aHTeHHa B 3TOM HaIpaBiICHUU
OyZeT UMEeTh JIMHEWHYIO MOJISPU3ALIHIO.

IIpm orcyTcTBUM OUANEKTpUKa ¢ IOTEpsiMU B MoJenu pacuersl KII/] anTenHsl,
KaK MpaBUJI0, HEKOPPEKTHBI, U JTAl0T 3HaueHus Oosnbiie enunuiibl. Onpenenute KHJI

AHTCHHBI U CPABHUTC €0 C TCOPCTUUCCKUM.
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. 5D
iy Ain Copy Crl+C
Lol Elew
— ]
[771 Definitions 2T e
»  Delete Delete

Compute Antenna Pararneters...
I'm

Mame |Value |

— Inputs

Setup Mame: I an Sites

Solution: I.-‘-‘-.utu:ﬂ : Lasttdaptive Expart

|

|

Array Setup: INDne

[ntrinzic Y ariation: IFreq=EI.3I3H2 _l
|

D ezign W ariation: I N ="250mm' r1="3mm’

Export Fields

Save for
Owverlay

i el

Antenna Parameters:

AT =0 = E

Peak. Directivity

Peak Gain
Peak Realized Gain

R adiated Power 5. 7034 v

] Accepted Power 5632 mw
[ncident Power B.BEET miw
R adiation Efficiency
Front to Back Ratio
v
b aximum Field Data:
EField | Freg | WVaue | AlThetaP A

FHETE my 140deg 90deg
z 346,14 v 40deq.180deg

Phi 8776 m 140deq30dea ¥
< >

Puc. 31. Onpe,ueneHHe AHTCHHBIX XapPaKTCPUCTUK MOACIIN

[TponyGmupyeM cCO31aHHYIO MOJETH B MPOEKTE CKOMMUPOBAB MOJEIb B JIEpEBe

IIPOEKTa U BCTABUB €€ B MPOEKT (puc. 32).
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=X Y HFSSDesign1 (DE== B | 5.8 Suhctrate

é 10 Cumponen| Copy Ctrl+C
L Madel 2 Paste Ctrl+V
Eﬁ Boundaries Rename £
i L% PerfEl
El-- B 3 Calide 1
El@ HFSSDesign |E Paste Ctrl+V
|
{ Rename F2
- X Delete Project Permanently from Disk Delete

Puc. 32. JlybnupoBanue MOAETH B IPOEKTE

B HOBOI1 Monenu ybepemM aBTOMaTHYECKH CO3JaHHYIO0 00JacThb C yCIOBUSMHU
U3JTYYCHHUS Ha CTeHKaX: yoepeM ramouky ¢ mynkra Auto-Open Region B HacTpoiikax
tuna peuienus (puc. 11) u yaanuM rpaHUYHbIC YCIOBUS H COOTBETCTBYIOIIUI OOBEKT
U3 MOJIEIIH.

- BF Boundaries [#) ™ LINES

e o
() £ Exdtations | ename
531 (X Delete Delete

@ Rectan
B = N T

perties Reassign
Name l"u‘alue | Unit Select Assignment

ame Adt... Use As FSS Reference
une Rad z e

Zoom to

al) | @S aluminum
rminaly | £ 8B vacuum

¥~ RadiatingSurfa

@)-3 Sheets Expand All
#-™ Lines Collapse All

R TP S
Copy Ctrl+C Edit y |
Paste Ctrl+V . -
Delete Delete

Group 4

X @ o

Create 3D Component...
Properties...

l A 4

Puc. 33. Y nanenue aBTOMaTu4ecky CO3/1aHHBIX IPAaHUYHBIX YCIOBHMA

& Assign Material...
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Jlo6aBuM 00J1aCTh BO3IYIIHOTO TPOCTPAHCTBA B MOJENb, YKa3aB YacTOTy B
cootBeTcTBUH ¢ Tabi. 1 (puc. 34). B moens npu 3ToM OyaeT 100aBiieH 00BEKT, TPaHU

KOTOPOTO OTCTOSAT OT BUOpAaTOpa MPUMEPHO HA YETBEPTH IJTMHBI BOJIHBI.

= i e T
g 3D Components I EJ@ Rac
=8 - ¢ List...

- Assign Matenal...
-8 Exd > Sy
=y Create Array ...
= Create Open Region ...
m Update Open Region Padding...

~ Reaion

Operating Frequenc |3IJEI j | j

[ Apply infinite ground plane at [NegZ | direction

— Boundary
* Radiation
" FE-BI

" PML

7 Save as default

Puc. 34. Jlo6aBnenue Bo3AyIIHON 007acTH B MOJIETh

B cBoiicTBax 3TOro 00bEKTa M3MEHHM PACCTOSIHUE MEXIy BHOPATOpOM H
HWKHEH rpadbio o0bekTa (-Z Padding), 3amaB ero mepemennoii 01, u Ha3HA4YMB cif

3HAYCHUE YETBEPTH JIJIMHBI BOJIHBI HA IIEHTpalibHOU yacToTte (puc. 35).
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= mmp vacuum
€7 RadiatingSurface

9
Name |Value| Unit | Evaluated V A B3 Sheets
+Z Paddin... Abs... F-" Lines
+Z Paddin... 238... mm 238.0378121 I-IZ. Coordinate Systems
-Z Paddin... Abs... [+ 4 Planes
-Z Paddin... d1 I 220mm - P Lists
W
< »

Command |

Puc. 35. I3MeHeHHE CBOMCTB BO3AYIIHON 001acTh

3aHOBO JI00aBUM JUarpaMMmy HaIrpaBJIEHHOCTH B Mojelnb (puc. 30), TONBKO Ha
3TOT pa3 BbiOpaB Tosibko ¢ = 90°. Beimonnute pacuer Moaenu. Jlo6aBbTe B MOJIENb
HAaCTPOWKHU aHTeHHOU pemieTku (puc. 36). [Ipu mob6aBIEeHUU HACTPOEK PEIIETKH BbI-
OepeM SKBHJIMCTAHTHYIO aHTeHHYI0 pemretky (Regular array) m mepefizem Ha CoOOT-
BETCTBYIOILYIO BKJIAJKy. B 3T0il BKIaske 3aiaercs ceTKa IMIOCKON SKBUAMCTAHTHOU
AHTEHHOW pemeTKu ¢ KoopauHaramu nepBoro diaementa (First Cell Position), B ko-
TOPOM JIEMEHTHI OBTOPSIIOTCS BAOJIb HAIIPABJIECHU BEKTOPOB UnV. Hanpasnenus

(Directions) aTux BeKTOpOB 0003HAYAIOTCS YKa3aHUEM KOA(P(DHUIIMEHTOB K OpTaM Jie-
KapToBoil cuctembl koopauHat Xy, Yu, Zu, Xv, Yy, Zv: U= XX +Yu Yo +4,Z,,
V =X, % +Y, Y, +Z,Z,. [To ymonuanmo Bektopa U n V coBnamaior ¢ opramu oceii X
1 Y COOTBETCTBEHHO, U 3T HACTPOMKH HaM MOAXOAAT. 3amaaum mar pemietku (Dis-
tance Between Cells) B nanpasiennn Bextopa V (B0 OCH Y) KaK YeTBEPTH ITHHBI
BOJIHBI Ha LIEHTPaabHOM yacTore u uncio snementoB (Number of Cells) Baons sToro
BekTOpa 2, a B1oib Bektopa U (Bmois ocu X) — 1. Jlmst 3ajaHus pasHocTH (a3 (Wi
ckanupoBanus — Scan Definition) ucnons3yeM pa3HOCTh (a3 MeXIy COCETHUMHU

snementamu (Use Differential Phase Shift) u 3agagum ee B nanpasiennu Bexropa V
(BmoJtb ocu Y) kak nepemennyro deltaphiy, koropoit npucsoum 3nauenue 0. [Tpu Takoii
HacTpoiike monenu pacyeT JIH M aHTEHHBIX XapakTEpUCTUK OyIeT MPOUCXOIUTH C
Y4ETOM MHOXKUTEJIS HAIIPABIEHHOCTH aHTEHHOM PELIeTKH, OJJHAKO B3aUMHOE BIIUSTHHE

QJIEMCHTOB PCHICTKH YUUTLIBATHCS HEC 6y,Z[CT.
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[H-ITT FUEL IR LIS Y
l-i Field Overlays I /

=  Paste Ctrl+V
Insert Far Field Setup »
(3] Definit Insert Mear Field Setup 3
- efinitions
Antenna Array Setup...
» [ ]| 1]

Amay Type N Regular Amay I

i Mo Amay Setup

™ Custom Amay Setup

Amay Type  Regular Amay |

r— First Cell Position

XID Imm LI YID Imrn LI ZID Imrn ;I

— Directions
U Vector X I‘I Y Iﬂ il ID
W Wector X ID Y |1 z ID

— Distance Between Cells
In U Direction ~ [10 [mm  v| JinV Direction 250 jmm <]
— Number of Cells

In U Direction |1 In V Direction |2

~Scan Definition
€ Use settings from slave boundary Phi o [des |
" Use Custom Scan Angles Theta o [des ~]
{* Use Differential Phase Shift In U Direction |0 [deg |

In V Direction [deftaphi [ =

0K I OmaeHa | Cnpaeka

Puc. 36. Jlob6aBneHne HaCTpOEK aHTEHHOW PELIETKH



YcraHaBnuBas 3HaYCHUE dTOW MEPEMEHHOM B CBOMCTBAX MOJEIU IIOCIEI0BA-
tenpro 0, 90°, 180°, mponabmiomaiite 3a JIH u cpaBHHTe e¢ ¢ TakoBoil u3 [1]
Ha puc. 37. Ecim Bce cnenano BepHo, To JIH MODKHBI ¢ BBICOKOM TOYHOCTBIO COBIIA-
nath (¢ yuetom mopopota Ha 90°, mockoabpky Ha rpaduxe JIH B HFSS npu a3ToM ock X

OKa3bIBACTCA BEPTUKAIBHOMU, a Y — TOPU3OHTAIIBHOM ).

i 7 Y4

-

HY
D
8
S
(3

-

0
@=0 40=180° 49 =30°

Puc. 37. MHOXHUTEIIb HAPABIEHHOCTH JIBYX PaBHOAMIUIUTYIHBIX H30TPOIHBIX HCTOYHUKOB

(d/1=0,25)[1]

OpnHOKpaTHO Ha)kaB KHOTIKY F 117151 mepexona B peskuM BbIOOpa TpaHeil BMECTO
00OBEKTOB, BBIIEIUM HIKHIOIO TpaHb BO3AYIIHOW 00nacT (B 00JacTH OTpULATENb-
HbIX Z). Bpamars Mozenb npu 3ToM MoxHO 3axaB Alt u neByro kHonky mbIu. J[Bu-
raTh MOJICNIb B OKHE MOJICITU MOXKHO 3akaB kiaBuiny Shift u neByro KHONKy MbIiy,
MacIITa0UPOBaTh KOJIECHKOM MBIIIH. 3aJaguM TPaHUYHBIC YCIOBHS HACATHLHOTO
IPOBO/IHMKA, HA’KAB MPABYI0 KHOIKY MBIIIM B OKHE MOJIEJIM Ha BRIOpaHHOM 00JacTH,
BeIOpaB Assign Boundary u naxas Perfect E... (puc. 38), a Takxe Haxas OK B oT1-
KphIBIIEMCSl OKHE. {7151 mepexosia 0OpaTHO B PEKUM BBIJICICHUSI 0OBEKTOB HE0OXO-
aumo Haxkath knasumry O. Takum 00pa3om Ha HIDKHEH TpaHW OJHOBPEMEHHO OKa-
KYTCS 3aJJaHHBIMHU YCJIOBHSI U3ITyUEHUS M UICATBHOM MPOBOJUMOCTH, O Y€M TIOSIBUTCS
MpeaynpexaeHue B okHe cooOmeHui. [Ipu aTom ycrmoBus u3nydeHus Ha 3TOW TpaHu
OyayT urHopupoBaThcs. Kak mpaBuio MpH TPOEKTUPOBAHMU CIEAyeT H30erarth
HAJIO)KCHUS Pa3HBIX YCIOBUW Ha OJHOW TpaHW, HO B paMKax JaHHOW pabOThI aJis
HSKOHOMHUHU BPEMEHH OCTaBUM YCJIOBHUS OMPEACIIEHHBIMH TaK. Tenepb Mbl Oy/eM BbI-

MOJIHATH aHAJIW3 BUOpATOpa HaJ MPOBOMAAIIMM IKpPAaHOM. YJallUTe HACTPOMKY pe-
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metku u3 mogenu (No Array Setup na puc. 36) u cHoBa qo6aBbre Ha rpaduk JIH
¢ =0 (puc. 30).

Aperture... Go to History

Finite Conductivity... Nt 5

Half Space...

Impedance... View :

Layered Impedance... Edit »

Lumped RLC... Group 5

ssiias Create 3D Component...

Perfect E...

Perfect H... ASSIE e

Radiation... Create Armay

Slave... Create Open Region ...

Symmetry... Update Open Region Padding...

PML Setup Wizard... Assign Boundary 4
( ——————— Assign Excitation 4
0 200 400 (mm)

Puc. 38. 3aganue ycnoBuil ueanbHOro MPOBOAHUKA

Onpenenure Kak U3MEHUINCH XapaKTEPUCTUKU MOJIENU IO CPABHEHUIO C TIep-
BOHAYaJIbHBIM BHOPATOPOM B CBOOOJHOM TMPOCTPAHCTBE: BXOJHOE COMPOTHBJICHUE,
KCB, IIH, KH/I. [IpoBenutre HacCTpOWKY MOJEIH 3aHOBO, U3MEHSSI PACCTOSHUE [0
9KpaHa U IJuHY 1mied Buoparopa st noiayuenus KCB 6au3koro k enunuiie (XoTst Obl
HKe 1,3) Ha IEHTPAJIbHOM YacToTe.

CHoBa n06aBbTE B MOJIETIb HACTPOUKY aHTEHHOW pemieTku (puc. 36), HA ATOT
pa3 yCTaHOBUB 4 AJIEMEHTA BJIOJb OCH X, U | BIOJIb OCH Y, U IIaT PEIIETKH BAOIL OCH X
KaK nepeMeHHy0 0X1 B 4eTBepTh JJIUHBI BOJIHBI Ha IEHTPAJIBLHOM YaCTOTE ¥ PAa3HOCTh
(a3 BO30YKIACHHUS COCEAHUX dIEMEHTOB B0Jb ocu X deltaphix = 0. Takum oOpasom
MBI TIOJTyYUM JIMHEHHYI0 CHH(A3HYI0 aHTCHHYIO PEIICTKY M3 KOJUIMHEApHBIX BUOpa-
TopoB. OOpaTnTe BHUMaHUE HA TO, YTO BXOJHOE CONPOTHUBIICHHE aHTEHHBI TIPH ATOM
HE U3MEHUJIOCH, T. K. y’)K€ OTMEUaJIOCh, YTO B TAKOW MOJIEIHN HE YUUTHIBACTCS B3aUM-
HOC BJIUSIHHE DJICMCHTOB PEIICTKHU (B JAaHHOW MOCIH MPH TaKOM IlIare pemeTKH Co-
CeIHHE M3IIy4aTeIN HAJIOKHWINCh Obl APYT HA JApYyra U peuieTka He JoJKHa Oblia Obl
pabotats). [Iponabmronaiite u onuimuTe u3MeHeHus: B JIH ¥ aHTEHHBIX XapaKTepu-

CTHKax II0 CpaBHCHUIO CO CIydacM OJHMHOYHOI'O M3JI1y4daTCJisd. VYBeauuuBas mar pe-

43



HICTKH JI0 JBYX JIJTMH BOJIH C IIIarOM B Y€TBEPThH JUIMHBI BOJIHBI MPOHAOIIOIANTE U
ormumuTe u3MeHeHus: [|H 1 aHTEHHBIX XapaKTEPUCTHK, CBEI MX Ha rpauK HUIU B
tabymiy. YcranoBure mar pemretku B 0,75 Ao Jlo6aBbTe mepemennyro deltaphix
(pa3HOCTh (ha3 MEKIY COCETHUMHU JICMEHTAMH BJIOJIb OCH X) JUJIsl TOJCTPOUKH OT 0 110

180° ¢ marom B 10°, kak moka3zano Ha puc. 39.

ﬁ HFs5Design1 (DrivenTerminal) I
HFSSDesign2 (DrivenTerminal) g
5 — i Ctrl+C

& Copy
-2 30 Components
_____ Madel B2 | Paste Ctrl+V
J-fF Boundaries Rename 2
..F Openi
Delet Delet
L. PerfEl SR EIEe
- B Excitations Convert to Full Access 60
& Hybrid Regions Convert to Read Only
----- BH Mesh Cperations f
]ﬁ Analysis Solution Type... r
ﬂl@ Optimetrics List...
I .
@ =2 Parametricietupl & Validation Check...
J-[f¥] Results
+E , s Analyze Al
BN Terminal Z Parameter Plot 1
E Submit Job...
brties il ]@ Edit Motes...
‘ame |Va|ue| Unit | Evaluated V: Toolkit b
S L 3D Model Editor
20 |mm Z20mm Set Object Ternperature...
200 200m r
m m Design Settings...
aphi 0 dea Odeq
aphiy |0 deg Odeg Boundary Display (Solver View) ”
aphix |0 deg Odeg | Design Properties... |
780 mm 750mm Procinm Protoret

Local Varables |
 Value " Optimization / Design of Experiments * Tuning ™ Sensttivity " Statistics
Mame I Include | Mominal Value I Min I Unit I Mz I Unit I Step Unit
r [T [3mm 15 mm 45 mm D3 mm
1 [T |220mm 110 mm 330 mm 22 mm
di [T |200mm 100 mm 300 mm 20 mm
dettaphi [T |Odeg -1 deg 1 deg 02 deg
— m — w 4 “ 4 “ 0o
I | detaphic [  Odeg 0 deg 180 deg 10 deg I
g — e e —_—
£ >
, Iv Show Hidden
Add... Add Aray... Edi... Bemove ™ |
0K I OmaeHa M prAEHMTE

Puc. 39. YcranoBka nepeMeHHOMN IS TOACTPOHKH
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VYBenuuuBaiTe pazHoCTh (Pa3z MEXAYy COCETHUMHU AJIEMEHTaMH, UCTIOJb3Ysl UH-
CTPYMEHT MOJCTpOiKU nepemenHor (Tuning), ycTaHOBHUB TaJOYKy peajibHOTO Bpe-
menu (Real time), u mepemernas moix3yHOK CHU3Y BBEpX, Kak IMoka3aHo Ha puc. 40, u
BbIBe/Is1 Ha 9kpaH J{H perreTku B riaBHBIX MmIockocTsaX. [Iponabmionaiite u onuimre
n3MmeHeHus: J|H m aHTEHHBIX XapakTEPUCTHK MPU U3MEHEHHH Pa3HOCTH (a3 Ha co-
CeIHUX 3JeMeHTax pemeTkd. OOparure BHHUMaHHME Ha TO, Kak u3mensiercs JIH B
mockoctd @ = 90° npu pazHocTsx $haz 90° u 180°. DTo MPOUCXOAUT K3-3a TOTO, UTO B
ATOU TUIOCKOCTH AJIEMEHTHI PEIIETKU CO3/Ial0T MPOTHBOGA3HOE MOJI€ HU3-3a MPOTHUBO-

(dhazHoro Bo30yxkaeHus, u pacuet JIH oka3piBaeTCss HEKOPPEKTHBIM.

Iﬁ Analysis I

I@ Optimetrics -

-[F] Results Paste Ctrl+V
@ Terminal ] Add b
-7 Terminal |

Analyze k

View Analysis Result...

Import Large Scale DSO Solution...

Variation: | Awvailable

[T Sweep
deltaphiz  |deg

180

¥ Browse available variations [1] Haminal

* Snap changed variable
™ Snap all variables

Tune | Abort
Save | R evert
Reset | Cloze

Puc. 40. TToactpoiika mepeMeHHOM
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Hapucyiite rpaduku 3aBUCUMOCTEN TOJIOXKEHUsI riIaBHOro Makcumyma /[H B
wiockoctd ¢ = 0°, mupunsl IH mo ypoBHio —31b 1 ypoBHS OOKOBBIX JIEIECTKOB OT
paszHoctu ¢a3. Onpenenure pasHOCTh (a3, mpu koTopoit B JIH mosBiseTcs moOouHbIM

MAaKCHUMYM U CPABHUTEC €€ C TCOPCTUICCKUM 3HAYCHHUCM.

Conep:xkanue oTuera

1. [enms paboTHI.

2. BeinmonHeHHOE IOMAIIHEE 3aaHue.

3. Mogenu uccnenyeMbix ycTpoicTB. Ha n3o0pakeHusix Mojieneit 0003HaunTh
pa3Mepsl U HOPTHI.

4. Pe3ynbTaThl pacueToB, BKJIIOYas BCE PE3yJIbTAThl, MIOJIy4aeMbl€ B XOJ€E BbI-
MOJIHEHHS paboThl: rpaguku U KapTuHbl noJjisi. Ko BceMm rpadukam HOMKHBI OBITH
naHbl nosicieHus. Ha Bcex rpadukax A0KHBI ObITh 0003HaU€Hbl OCHM KOOPAMHAT U
€IMHULIBI U3MEPEHHsI BeIWUrH 1Mo ocsiM. OTHOTUIHBIE U CpaBHUBaeMble TpaduKu
PEKOMEHIyeTCsl MOMEIIATh Ha OJIHO Tpaduyeckoe moJie.

5. BeiBoabl 10 mpojenaHHON paboTe ¢ MOAPOOHBIM aHATU30M IMOJTYYEHHBIX
pe3yNbTaTOB M NPUHLMIOB PabOThl yCTpOMCTB. i aHanmn3a peKOMEHIyeTcsl Bce

MOJIYYCHHBIC XapaKTEPUCTUKU BHECTH B TAOJIHILY.
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