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MPOEKTUPOBAHUE M MOJEMPOBAHUE

PE3A XOCCEMAHU (REZA HOSSEINI), TIYH®31 BA (LONGFEI BAI)

OCOBEHHOCTH MOOEAHPOBAHH/SI
ITPH IIOMOIIIHA SIMULIA CST STUDIO SUITE

HA ITIPUMEPE OBTEKATEAEH
U OB BbEAHHHUTEABHBIX IIAAT

CraTbA COCTOMT 13 ABYX YacTeEN 1 ONUCbIBAET OCOBEHHOCTH
mMogzenupoBaHus B cpefe CST Studio Suite ot komnaHum Dassault Systémes.
B nepBoii yacTn ee aBTOp Pe3a XocceliHu (Reza Hosseini) paccka3biBaeT

0 BO3MOXHOCTAX Cpefbl OTHOCUTENBHO CO3AaHUA 1 aHanr3a Mogenen
pagoMOB — 3alUTHbBIX paAronpo3payHbix obTekaTteneln. Bo BTopoi vacty,
aBTOpOM KoTopoi asnaeTca JlyHegat bali (Longfei Bai), peub nopoiget

0 TOoM, Kak B cpepe CST Studio Suite ynpocTuTb npouecc pa3paboTku
06beAUHNTENBHBIX NNIAT, U OyAyT NPOAEMOHCTPMPOBAHbI Cpeabl

BO3MOXHOCTU Mpun X mogenmnpoBaHnn.

YACTb 1. PAAOMbI HA OCHOBE CJIOXHbIX 1 KOHOOPMHbIX YACTOTHO-CEJIEKTUBHbIX MOBEPXHOCTEN

IepBOM YaCTH pedb IOUIET O BaXK-

HOCTHU IIPOBEJIEHNS MOJEIUPOBAHUS

MIEPUOIMNYECKUX CTPYKTYP U 0COOEH-
HOCTAX UX IIPUMEHEHM 1P IIPOEKTUPOBA-
HUU oOTeKaTese U PaIuoIOKaI[MOHHbIX
cucreM. IIpuBoguTca onucanue mpoiecca
MOJIEJIMPOBAHHU S, IIPA KOTOPOM IIPOUCXO-
JIAT ITO3TAIIHBIN IIepeXOof] OT dJIeMeHTapHOU
AYENKH K KOHEYHOMY MaCCUBY CTPYKTYP,
U HarboJiee ONTHMAIBHBIX TOAXO0IO0B IS
MOJEJINPOBAHUSA ITUX CTPYKTYP.

NMEPUNOANYECKUE CTPYKTYPbI
B POJIU SNNEMEHTAPHbIX AMEEK

OpnHOM 13 0COOEHHOCTET MCITOIh30BAHUS
HEePUOAMYECKUX CTPYKTYP IIPU CO3TaHUH
MaTepuaaoB IJIsI PAJOMOB SIBJISETCS UX JI0-
BOJIbHO HEOPJIMHAPHOE JIeKTPOMArHUTHOE
moBsefeHue. B kavecTBe MPUMeEPOB MPHUIIO-
JKEHUH, CO3TaHHbIX Ha OCHOBE IIePUOnYe-
CKHX CTPYKTYpP, MOTYT BBICTYIIUTb MeTa-
MaTepHuabl, UCKYCCTBEHHbIE MaTHUTHBIE
[IPOBOIHUKY 1 YaCTOTHO-CeJIEKTUBHBIE 110~
Bepxuocr (FSS). ITocnenuue, B acTHOCTH,
BIIOJTHE MOTYT OBbITh UCIIOIBb30BAHBI JUIS 110~
JydeHus oOTeKareseil ¢ UHIUBULYaIbHBI-
MU [apaMeTpaMy JaCTOTHOM (pHUIbTparum,
KOTOpBIE B CBOIO OUYepe/ib HaXOMIAT IIAPO-
KOe IIPUMeHeHNe B AaHTEHHBIX IPHIJIOXKEHN -
ax [1-2].

OmHAKO IPY UCIOJb30BAHUN IIEPUO-
IUY9ECKUX CTPYKTYP BayKHA BO3ZMOKHOCTh
[POBEeIEeHNS MOJIETUPOBAHUS UX HOBE-
IeHUs B TeX WIM UHBIX ycaoBusx. [laker
CST Studio Suite or kommanuu Dassault
Systémes npencrasisier co6oit HaGop UH-
CTPYMEHTOB ISl IPOCKTHPOBAHUS, MOJIE-

w> 9€0

0,58 cm

A puc. (TpyKTYpa 3nemeHTapHOI AYeiIKIN 1 HACTPOIAKA FPaHNYHDBIX YCNOBII ANA 6ECKOHEYHOT0 MacCuBa AYeek

B BbluuMcnuTene nocpeacTBOM yCTaHOBKIN MOA Onoke

JIMPOBAHYS U OIITUMU3AIINU TPEXMEPHBIX
9JIEKTPOMATHUTHBIX CUCTEM U IIPUMEHSI-
eTCsI IePeJOBBIMH TEXHOJIOIHIECKUMHU
U WHXUHUPUHTOBBIMU KOMIIAHUSIMHU
Bo BceM mupe. CST Studio Suite mosso-
JIsIeT paboTaTh C MEePUOSMYECKUMHU CTPYK-
TypaMH, IIpeIycMaTpUBas IBa MOAX0MA.
[TepBBlit TOAXO], 3aKJIIOYAETCS B UCIIOJIb-
30BaHUM BBIYUCIUTEIISI COOCTBEHHBIX MO
(Eigenmode solver), KoTopsbIil mpexHa-
3HAYEeH JJIs OUCKA COOCTBEHHBIX BUIOB
Kose6aHuil (MOJI) 3aMKHYTBIX CTPYKTYP,
He MUMEIOL[UX UCTOYHUKOB 3JIEKTpOMar-
HUTHOTO II0JIS, U IO3BOJISIET IOTYIHUTh
pe3ynbTaThl B BUJE 9aCTOTHOTO CIIEK-
Tpa ¢ yKa3aHUeM IIMPHUHBI 3alpelleH-
HOI1 30HBI [3]. Bropoit moaxom ocHOBaH
Ha npuMeHeHUU TeopeMsbl Pioxke. B man-
HOM CJIy4ae paccCMaTPUBAIOTCS U BO30OYX-
IarTCs TaK HaspiBaeMble Monbl Proke
IJISE JKeJIaeMbIX ePUOJMYECKUX CTPYKTYP.
CST Studio Suite mo3BosIsIeT HAXONUTD
nepenady U OTpaKeHUE MEXIY MOJAMU
dJ10Ke U JPYTUME HOPTaMHU, IIPUCYTCTBY -
IOIIUMHE B MOJIEJH.

MOAENTMPOBAHUE SNIEMEHTAPHbIX
AYEEK

ITepen TeM Kak Ha4aTh IPOEKTHPOBAHUE
FSS, paccmoTrpum noBezneHme ameMeHTap-
HOM A9e¥KU, IOCTPOCHHOM B BHJI€ TeKCa-
TOHA U3 IMIJIEKTPHUKA C METAJUIMIECKIM
IMCKOM B LIEHTPe, KaK II0Ka3aHo Ha puc. 1.
MopenupoBaHue si9eiiku OyzieT oCyIect-
Bisatecst B CST Microwave Studio mpu mo-
MOIIY BBIYUCIIUTEIS B YaCTOTHOMH 00JIACTH
(Frequency Domain solver) ¢ 3ajanHbIME
TPaHUIHBIMH yCIOBHAME (PopMupyromy-
mu mozbl Dioke).

B pesysbrate MOIEIMPOBAHMS MBI MO-
JKeM OLeHUTh KOI(hPUITHMEHT OTpaXkeHUs
saeek (puc. 2a, rpaduK 3eJI€HOTO IBeTa),
COIJIACHO KOTOPOMY 3JI€KTPOMAarHuTHOE
[0JIe IPOXOAUT Yepe3 HePUOAUYECKYIO
cTpyKrypy npu yacrore 19,12 I'Tn u orpa-
KaeTcs Ha IPYTUX 4acToTax. Takum obpa-
30M, MOYKHO CKa3aTb, 4TO MbI B UTOTE HIMe-
€M CBOETO POzia IIOJI0COBOI (IIBTP.

OJHAKO ONUCAaHHbIE Pe3YJIbTATHI OBIIH
HOJIYYeHBI IJIsi TPAHUYHBIX YCIOBUIL,
YCTQHOBJICHHBIX 110 YMOJYaHUIO, U OyAyT
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A Puc. 2a. K03¢(I)I/IL|,I/IEHT 0TpaKeHns 6eckoHeuHoro maccuBa Aveek Ans Pa3HbIX yrnoB nafeHuns nona

e-field [Zmax(1)] a
Orientation Outside
Companent Abs.

Frequency 19125 GHz
Prase 1"

Cross section A

Cutplane atY

Waximum on Plane (Plot) 764947 dBV/m)
WMaximm (Plot) 842147 6B(V/m)

Created using /™)
SIMULIA CST Studic”

e-field [Zmax(1)] @
Orientation Outside

Companent
Frequency
x Phase

Cross section A
Cutplane aty 0433
Maximum on Plane (Pof) 72365 dB(V/m)
Maximum (Plot) 789849 0BV/M)

abs
183694 GHz
e

Crested using /™
SIMULIR CST Studio
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A Puc. 26. KapTuHa nona noBefeHna aneKTpuyeckoro nonA B nonoce YactoT NPONycKaHUA 1 0TPaXeHA 3NeMeHTapHON AYeiiKki

AKTYaJbHBI TOJBKO B CIIydae HOPMaIbHO-
TO TafieHns mojs. BakHO Takke OIEHUTH
MOBeeHIe MacCUBa SUeeK U IPU APYTHUX
YTJIaX MafieHus], 9TO TOBOIBHO JIETKO OCY-
IIeCTBUTH TIPU MOMOIIY YCTAaHOBKH yTJIa
CKaHMPOBAHM (scan angle) MeHIO HAaCTONKA
IpaHUYHBIX ycroBuil. Ha puc. 2a moxasanbl
rpaduku Koo puineHTa OTPaXkeHHs dJIe-
MEHTAapHOM AYeVKU IIPU TPeX PasaIuIHbIX
yrax naneHus. Ha puc. 26 B cBoto odepens
0TOOPAKEHO MOBECHHE SJIEKTPUIECKOTO
IT0JIs1 Ha YaCTOTAaX MOJIOCH MPOITYyCKAaHMUS
1 OTPaKeHHSI COOTBETCTBEHHO.

OBTEKATEJIb HA OCHOBE FSS

XoTs MOfieTMPOBaHKe, IPOBOAUMOE IS
6eCKOHEYHOTO MAaCCUBA ST9€eK, SIBISCTCSI
HeIJIOXOM OTIIPAaBHOM TOYKOM IJIs BBISAC-
HeHWsI TOTO, kKak paboraer FSS, TounoCTH
1 BO3MOYKHOCTb IIPUMEHEHH [IOJTyYeHHBIX
PesyJIbTaTOB HEOOXOLUMO JOTIOTHHUTEIBHO
IIPOBEPHUTH HA MOJEIHN 00TeKaTe st KOHed-
Horo pasMmepa. Ha puc. 3 nokasas moyaHsI#i
Iy Th, KOTOPBII TpeOyeTCs IPOHUTH pa3pa-
6OTYHKY: OT 3JIeMEHTAPHOI SYeHKU U Oec-
KOHEYHOTO MacCuBa K TOTOBOMY oOTeKare-
JII0 KOHEYHBIX Pa3MepOB.

TP NOAXOAA KMOAENUPOBAHUIO
PAJOMOB HA OCHOBE FSS
[Tpu mocTHXKeHUHU dTama, TpedyIoIero
IIPOBEJICHUS] MOZIETTMPOBAaHUs 0OTeKaTes,
BO3HHKAeT BOIPOC, KAKOH BBITUCIUTETH
UM MOJIeTh MaTepHuaja CJeAyeT UCIOIb-
30BaTh B KOHKPETHOH cuTyaruw. s Toro
YTOOBI OTBETUTD Ha IIOCTABJICHHBII BOIIPOC,

PeanbHbin
. obTekarenb
KoHdopmHas
CTpyKTYypa
MnockocTb 13
° KOHEYHOro MaccvBa
BeckoHeYHbI
° MaccvB
OnemeHTapHas

sayenka

©

A Puc. 3. lWaru no NPOEKTUPOBAHUIO U aHANN3Y I'I(-’.‘pI/IO,qVIHECKOVI CTPYKTYpbI ANA C034aHNA obTekatens

IIpeJIIaraeTcs pacCMOTPETh TPHU CIIeLyIo-
IIIMX TTOIXOMA:

ITepBotit 100x00 COCTOUT B HCIIOTH30-
BaHUU ITOJHOBOJIHOBOTO MOJIEJTUPOBAHUS
U COOTBETCTBYIOLIUX BBIYUCIUTEINEH, A
Mopenb OyzieT ConepKaTh BCe reoMeTpude-
CKHe JeTaayn o0TeKaTeNs U aHTeHH. XOTs
IAQHHBI ITOJXO] SBJIIETC HauboJIee mo-
HBIM C TOYKH 3PEHUSI TOYHOCTH MOMIEJIH-
POBaHMs, OH TAKKe TpebyeT HanOOJIbIIIero
KOJIMYeCTBA BPEMEHU M BBIYUCITUTEIbHBIX
pecypcos. Cpena CST Studio Suite mpemna-
raeT HeCKOJIbKO CIIOCO60B COKPAaTUTh Bpe-
M1 MOJIEINPOBAHUS IS TAKOTO IOAXO0/a,
B YaCTHOCTHU — 3a/Ie{ICTBOBATD AIlIIAPATHOE
rpaduaeckoe yCKOpeHue, pacrpeneneHHbIe
Beraucinenus, MPI u t. 1. Iloayauts nonosn-
HUTEIbHYIO HH(POPMAIIIO MOXKHO Ha Be6-
caift kommanuu Dassault Systémes [4].

Bmopoii n00x00 Taxyke OCHOBaH Ha HC-
I10JIb30BAaHUU NTOJTHOBOJTHOBBIX BBIYUCIIU-
TeJiell, HO B HeM MOJeIb 00TeKaTesIs Ipeft-
CTaBJIeHa B BUJIE 9KBUBAJIEHTHOTO 0ObEKTA
HYJIEBOH TOJIIMHBL [TapameTpsl MaTepua-
JIa U3TOTOBJICHHS TAKOM IIJIOCKOCTH OyayT
OIIpeNieNISIThCS Ha OCHOBE MO0 OIMCaHUS
CTeKa CJI0eB MaTepuajoB, 1160 depes Ko-
o uIIeHTs MaTPHIIB paccestHus. TakuM
o6pasom, ciaoxHas reomerpust FSS 3ame-
HSIETCS CIUIOIIHBIME CJIOEM OJHOPOIHOTO
MaTepuaa, 9TO BBITOIHO C BEIYUCTHUTENb-
HOIT TO4YKH 3peHnst. OIHAKO CIIeIyeT y4ecTb,
4YTO Marepuai, saMmensomui FSS, 6yner
UMeTh NPUOIMKEHHBIE XapaKTePUCTHKH,
OCHOBAHHBIE Ha IAHHBIX /IS TTIOCKO BOJI-
HBI M BCETO OJTHOTO YIJIa MajieHus (IIpH OIH-
CAaHUU CTEKOM CJIOEB HCIIOJIb3YeTCs HOp-
MaJIbHBII yTOJI IAJIeHUs], @ IPU OIIMCAHUT

INHYEOdULITOW M IUHYE0dNLNIOdU
N
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I‘ NMPOEKTUPOBAHWE N MOLENNPOBAHWUE

S-MaTpuIeit MOKET paccMaTPHUBATHCSI IIPO-
U3BOJILHBII).

Tpemuii n00x00 3aKTIOIACTCS B OTHEIIE-
HUY QaHTEHHBI OT 00TeKaTeIIs 1 IPOBEIeHIN
MOZIeTNPOBAHIS JAHHBIX IaCTEH OTAEIBHO
Ha PasHBIX BBIYHCIIATENSIX C HOCTeyIOLIeit
YCTaHOBKOJI CBSI3 MEXXIY MOZETISIMU depe3
9KBUBJICHTHBIE HCTOTHUKY OIS TaKoi
HOAXOX K MOJEINPOBAHHIO ITOTYINI Ha-
3BaHIe THOPUIHOTO U [TO3BOJISIET HCIIOJIb-
30BaTh HECKOJIBKO PA3HBIX BHITUCIIUTEEI,
HALIPUMeP, ACHMIITOTHIECKHUI BBIINCIIN-
tenb (Asymptotic Solver), B KoTopoM mpef-
YCMOTPEH aITOPUTM Ha OCHOBE BOJHOBOM
OIITHUKH C TPACCUPOBKOM JIydeH, IJIsI MOTIe-
JIMPOBAHMS 0OTEKATENIS, A [JIsT MOZEIUPOBA-
HUS AHTEHHBI — BPEMEHHOI! BLITHCIUTENDb
(Transient Solver). Mcronp3oBanne faHHO-
TO IOIXOMA TAKUKe CHIDKAET 3aTPaThl Ha MO-
nenuposanue. Kpome Toro, Asymptotic
Solver monmep>xuBaeT 9KBUBAIEHTHbIE TOH-
K€ CJIO MaTepPHUAIOB, 1751 KOTOPBIX MOYKHO
OIIpefeNuTh TAOIUIY OTPAXKEHUS U IPO-
myckanns QpeHess IS pa3IUIHBIX YIIOB
[afIeHusT, ITO B CBOIO OYepenb IOBbIIIAeT
TOYHOCTH Pe3yJIbTATOB MOJETUPOBAHIS 00-
TeKaTess.

PE3YJIbTATbl MOAEJINPOBAHUA
OBTEKATEJ1IA KOH®OOPMHOIO TUMNA
HA OCHOBEFSS
B xadecTBe JeMOHCTPAIIMX ONUCAHHBIX
B NIpEJBIYIIEeM pasfiesie MOAX0I0B ObII
CMOJIeTINPOBAH MOy IMINHAPHIECKUI 130~
THYTBII 06TeKaTens Ha ocHOBe FSS. B xawe-
CTBE AaHTEHHBI UCII0JIb30BAIACH NHBEPTHU-
poBaHHas F-aHTeHHa cO BceHANpaBICHHOM
AMArpaMMOol HaIPAaBIeHHOCTH (pHC. 4).
ITosIHOBOJIHOBOE MOJIETIMPOBAHHUE, BKIIIO-
vasi KoHPopMHYI0 FSS KoHedHOro pasme-
pa U aHTEHHY, OBUIO ITPOBEICHO OMOIIIBIO
BBIYHCIUTENS Ha OCHOBE MaTpPUI] JIMHUI
nepenad (Transmission Line Matrix, TLM).
Pe3ysibTaThl MOJETUPOBAHUS TS TIOJIEH
vacrorori f = 15, 25, 19,2 I'Tu npusegeHst
Ha puc. 5-7.

YACTOTbI MOJ1IOCbI 3BANUPAHUA

Pe3ynbTaThl MOETHPOBAHIS JIS dac-
totr mosockl 3anupanus (f = 15 I'T,
f =25 ITn) cmabo 3aBUCAT OT METOTUKA MO-
nempoBaHus (IIOIHOBOIHOBOE MOJIEIMPOBA-
HIe WK MOJIEIUPOBAHUE C [PEICTABIIEHIEM
OTpakaresist B BHjie 00bEKTa U3 TOHKON TaHe-
JIN) ¥ TIOKA3bIBAIOT CXO)KHE Pe3YJIbTATHL, UTO
OTYETIMBO BUTHO Ha puUC. 5-0.

YACTOTbI NOJIOChI MPONYCKAHUA

He MeHee HHTEpeCHO CPAaBHUTH Pe3yIib-
TAaTHl MOZETUPOBAHMUS [JIS TACTOTLI, BXO-
IAIIEH B IOJIOCY IPOIYCKAHUS, & IMEHHO
19,2 ITm. ITockobKy maneKko He BCe M3y~
JaeMble AHTEHHOIT BOJIHBI [OIAZAI0T Ha [0-
BEPXHOCTL OOTEKATEINSI IO [ePIEeHINKY -
JIIPHBIM YIJIOM, BO3HUKAeT 9 et MHOKe-
CTBEHHOTO OTPA)KEHMUsI, CBSI3AHHBIN C TEM,

YTO MapaMeTphl OTPAKEHUS U Tepefadn

Mogens ¢ 06

BU/E TOHK(
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A pyc4. W130rHyTbIii 06TekaTenb Ha ocHoBe FSS ¢ MHBEPTUPOBaHHOI F-aHTeHHOIt Npy ncnoNb30BaHMH
MONHOBONTHOBOI! MOAENM (cNIeBa) M NpeACcTaBNeHun obTekaTena B BiAe TOHKOI NaHenu (cnpasa)

o stop animation.

[ 200

efield (f=15;y=7) [1].
Component

Frequency

Phase 348.1...
Cross section A
Cutplane at Y 7.000
Maximum on Plane (Plot) 227.9..
Maximum (Solver) 2285.

efield (f=15;y=7) [1]
Component Abs
Frequency
Phase 45
Cross section A
Cutplane at Y 7.000
Maximum on Plane (Plot) 2149...
Maximum (Solver) 2560.

A pyes. Kaptuna nons c yactotoit f = 15 Iy AnA NoNHOBOAHOBOI MOAENH (CNeBa) M MOAENH, B KOTOPOI
0TpaXkaTeNb CTPOUTCA U3 TOHKOIA NaHenn (cnpasa)

efield (f=25;y=7) [11 o

Component Abs

efield (f=25;y=7) [11 &
Component Abs
Frequency 256
Phase 180°
Cross section A
Cutplane at Y 7000...
Maximum on Plane (Plof] 99.42.
Maximum (Solver) 9959,

Frequency 25GHz
Phase 2587
Cross section A

lane at Y 7000
Maximum on Plane (Plot) 106.3..
Maximum (Solver) 1066..

A pyce. Kaptuxa nona c yactotoit f = 25 [Ty Ana nonHoBOAHOBOI Moenu (CneBa) 1 MOAEAN, B KOTOPOIA
0TpakaTeNb CTPOUTCA U3 TOHKOIA NaHenn (cnpasa)

e-field (f=19.2;y=7) [1]

z
Component Abs

Frequency 19.2 GHz

Phase 1° &
Cross section A

Cutplane at Y 7.000 cm

Maximum on Plane (Plot) 356.775 V/m

Maximum (Solver) 362.605 V/m

A Pyc. 7a. Kaptusa non ¢ yactotoii f = 19,2 [Ty Ans NORHOBOAHOBOI MOZENH NPY UCMOAL30BAHUM BPEMEHHOTO
BblunCUTENA

WWW.MICROWAVE-E.RU



e-field (f=19.2;y=7) [1] .

Component Abs
Frequency 19.2 GHz
Phase )

Cross section A

Cutplane at Y 7.000 cm
Maximum on Plane (Plot) 178475 V/m
Maximum (Solver) 179.208 V/m

. v/m 30BaJIOCh HOPMAJIbHOE [IaJleHue) U, Ciie-
Studio®Sy JIOBaTeTbHO, PE3YTBTATH MOTETUPOBAHHIS
200 He BKIII0YAI0T 3¢ (eKThl OTpasKeHHs U IIPO-
100 Iy CKaHUSI 17151 HeHOPMAJIbHBIX YIJIOB TIajie-

60 nus (puc. 76).
0 B mocienHeM ciydae pacyer OBLT BBI-
0 IOJIHEH C OMOIIBIO THOPUIHOTO BBIYUC-

JTeINs ¢ 0OPATHON CBSI3BIO, TTIE IS MOJie-
JINPOBAHUs aHTEHHBI MCI0Ib30BaIcT TLM
BBIYHCIIUTEIND, a JIJI pacdera o0TeKaTess
— aCUMIOTOTHYeCKUIl. Beraucnurenu 06-
MEHMBAIOTCS TAHHBIMHU 4Yepe3 UCTOYHUK
GIIIDKHErO OIS, B Pe3ysbTaTe Iero OTHOCH-
TeJIbHASI OCTATOYHAsI IOTPEIITHOCTh YMEHb-

NCNoJib30BaHNI BPEMEHHOI0 BbluncanTena

A pyc.76. Kaptuxa nona c yacrotoit f = 19,2 [Ty Ana mogenu o6Tekatena u3 efuHol TOHKON naHen npu

II1aeTCsl HIDKe IIOPOTOBOTO 3HAYECHUS BCETO
3a HeCKOJIBKO uTeparuit. CTOUT OTMETHTb,

Created using

T YTO IIPU UCIIOJIb30BAHNN I‘I/I6pI/II[HOI‘O BbI-
V/m

e-field (f=19.2;y=7) [[Source2]1] &
Component Abs

. YHCIIUTEIISE MBI TAKKE MOXKeM 3a(pUKCUPOBATh
Studio’Sui .

BO3SHUKHOBeHUe 3¢ deKTa CTosIeil BOJIHBI,

2002 KaK 970 ObUIO B CJIyYae C IOIHOBOIHOBOI MO-

JIEJIBIO, YTO IIPOJIEMOHCTPUPOBAHO Ha PUC. 7B.
100
70

50 BbIBOJ, MO NEPBOM YACTU
30 KoudbopmHbIe i 9aCTOTHO-CEIEKTHBHbIE
10 ITOBEPXHOCTH, UCIOIb3yeMble B CO3TAHUT

% PaToMOB, B OOJIBIIIMHCTBE CIIydaeB 06iaja-

IOT CJIOKHOM CTPYKTYPOM IS 9JIEKTpOMAr-
HUTHOTO HOJISL, 9TO TpeOyeT IpOBe/ieHUs
TOYHOTO MOJIEIMPOBAHMS IIePe]l Ha4aIOM
IIPUMEHEHUs TOTO MU MHOTO MaTepuaa.
B maHHOI YacTH CTaThy GBUIN OIUCAHBI TPH
II0JX0/1a K IIPOBEIEHHIO TAKOIO MOJETUPO-
BaHU, 3aK/II0YAIOIINECs B UCIIOIB30BaHNK
II0JIHOBOJTHOBOTO MOJIEIMPOBAHUSA IS 110~

Frequency 19.2 GHz
Phase T*
Maximum (Plot) 223.346 V/m

cTpoeHust HanboJiee TOYHON MOJIEIH, TOJI-

A pyc7s. Kaptuxa nona c yactotoit f = 19,2 Ty ana rubpugHoro Bolumcnutens ¢ Tabnuueil Opexena u ToHKoi
naHenblo B pony o6Tekatens. [1nA MoAeAMpoOBaHNA NPUMeEHANNCH ABYHANPaBNEHHbIl BbIUNCINTENb C UCMONb30BaHNEM

matpuubl NUHWIA nepefaunn ACUMNTOTUYECKMIA BLIUMCTUTENb

Ta6bnuua 1. Pesynbtatbl MogenupoBaua pagoma B cpeae (ST Studio Suite

Moaxoa K MoaenupoBaHuio

Bbluncnureno Mogenb

[TonHoBONHOBOIA lonHoCTpyKTypHasA
o ToHkasa naHenb
lTonHoBoNHOBOIA
(cTeK cnoeB uan S-matpuua)
. ToHKaA naHeNb, onpezeneHHas
Tn6puaHbIi
B aCUMNTOTUYECKOM BbIUMCIIUTENE

Het 3aBucumoctn
OT yrna nageHusa

HOBOJIHOBOTO MOJEJIPOBAHUS C 3aMEHOI
MaTepuaga 06TeKaTess Ha TOHKOCIOMHYIO
[IaHeJIb, 4 TAKKe THOPUAHOTO BBITHUCIIATE-
1. B Tabnutie 1 mpuseneHbI 060001IeHHBIE
IaHHBIE, TOTyIeHHbIE B Pe3yIbTaTe IPH-
MEHEHUSI 9THX IOIXOMIOB.

Becn mpomecc MomeupoBaHus u 06pa-
60TKHU BBIITOJIHSIICS P IOMOIIIH CPeBI
CST Studio Suite. MbI HameeMcst, 9TO puU-
BefleHHBIE Pe3yJIbTATHI HALYT [IOJIB30BATe-
asm CST Studio Suite 6ostee riry60xoe mo-
HIMaHMe, Kacaoleecs BoI6opa Ioaxona
1 BBIYHICIUTENEN UL MOTEINPOBAHUS aH-

3aBucMmocTb
OT yrna nafeHua

IUIS 9JIeMEHTApHBIX stueek FSS MensoTcs
B 3aBUCHMOCTH OT yIJIa afieHus (puc. 2a).
DT0 B CBOIO 0OYepenb MPUBOAUT K addekTy
CTOSTI€}T BOJIHBI WM Pe30HAHCAM I10 aHAJIO-
ru ¢ 3¢ deKkTamMmu, BOSHUKAIIUMU B 00b-
€MHOM Pe30HATOPE, YTO OTIETINBO BUIHO
Ha puc. 7a. Kpome TOro, CyIIiecTByeT BbICO-
KUl PUCK BOSHUKHOBEHUS TOBEPXHOCTHBIX
PE30HAHCOB, KOTOPbIE MOXKHO 3apUKCHPO-

BaTh TOJIBKO IIPY UCIIOJIB30BAHUU IIOJTHO-
BOJIHOBOI Mozienn. Mopenb, IOCTpOeHHAs
Ha OCHOBE OTpaykaTess U3 TOHKOU ITaHe-
I, IEMOHCTPHUPYET HECKOIBKO OTINIHbIE
0T U300pa)kKeHHBIX Ha PHC. 78 Pe3yJIbTAaTOB.
[IprymHa pasnuyus 3aKII09aeTCS B TOM,
YTO MaTepraj 9KBUBAJICHTHON MTAHEIN MO-
JKeT OBITh OTIpefiesieH TOIBKO /ISl OHOTO
yIJIa mageHns (B JaHHOM CIIydae UCIIOJIb-

TEHH U PafloOMOB. Beraucimresu, KOTOpbIe
ObUIH 3a/I€fICTBOBAHBI B TAHHOM YaCTH CTa-
TbU,— 9TO BBIYUCIIUTEID C UCIIOIb30BAHM-
eM MaTpuiibl JuHuk epenad (Transmission
Line Matrix TLM), acCHMITOTHY€CKAI BBI-
qucautens (Asymptotic Solver), Beranc-
JIUTeb B 9acToTHOM o6aactu (Frequency
Domain solver) v rTu6punHbIT BBIYUCITEND
(Hybrid solver) [4].

INHYEOdULITOW M IUHYE0dNLNIOdU
N
O

YACTb 2. MOAEJINPOBAHUE BbICOKOCKOPOCTHbIX OB bEAVNHUTEJIbHbIX MJIAT

0 BTOPOIT IaCTHU CTATHU OIICHIBAETCS IIPUMEP TOTO, KaK CO-
BMECTHOE 9JIEKTPOMArHATHO-CXeMOTEXHIIECKOE MOTIETIH-
pOBaHIe IepeXOIHBIX Ipolieccos (transient EM/circuit co-
simulation) mo3BoJisteT Ipu TOMOIIH pertieHuit Kommanuu Dassault
Systémes ynpocTuThb mporiecc pa3paboTku 00beINHUTEIBHBIX IIJIAT.
B wacrroCTH, GyZeT MOKa3aHo, Kak KIIOUeBble ITOKasaTenn apdex-

tusHOocTH (KPI), HanpuMep riaskoBas uarpamMma, MOTYT OBITH
PaccIUTaHBI U CMOZENUPOBAHBI 6e3 TeCTUPOBAHUS (PU3UIECKOTO
nportoTumna. B 3aBepiienne 6yayT IpOREeMOHCTPHPOBAHDI IIPEUMY-
IIIeCTBA COBMECTHOTO MOJIETMPOBAHUS IIEPEXOIHBIX IIPOIECCOB
(tran-co) 10 CpaBHEHMIO C METOIOM Ha OCHOBE MaKpOMOZEJIeH dJe-
MEHTOB CXEMBI.

CBY-anekTpoHunka N3 2021




OCHOBbI MOAEJINPOBAHUA

OBbEAUHUTEJIbHBIX MJIAT C IBIS-

AMI

PaspaboTka 06beINHUTEIBHBIX IIJIAT C BbI-
COKOJ CKOPOCTBIO IIepeiadr NaHHBIX U O0JIb-
IOV IIPOTSDKEHHOCTBIO — 3ajiada IOBOJILHO
cnokHast. Kak npasmiio, CkopocTs Iipremal/re-
peradu ULt TaKUX IUTAT JOCTUraeT HECKOJIBKO
IeCATKOB TUraboj, a JIIMHa KaHajla COCTaB-
nseT okouto 1 m. Mcnonb3oBanue B KauecTse
OCHOBBI [IJI51 TIOJOOHBIX IIIAT TPAUIIHOHHBIX
IUAJIEKTPUKOB, TakuX Kak FR4 ¢ Tanrencom
yraa notepb = 0,02, IpuBeaeT K 3HAYUTENb-
HOMY POCTY BHOCHMBIX ITOTepb (insertion loss,
IL). Kak ciencrBue, 1UIst yMEHBILICHUS YPOB-
Hs IL He0OXOIMMO HCII0Ib30BATH HOBBIE,
6oJee OXOMSIINE IS JAHHBIX PEIIeHU
MaTepuaibl. KpoMe TOTo, 115 TOCTIDKEHUS
MUHIMaJIBHOTO YPOBHS BO3BPAaTHBIX IIOTEPh
(return loss, RL) BOJIHOBBIE COITPOTUBIIEHYISI
JIMHUIL CO CTOPOHBI IIEPEIaTIMKOB, IIPHEMHH-
KOB ¥ Pa3beMOB JI0JDKHBI OBITh COTTIACOBAHBI.
dopmar onucanus IBIS (Input/Output

Buffer Information Specification, IBIS)
IIMPOKO NPUMEHSETCS ISl OTIpefie/IeHUs
BXOJJHBIX/BBIXOJJHBIX XaPaKTePUCTUK JJIEK-
TPOHHBIX yCTpOICTB. COBMECTHO C HUM
KaK IIPaBUJIO UCIIOJIB3YETCs CleIHaIbHbII
WnTepdeiic anropuTMIIECKOTO MOLEIIH-
posanust IBIS-AMI (Algorithmic Modeling
Interface IBIS, IBIS-AMI), koTopsiit mopiep-
JKUBAeT HeOOXOIUMBIE IT0JIb30BATENIO AJIT0-
PUTMBI BHIPABHUBAHUSL U TIOJICTPOYKH TAKTO-
BOIT JaCTOTBI, SIBJISIOIINECS 00513aTeIIbHBIMI

Bble 00pa3Ibl MEHbINEH MINHBL. B Ka-
JecTBe TeCTOBBIX IJTAT BO3bMEM IITa-
Ty U3 JUIJIeKTPHUKA C TAHTEHCOM yTia
notepsb = 0,02, TU3aIEeKTpUIECKON IIPO-
HHUIaeMOCTbhIO = 4,2 1 HeCOTJIaCOBaHHBIM
COLIPOTUBIIEHUEM (IUIaTa A), IUIATy U3 IUI-
JIEKTPHKA C TAHT€HCOM yIuIa noteps = 0,008,
TU3TeKTPUIECKOH MPOHUIIAEMOCTBIO =
3,2 ¥ HeCOIJIaCOBaHHBIM COIIPOTUBIICHUEM
(mmara B), a Takke IUIaTy U3 NUINIEKTPH-
Ka ¢ TaHreHcoM yria noreps = 0,008, pu-
3JIEKTPUUECKON IPOHUIIAEMOCTHIO = 3,2
U COrTacoBaHHBIM AubdepeHInaTbHBIM
conporusierEreM 100 OM co CTOpOHBI ITpH-
eMHUMKa 1 riepenarinka (mwata C, puc. 8).
Pe3ynpTaTsl MOmenupoOBaHUS AT Te-
CTOBBIX IIAT NIPeICTABIEHBI Ha puC. 9.
CpasuuBas rpaduku Sy, 1y1st wiaT A u B
B JIEBOII YaCTH PHC. 9, MOKHO OI[EHUTH CTe-
MeHb BIUSHUS JUJIEKTPUIECKHUX TTOTEPh
Ha BHOCHMBIe IOTepH. J[JIs1 KaHama AInHOI
150 MM 1Ipu UCIOJIBb30BAaHUM CTAaHAAPTHOTO
IU3JIeKTpuKa, HanpuMmep FR4, ¢ Tanrencom
yria norepb = 0,02, ypoBeHb BHOCUMBIX
IIOTEPhb OIyCKaeTCsA 10 3HadeHus —12 ub,
a 3HAYHT, UCIIOTh30BAHNE TAKOTO MaTepu-
asia s MOCTPOEHUS MJIATHI C JIMHHOTO
KaHajga 1 M SBJISETCS HellesIeCOOOPa3HbIM.
[Tpoananu3npoBas rpauKu U3 IpaBoli Ya-
CTH pHC. 9, MBI MOKEM CPaBHUTH Sy, AT
TecTOBBIX IIaT B u C 1 y6enuThCst B TOM,
HACKOJIBKO BaKHO COTTTACOBAHIE COPOTHB-

JICHHI1, 0COOCHHO IIsI CITy4aeB IePeXOHBIX
OTBEPCTHI U Pa3beMOB, I7ie ITOIIePeTHOe Ce-
YeHHe IPOBOIHUKOB MOKET U3MEHSThCSL.

MAKPOMOJEJIb SERDES
W NEPEXOOHAA XAPAKTEPUCTUKA

CremyIomIuii mar Ha ITyTH MOZIEIHPOBa-
HI IUIATHI — BBIYUCIIEHNE TIePeXOITHOH Xa-
PaKTepHCTHKH KaHana SerDes, KOTOPBII co-
mepxurt IBIS-monennu 6ydepos Tx/Rx, pas-
JeJUTeNbHbIe KOHIEeHCaTOpsl U 3D-Mopnensb
maccuBHOTO KaHaia (puc. 10).

CHavasna [1s onpejie/IeHIsI TaCCUBHOTO
KaHaJIa BEIYUCIAIOTCS €T0 S-TrapaMeTpHl,
UCXONSl U3 KOTOPBIX CO3TAeTCSI MaKpo-
MOJIeJIb, KOTOpasi 3aTeM OyIeT UCIIOIb30-
BAaThCSl B CXeMHOM MOEUINPOBAHUH (BMe-
cre ¢ IBIS-mopensamu u pasnenuTenbHBIMI
KOHJICHCATPAaMU) MJIs NOJIyYeHHs mepe-
XOTHOH XapaKTepUCTUKU. B manHOM mpnm-
Mepe TaKoI IOIXONI Ha3bIBAeTCs TPANUI[U-
OHHBIM WJIM CXEMHBIM, OIHAKO IPU 60JIb-
IOV [UTMHe KaHama (HalpuMep, HeCATKA A,
rie N — [yInHA BOJIHBI IIPU MAaKCUMaJIb-
HOM 9acTOTe MOJIeJIUPOBAHUSA) pacyer
S-mmapaMeTpoB MOKeT 3aHATH TOCTATOTHO
MHOTO BpPeMeHH, YTO B KOHEYHOM UTOTe
npuBeneT K HeapdeKTUBHOCTH TAKOTO
nozxona (u3-3a 6OIBIIOTO pagMepa KO-
HEYHO IIeNH) U YXYIIIEeHUIO TOYHOCTH
MOJIeINPOBAHNS Ha CHCTEeMHOM YpPOBHE
(13-3a HETOYHOTO OIpeJeIeHNUS 3aTePiK-

w
=
T
g PY PY MepexogHoe
o npu onucanuu 6;10k0B SerDes. [TepBbrit 1irar s N ' S
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X A P . = MepexonHoe MepexoagHoe ®
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g[ Hasa 1 Mozeseii 6ycepa BBOIa/BbIBOIA, KOTO- &7
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33, B KOTOPOM IIepeXO/iHasl XapaKTepUCTUKa
PacCUMTHIBAETCS IIyTEM PEIIeHNUs ypaBHe-
HusA MakcBesuia n pacyeTa 3JIeMEHTOB CXe- A
Mbl (Hanpumep, IBIS-monerneit miu pasge-
JITEIBHBIX KOHIEHCATOPOB) COBMECTHO BO
BpeMeHHOIT obactu. Takoit monxoy 3Ha4In-
TeJIBHO OBICTpee TPATUIIMOHHOTO.

Yactota (Mu) Yactota ([MTu)

Puc. 9. Peynbratbl MopenupoBanus Tectobix nnat A, B u C (cneBa — Sypy;, CNpaBa — Syypy)
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e L
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BHOCUMMDbIE NOTEPU MACCUBHOIO

KAHANA OBbEAUHUTEJNIbHbIX MJAT

[lepen mpoekTUpBOBaHMEM KaHAJIOB
IJIMHOM 1M HCCIenyeMoit mIaTsl 6ymer
PaccMOTpEHBI IIpeiBAPUTENILHO TECTO-

G

A pyc0. Mopenb SerDes coaepxut 3D-Mofenb NaCCMBHOTO KaHana 1 SneMeHTbI CXembl

WWW.MICROWAVE-E.RU




KM pacIpoCTpaHeHus). AJTbTePHATUBOM
SIBJISITCS UCIIOIb30BAHIE MOJIEIHPOBA-
HusI tran-co [6], koTopoe He TpeGyeT BbI-
YUCJIEeHUs S-TlapaMeTpa WU CO3LaHUs
MaKpoOMOJesell U IPOU3BOTUT aHAIUS
ITACCUBHOTO KaHaJa U 3JIEMEHTOB CXeMbI
IIar 3a IIaroM B OJJHON BpeMeHHO 006-
nacTy. JJaHHBIN TOAXO0J, B YaCTHOCTH,
6bUI IpUMEHEH K TecToBoi 11ate C, 4bu
pe3yJIbTaThl MOJIETUPOBAHUS IPUBEIEHbI
B Tabmuie 2.

Kaxk BugnO 13 TabaM1bl, KOMOMHUPOBAH-
HOEe MOJIeJIMPOBaHNUe tran-co 0Kasaaoch Obl-
CTpee TPaIUIMOHHOTO CXeMHOTO Mpulin-
sKeHUsI. Pacder BbUI BBINIOJIHEH Ha paboyeit
CTAHIUH C ITpoleccopoM dactoTo 2,0 I,
2 mopynsamu rpapudeckoro GPU yckope-
uust Kepler Tesla K40c+m u 256 ['6aiit ore-
PpaTUBHOM IIAMSATH.

CPABHEHUE PE3YJIbTATOB
MOJAENNPOBAHMA TRAN-CO

N MOAENNPOBAHNA HA OCHOBE
MAKPOMOJEJEN

Ha puc. 11. npencraBieHo cpaBHeHue 11e-
PEXOIHBIX XapaKTEePUCTHK, OTYIEHHBIX C
ITOMOIIIBI0 KOMOMHUPOBAHHOTO MOJIETPO-
BaHUS U TPATUIHOHHOTO CXeMHOTO ITO/IX0-
112, B KOTOPOM MaKpOMOJENb ObLTa ITOCTPO-
€Ha C TIOMOII[HIO TTOJFOCOB U BBIYETOB (Me-
tox ®ocrepa, Foster Pole-Residue [6-7]).
Kax BunHO u3 rpaduKkoB, MaKpOMO/IeIb,
IIOJIy9eHHAs! CTAaHIAPTHO C UCIOJIb30BAHU-
eM 9JIeMeHTOB Ienu, popmupyer Hedu-
3MYECKHIl BCIUIECK B HA4aJIe IIPSIMOYTOJIb-
HOTO UMIyiIbca (rpaduk KpacHOTro I[BeTa,
3_112 I'Tu).Pe3ynbratsl ke, MOTy4eHHBIE
npu moaxoje tran-co (rpaduk 3exeHOro
nBera, 6_112 I'TI), 1 mpu UCIOTb30BAHUI
Foster Pole-Residue (rpacduk cusero msera)
COBIANIAIOT MEKAY OO0 U MO3BOJISIOT 13-
6exxaTh He)KeNaTeNIbHBIX BEIOPOCOB.

Ha puc. 12 npencraBieHbl IJ1a3KOBbIE
IMarpaMMBbl pe3yJIbTaTOB MOZIEINPOBAHNS,
IIOJTYYEHHBIX IIPU UCIIOJIb30BAHUU CXEMHO-
0 TIOIX0/Ia Ha OCHOBE MaKpoMoyeseit (cite-
Ba) U IIPU UCIIOJIH30BAHUY tran-co (crpasa).
Bunno, 4ro riaskoBas zuarpamma, nuzobpa-
JKeHHasl CJIeBa, HETUIINYHO lehOpPMUpPBOAHa
B OTJIMYIKeE OT INAarpaMMBbI U3 IIPABOK YaCTH,
YTO ellle pa3 TOBOPUT B IIOJIB3Y IOJXO0NA
tran-co.

MOJIHOE MOAEJINPOBAHUE

KAHANI0B OBbEAVHUTEJIbHbIX

MJNAT

BBIACHUB OCHOBHBIE IPEUMYIIECTBA

HCIIOJIb30BAHUS tran-co-mojaxo/a, HaKo-
HeI[ IeperiieM K MOJeJNPOBAHHIO KaHa-
J1a O0BeIMHUTENBHON IIATHI IJINHON 1 M
(puc. 13). TucpdepennmanbHOE COPOTUB-
JIeHUe JINHUHY TIepefadll ¥ Pa3beMOB IIaThI
ONTHUMU3UPOBAHO 10 3HaYeHHUs 100 Om.
B xagecTBe MOMIOKKY IJIATHI pacCMaTpHU-
BAeTCsI MaTepuai JUIEKTPHUK 6e3 moTeph
(loss free dielectric) ¢ nuanekTpudeckoin
NIPOHUIIAEMOCTBIO = 3,2.

Ta6bnuua 2. Pe3ynbTatbl MoZenMpoBaHuA TecToBoil nnathl C

MakcmanbHas CeTouHoe Bpems mopenupoBanus Bpems mogenupoBanus
Pa3mep nnatbi
yacrota pasbuenue npy cxeMHOM noaxoae npy nopxope tran-co
1210y 150 Mm = 56 A 68,186,250 117 MuH 86 MUH
1,2 : 0,06
—3_121ITy :
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A pye. CpaBHeHue NepexoaHbIX XapaKTepUCTUK ANA pa3ninyHblX NOAX0A0B K MOAENMPOBaHMIO (CNeBa)
11 yBeNMueHHblit Macwtab npu t = 0 (cnpasa)
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A pyc. 12. [Ma3KoBble AUArPamMMbi 14 Pe3yALTaTOB MOACANPOBAHNA C UCTIONIb30BAHUEM CXEMHOTO NOAX0AA
(cneBa) v tran-co (cnpasa)
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A Ppyc. 13. MogennpoBatite NacCUBHONO KaHana 06beMHITENbHO MnaTbl
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A pyc. 14. TnaskoBas AUArpamMMa U NNIOTHOCTb BEPOATHOCTU HAMPAKEHIA Ha NYHKTUPHO! IMHUM FMa3K0BOiA
JAMarpammbl

INHYEOdNUITOW M INHYEOdNLHNIOdU
(Op]
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A pyc.15. Pewennn SIMULIA, ucnonb3yemble B npoLiecce MOAENNPOBaHUA 06bEAUHUTENbHDBIX NAT

[Tocye mony4yeHus IMePeXOJHOM Xa-
PaKTepUCTUKH JJISI YJIYUIIEHUS IJ1a3K0-
BOJl [JIsl yIy4IIeHUs IJ1a3-I1uarpaMMel
U MCKJIIOYEHHUS CIYYaiHbIX ITUKOB HC-
[OJIb3YeTCs TaK HAa3bIBaeMBIl KOPpPEK-
TOP € HPSIMOM CBA3BIO C TPEMsI OTBOJA-
mu (3-taps-FFE, Feedforward Equalizer):
C OJJHUM IIpeJi- U IBYMS IIOCTOTBONAMH,
a TaKoKe TPEXOTBOIHBIH OJIOK KOPPEKIIUI
C AaNTUBHON pelramoIieir 06paTHON
cBa3bio (3-taps-DFE, Decision Feedback
Equalizer). Takum 06pasom, MIOTHOCTH
BeposiTHOCTH (probability density, PD)
Ka)XZIOTO YPOBHS OyIeT copiep>KaTh TOJIb-
KO JleTepMHUHHUPOBaHHbIe Kosebanus. [1pu
CBOpPAYMBAHUU ITUX JeTEPMUHUPOBAH-
HBIX KOJICOAHUI , OTIOJIHEHHBIX IIPOU3-
BOJIBHBIM IIIYMOM, MBI IIOJIYy9UM IJIOT-
HOCTb PD ¢ oTHOIIEHMEM CUTHAJ/IIYyM
(SNR) na yposne 12 b (puc. 14).

OB30P OCHOBHbIX LLUATOB
B MOAEJINPOBAHUA

OBbEAVHUTEJIbHOW MAATbI

Pemmenus komnanun Dassault Systémes,
HCII0JIb30BAHHbIE B IPOIECCe MOIEIIPOBA-
Hus SerDes, ipenicTaBieHs! Ha puc. 15.

Brrancnurens Bo BpeMeHHOI 061acTu
(Time Domain Solver) [7] cpenst CST
Studio Suite ¢ ucnonpzoBanuem rpadu-
yeckoro yckopurenst (GPU Acceleration)
[03BOJISIET MOZIEIPOBATE OOJIbIIINE ITTEK-

TPUYECKHE AaCCHBHBIC MEXCOCIMHEHUS
B kaHase SerDes. Monenmuposanue xe [BIS-
AMI [1] n HSPICE [3] MOXHO 3amyCTHTH
B CST Design Studio. B Bepcun Design
Studio 2022 nemosepcus IBIS-AMI 6yner
no6aBieHa cpady B Ou6INOTEKY KOMIIO-
HEHTOB, YTO II03BOJHUT HOJIb30BATENISIM
OPUCTYIHUTH K Mogenuposanuio IBIS-AMI
HEINOCPEe/ICTBEHHO I10CJIE 3aITyCKa CPeJibl.
Mognyas CST Studio Suite IDEM [2] mpe-
IOCTABJISIeT TI0JIb30BATEIISIM COBPEMEHHbIE
MEeTOJIbI MAaKPOMOJIEINPOBAHUS, KOTOPbIE
npeo6pasyroT S-mapamMeTpbl B MOJIEIH
SPICE. C nomornpsio yrunutsl Eye Diagram
Tool MOXHO TTpUMEHSTH 001e METOIBI
SerDes (akBann3anuio, 4eTbIpexXypoBHe-
BYIO aMIUIUTYTHO-UMITYJIbCHYIO MOJYJISI-
uio — PAM4 u T.71.) K CBOMM IPOEKTaM.
JlaHHas yTHINTA TIOAEP/KUBACT BO3MOXK-
HOCTH 33JJaHUs II0JIb30BATENIEM CITydari-
Horo mkuttepa (Random Jitter, RJ) u mo-
CTPOEHHS CTATUCTHYECKUX IJIa3KOBBIX IHa-
rpamm. [locnenHuit, HO He MeHee BayKHBIN
HYHKT, — paboTa ¢ pe3yJbTaTaMu Moje-
nupoBanus (HanpuMmep, nuddepeHnnaib-
HBIMH S-TlapaMeTpamMu win GyHKIHSIMA
IUIOTHOCTH BEPOSITHOCTH) ITOCPEICTBOM
penaxTopa makpocos VBA B CST, a Tak-
xe Python. Braromaps faHHOI BO3MOX-
HOCTH I10JIb30BATEJIN MOTYT IPOBOJIUTH
JanbHENIINI aHAINU3 Pe3yAbTAaTOB C I10-
momusio VBA u Python B TexHOMOTHSIX

Channel Operating Margin (COM) [7],
Error Propagation (EP) u Forward Error
Correction (FEC), xoTopsie He moazep-
JKUBatOTCs cTranpaprom IBIS-AMI [5].

BbIBOAbI

B cTaTbe paccMOTpEeHBI OCHOBHbIE BO3-
MOYKHOCTH U [AKeTHI /151 MOIEeTNPOBAHIS,
KoTOpble KoMnaHus Dassault Systémes
IPETOCTABISIET [T0JIb30BATEISIM, Ha IIPUMe-
Pe CO3MaHMs U aHAIK3a MOJIETIell PaJOMOB,
a TaKKe IIOCTPOEHUSI U PabOTHI C Pe3yb-
TaTaMU MOJENNPOBAHUS IS 00beNUHN-
TeJIbHBIX IIJIAT, UbsI [UIMHA B TOM YHCIIE [Ipe-
Bormaet 1 M. C 6osee mogpo6HBIM meped-
HEM ITaKeTOB ¥ APYTUMH 0COOEHHOCTAMU
1 TOIXOZaMH K MOJEINPOBAHNIO MOXKHO
O3HAKOMUTHCS Ha caiiTe KoMmaHuy Dassault
Systémes [4]. e
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