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BBEOEHUE

O PROTEUS VSM

TpaauIMOHHO CUMYJISIUS CXEMBI ObLIa J1eJIoM He MHTepakTUBHBIM. Hekorna netlist (cnemudukarys
AJIEMEHTOB M COCTMHEHUN) JIeaJId BPYYHYIO, M BBIBOJ COCTOST U3 Kyur udp. Eciu Bam Be3no, Bb
MONyYay NceBaorpaduueckuii BHIBOJ, HAPUCOBAHHBIN C MTOMOIIBIO 3BE3MOUYEK IS MOKa3a (hOPMBI
HaIPsKCHUS WIH TOKA.

bamke kK HammM JTHSAM BBOJ CXE€Mbl U OJKpaHHas rpaduka CTAaHOBSTCS HOPMOM, HO TMPOIIECC
CUMVIISIIAA BCE €mE OCTAETCS HE WHTEPAKTHBHBIM — BBl PHUCYETE CXEMY, HAKMUMACTE «ZO», W
u3ydaeTe pe3ylbTaT B KaKOro-HUOYOh poOAa MOCT-TpoIieccope. DTO MPEKpacHo, €ClIH CXema,
KOTOPYIO BBI MPOBEPsieTe, TOCTATOYHO CTAaTHYHA, HE OoJiee OCIUIUIATOpA, KOTOPHIA B HEW €CTh U
reHepupyet, npocto, 1 MI'm. OgHako, ecnu BBl pa3padaThiBacTe OXPAaHHYIO CHUTHAIU3AIUIO, U
XOTUTE HAWTH, YTO CIYIUTCS, Korja OyaeT BBENEH HEBEPHBIM Mapoiib C KIABHATYPHI, TpeOyeMbie
YCTaHOBKH CTaHOBSTCS JOBOJBHO HEMPAKTUYHBI, U KTO-TO JIOJDKEH MPUOETHYTH K MpoToTHiry. 1 310
— T030p, TOCKOJIbKY paboTa «B KHOEP-MPOCTPAHCTBE» MOXKET MPEAJIOKUTh OYEHb MHOTO C TOYKH
3peHUs IPOU3BOAUTEIHHOCTH Pa3paOOTKH.

Toneko B O6pa3OBaTe.]'H)HI)IX Kpyrax ImbITaJIMCh CO34aTbhb CHUMYIIIOUIO OSJICKTPUUCCKUX ueneﬁ
MOX0XYI0 Ha paboTy C OSJIEeKTPOHUKOM B pealbHOW JKHU3HU, KOIZAa MOXKHO HWHTEPAKTHBHO
B3aMMOJIEWCTBOBaTh CO CXeMOHl B mpouecce cumymsinuu. [Ipobmema B TOM, 4YTO aHUMAIUS
KOMITIOHEHTOB TPYIHO NMOANAETCS KOAUPOBAaHUIO B IporpaMMe. [1osBUIOCH TONBKO OrpaHUYEHHOE
YHUCJIO MPOCTBIX YCTPOﬁCTB, TAKHUX KaK INCPEKIIIOYATCIIN, JTAMIIOUKH, JICKTPUUCCKHUEC MOTOPHI U T.II.,
a 3TO MaJo UCIOJIb3yeTCsl PO eCCHOHATBHBIMU MOIb30BaTeIIMU. B00aBOK, KaueCTBO CUMYJIISIIUH
CXEM 4YacTO OCTaBIISLIO >KenaTh Jiydiero. Hampumep, onvMH U3 BeAymMX MPOTYKTOB ATOTO THUIA HE
UMel BpeMeHHON HH(opMalmy B IU(PPOBHIX MOAETX.

PROTEUS VSM pnaér BaMm Jtyuiee, KOMOMHUPYSl BEJTUKOJEIHBIA CUMYJISTOP CMEIIaHHBIX LIETeH,
ocHoBaHHbIM Ha crangapre SPICE3F5, ¢ aHMMHpOBaHHBIMH MOJENSAMHM KOMIIOHEHTOB. M OH
IIPENOCTABIIAET APXUTEKTYPY, B KOTOPOH JIONOJHUTEIbHBIE AHWUMHMPOBAHHBIE MOZEIH MOTYT
CO37aBaThCsl KEM YTOJHO, BKIIIOYasi KOHEYHBIX I10JIb30BaTene. JIeHCTBUTEIBHO, MHOKECTBO TUIIOB
AHUMUPOBAHHBIX MOJIEJIEH MOXET OBITh BBIMOJHEHO ©O€3 O00palieHus K KOAUPOBAHUIO.
CrnenosarensHo, PROTEUS VSM mno3Bonsger mnpoecCHOHAIBHBIM HHXKEHEpaM 3alycKaTh
MHTEPAKTUBHYIO CUMYJISLIMIO PEAJIBHBIX IPOEKTOB, U MOJy4YaTh B Harpaay pe3yibTar, HOAXOMAIINN
K CUMYJSIIMM CXEMBI. A, KpOME€ TOr0, €CIM 3TOr0 HE€ JOCTAaTOYHO, MbI CO3JAJIM DSl MOJENen
CUMYJSIIMM  JUIS TOMYJIIPHBIX MHMKPOKOHTPOJUIEPOB M HAOOp aHMMHUPOBAHHBIX MoOAeNel s
nepuepuiiHbIX  YCTPOMCTB, TaKMX KaK CBETOMMOABI, JKUAKOKPUCTAIIIMUECKUE JUCIUIEH,
kiaBuarypsl, RS232 Ttepmuuamel m T.a.  HWTOr — BBl MOXETE CHUMYJIUPOBATH ITOJIHBIE
MHUKPOKOHTPOJUIEPHBIE CHUCTEMBI, @, CIIE0BAaTENIbHO, pa3pabaThiBaTh MPOTpaMMBbl A HUX 0e3
oOpaieHust Kk pusndeckuM npoTtoTunaMm. B mupe, rie Bpems 17 pbIHKa CTAaHOBUTCS Bce Oosee U
OoJee BaXKHBIM, 3TO peajbHOE MPEUMYIIECTBO.

Crenyer OTMETUTH, 4YTO IPOU3BOAMTEIBHOCTh COBPEMEHHBIX NEPCOHAIBHBIX KOMIIBIOTEPOB,
neiicrButensHo, mnotpscaromas. 300MHz Pentium II PC Moxer cumyaupoBaTh HpOCTHIE
MUKPOKOHTPOJIJIEPHBIE CXEMbl B PEalbHOM BPEMEHHU M B psle ciiydyaeB naxe ObicTpee. U B Tex
ClIy4asix, KOrja CKOpOCTH He XBaTaeT, BpEMsl peaJIbHOI0 OTKJIMKA Yallle BCErO HE UCIIONIb3YETCs IIpU
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PROTEUS VSM

mporpamMmMHO# pazpabotke. Eciu jxe BbI cepbE3HO 03a00ueHbI 3TUM — UANTe U nokynaite 2GHz
nByx mpoueccopubiii  PC, KoTOpwlid, HECOMHEHHO, MHOT0O ObICTpee. OTHUM MOIHOCTHIO
pa3BEHUYMBAETCSI OYEBUJIHOE BO3pAKEHHE MPOTHB MHTEPAKTUBHOM CHUMYJISIMH, YTO OHAa He Oyner
JIOCTaTOYHO OBICTpA.

O JOKYMEHTALINN

OTO PyKOBOJACTBO IMPEIHA3HAYEHO BOCIOIHUTH HH(OPMAIUIO, IPEIOCTABISIEMYIO B MO/ICKa3Ke (on-
line help). PykoBOACTBO CONEPKUT AOMONHUTENBHYIO HH(OpMAIMIO M TPUMEPHI, TOrJa Kak
MOJICKa3Ka MpeJuiaraeT KOHTEKCTHO YYBCTBUTEIbHYIO MH(GOPMAIUIO, OTHOCAIIYIOCS K OTJEIbHBIM
MKOHKaM, KoMaHgaM M auanoram. [lonckaszka juiss OONBIIMHCTBA OOBEKTOB B MOJIB30BATEIHCKOM
uHTepderice MOXKET OBITh MOTyUYeHa MOCIE YKa3aHUsI KypcopoM M HaxkaTus kiapuiu F1.

PROTEUS VSM MoOXeT UCTIONB30BaThCS ABYMS MYTIMH — JIMOO JUIsI MHTEPAKTUBHOM CUMYJISIINY,
au0o0 AJI CUMYIALIMM, OCHOBaHHOHM Ha rpaukax, 4To MU OTOOpa)k€HO B CTPYKTYpE PYKOBOCTBA.
OOBIYHO BBI HCIIONB3YeTe MHTEPAKTHUBHYIO CHUMYISIUIO, YTOOBI YBUIETh, pabOTaeT JU MPOEKT B
LIEJIOM, a TpapMUeCcKyr0 CUMYJIALMIO, KOTJIa UCCIIeyeTe, ToUeMy HET, MM KOI/la HYXHbI JeTaIbHbIE
u3MepeHus. OpHako HET HaAEXKHBIX MpaBuil. HekoTopele 37IEMEHTBI CHCTEMBI, TaKHE Kak
TEHEPATOPbl, BaXKHBI JUIsI 000MX PEXHMMOB HCIIOIB30BAHUSA, U UMEIOT OTAENbHbIE INIAaBbl MO ITOM
IIPUYMHE.

EcTb neranbHble, mIar 3a 11aroM pyKOBOJCTBA, KOTOPBIE MO3BOJSAT BaM IMOYHPaXHSITHCS B 000UX
TUMAaX CUMYIALMU. MBI O4€Hb PEKOMEHIyeM, 4TOObl Bbl MOpadOTaad C HUMH, MOCKOJIBKY OHHU
MOKa3bIBAIOT BCE OCHOBHBIE TEXHUKHU, TpeOyeMble i paboThl C MPOTrpaMMOH.

WNudopmanus o coznanun VSM mozeneit npegocrasieHa otaensHo B VSM Software Development
Kit (SDK) na owu-naiinosom pecypce, HO YCMAHABIUBAEMCS CMAHOAPMHO C NPOGHeCcCUOHATLHOLUL
eepcueiti Proteus.
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| PYKOBOLI,CTBAI

PYKOBOLCTBO 10 MHTEPAKTUBHOU CUMYIISILUNN

BBeaeHue

[lenp 3TOro pyKOBOACTBA IOKA3aTh BaM, CO3JaBas IPOCTbIE CXEMbI, KaK HCIOJIb30BaTh
MHTEpaKTUBHYIO cuMyssinuio B Proteus VSM. Tloka MbI cocpeioTounmMcs Ha HCIIONb30BaHNU Active
Components (aKTUBHBIX KOMIIOHEHTOB) M BO3MOXKHOCTAX oTiaxuBaHus ¢ nomoinpio ISIS Editor,
KpOME TOro KOCHEMCsI BOIPOCAa OCHOB IUIAHMPOBAaHUS CX€M M PabOThl ¢ OCHOBHBIMHM CXEMaMH.
[Tonayto HHGOPMAIIHIO 11O TUM BOIPOCaM MOXKHO HailTH B pykoBoacTBe K ISIS.

CxeMa, KOTOPYKO MBI HCIIOJB3YEM MJIsI CUMYJIIUU — 3TO IIapa CBCTO(bOpOB, COCIMHEHHBIX C

Ut

QSC1CLKEIN
—— OSC2ICLKOUT

MCLR

RAD
RA1
RAZ
RAZ

RAHTOCKI

RBO/INT
RE1
REZ
RE3
RE4
REBS
REBS
RET

]

. . PICi6FEaA
| CLCKE10k:

YroObl HE pHCOBaTh BCIO CXEMy CHayala, MOXHO HalWTh e€ B Tanke MPUMEPOB
«Samples\Tutorials\Traffic. DSN», ycranasnuBaemyto Bmecte ¢ Proteus. Ilomp3oBarenu, KoTopble
3HAKOMBI C OCHOBHBIMU TIpotiefypamu pabotsr B ISIS, MOTyT HCIIONB30BaTh ATOT TOTOBBIN MPOEKT U
HepeiTH K CeKUUH MPOrpaMMHPOBAHUS MHKPOKOHTPOJUIEPOB. 3aMeThTe, OHAKO, YTO ITOT (haiin
MIPOEKTA COJAEPIKUT MPEAHAMEPEHHYIO OITHOKY — MPOYUTANTE 00 TOM.

Ecnu BeI 10x0 3Haete ISIS, unTepdeiic 1 0OCHOBBI UCTIOIB30BaHUS 00CYKIat0TCs BO «BBeneHun»
pykoBoactsa K ISIS. U, XoTst MBI KOCHEMCS STUX BOIIPOCOB B CIEAYIONINX pa3zeiiax, MocTapanTech
BBIKPOUTH BpeMs ISl 3HAKOMCTBA C MPOTPaMMOM, IIEpe]l TEM KaK MPOJI0JIKATh.

PucoBaHue cxem

Pa3smewieHUe KOMIMOHeHMo8

Mps1 HauHEM C pa3menieHus 1ByX HabopoB orHelt ceetodopoB u PIC16F84 na HOBOM nHCTE CXEMBI.
HaunuTe ¢ HOBOTO IIpOEKTa, BEIOEPUTE OCHOBHOM pekuM U UKOHKY Component Mode (Bce HKOHKU
MMEIOT KOHTEKCTHO YyBCTBUTENIbHYIO MOJICKA3Ky X HA3HAUYEHUs), a 3aTeM IIEIKHUTE 1o OykBe «P»
HaJl OKHOM 6blOpanHbix 00vekmos. IlosBurcs nuanor Device Library B okHe pedakmuposanus
(3arstHUTE B pyKoBoncTBO ISIS, rme Gonbire nadopmarym).
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Traffic Lights (cBeTtodop) MmoxkHO HailiT B Kareropuu Miscellaneous, a PIC MUKpOKOHTpoIiep B
kareropun Microprocessor ICs. JIna BpiOOpa KOMIIOHEHTa Uil TPOEKTa TOACBETHTE MM
KOMIIOHEHTa, MIEIKHYB TIO0 €ro MMeHu B okHe Results, n Haxmute kHonky OK. Ilepemecture
Kypcop B HYXKHOE€ MecTOo pabodero mojs (Kypcop MOXOK Ha KapaHjaaml) U IIENKHUTE JIEBOM
KJIaBUIIEeH, TOKa HE TOSBUTCS HY)KHBI KOMIIOHEHT, OH JX€ IMOSIBUTCSI B OKHE GblOPAHHBIX
KOMNOHEHMO8.

lNepemeweHue u opueHmauus

Y Hac NOSBHIIUCH HY)KHBIC JUISI CXEMbI OJIOKH, HO, BO3MOYKHO, OHH Pa3MeIIeHbI HE COBCEM YadHO.
UYToObI MepeMeCTHTh KOMITOHEHT, TIOMECTUTE KypCcOp MBIIIKA Ha KOMITIOHEHT, MIETKHUTE U, KOTAA
PAIOM ¢ KypcOpoM (KOTOPBIA CTall MOXOK Ha PYKY) MOSIBUTCS IMEPEKPECTHE, HAXKMUTE M YIACPKHUTE
JIEBYIO KJIABHIILY MBIIIKH, MMEPEHOCS KOMIIOHEHT B HOBOoe MecTo. K Kypcopy OymeT «mpuBs3am»
KOHTYp KoMmmoHeHTa. OOpaThTe BHUMaHHE, YTO B 3TOT MOMEHT KOMIIOHEHT BCE €HI€ BBIJCIICH
(moicBeYeH), METKHUTE JIEBOM KIIABUIIEH MBIIIKK Ha JIFOOOM CBOOOIHOM MecTe pabouero mosis, u
KOMIIOHEHT MPUOOPETET CBOM MPUBBIYHBIN BU].

Jns mepeopHeHTalMM KOMIIOHEHTAa IIEIKHUTE IIPAaBOM KIABHUIIEW MBIIIKA II0 HEMYy M U3
BBINAJIAIOIIEr0 MEHIO BBIOEPUTE HYKHYIO OIEpalliio: MOBOPOT WM oTpakeHue. He 3a0yasre BHOBB
MIEIKHYTh 10 CBOOOTHOMY MECTY, YTOOBI BEpHYTh KOMIIOHEHT K HOPMaJILHOMY BUJLY.

[ToTpenupyiiTech ¢ mepeMeneHneM U OpUEHTAIMEe KOMIIOHEHTOB (BO3MOXKHO, MCIIOJIb3YsI TaHHBIN
npumep). Ecnu y Bac nosiBsitcst mpo0i1eMbl, Mbl COBETYEM BaM 00paTHTHCS K pyKOBOACTBY 1o ISIS.

Macwma6bupoeaHue

B nane coeauHeHust cxeMbl OyJeT MOJE3HO MMETh BO3MOXHOCTh MEHATh BUJ (MaclITaOUpOBATh)
KOMIIOHEHTOB K 3ajiaHHOi obnactu. Haxxarue Ha knaBuiny F6 yBenmuuut BUA y TEKylled MO3UIUN
Kypcopa WM, aJbTepHAaTUBHO, MOXHO yaepxkuBarh kiasuiry SHIFT wu  npopucosarb
NPSMOYTOJIBHUK JIEBOM KIJIABUILIEH MBIIIKU, YTO YBEIUYUT M300pa)keHHE B 3Toi obmactu. UToOBI
YMEHBUIUTh H300pakeHHe, HaxkmuTe kiaBuily F7 umm, eciau XoTHTE yMEHBIIUTh Tak, YTOOBI
BUJIETh BECh 4epTEX, HaxxMuTe kiaBuiry F8. CooTBeTcTByIOIIME KOMaHAbl MOYXXHO HAaliTH B pa3zieie
View OCHOBHOTO MEHIO.

CoeduHeHue

Camblil mpocToi cnocod COEqUHATh KOMIIOHEHTBI — 3TO MCIIOJIb30BaTh onuuio Wire Auto Router B
pasnene Tools OCHOBHOrO MeHIO. YOeauTech, YyTO 3Ta ONLUS BbIOpaHa (MKOHKA CJI€Ba B MEHIO
JOJDKHA OBITh «Haxaray). bonbiie nadpopmarmm mo padore WAR MOXHO HalTH B pYKOBOJCTBE K
ISIS.

Veenuusre PIC moka Bce ero BbIBOIBI OyIyT YIOOHO BHJIHBI M 3aT€M IMOABEAUTE KypPCOP MBIIIKH K
koHITy BbiBozia 6 (RBO/INT). Bel yBuanUTE KpacHBIM KBaJpaTHK Ha KOHIIE BBIBO/A, @ KypCOp CTaHET
MOXO0X Ha KapaHjall. JTO 03HAYaeT, YTO MBIIIKA B HY>KHOM MECTE JJisi TPOBEICHUS COCAMHEHUS C
5TUM BbIBOAOM. II[EnKHUTE 5EeBOM KIaBUIIEH MBIIIKA, YTOOBI HadyaTh COENMHEHHUE, a 3aTeM
nepeMeIniaiTe MBIIIKY K BBIBOJY OT KPacCHOTO OKHa ogHOro u3 cBetodopon. Korna Ha Tom BbIBOAE
MOSIBUTCSI KPACHBIA KBaJpPATHK, MIENKHUTE JIEBOM KIIABUIIEH MBIIIKH €II€ pa3, 4ToObl 3aBEpUINThH
coenunenue. IloBropure mpouecc Ui MOAKIIOYEHUS O00OMX CBETOPOPOB, KaK ITO CHEIAHO HA
cxeme npumepa.

Ectp PAa BXKHBIX MOMCHTOB, OTHOCAIIHUXCA K MMPOLUECCY COCAUHCHHAA:

13



LABCENTER ELECTRONICS

* Bbl MOXeTe MNpOBOIUTH coemWHEHHMsT B Jo0om pexmme — ISIS  mocrarouno
cooOpasuTenpHas MporpamMmma, 4ToObl ONPEICTUTh, YTO BhI JeacTe.

* Korma BeiOpana ommmst Wire Autorouter, coenMHEHUE OOXOAWT MOMEXH M, KaK IPaBUIIO,
HAXOJUT IYTh MEXY JAPYTMMU COEAUHEHUsMU. UTO 03HA4aeT i BaC — BCE, YTO HY>KHO
clienaTh, 3TO JBa IIEIYKa Ha ABYX BBIBOJAX, M JIaTh BO3MOXKHOCTH ISIS HalTH myTh Mexmy
9THUMH BBIBOJAMHU.

» ISIS aBTOMaTnuecku maHopaMHpyeT SKpaH, €CIH BBl MepecekaeTe Kpail pabodero okHa MpH
CO3JIaHMM COEIMHEHMsA. DTO O3HAYaeT, YTO Bbl MOXKETE YBEJIMUYMBATh HM300pa)keHUE 0
HYXXHOTO YpPOBHS M, IOCKOJIbKY 3HA€T€ HYXKHOE IIEJIEBOE MECTO, IPOCTO IMPOXOAUTE II0
HKpaHy /10 TOTO MOMEHTA, KOTr/Jja YBUAUTE OObEKT. AJIbTEPHATHUBHO, Bbl MOXKETE YBEIUUNBAThH
Y YMEHbIIATh N300paXkeHue, pa3Menias nposoja (ucroinb3ys knasumu Fé u F7).

W, HakoHeI, MBI JOJDKHBI COSJMHUTH BBIBOX 4 ¢ KOHTaKTOM nuTanus. LI[&nkauTe npaBoii KiraBuei
MBIIIKH Ha CBOOOJHOM MecCTe, BBIOEpUTE M3 BBINaAatomiero MeHio Place-Terminal-Power; Tenepb
MENKHATE JICBOM KJIABHIIEH MBIIIKKM B TOJAXOMAIIEM MeECTe JUIS pa3MEIIeHHs KOHTaKTa.
Omnpenenurech ¢ HY)KHOW OpHMEHTALMEH M COEIMHUTE BBIBOJ 4 C KOHTAKTOM IUTAHHA, KaK 3TO
OITMCAHO BHIIIE.

Bbosnbie nonesHoi nHdopMauu o nmpouecce COeqUHEHMs Bbl Hailiére B pykoBojacTse Kk [SIS.

B 3TOM MecTe MBI peKOMEHIyeM 3arpy3uTh MOJIHYIO BEPCUIO CXEMbl — 3TO M30aBUT Bac OT JIIOOBIX
HE0pa3syMEeHUH, ecliu Bepcusl, KOTOPYIO HApUCOBAJIM Bbl OTIIMYAETCS YEM-TO OT HaIlen!

HanucaHue nporpamMmmbl

JlucmuH2 ucxo0Ho20 Koda

Jlnist nieneit Hamero pyKoBOCTBa MbI IPUTOTOBUIIM CIIEAYIOLIYIO IPOrpaMMy, kotopast mo3Boiaut PIC
yIOpaBisATh cBeTOQopamMu. JTa mporpamma InpeaocranieHa B (aiine, HazsanHoM TL.ASM u moxet
ObITh HailieHa B qupextopun «Samples\Tutorialsy.

LIST p=16F84 ; PIC16F844 ueneson npowueccop
#include "P16F84.INC" ; Bknto4unTb halna 3arosi0BKOB

CBLOCK 0x10 ; BpeMeHHOe xpaHunuuie

state
11,12
ENDC
org O ; Ha4ano BekTopa.
goto setports ; Mepexon K Havany KoAaa.
org 4 ; BeKTop npepbiBaHUA.
halt goto halt ; 3a0aéM BECKOHEYHbIN LUK N HAYEro He AeNlaeM.
setports clrw ; Honb B W.
movwf PORTA ; Y6eoumcs, 4to PORTA obHYnéH, npe)xae Y4eM NCNoJIb30BaTh.
movwf PORTB ; Y6eonmcs, 4To PORTB 0bHYyNéH, npexxge 4emM 1Mcrnosib3oBaThb.
bsf STATUS,RPO ; Boibupaem Bank 1
clrw ; Macknpyem Bce 6MTbl 44 BbIxoaa.
movwf TRISB ; YcTaHaBnmBaeM peructp TRISB.
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bcf  STATUS,RPO

initialise clrw

loop

getmask movf

wait

wl

wait2

movwf state

call getmask
movwf PORTB

incf state,W
andlw 0x04
movwf state
call wait
goto loop

; NMepekntovyaemcsa K Bank 0.

; HayanbHOe cocTosHme.
; YcTaHaB/AMBaEM ero.

; KoHBepTupyem coctosHue B bitmask.

; 3anncbiBaeM ero B nopT.

; YBenny4mBaeM Ha eguHuLy coctosHme B W.
; ObopaymBaem ero.

; Bo3BpallaeM B NaMAaTh.

; Koem :-)

: W umkn :-)

; DyHKUMA Bo3BpalleHns bitmask ansa sBeixoga nopTa 4N TEKYLLEro COCTOAHUS.
; BepxHuin Kycok cogepxuT 6uTbl AN 04HOWM YCTAaHOBKW CBETa U

; HUDKHUI KYCOK BUTbI ANna Apyron yCTaHOBKU. BUT 1 KpacHbIN, 2 XXENTbIN

; @ 6UT Tpn 3enéHblin. BUT YeTbipe He UCNosb3yeTcs.

addwf PCL,F
retlw 0x41
retlw 0x23
retlw 0x14
retlw 0x32

state, W

’
’
’
’
’

’

Bepém cTtaTtyc B W.

; lobaBnsem KomneHcauuto 8 W gna PCL ons pacyeTa. goto.
; state==0 3T0 3eNéHbIN N KPaCHbLIN.

; state==1 370 XENTbIN N KPACHbIN/KENTLINA.

; state==3 3T0 KpacHbIN N 3eNEHbIN.

; state==4 370 KpacHbIN/>XENTbIN N XENTbIN.

; DYHKUNSA, UCMoNb3yollasa ABa UUKAa AN peasnsaumm nayssi.

moviw 5
movwf |1

call wait2
decfsz 11
goto wl
return

clrf 12
decfsz 12
goto w2
return
END

3nech ecTh, PaKTHUECKH, IPEIyMBbIIIUIEHHAs OLIMOKa B KOJIE BbIILIE, HO 00 3TOM UyTh MO3XKE...
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Ho6aeneHue ucxodHozo0 ¢palina

Crenyroumii stan — g06aBIeHUE TPOTPAMMBI B ITPOEKT, YTOOBI MBI MOIJIM YCIIEIIHO CUMYJIUPOBATh
e€ moBezeHUE. MBI celaeM 3TO, MUCHONB3Ysl KOMaHIbl Source OCHOBHOTO MeHro. [lepeiimute K
pasneny Source u BbIOeputTe KoMaHny Add/Remove Source Files. l|€nkaute mo kHOmke New,
nepemectuTech K aupekropun «Samples\Tutorialsy mius Beibopa TL.ASM ¢aiina. [énkaute mo
kHonke OTKPBITH U (ailin mosBUTCS B BhINanatomieM ciucke Source Code Filename.

Ternepp HaM HYXXHO BBIOpaTh TpaHcuATop g (daina. s Hamed nenn nogxomut MPASM. Dra
OMIMS JTOCTYITHA W3 BBIMAJAIONICTO CIUCKA, a INETYOK JICBOW KIIABHINEH MBIIIKKA BBIOEpET €
OOBIYHBIM 00pa3oM. (3aMeThTe, YTO €CIM Bbl IJIAHUPYETE MCIONb30BATH HOBBIA acceMOiep WiIu
KOMIWISATOP B 3TOT MOMEHT, BbI JOJKHBI 3aPErUCTPUPOBAThL €r0, UCoNb3ys komanay Define Code.
Generation B paspnene Tools).

U, HakoHel, HEOOXOAMMO YKa3aTh, KakoW (ailyl mporeccop JODKeH 3armycKaTh. B Hamiem npumMepe
ato Oyzaet tl.hex (hex-daiin npoussonur MPASM npu accemGiupoBanuu tl.asm). YtoOb1 100aBUTH
3TOT (aii B mpoIeccop, OTKPOWTE ABOMHBIM IIeTukoM 1o komroHeHTy PIC nuanoroBoe okHo Edit
Component, B xoTopoM ecTb none 1uist Program File. Ecau 510 yxe He 3aiaH0, Kak tl.hex, ykaxure
nyTh K (aiiTy BPYUHYIO WM NEpEeiHanTe K MECTY XpaHeHHs (aiiyia ¢ IOMOIIbI0 KHOMIKU « ?» cIpaBa
ot nossi. Korna BeI 3amanu hex-daiin, nHaxxmure OK 1151 BBIXO7a U3 Auaiora.

Tenepb MBI NPUKPENMIN UCXOAHBIN (DAl K MPOEKTY M yKa3aiH, KaKOH TPaHCIATOP UCIOIb30BATh.
Bonpiie nHpopMaum o cucteMe yrnpaBlieHHs] HCXOIHBIM KOJOM Bbl HaiiéTe nanee.

OTtnapgka nporpamMmbl

Cumynsyusi cxembl

YroObl CHMYIMpPOBaTh CXEMY, IOMECTUTE yKa3zaTellb MbIIIKM Ha KHonky Play (P) mnanenu
aHMMallMM B JIEBOM HIDKHEM YNy 3KpaHa U HaxmuTe e€. IlaHenb COCTOSHUS MOKaXeT BpeMms
AKTUBHOCTH aHUMAalMU. BBl TOMKHBI TakkKe OTMETUTh, YTO OAMH M3 CBETO(OPOB 3€NEHBIN, TOraa
KaK JIpyroi KpacHbIH, 1 JIOTHYECKOE COCTOSHIE BBIBOJIOB JIOJKHO OBITH BUIHO Ha cxeme. Bmecte ¢
T€M, BBl 3aMETWJIHM, YTO COCTOSHHE CBETO(POPOB HE MEHSETCS. IJTO NPOU3OLLI0 H3-32
peAHaMepeHHON OIIMOKH, KOTOPYIO MbI cliesaiu B kozxe. Ha atom stame camoe BpeMs OTJIaIuTh
porpaMmy, YT00bI H30aBUTHCS OT TPOOIEMBI.

Pexxum omnadku

UtoObl yOenuThCS, YTO MBI HAaXOIUMCS B PEXKHUME OTIAJKH CXEMbl, Mbl OCTAaHOBUM TEKYIIYIO
cumyssinuio. CrnenaB 310 (KHOTMKAa Stop — W Ha MaHETW aHWMAIMHM) Bbl MOXKETE HA4aTh OTIAJIKY,
HaxaB kinaBum CTRL+F12. TlosBsTcs 1Ba BCIUIBIBAIOIIMX OKHA — OJHO IMOKAa3bIBAET TEKYIIUE
3HAUEHMS PETUCTPOB, & APYro€ UCXOAHBIN KOJ MporpaMMbl. ECIM HET, ©X MOXXHO aKTUBUPOBATh W3
MeHI0 Debug, Kak 1 OCTalbHbIE HHPOPMAIIMOHHBIC OKHA.
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Debug Library Template System Help

| dlistartiRestart Debugging Ciri+F12 .
fmﬁ_e — — Ham Taxxe xoremoch Obl axktuBuposars Watch Window, B

I Stop Animation ShifttPause KOTOPOM MOXHO YBUACTb UBMCHCHUE B COCTOAHUU IIEPEMCHHBIX.

# Execute F12
Execute Without Breakpoints AlttF12

[TonHoe onucanue 3TUX BO3MOXKHOCTEW Bbl HAUJETE B pasiclie,

Execute for Specified Time o3arasieHHoM « Watch Window — OkHO HaOJIrOqEeHUS.
] ~
Eztz ;’t‘:" ;:’ CKOHIIEHTpUpPYyeMCsI ceiiuac Ha OkHe Source, 00paTHB BHUMaHHE
2 step Out CH+F11 Ha KPacCHYIO CTPEIKY cCjeBa. JTO, BMECTE C IOACBEYEHHOI
47 step To CHTFF10 CTPOKOM,  IOKasbplBAE€T  TEKYIIYIO  TIO3MIHUI0  CYETYHKA
Animate AlttF11

nporpaMMbl. UToOBI 3a/1aTh 3/1€Ch TOUKY ocTaHoBa (breakpoint),
HOXKMHUTE TPaBYIO KIABUIIY MBIIIKA (TOYKAa OCTAHOBA BCET/a

Viodel Data

S al—— YCTaHABIMBAETCS Ha MOICBEYEHHOMN CTPOKE) U M3 BBINAJAIOIIETO
Use Remote Debug Monitor meHto Boioepute Toggle (Claear/Set) Breackpoint. Ecnu BbI
= Tile Horizontally XOTHTE OYHCTHTh TOYKY OCTaHOBA, BbI MOXKETE CHENATh JTO

Tl Tile Veticaly TIOBTOPHB OTEPAIIHIO, HO MBI ITOKa €€ OCTaBUM.

1. Simulation Log
2. Watch Window
v 3. PIC CPU Source Code - U1
E PIC CPU Registers - U1 j
5. PIC CPU Data Memory - U1
€. PIC CPU EPROM Memory - U1

1. PIC CPU Program Memory - U1
8. PIC CPU Stack - U1

3adaHue mo4yek ocmaHoea

B3misiHyB Ha mporpammy, MOKHO 3aMETHTb, UYTO IIMKJI BO3Bpamiaercs K cede. Heroxo Ob1 ObLIO
YCTaHOBUTH TOUKY OCTaHOBA B Hayalie IMKJIa, 10 TOTO KaK MbI cTapTyeM. Bbl Moxkere crienarb 3To
noaceeTuB nuHUIO (1o agpecy 000E) mbrmkoit u 3arem HaxkaB F9. 3arem nHaxkmwure F12, 94T00BI
3allyCTUTh MporpaMMmy. Bbl MOMKHBI yBHIETh cooOllleHHMe Ha maHenu coctosHus (Status Bar),
MOKa3bIBAIOIIee, YTO IU(pPOBas TOYKA OCTAHOBA JOCTHTHYTA W agpec MPOrpaMMHOTO CUETYHKA
( Program Counter, PC). D10 oTHOCHTCS K aapecy IEepBOM TOUKH OCTAHOBA, KOTOPYIO MBI 3a/1aJTH.

Criucok KiIo4el OTIa Ky ecTh B paszaene Debug 0OCHOBHOTO MEHIO, HO JUisi OOJbIIEH yacTu paboThl
Mbl Hcnoib3yeM kiaBuiny F11 mis momaroBoro mpoxokaeHusl mporpammbl. Haxmure kiaBHILy
F11 u 3ameTsTe, UTO KpacHasi CTpEIIKa CJIeBa MEPEMEIAETCs K CIeAyIouel nHCTpyKkuuu. Bee, uto
MBI peaJIbHO Clielalldi — 3TO BBINOJHWIM KOMaHay «clrwy, a 3areM ocTaHOBUIHMCH. Bbl Moxere
MIPOBEPUTH ITO, B3MISIHYB Ha peructp W B okwue pecucmpos (PIC CPU Registers) u yBuaeB, 4to
PETHCTP OOHYITHIICS.

Bce, 4To HaMm celyac Hy»KHO ClIelaTh, 3TO OIPENEIUTh, YTO MbI IIPEAIIOIATaeM JOJIKHO IIPOU30MTH
IIPY  BBINIOJTHCHUM CJEAYIOIIEH WHCTPYKLHH, a 3areM IpOBEpUTh, Tak Ju 3T0? Hampumep,
clenyromas MHCTPYKIUS OJDKHA MepeMecTUTh coaepxumoe peructpa «W» B PORTA. To ects,
HOPT A OJIKEH OYUCTUTHCA. BBIMOITHUM 3Ty HHCTPYKLIMIO M ITPOBEPUM OKHO PErUCTPOB, yoeaumcs,
410 3TO Tak. [Iponomkas BbIMOIHEHHE, TOKA HE OyAeT JOCTUTHYTa BTOPOM TOUKH OCTAaHOBA, MOXKHO
OTMETHUTh, 4TO 00a mopra ObUIM OYMILEHBI U TOTOBBI I BBIBOAA (KaK 3TO JUKTYETCS PETUCTPOM
TRISB), 1 uTo nepeMeHHas state KOppeKTHO ycTaHOBJIEHA B 0.

[Tockonbky nmanmee ciemyeT (GyHKIMsS BbI3oBa (call), MBI JOMKHBI BRIOpaTh IMar yepe3 (yHKITUIO
(Stepping Over, HaxxatueM kiaasumy F10), HO A7 TOTHOTHI MBI MIPOHAEM uepe3 BCe MHCTPYKIIUH.
Haxarue knaBumm F11 B 3ToM MecTe 3acTaBisieT «HAC» MEPENPHITHYTh Ha IEPBYIO BBHITOIHAEMYIO
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cTpoky ¢yHkuuu getmask. Ilepensurasce Brepéa, Mbl yBUIUM, YTO OIEpaIisi Move YyCIelHa, U
YTO MBI «IIPU3EMJIMIIUCHY) B HY>KHOM MECTE€ JUIsl J0OaBJIEHUsI MAacKHU B Hally TaOiauily o003peHwus.
Korna Mbl BepHEMCS B OCHOBHYIO NPOTpaMMYy, MBI MOJY4YMM MAacKy, KOTOPYIO M Ipearojaraiu.
[[Tarasg panplie W 3anmuchbiBasl MAacKy B TOPT, Mbl YBHJHMM IIPaBUJIbHBIM PE3yabTaT Ha CXEME.
Crnenyrouuii mar yBelIMuuT Ha €AUHMILY Sstate, 3TO TOXKE YCIIEIIHO, O YEM CBUAETEINBCTBYET OKHO
HabnoodeHus, Te 3HaueHue peructpa « Wy yBennuuaercs Ha 1.

Crnenyroumii mwar NpuBoIuT HacC K MHCTPYKIUH, BBIIOJHSAIOLIEH BO3Bpar state B HOJb, KOIja OHa
yBenuuuBaeTcst O6onpie 3. DTO, KaK MOXKHO BHUJIETh B OKHe HaOI00eHUsl, HE BBIIOIHAETCS, XOTS
nowkHo Obl. Ilepemennas state octaércsi co 3HaueHWeM | Ui MackH, KOTOpasi MOJDKHA OBITh
IIPABWJIBHO YCTaHOBJIEHA IPYU CJICAYIOLIEM BBIIIOJIHEHNUN [IUKIIA.

Mouck owubku

3aBepIleHe paccieOBaHUs MMOKAa3bIBALT, UTO MpodiemMa oOHapyxuBaeTcs npu onepauuud AND c 4
BMecTO 3. MEI xoTenu Obl, 4To0BI cocTosgHusd Obln 0, 1, 2, 3 u mo6oe u3 Hux, korna AND 4, gaér
HOJb. BOT mouemy mpu 3amycke CHUMYISIIUM COCTOSHHUE CBETO(GOpPOB He MeHsercs. PemieHue
MIPOCTOE — 3aMEHUTh MPoOIeMHYI0 HHCTpYKIHio AND co state ¢ 4 Ha 3. D10 OyneT o3Ha4ark, 4YTO
Korja state OyzeT yBenuuuBathest 10 3, ¥ Korjaa peructp «W» yBenuuuTcs 10 4, iepeMeHHas state
Oynet oOHyNIATbCA. ANBTEpHATUBHOE PEIIEHNE — MPOCTO NMPOBEPUTH B 3TOM cliydae peructp « W,
¥ KOT/Ia OH CTaHET paBeH 4, OOHYINTB €ro.

DTOT KOPOTKUI npumep omiaaku B Proteus VSM usmtoctpupyeT, B OCHOBHOM, YTO €CTh MHOXECTBO
JIOTIOTHUTENBHBIX (PyHKIMH. OYeHb PeKOMEHIyeM, YTOObl Bl 3alNIIHYNIU B paznen «OTiagka Ha
YpOBHE UCXOAHOTO KO/Ia» MO3KEe B 3TOM JOKYMEHTE, YTOOBI 03HAKOMUTHCS CO BCE ATHM JIeTaIbHEE.

Traffic - ISIS Professional (Animating

m
@

View Edi Tods Design Graph Souce Debug Library Template System Help
I ‘ ([ ME | & > |2 a6 B B2 @
Name Waten E...

o - —_— - -
BORTE
KL

+ ¥ | o

PIC CPU Source Code - U1 X Ml PIC CPU Regis

- #F | BMED |8 X oC: §0012 INSTR.: HOVH
=

W
TRAFFICLIGHTS cop ca etmask E a 2:1 DC:0 C:0
o - 5 8 §1C 200011100 ATH: 500 500000000

Al

<z

55 $FF 311111111 INIC $00 300000000

ORT A: 0§00 $00000000 TRIS A: 31 $1F 800011111
ORT B: 65 §41 01000001 TRIS B: 0 300 300000000

[
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@
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o
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A
+

- As supplied,- the- TL.ASM program: contains a deliberate error --see the tutorial for-details: -

b & VSM Interactive Tutorial
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Fax +44(0)1756 752657 Tek +44 (0)1756 75340
Electronics = Email. info@labcenter.co.uk WWW http://www.labcenter.co.uk/
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PYKOBOACTBO 10 CUMYIISILUNN, OCHOBAHHOU HA TPA®UKAX

BBeageHue

[lenb 3TOrO pyKOBOJCTBA MOKA3aTh BaM, UCHOJbB3Ysl CXEMY MPOCTOrO YCHWJINTENS, KaK BBITOIHSTH
CHUMYJISIIINIO, OCHOBaHHYIO Ha rpadukax ¢ PROTEUS VSM. lllar-3a-maromM Mbl Ipoiaém yepes:

* Pasmemnienue rpagukoB, IPOOHUKOB M TE€HEPATOPOB.

* BrimonHeHue aKTyaabHOH CUMYJISINY.

* Hcnonp3oBanue rpadukoB Uit 0TOOPaKEHUS PE3yIBTATOB M MOIYUYCHHS 3aMEPOB.
*  O030p HEKOTOPHIX TUIIOB AHAJIN3a, KOTOPbIE JOCTYIIHBI.

PykoBozncTBo HE OTpakaeT monHOro ucnosnb3oBaHue ISIS, Takux mpouenyp, Kak pasMelleHUE,
COeIMHEHNE KOMIIOHEHTOB, BblAeNieHHe 00beKTOB U T.1. IlonaHee 3To onmcano B pykoBozacTse «Ilo
MHTEPAaKTUBHON CUMYJLILIMM» U €€ JeTallbHee B pyKoBoacTBe K ISIS. Ecnu BbI e11€ He 0CBOMINCH
¢ ucnonb3oBanueM ISIS, cnenaiite 310 10 TOrO, KaK OOPATUTECH K ITOMY PYKOBOJCTBY.

Msbl oyeHb cOBeTyeM BaM MHpopaboTaTh 3TO PYKOBOACTBO JO IMOMBITOK CaMOCTOSTEIBHO
UCIOJIb30BaTh CUMYJISALIMIO, OCHOBaHHYIO Ha TpaduKax: OCBOMB KOHLENIUU, MHOTO JIerye MOHATh U
BECh Marepuaj B COOTBETCTBYIOLIMX pa3lesiaX, YTO M30aBUT BAaC OT HEMPOM3BOAMUTEIBHBIX 3aTpaT
BPEMEHHU U Pa304apOBaHUs B JAIbHEUIIIEM.

HauyHéem

Cxema, KOTOPYIO MBI COOMpaeMcsi CUMYIIUPOBAaTh — 3TO ayAMO yCUIUTEIbh Ha ocHOBe OY 741, kak
noka3zaHo Hmxe. Ha weit OV 741 B 0ObIuHOI KOHUTYpalMKM C MUTAHUEM OT E€AMHCTBEHHOTO
ucrounnka 5 B. Pesucropsr oOparHoit csa3u R3 u R4 3anator ycunenue mopsaka 10. Bxoanble
komrnoHeHTHl R1, R2 u C1 co3narot «danpimmBoe» 3a3eMiieHHEe Ha HE WHBEPTUPYIOIIEM BXOJE,
KOTOPBIN «pa3BsA3aH» OT CUTHAJIA.

Kak 1 npuHATO B IOZOOHBIX CITydasiX, MbI UCTIOJIB3YEeM aHAJN3 MEePEXOTHBIX MPOIeccoB (transient
analysis) amekTpuueckod Ienud. DTOT BUJ aHalIW3a OYEeHb IMoJe3eH, AaéT OonbIIoil 00beM
uHpopMaruu o cxeme. [locie 3aBeplIeHUs] ONMUCAHHUS CHUMYJISIAKA C aHAJTU30M IEePEXOTHBIX
IPOIIECCOB, OYJIET COMOCTAaBIEHHE C IPYTMMHU BUIaMU aHAJIM3a.
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Ecnu xotuTe, BB MOXETE€ HApHCOBaTh CXEMY CAMOCTOSITEJIBHO, HO MOXKETE 3arpy3HWTh TOTOBBIi
npoekT: «Samples\Tutorials\ASIMTUT1.DSN». KakoB Ob1 Hu ObLT Baml BEIOOp, yOenuTech ceifuac,
yro ISIS 3amymieH u cxema HapHcoBaHa.

FeHepaTopbI

YToObl IPOBEPUTH CXEMY, HAM HY>KHO CHAOAUTH €€ MOJXOJSAIIMM BXOAHBIM CUTHaJoM. Mbl Oynem
UCIIO0JIb30BaTh UCTOYHUK HANPSKEHUs MPSIMOYTOJIbHON (DOpMBI B Ka4eCTBE TECTOBOTO cUrHamna. J{is
reHepanuu TpedyemMoro HanpsikeHust Oy/1eT UCIOIb30BaH O0BEKT «IE€HEPATOP».

UYtoObl MOMECTUTh HAa CXEMYy TIeHepaTop, HMIENKHUTE MPaBOil KIABHILIEH MBIIIKA Ha CBOOOIHOM
Mecte pabodero mons, BweiOeputTe Place-Generator-PULSE: pnyis Hamied CUMYISIIAA  HaM
nonanoburcs Pulse-renepatop. Bribepute reHeparop, mepeMecTUTE Kypcop MBIIIKH B OKHE
penakTopa mpaBee kKoHTakTa IN, W MENKHUTE JIEBOM KJIABUIIEH MBIIIKA IO TMPOBOIY, YTOOBI
MIOMECTUTh T€HEPaTop.

OOBeKT TreHeparop TOXOK Ha napyrue o0bekThl B ISIS — Takme xe mpomemypsl s
IIPEIBAPUTEIBHOTO NIPOCMOTPA M OPUEHTALIMU, PENAKTUPOBAHUS I'E€HEPATOpa, NEPEMELEHUS WU
yaanenus (cM. «OcCHOBHbIE MPUEMBI pelaKTUPOBaHUsA» B pykoBojcTBe K ISIS unu «['enepatopsl u
IPOOHUKN» B ’TOM PYKOBOJICTBE).

Taxxe, KaKk Mbl «IPHIETIINY TEHEPaTOp K CYIIECTBYIOIIEMY MPOBOMY, KaK MBI ATO JEJIaeM, MBI
MOXKEM pa3MellaTh T'€HEepaTophl Ha JUCTE M COCAHHITH CO CXeMOH OOBIYHBIM OOpazom. Ecmu
OTTAIlUTh TEHEpPaTop OT coemuHenus, Torna ISIS «pemmuT», 9T0 BBl XOTUTE €ro OTCOSANHUTH, U HE
OyleT «TaluTh» MPOBOJ 32 HUM, KaK ATO AeNaeT sl OOBIYHBIX KOMIIOHEHTOB.

W, 3ameTbTe, Kak reHepaTop aBTOMaTHYECKU IIPUCBAUBAET CChUIKY — MMs KOHTakTa IN.

Ecmu reHeparop COCAUHIACTCA C 00BEKTOM (I/IJ'II/I moMenacTCs HEMOCPCACTBCHHO HA CYH_ICCTBYI-OH_[I/Iﬁ
HpOBO)I) OH IMPpHUCBAUMBACT UM LCIINU, K KOTOpOﬁ MOAKIIOYEH. Ecmm Oerb HE UMECT HMCHH, TOT1a UM
OJrDKaMIIero BbIBOJld KOMIIOHCHTAa 6y)leT HCITOJIB30BATHCH 10 YMOJIYAaHHUIO.
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U, HaKoHEI, MBI JOJDKHBI OTPEIAKTHPOBATh TEHEPATOP, YTOOBI OIPEACTHUTh MapaMeTPhl HMITYJIbCOB,
KOTOpbIE€ HaM HY>KHBI. UTOOBI OTpeaKTUPOBaTh F'EHEPATOP, IIENKHUTE 110 HEMY IPaBOW KJIaBHUIIECH
MBIIIIKH, BBIICIISSA, U BRIOCPUTE U3 BBIMAIAIONIETO MeHIO Edit Properties, OTKpbIBasi TUAJIOT CBOWCTB.
Bribepute none Pulsed (High) Voltage u 3amaiite 3nauenne 10mV. Taxke yCTaHOBUTE LIMPUHY
nMmiyabsca 0.5s.

Haxxmute knaBuiry OK, 4ToObl n3MeHeHHs BCTynwin B cuity. Pasnen «l'eHepaTopbl U IpOOHUKN
AT MCUEPIBIBAOLIYI0 UH(OPMALIMIO O CBOMCTBAX, PACIIO3HABAEMbIX BCEMH TUIIAMU F€HEPATOPOB.
s 2TOM cXeMbl HYKEH TOJIBKO OJMH TIEHEpaTop, HO HX KOJIMYECTBO MJIsl DPAa3MEILEHUs He
OTpaHUYEHO.

Mpo6HuKN

ITocne Toro, Kak Mbl ONPEAEIWIIA BXOJHOM CUTHAJ JUUIS HALIEH CXEMBI, UCIIOIb3ysl T€HEPATOp, MBI
JIOJDKHBI TeTepb MOMECTUTh MPOOHUKHU B TOUKH, 32 KOTOPBIMH XOTUM Habmronath. bonee Bcero Hac
MHTEPECYEeT BBIXOJ, M BXOJ, IOCIE TOro, Kak OH ObUI HACTPOEH, TOXKE MOJe3Has TOYKa JUIs
npobHuka. Eciu Hy)XHO, MOXHO 100aBUTH elI€ MPOOHHWKH B KIIIOYEBBIE TOUYKH M IMOBTOPUTH
CUMYIISLIUIO.

s pa3menieHus: MpoOHUKOB MIETKHUTE MPaBOM KJIaBUILIEH MBIIIKKM HAa CBOOOJHOM MECTE uepTexa
U BbIOepHTe U3 BhINagaroiero MeHo Place-Voltage Probe (yoemuTech, 4To BBIOpaTu HEHAPOKOM HE
Current Probe — wMbl BepHEMCS K 3TOMY M03xke). [I[pOOHHMKM JOMKHBI MOMENIAThCsl MOBEPX
MPOBOJIOB WJIM TOMENIAThCsl, a 3aTeM COEOUHATHCS C IMPOBOJAMHU, TaK K€, KaK M TE€HEpaTophl.
[lepemectruTe Kypcop MBIIIKH B OKkHe pedaxkmuposarus nesee BbiBoma 3 Ul u mEnkHUTE JIeBOU
KJIABUIIEH MBIIIKKA, YTOOBI J0OAaBUTH MPOOHUK K MPOBOAY, COCAMHEHHOMY C BBIBOAOM 3 U
pesuctopamu R1 u R2. Y6eaurech, uTo mpoOHUK MOMENIEH HA MPOBOJ, MOCKOJIBKY OH HE MOXKET
OBITh MOMEIIEH HETIOCPEICTBEHHO Ha BBIBOJ. 3aMEThTE, YTO MPOOHUK MPpUOOPEN uMs OmrKaiIero
KOMITOHEHTa, K KOTOPOMY OH NPHUCOEIUWHEH, C HOMEPOM BbIBOJAa B ckoOkax. Temepp momectute
BTOpOI MpoOHUK JieBee koHTakTa OUT Ha MPOBOA MEXIy TOUKON COSMHEHHUS U KOHTAKTOM.

[Tpo6HUK, Kak 00bEKT, o00eH reHeparopaM U OOJBIIMHCTBY Jpyrux oobekToB B ISIS — Te xe
Opoleaypsl Ul HPOCMOTpa, OPUEHTALUH MPOOHMKA Iepel pa3MelIeHHEM, peIaKTHpOBaHUS,
HepeMeIeH s, TIEPEOPUEHTALMN WIIH YAAJIEHH TO0Ce pa3MelleHus (cM. pasaen « cM. «OCHOBHBIE
npuéMbl peIaKTUPOBaHUs» B pykoBoacTBe K ISIS mnu «IIpoOHUKN» B 3TOM pYKOBOJICTBE).
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[TpoOHUKN MOXHO PEIAKTUPOBATh, U3MEHSS UX 3TUKETKH. B HarieMm ciydae mpeKkpacHO MOIXOSAT
Ha3BaHUs M0 YMOJIYAHHUIO, HO MPU HEOOXOIMMOCTH UCIIONIb3YyHTe KOHUYMK MPOOHHUKA, a HE TeIO.

Tenepp, KOrga cxemMa TOTOBa K CUMYJISIIIMM, HAM HYKHO Pa3MECTUTh TpaduK s OTOOpaXKeHHUs
pe3yJIbTaTOB.

Mpacukn

['paduky urparoT BaxXHYI0 pOJib B CHMYJISIIUU: OHU HE TOJBKO CIYXAT CPENOH I OTOOpaKEHHS
pe3ybTaToOB, HO JIEHCTBUTENHLHO OTPAXKAIOT BCE, YTO BHINOIHICT cCUMYIALud. Pazmemas ogun (umu
Oonee) rpadMk W TMOKa3biBas KAaKOM M3 THUIOB JaHHBIX BBl OXHJAaeTe YBHJAECTh Ha Tpaduke
(b poBoi, HAPsDKEHUE, UMITEJIAHC U T.I1.), BbI qaéte 3HaTh ISIS, kakol THUII CUMYJISIIUN CIEITyeT
MPUMEHUTh M KaKyl0 9acTh CXEMBI CIEAYET BKIIOUUTH B CUMYJISIMI0. [lJis aHanmM3a mepexomaHbIX
MPOLIECCOB HaM HyXeH aHajoroBbiii (Analogue) tun rpaduka. OH Ha3BaH aHAJIOTOBBIM, a HE
transient, 4yroObl ommmuarh ero ot mudposoro (Digital) Tuma, KOTOPBIM HCIONB3YETCS YIS
0TOOpakeHUs Pe3yNbTaToOB IMpU HU(POBOM aHANU3E, AEUCTBUTENBHO CHEIHAIM3UPOBAHHON (opme
transient (aHamu3 nepexomgHoro mpoiecca) aHanmmza. O6a MOTYT M300pakaThbCsi HA TOWM K€ OCHU
BPEMEHH, €CJTU UCIoJIb30BaTh Mixed (cMelnanHbli) Tpaduk.

PEEEEEE]

UtoOb1 moMecTuTh rpaduk, BHa4alle BeIOepuTe UKOHKY Graph Mode: B okHe
BBIOOPA KOMIIOHEHTOB OTOOPA3UTCS CIIUCOK BCEX JOCTYIHBIX THIIOB TPaUKOB.
3areM BbIOepuTe Analogue TUIl, TIOMECTUTE KYpCOpP MBIIIKH Ha CBOOOIHOM
MECTE€ OKHAa pPEIAaKTUPOBAHUs, IIEIKHUTE JIEBOW KJABUILIECH MBIIIKA U

GRAPITS «pacTaluTe) NpSIMOYTOJIbHUK, YTOOBI OH CTajl HY>KHOTO pa3Mepa, U IEIKHUTE
DIGITAL emé pas, pasMernas rpadux.

INTERACTIVE .
CONFORMANCE I'paduk Benér ceds momoO6HO npyruM oobekTam B ISIS, XOTs ecTh U HEKOTOpBIE

s TOHKOCTH. MBI CHaOOMIIM HEOOXOAWMBIM TPUMEp Ui PYKOBOJICTBA, HO
COOTBETCTBYIOIIMI pa3zxen Oyder jydile Mo4uTarb. Bel MoXkeTe BBIACIATH
rpaduK OOBIYHBIM 00pa3oM, 3aTeM, HCIONB3ysS «PYUKH» W JIEBYIO KIIABHUIIY
MBIIIKA PACTATHBATh TI'pauK, WIM ITIOMECTHB Kypcop Ha Tpaduk mociexn

BBIJICJIEHUS, KOTJIa Kypcop MpUOOpeTaeT BUI PyKH, IIepeMeIaTh caM rpaduk

+m> 80U @0 Yy

Hawm ceituac Hy>xHO 0OAaBUTH HaIll TeHEpaTOp U NpOoOHUKH Ha rpaduke. Kaxkaplii reneparop umeer
NpOOHUK, CBS3aHHBIN C HUM, TaK YTO HET HEOOXOAMMOCTH MOMEIIATh MPOOHUK HETOCPEICTBEHHO
Ha TeHepaTope, YTOObI YBUAETh BXOAHOW curHai. EcTe Tpu cmocoba 100aBHTH TeHeparop |
NpoOHUKHY Ha rpaduK:

e IlepBblii — BBIACTUTH KaXABIM NMPOOHHMK/TEHEpATOp MO O4YEpeAd W TEpEeTAlUTh WX Ha
rpadKk — TOYHO TakK, KaK Bbl MX IlepeMeliaere Ha HoBoe MecTo. ISIS oOHapyXHT, 4TO BEI
IBITACTECh TMOMECTUTHh MPOOHHK/TEHEpaTop Ha TpaduKe, BO3BpallaeT WX HAa MECTO U
no0aBisieT KpHUBbIE Ha TpauKe C TEMHU XK€ CChUIKAaMH, YTO M Ha MPOOHMKE/TeHepaTope.
KpuBble MOryT OBITH CBsI3aHBI C JICBOM HJIM TPaBOW OCSAMH B aHAJIOTOBOM TIpaduke, a
poOHHUK/TeHepaTop OyayT 100aBIICHBI K OMMIKANIIEH OCH CO CTOPOHBI Pa3MEIIICHHUS.
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HezaBucumo oT TOro, Kyga Bbl IOMECTHIIM NPOOHUK/T€HEpaTop, HOBas KpHUBas Bcerna
J00aBIISIETCs] HIKE YXKe CYIIECTBYIOIIUX TpaduKOB.

Bropoit u Tpetmii meTompl no0aBiIeHHs TMPOOHHKOB/TEHEPATOpOB HAa Tpaduk o00a HCHOIB3YIOT
koMaHny Add Trace w3 meHwo rpaduka; 3Ta KOMaHAa BCEraa J00aBiIseT MPOOHUKH K TEKYIIEMY
rpaduky (ecnu ux Oonee oJHOTO, TEKYIIUI rpaduK, OH OJIMH, BBIOUpAETCs Yepe3 pasiesl OCHOBHOTO
Mmento Graph).

* Ecmu xomanna Add Trace BbmonHseTcs: 6€3 BbIAECICHHOIO MPOOHNUKA WK FeHepaTopa, Toraa
nosiBisieTcst quanorosasi opma Add Transient Trace, n IPOOHUK MOXKET OBITH BBHIOpAH U3
CIMCKa BCEX MPOOHUKOB MPOEKTa (BKIIHOUasi MPOOHUKH Ha JAPYTHX JIUCTAX).

* Ecmu ects BblieNeHHBIE NMPOOHUKH/TEHEPATOPHI, BBHINMONHEHHE KOMaHabl Add Trace (u3
OCHOBHOTO MEHIO) MPUBEAET K TOMY, 4YTO TOsBUTCA mnpuriamenue Quick Add (6wicTpo
n00aBUTh) BBIJCTICHHbIE MPOOHUKU K TeKylleMy rpaduky; npu Boioope omuu Cancel,
nosiBisieTcst auaioroBas ¢opma Add Transient Trace, xax omucano Bbime. Beibop OK
no0aBIsieT BCE BBIACICHHbIE MPOOHUKU/TEHEPaTOphl K TeKyIleMy Ipaduky B aja(paBUTHOM
HOPSIIIKE.

Ms1 ucnons3yem Quick Add nns noGaBieHus: HaIIUX NMPOOHMKOB M TeHeparopa K rpaduky. Jlnbo
BbIIETIUTE MPOOHUKH U T€HepaToOphl HHANBUAYAIbHO, WIH, ell€ ObIcTpee, cleaiTe npsMoyroibHOe
BBIJICICHUE BCel cxeMbl — MexaHu3M Quick Add mpourHopupyeT Bce BbIIEIEHHBIE OOBEKTHI,
KpoMme MPOOHHMKOB W reHeparopoB. Beibepure komanny Add Trace w3 paznena Graph oCHOBHOTO
MeHi0 U HaxkmuTe kHONKYy OK B mpurmamenun. Kpuble (MX 3arojloBKH) MOSBATCS Ha Tpaduke
(MocKoIbKy TpaduK OJUH, M OH MOCIEIHUM UCIIOIB30BAJICS, TIOHITHO, YTO OH — TEKYIIUHA rpaduk).
B 3TOT MOMEHT KpuBBIE COCTOST M3 MMEHM (Ha JIEBOM OcH) M M3 OONAacTH MYCTBIX JaHHBIX
(ocHoBHas obOmacTh rpaduka). Eciau kpuBbie HE IOSBUIIMCH, BO3MOYKHO, OHU CITUIIIKOM MaJjIbl, YTOOBI
nporpamma ISIS cmorna HapucoBaTh uX. YBenuubTe TpaduK, BBIICIUB €0 U pacTacKuUBas YIJIbI,
YTOOBI OJYYUTh HYKHBIN pa3Mep.

Kak TonbKko 3TO MpoM30WAET, HAIIM KpuBbIE (pa3MeUIEHHbIE B ajl(aBUTHOM MOPSAKE) MOSIBSITCS.
OnHako MBI MOXKEM MX nepeMemniartb. YToObl 3TO chenarh, yOequTech, 4TO TpauK HE BBIJCIIEH,
HIEJIKHUTE JIEBOW KJIABUIIEH MBIIIKH [10 UMEHU KPUBOU U NEPETAIINUTE, YAEPKUBAs JIEBYIO KIaBUILY,
e€ B Hy’)kHOe MecTo. KpuBas nozncBeunBaercs, 4To0Obl [10Ka3aTh, YTO OHA BblJeNeHa. KpHBy0 MOXHO
yAaIuTh, BEIOpaB KomaHay Delete Trace 3 BBIIAAIONIETO MEHIO TOCIE MIETYKA PABON KIIaBUILEH
MBIIIKH 110 UMEHHM KpHUBOH. UTOOBI CHATH BBIAEIEHHE CO BCEX KPHBBIX, MIEIKHUTE MBIIIKON B
CBOOOHOM MECTE YepTerKa.

Ocrancst mocnenHUi MTPUX YCTAHOBOK MEped TeM, KaK BBIMOJIHUTH CUMYJSIUI0 — 3TO 3a/aTh
Bpems cuMmyisinuu. ISIS cuMmynupyer cxemy COIacHO €O BPEMEHEM OKOHUAHHUS Ha IIKajle X
rpaduka, a Juisi HOBOTO Tpaduka 370 3aAaHo B 1 cexkyHay. [ns Hamiel menu Mbl XOTeln Obl, 4TOObI
BXOJIHOM curHan ObLT OMU3KO K BBICIIEH pabodeit yactote, ckaxkeM, 10 x['m. D1o motpedyeT obriero
nepuoga B100us. Beimenure rpaduk u MENKHUTE TO HEMY JIEBOM KJIABHIIEH MBIIIKH, YTOOBI
nosiBwica auanor Edit Transient Graph. ®opma 3Ta uMeeT MO, KOTOpbIe MO3BOJSIOT Bam
03amIaBUTh TpaduK, 3a/aTh BpeMsl Hadaja U OKOHYAHHS CUMYJSIIIMU (3TO OTHOCHUTCS K JIEBOMY U
paBOMYy HauOOJIBIINM 3HAYCHUSM OCH X), 03aIJIaBUTh JIEBYIO U MPABYIO OCHU (3TO HE 0TOOpaXkaeTcs
Ha MUQPOBBIX Tpadukax), a TaKKe 3aJaTb OCHOBHbIE CBOMCTBA JJIS 3allycka cuMyisiiuu. Beé, uro
HY)KHO CJ€enaTh HaM, 3TO U3MEHUTh BpeMs okoH4aHMs cumymsauuu ¢ 1.0 Ha 100u (BbI MoXeTe
BBecTu cuMBOITBI 100u — ISIS xouBepTHpyeT 310 B 100E-6) 11 Hakats OK.

Teneppb NPOEKT TOTOB K CUMYJIALMU. B 3TOM MecTe, oKallyH, JIydllle 3arpy3UuTh Hally BEPCUIO
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npoekra (Samples\Tutorials\ASIMTUT2.DSN), uto0bl n30exaTh MOSBICHUS KaKUX-IHOO MpobdiIem
IpU CUMYJISILUM U JUIs CIeTyIoIuX pa3aenoB. Ho BB MoXkeTe ¥ MPOJOIKUTE ¢ TPOEKTOM, KOTOPBIH
npaBuiIn camu, a 3arpy3uth ¢aiin ASIMTUT2.DSN Tonpko B TOM ciyd4ae, e€ciu HpoOIeMBbl
HOSIBATCSL.

4 Drag Object
Edit Properties Cri+E
# Delete Object

R 7 Gl
\-—/O—p out . . @ Y =Nimmor
" # Decompose
- Edit Graph.
i Add Traces.
* ¥ Simulate Graph Space
- 25 view Simjgation Log Gl
Export Graph Data...
Clear Graph Data...

- [ Maximize (Show Window)
. X Resi
P

Clii+Space

Cumynsauuns

UTo0B! CHMYIUpPOBaTh CXEMY, BCE UTO BaM HY)KHO CJellaTh, 3TO JaTb KomMaHay Simulate Graph B
pasnene Graph 0CHOBHOTO MEHIO (MJIM UCIIOJIb30BaTh KiaBUaTypy — npobein). Komanna BBIMOIHUT
CUMYJISIIIUIO U TEKYIIUH Tpaduk (TOT, 4TO OTMEUeH B MeHI0 Graph) Oyner oOHOBIEH pe3ysbraTaMu
CUMYJISALIUH.

Bemonaure 310 ceiiyac. IlaHens COCTOSHMSA NOKa3bIBaeT, O KAakOro MecTa JAOWIEN IMpolece
cumysanuu. Korna cumynsmus 3aBepiieHa, rpadyk NepepucoBbIBAETCS, UCIONb3YsI HOBBIE ITaHHBIE.
Jnsa Texymeint Bepcuu ISIS (Bepcum 6.0) u siapa cumynsatopa Hayaiao rpaduka UTHOpUpYyeTcs —
CUMYJISILIMS BCEra HAYMHAETCSl C HYJIEBOTO BPEMEHM M INPOAOIDKAETCS 10 JOCTHIKEHUS BPEMEHU
OCTaHOBKH WJIM JI0 MOMEHTA, KOTJla CUMYJIALINS JOXOIUT 10 HEM3MEHHOIO COCTOsIHUA. Bbl MoxkeTe
IpepBaTh CUMYJISILIMIO Ha cepeauHe, HaxaB Kiasuiry ESC.

JKypHanupoBaHue CUMYISLMM BEAETCS Ul NOCIEIHEH BBIIOJHEHHOM CUMYISIIUU. Bbl Moxere
YBHUJIETH JIOT (3aIMCh XKypHaja), UCTONb3ys koMaHay View Log u3 pasnena Graph 0CHOBHOTO MEHIO
(umu ¢ nomompto ropsauux kinaBuil CTRLAV xnaBuarypsl). Jlor npu aHajsoroBod cUMYISLIUU
PENKO MOSBISIETCS ISl HEMEIUICHHOTO YTEHUs, TOJNBKO TOrJa, KOTAa €CTh NMPENyNpPEeKIACHUs WU
OMMOKH, O KOTOPBIX HYXXHO 3HaTh, U B OTOM CIIly4ae Bbl MOXKETE€ NMPOCMOTPETH JETald — YTO
IIOIJIO HE TaK. B HEKOTOPBIX Cilydasx, OAHAKO, 3alMCh CUMYJISIIUU MOXKET IIPEIOCTAaBUTh TOJIE3HYIO
UH(POPMAINIO, KOTOPYIO HEJIETKO HAUTH Ha KPUBBIX IpaduKa.

Wtak, mepBas cuMymsiius 3aBepiieHa. bpocuB B3 Ha rpaduk, TPYAHO Pa3mIsieTh KaKUE-TO
netamd. YToObl mpoBepuTh, paboTaeT JIM cxema JOJDKHBIM O0pa3oM, HaM HYXHO BBITOJIHUTH
HEKOTOPBIE 3aMEpHI...
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BbinonHeHue usmepeHum

I'paduk, cozmaHHBIE Ha cxeme, MUHUMU3UPOBAH. UTOObI NMPOBECTH HM3MEPEHHUS, Mbl BHadaje
JIOJDKHBI MAaKCUMU3UPOBaTh ero. Jlis sToro BHavane yOenuTech, 4To rpaduk HE BBIIEICH, a 3aTeM
MIENKHUTE JIEBOM KIIABHILEH MBIIMIKK TI0 €ro 3arojloBKy — TpaduK IMepepucyercss B CBOEM
COOCTBEHHOM OKHE. B BepxHell yacTu okHa mosBUTCS MeHIO. [0 HUM B JIeBOW YacTH 3KpaHa €CTh
0071aCTh, B KOTOPOH 0TOOpa)KaroTCsl 3ar0JIOBKH KPUBBIX, a CIIpaBa OT ATOTO caMU KpUBbIe. B HUxkHEH
YacTH OKHA, CJI€Ba, €CTb WHCTPYMEHTaJlbHas IaHeNlb, MpaBee KOTOPOM TMaHENb COCTOSHUS,
oTtoOpakaroriast nHpopmaluio o Kypcope (BpeMeHu/coctosiHun). [10CKobKy 3TO HOBBIN Tpaduk, u
MBI HE TIPOBOJIMJIM HHUKAKUX HM3MEPEHHH, Ha Tpaduke HE BUIAHO KypCOpPOB, a MaHEIh COCTOSHUS
MIPOCTO OTOOpa)KaeT 3arjiaBHOE COOOIIEHNE.

- ANALOGUE ANALYSIS - PROSPICE ORONE3
Eile View Graph Opfions Help

|, < o | || |

Kpussie nmoBTopsitot nBeta cBoux 3aroioBkoB. Kpussie OUT u U1(POS IP) cobpans! B Bepxy, Toraa
kak IN BHM3y. UTOOBI pa3misaeTh AeTaau KPUBBIX, HAM HYKHO OTAEIUTh KpUBYIO IN OT OCTaIbHBIX
JIByX. DTO MOXHO CJ/I€JIaTh, MEPETAIINB JICBOM KJIABHIIECH MBIIIKK 3arojIOBOK KPUBOM Ha MPaBYyIO
yacTb JKpaHa (Kak Ha PHUCYHKE BbIle). B 3TOM ciyuyae mnosBisercd npasas OCbhb Yy, KOTOpas
MaciTabupoBaHa He3aBucuMo oT jieBod. Kpusast IN Tenepp BRIISAUT ropas3zno OoJblie, HO 3TO
notomy, 4yro ISIS BeiOupaer Haumywmuii Macmrabd ans o03opa Ha mpaBoi ocH. s Toro, 4ToObI
caenarb rpaduk sicHee, BO3MOXHO, jyuiie ynanuTs kpuByto IN, a UI(POS IP) moka emé mone3Ha.
[Ilénkaure mnpaBoM KiaBuIIed MbIIKH 1o 3aronoBky IN, u BeiOepute Delete Trace wu3
BhITIaIatonero MeHto. [ paduk BepHyIcsS K €TMHCTBEHHOM, PACTIONOKEHHOM CJIeBa OCH Y.

MpI n3MepsieM /1Ba 3HaYEHHUS:
*  VYcwiieHHe Mo HanpsHKEHUIO CXEMBI.

* [Tlomxomsiiee Bpemsi criaja Ha BBIXOJIE.
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OTH U3MepEHUs BBIIOIHSAIOTCS € IOMOLBI0 Cursors.

Kaxnmpiii rpadmk uMeer aBa Kypcopa, Ha3BaHHBIC Kak Reference i Primary xypcopsl. CChUIOYHBIN
(reference) oToOpakaeTcsi KpacHbIM, a EPBUYHBIN (primary) 3enéusiM. Kypcop Bcerna «npuBsizan»
K KpHMBOH; KpuBas, K KOTOpOW NpHUBSA3aH Kypcop, 0003HayaeTcs MaJCHbKHUM KPECTHKOM «X»,
KOTOPBIH MepeMelnaeTcs Mo KpuBoi. MalleHbKue MapKepbl Ha 000MX OCAX X U Y CIEeIYIOT 32 3THM
HEPEKPECTUEM «X)», YTOOBI 1aTh BO3MOKHOCTb IIPABUIILHO MIPOYUTATh 3HaYeHUE Ha ocsax. Ecnu npu
NepeMEeIeHHH UCIONb30BaTh KIaBUATypy, TO Kypcop OyleT mepeMeniarbesi Mo OCH X MalleHbKUMHU
H1aramy.

JaBaiiTe HauHEM ¢ pa3MeleHus Reference xypcopa. [Ing noctyna k oboum, Reference n Primary,
KypcopaM HCHOJIb3YIOTCA OJMHAKOBBIE KiaBulM. Kakoil u3 Hux, onpenensercs kinaBuiiein CTRL
Ha KJIaBHAType; Reference Kypcop, MCIOJb3yeMblii MEHbIIE, BCcerga TpeOyeT HaKaTHs KIIaBUIIH
CTRL. Yto6BI MOMECTUTHh KypcoOp, BCE YTO OT Bac TpeOyeTcs, 3TO yKa3zaTh TOYKY Ha KpHBOU (HE
ATUKETKY KPUBOM — OHa MCHOJB3YETCS ISl IPYTOM 1I€JIN), T1I€ Bbl XOTUTE IPULICTIUTHY KYypCcop, U
mENKHYTh JIeBoM KiaBumied Mpiku. Eciom Haxata knaBuma CTRL, Bel moMmectute (wiu Oymere
nepemeniarb) Reference xypcop; ecnu ke knaBuina CTRL He Haxara, Torja Bl TOMeCTUTE (WK
nepemectute) Primary xypcop. [loka Hakara knaBuma meimkd (1 knaBuia CTRL mns Reference
Kypcopa), Bbl MOXETEe IepeTackuBaTh Kypcop. Wrak, Haxmute (u ynepxwute) knasuimy CTRL,
MIOMECTUTE YKa3aTeldb MBIIIKK clipaBa Ha rpaduke Haja ABYMS KPUBBIMU M HaXKMUTE JIEBYIO
KJIaBuIny MbIIKH. [losiBUTCS KpacHBIN Reference xypcop. Ilporamure Kypcop (Bc€ emé ¢ HaxaToi
knapumed CTRL) mexay 70u u 80u mo ocu X. 3arojoBOK B CTPOKE COCTOSIHHS TPOIAJACT, U
Teneph CTPOKAa COCTOSIHUSL OTOOpakaeT Bpemsl (IO KypcopoM, KpacHbBIM, CJI€Ba) M HaNpsIKCHUE
(mox xypcopoMm) ¢ uMeHeM KpuBo# (ciipaBa). 9t1o kpuBasgs OUT, KOTOPYIO MBI XOTEIH BUACTb.

Bb1 MokeTe nepemMerate Kypcop 1o ocu X, UCIOJIb3ysl KypCOPHBIE KIaBUIIN KJIaBHATYpHI (BIEBO U
BIIPaBO), U Bbl MOXKETE «IPULIETIUTH» Kypcop K MpenblayIleld WiK CIeAyIomeld KpUBOH, UCTIONb3Ys
KypcopHble KiaBuiiyd BBepx M BHM3. Knasumm BJIEBO un BIIPABO nepememaror Kypcop K
JIEBOMY WJIM K MPABOMY OrpaHUYUTEN0 ocu X, cooTBeTcTBeHHO. C Haxkarod knaBuiied CTRL
nornpoOyiTe mepeMeniarte KJIAaBUIIaMU BIIEBO-BIIPAaBO Reference Kypcop MajleHbKHUMHM IAraMu I10
OCH BpPEMEHHU.

Teneps nomecture Primary xypcop no kpusoit OUT mexay 20u u 30u. Ilponenypa takas xe, 4To
u s Reference kypcopa Bbllie, UCKITIOYast TO, YTO BaM He HYXHO yrnepkuBaTh kiaaBuiry CTRL.
Bpemss u HanpspkeHue (3e1€HBIM) Ui MEPBUYHOTO Kypcopa H00aBIAIOTCS Teneph Ha IaHesb
COCTOSTHUSL.

Taxxke oroOpakaercs pasHocTh W 1o Bpemenu (DX), m mo Hampsbkenuto (DY) mexny
MOJIOKCHUSIMH  000uX KypcopoB. PasHocTe HampsokeHHs cocTaBisier okojo 100mV. Bxomnoi
umnynsc Obut 10mV, Tak 4To yCHIIEHHE 1O HAIpPsDKEHHIO cocTaBisieT okono 10. 3amersTe, 4TO
3HauEHHE MOJIOKUTENBHOE, TIOCKONIBKY Primary Kypcop Hal Reference KypcopoM — JAebTa BbIX0O/a
3TO0 3HaueHue Primary munyc Reference.

MBI MOXEM Takke HM3MEpPUTh BpeMs CIaja, MCIOJb3ys 3HAU€HHE Pa3HOCTU BO BPEMEHU MEXITY
MO3HULMSAMH KYPCOPOB Ha MAaJalONIEM YYaCTKE BBIXOJHOTO MMITYIbca. JTO MOXHO chenlaTh JH00
HepeTacKuBasl Kypcopbl MBIIIKON, JIMOO KypCOPHBIMM KJIABUIIaMHU (HE 3a0yAbTe MpO KIIABUILY
CTRL pans Reference xypcopa). Primary Kypcop IODKEH OBITH IpaBee MO KpPHBOHM, Ha eé
crpsiMIIeHUH, a Reference xypcop Ha crube HaualbHOIO ydacTKa claja MMITylbca. Bel Moxere
OINPEAEIUTh, YTO BPEMSI Cllajia 4yTh MeHbIe 1 0ps.
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MUcnonb3oBaHue I'IpOGHVIKOB TOKa

Tenepsp MBI JOIKHBI 3aKOHYUTH C M3MEPEHHUSMH, MBI MO)KEM BEPHYTHCS K CXEM€ — JOCTaTOYHO
3aKpBITh OKHO rpaduka OOBIYHBIM 00pa30M WM Il YCKOPEHUsI MOXKHO HaxkaTh kinaBuiny ESC Ha
KJaBuatype. Mbl HCIONB3yeM Telepb TOKOBBIM NMPOOHUK JUIS MPOBEPKH TOKA B IETiIEe 0OpaTHON
CBSI3M, U3Mepss TOK yepe3 R4.

[TpoOHUKK TOKa MCHOJB3YIOTCS AHAJOTMYHO NPOOHMKAM HANpPSIKEHHs, HO C OJHMM BaXKHBIM
omyreM. TOKOBBIM MPOOHUK HYKIAETCS B HANpaBICHUH, CBSI3aHHOM ¢ HUM. [IpoOHMKM TOKa
paboTaroT (paKTU4ECKH B Pa3pbiBe MPOBOJIA, Ky/la OHU BCTABISAIOTCS, TAK YTO OHU JOJKHBI «3HATH)
NyTH, UX OKpY)Karolye. DTO BBIMOJIHAETCS MPOCTO CHOCOOOM pasMmelneHus. B opueHTanuu mo
YMOJIYaHUIO (B HAIpaBJIECHUU HAlpaBo) NPOOHUK TOKA M3MEPSET TOK B FOPU30HTAIBLHOM IIPOBOJE
cieBa HampaBo. UToObl M3MEPUTHh TOK B BEPTHUKAJIBHOM IPOBOJIE, NPOOHUK HYKHO TOBEPHYTH Ha
90° umm 270°. Pa3meniate TpoOHUK TOJT HEBEPHBIM YTJIOM — 3TO OIIMOKA, 0 4eM OyJeT cooOIeHo
IIPU BBINOJIHEHUH CUMYJIALMU. Ecau ecTb COMHEHUS, TOCMOTPUTE Ha CTpPENKy Ha cuMBosie. OHa
YKa3bIBaeT Ha HAIPaBJICHHUE TOKA.

Bribepute npoOHUK Toka, HIENKHYB 1O uKoHke Current Probe Mode. 1I€nkHUTE TO WKOHKE
IIOBOPOTA IO YAaCOBOM CTpPEJIKE, TaK YTOOBI CTpEIKa IMOKa3blBaja BHU3. 3aTeM IOMECTUTE MPOOHUK
Ha BEPTUKAJIBHBIA MPOBOJ MEXIy MpaBbiM BbIBOJOM R4 u BbiBomom 6 Ul. Jlo6aBbTe MpOOHUK K
paBoMy Kparo rpaduka, BBIIEIMB U IEpPETallUB €ro Ha MpaByl0 CTOPOHY MHHHUMHU3UPOBAHHOIO
rpa¢uka. [IpaBas cTopoHa — Xopouiuii BEIOOp sl MPOOHMKA TOKA, MOCKOJIBKY OOBIYHO MAacIITad
€ro aMIUIUTYJbl UHOM, 4eM y NMPOOHMKA HANPSIKEHMs, TaK 4TO OTAENbHAs OChb NMOHAIAO0OMTCS UL
JETaIbHOTO OTOOpakeHusl. B 3TOT MOMEHT HeT KpUBOH, 0TOOpakaeMoil mpoOHUKOM Toka. Haxmure
npo0en Ui HOBOM cuMynsaLuu rpaduka, 1 KpuBast OSIBUTCS.

Jlacxxe M3 MUHUMM3MPOBAHHOTO TrpaduKka Mbl MOXKEM BHJETh, YTO TOK B IETIe OOpaTHOI CBs3U
cienyer (opMme BBIXOAA, KaK BBl MOIIM Obl OXHMJaThb OT ONEPALMOHHOIO ycuiauTens. Tok
n3Mensercs Mexay 10pA u O B BepxHell M HMKHEM 4acTU KpUBOH COOTBETCTBEHHO. Eciy Bbl
XOTHUTE, rpauK MOXKHO MAaKCUMHU3UPOBATH JJIsl I€TAJIbHON IPOBEPKU KPUBOIA.

YacToTHbIXM aHanNu3

Kak n aHanu3 nepexoaHbIX MpPOLECCOB, IPU CUMYIISLMY aHAJIOTOBBIX LIETIEN BO3MOXKHBI HECKOJIBKO
Jpyrux TUIIOB aHaiau3a. Bo MHOrOM OHM MCIOJB3YHOTCA TakUM K€ 00pa3oM: A IpadUKoB,
IIPOOHUKOB U I'€HEPATOPOB, — HO BCE OHU I10 PAa3HOMY BapbUpYIOT 3Ty Temy. Cledyrolmui TUIl
aHanM3a, KOTOPBIM MBI IIPOBENEM, ITO 4YaCTOTHBIM aHanu3. IIpy 4acTOTHOM aHamu3e MO OCH X
OTKJIa/IbIBaeTCs 4acTtora (B JorapupMuUueckoM Maciurade), a ammiuTyga U ¢$asza MOryT
0TOOpaXKaThCs IO OCH Y.

Jns BeImonHeHust yactoTHoro ananusa tpelyercs rpa¢puk FREQUENCY. LIEnkHuTe Mo MKOHKE
Graph Mode, yToObI BHOBb OTOOpPA3UTh CIIUCOK THUIIOB I'Pa)MKOB B OKHE BHIOOpA, M MIETKHUTE IO
tuny FREQUENCY. 3arem momecTute rpaduk Ha CXeMy, KaKk B paHbIIle, pacTalluTe OKHO rpaduka
JIeBOi KJ1aBUIIei MbIIKU. HeT HeoOX0quMOCTH yaaliTh yKe CYLIECTBYIOIUHN TpaduK MepexoaHoro
npoIiecca, HO BBl MOXKET ATO CZeNaTh, B IUIAHE OCBOOOJUTh KaK MOXKHO Oosbliie MecTa (IIEIKHUTE
1o rpaduKy MMpaBoil KJIaBUIIEH MBIIIKH ¥ BRIOEPUTE U3 BhINagatoiero meHio Delete Object).

Teneps mo6aBuM TpoOHMKH. MBI 100aBuM 00a mpoOHuka Hanpspkenuss OUT u U1(POS IP). Ha
YaCTOTHOM TpaduKe JBe y-OCH (JieBasi M TpaBasi) MMEIOT CIelnaibHOe HazHadeHue. Jleas och y
UCIIONB3yeTCs Ui OTOOpaKCHUS aMIUIMTYIbl CUTHAla, a MpaBas OCh i OTOOpakeHus (asbl.
UtoObl BUIETh 00€, ciemyeT nA00aBUTh MPOOHHMKHM Ha 00e CcTOpoHBl Tpaduka. Beimenure u
nepetamute mpooHuk OUT Ha neByto CTOpoHy rpaduka, 3aTeM IepeTanuTe ero Ha IpaByko
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ctopoHy. OOBIYHO KaXKIbIH Tpa)UK MMEET CBOU IBET, HO 00€ KPUBHIE UMEIOT OJMHAKOBOE UMs. A
ternieps Boiaenute u nepetammute Ul (POS IP) nmpoOHKK, HO TOJBKO Ha JIEBYIO CTOPOHY Tpaduka.

3Ha4eHUs] aMIUTATYABI ¥ (Pa3bl JOIDKHBI OBITH 337aHbl TI0 OTHOIICHUIO K HEKOTOPOMY 3HA4eHHIO. B
ISIS sto BeMONHSETCS 3amanneM Reference Generator. On Bcerna umeet Beixoq B 0dB (1 BomibT)
npu 0°. Jro0o#i cymiecTByIOIIMIA TeHepaTop MOXKET OBITh 3ajaH, Kak reference gemerator. Bce
JpyTHUe TreHepaTopbl B CXeMe UTHOPUPYIOTCS MPHU YacTOTHOM aHaiu3e. YToOwl 3anath IN reneparop
KaK «OTHOCHUTEIbHBIN» B HAIIeW cXeMe, MPOCTO, BBIICIUTE U MEPETANINTe ero Ha rpadukK, KaKk BbI
9TO Aenanu ¢ npoOoHukamu. ISIS «moMET», MOCKONBKY ATO TeHepaTop, YTO OH JOJIKEH OBITh
OTHOCHUTEIILHBIM T€HEPaTOpOM, 0 Y€M M COOOIIUT BaM. YIOCTOBEPHTECH, UTO BBI 3TO CICNAH, WIH
CUMYJIATOp OyzmeT paboTaTh HEKOPPEKTHO.

Het HeoOXoaMMOCTH MpPaBUTh CBOMCTBA rpauka, MOCKOIbKY YaCTOTHBIN JMAa3oH, BHIOMpPaeMbIii
[0 YMOJIYaHMIO, BIIOJIHE MOAXOAUT JUIsl Hammx neneil. OqHako, eciau Bbl cAenaeTe 3To (yKasblBas
rpa¢puk u Haxkumas CTRL-E), Bel yBumute nuanor Edit Frequency Graph, xoTopslii cierka
OTINYAETCS OT aHAJIOTMYHOIO AJIS aHAJIM3a MEePEXOJHOro mporecca. Her Hyx bl MapkupoBarth ocH,
U MX CBOMCTBa (PUKCHPOBAHBI, HO €CTh (MIAXKOK, KOTOPBIM MO3BOJSIET OTOOpa)kaTh aMIUIUTYLY B
nenubenax WMIM B OOBIYHBIX €AMHHUIAX. OTy OINIMIO Jydlle ocTaBUTh B dB, mnockonbky
oTtoOpakaeMble aOCOIOTHBIE 3HAUYCHHUS He OyIyT peanbHbIMHM 3HAYCHUSMH, NPUCYTCTBYIOIIMMHU B
cXeMme.

Tenepp HaxMuTe MpoOes (Korma Kypcop MOMENIEH MOBEpX YaCTOTHOTO rpaduka), 4ToObl HA4aTh
cumyisinuio. Korma oHa 3aKkOHUMTCS, MIEIKHUTE JIEBOM KIIABUILEH MBIIIKK O 3aroJIOBKY rpaduka,
4yT00BI MaKCUMH3HpOBaTh rpaduk. [Ipocmarpusas BHadane kpuByto amMuuTyasl OUT, Mbl MoxkeM
3aMEeTHTh, YTO B MOJIOCE MPONYyCKaHUs ycuiaeHus cocrasisier 20dB (kak 1 oXuanocs), a Auana3oH
pabounx yacToT Jexxut B oioce ot S0Hz o 20kHz. Kypcopsl B 1aHHOM ciiyyae paboTaloT Tak ke,
KaK U B IPEABIIYILEM CIIydyae — Bbl MOXKETE NPOBEPUTH NPEABIAYIINE YTBEPHKACHUS C IOMOIIBIO
KypcopoB. Kpusas ¢azsr OUT noka3zeiBaeT oxunaemble (ha30Bble HCKAXKEHUS HA KpasxX Juaras3oHa,
mpaBasi BETBb MOAXOAMT K -90° ipu eMMHUYHOM ycuiieHud. DG eKT GuibTpa Ha BRICOKUX YacTOTax
oOHapyxkuBaercs, ecinu cpaBHuTh kpuByto OUT c¢ UI(POS IP). 3amersre, 4TO OCh X
JorapupmMuuecKas, ¥ A YTCHUs 3HaU€HUH Ha OCH JTydllle UCIIOJIb30BaTh KypCOpBHI.

AHanu3 pa3BepTKU NnepeMeHHOU

B ISIS MoxxHO HaOmOnaTh, KaK CKa3bIBAeTCS HA CXEME M3MEHEHHE HEKOTOPBIX MapaMeTpoB IICTIH.
Ecte nBa Tuma ananuza, mosposstomue caenarb 310 — DC Sweep u AC Sweep (pa3BEpTka Ha
MOCTOSTHHOM U iepeMeHHoM Toke). [ paduk DC Sweep oToOpaxkaeT psj 3HaYSHUI pabO4HMX TOUEK B
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3aBHCUMOCTH OT MEPEMEHHOU pa3BEPTKH, a Tpadux AC Sweep 0TOOpakaeT MOCIEIOBATEIBLHOCTD
3HAYCHW €IMHCTBEHHOW TOYKM YACTOTHOTO aHalu3a aMIUIUTYAbl U ¢asbl, mogo0HO Tpaduky
Frequency.

[Tockonbky 06€ popMbl cX0xkH, MBI 0Opatumcs kK onHoit — DC Sweep. Pe3uctopsl cmenienus, R1 u
R2, coznaror manenbkuit Tox st Ul. Ucnonszyem DC Sweep, 4TOOBI YBUACTH, KaK CKa3bIBACTCS
3HAYEHHE ITUX PE3UCTOPOB Ha paboueil Touke.

Jns Hagana pasmectuM rpaduxk DC Sweep Ha CBOOOTHOM MECTE CXEMBI. 3aTeM BbIICIUM MPOOHUK
UI(POS IP) u neperamuMm €ro Ha JieByl0 CTOpOHY rpaduka. Ham HyXHO 3a7arh 3HaYeHUE
pa3BEPTKH, a ITO JENAETCs C MOMOIIbIO PeAaKTUPOBaHUS rpaduka (MIOMECTUTE Kypcop MBIIIKH Ha
Hero U HaxmuTte CTRL-E). IosButcs auanorosas ¢opma Edit DC Sweep Graph, BKItoyaromas
NOJIS JJ14 3a/1aHUsl MMEHU TIepeMEHHON KadaHusl, €€ HaualbHOE U KOHEYHOE 3HAYEHUS U KOJIMYECTBO
I1aroB MpH pa3BépTke. Mbl xoTenu Obl pa3BepHYTh 3HAYCHUS PE3UCTOPOB B JIMANA30HE, CKAXKEM, OT
100kQ mo SMQ, Tak uto 3amaém s monst Start 100k, a mis mons Stop SM. lllénkaem mo OK,
4TOOBI U3MEHEHHUSI BCTYIIHIIU B CHITY.

U, xoneuno, pezuctopsl R1 u R2 cnenyer moarotoButh k pa3BépTke — M3MEHUTH (PUKCUPOBAHHBIE
3Ha4YEHUs, KOTOpble OHU UMEIOT. UTOObI 3TO cenarh, peaaktupyeM R1 (mienqok npaBoi KiaBUILIEH
MBIILIKH 110 pe3UCTOpPY U BeIOOp Edit Properties 13 BbINIaJjatoliero MeHIo), MmeHsis nojie Value ¢ 470k
Ha X. 3aMeThTe, 4TO NepeMeHHas pa3BEépTku Ha rpaduke ocraérea X. llénkaem no kHonke OK, u
MOBTOPSIEM BCE ATO ISl pe3ucropa R2.

Tenepb MOXXHO CHMYIHPOBaTh CXEMy: KypcOp MBIIIKM Ha rpaduk, Haxatb mnpoben. 3arem,
MaKCUMU3HUPOBaB IpauK, Bbl MOXKETE€ OTMETUTh, YTO YPOBEHb CMEIIEHUSI YMEHbBIIAETCS, TOTJa Kak
colpoTHBIeHHE paboueil nenu yBenuunBaercs. [Ipu SMQ Bce 3HaunTenbHO MeHsercs. KoHeuHo,
M3MEHEHHUE ITUX PE3UCTOPOB TAKKE CKA3bIBAETCS HA YACTOTHOM peXHUME. MBI JTOJKHBI POBECTH
AC Sweep aHanu3, 4ToObI IOCMOTPETH, YTO MIPOUCXOUT B PAiOHE HIKHUX YACTOT.
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AHanu3s wymosB

[Tocnenusisi ¢opma aHanmza, O KOTOPOHM MBI pacckaxem, 3T0 Noise ananmu3. B sTtom ananmze
CUMYJISITOpP IIOKa3bIBA€T KOJMYECTBO TEIUIOBBIX IIIYMOB, KOTOpPBIE TI'€HEPUPYIOTCS KaxXIbIM
AJIEMEHTOM CXeMbl. Bce 3T HIyMbl 3aTeM CyMMUpPYIOTCS (KBaJpaTHYHO) B KaXKIOW HCIBITYEMOM
TOYKE CXEMBI. Pe3ynbraT BBIBOAUTCS IS ITOJIOCHI IIPOITYCKAHMS IIIYMOB.

EcTb HECKOJIBKO Ba)KHBIX OCOOEHHOCTEH aHaIM3a IIyMOB:

* Bpems cumynsnuu npsMO TPONOPLUHOHATIBHO KOJIWYECTBY NPOOHHMKOB HAIpPsDKEHHUS (U
reHepaToOpoOB) B CXEME, MOCKOJIbKY YUHUTBIBAETCS KaXKAbIi U3 HUX.

* IIpoOHMKM TOKA HE YUUTHIBAIOTCS MPU aHAIN3E LIIYMOB, CJI€A0BAaTEIbHO, UTHOPUPYIOTCS.
* 3HayMTeNbHAs YaCTh MH(OPMAIIMU COAEPIKUTCS B JIOT-(haiine CUMYIISAIINH.

* PROSPICE BbluncnsieT ¥ BXOJHOW, M BBIXOAHOM mrym. YToObl chenats MOJENb, BXOI
JIOJDKEH OBbITh ompenenéH Kak reference — 93TO BBIMOJHSETCS TEPETACKUBAHHEM
reHeparopa Ha rpaduk, Kak ¥ IpU 4acTOTHOM aHamnu3e. M300pakeHrne BXOIHOTO IIyMa MpH
ATOM TOKa3bIBACT SKBUBAJICHTHBIN IIyM Ha BXOJIE JUTSI KQXKI0TO BBIXOJHOTO IPOOHUKA.

UtoObI BHITIOJTHUTH aHAIIM3 IIIyMOB HAaIllel CXeMBbI, Mbl IOJKHBI BHaYasle BEpHYTh pe3uctopam R1 u
R2 wux npexnee 3nauenue 470kQ. Cnemaiite 310 ceiidac. 3atem BeiOepuTe TUT Tpaduka Noise u
MOMECTUTE HOBBIM Tpaduk Ha CcBOOOJHOM MecTe depTeka. Hac peanmbHO HHTEpecyeT TOJNbKO
BBIXOIHOW mIyMm, Tak uto mneperamute OUT npoOHuk HampspkeHus Ha rpaduk. Kak m panbiie,
MpeonpeneNEHHbIE 3HAYEHUsl Il CUMYJISILIMM HAc BIOJHE YCTPaumBalOT, HO BaM HYXHO 3aJaTh
reference s BxomHoro rereparopa IN. Jlmamorosast hopma Edit Noise Graph wmeer uIayxok Jyist
otobpaxkenus pesynbratoB B dB. Eciu Bbl ucmonb3yere 3Ty ommuio, To ybeautech, yto 0dB
cootBeTcTBYeT | BosbTy r.m.s. [ll€nkuuTte mo Cancel, 4T00bI 3aKPHITH JUATIOT.

Cumynupyiite rpaduk, kak npexnae. Korma rpaguk Oyaer MacMMHM3MpPOBaH, BbI MOXKETE YBUJIETb,
YTO 3HAYEHHUs, MPOU3BOJUMBIC ITUM BUIOM aHAIM3a, OYEHb Majbl (NV B HallleM Cilyd4ae), KaK BBl
MoOXeTe YOequTbCs U3 aHanu3a 3Toro Thmna. Ho kak Bbl MOXKeTe MPOCMOTPETh UCTOYHMKH ILIyMa B
Bauieil cxeme? OTBET JIEXKUT B Jiore cuMyisinuu. [Ipocmorpute 3anuch xypHana, Haxxas CTRL+V.
Hcnonb3yiiTe MKOHKY NepeMelleHus BHU3 (CO CTPENKOW BHHU3), M BbI JOJUKHBI YBUAETh JIMHUIO,
KOTOpasi HAUMHAETCS CJIOBAMU:

Total Noise Contributions

OTO CIUCOK BCEX BKJIAJOB B LUIYMbI (BO BCEM paboueM AMara3oHe YacToT) JUIsl KaKIOro AJeMeHTa
CXEMBI, TPOU3BOJSIIETO IIYM. BONBIIMHCTBO 371€MEHTOB, (PaKTUYECKH, BHYTPH OIEPAIIHOHHOTO
yeunurenst, 1 umetoT npedukc Ul . Ecnm Bbl ycranoBute (mmaxok Log Spectral Contributions B
muanore Edit Noise Graph, To Bbl IOJy4YlTe OOJNBIIE JAHHBIX B KYpHaJle, MOKAa3bIBAIOIINX BKJIA]]
Ka)KJIOTO KOMIIOHEHTa Ha KaXKI0H U3 4acToT.
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| UHTEPAKTUBHAA CI/IMYJ'IFILI,I/IFII

BA30BbIE HABbIKU

MaHenb ynpaBrieHus aHnMauuen

AL .

WHTepakTUBHAs CHMYJSILUSA YNpaBIsIeTCd C IAHENHM, I[IOXOKEH Ha IaHeNb yIPAaBICHUS
BUJCOMAarHUTO(POHOM, M paboTaeT Kak OOBIYHBIA MYNIBT YHpPaBICHUS. DTa MaHEeNb pa3MelleHa B
HIDKHEW JIEBOM 4YacTH JKpaHa. Ha mnaHenum 4YeTsIpe KHONKH, KOTOPBIE BBl HCIOJIB3YeTE UL
YIIPABJICHUS CUMYJISIUEH CXEMBI.

* Kuonka PLAY 3amyckaer CUMYIISIUIO.

* Kuonka STEP no3BonsieT BaM BBINOJHHUTH IOIIATOBYI0 aHUMALIMIO C 3a/laHHBIM LIaroMm.
Ecrmu kHOTNKa HakaTa W OTIIyIIEHA, TOTAA CHMYJISIHS MPOMCXOIUT HA OIHOM BPEMEHHOM
MHTEpPBAJe; €CIIM KHOMKA Ha)kaTa M yAEP>KUBAETCS, TO aHUMAaLUs MPOUCXOTUT A0 TeX MOop,
MOKa Bbl HE OTITYCTHTE KHOIKY. YBEIMYEHHE BPEMEHH EIMHUYHOTO IIara MOXET OBITh
HacTpoeHo B auanore Animated Circuit Configuration (System-Set Animation Options).
B03MOXHOCTh MEHSTH BpeMs IIara Mmo3BoJsieT 0ojiee BHUMATEIBHO MPOCMATPUBATh padoTy
CXEMBI U IPOUCXOUT MEJICHHEE, YEM B JICHCTBUTEIEHOCTH.

* Kunonka PAUSE ocraHaBmMBaeT aHUMAIlUIO, KOTOpas MOXKET BO30OHOBUTHLCS, €CIIH
noBTOpHO HaxaTb KHONKY PAUSE, mnu MOXET BBINONHATHCA B MOLIATOBOM PEXHME IPH
ucnonbzoBanuu  kHonku STEP.  Cumymsnuss Takke NOPUOCTAHABIMBAETCSA, €CIH
0OHapyKMBAETCs TOUKA OCTAHOBA.

Cumynsuus Takxke MOXeT ObIThb mnpuocTaHoBieHa HaxatheMm kiaBumn PAUSE Ha
KJIaBHaType KOMIIbIOTepa.

* Kunonka STOP rosoputr PROSPICEIO, 4uT0 HY)XHO OCTaHOBUTH CUMYJISLMIO PEaIbHOTO
BpeMeHH. Bcs aHMMalys ocTaHaBIMBAaeTCs U CUMYJSATOP BbIIpyKaeTcs U3 namstu. Bee
MH/IMKATOpPbl COPAchIBAIOTCS B UX HEAKTHMBHOE COCTOSHHE, HO MPHUBOABI (BBIKIIOYATENIN U
T.II.) OCTAIOTCS B UX CYILECTBYIOLIEM IIOJI0XKEHUH.

CuMynsanus MOXET TakKke OcTaHaBinuBaTbes ¢ kiaaBuatypsl kiasuiield SHIFT-BREAK.

Bo Bpemsi aHnManum Tekyllee BpeMsi cUMyJSIuM U cpenHss 3arpy3ka CPU oroOpaxkarorcs Ha
na"enu coctosHus. Ecim He xBaraer momuoctu CPU s paGoThl CUMYISTOpPa B pealbHOM
BPEMEHH, BpeMsl CUMYISILIMM IE€PECTaHET IPOJBUIAThCS B peaJlbHOM BpeMeHu. OTBIEKasch OT
ATOT0, HET BPEIHBIX IMOCIEACTBUI MPU CUMYJSILIMUA OYEHb OBICTPHIX CXEM, MOCKOJBKY CHCTEMa
ABTOMATUYECKH PETYIUPYET KOIMYECTBO CUMYIISLIMM, IPUXOASIIECHCS HA aHUMALIMOHHBIN KaJIp.

MHaukaTopbl 1 npuBoAbI

B ormanume OT OOBIYHBIX 3JIEKTPOHHBIX KOMIIOHEHTOB, HMHTEPAKTUBHAS CHMYJALMS OOBIYHO
ucnojib3yer crneunanbHble Active Components (akTHBHbIE KOMIOHEHTHI). OHU UMEIOT HECKOJBKO
rpau4ecKuX COCTOSHUM M TPOSIBISAIOTCS B JIByX MIIOCTAcsSIX: HHIMKATOPhl W aKTypaTOpBHI.
WHpankaTopbl 0TOOpakaroT rpaduyeckoe COCTOSTHUE, KOTOPOE MEHSETCS COMIACHO U3MEPSIEMOMY
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napaMeTpy B cCXeMme, Torna kak Actuators (IIpHBOZABI) MO3BOJSIOT IOJIB30BATENI0 ONPENEIATh UX
COCTOSIHUE, YTO U3MEHSAET HEKOTOPbIE XapaKTEPUCTUKH CXEMBI.

[TpuBOIBI clenanHbl ¢ CUMBOJIAMH, HEOOJIBIIMMHI KPAaCHBIMU MapKepaMH, KOTOpble MOKHO Ha)KaTb
MBIIIKOW ISl ynpasiieHus. Eciin y Bac €CTh MBIIIKA ¢ KOJIECUKOM, TO BBl MOJKETE TAK)KE YIPABIATh
aKTypaToOpoM, YKa3aB Ha HETO U IIPOKPYUYNBasl KOJIECO B HY’)KHOM HaIIPaBJICHUU.

YcTaHOBKMK UHTEepPaKTn BHOW cnmmMmynaumm

bonbiieii 4yacThl0 HaBBIK HY)XKEH B YCTAHOBKaX W 3alyCcKe WHTEPAKTUBHON CHUMYJSLUHY,
CKOHIICHTPHPOBAHHOW Ha 4epTexe cxeMbl B ISIS. DToT acmekT HawirydmmM oOpa3oM CTaHOBUTCS
MOHATEH, eclu paborarh ¢ mnpuMmepamu B pykoBoacTBe Kk ISIS. Omnako mpomecc MOXHO
CYMMHPOBATH CIEIYIOIIUM 00pa3oM:

*  VKaXWTE€ KOMIIOHEHT, KOTOPBIA BBl XOTUTE WHCIONb30BaTh, B OUOIMOTEKE HIIEMEHTOB,
UCIIOJNIBb3Ys KHOTIKY P B oxHe 6vibopa.

* Pa3mecTnTe KOMIIOHEHTHI Ha CXEME.

*  OrpemakTupyiTe MX — IIETYOK MPABOM KIABHINEW MBIIIKKM W BBIMAJAIONICE MEHIO WIIH
CTRL-E — 4T00BI IPUCBOUTH MOAXOASIINE 3HAUCHUSI U CBOWCTBA. MHOXECTBO Mozeneit
MIPENOCTABIAIOT KOHTEKCTHO YYBCTBUTEIBHYIO TMIOACKAa3Ky, TaKk uYTo HWHMOpmamuio o0
WHJUBUIyaJIbHBIX CBOMCTBaX MOXHO YBUJIETh, BbIACIUB 1oje U HaxaB F1.

*  MuKpONpPOLECCOPHBIM HMCXOTHBIM KOJ MOXKHO NpuMeHUTh nox ympaBienueM PROTEUS
VSM, ucnonb3yst KoMaHAbl paszjiena Source OCHOBHOro MeHIo. He 3alyabTe MpHCBOMTH
00bekTHBIN Ko (hex-(aiir) KOMITOHEHTY Ha cxeMme.

*  CoenuHsNTe CXeMY, IIETIKAMHU 110 BHIBOJAM.
*  Vnansiite 00bEKTHl ABOWHBIM IEITYKOM MPABON KIABUIIIA MBIIIKH.
* IlepememaiiTe KOMIIOHEHTBI, BBIJIETIUB UX U IIEPETACKUBAS JIEBOW KJIABUILIEH MBIIIKU.

e Illénkaute no kmaBume PLAY Ha maHenu ympaBieHust aHUMaiuei, 4TtoObl 3amyCcTUTh
CUMYIISLIUIO.

IIppy wucnonp30BaHMM  BUPTYyaJdbHBIX HMHCTPYMEHTOB WM  MOJAEIEH  MHKPOIPOLECCOPOB
BCIUIBIBAIOIIEE OKHO, OTHOCSIIEECS K KOMIIOHEHTY, MOXKET OTOOpa)KaThCsl C TMOMOIIBI0 KOMaH]]
pasnena Debug 0CHOBHOTO MEHIO.

QOPEKTbI AHUMAL NN

O630p

Kpome 3¢ dexToB i akTHBHBIX KOMIIOHEHTOB B CXEME, MOXKHO CO3J1aTh psii Apyrux 3¢dexros
aHMMAaIlMM, YTO TIOMOXKET BaM H3y4YaTh OIEpPalMM CO CXeMaMH. OTH OIIMU MOXHO 3a7aTh,
UCIIONIb3Yysl KoMaHay Set Animation Options B paszzaene System. Bce yCTaHOBKM COXPaHSIIOTCS C
TIPOEKTOM.

CocTosiHue norn4yeckmx BbiBO4OB

Pin Logic States — 3Ta onmust 0ToOpakaeT [IBETHBIE KBAaIPATHKU HA KAXKJIOM BBIBOJIE, KOTOPBIN
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NOAKIIOYEH K NM(GPOBOM WM CMEUIaHHOW menu. [lo yMOm4aHWIO KBaJpaTUKH CHUHHE JUIS
aorngeckoro 0, KpacHbIe IS JTOTUYEcKOM | U 3enéHble I MiIaBaroIiero coctosius. Ligera moryr
ObITh U3MEHEeHbI koMaH0i Set Design Defaults paznena Template 0CHOBHOTO MEHIO.

VYcTaHOBKa ONIUU J0OBOJIBHO YMEPEHHO HarpyaeT CUMYJSTOp, HO MOXET ObITh OUYE€Hb U OYEHb
1oJIe3Ha, KOTJa UCIIOb3yeTCsl COBMECTHO C TOUKAMH OCTAHOBA U B TOIIArOBOM PEKUME, TOCKOJIBKY
MO3BOJISIET BaM M3YUYUTh COCTOSIHHE BBIXOJAHBIX BBIBOJOB IOpPTa KOHTPOJUIEpA MPH KaXJIOM IIare Imo
KOy IPOTPaMMBI.

OTOﬁpa)KeHMe Hanpsa>xeHnA Ha nposoagax uBeTom

Show Wire Voltage as Colour — 3ta onmus BBI30BET TO, YTO JHO00M MPOBO/, KaK YacTh aHAJIOTOBOU
WIA CMELIaHHOM Lenu, OyeT oToOpa)kaThCsl IIBETOM, MOKA3bIBAIOIIUMM HampsbkeHue Ha HEM. [lo
YMOJIYaHUIO [[BETOBOI CIEKTpP 33JaH OT CHUHEro npu —6V uepes 3enéublil npu 0V Kk KpacHOMY IpH
+6V. HanpsxkeHne MOXHO W3MEHUTh B auanore Set Animation Options, a LBETOBYIO TIaMMy
komaHou Set Design Defaults B paznene Template.

YcTaHOBKa 9TOW OMNIMM HE OYEHb CHIBHO 3arpy’aeT CHUMYISATOpP, HO MOXET OBIThb O4Y€Hb
s dexTrBHA, TOMOTas MOHATH MPOUCXOAIIEE B CXeMe, OCOOEHHO B COYETAaHUHU C ommuer Show
Wire Current as Arrows (IIOKa3bIBaTh TOK CTPEIKAMH).

NMoka3biBaTb TOK B npoBodax CTpenkamMmu

Show Wire Current as Arrows — 3Ta OIS BBI3BIBAET MOSABJIEHHE CTPEJIOK HA BCEX MPOBOJAX C
TokOM. HampaBiieHue CTpesiku OTpakaeT HalpaBlieHHE TOKa, M OHa MOSBIIAETCS, €CIIM aMIUIUTYIa
TOKa TpEBbIIIAeT MOporoBoe 3HaueHue. [loporoBoe 3HaueHue Mo ymomyaHuio — luA, XoTs 3To
MOXXHO U3MEHUTH B Auainore Set Animation Options.

Brrunciaenue Toka B IMPOBOJaX BBIZBIBACT BCTABKY HCTOYHHMKA HYJICBOI'O HAIIPSXKCHUA B Ka)K,Z[I)II\/’I
CCI'MCHT IpPOBOAAa B CXEMC (OT,Z[CHLHO OT BHYTPCHHUX MOI[CJ'ICfI), 1 O9TO MOXKCT CO31aTh OoIbIIoe
YUCJIO JOMOJHHUTCIBHBIX Y3JIOB. COOTBETCTBEHHO Harpyska Ha CHMYJIATOP MOXET CTaTbhb
3HAUYUTEIIbHOM. OI[HaKO CTPCJIKK OYCHBb MOJIC3HBI B TCXHHUKC OCHOB 3JICKTPUYCCTBA U IJICKTPOHUKH,
€ CXEMBI, KaK IMIpaBHJIO, J10CTATOYHO IMPOCTEI.

YIPABJIEHUE LLIATOM BPEMEHU NPU AHUMALINN

O630p

I[Ba napamMeTpa YIpPaBJIAOT TEM, KaK BbIINOJHACTCA HWHTCPAKTUBHAA CUMYIIIIHA B PCaJibHOM
BpeMeHU. Animation Frame Rate (mokaszaTenb Kajapa aHUMAIMM) OIPEAEISET, CKOJBKO pa3 B
CeKyHy OyneT oOHOBIATHCS JKpaH, a Animation Timestep (11ar BpeMEHH aHMMAIIUU) ONIPEIETISIET,
KaK MHOTO CHUMYJISIIIMM TPOU3OMIAET B KaXIOM M3 KaapoB. [lys omeparnmii peajsbHOrO BPEMEHH,
timestep JOJKHO OBITh YCTAaHOBJICHO OOPATHO K IMOKA3aTeNro Kaapa.

KonnuectBo KappoB B cekyHay (Frames Per Second)

OOBIYHO HET HEeoOXOJUMOCTH TOJICTpauBaTh IOKa3aTeNlb KaJpoB, IOCKOIBKY 3HAYEHHE II0
ymomyanuio 20 KaJpoB B CEKYHIy AAET MIAIKYI0 aHUMAIHMIO 0€3 TMeperpy3ku (3HauYuTEIbHOM)
rpaduku coBpemeHHbix PC. Ho wuHOrma mone3Ho 3aMeUIUTh aHUMAIUIO0 MPH OTIAJOYHBIX
omepalusX KOMIBIOTEPHBIX MOJIETIEH.
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LWar BpemeHu Ha kagp (Timestep Per Frame)

Animation Timestep MOXHO HCIIONIB30BaTh, YTOOBI CHENaTh OBICTPOE BBIOIHEHUE CUMYISIIUH
MeJUIEHHEee, WIM YTOObl MEIJIEHHOE BBIIOJHEHHWE YCKOPHUTh. [ omepaiuii peajbHOro BpeMEHH
timestep JODKHO OBITH YCTAaHOBJIEHO OOpaTHO K mokaszaremo kajpa (frame rate). Konewwo,
BBEAIEHHOE 3HaueHMe timestep Bceraa OyleT TakuM, KaKMM OHO JKeJlaTesibHO. BriOOp 3aBHCHT OT
TOrO, 1ocTaTouHO U MomHocTi CPU miist BeIYMCIEHHH, HEOOXOUMBIX NP CUMYIISIIUH COOBITUI
BHYTPH BpPEMEHH, OTBEIEHHOTrO0 Uil Kaxaoro Kkazapa. Ilpoueccop 3arpyxkaer Qurypsi,
oTtoOpakaeMble B TMPOIECCe AHMMAIUM, TMPEACTAaBIsAs OTHOIIEHHWE ATUX ABYX BpeMEH. Ecim
JIOCTYITHOM MOIIHOCTH Ipoleccopa He xBaTaert, 3arpy3ka CPU Gyner 100%, u BbImOMHSEMBIN HIar
BpEMEHU Ha KaJp OyleT yMEeHbIIAThCS.

Bpemsa oaHoro wara (Single Step Time)

OcraBumiicss mapaMmerp ympaBleHUs BpeMeHeM mmara — 3T1o Single Step Time. 310 Bpems, 3a
KOTOPOE CUMYJISIUS Oy/IeT BBITIOJHEHA, KOTJla KHOIMKA OJHOTO Ilara Ha TaHeTd aHuMAaIuu OyaeT
Ha)kara.

INOJIE3HbIE COBETbI

LLikana BpemMeHun cxeMbl

WNuTtepaktBHas cuMyssinus OyaeT OOBIYHO BBINIANETh B pEajlbHOM BPEMEHH, TaK YTO HE
UCIIOJIB3YWUTE CXeMy ¢ TaKToBOM yactoTor 1 MI't unu cunycounansubiM curaanom 10 kI'n, noka He
3amanute 3HaueHue Timestep per Frame B nuanore Animated Circuits Configuration.

Ecnu BB CO6I/IpaeTCCB CUMYJIIUPOBATh YTO-TO, YTO pa60TaeT O4YCHb 6LICTpO, TO ACPIKUTC B IIaMATHU
HCKOTOPBIC ACTAIN:

* MomHocTes mporeccopa He OECKOHEYHAa, TOJNbKO HEKOTOPOE KOJIWYECTBO BpPEMEHU
CUMYJSIIUM MOXET YIOXHTbCSI B (PUKCHPOBAHHOE KOJIMYECTBO PEATBHOIO BPEMEHH.
PROTEUS VSM pa3spaboran, yToObI B JIIOOOM Ciydae MOIJIEPKUBATh IMMOKa3aTelb Kajapa
aHMMaluK (KOJIIMYEeCTBO KAJpOB B CEKYHJly) M COKpallaTb HEKOTOpbIE KaJpbl, KOTOpbIe HE
MOMENIAIOTCs B 3a/laHHOe BpeMs. Pesynbrarom OyIeT To, 4To O4eHb ObICTpPBIE CXEMBI OyAyT
CHUMYJIUPOBATHCS MeJJIeHHEee (OTHOCUTENIFHO PEabHOIO BPEMEHM ), HO pOBHEE.

* Mogenu aHaJOTOBBIX KOMIIOHEHTOB CHMYJIHPYIOTCS HAMHOTO MEIJICHHEee, yeM ITU(POBBIE.
Ha ObICTpBIX KOMIBIOTEPAX BBl MOXKETE CUMYIUPOBATh HU(POBBIE CXEMBI, paboTarolue Ha
YaCTOTE B HECKOJIBKO MErarepil B pealbHOM BPEMEHH, HO aHAJIOTOBBIE AIEKTPOHHBIE CXEMBI
OyayT paboTaTh TONBKO 10 yacToThl 10-20 xI.

CrnenoBarenbHO, HE Pa3yMHO TBITAThCS CUMYJIHMPOBATh TAaKTOBBIN reHepaTop sl U(pOoBOi
CXeMbl B aHaJOroBOH o0macTu, BMecTo d3Toro wucnoiw3yite Digital Clock (mudpooit
TaKTOBBIN TE€HEpaTop) W ycTaHoBHUTE (haxkok Isolate Before nys Hero, 4ToObl UCKITIOYHTH
CUMYJISIIIIO aHAJIOTOBOTO TeHEepaTopa.

MacwTtab HanpskeHUNn

Ecnm BB pemmiy HMCMONIb30BaTh PacIBEUCHHBIC MPOBOJA IS TMOKa3a HANPSHKCHHS Y3JI0B, BbI
JOJDKHBI  YIEIUTb HEKOTOpOE BHUMAHUE JMAla30Hy HaNpsDKCHWM B Ballled  CXEME.
[IpenonpenenénubIii AMama3oH s MoKaza — 3To +/-6V, Tak 4To, eciiu cxeMa paboTaer ¢
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COBEpUICHHO JIPYTMMH HampsKeHUsIMH, BaM NTOHA00UTCS U3MEHUTDh 3HaueHue Maximum Voltage B
muanore Animated Circuits Configuration.

3asemneHue

PROSPICE mbITaercss onpenenuTh YyBCTBUTEIBHYIO TOYKY 3a3€MJICHHS JUIsl JTFOOOM aKTUBHOM
[Ny, KOTopas ocTanach 0e3 CrenuaabHO 3aJaHHOTO 3eMJITHOTO KOHTakTa. Ha mpakThke OOBIYHO
BBIOMpACTCSI CpeAHssi TOuKa OaTapeiiku WM LEHTPAJbHBIN BBIBOJ, €CIH IIEMb UMEET pasleabHOe
nutaHue. M3 3Toro criemyer, 4TO TOJOXKHUTEIbHBIA KOHTAKT OaTapediku Oyaer Ham 3eMiéid, a
OTPUIATEIBHBIN MMOJ] HE, COOTHOCSICh C KPACHBIM U CUHUM IIBETOM MpOBOJ0B. OIHAKO, €CITU TaKOe
MOBEJICHUE HE TO, YTO TpeOyeTcs, BbI BCETNa MOXKETE BOCIOIB30BATHCS BO3MOXXHOCTBIO SIBHOTO
3aJlaHus TOYKHU 3a3€MJICHUS, UCIIOIb3Ysl KOHTAKT 3emuin B [SIS.

To4YKkn BbICOKOro uMmnenaHca

ABTOMAaTH4ECKOE JIOTMYECKOE 3a3€MIICHHE TaKXKe IPOBEPSETCs Ul JII000ro BbIBOJA YCTPOMCTBA,
KOTOPO€ HE€ IMOJKIIYEHO K 3eMJle, U aBTOMaTH4YecKu OyleT 100aBieH pe3ucTop OO0JbIIOro
COIPOTHUBIIEHUSI, YTOOBI BHIIOIHUTH cxoauMocTh 111 SPICE cumynanuu. 910 03HayaeT, 4To IJI0X0
0(opMIIEHHBIE KOMIIOHEHTBI CXEMBbI (TO €CTh, C HE COEIMHEHHBIMM MM YACTUYHO COEIUHEHHBIMU
SNEMEeHTaMH) OyIayT, B OOIeM, CHMYJIHPOBaTbCi — XOTS BpEMEHaMHM JTO JacT CTPaHHbIC
PE3YJIBTATHI.
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| BUPTYAJIbHbIE I/IHCTPYMEHTbII

BOJIBTMETPbI U AMIIEPMETPbI

Heckollbko MHTEPAKTUBHBIX BOJIETMETPOB M aMIIEPMETPOB MPEIaraloTcsi B OMOIMOTEKE aKTHBHBIX
ycTpoiicTB. OHU OINEpPHUPYIOT B peallbHOM BpPEMEHH U MOTYT OBITh MOAKIIOYEHBI K CXeMe, Kak
To0BIe Ipyrre KOMIMOHEHTHI. Korja cuMymsiius HaunHAeTCsl, OHM OTOOPaKarOT HANPSHKCHUE Ha UX
BBIBOJIaX WJIM TOK, MMPOTEKAIOIINHN Yepe3 HUX, B yI0OHOM /ISl UTeHus opMmarte.

[Tpennoxennpie Moaenu nokpeiBatoT FSD B 100, 100m u 100u ¢ paspemenuem B 3 3Ha4aImx
IUppbl M MaKCUMaJIbHBIM YHCIOM B JBa JECATUYHBIX paspsaa. Takum oOpa3oM OOBEKT
VOLTMETER moxet otoOpaxars 3HadeHus ot 0.01V mo 99.9V , a AMMETER-MILLI ot 0.01mA
1o 100mA u T.1.

Mogienu BOIBTMETPOB MOICPKUBAIOT BHYyTpeHHee compoTtusieHue 10 100 MOwm, HO ero MOXHO
WU3MEHUTh, PENAaKTUPYS KOMIIOHEHT OOBIYHBIM 0o0pa3oMm. Eciu ocTaBUTH 3Ha4Ye€HHE MYCTBIM, 3TO
yOupaeT conpoTUBIEHUE MOAEIH.

BonbTMeTphl U aMIiepMeTpsl epeMeHHOro Toka oTobpaxaror RMS 3HaueHUs, HHTErpUpPOBAHHbBIE
4yepe3 ONpeesIMMYI0 0JIb30BaTEIeM IOCTOSHHYIO BPEMEHH.

OCLIMIINIOMPA®

O630p

VSM ocuusutorpad BbINoIHEH Kak cTaHAapTHbIN s Becex Bepcuil ProSPICE u 0a3zoBbix Mozeneit
AHAJIOTOBBIX YCTPOMICTB, U UMEET CIEAYIOLYIO ClIEIU(DUKALUIO:

* Yersipe Ka"asa, X-Y onepauuu.

e Vcunenue kanaiaa ot 20V/div go 2mV/div.

* bazossie Bpemena ot 200ms/div go 0.5us/div.

*  ABTOMAaTHYECKHI YPOBEHB MEPEKIIOUCHHMSI, 3aJaHHBIA JIJIs JIFOOOTO KaHaa.

e AC umu DC BXOIpl.
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Channel C
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Channel B Channel D
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Ucnonb3oBaHue ocuunnorpada

Ymob6bI omobpa3umsb aHano0208bIl cu2Hall:

1.

[énxkuute mno kHomke Virtual Instruments Mode; BriOepuTe B OKHe BbIOOpa
OSCILLOSCOPE; ménkaure Ha cBOOOJHOM MecTe pabouero mosusi, 4yToObl J100aBUTh
CHUMBON ocuwuiorpada; mo0aBbTe COCAMHEHHWE C TOYKOM CXEMBI, B KOTOPOH XOTHTE
HaOII0AaTh CUTHAIL.

3amycTUTe WHTEPAKTUBHYIO CHUMYJISAIMIO, Ha)KaB Ha KHOMKY Play manenu ympaBieHus
anumarueit. [losButcs ocuumnorpad.

3anaiiTe BpeMsl pa3BEPTKU M MOAXOAsIIEE HampspKeHHe Juisl yaoOHoro HaOmroaeHus. Bam
CleyeT MOAyMaTh O YacTOT€ CHTHajla, U KOHBEPTHPOBAaTh €€ B 0OpaTHYIO BEIMYHHY
BPEMEHU Pa3BEPTKHU.

Ecnu otoOpakaeMblil CUTHAJI UMEET MOCTOSIHHYIO COCTABIISIONIYIO0, BIOepuTe peskum AC Ha
OJTHOM MJIM BCEX KaHaJlax.

[ToncTpoiiTe ycuneHue mo Y U MO3UIUIO Y, 4TOOBI CUTHAT UMEIN YIOOHBIHN Al HaOMIOACHUS
BUJ. Ecm cUTHANI COCTOUT M3 MEPEMEHHOTO HAMpPsKCHHUS Mol aMIUTUTYIbI Ha OONBIION
MOCTOSTHHOM COCTAaBIISIIOIIEH, BaM HEOOXOAMMO BKJIIOUUTH KOHACHCATOP MEXKAY TOUKOM
HaOMoeHusT U ocIIorpadoM, Tak Kak, U3BMEHEHHE TTO3HINH 10 Y UMEET OrpaHHYCHHbBIS
BO3MOXKHOCTH.

PemmuTe, kakuM KaHAIOM BBI OyJIETE 3aITyCKaTh Pa3BEPTKY.

[ToBepuute pyuky ypoBHs nepekitoueHus (Trigger), moka Ha auciiee HE OTOOpa3UTCS
TpeOyeMblil yyacTok BXoAHOro curHaina. OH ¢ukcupyercs Ha mnepenHeM (poHTe, eciu
JICKOBasl IIKaJsia MOBEPHYTA BBEPX, U Ha 3a/IHEM (PPOHTE, €CIIM BHU3.
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PROTEUS VSM

Cwm. ((I[I/ICKOBa}I mIKajia» aajace, rac HO,Z[pO6HCC OIIMCaHO, KaK 3THUM I10JIb30BAaTHCA.

Pexxumbl onepayut

Ocuusiorpad MoXKeT paboTaTh B peKUMax, 0003HAYCHHBIX HIDKE:

OTtnenbHble KaHAJIbl — MpPU ATOM pa3BEPTKA 3aIyCKaeTcs aBTOMATHYECKH, BBIOpAHHBIM

Yposenb 3amycka (Level) ompenensier, mpu KakoM ypOBHE BXOJHOTO
CUTHaJIa BBIOPAHHOTO KaHaja TMPOUCXOAMT 3alyCK pPa3BEPTKU (TTaHEIb
Trigger).

[TonokeHne KaHaJIOB MO OCHM X Ha B3KpaHE OMNpEeAeNsieTcs AUCKOBOM
mkajion Position.

Bpemss  pa3Béprkum  ompexaensercss  pydkod — BeiOopa  macimiraba
(BpeMsi/fieneHre) B HIbKHEH YacTu OJ10Ka yIpaBIeHHs pa3BEPTKOM.

B stomM pexume ymoOHO HabOmomath 3a (a3oBBIMH M BPEMEHHBIMH
CIABUTaMU CUTHAJIOB (HAIIpUMeEp, Ha BXOJE U HA BBIXOJE).

B crnoxHbpIX ciydasx, kKorma He yaa€rcsd CHHXPOHU3HPOBATh H300pakeHue,
KOT/Ia «KapTHHKa» Ha SKpaHe HE CTaTMYHA, MOXKHO MPOU3BECTH CHUMOK JKpaHa
U pa300paThCs C MPOUCXOISALIIM.

HOCHGI[HSISI KHOIIKa B 3TOM psay, Cursors, MO3BOJIACT YTOUHUTDH BCIIMUUMHY CUTHAJIA U BPEMA
Cro IIOABJICHUA. HpI/I Ha)KaToOl KHOIIKE Ha OKpaHE€ IOABIAIOTCA KYpCOpHBI, IIEpeMEIIad
KOTOPBIC B HYKHBIC TOYKH, MOXKHO YTOYHUTH JJaHHBIC.
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LABCENTER ELECTRONICS

* PexuM pa3HOCTHOIO CUTrHasa MO3BOJsiET HaOMoAaTh, Hanpumep, ¢urypsl Jluccaxy, eciu
BKJIFOUUTD PA3BEPTKY B ATOT PEXKUM.

Yerplpe KaHanma ocuwuiorpadga HMMEIOT pa3HbIE I[BETa, KOTOPBIM
COOTBETCTBYIOT LIB€Ta HAJIMUCEHd Ha MaHENSAX M MEepPeKIIoYaTensX, 4To
o0yier4aer MOWCK PYyYeK YIPABJICHUS U TOJIOKEHHS TEepeKIIodaTenend s
Ka)KI0Tr0 U3 KaHAJIOB.

Kaxxaplii 13 KaHaIOB MOXKET OBITh BBIKJIFOYCH, JTOCTATOYHO IMEPEBECTH €ro
nepekitodarenb B nonoxkeHue OFF. Dto ma€r Bo3MOXHOCTH Oosee
BHUMATEIbHO MPOCMATPUBATh CUTHAJIBI, €CIIM UX OJIMH WJIM JIBa, UCIOJb3YS
CMEIIIEHUE TOJI0KEHUS JTyda pabOTarONIMX KaHAJIOB C MIOMOIIBIO JTUCKOBOTO
perynsitopa Position.

3anyck (Triggering)
Ocmwmorpad VSM  mopnepkuBaeT MEXaHH3M aBTOMATHYECKOTO 3alyCka, 4YTO TIO3BOJISET

CUHXPOHHU3UPOBATDH 0aszoBoe BpEMA C BXOAAIUM CUTHAJIOM.

* Kakoll BXOAHOW KaHaJd HCHOJB3YETCS MJIs 3alyCKa, OINPEAENSETCS IMEPEKIoYaresieM Ha
nanenu Horizontal.

* Jluck mepexmouenus (Level na manemu Trigger) mocnenoBaTenbHO Bpamaercs Ha 360
rpagycoB M 3a7aéT ypOBEHb, HA KOTOPOM HPOMCXOAMUT MepekiatoueHue. DOpoHT
HEPEKITIOUEHUS OTIPENIENIETCS TIEPEKITI0YaTeNIEM PSJIOM C JUCKOM.

* Ecmu nepeximroueHre He 00HApYKUBAETCs B TEUCHUE OJHOTO 0a30BOTO MHTEpBAIa BPECMCHH,
0a30BbIil HHTEPBAT OyZIET «OCBOOOKIEH .

BxoOdHoe coeQuHeHue

Kaxxnp1ii BXOMHON KaHall MOXXET OBITh HEMOCPEICTBEHHO MONKIIOUEH K Touke Habmomenust (DC
coeMHEeHNe) WK NoAKIIouéH yepe3 kouaeHncatop (AC coegunenue). [locnenuuii criocob moneseH
TOT/1a, KOTZla BXOAHOW CUTHAJI UMEET MaJIeHbKUI YPOBEHb MEPEMEHHON COCTaBISAIONIEH U 00IbIIOM
YPOBEHb MOCTOSTHHOIA.

Bxon MokeT Takke KpaTKOBPEMEHHO MOAKIIOUATHCA K 3eMile (Tepekirouatenb B nmonoxeHnn GND)
MIPU HACTPOHKE KOOPIUHATHOMN CETKH Mepel U3MEPEHHUEM.
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PROTEUS VSM

JIOFMYECKUNA AHAJTIU3ATOP

O6G30p

Jlornueckuit ananuzatop (Logic Analyser) mpencraBien kak crangaptaeiii B PROTEUS VSM
Professional, Ho xak gononuutensHas onius B PROTEUS VSM Lite.

VSM Logic Analyser

|

Capiure ‘
Cursors ‘

Position
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Jlornyeckuii aHanMu3aTop OMEepUpyeT IMOCIEeJ0BATEILHO 3allCAHHBIMU B OOINBIION Oyghep 3axeama
BXOJHBIMU LU(QPOBBIMU JTaHHBIMH. DTO NpPOLECC 0TOOpa, TaK YTO €CTh MOJACTPOHKA pa3perieHHs
(resolution), koTOpas ornpenenseT caMblii KOPOTKHIM MMITYJIbC, KOTOPBIII MOXKeT ObITh 3anucaH. Ha
naHenu 3amycka (Trigger) ects kHonka Capture, KOTOpoOl 3aIycKaeTcs MPoLecC 3aXBaTa JaHHbIX, a
CIIYCTsI HEKOTOpOE BpEMS IOCIIE BBIMOJHEHUS YCIOBHH MEPEKIIOYCHUSI OCTAHABIMBACTCS; KHOIKA
MEHsIET CBOM IBET IIPU 3aIlUCH U Mocie e€ 3aBepuieHus. Pesynsrat, conepxumoe oygepa 3axeama n
70, W TIOCNE TEpeKIIoueHHs, oTroOpaxkaercs Ha auciuiee. [lockonbky 6Oygep 3axeama OYEHb
oonpmori (10000 o0Opa3oB B JaHHOM cllydae), MPEAYCMOTPEHO MacIITaOMpOBaHHE |
naHopaMupoBaHue u3o0paxkeHus. I, HakoHel, u3MepuTenbHble Mapkepbl (kHomka Cursors)
MO3BOJIAIOT TOYHO ONPENENUTh TapaMeTPbl UMITYJIbCOB U T.II.

Jloruueckuii aHaTM3aToOp UMEET CICAYIONIYIO CTIeH(PUKAIIHIO:
* 16x10uT u4 X 8 OUT NIUHBI TPACCUPOBKHU.

* 10000 x 24 6uT Oydep 3axBara.

* Pa3pemenue npu 3axBare or 200us Ha oOpazer; 70 0.5nS ¢ COOTBETCTBYIOIIUM BPEMEHEM
3axBaTa OT 2S 710 Sms.

*  MacmTab otoOpaxenus ot 1000 oO6pa3ioB Ha aeneHue 10 1 oOpasma Ha JeeHue.

* Ilepekmtouenue ¢ komOuHarmeir AND BXOIHBIX COCTOSHUM W/Win (POHTOB U 3HAUCHUSIMU
Ha IIMHE.
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LABCENTER ELECTRONICS

[TosunmmonupoBanue nepekmodenus Ha 0, 25, 50, 75 u 100% o6ygepa 3axeama.
Kypcops! 111 TOUHBIX H3MEPEHUN BPEMEHH.

B03MOXXHOCTh M3MEHUTH IIBETAa OTOOPAKAEMBIX KPHUBBIX, KypCOPOB, TEKCTa M T.J. (IIETYOK
MPaBOY KJIABUIIICH MBIIIKH 10 TUCIUICIO B BEIOOP M3 BhIMaaromiero MeHto Colours Setup).

VSM Logic Analyser X

Capiure ‘
Cursors J

Mcnonb3oBaHMe NnornyecKkoro aHanumsartopa

Ymob6bi 3axeamumb u omo6paszums yugpoenie OaHHbIe:

1.

[[lénkaute mo wukonke Virtual Instruments Mode;, BwviOepuTe LOGIC ANALYSER,
pa3MecTuTe 0OBEKT Ha YePTEeKe, COSAMHUTE BXOBI aHATN3aTOpa C CUTHAJIAMU, KOTOPHIC BBI
HaMEpPEHBI 3aIKcaTh.

3anmycTuTe WHTEPAKTUBHYIO CUMYIIALIMIO, UCHONL3ys KHOMKY Play Ha nawenu ynpasnenus
anumayueti. IToIBUTCS OKHO aHAJIM3aTOPA.

3anaiiTe paspelieHue, MOAXOJAIIee K BalleMy MpUMEpPy. JDTUM YCTaHABIMBAETCS CaMbIH
KOPOTKHM UMITYJIbC, KOTOPBIN OyzeT 3amucaH. Uem nyuiie pa3pelieHue, TeM Kopodye BpeMs
3axBaTa JJaHHBIX.

VYcraHoBHTE Ha JIEBOW MaHeNmW TpeOyeMble YCIIOBHs TepekiodeHus. Hampumep, ecimu BEI
XOTUTE TEPEKIIoYaTh MHCTPYMEHT, KOTJa CHTHAJI, MOJKIIOYEHHBI K KaHaly | B BBICOKOM
COCTOSIHMHM, a CHUTHAJI, MOJKIIOUYEHHBIH K KaHaly 3 MEepexXOJuT B BBHICOKOE COCTOSHHE, BBI
JIOJDKHBI 3a71aTh TiepBbId Kak «High», a Tpetnii kak «Low-Highy.

VSM Logic Analyser X

Captura ‘
cursors ]

PemuTe, XOoTUTE 1M BBl BUAETh JJAHHBIE MPEUMYIIECTBEHHO IO WM IOCJIE BBITOJIHEHUS
YCIIOBUH  TEPEKIIFOYCHHs, YCTAHOBHTE INKalmy Position B HyXHOE IOJIOKCHHE
MIEPEKITIOYCHUS.

Korna BeI TOTOBEI, HaOXXMHUTE KHONIKY Capture. IHIUKaTOp 3aropuTcs, ¥ aHAIU3aTop OyaeT
3axBaThIBaTh BXOJHBIC JaHHBIE HETPEPHIBHO, ITOKAa HE OOHApY>KATCs BXOTHBIC YCIOBUS IS
nepeKodeHus Tpurrepa. Korma ato ciiyduTcsi, ”HAMKATOp CTAHET 3€IEHBIM, 3aXBaT JaHHBIX
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PROTEUS VSM

MPOJOJDKUTCS O TeX IMOp, MOKa HEe 3aloJHUTCA 4YacTh Oydepa mocie MepeKIIoYeHHUS.
WNHuaukarop moracHerT, a Ha JUCIUIEe 0TOOPA3ATCs aHATM3UPYEMbIE KPUBEIE.

NaHopamupoBaHMe u macwTabMpoBaHue

[Tockonbky 6yghep 3axsama ynepxusaetr 10000 06pa31oB, a 0TOOpaKeHHE HMEET MHUPUHY TOJIBKO B
250 mukcen, MOSBISETCS HEOOXOAMMOCTh B TAHOPAMHPOBAHWU W MacIITaOMpOBaHUU Oyghepa
3axeama. Display Scale omnpenenser Kolu4ecTBO 00pas3IoB Ha JEJIEHHE, a I10JI0ca NMPOKPYTKU
MIO3BOJISIET TIepeMenaTh N300paKeHNE BIIEBO U BIPABO.

3aMmeTbTe, YTO CUMTaHHBIe MaHHbIe 1on Display Scale oToOpaxaroT TeKyllee BpeMs Ha JCTeHUE B
CEeKyHJaX, HO HE SIBISIIOTCS aKTyaJbHbIMHA yCTaHOBKaMH COOCTBEHHO IKajbl. Bpems nenmeHwus
BBIUUCIIACTCA YMHOXCHUCM YCTAHOBOK IIKAaJIbI HA pa3pCIICHUC.

MU3mepeHus

Jl1s TouHOTO M3MEpEeHUsi BPEMEHH HCIONb3YI0TC MapKepbl. Kaxplii Mapkep MOXHO pa3Meliarh,
UCTIOJIb3YySI COOTBETCTBEHHO OKpalleHHyIo Inkanmy. Ilokasanusi oToOpa)karoT TOYKY BpEMEHH,
OTMEUEHHYIO MapKepoM, OTHOCHUTEIbHO BpPEMEHHU IepekitoueHus, a mnokazanus Delta A-B —
pasHUIly MEXAy MapKepamH.

]I_ Cwm. pasacia ((I[I/ICKOBBIC HIKaJbI», YTOOBI noz[po6Hee O3HAaKOMUTLC C OTUM YIIPABJIICHUEM B
JIOTUYCCKOM aHaJIU3aTopcC.

CUIHAIJI-TEHEPATOP

O630p

VSM Signal Generator BxomuT kak ctanaapTabiii U anas ProSPICE Professional, u nns ProSPICE
Lite.

VSM Signal Generator |

mm

iy
o, Waveform
M

4

Puatarity

o & O 8 8 &

VSM Signal Generator npeacrasisieT co0oil mpocToil (QyHKIMOHAJIBHBIA ayJuO TeHepaTop cO
CJIELYIOIIMMHU BO3MOXHOCTSAMH:

* TeHepupyeT BBIXOAHBIE HMITYJIbCHl TPSIMOYTONBHOH, MHIO00pa3HOM, TPEYroNbHOW U
CHUHYCOUIAIEHON (OPMBI.

e Brixonnas yacrora 0-12MHz B 8 nunanasonax.
* Beixoanas ammuryga 0-12V B 4 quana3onax.

*  Bxoasl 11 aMIUIUTYIHOW U YaCTOTHON MOIYJISILIUU.
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LABCENTER ELECTRONICS

Mcnonb3oBaHMe curHan reHepartropa

UYmo6bl ycmaHoeumb npocmotli ayouo cuzHai:

1.

[énxuuTe 1o ukoHke Virtual Instruments Mode; Boibepute SIGNAL GENERATOR B oxHe
BBIOOpa OOBEKTOB, TIOMECTUTE €r0 Ha CXEMY M COCIUHHTE €ro BBIXOJI CO BXOJOM CXeMbl. B
OONBIIMHCTBE cllydaeB (TO €CTh, KOTJa CXeMa, KOTOpYI0 BBl pucyere, TpeOyer OanaHca
BXOJIHOTO CHTHaa), BaM IOHAIO0WTCS 3a3eMIINTh KIEeMMYy -ve TeHeparopa. M camoe

POCTOE — KCIONB30BATh 3a3eMJIeHHE (TIpaBas KJIaBHILIA MBIIIKH, B BBINAJAIOUIEM MEHIO
Place-Terminal-GROUND).

Bxompl aMIIUTyIHOH M YaCTOTHOM MOMAYNSALIMKA MOKHO OCTaBUThH 0€3 MOAKIIOYSHHS, TTOKa
OHO BaM HE MOTpedyeTcs.

3anmycTuTe MHTEPAKTUBHYIO CUMYIALIMIO, UCHONb3ys KHONKY Play Ha nawenu ynpaenenus
anumayueti. IToSIBUTCS BCILIBIBAIOIIEE OKHO T€HEpPaTopa.

YcTaHOBUTE YACTOTHBIM JAMAanazoH, KOTOPHIM BaM TOAXOIWT. 3HAuEHHE Juana3oHa
MOKA3bIBACT YaCTOTY, KOTOpas TeHEPUPYETCs, KOTJa IISHTP BepHbEpa yIPABICHHUS HAXOAUTCS
B moJjioxkenue 1.

YcTaHOBUTE aMIUIMTYAY CHTHaJIA, MOAXOMSAUIYIO NIJIs Balleil CXxembl. 3HAYEHHE JHana3oHa
IOKA3bIBACT AMIUIUTYAY, KOTOpasi T€HEPUPYETCS, KOIJla BEPHBEP YNPABIEHUS YCTAHOBIIEH B
nosioxkeHue 1. 3HaueHne aMIUTATY/Ibl IPEACTABISET MMKOBBIN YPOBEHB BBIXO/A.

Haxxumaiite kHonky Waveform, moka MHIMKATOp psIoM C M300pakKeHUEM IOIXOJIIEH
(hopMBI CUTHAJIa HE 3aCBETUTCA.

Mcnonb3oBaHue Bxogos AM & FM Modulation

Mogenb curHali-reneparopa nojajaep >KUBaeT U aMIUTUTYIHYIO, U YACTOTHYIO MOAYJISILIUIO BHIXOJAHOTO
curnana. O0a Bxojia, aMIUIUTYTHOW W YaCTOTHOM, MOIYJISIIMYA UMEIOT CIISAYIOIINE BO3MOXKHOCTH:

Ycunenne Bxona Moaysisinuu B TepMuHax Hz/V uimu V/V 3a1ar0Tcst ¢ TOMOIIBIO YITPaBICHUS
Frequency Range u Amplitude Range, cooTBeTcTBEHHO.

BxomHoe HanpsbkeHne MOIYJISAIUKA OTPaHUYEHO B Ipenenax +/- 12V.
Bxonpl Moaynsanuu UMEOT 0€CKOHEYHOE BXOITHOE COMTPOTUBIICHHUE.

Hanpspokenue Ha BXo/ie MOIYIISIIANA J00ABISIETCS K YCTAHOBKAM YIPABICHHUS BEPHBEPOM [0
YMHOKEHHUSI YCTAaHOBKaMH JHara3oHa, YTOObl ONMpPENeUTh MTHOBEHHOE 3HAYEHHE YaCTOTHI
aAMILIATY/IBI.

Hampumep, ecnu gacToTHBIN nuana3oH BeiOpaH B 1KHz, a yactoTHBINM BepHbep ycTaHOBIEH B 2.0,
TOTJIa YPOBEHB 2V 9acTOThI MOMY/ISIINH TACT BBIXOAHYIO 9acToTy 4kHz.
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LN®POBOU NEHEPATOP LLAGJIOHA

O6G30p

VSM Pattern Generator — 3To 1H(POBOH SKBHBAJICHT aHAJIOIOBOTO CHUTHAJI-TEHEpaTropa u
MPEIOCTABIISCTCS KaK CTaHJAPTHBIN TS BCeX MPOPECCUOHATLHBIX BEPCUN CUMYIISTOPOB Proteus.

\VSM Pattern Generator £
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VSM Pattern Generator npeara3HaueH s 8-0utoBbix madioHoB g0 1 Kb6alita u momnepxuBaet
CJICAYIONINE BO3MOXKHOCTH:

* 3amyckaercs B rpaduke, OCHOBAHHON Ha HHTEPAKTHBHOM PEKUME.

* lMeer BHYTpEHHUI ¥ BHEIIHUN PEXXUM TAKTUPOBAHMS U MEPEKIIFOUCHUS.

* BepHbepHYIO OACTPOMKY 711 TAKTOBOM YACTOTHI M LIKAJIBI IIEPEKIIFOUCHUS.

*  PexuM oToOpakeHus MIECTHAIIATEPUIHON U IECATUIHON CETKH.

* HemocpeacTBeHHBINM BBOJ 3HAYSHUS JJIs1 OOJBIIIEH TOYHOCTH.

* 3arpy3Ky M COXpaHEHHE CKpHUIITa Ia0oHAa.

*  Pyunyro cienudukanuio JIUTETbHOCTH epHo/a madIoHa.

* [lomaroBoe yrpasieHHe TO3BOJISET BAM UCIOIH30BaTh MIA0JIOH MOCTENEHHO.

* OkHO yka3areJs [T03BOJISET BaM BUJIETh HEMTOCPEACTBEHHO, I/1€ Bbl HAXOJUTECh HA CETKE.
*  B03MOXHOCTH BHEIITHEH MOAEPKKH T1a0JI0HA B €r0 TEKYIIEM COCTOSHUU.

* Komanue! Block Editing Ha cetke aist oGnerdenust KOHGUTyprupoBaHus madioHa.
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MUcnonb3oBaHue reHepaTopa wabnoHoB

Bbieod wabnoHa Pattern Generator'a e pexxuMe uHmMepPaKmMueHol cumynsauuu:

1.

[énxkuute no uxouke Virtual Instruments Mode; Boioepute PATTERN GENERATOR B
OKHe BbIOOpa OOBEKTOB, IOMECTUTE €TI0 HAa CXEMY U COSIMHUTE C OCTAIbHOM CXEMOM.

Nuunmanu3upyiTe HHTEPAKTHUBHYIO CHUMYJSIMIO, HakaB Ha kHomky Play Ha naunenu
ynpaenenusi anumayuet. Ilogsurtcst okHo Pattern Generator.

3amaiite mabioH, KOTOPBIM BBl XOTUTE BBIBECTH, C TOMOIIBIO JIEBOM KIIABUIIM MBIIIKH,
HIETYKHA KOTOPOH MO KBaJpaTUKaM CETKH MEPEKITI0YAIOT UX JIOTUYECKOE COCTOSTHUE.

Pemmre, Oynere i BBl TaKTMpPOBAaTh T'€HEPATOP BHYTPEHHUM WJIM BHEIIHUM 00pas3oM,
YCTaHOBHTE pekuM ¢ nomounsto kHonku Clock, nocienoBatenbHo HakuMas €€ 10 CBEYEHUS
WH/INKaTOpa, COOTBETCTBYIOIIETO BallIeMy BBIOODY.

Ecimu BbI BeIOpajiM peXMM BHYTPEHHETO TAKTHPOBAHHMS, MOACTPOUTE YaCTOTY C IOMOIIBIO
mkanel Clock.

Pemnre, Oynere nM BBl MNEPEKIOYaTbCd BHYTPEHHUM WM BHEIIHMM COOBITHEM, U
UCHoNb3yiTe KHOMNKY Trigger Juisi BbIOOpa COOTBETCTBYIOIIEro pexuma. Eciu Bel Oynere
yIpaBJIATh MEPEKIIOYEHNEM OT BHEUIHEr0 MCTOYHMKA, BaM HYXHO IOAyMaTh, OydeT Ju
NEPEKIIIOYEHNE CUHXPOHHBIM WJIM ACUHXPOHHBIM C TAKTOBBIM F€HEPATOPOM.

Ecnu BBl pemmiy nepexiroyaTbesi BHyTPEHHUM FeHepaTopoM, MOACTpouTe ImKaimy Trigger K
HY’>KHOH 4acToTe.

Haxxmute kHoniky Play Ha nanenu ynpasnenus anumayueti.

UTtoOBbl HCMONB30BaTh IMIA0JIOH B OJHOM TaKTe, HAXXMUTE KHOINKY Tay3bl Ha naHenu
YNpasienus aHumayuetl, a 3aTeM HAKUManTe KHONIKY Step ciieBa OT CETKH.

CM. paznen «JIuCcKOBBIC TIKAIBD) Jajee, 9ToObl TydIlle MOHATh, KaK IMOJb30BAThCS 3TUM B
Pattern Generator.

Cwm. pasaci «Pexumebl MNEPCKIIOYCHUS) HWIKE, IIC ACTAJIBHO OIMMCAHbI PAa3HBIC PCKUMBI
MECPCKIOYCHUS.

CMm. pasgen «JlomomHuTenbHbIe (YHKIME» HIDKE, TAe Oonbimie wuHQOpManuu o
KOH(UTYpUPOBaHHUH U KCTIONB30BaHuHU Pattern Generator.

Bbieod wabnoHa Pattern Generator'a e pexxume 2paghuyeckoli cumynsayuu

1.
2.

3anaiite cxemy OOBIUHBIM 00pa3oM.

[TocTaBpTe MPOOHUKH HA CXEMY B MHTEPECYIOIIUX BaCc TOUKAxX U J00OABBTE 3TH MPOOHUKHU Ha
rpaduxk.

[[{énkauTe npaBoi knaBuined mMblliku no Pattern Generator Ha cxeme W BBI3OBUTE AHAJIOT
Edit Component.

CxoHurypupyiite onuuu Trigger u Clock.
3arpy3ute HyKHbII 111a0n0H B nione Pattern Generator Script.

[Tokunbsre nuanororyio ¢opmy Pattern Generator n HakmuTe mpoOes, 4ToObl 3alyCTUTh
CUMYJISILIMIO.
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BbiBoabl komnoHeHTa Pattern Generator
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Bbieo0bI ebixo0a OaHHbIX (8bix00 ¢ mpemsi cocmosiHusimu, Q0-Q7, B[0-7])

Pattern Generator MO>keT BBIBOAMTD JIMO0 HA IIMHY W/WJIM HA UHAUBUIYyaJIbHbBIE BHIBOJIBI.

Bbieodbl makmoeoz2o 2eHepamopa (CLKOUT)

Korna Pattern Generator TakTupyeTcss BHyTPEHHHM T€HEPaTOPOM, Bbl MOXKETE€ CKOH(HUTYPHPOBATH
3TOT BBIBOJ JJIs1 OTOOpaKeHUs UMITYJIbCOB BHYTPEHHEIO reHepaTopa. ITo 3a1aéTcs, Kak CBOMCTBO,
U MOXET M3MEHAThCA uepe3 auanororyto ¢opmy Edit Component. Ilo ymonuaHuio 3Ta onuus He
YCTaHOBJIEHA, IOCKOJIBKY 3TO CJIETKa 3aTPYyAHSET BBIIIOIHEHUE, OOBIYHO HAa BHICOKUX YaCTOTaX.

Bbixo0 Cascade

Cascade Pin mepexomuT B BBICOKOE COCTOSIHHE, KOTJa TEPBBI OWUT I1a0ioHA BBIMOJHSAETCS, U
OCTaéTcsi B BBICOKOM COCTOSHHH, IOKa HE MPHUINET BTOPOW OHMT (Ha OMMH TakT IO3KE). ITO
O3Ha4acT, 4YTO OH B BBICOKOM COCTOAHUHU IJIA HepBOFO TaKTa HpI/I CTapTe CI/IMYJISII_II/II/I 1 BHOBBb IJIs1
IIEPBOTO IIUKJIA MOCIEAYIoIero copoca.

Bbieod mpuzeepa (exo0)

DTOT BXOJl MCHOJB3YEeTCS NJisi MOJauyd BHEUIHEro ummyibca 3amycka B Pattern Generator. EcTh
YeThIpe peKrMa NEePeKIIIoUeHUs, KOTOphIe 00CyKaatoTcs B pasnene «Pexxumbl cOpocay.

Bbieod CLKIN (exo00)

DTOT BXOJl HCTIOIB3YETCS JIJIsl TIOJKITIOUSHHST BHEIITHETO TaKTOBOTO reneparopa k Pattern Generator.
EcTth nBa pexuma BHEITHEr0 TaKTUPOBAaHHUSA, KOTOpbIE OOCYXAaloTcst Oojiee MoapoOHO B paszese
«PesxuMBEI TAKTHUPOBAHU).

Bbieod Hold (exod)

OTOT BBIBOJ, KOIJa MEPEXOJUT B BBICOKOE COCTOSIHME, MOXKET HCIOJIb30BaThCA JJISi OCTAHOBKH
(may3b1) Pattern Generator. [11aGioH ocTaHeTcst B TOM K€ TOYKE, TTOKa He OyleT 0CBOOOKIEH BBIBOT
hold. Jlnst BHyTpeHHEro TakKTOBOIO TeHeparopa W/WIM TpUITepa TaKTHUpOBaHUE Oyner
BO300HOBJIEHO OTHOCHTENIBHO TOYKHM, B KOTOpOH Obulo mpuocraHoBieHo. Hampumep, npu 1Hz
BHYTPEHHET0 I'€HEpaTopa, €CiM IIA0JOH OCTAaHOBJIEH Ha BpeMeHM 3.6 CeKyHJbl U 3amylieH B 5.2
CEKYH/IbI, TOT/Ia CIICMYIOIINH CTIaj] UMITYyJbca OyneT B 5.6 CeKyHI.
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Bbi60o0 pa3peuweHusi ebixo0da (8x00)

Ortot BbIBOA (OE) momkeH OBITH YCTAaHOBJIEH B BBICOKOE COCTOSIHHME, YTOOBI pa3pemuTh paboTy
BBIBOJIaM BbIXojia. Eciiu 3TO BBIBO/I HE B BHICOKOM COCTOsIHHMH, Toraa Pattern Generator, mpojormkas
paboTath ¢ 3aJJaHHBIM IIA0JIOHOM, HE Oy/IeT IepeaBaTh Ma0IOH Ha BEIXOJHBIC BBIBOIHI.

Pexumbl Taktn poBaHuA

BHympeHHee makmupoeaHue

BHYTpeHHee TAKTUPOBAHUC IICPCKIIIOYACTCA OTPUHATCIIbHBIM q)pOHTOM. N3 ugero CJICOAYCT, 4YTO
COCTOSAAHUC UMITYJIbBCOB 6yI[eT «HHU3KOC-BbBICOKOC-HHU3KOC» 3a OAUH TaKT.

BHyTpeHHee TakTHpOBaHHME MOXET OBbITh 3aJaHO JHOO A0 CUMYISIIMU 4Yepe3 auanor Edit
Component, 1100 B IpoIiecCe CUMYJISLIMU C TIOMOLIBI0 KHONIKK BbiOOpa pexxuma Clock.

BeiBon CLKOUT, korma paspemén, oroOpakaeT BHyTpEeHHHME UMIyJbChbl. [lo ymomdaHuio 3ta
OIusi HE BHIOpaHA, W3-32 BO3MOXKHBIX 3aTpyIHEHHH (0OBIYHO Ha BBICOKOW 4acToTe) B paboTe, HO
MOXeT ObITh ycTaHoBIeHa yepe3 auainor Edit Component renepaTopa maba0HOB.

BHewHee makmupoegaHue

Ectb nBa pekrMa BHEUIHETO0 TaKTUPOBAaHUS — OTPULIATENbHBIM (DPOHTOM (COCTOSIHMSI HHU3KOE-
BBICOKOE-HHU3KO€) U MOJIOKUTEIBHBIM (BBICOKOE-HU3KOE-BBICOKOE).

YToObl TAKTUPOBATH BHEIIHUM I€HEPATOPOM, COETUHUTE BBIXOJHbIE UMITYJIbCHI ¢ BbIBogoM CLKIN
U BBIOEPUTE OFMH U3 JIByX PEKHUMOB.

Kakx u IIpU BHYTPCHHEM TAKTHPOBAHWH, BBl MOXCTC H3MCHHUTL PCKUM 00 PECOAKTHUPOBAHUEM
KOMIIOHCHTa OO0 CUMYJIAIUU, mmbo ¢ IIOMOIIBKO KHOIIKH BBI60pa pexxumMa Clock npu 1mnays3c B
CUMYJIAUH.

Pexunmbl nepexknroyYeHus

BHympeHHUU mpuazaep

Pexxum Internal Trigger Mode (BHyTpeHHee mepekmiodenue) B Pattern Generator mepekiouaeT
ma0JIOH B 3a/laHHBIX MHTEepBajax. EciaM TakTMpoBaHHWE BHYTPEHHEE, TAKTOBBIM HMITYJIbC B ATOT
MOMEHT cOpachIBaeTCsi. ITO MOBEJACHUE TIOKA3aHO HA PUCYHKE HUXKE.
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CAICADE

Brympennuii eenepamop pabomaem na wacmome 11y u
8peMsl BHYmMpeHHe20 mpuzeepa YCmanoeieno 6 3.75 cex.
Buvisoo Cascade 6 evicokom cocmosnuu, Ko20a nepewvit
oum wabnona nocmynaem Ha 8vIX00bl U 6 HUSKOM 6CE
oCmanvHoe 8pemsi.

3amMeThTe, 9TO B MOMEHT NEPEKITIOUeHHS BHYTPEHHHI TaKTOBEIM reHeparop copaceiBaercs. [1epBrrii
O6uT mabiaoHa BBIBOAMTCA HA BBIXOIHBIE BBIBOJBI (KaK ITOKa3bIBAJIOCh MPHU IEPEXOJE BHIBOAA
Cascade B BEICOKOE COCTOSTHHE).

MepeknoyeHUe 8HEWHUM aCUHXPOHHbIM MOSI0KUMEbHbLIM OPOHMOM

[Tepexmtouenne 3amaércsi MEPEXOJOM  IOJIOKUTEIbHBIM  (poHTOM Ha BbIBOge Trigger.
[lepeximtoueHne MPOUCXOIUT HEMEMJIECHHO M CJENyIomuid (POHT TAaKTOBOTO HMITYJIbca Oynmer
BOCXOAsALIMIA B MOMeHT bitclock/2, cnenyromuii 3a BpemeHeM cOpoca, Kak MoKa3zaHO HHKE.

CLOCHOUT

AESET

GASCACE

Buympennuii eenepamop pabomaem na wacmome 11y u
861600 mpuccepa Nepexooum 6 BblCOKOe COCMOAHUE 8
momenm 3.75 cex. Hemeonemno mna nonoscumenbHom
¢ponme 6v1600a mpuccepa MAKMOBHIN  2eHePaAmop
copacvieaemcst u nepeviil oum wabioHa NOsGIAemcs Ha
8bIX00AX.

ﬂepekmoquue 8HEeWHUM CUHXPOHHbLIM MOJIoOXKUmeJibHbIM d)pOHMOM

[lepexmtouenne 3a7aéTcsi MEPEXoAOM IMONOKUTENbHBIM (poHTOM Ha BbiBoae Trigger. Tpurrep
3amEnKuBaeTcss U OyleT CHHXPOHM3MPOBAH CIEIYIOIUM CHAJAomUM  (POHTOM TaKTOBOTIO
HMITYJIbCA, KaK IMOKa3aHO HUXKC.
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lMepeknroyeHue eHeWHUM aCUHXPOHHbLIM ompuuamesibHbIM (hPOHMOM

CLOSK TLT

AESET
CASCALDE

.20 .0l 3.00 4.00 1.0 A.00

Brympennuu cenepamop pabomaem ma uacmome 11y.
3amemvme, umo Ha makmoeom ceHepamope  He
ckazvleaemcs paboma mpueeepa, u 4mo nepexiioyeHue Ha
cnaoarouiem ¢poume makma cnedyem 3a
NOJLOHCUMENLHBIM PPOHMOM UMRYIbCA.

TpI/IFFCp YCTaHaBJIMBACTCA B PCKUM IIEPCKITOUCHUSA OTPUIATCIIbHBIM (1)pOHTOM Ha BBIBOJC Trigger.
HepeKJHoquHe MPOUCXOAUT HEMCIJICHHO U HepBBIfI ouT 1abioHa BBIBOJUTCs Ha BBIXOAHBIC

BBIBO/JBI.

lMepeknroyeHUe eHeWHUM CUHXPOHHLIM ompuuamesibHbIM (hPOHMOM

Brympennuu cenepamop pabomaem ma uacmome 11y.
Mooicno ~ eudemv,  umo  MaKmMoOSvlll  2eHepamop
copacvieaemcs npu ompuyamenbHOM Qporme UMNYIbCA
nepexnouenus, a nepeviil oum wadbioHa 6blBOOUMCS 6
9MOMm MOMEHM.

[lepexmroueHue 3aaHo OTpULIATeNbHBIM (POHTOM Ha BbIBoze Trigger. Tpurrep 3aménkuBaercs u
JIEMCTBYET CHHXPOHHO CO CIIEIYIOIIUM CIIaaroIuM (POHTOM TaKTOBOTO TeHEpaToOpa, Kak MOKa3aHo

HUKC.
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Buympennuu ecenepamop pabomaem na uyacmome 11vy.
3amemvme, umo nepekarouenue umeem mMecmo Ha cnaoe
UMNYIbCA NepekatodueHus, U wabnion He cOpacvieaemcs,
NOKA C1e0oM He Npuxooum cnaoarowuil Gpoum umnyisca
MAKmMogo2o 2enepamopa.

BHewHee yaepxaHue

yaep)KaHue wabrioHa e e20 meKywem cocmosiHuu

Ecnu Bam HyXHO ynep»arh mablIoH Ha HEKOTOPOE BpeMsi, Bl MOXKETE C/ENaTh 3TO C IMOMOIIBIO
BeiBoga Hold, KoTopsIii momkeH OBITh YCTaHOBJIEH B BEICOKOE COCTOSIHUE HA BpeMs Iay3bl, KOTOpast
BaM HyxHa. [lepeBox BriBoga Hold B Hu3KOE cOCTOSIHME CHMHXPOHHO BEPHET JBHXKEHHE II1a0JIOHA,
€CII BBl MCIIOJb3yeTe BHYTPEHHUI TAaKTOBBIN TeHepaTop. Bmecte ¢ Tem, ecnu cUrHaiI Ha BBIBOJE
Hold nepexonuT B BBICOKOE COCTOSIHHE Ha CEPEAMHE TAKTOBOTO LIMKJIA, TOTJA MPH €ro Mepexoie B
HHU3KOE COCTOSTHHE CIICTYIONINI OUT MOSBUTCS Ha BBIXOJHBIX BHIBOAAX HA MOJTAKTA ITO3KE.

H wik! H IR
e I T e e e I e B
oo 1 |

Koeoa cuenan na ewieode Hold nepexooum 6 ewicoxoe
cocmosiHue,  GHYMPEHHUL  MAKMOGbI  2eHepaAmop
ocmanasiueaemcs. Ilpu nepexode visooa Hold 6 nuskoe
cocmosiHue  MAKMosblll — 2eHepamop — 3anycKaemcs
OMHOCUMETLHO MOYKU 8 YUuKIe, 20€ OH Obll OCMAHOBIEH.

dononHutenbHasa PyHKUMOHANBHOCTb
3aepy3ka u coxpaHeHue ckpunma wabsioHa

Pattern Scripts MOTYT 3arpyarbCsi UJIM COXPAHATHCS, €CIIU MIEIKHYTh NPAaBON KIaBHILEH MBIILIKU
10 CETKE IIPU MHTEPAKTUBHON CUMYIIALIMU U BBIOPATh KOMaHAY U3 BbINAIAIOLIET0 MEHIO.
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VSM Patlemn Generator X
CLOCK b o
It @
*
7 sl
STEP
Clear Pattern |
TRIGGER
:‘r ' Load Pattern
L oe
pgssesggpgeg oSavePatem 888888
Async @
SY:EM o Save Patten As... J j

Colour Configuration »

Decimal Display
w Hex Display

Tooltip Display

Insert Column

Remove Column

Block Set
Block Clear

Restore Default Settings

910 IIOJIC3HO, KOrjga BBINIOJIHCHHBIN [A0JIOH MNpeanojIaracTcsa UCIOJIb30BaTh B APYTHUX IIPOCKTAX.

CkpurnTel abJIOHOB — 3TO MPOCTO TEKCT U MPOCTOH, pa3faenEéHHbINA 3alaThIMU, CIIMCOK OalT, e
KaXJ10€ 3HaueHue OaiiTa MpeacTaBiseT KOJOHKY Ha ceTke. JIro0as TMHUS, HAUMHAIOIIASACS C TOUKH C
3aIITOM, TPAKTYeTCsl KaK JIMHUS KOMMEHTAapHsi U WTHOPUPYETCS aHAIM3aTOPOM ImporpaMmsl. 1o
yMoidaHuio ¢opmar Oaifta IecTHaaAlUATepUUHbIN, XOTS, €CIM Bbl CO3J1aéTe CBOM COOCTBEHHBIN
CKPHIT, Bbl MOXETE BBOAUTD JECATUUHbIC 3HAYCHUSI, TBOMUHBIEC UM LLIECTHAALATEPUYHBIE.

YcmaHoeka cneuyuanbHbIX 3Ha4eHUU On1s1 WKas

Bb1 MoxkeTe 3ajaBaTh BHEIIHUE 3HAYEHUS WU JJIs1 OUT, U JUIS 4acTOThl TPUITEpa IOCIE JBOMHOTO
HIeJTYKa MBIIIKK [0 COOTBETCTBYIOIIEH IIKajie. DTUM BBI3bIBACTCS MOSBIEHHE IJIaBAIOIIETO OKHA
pPENAaKTUPOBaHUsA, B KOTOPOE Bbl MOXKETE BBECTH 3HadeHME. 1[0 yMOm4aHHIO BBEJEHHOE 3HAUEHUE
paccMarpuBaeTcsl Kak 4acToTa, HO Bbl MOXKETE 3aJaTh 3HAYEHHE B CEKyHJaxX WM Kak JpoOb,
N00aBUB MOAXOAAIINH Cy(pPUKC K 3HAUCHHIO (sec, mS U T.J.). JIONOJIHUTENIBHO, €CIIU BBl 3aX0TUTE,
YTOOBI TPUITEP TOYHO pabOTaj KpaTHO OUTaM TAKTOBOW YacCTOTHI, Bl MOXKETE JH00aBUTH Cyppukc
«bits» K Hy’)KHOMY MHOXHTEINIO (TO €CTb, Sbits).

Jns monTBepkaeHUs BBoJAa Ha)KMUTE KiaBuily Enter wium, eciy pelmwid oTka3arbcs OT BBOAA,
Ha)xMuTe KiaBuily Escape wiu, npocro, ménkaure rae-Hudyas B okHe Pattern Generator.

OTH 3HAYEHUS MOKHO TakXKe 3aaaTh JO0 CHMYISIHAH Yepe3 COOTBETCTBYIONIHE CBOWCTBA B
nmuanoroBoit popme Edit Component.

YcmaHoeka cneyuasibHbIX 3Ha4YeHuUU 011 cemku wabnoHa

Bbl MoxeTe 3amaTh cHelUalbHbIE 3HAYEHUs 7S JI000W KOJIOHKM Ha CeTKe, IMIETKHYB JIEBOM
KJIABHILEH MBIIIKKA MO TEKCTY, OTOOpa)karoleMy TeKyllee 3HaueHHe I 3TOM KoJOHKHU. [losBUTCS
IIJIaBaKOIEe TEKCTOBOE OKHO, B KOTOPOE BBl MOXETE BIMCATh HYXKHOE 3HaueHHE. B Moxere 3amarp
3HAYCHHE B JIECATUIHOM (TO ecTh, 135), mectHannarepuaaom (0xA7) wiu geonunom (0b10110101)
BHJIE.

Jns moaTBepxkaeHus BBOAAa HaxxMuTe Kiasuy Enter, muis otkasa kiasuy Escape win ménkaure
JIEBOM KJIaBUIIIEH MBIIIKH TAe-HUOYIb B okHE Pattern Generator.

Jnist ynoOcTBa BB MOXKETE MCIIONIB30BaTh 3aJjaHKe B KOJIOHKE yepe3 ropsune kiasumn CTRLA+1
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KJIaBUATypbl U O4MCTUTH KOoHKY KiaBumamMu CTRLASHIFT+1, xorna MbllKa HaXoOUTCs Ha
HY>KHOU KOJIOHKE.

3adaHue OnuHbI nepuoda wabrioHa 8pyYHYHO

Bbl MOXeTe Bpy4HYIO 3a[1aTh IIEpUOJ, LIEIKHYB JICBOW KJIABUILIEH MBIIIKHA HaJ CETKOM U KOJIOHKOM,
I7e BbI XOTenu Obl, YTOOBI MIa0JOH 3akaHUYMBAICS. UTOOBI CHATH TEPHOJ, MIEIKHUTE IMPaBON
KJIABMILIEH MBILIKU OJIMH pa3 B TOM K€ MecTe. BCE 3T0 moka3aHO HUXKE.

x|

CLOCK 0x20 N =10
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Mbvuuka pacnonosicena 8 oonacmu, eoe modxcem ObiMb 3a0aH HYIHCHBLU
nepuoo. Muvl modxcem 6udems, Umo Memka nepuooa NOKaA3vléaem
MOYKY Npepviéanus WabloHa, U YMo BCE cled Om GblOPAHHO2O
Mecma nooneoneno, ymodwvl nokazams, wablioH Oyoem OCMAaHO8IeH Y
MemKU nepuooq.

lNowazoeoe 8bInosiHeHUe & npodeumeHuu mno w36n0Hy

Kunonka STEP moxer ucronb30BaThCs Ul MPOABHKEHMSI IIPU CUMYJISILIMM Ha BpeMs IEpUOJA,
SKBUBAJIEHTHOE 3amaHHOMY bitclock Mo BHyTpeHHEro, TM0O0 BHEIIHETO TAaKTOBOTO TeHEeparopa.
Cumynanus OyeT UATH, ITOKa HE 3aBEepIINTCS CIEAYIONIMNA UK TaKTOBOTO T'€HEpaTopa, a 3aTeM
BHOBb OCTAaHOBUTCS.

N3meHeHue pexuma Om06pa)KeHUﬂ Cemku

OToOpakeHHE CETKH MOXET MEepPeKIouaTbcsi MEXIY UISCTHAAUATEPUUYHBIM U JCCITUYHBIM
pPEKUMOM. DTO MOXKHO CJ€JaTh, JUOO WIENKHYB MpaBOM KJIABUILIEH MBILIIKU 110 CETKE M BHIOpaB
HYXXHYIO OINLHUIO U3 MEHI0, Ju00 ucnoin3ys ropsuve kinasumm CTRL+X (mectHannarepuyHoe
otoopakenne) u CTRL+D (necstuaHoe 0TOOpakeHuUe).

3adaHue ebixo0a

Brinenure anement cxemsl Pattern Generator, 4to0bl Boiitu B nuanor Edit Component. CBOWCTBO
BHU3Y (Output Configuration:) IO3BOJISIET BaM KOH(GUTYPUPOBATh, KaK Bbl XOTUTE BUAEThH II1a0JIOH:
Y Ha IIWHE, U Ha BBIBOJIAX; TOJIKO HA BBIBOJIAX; TOJHKO HA IIUHE.

HAucnneu ykazamens KOHMEKCMHO20 OKHa

Bbl MoXeTe pa3pemmTh yka3zaTelnb KOHTEKCTHOTO OKHA, KOTOpBIH OyAeT ClIeloBaTh 3a MBIIIKOM,
MOKa3bIBasi MH(OPMAIMIO O TEKYIIMH CTPOKE W CTOJOIEe. DTO MOXKHO IMEPeKIIouaTh, BKIOYAs H
BBIKJTIOYAst, MO0 Yepe3 KOHTEKCT MBIIIKH 10 IIETYKy MpaBOW KIABHIIH, JIMOO Yepe3 ropsune
knaBu CTRLAQ. 3aMeThTe, 4TO pexXuM yKaszarens OTMEeHsIeTcsl B npouecce Block set wnu clear.
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PedakmupoeaHue 6510Ka

Ber moxere wucmonb3oBath komaHnel Block Set m Block Clear, uro momoxer Bam OBICTpO
CKOH(UTYpUPOBaTh CETKY K HYXHOMY IIA0JOHY. DTO JOCTYHMHO Yepe3 KOHTEKCTHOE MEHIO II0
HICTYKY MPABOM KJIaBUIIM MBIIKH win 4depe3 ropsuue knaBunm (CTRL+S mis Block set u
CTRL+C musa Block clear). 3ametsre, uto komanzawsl Block Editing 3ampemensr B pexume
ykazarens (tooltip mode).

M0JIb30BATE/IbCKNE SJIEMEHTbI MUHTEP®EUCA VSM

OvckoBble wWKanbl

VSM Virtual Instruments HCHONB3yIOT ympaBiisieMble MBIIIKOM TUCKOBBIE MIKAJIbl (PY4YKH) JUIs
HaCTPOMKHU HEKOTOPbIX apaMeTpoB. [Iponenypa HaCTpOMKH ClieTyroIasl.

Umo6bl ycmaHoeumb OUCKOBYHO WKany:
1. VYcranoBuTe Kypcop rae-HuOyab Ha IIKaJe.
2. Haxmure n€ByIO KJIaBUILY MBIIIKH U YIEPKUATE €€.

3. IlepemecTtute ykaszarenb MBILIKM OT 3TOW TOYKM BOKPYI LIEHTpA LIKaJbl, BBIIUCHIBAS AYTY,
YTOOBI OBEPHYTh PYUKY K HY’KHOMY 3HAYEHUIO ILIKAJIbI.

4. Illxana OyneT MoBOpaYMBaTBHCS Ha Yrojl, CIEAYIOLIUM 3a yKa3aTeleM MBIIIKH OT €€ LeHTpa.
UYeMm nanbliiie BBl OyeTe mepeMeliaTb MbIIIKY, TEM Ha OOJIbIIIee YUCIIO0 IPayCcoB MOBEPHETCS

pyuKa.

5. OTHYCTI/ITG KJIaBHUIIY MBIIIKH, YTOOBI Sa(bHKCI/IPOBaTB TIOJIOKEHHE IIKAJIbI.
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BBELJEHUE

KoMOuHanuss 13 CMEIIaHHOTO peXuma CHUMYISLMUM W aHUMAalMM CXEMbl CTAaHOBMUTCS Haubosee
NpUBJIEKATENIbHA, KOTJIa UCIOIb3YETCs] B KOHTEKCTE CHCTEM, OCHOBAaHHBIX Ha MUKPOKOHTPOJIEPAX.
MHOXECTBO TaKUX CUCTEM 3aTparMBalOT MHTEpQeEic Moab30BaTemsl, WIH, XOTS Obl, KOMIUIEKCHYIO
IIOCJIEIOBATENIBHOCTh BHEIIHUX COOBITUH, KOTOpbIE HE MOTYT JIETKO CHMYJIUpPOBAThCS BHE
uHTepakTuBHOTO OKpykeHusi, » PROTEUS VSM B nepByto ouepenb Obl CO3/1aH, aJIpeCysICh K ITUM
npo6nemam. Cre1oBaTeNIbHO, 3HAYUTENbHBIM KyCOK €ro (yHKIIMOHAJIBHOCTU COCPEJOTOYEH BOKPYT
pa3pabOTKH Ha OCHOBE MUKPOIIPOLIECCOPOB.

Ha MMPAaKTHKE, PCAAKTUPOBAHHUC H KOMIIWIANHUA HCXOOAHOI'O0 KOOdAda, HMHTCTPHUPYCTCA B OKPYXKCHUC
MMPOCKTa Tak, yTOOBI BBl MOIJIU PECAAKTUPOBATL KOA W MNPOCMATPUBATL PE3YyJIbTAaT BHECEHHBIX
W3MEHEHNH MaKCHMaJIbHO JIETKO. HCXO,HHBIﬁ (baﬁn MOYKET OBITh BEI3BaH I pCAAKTUPOBAHUA ABYMSI
HaXaTUAMU KJIaBUIII, a CUMYJIAIHA BO300HOBJICHA C 3TOI'0 MECTa ABYMSA JPYTrUMHU.

CUCTEMA YTIPABJIEHUSA NCXOO4HbIM KO4OM

O630p

Cucrema yHpaBJICHUA UCXOAHBIM KOAOM IOAACPIKaHa ABYMS OCHOBHBIMHA (by'HKLII/I}IMI/IZ

* Peructpamueit ¢aiinoB ucxomnoro koga B ISIS, Tak 4ToOsl 0OHU MOTIIM OBITH BBI3BAHBI IS
penakTUpoBaHus O3 PydYHOTO MEPEKIIOUEHUS Ha IPyroe MpUIoKeHue.

® OHpeIICJ'ICHI/IeM npaBuJI I KOMIIMJIIAIMKA HCXOOHOI'0 KOJa B 00BEKTHBII KOI. OIIHa)KIIBI
3aaHHBIC, O3TH IpaBUJia MOABIAIOTCA Ka)K)II)II\/’I pa3 nmpu BBIIIOJHCHUNW CHUMYJIALIMHA, TaK YTO
OOBEKTHBIN KO MMPUBA3BIBACTCA K daTaM.

3aMeTbTe, YTO HET HEOOXOAMMOCTH HCHOIb30BATh CUCTEMY YIIPABIEHUS HCXOAHBIM KOAOM JUIS
CUMYJISILIUM TPOEKTa, OCHOBAaHHOTO Ha MHUKpompoleccopax. JleficTBUTenbHO, ecili Bbl BBIOpaH
acceMOiep WM KOMIUWISATOP, UMerolnil cBoil coOcTBeHHbIN IDE, Bbl MOXKeTe mpekpacHo paboTarhb
B HEM, a IepeKiroudarscsi B Proteus, korma mpoBepsieTe BBINOIHEHUE Iporpammel. Eciu Bbl
IUTaHUpyeTe paboTaTh TaKUM 00pa3oM, TOrza nepenanTe K ciaeayomemy pasaeny «lMcnonbs3zoBanue
IDE npyrux npousBoaUTENEH.

JobGaBneHue ncxogHoro Koga B MPOEeKT

Umob6bi dobasumsb ¢halin ucxo0HO20 KOOa 8 NMPoeKm:
1. Bribepure komanny Add/Remove Source Files u3 pa3nena Source 0CHOBHOTO MEHIO.

2. Bwibepure Code Generation Tool nns wucxomnoro ¢aiina. Ecnmm BBl mmaHupyere
UCIIOJIb30BaTh HOBBIM acceMOJiep MM KOMITHIISITOP BIEPBBIC, BAM HYXKHO 3apErHCTPUPOBATH
uX, ucnomnb3ys komanny Define Code Generation Tools.

3. Ilénxkaute kHOMKY New M BBIOEpHTE WJIM BBEIUTE UM JuIsl Qaiiia MCXOAHOTO Kojaa C
MOMOIIIBIO celiekTopa ¢aiyioB. Bel MOkeTe BBECTH TEKCTOBOe WMs (haiiina, ecim OH He
CYIIIECTBYET.
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4. YcranoBute (praxxku, TpeOdyeMble Ui 3aJaHus pabOThl ¢ TUM HUCXOAHBIM (aiijioM B mosie
Flags. ®naxxu, He0OX0IUMBbIE KaX/IbIil pa3 MpHU UCIOIb30BAaHUH OOBIYHBIX HHCTPYMEHTOB,
MOTYT OBbITh BBEJICHBI IIPH PETUCTPAIIMY HHCTPYMEHTA.

5. lénkuure OK 115 1o6aBneHnss HICXOAHOTO (aiiyia B IPOEKT.

He 3a0yasre OTpemakTUpoBaTh MHUKPOIIPOILIECCOpP U TPUCBOUTH HMs (ailly OOBEKTHOro Koja
(06wraHO 310 hex-daitn) B ero PROGRAM cBoiictse. ISIS He MokeT cienath 3TOro aBTOMaTHYECKH,
MTOCKOJIBKY Y BaC MOXKET ObITh HE OJTUH MPOIecCCOp Ha cxeme!

PaGoTa Haa BallMM UCXOAHLIM KOOOM

Umo6b1 ompedakmuposamb UCXOOHbLIU KOO:
1. Haxmure ALT-S.
2. Haxwmure nopsakoBblii HOMep (haiiina UCXOIHOTO Ko/ia B MEHIO Source.

Eciu BBl mpeamouuTaeTe HCHONIL30BaTh Oosiee Pa3BUTHI TEKCTOBBI pPENAaKTOp, MOCMOTPHUTE
COOTBETCTBYIOIIUI pa3aen.

Ymob6bI nepeknrodumscsi o6pamio e ISIS, ommpaHcnupytime (build) ucxodHbil K00
u 3anycmume cuMyssiyuio:

1. U3 tekcroBoro penakropa Haxmutre ALT-TAB, utoGs! BepHyThCs B ISIS.
2. Haxwmure F12 s semmonaenns uin CTRL-F12 g1 Hagaia oTiaaky.

B mo6om ciyuae ISIS nporHCTpyKTHpYET TEKCTOBBIN peAakTOp COXPaHUTh CBOM (pailiibl, MPOBEPUT
nary (haiioB MCXOIHOTO M OOBEKTHOTO KOJOB, M 3AITyCTHUT MOAXOMAIINNA UHCTPYMEHT TPAHCIIALUN
JUIs CO3/1aHMsI OOBEKTHOTO KOAA.

Ymob6bI nepempaHciupoeames eecb 06bLeKmMHbIl KOO:
1. Beibepure komanny Build All u3 pa3nena Source 0CHOBHOTO MEHIO.

ISIS BBI3OBET BCe HMHCTPYMEHTHI I'eHEpaluu, TpeOyemble sl TPAHCISALUUM B OOBEKTHBIA KO,
0E€30THOCHUTEIIFHO METOK Bpemsi/aara (aitioB oObeKTHOTO Koma. KomanmHas cTpoka BBIBOJA
MHCTpYMEHTa Oy/eT oToOpakeHa B OKHE. DTHUM MPEBOCXOAHO MOJACPKUBACTCS MIPOBEPKA, UTO BCE
OTTPAHCIMPOBAHO 0€3 OMKOOK U MPEAYyIPEKACHUMN.

YcTaHOBKa MHCTPYMEHTOB reHepauuu Koga apyrux npounssoaurtenen

HekxoTopoe KOIMMYeCTBO CBOOOIHBIX acceMOIepOB U KOMITMISTOPOB MOXKET OBITh YCTAHOBIIEHO B
nupektoputo  TOOLS ¢ cucremuoro CD, u oHHM OyayT aBTOMAarTMYeCKH 3a/IaHbl, KaK CPE/CTBa
reHepauu koga nporpammont ycraHoBkM PROTEUS. Opnako, eciu Bbl XOTHTE HMCIOJIb30BaTh
JIpyTUe HHCTPYMEHTHI, BaM moHanooutcst komanna Define Code Generation Tools B paznene Source
OCHOBHOTI'O MEHIO.
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Umobni 3apesucmpupoeamb HoebIl UHCMPyMeHm ceHepauyuu KooOa:

1. Beibepure komauny Define Code Generation Tools B paznene Source 0CHOBHOTO MEHIO.

2. Iénkaute New M UCHONB3YHTE CEeNEKTOp (ailyioB JJid yKa3aHWUs MyTH K HCIIOJHIEMOMY
daiiry mHCTpyMeHTa. BBl MOXeTe Takke 3aperucTpupoBarh batch-gaitnel (koMaHTHBIC
¢aiinbl), Kak HHCTPYMEHT reHepaluu Koja.

3. Bmeaute pacmmpenus s GaiioB UCXOTHOTO U OOBEKTHOTO KOJA. DTUM OINPENCISIETCS THIT
¢aiina, mo kotopoMy ISIS OymeT onpenensaTe Npu PEIIeHUH, 3aIyCKaTh JTU HHCTPYMEHT JJIs
OTAETBHOro ucxonHoro ¢aitna wim HeT. Eciam Bbl ycranoBuimm Always Build, torma
MHCTPYMEHT TPAHCISIMKM 3allyCKaeTcsl BCerjga, a pacliupeHue OOBeKTHOro Koja He
TpelyeTcs.

4. 3agaiiTe HYXHYIO KOMaHJIHYK CTPOKYy Juisi HHCTpyMeHTa. HMcnonesyiite %1 nmns
npencTaBieHus (aiina ucxomHoro koma u %2 mis daiina o0beKTHOTO Koma. Bel moxere
TaKXKe Mcnoib3oBaTh %$ mis mytu k qupektopun PROTEUS u %~ mns mupekropuu, B
KoTOpo# pasmeraercst DSN ¢aii.

W xopo11o oJHOBpEMEHHO MOMECTUTH (pjaru KOMaHIHOW CTPOKH, KOTOpPbIE HYXKHBI AJisi (POHOBOTO
3aIlycKa MHCTPYMEHTA TPAHCISIIUU (TO €CTh, 0€3 may3bl JUIsl TI0JIb30BaTeIbCKOTO BBOA), U XOPOILO
Obl 3371aTh IyTU K TUPEKTOPUU include QailioB 3aroIoBKOB MPOLIECCOPOB U T.II.

Ecin BBl XOTHUTE UCHOIB30BaTh ypoBeHb omIagku wucxonHoro koma PROTEUS VSM, Bam
noHanoburcs Debug Data Extractor mis Bamrero accemonepa WM KOMOHISATOpA. DTO MajleHbKas
nporpaMMa KOMaHIHOH CTPOKH, KOTOpas BBIOMpPAeT CTPOKY OOBEKTHOTO KOJa/MCXOIHOTO W3
UH(pOpPMALIMN KPOCC-CCBUIOK CIHCKa (HailyioB, MPOM3BEAEHHBIX acCeMOIEPOM HIIH KOMITHMIISTOPOM.
MpI HazieeMcs TOJIEPKUBATh BCE MOIYJISIPHBIE acceMOIephl U KOMITWIITOPBI, TaK YTO MPOBEPSiiTE
HAIll CAalT Ha MTPEAMET MociIeTHed HH)OPMALIUH.

Ecmu y Bac ectb DDX mporpamma, BBeOUTE paclidpeHue Uit (aiiia Crnucka Wi CUMBOJIBHOTO
OTIAZI0YHOrO (aiiyia, KOTOPHI HPOM3BOAUTCA HHCTPYMEHTOM TEHEepalMuu Kojaa, U LIEIKHUTE
Browse, uto0b1 BEIOpaTh myTh 1 UM (paitima DDX nporpammel.

MUcnonb3oBaHue nporpammbl MAKE

B HekoTopbIX cioyyasx MpoCThe MpaBuiia, BCTpoeHHBbIe B ISIS, MoryT ObITh HETOCTATOYHBI IS
OOCITy’>)KWBaHHS BAIllero MPUIOKEHUS — OCOOEHHO, €CIHM MPOMCXOIUT BBIMOJHEHHE MHOXXECTBA
UCXOJHBIX U OOBEKTHBIX (DailIoB, W MPOUCXOIUT KOMIIOHOBKA. B Takux ciydasx BaMm HYXHO
MCIOJIb30BaTh BHENIHIOK MporpaMMy MAKE, 1 Bbl MoeTe clienaTh 3T0 CIEAYIOLUMM 00pa3oM:

Umob6bI ycmaHoeumb ucnosib3oeaHue eHeuwHel npozpammbl Make e npoekme:

1. VYcranoBurte Baury nporpammy Make (0ObIUHO THOCTaBIAEMYIO C acceMOyep/KOMIUISTOP
OKpYXKEHUEM), Kak code generation tool. 3anaiite pacmupeHue ucxoannka kak MAK wu
yctanoBute ¢naxok Always Build. JIns tunuyHoi nporpammbl Make 3amaiiTe KOMaHIHYIO
CTpOKY:

-f%1

2. MHWcnonesyiite xkomauny Add/Remove Source Files nns noGanenus makefile (To ects,

MYPROJECT.MAK) k mpoexTy.
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3. Taxke nob6asbre (hainel ucxonHoro koma, Ho ansi Code Generation Tool BbIGEpuTe
<NONE>. Kaxnpiii pa3z mpu noctpoeHun npoekrta (built), ISIS 3amyctut BHemHm00
nporpammy MAKE c¢ ¢aitiom mnpoekra makefile B kauecTBe mapamerpa. 3arteM HAET
oOpamenue k mnporpamme MAKE, utoObl ompeneiauTbesi, Kakodl cleayeT 3amyCTUTh
MHCTPYMEHT TeHepaluu Koja. Xopomas make-nporpamMmma mnoapa3syMeBaeT OOJBIIYIO
TUOKOCTb.

Ucnonb3oBaHue pegakropa MCXOOHOro Koaa Apyrux npovssoauTenen

PROTEUS VSM wumeer mnpocroii TekctoBblii pemaktop — SRCEDIT, koTopblii MOMXKHO
WCIIONIB30BaTh  JUIsl  pemakTupoBanusi  (aitmoB  umcxomuoro koma. SRCEDIT — 310
momuduuupoannas Bepcuss NOTEPAD, kotopast MOXXET OTKPBIBaTh MHOXKECTBO MCXOAHBIX (hailyioB
1 MOXKET pearupoBath Ha 3anpockl DDE, uto0s1 coxpanuTts MomudumnrpoBanHbie Oydepsr.

Ecnu y Bac ectb Oojiee coBepIIeHHBIN TEKCTOBBIN pefakTop, Kak, Hanpumep, UltraEdit, Bb1 MmoxxeTe
npouHcTpykTUpoBath ISIS mcnonb3oBaTh 3TOT pemakTop BMECTO MITAaTHOTO. 3amersre, 4To IDE
OKpY>KeHHE, BO3MOXHO, He Oyner pearupoBaTb Ha DDE komaH[bl, 1 TI0100HOE WHTETPUPOBAHHE
MOXET OKa3aTbCsl Henoaxo muM. OJHAKO BBl BCEra MOXKETE 3alPOCUTh IPOM3BOJUTENS 100aBUTh
3Ty HNOAJEP>KKY — 3TO HE TaK CIIOXKHO.

UYmob6bI ycmaHoeumb asibmepHamueHbIl pedakmop UcxoOHO20 Koda:
1. Bribepure komanny Setup External Text Editor w3 paznena Source.

2. llénxaure mno kHonke Browse u wucnonb3yiiTe cenexkrtop (aiioB UIA  yKa3aHUA
UCIIOJIHAEMOTO (haiiia Balero TeKCTOBOIO pelakTopa.

3. SIS uHCTPYKTHPYET TEKCTOBBIM PEIAaKTOP OTKPHIBATH M COXPAHATH (ailnbl, ucnonb3yss DDE
nporokosl. OOparuTech K JOKYMEHTAllMM Ha TEKCTOBBIM PENaKTOp WM K IOCTABILIUKY,
4yT0OBI Pa3o0paThCcs C CHHTAKCUCOM KoMaHi. Eciu Bbl He yBepeHbl B MMEHHM CEpBHCA,
nmonpoOyiTe UCIoJIb30BaTh UMsl mpoaykra, To ectb, ULTRAEDIT.

UCINOJIb30OBAHUE IDE JPYIUX MPON3BOAUTEIIEN

BonpmmMHCTBO  MpO(ECcCCHOHATBHBIX ~ KOMIHMISTOPOB M acceMONIepOB  HMMEIOT COOCTBEHHOE
WHTETpUpPOBaHHOE OKpykeHue paszpabotrku wmiau  IDE. Ilpumepsr storo — IAR Embedded
Workbench, Keil uVision 2, Microchip MP-LAB u Atmel AVR studio. Eciu BbI pa3pabarsiBaeTe
Balll KO/ C OAHUM M3 I3TUX WHCTPYMEHTOB, BBl MOXET€ OOHAPY>KUTh, UTO JIETYe BBHIOJHUTH IIaru
penaktupoBanus u komnuisinuu B 3tux IDE, a 3arem nepeximtounthest B Proteus VSM, HO ToNbKO
TOT/a, KOT/Ia BBl MOJYYHIN HCTONMHSAEMBIH 00pa3 (To ectb, HEX mmm COD ¢aiin), 1 BBl TOTOBBI
CUMYJIUPOBATH UX.

Proteus VSM nonnepsxuBaer nBa criocoda padotsl ¢ BHenmHUMEU [DE:

* Hcnonb3oBanue Proteus B kauecTBE BHEUTHETO OTIauMKa — yIpaBieHue omiaakoi us ISIS,
B OCHOBHOM, Kak ecJii ObI 1Ipu padote ¢ HopMmanbHOU CAD cumynsimen.

* Hcnons3oBanue Proteus, Kak JONOIHUTENBHOIO CUMYJIATOpPA — YIPABIECHUE OTIALKOM U3
ornaguuka IDE. Proteus paboraer, kak pa3HOBUIAHOCTh BHPTYaJIbHOTO CETEBOTO
cumyisatopa, kontaktupys ¢ IDE uepe3s TCP/IP. B stom pexxume Bbl 3amyckaete Baml IDE
OTJIAJAYMK Ha OJHOM KOMIIBIOTEPE, a CUMYJISITOP Proteus Ha npyrom.
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Ucnonb3oBaHue Proteus VSM B KkauecTBe BHelLHEro otnagaymka

Jns wcmonb3oBaHus Proteus B KadyecTBe BHEIIHErO OTIaagduKa TpeOyercs, 4TtoObl (opmar
CHUMBOJIBHOM OTJIAJIKH, TPOM3BENEHHBIN BallMM KOMITMJSITOPOM, IOIICPKUBAJICS KaK OJWH H3
JOCTYIHBIX JUIsI 3arpy3Ku B Proteus. 3arpy3dmk HW3BIEKAaeT aapeca KaXIOH CTPOKH HMCXOJHUKA B
POTrpaMMy si3bIKa BBICOKOTO YPOBHS, U, TJI€ BO3MOKHO, JIOKAJIH3AIHMIO TPOTPAMMHBIX TIEPEMEHBIX.

O6ume dopmarsr otnamgunka — 310 COD (ucmonbdyemsiii B mupe PIC), UBROF — s Bcex
koMmiATopoB [AR u OMF (ucnomnb3yemsiid st 8051). Mbl Takke MPENOCTaBIsAEM 3arpy34rKd
JUIs PYTUX KOMMeEpUecKux (opMaToB, Kak (ailsiel criuckoB, npousBoauMeix Crownhill PICBasic.
3amsiHUTE Ha Haml cadT B pazmen mnoanepkku «3 rd Party Compilers», rae ects mocnemHss
UHpOpMAITHSL.

[Ipu ycnoBuM, 4YTO 3arpy3udk BBIOPAHHOTO BaMU KOMIIMJISITOpPA €CTh, MpPOLEAypa 3arpy3Ku
IIPOrpPaMMbl B CUMYJIUPYEMbIH MUKPOIIPOLIECCOP COBCEM IPOCTA.

Ymob6bI 3a2py3ums npoz2pamMmy, npou3eedéHHyro 80 eHewHeM IDE:
1. Y6GI[I/ITeCB, 4To IIporpaMmMa OTKOMIIMJIMPOBAHA 1 CKOMIIOHOBaHA 0e3 oInoOOoK.

2. Orpenaktupyiite cBoiictB0 PROGRAM wmonmenmn CPU, 49roObl ObUTO MMs  0oOpaza
BBITIOJTHAEMOTrO (haiiya, MPON3BENEHHOTO KOMITHIIITOPOM HJIM KOMITOHOBIIMKOM, TO €CTb,
MYPROG.COD.

He BBOmute mms mcxomnoro daina — Proteus VSM He cumymupyer «C» mimu «ASM»y»
¢aiiner; CPU Mozaenu 3arpy»aroT U BBITIOJIHAIOT IBOUYHBIE MAIIIMHHBIE KOJIBI.

3. Haxwmute kHonky PLAY Ha maHenu ynpapiieHUs aHUMaldel, 9ToO0bl HauaTh CUMYJISIITUIO B
peanbHOM BpeMeHU uiu Haxkmute KHOMKY STEP, 94TOOBI OTKpBITE MHCTPYKIIMIO TIEPBOTO
ypoBHs HcxonHUKa. B mocnennem ciydae mosiButcs Source Window (OKHO MCXOAHMKA) U
BBl MOXKETE HauaTh MOIIATOBYIO OTIAKY BaIIEeTo KOJa.

Ucnonb3oBaHue Proteus VSM B kKayecTBe BUPTYyaribHOro BCTPOEHHOIro
amynsaTtopa (ICE)

K momenTy Hanucanus toabko Keil uVision 2 s 805 Imonnep:xusaet Buptyanbhblii ICE, XoTa Mbl
paboraem ¢ IAR, Microchip and Atmel, na u apyrumu, 4toObl MHTErpupoBaTh ¢ HUMHU Proteus
VSM. 310 OBICTPO pa3BHUBarOLIasics 00JacTh, U Mbl HACTOSTEILHO PEKOMEH/YeM 3arvis/ibIBaTh Ha
Ham cadT B paznen «3 rd Party Compilers» 3a mocnenHeit nndopmanuedt M JTOKyMeHTalueH.
WMHCTpYKIIMU 1O UCTIONB30BAaHHUIO YCTAaHOBOK uVision2 aist paboTsl ¢ Proteus MOXXHO HaTH UMEHHO
TaM.
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BCI/IbIBAROLUUNE OKHA

BonpmmHCTBO Mozenel Mukporporeccopos, HanucanHbIX 111 PROTEUS VSM, G6ynyT co3naBath
HECKOJIBKO BCILTBIBAIOIIUX OKOH, KOTOPBIE MOTYT OTOOPaKaThCS U CKPBIBATHCS C TIOMOIIIBIO pa3ziena
Debug 0CHOBHOTO MEHIO. DTH OKHA €CTh TPEX OCHOBHBIX THUIIOB:

* Status Windows (OKHa COCTOSIHMSI) —  MOJENb Iporeccopa OyneT, Kak IpaBHIIO,
HCTIONB30BAaTh OTHO U3 HUX ISl OTOOpaXEHUs 3HAUCHNUH €r0 PETHUCTPOB.

*  Memory Windows (0KHa mamsiTH) — OOBIYHO €CTh OJHO W3 HUX JJIS Ka)XAoW 00JacTh
naMsTH B apXUTEKType Ipoueccopa. YcrpoiictBa namsati (RAM u ROM) Takxke co3paror
9TH OKHA.

*  Source Code Windows (0KHa MCXOIHOTO KOJa) — MO OJHOMY M3 HUX OyIeT CO3JaHo Jis
Ka)kJIOT0 MIPOIIECCOpa B CXEME.

UYmobsi omo6p33umb ecCrli/ibiearouwiee OKHO.

1. 3amycrtute pexxum otnaaku, HaxaB CTRL-F12, wiu, ecinu oH yxe 3anmyliieH, METKHUTE Ha
kHOTKy Pause manenu anumanuu (Animation Control Panel).

2. Haxwvure ALT-D, a 3ateM TOpSAKOBBI HOMEp TpeOyemoro OkHa B pasnene Debug
OCHOBHOT'O MEHIO.

OTH TUIBI OKOH MOTYT OTOOpa)KaTrhCs TONBKO TOTJA, KOTJA CHUMYJSIHUS TMPHUOCTAHOBJICHA W
CKPBIBAIOTCS aBTOMATHYECKH, KOT/Ia OHA 3aIlylleHa, YTOOBI IaTh BaM JIYYIIUH TOCTYN K aKTHBHBIM
KOMITOHEHTaM Ha cxeMme. Korjma cuMyIsius MPHOCTAHOBJICHA (BPYYHYIO WJIM C IOMOIIBIO TOYKH
ocTaHoBa, breakpoint) okHa, KOTOpbIE OBUTH MOKa3aHbl, OYTyT BHOBb OTKPBITHI.

Bce okna OTIIaAK UMCIOT KOHTCKCTHOC MCHIO — C€CJIM Bbl IOMCCTHUTC KypCOP MBIINIKK Ha OKHO U
HaXXMETe MMpaBy0 KJIaBUIIY MbIIIKHU, IMOABHUTCA MCHIO, B KOTOPOM BblI MOKCTC YIIPABIIATH
IOABJIICHHUEM U (bOpMaTOM JaHHBIX B 5TOM OKHE€.

[TonoxkeHre U BUIUMOCTb OKOH OTJIAQJKH COXpaHstoTcs aBTomatudecku B PWI ¢aiine ¢ tem xe
UMEHEM, 4TO U TeKyluil mpoekt. Paiin PWI Taxke comepKuT mojaokeHue 00X TOYeK OCTaHOBA,
KOTOpPBIE OBLIIN 33JIaHbl, M COIEp)KaHNe OKHA HaOmoaeHus (watch window).

OTIIAAKA UCXOOQHOI'O KO4A BHYTPU PROTEUS VSM

O630p

PROTEUS VSM mnopzaepuBaeT OTIAAKy HCXOTHOTO KOJa 4Yepe3 HCIOIb30BaHHE 3arpy3duKa
OTIAJKU JJIS MOAJIEPKUBAEMBIX acceMOJIepOoB W KOMOWIATOPOB. Tekyiiuii HaOop 3arpy3dyukoB
omnanku copepxurcs B cucreMHoMm ¢aitne LOADERS.DLL, a konnyecTBO MHCTpYMEHTaJIbHBIX
cpeacts, nopaepxubaeMbix ISIS, pactér goBomabHO ObicTpo. Ilocneanss uHpopmalus Ha 3T0 CUET
nocTynHa Ha caiite B pazaene «3 rd Party Compilersy.

Ecnu BBl ucnone3yere nozaiepkuBaeMblii accem6iep mwim komnuwiatop, PROTEUS VSM co3naér
OKHO MCXOAHOTO KOJa JUIsl Ka)/J0ro MCXOJHOTrOo (ailia B MPOEKTe, U 3TU OKHA MOSABATCS B MEHIO
Debug.
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OKHO ncxogHoro Koga
OKHO HUCXOAHOI'0O Koga UMECT HCKOTOprG OCO6€HHOCTI/IZ

* CuHee BBIJENICHHE MPECTABISIET TEKYIIYIO CTPOKY, HA KOTOPOW MOXHO YCTAaHOBUTH TOUKY
octanoBa (breakpoint), HaxxaB F9 (Toggle Breakpoint), u 1o xotopoit 1oiaér nporpamma,
eciu Bl HAXMETe CTRL-F10 (Step To).

* KpacHplii ykazaTenb TIOKa3bIBaeT TEKyIIee IMOJOKEHUE TMPOrPaMMHOTO  CUYETYHKA
nporeccopa.

* KpacHas oKpyXKHOCTb MapKUpPYET JUHHIO, Ha KOTOPOl OblJIa yCTaHOBJIEHA TOUYKA OCTAHOBA.

KoHTekcTHOE MEHIO, BBI3BIBAEMOE MPABOH KJIABHUILECH MBIIIKH, TTONACPKUBACT DS  OIIIHM,
BKitovarommii:  Goto Line, Goto Address, Find Text u mepekitoueHUe OTOOpa)KeHUS HOMEPOB
CTPOK, aJIpecoB U 0aiiT OOBEKTHOTO KOJIa.

EAVHMYHBIE Wwaru

HOI[}IGp)KI/IBaCTCSI pan OHIII/II\/'I AJI IOIIaroBOro peXnuma, BCE OHM OOCTYIIHBI Ha HHCTPYMCHTaHBHOﬁ
IMaHCJIM OKHa UCXOAHOTI'0 KOJa WJIN U3 pa3aciia Debug OCHOBHOI'O MCHIO.

* Step Over — npOABM>KEHUE BIEPEN IO OAHOM CTPOKE, IOKA CTPOKA HE MHCTPYKIUS BbI30BA
HOJAIPOrPaMMBI, B 3TOM Cllydae BCs NOAIPOrpaMMa BBIITIOJIHAETCS.

® Step Into — BBINOIIHEHHE O,I[HOI71 HHCTPYKIIMU KOJA. Ecau oxno HCXOOHOIro Koaa HE
AKTUBUPOBAHO, BBIMTOJIHACTCA HHCTPYKIUA OAHOTO MAIlIMHHOI'O KOAA. OOBIYHO ATO OIHO U TO
K€, €CJIKM Bbl HC OTIA’)KUBACTC HA SA3BIKC BLICOKOTO YPOBHA.

*  Step Out — BBITIOJNHSETCS A0 BO3BpATa U3 MOANPOIPAMMBI.

* Step To — BBINIONHAETCS, MOKA MIPOrpaMMa HE JOCTUTHET BBIJIETICHHOW CTPOKH. DTa OMIUsA
AOCTYIIHA TOJIBKO TPHU aKTUBHOM OKHC MCXOOHOI'0 KOAA.

3amertbTe, uTo, HcKItodas Step To, momiaroBble KOMaHIbl OynyT paboTaTh 0€3 aKTUBALMM OKHA
UCXOOH020 K0Od. ITO BO3MOXKHO, XOTSl U HE TaK JIETKO, UCIIOI30BaTh IS OTIAAKU UCXOAHOTO KOJIa,
Cr€HEpPUPOBAHHOTO POTPaMMOI, i1 KOTOPOIl HET MOAEPKKH 3arpy3KH.

Ucnonb3oBaHue Toyek octaHoBa (Breakpoints)

Toukn ocrtaHoOBa npeajiararoT O4€Hb MOIIHOC CPCACTBO BBISBJICHHA HpO6JIeM B IIporpamMme HJIn
POrpaMMHO-AINMapaTHOM B3aMMOJCUCTBMM B MpoekTe. OOBIYHO, BBl yCTAHABIMBACTE TOUYKH
OCTaHOBa B HAYAJIC MOAIIPOrpaMMEI, BBI3BIBaIOH_Ief/'I HpO6JIeMBI, HAQYMHACTC BBINIOJIHCHUC CUMYJIAINUHA,
U 3aTeM paboTaeTe ¢ MPOEKTOM, TIOKa MporpaMMa He JOCTUTHET TOYKH OCTaHOBA. 3/1€Ch CUMYJISIIHSI
IIpyuoCTaHaBiauBaerca. UM Ttemepp Bbl MOXKETE IIOIIATOBO IIPOWTH KOJ IPOTPAMMBI, IIPOBEPSA
3HAYCHUSI PETHCTPOB, MOJOKCHHE B MaMSITH W JIPYTHE YCIOBUS B CXEME, MOKa BBl JBHIKETECh.
Oo6pamenne k Show Logic State of Pins effect Takyke MOXeT OBITh OYCHb ITOYIUTEIHHO.

Korna oxno ucxoonoz2o kooa akTMUBHO, TOYKH OCTaHOBA MOT'YT YCTaHaBJIUBAThCS WIM cOPACHIBATHCS
Ha TEKYLIEH cTpoke HaxxaTueM Ha kiasuily F9. Bel Moxxere ycraHaBIMBaTh TOYKHM OCTAHOBA TOJIBKO
Ha CTPOKE, UMEIOIICH 0OBEKTHBIN KOJI.

Eciu ucxomubiii kon mensiercsi, PROTEUS VSM mnonbiTaercss mepecTaBUTh TOYKY OCTAaHOBA,
OCHOBBIBAsICh Ha aJipecax MoJANporpaMMel B (paiisie 1 Ha coBHaeHuu ¢ OaliTaMu 0OOBEKTHOTO KOJIa.
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O‘IGBI/I}IHO, €CJIM Bbl MCHACTC KOO PAAWKAJIBHO, 3TO MOXKET YBECTU «B CTOPOHY», HO OOBIYHO 3TO
pa60TaeT JOBOJIBHO XOpOIIO, U BaM HCT HYK/IbI 00 3TOM AyMarThb.

OkHo nepemeHHbIX (Variables Window)

BonpmmHCTBO 3arpy3unkoB, mpuxomsmmx ¢ Proteus VSM, cnocoOHBI H3BIEYh TOJOKEHUE
MIPOrpaMMHBIX IEPEMEHHBIX, KaK U aJipeca HOMEPOB CTPOK MCXOAHOro Koaa. Koraa 3To BO3MOXHO,
Proteus otoOpaxaer okHo nepemenHblX BMECTE C OKHOM UCXOOHO20 KOOA.

Ectb HekoTOphle 0COOEHHOCTH, Ha KOTOpBIE CIEIyeT 0OpaTuTh BHUMAaHHE, OTHOCSIIMECS K OKHY
[IEPEMEHHBIX

* Ilpm mnomaroBoif oTHanke JrOOble TMEpPEeMEHHBIE, KOTOpBIE MEHSIOT 3HA4YCHUE,
MIOJICBEYUBAIOTCS.

* @dopmar, B KOTOPOM KaKJas IepeMeHHas OTOOpakaeTcsi, MOXKET ObITb HACTPOEH, €Cid
MIEIKHYTh NIPABOM KJIaBHIIEH MBIIIKH 110 IEPEMEHHOM M BBIOpATh abTepHATHUBHBIN (opmar
13 KOHTEKCTHOT'O MEHIO.

* XoTsd OKHO TEPEMEHHBIX CKPBHITO, MOKa mporpamma paboraer, BeI Moxkere drag & drop
(B3ITh W TEpEeTalIuTh) TEPEMEHHBIC B OKHO HabOI0O0eHus, TIe OHM OyayT OCTaBaThCs
BUJTUMBI.

* B 3aBucumocTtud OT TOTO, KaK KOMIIMJIATOP «ICPCUCHOIB3YCT» IMaMATb, JIOKAJIbHBIC
MNEPEMCHHBIC, BbLIXOIAIIHMEC 34 TI'paHUObl IICPEMCHHBLIX, MOI'YT 0T06pa)KaTb HCBCPHLIC
3HaA4YCHU.

OKHO HABJTIIO4EHWA (WATCH WINDOW)

B To Bpems, Kak okHO namamu W OKHO pecucmpog TPUHAIJIEkKAT MOJENU Ipoleccopa, U
0TOOpaXkaroTcs TOJBKO BO BpeMsl May3bl CUMYISALUUHM, OKHO HAOA0OeHUs CyIeCTBYeT Ui
0TOOpaXKeHUs1 3HAYeHUH, KOTOpbIe OOHOBIIAIOTCS B PEAIbHOM BPEMEHU. DTO TaKKe MOoApa3yMeBaeT
IIpUCBaNBaHUE UMEH MHAUBUAYAIbHBIM 00IaCTAM MaMsATH, KOTOPBIE MOTYT JIeT4e OOHapy>KUBaThCs,
YeM IpU TIOUCKE B OKHe NamAmu.

HAns dobasneHuss o6bLekma 8 OKHO HabIro0eHuUsi:

1. Haxmure CTRL-F12, 94T00BI HauaTh OTJIAJKY WU MPUOCTAHOBUTE CUMYJISITUIO, €CJIM OHA
yKe 3amylleHa.

2. Orobpasute okro namamu (memory window), copeprxaiiee OObEKT I HAOMIOAEHUS, U
OKHO HaOJIIOIEHUS M OKHO HaOMIOACHUS, MCIONb3ys HYMEPOBAHHBIC OINLMU B paszeie
Debug 0CHOBHOTO MEHIO.

3. OtrMmeThTe IMO3UIHUIO B IIaMATH UK JUAIIA30H MaMATU, UCIIOJIb3YA JICBYIO KIIABHUIITY MBIIIKHA.
BBI}IGJ'IGHHI:Iﬁ JUaria3oH MoABJISACTCA B MHBCPCHBIX LIBETAX.

4. Tleperamute BblACICHHBIA 00BEKT(bI) U3 OKHA NAMAMU B OKHO HAOTIOOEHUs.

Brl MokeTe Takke 100aBISATh OOBEKTHI B OKHO HAONIOOEHUs, UCTIONB3YsS ero KoMauny Add Item w3
KOHTEKCTHOTO MEHIO TOCJIE IIeTYKa MPABOU KJIABUIIEH MBIIIKH.
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Moaundukauma o6LEeKToB B OKHe HabnroaeHus

[TonyunB 0ObEKT MM OOBEKTHI B OKHE HAONIOAEHUS, BBl TEIEPh MOXKETE BHIOpPATh OOBEKT JIEBOM
KJIaBUIICH MBIIIKH, & 3aTEM:

* Ilepeumenonats ero, HaxaB CTRL-R v F2.

* l3MeHuTH pazMep JIaHHBIX MO JIIOOOH M3 OMNIMH, MOJYYEHHBIX U3 KOHTEKCTHOTO MEHIO
[IOCJIE HaXKaTus NpPaBOM KIABUIIM MBINKH. /1 pa3sMepoB NaHHBIX, KOTOPBIE COAEpIKAT
HECKOJIbKO 0allT (TO ecTh, 16 min 32 OUTOBBIX CIIOB WJIM CTPOKH), BTOPOMY U HOCIIEAYIOLIUM
OaiiTaM TpHCBauMBalOTCS cieyrole 3a o00bekToM ajapeca. CrienoBaTenbHO, AT
O0TOOpa)XeHHs] MHOTOOAMTHBIX CIIOB WJIM CTPOK BaM HY)KHO TOJBKO IEPETAIIUTh MEpPBHIHA
OaliT U3 okna namamu.

* U3menuts ¢Qopmar duucen Ha JIBOMYHBIH, BOCBMEPUYHBIM, JECATUYHBIM WM
HIECTHAAATCPUYHBIN.

TPUI'EPBbI TOYEK OCTAHOBA

O630p

HCKOTOpLIC KOMIIOHEHTHBIE OOBEKTHI noAACpKUBAKOT TO, KaKoM TPUTITCP MPUOCTAHABINBACT
CUMYJIIUIO, KOTrJa JOCTUTAarOTCsA 0coO0bIe YCJI0BUA. Yro ocobeHHO IMOJIE3HO, KOraa CHUMYJIAIUA
KOM6I/IHI/IpyeTC}I C MMOomaroBbIM pCKUMOM, IMOCKOJILKY CXE€Ma MOXKET CUMYJIIUPOBATHCSA HOPMAJILHO 10
BBITIOJTHEHHUS YaCTHBIX yCJ'IOBPIﬁ, IMOCJIC 4€ro MOXHO HPOAOKHUTH pa60Ty B IIOIIAaroBOM pPEXUMCE,
4TOOBI YBUACTH HCNOCPCACTBCHHO, YTO MIPOUCXOAUT JAJIbIIC.

VYeTpoiicTBa nepekiroueHus TOueKk octaHoBa MOXKHO Haiitu B 6ubnuoreke REALTIME yctpoiicTs.

Tpurrep HanpsikeHUAa Touykn octaHoBa — RTVBREAK

3910 YCTpOﬁCTBO AOCTYIIHO C OJHUM U JIBYMA BbIBOJaMH, U ICPCKIIOYACT TOUYKY OCTAaHOBA, KOIla
HanpsOKEHHE Ha €ro eIMHCTBEHHOM BBIBOJE WJIM HANpSIKEHHE MEXAY ABYMS BBIBOAAMH OOJIbIIIE
3aJJaHHOTO 3HadeHMs. BBl MOXeTe CBfA3aTb 3TO YCTPOMCTBO C IIPOU3BOJIBHO YIPABIIIEMBIM
HMCTOYHUKOM HampsbkeHus (arbitrary controlled voltage source, AVCS) st mepekitodeHus] TOUKH
OCTaHOBa TIPU CIIOXKHBIX, 33JaBaeMbIX (opMynaMu YCIOBHUSX, COIEPXKAIIUX MHOXECTBO
HaIpsKEHUH, TOKOB U T.JI.

Korna HampspkeHHE TPEBBICHIIO — HampsDKeHHE cpabaTbiBaHMsl, YCTPOWCTBO HE IOBTOPUT
MEPEKIIOYCHUE O TeX IOp, MOKa HANPsHKEHUE HE OIYCTUTCS HUXKE MOPOrOBOrO M HE IMOBLICUTCS
BHOBb.

Tpurrep Toka Toukn octaHoBa — RTIBREAK

9T0 YCTpOﬁCTBO HMMECT ABa BbIBOJA U IIEPCKIOYACT TOYKY OCTaHOBA, KOTJla TOK, HpOXO,I[HHII/Iﬁ qucpes
HUX, OoJibliIe 3aJaHHOI'O 3HA4YCHM .

KOFI[a TOK IIPEBBICUII TOK Cpa6aTBIBaHI/I$I, YCTpOﬁCTBO HE IMOBTOPUT IEPCKIIOUCHUEC O TEX II0P,
IMOKa TOK HE OIYCTHUTCA HUIKEC ITOPOroBOro U HEC MMOBBICUTCS BHOBb.
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UndpoBon Tpurrep Toukn octaHosa — RTDBREAK

9T10 YCTpOfICTBO JOCTYIIHO C pasHbIM KOJUYCCTBOM BBIBOJOB, U Bbl MOXETC €0 MCHATH, €CJIM 3TO
HYXXHO. HepeKHIO‘ICHI/IG TOYKH OCTaHOBA NPOUCXOAUT, KOrJa ABOUYHOC 3HAYCHHC HA C€ro BXOAax

HKBUBAJIGHTHO 3HAYEHHWIO, TMPUCBOCHHOMY KOMIOHEHTy. Hampumep, 3amaHue 3HaYeHHS
RTDBREAK 8

0x80
IIPUBENET K NEPEKIIIOUEHHUI0, Korna D7 B BbICOKOM cocTossHuH, a DO-D6 B HU3KOM.

Korna ycnoBusi mepeksioueHusi HACTyHaloT, YCTPOMCTBO HE MOBTOPUT MEPEKIIIOYCHHS, IOKa
HaNpsDKEHUE ¢ PYTUM BXOIHBIM 3HAYECHUEM HE OyJIET MOIy4EHO.
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BBELJEHUE

XOTS MHTEPAKTUBHASI CHUMYJISIIHS UMEET MHOTO TPEUMYIIECTB, OCTA&TCs emié psija CUTyaluid, B
KOTOPBIX TOJIE3HEE MPOBECTH CUMYILIIUIO B rpadukax W WU3yYUTh TOIyYEHHBIEC PE3yJabTaThl 03
CHEMKH. B 9acTHOCTH, BO3MOXXHO YBEIWYHBATH OT/EIBbHBIC COOBITHUS CHUMYJSIIUH U TIOTYYIHUTH
BO3MO)KHOCTh OoJiee JeTaibHOro wu3MepeHusi. CUMyIsius, OCHOBaHHAs Ha Trpadukax, TakKe
€IMHCTBEHHBIN CITIOCO0 MPOBEICHUS aHAIH3a, KOTOPBINA HENNb3sl OCYIECTBUThH B PEATbHOM BPEMEHH,
Kak, HampuMmep, MajocUrHaibHbIM aHanu3 (small-signal AC analysis), ananu3 mymoB (Noise
Analysis) u u3mMepeHus pu pa3BEPTKE mapaMeTpoB (swept parameter).

Cumynsusi, ocHOBaHHas Ha rpadukax, He noctynHa B PROTEUS Lite.

YCTAHOBKA CUMYITISAALNN HA BA3E TPA®UKOB

O6G3op

Cumynsuusi, OCHOBaHHAash Ha rpadukax, BBINOJHSETCS B ISATh OCHOBHBIX 3TamoB. Bcé 3t1o
CYMMHPOBAaHO HUXKE C I€TaJIbHBIMU IOACHECHUAMU Ha Ka)XIOM JTalle B IIOCICAYIOIUX pa3aeiax:

° BBO)I CXEMBI AJ19 CUMYJIALUH.

* Pa3menieHue CUrHaJI-T€HEPATOPOB B TOUKAX, TPEOYIOLINX CTUMYJIOB, U IPOOHUKOB B TOUKAX,
KOTOpBbIE TPeOYyIOT IPOBEPKHU.

* PasmenieHue rpauKoB, COOTBETCTBYIOIIMX TUITY aHAJIM3a, KOTOPBIM BBl XOTUTE BBINOJIHUTH
— TO €CTb, HAI[PUMep, YACTOTHBIN Tpaduk JuIst oToOpakeHns AUX.

* JloGaBiieHre reHepaTopoB U MPOOHUKOB Ha rpaduk, yTOOBI OTOOPA3UTh NAaHHBIE, KOTOpPbIE
OHH TEHEPUPYIOT/PUKCHUPYIOT.

* VYcraHoBka napamMeTpoB CUMYJISIIHUN (TaKI/IX, KaK BpCcMHd BLIHOJIHGHI/ISI) 1 BBIIIOJITHCHUC
CUMYJIAUN.

BBoa cxembl

BBoa cxembl, KOTOPYIO Bbl XOTUTE CUMYJIMPOBaTh, TOUHO TAKOH e, YTO U B Apyrux npoekrax ISIS;
TEXHUKA BBITTOJIHEHUS 3TOTO JE€TAJIbHO ONKcaHa B pyKoBojcTBe K ISIS.

PasmelieHne npo6HUKOB U reHepaTopoB

BTopoii 3tan npornecca cUMyJISIUN — 3TO YCTAaHOBKA CUTHAJI-TEHEPATOPOB B TOUKAX, TPEOYIOMNX
CTMUMYJIOB, M TNPOOHMKOB B TOYKaxX HPOBEPKHU. YCTAaHOBKA CHUTHAJI-T€HEPAaTOpPOB M IMPOOHMUKOB
COBEpUIECHHO IPOCTa, MOCKOJIbKY BBIMOJHAETCS MOJOOHO TOMY, KaK 3TO JeJaercsl IS APYTrux
KOMIIOHEHTOB, KOHTaKTOB WJIM Toduek coeauHeHus B ISIS. Bce€, uro HyXHO cnenars, 3T0 BBIOpaTh
MOJAXOJSIIYI0O MKOHKY, yKa3aThb THII I€HepaTopa WM NMPOOHUKA B OKHe celeKkmopa W TOMECTUTh
00BEKT Ha CXEMY TaM, IJIe BaM HY>KHO. DTO MOXKHO CJIeJIaTh HEMOCPEICTBEHHO Ha CyIIECTBYIOLIHI
MPOBOJ, WJIH MOCTYIHTbh, KaK C IPYTMMH KOMIIOHEHTaMH — MIOMECTHTh B pabouee molne, a 3aTeM
COEIMHUTH C HY)KHOM TOYkoi cxembl. OnpezneneHue CUrHajga, MPOU3BOAMMOIO I'€HEpaTOpoOM, 3TO
IpeIMET PEeAAKTUPOBAHMSI CBOMCTB OOBEKTA U 3aJJaHUS TPEOyEMBbIX YCTAaHOBOK B €r0 AMAJIOTE.
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Ha »tOoM »Tame BEI MOXKETE TaKXKe HU30JIMpOBATh 4YaCTb IHPOCKTA, TaK YTO TOJBKO HEKOTOPBLIC
KOMITOHEHTHI OyIyT BOBJIEUYEHBI B CHUMYISALMIO. DTO BBIMIOIHIETCS YCTaHOBKOW (raxkoB Isolate
Before (u3onmupoBatb 10) u Isolate After (W3omupoBaTh TOCNIE) B NMPOOHHMKAX M TEHEpaTopax.
Hcnonp3oBaHne MPOOHUKOB M TEHEPATOPOB TAKUM MYTEM HE TOIBKO YCKOPSET CUMYISILUIO, HO
TaKXXE€ O3Ha4yacT, 4ToO OIIMOKKA M3-3a YﬂaHéHHBIX IIPOBOJOB, O KOTOPBIX 3a0bUIH U 3aMCHUIJIN, HE
OyIyT BKpaJbIBAaThCS B PE3yIbTATHI.

PasmewieHune rpacdpukoB

Tperwnii 3Tan nporecca CUMYISIAN — 3TO ONPEIEIeHHEe, KAaKOi THIT aHaJIM3a WM TUIIBI BBl XOTHTE
BBINOJHUTG. THIBI aHANMU3a BKJIIOYAIOT aHAJIOTOBBIM M IM(POBOI aHANIN3 MEPEXOAHBIX MPOIECCOB,
YaCTOTHBIN aHAJIN3, aHAJIU3 «KadyaHUs» mapaMmeTpoB U T.4. B ISIS omnpenenenue thna ananuza —
3TO CHMHOHHMM pa3MelleHus oObekTa rpaduk TpeOyemoro Tuma aHaiuza. M1 BHOBb, MOCKOIBKY
rpaduk mogo0eH OOJBITUHCTBY NIpyrux oObekToB B ISIS, ero pasmemeHue CBOAUTCS K BHIOOPY
MOAXOAALICH UKOHKH, BEIOOPY TpeOyemMoro tumna rpaduka U pa3MelieHHe ero B MPOEKTe PSAAOM CO
cxemoif. Ho He TONBKO Tak MOXHO YBHAETh HECKOJIBKO THIIOB aHAIN3a OJHOBPEMEHHO, NpPHU
MOATOTOBKE MOXXHO MCIIONB30BaTh MeTof «drag-and-drop, meperackuBaHMs», NMpUHATHIA B ISIS,
9TO MaéT JOMOJHUTENBHBIE YI0OCTBA, M BBl MOXKETE YBHJIECTh (M BBIBECTH B BUJE TBEPION KOIHN)
rpauKu psIOM CO CXEMOM, KOTOpast TeHEPUPYET UX.

[Job6aBneHue KpuBbIX Ha rpacukmn

[Tocne pa3menieHust omHOro Wi Oonble TpadUKOB, BB JOJDKHBI 3a1aTh, KaKWe JaHHBIC
POOHUKOB/TEHEPATOPOB BBl XOTUTE BUIETh Ha rpadukax. Kaxapril rpaguk oToOpaxaer HECKOIBKO
KpUBBIX. JlaHHBIE JJIs1 IOCTPOEHHSI KPUBOM OOBIYHO IMOJYYECHBI OT €AMHCTBEHHOTO NMPOOHHMKA HITH
reaeparopa. Omnako ISIS mpemmaraer ans KpuBo#, oroOpakaromiedl MaHHBIE, JO YETBHIPEX
OTACTBHBIX TMPOOHUKOB/TEHEPATOPOB, CKOMOMHHPOBAHHBIX MaTeMaTHYECKH C TIOMOUIbI0 Trace
Expression (Bblpaxkenue st KpuBoil). Harpumep, kpuBasi MoxkeT OBITh 3a/1aHa JJIsl OTOOpaKEHUs
JTAHHBIX, TIOJIyYEHHBIX OT MPOOHUKA HAIIPSDKEHHS U TOKa (00a KOHTPOIUPYIOT Ty ke TOYKY), TaK 4TO
3¢ HEeKTUBHO 0TOOPAKAETCS MOITHOCTH B KOHTPOJIBLHOM TOYKE.

3anaHue KpHUBBIX, OTOOpa)xkaeMblX Ha rpaduke, MOXKET ObITh CHIETaHO HECKOIbKUMHU MYTSIMU: BBI
MOXKETE€ BBIJACIUTh M IMEPETANUTh MPOOHUK Ha TpaduK WIM MOXKETE BBIJACIUTh HECKOIBKO
MPOOHUKOB/TEHEPATOPOB U J100aBUTh MX Bce Ha TpaduK 3a OJHY ONEPALUI0, WU U1 KPHUBBIX,
TpeOyIOIUX BBIpAKEHUH (trace expressions), BBl MOXKETE HCIIOJIb30BaTh JTUATIOTOBYIO (opmy s
BbIOOpA MPOOHUKOB U 3aJaHUS BBIPAKEHUH.

Mpouecc cumynsauumn

Cumynsiiiusi, OCHOBaHHAs Ha Tpadukax, 310 Demand Driven (BbIBOJ 10 3ampocy). UTo o3Hadaer,
YTO aKIICHT CJIeJIaH Ha yCTaHOBKE T€HEPaTopoB, MPOOHUKOB M rpa)MKOB B IUIAHE ONPEACTICHHUS, YTO
BBl XOTHTE HM3MEpSATh, & HE HAa YCTAaHOBKAX CHUMYJSIIMU C IOCIEIYIOIIUM, KaKOTO-THOO poja,
MIOCTITPOIIECCOPOM, KOTOPBIA TPOBEpsiT Obl pe3ynbTarhl. JIF0ObIe mapaMeTphl, crenuduyeckue st
JUTSL 3aITyCKa JTAaHHOW CHMYJISIIIUH, 33JIAl0TCS JINOO PEAaKTHPOBAHUEM MOIXOSIINX CBOHCTB CaMOTO
rpaduka (To eCTh, BpeMs Havaja U OKOHYAHUS JIUTsl CHMYJISIIIAH ) MJTH TIPUCBOSHHUSI TOTIOTHUTEITBHBIX
CBOMCTB Tpaduky (TO ecTh, I OU(PPOBONW CHMYISIUKA BBl MOXETE TNepelaTb CUMYISATOPY
«randomise time delays, ciydaliHbie BpeMEHHBIC 3a7ICPIKKI).

Wrtak, 4T0 MpPOUCXOAMT, KOTJla Bhl HAaYMHAETE CUMYJsMI0? Bkpariie, JeiCTBUE MPOXOIUT depe3
CJEeNyIOIINE Iaru:
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* Netlist generation (reHepanus CcrIenU(PUKAIUA CXEMbI) — 3TO OOBIYHBIA MpOIECC
TPaCCHPOBKU COCAMHECHHUN OT BBIBOJIA K BBIBOMLY M CO3JJAHHE CITHCKA KOMIIOHEHTOB, 8 TAKXKe
CIHCKa TPYII COCAMHEHHWI BBIBOJIOB WM ceTeil (nets). BmoOaBok, ro0bie KOMIIOHEHTHI B
MPOEKTe, KOTOpPhIE JOJDKHBI CHMYJIUPOBATHCS (DAMIOBBIMU  MOMEISAMH, 3aMEHSIOTCS
KOMIIOHEHTAaMH, COJICPKAIIIUMUCS B ATHX (aiiiax.

* Partitioning (pazouenne) — ISIS mpocmarpuBaer TOYKH, r7ie BBl MOMECTHIN MPOOHUKU U
oOpaTHble MyTH OT HUX K TE€M, IJl€ Bbl BHEAPWIM CUTHaNIbl. Pe3ynbrarom 3TOro anammsa
CTaHET CO3JaHWE ONHOW WM 0oJiee YacTei, KOTOpble MOTYT HYXIATbCsi B CUMYIIALIUH, A,
CJIeIOBAaTEIbHO, KOTOpPbIE IOKHBI CUMYNIHpoBaThes. Korma 310 mpou3oier, pe3yiabTarsl
COXpaHSIOTCA B HOBOM (haiiiie 3TUX yacTei.

*  Results Processing (pe3ynbratel 00paboTku) — HakoHell ISIS Gepér daiuner wacreit mns
MOCTPOCHUS Pa3HBIX KPUBBIX Ha rpaduke. [paduk mocie 3Toro 0OHOBISETCS U MOXKET OBITh
MaKCUMU3HUPOBAH AJId UBMCPCHUA U T.A.

Ecnu B npouiecce BBIMOIHEHUs J1I000T0 U3 TUX 3TAoB OOHAPYXHMBAIOTCS OLIMOKM, TOTAA JETaju
ATOTO 3amuchiBaloTCs B (ailn >xypHama cumynsiouu (simulation log). Hekoropsie ommOku
GaranbHbl, a Jpyrue TpeOyloT TOJIBKO HpeaynpexjaeHus. B ciyuae QaranbHbpIX ommOOK, 3ammch
KypHala oroOpaxkaeTcs JUIsi HeMEIJIEHHOro o0o3peHus. Eciam oOHapyXHWBalOTCS TOJBKO
NpeaynpexaeHus, Toraa rpaguk oOHOBIsAETCS, a 32 BaMH OCTa€rcs BbIOOp, XOTHTE JIU Bbl BUJIETh
3anmuch B KypHase (log). BonbIIMHCTBO OMIMOOK OTHOCATCS MO0 K IJIOXO HAPHCOBAHHOM cXeme
(koTOpass He MOXET, 10 TeM WM HHBIM MPUYMHAM, MaTeMaTHYecKH oOpaboraThcs), THOO K
MPOMYIIEHHBIM WJIM HEKOPPEKTHO MPUCOSTUHEHHBIM (haiiiiaM MoIesen.

OBBEKT NPA®UK

O630p

I'paduk — 370 OOBEKT, KOTOPBHIH MOXKHO Pa3MECTUTh B mpoekre. Ero HazHaueHue — YIpPaBIsATh
YaCTUYHOM CUMYIIALIMEN U 0TOOpaXkaTh pe3yJIbTaThl ATOM CUMYISIUU. Tyl aHanu3a, BBIMOIHIEMbIN
CUMYJISILIMEH, OmIpefenseTcs TUIOM pa3MelmEHHoro rpaduka. YacTb MpoekTa, KoTopas
CHUMYJIUPYETCSl, U JIaHHBIE, KOTOPBIE OTOOpaKEeHBI Ha TpaduKe, ONPENENIIOTC TAKUMH 00bEKTaMH,
KaK IPOOHUKHU U TeHEepaToOphbl, KOTOpbIe ObUIN J00ABICHBI HAa TpaduK.

Tekywun rpacpuk

Bce cnenuduueckne koMaH[bl, OTHOCSIIKECS K rpaduKy, HaxoasaTcs B pasaene meHio Graph. B
HIDKHEH 4YacTW 3TOr0 MEHIO TaKKe COIEP)KUTCS CIUCOK BCeX IpadUKOB AM3aiiHA, C TEKYyLIMM
rpaukoM, OTMEYEHHBIM MaJIeHbKUM MapKepoM cilieBa OT HMMeHM. Tekyumuil rpadpuk — 3TO
nocieIHuH rpauk, KOTOPbIi CUMYINPOBAIICS WM ObLT BHIITOJHEH KOMaH IOM.

Jlto6b1e komaH bl U3 MeHI0 Graph MOTyT OBITH BBINOJHEHBI Ui 3aJJaHHOTO rpaduka, €Ciu yKa3aTb
Ha HErO MBIIIKOM M MCIOJNb30BaTh rOpsiuMe KJIABUIIM (ITOKAa3aHHBIE B MEHIO CIpaBa OT KOMAaH/bI).
Ecnu ykaszarenb MBINIKM HE HaxoOAUTCS Ha rpaduke, WIM €CIM Bbl BbIOpald KOMaHIy
HEMOCPECTBEHHO U3 MEHI0, KoMaH/1a Oy/ieT BHIIOJIHEHA /IS TEKYIEero rpaguka.
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PasmeweHune rpadumka

UYmob6bi pasamecmumsb 2paghuk:

1. TlomyuwTe cECOK THUMIOB TpaduKoB, BEIOpaB UKOHKY Graph Mode. Cincok THIOB rpaduKoB
0TOOpaXEH B OKHe celleKmopa.

2. BeiOepure Tun rpaguka, KOTOpbIA Bbl XOTUTE Pa3MECTUTb U3 OKHA CEeKMopa 00beKmos.

3. TlomectuTe ykaszarelnb MBIIIKH B OKHe pedakmopda B TOYKE, IJ€ Bbl XOTEIH Obl BUICTH
BEpXHUI JeBblli yron rpaduka. HaxmMuTe JeByr0 KIAaBUINYy MBIIIKA U «PacTaIlUTE»
NpSMOYTOJIBHUK TAaKOTO pa3Mepa, Kakoil BaM HYyKeH M Trpaduka, a 3areM OTIIyCTHTE
KJIaBUIIY MBIIIKH.

PepakTupoBaHue rpacdoukoB

Bce rpaduku mMoryt OBITH TEpeMelIeHbl, MacIITa0MpPOBaHBI WM OTPEAAKTHPOBAHBI, YTOOBI
W3MEHUTh UX CBOMCTBA, UCIIOJIB3YS CTAHAAPTHYIO TEXHUKY peaakTupoBanus ISIS.

CaoiicTBa Tpadvka MOXKHO M3MEHHTH uepe3 auanor Edit..., BEI3bIBAEMbIH, KaK JTHOO0OW OOBEKT B
ISIS, 1160 nmepBOHAYaTBLHBIM BBIICJICHUEM C IMOCISAYIOIINM IIETIKOM JIEBOH KJIABHUINIECH MBITIIKU 110
rpaduky, 160 ykazaB Ha Hero Mbimkor U HaxaB CTRL+E na kiaBuarype.

[Nob6aBneHne KpMBLIX K rpacdnky

Kaxp1ii rpaduk otoOpaxkaer onHy win 6onee KpuBbix. Kajkast kpuBasi OObIYHO OTpakaeT NaHHbIE,
aCCOLIMMPOBAHHBIE C OJHUM TEHEpaTopoM WU MNpoOHMKOM. OnHaKo s aHaJIOrOBBIX WIIU
CMEILIaHHBIX THUIIOB T'pa(UKOB €CTh BO3MOXKHOCTh OTOOpA3uUTh Ha OTAEIbHOM IpaduKe JaHHbIE
MEXIy OIHMM M 4YETbIPbMsS NPOOHHMKAMH, CKOMOMHMpPOBAHHBIMH MaTeMaTHYecKOl QopmyIoil,
KOTOPYIO Mbl Ha3BaJlu frace expression (BbIpaKeHUE KPUBO).

Kaxnast xpuBasi MUMeET 3TUKETKY, KOTOpas OTOOpa)kaeTcsi BO3JE€ OCHU Yy, K KOTOPOH OTHOCHTCS
KpuBas. HekoTopble TuIbl rpa)uKkoB UMEIOT TOJIBKO OIHY OCh Y, M HET OIIUH, YTOObI COEAUHUTD
KPUBYIO C OTHeNbHON Ochio y. [lo ymonuaHuio, UMs HOBOM KpUBOHM TO K€, YTO U MMsI IPOOHMKA
(MM IepBOro MPOOHKKA B BBIPAKEHUH KPUBOM) — 3TO MOYKHO U3MEHUTH, OTPEAAKTUPOBAB KPUBYIO.

KpuBbie MOTyT ObITH OIIPEEIIEHBI TPEMS Y TAMU:
* [leperackuBaHHEM OTAEIBHBIX T€HEPATOPOB MIIM MPOOHMKOB Ha COOTBETCTBYIOLIMIA IpaduK.

* BrigenenueM mNpOOHHMKOB M MCIONB30BaHMEM WHCTpyMeHTa Quick Add (GwicTpoe
nobasiienne) koMaHnbl Add Trace (100aBUTH KPUBYIO).

* Hcnonb3oBanuem auanoroBoit popmel komanasl Add Trace.

[lepBble 1Ba MeTO/a JIer4ye B UCIOIb30BaHUM, HO OTPaHUYMBAIOT Bac B JO0OABJIIEHUU HOBBIX KPUBBIX
JUIS Ka)KJIOTO TeHeparopa WM NMpOOHMKA, 3aJaHHBIX Ha rpaduke. Tperuilt meton kaxercs Ooiee
CIIO)KHBIM, HO JaéT OoJyibllle BO3MOXKHOCTEH B KOHTpPOJIE HAJ TUIIOM KpHUBOH, N0OaBIEHHOM Ha
rpa¢uk. Ha mpakTtuke KpuBble, KOTOpbIE TPEOYIOT BBIpa)KEHHM, MOKHBI 100aBIATHCSA K TpauKy
yepes3 auajnoroByto Gpopmy Add Trace.
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UmobbI «nepemawumb» NPOO6HUK UNU 2eHepamop Ha 2paguk:

1. Brgenurte reHepaTop WM NPOOHUK, KOTOPBINA BBl XOTUTE JOOABUTH Ha rpaduk.

2. llénkHuTe U yAEpXKHUTE JIEBYIO KIABUIIY MBIIIKH Ha TeHeparope WM NpoOHUKE U
nepeTamuTe MpoOHUK Ha TpaduK, TAe OTIYCTUTE KIABHUIIY MBIIIKH.

HoBble KkpuBBIE CO3MArOTCS M JOOABISIIOTCS Ha TpaduK, HOBas KpHBas OTOOpa)kaeT JaHHbBIC,
ACCOLIMMPOBAHHBIE C WHIWBHUIYaIbHBIM MPOOHHKOM/TEHEPATOPOM. 3aMeThTe, 4TO JHodas
CYIIECTBYIOIIAs] KPUBAsi MOKET YMEHBIIUTHCS, YTOOBI TpadUK MPUCIIOCOOMIICS K HOBOW KPHBOH.

Jnis rpaduKoB ¢ ABYMsl OCSAMU Y, J100aBiIeHrEe MPOOHMKA WM TEHEpaTopa Ha JIEBYIO WM MPaBYIO
MOJIOBUHY TpaduKa CBS3bIBA€T HOBYIO KPHMBYIO C COOTBETCTBYIOIICH OcChi0. bomee Toro, st
CMEIIaHHBIX, AHAJOTOBBIX W HU(POBBIX, TUIOB TPAPHUKOB IMEPEXOTHBIX MPOIECCOB 100aBICHUE
reHeparopa Wik NpoOHUKa K YK€ CyIIEeCTBYIOIIMM LU(POBBIM WM aHAJIOTOBBIM KPUBBIM CO3/1aET
HOBYIO KPHBYIO COOTBETCTBYIOIIEro TumHa (NepBble NMPOOHHMK WM TeHepaTrop, 100aBIEHHBIE Ha
rpaduk cMEUIaHHOTO THIIA, BCETJa CO3al0T aHAJIOTOBYIO KPUBYIO).

Umob6bl 6bicmpo do6asumb HECKOJILKO 2eHepamopoe usu npobHUKoe Ha epaghuk:

1. Y6enmutech, uto rpaduk, Ha KOTOPBHIA BBl XOTUTE MEPEHECTH Te€HEPATOPhl WM MPOOHUKH,
310 TeKymwi rpa¢uk. Texymmit rpaduk — 3TO rpaduk, 3arolIOBOK KOTOPOTO ITOKa3aH
BBIOpaHHBIM B MeHI0 Graph.

2. BeblaenuTe Kaxapli TeHEPaTOp WK MPOOHUK, KOTOPBIN BbI XOTUTE JOOABUTH Ha rpaduK.

3. Bwibepure xomanny Add Trace B pazmene Graph ocHOBHOTO MeHIO. B pesymbrare as
BBIJICTICHHBIX TMPOOHMKOB W TEHEPATOPOB KOMAaHJa BHadajie OTOOpa3uT MpHIVIAIICHHE
«Quick add tagged probes?».

4. BwiOepute kHONKy Yes, uYTOOBI J0OaBUTH BBIJCICHHBIC TEHEPATOPbl W TPOOHUKU K
TEKyIIeMy rpaduKy.

HoBas xpuBasi co3ga€res 1uisi KaKJI0ro BBIICJICHHOTO TeHepaTopa WM MpoOHMKa U J00aBiIseTcs K
rpaduKy B aj(aBUTHOM MOPSAKE; KaXK1as HOBas KpUBas OTOOpakaeT JaHHBIE, aCCOLMHUPOBAHHbIE
CO CBOMM TeHepaTropoM Iid nmpoOHUKoM. KpuBble Bcerna CBS3BIBAIOTCS C JIEBOW OCBIO y IS TE€X
TUIIOB IpauKOB, KOTOPBIE MOJJEPKUBAIOT JIBE OCH.

Owvanorosas ¢popma komaHabl Add Trace

Ecnu Bl He BeimonHsnu Quick Add, xomanna Add Trace otobpasut nuanorosyto ¢opmy Add Trace
(KaXaplii THI Tpaduka UMEeT HEKOTOpbIe OTIAM4us). DTa (opMma TO3BOJISET BaM BBHIOpATh HMS
HOBOU KpHUBOM, €€ Tun (aHajnorosas, HuQpoBas u T.1.), OCh y (JieBas WM MpaBasi), K KOTOPOH OHA
Oyner moOaBieHa, O YETHIPEX TEHEPaTOpOB WM MPOOHWUKOB, YbM JAaHHBIE OHA HCIONB3YET, U
BbIpa)kK€HHE, KOTOPOE KOMOMHHUPYET JTaHHbIE BBIACICHHBIX T€HEPATOPOB UM TPOOHUKOB.

Umob6bI dobasumb kpusyro K epadhuky, ucnonb3ysi komaHoy Add Trace:

1. Bemonnute xoMmauny Add Trace w3 pa3nena Graph 0CHOBHOTO MEHIO HampoOTHUB rpaduka, K
KOTOPOMY BbI XOTHTE JOOABUTH HOBYIO KPUBYIO.

Ecnu ecTh BbleNEHHbIE TPOOHUKU WK T€HEpaTopsl, nocieayeT npumiamenue «Quick add
tagged probes?». OTkakuTech, UCNONB3Ys KHONKY No.
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BriOepuTe THI KPUBOM, KOTOPYIO BBl XOTUTE J00aBUTh Ha rpaduK, BHIOpAB MOAXOIAIINN C
nomoribto KHomku Trace Type. Tonbko Te THUIBI KPHUBBIX, KOTOpPbHIE IOMYCTUMBI JUIS
rpa¢uka, OyIyT IpUCYTCTBOBATh B CIHCKE.

Bribepute och y, K KOTOpoil HOBasi KpuBasi OyJeT OTHOCHUTbCA. TOJBKO T€ OCH, KOTOpPbIE
JIOITyCTUMBI JJ1s Tpaduka U BBIOPAHHOTO TUIIA KPUBOM, Oy/IyT MPUCYTCTBOBATH B CITUCKE.

Bri6epute onny u3 kHomnok Selected Probes ot P1 1o P4, u 3atem BbiOepuTe NpoOHUK MM
TeHepaTop M3 CHHcKa B OKHe Probes, 4ToObI CBsI3aTh €r0 C BBIOpaHHOW KpuBOHM. Mms
BBIOPAHHOTO Te€HEpaTOpa WM MPOOHUKA MOSBUTCS psiioM ¢ kKHOmKoi Selected Probes u nms
Selected Probe (ot P1 no P4) nosiButcs B none Expression, €CIv €ro eig HeT.

Ecnu BbIpaxkeHHs: KpUBOIM He JOMYCTHMO, OyzneT paspeuieHa Toiabko P1 kpuBas — u HoBas
KpHBas OyJeT oTpaXkaTb JaHHBIE, ACCOLIMMPOBAHHbIE ¢ BEIOpaHHBIM P1 mpoOHuKOM.

[ToBTOopuTe maru ot 3 10 4, MOKa BBl BEIOEPETE BCE T€HEPATOPHI M MTPOOHUKH, KOTOPHIE BaM
TpeOyIOTCS ISl KPUBOM.

BBenute BbIpakeHusi KpuBOil B mone Expression. B Bblpa)keHUU BbIJIE€JICHHbIE TPOOHUKHU
Oynyt npencrasiensl umeHamu P1, P2, P3 u P4, xotopble COOTBETCTBYIOT BHIOpaHHBIM
npobHuKam psagoM ¢ kHonkamu P1, P2, P3 u P4.

Ecnu BbIOpaHHBI THUN KPUBOM HE TOAJNEPKHUBAET BBIPAKEHUS, COACPKHMOE OIS
Expression Gynet UrHopupoBaThCsl.

Bri6epute kHonky OK, 94T00bI 70OaBUTH HOBYIO KPHUBYIO Ha TpaduK.

PegakTupoBaHue KpuBbIX rpaduka

WuauBuayanbHble KpUBbIE Ha rpapuKe MOXXHO PEIaKTUPOBaTh, YTOOBI M3MEHUTh X MMEHa WIIU
BBIPAXKEHUSI, ONTPENIETSAIONINE UX.

Umo6bbI ebidennumb, ompedakmuposamb U CHSIMb 8bi0esieHUe ¢ Kpueol:

1.

VY6enurech, uto rpapuk, oToOpakalomUil KPUBYIO, KOTOPYIO CIEAYeT pelaKTUPOBaTh, HE
BBIJICIICH.

Boigenute kpuByto, IEIKHYB 1O e HMEHU. BeinereHHas KpuBas oToOpaxkaercs
MOJICBEYEHHBIM UMEHEM.

[Tocne memyka Mo UMEHU KPUBOH, mosiBsieTcs e€ quainoroBoe okHo Edit Graph Trace.

OTtpenaktupyiiTe UMsi KPUBOW WM BBIpaXKEHHE, KaK 3TO TpeOyercs. Jyisg Tuma KpuBOi, HE
MOJICPKUBAIOIICH  BBIpaXKEHHsI, JI0Oble H3MEHeHHsT B 1mone FExpression OyayT
WTHOPUPOBATHCS.

Bri6epute OK, 4T00BI IPUHATH U3MECHCHHS.

UToObI CHITH BBIJICIICHUE C KPUBOH, MENKHUTE MO rpaduKy, HO HE IO UMEHU KPHBOM.

M3meHeHMe nocnegoBaTenbHOCTU U/uMnu LUBeTa KpUBOM Ha rpaduke

HOCJ’IQZ[OB&TCJ'IBHOCTB KpUBBIX Ha Fpa(bI/IKe MOJKET OBITH HaCTpOoCHa IICPETACKHUBAHUEM J3THUKCTOK C
IIOMOIIBIO JIEBOM KJIABHMIIH MEIIIKH. KpI/IBaSI MOKET OBITh BBIJCIICHA UJIN HaO60pOT, KaK BBI XOTUTC.
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e Jlns uudpoBBIX KpHUBBIX LEIb HX [EpPeMEleHUs, IMPOCTO, B MOIyYeHUH 0co0oit
IIOCJIEZI0BATEIIbHOCTH PACIIOIOKEHHUS.

® I[J'IH AHaJIOT'OBBIX Fpa(bI/IKOB, BbI MOXETC IIEPETACKUBATH KPUBBIC C JIEBOM Ha IIpaByrO OCb H
Ha3a.

AKTyaJbHBIC I[BETAa, Ha3HAUYCHHBIC 110 TIO3HMIMU B TIOCIEIOBATCILHOCTH, MOTYT OBITh
pPEKOH(MUTYPUPOBAHBI TIOCIIC MAaKCHUMH3AIMM Trpaduka ¢ TOCIEAYIOUIUM BBITOIHEHUEM
koMmaubl Set Graph Colours v3 paznena Template.

rnPOLUECC cumynsymm

Cwmynﬂuvm, BbINMnoJyiHAeMas no Tpe6OBaHmo

Korna Mb1 pazpabareiBasin Proteus, oHOM 13 HAIIMX INIaBHBIX Iieiell ObLIO C/eNaTh UCIOIb30BAHUE
CUMYJISILIMM, KaK MOXHO 00Jiee MHTYUTHBHBIM, Oosiee ynoOHBIM, 4eM 3T0 ObLIO Mpexe. MHOXeCTBO
npo0IeM ¢ MPEeXHUMHU MaKeTaMu CHUMYJISIIIUH IIPOU3PAcTajo U3 Toro (akra, 4To psix (parMeHToB
ObUIO HAIIMCAHO PaHblIe, a APYrHe ACHEeKThl, TAKHe Kak rpaguueckoe 0ToOpa’keHHEe pe3yNbTaToB,
ObUTH 0OABIICHBI MTOIKE, CKOpee, KaK 3armo3iaible pa3ayMbsi. Pe3ynbTaroM 3TOH TEHIEHIIMU CTal
(dparMeHTapHblid BUJ pabOThI, IPU KOTOPOW BbI 3allyCKaeTe OHY MpOrpaMMmy, 4YTOObl HAPHCOBAaThb
CXeMY, APYTYIO JAJIsi CUMYJISILIUM CXEMBI, U TPETBIO JUIsl OTOOpaKEHUsI pe3yIbTaTOB.

Proteus odeHb OTIMYaETCsl B 3TOM, HAPUCOBAB CXEMY, Bbl HAYMHAETE C OTBETA HA BOMPOC, YTO BBI
XOTHUTE BHUJETh, pa3Melnas U HacTpauBas rpaduk. ITOT rpaduk 3aTeM COXpaHsSETCs 0 TeX Mop,
IIOKA BbI HE YIAJIUTE €r0, U KaXKIbI pa3, KOrjia Bbl XOTUTE BUIETh 3()(EKT OT U3MEHEHUS CXEMBI, BbI
TOJBKO OOHOBIIsIETEe TpadyK, yKa3zaB Ha HETO MBIIIKOW M HakaB mpoOesn. Mbr Ha3zBamm 310 Demand
Driven Simulation (cumymnauus mo 3ampocy), nockosbky ISIS momxen paboraTh ¢ rpaduxom,
KOTOPBIN NEHCTBUTENFHO TpeOyeT CHMYJSIHMHA, W 4TOOBI BaM HE TNPHUXOAWUIIOCH JIENaTh 3TOTO C
IIOMOIIbIO0 BBOZAA TEKCTOB. bojee TOro, Bbl MOXeTe MOMECTUTh HECKOJBbKO TI'padUKOB, KOTOpHIE
OTOOpaKArOT pa3HbIE OSKCIEPUMEHTHI, W KAKABIH «3allOMHHAETY» pPAa3HBIE YCTAHOBKU JUIS
CUMYJISITOPOB.

Haunbonee BaxHOE NMPEMMYIIECTBO MMEET MECTO OT TOTO, YTO JAHHBIA TpauK OIMpenenseT psii
MHTEPECYIOIINX TOYEK B MPOEKTe yepe3 MPOOHHUKH, KOTOpble CBsi3aHbl ¢ KpuBbIMH. ISIS 3arem
MOKET HCIOJIb30BaTh 3Ty MH(GOPMAIUIO JUIsl BBISBICHUSA, KaKUE YacTU MPOEKTa JIEHCTBUTENBHO
HYX/JIAIOTCSl B CUMYJISILIMM, BMECTO TOTO, 4TOOBI 3aCTaBIATh BaC BPYUYHYIO «IIPOLIEPCTHTH» BECH
poeKT. B pe3ynbrare, Bech MPOEKT, TOTOBBIN K Pa3BOJIKE M€YaTHON IJIaThl, MOXKET CUMYJIMPOBATHCS
0e3 MHTEHCHBHOTO pEIAaKTUPOBaHMSA, KOIZAa BaM M HYXHO-TO OBUIO CHMYJIMPOBaTb TOJIBKO
OTJIEJIbHBIE €T0 YaCTH.

Emé onHo nmpeumyIecTBo, HET pUCKa, €I Bbl 3a0bLIM OTMEHUTh MOAU(DUKAINH, CIIEIaHHbIE JUIs
HeNnel CUMYISLNU, TTOCKOJIbKY HET TaKOW OTMEHBI; IaJKeThl MPOOHKKA U reHepaTopa, KOTOPhIE BbI
pasmMelain, UTHOPUPYIOTCs MpH reHepauuu netlists 1uis pa3Boaku neuarnoit miatsl (PCB layout).

BbinonHeHne cumynsaumum

Korma rpaduk pasmeméH ¢ mpoOHMKAMH M TEHEPATOpaMH, CBS3aHHBIMH C HHUM, BBl MOXKETE
MHHULIMUPOBATh CUMYJIALMIO, YKazaB Tpaguk u Haxa mnpoben. ISIS onpemenut, kxakue vactu
IIPOEKTa CIlIeAyeT CUMYJIHUPOBAaTh, C TE€M 4YTOObl OOHOBUTH TIpaduK, 3allyCTUT CUMYIALUIO U
0TOOpPa3UT HOBBIE JJAHHBIE.
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B nmporecce cumynsmu popmupyercs oTaéT (simulation log) o cumynsmuu. OOBIYHO 3Ta 3aMUCh HE
npezacTaBisieT ocodboro naTepeca. OHAKO, €CIIM IPU CUMYJISIIIMKA 0O0OHAPYKUBAETCS OMIMOKA, UM BbI
3ampaiurBain o4€r o netlist mpu cumyssiuu (cM. «PenaktupoBanue rpadukoBy), WM Pe3yNIbTaThl
aHalM3a MOJIYy4YeHBbl B BUJE JTAHHBIX, KOTOPbIE HE MOTYT OBITh OTOOpakeHbl Ipaduuecku (TO ecTb,
AQHAJIOTOBBIM aHalu3 IIyMOB), TOTJa BaM HYKHO NPOCMOTpeTh 3amuch B KypHaie (log) mo
OKOHYAHWUU CUMYJISLIHH.

UYmob6biI o6HoOUMBb 2paghuk u yeudemb OM4YEm O CUMYJISIYUU:

1. Bnawane ybGenurech, 9To TpaduK, KOTOPBIA Bbl XOTUTE OOHOBHTH, 3TO TEKYIIHi rpaduk, a
3aTreM BbIOepUTE KoMaHIy Simulate u3 pa3nena Graph Wiv yCTaHOBUTE yKa3aTelb MBIILIKU
Ha rpaduK, HY)KHBIH BaM, 1 HOKMHUTE MPOOEIT.

2. Tlo OKOHYaHMM CHUMYJSLHMH, €CI OOHApy>KMBaeTcs OUIMOKA, BbI MOJTYYHUTE MpHUIJIAIICHHE:
«Load partial results?». Ecim Bbl orBetutre YES, 3arpy3siTcs AaHHBIE CUMYISLIHAHA 0
MOMEHTa BO3HMKHOBEHUS OIMOKK M 0TOOpassarcs Ha rpaduke. Eciu Bel orBetute NO, BO
BCIUTBIBAOIIEM OKHE IIPOCMOTPA TEKCTa OTOOPA3UTCS OTYET O CUMYIISIINH.

Ecnu ommbok He oOHapyKuBaeTcs: WM eciau Bbl BeIOpanu YES, BbI Bcé emié Moxere mocMOTPETh
OTUéT O cCUMYJIAIMH OO BHIOpaB koMaHay View Log w3 paszmena Graph oCHOBHOTO MeHIO, JTHOO
ucnomnb3ys ropsiune kiaasumm CTRLAV.

Y10 npoucxoauT, Koraa Bbl HAXXKMMaeTe npoben

Korma BbI oOHOBIsieTe rpaduk, nub0 ucmonb3ys komanny Simulate w3 paznene Graph, nu6o c
MIOMOIIIBIO TOPSYMX KIJIABUII KOMaH I (TTpo0er) — OyneT mpoaenana 0ombInast paboTa Mo aHAIH3Y U
BO BpeMsi, U J10, COOCTBEHHO, aHAJIOTOBOTO WK [T poBoro aHanm3a. Ceiyac Mbl BKPATIIEC MOKAKEM
pasHbIe Iary 3TOro mporecca:

*  Netlist compilation (KoMOWISIIUS crieU(DUKAIIIN) — 3TO OOBIYHBIA MPOIECC TPACCHPOBKHU
CBS3e OT BBIBOJIA K BBIBOAY M COCTaBIEHHE CIHCKA KOMIIOHEHTOB W CITUCKA TPYIII
COCIMHEHUS BBIBOJIOB WM ceTed. Pesynbrupyromuii netlist Ha 3ToM dTame XpaHHUTCS B
MaMSsITH.

*  Netlist linking (KOMIIOHOBKa CHELM(PUKAIIMN) — HEKOTOPbIE KOMIOHEHTHI MOJIEIMPYIOTCS C
MCIIOJIb30BaHUEM TojicxeM (sub-netlists) v (aiiioB Mojenei, KoTopble 0OBIYHO XPAHITCS
B JHMPEKTOpUH, 3a7aHHON B mone Module Path nuanoroBoii ¢opmbl komaHnuel Set Paths.
MHoxecTBo Mozeneld mpuxomat ¢ Proteus, M BBl MoO)KeTe, KOHEYHO, CO3/1aBaTh CBOM
coOcTBeHHBIE. BBl MOKeTe TpeAcTaBiATh ceOe MOJENH, KaK MOAJIHCTH HepapXHUUeCKOro
Iu3aiiHa, B KOTOPOM DPOIUTENBCKUH OOBEKT — O3TO KOMIIOHEHT, KOTOPBI HYKHO
MOJETTHPOBATH.

Kaxxpiit pa3, kora KOMIIOHEHT MOJCIHPYETCS TaKHM 00pa3oM, OPUTHHAIIBHBIN 3JIEMEHT
yransercs u3 netlist u 3aMeraercst conepKUMBIM (aiiyia MOJEIA CO BXOJAAMH U BBIXOJaMHU
MOJICIA, COCAMHEHHBIMH B TOM MeECTe, [IJ€ COCIAMHSUIUCH BBIBOJBI OPUTHHAIBLHOTO
KOMIIOHEHTA.

B koHI1e 3TOTO IpoIecca Kaxablii KOMIIOHEHT, ocTatoluiics B netlist, OyneT uMeTh CBOMCTBO
PRIMITIVE, xortopoe oO3Ha4aeT, 4YTO OH MOXET HEMOCPEACTBEHHO CHMYJIUPOBATHCA
PROSPICE.

* Partitioning (pazbuenue Ha uvactu) — ISIS mpocmarpuBaer ToukH, i€ BbI MOMECTUIIU
NPOOHUKHU M 00paTHBIC CBSI3U OTCHOJIA KO BXOJHBIM CHTHaJIaM. CHTHAIIBI CYUTAOTCS
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HNOAKIIOYEHHBIMU K JIFOOOMY M3: IIMHA MUTaHMS, T€HEpaTop C YCTAHOBJIEHHBIM (harom
Isolate Before nnu BBIXOIOM 3allCH. DTOT aHAJIU3 PE3yJABTUPYETCS B CO3IaHUM OTHOW HITH
Oosee yacTeil, KOTOpble HyKHO CUMYJIMPOBATh.

JanpHeimmii ananus 3aTeM padoTaeT B MOPSJIKE, B KOTOPOM OHH JIOJDKHBI CHMYJTHPOBATHCA.
Hanpumep, ecnum yactb A MMeeT BBIXOJA, KOTOPBIM COENMHEH CO BXOIOM Hactu B, Torma
SCHO, 4TO A JIOJKHA CUMYJIMpPOBaThCs nepBoil. Eciu ke BbIsicHsieTcs, 4To B uMeer BbIXOI,
MPUXOIAIINN K A, TOTJa BCE TEPAETCS — U ITO YK€ K BaM, HCIOJIb3YHTE 3aUCh 0OOBEKTOB
TaKuM 00pazoM, YTOOBI ITUKINYECKHE 3aBUCUMOCTH HE TIOSIBIISUIHCH.

Bcé xe Gonbllie aHAIM30B yCTaHABIMBAETCS TaM, INI€ €CTh CYIIECTBYIOIIME PE3yJbTaThl, B
JTUPEKTOpHUHU, 3aJaHHOW depe3 mone Results Path (xomannour Set Paths mento System),
KOTOpBIE OTHOCSITCS K MJIECHTHYHBIM 3allyCKaM CHUMYJISIUM Ui J1I000ro Tekyliero Habopa
yacteld. Eciin oHM ecTh, M eciiu yyacTBYIOIME YaCTU HE CTUMYJIMPOBAHBI TEMH, YTO CaMU
OyayT 3aHOBO cuMyaupoBarbes, Torma ISIS He cmemuT mepecuMyaupoBaTh YacTH, HO
UCIIOJb3YyEeT BMECTO 3TOr0 CYIIECTBYIOIIME pe3ynbraTsl. M3 dyero cuenyer, eciau Bl
paboTaere Ha APYroM KOHIIE IPOEKTa, HET HYK/bl MOJACPKUBATH IEPECUMYIISLIUIO CHaYaja.

Br1 MmoxeTe y6€I[I/ITbC$I, YTO 3Ta 4aCTh CUCTEMBI OUYCHb YMHa'

*  Simulator Invocation (Bei30oB cumynstopa) — ISIS rtemepsr Be3biBaecT PROSPICE mns
Ka)KJIOM YaCTH B IOPSIJIKE BBITIOTHEHUS JICHCTBUTEIBHON CUMYIISIINH.

Kaxnplii BBI30B CHMYJSTOpa MPHBOAUT K CO3AaHUIO HOBOTO dYacTHYHOrOo (hailma, a
uH(pOpMaIHs O MPOrpecce CUMYISIUHN TaKkKe T0OABISIETCS K OTYETY O CUMYJISIIIM, KOTOPBIi
NOJIEPKUBAETCS BO BPEMSI BCETO MPOLIECCA CUMYIISILIUM.

* Results Processing (3aBepiieHue Tmpolrecca) — OKoHuyaTenbHo, ISIS mpoxomut mo
YacTUYHBIM (hailam, 4ToObI BEICTPOUTH pa3Hble KpuBbie Ha rpaduke. [paduk mocie 3Toro
OOHOBJISIETCSA U MOXKET OBITh MAKCUMU3UPOBAH IS IPOBEICHUS U3MEPEHUH U T.11.

Ecnu B mporiecce BBITIOTHEHHSI JIIOOOTO M3 3TUX ITANOB OOHAPYKUBAIOTCS OIMIMOKHU, TOTJA IETaH
ATOTO 3amMChIBaOTCS B OTUET (simulation log). HekoTopeie ommbOku (aranbHbl, a Ipyrue BhI3IBAIOT
TOJBKO TIpeAyNpexkacHus. B cnydyae (aTanbHBIX OMIMOOK OTYET O CUMYJISIME OTOOpaskaeTcs st
HeMmenJIeHHoro npocmotpa. Ecnu oOHapykuBaeTcs TOIBKO HEOOXOAUMOCTh B MPENyNpexACHUSAX,
Torna rpaguK OOHOBISETCS U Y Bac OCTAéTCS BO3MOXHOCTH TOCMOTPETh OTYET, €CJIM BBl XOTUTE
sTOro. bombiias yacTs omMOOK OTHOCUTCS JIMOO K IJIOXO CAETaHHOMY YepTexy (KOTOphIe HE MOTYT,
M0 T€M WJIA WHBIM MPHYUHAM, OBITh pa3pemieHbl MaTeMAaTUIECCKH ), JTUO0 M3-3a MPOMYIICHHBIX WU
TIJIOXO CBS3aHHBIX (HAMIIOB MOJIEIICH.
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BBELJEHUE

Ectp TpUHaJAUaTb THIIOB

rpauKoOB; KaXIblii OTOOpakaeT pe3yJabTaThl Pa3HbIX THIIOB aHAJIN3a

cxembl, nogaepxkanubix PROSPICE.

Analogue (aHanoroBbIit)

Digital (mudpoBoit)

Mixed Mode
(CMerTaHHBIA PEXKIM)

Frequency (4acToTHBbII)

DC Sweep (pa3BépTka
Ha MTOCTOSTHHOM TOKE)

AC Sweep (pa3BépTka
Ha TIEpEMEHHOM TOKE)

Transfer
(mepenaToyHbIit)

Noise (1rymbr)

Distortion (uckaxeHus)

BrIBomuT HampspKeHHsI W/WIU TOKH, Kak (YHKIMIO BPEMEHHU, U Oonee
BCETO TOXOXKE Ha pabory ocuuwmiorpada. JlOMONMHUTETbHO, MOTYT
BBIBOJUTHCS BBIPAYKCHHSI, BBIMOIHSIEMbIE HECKOIBKHUMH MPOOHHKAMU;
HarpumMmcep, TOK MOXET YMHOXAaTbCA Ha HaIps’KCHUE, JaBasd
COOTBETCTBYIOIIYIO MOITHOCTh. DTOT PEXHM aHAIM3a YaCTO HA3BIBAIOT
aHAJIM30M TIEPEXOAHbBIX TporieccoB (Transient Analysis).

BeiBoauT norudyeckue ypoBHH, Kak (DyHKIHMIO BpeMEHH, U 0ojiee BCEro
3TO IMOXOKE Ha JIOTMYECKMM aHayim3arop. Kpusele MOryT NnpeacTaBisaTh
€IMHCTBEHHBIE OUTHI JAHHBIX WM OMHAPHOE 3HAYEHHE IINHBI.

Hudpossie rpadukm BEUUCIAIOTCS ¢ Hcmonb3oBaHueM Event Driven
Simulation (coOpITUIHO OCyIIeCTBIsIEMAs CUMYJISLINSA ).

KomOunupyer 06a, aHamoroBeiii U MUGPOBOH, CUTHAIBI HA OJTHOM U TOM
*Ke rpaduke.

BbIBOAUT ManoCHrHANBHOE HANPSDKEHHE WIM TOK, Kak (DYHKLHUIO
yacToThl. M3BecTen Takxke, kak Bode plot (tuiorrep boxae), m moxer
oToOpaxare M aMIuUTyxRy, u (asy. JlomonnurensHo, ucnons3ys Trace
Expressions, BbI MOXKETE BBIBOJIUThH BXOJHOM U BBIXOHOW UMIIEIAHC.

3ameThTe, YTO BBHIBEJICHHBIC 3HAYEHUS 3aBUCST OT 3aJaHHOTO BXOJIHOTO
re’eparopa.

YcerosBIeecst COCTOsIHUE padodel TOUKH 10 HAPSHKEHUIO WK TOKY, KakK
¢GyHKLUSA nepeMeHHOH pa3BépTku. Kak u B aHaI0roBOM aHaiu3e, MOTyT
BBIBOJIUTHCSI BHIPAKEHUS, KOMOMHHUPYIOLIHE HECKOIBKO MPOOHUKOB.

Co31aét ceMenCcTBO YaCTOTHBIX XAPAKTEPUCTHUK C OJHUM OTKIIMKOM JUIS
Ka)KJ0r0 3HAUEHUS IEPEMEHHON pa3BEPTKHU.

BBIBO)II/IT XapaKTCPpUCTUUCCKHUEC KPUBLIC HWIIN CEMEICTBO KpPHUBBIX,
«Ka4das» 3HAYCHUC OAHOTO HJIM ABYX BXOIHBIX TCHEPATOPOB W BBIBOIAA
YCTAaHOBUBIIHECCA COCTOSAHHUSA HAIPSKCHUA WM TOKaA. 3HaueHHEe
HepeMeHHOﬁ HepBOro reaeparopa OTO6pa)KaeTC$I IO OCH X, OTACJIbHaA
KpuBas IMMPOU3BOJUTCA AJIA KaXKJI0Ir0 3HAUYCHUA BTOpOI\/'I nepeMeHHoﬁ.

BXOI[HOC HJIM BBIXOAHOC HAIIPSPKCHHUC ILIYMOB, KaK (I)YHKLII/IH HaCTOTHI.
Taxxe IMPOU3BOAUT CIIMCOK OTACIBbHBIX ITYMOBBIX COCTABJIAIONIHNX.

BriBoguT 2 1 3 rapMOHUKH UCKaKEHUH, KaK (DYHKIIUIO 9acTOThl. MOXKeT
TaK>K€ UCTIOIB30BATHCS JJIS BBIBOAA MHTEPMOIYJISIIMOHHBIX UCKAKEHUMN.
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Fourier (Dypne) [Toka3biBaeT rapMOHMYECKHUM CIEKTP MEPEXOAHBIX Iporeccos. [loxoxe
Ha UCIOJIb30BaHUE aHAIN3ATOPA CIEKTPa BMECTO OCLHILIOrpada.

Audio (ayamo) BeInonHsAeT aHaaM3 MEepPeXOTHBIX IMPOIECCOB, a 3aTeM IMPOMIPHIBAET
pe3yabpTaT Yepe3 Bally 3BYKOBYIO KapTy. MOXKET Takke TreHepHUpOBaTh
Windows WAV @aiinbl ¢ BbIXoa Balieil CXeMbl.

Interactive BrImonmHseT HHTEPAKTUBHYIO CUMYJIISIIMIO  0TOOpaskaeT pe3yabTaThl Ha

(MHTEepaKTUBHBIN) rpajguke. DTOT THUN aHajau3a TO3BOJSET BaM KOMOWMHUPOBATH
NPEUMYIIECTBO HHTEPAKTUBHOTO U rpa()udecKOro BUAOB CHMYJISIIHIH.

Conformance Brimonaser mndpoByro CUMYIISINIO, a 3aTEM CPABHUBAET PE3YJIBTAThI C

(cormacoBaHus) COXpaHEHHBIMU PE3YNbTaTaMU MPEAbLIYIIEro 3amycka. ITo 0COOCHHO
BaXHO MPU CO3JJaHUM MPOTPAMMHBIX TECTOB JIsi MPHJIOKEHUI Ha 0aze
MUKPOKOHTPOJLIEPOB.

JlomoNHUTENbHO, BCE THIMBl aHAlW3a HAYMHAIOTCS C BBIYUCIEHUS pabodyeil TOYKH, TO €cCTh,
HAYaJIbHBIX 3HAYEHUW /IS BCEX Y3JIOB HANpPSsHKEHMs, BETBEH TOKAa M COCTOSHUS TIEPEMEHHBIX B
MOMeHT BpeMeHu paBHbIi 0. MHpopMmarus, oTHOCsIIascsa k pabodeid Touke, noctynHa B ISIS gepes
unTepdetic point and shoot.

AHAJIOIOBbIN AHAJIN3 NMEPEXOAQHbIX MPOLJECCOB

O6G30p

OtoT TUN rpaduKa MpencTaBiIseT TO, YTO Bbl MOIVIM OBl YBUAETh Ha 3KpaHe ocuuuiorpaga. Och x
IMMOKAa3bIBACT IMPOABMIKCHUE IO BPEMCHHU, a OCb Y 0T06pa)Ka€T HaIIpsAKCHUE WIIM TOK. Msr gacTo
CChUIaeMCsl Ha 3TOT THUIl aHajuu3a, Kak Ha Transient Analysis, MOCKOJIbKY OH HMEET MECTO BO
BPEMEHHOH 30HE€.

Transient analysis, Bo3M0oxHO, Hanbosee o0LeynoTpeOUTENbHBIN U3 Beex (opM aHanu3za. Bee, 4uro
BBl MOXKETE€ M3MEPHUTH C PEaTbHBIM OCIIILIOTpadoM, MOKHO M3MepUTh Ha Trpaduxe analogue. OH
MOXET UCIIOJIb30BaThCs AJISl POBEPKHU, UTO cXeMa paboTaeT OXUIaeMbIM 00pa3oM, JiIst ObICTPOro
W3MEpPEHUS YCHIICHHS, JUIsl BU3YaJbHOW OIEHKH WMCKAKEHUH, JJIST M3MEPEHHUS TOKa OT MCTOYHHKA
WM TIPOXOJIAIIET0 Yepe3 OTAeNbHbIA KOMIIOHEHT U T.1.

MeTtoAa BbluncneHus

TexHU4YeCcKu roBops, 3TOT THUIl CUMYJISILIUM MOYKHO OTHECTH K HEJIMHEHHOMY Y3JIOBOMY aHaJU3y, a
3T0 popMa BeruucieHus, ucnonb3yemas Bcemu SPICE cumynaropamu. B kaxaplii MOMEHT BpeMeHH
KaXJbli KOMIIOHEHT B CXEM€ IMpeJCTaBIsIeTcs, KaKk KOMOMHAIUs HMCTOYHUKOB TOKa W/WIIHU
pE3UCTOPOB. DTO TPEACTABIECHUE 3aTEM OINMCHIBAETCS CUCTEMON COBMECTHBIX YpaBHEHUH,
ucnojb3yromux 3akoH OMa u 3akoHbl Kupxroda, a ypaBHeHUs pematoTcsi ['ayCCOBBIM METOIOM
UCKIIIOYeHUs. [l KakI0oro MOMEHTa BPEMEHHM, MJII KOTOPOIO PELIalOTCs YPaBHEHHs, 3HAYCHUS
HMCTOYHUKOB TOKAa M PE3UCTOPOB 3aJAOTCS 3aKOHAMH, BCTPOECHHBIMM B MOJEIN KOMIIOHEHTOB H
IpoIiecc MOBTOPSIETCS, IOKA He Oy/IeT MOTy4YeH CTaOMIbHBIN HAOOp pPe3yabTUPYIOIINX 3HAYEHUI.

76



PROTEUS VSM

Jns cumynsanumu, CBA3aHHOM C IPOABUKEHUEM IO BPEMEHH, €CTh J1BA OTJEIbHBIX dTana. Ha mepsom
3aja4ya COCTOMT B BBIYMCICHMU PAaOOUYMX TOUEK CXEMbl — 3TO HANpPsOKEHHs IO BCeW LENH B
HayaJIbHBIA MOMEHT cuMyisituu. [Ipu aToM yunthiBaercs 3pPexT u3MeHeH!s] BpeMEHH AJIsi CXEMBI,
JUISL 4ET0 UET NEPECUET HANIPSHKEHUS Ha KaX/I0M Iare (MTEpUPYEMOM JI0 CXOKIEHUS, KaK OIMMCAaHO
Boime). Illar mo BpemMeHu kputuyeH g cTaOWiIbHOCTU BbluMcieHui, u nostomy PROSPICE
IIOTOHSAET €ro aBTOMAaTUYECKH, B paMKaX, OIpENeNEHHBIX Nojib3oBareneM. (Cxema, KoTopas
MeHsieTCsl ObICTPO, HampuMep, ps ObICTPO MEPEKITIOYAIOUINXCS KIIUeH, HYXJIaeTcsl B MEHbIIUX
BPEMEHHBIX IIarax, a, 3Ha4uT, U OOJIbIIEM KOJIMYECTBE MOMBITOK, YEM CXEeMa, KOTopas MeHseTcs
Oonee raBHo. Vcnonb3oBaHue ynpaBieHHUs] BpEMEHHBIMU IIaraMU M UTEPATUBHBIN pacuéT — Bce
3TO J100aBIAET BBIYMCICHUN, KOTOPhIE MOTYT ClieaTh transient analysis cpaBHUTEIbHO MEJICHHBIM.

ITocKONMIBKY alnrOpUTM HCIIONB3YET WUTEpAIMH, BCETAA CYIIECTBYET BEPOATHOCTh, YTO PEIIECHUE HE
coiaércs. Yaie Bcero 5To NpOUCXOAUT B HAYaJIbHOW TOYKE BPEMEHHU, O3HAudas, 4YTO CUMYJIATOP HE
MOXET YCTaHOBUTh CTAOWIBHBIA WM YHUKaJbHBIA HaOOp 3HaueHUH s pabodeil TOUKH.
Bpemenamu, o1HaKo, 3TO MOXKET OOHAPYKUTHCS B AaJbHEHIIeM, KOr/ia OOBIYHOE MOBEJICHUE CXEMBI
craHoBUTCS coBepiieHHO HempenckazyeMo. PROSPICE cHaGk€H psaoM TEXHUK, MOMOTAFOIINX
peLuTh N0A00HBIE MPOOJIEMBbI, HO HE CIIOCOOHBIX MX MOMHOCTBIO yOoparh. CKaxkeM, MCIIOJIb30BaHUE
B kauecTtBe ocHOBbl Berkeley SPICE3F5 nactonpko XOpoIno, HAacKOJIbKO BBl MOXETE 3TUM
BOCIIOJIb30BaThCSl.

Ucnonb3oBaHue analogue rpacdukoB

I'paduku analogue MoryT UMeTh JTMOO TOJIBKO JIEBYIO OCh Y, THOO U JIEBYIO, U TpaByto. [IpoOHUKHN
MOTYT pa3sMCIIaTbCA Ha OTACIBHLBIX OCAX IBYMS CHOCO6aMI/IZ

*  Bergenu u neperamuB TpoOHUK K TOAXOISIICH CTOPOHE TpaduKa.
*  Hcnonb3ys nuanorosyto popmy Add Transient Trace.

L CM. paszgen «JlobaBieHre KpMBBIX Ha rpadMk», rie Oonblle MHPOPMALMU O TOM, Kak
7100aBUTH KPUBBIE HA CYIIECTBYIOMIHIA rpaduK.

OueHb 4acTO OKa3bIBACTCS YAOOHO UCIIOIB30BaTh JIEBYIO M MIPABYIO OCH Y JUIS OTACIBHBIX KPUBBIX C
pasHBIMU eMHUIIAMU H3MepeHus. Hanpumep, eciau oToOpaxaroTcs 00a mMpoOHUKA: U HAIPSKESHUS,
U TOKa, — TOT/Ia JIeBasi CTOPOHA MOYKET HCIIONB30BATHCS Uil OTOOpAKEHUS HATIPSKECHUS, a IpaBas
JUIs Toka. MOXKHO pasMeniaTh HU(poBbie MPOOHUKU HA aHANIOroBoM rpaduke, HO Mixed rpaduk,
Kak IpaBuiio, yo0Hee.

Ans ebinonHeHus1 aHanu3a nepexodHo20 npouecca (transient analysis) aHanozoeol
uenu:

1. I[O63BI>T€ B CXCMY I'CHEPATOPBI, KaK HCO6XOI[I/IMO AJIS TIOJTYYCHUS BXOAHBIX CUT'HAJIOB.

L CM. paznmensl «Pa3menieHne reHeparopoB» u «leHeparopbl u MPOOHUKN», T TIOAPOOHEe
OTIMCAHbI Pa3HbIE TUITHI AHAJIOTOBBIX T€HEPATOPOB.

2. TlomectuTe nMpoOHUKHM HA CXEMY B T€X TOYKAX, YTO BAC MHTEPECYIOT. DTO MOTYT OBbITh U
TOYKH BHYTPU CXEMbI, U OUEBU/IHBIE BBIXOJIbI CXEMBI.

[Tomecture Analogue rpaduxk.
4. Jlo6aBbTe MPOOHUKY (M TEHEPATOPHI, €CIIU HYXKHO) Ha rpaduK.

Otpenaktupyiite rpaduk (yxaxute Ha Hero 1 Haxmure CTRLAE, 3anaiite Tpedyemoe
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BpEMsI OCTAHOBKU CUMYJISIIIMU, 3TUKETKH Ha TpaduK U yHpaBisieMble CBOICTBA, €CIH 3TO
HYKHO.

6. 3amycTuTe CHMYISIIIO MO0 BBIOOpOM KoMaHbl Simulate paznena Graph, nnbo Hakatrnem
npobena.

OnpepeneHne Analogue Trace Expressions (BbipaxxeHuUi)

OOBIYHO BaM JOCTaTOYHO A00ABHUTHh NMPOOHWKH HANPSHKCHHS M TOKAa Ha Tpaduk, 4ToOBl YBHUICTH
npoiiecchl B cxeme. OQHAKO B aHAJIOTOBOM AaHAJIM3E IMEPEXOJHBIX MPOILECCOB MOXKHO CO37aBaTh
KpHUBBIE, KOTOPBIE HCHOJB3YIOT MAaTEMAaTHYECKHE BBIPAXKEHUS, OCHOBAaHHBbICE Ha IMOKA3aHUSIX
npoOHUKOB. Hampumep, monoxum, 94T0 cXemMa MMEeT M MPOOHUK HANPSDHKEHUS, U MPOOHHK TOKa,
pasMeIIEHHbIE B CXeMe. YMHOXas 3HAUCHUS ITUX MPOOHHMKOB, MBI MOXXEM HApHCOBaTh TI'paduk
BBIXOJHOM MOIIHOCTH B 3TOM TOYKE.

Ymob6bI ompucosame 2paghuk 8 bIXOOHOU MOWHOCMU:

1. I[O6aBI>TC HpO6HI/IKI/I TOKa W HAIIPAKCHUS Ha BBIXOI CXEMBI.

2. BeizoBure quanoroByto popmy Add Transient Trace (Haxmure CTRLA+A) nns rpaduxka.
3. Tlpucpoiite mpoOHUK HanpsyKeHHs P1.
4. Ilpucsoiite npoOHUK ToKa P2.
5. H3menwute BeIpaxkeHue (expression) va P1*P2.
6. Illénkuute o kHomke OK.
7. Haxmute npoben, YTOObI BBIMOIHUTD CUMYJISIIHIO.
an Cm. pasnen «/luamoromasi dopma xomauael Add Tracey», rhe HeTaabHO OIKUCAHO

ucnonb3oBanue hopMbl Add Transient Trace.
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LN®POBOU AHAJIN3 NMEPEXOAQHbIX NMPOLJECCOB

O6G30p

[Mudpooit rpaduk oroOpakaeT TO, YTO BBl MOIIM OBl YBUAETb Ha SKpaHE JOTHYECKOTO
aHanu3atopa. Och X 0TOOpa)kaeT BpeMs, a OCh y TOKa3bIBAE€T BEPTHUKAIBHBIA CTEK CHTHAJIOB. DTO
MOTYT OBITH JTMOO OAMHOYHBIN OUTHI JTAaHHBIX, TMO0 IBOMYHOE MPECTABIECHNE BBIBOAA Ha IIUHY.

MeToa BbluMCrieHUA

[Mu¢poBoii aHaNN3 NMEPEXOAHBIX IMPOLIECCOB HCIHOB3YET TEXHUKY, MU3BECTHYIO KaK COOBITHIHO-
opueHtupoBaHHas cumyisanus (Event Driven Simulation). OHa oTiMuaeTcs oT aHaJIOrOBOM TeM, 4TO
IPOLIECC OCYLIECTBISETCS TOJNBKO TOIJA, KOIZNa KaKoW-HUOYyIb SJIEMEHT CXEMbl MEHSET CBOE
cocrosiHue. BroGaBok, TOJIBKO AMCKPETHbIE JIOTUUECKUE YPOBHU MPUHUMAIOT B HEM y4yacThe, 4TO
MO3BOJIIET MPEACTaBUTH ()YHKIIMOHUPOBAHME KOMIIOHEHTOB Ha Oosiee BEICOKOM ypoBHE. Hampumep,
MBI MOKEM INPECTaBUTh cebe CUETUNK B TEPMUHAX PErMCTPa 3HAUEHWH, KOTOPbIE YBEIUUNUBAIOTCS
Ha €AMHUILY [TPH KaXJ0M TaKTOBOM MMIIYJbCE, & HE B TEPMUHAX HECKOJIBKUX COTEH TPAH3UCTOPOB.
OTO nenaeT COOBITMHHO-OPMEHTHPOBAHHYIO CHUMYISALMIO HAa HECKOJIBKO MOPSJIKOB ObIcTpee, yeMm
AHAJIOTOBYIO CUMYIIALIUIO ATOU KE CXEMBI.

ATan 3arpy3ku (Boot Pass)

Llenp sTana 3arpy3Ku — OINpPEAEIUTh HAYaIbHbIE COCTOSIHUS BCEX LIENEH CXEMBbI, B IIEPBYIO OUEPEIb
JUISI BBIITOJTHEHUSI CUMYJISILUU. Boot pass BbINONHAETCA CIeIyOIUM 00pa3oMm:

* Bce Bxomubie BbIBOABI, mnpucoequHéHHble Kk mensM VCC w/wumm VDD, cumratorcs
MMEIOIIMMH BBICOKUI YPOBEHb.

* Bce Bxomsple BbIBOABI, mpucoenuHéHHble K memsM GND w/wmmm VSS, cumrarorcs
MMEIOLIMMH HU3KUN YPOBEHb.

* Bce BxoaHbI€ BBIBO/BI, MPUCOCIUHEHHBIE K LEMSM, K KOTOPBIM MPUCOEIUHEH TEHEPATop,
CUMTAIOTCS UMEIOLIUMHU TO K€ COCTOSIHUE, UTO U B cBoWcTBe /NIT reneparopa.

* Bce ocTannHbIC BbIBOJbI CHUTAOTCA UMCIOIIIUMU I1JIaBAaIOIICC HAYAJIbHOC 3HAYCHUC.

* Bce Moaenu 3anpammuBaioTcs (He B yCTAHOBJICHHOM MOPSIAKE) ISl BBIYMCICHUS UX BXOJHBIX
U YCTAaHOBKHM HMX BBIXOJHBIX BBIBOJIOB COOTBETCTBEHHO. Korma KaskIblil BBIXOJHOM BBIBOJ
3aJlaH, COCTOSIHUE IIEMH, K KOTOPOI BBIBOJ MOJKITIOUEH, TIepepacCUUTHIBACTCS.

*  Bce u3meHeHHs COCTOSHUS LENel, Mojiesneid, MPUCOSAMHEHHBIX K HUM, 3alpalliBatOTCs 1S
nepepacuéra UX BBIXOZOB. DTOT IPOLECC MPOJOIHKAETCS, 10KA HE HAXOAUTCS YCTOMYMBOE
COCTOSIHHE.
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Linknuyecknmn npouecc cobbIiTUn

Cnemom 3a atamoM 3arpy3ku DSIM HaumHaeT COOCTBEHHO Mporecc CHUMYISHuH. CHMYISIHS
BBITIOJTHSETCS B IIUKJIE, KOTOPBIN IPOXOAUT IMMOBTOPHO Yepe3 CIEAyIOIINe JIBa 1Iara:

* Bce coObITHS, MEHSIIOIIME COCTOSTHUE Ha TEKYIUH MOMEHT, IPOYUTHIBAIOTCS 10 OYepean U
MPUMCHSIOTCSI K CYIICCTBEHHBIM IICTSIM. JTOT TPOIECC 3aBEPIIACTCS HOBBIM HAaOOpOM
COCTOSIHUH IIETIEN.

M TaM, rac ucnb MCEHACT COCTOAHUEC, BCC MOACIM, BXOAbl KOTOPBIX K Hel IMPUCOCANHCHEI,
CUMYJIIUPYIOTCS BHOBbD. TaM, A€ HMX BbIXOABI MCHAKOTCA, 3TO CO3,I[aéT HOBBIC CO6BITI/I$I,
KOTOPBIC IMMTOMEHIAIOTCS B MOCICA0BATCIIBHOCTD COOBITHH.

KoHeuHo, pa3sHbie MOAETH CO3MaAYT COOBITHS, KOTOPhIE MOTYT 3aKOHYUTHCS HEYIA4yHO JIJIst
00pabotku B pasHoe Bpems. [lostomy siampo DSIM nomkHO ymopsiioudTh BCE HOBBIE COOBITHSA,
CO3JIaHHBIE B KOHIIE KaXKJIOTO MPOXO0/Ia IHUKJIA.

Taxxe OCHHO TO, YTO Hama CX€Ma AOBOJBHO YAA4YHO MNOAACPIKHUBACT MOIACIHU, KOTOPBIC HMCIOT
HYJICBBIC BPCEMCHHBIC 3aJCPIKKH. B »sTOM KOHTEKCTE CO6BITI/I${, IFCHCpUPYyEMbIC C OIWHAKOBBLIM
BPCMCHHBIM KOAOM, IPOUCXOIAT B IMAKETC (OI[I/IH MAaKET SKBUBAJICHTCH OAHOMY ITPOXOAY IIO III/IKJ'Iy),
COITIAaCHO TOMY, KaK OHU CTCHCPUPOBAHBI.

YcnoBus npepbiBaHUs
Cumyrsiiust OCTaHABIMBAETCSA, KOT/Ia OOHAPYKUBAETCS OHO U3 CIIEAYIOIIETO:
° JIOCTI/IFaeTCSI 3aaHHOC BPEMs OCTAaHOBKH.

* 3ampoc O COOBITUAX CTAaHOBHUTCS IYCT. JTO O3HA4aeT, YTO CXeMa JOCTUINIA YCTOWYHBO
CTAaOUIIBHOTO COCTOSHMUS.

* Jlormueckuii mapagokc ¢ HYJICBOU 3aJIepKKOM BpeMeHU OOHAPY>KUBAETCS TaK, UTO TEKYyIIEe
BpeMs TepecTaéT MEHSThCS, HECMOTpPSI Ha TOBTOPEHHUE IUKIIOB MPOXoJa MpuU oOpaboTke
COOBITHH B ITUKIIC.

* CucremHas ommOKa, Kak BbIOET 3alIpOCOB COOBITHI 3a Mpeenbl 00JacTu mamsaTH. JTO He
0OHapy)XMBAaeTCS TPH HOPMAJIbHOW paboTe, €CliM HEe BO3HUKAET HEYTO HECTaOMIbHOE B
BallleM TMPOEKTE, BO3MOXHO, CKJIOHHOCTh K BBICOKOUACTOTHOM (TO0 ecTh, 100 MI'm)
OCIWJUISILIUY TIe-HUOYIb.

MUcnonb3oBaHue undpoBbIX rpacmkos

Umo6bl ebINONHUMBL aHau3 nepexodHbIX npoyeccoe O yugpoeol cxeMbl:
1. JloGaBbTe TreHepaTophl, KaK HY>KHO JJI paOOThI CXEMBI, YTOOBI 3aITUTATh BXO/IBI.

2. Ilomectute HpO6HI/IKI/I Ha CXCMC€ B MHTCPCCYIOIIUX BaC TOYKaAX. 9T0 MOIr'yT OBITH KaK TOYKH
BHYTPH CXCMbI, TaK U OYCBUIHBIC BBIXO/bI.

[Tomecture Digital rpaduk.

4. ]JloGaBbTe MPOOHUKY (M TEHEPATOPHI, €CITM HYXKHO) Ha TpaduK.
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MoskHO MCToNb30BaTh TONBKO Digital reHepaTopsl A reHepauuu HU(POBBIX CUTHAIOB —
3aMeTbhTe, YTO O0ObIYHO Pulse (MMITyJbCHBIA) T€HEPATOpP paccMaTpHUBAETCS, KaK HCTOYHUK
AHAJIOTOBBIX UMITYJIbCOB.

Tonpko 1MGpPOBbIE MPOOHUKK JOMKHBI HCHONb30BATECA B LUDPPOBBIX LEMAX —
UCIIOJIb30BaHHE TOKOBBIX MPOOHUKOB OyzaeT 3actaBiaTh PROSPICE BbINONHATE CUMYISLHIO
CMEIIaHHOTO PEKNUMA.

Otpenaxtupyiite rpaduk u 3agaiire TpeOyemoe Bpemst octaHoBKH (Stop Time) cumyssinuy,
a TaKXe dTUKETKHU rpaduKa U yrpaBiseMble CBOWCTBA, €CIIN 3TO TpeOyeTcsl.

Bremonnute xomanny Simulate u3 paznena Graph 0CHOBHOTO MEHIO HAIPOTUB Tpaduka WiH
HaXXMUTE TTPOOET.

Cwm. pasgen «IIpomecc cumynauuu» ¢ obmelt uHGopMauel o ToM, Kak CHUMYJIHPOBATh

Cwm. Ppa3aciibl «Pa3menienue TCHECPATOPOB» U «Pa3memnienue Hp06HI/IKOB» o pasMCIICHUTIO

|

rpadukmu.
|

reHepaTopoOB U MPOOHUKOB.
|

Cwm. paznen «Jlob6aBieHne KpUBBIX Ha rpaduKy, I1e OMUCAHO, KaK J0OaBUTh MPOOHUKU HA
rpadukmu.

Kak otobpaxatrorcs umdppoBblie AaHHbIe

Hopmaanble Kpuebie

Bce Bbixomsble 3HadeHusi oT cumyniaropa DSIM momyyaroTcss B TEpMHHAX IIECTH IU(PPOBBIX

COCTOSIHMIA:

Tun cocrossnus KiroueBoe ciioBo | IlosiBiienne Ha rpaduxe
Crtporo BbICOKOE SHI Bricokuii ypoBeHb, roiryooi
Cnabo BbICOKOE WHI Bricokuii ypoBeHb, CUHUI
IInaBaroiee FLT Cpennuii ypoBeHb, OeJblii
CrniopHoe CON CpenHuii ypoBeHb, KENTHIN
Cnaboe HU3KOE WLO Hwuskuit ypoBeHb, CHHMI
Crporoe Hu3KO€ SLO Hu3kuii ypoBens, romy0oi

BbI MOXXeTE, TAKUM 00pa30M, ONPEIEIIUTh COCTOSTHIE KPUBOW B OTACIBLHOE BPeMs, JINOO MOCMOTPER
Ha LBET W TO3WIHUIO JIMHUH, TMO0, MAKCUMU3UPOBAB IrpaduK, YCTAHOBUTH Kypcop B BBHIOpAaHHOM
MECTE U MPOYUTAB COCTOSTHUE B CTPOKE COCTOSIHUS. JIorHuecknue YpoBHU B TIO3HMIIMU KYypcopa TaKKe
OTOOPAXKAIOTCS CIpaBa OT ITUKETKU KPUBOM.
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Kpuebie wuHbI

KpuBble mmHBI (pe3yapTaT oOT pa3MEUIeHHsT MPOOHMKA HANpSOHKCHUS HA MPOBOAE IIMHBI)
0TOOpaXkaroT HIECTHAALATEPUYHbIE 3HAUEHHsI OMTOB IIMHBI MEXKAY MEPECCUCHUAMH JIMHUI:

—{F T a s T e y{*F 5 [ a ——

Korna onuu nnm 6onee OMTOB IIKMHBI HE UMEET HU BBICOKOTO, HU HU3KOTO YPOBHS, JIMHUU IIUHBI
pHUCYIOTCS Ha cpeHeM ypoBHE. Takike, eclu Mmepexoj ypOBHEH CIHUIIKOM y3KHUU I OTOOpaKeHUS
HIECTHAIIATEPUYHOIO 3HAYEHHUS, TOTa OHO OIyCKaeTcs. 3HaueHue enié MOXKET ObITh MPOYUTAHO,
€CJIM Ha Hero MOMECTUTb Kypcop.

AHAJIN3 MNEPEXOQHOIO NPOLECCA CMELUAHHOIO PEXUMA

O6G30p

I'padux cmemanHoro pexxuma (mixed mode) mo3BoisieT U UUGPOBBIM KPUBBIM, U aHAJIOTOBBIM
OTOOpa’)kaTbCsl HAJ TOW K€ OChIO X, Ha KOTOPOHM IPEACTaBICHO BpeMs. AHAJIN3 CMEUIAHHOTO
pexnMa — (aKTUYEeCKH, NMPUMEHHM TOTJa, KOIa B CXEME €CTh M aHAJIOTOBBIE, W IH(POBBIC
MOZIETIH, ¥ TpapuK CMEIIAaHHOTO PEeKUMa €IUHCTBEHHBIH THI, CIIOCOOHBIA OTOOpakaTh 00a BUIA
CHTHAJIOB BMECTE.

MeTtoAa BbluncneHus

CMmeliaHHbIl peXXUM aHANIM3a MEPEXOAHBIX MPOIECCOB KOMOMHUPYET BMECTE HETMHEHHBIN y310BOI
ananu3 SPICE3F5 u coObITuiiHO-OpHeHTUpoBaHHYI0 cuMymsanuio DSIM. [leranbHast peanu3anus
3TOr0 BEChMa CJIO’KHA, HO OCHOBHOI aJIFOPUTM MOKET ObITh CYMMHPOBAH B CIIEAYIOLIEM:

* Ilepen cumymsmued kaxaas LeNb aHAJU3UPYEeTCs Ha MPEAMET, COCOUHEH JH C Hel
aHAJIOTOBBIM, IM(poBOMH uaM 00a TUma Moxaenei. Tam, re aHaAJIOroBbIE HCTOUYHUKU
npuxoait Ha uudpossie Bxoabsl, PROSPICE BcraBnser oovextsl ALl untepdeiica, a tam,
rae 1UQpOoBBIE BBIXOAbI YIPABISIOT AHAJOTOBBIMM KOMIIOHEHTAaMH, BCTaBISET OOBEKTHI
LIAII uatepdeiica.

Tam, TI€ HECKONbKO HU(POBBIX BXOJOB 3AMUTHIBAIOTCS OT OJHOM IEMU, CO3AI0TCS
MHOkecTBeHHBIE ALl 00BEKTHI, TaK YTO MEPEKITIOYCHUS PA3HBIX JIOTMUECKUX YPOBHEH U
3arpy’KaeMbIX XapaKTEPUCTUK MOXET OBITh CMOJEIHPOBAHO JJs KaKIOTO BXOJA.
AH&J’IOFI/I‘IHO, B CiIy4dac, KoOrjga HECKOJIBKO III/I(i)pOBI)IX BBIXOJ0B COCOUHAIOTCA BMECTC,
CO37al0TCS MHOXKECTBEHHbIE 00beKThI [1ATL.

* PaGouune Touku POpMUPYIOTCS TaK, KaK OIMHUCAHO HUXKE.

*  Cumynsanus 3aTeM MPOTEKaeT, Kak JJIsi OOBIYHOTO aHAJIOTOBOTO aHANN3a, UCKIIIOYAs TO, YTO
ALII renepupyer mudpoBbie COOBITHS, KOTIa UX BXOIHOE HAMPSIKEHUE MEPECeKaeT Mmopor
nepexitoueHusd. Korma 3To mpoHMCXOaWT, aHajioroBasi CUMY/ISIIUS NMPUOCTAaHABIMBACTCA, a
HayMHaeTcs nudpoBast CUMYJISIMA U1 00paboTKH 3(hpekTa OT 3TUX HOBBIX COOBITHIA.

* Korma mmdpoBas cuMymsanus CKa3blBaeTCsl HAa HW3MEHEHHUM COCTOSHHS JUIsi OOBEKTOB
untepdeiica LIAIl, ananoroBas CUMYMSIMS BO3OOHOBISIETCS IS TIIATEIBHON CUMYIISIIIAH
OKOJIO BpeMeHH TepekintoueHust. @akruuecku, Boixoasl LIAIT monenupytoT BpeMs nepexoaa
(BocxomsIee WK CIAIAI0NIee) U HECKOIBKO BPEMEHHBIX TOUEK OylIeT CUMYIUPOBATHCS 32
ATOT MEPUOI.
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Mouck paboyen ToUkM

OO6paboTka pabouell TOYKM — 3TO OCOOBIM «(POKyCc» I CHUMYJSIMHU CMEUIAHHOTO PEeXHMa,
IOCKOJIBKY COCTOSTHHE aHAJIOTOBOW IIEMH CKa3bIBACTCSl HA COCTOSHHU HU(POBBIX KOMIIOHEHTOB U
Ha000pOT.

B cymnoct, PROSPICE nenaer cnenyroniee:

* 3nHaveHus HayaiubHbIX ycioBuil (Initial condition, IC) npucBanBatoTcst 000MM, aHAJIOTOBBIM
U IU(POBBIM, IIETISIM; OCTAJIBHBIC ST CYUTAIOTCS CTAPTYIOMIMMU C HYJIEBOTO HANTPSKCHUSL.

*  VY370BbIE MaTPHIIBI 3aTE€M KOHCTPYHPYIOTCS M PACCUMTHIBAIOTCS, Kak mpu oObraHoi SPICE
CUMYJISALIUH.

e Jlna xaxaoi urepaunu nudposas cxema 3aHOBO 00pabaThIBaeTCs, YTOObI U3MEHUTh BXOJbI
ALII. Korma 3TH M3MEHEHHUS PAaCIpPOCTPAHSAIOTCS 4Yepe3 HECKOJIbKO HMU(PPOBBIX MOAETCH,
U(PPOBOI cXeMe MO3BOJIAETCS IPOU3BECTU UTEPALIUIO JI0 CTAOMIIBHOTO COCTOSHUS.

* OObektsl 1IAIl 3aHOBO NpPHUCBaMBAIOT CBOM BBIXOABI COIVIACHO JFOOBIM H3MEHEHHUSM B
coctosHUU IMQpoBoi cxembl. Ecom 1mmdpoBas cxema He «YyCIOKOMJIACh», 3TO
UTHOPUPYETCS, TOCKOJIBKY 3TO MOXET ObITh KPAaTKOBPEMEHHBIM BCILIECKOM.

* [lpoxoasl yepe3 MUK MPOAOIHKAIOTCS 0 OOHAPYXKEHUS MOJTHOW YCTOMUUBOCTH COCTOSHUS
WJIM TI0 IOCTH>KEHUU OTPaHUYEHHM Ha UTepaluu.

Ucnonb3oBaHMe cMellaHHbIX rpacukoB

Cwmemrannsie (Mixed) rpaduki HCHIONB3YIOTCS TaKUM K€ 00pa3oM, YTO M aHAJIOTOBBIE TpaduKH,
UCKJIIOYasi TO, YTO BBl MOXKeTe J00aBIATh Ha HUX LU(POBbIE KpHBbe. YTOOBI 100aBUTH MEPBYIO
U(PPOBYIO KPUBYIO HA CMEIIaHHBINA TpaduK, BBl JOIDKHBI HCIOIB30BaTh quanor Add Trace. 3atem
nepeTamuTe NpOOHUK Ha aHAJIOTOBYIO YacTh IpaduKa, co3aBasi HOBYIO aHAJIOTOBYIO KPUBYIO, TOTIA
KakK IepeTacKUBaHUe Ha U(PPOBYIO YaCTh CO3JACT HOBYIO IU(POBYIO KPUBYIO.

YACTOTHbIA AHAJTIN3

O630p

[Tpu yactotrHom ananuze (Frequency Analysis) Bel MoXeTe BUIETh, Kak cxeMa BenéT cebs Ha
pa3HbIX YacToTax. TONBKO OJJHA YACTOTa PACCMATPHUBACTCS B OIMH MOMEHT BPEMEHH, TaK YTO BBIBOJT
HE TIOXOX Ha TOT, 4TO JMA€T CIEKTPaIbHBIA aHANM3, TAE€ BCE YACTOTHl pacCMaTPUBAIOTCS BMECTE.
Ckopee, 3TO MOXOKE Ha TO, YTO BHI MOJKIIOUAETE TEHEPAaTOp KO BXOMY M CIETUTE 32 BBIXOIOM, K
KOTOPOMY TOJKIIOYEH BOJIBTMETP TMEPEMEHHOro HampsbkeHus. Ha rpaduke KpoMme amIuTuTyIbl
MOXKET 0TOOpakaThes U (pa3a CUTHaa MPOOHHUKA.

YacToTHBII aHaIU3 MPOU3BOJUT YACTOTHYIO XapakTepHCcTUKy uinu auarpammy boxme (Bode plots).
OTO MOJNIe3HO, KOTA Bl MpoOBepsieTe, BeAET U ceOs GUIBTP TakK, KaK OKUIAeTCs, WIH MPOBEpsieTe
YCUJIUTENb, pa0OTaET JIM OH KOPPEKTHO B TpeOyeMoil 1mosoce 4acTor.

Yacrotusiil rpaduk (Frequency) moxer Takxke ObITh HCIONB30BaH ISl 0TOOpaXK€HUSI BXOAHOTO U
BBIXO/IHOTO UMII€ZlaHCca KaK (DYHKIIMH YaCTOThI HA MaJIOM CUTHAJIE.
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MeTtoAa BbluncneHus

[Ipy BBIMOTHEHMM YAaCTOTHOTO aHAJIM3a BHAdaje HAXOAMTCSA pabodas TOYKAa CXEMBI, 3aTE€M BCE
AKTUBHbIE KOMIIOHEHTBHI 3aMEHSIOTCA JIMHEMHBIMU MOJEISIMU. BHyTpeHHHE EMKOCTH aKTHBHBIX
YCTPOWCTB BBIYHMCISIIOTCA B pabodel TOUKe, NMPUHHUMAETCS, YTO padodee HampspDKEHHE B CXEMe
OTKJIOHSIETCSI He Ha MHoro. Bce reHepaTopbl, OTIENbHO OINOpPHBIN TeHeparop (CM. HUXE),
3aMEIIAI0TCS X BHYTPEHHHMHU CONPOTUBICHUSAMHU. B 3TOM ciyuyae nuHuM nutaHus 3PQPeKTUBHO
COEIMHEHBI BMECTE, YTO HOPMAJIBHO JUIsl YACTOTHBIX BBIYHUCIECHUN. 3aTEM aHaJM3 BBIIOJHAETCS C
KOMILJIEKCHBIMU YHCJIaMU B JIMHEHHOM BuJe. YacToTa MOCTENEHHO YBEIUYUBAETCS OT Ha4aJbHOU 710
KOHEYHOM C OJMHAKOBBIM IpupaileHueM. JInHeiiHas mpupoja ATOro aHaiausza JelaeT ero Oosee
OBICTPBIM, YEM AaHAJU3 IEPEXOAHBIX IPOLECCOB, HE CMOTPsSl Ha MCIOJIb30BAHME KOMILIEKCHBIX
YHCEel.

OueHb BaXXHO IIOMHHUTB, YTO JaCTOTHBIN aHAJIU3 IMPUMCHUM K JIMHEUHBIM I CIIAM. 910 O3Ha4yacT, 4ToO
YUCTBIA CHHYCOWJAJbHBII CHUTHAJ Ha BXOJC MPOM3BOJUT YHCTHIH CHHYCOWJAJIbHBIX CHTHAJI Ha
BBIXOZ€ HAa BCEX HACTOTax. KOHC‘-IHO, HCT PCAJIbHBIX AaKTHUBHBIX I.IeHefI, KOTOpBIC 6BIJ'II/I 6LI YUCTO
JMHEHHBIMU, HO MHOTHE OYEHb K HUM OJIM3KH, TIO3BOJISISI UCIIOJIb30BaTh 3Ty (hopmy aHanmm3a. EcTh
TAKKC CXCMbI, KOTOPLIC B IIPUHIMUIIC HeJ’IHHeﬁHBI, KaK, Halpumep, JINHEUHEIE MMOBTOPUTCIIN C
tpurrepamu llImMutTa Ha BXoze. [ HEMMHEWHBIX IENel TEPMUH «YaCTOTHASI XapaKTEPUCTHKA» HE
HMECT PCAJIbHOIO MaTCMAaTUYCCKOI'0 3HAYCHUA, ITIO3TOMY YaCTOTHAA CUMYJIINA HEC JACT 3HAYUMBbBIX
pe3ynbTatoB. Ecnu Bac MHTEpecyeT MOBEACHHME TAKMX CXEM B YaCTOTHOW OO0JacTH, TOTHa Bam
Oonbiie mogouaeT Oypre aHaIus.

Mcnonb3oBaHMe 4YaCTOTHbIX I'pa(bVIKOB

YroObl paccYMTaTh aMILTUTYAY CHHYCOMJAIBHOTO CHUTHAjJa Ha BBIXOJE, MBI JIOJDKHBI JOOABUTH Ha
BXOJ] ornopHoe cunycounanpbHoe HampsikeHue. PROSPICE cnenaer 3To aBTOMaTH4eCKH, HO €My
HYXXHO 3HAaTh, IJI¢ BXOA cXeMbl. UTOOBI 3TO clenaTh, BbI JOJDKHBI 33/1aTh IS KaXKIOTO YaCTOTHOTO
rpaduka Reference Generator, 9To0bl 1aTh 3HaTh CUMYIISITOPY, TJI€ PACIIOIOXEH OMOPHBIN CUTHAJ.
Ectb Tpu ciocoba crenath 3T0:

* MHcnonb3oBath mnoie Reference nuanoroBoit opmel Edit Frequency Graph nns BbeiOopa
BXOJTHOTO Te€HepaTropa. DTOT OOBEKT MOXKET OBITh OOBIYHBIM, OIHOBBHIBOAHBIM T€HEPATOPOM
i npumutiBoM FREQREF.

*  BpigenuTth U epeTaniuTh 000 aHATIOTOBEIM r'eHepaTop Ha YaCTOTHBIN rpaduk.
* Hcnonp3oBarh nuanoroByto ¢popmy Add Trace nns noGapnenus reaeparopa kak REF.

ITpumute FREQREF mnonesen nns 3agaHus Mozenel, KOTOpblE NPHUBOAAT B JEHCTBHE CXEMY,
HanpuMmep, mozaenu Mukpogpona. OH OyaeT coaepkarh SIBHO Ha3BaHHBIA I€HEpaTop, UCIOIb3yEMbIi
KaK OIOPHBIHA, Torna kak 3(¢ekr oT ocranbHOro B MoAeIM MUKpodoHa (Kak MOAEIMpPOBAHUE
YaCTOTHON XapaKTEpUCTUKN) NOTPeOyeT YTOUHEHHUS.

Bropoit u Tpetmii mpuémbl OyayT wucHoib3oBaTbcs damie. JleificTBue MO mepeTacKUBaHMIO
reHepaTopa Ha YacTOTHBIA rpaduK OTIMYAETCS OT MEpPEeTacKUBaHMs €ro Ha rpaduk MepexoaHoro
nporecca. Bmecto no6aBieHuss mpoOHMKA, FeHEpaTOp HYKEH Kak OIopHas Touka cxembl. HyxeH
reHeparop He cuHycounanbHeii — DC, Pulse u Pwlin, ogHako, Bnonne momoiiayt. Eciu BBl Bee-
TaKd XOTUTE A00aBUTh TI'€HEPATOp Kak MPOOHMK, 3TO BCe €€ MOXKHO CJeslaTh, HCHOJIb3YS
nuanoroByto popmy Add Trace.

AMHHI/ITyI[a OIIOPHOI'0O UCTOYHHKA BCCTa 1 BOJIBT, (ba3a BCCraa 0 rpaaycoB. BHyTpCHHee
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COIIPOTHBIICHHE OIMIOPHOTO IreHepaTopa OyJeT 3aBUCETh OT TOTO, YTO ONPEAEIICHO AJIs TeHepaTopa Ha
MEePBOM MECTE. ITO HCIOIB3yeTCs JIsg pacu€roB peruoden, To ectb, 0dB = 1 wvolt. ISIS
OTpaHMYMBAET OUEHb MajleHbKHe 3HaueHus, uzoeras log(0) orpannuenuem 1o -200dB.

YactoTHeiii Tpaduk Bcerma mMmeeT o0e, JEBYIO W TpaByro, ocH y. JIeBas OCh MCIONB3YeTCs IS
0TOOpaXKeHUsl aMIUIMTY/bl CHTHAJIa, a mpasas Juis oToOpaxeHus (asbl. Eciau Bl meperackuBaeTe
NpOOHUK Ha JIEBYIO CTOPOHY Tpaduka, OyaeT oToOpaxarbcsi aMIUIUTY/a, a €clid Ha MpaBylo, (asa.
Ochb X HCIoIb3yeTcs Ui 0TOOpaXKeHHsl 4acTOThl OMOPHOTO reHeparopa (reference generator). Jlis
0TOOpaXeHHs YacCTOThl BCErAa MCHOIb3yeTcs Jorapumuueckas mkaia. JleBas ock MOXET UMETh
160 dB, nubo oObIUHBIE €IMHUIIBI, a IPaBasi BCer/ia MporpaayupoBaHa B rpajaycax.

Umob6bI nonyyumes YacmomHyro xapakmepucmuky uenu:
1. Pa3mectute NpoOHMKH Ha CXeME B TOUKAX, KOTOPBIE BAC HHTEPECYIOT.
2. Tlomectute rpauk Frequency.

3. JloGaBbTe Ha HEro MNPOOHWKH: I OTOOpPaKCHHS aMIUIUTYAbl K JICBOM CTOpPOHE, IS
otoOpaxxeHus (a3bl K MpaBoil. Bel MoxkeTe 100aBIATh MPOOHHUK JBAXK/IbI, YTOOBI MOTYYHUTH U
dazy, 1 aMIUTATY/TY.

4. Ortpenaktupyiite rpaduk (ykaxure Ha Hero U HaxmuTe CTRLAE), 3aiaiite HadalbHYIO U
KOHEUHYIO 4acToTy, U Bce Tpedyembie Simulation Control Properties.

5. Has BezoBa PROSPICE naxkmute npoGer.

@aitnel pumepoB ZIN.DSN u ZOUT.DSN noka3siBaroT, Kak KOMOMHUPOBATh YaCTOTHBIN TpaduK C
BBIPpAKCHUSIMU KpHBOﬁ AJId TIOJTYYCHUS BXOAHOI'O U BBIXOJHOI'O UMIICAAHCA.

AHAJIN3 PA3BEPTKW HA INTOCTOSIHHOM TOKE

O6G30p

[Tpu ananmmze pa3Béptku Ha mocTtossHHOM Toke (DC Sweep analysis) BbI MOXeTe BHAETH, Kak
M3MEHEHUS LENM CKaxXyTcsl Ha €€ paboTe. DTO BBINOIHAIOTCS C MOMOUIbIO Property Expression
Evaluation cumynaropa PROSPICE. I'padguk pa3BEpTku onpenenser nepeMeHHyro, KoTopas OyaeT
«pa3BEPHYTa» B HECKOJIBKO LIArOB B 3a/1aHHOM I10JIb30BaTeseM aAuamna3zoHe. IlepeMennas pa3BépTku
MOKET MOSIBUTHCSI B CBOMCTBAxX JFOOOTO 3JIEMEHTa CXEMbI, TAKOrO KaK 3HAu€HUE COMpPOTHUBICHUS,
YCHJIEHUE TPaH3UCTOpa WK TEMIIEpaTypa CXEMBbI.

Kpusas DC Sweep nokas3blBaeT ypoBeHb YCTaHOBMBILETOCS COCTOSIHME HaNpsDKEHUs (WM TOKa) B
TOYKaX HaONIONEHUs] Ha CXEeME€ IIpU YBEIMYEHUM TIepeMeHHONW pa3BépTku. OHa MOXKET
WCIIOIb30BaThCs I BBIBOAA IEPEJATOYHOM XAPAaKTEPUCTUKHM LENH HA TOCTOSHHOM TOKE, €CIH
NPUCBOUTH TEPEMEHHYIO KauyaHUs 3HAYEHHWIO TeHeparopa, WM s BbIBoAa d(¢eKTa BIUSHUSL
3HAUEHMsI KOMIIOHEHTA Ha Pa0ovyl0 TOUKY LIEIH.

MeToa BbluMCrieHUA

[Ipu anamuze pa3BépTku Ha moctossHHOM Toke PROSPICE MHorokpatHo ompenensieT padodyio
TOYKY IIeNH, YBEIUYMBas MepeMeHHyI0 KauaHusd Mexnay BbiuucieHusiMu. PROSPICE Oyner
MIEPECYUTHIBATh BCE MEPEMEHHBIE, UCIIOIb3YEMbIE MEXK/1Y IIaraMH, Tak YTO IEpEMEHHAas pa3BEPTKU
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MOJKET HCIIONIB30BAThCs TAaK 4acTO, KaK OTO HY)KHO, a TAK)KE€ MOT'YT UCIIOJIb30BAThC NEPEMEHHBIE,
OCHOBaHHbIE Ha TIepeMeHHOW pa3BEPTKU. JloOble mapaMeTpbl MHUIUMAIU3AIUH CXEMbI OymyT
HPUHATHl BO BHUMAaHUE JJIs1 K&KIO0T0 BBIYHUCIICHUS pabodelt TOUKH.

Ucnonb3oBaHue rpacduka DC Sweep

Kak u npu aHajioroBom aHanan3e MepexoJHbIX MPOIECCOB (CM. « AHAJIOTOBBIN aHAIN3 MEPEXOTHBIX
MIPOIIECCOB»), MOXKHO HCIIOJIb30BaTh JIMOO JIeBYyl0, JMOO mpaByro, aubo ob6e ocu y. Ilo ocm x
OTKJIa/IBIBACTCS TIEpEMEHHasl pa3BEPTKU. BripaxkeHus: KpUBOM, ONMMCAHHBIE JJIs1 AUAJIOTOBON (OpMBI
koMaHbl Add Trace, moryT ucnonb3oBatses u 1t DC sweep. [lpu BeIOOpE KOMMYECTBA IIaroB HE
3a0bIBaiiTe, 4YTO BPEMsI CUMYIISILIUH MPSIMO TPOTIOPLUHOHATBHO BHIOPAHHOMY KOJIMYECTBY LIAaroB.

Ans ebieo0a nepedamoyHol pyHKUUU CXeMbI:

1.
2.

[Tomectute DC generator Ha BXoA€ CXeMbl. 3aJjaliTe €ro 3HaYeHue KaK X.
[TomecTHTe OJTUH WITH HECKOIBKO IPOOHUKOB Ha BBIXOJT CXEMBI.

ITomectute rpaduk DC Sweep u 1o6aBbTe MPOOHUKH HA HETrO — CcM. «J[0OaBIeHNEe KPUBBIX
Ha TpapuK».

Otpenaktupyiite rpadpuk (CTRL+E) u 3amaiite HavyaqibHO€ M KOHEYHOE 3HAYCHHUS B
nmpenenax BXOJHOM pa3BEPTKH, KOTOphIE BaM HYXHBIL. l[IpoBepeTe, 4TO mepeMeHHas
pa3BEéPTKH — 31O X.

Haxxmure npo6en amst BeizoBa PROSPICE.

Ecmu monydeHHble KpUBBIE BBIIVIAIAT HE CBI3aHHO WM YIJIOBATO, KOT/A Bbl YBEIUYHBACTE
rpaduk, yBeIUYbTe KOIUYECTBO I1aroB B quanore Edit DC Sweep Graph.

Umobnl yeudemb aghghekm om anbmepHamMueHbIX 3Ha4eHuUlU uenu:

1.

HO,Z[FOTOBBTC CXEMY, KakK CAcJIain OBl AJI1 aHalln3a IIEPEXOAHBIX IIPOHCECCOB. I[O68.BBT€
HpO6HI/IKI/I H TCHEPATOPLI B MOAXOAAIINX TOYKAX CXCMBI.

OTpenakTupyiTe KOMIIOHEHTBI, BIMSHUE 3HAUEHUI KOTOPBIX Bac MHTEpECyeT. 3ajailTe ux
3HAUYEHHUs, KaK BBIpAXECHMs, colepkamue X, MepeMeHHYI0 pa3BEpTKU. Bbl Moxere
PENAaKTUPOBATh TOJIBKO OAVH UM HECKOJIBKO KOMIIOHEHTOB.

Pasmecture rpapux DC Sweep um no0GaBbTe NPOOHHMKM M TE€HEPATOPhl HA HEM — CM.
«JlobaBneHme KpUBBIX Ha TpaduK».

Otpenaktupyiite rpauk 1 3aaiiTe napaMeTpbl KauaHusl IapaMeTPOB.

Haxwmure npo6en ans BezoBa PROSPICE.
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AHAJIN3 PA3BEPTKW HA NEPEMEHHOM TOKE

O630p
DTOT THUIN aHAJIU3a CO3AAET ceMeMCTBO KpUBBIX AUX 11 pa3HbIX 3HAYCHUM TEPEMEHHON Pa3BEPTKHU.

OCHOBHOE HCIOJIb30BAaHME 3TOr0 TUIA rpaduka — IOCMOTPETh, KAaK 3HAYEHUs OTIENbHBIX
KOMITOHEHTOB BJIMSIOT HAa aMIUIUTY/IHO-4aCTOTHYIO XapakTepucTuKy (AUX) Bariel cXxeMsl.

MeTtoAa BbluncneHus

HpI/I OTOM aHAJIN3€ BBIYUCIICHUA ITPOUCXOOAT, KaK IIPpU O0OBLIYHOM YaCTOTHOM aHaJIM3¢C, UCKIIro4Yas To,
YTO BBITOJIHAIOTCA MHOT'O pa3, 10 OAHOMY pvaéTy JJIA KaX10T0 3HAYCHU A HepeMeHHOfI KadaHHs.

OrpaHndeHre Ha JUHEWHOCTh CXEMBI, MPUCYIIHUE dTOMY aHAIM3Yy, TaKUe K€, KaK U JJII OOBIYHOTO
YacCTOTHOI'O aHajim3a — cM. «HacTOTHBINA aHaJIN3Y.

Ucnonb3oBaHue rpacgukoB AC Sweep

Kak u mpu Frequency ananu3se, yieBas M mpaBasi OCH OTOOpa)kalOT, COOTBETCTBEHHO, YCUJICHUE U
¢azy. Taxxe BXOJHOIN reHepaTop 0JIKEH OBbITh 3aJ1aH, KaK OMOpHas TOYKa JJIs pacuéTa yCUJICHUS.

Umobnbl yeudemb 3aghghekm om anbmepHamMueHbIX napaMmempos Ha 4acmomHou
Xapakmepucmuke:

1. IToaroroBeTe CXEMY, KaK I MPOBEACHUA YaCTOTHOI'O aHAJIU34a.

2. OtpemakTupyiTe HY)KHbIE BaM KOMIIOHEHTHI. 3aJlaliTe UX CBOMCTBA, OOpPAaTUB BHUMAaHUE Ha
TO, YTOOBI BBIPAKEHUS COMEpKaIl X, MEPEMEHHYIO pa3BEPTKU. Bbl MOXKeTe peqakTUPOBAThH
OJIMH WJIM HECKOJIbKO KOMITOHEHTOB.

3. Tlomectute rpadpux AC Sweep u 100aBbTe NPOOHUKN HA HETO — CM. «J{oOaBeHne KpUBbIX
Ha TpaduK».

4. Ecmu Y BaC HET IrCHCPATOPAa HA BXOJAC CXEMBbI, )106aBLTC €ro.

BrigenuTe u neperamuTe reHepaTop, KOTOPbIl Ha BXO/I€ CXeMbl, Ha TpaduK, KaKk ONOPHBIN
reHeparTop.

6. Otpenaxtupyiite rpadpuk (CTRL+E) u 3anaiite mapameTpsl KadaHus. 3ajaiiTe mapamerp
Freq c uaTepecyolei Bac 4acTOTOM.

7. Haxwmure npoden s BeizoBa PROSPICE.
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AHAJIN3 NEPEQATOYHOU KPUBOU HA IMTOCTOSIHHOM TOKE

O630p

Orot Tun rpaduka ObUT CIENUANBHO Pa3padOTaH Uil TIOIYYEHUSI CEMEHCTBAa XapaKTePUCTHIECKUX
KPUBBIX IOJIYIIPOBOJAHUKOBBIX YCTPOMCTB, XOTs IOAYAC OH IIPUMEHUM U K JPYTUM IIPUIOKCHUAM.
Kaxnmast kpuBasi COCTOMT U3 BBIBOAMMBIX HANPSDKEHUH WIM TOKOB paboueil TOUKH, Kak (yHKIHH
YCTaHOBJICHHOTO BXOAHOI'O F'€HepaTopa, KOTOPbIN «kadaeTcs» oT onHoro DC 3HaueHus 1o apyroro.
MosxeT Takke yCTaHaBIMBATHCS AOMOJHUTENbHBIN FreHepaTop JUIsl MOJIy4eHHs Habopa KpPUBbIX.

MeToa BbluMCrieHUA

OH o4YeHB MMOX0XK HAa BEIYUCIICHUS JJIA DC SWCCp aHaJin3a, UCKIII0Yas TO, UYTO MOI'YT «Ka4aTbCsa» [IBa
3HadeHus. Pabouas Touka HaxXoJuTCda IJid HAYAJbHOI'O 3HAYCHHA KaXI0ro réueparopa, a HepBI)IfI
3aTeM IIPOXOAUT II0 MaraM, 3aJaHHBIM B YCTAHOBJICHHOM JOHAIlIa30HC. Ilocne kaxkmoro miara
IEPBOro reacparopa, 3HAUCHUEC BTOPOTo Ir€HEpaTopa yBCINYHUBACTCA,; HOBAA KPpUBAas BBIBOAUTCA IJIA
KaXa0ro OTACIbHOI'O 3HAYCHHA BTOPOI'O I'CHEPATOPA.

Ucnonb3oBaHue nepenatoyHbix (Transfer) rpacpukoB

Kak u mpu aHanmoroBom aHajin3e MEpPEeXOAHbIX MPOLEcCOB (CM. «AHAJIOTOBBIA aHAIM3 MEPEXOTHBIX
IPOIIECCOBY»), MOXET HCHONb30BaThcsad JUOO JseBast, Jubo mpasas, aub0 ob6e ocu y. Och X
MOKa3bIBaeT MEPBYIO NEPEMEHHYIO KauaHus, a OT/eIbHasi KpUBasi pe3yibTaT A KaKJ0ro 3HaYeHHs
BTOpOro TeHepaTopa. BrlpaxkeHuss kpuBoi, ommcaHHble B «JluamoroBas ¢opma xomanasl Add
Trace», MOTYT Tak)ke UCTIOIb30BAThCS TPU HEOOXOTUMOCTH.

ﬂJ’I}I BbIBOJA MEPCAATOUYHBIX KPUBLIX IJI TPAH3UCTOPA:

1. TlocTpoiite cxemy, TOXOXKYIO Ha H300paKEHHYIO HUXKE:

VCE
== Llatue =t

@
|
9]
IB A 01
vaLLE=1mA Q== t = -
4

IB — 3T0 UCTOYHUK TOKa, a VCE — uctounuk HanpspkeHus. /C u3MepsieT TOK KOJUIEKTOopa.

2. Pa3mecrute rpadux Transfer u nod6assre npooHUK /C Ha HETO.
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Vkaxure Ha rpapuk 1 HaxMuTe CTRLAE, uTo6b! OTpegakTupoBaTh €ro.
4. Ilpucsoiite Source 1 uctounuky VCE, a Source 2 uctounuky [B.

3ajaiiTe nuana3oHbl HAPSHKEHUS U TOKa B MIPe/ieNiaX, YyBCTBUTENbHBIX IJIsl TPAH3UCTOpa —
TO ecThb, 0 -> 10V mst VCE n 100uA -> 1mA ans IB.

6. Iloxcrpoiite uncno maroB A /B, AaOMMX 3HAYMMBIE NIPOMEXKYTOUYHbIE pe3yiabTarel. He
3a0bIBaiiTe, YTO OHU JNAAYT HA OJHY KpUBYIO OOJbIle, YEM KOJIMYECTBO IIArOB, MOCKOJIBKY
OJIMH LIar IOApa3yMeBaeT JBa OTAECIbHBIX 3HAYCHUS.

7. 3akpoiite quanorosyto Gopmy u Beioepute OK 15 cumymsiinu rpaduka.

AHAJIN3 LLIYMOB

O630p

Jsuwxok cumynaropa SPICE moxeT MoienupoBarh TEIUIOBOM IIIyM, T€HEPUPYEMBI B PE3UCTOpaXxX U
MOJIyIPOBOAHUKOBBIX KOMIIOHEHTaX. VHIuMBHIyanbHBIA BKJIAJ OT IIYMOB CYMMHPYETCS Ha
IPOOHUKE HANpsDKEHUS B CXeMe JJIs HEKOTOpOoro JaMana3oHa uacToT. HampsbkeHue niymos,
HOpPMAaJIM30BaHHOE KOPHEM KBaIPATHBIM M3 MOJOCHI YaCTOT, MOXKET 3aT€M BBIBOJUTHCS KaK (DYHKITHS
yacToThl. KpuBble rpaguka myMoB Bceria UIMEIOT eqUHULBL V/ \VHz.

Beraucasirorest 1Ba Tnna mymoB — BbIxoaHbIe myMbl (Output Noise) 1 SKBUBaJCHTHBIC BXOIHBIC
mymsl (Equivalent Input Noise). Pacuér mocienHnx Bo3MOXXEH OTHOCHUTENBHO YPOBHS BXOIHOTO
CHTHajla WJIM BXOJIHBIX IIyMOB, IOCKOJIBKY MPEACTAaBISCT YPOBEHb IIYMOB Ha BXOJE, KOTOpBIC
noTpeOyIOT CO37aHUs JIEHCTBUTENBHBIX IIYMOB Ha BBIXOJIE, B3SATHIX C YCHJIGHHEM CXEMBbl Ha
OT/IENIBHBIX YaCTOTAX.

Pa3mermenne npoOHMKa HA JIEBOW OCH OTOOpa)kaeT BBIXOAHOM IIyM, a MPUBEAEHHBIA KO BXOAY IIyM
MOXHO 0TOOpa3UTh, €CJIM MEPETAIUTh MPOOHHUK Ha IPABYIO CTOPOHY I'paduKa.

AHanu3 IIyMOB MMEET TEHICHIIMIO K BBIBOAY KpaiiHe MaJlbIX 3Ha4eHHi (mopsaka HaHOBOJET). [1o
9TOif MPHYMHE eCTh OmIus 0Tobpakenns ux B dB. 0dB orHocuTes k 1V/ VHz.

Koppexmnoe mooenuposanue wymos o0na cxem, ucnonv3yiowux maxkpomooenu IC, He
2apaHmupoB8ano, NOCKOAbKY MU MO0 MO2Ym UCHOTb308AMb  JIUHElHble VIPAeisieMble
UCTMOYHUKU OJ151 MOOEIUPOBAHUSL MOIbKO 6A308020 NOBEOEHUS YCMPOUCMEA.

MeTtoAa BbluncneHus

Pabouas Touka 11enu BeIYUCIAETCS] OOBIYHBIM 00pa30M, a 3aTeM MOZEIb LIeH MOAUDUIIUPYETCS IS
KOPPEKTHOIO CYMMHpOBAHHUsl BKJIAJIOB IIYMOB. Bce reneparopsl, MCKIHOYasl ONOPHBIA BXOIHOW,
UTHOPUPYIOTCA MIPU aHAJIN3€E IIYMOB (MCKJIIOUasi MOMEHT BBIUMCIIEHUS paboueil TOUKH), U X MOXKHO
He ynanate nepeq aHanu3oM. PROSPICE Oyner BBIYMCIATH TEIUIOBOM IIyM /ISl KaX10T0 IPOOHUKA
HamnpsOKEHUsT B CXEME, BKIIOYas TE, 4YTO CBA3aHBl C TIEHEpaTopaMM W 3alMChIBAIOLIMMU
YCTpOICTBaMHM, MOCKOJIBKY HET crocoba y3HaTh, Kakoil IMPOOHMK MHTEpECyeT Bac NpU aHaJIM3e.
[IIymoBbie TokH He momaepxkuBatorcs, mo3romy PROSPICE urHopupyeT Bce TOKOBbIE TTPOOHUKH.
[lpn ananmm3e WmIYMOB MPOU3BOIATCS OTIENbHBIE CUMYJISIIMU JJIsl KaXJAOTO MPOOHWKA, MO3TOMY
BpeMsl CUMYJISALIUH MTPSIMO MPONOPLUOHATIBHO KOJMYECTBY Pa3MEIIEHHBIX TPOOHUKOB HAIPSXKEHHUS.
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Ucnonb3oBaHue rpacpuka wwymoB

[Ipy wucmONB30BaHUM aHANW3a LIYMOB BAaXKHO IOMHHUThH, 4TO 3((EKThl OT BKJIaJa BHEIIHUX
JJIEKTPUYECKUX M MArHUTHBIX [OJIEH HE MOIENHUPYIOTCA. BO MHOTMX CHUTyalusX IIyMBI,
IIPUBHOCHUMBIE Ha BXOJ, MOT'YT IIPEBOCXOUTD IIYMBI, IIPOU3BOIUMBIE CUCTEMOM.

Ecnu BBl pazbuBaere cxemy, UCIONb3ys 3anucH (tapes, cM. «3amucu U pa30HeHue»), Bbl JTOKHBI
OBITh YBEpEHbI, YTO TOJIbKO TeKylas 4acTb yuuTsiBaercss PROSPICE cumynsatopom. Bun myma,
B3SThIM B M30JALMH, BCE €lI€ MOJIE3€H, HO CaMONMCLBI (tapes) AOJKHBI yIaIsAThCs, YTOObI YBUIETh
SKBHUBAJICHTHBIN IIIyM BCEH LIEMH.

B nopsinke onpenenenrs UCTOYHUKA IIyMa B LIEMU OTAENIbHbIE HANPSKEHUS IIyMOB OOABJISIOTCS B
xKypHan cumymsauuu (simulation log). ITo mopsinky paccmarpuBaeTcss KaKIbld MPOOHUK, W IS
Ka)XXI0Or0 KOMIIOHEHTa IOJIy4aeTcs BKJIaa LIyMa. Bkiiajgpl OOCUMTHIBAIOTCS U BBIBOISTCS Kak
KBaJIpaThl 3HAYEHUN. DTOT MPOIECC BBIMOJHAETCS I HayajdbHOM M KOHEYHOM 4acToT. Eciu Bbl
UMeeTe MHOTO MPOOHUKOB, MOXKET OBbITh, JTyUIlle BHIBOJUTH PE3YJIbTUPYIOIINE JAHHBIE.

Y100bI npoBecT aHanun3 WymMoB CXeMbl.

1. Pa3mectute rpaduk Noise U OTpeIaKTUPYUTE €ro, 9ToObI 3a/1aTh HYKHBINA THATIA30H YaCcTOT
Y BXOJHOW ONOpHEIH (reference) reHeparop.

2. JloGaBbTe MPOOHWKK HAMPSDKEHHS HAa BBIXOJABI CXEMBI WM B JPYTrHe WHTEPECYIOIIHE Bac
TOUYKH, U Ha Tpaduk (cM. «/[obaBiieHne KpUBBIX Ha TpaduK»).

Haxxmute npo6en, yto6s! 3amyctuth cumyiasitop PROSPICE.

4. Ecmm ypoBeHb mryma TpeOyeTcs YMEHBIIUTBH, IPOBEPHTE OTUET O CHUMYISIUHU (simulation
log, CTRL+YV), 4T0o0BI ONIpeenTh HCTOYHUK IIyMa.

AHAJIN3 UCKAXXEHUU

O6G30p

Ananu3 uckaxenuit (Distortion analysis) ompenensieT ypoBeHb TapMOHMYECKUX HCKaKEHHH,
MOJy4YaeMbIX B CXE€ME€ MpH TECTUPOBAHHWU. DTO MOTYT ObITh MO0 24, 1100 34 rapMoHHKa
OCHOBHOI'O CUTHaJIa UM UHTEPMOAYJISLIMOHHBIE IPOLYKTHI IBYX TECTOBBIX CUTHAJIOB.

HckaxeHuss CcO31al0TCd  HEIMHEHHOCTSMHM  MEepenaTodyHoM  (YHKIMM CXeMbl —  CXEMBI,
COCTABJICHHBIE TOJIBKO U3 JINHEHHBIX KOMIIOHEHTOB (PE3UCTOPOB, KOHAEHCATOPOB, NHAYKTUBHOCTEH,
JUHEHHBIX YIPABISEMbIX HCTOYHHMKOB) HE OyayT coO3/1aBaTh HCKa)KEHUH. AHaIU3 HCKa)KEHUH
SPICE wmoneneit moapa3yMeBaeT HMCKaXXeHHs Ha JUojax, OunomspHsix Tpansucropos, JFET u
MOSFET.

KOppeKTHOC MOICIUPOBAHUC HCKaKECHUH JJIA ueneﬁ, BKJIIOYarOmux IC MakpO MOZACIIH, HE
rapaHTUPOBAaHO, ITOCKOJIBKY 3TH MOACIIN MOI'YT UCIIOJIB30BATh JINHEWHBIC YHpaBJIsAEMbIC UCTOYHUKHU
AJI1 MOACIIMPOBAHUS TOJIBKO OCHOBHOTO ITOBECACHU A yCTpOfICTBEL

[Toxoxxass mHpopManus MOXeT ObITh IOJdy4yeHa Hpu ucnoib3oBaHuu Pypre anammza (Fourier
analysis), HO Disfortion aHanaM3 TaKke CIOCOOEH IOKa3aThb, KaK MEHSIOTCS HCKAXXEHUs, Korna
OCHOBHAsl 4aCTOTa «Ka4aeTCsI.
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MeToa BbluMCrieHUA

DTOT aHaJIM3 OCHOBAH Ha MaJIOCUTHATBHBIX (AC) MOENsX i yCTPOUCTB B CXEME, TaK YTO MEPBBI
mar — 370 pacuér paboueil Touku. Kaxknas Mozienb HEIMHEHHOTO KOMIIOHEHTA 3aTeM J100aBiser
KOMIUIEKCHBIE 3HAYEHMS] MCKaXCHWM JUIs MOAXOMSAIIMX T'apMOHUK, B 3aBUCUMOCTH OT TOTO, Kak
MHOI'O0 YCTPOMCTB BJIMSIET HAa BXOAHOM OCHOBHOM CHUTHaj. BenuuyuHbBI, KOTOPOU IOCTUTarOT 3TH
TapMOHHUKH, TIOSABIIIFOTCS HA BBIXOJIE€ U ONPEEIAIOT BBIBOANMBIE 3HaueHus. [Iponecc noBropsiercs B
3a/laHHOM JIMaIla30HE BXOAHBIX 4acTOT. PaKTUUECKH, MaTEMAaTUKA 3TOrO aHAJIM3a KpaiiHe CII0KHA U
MOJApa3yMeBaeT KOHCTPYKLMHM W MaHUOYIALUKA C psaaMu  Toisiopa, 4YTOOBl MpeaCcTaBUTh
HEJIMHENHBIE YCTPOUCTBA.

3amMeTbTe, YTO WCIOIB3YIOTCA KOMIUICKCHBIC 3HAYEHHs, TaK YTO aHAINW3 MpPEIOCTaBIsET
UHPOPMALUIO 1 00 aMILTUTYE, U O (a3e KaKIA0H rapMOHUKH.

JU11 0JHOYACTOTHOTO rapMOHUYECKOTO aHAIN3a MCKAKEHUH IMOTy4aroTCcsl 1B€ KpUBbIE HA rpaduke
— o71Ha AJ1s 21 rapMOHMKH, a BTOpas Ajs 3H.

Jns MHTEpMOIYISIMOHHBIX HCKAaXEHUH HCIOJb3YIOTCSl JIBE BXOJHBIE YacTOThl, 3aJaHHbIE B
TePMHUHAX OTHOIIECHUS MeXny 2# wactoroil (F2) u ocHoBHO# (F1). OTOOpaxaroTcss Tpu KpHUBEIE,
MOKa3bIBAIOIIME HHTepMOAYsnoHHbIe apredakter Ha F1+F2, F1-F2 u 2F1-F2.

Hekotoporo BHHMaHusi mnorpeOyer BbIOOp otHomeHus F2/F1, mnockombKy HHaYe MOTYT
0OHapYXHUThCSI MareMaTudeckue crpanHoctd. Hanpumep, ecou F2/F1 paBuo 0.5, To 3Hauenne F1-
F2 paBuo F2, a BoiBoj 3Hauenusi F1-F2 Oyner GeccMbICICHHBIM, MOCKOJIBKY OHO COBIIAJAaeT CO
3HAYEHUEM BTOPOM OCHOBHOM 4YacTOTHL. B 0O0miem, Jydiie OCTaHOBHUTH CBOM BBIOOP ISl 3TOTO
OTHOILICHUS Ha uppanuroHaiabHoM ymcne. Tak F2/F1=49/100 OGyxzer mHoro sydmie. 3aMeTbTe, 4TO
F2/F1 < 1.

MUcnonb3oBaHue rpadmka Distortion

['paduk HMCKaKEHUH TMOKa3bIBA€T AMIUIATYIy TapMOHHMK Ha JieBo ocu M (azy (0OBIYHO MeHee
WHTEPECYIOINIYI0) Ha npaBoi ocu. Tecroas yactora (F1) BRIBOAUTCS Ha OCH X.

st rapmonmndeckoro ananusa (Harmonic Distortion) mpu omHo#t gactore Ha Bxozne (F1) BeBoasTCS
JIB€ KpUBbIE — M0 OJHOM JJ1s1 Ka)K10i cocrasisitoieid, 2F1 u 3F1.

Jnst uHTEepMOIYIILMOHHOTO aHayn3a (1Be BXoAHbIe 4acToThl, F1 u F2) BeIBOAsSTCS TpHU KpHUBBIE,
MmoxaspIBaromue cocrapisronye Ha F1+F2, F1-F2 u 2F1-F2.

B nrobom ciyvae, Kakasi KpHBast €CTh Kakasi, MOXKET ObITh ONpE/IETICHO, €CIIH BBIBECTH KYpCcOp Ha
rpaduk — KpuBas, Ha KOTOPYIO BBl yKa3ajH, OyaeT uAeHTU(UIIUPOBaHA Ha IPABOM CTOPOHE CTPOKHU
COCTOSIHUSL.
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®YPbE AHAJTIN3

O6G30p

®dypre ananmu3 (Fourier Analysis) — 3To mporiecc nmpeoOpa3oBaHus JaHHBIX BPEMEHHOW 00acTH B
YACTOTHYIO, a PE3YJIBTaThl IMOXOXH Ha T€, YTO IMOJNYyYalOTCS TPHU TOAKIIOUEHUHU CIEKTPATBHOTO
aHanmu3aTopa BMecTo ocuwuiorpadga. OH 0COOCHHO TOJe3eH TPU aHalu3e TapMOHHYECKUX
COCTABJISIOIINX CUTHAJIA, BO3MOXHO, TIPH UCCIICIOBAHUH OT/ICIIbHBIX TUIIOB HCKAXKEHUH, HO M UMEET
MHOKECTBO JIPYTUX MPUI0KESHHIH.

MeTtoa BbluncneHus

®dypbe aHaTU3 HAUMHAETCS C BBIMOJHEHUs aHaiIu3a nepexofHsix mporeccoB (Transient), a 3atem
BBINOJIHSAETCS ObICTpoe MpeoOpa3oBaHue Pypbe HajJ NOTYYEHHBIMU JAaHHBIMH. DTOT MPOLECC
BBITMIOJHSIETCSl TUCKPETHBIM IO BPEMEHU BBIOOPOM 00pa3oB W3 JAHHBIX BPEMEHHOH OO0JacTH C
HoceyomuM npuMenenneM kputepust HaiikBucta. [TonoxxuMm npocto, 4To HauBBICIIAs 4acTOTa,
KOTOpasi paccMaTpHUBAETCs, PaBHA IOJIOBHHE BBHIOPAHHOH 4acTOThl. OJHAKO MOTYT OOHAPYKUTHCS
JpyTrue, BBOASIIME B 3201y aeH1e 3P EeKThl IPU HATOKEHUH BHIOPAHHOMN Y4acTOTHI C TApMOHUKAMU
BXOJHOTO CHTHaJIa, KOTOPHIE BBIIIEC ITOJIOBHHBI BBIOPAHHOW YacTOTHL. UTOOBI MUHHMH3HPOBATH
nof00HbIe 3G (GEeKThl, MOXXHO MPUMEHUTh K BXOAHBIM JAaHHBIM DPAa3HOrO TUIA HMHTEPBAJIbI JI0
ObIcTporo npeodpazoBanus Pypbe.

MUcnonb3oBaHue rpacdmkoB Fourier

B nepBoM npuOnmkeHMH BaM HY)KHO NPHUTOTOBUTH Ballly CXEMY, KaK JUIs aHAlIHW3a MEPEeXOAHOTOo
nporuecca, UCKIIoYas TO, YTO BbI JIOJKHBI MCIIOJIb30BaTh rpaduk Fourier BMECTO (MM Takxke Kak!)
rpaduka Analogue.

,qﬂﬂ aHaJsiu3a 4acmomHo20 codepmumoeo CU2HaJ1a:.
1. TIpurortoBbTe CXEMY, KaK JJIsl aHATIU3a MEPEXOIHBIX MTPOIIECCOB.

2. JobGaBwre rpa¢uk Fourier B NMPOEKT W TEpETAIIUTE HA HEro MPOOHUK, COCIUHEHHBINA C
HY>XHBIMH BaM TOYKaMH.

3. BwiGepure HauanpbHOE U KOHEYHOE BpeMs U 3HAYCHHE YaCTOTa/pa3pelieHue
(frequency/resolution), momxoxsiiee s CHUTHajla, KOTOPBIA BBl aHamm3upyere. Ecmm
BO3MOXKHO, BBIOGPUTE BpPEMEHHOW WHTEpBAl M YAaCTOTHOE pa3pellieHHe, KOTOPhIe
COOTBETCTBYIOT OCHOBHOM YaCTOTE aHAJIM3UPYEMOTO CUTHAJIA.

4. Haxwmure npo6en st BeizoBa PROSPICE.

Ecnu Bpems Hayasia M OKOHYaHUS OJUHAKOBBI M JUIsl rpaduKka MEepexoJHOro mporecca, M Uit
rpa¢uka anamuza Pypre, PROSPICE He HyXHO OyaeT MOBTOPSTH CHUMYISILUIO CXEMbI MEXIY
STUMU ABYMs aHanu3amMu. BMecto storo ISIS BemonmHUT TOMBKO OBICTpOE MpeoOpazoBanne Dypre ¢
JTAHHBIMM Ha CYIECTBYIOIIEH BpeMEHHON 00JacTH.
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AY[NO AHAJTIN3

O630p

PROTEUS VSM BkitouaeT psii BO3SMOKHOCTEH, KOTOPBIE ITO3BOJISIIOT BaM YCJIbIIIATh BBIXOJ Ballei
CXeMbl (IIpU HAJMYWHU, KOHEUHO, 3BYKOBOW KapThl!). [ TaBHBINM KOMIIOHEHT 3TOro — rpaduk Audio.
OTO, B OCHOBHOM, TO e, 4T0 WU Tpaduk Analogue, WCKIIO4as TO, YTO TOCIE CUMYIALUU
reaepupyetcs daiin Windows WAV U3 naHHBIX BpeMEHHOM 001aCTH, KOTOPBIA U BOCIIPOU3BOIUTCS
4yepes3 Ballly 3BYKOBYIO KapTy.

®Daiinel WAV MOTYT Tak»Ke SKCIIOPTUPOBATHCA JIJIs1 UCMOJB30BAHUS B APYTUX MPUIOKEHHUIX.

MeTopa BbIUMCNEHUSA

Aynno aHanu3 BBIIOJHSETCS TOYHO TaK e, KaK M aHallu3 MEPEXOAHBIX MPOIIECCOB, UCKIOUas TO,
4TO MOCJIE CUMYIIALIMY JJaHHbIE 3aHOBO 00pabaThIBatOTCs Ha OAHOM U3 cTanaapTHBIX i PC gacToT
muckperuzarmu (11025, 22050 wmu 44100 T'iy), a 3arem 3amuceiBatoTcst B popmar WAV, ncnomnb3yst
cTa"aptHyro ¢yHkuuo Windows, nmpeaHa3HadeHHYO Juid 3Toi nenu. B 3aBepiienue monpaérces
KoMaH/Ia pourpats WAV (haiin Ha Barem aynuo o00pyIoBaHHH.

Ucnonb3oBaHue rpacpuka Audio

B nepBoM nmpuOIMKeHUN BaM HYXHO TIPUTOTOBHTBH CXEMY, KaK JUIsl aHAJIM3a MEPEXOHOTO Mpoliecca,
WCKJTIOYast TO, 9TO BBI JOJDKHBI HCITONIB30BaTh rpaduk Audio BMecto Analogue.

Umo6nb! ycnbiwameb ayouo 8biX00 CXeMbl:
1. IloproroBsre cXemy, KaK JUls aHAJIU3a IEPEXOJHBIX MPOLIECCOB.
2. Jlo6asbre rpaduk Audio B IPOEKT U MepeTaiuTe NPoOHUK € BBIXOAA CXEMbI Ha rpaduk.

3. BriGepure HauanbHOE, KOHEYHOE BpeMsS U BpeMsl I[HMKJIAa JUisi TeHEepalldd CHUTHala
MOXO/ISIICH JIMTEIbHOCTH, HO ¢ MUHUMYMOM aKTyajdbHOW cumyssinuu. Co3gaHue OIHOMN
CEKyH/IbI ayJiro curHana ¢ aHanmu3oMm 1 mc u nukiiom B 1000 pa3 3HauuTenbHO OBICTpEE, YEM
AHaJIU3 CXEMBI VIS LIEJION CEKyHBI.

4. BpiOGepute pasperieHue a8 oOpasla M JIManas3oH, MOAXOSIIUE JJsl €CTECTBEHHOIO
IIPOCIIYIIMBAHUS CUTHAJA.

Hcnonw3ayiite 16-0MTOBOE pa3pelieHne, eciu Bbl He co3naére Oomnpiire (Qailibl u/uiu mpu
HEXBAaTKE IUCKOBOTO TPOCTPAHCTBA.

BonbmmHCTBO 3BYKOBBIX cucTeM PC He paboTaroT ¢ 4acTOTOW NUCKPETH3AIUU OOJbIle, YeM
44.1 xl'm.

5. Haxwmute mpo6en, uyroOsl Be1zBath PROSPICE.

6. Haxmure CTRL-SPACE 115 noBTOpHOTO BOCIIpOU3BEIeHUS 0€3 OBTOPEHUS CUMYJISLIUU.
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MHTEPAKTUBHbIA AHAJIN3

O6G30p

WHTepakTUBHBI  aHANMW3  KOMOWHUpPYET MPEUMYIIECTBA  CHUMYJSILUH, OCHOBaHHOW Ha
MHTEPAKTUBHOCTH M Tpadukax. CUMYISTOpP CTapTyeT B HMHTEPAKTUBHOM PEKUME, a pPe3yIbTaThl
3aIlMCBHIBAIOTCS U OTOOpakaroTcs Ha rpaduke, Kak MPH aHaJIu3e MEPEXOTHBIX MPOIECCOB.

OToT BUJA aHaiM3a OCOOEHHO TOJE3€H NPH TPOBEPKE TOTO, YTO CIYyYWJIOCh NPU MPOBEIECHHH
OT/AEbHBIX ONepalvii B MPOEKTE, U €r0 MOYKHO paccMaTpUBaTh, KAK KOMOMHAIIUIO 3alIOMUHAIOILETO
ocuusutorpada u JIOTHIecKoro aHaaInu3aTopa B OTHOM YCTPOMCTBE.

MeToa BbluMcCrnieHus

Meton BBIUMCIIEHHS UACHTUYEH TOMY, YTO BBIIOJIHSAETCS [UIsl aHAIW3a IEPEXOAHBIX MPOLECCOB B
CMEIIAaHHOM pEXUME, HCKIIoYash TO, YTO CHMYIATOP pabdoTaeT B HWHTEPAKTHBHOM DPEKHME.
CrnenoBaTenpHO, ONEpAalN NEPEKIIOUEHUs, ONEpaly C KJIaBUaTypodl M APYTMMH IPHUBOAAMH B
cxeMme OyayT CKa3bIBaThbCsl Ha pe3yibraTax. Takke cuMyssiius OyneT MpOUCXOJUTh CO CKOPOCTHIO,
omnpenenseMoil napameTpoM Animation Timestep, a He ¢ HanOoJee BO3MOXKHON CKOPOCTBHIO.

* OcreperaiiTech 3axBaTa OYEHb OOJIBIIOrO KOJMYECTBA JaHHbIX. TakKTOBBIA TeHepaTop
mpoiieccopa, padoTaIuii Ha peasbHOM CKOPOCTH, TEHEPUPYET MIULIMOHBI COOBITHIA B
CEKYHJy, a 3To OyJeT 3aHMMaTh MHOTO MeraGaiT, eciau OydeT 3aXBaueHO W OTOOpPa)KeHO Ha
rpaduke — 0COOEHHO, €CIM Bbl POCMATPUBAETE LIMHY JAHHBIX WIN aIpeCHYIO LIIHHY. Bl
MOXETE JIETKO «IOJBECUTb» Bamry cucremy, eciu ISIS 3arpysutr 20 wuiam 30 MoOait
PE3YABTUPYIOLIUX JaHHBIX.

BO3MO)KHO, JIydli€ HUCIOJIb30BaTh B 3TOM ClIy4dac LOgiC Analyser, €CJIn HCT BO3MOXHOCTHU
IMMOJIY4YHTDH Tp€6yeMI>I€ JaHHBIC 3a OTHOCHTCIIbHO KOpOTKI/If/'I nepruoa CUMYJISIIN.

* Kak um c OOBYHON MHTEPAaKTUBHOW CHUMYJSLMEH, MHOroparMeHTapHble CXEMbl HE
NOJIEPKUBAIOTCS, a JIIOOble 3anuchiBarOlIMe OOBEKThI, HE YCTAHOBJIEHHBIE B PEXUM
HOPOUTPHIBaHMSA, Oy/lyT aBTOMATHUECKHU Y/IAJICHbI U3 CXEMBI.

Ucnonb3oBaHue MHTePaKTUBHbIX rpacukoB

OOBIYHBIN ClIeHApH 111 MHTEPAaKTUBHOI'O aHAJIM3a TAaKOB, YTO BBl MPOBEPSETE MPOEKT C IOMOIIIBIO
UHTEPAKTUBHOM CUMYIALMU M HAXOAHWTE, YTO MPOMCXOJUT HEUTO CTPAaHHOE NpPU OOBIYHBIX
YOPaBISIOUMX omnepanusx. B mepBoMm mpuOMMKeHMH BBl MOXKETE MONPOOOBaTH MCIOJIBb30BaTh
BUpPTYyaJbHbIE MHCTPYMEHTBI, YTOOBI YBHJETh, YTO MPOUCXOIMUT, HO B HEKOTOPBIX CIIyyasiX €CTb
HEOOXOAMMOCTb 3aXBaTUTh PE3YIbTaThl AJis rpadrka 1 BHUMATEIbHO UCCIIE0BATh UX.

Umo6bI ebINOTHUMBb UHMeEPaKMUBHbIU aHaslu3:
1. JoGaBbTe MPOOHUKH B HHTEPECYIOLIHE BAC TOUKH.

2. Pa3mecture rpaduk Interactive B cCBOOOMHOW OOJACTH CXEMBI M TIEPETAIUTE HA HETO
NPOOHUK.

3. Otpenaktupyiite rpaduK U BEIOSPUTE TOIXOIAIINE BpEMEHA Havalla i OKOHYAHUS.
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3ametsre, yTo PROSPICE He Oyner 3axBaThIBaTh JaHHBIE OT JaTYMKa JO MOMEHTa CTapTa
— 9TO0 U30aBJISIET OT «TOPb JaHHBIX, KOTOpbIe momyuut [SIS.

4. YcraHoBute I00bIE HHTCPAKTUBHBIC KOMIIOHCHTBI Ha CXCMY B IMOAXOAANICM Ha4YaJIbHOM
COCTOSAHHH.

5. TlpuroToBbTECH K BBINOJIHEHUIO WHTEPAKTUBHBIX OMNEpAlMi M 3aTeéM Ha)KMUTE KIIaBUILY
SPACE (nipo6ein). Bbl JOMKHBI YIOKUTBCS C OMEPAIUSIMHA C AKTUBHBIMU KOMITOHEHTAMH B
POMEXYTOK BPEMEHH, KOTOPBIH 3aau Ha mare 4, eciau 3 GeKT OT 3THX ASHCTBHM JOIKEH
ObITh 3anucaH. Eciu 3TO TpyTHO BBITIOJIHUTH, BBl MOXKETE MO0 YBETMUYUTH BPEMSI OCTAaHOBA,
1100 yBeNUUUTh Mapamerp Iimestep Per Frame (Bpems 11ara Ha Kajp).

LN®POBOU AHAJIN3 COOTBETCTBMS

O6G30p

Anamus cootBeTcTBUsA (conformance analysis) cpaBHHUBaeT OJuH HAOOp peE3yabTaTOB IU(POBOMA
CUMYJSIIUM C APYruM. Vnes B TOM, 4TO MPOEKT, KOTOPHI ObUT paHee MpU3HAH PabO4YUM, MOXKET
OBITH OBICTPO TEPENPOBEPEH MOCIIEe MOAUDUKAIIUKN, C TEM YTOOBI YJOCTOBEPUTHCS B OTCYTCTBHHU
HEXKENaTeNbHBIX CTOPOHHUX 3(P(EKTOB, KaK pe3ylbrata W3MEHEHHH. DTO OOBIYHO OTHOCHUTCS K
NPUIOKEHUSIM Ha OCHOBE MHKDPOKOHTPOJUIEPOB, IJ€ BCE TNPHIOKCHHE MOXKET HYKIAThCS B
nepenpoBepKe Mocie N3MEHEHNH, KOTOpbIe ObUTM BHECEHBI B KOJ| IPOTPAaMMBI.

MeTtoAa BbluncneHus

Mertos BBIUMCIIEHHS] UAEHTHYEH TOMY, YTO BBINOJHSAETCS A LHU(PPOBOrO aHaIN3a MEPEXOIHBIX
IIPOLIECCOB, MCKIOYasi TO, YTO MOTYT 3allOMUHAThCs JiBa HaOopa pe3yibraToB Ha rpaduxe. Mbl
Ha3BaJIM JBa Habopa pe3yabTaToB: MPOBEPSIEMbIE PE3YNbTaThl U OMOPHBIE PE3yJIbTaThI.

CooTBeTcTBHE MM HET — ONPEIENIETCS CPAaBHEHUEM IPOBEPSEMBIX U ONOPHBIX PE3YyIbTaTOB HA
KaXX7IoM (poHTE MepBOil KpuBOil. MBI Ha3Balll 3Ty KPHUBYIO KOHTPOJIBHOW, M OHA OTOOpa)kaeTcs
WHBIM [BETOM, YTOOBI OTJINYATh €€ OT OCTaNbHBIX. OYeHb BaXHO, YTO HET TPEOOBAHMS ISl PPOHTOB
B TECTOBOHM M OMOPHOU KOMHUAX KOHTPOIHUPYEMOU KpUBOH OBITh COBMAAAIOIIMMU MO BPEMEHH. ITO
03HAYaeT, 4TO W3MEHEHUs B aOCOJNIOTHOM BPEMEHU COOBITHII BHYTpU JaHHBIX pE3ylbTaTa, HE
CBUJIETENILCTBYIOT HECOMHEHHO 00 OTCYTCTBHUM COOTBETCTBHUA. OTO OOBIYHO OTHOCUTCS K
NPUIOKEHUSIM C MHKPOKOHTPOJUIEpaMHU, THE JIIoOble M3MEHEHHUs Kojxa OyayT OrpaHHYeHBl BO
BJIMSIHUM Ha a0COJIOTHOE BpeMs COOBITHI BHYTPU CHCTEMBI. B 3THX ciiydasix KOHTpPOJIbHAsI KpHUBast
MOXKET OBITh CTCHEPUpPOBAHA CaMUM KOJIOM Ha BXOJI€ W/WJIU BBIXOJIE B MPOTPAMMHBIC MPOLEAYPHI
IIPU TECTUPOBAHUH.

Ucnonb3oBaHue rpacdukos Conformance

OOBIYHO aHAJIU3 COOTBETCTBMSI MCIOJB3YETCS, KaK 4YacTh CTpPAaTerMM TECTHUPOBaHMS, U 4Yallle BO
BCTPOCHHBIX CHUCTEMHBIX NPHJIOKEHUSAX, XOTS Mbl TaKXkKe MCIIOIb3yeM MX B Hamed ¢upme s
TECTUPOBAaHUS HAIIUX Mojenel cumynsatopoB. Ha mpocrom mpumepe Huke OyJeT MOKa3aHo, Kak
ucnosb3oBarh rpapuk Conformance aasi TECTUPOBAHUSA ONEpALii MOHOCTAOMIBHOTO 555.
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[TpoBepsiemass cxema coctout 3 Ul, R1 u C2, xoTtopsie COEOMHEHBI B KIACCHUYECKYIO CXEMY
MOHOCTaOUIBHOrO 555.

Cxema 3amyckaercs B | McC IM(POBBIM HMMITYyJIbCHBIM TI'€HEPATOPOM, M BBIXOJHOE HalpsHKEHUE
oTtoOpaxkaeTcs Ha TpaduKe aHAIIOTOBOTO aHaHu3a. YTOOBI MPOBEPUTH KOPPEKTHOCTH paOOTHI CXEMBI,
ObL10 OBl IPABUIIBHO YCTAHOBUTD CIEAYIONINE (DAKThI:

*  YT0 BBIXOIHOW CHUTHAJI B HU3KOM COCTOSIHUM JI0 MPUX0JA YIIPABJISIOIIEr0 UMITYJIbCA.

* UYto BBIXOJHOW CHUTHAJI TMEPEXOJUT B BBICOKOE COCTOSHHE BCKOpPE IOCJIE Tepexona
YIIPABISIOLIErO CUTHAJIa B HU3KOE COCTOSIHUE.

* Uro BI:;IXOI[HOfI CUTHAJI OCTA€TCS B BBICOKOM COCTOsIHHMHM, Korja ynpaBHSII-OHII/II\/’I CHUT'Hall
CTaHOBUTCA BBICOKHUM.

*  YT0 BBIXOJHOM CUTHAJI OCTAETCS B BBLICOKOM COCTOSIHMH Ha BpPEMA OKOJIO 1.5 mc.
*  YT0 BRIXOJHOM CHTHAII NMEPEXOINUT B HU3KOC COCTOAHUEC IMOCJIE STOIr0 MHTEPBaJia BDEMCHH.

YroObl MOXY4YUTH 3TO, UcTIONb3ys Tpaduk Conformance, HaM HYXKHO OTOOpaTh BBIXO/HBIEC JaHHBIE
OKOJIO KaXkJIoro (hpoHTa Mepexoja CUrHajla yNpaBieHUs, a TaKKe C JH0OOW CTOPOHBI BBIXOJHOTO
curHana. Mpl MOXEM OIpPEIeNuTh JOMYCK JUIs BPEMEHHM 3aJEp’KKU OIHOBHOpaTOpa, BHIOMpas
MIPOMEXYTOK MEXKIY MOCIETHUMH JIByMsI TOYKaMU TPOOBHI.

910 OJIy4acTCd, CCJIN UCIIOJIB30BATh MMOCICAOBATCIILHOCTDL UMITYJILCOB I.[H(prBOI‘O reHeparopa,
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BBIXO/I KOoTOporo komoOuuupyercsi ¢ BeHTwieM WJIM. HlupuHa Kakaoro MMIIyJabca TeHeparopa
oTpezieNisieT BpPEMEHHOM JIOMYCK JJIsl KaXJI0ro OKujaemMoro coonitusi. Hampumep, Tpetuii uMiysabsc
reHeparopa 3aJaéT nepexiodeHne Mexay 2.4 mMc u 2.6 mc, naBas gonyck B +/- 100us Ha mupuny
0’KUJAEMOT'0 BBIXOIHOTO UMITYJIbCA.

3aMeThTe, YTO BBl JIOJDKHBI HMCIIONB30BATh IU(POBON I'eHEpATOp WM T'€HEpaTop INAOIOHOB IS
YIPABISIIONIEr0 CUTHAJA; UCIOJIB30BaHUE ITPOCTOrO TAKTOBOIO T'€HEPaTopa MPUBENET K IIPOBEPKE B
perynspHble BpPEMEHHbIE WHTEpBaJbl, KOTOpbIE, (DaKTHUECKH, OyIyT IOCTAaTOYHBI AJSI MHOTHUX
MIPUIIOKEHUM.

B ocHOBHOM npoucaypa MOXET OBITh CyMMUpPOBaHa CJICAYIOIIUM 06p2130M.

Umo6bI nodcomosums aHaslu3 coomeemcmaeusi:
1. PemmTe, 4TO BBl XOTUTE MPOBEPUTH U B KAKOE BPEMSI.

2. IloctpoiiTe TECTOBYIO CX€My, KOTOpas T'€HEPUPYET BBIXOAHOM CHUTHaJI, KOTOPBIA BbI
IIPOBEPSIETE U YIPABIIAIOIUN CUTHAJ, MEHSIOIIANA COCTOSHUE KaXIbIM pa3, KOTAa Bbl XOTUTE
HOATBEPAUTH PE3YJIbTATHI.

3. Tomecrute rpadhuk Conformance M IOATOTOBBTE €r0 TOYHO TaK, KaK BBl CAeNaNd OBl JUIs
U(POBOr0 aHajIM3a, yAOCTOBEPUBIINCH, YTO KOHTPOJIbHAS KpHUBas HAXOAWUTCS B BepXHEH
yacTu rpaduka.

4. 3amycTUTe CHUMYJSLUIO U IPOBEPHTE, YTO PE3YNIbTAThl TAKOBBI, KaK OXHMJIAJIOCh, U YTO
nepexobl Ha KOHTPOJIbHOM KpUBOM OOHApYKHMBAIOTCSA B T€ MOMEHTBI, KOI/Ia Bbl XOTENU OBl
IIPOBEPUTH PE3YJIbTATHI.

5. Otpenaktupyiite rpaduk Conformance m Haxmute KHONKY Store Results (coxpaHutb
pe3ynbTaThl). DTO CAENaeT TeKyIlue 0ToOpa)kaeMble pe3ysbTaThl OOPHBIMH PE3yJIbTaTaMH.
3areM 3TO OTOOPA3UTCS MPUDIYIIEHHBIM IIBETOM M Irpaduk OyeT CpaBHUBATHCS C JTIOOBIMHU
HOBBIMH PE3YyJIbTaTaMH, KOTZIa OH GYZ[CT 3aHOBO CUMYJIMPOBAH.

6. CoxpaHuTe MMPOEKT — TEMEPh OH MPUTOJICH IS IIeJIel TPOBEPKHU B OYIyIIIEM.

Tenepb naBaiiTe MPEANONOKUM, YTO M3-32 HEXBATKM KOMIIOHEHTOB, 3HaueHHs R1 u C2 noKHBI
ObITh M3MeHeHbI. Ecin Mbl crienmaem C2 paHoit 100nf, To moxkem iu B3sTh R1 paBabiM 15k, u Oymer
JIM TIPOEKT ené paboTaTh ¢ Tako# crieruduKanuei?

Pe?;y.]'IBTaTBI OTOI'0 3KCIICPUMCEHTA IMOKa3aHbl HHUXKEC!
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CONFORMANCE ANALYSIS

OtBer — HeT. BbIXOmHONM UMITYIBC TETeph CTaNl CIHUIIKOM KOPOTKUM, U B OTUETE CUMYIALUU IS
rpadrKa MosIBIISIETCS CIEAYoIas HH(OpMAaITus:

Comparing Results...

Data mismatch at time 2.40m in trace 'Output'.
Data signatures were 'L' and 'H',

Conformance analysis FAILED.

3amMeThTe, YTO Kypcop Ha rpaduke B O3ULUHN BPEMEHU NIEPBOM pa3HUIIbI, TO €CThb, 2.4 MC.

EcTb QaxTruecku Tpu MyTH 3amycka aHajan3a COOTBETCTBHUS:

HoBoil cumymsimuedt rpaduka OOBIYHBIM 00pa3oM, TO €CTh, Ha)KaTMeM Ha MpoOen WiIn
WCIIONIb30BaHUEM KoMaH bl Simulate Graph w3 pasaena Graph.

Hcnonb3oBanrem komauabl Conformance Analysis w3 paznena Graph OCHOBHOTO MEHIO.
DTO 3aHOBO CHUMYIHUPYET BC€ TpadUKd COOTBETCTBUS B MPOEKTE M COOOMIUT O JIFOOBIX
omuoOKax.

TonbKO I ONBITHBIX MOJIB30BATENEN — MOYKHO MCIIOIb30BATh KOMAaHIHYIO CTPOKY. BBOJ

ISIS <filename> /V
BBIMOJIHUT IVI00AJIbHBIN aHaIW3 COOTBETCTBHUS, Kak Bbime. Eciu kakoif-ro u3 rpadukos
CTaHeT MpUYMHOM oTKaza, ISIS ycranoBuT ypoBeHb ommOku 1. DTO MO3BOISIET

HCIIOJB30BATh ITAKCTHBIC (I)aﬁnm I aBTOMAaTHYCCKOI'O BBIIIOJITHCHHUA MHOXCCTBCHHBIX
TECTOB.
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PABOYAST TOYKA HA ITOCTOSAAHHOM TOKE

Oto equHcTBeHHBIN TUN ananuza (DC OPERATING POINT), nist KOTOPOTO HET COOTBETCTBYIOILIETO
rpajuxa. Tem He MeHee, BBIYUCICHHYIO HH(OPMAILMIO MOXHO YBHJIETh, UCIOIB3ysd HHTepQeiic
«point and shoot, mpunenscs u crpensii» B ISIS.

Baxxno moHnmare, 4to pabouas Todka Beraucisercs s rpaduka Toka (Current Graph), n 94To Ha
cXeme J0JDKeH ObITh rpaduk ans pacuéra padoueit Touku. OCHOBaHMEM JUIS ATOTO CIYXHT TO, YTO
0e3 rpaduka y cHCTEMbl HET TOHUMaHHS, KaKue YaCTH CXEMBI CIIEIyeT CUMYIUpoBaTh. BrobaBok,
(byHKIMOHATBHAS 3aBUCUMOCTE OT Property Expression Evaluation (ouieHKa BBIpaXXCHU CBOHCTB) U
BO3MO)KHOCTH 3a/IaTh CBOMCTBa Ha rpaduke O3HAYAET, YTO AKTyaJlbHbIC 3HAUCHHS KOMIIOHCHTOB
MOTYT 3aBUCETh OT TOT0, KAKOW UCIIONIB3YETCs TpaduK.

Umob6bi yeudemsb 3HavYeHusi paboyvelli moYku:

1.
2.

HaCTpOﬁTe CXEMY Kak JIs aHalin3a IMEPEXOJHBIX ITPOLECCOB.

Jo6aBere rpaduk Ha cxeMy H J00aBbTE MPOOHMKM W TEHEpaTopbl Ha HEro,
COOTBETCTBYIOIINE CEKIUSIM CXEMBI, KOTOPBIE BBl XOTUTE CUMYIHPOBATh.

Cumynupyiite pabouyto Touky, HakaB ALT+SPACE. [IpoOHUKYN HANIPsDKEHUS U TOKA OyIayT
0TOOpakaTh MX 3HaYEHHs padoueii TOUKHM Ha MOCTOSTHHOM TOKE HEMEIJICHHO.

IénkuuTte o ukouke Multimeter.

VkakuTe Ha JII000I KOMITOHEHT M HIETKHHUTE JIEBOW KJIABHIIECH MBIIIKH, YTOOBI YBHJECTH €0
UHOPMAIUIO 0 pabodeii TouKe.

[Tapa 3ameuaHnwmii:

MOKHO BBIYHCIIATH pab04yI0 TOUKY Oe3 rpaduka. B 3ToM ciiydae BBITONHICTCS CHMYIISIIHS
BCEH CXEMbl, KaK €IMHOW CEKIIMH — TO €CTh, HE3aBHCHUMO OT JIOOBIX IPOOHHUKOB,
rEeHEPaTOPOB MJIM CAMOIIUCIIEB. JTO MOXET OKOHYUTHCS HEyHayel, €Clu €CTh OObEKThI, HE
UMEIOIINE MOJEIIEHN.

KoMTIOHEHTBI, KOTOpble (PaKTHYECKU SBISIFOTCS POAUTEIBCKUMU JUIS TTOJICXEM, HITH KOTOpBIE
monemupyrores ¢daiimamu MDF unmu SPICE, OynyT oToOpaxarh TOJNBKO HH(pOpPMAIHIO O
0a30BBIX pabOYUX TOYKAX, TO €CTh, Y3JIOBBIC HAMIPSKCHHS.
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FTEHEPATOPbI U MPOBHUKH

FEHEPATOPbI

O6G30p

['eHeparop — 3T0 OOBEKT, KOTOPHIN MOXKET OBITH YCTAHOBJICH, YTOOBI AaTh CUTHAJ B TOW TOYKE, K
KOTOpOM OH MOAKIIOYEH. ECTh MHOXKECTBO THUIIOB T€HEPATOPOB, KAKIBIA M3 KOTOPHIX T€HEPUPYET
Pa3HOTO pojia CUTHAJbI:

DC — UCTOYHHK ITOCTOSTHHOT'O HAIIPsAKCHUS.

Sine — reHeparop CMHYCOMJAJIBHOIO HANPSKEHUS C YIPABIAEMbIMH aMIUIUTYION, 4aCTOTOM
u ¢azoil.

Pulse — ananoroBblii UMIYJILCHBIN T'€HEPATOP C YNPaBIAEMBbIMU aMIUIUTYOU, IEPUOJIOM U
BpPEMEHEM HapacTaloIIEro U ClaJalouiero ppoHToB.

Exp — SKCIIOHEHIIMANIbHBIN WMITYJIbCHBIM T€HEPATOpP; MPOU3BOAUT HMITYJIBChI TaKOTO K€
BUJa, kakoi umeroT RC nienu npu 3apsine/paspsije.

SFFM — 4acTOTHOMOAYJIMPOBAaHHBIN OAHOYACTOTHBIN I€HEpaTop — IMPOU3BOAUT CUTHA,
OIIpEAEIAEMBbI YaCTOTHON MOAYJIALIMEN OMHOIO CUHYCOMIAIIBHOTO CUTHAJIA JPYTHUM.

Pwlin — renepatop KyCOYHO JHHEWHBIX CHUTHAJIOB; JUIS CO3JaHUS UMITYJIbCOB U CHUTHAJIOB
MIPOU3BOJIBHOU (DOPMBI.

File — xak u Boie, HO qanublie 6epyTcst u3 ASCII ¢aiina.

Audio — wncnonb3ytorcs Windows WAV daiiner 111 BXOIHBIX curHanoB. OcoOblii MHTEpEC
npencTaBasier KoMOuHaims ¢ rpadukoM Audio, TOCKONBKY Bbl MOXKETE MPOCIYIIATh
MOJIYYCHHBIN OT Ballieil cXxeMbl 3PEKT Ha aylnuO BBIXOE KOMIIbIOTEpA.

DState — yCcTaHOBUBIIUICS JTOTUYECKUA YPOBEHb.

DEdge — enMHCTBEHHBIN TOTUYECKOTO YPOBHSI TEPEXO UITU (PPOHT.
DPulse — enuHCTBEHHBIH TU(PPOBON TAKTOBBIA UMITYJIBC.

DClock — tnpoBo# TAaKTOBBIN CHTHAII.

DPattern — MMPOU3BOJIbHAS IMOCICAOBATCIIbBHOCTD JIOTUYCCKUX ypOBHefI.

[lepBble BOCEMBb THIIOB TE€HEPATOPOB MPEAIONATalOTCS OBITh AHAJIOTOBBHIMHU KOMIIOHEHTaMH, U
cumynupytores sapom SPICE cumynstopa, Toraa Kak OCTaldbHbIE OTHOCSATCS K MU(PPOBBIM LIETISIM U
nonaepxxkuBatorcs DSIM.
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Pa3melneHune reHepaTopoB

Ymo6bI pasamecmums 2eHepamop:

1. Tlomy4wTe CHUCOK TUIIOB T€HEPATOPOB, BHIOpaB WKOHKY Generator Mode. CUCOK THIIOB
reHepaTopoB 0TOOpaKaETCs B OKHe 8b100pd.

2. BeiOepute THI TeHEpaTOpa, KOTOPBIM Bbl XOTUTE IOMECTUTH, B OKHE BbIOOpa. ISIS mokaxer
BUJI TEHEPATOPA B OKHE NpoCcMompa.

3. Hcnonb3yiiTe HKOHKH TTOBOpoTa U oTpaxkeHus (Rotation u Mirror), 4To0Obl puaaTh HY)KHOE
HIOJIOKEHUE T'eHEepaTopa, Kak CYNTaeTe YJOOHBIM.

4. IlepeMecTuTe MBILIKY B OKHO pe0aKkmupo8anusi, N IETKHUTE JIEBOM KJIABUIICH B HYXHOM
BaM MECTE.

Bl MoxeTe pa3MecTUTh reHepaTop HEMOCPEACTBEHHO Ha CYIIECTBYIOIIEM IMPOBOJIE, PACIIOIOKHUB
€ro Tak, 4YTOOBl €ro TOYKa COENMHEHHS Kacajach NpoBOaa. B KauecTBe albTepHATUBBI —
pa3MeInIeHne HECKOJIIBKIX TeHepaTOPOB Ha CBOOOIHOM MECTE C MOCIEAYIOIMNUM UX COSIUHEHUEM CO
CXEMOM.

Korna renepatop pa3memniéH 6e3 COeIUHEHUS ¢ CYHISCTBYIOIIMMHU MPOBOAAMH, OH UMEET UMS II0
YMOJYaHUIO CO 3HAYKoM Bompoca (?), 4yToObl MoOKa3aTh, YTO OH He oTMedeH. Korma reHeparop
COEIMHEH C CEThI0 (BO3MOXHO, KOTJIa pa3MEIEH Ha HEM, €Clii MOMEUIAeTCsl HEMOCPEACTBEHHO Ha
CYILIECTBYIOIIUNA MPOBOJ), OH MOJIy4aeT UMs dTOW CETH, UJIH, €CIIM CEeTh cama He IMOMEUEHa, CChUIKY
Ha KOMIIOHEHT M WM BBIBOJIa IEpPBOrO, 4YTO COeAMHEH C cerhlo. Mmsi reneparopa Oyxer
ABTOMATHYECKH OOHOBJISATHCSA, KOTJIa OH OTCOCAMHSACTCS WIIM KOTJa TIePETACKUBACTCS OT OJHOM CETH
K Apyroi. Bel mMoxere 3ajarh Balle COOCTBEHHOE HMsI T€HEpaTopy, OTPENaKTUPOBAaB OOBEKT, B
MOCJICTHEM CITydae UMsl IPUHAJJICKHUT TOJIBKO €My M HE OOHOBJISICTCS.

[l CwMm. «MMmeHa ceteil» B pykoBoactse K [SIS, rne pacckasaHo o ceTsix U UX HAMMEHOBAHUH.

PepaktnpoBaHue reHepaTopoB

JIroboi reHepaTop MOXKHO OTPENAKTHPOBaTh, HCIOJIB3Yys OJHY M3 OCHOBHBIX TEXHMK
penaktupoBanus ISIS, camas mpocras U3 KOTOPHIX — IIEIKHYTH NMPaBOM KIJIABUIIEH MBIIIKH I10
00BbEKTy M BbIOpATh U3 BBINAAAIOLIET0 MeHIO Edit Properties, Wiin yka3aTb Ha T€HEpaToOp M HaXKaTb
CTRL+E.

Huanoroas ¢opma Edit Generator mpeyraraer psiai oOmMX TOJIEH, a 3aTeM JajdbHEWIui Habop
TOJIeH, KOTOPBII MEHSIETCS COTJIACHO TUITYy reHepaTopa. OOIIHe oSl ONMMCAHbI HIKE:

Name Nms reneparopa.

Bbl MoXkeTe U3MEHUTh NMs TEHEpAToOpa, BIIMCAB HOBOE B 1ojie Name. Korna Bbl
MEHsieTe UMs reHepaTopa BpyuHyto, ISIS HuKorna He U3MEHUT ero, Jaxke eciu
BbI [IEPEMECTUTE FEHEPATOP K HOBOM LIETIN.

Ecnu BaM ynoOHee BepHYTbCS K aBTOMAaTHUYE€CKOMY HAaUMEHOBAHHUIO, OUUCTHUTE
9TO MM, OCTaBUB CTPOKY IIycTOH, HaxaB onuH pa3 ESC, a 3arem wménkHys
OK.
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Type

Current Source

Isolate Before

Manual Edits

Tun reneparopa. Bel MokeTe M3MEHUTH TUIl TeHeparopa (OT pa3MelEHHOro
THUIA), BEIOpaB KHOMKY ISl HOBOTO TpeOyeMOoro THUIIA.

910 YHOpaBJICHUC ONPEACIACTCA CICHHUAJIBHBIM IMOJIEM TCHEpATOpa, KOTOPOC
OTO6pa)KaCTC${ Ha HpaBOﬁ CTOPOHEC quajiora.

3a uckmoyenneM DIGITAL reneparopa Bce OCTalbHBIE THITBI CIHOCOOHBI
OllepUpoOBaTh JMOO C HMCTOUYHUKOM HANpsKEHUs, JM00 ¢ MCTOYHHUKOM TOKa.
VYeraHoBKa nocieHero (raxka mpeBpariaeT reHepaTop B UCTOYHUK TOKA.

OT1OT (naxkok ympasinseT, OyIeT WM HEeT TeHepaTrop pa3MelIiéH B CepeauHe
mpoBoza, oOpa3yss oOpbIB MPOBOAA, K KOTOPOMY OH MOAKIIOYEH, U30IUPYS
CETb, OTXOSIYIO OT TE€HEPATOpa, OT CETH 3a TEHEPATOPOM.

VYcraHoBKa (bnaxq(a HE€ CKa3bpIBa€TCd Ha TICHEpPATopE, COCIMHEHHOM
HCIMOCPECACTBCHHO C IPOBOAOM CCTHU U3 CAMHCTBCHHOT'O IIPOBOAA.

Korma (maxok ycraHOBIEH, CBOHCTBa TeHEpaTopa OTOOpaXKaroTCs Kak
TEKCTOBBIA CIIMCOK CBOMCTB. DTO HOAJEPKHUBAECTCS BPYUHYIO Ul 0OpaTHOH
COBMECTHMOCTH C TMPEIbIIYUIMMUA BEPCHUSAMHU HporpaMmMbl. OIHAKO ONBITHBIE
[I0JIb30BaTENIM  MOTYT HCIOJNb30BaTh BBIPAXKEHUS CBOICTB B CBOWCTBax
reHepaTopa, a 3TO BO3MOXKHO TOJIBKO B PYYHOM PEKUME PeIaKTHPOBAHUSI.

I'eHepaTopbl NMOCTOAHHOIO TOKa

DC generator UCHOJIB3YETCS JUISI T€HEpauu MOCTOSHHOIO YPOBHSA aHAJIOTrOBOI'O HAIPSDKEHUS WA
TOKa. FeHepaTop NMECT CIMHCTBCHHOC CBOﬁCTBO, KOTOpOC 3aJ1a€T BBIXOJHOM YPOBCHbB.

FeHepaTop cuHyca

Sine generator MCNONB3yeTCA Uil CO3[AaHUS HENPEPBIBHOTO CHUHYCOWJAIBHOTO CUTHAJIA OJHOU
qyacToThl. HekoTopble mapaMeTpbl MOT'YT HaCTPanBaThCs:

*  BrIxomHOUM ypOBeHb 3a7a€TCsl Kak MUKoBas aMIuinTyna (V4) ¢ JOTOMHUTENBHON TTOCTOSTHHON
cocrapistromieit (V0). AMIUIMTYla MOXKET TaKKe 3aJaBaThCsi B TEPMHUHAX JEHCTBYIOIIETO
(RMS) nnm ot niuka 10 muKa 3HaYCHH.

* Yacrora re”Hepanuu MoxeT 3amaBarbcsi B I (FREQ) wmm kak nepuon (PER), niu B
TEPMHHAX YMCIIa IUKIJIOB Ha BCeM rpaduke.

e ®Da30BbIN CABUT MOXET 3a7aBaThCs MO0 B rpanycax (PHASE), nnbo BpeMEHHOU 3a/IepKKOU
(TD). B nocnenneM ciyuyae reHepalusi He HAYHETCS paHbIIIe 3aJaHHOTO BPEMEHH.

*  DKCINOHEHIMAIBHBIA CHajJ KPUBOW IMOCIE CTapTa OCIMLIIHMU 3amaércs koddduimeHTom
3aryxanusa THETA.

MaremaTnuecky BBIXOJ 3a1aETCH:
V = VO + VAe —( t —TD) THETA sin( 2nFREQ(t + TD))

s t >=TD. Jlna t < TD Beixom — nmpocto nocrosiaHas coctasisitomas (DC offset) VO.
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MMnynbCHbLIN reHepaTop

Pulse generator ucnonb3yercs AJsl MOTYYEHHUS Pa3HBIX MMOBTOPSIOIIMXCS BXOAHBIX CUTHAJIOB IS
AQHAJIOTOBOTO aHAIW3a. MOTYT OBITh 3a/laHbl MPSIMOYTOJBbHBIC, MUIOO00Pa3HbIE W TPEYTOJbHBIC
UMIYJIbChl, PABHO KaK U €IMHUYHBIE KOPOTKHE HMIYJIbCH. 3aMEThTe, YTO BpeMeHa MoabEéMa U
crazia He MOTYT OBITh HYJIEBBIMH, TaK YTO PEATHLHO MPSIMOYTOJIbHBIC UMITYIbCHI HE TI03BOIUTEIBHBI.
[IprurHa 3TOrO0 B TOM, YTO MTHOBEHHBIE U3MEHEHHUSI B OCHOBHOM He no3BosuTesbHbl B PROSPICE.
Onepanuy ¢ UMIYJIBCHBIM T€HEPATOPOM JIYUILE ONUCHIBAIOTCS CIEAYIOLIEH TuarpaMMoii:

V2!

V1; ! i i Y
' "TR® PW 'TF'
te— TD —>'< PER >
rae
PER Ilepuon curnana. Ecinu He 3aznaH, To ucnons3yercs FREQ.
FREQ Yactora curnama. OHa mnpenomnpeneseHa s OJHOTO TepHoAa aHaimu3a
IIEPEXOHOIO Ipolecca.
A\ 3HaYeHHEe HU3KOTO YPOBHS BBIXOJHOTO CUTHAJIA.
V2 Bricokuii ypoBeHb BBIXO/IA.
PW Bpems 3a KoTopoe BbIX0J CTAaHOBUTCA V2 B KaXJI0OM LIMKJIE. DTO HE BKIIIOYAET
TR u TF.
TR Bpewmst nepennero ¢pponta — Bpems mexay LOW u HIGH B kaxaom mukie.
DTo npegonpeneseHo KakIns.
TF Bpewms 3agnero ¢pponta — Bpems mexay HIGH u LOW B kaxaoM nukie.
[Ipenonpeneneno kak TR.
D Bpewms 3anepxku. Beixon reneparopa crapryet npu V1 u Oyner ocraBaThest

Ha 3TOM ypoBHe B TeueHue TD cexyHn.

AKcnoHeHUManbHbIe reHepaTopbI

Exp generator npou3BOIUT CUTHAJBI NOXOkue Ha 3apsia U paspsa RC nenu. ITapamerps! sydine
BCEr0 OMMCHIBAIOTCS AUArpaMMOMN HHXKE.
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V2 o L

V1
:-(—TDI—): TAUI: :TAUZ:
€ 1D2 > !

A€ mapaMeTphl 3TO:

Vi1
V2
TD1
TAU1

TD2
TAU2

3HAYCHHUE HU3KOTO YPOBHS BBIXOJHOTO CUTHAJIA.
BbIcoknii ypOBEHb BBIXOA.
HavansHoe Bpems momgbEéMa cUrHasia.

[ToctosiHHas BpeMeHM NoabEMa CHUrHajla. DTO BpeMs, 3a KOTOpOE HalpshKEeHHE
yBennuuBaeTcs npuMepHo A0 0.63 3HaueHUs MOJIHOTO MMOTEHIKAA.

HavansHoe Bpems criazia curnana. 3aMmersre, uTo TD2 oTCUnThIBAETCS OT HYJIS.

IlocrossHHas BpCMCHHU Cllaa CUTrHaJia.

MareMaTU4eCKU CUTHAII ONMCHIBACTCS Ha TpéX HHTCpBaJIax:

0w TD1 V1

~(t-TD1)
TDITD2  VI+(V2-VI)| 1—¢ ™01

~(t-TD1)

—(t-TD2)
TD2 to TSTOP V1+(V2_V1) |—e TUI +(v1_v2){1_€ TAU 2 ]

I'eHepaTopbl YaCTOTHO MO,D,e.ﬂVIpOBaHHOﬁ 4acToThbl

SFFM generator npOW3BOIUT CUTHAJ, KOTOPBIM MPEACTABISAET PE3yabTaT YACTOTHOM MOIYJSLIAA
OJIHOW CHHYCOMJIOW JIpyror. MareMaTuuecKku 3TO IPeICTaBIEHO TaK:

V = VO +VAsin(2xFCt + MDI sin( 2nFSt)

i€ TapamMeTphl CIAeAyIOIINe

VO [Mocrostrnas cocrassitontast (DC offset) HanpspxeHMs.
VA AMIuIMTyAa HECYyUIEH.

FC YacroTa HEeCcylIen.

FS YacrtoTa curnana.

MDI | Unaekc MOgyasiium.
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FeHepaToOpbl KYyCOYHO-NIMHENHbIX hOpPM CUrHana

Piece-wise Linear generator WCHONB3yeTCA Uil CO3JaHUS AHAJIOTOBBIX CUTHAJIOB, KOTOPBIE
CIWIIKOM CJIOXKHBI JJISI HMMITYJbCHOTO TE€HepaTopa WM [JIi BOCHPOU3BOACTBA H3MEPEHHBIX
CUTHAJIOB. BBIXOJHON CHTHAJ ONMCHIBAIOT, MCMOJIb3Yys Mapbl 3HAUCHUHN 11 BPEMEHU U BBIXOAHOMN
aMIUTATYZIbl. BBIXO TeHepaTopa B MPOMEXYTKaX BPEMEHU 3aT€M JIMHEHHO UHTEPIIOIUPYETCS.

Juanorosas ¢popma reHepatopa KyCOUHO-THHEHHBIX (JOPM COCTOHT U3 rpauuecKkoro peaakTopa Ha
KOTOPOM BBl MOXKETE I1€PETaCKUBATh TOUKH JaHHBIX. Ollepalui MOKHO CYMMHUPOBATH TaK:

® ]_ueﬂ‘-IKOM JIEBO# KJIABUIIIM MBIIIKHY ITOMECTHUTE HOBYIO TOYKY JJaHHBIX.
*  UYtoOnl MNEPEMECTUTH TOYKY AAHHBIX, IICPCTALUTC eé, HCIIOJIB3Ys JICBYIO KJIABUIITY MBIIIKH.
*  Yrto0HI YAQJINUTb TOYKY JaHHBIX H_Ié.]'IKHI/ITe npaBoﬁ KJIaBUIIIX MBIIIKH.

Ectb CICAYIOIUC OTPpaHUYCHUA:

* Bcerga nomxHa OBITH TOYKA NMPU HYJIEBOM BPEMEHH, XOTS €€ y-3HAU€HHUE MOXKET ObITh
U3MEHEHO, TO €CTh, BBl MOJKETE TOJIBKO IIEPETACKUBATL UX BBEPX MIIU BHU3.

* Ecmu BBl X0THTE CO3/1aTh BEPTUKAIBHBIN (DPOHT, rpadUUYecKHii pemakTop pas3lIeluT JBe
TOYKH JaHHBIX MUHMMAaJIbHBIM 3HaU€HHEM BPEMEHH MobEMa/craja.

Ecnu y Bac ecTb TabiIMUHBIE JaHHBIE, JIETUE MOXKET OKA3aThCsl PEKUM PYyUYHOTO peakTUpoBaHus. B
ITOM cllydae Kakaas TOYKa JAaHHBIX 3amaércst cBoiicTBoM (opmbr V(t). Criemyrommii mpumep
MOKa3bIBAET, KAK 3TO pabOTaerT.

Ecnu konn4ecTBO JaHHBIX OYEHb BEJIMKO, MOYKET 0Ka3aThCsA JIErye UCIoNb30Bath FILE generator.

dannosble reHepaTopbl

File generator ncnonb3yercs AJsi MCIBITAHUS CXEMbl aHAJIOTOBBIM CHTHAJIOM, KOTOPBIM 3amaércs
cepuell BpeMEHHBIX TOUEK M 3HaYeHUH naHHbIX, copepxamuxcs B ASCII ¢aitne. 910 oueHb noxoxe
Ha paboTy ¢ KyCOYHO-JIMHEHHBIM T'€HEPaTOpOM, MCKIIOYas TO, YTO 3HAYCHUS JAHHBIX HAXOATCS
BOBHE, a HE B CBOMCTBAX yCTPOMCTRBA.

JuanoroBas gopMa MMEET TOJBKO OAHO IOJie, B KOTOpPOM 3anaércs ums Qaiina naHHbix. Her
IpenonpeeNEHHBIX BhIpAKEHUN N7 3TUX (aitioB, u (ailn JoHKEeH pacronararbcs B TOW ke
JUPEKTOPHH, YTO U (aii MpoeKTa, eciu He 33aH MOJHBIA MyTh K (aily.

dopmat channa gaHHbIX

@aitn ASCII maHHBIX AOKEH OBITH OTHOPMATUPOBAH IMAapaMU BPEMs/HAIPSKEHUE IS KaKIIOM
JMHUEH, pa3faeaéHHbIMU MTPoOeoM (MpoOenbl WK Tadymsauus, a He 3ansaThie). 3HaYeHUs! BpEeMEHH
JOJHKHBI TOCIIEIOBATENIbHO BO3PACTATh U BCE 3HAUEHUS JOJKHBI OBITh TPOCTO YUCIIAMHU C
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rIaBaroiei Toukon (CypuKCh HE TOMyCTHUMBI).

Mpumep

Crnenyrommii mpumep Qaiiia JaHHBIX MPOW3BOIUT TPU IHUKIA IMMHIO00PA3HBIX HUMIYIBCOB C
BpeMmeHeM noabéma 0.9ms, Bpemenem cnaga 0.1ms u ammutyaoi 1V.

0 0
9E-4 1
1E-3 0
1.9E-3 1
2E-3 0
2.9E-3 1
3E-3 0

Ayavo reHepaTtopbl

Audio generator ucnonb3yercs Ans ucnbiTanus cxembl (aiimom Windows WAV. B coenuneHun c
Audio graphs (aynuo rpadukaMu) BO3MOXXHO YCIBIIIATh PE3YIbTaThl BOCIIPOU3BEICHUS 3BYKOBOTO
CHTHaJIa Yepe3 CUMYITUPYEMYIO CXEeMY.

Wms daiina nmoapasymeBaeTcs: ¢ npeaonpenenéHHbiM paciupenueM WAV, ¢aiin nomxeH
pacrionaratbcs B TOH ke aupektopuu, yto DSN ¢aitn, ecnu He 3agaH HONHBIA NMyTh K

daiimy.
AMIIIUTYIa MOKET ObITh 3aJlaHa 100 B TEPMUHAX MAaKCUMAJIbHOI'O a0COIIOTHOIO 3HAYECHMUS
JUISL IOJIOXKUTENIHOW M OTPULIATENbHOM MOTYBOJH, TMOO0 KaK 3HaYEHUE OT MUK JI0 MUKA.

MosxeT ObITh 3aaHa TTocTostHHAsS cocTapisitomas (DC offset); ecnu ona HysneBasi, BBIXOAHOE
HaNPsHKEHUE OCHUIUTUPYET OKOJIO HYISL.

s crepeo WAV daiinoB Bl MOXKeTe BBIOpaTh, Kakoil KaHan OyJeT MpOUTphIBaThCs, MO0
ONPEEIUTh JAHHBIE KaK MOHO.

LincdbpoBble reHepaTopbl

Ectb st moaTunos undpobix reHeparopos (digital generator):

Single Edge — enVHCTBEHHBIH INEpexXoJ OT HHU3KOTO K BBICOKOMY MJIM OT BBICOKOTO K
HU3KOMY YPOBHSIM.

Single Pulse — mapa miepexofioB B MPOTHUBOIIOJIOXKHBIX HAINPABICHUAX, KOTOPHIE BMECTE
GbOopMUPYIOT TOJOKHUTENbHBI WM OTPUIATEIbHBIA HUMITyJIbC. Bl Moxere 3amarh 1u6O
BpeMeHa KaXJaoro (poHTa (HayaJbHOE M KOHEYHOE BpeMs), Ju0O0 HadaJdbHOE BpEMs U
HIMPUHY UMITYJIbCA.

Clock — mocnenoBaTelbHOCTh MMITYJIBCOB, pa3ieiCHHBIX May3aMu. Bbl Moxere 3a1aTh
HayaJIbHOE 3Hau€HHE U BpeMs IepBOro (hpoHTa, HO MOXKHO 3aJaTh IEPUOA WM YacTOTY.
Ilepuon 3a1aér BpeMs LEI0ro LMKIA, He IUPUHY €UHCTBEHHOIO UMITYJIbCA U Tay3bl.
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Pattern — naubonee THOKHIA ¥ MOXeT, (aKTUUYECKH, TEHEPUPOBATDH JIFOOBIE JAPYTHE THIIHL.
Pattern generator onpenenén B TepMUHAX CIETYIOIINUX MMAPaMETPOB:

Initial State
First Edge

Timing

Transitions

Bit Pattern

DTO 3Haue€HHWE B HYJIEBOW MOMEHT BpPEMEHH, a TakKkKe 3HauyeHHeE,
HCITOJIb3yeMOe TIPH MOUCKE paboyeii TOUKH CXEMBI B CMEIIIAaHHOM PEXUME.

Oro BpeMs, Korma MmabiaoH JEHCTBUTENBHO CTApTYyeT; BBIXOA Oynmer
0CTaBaThCs B 3HAUCHUH HAYAJILHOTO COCTOSTHUS, ITOKA HE TIPUIET BpeMsI.

Kaxxapiii mrar mabioHa MOXKET TOJTYYUTh TO K€ BpeMsi (paBHOE BpeMEHU
HUMITYJIbC/TIay3a) WM MOXKET WMETh pa3Hble BpeMEHa IS BBICOKOTO U
HHU3KOTO YpOBHS. B 3TOM citydae mmpuna Pulse 3a1aércst BpeMeHEeM JUist
3HaUYCHU Joruueckoil «l1» u Space Time 3ama€rcs Mg 3HAYCHHI
JIOTHYECKOTO «0».

Brixog MoxkeT OBITH ONpeAeNéH I TOCTOSHHOTO CHTHAJA 10 OKOHYAHHMS
CUMYJISIIIMKA C TOBTOPEHHEM Ia0lioHa WM JJI1 TOJNBKO (PUKCHPOBAHHOTO
YHCIa MepexoioB.

Hpe,Z[OHpeI[CJ'IéHHHﬁ a0JIOH — 9TO ImpocCTo AJIbTCPHATUBA
IIOCIACAO0BATCIIBHOCTH  BBICOKOC-HU3KOE€  COCTOSHHUC. AJ'IBTepHaTI/IBHO,
MOXET OBITH 3alaHa CTpOKa ma0JIoHa. CTpOKa 1a0JIOHA MOYKET COCTOSITh
n3 CJICAYIOINUX CUMBOJIOB:

0,. BpixomHOil CHUTHajd MEPEXOAUT HAa CTPOrO HHUBKHI ypOBEHBb
(3ametbTe, «L» B BepxHEM peructpe).

1,H BprixomHOW cHTHan MOEpPEeXOJUT HAa CTPOro BBICOKHM YpPOBEHb
(3ametsTe, «H» B BepxHEM perucrpe).

1 BrixomHoW curHam mepexomuT Ha ci1abo HU3KUN  YpOBEHBb
(3ameTbTe, «1» B HIDKHEM pErucTpe).

h BeixomHOW CcUTHANm MepexoauT Ha C1ab0 BBICOKHH ypOBEHBb
(3ametbTe, «h» B HUKHEM PETUCTPE).

F.f  BrixoaHol curHan Ha IJIaBalOIIEM YPOBHE.

Script — reneparop Oyner ynpapisatbes ckpurntom DIGITAL BASIC. I'eneparop nonydaer
JIOCTYTI K CKPHUITY uepe3 Jekiapanuio nepeMenHor PIN ¢ Tem ke mMeHeM, 4TO M CChLIKa

reHepaTopa.
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rMPOBHUKHU

O6G30p

[IpoOHuK (probe) — 5T0 OOBEKT, KOTOPBIM MOXET OBITH 3aJaH JUIsl 3allMCH COCTOSHUS IIETH, K
KOTOPOW OH TOJKIIFOYEH.

Ectb JBa THIIa Hp06HI/IKOBZ

* Joltage probes (MpOOHUKH HANIPSKEHUS) — OHM MOT'YT MCIIOJIb30BAThCS U JJIsl @HAJIOTOBOMA,
u s nudpoBoi cUMySinMU. B maOnoHe OHU 3amuCHIBAIOT JIEHCTBHUTENBHBIC YPOBHHU
HaNpsDKEHUs, XOTS B IOCJIEJHEM CIy4dae OHHM 3alMCHIBAIOT JIOTUYECKHE YPOBHM U HX
JUIUTEIBHOCTb.

*  Current probes (MpOOHUKHU TOKa) — OHHU MOT'YT HCIIOJIb30BaThCsl TOJBKO JUIS aHAJIOTOBOM
CUMYJISIIMM U JOJKHBI PacIioflaratbCsi Ha MPOBOJAE TaK, YTOOBI MPOBOJ MPOXOAWI Yepes
npoOHuk. Hampasnenue uzmepenust oroopakaercs Ha rpaduke TOKOBOro mpoOHUKa.

BbI He MOKeTe HCTIOIB30BaTh TOKOBBIN MPOOHUK JIJTsl TU(POBOM CUMYJIISIINH WM HA IIHHE.

[IpoOHMKKM B OONBIIMHCTBE CITy4aeB HCIIONB3YIOTCS MPH CUMYJISIHMH, OCHOBAHHOW Ha rpadukax
(Graph Based Simulations), HO MOTYT HCIOJIB30BaTHCSI U NP HHTEPAKTUBHOW CHUMYISALUU IS
OTOOpa’keHHMs TaHHBIX paboyell TOUKU M JJISl YaCTH CXEMBI.

PasmeweHne npobHMKoB

Ymob6bI pasamecmumb nNpPo6HUK:

1. Bnawane BwiOepute ;mbo Voltage Probe Mode, mn6o Current Probe Mode wxonky. ISIS
MOKaXKeT MPEBAPUTENBHBIN BU IPOOHUKA B OKHE NPeOnpocmMompd.

2. Hcnonb3yliTe HWKOHKH TOBOpPOTa M OTPaKEHUS MJI1 MPHAAHUS TMPOOHUKY HYNKHOTO
MIOJIO’KEHHU S, B 3aBUCUMOCTH OT TOT'O, KaK Bbl UX HAMEPEHBI Pa3MECTUTD.

3ameTbTe, YTO JUId MPOOHMKAa TOKAa OpHEHTAlus BakHa. HampaBneHue u3MmepeHHs TOKa
yKa3aHO CTPEJIKOM, 3aKII0UEHHOM B KPYXKOK, (POPMUPYIOIIMNA CUMBOJI IPOOHUKA.

3. IlepemecTuTe MBIMIKY B OKHO PENAKTHPOBAHUSA, HAXKMUTE JIEBYIO KIIABUIIY MBIIIKH H
nepeTamuTe NpoOHUK B HyXkHoe MecTo. LI[EnkHuTe J1eBoii KilaBUILEi MBIIIKY eIé pas.

Brl MokeTe pasmemniate MPOOHUK HEMOCPEACTBEHHO HA CYIIECTBYIOIIEM IPOBOJE Tak,
9TOOBI €r0 TOYKA MOAKITIOUEHUS Kacanach mpoBoja. Ho BbI MOkeTe pa3MecTUTh HECKOIBKO
MPOOHMUKOB HA CBOOOTHOM MECTE BAIIIETO MPOEKTA U COSTUHHUTH CO CXEMOM TO3KE.

Korna npoOHUK pa3MeniéH Tak, YTO HE COEIMHSAETCS HU C OJJHUM U3 CYIIECTBYIOUIUX MPOBOJIOB, OH
NOJTy4aeT MpeNoNpenei€éHHOe MM B BHJAE 3HAaKa Bompoca «?», 4ToObl MOKa3aTb, YTO OH HE
noamou€H. Korga mnpoOHMK mpucoennHEH K 1end (BO3MOXKHO, NpPHU pasMELICHUH ero
HENOCPEACTBEHHO Ha MPOBOE), €My MPUCBAUBACTCS MM LIETIH WM, €CIU Ielb caMa HEe UMeEeT
MMEHH, OH IOJIy4aceT CCBUIKY Ha KOMIIOHEHT U MM BBIBOZA, KOTOPBIMA IIEPBBIN MOAKIIOUEH K LEIN.
Ums mpoOHuka Oyger aBTOMaTHUECKH OOHOBIATHCS, KOTJa OH OTCOEIMHSETCS WM Korja
NEPeTacKUBAETCS OT OHOM LEeNH K Apyroil. Bel MoxxeTe MprCcBOUTH MPOOHUKY COOCTBEHHOE MM,
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OTPCHAKTUPOBAB HpO6HI/IK, HO B 3TOM CJIy4ac UM 0CTa€Tcs IMOCTOSHHBIM U HE 6y,Z[CT OOHOBIIATHCS.

YcTaHOBKM NPOBOHMKA

Huanorosas ¢opma Edit Probe 03BOJISIET IOAPABUTH JIBa MTapaMeTpa:

LOAD Resistance (conpoTuBneHue Harpy3sku)

[TpoOHUK HapsKEHUST MOXKET OBITh 3aJlaH TaK, YTOObI UMETh COIPOTUBJICHNE HATPY3KU JJISI CXEMBI.
DTO MOJIE3HO, TaM II€ HET IyTH MPOTEKaHUs OCTOSIHHOTO TOKA Ha 3€MJII0 OT TOUYKH U3MEPEHUS.

Record Filename

O6a noOHMKa, U HAPSDKEHUS U TOKA, MOTYT 3allMChIBaTh JaHHbIE B (Daiij, KOTOPBIA MOXET 3aTeM
HPOMUTPHIBATECS C MOMOILbI0 lape Generator (TeHepaTop 3amMcu). JTa BO3MOXKHOCTh IO3BOJISET
BaM CO3/1aBaTh TECTOBBIE CUTHAJIBI, UCIIOJIB3Ys OJIHY CXEMY, a 3aTE€M IPOUTPBIBAaTh €€ B IPYTOil.

(A CM. «3anucu U cerMeHTHPOBaHueEY, Te MHPOpPMAaLIUK OOJbIIIE.
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| UCIMOJIb3OBAHUE SPICE MO,EI,EJ'IEVII

OB30P

MHorue u3 OCHOBHBIX NPOM3BOAWUTENEH KOMIIOHEHTOB ceroiHsa mnozanaepxxkusaior SPICE
COBMECTHMBIE MOJIENH JJIsl CUMYJSIIUM AJI CBOEH JMHEWKH IpOomyKToB. IIoCKONIBKY cHMynsTop
PROSPICE ocnoBan Ha opurnHaibHoil Bepcun Berkeley SPICE, y Bac MOryT OBITH HEKOTOpBHIE
npoOIeMbl ¢ UCHONB30BaHUEM Takux Mojened. OJHAKO €CTh U HECKOJIBKO PELICHUH, C KOTOPhIMU
BaM CJIelyeT TO3HAKOMUTBCS J0 MONBITOK UCIIOIb30BaTh MOJEIH APYTUX MPOU3BOAUTENICH:

SPICE monmens — a1o ASCII daiin cnenmdukamuu (netlist). OH coBceM HE COIEPKHUT
rpaduyeckold HHGOPMAITUN W HE MOXET OBITh HEMOCPEACTBEHHO pa3MENIEH Ha cxeMe. ITO
O3HAYaeT, YTO BaM HYKEH deMeHT Ooubamoreku ISIS s aToro ycrporicTsa, CBS3aHHBIN C
stoii SPICE wmopensto. K coxkanenuro, HeT ctaHmapTHOro ¢gopmara ¢aiiioB uist 000
OMOIMOTEeYHON YaCcTH CXEMBI, TaK YTO BaM OOBIYHO CJIEyeT HApUCOBAaTh €€ CaMOCTOSITENBHO.

B netlist SPICE Monenb BBI3BIBAE€TCS CCBHIJIKOM Ha TOACXEMY, HCHONB3Yys X Kapry.
CBsI3pIBaHME Y3JIOB CXEMBbI C y3J1aMHM MOJEIHU OIpPENEseTcs] MOPSAIKOM, B KOTOPOM Y3JIbI
cxeMbl 3aatores B X kapre. Hanpumep,

XU1 46 43 32

03Ha4aeT, u4To y3ed 46 cXeMbl COeIMHEH € y3i10oM | Mozxenu. AHamoruuHo y3en 43 coenquHéx
c y3JoM 2, a y3en 32 coeauHéH ¢ y3ioM 3. K coxaneHuro, 3Ta cxema 03HA4YaeT, YTO Y3JIbl
MOJEIU HE MMEHOBaHbl. M 4yTo emé Xyxke, KpallHE PENKO €CThb HEKas CONNIACOBAaHHOCTH
MEX/y HOMEpaMH Y3JI0B MOJETIN U HOoMepamH (M3MYECKHX BBIBOJIOB yCTPOMCTBa — XOTS
ObI TO, YTO (U3NYECKUE KOPIyca MOTYT UMETh HE COCIUHEHHBIC C KPUCTAJUIOM BBIBOJIBI, U
9TO CIIOKHO oopmuTh Tpu HyMmepanuu y3510B SPICE monenu. Ectb Takxke psia TpyaHoCTEH
C MHOTO3JIEMEHTHBIMU ycTpoiicTBamu, kak TLO74 — umeer nu mozaens onuH OY wuinum
yeTbIpe?

Ha mpakTuke 3TO O3HAYaeT, YTO HYXHBI HEKOTOPOTO poja SIBHBIE KPOCC-CCHUIKH, YTOOBI
ckazarb ISIS, xakue Homepa y3noB SPICE mozenu ucmosib30BaTh JJIsl Ka)AOTO BBIBOJA
YCTpOICTBa, MOCKOJbKY HU HMeHa BbIBOIOB ISIS, HM HoOMepa BBIBOJOB HE MOIYT
MCIOJIb30BaThCA 1O NMPUYMHAM, YKAa3aHHBIM BBIIIE. BBIJIO BBENECHO CIELUAIBHOE CBOMCTBO
ycrpotictBa SPICEPINS, uto0sI caenarh 370 Kak MOKHO Oosiee 6e30071€3HEHHO.

CymectByet mHOkecTBO BapuantoB SPICE, naunnas co SPICE 2, nys ctangapra KoToporo
ObuUIM HamucaHbl OONBIIMHCTBO MOABHUBIIMXCS Mozenedl. OnHAaKo 3HAYUTENLHOE YHCIIO
MPOU3BOAMUTEICH OOBSBHIO, YTO WX MOJETH WMEIT coBMecTUMOCTh ¢ PSPICE™,
kommepueckoit Bepcuu SPICE 2, kotopas Obuta pazpaboTaHa B 3HAUMTEILHON Mepe JaJIeKO
or craHgapra opuruHana. [loka SPICE3F5 wumeer MHOro ocoOeHHOCTEH, He
noaaepxkuBaeMbix PSPICE™, PSPICE ™ wumeer psii TUIIOB NPUMUTHUBOB, KOTOpBIE
pa3jaMyHbl, U TAKXE HCIOJb3YEeT Pa3Hbli CUHTAKCUC JUIsl HEKOTOPHIX W3 HOBOBBEJICHUH,
KOoTOpble ObUIM J00aBieHBl B 00a mpoaykra. Peanmzaius 3TOro, KOHEYHO, O3HAYAET, YTO
Mozenu crienuansHo HanrcanHbie it PSPICE™ moryt e paborats ¢ PROSPICE.

Bkparie, ecnu mozenp Apyrux MNPOU3BOAUTENIEH HE paboTaeT MpaBUIIBHO, MEPBOE, YTO
cleayeT nIpoBepuTh, 3To s kakoil Bepcun, SPICE 2 umu SPICE 3, ona Oblia HanucaHa.

JleficTBUTENIBHO XOpoIash HOBOCTh — 3TO TO, YTO Y HAc coOpaHO BMeECTEe OOJBIIOE KOJUYECTBO
(6omee 1500 x MOMEHTY HamHMCaHHsI 3TOTO PYKOBOACTBA) MOJENIEH OT MPOU3BOAUTENCH, U MBI
CO3/I1aJTH COOTBETCTBYIOIIHNE 3IeMeHThI Onbmmoteku ISIS mist Hux.
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Bot  Oonotcnbl, KoHeunHo, RNOHUMAMb, UMO Mbl  MOYMCEM He CO2NIACUMbCA  Hecmu
0meemcmeeHHOCHb 34 MOYHOCIb U 0aXice YHKYUOHATLHOCMb IMUX MoOelell, U Yo U Mbl, U
NPOU3600UMENU 03A00UEHbl IMUM OMKA30M OM OMEEMCHIGEHHOCIU 3d NOmepu 1100020 pooa
603HUKAlOWUE RPU UX UCHONb306aHuU. B nwbom cnyuae, nuxozoa nem zapaumuii, 4mo
CUMYIAUUA CXeMbl Oy0em 8 MOUHOCHU OMPAax3cams padonmy peaibHO20 YCMPOUCHEa, U 4mo
6cez0a peKomMeHOyemcsa c030amv U HPOmMecCmuposams @uzuueckKuit npomomun 00 Hauald
Maccoeozo npouseoocmaad.

UCI10J/Ib3OBAHUE SPICE INNOA4CXEM (SUBCKT OIPELEJIEHUE)

Ham nepsbiii mpumep — 310 Moaens LMC660 onepaunonHoro ycunurens, kotopas ecte B SPICE
¢aiine SPICEMOD.LIB. Dtor npumep MoxHO HaiTH Takxke B mnpoekre SPICE1.DSN B
JUPEKTOPUN IIPUMEPOB, U OH ITOKa3aH HUXKE.

~135V
A
AL
INFPUT
avp=3.8 A PB:|1 3 [} ouTPUT
FREG =1k a -]
L4 a2 |_
L1 LMCEER
PAIMITIVE =ONALOGCLE , SUBCKT
RF2 N SPICEMODEL SLMCE6@ .SPICEMAD .LIB
e e R3 SPICERPINS=POS IP NEG [P V+ V- 0P
Le
V'
- 15V
KommoHeHT omnepalmoHHBIA YCWIHTENIb HWMEET TpU NpUCBOCHHBIX cBoiictBa — PRIMITIVE,

SPICEMODEL u SPICEPINS. PaccMoTpuM Kaxa0€ U3 HUX 10 TOPSJIKY:
PRIMITIVE=ANALOGUE,SUBCKT

OT0 3a7jaHKe BCET/Ia OIMHAKOBO ISl KOMIIOHEHTOB, KOTOpble Mojienupyrorcs kak SPICE noacxemsl.
OHO O3HauaeT, 4To KOMIIOHEHT OymeT cumyiupoBathes HemocpenctBeHHO SPICE3FS u uro on
npenctasieH noacxemoit SPICE, a e neiictButensHbiM SPICE npumuTiBOM.

SPICEMODEL=LMC660,SPICEMOD.LIB

Ora CTpoKa MOKa3bIBaeT UMs ucronbzyeMoit moacxemsl U umsi ASCII daiina, KOTOpBIA COAEPKUT
oTpeJiesIeHUEe MOJCXEMbI. AJIBTEPHATUBHO BBl MOJKETE UCIOJIb30BaTh

SPICEMODEL=LMC660

SPICEFILE=SPICEMOD.LIB
Hexoropsie mpou3BoauTe N JOOABISIIOT MHOTO MOJENeld B oAuH ¢aili, Apyrue TOJIBKO OAHY B
¢aiine. D10 HUYero He 3HA4YMT. MMs moacxeMbl NOJDKHO B TOYHOCTH COBMAAAaTh C TEM, 4YTO

ucrnoib3yercs B (paiie Momenw, Tak 4TO, echu mojacxema Obuia HasBana kak LMCO60/NS, BwI
NOJKHBI BKIIFOYUTH UMEHHO ATOT TeKCT B cBolicTBO SPICEMODEL.
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Qaitnel SPICE Moneneit umngytes B Tekyuiedl nupektopun U B Module Path, xak 3agaHo B
nuanoroBoit popme Set Paths.

SPICEPINS=POS IP,NEG IP,V+,V-,0OP

CgoiictBo SPICEPINS 3anaércs ¢ umenpro npuBs3aTb MMeHa BbIBOAOB ISIS k HOmepaM BbIBOJOB
SPICE monenu. YToOGbl MOHATH, KaK 3TO CBOWCTBO HCIIOJB3YETCsl, BaM HY)KHO B3DISHYTh Ha
KOMMEHTapHuu B opuruHasibHoM ¢aitne SPICE moznenu:

ILLLLTLLI DT LT E i r iy i i i i r i sy i i iy
*IMC660AM/AI/C CMOS Quad OP-AMP MACRO-MODEL
NN

*

* connections: non-inverting input
* | inverting input
* | [ positive power supply
| [ | negative power supply
| I I | output
| I I I |
| I I I |
. SUBCKT LMC660 1 2 99 50 41

*

Ha «auarpamme» mnepedyucisiorcs (yHKIUMU BBIBOJAOB M HMX IOCIEAOBAaTEIbHOCTH B CTPOKE
SUBCKT. CyuiecTBeHHO, 4TO HOMEpA, MPUCBOEHHBIE OTHOCHUTEIBHO BHYTPEHHHUX OIpPEAEICHUN
Mojeny, (pakTUYecKH He BaKHbl A Hammx uenei. KimroueBas mHpopmanuss — 3TO TO, 4TO
HEUHBEPTUPYIOLUI BXOA TMEPBBIM BBIBOJA, WHBEPTUPYIOIIMK BXOJ BTOPOM M T.J. OTUM
omnpeaensieTcs, Kak Bbl CKOHCTpyupyere 3HaueHue cBorictBa SPICEPINS, a umMeHHO B TOM, 4TO BbI
naaute uMmeHa BeiBojaM ISIS B cooTBeTcTByrOWIEH mMocienoBareabHOCTH. MMeHa BBIBOIOB C
npobenaMu  JOMyCTHUMBI, HO OyabTe BHUMATEIbHBI, YTOOBI HE OCTABIATH MPOOEIOB Tepen
3aMATbIMU. AJIBTEPHATUBHO, BBl MOXKETE 3aKIIOUUTh Ka)KI0€ UM BBIBOJIA B KaBBIUKH — 3TO Ba)KHO,
€CJIM y Bac €CTh UMEHa BbIBOJIOB, KOTOPBIE COJIEPIKAT 3arlsIThle.

BaM HyXHO, KOHEYHO, 3HaTh WMeHa BbIBOJOB ISIS, KoTOpBIE YacTO OBIBAIOT CKPBITHIMH. JTO
pemacTtca NCpEMCIICHUEM MBIIIKK Ha KOHCI[ BbBIBOAA KOMIIOHEHTA, a 3aTeéM CJIICAYET MPOYUTATh
CTPOKY COCTOSTHHUSL.

NCri0Jib3OBAHUE SPICE MOMEIIN (KAPTA MOAEJIN)

JInst MOmynpoOBOTHUKOBBIX TPHOOPOB, 0cobeHHO nuoaoB, Tpansuctopos, JFET u MOSFET, SPICE
MoJien OOBIYHO 3amaroTcst B TepmuHax enuHcTBeHHOM MODEL card (xapter momenm). OnHa
nepevuciser 3HadeHus napamerpoB i noaxoasauiero SPICE npumutusa. [Iponeaypa noxoxa Ha
Ty, uto ecThb Miga SUBCKT monenu, HO B AEMCTBUTENHHOCTH HECKOJBKO MPOILIE, MOCKOJIBKY HE
MIPOUCXOAUT MpeoOpa3oBaHusi UMEH BBIBOJOB. JlomomHuUTensHO pasznensl Oubmmorteku ISIS yxe
conepxar paszubie TUIII SPICE nmpumutuBoB — Bbl Haiiaére ux B ASIMMDLS.LIB.

Ham Bropoit mpumep — 31o Tpansuctop 2N2222, on BHOBB ecTb B ASCII ¢aiine SPICEMOD.LIB.
Taxoxe moxkHo Haiitu ipumep SPICE2.DSN B aupexropuu Samples.
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+1V

ouUTRUT

Q1

INPUT
orn:sl;‘r:z.g"\\’\J ,F”_. NON
AMP=A 1S ?iiﬁ PAIMITIVE -ANALOCLIE ,NPN
FREGQ =1 SPICEMODEL=GENZ22 2 .SPICEMOD. LIB

Tpanzuctop umeer nBa npucBoeHHbIX cBoricTBa — PRIMITIVE u SPICEMODEL.
PaccmoTpuM Kaxkmoe U3 HUX MOCIEN0BATENBHO:
PRIMITIVE=ANALOGUE,NPN

OTO mpHCBaMBaHHE IIOKAa3bIBAET, UYTO YCTPOWCTBO OYyAET CHUMYJIMPOBATHCS HEMOCPEICTBEHHO
PROSPICE, kak npumutus tuna NPN. Ecnu Bbl BeiOpanu nuon, tpansuctop, JFET wnu MOSFET
u3 6ubnuorexu ASIMMDLS, on yxe Oyaer umers noaxoasuiee npucsoenne PRIMITIVE.

SPICEMODEL=Q2N2222,SPICEMOD.LIB

3nauenue SPICEMODEL takoe xe, uto u 111 SUBCKT monenu. OHo 3a1a€T UMs UCTIONIB3YEMOit
monenu u SPICE netlist daiin, koTopslit €€ cogepKUT. BolIbIIMHCTBO MPOU3BOAUTENEH BKIIIOYAIOT
mHoro onpeaeneanii MODEL B enuHCTBeHHBIN (aii.

@aitter SPICE model umnnytes B tekymed nupexkropun u 4epe3 Module Path, xax oH 3aiaH B
nuanoroBoit popme Set Paths.

BUBJIINOTEKWU SPICE MOLEJIEN

bubnmorexku npyrux npousBogutenein SPICE moneneit, nmpuxomsimue ¢ PROSPICE, conepxarcs B
JBOMYHBIX OMOMMOTEYHBIX (ailiax, MOXOKHUX Ha Te€, YTO ecTh It ycTpoucTB ISIS m Ombnamorex
cuMBOJI0B. CreNano 3To OBIIIO U3 ABYX COOOPaKEHUM:

* Mmnorue (baﬁﬂbl MO,Z[GJIGI;'I HUCKIIIOUHUTCIIbHO MaJlbl 1 MHOI'OYHCJICHHBI, 1 Ha BCE TpaTUTCA
OT'PpOMHOC KOJIMYECTBO MECTA Ha JKECTKOM IHCKE C OOJIBIINM pasMCpoM KiiaCcTtepa, €CJIM OHO
XPaHUTCA HHIAUBUYAJIbHO.

* Korna muoro mozeneii cogepxarcst B enuactBeHHOM ASCII ¢aiine, PROSPICE Beiny)IeH
IPOXOAUTh BeCh (ailyl, 4ToOBl HCHOIB30BaTh TOJBKO OJHY MOJENb, a 3TO JIOBOJBHO
MEJUIEHHO.

Korma SPICE mopens conepxkutcs B omonmuoreke SPICE momeneit (SML), cunTtakcuc mist e€
NOJICPKKH JJist pa3aena [SIS Gubnmoreku CuibHO oTiiMyaeTcs ot HyxHoro. Hanpumep, LMC660 B
MIEPBOM IpuUMepe OyJIeT UMETh BMECTO HY)KHBIX CJICITYIOIIME CBONCTRA:
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PRIMITIVE=ANALOGUE,SUBCKT
SPICEMODEL=LMC660
SPICEPINS=POS IP,NEG IP,V+,V-,0OP
SPICELIB=NATSEMI

(kak paHee)

(kak paHee)

Cgoiicteo SPICELIB 3anmaér umsa g ¢aitna SPICE Monenu OuOIMOTEKH, KOTOPOE COIEPKHUT
BNIEMEHT. DT (ailsibl UITYTCs B TEKyIIeH TUpeKTopuu, U B Module Path, kak 3a1aHO B 1MAIOTOBOM
dbopme Set Paths.

bubmmorekamu SPICE model mMoxHO MaHMIynupoBaThb B KOMAaHJIHOW CTPOKE HHCTPYMEHTOB
PUTSPICE.EXE u GETSPICE.EXE, x0T MBI HE 0)KHJIa€M, 4TO OOBIYHBIEC TIOJB30BATEIHN CO3AAAYT
WM cobepyT AOCTAaTOYHOE KOJIUYECTBO MOJEJEH, 4TOObl 00ecneuyuTh UX HCIONb30BaHUE. 3aIyCcK
000 U3 ATUX MporpaMM 0e3 MmapaMeTpoB AACT HHPOPMAITHUIO 00 UX UCTIOIH30BAHHUU.

*SPICE SCRIPTS

PeansHOo Bo3MoOkHO BBecTu onpeaenenue tuna SPICE monenu HenocpenctsenHo B ISIS, a 3arem
BBI3BaTh MOJIENb JUIS MOAXOMAIIErOo KOMIIOHEHTa Ha cxeme. Hampumep, Monens TpaH3ucTOpa s
2N2222 nomxHa ObITh Bricana B ISIS ckpunt cnenyromum odpa3zom:

*SCRIPT SPICE

.MODEL Q2N2222 NPN(IS=3.108E-15 XTI=3 EG=1.11 VAF=131.5 BF=300
NE=1.541

+ISE=190.7E-15 IKF=1.296 XTB=1.5 BR=6.18 NC=2 ISC=0 IKR=0 RC=1
+CJC=14.57E-12 VJC=.75 M)JC=.3333 FC=.5 CJE=26.08E-12 V]JE=.75
+MJE=.3333 TR=51.35E-9 TF=451E-12 [TF=.1 VTF=10 XTF=2)
*ENDSCRIPT

CgoiictBo Tpanzuctopa SPICEMODEL 6yzner 3atem u3MeHEHO Ha
SPICEMODEL=Q2N2222
TO €CTh, 0€3 3a/1aHus UIMEHU (aiia.

DTa BO3MOKHOCTE MOXKET OBITH OCOOEHHO IMOJIE3HAa, KOraa MoAe€jb IMOJIydCHa Ha 6yMare, WJIN Korjga
BbI XOTUTC UHTCPAKTUBHO MOSKCIICPUMCHTHUPOBATH CO 3HAYCHUAMU MMAPaMCTPOB.

MOAAEPXKA ABAPUW MPU CUMYJTSILUNN MOLENN

Mozenu noacxeMm OueHb Pa3IMyaroTCs MO CIOKHOCTU U pazpaboTke. M kak pe3ynpTar, OJHH MOAETN
CUMYJIMPOBATh Jierye, 4yem Jpyrue. B kauectBe ocHoBHoro npasmia — eciii PROSPICE ne moxer
CUMYJIMPOBATH Bally cXeMy ¢ e€ mpeoOpa30BaHHON MOEIbIO, TOTAa 1 HUYTO HE CMOXKET.

MpbI 9acTO HAXOAWIIM, YTO MPOOJEMBbI B OOJBIIMHCTBE CBOEM YCYTYOISIOTCS IUIOXUM MPOCKTOM
cxeMbl. Eciii y Bac ecTh nmprUMedyaHusi B CIIPABOYHOM JIMCTKE K YCTPOWCTBY, TOIJla CPABHUTE €0 C
BaIlleil CXeMOM, YTOOBI YOSTUTHCSI, HAPUMEP, HET JIU HECOOTBETCTBHUS BO BXOJHOM TOKE IS BXOJa
B paboueii Touke. PazpaboTurku Moziesei Bcerna cTpeMsaTces c/eliaTh MoIeNb padoTaromei ¢
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CUMYJISITOPOM, YTO OTMEYAIOT B IPUMEUYaHUIX, @ HE B 00ILEM cllydae.

ProSPICE moxHO crenars Oojiee cTaOWiIbHBIM (HO MEHEE TOYHBIM), €CIH YBEIUYHUTH 3HAYCHHE
GMIN. Ilo ymomuanumio 310 1E-14, Tak uro ecth cmbicn mompoboBathlE-13 u 1E-12. Ilpu
3HayeHusIX okono 1E-6, moxoxe, nr00ble pe3yabTaThl CHUMYJSIMM COBCEM HE OyayT HMETh
OTHOILIEHHUS K PEaNbHOCTH, TaK UYTO yKa3bIBaiiTe HAMHU3IINE U3 3HAUYECHUI, HO U3 BO3MOXKHBIX.
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UINHBI TTMTAHUSA U S3EMJTU

Mouyemy Bam HyXxHa 3emMns

Bce cumymsanuu TpeOyroT, 4ToOBl ObIIa 3aJaHa 3eMJIsI, HHAaUY€ pa3MelleHne MPOOHWKA Ha yYacTKe
e He UMEET CMBICIIA, TAK KaK HANpsDKEHHE HA ATOM y4acTKe JOJDKHO ONPENeNsThCs B TEPMHHAX
ONOpHOM To4YKU. PaKTUUECKH ecTh emé TpeOoBaHME, YTOOBI BCE YACTH CXEMbl MMENIU MyTh IO
NOCTOSTHHOMY TOKY K 3€MJIe, ITOCKOJBbKY 30HAMPOBAHME TOYKHM Ha «IIJIABAIOIIEM» Y4acTKe LEIH,
OeccmbicienHo. Harpumep, Ha cxeMe HIDKe H3MEpeHre HarpspkeHust B VB 6eccMBbICieHHo,

VIN vB
QM p
1E-3
L1:A “11'%-L1:8
1 1 Re
MUTUOL_B=@.5 1
MOCKOJIBKY BTOpasi CTOpOHAa — TIUIaBaromiasi. TeopeTHYeCKH, Mbl MOXKEM MPEUIOKHTb JBYX

BBIBOJIHBIE TPOOHUKHM (HAMOAOOME peaJbHOrO0 MYJIBTUMETpPa), HO BO3HHMKAIOT CEpPhE3HBIC
MaTeMaTH4eCcKue TPYAHOCTU TMpH pacuére cxeMbl 0e3 3emiuu, U, maBHoe, Berkeley University He
obpamraercst kK HuMm B SPICE3FS.

KnroueBslM, TakuM 00pa3om, OyAeT TO, YTO BCE CEKLUHU BaleH CXeMbl JOJKHBI UMETh IyTh IO
MIOCTOSTHHOMY TOKY K 3emJiie. Xopouias HoBocTh B ToM, uTo ProSPICE mpoBepsier 310 11l Bac u
COOOLIUT B MpEeAynpexJeHUH 000 BcCeX ILeNsdxX, KOTOpbleé HE OTBEUAIOT 3TOMY KpuTepuio. B
OOJIBIIMHCTBE CIy4aeB CUMYIIALUSA HAa 3TOM IPEKPAILAEeTCs.

I[pyra;l KOH(bI/IpraI_II/IH CXCMbI, KOTOpasa MOIJia UMETh TPYAHOCTHU B ITPOIIJIOM, ITOKA3aHA HUIKC:

15w
A
INPUT Ny v
apa3.e W HI:|91 af} 4 ouTRUT
T - |—'d
; 1u
RF2 M LMCEE|
soenn A3
1R
v

=15V
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3nech HaJaMuMe pasfenuTenbHoro koHaeHcaropa Cl o3Havaer, yTo MPOOHUK HA BBIXOJE HE MMEET
MyTHU U1 TOCTOAHHOI'O TOKa K 3CMIIC. CJIC,Z[OBaTeJIBHO, CUMYJIATOP HEC MOXCT PACCUUTATD pa60qu0
TOYKY JUIsl BBIXO/A, IIOCKOJNIBKY TIpH BBIYMCIEHUM pabodyeil TOYKH BCE KOHJIEHCATOPHI
BbIOpAChIBAIOTCS M3 Lenu. Mbl BbIOpaid pelieHue s 3TOM NpoOieMbl B HCHOIb30BAaHHH
KOHJ/ICHCAaTOPOB C OY€Hb MaJICHbKOW yTeukou. [IoaTOMy, B OTCYTCTBHHU JIIOOBIX APYTUX ITyTEH s
IIOCTOAHHOI'O TOKA, pa60qa;1 TOYKa Ha BBIXOAC BBIYUCIIACTCS C MOJTHOCTBIO Pa3ps’KCHHBIM Cl1.

Konnencaropsl 6€3 yTeuku onpeaesstoTesi cBoicTBOM ynpasienus cumyisnueit GLEAK, koropoe
umeer 3HadeHue no ymondanuio 1E-12Mho. YcranoBka 3Toro 3HaueHHs B HyJb YCTPAHSET YTEUKY
KOHJIEHCaTopa, Kak B TpaguunoHHbIX SPICE cumynstopax.

Hckmoyast cuMynsuio BHyTpeHHel cxeMbl DRAM mnamsatu, Mbl HE BHAUM KaKHX-TO MPOOIEM C
ATOM CXEMOW, M OHa MPEIOXpaHSET HAYMHAIONIMX OT MHOXXECTBAa CTPAHHBIX COOOIIEHUN 00
ommnbkax. B mo0oM ciydae, peasibHble KOHAEHCATOPhl OOBIYHO HMMEIOT YTEUKY 3HAYUTENIBHO
OOJIBIIIYI0, YeM MUJUIMOH METaoM.

Ilenp 3eMaM B cXxeMe€ MOXET OBITb ompeneneHa OO0 $BHO, JUOO CKpbHITO. SIBHAas 3eMils
oTpeIesieTCsl pa3MelieHneM He MMeHOBaHHOTO Ground KOHTakTa, Kak Ha HwKHeM koHIle RF2 Ha
pucyHKe Bble. Bbl Takke MoxkeTe 0003HaunTh poBoA TekctoM GND, eciu Mecta malo.

HesiBHas 3emuis MOXeT ObITH CO3/laHa C MTOMOIIbIO MUTAIOIIEH IMHBI, TeHepaTopa C €AUNHCTBEHHBIM
BBIBOJIOM, Harpy304HOro NMpoOHWKa WM HU(PPOBOTO BHIXO/A, KaK, BIPOUYEM, M HCIOJIH30BAHUEM
MOJEJIH, KOTOpasi UMEET BHYTPEHHUM 3a3EMJIEHHBIN y3€ll.

LUuHBbI nuTaHua

PROSPICE pacmno3Haér HEKOTOpOE KOIMYECTBO OOBEKTOB, KakK IIMHBI muTaHus (power rails);
npaBUjIa CIEAYIOMIHE:

* JlrobGas cerb, HazBanHas GND wmmu VSS, o0oCHOBBIBaeTCsS Kak OIOpHAsS 3emiisd. A
HackoibKo 370 3aTparuBaeT PROSPICE, GND u VSS o3HauaroT To ke camoe.

* Ileru, HazBanusie VCC u VDD, cunTaroTCs JTOTMYSCKUMH IIMHAMH TUTaHUSA, U OyIyT
TpakToBaThcs cumynaTopoM DSIM kak nornueckas «1». Kak u ¢ GND u VSS, PROTEUS
VSM npuHMMaEeT, 4TO 3TU JIBA UMEHH OTHOCSITCS K TOU )K€ IEMH, €CJIN Bbl IEUCTBUTEIBHO
XOTHTE OTJIEIIUTH JIOTHUECKOE MUTaHNE, BBI JOJDKHBI BBIOPATh pa3HbIC UIMEHA TS [IeTIeH.

* KoHTakTel muTaHusg ¢ uUMeHamMu B Bume +5, -5 wimm +10V, -10V npuHumaiorcs kKak
npenonpeaenéHHbie PUKCHPOBAHHBIC IIMHBI MUTAHUS C OMOPOil Ha 3eMit0. CUMBOIBI «+»
U «-» KPUTHUYHBI, a STUKETKH, KaKk 5.0V HeT.

CoenuHeHne AByX TaKUX STUKETOK C Pa3HBIMU 3HAYEHUSIMHU C OJHOW M TOM ke LENblo —
3TO OIINOKA.

CO3I[3.HI/IG IIMHBI IMTAHUS TaK)Ke HEIBHO 3aJaET 3eMIIIO0.

I[OHOJ'IHI/ITeJ'II)HaSI BO3MOXHOCTD, n06aan[eMa$1 KaK 4aCTb CXCMbI JISI CUMYJIIOUU CMCIIAHHOTO
pexumMa, TaKOBa — MOACIU IJIOTHYCCKUX MHUKPOCXEM MOIyT pacCMAaTpuBaATbCA KaK YiKEe
BKJIFOUEHHBIE. DTO MO3BOJIACT BaM pHUCOBATh CXEMY, KaK IMOKa3aHHAaA HUKC, U I1OJy4aTb OIIYTHUMBIC
PE3YJIbTAThI 0e3 MMPOPHUCOBKH SABHBIX ueneﬁ IIUTaHUA.
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Cxema paboraet, mockonbky Interface Model, ompenenénnas nns 7400, BKIIOYAaeT CBOWCTBO
VOLTAGE. Yto noapa3zymeBaer cozganue SV Oatapeiku MeXAy CKPBITBIMH BBIBOJAMHU MUTAHUS
7400 (VCC m GND), Takum o6pazom, 1enb VCC mpuobOperaer motenmuan S5V. OcrambHble
snemeHThl, coenunénuble ¢ VCC, Bkmouass DAC ob6wekt Ha Bbixoge 7400, OyayT BHIETH 3TO
HalpsiKEeHUeE.

LL HNanbueiimee obcyxnaenue Interface Models (Monmenu wunTepdeiica) Bb Haiinére B
COOTBETCTBYIOIIEM pa3Jielie.

HAYAJIbHBIE YCJI0OBUS

O630p

Kakoit Obl THIT cumynsiiiui He ObLT BbIOpaH, mepBoe, uto aenaer PROSPICE, sto paccunteiBaeT
pabovYyr0 TOYKY CXE€Mbl — YCJIOBHS YCTOHYHMBOTO COCTOSHHS, MPEANICCTBYIOIINE ITOSBICHUIO
CUTHAJIOB Ha BXojie. ECTh /1Ba OTIENBHBIX peXXHMa Onepalnii, aCCOIMUPOBAHHBIX C PACUETOM ITUX
3HAYCHUM:

* Ilpu mnowucke paboueld TOYKH CUMTAETCS, YTO BCE KOHJIEHCATOPHI 3apsIKEHBI, a uepe3
WHIYKTUBHOCTH TpOTeKaeT TOK. B sTom ciywae Transient Analysis OyaeT MmokasbIBaTh
MOBEJICHUE CXEMBbI, KaK eclu Obl MUTaHUEe OBbLIO MOJAHO HEMOCPEICTBEHHO 0 BpPEMEHU
HayaJla CUMYJISILMK, TaK 4TO MPU CTApT€ CUMYJSILMU BCE YK€ YCIIOKOMJIOCh. JTO PEXUM
orepanuii M0 yMOJTYaHHUIO, KOTOPBIA Ja€T BOZMOXKHOCTh YCTAHOBUTH HAYaJIbHBIEC YCIIOBUS
JUIS OTNIETbHBIX KOMIIOHEHTOB W/WIIM Y3JIOBBIX HANpsDKEHUHM, MOAXOASIINE AJII MHOTHUX
Lene.

* Ilpm moucke paboyeil TOYKM BCE KOHACHCATOPHI CYHMTAIOTCS 3aKOPOYCHHBIMH, a
MHIYKTUBHOCTH 0OOpBaHHBIMU. B aToM ciywae Transient Analysis mokakeT moBeneHHE
CXeMBbI TaKHM, KaK eciy Obl MUTaHue ObUIO MOJAHO B HYJIEBOW MOMEHT BPEMEHH. DTOT
pPEeXUM olepalnuil MOXeT ObIThb BbIOpaH cOpocoM (naxkka Compute Operating Point Ha
rpaduke.

B nro6om cnydae BO3MOXKHO 3a7aTh HayallbHBIE YCIOBUSL A OTAETBHBIX KOMIIOHEHTOB WIIH
Y3JI0BBIX HamnpspKeHUH. JT0 0COOEHHO MOJE3HO Ui CXEM OCHMJUIATOPOB WMJIM TaKHX, Ine padora
CXEeMBbl 3aBHCHUT OT TOTO, YTOOBI OTAENbHBIE KOHICHCATOPHI OBUIM pa3psHKEHBI 10 Hauaja
ucnbITanus. JleicTBUTEbHO, KOHIENIUS YCTOWYUBOTO COCTOSIHUS paboyeit TOUKU HE UMEET
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CMbBICJIa IJId OCHUIIIATOPOB, 4 CHUMYJALUA MOXKCET IMOJHOCTBKO OCTAHOBUTLCHA, CCJIM HCKOTOPLIC
Ha4YaJIbHBIC YCJIOBHUA HC 3aJaHBI.

3apaHue HavanbHbIX YCNOBUM ANS Lenewn

Camprii n1€rkmii  cmoco® 3agaTh HAYaJIbHBIE YCIOBHS, Yalle BCEro, OOO3HAYHTHh HAYAIBHOE
HanpspKeHue A OoTAenbHOM Lenu. Ha cxeMme HuXke 3TO BBIIOJHEHO J00ABICHHEM STHKETOK K
npoBogaM ¢ TekcTtoM IC=0 ans ucneityemoir nenu. bes storo mpucBamBanus PROSPICE Oyner
BBIUUCIIATh 3HAYEHUE YCTOHYMBOro cocTosHus HampspkeHus Ha Cl, To ects, 1 BonbT, U rpaduk
Oyznet nokaspiBath VC, Kak TOPU30HTAJIBHYIO NPSAMYIO JIMHUIO.

+1VQ . R lcg /&VC

ANALQGUE ANALYSIS

1.00f VC
T

308m /

0.02

a.00  1.08  2.00 —

Jns memnei, KOTOpbIe HMMEIOT BHYTpPEHHEE COCAMHEHHE TOJBKO ITM(POBBIX KOMIIOHEHTOB, BBI
JIOJDKHBI ~ MCIIONIb30BaTh  JIOTUYECKUE COCTOSIHUS —JJIi  HaYaJbHBIX  YCJIOBUH; TO  €CTb,
1,0,H,L,HIGH,LOW,SHI, WHI,SLO,WLO wmu FLT, u npucauBars um BS cBoiictBo (Boot State,
COCTOSIHME 3arpy3ku). s cMelaHHbIX Lereld Bbl JOJDKHBI 33/1aBaTh HauyajJbHOE HAINPSHKEHUE —
9TO OymeT aBTOMAaTHYECKH pacCIpOCTPAHATHCA KaK JIOTHYECKUH ypOBEHb Ha LHU(pPOBBIE
KOMITIOHCHTEI.

3agaHue HavanbHbIX ycnosm7| KOMMNOHEHTOB

Ota onius A0cTynHa Toiabko Toraa, korna PROSPICE He BeunciseT HavaabHyHO pabodyro TOUKY,
TO ecTh, koraa (maxok Initial DC Solution Ha rpaduke cOpomen. B 3Tom ciayuae Bce y310BbIE
HampspKeHUs OyIyT HYJIEBBIMU B HYJIEBOHI MOMEHT BpPEMEHH, HUCKJIIoYas IeNd C 3aJaHHBIM
CBOMCTBOM «Ha4aJbHBIE YCJIOBHS», KaK ATO ONUCAHO BhImIe. B 3TOM ciiyyae MOXHO 3a1aTh
HayaJbHbIE YCIOBHS JUIsl OT/IEIBHBIX KOMIOHEHTOB. Hanmpumep, Bbl MoXeTe 100aBUTh CBOMCTBO

IC=1

s Cl B mpempiaymem npumepe, Tak 4to Cl HayHET paboTy CO 3HAUYEHHEM YCTOWYHMBOTO
COCTOSIHUS B | BOJIBT.

Heramu cBoiictBa IC mognepxkuBarorcs pasHbiMu SPICE mpumuthBaMH, W JaHbl B pasieiie o
MOJIETTUPOBAHHH.

HexoTopsM 00pa3oM HEPHUATHO, YTO 3Ta OMIKUS HE TOCTYIHA ITPH BBIYUCICHUH Paboueii TOUKH, HO
310 TO, Kak SPICE3F5 6r110 K0ommpoBano B Berkeley. Onnako mMb1 100aBuim CBOWCTBO
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PRECHARGE B kauecTBe JiekapcTBa OT 3TOM O0Ne3HU.

CBouncteo NS (NODESET, yctaHoBKa y3na)

WNHorma mpu OoTKa3ze CHUMYISIIIUM Ha CTaJUM TIOMCKa pabodeil TOYKHM MOXKET OBITh MOJIE3HO IaTh
SPICE «mozacka3ky» B BUJE HayaJdbHBIX 3HAUEHUM ISl OTIEIBHBIX Iened. DTO OTIMYAETCS OT
YCTAaHOBKH HAYaJIbHBIX YCJIOBUU B TOM, UTO 3HAUECHUS JAIOTCS TOJIBKO JJI UCIIOJIb30BAaHMS B MEPBOM
WTEpaLMH, a 3aT€M LENb CTAHOBUTCS «IUIABAIOLIEN» J0 MOJYUYEHUS 3HAUCHUS, K KOTOPOMY CXOISATCS
ypaBHEHHUs MaTpHIl. DTO HE OoJjiee, YeM IMOMOIIb B CXOIMMOCTH, U HE CKaXXETCSl Ha ONpeNesIeHur
peanpHON paboueil TOUKH.

Taxkast mockas3ka JijIsi CXOJUMOCTH MOKET OBITh 3a/1aHa MPHU UCIIOJIb30BAaHUHM CBOMCTBA 1lenu NS, Tak
YTO pas3Meniasi ITUKETKY mpoBoaa ¢ TekctomM NS=10, Bbl 3agaére HayanbHOE 3HaueHue B 10 BoabT
JUIS DTOM IIEIIN.

CBouctBo PRECHARGE

Emé onna onust ais 3aanus HadasibHOTO ycloBus — 3To cBoiictBO PRECHARGE (mipenzapsin).
OHO MOXEeT IpUCBauBaThCs JIIOOOMY KOHJEHCATOPY WJIM MHAYKTUBHOCTH B LIETIH U 3aJaBaTh JHMOO
HaTpsDKEHUE Ha DIIEMEHTE, MO0 TOK, POTEKAIOIINIA Yepe3 Hero, COOTBETCTBEHHO.

CgoiictBo PRECHARGE — »t0 crienuduieckoe nodasnenne Labcenter k SPICE, u otmuaaercst ot
cBoiictBa IC B TOM, 94TO OHO PUMEHUMO B 3aBUCUMOCTH OT TOTO, YCTaHOBJIEH I (uiaxok [nitial
DC Solution.

MOLEJINPOBAHUWE TEMIIEPATYPbI

Anpo SPICE3F5 mnpeanaraer IMPOKYIO MOAJNEPKKY JUISI MOJECIUPOBAHUSA TEMIIEPATypHBIX
apdexToB. Cxema paboTaeT CIeIyOIUM 00pa3oM:

* Ectp mobanpHOe cBoiictBo TEMP, xoTopoe, ecnu HHYEro Apyroro He clenaHo, Oymer
OTHECEHO KO BCEM KOMIIOHEHTaM CXEMBI.

* Temneparypa MHAUBHIYaIbHBIX KOMIIOHEHTOB MOXKET OBITH 3aJjaHa uepe3 WX COOCTBEHHOE
csorcteo TEMP.

* Koraa napameTpsl MOJENH YCTPOHCTBA MEHSIOTCS MOJI IEUCTBUEM TEMIIEPATYPhl, OTIIMYHON
OT TOW, MPU KOTOPHIX OHM OBLIM H3MEPEHBI, 3Ta TEMIIepaTypa MOXET OBITh 3ajJlaHa
1100abHO W/UIIM UHAMBHIYAIbHO uepe3 cBoiicTBo TNOM.

MogenupoBanue TemmepaTypbl Hoajaep:kuBaerca y pesuctopos, auonos, JFET, MESFET, BJT
(moneBble M OUIIONSAPHBIE TpaH3UCTOPBI), ¥ ypoBHA 1, 2 u 3 MOSFET. BSIM monenu (oxxumaemo)
ObUTM CO3MAaHBl ISl 3aJaHHOW Temreparypbl. B  mmdpoBble NpUMHUTHUBBEI TeMIepaTypHas
3aBHCUMOCTb HE BCTPAaNUBaIaCh.

JIOTIOTHUTENBHO, OYEHb BaYKHO YSCHUTH, YTO OOJBIIMHCTBO SKBUBAJECHTHBIX Mozenei cxem IC He
UMEIOT MoJieNieil KOpPEeKTHBIX TeMnepaTypHbIX 3¢ dekros. [IpuynHa 3T0r0 B TOM, YTO 3TH MOJEIH
UCIOJIb3YIOT UJealIbHbIE YIIPaBIIEMbIE HCTOUHUKU U JIPYTHe€ MAaKpO-MOJIEIbHbIE IPUMUTHUBBI, a HE
IOCTPOEHBl U3 TOYHBIX KOMMHA BHYTPEHHUX KOMIIOHEHTOB. A KOIJja Takue NPUMHUTUBBI
HCIOJIb3YIOTCSI, MAJIOBEPOSITHO, YTO MOJENHU MOKAaXYT KOPPEKTHYIO TEMIIEPaTypPHYIO 3aBUCHMOCTh
MIOBEJICHNUS, I0KA KTO-TO HE BO3BMET Ha cebs TPya CAeaTh 3TO.
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MAPALINIMA LiUOPOBOU CUMYIISILINMN

Mopenb AeBATU COCTOAHUN

Brl Moxkere aymath, 9T0 mMUQPOBas CUMYISIHSA OyAeT MOACIUPOBATH TOJBKO BBICOKOEC W HHU3KOE
cocTosiHue, HO, (pakTruecku, DSIM mMomenupyeTt Bcero ACBSITh OTIEIBHBIX COCTOSHUM:

Tun cocTossHUS Kiaruepoe ciaoBo | Onucanue

[IuTaromee BEICOKOE PHI ITuraromas nmHa Joruyeckou 1.

CHUJIIbHOE BEICOKOE SHI AKTHUBHEBIN BBIXOJI JIOTUYECKOH 1.

Cnaboe BBICOKOE WHI ITaccUBHBIN BBIXOJ JOIMUECKOM 1.

IImaBaroree FLT IImaBarommii BEIX0OJ — BBICOKHI UMIIEIAHC.
Heonpenenénnoe WUD Cpennee HanpsHKEHUE OT AaHAJIOTOBOTO MCTOYHUKA.
CrniopHoe CON Cpennee HanpsipKeHUE OT HUPPOBOTO KOH(IUKTA.
Ciaboe HHU3KO€E WLO TTaccuBHEBII BeIX0H Jorudeckoro 0.

CuIIbHOE HHA3KOE SLO AKTHBHBIA BBIXOJ Horuaeckoro 0.

IInTaromiee HU3KOE PLO ITuraromast mmHa jtorudeckoro 0.

B cyurHocTH, naHHble COCTOSHUS cofiepkaT uHpopmanuoo 06 ux noiaspHoctu: high, low wmm mid-
way, — M ux cwie. Cuna u3Mmepsercsd BEIUYMHON BBIXOAHOIO TOKA KaK MCTOYHUKA WIHM JUIS
oTpedUTENsl, U CTAHOBUTCS CYLIECTBEHHOM, KOT/Ia JBa WUJIM 0oJiee BBIXOJA COEAUHSIOTCS C TOH ke
LEMBIO.

Hammpumep, ecinu BBIXOJ ¢ OTKPBITBIM KOJUIEKTOPOM NpucoeanHseTcs yepes pesuctop k VCC, Torna
IpU Mepexoje BbIxona B HM3Koe coctossiHue U Cnaboe Bricokoe (Weak High), u cunmpHOe Hu3k0€
(Strong Low) coctosiHusi mpuMeHUMBbl K Tienu. CHIIbHOE HU3KOE COCTOSHHE TMOOCIUT, W IeMh
nepeiiiér B Huskoe coctosiHue. C apyroid CTOPOHBI, €CIM JBa BBIXOJA C TPEXCTAOMIBHBIM
COCTOSIHUEM CTAHOBSITCSI aKTHBBI B IETH, a TIEPEXOAT B IPOTUBOTIOIOKHBIE COCTOSIHUS, HA OJTH W3
BBIXO/IOB HE «I100@XKIaeT», a pe3yasratoM Oynet cocrosHue Cropaoe (Contention).

Ota cxema mo3Bossier DSIM cumynmupoBaTh BBIXOIHBIE €A C OTKPBITHIM KOJIJIEKTOPOM HITH
OTKPBITBIM 3MUTTEPOM M MOATATMBAIOIIMMH PpE3UCTOpPaMHU, a TaKXKe LENU, B KOTOPBIX
TPEXCTAOUIBHBIE BBIXOABl MPOTHBOCTOAT JAPYT APYTY Yepe3 PE3UCTOpbl — Pa3HOBHIHOCTH
MYJIBTUIIIEKCOpa OETHSIKOB, €CIM BaM Tak HpaBUTCs. OIHAKO Ba)KHO MOMHHUTH, uTo DSIM — 3T0
TOJIBKO MH(PPOBOM CHUMYJISATOP M HE MOXET MOJACIUPOBATh IMOBEACHUE, KOTOPOE CTAHOBUTCS
OeccriopHo aHaNOroBeIM. Hampumep, moakitodeHre H30bITOUHO Oonbmioro pesuctopa k TTL
BXoZaM OyzeT pabotarh xopomio B DSIM, HO OTKaXeT Ha MpPaKTHKE, W3-3a HEJOCTATOYHOTO TOKa
MOATSIKKHA OT BXOJOB.

Heon pep,enéH HOe CoCTOosAHUue

Korna Bxon mugpoBoil Monenn He ompeneiéH, 3TO paclpoCTPAHAETCS 4Yepe3 MOJENb COIIACHO
TOMY, 4YTO MOXET OBITh OIMMCAaHO KaK MpaBujIa 3paBoro cMeicia. Hampumep, ecau BeHTHIb M nmeet
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HU3KUH YpOBEHb, TOTJa BBIXOJ OyJeT B HU3KOM COCTOSHHM, HO €CJIM BCE, KPOME OJHOT0, BXOJbI B
BBICOKOM COCTOSIHUH, M 3TOT BXOJl HE ONPEeNIE€H, TOTa BHIX0 OyAeT HeOonpeaeTIEHHBIM.

* OpoHT MNepeKIIoYaoNIerocst ycTpoiictBa TpeOyeT Tmepexofa OT  IOJOKUTENBHO
onpeaenéHHoro joruyeckoro 0 k jormyeckod 1 (wam HaoOopoT), yTOOBI (POHT ObLI
oOHapy»xeH. [lepexon ot 0 k 1 He onpenenéH U He BO3BpalaeTcs A1l BBIYUCICHUS (QPOHTA.

* bosnee cinoxHble MOCIEN0BATENbHBIE JTOIMUECKHE yCTPOMCTBA (CUETUMKH, 3aLIENKU U T.II.)
OylyT 4acTo UMETh HE ONpeneNEHHbIe BXOAbl HU K JiorndeckoMy 0, HU K Joruueckoi 1,
COMIACHO YCTPOMCTBY MX BHYTPEHHEH JIOTHUKH. DTO HE ITOX0)KE Ha peajIbHYIO KU3HBb!

NMoBegeHue nnaBaoLWKMX BXOAOB

OObIuHas MpaKTHKA, €CJIM HET MHOI'O OINbITa, CIEAYET JOBEpATh ToMy (akTy, yTo cBobonHble TTL
BXOJIBI BEAYT ce0s Tak, Kak eclii Obl ObUIM TOJKJIIOUEHBI K JIOTUYeCKoW 1. DTa cuTyarusi MOXKET
BO3HUKHYTb M KaK PE3yJIbTaT IIPOIyCKa COEAMHEHUS, U B TOM CiIy4dae, KOIZa BXOJ IMPHUCOCIUHEH K
HEaKTHMBHOMY BBIXOIYy C TpeMs COCTOSHUAMHU. DSIM HOIKeH YTO-TO MpEeNnpuHATh B MOAOOHOM
CUTyallMd, IIOCKOJIbKY BHYTPEHHHE MOJIEIM IPHUHUMAIOT HMCTUHHOE JIOTMYECKOE IOBEICHUE CO
BXOJ/IaMH, HAXOASAIIUMUCS UCKIIOUUTENBHO B BBICOKOM MJIM HU3KOM COCTOSIHUU.

Ot1o yuutbiBaercsa uepes cBoiictBo FLOAT. OHOo MOKeT mpucBaMBarhbcsl JIMOO HEMOCPEICTBEHHO
KoMIioHeHTy, b0 Interface Model. B wactHOCTH, MOomens uHTepdeiica (interface model) mis
anemenToB TTL nmeer npucBanBaHue:

FLOAT=HIGH
KOTOpO€ IIACUT, IIaBaIOLIMM BXO, JOJDKEH HHTEPIIPETUPOBATHCS KaK YPOBEHB JIOTHUECKOU 1.
YroOsI 3a71aTh, YTO MJIABAIOIINE BXOABI TOJDKHBI OBITH JTOTHUecKuM 0, HCTIONb3yHTe
FLOAT=LOW

Wuaue mutaBatomuii Bxop Oyet cuurathes B HeonpenenéunnoMm (Undefined) coctosinuu (cM. BhIIe).

Mopaepxka npodbnem

IIpu paspaborke DSIM MBI g0aro oO0CyXJanw, Kak IOAJAEPKHBATh CHUMYJISAIUIO MOJEICH,
MOJIBEPKEHHBIX OY€Hb KOPOTKUM UMITylIbcaM. DyHIaMeHTallbHasi TpobJieMa B TOM, YTO MPU ITUX
YCJIOBHSX OCHOBHOE TMOJIOKEeHHE mapaaurMbl DSIM — mozenu BemyT cedst Kak YucTo MU(poBbIe —
HauMHAeT mpoBaMBarbes. Hanpumep, peanbnas monens 7400 moa neicTBUEM BXOJHOTO UMITYJIbCA
B 5ns reHepUpyeT Ha BBIXOAE KAaKOro-TO poja MMIYJIbC, HO HE TOT, KOTOPBIM BCTpedaeTrcs B
cnenuukauu jJorndeckux yposneit st TTL. Byaer nm Takoil BEIXOAHOW UMITYJIBC IPHUBOAUTH B
JeficTBHE CUETUMK, STO 3aBUCHUT OT OY€Hb MHOTHX aHAJIOTOBEIX SIBJICHUM.

Camoe nydiiiee, 4T0 MOKHO MPEUIOKUTE I yu€Ta KpaitHOCTeH, 310!
* Bxoanoil umnysbc B Ins He mepegaBaTh COBCEM.
*  20ns uMmyInbcC nepeaaBaTh XOpoLIO.

[me-To MeXay HUMH BEHTHJIb NIEPECTaHET IMEepeAaBaTh MMITYJIbCHl MPABWIBHO M, CKakeM, OymeT
CIep>KUBaTh MpodsieMy. OTo NpUBOAUT Hac K KoHuenuuu Glitch Threshold Time (moporoBoe BpeMs
poOJIeMbI), KOTOpasi MOXKET OBITh JOMOJHHUTEIBHBIM CBOWCTBOM MOJEIH HApSAy C OOBIYHBIMH
TDLH u TDHL.
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Jpyras ToHkas mTyka — OyaeT Ju npoOiieMa KacaThCsi BXO/Ia MM BhIX0o/a Mojiesd. YToObl Kak-To
pEeIuTh 3T0, 00paTuMcs K Aemudparopy 4-16 cuérunka CKBO3ZHOTO MTepeHOCca, Kak IMOKa3aHO HIKE.
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BbIxoapl c4éTdnMKa CKBO3HOIO IIEPEHOCA «PACIIOJIOKEHBI YCTYIIaMH», CIIEAOBAaTEIIBHO, BO3HUKAET
BO3MO)XHOCTb TOT0, 4TO jAeumdparop OyaeT reHeprupoBarh (allbIIMBBIE UMITYIIBCHI, KOTZIA BXOJIBI
IIPOXOJAT YEPE3 NPOMEKYTOUHBIE COCTOSHUA. JTa CUTyals [I0Ka3aHa Ha CIEAYIOIIEH AuarpaMMe:
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The above graph was produced with TGQ=0 for the 74154

Paccmotpum nepByto mpobiemy npumepa Ha coobitun U1(QA); cnax BHavane noOekaaeT noabEM
U1(QB) 1 mpoMeXyTOYHOE COCTOSTHUE BXOJIa MMPOXOUT B Aemudparop, IpuMepHo, B TedcHue 10ns.
Bonpoc B Tom, uTo MOXKeT 71 AemudpaTtop JEHCTBUTEILHO OTPearupoBaTh Ha 3TO WM HET, U Jaxke
Oosiee TOro, YTO CIYYWUTCS, €CJIM KosleOaHUsl Ha BXOJ€ HPOUIATCS Toiabko Ins mmm lps? ScHo, B
MOCJIEIHNUX ABYX CIy4asX peaqbHOe YCTPOMCTBO He Oy/IeT pearupoBarh, U 3TO TOBOPHUT HAM, UTO MBI
JOJDKHBI TOAJIEPKHUBATh MPOOIEMY Ha BBIXOJIE, @ HE HA BXOJI€, IOCKOJIbKY B IIPUMEPE BHIIIIE
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BXOJHBIE HMIIYJIbChI OTHOCHUTEIBHO JOJTMe W HE OyayT paccMaTrpUBaThCsl MPOOJIEMHBIMU IIPH
TOOBIX pa3yMHBIX KpuTepusx. HekoTopple KOHKYpHpYIOIIME MPOAYKTHI MOTYT BHECTH B 3TO
ITyTaHHUILy, MOJKHO IPOTHO3UPOBATh OTKJIMK J1aKe€ B CUTyalluu ¢ 1ps!

JleficTBUTEIbHO MHTEpPECHasi YacTh HSTOW HWCTOPUM B TOM, YTO €CJIH BBl COOepére cxemy,
NpUBEAEHHYIO BBIIIE, OHA, BO3SMOXKHO, HE Oy/eT uMeTh mpolieM. DTo O4YeHb IJI0Xasi, €CTECTBEHHO,
pa3paborka, Ho TDLH u TDHL wmogpenu '154 npubnusurtenbHo 22ns, W 3TO JeNaeT yCIOBHS
OTKJIMKa Ha BXoAHoe Bo3jaeiictBue B 10ns mopsakoM Beie €€ Bo3MOxHoOcTe. C
WHIUBUTyIbHBIMA KOMIIOHEHTaMH MBI TPOOOBAM, HET BBIXOJAHBIX HMMITYIHCOB, HMHBIX YEM,
BO3MOJKHO, JIETKHE «IIPOCAAKN» MUTAOLIETO HAMPSDKEHUS, HACKOJIBKO 3TO U3MEPUMO.

Jns monnepkaHus yrpaBieHus mnoafepxkod mpobimem Bce DSIM nmpumMuTHBBEL mpeniaraercs
UCIIONIB30BaTh C ompeaensieMbiM cBocTBOM Glitch Threshold Time, Ha3BanubiM TGxx, THE XX —
9TO UMsI COOTBETCTBYrOMIero Beixoma. Hamm TTL momenu ompeneneHbl Tak, YTOOBI 3TH CBOMCTBA
Moriu ObITh OTMeHeHbI st TTL KOMIIOHEHTOB, a 3HAYEHHS 3aTe€M TEepeonpeAeTeHbl C TEM, YTOObBI
Glitch Threshold Times ycpeqHsIOCh 10 OCHOBHBIM 3aJiep’KKaM pacnpocTpaHeHus «low-high u
high-low». 3aganue nynesoro Glitch Threshold Times O3BOJHT BBISIBUTH BCE TIPOOIEMBI, €CIIH BaM
yao0Hee Takoe ToBeneHue. [ paduk, MOKa3aHHBIN BhINIE, ObUT CO37aH UMEHHO TaK, IPHCBOCHUEM
TGQ=0 moznenu 74154.

U, nakoner, BaxxHO ysSICHUTH, uTo ecinu Glitch Threshold Time Gomnbine, yem m6o low-high, mu6o
high-low 3anepxxka pacnpoctpanenusi, torna Glitch Threshold Time Oyner urHopupoBarbcsi. ITO
JUTISL TOTO, 9TOOBI TIOCTIE BXOMHOTO (PPOHTA TIO0 MCTEUYECHUH 3HAYNMOTO BPEMEHH 3aJIePKKH BBIXO
BEHTUJISI U3MEHMJI CBOE 3HaUE€HUE — OH HE MOXET «3ariIiHyTh» B Oy/ayllee U yBUIETb, IPOU30UIET
JU cOOBITHE Ha JIPYrOM BXOZE, KOTOpPOE MOXKET COpPOCHTH BBIXOH. PaccMoTpuTe CHMMETpPHUYHBIN
BEHTUJIb C BpeMeHeM 3ajiepkku pacrnipoctpanenust B10ns u Glitch Threshold Time paBubiM 20ns. B
MoMeHT t=0ns BXOJ MEPEXOAUT B BBICOKOE COCTOSIHME, a NpH t=15ns mepexoauT B HHU3KOE. BbI
MOXETEe HUCKJIIOUUTB 3TO U3 PaclpoCTPaHEHUs, IEPEeBEs BBIXO/ B BBICOKOE cOCTOsiHUE ITpU t=10ns u
MIEPEX0/IOM B HU3KOE NpH t=25ns, TaK YTO MPOU3BEAEHHBIN UMITYJIbC OyneT 15ns mupuHoi, U ObLT
OBl Mo/aBeH, MOCKOIbKY MeHbIe, ueM Glitch Threshold Time. IlpuuuHa, MO KOTOpPOI 3TOro HE
MPOU3OUIET, B TOM, 4TO TIpH t=10ns BBIXOA JOJIKEH MEPEUTH B BHICOKOE COCTOSIHUE, U OH HE MOXKET
CTaTh HU3KUM B Ommkaiimme 20ns Oe3 maHCOB (Kak B HalleM IMpUMepe), YTOObl BTOPOH (PpPOHT,
MPUXOIAIIMNA TP 3TOM, TIPOU3BEN BBIXOJHONW HMMITYJIbC, OH JOJDKEeH ObITh momaBiieH! Korma ke
BBIXO/I CTAHOBUTCS BbICOKMM mpu t=10ns, Torma Bropoit ¢(poHT (mpH t=25ns) cBOOOTHO MOXKET
cOpocuTth ero. Bbl 1OMKHBI XOpOIIO 3TO BCE 00/yMaTh, YTOOBI MOHSTH 3TO.

MOLEIIN MHTEP®ENCOB CMELUAHHOIO PEXXUMA (ITFMOD)

O630p

ITpu pa3zpaboTke Haiiel cxemsbl JUis cuMmyisauuu cmemanHoro pexuma B PROSPICE mbl ynenunu
MHOIO BHHMMaHHs IpoOjeMe TOro, Kak 3a7aTh AaHAJOrOBbIE XapaKTEPUCTHKH YCTPOWCTBaM
UQPPOBBIX ceMeCTB. XapaKTepUCTUKH BKIIOUAIOT:

*  BxoaHOI M BBIXOJAHOW UMIIEJAHC YCTPOIMCTBA.
e Jlorudeckue Moporu JJis BXOJOB YCTPOMCTB.

® YPOBHI/I Halpsi>KEHUA 1JI1 BBICOKOT'O 1 HU3KOI'O COCTOSTHUI BbIXOJa.
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Bpemena nogbéma u criaa sl BBIXOJOB YCTPOMCTB.

Onpez[enéHHoe JJOTNYCCKOC COCTOAHUC «INJIaBarOIMMX» BXOA0B.

Cxema, KOTOpas YYHMTHIBACT 3aJaHHE BCEX JTUX MApaMETPOB ISl KaXKJIOTO W3 YCTPOWCTB B
oubmmoreke TTL, ckaxkem, Obuta ObI KpaifHE TPOMO3/IKA.

Bno6aBok, BO3HMKaeT BaxHas mnpobnema (Uil HAYMHAIOMIMX, BO BCAKOM Cllyyae) B 3a/JaHUH
NHUTAIOIIEr0 HANPSHKEHUS — €CTh TEHACHIMS BBIKJIAIBIBATh CXEMbI, TIOMOOHBIE TOW, YTO HUXKE, H
OXHJIaTh Pa3yMHBIX pe3ylbTaToOB. 31€Ch MpOoOieMa, KOHEYHO, B HEIBHOM corameHuu, yto 7400

nMmeeT 5B muTaromee HAIpPsXKCHUE, IMOABOANMMOC K €0 CKPBITBIM BbIBOJAaM, KOTOPBIEC COCAUMHCHBI C
VCC/GND.
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Bce atu npobiemsl pematoTcsi BBeAeHHEM B cBOMCTBO koMmnoHeHTa ITFMOD. Ot1o oueHb noxoxe
Ha coiictBo MODEL B ToM, 4TO MOJAE€pKUBAET CCHUIKY HAa HAOOp 3HAUEHHH CBOMCTB, HO TaKxke
aKTHBHPYET CHENHATbHBIA MexXaHu3M B KommwisTope netlist. Ilo cymectBy 310 paboraer
CJIEAYIOLIMM 00pa3oM:

Hns  mroboro ycTpoiicTBa, koTopoe wumeer cBoiictBo ITFMOD, nononnutensHOe
ompenereHue MOJETH BBI3BIBACTCA B IIpolecce co3mgaHust netlist, kortopoe 3amaér
ynpasnsiembie nmapameTpsl At ADC u DAC 00beKTOB, U TaKKe UMEHA MOJI0KUTEIHHOTO U
OTPHUIIATEIHFHOTO BBIBOAOB MOAKIIOUeHUsS nutanus. B cxeme Beime Ul:A Oymer umerh
ITFMOD=TTL.

[TonyunB umena BwiBomoB mnurtaHuss (VCC, GND B nanHom cmyuae), ISIS cozmaér
CHelMaIbHbI MPUMHUTUB U COEIUHSET €ro ¢ BbBoAaMu nuTaHus. ISIS umena storo
00bEeKTa MOXOXKU HA T€, YTO y OOBEKTOB MPOM3BOJIHBIX JHUCTOB WM MOJENEH, TaK 4YTO
cxeMme Bblllle muTanue oobekra Oyner Boi3BaHo UL:A #P.

Korna PROSPICE cumynupyer cxemy cMmemaHHoro pexxnma, oH co3gaét ADC n DAC
O0OBEKTHl M TOJPA3yMEBAET, 4YTO OHMU «IIPUHAAJIEKAT» OObEKTaM, K KOTOPBIM OHHU
noAKiItoueHsl. B cinydae BeimenpuBenéHHoi cxembl DAC 00bekT OyneT co3aaH ¢ UMEHEM
Ul:A_DAC#0000, mockonbky oH ¢opmupyet untepdeiic mis eixoga Ul:A.

CMBICT B TOM, YTO TpU BBHINOJIHEHHHM JTOTO TAaKKe IPOCMATPUBAIOTCS OOBEKTHI
uHTep(delica MUTaHUs C TEM K€ OCHOBaHUEM HMMEHH, To ecTh, Ul:A, u umercs Ul:A #P.
3arem npuxomuT uHcTpykuus Ul:A DAC#0000 — B3atb cBoiictBo u3 Ul:A #P, kotopoe
B CBOK O4Ye€peIb HACIEeQyeT CBOMCTBA OT 3aJaHHOM MOJEIM B OpPUTHHAIBHOM
npucBauBanuu ITFMOD. Tak o6bektr DAC onepupyer ¢ mapamerpami, onpeaenéHHbIMU
g ceMmeirictBa TTL gorukn.

128



PROTEUS VSM

*  Kaxnpiii o0bekT uHTEpdeiica MUTaHUs TAaKKe COACPKUT OaTapero, KOTopas Ha3HA4aeTcs
ceoiictey VOLTAGE, nanHomy B ompenenenun mojenu uHTepdeiica. Momens TTL
untepdeiica umeer 3agannoe VOLTAGE=5V.

OTO O3Ha4yaeT, YTo B BhIIENpPHUBENEHHON cxeme Oartapes 5V BkmodeHa mexay VCC u
GND, nockonbKy 3TO 11eTb, 0003Hau€HHAast KaK BBIBOABI MUTaHUs JUis ycTpoiicTa 7400.

* barapen uUMeEOT MajeHbKUN BHYTpeHHUI umnenanc (I mMumumom). A 3TO 03HAyYaeT, uTo
€cly BBl Ha3HavyaeTe peabHble MUHBI uTaHuss VCC/VDD (pa3mMecTuB KOHTAKThI TUTAHUS
WIM WCTOYHHMK HANPSHKCHUs), TOTAA ITHM OyIeT OTMEHEH YpOBEHBb, OIpPEIeIEHHBII
BHYTPEHHUMH OaTrapesMu — B MUPE CUMYJISAIMH OOJIBIION TOK uepe3 OaTaper HHYEro He
3HAYUT!

Ucnonb3oBaHue ceouctB ITFMOD

CyecTBytomiye MoJiel UHTEep(ecoB onpeaeneHsl CaeayIIUM 00pa3oM:

TTL CrannaprtHast TTL cepust (74 cepust)
TTLLS HuzkoBonwrhast [Hlotku TTL (74LS cepus)
TTLS Crannaprhas lotku TTL (74S cepus)

TTLHC Beicokockopoctnas CMOS TTL (74HC cepus)

TTLHCT | BsicokockopoctHas CMOS TTL ¢ TTL Beixonamu (74HCT)
CMOS 4000 cepuss CMOS

NMOS MukpomnpoueccopHoro tuna MOS cxembl

PLD PLD tuma MOS cxembl

N3 storo cnemyer, uto drobas HoBas IU(pPOBas MOIEIb MOXET ObITh Ha3HaueHa (aMHIUH
YCTPOUCTB T0OABICHHEM CBOMCTBA, TAKOTO KaK

ITFMOD=TTL

Omnpenenenus  amwmu nopaepxkuBatorcs  (daimom [TFMOD.MDF, xortopelit XpaHUTCS B
JUPEKTOPUUA MOJEIIEH.

Kaxnoe onpeneneHne MOXET cofaepkaTh Jr000€ MIM BCE CBOICTBA, OINpPENENEHHBIE JUIS
unrepdeiicoB npumutuBoB ADC 1 DAC. JIonomHUTEIBHO MOXKET OBIT 331aHO CIEIYIOLIee:

V+ - Mms BBIBOIIA TTIOCA ITUTAHUS.

V- - NMst BBIBOZIa MUHYCA ITUTaHUS.

VOLTAGE 5V 3aaHHOE 110 YMOJIYaHHIO pabodee HalpsHKEHUE.

RINT ImQ 3amaHHbBIM MMIenaHc BHyTpeHHel Oarapeu. HyneBoe
3Ha4YeHHE OTKJII0YaeT Garapero.

FLOAT - 3agaér HIGH nnu LOW 3HaueHue g MJIaBaroliero
BXOJIa.
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W, nHakoHel, BaKHO YTOYHHTb, YTO JIFOOOE 3aJaHHOE CBOMCTBO, Hampumep, TRISE, moxer ObITh
OTMEHEHO B POAUTEIHLCKOM YCTPOMCTBE, TaK UTO, €CJIA Bbl XOTUTE CUMYIUpPOBaTh MUKpocxemy 4000
cepuu C OONBIIUM BpeMeHeM mepenHero ¢poHTa, Bbl  JOMKHBI Jg00aBuTh TRISE=10u
HETOCPENICTBEHHO B €€ CIIMCOK CBOWCTB.

INOCTOSHHBIE JAHHBIE MOAETN

Hexoropsie Momenu cumyisitopa, dactuuHo Te, yto i EPROMS u  mMukpompoiieccopos,
cogepxanie EEPROM wimu ¢udmn namsith, COCOOHBI «3allOMHUTBY JAaHHBIE MEXKIY 3aIlyCKaMH
CUMYJISILIMM, TOJOOHO HX peajbHbIM NPOTOTHIAM. OTO JEHCTBHE OO0Jeryaercsi CBOWCTBOM
MODDATA. TloctossHHBIE ONOKM IaHHBIX MOJAETH coxpaHstorcs B Qaitme DSN, u He
yaepxuBaroTcs mexay ceccusimu PROTEUS, noka Bbl HE COXpaHUTE MPOECKT.

Yto0OBbI COPOCHUTH MOCTOSIHHBIC TAHHBIC MOJIEH JI0 HAYAJILHOTO COCTOSHUS, UCTIONB3YHTE KOMaHIy
Reset Persistent Model Data w3 pa3nena Debug 0CHOBHOTO MEHIO.

3AlMNCb U PASBUEHUNE

O630p

YHukanbHasi 0cOOEHHOCTh cUcTeEMbl VSM B €€ cmocoOHOCTHU AETUThH OOJIBIION MPOEKT Ha OJIHY WU
Oornee CeKIMI MM 9acTel M CUMYJIHPOBATh KOKAYIO M3 HUX HHIMBUIYAIBHO.

Ectp ABa MPUHIUITIHAIBHBIX NPECUMYIICCTBA, CBA3AHHBIX C OTHM!

* B nomnocteio nunTerpupoBanHbix CAD cxema Bcero mpoekra OyJeT comepxKarh HeCKOIBKO
CEeKLIH, KOTOpbIE BaM HE 3ax04eTcsd WIM Bbl HE CMOXETE CUMYIMpoBarb. /[l
[PEeIOTBpAIICHUs HEOOXOIAMMOCTH ApPOOUTH MPOEKT TpeOyeTcsl HEKUH MEeXaHW3M s
ONpEACIEHUsl, KAaKME€ KOMIIOHEHTbl B IPOEKTE JCHCTBUTEIBHO BIMAIOT Ha JaHHBIN
HKCIEPUMEHT NPU CUMYIISALINH.

ISIS nemaer 310 ¢ y4€TOM TOYEK WM3MEpPEHMS U, B JaJbHEHIIEM OTCTynas OT IPOEKTa,
TOYEK, YIPaBJIIEMbIX TECTOBHIMU UCTOUHUKAMHU W/WJIM IIMHAMH MUTAHUS.

* Ecm IMPOCKT COCTOUT M3 HCECKOJBbKUX 3TAIIOB, 6yI[eT O6H_II/IM Tpe6OBaHI/IeM BUIACTH, KaK
Ooiee IMO3JHHKEC 3TAllbl BBIITOJHAOTCA, KOrAa YIIPABJIAKOTCA BbIXOJaMH PAHHUX 3TAIlOB. Xots
3TO MOXKET OBITh IIOJIy4YCHO CHMYHHHHCﬁ BCEX OTaIllOB BMECTC, HO 6yI[eT OCYHICCTBIIATHCA
HCOIIPpaBJaHHO MCIJICHHO.

PazOuenue mo3BONSET pE3ynbTaThl CUMYJISIMH TOPEABIAYIIUX O3TaloB 3alucaTh Ha
«IEHKY» (tapes) U BOCIPOM3BECTU KaK BXOAHOM CUTHAJI Ha CIEIYIOIIUX Tanax.

ISIS BkmrOuaeT JOruKy, 4roObl cienarb 3T0 JMOO C PYYHBIM YIpaBiIeHUEM, JHOO
aBTomaruuecku. B mocnennem ciydae ISIS ompenenser, korma cxema ¢ 3aJaHHBIM
pa3bueHneM M3MEHWIACh U HOBOM CUMYJISILIMM MOBEPraeTcsl TOJIBKO TO, YTO M3MEHUIIOCH,
nJin TO, Ha qéM CKaXyTCiA HpOI/I3BeI[éHHI)I€ U3MCHCHUS.
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Onepaunm ¢ eAUHCTBEHHOMU YacTbHO

MHorue SKCIepUMEHTHI TIPH CUMYIISIIIUA OyIyT COCTOSITh M3 TECTUPOBAHUS CIUHCTBEHHOW YaCTH
MIPOEKTa, W30JINPOBAHHOIN OT OCTaJbHOr0. JTO OOBIYHO TpeOyeT CUTHajla WM CUTHAJIOB Ha BXOJE
(vmu BXOJIaX) ATOM CEKIUU, U 3aTeM HAOTIOMEHNS 32 TIPOUCXOISIINM B Pa3HBIX €€ TOUKaX.

JIOKHO OBITh SICHO, YTO CUTHAJIBI MOTYT JOOABIATHCS pa3MelIeHUEM T'eHepaTopOB Ha MOAXOASIINX
BXOJHBIX IMPOBOJAX, U YTO paboTa CXeMbl MOKET HaOMIONaThcs MyTEM pa3MelleHHs] MPOOHUKOB.
OpnHako ATH JEHCTBUSI CaMH MO ce0e HE M3OIHMPYIOT TECTHPYEMYIO CEKIIMIO OT OCTaJIbHOW YacTH
MIPOEKTA.

UToOBI caenath 3TO, BaM HY)KHO YCTaHOBHUTH (uiaxkku Isolate Before Ha reHeparopax U (IIaKKu
Isolate After na npoOHuKax. Korga 3To caenaHo, TOMBKO CEKIUs MEXIy TOYKaMHU M3O0JSIUU Oyner
KOMITIJIUPOBaHa B netlist u OyzieT cuMyaIupoBaThes.

YroObl BBHIMOJHUTG CUMYISLHUIO cekuuu, ISIS mpocMarpuBaer NmpoOOHMKH, KOTOPHIE CBS3aHBI C
rpa¢uKkoM, M TPOXOIUT IO KOMIIOHEHTAaM M MpPOBOAAM (BKJIIOYash KOHTAKTbl BHYTPEHHUX
COEIMHEHMI) Hapy)Ky, [I0Ka HE BCTPETUT OHO U3 CIEAYIOLIUX YCIOBUI:

* bonblie HET KOMIIOHEHTOB U1 IIpoLecca.
*  JIOCTUTHYTHI U30JIMPOBAHHBIE MPOOHUKU WIIM T€HEPATOPHI.
*  JlOCTUTHYTHI 3aIIMCBIBAIOIINX YCTPOMCTBA (tape) Ha BXOJIE WIN BBIXOJE.

* JloctTurHyTsl muHbI nUuTaHus. Llens mpeBpaiaercss B MUTAIONIYIO, €CIM MPUCOEANHEHA K
koHTakTaM POWER unu GROUND. GND wumm VCC stuketku Ha npoBogax HE nenaror
9TOTO.

OObBbeKTbl 3anucu
O6mnexTs! 3anucu (Tape objects) UMEIOT 1Ba OTJENIBHBIX IPUMEHEHHS B CUCTEME:!

*  UYroObl OmpenenuTh TOYKH, B KOTOPBIX €CTh CMBICII MTHOPHPOBATh CXEMy IpaBee, Koraa
cxema JieBee CHMYJIHpyeTcsl. Takue TOYKM OOBIYHO TaM, IJie HU3KUH HMMIIEIAHC BBIXO/IOB
YTpaBISIET BEICOKAM UMIIEAHCOM BXOJOB. DTO MOXET OBITh TAKXKE JOCTHTHYTO M3OJSIIIACH
MPOOHUKOB.

*  UYtoOnl nogacprkarb CpCaACTBa AJI 3aXBaTa COCTOSAHUS BBIXOAOB OJHOT'O U3 3TAIIOB MIPOCKTA U
HCIIOJIB30BAaTh 3TU COCTOSAHUA JJIA YHPABJICHUA CICAYIOIHUM 3TAIllOM 0e3 HpCI[BapI/ITeJ'II)HOI\/'I
CUMYJIAIUU IICPBOTO 3TAlla.

UmobbI pasamecmums 3anucsk (Tape):
1. Beibepure uxkonky Tape Recorder Mode.

2. Hcnonp3yliTe HMKOHKM IIOBOPOTa M OTPAKEHUS [UId NPUIAHUS HYKHOTO ITOJIOKEHUS
3aIHUCBIBAIOIIEMY YCTPONCTBY.

3. TlepemecTHTe MBIINIKYy B OKHO pe0aKkmuposanus W HaXMHUTE JIEBYIO KIABHUINY MBIIIKH,
HepeTalUTe 3aUCBIBAIOIIEE YCTPOHCTBO B HY’)KHOE MECTO ¥ HAKMUTE KIIABUIILY €IlE pas3.

BE1 MmoxeTe PasMECTUTD 3alIMCBIBAIONIICC yCTpOﬁCTBO (tape) HCMMOCPCACTBCHHO Ha
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CYIIECTBYIOIIEM MTPOBOJIE, PA3MECTHUB €r0 TaK, YTOOBI TOUKA COETUHEHHS Kacaaach MPOBOAA.
B kauecTBe anbTepHATHUBEI BBl MOXETE Pa3MECTUTh HECKOJIBKO 3alUCBHIBAIOIINX YCTPOUCTB
Ha CBOOOJTHOM MECTE M COEAMHUTH CO CXEMOIl MO3XKe.

JKusnenno easicno pasmewams 3anucwvléaroujee YCmpoucmeo 6 4y8CmseumenbHblx Mecmax, mam 2oe
HU3KUU uUMneoanc ynpaensem 6vlcokum. Ecau vl pazmecmume 3anucwisaioujee ycmpoucmeo 6
OpyeomM Mmecme, 6bl MOJCeme UMEHUMb CE0UCMEd 6auiell cxemvbl U UCNOPMUMb pe3YIbmambl,
Komopbwle Oy0ym npou3seoeHtoi.

Pexumbl 3anucu

YroObl AaTh MAaKCUMAaJbHBIE BO3MOXXHOCTH JUIS MOJB30BAaTEIBCKOTO YIPABICHUS, 3alUCHIBAIOIICE
ycrporictBo umeer Tpu pexxuma: AUTO, PLAY u RECORD. B nocnenyromem pacckase Mbl
ucrosb3yeM TepMuHsbl left u righ B cmbicie mormueckol 3aBUCUMOCTH OT CTPYKTYPBI pa3OueHwus,
YTEHHUS MIPOEKTa OT BXO/Ia K BBIXO/Y, CIIE€Ba-HAIPABO.

Pexum AUTO

DTO cxeMa MO YMOJYaHUIO U OMNPEIENseT pEeXUM olepauuii, mpu kotopoMm ISIS pemaer, kakue
YacTH CJIEAYeT MepeCUMYJIMpOBaTh, a Il KaKUX MOXHO MCHOJIb30BaTh MPEKJE MOMy4YCHHbIC
naHHble. J[ns GonbIIMHCTBA CUMYJISIUN, KoTopble TpeOyroT 3amucu, pexxum AUTO oxaspiBaeTcs
HauOoJIEe MOJIE3EH.

DTO aBTOMATHYECKOE OMPEIEIICHIHEe OCHOBAHO Ha Y4ETE BCEro TEKCTa, OOHAPYKEHHOTo B sub-netlist,
OTHOCSILErocs K CeKIMU MpoekTa. V3 4ero ciemyer, 4To eciiv JioOble UMEHA 4acTel, 3HAYCHUs,
CBOMCTBA, COCTMHEHHS U T.II. B 3TOW CEKI[MH MEHSJIHCh, OyJCT BBINOJHEHA MEPECUMYJISAIHNS, SCITH
TONBKO (haiiy pasaena yxe He COIEPIKUT ITOT Habop MHGPOPMAITHH.

3ametsre, uto BCE Momenu, ckpunThl, I100albHBIE CBOMCTBA MPOEKTa M T.JI. BKJIIOUEHBI B sub-
netlist (moxm-cmenudukanmio), TaK YTO W3MEHEHHE JIIOOOT0 TaKOro OOBEKTa BBI3OBET
MePECUMYJIAIIMI0 BCEX aBTOMATHYECKH yIpaBisieMbiXx cekiuid. SIS He 3amaércst BompocoM, Oymer
JU OTJENbHAsE MOJIeNb, CKPUIT U T.II. UCIIOJIb30BAThCA KOMIIOHEHTAMU B OT/AENbHOM cekuuu. Ecnu
BaM HY)KHO OOOWMTH 3TO, BbI MOXKETE HCIIOJIb30BaTh pyuHoe yrpasieHue B pexkumax RECORD u
PLAY.

3ametsre, uro 00BekT TAPE B aBTOMaTHdeckoM pexume Oyner ynanéH H3 CXEMbl, eCld
BBITIOJIHACTCSI HHTEPAKTUBHASL CUMYJISLIUS.

Pexnm PLAY

OTOT peXuM Aa€T BaM BO3MOXKHOCTb IPOHWIPAaTh HMMEHOBAaHHBIN (aiiy, KOTOPBIH BBl MPEKIE
3anmucaiy JIMOO ¢ MOMOIIIBIO 3aITUCHIBAIOIIETO YCTPOUCTBA, 00 nobaBnenueM cBoiictBa RECORD
npoOHuky. Mms Qaiina naHHBIX Ui TPOUTPHIBAHHUSA JODKHO OBITH BBeNeHO B moje Filename
3alMCHIBAIONIETO YCTPOUMCTBA; Bbl HE MOXKETE MCIOJIb30BaTh pexkuM PLAY mnoka He BBenére mmst
daiina.

Korna 3anuceiBaroniee yctpoiictBo B pexkume PLAY, cxema cieBa OTKJIIOYEHA WU UTHOPUPYETCH,
€CJIM TOJILKO HE BKIIIOYAET MPOOHUKH, KOTOPHIE TAKKE BKJIFOUCHBI B TEKYIIUH TpaduK.

He 3a6blBaI>iTe, YTO BBl MOXXETC IPOUTPBIBATH TOJIBKO HAHHBIC, KOTOPLIC OBUIH 3aIMCaHbI JJI1 TEX
TUIIOB aHAJIM3a, KOTOPLIC BBINIOJIHAIOTCA B ,Z[aHHLII\/JI MOMEHT. [IomnpITKa BBIIOIHEHUS APYTrux TUIIOB
BBI3OBCT OH_II/I6Ky
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Pexxum RECORD

OTOT pexuM MpUBENET K TOMY, YTO JAAHHBIE, NPUCYTCTBYIOIIME HAa BXOJE 3alMCHIBAIOLIETO
yCTpoiicTBa, OyayT 3amucaHbl B (Qailie ¢ uMeHeM B mnone Filename ycTpoONCTBa; Bbl HE MOXETE
ucnonb3oBarh pexum RECORD, noka ums ¢aiina He BBeIEHO.

Hpyroit s¢pdexr pexuma 3anucu B (HOPCUPOBAHUM MEPECUMYSSIIUM CEKIIMU CXEMBbl ClieBa OT
3aIMMCHIBAIOIIETO YCTPOUCTBA, HE3aBHCUMO OT TOTO, OyAeT JM OHAa MEHSAThCA WM HeT. Eciu ecTb
yacThb CXEMbl CIIpaBa OT YCTPOMCTBa 3alMCH, KOTOpas TECTUPYeTCs, TOrAa OHa Toxe Oyner
[epECUMYJIMPOBaHAa, IIOCKOJIBKY OHA 3aBHCHUT OT TOW 4acTH, 4TO CIIEBA.

Pe:xxum RECORD 3anuceiBaromiero ycrpoiictsa Harbosiee 1moyie3eH mpu CUMYISIIUY, B KOTOPOIl BbI
XOTHUTE 3allMCaTh CUTHAJL, @ 3aTE€M UCIIOJIB30BAaTh €0 KaK BXOAHOU B TaJbHEUIINX DKCIIEPUMEHTAX.

CBOMCTBA YIIPABJIEHUSI CUMYJIITOPOM

O6G30p

Ectb OrPOMHO€ KOJIMYECTBO IIapaMETPOB, KOTOPHLIC CKAa3bIBAIOTCA Ha JACTAJIAX BBIIIOIHCHUA
CUMYJIAIUH. OTO BKIIOYACT TAaKHE OJICMCHTBI, KaK MaKCHUMaJIbHOC KOJIHYCCTBO HTepaHHﬁ,
pa3peméHme 1 HAXOXKACHUA pa60qel71 TOYKH, TOYHOCTb, KOTOpasd OIpEaAcIaIcT MOMCHT
CXONMOCTH, I/ICHOJIBSyeMHﬁ MCTOA UHTCrpaliu U T.1.

Otu onmuu, o0ImMe s BCEX THUIOB aHallM3a, MOTYT HACTPaWBaThCS OTHENBHO JUIS Ka)JOTo
rpaduka ¢ mMOMOIIbIO ero penakrupoBanus u BeiOopa kHonku SPICE Options.

CBowncTtBa TouHOocTH (Tolerance)

Ota rpynna mapaMmeTpoB ompezenseT, kak TouHo SPICE Oymer BeUMCHATH pemieHue. YeM BBITIE
TOYHOCTb, TEM, OOBIYHO, JJTUTEIbHEE BPEMsI CUMYJISLIUU, @ B HEKOTOPHIX OOCTOSITEIHCTBAX CXEMa
MOXKET BOBCE HE CHUMYJIHMPOBATHCS M3-32 PACXOJUMOCTH, €CIIM Bl BHIOpANM CIMIIKOM BBICOKUH
Ha0op mapamMeTpOB TOYHOCTH.

Haubonee monesnoe 3HaueHue 3aech — 310 Truncation Error Estimation daxtop, nmu TRTOL B
TpaauunoHHoi HoMmeHkiaatype SPICE. Ecau Bbl MOMyumiau pe3yabTarhl, KOTOpPbIE W3JIHIIHE
«M3pEe3aHbl» UM CTPAJAIOT OTKIIOHEHUSIMH, Bbl JOJKHBI OMTPOOOBATh YMEHBIINUTh 3TO 3HAUEHHE.

3HaueHne MUHUMAIBHOM 3MekTponpoBonHocT, GMIN, ompenenser yTedky oOpaTHO BKITIOUEHHBIX
MOJTYIIPOBOJHUKOBBIX TEPEXOA0B WM JIPYTUX TEOPETUYSCKHX TOUEK OECKOHEYHOTO HMMITEIaHCa.
BBIpe?:aHI/Ie 9TOT'0 3HAYCHUA MOXKET IIOMOYb BBIIIOJIHUTE CXOAUMOCTDL IJId LCIH, KOTOpass HEC CMOIJIa
CUMYJIUPOBATHCS, XOTSI 3TO MOXKET YMEHBIIUTh TOYHOCTh cuUMyisimuu. CM. pasmen npaiee, TeC
0o0JbIIIE CKa3aHO O MPOOIEMaX CXOAUMOCTH.

VYreuka npooaumoctu, GLEAK, nmoxoa Ha TO, 4TO Mbl ONUCHIBAJIM, KOTJIa TOBOPUJIA O PEILICHUH
JUIsL CXeM ¢ OJIOKMpOBAaHMEM KOHJIEHCATOPOB MO MOCTOSTHHOMY TOKY. OHa ompenessieT YTEeUKy IO
MMOCTOSTHHOMY TOKY KOHJIEHCATOPOB W MOXKET, OOBIYHO, OCTaBaThCS B CTOPOHE, IMOKAa BBl HE
CUMYJIHMpYETE U4TO-TO Noxoxee Ha ssueik CMOS namsTi Uian HEYTO B 3TOM POJIE.

CBouctBa Mosfet

SPICE cumynsuus MOSFET (kananbHbli noneBoit ynunossipaelii MOII-TpaH3ucTop) ocHOBaHa Ha
JOTIYIIEHUH, 4TO BbI BbINonHseTe [C npoeKT u, ciaenoBaTeabHo, PEAIU3yeTe CXeMY JUIs
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MacimrtabupyemMoi reomeTpur. Ha mpakThke 3TO O3HA4aeT, YTO €CTh HEKOTOPOE KOIMYECTBO
MapaMeTpoB, KOTOPBIC OMPENCNSIOT TPEAONpenenéHHble (U3MUECKHE pa3Mepbl SIEMEHTOB
ycrporictBa MOSFET. D10 3HaueHus, onpenenseMsbie 31€Ch.

JlonomHUTENbHO OBUIM CO3JaHbl HEKOTOPHIE MOJENH, KOTOPBhIE 3aBUCSAT OT IMOBEACHHUS CTapbIX
Bepcuii SPICE, u 310 moBegenue MOSFET MOXHO BKJIIOYATh M BBIKJIIOYATh 3/1€Ch, €CIIA BBI
ucnomnssyere ctapbie MOSFET mopnenu.

CBouncTtBa utepauum

CroiicTBa Ha 3akinaznke [teration onpenensator, kak SPICE o0xomautcs ¢ memnsiMu, KOTOPBIE ILIOXO
CXOJISTCS.

MeTton uHTErpanuu MoxkeT ObITh nu00 Gear, mubo Trapezoidal. Tlocnennuii moamepKuBaeTcs B
OCHOBHOM U1l oOparHOW coBMecTuMocTH ¢ mnpenasiaymmmu Bepcusimu SPICE, xots meron
uHTerpauu Gear o0bIMHO a&T OoJee TOUHbIE Pe3yNbTaThl AJIS 3aJaHHOTO KOJIMYECTBA BPEMEHHBIX
maroB. [Ipu maTerpanmmu mo Gear Bo3MOXHBI HOpsiaku Oonee BToporo; 3to 3actasisier SPICE
MCIOJIb30BaTh OOJbIIE UCTOPUU MPOXOAOB TOUKH BPEMEHH, YTOOBI MpencKas3aTh, YTO CIYUYHUTCS B
CIEAYIOUIEH BPEMEHHOM TOYKE.

Korma SPICE Tepriut Heymady mpu MOMCKE CXOASIIEToCs pelieH s sl pabodel TOUKH, IporpaMmma
JieNaeT MONBITKY B IBYX npubmmkeHusx: Gmin Stepping u Source Stepping. KommuectBo maros
MOTBITOK B Ka)KJIOM METOZIE MOXKET OBbITh 33/1aHO 3/1€Ch.

Tpu cleAyromuX ONIMH ONPEICNISIIOT, KAaKO€ MAKCHMAalbHOE KOJIWYECTBO HWTEpaluid OyIaeT
MCIIOIb30BAHO I KKAOW W3 pabOoYuX TOYEK: IaroB B Transfer aHaau3e, BPEMEHHBIX TOYEK B
Transient ananu3e. YBEIWYCHHE ITOTO MOXKET ITOMOYb B TOTYYCHHH PE3YJIbTaTa JJisi CIIOKHBIX HIU
OJIM3KHX K HECTAOMJILHOCTH CXEM.

Hakonen, aBe onuuu Aar0T BO3MOXKHOE yckopeHue cumymsauuid. LTRA ymuioTHsier nucronb3oBaHue
TOJIBKO JJI CXeM, HCTIOIb3ytonuX Juauu nepenad ¢ norepsamu (LOSSYLINE monens). Maes B Tom,
4T0 OJM3KME K OJAMHAKOBBIM 3HAUEHHs B JAHHBIX KaHajla OTOPAcChIBAIOTCS TaK, YTO STH TOYKH
JaHHBIX poxoasarcs. IIpoxoxkaeHne He U3MEHSIOLIMXCS JIEMEHTOB B 00LIEM ONTUMU3UPYETCS, YTO
npenoxpanser SPICE or mepecuéra 3Ha4eHHMH IOJIYIPOBOJHUKOBBIX YCTPOWCTB, YbH Y3JIOBbIE
HaNPsKEHUS HE MEHSJINCH C MTOCJIEHEN OLEHKH.

TemnepaTtypHble CBONCTBa

Ecte nBa moOanbHBIX TeMmeparypHbix cBoiictBa: TEMP — mnpenonpenenénnass pabodast
temneparypa, 1 TNOM — napamerp uzmepsiemoit temneparypel. TEMP onpenensier akTyalbHYIO
Temneparypy cxemsl, Toraa kak TNOM — 310 3HaueHue, Npu KOTOPOM 3aBHUCSILUE OT TEMIIEPATypPhl
napameTpbl ycTpoicTBa OepyTcs Ul BBINOJHEHHWs] U3MepeHus. boree naeranpHOe oOCyXIeHHE
MonenupoBanus tTemneparypsl B PROSPICE cmoTpuTe B COOTBETCTBYIOIIEM pa3iEe.

CBowncTtBa UM poBOoro cumynatTopa

TDSCALE, TDSEED, TDLOWER u TDUPPER

[Tepemennas TDSCALE wucnonb3yeTcst Juis ynpaBlieHHs MacIITaOMPOBaHUEM BCEX BPEMEHHBIX
CBOICTB, UCIIOJIb3YEMbIX MOJIETISIMU IPH 3aIlyCKE CUMYJISIIINH, €CIIM MOJIEb He ObliIa SIBHO

134



PROTEUS VSM

oTMeueHa, kak He MacmTabupyemas. Ilepemennoit TDSCALE moxer ObITh MPHUCBOEHO JIHOO
3HaYE€HME TOCTOSTHHOM C IIJIaBaroIlell TOUYKOH, IH00 KiatoueBoe ¢i10B0 RANDOM.

Ecnn 3a1aH0 NOCTOSIHHOE 3HAYE€HUE, TOTa BCE BPEMEHHBIE CBOWCTBA, ONpENEIsieMble Ul MOAENEH,
UCIOJb3yEMbIX TpPU CHUMYJSLUH, YMHOXAIOTCS Ha 3TO 3HAYEHUE; 3HaueHHe MeHbiie, dyeM 1.0
YMEHBIIAIOT BpPEMEHHbIE CBOWCTBA, a 3HadeHus Oompmie 1.0 yBenuuuBaror ux. Hampuwmep,
IIPUCBOEHUE NIEPEMEHHOM:

TDSCALE = 1.1

naét 3¢ddexT yuIMHEeHusT BCeX BPEMEHHBIX CBOMCTB, HCHONB3YyeMbIX MpH cuMmyisuuud Ha 10%.
3nauenue no ymomuanuto st TDSCALE — 3710 nocrositHHoe 3HaueHue 1.0; 3To cka3biBaeTcs Ha
BCEX BPEMEHHBIX CBOWCTBAX TaK, YTO OHU HE MOJUPUIIUPYIOTCS.

Ecnu nepemennoit TDSCALE npucBouts kitoueBoe cioBo RANDOM, DSIM Oyner ciny4aiflHbIM
00pa3oM MacIITabupOBaTh KaXJ10€ BPEMEHHOE CBOMCTBO, YMHOXasl €r0 Ha CllydaliHOE 3HaYCHUE C
riaBaroed  Toukoi. Jluama3oH 3HaYeHMH BPEMEHHOTO MaclITaOMpOBAaHUsS, BBIOMpAEMBbIil
CUMYJISITOPOM, MOKET ObIThb orpanudeH mnpucBoeHuem nepemeHHsiIM TDLOWER u TDUPPER;
OTUM  ONPEHENIAIOTCA  JONYyCTHMMBIE HAaWMHM3LIEE M  HAWBBICIIEE  CIIy4aliHble 3HAYEHUs
cootBeTcTBeHHO. 110 ymomuanunro 3Hadvenuss TDLOWER u TDUPPER 0.9 u 1.1, uto orpannuuBaer
ciydaifHoe MaciTabupoBanue 3HaueHusIMHU +10%.

[TocnenoBaTenbHOCTh TEHEPUPYEMBIX CITYyYAHBIX 3HAYEHUM, CKaXKEM, TICEBAOCITyYalHAs] — KaXJ0€e
MOCJIEAYIONIee CTeHEePUPOBAHHOE 3HAYCHHE, KOTOPOE MJOKHO OBITh CIIy4aiHBIM, (aKTHUYECKU
OTpeIesieTCss MPENbIAYIIMM 3HaYeHHuEeM (M clokHOU dopmynoit). M3 atoro ciemyer, uto rodas
MOCJIEI0BATENbHOCTh CIyYaHBIX YHUCET OIpENeNsieTcsl HavdallbHbIM 3HAYeHUEM, U 4YTO s
3aJJaHHOTO HAYAJIbHOTO 3HAYEHUS T€HEPUPYEMbIE MOCIEIOBATEILHOCTH CIIyYalHBIX YUCEN BCEraa
onuHakoBbl. CpoiictBo TDSEED mno3Bossier Bam 3aAaTh HauajlbHOE 3HAUYEHUE /I TE€HEepaluu
CIIy4alHBIX 3HAYE€HUW BPEMEHHOTO MAcIITaOWPOBAHUS M TapaHTUPYET, YTO MOCIEIOBATEILHOCTD,
BbIOpaHHAs A7l OJHOW CUMYIISIIIMM, TIPH JIPYrOM 3ammycke OyIeT Bcerna ToW Ke. DTO YCTpaHseT
mpoOieMy OmuOOK C BpEMEHaMH B TIPOEKTE, OOYCIIOBIEHHBIX CIYYallHBIMH 3aJepPKKaMU
pacIpoCTpaHEHUs1, KOTOPBIE MOSBISIOTCS, HO UCYE3AI0T NP MOCIEAYIOMINX 3ayCKaX CUMYJISILUH.

[Tepemennas TDSEED moxeT moiy4daTh TOJBKO MOJIOKUTEIBHBIE 1IETbIE 3HAYCHUS B AUana3oHe 1-
32767. IlpenonpenenéHHoe 3HAYeHHE caMoO MO cebe ciayyaiiHoe Yucio (OCHOBaHHOE Ha Jare u
BPEMEHHU), U 3TUM TOAJICPKUBACTCS METOJ TeHEpAIlMU CIyYalHBIX YHCENI OT OJHON CHMYJISAIUUA K
CIEAYIOLIEH.
Hampumep, npucsoenue:

TDSCALE = RANDOM

TDLOWER = 2.00

TDUPPER = 3.00

TDSEED = 723
nactT 3QQeKT CIy4alHOrO yBEIMYEHHs] BCEX BPEMEHHBIX CBOMCTB mpumepHo Ha 200-300% co
CIIy4yallHOM TIOCJIEIOBATEIbHOCThIO 3HAYeHUN MacimTabupoBanus. HavanpHoe 3HaueHue 723

HpI/IBel[éT K TOMY, YTO Ta 7K€ MOCJICAO0BATCIbHOCTD HCGBI[OCJIyqaf/'IHBIX YUCCJI 6YI[6T IFCHCPUPOBATHCA
IIPpH KAKIAOM 3aITyCKC CUMYJIAIHUN.
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INITSEED

CgoiictBo INITSEED wucnone3yercs A HadajlbHOW CIydalHOM WHUIMAIW3ALKMN 3HAYCHUS
reHepaTopa, UCIOJIb3yeMOro MojensaMu npuMutuBoB DSIM, 4bé cBOCTBO MHMLMANM3ALUU ObLIO
MPUCBOEHO KiItoueBoMy ciioBy RANDOM.

Kak u co csoiictBamu TDSCALE u TDSEED, ommcaHHBIMH BBIIIE, €CJIM ITOCIIEA0BATSIBHOCTD
3HAYEHUH, CreHEpUPOBaHHAs CIIy4alHbIM 3HA4YECHUEM VHULIMAIU3aUu, ClIy4aiHa,
MOCJIEI0BATEILHOCTD B 11€J10M KOHeuHa u onpeaesneHa. CporictBo INITSEED noanepsxuBaeT MeToz
BbIOOpa, KOTOPBIM TOCIE0BATENLHOCTD CIIyYaHBIX 3HAYEHUN UCTIONB3yeTcsl cuMmyisitopom DSIM.

CgorictBo INITSEED moxxeT mpuHUMATh TOJIBKO MOJOKUTEIBHBIE 1IEIbIE 3HAUCHUS B Juarna3oHe 1-
32767. llpenonpenenénnoe 3nauenue s INITSEED camo no cebe ciydaitHoe yucio (0CHOBaHHOE
Ha JIaTé W BPEMEHHU), U ITHM IOICPKUBACTCS METOJ| T€HEpaIlMH CIyYalHBIX YHCET OT OJHOMN
CUMYJISILMHU K CIEAYIOUIEH.

TUIMbl MOLEJIEA CUMYIISITOPA

Kak ckasaTtb, UMeeT N1 KOMMOHEHT MoAenb

PROTEUS npuxonut c 6osee, uem 8000 anemMenTamu 6MOIMOTEKH, U3 KOTOpbIX okosio 6000 nmerot
MOJEIH CUMYJIHUPOBAHUS. YCTPOWMCTBA, KOTOPHIE HE MMEIOT MOJENIEH, OYEHb CYHIECTBEHHBI IS
UCIONIB30BaHMs Tpu pa3Boake mneuatHod tuiatel (PCB design), u uaes, 4yTo KaxAbIi DIEMEHT
JIOJKEH UMETh MOJIENb, a0COIIOTHO HECOCTOSTENbHA. DTO MPEANonarago Obl, MEXIy MPOYUM, YTO
MBI JIOJKHBI co3AaTh Mozenb Juist 68020 npoueccopa — 3aj1aua COBCEM HE TPUBUAJIbHASL.

I/ITaK, IS TIeIei CUMYJIAIUN CXEM, BaM HYXXHO OINPCACIUTLCA, NMECT JIM KOMIIOHCHT, KOTOpLII\/JI BbI
HCIIOJIB3YCTC, MOACIIb CUMYIIMPOBAHU. HMuage nmombITKa CUMYIIIUN MOXCT OKOHYUTBHCA Heyz[aqeﬁ,
€CJIM MOJCIIN HET, U OOBIYHO C COO6III€HI/ICM IMMOXOXXHUM Ha CIICAYIOMICC:

ERROR [PSM] : No model specified for 'Ul".

Ommbka oOHapykuBaeTcst Ha sTane pasoueHus (PSM), MOCKOIbKY O 3TOTO MOXET MOJIYYHTHCS
TaK, YTO KOMIIOHEHT 0€3 MOJIEIIA OKAXKETCsI BHE YACTH CXEMBbI, KOTOpasi IOJDKHA CHMYJIHPOBAThCS.

WNHuorna BeI nosy4uTe:
ERROR [U1]:
Value '74F00' of VALUE not found in parameter mapping table.

OTO 03HAYaET, YTO €CTh (ailil MOIENH I YCTPOIMCTBA, HO BBl JOJDKHBI U3MEHUTh 3HAYEHHUE THIIA
alieMeHTa, KOTopblil He Monenupyercas MDF ¢aiinom. B npumepe Bbllie Mbl JOKHBI U3MEHUTD
3HaueHue BeHTWIA Ha 74LS00, xoropeii Monmenupyercs, ans BeHTuns 74F00, xoropelid He
MOJEINPYETCSI.

Tun mopenu cumynaropa (€ciau ecTh), JOCTYIHBIN A1 KOMIIOHEHTa, OTOOpakaeTcsl clieBa BBEPXY
OKHA NpeosapumeibHo20 npocmompa B 0003peBaresie ycTpoicTs onbanoreku. Hanpumep, eciiu Bb
OTKpbIBaeTe 0003peBarenb OubanoTeku U BeiOupaete ycrpoiictBo 74LS00 B Gubnuoreke 74LS, BbI
YBUJIATE

Schematic Model [74NAND.MDF]

JanbHelmas uHQOpMaLKs O pa3HbIX TUIIAX MOJIENIEeN JaHa B CIEAYIOUINX pa3jesax.
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Mopenu npummntTuBOB

3HaunTeNnbHas 4acTh 0a30BBIX THUIOB KOMIIOHEHTOB NocTpoeHbl HenocpenctBeHHO B PROSPICE.
OTH TUNBI YCTPOWCTB Ha3BaHbl Primitives W BKIIIOYAIOT PE3UCTOPHI, KOHAEHCATOPHI, HOIHI,
TPaH3UCTOPBI, BEHTHJIH, CYETYHUKH, TAMSITh U MHOTO JPYTO€.

Mogenu TpUMHTHBOB HE TPeOYIOT BHEMIHUX (DAWJIOB Ui CUMYJISIIIUH, ¥ OHH HE OIPEACIISIOTCS
HajauuheM eauHcTBeHHOro cBoiictBa PRIMITIVE. JlomolHUTENbHBIE CBOMCTBA 3aJar0TCs
HerocpencTBeHHo B komroHeHTe U nepenatorcs B PROSPICE uepes netlist. Hampumep, pesuctop
OyleT UMeTh:

PRIMITIVE=ANALOG,RESISTOR
3Oto onpenenser 3neMeHT, kak SPICE Resistor npuMuTus.

CranmapTHeIi HA0Op MPUMUTHBOB CHUMYJISTOpA MOXHO HaWTH B OmbOmmorekax ASIMMDLS u
DSIMMDLS. [Ing 3TuX 3J1€MEHTOB €CTh KOHTEKCTHO 4YyBCTBHTENbHas mnojckaska (help) ux
CBOICTB, @ TPUMEPHI UX UCIOJIH30BAHUS MOXKHO HalTH B okyMeHTauuu VSM SDK.

CxemHble mogenu

Korna cumynupyrorcs Gojiee CIOXKHBIE YCTPOHCTBA, OOLIMI MOAXOJ TaKOB — HApUCOBATh CXEMY,
KOTOpasi MOAPAXKAET HYKHbIM JACHCTBUSAM, UCIOJb3YSl IPUMUTHUBBI CUMYJISLIUU. DTa CXeMa MOXKET
OBITh COCTABJICHA U3 aKTyaJIbHBIX BHYTPEHHHX DJICKTPOHHBIX KOMIIOHEHTOB YCTpPOWCTBa, HO Ooiee
o0uM ciayyaeM Obl10 OBl HCIIOJNB30BAaHHWE HI€ATbHBIX HCTOYHUKOB TOKA, HAINPSDKEHUS U
NepeKIIoYaTesel sl yCKOpeHus mpolecca.

Cxemnble Mozaenu 3amarorcs cBorictBoM MODFILE, koTtopoe mo cornameHdro Mbl 3a1aéM co
CBOMCTBOM «TOJIBKO JUIsl yTeHMs». Hanpumep, onepanmonHomy ycunutento 741 nprucBanBaercs:

MODFILE=0OA_BIP

BbI MOrTH 3aMeTUTh, 4TO (ailyl MOJIEH TOCTYIIEH /Il HECKOJIBKUX MOJIENIel yCTPOMCTB — (OKYC B
ucnonb3oBaHuu Parameter Mapping Table.

CxemHbIE MOJENU CO3/1al0Tcs BbluepurBaHueM cxeMmbl B ISIS ¢ mocnenyromieit komnuisnuen eé
Model Compiler nns npouwsBoactBa MDF ¢aitna. [lanpHelmme aetanu mporiecca ONMHUCAHBI B
nokymeHTanuu k VSM SDK.

VSM mopenu

VSM wMonenu B JeHCTBUTENBHOCTH MOJAEIHM HPUMHUTHBOB, KOTOpBIE pPEaJM30BaHbl BO BHELIHHUX
DLL, a e B camom PROSPICE. Onu mnomuepXuBarmT (QYHKIHOHAIBHOCTb CHMYIHPYEMBIX
YCTPOWCTB, HCIONB3Yys SA3bIK INPOrpPaMMHMPOBAaHUS IO BalleMy BBIOOpY, XOTS OOBIYHO JydIlle
ucnonb3oBars C++.

VSM wmonens O6ynetr umeth u cBoiicTBo PRIMITIVE (nockonbky u ISIS, 1 PROSPICE tpakTytot ux
Kak IpuMHUTHBHI), 1 cBoricTBO MODDLL, xotopoe 3amaétr umst DLL ¢aiina, B KOTOpOM HaXOIUTCS
KOJT MOJIETIH.

Hanpumep, moznens 8052 umeer:
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PRIMITIVE=DIGITAL,8052
MODDLL=MCS8051

3amerste, yto DLL Monenu MoxeT peanu3oBarhb Oonee onHoro tuna npumutusa — MCS8051.DLL
peanu3yeT HECKOJIbKO BapruaHTOB 8051.

VSM Monenu MOTYT TakXe peaan30Barh (yHKIIMOHATBLHOCTD, KOTOpAasi OTHOCUTCS K aHUMAIIUH, TaK
YTO 3JIEKTPUUECKHEe U TrpaduuecKkue acleKThl Olepalnuii KOMIIOHEHTa MOTYT KOMOWHUPOBATHCS
BeCcbMa CIOKOMHBIM 00pa3zoM. Moxens LCD aucriiest mpekpacHOe TOMY IMOATBEPKICHUE.

Coznanne VSM Mozerneil Bpalmmaercsi BOKpYr HeckoJbkux kiaccoB C++ Interface (moxokux Ha
COM). Bcé 310 3a10KkyMEHTHPOBAaHO B pyKoBozcTBe K VSM SDK.

SPICE mopenu

ITockonmbky PROSPICE ocnoBan Ha Berkeley SPICE3F5, oH HemocpeacTBEHHO COBMECTHM CO
cragmaptapiMu - SPICE  mopensiMu, ¥ MHOXECTBO KOMIIOHEHTOB B OubOmuorekax PROTEUS
Monenupyrorcs, ucnonb3ys SPICE ¢aiinbl, momydeHHBIE OT MPOW3BOAMUTENCH KOMIIOHCHTOB.
SPICE monenu moryT ObITh 3a1anbl 160 6mokom SUBCKT, nmu6o Habopom mapamMeTpoB B 3arucu
MODEL. SUBCKT mMoaenu OyyT HIMETh IPUCBAMBAaHUE CBOMCTB, KaK CIICAYOIIHE:

PRIMITIVE=ANALOG,SUBCKT
SPICEMODEL=CA3140
rae npuMutuB Mozenu SPICE ans TpaH3ucTopa MOXKET MOIy4UTh CIEIYIOIINE CBOMCTBA:
PRIMITIVE=ANALOG,NPN
SPICEMODEL=BC108

CoOctBeHHO Mojenb MokeT Xpanutcs au06o0 B ASCII (TekcTtoBoMm) daitne, nubo B OuOIMOTEKE
SPICE Model. Nmena >tux daitnos 3agatorcs 6o coiicteom SPICEFILE, nu6o SPICELIB.

Paznuunbie neranu Ttoro, kak ucnoib3oBaTh SPICE mMozenu oT mpou3BOAMTENEH, ONKMCaHbI B
paznene «cnonb3zoBanue SPICE mozenein».
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XYPHAIJT (LOG) CUMYIISiUnn

[Tpu xaxmoil cumynauuu co3fga€rest 3amuch B (Qaitne kypHana (Simulation Log). daiin otuéra
COJICPIKUT BCIO MH(POPMAIIHIO, TIPEAYIIPESKICHHUS U COOOIICHUS 00 OMMOKaX W CaMOr0 CUMYJISTOPA,
Y MHIUBUIYaAIBHBIX Mozenel. Korma coobmenne co3naércsi Moenblo, OHO UMeeT Npe(UKC CChUIKH
MOJIEJT KOMITOHEHTA B KBQ/IPATHBIX CKOOKAaX, TaK 4TO BBl MOXKETE YBHUJICTh:

[U1] Loaded 26 files from PROGRAM.HEX

B mpouecce nHTEpaKTHBHON CHUMYIISIIIUHA COIEPKUMOE 3TOro (haitia MokeT OBITh OTOOpakeHO BO
BCIUTBIBAIOIIEM OKHE M3 paszaena Debug 0CHOBHOTO MEHIO, TOTa Kak JJIsl CHMYJISILIUH, OCHOBAHHON
Ha rpadukax, ¢aitn MoxxeT ObITh IPOCMOTPEH, eciH yKa3aTh Ha rpaduk u Haxxate CTRLAV.

B cnyuae, xorma cumyssIus TpeKpamaercss MOJTHOCThIO, (aitn oTuéra OymeT oroOpaskaThes
ABTOMATHYECKH, YTOOBI BBI MOTJIA BUJIETh MPUYHHY BOSHUKAIOIICH MTPOOIEMbI HEMEJICHHO.

OLUNBKU NETLIST

Ot omMOKu 0OHApPYXUBAIOTCA, KaK pe3yiabTar npodneMm nonbITok ISIS co3math netlist cxembl —
BBl TAKXKE CTOJIKHETECh C ATHUM, €CJIH TOIBITAETECh dKCopTHpoBaTh cxeMy B ARES s pasBoaku
neyaTHou iatel. O0muM OyIer:

* Hannumne AByX KOMIOHEHTOB C OJUHAKOBBHIMH HMMEHAaMH WJIM KOMIIOHEHTOB 0€3 MMEHH,
HalpuMep, IBYX PE3UCTOPOB C ITUKETKON R?.

* [Inoxo chopmupoBannsie ¢aitnel ckpuntoB, kak MAP ON tabmuns! u T.4. Obparturech k
OTpeIeTICHUsIM CHHTaKcuca B pykoBojcTBe ISIS, ecnm BB HE MOXeTe BBISIBUTH MPoOIemMy
HEMEUICHHO.

OLUNBKN KOMITOHOBKMU (LINKING)

KomnonoBka monenu — 370 miporecc B kotopoM SIS BebiBaeT ¢aitnel MDF niist koMIOHEHTOB,
KOTOpBIE MOJICTHPYIOTCSI SKBUBAICHTHBIMH cXeMaMu. be3oroBopouHo, Haubosee o01ieit mpobiemoit
CIYXXUT CUTyaIlus, KOTAa 3aJaHHbIi (aitn momenu orcyTcTByeT. Daiin mMojenu AOKEH OBITh B
TeKyle qupextopun win B Module Path, xak yka3aHo B nuanore Set Paths.

Hpyrue oOure ommOKy KOMIIOHOBKU BKJTIOUAIOT:

* 3HavyeHue He HaiiieHo B TabJHIle KapThl MapaMeTpoB. DTO O3HAYAET, YTO THII HJIEMEHTA —
ckaxkeM, CA3140, He BKIIOYEH B CIUCOK B TAOMUIlE KapThl 3aJaHHOTO (haiijia MOIEIH.
@aiinel Mopenu, Takue kak OA MOS.MDF paszpaboransl ans Mopened HECKOIbKHX
pPa3HbIX KOMIIOHEHTOB, HCIOJB3YIOIIMX Ty K€ CXEMY, HO C pa3HbIMHM 3HAYEHHUAMU. ITa
omnOKa O3HA4YaeT, 4YTO 3aJaHHbIi (Qailml Momenu He HUMeeT NapaMeTpoB sl TUla
YCTpOMCTBa, KOTOpOE BBl HCIOJB3yeTe — Bbl MOkeTe OoTKpeITb MDF ¢aiin ¢ momoribio
TEKCTOBOT'O PElIaKTOpa, YTOObI YBUIETh, KAKHE YCTPOHCTBA MOJICTUPYIOTCS.

* Hepaspeménuslii BBIBOX MOAYIs. DTO, CKOpEe, BHI30BET MPEAYNPEKICHUE, a HE COOOIIEeHHE
00 ommOKe, ¥ 03HAYAET, YTO KOPIYC POAUTEIBCKOIO KOMIIOHEHTA UMEET BBIBOJ, KOTOPBIN
OTCYTCTBYET B MoJiesii. YacTo 3TO HE MPENsITCTBUE — HapuMep, OOJIBIINHCTBO MOEIeH
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OIIEpPALlMOHHBIX YCUJIMTENEH HE MOAEIUPYIOT OTBOJ OT HYJEBOIO BBIBOAA, HO ITO MOXET
ObITh OIIMOKOM, M, €CJIM HOBas MOJETb HE padoTaeT, B 3TOM OOIIEeM Cilydae MOsBIsSETCS
npexynpexaenue «No DC path to Groundy.

OLUNBKN PASBUEHNS

Pazouenne (Partitioning) — 3T0 MexaHu3M, ¢ moMoIIsio kotoporo ISIS pemraer, kakas dacTb(un)
CXEMBI HY)KJAI0TCS B CUMYIUpOBaHUU. [IpoOiembl, KOTOpble MOTYT BOSHUKHYTb, 3TO:

OOHnapyxuBaeTcs LUKJINYECKass 3aBHCHMOCTb. OTO O3HA4aeT, YTO PACHOJIOKECHHUE
3aMUCHIBAIOIINX YCTPOMCTB (tapes) TakoBO, YTO CEKIMHM 3a M Mepe] 3alHChIBAIOIIUM
YCTPOICTBOM B3aMMHO 3aBUCHMBIL. [IpH ycioBum, 4TO BBl KOPPEKTHO 3ajaiu Bce Isolate
Before u Isolate After pnaxxku Ha MpoOHUKAX M reHepaTopax, Balle MmpocTeiiiiee 1eHCTBHE B
3TOM citydae OyJeT, BO3MOXKHO, TAKMM — YAJINTh BCE OOBEKTHI 3aMMCHIBAIONINX YCTPOUCTB
U CUMYJIMPOBATh BCIO CXEMY 3 OJIMH 3aXOJ.

He 3amana Monmenh — 93TO O3HA4YaeT, 4TO OOHAPYKEH KOMIIOHEHT, KOTOPBIM HE HMEET
cpoiictB PRIMITIVE, MODFILE, u mnosiBWICS B 4acTH CXEMbI, KOTOpas HYXIAeTci B
cumyssinud. Ecnu ycTpoiicTBO Henoaxojsuiee (Hanpumep, KOHHEKTOP), TOTAa BbI JOJKHBI
3aaarh PRIMTIVE=NULL, nuHaue Mozelb BaM Hy»Ha!

B pyxoBoncTBe ecTh pasnen, riae Oonblie CKa3aHO O TUIAX Mojeied cumynstopa. OOpatutech K

HEMY.

OLUNBKN cumyisiymmn

Ommobku cumymnsiuuu resepupyrorcest PROSPICE, a nwe ISIS, u nmostomy oOGHapykuBaroTcs mocie
Toro, Kak (aitnm netlist Opl1 ycmemHo creHepupoBad. OOmme MPoOIEeMBbl, KOTOPHIE MPH ATOM
00HApYKUBAIOTCS, BKIIFOUAIOT:

Tun ycrpoiicTBa He pacrio3Haércs. OTO O3HAYaEeT, YTO BBl 33JaJIM TUI NPUMHUTHBA, KOTOPBIH
HE MOJJICPKUBACTCS, WK YTO (haifil MOAETH U yKE UCIIOJIb30BAJICS.

Her nmytu nocrositHHOro Toka K 3emue. O1o oOcyxnaercs B pasaene «llunbl nutanus u
3EMIIH».

He nHaxogmtcss MpOOHWUK — BBl MBITACTECh OOPATHTHCS K MPOOHUKY WM TEHEPaTopy
HaNpsDKEHUs, KOTOPBIM He cymiecTByeT. [loMHHTEe, 4TO BBl JOMKHBI MCIOJIB30BaTh OOBEKT
IPROBE u3 ASIMMDLS.LIB — BbI HE MOXKETE CCHUTATHCS HA TaHKET TOKOBOTO MTPOOHHUKA.

He otkpeiBaercs wucxonusiii SPICE ¢aiin. Hcxoauslit ¢aitn, 3agaHHBI CBOWCTBOM
SPICEMODEL, He MoxeT ObITh JIoKasin30BaH. OH JOJKEH OBbITh B TEKYyILEH JUPEKTOPUU
unu 3anaH B Module Path w3 nuanoroBoit hopmsl Set Paths.

He naxomutcs 6ubmuoreynas monens. SUBCKT unu MODEL, xotopsie Bbl 3a1anu, He
CYIIIECTBYIOT B YKa3aHHOUW OMOIMOTEKE MM Ha JIUCKE.

He maxogutca DLL monens. 3amannas VSM monens DLL He MOXKET OBITH JIOKaJIH30BaHa.
Ona nomkHa OBITH B TEKYIIeW TUPEKTOPUM WM 3anaHa B Module Path w3 nuanaoroBoit
dbopwmel Set Paths.
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NPOBJIEMbI CXO4QNUMMOCTHU

Ortor mocnenHuit Habop OMMOOK OTHOCUTCS K ToMy, uto ciy4aercs, eciau SPICE cam Tepmnmt
HeyJady Ipu CUMYJISIIUU. ECTh TpH OCHOBHBIX COOOIIEHUS 00 OmMOKe, KOTOPbIE TOBOPAT 00 3TOM:

® CI/IHl"y.TIHpHaH MaTpuia. HOXO)KC, HCU3BCCTHBIX 60J'II>H_I6, 4EM ypaBHeHPIfI, qaiic BCECTO 3TO
OTHOCUTCA K CXCMaM, KOTOPBIC «HCAOPHUCOBAHLID», UJIM B KOTOPBIX HEKOTOPLIC HA4YaJIbHLIC
yCJI0BUs HYXKIAAKOTCA B TOM, YTOOBI JaBaJIUCb B IIOPAAKE, OIPCACIAONIEM CTapTOBOC
COCTOsIHHC.

Ota ommbka yacto mpeasapsiercss npeaynpexiaeHueM «No DC path to ground», u Bam
HY’)KHO IPOBEPUTH COEIUHEHHS] BOKPYTI BBIBOJIOB, 0003HAUEHHBIX B CIHUCKE IIOCJIE 3TOTO
npenynpexzaeHus. Ecim yacTe Bamlell CXeMbl HE 3a3€MJICHA, CHUMYJISTOD HE MOXKET
OIPEJICJINTHCS C HANPSHKEHUEM OTHOCHUTENBHO 3€MJIM — 3TO CTOJb XK€ IIPOCTO, KaK 3TO.

e (CaumkoM MHOTO wHTepanuii 0e3 CXOXKIEHUS. IJTO O3HA4YaeT, YTO PEIIEHUE CXEMbI
HectabunpHo. e ¢ mpumurnBamu VSWITCH unmu CSWITCH MoryT nerko co3maBaTh
Takhe YCJIOBHUS, HO IOOBIC LIEMU, MepeAaTroyHble (YHKIIMH KOTOPBIX pa3pbhIBHBI, MOTYT
co3zaBath cepbé3nble npodaemsl At SPICE.

* Bpemennoii mar (Timestep) ciuikoM mMasl. DTO 03HAYAET, YTO CXEMa MEPEKIII0YAETCS TAKUM
00pa3oM, 4TO MPOXOXKJIECHUE 10 BPEMEHHU Jake NMPU OYEHb MaJIEHbKUX 3HAYEHUSIX (OOBIYHO
1E-18 cex) Bce emé He MPOU3BOAUT CKOJIb-HUOYIb 3aMETHBIX MaJIbIX HM3MEHEHUN
HaIpsKeHUs B LEMU.

YacTo 3TO CBSI3aHO € IUIOXO pa3paOOTaHHOW MOJENbIO, WM C OTCYTCTBHEM 3aJlaHUs
MOIXOASIIMX MMapaMeTpOB JJisi MOJENIEeW AMOAOB WM TpaH3ucTtopoB. Ha mpakrtuke, eciau
E€MKOCTh Tepexo/ia He BhIOpaHa MPaBWIIBHO, TAKOE YCTPONCTBO OyJET MOKAa3bIBaTh HYJIEBOE
BpeMs TEPEKIIOUEHUsI, KOTOPO€ MOXKET HEMOCPEICTBEHHO BBI3BaTh 3TO COOOIIEHHE 00
ommoKe.

BonpImIMHCTBO OMIMOOK CXOXKACHUS MPOMCXOAAT M3-3a IUIOXO HAPUCOBAHHOM CXEMbI MM IUIOXHX
MOZENIell — BpeMs OT BPEMEHH MBI IMOJIy4aeM CXEMbl, INPUCIAHHBIE 10 TPUYMHE «HE
CUMYJIUPYETCS», HO TOJIBKO JUISI TOTO, YTOObI OOHApPYXHJIOCh YTO-TO, YTO HE OBLJIO COETUHEHO.
[Toxanyiicta, MPOBEPETE OTYET O CUMYIIALIMN HA OIIHOKH, TIEPEIPOBEPHTE BAILy CXEMY, IPEXKIE YEM
nenathb 3akiarodeHue o HepaborocrnocooHoctd PROSPICE. B mex cayuasx, koeoa ucnonvsyromcs
SPICE unu VSM mooenu opyeux npouzeooumeineti, Mbl He MOXCEM MPAMUmy 8pems Ha Ux Omidaoxy,
NOKA He CMOXCEM NPed0Cmasums NPOCMyio cxemy, 0eMOHCIPUpYouyro npooiemy.

Ocreperaiitech Takxke ucnoib3zoBanuss SPICE moneneit npyrux npousBoauTesed, KOTOpble HE
noanepxkuBator cranaapt SPICE 2 unu SPICE 3. Monenu paspaborannsie uis PSPICE™ moryT
BKJIIOYAaTh M DJIEMEHTHI, U CHHTAKCUYECKUE KOHCTPYKIMHM, KOTOPbIE HE SIBIISIOTCA CTaHIApPTOM
SPICE.

OcumiaTopsl MOTYT CTaTh NPUYMHON OCOOBIX MPOOJIEM, MOCKOJIbKY HayaJbHOE pEUIeHHE JUIs
pabouell TOYKHM MOTEPIUT Heynady. B KOHIIE KOHIIOB, OCHMJUIATOPHI HE HMEIOT YCTONYHMBOTO
coctostamsi! Mcmonpayiite IC, NS unu OFF cBoiicTBa i1 onpeneneHus HA9albHOTO COCTOSTHHS, KaK
3TO 00CYX)Aanock B paznene «HauanbHble yCIOBHSY.

Eciu npoGnema B JEHCTBUTENBHOCTH B YHUCIOBOM PACXOXKIEHHH, Bbl MOXETE IMONPOOOBATh
CIIEYIOIINE TAKTUKHU:
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VYBemuubte 3HaueHue GMIN. D10 compoTuBiIeHHE YTeYKH Il OOpaTHO CMEMIEHHOTO
nepexoja MOJIYNPOBOIHNKA, U HAWMMEHBIIEe 3HAUYEHHE CJeNaeT Iemnb 0ojiee MOXOKEeW Ha
[ENOYKY PEe3UCTOpOoB (KOTOophle Bceraa pemrarorcs). Ho 3To yxyamaer TodHOCTh. [lo
ymomyanuto, 310 1E-12; 3nadenuss Oombme 1E-9 mamyT noBombHO O€CCMBICICHHBIC
pe3ybTaThl.

3amerste, uTo B Mt000M ciydyae SPICE3F5 nompoOyeT To, 4To Ha3bIBaeTCs MPOJBUKEHUEM
GMIN, ecnu BHauyaie cxeMa HE CXOIUTCS. JTO O3HadaeT, 4To Oonbuioe 3HayeHne GMIN
UCIIOJb3yeTCs JJI1 HAaXOXACHHS HayalbHOTO pEIIeHHs, a 3HAYeHHE 3aTeM IOCTENeHHO
BO3BPALIAETCS K €r0 OPUTMHAIBHOMY 3HAYEHHUIO, YTOOBI COXPAHUTh TOYHOCTb.

VYeemuubtre 3HaueHne ABSTOL w/unmu RELTOL. Dtu 3HadeHus ymnpaBisiiOT TOYHOCTHIO,
KoTopasi TpeOyercs IUisl CHUMYJSLMU, YTOOBI OHAa cyHMTanach cxonsuieics. OgHako, yem
OoJblIie BBI Jie/iaeTe AOMYyCK, TEM MEHBIIIE TOYHBIC TIOTY4YaeTe PE3yIbTaThl.

Ecnmn  cxema  Mcnonb3yeT — ONEpAaLMOHHBIE  YCWIMTENH,  MOHNpoOyHTe  3a1arh
MODFILE=OA_IDEAL BMecTO crienu(puuecKoro TUMa yCTPOHCTBA — 3Ty MOJEIb HaMHOTO
JIETYE CUMYJIMPOBATh.

Ymensmute 3Hadyenue TRTOL. Oto 3actraButr SPICE ucnonb3oBaTh MEHbIIIME BPEMEHHBIE
[Iarv, Tak 4YTO YMEHBIIUT BEPOATHOCTh IOTEPSITHY CXOJSIIEECS PELIEHUE, HO 3TO MOXKET
YBEJIMYUTH BpEMsI CUMYIISLUU. DTO cpaboTaeT TOJIBKO TOTAA, KOrJa CUMYJISIMS OTKa3bIBaeT
B 4aCTU aHaJIM3a IIEPEXOJHOI0 Ipolecca.

Bel Takke nmowkHbl mornpo6oBaTh yMeHbmuTh TRTOL, ecim HapucoBaHHBIE KpHUBBIC
BBITVISIIAT «M3PE3aHHBIMUY UITU COZIEPKAT MAaTEeMAaTUYECKHUI IITyM. DTO 4acTo MPOSBIISETCS B
BU/JIE KOJIeOaHM 3HAYEHHUSI TOCTIe ObICTPOl CMEHBI YPOBHSI.
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