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BBegenune

OXHUM 13 OCHOBHBIX 3JEMCHTOB COBPEMCHHOW 3JICKTPOHUKH SBILA-
etcs ogHOKpHucTanbHeId Mukpokontpoiep OMK. Tlo onenkam komma-
uuu Semico Research, 8 2010 roay Kaskapiii sKUTEIb 38MITH €3KCTHCBHO
JOJDKEH ObLT UMeTh Aeno ¢ 350 MUKPOKOHTPOIICPAMH, YCTAHOBICHHBI -
MH B JOMAailHeM U O(UCHOM 00OpYIOBaHUH, aBTOMOOHIBHBIX CHCTE-
Max, a TAKKE B YCTPOUCTBAX JTUIHOTO MOIb30BAHHSL.

[Ipu mpoextuposanuu cucreM Ha 6aze OMK wucmoneayiorcs pas-
JWYHBIC WHCTPYMCHTANBHBIC CPEACTBA, OTAMYAOLIHECS (YHKIHOHATh-
HBIMH BO3MOXKHOCTSIMH W CTOMMOCTBEO. TPOTPAMMHBIH CHMYIIATOP,
BHYTPUCXEMHBIH 3MYJISATOP, OLCHOYHBIH MOJYJIb, HHTCTPHPOBAHHAS
cpena paspadotku. [1,2]

ba3oBEIM KOMIOHEHTOM HHCTPYMEHTAIBHBIX CPEACTB SABISCTCS
BHpTyalbHas cpeaa Moaeauposanus BCM.

C momorpro BCM MOXKHO pernarh CIeayOmue 3a1a49H:

e BeiOOp anmemeHTHON Gasel (OMK, anamoroBeix u nu(pOBBIX
MHKPOCXEM);

e pazpaboTKa MPOrpaMMHOrO OOCCICUYCHMS, & B HEKOTOPBIX CIY-
4asx - IPUHIUNIHAIBHON JIEKTPUUECKON CXEMBI U NIEYATHOM ILIATHI,

®  0TIaJKa MPOrPAMMHO-ANMMAPATHBIX CPEACTB C BO3MOMXHOCTBIO
KOHTPOJI Kak BHYTpeHHUX pecypco OMK, Tak u BHEIIHUX YCTPOUCTB.
[Ipu oTnamke MOTYT HCIOIB30BATHCS PA3NTHIHBIC BHPTYAIbHBIC CPCI-
CTBA. TCHEPATOPBI, ocUUIOrpadsl, TOTHICCKHE aHATU3ATOPbI, TCPMH-
HAJBI TIOCJICAOBATEIbHBIX UHTCP(]PENCOB, CpeacTBa BBOAA U OTOOpaxKe-
HUs HHGOPMALIIH, aHATIOTOBEIC M HU(POBBIC MUKPOCXEMEI H TaK JAJEC;

e (opmupoBanue daiina, 3arpy:KacMoro B MPOrpaMMaTop HIH
OLICHOYHBIN MOAYJIb;

®  JIOKYMCHTHPOBAaHHE MPOCKTA.

[Tpumenerne BCM noBeimact 3¢¢peKTHBHOCTh, KaUYeCTBO H T'HO-
KOCTb MPOCKTHPOBAHHS TEXHUICCKHUX cpeacTB Ha ocHoBe OMK:

®  COKpAINAIOTCA CPOKH W YIPOIIACTCSH MPOLEAYPA KOMILICKCHOU
OTIaAKH pa3padaThIBACMBIX YCTPOUCTE;

® TPOCKTHI JErKO AJANTHPYIOTCH K HM3MECHCHHUIO alMapaTHBIX H
MPOTPaMMHBIX CPEICTB;

®  TOSBIICTCS BO3MOXKHOCTh HCCICAOBATh TCXHHUCCKUE XapaKTe-
puctuku HOBEIX Mozeieki OMK go momeHTa ux npuo0peTeHus u npo-



BOAUTH CPABHHUTCIBHBIA AHATU3 PA3MUYHBIX THIIOB MHKPOKOHTPOJIIC-
POB, 4TO TIPUBOAUT K Oosce obocHoBaHHOMY BbIOOpY OMK miast mpoek-
THPYEMBIX YCTPOUCTE;

® 0TIaJKa B BUPTYAIBHOH Cpele MO3BOJICT N30CKATh LETBIH P
MPoOIeM, KOTOPBIC MPHU PaboTe HA peajibHOM O00OPYAOBAHHH MOTJIH
OBl UMeTh (paTambHBIC TOCICICTBHS,

®  CHIDKAIOTCS 3aTpaThl Ha OOOPYAOBAHHE, TAaK KaK B MPOLIECCE
MPOCKTHPOBAHU MOXKHO OONce paliOHATBHO BHIOPATh 3JICMECHTHYIO
0a3y, HE HCHONB3YS MAaKCTUPOBAHUE, W HE TPEOYIOTCS KOHTPOIBHO-
HCHBITATCIBHBIC CPEACTBA;

e Hekotopeie BCM coxepakar cpeacrsa i NPOSKTUPOBAHUS Tie-
YaTHBIX I11AT;

® B IICIOM, CHUKACTCI CTOUMOCTh POCKTUPOBAHUSL.

Ocobenno mone3Ho ucnonb3oBanue BCM B mpouecce oOyueHHs,
TaK KaKk CTYJCHTHI HE 001aJar0T ONBITOM HPOCKTHOU PabOTHl U HABBIKA-
MH NPAKTHICCKOH 0Tnaaku ycrpoticte Ha ocHoBe OMK.

OnHako mMOHOE MpPegCTABJIEHHE O TMPOLECCE NPOCKTHPOBAHUS
yerpoiicts ¢ OMK MoxeT 06ecneyuTs TOMBKO COBMECTHOE HCIOJb30-
Banue BCM u oueHO4YHBIX MOayI€eii.

[Tpu BEIGOpe BCM HE0OX0AMMO YUUTHIBATS!

e pHammune HeoOxoauMbIx Moaene OMK u momHas uMuTanug Ux
PEIKUMOB PabOTHI;

®  BO3MOXKHOCTb MOJU(HKALUHU COACPKUMOTO BHYTPCHHHX PEru-
CTPOB H NIAMSATH B MPOLIECCE OTIANKH;

e coctap OMOMHOTEK BUPTYANBHBIX KOMIIOHCHTOB, COOTBETCTBY-
IOLIHX PeaTbHBIM MUKPOCXEMAaM, H BO3MOXKHOCTD €€ PaCILINPCHU;

®  KOJIUYECTBO M BO3MOKHOCTH 3MYJISTOPOB BHCIIHUX YCTPOMCTB;

®  TOAACPKKY TPEOYEMOTrO S3bIKa IPOrPAMMHPOBAHHS,

e 00CCIECYCHUEC COBMCCTUMOCTH C Pa3IMYHBIMM THUIIAMH KOMITH-
JSTOPOB;

e pexuMbl paboTHI (IArOBbIH, HEIPECPHIBHBIH, C TOYKAMHU OCTAHO-
Ba, pCATbHOE BPEMSI U TaK JAJICe);

®  HAIUYHE CPEACTB BH3YAIH3ALHH OCHOBHBIX 3TAIOB MPOCKTUPO-
BaHM,

e (moCTaTOYHOC KOIHYECTBO OKOH OTIAAKH, KOHTPOIb BPECMCH-
HBIX JUArpamM, MOCTPOCHUE rPpad)iKoB U TaK Janee);



®  BO3MOXKHOCTh pPa3pabOTKH BICKTPHUYCCKUX TPUHLMITHATBHBIX
CXEM U MEYATHBIX IUIaT;

e yno0crBo mHTEp(elica Mob30BaATEeIsS (CO3AAHUE MPOCKTA, Pe-
JAKTHPOBAHHUE, OTIAaKa, OHATHOCTHYCCKHE COOOIICHUS, «BCILIBIBAIO-
ye» OKHA, JOKYMCHTHPOBAHUE PE3yIbTATOB NMPOCKTUPOBAHUA H TaK
aanee);

®  BO3MOXKHOCTB PabOThl B MHOTOIIPOLICCCOPHOM PEIKUME;

®  HAIUYHE CPEACTB U TNPOBEPKU KAueCTBA MPOCKTHPOBAHHS
(npodaiinepos);

® TOJHOTY JOKYMCHTALIMU CONPOBOXKACHUS, B KOTOPOH omucaHa
METOAMKA PAOOTHI ¢ CUMYIITOPOM U HPUBEACHBI PUMEPHI IPOTPaMMHU-
poBaHus (KEIATEIPHO HA PYCCKOM SI3BIKE);

®  JOCTYHHOCTH (HAJHYHC OCCINIATHBIX BEPCHIH, CTOUMOCTB).

BonpmmacTBo poctymHbix BCM  (cuMynsaTopoB) mnpexHa3HAUCHBI
st paboTel ¢ ogHuM omnpeaeneHusiM cemeiicteom OMK u moaaepsxu-
BaIOT Pa3paboTKy TOJBKO mporpaMmuoro obecmeuenusi: MCS -51/52
(Pinnacle, MCU 8051 IDE, Keil), Atmel (AVRStudio,
CodeVisionAVR, VMLab), Motorola (HI-WAVE), MicroChip
(MPLAB), MSP 430 (IAR Kickstart) u tax xanee. B mogo0OHsIx cumy-
JITOpax BHPTyaldbHBIC CPEACTBA BBOJA- BBIBOJA OTCYTCTBVIOT WM
OYCHb HE3HAYUTCIbHBIL.

Uckarouennem sernsercs VMLab for AVR, xoropsiii ynosnetrBops-
et H6onpmMHCTBY TpeboBanuil, chopmynupoBanHbX Beime. K ero Hexo-
CTaTkaM CICAYET OTHECTH. OTPAHHYCHHOE KOJUYCCTBOM BHPTYaTIbHBIX
MOJEICH YCTPOUCTB BBOJA-BHIBOAA (B OCHOBHOM, IIU(POBBIC), HE OTpa-
JKAFOIIUX XAPAKTCPHCTHKH PEATIbHBIX KOMIIOHEHTOB, CpeAa MPOCKTHUPO-
BaHUs HC MO3BOJICT pa3padarhiBaTh MPUHIMITHAIBHBIC SJICKTPHUCCKHC
CXCMBL.

K BCM, patoraroumvu ¢ OMK paznuyasbix ceMEHCTB, MOXKHO OT-
nectu IAR Embedded Workbench (IAR for AVR, IAR for ARM, IAR
for 8051 u tak ganee), rpadudcckyro cpeay FlouCode [3.4].

[Tpu mpoekTHpoBaHHS PAIUOTCXHUUICCKUX YCTPOMCTB Ha 0a3e aHa-
JIOTOBBIX H LHU(POBBIX MHKPOCXeM Han(oJiee MOJHO COOTBETCTBYIOT
nepeunciacHHeM Beime TpebosannsM BCM  Electronics Workbench,
MultiSim, EWB MultiMCU, TINA, koTopble mo3BONMIOT pa3padarsi-
BaTh JJCKTPUUCCKUC NMPHHLHUMHATBHEIC CXEMBI, NCYATHHIC TUIATHI, OT-
JaKUBaTh YCTPOHCTBA B PEKUME PEaTbHOTO BPEMCHH, HMEKOT JOCTAa-



TOYHYIO OUOIMOTCKY MOJCICH KOMIIOHCHTOB H BHPTY&JIbHBIX CPCACTB
BBOJA -BBIBOAA, Xopomwui uHTepdetic monp3oBarens. Mx oOmum Heao-
CTaTKOM SBISIETCS orpaHmicHHoe uucino Mogenct OMK u tepmunanos
st paboter ¢ mopramu Mukpokoutposriepos (12C, SPI, USB, marteph-
TCHEPATOPOB U TaK Jajec).

Oco0o xotenock Obt otMeTuTh cuctemy TINA (pupma Design Soft),
koropas cogepxur moaeau PIC, AVR, 8051, ARM 7, ARM 9 u HCS08
U TMOJACPKHUBACT PAbOTy C SI3BIKOM OIHCAHMsI AIMapaTHBIX CPECACTB
VHDL, ucnonszyeMeiM mpH mporpamMvuposanni MukpocxeM ASIC u
FPGA. [5]

OnHako npu MPOEKTUPOBAHUH YCTPOUCTB Ha 6aze OMK nyummmu
xapaktepuctukamu obnagaer BCM Proteus Design Suite 8.x ¢upmer
Labcenter Electronics. 910 KOMMEPUYSCKHI MAKET MPOrpaMM Kiacca
CAIIP, obwseaunsromuii B ceOc ABS OCHOBHBIX mporpammer: ISIS —
CPeIcCTBO pa3paboTKU M OTIAAKH B PEIKUME PEATbHOTO BPEMCHH 3JICK-
TpoHHBIX cxeM U ARES — cpeactso paspaboTku newarHwx miart. Pro-
teus Mmo3BOMICT PA0dOTATh ¢ CEMEHCTBAMH MHKPOKOHTPO/UIEpoB MCS-
51/52(Atmel, Philips), AVR (Atmel), PIC 10,12,16,18,24 (MicroChip),
HC11(Motorola), MSP-430, TMS320 Picolo (TI), ARM7 (Philips),
ARM Cortex -M3 (Luminary Micro, NXP Semiconductors), Basic
Stamp (Parallax), smexrpornsiM koHCTpykTOpoM Arduino. B mponecce
passutust Proteus uncno mozgencii OMK mocTosiHHO yBemumnBaeTcs. [6]

OcobenHocThio Proteus Design Suite 8.x aBmseTes:

e camHag cpeAa A pa3padOTKU BNEKTPOHHBIX CXEM, MPOTrpaMM-
HOro oOecreueHus U mevyatHod mnarel (Bkiarouas u 3D mozenuposa-
HUC),

e ya00cTBO pazpadorku cxem Ha ocHoBe OMK. PaspaboTka mpo-
CKTa HAYMHACTCS C JHMAIOra, NPH KOTOPOM BBIOMPACTCS MHKPO-
KOHTPOJIIIEP, KOMITWILITOP M MPEAOCTABISIOTCS IMAaONOHBI I paspa-
OOTKH 3JICKTPUICCKON CXEMBI H IIPOTPAMMBI;

e ¢iauHas 0Oasa JAaHHBIX KOMIIOHEHTOB OOecIieunBacT OOMEH JaH-
HBIMH MEXKIy MOAYISIMU Proteus B TEKyLIEM IPOCKTE;

®  PaCIIMPEHHBIC CPEACTBA I PabOTHI C JOKYMEHTAHCH K Mpo-
ekty. [Iporpamma moxket O6bITh 3arpyskena B puge HEX ¢aiina, ASM
daiina, COF ¢aiina, ELF/DWARF2 ¢aiina, UBROF ¢aiina u t.1., a
PE3yJIBTATH MPOCKTHPOBAHUS COXPAHSIOTCS B HOMYSIPHBIX (hopMaTax
PDF, HTML u Excel;



e  OOJBIIOS KOMMYCCTBO PA3NMUYHBIX MOACICH (ACCATKU THICAY) |
AHAJIOTOBBIC U LU(POBHIC 3NCKTPOHHBIE KOMIIOHCHTH BEAYIOUX (QHPM,
nepugepuiinbie yerpoiictsa ( ceeromuoansie v JKK ungukaropsr, Tem-
MEPaTYPHBIC JATYUKH, Yackl peanbHoro BpemeHn — RTC), nunrepakrus-
HBIC 3JICMCHTHl BBOAA-BRIBOAA. KHOIKH, MEPCKIIOUATEITH, KIABHATYPBI,
JBUTATCIIN PA3IMIHBIX THIIOB, HATPECBATENH, PENIC, BHPTYaIbHBIC TCP-
munanel (UART, SPL, 12C, USB), BupryaabHBIC HU3MCPHUTCIBHBIC
rpubopst (13 BuxoB) u reneparops! (15 BHAOB), BO3MOXKHOCTE MOCTPO-
CHH Pa3MHYHBIX HHTCPAKTUBHBIX IPpaduKoB U Tak xanee. Takol HaOop
MOJEJICH OTCYTCTBYET B APYTUX NOJAOOHBIX MPOTPaMMax;

e BUPTYaNbHBIC MOJACIH Ppa3pabOTaHbl Ha OCHOBE MPOrPaAMMEI
moaenuposannn ProSPICE u nosBonstor B nponiecce MpoeKTHPOBAHUS
HU3MCHATh CBOHUCTBA CYLICCTBYIOLINX MOJCICH U pa3padaThiBaTh HOBBIC,

®  BO3MOXKHOCTb PabOThl B MHOTOIPOLICCCOPHOM PEHKUME;

e (ONBIIOC KOTHYCCTBO NPUMEPOB MPOCKTHPOBAHHUS YCTPOUCTB
Ha ocHoBe OMK pasinuyHbIX THIIOB.

Henocrarkom Proteus Design Suite 8.x SBAsSCTCS OTHOCHUTEIIBHO BBI-
COKas CTOUMOCTb.

B naGoparopHbIx paboTax M MpU KYPCOBOM NPOCKTHPOBAHHH HC-
MONB3yeTCs MUUeH3noHHas Bepcus Proteus Design Suite 8.x ¢ yceuen-
HbIMu Bo3MokHOCTIMHE — VSM for AVR, 8051/8052, ARM Cortex-M3.

Hosb3oBaTento JOCTYNHBI CPeACTBA CO3AAHHS H OTJAAKH MPO-
eKTOB, 0ubanorexka xommnonentoB, OMK AVR, 8051/8052, ARM
Cortex-M3, BupTyanbHbie npudopsl. K cokanenuro, ucnosb3ye-
Masi BEPCHS He MOAAEPKUBAET padoTy ¢ rpaduKkamu.

MetoanyeckHe ykazaHus pa3paGoTaHbl AJisl CTYAEHTOB CHELH-
ansHocTH 230100.62 «MH(popmMaTHKa H BBIYHCIHTEIbHAS TEXHH-
Ka», H3y4almx Kypc « MHKponpoueccopHbie CpeACTBA H CHCTe-
MBbD>.

CTyACHTEL 3TOU CHEUHANTBHOCTEH JOCTATOUHO XOPOLIO BIAICIOT pe-
CypcaMH KOMITBIOTEPa M UMCIOT ONBIT PadOTHl C MPOrPaAMMHBIMH CH-
CTCMaMH.

Henbro MeTOAHYECKHX YKA3AHHUH SIBJISIETCS HE ONMHCAHHME BO3-
moxHocTel [IpoTeyca, a ucnonb30BaHHe 3TOM cHCTEMBI TSI H3y4e-
Hus npuHnunos opranuzanuun OMK, npuoGpeTenns HaBbIKOB pa3-
PaGoOTKH H OTJIAAKH MHKPOTPOLECCOPHBIX YCTPOHCTB, BHINOJHEHHS
Ja00paTOPHBIX PAGOT H KyPCOBOr0 MPOEKTHPOBAHHS,



B UHTCpHETE 1OCTATOYHO MHOTO MATCPHAIOB, COACPKAIINX OIMHCA-
uue Proteus. HauGonee momuas Bepeust npuseacHa B [6]. [lpu Hanwmca-
HHH MCTOAHYCCKHX yKaSaHI/II\/'I HUCMOJb30BA/IUCh TaK KC MaTCpHUAJIbI,
onyoaukoBaHHbIe Ha caiite pupmer Labcenter Electronics

HOSTOMy OCHOBHOC BHUMAHUC B MCTOAUUCCKUX YKa3aHUAX YACIIA-
ercs pecypcam Proteus, HEoOXOAMMBIM A CO3JAaHHS W OTIAAKH
ycTpoiicts Ha ocHoBe OMK.

OcnoBHbIe 3Tansl padoTe ¢ Proteus cocrodr B cnexyromeM:

1. Bwiopare Tn OMK.

2. Onpeaenuts S3BIK NPOTrPAMMHPOBAHHS U COOTBETCTBYIOLIUH
KOMIUJIATOP.

3. PaspaboTtate OPUHIHUMHAIBHYIO 3ICKTPHUCCKYIO CXEMY M Pas-
MECTHThL HAa HCH BUPTYAIBHEIC IPUOOPEI, HCOOXOAUMEIC TIPH OTIAIKE.

4. Paszpabortars mporpaMMHOE 00CCIICUCHNE .

5. CxoMOHIHPOBAThH MPOCKT.

6. BBIIOTHATE OTIAAKY.

7.  OQOpMHTE OTUYCTHYIO JOKYMCHTALIHIO.

1. OcoGenHoCcTH pa3padOTKH MHKPONPOLIECCOPHBIX YCTPOICTB

Pabota ¢ Proteus HauuHaeTCsl ¢ OKHA, MPSACTABICHHOTO HA puc. 1.
B okne Start umeeTcss BOBMOXKHOCTb OTKPBITh MPOCKT, CO3AATh HOBBIH
MPOCKT, OTKPBITh MPOCKT, BBITIOJHCHHBIA B 00JIEC PAHHUX BEPCHSX, OT-
KPBEITE TPUMEPBl TPOCKTHPOBAHHSA, OTKPBITh IHOCICIHUH MPOCKT.
Hasnauenue Apyrux OKOH CIEAYET U3 UX HA3BAHUL.

Hauvano paGoTel ¢ HOBBIM MPOCKTOM BBIIONHACTCS HA OCHOBE CliC-
JYIOIIETO AUATIOTA:

1. BwiOpare «New Project».

2. IlpucBouTE MM IPOEKTY U CO3AATH MANKY IS PA0OTHI ¢ HOBBIM
MPOCKTOM.

3. BriOpate pazmep mous Amsl SICKTPHICCKON CXEMEL.

4. Buibpats cemericteo OMK, Mozens 1 KOMOUIATOP.

5. TlpoBeputh BBCACHHBIC AAHHBIC W 3aBEPLINTh HACTPOHKY IMPO-
CKTa.

6. Ilocne aToro OVAyT CO3AaHBI 3arOTOBKH AU Pa3pabOTKU 3ICK-
Tpudeckod cxembl- «Schematic Capture» u mporpammel - «Source
Code».
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[Recent Projects

New Version Available

Descripton Release Date | USC Valid

BETA |81 16395 10102013 Yes

Puc. 1. Hauanvnoe oxno Proteus

1.1. CpeacrBa pa3padoTKH 3JIeKTPUIECKOH CXeMBbI

PaszpaboTky mpoekta cieayer HaYHHATH C BICKTPHUCCKON CXEMBI
(Puc. 2). Ilpu otkpsitun «Schematic Capture» Ha HEH pasMeIACTCs
BBIOPAHHBIH MHUKPOKOHTPOIUIEP. 3aTeM CICAYET Pa3MECTHTh B 3TOM
OKHE OCTambHBIC HEOOXOAMMBIC KOMIOHEHTHL. [IprMvep pasmemeHus
MPOCKTA U HA3HAUCHHUE OTACIBHBIX NOJICH MOKa3aH Ha pUcyHKe 3. | |

Bepxuuit TOpH3OHTANBHBIE HAa0Op KHONOK HPH BKJIYEHHH
HACTPAHBAETCS HA PEXKHM, NMPH KOTOPOM MOKHO CO3AABATH H OT-
JaxkuBaTh NpoekT. OCOOCHHOCTH HACTPOUKH 3THUX OKOH OVAYT H3J0-
JKCHBI TIO3JHEE.

OcHoBHbIe AeiicTBHA NPH CO3AaAHHH FIEKTPHYECKOH CXeMbI BbI-
MOJIHSIIOTCA € HOMOIUBI) JIEBOI0 BEPTHKAJILHOr0O HAGOpa KHOMOK,
KOTOpbIe MO3BOJISINT BbIOpaTh HEOOXOJHMble KOMIIOHEHTHI H CO-
€AHHHTh HX COOTBETCTBYHIIHM 00pa30M.

Bce kHONKH HMEIOT KOHTEKCTHO YYBCTBHTEIBHYIO MOACKA3KY U IPH
HAaBEICHUM KYPCOpa BCIUTBIBACT HX HA3BAHUC!

=lelx

>BUOENELGOR ¢ i Fm E 4 ¢ »




Puc. 2. Oxno onsn paspabomxu snexmpuieckosi cxembol

8051 Timer - Proteus 8 Professional - Schematic Capture
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mPuc. 3. Cmpyxmypa pabouezo nois

Selection Mode — (ckupHas uepHas KOcas CTPE/IKA-yKa3arejb) —
pexumM BoIOOpa. B 3TOM pekuMe B OKHE PEIAKTHPOBAHUS CIUHUYHBIM
LICTYKOM JICBOH KHOMKH MBIIIH 10 OOBCKTY (KOMIIOHCHTY, MPOBOIY,
IIMHE, TpaduIeckoMy 3JIEMEHTY) MOXKHO BBIJETHTh €r0 — OH CTaHO-
BHUTbCA KPAaCHBIM, a4 VACPKUBAS JCBYIO KHOIMKY HAaXaTtod W oOBOAM
rpynmy oOBeKTOB MOYKHO BBIAEINUTh O10K. Kpome Toro, B 3TOM pexuma
BO3MOXHO MPOBCACHUC COCIAUHUTCIBHBIX JIMHAH MCXKAY BBIBOAAMHU
KOMIIOHCHTOB HWJIN IITHH. B OKHC npcaAnpocMoTpa Ipu 3TOM BUACH
VMCHBIUICHHBIH THCT MPOCKTa (CHHSAS PaMKa) U MOIOKCHHUE TEKVIIETO
OKHA PCAAKTUPOBAHMUS (3C/ICHAS PAMKA).
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Component Mode — (kHOTIKa ¢ H300PAKCHUAEM KEITOH MHEMOHHKH
OTICPALIMOHHOTO YCHIIUTE/ISI) — PEKUM BBIOOPA/Pa3MeIICHUS KOMIIOHEH-
TOB. B 3TOM peskrMe KOMIIOHEHTHI U3 CENEKTOPA 0OBEKTOB PA3MEILAOT-
¢ B OKHe pemaktuposanud. Ilpu BeiGope TpeOyeMOro KOMIOHCHTA B
CENICKTOPE €ro BUJ 0ToOpaskaeTes B okHe npeanpocmoTpa. C moMoInpko
kpyroseix ctperok (Rotate) MoxkHO BHIOPATh B KAKOM IMOJIONKCHUU OY-
JIET Pa3sMeIIaThCs OOBCKT HA MOJIC B OKHE PCIAKTHPOBAHMS. JTO MOJIO-
JKeHue OyJeT OTpPaKeHO B OKHE mpeampocMotpa. B pexkunme
Component Mode nepBbIi IIETIOK T€BOH KHONMKOH MBIIIH MO MO0
OKHA PCAAKTHPOBAHMS BBI3BIBACT MOACBETKY KOHTYpa Pa3MELIacMOro
00BeKTa, & BTOPOU LICTYOK YCTAHABIMBACT €r0 HA BBHIOPAHHOE MECTO.
Taroke, Kak U B IPEABLAYIIEM PEKUME JOCTYITHO MPOBEACHUE MPOBOJOB
MEIKAY BBIBOJAMH KOMIIOHCHTOB.

Junction Dot Mode - (npHiea ¢ CHHUM KBaJPATHKOM) — PEIKUM
paccTaHOBKU TOUCK COCAMHEHHS Ha MpoBoAax. PaccraHoBKa, kKak U B
MPEIBLAVINEM PEKUME 3a ABA IICTIKA MBIIIHU: MOJCBETKA, YCTAHOBKA.

Wire Lebel mode — (xHomka LBL) — pexuM TeKCTOBOW MapKHPOB-
KH MPOBOJAOB U IIUH B NPOCKTE IMPH HABSACHUH Kypcopa Ha MapKHPye-
MBI MPOBOJ/IIUHY NOJ H300PKCHUEM KapaHIalna MOABISICTCS KOCOS
MEPEKPECTHUE, MOCIE YEr0 METIOK MBIIIBEO BEI3BIBACT OKHO PEAAKTHPO-
Banust Edit Wire Lebel. B okne String npoBoaHHKY NpHCBAMBACTCS
VHHKAJIbHOC B PaMKax NPOCKTA UM, THOO BEIOHUPACTCS U3 YXKE HMCIO-
LIMXCS Yepe3 PACKPHIBAIOIIUICA CITUCOK MO CTPENKE CIpaBa OT OKHA
String.

MapkupoBka K02KHA ObITh YHHKAJBbHOI H He COJepxKaTh pyc-
CKHX CHMBOJIOB, TOJIbKO JJATHHCKHE OYKBbI H H(PBHI.

Text Script Mode — (rOpu30OHTAIBHBIC TYHKTHPBI, H300PAKAOIIHS
TCKCT) — PEKUM PA3MCIICHHUSI TCKCTOBBIX CKPHUNTOB (IPOCTBIX MHOTO-
cTpouHbIX TekcToB). Lllemuok mo cBOGOAHOMY TONIO B MPOEKTC BBHI3bI-
BacT BCILIBIBAIOLICE OKHO BCTPOSHHOrO peaaxtopa Tekcta Edit Script
Block (puc. 4). B okne Text nabupacm TekcToBbIH Onok. [omycTum
HMIOPT TEKCTa M3 TCKCTOBBIX (aiiloB WM HAOOGOPOT 3KCIOPT Hepes
COOTBCTCTBYIOLIME KHONKKW BHH3Y chopasa. [lepexmouarensmu
Rotation, Justification BeIOMpacTCs PaCOIOKCHHS/OPUCHTALIUS TCK-
cra B mnpoekre. OcobenHocTn wmpudTa PECAAKTHPYIOTCS BO BKJIAIKS
Style.
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Edit Script Block ZX]

{8t | syl |

Text
MpYBET NOABSOBATEAAM NPOrpamwbl Proteus.
Halexo? & Horizontal

< Verlical
—dustiicatior:—

@ Left
£ Centre
< Right
@ Top
< Bottom

Fotatior

—Extemal File—

Puc. 4 Oxno Edit Script Block

Buses Mode - (ropusoHTampHAS CHHSS IOHHA C OTBOJAMH
BBCPX/BHHU3) — PEXKHM PHCOBAHHS COCAWHHUTCIBHBIX IIHMH. [lepBhiM
HIETYKOM J€BOH KHOIKOH MBIIIH B HY>KHOM TOUKE MPOEKTA 3aJar0T
HAuaJo LIHHBIL, HNOCICAVIOIUMH OJUHOYHBIMU CTABUM TOYKH MOBOPO-
TOB, JBOWHBIM MICTYKOM 3aBcpmaioT pucoBanue. Ecim  Wire
Autorouter B BEpXHEM MCHIO BBIKIIOUCH, IIHHBI MOYKHO NMPOTATHUBATH
HE TOJIBKO IO HPSMBIM YIJIOM, HO U HAUCKOCK.

Subcircuit Mode — (>keATBII TPSIMOYTOIBHHK C BBIBOAAMH CIIPABA
U CIIEBA) — PEKHUM pasMEIICHUS cyOMoayiaed. Moxymu — mpsMoyroib-
HUKH C TOJICTOM CHHEH OKAHTOBKOM M 3aJIUBKOM IIBETOM KOMIIOHCHTOB—
no3sogroT B [Ipoteyce BriHECTH (PYHKLMOHANBHO 3aKOHYCHHBIC Y3ITbI
Ha otaenbabie TuCTh (Child Sheet - nouepuuit muct moayns). Moayiib
PHCYETCS VACPKAHHEM HAKATOU JICBOH KHOIKH MBILIH B OKHE MPOEKTA
Mo guaroHanu ¢ yraa Ha yron. [locie dero uepes u3MEHEHHE CBOMCTB
JOCTYITHO MPHUCBOCHUE €MY WHAWBUAYAITBHOTO UMCHH (MO YMOTIAHUIO
noacrassiercs SUB?). Ilpu ycranoske Subcircuit Mode B okHe ce-
JCKTOPA CTAHOBATCH AOCTYIHBIMH JJIsI BBIOOpA TEPMHHATBI (HOPTHI
BBOJA/BEIBOAA M MHUTaHMs) cyOMoaynas. PaccTtanoBka BEIOpaHHBIX Tep-
MHHAJIOB BO3MOXKHA MO JI€BOU U NPaBOX BEPTUKANBHON CHHEU OKAHTOB-
ke moayns. [lo HenmcanbiM kaHOHaM TpuHATO BXOAH! (Input) craBuUTH
crnesa, a Berxoel (Output) cnipasa. M3o0paxkeHue TepMUHATIA MOSBIL-
€TCS B OKHE MPEANPOCMOTPA IIPH BBHIGOPE €TO B CEIECKTOPE.
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Terminal Mode — (gBa >KENTHIX TOPU3OHTATBHBIX YKA3ATE/IS BIIpa-
BO/BJICBO) — PEXKHUM PACCTAHOBKH TCPMHHANOB. TepMHUHANBI 03BOJIS-
0T CBSI3aTh JAB€ HWIH HECKOJBbKO TOYEK CXeMbl, PACIOJIOKEHHbIX
KaK Ha OJHOM JIHCTE, TAK H HA PA3HBIX JIHCTAX, HE IPOBOIS MEXKAY
HHMH COeAHHUTE IbHOH aunuu. s storo B cBolictBax (Properties)
CBS3AHHBIX MEXKAY COOOU TEPMHHATIOB MM YKAa3bIBAIOT OJHMHAKOBBIC
nmeHa. IMeHa yKkasbelBaIOTCA B OKHE String BPYYHYIO WIH BEIOUPAIOTCS
U3 YK€ HA3HAYUCHHBIX YepPe3 BBINMAAAONMICE MCHIO MPH LIETIKE IO CTPE-
K¢ crpasa B OKHE String, OKHO CBOWCTB OTKPHIBACTCS ABOWHBIM IS4~
KOM M0 YCTAaHOBJICHHOMY B CXEMY TCPMHHAIY, TUOO Yepe3 MpaByIO
kHONKY Meity, BeIOpas onuuio Edit Properties (Ctrl+E). BriGpanssrii
B CEICKTOPE TCPMHHAI MEPE] YCTAHOBKOH 0TOOpaXkacTcs B OKHE MpE.-
npocmoTpa. Ero momoskeHHe MOXKHO H3MCHATh KHOIKAMH IOBOPOTA
nzobpaxenus. Eme oxno Baxkuoe 3ameuanue: BeiGop Default, Output,
Input u Bidir BauseT ToapKO Ha M300PAKCHUE TCPMUHAJA HA CXEME.
Cumynsropy ISIS abGcoaroTHO Oe3pa3nuyHO KaKOM U3 3TUX TCPMHHAIOB
VCTAHOBICH — OJHOUMCHHBEIC TCPMHHANEI CIIOCOOHBI MPOMYCKATh CHI-
HaJI B JIIOOOM HAIPABICHUH.

Ecan tepmunansl Power u Ground nocne ycTaHoBKH He mo-
HMEHOBAHbI 0€000, TO OHH CYHTAKWTCA MNOAKJIHYEHHBIMH K IJI0-
0aNbHBIM AJIS POEKTA MUTAHHUIO U 3eMJIE.

Haunmenosanue Tepmunana BUS dopmupyercs caeayromum oGpa-
som: UMS[HAY PA3PAN..KOH PA3PS/]. UMS — naumcHOBaHKE
LITUHBI JATHHALCH 03 npodeioB u cnenicumBojios, HAU PA3PHJl u
KOH_PA3PS/l - nBa uucia, U3 HSIPESPHIBHOTO BO3PACTAIOIICTO PIIA,
ONpEICIAIOUINE Pa3psAHOCTE AaHHOro TepMmuHaia. CkoOku o0si3a-
TEJIbHO A0JI2KHBI ObITh KBAJPATHBIE H MEKIy HAYAJIBHBLIM H KOHeY-
HbIM paspsinom craButcs /IBE, a He Tpu Toukn.

Homyctum, ecth muHa agpeca ¢ umenem (maiidaom) Af0..15]. Tlo-
MECTHB Ha €¢ KOHLE, WM O0TBoAC TepMuHan ¢ umMeHeM A[0..15] momy-
YUM Ha OJHOUMEHHOM TEPMHHANC IIMHBI B APYIOM MECTE CXEMBI Bee 16
paspaooB CHUTHANIA, KOTOPBIC 4YCpe3 OTXOMAIIME OT LIWHBI MPOBOAA C
nveHamu A0, Al u 1.1, MOXKHO paszeecT mo kommoHeHTaM. Ecmu xe
pasmectuth Ha otBoAC A[0..15] Tepmunan A[8..11], To momecTus TEP-
MHHAJ C TAKHM E UMCHEM B IPYILOM MECTC, MMOIYYHUM Ha HEM TOJBKO
YeThIpe BRIACICHHBIX paspiaga A8, A9, A10 u All, xoropeic MOryT
HCIONB30BAThCA A COCTUHCHUS C KOMITOHCHTAMU.
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Device Pins Mode — (pacuwicHCHHOS H300PAKCHHIE OTICPALTMOHHOTO
YCHJIUTENIL HA CCPOM (POHE) — PEIKUM PACCTAHOBKU BBIBOJOB MOJACIH
YCTPOUCTBA (KOMIIOHCHTA) HPU €TO CO3TAHHU.

Graph Mode — (1B OCHM KOOpAHHAT ¢ CHHYCOMOAMH) — PCKHM
pasmenicHus rpa)uKOB B MPOCKTE.

BosmorkHbIC BapHaHThI aHATH3a € OMOIIBIO TPaUKOB BEIOHPAIOT-
csa B okue ceacktopa. ANALOGUE, DIGITAL u 1. 1. OxHO cooTBeT-
CTBYIOIIETO rpauka PacTArHBACTCS MO MOJIKD MPOSKTA 3a)KaTOH JICBOH
KHOITKOW MBILIH AUATOHAIBHO.

B ncnonb3yemoii Bepcuu 3TH (PyHKITHH OTCYTCTBYIOT.

Tape Recorder Mode — (1300paskeHue MarHUTO(hOHHOH KACCETHI)
— PEKHM YCTAaHOBKH MarHurodoHa.

Curnansl, reHepUpyeMeIe pa3paboTaAHHEIM VCTPOHCTBOM, B IPOLIEC-
CC CHUMYJ/ISILIMH MOXKHO 3amucarhk B (aili ¢ mocaeayomuM HCIOIb30Ba-
HHCM HX B IPYTOM IPOCKTE.

Generator Mode (cuHyconaa B OKPY>KHOCTH) — PEKHM PacCTaHOB-
KW BHPTY&JIbHBIX [CHEPATOPOB. B 3TOM pexuMe B OKHE CEICKTOpa 10-
CTYIHBI 11 BEIOOPA U PA3MCLICHHUS B CXEMC BHPTYAIbHBIC TCHCPATOPHI
CUTHAJIOB.

VY CnoBHO X MOXKHO PazaenuTh HA HUGPOBLIC (BCE HAYHHAOIIUCCS
¢ oykesl D, 3a ucknrouenrnem DC — NOCTOSIHHBIN MOTCHIMAT) W AHAIO-
roBbIC (BCE OCTABIIHECS):

DC — HCTOYHHK MOCTOSIHHOTO HAMPSKCHUSL.

Sine — reHepaTop CHHYCOHMIATBHOTO HAMPSKCHUS C YIPABIACMbI-
MH aMIUTUTYAOH, 4acTOTOH U (pasoil.

Pulse — aHanmoroBelii MMIIyIBCHBEIN TEHEPATOP C YNPABIAEMBIMHU
aAMIUTUTYAOH, IEPHOIOM U BpeMeHeM (pOHTa U cpe3a.
Exp — 3KCnoHEHITMATBHBIH MMITYJIBCHBIM T€HEPATOP; MPOU3BOIUT

HMIOYIBCH TAaKOro ke BHAa, kakodl wmmeror RC umemn npu 3aps-
nae/paspsae.

SFFM — 4acTOTHO-MOJYJTHPOBAaHHBIH OJHOYACTOTHBIH T€HEPATOP
— MPOU3BOIUT CHUTHAJI, ONPEAC/ISEMBIN YaCTOTHOW MOIYJIALMEH OAHO-
r0 CHHYCOHJANBHOTO CUTHAJIA APYTHM.

Pwlin — reneparop cursana, anmpoKCHMHPYEMOTO KYCOYHO- JTH-
HelHoH QyHkuumed. Mcnonp3yeTes A cO31aHHS CUTHATIOB MPOU3BOIb-
HOH (OPMBIL.

File — xax B Pwlin, vo nannsic 6epytes uz ASCII datina.
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Audio — wucnons3ytorcs Windows WAV ¢alinel ans BXOIHBIX
curHanoB. OcoOblli MHTEpPEC MPEACTABIACT KOMOHMHAIMA ¢ rpadukom
Audio, Tak Kak MO3BOJSCT NPOCIYIIATE TOIYICHHBIH OT CXEMBI CHTHAT
HA ayau0 BBIXOJE KOMIIBIOTEPA.

DState — ycTaHOBHBIIMIICS TOTHYECKHH YPOBCHb.

DEdge — dopmuposarens ognokpaTHoro nepexosa n3 0 B 1 umun
HA00OPOT.

DPulse —dopmuposateip 0qHOKPATHOrO HKU(POBOTO MMITYIECA C
3aJaHHBIMH NapaMETPaMH.

DClock — reneparop umpoBOro TaKTOBOTO CHrHAA.

DPattern — reHepaTop NpOH3BOIBHON TU(POBOH MOCICAOBATENb-
HOCTH.

Easy HDL - mporpamMMupyeMslii reHepaTop, sl KOTOPOTO IIpeaBa-
PHUTEIBHO HAJO0 HANMCATh MporpamMmy Ha BetpoeHHOM B [IpoTeyce s3pike
Easy HDL.

VYcraHoBKa BRIOPAHHOTO TCHEPATOPa OCYLICCTBISIECTCS HA CBOOO-
HOE MECTO CXEMBI IBYMS MOCTICA0BATEIbHBIMH LISTYKAMH WK CPasy Ha
MPOBOJ, TOCJIC YEro B CBOMCTBAX €MY 3aJar0Tcs TpeOyemble mapameT-
prl. B oxHe mpeanpocMoTpa BuaHO M3o0paxenue renepartopa. [lpu mo-
CTCYIOIEM MOAKIIOYCHUH K BBIBOAY KOMIIOHEHTA HITM MPOBOJY TCHE-
paTop aBTOMATHYCCKH U3MEHHT CBOC MMM HAa MMS COOTBETCTBYIOLIETO
Ommxkaiiimero BeiBoAa.  YUepe3 OKHO CBOWCTB IEHEPATOPA €ro0 MOKHO
MEPCUMCHOBATD TI0 CBOEMY YCMOTPCHHIO.

OKHO CBOWCTB I¢HEpaTOpa BBI3BIBACTCSH, CCIM MBIIIb MOABECTH K
HN300pKCHHIO TEHEPaTopa Ha CXEME O MOSBICHHUS KUCTH C YKa3aTelIb-
HBIM MANBLEM W HAXKATh MPABYIO KJIaBHIIY. B OKHE ycTaHaBIHBAIOTCH
OCHOBHBIC MapaMeTPbl BHIOPAHHOTO T'EHEPATOPA.

VYcTaHoBKa MapaMeTpoOB FCHEPATOPOB HE JOJDKHA BBI3BATH TPYIHO-
ctu. WCKIioucHUEM MBIACTCS TCHEPATOP MPOU3BOJBHOH TMOCICIOBA-
teapHOCTH DPattern, mapaMeTpaMu KOTOPOTO SBISIOTCA:

Initial State - 3HaucHHE B HYJICBOM MOMEHT BPEMEHH

First Edge - Bpems crapra, npu KOTOPOM HAuHHACTCH (GOPMHPO-
BaHUE TPeOyeMoi mocaeaoBareapHOCTH. [0 3TOro MOMEHTA BBIXOAHOM
curHan oyaet onpenenatees 3HadeHneM Initial State;

Timing - mwar BerxogHoro curHana DPattern moxer ObITE HE 3aBU-
csauuM ot yposast curHana (Equal mark/space timing) wnu ycranas-
JAUBATHCS PA3TUIHBIM I8 toruucckou eaqunuibl (Pulse) u ayns (Space
Time).

17



Transitions — BHIXOAHON CHIHAJ MOXKET ObITh HACTPOCH HA LIUK/IH-
YECKOE MOBTOPCHHE CHOPMUPOBAHHOW MOCICAOBATCIBHOCTH A0 OKOH-
YaHHS CUMVJILHUM, WIK Ha (PUKCHPOBAHHOE YHCIO MOBTOPCHHH, ompe-
JENIEMOE KOIMICCTBOM MEPEX0A0B MEKIY JOTHUCCKUMU COCTOSHUSAMHU
(Specific Number of Edges)

Bit Pattern — mo ymonganuio reHepatop (GopMHPYET MOCICAOBA-
TEABHOCTD YCPESAYIOLIUXCS BRICOKHX U HU3KHX VpoBHEH. CrienuanbHbIi
pexum Bit Pattern (Specific pulse train) mossossieT 3aaath CTPOKY-
MIA0JIOH, KOTOPAs MOMKET COACPKATD CIICAVIOIIHAC CUMBOIBL:

— 0, L — BBIXOZHOU cHTrHAM UMEET CTAOMIBHBIA HU3KHH YPOBCHB;
(«L» B BEpXHEM PErucTpe).

— 1, H — cTabunenbiii BrIcOKHH ypoBeHb; («H» B BepxHeM peru-
cTpe).

— | — cnabplii HU3KHI YPOBCHB;

— h - cnaOwlii BRICOKHI YPOBEHb;

— F.f— «nnaBarouuit» ypoBeHb.

Script — reneparop Oyaer ympasistbes ckpunrom DIGITAL
BASIC. I'ereparop moiay4act AOCTYN K CKPHIOTY NMPH OOBABICHHH ITC-
pemennoi PIN ¢ TeM ke IMCHEM, UTO M CCHIIKA TCHEPaTOpPa.

Probe Mode (>keaThlif mynm) — pPEKUMBI PACCTAHOBKH MPOOHUKOB
HaNpsDKCHUS M TOKAa Ha mpoBoja  cxeMbl. IlpoOHuKH cTaBaTcs HA
NMPOBOJA, 4 HE HA BBIBOAbI KOMIIOHEHTOB H aHAJIOTHYHO TCHEPaTOpaMm
ABTOMATHYCCKH H3MCHAIOT CBOU MMeHA. Ecnm ycTaHOBUTH MPOOHUK Ha
MYyCTOE MECTO, OH BMECTO UMCHHU BBICBCTHT 3HAK BOIPOCA.

B mn¢poBbIx Hensax ycTaHOBKAa TOKOBBIX NMPOOHHKOB (eccMbIC-
JIEHHA, a MPOOHHUKH HANPSIZKEHHS] HA 3THX Lenax OyAyT HHIHLHPO-
BATH He 3HAYEHHE HANPSI’KEHHUs], a JIOTHYECKHH yPOBeHb CHIHAJNA.

CTpenka B KPYKKE TOKOBBIX MPOOHHKOB —IO0/IKHA OBITh OPUCH-
THPOBaHA BIOJb MPoBoa. Eciii HampaBieHHe TOKa B MPOBOJAEC COBMAAA-
€T, 3HAUCHHUC TOKA MPH CUMYIALUH OYACT HOT0KHUTCIBHBIM, C€CITH HET —
OTPHLATCIBHBIM.

Virtual Instruments Mode — (kHONKa ¢ M300pPAKCHUEM CTPEIOY-
HOTO MpHOOPa) — pexuM BHIOOPA U PA3MEILICHUS BUPTYAIBHBIX HHCTPY-
MEHTOB B MPOCKTE.

B Ilpoteyce nmeeTcs oOMpPHEIA HAOOP BHPTYAIBHBIX MPUOOPOB:
BOJIETMETpP, aMIICPMETP, YCTHIPEXKAHAJIBHBIA ocuumiorpad, cuer-
YHK/4aCTOTOMEP, TCHEPATOp CUTHANOB, JOTHUSCKHH aHATU3aTop, Tep-
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MHHAIB U Tak janee. B 3ToM pekuMe OCYIIECTBISCTCS HUX BHIOOP H
pasMeIIECHHE B IPOCKTE.

BompmmHCTBO W3 HHX, 32 HCKIIOUYCHHEM  BOJIBTMCT-
POB/aMIepMETPOB, HMEIOT OJHOMOIIOCHOE MOAKITIOUCHNE. JTO O3HAYA-
€T, YTO HU3MCPCHHUE OCYLICCTBISICTCS OTHOCHTENLHO 3eMJISTHOIO Mpo-
BOJA.

OmnucaHue BUPTYATbHBIX MPUOOPOB NPUBEACHO B MPHIOKCHUH A.

HomonHuTenbHYHO HHGOPMALHIO O MOJKIOYCHUN U PabOTe C BUP-
TyaTbHBIMH TPHOOPaAMH MOYKHO TIOTYYHTh U3 MPUMEPOB, MPUBEACHHBIX
B manke «Sample».

Heo6xoaumMo nmOMHHTB, YTO BHPTYyallbHble NMPHOOPHI TPeOYIOT
onpeieeHHOE KOJHYECTBO PeCypcoB KOMIBITEPA H B CJOMKHBIX
NMPOEKTAX MOIYT CTATh MPHYHHOI TOPMO3a CHMYJISILHH B peXHMe
PeAILHOT0 BPEMeHH.

OcranpHBIC KHOMKH JE€BOro Habopa OTHOCATCA K pexumy 2D
(mByxMepHOH) rpaduku. Mx MHEMOHHKA M HA3HAYCHUS COOTBETCTBYIOT
OOJBIIHHCTBY TpaQUUCCKUX PEIAKTOPOB.

HepeunciienHblii HA00pP KHOMOK (MEHIO) MOKHO BbI3BATh TAK-
JKe, eCJIH WIEJIKHYTh NPABOi KJIABHILEH MBILIKH HA CBO0OOJHOM Me-
CTe OKHA pPelAKTOpa U BbIOpaTh U3 Bbinagawinero meHw Place, a
3aTeM HY’KHYH0 ()YHKIHIO.

1.2. PazpaboTka 3/1eKTpHUIeCcKOH cXeMbl

Bribepure kHOnKy Component Mode, a 3atem ménkanTe no Oykse
«P» B cenexrope o6bekToB. [lossurcs okHo Pick Devices, ¢ moMommsio
KOTOPOTO OCYLICCTBIISICTCSL JOCTYIT K OHONMHOTEKE KOMIIOHCHTOB (PHC.
5).

Ionck HCO6XO,Z[I/IMLIX KOMITOHCHTOB MOXKHO BBIIIOJHATD 110 KIIOYC-
Bomy cioBy(Keywords), xareropuun(Category), mnoaxarcropun(Sub-
category), upme mpoussoauteasi(Manufacturer). Jlas uszBnecucHuUs
KOMIIOHCHTA U3 6I/I6HI/IOT€KI/I Cro HYXKHO BBLACIUTDH U3 CIIUCKa U ,Z[BOI\/'I-
HBIM IMCTYKOM JICBOM KHOITKHM MEIIIN IIOMCCTHTh B CCIICKTOP. HpI/I 3TOM
B MPABOH 4acTH OKHA OTOOPAXKACTCS YCIOBHOE M300PAXKCHUE, THIT KOP-
Myca U TCOMETPHUYCCKUEC pa3Mepbl, HCOOXOAMMEBIC MPH pa3paboTKe me-
YATHOM IINIATHI, HATHIHUC MOICITH.

[Tocne Bribopa BCcex KOMIMOHEHTOB 3aKkpbiBatoT OKHO Pick Devices n
MEPEXOIT K PA3BMCLICHUIO HA CXEME TCHEPATOPOB M BUPTYAIbHBIX NPH-
OopoB.
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Eciu HeoOX0MMO U3MEHHUTE Pa3MEIICHUE KOMIIOHCHTOB, IOMECTH-
TC KYPCOP MBIIIKHA HA KOMIIOHEHT, METKHUTE U, KOIAA PSAOM C KYPCo-
POM HOSBUTCS MepPeKpecTHe, HAKMUTE U, VACPKUBAS JICBYIO KIIABUINY
MBILITKH, HNEPCHECHTE KOMIOHCHT B HOBOE¢ MecTo. OKHO OpHCHTALNH
KOMIIOHCHTA W PEAAKTHPOBAHUS €TI0 CBOHCTB OTKPOCTCS MOCIC HaBEAC-
HUS KYyPCOpa Ha KOMITIOHCHT U HAXKATHUS MPABOH KHOIKH MBILITH.

Jis coeauHEHMsT KOMIOHCHTOB HeoOxomumo B pasaciaec Tool oc-
HOBHOT'O MCHIO YCTAHOBHUTH om0 Wire Autorouter. 3Ta OmIus BbI-
OpaHa, eClTi «Ha)KaTa» UKOHKA cjeBa B McHIO. Ilpu BK/IOYEeHHH 3TOT
Pe’XHUM ycTaHaBJUBaeTcss mo ymomuaHurw. Korga seiOpana omius
Wire Autorouter, COCIHHCHHE MEXIY ABYMS TOYKAMH BBITOTHACTCS,
00X0s1 IPSTIAITCTBHSL.

Kypcop MpImku moasogurcs kK KOHLY BBIBOAA KOMIOHeHTa. [lpum
MOSIBICHUN KPACHOTO KBAAPATHKA HA KOHLC BRIBOJA, KYPCOP CTAHOBHT-
€4 MOXOKHUM Ha Kapanzam. [[EnkHNUTE TeBOM KIABHINEH MBILIKH, YTO-
OBl HauaTh COCOMHCHHE, 2 3aTEM MNEPEMCILIANTE MBIIIKY K BBIBOLY, K
KoTopoMy Tpebyercs mposectu mposod. Korma Ha 3TOM BBIBOAE mHO-
SIBUTCSL KPACHBIN KBAAPATUK, INEIKHUTE JCBOM KIABUIICH MBIIIKH €IIE
pas, yToObl 3aBEPIIUTh COCAUHCHHE.

Ecnu stoii ¢pyHKUMei He monb30BaThCs, TO PU NPOBEICHUN IPOBO-
Ja CICAYET NPUBI3KY CAMUX NMPOBOJOB H MOBOPOTOB B HYKHBIX MECTaX
(PUKCUPOBATH OAMHOYHBIMH IICTIKAMH JICBOH KHOIIKOM.

[Ipu GoABIIOM KOMUYECTBE COCOHMHCHHH CICAYCT HCIOIb30BATh
tepMuHans Wik s (Terminal Mode).
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Puc. 5. OxHo evibopa komnonenmog

Paborta ¢ smexTpudeckoil cxemoH 3aBepIuacTCs KOPPEKTHPOBKOU
CBOMCTB HCITOJIB3YEMBIX KOMIIOHEHTOB. [l 3TOTO Cheayer Kypcop
MBI HABECTH HA KOMITOHEHT M BBIITOJIHUTH JBOMHOM IIETYOK JIEBOM
KHOTIKOHM MbImu. IIpy OTKPEITHH OKHA CBOMCTB KOMIIOHEHTA yCTaHAB-
JHMBAIOTCSl €r0 PeKUMBI paboTel. HacTpolika cBOWCTB BHPTYaIbHBIX
npubopoB npuseacHa B [Ipunoxenun A.

Hacrpotika OMK tpebyeT BriOopa ¢/1e Ay roIIuX napaMeTpoB:

8051

Clock frequency — gactora padorst OMK

Enable trace logging — BKIIOYHTE )XypHAT TPACCHPOBKH
Simulate program fetches — cumyndamus nporpaMMHOrO
CUHTBIBAHUS, BRIOOPKA, BHI30B

Code memory map — kKapTa naMaTH NPOrpamMm

Data memory map — kapta mamsITH JaHHBIX

AVR

WDTON (Watchdog timer always on) — CtopoxkeBoii Taii-
MEp BCETAa BKIIOUCH

CKOPT (oscillator options) — Hactpotiku reneparopa
BOOTRST (Select Reset Vector) — BeiGop BexTopa cOpoca
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e CKSEL Fuses — Onpeaencuue pexuma padOThl TAKTOBOTO
reHeparopa
Boot Loader Size — Pa3mep 3arpy3sunka
SUT Fuses — OnpeaeneHue 3aIepKKu MOCIC CTapTa
Clock Frequency — Hactota cHCTEMHOTO TreHepaTopa
Initial Component of data EEPROM - Wuauumanusarus
koMnoHeHTa naMaty JaHasix EEPROM
e Disassemble Binary Code — JluzacceMOaupoBaTh JBOUUHBIH
KOZ
e ARM Cortex -M3
e Crystal frequency - HacroTa sapa
e Disassemble Binary Code — JluzacceMOaupoBaTh JBOUUHBIH
KOX

C nmomompro kHoriku HELP, moxuO moayuuts unpopmanmn 00
0CcOOCHHOCTSIX MOAEICH UCIIOIB3YEMOTO KOMITOHEHTA.

BBI0Op 4acTOTBI CHCTEMHOrO TEHEPATOPA OIMPESACIHICTCS 3aAa49aAMH,
kotopeie pemact OMK, TpeOyeMbiMu OBICTPOACHCTBHEM M SHEProMNoO-
TpeONCHUEM.

Ecniu HeoOxoaumMo BHIOMHATE TpeoOpasoBaHue win (OPMHUPOBA-
HHUC YaCTOTHO-BPEMCHHBIX CHTHAIOB C BBICOKOH TOYHOCTBIO, TO CACAYET
HCIIOIB30BaTh BHELUHHI KBAapUEBBIH pPe30HATOP, TaK Kak CTaOW/Ib-
HOCTh BHYTPCHHHUX I'€HEPATOPOB cocTaBisieT (2-4) %.

[MpumeHCHHE BHYTPEHHHX FeHEPATOPOB CHIDKACT aIllapaTHbIC 3a-
TPATHI M YIPOINACT KOHCTPYKLIHIO NICYATHOH IIIATHI.

Yacrora renepaTopa AODKHA OBITh JOCTATOYHA IS PCATH3ALIHN
TCXHHYCCKOTO 3aJaHUS, HO MPHU 3TOM HCOOXOAWMO VUHTBIBATH, YTO C
VBEIHYICHUC YaCTOTHI PACTET SHEProNnOTPeOICHHUE.

OpHako HCIO/Ib30BAHHE BHELIHEr0 KBAPLEBOI0 Pe30HATOPA H
HEONPABAAHHOE yBeJHYEHHE YACTOTHI MPHBOAHT K MOBbILIEHHOMH
3arpyske npoueccopa II9BM B npouecce MogeTupoBaHus, 4To 3a-
TPYAHSIET PEAJIH3ALHI0 PEIKHMA PEATHLHOI0 BPpEMEHH.

Yacrora OMK moxxet Obith 3amana B I'ii (Hz), KI'u(kHz), MI'u(M),
ITu(G.). Ipu 3amanmm wactotel B 'l pasMepHOCTh MOKHO HE YKa3bl-
Barb. Ilpu ycraHOBKe IpOOHOIrO 3HAYEHHS Least H APOGHAST YACTH
pasaensiorcs Toukoii. Hanpumep, 4.092kHz.

HomuHaner mo0bIx KOMIIOHEHTOB B Proteus 3amaroTcs aHaIorud-
HBIM 00pazoM. Eciin HOMHHANT YKa3BIBACTCS IPOCTO YHCIOM, TO B 3aBH-
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CHMOCTH OT THIIA KOMIIOHCHTA U 33JaBacMOro INapaMeTpa OHO OyAeT
COOTBETCTBOBAaTh OCHOBHOH CIOMHHUILEC H3MCPCHHUS JAHHOHW BECTHYHMHEL.
Bosmoxkno u OykeeHHOE 00o03HaucHHE (GHIMUECKOW BEIWUYMHBL V —
Bosast, A- Amnep, Ohm (uu R) — Om, F — ®apaga, H — I'enpy, S —
cexyaaa, — I'epust - Hz. IIponsBoanbie BEIMYNH: HAHO — N, MUKPO — U,
MuIH — m, kuio — k, mera — M, rura — G.

1.3 Pa3paboTka nporpaMmMHoOro odecrneyeHus

IMocne 3aBepIICHUS ACKTPUUCCKOW CXEMBbI HCOOXOAHUMO OTKPBITH
okHO Source Code. B 3aBucuMocTH OT THITA KOMIIUIATOPA, BEIOPAHHO-
IO IpPHU CO3JAHUH MPOCKTA, OTKPHIBACTCS WAOIOH A HANMCAHHS MPO-
rpamMMel. Bua okHa mpu mporpaMMHpOBaHHH Ha acceMOIIepe MPUBEACH
Ha puc.6.

[Mporpamme mpUCBAUBACTCS HMsI, OHA COXPAHACTCS, KOMITHITHPYCTCS
(Build). Ilocne ucnpasnenus omuboK, cOOOIEHHE O KOTOPHIX (popMu-
pyercs B HmkHeH 4yactu okHa (VSM Studio Output), moBTOPHO BbI-
MOJTHATD KOMITH/ISILIAIO, COXPAHUTE MPOCKT U MPUCTYIUTD K OTIAIKE.

HauaneHeiit aapec mporpamMmsl monb3oBare/as (MeTka Start) BIOH-
paloT 3a TpeaciaMd  30HB BCKTOPOB MPCPBIBAHHMM, KOTOPHIE B
8051/8052 u AVR mo ymosruaHHI0 pacrmonararorcs B MIAALINX agpe-
cax MamsITH MPOTPaAMM.

[MpuHUMOB TPOrPAMMHUPOBAHUS U OCHOBHBIC JHUPEKTUBBI acCeMOIC-
pa uznoxenst g 8051 B [7,8], a mis AVR B [9,12,13]

B 3TOM K€ OKHE MOKHO 3aITyCTHTh MPOLECC OTIAIKH (CM. HIKHIOKO
CTPOKY KHOIIOK Ha pHUC. 6).

Ecnu nporpammva paspabareiBactest Ha CH, To npu BeIOOPE KOMITH-
astopa npeanaratorcs oecruarueie Bepeuu SDCC for 8051, WinAVR,
GCC for ARM, xommepueckne Bepcnu [AR for 8051, Keil for 8051,
Code Vision AVR, IAR for ARM, Keil for ARM. B npunmune moxer
KCIIOJIB30BATRCS JII00ast cpena pa3paboTKy, HA BBIXOAC KOTOPOH ¢op-
MHPYIOTCS (paiiiel ¢ pacmMpeHUsIMH, MOAACPKHBacMbIMU Proteus
(HEX, ASM, COF, ELF/DWARF2, UBROF u 1.x).

Henocrarkom HEX-daiinos sBasercst CI0KHOCTh OTIaAKH B Pro-
teus, Tak Kak HE BBIIOJHACTCS JU3ACCEMOTUPOBAHUE MPOrPaMMBL, & pe-
3VNIBTaThl OTJIAAKH MOXKHO HaOMIOJATh B COOTBETCTBYIOLIHMX OKHax 0Oe3
MPUBSI3KH K TCKCTY TPOrPaMMBI.
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L7 | b, ] [5) e | | U B L [ [ | b B | e Vebua T

I Schematic Captus % o Source Code x |

Projects B | main.asm (£ |
B [ BOC52(U1) 25 org  000OR
& Source Files 2 T Hoars
Vo[ wain.asm o
28 ;
29  CODE SEGMENT
Lol -
31
3z org 0100k
33 Starc:
34 ;Cxema Topmepa, HCXOZHOE wHCTO ©b(cr.Bair), R4 (aer. Bair)
35 sPesyasTar - Rifcr),R2(cp),R3 (mex) . Epensd -361 ame, amma-32 Baiiva
36 ; mov scon,#50R
37 MOV THOD,#20R; Hacrposica UART 5600,1 pex
38 smov thl, #0fdk
EE] mov t11 #0£dR
40
41 sseth trl
12 sjnb ri,§: Mepexava BNOLN XaRNSH
53 felr £i
44 smov rd,skuf
a5 SEEN B
46 simk ri,§
a7 ; ROV rE,sbuf
48 selr trt
49 selr ri
50 clr a
51 mov ri,a
52 wov r2,a
53 mov ri,a
4 [
5t Studio Qutput
no errors
ASEMDDX.EXE Debug. lst
Processed 245 lines.
Compiled successfully.

[ » b I B | @ riMesg | Resty
Puc. 6. Oxno Source Code

Bonee panuonansHo npumeneHue (aiinos ¢ pacmmpeHnaMu ASM,
COF, ELF/DWARF2, UBROF, koropeic 00eCreunBalOT OTIAIKY C
TIOITHEIM CepBHCOM. (pHC.7)
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w e
) 4
® .
A 0
= - L
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1 e 2 6403 |

— — ————— — i sat Grbors. S e

D (P I B | 0\ GMevsagms) | 11)Ooghutroskpert o tee 4 17w 4170 sagred- St Siopmmraie T - 00 w00 |

Puc.7. Oxna omnadku npu npoepammuposanuu na CH
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[Tpu vHeoGxoanmocTu oneparopel CU MoryT OBITE Pa3BEpPHYTHI B ac-
cemOnepHbIil koa. (puc. 8). s 3roro CIeayeT METIKOM MPaBOi KHOTI-
ku Mbid B osic Source Code B pe:kume maysbl BbI3BaTh KOHTCKCTHOC
MCHIO (CPEAHEEC OKHO Ha puic.7) W ycTaHOBUTH B HeM (QyHKIHO Dis-
sassembly.

2
= + —

130 A% EEER 8

-------- |

02BE if (dop[1] = oxO0)

0ZBE SBIW R23iR28E,0C

0zco LOs R2E, §016E

02C4 CFI R26, $00

0Ce ERNE $02CC

0zCE dop_int = (dop[0] - 0x300;

02CE RCALL F+05F&(0SRE)

02CA RIMP $+0018(02E2)

———————— else

02CC dop_int = (dop[1] - 0x20) + (dop[0] - Ox20) * 103

02CC LOs R30,$0166

0200 LDI R31,$00

oz0z SEIW R3ILiR30,30

0204 MOuw R23:R22,R3I1:R3D __I

0208 RCALL  $+0SES[0SBE)

0208 LDT R26, $0A

0204 LDI R27,$00

020C RCALL  $+074C(0AZE)

020E ADD R3I0,R22

0ZED ADC R31,R23

02E2 5TS 01&7,R30

0ZE& 5TS 0163,R31

OZEA for(i=0;i<4z;itt)

02EA RCALL F+0590(087A]

02EC LDI RI0, 24

02EE LDI R31,$00

02F0 CP R4,R20 =
4] M

Puc. 8. Jlusaccemnuposanue npoepammut

2. OTnaaka MHKPONPOLECCOPHBIX YCTPoOiicTBA

Otnazka HauYMHACTCA ¢ OOpaINeHHs K BEpXHEH cTpoke MeHIO — De-
bug (puc. 9) u nocaeayroiero 3amycka omiaaku - Start VSM Debug-
ging. [Ipu nosToprOM BeI30Be Debug oTkpoeTcs MeHIO, IO3BOJSIONICE
VCTAHOBHTH PEKUM OTIAIKH U BHIOPaTh HEOOXOANMEIC OKHA.

Menro Debug oTkpriBaeTcs TOIBKO BO BpeMsi nay3bl.

Pexxum otnagxku 3axaercs B MeHio Debug unu B okae Source Code:

Run simulation - 3amyck CUMyISIIMK B HSIPSPHIBHOM PEIKUME U €6
MPOJO/DKCHUE MOCIE May3bl Wik ¢ Touku octaHoBa (Breakpoint). Tou-
KM OCTAHOBA MMO3BOJIIOT MPEPHIBATh BHIIOIHECHUE POTPAMMBI B CTPOTO
VKa3aHHBIX MECTax.

Run simulation (no breakpoints) - BEI3BIBACT 3aITyCK CUMYJISILIAY C
WTHOPUPOBAHUEM VCTAHOBICHHBIX TOUSK OCTAHOBA.

Run simulation (timed breakpoints) - BbI3bIBACT OKHO, B KOTOPOM
MPEABAPUTEIBHO 330aCTCsA BPEMsl ISl TIEPEBOAA CHUMYJIILIMU B PEIKUM
nay3bl. [lo yMomianuro npeaaractcs o1Ha CEKyHIA.
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Step Over Source Line, Step Into Source Line, Step Out from
Source Line -103BOIMIOT BBINOJHUTL KOJ IOIIATOBO COOTBETCTBEHHO
JI0 KOHLIA TEKVIIEH CTPOKH, B TEKYIIEH CTPOKE, C BHIXOAOM U3 TEKYLIEH
CTPOKHU.

Run To Source Line -Boimonauts KO 10 TeKymieH crpoku. Heak-
THBHASI KHONKA CTAHCT JOCTYIHOM, €C/IH BBIACIUTD, IICIKHYB JICBOH
KHOIKOH MBIIIH, KaKylo- JTu00 CTPOKY Koja mporpammer. llpu 3rom
KYPCOp TEKYIIEH BBINOIHACMON CTPOKH OCTACTCSL HA MECTE, a MOACBET-
Ka TEPEMECTHUTCS HAa BHIOPAHHYIO CTPOKY. 3amyck kHomkod Run To
Source Line BbI30BET BBIMOTHCHHUE MPOTPAMMBI 10 JOCTHKCHHUS BBIIC-
JCHHOM CTPOKH.

IlepexnrouaTesns TOYeK OCTAHOBA PACIONAracTcs B OKHE Source
Code (BepxHss paBast MO3MLIKS).

Jist 3agaHust TOYKKM OCTAHOBA HEOOXOTHUMO BBIACIUTH TPEOYEMYIO
CTPOKY MPOrPaMMbl U HAKATH KPACHYHO KHOIIKY TOJISI ICPESKITIOUCHUS,
oTMcHa- Oesas KHOIKA.

Touku 0CTaHOBA MOKHO YCTAHOBHUTH HEMOCPEACTBEHHO B TEKCTE
nporpamMmsel. JJist 3TOr0 ¢ BHCIIHESH CTOPOHBI HOMEPA CTPOKHU CIACAYET
BBITIOJTHATh JBOMHOM IMCTIOK JCBOM KHOIIKOM MBIIIHM, OTMCHA -TaKHC
JKC ACUCTBHA.

AKTHBHAsI TOYKA OCTAHOBA BBITJISIUT KAaK 3aKPAIICHHBIN KPACHBIH
KpYI', HEAKTHBHAS - KaK KPacHas OKPY>KHOCTB ¢ OCTION CepeIuHOM.

Animate Single Step — 3amyckaeT CUMYJISLUIO B HCIPSPHIBHOM PE-
JKUME, HO HepeKJIlUYeHHe cTpok 3amenyeHHoe. B oxne Source Code
MOACBETKA CTPOKHU MOIIArOBO MOKA3BIBACT MPOLICCC BBIMOIHCHHS, a Pe-
3yJBTATHI MOSKHO HAOMIOAATh B OTKPBITHIX OKHAX.
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5 New Pruject - Proteus 8 Professional - Schematic Caplure
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2, Watch Wndow
2, 8081 CPU L Begsters -1
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4. Source Code - U1
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»370al +m>80@E €5

THRZ TEON RCAP e fuctasri
Qoo 0 poao

PP Il B O 11 Messesg. | PAUSED: 0000003 000
Puc. 9. Oxno nauana omraoxu

Reset Popup Windows u Reset Persistent Model Data va xap-
THHKE HEakTHBHBI. OHH MO3BOILIIOT COPOCHTh B UCXOJHOE COCTOSIHUE
COOTBCTCTBCHHO BCILIBIBAIOLIMEG OKHA U gaHHbIe B [13Y (HOo He B ma-
MSITH MPOrpamMMm) MOICICH MHKPOKOHTPOJLICPOB, (UdLI-NAMAITH U
Jpyrux yctpoucts, comepxkamux [13Y. ITo BO3MOKHO TOBKO KOrga
CHMYJISILIUS He 3amyLeHa.

Configure Diagnostics - 3Ta KOMaHI2 BEI3BIBACT OKHO KOH(UTYPH-
poBaHMs AUArHOCTHUYSCKUX coodmeHuit Simulation Log (puc. 10). On-
mus Configure Diagnostic 1ocTynmHa Kak B PeKHME OCTAHOBA, TaK W
NpH 3anyIieHHON cuMysitud. bonee moapoOHo (yHKIMK 3TOH KOMaH-
Jibl Oy Iy T PACCMOTPECHBI AATICE.

Horiz. Tile Popup Windows u Vertical Tile Popup Windows
BBICTPAMBAIOT HAXOASIINUCCS HA SKPAHE BCILIBIBAIOINHEC OKHA COOTBCT-
CTBEHHO FOPHU30HTATIBHO U BEPTUKATBHO.

Huxnass gwacte mMeHro Debug mo3BossT ympaBisTh pasMEICHUEM
OKOH, HCOOXOJUMBIX IIPH OTIAJKE, H UX COACPKAHUCM.

Simulation Log — oxHo, coaep:xainee uHPOPMALIUIO O XOAC MPO-
necca CUMYJSLMU. COOOIICHHS O BBIIOJTHCHHH ONPEACICHHBIX ACH-
CTBHH YCTPOMCTBA, OIIUOKAX CUMYIIATOPA U MOACTICH.
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[To ymomuaHHO BCSI AUATHOCTUKA CTOUT B pexume Warnings Only
(TONBKO MPEOYMPEKACHHS), YTO HHAULHPYETCS JKEATBIMUA TPCYTOJbHU-
KaMH ¢ BOCKJIHMLATCIBHBIMH 3HAKAMH, JIOT BEACTCS B TCUCHHC OJHOU
MUHYTHI (BpeMs BHH3Y OT 0 10 60 cek), B HENPEPBIBHOM PEIKUME.

s Toro, 4ToObl YBHACTE  KOHKPETHBIN MEPEUCHb (HOPMUPYEMBIX
JUATHOCTHYESCKUX COOOIICHUH, HEOOX0ANMO IIEIKHYTh N0 TUTIOCY Clie-
Ba OT HYKHOro komnoHeHta. Ha prucyHke 8 cBepHYTHI cOOOIIECHHS ca-
moro cumyssitopa PROSPICE u pazsepHy Tl A1 MEKPOKOHTPOJLICPA.
UroOwl He meperpykate okao Simulation Log n3numueii nadopMany-
cH, Bpems cOopa urpopMannu Koppektupyercs B ctpoke Log from ...
for... seconds.

dopMy OMOBEIICHUS MOKHO U3MEHHTD JUTS KOKIOTO THIA cOo0Ie-
uuii: Disabled- orkmoucna, Warnings Only- Tonbko mpeaynpexmue-
aug, Full Trace -nomras tpaccuposka, Debug- otmaaxka.

E
z 4 | Souice | Time I
+ Trace Categories | € PROSPICE 6.00.02 (Buid 15368) (C) Labcenter Electia
#5 5YSTEM (I51S/PROSPICE) @ Loaded netist CADOCUME141\LOCALS 14 TenpLl
80C52 (U1) | @ MC38051 macel version 7.05.00 (Buid 12206) ut
-9 Model Iitalzation @ Model Configurstion Parameters: m
£ Progiam Loader | Hardware Watchdog...NO u
€9 Instruction Execution | rom size ...8192 ut
A, Intemupt Everts IDATA size.. ...256 ut
- /8, Watchdog Timer Module g Internal HRAl e..08 u
Ay Timer 0 Module EEPRON size.........8 m
/A Timer 1 Module @®[9051 SETUP] Clack Frequency 11.053MHz, Instruction... UT
Timer 2 Module | @ Loading HE fle 'B0C52\DebughD sbug HEX. ut
; @ Fiead total of 9 byies ham fle B0C524DebugtDebug H... U1
- /%, EEPROM Module .| @12051 USART) SCON=50, Mode=1, REN=1 ut 0.000038350s
| #1051 USEATIMade 1 Transmic 00 m 00000482865
(0051 USEAT] SCON=50, Mode=1, REN=1 u 00010310555
&@(8051 USART] Mods 1 Transmit 34 [ni) 000103481
| @12051 USEATI SCON=50, Mode=1, REN-1 [n) 00021327405
Trace Infomation Leve - - | @®13051 USART] Mode 1 Transmit: 33 un 0002139166
€ Dissbled € WamingsOn ' FulTrace ¢ Debug | |:|d8[8051 USART]SCON50, Modex1, REN-1 u 00031744255
' | @18081 USBRTIMode 1 Transmit 32 m 00031738505
L ko @12051 USHAT] SCON-50, Made=1, FEN-1 ut DOM21103
; | @12051 USART Mode 1 Transmit 21 [T 00042216355
@(9051 USART] SCON=50, Mode=1, REN=1 m 00052577345
Log from 0 for 160 second. w (2051 USART] Received 36, RBS=1 ut 00:00:18.351106
B ———————————————————————————— | 5051 USARTI SCON=54, Mode=1, REN=1 m 00:00:18.351109
= sriesiieneeis e et USART) SCON=54, Mode=1, REN=1 n 000018.951112
&@(9051 USART] Rieceived 37, ABE-1 [ni) 00.00:32.701101
| 13051 USERT) SCON-54, Mode=1, REN-1 [T) 000032701107

Puc. 10. Oxna xonguaypuposanus OuazHocmuky 1 BPOMOKOL BPOYECCa CUMYILAYUU

[MprocTaHOBUTE CHMYJSLIMIO 1O HACTYIUICHHS OIMPEACICHHOTO CO-
OBITHS MOXKHO, YCTAaHOBHB B cTpoke Suspend simulation whenever an
event is logged? ramouxy. ITOT PEKUM MOKET ObITh MOJC3CH IIPH PYyU-
HOM BBOJC MapaMeTPOB B MPOLIECCE OTIAAKH YCTpoicTBa. B Hempepsis-
HOM pexHuMe 3Ta QPyHKIHS J0mKHA OBITh 3a0IOKHPOBAaHA.

Ha puc. 10 oxnHo Simulation Log cooTBeTcTBYEeT pexumy, vera-
HoeneHHoMy B Configure Diagnostics. B sroii 3amaue HeoOxoammo
os110 nepegarb u3 UART B Tepmunan narte Gaiit, npunsate B UART asa
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GaiiTa U BEIMOTHUTH 006paboTKy. bolee moapobHO KOHTPOMHPYETCS BbI-
BoA-BBOA gaHHbIX uepe3 UART ¢ ykasaHHEeM BPEMCHH BBITIOHCHUS
KOMaH/I 3aIIUCH-YTCHHSL.

Ucnonb3yst gaHHble, mpHBeAcHHbIe B KOJIOHKEe Time, mMoxkHO
BBIYHCJIHTD BpeMsi BBINOJHEHHS ONpeJeeHHOro y4acTKa Ipo-
rpamMMbl HJIH OTAEILHOH KOMaHABI

Craenyer oOpaTuTh BHUMAHHE HA MOSBICHHUEC CHHHUX BOIPOCHTCIh-
HBIX 3HaKoB. [IpH 1memuke MBIIIBIO N0 HUM JOCTYITHBI BCIUTBIBAFOLIHC
ITOICKA3KH CO cehUIKaMu Ha paszenst Help.

[Tpu oTnaake mporpamMmMel HauOoIEEe BaXKHBIE APAMETPHI LETIEC000-
passo xpanuth B okHe Watch Window. Ero npumeHneHue no3soJisiet
KOHTPOJIHPOBATh 3HAYEHHS] NAPAMETPOB B pPeXHME pPeaIbHOro
BpeMeHH (0CTAJIbHBIE OKHA 0TOOpakarl0T HH(OPMALHMIO TOJBKO B
pekuMe naysbl).

Jis zamucu mapamMeTpoB HEOOXOAMMO BBI3BATH 3TO OKHO, B TEKY-
meH CTPOKE MEAKHYTH mpaBoi kHonkoi memmu. [locie storo oTkpoet-
cs koHTeKcTHOS MeHIO (puc. 11). [lepBric ABC CTPOUKM MO3BOJIMIOT 3a-
mucate Tpebyemblil napamerp no umeau (By name) nnm o agpecy (By
adress).

Ilpu BEI3OBe By name oTkpoercs MEHIO, U3 KOTOPOTO MOMKHO BBI-
Opatp MO0 MPOrpaMMHO-IOCTYIHBIN PETUCTP MHKPOKOHTPOJIEpa, a
By address - oTKpBIBacT OKHO, B KOTOPOM YKa3bIBacTCAd MMA M aApPEC
SUCHKY PE3UACHTHOI MAMSITH AAHHBIX, B KOHTCKCTHBIX MEHIO MOYKHO
TAKKE 334aTh THI, (POPMAT 3aMMUCHIBACMBIX JAHHBIX W PsiJ APYTCHX Ma-
pametpos (puc. 11).

Hampumep, o ymomuanuro okHo Watch Window cocrour u3s asyx
ctonbuos. /Jns noBbmeHHs HWHOOPMATHBHOCTH MOXKHO JOOABHTH
cTonbLpl afapeca, Tuma, npeasiayinero 3HadcHus (Previous Value),
HaOMOIAeMOro (KOHTPOUpyeMoro) BeipakeHus (yciaosus) (Watch
Expressions) x1a ¢pyaxkunn Watchpoint Condition.
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Name Address [ Type | value | Previ... | Watch E...
THL 0X0080 byte 0xo0
L1 0X008B byte %00 ox00
SCON 0X0098 byte 0x00 0x00 ADxs2 =0
re 0x06 byte %00 000 A OxD7 =0
0x20 0x20 byte  Ox00 00 Amxoz =1
Add Trems (By Name).,, Al

Ad Ttems (By Address). . Alb+n

W| e

Select Al i+

Rerane Itz 2

Capy To Cligerd Chrlts,

Deleke Trem Delete

Find Item F3

DataType ’

Display Format »

[ shon addresses? Culshit+h
[ show Types? T

[ spowprevious vabes?
v

Show Wakch Expressions?

| show Gridines? e
Wi Size Spate

R TR
: A
i [ Address [ Type | value | Previ... | watch E... |
00080 byte 0x00
000568 byte 000 0x00
0x06 byte 0x00 0x00 A OX07
0x20 byte 0x00 0x00 A Ox02 = 0

- 1 Global Break Condiion

€ Tum off disable] watch points:
¥ Suyspend the simulation if &NY expressin is tiue.

" Stap the simulation only when ALL expressions are e

© ltem Break Expression

fem fsoon o
Mask: <OR x| |52
LCondition: m
Yalue: ,U—

Cancel

a)

6)

Puc. 11. Oxna cnescenus u mouex ocmanosa

OT1a (I)YHKLII/IH MO3BOJIAICT OCTAHOBUTH CUMYJIALIUIO 11O JOCTUXKCHUIO

BHYTPEHHUM PETHCTPOM ONpPeAesIeHHOT0 3HAYEHHS.

Vcmosuem ocra-

HOBA MOKET OBITh, KaK 3HAYCHHUC OxHOro Owra (Hanmpumep, ¢uara ro-
TOBHOCTH B PETHCTPE YIIpaBicHUs, ¢iara B PETHCTPE COCTOSHUS), TaK U
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3HAUCHHUE GaiiTa WK CI0Ba (HAMPUMEP, MPOBEPKA TOMYCTHUMOIO 3HAUC-

Ha puc. 11 3agana ocranoBka cumysinuu o ¢uary rorosaoctu TL
Haxozserocs B ynpasjstomnem ¢iose SCON noc/ie10BaTeIbHOTO MOP-
Ta.

[Tocne BrIZ3oBa (yHkumm Watchpoint Condition B oxne Global
Break Condition (rmo0anpHOC YCIOBHE TOYKH OCTAaHOBA) CICAYET
ycTaHoBuTh mnepekmouaresis  Suspend the simulation if ANY
expression is true (mpuoctanoButh cumysiuio, ecian JIOBOE wu3
BhIpaskeHUH HCTHHHO). Bepxnee nmonoxkenue Turn Off cootBeTcTBEHHO
OTKJIIOYACT OCTAHOBKY IO YCIOBHIO, & HIDKHEE - ... only when ALL... -
OCTAHAB/IMBACT MO COBIAACHHUIO CPa3y BCEX YCIOBHMH, 3aIIUCAHHBIX B
oxHe Watch Window.

[Tpu BriGpannoii crpoke SCON B none Item aBromaTHyecku 3amu-
CHIBACTCS MMsI PETUCTPA, @ 3HAUYCHUC YCAOBUS OCTAHOBA (DOPMHUPYETCS B
crpokax Mask (mackuposanue), Condition (Yciosue), Value (3naue-
uue). 3naucaue SCON mpu yCTaHOBACHHOM (hjiar rOTOBHOCTH U 33aH-
HOM pesknme pasHO 0x52. [loatomy ycTaHOBKM Ha pUCYHKE 9 peannsy-
1ot Beipaxkenue (SCON)xor(0x52)=0.

IMocne nasxatus OK ycnosue 3anmceiBacTest B ¢Toj0er; Watch Ex-
pressions okaa Watch Window.

UroObl OTMEHHUTB TOUKY OCTAHOBA, HAAO CHOBA 3aiiTi B Watchpoint
Condition u 3axare ¢pysaximo Turn Off....

Ocranpubie pyaximn okaa Debug He TpeOyrOT 0COOBIX MOSCHCHUH.
3aech BU3YAIM3UPYIOTCS OCHOBHBIC PECYPCHl MUKPOKOHTPOJLICPA, MO~
KITIOUCHHBIX TEPMUHATIOB W BHPTYAIbHBIX mpubopos. [Ipuvep Ha pu-
cyHke 7 orpaxaet goctynabie pecypebt OMK 8051/52, a BriGpan - 610k
PETHCTPOB.

Oxna OMK u BupTyanbsHbIX OpHOOPOB 0TOOPAKATCS TOJBKO BO
Bpems naysbl (B omimune ot Watch Window u Simulation Log).

M3MeHHTH cOAEpKHMOE PEerHcTpoB HJIH siYeeK pPe3HAEHTHO
namata OMK B npouecce otaagkn HeBo3mozkno. Iloatomy ans us-
MEHEHHS 3HAYECHH I NEPEMEHHBIX HCOGXO).IHMO NEPEKOMITNJIHPOBATD
nporpamMmmMy HJIH HCIIOJIB30BATH AJid BBOAA AAHHLIX BHECIIHHUE HC-
TOYHHKH l/IH(l)OpMaIIl/Il/I (Tele/IHaJ'lbI nocjaeaA0BaTe/IbHbIX TIOPTOB
HJIH IATTEPH-TEHEPATOP).

2.1. KonTexkcTHOE MEHI0O OKHA MOMIATOBOH OTJIAAKH
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Kpome ommcaHHBIX BBIIE BO3MOXKHOCTEM YIPaBICHUA OTIAAKOH,
HEKOTOPHIC ONLMHU CHPSATAHBI B KOHTCKCTHOC MCHIO, BBI3BIBACMOC IIO
menuky npasod kHomkod Meimm BHYTpu okHa CPU Source Code B
peskumMe nay3bl. Bux MeHIo npeacrasneH Ha puc. 12.

B Geto Line... ChrHL
B! Goto Address. ..
B Find... Crl+F
% Toagle (SetfClear) Breakpoint F9
8 Enable all Breakpoints
: Disable All Breakpoinks
5‘2 Clear Al Breakpoints ChrHHFI
¥ Fix-up Breakpoints On Load
Display Line humbers
¥ Display Addresses
Display Opcodes
A setEort..,
882 Set Colours...

Puc. 12. Menio nowaeosoii omraoxoi

OKHO TIOAENCHO HA MTh CCKLMH.

Bepxuag o Dissasembly HeakTHBHA, eciy mporpamMMa Hamuca-
Ha Ha acceMOnepe. Ilpu mporpaMMHpPOBAHHH HA SI3bIKE BBICOKOIO
ypoHs CH 3ta dyHKIHsA nMo3BOasET pa3BepHYTh cTpoKy CH B Ko-
AbI accemouiepa.

Craenyromue nse komanapl Goto Line... u Goto Addresss... mepe-
BOJAT TEKYILEE MONOKEHHE BBIOPAHHOU CTPOKH (IIOACBETKY) MO VKa-
3anHOMy HOMEpy (aapecy B II3Y mporpamm OMK). B mepsom ciayuae
BBOJIUTCS AeCATHYHbIH HOMepP CTPOKH, & BO BTOPOM - LIECTHAALATH-
puusblii aapec II3Y mporpamm, nampumep, Tak: 0x008E. Omnumwm
Find... (ITouck) u Find Again... (IloBTopHBI MOUCK- CTAHOBUTCS aK-
THUBHOU NIOCNE BBIMOHEHUS MEPBOTO MOUCKA) HUUEM HE OTIHYAIOTCI OT
AHAJOTHYHBIX B JPYIUX MporpaMMmax M HIOyT cloBo (dpaszy) u T.0. B
COOTBCTCTBHH C 33aJaHHBIMH VCIOBHSIMHU. PETHUCTP, CIOBO LICTHKOM,
BIICPEA, HA3aJ. ..

Creayrommas rpynna KOMaHA YIOPABISICT OPCKIMOMHTAMU (TOYKAMH
octanosa). [lepsag u3 Hux Toogle... — pakTHICCKH TOBTOPAECT KHOIKY
B BepxHeM MeHo. Crneayromume tpu: Enable (aktuBuposats), Disable
(aezaxTuBuposarp) U Clear (OYHCTHUTH) BBHIMOIHSIIOT AAHHBIC ACHCTBUS
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Cpasy Ui BCEX YCTAHOBIICHHBIX OpPCKMOHHTOB. YcraHOBKa (aaxka
Fix-Up Breakpoins On Load — akTuBH3HpYeT BCE YCTAHOB/JICHHBIC
TOYKH TPH MEPE3AMYCKE CHMYJISLIHH.

B creayromedi rpynne yeraHoBka (iakkoB pacumpsieT uHpopma-
nuoHHbIe Bo3MokHOCTH 0kHAa CPU Source Code.

Display Line Numbers — mokaxkeT HOMepa CTPOK, BKIIOUAS U KOM-
MCHTAPHUU.

Display Addresses —moka3seiBaet aapeca, mo koropeim B [13Y mpo-
rpamm OMK pacnonoxensl koMaHIpl accemdiepa,

Display Opcodes - oTo0pa3uT mecTHAALATHPHYHBIE KOABI KOMaHI.

[Mocnemusas rpymma Set Font... u Set Colours... - mo3somser
nactpoutp BuJ okHa CPU Source Code: mpudt T€kCcTa ¥ BETOBYIO
raMmy.

2.2. Hactpoiika anumauuu

ITocne 3amycka Proteus 0cHOBHBIE HACTPOIKHM YCTAHABIMBAIOTCA aB-
TOMATHYECKH, HO UX MOXKHO CKOPPEKTHPOBATE, YTOOB OOCCIICUHUTD TpE-
OyeMBIC MAPAMETPhl AHUMAITHH.

B pazaenc System, ucmons3yst komanay Set Animation Options,
MOKHO YCTaHOBHTH creayiomue Gyakmu (puc. 13):

Show Voltage&Current on Probes? -BoiBOIUTh 3HAUCHHUS TOKA H
HANPSDKCHUS B MPOOHUKAX.

Show Logic State of Pins? - oroOpaxkatbh COCTOSHHE JTOTHUCCKUX
BBIBOAOB B BUAC LBCTHBIX KBaJApPAaTOB. HBeTa MOTyT 6I>ITI> HNU3MCHCHBI
komanaoi Set Design Colours paznena Template ocHOBHOTO MEHIO.
[Mo ymomuaHui0 CHHHE KBaAPaThl UCIIOIB3YIOTCS Al OTOOPAKCHHUS 10~
THYCCKOI o O, KPAaCHBIC - JIOTHICCKOH 1 u CCPBIC — BRBICOKOUMIICJAHCHOTO
COCTOSIHUSL.
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— T =
.@d&d Circuits Configuration 20 KaBpos B cek Jﬂ

Simulation 5 peed

Animation Options——————
Framesz per Second: 20 |
Timestep per Frame: Iﬁ
Single Step Time: IW\

Show Yoltage & Current on Probes? v
Show Logic State of Pins? [w
Show *wire Woltage by Caolour? [

Maw. SPICE Timestep: |25m b Wfire Current with Arows? [
Step Animation B ate: |4
Yoltage/Current Ranges———— lb

I aximum *oltage: IB
Current Threshold: I‘I u |

ak. I| LCancel I

Puc.13. Oxno nacmpoiixu anumayuu

Show Wire Voltage bi Colour? - oroOpaxats HaNpsLKEHUE B TPO-
BOAHUKAaX LBETOM. [lo yMOMYaHHIO LBETOBOM CHEKTP 3aJaH OT CHHETO
pu —6V uepes 3enéusrit mpu 0V x xpacHomy mpu +6V. Hanpsoxenne
MO3KHO U3MEHUTH B Auaiore Set Animation Options, a HBETOBYIO ram-
my komanzoi Set Design Colours B pazaeie Template.

Show Wire Current with Arrows? - nokaseiBaTh HampaBICHHC
TOKa B MPOBOAHUKAX cTpenkamu. CTpeska NOosSBISICTCS, €CITH aMILTUTY-
Ja TOKa MpeBbIIacT moporosoc 3HaucHue. [loporoBoe 3HaveHue no
yMomuanuio — luA, Ho MokeT OBITh H3MEHEHO B OKHE Set Animation
Options.

Frames Per Second - KoaH4ueCTBO KaapoOB B CCKYHAY. JHAUCHUC I1O
yMOmYaHHIO - 20 KagpoB B CEKYHAY. ITO ONTHMANBHO A OOJBIIHMH-
CTBA COBPEMCHHBIX KOMIIBIOTEPOB, TAK KaK O00CCIICUMBACT HAMIYYLICC
COOTHOIICHHE MEXAY CrIAKCHHBIM BOCHPOM3BCIACHUEM TIpauku H
Harpy3Kkoi Ha rpadUuecKuil Mpoueccop KOMIbBIOTEPA. Y BETHUCHHE 3HA-
ueHust (max=50) yBeauuuMBacT HArpy3ky Ha mpoueccop I[IOBM,
VMCHBIICHHE — CHIDKACT HArPY3Ky M 3aMEISICT AaHUMALIHIO.

Timestep Per Frame — BpeMeHHO! uHTEpBa1 Ha Kagp (AIHTETb-
HOCTh Kajpa) anumarmu. [lapamerp ompenenser BpeMEHHON HHTEpBAI,
Ha KOTOPBIM MPOJBUHETCSA CUMYIALUA 3a OZuH Kaap. [lo ymomuanuro
YCTAaHABANUBACTCA 3HAUCHUC 50 MC.

Single Step Time- Bpems oxHOro mara. ITOT MapaMETP CBA3AH C
KHONKOU Step MOIIaroBoW aHWMAIMK BHH3Y CIEBA B OCHOBHOM OKHE
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ISIS. Takuvu maramur cumymsmus OyIET NPOABUTATECH MPH KAXKIOM
HQKaTUH KHOTIKH, & HE IO IIaraM MHKPOITPOrpaMMBl KOHTPOJLICPA, CCIH
TaKOBOH MPHUCYTCTBYET B CXEME — AJISI 3TOTO CYINECTBYET APYrasi KHOII-
Ka M B IPYTOM MECTE.

Step Animation Rate - vactora xaapos anumanmu B cek. [1o ymon-
YAHUIO VCTAHOBJICHO 4 Kajpa B CEK. MakCHMaIbHOE HUHCIIO, KOTOPOES
MOKET ObITh yeTaHoBIeHO — 10.

H3meHnsite BpeMeHHbIE MapamMeTpbl AHHMALHH CJIEAYET OCTO-
POKHO, KOHTPOJIHPYH 3arpy3Ky npoueccopa IIIBM.

Ycranoeka mapaveTpos cumyiaaropa ProSPICE seimonmnsercs B
pazaene System komanmoii Set Simulation Options wiu w3 okHa
Animated Circuit Configuration, smaxas xaonky SPICE Options.
OxHo coaepxuT math BKnagok. Tolerances (JOMyCKH MO TOYHOCTH),
MOSFET (mapametper MOII Tpansucropos), Iteration (xomrdaectso
IaroB B BBHIYHCICHUAX), Temperature (TeMmeparypHble NapaMeTphl),
Transient (mapameTper nepexoansix mpoueccos), DSIM (mapameTpsr
cumysiuu nugpoBeix nenei). [loapoGHO 3T mapaMeTpsl OMUCAHBI B
[6].

B GonpiupHCTBE Cy4acB [T MOACIMPOBAHUS JOCTATOUCH PEIKHM
Default Setting, koTopsbIii ycTaHaBIHBaeTCsa mo ymoadanur. Kpome
3TOr0, BO3MOXKHA YCTAHOBKA PCIKHMOB

Setting for Better Accuracy (YCTaHOBKH I8 HAWIYYIICH TOYHO-
CTH) — HO TP 3TOM VBEIHYIMBACTCS BPEMS BBIYHMCICHUH U Harpy3Kka Ha
HIT xommobroTepa;

Setting for Better Convergence (yCTaHOBKU AJiSI HAWIYUIICH CXO-
JUMOCTH PCIICHHUI) — 31ECh COOTBETCTBCHHO BCE HA0OOPOT.

3. OcobeHHOCTH PadOTHI ¢ IAMATHIO JAHHBIX

[Tpu pabote ¢ BHemHeH mamateio 8051 mopter PO, P2, P3 Heobxo-
JUMO HACTPOUTH HA CHCTEMHBIH PEKHM (PEKHM MHKPOIPOLIECCOPa),
3aIicaB B PETUCTP-3aIUCIKY MOPTOB KOA «BCE €AWHHULIBLY. ITOT KOX 3a-
MUCHIBACTCS B PETHCTPHI-3AIICIKH MOPTOB MOCje cfpoca anmapaTHoO,
HO B IPOLICCCE PAbOTH UX COACPKAHUE MOKET H3MEHHTD CSI.

[Tocne HacTpoliku Ha cUCTEMHBIH pexxuM no komanae MOVX yepes
nopt PO mepenarotcs ¢ pazaencHueM BpEMEHH MIaIIIui Oait agpeca u
JaHHbIe, BEIXoa P2 coaepxur crapiuuii GadT aapeca, a Ha nunausx P3.7
u P3.6 dopmupyiorcs cootseTcTBeHHO curHamiel 3amucu (WR) u ure-
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Hsi(RD) manueix. B momenT nepenauu aapeca Ha Beixoae ALE OMK
(hOpMHUPYETCS UMITYIIBC, KOTOPHIH CICAYET UCTIONB30BATh A YIIPaBIc-
HUS BHEITHUM PETHCTPOM, B KOTOPOM OYAET (PHUKCHPOBATHCS MIIAMLIHHA
oaiiT agpeca. [Ipu paGote ¢ ogHOH MHUKPOCXCMON MAMSITH 3ICKTPHYC-
cKasg cxeMa IpeJcTaBiIcHa Ha puc. 14.

DIIEMECHTBI CXEMbI BBHIOUPAIOTCS U3 OHOIHOTCKHM KOMIOHECHTOB: U2
(74LS 373) - peructp mmaamero Gaiira agpeca, US(MEMORY 13 8)
— craruueckoe O3Y. Ha puc. 12 paspsast A12, Al3 pHemHed naMsaTi
3a3emicHbel. Ecn HeoOxoauM Oonplinii 0OBEM MAMSITH, TO HX COCIH-
HAIOT C COOTBETCTBYIOIINMU pa3psaaamu ropra P2.

[Tocne coennHEHUS BIEMEHTOB HEOOXOAMMO 33JaTh CBOMCTBA 3Jc-
MEHTOB. JIBOHHBIM INETIKOM JIEBOM KHOIIKOM IO IEMEHTY OTKPBIBACT-
€Sl OKHO JUTSl PEAAKTUPOBAHUSL.

L2 bicraLt PO.0/ADD
PD.1/AD1

PO.E/ADE
PD.7/AD7

2
o
a4

F2.0A8
P2.1A9
P2.2/A10

P
al
lul
2
T
B

>
13
3
2
v

Lﬂ

I||

1
3

P28/A14
P2.7/A15

WR
RD

EMORY_13.5
INVERT=CS WRRD

P10 P3.0/RXD
P P3.1MD
P12 P3.21NTD
P13 P3.3ANTT

|m|“|m|”'|5|‘“|"’|*
3
.
-

P17 P3.7/RD.

Puc. 14. Cxema coeounenus muxpoxonmponnepa 8051 ¢ eneutneii namamuio

o0 o >

B wnactpoiikax O3V caeayer ykaszate Advanced Properties — (De-
fault), Other Propertiecs — INVERT = CS, WR, RD, a B peructpe - Initial
Output State of Latch- (Default). Cxemy coxpaHSOT U NPHCTYNAIOT K
paspaboOTKE MPOTrPaMMBI.

Proteus He moxaep:kuBacT GYHKIHUH 3arpy3KH JAHHBIX B PE3HACHT-
HYIO M BHEIIHIOK NaMaTh U3 ¢aiina unu B pydHoM pesxxkmme. [Toatomy
MPH TECTHPOBAHHWU MPOrpaMM HeoOXoaumo pazpadoTaTs HpPOLEAVPY
3arpy3ku gdaHHeiX. [lpu padore ¢ maccuBamu HanOONECe MOOUIBHBIM
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BapHAHTOM ABJSICTCA (POPMHUpPOBAHUE MACCUBA JAHHBIX B PE3UACHTHOU
MaMAITH IPOrPaMM H TIOCICAYIOIIAS €ro 3arpy3Ka.
IIpumep moamporpammsl 3arpy3ku gaHusrx B PITJ wou BITJ 8051
MPHUBCACH HIKE:
BxoaHble faHHBIE
AJpec MaccHBa B HaMsATH KoMaH — dptr
Anpec maccuga B PI1] — 10
Anpec maccusa B BIIJI — r1- mnaammuii 6aiit agpeca, P2 — crapmnit
OaiiT agpeca
JavuHa MaccuBa — 13
IMpusnak npuémunka maccusa PI1J] (1) wau B BI1J (0) — Our ¢ aa-
pecom 0
Hcnoabiyemblie J0NOJIHHTENBHBIE PETHCTPBI — HET
BoixoaHbie gaHHbIE:
Maccuss B PIIJ1 v BIT/]
JiuHa nporpammsel - 61 6aiit
Bpems BeIno/IHEHHS Ha YaCTOTE KBAPLIEBOTO pe3oHaropa 12 MI'n
— amst BITJL —(20+ 10n) mxc, PITA—(20+ ;10n) MKc, rae n —4ucio 3e-
MEHTOB MAaCCHBA.
Ljmp Start
org 30h
db 23h, 34h,35h, 37h,40h,55h,60h,65h
org 40h
Start:
mov sp,#70h
mov dptr, #30h;mapameTper mognporpammsl - axpec B [I3YK
mov r3,#8; Jlouna maccuBa
clr 0; 0 -3amuce B BI1/]
;setb 0; 1- zamuce B PIT]]
mov 10,#30h; axpec maccusa B PI1]]
mov rl,#30h; m. Gatit agpeca maccusa B BI1/]
mov p2,#0;ct. Gaiit axpeca maccusa B BI1J]
call load; moanporpamma 3arpy3ku ganabivu PIT wiu BIT/]
jmp loop
org 80h
load:
push acc; coxpaHeHHE B CTOKES
push psw
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jb 0.k; mpoBepka MecTa COXpaHCHHUS MacCHUBa

clra
movc a,(@a+dptr; YTCHUE EPBOTO SICMEHTA
movx (@rl.a; 3armuce B BI1/]
inc dptr;opraHu3aiust MUK
inc rl
djnz 13,1
sjmp 11
k: clra
movc a,(@a+dptr; YTCHHE IEPBOTO SICMEHTA
mov @r0,a; 3aruce B BITJ]
inc dptr; oprauzanyst KT
inc r0
djnz 13,k
11: pop psw;BOCCTAaHOBICHHE
pop acc
ret;BBIXO/ U3 MOAIIPOrPaMMBI
Loop:
jmp Loop
END; xonen Tpascminnm
AHAJIOTHYHAS TPOLCIYPaA MOXKET UCIOIb30BaThCst At AVR
.org $40;
string: .dw $2211,$4433,$6655,$8877,$99aa,$0011,$3311,$0aabb
.org $50
Start:
1di x1,$60; Hauanbueriii axpec B PT1J]
clr xh
1di r18,8; Jimmaa maccuBa
1di zl, low(string<<1); 3arpyaka aapeca MaccuBa B TAMSTH JaH-
HBIX
1di zh, high(string<<1); u caBur BreBO
m:
Ipm 12,z+; 3anuce maccusa B PI1]]
st x+,12
decrl8
brne m
Loop:

38



gmp Loop
[Tpu ucnone3oBannn MakpokoManasl. dw B AVR cneayer yaurei-
Bark, uto B O3Y aaHHBbIX Muiaauiuii 0alT 3a0HCHIBAETCS B A4eiiKy ¢
MJIAJLLIHEM aPecoM.

4.0c00eHHOCTH OTJIAAKH MPOrPaMM BBOIa-BbIBOJA

[Ipu BEHIMONHEHHU BBOJA-BHIBOJA B MOCJEA0BATEIHHOM KOAe CJc-
ayeT wucnoap3oBark omnaguukum  Virtual Terminal st paGortsr ¢
UART(USART) B acunxponuom pexkume, SPI Debugger, 12C Debug-
ger- coorsercTBeHHO Mt SPI u 12C. JlomonHuTenbHBIM CPEACTBOM
KOHTPOJSI MOTYT CIIY>KUTh OCUMIOrpad) WIN JTOTHYCCKUN aHATH3aTop.
OcobeHHOCTH Pa0OTH C HUIMH OTPAXKEHBI B MPHIOKCHUH A.

Cunxponnbiii pexum padotet UART(USART) moxxHO OTnaxku-
BaTh TOJBKO € OCLIILIOrpadoOM UK JIOTHUCCKUM AHATH3ATOPOM.

[Tpu otnagke BBOAA HHGOPMALIUH B TIOCIEIOBATCIFHOM KOAEC MOTYT
OpiTh mones3Hsl DPattern, maxomgmmuiics B manke Generator Mode
(cunycouga B okpyxkHocTH) u Pattern Generator (cm. IlpumoskeHue
A), kamaplii GUT KOTOPOrO MOKET FCHEPUPOBATh HE3ABUCHMYIO MOCIIC-
JOBATCIBHOCTh HMITYJIbCOB.

EnvHCTBEHHBIM BHPTYAIBHBIM VCTPOHCTBOM BBOAA HHGoOpMauuH
B mnapa/uieJbHOM Kkode seisercs Pattern Generator. Ilarrepn-
reneparop II' aemserca Oygepom FIFQ, ympaensembiM curHamamu
BHyTpeHHeH CLKOUT mnm BHemnel cuuxponuzamuu CLKIN, HOLD,
OE. B 3amagax BBOJa-BhIBOJAA OH MOXKET OBITh BEAYIIUM HJIH BEAOMBIM
YCTPOUCTBOM.

[Tpu pabote 1" B peskume Begomoro OMK mMoxkeT HHUITHHPOBATH
oOMeH, (popMUpYs CHrHAIBI BHEINHEH CHHXPOHH3ALMH, T0AABACMBIH HA
Bxog CLKIN, ynpaenenne capurom HOLD u coctosiHEEM BBIXOZHOTO
oydepa OE.

B pexume Beaymero [1I" moxer 3anaBate Hauano ooMena OMK c
nomoipeio curgana CLKOUT.

[Ipy HanmyuK AOCTATOYHOrO KOMHYECTBA MAPAICIBHBIX MOPTOB
BBOAa-BhiBOA (Hampumep, AVR) coeaunenne OMK u 11" He BhI3BIBACT
sarpyaaenud. (Puc.15) III' ucnonme3yeTcs B pexuMe € BHYTPECHHCH
cunxponmzanueii. Manmmatopom obmena sasmiercs OMK, kotopoe
dopmupyet curnanel OE u HOLD. Curnan cunxponuzaumun CLKOUT
noctynaet Ha Bxox PBO.
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PETECE PATIADET
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FOSOC1A Pos 25
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HTAL1
HTALZ AREF
RESET Acc

Puc.15. Cxema xoumponnepa na éaze ATmega 8535

[Tpu padore OMK B peskrve MEKPOTIPOLIECCOPA WITH PACIIUPEHHOTO
MHKPOKOHTPOJLICPA, KOTAA JAHHBEIC MEPEIAIOTCS MO IIHHE OT HECKOIb-
KHUX YCTPOHCTB B PEXKHME C Pa3ic/ICHUEM BPEMEHH, Tpebyercs aeimud-
paumsa aapeca. llpumep opraHuzany KOHTpPOJIEpPA NMPEICTABICH HA
puc. 16

MuxpoxonTtpomep 80C51 coeaunen ¢ paemmumm O3Y U3 u IIN ¢
MOMOIIBIO IIMHEI JAHHBIX, OPraHu30BaHHOH Ha Oase moprta PO. Peructp
U2 cnyut nis XpaHeHHs Miafmero Oaita aapeca, a crapmui Oairt
dbopmupyeTcs Ha Beixoae mopra P2. Jlemudparius yCcTpoiCcTB BBIIOIHS-
etcs paspsaom Al4. Bydep manubix O3V Oyupet otkpriT mpu Al14=0, a
narrepua — npu Al14=1. I1I" paboTaeTt B pe:KUMe ¢ BHYTPEHHECH CHHXPO-
Huzaumel, popmupysa Ha Beixoge CLKOUT BeixogHo#i curnan, ¢ mo-
MOIIBIO KOTOPOTo ocyinecTBiseTcs 3anuck qaHHbpix B OMK. Uuseptop
U4 dopmupyer 3anpoc npeprisanus mo ¢pporty CLKOUT.

[Tpu mporpammuom Beoge CLKOUT pomkeH mocTymate Ha CBO-
6oanb1it Bxog nopra OMK. ITo dporty CLKOUT BeimonHseTcs 3amuch
nndpopmammu B OMK, a mo cpe3y — momaua Ha Beixog 1" ouepeanoro
GatiTa.
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BupryvaneHEIMH NpHeMHHKaAMH HH(OPMAUHH B NapajiebHOM
KOe MOTYT CIY>KUTh JOTMYCCKHH aHamu3aTop, Mukpocxemsl O3V
W/WIH PETHUCTPHIL.
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Puc.16. Cxema xonmponnepa na 6aze OMK 8051
[Tpumep npucoe MHEHH K ITHHE JaHHBIX gononHureasaoro O3V u
perucTpa mpuBeacH Ha puc.17
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Puc. 17. Cxema npucoedunenus oononnumenvuvix yempoiicme k 8051
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B uensx ynpomenus cxemsl miist obpatnerus k O3Y ucmonb3yeTcs
TONBKO MIAAIIHH OalT aapeca W HemoJHas aewHdpauus. bBute
crapmero Oaiita aapeca, opMUpPYeMBIC HA BbIXoae mopta P2, paBHeI
aast U3 - 0dOh, U4 - 0bOh, U5 - 70h. YopasicHue 3amuchi0 AaHHBIX B
peructp-3amenky U5 Beimonaser cxema U6, peanmzyiomas GpyHKIMIO
«JIN-HE».

Yupasiasioiue BbIXOAHBIE CHIHAJIBI MOXHO KOHTPOJUPOBATH C
moMOIIBI0 ocuuiorpada, a popMHpPOBaHHE BXOAHBIX CHTHAJIOB BBI-
MOJIHAKOT € TOMOINBI) TCHEPATOPOB WM COOTBETCTBYIOIIMX CXEME.
IMpumep dopmupoBaTens OTPULATSIPHOIO HMITYJIbCA MPHUBCACH HA

R1
10k

K

et

(Puc.18)
Puc. 18. Dopmuposamens ompuyamenvHO20 UMHYIbCA

B uncxoanom cocrosamu U=Unur, mpu sHaxkarnu kHonku K U=0, a
pu oTrIycKanuu- Unur

Otnaaky KOHTPOIUICPOB, NMPEAHA3HAYCHHBIX A HM3MCPCHHUS dYa-
CTOTHO-BPEMEHHBIX CHTHAJIIOB, PEKOMEHIYETCA BBIIIOIHATH C MOMOIIBIO
Signal Generator (cm. [lpunoxkenue A), kOTOpBIH MO3BOJACT GOJICE
OTIEPATUBHO YIPABILATH NIApaMeTpaMu B nponecce oriaaaku. Mamepenne
(MM KOHTPOINB) YACTOTHL, HHTCPBAJIOB BPEMEHH, CUCTA BXOJHBIX HM-
MyJIbCOB MOXHO BBHIMONHATH LudpossM uvactotomMepom COUNTER
TIMER

HcrounnkamMu CHTHAIOB TPH OTIAAKE MHKPOKOHTPOJIEPOB, MPEI-
HA3HAUCHHBIX A Pa0OTHI C AHAJOTOBBIMH CHTHANAMH, MOTYT OBITH
AHAJIOTOBBIC TCHEPATOPBI, pacnonokeHHbie B nanke Generator Mode
(cuHYCcOHMIa B OKPYHOCTH), HOTCHIMOMETPHI, aTTCHIOATOPHL, ACTHUTCIH
HanpspkeHus. i u3MepeHns YpOBHEH HapsDKCHHS CIIEIYET HCIIONb-
30BaTh HUGPOBBIC BOIBTMETPBI H aMIICPMETPHI.
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5. KpaTkuii 00630p 0H0/1HOTEeKH KOMIIOHEHTOB

[Tpu BEIMONHEHHK TaOOPATOPHBIX PabOT U KYPCOBOTO MPOCKTA MO-
I'YT ObITh HCOOXOAUMBI YCTPOUCTBA, BXOMIIIMEC B COCTaB OUOIHOTEKH
komnoHeHToB P. [lpusenennas ke uHQOpMaLUs IBIICTCS KPATKHM
«IyTeBOAHTEEM» 10 TOH OHOMHOTEKE C YUETOM 3aJad, PeIIacMbIX B
x04e yaeOHOTO mporiecca.

Analog ICs. Mudopmarust 00 OCHOBHBIX aHAJIOTOBBIX KOMIIOHCH-
Tax: VCHIUTCIH Pa3IH4YHbIX THIIOB, KOMOAPAaTOPhl, (QUIBTPHI, MYIbTH-
IICKCOPBI/ IEMY IbTUILIICKCOPBI, UCTOYHHKH NHTAHWS, CTAaOWIUTPOHBI,
HCTOYHHUKHU OMOPHOTO HANPSIKCHUS, TaHMEPhI

Connectors. PazpeMbl 118 mapaiieNbHBIX U MOCICIOBATECIBHBIX
COCAUHECHUM

Data Converters. ALIIT u LIAII ¢ pa3smuuHBIMH TEXHUUECKUMH Xa-
pakTepucTUkaMm, mapamieasHeiM U nocnegosarepHbiM (12C, SPI) un-
TepdeticaMy, aHAMOrOBBIC M LU(POBBIC AATUMKH TeMmepaTyp, ¢oto-
3JCMEHTHI.

Electromechanical. [[Burarenu paznudHOro HA3HAYMCHHUS, BKITIOUAS
U IIAroBHIC.

Memory ICs. O3Y craruueckoro W JUHAMHYCCKOTO THIIOB,
EPROM, EEPROM ¢ mapanneasasiMu u miociacaoBareapabivu (12C,
SPI) untepdeiicamu, 6ydeprr FIFO,

Microprocessor ICs. Mozaenu Haubonee pacnpoCTPaHEHHBIX MHUK-
POKOHTPOJICPOB, LU(PPOBBIE MOTCHIMOMETPhI ¢ uHTepdericamu 12C,
SPI, 1-Wire, yacsl peaJbHOrO BPEMCHH, MOHHUTOPBI IIHTAHUS U cOpoca,
MPCUU3HOHHBIC HU(POBLIE TCPMOMETPBI U TEPMOCTATHI, MPOTPaAMMHUPY-
CMBIC TCHEPATOPBl HANPSHKCHUH pasnuuaHoi Gopmel, apaieepsl KKU u
MOTYIPOBOAHUKOBEIX HHAWKATOPOB, MPEoOPa30BaTeI U PACIIHPUTEIH
unTepdeiico, npeodpa3oBaTeIu JBOUYHOTO KOAA B 7-CSTMCHTHBIN C
MOCIICAOBATCIBHBIM HHTCP(EHCOM, JATIUKHY YT TIOBOPOTA (IHKOASPHI)
U Tak Jajee.

Miscellaneous. bartapeu, kBapuesbiii pe3oHarop, Moacap uH(ppa-
KpacHoro mopra, ceetodop, pazsem COM-mopta, 37ACMEHTB HEUSTKOM
JOTHKH, KOHTpoIUIep aucka ¢ uarepdericom ATA/IDE, ncrounuk ceeta
u (hoTOopE3UCTOP
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Modelling Primitives. AGcTpakTHrie MOAenH (HE MPUBA3AHHBIE K
kOHKpeTHOH »evenTHO Oase) ALII, LAIT u ocHOBHBIX IH(POBBIX
3JEMECHTOB.

Operational Amplifiere. OnepaioHHBIC YCHIUTCIH PA3THIHOTO
HA3HAUCHUS

Optoelectronics. CermenTtHrie, andaBuTHO-IUGPOBBIC U Tpadute-
CKHC WHAMKATOPBI ¢ KOHTPOJUIEpaMHU U O€3 HHX, C MapaliCAbHBIMU H
nocneAoBarenbHbiME uHTEepdeiicamu, quciien u nanenu JKKU, onrpo-
HBI, TIOJTYIPOBOAHUKOBBIC HHIAUKATOPBI.

Simulator Primitives. AGcTpakTHBIC MOJECTH T'€HEPATOPOB, JIOTH-
YECKHUX 3JICMEHTOB, HCTOYHHKOB HANpsDKEHHS U ToKa. |'eHepaTops! ya-
CTHYHO AYOIHpYIOT GYHKIMH, onmucanHble B nanke Generator Mode.

Speakers&Sounders. 3BOHKH(3yMMEPHI) U JUHAMHKH

Switces&Relays. Knasuarypsr (4x3, 4x4,4x6), KHOIKH, MECPCKIHO-
4yaTe/n, TyMOJICPHI, Peiic.

Transducers. YcrpolicTBa 11 M3MEpPEHH TEMIEPATYPHI, AaBie-
HUS, BIAXHOCTH C aHAJIOTOBBIM M LU(POBEIM BBIXOJAMH, C HOCICAOBA-
TEABHBIMU HHTEpdEHcaMu, TEPMOPE3UCTOPEI U TEPMOTIAPEI PA3TUIHBIX
IPaayHpPOBOK, POTOPEIUCTOPBI, OMMETP, 3BYKOBOU PETYIIATOP

IMaccusHeie ameMeHTH npeacTasacHbl B nankax Inductors (MHAYK-
TUBHOCTH ¥ TpaHchopmartopsr), Capacitors (koHacHCaTopEl), Resistors
(peaucropsr).

CoaepxiMoe OCTATBHBIX MAMOK COOTBETCTBYET WX HA3BAHUIO U HE
TpeOyeT MOSICHCHUIA,

6.Ilopsinok BbINOJTHEHUsI pA00OTHI

1. TlomyunTs 3amaHME Y MpEmoaaBaTesl

2. BvIMONHATE aHATH3 MTOJYUEHHOTO 3aMaHUSA:. ONPEACIUTE COCTAB
HEOOXOIUMBIX KOMIIOHCHTOB M BBIOPATE aJITOPUTM PEIICHUS 3302491

3. Hauare pa3pabotky npoekra (cM. pazgen 1)

4. Paszpabotarh 3JICKTPUUYCCKYIO CXEMY C YYETOM HCOOXOIHUMBIX
HWCTOYHHUKOB CUTHAJIOB M CPSACTB OTIaaku (cM. pazaen 1.2)

5. 3agate TpeOyeMble CBOMCTBA KOMIOHCHTaM (cM. pazzen 1.2 u
COOTBETCTBYIOIUE PA3JCIIbl TPUIOKCHUS A)

6. Hamucare mporpaMMmy B COOTBETCTBHH C PCKOMCHAALMIMH,
npuseacHusivMu B [7.8]. Ilpu BbImojiHeHHH /1a00paTOPHBLIX PadoT
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nporpaMma AoJi2KHA ObITh HamucaHa Ha accemoOuepe. IIporpamma,
HanucanHadg mas 8051 m AVR, momxHa 3akaHYHMBATBECH OCCKOHCUHBIM
LUKJIOM, TaK KaK y 3THX MHKPOKOHTPOJICPOB OTCYTCTBYIOT KOMAHBI
OCTaHOBA.

Bxogneie TecToBBIC HaHHBIC (HOPMHPYIOTCSA C TOMOLIBIO HOATIPO-
rpaMMbl 3arpy3ku (pasaea 3) u/Wid COOTBETCTBYIOIIUX BUPTYAIbHBIX
VCTPOUCTB (mpunokeHue A).

[Mpu KypcoBOM NPOEKTHPOBAHHH SI3BIK MPOTPAMMHUPOBAHUS BbI-
OHupacTcs CTYICHTOM.

l. BBINONHUTE KOMIWISLMIO MPOCKTA U YCTPAHUTh BO3HUKAOIIHC
OIIHUOKH

2. 3anycTuUTh OTJIAAKY NPOCKTA, AKTHBHU3HPOBATH HCOOXOIUMBIC
OKHA MHKPOKOHTPOJUIEPA M BHPTYAIBHBIX YCTPOHCTB (CM. pazzen 2 u
npuioxkenue A). Pexomenayercs ncnonpzoBate Watch Window, B
KOTOPOM TPH CHUMYILHHA HempepbIBHO MOXKHO oTOOpaxarh Tpebyve-
MBIC PETHCTPBI U SUYCHKH MaMATH MHKPOKOHTPOJUIEpa. DTO O0COOCHHO
akTyajabHO Aust AVR, Tak Kak 3HaYeHHs] PpErHCTPOB BBOAA-BbIBOAA
0TO0PaKAKTCSA TOJBKO M0 NPSIMBIM aApecam.

[NepBoHauampHBIA 3aMyCK PEKOMEHAYCTCSI BBIMOJIHATH B HEINpe-
PBIBHOM peKHME C TOYKOH OCTAHOBKH B KOHUE mporpammsbl. [Ipu
OOHApPYKCHUH OIIMOOK PAa3MECTHTh JOMOJHHTEIbLHbIE TOUKH OCTAHO-
Ba B KPUTHYCCKUX MECTAX Mporpammel. Eciu TOUkK OCTaHOBA HE MOMO-
rar0T YCTPAHUTD OLIMOKH, TO CICAYET NCPECHUTH B IIATOBbIH PEsKHM OT-
JAAKH.

Ecnu HeoOxoaum ASTabHBIN aHAMHA3 MPoLEcca pabOTh YCTPOKUCTBA,
caeayet ucnone3oBark onuuo Configure Diagnostics 1 okHO quarHo-
crudeckux cooduienuii Simulation Log.

JIOTIOTHUTE IPHBIMUA HCTOYHHKAMH HH(POPMALKH [P OTIAIKE MO-
I'YT OBITE NPOGHUKH U ocLpIorpad.

3. Tlocnme oTnamku mporpaMMel CACAYET OMPCACTUTH ¢ MapaMeT-
pol: 00BEM mporpamMMbl U BpeMst BoImoaHeHus. [1o ymomuanuo o0béM
mporpamMm 8051 otpakaercs B okne Simulation Log, a AVR —B okne
VSM Studio Output npu xommwsiuuu. Bpems ¢uxcupyercs Taiive-
POM, PACTIONOXCHHBIM B HIDKHCH YacTH 3KpaHa otiagku. JlomomHw-
TEAbHYIO HH(pOpMALMI O MPOLECCE OTIAAKH MOXKHO TONYYHTh, CCIH
otkpeiTh Configure Diagnostics 1 CKOPPEKTHPOBATh COACPKUMOE OKHA
Simulation Log.
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4. OtueT AOMKEH COACpXKaTh 3aJaHHEC K nadopaTopHOU padorte,
0000IECHHYIO rpad CXEMy airOpUTMa, MAPaMETPBl U HUCHOIb3YCMBIC
pecypcel moANPOrpaMMbl BBIMHCJIUTEIbHOMN NPOUEAYPHI, JNCKTPUIC-
CKYIO CXCMY IIPOCKTA, NOANPOrpaMMbl BBOAA-BbIBOJAA.

7.KoHTpO/bHBIE BONPOCHI
Beeaenne

1. B ueM mpenMymecTsa H HEAOCTATKH MPOrPAMMHOTO CHMYJIITO-
pa’? BHYTPHCXEMHOTO 3MYITOPa? HHTETPHPOBAHHON Cpebl pa3padoT-
KH

2. Kaxkue npenmymectsa 06€CICYHBACT NPUMECHEHHE OLIEHOYHOTO
Moayist?

3. Kakue tpeOoBaHUs MPEIBIBISIOTCS K BUPTYAIBHOH CPEIS MO-
nenuposanus BCM?

4. Kakue 3ama4uu MOkHO pernath ¢ momorpio BCM?

5. Kaxue nmpenmyinectsa obecnieunsacT npuveHeHne BCM?

6. Kakue mapaMeTpbl HCOOXOIUMO KOHTPOIHUPOBATH HPU BHIOOPES

7. B uem mpenmymuectsa u Hegoctatku Proteus Design Suite 8.07?
Cpeacrsa pa3padoTKH 3IEKTPHYECKOH CXEMBbI

8. Kaxkosa nporeaypa cozganust npockra? [lokaszaTs Ha KOMIIbHO-
Tepe

9. Kaxue mukpokoHTpomepsl noaaep:kusact Proteus? Kak 3anate
TpeOyeMBIC CBOHCTBA MUKPOKOHTPOILIEPY?

10. Kax BrIOparh 3MeMEHTHI 3JICKTPUIECKON CXCMBI ?

11. Kak oprann3oBarts CBA3b MEXKAY JIECMEHTAMH 3ICKTPHICCKOH
CXEMBI, HCIIONB3YS THHUHU? IIHHY? TCPMHUHANTEL?

12. Kax BrIOparh U MOIKIIOUUTE TPEOYEeMbIi reneparop?

13. Tlouemy He PEeKOMEHIYETCS UCIONAB30BaTh O3 HECOOXO0IUMOCTH
AHAJIOTOBBIC TCHEPATOPHI?

14. B kakux ciyuasx 00Jice palHoHaIbHO HUCMOIb30BaTh Signal
Generator

15. B kaxux cnyvasx cineayet ucrnoib3osats DPattern?

16. Kakwue cpeacTsa npeayCMOTPEHBI [T M3MEPEHUS HAIIPSDKEHM,
Toka? Kak ux moakmarounTs k cxeme?

17. Kax uaMepuTh 4acToTy, ICPHUOJ, BPEMCHHOW HHTEPBAN?
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18. Kakwue 3amaum MOKHO PEIINTh ¢ MOMOIIBIO ociimiiorpada? B
KaKHX CIYYAIX €r0 CIACAYET HCIOIb30BaTh?

19. lns xakux meaei npeaHa3sHAYCH Jorudeckuii anamusarop? Ero
(hYHKLMOHATBHEIC OCOOCHHOCTH.

20. B yem npeuMyIecTBa K AYIIETO PEKUMa 3amycKa?

21. Has xakux 1ench npeanaznadeH narrepu-reaeparop [1I'? Ero
(hYHKLMOHATBHEIC OCOOCHHOCTH.

22. Kax HacTpouTh MaTTepH-TEHEPATOP HA PEIKUM C BHYTPEHHEH
CHHXpOHM3aLNCH? BHEINHEH?

23. Kax opranmuzosars ¢ noMompio [1I" mporpamMmHbIl BBOA HH-
dopmamu 8 OMK? Io mpepriBanmo? B napannensHom koae? mocne-
JOBATEIBHOM?

Oraaguuk acuaxponnoro nopra UART (USART)

24. Kaxue cpencTsa npeayCMOTPEHBI I KOHTPOJIS BBOA-BBIBOAA
nHpOPMALIIH Yepe3 nocneaoBaTenbHbI acnHXpoHHbIH mopT UART
(USART)?

25. Kaxkue texaunueckue xapakrepuctuki Virtual Terminal?

26. Kakue mapaMeTpsl HCOOXOIUMO 33/1aBaTh MPU HACTPOUKE TP~
MuHana?

27. Kaxk opranu3oBath BBOX HHPOPMALHH B TCPMHUHAN BBIBOJ?

28. Kaxos agropurm oOMeHa HHGOPMALUCH, €CITH TCPMUHAI SIBJIsI-
€TCSl MPUEMHHUKOM? TIEPEAATIHKOM ?

29. Kak peamizoBare annapaTHbIA METOA YIIPABICHHS HOTOKOM ?
MPOTPaAMMHEI?

30. Kax moakmrounts TepMuHai k RS-2327 RS-485?

Oraaguuk unrepdeiica SPI

31. INpusauun odmena naopmanueit no uarepgeiicy SPL

32. Kak coeauuuth oTnaguuk SPl.c MEKPOKOHTPOICPOM B PEXKH-
Me Beaymero? Bexomoro?

33. Kak opranuzoBare 00MeH uHpopmanmeii o SPI.c HeCKOabKH-
MH BEJOMBIMU YCTPOUCTBAMU?

34. Kaxue mapamMeTpsl HCOOXOIUMO 337aBaTh P HACTPOIKE OT-
nagunka SPI.?

Ornagunk unrepdeiica 12C

35. Ipunnun odmena nndopmanuei no uarepdeiicy 12C.
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36. Kaxosa ctpykrypa kaapa [2C?

37. Kaxue mapamMeTpsl HCOOXOIUMO 337aBaTh P HACTPOIKE OT-
nagunka [2C?

38. Kak coeauuuts oTnaguuk 12C.c MUKPOKOHTPOILICPOM B PEIKH-
me Beayiero? Begomoro?

39. Kax opranmsosare 0OMeH uapopmanumeii no 12C ¢ veckonpku-
MH BEJOMBIMU YCTPOHWCTBAMHU?

40. Tlo 3amaHurO OPETIOAABATEITI HAPUCOBATH YICKTPHUICCKYIO CXC-
MY, HOAKTIOYHTE K HEH HEOOXOAUMEIC IS OTAAAKA BUPTYAIBHEIC
YCTPOMCTBA M YCTAHOBHUTBH CBOMCTBA HCIIOIB3YEMBIX JIEMEHTOB.

Orsragxa MHKpPONPOLECCOPHBIX yCTPOiicTBA

41. Kak axTUBH3MPOBaTh OKHA HAOJIOJACHHUN NPHU OTIAAKS MPO-
rpamMmsbI?

42, Jlas xakux UejeH cneayer ucnoib3oBark omimu Configure
Diagnostic u Simulation Flag? Kakas undopmanms B Hux otoOpaxkaet-
ca?

43. Kakue npeumymectsa OOCCICUMBACT HCIONB30BAHUE OKHO
Watch Window? Kakas unbopmarus B HeM otoOpazkaeTtcst?

44. Kak 3amaTh HEIPEpbIBHBIN PexHM pabOTHl ¢ TOUKAMH OCTaHO-
Ba? marosbii pe:kuM? J1aTh peKOMEHIANH 1O UX HCIIOIb30BAHHIO.

45. Kakas wunpopManus HaxXOJUTCS B KOHTCKCTHOM MCHIO OKHA
nmomaroeoii ornagku? B kakux ciaydasx 3T0 OKHO CIEAYET UCMONb30-
Barhb?

46. Kak opraHnszoBaTth 3arpy3ky TECTOBBIX JAHHBIX B MHKPO-
koHTposepsr 8051 u AVR?
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IIpunoxenue A. BupryanbHble cpeacTBa OTJIAAKH

1. I'enepaTop cur1anios

I'eneparop curnanoe Signal Generator uMCnob3yeTCs MPU MOJC-
JUPOBAHUH B KAUYECTBE MHOTO(YVHKLHOHATBHOIO HCTOYHHKA MEPHOIHU-
YECKOTO HANPsDKEHHA C peryimmpyeMol dactoroit m amrumrynoi. Ilo
CPaBHCHHIO C T'CHEPATOpPaMH, NMPEACTABICHHHIMH B MeHIO Generator
Mode, Signal Generator no3eomnset 601ee ONEPATUBHO VIPABIATH Na-
paMeTpaMu B MPOLECCE OTIAIKH.

XapakTepHuCTHKH TeHepaTopa:

e (dopMBI cUrHaNIa: OPSMOYTONbHAS, THI000pa3Has, TPEYTOIbHA,
CHHYCOUAATbHAS,

e  perynmupyemast BBIXOHAS 4acToTa - B Auanazone (0-12) MI;

e  peryimpyeMas aMIUTUTYAa BBIXOJAHOTO CHUTHAIA - B JUAMNA30HC
(0-12) B;

e BO3MOXKHA aMIUTUTYAHAS W YACTOTHAS MOJIYJALNSA BBIXOTHBIX
CHUTHANOB.

I'enepatop BrIOMpacTCs U3 CIUCKA BUPTYAIBHBIX yeTpoiicTs (Signal
Generator), pa3MemacTcsi B MONC CXCMBI U COCAMHACTCS C COOTBET-
creyromnmu muHEsIME OMK (puc. A 1), rae +, - - COOTBETCTBECHHO MO-
JOKUTENBHAS U OTPULATEIbHAS BBIXOAHBIC TUHUHM, AM — BX0Z4 yrpas-
AcHUA ammaTyaHou moaymamnuci, FM — BXox vipasiacHHS YaCTOTHOM
moayssuueH. [Ipu paboTe ¢ OAHOTONAPHBIM CUTHAJIOM OTPHLATEIbHBIA
BBIXOJ CICAYET 3a3eMiiaTh. Ecmu He TpeOyeTcs MOAVIALUS, TO BXOIBI
AM, FM - octarorcs HEMOAKIFOYCHHBIMH.

Puc. A.1. Yenosnoe uzobpasicenve 2enepamopa cusHanos



INocne 3amycka CHMYJSILIMM OTKPBIBACTCS OKHO, B KOTOPOM yCTa-
HABIHBAIOTCS MapaMeTpsl reHeparopa (puc. A.2)

¥5M Signal Generator [ £

He KHz i L
01 1 mj 10 || 0.4 -
@ M
Range Range \Wavat
)’ - ; e avaform
J ‘ \j -
' ! . @ Uni
= »
Frequency Amplitude p-p Potarity

Puc. A.2. Ilanens yripapieHUs: reHEpaTopoM

Pyuka perymuposku Range 3amaet mMacuTad Ay 4acTOTHl U HAOpsi-
skenud, Centre — 3HaueHne yactothl, Level — 3naueHne ammmuryasl. C
MOMOIIBbIO KHOTIOK mepexnoucHust Waveform u Polarity ycranasnusa-
€TCsl BUJ BBIXOJHOT'O CHTHATA U ero noasapHocTh (Unix —oaHOMOMSApHBIH
curHan, Bi — muddepeHmanbHeIl curHan).

Bxoasl aMnmiTy1HON B 4aCTOTHOW MOAVJISIIIMH UMCIOT CJICTYIOIIHC
BO3MOKHOCTH:

®  YCWICHHE BX0oJa MoAynsuud B tepmuHax Hz/V wmm V/V 3aga-
10T ¢ momotbio yrpasicHus Frequency Range u Amplitude Range,
COOTBETCTBEHHO;

e BXOJHOC HANPSDKCHUEC MOAYIALMU OTPAaHHYCHO B mpeacnax +/-
12V,

®  BXOJABl MOAYLILMH UMCIOT OCCKOHEYHOE BXOJHOE COMPOTHUBIIC-
HHC;

®  HaNpsDKCHHE HAa BXOJC MOIYJIALMH T0OABISCTCS K YCTAHOBKAM
VIPaBJICHUS BEPHBEPOM IO YMHOXCHHS YCTAHOBKAMH AMAINA30HA, YTO-
OBl ONPEACTUTE MTHOBCHHOE 3HAYCHUE YACTOTHI AMIUTUTYBI.

Hanpumep, ecau wactotHeé auanazoH seiOpad B 1KHz, a wactot-
HBIM BepHBEpP ycTaHoBieH B 2.0, Toraa yposeHs 2V HacTOTH MOIXYIIA-
LUK aCT BRIXOAHYIO yactory 4kHz.

[Tpumepsl 4acTOTHOH M aMITTHTYIHONH MOIVJISLHH WIITFOCTPHPYIOT
COOTBETCTBCHHO puc. A.3 wupuc. A 4.
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Channel B

Puc. A.4. Avnrumyonas mooynayus

2. I'enepaTop uu(ppoOBHIX JTAHHBIX (IATTEPH-TEHEPATOP)

[lattepn-renepatop (reneparop maOmonos) Pattern Generator
HCTIONB3YETCS MPH OTIAAKE MHKPONPOLECCOPHBIX YCTPOUCTB Kak
HCTOYHHUK mubposoli  WHGOPMALMK B NAPAUICIBHOM — HITH
nocneaoBateabHOM Koaax. C ero moMoIpr0 MOKHO MPOCKTHPOBATH H
OTIXHUBATh YCTPOWCTBA, peanu3youmme BBOA uHpOpMauuu B
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MPOTPaMMHOM CHHXPOHHOM WJIM AaCHHXPOHHOM pEXHUMaxX H IO
MIPEPBIBAHMIO.

I'enepaTop mo3BoMSECT CO34aBaTh MPOU3BONBHYIO OaiToBylo (40 1
Kbaiira) unu BOCbMHUKAHAIBHBIC OMTOBBIC TOCIICIOBATCIBHOCTH .

Ocol0enHocTu reneparopa:

®  UHTCPAKTUBHHIU U rpaduyeckuil pe>KkuMBI PabOTHI;

®  peKUMBI BHYTPCHHEH WM BHEINHEH CHHXPOHU3ALNY,

®  TOYHBIC HACTPOHKH BPEMCHHBIX MMAPaMETPOB (BPEMECHHOU pa3-
BEPTKH);

e pydHas YCTAaHOBKA JAJIHUHBI TIEPHOAA TIATTEPHA,

® COXpaHCHME U 3arpy3Ka MaTTePHOB;

®  BO3MOXKHOCTH BHEIITHETO YIPABJICHMS T IPUOCTAHOBKH TIEpe-
Jlav¥ [aTTepPHa,;

e oroOpaxkeHHE HHPOPMALMH B IICCTHAIUATHPUIHOHN U JECIATHY-
HOM (opMax;

®  pPEJAKTHPOBAHUs CBOMCTB F€HEPATOpPa U 3HAUCHUHN NATTEPHA B
rpouecce padboThl;

®  KOHTPOJb TEKYINErO COCTOSHHSA TEHEPATOPA;

® TCHEPaTOp BHIOHPACTCS M3 CITUCKA BUPTYAIBHBIX YCTPOUCTB
(pattern generator), pa3mMeIIacTCs B MOJIC CXEMbI U COSAUHSICTCS C CO-
OTBETCTBYIOIIMUMH JTHHUAMH OMK.

CLKIN B[0..7]

HOLD EN_ HEE _ER
TRIG [ EE @
OE ] N | Qi
| m @

H HEE B &

HE HEE HEE gg

ClkouT H H HE BEEE ©6
CASCADE Q7

[TITTTTT T

Puc. A.5. Yenosnoe uzobpasicenue nammepn-2enepamopa

VYciaoBHOE H300paKCHUE TCHEpATOpa MPEACTABICHO HA PUCYHKE
A5, rae

B [0-7] - BeiBoas! miast cBsizu ¢ mmHOM, Q0-Q7 — uHAUBHAYAJIb-
HbI€ BBIBObI. BBIX0ABI C TPEMST COCTOSHHUSIMH.

CLKIN (Bx0ja) - HCHONB3YETCH AJIS MOJKIOYCHHUS BHCITHETO TaK-
TOBOTO TCHEPATOPA.
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Hold (Bx0a) - MOXET HCTIONB30BATHCS TS OCTAHOBKH (I1ay3bl) MAT-
TepH-TeHeparopa. Ecnu Ha BXoAe BBICOKHi ypoBeHb, NPEKPAIIAcTCs
(hOpMHUPOBAHUE TAKTOBBIX HMITYILCOB M JAaHHBIE HA BBIXOJ HE MOCTY-
natoT. [lepenaya BozoGHOBUTCA, ecnu Ha Bxoxe Hold Oyaer Huskmii
YPOBEHb.

TRIG (Bx0a) - HCIONB3YETCS A [MOAAYH BHEMIHEr0 HMIYJIbCA
3amycka. 3amyCcK TAKTOBOTO T'CHEPATOpa CHHXPOHH3UPYETCSA MO STOMY
BXOAY.

OE (Bxox) - ympaBneHue BHIXOJHBIM Oydepom marTepH-
reaeparopa. Ilpu OE=1 ganHvle mepenaroTcs Ha BEIXOJ T'€HEPATOpA.
Ecmu OE=0, To reneparop pabotaet ¢ 3aJaHHBIM AOI0HOM (IIOCIEA0-
BaTCJILHOCTBIO), HO JAHHBIC HA BBIXOA HE MEPEHAOTCH (BBIXOA HAXOIUT-
Csl B TPETHEM COCTOSIHUH).

CLKOUT (Bbixoa) — BbIXOJ BHYTPEHHETO TAKTOBOI'O I'CHEPATO-
pa. Ilo ymomyaHuio 3Ta ONiMs HE YCTAHOBJICHA, TAK KaK 3aTPyIHSICT
MOJEIUPOBAHKE, OCOOCHHO HA BBICOKHX YACTOTAX. JTOT BBIXOJ MOMKET
OBITh aKTHBH3MPOBAaH NPH 3aJaHUU CBOHCTB reHeparopa (Edit
Component).

Cascade (BbIX0g) - MCPEXOAUT B BBICOKOE COCTOSIHHE B TCUCHHC
MEPBOro TakTa (OAWH MEPHOA CHHXPOTCHEPATOpa) MOCIEe Havyaaa CHMY-
asaupd. OpoHT ykasplBacT Ha HAYalIo mepeaadn nepsoro Oaiita (6ura)
MaTTEPHA, a cpe3 — Ha e¢ okoH4aHue. Jlanee CHUrHan HaXOAHUTCS B COCTO-
SHUH HYIS IO HaYaia CIeAVIOLIETO LHKIIA WK cOpoca.

[lepen HauamoM CHUMYISOMH JBOWHBIM IICTYKOM JI€BOM KHOIKU
MEILTH OTKPHITh OKHO PEAAKTHPOBAHMS CBOHCTB I'CHEPATOPa W 3aJaTh
cooTBeTcTBYIOIME mapameTpel (puc. A.6). Ilepesos mapameTpoB npu-
BeJeH B Tabmuue Al.

55



T2y

Pant Reference: [ Hidders [~ | [ 0K
Pait Yalue: | Hidder: [~ Help
Bt =] tew | EditFimware |
VSM Madel DLL: [FATTGENDLL [Higean — ~] Cancel
Clack Rate: [100.0kHz [Higear =]

Reset Rate: 2.000kHz Hide &l ¥

Clock Made: [Extemal Neg Edge ] [iden =]

Fleset Mode: [async ExtemalNeg Edge =] [Hideat  ~|

Clockout Enabled in Intemal Mode: [Ho =] [Hidean =]

Output Corfiguratior: [Ouwput 0 Bath Pins and Bus =] [Hidean =

Pattern Generator Seript [ Sl[Hiear =]

Dther Propetties:

I Ewelude from Simulation I Attach hieraichy module

IZ Exclude fom PCE Layout Hid conmman g

T Excluds from Bill of Materials I Edit ol properties 5 test

[ i A A d A ) g R 1
Puc. A.6. Oxno pedaxmuposanus ceoiicme zenepamopa

Ta6nuya A.1. Ceoiicmea nammepn-2enepamopa

Clock | YactoTa renepa- 100kHz
Rate | Topa
Reset HacToTa cOpoca 2kHz
Rate
Clock | Pexxum renepa- Default
Mode TOpa Internal BuyTpenmmit
External Pos Edge Buenmmii mo
dpoHTy
External Neg Edge Buenmmii 1o cra-
Yy
Reset | Pexwum c6poca Default
Mode Internal BuyTpenmmit
Async External Pos Edge | AcumxpoHHbIH
BHEIIHHH 10
dporTy
Sync External Pos Edge CHHXPOHHBIN
BHEIIHHH 110
dporTy
Async External Neg Edge | AcumxpoHHbIH
BHEIIHWH II0 CIIa-
ay
Sync External Neg Edge CHHXPOHHBIN
BHEIIHHM TI0 CIIa-
PN
Clock- | Bximouenue BbI- Default
out Boja Clockout No
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Ena- IIpYU KUCTIONB30Ba- | Yes
bled in | Hym BHyTpeHHErO
Inter- Taitmepa
nal
Mode
Output | Kouduryparms Default
config | BexomubX mMHEH | Output to Both Pins and BrBon Ha Bce
uration | JAHHBIX Bus BBIXO/THBIE JINHUU
Output to Pins Only BrmBon Ha -
BUJyaJIbHBIE JIH-
Output to Bus Only HUM
BoIBOJ| Ha MMHY
Pattern | Cxpwrrr renepa- *File*
Genera | Topa IIaTTEPHOB
tor
Script

[Mocne 3amycka CUMYITALMHN MOSIBUTCS OKHO, B KOTOPOM MOZKHO OTIe-
PATHBHO M3MCHHTH MAPAMETPhI HACTPOHKH U 334aTh TPEOYEMYIO MOCIIC-
JOBATEIBHOCTh OAalT, 0COOCHHOCTH BBOJA-BBIBOAA VIPABISIOLINX CHI-
HAJIOB U psia Apyrux GyHKUUH (puc. A.7).

£l

CLOCK 20

nt. @
o
STEP

TRIGGER
it @

* il
< sl
Asyne @
s ol

0x10

Cleat Pattern

Laad Pattern...
Save Pattern
Save Pattern As. .,

Colour Configuration

Decimal Display
Hex Display

Toolkip Display

3

10 100 kN

Insert Column
Remove Column

Block Set
Black Clear

Restore Default Settings

Puc. A.7. Oxno Hacmpoiixu napamempos 2eHepamopa

[lepenaBacmas wnbopManus (IATTEpPH) MOXKET OBITH 3arpyKeHa
BPVUHYIO WJIM U3 TEKCTOBOTO (aiiia.
B mepBom ciyuae nrpopMaryio BBOIUTCS B MOJIC JAHHBIX TTOOHTHO,
HA)KUMasl JICBOH KHOITKOM MBILIH HA KBAAPaThl, WIA MODAWTHO, HAKU-

Masl ICBOH KHOMKOH MBIIIA HA HOMEP CTOI0MA.
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Hst sarpy3ku u3 daiina HeoOXOUMO 3TO CBOHCTBO 33JaTh B OKHE
peaakTupoBanus (PUC.A.6), TBOHHBIM IICTIKOM MPABOH KHOMKOW B IO-
J¢ NAHHBIX BBI3BATh BHINAJAIOIICC MCHIO M BBINONHHUTh KOMAaHAY 3a-
Ipy3KkH. 3arpy:xkaemplii ¢aiin go/7keH HMETh pacLIHpPeHHe. pra.

daiin npeacraBasieT co0ON MEpPeUCHb OANT, Pa3aCACHHBIX 3aIsIThI-
MH, TAC KOKIOC 3HAUCHUE OMPEIACISCT COACPKHMOC KOOHKU HA CETKE
manaeix. [lo ymomuanuro ¢opmar Galita IMECTHAAUATHPHYHBIN, HO
MOJKHO UCTIONbB30BaTh U AcCATHYHBIN Gopmart. g BBoga KoMMEHTapHS
HEOOXOIUMO MEPE] HUM MOCTABUTE C TOUKY C 3aILITOH, TOTJa 3TH JaH-
HBIC OYIyT HTHOPUPOBATHCS aHATH3ATOPOM IIPOTPAMMEL.

B 3TOM MEHIO MOXKHO 3a1aTh U APYTHE CBOWCTBA MO JAHHBIX MaT-
TCPHA. OYHUCTHTh, COXPAHUTh, YCTAHOBUTH OIOK B JOTHYCCKYIO lumu
cObpocuts B 0, H3MECHUTD GHOPMY OTOOPAKCHHS TAHHBIX, BRIBECTH VKa3a-
teap koHTeKcTHOrO OKHA (Tooltip Display), B koTopoMm otoOpaxkaeTcst
nHpOPMALIUA O TEKYIIUX CTOJIOLE U CTPOKE, U TAK Jajee.

JIONOMHUTEIEHO MOXKHO BPYYHYH) BBICTABHTH TEPUOJ PabOTHL
KJIMKHYB JICBOUM KHOMKOW CJICTKA BBIIIE CETKH, HAJ CTOJIOIIOM, HA KOTO-
pom TpedyeTcst octaHOBUTH reHepaTop (puc. A.8). [lns oTMEeHBI KIHK-
HUTE NPABOU KHOMKOH 1Mo TOU ke 0bIacTy.

1 Pattem Generatar

020 010

il%ll HEN ER
=1 meg |l B0

Puc. A.8. 3adanue nepuooa cenepamopa

I'enepatop MoxeTr padoTaTh B PeKHUME BHYTPCHHEH WIHM BHCIIHEH
CHUHXPOHH3ALINY.

BHyTpeHHsisi CHHXPOHH3ALHST MOKET OBITh 331aHA A0 CHMYJISIL{HH
B OKHC PCIAKTHPOBAHHUS CBOWCTB (puC. A.6) WK B mpouecce CHMYJIsi-
uud - (puc. A.7)

B nocreauem cayuae nHeoOxoaumo B nojae CLOCK ¢ momorinpro
KHOMKK ycTaHoBUTh Int., BeicTaBUTH TpeOyemyro uactory. HambGonee
MPOCTOM CIOCO0 3aAaHMS YACTOTHI - TCKCTOBBIM PEIKUM, MPHU KOTOPOM
asorHol memuok Melmku no mkaine Clock win Vernier BwI3bIBacT
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BCIUTBIBAIOIICE OKHO peaakTupoBaHui. B HeM ykaspiBacTcsl 3HAUCHHE
gactotel B [, KI'u, MI'n. Lenass u apoOHast yacTH pasaesisiioTcst
TOYKOI.

3a1aTh 4acTOTY MOKHO TAKXKE, HCIONB3YS YIPABISICMBIC MBIIIKON
auckoBeie mkaasl Clock u Vernier. Clock onpenensier koaddurment
macmrraduposanus (I'u, Kl'a, MI'm), a ¢ momormipio Vernier 3amactcst
KOHKPETHOE 3HAYCHUC YaCTOTHI.

VYmpasnenue BxoxoM TRIG BhINONHACTCS YCTAHOBKOH B IOJIE
TRIGGER pexumva Int. 1 aHATOTHMYIHO TPSABIAYINEMY - MAPAMETPaAMHU
3amycka ¢ nomoinsto mkaa Trigger u Vernier. JlonogHUTEIBHO, YTOOBI
Tpurrep paboTtan KpaTHO OHTaM TAaKTOBOH YAacTOTHL, B BCIUTBIBAIOLICM
OKHE MOKHO YKa3aTh KOMHYICCTBO OHUT ¢ gobasicHuem cydduxca bits,
nampumep, (10bits). B stom cayuae uepes 10 ummynbcoB reHepaTop
TAaKTOBOH 4acTOTH cOpachiBacTes, a Ha Berxoae Cascade dopmupyetcs
({pOHT UMIyIbCA.

[Ipu 3anycke mporpaMMel B IIATOBOM pesKHMe HCOOXOIUMO CHa-
yana HaxaTh KHOMKY "Step" Ha maHenu ympaBlCHUS aHUMAaUUWCH, a 3a-
TEM KHOTIKY “Step” B OKHE reHeparopa.

B sToM pexxnme mepeaaua JAHHBIX BBINOJHSIETCS MO Cpe3y HM-
NyJbCa reHepaTopa cCMHXpOoHH3auuK. CUrHAT CHHXPOHU3ALHUH MOYKHO
HCIOB30BaTh B MPOLECCE OTIAAKH, CCIH YCTAHOBICHO PAa3pCLICHHC
BoiBoga CLKOUT (puc. A.6)

BHewmHssi cHHXpOHH3ALMS NPEATNONAracT HANUYUC BHEINHETO Ie-
HEPaTopa, BRIXOAHAA YacToTa Kotoporo noaaercs Ha exox CLKIN.

B zaBucumoctu ot ycranoBku B nmoie CLOCK mnepesaua maHHBIX
BBIMOJTHACTCA 1O (PPOHTY WK CPE3Y BXOTAHOTO UMITYIIBCA.

MoMeHT 3amycka TeHepaTopa MaTTepPHOB ONPEACIICTCS MapaMeT-
pamu, 3agasacMeiMu B monie TRIGGER. Tlpu acunxponHom 3amycke
paboTa reHepaTopa HAYHHACTCS Cpasy Mocie Npuxoa GpoHTa HUIH cpe-
3a paemHero curHana Ha Bxoq TRIGGER, a mpu cuHxpoHHOM — Clig-
ayrormmM 3a curHasioM Ha Bxoae TRIGGER cpe3om mmmyiabca BHEII-
Hero reHeparopa. bosee moapoOHO BONPOCH CHHXPOHHM3ALUH H3IIOMKE-
HHI B [6].

IIpumeHeHne naTTepH-reHepaTopa

B pexxnve BHyTpeHHeii cunxponnzanuu s3aumoaeiictsue OMK u
redHeparopa obecneumBactest curHamamu  HOLD, OE, TRIG,
CLKOUT, CASCADE.
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Ecnu uannmatopom nepeaadu ganHeix ssisieres OMK, to HeoGxo-
JTAMO

coeauHnTh HA cxeMme auHUH moptoB OMK m renepartopa: 3amyck
reHeparopa BeINOHSCTCS curHamamu Ha Bxogax HOLD, OE, TRIG,
JAHHBIC CUMTHIBAOTCS C IIMHBI MW WHAUBHAYAJIbHBIX JIMHHH, 3aIUCh
manaeix B OMK  nmomkHa BHIIOAHITECS MO (PPOHTY HMITYIIBCA
CLKOUT, a nepexoa k CICAVIOMEMY LUKy - M0 Cpe3y. AHAIU3 CHr-
Hana CASCADE nozBosisier onpeaeinTe MOMEHT OKOHYAHHS TICPSAATH
nepBoro Gaiira (Cpe3 UMIyIbca) U Hadamo copoca ((hPOHT UMITYIBCA).

veraHoButh B Edit Component uwactoTy mepemadd u 4YacToTy
cOpoca (Tpurrepa), 3aJaTh Pa3peIICHUC BBIBOJA YACTOTHI MECPSAAMH HA
Bbix0J CLKOUT, xoHdurypauio BEIXOIHBIX THHHN H, €CIH UCIOIb-
3yeTcs TEKCTOBBIH (paiin JaHHBIX, €TOo aapec.

Yacrota cOpoca (Tpurrepa) OmpeaciaseT KOMHYCCTBO MOBTOPSIO-
muxcsa uMIyiabcoB. Hanpumep, npu gacrote renepartopa 100 KI'n, ga-
crore Tpurrepal OKI'm xommecTso mvirynecos -10. Te xxe mapameTpsr
MO3KHO 33/aTh yKa3aHHeM B noJie Tpurrepa 10bits.

Jns peanuzanyi acCHHXPOHHOM NEpeaady MOXKHO, HAIPUMEP, CHT-
Han HOLD wucnone3oBars ams Hauana padotel, a CLKOUT - aus 3a-
nucu nanHeix B OMK. Tpu 3tom OE nomxen GbiTh paseH 1.

Ecnu npu otnagke UCHONB3yeTCs HECKOIBKO MATTCPH-TCHEPATOPOB,
MepeaaoMX JAHHBIC HA OJUH MOPT, YIPABICHUC NOAKITIOYCHUCM BbI-
nonHseTcs kommyTtauuei curaana OE.

Ecnu uanmmaropoM oOMeHa SBISACTCS NATTEPH-TEHEPATOp, TO Hava-
10 oomena 3agaet curHan CLKOUT, a curnamel obparHOi CBA3U MO-
marorca Ha Bxoasl HOLD, OE, TRIG.

B pexkuMe BHelIHeH CHHXPOHH3ANMH TPUHIUIBL  YIPABICHUS
aHatoruuHbl. MCTOYHHKOM BHEIIHEH CHHXPOHH3ALMH MOTYT OBITH
BHe1IHUH reneparop win OMK.

3. In¢posoii ocunnaorpag

Ocuriorpad MCHOAB3YETCS IS U3MECPCHUS U aHAIN3a AHAJIOTO-
Boix AC m auckperneix DC curnanos. [lpu paGore ¢ gucKpeTHBIMU
CHUTHAIAMH MOXKHO ycTaHaBIuBarhk nepekarouatend kak AC, tak u DC.
O,Z[HaKO HeO6XO,Z[I/IMO YUUTBIBATh, YTO pCalnu3anusd aHaJIOTrOBOro pCiKu-
Ma Tpedyet Oombiux pecypcos [I9BM.

Ocuniorpad UMEET CICAYIOINE XaPAKTCPUCTHKH:

e  Yucno xananos — 4 (A, B, C, D)

60



e Ycunenue kanana - ot 20B/aeneuue 10 2mMB/nencHue

e Bpemennas passeptka - ot 200mc/aenenue 1o 0.5Mkc/aeneHue.

e VYcroBus 3amycka- BPEMEHHAs pa3BepTka (HEMpephIBHAM, JKAY-
mas, mo ppPOHTY UK CPE3y CUTHAJA), PA3BEPTKA AHAJIOTOBBIM CHUTHAJIOM
(narmpumep, nasg ¢uryp Jluccaxy)

e Pexxnm paboThl KaHAOB- ABTOHOMHBIN, cyMmupyromui (A+B,
C+D),

e  Tumst BxogoB — otkpeiThiii AD (a5 aHamm3a CUrHANIOB B MOJI-
HOM AHAIIA30HC HUX I/ISMGHCHI/IH) U C pasACIUTCIIbHBIM KOHACHCATOPOM
AC (ams aHanM3a TOJBKO MEPEMCHHON COCTABISIOLICH, ©CJIU MOCTOSH-
Hasl COCTAB/ISIOINAS 3HAYUTEIBHO OOJBIIC ICPSMECHHOM).

Jus moaxmroueHus ocipuriorpada CACAYET IMENKHYTh MO KHOIKS
Virtual Instruments Mode, BeiOpare B okae - OSCILLOSCOPE
(puc. A.9), ycTaHOBUTH €10 HA CBOOOAHOC MECTO PA0OUCTO TIOS CXEMBI
" COCOAUHUTD €TI0 BXOAbI ¢ TOUYKAMH Ha6J'IIO,Z[eHI/IH.

REE

SRR I

Puc. A.9. Venosnoe uzobpasicenue ocyunozpaga
Tocne COXPaHCHUA U KOMIIWIALIUA 3allyCTUTDh IIPOCKT, HAXKAB KHOTII-
ky Debug/Start.

Bua manenu ynpasieHHs ocpiiorpadoM npeacTaBicH Ha PUCYHKE
A.10.

61



Channel D

Position

Position

Puc. A.10. Ilanens ynpaenenus ocyuinozpagpom

[Tpusun paboTH ¢ BUPTYANBHBIM OCLUUIOrpadoM HUYEM HE OT-
JAMYACTCS OT PEATbHOTO:

B cexrope Trigger cneayer 3a1aTh YpOBCHD (HAMPSDKCHHE) 3aIIyCKa
(Level) turt Bxoxa (AD umu AC), kanan ucrounuka samycka (A, B, C,
D), ocobenHoCcTH 3amycka ((DPOHT HIIM CPE3 UMITYJIbCA), PEKUM PAOOTHI.
Haubonee wacTo ucmonb3yeTcs pexKUM HENPEPBIBHO pasBepTku Actel.
[Tpu atom B cextope Horisontal Heo6X0gUMO MEPEKIIOUATEND YCTAHO-
BHThb B TIONOXKCHUE MUIO0OPA3HOH Pa3BEPTKH U 3aJaTh BPEMS Pa3BepT-
KH, COOTBETCTBYIOLIEE YACTOTE (MIEPHOAY) AHATU3UPYEMBIX CUTHATOB.

ITH HACTPOHKH SIBJISIOTCS 00 LLIMMH JUISI BCEX KAHAJIOB.

Hns kaxngoro kadana Channel A - Channel D MokHO yCTaHOBHTB
HAYAIBPHOC TOJIOKCHHE KaHanta Ha 3kpane ocipuniorpada (Position),
yeunenue (quckosas mkana), tun sxoaa: AD, AC, GND (Bxox 3azem-
acn), OFF (xanan otkiaoucH), Invert (MHBEPCHOC 3HAUCHUE BXOAHOTO
CHTHAIA).

HononautensHo kaHanel A u D mMoryt oTpakate cyMMapHoe 3Ha-
YCHUC CUTHAIOB COOTBEeTCTBeHHO (A+B) 1 (C+D).

Tak xak pa3mep okHa ocipnorpada OrpaHHuCH, TO CICAYET TINA-
TEJBHO BBIOUPATh KOQPULIHUCHTE YCHICHHUS HAOIIOAACMBIX KAHAIOB.

Hns ymoOcTBa HAOMIOACHUS KAXKABIH KAHAT MOMKET OTOOPAKATHCS
WHAWBUAVAIBHBIM IIBCTOM. YCTAaHOBKA I[BCTA KAHANA BBIIOJIHACTCS

62



JBOMHBIM IIECTYKOM IMPABOH KHOMKOH MBIIIH B HONE ocuuuiorpada u
BBIOOPOM U3 BBITIAAAOIIETO MCHIO (pyHKIMH Setup.

B tex cayuasx, korga He yaaéTcsl CHHXPOHH3UPOBATh H300PasKCHIE,
MO3KHO TPOU3BECTH CHUMOK SKPaHa U JajIeC BBHIMIOJHUTh aHATU3 3a(uK-
cuposanHoro mporecca. ms sroro pexkuma Ha manenu Trigger wuc-
nmosib3yeTcst kHorka One-Shot.

Tam ke umeercss kaomka Cursors, ¢ MOMOIIBI) KOTOPOH MOKHO
OTPESACIUTh AMIUTUTY Ty CHTHANA W BPEMsI €TO MOSBICHUS OTHOCHTEIb-
HO CepeIHHbI 3KPAHA, OTMCUYCHHYIO BEPTHKAIBHOU MyHKTHPHOU JTIMHU-
cii. TouHOCTh M3MEPEHHUSI — 10 TPETHETO ACCATUIHOTO 3HAKA.

Takum o6pazoM, A aHAIN3a CUTHAIOB € MOMOLIBIO ocupiorpada
HEOOXOIUMO!

e  BriOpars THI BXOJa

e 3azarhk YCIOBHS 3AMMyCKA U JJIUTCIBHOCTh PA3BEPTKH

e  YCTaHOBUTH PE:KUM PAbOTHI, HAYATHHOC 3HAYUCHUC U YCHUJICHHC
KQKIOr0 KaHaIa

e  3amyCTHTh NPOCKT

e [Ipouseectu cooTBeTcTBYIOMME H3MepeHus (cM. Puc. A.10)

IIpu padote ¢ ocumwuiorpadom He ciaeayer 3a0biBaTh 00 ycra-
HOBKE€ TOYEK OCTAHOBA B MPOrpamMme, 4TO0bI OrPAHHYHTH BpPEMs
Ha0moaeHus npouecca. Ecin mpouece kopoTkuii, T0 B KOHIE pa3-
BEPTKH OCHH/LIOrPa(a ero Mo’KHO HE YBHAETD.

4. Jlornueckuii aHATH3ATOP

Jloruueckuii aHATU3aTOP MPEACTABISCT COOOM YCTPOUCTBO, MPEIHA-
3HAYCHHOS JJIS 3aMKUCH M OTOOPAKCHUS MOCICIOBATCIPHOCTH LHppoO-
BbIX CHUTHAJIOB.

B otnuuune ot ocummiorpadoB, KOTOPEIC MPSIHAHAMCHBI JJIST aM-
ITHTYJHOTO, (a30BOTO, BPEMEHHOTO W3MEPCHHS H aHAIH3a OrpaHH-
YECHHOro 4ucjia aHaJIOroBbIX CHUTHAIOB, JIOTHUCCKUC AHAIN3AaTOPBI
AMCIOT 3HAYHTEIIPHO 00JIbIIee KOJHYECTBO KaHajoB (or 16 10 He-
CKOJIBKHUX COTCH), HO NP 3TOM (PUKCHPYHT TOJBKO JIOTHYECKHE
yposHu cur”ana: 0, 1, uHorga cocrosHue Z (BBICOKOE COIPOTHBIIC-
HHC).

AHaIM3aTOP — HOMHOCTHIO HU(POBOH MPUOOP, UMEIOIIHIA B CBOCM
cocrase ObicTpoacHcTyromee OyhepHoe O3Y. Jlorudeckue CUrHAJIBI B
HCCIICAYCMBIX TOYKAX ¢ 3aJaHHOM YaCTOTOM JAUCKPETHIAINK PETUCTPH-
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pyrorest B Oydeprom O3Y. [locne Toro kak perucTpariisi OCTAHOBIICHA,
JaHHbIe, coxpaHeHHbIe B Oydeprom O3V, ortobpakaroTcs Ha IKpaHe
MOHHTOPA B BUJAC BPEMCHHOM AHATPaMMBI HITH TaOTHLBI COCTOSHHH.

3amyck PErucTpalii MOXKCT OCVILECTBIATHCS B aBTOMATHYCCKOM
WM B XKAVIIEM pekuMax. B mepBoM ciydae 3amyck perucTpanvy JaH-
HBIX OCYILICCTBISCTCS aBTOMATHYCCKH MO HAXKATUIO KHONKH cTaptT. Bo
BTOPOM - 3aIIYCK PETUCTPALIMN OCYLIECTBIICTCS TOIBKO B CIIy4ae MOsB-
JCHUS BO BXOJHOM IOTOKE JAHHBIX 33JaHHON JOTHYECKOM MOCIeA0Ba-
TETBHOCTH.

3HAYCHUE JIOTMYECKOTO VCIOBHS 32JaCTC HEMOCPEACTBCHHO MEPEn
3aIyCKOM PETHUCTPALIUH.

Kpome storo, B xaymeM pesxuMe BO3MOKHA PETHCTPALMS JAHHBIX
KaK J0, TaK NOCIC MOMCHTA BBITIOTHCHHUS YCIOBHSL.

OcTtaHOBKA PETUCTPALIMH JAHHBIX AHATH3ATOPOM HMPOUCXOIUT MOCTIC
3anoHEHMs BCero oobema Oydeproro O3Y.

Jlormyeckuii aHATH3aTOP NPUMCHACTCS A OTIAAKH U JUATHOCTHKH
IUPPOBBIX CHCTEM, B KOTOPHIX HEOOXOJUMO KOHTPOIUPOBATE OXHO-
BPEMEHHO OOJIBIIOE YUCTIO JIUHUH mepeaayd uHpopMmanmu. Hanpumep,
LIMHBI aApeca, JAHHBIX, VIPABICHHUSL.

Jlornyeckuii aHAJIM3ATOP MOKHO HCHOJIB30BATH KAK CPEACTBO
perucrpanuu HHGOPMALIHH B NAPAJJIEILHOM KoJe, Tak Kak B Ilpo-
Teyce moJ00HbI TEPpMHUHAN OTCYTCTBYET.

B Ilporeyce MOTyT HCTIOIB30BAThCA JBA THIIA TEPMUHAIIA.

B Proteus 8.x uCmonp3yeTes aHATA3ATOP CO CACAYIOIIMMHU HapaMeT-
pamu:

KosuuecrBo kanajnoB — 16 - OutoBbix u 4 - OaHTOBBIX KaHaIa
(puc. A.11).

Oobem 0ydeproro O3Y — 40000x52

Ilepuoa auckpermszaunu — peryampyemerii ot 0.5 me 10 200 Mxc,
4T0 00CCIEUNBACT COXPAHCHHE JAHHEIX B Oydepe 3a BpeMs COOTBET-
creeHHO 10HC-4 ¢
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Puc A.11. Jloeuuecku ananuszamop Proteus 8.x

Ycnoue 3amycka - GOPMHUPYETCS KaK KOHBIOHKIUSI BXOIHBIX
CHrHAJIOB. /11 aBTOMATHYECKOro 3amycKa IEPEKIIOUaTeN YCIOBHI
JOJKHBI OBITh YCTAHOB/CHBI B KpaiiHee JieBoe noJoskenue. llepexiio-
4yaTeny YCIOBUM PacIoararoTcsd Ha JULEBOM NaHEIH CIICBa.

3amyck aHATM3aTOpa BBICOKUM YPOBHEM KaHana 1 u ¢poHTOM (H3-
MCHCHHUC HAIPAXKCHUA OT HU3BKOI'0 YPOBHA K BbICOKOMy), OPpUXOAAIIUM
Ha KaHam 3, WITFOCTPUPYET PUCYHOK A.12

VSM Loy T

Gapture
Cursars |

Puc. A.12. Cuenanwt 3anycka ananuzamopa
Pexxumbr Hauana padotel 6ydepa — (0-100) % Gydepa 3axsara.
AHamuzatop OyaeT 3axBaThlBaTh BXOJHBIC AAHHBIC HEIPCPHIBHO,

MoKa He OOHAPYIKATCS JOTHUYCCKUC YCIOBHS IS JKAYLICTO PEXKUMa 3a-

xBara. Korma 3to ciayumres, 3axBar JaHHBIX HPOJOJDKHUTCA A0 TEX TOP,

MOKAa HE 3alOTHUTCS OCTaBIIAACH 4acTh Oy(depa mocie BHINOTHEHHS

yenosus. Takum o6pazom, pu 0%-GUKCHPYIOTCS COOBITHS MOCJIE BbI-

MOJIHEHHs ycao0BHs 3amycka, pu 100% - 10 BbINOJHEHHs YCJI0BHS

3aIycKa, a PH OCTAJILHBIX 3HAUCHHUAX — 10 H MocJIe.
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TouHoe H3MepeHHE BpeMeHH € MOMOLIBI KYPCOPOB. Y CTAHOBHB
kHONKY Cursors B aKTHBHOE COCTOSIHUE, HMEETCSl BO3MOYKHOCTh TOYHO-
IO U3MCPECHHUS BPEMEHH MEKAY COOBITHAMEL.

Bo3moskHOCTE H3MEHEeHHsI LBETa OTOOPAKACMBIX KPHUBBIX, KYpPCO-
poB, Tekcta | T.4.LlBeT ycTaHaBmIMBaeTCS INETIKOM MPABOM KIABUIICH
MBIIIKA MO JUCILICK W BeIOOpOM u3 Bhimajaromero mcHioo Colours
Setup. 13 3T0r0 MEHIO MOXKHO VAATIATH KYPCOPHI M BEIBOAMUTH HA IICYATh
COAEPKUMOE OKHA.

B apyrux Bepcusx Ilporeyca wmcnone3yercs anamuzatop (puc.
A.13).

SM Logic Analyser - 4
- = Markerd  Manker8
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[ [t
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Ay e
T _ 5 @
= - 100 200 | (FHIY| 05 0 @

3 ng

Puc. A.13. Oxno ynpasnenus ananuzamopom

Kosuuecrso kanasios - 24 (8 xaHamoB A1t OUTOBBIX CHTHAIOB U 2
KaHa1a OAHTOBBIX TAHHBIX).

Oobem 0ydeproro O3Y — 10000x24

Ilepuoa auckpernzanuu — peryapyemerii ot 0.5 me 10 200 Mxc,
4T0 0OCCIEUNBACT COXPAHCHHE JAHHEIX B Oydepe 3a BpeMs COOTBET-
creeHHO 10HC-4 ©

Yeaosue 3anycka - GOpMHPYETCS KaKk KOHBIOHKIHS BXOAHBIX
CHrHAJIOB. /11 aBTOMAaTHYECKOro 3amycKa IEPEKIIOYaTeN YCIOBHI
JOJDKHBEL OBITh YCTAHOBJICHEL B cocTosiHUe Any. [lepekmouarenu ycno-
BHH pacronararTcs Ha TULICBOH MaHETH CIeBa.

Pexxumbl padotsi Gydepa - 0, 25, 50, 75 u 100% 6ydepa 3axsata

AHamuzatop OyaeT 3axBaThlBaTh BXOJHBIC JAHHBIC HCIMPCPHIBHO,
MoKa He OOHAPYIKATCS JOTHYCCKUC YCIOBHS IS JKIYIICTO PEKHUMA 3a-
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xBara. Korzma sTo cnyumrcs, 3aXBar JaHHBIX NPOJODKUTCA IO TEX MOP,
MOKAa HE 3alOIHUTCS OCTaBLIAACSH 4acTh Oy(depa mocie BHINOTHEHHS
venosus. Takum oGpazom, pu 0%-GUKCHPYIOTCS COOBITHS MOCJIE BbI-
MOJIHEHHs ycJaoBHs 3anmycka, npu 100% - 10 BbINOJIHEHHs YCJI0BHS
3aIMmycKa, a IPU OCTATIBHBIX 3HAYCHILIX — A0 U HOCJIE.

JAByxkaHaIbHOE H3MEPeHHE TeKYIero BpeMeHH C Pa3pCIlaromC
CMIOCOOHOCTRIO, OMPESACIACMON NEPUOaAOM JucKpeTusanmu. s TouHo-
IO U3MEPCHHUS BPEMCHH HCIIONB3YIOTC Mapkepbl A U B. Kaxawiii map-
KEp MOXKHO pa3MeLaTh, HCIOIb3YS COOTBETCTBCHHO OKPALICHHYIO
mikany. [lokazanus 0TOOpaKarOT TOUKY BPEMEHH, OTMCUCHHYIO MapKe-
POM, OTHOCHUTEIIPHO BPEMEHH BBITIOJHECHUS VCIIOBHS 3aIlyCKa, a MOKa3a-
Hus Delta A-B — pasHuny mexay Mapkepamu. YCTaHOBKa MECTa pac-
MOJIOKCHHUST MapKepa BBIIOJHACTCS COOTBETCTBYIOIIMMH — PYIKAMH
Hactpoiiku. Ha pucyHke A.16 mokazaHO U3MECPCHHUE CUTHAJIA YTCHHS
BHEIITHEH maMaTh nadHeix RD.

BosmoxknocTs npocmoTpa coaepxumoro 0ydepa 3axeara. HeoG-
XOAUMOCTh B MAHOPAMHUPOBAHUHU U MaciiTabupoBanuu Oy(depa 3axsara
BO3HHKACT MOTOMY, 4TO OH yaepxusaet 10000 orcueros, a oTobpake-
HUE WUMEET IUPHHY Toabko B 250 mmkcen. Jmsd oTHX Lened ciayxar
pviuka Zoom, Resolition u mpokpyTka, MO3BONSIOMAS NEPEMEINATH
H300paKCHHE BIEBO W BOPAaBO. Bpems oAHOTO AEICHUS BBIYUCISACTCS
VMHOJKCHHEM VCTAHOBOK MIKanel Zoom HA pPa3pelicHHC IIKATbI
Resolition.

[Tpu noaxkmouennoii ¢pyHkuun Graph Mode oxHO HaOmrogeHUIN
AHAN3ATOPa MOXKHO VBEJIUYHUTE IO HYKHOTO Pa3Mepa U U3MCHATH €ro
cBoiicta. s atoro cieayet Brmounts Graph Mode, BeiOpaTts B ce-
nekrope Digital u Ha cBOOOJHOM MeCTe JIHCTa MPOCKTA PA3MECTHTh OK-
HO rpadmka, 3aTeM YBEIHYUTh OKHO A0 HYXKHBIX pasMepos. B ucmoJib-
3yemMoii BepCHH 3Ta (PyHKLHSA OTCYTCTBYET.

Hcnonb3oBaHue TOrHY€CKOro aHAJIM3aTOPA

Jst IOAK/IFOUCHHUST aHAIU3ATOPA U OTOOPAKCHHUS JAHHBIX HEOOXO-
JUMO:

Hl¢nkayre mo wukonke Virtual Instruments Mode, BoiGpats
Logic Analyser, pasMecTutTh OOBESKT HAa YCPTEKE, COCAUHHUTH BXOJBI
aHaIM3aTopa ¢ TPeOYEMBIMH CHUTHANAMH. Y CIOBHOE M300paKCHUE aHa-
JAU3ATOPA MPEACTABACHO HA PUCYHKE A. 14,
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A8
A9
A10
Al
A12
INE
Ald
AL
B20.7]
B3[0.7]

Puc. A.14. Yenosnoe usobpasxcenue ananuzamopa

IIposepuTk cBOLiCTBA aHAIM3ATOPA (JBOWHOM IICTUOK JICBOW KHOII-
KOU MBIIIIH).

3amycTUTh HHTCPAKTUBHYIO CHUMYIALMI0 n3 McHI0 Debug nmn wc-
mone3yd kHOmKY Play Ha manenm ympaencHus anmmanmci. [lossurcs
okHo aHajm3aropa (puc. A.11, A.13).

VYmpasieHue aHanm3aropamMu B pasHeix Bepeusx [Iporteyca nHe-
CKOJIBKO OTITHYACTCSL.

st Proteus 8.x (puc. A.11):

3amaTh EpHOA ANCKPETURALMH, COOTBETCTBYIOIIUH HAOIIOJAEMOMY
mpoueccy (pyuka Capture Resolition). ItuM ycTaHaBIMBACTCS CaMblil
KOPOTKHH MMITyJIbc, KOTOPBIH Oyaet 3amucan B O3Y. Cpexnnss pydka
MO3BOJICT U3MCHITh MaciTad B auanasone ot 1 (kpaiiHee mpaBoe mo-
JAoxkeHUe) A0 2,5 (kpaiiHee IeBOC MOIOKCHHIE).

VY cTaHOBHUTE HA NEBOH MaHe I TPEOYEMBIC YCIOBHS MEPCKITIOUCHUL
(cm. puc.A.12)

Bribpare pexxum pabotel Oydepa (auckosas mkana Position). Pe-
KOMCHyeMas HauanbHas ycTaHoBka -30%

Pyukoii Display Scale yctanoBuTH LicHY JCICHHS SKpPaHa, KOTOPas
onpeenseT pa3Mep OKHA HaOMIOACHHUH.

Bxmrounte ananmmzarop kaonkoit Capture u 3amycTuTh TpeOYeMbIi
(dparMeHT mporpamMMbl B HEIPEPHIBHOM PEKHME C TOYKOH OCTAHOBA,
4TOOBI HE TIEpPErpyxKarh Oydep.

Hcnonp3ys mpokpyTKY JUCKOBOM INKANBL, BHIIIOTHATh AHATIHN3 3aIH-
caHHoro mpouecca. Jng u3mepeHms1 BpeMeHH BKIOUHTh Kypcop Cur-
sors B TpeOyEeMBIX TOUKaX BpeMCHHOU amarpamMel. [lomecTus MbImb B
OKHO HabOIIOACHUS, ¢ MOMOIIBI0 KOJICCHKA MOYKHO M3MCHATH Macmrad
BPEMEHHOHU AMarpamMMmBel.
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[IpuMep HCTIONIB30BaHUS JIOTHYECKOTO aHAIM3aTopa Il KOHTPOIS
curHaiioB odoMena Mexay OMK 8051 u BHeIHeH MaMsITHIO JIAHHBIX
IIpUBEJICH Ha pucyHKe A.15.

Jast anamasatopa (puc.A.13):

3a/1aTh IEPUO/T AUCKPETURAIIMH, COOTBETCTRYIOIMUH HaOIIOJaeMOMY
npornecey (pyuxa Resolition). DTuM ycTanaBiuBaercsi caMbli KOPOTKUH
HUMITYJILC, KOTOPBIM OyeT 3anucad B O3Y.

Y CTaHOBUTH Ha JIEBOM IaHeNnu TpeOyeMBle YCIOBHUS IEPEKIIOICHUS.
B mpumepe na pucyHke A.16 3allyck OCYIIECTBISETCSI IO CPE3y HM-
yJibca YTeHUs JaHHBIX 13 BHermHero O3Y RD.

Bri6pars pexum paGoTh Oy hepa (TipaBasi HIKHSIS KHOTIKA).

Pyukoii Zoom omnpeaeursh pasMep OKHa HaOIIOJACHUH.

3anycruth ananuzarop kHonkoi Trigger Mode. B MmomeHT 3amycka
BKJIFOUUTCS cBeTONMO Armed, a okoHUaHUS 3anuch — Trigger.

Hcnonp3ys NpoKpyTKY, BHIIOJIHUTE aHAIN3 3alIUCAHHOTO IIpoliecca.
Jlis m3MepeHust BpEMEHH HCIIONb30BaTh Mapkephl A u B.

[IpuMep HCIONIBL30BaHUS JIOTHIECKOTO aHAIM3aTopa JUIsl KOHTPOJIS
curHaioB odoMena Mexay OMK 8051 u BHeIHEH NMaMSITHIO JTaHHBIX
IPUBC/CH Ha pUCYHKe A. 10.

T g T 0
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T o
Debug\Debug SDI T F | ANED | T
T -
f A mml

|

ESET CODE  0OOH
E H

XTI0 D
TWERO CODE  00BH
XTI1  CODE  013H
TMERL CODE  O1BH
CODE  023H

T3
B 2

INITIONS

[ VeRIARLES

RESET and INTERRUPT VECTORS
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Jmp start i
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e
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30
34
38

[memme o5 40
mewme tes
tes 19

> I Il B | @ 5Messagels) | RAUSED: 00001030005 300

Puc.A.15. Illpumep ucnonvsosanus ons Proteus 8.x
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Youwill needthe MC 83081 and Logic Analyser models installed to run this sample

 Cluik pasasaric e Tt e Bl e b
= Aoy mnns i o 273

¥5M Logic Analyser

fny
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N
==
= =
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S. Ilu¢posoit yacroTromep

Hudposoii vactoromep COUNTER TIMER — 310 MHOTO(YHK-
OUOHATBHBIA 1M(PoBOH mpuOop, NMpeIHA3HAYCHHBIA AN HU3MCPCHHS
HHTEPBAJIOB BPEMEHH, YaCTOTHL, CUeTa BXOAHBIX UMITYyIbcOB. Lludposoit
YacTOTOMEP MOAACPKUBACT CICAVIOIINE PEKUMBI pabOTHL:

e  pokuM TafiMepa (CCKYH/IBI), pa3peIuaroas CriocoOHOCTh 1MKC;

e pokuM TabiMepa (Yachl, MUHYTHI, CCKYHJBI), Pa3peLIaroIias
CcHocOOHOCTE 1ms;

e  PCKHMM YaCTOTOMEPA, pasperuarorias crnocooHocTs 11,

e  PCKHM CUYCTUHMKA, MAKCUMATBHBIN cHeT 99 999 999,

YactoToMep BBIOHpacTCs W3 CIUCKA BHPTYAIBHBIX YCTPOUCTB
(COUNTER TIMER), pa3MeimacTcst B MOJE CXEMbl U COCIUHSICTCS C
HCTOYHUKaMH m3MepseMbix curHainoB (OMK, reneparopamu u tak ga-
aee). YcnoBHOE H300pOKCHHE YacTOTOMEPA NPUBEACH HA PHCYHKE
A.17, CLK - Bxox usmepsiembix curHanos, CE — Bxox pasperueHus
padotsr, RST — Bxoa cOpoca.

—pCLK
=i

RST

Puc. A.17. Yenosnoe uzobpancenue uacmomomepa
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Ilepen HauanoM CHUMYISIUN ABOHHBIM IICTIKOM JICBOW KHOIIKH
MBIIIHA OTKPBITh OKHO PEJAKTUPOBAHUS CBONMCTB YacTOTOMEpPA U 3aJaTh

COOTBCTCTBYIOIIUC IapaMCTPBI:

PCKUM  HU3MCPCHUS,

yopassironux curianos CE, RST (puc. A 18).

isis Edit Component

Pan Reference: Hidder: I~
Part Yalue Hidder: [~ Help
Element 7] New
= [iBn] Cancel
Operating Mode: Time [secs) | [Higeen x|
Count Enable Polariy: ?i;':[”s'gml Hidoel =
HasatE R Eolens ;WE hms] Hidedll
requenc
Oiher Propeties:
I~ Exclude from Simulation I~ Attach hisrarchy madule
I¥ Exclude fiom PCB Layout I Hids sommon pins
I~ Exclude from Billof Materials I~ Edit all propetiss as text

0COOEHHOCTH

Puc. A.18. Okno pedaxmuposanus ceoticme uacmomomepa

[Tocne 3amycka cUMY ALK TOSBUTCS OKHO, B KOTOPOM MOKHO OIIC-
PaTHBHO M3MCHATH MapaMeTpsl HACTPOHKH yactoTomepa (puc. A.19), He
BbI3bIBAA OKHO PCOAKTHUPOBAHMA. OKHO yYopasJji€eHUS MO?KHO BbI3BATb
TAKIKE, KJIHKHYB JIeBOi MBILIKOH B H300paeHHe 4acToTOMEpA.
[NapameTprr yacToToMepa 3aaatorcs nepekmouatesiMi Reset Polarity
- MOJIIPHOCTh MMITYJIbCa cOpoca, Gate Polarity — noaspaoCTh CcHrHamta
paspewctus;, Manual Reset- pyunoii copoc, Mode —peskumbr paboTh:
Time (secs) - TaliMep ¢ MOBBIIICHHON Pa3peIIAONICH CIOCOOHOCTRIO |

Mkc, Time (hmecs)

@ L
@1r

il ¥5™ Counter Timer E

RESET POLARTTY
'{ —
GATE POLARITY

-

MANUAL RESET

& TIME frecs)
@ TIME fhrms)
@ FREGUENCY
3 COuNT

=

Puc. A.19. Oxno ynpaenenus yacmomomepom

- TailiMep ¢ pazpewaroineii cnocoOHOCThIO 1 Mc,

3HAYCHUS BPEMCHH, YaCcTOTHl HIIM CUYCTA OTOOPAKAIOTCI Ha CXEME
(puc. A.14) u B okue ynpasneHus (puc. A.16), ecau OHO OTKPBITO.
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S.1. Pe:kum u3MepeHHsi HHTEPBAJIOB BPEMEHH

HamepeHne HHTEPBAIOB BPEMEHH MOXKET OBITh PEATIH30BaHO B JBYX
peknMax - ¢ ucnons3osanneM BHemrHero curHana CE u ¢ oTkpbIThiM
sxoaoM CE.

B nepBomM ciyuae HeoOxoammo BeiOpath noispHocTh curHana CE,
OTIPESACINTh PA3PSUIADINYIO CIOCOOHOCTh TAWMEPA | 33aTh UX B CBOWM-
CTBaX YacTOTOMEPA WM OKHE YIPABICHUS, ONPCACIHTh HCTOYHUK
BHEIIHETO CUTHATa M moakiarounTh ero k Bxony CE. Orcuer Bpemenu
BBHIMOJTHACTCS BHYTPEeHHHM reHepaTtopom. Ilocie 3amycka monxenupo-
BaHUS MMOKA3aHUS YaCTOTOMEPA NPONOPLMOHAIBHbI JTATCIBHOCTH CHTI-
Hana Ha Bxozae CE. Bo Bropom — CE Hukyzaa He npucoeIuHsIeTcs U Ho-
Ka3aHUs YaCTOTOMEPA MOCTOSTHHO H3MCHSIIOTCSL.

COpoc mokazaHui MOKHO BBEITTOJHHUTE B pydHOM pexuve (Manual
Reset) nmu cdopmuposats BHemwHHE mMmyiabe. COpoc 3amyckaeTcs
(POHTOM HITH CPE30M HMITYJIECA. ITOT CUIHAJ JO/DKCH OBITh MPOTUBO-
MOJIO’KHBIM YPOBHIO 3aITyCKA.

Ecnu HEoOX0aMMO VACPKUBATE TAHMEDP B HYIIE, TO 3TO PCATHU3YETC
ynpasiacauem 1o Bxogam CE u RST.

5.2. Pe:kuM H3MepeHHsl YACTOTHI

UroObl H3MEPHUTE YACTOTY, HE0OX0auMO moakarounTh BeiBog CLK
K HCTOYHHKY M3MEPIEMOro CUTHama u 3a1ath pexkuM Frequency. Beor-
Bozabel CE u RST B pexxumve uactoToMepa HE UCTIOTb3YIOTCS.

Bpemst noacuera umnyabcos ¢ukcuposano u paBHo 1 cek. Cuer
BBHIMOJIHACTCA MO (PPOHTY BXOJHOTrO ummyinkca. [losTomy ams mamepe-
HUS YaCTOThI, HANPUMEP, CHHYCOMAANBHOTO CHrHAla, Ha BXOJC YacTo-
TOMEpa HEOOXOJUMO VCTAHOBHTH (POPMHUPOBATEID UMITYIIECOB.

Hcnoab3zoBanne 4acTroToMepa AN H3MeEPEeHHs] AHAJIOTOBBIX
curdajioB Ha yacrorax Boime 50 KI'u npuBogur k 0oJibioii 3a-
rpyske npoueccopa II9BM. MamepeHue BBIMOMHACTCA HE B PEIKUME
peanbHOro BpeMeHH. IlosTOMy o1 OnpeaencHUsl YacTOTH LICNCH aHa-
JIOTOBBEIX TCHEPATOPOB, PabOTAIOIIUX HA YACTOTaX 3HAYHTEIBHO BBILIC
10k, peKOMEHAYETCS UCMOIB30BATh BUPTYAIBHBIN ocumuiorpadh win
aHAIM3aToP.
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5.3. Pe:xxum cueTYHKAa

Jis paGoTel B PeKHMME CUCTYHMKA HEOOXOIMMO 3adaTh PEIKUAM
Counter, ycranosute napametpel CE u RST, eciu 310 He0OX0AMMO,
noakounTh CLK k UCTOYHHMKY BXOAHOTO CHTHAA.

Ecnu ¢pyakmum 3anycka cueta u cOpoca HE TPEOYIOTCS, 3TH BXO/IbI
OCTaBJISFOT HETPUCOCTUHCHHBIMH.

Ecnu HEoOX01uMO yACPKUBATh CUCTUHMK B HyJIC, TO 3TO PCaIU3YET-
cs ynpasnenuem 1o Bxogam CE u RST.

3HAUCHUE CUCTYMKA H3MCHSCTCS MO (PPOHTY CHUTHAIA HA BXOAC
CLK, ecsiu CE axkTuBen.

B pexume cueTurka MOXKHO HU3MEPATh 4acToTy, eciu Ha Bxoge CE
(OpMHPOBATE 3TANOHHBIH BPEMCHHOW HHTEpBal. 1€OPETHYECKU IIO-
JOOHBIH pexuM OyaeT 0onee ObBICTPOACHCTBYIOIINM, Y€M CTAHAAPTHBIN
PEKHUM CUCTYMKA, TAK KAK BO3MOXKHO VIPABISATH ATHUTCIBHOCTBIO BpPE-
MEHHOTO MHTCPBAJIA.

AHAJIOTHYHO MOHO H3MEPATh JIUTSIBHOCTh MMITYJIbCA, MOABAs
Ha BxoJ CE usmepsiemsrii curnan, a va 8xo4 CLK — gactoty 3TanoHHO-
ro reHeparopa. M B 3ToM ciiyyac BO3MOKHOCTU YIIPABACHUS U3MCPCHU-
€M PaCIIUPEHBI TI0 CPABHCHHUIO C PEHKUMOM TaHMEpa, TaK KaK YacTOTy
BHCIITHETO FCHEPATOPa MOKHO PETYJIUPOBATS.

6. Ilugposbie npudopsl

B cocras BupTyvaneHeix mpudbopos Proteus Bxoaat mudposeie mpu-
OOpBl U1 U3MEPCHMSI CUTHATIOB MOCTOSHHOTO W NEPEMEHHOTO TOKA!
BOJIETMETPBI, aMIiepMeTpsl, BarT™MeTp. OHu padoTaroT B Pe:KUME pealib-
HOT'O BPEMCHHU U MOTYT OBITh MOAKITIOUCHEI B CXEMY, KaK U Tr000H apy-
FOM KOMIIOHEHT.

[TpuGops! BBIOHpArOTCS W3 cOUCKa BHPTyaldbHbIX ycTporicts (DC
VOLTMETER, AC VOLTMETER, DC AMMETER, AC AMMETER,
WATTMETER), pasMeinarorcst B mMoie CXEMbl U COSIUHICTCS ¢ UCTOU-
HUKAMU H3MEPSICMBIX CHUTHAJOB. Y CIIOBHBIC H300pPaKCHUS MPHOOPOB
MPHUBCACHHI Ha pucyHKax A.20— A.22.
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Puc. A.20. Yenosnoe uzobpaxcenue 601mmempos nepemeHHO20 i HOCMOSHHOZ0

(AC) moxoe

Puc. A.21. Yenosnoe uzobpaxcenue amnepmempos nepemeHHo20 i HOCMOSHHO-
20(AC) moxoe

Puc. A.22. Yenosnoe uzobpaxcenue eammmempa

Bce npubopel NMEIOT TPH AeCATHYHBIX pa3psiia U MOTYT HACTPaH-
Bathcs ¢ MacmTaboM 1, mili, micro. Peraktuposanue cBoiicTB mpubo-
POB BBIIOTHACTCS mepe] HavuanoM MoxaenupoBaHus. OKHO CBOWCTB BbI-
3BIBACTCS ABOUHBIM INECITIKOM MPaBoOi KHONKK MbItuy. Jlns Beex mpubo-
POB MOXKHO BBIOpATh JUANA30H U3MEPEHHUI U BXOAHOC COMPOTHUBICHHE.
B BoasTMeTpax mo yMmomHaHWIO ycTaHaBiauBaeTca Harpyska 100Mow,
HO 3TO 3HAYCHHE MOXKET OBITh OTpeAakTuposano. B mpubopax mocro-
STHHOTO TOKa JOTIOJHHTEIBHO YKa3bIBACTCA IMOCTOSHHA BpEMEHH. B
Ka4YecTBE MpUMeEpa Ha PUCYHKE A .23 MPHUBEACHO OKHO CBOHCTB BOJBT-
METpa MOCTOSHHOTO TOKA.
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Part Refererice Hidder: [~
Part Value: Hidden: I Help
Element: - L
- A Cancel
Display Aange: alts ~| |Hideal =
e [100m [Hide s =]
Time Constant; |100ms |H|deAII LI
Other Propetties

|
™ Excluds from Simulation I Attach hisrarchy moduls
[V Exclude from PCB Lapout I Hide commor pins
™ Exclude fiom Bill of Materials ™ Edit all properties as text

Puc. A.23. Okno pedaxmuposanus ceoiicme 801bmmempa HOCMOIHHO20 MOKA

[Tocne nawanma MomenMPOBAaHHS SKpaHbl NPHOOPOB B LH(GPOBOM
(hopMaTe MOKA3EIBAIOT TEKYIINE H3MECPCHHBIC 3HAYCHHL.

BatTmerp npeaHasHaueH AJIS HCMOJB30BAHHSA TOJBKO € CHHY-
COMIATBHBIMH cCHrHanamMu. B mporecce perakTupoBaHus CBOHCTB eMy
MO3KHO 33aTh PSKUMBI m3MepeHus aktuBHOU (W), peaktushoil (VAR),
mosiHow (V A) MotHOCTH U (ha30BbBIN YOI,

7. Otnaguuk uaTepdeiica SPI

Wutepdeiic SPI sBnsercs oqHUM H3 caMBIX PaCOPOCTPAHCHHBIX I10-
cieaoBaTenbHbIX HHTEpdetico, mpuMmenseMeix B OMK. bonee 85%
MHUKPOKOHTPOJLICPOB MMEIOT B cBoeM coctase moptel SPI. Ilupokoe
npumeHenue SPI cBf3aHO ¢ MUHUMATbHBIMY TPSOOBAHHIMH K amnapart-
HOH yacTu ycrporcTs, moakmouacMbeix K OMK (kak Munumym, TpeOy-
€TCSl PETHCTP CABHUTa), U OTHOCUTEIBHO HMPOCTHIM MPOTOKOIOM OOMEHA.
WuTepdeiic SPI cHHXpOHHBINA, TYMICKCHBIH, OOMEH O MPHUHLUIY «BE-
OYIIUHA — BEOOMBIN», CKOPOCTh OOMEHA M3MEHSICTCS B IIUPOKUX Mpeac-
nax. B OMK ckopocte 0OMeHa 3aBHCHT OT 0COOCHHOCTEH OpraHu3aliu
mopra SPI 1 MokeT nocturarh BeuuuHbl 40 5 Mout/c u Oonee.

ITpOMBIIIICHHOCTh BBIMYCKACT OOJIBIIOS KOJIHUYCCTBO MEpUbepHii-
ubix yerporicts ¢ SPL garauku, AL, LIATI, MocThI, 4ackl peanbHOTO
BpPEMEHH, mamaTh U Tak gance. [losromy mammune tepmunana SPI cy-
LICCTBEHHO VCKOPSET OTIAAKY MUKPOIPOLIECCOPHBIX YCTPOHCTB.

VYcnoBHOE W300paKCHUEC TEPMHHAIA MPCACTABICHO HA PUCYHKE
A .24, rae:

SCK - nunusa cuaxponmsanuu. B pexxume Bexomoro padoTact kak
BXOJ, B PEXKHME BEAYLICTO KAK BBIXO;
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DIN - BBOx gaHHBIX ¢ muHBL SPI;

DOUT - BeiBox AaHHbIX Ha miHHY SPI;

SS - nunus BeIOOpa yCTpoiicTBa. B pexkuMe BEIOMOro 3Ta JIUHHS
JOJDKHA OBITh MPHUCOCOUHEHA K JIory.0, B PEKUME BEAYLICTO OCTAETCH
AKTHUBHOMH, MMOKA MCPEIAOTCS JAHHBIC |

TRIG - BX0J, C MOMOIIBI KOTOPOTO MOKHO VIIPAB/ISATh OUCPEIbIO
MOCJICIOBATEIPHOCTSH JaHHBIX Ha Bbixoae SPL

DIN

—— pout
—j | SPI
—ss

— TRIG

——

Puc. A.24. Venoenoe uzobpasicenue mepmunana

Tepmunan (ananuzarop mporokoinos) SPI moxer paGotaTte B oaHOM
U3 TPEX PEIKUMOB:

e pexum Beaomoro verpotictsa SPI (Slave);

e pokuM Beayiiero (mactepa) yerpoiictsa SPI (Master);,

e pexum MoHHTOpa (Monitor) - TepMuHaN nokaseiBacT HHPOP-
MAaLMIo, iepeaBacMyio o mune SPI

TepMuHan BRIOHpacTCS U3 CIHCKA BHPTYANBHBIX ycTpoucTB (SPI
Debugger), pasMeimaetcst B mOJC CXEMBI, COCIUHSICTCS ¢ COOTBETCTBY-
rouumu tuausMu OMK (puc. A.25), 1BOHHBIM IISTYKOM JICBON KHOIKH
MBILTH BBI3BIBACTCSA PECIAKTOP CBOMCTB, B KOTOPOM 33Jar0TCs MapaMeT-
pBl TepMuHAna (puc. A.26).

—1 peoTOmcK
—— e

—2 pEziamOANT2
4 FESAIN fCh

PETISCK

[

POORXD

POATHD
PD2AMTO
PD3ANT1
PD4IOCI B
PODSAOC A
PDEACP1
POTIOC2

XETaL
KTALZ
RESET

FE FFPEET

PAOSADCO
PAAIADC
PAZIADCD
PASIADCS
PAAIADCY
PASIADCS
PAGIADCE
PATIADCT

PCOSCL

PC1/SDA,

PC2

PC3

PCa

PC5
PCETOSCT
PCTTOSC2

bbbl kbbb

=]

AREF
BNOC

... ATMESASS3S
STEXT

Puc. A.25. Cxema coeounenus mepmunanos SPI u USART
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Pai Biference: [ Higger: = |0k |
Fait¥/alue [ Hidder: [ Help
Element: -] Mew
Cancel
SPI Mode: [Slave | [Hidear =]
Master clock frequency in Hz: £2500 HideAl ¥
SCK Idle state is [High =l [Hideas =]
© Sampling edgs [Idle to active | [Hider |
W e [Mse fist | [Hiderr =]
Stap on output bulfer emety? ~ Hidedl ¥
Advanced Propertes
[word lengtn ~l[s [Higear |
o
Time display precision
New lite afler
Queus stored sequences atstaiyp P4 § 95 368 167 B8} |
Sequence e
L dk
I” Exclude fiom Simdation I ttach hierarchy module
I¥ Excludefiom PCB Layout I Hide common pins
I Exclude fiom Bill of Materials I Edit all propeties as test

Puc. A.26. Oxno pedaxmuposanus ceoticme mepMuHana

Ta6nuya A.2. Qyuxyuu peoaxmuposanus

SPI Mode Pexcm SPI Default
Monitor
Master
Slave
Master clock | Yactora B I'11 ymipas- 1000000
frequency in TSTFOTTIETO YCTpoicTBa
Hz
SCK Idle YpoBeHb TaKTOBOTO Default
state is CHUTHAJIa Low Husxkuit
Hight Bricokuit
Sampling Bri6op Trma 3arrycka- Default
edge TOITIETO CUTHAaNa Idle to active ITo dpponTy
Active to idle o criamy
Bit order Topsiok cnenoBanms Default
our MSB first Cr. paspsgamMu
LSB first BITEpen
M. pazpsiiamu
BIIEpES
Stop on out- Hy»xHa 1 octaHoBKa ?,no, yes
put buffer TIPY ITyCTOM BBIXOTHOM
empty? Gydepe?
Word length Jlmma coBa YcranaBmiBaet
KOJIMYECTBO OUT B
Triepe/iaBaeMoM
ciose (1-16)
Time display | Toumocts oToGparke- Default
precision HUSI BpEMEHH
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New line after | Hoas ctpoka mocite Default
TiepeJiaty CHMBOIIOB

Queue stored | Ouepenp XpaHUT 10- Default
sequences at creioBaTenbHOCTH IpH | No
startup 3aI1yCKe Yes

Sequence file | Paspemaer ycranamu- | *File*
BaTh UMl TEKCTOBOTO

datina rocneoBaTeb-

HOCTHU
Loopback TKITIHEBI peskiM Default
mode? TToBTOPUTH peKUM? No

Yes

Ilocne 3amycka OTAagku OTKPBIBAETCA SKpaH, MPENCTaBJIEH-
HbII Ha pucyHke A.27. DKpaH pa3feneH Ha HECKOJbKO 4HacTed u
MO3BOJISIET KOHTPOJIUPOBATh COCTOSIHUE IIWHBI, TPUHUMATE U T€-
penaBaTh JaHHBIE B PEKUME BEAYLIErO UIH BEAOMOTO.

BepxHee 1¢BOE OKHO COACPIKUT OCHOBHBIC TAHHBIC O PA0OTE HIUHBIL
HarpapJICHUC NICPCAAYN JAHHBIX U UX 3HAUYCHUA, BPCMA BOZHUKHOBCHUA
coObiTuii. Bo3moxken aHamm3 kak OaMir , Tak W OWUTOBBIX
MOCIEJOBATEIBHOCTEN.

Eciu tepmMuHAT KCHOMBIYETCS KAK MEPEIATUHK, TO 3HAYEHHS
AAHHBIX 3a1a0TCA B IPABOM HH?>KHEM OKHE.

B sp1 Debug - Slave mode - $1SPI DEBUGGER #0002 |
: | B-=p el.00lus 193.001us 6L = | | Predefined Sequences I
E-4m l.00lus 193.00lus 31 $61 §62 $63 § 64 § 65 366 $67 §68
E-4m 81.00lus 193 00lus 31 $T1§72 4§73 674 475 470 47T 478

« 81.00lus Bit 7 DIN=0 (5LO)
« 37.00lus Bit & DIN=0 (ELO)
* 113.00lus Bit & DIN=1 (ZHI})
‘« 125 _00lus Bit 4 DIN=1 (3HI)

3

=4

1

-4m 145.00lus Bit 3 DIN=0 (5L0)
i-4m 161.00lus Bit 2 DIN=0 (SL0)
-4m 177.00lus Bit 1 DIN=0 [S5L0)
4@ 133.00lus Bit 0 DIN=1 (SHI)
® z03.000us 55 Inactive
- zog.000us 55 Active
(S zz5.00lus 337.00lus 62
-4 225 00lus 337.00lus 32
® 545 000us S5 Tnactiwe
- 2E0.000us 55 Active
(S 363.00lus 481.00lus &3 =

Buffered Sequences |

$61 $62 $63 § 64 § 65 $66 $67 63 I j

Gueue I Add | Delete |

i

Puc.A.27. Ixpan omaduuxa
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Ta6nuya A.3. Ilpasuna

CuHrakcuc Ornmcanue

‘0x’ MokeT UCTIONH30BaThCs Kak IpedrKe st 00HSIBICHIS TIIeCTHA-
JutareputHbIX 3HaueHuH (OXFE)

‘5 MoseT UCTIONB30BaThCs Kak MpeduKe U OOBIBICHUS ITIECTHA-
JmiatepryHpIX 3HavyeHui ($FE)

‘W’ MoskeT UcTIoNb30BaThes Kak cypPrKe It 0ObSIBISHS TeCTHA-
JaTepraHbIX 3HaveHwi (FEh)

%’ MokeT UCTIONH30BaThCs KaK IpedrKe I OOHSIBIICHYST TBOMUHBIX
3HayeHuit (%1101)

‘b’ MokeT UCTIONB30BaThes Kak cypPUKe IS OOHSIBICHUST TBOMMHBIX
3navenuii (1101b)

d’ MokeT UCTIONH30BaThCs Kak CyPPUKC TS OOBSIBICHUS IECITHY-
HBIX 3HaueHui (47d)

VY mecTHaAUATCPHYHBIX U JBOMYHBIX 3HAUCHHH JOKEH ObITh THOO
npedpuke, mudo cypduxrc. Hecarmanpiv 3naueHuIM cypdukc HeoOs3a-
teneH. [locne BBoAa ouepeanoro cumMBoia HeoOxoauM npoden. CTpoku
JOJDKHBL OBITh 3aKIFOUCHBI B JBOWHBIC WITH OAWHAPHBIC KABBIUKH.

Hannrie u3 3roro okHa kHONKOH Add MOryr OBITH MOMCLICHBEI B
Oydep mpeaBapUTEAbHO 3aJAHHBIX MOCJACIOBATCIBHOCTCH JAHHBIX
(BepxHee JieBOE OKHO) WM KHOMKOH Queue B mepeJaroIuii BEIXOTHOH
Oydep (mpaBoe HuxkHee oxkno). KHonka Queue HCMOIB3YETCS TAKKE
st mepenadn ganabix u3 Predefined Sequence B Buffered Sequence.

Knonka Delete ncnons3yercs o VAQICHHS NOCICIOBATCIBHOCTH
u3 Predefined Sequence

Hcnoav3oBanue otiaguuka SPI

Uro0bI NpUHATH JAHHBIE ¢ MOMOLULI0 oTJaguuka SP1:

Otobpaxxenue nannerx Ha muHe SPI peOyet noaxmoucHns SCK u
DIN TepmMuHana K COOTBETCTBYIOIIUM KOHTAKTaM CXCMBI. 3aTCM CIEAY-
€T YCTAHOBUTD JJIMHY CJIoBa, nmopsaok out, crarye SCK u Hactpoiiku
mMozenu TepmuHana. lanneie Ha muHe SPI Oyayt oroOpaxkeHbl B OKHE
TEpPMHHANA KaK MICCTHAALUATCPUYHbIC 3HAa4YCHUA. ECmu mpHHATOE CI0BO
JAHHBIX HEMOMHOE, SS CTAHOBUTCA HECAKTUBHBIM JO0 TEX MOP, MOKA CJIO-
BO HE MEPEAACTCA LICITHKOM, OTOOpa)kaThcs OVIYT 3BE3NOYKH BMECTO
LICCTHAAATCPHIHBIX 3HAYCHHH.

Uro0bI nepegaTs JaHHbIE ¢ MOMOLIBI oTJaguuka SP1:
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[lepenaua nannex no muse TpeOyeT nogkmodcHus SCK u DOUT
TCpPMUHANAa K COOTBETCTBYIOINUM KOHTakTaM cxewmbl. Jlamee crmeayer
YCTaHOBUTH JJIMHY ClTOBa, opsaok out, crarye SCK u HacTpotiku Mo-
JEJH TCPMUHANA.

3anucu MOTYT OBITh OTJACIBHBIMH CJIOBAMHM, 3AMSITBIMUA WA MPOOEC-
JaMH, TOCTICAOBATCIBHOCTHEO CIOB HIH TCKCTOBBEIX CTPOK, 3aKIFOUCH-
HBIX B ABOUHBIC WM OJUHAPHBIC KABBIYKH. 3HAYCHUSA MOTYT OBITB B JC-
CATHYHOM, INCCTHAAUATCPUYHOM WIM JABOHYHOM MPCACTABICHUH.
lecrHanuarepuunbie 3HaucHUs obOo3HadarotTes kak ''0x' wom ¢ mpe-
¢dukcom' §', unu cydduxcom 'h '. JIBonunsie 3HAUCHUS 0003HAYAIOTCS
npepukcom '%' unu cypouxcom 'b ' Ilng gecaTHUHBIX 3HAYCHUH HE
HY>XHbI HU Tipeukc, HU cy(dPUKC, HO NPH KETAHUA MOXKHO TO0OABHTD
cyhdukc ‘d'.

[Tocne BBOJA meperaBacMoOll MOCICAOBATCIBHOCTH MOXKHO HEIIO-
CPEICTBEHHO MOATOTOBUTH IMOCICAOBATCIPHOCTh AAHHBIX ISl OTIPAB-
KH, IOMECTHB UX B BRIXOZHOH Oydep, uiu pazMecturs B Oydepe mpea-
BAPUTEIBHO 3aJAHHBIX MOCICAOBATEIBHOCTEM AJ AAIBHEUINETO HC-
MOJTb30BAHUSL.

UroOwl ckonmpoBarh JaHHBIC U3 Oydepa npeaBapUTeIbHO 3aJaHHBIX
MOCJICIOBATCIBHOCTEH B BEIXOAHOH Oy(ep, yOSAUTECh B TOM, YTO TOJIC
BBOJA MYCTO, BBIOCPHUTE MOCJICAOBATCIIBHOCTh M BBITIOJIHUTE JBOMHOMN
MOETYOK Wian HaxMHATE Queue.

UroOwl yranuTe 3amuch u3 Oydepa NpeIBapUTEIBEHO 3aJaHHBIX I10-
CJICJOBATCIPHOCTEH, BHIOCPUTE ONPEACICHHYIO MOCICAOBATEIBHOCTD,
3areM Haxmute KHOTIKY Delete.

8. Otnaauyux unrepgeiica 12C

HuTepdeiic 12C mmpoko ucmonb3yeTcs I CBI3H MHUKPOIPOLEC-
COPHBIX YCTPOUCTB ¢ mepuepuitHpiM 000pYI0BAHHEM U OPraHU3aLUH
MHOTOTpoeccopHbix cuctem. QOnacte mpumeHeHHs aHajorudxHa SPI
(matuuxu, ALIIT, LIAIT, MocThl, Yackl peanbHOTO BPEMEHH, MAMSITh U TAK
Janee).

Uutepdeiic 12C cuHEXpOHHBIH, TONYAYIICKCHBIH, OOMCH MO HPHH-
LMY «BEAVIIUN — BEJOMBIM», YUCIO BEAYIIUX YCTPOUCTB OTPaHUUYEHO
TOJIBKO 3ICKTPUYCCKUMH XapaKTCPUCTUKaMU HHTEpQEiica, CKOPOCTh
00OMEHA U3MEHSCTCS B IIUPOKUX MpeAcax.

o cpaBuenuto ¢ SPI QyHKIIMOHATBHBIC BO3MOXKHOCTH 3HAYUTETBHO
IIMpE, HO CIOXKHEE W €ro peanu3auusd. JHAUUTCIbHAS 4acTh (PYHKIUHA
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mopra 12C MUKPOKOHTPOJIEPA MOXKET OBITh PEATH30BAHA MPOrPAMM-
HBIMHU cpeactBamMu. [1oaToMy mpH cpaBHEHHH TEXHHYCCKUX XapaKTepH-
cruk noptoB 12C HEOOXOAUMO aHAIM3UPOBATH COOTHOIICHUE MEHKIY
MPOrPaMMHEIMU H alMapaTHBIMU cpeactsamu. YUem Oonbiue GyHKINHA
peanusyeTcs anmaparHo, TeM Ooublne ObicTpoaeticTeue noprta. Hampu-
mep, B ATmega8535 ¢ wactoToli TaktoBoro reHeparopa 1 MI'n mMakcu-
ManbHas yactota mmHb 12C pasna 55,5 KI'u. B SPI npu Tex xe yeno-
puax — 500 KT 1.

Oobmen manabivu 1o [2C BBIIONHACTCA Kagpamu, CTPYKTYpa KOTO-
poro npuscacHa Ha pucynke A.28, rae S — crapToseiit OuT (cpes), ADR
- mone agpeca 7 wiu 15 Our (mpuznakom 15-0utoBol agpecanyu sBs-
ercst Hamuune koaa 11110b B crapmx Outax), R/W*- urenue (1) win
samuck (0) manaeix, ACK* - curHan moATBEp:KACHUS MPUEMA WM TIC-
peaaun ganaeix, D — 8-paspsanoe mone ganueix, P —cTOMOBRIA OuT

(bpomr)

S |ADR | R/ | ACK* D | ACK* D | ACK*
W P

Puc. A.28. ©opmam raopa 12C

Ortnagka verpoticts ¢ 12C cnoxnee, yem ¢ SPIL. Ilosromy npumene-
HHUE OTJIAIIUKA 3HAYUTCIBHO COKPAINACT BPpeMsl pa3pabOTKU U TECTUPO-
BaHUs YCTPOHCTB, HCMomb3yromux noptel 12C.

K coxanennro, mpoToKom, peammu3yeMelil oTaaxuukoM Proteus, He-
CKOJBKO ympomeHHbH. Hampuvep, mpu oT/1agke mporpaMm ¢ MHK-
poxonTpouiepamu AVR He GopMHPYHOTCS KOABI COCTOSIHHS.

— SBA

—=112C

— IRI&

Puc. A.29. Yenosnoe uzobpanxcernue mepmunana 12C

VciaoBHOE W300pPAKCHUE TCPMUHANA MPEACTABICHO HA PUCYHKE
A .29, rane SCL - ngByHampaBjICHHAs JUHHUS CUHXpoHu3aiuu, SDA —
aByHanpasicHHas auHust naHHbX, TRIG — BX04, ¢ MOMOIIBIO KOTOPOTO
MO3KHO YIIPABIISITh OUCPE IO MOCICAOBATSIPHOCTCH JAHHBIX HA BRIXO/C
tepmunana [2C.
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Tepmunan BeIOWpacTCs M3 CHHMCKAa BHPTyanbHbIX ycrpoiicts (12C
Debugger), pasMeimactcst B moJC CXEMbI, COCTUHICTCS ¢ COOTBETCTBY-
rommmu auausMu OMK.

Tak kak siuanu SCL 1 SDA BbINOJIHEHBI N0 CXeMe ¢ OTKPBITHIM
KOJIJIEKTOPOM («MoHTakHOe W»), TO K HUM TpelyeTcs: MOAKIOYATE
NOATSITHBAKLIHE PE3HCTOPBL.

JIBOHHBIM INETIKOM JCBOH KHOMKH MBIIIM BBI3BIBACTCS PEIAKTOP
CBOWCTB, B KOTOPOM 33JaI0TCS MapaMEeTPhl TEPMHHANA, COOTBETCTBYIO-
mue pexumy padotel nopra OMK (puc. A.30).

Part Beference: SLAVE MODE Hidden: [~
FatValue, Hidden: [ Help
Element <] Hew

= ] Cancel |
Clack fiequency in Hz: 50000 [Hide s ~]

Address byte 1 [s08 [Hidean =]

Addess byte 2 [Defaut) [Hide <]

Stop on bulfer emply? ~ Hide &l ¥

Advanced Properties:

[Time display precision =] [efauity [Hide e =]

Tine dsplay precision

Hew line after

I Exclude from Simulation
[7 Exclude from PCB Layout
T Exclude from Bill of Materials

Puc. A.30. Okno ceoiicme mepmunana
Ta6nuya A.4. llepeuens nacmpoex

Clock frequency in | YactotaB 11 50000

Hz

Adress byte 1

baiit axpeca 1 (npu 7-CutoBoit ajpe-

$08 (ampec -64,

Calyy) ¥ HarlpaBJIeHVe Iepeiai R/W*=(0) -3armicp)
Adress byte 2 Batit agpeca 2 (ctaprmii Gaiit agpeca | Default
ripu 10-OuToBOH ajipecariuu)
Stop on buffer OcTaHoBKa MOICTIPOBAHUS, €CITH Yes,?,No
empty? BBIXOIHO# Gydep mycT
Time display TouHoCTh 0TOGpaKEHMS BpeMeH! Default
precision
New line after Hogas ctpoka popmupyercs mocite 64
3aJaHHOT'O YKCIIa CHMBOJIOB
Queue stored se- Ouepeh XpaHUT TOCTIEI0BATENHHO- Default
quences at startup CTH IIPH 3aIlyCKe No
Yes
Sequence file Wwmst TekcToBoro (aitna ¢ 3arotoB- *File*

JICHHBIMU BBIXO JHBIMHU ITOCTIEIOBA~
TEIbHOCTIMI
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ITocne 3amycka OTIAAKK OTKPHIBACTCA JKPAH aHAJIOTHYHBIN OTIan-
quky SPI (pucynaku A.31, A.32). DkpaH pa3nencH Ha HECKOMBKO YacTei
1 MO3BOJACT KOHTPOIHPOBATh COCTOSHUE IMWHBI, PUHUMATh U Hepeaa-
BaTh JaHHBIC B PEIKUME BEAVIIETO HIIA BEAOMOTO.

Buumanue: BO BpeMsi CHMYJSILUH ¢ OOJBLIIMM KOJHYECTBOM
AeficTBHH Ha IIMHE BO3MOKHO CHHXKEHHE HPOHM3BOAHTEIbHOCTH
tepmuHana. Iloatomy pexomeHayeTcsi mpH OT/JIaAKe OTKJIIOYATH
yCTpOiicTBA, MPOLECCHI KOTOPBIX He cBs3aubl ¢ wmHoi 12C, u BbI-
NOJHATHL 00paTHble AefiCTBHSI NMPH OTJaAKe YCTPOICTB, He MOA-
karwueHHbIx Kk 12C.

12C Debug - MASTER MODE _— =)
® 42.851ms Predefined Sequences
SOCIND
SOCOOAA P
- |
-
- ® ‘
-
-
4=
- |
-
» |
Queued Sequences
® ‘

Puc. A.31. Dxpan omnaduuxa 6 pesxcume 6edyuie2o

K|

’ 16.00lus 980.50lus § 15 A 30 A 31 A 32 A 32 A Predefined Sequences |

$30 $31 $32 §33

Queled Sequences |

I j'

Queuel Ldd | Deletel

Puc. A.32. Dxpan omnaduuxa 6 pescume 6e00Mo20
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BepxHee 1¢BOE OKHO COACPIKUT OCHOBHBIC JAHHBIC O PA0OTE IIUHBIL

HarpapJICHUC NICPCAAYN JAHHBIX U UX 3HAYCHUA, BPCMA BOSHUKHOBCHUA
Bo3mosken anamz kak  Oalr , Tak W OHTOBBIX

COOBITHIA.

MOCIICIOBATCIIHHOCTCH.

Ecnu TEPMHHAJ UCIIOJIB3YCTCd KaK NEPEAATUHK, TO 3HAYCHHUSA

AAHHBIX 3a1a0TCA B IPABOM HH?>KHEM OKHE.

Tabmuya A.5. Ipasuna

CuHTakcuc Ornmcanue

‘0x MokeT UCITONB30BaThCS KaK IpedrKe st OOBIBISHIS TTIeCTHA-
JurareputHbIX 3HaueHuH (OXFE)

5 MoskeT UCITONB30BaThCS Kak IpedUKe U OOBSIBICHIS IIECTHA-
JmiatepuyHbIX 3HavyeHui ($FE)

‘W’ MoskeT UcITonb30BaThes Kak cypprKe It 0ObSIBICHIS TIeCTHA-
JaTepruHbIX 3HaveHwi (FEh)

%’ MoskeT UCITOTH30BaThCS KaK TpedrKe It OOBIBISHIS TBOMMHBIX
3HayeHuit (%1101)

‘b’ MokeT UCITOMh30BaThCS Kak CyPPUKC IS OOBIBICHUS TBOMMHBIX
3navenuit (1101b)

d’ MokeT UCITONh30BaThCS Kak CyPOUKC YIS OO BSIBICHUS JSCATHY-
HBIX 3HadeHui (47d)

V eCTHAAUATCPUIHBIX U ABOMYHBIX 3HAYCHHUN MOKCH OBITh JTHOO
npeduke, 1udo cydpduxc. Hecsarmanpiv 3naucHuIM cypdukc HeoOs3a-
teneH. [locne BBoAa ouepeanoro cumMBoia HeoOxoauM npoden. CTpoku
JAOJIKHBI 6I>ITL 3AKJIKOYCHEBI B ,Z[BOI\/'IHLIG HUJIN OAUHAPHBIC KaBbIYKH.

Hannrie u3 3roro okHa kHOMKOH Add MOryTr OBITP MOMCLICHBHI B
Oydep mpeaBapUTEAbHO 3aJAHHBIX MOCJACIOBATCIBHOCTCH JAHHBIX
(BepxHee JieBOE OKHO) WM KHOMKOH Queue B mepearoIuii BEIXOTHOH
Oydep (mpaBoe HuxkHee oxkHo). KHonka Queue HCMOIB3YETCS TAKKE
st iepenadu qanaeix u3 Predefined Sequence B Buffered Sequence.

Kuomnka Delete wmcnonb3yercs mist yAaICHHS MOCICAOBATCIBHOCTH
u3 Predefined Sequence

Tabnuya A.6. Cunmaxcuc ons unoukayuu

Syntax Description

S HauansHoe coctosHUE (CTapTOBBIA OUT)

Sr CocrosHue pecTapra

P KoHeunoe cocrosHue (CTOIOBBIA OUT)

N OTka3 B ocTyIle/ OTCYTCTBUE O ATBepKatomero curHana ACK*
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Jloctyn pazpermén/ ACK* nonmyuen

ToTeps apbuTpaxa, IIepexo]] B peKUM MacTepa

Hony‘{eHa HacTh JaHHbIX

Qo] |

OOHapy KeHbI OIMMOOYHbIE JIOTHUECKHE YPOBHU

CaoiicTBa Moaen
12C Debugger nMeeT psix HACTPOEK, MO3BOSMIOIINX KOHPUTYPHPO-
BaTh €ro npu Heobxogumoctu. Bee HacTpoliku goctymHEL yepe3 GyHK-

uuo Edit Component .
Tabnuya A.7. Cunmaxcuc ons uHouKayuu

CBOMCTBO Ormicanne

ADRESS1 Ecmu repMuHan ucrionb3yercs Ut MOJICTUPOBAHUS BEJIO-
MOT'O YCTPOHCTBA, 3Ta HACTpOIKa 0003HaYaeT IePBhIA
OaliT ajipeca BEJIOMOTO yCTPOMCTBA.

Mita i GUT UCTIONB3YETCs MacTepOM, YTOOBI YKa3aTh
HAalIpaBJICHHE TIepefauu (YTeHUE WIN 3aliCh).

Ecmm ocTaBUTE 3T0 CBOHCTBO 110 Y MOTYAHUIO WM ITyCTEIM,
TO TepMHUHAI OyJIeT paboTaTh Kak BEJOMOE YCTPOUCTBO.

ADRESS2 1Ipu ucrionmb30BaHNK TEPMHUHAIL B KAUECTBE BEIOMOTO
ycTpolicTBa 3a/1aéT BTOPOit Caiit ajgpeca nipu 10 GuTHOM
anpecaid. 1lycroe noire o3Hayaer 7-OUTHYIO aJ[pecaryio.

STOPONEMPTY YKa3pIBaeT, 4TO MOJICTTUPOBAHUE JIOKHO OBITH IIPUOCTA-
HOBIJIEHO, KOTJIa BEIXOIHO 6ydep 1mycT, u TpebyeTcs GaiT
JUTS OTIIPABKH

CLOCKFREQ B pexume Bexymiero ycTpoiicTsa yIpapisieT TaKTOBOM
vacToToi Ha mHu SCL

SEQUENCE _FILE | Tlo3Bomser yka3aTh MM TEKCTOBOTO daiina, B KOTOPOM
XpaHsITCS 3apaHee 3a/laHHbIe BBIXO/HBIE T0CIIE/[0BATE b~
HOCTH.

Eciu norne 1myctoe, To COXpaHsIOTCS IOCIIEI0BATEIbHOCTH,
3a/IaHHbIE [IPH HACTPOMKe TepMHUHATA.

AUTOLOAD KonTpommpyer, Oy yT 1 3ar0TOBJIEHHBIE ITOCIIEI0BaTE b
HOCTH HEMEJJIEHHO ITOMEITICHBI B BBIXO/HYIO OUepeh IIPU
Hayaie CUMY LI,

TIMEPREC KomuecTBo 3HaKOB 10cie 3a11Toit B 0T00pakaeMoM Bpe-
MEHH.
WRAPLENGTH MaxcuMansHOE KOIMYECTBO BIIEMEHTOB B CTPOKE.
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IIpumenenue ornaguuka 12C

Ipuem panubix: Bxogueie naHHBIE OYAYT OTOOpa)KaThCsl B BEPX-
HEU JEBOM YacTH OKHA aHAIN3ATOPA, KAK IIEeCTHAALATEPHYHbIE 3HA-
YEeHHUS H CMEeLHAJIbHBIE CHMBOJIBI, COOTBETCTBYOIINE (hopmary oOme-
Ha.

Ilepenaua paHHbIX: 3aMUCh MEPEAABACMBIX JAHHBIX OCYINECTBIIS-
€TCS B HWJKHCH NPAaBOH CTOPOHE OKHA TEPMHHANA. JalUCSIMH MOTYT
OBITh OTACTBHBIC CIOBA, PA3ACICHHBIC 3aITOH HIH HMPoOeIOM MHOCIe-
JOBATEIBHOCTH CIIOB MITH TEKCTOBBIC CTPOKH, 3aKIIOUCHHBIC B ABOUHBIC
WM OJvHApHBIC KaBbMKH. CIOBOM, MOTYT OBITh YHCIOBBIC 3HAUCHHS
WJTH CTHICLUABHBIC CHMBOIIBI VIPABICHUSL.

IMocne BBOAA mepegaBacMO MOCICAOBATSIBHOCTA OHA MOXKET OBITh
coxpaHeHa B Oydepe npeaBapuTeIbHO 33TaHHBIX MTOCICI0BATEIEHOCTCH
(xHomka Add) nmu B BeIxoaHOM Oy(epe (kHonKa Queue).

UroObl cxomupoBaTh OJHY W3 3arOTOBJICHHBEIX IOCIICIOBATEIBHO-
CTCH B BBIXOJHOM Oydep craeayeT yOeIUThCS, YTO MOJIE BBOA MOCICAO-
BaTCJILHOCTH MYCTOC, BHIOPATh 3ar0TOBJICHHYIO MOCICIOBATCIBHOCTE,
3aTeM HaXkaTh KHONKY Queue.

UroObl yAaIUTh 3aMUCh W3 3ArOTOBOK, HEOOXOAMMO BHIOpaTh 3a-
MUCh, KOTOPYIO TPeOYETCA YAATUTD, H HAXKaTh KHOTNIKY Delete.

[Ipu pabote B pexnMe BeAOMOro He OTPAKAKTCA CHMBOJBI, KO-
TOpble He (hopmMupyeT TepmuHaa: npu npueme B noie ACK* zanu-
ceiBacTes N, XoTs naHHbie Pukcupyrorcs npasuneHO. [Ipy nepeaaue He
OTpaXkaeTCs NMPU3HAK OKOHuYAHUS Kajapa P, a ganusie B Beaymui OMK
MEPEAAIOTCS KOPPEKTHO.

Hns 3agaHus peskuMa BeAYLIEro TEPMHHANA. HCOOXOOUMO VCTa-
HoBuTh optT OMK B peskum Begomoro, a B TepMuHajic chOpMUPOBATH
COOTBETCTBYIOLIHH KaIp, UCTIONB3Ysl MPUBCACHHBIN BBIIIC CHHTAKCHC.

9. Oraaauux acunxponsoro nopra UART (USART)

Otnaguuk (tepmunaji) acuuxponnoro mopta (Virtual Terminal)
HUCHONB3YEeTCA TMpPU  pa3paboTKE U OTIAAAKE MHKPOMPOLECCOPHBIX
YCTPOUCTB, B COCTAB KOTOPBIX BXOIAUT mocicaoBareapHbiii mopt UART
(USART), paGoTaromuii B acHHXpoHHOM pe:kume. CHHXpPOHHBIH pe-
JKHM 3THX NOPTOB TCPMHHAIOM HE MHOAICPIKHBACTCSA, HO €r0 MOXKHO
OTIQKUBATh M KOHTPOJUPOBATH C MOMOIIBI0 MATTCPH-TCHEPATOpa, OC-
mworpada WM JOrHUecKoro aHaau3aTopa.

86



[Ipu oTnamke TepMHHAT MOXKHO HCHONB30BATh U BBOJA/BBIBOJA
YUCIOBBIX JAHHBIX U JHATHOCTHYCCKHUX COOOMICHUH, (OPMUPYEMBIX B
nporuecce padoThl MUKPOIPOLIECCOPHOTO YCTPOHUCTBA.

IIpumeHEeHHE COOTBETCTBYIOIIUX MPEOOPA30BATE/ICH YPOBHS MO3BO-
JSIET ¢ IOMOLIBIO TCPMHUHANA OTIKUBATE YCTPOIcTBa ¢ HHTEpdeticamu
RS-232, RS-485, RS-422, umeromuMu aHAIOTHYHBIH (OopMaT Kaapa.

XapakTepHCTHKH TEPMHHAJIA:

e pexuMbl OOMEHa — IYIUICKCHBIM, CHUMIUICKCHBIH. BbixogHas
nHpopmammsa otoOpaxkaetcs B Buae hex-koxa man ASCII cmvmBonos,
BXOAHAY - nepeaaéres kak nocaeaosarebHocTh ASCII cumBoIIOB;

e cBa3b ¢ OMK Bemonnsercsa no nmunusam: RXD — Bxox mpuem-
nHuka, TXD - Beixon mepemarunka, RTS (Bbixonx) — 3ampoc mepeaauu
(roroBHOCTH TepMuHATA K pueMy naHHbIX); CTS (Bxox) — paspemeHvie
nepeaayy;

®  BO3MOXKHOCTH pabOTHI B PEXKHMaX - C NPOTPAMMHBIM METOIOM
ynpasiacaus notokoMm (XON/XOFF) u annaparaeiv (RTS /CTS);

e ckopocts nepenadu - (110 -115200) Out/c wim 3agaetes mpu
HaCTPOUKE;

e perynupyemsiii dopmar Kaapa: Mojie AaHHBIX - 7 win 8 Owur,l
WM 2 CTONOBBIX OHTAa, OUT MApUTETa —4CTHOCTh, HEUCTHOCTh, OTCYT-
CTBHC KOHTPOJIS

e BO3MOXHOCTb 33JaHUS HOPMAJIbHOM M HHBEPTHPOBAHHOM IIO-
aapHocty Ang RX/TX u RTS/CTS;

o koguposanue unpopmanmu — ASCI, DUMB, ANSI, VT52,
VT100;

e tepmuHan moxagcpskusacT ynpasastomme ASCI xoxst CR
(0x0D) (Bo3zBpar kapetku), BS (0x08) (Bozspar) u BEL (0x07) (3Byko-
BoH curHan). Bee apyrue xonbi, Brmtouas nepeson crpoku LF (0x0A),
HUTHOPUPYIOTCSL.

TepmuHana — 3T0 npocto uudpoBasi MoaebL U He TpedyeT HUKA-
KHX cnenu(puyecKHx ypoBHeill HANPSZKEHHSI HA CBOMX BBIBOJAX, TO
ecTb OH OyAeT (QYHKIHOHHPOBATh KAK C MHKPOKOHTPOJUICPAMH WM
JPYTUMH VHUBEPCATBHBIMH ACHHXPOHHBIMH MPHEMOTICPEIATIHKAMH,
Tak u ¢ npeobpazoBareisimu yposHer RS-232 umu RS-485;

e HCXOOHBIN ypoBeHb Ha BeBogax RX u TX mo ymomyanuio BbI-
coxnil. Takum 00pa3oM, COCTOSHHE XOJOCTOrO XOAA — BBICOKHH YpoO-
BCHb, CTAPTOBBIH OUT — HU3KHH VPOBCHB, 4 CTOMOBBIH OUT — BBICOKHH
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yposeHb. [lpyn xoaupoBaHuH AaHHBIX 3HaueHHUE () MepemacTCs HHU3KUM
VpoBHEM, a 1- BBICOKHM. DTO COBMECTHMO CO BCTPOCHHBIMH MOJIYISIMH
UART BO MHOTHIX MUKPOKOHTPOJLIEPAX, H TAKXKE C BHCIIHUMH VHHBEP-
CaJTpHBIMH aCHHXPOHHBIMH IpremMonepenaTarkamu trma 6850 u 8250.
B mpyrux cnywagx (HampuMep, NpH NOAKITIOUCHUH NpeoOpazoBareis
ypoBHst RS-232 unu RS-485), HEOOX0AMMO YCTAHOBUTH MOJSIPHOCTH
RX/TX uHBEepcHOH;

® annapaTHbI METOA YIPABICHUS IOTOKOM HUCTONB3YETCS, CCIH
HEOOXoauMa ObICTpast peakuusi Ha COCTOsHHE mpueMHuka. OmHAKO
JUIst €ro peanuzauuu Tpedyercs S5 ymmnumii cesizu. Ha BeiBogax RTS u
CTS no yMOMUaHHIO HUCXOAHBIH YPOBEHb BRICOKMH. Ecan HeoOxomumo
MOJKTIOYUTBCS K WHBCPTHPOBAHHBIM IIHHAM YIPABICHUS, TOTIPHOCTb
RTS/CTS momxna ObITH OTPULIATETHHOM;

® MPOrpaMMHbBIH MeTOA VIIPABICHHS MOTOKOM MPUMEHSCTCA, €C-
71 HEOOXOAMMO MHHUMH3HPOBATh KOTHYCCTBO JTHHUH CBI3H H HEBBICO-
kux TpeboBaHMAX o ObicTpoacicTeHio. O0MeH uHbopmaiueil BbI-
MOJIHSAETCA TOAbKO ¢ momowbk Juauid TxD, RxD u 3emasiHoro
nposoga. llepenaua snaka XOFF (xox DC3 ASCII unm 13h) npekpa-
maet nepenady aanubix, a 3Haka XON (kox DCI ASCI wmm 11h) co-
o0maeT 0 HeoOX0ANMOCTH BO30OHOBHUTH IIEpeaaUy;

® [0 YMOJTYAHHIO, TCPMUHAT HE OTOOPaXKACT MEPEIABACMEIC CHM-
Bouel. IlpeanonaraeTcs, uro oTobpaskeHHe MHPOPMALTHH BBIIOTHACTCS
B YCTPOMCTBE, K KOTOPOMY OH moakiroueH. s otobpakeHus nnbop-
Manuu B TepmuHajie Heodxoaumo BeiOpare Echo Typed Characters B
KOHTEKCTHOM MCHIO;

e  ccau HEOOXOAMMO BBIBECTH TEKCT IPH 3aIyCKE, TO 3TO MOXKHO
BBIMONMHUTE, Hcnmons3dys Hactpoiiky TEKCT (TEXT), wanpumep,
TEXT="Hello World” nomuter B cxemy teker “Hello World”. Tekcr
CKPHITA MOCHIIACTCS OOUH Pa3 MOCIE 3aImycka, ecIu cOpoc nepeaaTiu-
ka CTS He HEaKTHBCH.

VY cnoBHOE H300pKEHIE TEPMHUHANA IPEACTABICHO HA PUCYHKE
A33.
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RXD

B VT52, VT100, ANSI

TXD

—— RTS

CTS

Puc. A.33. Yenosnoe uzobpasicenue mepmunana

Juist mMOAKIFOUEHHST TEPMHHAJIA HEO0X0AHMO:

e  BBIOpaTh UKOHKY «BHpTyaapHBIC HHCTPYMEHTBIY,

e B otkpeBeMcs MeHIO BeIOpats VIRTUAL TERMINAL u
MMOMECTHUTh €TO HA CXEMY

e cocauanTh BEIBOABR RX m TX TepMuHAIA ¢ COOTBCTCTBYIOIIH-
MH BBIBOJAMH TECTHPYEMOrO yCTPOHCTBA.

Ecnu ycTpo#icTBO MCHOIB3YET ANNapaTHbIA METOJ yNpaBJIeHHS
noTokoM, 10 HeoOxoaumo coenuuuTs RTS u CTS ¢ coorBetcTBYHO-
uM jguaasM. RTS kak BBIXO, CUTHATHU3UPYIOLIHH, YTO TSPMUHAT TO-
ToB K moayucHuro AaHHbiX, a CTS kak BxoJ, KOTOpBIH mpH mepeaayc
nHPOPMALIMH JODKEH OBITh YCTAHOBIEH B «1».

o
T Exchuds hom Bl of Mo

Puc. A.34. Oxno pedaxmuposanus ceoticme mepMunHana
Ilpn mporpaMMHOM VYNPaBACHHUU 3TH JWHAHA HE TMOIKIIOUAIOT K
YCTPOUCTBY.
B oOsrunom peskume muauu RTS, CTS momkHbl OBIT COCAUHCHBI
MEXKAY COOOM.
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JIBOMHBIM IIETIKOM TIPABOM KHOIKOM MBI OTKPHITE OKHO pPEaaK-
THpOBaHMs mapameTpos (puc. A.34) u 3amaTe TpeOyeMBIC MapamMeTphl,
coraacys ux ¢ Hactporikavu nopra OMK (tabnuma A.2).

Ta6nuya A.8. Hacmpoiixu mepmunana

Baud Rate CkopocTh mepeaayu, 601 Default
110- 115200
Data Bits KomaecTBo GutoB gaHHbIx | Default,7. 8
Parity bBut yetHocTHE Default
NONE OTCyTCTBYET
EVEN YerHbIit
ODD Heuernpnit
Stop Bits CTOn-OUTHI Default, 1,2
Send IlepemaBath ocenoBa- Default, No, Yes
XON/XOFF TemsHOCTH XON/XOFF
Terminal Type Tvm TepmuHata Default,
TELETYPE,
DUMB,
ANSI, VT52, VT100
RX/TX Polarity Tomsaprocts RX/TX Default, Normal,
Inverted
RTS/CTS TTonsprocts RTS/CTS Default, Normal,
Polarity Inverted
Trace Events TpaccupoBka coGBITHIA Disabled, Warnings
(Oto6paxkaembie cobprtrs) | Only, Trace Mes-
sages, Debug Mes-
sages
Auto Line Feed AproMatrieckuit iepeBoj; | Default, No, Yes
CTPOKH
Local Echo JloxampHoe 5X0 Default, No, Yes
Cursor Visible Bummmocts kypeopa Default, No, Yes
Show Hints TloxasbIBaTh ITOACKA3KU Default, No, Yes
Columns number | KomuecTBo ¢T0IOIIOB Default, 80, 40
Hide Toolbar CkpoIBaTh IlaHens uHCTpy- | Default, No, Yes
MCHTOB
ASCII Charset HaGop cumvBoos ASCIT Default, No, Yes

Freeze Font

«3amopo3kay mpudTa

Default, No, Yes

3amyctuTh cuMysanu0 Bxoanas uadopmarms 6yaet oroOpaxarsb-
cs B OKHE TepMuHANA. J1 mepeady CHMBOJIOB CICAYET yOeIUThCH,
YTO BHIOPAHO OKHO TEPMHUHATIA U BBOIUTCA HY>KHBIH TCKCT C KIABHATY-

PEL
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[Tocne Havana CUMYJSLMM MOYKHO KIMKHYTH MPaBOH KHONKOH Ha
OKHE TCPMMHANA M JOCTYNA K KOHTCKCTHOMY MeHIO (puc. A.35). O1o
MEHIO MO3BOJIIET OYHCTHUThH 3KPaH, PEIAKTHPOBATE BXOJHYIO M BBIXOJ-
HYIO U BBIXOJHYIO HHPOPMALTHIO:

Virtual Terminal l =

Clear Screen
Pause

Copy
Pastc

Echo Typed Characters

Hex Display Mode
Set Font

Puc. A.35. Menio sxpana mepmunana

[Tpumep noaxmoUeHN BUPTYaIbHOro TepmuHaia k MAX232, mpe-
obpazyrorero yposau TTJ/KMOII B curnaner RS232 (+/- 12 B), noka-
3an Ha pucynke A .36, rae TiIN, TiOUT - cootsercrBenno Bxox TTJI u
Berxoa RS232, RiIN, RiOUT - cooreerctBeHHO BXxOA RS232 u BRIXOA
TTIL, i=1.2.

RxD
T
— RTE
L1 e
3— ETALI PO ? % ¢
e FLGiH prioct |12
——f RESET PE2EE
o B3OS -—1; 1 L} 3 Lqu
o FCORDCO PRGNSO —— 2
F—{ Feim0ct  passok 1 o ot ;=
| roamoc2 N & " =2
| feimncy  eooRwn 2 ] T TiouT Bt 1 —
B jckmoce  soamm |4 9T mur bl 10
= = > P TR0
FONTY 2 = r2ouT ren i
B 5 -
g— e posmi =1l e (2 ; O
S AGHD POERM0 e
AREF (e
sEEEn G >

e
§

&
-
.ﬁj m

Puc. A.36. llooxnwouenue mepmunana k RS-232
Heo0xoqumo nomHutb, ur0 MAX232 comep:KuT JIOrHYECKHE

HHBEPTOPbI, H MO3TOMY HY?KHO H3MCHHTH MNOJSIPHOCTHL Y BbIBOAOB
RX/TX BupTyannHOro TepMHHAJA, 1JIs1 KOPPEKTHOI0 00MeHa.
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MAX232 cmoaetHpOBaH TOJILKO Ha HH(ppoBoM ypoBHe. B More-
AU OTCYTCTBYET JIOTHKA PabOThI €ro BHYTPSHHHX MPeoOpazoBaTeci
HanpspkeHus u T. 4. [logoGHas cumy sius 04eHb CHIIBHO ObI MOBIHSITA
Ha TIPOU3BOAMTEIBHOCTD, IIPH OYEHb MaJIoW mosydaeMou Beiroge. Ilo-
JOOHOEC YXVALICHHUC MPOH3BOAUTEIBHOCTH NPOHM30HAET, SCAM MOIKIIO-
YUTh JIIOOOH aHATOTOBBIH KOMIOHECHT (PE3UCTOP, KOHACHCATOP, OCLIUII-
norpad u T. A.) K BeiBogaM TxQut/RxIn.

L Laravt FOGAND
POLUADT
POZANZ
1B lsrarz POADT
POL4AD S
POSADS
POSADS
FOTADT

| =)

PZINAE
PZARD

FZZAI0

FZ3A11

ALE PZ.HAIZ
- PZSAIE
PZERls

PZTRIS

|H|H|U_ .

PFIORXD
PIATHD

T Tl T e Tl d LT T

:
]

Puc. A.37. Cxema coedunenus mepmunana ¢ unmepgpeiicom RS-485

Ha puc. A.37 noka3zaHa cxema COCIUHCHHS TEPMUHANA ¢ HHTEPdCH-
com RS-485. Tlpeobpasosarens yposHs MAX487 npeoOpasyer ypoBHH
TTJI B iuddepenumanbupii curyan, rac A, B — cooTBeTCTBEHHO HEHH-
BEPTUPVIOIINH/HHBEPTUPYIOINH BX0A/BbIx0a, RO — BEIX0J npueMHU-
ka, RE/ — pazpemenue Brixoaa npueMuuka npu RE/=0 (mpu RE/=1
BbIx0 RO HaxomuTcs B BEICOKOMMITEJAHCHOM coctosaum), DI — Bxox
neperatanka, DE — paspemenne BpIxoaoB mepepardanka npu DE=1
(eccim DE=0, T0 BBIXOABI HAXOTATCS B BBHICOKOMMIICIAHCHOM COCTOS-
Hun). Tak kax unreperic RS-485 nonyxyniekcHbId, TO YPOBHH CUTHA-
7oB Ha Bxoxax RE/, DE onpeaensror HanpaBneHue nepeaadu uHpoOp-
manmu. [loarsrusatouue pesucroper R1, R2 oGecneunBaroT 3amury oT
nomex. [Ipu Mmonennposanuu B Proteus ux MOXKHO HE MTOJKIFOYATb.
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