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Beenenne

B nactosmem pyxoBoactBe mosb3oBaTens (PII) mpuBeaeHo omucaHue apXUTEKTYpHI,
(YHKIMOHAIBHOTO MOCTPOCHHSI, TEXHUUECKUX XapPaKTEPUCTUK, CUCTEMBI KOMaHI M OCOOEHHO-
creit mpumenenuss MC 1887BE4Y, koTtopas nmpeacraBisieTr coboit 8-pa3psaaHyro Mukpo-OBM ¢
AVR RISC apxurekrypoi, TakroBoi yactoror 8§ MI'1, conepxammii 8 Koait Flash 3V mpo-
rpamyM, OCIIII3BY (1Kx8) 6ut, O3Y (512x8) 6ut, 8-xkananpubiii 10-paspsaubiii AL, mocne-
JIOBaTENIbHBIN nepudepuitapiii uaTepdeiic SPI, nByxnpoBogHON mocieaoBaTenbHbIH HHTEPhEiC
TWI, nocnenoBatenbubiii mopt UART. PazpaboranHbple MUKpPOCXEMBI OYIyT CIIY>KUTh OCHOBOM
JUISL CO3/IaHUS IEPCTIEKTUBHBIX CUCTEM YIIPaBJICHUS.

B nacrosiiee BpemMsi OAHUM U3 OCHOBHBIX (paKTOpOB 0OecredeHus] KOHKYPEHTOCTIOCOOHO-
CTH OTEYECTBEHHOW PaJMO3JIEKTPOHHOM ammapaTypbl M €€ KHBYYECTH SIBISCTCS NMPUMEHEHHE
npu ee pa3paboTKe W MPOU3BOJICTBE MMIIOPTOHE3aBUCHMOI AyieMeHTHOH 0a3bl. MiMmopTo3ame-
IICHUE HJIEKTPOHHBIX KOMIIOHEHTOB Hauboisiee 3(p(PEKTUBHO B CIIyuyae MCIOIB30BAHUS TTOJHBIX
(GYHKIIMOHAJIBHBIX aHAJIOTOB U3ACIUN MUKPOIICKTPOHUKH.

Hacrosimee pykoBOACTBO TOJB30BATENS MOKET CIYXHTb MPAKTHYECKHUM PYKOBOJCTBOM
M0 MPUMEHEHHIO MUKPOKOHTPOJIIEPOB Uit pa3paboTunkoB cucteM Ha ocHoBe VC 1887BE4Y.

1 Ha3nauyenue u 00J1acTh NPMMEHEHHA

B oGmactu mpoMbIIUICHHOTO Mpou3BojicTBa MUKpocxemMa 1887BE4Y moxer ObITH HC-
MOJIb30BaHa JJIs YIPABICHHUS] POOOTOTEXHUUECKUMH KOMIUIEKCAMH, B CHCTEMaX aBTOMAaTH3alluu
TEXHOJIOTMYECKUX IPOLIECCOB, B CUCTEMAX aBTOMATU3MPOBAHHOIO YIPABJIEHUS 3JEKTPONPHUBO-
JIOM, OPTT€XHUKE, BBIYMCIUTEILHON TEXHHUKE, TEIEKOMMYHUKAITMOHHOW TeXHHKE U T. M. Oco-
OCHHO MEepCIeKTUBHO nMpuMeHeHne MukpocxeMm 1887BE4Y B mopraTuBHOI HOCHMOIl anmapary-
pe u mnpubopax, UMEIOMIUX IKECTKUE OTPAHWYEHUS IO COOTHOIIEHUIO OBICTPOICH-
CTBUE/TOTpebIIsIeMasi MOIIHOCTH/CTOUMOCTb.

2 Kparkoe Texunuyeckoe onucanue UC 1887BE4Y

Cxema sBisercst KMOII 8-OGMTHBIM MHKPOKOHTPOJIEPOM, MOCTPOCHHBIM Ha PACIIUpPEH-
Hoit AVR RISC apxutekrtype. Vcnonb3ys KOMaH/Ibl, UCIIOJHSIEMbIC 32 OJMH MAIlIUHHBINA TaKT,
KOHTpOJUIEp JocTUraeT npousBoaureabHocTd B 1 MIPS Ha paboueii yacrote 1 MI'1, yto no3so-
JseT pa3paboTyuky AP(HEKTUBHO ONTUMHU3UPOBATH NMOTPEOICHNE SHEPruu 3a cuéT BbIOOpaA OIl-
TUMaJIbHON IPOU3BOJUTEIBHOCTH.

AVR sapo couertaeT pacliupeHHbII Habop koMaHAa ¢ 32 paOOYyUMHU perucTpamMu OOIIETOo
Ha3HaueHus. Bee 32 peructpa coeaunensl ¢ AJIY, uto obecreunBaeT JOCTYI K ABYM HE3aBUCH-
MBIM pErucTpaM Ha BpeMs MCIIOJIHEHUs KOMaH/Ibl 32 OJMH MAalllMHHBIA TakT. biaronaps BeIOpaH-
HOM apXWTEKType IOCTUTHYTa BBICOKAas NMPOU3BOAUTENBHOCTH, B 10 pa3 mpeBocxopsmias CKo-
pocth cooTBeTcTBYIOMEro CISC MukpokoHTposuiepa.

MuxkpoxoHnTposuiep conepkuT 8 KOalT BHYTPUCHUCTEMHOM IporpaMMupyeMoil G-

namsti (Flash) mporpamm ¢ BO3MOKHOCTBIO YTeHHs B Tiporiecce 3anucy, 1 Koaiit DCIIII3Y,
512 oaiitor CO3Y, 32 Bxonaa/Beixoaa o0Iiero HasHaueHus, 32 pabouuX pPerucrpa, Tpu rHOKUX
TaiimMepa/cuéTunka ¢ peKMMOM CPaBHEHUs, BHEIIHWE M BHYTPEHHME IpEpbIBaHMSA, MOCIEI0Ba-
TenbHbIN mporpamMmmupyeMbiii UART, 8-kananbubiil 10-OutHbiil AL, nporpaMmMmupyemslii cTo-
pPOXEBOH TaiiMep ¢ BHYTPEHHHM T'€HepaTopoM, nocienosarenbHbiii SPI mopT u mects BeIOMpae-
MBIX IPOIPaMMHO PEXUMOB COEpPEKEHHS SHEPTUH.

B pexume xonocroro xona LITY He dyHKIMOHUpYET, B TO BpeMs Kak (GYHKIHOHUPYIOT
CO3YVY, Ttaitmepsl/cuétunku, SPI mopt u cucrema npepbiBaHuil. B MUKpOKOHTpoIiepe cyiie-
CTBYET CIIELUalIbHBIA peXuUM noaasieHus myma ALllL, nmpu 3TOM B 1I€JIOM B CISILIEM PEKUME
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¢ynkunonupytot Tosibko AL 1 acHHXpOHHBIN TaiiMep U UCKITIOUEHHs U(PPOBBIX IIYMOB B
nporecce npeodpazoanus AlIIl. B pexxume MUKpOTIOTpeOJIEHUST MPOIECCOpP COXPAHSAET CO-
JIEPKUMOE BCEX PErMCTPOB, OCTAHABIMBAET TI'€HEPATOP TAKTOBBIX CUTHAJIOB, IPUOCTAHABIMBACT
BCE JIpyrue (pyHKLUMU KpUCTAJUIA A0 MPUXO0/a BHELIHErO MPEepbIBAHUS WIIM MOCTYIJICHUS BHEII-
Heil komanasl RESET. B pexxume oxxuaanus paboTaeT reHepaTop TaKTOBBIX YacTOT, B TO BpeMs
KaK OCTaJIbHbIE OJIOKM HAaXOAATCSA B CISILEM pexuMe. brarogopst aToMy nepexoja B HOpMaJlbHbIN
peKuM pabOThI MPOUCXOIUT ropas3io ObIcTpee. B pacmmpeHHOM pexuMe OXHIaHus B paboyem
COCTOSIHUY HAXOAATCS OCHOBHOM I'€HEPATOpP U aCUHXPOHHBIN TaliMep.

MukpocxeMbl BBITYCKAIOTCS IIPU UCIIOJIb30BaHUU TEXHOJIOIMH 3HEPTOHE3aBUCUMOM namsi-
TH BBICOKOW IUIOTHOCTH. Berpoennas Flash mo3Bonsier mepemporpammmupoBath maMsTh Mpo-
rpaMM BHYTPHCHCTEMHO 4epe3 mocienoBaTenbHblii SP1 uHTEpdeiic cTaHmapTHRIM MporpaMMa-
TOPOM SHEProOHE3aBUCUMOM MaMATH WM BCTPOSHHOM 3arpy304HOM IMporpaMMmoi, padoraroiieil B
sape LIITY. 3arpy3o4nas mporpaMma MOXET HCIONb30BaTh 000 mHTEepdeiic i sKcnopTa
paboueit mporpamMmsbl BO (DIIAII-TIAMSITh.

Kombunanus pacumpennoit 8-6utHoir RISC apxurextypst LIITY u BHyTpucHCTEMHON
GuI-namaTH 00ecneynBatoT MUKPOKOHTPOJUIEPY BBICOKYIO THOKOCTh M 3KOHOMUYECKYIO
3P PEKTUBHOCTh BO BCTPAUBAEMBIX CHCTEMAxX YIPaBICHHS.

2.1 Texunueckne XapakKTepucTUKU U QYHKIHOHATbHbIE BO3MOKHOCTH

MakcuMasbHas TaktoBast yactora, MI'm (Usvec = 5,0 B) 16
MakcuMaibHas TakroBas yactora, MI'n (Usvee = 3,3 B) 8
paspsarocTs AJTY 8
00BEM BcTpoennoro O3V, our 512 x8
namsath nporpamm (Flash tuma), 6ur 8K x 8
OCIII3Y, bur IK x 8
KOJIMYECTBO UCTOYHUKOB ITPEPhIBAHUI 20
KOJINYECTBO MapauleIbHbIX 8-pa3psaIHbIX TOPTOB 4
YHUCJIO KaHAJIOB aHAJIOro-1Iu(poBOTo Mpeodpa3zoBaTeist 8
YHCII0 Pa3psA0B aHAJIOro-IIU(PPOBOro npeodpa3oBaTens 10
16-pa3psaHbIX TaiiMepoB 1
8-pa3psaHbIX TaliMEepoOB 2
nocnenosarenbHb nopt UART 1
nocseioBaTenbHbIi nepudepuiinslii natepgeiic SPI 1
AHAJIOrOBBIM KOMIIApaTop 1
cropoxxeBoii Taitmep WDT 1
YHCII0 PEKUMOB TIOHMKEHHOTO TIOTPEOJICHUS] MOIITHOCTH 6

Muxpocxemsl 1887BE4Y pa3pabotansl B MeTayuiokepamMmudeckom kopiryce H16.48-2B.

HomunanbeHble 3Hau€HHs HaNpsDKEHWs] NMUTaHUA MUKpocxeM: mmoc 5,0 B, wmm moiroc
3,3 B. JlomyctuMoe OTKIIOHEHWE HANpSOKEHUS] MUTaHUS OT HOMHHAIBHOTO +10 %. AMImuryaa
nyJbcalui HaNpsbKeHs nuTaHus He Oonee 50 MB.

Hanpsoxenne ncrounuka onopHoro Hanpspkenus ot 2,0 B 1o Unvec.

JlonycTUMOE OTKJIOHEHHE HAIpPSKEHMs MUTaHUS OT KpallHUX 3HaueHud MuHYyC 1 % 11
HanpstkeHus 4,5 B u mmoc 1 % st nanpspkenust 5,5 B.

JlonycTUMOE OTKJIOHEHHE HAIpPSKEHMs NMUTaHUS OT KpallHUX 3HaueHud MuHYC 1 % 11
Hanpspkenus 3,0 B u mumoc 1 % mist Hanpsokerust 3,6 B.

2.2 OCO0eHHOCTH apXUTEKTYPbI

Ocob6ennoctu apxutektypsl UC 1887BE4Y:
- OBICTPOJICHCTBYIOIIAS APXUTEKTYpPaA THIIA «PETUCTP-PETHCTPY;



- peructpoBoe O3Y emkocThio 10 512 Gaiit;

- MocaeA0BaTeNbHBIN nTepudepuiinbiii uaTepdeiic SPI;

- I10CJIEIOBATEIbHBIM CUHXPOHHO-aCUHXPOHHBIN npuemonepenatunk UART;

- IBYXIIPOBOJIHOM mocieoBaTenbHbI nuTepdeiic TWI,

- 16-pa3psaHblii TaiiMep/cueTuuK;

- 1Ba 8-pa3psAHBIX TaliMepa/cueTurKa;

- 8-pa3psaaHbIi CTOPOKEBOM Taiimep;

- 8-xananpHbBIN 10-pa3psaHbIi aHATTOTO-IIM(POBOM MpeoOpa3oBaTENb,

- AHAJIOTOBBIM KOMIIApaTop;

- 4-xananeHbeH HIM;

- 4eThIpe §-pa3psIHBIX TOPTA BBOJIAa-BBIBO/IA;

- pexxumbl xoaocTtoro xoaa IDLE u xpanenuss POWERDOWN.

Crpykrypnas cxema VC 1887BE4Y npusenena Ha pucyske 2.1.

YcnoBHoe rpadguueckoe 0003HaU€HHE MUKPOCXEMBI IPUBEIEHO HA PUCYHKE 2.2.

OYHKIMOHATBHOE HA3HAYCHHE BBIBOJOB MHKPOCXEMBl U HUX albTepHATHBHBIC (DYHKIUU
MpeACTaBICHBI B Ta0mwuIe 2.1.
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. A . 3 3 . 4 4 A A A4 4 4 4 4
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L ¥ ¥ Y ¥ Y ¥ V¥ % Y v v ¥
Iopr A Jlpaiiseps Hopr C [lpaiisepbl
#OV . . . . .
[opr A Lndposoit nnrepdeiic [opt C Ludpopoii nutepdeiic
!
¢ i k
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— e >
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N ;
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Ta6nauna 2.1 — HazHaueHue BHIBOJIOB MUKPOCXEMBbI

Homep Ob6o3HavyeHne
BBIBO- i OYHKIMOHAIBHOE HA3HAYEHUE BBIBOIA Tun
BBIBOJIA aJIbTCPHATUBHOHN YHKI i BEIL-
Aa bynxunn BOJA
BBIBOJIA
47-44, | PAO-PA7 Bxoz/Bbixoa 8-pa3psaHOTO ABYHANIPAaBICHHOTO MOpTa A 110
41-38 ADCO - ADC7 | Bxox AL, kananer 0 — 7 |
2,3 PBO, PB1 Bxoj1/BeIX01 8-pa3psaHOTo JBYHANpaBIEeHHOTO mopta B 110
TO, T1 Bxon Taiimepos/cuerdnkos 0, 1 |
4,5 PB2, PB3 Bxon/BeIxos 8-pa3psaHOro AByHANpaBieHHOTro ropta B 1/0
AINO [IpsiMoit BXOJ aHAJIOrOBOT'O KOMITapaTopa |
AIN1# WMHBepCHEII BXO aHAJIOTOBOT'O KOMITapaTopa |
6 PB4 Bxoj/BeIX0 8-pa3psaHOTO JBYHANpaBIEHHOTO mopta B 110
SS# WuBepcHbIil BX0J BEIOOpa MOCIe10BaTeNbHOTO epude-
puiinoro uaTepdeiica |
8,9 PB5, PB6 Bxoj/BeIX0 8-pa3psaHOTO JBYHANpaBIeHHOTO mopta B /0
MOSI, MISO | Bxoa/sBeixon ganasix SPI 1/0
10 PB7 Bxo11/BbIx0a 8-pa3psiHOTO IBYHAIIPABICHHOTO opta B /0
SCK Bxon/Berxon TaktoBoro curHana SPI 1/0
26 PCO Bxon/Beixon 8-pa3psimHOTO ABYHANpaBieHHOro mopta C 1/0
SCL Bxon/Beixon takToBoro curaaia TWI 1/0
27 PC1 Bxon/BbIxoa 8-pa3psiiHOTO IBYHAIpaBieHHOro mopra C /0
SDA Bxon/Beixon nasaeix TWI 1/0
28,29, | PC2-PC5 Bxon/Berxon 8-pa3psimHOTO ABYHANpaBieHHOro mopta C 110
31, 32
33 PC6 Bxoz/Beixon 8-paspsaHoro AByHarpaBieHHOro mopta C 110
TOSC1 Bxon mogkiItoYeHns 4acoBOT0 KBapIIeBOTO PE30HATOPA |
34 PC7 Bxon/Beixoa 8-pa3psimHOTO ABYHANpaBieHHOro mopta C 110
TOSC?2 BrIxo moAKII0ueHHs 4aCOBOT'O KBAPIIEBOTO PE30HATOPA o]
16 PDO Bxon/BbIxoa 8-pa3psiiHOro JBYHAIIpaBieHHOro mopra D 110
RXD Bxon mocnenoBaTeNnpHBIX TaHHBIX MEpeIaTIAKa |
17 PD1 Bxon/Beixon 8-pa3psiiHOro AByHAIpaBieHHOro mopra D 110
TXD Brixoj nociienoBaTeNbHbIX JAHHBIX MEpeIaTunKa 0]
18, 19 PD2, PD3 Bxo11/BbIx0j1 8-pa3psiiHOro JBYHAIIpaBieHHOro mopra D 1/0
INTO, INT1 Bxon BHemHero npepsiBanus 0, 1 |
20,21 | PD4, PD5 Bxon/BeIxon 8-pa3psiiHOro aByHAIpaBieHHoro mopra D 110
OC1B, OC1A | KomnapatopHsiii BbIXoj B 1 A Talimepa/cueTanka O
22 PD6 Bxo11/BbIx0j1 8-pa3psiiHOro JBYHAIIpaBieHHOro mopra D 110
ICP Bxon 3axBara Talimepa/cuerdnka 1 |
23 PD7 Bxon/BeIxon 8-pa3psiiHOro qByHAIpaBieHHoro mopra D 110
0cC2 KommapatopHblii BEIXO]T TaliMepa/cueTunKa 2 O
37 NREF BbIBOJ1 OIOPHOIO HAIIPSKEHUSI -
35 NVCC BrIBOJ nUTaHMs aHAJIOTOBOM YaCTH MUKPOCXEMBI —
36 nov OO0 BBIBOJ] aHAJIOTOBOM YaCTH MUKPOCXEMBI —
14 BQ2 BBIBOIBI [UTSI TOAKITIOUEHHST KBAPIIEBOTO PE30HATOPA (0]
15 BQ1 |
11 RESET#/ BriBox curnana o0rero copoca |
VPP Br1Bo1 MporpaMMHUpOBaHUS |
1,13, #OV OOmuii BeiBog 0 B -
24
12, 25, #VCC BriBo1bI TUTaHUS IU(DPOBOK YACTH MUKPOCXEMBI -
48
IIpumevanus

1 BeiBogwr 7, 30, 42, 43 He 3a/1eiCTBOBAHEL.
2 VcioBHble 0003Hauenud: | — Bxox, O — BeIxOA,.
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2.3 CucreMa KOMaH]|

Cucrema KoMaHJl BKJIIOYaeT B ce0s IMOJHBIA HAOOp apupMETHUYECKHUX, JIOTUYECKUX KO-
MaHJl, a TaKXe onepauuii Haj OUTaMu, MHCTPYKIUH YIpaBIEHUS M MEpexoAa ¢ pa3InyHbIMU

criocobamu aapecaruu. Oomee yrciio koMana — 130, npeacTaBiaeHbI B IPUIOKECHUH A.

2.4 DuexkTpuyecKHne napaMeTpbl MUHKpPOCXeM

DekTpuyeckue napamerpbl MukpocxeM 1887BE4Y npu npuemke v mocTaBKe MPUBEIECHBI

B Tabmuie 2.2

3HaueHHs NMPEeTbHO AOMYCTUMBIX 3JIEKTPHUYECKUX PEKUMOB HKCIUTyaTalluy B JHara3oHe
pabouux TemnepaTyp NpuBeaeHbI B Tabauue 2.3.

Tabnauna 2.2 — DneKTpuyecKue napaMeTpbl MUKPOCXEM ITPU NPUEMKE M TOCTABKE

bykseH- Hopma Tem-
HaunmeHnoBanue napamerpa, HOE 000- napamerpa nepa-
eIMHUIIA U3MEPEHUS, 3HaYCHUE | He e Typa
PEKUM H3MEPECHHS napameT- | Me- cpebl,
pa Hee Ooiee oC
1 2 3 4 5
1 BeixosiHO€ HanpshKeHUE loL =20 MA, UoL
HU3KOro ypoBHs 110 BeiBoAaM | Uxvcc = Unvee = 5,0 B
PAO — PA7, PBO - PBY, oL = 12 MA. - |06
PCO-PC7,PDO-PD7.B | Usec=Unvee=3.3B ~60 + 3
2 BBIXOHOE HANPSKEHHE Uon 25+10
BBICOKOTO ypoBHs 110 BeiBo- | Usvee = Unvee = 5,0 B 42 |- 85+3
nam PAO — PA7, PBO — PB7,
Il:)CO___PC7’ PDO - PD7, B, Uivee = Unvee = 3,3 B 2,4 —
oH=—3 MA
3 Toxku yTeuku Ha Bxoje mo BeiBogam PAO — PA7, TR
PBO — PB7, PCO — PC7, PD0 — PD7, MkA, |8 |8 | 2F10
Usvee = Unvee = 5,5 B; 0,45 B < Ui < Ucc 85+3
4 JIuHaMH4eCcKui TOK TO- locct
Tpe6IeHH s 0 BBIBOIAM Usvee = Unvee = 35,5 B - 30
#VCC, NVCC B aKTUBHOM
pexume, MA, fci =4 MI'n Usvee = Unvee = 3,6 B - 10
5 JIlnHaMu4yecKui TOK Mo- locc2
TpeGIICHUs IO BBIBOJAM Usvee = Unvee =5,5 B B 8 6043
#VCC, NVCC B pexume mo- 25+ 10
HW>KEHHOTO OTpeOIIeHus, Usvee = Unvee = 3,6 B — 6 85 + 3
MA, fci1 =4 MTI'n
6 Tok morpedaeHus o Bbl- Usvce = Unvec =5,5B lccs — 200
Bogam #VCC, NVCC B pe-
KUME XPaHECHUS, MKA Usvee = Unvee =3,6 B - 125
7 HanpspokeHne cMerieHus Usvee = Unvee = 5.0 B Uio
KoMI1aparopa, MB, — 40
U = Ucc/2 Usvee = Unvee = 3,3 B
8 DYHKIMOHAIBHBIN Usvee = Unvee= (3,0 - OK
KOHTPOJIb 3,6) B, fc= 8 MI'nl
Usvec=Unvce = (4,5 -
5,5) B, fc= 16 MI'
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Ta6nauna 2.3 —3HaueHHs MPEASIbHO JOMYCTUMBIX SJIEKTPHUECKUX PEKUMOB IKCIUTyaTaIlUH B
Jara3one pabounx remmeparyp otr Munyc 60 no mitoc 85 °C

IIpenenbHO [IpenenbHblin
byksen- N
JIOTTYCTHUMBIN PEKUM pEXUM
HaumenoBanue napamerpa pexxuma, HOe 000- o
€IMHUIIa U3MEPEHUS 3HaYCHHE HE HE HE
nmapaMerpa | MeHee 6onee M Gomee
Hee

1 Hampsikenne nmutaHus U poBoit Usvec? 3,0 3,6 03 70
yactu UC, B 45 55 ' ’
2 HampspkeHre muTaHus aHaJI0TOBOM Unvec? 3.0 3,6
gactu UC, B 4:5 55 0.3 7.0
3 BxogHOE HAMPsKEHUE HU3KOTO Ui
ypoBHs, B -0,5 0,2Usvce | —0,6 -
4 BxoaHoe HanpsKEHUE BBICOKOTO Uit
ypoBHs 110 BeiBogam PA(Q — PA7,
PB0 - PB7, PCO—-PC7, PDO - PD7, B 0,6Usvce | Usvect0,5 — Usvcct0,6
5 BxoaHO€E HanpsKEHUE BBICOKOIO Uin2
ypoBHs 1o BeiBony BQ1, B 0,8Usvce | Usvect0,5 — Usvcc+0,6
6 BxomHOE HAMpsHKEHUE BBICOKOTO Uins
ypoBHs 1o BeiBogy RESET#/VPP, B 0,9Usvce | Usvect0,5 — Usvect0,6
7 HanpsixeHne MporpaMMHUPOBAHUS Urp
na BeiBosie RESET#/VPP, B 11,5 12,5 - 13,0
8 BbIXOAHOMH TOK HU3KOTO YPOBHS I10 lo.?
seiBoxaM PAO — PA7, PBO — PB7,
PCO - PC7, PD0O — PD7, MA,
Usvee = Unvec = (4,5-5,5) B — 20 — 25
Usvee = Unvee = (3,0-3,6) B — 12 — 25
9 BbIX0HOM TOK BBICOKOT'O YPOBHSI 110 lon?
seiBoxaM PAO — PA7, PBO — PB7,
PCO - PC7, PDO — PD7, MA -3,0 — -5,0 —
10 JInurenbHOCTh (PPOHTOB BXOAHBIX tLH, tHe
CUTHAJIOB, HC,

- nisg Bxoga BQ1 - 10 - -

- JUISI OCTAJILHBIX BXOJIOB - 20 - -
11 TakroBasg | Usvce = Unvee = (o] 0 3
4acToTa, =(3,0-3,6)B
MI'n Usvee = Unvee =

=(45-558B 0 16

12 EMKOCTB Harpy3Kku 10 BBIBOJAM CL
PAO - PA7, PBO - PB7, PCO - PC7,
PDO — PD7, n® — 80 — 150

TCXHUYCCKOM OITMCaHHH.

1) Mexny HanpspkeHUSAME THTAHKS AHAJIOTOBOM YaCTH U IH(POBOI YaCTH MUKPOCXEMBI
JOIHKHO coxpaHsaTbes cootHomenue |Usvee —Unvece| < 0,3 B.
2) CyMMapHBIif ipeJIebHO JT0NYCTHMBIHA HArPY304HBIH TOK TI0 BEIBOJIAM
PAO - PA7, PBO - PB7, PCO — PC7, PDO — PD7 ne nomxken npesbimarh 400 MA. KoHkpeTHbIe

SHAYCHHUA JJIA pa3JIMYHBIX BBIBOJOB 3aBUCAT OT pEXKHUMaA pa6OTI)I " IPpUBEACHBI B HACTOAIIIEM
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3 dynkunonaabHoe onucanue UC 1887BE4Y

NC 1887BE4Y mnpencraBmser coboit manmomomabeiii KMOII 8-paspsaHbiii  MUKpPO-
KOHTpPOJIJIEP, TOCTPOCHHBIN Ha paciiupeHHo apxutekrype RISC. biaromaps BeImogHEHUIO KO-
MaHJ1l B Te4eHue ogHoro taktoBoro nukia, UC 1887BE4Y nocturaetr npou3BOIUTEIBHOCTH B
| MMJUIMOH Omepanuii B CEKyHIy, YTO MO3BOJISIET Pa3pabOTUMKy CHCTEM ONTHMHU3UPOBATH IO-
TpeOIsIEMYI0 MOIIIHOCTh C YY€TOM CKOPOCTU 00pabOTKU JaHHbIX.

SAnpo Mukpomporeccopa 00beAUHIET B cede 0OIbIION Ha0op KOMaH[ ¢ 32-Ms pabounmu
peructpamu oOuiero HasHaueHus. Bee 32 perucrpa cBsi3aHbl HEMOCPEACTBEHHO C apr(pMeTHUe-
CKHM JIOTHYeCKUM ycTpoiictBoM AJIY, uTo mo3Bossier obecreunBaTh BHIOOPKY JBYX HE3aBHCH-
MBIX PETHCTPOB, KOTOPbIE HAMPsIMYIO CBs3aHbl ¢ AJIY. DTo mo3BoOJsA€T OJHON MPOCTON KOMAaH-
JIOW B TEYEHUE OJHOTO TAKTOBOTO IMKJIA OOECIIEYUTDH JOCTYI K IBYM HE3aBUCHUMBIM PETUCTPaM.
C ToukH 3peHus KOAUPOBAHUS TaKkasi apXUTEKTypa Oosee 3pPpeKTuBHA, IPU ITOM, IO CPABHEHUIO
¢ 0o0braHbIME CISC MUKpPOKOHTpOJUIEpaMU, AOCTUTACTCS B JECATH pa3 OoJbllas MPOU3BOIH-
TEJIbHOCTb.

Muxkpokontposuiep 1887BE4Y conepxut 8§ KOalT BHYTpUCUCTEMHOM TPOrpaMMUPyEeMOi
GbHI-TaMSITH ¢ BO3MOXKHOCTBIO cunThiBaHus BO Bpems 3amucu, JCIII3Y emkocteio 1 Koaiir,
512 6Gaitir CO3Y, 32 nmuHuM BBOJA-BBIBOJIA OOIIET0 Ha3HAUeHUs, 32 paboYMX perucTpa oOIIero
Ha3HAa4YeHUs, TPU TMOKHUX TaiiMepa/cyeTunka ¢ peXKMMaMU CPaBHEHUS, BHYTPEHHUE U BHEIIHUE
IpephIBaHMsI,  IOCJENOBAaTEIbHBI  MPOrpaMMUPYEMBI  yHHMBEpPCAJIbHBIH  CHHXPOHHO-
acuHXpoHHbIN nocienoBaTenbHblii mopT UART, nmo6aiiTHO OpHEHTUPOBAHHBIN JABYXIPOBOIHOM
nocienoBaTeNnbHbIi naTepdeiic, 8-kananpHbli 10-paspsinuenii AL ¢ nononauTenbHBIM TUQdE-
PEHIMATBHBIM BXOJIHBIM KAaCKaJOM C IPOrpaMMUPYEMBIM YCHIEHHEM. MUKPOKOHTPOJUIEP UMEET
TaK)Xe MPOrpaMMHUPYEMBbI CTOPOKEBOM TallMep C BHYTPEHHUM I'€HEpPATOPOM, IOCIIEI0BATENb-
Hblil nepudepuitapiii naTepdeiic SPI u mects sHeprocoeperaronmx pexxuMoB (sleep), Beioupa-
eMbIX TIporpammHo. Pexxum xomoctoro xona ocranasinupaet L{ITY, B To Bpems kak CO3Y, Taii-
Mepbl/cueTunku, SPl uaTEpdEiic u cuctema nmpepsIBaHUSA MPOI0JDKAIOT padoTarh. Pexum MuUk-
ponoTpeOIeHHs] COXPaHSAET COAEPKUMOE PETUCTPOB, HO MPUOCTAHABIMBAET T'€HEPATOP, OTKIIIO-
Yasi BCE OCTaJbHbIe PYHKIIMM KPUCTAJIa O HACTYIUICHUS CIEAYIOUIETO MPEephIBaHMs WIH 001IIe-
ro copoca. B pexxrMe XxpaHeHHs MPOIOIKAET pabOTaTh ACHHXPOHHBINA TaliMep, B TO BpeMsl Kak
OCTaJIbHAsl YacTh YCTPOWCTBA HaXOAUTCS B crsiiieM pexume. Pexum nonmxkenHoro myma AL
ocranasnuBaeT L{[1Y u Bce nepudepuiiable MOAYIH AJIS TOTO, YTOOBI CBECTH K MUHUMYMY IIYM
npu nepexiaroueHnr Bo Bpemst ALIT npeoGpa3oBanuii. B pexume oxxupanus paboTaeT KBapiie-
BbIIl TeHepaTop, B TO BpeMs KaK OCTajlbHAas YacTh YCTPOMCTBA HaXOAMTCA B CIILIEM PEKUME.
OT0 mo3BosgeT 00ecHeuuTh OYeHb OBICTPBIN 3aIllyCK MpU Mayoil motpedisemMol MomHocTH. B
JUINTETTLHOM PEXHUME 0XKMJIaHUS MPOJODKAIOT paboTaTh OCHOBHOM M€HEpaTop U aCUHXPOHHBIN
Tamep.

MUKpPOKOHTPOJUIEp M3rOTABIMBAETCSA C MCIOJIb30BAHUEM TEXHOJIOIMHM JHEPrOHE3aBHCH-
MOH MepenporpaMMHUpPYEMO MaMATH C BBICOKOW IUIOTHOCTBhKO YNAaKOBKH. BcTpoeHHast B Kpu-
cTay (GIdII-NaMsATh ¢ BHYTPUCUCTEMHBIM MPOTPAMMHUPOBAHUEM MO3BOJISIET MEPENpPOrpaMMHUpPO-
BaTh MMAaMATh C MOMOIIBIO TociieoBareabHOoro SPl mHTEpdeiica wim ke ¢ TOMOIIBI0 TaKKe
BCTPOCHHOM B KPUCTAJUI MaMSATH 3arpy3ku. IIporpaMma 3arpy3ku MOXeT MCHOJIb30BaTh JIFOOOH
uHTepdeiic s 3arpy3Ku NpUKIAAHBIX Tporpamm B ¢umm-namsTh. [IporpammHoe obecnieuenue
(ITO) B cexmum 3arpy3ku (UdII-NAMATH OyAET MPOAOIDKATh paboTaTh BO BpPeMs OOHOBIICHHS
CEeKLMHU MpUIokKeHU (idm-namsaTu, Onaronaps yemy oOecreurBaeTcsl peajibHOe CUMTHIBaHUE
BO Bpems 3anucu. brnaromaps o0benunenuto 8-paspsaaHoro RISC LITY co BcrpoenHo# camo-
nmporpaMMupyeMoil (dII-namMsaTei0 Ha OAHOM Kpuctaiuie, koHTpoiuiep 1887BE4Y sBnsercs
MaJIOMOIIIHBIM MHUKPOKOHTPOJIJIEPOM, 00ECTIEUMBAIOIIUM YpE3BBIYAHO THOKOE U YKOHOMHYHOE
peleHue A1 MHOTUX BHJIOB PUMEHEHUS CUCTEM BCTPOEHHOTO YIPaBIICHUS.

NC 1887BE4Y noanepxuBaeT MOJIHBIA HAOOp MPOrpaMM U CPEACTB CUCTEMHOH paspa-
00TkH, BKIO4Yass C-KOMITUJISATOPHI, MaKpoacceMOJephl, CpeACTBa OTIAJAKA M MOACIUPOBAHUSA,
BHYTPHUCXEMHbIE AIMYJIATOPBI U OLIEHOYHbIE KOMILJIEKTHI.
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Onucanue BLIBOJOB

O6o3Hauenue
Onucanue BBIBOIA
BBIBOJIA
#VCC Hanpsbkenue nuranus
#OV OOLIHUHA BBIBOI

Tlopt A (PA7 ... PAO)

ITopt B (PB7... PB0)

[Topr C (PC7 ... PCO)

ITopt D (PD7 ... PDO)

RESET#

Amnasnorossie Bxoansl ALIL

[Topt A siBnsieTcs Takke 8-pa3psIHbIM JBYHAPABICHHBIM TOPTOM BBOJIA-
BBIBOJIa, €cJid He ucnonb3dyercs ALIIL.

BbIBO/IBI TOPTA MOTYT CITY>KUThH TaK)Ke B KA4€CTBE BHYTPEHHHUX HArpy304-
HBIX PE3UCTOPOB (BBIOMPAIOTCS IS KaXA0ro paspsnaa). Beixomnsie Oyde-
pBI IOpTa A UMEIOT XapaKTEPUCTUKH C BHICOKOW HArpy304HOH CIIOCOOHO-
CTBIO M EMKOCTBIO HCTOYHHKA.

Korma BeiBogsl PAQ ... PA7 ucmonb3yloTcs B KaueCTBE BXOJOB M M3BHE
MEePEBOAATCS B HU3KOE JIOTUYECKOE COCTOSTHUE, OHU CTAHOBSITCS UCTOYHH-
KaMH TOKa, €CITU aKTUBUPOBAHbBI BHYTPEHHHUE HATPY30YHBIC PE3UCTOPHI.
BriBosbl mopTa A HaxXoAATCs B COCTOSHUM BBICOKOTO MMIIEJIaHCa B cllydae
aKTUBalMU cOpoca, JaKe €Cl OTCYTCTBYET TAaKTUPOBAHUE

I[Topr B saBasercst 8-pa3psiaHBIM JABYHANpaBlIEHHBIM TOPTOM BBOJA-
BBIBOJIa C BHYTPEHHUMH HArpy30YHbIMH pPE3UCTOpPAMH (BBIOMPAEMBIMH
Ui Kaxkaoro paspsana). bydepst nopta B uMmerotr xapakTepucTuKu C BbI-
COKOM Harpy304HON CITIOCOOHOCTBIO U €MKOCThIO HCTOYHHKA.

Korma BeBogsr PBO ... PB7 wcmonb3yroTcst B Ka4ecTBE BXOJOB UM H3BHE
MEePEBOAATCS B HU3KOE JIOTUYECKOE COCTOSTHUE, OHU CTAHOBSITCS UCTOYHH-
KaMH TOKa, €CITH aKTUBUPOBAHbBI BHYTPCHHHUE HATPY30YHBIC PE3UCTOPHI.
BriBoabl mopta B HaXxoasaTCsl B COCTOSTHUU BBICOKOTO UMIIEAHCA B CITy4yae
aKTUBalUU cOpoca, JaKe €ClI OTCYTCTBYET TaKTUPOBAHUE.

[Topt B BBIMONHSET Tak)Ke pa3IMUHBIE CIICIUANbHbBIE (PYHKIINH

[ToptC siBisiercst 8-pa3psaHBIM JBYHANPABICHHBIM TOPTOM BBOJIa-BBIBOJIA
C BHYTPEHHHMH HArpy30YHBIMH PE3UCTOpPaMH (BbIOMpaeMbIMU I KaxK-
noro paspsina). bydepsr mopra C MMEOT XapaKTEepUCTUKH C BBICOKOH
Harpy304HOM CIIOCOOHOCTHIO U EMKOCTBIO HCTOYHUKA.

Korma BeBogsr PCO ... PC7 ucrmonb3yroTcsl B Ka4eCTBE BXOJOB U M3BHE
MIEPEBOIATCS B HU3KOE JIOTUYECKOE COCTOSIHUE, OHU CTAHOBSTCS HCTOYHH-
KaMH TOKa, €CITH aKTUBUPOBAHbBI BHYTPCHHHUE HATPY30YHBIC PE3UCTOPBI.
BriBoabl mopta C HaXoa9TCsl B COCTOSTHUU BBICOKOTO MMIIEaHCa B CITyyae
aKTUBAIUU cOpoca, JaKe €ClI OTCYTCTBYET TAKTUPOBAHUE

I[Topr D saBnsercs 8§-pa3psAHBIM JBYHANpaBICHHBIM IOPTOM BBOJA-
BBIBOJIa C BHYTPEHHUMH HArpy30YHBIMH pPE3UCTOpPAMH (BBIOMPAECMBIMH
JUIS Kaxkaoro paspsna). bydepst mopta D uMeroT XapakTepUCTUKU C BBI-
COKOM Harpy304HON CIOCOOHOCTBIO U €MKOCThIO MCTOYHHKA.

Korna BeiBogst PDO ... PD7 ucnonb3ytorcs B KauecTBE BXOJOB U M3BHE
TIEPEBOJIATCS B HU3KOE JIOTUIECKOE COCTOSIHUE, OHU CTAHOBSTCS MCTOYHH-
KaMH TOKa, €CITH aKTUBUPOBAHbBI BHYTPEHHUE HATPY30UHBIE PE3UCTOPHI.
BeiBoibl mopTa D HaxomaTcs B COCTOSSHUH BBICOKOT'O MUMITEIaHCA B ClTydae
aKTUBallMU cOpoca, TaKe €Clii OTCYTCTBYET TaKTUPOBaHUE.

[Topt D BBIMONHSIET TaKXKe pa3TUIHBIC CIICIIHATLHBIC (VYHKITUU

BeiBoa muist curnana obiero copoca. CocTosiHEE HU3KOTO YPOBHS Ha 3TOM
BBIBOJIC MPOJIOJDKUTENIbHES, YeM MHHUMAJIbHAS JUTHHA UMIYJIbca (CMOTPH
tabnuny 3.15), reHepupyeT curHai copoca, Jaxke eclid OTCYTCTBYET Tak-
TUpoBaHue. He rapaHtupyercs, 4To 00yiee KOPOTKHE HMITYJIbCHI OCYIIe-
CTBST cOpoc
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O06o03HaueHue Ornucanue BbIBOIA

BBLIBOJIA

BQ1 Bxoa MHBEpTHPYIOIIETO YCHIMTENS OCIHILIATOPA M BXOJ CXEMBbI BHYT-
PEHHETO TAKTUPOBAHUS

BQ2 BrIxo1 HHBEPTUPYIOMIETO YCHIIUTENS OCIUILIATOPA

NVCC NVCC npeacrapisieT coO0W BBIBOJ HAIPSHKEHUS MUTAHKS U TopTa A 1
AIII. On pomkeH ObITh BHemHE nojacoeanHeH k #VCC, naxe ecnmm AL
He ucnousb3yercs. Ecau AL ucnonb3yercs, To OH TOKEH OBITh MOJCO-
enunel K #VCC yepe3 GMIbTp HIKHUX YacTOT

NREF NREF siBrsieTcst aHAIOTOBBIM BBIBOZIOM OTTOpHOTO HanpspkeHust AL

3.1 SInpo MUKPOKOHTpOJLIEpa

B nanHOM mopnpaszaene onuchiBacTCs apXUTEKTypa sapa MUKpolpoueccopa B neinom. Oc-
HOBHOH QyHKumei supa LITY sBnsercs obecriedenrne NpaBUiIbHOTO UCTIOIHEHHS TporpaMMel. C
yuaerom 3toro LIITY noimken uMeTh BO3MOXKHOCTB JOCTYIIA K YCTPONCTBAM IaMsTH, BBIIIOJIHEHUS
BBIYUCIICHHH, YIIPaBIeHHs TepU(epHiHBIMUA YCTPOMNCTBAMU M OOPAILIEHHS C TIPEPHIBAHHSIMH.

3.1.1 AHau3 apXUTEeKTypPbI

( 8-paspsiHas muHa JaHHBIX
A 4
Cuerunk | Craryc B
Gaom-namarh poOrpamMm ¥ KOHTPOJIb
[porpamMmm
2 32x8 Monyns
v Peructpsl | npepeiBanuii
Peructp = OCHOBHOT'O
HHCTPYKLHUH = HA3HAYCHUS Mozuyns
< [
» 3 [1TT1
| & 4 v
= =
Hexonep =1 n/ o CroposkeBoit
UHCTPYKLUIT ol AJTY Taiimep
=
H| < 1= -
l o 85 AHaOroBsli
5 [R <>
JTuaus g o KOMIIaparop
KOHTPOJIS g o3y i
= | JIAaHHBIX 1-it MozTyITh
[“* BBOMA/BBIBOIA
e 2-ii MozLyJIh
ACIIZY e BBOJ1a/BBIBOJIA
N-it mozyib
<
BBO/1a/BbIBOJIA
Jlunun [
BBO/1a/BbIBOJIA

\

Pucynok 3.1 — biiok-cxema apXUTEKTYpBI siipa MUKPOIIPOTPAMMHOTIO YITPaBJICHHUS

Jljis TOoro 4To0Bl MaKCUMAIBHO YIYUIIUTh XapaKTEPUCTUKU U MapajuIeNiu3M, B MHKPOIIPO-
neccope ucnodibdyercst ['apBapackas apXxuTeKTypa ¢ OTAEIbHBIMH YCTPONUCTBAMU MAMSITA U IIU-
HaMU JJI1 IporpamMM M JaHHbIX. KOMaH/bl B TaMATH MPOrpamMM BBIMOJIHSIOTCS HA €AMHOM YPOB-
HE KOHBeHepu3zanuu. Bo BpeMs MCIOTHEHUS! OJHOM KOMaHAbI CIEAYIoIas KOMaHAa MpeaBapu-
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TEJIBbHO M3BJIEKACTCS U3 MaMsTH NporpaMM. Takoil MPUHLHUI MMO3BOJIET UCIIONHATH KOMAaH]IbI 32
KKl TaKTOBBIN IUKI. [laMsaTh mporpamMm mpencTaBiisieT cOO0W BHYTPHUITPOIIECCOPHYIO Tepe-
IPOTPaMMHUPYEMYIO (IISII-IAMSTh.

Peructp (haiiiioB ¢ yCKOPEHHBIM JTOCTYIIOM COAEPKUT 32 8-pa3psaHbIX pabouux perucrpa
o0LIero Ha3HAuYEHUsl C €JUHBIM BPEMEHEM JOCTYIA 3a TAKTOBBIA LUKJ. DTO MO3BOJISET 0OecIie-
quTh padoty AJIY 3a ogun muki. B tunuanoM pexume pabotel AJIY u3 (aitna peructpa Oe-
pyTCsl J1Ba OIepaH/a, BHIMOIHIETCS ONEpalusi, U pe3yibTaT OMATh COXpaHseTcs B (ailne peru-
CTpa; BCE ATO BBIMOJIHICTCS 32 OAUH TaKTOBBII LIHUKIL.

[lectp 13 32 perucTpoB MOTYT UCIOJIb30BAaTHCS KaK TpU 16-pa3psaHbIX yKazaTels ajgpeca
perucTtpa Ijs ajpecali IpOoCTPaHCTBA JaHHbBIX, MO3BOJSAS o0ecnednuTh 3 (HEeKTUBHBIC BBHIYMC-
nenus anpecoB. OMH U3 ATHX yKa3aTeJe aapeca MOXKET OBITh TaKKe MCIIOJIb30BaH KaK yKasa-
Tenb aapeca asst tabmui npocmotpa (look up tables) Bo ¢dummi-amsaTi mporpamm. DTH J0MOI-
HUTEJbHBIC PETUCTPBl QYHKIMMA sBistoTCs 16-paspsaaabiMu X-, Y- U Z-perucTpamu, ONMUCaHHbI-
MU JIaJiee B 3TOM IOApa3iere.

AJIY noanepxuBaeT apupMeTHYecKue M JJOTHUECKUE ONepaIlii MEXy PETUCTpaMH WIIN
MEX]ly KOHCTaHTON U peructpom. AJIY MOXKeT BBINOJHUTH OJIHY Oomnepanuio ¢ peructpom. Ilo-
cie apu(METHUECKOW OTepaluy PErHCTp COCTOSIHHSI OOHOBIISETCS JUIS BBIBOJA MH(OpMAIK O
pe3ynbTaTax oneparuu.

[ToTok mporpamMmsl yrpaBisieTCsl YCIOBHBIMHU U 0€3YCIIOBHBIMU I€pEX0aMi U KOMaH1aMu
BBbI30Ba, KOTOPbIE CITOCOOHBI 00ECTEYUTh HEMOCPEACTBEHHYIO a/Ipecalliio KO BCEMY aIpECHOMY
IIPOCTPAHCTBY. BOJBIIMHCTBO KOMaH/ UMEIOT €AuHbINA 16-pa3psanbiil popmat cioBa. Kaxabiit
aZipec MporpaMMbl NaMsATH COACPKUT 16- mnu 32-pa3psiHyr0 KOMaHy.

[IpocTtpancTBO QIAII-TAMATH TMPOTPAMM pPa3IEIEHO HA JIBE CEKIMH: CEKIHIO MPOTPaMMbl
3arpy3KH M CEKIHIO MPUKIaTHOM porpamMMbl. O0e CeKIIMU UMEIOT CIIeIUaIbHbBIE OOKUPYIOIINe
paspsiel AJIs 3aIUTHl 3aMucy U cuuThiBaHUs/3anucu. Komanna SPM, xotopast ocymiecTBisier
3alKCh B CEKIHUIO0 (UIdUI-MAMATUA MPUKIAAHBIX MPOTpamMM, JO0JDKHA HAXOJIUTHCS B CEKIUU IPO-
rpaMMBbI 3arpy3Ku.

Bo Bpems 3ampocoB Ha mpepbIBaHUE U UCIIOJIHEHUE MOAMPOrpaMM, 0OpaTHBIN aapec cyeT-
yrka nporpamm PC xpanutcs B creke. Crek pacnonoxer B CO3Y o0mmx JaHHBIX, €TO pa3zMep
orpaHuueH ToJapko obummM oobemom CO3Y u xapaktepom ucnonb3oBanus CO3Y. Bee mpo-
IpaMMBbI TTOJIE30BATENS JOJDKHBI HHHUIIMATM3UPOBATh SP BO BpeMs mporeaypsl copoca (10 wc-
MOJTHEHUSI TMOANPOTPaMM HIIM TpepbIBaHUi). YkazaTenb creka SP 1OCTymeH i CUMThIBa-
HU/3aIIMCH B MPOCTPAHCTBE BBOAA-BhIBOJIA. CO3Y maHHBIX JIETKO JOCTYITHO C MOMOIIBIO TISTH
Pa3IMYHBIX PEKUMOB aJIpecaliui, NOAIEP>KUBAEMbIX apXUTEKTYPOH MUKPOKOHTpPOJLIEpPA.

I'uOkwmit Moaysb IpepbIBaHUS UMEET COOCTBEHHBIE PETUCTPhI YIPABIEHUS B IPOCTPAHCTBE
BBOJIa-BbIBO/IA C JIOTIOJIHUTEIBHBIM Pa3ps/IOM pa3pelieHus] 001ero npepbIBaHusl B pErucTpe co-
cTosiHus. Bee mpeppiBaHUsS UMEIOT OTAENbHBIN BEeKTOP MpephIBaHUs B TaOJMIle BEKTOpa Mpephl-
BaHus. [IpeppiBaHNs UMEIOT MPUOPUTET B 3aBUCUMOCTHU OT IMOJIOKEHUS UX BekTopa. Uem Huxke
aZipec BEKTOpa IIPEPBIBaHMs, TEM BBILLIE IIPUOPUTET.

[IpocTpaHcTBO MaMATH BBOJA-BbIBOJA COACPKUT 64 anpeca A perucTpoB Nepudepuii-
HBbIX KOMIIOHEHTOB MUKPOKOHTpoJuiepa. JlocTyn K MaMsTH BBOJA-BbIBO/IA MOKET OCYILECTBISATh-
Csl HaNpsAMYIO WIN ajJpecanueil MpoCTpaHCTBA JIaHHBIX, CIEAYIOUIMX 3a aHAJIOTMYHBIMM ajpeca-
MU (aiina peructpos, 0x20 — OX5F.

3.1.2 Apudmernko-jiorunyeckoe ycrpoiictso AJIY

BricokoaddextuBoe AJIY paboTaeT HEMmOCPeACTBEHHO CO BceMH 32 pabO4YMMM peru-
CTpaMu OOIIero Ha3HayeHUs. B TeueHne oJHOro TaKTOBOTO LIMKJIA BBIOJHSIOTCS apupMeTHye-
CKHE OIlepalliy MEeXJy PerucTpaMu OOIIero Ha3HAYeHHs WM MEXIY PErHCTPOM M HEMOCpel-
cTBeHHBIM 3HaueHueM. Onepanuu AJIY nonpaszaenstorcs Ha TpU KaTeropuu — apupMeTHIecKue,
JIOTHYECKUE U OUTOBBIE.

Peructp coctossHull cOAep’UT MH(GOPMALIMIO O pe3yibTaTax CaMbIX MOCIEIHUX BBIMOJI-
HEHHBIX apu(mMeTnueckux koMana. /lanHas nHpopmanus MOXET ObITh MCIIOJIBb30BaHA JUIsl U3Me-
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HEHUS TIOTOKA MPOrpaMM IpH BBITIOJHEHUH YCIOBHBIX omeparuii. Heo6xoauMo oOpaTuth BHU-
MaHHE€ Ha TO, YTO PETUCTP COCTOSIHHI OOHOBIISIETCS IMOCTIE BBITIOJIHEHHS Beex onepanuii AJIY. B
MOOOHON CHUTyaIllMy, BO MHOTHX CIIy4asX, 3TO yCTpPaHsIET HEOOXOIMMOCTh B HCIIOJIb30BAHUU
CHENHATbHBIX KOMaH]l CPABHEHUS, YTO O0CCIICYNBACT YCKOPECHHBIH U 00J€e KOMIAKTHBIA KOJI.
Peructp cocTosiHusI HE COXpaHSIETCS aBTOMAaTHYECKH TP BXOJIE B TPOIEAYPY MPEPHIBAHUS U HE
COXpaHseTCs MPU BO3BPALICHUU U3 TIpepbiBanus. [1o100Has cuTyanus J0/KHa 00padaThIBaThCs
IPOrPaMMHO.
Omnpenenenue peructpa coctosauss SREG — BRINISIAUT cleayromum oopa3om:

bur 7 6 5 4 3 2 1 0
( + | 7 | H | s | v | N | z | C | SREG
YreHne/3amuch 4/3 4/3 4/3 4y/3 4/3 /3 /3 4y/3
Hauansnoe 0 0 0 0 0 0 0 0
3HAUYCHUC
Paspsin 7: | — pa3pemenue o01ero npepbiBaHus

Pazpsn paspemienuss oOmero npepbplBaHHUS JTOJDKEH OBITh YCTAHOBJICH IS Pa3pelICHUs
npepbiBarmid. [1ociie 3TOTo B OTACTBHBIX PETUCTPAX MPEPHIBAHUS BBITOIHICTCS YIIPABJICHUE WH-
TUBUIyalbHBIM MpepbiBaHueM. Ecian cOpacbiBaeTcsi OUT perucrpa paspeiieHus oOIero npepol-
BaHUs, TO HE pa3peliacTcs HA OJJHO U3 MPEPHIBAHHUA, HECMOTPSI HA HHIUBUyaTbHbIC YCTAHOBKH
paspenieHus npepeiBanus. Pa3psay | ounimaercs anmapaTHoO Tocie BXOJa B IPEPhIBAHUE B 3aTEM
yCTaHaBJIMBaeTCs ¢ MoMolbio koMaHael RETI mnsg paspemeHus nocienyromux npepblBaHUM.
Pa3psin | MmoxkeT ObITh Takke yCTaHOBJIEH U cOpolieH ¢ noMolnbio komana SEI u CLI, xak 310
YKa3aHO B ONMCAHUU KOMAaH]I.

Pa3psin 6: T — xpaHenue Konuu paspsiaa

Komaner kormuposanus paspsina BLD (Bit Load) u BST (Bit STore) ucmonb3yroT pa3psia
T B KayecTBe OMTa MUCTOYHMKA WIIM Ha3HAYCHHS IJIs paspsijia, ¢ KOTOpbIM paboratoT. Paspsa u3
peructpa B (aiisie peructpa MoKeT ObITh CKOITUPOBAaH B T ¢ oMoIIbi0 KoMaHael BST, a pa3psz
u3 T MOKeT ObITh CKOIIMPOBAH B pa3psii B pErUcTpe, HaxoAseMcs B (aiise peructpa, ¢ IoMmo-
b0 komanasl BLD.

Pa3psia 5: H — ¢aiar nos1oBUHHOTO NepeHoca

@uar nosoBUHHOIO nepeHoca H o0o3HavyaeT mojaoBUHHBIN NEpPEHOC B HEKOTOPBIX apud-
MeTHYecKHX onepanusax. [10JIOBUHHBIN NepeHoC MCIONb3yeTCsl B JBOUYHO-AECATUUHBIX apH-
METHYECKHX PEeoOpa30OBaHUsX.

Pa3psia 4: S — 3nakoBbIi pa3psan, S = NV
Pa3psn S Bcerna o3HayaeT «MCKIIOYAIOLIEe WIM» MEXIy oTpuuarenbHbM ¢uaroM N u
¢narom V 1omonHeHus 10 ABYX.

Paszpsn 3: V — ¢aiar 1BoHOr0 10NMOJHUTEIBLHOTO NEPenoJIHeHus!
@nar V pomonHeHus 10 IBYX MOAAEpKHUBaeT apupMETHUKY AomoiHeHus no nByx. Ilo-
JIpOOHO MPUBEACHO B NMPUIOKEHUH A «OnrcaHue CUCTEMBbI KOMaHI».

Pa3psin 2: N — orpunaresibHblii iar

Otpunarenssblil ¢ar N 0o3HadyaeT OTpULATENbHBIA pe3yabTaT Npu apu(pMeTHIecKOn Win
Jorudecko onepauu. /st mongpoGHOro paccMoTpeHus: cM. npuioxkenue A «OnucaHue cucre-
MBI KOMaH[».

Pa3psig 1: Z — nyneBoii paiar

Hynesoit ¢nar Z o3HauaeT HyJneBOH pe3ynbTaT apu(pMETHUECKON WIIH JIOTMYECKOil onepa-
un. s moapoOHOro pacCMOTpeHUs cM.puiioxkenne A «Onrcanue CuCTEMbl KOMaHI.
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Pa3psia 0: C — ¢aiar nepenoca
®mar nepeHoca C 0003HavaeT NEPEHOC B JIOTUUECKON UITH aprU(PMETHUECKON OTepaIIiH.

3.1.3 ®aiin perucTpoB 001ero Ha3HAYEHUS

daiin perucTpoB ONTUMH3UPOBAH IS pacHIMpeHHOro Habopa KoMaH. JIJisi TOCTHKEHUS
TpeOyeMBbIX XapaKTEPUCTUK U TUOKOCTH, (PalIOM PErruCTPOB MOACPKUBAIOTCS CICAYIONINE Ba-
pUAHTBI BBOJA-BbIBOJIA!

- OIMH 8-pa3psHbIN BBIXOJIHOM ONEpaH]l M OJUH 8-pa3psIHbI BXOIHOMN pe3ysbTar;

- IBa 8-pa3psAHBIX BBIXOJHBIX OMEPaHAa U OJIUH 8-pa3psiAHbIN BXOJIHOU pe3yJbTarT;

- JIBa 8-pa3psIHBIX BBIXOAHBIX OMEpPaH/ia U OJIUH 16-pa3psIHbIi BXOIHON pe3ybTar;

- OJIUH 16-pa3psaIHbINA BBIXOAHOMN OonepaHa U OJUH 16-pa3psaIiHblid BXOJHON Pe3yJIbTar.

Ha pucynke 3.2 nmokazana ctpykrypa 32 pabodux peructpon ooiero HazHadeHus B L{I1.

7 0 Anpec
RO 0x00
R1 0x01
R12 0x0C
R13 0x0D
Peructpsl R14 0x0E
o0ero R15 0x0F
Ha3HAYCHUS R16 0x10
R25 0x19
R26 0x1A X-peructp mi. Gaiit
R27 0x1B X-peructp ct. GaiT
R28 0x1C Y-peructp mi. Gait
R29 0x1D Y-peructp crt. Gaift
R30 0x1E Z-perucTp M. Gaitt
R31 0x1F Z-peructp cT. Gaiit

[Ipumeuanue —I[IpunaTeie ycIOBHBIE 0003HAYEHUS: MJI. — MIIA IIINN;
CT. — CTapILHi.

Pucynox 3.2 — Pabouue peructpsl obmiero HazHauenus LITY

BosbmmHCTBO KOMaHA, pabOTaOLIMX C PETUCTPOBBIM (PaiiiioM, UMEIOT MPSIMOM AOCTYH KO
BCEM PETUCTpaM U OOJIBIIMHCTBO U3 HUX MPECTABISAIOT COO0I OJHOLMKIIOBBIE KOMaH/IbI.

Kak nokaszano Ha pucyHke 3.2, KaXJI0My PETUCTPY IPHUIKMCHIBAETCS TAKXKE alpec NaMsATH
JnaHHbIX. [Ipy 3TOM perucTpsl HEMOCPEICTBEHHO Pa3MeIlaloTcs B NepBble 32 siluelKu IpOCTpaH-
CTBa JJAaHHBIX MOJIb30BaTeNs. XOTA (U3NUECKU OHU HE BBINOJIHEHBI B BUIE ajipecoB CO3Y,
noI00Has opraHu3alus naMsATH o0ecredrnBaeT OOJBIIYI0 THOKOCTh ¢ TOUKH 3pPEHHs I0CTyla K
perucrpam, NOCKOJIbKY yKazarenu X-, Y- U Z-perucTpoB MOTYT ObITh YCTAHOBJIEHBI JUIS yKa3a-
HUS TI000TO peructpa B daie.

Peructp X, peructp Y u peructp Z

Peructper R26 ... R31 umeroT n0MOiIHUTENbHBIE (QYHKIUH, H00aBICHHbIE K UX OOLIeMYy
Ha3HAYCHUIO. DTH PETHCTPHI SABIAIOTCSA |6-pa3psaHBIMH yKa3aTeIsIMH ajpeca Jisi KOCBEHHOU
ajipecalluy MPOCTPAHCTBA JAaHHBIX. TpU KOCBEHHBIX peructpa aapeca X, Y u Z onpenenstorcs
Kak IMOKa3aHo Ha pUCYHKeE 3.3.
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15 XH XL 0

X-register |7 0 | 7 0
R27(0<1B) R26(0<1A)
15 YH YL 0
Y-register |7 0 | 7 0
R29(0<1D) R28(0<1C)
15 ZH ZL 0
Z-register |7 0 | 7 0
R31(0x1F) R30(0<1E)

Pucynok 3.3 — X-, Y-, Z- peructpsl

B paznuuHbIX pexumax ajpecanyy 3TH aJpecHble PETUCTPbl UMEIOT Takue (QyHKIMH, KaK
($uKCcHpOBaHHOE CMEIEHUE, ABTOMAaTUYECKUI MHKPEMEHT ¥ aBTOMaTHYECKHUI IEKPEMEHT.

3.1.4 Yka3areJjb cTeKa

Crex MCHoibp3yeTcsi B OCHOBHOM ISl XpAaHEHUs BPEMEHHBIX JAaHHBIX, JUISI XPaHEHUS JIO-
KaJbHBIX IIEPEMEHHBIX M Ul XpaHEHHUs aJipecoB BO3BpaTa I10CJIE MPEepbIBAHUNA M BBI30BOB IO/
nporpamMmM. Peructp ykasarens cTeka BCET/ia yKa3bIBaeT Ha BEPXHIOKO 4acTh cTeka. HeoOxommumo
0o0paTuTh BHUMAHUE Ha TO, YTO CTEK BO3pAcTaeT OoT 0ojiee BBICOKHMX aJpPECOB MaMATH K Oojee
HU3KHUM ajjpecaM. DTO TpeAroaraet, uro komanaa creka PUSH ymenbpmaer 3HaueHune ykasare-
JIs1 CTeKa.

VYkazarenb cTeka yKa3bIBaeT Ha Ty 4acTb cTeka AaHHbIX CO3Y, B KOTOPOH pacronokeHsbl
CTEKH MOJMpPOrpaMM U npepsiBaHuil. Ita o6nacte B CO3Y nomkHa onpeaensTbes MporpaMMon
JI0 TOTO, KaK UCTIOJTHSIOTCS JIFOOBIE BBI30BHI MOATIPOTPAMM HITH Pa3peraroTcs pephIBaHus. YKa-
3aTelb CTeKa J0JHKEH UMETh 3HaueHue Boiiie 0x60.

VYkazarenpb cTeKa yMEHBIIAeTCsl Ha eIUHUILY IO MEpEe TOTO, KaK JaHHbIC TIepeMEeNIaoTCs B
cTeK ¢ moMotibio komanael PUSH, 1 oH ymeHbIaeTcst Ha J1Ba, Korja oOpaTHBIN aJipec mepemMe-
IIaeTCsl B CTEK C MMOMOIIBIO BHI30BA MOATPOTPAMMBI HITH MIPEPHIBAHUS. YKa3aTellb CTEKa YBEJIH-
YMBAETCSl HAa €IMHUILY, KOT/Ia JaHHBIE BBIXOJAT U3 CTeKa ¢ moMolisio komanasl POP, u yBenu-
YHBAETCS Ha JIBa, KOT/Ia JaHHBIC BBIXOIAT M3 CTEeKa, BO3Bpamasch u3 nmoanporpammsl RET nm
BO3Bpaliasch u3 npepsiBanus RETI.

VYkazarenp CTeKa BBINOJIHAETCS B BHJE JABYX 8-pa3psAHBIX PETUCTPOB B MPOCTPAHCTBE
BBOJIa-BbIBO/Ia. KOJIMYECTBO MCIONB3YeMBIX pa3psioB, (PaKTHUECKH, 3aBHCHT OT peasTu3aIlii.
Heo6xonnMo oOpaTuTe BHUMaHKUE Ha TO, YTO MPOCTPAHCTBO JAHHBIX MPH peau3alluil JTaHHOU
ApXUTEKTYPBI HACTOJIBKO MaJo, uTo Tpedyercs Tonbko SPL. B atom cinydae peructp SPH He Oy-
JIeT MPeJICTaBIeH.

bur 15 14 13 12 11 10 9 8
SP15 SP14 SP13 SP12 SP11 SP10 SP9 SP8 SPH
SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO SPL
7 6 5 4 3 2 1 0
UYrenne/3anuch /3 q/3 q/3 /3 /3 4/3 4/3 4/3
4/3 4/3 4/3 4/3 4/3 4/3 4/3 4/3
Hau. 3nauenue 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
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BpeMeHHbIe JMAarpaMMBI HCIIOJTHEHUS] KOMAH/L

Hwmxe onuceiBaroTcsl 00IIME KOHIENIUU BPEMEHHBIX AMArpaMM JOCTyHa Ui BBIIOJHE-
HHs KoMaHA. L{eHTpanpHOoe mporeccopHoe yCTpoHCTBO padoTaer oT TakToBoro curnana Clkceu,
c(OPMHPOBAHHOIO0 HENOCPEACTBEHHO OT BBIOPAHHOI'O JJIsI MUKPOKOHTpPOJIJIEpa UCTOUYHUKA TaK-
TOBBIX UMITYJIbCOB. IIpH 5TOM HE UCII0JIB3yeTCsI BHYTPEHHEE JEICHUE TAKTOBOM 4aCTOTHI.

Ha pucynke 3.4 nmpencrasieHa napajuieiabHas BbIOOpKa KOMaHJ M MX UCIOJIHEHUE, pas-
pemeHHOe ["apBapACKOil apXUTEKTypol U KOHIeNUeH (aiiia perucTpoB ¢ OBICTPHIM JOCTYIIOM.
Oto0 sBiseTcst 0a30BOM KOHLENIKEN paboThl B pexXKMMe KOHBEHepH3aLy JUIs M0JIy4eHHsI IIPOU3-
BOJAUTEIBHOCTHU BILIOTH 10 | MWIJIMOHA KOMaHJ B CEKYH]y, UTO, B CBOKO OY€pE/b, 00eCIIeunBa-
€T YHHMKaJbHBIC PE3YJIBTAThl 10 COYETAHUIO IIPOU3BOAUTEIBHOCTH CO CTOMMOCTBIO, KOJIMYECTBY
(GyHKIMH Ha TAKTOBYIO YAaCTOTY M (DYHKIIMII HAa €IMHUILY MOIIHOCTH.

™ T2 T3 T4

|
Bri6opka 1-1{ KOMAaH/EI :< }
Hcnonnenue 1-i1 koMaHIbl
Bri6opka 2-if koMaH b1 4 >
Ucnonuenue 2-ii KOMaHIbI
Bri6opka 3-it komMaH b1 { ——

Ucnionuenune 3-if KoMaHIbI

Bri6opka 4-ii KoMaH1bI
Pucynok 3.4 — [TapannenbHast BBIOOpKa U UCIIOTHEHUE KOMaH/
Ha pucynke 3.5 mpencraBieHa BpeMeHHas KOHUEHIUS U peructpoBoro ¢aina. B on-

HOM TAaKTOBOM HHMKIJIC BBIIIOJHACTCA OIICpalusd AJIY ¢ ucnoap30BaHHEM ABYX OIICpaHJ0B pPCru-
CTpa, U pe3yJibTaT COXPAHACTCA O6paTHO B PCTUCTP HAa3HAYCHUS.

k4 NN N

|
O6m1ee BpeMst HCTIOTHEHUS —

|
Bri0opka onepanoB peructpa O
|

Beimonsenne omepaupn AJIY — ——< >

OOparHas 3anKCh pe3yIbTaToB

Pucynok 3.5 — PaGota AJIY B 0IMHOYHOM LIUKJIE
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3.1.5 Copoc u 06padoTKka npepbIBAHUIM

NC 1887BE4Y coaepXUT HECKOJIBKO Pa3JIMYHBbIX MCTOYHUKOB NpepbiBanus. Kaxmnoe u3
ATUX TIPEPbIBAHUN U OTAEIBHBINH BEKTOp cOpoca MMEIOT OTIENbHBIA MPOTrPaMMHBIA BEKTOp B
IPOCTPaHCTBE MaMATH MporpamM. Bee npepbIBaHMs UIMEIOT CBOM OTAEbHBIE Pa3psbl pa3pele-
HUSI, KOTOPBIE JIOJDKHBI OBITh YCTaHOBIJIEHBI BMECTE€ C YCTAHOBKOW pa3psla pa3pelieHus IIIo-
0aJbHOIO MpEpPhIBAHUS B PETUCTPE COCTOSHUM I TOTO, YTOObI pa3peliuTh npepbiBaHue. B 3a-
BUCUMOCTH OT 3HA4YEHHUs MPOTrPAMMHOIO CUYETUMKA, IPEPBIBAHUSI MOT'YT OBITH aBTOMAaTHUYECKU
3anpenieHbl, Korjaa nporpaMMupytotes outhl 6mokupoBkun BLB02 win BLB12. TTogo6Has oco-
OCHHOCTB IMOBBIIIAET 0E30MACHOCTh MPOTrpaMMHOro obecrieuenust. s mosyueHust moapoOHOM
uHpopmaruu cM. oapasnen 3.20 «I[IporpammupoBaHue namMsTh.

Munanmme agpeca B IpOCTPAHCTBE MaMATH IIPOrpaMM, IO YMOJYAHUIO, OIPEEIIEHbI KaK
BEKTOpHI cOpoca u npepbiBaHus. [lepeueHb npeprpiBaHui yCTaHABIMBAET TaKXKe YPOBEHb IPUO-
PUTETOB Ul Pa3jIMuYHbIX IpEepbhIBaHMM. UeM HUKe aJpec, TEM BBILIE YPOBEHb INPUOPUTETA.
COpoc umMeeT HauBbICIIMI npuopuTeT, a cieayroumm sasiserca INTO — 3anpoc 0 BHemHero
npepbiBaHus. BeKTOphl mpeppiBaHus MOTYT OBITH MEpEeMEIIeHbl B HAYalO CEKIMH 3arpy3Ku
¢um-namsaTy myreM ycraHoBkH paspsia [IVSEL B peructpe ynpaieHust 00IUM NpepbIBAHUEM
(GICR). I[HoapoOHO BOMIpOC MO «IIpEephIBAHUAM» PACCMOTPEH B mozapaszaene 3.7. Bektop cOpoca
MOYET OBITh TaK)KE€ MEpPEMEIIEH B HAYaJl0 CEeKLUHU 3arpy3ku (IdLI-MaMATH C MOMOILBIO Ipo-
rpammupoBanus outa BOOTRST, cmotpu moapaznen 3.19 «llogaepkka 3arpy3uuka — camo-
IPOTrpaMMHUPOBAHUEY.

[Tpu BO3HMKHOBEHUU NpepbiBaHus OUT | paspenieHus rinodalbHOIO NpPEepbIBAaHUS OYMILA-
eTcs U Bce npepeiBanus 0sokupyrotes. [lonpzoBatensckoe [10 MokeT 3anMChIBaTh JIOTHYECKYIO
eauHuny B Out | i paspenieHus BIOKEHHBIX NpepbiBaHUi. Bee paspereHHble MpepbiBaHUs
MOTYT IpephIBaTh TeKyllee npepbiBaHue. Pa3psan 1 ycraHaBinuBaercss aBTOMaTUYECKH IPU HC-
IIOJIHEHUM BO3BpaTa U3 KoMaH bl npepeiBanus RETL

CyiiecTByeT /1Ba OCHOBHBIX THIIA IpepbIBaHui. [1epBbIif THI 3amyckaeTcst COObITHEM, KO-
TOpOE yCTaHABIUBAET (uiar nmpepeiBaHus. [Jist 3TOro THma MpephIBaHUN MPOTPAMMHBIN CYSTUUK
NEPeXOAUT Ha BEKTOP MpephIBaHUMN JJIs1 UCIIOJHEHUS MOANPOrpaMMbl 00paOOTKU MpepbIBaHMsI-
MU, TIPU 3TOM allapaTHO OYMILIAETCS] COOTBETCTBYIOLIUH (uiar npepbiBanus. diaru npepbiBaHus
MOTYT TaK)K€ OUYMIIATHCA MYTEM 3alMCH JOTMYECKON €IMHULBI B MO3HULMIO pa3psa COOTBET-
cTByMoero (nara. Eciiv Bo3HHMKaeT yclioBUE MPEPBIBAHUSA B TO BpPeMsl, KAK COOTBETCTBYIOIUI
paspsa npepbiBaHus cOpolleH, ¢uiar npepbiBaHus OyJIeT YCTaHOBJIEH M 3allOMHEH /0 pa3pelie-
HUS TpepbIBaHUs UM OH OyneT cOpolleH mporpaMMHbIM criocoboM. [TogoOHEIM 00pa3om, eciu
BO3HHUKAET OJHO WM HECKOJIBKO YCIOBHM MpepbIBaHUS MPU COPOILIEHHOM pa3psje riI00aabHOro
paspenienus npepeiBanus |, coorBeTcTBYrOUMi (uiar(n) OyAeT yCTaHOBJIEH U BHECEH B MaMATh
JI0 TeX I0p, NMOKa yCTaHOBUTCA |, a 3aTem OyzAeT BhINOIHEHa 00padoTKa MpepbIBaHU B IOPSIKE
IIPUOPUTETA.

Bropoii Tun npepeiBaHuil OyaeT 3amylieH Kak TOJIbKO BOSHUKHET YCJIOBHUE IPEPBIBAHMUSL.
DT npepbIBaHMs He 00s13aTeIbHO JOKHBI UMeTh ¢uiary npepbiBanus. Ecnu yciaoBue npepbiBa-
HUS MCcYEe3aeT J0 pa3pelieHus NpepbIBaHus, TO IPEePhIBAHUE HE OYAET 3aIyIIeHO.

[Tocne BbIXOAA U3 MPEPBIBAHKUSI MUKPOIIPOLIECCOP BCET/la BO3BPAIAETCS K OCHOBHOM IIPO-
rpaMMe U HCIIOIHSET elle OAHY KOMaHay /10 00CIyKMBaHHs JIF0OOOT0 JKIYIIETro MpepbIBAHUS.

OOparute BHUMaHHE Ha TO, YTO PETHCTP CTaTyca HE COXPAHIETCS aBTOMATHYECKU IPH
BO3BpaTe U3 NPOIEAYphl PEPbIBAHUSA. ITO TOJKHO BBIIOIHATHCS IPOrPaMMHO.

[Tpu ucnonszoBanuu koMauabl CLI s OJOKMPOBKM HpepbIBaHMs, MpepbIBaHus OyayT
HeMe yIeHHO OokupoBaHbl. Hu 01HO TipepbIBaHne HE OyIeT BRIMOTHATHCS mocie koMaH bl CLI,
Jla)Ke €CIIM OHO MPOMCXOAUT OJHOBpeMeHHO ¢ komanao CLI. Crnenyromuii mpumep nokassliBa-
€T, KaK 3TO MOXXET OBITh MCIOJB30BAHO ISl TOTO, YTOOBI M30€XaTh MpephIBaHUI BO Bpems 3a-
IUTAaHUPOBaHHOM nocnenoBaTenbHocTH 3anucu JCIIII3Y.
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[Tpumep accemOIepHOTO KO/Ia

inrl6, SREG ; 3anuch 3Hauenus B SREG

cli; OJIOKMPOBKA MPEPHIBAHUI B TCUCHUE BPEMEHH ITHKJIa
sbi EECR, EEMWE ; 3amyck 3anucu B EEPROM

sbi EECR, EEWE

out SREG, r16 ; BoccranoBjieHue 3HaueHus SREG (I-bit)
ITpumep C-kona

char cSREG,;

CSREG = SREG,; /* 3anuch 35auenus B SREG */

/* GIOKMpPOBKA PEPHIBAaHHI B TEUCHHE BPEMEHH IHUKJIA */

_CLI();

EECR |= (1<<EEMWE); /* 3anyck 3anucu B EEPROM */

EECR |= (1<<EEWE);

SREG = cSREG; /* Boccranosnenune 3unaucaus SREG (I-bit)*/

[Tpu ucnons3zoBanuu komanasl SEI 1uis paspemienus nmpepbBaHuil KOMaHa, caeyonas
3a SEI, Oyner BrImosHEeHa 70 TF000TO OXKHMIAEMOTO MPEPHIBAHMS, KaK 3TO IMOKa3aHO B JTAHHOM
npuMepe.

[Tpumep accemObiepHOro Koaa

Sei ; yCTaHOBKa pa3pelieHus rI00aIbHOTO MPEPhIBAHUS

sleep ; Bkirouenue pexuma Sleep, oxuaanne npeprIBaHUR

; 3AMeTKa: pexuM S|eep BKIIFOYEH /10 BOZHUKHOBEHUS JIFOOOTO
; IpepbIBaHUs(1iA)

ITpumep C-xona

_SEI(); /* ycranoBka pa3pelieHus riodaabHOro npepbiBaHus */
_SLEEP(); /* Bkirouenue pexxuma sleep, oxxuganue npepbiBanuii */
/* 3ameTKa: pexxum Sleep BKIIFOUEH 10 BOBHUKHOBEHUS JIF000r0 mpephiBaHus(1ii)*/

Bpemst oTk/IMKa npepbIBaHUA

OTKJIMK BBIOJHEHUS IPEPBIBAHUS JIJISl BCEX Pa3pEelICHHbBIX MPEPbIBAHUN COCTABISET MU-
HUMYM Y€TBIPE TAaKTOBBIX IMKJIA. BO BpeMs Iepuona 4eThIpeX TAKTOBBIX ILUKIOB 3HAYECHHE
CUYEeTYMKa IPOrpaMM 3aHOCHUTCSA B CTEK. BekTop OObIYHO MepexoAuT B Impoueaypy oOpaboTku
IIPEPBIBAHK, U ITOT MEPEXO] 3aHUMAET TPU TAKTOBBIX LMKJIA. ECiau mpepbiBaHUE IPOUCXOIUT
BO BPEMsI HCIIOJIHEHUS KOMaH/bl, COCTOSIIEN U3 HECKOJIBKHUX LIMKJIOB, TO KOMaHJ1a 3aBEpIIACTCS
JI0 TOTo, Kak oOcimyxXuBaeTcs IpepbiBaHue. Ecnu mpepblBaHHE NPOMCXOIUT KOTAa MHKPO-
KOHTpPOJIJIEP HAXOJAWUTCS B CIAIIEM PEKHUME, TO BpeMs OTKJIMKA BBIOJIHEHUS NPEPBIBAaHUS CO-
CTaBIIET CYMMY BPEMEHHU BBIXOJA U3 CIIALIETO PEKMMa U JUIMTEIBHOCTU YETBIPEX TaKTOBBIX
LIUKJIOB.

BosBpaienne u3 pexxuma o0pabOTKH MpepbIBaHUS 0OBIYHO 3aHUMAET YEThIPEe TAKTOBBIX
nukiaa. Bo Bpems 3THX yeThlpeX LMKIOB 3HaU€HUE MPOrpaMMHOr0 cyeTyuKa (J1Ba Oaiita) Boc-

CTaHABJIMBACTCS U3 CTEKa, yKa3aTellb CTEKa YBEJIMYMBACTCS HA JBA, U YCTaHABJIMBACTCS paspsi |
B SREG.

3.2 YcrpoiicTBa naMATH MUKPOKOHTpoJiepa 1887BE4Y

B sTrom nonpasznene onuceiBarotes pasinunble yerporictBa nmamsatu MC 1887BE4Y. Ap-
XUTEKTYpa MUKPOKOHTPOJUIEPA UMEET 1BA OCHOBHBIX ITPOCTPAHCTBA MAMATH: IIAMSThH JAHHBIX U
namathk nporpamm. Kpome toro, 1887BE4Y ornuuaercs nammuumem DCIIII3Y mns xpanenus
JaHHBIX. Bce Tpu pocTpaHCTBa MAMATH SBIISAIOTCS JIMHEWHBIMU U PETYIISIPHBIMH.
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3.2.1 BuyTpucucreMHas nepenporpaMmmupyemMasi (pJidII-namMsiTb NporpamMm

NC 1887BE4Y conepxut 8 KOalT BCTpOCHHOM BHYTPUCUCTEMHOW IMEperporpaMMHUpye-
MOH (hIAUI-IaMATH ISl XpaHeHus mporpaMM. [1ocKobKy Bce KOMaH/IbI MPOLIECCOpPa UMEIOT IIIH-
puny 16 wim 32 paspsna, ¢hadu-nmaMsaTh opraHuzoBana B Bujae 4K x 16. [[ns noBwimeHus 6e3-
onacHoctH I1O npocTpancTBO (BdMI-MaMATH pa3fesieHo Ha JBE CEKLUHU: CEKIMIO 3arpy3dHKa U
CEKLHUIO MPUKJIAJHBIX TPOTPaMM.

KonngectBo nukioB nepesanucu nmaMsata nporpamm — 100 000. Cpok xpaHeHUs TaHHBIX —
10 ner.

[Tporpammusriii cuetunk PC mist UC 1887BE4Y umeer pa3psiaHocTs, paBHyO 12 6UT, 4TO
no3Bouisger aapecoBaTh 4K aapecoB mamsaTu nmporpamm. Paborta obnactu 3arpy3udka U CBSI3aH-
HBIX C HEW pa3psiioB OJOKMPOBKHU OOJIACTH 3arpy3drKa MOJpOOHO OMHCaHbI B moapasnene 3.19
«[Togneprkka 3arpy3dyrKa — CaMOIpPOrpaMMHUPOBAHUE.

[Tpu 3amMcu JaHHBIX B MAaCCHB MaMTH, HEOOXOAMMOCTb B MPEABAPUTEIHLHOM CTHPAHUH
otcyTcTByeT. CoCcTOsIHUE siueeK MmaMsaTu nociie koMana ctupanust — 0000. 3anucy nporu3BOIUTCS
MOCTPAaHUYHO (pa3Mep cTpaHulbl — 32 16-pa3psaaHbIX CIIOBA).

TabmuIiel MOCTOSHHBIX BETMYMH MOTYT PAcIoyiaraThCsi BHYTPU aJApPECHOTO MPOCTPAHCTBA
BCEH MaMATH IPOIPAMM.

Ha pucynke 3.6 noka3zana opranuszauus namaru nporpamm juist MC 1887BE4Y.

$000

CekTop npuknagHou
nporpammei

e

CekTop nporpammbi
Ha4anbHOM 3arpys3kn | aree

Pucynok 3.6 — Kapra namsitu nporpamm

608 agpecoB MaMsATH TaHHBIX BBIJEJIEHBI U1l PETUCTOBOrO (aiiia, maMsTH BBOAA-BbIBOAA
u CO3Y BHyTpeHHMX AaHHBIX. [IepBbie 96 mo3unmii npegHa3HayeHsb! 17 pa3MELICHHs apecoB
perucTpoBoro ¢aiia U aapecoB PErHCTPOB BBOJA-BBIBOMA, a cieayromue 512 mo3umuii — uist
CO3Y BHYTpPEHHMX JAAHHBIX.
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[1aTb pa3aM4HBIX PEKUMOB aJPECALNU ISl TaMSITH JaHHBIX BKJIIOYAIOT: MPSIMOM, KOCBEH-
HBI CO CMEUIEHUEM, KOCBEHHBIN, KOCBEHHBIN C MPEAACKPEMEHTOM U KOCBEHHBIN C TOCTUHKpE-
MeHTOM. B peructpoBom aiine peructpsl R26 — R31 umeror anbrepHaTUBHYIO (QYHKITUIO peru-
CTpPOB-yKa3aTesield ¢ KOCBEHHOM ajpecalyei.

HenocpenctBenHas ajgpecains 0XBaThIBAET BCE IPOCTPAHCTBO JAAHHBIX.

Pexxum KOCBEHHBIN CO CMEIIEHHEM OXBaThIBaeT 63 ajpeca OT OCHOBHOTO aJpeca, BblJaH-
HOro peructpoM Y wiu Z.

[Ipu ucnonbp30BaHUM PEKUMOB C KOCBEHHOH ajipecallieil, perucTpoB ¢ aBTOMaTHUYECKUM
IPEIIEKPEMEHTOM U IOCTUHKPEMEHTOM, 3HAU€HUs apecHbIX perucTpoB X, Y u Z yMEHbIIAIOT-
Csl WIIA YBEJIMYMBAIOTCSI.

32 pabouux perucrpa o0Iero HazHadeHus, 64 peructpa BBoJa-BeiBoga u 512 Oait
CO3Y Buyrpennux naHubix B UC 1887BE4Y nocTynHbl ¢ TOMOIIBIO BCEX YIOMSHYTBIX PEXHU-
MOB aJIpecaltH.

Peructposslii ¢aiin IIpocTpaHCTBO aapecOB TaHHBIX

RO $0000

R1 $0001

R2 $0002

R29 $001D

R30 $001E

R31 $001F

Peructpsl BBoga-BeIBOAA

$00 $0020

$01 $0021

$02 $0022

$3D $005D

$3E $005E

$3F $005F

Buyrpennee CO3Y

$0060

$0061

$025E

$025F

Pucynok 3.7 — Kapra namsTi JaHHBIX

Bpemena ocTyna Kk namMsiTl JaHHBIX

Hwmxe onuceiBaroTcst o01Me MOHATHS, KacarOIIMeCcss BpEMEHH ISl JOCTyIa K BHYTPEHHEH
namstu. Jloctyn k BHyTpeHHHM JaHHBIM CO3Y BBIMOIHIETCS B TCUYCHUE JIBYX TAKTOBBIX ITUKIIOB
clkcpu, Kak 3TO TIOKa3aHO Ha pUCyHKE 3.8.
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Pucynok 3.8 — Iuxnsl noctyna k qauasiM CO3Y Ha kpucranie
3.2.2 IHamars ganaeix JCIITI3Y

NC 1887BE4Y conepxut 1 Kbaiit namsaru nanueix DCIII3Y. Ona oprannzoBana B BUjIE
OTJIEIBHOIO NTPOCTPAHCTBA JAHHBIX, B KOTOPOM MOTYT CUUTBIBATHCS U 3alIMCHIBATHCS OTAEIbHBIC
Oaitrel. loctyn mexay OCIII3Y u LIIY onucan nanee ¢ ykasaHHeM PETUCTPOB ajpeca, peru-
CTPOB JIaHHBIX U peructpa ynpasnenus ICIIII3Y.

[Ipu 3anucu JaHHBIX B MAacCUB MaMsTH HEOOXOIMMOCTb B IIPEIBAPUTENILHOM CTHPAHHUU
orcyrcTByeT. COCTOSIHUE YEeK MaMATHU I10CJIe KOMaHJ CTUPAHUs — HOJIb. 3allUCh MOKHO IIPOU3-
BOJIUTH KaK MOCTPAHUYHO, pa3Mep CTpaHUIbl 32 Oaifta, Tak U HOOAMTHO.

KomuuecTBo 1mukioB nepesanucu namsatd gadHbix — 100 000. Cpok XpaHeHUs TaHHBIX —
10 ner.

Hoctyn cuurbiBanus/3anucu JCIII3Y

Peructpsr noctymna k CIII3Y nocTynHbl B TPOCTPAHCTBE PETUCTPOB BBO1a-BHIBO/IA.

Bpewms 3anucu ans OCIII3Y npusenen