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BBenenne

B nacrosmem pykooactBe K®dJ/[J1.431295.039 npuBeneHO oOmucaHue ap-XUTEKTYPHI,
(YHKIMOHAJIBHOTO TOCTPOCHMS, TEXHUYECKHX XapaKTePUCTUK, CHCTEMBbl KOMaHA U
ocobennocteit npumeHeHnuss MC 1887BE4Y, koTopas npeactaBisieT co0oil 8-pa3psaHyr0 MUK-
po-OBM ¢ AVR RISC apxutektypoii, TakToBoi yactotoit 8 MI't, comgeprkarumii 8 Koaiit Flash
3V nporpamm, ICIII3Y (1Kx8) out, O3V (512x8) 6uT, 8-kananbubiii 10-pazpsaasnii AL,
1OCJIeI0BaTeNbHbIN nepudepuiiabiii naTepderic SPI, 1ByXnpoBogHON MOCiea0BaTEIbHBIA HH-
tepdetic TWI, nocnenoBarensupiii mopT UART. PazpaboTranHple MUKPOCXEMBI OYIYT CIY>KUTh
OCHOBOM JIJIs1 CO3/1aHuUs IEPCIIEKTUBHBIX CUCTEM YIIPABJICHHUS.

B nacTosiee BpeMsi OJHUM U3 OCHOBHBIX ()aKTOPOB OOecreueHus KOHKYPEHTOCIIOCOOHO-
CTH OTEYECTBEHHOM pPaJMO3JIEKTPOHHOH amnmapaTypbl U €€ JKUBYYECTU SIBJISETCS NPUMEHEHHE
npu ee pa3pabOTKe W MPOU3BOACTBE MMIIOPTOHE3aBHUCHUMOM 3JeMEeHTHON 6a3bl. MiMmopTo3ame-
[ICHUE AJIEKTPOHHBIX KOMIIOHEHTOB HambOosiee 3(h(HEeKTUBHO B Cydae MCIIOJIB30BAHUS MOJTHBIX
(GYHKIIMOHATBHBIX aHATIOTOB U3ACIUNA MUKPOIIEKTPOHUKH.

Hacrosiiiee pykoBOACTBO MOKET CIIYKMThb MPAKTUYECKUM MOCOOMEM IO MPUMEHEHUIO
MHUKPOKOHTPOJIIEPOB /1715 pazpaboTunkoB cucteM Ha ocHoBe VIC 1887BE4Y.

1 Ha3nauyenue u 00J1acTh NPMMEHEHUA

B oGmactu mpoMBIIUICHHOTO MPou3BoJIcTBa MUKpocxeMa 1887BE4Y moxer ObITH HC-
[10JIb30BaHA JJIsl YIPABJIEHUS POOOTOTEXHUUYECKUMH KOMIUIEKCAMH, B CUCTEMax aBTOMaTH3alUU
TEXHOJIOTMYECKUX IPOLIECCOB, B CUCTEMAX aBTOMATU3UPOBAHHOIO YIIPABJICHUS DJIEKTPOIPUBO-
JIOM, OPITEXHUKE, BHIYMCIUTEIBHON TEXHHUKE, T€IEeKOMMYHUKAIIMOHHON TeXHUKE U T. 1. Oco-
OEHHO MepCNEeKTUBHO NMpuMeHeHue MmukpocxeM 1887BE4Y B mopratnBHOM HOCHMOII anmapary-
pe u npubopax, HUMEIOUIMX JKECTKHE OTPaHUYEHUsS IO COOTHOUIEHHIO ObICTpOJei-
CTBUE/TOTpebIIsIeMasi MOIIHOCTH/CTOUMOCTb.

2 Kparkoe Texunuyeckoe onucanue UC 1887BE4Y

Cxema sBisercst KMOII 8-OGMTHBIM MHKPOKOHTPOJIEPOM, MOCTPOCHHBIM Ha PaCIIUpPEH-
Hoit AVR RISC apxutektype. Vcnonb3ys KOMaH/Ibl, UCIIOJHIEMbIC 3a OJMH MAIlIUHHBINA TaKT,
KOHTPOJUIEp JIOCTUTaeT npousBoauTeabHocTd B 1 MIPS Ha paboueii yactote 1 MI'1, yro no3so-
JseT pa3paboTyuky 3P(GEKTUBHO ONTUMHU3UPOBATH MOTPeOIeHNE SHEPTrUuu 3a CuéT BbIOOpA OI-
TUMAJIbHON IIPOU3BOJAUTEIBHOCTH.

AVR sapo coderaer pacmmpeHHbI Ha00p KoMaH[ ¢ 32 paboYrMu perucTpamu 0OIIero
Ha3HaueHus. Bee 32 peructpa coenunensl ¢ AJIY, uto obecrieunBaeT JOCTYI K ABYM HE3aBUCH-
MBIM pErucTpaM Ha BpeMs MCIIOJHEHUs KOMaH/Ibl 32 OJMH MAalllMHHBIA TakT. biaronaps BeiOpaH-
HOM apXWTEKType IOCTHTHYTa BBICOKAas MPOU3BOAUTENBHOCTH, B 10 pa3 mpeBocxopsmias CKo-
pocTb cooTBeTcTBYIOIIEr0 CISC MUKpOKOHTpOJLIIEpA.

MuxkpokoHnTposuiep conuepkutT 8 KOalT BHYTPHUCHUCTEMHON IporpaMMupyeMoil G-

namsti (Flash) mporpamm ¢ BO3MOKHOCTBIO YTeHHs B Tipotiecce 3anucy, 1 Koaiit DCIIII3Y,
512 oaiitor CO3Y, 32 Bxonaa/Beixoaa o0Iiero HasHaueHus, 32 pabouuX perucrpa, TpH rHOKUX
TaiimMepa/cuéTunka ¢ peKMMOM CPaBHEHUs, BHEIIHWE M BHYTPEHHME IpPEpbIBaHMA, MOCIEI0Ba-
TenbHbIN mporpamMMmupyeMbiii UART, 8-kananbhbiil 10-OutHbiil AL, nporpaMMmupyemslii cTo-
pPOXEBOH TaiiMep ¢ BHYTPEHHHM T€HepaTopoM, nocienosarenbhbiii SPI mopT u mects BeIOMpae-
MBIX IPOIPAMMHO PEXHUMOB COEPEKEHUS IHEPTUU.

B pexume xonocroro xona LITY He QyHKIMOHUpYET, B TO BpeMs Kak (GYHKIHOHUPYIOT
CO3Y, raiimepsr/cuétunku, SPI mopt m cucrema mpepbeiBaHuii. B MUKpOKOHTpoJiepe cyie-
CTBYET CIleLUalbHBIA pexuM nopasiieHus myma ALl npu 5TOM B 1IEJIOM B CISILIEM PEKUME
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¢ynkunonupytot Tosibko AL 1 acHHXpOHHBIN TaiiMep U UCKITIOUEHHs HU(PPOBBIX LIYMOB B
nporecce npeodpazoBanus ALl B pexume MukponorpeOieHuss MpoOLECCOpP COXpaHSET Co-
JIEP’)KMMOE BCEX PETUCTPOB, OCTAHABIMBAET T'€HEPATOP TAKTOBBIX CUTHAJIOB, IIPUOCTAHABIMBACT
BCE JIpyrue (pyHKLUUU KPUCTAJUIAa A0 MPUXO0/a BHELIHETO MPEepPbIBAHUS WIIM MOCTYIJICHUs BHEII-
Hell komanasl RESET. B pexxumMe oxxuaanus paboTaeT reHepaTop TaKTOBBIX YacTOT, B TO BpeMs
KaK OCTaJIbHbIE OJIOKM HAXOAATCA B CISILEM pexuMe. biarogopst aToMy nepexoj B HOpMaJlbHbIN
peKuM pabOThI MPOUCXOIUT ropas3io ObIcTpee. B pacmmpeHHOM pexuMe 0XHIaHus B paboyem
COCTOSIHUY HAXOAATCS OCHOBHOM I'€HEPATOP U aCUHXPOHHBIN TaliMep.

Mukpocxembl BBIITYCKAIOTCS IIPU UCIIOJIb30BaHUU TEXHOJIOIMH 3HEPTOHE3aBUCUMOM Iamsi-
TH BBICOKOW IUIOTHOCTH. Berpoennas Flash mo3Bomsier mepemporpammmupoBath maMsTh Mpo-
rpaMM BHYTPHCHCTEMHO 4epe3 mocienoBaTenbHblii SPI uHTEepdeiic cTanmapTHBIM MporpaMMa-
TOPOM SHEPrOHE3aBUCUMOM MaMATH WM BCTPOESHHOM 3arpy304HOI MporpaMMmoi, padoraroiieil B
sape LIITY. 3arpy3o4nas mporpaMma MOXET HCIONB30BaTh 000 MHTEepdeiic i sKcnopTa
paboueil mporpamMmsl BO (I3LI-IAMSTh.

Kombunanmst pacmmpennoit 8-6utHoit RISC apxwurextypst LITY u BHyTpucCHCTEMHON
GuHI-namMsaTi 00ecneynBaroT MUKPOKOHTPOJUIEPY BBICOKYIO THOKOCTh M 3KOHOMUYECKYIO
3P PEKTUBHOCTH BO BCTPAUBAEMBIX CHCTEMAaxX YIPAaBICHHS.

2.1 Texunueckne XapaKTepucTUKU U GYHKIHOHATbHBIE BO3MOKHOCTH

MakcuMaibHas TaktoBast yactora, MI' (Uwm/cc = 5,0 B) 16
MakcumaibHas TakroBas yactora, MI'n (Uscc = 3,3 B) 8
paspsaaocTs AJTY 8
00BEM BcTpoennoro O3V, our 512 x8
namsath nporpamum (Flash tuma), 6ur 8K x 8
OCIII3Y, but IK x 8
KOJIMYECTBO UCTOYHUKOB ITPEPhIBAaHUI 20
KOJINYECTBO MapauIeibHbIX §-pa3psIHbIX TOPTOB 4
YHUCJIO KaHAJIOB aHAJIOrO-1IU(POBOTO peodpa3zoBaTeIst 8
YHCII0 Pa3psA0B aHAJIOro-IIM(PPOBOro npeodpa3oBaTess 10
16-pa3psaHbIX TaiiMepoB 1
8-pa3psaHbIX TaliMEepoOB 2
nocnenosarenbHbid opT UART 1
nocseioBaTenbHbIi nepudepuiinblii natepgeiic SPI 1
AHAJIOrOBBIM KOMIIApaToOp 1
cropoxxeBoii Taitmep WDT 1
YHCII0 PEKUMOB TIOHM)KEHHOTO TIOTPEOJICHHUS] MOIITHOCTH 6

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

HoMuHanpHble 3HAueHUs HaAOpsDKEHUS MUTaHUA MHUKpocxeM: muitoc 5,0 B, unum mimroc
3,3 B. [lommyctuMoe OTKIIOHEHWE HANpsHKEHUS] MUTaHUS OT HOMHHAIBHOTO +10 %. AMImuTyaa
MyJIbCaIlluil HanmpsDKEHHs uTanus He 6omee 50 MB.

Hanpspkenne uctounuka ormopaoro HanpspkeHus ot 2,0 B 1o Unycc.

JlonmycTMOE OTKJIOHEHHWE HANpsDKEHUs MUTaHUs OT KpaWHuX 3HadyeHud munyc 1 % ansa
HanpstkeHus 4,5 B u mmoc 1 % st nanpspkenust 5,5 B.

JlonmycTMOE OTKJIIOHEHHWE HANpsDKEHUsl MUTaHUs OT KpalWHuX 3HadyeHud munyc 1 % ansa
Hanpspkenus 3,0 B u mumoc 1 % mist Hanpsokerust 3,6 B.

2.2 OCO0eHHOCTH apXUTEKTYPbI

Oco6ennoctu apxutektypbl IC 1887BE4YVY:
- OBICTPOJICHCTBYIOMIAST APXUTEKTYpa THITA «PETUCTP-PETUCTPY;



- peructpoBoe O3Y emkocThio 10 512 Gaiit;

- oceAoBaTeNbHbIN nepudepuiinbiii uaTepdeiic SPI;

- I10CJIEI0BATEIbHBIM CHHXPOHHO-aCUHXPOHHBIN npuemonepenatuuk UART,;

- IBYXIIPOBOJIHOM mocieoBaTenbHbI nuTepdeiic TWI,

- 16-pa3psaHblii TaiiMep/cueTduK;

- 1Ba 8-pa3psAHBIX TaliMepa/cueTurKa;

- 8-pa3psaaHbIi CTOPOKEBOM Taiimep;

- 8-xananpHbIH 10-pa3psaaHbIi aHATTOTO-IIM(POBOM MpeoOpa3oBaTEb,

- AHAJIOTOBBIM KOMIIApaTop;

- 4-xananeHbeH HIM;

- 4eThIpe §-pa3psIHBIX OPTA BBOJIA-BBIBO/IA;

- pexxumbl xoaocTtoro xona IDLE u xpanenuss POWERDOWN.

Crpykrypnas cxema VC 1887BE4Y npusenena Ha pucyske 2.1.

YcnoBHoe rpadguueckoe 0003HaUCHHE MUKPOCXEMBI IPUBEICHO HA PUCYHKE 2.2.

OyYHKIMOHATBHOE HA3HAYCHHWE BBIBOJOB MHKPOCXEMBl U WX alIbTepHATHBHBIC (DYHKIIUU
MpeACTaBICHBI B Ta0muIe 2.1.
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Ta6nauna 2.1 — HazHaueHue BHIBOJIOB MUKPOCXEMBbI

Howmep Ob6o3HauyeHne
BBIBO- BBIBOJIA aJ'II)TepHaTI/IBHOI‘/'I cI)yHI(]_II/IOHa.J'IBHOC Ha3HA4YCHUEC BBIBOAA 1;]1:111:[
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-
puitHOTO HHTEpdeEtica |
8,9 PB5, PB6 Bxon/Beixoa 8-pa3psiiHOTO [BYHANIPABIEHHOTO mopTa B I/0
MOSI, MISO | Bxoa/seixon 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 Bxo1 moikiIt0YeHrsT 4acOBOTO KBapIIeBOTO PE30HATOPA |
34 PC7 Bxoz/Beixon 8-paspsiiHoro AByHarpasieHHOro nopra C 1/0
TOSC?2 BrIxo1 moAKIIIOUEHHS 9aCOBOTO KBAPIIEBOTO PE30HATOPA o]
16 PDO Bxo11/BbIx01 8-pa3psiiHOro JBYHAIIpaBieHHOro nopra D 110
RXD Bxon nocnenoBaTeNnpHBIX TaHHBIX MEepeIaTInKa |
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 | KomnaparopHsiii BbIXoja B 1 A Talimepa/cueTanka O
22 PD6 Bxo11/BbIx0j1 8-pa3psiiHOro JBYHAIIpaBieHHOro mopra D 110
ICP Bxon 3axBara Talimepa/cuerunka 1 |
23 PD7 Bxoz/Beixon 8-paspsHoro AByHarpaBieHHoro nopra D 110
0C2 KommapatopHslii BEIXO]T TaliMepa/cueTunKa 2 O
37 NREF BBIBOJI OITIOPHOIO HAIIPSKEHUSI —
35 NVCC BrIBoJ nuTaHMs aHAIOTOBOM YaCTH MUKPOCXEMBI —
36 nov OO0y BBIBOJ] aHAJIOTOBOM YaCTH MUKPOCXEMBI —
14 BQ2 BEIBOZIBI U151 TOAKITIOUEHHST KBApLIEBOTO PE30HATOPA O
15 BQ1 |
11 RESET#/ BriBox curnana o0rero copoca |
VPP Br1Bo1 MporpaMMHUpOBaHUS |
1,13, #OV OOmuii BeiBog 0 B -
24
12, 25, #VCC BoiBo1bI TUTaHUS HIU(PPOBOK YACTH MUKPOCXEMBI -
48
IIpumeuanus

1 BeiBoas! 7, 30, 42, 43 He 3a1eiCTBOBAHEI.
2 VcnoBHble 0003Hauenud: | — Bxox, O — BeIXOA,.
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2.3 CucreMa KOMaH]

Cucrema KoMaH]l BKJIIOYaeT B ce0sl MOJHBIM HAOOp apupMETHUYECKHUX, JIOTUYECKUX KO-
MaHJl, a TaK)Xe onepauuii HaJ OUTaMu, MHCTPYKIUH YIpaBJIEHUS M MEpexoAa C pa3iuyHbIMU

criocobamu aapecaruu. Oomee yrcio koMana — 130, npeacTaBiaeHbl B IPUIOKESHUH A.

2.4 DuexkTpuyecKHne napaMeTpbl MUHKpPOCXeM

DekTpruyeckue napamerpbl MukpocxeM 1887BE4Y npu npuemke v mocTaBKe MPUBEAECHBI

B Tabnuie 2.2

3HaueHHs NMPEeTbHO AOMYCTUMBIX 3JIEKTPHUYECKUX PEKUMOB HKCIUTyaTalluy B JaNa3oHe
pabouux TemnepaTyp NpuBeaeHbI B Tabauue 2.3.

Tab6nauna 2.2 — DneKTpuyecKue napaMeTpbl MUKPOCXEM ITPHU NPUEMKE M TOCTABKE

bykBeH- Hopma Tem-
HaumeHoBanue napamMerpa, HOE 000- napaMmerpa nepa-
eIMHUIIA U3MEPEHUS, 3HAUCHUE | He e Typa
PEKHUM U3MEPEHUS napameT- | Me- CpeIbl,
pa Hee Ooiee oC
1 2 3 4 5
1 Beixoguoe HarnpsKEHUE loL =20 MA, UoL
HH3KOT0 YpoBHS 110 BEIBOAM | Usyee = Unvee = 5,0 B
PAO — PA7, PBO - PBY, oL = 12 MA. - |06
PCO-PC7, PDO - PD7,B Usvee = Unvee = 3.3 B 60 + 3
2 BbIX0iHOE HANpPsSUKEHHUE Uon 25+10
BBICOKOTO ypoBHs 1o BEIBO- | Usvee = Unvec =350 B 42 |- 85+3
nam PAO — PA7, PBO — PB7,
I;’CO_—_F;C?, PDO - PD7, B, Usvee = Upvee = 3.3 B 2.4 B
OH — MA
3 Toxku yTeuku Ha Bxoje mo BeiBogam PAO — PA7, L,
PBO - PB7, PCO — PC7, PDO — PD7, MKA, iy |8 |8 2510
Usvee = Unvee = 5,5 B; 0,45 B <U; < Ucc 85+3
4 JlnHAMHYECKHUI TOK I10- locci
TpeOJIeH s IO BEIBOIAM Usvee = Unvee = 35,5 B - 30
#VCC, NVCC B aKTUBHOM
pexxume, MA, foy =4 MI' Usvee = Unvee = 3,6 B - 10
5 JIluHaMHYECKHI TOK T10- locca
TpeOJICHUS 110 BBIBOIaM Usvee = Unvee =5,5 B - 8 6043
#VCC, NVCC B pexume mo- 25+ 10
HW>KEHHOTO OTpeOIIeHus, Usvee = Unvee =3,6 B — 6 85 + 3
MA, fc| =4 MI' 1I
6 Tok noTpebneHus o BbI- Usvee = Unvee = 5,5 B lces — | 200
Bogam #VCC, NVCC B pe-
KUME XpaHEHHUs, MKA Usvee = Unvee = 3,6 B B 125
7 HanpsixkeHne cMeleHUs Usvee = Unvee = 5.0 B Uio
KoMI1aparopa, MB, — 40
U, = Ucc/2 Usvee = Unvee = 3,3 B
8 OYHKIMOHATHHBIN Uxsvee = Unvee= (3,0 - oK
KOHTPOITb 3,6) B, fci=8 MI'nl
Usvec=Unvee = (4,5 -
5,5) B, fc= 16 MI'l
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Tabnuna 2.3 — 3HaueHUS NPEJCIBHO TOMYCTUMBIX JIEKTPUICCKUX PEKUMOB IKCILTyaTAIlMH B
Jara3oHne pabouux remmeparyp oT MuHyc 60 go mitoc 85 °C

IIpenenbHO [IpenenbHblin
byksen- N
JOTTYCTUMBIN PEKUM pexuUM
HaumenoBanue napamerpa pexxuma, HOe 000- o
eAMHUIIA U3MEPCHUS 3HaYEeHHUE HE HE HE
mapameTpa | MeHee Goee ME 1 Gonee
Hee
1 Hanpspxenne nutanus udpoBoit Usvee” 3,0 3,6 03 70
yactu UC, B 45 55 - ’
2 HampspkeHre muTaHus aHaJI0TOBOM Unvccl) 3.0 3,6
gactu UC, B ’ 0,3 7.0
> 45 55
3 BxoaHoe HanpspKeHHEe HU3KOTo UL
ypoBHs, B -0,5 0,2Usnvcc | 0,6 —
4 Bxo/1HOE HaIpsKEHUE BHICOKOTO UiH1
ypoBH# 110 BbiBojiaM PAQ — PA7,
PB0O - PB7, PCO - PC7, PD0O-PD7, B 0,6Uxvce | Usveet0,5 — Usvect0,6
5 BxoaHoe HanpsHKEHHE BBICOKOTO Uiz
ypoBHs 1o BeiBony BQ1, B 0,8Usvce | Usvecet0,5 — Usvcct0,6
6 BxoaHoe HanpsHKEHHE BBICOKOTO Uiz
ypoBHs 1o BeiBony RESET#/VPP, B 0,9Usvce | Usvecet0,5 - Usvcct0,6
7 HanpsixeHne MporpaMMHUPOBAHUS Upp
na BeiBosie RESET#/VPP, B 11,5 12,5 - 13,0
8 BbIX0/IHOM TOK HU3KOTO YPOBHS 11O IOLZ)
seiBoxaM PAO — PA7, PBO — PB7,
PCO0 - PC7,PD0 - PD7, MA,
Usvee = Unvee = (4,5-5,5) B - 20 - 25
U#vcc = Umvcc = (3,0 — 3,6) B — 12 — 25
9 BbIX0oaHOM TOK BBICOKOTO YPOBHSI 11O IOHZ)
BeiBogaM PAO — PA7, PBO - PB7,
PCO - PC7,PD0O - PD7, MA -3,0 - -5,0 -
10 JInurenbHOCTh (PPOHTOB BXOAHBIX tLH, tHe
CUTHAJIOB, HC,
- nisg Bxoga BQ1 - 10 - -
- JUISI OCTAJILHBIX BXOJIOB - 20 - -
11 TakroBas | Uzycc = Upvee = fc 0 3
9acToTa, =(3,0-36)B
MI'n Usvee = Unvee =
=45-558B 0 16
12 EMKOCTB Harpy3Kku 10 BEIBOJAM CL
PAO - PA7, PBO - PB7, PCO - PCY7,
PDO - PD7, n® - 80 - 150

DM

HACTOSIIIEM PYKOBOJICTBE.

€XJ1y HaNpsHKEeHUSIMU IUTAHUSI aHAJIOTOBOM YacTH U HU(POBON 4aCTH MUKPOCXEMBI
JOIKHO coxpaHsaTbes cooTHomeHue |Usvee — Unvee| < 0,3 B.
2) CyMMapHBIil NpeIeabHO TONYyCTUMBIA HArPy304HBIN TOK IO BBIBOJAM

PAO - PA7, PBO - PB7, PCO — PC7, PDO — PD7 ne nmomxen npesbimatsh 400 MA.
KoHkpeTHbIe 3HaYCHUS JIJIS PAa3JIMIHBIX BBIBOJIOB 3aBHCST OT PeKMMa PabOThI U TIPUBE/ICHBI B
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3 dynkunonaabHoe onucanue UC 1887BE4Y

NC 1887BE4Y mnpencraBmser coboit mamomomubiii KMOII 8-paspsaHbiii  MUKpPO-
KOHTpPOJIJIEP, TOCTPOCHHBIN Ha paciuupeHHo apxutekrype RISC. briaronaps BeImogHEeHUIO KO-
MaHJl B Te4eHue ogHoro taktoBoro nukia, UC 1887BE4Y nocturaer npou3BOIUTEIBHOCTH B
| MMJUIMOH Omepanuii B CEKyHIy, YTO MO3BOJISIET Pa3pabOTUMKy CHCTEM ONTUMHU3UPOBATH I10-
TpeOIsIEMYI0 MOIIIHOCTh C YY€TOM CKOPOCTU 00pabOTKU JaHHBIX.

SAnpo Mukpomporeccopa 00beAUHIET B cede OOIBIION Ha0op KOMaH[ ¢ 32-Ms pabounmu
peructpamu oOuiero HasHaueHus. Bee 32 perucrpa cBsi3aHbl HEMOCPEACTBEHHO C apH(pMeTHYe-
CKHM JIOTHYeCKUM ycTpoiictBoM AJIY, uTo mo3Bossier obecrneunBaTh BHIOOPKY JBYX HE3aBHUCH-
MBIX PETHCTPOB, KOTOPbIE HAMpPsIMYyIO cBsizaHbl ¢ AJIY. DTo mo3BoJsA€T OJHON MPOCTON KOMaH-
JIOM B TEUEHUE OJIHOTO TAKTOBOIO LIMKJIa 00ECTIEYUTH JOCTYI K IBYM HE3aBHCUMBIM PETUCTPaM.
C ToukH 3peHus KOAUPOBAHU TaKasi apXUTEKTypa Oornee 3pPpeKTuBHA, MPU ITOM, IO CPABHEHUIO
¢ 00braHBIME CISC MUKpPOKOHTpOJUIEpAaMU, HOCTUTACTCS B JECATH pa3 Oobllas MPOU3BOJIH-
TEIbHOCTb.

Muxkpokontposuiep 1887BE4Y conepxut 8§ KOalT BHYTPUCUCTEMHOM TPOrpaMMUPyeMOi
GbUI-TaMITH ¢ BO3MOXKHOCTBIO cunThiBaHus BO Bpems 3amucu, JCIII3Y emkocteio 1 Koaiir,
512 6Gaitit CO3Y, 32 nmuHUM BBOJA-BBIBOJIA OOIIET0 Ha3HAUeHUs, 32 paboYMX perucTpa oOIIero
HA3HA4YeHMs, TPU TMOKUX TaiiMepa/cyeTunka ¢ pekKMMaMH CpaBHEHUS, BHYTPEHHHE U BHEIIHUE
IpephIBaHMsl,  IOCJIENOBAaTEIbHBI  MPOrpaMMUPYEMBI  yHHMBEpPCAJIbHBIH  CHUHXPOHHO-
acuHXpoHHbIN nocienoBaTtenbHblii mopT UART, mo6aiiTHO OpHEeHTUPOBAHHBIN JABYXIIPOBOIHOM
nocJe0BaTeNnbHbI naTepdeiic, 8-kananpHbli 10-paspsauenii AL ¢ nononauTenbHBIM qUQde-
PEHIMATBHBIM BXOJIHBIM KAaCKaJOM C IPOrpaMMUPYEMBIM YCHIEHHEM. MUKPOKOHTPOJUIEP UMEET
TaK)Xe MPOrpaMMHUPYEMBbI CTOPOKEBOM TalilMep C BHYTPEHHUM I€HEpPaTOpPOM, IOCIIEI0BATENb-
HbIi niepudepuiinbii nHTepdeiic SPl u mecth 3HEprocoeperaromux pexxumos (Sleep), BridOupa-
eMbIX TporpammHo. Pexxum xomoctoro xona ocranasnupaet L{ITY, B To Bpems kak CO3Y, Taii-
Mmepsl/cueTunku, SPl unTepdeiic n cucrema npepbiBaHUsA MPOAOIKAIOT paboTarh. Pesxxum MuK-
ponoTpeOiIeHHs] COXPaHSIET COAEPKUMOE PETUCTPOB, HO NMPUOCTAHABIUBAET I'€HEPATOP, OTKIIIO-
yas Bce OCTajJbHbIE (PYHKIIMU KpHCTaIa A0 HACTYIUICHHs CIEAYIOIEro MpepbIBaHus MK o011e-
ro copoca. B pexxnMe XxpaHeHHs MPOIOIKAET pabOTaTh ACHHXPOHHBIN TaliMep, B TO BpeMsl Kak
OCTaJibHas 4acTh YCTPOWCTBA HAXOAUTCA B crsilleM pexkume. PesxxnM nonmxenHoro 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 KBaplie-
BbIIl TeHepaTop, B TO BpeMs KaK OCTallbHAasl YacTh YCTPOMCTBA HaXOAMUTCS B CISILIEM PEKUME.
OT0 mo3BosIAeT 00eCHeuynuTh OYEHb OBICTPBIN 3aIllyCK MpU Mayloil motpebissemMol MomHocTH. B
JUIUTETTbHOM PEXHUME 0XKMJIaHUS MPOJOHKAIOT paboTaTh OCHOBHOM MeHEpaTop W aCHHXPOHHBIN
Taimep.

MUKpPOKOHTpOJIIEP M3TOTaBIMBAETCA C MCIOJB30BAHUEM TEXHOJOTHMU SHEPrOHE3aBUCH-
MOH MepenporpaMMUpPYEMO MaMATH C BBICOKOW IUIOTHOCTBhKO YNAaKOBKH. BcTpoeHHast B Kpu-
cTajul IIBII-NaMSTh C BHYTPUCUCTEMHBIM MPOTrPaMMHUPOBAHUEM ITO3BOJIAET MEPENpoOrpaMMHUpPO-
BaTh MMAaMATh C MOMOIIBIO TMociiefoBareabHoro SPl mHTepdeiica wim ke ¢ TOMOIIBIO TaKKe
BCTPOCHHOM B KPUCTAJUI MaMSTH 3arpy3ku. IIporpaMma 3arpy3ku MOeT MCIOJIb30BaTh JIFOOOH
uHTepdeiic s 3arpy3Ku NpUKIAAHBIX Iporpamm B ¢umdm-namsTh. [IporpammHoe obecnieuenue
(ITO) B cexmum 3arpy3ku (UdII-NAMATH OyAET MPOAOIDKATh paboTaTh BO BpPeMs OOHOBIICHHS
CEeKLUHU MpUJIokKeHU (idii-namsaty, Onaronaps yemy oOecredrBaeTCsl pealbHOe CUUTHIBAHHE
BO Bpems 3anucu. brnaromaps o0benunenuto 8-paspsaaHoro RISC LITY co BcrpoenHo# camo-
nporpaMmMupyeMon (dII-maMsaThi0O Ha OJHOM Kpucrtaie, kKontpoiuiep 1887BE4Y smnsercs
MaJIOMOIIIHBIM MHUKPOKOHTPOJIJIEPOM, 00ECTIEUMBAIOIIUM YpE3BBIYAHO THOKOE U SKOHOMHYHOE
pelieHue A1 MHOTUX BHJIOB PUMEHEHUS CUCTEM BCTPOEHHOTO YIPaBIICHUS.

NC 1887BE4Y mnoanepxuBaeT MOJIHBIA HAOOp MPOrpaMM M CPEACTB CUCTEMHOH pa3pa-
00TkH, BKIOYass C-KOMOWISITOPBI, MakpoacceMOJephl, CPEACTBA OTIAIKH U MOJAEIUPOBAHUS,
BHYTPUCXEMHBIE SMYJIATOPHI U OLIEHOUYHBIE KOMITJIEKTHI.
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Onucanue BLIBOJOB

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

Tlopt A (PA7 ... PAO)

ITopt B (PB7... PBO)

[Topr C (PC7 ... PCO)

[Topt D (PD7 ... PDO)

RESET#

Amnasnorossie Bxoansl ALIL

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

BbIBO/IBI TOPTA MOTYT CITY)KUTh TAaK)KE B KA4eCTBE BHYTPEHHUX HArpy304-
HBIX PE3UCTOPOB (BBIOMPAIOTCS IS KaXA0ro paspsna). Beixomnsie Oyde-
pBI IOpTa A UMEIOT XapaKTEPUCTUKH C BHICOKOW Harpy304HOH CIIOCOOHO-
CTBIO U EMKOCTBIO HCTOYHHKA.

Korma BeiBogsr PAQO ... PA7 ucmosb3yloTcss B KQ4eCTBE BXOJOB M M3BHE
MEePEBOAATCS B HU3KOE JIOTHYECKOE COCTOSTHUE, OHU CTAHOBSITCS MCTOYHH-
KaMH TOKa, €CITH aKTUBUPOBAHbBI BHYTPCHHHUE HATPY30YHBIC PE3UCTOPHI.
BriBosbl mopTa A HaxXoAATCs B COCTOSSHUM BBICOKOTO MMIIEJIaHCa B Cllydae
aKTUBalUU cOpoca, TaKe €ClI OTCYTCTBYET TAKTUPOBAHUE

I[Topr B saBasercs 8-pa3psiaHBIM JABYHANpaBlICHHBIM TOPTOM BBOJA-
BBIBOJIa C BHYTPEHHUMH HArpy30YHbIMH PE3UCTOpPAMH (BBIOMPAECMBIMH
Ui Kaxkaoro paspsana). bydepst nopta B uMmerotr xapakTepucTUKU C BBI-
COKOM Harpy304HOM CIIOCOOHOCTBIO U €MKOCThIO HCTOYHHKA.

Korma BeBogsr PBO ... PB7 wcmonb3yroTcst B Ka4ecTBE BXOJOB U H3BHE
MEPEBOAATCS B HU3KOE JIOTUYECKOE COCTOSTHUE, OHU CTAHOBSITCS UCTOYHH-
KaMH TOKa, €CJTH aKTUBUPOBAHbBI BHYTPCHHHUE HATPY30YHBIC PE3UCTOPHI.
BriBosbl mopta B HaxoasaTCs B COCTOSTHUU BBICOKOTO UMIIEAHCA B CITyyae
aKTUBalUU cOpoca, JaKe €ClI OTCYTCTBYET TAaKTUPOBAHUE.

[Topt B BEIMOTHSET TaKkKe Pa3IMUHBIEC CIICIUANbHbBIE (PYHKIINH

[ToptC siBisiercs 8-pa3psaHBIM JBYHANPABICHHBIM TOPTOM BBOJIa-BBIBOJIA
C BHYTPEHHHMH HArpy30YHBIMH PE3UCTOpaMH (BbIOMpaeMbIMU I KaxkK-
noro paspsina). bydepsr mopra C MMEOT XapakTEepUCTUKH C BBICOKOH
Harpy304HOM CIIOCOOHOCTHIO U EMKOCTBIO UCTOYHUKA.

Korma BeBogsr PCO ... PC7 ucmonb3yroTcsl B Ka4eCTBE BXOJOB M M3BHE
MIEPEBOIATCS B HU3KOE JIOTUYECKOE COCTOSIHUE, OHU CTAHOBATCS HCTOYHH-
KaMH TOKa, €CITH aKTUBUPOBAHBI BHYTPCHHHUE HATPY30YHBIC PE3UCTOPHI.
BriBoabl mopta C HaXoa9TCsl B COCTOSTHUU BBICOKOTO MMIIEaHCa B CITyyae
aKTUBAIUU cOpoca, JaKe €ClI OTCYTCTBYET TAKTUPOBAHUE

I[Topr D saBnsercs 8§-pa3psaHBIM JIBYHANpaBICHHBIM IOPTOM BBOJA-
BBIBOJIa C BHYTPEHHUMH HArpy30YHBIMH pPE3UCTOpPAMH (BBIOMPAESMBIMH
JUIS Kaxkaoro paspsna). bydepst mopra D uMeOT XapakKTepUCTUKU C BBI-
COKOM Harpy3049HON CITIOCOOHOCTHIO U €MKOCTHIO MCTOYHHKA.

Korna BeiBogsl PDO ... PD7 ucnons3yrorcss B KaueCTBE BXOJIOB U M3BHE
TIEPEBOJIATCS B HU3KOE JIOTHYECKOE COCTOSIHUE, OHU CTAHOBSITCS HCTOYHH-
KaMH TOKa, €CITH aKTUBUPOBAHbI BHYTPEHHUE HATPY30UHBIE PE3UCTOPHI.
BeiBoibl mopTa D HaxomaTcs B COCTOSIHUH BBICOKOT'O MUMITEIaHCa B ClTydae
aKTUBalMU cOpoca, TaKe €Clii OTCYTCTBYET TaKTUPOBAHUE.

[Topt D BBIMONHSIET TaKXKe pa3TUIHBIC CTICIIHATBHBIC (VYHKITUU

BriBog 1t curnana obmero copoca. CocTosiHMEe HU3KOTO YPOBHS Ha 3TOM
BBIBOJIE MPOJIODKUTEIbHEE, YeM MUHUMAJIbHAS JIJTHHA UMITYJIbca (CMOTpH
tabmuiy 3.15), reHepupyeT curHain copoca, Jaxke e€ciid OTCYTCTBYET TaK-
TupoBaHue. He rapantupyercs, 4ro 0ojiee KOPOTKHE UMITYJIbChI OCYIIIe-
CTBST cOpoc
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O06o03HaueHue Ornucanue BbIBOIA

BBIBOJIA

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

BQ2 BrIxo1 HHBEPTUPYIOMIETO YCHIIUTENS OCIUIUIATOPA

NVCC NVCC npeacrapisieT coO0W BBIBO HAPSHKEHUS MUTAHKS U TopTa A H
AIII. On poimkeH ObITh BHemHE nojacoeanHeH k #VCC, naxe ecnmu AL
He ucnosb3yercs. Ecau AL ucnonb3yercs, To OH TOKEH OBITh MOCO-
enuneH K #VCC yepe3 GMIbTp HIKHUX YacTOT

NREF NREF siBrsieTcst aHAIOTOBBIM BBIBOZIOM OTTOpHOTO HanpspkeHust AL

3.1 SInpo MUKPOKOHTpOJLIEpa

B nanHOM noxpaszziese onMchIBAa€TCS apXUTEKTypa A1pa MUKpompoueccopa B nenoM. Oc-
HOBHOU (yHK1uei siupa LITY sBisercs obecriedenrne NpaBUiIbHOTO UCIIOIHEHHS TporpaMMel. C
yuaerom 3toro LIITY noimkeH uMeTh BO3MOXKHOCTB JOCTYIA K YCTPONCTBAM MaMsITH, BBIIIOJIHEHUS
BBIYUCIICHHH, YIIPaBIeHHs TepU(epHiHBIMUA yCTPOMCTBAMU M OOPAILICHHS C TIPEPHIBAHHSIMH.

3.1.1 AHau3 apXUTEeKTypPbI

( 8-paspsiHas muHa JaHHBIX
A 4
Cuerunk | Craryc B
Gaom-namarh pOrpamMm ¥ KOHTPOJIb
porpamMmm
" 32x8 Monyns
v Peructpsl | npepeiBanmii
Peructp = OCHOBHOT'O
HHCTPYKLHUH = HA3HAYCHUS Moy
< [
» 3 [1TT1
| & 4 v
S =
Jexonep =1 / o CroposkeBoit
UHCTPYKLUIA ole AJTY Taiimep
=
H| < 1S -
l & AHaOroBsli
5 [8 <>
JTunaust g (@) KOMIIaparop
KOHTPOJISA a o3y VP
= =i JIAaHHBIX 1-it MozTyITh
[“* BBOMA/BBIBOIA
e 2-ii MozLyJIh
ACIIZY | BBOJ1a/BBIBOJIA
N-ii mozyinb
<
BBO/1a/BbIBOJIA
Jlunun [—
BBO/1a/BbIBOJIA

\

Pucynok 3.1 — biiok-cxema apXUTEKTYpBI siipa MUKPOIIPOTPAMMHOTIO YITPaBJICHHUS

Jjiss TOro 4TOOBI MAaKCUMAIBHO YIYUYIIUTh XaPAKTEPUCTUKH U MApaJUICTU3M, B MHUKPOIIPO-
eccope HUcnoiab3yercs ['apBapackas apXUTEKTypa C OTACIbHBIMM YCTPOWCTBAMU NAMSATH U LIH-
HaMU JJi1 IporpamMM U JaHHbIX. KOMaH/bl B TaMATH MPOrpamMM BBIMOJIHSIOTCS Ha €AMHOM YPOB-
HE KOHBerepusauuu. Bo BpeMsi MCIIONHEHUS OJHOM KOMAaHJbI CIEAYHOIIas KOMaHJa MpeaBapH-
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TEJIbHO M3BJIEKAETCS W3 MaMATU IporpamM. Takol MPUHLKII MTO3BOJIET UCIOJIHATH KOMaH/bI 32
KaX/bli TakTOBBIM LMKI. [laMATh mporpaMm npeacrasisieT co00i BHYTPUIPOLIECCOPHYIO Iepe-
IPOTPaMMHUPYEMYIO (IISII-IAMSTh.

Peructp (paiiinoB ¢ yCKOpEHHBIM AOCTYIIOM COIAEPKUT 32 8-paspsiHbIX pabOUYMX perucrpa
o0LIero Ha3HAuYEHUsl C €JUHBIM BPEMEHEM JOCTYIA 3a TAKTOBBIA LIUKJ. DTO MO3BOJISET obOecIie-
quTh padoty AJIY 3a oguH 1uki. B tunumanoM pexxume pabotel AJIY u3 (aiina peructpa Oe-
pyTCsl J1Ba OIEpaH/a, BHIMOIHIETCS ONEpalusi, U pe3yibTaT OIMATh COXpaHsercs B (ailie peru-
CTpa; BCE TO BBINOJHACTCA 32 OJJUH TAaKTOBBIN LIUKJI.

[lectp 13 32 perucTpoB MOTYT UCHOIb30BAaTHCS KaK TpU 16-pa3psaHbIX yKazaTels ajgpeca
perucrpa A ajpecaluy MPOCTPAHCTBA JAaHHBIX, [103BOJIAA 00ecneunTh 3()(hEeKTUBHBIE BbIUUC-
nenus anpecoB. OMH U3 ATHX yKa3aTeJe aapeca MOXKET OBITh TaKKe MCIIOJIb30BaH KaK yKa3a-
Tenb ajapeca i Tadbmun npocmotpa (look up tables) Bo ¢uamr-namstu nporpamm. Dt Aomou-
HUTEJIbHBIE PETHCTPBl QYHKIMIA sBistoTCs 16-paspsaaabiMu X-, Y- U Z-perucTpamu, ONUCaHHbI-
MM Jlajiee B 3TOM IOJIpa3iere.

AJIY nonnepxuBaeT apu(pMeTHUIECKUE U JIOTHUECKUE OTepaIlii MEXy PETUCTPaMU WA
MEXy KOHCTAaHTOM M peructpoM. AJIY MoKeT BBIIOJHHUTH OJIHY Olepaluio ¢ peructpom. Ilo-
ciie apu(METHUECKON OTepanuy PErucTp COCTOSHHS OOHOBIISETCS ISl BBIBOJIA HH(OPMAITUN O
pe3yibTarax olnepanuu.

[ToTok nmporpamMmsl yrpaBisieTCsl YCIOBHBIMHU M 0€3YCIIOBHBIMU IEpEX0aMi U KOMaH1aMu
BbI30Ba, KOTOPBIE CIIOCOOHBI 00ECIIEUUTh HEITOCPEICTBEHHYIO aJIpeCalli0 KO BCEMY aJIpECHOMY
IIPOCTPAHCTBY. BOJBIIMHCTBO KOMaH/J UMEIOT eAuHbIN 16-pa3psanbiil popmat cinoBa. Kaxabiit
aZipec MporpaMMbl NaMsATH COACPKUT 16- mnu 32-pa3psiHyr0 KOMaHy.

[IpocTtpancTBO PIAII-TAMATH MPOTPaMM pPa3IeNIEHO Ha JIBE CEKIIMH: CEKIHIO MPOTrPaMMbl
3arpy3Kd M CEKIMIO MPHUKIAAHOMN nmporpaMmsbl. O0e CeKIMM UMEIOT CIeLUalIbHbIE OJIOKUPYIOLIHEe
paspsiIel s 3aIUTHl 3aMucy U cuuThiBaHUs/3anucu. Komanna SPM, xotopast ocymiecTBisier
3aMUCh B CEKUUIO (DIAII-MaMATH NPUKIAJHBIX MPOTpaMM, JOJKHA HaXOAUTHCS B CEKIUH MPO-
IrpaMMBbI 3arpy3KHu.

Bo Bpemsi 3anpocoB Ha npepbIBaHNE U UCHIOJIHEHUE MOANPOrpaMM, OOpaTHBIN ajpec cyeT-
yrka nporpamm PC xpanutcs B creke. Crek pacnonoxer B CO3Y o0mux JaHHBIX, €TO pa3zMep
orpaHudeH Toibko oOumM odsemom CO3Y u xapakrepom ucnoib3zoBanus CO3Y. Bcee mpo-
IpaMMBbI TTOJIE30BaTENS JOJDKHBI HHHUIIMATM3UPOBATh SP BO BpeMs mporeaypsl copoca (10 wc-
NOJTHEHUsl MOJANpPOTpaMM MWJIM TpepbiBaHUi). YKa3arenb creka SP 10CTyneH JUis CUMThIBa-
HU/3aIIMCH B MPOCTPAHCTBE BBOAA-BhIBOJIA. CO3Y maHHBIX JIETKO JOCTYIHO C MOMOIIBIO TSTH
Pa3IMYHBIX PEKUMOB aIPECALNU, TOAIEPKUBAEMBIX apXUTEKTYPOH MUKPOKOHTPOJLIEPA.

I'uOkwmit Moaysb IpepbIBaHUS UMEET COOCTBEHHBIE PETUCTPHI YIIPABIEHUS B IPOCTPAHCTBE
BBOJIa-BbIBO/IA C JIOTIOJIHUTEIBHBIM Pa3psIOM pa3pelieHus 00Iero npepbIBaHusl B pErucTpe co-
cTosiHus. Bee mpephiBaHus MMEIOT OT/AETIBHBIN BEKTOP NMpEphIBaHUs B TAOJIUIE BEKTOpA MPEphI-
BaHus. [IpeppiBaHNs UMEIOT MPUOPUTET B 3aBUCUMOCTHU OT MOJIOKEHHUS UX BekTopa. Uem Huxke
aZipec BEKTOpa IIPEphIBaHMs, TEM BBILLIE IIPUOPUTET.

[IpocTpaHcTBO MaMATH BBOJA-BbIBOJA COACPKUT 64 anpeca Al peruCTpOB MepUdepuii-
HBIX KOMIIOHEHTOB MUKPOKOHTpoOJuIepa. JJocTyn K maMsATH BBOAA-BBIBOAA MOXKET OCYIIECTBIISTh-
Csl HaNpSAMYIO WIK aJpecanueil mMpoCcTpaHCTBa JTaHHBIX, CIEAYIOUINX 3a aHAJIOTMYHBIMH ajpeca-
MU (aiina peructpos, 0xX20 — OX5F.

3.1.2 Apudmernko-jiorunyeckoe ycrpoiictso AJIY

Bricokoadpdextunoe AJIY pabGoraeT HEMOCPEACTBEHHO CO BCeMHU 32 pabOuYMMHU PEru-
CTpaMu O01Iero Ha3HayeHUs. B TeueHne 0JHOro TaKTOBOTO LIMKJIA BBITOJHSAIOTCS apu(pMeTHye-
CKHE OTEepalud MEXKIY PEerucTpaMu OOIIEro Ha3HAUeHUs WM MEXKAY PErHCTPOM M HEmocpe-
CTBeHHBIM 3HaueHreM. Onepanuu AJIY moapa3aensitoTcs Ha TpU KaTeropuu — apuMeTHIecKue,
JIOTUYECKHE U OUTOBBIE.

Peructp coctosHuil coaep’UT MHGOPMALIUIO O pe3yibTaTax CaMbIX MOCIEIHUX BBIMOJI-
HEHHBIX apudmeTnueckux KomMana. JlanHas uHboOpMAaIUs MOKET OBITh MCIIOH30BaHA JJIsl U3ME-
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HEHUS TIOTOKa MPOrpaMM IpU BBITIOJHEHUH YCIOBHBIX omeparuii. HeooxoauMo oOpaTuth BHU-
MaHHE€ Ha TO, YTO PETUCTP COCTOSIHHI OOHOBIISIETCS IMOCJIE BBITIOJIHEHHS Beex onepanuii AJIY. B
MOOOHON CHUTyaIlMy, BO MHOTHX CIIy4asiX, 3TO yCTpaHsIET HEOOXOIMMOCTh B HCIIOJIb30BAHUU
CHEIHMAaIbHBIX KOMaH]I CPaBHEHMsI, UTO OOECIeUrMBAET YCKOPEHHBIM M 00jiee KOMITAKTHBIM KOI.
Peructp cocTosiHusI HE COXpaHSETCS aBTOMATUYECKH TIPHU BXOJIEC B TIPOIEAYPY MPEPHIBAHUS U HE
COXpaHsieTcs IpU BO3BpAllleHUH U3 npepbiBanud. [logo0Has cuTyanus A0KHA 00pabaThiBaThCs
IPOrPaMMHO.
Omnpenenenue peructpa coctosauss SREG — BeINISIAUT cieayrommum o0pa3om:

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 4/3 4/3 4/3
Hauansnoe 0 0 0 0 0 0 0 0
3HAUYCHUC
Paszpsin 7: | — pa3pemenue o01ero npepbIBaHus

Pa3psan paspemienus o0iiero mpepbiBaHUs JOJDKEH OBITH YCTAaHOBIEH ISl pa3pelieHUs
npepbiBaamid. [1ociie 3TOTo B OTACTBHBIX PETUCTPAX MPEPHIBAHMS BBIIOIHICTCS YIIPABICHUE WH-
TUBUyalbHBIM MpepbiBaHueM. Ecian cOpacbiBaeTcsi OUT peructpa paspeiieHus oOIero mpepol-
BaHUs, TO HE pa3peliacTcs HA OJJHO U3 MPEPHIBAHHUA, HECMOTPSI HA HHIUBUyaTbHBIC YCTAHOBKH
paspenieHus npepeiBanus. Pa3psy | ounimaercs anmapaTHO TOCe BXOa B IPEPhIBAHUE M 3aTEM
yCTaHaBJIMBaeTCs ¢ MoMolnbio koMaHael RETI mnsg paspemeHus nocienyromux npepbIBaHUM.
Pa3psin | MmoxkeT ObITh Takke yCTaHOBJIEH U cOpolieH ¢ noMoibto komana SEI u CLI, xak 310
YKa3aHO B ONMCAHUU KOMAaH]I.

Pa3psin 6: T — xpanenue Konuu paspsiaa

Komaner kormuposanus paspsina BLD (Bit Load) u BST (Bit STore) ucmonb3yioT pa3psia
T B xauecTBe OMTa UCTOYHUKA WM HA3HAYEHUS IS pa3psizia, C KOTOPhIM paboTtaroT. Paspsn u3
peructpa B (aitsie peructpa MoxeT ObITh CKOIMUPOBaH B T ¢ nmomoibio koManasl BST, a paspsa
u3 T MOKeT ObITh CKOMPOBAH B pa3psii B perucTpe, HaxoxaseMcs B (aiije peructpa, ¢ moMo-
b0 komanasl BLD.

Pa3psia 5: H — ¢aiar nos1oBUHHOrO NepeHoca

@uar nosoBUHHOIO nepeHoca H o0o3HavyaeT mojnoBUHHBIN NEpEeHOC B HEKOTOPBIX apud-
MeTHYecKHX omnepanusax. [10J0OBUHHBIM NepeHoC MCIONB3yeTCsl B JBOUYHO-AECATUUHBIX apH}-
METHYECKHX PEeoOpa30OBaHUsX.

Pa3psin 4: S — 3HakoBbI# pa3psn, S = NV
Paspsn S Bcerma o3HayaeT «MCKIIFOYAIOIICEe WIM» MEXIY OTpHIATeIbHbIM (uiaroM N u
¢daaroM V 10MOTHEHUS 10 IBYX.

Paszpsin 3: V — ¢aiar 1BOIHOr0 10NMOJHUTEIBLHOTO MEPenoJIHeHusl
@nar V pomnonHeHUs 10 IBYX MOAAEPKHUBAeT apupMETUKY AOmoiHeHUs no nByX. Ilo-
JIpOOHO TIPUBEAICHO B MPUIOKEHNH A «OnrcaHne CUCTEMBI KOMaHI».

Pa3psin 2: N — orpunaresibHbliil iar

Otpunarensubiil ¢uar N 0o3HadaeT OTPULATENBHBIA pe3yabTaT MpU apu(pMeTHUECKOl M
Jorudecko onepauud. [Jist mongpoGHOro paccMoTpeHus: cM. npuioxkenue A «OnucaHue cucte-
MBI KOMaH/[».

Pa3psan 1: Z — nyaesoii ¢paar

Hymneroit ¢nar Z o3Havaet HyJIeBOH pe3ynbTaT apudMETHUESCKOM WIIH JIOTHYECKOM omepa-
uu. J{ns mogpoOHOro paccMoTpeHus cM.mpuiioxkeHne A «OmnrcaHue CUCTEMbI KOMaHI.
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Pa3psa 0: C — ¢gaiar nepenoca
®nar nepeHoca C 0003Ha4aeT MEPEeHOC B JOTNIECKOHN WM apu(PMETHIECKOH OTIepaIiH.

3.1.3 ®aiin perucTpoB 001ero Ha3HAYEHUS

@aiinn perucTpoB ONTUMHU3UPOBAH JI PACIIMPEHHOro Habopa koMmaHn. s AOCTHXKEHUS
TpeOyeMBbIX XapaKTEPUCTUK U TUOKOCTH, (PalIOM PErruCTPOB MOAACPKUBAIOTCS CICAYIONINE Ba-
pHUaAHThI BBOAA-BBIBOJIA!

- OIMH §-pa3psHbIN BBIXOJIHOM ONEpaH]l U OJUH 8-pa3psIHbIA BXOIHOHN pe3ylbTar;

- 1Ba 8-pa3psIHBIX BBIXOAHBIX ONEpPaH/Ia U OJIUH 8-pa3psiiHbIA BXOJHON PE3yJIbTaT;

- JIBa 8-pa3psIIHBIX BBIXOAHBIX OMEpaH/ia U OJIUH 16-pa3psIHbIi BXOIHON pe3ybTar;

- OJIUH 16-pa3psaIHbIA BBIXOAHOM onepaHa U OJUH 16-pa3psaIHblid BXOJHOW Pe3yJIbTar.

Ha pucynke 3.2 nmokaszana ctpykrypa 32 pabodux peructpop ooOiero HazHadenus B [[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. GaiiT
R28 0x1C Y-peructp mi. Gaiit
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. — CTapIIHi.

Pucynox 3.2 — PabGouune peructpsl obmiero Haznauenus LITY

BosbmHCTBO KOMaHA, pabOTaIOMIMX C PETUCTPOBBIM (PaiijioM, UMEIOT MPSIMOM AOCTYH KO
BCEM PETUCTpaM U OOJIBIIMHCTBO U3 HUX MPEACTABISAIOT OO0 OHOLMKIOBBIE KOMAH/IbI.

Kak noka3aHo Ha pucyHke 3.2, KaXXJ10My PETUCTPY IPUIKMCHIBAETCS TAKXKE aJIpec NaMsITH
JaHHBIX. [Ipy 3TOM perucTpbl HEMOCPEACTBEHHO Pa3MEIIAIOTCS B IIEPBbIE 32 AYEHKHU MPOCTPAH-
CTBa JJAHHBIX MOJIb30BaTeNA. XOTS (PU3NUECKU OHU HE BBINOJIHEHBI B BUIE ajpecoB CO3Y,
no/100Has opraHu3alus naMsATu o0ecredrnBaeT OOJBIIYI0 THOKOCTh C TOUKHM 3PEHHs 0CTyNa K
perucrpam, MOCKOJIbKY yKazarenu X-, Y- U Z-perucTpoB MOTYT ObITh YCTAHOBJIEHBI JUIS yKa3a-
HUS TI000TO peructpa B daiie.

Peructp X, peructp Y u perucrp Z

Peructpsr R26 ... R31 umer0T A0MOMHUTENbHBIE (QYHKIUHU, HJ0OAaBICHHbIE K UX 0O0OLIeMYy
Ha3HAYEHUIO. DTU PETUCTPHI SBIAIOTCA 16-pa3psAHBIMU yKa3aTeIsAMHU ajpeca JJisi KOCBEHHOM
aZipecaly MpOCTPAHCTBA JAaHHBIX. TpHU KOCBEHHBIX perucrtpa aapeca X, Y u Z Onpenenstorcs
Kak IMOKa3aHo Ha pUCYHKE 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 (yHKIMH, KaK
($uKCcHpOBaHHOE CMEILEHUE, ABTOMAaTUYECKUI MHKPEMEHT ¥ aBTOMaTHYECKUI IEKPEMEHT.

3.1.4 Yka3areJjb cTeKa

Crex MCHonb3yeTcsi B OCHOBHOM ISl XpPAaHEHUsI BPEMEHHBIX JaHHBIX, JUIS XpaHEHUs JIO-
KaJIbHBIX IIEPEMEHHBIX M Ul XpaHEHHUs aJipecoB BO3BpaTa I10CJIE NMPEepbIBAHUNA M BBI30BOB IO/I-
nporpamMM. Peructp ykasarens cTeka BCET/Ia yKa3bIBaeT Ha BEPXHIOIO 4acTh cTeka. HeoOxommumo
0o0paTuTh BHUMAHUE Ha TO, YTO CTEK BO3pacTaeT OoT 0oJjiee BBICOKHMX aJpPECOB MaMATH K Oojee
HU3KHAM ajjpecaM. DTO TpeAroaraet, uro komanaa creka PUSH ymenbmaer 3HaueHne ykazare-
JIs1 cTeKa.

VYkazarenb cTeka yKa3bIBaeT Ha Ty 4acTb cTeka AaHHbIX CO3Y, B KOTOPOH pacrosokeHsbl
CTEKH HOJMPOrpaMM U npepsiBanuil. Ita o6nacte B CO3Y nomkHa onpeaensTbes NporpaMMon
JI0 TOTO, KaK UCTIOJTHSFOTCS JIFOOBIE BBI30BHI MOATIPOTPAMM HITH pa3peraroTcsi IpephIBaHus. YKa-
3aTelb CTeKa JIOJDKEH UMETh 3HaueHue Boime 0x60.

VYkazarenpb cTeKa yMEHBIIIAeTCs Ha eIUHUILY TI0 MEepEe TOTO, KaK JaHHbIE TIePEeMEIIatoTCs B
CTeK ¢ nmomoibto koManasl PUSH, u oH ymeHblaeTcs Ha J1Ba, Korja oOpaTHbIM ajfpec nepeme-
IIaeTCsl B CTEK C IMOMOIIBIO BHI30BA MOATPOTPAMMBI HITH MIPEPHIBAHUS. YKa3aTellb CTEKa YBEIIH-
YHMBAETCSl HA €IMHUILY, KOT/Ia JJaHHBIE BBIXOJAT U3 CTeKa ¢ moMollsio komanasl POP, u yBenu-
YHBAETCS Ha JIBa, KOT/Ia JaHHBIC BBIXOIAT M3 CTEKa, BO3BpamIasch u3 nmoamnporpammsl RET nm
BO3Bpaliasch u3 npepsiBanus RETI.

VYKazarenp CTeKa BBIOJHSAETCS B BHJE JABYX 8-pa3psAHBIX PETUCTPOB B MPOCTPAHCTBE
BBOJIa-BbIBO/Ia. KOJIMYECTBO HCIONB3YEMBIX pa3psiioB, (PaKTHUECKH, 3aBHCHT OT peasTU3aIliH.
Heo6xoauMo oOpaTuTh BHUMaHHME Ha TO, YTO MPOCTPAHCTBO JAHHBIX MPHU pean3allud JaHHOU
ApXUTEKTYPBI HACTOJIBKO MaJo, uTo Tpedyercs Tonbko SPL. B atom cinydae peructp SPH He Oy-
JIeT MIPEeJICTaBIICH.

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
Urenune/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. 3nHauenue 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

19



BpeMeHHbIe JMAarpaMMBI HCIIOJTHEHUS KOMAH/L

Hwmxe onuceiBaroTCs 00IME KOHIENLIMU BPEMEHHBIX AMAarpaMM JOCTyHa Ui BBIIOJHE-
HHs KoMaHA. L{eHTpanpHOe mporieccopHoe yeTpoHCcTBO padoTaer oT TakToBoro curnana Clkcpy,
c(OPMHUPOBAHHOIO HENOCPEACTBEHHO OT BBIOPAHHOI'O JJIsI MUKPOKOHTpPOJIJIEpAa UCTOUYHUKA TaK-
TOBBIX UMITYJIbCOB. IIpH 5TOM HE UCII0JIB3yeTCsI BHYTPEHHEE JEICHUE TAKTOBOM YaCTOTHI.

Ha pucynke 3.4 nmpencrasieHa napajuieiabHas BbIOOpKa KOMaHJ M MX HCIOJHEHUE, pas-
pemeHHOe ["apBapACKOil apXUTEKTypol U KOHIeNUEH (aiiia perucTpoB ¢ OBICTPHIM JOCTYIIOM.
Oto0 sBiseTcst 0a30BOM KOHLENIKEN paboThl B pexXUMe KOHBEHepH3auy JUIs MOJIy4eHHsI IIPOU3-
BOJUTEIBHOCTHU BILIOTH 10 | MWIJIMOHA KOMaH]l B CEKYH]y, UTO, B CBOIO OUEpEb, 00ECIIeunBa-
€T YHHMKaJbHBIC PE3YJBTAThl 10 COYETAHUIO IIPOU3BOAUTEIBLHOCTH CO CTOMMOCTBIO, KOJINYECTBY
(GyHKIMH Ha TAKTOBYIO YAaCTOTY M (DYHKIIMIT HAa €IMHUILY MOIIIHOCTH.

™ 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 UCTIOTHEHUE KOMaH/
Ha pucynke 3.5 mpencraBieHa BpeMeHHas KOHIUEHIUS Ui perucTpoBoro ¢aina. B on-

HOM TAKTOBOM HHKIJIC BBIIIOJHACTCA OICparusd AJIY ¢ ucnoap30BaHHEM JABYX OIICpaHJ0B pPCru-
CTpa, U pE3yJIbTaT COXPAHACTCIA 06paTHO B pCrucCTp Ha3HAUYCHUS.

k4 NN N

|
O6m1ee BpeMst HCTIOTHEHUS —

|
Bribopka onepanoB peructpa O
|

Beimonsenne omepaupn AJIY  ——< >

OOparHas 3anUCh pe3yIbTaTOB

Pucynok 3.5 — PaGota AJIY B 0IMHOYHOM LIUKJIE

20



3.1.5 Copoc u 06padoTKka npepbIBAHUIM

NC 1887BE4Y coaepXUT HECKOJIBKO Pa3JIMYHbIX MCTOYHUKOB NpepbiBanus. Kaxmnoe u3
ATUX TIPEPbIBAHUNA U OTAEIBHBINH BEKTOp cOpoca MMEIOT OTIENbHBIA MPOTrPaMMHBIA BEKTOp B
MIPOCTPAHCTBE MaMATH MporpaMM. Bee npeppiBaHusl UMEIOT CBOU OTIEIbHBIE PA3PsAbl pa3perie-
HUSI, KOTOpBIE JIOJDKHBI OBITh YCTaHOBIJIEHBI BMECTE C YCTAHOBKOW pa3psla pa3pelieHus IJIo-
0aIbHOTO MpEepbIBaHUS B PETHCTPE COCTOSHUMN i TOTO, YTOOBI pa3pelnTh npepoiBanue. B 3a-
BUCHUMOCTH OT 3HAYEHHUs NPOTrPAMMHOIO CUYETUMKA, IIPEPBIBAHUSI MOTYT OBITH aBTOMAaTHUYECKU
3anpenieHbl, Korjaa nporpaMMupytotes outhl 6mokupoBkun BLB02 win BLB12. TTogo6Has oco-
OCHHOCTB IMOBBIIIAET 0E30MACHOCTh MPOrpaMMHOro obecrieuenus. s mosyueHust oapoOHOM
uHpopmaruu cM. oapasnen 3.20 «I[IporpammupoBaHue namMsT.

Munanmme agpeca B IPOCTPAHCTBE MaMsTH MIPOrpaMM, IO YMOJIYAHHUIO, ONPEENIEHbl KaK
BEKTOPHI cOpoca u mpepriBanus. [lepeueHs mpepbiBaHUIl yCTaHABIUBAET TAKXKE YPOBEHb MPHUO-
PUTETOB [UIsl pa3IMYHbIX IpepbiBaHUi. YeM Huxe aapec, TeM BbIIIE YpPOBEHb IPUOPUTETA.
COpoc uMeeT HauWBBICHINI TpUOpUTET, a chaexyromuM siisiercss INTO — 3ampoc 0 BHemHero
npepbiBaHusl. BeKTopbl mpepriBaHus MOTYT OBITH MEpEeMEIIeHbl B HAYalo CEKIHH 3arpy3Ku
dmu-namstu mytem ycranoBku paspsaa IVSEL B peructpe yrpasieHnus o0mIMM npepbiBaHuEM
(GICR). I[HoapoOHO BOMIpOC MO «IIpEepbIBAHUAM» PACCMOTPEH B mozapaszaene 3.7. Bektop cOpoca
MOJKET OBITh TaK)K€ MEepeMeIleH B Hayalao CEKUIUU 3arpy3KH (PIAII-MaMATH C TMOMOIIBIO MPO-
rpammupoBanus outa BOOTRST, cmotpu moapaznen 3.19 «llogaepkka 3arpy3uuka — camo-
[IPOrpaMMHUPOBAHUEN.

[Tpy BO3HMKHOBEHHMH TpepbiBaHus OUT | paszpemieHus r100aIbHOTO PEPhIBAaHUS OYHIIA-
eTcs U Bce npepbiBaHus OnokupyoTces. [loiapzoBaTenbekoe [10 MoxeT 3amuchIBaTh JIOTUYECKYIO
eauHuLly B Out | g paspemieHus: BIOKEHHBIX NpepbiBaHU. Bee pasperieHHble mpepbiBaHUs
MOTYT IIpephIBaTh TeKyllee npepbiBaHue. Paspsan I ycraHaBnmBaeTcss aBTOMaTU4ECKH IIPU HC-
IIOJIHEHUM BO3BpaTa U3 KoMaH bl npepeiBanus RETL

CymiecTByeT /iBa OCHOBHBIX THIIA ipepbIBaHUi. [1epBbIii THI 3amyckaeTcst COOBITHEM, KO-
TOpOE yCTaHaBJIMBAET (uiar mpepbiBaHus. JJis 3TOro THUIa MpephIBaHUN MPOTPAMMHBIA CUETUNK
NEPeXOAUT Ha BEKTOP MpephIBAaHUM /sl UCIIOJHEHUS MOANPOrpaMMbl 00paOOTKU MpepbIBaHMsI-
MU, TIPU 3TOM allapaTHO OYMILIAETCSI COOTBETCTBYIOLIUH (uiar npepbiBanus. dnaru npepoiBaHus
MOTYT TaK)K€ OUYMINATHCA IyTEM 3alMCH JOTMYECKOM E€IMHHLBI B MO3HULMIO pa3psa COOTBET-
cTBymoIero (aara. Eciiv BO3HHMKaeT yclioBUE MPEPBIBAHUS B TO BPEMsl, KaK COOTBETCTBYIOIUI
pasps npepbiBaHus cOpolleH, ¢uiar npepbiBaHus OyJIeT YCTaHOBJIEH M 3allOMHEH JI0 pa3pelie-
HUS TpepbIBaHUs UM OH OyneT cOpolleH mporpaMMHbIM criocoboM. [TogoOHEIM 00pa3om, eciu
BO3HHUKAET OJHO WJIM HECKOJIBKO YCIOBHH MpepbIBaHUS MPU COPOILIEHHOM pa3psije riI00aabHOro
pazpemieHusi npepsiBanus |, coorBercTByromumii ¢ar(u) OyaeT ycTaHOBJIEH U BHECEH B MaMATh
JI0 TeX IOop, NMOoKa yCcTaHOBUTCA |, a 3aTem OyzAeT BhINOIHEHa 00paboTKa MpepblBaHUN B TIOPSIKE
IIPUOPUTETA.

Bropoit Tun npepriBaHuii OyAeT 3amyIieH Kak TOJbKO BO3HUKHET yCJIOBUE MpPEpbIBaHUS.
OTH npepbIBaHMs He 00s13aTeIbHO JOKHBI UMETh (uiaru npepbiBanus. Ecnu yciaoBue npepbiBa-
HUS MCcYe3aeT JI0 pa3pelieHus MpepblBaHus, TO IpepbIBaHuEe HE Oy/IeT 3aIyIIeHO.

ITocne BbIXOAA U3 MPEPBIBAHUSI MUKPOIIPOLIECCOP BCET/la BO3BPAIAETCS K OCHOBHOM IPO-
rpaMMe U HCIIONHSET enle OAHY KOMaHay /10 00CIyKHBaHHUs JIF0OOOT0 JKIYIIETr0 MPepbhIBAHUS.

OOparure BHHUMaHHE Ha TO, YTO PETHCTP CTAaTyca HE COXPAaHSETCS aBTOMATHUYECKH IPH
BO3BpaTe U3 MPOIEeAyphl MPEPbIBAHUSA. ITO TOJKHO BHIIOIHATHCS IPOrPaMMHO.

[Tpu ucnonszoBanuu koMauabl CLI s OJOKMPOBKM HpepbIBaHMs, MpepbIBaHus OyayT
HeMe JIeHHO OJokupoBaHbl. Hu o/1HO mipepbiBaHne HE OyAET BHIMOIHATHCS mocie komanabl CLI,
JlaXKe €ClId OHO MPOUCXOAUT oAHOBpeMeHHO ¢ komanaou CLI. Cnenyromuii mpumep mokas3biBa-
€T, KaK 3TO MOXXET OBITh UCIOJB30BaHO ISl TOTO, YTOOBI M30€XKaTh MpephIBaHUI BO BpeMs 3a-
IUTAaHUPOBaHHOM nocnenoBaTenbHocTH 3anucu JCIIII3Y.
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[Tpumep accemOIiIepHOTO KOJIQ

inrl6, SREG ; 3anuch 3Hauenus B SREG

cli; OJIOKMPOBKA MPEPHIBAHUI B TECUCHUE BPEMECHH ITHKIIA
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 */

/* GIOKMPOBKA MpEephIBaHU B TEUCHHE BPEMEHU LUKJIa */

_CLI();

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

EECR |= (1<<EEWE);

SREG = cSREG; /* Boccranosnenue 3nauenuss 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
; TIpepbIBaHUA(1i1)

ITpumep C-xona

_SEI(); /* ycranoBka pa3pelieHus ri1o0anbHOro npepbiBaHus */
_SLEEP(); /* BkitoueHue pexxuma Sleep, oxxunanue npepbiBanuii */
/* 3ameTKa: pexuM Sleep BITIoUeH 10 BO3HUKHOBEHUS TF000T0 MpepbiBaHusi(1il)*/

Bpemst oTk/IMKa npepbIBaHUA

OTKIMK BBIOJHEHUS IPEPBIBAHUS JIJISl BCEX Pa3pEelICHHbBIX MPEpPbIBAHUN COCTABISET MU-
HUMYM 4Y€TBIPE TAaKTOBBIX LMKJIA. BOo BpeMs Iepuona 4eThIpeX TAKTOBBIX LUKIOB 3HAYECHHE
CUYEeTYMKa MPOrpaMM 3aHOCHUTCA B CTEK. BekTop OObIUHO MepexoAuT B Ipoueaypy oOpaboTku
IIPEPBIBAHK, U ITOT IEPEXO] 3aHUMAET TPU TAKTOBBIX LMKJIA. ECiau mpepbiBaHUE MPOUCXOIUT
BO BPEMsI HCIIOJIHEHUS KOMaH/bl, COCTOSALIEN U3 HECKOJIBKHUX LIMKJIOB, TO KOMaHJ1a 3aBEpIIACTCS
70 TOTO, Kak OOCIyXHBaeTcsi IpepbiBaHue. Ecnu mpepblBaHHE MPOMCXOTUT KOTAa MHKPO-
KOHTPOJIJIEP HAXOJIWUTCS B CIIIEM PEKHUME, TO BpeMsl OTKJIMKA BBIOJIHEHUS MPEPBIBAaHUSA CO-
CTaBISIET CYMMY BPEMEHU BBIXOJA U3 CIIALIETO PEKMMa U JUIMTEIBHOCTU YETBIPEX TaKTOBBIX
LIUKJIOB.

BosBpaienne u3 pexxuma o6paboTKH MpepbhIBaHUS 0OBIYHO 3aHUMAET YEThIPEe TAKTOBBIX
nukia. Bo Bpems 3THX yeThipex LMKIOB 3HaU€HUE MPOrpPaMMHOr0 cyYeTyuKa (/1Ba OaiiTa) Boc-

CTaHaBJIMBACTCS U3 CTEKa, yKa3aTellb CTEKa YBEJIMYMBACTCS HA JBA, U YCTaHABJIMBACTCS paspsij |
B SREG.

3.2 YcrpoiicTBa naMATH MUKPOKOHTpoJiepa 1887BE4Y

B stom monpasaene onuchiBatoTcs paziauunbie ycrporictBa namatu MC 1887BE4Y. Ap-
XUTCKTYypa MUKPOKOHTPOJUICPA UMECT ABA OCHOBHLIX MPOCTPAHCTBA MAMATH: MaMATh JAdHHBIX U
namaTe nporpamMm. Kpome toro, 1887BE4Y ornmuaercs namuuuem OCIII3Y nns xpanenus
JaHHBIX. Bce Tpu mpocTpaHCTBa MAMATH SBJISIOTCS JIMHEWHBIMU U PETYJISIPHBIMH.
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3.2.1 BuyTpucucreMHas nepenporpaMmmupyemMasi (pJidII-namMsiTb NporpamMm

NC 1887BE4Y conepxut 8 KO6aiT BCTpOCHHOW BHYTPUCHUCTEMHOMW IEpEIporpaMMHUpye-
MOH (hIAUI-IaMATH ISl XpaHeHus mporpaMM. [1ocKobKy Bce KOMaH/IbI MPOLIECCOPa UMEIOT IIIH-
puny 16 wim 32 paspsna, ¢hiadu-nmaMsaTh opraHuzoBana B Bujae 4K x 16. [[ns noBwimeHus 6e3-
onacHoctH [1O mpocTpaHcTBO (BIAII-MAMATH pa3fesieHo Ha JBE CEKLUHU: CEKIMIO 3arpy3dHKa U
CEKLHUIO MPUKJIAJHBIX TPOTPaMM.

KonngectBo nnkioB nepesanucu maMsata nporpamm — 100 000. Cpok xpaHeHUs TaHHBIX —
10 ner.

[Tporpammusrii cuetunk PC mist UC 1887BE4Y umeer pa3psiaHocTb, paBHyIO 12 6UT, 4TO
no3BouisgeT agpecoBaTh 4K aapeco mamsaTu nporpamm. Pabora obnactu 3arpy3uvka U CBSI3aH-
HBIX C HEW pa3psiioB OJOKMPOBKH OOJIACTH 3arpy3drKa MOJpOOHO OMHCaHbI B moapasnene 3.19
«[Togneprkka 3arpy3dyrKa — CaMOIpPOrpaMMHUPOBAHUE.

[Tpu 3amucu JaHHBIX B MACCHUB TMAMSITH, HEOOXOAMMOCTh B TPEIBAPUTEIHLHOM CTHPAHUH
otcyTcTByeT. CocTOsiHUE siueek naMsTH nocie koman ctupanus — 0000. 3anuce npon3BoanuTCA
MOCTPAaHUYHO (pa3Mep cTpaHulbl — 32 16-pa3psaHbIX CIIOBA).

TaOmuIel MOCTOSHHBIX BETMYMH MOTYT PAcIoyiaraThCsi BHYTPU aJPECHOT0 MPOCTPAHCTBA
BCEH MaMATH IPOIPAMM.

Ha pucynke 3.6 nokazana opranuszauus namaru nporpamm uist IC 1887BE4Y.

$000

CekTOp npuknagHou
nporpammei

e

CekTop nporpammbi
Ha4anbHOM 3arpys3kn | aree

Pucynok 3.6 — Kapra namsitu nporpamMm

608 ampecoB MaMsTH TAHHBIX BBIJEICHBI JII PETUCTOBOTO (haiiya, maMsTH BBOIAa-BBIBOJIA
u CO3Y BHyTpeHHUX AaHHbIX. [lepBbie 96 mo3unuii npegHa3HavYeHbl A1 pa3MELIEHUs apecoB
perucTpoBoro ¢aiia U aJpecoB PErHCTPOB BBOAA-BBIBOMA, a cieayromue 512 mo3umuii — uist
CO3YVY BHYTpEHHMX JAHHBIX.
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I14Th pa3nuYHBIX PEXUMOB aJpecaliy AJs MaMATH JaHHBIX BKJIIOYAOT: IPSMOI, KOCBEH-
HBIM CO CMEIIEeHHEM, KOCBEHHBIH, KOCBEHHBIN C MPEAJIEKPEMEHTOM U KOCBEHHBIN C MOCTHHKpE-
MeHTOM. B peructpoBom daiine peructpsl R26 — R31 uMeror anbrepHaTUBHYIO (QYHKIIUIO peru-
CTpPOB-yKa3aTeel ¢ KOCBEHHOM ajpecalyei.

HenocpenctBenHas agpecaiiys 0XBaTbIBA€T BCE IPOCTPAHCTBO JaHHbIX.

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

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

32 pabouux perucrpa o0Oiero HazHadeHusi, 64 peructpa BBoJa-BeiBoga u 512 Gait
CO3Y Buyrpennux ganubix B MC 1887BE4Y pocTynHbl ¢ TOMOIIBIO BCEX YIIOMSIHYTBIX PEXHU-
MOB aJIpecaltH.

Peructpossiii ¢aiin IIpocTpaHCTBO aApeCcOB 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 — Kapta namsiTu JaHHBIX

BpemeHa gocTyna K maMsiTH JaHHBIX

Hwxe onuceiBaroTcs o01Me TOHATHS, KacAOIINECs BpEMEHH IS JOCTyINa K BHYTPEHHEH
namst. Jloctym Kk BHyTpeHHUM JaHHbIM CO3Y BBIMOIHACTCSA B TEUECHHE ABYX TAKTOBBIX I[MKIIOB
clkcpu, Kak 3TO TIOKa3aHO HA pUCyHKE 3.8.
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Pucynok 3.8 — Iuxnsl noctyna k ganasiM CO3Y Ha kpucranie
3.2.2 IHamars ganaeix JCIITI3Y

NC 1887BE4Y conepxut 1 Kbaitt namsartu nanneix DCIII3Y. Ona opranu3oBana B BUjIE
OTJIEIBHOIO NTPOCTPAHCTBA JAHHBIX, B KOTOPOM MOTYT CUMTBIBATHCS U 3alIMCHIBATHCS OTAEIbHBIC
Oaitrel. loctyn mexay OCIII3Y u LIIY onucan nanee ¢ ykasaHHEM PETUCTPOB ajpeca, peru-
CTPOB JlaHHbIX U peructpa ynpasiuenus ICIIII3Y.

[Ipu 3anmucu JaHHBIX B MacCHB NaMsTH HEOOXOTUMOCTh B MPEIBAPUTEILHOM CTHPAHUU
orcyrcTByeT. COCTOSIHHE A4YEEeK NMaMATHU M10CJIe KOMaHJ CTUPAHUsS — HOJIb. 3allCh MOXKHO IIPOU3-
BOJIUTH KaK MOCTPAHUYHO, pa3Mep CTpaHUIbl 32 OaifTa, Tak U TOOANTHO.

KonnuectBo nuknoB nepesanucu namsata gaHHeix — 100 000. Cpok XpaHeHHs TaHHBIX —
10 ner.

Hoctyn cuurbiBanus/3anucu JCIII3Y

Peructpsl nocryna k CIII3Y nocTynHel B IpOCTpaHCTBE PETUCTPOB BBOJJa-BhIBO/IA.

Bpewms 3anucu qis OCIII3Y npuseneno B tabnune 3.1. Ilpu 3ToM GyHKINS CUHXPOHU-
3allMM MO3BOJISIET MOJIB30BATENI0 IPOIPAMMHO OIPEAEATh BPEMsl, KOI/1a MOKET OBbITh 3amucaH
cienyrommii 6aiT. Ecnu monb3oBaTenbCKuil KO CoepKUT MHCTpYKuuu Jutsd 3anucu DCIII3Y,
TO HEOOXOAMMO IPEINPUHSTH ONPEEICHHbIE MEPHI MPEAOCTOPOKHOCTH. [IJIsI HICTOUHUKOB IH-
TaHUsI C MOLIHBIMH (WIBTPAMHU CYLIECTBYET BEPOSTHOCTb, UTO HANpsDKEHUE MpH BKIIOYE-
HUW/BBIKIIOYEHUH OyAET BO3pacTaTh WIM CHaaaTh MeaneHHo. [Ipu 3ToM yCcTpoHCTBO B TeUeHUE
HEKOTOPOTo Meprojia BpeMeHH OyJieT paboTaTh NpHu Oojiee HU3KUX HaNpsHDKEHUSIX, YeM Te, KOTO-
pbIe ornpeeneHbl KAk MUHUMAaJIbHBIE JUISl HCIIOJIb3YEeMOM TaKTOBOM 4acTOTHI.

s mpepoTBpamienus ciydaitnoit 3anucu JCIII3Y Heo6xoanmMo oOecneuyuTh BBITOTHE-
HUE OIpeIeJICHHON MPOIeypbl 3aIUCH.

IIpu cumtsiBanun JCIII3Y, LIIY npuoctanaBiuBaeTcss Ha YETHIPE TAKTOBBIX LIMKJIA I€-
pen ucnoaHenueM cienyromeit komanasl. [Ipu 3anucu DCIII3Y, LITY npuocranaBnuBaeTcs Ha
JIBA TAKTOBBIX LIMKJIA IIEPE] UCTIOTHEHUEM CIIEYIOIEH KOMaH/IBbI.

Anpec ICII3Y
Peructp - EEARH u EEARL

but 7 6 5 4 3 2 1 0
- - - - - - EEARY9 | EEAR8 | EEARH
EEAR7 | EEAR6 | EEARS5 | EEAR4 | EEAR3 | EEAR2 | EEARL | EEARO | EEARL

Urenue/3anuce q q q q q q q /3
/3 /3 /3 4/3 4/3 4/3 4/3 4/3
Hagansnoe 0 0 0 0 0 0 0 X
3HAYCHHUC X X X X X X X X
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Pa3psaasbl 15 ... 9: Res — pe3epBHbIe pa3psibl
Otu pa3psansl B UC 1887BE4Y sBnsaroTca pe3epBHBIMU U BCET]a CYUTHIBAIOTCS KaK HOJIb.

Paszpsaani 8...0: EEARS ... EEARO - aapec 9CIIII3Y

Peructpsr agpeca DCIIII3Y—- EEARH u EEARL — ykassiBaroT anpec 6aiita B
1 K6aiitnom agpecaom npoctpancTBe DCIIII3Y. baiiter nanueix ICIIII3Y aapecyrorcs nuHEe-
HbIM oOpa3oM B mpoctpanctBe oT 0 mo 1023. Hauanenoe 3nHauenne EEAR ne ompeneneno.
Hannexaiiee 3HaueHure JOHKHO OBITH 3alMCAHO 10 TOTO, Kak OyAeT mosiydeH aoctyn Kk DC-

[I13Y.

Peructp nannsix JCHII3Y — EEDR

Bur 7 6 5 4 3 2 1 0
I | | | | | | | LSB | EEDR
YreHnne/3anmch q/3 4/3 q/3 4/3 4/3 4/3 q/3 4/3
Haganpnoe 0 0 0 0 0 0 0 0

3HA4YCHUC

Pazpsinwl 7 ... 0: EEDRY ... EEDRO — nannsie CIII3Y

Jst oneparuu 3anucu DCII3Y peructp EEDR conmepxut nanHbie, KOTOpBIE JOJIKHBI
obITh 3anucansl B DCIII3Y B anpec, ykazannsiii peructpom EEAR. g onepanuu c4uThIBaHUS
OCIII3Y EEDR conepxur nanusie, cuutbiBaeMbie 3 DCII3Y mo aapecy, ykazanHHHOMY pe-
ructpom EEAR.

Yupasaenue ICIIN3Y. Peructp EECR

bur 7 6 5 4 3 2 1 0

| | | | | EERIE | EEMWE | EEWE | EERE | EECR
YreHune/3ammch q q q q 4/3 4/3 /3 /3
HauansHoe 0 0 0 0 0 0 X 0

3HAYCHUC

Pa3zpsansbl 7 ... 4: Res — 3ape3epBupoBaHHbIe pa3psiibl
Hns UC 1887BE4Y 31y pa3psiibl SBISIOTCS Pe3epBHBIMU U Bcerja OyayT CUMTHIBATHCS
KaK HOJIb.

Pa3psan 3: EERIE — pa3pemenue roroBuocTu k npepsiBanuio JCIII3Y

3anuce noruueckoi enquaunbl B EERIE paspemaer npepriBanue rotosaoctu DCIII3Y,
ecnu ycranosiieH paspsn | B SREG. Copoc 6ura EERIE 6nokupyer npepriBanue. [IpepriBanue
rotoBHoctu DCIII3Y dopmupyer nocrosuHoe npepsiBanue, koraga EEWE ounrieno.

Pa3psa 2: EEMWE - pa3pemenne 3anucu ociopHoro JCIII3Y

Pazpsn EEMWE omnpenensier, 6ynet nu ycranoBka 6uta EEWE Be3biBath 3amucey B 9C-
[TI13Y. IIpu ycranoBke 6ura EEMWE, ycranoBka 6uta EEWE B TeueHue 4deThlpex TaKTOBBIX
[IUKJIOB OyJeT MHUIMUPOBaTh 3anmuch qaHHbIX B DCIIII3Y B BIOpannsiii agpec. Ecmu EEMWE
paBHO HyIIO, To ycTaHoBKa EEWE He oxa3eiBaeT Bo3zeiicTBus. [locne yctaHOBIEHUS Mporpam-
mHo 6uta EEMWE, ycTpolicTBo cOpacbiBaeT pa3ps/ nocie YeThIpeX TAKTOBBIX IIUKIIOB.

Pa3psan 1: EEWE - paspemenue 3anucu CIII3Y

EEWE — curnan paspemenus 3anucu OCIIII3Y mpexacrasiser co0oii cTpoOUpyrOLIHii
curnan 3amucu B DCIIII3Y. Ecnu agpec u ganHbie yka3zanbl mpaBuiibHO, TO pa3pan EEWE non-
JK€H OBITh YCTAHOBJICH JIO TOTO, Kak Jorudeckas eauHuia 3amucbiBactcs B EEWE, nnade He
npowusoitaer 3anuck B DCIITI3Y. [Tpu 3ammcu B DCIII3Y HEoOX0auMO COOMIOIATE CIEAYIONIYIO
MOCJIEIOBATEIbHOCTH (MOPSAAOK ACUCTBUM 3 U 4 HE SIBJISETCS CYIIECTBEHHBIM):

1 loxxnatbcs, noka EEWE He craneT paBHBIM HYITIO.
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2 loxnarbesi, noka SPMEN B SPMCR He cTaHeT paBHBIM HYIIIO.

3 3anucarp HOBBIH aapec DCIII3Y B EEAR (omus).

4 3anucartb HoBble AanHbie DCIIII3Y B EEDR (onuus).

5 3anucatp gorudeckyro enuHuiy B paspsa EEMWE npu Beinonnenuu 3anvucu B EEWE B
EECR.

6 B TedyeHue yeThIpex TAaKTOBBIX HMKJIOB mocie ycranoBku EEMWE 3anucars sorunue-
ckyro enuauny B EEWE.

OCIII3Y Henb3s mporpaMMHUpPOBATh BO BpeMs 3anucu naHHbIX u3 L{ITY Bo dummi-namsTs.
[TporpaMMHBIM CITIOCOOOM HEOOXOIUMO YOEIUTHCS B TOM, YTO MPOTPAMMHPOBAHHE (HIIAIII-
NMaMsATH 3aBEpIICHO 70 Hadyana HoBoro mporecca 3anucu DCIII3Y. Hlar 2 menecoobpazeH
TOJIBKO B TOM CIIy4yae, €CJIM IIPorpaMMa COJEP>KUT 3arpy3udK ONEPallMOHHON CHUCTEMBI, II03BO-
msirommid LIITY mporpammupoBars diami-namsats. Ecinu Gudmi-naMare HUKOTAa He 0OHOBIISETCS
¢ nomo1usto LITY, To mar 2 MO>XHO IPOIYCTUTh.

[Ipumeuanue - [IpepbiBaHue MeXay IIarom 5 ¥ marom 6 BBI30BET OTKa3 IMKIIA 3a-
IIUCH, IOCKOJIbKY ucTeueT BpeMs paspeuienus 3anucu DCIII3Y. Ecnu npouenypa npepbiBaHus
npu pocryne k OCIII3Y npepeiBaer apyroi gocryn k OCIII3Y, To comepxkumoe perucrpa
EEAR wnu EEDR 6yner usmeneno, 4to BbI30BeT oTKa3 npepBanHoro aocryna k DCIII3Y. Pe-
KOMEHAYETCSl BBIMOJIHUTh OYUCTKY (hiara rio0agbHOTO MPEPHIBAHUS B TEUCHHE BCEX HTAIOB,
9T00BI M30ekarh THX mnpobiemM. Ilo mcreyennn BpemeHUW aocTyma K 3amucu, paspsn EEWE
ouumiaercs ammaparHeiM criocobom. IlompzoBatenbckoe [1O MOXKET OMPOCUTH 3TOT pas3psan U
JOKIAaThCsl HyNs mepes 3anuchio cienytomero Oaiita. Ilocne toro kak EEWE ycranosuics,
LIITY ocranaBnuBaeTcs Ha JBa UKJIA [IEpe]l TEM, KaK UCTIOTHUTCS CIEAYIOIIas KOMaH/a.

Pa3psan 0: EERE - pa3pemenue cuntbiBanus ICIII3Y

EERE — curnan paspemenust cuntbiBanus JCIIII3Y sBasercs crpoOUpyrOnuM CUTHATIOM
cuutbiBanus ansa OCIIII3Y. Ilpu ycranoBke mpasunbpHOro azapeca B peructpe EEAR paspsn
EERE nomxen ObITh ycTanoBieH Juis 3anycka cuuTeiBanust DCIII3Y. CuursiBanue JCIII3Y
3aHUMAaeT OJHY KOMaHJy, U 3alpallliBacMble JaHHbBIC CPA3y K€ CTAHOBATCS NOCTYNHBIMU. IIpu
cuutbiBanuu DCIII3Y HIIY npuocranaBnuBaeTcss Ha YEThIpE IUKJIA MEpe]l TeM, KaK MCIIOIHS-
€TCs CIEeAYIOLas KOMaHaa.

[lepen HavanoM oneparnuy CUMTBIBAHMS MOJIB30BATENb JAOJDKEH ONpocuTh paspsax EEWE.
Ecin mpoucxogut onepanus 3anucu, To HeBo3MoKHO HU cuutbiBaHue JCIIII3Y, Hu BHeceHue
n3meHeHui B peructp EEAR.

Jns cunxponuzanuu gocrymna k ICII3Y ucnonp3yercs kanubpoBaHHbIM ocmsTop. B
tabnuue 3.1 mpuBeneHO TUIUYHOE BpeMsi mporpammupoBaHus st goctyna k OCIII3Y wu3

Ty

Tao6mnuma 3.1 — Bpewms nporpamvupoanwust DCITI3Y u3 HITY

CumBon KonnuecTBo HUKI0B Tumnosoe Bpems
kaigrOpoBanHoro RC-ocummisitopa | nmporpaMMUpPOBaHMS, MC
3amce B EEPROM 8448 8,4

[Ipumeuanue —Mcnons3yercs TakroBas yactora 1 MI'1; He3aBUCHMO OT yCTaHO-
BOK KoH(puryparnuonHoro oura CKSEL.

Hwxe npuBenen npumep, Moka3bIBaOMUNA 0HY GYHKIIUIO, peali30BaHHYIO Ha accemoOrie-
pe u onHy ¢QyHKIMIO, peanuzoBanHyo Ha C mis 3amucu B DCIII3Y. DToT nmpumep o3Hayaer,
YTO TIPEPHIBAHMS KOHTPOJIHUPYIOTCS (C TTOMOIIBIO TI100aIbHOM OJOKUPOBKY MPEPhIBAHUN) TAKUM
00pa3oMm, 4TO BO BpeMsl BBITIOTHEHUS 3TUX (DYHKIMN HE TPOUCXOAUT MpephiBanuii. Takxke mpu-
Mep IEMOHCTPUPYET, UTO B MPOTrpaMMe HE MPUCYTCTBYET 3arpy3uyuk Qusmi-namsatu. Ecnu nmeer
MecTO MoAo0HBIH Kon, To ¢yHkius 3amucu DCII3Y nomkHa Takke M0XKIATHCS 3aBEPUICHUS
m000i Tekymen komanapl SPM.

IIpumep accem0JiepHOTo KOAA
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EEPROM write:

; Wait for completion of previous write
sbic EECR,EEWE

rjmp EEPROM write

; Set up address (rl8:rl1l7) in address register
out EEARH, rl8

out EEARL, rl7

; Write data (rle6) to Data Register

out EEDR,rl6

; Write logical one to EEMWE

sbi EECR, EEMWE

; Start eeprom write by setting EEWE
sbi EECR,EEWE

ret

IIpumep C-kona

void EEPROM write (unsigned int uiAddress, unsigned char ucData)

{

/* Wait for completion of previous write */
while (EECR & (1<<EEWE))

/* Set up Address and Data Registers */
EEAR = uiAddress;

EEDR = ucData;

/* Write logical one to EEMWE */

EECR |= (1<<EEMWE) ;

/* Start eeprom write by setting EEWE */
EECR |= (1<<EEWE) ;

}

Crnenyromuii mpuMep Mmoka3biBaeT (yHKINHU, pealn30BaHHbIE Ha accemOiuepe 1 Ha C s
cuntbiBanuss DCIII3Y. B sTom nmpumepe npennonaraercs, 4ro nNpepbiBaHUS KOHTPOJIUPYIOTCS

TakUM 00pa3oM, YTO BO BPEMs BBINOJHEHUS (YHKIUI HE IPOUCXOIUT MPEPhIBAHUM.

IIpumep accembiepHOro Koaa

EEPROM read:

; Wait for completion of previous write
sbic EECR, EEWE

rjmp EEPROM read

; Set up address (rl8:rl1l7) in Address Register
out EEARH, rl8

out EEARL, rl7

; Start eeprom read by writing EERE

sbi EECR, EERE

; Read data from Data Register

in r16,EEDR

ret

IIpumep C-kona

unsigned char EEPROM read(unsigned int uiAddress)
{

/* Wait for completion of previous write */
while (EECR & (1<<EEWE))

/* Set up Address Register */

EEAR = uiAddress;

/* Start eeprom read by writing EERE */
EECR |= (1<<EERE);
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/* Return data from Data Register */
return EEDR;
}

3.2.3 lIpenorBpamenue omudok B ICIII3Y

B nepuoael cunxkenus HanpsbkeHus aansabie B DCIIII3Y moryTt uckaxarbces, OCKOJIBKY
HanpsDKeHUe NMUTaHUs CIUIIKOM Majo Ul TOro, YToObl 00ecneunTs NnpaBuibHyto padoty LITY
u DOCIII3Y. [TonoOHbIe mMpoOIEeMbl aHAIOTHYHBI TEM, C KOTOPBIMH CTaJIKMBAIOTCS HA ypOBHE
CHUCTEMHBIX IUIAT, U B TAKUX CIy4asX JOJKHBI UCIIOJIb30BaThCSl aHAJIOTMUHbIE KOHCTPYKTOPCKHE
peleHusl.

Coont manupix DCIITNI3Y MoXkeT MpPOMCXOAWTh B JABYX CIIy4asX MPH CIUIIKOM HU3KOM
HaIpsDKEHUU nUTaHus. Bo-nepBbIX, perynspHas nociaenoBarenbHocTs 3anucu B JCIIII3Y Tpe-
OyeT MUHMMAJIBHOI'O HANPSDKEHUS JUIsl KOPPEKTHOI'O BBIIIOJIHEHUS onepaiuu. Bo-BTophIx, camo
LIITY MoxeT HenpaBUIHHO BBITOIHATH KOMAH/IbI IPH CIIUIIKOM HU3KOM HaNPsOKEHUH MTUTAHUS.

B T0 xe Bpems, MOxHO n30exath c60s AaHHbIX mpu padore DCIIII3Y, ecnu yuyuThBaTh
CJICAYIONIYIO PEKOMEHIAIMIO: HEOOXO0UMO MOAAEPKUBATH 00NN COPOC B aKTUBHOM (HU3KOM)
COCTOSIHUHM BO BPEMsl HU3KOT'O HAIPSDKEHUS! MUTaHKUSA. DTO MOYHO BBIIIOJHUTD ITyTE€M BKIFOUEHUS
BHYTPEHHETO YCTPOWCTBA OOHAPY)KEHHsI YCIIOBHI MOHMKeHHOTro nuTanust (Brown-out Detector)
BOD. Ecnu ypoBenb o0HapyxeHHoro BHyTpennero BOD He cooTBeTcTBYeT TpeOyeMoMy ypoB-
HIO OOHAPYXEHHUsS, TO MOKHO HCIOJIH30BAaTh BHEIIHIO CXeMy cOpoca JUIsl 3aIIUThl OT HU3KOTO
Usvee. Ecin cOpoc mporcxout B mepuo/, Korjaa uaeT MpoLece 3aucy, To Ipolecce 3anucu 0y-
JIeT 3aBEpILEH, KOTIa BOCCTAHOBUTCS JOCTATOYHBINA YPOBEHB HANPSHKEHUS ITUTAHUSI.

3.2.4 IlamaTHL BBOJa-BLIBO/IA

B mpoctpanctBe BBOma-BeiBoga MC 1887BE4Y pasmemienbl Bce yCTpoOWCTBa BBOJIA-
BbIBOZIa U mepudepuiinple ycrpoiictBa. JlocTyn Kk aapecaM BBOJA-BbIBOJA OCYIIECTBISETCS C
nomonipio koMaua IN u OUT myrem mepenaun TaHHBIX MEXITy 32 paOOYUMHU pETUCTpaMu 00-
IIer0 Ha3HAYEHUs U MPOCTPAHCTBOM BBOJIa-BbIBOJA. PerucTphl BBO/1a-BbIBO/Ia BHYTPH JIMANa30-
Ha ajpecoB 0x00 — Ox1F oGmanaroT BO3MOKHOCTHIO TOOMTOBOM aJipecaliiy, UCIOJIb3Ysl KOMaH-
nb1 SBI n CBI. B ykazaHHBIX peructpax 3Ha4eHUE OTIENbHBIX Pa3psAa0B MOXKHO IIPOBEPUTH, UC-
nonb3ys komaael SBIS u SBIC. [Ipu ucnonp3oBannu crienupuuecKux KOMaH [ BBOJIA-BBIBO/IA
IN 1 OUT neobxomumo ucnonsizoBath ajapeca 0x00 — 0x3F peructpos BBoga-BeiBOAA. [lpu an-
pecanuu K perucTpaM BBOJA-BBIBO/IA KaK K MPOCTPAHCTBY JaHHBIX, UCHONB3ys KoMaHasl LD u
ST, k 3HaUeHUIO ajipeca ITUX PErUCTPOB HEOOXO0UMO 100aBIATh 0X20.

st obecrieueHUs: COBMECTUMOCTH € OyIyIIMMH YCTPOMCTBAMHU pE3EPBHBIC pPa3psiabl
JIOJDKHBI OBITH 3alMCaHbl B HOJIb, €CJIM K HUM OCYILECTBIISIETCS 1OCTYI. B 3ape3epBupoBaHHbIE
ajipeca BBOJIa-BBIBO/IA TAMSITH HUKOT/IA HE JTOJKHA TIPOBOJIUTHCS 3aITUCh.

Hexkotopsle u3 ¢aros craryca OYMIIAIOTCS MYyTEM 3alHCH B HUX JIOTHYECKOH €IMHHUIIBL.
OO0parure BHUMaHuEe HA TO, uTo HHCTPYKIMK CBl u SBI momkHb! pabotats 11t Bcex OUTOB pe-
THCTPOB BBOJA-BBIBO/IA; 3aMCh €AMHUIIBI B JIIOOOH (h1ar, CYUTaHHBIA KaK yCTaHOBIECHHBIH, MpH-
BeeT k copocy durara. Komanmaer CBI u SBI paboraror Tomsko ¢ peructpamu ¢ 0x00 mo 0x1F
azpec.

[TosicHeHwsT IO perucTpaM BBOJA-BBIBOAA M PETUCTPaM YIPABJICHUS TEepUPEPUITHBIMU
YCTPOMCTBAMH JaHbl B ITOCIEAYIOIUX pa3zesax.

3.3 Cucrema CHHXPOHU3AUNH

Ha pucynke 3.9 npencraBieHbl OCHOBHBIE CUCTEMBI CHHXPOHHU3ALUHU U UX PACIIPEEICHUE.
HeoOs3arenpHo, 4TOOBI B JaHHBIN MPOMEKYTOK BPEMEHH BCE TAKTOBBIE UMITYJIbCHI OBUTH aKTHB-
HbIMU. JI7151 CHUOKEeHUS! TOTpeOIsieMoil MOLTHOCTH, 10/jadya TAKTOBBIX UMITYJIBCOB K HEUCIIOJb3Y-
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CMbIM MOAYJIAM MOKCT OBITh IMPHUOCTAHOBJICHA C ITOMOMIBIO MCITOJIB30BaHUA PA3JIMYHBIX CIIAIIUX
PEXKUMOB. HOI[pO6HOCTI/I B OTHOHICHUH CUCTEM CHHXPOHU3AIUHU IIPUBCACHBI HUXKE.

ACHHXpPOHHBI O6ume Moy ATII Snpo 03y Omu-namsTh
TalMep/CYeTINK BBOJIa/BBIBO/IA nporeccopa u DCIII3Y

4 A A A A A A A

ClKaoe

clko | Brok ynpasnenust | clke,

CHHXpPOHM3AIEH
ClKasy clk e
2 3
Jloruka CropoxeBoit
cOpoca Taiimep
1 f
CHHXpOHH3ALHS CropoxeBast
HCTOYHHKA CHHXPOHH3ALHsI

Bpemennoit CropoxeBoii
MYJIBTHIIIEKCOP reHeparop

fﬂﬂﬂ*

HwuzkouyacToTHbIH
KBApLEBbIH
TeHepaTop

Bremxnii
TaKTOBBII
TeHepaTop

Ksapuessrit
reHeparop

T'eneparop Buemmnuit
TaiiMepa/cueTurKa RC-reneparop

KaymOpoBaHHBIH
RC-reneparop

Pucynok 3.9 — Pacnipeienenue TakTOBBIX HMITYJIBCOB

TakroBbrii curaan IITY- clkcpy

TakroBeiii curnan LITY moacoennHeH K y3laM CHUCTEMBI, CBSI3aHHBIM C pabOTOH sjpa.
[TpumepamMu TakuX MOJIyJEH SBISIOTCS PETUCTPOBBIN (paiinm o0IIero Ha3HAYEeHUs, PETUCTP CO-
crostHu# U T. 1. OcTaHoBKa TakTOoBOrO TeHeparopa LIITY Giokupyer BhIMOTHEHUE SIPOM OTepa-
1 00IIeT0 Ha3HAYEHUS U BHIYHCIICHUH.

TaKkTOBBIN CHrHAJ BBoJa-BeIBoAA — ClK) /0

TakTOBBI CHUTHAJ BBOJA-BBIBOJIA WCIOJIB3YETCS OOJBIIMHCTBOM TepH(DEPUHHBIX MOJTY-
nei, Takumu, kKak taitmepbl/caetynkd, SPl u UART. TakToBBIif CUTHAN BBOJIA-BBIBOJA HCIIONb-
3yeTCsl TaK)Ke MOJIYJIEM BHEIIHETO MPEPBIBAHMUS, IIPU ITOM HEOOXOJAMMO OOpaTHUTh BHUMAaHUE Ha
TO, YTO HEKOTOpHIC BHEIIHUE MPEPHIBAHUS JIETEKTUPYIOTCS ACHHXPOHHOHN JIOTMKOW, MO3BOJISS
OOHapyXMBaTh TaKWe TPEPHIBAHUSA JakKe B CIydae OCTAHOBKM TAaKTOBOTO CHTHAJla BBOJA-
BbIBOJIa. HeoOxoanmo oOpaTuTh Takke BHUMaHHUE Ha TO, YTO PACIO3HABAHUE aJIpeca B MOAYIE
TWI BeInoTHsIETCS aCHHXPOHHO Tipu ocTtaHoBKe ClKyo, 9TO mo3BosseT obecreunTs mpruem ajape-
ca TWI Bo Bcex CHsIUX peKUMaXx.

TakroBblii curaan Gpum-namaT — ClKg asy

TaktoBerii curnan ¢ummr-namati  ClKg asy  ympasasier pabotoit uHTepdeiica ¢uaim-
namsTi. OOBIYHO OH aKTUBUPYETCS OJHOBPEMEHHO C TaKTOBBIM reHepatopom LIITY.

TakToBBIii CHTHAJI ACHHXPOHHOTO Taiimepa -ClKasy
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TakTOBBIN cHrHAJ acHHXpOHHOTO TaiiMepa Clkasy oOecneunBaeT HEMOCPEIACTBEHHYIO
CHHXPOHHU3AIMI0 aCHHXPOHHOI'O TaiiMepa/cyeTdnKa ¢ MOMOIIBI0 BHEIIHET0 KBapIEeBOrO TaKTO-
Boro rereparopa 32 kI'n. CrnenuaibHO BbIIEICHHbBIN KaHaI TAKTUPOBAHUS MIO3BOJISIET UCIIOJIB30-
BaTh ATOT TaliMep/CUETUUK B KAa4eCTBE CUETUMKA PEAJbHOTO BPEMEHH, JaXe €CIH yCTpOCTBO
HAXOJUTCS B CIIALLEM PEXKUME.

TakroBbiii curaan AL — clkapc

AIIIl umeer crnenuanbHBIA KaHajl CUTHajda TaKTUPOBAHUSA, YTO IO3BOJISET BBINOJIHATH
OCTaHOBKY TakTOBOro curHana L{ITY u TakToBOro cursasnsa BBOAA-BbIBOJA JJISI CHHXKEHUS IIyMa,
BBI3BIBAEMOI'0 IU(PPOBBIMU CXEMaMHU. DTO AaeT 00Jiee TOYHBIC PE3YIbTaThl aHAIOTO-IIU(POBBIX
peoOpa3oBaHUM.

HMcTouyHNKHM TAKTOBOI0 CUTHAJIA

MUKpPOKOHTpOJIIEp UMEET PsiJi UCTOUHUKOB TAaKTOBOI'O CHTHAJIa, BHIOMPAEMBIX C IOMO-
b0 OUTOB KOH(pUTryparuu coraacHo Tadmuie 3.2. TakTOBbIM UMIYJIbC OT BHIOPAaHHOTO UCTOY-
HUKa BBOJUTCS B TAKTOBBIM I'€HEPATOP U MEPEHAIPABISAETCSA B COOTBETCTBYIOLINE MOYJIH.

Ta6nuna 3.2 — Onnun BeIOOpAa CHHXPOHU3HUPYIOIIETO YCTPOMCTRA

Ornus BbIOOpa CHHXPOHU3UPYIOIIETO YCTPOICTBa CKSEL3S ... CKSELO
BHenHunii kepaMu4ecKnii/KBapIeBblil pe30HATOP 1111 - 1010
BHenauii HU3K04acTOTHBINA KBAPIIEBBIM reHepaTop 1001
Bremnnii RC reneparop 1000 - 0101
Kanubposannsiii BHyTpennuii RC reneparop 0100 - 0001
BHenHuii TaKTOBBIN TeHEpaTOp 0000

[Ipumeuanue — JlnaBcex OuToB KoOHpUTrypanuu «1» o3HaYaeT OTCYTCTBUE MTPOTpaM-
MHUPOBaHHUS, B TO BpeMsi Kak «0» 03HayaeT MporpaMMHpPOBaHHE.

Hwxe npezacraBieHsl pa3inyHble BapuaHThl BBIOOpAa MCTOYHMKA CUHXpOoHM3anmu. Koraa
L{ITY HaunHaeT BBIXOIUThH U3 PEKUMA MUKPOIIOTPEOIEHUS U PEKUMa XpaHEHMsI, BBIOpAaHHBIN
UCTOYHUK CUHXPOHM3AIMU MCIIONIb3YETCs /10 Hayaja 3alycka, o0ecreunBas Ipyu 3TOM CTaOUIIb-
HYI0 paboTy reHeparopa /10 Hadajna ucrnoiaHenust komana. Korna LITY 3amyckaercs nocie cOpo-
ca (RESET), Bo3HUKaeT MOMOJHHUTENbHAS 3a/IepiKKa, TO3BOJIAIONIAs TIOBECTH MUTaHUE JI0 CTa-
OWJIHLHOTO YPOBHSI K Haualy HOpMaJibHOM paloThl. ['eHepaTop cTOpOKeBOro TakMepa MCIOJb3Y-
€TCsl Il CUHXPOHM3AllMM 3TOr0 OTpe3Ka BPEMEHM 3amycka. KoaumdecTBO IMKIOB reHepaTopa
WDT, ucrnonb3yeMsbIx AJis KaKIO0To Neproja, nokasano B Tadbauue 3.3. Yacrota paboThl reHepa-
TOpa CTOPOKEBOTO TaliMepa 3aBUCUT OT HaIPSKEHUS.

Tabnauna 3.3 - KoanuecTBo nMKIIOB reHepaTopa ctopoxxkeBoro taitmepa WDT st renepa-
MU 3aJIePKKU cOpoca.

Tunosoe Bpemst cOpoca, Mc Tunosoe Bpemst cOpoca, Mc KOJTHHeCTBO HKIOB
(Usvec = 5,0 B) (Usvec =3,3B)
8,2 8,6 4K (4 096)
130 138 64K (65 536)

HCcTOYHUK TAKTOBBIX HMITYJIHCOB M0 YMOJTYAHHIO
3navyenus no ymonuanuto out CKSEL = «0001», out SUT = «10». Benencreue storo
HavyaJbHas YCTaHOBKA MCTOYHMKA TAKTOBBIX MMITYJICOB COOTBETCTBYeT BHyTpeHHeMy RC rene-
paTopy ¢ caMbIM JUIMHHBIM BPEMEHEM 3aIlycka. JTa YCTaHOBKA T'apaHTUPYET, YTO BCE MOJIb30Ba-
TEJIM MOTYT BBHIOMPATH YKEJaeMblli HCTOYHHUK TAKTOBOTO CHUTHAJIA, WCIOIb3YSl BHYTPHCUCTEMHOE
WIN TIapaJljIeIbHOE IPOTrPaMMHUPOBAHHE.
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3.3.1 TakTOBBIl reHepaTop C BHEIIHUM PE30HATOPOM

Pe3onarop noaxiroyaercs k BeiBogaM BQ1 u BQ2 mMukpokoHTpoiuiepa, Kak MOKa3aHO Ha
pucyHke 3.10. OTu BBIBOABI SIBISIFOTCS COOTBECTBEHHO BXOJOM M BBIXOJOM HHBEPTHPYIOILETO
YCUJIMTENST TaKTOBOI'O FeHepaTopa.

YcunuTens TaKTOBOTO TeHEpaTOpa MOXKET padoTaTh B OJTHOM M3 JIBYX PEKHUMOB, OIIpeJie-
asieMoM coctosinueM KoHpurypannonHoi sueriku CKOPT . Ecnu ata siueiika 3anmporpaMMupo-
BaHa, aMIUTUTYAa KoyieOaHui Ha BeIXoje ycunutens (BeiBoa BQ2) mpakruyecku paBHa Hampsi-
KEHUIO NUTaHus. J[aHHBIN PEeKUM I0JIe3eH IpU paboTe YCTPOMCTBA B YCIOBUSAX CHIIBHBIX JJIEK-
TPOMAarHUTHBIX MTOMEX, a TAK)KE MPHU UCIOIH30BAHNYU CHTHAJIa TAKTOBOT'O T€HEpaTopa JJIs yIpas-
JIEHUs BHEILIHUMH YCTPOHCTBAMHU.

Ecnu siuetika CKOPT He 3anporpammupoBana, aMIUIMTy/a KojieOaHuil Ha BBIXOJE YCHIIU-
Tesid OyAeT 3HauuTelbHO MeHblle. COOTBETCTBEHHO TOK IOTPEOJICHMS MHUKPOKOHTPOJUIEpA
YMEHBIIETCS, OJIHAKO MPH 3TOM CY)KAaeTCsl U JAMana3oH BO3MOXKHBIX YacTOT TAaKTOBOTO CHUTHAJIA.
B 3TOM pexxuMe curHajg TakTOBOIO I'eHepaTopa MHUKPOKOHTOJIIEpa HEJb3sl MCIIONb30BaTh IS
yIIpaBJICHUS] BHEITHUMH YCTPOHCTBAMHU.

OnTuManbHbIM HOMUHAT KOHJIEHCATOPOB 3aBUCHUT OT UCIIOJIb3YEMOI0 KBaplia Win pe3oHa-
TOpa, BEJIMYUHBI MAPA3UTHON €MKOCTH M OKPYXKAIOIIWX 3JIEKTPOMAarHUTHBIX mIymoB. Ompene-
JICHHbIE HayaJIbHble PEKOMEHJIAlMU 110 BHIOOPY KOHAEHCATOPOB JUIsl UCIOIb30BAHUS COBMECTHO
C KBapLEBbIMHM pE30HAaTOpaMu IpejcTaBieHbl B Tabnuue 3.4. Jljig kepaMUUYecKux pe3oHaTopoB
clleflyeT UCIOJIb30BaTh HOMUHAJIBI KOHJEHCATOPOB COIIACHO PEKOMEHJALMAM ITPOU3BOJUTEIeH
PE30HATOPOB.

€2

||
] _T_ BQ2

L]

¢ ”Cl —l_ BO1

_T_ #0V

Pucynok 3.10 — [ToakmtodeHre KBapUEro WM KEPaMHUECKOTO pe30HaTOpa

I'eneparop MoxeT paboTaTh B TpeX pa3iIMYHBIX PEKUMaX, KOKAbIIH U3 KOTOPHIX ONTHMHU-
3WPOBaH I KOHKPETHOTO JTHara3oHa 4acToT. Pabouuii peskuM BEIOMpAETCs ¢ TIOMOIIBIO STYeeK
koHpurypauun CKSEL3... CKSEL1, kak nmoka3aHo B Tabnurue 3.4.

Tabnauna 3.4 —BeiOop pexxuMoB pabOTHI reHepaTopa

CKOPT CKSELS... YacroTHbIi Pexomennyemble 3HaueHus KoHAeHcaTopos Cl
CKSEL1 ,Z[I/Ial'Ia3OHl), MI 1 u C2 17151 HCIIOJIB30BaHMS C
KBapIIeBBIMH pe30HaTOpamu, P
1 1017 04-09 -
1 110 0,9-3,0 12 - 22
1 111 3,0-8,0 12 - 22
0 101, 110, 111 1,0-8,0 12 -22

2 3HauecHUS JJId Uana30HOB YaCTOT ABJIAIOTCA IIPESABAPUTCIIBHBIMU.
2) I[aHHaSI Oy HC OOJIZKHA UCTIOJIB30BATHCA C KBAPLUECBBIMHA PE30HATOpPAMH, a TOJIBKO C KEpaMH4c-
CKHUMU.
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Tabnuma 3.5— BpeMeHna 3amycka i1 BBIOOpa 4acTOTHI KBapIIEeBOI0 reHepaTopa

CKSELO | SUT1, | Bpewms 3anycka u3 | [JomonnurensHas | PekomeHmyeMoe mpuMeHeHHe
SUTO | pexnma moHUXEH- 3a/IepKKa OT
HOTO MHUTAHUS U copoca, Mc
peKUMa SHEPro- (Usvec =5,0B) /
cOepexeHust (Ugvee = 3,3 B)
0 00 258 cK Y 8,2/8,6 Kepamuueckuit pesoHatop,
OBICTPO HapacTaroliee MUTaHue
0 01 258 CK V) 130/138 Kepamuueckwuii pesonarop, Mej-
JICHHO HapacTarollee MUTaHue

0 10 1K CK? — Kepamuueckuii pesonatop, BOD

paspelieH

0 11 1K CK ? 8,2/8,6 Kepamuueckwuii pezonarop,

OBICTPO HapacTaroliee MUTAaHHE

1 00 1K CK ? 130/138 Kepamuueckuit pesonarop, Mej-

JICHHO HapacTarollee MUTaHue

1 01 16K CK — Kepamuueckwii pezonarop, BOD

paspelieH

1 10 16K CK 8,2/8,6 Kepamuueckuit pesonarop,

OBICTPO HapacTarollee NUTaHue

1 11 16K CK 130/138 Kepamuueckuii pesonarop, Mej-

JICHHO HapacTarolee IMUTaHue

b Ot OINIHU JOJIKHBI UCIIOJIB30BATHCA TOJIBKO B TOM ClIy4dac, KOraa pa60Ta BBIINIOJIHACTCA HC Ha
TrpaHune HpeHCHBHOﬁ HaCTOTHI paGOTBI r[pI/I6opa M €CJIM CTaOMJIBHOCTBD I10 YaCTOTE IIpH 3aI1yCKC HE UI-
pacT poJir AjId JaHHOI'0 IIPUMCHCHUA. Ot OIMIWU HE MPUTOAHBI JJIs UCIIOJIL30BaHUs C KBAPILEBBIMH PEC-
30HAaTOPaMH.

2) Ot OINIHHU MPCAHA3HAYCHBI TSI UCITIOJIB30BAHUA C KCPAMUYCCKUMH PE30HATOPaMU U obecneyn-
BaroT CTa6I/IHBHOCTL YaCTOTEI ITPU 3aIlyCKeE. Hx Ttaxxe MOKHO HCIIOJIL30BaTh C KBapuamu, €CJI HE IIpHU-
MEHSITh NpH paboTe Ha YacToTe, OJIM3KOM K MPEAeTbHOM, M €CJIM CTA0MIBLHOCTD TI0 YAaCTOTE MPH 3aITyCKe
HC BaXHa JJI1 JaHHOT'O BUJAa IIPUMCHCHUA.

Kondurypamnonnsrii our CKSELO Bmecte ¢ 6utamu SUT1, SUT 0 BeIOMpaeT BpeMeHHbBIE
MHTEPBAJIBI JUIS 3aITyCKa, Kak 3TO MOKa3aHo B Tabmwuie 3.5.

3.3.2 KBapueBblii reHepaTop HU3KOH YaCTOTHI

Jlnis ucnosp30BaHMsl YacoBOTO KBapua ¢ yactoroi 32,768 kI'11 B kauecTBE OCHOBHOTO Tak-
TOBOTO TE€HEpaTopa HEOOXOJMMO BBIOMpPATh HH3KOYACTOTHBIM KBapIIEBBIA T€HEPATOpP C TOMO-
b0 ycTaHOBKU KoH¢urypanuonusix 6utr CKSEL B cocrosaue «1001». KBapreBslit reneparop
ClIelyeT MOACOEANHITh B COOTBETCTBUU ¢ pucyHKoM 3.11. C moMomibio mporpaMMupoBaHus Ou-
ta CKOPT mnosnb3oBaTens MOXET MOJAKIOYUTH BHyTpeHHHEe eMkocTH kK BQ1 u BQ2, ycrpanus
TEM CaMbIM HEOOXOJMMOCTh MCIOJIB30BAHUS BHEITHUX KOHICHCATOPOB. BHyTpeHHNE KOHACHCa-
TOpbI UMEIOT HoMUHAI 36 .

[Tpu BBIOOpE TaKkOTO reHepaTopa BEIMYMHA BPEMEHH 3aITyCKa OMPEIesIeTCs BBIOOpOM Ou-
toB SUT, kak 3T0 mmoka3aHo B Tabiuiie 3.6.
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Ta6numa 3.6— Bpemena 3amycka st BbIOOpa HUI3KOYaCTOTHOTO KBapLIEeBOI'O TAKTOBOTO
reHeparopa

SUT1, | Bpewms 3amycka u3 pexu- JononmHuTenpHas 3a- Pexomenayemplii BUJT
SUTO | ma mukpomoTpeOieHust 1 | Jepikka oT copoca, Mc PUMCHCHUS
peKUMa XpaHCHHS (Usvcc =5,0B) /
(Ugvee = 3,3 B)
00 IKCK* 8,2/8,6 bricTpo Hapacraroiee mnu-
TaHUE WJIU PA3PEILICHHBIN
BOD
01 1K CK * 130/138 MeneHHO HapacTaroliee
TUTaHUE
10 32K CK 130/ 138 CrabwiibHast 4acToTa nIpu
3aITycKe
11 3ape3epBUPOBAHO
* DTH ONIMHU CJIEIYET HMCIOJb30BaTh, TOJBKO €CIIM CTa0MIILHOCTh IO YaCTOTE IPH
3aIyCcKe He Ba)KHA JUISI TAHHOTO BHJIa IPUMCHCHUSI.

3.3.3 Buemnuii RC reneparop

Kondurypauus Baemnero RC-reneparopa, nmokasannasi Ha pucynke 3.11, npeanasnadena
JUIS. IPUMEHEHHH, He TPeOYIOIMX TOYHO OINpPEEeJICHHOTO 3HAYEeHUS 4acTOThl. YacTOTy MOXKHO
npuoOaM3uTeNbHO oreHuTh 1o Gopmyne T = 1/(3RC). Benmuunna C nomkHa ObITh, 0 MEHBIIEH
mepe, 22 n®d. BrimonHsas nporpammupoBanue ¢ nomoiuisio nepeMeiukn CKOPT, nons3oBarens
MOYET TOAKIIOUYUTh BHYTPEHHIO eMKOCTh B 36 nd mexny BQ1 u #0V, ycrpanss TeM caMbiM
HOTpeOHOCTh BO BHEIIHEH €MKOCTH.

['enepaTop MoxeT paboTaTh B YETHIpEX Pa3IMYHBIX PEKHUMAX, KOKIBIH U3 KOTOPHIX OI-
TUMH3UPOBAH JUIs ONIPE/IEIEHHOrO AUana3oHa 4acToT. Pabouuil pexxuM BeIOMpaeTcs C MOMOIIbIO
out CKSELS3...0, kak 310 moka3ano B Tadmuie 3.7.

He
Uee  nommmozen | 022
ﬁR
BO1
L.
I

Pucynok 3.11 — Dnektpuyeckas cxema noaxioueHus BHemHero RC reneparopa

Tab6anumna 3.7 —Paboune pexxumsl BHemHero RC reneparopa

CKSEL 3 ... CKSEL 0 YacroTHbIl nuama3od, MI g
0101 0,4-0,9
0110 0,9-3,0
0111 3,0-8,0

ITpu BBIOOpE 3TOrO reHeparopa BpeMeHa 3ammycka omnpenenstorcs ouramu SUT, kak 3To
[I0Ka3aHo B Tabiuie 3.8.
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Tao6numa 3.8 — Bpemena 3anycka juist Beioopa BHenHero RC reneparopa

SUT1, | Bpewms 3amycka u3 pexxuma JlonmonmHuTeIBHAS Pexomenayemblii BUJ
SUTO MHUKPONOTPeOICHUS U 3azepxKa oT copoca, IPUMEHEHHS
peKHIMa XpaHEHUS Mc (Upvec =5,0B) /
(Ugvee = 3,3 B)
00 18CK — BOD paspernieHo
01 18CK 8.2/8,6 bricTpo Hapacraromee
UTaHUE
10 18CK 130/ 138 MennieHHO HapacTraroliee
UTaHNE
BeicTpo Hapacratomniee nu-
11 6CK Y 8,2/8,6 TaHUE WIN Pa3peIIeHHBIN
BOD
Y 31a omups He HOMKHA HCIIONB30BATHCS IPH PabOTe, GIM3KOI K MAKCHMANBHOI
4acToTe mpuodopa.

3.3.4 KanuopoBanublii BHyTpenHuii RC reneparop

KanuGpoBannsiii BHyTpenHuit RC reneparop 3amaet GUKCHPOBAHHYIO TAKTOBYIO YacTOTY
1; 2; 4 umm 8 MI'n. Bee 9acToThI SBISAIOTCS HOMUHAIBHBIMY 3HaueHUssMH 1ipu 5 B u 25 °C. Otor
TeHEePaTOpP MOXKET OBITh BHIOPAH B Ka4eCTBE CHCTEMHOIO C MOMOIILIO MMPOrPAMMHPOBAHUS OHUT
CKSEL, kak sTo mokazano B Tabnuie 3.9. Ecnu on BbIOpaH, TO MOKET paboTaTh 06€3 BHEIIHUX
KoMIoHeHTOB. [Ipu ucnons3zoBanuu storo ucrounuka 6ur CKOPT Bcerna momkeH OBITH HE 3a-
nporpaMMupoBaH. Bo Bpemst cOpoca anmapaTHoe obecriedeHue 3arpyxaeT 0aiT ais KaTuOpoBKU
B peructp OSCCAL wu, takum obOpa3om, aBromatndecku kamuopyer RC renepatop. Ilpu wuc-
MOJIb30BAaHMHU ATOTO TeHepaTopa B KauecTBE TeHepaTopa MHUKPOKOHTPOJUIEpa TeHepaTop CTOpO-
JKEBOTO TaiiMepa OyJeT Mo-TIPEeKHEMY UCTIOIB30BATHCS JIJIi CTOPOXKEBOTO TaiiMepa W JIIsl OIpe-
JIEJICHUs UCTEUYEHUs BpEMEeHH cOpoca.

Tabauna 3.9 —Paboune pexxumbl BHyTpeHHero kanudbpoanHoro RC renepatopa

CKSELS ... CKSELO

Homunansnas vacrtora, MI'g

0001* 1,0
0010 2,0
0011 4,0
0100 8,0

* ITpubop mocTapisieTcsi C AKTUBUPOBAHHOW JIaHHOMN OIIUEH.

Ecnu BbIOMpaeTcss 3TOT reHepaTop, TO BpeMeHa 3alycka ompenenstorcs outamu SUT,
Kak 370 mokaszano B Tabmure 3.10. BQ1 u BQ2 ciienyer ocTaBUTh HEMOAKITFOUSHHBIMH.

B npunoxenun b npuBeneHbl 3HaUeHUs U Tpa@UKU 3aBUCUMOCTEH 3HAYEHUH YacCTOTHI
RC-reneparopa B quanazoHe TeMIepaTyp U HaIpsDKEHHUH.
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Tabd6nauma 3.10 — Bpemena 3amycka Juist BeIOOpa BHyTpeHHero kanuoposannoro RC renepa-
TOpa

JlomoaHuTEIbHAS
Bpewms 3amycka u3 pexuma .
SUT1 3aJIepKKa OT copoca, MC Pexomenayemblii BU
MHUKPONOTPeOICHUS U _
SUTO esKIIMA XpaHeHHs (Ugvec =5,0B) / IPUMCHCHHUSI
P (Usvee = 3,3 B)
00 6CK — BOD paspermieno
01 6CK 8.2/86 bricTpo Hapacraromiee nu-
TaHUe
10% 6CK 130/ 138 MenneHnHo HapacTarolee
MTUTaHHE
11 3ape3epBUPOBAHO
* [Ipubop mocTaBisieTcs ¢ y)ke BEIOpaHHOM TaHHOHN ONIHEH.
Peructp xanuopoBku reseparopa — OSCCAL
Bur 7 6 5 4 3 2 1 0
| CAL7 | CAL6 | CAL5 | CAL4 | CAL3 | CAL2 | CALL | CALO | osccAL
Yrenue/3anuch u/3 4/3 4/3 473 4/3 4/3 473 4/3

Hauanbnoe

3HayCHHE KATUOPOBKY [T JAHHOTO Mprbopa
3HauCHHE

Pa3psiasl 7...0: CAL7... CALO — 3nauenne ka1uOpoBKHU reneparopa

3anuchk OaifTa KaJTUOpPOBKM B 3TOT aJpec CKOPPEKTHpPYET BHYTPEHHUI reHeparop uis
ycTpaHeHHUsl pa3dpoca 4acToThl reHepaTopa. Bo Bpemst cOpoca kanuOpalMOHHOE 3HaueHue 1
MI'y aBromatuuecku 3arpyxaercst B peructp OSCCAL. [Ins paGotsl BHyTpenHero RC renepa-
TOpa Ha JPYrMX 4acTOTaX, 3HAUEHUS KaJTUOPOBKHU JOJIKHBI 3arpyaThCsl BpPYUHYI0. DTO MOXKHO
peanan30BaTh, COXpaHMUB 3HaUeHUs KanuOpoBku Bo (mam-namaru uian DCIITI3Y. 3atem nannoe
3HaYeHHE MOXXHO CUUTATh MPOTPAMMHBIM CIOCOOOM U 3arpy3uTh B peructp OSCCAL.

Eciu OSCCAL naxomgutcs B coctosiuuu 0X00, To BeIOMpaeTcs camasi HHU3Kas M3 4acToT,
UMEIOUINXCA B HAJUYMU. 3alUCh HE HYJEBBIX 3HAUEHUN B ATOT PETHCTP YBEIMYUT YacCTOTY
BHYTpEHHero reseparopa. 3anuck OXFF B peructp nact camyro BBICOKYIO W3 MMEIOLIMXCS B
Haau4uK 4actoT. [ns cuaxponuzanuu goctymna B DCIII3Y u dmdui-naMsats ucnoas3yercs Ka-
nuOpoBaHHbIM reHepaTop. Ecnu BeimonHsercs 3anuck B DCIII3Y u gpusm-namsrs, To He ciaeny-
€T BBINOJIHATH KaTHOPOBKY IPU 3HAYEHUSX 4acToThl, Oosiee 10 % oT HoMUHaNIBHOHI. B mpoTus-
HOM ciy4yae MoxeT He npousoitu 3anuck B DCIII3Y u dmm-namsats. Heobxonumo o6paTuth
BHHMaHUE Ha TO, YTO F€HEepaTop MpeaHa3HaueH A KanubpoBku npu 1; 2; 4 wiu 8§ MI'n. Kax
BUAHO U3 Tabnupl 3.11, HacTpoiika Ui Apyrux 3HaUeHUH He TapaHTUPyeTCs.

Tab6nauna 3.11 — Jluanazon yactot ans BHyTpeHHero RC reneparopa

3HaueHHUE MuHuManpHas 4acToTa B MPOIEHTaX | MakcuMmasbHasi 4acToTa B MPOIEHTAX
OSCCAL OT HOMHHAIIBHOI 4acTOThI, % OT HOMHHAJIBHOM 4acTOThI, %
0x00 50 100
Ox7F 75 150
OxFF 100 200

3.3.5 BHemiHuUii TAKTOBBIN reHEPaTOP

st paGoThl MUKPOKOHTpOJUIEpPA OT BHELIHETO UCTOYHMKA TaKTOBOTO curHaia, BQ1 moin-
eH OBITh yIpaBjsieM, KaK 3TO Moka3aHo Ha pucyHke 3.12. J[ns paboTel MUKPOKOHTpOJIEpA OT
BHEIIIHET0 TaKTOBOT'O TeHEepaTopa HeOOXOAMMO 3alporpaMMHUpPOBaTh KOH(PHUTYPAITUOHHBIE OUTHI
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CKSEL B cocrosaue «0000». C momompto mporpammupoBanuss 6ura CKOPT nonb3oBatens
MOJKET IMOJKIIOYNUTh BHYTPEHHIOI eMKOocTh 36 nd mexay BQ1 u #0OV.

He

————] B2
OOKJIYEH

BHeWHMM cuIrHa

BO1
CUHXPOHU3aLUNN

#0V
i

Pucynok 3.12 — Kondurypauus npu TaKTUpOBaHUH OT BHEIIHEr0 TeHepaTopa

Tao6numa 3.12 — BpemeHa 3amycka aiisi BBIOOpa BHENTHET0 CHHXPOHU3HUPYIOIIEro TeHepaTopa

BpeMs 3a1IveKa 03 DEsKIMA JlononnurenbHas 3aepiKKa
SUTL MpI/IK on0Tye6neHHI:1 U pe- ot cbpoca, Mc Pexomenyemblid BUJL
SUTo p)KHMapX AHEHMS P (Usvec =5,0B)/ TIpUMEHEHHs
P (Usvce = 3,3 B)
00 6CK - BOD paspenieno
01 6CK 82/86 OBICTPO HapacTaromniee Iu-
TaHHe
10 6CK 130/ 138 MEJICHHO HapacTaroliee
MUTaHNE
11 3ape3epBUPOBAHO

[Ipu BbIOOpE ATOrO0 UCTOYHMKA CUHXPOHU3ALMU BpEMEHA 3alycKa ONpeAestoTcs: OuTamu
SUT, kak 3T0 noka3zano B Tabauie 3.12. [Ipu ucnonbp30BaHUU BHEIIHET0 TAKTOBOTO T€Heparopa
Heo0X0IuMO U30eraTh BHE3AITHbIX N3MEHEHUH B MPUJIaraeMoi TaKTOBOM YacToTe JUls o0ecneye-
HUs cTabuibHOM paboTel MITY (MukponpoueccopHoe ycTpoiicTBo). M3MeHnenus B yactote 6o-
jee 4eMm Ha 2 % OT OJJHOr0 TaKTOBOT'O IIMKJIA JIO APYroro MOTyT BbI3BaTh HEMpEACKa3yeMoe Mo-
BezieHue. Heobxonumo obecnednTs, 4ToObI BO BpeMsl MOI0OHBIX W3MEHEHUH TaKTOBOM 4acTOTHI
MITY Haxoausiock B COCTOSIHUH cOpoca.

3.3.6 I'enepartop Taiimepa/cueTunka

JIJIss MUKPOKOHTPOJIICPOB, HMEIOIINX BBIBOJBI TeHepaTopa TaiiMepa/cuerynka (TOSCI u
TOSC2), kBapleBblii TeHEpaTop MOACOEIUHSIETCS HEMOCPEACTBEHHO MEXIY BBIBOAAMH, NPHU
ITOM He TpeOyeTcsi HUKaKuX BHEUTHUX KOHJIEHCATOpOoB. [ eHepaTop OoNMTUMU3NPOBAH ISl pabOThI
C KBapLEBbIM YaCOBBIM PE30HATOPOM C yacToToi 32,768 kl'u. Mcmonp3oBaHMe BHEIIHErO CHH-
xpormupytomiero uctognuka s 1OSC1 He pekoMeHayeTcs.

3.4 DHeprocoOeperamomme pe;KMMbI

Vcnonb3oBaHue CHAMMX PEXHMOB IO3BOJIET OTKIIIOYATh HEUCIOJIb3yEeMble MOAYJIU B
MHUKPOKOHTpoJuIepe, Onarofapst uemy 3koHomutcs sHeprus. MIC 1887BE4Y obecnieunBaer pas-
JMYHBIE CISIIUE PEXHUMBI, KOTOPHIE IMO3BOJIAIOT IOJB30BATENIO PEryJlNpoOBaTh MOTpedIeHHE
MOIIIHOCTH JUIsl Pa3JIMYHBIX BUIOB IPUMEHEHHUS.
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Jlnst BBeZIeHU B JIIOOOW M3 IIECTU CISIIMX PEKUMOB, HEOOXOIUMO 3aMUCaTh JIOTHYECKYIO
equauity B pa3psa SE peructpa MCUCR u BeimonanTh KoMauay SLEEP. C nomomnsio paspsiios
SM2, SM1 u SMO B peructpe MCUCR BriOupaercs, kakoii u3 crsumx pexxumoB (ldle — pexxum
xojoctoro xoxa, ADC Noise Reduction — camxkenne myma ALITT, Power-down — pexum xpase-
Hust, Power-save — pexxum mukponorpetienus, Standby — pexum oxunanus wiam Extended
Standby — paciupeHHbIi peKUM OKHIaHKs) OyIeT aKTHBUPOBAH ¢ OMOINbI0 komaH sl SLEEP.
CBoanble nanHble mpuBeneHbl B Tadbmune 3.13. Eciu mpowusoiiser paspenieHHOe mpephIBaHHE,
korga MITY naxoautcs B cnsitieM pexkume, To MITY npoceinaercs. 3atem MITY npuoctanas-
JMBAETCS Ha YEThIpEe IMKJIA B JIOTIOJHEHUE KO BPEMEHH 3aIlyCKa, BBIIOJIHIET Mpolenypy odpa-
OOTKH MpepbIBaHUS ¥ BO3OOHOBIISIET HCIIOIHEHHUE MPOrPaMMBbl ¢ KOMaH/bl, KOTOpas CIeayeT 3a
komangoii SLEEP. Conepxxumoe ¢aiina peructpoB u CO3Y He u3MeHseTcs, KOrJa yCTpOHCTBO
npoOyxaaercs oT cHa. Ecnu cOpoc mpoucxoauT Bo BpeMs crisiiiero pexkuma, To MITY npoOyix-
JIaeTCsl M HAUMHAET BHITIOJIHEHUE POTPaMMBI OT BEKTOpa cOpoca.

Peructp ynpasiaenuss MITY —- MCUCR

Peructp ynpasienns MIIY comepKuT paspsabl yIpaBlIeHHs I PEryJupOBaHUs dHEP-
romoTpeOICHHUS.

bur 7 6 5 4 3 2 1 0

[ smM2 | S | smi | smo | 1sci1 | 1sci0 | Iscoi | I1scoo | mMCUCR
YreHune/3amnuch 4/3 4/3 4/3 4/3 4/3 4/3 4/3 4/3
Hauansnoe 0 0 0 0 0 0 0 0

3HA4YCHUC
Pa3psaanl 7, 5, 4: SM2... SMO — BLIOMPAIOT pe:KUM IHeprocoepexeHust

C momolIpIo 3TUX pa3psiioB BbIOMpaeTcs OJMH U3 LIECTH PEXHMOB 3HEProcOepekeHus,
KaK 3TO MOKa3aHo B Tabmuie 3.13.

Tab6auna 3.13 — BeiGop crsiero pexxuma

SM2 SM1 SMO Pexxum sHeprocoepexeHms

0 0 0 Pexum xonocToro xona

0 0 1 Camxkenue myma AT

0 1 0 PexxuM MukponorpebieHus

0 1 1 Pexxum xpaHeHus

1 0 0 3ape3epBUPOBAHO

1 0 1 3ape3epBUPOBAHO

1 1 0 PexxuMm oxxumanus *

1 1 1 PaciimpeHHbIl pexuM OKuganus *

* PesxuM OKUIaHUS M PAaCIIMPEHHBIA PEKUM OKUIAHUS MOTYT OBbITh pealn30BaHbl TOJb-
KO C UCTIOJI30BaHNUEM BHEIITHUX KBApPIIEBBIX T€HEPATOPOB MIIM PE30HATOPOB.

Pa3psn 6: SE — Paspeienue cnsimero pexxuma

B paspsn SE nomkHa ObITH 3amicaHa JJOTHUECKas eMHUIIA ISl Toro, uto0osl MITY Borwio
B CISIIIUI peXUM BO BpeMs ucrojHeHus komanasl SLEEP. UtoOb1 n3bexars nepexoga MITY B
CIISIIIMIA PEXKHUM J0 TEX MOp, MOKa ATO HE MPEAYCMOTPEHO MPOTPaMMOM, pEKOMEHTyeTCsl YCTaHO-
BuTh paspsn Sleep Enable (SE) — pasperienue Ha Crsiuii pexXuM HEOCPEACTBEHHO TEPE]T MC-
nojaHeHueM koMauabl SLEEP u cpasy ke ouncTuTh ee mocie npoOysKaeHusl.
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Tab6numa 3.14 — AkTuBHBIE 00JaCTU TAaKTUPOBAHMUS M MCTOYHHKHU aKTHUBAIMU B pas-
JMYHBIX PEKUMAX CIISIIEr0 COCTOSHUS

AKTHBHBIE 00JIACTH TAKTHPOBAHUS I'enepaTopsl McTouHNKY aKTUBAMKU
Pexum cl kcpu C|k|:|_A5H C|k|o CIkADC CIkAgy OcHOBHOM FeHepaTop INT2

OXKHTAHUSA HCTOYHHK | Taiimepa INT1 | _ % s| ol 5
CHHXPOHH- | aKTHBEH INTO E p o <Oi g
3anuu [
AKTHBEH

XomocToii X011 X X X X X X | X[ X[ X][X]X

CHikeHne X X X X XY IX[X|X][X

nryma AT

XpaHeHue X3 | X

Muxporo- X2 X2 X¥ | X [X?

TpebieHue

Oxwuanne ) X X3 | X

JlatensHOE X2 X X X9 | X[ x?

oxnanue

! B kauecTBe HCTOYHMKA TAKTOBBIX CHTHATIOB BHIOMPACTCS BHELIHMIT KBAPIEBBINA TEHEPATOP HIIH pe-
30HATOP.

2 Ecmn ycranoieH paspsa AS2 B ASSR.

% Tombko INT?2 mu npepsianne yposust INT1 u INTO.

3.4.1 Pe:xxuM X0J10CTOI0 X012

Ecmu B paspsiaer SM2... SMO 3anuceiBaercst «000», To komanna SLEEP 3acraBnser muk-
POKOHTpPOJUIEP MEPEXOJIUTh B PEXKUM XOJOCTOro xoxaa, octanaBiuBas L{[TY, Ho paspemas npu
stom, uToOsl SPl, UART, ananorossiii komnapatop, AL, AByX1poBoaHO# TOCIEeI0BATENbHBINA
uHTepdeiic, TaliMepbl/CYETINKH, CTOPOKEBOM TalilMep U CUCTeMa MPephIBaHM MPOJOIIKAIIN Pa-
6otarb. [Togo0HBIH crsmuii pexkuM B ocHOBHOM octaHaBiuBaeT Clkcpy u ClKp asH, MO3BOIISS
pH 5TOM paboTaTh IPYTHUM TaKTOBBIM CHTHAJIAM.

PexumM X010CTOTO X0/1a paspemaer MUKPOKOHTPOIUIEPY MPOOYAUTHCS ¢ TIOMOIIBIO 3aITy-
[ICHHBIX M3BHE MPEpPBhIBaHM, a Tak)kKe BHYTPEHHUX MPEPHIBAHUM, TAKMX KaK MEPETOJHEeHNEe Ta-
Mepa u 3aBepuienue nepenaun UART. Ecnu npoOyxeHus: oT npepblBaHNs aHAJIOTOBOTO KOM-
naparopa He TpeOyeTcsi, TO MOTpebIeHuEe aHAIOrOBOTO KOMIIapaTopa MOKHO MOHU3HUTh MyTeM
yctaHoBKH paspsana ALl B perucrpe ympaBileHMS M CTaTyca aHaJIOTOBOIO Kommaparopa —
ACSR. DT0 NO3BOJIUT CHHU3UTH MOTPEOISIEMYIO MOITHOCTh B PeXUME XoiocToro xonaa. Ecnu
AIIIT akTBHpOBaH, TO MPEOOPA30BAHUE HAYHETCS ABTOMATHYECKHU TIPH 3aITyCKE 3TOTO PEIKUMA.

3.4.2 Pe:xxum cHmkenns myma AT

Ecimm B paspsaaer SM2... SMO 3anmceiBaercs «001», To komanma SLEEP nepeBoaut Muk-
pOKOHTpoJuIep B pexxuM cHikeHus mryma ALII, ocranasnuBas npu stom LIIY, HO paspemas
npogonkenue padorsl AL, BHEMIHUX MpepbIBaHUMN, CIEKEHUS 32 aJAPEecOM IABYXIPOBOIHOIO
MOCJIEeI0BAaTEIbHOTO HHTEpdeiica, Taiimepa/cueTunka 2 U CTOPOKEBOTo Taiimepa (Ipu paszpere-
HUH €ro paboThl). DTOT CHsIUil pexuM B 0CHOBHOM octaHaBimuBaeT ClKyo, Clkcpy 1 ClIKpLasH,
MO3BOJISIS IPH 3TOM pabOTaTh JPYTrUM TaKTOBBIM CHUTHAJIAM.

Ot10 ymenpmaeT BHemHue mymel ALIL, pa3zpenias BBITONHATE U3MEPEHHMS C TOBBIILIEHHOMN
paspermatonieit cnocoonocteio. Ecan ALIIT BxmroueH, To mpeoOpa3zoBaHne HAYMHAETCSI aBTOMa-
TUYECKU IIPU BBOJE JAAHHOrO pekuma. KpoMe mpepbiBaHMs OT 3aBEpLIEHHOTO NMpeoOpa3oBaHUs
ALII, Tonpko BHEIIHUI cOpoc, cOpOC CTOPOKEBOrO TaiimMepa, cOpOC OT CXeMbl KOHTPOJS 3a
cHmkeHreM rutanus (Brown-out Reset), mpepreiBanue npu COBIACHUH aapeca ABYXIPOBOTHO-
ro MocjenoBaTeIbHOro uHTEepdeiica, mpepplBaHle TaiiMepa/cueTdyrka 2, mpepblBaHUE TOTOBHO-
ctu SPM/EEPROM, Bremnue npepsiBanus mo ypoBHio Ha INTO wiu INT1, win BHemHee mpe-
peiBanue Ha INT2 moryt BeiBectr MITY u3 pexxuma nonmxenus myma ALTL
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3.4.3 Pe:xum MukponorpedieHus

Ecnu B pazpsaast SM2...0 3anuceiBaetcs «010», To komanga SLEEP nepesogut MK B pe-
*uM MHUKporioTpeOienus (Power Save). B aTom pexxiMe BHEIIHHI T'eHepaTop OCTaHABINBACTCS,
B TO BpeMsl Kak BHEIIIHUE MPEPhIBAHUS, CIIEKEHHUE 3a COBIIAJICHHEM aJipeca ABYXIPOBOIHOTO MO-
CJIeIOBATENILHOTO MHTEpdeiica U CTOPOKEBOH TaiiMep (eciu paspelieHa ero padora) Mpoao-
*aroT paborats. Tonbko BHEMIHUN cOpoc, cOpOC CTOPOKEBOro TaiiMepa, cOPOC OT CXEMbI KOH-
TpoJisi 3a cHkeHueM nutanus (Brown-out Reset), mpepriBaHKe NpU COBNAJICHUH ajpeca ABYX-
MIPOBOAHOIO TOCJIEN0BATENLHOTO MHTep(eiica, BHemHUEe npepbiBaHus 1no ypoBHIO INTO win
INT1 nunu Baewmnee npepsiBanue i INT2 moryr aktuBupoBars MK. DtoT cnsiiiuii pesxxuMm B
OCHOBHOM OJIOKMpPYET BCE I'€HepUpYEeMble CHHXPOHU3UPYIOLIME CUTHAJbI, pa3perias padoTaTh
TOJILKO aCHHXPOHHBIM MOIYJISIM.

OOpaTtuTe BHUMaHUE Ha TO, YTO €CJIM MpephIBaHKe, cpadaThIBAIOIIEE 110 YPOBHIO, UCIIOJb-
3yeTcs il MpoOYKACHUS U3 PEXHMa MHKPONOTPEOJICHHs, TO U3MEHEHHBIH YPOBEHb JOJDKEH
yIEePKUBATHCS B TEUCHHE HEKOTOPOTO BPEMEHH Il TOTO, YTOOBI BbI3BaTh akTHBannio MK.

[Tpu npoOyxaeHUM U3 peKuMa MOHMKEHHOW MOIIHOCTH MMEET MECTO 3aJlepiKKa, IOKa
MUKPOKOHTPOJUIEP MEPEiIeT B aKTUBHBINA PEXUM. ITO MO3BOJISIET NEPE3ayCTUTh TAKTOBBIN Te-
HEpaTop U CTaOMIM3UPOBATH €r0 padoTy mociae ocTaHOBKU. [lepro npoOysxaeHus onpenenseT-
csl TeMHu ke KoHpurypaunonasiMu 6uramu CKSEL, xoTopsie onpeaensitot nepuoj copoca.

3.4.4 Pe:xxuMm xpaHeHust

Ecmu «011y 3ammceiBaercs B paspsaasl SM2... SMO, To komanga SLEEP nepeBoaut MK B
pexxum xpanenust (Power Down). DToT pekuM aHaIOTHYeH PEXKUMY MUKPOIOTPEOICHHUS 32 OJ1-
HUM HCKJIFOUEHUEM: €CIIM TalMep/CUeTyuK 2 TaKTHPYIOTCS aCHHXPOHHO, T. €. YCTaHaBJIMBaeTCs
paspsg AS2 B ASSR, To Taiimep/cueTdnk 2 OyAeT MPOJOJDKATh padOTaTh BO BPEMS «CHa.
[Tpubop MoxkeT mpoOyIUTHCS WM OT COOBITHS MEPETIOIHEHHS TaliMepa WM CpaBHEHUS BBIXO/1a
oT Taiimepa/cuerdnka 2, eciii B TIMSK ycTaHOBIEHBI COOTBETCTBYIOIIUE PA3PSIbI Pa3pelICHUs
npepbiBanus, a B SREG ycraHoBieH pa3psan pazpenieHus ri1o0anbHOro npepbiBaHusl.

Ecnu acMHXpOHHBIN TaliMep HE TAKTUPYETCsS aCHHXPOHHO, TO BMECTO PEKHMA XPAHECHMS
PEKOMEHAyeTCs PeXXUM MHUKPONOTPEOJIEHUS, TOCKOJIBKY COJIEPKUMOE PErucTpOB B ACHHXPOH-
HOM TaiiMepe JOJDKHO pacCMaTPUBATHCS KaK HEONPEACTICHHOE TTOCIIe aKTUBAIIMH B PEKUME Xpa-
HEeHMs, eciii AS2 paBHO HYIIO.

DTOT peXUM OXXUJAHWUS B OCHOBHOM IPHOCTAHABIMBAET BCE TAKTOBBIE CHUTHAJIBI, 33 HC-
wiodeHneM ClKkasy, paspemas paboTy TOJBKO AaCHHXPOHHBIX MOJyJeH, BKIIFOYas Tail-
Mep/CYETUYHK 2, €CITH TAKTUPOBAHHE BBIMTOJIHSAETCS aCHHXPOHHO.

3.4.5 Pe:xum oxxuganus

Ecmu paszpsasr SM2... SMO cogepkar «110» u BeiOupaeTcst Omius BHEIIHETO KBAPIIEBOTO
reHeparopa/pe3onaropa, To komangaa SLEEP nepesogur MK B pexkum okugaHus. DTOT PEKUM
AQHAJIOTHYEH PEXXUMY XpaHEHHsI, 32 UCKIIIOUEHHEM TOT'0, YTO T€HEPaTOp MPOJI0JKAET paboTaTh.

YerpoiicTBo akTHBHpYeTcs U3 pexkiuma Standby B TedeHue ecTH TaKTOBBIX IIUKJIIOB.

3.4.6 Pe:xxuMm AU TEILHOIO 0KHIaHUA

Ecnu pazpsiner SM2... SMO conepkat «111» u BEIOUpaeTcst pe:KuM BHEITHETO KBaPIICBOTO
reHepatopa/pe3onaropa, To komangaa SLEEP nepeBoaur MK B pexuM IIHTETBHOTO OKUIAHHMS.
OTOT peKUM aHAJIOTHUYEH PEXXUMY XpaHEHUs, 3a UCKIIOUEHUEM TOTO, YTO TeHepaTop MpoonKa-
eT paboTaTh.
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yCTpOfICTBO AKTUBUPYCTCA U3 PCIKHUMA IJIUTCIILHOTO OXKHWAaHUA B TCUHCHHUC IICCTU TAKTO-
BbIX IMKJIOB.

Munumu3anus norpedaeHust MOIHOCTH
[Tpu mOMBITKE CBECTH K MUHUMYMY TOTPEOJIIEMYI0 MOIIHOCTh B CHCTEME, KOHTPOIUPYe-
MO TIPOIIECCOPOM, CIIEIYeT PacCMOTPETh HECKOJIBKO mpoliieM. B menom menecooOpa3Ho Kak
MOJKHO 4aIlle UCIOJIB30BaTh CISAIINE peXUMbl. CISIIMA pexXuM HEOOXOAMMO BBHIOMPATh TaKUM
00pa3zoM, 4ToOBI B pabOTE y4acTBOBAJIO KaK MOYKHO MeHbIe GyHKIMI npudopa. Bee Gpynkuu,
B KOTOPBIX HET HEOOXOJAMMOCTH, JOJDKHBI OBITh OTKIIOUeHBI. Oco00€ BHUMAHHE CIEAYeT yIle-
JIMTH CIEAYIOIIMM MOJYJISIM JUTSL TOCTH)KEHUSI MUHUMAIIbHOTO TIOTPEOJICHUST MOIITHOCTH.

AnaJjioroBo-uugpoBoii npeodpazoBareib

AIIT Oynet 3aielicTBOBAaH BO BCEX CIIIIUX PEXHMMAX, €CIIM pa3pelieHa ero padora. s
coepexennst MorHocTH ALIIT momkeH ObITH OTKIIIOUEH TIEpEe]] BXOJOM B JFO00M CIIAIIUN PEKUM.
Ecim AIIIT BBIKJIFOYAETCS W 3aT€M CHOBA BKJIFOYASTCS, TO CIEAyIollee IpeodpazoBaHue OynaeT
MPEJICTaBIIATh COOON pacuImpeHHoe npeodpa3zoBaHue.

AHAJI0TOBBIII KOMIIAPATOP

Ecnu ananoroBeiii koMmapaTop HE HCIOJIB3YETCs, TO MPHU MEPEX0Je B PEIKUM XOJIOCTOTO
X0J1a OH JIOJKEH ObITh oTKiroueH. Eciu ALIIT BBoAMTCS B peXMM IMOHMKEHHOTO ITyMa, TO aHa-
JIOTOBBIN KOMIApaTop JIOJIKEH OBbITh OTKIIIOUEH. B Npyrux crsiux pekrMax aHajioroBbli KOM-
naparop OTKJIoYaeTcs aBTomMaThuecku. OJHAKO €Ccl aHAJIOTOBBIM KOMIIapaTop HacTpauBaeTcs
IJI1 UCITIOJIb30BaHWA BHYTPCHHCTO OIMOPHOI'0 HAIIPSAKCHHA KAaK BXOAHOT'O, TO aHaJIOTOBBLIA KOM-
napaTop OJDKEH OBITh OTKJIFOUEH BO BCEX CISIIUX peXMMax. B Apyrux ciydasx, BHyTpCHHHIA
HCTOYHHUK OIIOPHOT'O HAIIPAKCHUA 6YIICT BKJIFOYCH HE3aBHCHUMO OT CIIALICTO pCKUMaA.

JleTeKTop OTKJIIYeHHUs MUTAHUS

Ecnu netekTop OTKIIIOYEHUS NMUTaHWs HE HYXeH A paboTbl, TO 3TOT MOAYJNb JOJKEH
OBITh OTKIIFOUYEH. Ecim geTekTop BKIIIOYAeTCsl ¢ MOMOIIBI0 KoHpurypannonHoro 6ura BODEN,
TO OH OyJeT 3a7ieficTBOBaH BO BCEX CILLIMX pEeKUMax M, CIel0BaTeNbHO, BCErna MoTpediser
TOK. B Oosiee Tiy0oKuX CHSAMIMX peKUMaxX 3TO BHECET CYIIECTBEHHBIM BKIJIaJ B 00U MOTpeo-
JIIEMBIH TOK.

Buyrpennee onopHoe HanpsKeHue

BHyTpenHee onopHOe HanpsbkeHUE OyAeT BKIFOYEHO, KOTAa 3TO HeOOXOAUMO ISl I€TeK-
TOpa OTKJIIOYEHMs UTaHUsI, aHajoroporo komnaparopa uian ALII. Eciu atu Mmogynu otkioua-
IOTCSI, KaK 3TO ONKCAHO B pa3JieNax BhIIIE, TO BHYTPEHHEE ONMOPHOE HANpsKeHHE OyleT OTKIIo-
YEHO U MOUIHOCTh He OyzeT noTpelasaThes. [Ipyu moBTOpHOM BKIIFOUEHUH IOJIb30BATENb JOKEH
MO3BOJIMTh UCTOUYHUKY OIOPHOTO HANpsKEHUS 3aIlyCTUTHCS Mepel TeM, Kak Oy/leT UCIOoIb30Ba-
HO €ro BBIXOJHOE€ 3HaueHue. EcCiM MCTOYHMK ONOPHOTO HANpPSHKEHHS MOIIEPKUBACTCS BKIIO-
YEHHBIM B CIISILIEM PEKUME, TO BBIXOJI MOXKHO HCIIOJIb30BaTh cpa3y Mocie MpooyKIeHHs.

Cropo:xeBoii Taiimep

Ecnu st maHHOTO BHIa MPUMEHEHUS] CTOPOKEBOW TaMEpP HE HYXKEH, TO 3TOT MOIYJb
cleyeT OTKIIYHTh. ECii CTOpOkeBO# TaiiMep BKIIIOYEH, TO OH OYAeT BKJIIOYEH BO BCEX CIIs-
IIMX PEeXUMax M, CIEIOBaTEIbHO, OyneT Bcerjaa MmoTpeOsTh MOIHOCTh. B Ooisee rioy0okux
CISIIIMX PEKUMax 3TO Oy/eT BHOCHTH CYIIECTBEHHBIN BKJIAJl B CyMMAapHOE MOTpeOJIeHne MOTIII-
HOCTH.

BbiBoabI IOPTOB
[Tpu nepexone B CISAMIMKA PEXUM BCE BBIBOJBI TIOPTOB JOJDKHBI IMOJIYYUTh TAaKyI0 KOH(pHU-
ryparuio, Ui KOTOpoi moTpedaeHre MOIIHOCT MUHUMANIbHO. B 3TOM ciydyae caMbIM BaXKHBIM
ABJISIETCS] TAPAHTHUS, YTO BBIBOJBI HE UMEIOT PE3UCTUBHYIO HArpy3Ky. B crnsmux pexumax, Korjaa
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00a takToBbIx curHana Clkyo u Clkapc ocranaBmuBaroTcs, BXomHbIe OydepHbIe ycTpoiicTBa pu-
Oopa oTkiIroYaroTcs. TeM caMbIM TapaHTUPYETCsS OTCYTCTBUE MOTPEOJICHUSI MOIIHOCTH BXOTHOU
JIOTHKOH, KOT/Ia B 3TOM HET HEOOXOJMMOCTH. B HEKOTOPBIX CilyyasiX BXOJHAas JIOTHKA HEOOXO-
JMMa JUTsE OOHApYKEHUS YCIIOBHUI MPOOYXKICHUS U B TAKOM Cily4ae oHa Oyner paspenieHa. Eciu
BXOZHOH Oydep paspemieH U BXOJHOH CHTHAJ OCTAeTCS B IUIABAIOLIEM COCTOSHHM WM €CITU
YPOBEHb aHAJIOTOBOT0 cUrHayia 030K K Uwycc/2, TOo BXomHo# Oydep Oyaer moTpedasTs n30bl-
TOYHYIO MOILTHOCTbD.

3.5 Copoc u ynpaBJieHre CUCTEMOI

Bo Bpemst copoca Bce PBB ycTanaBnmBaroTcs B CBOM NE€pBOHAYAIBHBIC 3HAUYEHUS, U TIPO-
rpaMMa HauMHAEeT BHIIOJHEHUE OT BeKTopa copoca. Komanna, pazmeniaemas B BeKTope cOpoca,
noibkHa ObITh KoMaHaoi RIMP mis nepexona B moamporpammy oopabotku copoca. Ecimu mpo-
rpaMMa HUKOT/Ia HE pa3peliaeT MpephIBaHMsl, TO BEKTOPHI MPEPhIBaHU HE HCIOJIB3YIOTCS, U B
ATHX AIPECcax MOKET OBITh Pa3MENIeH OOBIYHBIN MPOTrpaMMHBINA KoJ. To ke camoe MpOHCXOIHT,
€cJI BEKTOp cOpoca HaXOAUTCSA B CEKLUU MPUIOKEHUS, B TO BPeMs KaK BEKTOPHI IIPEPHIBAHUS
HAXOJATCS B CEKIMH 3arpy3Ku Wiu HaoOopoT. Ha cxemHuoil aumarpamme pucyska 3.13 mokaszana
noruka ans copoca. B tabmuue 3.15 ompeneneHsl 3JIeKTpHUECKUE MapaMeTphl cxeMbl copoca.
[TopTel BBO/A-BBIBO/Ia KOHTPOJUIEPA HEMEJIEHHO NEPEYCTAHABIMBAIOTCS B CBOE HCXOJHOE CO-
CTOSIHME TIPU aKTHBAIlMM HCTOYHMKA cOpoca. IIpu sTom He Tpebyercs, yTOOBI paboTan Kakoii-
1100 M3 MCTOYHHUKOB TaKTOBOTO cUTHana. Ilocie Toro kak Bce MCTOUYHMKH cOpoca CTajld Heak-
TUBHBIMH, 3aITyCKaeTCsl CUETUYHK 3aJep’KKU, oOecreunBas BHYTPEHHHI cOpoc. DTO MO3BOJISET
JOCTHYb CTa0MJIFHOTO YPOBHS MHUTAHUS /10 Hadaja HOPMaJIbHOU paboThl. Ileprosa BBIKITIOUCHUS
CYCTYMKA 3aJICPIKKH OTPEIEIAETCS MoJIb30oBaTeneM ¢ momonisto out CKSEL.

NC 1887BE4Y umeet yeThipe HCTOUHHKA cOpoca:

- cOpoc BrutoueHus nutanus. MK cOpacbiBaercs, eciii HalpsbKeHUe MUTaHUS HUKE MTOopo-
ra copoca BxroueHus muranus (Vpor);

- BHemHuil copoc. MK cOpaceiBaeTcs, eciiu MpUCYTCTBYET HU3KUI ypOBEHb Ha BBIBOJIE
RESET# B TedeHnne BpeMEeHH, TIPEBBIIIAOIICTO MUHUMAIBHYIO JUTMHY HMITYJThCA,;

- cOpoc cropoxkeBoro TaiiMepa. MK cOpachkiBaeTcst M0 UCTEUEHHIO TIEPUOJIa CTOPOKEBOIO
TaliMepa M KOIrla CTOPOKEBOM TaiMep aKTUBUPYETCS;

- copoc otkmoueHust nutanus. MK cOpacsiBaetcs, eciau HanpsbkeHue nutanus Ugycc HU-
e 1noporosoro 3HaueHus (Vgot), U YCTPOMCTBO OOHAPYKEHMSI OTKIIOYEHHSI aKTUBHUPOBAHO.

3ameuanue

[Tocne okoHuaHus meproja time-out 3agepku cOpoca HANPsDKCHUE MUTAHUS MUKPO-
KOHTpPOJIJIEpA JIOJDKHO HAXOIUThCS B pabodem nauamazone: ot 4,5 1o 5,5 B; mibo ot 3,0 no 3,6 B.
B ciIydac, €CJIM BHCIIHAA CXEMaA IMOJa4Yr HAITPSXKCHUA IMUTAHUA Ha MUKPOKOHTPOJIJICPp HEC rapaH-
TUPYET YCTAaHOBKY 3HAUEHUsl HANPsHKEHHUs MUTAaHUS B pabodyeM Juamna3oHe IMOCIe 3aBEepIICHHS
3aJiep>KKH cOpoca, peKOMEHIYeTCsl MCIOJb30BaTh BHEUIHIOIO cXeMmy cOpoca, koTopas Oyner
yIIep>KUBaTh MUKPOKOHTPOJIJIEP B peXHUMeE cOpoca O YCTaHOBKH pabovero HampsHKeHHs MUTa-
HUA.
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IInHa aHHBIX

MCUCSR
||| 2
olole|a
alm >‘< =
#VCC > Cxema POR =
- Cxema cOpoca npu E
BODEN — T o
BODLEVEL ——{ OTKJIOYCHHUH ITUTAHUSA ’5 8.
— WIBTP xema 1 z
i THKOB cOpoca ﬁ/ L3
BHyTp. Harpy30uHblii R
PesReton CTOpOoKeBOH TaiiMe
d P Copoc
T CUCTUYHUKA
I'eneparop
CTOPOKEBOTO TaiiMepa [_.
CueTyuk
3a) < TaumayT
TakToBbIiI CK [_’ AP y
I'eHeparop
CKSEL[3:0]
SUT[1:0]
Pucynoxk 3.13 — Jloruka copoca
Tabnauma 3.15 — XapakTepucTuku nepeycTaHOBKH *
Cum- Enununmna
[Tapamertp VYcnosue Mun. | Tumn. | Makc. S
BOJI WU3MEPEHUSI
HavanwHsrii copoc,
IIOPOTOBBIN YpPOBEHB - 1,4 2,3 B
(nepenHuil PpoHT)
Upot =
HauansHsrii copoc,
MIOPOTOBBIM YPOBEHB - 1,3 2,3 B
(3agHMi HpoHT)
IToporosoe HanpspKeHHE Ha
UrsT p P 01 0,9 B
BBIBOJIE O0I1IETO cOpoca
MuHuManbHas JUIMHA
tRST . - 50 - HC
uMIysbca copoca
U [ToporoBoe HanpspkeHHEe BODLEVEL=1 | 2,5 2,7 3,2 B
BOT
° BBIKJTIOUECHHSI cOpoca BODLEVEL=0 | 3,7 | 4,0 4,2
MuHnManbHasa UIATEIb- BODLEVEL=1 - 2,0 MKC
teop | HOCTH ITOJAYN HU3KOI'O
° BODLEVEL=0 | - | 20 - MKC
YPOBHS JIJIsI OTKITFOUCHUS
Unyst | 3aepikka OTKITIOYSHHS - 130 - mB

IIpumeuanus

1 COpoc 1o BKIIIOYECHHUIO TUTaHUS He OyIeT cpadaThiBaTh, OKA HAIIPSDKEHUE MUTAHUS HE CHU3UTCS
1o BenmmunHbl HIvke Upor (cltagatoree).

2 Jlnst HekoTophIx MPHOOPoB Ugot MOXKET OKa3aThCsl HUYKE MHHUMAIBHOTO pa004ero HalpsuKeHuUsI.
st Tex mpuOOpOB, I KOTOPBIX 3TO UMEET MECTO, BO BPEMS TEXHOJIOTHYECKOTO KOHTPOJISI H3MEPEHUS
pou3BOAITCS BIUIOTE A0 Uwmycc = Ugor. TeM caMbIM rapaHTHpyETCs, 9TO cOpOC MPH BHE3AITHOM OTKITIO-
YEeHWUH MTUTAHUS TPOU30HICT 10 TOTO, KaK Ugycc YITameT 10 yPOBHS HANPSDKCHHSI, TPH KOTOPOM TIpa-
BUJIbHASI pab0Ta MUKPOKOHTPOJLIEPA HE MOXKET OBITh OOJIBIIEC rapaHTHPOBaHA.

* I[aHHLIC SHAYCHUS SABJIAIOTCA CIIPABOYHBIMU.
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3.5.1 Copoc no BK/JINYEHUIO NUTAHUS

Wmnynece s copoca npu Bkiaodennn nutanus (POR) renepupyercs cxemoil 1eTeKTHPO-
BaHUs, BCTPOCHHON B KPUCTAUI. YPOBEHb OOHApy:KeHUs ompexaensercs no tadmuue 3.15. M-
nynbc POR aktuBupyercs B iar00om ciaydae, korga Ugycc OyneT pacnosiaraThCs HHXKE YPOBHS
obHapyxenus. Cxema POR MoeT ObITh HcIonb30BaHa Juis 3ammycka cOpoca, a Takxke JUist OOHa-
pykeHus mpobiieM ¢ HampspkeHneM nutanus. Cxema cOpoca mo BkimoudeHuio nutanus (POR)
obecrnieunBaeT cOpoc mpubopa mpu BKIIOUESHUU nutanus. Korga HanpsbkeHue cOpoca 1mo BKITIO-
YEHHUIO MUTAHUS JOCTUTAeT MOPOTOBOTO 3HAYEHUS, TO MPHU STOM 3aIyCKaeTCsl CUETUHK 3aJepiK-
K{, KOTOPBIH omnpezaenser, ckoibko BpeMeHn MK Oyner Haxonuthest B coctosiuun RESET nocie
JOCTYDKCHHS HAIIPSDKEHUS TUTaHus moporoBoro 3HaueHus Ugycc. Curnan RESET akTuBupyercs
BHOBb, IpU4eM 0e3 3a1epKKH, ecii Ugycc CHUKAETCS HIXKE IETEKTUPYEMOTO YPOBHS.

Ha pucynkax 3.14 — 3.18 manpspkenne Ucc = Usvcc.

I trour
Oxunanue I

|

I
BuyTpenunuii
cOpoc

Pucynok 3.14 — 3anyck MK( komanga RESET cBsizana ¢ yposaeM Usmycc)

I
Ucc / Uror

I
|
I
I
RESET# : 7~ Urst
| |
: ' trout
Oxuganue ] I
. :
BHyTpeHHwMii :
cOpoc :

Pucynoxk 3.15 — 3anyck MKV (komanma RESET npomsena
C MOMOII[HIO BHEIIIHETO BO3/ICHCTBH)

3.5.2 BHewmnHuii copoc

BremHuit cOpoc 3amyckaercs MpU HU3KOM JIOTHYECKOM ypoBHE Ha BbiBoje RESET#.
Hmnynbscel cOpoca, TPEeBBIIIAIONIINEe MUHUMAIBHYIO IIUPUHY UMITyIbca (cM. Tabmuiy 3.15), ak-
TUBHUPYIOT COPOC, €CITU Take TaKTOBBIN reHepaTop He padoraer. [Ipu Gosee KOPOTKHX UMITYIIh-
cax He rapaHTUpyeTcs: akTuBaius copoca. Korma mpuiiokeHHBI CUTHAT JOCTUTAET YPOBHS I1O-
poroBoro HampsikeHusi copoca — Urst TIO CBOEMY TOJOKUTEILHOMY (PPOHTY, TO CUETYHK 3a-
JEPKKH 3aITyCKaeT MUKPOKOHTPOJUIEP MOCIe OKOHYAHUS Meproa troyt.
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Ucc

| |
RESET# '\K Teare a

|
| ' trout
—————»

Oxuganue ] I

I I

| I
BHyTpeHHwMii i
cOpoc :

Pucynox 3.16 — Baemnuit copoc Bo BpeMsi pabOThI
3.5.3 lerekTHpPOBaHUE OTKJIIOYEHUS] MUTAHUSA

HNC 1887BE4Y uMeer BCTPOECHHYIO CXEMY JAETEKTHPOBAHMS OTKIIOYEHUS INHUTAHUSA
(BOD) nnst kouTpodst ypoBHsi Ugycc BO BpeMsi paOOThI, 4TO PEAM3YETCsl yTEM €ro CPAaBHEHUS C
¢dbukcupoBaHHbIM ypoBHEM. TpeOyemblit ypoBenb ansi BOD moxHO BbIOpaTh ¢ momomipio Outa
BODLEVEL, 4to6st om ©Obur paBen 2,7 B (BODLEVEL we s3amporpamMupoBan
(unprogrammed) wu 4,0 B (BODLEVEL 3anporpammuposan (programmed). YpoBeHs mopora
MUMEET THCTEPE3NC U OOHAPYKECHUSI OTKIIFOUCHHS MMTaHUs 0€3 HATWYHS CKAuYKOB HAIp SKSHHSL.
['ucrepes3uc A HOPOroBOro YpOBHS JA0JKEH HHTEPIIPETUPOBATHCS KaK:

Ugot+ = Ugot + UnysTr,
Ugot- = UgoT - UnysTr.

Cxemy BOD MOXHO MOIKITIOYATH/OTKIIIOYNTE ¢ momotnbio 6uta BODEN. Korma BOD
BkitouyeHa, (BODEN 3anporpammupoBan), 1 Ugycc MOHMKAETCS 10 3HAUEHUS] HUXKE TIOPOTrOBOTO
YPOBHSI, Cpa3y e BKIIOUAETCs cOpOC MO OTKIIOUYeHUI0 nuTanus. [lpu Bo3pactanuu Ugycc BbImIe
noporosoro ypoBHs, (Ugor+ Ha pucynke 3.17), cuetuuk 3aaepxku 3amyckaer MK nocie ucre-
yeHus nepuozaa otkimoueHus troyt. Cxema BOD oGHapyxut manenue HanpsokeHUuss Ugycc TOb-
KO B TOM cJyd4ae, € HalpshKeHHEe OCTAeTCsl HUKE TIOPOroBOro YpOBHSI HE MEHEE UeM B Teue-
Hue nepuoaa tgop, ykazanHoro B Tabnuie 3.15.

Ucc

RESET#

trout
Oxupganue

BuyTpennuii
copoc

Pucynok 3.17 — Copoc no OTKIIIOUEHHUIO MUTAaHUS BO BpeMs pabOThI
B nmnamazone nHanpspkeHus nutanus, pasHoMm 3,3 B + 10 %, HegomycTHMO MCIIONIB30Ba-

HHE BHYTPCHHEH CXEMBI IeTeKTHpOBaHus OTKItoYeHus mutanus (BOD). [lns atux nenei pexo-
MEHAYETCS MCIOIb30BaTh BHEIIHUNA MOHUTOP NMUTaHUS.
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3.5.4 Copoc cTopo:xkeBOro raiimepa

Ecnu nepenonHsiercs c4eTYMK CTOPOKEBOTO TaiiMepa, cxema OyJleT TeHepHpoBaTh KO-
POTKHIA UMITYJIbC cOpoca JUIUTETHHOCTRIO B OMH UK. 1o 3agHemMy (hpOHTY 3TOrO MMITyJIbCa
CYETYMK 3aJ€PKKU HAUMHAET OTCYUTHIBATH IIEPUOJ BPEMEHHOI'O OTKIIOUECHUA trouT.

Ucc

RESET# —

i—| 1 TakT

Oxuague
WDT

Oxunganue
cbpoca

trout

—|e= g =
Y.

Buyrpennuii
copoc

Pucynok 3.18 — COpoc oT cTopokeBoro Taiimepa Bo BpeMsi pabOThI
KonTpoasb u cocrosinue MK

Peructp - MCUCSR
Peructp ynpasnenus u craryca MK Bbiiaer uadopmaiuo o ToM, Kako U3 HICTOUHUKOB
copoca BbI3Ba copoc MK.

bur 7 6 5 4 3 2 1 0

[ - | sE | - | - | WDRF | BORF | EXTRF | PORF | MCUCSR
YreHue/3anuch 4/3 /3 q 4/3 4/3 4/3 /3 4/3
Hauanshoe 0 0 0 0 0 0 0 0

3HA4YCHUC

Paszpsan 3: WDRF - ®aar copoca cTopo:keBoro raiimepa

OT1oT (nar ycraHaBIUBAeTCS B TOM CIydyae, €Cid MPOUCXOIUT cOPOC OT CTOPOKEBOTO
tarimepa. dnar cOpackiBaeTCsi ¢ MOMOIIBIO cOpOca MO BKIFOUEHHUIO MTUTAHUS WIH ITyTEM 3aIlUCH
JIOTUYECKOT0 HYJIS B pa3psia 3Toro (rara.

Pa3psia 2: BORF — ®aar cOpoca oTK/II0YeHUs] TUTAHUS

DTOT yar ycTaHaBIMBAETCA B TOM CIllydae, €CIIM IMPOUCXOTUT COPOC MPH OTKIIOUCHHU
nutanus. Pnar copachiBaeTcs ¢ IOMOIIBI0 cOpoca MO BKIIOUEHUIO MUTAHUS WU ITyTEM 3alnch
JIOTUYECKOTO HYJS B pa3psj 3Toro ¢ara.

Pa3psan 1: EXTRF — ®aar BHemnero copoca

OTOT (uar ycraHaBIMBAETCS B TOM Cllydae, €ClIM MPOUCXOIUT BHEMHUN cOpoc. dmar
cOpachIBaeTcs ¢ MOMOIIBIO cOpoca MO BKIIOYEHUIO MUTAHUS WIM IYTEM 3allUCH JIOTMYECKOIro
HYJIs B pa3psn ¢uiara.

Pa3psig 0: PORF — ®@aar copoca no BKJIIOYeHUI0 MUTAHUS

OTOT (har ycraHaBIMBAETCS B TOM Cllydae, €CIIM MPOUCXOIUT cOPOC MO BKIIOYEHUIO MH-
TaHus. Onar cOpachbIBaeTCs TOIBKO ¢ TOMOIIBIO 3aIIMCH JIOTUYECKOT0 HYJISI B pa3pss ¢uiara.

Jlnst Toro, yToOBI MCMONB30BaTh (iaru cOpoca ais uaeHTU(UKAIMK ycJIoBHs cOpoca,
NOJIb30BaTeNb JIOJDKEH IpounTaTh, a 3ateM cOpocutb MCUCSR B mporpamme Kak MOXKHO
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pasbie. Ecu peructp ouumiaercs A0 TOro, Kak MPOMCXOAUT APYroi cOpoc, HCTOYHHUK cOpoca
MO’KHO HalTH IyTeM aHanu3a ¢uaros copoca.

BHyTpeHHee onOpHOe HANPsIZKEHHE

NC 1887BE4Y copepX UT BHYTPEHHMM MCTOYHUK OIIOPHOTO HANpsKEHUS. YPOBEHb
MCTOYHUKA OMOPHOTO HAIPSHKEHUS UCHOJB3YeTCs Uil OOHApYKEHUs! OTKIIOYCHHS MUTaHUS, U
OH MOXXET OBITh HCIIOJNIb30BaH B KAauyecTBE BXOJa JJIs aHAJIOroBoro kommapartopa wuiau ALIL
OnopHoe nHanpsbkenue 2,56 B nna ALIL renepupyercss BHYTPEHHUM HCTOYHHUKOM OIOPHOIO
HaIPSDKEHUS.

Pa3pemaiiye CUrHaJbI OMOPHOT0 HATIPSIZKEHUSI U BpeMs 3alyCKa

OnopHoe HaIpsDKEHHE UMEET BPEMsI YCTAHOBKH, KOTOPOE MOXKET TOBIUSTh Ha CIIOCO0 €ro
UCTIONIb30BaHus. Bpemst 3amycka mpuBeaeHo B Tabmume 3.16. C menbio SKOHOMHHU SHEPTUH
OTOpPHOE HAmMpsDKEHHE He Bcerja Bkimodaercs. OmopHOe HampshKEHHE BKIIOYAETCS B CIEAYIO-
IIUX CITyYasx:

1 Korna 3amyckaercs BOD (myrem nporpammupoBanus nepembruka BODEN).

2 Koraa MCTOYHUK OIMOPHOTO HANPSDKEHUS MOJCOSAMHEH K aHaJIOrOBOMY KOMIIApaTopy
(c momorkio ycranoBku paspsiia ACBG B ACSR).

3 Korpna padoraer ALIIL.

Ecnu BOD ne aktuBupoBaH, To nocie ycTaHoBkH paspsga ACBG wnu aktuammu AL
MOJIb30BATENh BCET/Ia JIOJDKEH Pa3pelinTh 3aIlyCK MCTOYHHKA OIMOPHOTO HAIPSHKCHHS J0 TOTO,
Kak OyJeT MCIOJb30BaH BBIXOJ aHaJI0roBoro kommnaparopa wiu ALl [l cHikeHus notpeo-
JICHUSI MOIITHOCTH B PEKUME XPaHCHHSI, TTOJIB30BATEIb MOKET HCKIIFOUUTh TPU BBINICYKa3aHHBIX
Cilydasi, B KOTOPBIX UCIIOJIb3YETCSI HCTOYHHK OMOPHOTO HAMPSKEHUsS, YTOOBI OTKIIFOYUTH OIOP-
HOE€ HaIPSHKCHHE JI0 TOTO, KaK 3aITyCTUTCS PEKUM XPaHCHHSL.

Tabnuma 3.16 — XapakTepuCTHKH BHYTPEHHETO OMTOPHOTO HANPSHKEHUS

CumMBon ITapamertp MuH. Tum. Makc. | En. usm.
Ugg OnopHoOe HaIpsKEHNE 1,15 1,23 1,35 B
tec Bpemsi ycTaHOBKH OMOPHOT'O HAIPSKEHHUS — 40 70 MKC
lec Tok notpeGieHnst ONOPHOro HAPSHKEHUS — 10 — MKA

3.6 CTopo:xeBoii Taiimep

CropoxeBoli TaliMep CHHXPOHH3HPYETCsl OT OTAEIFHOTO BCTPOSHHOTO TeHepaTopa, pado-
tatomero Ha yactore 500 k't = 10%. 3to tunosoe 3Hauenue npu Usyce = 5,0 B, Usyee = 3,3 B.
bnaronmapst HCTIOB30BaHHIO TIPEAICIIUTEINST CTOPOKEBOTO TaiiMepa MOXHO PETyJIHpPOBATh HHTEP-
Bas ero copoca. CtopoxeBoil Taiimep cOpacsiBaeTcst ¢ nmomoinpto komanasl WDR — copoc cro-
poskeBoro TaitMepa. CTOpokeBO TaiiMep cOpachIBAETCsl TAKXKE B CIIydae €ro OTKIIOYSHUS U KO-
r71a IpOMCXoauT obuwmii copoc. s ompenenenus: nepuoga cOpoca MOXKHO BhIOpaTh BOCEMb
pasnuuyHbIX TepuogoB. Ecnu mepuon cOpoca mcreuer 0€3 MOBTOPHOTO cOpoca CTOPOKEBOTO
taiimepa, To IC 1887BE4Y BrimonHser cOpoc U obecreurnBaeT BBHIIOIHEHHUE MPOTPaMMBbI OT
BEKTOpa copoca.

Jlns mpeAoTBpallleHus HEMpeAHaMEPEHHOI0 OTKIIOYEHHs CTOPOXKEBOIO TaiMepa WU
HETpeTHaMEPEHHOTO W3MEHEHHsI TIepHOAa TPEPHIBAHUS C IOMOIIBI0 OUT KOH(pHUTypanuu
S8535C 1 WDTON BbIOHMparoTcst TpU pa3IMUHbIX YPOBHS 0€30MaCHOCTH, KaK 3TO IMOKa3aHO B
tabmure 3.17. WDT mMoxHO niepeBecTH B JTH0001 ypOBEHBb O€30TTaCHOCTH.

0
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Tab6nauna 3.17 — Kondurypamus komanast WDT B 3aBHCHMOCTH OT yCTAaHOBOK Jisi OUT

S8535C u WDTON
S8535C WDTON VYpoenp | Hawanpnoe | Kak 3amperuts | Kak u3meHuts
O0e3onacHo- | 3HadyeHue | komanay WDT epuo.I
CTH WDT cpabaTbIBaHus
Hesanporpam- | Hezanporpawm- 1 3anpenieHo |Bpemennas no- |Bpemennas
MHPOBHO MHPOBAHO clleloBaTeNb-  |IOCIIEI0BATENb-
HOCTh HOCTh
Hezanporpam- | 3anporpam- 2 Pazpemeno |Bcerna Bpemennas
MHUPOBAHO MHUPOBAHO paspenieH MIOCJIEI0BATENb-
HOCTh
3anporpam- Hesanporpam- 0 3anpenieHo |Bpemennas no- |Het orpanuuenuii
MHPOBAHO MHPOBAHO CIEN.
3anporpam- 3anporpam- 2 Pazpemieno |Bcerna Bpemennas
MHUPOBAHO MHUPOBAHO paspenieH IIOCJIe/10BATENb-
HOCTh
CroposkeBoii » CToposKeBoit
reHEparop »| I€IIUTENb YaCTOThI
HEHEHEEERE
CroposkeBoil 2 ; i ;l ; ; % :f'
cbpoc NN EEEEEE
Y VYYVYYVYYVY VY
WDPO »\
WDP1 >
WDP2 >\
WDE
Copoc
nporeccopa
Pucynox 3.19 — CtoposxeBoii Taiimep
bur 7 6 5 4 3 2 1 0
([ - | - | - |wbCceE| WDE | wbp2 | wbPl | WDPO | MCUCR
Urenue/3anuch q q q u/3 4/3 4/3 4/3 4/3
Hauansnoe 0 0 0 0 0 0 0 0

3HA4YCHUC

Paspsiasl 7...5: PesepBHbIe pa3psiabl

OTH paspsaabl ABIA0TCA pe3epBHbIMU paspsaamu s MC 1887BE4Y, onu Bcerna Oyayt
YUTAThCS KaK HOJIb.

Pa3psin 4: WDCE - Pa3pemenue usMeHeHHs1 ePHOIa CTOPOKEBOI0 Taiimepa

DTOT pa3ps TOJKEH OBITh YCTaHOBJEH, Koraa B pa3psia WDE 3anuchiBaeTCsl TOTHYECKHiA
HOJIb. B mpoTHBHOM citydae, CTOpOKeBOH Taiimep He OyneT oTkimodeH. Kak Toibpko paspsn O0y-
JeT YCTaHOBJEH, ammapaTHoe 00ecredYeHHe OYUCTHT ITOT pasps]l MOCIE YEThIPEeX TaKTOBBIX
nukiioB. st ypoBHe# 6e3omacHOCTH 1 W 2 3TOT pa3psa JOJDKEH TAaK)Ke YCTaHABIMBATHCS MPHU
CMEHE pa3psA0B MpeaIeTUTENS.
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Pa3psan 3: WDE — Paspemenue padoTsl CTOPO:KeBOIro Taiimepa

Ecnu paspsan WDE ycranaBnuBaercsi, TO CTOPOKEBOM TalilMep aKTUBHPYETCS, a €CIU B
WDE 3anwuceiBaeTcst IOTHYeCKUN HOJb, TO (PYHKLUSI CTOPOKEBOTO TaiiMepa oTkitoyaercs. Pas-
psan WDE moxeT ObITh OYHMIICH TOJIBKO B TOM ciydae, eciu paspsan WDCE umeer yposens Jo-
THYECKOW eTUHHIBI. [ OTKIIoYeHus: paboTaloero CTOpOKEeBOro TaiiMepa HeoOXOIMMO BbI-
MOJIHUTH CIIEAYIOIIYIO MOCIEI0BaTeIbHOCTD JICHCTBU:

1 HeobGxomumo equHOBpeMeHHO 3amucath jorudeckyto eauaniy B8 WDCE u WDE. Jlo-
ruYeckasi eIMHULA JoJKHA ObITh 3anucana B pa3pan WDE, naxe eciu oH ycTaHOBJIEH /10 Hava-
Jla ONepaLUU OTKJIFOUEHHS.

2 B TedeHue CleIyIOMINX YeThIpeX HUKIOB HeoOXoaumo 3anucath jgorudeckuii 0 B WDE.
bnarogapst 3ToMy CTOpOKEBOM TaiMEpP OTKIIFOUUTCS.

[Ipu BbIOpaHHOM ypOBHE 0€30MaCHOCTH 2 HEBO3MOXKHO OTKIIIOYUTH CTOPOXKEBOU Tailmep
JIa)Ke € TIOMOIIIbIO BBIIIEONMCAHHOTO aJIFOPUTMA.

Pa3psasl 2...0: WDP2, WDP1, WDPO — BuTtbI npeajieJnTeisi CTOPOKEBOro
Taiimepa 2, 1 u 0
Pazpsper WDP2, WDP1 u WDPO onpenensitor k03ppuUIUEHT OeeHus] Y9acTOThl MpH
BKJIIOUEHUU CTOPOXKEBOTO TaliMepa. PaznuuHble 3HaUEHUS MPEAAETUTENs U UX COOTBETCTBYIO-
e MepPHOIbI cOpoca mokaszansl B Tabuie 3.18.

Tab6numa 3.18 — Beibop mpemaenurensi CTOpoKeBOro Taiimepa

KonnyecTBo UKIIOB OCHMILISATOPA TunuyHbIi
WDP2 WDP1 WDPO WDT nepuog WDT *
0 0 0 16K (16384) 32,6 mc
0 0 1 32K (32786) 65,0 mMc
0 1 0 64K (65536) 130 mc
0 1 1 128K (131072) 0,26 ¢
1 0 0 256K (262144) 0,52 ¢
1 0 1 512K (524288) 1,04 ¢
1 1 0 1024K (1048576) 2,0c
1 1 1 2048K (2097152) 42c
* JlaHHbBIC 3HAUCHHUS SBIIIOTCS OPUEHTUPOBOYHBIMHU. Pa30poc 4acToThl BCTPOSHHOTO Te-
Heparopa B JHana3oHe pabovyux TEMIIEPaTyp U 4acTOT COCTaBIsIeT 1o 15 %.

Hwuxe npuBenena ¢yHkus, peanr3oBaHHas Ha acceMOuiepe, U (QyHKIMS, pealn30BaHHAs
Ha C, s otkmouenust WDT. JlanHblii mpuMep mpeanosiaraer, 4To MpephlBaHus KOHTPOIUPY-
10TCs (IyTeM T7100aJbHOr0 OTKIIOUYEHHS MpPephIBaHUN) TakuM 00pa3oM, yToObl OHU ObLIH OJ10-
KHPOBAHBI BO BPEMsI UCIIOTHEHUS ITUX (PYHKITUI.

Accem0JIepHBIT KO

WDT off:

; Reset WDT

wdr

; Write logical one to WDCE and WDE
in rle6, WDTCR

ori rl6, (1<<WDCE) | (1<<WDE)
out WDTCR, rlé6

; Turn off WDT

1di rle, (O<<WDE)

out WDTCR, rl6

ret
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C kon:

void WDT off (void)

{
/* Reset WDT */

_WDR ()
/* Write logical one to WDCE and WDE */
WDTCR |= (1<<WDCE) | (1<<WDE) ;

/* Turn off WDT */
WDTCR = 0x00;
}

BpeMeHHbIe 10C/1€10BATEIBLHOCTH /1JI51 U3MEHEHUs KOHQUrypanumn
CTOPO’KEBOI0 TailiMepa

[TocnenoBaTenbHOCTh AJIsi U3MEHEHUS! KOH(PUTYypalluu CTOPOXKEBOTO TailMepa UMEeT He-
0oJbIIIOE OTIAMYHUE JUTS TPEX YPOBHEH Oe3zomacHOCTH. [ KaXXI0TO YPOBHS OIMCHIBAIOTCS pas3-
JIMYHBIE POLIETYPHI.

Yposenn 6e3onacuoctu (

Takimep yCTpOICTBa NEPBOHAYAIBHO HE aKTUBUPOBAH, HO €r0 MOKHO 3aIlyCTUTh, YCTAHO-
BuB paspsan WDE. Jlna orkmrodeHus paboTtaromiero TaiMepa W/WiId M3MEHEHHs Mepuoaa 0
cOpoca, He0OXOAMMO COOTIOAATH CIIECAYIOIIYIO TOCIEA0BATEIEHOCTB!

1 HeoOxommMo eIMHOBPEMEHHO 3amucaTh Jjoruueckyro eauHuily B paspsg WDCE wu
WDE. Jlorudeckasi equHuUIA 10JDKHA OBITH 3amucana B pa3psa WDE He3aBucumo OT mepBoHa-
yayibHOTrOo 3HaYeHus paspsaa WDE.

2 B TeueHue CIeAyIONMX YETHIPEX TAKTOBBIX ITUKJIOB BO BpEMs TOM K€ OIepariu, HeoO-
xoaumo 3anucath paspsasl WDE u WDP no ycmoTpeHuio nosb30Baresns, HO IPH 3TOM paspsij
WDCE pomxeH OBITh OUHIIEH.

YpoBenb 6e3onacuoctu 1

B sTOoM pexume CTOpoKeBOil TaiiMep CHavaaa OTKJIFOUEH, HO MOXHO €r0 BKIIOYHTh, YCTa-
HoBuB pazpsa WDE. Ilpu usmenenuu nepuoaa 10 cOpoca uiin OTKIIOUEHUU pabOTArOIIEro Taii-
Mepa HeO0OXOArMa COOTBETCTBYIOIIAs BpEMEHHAsI TIOCIeI0BATENbHOCTD. [ oTKiIIoUeHus pado-
TAIOIIETO TaltMepa W/Uii U3MEHEHHUs TIeprojia 10 cOpoca, HEOOXOIUMO BBITTOTHUTH CIAEAYIOIINE
MPOLEAYPHI:

1 HeoOxomuMo eIMHOBPEMEHHO 3amucarh Jiornueckyro emuHuny B paspsg WDCE u
WDE. Jloruueckas enunuia nomxHa ObITh 3anucana B WDE He3aBHUCHMO OT MepBOHAYAIBHOTO
3HaueHus paszpsna WDE.

2 B mpenenax cIeayoNIuX YeThIPEX TAKTOBBIX IIUKIIOB BO BPEMS TOM K€ OIepallvu, 3arm-
ceiBatorcs paspsaasl WDE nu WDP no yemoTtpenuto nosib3oBarens, HO mipu 3tom paspsa WDCE
JIOJIKEH OBITh OUMIIEH.

YpoBeHb 6e30nacHOCTH 2

B stom pexxume Taiimep Bcerna BkitoueH, u paspsa WDE Gynet Bcerna cCuMThIBaThCS Kak
enuHuna. Jins u3MeHeHus mepuoaa a0 copoca TaiimMepa HEOOXOAMMO BBIIOJHUTH CIIEAYIOIIHNE
POLEAYPHI:

1 Heobxommumo eIMHOBpPEMEHHO 3amucarh Jioruueckyro eaununy B paspsa WDCE u
WODE. Jlornueckas equHuIa 10 KHA OBITh 3amucaHa B pa3psg WDE ne3aBucumo oT mepBoHa-
yanpHOro 3HaueHus paszpsga WDE. Xora WDE Bcerna cumraercs ycTaHOBIEHHBIM, B Pa3psil
WDE Heo06x0oauMo 3anucarh JOTHYECKYIO SAMHUITY IS 3aIyCKa BPEMEHHOM MOCIIeI0BATEIHHO-
CTH.

2 B mpenenax CleAyOIIMX YEThIPEX TAKTOBBIX LIMKJIOB BO BPEMs TOH e ONEepaluy 3aIu-
catb paspsasl WDP no yemoTpenuto nmons3oBaress, HO npu 3ToM paspsag WDCE nomxen ObITh
ounieH. Benmnuuna, 3anucannas B pa3psan WDE, 3HaueHus He UMeeT.
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3.7 llpepsiBanus

B nanHOoM moppazjene OnuChIBalOTCS OCOOEHHOCTH OOpAIlleHUs! C MPEpPhIBAHUSAMH, BBI-
NOJIHsAEMBbIMU B MUKpocxeMe 1887BE4Y.

BexTopsl npepbiBanust B UC 1887BE4Y

Tab6nauna 3.19 — Bekropsl copoca u mpepbIBaHUS

Howmep

BeKTOpa Anpec Hcrounuk Onucanue npeppIBaHUs
1 0x000 | RESET Buemnwmii BeiBoax, POR, BOR u copoc WDT
2 0x001 | INTO 3anpoc BHenHero npepsiBadus
3 0x002 | INT1 3anpoc BHEUIHEro npepbiBaHust 1
4 0x003 | TIMER2 COMP CpaBHeHHe-coBIaIeHUE TaiiMep/cueTdnka 2
5 0x004 | TIMER2 OVF [TepenonHenue Taiimep/cueTynka 2
6 0x005 | TIMER1 CAPT CoOpITHE 3axBaTa TaiimMep/cueTynka 1
7 0x006 | TIMER1 COMPA | CpaBHeHHE-cOBIaicHHE A TaliMep/cueTurka |
8 0x007 | TIMER1 COMPB | CpaBuenue-conanenue B Taiimep/cuerunka 1
9 0x008 | TIMER1 OVF [lepenonnenue TaiiMep/cuerynka 1
10 0x009 | TIMERO OVF [lepenonnenue Taiimep/cueTynkal
11 0x00A | SPI, STC [TocnenoBarenpHas nepeaada 3aBepIicHa
12 0x00B | UART, RXC [Tpuem 3aBepieH
13 0x00C | UART, UDRE Peructp gaHHpIX myct
14 0x00D | UART, TXC [lepenaya 3aBepiieHa
15 0x00E | ADC [TpeobpazoBanne ALl 3aBepieHo
16 0x00F | EE_RDY I'otoBHoCcTs DCIII3Y
17 0x010 | ANA_COMP AHanorosslii KOMIapaTop
18 0x011 | TWI JIBYyXIIpOBO/IHOM MociieioBaTeabHbIN HHTEpdeiic
19 0x012 | INT2 3anpoc BHEIIHETO NpepbIBaHUS 2
20 0x013 | TIMERO COMP CpaBHeHue-coBnaieHne taiimep/cueranka 0
21 0x014 | SPM_RDY I'otoBHOCTE SPM

[Ipumeuanu4

1 IIpu nporpammupoBanuu 6uta BOOTRST MK npu c6poce nepexoaut no ajapecy,
YKa3aHHOMY B BEKTOpe cOpoca B CEKIUIO 3arpy3drKa.

2 [Ipu ycranoske paspsna IVSEL B GICR BekTops! npepbiBaHHi OyAyT nepeMelieHbl B
Havaso obyactu 3arpy3unka ¢uni-mamsatu (Boot Flash). Axpec kaxaoro Bekropa mpepbi-
BaHUS CTAHET 3aTeM aJpecoM B JaHHOW TabiuIle, IPOCYMMHPOBAHHBIM C HCXOIHBIM aJipe-
com pasjena Boot Flash.

B tabmuue 3.20 nmoka3aHo pa3MenieHUEe BEKTOPOB MPEPBHIBAHMS AJS PA3IMYHBIX KOMOU-
Haruii out BOOTRST u IVSEL. Ecu B mporpaMmMe HUKOT/Ia HE MCIIONB3YIOTCS TPEPBIBAHMUS,
TO BEKTOPHI MPEPHIBaHUS HE UCHOIB3YIOTCS, U B OTH MECTa MOXHO MMOMECTUTH OOBIYHBIN MPO-
rpaMMHBIN KoJI. To ke caMoe MPOMCXONT, KOTJIa BEKTOp COpOoca HAXOJUTCSA B CEKIUH TPHIIO-
JKEHUS, B TO BpeMs KaK BEKTOPHI MPEPHIBAHUS HAXOAATCS B CEKIIMH 3arpy3urka U Ha00OpoT.
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Tabnauna 3.20 — Pa3menienre BEKTOpOB cOpoca 1 NpepbIBaHUN

BOOTRSTY | IVSEL Aspec cbpoca (CrapToBBiii apec BeKTOpOR
HpephIBAHUSI
1 0 0x0000 0x0000
1 1 0x0000 Anpec copoca 3arpy3unka + 0x0001
0 0 Anpec copoca 3arpyzun- | 0x0000
Ka
0 1 Anpec copoca 3arpy3un- | Axpec copoca 3arpy3unka + 0x0001

Ka

2 st outa BOOTRST 3naueHue «1» 03HavaeT «He 3alporpaMMHUPOBaHO», a 3HaueHue «0»
03HAYACT «3aIPOTPaAMMHUPOBAHOY.

Hike npeacrasjicHa HauOoJee THIINYHAS U 06111215[ ImporpamMMHas yCTaHOBKaA IJId BCKTO-

poB cOpoca u npepoiBanuii B UC 1887BE4Y.

Anpec
0x000
0x001
0x002
0x003
0x004
0x005
0x006
0x007
0x008
0x009
0x00A
0x00B
0x00C
0x00D
0x00E
0x00F
0x010

0x011

0x012
0x013
0x014

0x015 RESET:
0x016
0x017
0x018
0x019
0x020

Kon
rimp
rjmp
rjmp
rjmp
rimp
rimp
rimp
rjmp
rjmp
rjmp
rimp
rimp
rimp
rjmp
rjmp
rjmp
rimp
rjmp
rjmp
rjmp
rjmp

Idi

out

Idi

out

sei
<instr>

Hcrounuk
RESET
EXT_INTO
EXT_INT1
TIM2_COMP
TIM2_OVF
TIM1_CAPT
TIM1_COMPA
TIM1_COMPB
TIM1_OVF
TIMO_OVF
SPI_STC
UART_RXC
UART_UDRE
UART_TXC
ADC

EE _RDY
ANA_COMP

TWSI

EXT_INT2
TIMO_COMP
SPM_RDY

r16,high(RAMEND)

SPH,r16

r16,low(RAMEND)

SPL,r16

XXX

KommMmenTapuii
O6paboTtunk copoca

IRQO ob6padoTumk

IRQ1 o6padoTumk

OO0paboTumk cpaBHEHUs Taiimepa 2
O0paboTuNK mepernoTHeHns TaiiMepa 2
O06paboTtunk 3axBaTa Taiimepa 1
O06paboTtunk cpaBHeHHs A Taiimepa 1
O6paboTtunk cpaBHeHus B Taiimepa 1
O06paboTunK NepenoHeHus Taiimepa 2
O06paboTunk nepenoHeHus Taiimepa 0
O06paboTtunk 3aBepieHus nmeperoca SPI
O6padotunk 3aBeprreHunss UART RX
O6padotunk ocBoboxaernuss UDR
O6pabotunk 3aBeprmenust UART TX
O06paboTtunk 3aBepiienus npeodpazopanus AL
O6pabotunk rotopaoctu DCIII3Y

O0paboTUMK aHAIOTOBOIO KOMITApaTopa
O0paboTYNK ABYXIPOBOJIHOTO MOCIIEI0BATEIILHOTO
nHTepdeiica

Oo6padotunk IRQ 2

O6paboTunk Taiimep 0

O6padotunk roroeHOCTH SPM

3ammyck OCHOBHON IPOTPaMMBI
YcTaHOBKa yKa3aTelns cTeka B KoHen obmactu O3Y

Pa3pemenne npepsiBaHuii

Ecnu 6ur BOOTRST He 3amporpaMMHupoOBaH, TO pa3Mep CEKIIUH 3arpy3uyuka yCTaHaBIIH-
Baetcs paBHbIM 2 KoGaiita u paspsan IVSEL B peructpe GICR ycranaBnuBaercs 10 Toro, Kak 0y-
IyT pa3pelieHsl Jo0ble MpepbIBaHUsA, TPU 3TOM Hauboyiee TUMUYHAS M 00IIas mporpaMMHast
YCTaHOBKA TSI BEKTOPOB MPEPHIBAHUI M cOpOCa BBITISIUT CICTYIONIM 00pa3oM:
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Anpec Kon KommenTapuii

0x000 RESET:  Idi r16,high(RAMEND) 3aryck OCHOBHOM MPOrpaMMbI

0x001 out SPH,r16 YcTaHOBKa yKka3aTens cTeka B KoHerl obmactu O3Y
0x002 Idi r16,low(RAMEND)

0x003 out SPL,r16

0x004 sei TIM2_OVF Pa3zperienue npepriBaHnit

0x005 <instr> XXX

.org 0xC01

0xCO01 rjmp EXT_INTO O6padoTtunk IRQO

0xCO01 rjmp EXT_INT1 O6pabotunk IRQ1

0xC14 rjmp SPM_RDY O6paboTauk roroBHOCTH SPM

Ecnu 6ut BOOTRST 3amporpaMMupoBan U pa3Mep CEeKIIMU 3arpy3uuKa COCTaBIISET
2 KbaiiTa, To HanboJiee TUITMYHAS ¥ 001Iast MPOrpaMMHAast YCTaHOBKA JUISI BEKTOPOB MPEPHIBAHUN
U cOpoca BBITJISAUT CIEIYIONINM 00pazoM:

Anpec Kox KommenTapuii

.org 0x001

0x001 rjmp EXT_INTO O6padoTunk IRQO

0x002 rjimp EXT_INT1 O6padotunk IRQ1

0x014 rjmp SPM_RDY O6paboturk roroeHoCTH SPM
.org 0xCQ00

.org 0xC01

0xCO00 RESET: Idi r16,high(RAMEND) O6paboTurk rotoBHoCTH SPM
0xC01 out SPH,r16 YcTaHoBKa ykasarels cTeka B KoHerl ooactu O3Y
0xC02 Idi r16,low(RAMEND)

0xC03 out SPL,r16

0xC04 sei Paspermenue npepsiBaHuii

0xC05 <instr> XXX

Ecnu 6ut BOOTRST 3amporpaMMupoBaH U pa3Mep CEKIMM 3arpy3unKa COCTaBIIsIeT
2 Koaiita u paspsn IVSEL B peructpe GICR ycranaBimBaercst 10 TOro, Kak OyIyT pa3pernieHbl
Jro0ble MpephIBaHus, TO HauboJiee TUIIMYHAS M 00lIast MporpaMMHasi YCTaHOBKa il BEKTOPOB
npephIBaHMiA U cOpOca BBITIISIUT CISAYIOMIAM 00pa3oM:

Anpec Kon KommenTapuii

.org 0xCO00

0xC00 rjmp RESET O6paboTunk Reset

0xCO01 rjmp EXT_INTO O6padoTtunk IRQO

0xC02 rjmp EXT_INT1 O6paborunk IRQ1

0xC14 rjmp SPM_RDY O6paboTunk roroBHocTH SPM
0xC15 RESET: Idi r16,high(RAMEND) 3arycK OCHOBHOM NPOrpaMMEI
0xC16 out SPH,r16 YcraHoBKa ykaszares cTeka B KoHer ooiactu O3Y
0xC17 Idi r16,high(RAMEND)

0xC18 out SPH,r16

0xC19 Idi Paspeliienne npepeiBaHuil
0xC20 <instr>  Xxx
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Ilepemelenue NpepbIBAHNN MEKAY CEKIUAMHU NPUI0KEHUS U 3arPy34HKa
OCHOBHOM pErucTp ynpaBiI€HUs NPEPbIBAHUAMU YIPABISET pa3MeleHHEeM TaOlIMIbl BEeK-
TOPOB IIPEPBIBAaHUM.

3.7.1 OcHoBHoOili peructp ynpaJjieHusi npepsiBanusivu GICR

Pa3psia 1: IVSEL - Bei0op BekTOpa npepbiBaHus

[Ipu oumnctke paspsga IVSEL BekTopbl mpepbiBaHHS TOMEMIAIOTCS B Hadajao (idii-
namsaTu. [Ipu ycTaHOBKE 3TOro paspsjia B «EAUHUILY», BEKTOPBI IIPEPbIBAHUS [IEPEMEIIAIOTCS B
HAyalo CeKUMHU 3arpy3uuka (mm-naMartd. PakTUYECKUi ajpec Hadaja CeKLUH 3arpy3duka
dmm-namsita onpenensercs ouramu BOOTSZ.

Jlist Toro 4yToObl M30€XkKaTh HENpeIHAMEPEHHBIX U3MEHEHUH B TaOJIMI[e BEKTOPOB IPEphI-
BaHUM, HEOOXOAMMO COOJIOAATh CHELHUAIbHYIO IPOLEAYpY 3alucu s U3MEHEHUs paspsaia
IVSEL:

1 3anucarpk JOrMYECKyIO €UHUILY B pa3psiji pa3pellieHus H3MEHEHUs BEKTOpa pepbIBaHuUs
(IVCE).

2 B TedeHue 4eThIpeX MUKIIOB 3amucath xenaemoe 3Hadenne B IVSEL, BemonHss 3anuch
nyns B IVCE.

[Ipn BbIMOIHEHMM 3TON HpPOLEAYPHl NpEpbIBaHUS OyIyT aBTOMATUYECKH OTKIHOYEHBI.
[TpepbiBanus 3anperieHsl npu yctaHoBieHHoM Oute IVCE, u OoHM ocTaroTcs B OTKIHOYEHHOM
COCTOSTHUHM JIO TIOCTYIUICHUST KOMaH/Ibl, clieayromei 3a 3amuchio B IVSEL. Eciim IVSEL we 3amnu-
CBIBAETCsI, TO MPEPBIBAHUS OCTAIOTCS OTKJIIOUCHHBIMH B TE€UEHUE YEThIPEX LIMKJIOB. ABTOMAaTHYe-
CKO€ OTKJIIOUEHHE HE BIMSET Ha pa3psia | B peructpe craryca.

[Ipumeuanue — Eciu BeKTOpbl IpepbIBaHMs pa3MEIIAOTCS B CEKLMM aBTOMaTHYe-
CKOI0 3arpy3uuka MporpamMm U IporpaMMupyercs paspsja OsokupoBkH 3arpy3sku BLBO2, To
IpepbIBaHMs 3alpeIIeHbl NPH BBIOJHEHUN U3 CEeKUUHU NpuiiokeHuil. Ecnu BekTopsl npepeiBa-
HUSl pa3MelIaloTCsl B CEKIUM NMPUIIOKEHUH U MporpaMMHpyeTcs pa3ps]l OJOKHUPOBKU 3arpy3Ku
BLB12, To npepbiBaHKs 3anpeIieHbl IPU UCTIOIHEHUH U3 CEKI[MM aBTOMATUYECKOI0 3arpy3dyHKa
POrPaMM.

Pa3psia 0: IVCE — Pa3pemienne u3MeHeHHsl BEeKTOPa NMpepbIBAHUA

Pazpsi IVCE nomxeH OBbITh YCTAHOBIJIEH JUISL TOTO, YTOOBI pa3penInTh U3MEHEHHE B pa3psi-
ne IVSEL. IVCE ounmaercs anmapaTHbIM ciocoOOM yepe3 4eThlpe LUKJIA Moce TOro, Kak OH
Obu1 3anmcan win ke Obi1 3anucan |[VSEL. Yceranoska paspsga IVCE Gnokupyer npepbiBaHus,
KaK 3TO MOSCHEHO BhIlIe B onucaHuu oTHocuTenbHOo IVSEL. CmoTpu Huke mpumep Koja.

Accem0JIepHBIH KO

Move interrupts:

; Enable change of interrupt vectors
1di rle6, (1<<IVCE)

out GICR, rlé6

; Move interrupts to boot Flash section
1di rl6, (1<<IVSEL)

out GICR, rl6

ret

C kox:
void Move interrupts (void)

{

/* Enable change of interrupt vectors */

GICR = (1<<IVCE);
/* Move interrupts to boot Flash section */
GICR = (1<<IVSEL);

}
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3.8 llopThI BBOAA-BBIBO/AA

Bce nopTsl MUKpPOCXEMBI UMEIOT UCTUHHYIO (DYHKLIIMOHAJIBHOCTh YTEHUE-MOJU(PHKALIHS-
3aIMCh, €CIIM OHU HMCIIONIB3YIOTCS B KayecTBE IU(POBBIX IMOPTOB BBOJA-BBIBOJA OOIIET0 Ha3HAa-
YeHHs. DTO O3HAYaeT, YTO HalpaBJIEHUE OJHOIO BBIBOJA IOPTa MOKET OBITh U3MEHEHO 0e3 M3-
MEHEHHUsI HalpaBJeHUs JH0O0Tro APYyroro BeiBoja ¢ momomsio uHcTpykumii SBI u CBI. To xe
camMoe UMeeT MECTO IIPU U3MEHEHUHU COCTOSIHMS MOpTa (eCiIM BBIBOJ MOPTa KOH(UIypupyercs B
Ka4eCTBE BHIX0/IA) WM MOAKIIOYCHHUS/OTKIIIOUSHHSI HaTPY304YHBIX PE3UCTOPOB (€CIIU BBIBOA MOP-
Ta MCIIOJIb3YeTCs B KadecTBe BXoAa). Harpy3ouHol criocoOOHOCTH 1OCTATOYHO JAJIS YIPABICHUS
CBETOAMOJHBIMH MHAWKATOpaMH. Bce BBIBOJBI MOPTOB MMEIOT BBIOMpPAEMBbIE OTIIEIBHO HArpy-
304HBIE PE3UCTOPBI C CONPOTUBICHUEM, HE 3aBUCAIIMM OT HaNpsIKEHUs NUTaHUsA. Bce BBIBOIBI
NOpPTa UMEIOT 3alIUTHBIC TUOJBI Kak s nuTanus Ugyce, Tak B U «3EMIIH», KaK 3TO IMOKa3aHO
Ha pucyHke 3.20.

-
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Pucynok 3.20 — DxBuBaneHTHas cxema IopTa BX0/1a/BbIXoaa

Bce naHHBIE 11O perucTpaM M paspsiiaM B JaHHOM TOpa3/elie HalMcaHbl B 00IIEM BHUJIE.
bykBa «X» B HMKHEM perucTpe MpeacTaBiseT coboi nuppoBoe 0003HaUeHHE MopTa, a OykBa
«N» B HIDKHEM PETUCTpE MpeICcTaBisieT co0oit HoMmep paspsma. OAHAKO, MPH HCIOIH30BAHUU
OTIpeNieIeHUH perucTpa Uik paspsjia B porpamMmme, He0OX0JMMO UCIOIb30BaTh TOUHYIO (hopMy.
Hampumep, PORTB3 mns paspsina Homep 3 nopra B B maHHOM cirydae JOKYMEHTalIbHO YKa3aH
kak PORTXn.

JIist KaXKI0TO TIOPTa UMEETCS TPH aJIPECyeMbIX DJIEMEHTa BBOJA-BBIBO/IA: PETUCTD JaH-
HbIX — PORTX, peructp nanpasienusi — DDRX, u BbiBoabl mopta — PINX. 3HaueHus: BbIBOJIOB
MOpPTa BBO/A-BBIBOJIA TOJIBKO CUYUTHIBAIOTCS, B TO BPEMsI KaK PETHCTpP JAaHHBIX U PETHCTpP HAIpaB-
JIeHUs JaHHBIX CUMTHIBaIOTCsA/3anuceiBatoTes. Kpome toro, ycranoBka paspsna PUD B SFIOR, a
UMEHHO, oTKtoucHue Harpysku (pull-up disable), otkrouaer pynkiuio Harpysku (pull-up func-
tion) a1 Bcex BBIBOJIOB BO BCEX MOPTaXx.

BoJIbIIMHCTBO BBIBOJIOB MTOPTOB MYJIBTHIICKCHPOBAHBI albTEPHATUBHBIMU (DYHKIIUSIMHU
i iepudepuiHbIX GYHKUUN ycTpoiicTBa. J[1s 03HAKOMIIEHHUS C TOJHBIM OMHCAHUEM albTep-
HAaTUBHBIX (PYHKIIMH HEOOXOIUMO OOPATHTHCS K OMUCAHUSIM OTACIbHBIX MOAYJICH U 0OpaTUTh
BHUMaHHE HA TO, YTO aKTHBALUs aTbTEPHATUBHON (DYHKIIMM Kakoro-auOo BBHIBOJA MOpPTa HE
BJIMSIET HA UCIOJB30BaHKE IPYIUX BBIBOAOB IOPTA B KayeCcTBE OOILEro U(ppoBOro nopra BBOJa-
BBIBOJIA.
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3.8.1 IlopThl B KauecTBe 001IMX HU(PPOBBHIX MOPTOB BBOAa-BbIBOA

ITopTsl SBIAIOTCS JBYHAIPaBICHHBIMM IOPTaMU BBOJA-BbIBOJA C JIOTOJHUTEIILHON
BHYTpeHHeH Harpy3koil. Ha pucynke 3.21 moka3aHo ¢pyHKIMOHAJIBHOE OMUCAHUE OJTHOTO BHIBO-
Jla IopTa BBOJa-BbIBOJIa, KOTOPBIM B 0011eM BUJIE Ha3BaH PXn.

A

A

o PUD
< —7 . .

i o

Pxn |—¢ <} * * Q Dye

IInna nagHbBIX

RESET

SLEEP ﬂ

PUD — 3amperienne BHYTp. Harpy3Ku WDx — 3amcs B DDRX
SLEEP — ynpasnenune SLEEP RDXx — urenne DDRX
clkyo — TakToBeIli curnan 1/0 WPX — 3anuch B IopT
RRX — utenue perucrpa nmopra
RPX - urenue BhIBOa TOpTa

Pucynox 3.21 — O0muii i poBoit mopT BBOa-BBIBOIA
3.8.2 Kondurypaunusi BbIBoJA

Kax b1t BEIBOJ TOpTa COCTOUT M3 Tpex daemenToB: DDXxn, PORTxXn u PINXn.
Pa3psn DDXn B peructpe DDRX BbIOupaeT HampaBieHnue Juist JaHHOTO BeiBoja. Eciou B DDxn
3aMUChIBACTCS JIOTHYECKas €AMHUIA, TO PXN koHpurypupyercs kak Bbixoa. Ecimun B DDXn 3anm-
CBIBATCsI JIOTHUECKUH HYINb, TO PXN KoHUTYpHpYeTCs KaKk BXOI.

Ecmu 8 PORTXN 3anuceiBaeTcst Joruyeckasi € IMHUIA TPH KOH(QUTYPUPOBAHUH TTOPTA B Ka-
YeCTBE BXOJ[a, TO HArPY30UHBIA PE3UCTOP aKTUBHPYETCs. [ OTKIIOUEHUSI HAarpy304HOTO pe3u-
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cropa B PORTXN nomken ObITh 3anucaH JIOTHYECKUN HYIb WIH K€ TOPT JOJKEH OBITh CKOH(U-
TYPUPOBaH KaK BBIXOJ. BBIBOZBI MOpTa MEPEXOIAT B COCTOSHUE BBICOKOTO MMIIEIAHCA, KOT/Ia
cOpOC CTaHOBHUTCS aKTUBHBIM, JJa)K€ €CIIM HE pPa0OTAIOT TAKTOBBIEC T€HEPATOPHI.

Ecmu 8 PORTXN 3anuceiBaeTcst Joruyueckasi eAMHUIA TPU KOH(OUTYPUPOBAHUH MTOPTA B Ka-
YeCTBE BBIX0J1a, TO BBIBOJI ITOPTA MEPEBOAUTCS B BHICOKUN JIOTHYECKUH ypOBEHb (eauHuLy). Ec-
au B PORTXn 3amuckIBaeTcs JIOTHYECKUN HYJIb TPH KOH(PUTYPUPOBAHUH MTOPTa B KAYECTBE BHI-
X0/1a, TO BBIBOJ ITOPTA MEPEBOAUTCS B HU3KHUI JIOTHUECKUI YPOBEHb (HOJb).

[Tpu nepexroueHnn MeX Iy COCTOSTHUEM BhICOKOro umnenanca ({DDxn,

PORTxn} = 0b00) 1 BbIXOJAHBIM BBICOKMM JiormdeckuM ypoBHem ({DDxn, PORTxn} = Ob11)
IPOMEKYTOYHOE COCTOSIHUE JIOJDKHO YCTAaHOBUTHCS JIHOO Oyiarofapsi akTHBUPOBaHHBIM Harpys-
kam ({DDxn, PORTxn} =0b01), nmu6o BbIXxo1y, HAXOAALIEMYCSI B HU3KOM JIOTUYECKOM COCTOSI-
aur ({DDxn, PORTxn} =0b10). B 00bIYHBIX YCIOBHUSIX Pa3peIIeHHOE COCTOSHUE ISl HATPY3KH
SIBIISICTCS TIOJTHOCTBIO MPUEMIIEMBIM, MTOCKOJIBKY OKPY)KEHHE C BBICOKMM HMIIEJaHCOM HE OOHa-
PYXKHT pa3sHHILy MEKIY MOIIHBIM JpaiiBEpOM M HArpy30YHBIM CONPOTUBJICHHEM. B mHOM city-
qae, pa3psa PUD B peructpe SFIOR MoxeT ObITh yCTaHOBJICH Ha OTKIIFOUEHUE BCEX HArpy30K
BO BCEX MOPTaXx.

[epexmtoueHne MEXIy BXOJIOM, UMEIONIMM Harpy304HbBIE CONMPOTHBIICHUS, U BBIXOIOM B
HU3KOM JIOTUYECKOM YPOBHE CO3/IaeT aHaJOTHuYHYK mpoOiemy. [loimb3oBaTens AODKEH JIMOO
UCIIOJIb30BaTh BhIcOKoMMIieaancHoe coctosiHue ({DDxn, PORTxn} = 0b00), 1160 cocrosiHue
BBICOKOT'O YPOBHS Ha BBIXOJIC B KauecTBe nmpomexyrodynoro miara ({DDxn, PORTxn} = 0b10). B
tabmume 3.21 mpUBOIATCS CBOAHBIC AAHHBIE O CHUTHAIAX YIPABJICHUS JJIS JTAHHOTO 3HAYCHUS
BBIBOJIA.

3.8.3 CunrbiBaHue 3HAYEHUS BLIBOJA

HesaBucumo ot pa3psiia HampasieHus JaHHsIX DDXN, BBIBO MOpPTa MOXKET CUUTHIBATHCS C
nomouibto Outa peructpa PINXn. Kak mokasano Ha pucynke 3.21, paspsa peructpa PINXN u
MpeIIIecTBYIONas €My TpUITep-3alieNika 00pa3yloT CHHXPOHHU3HpYoIlee ycTpoicTBo. OHO
HEO0OXOUMO ISl TOTO, YTOOBI M30€XKaTh METaCTa0OMUILHOCTH, €CITH (PU3NUYECKUN BBHIBOJ W3MEH SI-
€T 3Ha4YeHHe HeJlaleKo OT (PpOHTa BHYTPEHHETO CUHXPOHU3UPYIOIIET0 UMITYJIbCa, OAHAKO, 3TO B
CBOIO Ouepe/ib, BHOCUT 3ajepkky. Ha pucynke 3.22 u3zoOpakeHa BpeMeHHas quarpamma CHH-
XPOHU3AIMU TIPH CUUTHIBAHUH 3HAYEHHS BBIBOJA, MPUKIIAIBIBAEMOTO M3BHE. MakcUMalbHOE U
MHHHMAJIbHOE BPEMs 3aJI€PKKH PaCIPOCTPAHEHHsI 0003HAYEHbI, COOTBETCTBEHHO, tphd max U tod min.

| |

| |
Cucremnsiii CLK

| |

|
Hucrpykuun XX X >< X %( X >|< inrl7, PINX ><
I |
|
CHHXpOHU3UPYOLIAs IV |
|
3aenKa |
PINXn

ri7

>< OXFF

tpd, max

|
|
k
|
|
|
|
|
I |
| |
| |
I I
| |
I I
| 0x00 |
| |
| |
[ [
| [
| [

Pucynok 3.22 — CuHxpoHu3alus Ipyu CYUTHIBAHUYU 3HAYEHUSI BBIBOJA,
OIIpENIeNIIEMOTO U3BHE.
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PaccMOTpuM TakTOBBIM NEpHOJ, HAUMHAIOIIMICS Cpa3y ke IMociie 3aJHero (ppoHTa UM-
IyJIbCa CHHXPOHM3ALMU CUCTEMBI. 3allle/IKa 3aKpbIBAETCs, KOTJJa TAKTOBBII CUTHAJl HAXOAUTCS B
HU3KOM COCTOSIHMM, U CTAHOBUTCS MPO3PauHOM, KOrJja TAKTOBBIM CUTHAJI HAXOJUTCSI B BBICOKOM
COCTOSIHUH, KaK 3TO MOKAa3aHO B 3alITPUXOBAHHOM 00JIaCTU CUTHAla «CUHXPOHU3UPYHOILAs 3a-
HIeJKa» Ha pucyHke 3.22. 3HaueHUE CUTHANA (PUKCHPYETCs, KOTAa CUCTEMHBIN TaKTOBBIA MM-
IyJbC MEPEXOUT B HU3KOE cocTosiHe. OH CHUHXpOHM3UpoBaH B peructp PINXN mpu mnocie-
JYIOUIEM TMOJIOKUTENFHOM (POHTE CUTHaNa TakTUpoBaHHWA. Kak yka3zaHO OBYMsl CTpelKaMu
tpd,max ¥ tpd,min, IEPEXOJ] OAMHOYHOI'O CUTHAJIA HA BBIBOZAE OYAET 3a7epiKaH Ha BEJIIMUUHY OT 2 10
12 TakTOBOrO NEpHoOAa B 3aBUCUMOCTH OT BPEMEHU yCTaHOBJEHUs. [Ipy cunThIBaHUM 3HAUEHUS
BBIBO/Ia, KOTOPOE OBIJIO OIPEJENEHO MPOrPaMMHBIM CIIOCOOOM, HEOOXOAUMO BCTABUTh KOMaHIY
«NOpP», Kak ykazaHo Ha pucyHke 3.23. Komanna «0OUt» ycTaHaBIMBAeT CUTHAJI «CUHXPOHU3UPY-
IOLIAs 3alleNIKa» K MOJOKUTEIbHOMY (DPOHTY CUTHAJIa CHHXPOHM3aLuu. B 3ToM ciyuae 3axepx-
Ka tpg IpU IPOXOXKJIEHUU Yepe3 CHHXPOHU3UPYIOUIEE YCTPOMCTBO COCTABIACT OJUH TAKTOBBIM
HEepUO/I.

Cucremubiit CLK

rl6

Hucrpyxunn X out PORTX, r16

CHHXPOHH3UPYIOLIAs

nop >< inrl7, PINx ><

3aleiaKa

PINxn

ri7

|
|
|
0x00 ! >< OXFF
|
|
|

Pucynok 3.23 — CuHXpoHU3alMs NpyU CYUTHIBAHUYU 3HAYEHUS BBIBOJA,
OTIPENIETIEHHOTO TPOTrPAMMHO

Crnenyrouuii npuMep KOAUPOBAHUS MTOKA3bIBAET, KaK yCTaHaBIMBaTh BeIBOAGI 0 1 1 mop-
Ta B B BBICOKMI YpOBEHbB, BBIBOJBI 2 U 3 B HU3KHM YPOBEHB, M ONIPEIENSIET BbIBOABI TopTa B oT 4
110 7 KaK BXO/Ibl C HATPy304YHBIMH PE3UCTOPaMH, IPUIIMCAHHBIMU K BbIBOJIaM 6 u 7 nopta. [lomy-
YEHHBIEC 3HAYEHUs BBIBOJIOB CUMTHIBAIOTCS CHOBA, HO KaK YK€ YIIOMMHAJIOCh paHee, CI0a BKIIIO-
YyeHa KoMaHia «NopP», 4ToObl UMETh BO3MOXKHOCTh CHOBA CUUTHIBATh 3HAUEHUE, HEJABHO MPUITH-
CaHHOE K HEKOTOPBIM BBIBOJAM.

Accem0JIepHBIH KO

; Define pull-ups and set outputs high

; Define directions for port pins

1di rl6, (1<<PB7) | (1<<PB6) | (1<<PB1) | (1<<PBO)

1di rl17, (1<<DDB3) | (1<<DDB2) | (1<<DDB1) | (1<<DDBO)
out PORTB,rl6

out DDRB,rl7

; Insert nop for synchronization

nop

; Read port pins

in rl6,PINB

58



C xon:
unsigned char i;

/* Define pull-ups and set outputs high */
/* Define directions for port pins */

PORTB = (1<<PB7) | (1<<PB6) | (1<<PB1) | (1<<PBO) ;
DDRB = (1<<DDB3) | (1<<DDBZ2) | (1<<DDB1) | (1<<DDBO) ;
/* Insert nop for synchronization*/

_NOP ()

/* Read port pins */

i = PINB;

I[Ipumeuanue — it nporpaMmmsl accemOiepa HCIOJIb3YIOTCS IBa BDEMEHHBIX PEru-
CTpa C LENbI0 CBECTH K MUHUMYMY BpPEMsI OT MOMEHTA YCTAHOBKM HArpy304HbIX PE3UCTOPOB Ha
BeIBOZax 0, 1, 6 u 7 10 Tex nop, noka OyayT NpaBUIbHO YCTAHOBJIEHBI OUTHI HAPaBJICHUH, IPH
9TOM OUTHI 2 1 3 ONpeIesAIOTCs KaKk HU3KUK ypoBeHb, a OuThl 0 1 | mepeycraHaBIMBaIOTCS KakK
MOIIHBIE JIpaiBEPHI.

3.8.4 Pe:xum pa3perieHnsi HH(POBOro BXoAa U CHSIIIMIA PesKuUM

Kak nokazano Ha pucyHke 3.21, BXoaHON LU(POBOH CUTHAT MOXKET OBITh IOJICOEAUHEH K
3emsie Ha Bxone tpurrepa Llmurra. Curnan, manee ob6o3nauennslii SLEEP na pucynke, ycra-
HaBJIMBAETCsl KOHTpoJuIepoM crisiiero pexxuma MK B pexxnMax MUKpONOTpeOIeHus, XpaHeHus,
PEKUME OXKHUIAHUS U IJIUTEIHHOM PEXHME 0KUAAHUS I TOTO, YTOOBI M30€KaTh BEICOKOTO I10-
TpeOJIEHUST MOIIHOCTH, €CJIM HEKOTOpble BXOJIHbBIE CUTHAJbl OCTABJIEHbl KaK IUIABAIOLINE WM
HUMECIOT YPOBEHDb aHAJIOTOBOTO curHaia omm3kuit Kk Ugsycc/2,

SLEEP oTrMeHeH a5 BBIBOJIOB MOPTOB, aKTUBUPOBAHHBIX KAaK BBIBOJBI BHEIIHETO MPEPHI-
BaHus. Ecnu 3ampoc Ha BHeEIIHee mpepbiBaHue He paspenieH, To SLEEP sBnsercs akTuBHBIM 1
JUIs 9TUX BBIBOJI0B. SLEEP MokeT Takke OTMEHSATBCS PYTUMU pa3IMuHbIMU allbTePHATHBHBIMU
GyHKIUSAMU.

Ecnu Ha BpIBOJIE aCMHXPOHHOTO BHELIHETO MPEpbIBAHMS, MOJYUYHBIIEM KOH(MUTYpAIUIO
“mpeppIBaHHE TIO NIEpeIHEMY QPOHTY, 3aHEMY (PPOHTY WIH IO JHOOOMY JOTHYECKOMY H3MEHe-
HUIO Ha BBIBOJIE”, IPUCYTCTBYET BBICOKUI JOrMUeCKHi ypoBeHb (“‘equMHMLA”) B TO BpeMs, Korjaa
BHEIIHEE MPEephIBaHUE HE Pa3pelleHo0, TO COOTBETCTBYIOMIMM (pyiar BHEIIHET0 pepbIBaHus OyieT
YCTAQHOBJIEH HpPU BO300HOBIEHHM pabOTHI MOCJE BO3PAILEHUS U3 BBIMIECYTOMSIHYTBIX CIISLIMX
PEeXHMOB, MOCKOJIbKY (PUKCHPOBAHME B ATHX CIILIMX PEKUMaxX BBI3BIBAET TpeOyeMoe Jioruye-
CKOE U3MEHEHHUE.

3.8.5 HenoacoeauHEeHHbIE BLIBO/IbI

Ecnu kakue-To BBIBOJIBI HE UCTIONB3YIOTCS, TO PEKOMEHYETCsl, YTOOBI 3TH BBHIBOIBI UMEIH
OTIPEICTICHHBIN JTOTHYECKUN YypoBeHb. Jlaxke ecinu OONBIIMHCTBO MU(POBHIX BXOJOB B CIISIIIHX
pEeKHUMax OTKJIFOYEHO, KaK 3TO OIMHKCAHO BHIIIE, CIEIyeT N30eraTh MIaBaoluX BXOJ0B IJisd CHU-
KEHUSI TOTPEeOJICHUs BO BCEX IPYTUX PEKUMAX, JJISI KOTOPHIX HU(PPOBBIE BXOJBI Pa3pelIeHbI
(pexxumbr Reset, Active u Idle).

Camplil ipocToit MeTo1 0OecTiedeH sl OIIPeIeTICHHOTO YPOBHS Ha HEUCIIOJIb3YEMBIX BbIBO-
Jax 3aKI0YaeTcs B MOJKIIOUYEHUN BHYTPEHHEH HArpy3Kku. B aToM ciiydae BHYTpeHHsST HAarpy3Ka
OyzeT OTKIouYaThes BO Bpemsi cOpoca. Eciam cymecTBeHHBIM (aKTOpPOM SIBISIETCS Majas I1o-
TpebsieMass MOITHOCTh BO BpeMsi cOpoca, TO peKOMEHYeTCsl HCIOIh30BaTh BHEIIHEE MOBHIIIIE-
HUE WU TOHWXXEHUE HampsbkeHus. He pexoMeHayercss HemoCpeACTBEHHO MOAKIIOYATh HEUC-
nostb3yembie BXxo bl K #VCC wim #OV, MOCKOIBKY 3TO MOKET BBI3BaTh MOBHIIIICHHBIE TOKH, €C-
JIM CITy4aifHO ATOT BBIBOJ OYJEeT CKOH(UTYPUPOBAH KaK BBIXO/I.
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3.8.6 AJbTepHATHBHbIE (PYHKIMHU NOPTOB

BONBIIMHCTBO MOPTOB MMEIOT ajJbTEPHATHBHBIE (DYHKIUU B JONOJHEHHE K OCHOBHBIM
GyHKIMAM TUPPOBBIX BXOI0B/BBIX0A0B. Ha pucynke 3.24 moka3aHo, KakuM 00pa3oM CHUTHAJIBI
yIIPaBJICHUS BBIBOJIOM MOPTA U3 YIPOIICHHOW CXeMBbl Ha pUCYHKE 3.21 MOTYT OBITH NEpenHCaHbl
anbTepHaTUBHBIME (yHKIMsIMU. [lepeonpenensemMple CUTHAIBI MOTYT HE IPUCYTCTBOBATH Ha
BBIBOJIaX BCEX IOPTOB, 3TOT PHCYHOK IIPEJCTaBIISIET COOOH 00IIiee Onmrcanue.

PUOExn
/ PUOVXn PUD
p—o<] ‘ —
& >
A
DDOExn
I::I Il: DDOVxn Q Dl
\g 9 <¢—wbx
RESET RDx
PVOExn I\[
l/
PVOVxn 5
P 4N < z
Pxn & | Q D¢ %
Q —wex 5
DIEOExn RESET
Il: :] DIEOVxn RRX
SLEEP |‘[
(] ——— l/
RPx
Fmmmm—m——— ==
. CuHXpoHM3aTOp : | |
! DQ DQ | e
| _— —
L Q p QJ! clk
,_| : r l_ : 110 v
|
L » Dtxn
® AlOxn

PUOEXn — pa3penienue nepeonpeneneHus BHyTp. Harpy3kun  WDX — 3amucs 8 DDRX

PUOVXn — 3HaueHue nepeonpeeNeHust BHYTpP. Harpy3Ku RDX — urenne DDRX

DDOEXn — pa3penieHne nepeornpeaesieHus HarpBICHHS WPX — 3anuce B mopT

DDOVXn — 3naueHue nepeonpeieieHns HanpBiIeHus RRX — uteHue perucrpa nopra
PVOEXn - pa3pernienue nepeonpeaeaeHus 3SHAYCHUS RPX - urenue BbIBOJA MOpTa
PVOVXn - nepeonpenereHHOE 3HAYCHHE PUD — 3ampemienue BHYTp. Harpy3Ku
DIEOEXn — nepeornpenenenue pa3penieHus udp. Bxona SLEEP — ympasnenne SLEEP
DIEOVXn — nepeonpenenenue 3HaueHUs mudp. BXoaa clkyo — TakToBeIi curnan 1/0

Dpumeuanue — WPx, WDX, RRx, RPx u RDX siBnsitoTcst 00mumMu it BceX BBIBOJIOB BHYT-
pu toro ke mopta. clkyo, SLEEP u PUD siistrorcst o6ImuMu IjIst BCEX TTOPTOB. Bee ocTambHble CHTHAIBI
SIBIISIFOTCS. YHUKAITBHBIMU JIJIS1 K2XKJIOTO BBIBOJIA.

Pucynok 3.24 — AnpTepHaTuBHBIC (PYHKIIMK TIOPTOB
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B Ttabmuue 3.21 mpencraBineHa cBoxHas MH(POpMAIUS O MEPEONpEAeIsIeMbIX CUTHANAX.
WHpekchl BBIBOJAOB M MOPTOB M3 PUCYHKa 3.24 HEe NPUBEJECHBI B HIDKECIEAYIOIIMX TaOIuLax.
[lepeonpenensemple CUTHAIBI T€HEPUPYIOTCS BHYTPH MOJYJIEH, MMEIOIIMX ajlbTEPHATUBHYIO

GYHKIHIO.

Taonauma 3.21 — OOuiee onrcaHue MEPEOIPEACIICMbIX CUTHAIOB ISl aIbTEPHATHBHBIX

pyHKIHiT
HaumenoBan
e CHMHANA ITonHoe HanMeHOBaHUE Onucanue
PUOCE Paspemenne nepeonpenene- Ecnu ycTaHOBIIEH 3TOT CUTHAJI, TO pa3pelleHne BHYTpEeHHEH
HUSI BHYTPEHHEH Harpys3Kku Harpy3ku ympasinsgercs ¢ nomouisto curnaga PUOV. Ecnu
3TOT CHI'HaJI cOpachIBaeTCs, TO BHYTPEHHSS HAarpy3Ka paspe-
ImaeTcst B TOM cirydae, korma {DDxn, PORTxn, PUD} =
0b010
PUOV Ilepeonpenensemoe 3nauenue | Ecnu ycranasnuBaercs PUOE, To BHyTpeHHss Harpyska pas-
BHYTpPEHHEHN HArpy3Ku pemaercsi/3anpemniaercs, korna PUOV ycranaBmuBaetcs
/ountiaeTcst He3aBUCUMO OT ycTaHOBKH DDxn, PORTxn, u
paspsos peructpa PUD
DDOE Pazpemenne nepeonpenene- Ecnm ycTaHOBIIEH 3TOT CUTHAJI, TO Pa3peLICHUE BBIXOIHOTO
HUS HalpaBJEHUs TaHHBIX IpaiiBepa ynpasisercs curiaiom DDOV. Ecnu 3ToT curnan
cOpackIBaeTCs, TO BBIXOIHOH NpaifBep aKTHBUPYETCS € TIOMO-
mibko paspsana peructpa DDxn
DDOV Ilepeonpenensemoe 3Hauenue | Ecnu ycranosneHo 3nauenue DDOE, To BbIxoaHOM npaiiBep
HaIpaBJIeHUs JaHHBIX paspemaeTcsi/ 3aIpemaeTcsi, €CIM yCTaHABINBACT-
csi/copaceiBaetcss DDOV He3aBHCHMO OT YCTaHOBKH pa3psiia
peructpa DDxn
PVOE Pazpemenue nepeonpenene- Ecnm ycTaHOBIIEH 3TOT CUTHAJI, U pa3pelleH BEIXOIHON Apai-
HUS 3HaYEHUs IOPTa BEp, TO 3HAUECHUE NopTa ypasisgercs curnagom PVOV. Eciu
PVOE c6pacsiBaeTcst, 1 pa3penraercsi BRIXOJAHOU ApaiiBep, To
3HAa4YeHHE YIIPABISETCS Pa3psaoM BBEIXOIHOTO ApaiiBepa
PORTxn
PVOV Ilepeonpenensemoe 3Hauenue | Ecmu ycranosneno PVOE, To 3HadeHne nopra ymnpasiseTcs
nopra curHanom PVOV, He3aBUCHMO OT YCTaHOBKH pa3psizia peru-
ctpa PORTxn
DIEOE Paszpemenue nepeomnpenese- Ecnu yctaHoBieH 3TOT paspsij, TO paspelieHue mudpoBoro
HUS (QYHKITHH pa3perieHus Bxoza ynpasisercs curianom DIEOV. Eciu 3T0oT curnan
mdpoBoro Bxoaa cOpachIBaeTcs, TO pa3perieHne uppoBOTO BX0O1a OIpeIesIs-
ercs cocrostHueM MK (HOpMasbHBIN PEXUM, CITSIINE PEXH-
MBI)
DIEOV Ilepeonpenensemoe 3naueHne | Ecmu ycranosneHo DIEOE, To mudpoBoit Bxo pa3pemniaercs/
paspemenus nudpoBoro Bxo- | 3amnpemaercs, ecan DIEOV ycranasnuBaeTcs/cOpaceiBaeTes
Ja He3aBUCHMO OT cocTostHusI MK (HOpManbHBIN pexxuM, Crsiine
PEXKUMBI.

Dl udposoii Bx0x 3t0 1M poBOIt BXOA AJIs aIbTepHATUBHBIX QyHKIMH. Ha
CXeMe CUI'HaJI MOABOANTCS K BhIXoy Tpurrepa llIMutra, HO
repeJi CHHXpOHM3UPYIOUINM ycTpoiicTBoM. Ecin mudposoii
BXOJ1 HE HCIIOJIB3YETCs B Ka4eCcTBE IIM(POBOro BXOA, TO MO-
JIyJIb C AIbTEPHATUBHON (YHKIMEH OyIET UCTIOIh30BaTh CBOE
COOCTBEHHOE CHHXPOHHM3HPYIOIIEe YCTPOHCTBO

N1/0 AHAJIOTOBBII BXO/BBIXO] DTO0 aHAIIOTOBHII BXO/I/BBIXO]] K alIbTEPHATUBHBIM (DYHKIIHSIM
u oT HUX. CUTHAN NOJICOEANHAETCS] HEOCPEACTBEHHO K BbI-
BOJIy 1 MOXET OBITh UCIIOJIb30BaH JIBYHAIIPABICHHO

B HWXXCCIICAYIOUX TTOApA3ACIaX KPATKO OIMCAHbI aJIbTCPHATHUBHBIC (bYHKI_[I/II/I JJIA KaxXK-

JIOTO TIOPTA U CBSI3b CUTHAJIOB KOPPEKTUPOBKHU C albTepHATUBHBIMU QyHKIMsIMU. [longpoOHOCTH
CMOTPUTE B OMTUCAHHUH aTbTCPHATUBHBIX ()YHKITHIA.
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Peructp cnenuanbubix pynkumii — SFIOR

Bur 6 4 3 2 1 0

| ADTS2 | ADTS1 | ADTSO | ADHSM | ACME | PUD | PSR2 | PSR10 | SFIOR
Urenue/3anuce /3 /3 /3 /3 /3 4/3
Hauansnoe 0 0 0 0 0 0

3HAYCHHUC

Pa3psin 2: PUD - OTk/104eHne HATPY304YHBIX Pe3HCTOPOB
Ecnu B 3TOT pa3psija 3amuchIBaeTCs JIOTUYECKash €IUHUIA, TO HArpy30YHBIE COMPOTHUBIIE-
HUS B MOPTAax BXOAa/BbIXOJAa OTKJIIOYAIOTCS, naxe eciau peructpel DDxn u PORTXN umetor

KOH(UTypaIHio, aKTUBUPYIOLIYIO Harpy3ouHbie conpotusienus ({DDxn, PORTxn} = 0b01).

3.8.7 AnbTepHaTuBHbIe (PYHKIMH IOPTa A

[Topt A nmeet asibTepHaTUBHYIO (PYHKIIMIO B KauecTBe aHasorosoro Bxoza aias AL, kak
3TO Moka3aHo B Tabiuue 3.22. Ecinu kakue-n100 BbIBOJBI MOpPTa A KOHPUTYpUPYIOTCS KaK BbI-
XObl, TO OYEHb BaXKHO, YTOOBI OHU HE MEPEKITIOYAIICh B IIPOIIECCE Mepexo1a. DTO MOKET UCKa-
3UTh pe3yJbTaThl IPEOOpPa3OBaAHMSL.

Tao6nuna 3.22 — AnprepHaTuBHbIE QYHKIIMU MTOpTa A

Paszpsasl mopra

AnpTepHaTuBHas QyHKIUS

PA7 ADC7 (ALIT BxoaHO# KaHan 7)
PAG ADC6 (ALIIT BxoaHOM KaHa 6)
PA5 ADCS5 (AT BxoaHo# KaHaT 5)
PA4 ADC4 (ALIT BxoaHoii kaHai 4)
PA3 ADC3 (ALIIT BxoaHO#M KaHam 3)
PA2 ADC2 (ALIT BxomHoii KaHa 2)
PAl ADCL1 (ALII BxomHoii kaHai 1)
PAO ADCO (ALIT BxoaHnoii karai 0)

B Tabaunax 3.23 u 3.24 noka3aHa cBs3b aJbTEPHATUBHBIX (PYHKIMI MopTa A ¢ cCUTHaJIaMU

KOPPEKTUPOBKH.

Taodonuma 3.23 — Ilepeomnpenenstoniye CUTHAIBI Ul aTbTEPHATUBHBIX (DYHKITHIA B

PA7...PA4

O0o3HaueHue
CHATHAJIA

PA7/ADC7

PAG6/ADC6

PA5/ADC5

PA4/ADC4

PUOE

PUOV

DDOE

DDOV

PVOE

PVOV

DIEOE

DIEQV

[ellellelleo]llellelle] o]

OO0 |0|0|0|O0O|O

OO0 |0|0|0|O0O|O

OO0 |0|0|0|O|O

DI

NnI/o

ADC7 Bxon

ADC6 Bxong

ADCS5 Bxon

ADC4 Bxon
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Tabnauna 3.24 —Ilepeonpenensioniye CUTHAIbI JUIsl abTepHaTUBHBIX pyHkiwmii B PA3...PAO

Obosnascrue PA3/ADC3 PA2/ADC2 PA1/ADC1 PAO/ADCO
CUrHalsia

PUOE 0 0 0 0
PUOV 0 0 0 0
DDOE 0 0 0 0
DDOV 0 0 0 0
PVOE 0 0 0 0
PVOV 0 0 0 0
DIEOE 0 0 0 0
DIEOV 0 0 0 0
DI - - - -

AlO ADC3 Bxonx ADC2 Bxon ADCI1 Bxox ADCO Bxon

3.8.8 AubTepHaTuBHBbIe GyHKIIUM TOpTa B

Tao6numa 3.25— AnprepHaTuBHbBIE QYHKIIMH BEIBOJIOB NopTa B

Pazpsize mopra AnbpTepHaTUBHAS QYHKIUS

PB7 SCK (SPI TakTOBBI# UMITYIIBC)

PB6 MISO (SPI Bexymiuii-BX0/1, BEOMBIH-BBIXO/T)

PB5 MOSI (SPI Bexy1uii-BbIX0/1, BEIOMBIi-BXO/T)

PB4 SS# (SPI Be160p Begomoro)

PB3 AIN1 (OtpunarensHbIil BXOJI aHAJOTOBOTO KOMIIapaTopa)
OCO0 (Bsixon cpaBHeHHe/coBNaieHHe Taiimep/cueTunka 0)

PB2 AINO (TTomoxxuTenbHBIN BXOJ aHAJIOTOBOTO KOMITapaTopa)
INT2 (Bxoj BHenIHero npepbiBaHus 2)

PB1 T1 (Buemnwuii cueTHbIi BX0[ TaiiMep/cueTynka 1)

PBO TO (Buemnwuii cueTHblit BX0[ TaiiMep/cuerynka ()
XCK (UART BHelIHUiT TAaKTOBBIN BXOI/BBIXO])

Kondurypanus anpTepHaTUBHBIX BHIBO/IOB ITPUBEIEHA HUXKE.

SCK —Topr B, 6ut 7

SCK: BBIX0J1 TAKTOBOT'O CUTHAJIa B PEKUME BEAYILETr0, BXO/ TAKTOBOI'O CUTHAJIA B pEeXKUME
Benomoro jura kaHama SPI. Koryma SPI 3anmyckaercst B kadecTBe BEJIOMOTO, 3TOT BBIBOJI ITOJTyJaeT
KOH(UTrypanuoo BxoJa He3aBUCUMO OT ycTaHoBok aisi DDB7. Korga SPI 3amyckaercss B kade-
CTBE BEAYILEr0 YCTPONCTBA, TO HANPABJICHUE JAHHBIX JJISI TOTO BBIBOJA KOHTPOJIHPYETCS C TO-
motuisto DDB7. Ecnu BeIBOA mepeBOIUTCS MPUHYIUTENBHO AJISL BHIMOJHEHUS (DYHKIMHA BXOAA,
HArpy304HO€ COIPOTHBIICHUE IMO-TIPSKHEMY MOXKHO KOHTPOJMPOBATh C IOMOIIbIO OHTa
PORTBY.

MISO — opT B, ouT 6

MISO: BXxoa maHHBIX BEIYIIETO, BBIXOJ JaHHBIX BegoMoro juis kanana SPI. Tlpu 3amycke
SPI B kauecTBe BeAyIIero, 3TOT BBIBOJ MOTyYaeT KOH(PUTYpaIUIO BX0/1a HE3aBUCUMO OT YCTaHO-
Bok DDB6. Ipu 3amycke SP| B kadyecTBe BeIOMOTr0, HANPABJICHHUE JAHHBIX IS 3TOTO BHIBOJIA
koHTposupyercst DDB6. Ecnu SPI nepeonpenensier BbiBoa Ha (PyHKIMIO BXOAA, TO HArpy304HOE
COTIPOTHUBIICHUE MOXKET TO-TIPEKHEMY yrpaBisaThes 6utom PORTB6.
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MOSI - Iopr B, 6ur 5

MOSI: BrIxoa HaHHBIX BEAYIIEro, BXOJ JaHHBIX BempoMoro mis kanana SPI. Ilpu 3amycke
SPI B kauecTBe BEZIOMOTO, 3TOT BHIBOJ] MOJy4aeT KOH(MUTYPAIHIO BX0a HE3aBUCUMO OT YCTaHO-
Bok DDBS. Ilpu 3amycke SPIl B xauecTBe BeAyIero, HampaBJIeHUE AHHBIX JJIS 3TOTO BBIBOJIA
koHTpoyupyercss DB5. Eciu SPI nepeonpenensier BbIBo Ha (YHKIHIO BXOJa, TO HArpy304HOE
COTIPOTHUBIICHUE MOXKET MO-TIPEKHEMY yrpaBisaThes outom PORTBS.

SS# — Ilopr B, 6ur 4

SS# : BeIBOJ BBIOOpa Beromoro ycrpoiictsa (Slave). [lpu 3anycke SPI B kauecTBe Be1oMO-
ro, 3TOT BBIBOJ] OJy4YaeT KOH(MUIYpallMI0 BX0Jla He3aBUCUMO OT ycTaHoBok DDB4. B kauectse
Besiomoro ycrpoiictBa (Slave), SPI aktuBupyercsi, Koraa 3TOT BBIBOJ IEPEXOAUT B HU3KOE JIOTH-
yeckoe cocrostHue. [Ipu 3anycke SPl B kauecTBe Benylero, HampaBlIeHUE AAHHBIX Ui 3TOTO
BeIBoAa KoHTposupyercsi DDB4. Eciu SPI mepeonpeznensier BeIBOA Ha (YHKLIUIO BXOJAA, TO
Harpy304Ho€ COIPOTUBIIEHUE MOXKET MO-TIPEXHEMY yIpaBisiThesi Outom PORTBA4.

AIN1/OCO - lopT B, 6ut 3

AIN1: OtpunarenbHbplii BX0OJ aHAJIOrOBOT0 Kommaparopa. Kondurypupyiite 3ToT BBIBOA
MopTa MPU OTKIIOYEHHOM BHYTPEHHEM HArpy304HOM PE3HCTOpE AJi TOTo, 4TOOBI (YHKIIUS
1(poBOTo TOpTa M30eraia B3aNMHBIX OMeX ¢ (PYHKITUEH aHaJIoroBOoro KoMIaparopa.

OCO0: BbIXOA CpaBHEHHS COBHaJCHHUSA: BbIBOA PB3 MokeT ciyXUTh BHEIIHHM BBIXOJOM
JUISL CpaBHEHUS coBNaieHus TaiiMepa/cuerynka 0. BeiBon PB3 HeoOxonnmo kKoHGUTypHpOBaTh B
kauecTBe Bbixoga (DDB3 ycranaBnuBaercs) nis BeinonHenus 3tor ¢pynkiun. Beisog OCO sB-
JSITCsI TAK)KE BBIBOJIOM BBIX0J1a AJist GyHKIUH TaliMepa pexxuma PWM.

AINO/INT2 — opt B, out 2

AINO: monoxxuTenbHbpI aHAIOTOBBINA BX0J KommnapaTtopa. KoHpurypupyite 3TOT BBIBOA
nopra B npu OTKIIIOUEHHOM BHYTPEHHEM HAarpy304HOM DPE3UCTOpE JUIsl TOTO, YTOObI (QYyHKIUS
¢ poBOro Nopra uzberaia B3auMHBIX TOMEX ¢ (PyHKIHMEH aHaJI0roBOro KoMmaparopa.

INT2: ncrounuk BHemHero npepbiBanus 2: PB2 MoxeT ObITh HCIIOJIB30BaH KaK HCTOYHUK
BHEIIHETO npepbiBanus s MK.

T1-Tlopt B, 6ur 1
T1: UCTOUYHUK CUETHBIX UMITYJICOB TaiiMepa/cueTunkal.

TO/XCK - IMopr B, 6ut 0

TO: UCTOUHUK CYETHBIX UMITYJILCOB TaiiMep/cueTunkal.

XCK: Buemnu#t TakToBblii curHan UART. Peructp nanpasnenust nannsix (DDBO) xon-
TPOJUPYET SIBJISIETCS BBIBOJ TAaKTOBOTO curHana BbixogoM (DDBO ycrtaHoBieH) mwnm BXoAoM
(DDBO ouwutien). BeiBog XCK siBiisiercst aktuBHBIM TOJIbKO, eciii UART pabortaet B CHHXPOH-
HOM PEXHME.

SPI Benymuii Bxox u SPI Begomelii Beixox cocraBmsitor curHan MISO, a SPI Bemymmii
BeIxox 1 SPIl Bemomelit Bxoq — curdgain MOSI.
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Tabnuna 3.26 — [lepeonpenensioniye CUTHAIbI U aTbTEPHATUBHBIX (DYHKITHIA B

PB7...PB4
Curnan PB7/SCK PB6/MISO PB5/MOSI PB4/SS#
PUOE SPE X MSTR# SPE X MSTR SPE x MSTR# SPE x MSTR#
PUOV | PORTB7 x PUD# | PORTB6 x PUD# | PORTB5 x PUD# | PORTB4XPUD#
DDOE SPE X MSTR# SPE x MSTR SPE X MSTR# SPE X MSTR#
DDOV 0 0 0 0
PVOE SPE x MSTR SPE X MSTR# SPE X MSTR 0
PVOV SCK OUTPUT | SPISLAVE OUT | SPIMSTR OUT 0
DIEOE 0 0 0 0
DIEQV 0 0 0 0
DI SCK INPUT SPIMSTRIN SPISLAVE IN SPI SS#
AlO - - - -

Tao6numa 3.27 — Ilepeonpeaenstonue CUrHaIbI s anbTepHaTuBHBIX QyHkuuii B PB3...PB0

Curnan | PB3/OCO/AIN1 PB2/INT2/AINO PB1/T1 PBO/TO/XCK
PUOE 0 0 0 0
PUOV 0 0 0 0
DDOE 0 0 0 0
DDOV 0 0 0 0
PVOE OCO ENABLE 0 0 UMSEL
PVOV OCo 0 0 XCK OUTPUT
DIEOCE 0 INT2 ENABLE 0 0
DIEOV 0 1 0 0
DI - INT2 INPUT T1 INPUT XCKIN/TOIN
AlO AIN1 INPUT AINO INPUT - -

3.8.9 AnbrepHaTuBHble GyHkuumn nopra C

BriBonbl nopra C ¢ anbTepHaTUBHBIMU (DYHKIMSMU IIOKa3aHbl B Tabnue 3.28.

Tabnumna 3.28 — BeiBoas! anmbTepHaTHBHBIX (yHKIWH nmopta C

BrIBoBI MOpTA AnbpTepHaTuBHas QyHKIUS
PC7 TOSC2 (Bxox 2 ocimuistopa TaiiMepa)
PC6 TOSC1 (Bxoxa 1 ocumsuisTopa Taiimepa)
PC1 SDA (TWI muHa 1aHHBIX)
PCO SCL (TWI miHa TakTOBBIX UMITYJIbCOB)

AnpTepHaTUBHAS KOH(PUTYpalLKs BEIBOJIOB BRIMJISIAUT CIIEIYIOIIUM 00pazoM:

TOSC2 - opr C, 6ur 7

TOSC2, BoiBoa 2 reHeparopa TaiiMmepa: npu ycraHoBke 6ura AS2 B ASSR s 3amycka
ACHHXPOHHOTO TaKTHPOBaHUs TaiimMepa/cueTunka 2, BeIBox PC7 oTcoeauHsieTcst OT mopra M cTa-
HOBUTCS BBIXOJIOM MHBEPTUPYIOIIETO YCUIUTENS TeHeparopa. B aToM pexume KBapleBblii reHe-
paTop TMOACOENNHSETCS K ATOMY BBIBOJIY, U OH HE MOXET HCIIOJIb30BaThCsl B KadeCcTBE IMOpPTa
BXO0JIa/BBIX0/1A.

TOSC1 - Hoprt C, 6ut 6

TOSCI, BeBoa 1 renepartopa TaiiMepa: npu yctaHoBke omta AS2 B ASSR s 3amycka
ACMHXPOHHOT'O TaKTHPOBaHUs Taiimepa/cueTuuka 2, BIBoa PC6 oTcoeaunsercs ot mopra u cTa-
HOBUTCSI BXOZIOM MHBEPTUPYIOLIETO YCUIUTENS TeHepaTopa. B 3ToM pexkume KBaplLeBblii T'eHe-
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paTop MOJCOCTUHSIETCS K STOMY BBIBOJY  OH HE MOKET MCIOIh30BaThCS B KAUECTBE TIOPTA BXO-
1a/BBIXOA.

SDA - Ilopt C, 6ut 1

SDA, mmHa 1aHHBIX ABYXIPOBOIHOTO IOCIeA0BaTeNbHOrO HHTEpdeiica: korna B TWCR
JUISL 3armycKa JABYXIIPOBOJAHOTO TOCHIEeI0BATEIbHOTO nHTEepderica yctanasnuBaercs out TWEN,
to BbIBOJ PCl oTcoemuHsieTcss OT MOpPTa M CTAHOBUTCS BBHIBOJOM IOCJIEOBATEIBHOTO BXOJa-
BBIXOJIa JIaHHBIX UL IBYXIIPOBOJHOTO TOCIEIOBaTENbHOTO MHTep(deiica. B aTtom pexxume Ha
BBIBOZIC MPUCYTCTBYET (PHIIBTP MUKOBBIX HANPSHKEHUH /IS IOJaBJIeHUs BBIOPOCOB Kopoue 50 He
JUIE BXOJHOTO CHTHAJIa, W BBIBOJI YIPABIIATCS C TMOMOIIBIO JIpaiiBepa C OTKPBITHIM CTOKOM C
OTpaHUYEHUEM CKOPOCTH HapacTaHus. Korga 3TOT BBIBOA MCHOJIB3YeTCS ABYXIPOBOJHBIM I1O-
CJIeZIOBaTEeNIbHBIM HHTEP(EiCOM, HArpy304HOE COMPOTUBIICHUE MOXKET KOHTPOJIMPOBATHCS C TO-
morkto paspsaa PORTCL.

SCL - ITopt C, 6uT 0

SCL — TakTOBas ImMHA JBYXIPOBOJHOIO IIOCJIENOBATEIILHOTO HHTepdeiica: Korma B
TWCR nanst 3amycka JBYXIPOBOIHOTO IOCIIEIOBATEIBHOTO MHTEp(dElica ycTaHABINBACTCS OHUT
TWEN, To BeiBog PCO oTCOCIMHSETCS OT MOPTa U CTAHOBUTCS BBHIBOJOM BXOJIa-BbIXOJa TAKTO-
BOT'O CUTHAJIa JIJIsl ABYXIIPOBOJIHOTO MOCIIEA0BATEIHbHOIO HHTEpdeiica. B 3ToM pexnme Ha BBIBO-
JIe TIPUCYTCTBYET (WIIBTP MUKOBBIX HATPSHKCHUMN ISl ITOJIaBJICHUS BHIOPOCOB BXOJJHOTO CUTHAA
kopode 50 HC, ¥ BBIBOJI YIIPABIIATCS C TIOMOIIBIO JIpaiflBepa ¢ OTKPHITHIM CTOKOM C OTPaHUYCHH-
€M CKOpOCTH HapacTaHus. Korja 3TOT BBIBOJ MCIOJB3YETCS ABYXIPOBOIHBIM IOCIICIOBATEIIb-
HBIM MHTEP(ECOM, TO HArpy309HOE COMPOTHUBIICHUE BCE €IIE MOXET KOHTPOIUPOBATHCS C TIO-
Mmoo paspsaga PORTCO.

Tabnauna 3.29 — Ilepeonpenenstoliye CUrHaibl s adbTepHaTuBHBIX QyHKmii B PC7, PC6,
PC1, PCO

Curnan PC7/TOSC2 PC6/TOSC1 PC1/SDA PCO/SCL
PUOE AS2 AS2 TWEN TWEN
PUOV 0 0 PORTC1 x PUD# | PORTCO x PUD#
DDOE AS2 AS2 TWEN TWEN
DDOV 0 0 SDA_OUT SCL_OUT
PVOE 0 0 TWEN TWEN
PVOV 0 0 0 0
DIEOE AS?2 AS?2 0 0
DIEOV 0 0 0 0
DI - - - -
AlO T/C2 OSC OUT T/C2 OSC IN SDA INPUT SCL INPUT
[Ipumeuanue —llpu akTUBHPOBAHUH JBYXITPOBOAHON MOCIIEAOBATEIbHBIN MH-
Tepdeiic 3amyckaeT yrpaBieHHEe CKOPOCTHIO HapacTaHMsI Ha BEIXOAHBIX BeIBoIax PCO u PC1.
B nononnenue k 3Tomy, QUIBTPBI BEIOPOCOB ToIcoeTuHEHBI Mexk a1y Beixonamu AlO, moka-
3aHHBIMH Ha CXeMe MopTa, U uudpoBoii Jorukoit moxayias TWI.

3.8.10 AnbTepHaTHBHBIe (PyHKIMHU opTa D

BriBowt mopta D ¢ anbrepHaTuBHBIMU (DYHKIMSMU TTOKa3aHbl B Tabmuie 3.30.
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Tab6nauna 3.30 — AnprepHaTHBHBIC (PYHKIIMH BBIBOJOB nopTa D

Pa3zpsier mopra AnbpTepHaTUBHAS QYHKIUSI
PD7 OC2 (T/C2 BbIx01 CpaBHCHHS/COBIIAICHHS )
PD6 ICP (T/C1 Bxox 3axBata)
PD5 OCI1A (T/C1 BbIXOa CpaBHEHHS/COBIIAICHHS)
PD4 OC1B (T/C1 Bbixo CpaBHEHHsI/COBIIAICHUS )
PD3 INT1 (Bxon BHemHero npepbiBanus 1)
PD2 INTO (Bxon BHemHero npepeiBanust 0)
PD1 TXD (UART BBIXO/I TaHHBIX )
PDO RXD (UART Bx0/1 TaHHBIX)

Kondurypanus anbTepHaTUBHOTO BBIBOAA BBITJISIIUT CIEIYIOIIUM 00pazoM:

OC2 -Ilopt D, out 7
OC2 — BeIXOA CpaBHEHUS/COBIAaIcHUsI cueTunka/Taiimepa2. Beiog OC2 sBisieTcs Takxke
BBIBOJIOM BBIXOJ1a JIJIst QyHKIUH TaliMepa pesxkuma PWM.

ICP —ITopt D, 6uT 6
ICP — BBIBOJ 3axBara BXOIHOI'O curHaia: BeIBOL PD6 MoXeT neiicTBOBATH B KAadyeCTBE
3axBara BXOJHOTO CHTHAJIA JJIs TaiiMepa/cueTunka 1.

OC1A -Topt D, 6ut 5

OC1A — Boixop cpaBuenusi/coBnaaenus A T/C1. [Ins BoinonHeHus 3Tol (yHKIIUU BBIBOJI
NOJDKeH uMeTh KoH¢urypamuio Beixoga (DDDS ycranosnen). BeiBog OCLA sBisieTcst Takxke
BBIXOJIOM Il GyHKLMU Taiimepa pexuma PWM.

OCI1B - Ilopt D, 6ut 4

OC1B — Beixox cpaBHeHus/comnanenus B T/C1. Jlns BeImoSHEHUS 3TOH (YHKITUH BBIBOJT
JIOJDKEeH MMeTh KoHpurypauuio Beixoga (DDD4 ycranosnen). Boion OCIB sBnsieTcst Takxke
BBIX00M AJis1 (yHKIMU TaliMepa pexxuma PWM.

INT1 - opt D, 6ur 3
INT1 — ucrounuk 1 BHemHero npepsiBanusi, BbIBOA PD3 MoXeT ciyXUTh UCTOUHHUKOM
BHEIITHETO NMPEPHIBAHUSI.

INTO — ITopT D, 6ut 2
INTO — ucrounnk 0 BHemrHero mpepsiBaHusi, BIBOJ PD2 MOXeT CIIy)XKHTh UCTOYHUKOM
BHEIIHETO NPEPHIBAHUS.

TXD —TIlopt D, 6ut 1
TXD — nepenauya nanubix (Bbixoa AaHHbiX s UART). Ilpu aktuBanuu mepepatyuka
UART 5TOT BBIBOJI KOH(PUTYpHUPYETCs B KaueCTBE BbIX0J1a He3aBUCUMO OT 3HaueHus DDD1.

RXD - Ilopt D, 6ut 0

RXD — npuem nannbix (Bxon manubix a1 UART). Ilpu aktuBanuu npuemnnka UART,
3TOT BBIBOJ KOH(UTYypUpyeTcs B KadecTBe Bxoja He3zaBucumo oT 3HaueHuss DDDO. Korna
UART mnepeonpezenser 3TOT BbIBOJA KaK BXOJ, TO HArPy304HOE CONPOTUBIIEHUE MO-TIPEKHEMY
MOYKHO KOHTPOJHMPOBATH ¢ moMoInbio paspsaa PORTDO.

B Tabmumax 3.31 u 3.32 mokaszaHa cBsI3b aJIbTepHATUBHBIX (pyHKIMI mopTa D ¢ curnana-
MU KOPPEKLUH.
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Tab6nauna 3.31 —Ilepeonpenensioniye CUTHAIbI Ul albTepHATUBHBIX pyHkimii PD7...PD4

Curnan PD7/0C2 PD6/ICP PD5/OC1A PD4/0C1B
PUOE 0 0 0 0
PUOV 0 0 0 0
DDOE 0 0 0 0
DDOV 0 0 0 0
PVOE OC2 ENABLE 0 OC1A ENABLE OC1B ENABLE
PVOV 0C2 0 OC1A OC1B
DIEOE 0 0 0 0
DIEQV 0 0 0 0
DI - ICP INPUT - -
AlO - - - -
Tao6nuna 3.32 — Ilepeonpeaenstoniue CUrHaibl Ais anbTepHaTUBHBIX QyHkimii PD3...PD0
Curnan PD3/INT1 PD2/INTO PD1/TXD PDO/RXD
PUOE 0 0 TXEN RXEN
PUOV 0 0 0 PORTDO x PUD#
DDOE 0 0 TXEN RXEN
DDOV 0 0 1 0
PVOE 0 0 TXEN 0
PVOV 0 0 TXD 0
DIEOCE INT1 ENABLE INTO ENABLE 0 0
DIEQOV 1 1 0 0
DI INT1 INPUT INTO INPUT - RXD
AlO - - - -

Onucanue PETUCTPOB JIA IOPTOB BXOJAA-BbIXOJa

Peructp nannsix nopra A — PORTA

bur

Yr./3am.

Hauyanbnoe

3HAYCHUC

4

2

0

[ PORTA7 | PORTA6 | PORTAS | PORTA4 | PORTA3 | PORTA2 | PORTAL | PORTAO | PORTA

7 6
4/3 /3
0 0

4/3 /3

0

/3
0

Peructp Hanpasienus nanubix nopta A — DDRA

bur

Yr./3am.

Hauansnoe

3HA4YCHUC

4/3

/3
0

0

DDRA

7 6 4 2 1
| DDRA7 | DDRA6 | DDRA5 | DDRA4 | DDRA3 | DDRA2 | DDRAL | DDRAO |

u/3 u/3 4/3 u/3 u/3 u/3

0 0 0 0 0

4/3
0
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Anpec BbiBOA0B Bxo/a nmopta A — PINA

Bur 7 6 5 4 3 2 1 0
[ PINA7 | PINA6 | PINAS | PINA4 | PINA3 | PINA2 | PINAL | PINAO | PINA

Yr./3ar. 4/3 4/3 4/3 4/3 4/3 4/3 4/3 4/3

Hauansnoe 0 0 0 0 0 0 0 0

3HA4YCHHUC

Peructp nannnix noprta B - PORTB

bur 7 6 5 4 3 2 1 0

| PORTB7 | PORTB6 | PORTB5 | PORTB4 | PORTB3 | PORTB2 | PORTB1 | PORTBO | PORTB
Yr./3ar. 4/3 4/3 4/3 4/3 4/3 4/3 4/3 4/3
Hauanbnoe 0 0 0 0 0 0 0 0

3HA4YCHUC

Peructp Hanpasienus nanubix nopra B —- DDRB

But 7 6 5 4 3 2 1 0
| DDRB7 | DDRB6 | DDRBS | DDRB4 | DDRB3 | DDRB2 | DDRB1 | DDRB0O | DDRB

Yr./3an. 4/3 4/3 4/3 4/3 4/3 4/3 4/3 4/3

Hagansaoe 0 0 0 0 0 0 0 0

3HA4YCHUC

Anpec BbIBOI0B Bxoaa nopta B — PINB

bur 7 6 5 4 3 2 1 0

[ PINB7 | PINB6 | PINB5 | PINB4 | PINB3 | PINB2 | PINBL | PINBO | PINB
Yr./3am. 473 4/3 473 473 4/3 4/3 473 473
Hauansnoe 0 0 0 0 0 0 0 0

3HA4YCHUC

Peructp nannsix nopta C — PORTC

Bur 7 6 5 4 3 2 1 0
| PORTC7 | PORTC6 | PORTCS | PORTC4 | PORTC3 | PORTC2 | PORTC1 | PORTCO | PORTC
Yr./3arm. 473 4/3 4/3 4/3 4/3 4/3 4/3 473
Hauanbaoe 0 0 0 0 0 0 0 0

3HA4YCHUC

Peructp Hanpasienus fanubix nopra C - DDRC

bur 7 6 5 4 3 2 1 0

| DDRC7 | DDRC6 | DDRCS | DDRC4 | DDRC3 | DDRC2 | DDRC1 | DDRCO | DDRC
Yr./3ar. 473 473 4/3 4/3 u/3 u/3 u/3 4/3
HaganpHoe 0 0 0 0 0 0 0 0

3HA4YCHUC

Anpec BbiBo10B Bxojaa nmopta C — PINC

Bur 7 6 5 4 3 2 1 0
[ PINC7 | PINC6 | PINC5 | PINC4 | PINC3 | PINC2 | PINCL | PINCO | PINC

Yr./3am. 4/3 4/3 4/3 4/3 4/3 4/3 4/3 4/3

Hauansnoe 0 0 0 0 0 0 0 0

3HA4YCHHUC
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Peructp nannsix nopra D — PORTD

Bur 7 6 5 4 3 2 1 0
| PORTD7 | PORTD6 | PORTDS5 | PORTD4 | PORTD3 | PORTD2 | PORTD1 | PORTDO | PORTD

Yr./3am. 4/3 4/3 4/3 4/3 4/3 4/3 4/3 4/3

Hauansnoe 0 0 0 0 0 0 0 0

3HA4YCHHUC

Peructp nanpasJieHusi 1anubix nmopta D — DDRD

Bur 7 6 5 4 3 2 1 0

| DDRD7 | DDRD6 | DDRD5 | DDRD4 | DDRD3 | DDRD2 | DDRD1 | DDRDO | DDRD
Yr./3am. 4/3 4/3 4/3 4/3 4/3 4/3 4/3 4/3
Hauanbnoe 0 0 0 0 0 0 0 0

3HA4YCHUC

Anpec BbiBO10B Bxoaa nopta D — PIND

But 7 6 5 4 3 2 1 0

| PIND7 | PIND6 | PIND5 | PIND4 | PIND3 | PIND2 | PIND1 | PINDO | PIND
Yr./3an. 4/3 4/3 4/3 4/3 4/3 4/3 4/3 4/3
Hagansaoe 0 0 0 0 0 0 0 0

3HA4YCHUC
3.9 BHeuinue npepbIiBaHus

BHemnue npepbiBanus 3amyckarorcsi ¢ momonisio BeiBooB INTO — INT2. Cnenyer o6pa-
TUTh BHUMaHHUE Ha TO, YTO €CIIM OHU aKTHBUPYIOTCS, TO TIPEPHIBAHUS 3aITyCTIATCS JaXKe B clydae,
ecnu BbIBOJBI INTO — INT2 cxkondurypupoBansl kak Beixo/sl. [Tono6Hast ocoOeHHOCTH o0ecte-
YHBAET TE€HEPALMIO MPOTPAMMHOTO TIpepbIBaHus. BHENTHHE TpephIBaHUS MOTYT OBITh 3aITyIICHBI
(GpOHTOM HapacTaHUs WU CHaja WM HU3KUM JiornueckuM ypoBHeM (INT2 sBisiercs npepsiBa-
HUEM, 3alyCKaeMbIM TOJBKO (ppoHTOM). OHHM HACTPAaWBAIOTCS, KaK yKa3aHO B crenu(uKanuiu
g peructpa ynpasinenus MITY — MCUCR u peructpom craryca u ympasiaeHus MITY —
MCUCSR. Ecnu akTHBHpYeTCS BHEIIHEE NMPEephIBAHNE, U OHO KOH(PHUTYPHPYETCs KaK MpephiBa-
Hue ypoBHeM (Tonbko INTO/INT1), To npepsiBanne OyAeT 3amycKaThes 10 TeX MOp, IOKa BBIBOJ
OyZeT yaepKuBaTbCsl B HU3KOM COCTOSTHHU.

PacnioznaBanme npeposiBanuii GppoHTa cnaaa uian Hapactanus Ha INTO u INT1 tpebyer
HAJIMYUsl TaKTOBOTO CHTHalIa BXona/Bbixona. [IpepwiBanus Hu3koro ypoBHsS Ha INTO/INTI1 u
npepbiBanre Gponrta Ha INT2 oOHapyX HBarOTCS ACHHXPOHHO. DTO O3HAYAET, YTO 3TU MpEphIBa-
HUSI MOT'YT HCTIOJIB30BaThCS UTsl aKTHBAIIMU IPUOOpa TaKKe U3 CISIIAX PEKUMOB B OTIMYUE OT
pe’kuMa XOJIOCTOr0 Xoja. TaKTOBBIM IreHepaTop BXO0/a/BbIX0Jla NPUOCTAHABIMBAETCS BO BCEX
CISIIIUX PEKUMAX, 32 HCKIFOYEHUEM PEKHAMA XOJIOCTOTO XOJIa.

Ecnu ypoBeHb 3amyckaeMoro npepblBaHusl UCHONb3YeTCs sl MPOOYXACHUS U3 peKuMa
XpaHEeHHs, TO U3MEHEHHBIH YPOBEHB JOJDKEH HEKOTOPOE BPEMs YACPKUBATHCS Ml aKTUBAIHH
MITY. Ot1o nenaer MITY MeHee UyBCTBUTENBHBIM K IIyMy. MI3MeHEHHBIH YPOBEHb CTPOOUPYET-
Cs IBAXbI C MOMOILBIO TAKTOBOTO UMITYJIbCAa T€HEPATOPA CTOPOKEBOro Taitmepa. [lepuon rene-
patopa paBeH 2 Mkc (HomuHanbHOE 3HadeHue) npu Umnycc = 5,0 B, Upycc =3,3 Bu T = 25 °C.
YacroTa renepatopa 3aBUCUT OT HanpspkeHus. MITY Oyzer 3amyiieHo, eciau Ha BXOJ€ MPUCYT-
CTBYeT TpeOyeMblii ypOBEHb BO BpEeMs 3TOI BBHIOOPKH, MM €CJIM ATOT YPOBEHb COXpaHSeTCs 10
OKOHYaHMS BpEeMEHU 3armmycka. Bpems 3amycka onpenensiercss ourtamu SUT. Ecniu ypoBeHb nBa-
KJIbl CTPOOMPYETCS] TAKTOBBIM T'€HEPAaTOPOM CTOPOXKEBOTO TaiiMepa, HO OH HCYe3aeT JJ0 OKOHYa-
HUS BpeMeHH 3amycka, To MIIY Bce eme Oymer cmocoOHO K aKTHUBAIMM, HO MPEpPhIBAaHUE TPH
3TOM reHepHupoBathesi He OyneT. TpeOyeMsblil ypoBEeHb JOIDKEH YAEP>KUBATHCS JOCTATOYHO /-
TesibHOE BpeMs, uToOsl MITY 3aBepiunino npoOyskaeHue Juisl 3alycka NpepbIBaHus yPOBHSI.
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3.9.1 Peructp ynpasiaenus MITY —- MCUCR

Peructp ynpasinenuss MIIY ConepkuT ynpasiisioliue pas3psibl I YIPABICHUS TUIIOM
npepbIBaHus U o0mmMu GpyHKuusmMu MITY.

Bur 7 6 5 4 3 2 1 0

[ sM2 | S | smi | smo | IsCil | ISC10 | 1SCO1 | ISCO0 | MCUCR
Yr./3ar. 4/3 4/3 4/3 4/3 4/3 4/3 4/3 4/3
Hauansnoe 0 0 0 0 0 0 0 0

3HA4YCHHUC

Pa3zpsiambi 3, 2: ISC11, ISC10 — YnpaBJjienue Tunom npepbiBanus 1

pa3psa 1 u pa3psa 0

Buemnee npepeiBanue 1 akTuBHpyeTcsi ¢ HoMolibio BHemHero BeiBoga INT1, eciam ycra-
HoBIneHb! pa3psan SREG | u coorBercTBytomas macka npepsiBanus B GICR. Yposens u GppoHTHI
curHajoB Ha BHemHeM BbiBoJie INT 1, akTuBHpYOIIEeM NpepbIBaHUE, ONPECICHBI B Ta0IHU-
ue 3.33. 3nauenue Ha BeiBoJe INT1 ompenensiercst 1o ooHapyxenust pponros. Ecnu BeiOupaer-
Csl IPEepHIBaHUE C UCTIOJIL30BaHUEM (DPOHTA MITU MEPEKITIOUSHHUS, TO UIMITYJIbCHI, JUIALIHecs Oolee
OJTHOTO TAaKTOBOTO TepHoJa, OyAyT co3/aBaTh MpepbiBaHue. bojee KOpOTKHE UMITYIILCHI HE MO-
T'YT TapaHTHPOBAaHHO CO3/aBaTh MpepbiBaHus. Ecnu BeIOMpaeTcs HU3KUN YPOBEHB NPEpPBHIBAHMS,
TO OH JIOJDKCH TOJICPKUBATHCS 10 3aBEPIICHUS UCTIOTHIEMON B TaHHBI MOMEHT KOMaH]IbI JIIS
TOTO, YTOOBI CO3/1aTh IPEPhIBaHHE.

Tab6nuna 3.33 — Ynpasnenue oOHapyXeHHEM NpepbIBaHuil 1

ISC11 ISC10 Omnucanue
0 0 Huskuii ypoBens INT1 renepupyer 3anpoc Ha pepbIBaHue
0 1 JIro6oe nzmenenue norunyeckoro yposHs Ha INT1 renepupyer
3aIpoc Ha IpepbIBaHKe
1 0 3annuii GppoHT INTI renepupyer 3ampoc Ha npepbIBaHNE
1 1 Ilepennuit dppont INTI renepupyer 3ampoc Ha npepbIBaHNE

Paspsiawbi 1, 0: 1ISCO1, ISCO0 — Ynpasiienne Tunom npepsiBanus 0

paspsa 1 u paspsn 0

Buemnee npepsiBanune 0 akTuUBUpYeTCsl ¢ moMmolbio BHemHero BbiBojaa INTO, ecnu
ycraHoieHsl (piar SREG | u cooTBercTByroast Macka npepbiBaHUs. YPOBEHb U (PPOHTHI Ha
BHelHeM BbIBojie INTO, koTOpble akTUBHPYIOT NpepbIBaHUE, MpUBEACHHI B Tabnuue 3.34. 3Ha-
yeHue Ha BbiBoJie INTO ananusupyercs 1o o6Hapyxenus pponrto. Eciu BeIOMpaeTcs npepoia-
HUE C TOMOIIBI0 (PPOHTOB MITH MEPEKITIOYCHHUS, TO UMITYIJIbCBI, IPEBBIMAIONIAE TIO [T TEIIBHOCTH
OJIMH TAaKTOBBIN MepuoJ, OyAyT co3naBarh npepbiBanue. [Ipu 3ToM He rapanTupyercs, uTo 6osee
KOPOTKHE HMMITYJIbCBI OyAyT co3laBaTh NpepbiBaHue. Ecimu BbIOMpaeTcs HU3KUK JIOTHYECKHNA
YPOBEHb NPEPBIBAHUSA, TO OH JTOJDKEH COXPAHATHCS J10 3aBEPLICHUS UCIIONHAEMOMN B JaHHBIM MO-
MEHT KOMaH/IbI, YTOOBI CTE€HEPUPOBATH MPEPHIBAHNSI.

Taobnuna 3.34 — Ynpasnenune oOHapyxeHHeM mpepbiBanHus
ISCO1 ISC00 Ommcanne

0 0 Huskuii yposens INTO renepupyert 3anpoc Ha rnpepbiBaHuE

0 1 JIro6oe noruueckoe n3menenue Ha INTO renepupyer 3ampoc
Ha IpepbIBaHNE

1 0 3amauii GpouT INTO renepupyet 3amnpoc Ha npepbrBaHUE

1 1 Iepenauuii ppont INTO renepupyer 3anpoc Ha IpepbIBaHHUE
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Peructp cocrosinust u ynpasjenuss MITY — MCUCSR

Bur 7 6 5 4 3 2 1 0
[ - [ i1sc2 | - | - | WDRF | BORF | EXTRF | PORF | MCUCSR

Yr./3ar. 4/3 4/3 q 4/3 4/3 4/3 4/3 4/3

Hauansnoe 0 0 0

3HA4YCHHUC

Pa3psin 6: ISC2 — YnpaBjieHue THUIIOM NpepbIBaHUs 2

ACUHXpOHHOE BHEILIHEE MpPEpbIBaHUE 2 aKTUBHUpYeTCs BHEIHUM BbiBojgoM INT2, ecnu
yctanaBiauBarTcs paspsan SREG | u coorBercTByromas macka npepreiBanus B GICR. Eciou 1ISC2
ouninaercs, To 3aaauii ppoHT Ha INT2 akruBupyer npepoiBanue. Ecnu ISC2 ycranasnuBaercs,
to nepenauii GpoHT Ha INT2 aktuBupyer mpepwiBanue. @pontel Ha INT2 perucrpupyrorcs
acuaxpoHHO. Mmynbeel Ha INT2 ¢ umurenbHOCTRIO O0JIbINe, YeM JUTUTEIHHOCTh MHHUMATBHO-
ro UMIyJbca, NpUBeACHHOro B Tabnuie 3.35, OyayT reHepupoBaTh npepoiBanue. boiee kopot-
KM€ MMITYJIbCHI HE TapaHTHPYIOT TeHepanuio npepbiBanus. [Ipu m3menennn paspsaa 1ISC2 mo-
KET MPOU30UTH MpepbiBaHue. C y4eToM 3TOro peKOMEHyeTcsl cHadana aeaktuBupoBath INT2
IyTEeM OYMCTKU €ro paspsina paspemeHus npepeiBanus B peructpe GICR, 3arem MoxHO H3Me-
HuTh paspsan ISC2. ITocae Bcero 3Toro HeoOXoauMO ounucTUTh ¢uiar nipepbiBanus INT2 ¢ mo-
MOIIIBIO 3aIMKMCH JIOTUYECKOW eIUHUIBI B paspsan ero ¢iara npepsiBanus (INTF2) B perucrpe
GIFR o Toro, kak OyzneT BHOBb pa3pelieHo IpepbIBaHUE.

Taonumga 3.35

E
CumBon ITapameTtp Mun. | Tun. | Makc. JITHIA
MU3MEPEHUS
MuHuManbHas MUPUHA UMITYJIbCA
UNT JUTSl aCHHXPOHHOTO BHEUITHETO TBD 50 TBD HC
TIPEPHIBAHUS
3.9.2 Peructp ynpasienus ooumm npepsisannem — GICR
Bur 7 6 5 4 3 2 1 0
[ INTZ [ INTO [ INT2 | - | - | - ] IvVSEL | IVCE | GICR
Yr./3am. 4/3 4/3 4/3 q 4 4 4/3 4/3
HavansHoe 0 0 0 0 0 0 0 0

3HA4YCHUC

Pa3psin 7: INT1 — Pa3perenue 3anpoca Ha BHellIHee NpepbiBanue 1

Korna ycranasnuBaetcs paspan INT1 u ycranaBnuBaetcst paspsa | B peructpe cocros-
Huit (SREG), To pazpemaercss mpepblBaHHe JJs1 BHEIIHETO BbIBOJA. BUTHI KOHTPOJIS 4yBCTBH-
tenbHocTH TipepbiBanus 1 — ISC11 u ISC10 B peructpe obmiero ynpasnenus MITY (MCUCR)
OTpeNeNsoT, OyJeT 1M BHEIIHee MpepbIBAaHUE aKTUBUPOBATHCS MEPEIHUM H/UIIH 3aJJHUM (PpOH-
toMm BbiBosia INT1 unu Oyner oOHapyKHMBaThbCA MO YPOBHIO. AKTHBHOCTH Ha BBIBOJIE BBI3OBET
3arpoc Ha IpepbiBaHue Jaxke B ToM ciyuae, korna INT1 konpurypupyercs kak Boixoa. Coort-
BETCTBYIOIIIEE IPEPHIBAaHIE BHEIITHETO 3arpoca Ha MpepbiBaHue 1 BHITOIHSAETCS TI0 BEKTOPY Ipe-
peiBanus INT1.

Pa3psig 6: INTO — Pa3peimenue 3anpoca Ha BHelIHee npepbiBanue 0

Korna ycranaBmuBaetcs paspsaa INTO u ycranaBnuBaercst paspsia | B peructpe cocrosi-
Huil (SREG), To pazpemaercss mpepblBaHHE JAJs1 BHEIIHETO BBIBOJA. BUTHI KOHTPOJS 4yBCTBH-
tenpHocTh mpepbiBanus 0 — ISCOlu ISCO0 B peructpe obmiero ynpasiaeaus MITY (MCUCR)
OTIpeNeNsoT, OyJeT 1M BHEIIHee MpepbIBAHUE aKTUBUPOBATHCS MEPEIHUM U/WIM 3aJHUM (POH-
toM BeiBoJIa INT1 mnu Oyaer oOHapyKUBaThbCs MO YPOBHIO. AKTHBHOCTH Ha BBIBOJIC BBI3OBET
3arpoc Ha MpepbiBaHue Jaxke B ToM ciydae, korga INTO konpurypupyercs kak Boixoa. Coort-
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BETCTBYIOIIIEE MTPEephIBAaHUE BHEIIHETO 3ampoca Ha npepbiBaHue () BHITIOIHSAETCS IO BEKTOPY Tpe-
peiBanus INTO.

Pa3psin 5: INT2 — Pa3penienue 3anpoca Ha BHellIHee NpPepbiBaHue 2

Korna ycranasnuBaercs paspan INT2 u ycranaBnuBaercs paspsag | B perucrpe cocrtos-
Huii (SREG), To paspermiaeTcst mpepbIBaHKE JJIs BHEIIHETO BBHIBOAA. BUT KOHTPOJISI YyBCTBUTEIb-
HoctH nipepsiBanus ISC2 B peructpe oduiero ynpasnenus MITY (MCUCR) onpenensier: Oyaer
7Y BHEIIHEE NpephIBaHWE aKTHBUPOBATHCSA NMEPEIHUM W/WiM 3aaHUM (ppoHTOM BhIBOma INT2.
AKTHBHOCTb Ha BBIBOJIE BBI30BET 3aIpOC Ha MpEpbIBaHUE JaXKe B TOM ciydae, koraa INT2 kon-
burypupyercs kak Bbixo. COOTBETCTBYIOIIEE IPEPhIBAHNE BHEIIHETO 3allpoca Ha MpephIBaHKE
2 BBIMONHAECTCS 110 BeKTOpY npepriBanus INT2.

3.9.3 Peructp (puiara oduero npepbiBanus — GIFR

But 7 6 5 4 3 2 1 0

[ INTFL | INTFO | INTF2 | - | - [ - | - | - | GIFR
Yr./3ar. 4/3 4/3 4/3 q q q q q
Hagansaoe 0 0 0 0 0 0 0 0

3HA4YCHUC

Paszpsin 7: INTF1 — ®daar 1 BHenIHero npepbiBaHusi

Kornma ¢ponT nnm noruveckoe n3menenne Ha BeiBogie INT1 akTuBUpyeT 3ampoc Ha mpe-
peiBanue, To INTF1 ycranaBnuBaetcs. Ecnu paspsin | B SREG u pazpsin INT1 B GICR ycranos-
neHsl, To nporpamma MK nepeiiner Ha COOTBETCTBYIOLIMI BEKTOP IpepbiBaHus. Diiar O4MCTUT-
sl TIoCJIe BBIMIOJIHEHUS MIPOLEAYpHl IpephiBanus. B kauecTBe anbTepHATHBBI (hjar MOKET ObITh
OYMIIICH ITyTEM 3aMKMCH B HEro JIOTUUECKOW eTWHUIIBI. JTOT ¢ar Bcerga ouniieH, korga INT1
KOH(UTYpHUpYyeTcs Uit cpabaThbIBaHUS IPEPHIBAHUS 110 YPOBHIO.

Pa3psig 6: INTFO — ®duar (0 BHemHero npepbiBaHus

Korna ¢pont wim norndeckoe n3menenue Ha BeiBojie INTO akTuBHpyeT 3ampoc Ha mpe-
peiBanue, To INTFO ycranaBnuBaetcs. Ecnu paspsan | 8 SREG u paspsa INTO B GICR ycranos-
nensl, To nporpamma MK niepeiier Ha COOTBETCTBYIOLIMI BEKTOp NpepbiBaHusA. dar ouncTuT-
Csl TocCJie BBINIOJHEHUs MpOLeyphl IpepbIiBaHus. B kadecTBe anbTepHATHBBI (yiar MOXKET ObITh
OUMIICH ITyTEM 3aITUCH B HETO JIOTUYECKOW €TUHUIBL. DTOT ¢uiar Bcerna ouunieH, korma INTO
KOH(pUTypHUpyeTcs U1 cpabaThIBaHUS MPEPHIBAHUS IO YPOBHIO.

Pa3psig 5: INTF2 — ®duar 2 BHelIHero npepbsiBaHus

Korna co6ertre Ha BeiBosie INT2 akTHBHpYyeT 3anpoc Ha mpepsiBanue, To INTF2 ycranas-
muBaetrcs. Ecimu paspsia | B SREG u paspsn INT2 B GICR ycranosnenst, To MITY nepeliner Ha
COOTBETCTBYIOIIMI BEKTOp MpepbiBaHusl. Dar OUUCTHTCS TTOCIIE BBHITIOTHEHUS TPOLEAYPHI TIpe-
pbIBaHMs. B kauecTBe anbTepHATUBBI (uiar MOXKET ObITh OYHILEH MyTEM 3alliCU B HEro JOruye-
ckoit enuHUIBL. [Ipn mepexoe B HEKOTOPHIE CITAIINE PEKUMBI TIPU OTKITFOUEHHOM MPEPHIBAHUHT
INT2 Oydep Bxoaa Ha 3TOM BBIBOJIE Oy/IE€T OTKIIOYEH. ITO MOXKET BBI3BATh JOIMUYECKOE U3MEHE-
HHUE BO BHYTPEHHHX CHTHaJIaX, KOTOpbIe OyayT ycTaHaBiuBath ¢urar INTF2.

3.10 8-pa3psansiii Taiimep/cyerynk 0 ¢ HIUM (PWM)

Taiimep/cuetunk 0 (T/CO) sBisleTcst oAHOKaHATBHBIM MoaysieM 8-paspsigaoro T/C obre-
ro Ha3HAYEHUSI.

@OYHKIMOHATbHbIE 0COOCHHOCTH:

- OJJHOKAaHAJIbHBIM CUETYHK;

- cOpoc TaliMepa IpHu COBMAJICHUH CPaBHEHUS (aBTOMAaTHYECKas Iepe3arpysKa);

- [IINM c ¢a3oBoii Koppekuen, CBOOOAHBIN 0T cOOEB;
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- T€HepaTop YacTOThI;

- CYETYUK BHEUTHUX COOBITHIA;

- 10-pa3psiaHbIi peABapUTEIbHBIN AETUTENb YaCTOTHL;

- HICTOYHHKH MTPEPhIBAHUS MTPU CpaBHEHUHU/COBMACHNH U TipH niepenonnernd (TOVO u
OCFO0).

3.10.1 O630p

YuporuieHHas 0I0K-cxema §8-pa3psAHOro TaiiMepa/cueTurka MmokasaHa Ha pucyHke 3.25.

< ey TCCRn |
s TOV
Cuer n
Ounctka anat:;mo (BHyTp.ﬁnpoc)
HamnpaBnenue o clky, Br16op TakTupoBanus
JIOTHKa
[erextop < Tn
A ¢ponra

Taiimep/cuerunk BOTTOM

Sakal TCNTn | (OT Je/MTeIIs 4aCTOThI)

=

= 0xFF] [ =0 ] ocn

E (BHYTp.3ampoc)

]

= = l »| Teneparop OCn
- CHUI'HAJIOB

<> ICRn |

\/

Pucynoxk 3.25 — Briok-cxema 8-pa3psgHoro TaiiMepa/cyeTdrKa U €ro OKPYKESHHUS
3.10.2 Peructpsl

Taiimep/cuetunk (TCNTO) u peructp cpaBaenus mo Beixoay (OCRO) sBnsitoTes
8-pazpsaHbIMH peructpamu. Bce curHanbl 3anpocoB Ha mHpepbiBaHue (Ha pucyHke 3.25 cokpa-
IIEHHO «BHYTp. 3alpocy») BUAHBI B peructpe ¢ara npepriBanus taiimepa (TIFR). Bee mpepsi-
BaHUSI MHIMBHUIYaJbHO MAaCKHPYIOTCS C IIOMOIIBIO PErucTpa MacKM MpepbIBaHHs Taiimepa
(TIMSK). Dtu peructpsl TIFR u TIMSK He moka3aHsl Ha pUCYHKE, TOCKOJIBKY 3TH PETHCTPHI
COBMECTHO HCIOJIb3YIOTCS IPYTMMH BPEMEHHBIMH YCTPONCTBaMH.

Taiimep/cueTunK MOXKET CUHXPOHHM3UPOBATHCS BHYTPUCXEMHO, Yepe3 MpeBapUTEIbHBIN
JEJIATENb YacTOTHI, UM C MOMOIIBI0 MCTOYHHMKA BHEIIHETO TAaKTOBOI'O I€HEPATOpa Ha BHIBOJE
TO. Jlornyeckuit 010K ynpaBieHHs] CHHXPOHHU3AIMel BbIONpAET, KaKoi MCTOYHUK CUTHAJA CHUH-
XpOHM3ALMHU U (PPOHTA UCTIONB3YeT TaliMep/CUeTUrK Il MHKPEMEHTa WIN JeKpeMEeHTa ero 3Ha-
yeHus. TaliMep/cyeTunK He aKTHUBEH, €CJIU HE BBIOPAH UCTOYHHUK CUTHAJIa CHHXPOHU3aluuu. Bei-
XOJ JIOTHMKH BBIOOpa TaKTOBOT'O CHTHajla 0003HayaeTcsi Kak TaKTOBBIM curHan taiimepa (Clkro).
Peructp cpaBHeHus mo BeIxoay ¢ aBoiHBIM Oydepom (OCRO0) mocTossHHO cpaBHHBAETCs CO 3Ha-
YeHUEeM TaiiMep/cueTuuK. Pe3ynpTar cpaBHEHHs MOKET OBITh MCIIOJIb30BaH T€HEPAaTOPOM CUTHA-
na mius 3anycka [IIMM wim BhIXOJa MEPEMEHHOW YacTOThI HA BBIBOJE «BBIXOJl CPaBHEHUS
(OCO0). CoObiTue coBmanenus Oyaer Takxke ycraHaBinubath ¢uar cpaBaeHust (OCF0), koTopsrii
MOYKET UCIOJIb30BATHCS JUIsl 3alIpOca MPEPhIBAHUS BbIX0/la CPABHEHUS.
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3.10.3 Onpenenennst

MHorue CcrpaBOYHBIC CBEICHHUS OTHOCHUTEIBHO PErMCTPOB W Pa3psIOB 3alvCaHbl B
K®/1J1.431295.039TO B obmiem Buze. bykBa “n” B HUXKHEM perucrpe 0003HAYCHUS 3aMEHSET
HOMEp TaiiMepa/cdyeTyrka, B TaHHOM ciydae (. Mcronbp3oBaHue perucrTpa win paspsijia onpese-
JsieTcs PorpaMMoi, HeoOXOAMMO HCHOJb30BaTh TOUHYIO ¢opmy, Hampumep, TCNTO mus
OLICHKM 3HAYeHUs TaliMep/cueTyrk O U T. II.

Onpenenenus u3 Taduuibl 3.36 TaKXkKe UCMONB3YIOTCS B oapasaene 3.10.

Tao6numa 3.36 — Onpenenenus

BOTTOM | Cyetuuk gocturaet HuxHero ypoBHs, 0X00

MAX CueTunK TOCTUraeT YpOBHS MaKCUMYM, KOTJla OH CTaHOBUTCS paBHbIM OxFF
(meummaiibHOE 55)
TOP CueTurK TOCTUraeT BEPXHETO YPOBHS, KOI'/1a OH CTAHOBUTCSI paBHBIM HauBBbICILIE-

MY 3HA4€HUIO B IIOCIIE0BATEIbHOCTH NoJcueTa. 3HaueHue TOP MoxeT ObITh
npunucaHo guxkcupoBanHoMy 3HaueHuo OXFF (MAX) miu 3HaueHuro, coxpa-
HeHHOMY B peructpe OCR0. Camo npucBarBaHKe 3aBUCHUT OT peKUMa paboThI

3.10.4 UcTOYHUKHN TAKTOBOI0 CUTHAJIa TaliMepa/cyeTYnKa

Taiimep/cueTyrK MOXET CHHXPOHHU3UPOBATHCS KaK BHYTPEHHHM, TaK U BHEITHUM HCTOY-
HUKOM CHHXPOHM3AlIUU. VICTOYHUK CHHXPOHHM3AIMK BBIOMPACTCS C MOMOIIbIO JOTMKH BBIOOpPA
TAKTOBOT'O T€HEPaTOpa, KOTOPBIH YIPABIISIETCS C MOMOIIBIO Pa3psa0B BHIOOPAa CHTHATA CHHXPO-
auszarun (CS02:0), pacnonokKeHHbIX B perucTpe yrpasieHus Taiimepa/cueranka (TCCRO).

3.10.5 MoayJb cyeT4nKa

OcCHOBHOH YacTbi0 8-pa3psiIHOTO TailMepa/cyeTuuka sSBISETCS MPOrPaMMUPYEMBIH IBY-
HarpaBJIeHHBIH MOynb cueTyrka. Ha pucynke 3.26 nokazana O10K-cxeMa MOAYJS CUETUHKA.

—>
TOVn
[[IvHa JaHHbBIX
(BHYTp.3ampoc)
Bbl60p HCTOYHHKA TAKTUPOBAHHSA
cYeT Kpaeoii
ouncTKa | Ympanstomas clkry )Ifl?)TeKTOp % Tn
TCNTn e

«— "
EanpaBneHue JIOHKa

Ot feauTelns 4acTOThI

bottom top
Pucynok 3.26 — biok cxema MOJyJsl cCUETUMKA

Onucanue cUrHajaoB (BHYTPEHHHE CUTHAIIBI):

c4er — nHKpeMeHT i aekpeMeHT TCNTO Ha 1;

HampaBlIeHHE  — BBIOOP MEXIY HHKPEMEHTOM WJIH IEKPEMEHTOM,;

OYHCTKA — ourictka TCNTO (3HaueHHs BCeX pa3psAI0B yCTAaHABIMBAIOTCS B HOJIB);
ClkTn — TaKTOBBIN CHTHAJI TaliMepa/cUueTyrKa, Jajee uMeHyembii Kak ClKro;
top — curHaymsupyert, uto TCNTO gocTturio BepxHero 3Ha4CHHUS,

bottom — curHanu3upyet, 4To TCNTO mocTurio HIKHETo 3HaUSHUS (HYIs).
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B 3aBHCHMOCTH OT UCTIOIB3yEeMOT0 peKUMa paboThl CUETUYHK COPAaChIBACTCS, MHKPEMEHTH-
pyeTcs WM IEKPEMEHTUPYETCS MPH KaXKI0M TakToBoM curHaie taiimepa (Clkro). clkro cmoxer
TeHEPUPOBATHCS OT BHEIIHETO MM BHYTPEHHETO MCTOYHMKA TAKTOBOTO CHUTHAJA, BHIOOpKA MpHU
9TOM MPOU3BOAUTCS ¢ TToMomIbI0 pa3psaaoB CS02:0. Eciu UCTOYHHUK TaKTOBBIX CUTHAJIOB HE BbI-
oupaercs, T. e. CS02:0 = 0, To Taiimep ocranaBnuBaetcs. B 1o ke Bpems BemmunHa TCNTO mo-
ket ObITh BhIOpaHa ¢ nomoribio L{ITY HezaBucumo ot Toro, mpucyrcrByet Clkrg wim Her. Ome-
pauus 3anucu B LITY ormenser (o0namaer GONBIIUM NPHOPUTETOM) BCE ONEPALUU OYHCTKU
CYETYMKA WM OTIePAINU CUETA.

[TocnenoBaTenbHOCTh cyeTa oOmpeaessieTcs MmyreM ycraHoBkd paspsgoB WGMO1 u
WGMO00, pacrionoxxeHHBIX B peructpe ympasieHus taiimepom/cuerdyukoM (TCCRO). Cymect-
BYET HETMOCPECTBEHHAs CBSA3b MEXKY T€M, KaK BeJIeT ce0sl CUeTYHK (T. €. KaK OH CUMTAET) U Ka-
KHE TeHEepUPYIOTCsl CUTHAIIBI Ha Beixoje cpaBHeHus OCO.

@nar nepenonHenus Taiimepa/cuerunka (TOVO0) ycraHaBnuBaeTcs B COOTBETCTBUU C pe-
JKUMOM PabOThI, KOTOPBIK BbIOMpaeTcs ¢ nmomoibio pazpsgos WGMO1:0. [[ns renepanuu mpe-
peiBanus LIITY moxuO rcnons3oBats TOVO.

3.10.6 MoayJib cpaBHeHHS 110 BBIXOAY

8-pa3psimHbIil KoMmapaTop HenpepsiBHO cpaBHUBaeT TCNTO ¢ peructpoM cpaBHEHUS 1O
Beixoay (OCRO). Kak Tonbko TCNTO cranoButcs paBabiv OCRO, koMmapaTop CUrHAIM3HPYET
o coBnanenun. CoBnajenue yctanoBuT Quiar Beixoaa cpaBuenus (OCFO) B cinemyromieM mukie
TakToBOro curnana taimepa. [Ipu aktuBaruu (OCIEQ = 1 npu ycranoBke ¢uara obuiero mpe-
peiBanus B SREG) ¢dnar Beixona cpaBaenus coznaer npepbiBanue. @mar OCF0O ounmaercs as-
TOMAaTUYECKU TNPH BBINOJIHEHUM NpepbiBaHus. B kadectBe anbrepHatuBbl, guar OCFO0 mMoxHO
OYUINATh TPOTPAMMHO ITyTEM 3aIMCH B HETO JJOTMYECKOW eAMHUIIBL. [ 'eHepaTop curHaia mpous3-
BOJILHOW (DOPMBI MCIIOJIb3YET CUTHAJI CPAaBHEHMSI Ul TE€HEPALMU BBIXOJHOIO CUTHAIA COTJIACHO
pexxumy paboTsl, ycranoBiaeHHOMY paspsaamu WGMO01:0, u pexxumy BbIXO/a CpaBHEHUs, yCTa-
HoBNeHHOMY pazpsaamu (COMO1:0). MakcumanbHOE U HU)KHEE 3HAU€HUE CUTHAJIA UCIIONb3YeT-
Csl TEHEPAaTOPOM CHUTHAJIA MPOU3BOIBHON (POPMBI /ISl PEIICHUsT CHEIMAIbHBIX CIyJaeB ¢ Kpaii-
HUMH 3HaYEHUSMHU B HEKOTOPBIX PEKUMaX pabOTHI.

Ha pucynke 3.27 noka3zaHa cxema 0JI0Ka yIpaBJI€HHs yCTPOMCTBA CPAaBHEHUS MO BBIXOY.

< >
! !
OCRn TCNTn

' !

| = (8-pa3psiHbII KOMITapaTop) |

[IIuHa gaHHBIX

OCFn(BHyTp. 3a11poc)
- »
A 4

op )

bottom ['eneparop
FOCn ) CUTHAJIOB Ocn
—>

WGMnl :OT TCOMnl :0

Pucynox 3.27 — biiok-cxemMa MOy CpaBHEHHUSI 110 BBIXOTY
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[Tpu pabote B m0060M pexume ¢ ucrnonb3oBanuem [IINUM (MupoTHO-UMITYIbCHAST MOMY-
nsnus), peructp OCRO umeet nBorinyto 0ydepusanuro. [Ipu pabote B 00BIYHOM pPEXHME U pe-
)uMe ourcTku Taiimepa nipu cpaBaenuu (CTC), nBoitHas Oydepusariust oTkiodaercs. J(BoitHas
Oydepuzarus CHHXpOHU3UPYET OOHOBJIEHHUE PETHCTpa CPaBHEHHS JUOO K BEpPXHEMY, JHUOO K
HIDKHEMY 3HAUEHHIO IOCIIEeOBATENbHOCTH cueTa. CHHXPOHHU3AMS MPEAOTBPAIIaeT BO3ZHUKHO-
BEHUE MMITYJIbCOB U30BITOUHOMN IMHBI, HECUMMETPUYHBIX uMIynbcoB 1IIMM, obecneunBas ta-
KM o0pa3oMm OecniepeboiiHyto padoTy Beixoda. JIoCTyn K perucTpy MOKET IMOKa3aThCs J0CTa-
TOYHO CJIOKHBIM, HO 3TO He Tak. [Ipu akTuBanuu aBoiHou Oydepusaruu LITY numeer noctyn k
peructpy 0ydepa OCRO, a ecnu qBoitHast Oydepusanus orkimoueHa, To LIITY Oyaer ocymecTs-
75Tk nipsimyto Beioopky OCRO.

3.10.7 lIpunyauTebLHOE COBNAECHHE

B pexxumax renepaiuu 6e3 ucrnonb3oBanus pexxkuma [IIMM Bbixon coBnaieHus: Kommapa-
TOpa MOXXET OBITh MPUHYAUTEIBHO YCTAHOBJIECH 3alMCHIO JOTMYECKOW €IMHUIBI B pa3psi Mpu-
nynutenbHoro cpaBHeHus (FOCO). [IpunynutenbHoe cpaBHEHHE/COBMaZeHHEe HE OyneT ycra-
HaBiuBath (ar OCFO wim nepesarpysxaTs/cOpacbiBath Taitmep, ogHako BeiBog OCO Gyner 06-
HOBJIISITHCSI, KaK OYJITO MPOU30IILIO PeabHOE COBIACHHE NMPU CPABHEHHUH (YCTAaHOBKHU Pa3psiiOB
COMO1:0 ompenenstor, sBisiercss i BbiBoJ, OCO ycTaHOBJICHHBIM, COPOIICHHBIM HIIU TIEpe-
KJIFOYEHHBIM).

3.10.8 biokupoBKa coBnajaeHus/cpaBHenus ¢ momounbio 3amucu TCNTO

Bce onepanuu 3anucu B peructp TCNTO O6yayr OnokupoBaTh J1000€ COBHaJeHHE MPU
CpaBHEHUH, IPOUCXOJISIIEE B CIETYIONIEM IUKIe CHHXPOHU3AINK TaiiMepa, Jaxe B ciiydae, Ko-
Ir71a TaliMep OCTaHOBJIEH. DTa 0COOEHHOCTH MM03BoJsieT nHuImanuuporatb OCRO Ha To ke 3Ha-
yenue, 9to 1 TCNTO 6e3 3amycka npepbeiBaHus, KOT/Ia aKTUBUPYETCS] TAKTOBBIN T€HEpaTop Tai-
Mepa/cueTdrKa.

3.10.9 Ucnosib30BaHue 0JIOKA CPABHEHMHSI 1O BHIXOLY

[Tockonbky 3amuce TCNTO B 1r060M pabouem pexxume OyneT GJIOKMpOBaTh BCE COBIMa-
JICHHS JUTs1 OJTHOTO TAKTOBOTO IUKJIA paOOTHI TaliMepa, TO CYIIECTBYIOT CBS3aHHBIE C 3TUM PHCKH
npu cmeHe TCNTO, korga ucnonb3yeTcs KaHall CpaBHEHHUS 1O BBIXOJly, HE3aBHCHMO OT TOTO,
Oyner yim paboTtaTh Taiimep/cueTunk win HeT. Ecim 3naduenue, 3anmcannoe B TCNTO, paBHO Be-
mnuuHe OCRO, To coBnasieHue npu cpaBHEHUU OyJeT yTpayeHo, YTO JaeT B pe3ysbTaTe Herpa-
BIWJIBHYIO T€HEpaIiio GopMbl CHTHaNIA. AHAJIOTHYHO, He cienyeT 3anuckiBath 3HaueHue TCNTO,
pasHoe BOTTOM, korja cyeTynk AeKpEMEHTUPYETCH.

Hactpoiika OCO 1omkHa BEITOJHATHCS 10 YCTAHOBKH PETHUCTPa HANPABIICHUS TaHHBIX LIS
BBIBOJIa TIOPTa Ha BBIBOJ JaHHbIX. Hambonee mpocTeiM crocobom ycranoBku BenumunHbl OCO
sBIIsIeTCsl Mcnoiib3oBanue paspsyioB FOCO B HopmabHOM pekume. Permcrp OCO coxpansier
CBOE 3HAYCHUE, JAXKE CIIH MPOMCXOTUT U3MEHEHNE MEXIy PeKMMaMH TeHepanuu (pOpMbI CUT-
Hasa.

Heo6xoanmo yoeautbest B ToM, uto paspsasl COMO1:0 He umeroT nBoiiHO# Oydepuzarmm
BMECTE CO 3HaueHueM cpaBHeHus. M3menenue paspsnos COMO1:0 naer HemeieHHbIH 3G HEKT.

3.10.10 baok coBnajieHusi MPU CPABHEHUH

Paspsaner pexxuma cpaBHeHus Ha Bbixoge (COMO1:0) mecyr nBe dyakiuu. ['eneparop
dbopmbl currana ucnosb3yet paszpsaasl COMO1:0 i oreHKH COCTOSIHUSI CpaBHEHHST Ha BBIXOJIC
IpU CIEAYIOIIEM COBIAJACHUHU NpH cpaBHeHUU. Kpome srtoro, paspsast COMO1:0 ynpasnsior
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HMCTOYHUKOM BBIXOJHOTO curHana s BeiBoga OCO. Ha pucynke 3.28 mpeacraBieHa yopoIIeH-
Has OJIOK-CXeMa JIOTHKH, MCToJb3yeMor mpu yctaHoBke pazpsga COMOL:0, peructpsl BXO-
JIa/BBIX0/1a, pa3psIbl BXOJA/BBIX0OAa U BBIBOJBI BX0/1a/BbixoAa. [Toka3aHbl TOJBKO YacTu OOIIHX
perucTpoB yrpasieHus noptom Bxojaa/Beixoga (DDR u PORT) Ha xoTOphie BIUSIOT pa3psibl
COMO1:0. Ilpu ccpinkax Ha cocrossaue OCO, peus unet o 06 BHyTpenHeM peructpe OCO, a He o
BbIBoZIc OCO. Eciin mpoucxoaut copoc cuctemsl, To peructp OCO copacreiBaetcs B «0».

OOmast GyHKIMS TOPTa BXOJa/BBIXOAA IMEPENUCHIBACTCS (PYHKUIMEH BBIXOJAa CPaBHEHUS
(OCO0) u3 reneparopa curHaa, €CIid yCTaHABIMBACTCS Kakoi-1u6o u3 paspsagoB COMO0L:0. Ox-
Hako, HampasieHue BbiBoja OCO (BXOZ MM BBIXOJA) BCE €Ie KOHTPOJIUPYETCS PETHCTPOM
HanpasneHus: naHHbix (DDR) ans BeiBoga mopta. Paspsin peructpa HampaBieHUs! JaHHBIX s
BeiBos1a OCO (DDR_OCO) nmomkeH ObITh YCTAaHOBJICH B KAYECTBE BBIXO/I /IO TOT0, KaK BEIMYMHA
OCO craner Buaumol Ha BbIBOJEe. DYHKIMS MEpeorpeielieHus] opTa He 3aBUCUT OT peKuMa
re’epanuu GopMbl CUTHAIA.

Jlormueckasi cxema CpaBHEHHsI pa3peraeT uHunuanuizamnuio coctosaus OCO no toro, Kak
akTuBUpyercs Bbixoa. Ciemnyer oOpaTuTh BHUMaHHE Ha TO, YTO HEKOTOPBIE YCTAaHOBKH pa3psia
COMO1:0 coxpanstoTcs 1S ONMPEIEICHHBIX PEKUMOB PaOOTHI.
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COMnNO I"C".CP'{TOP ——
FOCn | cureaios
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Pucynox 3.28 — biiok cpaBHEeHHs/COBIAICHUS HA BBIXOJIE
3.10.11 Pexxum cpaBHeHHs 110 BBIXOY U I'eHepanysi CHTHAJIA IPOU3BOJILHOM (POPMBI

I'eneparop curHanza mpou3BoibHOU Gopmbl ucroab3yeT paspsiasl COMO01:0 no-pazHomy
1utst 06b19HOTO peskuma, CTC u pexxuma [IIMM. [151s Bcex TUIOB PeKMMOB YCTaHOBKA
COMO1:0 = 0 coobmaeT reneparopy curaaia, uro B perucrpe OCO He JOHKHO BBITIOTHATHCS
HUKAKHUX JACHCTBHIA MO CIEAYIONIEMY CPaBHEHHIO/COBIAICHUIO.

N3menenune cocrosiaust paspsagoB B COMO1:0 moenusier Ha mepBOE COBIIAJICHUE TPHU
CpPaBHEHMH TIOCTIE 3arucHu pa3psaoB. st pexxumos, ornudaromuxcs ot [IIMM, moxeT ObITh Hc-
MOJIb30BaHO JCHCTBHE, Jarolee HeMemaeHHbIH 3 deKT Onaromaps MCIOIB30BAHUIO Pa3psIOB
ctpobuposanust FOCO.
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3.10.12 Pexumbl padoThI

Pexxum paboThl, T. €. MOBEACHUE TaiiMepa/CUeTYnKa U BBIBOJOB «BBIXOJla CPABHEHUS»,
orpeeNsaeTcss KOMOMHAIMeH pa3psaaoB A pexuma renepanun curaaina (WGMO1:0) u pexxuma
cpaBHenus 1o Bbixoay (COMO1:0). Pa3psiapl pexuMa CpaBHEHHUS 0 BBIXOY HE BJIMSIOT Ha I0-
CJIEIOBATEIbHOCTh CYETa, B TO BPEMs KaK pa3psibl pexuMa FeHepaluy CUrHalla BIMAIOT Ha He-
ro. Paspsaer COMO1:0 ynpaBisroT Tem, OyJeT JIi MHBEPTUPOBAH WM HET CTEHEPUPOBAHHBIN
BbixoA IIIVIM (uHBepTHpOBaHHBIN WM HEMHBEPTUPOBaHHBIN [IIMIM). Jlns peskuMoB, HE UCIIOJIb-
sytomux [1IUM, paszpsaer COMO1:0 KOHTpOIUPYIOT JOJIKEH JIM BBIXOJ OBITh YCTAaHOBJICH, OUH-
IIEH WJIM NEPEKIIIOYEH 110 COBIAJICHUIO IIPU CPABHEHMHU.

HopMaJbHbIH pexuM

CaMbIM MPOCTBIM PEKUMOM PAOOTHI siBisieTcss HopManbHbI pexum (WGMO1:0 = 0). B
ITOM pEeXHME HaIlpaBlIeHHE CYeTa BCErAa CIEAyeT BBEpX (3HAUCHHE WHKPEMEHTHPYETCS) W
cOpoc cueTyrka He BBINMONHAETCA. CUETYMK MPOCTO MEPENONHIETCSA, KOTIa OH MPOXOAUT CBOE
MakcuMaibHoe 8-paspsnuoe 3HadeHue (TOP = OXFF) u 3arem nepesamyckaercs (0xX00). B Hop-
MaJbHOM peXuMe padoThl duiar nepenoiaHenus Taiimepa/cuerynka (TOVO0) Oyner ycTaHOBIEH
BO BpeMsI TOTO K€ IMKJIAa CHHXpOHHM3anuu TaiiMepa, koraa TCNTO cTaHOBUTCS paBHBIM HYIIIO.
®nar TOVO B 3TOM ciyuyae BeleT ce0s Kak JEBITHINA paspsii, 3a HUCKIIOUYEHHEM TOTO, YTO OH
TOJILKO YCTaHABJIMBAETCs, a He cOpackiBaercsa. OnHaKo, Ipu OObEIMHEHNUHU C IPEPHIBAaHHEM IIe-
pernoIHeHus TaliMepa, KOTopoe aBToMaTudecku copaceiBaet ¢iar TOVO, paspenieHue taiimepa
MOYKHO TIOBBICUTH NMPOTPAaMMHBIM CIIOCOOOM. B HOpManbHOM peXxuMe HeT HEOOXOJUMOCTH pac-
CMaTpUBATh CIIeLUATbHBIC CITy4au, P ITOM HOBOE 3HAUECHUE TaliMepa MOXKET ObITh 3allMCAHO B
1r060€ BpeMms.

bnok cpaBHEHUs MO BBIXOY MOKET HCIOJB30BAaThCA JJIS T€HEpaluM MpepbIBaHuil B 3a-
naHHoe Bpewms. Mcmonp3oBaHWe BBIXOZAa CpaBHEHUS U TEHEPAlMW CHTHAjla TPOU3BOJIBHOM
¢GopMBl B HOPMAJIBHOM pEXHUME HE PEKOMEHAYETCs, MOCKOJIBKY 3TO 3aliMeT CIHMIIKOM MHOTO
Bpemenu y LIITY.

Copoc Taiimepa B pe:kume cpaBHeHusi/coBnaaenusi (CTC)

B pexxume copoca taiimMepa npu cpaBHennu win peskume CTC, (WGMO1:0 = 2), peructp
OCRO wucronb3yeTcs i yIpaBlieHus: pa3penieHueM cuerdnka. B pexxume CTC cuerunk oum-
nraercs, korjaa 3HaueHue cuetunka (TCNTO) cosmamaer ¢ OCRO. OCRO ompenensieT BepxHee
3HAUEHUE I CUETYMKA, a CIIeJOBATEIhbHO, €ro paspernicHue. J[aHHBIA pPeXUM O00CCIIeUYuBaET
OOJBIIYIO CTENEHb YIPaBJICHUS BBIXOIHOW YACTOTOM COBMA/IEHHUs MPH CPaBHEHUHU. JTO YIpoOIla-
€T TaKke padoTy IS M0JICYeTa BHEITHUX COOBITHIA.

Bpemennas auarpamma s peskuma CTC mokaszana Ha pucyHke 3.29. 3HaYCHHE CUSTIH-
ka (TCNTO) Bo3pacTaeT a0 Tex mop, moka He npousoiiaeT comaaenue mexay TCNTO u OCRO,
a 3areM cueTdnk (TCNTO) cOpacpiBaercs.

[IpepbiBaHe MOKET T€HEPUPOBATHCS KA/l pa3, KOrjaa 3HaueHHUEe CYETUYHKA JOCTUTaeT
BeimunHbl TOP myrem ucnons3oBanus (iaara OCFO. Eciu nipepsiBaHue pa3peniaeTcs, TO Mpo-
HEeAYypY MPEPHIBAHUS MMPOTPaMMbl 00paOOTUHKA MOKHO HCIIONIB30BATh JJIsi OOHOBICHUS BEITUYH-
el TOP. B 10 %e Bpems, namenenne TOP Ha 3Hauenue, 01u3koe k BOTTOM mpu pabote cuer-
YHKa, KOT/Ia OTCYTCTBYET WJIHM CYIIECTBYET Majoe 3HAYCHHE MPEIICIUTENs] YaCTOThI, AOJKHO
BBITIOJHATHCS C OCTOPOXKHOCTBIO, MOCKOJIBbKY pexkum CTC He nmeet aBoiiHo#M Oydepuzanuu. Ec-
U HoBoe 3HayeHwue, 3amucanHoe B OCRO, vmxke, yem texymiee 3nadenne 1CNTO, To cuetunk
VITYCTUT COBITQJICHUE MPU CPABHCHWU. 3aT€M CUCTUYHKY MPHUACTCS CUUTATH IO CBOErO MaKCH-
manbHOro 3HaueHus (OXFF) u cuutarh cHoBa, HaunHas ¢ 0X00, mpex/ae, 4eM MOKET MPOU30UTH
COBMAJIEHUE TIPU CPABHEHUH.

s renepauun curnaia B pesxkume CTC Boixox OCO mMoxeT ObITh YCTaHOBIJIEH Ha Iepe-
KIIFOYEHHE CBOETO JIOTUYECKOTO YPOBHS MPH Ka)KIOM COBMAJICHUU MPU CPAaBHEHUU IYyTEM YCTa-
HOBKH Pa3psI0B PEKHMMa CpaBHEHUS MO BBIXOY Ha pexkum nepekmouenus (COMO1:0=1). 3na-
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yeane OCO Oynmer OTCyTCTBOBaTh Ha BBIBOJIE MOPTa J0 TeX IOp, MOKa HE OYIEeT OmpeaeseHo
HaIpaBJICHUE TAaHHBIX HA BBIXOJ.

Veranoska uiara

I i i I, 1 OCn npepiBaHuii
i i i i ]
] ! ! !
Y \J | ! )
: 2 .
I A A |
TCNTn / —/7_
ocn ' v ) LA BN B '
(nepexmoueHne) (COMN1:0=1)
Tepuon I: 1 > 20— 3 e——4—»

Pucynok 3.29 — Pexxum CTC, BpeMeHHast quarpamma

['enepupyemblii curHan OyfeT UMeTh MakCHMalbHYI0 4acToty foco = fek yo/2 mpu ycra-
HoBke OCRO B Housb (0X00). YacToTa CHrHaia onpeneisaeTcs CIASIYIONMM BbIPaKCHUEM:

_ Jelk 110
2-N-(1+0CRn)

Tocn

[lepemennas «N» mpencrasiser cobolt Kod(p(UIUEHT NpPeaBApUTEIbLHOIO JIEJICHHs 4Ya-
crothl (1, 8, 64, 256 unmu 1024).

Yro kacaeTcs HOpMaJIbHOTO pekuMa padboTel, To (iar TOV( ycraHaBmuBaeTcs BO BpeMs
TOTO e LUKJIa CHHXPOHU3AIMK Taiimepa, npu KoTopoM cueTyrk cuutaer or MAX 1o 0x00.

beicrperiit UM pexum

BeicTpas mupoTHO-UMITYIbCHAS MO IsiIHs Win ObicTphiid LIIUM pexum (WGMO01:0=3)
npenocrasisieT onuuio reuepauuu curnana MM ¢ Beicokoi yactoToil. beicTpoaeicTByromas
[I1M otnuuaetcst oT 06bryHOM [IIMM Onaromapst onepamusiM ¢ UCHOIb30BaHUEM OJMHOYHBIX
¢dponToB. CueTunk BoIMONHAET cueT u3 nonoxxkeHuss BOTTOM no MAX, 3aTemM BHOBh HaUMHAET
pabory ¢ BOTTOM. B HemnBeptHpyemMoM pexxkume Bbixona cpaBHeHHs OCO ouwmmaercs 1o
cosrnazienuto npu cpaBHeHuu Mexxxy TCNTO u OCRO u ycranasnuBaercsa kak BOTTOM. B un-
BEPTHUPYEMOM DPEKHMME CPABHEHHUS IO BBIXOJY, BBIXOJ| YCTaHABJIMBAETCS IO COBMAJCHHUIO IpU
cpaBHeHHH U cOpacwiBaercs npu BOTTOM. bnaronapst pabote ¢ MCIOJIb30BaHUEM OJIMHOYHBIX
dbpoHTOB, padouas yactota st ObicTporo [IIMM pexuma MOXKET B Ba pas3a MPEBBIINIATh YacTO-
Ty IIIMM pexuma ¢ (Ha3oBoil KOppeKuuel 4acToThl, KOTOpask UCHOIb3YET MPUHLIUI PabOTHI C
NpUMEHEeHHEeM ABYX (poHToB. brmarogaps crtonb Bbicokoi udactore OblcTpbli IIIMM pexum
OUYEHb XOPOUIO MOAXOIUT JJISl PETYIMPOBKM MOLIHOCTH, BBIIpSIMIIEHHS U npuMeHeHus B [AIL
Bricokast yactora oOyciiaBnuBaeT mMalible (pu3ndyeckue pazMepbl BHEUTHUX KOMIIOHEHTOB (KaTy-
IIEK, KOH/IEHCATOPOB), O6Jaroiaps 4eMy CHUXKAeTCcsl 0011asi CTOMMOCTb CUCTEMBI.

B 6pictpom HIMM pexume cyeTurK BO3pacTaeT A0 TeX MOop, OKa €ro 3HaueHue He J0-
crurHet 3HaueHust MAX. 3areM cueTynk cOpachIBaeTcs MpH CIEAYIOIIEM LUKIE CHHXPOHH3a-
uu TaiiMepa. Bpemennast quarpamma mist osictporo LM peknma moka3zana Ha pucyHke 3.30.
3navyenue BenuunHbl TCNTO Ha BpeMeHHOH nuarpamMMe MOKa3aHO B BUJE TMCTOTPAMMBI JIJIs
WITIOCTpAIMK paboThI B PEKUME C UCIIOJIb30BaHUEM OJMHOUYHBIX (GpOHTOB. Ha cxeme nokaszaHsl
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KaK MHBEPTUPOBaHHbIC, Tak U HemHBepTHpoBaHHbIe [IIIM Bbixonbl. HeGombIine ropuzoHTab-
Hble MeTkU Ha ppoHTax TCNTO npencrasnstor coBnanenus mexxay OCRO u TCNTO.

Yeranoska (ara
NPePBLIBAHHA

OCRn

OCRn ObnoBneHHE M
ycranoska uara
NpPEPBIBAHMS

- - -] ———-

| d
A
OCn (COMN1:0 = 2)

OCn |—| | |_| I |—] (COMn1:0 =3}
l’lcpn():1|¢—1 —-I-—2 —-|<—3—+—4 'Il‘ 5 + 6—>|-—7—-'

Pucynok 3.30 — Bpemennas nuarpamma aiist 6sictporo UM pexkuma

| e
|y
- ——
-
-
s mninan
P R—

®nar nepenonnenus taiimepa/cuerunka (TOV0) ycraHaBmuBaeTcs: KaXIblid pas, Korua
cueTduk gocturaet 3HaueHUss MAX. Eciau paspenieHo npepbsiBaHue, TO mporpamMmma o0padoTyu-
Ka TIPEPHIBAaHMS MOYKET UCIIOTIB30BATHCS /ISl OOHOBJICHHUS BEIMYMHBI CPABHEHUSI.

B 6bicTpom IIIMM pexxume Moaynb cpaBHeHUs paspeutaer reHepanuio VM curnanos
Ha BeBosie OCO. YcranoBka pazpsmoB COMO1:0 B 3nauenne «10» maer HEMHBEPTHUPOBAHHBIN
HINM, a unseptupoBanHblii IIIUM MoxxHO copmupoBaTs, yctanoBuB COMO1:0 B 3HaueHue
«11». ®akrryeckoe 3Hadenne OCO Oyner BUIHO Ha BBIBOJIC BXOJIA, €CJIM HANPABICHHUE TAHHBIX
JUI paspsiia mopTa orpeaeneHo kak Beixol. @opma curnana [IIMM renepupyercs ¢ moMouIblo
ycraHoBkH (mimu ounctku) peructpa OCO mo coBmamenuro npu cpaBHeHun Mmexay OCRO u
TCNTO u ounctku (unu yctanoBku) peructpa OCO, Bo BpeMsi TaKTOBOTO MEpUOJIa, KOTJa CUeT-
yuk ouninaercs (u3mensercs ¢ MAX va BOTTOM).

Yacrtoty IINM 111 BBIX0/1a MOXKHO BBIYMCIIHUTD, UCIIONB3YS CIEAYIOIIee YpaBHEHUE:

_ _ Jew o
Jocapwm = N .256

Ilepemennas «N» npencraBnser co6oil K03((UIMEHT NPEeABAPUTEIHHOIO MACIITaOUPO-
Banwms (1, 8, 64, 256 wnm 1024).

Kpaitnue 3nauenus ans peructpa OCRO npenctaBistoT ocoOble ciiydau NMpH reHepanun
dopwmel curnana [IIMM Ha Beixoge B ObicTpom HINM pexnme. Ecmm OCRO ycranaBimBaercs
paBabiM BOTTOM, TO BBIXOAHOM cUrHaN OyAET MPeICTaBIATh COOON Y3KHM UMITYJIBC JJIs KaXK-
noro taktoBoro mukia taiimepa MAX+1. Eciu OCRO ycranaBnuBaetcst paBHbIM MAX, To 3TO
IPUBOJAUT K TOCTOSHHOMY BBICOKOMY MJIM HH3KOMY 3HAYEHMIO HA BBIXOZE (B 3aBHCHMOCTH OT
MOJIIPHOCTH Ha BBIXOJIE, KOTOpast ycraHoBieHa paspsaamu COMOL1:0).
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Yacrora curHaia Ha Bbixoje (mpu 50 % pabGouem pexxume) B O6pictpom WM pexume
MOXeET ObITh MostydeHa nyreM ycTtaHoBkH OCO Ha mepexiroueHHe CBOEro JOIMYECKOro YpOBHS
npu KaxaoM coBnajaeHnu npu cpaBeHnn (COMO1:0 = 1). dopma curnana, reHeprpyemas pH
9TOM, OyJeT uMeTh MakcUMaibHyto 4actoTy foco = fek vo/2 npu ycranoske 3nauennss OCRO B
HOJb. JTa 0coOeHHOCTh aHajoruyHa nepekiatodennto OCO B pexume CTC, 3a uckimoueHueMm
TOTr0, 4TO J1BOIHas Oydepuszalnys B MOAyJie CpaBHEHUs MO BbIxoxy B ObicTpoM LIIMM pexume
BKJTIIOYEHA.

Pexum ¢asoBoii koppexuun UM

Pexxum ¢azosoii koppekuuu [IIMM (WGMO1:0 = 1) obecrieunBacT BO3MOKHOCTh T€HE-
paruu curnana [HIMM c da3oBoii koppekIiueid 1 BRICOKON pa3pemaronieii cnocooHocTrio. Pe-
)uM (azoBoit koppekuuu [IIMM ocHoBan Ha paboTre ¢ ucnojb3oBaHUEM ABYX (hpoHTOB. CUET-
gyuK BeneT nmoBTopsieMmbrit moacuer or BOTTOM k MAX, a 3arem or MAX k BOTTOM. B =e-
uHBepTHpOBaHHOM pexume cpaBHeHuss OCO oummaercs npu coBnaaeHuu mexay TCNTO u
OCRO mpu MHKpEMEHTE U yCTaHABIMBACTCS MPU COBIAJICHHUM IIPH JIeKpeMeHTe. B nmHBepTHpO-
BaHHOM PEXMME CpaBHEHUS IO BBIXOAY omepaius uHBepTupyercs. [IpuHuun paboTel ¢ ABOM-
HbIM (DPOHTOM HMMEET MOHIKEHHYI0 MaKCUMAaJbHYIO PabOUyyl0 YacTOTy IO CPaBHEHHUIO C OJH-
HapHBIM (ppoHTOM. B TO K€ Bpems, Omarogapst cumMmeTpuuHoii ocooernHoctu [IIMM pexxumoB ¢
JBOWHBIM ()POHTOM, TOAOOHBIE PEKUMBI IPEAIOYTUTENLHBI I UCTIONB30BaHUS TIPU YIIpaBie-
HUU JIBUTATEIISIMU.

Pazpemenne INM s pesxuma ¢ ¢pa3zoBoil KOppEKIKEH yCTaHABIMBACTCS HA YPOBHE
8 out. B [IINUM pexume ¢ (Ha30Boi KOPPEKIMEH CUETYNK BO3pACTACT J0 TEX IOp, ITOKa ero 3Ha-
yenue He aocturHer MAX. Koraa cuerunk gocturaer MAX, oH MeHsSeT HampaBjICHHE CUETa.
3uauenue TCNTO Gyner paBuo MAX nns ogHOTO TaKTOBOTO IMKJIa Taiimepa. Bpemennas aua-
rpamma ais LLIMM pexxuma ¢ ¢a3oBoil kKoppekiueil nokasana Ha pucyHke 3.31. 3HadyeHue
TCNTO Ha BpeMeHHOW quarpaMme MoKa3aHO B BHJI€ I'MCTOTPAMMBI, WIUTIOCTPUPYIOIIEH MpHUH-
Un paboThI ¢ IBOMHBIM HAaKJIOHOM. J{narpamMMa BKIIIOYaeT HEMHBEPTUPOBAHHBIE U HHBEPTHPO-
BanHble IIIUM BbIxoabl. HeGombiime ropu3oHTalbHbIE OTMETKHM Ha HAKJIOHHBIX (DpoHTax
TCNTO npeacrasmstor conagenus npu cpasHeHnn Mexry OCRO u TCNTO.

@nar nepenonHeHus taitmepa/cuetunka (TOV0) ycranaBiauBaeTcss KaKIbli pa3, Kormaa
cuetunk nocruraer 3HaueHuss BOTTOM. ®nar npepsiBaHUS MOXKET HCIIONB30BAThCS IS TIpe-
PBIBaHUS KKJBINA pa3, KOTAa c4eTuuk qocturaet 3HaueHuss BOTTOM.

B pexume IIMM c da3oBoii koppekuuein MOAy/Ib CpaBHEHHsI 00ecTIeUrBaeT TeHEPaInio
umnynscoB LIIMM na BeiBoge OCO. Ycranoska paspsaaos COMO1:0 B 3nauenue «10» BbI3oBeT
HenHBepTHpoBaHHbI [IIM pexxum. MHBepTHpoBaHHbIil Beixoa LIIMIM MoxkeT renepupoBaThCs
myreM 3armrcu B COMO1:0 3nauenus «11y.

daxtuyeckoe 3HaueHne OCO OyzmeT mpUCyTCTBOBATh HA BBIBOJIE MIOPTA TOJIBKO B CIIy4Yae,
KOT/Ia HalpaBJICHHE JTaHHBIX BBIBOJA MOpTa OyaeT 3amaHo kKak «Bxom». @opma MM curnama
reHepupyercs myrem copoca (wnu ycranoBkr) peructpa OCO npu coBnanenuu mexay OCRO u
TCNTO, xorna 3HaueHHe CUETUYMKAa WHKPEMEHTHUPYETCS, M TIPU YCTaHOBKe (MM cOpoce) peru-
ctpa OCO npu cosnagennn mexay OCRO u TCNTO, korja 3HaueHHe CUeTYHUKA IEKPEMEHTHPY-
ercs. Yacrora [IIMM naiist BeIXoga MOKET OBITh BBIYMCIICHA C TIOMOIIBIO CIICIYIONIETO YpaBHE-
HUS:

f _ Jek 1o
SOCRPCPWM — N-510
[Tepemennas « Ny» npencrapiser co6oit K03 HUIMEHT peaBapuTeIbHOTO AcneHus (1, 8,

64, 256 nunu 1024).

82



Yeranoska (nara
NPEPBIBAHMS
\J \J
OCRn O6HosneHHe
Yeranoska ¢nara
N npepuisanns
\J LA | Y \Aj

TCNTn

(COMn1:0=2)

oen L] L L

OCn ] 1 [ (CoMnto=3
J
l

[lepuon IL 1

>I-
Pucynox 3.31 — Bpemennas quarpamma, pesxkum [IIUM ¢ dazoBoit koppekiueit

Kpaiiaue 3nauenus mis peructpa OCRO mpencraBistor ocoOble Cirydan, KOrja Mpouc-
xouT reHepanus BoixoaHoro MM curnana B IIIMM pexume ¢ dazoBoii koppekuueil. Eciu
OCRO ycranaBimBaercst paBabiM BOTTOM, T0O BBIXOJ OyJIeT OCTOSSHHO HAXOIUTHCS B HU3KOM
JIOTMYECKOM COCTOSIHUH, a €ClIM ycTaHaBiuBaeTcs: paBHbIM MAX, To BBIXOA A1 HEMHBEPTUPO-
BaHHOro I1IM pexuma OyneT MOCTOSHHO HAXOUTHCS B BBICOKOM JIOTUYECKOM COCTOSIHUU. Jliist
unBepTupoBaHHoro MM pexuma BbIxoa OyeT UMETh MPOTUBOIOJIOKHBIE JIOTHUECKUE 3HaYe-
HUSL.

Bpemennble nuarpaMmmsbl Taiimepa/cueT4uKa

TaiimMep/cueTynK MMEET CUHXPOHHBIM NMPUHLIMIT pabOThl M TaKTOBBIM CHUTHAJI Taiimepa
(clkto) ¢ yuerom 3TOrO MOKa3aH Ha pucyHKax 3.32 — 3.35 Kak CHUTHaI pa3pelieHrs TaKTHPOBa-
Hus. Ha pucynkax naHa nHpopMmaius o TOM, KOrja ycTaHaBiIMBaloTcs ¢uiaru npepsiBanusi. Ha
pucynke 3.32 mpuBe[eHbl BpEMEHHBIE MapaMeTpbl MO OCHOBHOMY pEXHUMY paboThl Taiime-
pa/cueTumka, IpUBEACHA MOCIEeI0BATENbHOCTh cueTa, Onm3kas Kk 3HaueHnto MAX Bo Bcex pe-
KUMax, ornuyaromuxcs ot pexuma LI1M c da3zoBoit koppekuei.
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Pucynok 3.32 — Bpemennas nuarpamma TaiiMepa/cueTdyuka 6e3 mpeaaenuTes

Ha pucynxke 3.33 noka3aHsbl Te ke BpeMEHHbIE TapaMeTpbl, HO C IPEIACIUTEIEM.
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(clkyn 2)
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TCNTn

TOVn
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Pucynok 3.33 — BpemenHas tuarpamma taiimepa/cuerunka ¢ npeaaenutenem (fox 110/8)

clk,q H

[ITTHGHER

[RNRHR

LLTLUOL

UUULTHL

=1 Ny s
(clk,o/8)

TCNTn _)( OCRn - 1 x OCRn X OCRn + 1 )( OCRn + 2
OCRn OCRn Value

OCFn

Pucynok 3.34 — Bpemennast quarpaMma taiimepa/cueruynka ¢ ycranoBkoit OCFO
c npeanenuteneM (fox 110/8)

84



o [[UUUUUUULCUCUOUTUIUIoungoupuuL
o) ’7 ’7 ’* ’,

TCNTn |

(CTC) X TOP -1 X TOP X BOTTOM X BOTTOM + 1
OCRn TOP

OCFn

Pucynok 3.35 — BpemenHas nuarpaMma TaiiMepa/cueTduka, copoc Taiimepa B pekumMe
cpaBHeHus1/coBnasienus, ¢ npeanenuteneM (o 1o/8)

3.10.13 Onucanue perucTpoB 8-pa3psiiHOro TaiiMepa/cyeTynKa

Peructp ynpasiienus taiimepa/cuerunka — TCCRO

bur 7 6 5 4 3 2 1 0

[ FOCO | WGMO0O | COMO1 | COMO0 | WGMO1 | CS02 | CS01 | CS00 | TCCRO
Yr./3an. 3 473 4/3 4/3 4/3 4/3 473 473
Havansaoe 0 0 0 0 0 0 0 0

3HA4YCHUC

Pa3psin 7: FOCO — IIpunyauTe/ibHOE COBNAIEHNE

Pazpsn FOCO aktuBupyercs Tosbko Toraa, korga paspsa WGMO00 3amaer pexum 0e3 uc-
nonb3oBanug IIMM. B To ke Bpems, Uisi COBMECTUMOCTH C OYAYUIMMH YCTPOMCTBaMH, 3TOT
pas3psaa 10JKEeH ObITh YCTaHOBIIEH B HOJb, korja 3anuckiBaercs TCCRO npu pabote B pexume
[INM. Ipu 3anmcu orudeckoit equauIbl B paspsa FOCO, Ha Moayns reHepanuy CUrHaia mo-
JlaeTcsl KoMaH1a Ha HemeaeHHoe cpaBHeHHe. Boixonx OCO u3meHsieTcss B COOTBETCTBHHU C yCTa-
HOBKO# ero pa3psgoB COMO1:0. Crexyer oOpaTuTh BHUMaHue Ha TO, uTo paspsn FOCO peanu-
30BaH B BHJEe cTpobOa. C ydyeroMm 3TOro 3HaueHue, NpucyrcrBytomee B paspsgax COMO1:0,
OTIpeNeNsieT pe3ysbTaT MPHHYIUTEILHOTO CPaBHEHHUS.

Crpobupytrommii curtan FOCO He OyneTr reHepHpoBaTh HUKAKOTO MPEPHIBAHUS, a TAKXKe
He Oyzer ounniark Taiimep B pexkume CTC, ucronb3ys OCRO kak TOP.

Pazpsn FOCO Bcernma cuuThIBaeTCst Kak HOJb.

Pa3psiabl 6, 3 — Pexxnm renepanuu curaaaa WGMO01:0

Pazpsinpl 6, 3 ynpaBistoT NOCIEIOBATENBHOCTHIO CUETa U1 CUETUYUKA, UCTOYHUKOM MaK-
cumainbHoro 3HaueHus: cuetunka (TOP), a Taxke HCIIONB3YeMbIM THUIIOM T'€HEepaliy CUTHAala.
Monynb cueTunka/TaliMepa NoIIePKUBAET CIEIYIOIINE PEXUMBbI paOOThl: HOPMAJIbHBIHM, PEXUM
copoca cuetunka mpu coBnageruu (CTC), a Taxke aBa tTuma pexxumon [HIVM.
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Tabnauna 3.37 — Onucanue paspsaa pexxuMa paboTsl reHepaiy popMbl curHana *

Pesin WGMO01 | WGMO00 Pexxum paboThl TOP OOGHoOBICHNE VYcraHoBka
(CTCO) | (PWMO) | raiimepa/cuerdynka OCRO ¢dnara TOVO
0 0 0 Hopwmainbhbliii OxFF | Hememiennoe MAX
1 0 1 |PWM, OXFF TOP BOTTOM
Koppexknus dazsr
2 1 0 CTC OCRO | Hememiennoe MAX
3 1 1 beictpeiii HIMM OxFF TOP MAX

* HaumenoBanus pa3psagoB CTCO u PWMO B HacTosiIiee BpeMsi CUUTAIOTCS YCTAPEBIIUMH.
Ucnons3ytores onpenenenus WGMO1:0, B To e BpeMs GyHKIIMOHATBLHOCTh M PACIIONIOKEHNE
ATHUX pa3psiIOB COBMECTUMBI C IPEKHUMH BEPCHIMHU TaiiMepa.

Pa3psiabi 5,4: COMO01:0 — Peskum BbIX0/1a CpaBHEHH/COBNAIeHUS

DTH pa3psibl YIPABISIOT MOBEJCHUEM BbiBoaa «Bbixon cpaBHeHus» (OCO0). Ecmu ycra-
HaBiMBaeTcs oauH win oba paspsaga COMO1:0, To BeIXOA MEHSIET HOPMaIbHYIO (DYHKIIMOHAIb-
HOCTh IIOPTa BX0J1a/BeIX0/a. B TO ke Bpems ciieayeT oOpaTUTh BHUMaHUE HA TO, YTO pa3psi pe-
ructpa Hanpasienus (DDR), coorBerctByronmii BeiBogy OCO, 1omkeH ObITh YCTaHOBIEH Tak,
4yTOOBI aKTUBHPOBATh BBIXOAHOM JpaiiBep.

Korna k BeiBogy moacoenuaen OCO, To ¢pynkmus paspsgoB COMO1:0 3aBucut ot ycra-
HoBKHU paspsaa WGMO1:0. B tabnuue 3.38 nokazana ¢yHkimoHansHOCTh paspsaga COMO1:0,
koraa paspsasl WGMO1:0 yctaHaBIuBaIOTCS B HOPMaJIbHBIN pexuM paboTsl wim B peskum CTC
(ae pexum LIUM).

Tabauna 3.38 — PexxuM cpaBHEHHMsI 10 BBIXOAY, pexum 6e3 HINM

COMO01 COMO00 Omnucanne
0 0 HopmanbHas pabota nopta, OCO oTcoenuHeH
0 1 INepexmouenne OCO Ha coBnaieHNe PHU CPAaBHEHUH
1 0 Co6poc OCO no coBnaiIeHUI0 Npu CpaBHEHUU
1 1 ¥Ycranoska OCO0 110 cOBajeHUIO P CPABHEHHUH

B Ttabmuue 3.39 nokaseiBaeTcs QyHKIMOHaNbHOCTh paspsga COMO1:0, korna paspsab
WGMO1:0 ycranaBnuBatotcst B pesxkxum Obictporo LHIVM.

Tab6nauna 3.39 — PexxuMm cpaBHEHHS 11O BBIXOY, OBICTpBIN pexum [ITNUM *

COMO1 COMO0 Onucanue
0 0 HopwmansHas padora mopra, OCO orcoenHeH
0 1 3ape3epBUPOBAHO
Copoc OCO o coBmaieHuto pu cpaBHeHUH, yctanoBka OCO
1 0
pu TOP
VYceranoska OCO no coBmaienuto npu cpaBaennu, copoc OCO
1 1
pu TOP
* Oco0brit cirydait umeeT mecto, korma OCRO pasao TOP u ycranosier COMOI1. B stom
cJlydae COBIAJICHUE ITPH CPABHEHUU UTHOPUPYETCS, OJTHAKO YCTAHOBKA MJTH COPOC BBITOTHSIIOTCS
npu TOP.

B Tabmune 3.40 mokasbiBaeTcs QyHKIimoHanmpHOCTH pazpsiiga COMO1:0, xorma paspsib
WGMO1:0 ycranoBnens! B pexuM ¢pazoBoii koppekiuu [HVM.
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Tab6nauna 3.40 — PexxuMm cpaBHEHHS O BBIXOAY, pexHuM (ha3oBoii koppekiu LHNM

COMO01 COMO00 Onucanue
0 0 Hopwmanbnas paborta mopra, OCO orcoenunex
0 1 3ape3epBUPOBAHO
1 0 C6poc OCO o coBmaieHUIO IpU CPAaBHEHUH, TIPH CYETE BBEPX.
Ycranoka OC0 1o coBnajieHUIo Npy CPABHEHUH MIPH MOACUETE BHU3
1 1 Ycranoska OCO no coBmanenuro npu cpaBHeHnu, copoc OCO mo

COBITAACHUTIO ITPX CPABHCHUU IIPU CHCTC BHU3

[Ipumeuganue —OcolOblii ciyqait umeeT mecto, koraa OCRO pasao TOP u ycra-
HoBneH COMO1. B sTom cityuae coBnajieHue pu CpaBHEHUH UTHOPUPYETCS, OTHAKO YCTaHOBKA
WM cOpoC BIMOTHSIOTCS ipu T OP.

Paspsiabi [2:0]: CS02:0 - BoiOop CHHXPOHU3AIUT
Tpu pa3zpsiga BEIOOpa CHHXPOHHM3AIWK BEIOMPAIOT UCTOYHUK CHHXPOHHU3AIMHU IS HCIIOJIb-
30BaHHS TATMEPOM/CUCTUYUKOM.

Taonauma 3.41 — Onucanue pa3psiia BEIOOpa CHHXPOHU3AIUN

CS02 | CS01 | CS00 Onucanue

0 0 0 Her ncrounrka CHHXpOHHU3AIMH (TaliMep/CUETYNK OCTAHOBJICH )

0 0 1 clkyo (6e3 menmeHust 4acTOTHI)

0 1 0 clkyo /8 (ot ycTpoiicTBa npeaBapUTEIbHOTO JACICHUS YaCTOThI)

0 1 1 clkyo /64 (ot ycTpoiicTBa peIBAPUTEIBLHOTO JICICHHS YaCTOTHI)

1 0 0 clkyo /256 (oT ycTpoiicTBa MpeIBAPUTEIBHOTO JICIICHUS YaCTOThI)

1 0 1 clkyo /1024 (ot ycTpoiicTBa npenBapuTEIbHOTO JICICHUS YaCTOThI)

1 1 0 Bremnwmit ncTouHMK TakTOBOTO curHasia Ha BeiBoje T0. Taktupona-
HUE 10 3aJHEMY (DPOHTY

1 1 1 Bremnwuii nctounuk TakToBOro curnana Ha BeiBoje T0. Taktupona-
HUE 10 TiepeiHeMy (ppoHTY

Ecnn pexxuMbl oladyM TaKTOBOTO CUTHAJIa HAa BHEUIHWHN BBIBOJ MUCIIOJIB3YIOTCA JUIS Tail-
Mmepa/cueturka 0, To nepexosl Ha BbiBoAEe T0 OyAyT CHHXpOHU3UPOBATH CUETUHUK, JTAXKeE €CIU
BBIBOJ] KOH(PUTYpHUPYETCsl KaK BBIXOA. DTa OCOOCHHOCTH MO3BOJIAET 00ECIEYUTh MPOrpaMMHOE
YIIPaBJIEHUE CYETOM.

Peructp Taiimepa/cueruynxa — TCNTO

Bur 7 6 5 4 3 2 1 0
| TCNTO[7:0] | TCNTO
Yr./3arm. 4/3 4/3 4/3 4/3 4/3 4/3 4/3 4/3
HauansHoe 0 0 0 0 0 0 0 0

3HAYCHUC

Peructp taiimepa/cuerdunka obecriednBaeT MPsIMOM JOCTYH Kak JJsl Olepaluy CUUTHIBA-
HUS, TaK W 3aIHCH B 8-pa3psIHBIN CUETYMK OJIOKa TaliMepa/cueTdrKa. 3amuch B OJIOKH pEerucTpa
TCNTO ymanser coBmajeHue Npyu CpaBHEHUM Ha CIEIYIOIIEM CUTHAjla CHHXPOHU3ALUU TaiMe-
pa. Usmenenne cuerurka (TCNTO) Bo Bpemst pabOTBI CYETYMKA CO3/1a€T PUCK OTCYTCTBHUS COB-
naseHus npu cpapHennu mexay TCNTO u peructpom OCRO.
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Peructp cpaBnenus no Boixogy — OCRO

Bur 7 6 5 4 3 2 1 0
| OCRO[7:0] | ocRo
Yr./3ar. 4/3 4/3 4/3 4/3 4/3 4/3 4/3 4/3
Hauansnoe 0 0 0 0 0 0 0 0

3HAYCHUC
Peructp cpaBHeHUs 1O BBIXOAY COACPKHUT 8-pas3psaHYIO0 BEIHMUHUHY, KOTOpask HEPEPHIBHO
cpaBauBaetcs co 3HaueHueM cueruuka (TCNTO0). CoBnageHne MOKET UCTIOIB30BATHCS IS Te-

HEpaluu IMPEPLIBaAHUA IIPHU CPABHCHUH WIIN IJId I'€HEPALIMHU BBIXOJHOI'O CMI'HAJIa Ha BBIBOAC OcCao.

Peructp Macku npepbiBanus cuerunka/taiimepa — TIMSK

bur 7 6 5 4 3 2 1 0

[ OCIE2 | TOIE2 | TICIEL | OCIEIA | OCIEIB | TOIEL | OCIEL | TOIEO | TIMSK
Yr./3am. 3 4/3 4/3 4/3 4/3 4/3 4/3 4/3
HauansHoe 0 0 0 0 0 0 0 0

3HA4YCHUC

Pa3psig 1: OCIEO — Pa3penienne npepbiBaHusl 10 COBNAJEHUIO NPH CPABHEHUH HA
BbIX0/I€ TaliMepa/cueTYuKa
Ecmu paspsng OCIEO u paspsan | B peructpe cocTOSIHUS YCTaHOBIICH, TO pa3pemaeTcs mpe-
pBIBaHHE 110 COBIAJICHUIO TIPU CpaBHEHHH TaiimMepa/cuetunka (0. COOTBETCTBYIOIIEE TIPEPHIBAHKE
BBITIOJIHSICTCSI, €CJIA TIPOMCXOTUT COBIA/ICHHUE ITPH CPAaBHEHUH B Taiimepe/cuetunke 0 (T. €. Koraa
paspsg OCFO ycranoBiieH B peructpe (hiara npepbiBanus taiimepa/cuetanka— TIFR).

Pa3psig 0: TOIEQ - Paspemienue npepbiBanus nepenoJHeHus Taiimepa/cyeryuxa 0

Ecmu pazpsg OCIEO u paspsim | B peructpe COCTOSHHS YCTaHOBIICH, TO pa3periactcs
npepbiBaHie NepenoiaHeHus Taiimepa/cuerynka 0. CooTBETCTBYIOIIEE NMPEPHIBAHNE BBITOIHSIET-
Csl I TIOSIBJIIGHUH TIEpETIONTHEeHHs B Taiimepe/cueTunke 0 (T. e. korma paspsa TOVO0 ycranasim-
BaeTcs B peructpe (iara npepbiBaHus Taiimepa/cuerynka — TIFR)

Peructp ¢uiara npepbiBanus Taiimepa/cueryuxka — TIFR

bur 7 6 5 4 3 2 1 0

[ OCF2 | TOV2 | ICF1 | OCF1IA | OCF1B | TOV1 | OCFO | TOVO | TIFR
Yr./3am. 3 4/3 4/3 4/3 4/3 4/3 4/3 4/3
Hauansnoe 0 0 0 0 0 0 0 0

3HA4YCHUC

Pa3psin 1: OCFO — ®Jjar 0 BbIxoaa cpaBHEHHSA

Pa3psg OCFO ycranaBnuBaeTcs, Korjga MpOUCXOJIUT COBMAJCHHE MPU CPABHEHUU MEKIY
taitmepom/cuerankoM 0 u manabeME ¢ OCRO — peructpe 0 cpaBHenus no Beixoxy. OCF0O oun-
IIaeTCsl anmnapaTHbIM CHOCOOOM IPH BBIOJHEHUH COOTBETCTBYIOLIEH Mpoueaypbl 00paboTKu
npupsiBanus. B xadectBe anbrepHatuBel, OCF0 ounmaercs myTem 3amicH JOTHYECKON €TUHU-
bl B pa3psn ¢iara. Korga ycranasnuBaercs paspsaa | B SREG, OCIEO (pa3pemenue npepsia-
HUS TI0 COBIIAJICHUIO TIPU cpaBHeHHH Taiimepa/cuetunka 0), 1 OCF0, To BHIONHSETCS TpephIBa-
HUE 10 COBMAJICHUIO NPH CPaBHEHUU Taiimepa/cueTunka 0.
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Pa3psa 0: TOVO — ®aar nepeno/inenus Taiimepa/cuerynka (

Pazpsn TOVO ycranaBiauBaercsi, KOrja IPOUCXOAMT IEPENOJIHEHUE Taiime-
pa/cuetunka 0. TOV0 ounmaercst anmapaTHbIM CIIOCOOOM IMPH BBIMIOJIHEHHH COOTBETCTBYIOIIEH
nporeaypsl 00paboTku npepbiBanusa. B kadecTBe anprepHaTuBbl, 1OV0 ouunmaercs myrem 3a-
IUCH JIOTHYECKOW eMHMIIBI B pa3psa ¢uara. Korga ycranasnuBarotes paspsiasl SREG |, TOIEQ
(pa3pemenre npeprIBaHUs NiepenoiHeHus Taitmepa/caerunka 0) u paspsaag TOVO0, To BEIIOIHAT-
Csl IpephIBaHKE NP TIepENOTHEeHNH TaliMepa/cuerunka 0. B pexxume ¢azoBoit koppekuuu HINM

9TOT pasps]l yCTaHaBIMBAeTCs, Korjga TaiiMep/cueTunk 0 U3MEHSET HAlpaBlIeHHE CYETa IIPH
0x00.

3.11 YcrpoiicTBa npeABAPUTEILHOIO JIeJIEHUS YaCTOThI TaliMepa/cueTunka (0 u Taii-
Mepa/cueTynka 1

Taiimep/cuerunk 1 u Taiimep/cueTunk 0 UCIONB3YIOT COBMECTHO TOT K€ CaMblii MOJYJIb
IpeBapUTEILHOTO JICTICHUS YaCTOTHI, OTHAKO, TAWMEPBI/CYETUUKU TIPH ITOM MOTYT UMETh pa3-
JMYHbIE YCTAHOBKH IIpPE/IBApUTENIBHOTO JeneHus. HuxkenpuBeneHHoe onucaHue NMPUMEHUMO K
000MM cueTdYnKaM — Taiimepy/cueTynky | u Taiimepy/cuetauky 0.

3.11.1 UcTOYHMK BHYTPEHHEI0 CHHXPOUMILYJIbLCA

TaiimMep/cyeTyNK MOKET CHHXPOHHU3HPOBATHCS HEMOCPEICTBEHHO CUCTEMHBIM TaKTOBBIM
reHepaTopoM (¢ momoisio ycranoBku (CSn2:0 = 1). Oto obecnieunBaetr 6osee ObICTPYIO padoOTy
C MaKCHMAaJIbHOM TaKTOBOHM 4acTOTOH TaiiMepa/cueTdnka, paBHOW TAKTOBOW YaCTOTE CHCTEMBI
(feik_vo). ATBTEpHATHBHO B KauecTBE TAKTOBOTO IEHEPAaTOpa MOKHO MCIIONB30BaTh OJUH U3 Ye-
TBIPEX BBIBOJIOB OT IPEIBAPUTENBHOTO JIEIUTENS YaCTOTHI. [leneHne 4acToThl MO3BOJISET MOITY-
9uTh OAHY U3 4acToT fow_1of8, fok_1o/64, fok_110/256 wmn Tk _10/1024.

3.11.2 Copoc npeaBapuTEJILHOIO JeJIeHUsI YACTOThI

YcTpoiicTBO MpeABAPUTEIBHOIO JeIEHHs YacTOThl paboTaeT CBOOOAHO (T.€. HE3aBUCUMO
OT JIOTMKM BbIOOpa YacTOTHl TaliMepa CuUeT4YMKa) M HCIOJIb3YeTCsl COBMECTHO TaliMe-
pom/cuerurkoM 1 u taitmepom/cuetunkom 0. ITockosbky Ha yCTpOHCTBO MpeaBApUTENIBLHOTO Jie-
JICHUS] YacTOThl HE BIUSET BHIOOP TAKTOBOM 4acTOTHI TaliMepa/cueTdrKa, TO COCTOSIHUE yCTPOii-
CTBa NPEABAPUTEIHHOIO JIEJIEHUS YacTOThl Oy/1eT MMETh MOCIEACTBUS Ul CUTYaluil, Korja uc-
MOJIb3YyeTCs MpeABapUTeIbHOE JesieHne 4acToThl. OJIMH U3 MPUMEPOB Cllydas MpeBapuTEIbHOIO
JIEJIEHUs TPOUCXOJUT, KOT'/1a TaliMEP 3aIlyCKAaeTCsl 1 CHHXPOHU3HUPYETCS C IOMOUIbIO yCTPONUCTBA
NpeBapUTEILHOTO JIeHHUs 9acTOThI (6 > CSn2:0 > 1). Ynciio CHCTEMHBIX HMITYJIECOB CHHXPO-
HU3aLUU C TOTO MOMEHTA, KOTJa TaMep 3aIlyCKaeTcsl 10 MOMEHTA, KOTJa MPOUCXOIUT MEPBBIN
MOJICYET, MOXKET COCTaBIATh OT 0AHOTO 10 N+1 CHCTEeMHBIX UMIYJIbCOB CUHXpOHM3AIMH, rae N
paBHO KO3 (DUITUEHTY JIeJIeHUs IPEIBAPUTEIBHOTO JeNuTelNs 4acToThl (8, 64, 256 nnu 1024).

[lepeycTaHOBKY mpeaBapUTEIbLHOTO AETUTENS YaCTOThl MOXKHO HCHOJIb30BaTh MPHU CHH-
XPOHU3alMU TaliMepa/cueT4yrKa JUIsl UCIIOJIHEHUs MporpamMmbl. B To e BpeMs HE00X0JuMO co-
OMI071aTh OCTOPOKHOCTh, €CJIM APYrod TalMep/CYeTYHK, KOTOPBIA MPUMEHSIET TO JKe camoe
YCTPOMCTBO MPEIBAPUTEIHHOTO JIENEHUS YacTOThI, TAKXKE MCIIONb3YET MPEIBAPUTEIBHOE Jelie-
Hue. [lepeycraHoBka ycTpoiicTBa NPEABAapUTEIBHOIO JEIEHUS MOBIUAET HA MEPUOJ YCTPOHCTBA
JUISL BCEX CUETYMKOB, KOTOPBIE CBSI3aHBI C HUM.

3.11.3 UcTouyHMK BHEIIHEH CHHXPOHU3AUNHU

VIcTOYHMK BHEIIHEH CHHXPOHM3AINHU MMOAKI0YaeTcs K BeiBoAy 11/T0, MOKET UCIONIB30-
BaThCsl KaK yCTPOMCTBO CHMHXpoHM3anuu Taiimepa/cuetunka (Clkri/clkro). Beibopka T1/TO ocy-
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IIECTBIIACTCS MIPU KaXKJOM MMITYJIbCE CHHXPOHH3AIMU CUCTEMBI C TOMOILBIO JIOTUKU CUHXPOHHU-
3anuu BbIBOJIA. CHHXPOHHM3UPOBAHHBINA (BBIOpAHHBIN) CUTHAJ 3aTeM IPOXOIUT 4Yepe3 yCTpOu-
cTBO oOHapyxeHus pponra. Ha pucynke 3.36 noka3ana (yHKIIMOHATbHAS YKBUBAJICHTHAsS OJIOK-
JauarpaMma JOTHKH CHHXPOHHU3AlUMK U 0OHapyxeHus ¢pporta T1/TO. Peructpsl CHHXpOHH3HPY-
I0TCS TIPH TOJIOKHUTEIFHOM (pOHTE BHYTpeHHeW cuHxponu3anmu cuctemsl (ClKjo). 3amenka
npo3payHa B MEPUOJ HAXOXJICHHUS BHYTPEHHEH CHUCTEMbl CHHXPOHH3AIIMUA B BBICOKOM JIOTHYE-
CKOM COCTOSTHHHU. Y CTPOMCTBO 0OHapykeHus ppoHTa renepupyet oqu ummyibe Clkri/Clkro mis
Kaxzoro nosioxkutenbHoro (CSn2:0 = 7) wim otpunarensnoro (CSn2:0 = 6) pponTa, KOTOPHIM
OHO OOHAPYKHBAET.

fiiio) D Q D Q D Q .3 Tn_sync
> (K noruxe

m——

LE >
clkyo |_ l_ BbIOOpA

TAaKTUPOBAHUS)
CunxpoHuszauust |

Pucynok 3.36 — Ctpoduposanue Bbiosa T1/T0

Jloruka CHHXpOHH3AIMH U 00HAPYKEHUST (PPOHTOB BBOJIUT 33JICPIKKY, COCTABJISIONIYIO OT
2,5 10 3,5 TaKTOBBIX MMIYJIbCOB CHCTEMBI OT (DPOHTA, MPHUIOKEHHOTO K BbiBoay T1/T0O 10 00-
HOBJICHMS 3HAYEHUS CUCTUHKA.

3anmycKk ¥ OTKJIIOYCHHE BXOJA CHHXPOHHU3AIMH JOJDKHBI BBIMOJHATHCA, Korma T11/TO
HAXOJWUTCS B CTAOMJILHOM COCTOSIHWH, IT0 MEHBIIICH Mepe, B TeUCHUE OJTHOTO IUKJIA CHHXPOHH-
3allMM CHUCTEMbI, HHaY€ BO3HUKAET PUCK I€HEPallMU JTOKHOTO UMIYJIhCa CHHXPOHU3AINH TaliMe-
pa/cueTymka.

Kaxxnas monmoBuMHa mepuoAa MPUIIOKEHHOTO BHEIIHETO HMMITYJIbca CHHXPOHHU3AIUU
JOJDKHA TIPEBBIMIATH OJUH IUKI CHHXPOHHU3AIMU CHUCTEMBI JIJII OOECIICUCHHS TPABHIIHLHOTO
cTpobupoBanus. HeoOXoauMo rapaHTUPOBATh, YTO BHEIIHSS CUHXPOHU3AlLMSA OyaeT UMETh Ya-
CTOTY MEHbIIE, YeM IIOJIOBHMHA CHUCTEeMHOH 4acToTsl cuHXpoHHM3amu# (fexcik < feok yo/2) mpm
ycnoBuu pabdouero nukia (50/50) %. ITockonbKy ycTpoiicTBO 0OHapyXeHHs (PPOHTOB HUCHOIb-
3yeT CTpOOMpPOBaHKE, TO MAKCUMaIbHAs YaCTOTA BHEIIHEH CHHXPOHHU3AIUHN, KOTOPYIO OH MOXKET
oOHapyXMBaTh, paBHA IMOJIOBUHE YaCTOTHI CTPOOMpPOBaHUsA (TeopeMa Juckperuzanuu HaiikBu-
cta). B To ke BpeMs u3-3a U3MEHEHHS TAKTOBOW YacTOThl CHHXPOHHU3AIIMU CUCTEMBI U pabouero
[IUKJIA, BBI3BAHHBIX JIOMYCTUMBIMH OTKJIOHCHHSIMA HCTOYHHKA TEHEPHPYEMBIX CHTHAIOB (KBap-
[EBbI PE30HATOP M €MKOCTH), PEKOMEHAYETCs, YTOOBI MaKCHMalbHAsl 4YacTOTa BHEUTHETO HC-
TOYHHMKA CHHXPOHU3AIMHN Obl1a MeHbIIe, 9eM fei yo/2,5.

JlJis MCTOYHMKA BHEIIHETO CHTHAalda CHHXPOHHU3AIMU HENb3s HCIONbh30BaTh MpeaBapu-
TEJILHOE JIEJIEHHE YaCTOTHI.

Peructp cnenuanbHbix pyHknuii Bxoga/seixona — SFIOR

Bur 7 6 5 4 3 2 1 0
| ADTS2 | ADTS1 | ADTSO | ADHSM | ACME | PUD | PSR2 | PSR10 | SFIOR

Yr./3am. 3 4/3 4/3 4/3 4/3 4/3 4/3 4/3

Hauanshoe 0 0 0 0 0 0 0 0

3HA4YCHUC
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Pa3psig 0: PSR10 — IlepeycTtaHoBKa ycTpoiicTBa NpeABapUTEIbHOIO JeJIeHUSs

4acToThl TaiiMepa/cuyeTyuka 1 u Taiimepa/cyerunka 0

Korna paszpsan 0: PSR10 ycranaBnuBaercsi, yCTpPOMCTBO MPEABAPUTEILHOTO ACTICHUS Ya-
CTOTHI TaiiMepa/cueTunka 1 u Taiimepa/cuetunka 0 Oymer cOporeHo. Paspsa Oyaer ouureH ar-
napaTHBIM CIIOCOOOM TOCJIE 3aBEpIICHUS ONEpaluu. 3amuch B 3TOT pa3psa Hyls He Oyner na-
BaTh 3¢ dekra. Cienyer oOpaTUTh BHUMAHHE HA TO, YTO TaiiMep/cueTdyrk 1 u Taiimep/cuerduk 0
OJTHOBPEMEHHO HCIIOJIB3YIOT TOT K€ MPEABAPUTEIbHBIN AETUTEIh YaCTOThl M IEPEYCTaHOBKA
ATOTO YCTPOKCTBA MOBJHSIET Ha 00a TaiiMepa. DTOT pa3psi OyAeT BCeraa CYUTHIBATHCS KaK HOJIb.

clk
0 > 10-pa3psanblit genurens yactotsl T/Cn
< 2 <+
PSR10 Crupanne f = © & g
O &5 . =
@) O v
@)
_________ I
To1 CuHXpOHH- |
_: 3aLus | )
_________ l_ 1
T T T T T T e O
T1) CunHxponu- L 0 0
= s 1 |
L2 o— l

CSl11 CSO01
CS12 CS02

Taiimep/cueTynk 1 Taiimep/cuerunk 0
MCTOYHMK TakTHpoBaHus clkr MCTOYHMK TaKTUpoBaHus clk

Pucynok 3.37 — YcTpoiicTBO IpeIBaApUTENBHOTO IETIEHUSI YaCTOTHI IS
taiimepa/cueturka 0 u TaliMmepa/cuerynka 1

3.12 16-pa3psiaHblii Taiimep/cyeTunK 1

Monyne 16-pa3psaHoro Taiimepa/cueTdurnka 0OecledrBaeT TOYHOE HCIOJHEHUE Ipo-
IpaMMBI 110 BpEMEHH (yIpaBjieHue COOBITUAMH), TEHEPALIUIO CUTHANIA U U3MEPEHHE BPEMEHHBIX
MapaMeTpPOB CUTHAJIOB. YCTPOWCTBO MMEET CJEIYIOIIME OCHOBHBIE OTIMYUTEIbHBIE OCOOEHHO-
CTH:

— Hcrunnyto 16-pa3psaHyro KOMIIOHOBKY (T. €. JOMyCKaeT UCToIb30oBaHue 16-pas-
psanoro LINUM).

— /IBa He3aBUCUMBIX OJIOKA CPAaBHEHHMS I10 BBIXOJY.

— Peructpsl cpaBHEHHUS 110 BBIXOLY C ABOMHBIM OydepoM.

— OpuH 6510K 3axBaTa 10 BXOJY.

— YCTpOWCTBO MOAABIEHUS IIIyMa 3aXBaTa 110 BBIXOJY.

— COpoc TaiiMepa 1Mo COBNaJACHUIO MPU CPAaBHEHUH (aBTOMATHYECKas ITepe3arpys3Ka).

— Hanexnsrii [LIUM monynstop ¢ ¢ha30Boii KOPPEKIIUECH.

— Perynupyemsiii LM niepuos.

— T'eneparop 4acTOTBHI.

— CueTyuK BHEIIHUX COOBITHH.

— Yersipe He3aBucUMbIX ucTouHKKa mpepbiBanus (TOV1, OCF1A, OCF1B u ICF1).
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3.12.1 O630p

OCHOBHBIE CCHUTKM HA PETHCTPHI U pa3psiibl B JaHHOM pa3Jielie MPEICTaBICHBI B 00IIEM
Buje. bykBa «N» B HUKHEM PETUCTPE 3aMEHSET HOMEp TaiiMepa/cueTurka, a OyKBa «X» B HUXK-
HEM PETUCTpe — HOMEp KaHalla CpaBHEHUS 10 BBIXOIY. B TO e BpeMs, KOTJa HCIIOJIb30BaHHE
perucTpa WM paspsiza OnpeaesieHo B mporpaMMe, HeOOXOMMO HCIIONIb30BaTh TOUHYIO (opMmy,
Harpumep, TCNTI1 nis 3HaUeHUs TOCTyIa K TaliMepy/cueTynky 1 u T. 1.

3.12.2 Peructpsbl

Taiimep/cuetunk (TCNT1), peructpsl BoiBogoB cpaBHeHuss (OCR1A/B) u peructp 3a-
xBata Ha Bxojie (ICR1) — Bce sBisiroTest 16-paspsiiabiMu peructpamu. [pu mocryne K
16-pa3psaHbIM peructpaM HeoOXOAUMO cOONI0aTh ClELUalIbHbIE NPOLEaypbl. Peructpsl ko-
manj taiimepa/cuerunka (TCCR1A/B) sBusiroTcst 8-pa3psiiHbIME PETUCTPaMH M HE MMEIOT HU-
Kakux orpaHuyeHuil npu gocryne u3z LITY. 3ampocsl Ha npepbiBanue (Ha pucyHke 3.38 cokpa-
IIEHHO «BHYTP. 3alpOC») BUIHBI B peructpe ¢uaros npepsiBanus taiimepa (TIFR). Bee npepsi-
BaHUs MacCKUPYIOTCS MHIUBUAYAJIBHO C UCIOJIb30BAaHUEM PETUCTPA MAaCKUPOBAHUS MpEpbIBAaHUN
taiimepa (TIMSK). TIFR u TIMSK He yka3zaHbl Ha pUCYHKE, IOCKOJIbKY 3TH PETHCTPbI UCIIONb-
3YIOTCS OJTHOBPEMEHHO JIpYTMMHU MOJYJISIMU Taiimepa.

TaiimMep/cyeTynK MOKET OBITh CHHXPOHHU3UPOBAH BHYTPH CXEMBI Yepe3 JIEIUTENb YacTo-
Thl WJIM C NIOMOILbIO MICTOUYHUKA BHEIIHEr0 TAaKTOBOI'O CUI'HAja Ha BeiBoze T 1. Jlornyeckas cxe-
Ma BBIOOpA TAaKTOBOTO I€HEepaTopa ONpeneisieT, KaKO UCTOYHUK CHHXPOHU3AIUH U (POHT HC-
HOJIb3YeT TaMep/CUeTUUK, YTOObl HMHKPEMEHTUPOBATh (WM JEKPEMEHTHPOBATh) €ro 3HauYEHHE.
TaiimMep/cueTuynK He aKTUBEH, €CIIM HE BHIOpAH HUKAKOW MCTOYHUK CHHXPOHH3AIMU. Bexox u3
JIOTMYECKON CXeMbl BbIOOpa UCTOUYHMKA TAKTUPOBAHMSI OIPEJIeNIeH KaK TAKTOBBIM CUT'HAJ TaiiMe-
pa (Clle).

Peructpsl cpaBHeHUs 10 BbIXOLY ¢ ABOitHBIM Oydhepom (OCR1A/B) mocTossHHO CpaBHU-
BAIOTCS CO 3HAUEHHEM TaiiMepa/cueTunka. Pe3ynapTar cpaBHEHHSI MOXKET HCIIOJIb30BAThCS T'eHE-
paTtopoMm curHaina ais cozganus pexxuma MM unu curnana ¢ nepeMeHHON 4acTOTOM Ha BBIBO-
ne OC1A/B. CoObiTHE COBMAJCHUS MPU CPABHEHHH TAKXKE YCTAHOBHUT (piiar COOTBETCTBHSI NIPU
cpaBaernu (OCF1A/B), KOTOpBIi MOXKET HUCIOIB30BATHCS ISl CO3[aHUsI 3alpoca Ha MpephiBa-
HUE MIPH CPAaBHEHUH.

Peructp 3axBaTta 1o BXoay MOXXeT (PMKCHUPOBATh 3HAYCHHME TailMepa/cueTuuka AJs JAaH-
HOT'O BHEIIHET0 cOOBITHSI (3amyckaeMoro ppoHToM) I1b0 Ha BbIBOjIE «3axBat mo Bxoay» (ICP1),
1100 Ha BBIBOJIE aHAJIOTOBOTO KoMHapaTopa (CMOTpH «AHAJIOTrOBBIM KOMIapaTop» MoJpa3en
3.17). Moaynb 3axBara Mo BXOAY BKJIOYaeT B ce0si 0ok 1udpoBoil GpuibTpanuu (I01aBUTETh
IymMa), yMEHbIIAIOMINUNA BO3MOKHOCTD 3aXBaTa IIYMOBBIX BEIOPOCOB.

3nayenne TOP mim mMakcuMalibHOE 3HAUEHHE TaiiMepa/cueTdynka MOXET B HEKOTOPBIX
pexxumax pabotsl ompenenatbes peructpom OCR1A wmm peructpom ICR1, mm6o HaGopom
ycraHoBNeHHbIX 3HaueHHUd. [Ipu ucnonb3oBanunm OCRI1A kak TOP — 3HadueHue B pexume
UM, peructp OCR1A He MoXeT OBITh HCIIOIB30BaH I TeHepamnun Beixoaa [IIMM. B to xe
Bpems, 3HaueHue TOP B nanHOM citydae OyaeT JBaxk/bl O0y(hepu3npoBaHoO, YTO MO3BOJIIET U3Me-
HATh BenwunHy TOP B xoxe pabotel. Eciu morpedyercst pukcupoBanHoe 3Hadenue 10OP, To B
Ka4yecTBe aJbTEpPHATHUBBI MOXKHO ucnoib3oBath peructp ICRI1, ocBoboxmas OCR1A mns uc-
MMOIB30BaHMsA B KauecTBe BbIxoga [1TMM.
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Cuet TOVn
Ouucrka anlir:;mo (BHyTp.ﬁnpoc)
Hanpasnenue ) clkyy, Bpi0op TakTHpoBaHusi
A HorH Jerextop | T
(ponTa n
Taiimep/cueTunk TOP| BOTTOM
4__>| TCNTn l (OT menuTeNs 4acTOThI)
I *= A I I =*0 I OCnA
t (BHYTp. 3a1poc)
#] H P Teneparop —
f E CUTHAJIOB
—————— i [
= [ OCRnA —_______} | DuKCHpOBaHHOE
= : TOP 3nauenue OCnB
= H (BHYTp. 3arpoc)
s ;
o = , »|  Teneparop »locaB
z ; CUTHAJIOB
=
<<—»—— OCRnB : ICFn(BHyTp.3ampoc) Ot BbIXOZIA
H aHAJIOTOBOTO
: KOMIIaparopa
> : Jletextop | o TlomaBuTeIH
IC:Rn : bponra uyma ICPn
[ TCCRnA ] [ TCCRnB |

i P

Pucynok 3.38 — brok-cxema 16-pa3psigHoro Taiitmepa/cueTdanka

3.12.3 Onpeneienust

B noapaznene 3.12 1octarouHo 4acTO MCHOJIB3YIOTCA ONPEENICHUS, IPEICTaBICHHbIE B
tabmuie 3.42.

Taonumga 3.42

BOTTOM | Cueruuk nocturaer Huxuero 3uadenus, 0X0000

MAX CyeTymK 0CTUTAET CBOET0 MaKCUMAaJIbHOTO 3HAUEHHsI KOT'/1a OHO CTAHOBUTCS paB-
HbIM OXFFFF (necstuunoe 3nauenne 65535)
TOP CyeTyHK 10CTUTAeT BEPXHETO 3HaYEeHHUsI, KOT/1a OHO CTAHOBUTCS paBHBIM HAUBBIC-

IIeMy 3HAYCHHIO B TTOCIICIOBATEILHOCTH MojicueTa. 3HadeHue 1T OP MoxeT ObITh
IPUITUCAHO OAHOMY U3 puKkcupoBaHHbIX 3HaueHu: 0XO0FF, OX01FF, niu 0X03FF,
WM Ke 3HavYeHHI0, coxpaneHHoMy B peructpe OCR1A wm ICR1. Cama omneparust
IPUCBOCHHUS 3aBUCHUT OT PeKUMa pabOThI

Joctyn k 16-pa3psiiHBIM perucrpam

TCNT1, OCR1A/B u ICR1 — 16-pa3psiiHbie perucTpbl, K KOTOPHIM MOKET 00paIiaThes
HITY uepe3 §-6uTOBYIO MKHY NaHHBIX. JlocTyn K 16-pa3psaHOMY PETUCTPY JOJKEH OCYIIECTB-
JAThCA 1O OaiiTaM, UCHOJIb3Ys ABE ONEpallMi CYUTHIBAHUS WU 3alMCU. Y Ka)XJ0ro
16-pa3psigHoro Taiimepa ecTb OAMH 8-OWUTOBBIN PErucTp sl BPEMEHHOT'O XPaHEHHs CTapIlero
Oaiita 16-pa3psgHOrO MOCTyMa. TOT K€ caMblii BpEMEHHBIN PETUCTP UCTIOIb3yeTCsS COBMECTHO
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BCceMU |6-pa3psIHBIMU PETUCTPAMU JUI KaKI0To 16-paspsiaHoro Taiimepa. Joctyn k mutagmemy
OaiiTy 3amyckaeT onepanuro 16-pa3psaHoro cuuThiBaHus Win 3anucu. Korna mumaammuii 6ainT
16-pa3psaroro peructpa 3anuceiBaercs LIITY, To crapmuii 6aliT, COXpaHEHHBI BO BPEMEHHOM
PETHCTpe, W 3aMMCAaHHBIA MJIAIIINN 0alT 00a KOMUPYIOTCS B 16-pa3psIHbIN PETUCTP B TOM Ke
camoM TakToBOM Iukie. Korma muaammii 6aifit 16-paspsigHoro peructpa cuutbiBaercs LIITY, To
crapmuii 0alT 16-pa3psAIHOTO PErHCcTpa KOMUPYETCS BO BPEMEHHBIN PETHCTP B TOM K€ CaMOM
TaKTOBOM IIMKIIC, IOKA CUYUTHEIBACTCS MJIAIINKN OalT.

He Bce Bunbl 16-pa3psgHoro A0CTyna MCHOJB3YIOT BPEMEHHBIH PErucTp AJs CTapIiero
Oaiita. [Ipu cunteiBanun OCR1A/B 16-pa3psiaHble periucTpbl HE HMCIOJB3YIOT BPEMEHHBIH pe-
TUCTP.

YroObl BBIMOIHUTE 16-pa3psaHyI0 3alUCh, CTApIINi OalT MObKeH OBITh 3amucaH Iepen
MiaamumM O6aitom. [lpu 16-pa3psaHOM CUMTHIBAHMHM MIIAJIIIUN OaMT TOJDKEH YHTAThCS TEpe.
cTapmM O0aliToM.

Crnenyrouiye nmpuMepsl KojJia MOKa3bIBAIOT KaK 00paTUThCSA K 16-pa3psiiHbIM perucTpam
TaliMepa, moJjlarasi Ipv 3TOM, UYTO HUKAaKWE MPEpPbIBAHUS HE OOHOBIISIIOT BPEMEHHBIN PErUCT).
Tot e camblif TPUHIIMIT MOKET KUCIIOJIb30BAThCSI HETIOCPEICTBEHHO ISl IOCTYIa K perucrpam
OCR1A/B u ICR1. Crneayer oOpatuTh BHUMAHKE Ha TO, YTO MPH HUCIOIB30BaHUU «C», KOMITH-
nsTop o6padaThiBaeT 16-pa3psIHbIi JOCTYII.

AcceMOJIepHBI KOJ:

; Set TCNT1 to OxO1FF

1di r17,0x01

1di rl6, OxFF

out TCNT1H,rl7

out TCNTI1L,rlo6

; Read TCNT1l into rl7:rlo
in rl6,TCNT1L

in rl17,TCNT1H

C konx:
unsigned int i;

/* Set TCNT1 to O0xO01FF */
TCNT1 = Ox1FF;

/* Read TCNT1l into i */

i = TCNT1;

[Ipumeuanue — JJaHHBIA IpUMEDP KOJA MPEANOIATAET, YTO BKIKOYEH XAPAKTEPHBII
JUIL yCTPOIMCTBA 3ar0J0BOYHBIN (aii.

ITpumep koxa accembiiepa Bo3Bpaiaet 3Hauenue TCNT1 B mapy peructpa r17:rl6.

BaxxHO Takke OTMETHTB, UTO JOCTYM K 16-pa3psaHbIM PEruCTpaM SBIISIETCS 3JIEMEHTAp-
HOM omnepauueil. Eciiu mpoucxoaut npepbiBaHHE MEXY ABYMSI KOMaHIaMU IPU JOCTYIE K
16-pa3psgHOMY PETHUCTPY M KOJ MPEPHIBAHUST OOHOBIISIET BPEMEHHBIN PETUCTP IyTEM JOCTYIa K
TOMY K€ CaMOMY WJIH JII0OOMY ApyroMmy u3 16-pa3psaHbIX pPEerHcTpOB TaiiMepa, TO pe3yibTar
JOCTyTa 3a MpejeaMu mpepbiBaHus OyaeT uckaxeH. CienoBaTenbHo, Korjga o0a Koja — OCHOB-
HOW KOJI M KOJ NpepbIBaHUS — OOHOBIIAIOT PETUCTP BPEMEHHOTO XpaHEHHUs, TO OCHOBHOM KOJ
JIOJDKEH OTKJTFOYATh MPEPHIBAHUS BO BpeMs 16-OMTHOTO AOCTYyTA.

Hwxke npuBoaarcss mpumepbl KOAOB, MOKA3bIBAIOIINE, KaK BBIIOJIHATH 3JIEMEHTapHOE
cunteiBanue coxaepkumoro peructpa TCNTI1. CuuteiBanue ro6oro us perucrpos OCR1A/B
win ICR1 MOXeT BBIMOTHATHCS 110 TOMY K€ TPUHIIUITY.
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Accem0JIepHBIT KO

TIM16 ReadTCNT1:

; Save Global Interrupt Flag
in rl1l8, SREG

; Disable interrupts

cli

; Read TCNT1l into rl7:rl6

in rl6,TCNTL1L

in rl17,TCNT1H

; Restore Global Interrupt Flag
out SREG, rl8

ret

C kox:

unsigned int TIM16 ReadTCNT1( void )
{

unsigned char sreg;

unsigned int 1i;

/* Save Global Interrupt Flag */
sreg = SREG;

/* Disable interrupts */

_CLIO:

/* Read TCNT1 into i */

i = TCNT1;

/* Restore Global Interrupt Flag */
SREG = sreg;

return i;

}

[Ipumeuanue — JJaHHBIA IpUMEDP KOJA IIPEANOIATAET, YTO BKIKOYEH XAPAKTEPHBII
JUI yCTPOIMCTBA 3ar0J0BOYHBIN (aii.

ITpumep koxa accembiiepa Bo3Bpaiaet 3Hauenue TCNT1 B mapy peructpa r17:rl6.

Crenyronye mpuMepsl KOAOB MOKA3bIBAIOT, KAK BHIMOIHATH TIOJIEMEHTHYIO 3alIUCh B CO-
nepsxumoe peructpoB TCNT1. 3anuck mo6oro u3 peructpoB OCR1A/B umu ICR1 MoxeT OBITh
BBINTOJIHEHA C MCTIOJIb30BAaHUEM TOTO K€ MTPHUHITUIIA.

AcceMOJ1epHBIH KO/

TIM16 WriteTCNTI1:

; Save Global Interrupt Flag
in rl8, SREG

; Disable interrupts

cli

; Set TCNT1 to rl7:rlé6

out TCNT1H,r1l7

out TCNT1L,rl6

; Restore Global Interrupt Flag
out SREG, rl8

ret

C konx:

void TIM16 WriteTCNT1( unsigned int 1 )
{

unsigned char sreg;

/* Save Global Interrupt Flag */
sreg = SREG;

/* Disable interrupts */
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_CLIO;
/* Set TCNT1 to i */
TCNT1 = i;
/* Restore Global Interrupt Flag */
SREG = sreg;
}
[Ipumeuanue — JlaHHBIM IpUMEP KOJA MPEAIOJIAracT, YTO BKIIIOYECH XapaKTEPHBIN

JUISL yCTPOMCTBA 3ar0JIOBOYHBIN (paiii.

[Tpumep koma accembiepa TpeOyeT, 4TOoOBI Tapa peructpoB rl7:r16 comeprxana 3HaUYCHUE,
KOTOpOE TOJKHO ObITh 3anucaHo B TCNT1.

IloBTOpPHOE MCNOJIL30BAHUE BPEMEHHOI'0 PerucTpa crapiiero 6aira

[Ipu 3amucu 6omee, yem B o1uH 16-pa3psaHblid pEruCcTp, B KOTOPOM CTapIIui OalT ouHa-
KOB JII1 BCEX 3aIlMCHIBACMBIX PETUCTPOB, HEOOXOJAMMO 3alUcaTh CTAPIIAN OAWT TOJIBKO OJHH
pa3. B To xe Bpems, He0OX0AUMO OOpaTUTh BHUMAHUE HA TO, YTO paHEe ONKCAHHBIA MPUHIIUII
MORJIEMEHTHOU pabOTHI MPUMEHHUM U B 3TOM CJTydae.

3.12.4 UcTOYHNKHN CHHXPOHU3AIUM TaiiMepa/cueTHUKa

TaiimMep/cyeTYNK MOKHO CHHXPOHH3UPOBATH C TOMOIIBIO0 BHYTPEHHETO MJIM BHEIIHETO HC-
TOYHHKA CUHXPOHU3AIMH. VICTOYHHK CHHXPOHU3AIMH BBIOUPAETCS C TIOMOIIBIO JIOTUKH BBIOOpA
CHHXPOHH3AIMH, KOTOpas yrmpamisercsi paspsuamu Beioopa cuaxponmzanuu (CS12:0), pacmo-
JIO)KEHHBIMH B peructpe B ynpasienus taiimepom/cuerurkom (TCCR1B).

3.12.5 Moayab cyeT4YHKa

OcHoBHO# yacThio 16-OUTHOTO TaiiMepa/cueTuuka sIBJISETCS MPOrpaMMUPYEMBI MOYJb
JIByHAINpaBJiIeHHOTo 16-OMTHOrO cueT4yHKa.

Ha pucynke 3.39 noka3ana 6510k-CXeMa CUETYHMKA U €r0 YCTPOMCTB.

Cuer TOVn
OuucTka an]jz;mo- (BHyTp.ngpOC)
¢ 1k
Hanpagnenue e ClKy Bp100op TakTHpOBaHuUs
Jerextop L« Tn
T T (dpoHTa
TOP BOTTOM (OT menuTeIIst 4acToThl)

[TCNTnH(S 6ur) | TCNTnL(8 6u1)
ATCNTn (8-paspsublii cueTar )R

[ Bpem.peructp(8 6ur) |

<

>

Pucynok 3.39 — bnok-cxema MOyl CUETUMKA

Iuna nanubIix (8 6uT)

Ornucanue cUrHajaoB (BHYTPEHHUE CUTHAIIBI):

Cuer - Bo3pactanue win ymenbineHue TCNT1 Ha ;.
HanpaBnenue - BBIOOp MeX 1y BO3pacTaHUEM MM YObIBAHUEM;
Ouncrka - copoc TCNT1 (ycraHoBKa Bcex pa3psiioB Ha HOJb);
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clky - TAKTOBBII FeHepaTop TaiiMepa/cueTunKa;
TOP - yka3biBaeT Ha To, 4To TCNT1 mocTur BepxHero 3Ha4CHHS;
BOTTOM - ykasbiBaeT Ha 10, yTo TCNT1 moctur HMKHETo 3HaYEHUS (HOJb).

16-pa3psaaHblii CUETUMK pa3sMELIeH B JIBYX 8-OMTOBBIX PErHCTpax MaMsATH BBOJA-BHIBOJA!
cuetunk crapirero 6aiita (TCNT1H), comepskarumii crapiiie BOCEMb OMT CUCTUMKA, M CUETUHK
mtamiero 6aira (TCNTLL), conepxkamuii muitaamue Bocemb 0ut. K peructpy TCNT1H moxHO
obpatutbes ¢ momotbio LITY Tombko kocBeHHO. Korja neHTpanbHBI ITPOLEeccop OCYIIECTBISA-
€T JOCTyN K peructpam BBoza - BeiBoga TCNT1H, nenrpanbublii mpoieccop odOpamaercs K pe-
ructpy Bpemennoro xpanenus (TEMP) crapmiero 6aiita. Comep:KuMoe pEerucTpa BPEMEHHOTO
xpanenus nepenuceiBaercs 3HadyeHueM u3 TCNT1H mpu cunteiBanum TCNTILL, comepxumoe
TCNT1H o6HoBIsIeTCS 3HAUCHUEM perucTpa BpeMeHHoro xpaHeHus, koraa TCNT1L 3anuceiBa-
eTcs. DTO MO3BOJSET LEHTPATbHOMY MPOLIECCOPY YMTATh WJIM 3allMChIBaTh BCE 3HAYEHUS 16-
pa3psIHOTO CYETUMKA B Mpeneiax OJHOr0 TaKTOBOTO ILMKIA 4yepe3 8-OMTOBYIO IIMHY JAHHBIX.
BaxHo oOpaTuTh BHEMaHUE Ha TO, YTO OcoObIe cirydau 3amucH B peructp TCNT1, xorga cuer-
YUK HaXOAWTCS B MPOIIECCE CUeTa, JA0T HempeacKazyembie pe3ynbTaThl. Ocolble ciydau OIH-
CaHbI B pa3zenax, sl KOTOPBIX OHH CYIIECTBEHHBI.

B 3aBucHMOCTH OT HCHONB3yeMOT0 peXHMa pabOThl CYETYUK cOpachiBaeTCsl, MHKPEMEH-
TUPYET WIH JIEKPEMEHTHPYET CBOM 3HAYEHHUS NPU KaXIOM TaKTe€ CHHXPOHHM3ALUU TaiMepa
(clkry). Takr clkry MoxeT ObITH chOPMHUPOBAH JTHOO OT BHEIIHETO, JINOO OT BHYTPEHHETO UCTOY-
HHUKa TAaKTOBOI'O CHUTHAa M BbIOMpaeTcs Outamu BoiOopa TakToBoro curnana (CS12:0). Ecnu e
BbIOpaH Hukakoi u3 uctounukoB (CS12:0 = 0), Taiimep ocranaBnmuBaercs. Oxnako TCNT1 mo-
ket ObITh poctyner LIITY He3aBucumo ot Toro, npucyrctByet Clkty wau wer. 3anuce LIITY or-
MeHsieT (MMeeT MPUOPUTET HaJl HUMH) Bce omepanuu cOpoca uin cuera. [lociaenoBarenbHOCTh
cueTa ONpeeseTCs YCTaHOBKOM pa3psaoB pexxuma padotsl renepanuu curnana (WGM13:0),
pACIONIOKEHHBIX B PErucTpax ympasieHus Taiimepamu/cuetunkamu A u B (TCCR1A wu
TCCR1B). CymiectByeT BhIpaXeHHAsI B3aUMOCBSI3b MEXIY TeM, KaK CUCTYUK BeleT ceOs (cum-
TaeT) ¥ TeM, KaKhe CUTHAJIbl TEHEPUPYIOTCS Ha BBIBOJIAX «BbIxoja cpaBHeHus» OCI1X. dnar ne-
penonHeHust Taitmepa/cuetunka TOV1 ycraHaBIMBaeTCsl COTJIACHO PEXHUMY pPabOTHI, KOTOPHIi
BeIOupaetcs paspsaamu WGM13:0. TOV1 moxkeT ucnonb30BaThes JUIsl TeHepaliy MpepbIBaHUs
LIITY.

MopayJib 3axBaTa JaHHBIX HA BXO/1e

TaiimMep/cueTunK BKIIIOYAaeT MOJYJIb 3aXBaTa JAHHBIX Ha BXOJ€, KOTOPBIA MOXET (pUKCH-
poBaTh BHEIIHUE COOBITUS U NPUCBAMBAaTh UM BPEMEHHYIO METKY, yKa3bIBAaIOLIYI0 BpeMs IO-
cTymyeHus. BHemHui curyani, yka3pIBaroU[il Ha cOObITHE WM MHOXECTBEHHbBIE COOBITHUS, MO-
*eT ObITh moAaH yepe3 BeiBoA ICP1 uinu, B kauecTBe albTepHATUBBL, YepPe3 MOYIb aHAIIOTOBOTO
KoMIaparopa. BpemeHHble METKHM MOTYT TOT'/1a MCIIOJIb30BAThCA JUIsl BBIYUCIIEHUS YaCTOThI, JUTH-
TEJIBHOCTU paboyvero IUKIA U JIPYTUX OCOOCHHOCTEH MOCTYMAIOIEro CUrHaia. AJbTepHATUBHO
BPEMEHHBIE METKH MOTYT OBITh HCTIOJB30BAHBI IS CO3/aHus (aiia perucTpaiui COObITHIA.

Monaynb c6opa JaHHBIX Ha BXOJ€ MPOWJUIIOCTPUPOBAH OJIOK-CXEMOH, MOKa3aHHON Ha pH-
cyHke 3.40. Manenbkasi OykBa «N» B Ha3BaHUSAX PETUCTPOB U Pa3psAI0B YKa3bIBa€T HOMEp Taii-
Mepa/cueTdrKa.
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Illnna nannbIx (8 oUT)
< >

A

| Bpem.peructp(8 6ur) |
3amuce Y Y L 4

[ ICRNH(8 6ur) | ICRNL(8 6ur) | | TCNTNnH(8 6ur) | TCNTNL(8 6ur) |

| CRn (16-pa3psianbiii peructp) TCNTN (16-pa3psiaHblil CYETIHK)
ACIC iICNC ll CES
h ACO [TonaBurensb N Jerexrop |C|:n>
yma tporTa (BHyTp.3a1pOcC)

ICPn

Pucynok 3.40 — biok-cxema Mozynsi cOopa JaHHBIX Ha BXOJIE

Korna nzMenenue 10oruueckoro ypoBHs (CoObITHE) IPOMCXOIUT Ha BBIBOJIE «3aXBaT JlaH-
HbIX Ha Bxojae» |CP1 wnwm, anmbTepHAaTHBHO, Ha BBIXO/E aHamoroBoro kommnaparopa ACO, u ecim
3TO M3MEHEHME MOJTBEPXKIACT YCTAHOBKY JeTekTopa (poHTa, To OyneT cpabaThlBaTh 3axBar
nansbix. Korna 3axBar cpabarteiBaer, To 16-pa3psaHoe 3nadenue cuerunka (TCNT1) 3anuceiBa-
eTcsl B peructp 3axBara naHHbIX Ha Bxone (ICR1). dnar 3axBara nanusix Ha Bxojae (ICF1) ycra-
HaBJIMBACTCS BO BPEMsI TOTO K€ CHCTEMHOTO MMITYJIbCA CHHXPOHU3AINH, TOCKOJIBbKY 3HAYCHHE
TCNT1 xonupyetcs B peructp ICR1. Ecnu nonydeno paspemenue (TICIE1 = 1), To ¢uar 3a-
XBaTa IaHHBIX Ha BXOJIe TeHepHpyeT npepriBanue 3axBara. Omar ICF1 aBTomaTmuecku copachl-
BaeTcs MPU BBIMOJIHEHUH TNpoleaypsl 00padotku npepeiBanus. Takxke ¢uar ICF1 moxeT ObITh
OYHIIIEH MPOTPaMMHBIM CIIOCOOOM ITyTEeM 3alUCH JIOTHYECKOW IMHUIIBI B paspsia (iara.

CunTtbiBanue 16-pa3psiiHOTO 3HAuUCHUS peructpa 3axBara naHHbiX Ha Bxojae (ICR1) BbI-
MOJTHSIETCSl TIyTEeM CUMTHIBAaHUS CcHadana miaamero Oaiira (ICR1L), a 3arem crapmiero Oaiita
(ICR1H). Koraa muanmuit 6aiiT cuMTHIBACTCS, CTApIIMil OAlT KOMHPYETCs BO BPEMEHHBINH pe-
ructp (TEMP) crapmero 6aiita. Korma LITY cuuteiBaer agpec BBoaa - BeiBoga ICR1H, To ono
oOpartaercs k peructpy TEMP.

Peructp ICR1 MoxeT 3anuchIBaThCs TOJBKO KOT/Ia IPUMEHSETCS] PEKUM I'eHepalluu CUT-
Haya, KoTopelid ucnonbiyeT peructp ICR1 mns onpenenenus 3nadenust caeranka 1OP. B atux
ciydasx paspsaabl Juid pexuma reHepanuu Gopmel curHana (WGM13:0) nomxHbl ObITH ycTa-
HOBJICHBI JI0 TOTO, Kak 3HadeHne | OP moxer ObITh 3anucano B peructp ICRI1. TIpu 3anucu pe-
ructpa ICR1, crapmmuii 6aift nomxken ObITh 3amucan B aapec ICR1H no Toro, kak muagmuii 6ait
zanuceiBaetcs B ICR1L.

Hcrounnk cpadbaTbiBaHusi c00pa JaHHBIX HA BXo/e

OCHOBHBIM MCTOYHHKOM CpabaThIBaHUS JUIA MOAYJA cOopa JaHHBIX Ha BXOJE SIBISETCS
BBIBOJT «BXOJI 3axBara AaHHbIX» ICP1. TaiiMep/cueTdyrk 1 MOXeT B Ka4eCTBE aJIbTCPHATHBBI HC-
MOJIb30BaTh BBIXOJ aHAJIOTOBOIO KOMIIApaTopa B Ka4eCTBE UCTOYHHKA CpabaThIBAaHUS Ul MOY-
JIsl 3aXBaTa JJaHHBIX Ha BXoje. BriGop aHanoroBoro kommapaTopa B KauecTBe MCTOYHHKA cpada-
TBIBaHUS MTPOU3BOAUTCS IyTEM YCTAaHOBKM OMTa 3aXBaTa JaHHBIX HA BXOJE aHAJIOrOBOrO KOMIIa-
paropa (ACIC) B peructpe craryca u yrpaBieHHs aHainoroBeiM kommnapatopom (ACSR). Cie-
nyeT yOeauTbcs B TOM, YTO M3MEHEHHE MCTOYHHMKA CpalaThIBaHHs ACHCTBUTENBHO MOXKET 3a-
IyCKaTh 3aXBaT AaHHBIX. Dar cO0pa AAHHBIX HAa BXOJE OJDKEH C yUE€TOM 3TOT0 ObITh COpOLIEH.

O6a Bxona — 3axBara naHHbIX Ha Bxoae ICP1 u Beixona ananoroBoro kommaparopa ACO
CTPOOUPYIOTCS C UCIIOJIb30BAHUEM TOM K€ METOIMKH, YTO U JUIsl BhIBosa T 1. YCTpoicTBO
JETEKTUPOBAaHUS (PPOHTOB TAKXKE MJIECHTHUYHO. B TO ke BpeMmsi, KOrja yCTpOMCTBO IIyMOMOaB-
JIEHHs 3aIyCKaeTcsl, Mepesl yCTPOHCTBOM JE€TEeKTUPOBAHUSA (PPOHTA BCTPAUBAETCS JOMOJHUTEIb-
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Hasl JIOTHKA, KOTOpas YBETUYMBACT 3a/ICPKKy Ha YEThIPE IHKJIA CHUCTEMHOW CHHXPOHU3AIIWU.
Crnenyer oOpaTUTh BHUMaHHUE Ha TO, YTO BXOJ[ YCTPOMCTBA IIYMOITIOIABJICHHUS U YCTPOUCTBO 00-
HapyXeHHsI (POHTA BCETJa pa3pelieHbl 10 TeX MOp, MOKa TaiMep/CUeTYNK yCTAaHABIUBACTCS B
peKHUM reHepaTopa (OpMbI CUTHAIa, KOTOpbid ucnoiasdyer ICR1 mis ompeneiieHus coCTOSHUS
TOP.

COop JaHHBIX Ha BXOJIC MOXKET OBITh 3aITYIICH MPOrPAMMHBIM CIIOCOOOM ITyTEM yIIpaBJie-
Hus opToMm BeiBosa ICP1.

YCTpoiicTBO IIYMOIIOAABJICHUSA

YCTpONCTBO 1IYMOIIOAABICHUS MOBBIIIAET MOMEXOYCTOMYMBOCTh Ojaroaapsi mpuMeHe-
HUIO TPOCTOM cxeMbl 1uppoBoit ¢puibTpanuu. CrexxeHue 3a BXOAOM YCTPOICTBA HIyMOIOIaB-
JICHUSI BEJIETCS B TEUEHHE YEThIPeX BBIOOPOK, NMPU 3TOM BCE YETHIPE BBHIOOPKU JOJKHBI OBITH
OJIMHAKOBBIMH JUIS U3MEHSIOIIETOCs BBIXO/A, YTO B CBOIO OYEPEb HCIIOJIb3YEeTCS YCTPOHCTBOM
oOHapyxeHHs PpoHTa.

YcrpoiicTBO nrymoronaBieHus 3amyckaercs myrem ycraHoBku Outa ICNC1 B peructpe
ynpasienus Taiimepom/cuerankom B (TCCR1B). Ilpu 3amycke yCcTpOWCTBO NIYMOIOAABICHUS
BBOJIUT YETHIPE IOMOJHHUTEIBHBIX CHCTEMHBIX TAKTOBBIX CHTHAJIA 33JCPKKH OT HM3MEHEHU,
MPUKIIAIbIBAEMbIX K BbIXOAY, A5 oOHoBieHus peructpa ICR1. YerpoiicTBo mymonoaaBieHus
UCTIOJIb3YeT CUCTEMHBI CUTHAJ CHHXPOHH3AIMH, U MIO3TOMY HA HETO HE BIHSET MPEIBAPUTEIb-
HBII JIEIUTENb YaCTOTHI.

Hcnoab3oBanne MoayJisi 3aXBaTa JaHHBIX HA BXOJ1e

OcHOBHOM MPOOIJIEMOH MTPH MCIIOB30BAaHUH MOJYJISL 3aXBaTa JAHHBIX HA BXOJIE SIBIISETCS
o0ecrieyeHne JOCTaTOYHON MPOM3BOIUTEIBLHOCTH IpoLeccopa JUlsi 00paOOTKU IMOCTYMAIOIUX
pe3yabTaToB. Bpemst Mex 1y HACTYIJICHHEM JIBYX COOBITHIA SBISETCS KPUTHUECKU BaXKHBIM. Ec-
JM TpoIieccop He ycren cuuTaTh 3HadeHue B peructpe ICR1 1o HacTyIieHus cieayrolero co-
obITus, To 3HaueHue ICR1 OyneT 3aMeHeHO HOBBIM 3Ha4YeHHEM. B 3TOM cirydae pe3ynbrar coopa
JTAHHBIX OyZeT HEKOPPEKTHBIM.

[Tpu ucmonp30BaHUM MpepBIBaHUS TPU 3axBare JaHHBIX, peructp ICR1 momkeH cyuThI-
BaThCsl KAK MOKHO PaHBIIIE BO BpeMsl MpoIelypbl 00pabOTKU NpepbiBaHUM. Jlaxke eciu mpephl-
BaHHE MpH cOOpEe JaHHBIX HA BXOAE OyAeT MMETh OTHOCHUTEIEHO BBHICOKUN MPUOPHUTET, TO MaK-
CHUMaJIbHOE BpeMs OTKJIMKA MPU MPEpbIBAHUN 3aBUCUT OT MAKCHMAJIbHOTO YHCia TaKTOBBIX MM-
MyJbCOB, TPEOYEMBIX /1J1s1 00pabOTKH JIF00Or0 U3 MPOUYUX 3aIPOCOB Ha MPEphIBaHUE.

Hcnonb3oBanue MOyl 3aXBaTa JaHHBIX Ha BXOJIE B JIIOOOM pexxuMe padoThl, €CiIM 3Ha-
yerne TOP (pa3pemaromias criocoOHOCTh) aKTUBHO M3MEHSIETCSI BO BpeMs pabOThI, HE PEKOMEH-
JyeTcsl.

N3mepenue pabodero IMKIa BHEIIHUX CUTHAIOB TpedyeT, 4ToObl (PpOHT cpabaThiBaHuUs
M3MEHSUICS TIOCIIe KaKJOTO 3axBaTa JaHHBIX. V3MeHeHHe YyBCTBHUTEIBHOCTH ()POHTA IOIKHO
BBITTOJIHATHCS KaK MOXKHO paHblle nocie cuutbiBanus peructpa ICR1. ITocne usmenenus ¢ppon-
ta (hiar 3axBata gaHHBIX Ha Bxoje (ICF1) momkeH ounmmaTscsi mMporpaMMHBIM CIIOCOOOM (C TTO-
MOIIbIO 3aIUCH JIOTHYECKOM eAMHUIIBI B ajjpec paspana ¢uara). Eciu BBIIOIHIETCS TOJIBKO U3-
MepeHHre 4acToThl, To copoc (iara ICF1 He TpeOyercs (pu ycIOBHM MCTOIB30BAHUS YCTPOIi-
CTBa 00paleHust ¢ IpepbIBAaHUSIMH).

3.12.6 Moayu cpaBHEHHS 10 BBIXOAY

16-pa3psaaublit kommaparop noctostHHo cpaBHUBaeT TCNT1 ¢ peructpoM cpaBHEHHUS IO
Beixoy (OCR1X). Ecmu TCNT paBao OCRILX, To KoMmmaparop BbIZae€T CHTHAI O COBIAJCHUH.
JT0 coBnajieHne ycraHoBUT ¢uar Bbixona cpaBHeHus (OCF1X) BO BpeMsi ClIEAYIOLIETO IHKIIA
cuHxpoHu3anuu taiimepa. [Ipu nmonydenun paspemenus (OCIELX = 1) daar BeIxoga cpaBHEHUS
rerepupyet npepsiBanue. @aar OCF1X aBTOMaTnuecku cOpachIBaeTcsi NMpH BBINOJIHEHUH TIpe-
peiBaHus. B xauectBe anbrepHatuBbl Guiar OCF1X MokeT ObITh COpOIIEH MPOrpaMMHO MTyTeM
3aIMCH JIOTHYECKOI eIMHHIIBI B aJpec ero paspsna. ['eHeparop curHana crenuaabHOU (HOpMBI
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UCTIONIL3YET CUTHAJ COBIMAJEHUS I TeHEPAIMH BBIXOJAa B COOTBETCTBUU C PEKUMOM PaOOTHI,
KOTOPBI  YCTAHOBMJICSI COOTBETCTBYIOIIMMH pa3psaaMu peXHMa TeHepalud CUrHaia
(WGM13:0) u pazpsnamu pexxuma cpapHeHus 1o Beixoay (COM1x1:0). Curnanst TOP u BOT-
TOM wucnoyb3yroTCsl TEHEPATOPOM CHUTHANIA CIICHAIBHONW (HOPMBI JIsi 00pabOTKH OCOOBIX CIy-
4yaeB KpalHUX 3HAYEHUH U1 HEKOTOPBIX PEKUMOB paOOTHI.

CrneuunanbHas QyHKIHS MOy A BBIXOJla CPAaBHEHUS MO3BOJISIET €MY OINPEACISATh BEJIH-
yuay TOP Taiimepa/cuerdnka (T. €. pa3pemiamilyr CiocoOHOCTh). B pomoiHeHne k paspernia-
rorel cmocooHoctu BenuunHa TOP onpexaenser nepuo BpeMeHu Jjisl curHajia, GopMUpyeMoro
TeHEepPaTOpOM CUTHAJIA CHeHATbHON (POPMBI.

Ha pucynke 3.41 nokazana 0J0K-cxeMa MOJYJISI CPaBHEHHUS IO BbIX0y. MajeHbKas OyK-
Ba «N» B HA3BaHMM PETUCTpa W OWTa yKa3bplBaeT Ha HOMEp ycrpoiictBa (N = 1 s Taiime-
pa/cuetumnka 1), a «X» yKas3plBaeT Ha MOAYJIb CpaBHEHHs 10 Bbixoay (A/B). DnemeHTHl OJIOK-
CXEMBI, KOTOpbIE HE BXOJSAT HEIOCPEJACTBEHHO B MOAYJIb CPABHEHUS 1O BBIXOJY, MOKA3aHBI Ce-
PBIM (POHOM.

[luna nanubIx (8 6uT)
< L A A
| Bpem.peructp(8 6ur) |
I
A 4 A4
[OCRnxH 6yd. (8 6ur))OCRnxL 6yd. (8 6ur)] TCNTnH 0y. (8 6ur) TCNTnL 6yd. (8 6ur)
OCRn 6ydep (16-pa3psiablii peructp) TCNTn 6ydep (16-pa3psasblii peructp)

A 4 \ 4
[OCRnxH 6yd. (8 6ut) OCRnxL 0yd. (8 our)|
OCRn 6ydep (16-pa3psiaublii peructp)

S

| 16-pa3psaHbIi KOMIIAPAaTOp |

& OCFnx(BHyTp.3ampoc)

TOP — ['eneparop —>>
BOTTOM — CUTHAJIOB !

IOCRn>

A A
WGMn3:0  COMnx 1:0

Pucynok 3.41 — bnok-cxema MO1yssl CpaBHEHUS 110 BBIXOY

Peructp OCR1X mmeet nBoitHyto Oydepu3annio Mpu UCIOIH30BAHUH JIFOOOTO W3 JBEHA-
auatu pexumon MM, B HOpManbHOM peXMME U PEKUME OUYUCTKU TaMepa IIPU CPaBHEHUU
(pexxum CTC) mBoitHas Oydepusanus oTkirouaercs. J[BoitHas Oydepu3anus CHHXpPOHU3UPYET
oOHoBieHue peructpa cpaBHeHus 10 1OP wim BOTTOM B nocnenoBaTenbHOCTH CYUTHIBAHUS.
CHHXpOHHU3AIMS TIPETOTBPAIIACT MOSBICHHE HECHMMETPUYHBIX HUMITYJICOB M30BITOUHOW JIJTH-
HBbI, 00ecIieunBasl Ha BBIXO/I€ CUTHAIIBI, CBOOOIHBIE OT TIOMEX.

Hoctyn k peructpy OCRI1X MokeT moka3aTbcs CJIOXHBIM, OJHAKO, 3TO He Tak. [lpum 3a-
nycke nBoiHON Oydepuszammu LITY momyuaer goctyn k peructpy Oydpepa OCRIX, a ecnu
nBoiiHas Oydepmzanus Oynet orkmodena, To LIITY momyunt npsimoit noctyn k OCR1X. Conep-
xumoe peructpa OCRI1X u3meHsieTcss TOJBKO MpU ONepaliy 3amucu (TaiiMep/cueTdyuk He 00-
HOBJISICT ATOT CYETYMK aBTOMATHYECKH, Tak Kak 3T0 BbimojaHseTr TCNTL1 — u peructp ICR1).
Benencteue storo OCR1IX He cUMTBHIBaETCS Uepe3 PErucTp BPEMEHHOTO XpaHEHHs CTapIIero
6aitita (TEMP). OnHako, ucxos U3 HOPMAJIBHOW MPAKTUKH, CIEIYET COCYMTATh CHadajaa MJiaj-
mui GailT, Takke Kak MpH jJoctyne K 16-paspsaHbiM peructpaM. 3amuck B peructpsl OCR1X
JIOJDKHA BBITIOJTHATHCS Yepe3 peructp TEMP, mockonbky cpaBHeHHE BceX 16 pa3psiioB BBITTOJ-
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HseTcsa HenpepbiBHO. CHavana joipkeH 3anucbiBatbes crapumii 6aiit (OCR1xH). Korpa LIITY
3aMMChIBACT 3HAYCHHE cTapiiero Oaita, coaepkumoe peructpa TEMP Gyner oOHOBIEHO Ha 3a-
NUCAHHOE 3HAUeHHuE. 3aTeM, KOTJa B MIIAJIIIINE BOCEMb Pa3psA0B 3alUCHIBACTCS MIIAAIINI GaiT
(OCR1XL), crapmmii GaiiT OymeT CKONMMPOBAaH B CTapIiKe BOCEMb paspsaaoB jubo Oydepa
OCR1Xx, nmu6o peructpa cpaBaenus OCR1X B TeueHre TOTO ke MUKJIa CHHXPOHHU3AIUH.

3.12.7 IlpuHyauTeIbHOE COBIAIeHHE

ITpu pabote B pexxumax, He oTHocsAmuxcs K 1M pexxumam, BbIXOJ| COBIaIEHUsI KOMIIa-
paTtopa MOXeT ObITh MPUHYIUTEIBHO YCTAHOBJICH MPU 3alUCU €IUHUIIBI B pa3psil MIPUHYIUTENb-
Horo cpaBHeHust (FOC1X). [IpunynutensHoe coBnaaenue He yctaHoBuT (uar OCF1X u He me-
perpy3ut/ouucTuT Taitmep, HO BbiBoa OCI1X Oymer 0OHOBICH, KaK €Ciau Obl IPOU3OIILIO pealb-
HOe coBmajieHue npu cpaBHeHuu (cocrossane COM11:0 onmpenensier: ycranosneH BeiBox OCI1X,
OYMIIICH WJTH MEPEKITFOUCH).

3.12.8 By1oKHpOBKAa COBINA/IeHUs IPU CPAaBHEHHH ¢ MoMoInbio 3anucu TCNT1

Bce oneparuu 3anucu LITY B peructp TCNT1 O6yayr G6rnokupoBarh 1t000€ COBMaACHUE,
KOTOpOE MPOMCXOJUT B CICIYIOIIEM IMKJIC CHHXPOHHU3AIlUU TalimMepa, Jake MPHU YCIOBHH, YTO
TaliMep OCTaHOBJIEH. JTa 0COOCHHOCTH Mo3BoJisAeT nHuIManu3upoBath OCRI1X mo toro xe ca-
moro 3Hadenust, uto 1 TCNT1 Ge3 3amycka mpepbrIBaHus, KOT/Ia aKTUBUPOBAH TAKTOBBIN T'eHEpa-
TOp TailMepa/cyeTyuka.

3.12.9 Ucnoan30BaHue MOIYJISI CPABHEHUSI 10 BBHIXOIY

[Tockonbky 3anuce TCNT1 B mr060Mm pexxume paboTsl OJIOKHPYET BCE COBHAAEHUS INPH
CpaBHEHHH B TEUCHHE OJIHOTO TAKTOBOTO IMKJA TaiiMepa, TO CYIIECTBYIOT PHCKH, CBSI3aHHBIE C
u3MeHeHusMu TCNT1 npu ucnonp3oBaHuH J1I000T0 U3 KAHAIOB CPAaBHEHMS IO BBIXOY, U 3TO HE
3aBUCHT OT TOro, paboTaer Taiimep/cueTduk win HeT. Ecinu 3Hadenue, 3ammucannoe B TCNTL,
Oyzner paBHsAThCs 3HaueHHto OCRI1X, To coBnaneHue mpu CpaBHEHMM OyleT MPOMYIIEHO, YTO
NpUBEJET K T'eHEpaluyd CUTHAjJa HempaBMIIbHOW (Qopmbl. He criemyer 3amuchiBaTh BENUYHHY
TCNT]1, paBuyto TOP, B pexumax IINUM c nepemennsivu 3HaueHussmu TOP. CoBnagenue npu
cpaBaeHnn it 1 OP OyneT mpourHOpUpoBaHO U cdeT npoaonkurces 1o OXFFFF. Touno Tak ke
He cnenyert 3anuceiBaTh 3HaueHue TCNT1, panoe BOTTOM, koraa c4eTynk AeKpeMEHTUPYET-
csl.

VYcranoBka OCI1X nomxHa OBITH BBINOJIHEHA JJO HACTPOMKH PErvcTpa HallpaBlICHHs JaH-
HBIX BBIBOJIA TIOPTa, KaK "BBIXOJ MaHHBIX'". CaMbIil TpocToil crioco0 ycraHoBKH 3HadyeHUs OC1X
COCTOUT B TOM, YTOOBI Hcnoib3oBath Outel FOC1X B HOpManbHOM pexume. Peructp OCI1LX co-
XpaHseT CBOE€ 3HAUCHUE, AK€ €CIIM OH IMEPEXOTUT B Pa3lIMYHbIC PEKUMBI TeHEpPAIlNH CUTHAIA
POU3BOJILHON (POPMBI.

HeobOxomumo yoenuthes B ToM, uto Outel COM1X1:0 He mMeroT nBoitHON Oydepusanum
COBMECTHO CO 3HaueHueM cpaBHeHUs. M3menenne 6utoB COMI1X1:0 HeMeNIeHHO BCTYNHT B
CHITY.

3.12.10 MoayJib cpaBHeHHs/COBNAeHUsI 10 BHIXOTY

Pa3psnsl pexxuma Boixona cpaBHenus (COM1x1:0) umerot ae ¢pynkimu. ['eneparop cur-
Haja Mpou3BOJILHON (hopmbl uctosb3yeT paspsasl COMIX1:0 ansa onpeneneHuss COCTOSIHUS BbI-
xoxaa cpaHeHus: (OC1X) mpu mocnemyronieM CoOBIaJeHUH pU cpaBHEHUH. Bropas ¢yHkuus co-
ctouT B ToM, 4To pazpsaasl COMI1xX1:0 ynpaBnsroT ucTouHuKoM Bbixoja s BeiBoga OCL1X. Ha
pucynke 3.42 mokaszaHa YIpOILEHHAs JIOTHYECKasi CXeMa, 3alycKkaemasi ¢ IOMOIIbIO yCTaHOBKU
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paspsaaa COM1x1:0, moka3aHbl perucTpbl, pa3psibl U BEIBOJBI BXOa/BbIX01a. B qanHOM ciyyae
MOKa3aHbl TOJBKO TE€ YacTH OOINMX PErHMCTPOB yIpaBiieHHUs moprta Bxoja/Beixona (DDR wu
PORT), na xotopsie Bo3neiicTBytoT pazpsasl COM1xX1:0. Ilpu cepuike Ha cocrosiane OCLX, sta
CChIIKa OTHOCHTCS K BHyTpeHHemy peructpy OCI1X, a ve k BeiBogy OCI1X. Ecnim mpoucxoaut
copoc cucremsl, To peructp OCLX cOpachiBaeTCsi B HOJIb.

—) >

COMnx1 I'eneparop
COMnx0 CUTHAJIOB D Q
FOCnx MMPON3BOJIBHOMN
= hopMbI s
OCnx I\ l\ OCnx
0 BbIBO/]
i iRR
= ii*s
< PORT
T
=
D Q
clkyo n’
DDR

Pucynok 3.42 — Cxema MOAYJIS CPAaBHEHUS/COBIIAACHUS TI0 BBIXOTY

OO6mas ¢GyHKIMA MOpPTa BXOJa/BbIXOJA TEPEMHUCHIBACTCS CUTHAJIOM BBIXOJA CPAaBHEHHS
OC1x u3 reneparopa CUrHaja MpOM3BOJIBHON (OPMBI, €Clii YCTaHOBJIEH JII000H U3 pa3psaoB
COM1x1:0. Ognako ans BeIBoja mopTa HampasieHue BeiBoga OCILX (BXOJ WM BBIXOA) TO-
NpeXHEMY KOHTPOJIMpYETCsl perucTpoM HanpasieHus naHHbix (DDR). but peructpa nanpasie-
Hust qaHHbIX Ui BbiBoga OCLx (DDR_OCIX) nomkeH ObITh YCTAHOBJICH KakK BBIXOJ JIO0 TOTO,
kak 3HaueHue OCIX craHeT mpHCyTCTBOBaTh Ha BbIBOJE. [lopT mepeomnpenenser QyHKUIUIO B
o0IIeM BHJIe HE3aBUCUMO OT PEKHMMa IeHepaluy CUTHAJa MPOU3BOJILHON (POPMBI, HO C HEKOTO-
PBIMU HCKITIOYEHUSMU.

Jloruka /7Sl BRIBOAA CPAaBHEHHS TTO3BOJISET BBIMONHATH MHUNHAMH3annio coctostHust OC1X
JI0 TOT0, KaK BbIBOJI pa3perieH. CieayeT oOpaTUTh BHUMAaHUE Ha TO, YTO HEKOTOPbIE YCTAHOBKHU
pazpsgoB COM1x1:0 pesepBUpYIOTCS TS OMPEICIICHHBIX PEKUMOB PaOOTEHI.

butet COM1x1:0 HuKak He BIUSIOT HAa MOAYJh 3aXBaTa JaHHBIX HA BXOJIE.

3.12.11 Pe:xum cpaBHeHUS MO BHIXOY M PeKUM reHepalMi CUTHAJIA POU3BOJIbHOI
(¢opmbI

I'eneparop curHama npousBodbHOH (opmbl ucronb3dyeT 6utet COM1X1:0 mo-pasHomy B
HOpMalibHOM pekume, pexnme CTC u pexxume MUPOTHO-UMITYJIBCHONW MOAyIsALuu. [l Bcex
pexxuMoB ycraHoBka 3HadeHHid COMI1X1:0 = 0 cooOmiaer reHeparopy CUTHajIa MPOU3BOJILHON
dopmbl 0 TOM, uTO B OTHOImIEeHUH peructpa OCLX He creayeT BBINOIHATh HUKAKHX JeHCTBUI
IIPU CIIETYIONIEM COBIAICHUH TIPU cpaBHeHHH. V3MeHenne coctostaus pa3psaaoB COM1x1:0 mo-
BJIMSIET HA TIEPBOE COBIMAJICHHUE MPU CPABHEHHUHU TIOCIIE TOTO, KaK OMTHI 3anucanbl. [ peKuMoB,
He oTHocsmuxcs k [IIMM, coBnazienre MoXeT ObITh BBIHYKJCHHBIM ITyTEM UCIOJIb30BaHUS pa3-
psanoB FOC1x.
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3.12.12 Pe:xumbl paboThl

Pexum paboThbl, TO €CTh MOBEIEHUE Ha BBIBOJAX TalMepa/cueTdyHMKa M BBIBOJE «BBIXO]I
CpaBHEHHs», onpeensercss komOuHanuei paspsnos ais pexxuma (WGM13:0) renepanuu cur-
HaJla TPOM3BOJLHON (opMBI U peskuMa cpaBHeHus 1Mo Beixoay (COMI1X1:0). Paspsasl pexuma
CpaBHEHHS 110 BBIXOJly HE 3aTParuBaroT MOCIEI0BATEIBHOCTh MOJCUETa, B TO BpeMs Kak pa3psi-
JIbl peKHMMa TeHepalluy CUTHaIa MPOU3BOJIbHON (popmbl BiaustoT Ha Hero. Paspsaer COM1x1:0
OTIPENeNAIOT, JODKEH JIM OBbITh MHBEPTHPOBAH WIIM HET CTeHEpUpOBaHHBIN BbhixogHoi INM
curai. [{ns pexxumon 6e3 [IIMM 6utet COM1X1:0 ynpaBisroT A€MCTBUSIMH B OTHOIIICHUH TOTO,
JIOJDKEH JIM BBIXOJ OBITh YCTaHOBJICH, OYMILEH WM MEPEKII0YEH M0 COBHAJCHHUIO NPU CpaBHe-
HUMU.

OObIYHbBIN pexxuM padoThl

CaMbIM IPOCTBIM PEXUMOM PaboTHI siBisieTcst 00branblid pexknm (WGM13:0 = 0). B stom
peKuMe HalpaBJIeHHE cueTa BCEerja CleAyeT 10 BO3PacTaHUIO, MU IPU ATOM HE BBINOJIHACTCS
ouncTKa cyeTynka. CUeTYUK MPOCTO MEPENOHAETCS IPU MPOXO0KIEHUU CBOETO MAaKCUMAJIBHOTIO
16-6utHoro 3nauenuss (MAX = OXFFFF), a 3arem nepesanyckaercs us BOTTOM (0x0000). B
HOPMaJIbHOM peXuMe paboThl ¢uiar nepenoidHenus Taimepa/cyerynka (TOV1) Oyner ycraHoB-
JIeH B TEYEHHUE TOT'0 )K€ IIUKJIa CHHXpOHU3aluu Taiimepa, koria TCNT1 ctaHoBUTCS paBHBIM HY-
J10.

@nar TOVI B 3TOM cinydae BeneT ceOs Kak ceMHaaLaTbli pa3psl, 3a UCKIUYEHUEM TOTO,
YTO OH TOJBKO YCTaHaBJIMBAaeTCs, HO He cOpachiBaeTcs. OJIHAKO, B COUETAHUU C IPEPbIBAHUEM
HepenoaHeHus Taiimepa, KoTopoe aBToMarudecku copaceiBaet ¢uiar TOV1, pasperaromias cro-
coOHOCTH TaliMepa MOXKET ObITh MOBBILIEHA POTrPAMMHBIM criocoOoM. B HopmasibHOM pexnMe
HET 0COOBIX CIy4aeB, KOTOPbIE HEOOXOMMO paccMaTpUBaTh, IPU TOM HOBOE 3HAYEHHUE CUETUH-
Ka MOJKET OBITh 3aIIMCaHO B JII000€ BpPEMs.

Monynb 3axBaTa JaHHBIX Ha BXOJI€ MOXHO JIETKO HCIIOJIb30BaTh B HOPMAJIbHOM PEKUME.
[Tpu 5TOM HE0OX0MMO 00pPaTUTH BHUMAHKE HA TO, YTO MAaKCHMAaJIbHBIN HHTEPBAJ MEKIY BHEIII-
HUMH COOBITHSIMU HE JIOJDKEH MPEBBIIATh pa3pellarolylo cnocoOHoCTh cueTunka. Ecnu unrep-
BaJI MEX/Ty COOBITHSIMH CITUIIKOM BEJHK, TO IPEPHIBAHHE MEPETIOHEHHS CUSTUYNKA WITH TIPEJIIe-
JIUTENb JO0JKHBI OBITh MCIIOJIB30BaHBbI JUIS MOBBILICHUS pa3peliaoneil criocOOHOCTH MOAYIIS 3a-
XBaTa JaHHBIX.

Monaynu cpaBHEHHUsI MO BBIXOAY MOTYT MCIIOJIB30BaThCs Ul Ie€HEpalluud NpepbIBaHUM B
OIpezieNIeHHbII MOMEHT BpeMeHU. Vcnonb30BaHNe CpaBHEHUS MO BBIXOMY JUIsl T€HEpaluu Ipe-
PBIBaHUI B HOPMAJIbHOM pPEXHME HE PEKOMEHIYeTCs, MOCKOJIbKY 3TO OyJeT 3aHMMAaTh 3HAYU-
TEJbHYIO YacThb BpeMeHu padotsl LIITVY.

Ouuncrtka TaiiMepa B pe:kume coBnagenus npu cpasuennn (CTC)

B pexxume ouncTku Taiimepa npu cpaBHeHun win pexkume CTC (WGM13:0 = 4 i 12),
peructpsl OCR1A wmm ICRI ucnons3yroTes Ui ynpaBieHUs pa3pelarolnieil crnocoOHOCThIO
cuetunka. B pexxume CTC cueTurk cOpachiBaeTcs 0 HyJs, koraa 3Hadenue cuerunka (TCNTL)
cosmazaet 6o ¢ OCR1A (WGM13:0 = 4), iu6o ¢ ICR1 (WGM13:0 = 12). OCR1A umu ICR1
OTIPENIeNSAIOT BEpXHEe 3HAUCHUE CUETUYHKA, a CIECIOBATEIBHO, €r0 pa3pemaroniyio ClIoCOOHOCTb.
OTOT pexuM o0ecrieuyuBaeT Jydlllee YIpaBiIeHHUE BBIXOAHON YacTOTHI COBIAJEHUS MPH CpaBHE-
Huu. OH Tak)Ke YIpoulaeT ONepalnio cyeTa BHEUTHUX COOBITHA.

Bpemennas auarpamma ans pexuma CTC nokaszana Ha pucyHke 3.43. 3HaueHHe CUeTYNKA
(TCNT1) Bo3pacraer 10 Tex IMop, MoKa He HacTymaeT coBmajeHue npu cpaBHernn ¢ OCR1A
wn ¢ ICR1, a 3arem cuetunk (TCNT1) cOpacwiBaeTcs.
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Yceranoska
(1aroB npepbIBaHUS

v OCnA wmn ICF
v (npepsiBanue Ha TOP)
TCNTn
OCnA I ' (COMnAL1:0=1)
le I
[lepuon [«

Pucynok 3.43 — Pexxum CTC, BpeMeHHas quarpamma

IIpepbiBaHME MOXET ObITh CTEHEPUPOBAHO KaXKIbli pa3, KOrJa 3HaU€HUE CUETUYUKA JIOCTH-
raer TOP 6naronaps ucnons3oBannto (pmara OCF1A wmu ICF1 B cooTBeTCTBHM € HCTIONB3Yye-
MBIM perucTpom i onpezaeneHus 3Hadyenus TOP. Ecnu npepbiBaHue pasperieHo, TO HOAIpo-
rpamMmma 0o0paboTunka MpepbhIBaHUI MOXKET HWCIOJIB30BATHCS IJIsi TOTO, YTOOBI OOHOBUTH 3HaYe-
Hue TOP. [Ipu sToM u3menenue 3HaueHust BeanuuHsl TOP Ha Benuunny, OJIU3KYIO K
BOTTOM, koraa cueTuuk paboTaeT ¢ MaJbIM 3HAUE€HUEM MpeAJesuTeNs Wik 0e3 Hero, J0IKHO
BBITOJIHATHCS. OYEHb OCTOPOXKHO, MOCKOJBKY peskuM CTC He mmeeT BO3MOKHOCTEH sl IBO¥-
HoMl Oydepuzanuu. Eciu HOBOe 3Hauenue, 3anucannoe B OCR1A wnu ICRI1, Huxe, yem Teky-
miee 3HaueHue TCNT1, TO cYeTYHMK MPOITyCTUT COBMAJEHUE MPH cpaBHEHWU. CUETYMK TOJKEH
OyZeT Torja BBINOJHUTH CYET JO ero mMakcumainbHoro 3HaueHus (OXFFFF) u cmenmats cOpoc,
HauaB co 3HaueHuss 0X0000 mpexae, ueM CMOKET MPOU30MTH COBIAJEHUE NMpU cpaBHEHUH. Bo
MHOT'HX CIIydasix 3Ta OCOOCHHOCTb He XelaTelbHa. B kauecTBe albTepHAaTHBBI TOTAa HEOOXO0U-
MO OynIeT MCrmoibp30BaTh ObICTpoxaeicTByroNMi pexum MM, ucrone3ys OCR1A nmns Toro,
yro0b! onpenenuts TOP (WGM13:0 = 15), nockonsky OCR1A Torna Oyner uMeTh ABOMHYIO
Oydepuzaruto.

Jlns reHepanuu curHaiga npousBoibHOM ¢opmbl B pexkxume CTC, Beixog OClA moxHO
YCTAHOBHUTH ISl TIEPEKIIIOUEHHSI €r0 JIOTHYECKOTO YPOBHS TPH KKIOM COBMAJCHUH ITyTEM
YCTAHOBKHM pa3psiioB peKUMa CpPaBHEHMS 10 BBIXOJLY JUI peXHMa IEepeKII0YeHUs
(COM1A1:0=1). Bennunna OC1A He OyzeT BUIHA HA BBIBOJIC MOPTa J0 TEX TOp, OKA HAMpaB-
JIeHWe JaHHBIX JJIS BbIBOAA He Oyzaer ycraHoBieHo kak Bbixoq (DDR_OCILA = 1). I'enepupye-
Masi gopma curHana OyJdeT MMeTb MakCUMalbHYyI0 4acToTy focia = fok wo/2, xorma OCR1A
ycraHoButcs B HOub (0X0000). Yactota hopMBbl CUTHAIIA ONIPEEIISeTCs] YpaBHEHHEM

P Jek 10
OCnA 2-N-(1+0OCRnA)

B nmannom cnyuae mepemennas N mpencraBiser cob6oi Kod(pUIIMEHT TpeaBapUTEILHOTO
neneHus yactotel (1, 8, 64, 256 wnm 1024).

Jlnst HopMantbHOTO peskumMa padothl ¢utar TOV1 ycraHaBiMBaeTcsi B TOM K€ CaMOM IIHKJIE
CHHXPOHH3AIMU TaiiMepa, korja cuetynk Benet cuer or MAX mo 0x0000.

104



breicTpsorii pexum HIUM

Beictpeiit pexxum HIUM (WGM13:0 = 5, 6, 7, 14 unu 15) npemocraBisieT BO3MOKHOCTb
renepauuu curHana MM ¢ Beicoko# yactoTou. beictpsiii pesxum LIMM ornugaercs ot npy-
TUX BapUAHTOB PEKUMOM PabOTHI 1Mo ogHOMY (hpoHTy. Cuerynk BeImoyHsIET cueT oT BOTTOM
no TOP, 3atem BHOBB 3amyckaercs ¢ BOTTOM. B HeMHBepTHPOBAaHHOM pEXUME CPABHEHUS 11O
Beixony (OC1X) BeIBO ycTaHaBnuBaeTcs mo coBmnanaeHuto npu cpaBHeHud TCNT1 u OCR1X u
3arem cOpaceiBaercs mpu | OP. B pexxnMe MHBEPTUPOBAHHOTO CPABHEHHUS IO BBIXOJY BBIBOJ
cOpachIBaeTcs MO COBIIAJICHUIO MPU CPAaBHEHUU U 3aTeM ycTaHaBnuBaercs npu 1OP. brnaromaps
pexxuMy paboTel o oHOMY (PpOHTY, pabodast yactoTa B ObICTpoeicTByomEeM pexnme [TNMM
MOXXET OBITh B JIBa pa3a BhIIIe, 4eM s pexxuMoB [IIMM ¢ da3zoBoii niau ga3zo-4acTOTHON KO-
PEKIIMel, KOTOPBIE UCTIONB3YIOT PEKUM PadOTHI IO 1BYM (ppoHTaM. Takas BbICOKasi 4acToTa Jie-
naet ObicTphlil LM pexxum oueHb IpUEeMIIEMBIM JIJISl PETYIMPOBKUA MOLTHOCTH, BBIIPSMIICHUS
u npumenenuit 1s L{AIL Breicokas yacToTa mo3BOJIsS€T UCIOIB30BaTh BHEIIHUE KOMIIOHEHTHI C
ManbIMU (U3MYECKUMHU pa3MepaMu (KaTyIIKHU, KOHACHCATOPHI), Oiiarogaps 4eMy CHHUKAeTCS
o011asi CTOUMOCTb CUCTEMBI.

Paspemenue s 6picTporo pexkuma LHHMUM moxuO dukcupoBats A0 8, 9 unu 10 pa3psaos
win omnpenenars paspemenue ¢ nomompio ICR1 umn OCR1A. MuHUMaNIBHO TOITyCTUMOE pas3-
pemrenue coctapisier aa paspsga (ICR1 win OCRLA 3arpykarorcs 3Hauenuem (0x0003), a
MakcuMainbHoe paspemenue paBHo 16 paspsgam (ICR1 wim OCR1A 3arpyskatorcs 3HaY€HHUEM
MAX). Pazpemenue B [IINM pexrime MOKHO BBIYUCIHUTD IO PopMyie

_logiTOP+1)

R =
FPWM mg [2}

B Obictpom MM pexnMe 3HauU€HUE CUETYMKA BO3PACTAET JI0 TEX MOP, T0OKa HE COBHAJET
¢ ogauM u3 pukcupoBanubix 3HadeHuit 0XO0FF, 0x01FF wiu 0x03FF (WGM13:0 =5, 6 nnu 7),
3HaueHueM B ICR1 (WGM13:0 = 14) unu 3nauenueM B OCR1A (WGM13:0 = 15). 3arem npu
CJIEAYIOIIeM IMKJIEe CMHXPOHHM3AalMM TaiiMepa cueTdyuk cOpachiBaeTcs. BpemeHHas auarpamma
st Obictporo pexxuma IIIMM nokaszana Ha pucynke 3.44. Ha pucyHke mokas3aH OBICTpBIN pe-
xkuM HIUM nns cnydas, korna OCRIA unn ICR1 ucnons3yrorest st onpenenenuss TOP. 3na-
yenre TCNT1 Ha BpeMeHHOH quarpaMme NMoKa3aHO Kak TMcTorpamma i WUTIOCTPalud pexXu-
Ma paboThl 0 oAHOMY (QpoHTy. Ha cxeme nmoka3aHbl Kak HEMHBEPTHPOBAaHHbBIE, TAaK U UHBEPTH-
poBanHble Bbixobl IIIMIM. HeOosnbliue ropu3oHTaNbHbIE JMHEHHBIE METKM Ha HAaKJIOHHBIX
yuactkax TCNTI1 mpencrasustor coBnaaenue mexay OCRIx m TCNTI1. ®nar npepsiBanus
OCI1x ycraHoBUTCS, KOTJja MPOU30MUIET COBIIAJICHUE NPU CPABHEHUU.

@nar nepenonHeHus Taiimepa/cuetunka TOV1 ycraHaBmuBaeTcs KaxIblid pa3, Korjaa
cuetunk gocturaet 3HaueHuss TOP. B nonomunenue ¢gurar OC1A unm ICF1 ¢uar ycranaBnuBaet-
Csl B TEUEHHUE TOIO XK€ LIMKJIa CUHXPOHMU3alMH, Korjna ycraHasiusaercss TOV1, n ecmu OCRIA
nmn ICR1 ncnons3yercs nns onpenenenus 3HaueHus TOP. Ecnu paspemaercs oqHO U3 peps-
BaHU, TO MpoLeaypy OTJIAAYUKa MPEPhIBAHUS MOXKHO HCIOJIB30BaTh Al oOHOoBIeHUs TOP u
BEJIMYMH CPABHEHMUS.

[Tpu n3menennu BennuuHsl TOP nporpamma jtomkHa 00eceyuTb, YTOOBI HOBOE 3HAUEHUE
TOP 651510 BbIIIE WK PAaBHO 3HAYEHUIO BCeX peructpos cpaBHeHus. Ecnu 3nauenne TOP Huxe,
4yeM Y JIF000ro M3 PEerucTpoB CPaBHEHUS, TO COBIAJCHUE NMPH CPABHEHUH HUKOTIA HE MPOUCXO-
aut Mexay TCNT1 u OCR1x. Heobxoaumo oO0patuTh BHUMaHWE HA TO, YTO TMPHU MCIOJIb30Ba-
HUM (QuKcupoBaHHBIX 3HaueHU TOP Heucnonp3yeMble pa3psibl MAaCKUPYIOTCS HyJIEM IpHU 3a-
nicH JTF00bIX 3HadeHni peructpoB OCR1X.
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(DCRnx/TOP o6HOBIEHK]
¥ yCTaHOBKa
V (u1aroB npepuIBaHUs
TOVn u OCnA unu ICFn)|
(npepsiBanue Ha TOP)

TCNTn /

Ocnx _l
Ocnx [T 1TUL | [ (COMnx1:0=3)
- 1 2 3 4 7 8

epHos [¢——ple——le—}

Pucynok 3.44 — BpemenHast quarpaMma, OsicTpblii peskum LLINM

(COMnx1:0=2)

[Iponenypa o6noBnenust ICR1 otnmyaercs ot oonoBienuss OCR1A, korga oHa UCHOB3Y-
ercs ans onpenenenus BenuuuHbl TOP. Peructp ICR1 He umeer nBoitHoM Oydepusanuu. 310
o3Hauaet, 4yro eciau ICR1 u3mensier 3Hauenne Ha Oojiee HHM3KOE, KOTAAa CYETYMK paboTaeT mpu
MaJIOM WJIM OTCYTCTBYIOLLEM 3HAYEHUH IMPENJEIINTENS, TO CYILECTBYET PUCK, YTO HOBOE 3aIlH-
cannoe 3HaueHue ICR1 Oyner mensbie, yem tekymee 3Hadenne TCNT1. B pesynbrare cuetumnk
IIPOIIYCTUT coBnazeHue npu 3HadueHuu TOP. 3areM cueTumky NpUAETCs CUMTaTh O 3HAYEHUS
MAX (0xFFFF) u cnenath nukinndeckuit nepexos, HaunHas ¢ 0x0000 1o Toro, kak MOKeT Mpo-
U30iTH coBnazeHue npu cpaBHeHuu. [Ipu stom peructp OCR1A umeer nBoitHyro0ydepusanuro.
OTta 0co0EHHOCTh MO3BOJISET 3amMchiBaTh aapec Bxoaa/Beixoga OCRI1A B mo6oe Bpems. Ilpu
3anucu agpeca Bxoaa/Beixona OCRIA 3anuceiBaemMoe 3HaueHHe OynieT MOMeNeHO B Oy(hepHbIii
peructp OCR1A. 3arem peructp cpaBHenust OCR1A Oyzner oOHOBJIEH Ha 3HaUueHUE B OydepHOM
peructpe, npu cieayrouiem nukie cuaxponusanuu taiitmepa TCNT1 cosmager ¢ TOP. OOHOB-
JIEHUE BBITIOJIHIETCSI B TOM K€ ITUKJIE CHHXPOHU3AIUU Taitmepa, nockoiabky TCNT1 cOpacriBa-
eTcs u ycranasnuBaercs ¢uar TOV1.

Ucnons3oBanue peructpa ICR1 nns onpenenenus TOP xopomio cpabaTeiBaeT mpu uc-
nojb30BaHun (pukcupoBaHHbIX 3HaueHuil TOP. bmarogaps ucnons3oBanuto ICRI1, peructp
OCRI1A cBoOoaeH ans ucnonb3oBanus npu rerepanuu Boixoga HIMM na OCIA. B 1o ke Bpe-
Ms IpU aKTUBHOM M3MeHeHuu 4acToTsl [IIMM (3a cuet nu3menenus Bennuunsl TOP), ucnons3o-
BaHue OCRI1A B xauectBe TOP sBnsiercss SIBHO JydiiuM BbIOOpOM Oiiarojapsi HATMYMIO JABOM-
HOM Oydepuzanuu.

B 6picTpom pexxume ILIMM Moaynu cpaBHEHHs TIO3BOJISIOT OOECIICYHTHh TEHEPAIIUIO CHUT-
Hana [IMM nHa BeiBogax OCI1x. YcranoBka pazpsaos COM1x1:0 B 3nauenune «10» coznmact He-
nHBepTHpoBaHHbI pexxum MM n unaBepTupoBanHslii Bbixoa ILIMM MoxkeT reHepupoBarbes
nyreM yctanoBku COM1x1:0 B 3Hauenue «11». @akrtudeckoe 3HaueHne OC1x OyaeTr BUANMBIM
Ha BBIBOJIE TOPTa, €CIIM HampaBieHUE TaHHBIX IS BbIBOJA MOpPTa YCTAHOBJIEHO KaK BBIXOJ]
(DDR_OC1x). ®opma curnana IIIMM renepupyercs myTeM YCTaHOBKHU (MJIM OYMCTKH) PETHCTpPa
OC1x npu conagenun OCR1x u TCNT1, u ounctku (niau yctanoBkH) peructpa OC1x kaxabiit
pa3, koraa cueTdauk ooHymsercs (u3menenus ¢ TOP va BOTTOM).

Yacrory HIMM 1151 BBIXOZ]@ MOKHO BBIYHUCIUTD C TIOMOIIBIO YPABHEHHMS

. _ Jakuwo
locnsrwy = (1 7 TOP)
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[Tepemennas N mpexacraBnser coboii 3HaueHue npengenutens (1, 8, 64, 256 wnm 1024).
Kpaitnue 3nauenus OCRI1X peructpa mpenctapisioT celraibHble Cy4yan, KOrjia FreHepupyercs
HIMM curnan B 6sictpoMm pexume. Eciiu OCR1X ycranosien pasasiv BOTTOM (0x0000), BBI-
XOJIHOM curHai OyJeT Mpe/ICTaBIsATh Y3KUM UMIybc A kaxkaoro TOP+1 TakToBoro umiiyinbca
taiimepa. Ycranoska OCR1X paBusiM TOP mpuBeseT kK MOCTOSHHOMY BBICOKOMY WJIM HU3KOMY
JIOTUYECKOMY YPOBHIO Ha BBIXOJI€ (B 3aBUCHUMOCTH OT MOJISIPHOCTH BBIX0J1a, YCTAHOBJIEHHOTO OU-
tamu COM1x1:0). Yacrota (c 50 % CKBa)XXHOCTHIO) BBIXOJHOTO curHaia B Opictpom ILIIUM pe-
KM€ MOXKET ObITh JOCTUTHYTA ycTaHOBKOM Outa OCLA, 4TOOBI NEPEKIIOYUTH €T0 JTOTUUECKUMA
ypoBeHb nipu kaxnom cosnangeHnn (COM1AL:0 = 1). CrenepupoBaHHBIN CUTHAN OYAET UMETh
MakcHMaJbHYyI0 4acToTy focia = fek 1o/2, korma OCR1A Oyner pasro Hyimto (0X0000). Ota oco-
O6eHHoCTh HantoMuHaeT curyanuto, korga OCLA nepekmtogaercs B CTC pexum, kpome JBOWHON
Oydepu3zanuu BbIXo/1a MOJIYJIsl CpaBHEHHUsI, pa3perieHHoro B OpictpoM LIIUM pexume.

Pesxxum (¢azoBoii koppekunu

Pexxum dazosoit koppekunn HINUM (WGM13:0 =1, 2, 3, 10 unu 11) obecieunBaet BBICO-
koe paspenieHue ¢azoorr koppekuuu MM curnana. ®azoBas koppekuus WM, nomo6HO
¢a3oBoii u yactotHoi Koppekuuu [IINM pexrma, OCHOBBIBAEeTCS HAa ONEpaIiy M0 IByM (ppoH-
TaM. B HeMHBEpPTHUPYIOIIEM pEeXUME CpaBHEHHUs, BbIX0H pe3yibTara cpaBHenus (OCLX) ouumia-
etcs nipu ooHapyxenun copnanenus mexay 1CNT1 u OCR1X npu nHKpeMeHTe U yCTaHaBJIHBa-
eTcs, Korjaa oOHapy>KUBaeTcs COBIAJCHUE NPH JeKpeMeHTe. B MHBepTUPYIOLIEM peXUME CpaB-
HEHHS IPOU3BOAMTCS orepanus naBepcuu. Onepanus mo AByM GpoHTaM MMEET MaKCHMAaIbHYIO
4acTOTy HMKE, YEM Yy ollepaluu no ogHomy ¢poHTy. OnHako, 6aroaaps CHMMETPUYHBIM OCO-
6ennoctsM pexknma LM 1o aBym poHTaM, 3TH PeKUMBI MPEIMOYTHTEIBHEN ISl TPHUIIOXKE-
HU yrpaBiieHUs 3JEKTPOIBUTATEISIMH.

Paspemenne LLINUM st peskuma Ga3oBoil KOPPEKIUU MOXKET OBITh (PUKCHPOBAHHBIM 8-, 9-
win 10-6utHbIM, unu onpeneneHo oo ICR1, 6o OCR1A. MunuMansHOE pa3penieHue —
2 outa (ICR1 wimm OCR1A ycranasnmuBarotcs B 3HaueHre 0X0003), MakcUMalIbHOE pa3pericHue
— 16 out (ICR1 unu OCR1A ycranaBnuBatorces B 3HaueHue MAX). Paspemenue HIMM moxer
OBITh BBIYHCIICHO, UCTIONB3YS BBIPAKEHHE

log(TOP +1)

Rpcpwm = log(2)

B pexume daszooit koppekiuu MM cueTunk MHKpeMEHTHPYETCs 10 TeX HOp, MOKa ero
3HaveHue Ha ctaneT paBHO 0XO0FF, 0X01FF nmu 0X03FF (WGM13:0 = 1, 2 unu 3), 3HaueHHIO B
ICR1 (WGM13:0 = 10) unu 3Hauenuto B OCR1IA (WGM13:0 = 11). Cyerynk gocTHraeT 3Ha4e-
Husg TOP w m3mensier HanpasieHue cueta. 3Hadyenue TCNT1 Oyxer paBHo 3HadeHuio TOP B
TEUYEeHUE OJHOT0 MepHoja TaKTOBOI'O CHUTHaia Taiimepa. BpemeHnHas auarpamma pexxuma ¢a3zo-
BOW KOPPEKIIMU MpPEACTaBiIeHa Ha pUCyHKe 3.45. PUCYHOK NMpEACTaBIEH B BUAE TMCTOrPaMMBbI
JUIS WJUTIOCTPALIMK OTIepaluy 1o AByM (poHTam. J[narpamMma cofep KUT HEMHBEPTUPOBAHHBIN U
uHBepTUpOBaHHBIA BeIxoAbl LIIMM. Hebomnbimas ropuzoHTanpHas JTuHUS oTMedaeT Ha TCNT1
MOJIOKEHUS, KOTOpbIe MPEACTABISAIOT coBnaaeHus npu cpaBHeHun Mmexxay OCRIX m TCNTIL.
Omnar npepsiBanust OC1X Oyner ycTaHOBIICH, KOTa TPOU30MIET COBIAICHHE.

@nar mepenonHeHus: Taiimepa/cuetunka (TOV1) ycranaBimmBaeTcss KaXIbld pas, Korjaa
cuerynk jgocturaet 3HaueHuss BOTTOM. Ecnu st onpenenenus 3nauenns T OP mcmonb3yercs
OCRI1A umu ICRI1, to ¢nar OC1A unu ICF1 ycranaBnuBaeTcsi B TOT K€ CaMblil ITUKJI TaKTUPO-
BaHus, koraa peructpbl OCR1X 0OHOBISIFOTCS 3HAUCHHUSMU JIBOMHOW Oydepusammu (Ha TOP).
®naru mpepbIBaHMs 3aT€M MOTYT HCHOJB30BAThCS JISi TEHEPAIllMH MPEepBhIBAHUS KK pas,
Korma cueturk nocruraeT sHauenue | OP uiou BOTTOM.

107



OCRnx/TOP
oOHOBIIsICTCS
dnar npepeIBaHUs
OCnA unu ICFn
yCTaHABJINBACTCSA
(npepeiBanue no TOP)

VYceraHaBiuBaerTcs
TOVn ¢nar

v v v v NpepbIBaHMUS
(npepsiBaHKE 1O

. BOTTOM)

G

TCNTn

OCnx [ (COMnx1:0=2)

OCnx [ ] [ ] [1] | [(COMNx1:0=3)
Mepuor — e e e

Pucynok 3.45 — Bpemennas quarpamma pesxuma ¢a3oBoit koppekuuu [HINMM

[Tpu cmene 3nauenus TOP mporpamMma JIoJpKHA 00€CIIeYnTh, 9TO0BI HOBOE 3HaueHue | OP
ObUI0 0OJIbILE WM PAaBHO 3HAUYEHUIO BCEX perucTpoB cpaBHeHus. Ecnu 3Hauenune TOP menblie,
4yeM Jr000e 3HaUeHHE PETMCTPOB CPaBHEHHs, TO COBIAJICHUE MPU CPAaBHEHHHM HUKOTAA HE TPO-
uzoiaer mexay 3HadeHussMu 1CNT1 u OCRI1X. Heo6xoammo 3aMeTUTh, 4TO KOTJa UCIOIb3YeT-
csi puxcupoBanHoe TOP 3HaueHHe, HEUCHOIB3yeMble OMTHI MACKUPYIOTCS HYJSIMH, KOTJIa TPO-
u3BoANTCS 3anuch B 000i u3 OCRI1X peructpoB. Kak nokasaHo B TpeTbeM NEepHOJE HA PUCYH-
ke 3.45, u3menenue 3HaueHus TOP B To Bpemsi, koryia TaiiMep/cueTdnk paboTtaer B pexume (a-
30BOM KOPPEKIMH, MOXKET MPUBECTU K (OPMHUPOBAHUIO HECUMMETPHUUHOTO CHTHAJIa HA BBIXOJIE.
[TprumHa 3TOTO MOKET OBITH Haif/IeHa BO BpeMsi ooHoBIeHUs peructpa OCRI1X. [Tockombky 00-
HoBneHue peructpa OCRIX mpoucxoaut Ha TOP, nepuon IIIMM HaunHaeTcs M 3aKkaHYMBaeTCs
Ha TOP. Dro mompa3ymeBaer, 4To JUIMHA CHANAOMEro (DPOHTA OMpPENENSICTCS MPEAbIIYITIM
3HayeHueM 1OP, B TO BpeMs, Kak JUIMHA HapacTaroero (poHTa onpeaessieTcs HOBbIM 3HaUeHH-
em TOP. Korma 5Ty 1Ba 3Ha4eHHUs pa3JIMIHbL, [UTMHA ABYX (PPOHTOB meproaa OyAyT OTIIMYAThCS.
Paznuuue JUIMH 1aCT HECUMMETPUYHBIN pe3ylbTaT Ha BBIXO/IE.

PexomeHTyeTcst UCTIONB30BaTh PEKUM KOPPEKIHH (a3bl M 4aCTOTHl BMECTO pexnma (hazo-
BOM KOppekuuH, Korjga TtpeOyercs u3MeHsTh 3HadyeHue [OP Bo Bpems paOoTbl Taiime-
pa/cuerunka. Kornma ucnons3yercs cratudeckoe TOP 3HaueHHe, MPaKTHUECKH OTCYTCTBYET pa3-
HUIIAa MEX]Ty BBIILIEYKa3aHHBIMU PEKUMaMU PaOOTHI.

B pexume [IIVM ¢ dazoBoit koppekiuei MOyl CpaBHEHHS TTO3BOJISIOT 00E€CTICUNUTD T'e-
Hepanuto curtana IIIMM na BeiBogax OC1X. YcranoBka paszpsgoB COM1x1:0 B 3Hauenue «10»
co3nact HemHBepTUpoBaHHbIi curaai LLIMM, npu ycranopke COM1x1:0 B 3nauenue «11» Oy-
JET creHepupoBaH WHBepTHpoBaHHBIH curHan [IIMM (tabnuna 3.47). @akTuyeckoe 3HaUCHUE
OC1x OyneT nmprCyTCTBOBATh Ha BBIBOJIC TIOPTA, €CIIM HAIIPABIICHHUE JAHHBIX JUIsI BRIBOJIA TTIOPTA
ycranaBnuBaeTcs kak Bbixoa (DDR_OC1X). ®dopma curnana ILIMM renepupyercs nmyrem ycTa-
HOBKH (v cOpoca) peructpa OC1X npu coBmanernu mexay OCR1X u TCNTL, korna 3Have-
HHUE CYeTYMKa MHKpEMEHTUpyeTcs, u copoca (i ycranoBku) peructpa OCLX npu coBnaieHuu
mexay OCR1X u TCNTI, korna 3HaueHue cuetunka qekpementupyercs. Yactory UM s
BBIX0J1a MpH ucnoib3zoBanuu LM pexxuma ¢ ¢pa3zoBoii KOppeKIreir MOKHO BBIYUCIHUTD C T10-
MOIIBIO (YOPMYJTBI
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¢ _ Jek o
TOCxPFCPWM — o N TOP

[Tepemennas N mpencraBiser koddgdunueHT npeaaeneHus yactotel (1, 8, 64, 256 wiun
1024). Kpaiinue 3Hauenus st peructpa OCRI1X mpencraBisitorT co6oi ocoOble ciaydan, Koraa
reHepupyetcst BeixogHou curHan [IIMM B pexxume ¢ dazoBoii koppekiueid. Ecmu OCR1X ycra-
HaBiuBaeTcs paBHoi BennunHe BOTTOM, To BeIX0J MOCTOSHHO OyAET HAXOAUTHCS B HU3KOM
COCTOSIHUH, a €clii OHO ycTaHaBiuBaeTcs Ha TOP, To BbIXo OyJeT yCTaHOBJIEH B BBICOKOE CO-
CTOsIHME Il HeMHBepTUpoBaHHOro pexxuma LIMM. Jlna muBeprupoBanHOro pexuma MM
BBIXOJ OyJe€T UMETh IIPOTUBOIOJIOKHBIE JJOTHYECKIE 3HAUCHUS.

Pe:xumbl koppexkuun ¢assl 1 yactorsl HIMM

dazoBas u yacrotHas koppekmus [HITNUM (WGM13:0 = 8 unu 9) obecriednBaeT reHepamum
curHana [IIMM c¢ ¢a30Boii U 4aCTOTHON KOppEKIMEeH, 00Jiaaromeld BRICOKOH pasperiaromei
crocoOHOCTRIO. PexxuM (ha30BOM M 4aCTOTHOM KOPPEKIMHU MOA00CH pexumy (ha3oBoil KOppek-
un LIIMM, koTtopslit 6azupyeTcs Ha onepanuu 1o 1ByMm ¢ppontam. CUETUUK CUUTAET CHayajla OT
3nayennss BOTTOM no 3nadenust TOP, nocie yero MeHsieT HanpaBJIeHUE CYETa U IBUIKETCS OT
3naueHus TOP k 3Hauenntro BOTTOM. B HennBepTupyroiem pexumMe CpaBHEHHs BBIXOJ] KOM-
napaTtopa copaceiBaeTcs npu oOHapyxenun coBnaaenuit mexay TCNT1 u OCRI1X npu uHKpe-
MEHTE M YCTAHaBJIMBAETCS IPU OOHAPYKEHUM COBIAJCHUS NPHU JIEKpEeMEHTHpoBaHUU. B nHBep-
TUPYIOIIEM PEKUME CpaBHEHUS Pe3ysbTaT OyAET MpeiCTaBlieH B MHBEPTUPOBaHHOM BHe. Ote-
pauus 1o 1ByM (ppoHTaM olecrneyrBaeT 0ojee HU3KYI0 MAaKCUMAaJbHYIO YacTOTY OIllepaluu Io
CpPaBHEHHUIO C omepaiuei mo oxgHomMy ¢ponty. OgHako, Orarogapsi CAMMETPUYHBIM OCOOCHHO-
ctsm pexxuma [IHUM no nBym ¢poHTam, 3TH peKUMBbI 0oJiee MPenOoYTHTENbHbI I MPUII0XKe-
HUH yIIpaBJIeHUS 3JICKTPOIBUTATEISIMH.

OCHOBHBIM OTJIIMYHEM MEXy pekuMaMu (ha30BOi KOPpEeKIHH U (Ha3049acTOTHOM KOpPpPEK-
U SBJsieTcs BpeMst oOHoBieHus peructpa OCR1X 6ydhepHBIM peructpom.

Pazpemenne HIMM nns pa3ogacToTHOro pexuma MoxeT ObITh onpeneneno auoo B ICR1
m6o B OCR1A. MunumanbHoe pa3pemienne cocraBisieT 2 6ura (ICR1 umn OCR1A ycranosie-
Ho B 0X0003), makcumanbHoe paspemenue cocranister 16 out (ICR1 unmu OCR1A ycranoBieHO
B MAX). Pazpemenune [LINIM MoxeT ObITh BEIUMCIEHO UCIIOB3YsI BIpAaXKEHHUE

log(TOP +1)
log(2)

R PFCPWM =

B ¢azouacrorHoM pexxume xoppekiuu 1M cuetunk MHKpeMeHTHpYyeTCs 10 TeX Iop,
MoKa €ero 3HaveHue He craHeT paBHbIM 3HaueHHio B ICR1 (WGMI13:0 = 8) unu 3HaueHuio B
OCR1A (WGM13:0 =9). Cuerunk gocturaet 3HaueHus TOP u M3MEHsET HanpaBJieHHE cUeTa.
3uauenue TCNT1 Oyner paBasiM TOP B TedeHHE OJHOTO IMEPHOJIa TAKTOBOTO CHTHAJIA TaliMepa.
Bpemennas nuarpamMma (pa3oBoil KOppeKIMHM U YaCTOTHOW KOPPEKIMH MpeACTaBlIeHa Ha PUCYH-
ke 3.46. Ha pucynke mokaszan pexxuM dazodactorHoit koppekmuu [1IMM, korma OCR1A wm
ICR1 ucnons3ytores mis onpeaenenus OP. 3nauenne TCNT1 Ha BpeMeHHOM auarpamme mo-
Ka3aHO B BHJIE THCTOTPAMMBI JUIs WIITIOCTPAIMH OTepanuy 1o AByM ¢poHTaM. HeGombimas ro-
pusoHTasbHAs JUHUSA oTMedyaeT Ha TCNT1 MOMEeHTHI, KOTOpBIE MPECTABISAIOT ONEPaltio CpaB-
Herns Mexxay OCR1X u TCNTI1. ®nar npepeiBanus OCLX Oyner ycTaHOBIEH, KOTIa IPOU30ii-
JIeT COBIIaJICHHUE.

®mnar nepenonuerus T/C (TOV1) ycraHaBiIMBaeTcst B TOM K€ I[HKJIE TAKTOBOTO CHTHAlA
taiiMepa, korna OCRIX peructpsl 0OHOBIISIIOTCS 3HaueHHEM JBoiiHOTO Oydepa (BOTTOM).
Korga mu6o OCR1A, nmu6o ICR1 ucnone3yrotcs mnst onpenenenus 3HaueHus 10P, OCLA wm
ICF1, ¢nar ycranosurcs, korna TCNT1 nocturner TOP. dnaru npepbsiBaHus MOTYT OBITH HC-
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IIOJIB30BAaHbI 14 q)OpMI/IpOBaHI/ISI HpepLIBaHI/Iﬁ Ka)I(IIBIﬁ pas3, Kkorga CUCTUYNK JOCTUTHECT 3HAYCHUA

TOP unu BOTTOM.

driar npepbiBaHUs
OCnA uiu ICFn
yCTaHaB/IMBACTCS

prreesennsnn i ————————— grsssssensnsaees greseasesasnnaees g s (npepbisane o TOP)

OCRnx/TOP
0OHOBJISICTCS
VYcranasnuBaercs
TOVn ¢nar
IpepbIBaHuUsI
(npepbIBaHKE MO
BOTTOM)

TCNTn

OCnx (COMnx1:0=2)

OCnx [ ] [ [ (coMnx1:0=3)
Mepuoaje ple—2 NPEINPEE >

Pucynok 3.46 — Bpemennast tuarpamma pexuma Gpa3zoBoii U 4aCTOTHON KOPPEKLIUU

Korna uzmensiercs 3nauenue TOP, mporpamma J10JIKHA rapaHTHPOBaTh, YTO HOBOE 3HaYe-
Hue TOP Oyner Oosblie WM paBHO 3HAUYEHHSIM BCEX PETUCTPOB cpaBHeHUs. Ecnmu 3HadeHne
TOP Hmxe, yeM 3HaueHHE JTIOOOT0 PEerucTpa CpaBHEHMs, COBMAJCHUE HUKOTAA HE MPOU30UIeT
mexay TCNT1 u OCR1xX.

Ha pucynke 3.46 nokas3aH creHepupOBaHHBIA BBIXOJHOW CUTHAJ, KOTOPbIH B MPOTHBOIIO-
JIOKHOCTh PeXHUMY (ha30BOM KOPPEKIIMH, CAMMETPUYEH Bech rnepro. C MOMEeHTa, KOT/ia cozep-
xumoe OCRI1X peructpa oOHoBisiercs 3HaueHnueM BOTTOM, anuHa HapacTaromero u crajaa-
forero (poHTOB Bcerna OyAeT OJWHAKOBA. JTO MPHUBOJUT K CHMMETPUYHOCTH BBIXOJTHBIX HM-
IIyJIbCOB C KOPPEKTHON 4aCTOTOM.

Hcnons3oBanue ICR1 peructpa mis onpenenenust TOP xoporio paboTaeT mpu HCIOIb30-
BaHUM (uKcHUpoBaHHBIX 3HadeHndd TOP. Hcmomb3oBanmem peructpa ICR1 obecneunBaercs
ocBoboxkaenue peructpa OCR1A nns renepanuu [1IMM Beixognoro curnana Ha OC1A. Oxnna-
KO, eciii O0a3oBas yactora IIIMIM akTUBHO M3MeHseTcs cMeHOM 3HaueHus T OP, UCIonb30BaHKE
OCRI1A kak TOP sBnsieTcss HECCOMHEHHO JTy4IIUM BBIOOpPOM OJaronaps 0COOEHHOCTH JBOHHOM
oydepmzanuu. B dazouactorHoMm pexume koppeknuu [LIMM Momynu cpaBHEHUS MO3BOJISIFOT
rerepupoBath IIIMM curnan na OC1X BeiBogax. YcranoBka COM1x1:0 6utoB B 3HaueHue «10»
OyzneT jpaBaTh Ha BbIxoje HemHBepTHpoBaHHBIN IIIMM curnan, ycranoBka ke COM1x1:0 6utos
B 3HaueHue «11» npusener k reHeparnuu uHBepcHoro MM curnana. [leiicTBuTeNbHOE 3HAUE-
aue OCI1X OymeT JOCTYITHO TOJBKO HA BBIBOJIAX MOPTA, €CIU MOPT OyJeT CKOH(HUTYpHpOBaH Ha
BbIBOA AaHHBIX. [IIUM curnan remepupyercst ycraHoBkod (mm ounctkoif) OC1x perucrpa npu
oOHapyxeHun cosnaneHuss mexay perucrpamu OCRIx u TCNTI1 npu mHKpeMeHTHpOBAaHUHU
CUETYMKA, U OYUCTKOM (nim yctaHoBkoi) OC1x perucrtpa npu oOHapy>KEHUH COBIAJACHUS MEX-
ny peructpamu OCRIx u TCNT1 npu aexkpementupoBanuu cuetunka. Yactora curnana [1IMM
IPY UCHOJB30BAHUU PEXUMa (Pa304acCTOTHOM KOPPEKLUU MOXKET ObITh BBHIYMCIIEHA, HCIOIb3Ys
BBIpa)KEHHE

’ _ Jek vo
Tocaxprerwy = 5 N TP
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Ilepemennas N mpencraBisieT MpenBapUTENbHBIN aenutensb dactoTsl (1, 8, 64, 256 nmm
1024). Kpaitaue 3nauenus nis peructpa OCRI1IX mpeacraBistor co0oil ocoObie citydau, KOraa
rerepupyercsi BbixonHoi curnan LLIMM B pexume ¢ dazoBoit koppekuueil. Ecin OCR1X yera-
HaBnuBaeTcs papHoi BenumunHe BOTTOM, To BbIXOJ MOCTOSHHO Oy/IeT HaXOAMTHCS B HHU3KOM
JIOTHYECKOM COCTOSIHMHM, a €CJId OHO ycraHaBiuBaeTcst B TOP, To Bbixox OyJer ycTaHOBIEH B
BBICOKOE JIOTHYECKOE COCTOSsIHME AJisi He MHBepTUpoBaHHOro pexkuma IIWUM. Jlnga unBeptupo-
BaHHOTO pexknma [1IM Bbixon OyzneT UMeTh MPOTHUBOMOIOKHBIE JTOTMYECKUE 3HAUCHHS.

BpemenHbIe IHarpaMMbl TaiiMepa/cueT4nKa

Taiimep/cueTyrK MOCTPOCH MO CHHXPOHHOMY MPHHIIUITY ¥ CUTHAJI CHHXPOHU3AI[MH TaiiMe-
pa (clkr1) ¢ yueTom 3TOro mokaszaH Ha CJIACIYIOIIUX MJUTIOCTPAIMSIX KaK CHUTHAJ pa3pelicHHS
cuHXpoHu3aimu. Ha pucyHKax Mmoka3aHo KOrja yCTaHaBIMBAIOTCS (Jiard MpephIBaHUs, a TAKKe,
korga peructp OCR1X obHoBisteTcs: ¢ momotbto 3HadeHus: 0ypepa OCRIX (Tomabko At pexu-
MOB, HCIIOJB3YIOMINX IBOMHYIO Oydepuszanunio). Ha pucynke 3.47 mokazaHa BpeMeHHas aua-
rpamma aiist ycranoBkun OCF1X.

¢ Ikl."O

cky, ;
(clko/1)

TCNTn OCRnx-1 i} OCRnx { OCRnx+1 il  OCRnx+2

OCRnx OCRnx 3nauenue

OCFnx

Pucynok 3.47 — BpemeHnHast quarpamMma taiimepa/cuerdnka, ycranoBka OCF1X 6e3
NPEBAPUTEILHOTO JICIICHHUS YaCTOTHI

Ha pucynke 3.48 noka3aHa Ta ke BpeMeHHasi AMarpaMma, HO Py 3TOM INpEABaApUTEIbHBIN
JIeNTUTENb YaCTOThl BKIIFOUEH.

e ﬂ | | |

I

\f \ .. f A
TCNTn i} OCRnx -1 i OCRnx OCRnx + 1 i OCRnx+2
—J\ Al i\ i\
OCRnNx E OCRnx 3nauenue
OCFnx |

Pucynoxk 3.48 — Bpemennas quarpamma taitmepa/cuerdrka, ycranoBka OCF1x
C MPEBApPUTEIBHBIM JICTICHUEM YaCTOTHI
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Ha pucynxke 3.49 nokasana mocienoBaTeiabHOCTh cueTa, Onmuskas k TOP B pasnuuHbIX pe-
)kumax. [Ipu ucnonp3oBanuu IIIMM pexuma C dazouacToTHOU Koppekiuel, peructp OCR1X
oOHoBmsieTcs npu 3HaueHuu, papiom BOTTOM. Bpemennsie auarpammsl OyAyT TAKUMH K€, HO
TOP cnenyer 3amenuts Ha BOTTOM, TOP-1 va BOTTOM+1 u T. 1. AHajgoruyHoe rnepeuMe-
HOBaHHWE MPUMEHUMO JIJIsI PEKUMOB, KOTOpbIe ycTanaBiuBaoT ¢uar TOV1 npu 3HayeHuu, pas-
Hom BOTTOM.

clkyo
clk,
(clk /1)

TCNTn
(CTC u FPWM)

e EI%IEEIQN " >< TOP-1 TOP TOP-1 TOP-2

TOVn (FPWM) u ICFn (eciu
ucnoie3. kak TOP)

OCRnx (OGHOBIIEHHE
XH(a T(}){pl);JI H” Crapoe OCRnx 3HaucHue Hosoe OCRnx{3HaueHue

TOP-1 TOP >< BOTTOM BOTTOM+1

Pucynok 3.49 — Bpemennast quarpaMma taiiMepa/cuerdnka 6e3 ycTpoiicTa
HPEIBAPUTEIILHOTO JCICHHS YaCTOThI

Ha pucynxke 3.50 nokasanbl Te k€ BpeMEHHbIE TTapaMeTpPbl, HO TP BKIOYEHHOM yCTPOii-
CTBE MPEABAPUTEILHOTO JICJICHUS YaCTOTHI.

clky I
(fi'f;g'}z;) T T T T

TCNTn —><
(CTC u FPWM)

TOP-1 TOP BOTTOM BOTTOM+1

bC MTPCFTEJEQN - TOP-1 TOP TOP-1 TOP-2

TOVn (FPWM) u ICFn (ecnu
nucnoibs. kak TOP)

OCRnx (OGHOBIEHME
xH(a T(})lpl;“ . Crapoe OCRnx 3HaueHue Horoe OCRnx 3HaueHne

Pucynok 3.50 — BpemenHnas nuarpaMma TaiiMepa/cyeTunka ¢ yCTpouCTBOM
npenBapuTesnsHOro aeneHus 4actotsl (fok 1o/8)

3.12.13 Onucanue perucTpoB 16-pa3psiiHoro TaiimMepa/cyeTynka

Peructp A ynpasiaenus taiimepa/cyerunka 1 — TCCR1A

bur 7 6 5 4 3 2 1 0

[ COM1A1 | COM1A0 | COM1B1 | COM1BO | FOCLA | FOC1B | WGM11 | WGM10 | TCCR1A
Yr./3ar. 3 4/3 4/3 4/3 3 3 u/3 4/3
Hagansnoe 0 0 0 0 0 0 0 0

3HA4YCHHUC
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Paspsaabl 7, 6 : COM1AL:0 — peskum cpaBHeHHsI N0 BBIXOAY 1JIsl KaHamaa A

Pa3psaasbl 5, 4: COM1B1:0 — pexxum cpaBHeHUs 10 BbIXOY AJs KaHaja B

COM1A1:0 u COM1B1:0 ynpaBisioT MOBEICHHEM BBIBOJOB CPaBHEHUS 10 BBIXOAY (CO-
orBerctBeHHO, OC1A u OCI1B). Ecnmu onun unu 06a 6mura COM1AL:0 ycraHaBIMBarTCS, TO
BbIxos1 OC1A MeHsieT HopMaabHOE (DYHKIIMOHAJILHOE Ha3HAYCHHE TTOpTa BXOa/BbIX0/1a, K KOTO-
poMy oH mozcoenuHeH. Ilpu sTom criexyer oOpaTuTh BHUMaHHE Ha TO, YTO paspsii perucrpa
HarnpaBieHuss naHHblXx (DDR), coorBerctByrommii BeiBogy OClA mmm OCILB, momkeH ObITh
YCTAaHOBJICH TaKUM 00pa3oM, 4ToObl pazpemuTs aApaiiBep Bbixoaa. Eciu OCL1A umn OC1B non-
COCIMHEHBI K BBIBOMY, TO (yHkmus paspsgoB COMIX1:0 3aBUCHT OT YCTAaHOBKH pa3psioB
WGM13:0. B Tabnuue 3.43 mokaspiBatoTcs ¢yHkuuu paspsagoB COMI1X1:0, xorma paspsisl
WGM13:0 ycTaHoBJIeHBI B HOpMaTbHBINA pexkuM ik pexxuM CTC (ae pexxum LIVM).

Ta6nuna 3.43 — Pexxum cpaBHEeHHs 110 BeIXoay, He pexxum HTNM

COM1Al/ COM1A0/ Onncane
COM1B1 COM1B0
0 0 Hopwmansnas pabora mopra, OCLA/OCLB oTkiio4eHs!
0 1 IMepexmouerne OC1A/OCLB no coBnaieHHIO IPH CPaBHEHUN
1 0 Copoc OC1A/OC1B 1o coBmacHUIO IPH CPABHEHHUH (BBIXOJT YCTAHABIMBACT
B HU3KHH JIOTHYECKUH YPOBEHB)
1 1 Copoc OC1A/OC1B no coBnaaeHUIO P CPaBHESHHUH (BBIXOJI YCTaHABIMBACT
B HU3KH JJOTHUECKUH YPOBEHB)

B tabmnuue 3.44 nokassiBaercs ¢yHKIMoHanbHOCTh paspsga COMI1X1:0 npu ycraHoBke
pazpsimoB WGM13:0 B ObicTphrii pexxum LLIMM.

Tabnuna 3.44 — PexxuMm cpaBHEHHS 1O BBIXOY, ObICTpBIN pesknm [ITNUM !

COM1Al/ | COM1A0/ Onmcanme
COM1B1 | COM1BO
0 0 HopmanbHas pa6ora nopra, OC1A/OC1B orkirouenst
WGM13=0: HopmanbHsiii peskum padotst opra, OC1A/OC1B oTkit04Y€eHbI.
0 1 WGM13=1: Ilepexmouenne OC1A no cosnagenuto npu cpasaennu, OC1B 3a-
pe3epBUPOBAHO
1 0 Oq?g;a OC1A/OC1B no coBmanenuto npu cpaBHenun, ycranoska OC1A/OC1B
Ha
1 1 Yc?ggBKa OC1A/OC1B 1o coBnaaeHuto mpu cpaBaennn, ourictka OC1A/OC1B
Ha

Y Ocoboe mecto nmeer ciyuaii, korga OCRIA/OCRIB pasrsiercst TOP 1 ycTaHOBICHO
COM1A1/COM1BI. B aTom ciyuae coBIaJieHue MpU CPAaBHEHUH UTHOPUPYETCS, OJHAKO YCTAHOBKA HIIH
cOpoc BemonHstoTcs Ha TOP.

B rtabmune 3.45 mokazambl ¢ynknuu paspsga COMI1x1:0, korma paspsger WGM13:0
ycraHoBJieHsl B pexxuM HIMM ¢ ¢a3oBoii koppekuueit nim xe ¢ pazoyacTOTHON KOppeKLHEH.
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Tab6nuna 3.45— Pexxum cpaBHEHUs 1O BBIXOY, a3oBas U (azoyactoTHas Koppekuus TNM

COM1Al/ | COM1A0/

COM1B1 | COM1BO Omnucanue

0 0 O6mmas pynkuus mopra, OC1A/OC1B otkitoueHsI

0 WGM13=0: O6mas ¢pyukuus nopra, OCLA/OCILB oTkIFOUCHBI
WGM13=1: Bximroueane OC1A B pexxnm cpaBHeHust, OC1B 3apesepsupoBan

Veranoska OC1A/OCLB npu coBnaieHnH (JEKPEMEHT CUETUHKA)

1
1 0 C6poc OC1A/OC1B mnipu cormageHnn (MHKPEMEHT CIETUNKA)
1

1

Veranoska OC1A/OCLB nipu coBnasieHn# (HHKPEMEHT CUETUHMKA)
C6poc OC1A/OCIB npu coBmiaieHnu (ICKPEMEHT CUETIHNKA)

[Ipumeuanue —Ocoboe mecto umeet cirydaid, korqa OCR1A/OCRI1B paBusiercs
TOP u ycranosieno COM1A1/COMIBI.

Pa3psn 3: FOCI1A - llpunyauTebHOe CPaBHEHNE M0 BLIXOAY AJIsl KaHaiaa A

Pa3psina 2: FOCI1B - [IpunyauTebHOe cCpaBHeHHE N0 BBIXOY /151 KaHaaa B

buter FOC1A/FOCLB aktuBHBI TOJBKO Toraa, koraa outet WGM13:0 onpexnensror pe-
xum 0e3 LIIMM. B To e Bpemst 1151 00ecriedeHnsi COBMECTUMOCTH C OyTyIIUMH YCTPOWCTBAaMH,
9TH OUTHI JIOJDKHBI OBITH YCTaHOBICHBI B HOMB, eciin T CCR1A 3ammceiBaeTcs mpu pabote B pe-
xume [IIUM. Tlpu 3ammcu morudeckoit equnuisl B paspsag FOCLA/FOCLB, B 6110k reHepaiiuu
CUTHAJla TPOW3BOJILHONH (QOPMBI TPHHYAUTEIHLHO YCTAHABIUBACTCS COBIAJCHUE. BBIX0J
OC1A/OC1B usmeHsieTcs coriiacHO CBOMM ycTanoBkaM paspsiia COM1x1:0. Cnenyer oOpaTtuTh
Take BHUMaHue Ha TO, 4yTo O6uThl FOC1A/FOCI1B peanu3oBanbl Kak ¢cTpoObl. C y4eToM 3TOro
MMEHHO 3HayeHwue, npucyrcrBytoniee B paspagax COMI1X1:0, onpenensier BAUsSHUE TPUHYAH-
tenpHOro coBnajaeHus. Crpooupyromuit curan FOCLA/FOCLB e Oyner co3maBaTh Kakoro-
a0 MpephIBaHUs U He OyJeT OuuIlaTh TailMep B pexkuMe cOpoca TaliMepa MpH COBMAJCHUU
npu ucnonb3oBannn OCR1A kak TOP. butet FOC1A/FOCILB Bceria cunuThIBAaIOTCS KaK HOJIb.

Paspsaasi 1, 0: WGM11:0 - Peskum reHepauuy cCMrHajia npou3BoJabHOi GopMbl

Bwmecte ¢ 6utamun WGM1 3:2, pacnonoxennsivu B peructpe TCCR1B, nannsie paspsas
MOTYT YIPaBJISATh MOCIEIOBATEIBHOCTIO CUETA CUSTYMKA. B OTHOIIEHNH MCTOYHMKA JJIST BEpX-
Hero 3HaueHus cuerdrka (TOP), a Takke OTHOCHUTENIBHO TOro, Kakas (hopMa CUrHaia JI0JKHA
MCIIOJIb30BAThCS, CMOTpH Tabmuiy 3.46. Pexxumbl paboThl, mojjaep:kuBaeMble OJOKOM TaiMe-
pa/cueTumka, clenyrolirue: HOpMabHBIA peXUM (CUETUMK), peKUM cOpoca TaiiMepa Mo coBIa-
nennto ripu cpaBHeHun (CTC) u tpu pexuma INM.

. 1
Tabnwuma 3.46 — Onmcanne OUTOB /ISl PEKUMOB T€HEpaTopa CUrHaja IMPOU3BOIBHON (OPMEI )

TOV1
E WGM3 WGM12 | WGM11 | WGM10 Pexum TOP OOHoBNEHHE ¢nar
K (CTC1) | (PWM11) | (PWM10) | omeparmu T/C OCR1x B: | ycraHOB-
JIEH B:
2 3 4 5 6 7 8 9
0 0 0 0 0 Hopmainbhsiit OXFFFF | Hemocpencts. MAX
1 0 0 0 1 UM, dazosass | OXOOFF TOP BOTTOM
KOPPEKLHs,
8 our
2 0 0 1 0 1M, dazosass | OxO1FF TOP BOTTOM
KOPPEKLHs,
9 6ur
3 0 0 1 1 MM, dazoBas | OxO3FF TOP BOTTOM
KOPPEKLH,
10 our
4 0 1 0 0 CTC OCRI1A | Hemocpencrs. MAX
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Oxonuanue mabauywol 3.46

1 2 3 4 5 6 7 8 9
5 0 1 0 1 Breictpsrit IIIUM, | OxO0FF TOP TOP
8 bur
6 0 1 1 0 Bererperii IIUM, | Ox01FF TOP TOP
9 6ur
7 0 1 1 1 Bricrperii M, | OXO3FF TOP TOP
10 6ur
8 1 0 0 0 [INM, da3oBast ICR1 BOTTOM | BOTTOM
Y 4aCTOTHAs
KOPPEKLHsI
9 1 0 0 1 [INM, dazosas | OCR1A BOTTOM | BOTTOM
Y 9aCTOTHAs
KOPPEKLHsI
10 1 0 1 0 [INM, dazoBast ICR1 TOP BOTTOM
KOPPEKLHsI
11 1 0 1 1 [INM, dazosass | OCR1A TOP BOTTOM
KOPPEKIHsL
12 1 1 0 0 CTC ICR1 Hemnocpencts. MAX
13 1 1 0 1 PesepBupoBan - - -
14 1 1 1 0 Brictpsrii INNM ICR1 TOP TOP
15 1 1 1 1 Beictpsiii IIMM | OCR1A TOP TOP
Y Hanmenosauus Gur CTC1 u PWM11:0 siistrorest ycrapeBumu. Heo0xonumo ucrosb-
3oBath onpeaeneHuss WGM12:0, B To ke Bpemsi pyHKIIMOHAIbHOE HA3HAUYECHUE U PACIIONIOKEHNE
9THX OUTOB COBMECTHMO C MNpeaAbIAYIINMHA BEPCUAMHA TaﬁMepa.

Yupasiienue Taiimepom/cueT4uKoM 1

Pernctp B- TCCR1B

But 7 6 5 4 3 2 1 0
[ICNC1 [ ICES1 | -  [wGMi13|wGM12 | Ccs12 | csi1 | CS10 | TCCRiB

Yr./3am. 3 4/3 q 4/3 4/3 4/3 4/3 4/3

Hagansuoe 0 0 0 0 0 0 0 0

3HAYCHUC

bur 7: ICNC1 - ITonaBuTe b IyMa NPH 3aXBaTe CUTHAJIOB HA BXO/1e

ITpu ycraHOBKe 3TOro pa3psjaa BKIIOYAETCS yCTPOWCTBO Ul MOJABICHUS IITyMa Ha BXOJE,
pU 3TOM QUIBTPYETCs IIyM Ha BbIBoJle 3axBaTa Bxoja (ICP1). Bemmonnenue ¢pynkuunit puiibTpa
TpeOyeT YeThIpe TOCIIeJOBATEIBHBIX BRIOOPKH C OJJMHAKOBEIM 3Ha4eHHeM Ha BeiBoae ICP1 mis
U3MEHEHMs 3HAUYeHUs Ha ero Bbixojae. C y4eToM 3TOro 3axBaT Ha BXOJE 3aJCpXKUBAETCS HA de-
TBIPE TAKTOBBIX IIUKJIA, €CITM BKIIFOYACTCS YCTPONCTBO JIJISl TTO/IaBIICHUS IIIyMa.

Bbur 6: ICES1 — Bri6op ¢ppoHTa 3aXxBaTa cOOBITHS HA BXO/1€

OtoT 6UT BRIOUpaeT, kakoil u3 ppoHtoB Ha BeiBojE (ICP1) ucnonsiyercs as TOro, 4To0b!
3amycTuTh 3axBat coObITHs. Korma out ICES]1 cOpomien, 3aganii (oTpunaTenbHbIN) GpoHT Hc-
MOJIB3YETCs Kak 3aImyckarommui, a korna paspsaa ICES1 ycranoBieH, To nepeqHuii (OJ0KHUTENb-
HBII) QpOoHT 3amycTuT 3axBaT. Korma 3axBar 3amyieH coryiacHo ycranoBke jiust ICESI, To 3Ha-
YyeHue cyeTyrka komupyercs Bo BxoaHoil peructp ICR1. JlaHHOoe coObiTHE Takke YCTaHOBHT
BxoaHO# (iar 3axBara (ICF1), u 3T0 MOXET HCIOIB30BATHCS IS TOTO, YTOOBI BBI3BATDH MPEPHI-
BaHME 3aXBaTa BX0JIa, €CJIM 3TO MPEPHIBAHNE PA3PEIICHO.

Korga ICR1 ucnons3yercst kak 3Hadenune 1OP (cm. onucanme paspsnoB WGM13:0, pac-
nonoxeHHbIx B peructpe TCCR1A u TCCR1B), To ICP1 orcoenunsiercs u 3aTeM OTKIJIIOYAETCS
GyHKIMS 3aXBaTa COOBITUS HA BXOJIE.
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but 5 — 3ape3epBupoBaHHbIii OUT

DToT OMT 3ape3epBHUPOBAH JJIs OYIYIIEro HCIOJIb30BaHMs. (s TOro, 4roObl rapaHTHPO-
BaTh COBMECTUMOCTh C OYAYIIMMH YCTPOHCTBAMU, 3TOT OUT OJDKEH OBITh 3alMCaH HYyJEM, KO-
raa 3anuceiBaeTcs | CCR1B.

butei 4, 3: WGM13:2 — Pe:xuM reHepanuu CUrHaJjIa NPou3BoJIbHOI (opMbl
Cwmotpu onmcanue peructpa TCCRI1A.

Bburei 2...0: CS12:0 — Bb160p TAKTOBOr0 CUIrHAJIA
Tpu Outa BEIOOpa TAaKTOBOTO CHI'HAJA BHIOMPAIOT HCTOYHUK TAKTOBOTO CHUTHANA, KOTOPBIN

OyZeT UCI0JIb30BaThCs TAHMEPOM/CUETUHKOM.

Tab6nauna 3.47 — Onucanue 6uta BEIOOpA TAKTOBOW YaCTOTHI

CS12 | CS11 | CSs10 Omnucanue

0 0 0 | be3 ucrouHMKa TAKTOBOM YaCTOTHI (TaliMep/CYETIYNK OCTAHOBJICH)

0 0 1 clkyo/1 (6e3 npeamenenus)

0 1 0 clkyo/8 (u3 mpennenurens)

0 1 1 clkyo/64 (w3 npenenurens)

1 0 0 clky0/256 (u3 mpemaenuTens)

1 0 1 clky0/1024 (w3 npeamenures)

1 1 0 VcTouHMK BHEIIHEH CHHXpOHU3aIuu Ha BeiBoje T1. TakTupoBaHue 1o
cnararomemMy GpoHTy

1 1 1 VcTouHHK BHEIIHEH CHHXpOHK3aIuu Ha BeiBoje T1. TakTupoBaHue 1o
HapacTarouemMy QpoHTy

Ecnm pexuMbl Ha BHEITHUX BBIBOJIAX MCIOJIB3YIOTCS IJisl TaitMepa/cuetunkal, To mepexo-
16l Ha BbIBOJIe 11 OyAyT TaKTMpOBAaTh CYETUUK AK€ B TOM CIIydae, €Clid BBIBOJ UMeeT KOH(U-
rypaluo B Ka4eCTBE BBIX0/1a. DTa 0COOEHHOCTH MO3BOJISIET 00ECIIEYUTh TPOrPAMMHOE yIIpaBJie-
HUe QYHKIHEH cyera.

Taiimep/cuerunk 1 — TCNT1IH u TCNTIL

bur 7 6 5 4 3 2 1 0
TCNT1[15:8] TCNT1H
TCNT1[7:0] TCNTI1L
Yr./3am. 3 4/3 q /3 4/3 4/3 /3 /3
HauansHoe 0 0 0 0 0 0 0

3HA4YCHUC

JBa peructpa taitmepa/cuerunka (TCNT1H u TCNTIL, o6senunennoro TCNT1) obGec-
MIEYEHBI PSIMBIM JOCTYIIOM KaK JUISI OTIepalliii CYUTHIBAHHSI, TAaK M 3aIUCH [T OJIOKa
16-pa3psanoro Taiimepa/cuerynka. UtoOsl 00a, cTapmuii ¥ MIaAmui OalThl, CUUTHIBAIIUCH U
3aMUCBHIBAINCH OJHOBpeMeHHO Tipu oOpamenun L{ITY k 3TuM peructpam, J0CTyn OCYIIECTBIS-
€TCs C UCIOJIb30BaHUEM 8-pa3psIHOrO BPEMEHHOTo peructpa crapiero Oaiira (TEMP). Oror
BPEMEHHBII PETUCTP OJHOBPEMEHHO HCIOIB3YETCS] BCEMH OCTAIBHBIMU 16-pa3psaHbIMU PETH-
ctpamu. Ecnu B cuetunk BHOCsTCS u3menenus (TCNT1), korga on paboTaer, TO 3TO BBI3BIBAET
PHICK MpoITycKa coBnafienns npu cpaBHeHnH Mexxay TCNT1 u ogaum u3 peructpo OCRI1X.

3anuce B peructp TCNT1 O1okupyeT coBnajeHue Npu CpaBHEHUM HA CIEAYIOUIMH LHKI
TAKTOBOTO CHTHaJIa TaiiMepa JiJIsl BceX OJIOKOB CpaBHEHUSI.

116



Peructp 1 A cpaBnenus no Beixony — OCR1AH n OCR1AL

bur 7 6 5 4 3 2 1 0
OCR1A[15:8] OCR1AH
OCR1A [7:0] OCRI1AL
Ur./3am. 3 4/3 4q/3 4q/3 /3 4/3 4q/3 4q/3
HauansHoe 0 0 0 0 0 0 0

3HA4YCHHUC

Peructp 1 B cpaBuenus no Boixoay — OCR1BH u OCR1BL

bur 7 6 5 4 3 2 1 0
OCR1BJ[15:8] OCR1BH
OCR1B [7:0] OCRI1BL
Yr./3am. 3 q/3 /3 /3 q/3 q/3 q/3 q/3
HauansHoe 0 0 0 0 0 0 0

3HA4YCHUC

Peructpsl cpaBHEHHS 1O BBIXOAY cojaepkar 16-pa3psiHoe 3HaYeHHE, KOTOPOE MOCTOSIHHO
cpaBHuBaercs co 3HadeHneM cuerunka (TCNT1). CpaBHeHHE MOXKET OBITH HCIIOJIB30BAHO IS
reHepaluu TMpepbIBaHUs CPAaBHEHUS MO BBIXOJAY WM JUIsl TEHEpalMd CUTHala MPOU3BOJILHOU
¢dopmer Ha BeBosie OCIX.

Peructpsl cpaBHeHMs MO BBIXOAY MMEIOT pazMepHocTh 16 Out. UtoOnl 00a, cTapmuii u
MITQJIIIAH OalThl, CYUTHIBAINCH M 3aITUCHIBAIUCH OJJHOBPEMEHHO B cirydae, eciu LIITY BbvImoi-
HSIET 3alKCh B 3TH PETUCTPHI, TOCTYI OCYIIECTBISIETCS C MCIOJIb30BAHUEM §-pa3psIHOTO Bpe-
MEHHOTO peructpa crapiero 6aiira (TEMP). DToT BpeMeHHBI perucTp 0JJHOBPEMEHHO UCIIOJIb-
3yercs BceMH 16-pa3psiAHBIMU PETUCTPAMH.

bur 7 6 5 4 3 2 1 0
ICR1[15:8] ICR1H
ICR1 [7:0] ICR1L
Yr./3am. 3 4/3 4/3 4/3 4/3 4/3 4/3 4/3
Haganpnoe 0 0 0 0 0 0 0

3HA4YCHUC

Peructp 3axBara BXo/1a OOHOBIISIETCS CO 3HAYCHHEM CUETUYMKA KaXKABIN pa3, KOTJaa Mpouc-
xomut coobitie Ha BbiBojie ICP1 (1au Ha BbIXoje aHanoroBoro kommapatopa s T1/C1). 3axBar
BXOJ[a MOKET OBITh MCIIOJIb30BaH IS onpeieneHus 3nauenus 1 OP.

Peructp 3axBaTta BXoJa UMeeT pa3MepHOCTh 16 OuT. s rapanTuu, 4yto oba crapumuil u
MJIaAImAN OalThl YMTAFOTCS OJTHOBpeMeHHO, koraa [IITY olparmmaercst kK 3TUM perucTpam, JOCTYIT
OCYILECTBIISICTCS C MCIIOJIb30BaHHUEM BpeMeHHOro 8-6utHoro peructpa (TEMP). Drot peructp
COBMECTHO HCIIOJIb3YETCS BCEMH IPYTUMHU 1 6-OMTHBIMH PETHCTPaMH.

Peructp macku npepsiBanuii T/C — TIMSK

But 7 6 5 4 3 2 1 0
| OCIE2 | TOIE2 | TICIEL | OCIEIA | OCIEIB | TOIEL | OCIEO | TOIEO | TIMSK
Yr./3an. 4/3 4/3 4/3 4/3 4/3 4/3 4/3 4/3
Havansaoe 0 0 0 0 0 0 0 0
3HAYCHUC
[Ipumeuanume — Perucrp macku npepeiBanuii 1/C — TIMSK conepxut OuTHI

YIpaBJICHUS MPEePhIBAaHUAMHU sl pasnuyHbix T/C, HO TOJBKO OWTHI TaliMepa 1 omucaHbl B ’TOM
pazzene. OcranbHbIe OUTHI OMTUCAHBI B COOTBETCTBYIOIIUX pa3zenax TaiMepoB.
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but 5: TICIEL — Pa3pemienue npepbIBaHus 110 3aXBaTy AaHHBIX

Korna B 3ToT OMT 3amnuchiBaeTcsi euHUIA U |-(har B CTaTyCHOM pPErucTpe yCTaHOBJICH,
npepeiBanue T/C1 no 3axBaTy Bxoja paspeineHo. [lepexon Ha COOTBETCTBYIOLIHIA BEKTOP Mpe-
peiBaHus BeimostHsieTcs, kornaa ICF1 dnar, pasmemenssiii B TIFR, ycTanaBnuBaeTcs.

bur 4: OCIE1A - Pa3pemnienue npepbiBanus no cpaBHeHnw/copnagenuo A T/C1

Korga B aToT OMT 3amuchiBaeTcss eauHuna U |-¢iar B CTaTyCHOM perucTpe yCTaHOBIICH,
npepeiBanre T/C1 mo cpaBaenuto/coBmaneHuio A T/C1 paspemeno. [lepexon Ha COOTBETCTBY-
IO BeKTOp mpepbiBanus BeimosHseTcs, korna OCF1A ¢unar, pasmemennsiii B TIFR, ycra-
HaBJIUBACTCSL.

bur 3: OCIE1B - Pa3pemenne npepbiBaHusi 0 cpaBHeHu10/copnaaenuio B T/C1

Korna B aToT OMT 3anuchiBaeTcss eAuHuna U |-¢hiar B CTaTyCHOM perucTpe yCTaHOBIICH,
npepoiBanue T/C1 no cpaBHenuto/coBnanenuto B T/C1 paspemieno. [lepexoa Ha COOTBETCTBY-
IO BEKTOp mpepbiBaHus BhimonHseTcs, korga OCF1B ¢nar, pasmemennsiit B TIFR, ycra-
HABJIUBACTCS.

bur 2 — TOIE1: Paspemenne npepsiBanusi o nepemnoanenuo T/C1

Korga B 3TOT OUT 3amuchiBaeTca eauHUIA U |-(hjar B cTaTyCHOM pErucTpe YCTaHOBJICH,
npepoiBanue T/C1 mo nepenonrenuto T/C1 paspemieno. [lepexon Ha COOTBETCTBYIOIINN BEKTOP
npepbIBaHus BeIMonHsETCs, korna 1OV ¢dnar, pazmemennsiii B TIFR, yctanaBnBaercs.

Peructp ¢aaros npepoiBannii T/C — TIFR

Bur 7 6 5 4 3 2 1 0

| ocF2 | TOv2 | ICF1 | OCF1IA | OCFIB | TOV1 | OCFO | TOVO | TIFR
Yr./3ar. 4/3 4/3 4/3 4/3 4/3 4/3 4/3 4/3
Hagansuoe 0 0 0 0 0 0 0 0

3HA4YCHUC

[Ipumeuanue — Peructp puaros npepsiBanuii T/C — TIFR comepxut OUTHI yrpas-
JIeHUs IpepbIBaHUSIMHU JUTsl pa3nnyHbiX T/C, HO TosbKO OUTHI TaliMepa 1 omucaHbl B 3TOM pasjie-
ae. OcraibHble OUTHI OMMCAHBI B COOTBETCTBYIOIIUX pa3zeax TaiMepoB.

but 5: ICF1 - ®gar 3axBara JaHHBIX

DTOT urar ycTaHaBIMBACTCS, KOT/Ia MPOUCXOIUT coObiThe 3axBaTta Ha |ICP BeiBose. Korma
peructp 3axBata Bxoaa ICR1 ycranaBnmuBaercs WGM13:0 nns ucnonb30BaHUs €ro 3HAUYEHUS
kak TOP, ¢nar ICF1 ycranaBimBaeTcs, Korja C4eTduK qocturaet 3HadeHus 1OP.

ICF1 aBTOMaTH4ecKH OYMINAETCS, KOTJa MPOMCXOAUT MEPEeXo] Ha BEKTOpP MpPEpPHIBAHUS
3axBata Bxojia, aibrepHaTuBHO ICF1 MoXkeT ObITh COpOIIEH 3aIlMChI0 JIOTHISCKOW €TUHUIILI B
€ro OUTOBYIO MMO3HIIHIO.

but 4: OCF1A - ®aar cpaBHennsi/copnagenusi A T/C1

@rnar ycraHaBIMBAEeTCS B CIEAYIONIEM IMKJIE TAKTOBOTO UMITYJIbCa TaliMepa TOCie TOTo,
Kak npousoitner coBnaaenue peructpa OCRI1A. IIpu 3ToM cTpoO BBIHYXIEHHOTO COBIAICHHS
He Oyner ycranaBimmuBath OCF1A ¢ar.

OCF1A ¢nar aBTOMaTHUECKH OYMILACTCS, KOTJa MPOUCXOANT MEPEXO ] Ha BEKTOP MPEpHI-
BaHUS CPaBHEHUs/COBMANeHHS MO BbIxony A, amprepHaTHBHO OCF1A MoxeT OBITH cOpoIeH
3aIMCHIO JIOTHYECKON €MHHIIBI B €r0 OUTOBYIO IO3UIIHIO.

bur 3: OCF1B - ®aar cpaBHenusi/coBnagenus B T/C1

@nar ycraHaBIMBAeTCs B CIEIYIONIEM IMKJIE TAKTOBOTO MMIIYJIbCa TaiMepa, 1ocjie TOro
Kak mpousoiiner copnaaenue perucrpa OCR1B.

3aMeTHM, 4TO CTPOO BBIHYKJIEHHOTO COBIaAeHus He Oyaer ycranaBnuBaTh OCF1B ¢uar.
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OCF1B-¢nar aBToMaTHUeCKN OYHUILACTCS, KOTJa MPOUCXOAMUT MEPEX0 ] Ha BEKTOP MPEPHI-
BaHMsI CpaBHEHUs/CoBMaieHus 10 Bhixoay B, anbreprarusHo OCF1B MoxeT ObITh cOporieH 3a-
MUCHIO JIOTHYECKOH €AMHUIIBI B €r0 OUTOBYIO MO3UIIHIO.

Bur 2: TOV1 - ®aar nepenoanenus 1/C1

OTOT uiar ycTaHaBIMBAETCS B 3aBUCUMOCTH OT ycTaHOBKH OutoB WGM13. B HOp™mausb-
HoM U CTC pexxumax TOV1 ¢uar ycranaBiuBaeTcs, Korjaa TaiiMep mepenoaHsIeTcs.

TOV1 ¢nar aBToMaTnyecky OYMILAETCA, KOI/la IPOUCXOAUT MEPEX0]] Ha BEKTOP Ipepbl-
BaHUS I10 MEPETIOIHEHHIO Taiimepa, anbTepHaTUBHO TOV1 MoxkeT ObITh COpOIIEH 3aMUChIO JIO-
FMYECKOW eIMHUIIBI B €r0 OUTOBYIO O3UIIHUIO.

3.13 8-0uTHbIii TaiiMep/cueTunk 2 ¢ HIMM 1 acCHHXPOHHBIMH ONlePALUSIMH

Taiimep/cuetunk 2 (T/C2) sBisieTcst oHOKaHAIBHBIM MOy ieM 8-paspsanoro T/C obie-
r'o Ha3HAYCHUSI.

OTnuuuTenbHble 0COOEHHOCTH:

— OnHOKaHATBHBIN CUCTYHK.

— COpoc Taiimepa Ipu COBIAICHUU CPaBHEHHS (AaBTOMaTHUYECKas Iiepe3arpys3Ka).

— MM c da3oBoii Koppekiueid, CBOOOHOM OT cOOeB.

— T'eneparop 4acTOTBI.

— CueTyuk BHEIIHUX COOBITUH.

— 10-pa3psanHblit IpeIBapUTEIbHBIN JEIUTENb YACTOTHI.

— HcTouHukM mpephiBaHMS MPU COBMAJCHHH, NPU CPABHEHHU U TIPH INEPEHOTHEHHU
(TOV2 u OCF2).
— Bo03MOXHOCTH TAKTUPOBaHUS OT BHEUIHETO YacOBOIro KBapua yactotoi 32 768 I'm.

3.13.1 O630p

VYnpouieHHas 6510k-cxema 8-pa3psJHOro TaiiMepa/cueTyrka rnokasaHa Ha pucyHke 3.51
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Pucynok 3.51 — bnok-cxema 8-pa3psiiHoro TaiiMepa/cueTdnka
3.13.2 Peructpsbl

Taiimep/cuerunk (TCNT2) u peructp cpaBuenus Bbixogaa OCR2 sBistroTest
8-paspsgHbIME perucTpamu. Bce curHanbl 3ampocoB Ha TpepbiBanue (Ha pucyHke 3.51 cokpa-
IIEHHO «BHYTP. 3aIpOC») BUJHBI B peructpe (iara npepsiBanus Taiimepa (TIFR). Bee npepsi-
BaHUS WHIVBHIYaTbHO MACKHPYIOTCS C IOMOIIBIO PETUCTpa MAacKd NpephIBaHHs Taiimepa
(TIMSK). Otu peructpst TIFR u TIMSK He moka3anbl Ha pHCYHKE, TIOCKOJIBKY 3TH PETHCTPBI
COBMECTHO HCIIOJIB3YIOTCS IPYTHMHU TaiMepaMu/CUeTUuKaM.

TaiiMep/cueTunK MOXET CHHXPOHHM3MPOBATHCS BHYTPUCXEMHO 4Yepe3 IpeBapUTEIbHbIN
JIeNTUTEIh YaCTOTHI WIIM C MIOMOIIBIO HCTOYHHUKA BHEIIHETO TAKTOBOTO TeHepaTopa Ha BEIBOJIE 2.
Jlornueckuil 6JIOK ynpaBieHUs CHHXPOHM3alMeH BHIOMpAET, KaKoW MCTOUYHUK CUTHAlIa CUHXPO-
HU3aIMA U QPOHTA HUCIOIB3YeT TalMep/CUeTUUK Ui HHKPEMEHTa MM JIEKPEeMEHTa ero 3Haye-
Hus. TaiiMep/cueTynK HEaKTUBEH, €CIIM HE BHIOpAaH MCTOYHMK CHUTHAJIAa CHHXPOHM3aIMU. Beixon
JIOTHKH BBIOOpA TAaKTOBOT'O CHTHasla 0003HauyaeTcs Kak curHain taimepa (Clkr,). Peructp cpaBhe-
HUS BbIXoJa ¢ ABOMHBIM Oydepom OCR2 mocTosIHHO CpaBHUBAETCS CO 3HAUEHUEM CUETHOT'O pe-
ructpa taiimepa/cuerdnka. Pe3ynpTarT cpaBHEHHSI MOXET ObITh MCIOJb30BaH FCHEPATOPOM CHT-
HaJla IPOU3BOJIbHOM (hopmbl s 3amycka IIIMM nnm BeIxoja nmepeMEeHHON 4acTOThI HA BBHIBOJIE
«BbixoJ cpaBHeHus» (OC2). CobObiTue coBmaaeHust OyneT Take ycraHaBimuBath (aar OCF2,
KOTOPBII MOXKET MCIIOJIb30BAThCS AJIS 3alpoca NPepbIBaHUs CpaBHEHHsI BHIXOA.

3.13.3 Onpenenenust

Mpmuorue CIIPpaBOYHBIC CBCACHHA OTHOCUTCIIbHO PCTHUCTPOB MU PA3PAAO0B 3allMCAHBI B 3TOM
JIOKyMeHTe B o0mieM Bujie. bykBa “N” B HIDKHEM perucTpe 0003HA4YCHHS 3aMEHSET HOMEp Tail-
Mepa/cueTdrka, B JaHHOM ciydae 2. OpHako, KOTJa HCIIOJIb30BAHHME PErHCTpa WIH pa3psia
OTIPEIeTICHO MPOTPaMMOM, HEOOXOIMMO HCIOJIBL30BaTh TOUHYIO (Gopmy, Hanpumep, TCNT2 mns
OIICHKH 3HAYCHUS CUCTUYMKA TaltMep/CueTurK 2 U T. 1.
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Omnpenenenust u3 Tadmuib 3.48 TakKe MHTEHCUBHO HCIIONB3YIOTCS B moApasaene 3.13.

Tabnuma 3.48 — OnpenencHust

BOTTOM | Cuerunk nocturaer HuwkHero yposss, 0X00

MAX CYeTyHK TOCTUTAeT MAKCHMAJIbHOTO YPOBHS, KOTJa OH cTaHOBUTCS paBHBIM OXFF

TOP CYeT4nK JOCTUTACT BEPXHETO YPOBHS, KOT/Ia OH CTAHOBHUTCS PABHBIM HAWBBICIIEMY
3HAYEHHUIO B TIOCIIEIOBATENILHOCTH cueTa. 3HaueHue T OP MoxeT ObITh MPUIHCAHO
¢bukcupoBannomy 3HaueHuio OXFF (MAX) uiu 3HadueHui0, COXpaHEHHOMY B PErH-
crpe OCR2. Camo npucBauBaH#e 3aBUCUT OT pekuMa paboThl

3.13.4 UcTOYHHUKH TAKTOBOI0 CHTHAJIA TailiMepa/cueTunKa

Taiimep/cUeTYNK MOMKET CHHXPOHH3UPOBATHCS KaK BHYTPEHHUM, TaK M BHEIIHHM HCTOY-
HUKOM CHHXPOHM3alUU. VICTOYHUK CHHXPOHH3AIMKA BBIOMPACTCS C MOMOIIBIO JIOTUKUA BHIOOPA
TaKTOBOTO CHTHAJa, KOTOPBIA YIPABIISICTCS C MOMOMIBIO Pa3psIOB BEIOOpa CUTHANIA CHHXPOHH-
sarun (CS22:0), pacmofioxKEeHHBIX B PErUCTpe yrpasieHus taiimepa/cuerdnka (TCCR2).

3.13.5 Moayab cyeT4YHKa

OCHOBHOM 4acTbIO 8-pa3psAHOro TaliMepa/cCueTdyrKa sBISAETCS IPOrpaMMHUPYEMbIi TByHA-
IpaBJICHHBIM MOy b cyeTynka. Ha pucynke 3.52 mokas3aHa OJ0K-CXeMa CUETYHKa M €r0 OKpY-
KEHUS.
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Pucynok 3.52 — biok-cxema MOAyssl cCueT4HKa

Onucanue cUrHAJIOB (BHyTpeHHI/IC CI/IFHa.HBI)I

- CUeT — nHKpeMeHT uin nekpemMeHT TCNT2 Ha 1,

- HalpaBJIeHHUE — | BHIOOP MEXy HHKPEMEHTOM WIH JIEKPEMEHTOM,;

- OYHCTKA — ounctka TCNT2 (Bce pa3ps/ibl yCTAaHABIUBAIOTCS B HOJIB);

- clktn— TAKTOBBII TEHEpaTop TaliMepa/cueTurKa, Jajiee MMeHyeMblid kak ClKry;
- top — curHasmsupyet, 4To TCNT2 nocTurio BepxHero 3Ha4eHus,

- bottom — curHasmsupyet, 9to TCNT2 nocTurio HikHEro 3HaYeHHs (HyIs).

B 3aBrcHMOCTH OT KCIIOSIB3YEMOTr0 pexxuma paboThl CUETUUK cOpachIBAe€TCs, HNHKPEMEHTH-
pyeTcs WM JEKPEMEHTHPYETCS B KaXJOM IHKIE TakToBOTro curHana taiimepa (Clkrp). clkrs
CMOXET TEHEpUPOBAThCS OT BHEITHETO WJIM BHYTPEHHETO MCTOYHMKA TaKTOBOTO CHTHAJA, BbI-
OOpKa Mpu 3TOM MPOU3BOJUTCS ¢ TOMOIIBIO pa3psaoB CS2 2:0. Ecnu MCTOYHUK TaKTOBBIX CHT-
HaJIOB HE BeIOMpaetcs, T. €. CS2 2:0 = 0, To Talimep ocTaHaBimuBaeTcs. B To jxe BpeMs, BETHYUHA
TCNT2 moxer ObITh BeIOpaHa ¢ momomrsio LITY HezaBucumo ot toro, npucyrcrByet Clkr, wmm
HeT. Oneparus 3anucu B LITY oTrmensier (oOiamaer OOJNBIIMM MPUOPUTETOM) BCE OIEpaIluu
OYHUCTKH CYETUYHMKA UJIH OTEpaIMU CUEeTa.
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[TocnenoBarenbHOCTh cyeTa oOMpeAessieTcs IyTeM ycTtaHoBkH paspsgoB WGM21 u
WGM20, pacnioioxeHHbIX B peructpe ynpasienus taiimepom/cuetdynkoMm T CCR2. CymectByer
HETOCPECTBEHHAs CBSI3b MEXKAY TeM, KakK BeJeT ceOs CUeTUHK (T. €. KaK OH CUMTAeT) U Kakue
curHaibl opmupyrores Ha Beixoae OC2.

@nar nepenosHeHus TaiiMepa/cyeryrka TOV?2 ycTaHaBIMBaeTCsl B COOTBETCTBHH C PEXKH-
MOM pabOThI, KOTOPBIA BBIOMpaeTCs ¢ moMoIibio paspsagoB WGM21:0. [l reHepanuu npepsbi-
Banus L{ITY moxuHo ucnons3oBats TOV2.

3.13.6 Moay.ab cpaBHeHHS MO BBIXOAY

8-pa3psimHbIil KoMITapaTop HenpepbiBHO cpaBHUBaeT 1CNT2 ¢ peructpom cpaBHEHHS BBI-
xoma (OCR2). Kak tonmeko TCNT2 cranoButcs papabiM OCR2, koMmapaTtop CUTHAIU3UPYET O
coBragennn. CoBnanenne ycranoBut (mar OCF2 mpu cnemyromem IUKIEe TaKTOBOTO CHUTHANA
taiiMepa. [Ipu akruBanuu (OCIE2 = 1 npu ycraHoBke (ara obGimero npepsiBanusi B SREG)
¢nar OCF2 co3maer npepeiBanue Bbhixona cpaBHeHus. ®@mar OCF2 ounimaeTcss aBTOMaTHISCKU
IIPU BBITIOJTHEHUH MpoLeypsl 00paboTku mpepbiBanus. B kauectBe anbrepHatussl paar OCF2
MOYKHO OYHIIATh IPOrPaMMHO ITyTE€M 3alliCH JIOTHYECKOW eIWHUIIBI B ajpec paspsaa ¢uiara.
['enepatop curHaia mpou3BOJIbHON (HOPMBI HCIIONB3YeT CUTHAJ CPABHEHUS JI TeHepallii BbI-
XOJJHOTO CHTHaJa COTJIACHO PEXUMY paboThl, ycraHoBleHHOMY paspsiaamu WGM21:0, u pexu-
My CpaBHEHHUs BBIXOJla, ycTaHOBiIeHHOMY paspsgamu (COM21:0). MakcumansHOoe M HIDKHEE
3HAYCHUsI CHUTHAJA MCIIOJIB3YIOTCS TEHEPAaTOPOM CHUTHAJA MPOU3BOJIBHON (DOPMBI JUISl pEIICHHS
CHEIHANIbHBIX CIYy4aeB ¢ KpaWHUMH 3HAYEHHUSIMH B HEKOTOPBIX PeKUMaX paboThlI.

Ha pucynke 3.53 nmokazana cxema 0JI0Ka yIpaBJICHUs YCTPOMCTBOM CPaBHEHHS BBIXO/IA.

[Ipu pabore B mobom pexume ¢ ucnonb3oBanueM UM (mpoTHO-UMIYIBCHOH MOJY-
msimn), peructp OCR2 nmeer aBoitHyto Oydepusarmro. [Ipu pabore B 00bIYHOM peXuMe U pe-
XKHUMe OunCTKH TaiiMepa npu cosnageHuu (CTC) nBoitHas Oydepuszanus oTkiouaercs. J(BoitHas
Oydepuzarus CHHXpOHU3UPYET OOHOBJICHUE PETHCTPA CPAaBHEHUs JTMOO BBEPX, TMOO BHU3 OTHO-
CUTEJIbHO IOCIEI0BaTEIbHOCTH cueTa. CHHXPOHHU3AIMs NPEeAOTBPAIAeT BO3HUKHOBEHHE HM-
MyJbCOB U30BITOYHON JJIMHBI, HECUMMETPUUHbIX uMnyibcoB [IINM, obecnieunBas Takum oOpa-
30M OecriepeboiiHyto paboTy Bbixojaa. JlOoCTym K pEerucTpy MOXKET IMOKa3aThCs J1OCTaTOYHO
CJIOKHBIM, HO 3T0 He Tak. [Ipu aktuBanuu asoiiHoil Oydepuzanuu LITY umeer nocrtyn k peru-
ctpy Oydepa OCR2, a ecnu aBoiinas Oydepusanus otkiroueHa, To LITY Oyner ocymecTBisTh
npsmyto Be1oopky OCR2.
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Pucynok 3.53 — biok-cxeMa Moyl CpaBHEHMSI BBIXOJa
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3.13.7 IlpuHyauTeIbHOE COBIIAIEHHE

B pexxumax renepanuu 0e3 mcnonb3oBanus LIIMM npuHnuma, BeIXOA CpPaBHEHUS IS
KOMITapaTopa MOXKET OBITh YCTAHOBJICH 3aIHMChIO JOTHUeCKol eanHuIbl B pa3psan FOC2. [puny-
JTUTEIBLHOE CpaBHEHUE/coBIageHue He Oyaer ycranaBnuBath (uiar OCF2 wnm mepesarpy-
)KaTh/cOpaceiBaTh Taitmep, oqHako BeiBoAg OC2 Oyner 0OHOBIATHCS, KaK OyATO MPOHU3OILIO pe-
abHOE coBmajieHue (yctaHoBkH pa3psaoB COM21:0 onpenensior, 4To MPOU30UIET C BEIBOJIOM
OC2, Oynet i1 OH YCTaHOBJICH, COPOIICH WM MEPEKITIOYCH).

3.13.8 BiiokupoBKa coBnajieHUs1 CpaBHeHHs ¢ ToMonIbio 3anmucu TCNT2

Bce onepanuu 3anmcu B peructp TCNT2 O6yayr 6mokuposats J1r000e COBIaJCHUE, MPO-
UCXOJIAIICE B CICIYIOIIEM IIMKJIe CHHXPOHHU3AIMH TaliMepa, Take B ciydae, Korjaa TaiiMep ocTa-
HOBJIEH. JTa 0cOOEHHOCTH Mo3BoiisieT nHUIManu3upoBatb OCR2 Ha TO ke 3HadeHHWe, 4ToO U
TCNT2 6e3 3amycka ImpepbIBaHHs, KOI/la AaKTUBUPYETCS TaKTOBBIM TeHepaTop TalMe-
pa/cueryuka.

3.13.9 Ucnoab3oBaHue 0,10Ka CpaBHEHHS 110 BLIXOAY

[Tockonbky 3amuce TCNT2 B r06om paboueM pexxume OyneT 0J0KHpOBaTH BCE COBIIA-
JIEHUS 711 OTHOTO TaKTOBOT'O IIUKJIA pabOThI TaliMepa, TO CYIIECTBYIOT CBSI3aHHBIE C ATHUM PUCKHU
npu cmere TCNT2, korga ucnonb3yercst KaHaJl CPaBHEHUS 1O BBIXOY HE3aBHCHUMO OT TOTO, Oy-
neT paboTaTh TaitmMep/cueTurk win HeT. Ecnu 3nadyenue, 3anucannoe B TCNT2, paBHO BeudnHe
OCR2, to coBmajgeHue OyaeT yTpavyeHO, YTO JAeT B PE3yJIbTaTe HEMPABWIBHYIO T€HEPAIIHIO
dbopMBI cuTHaNa, aHAJIOTUYHO HE cleAyeT 3amuckiBath 3HaueHue TCNT2, pasHoe BOTTOM,
KOT'JIa CYCTUYHK BEJCT CUCT BHU3.

Hactpoiika OC2 momxHa BBITONHATHCS 0 YCTAHOBKH pPErHCTpa HAIpaBlICHUs JaHHBIX
JUTSL BBIBOJIA TIOpTa JUIs BBIXOJa. Hanbomee nmpocThiM criocoboM yctaHoBkH BemuauHbl OC2 siB-
JSIETCSI UCTIOJIb30BAHUE PA3psI0B YCTaHOBKHM TpHHYymUTedpHOro coBmamenus (FOC2) B HOp-
mManbHOM pexknMme. Pernctp OC2 coxpaHsieT cBoe 3HAaUYEHHUE, 1aXKe €CIIH MPOUCXOANT U3MEHEHHE
MEXy peKHUMaMH FeHepallii CUTHaja MPOU3BOJIbHON (POPMBL.

Crnenyer yoemuthcst B ToM, uto paspsiabl COM21:0 He umMeror aBoiiHON Oydepuzanun
BMeECTe C BeTMUMHON cpaBHeHUs. V3mMenenue paspsagoB COM21:0 cpasy e nact s dexr.

3.13.10 Bsiok cpaBHeHUsl COBNAIeHHIT HA BbIX0/1€

Pa3psaner pexxuma cpaBaHenust Ha Bbixoge (COM21:0) mecyr nBe dyHkiumu. ['eneparop
CUTHAJIa TPOU3BOIBHON (hopMbl ncmonb3yeT pa3psabl COM21:0 11 ONeHKH COCTOSHUS CpaBHE-
HUS Ha BBIXOJIE MpH clenytoniem coBnageHun. Kpome atoro, paspsast COM21:0 ympasistoT
HUCTOYHUKOM BBIXOJHOTO curHaia jis BeiBoga OC2. Ha pucynke 3.54 mpejacraBiieHa yIpOIICH-
Hasi OJIOK-cXeMa JIOTHKH, UCIIOJIb3yeMoi mpu ycraHoBke pazpsaa COM21:0. IToka3zaHbl TONBKO
4acTH OOIIUX PErHCTPOB yIpaBlieHUs mopToM Bxoaa/Beixoga DDR n PORT Ha koTOphIE BIUSIOT
pazpsast COM21:0. Ilpu cepuikax Ha cocrostane OC2 peus uaer o BHyTpeHHeM peructpe OC2,
a He o BeiBogie OC2. Ecnu mpoucxoaut copoc cucremsl, To peructp OC2 cOpaceiBaercs B «0».

Obmas ¢pyHKIUSA TOpTa BXOAa/BBIX0/1a IEPEONPEEISIETCS ¢ TOMOIIbIO BbIX0/1a CpaBHE-
Hus (OC2) u3 reHepaTopa curHaia MpoU3BOJIBLHOW (DOPMBI, €CITU YCTaHABIMBAECTCS KaKOH-THO0
u3 pazpsgoB COM21:0. Oxnako, Hanpasnerue BbiBoga OC2 (Bxoa Wi BBIXOJ) BCE €Ile KOH-
TPOJUPYETCS perucTpoM HampamieHus nanHeix DDR mns BeiBoga mopta. Paspsim peructpa
Hanpasienus ganubix 1 BeiBoga OC2 (DDR_OC2) momkeH ObITh YCTAaHOBICH B KA4€CTBE BbI-
xoJzia A0 Toro, kak BenuunHa OC2 craHeT HOCTYIHOHW Ha BbIBoAE. DYHKIUS TEpEeOnpeIeIeHUs
MOpTa HE 3aBUCHUT OT peXMMa reHepaluy CUTrHaja.
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Jlornueckasi cxema CpaBHEHHUS BBIXOJa paspeniaeT HHunuanuzanuio cocrosuus OC2 no
TOT0, KaK akTUBUpYyeTCs Bbixo. CiiesyeT 00paTuTh BHUMAHUE HA TO, YTO HEKOTOPBIC YCTAHOBKH
pa3psga COM21:0 coxpaHsroTcs 1715 ONPEACTICHHBIX PEKUMOB PabOTHI.
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Pucynok 3.54 — biiok cpaBHEHHsI/COBIIaIEHUS HA BBIXOJIE

Jlornueckasi cxema BBIBOJIa «BBIXOJ] CPAaBHEHUS» IO3BOJIIET WHUIMAIU3ALMIO COCTOSHUS
OC2 no Toro, kak akTHBHpYeTCs BbIx0J. OOpaTuTe BHUMaHUE HA TO, YTO HEKOTOPHIE YCTAHOBKU
paspsaaa COM21:0 coxpaHstoTcs A5 ONPEeNCHHBIX PEKUMOB PAOOTHI.

3.13.11 Pe:xum cpaBHeHUs M0 BHIXOY M reHepalusi CHTHAJIA MPOU3BOJIbHOI (hopMBbI

['enepatop curHanga mpousBOIbHOM (opMbl ncnonb3yeT paspsasl COM21:0 paznuyHbIM
0o0pa3oM It OOBIYHOTO pexnMa, pexuma ycinoBHEIX mepexonoB (CTC) u pexxuma mmpoTHO-
UMITYJIbCHOW Moaymsiuuu. /g Bcex TunoB pexumoB yctaHoBka COM21:0 = 0 cooOuraer reHe-
paropy, uro B peructpe OC2 He HODKHO BBHINMOJNHATHCS HUKAKAX JEHCTBUH IO CICTYIONIEMY
CpaBHEHHIO/COBIIA/ICHUIO.

N3menenne cocrosiaust paspsaoB B COM21:0 nosnusier Ha mepBoe COBIaieHUE TOCie 3a-
nucu pazpsnoB. s pexxumon, ornudaromuxcs oT IMM, mMoxeT ObITh MCMONB30BaHO JACH-
CTBHUE, Jafoliee HeMeUICHHBIN 3G deKT Oaroaaps UCIOJIB30BAHUIO PA3PsI0B MPUHYIUTEITHHOTO
cosnanenus FOC2.

3.13.12 Pexnmbl padoThI

Pexum paboThl, T. €. MOBeACHUE TaiiMepa/cueTuyrKa U BBIBOJIOB CPABHEHUS, ONPEIENIIeTCS
KOMOHWHAIMEH pa3psI0B IS PeXKHUMa reHepaly CUurHaia npou3BoasHoi Gopmel (WGM21:0) u
pexuma cpaBaeHus 1o Bbixoay (COM21:0). Pa3psiabl pesxuma cpaBHEHHUS BHIX0/Ia HE BIIMSIOT Ha
II0CJIEI0BATENBHOCTD CUETa, B TO BPEMs KaK pa3psibl pexXUMa FeHepallui CUrHana BIusoT. Pas-
psanet COM21:0 ympaBnsitoT Tem, OyJeT WHBEPTUPOBAH WIIM HET CTeHEPHUPOBAHHBIM BBIXOJ
[IIMM (uHBepTHpOBaHHBIN WM HeuHBepTUpoBaHHBIN [IIMM). JIns pexuMoB, HE UCIOJB3YIO-
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mux UM, paspsast COM21:0 KOHTpOIUMPYIOT: JOJKEH JIH BBIXOJ] OBITh YCTAaHOBJICH, OUUIIICH
WJIU TIEPEKJII0UEH MTPU COBIAICHUU.

HopmajibHblil pexum

CaMbIM NPOCTBIM PEKUMOM PaOOTHI sBiIsieTcss HopManbHbld pexum (WGM21:0 = 0). B
9TOM pPEXUME HaAIpaBlIEHUWE CYETa BCETJa BO3pacTarollee U cOpOC CUETYMKA HE BBIMOIHSICTCS.
CyeT4ynK MPOCTO MEPETIONHSACTCS, KOTAa OH MPOXOJUT CBOE MaKCHMaJbHOE §-pa3psiiHOE 3HAYe-
Hue (TOP = OxFF) u 3aTtem nepezanyckaercs (0X00). B HopmanbHOM pexkume paboThl diar me-
penonHeHus cuetunka/Taiimepa (TOV2) Oyaer ycTaHOBIIEH BO BpeMs TOTO K€ IIMKJIA CHHXPOHU-
3amuu TaiMepa, korma TCNT2 cranoButcs paBHbIM Hymo. @aar TOV2 B aTOM citydae Benet
cedst kak 9-1 paspsj, 3a UCKIOYEHUEM TOT0, YTO OH TOJbKO YCTAaHABIIMBAETCS, a HE cOpachIBa-
ercs. OgHako, mpu 0ObEAMHEHUU C MPEPHIBAHUEM IEPENOIHEHHs TaliMepa, KOTOPOe aBTOMAaTH-
yecku cOpaceiBaer ¢uar TOV2, paspemienue TaiiMepa MOXHO IOBBICUTH TPOIPAMMHBIM CIIOCO-
6oM. B HOpManbHOM pexrMe HeT HEOOXOAMMOCTH paccMaTpUBaTh CIEHHUANbHbBIE CIy4au, Mpu
TOM HOBOE 3HaYEHHE TaliMepa MOXKET OBITh 3alIMCaHO B JIK000E BpeMsL.

bnok cpaBHEeHHs BBIX0Jla MOKET HMCIOJIb30BATHCA JIJIsl TeHEpallK MpepblBaHUN B 3aJaHHOE
BpeMs. Vcronp30BaHHE CpaBHEHHS BBIXOJA Ui T€HEpaIlH CHTHAJIa TPOW3BOJIBHON (OPMEI B
HOPMAJIbHOM PEXHME HE PEKOMEHAYETCs, OCKOJIbKY 3TO 3aiMET CIUIIKOM MHOTO BPEMEHH Y
LY.

Copoc TaiiMmepa B pe:kume cpaBHeHusi/coBnaaenusi (CTC)

B pexxume cOpoca taiimepa npu cpaBHeHuu win pexxume CTC, WGM21:0 = 2, peructp
OCR2 ucnons3yercs Ui ynpaBieHHus pa3pemieHuem cuerynka. B pexxume CTC cuerunk cOpa-
ceIBaeTcs 10 Hyud, koraa 3HayeHue cuetynka (TCNT2) copnanaer ¢ OCR2. OCR2 onpenenser
BEpXHEe 3HAYCHHUE CUETYMKA, a CIIeIOBATEIbHO, €ro pa3pemieHue. [JJanHblii pexxum obecrieynBaeT
OOJBIIIYIO CTETICHb YIPABJICHHs BBIXOJHOW YaCTOTOH CpaBHEHHs/COBMAACHUS. JTO YIPOIIACT
TakXke padoTy IS cYeTa BHEITHUX COOBITHIA.

Bpemennas auarpamma st pexxuma CTC nokazana Ha pucyHke 3.55. 3HaueHHe cueTynKa
(TCNT2) Bo3pacraer 10 TeX mop, oKa He mpou3oiiaer copnaaenue Mmexay TCNT2 u OCR2, a
3aTeM CUETYUK cOpachIBaeTcs.

[IpeppiBaHKEe MOXKET TE€HEPHPOBATHCS KXl pa3, KOTJa 3HAUYCHHE CUYCTUYMKA JOCTHTaeT
BenmuunHbl TOP, nmyrem ucnons3oBanus ¢aara OCF2. Eciu npepeiBanue paspemiaercsi, To mpo-
[eypy MPephIBaHUS MPOTPaMMBbI 00pabOTUYNKa MOKHO HCIIOJIb30BaTh JJIsi OOHOBIICHHS BEINYIH-
el TOP. B 1o ke Bpems uzmenenue TOP na 3nauenue, 6nuzkoe k BOTTOM npu pabore cuet-
YHKa, KOT/Ia OTCYTCTBYET WJIM MPUCYTCTBYET Majioe 3HaueHune KodduimenTa npeaBapuTenbHoO-
TO JITUTENS YacTOTHI, JOJDKHO BBHITONHATHCS C OCTOPOYKHOCTBIO, MOCKOIBKY pexum CTC ne
umeer JBoiHoM Oydepuszanmu. Ecnu HOBoe 3HaueHue, 3anucannoe B OCR2, meHsbIe, ueM Te-
kymee 3HadeHne 1CNT2, To cYeTYHMK yIyCTUT COBMAJCHHWE TPU CPABHEHUHU. 3aTEM CUETUUKY
NOpPUIETCS CUUTATh JI0 CBOETr0 MakcumaibHoro 3HaueHus (0XFF) u Bo3Bpaiatecss CHOBaA, Ha4YM-
Has ¢ 0X00, mpexzae, yeM MOXKET MPOU30MTH COBIAJCHUE IIPU CPABHEHUH.
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Pucynok 3.55 — Pexxum CTC, BpeMeHHas quarpamma

Jlnist reHepanu BbIXo/a curHaja mpou3BosbHON Gopmbl B peskume CTC Beixon OC2 mo-
JKET OBITh YCTAHOBJICH Ha MEPEKIIFOUEHUE CBOCTO JIOTHUECKOTO YPOBHSI IPH KAXKIOM COBITAJICHUN
MyTeM YCTaHOBKH Pa3psiIoB Pe)KMMa CPAaBHEHUS BBIXO/A B PEXKHUM MEPCKITFOYCHUS
(COM21:0 = 1). Bnauenne OC2 He OymeT OOCTYIHO Ha BBIBOJE MOpTa A0 TEX IOp, IMOKa
HaIpaBJICHUE JAHHBIX HE YCTAHOBUTCS, KaK «BBIXO/I». | eHepHpyeMbIii CUTHA Oy/IeT UMETh MaK-

cumanbHyro 4actoty focz = fuk 1o/2 mpu ycranoske OCR2 B Homb (0X00). Yacrora curnana
OTIPEICIIICTCS BRIPAKCHUEM

P Jelk 110
10Ch T 5 N (1+OQCRn)

ITepemennas N mpencrasisier co0oil K03(hGUIMEHT NpeABAPUTEIBHOIO JEJICHUS 4acTo-
oI (1, 8, 32, 64, 128, 256 unu 1024).
Yro kacaeTcsi HOpMAJIBHOTO pexxuma paboTsl, To duar TOV2 ycTaHaBnuBaeTcs BO BpeMs

TOTO XK€ IIMKJa CHUHXPOHHM3AIMM TaiiMepa, IpU KOTOPOM cueTuuk nepekitoyaercs 3 MAX B
0x00.

beicrperiit HIUM pexum

BricTpas mmpoTHO-UMIYyIbCHAs MOy s win OsicTpbiit HIMM pexum
(WGM21:0 = 3) npemocraBiisieT BO3MOXKHOCTb reHepanuu curnana 1M ¢ BBICOKO# 4acTOTOM.
breictponetictBytomas [LIMM otnuaaercs ot apyrout LM Gnaromaps ee pabore mo ogHOMY
¢bpouty. CueTunk BeIIONHSET cyeT u3 nonoxkenus BOTTOM no MAX, 3aTeM BHOBb HauWHAET
paboty ¢ BOTTOM. B HenmHBEpTHPYEMOM peKUME CpaBHEHHS 110 BhIxoay, OC2 ouunraercs npu
copraziennu cpaBHeHus Mexay TCNT2 u OCR2 u ycranaBnusaercs kak BOTTOM. B unsep-
TUPYEMOM DPEKHMME CpPAaBHEHHUS BBIX0J1a, BBIXOJI YCTAaHABJIMBAETCS MPU COBIAJIEHUU U cOpachiBa-
erca npu BOTTOM. bnarogapst pabote ¢ ucnonb3oBaHueM oJHOTO (ppoHTa, paboyas yacToTa
st Obictporo IIIMM pexuma moxkeT B ABa pasa npesblmath yactoTy LIIMM pexuma ¢ pazoBoit
KOpPEKIMeH 4acTOThI, KOTOpasi UCMOIb3yeT MPUHIUN paboThl ¢ MPUMEHEHHEM JIBYX (DPOHTOB.
bnaronaps ctoib Bbicokoi yactoTe, ObicTphiil [IIIM pekuM oueHb XOpOIIo MOAXOAUT AJIs pe-
T'YJIMPOBKH MOIIIHOCTH, BhIpsimiieHus 1 npuMmeHenus B LIAIL. Bricokast yactora o0ycinaBiuBaer
Manble (U3UYECKHE pa3Mephbl BHEIIHUX KOMIIOHEHTOB (KaTylleK, KOHJIEHCAaTopoB), Oiaromaps
4eMy CHU)KAeTCsl 0011asi CTOMMOCTb CHCTEMBI.

B 6eictpom HIUM pexkume cdeTuyrk BO3pacTaeT J0 TEX MOop, MOKa €ro 3HAaYCHHE HE J10-
crurHet 3HaueHust MAX. 3areM cueTyuk cOpachIBaeTcs MpH CIEAYIOIIEM LUKIE CHHXPOHM3a-
uu TaiiMepa. Bpemennast quarpamma mist osictporo LIIMM peknma moka3zana Ha pucyHke 3.56.
3navyenue BenuunHbl TCNT2 Ha BpeMeHHOH nuarpamMMe MOKa3aHO B BUJE TMCTOTPAMMBI JIJIs
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WLUTIOCTpAIiK paboThl B PEKUME C UCIIOIb30BaHUEM oHOTO PpoHTa. Ha prcyHKe OoKa3aHbI KaKk
WHBEPTUPOBaHHbIE, TaKk U HenmHBepTHUpoBaHHBIC [IIMM BbIXOABI. Hebombime ropu3oHTaIbHBIC
meTku Ha pporTax TCNT2 npexncrapnstor copnanenus mexay OCR2 u TCNT2.

Yeranoska (nara
NPEPHIBAHHI

OCRn

ObHoBNCHHME M
OCRn OHOBICHME
yeranoska duiara

NPEPBIBAHMS

D

ongrreon

-

PVLINOSION

<

-

-

-y
i

P R—

£ d
TCNTn / / /

4
OCn (COMN1:0 = 2)

OCn [ ] [Tl (COMn1:0 =3}
[Tepuoa |<—1 _'l'—2 —-"0—3——"‘—4—-4’——5—-5*-—6—-"‘._7_.’

Pucynok 3.56 — Bpemennas nuarpamma ans 6sictporo UM pexkuma

dnar nepenonHeHus: Taitmepa/cuerunka (TOV2) ycraHaBimBaeTcst KaKAblid pas, KOTaa
cuetunk gocturaer MAX. Eciu paspernieHo npepsiBaHue, TO Iporpamma o0paboTyuka npephbl-
BaHUS MOXKET MCII0JIb30BaThCA 111 OOHOBIJICHHSI BETMYMHBI CPAaBHEHHUS.

B Gpictpom LIIMM pexxume Moayib cpaBHeHuUs paspemaeT renepanuto [IIMM curnanos Ha
BeiBoZie OC2. YcranoBka pazpsgoB COM21:0 B «10» naer nemnBeptupoBanssiii IIINM, a un-
BeptupoBanHbii [IIIUM moxHO cdopmupoBats, yctaHoBuB COMZ21:0 B «11». dakTmueckoe
3HayeHne OC2 OyneTr BUAHO Ha BBIBOJIE TIOPTA, €CIIM HANpaBJIEHUE JAaHHBIX JJIs BBIBOJA yCTa-
HOBJIEHO Kak «BbIX0a». @opma curHana IIIMIM renepupyercst ¢ moMoIbl0 yCTaHOBKU (MU
ounctku) peructpa OC2 nmpu coBnanennu mexay OCR2 u TCNT2, u ourcTku (WM yCTaHOBKH)
peructpa OC2 BO BpeMsi TaKTOBOTO IMEPHOJA, KOTJa cUueTYnK ouuiaercs (m3mensercs ¢ MAX
Ha BOTTOM).

Yacroty BeixogHoro MM M0>KHO BBIYHCIIUTE, UCITOIb3Ys YPABHEHUE

_ _ Jew o
Tocapwm = N .O56

[Tepemennas N mpencrasisier coboi ko3 duirienT npeasapurenabHoro aenenus (1, 8, 32,
64, 128, 256 wu 1024).

Kpaitaue 3nauenus s perucrpa OCR2 mpenctaBisioT ocoOble ciiydad MpU TeHEparuu
curHana [1IM nHa Beixozne B 6bictpoM HINM pexume. Ecmu OCR2 ycranaBinuBaeTcsi paBHBIM
BOTTOM, 10O BBIXOJHOH CHTHAI OyJeT MPEACTABIATH COOOM OCTPHIM MMITYJIBC JUIA KaXKIO0TO
takToBOro nukiaa taiimepa MAX+1. Eciu OCR2 ycranaBnuBaercs paBubiMm MAX, T0 310 mipH-
BOJIUT K TIOCTOSTHHOMY BBICOKOMY HJIM HH3KOMY JIOTHYECKOMY COCTOSIHHIO Ha BBIXOZEC (B 3aBH-
CHMOCTH OT MOJISIPHOCTH Ha BBIXOZIE, KOTOpask ycTaHoBleHa paszpsaamu COM21:0).

Yacrota ¢opmbl curnana Ha Beixoge (rmpu 50 % pabouem pexxkume) B O6bicTpom LIINM pe-
KUME MOXKET ObITh mosyueHa myreM yctaHoBkd OC2 Ha mepekitoueHHe CBOEro JIOMYECKOTro
ypoBHs nipu KaxoMm coBragennn (COM21:0 = 1). ®opma curnana, reHepupyemasi Ipu 3TOM,
Oyner uMeTh MakcuManbHylo 4actoTy focz = fuk 110/2 mpu ycranoke OCR2 B HOMB. DTa 0co-
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O0eHHOCTh aHanoruvHa nepekmoueHno OC2 B pexxume CTC, 3a HCKITIOYEHHUEM TOTO, YTO JBOW-
Has Oydepu3aius B MOJIyJie CpaBHEeHHUs Bbixoza B ObicTpoM LIIMM pexnMe BKIIIOUEHA.

Pesxxum ¢aszoBoii koppexkunu UM

Pexxum ¢azopoit koppekiuu UM (WGM21:0 = 1) oGecriednBaeT BO3MOKHOCTh IeHepa-
nuu curdana [IMM ¢ ¢da3oBoii KOppeKInel U BRICOKOM pa3pemniaroneidl CnocoOHOCThI0. Pexxnm
dazoBoit koppekiuu [IIMM ocHoBaH Ha paboTe ¢ UCTIOIB30BaHUEM ABYX (pOHTOB. CUETUHK Be-
net noBropsiemblid mojcyeTr or BOTTOM k MAX, a 3atem ot MAX k BOTTOM. B HennBepTu-
poBanHOM pexume cpaBHeHus: OC2 ounmaercs npu coBnageHuu mexay 1CNT2 u OCR2 mpu
MHKpPEMEHTE U YCTaHABJIMBAETCS IPU COBMAJICHUU INpHU JeKpeMeHTe. B mHBepTUpOBaHHOM pe-
JKUME CPaBHECHHSI TI0 BBIXOJY oreparus uHBepTupyercs. [IpuHimn paboTel Mo aByM ¢GpoHTaM
MMeEeT NOHMKEHHYI0O MAaKCUMAJIbHYIO pab04ylo 4acTOTy MO CPaBHEHHUIO ¢ OAHUM (GpoHTOM. B TO
XKe BpeMsi Oaromaps cuiMMeTpuaHO# ocooeHHocTu LIIMM pexumoB 1o AByM GpoHTaM, 0100-
HBIE PEKUMBI PEATIOYTHTEIbHBI IS UCIIOIB30BAHUS MIPH YIIPABICHUH JIBUTATEIISIMH.

Pazpemenne LLINMM i peskxuma ¢ pa30BOM KOPPEKITMEH YCTaHABIMBACTCS HA YPOBHE
8 out. B LIINM pexume ¢ $hazoBoil KOppeKLMEH CYETUMK BO3PACTAET A0 TEX MOp, MOKa ero 3Ha-
yenue He aocturHer MAX. Korapa cuerunk gocturaer MAX, oH MEHsSET HampaBJICHHE CYETA.
3uauenue TCNT2 Gyner paBHo MAX nns ogHOTO TaKTOBOTO IMKJIa Taiimepa. Bpemennas nua-
rpamma st [IIMM pexxuma ¢ (a3oBoii Koppeknuel moka3aHa Ha pucyHke 3.57. 3HaueHHe
TCNT2 Bo BpeMeHHON quarpamme MOKa3aHO B BHUJE TMCTOTPaMMBbl, WILTIOCTPUPYIOIICH MpUH-
un paboTel ¢ AByMs GpoHTamu. JlmarpaMma BKIIOYaeT HEMHBEPTUPOBAHHBIC U HHBEPTUPOBAH-
Heie [IIMM Boixonpl. HeGombiue ropuzonTaibHbie oTMeTKH Ha ppoHTax TCNT2 npeacrasistor
coBnagenus Mmexxay OCR2 u TCNT2.

Ounar nepenoiHeHus Taiimepa/cuetunka (TOV2) ycraHaBnmuBaercs KaxAblid pas, Koraa
cuetunk nocruraer 3HaueHuss BOTTOM. ®nar npeprsiBaHus MOXKET HCIOIB30BAThCS VIS IIpe-
PBIBaHUS KK pa3, KOTAa c4eTuyuk qocturaet 3HaueHuss BOTTOM.

B pexume IIUM c da3oBoii koppekiueii MOy/lb CpaBHEHUsI 00eCTIeYMBaeT I'eHEepaIuio
umnynscoB HIMM na BeiBoge OC2. YcrtanoBka pazpsioB COM2 1:0 B 3HaueHue «10» BbI30oBeT
HenHBepTtupoBaHHbIi [IIUM pexxum. MuBepTHpoBanHbIil Beixoa [IIMM moxker remepupoBaThCs
nyteMm ycranoBku COM21:0 B «11».

Yeranoska ara
NPEPLIBAHUN

OCRn O6nosnenue

Yeranoska (nara
TOVn NIPEPBIBAHNS

-
-

N

7

TCNTn \/

OCn l_] ] l [_ (COMN1:0 = 2)
OCn I_| m I— {COMn1:0 = 3)
[lepuon lL 1 -}4 2 }4 a Jl

Pucynok 3.57 — Bpemennast nuarpamma, pesxuM LM ¢ ¢a3oBoit koppekuuneit
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®daxkrudeckoe 3HaueHne OC2 OymeT AOCTYIHO Ha BBIBOJE MOpPTA TOJIBKO B CiIydae, KOTaa
HalpaBJICHUE JTAHHBIX IS BBIBOJIA TIOPTa Oy/IeT YCTaHOBIICHO Kak «Bbixony». IIIMM curnan re-
Hepupyercs myTem cOpoca (vwiu yctanoBku) peructpa OC2 mpu coBnaaennn mexny OCR2 u
TCNT2, koraa 3HaueHue CYETUYMKA BO3pACTaeT, M IIPH YCTaHOBKe (Miu coOpoce) peructpa OC2
npu coBnaaenun Mexay OCR2 u TCNT2, xoraa 3HaueHue cuyeTyMka yMmeHblnaeTcs. Yacrora
IMM mist BBIXO1a MOYKET OBITh BEIYMCIICHA C TOMOIIBIO (hOPMYJTBI

X _ Jel 10
SOCRPCPWM — N-B10

[Tepemennas N mpezncraisier co0oii koapduIMeHT npeaBaputensHoro aenenus (1, 8, 32,
64, 128, 256 nmu 1024).

Kpaitnue 3nauenus ans peructpa OCR2 mpeacraBisioT ocoOble ciyyau, KOrja MpOUCXo-
muT reHepanus BeixonHoro IIIMM curnana B ILIMM pexume ¢ ¢dazoBoit koppekuueid. Eciu
OCR?2 ycranaBnuBaercsi paBubiM BOTTOM, T0O BbIX0J OyIET NOCTOSTHHO HaXOJIUTHCS B HU3KOM
JIOTUYECKOM COCTOSIHMH, a €CJIM ycTaHaBiuBaeTcsi paBHBIM MAX, TO BBIXOJ i1 HEUHBEPTUPO-
BanHoro [1IM pexuma OyaeT MOCTOSHHO HAXOJUTHCS B BHICOKOM JIOTUYECKOM COCTOSIHUU. Jl1ist
uaBeptupoBanHoro [IIMM pexnMma BIX0J OyJIeT UMETh MPOTHUBOIOJIOKHBIC JIOTHUSCKUE 3HAYC-
HUSL.

BpeMenHble quarpamMmMsbl TaliMmepa/cueT4ynKa

TaiimMep/cueTyuK MMEET CHHXPOHHBIM MPHUHIUI paOOThl, U TAKTOBBIM MMIIYJIbC TaiiMepa
(clkT2) ¢ yuerom 3TOrO MOKa3aH Ha CICAYIONIMX PUCYHKAX KakK CHTHAJA CHHXPOHHM3aIMH. PUCyH-
KU COJiepKaT MHPOPMALIMIO O TOM, KOT/Ia yCTaHABIUBAIOTCS (praru npepeiBanus. Ha
pucyHke 3.58 mpuBeIECHbl BpPEMEHHBIE MapaMeTpbl MO OCHOBHOMY pEXHMY pabOThHl Taiime-
pa/cuetunka. Ha pucynke mpuBeaeHa MoCie0BATEILHOCTh cUyeTa, Onu3kas K 3HadueHuto MAX
BO BCEX peKMMax, oTinyaronmxcs ot pexkuma MM c dazoBoii kKoppekuuen.

clk,q

clk,
(clkyg/1)

TCNTn MAX -1 MAX :l: BOTTOM X BOTTOM + 1

ine—srel
e

TOVn

Pucynok 3.58 — Bpemennas quarpaMma taiimepa/cueTyrka 6e3 npeiBapuTeabHOro
JIeJIEHUS YacTOThI

Ha pucynke 3.59 nokazaHbl Te k€ BpEMEHHBIE TapAMETPBI, HO C MPEABAPUTEIBHBIM JIE-
JIEHUEM YacCTOTHI.
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Pucynoxk 3.59 — Bpemennast quarpaMma taiiMepa/cueT4nKa ¢ mpeABapuTeIbHbIM
nenenneM 4actotsl (fe 1/0/8)
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Pucynok 3.60 — Bpemennast tuarpaMma taiimepa/cuerdynka ¢ ycraHoBkoit OCF2
U TIpeABapHTENbHBIM aeneHneM 9acTotsl (fek 1o/8)

:

clky,
(clk,,/8)

JUARTANE
T

ULTIUL
-

JURTRRGTSN
-

ULUTULL

TCNTn |

(CTC)

TOP - 1

TOP

BOTTOM

X BOTTOM + 1

OCRn

TOP

OCFn

Pucynox 3.61 — Bpemennast quarpamMmMa taiiMepa/cueTdrka, coOpoc Taiimepa B peKUME CpaBHE-
HHSA/COBIAJICHUS C TPEABAPUTENBHBIM AeneHreM 9acToThl (fek 1/0/8)
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3.13.13 Onucanue perucTpoB 8-pa3psiAHOro TaiiMepa/cuyeT4nKa

Peructp ynpasienus Taiimepa/cyeruuxa — TCCR2

bur 7 6 5 4 3 2 1 0
FOC2 | WGM20 | COM21 | COM20 | WGM21 | CS22 | Cs21 | Cs20 | TCCR2
Ur/3an. 3 a3 us3 us3 a3 u3 us3 us3
Hasaneroe | = 0 0 0 0 0 0 0
3HAUYCHUC

Pa3psin 7: FOC2 - llpunyauTeabHoe COBIAaJeHHe

Pazpsng FOC2 aktuBupyercs Toabko Toraa, korna paspsa WGM20 3agaeT pexxum 06e3 uc-
nonb3oBanus [IIMM. B To e Bpemst 1l COBMECTHMOCTH € OYAYIIUMH yCTPOWCTBAMHU ATOT pPa3-
pSA OJKEH ObITh YCTAHOBJIEH B HOMb, Korga 3amuchiBaercss 1CCR2 mpu pabore B pexume
HIWM. Ilpu 3anucu nornveckoil eauauiel B paspsg FOC2 Ha Momynb reHepanuu CUrHaja IMmo-
JIaeTcsi KOMaHJa Ha HeMmelieHHoe coBmnajgeHue. Boixog OC2 u3MeHsieTCs B COOTBETCTBUH C
yctaHoBKOH ero paspsgoB COM2 1:0. Cnenyer oOpatuTh BHUMaHuE Ha TO, 4To paspsg FOC2
peanusyercss B Buae cTpoba. C yderom 5TOro, 3Ha4yeHHE, MPUCYTCTBYIOIIEE B paspsaax
COM21:0, onipenensier pe3ybTaT IPUHYAUTEIHHOTO COBIIA/ICHUS.

Crtpobupyrouii curnan FOC2 ne Oyner reHepupoBaTh HUKAKOTO MPEpPHIBAHUS, a TaKKe
He Oyzaer ounniarek taiimep B pesxkume CTC, ucronb3ys OCR2 kak TOP.

Pazpsng FOC2 Bcerna cuutpiBaeTcs Kak HOJb.

Paszpsiabl 6, 3 - PeskuM reHepamum curiajia npousBosbHoii popmbr WGM2 1:0

OTH pa3psiibl YIPABISIOT MOCIEI0BATEIILHOCTRIO CUeTa Ui CUETYNKA, HCTOUHUKOM MaK-
cumanbHoro 3Hadenusi cyetuuka (TOP), a Takke MCHOIB3yeMBbIM THIIOM T€HEpallH CHUTHAlA.
Moayinb TaiiMepa/cueTdrKa MOAICPKUBACT CICAYIOIINE PEKUMBI PAa0OThI: HOPMAIbHBIN, PEXKUM
copoca cuetunka npu coBnagennu (CTC), a Taxke aBa Tuna pexkumon HINM (cMmoTpu
tabnuiry 3.49).

Tao6mnuima 3.49 — Onmcanue paspsa pexnuma padoThl reHepauu (OpMbI CUTHAJIA Y

Peskin WGM21 | WGM20 Pexum paboTsl TOP OOHoBIIEHHE YcranoBka
(CTC2) | (PWM2) | raiimepa/cueTdynka OCR2 ¢mara TOV2
0 0 0 Hopwmainbnblii OxFF Hemennennoe | MAX
1 0 1 | PWM, Koppexuma | o 0 | 1op BOTTOM
¢azbl
2 1 0 CTC OCR?2 | Hememnennoe | MAX
3 1 1 brictpeiit HIUM OxFF | TOP MAX

Y Hanmenosanus paspsanoB CTC2 u PWMZ2 B HacTosiIIee BpeMsi CUUTAIOTCS YCTaPEBILIUMH.
Crenyer ucnionb3p3oBath onpeneneHuss WGM21:0. B To ke Bpemst, G yHKIIMOHATIBHOCTH U PACIIO-
JIOKEHHUE 3TUX Pa3psI0B COBMECTHUMBI C IPEKHUMHU BEPCUSMH Taiimepa.

Pazpsiani 5, 4 :COM21:0 - Pexxum cpaBHeHus1/cOBIaJieHUsI BHIX0/1AQ

OTH pa3psabl YIPaBISIOT MOBEJACHUEM BbIBoJa «Bbixon cpaBHeHus» (OC2). Ecmm ycra-
HaBJIMBaeTCs OuH wiu 00a paspsaga COM21:0, To BeIX0[ miepeonpenensieT HOpMaIbHYIO (yHK-
IIUIO NTOpTa BXO/a/BbIXo/a. B To ke BpeMs He00X0AUMO OOpaTUTh BHUMAHUE HA TO, YTO pa3psl
peructpa Hanpasienus (DDR), coorBercrByromuii BeiBogy OC2, nomkeH OBITh YCTaHOBJICH
TakK, YTOOBI aKTUBHUPOBATh BBIXOIHOMU JApaiiBep.

Korga x BeBomy moacoequnen OC2, To ¢ynkius paspsuaoB COM21:0 3aBucHur ot ycra-
HOBKH paspsna WGM21:0. B Tabmuue 3.50 nokazana ¢yHkumoHnanbHOCTh paspsina COM21:0,
koraa pazpsasl WGM21:0 yctaHaBIMBarOTCS B HOPMAJIbHBIN peXUM padboThl min B pesxkum CTC
(ue pexxum LINUM).
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Tabnauna 3.50 — PexxuMm cpaBHeHH BbIXoJ1a, pexkuM 0e3 HINM

COM21 COM20 Onucanue
0 0 HopwmanpHas pabora nopra, OC2 orcoennHeH
0 1 [Tepexmouenne OC2 npu coBIaIeHUN
1 0 Co6poc OC?2 npu coBnaieHun
1 1 Ycranoska OC2 npu coBnajgeHuu

B tabnuue 3.51 npuBenena ¢pynkunonaabHoCTh paspsaaa COM21:0, korna pazpsiabl
WGM21:0 ycranaBiauBaroTcs B ObICTpBIN pexxum LITVM.

Taobnauma 3.51 — Pexxum cpaBHEHUS BbIX0Ja, ObICTpHIN peskum [TITMM D

CoM21 COM20 Onucanue
0 0 Hopwmainbnas padota nopta, OC2 orcoenunex
0 1 3ape3epBUPOBAHO
1 0 Co6poc OC?2 npu cosnanenuu, ycranoBka OC2 npu TOP
1 1 YcranoBka OC2 npu coBnagenuu, copoc OC2 npu TOP

pu TOP.

Y OcoGbiit ciyyail umeet mecto, korna OCR2 paBHo TOP u ycranosien COM21. B stom
cllydae COBIAJICHUE IPH CPABHEHUU UTHOPHPYETCS, OTHAKO YCTaHOBKA MITM COPOC BBITTOJTHSIOTCS

B Tabnune 3.52 nokasbiBaetcs pyHKIMOHANBHOCTH paszpsga COM21:0, korna pa3pssl
WGM21:0 ycranoBneHsl B pexuM (dazoBoii koppekiuu LM,

Tabnuma 3.52 — PexxuMm cpaBHEHHS IO BBIXOY, pexuM (pa3oBoii koppeknuu [LINM

COM21 COM20 Onucanue
0 0 HopwmanpHas pabora nmopra, OC2 orcoenHeH
0 1 3ape3epBUPOBAHO
1 0 Co6poc OC2 npu coBmaieHUH Mpu cuere BBepX. Y cranoBka OC2
IIPU COBMAJICHUU TPH MOJICUETE BHU3
1 1 VYcranoka OC2 npu coBnagenuu, copoc OC2 npu coBnaieHUH

IIpH CUCTC BHU3

[Tpumeuanue —Ocobblil ciyyail umeer mecto, korna OCR2 pasro TOP u ycraHos-
ner COM21. B sToMm ciryuae coBnaieHue Mpu CPaBHEHUN UTHOPUPYETCS, OJTHAKO YCTaHOBKA
wiu copoc BeinosHsoTes npu TOP.

Pazpsiabi 2:0 : CS22:0 - Bbi6op cMHXpOHM3aLIUU
Tpu paspsana BeiOOpa CHHXPOHU3AIMK BHIOUPAIOT UCTOYHUK CUHXPOHU3ALUU IJs1 paboTh
TaiimMepa/cueTduka.

Tabnauna 3.53 — Onucanue pa3psaa BHIOOpa CHHXPOHHU3AIUN

CS22

CS21

CS20

Onucanue

0

0

0

Hert ucrounuka CUHXPOHU3AIUN (TaﬁMep/ CUCTUYHK OCTaHOBJ'IeH)

clkros/ (be3 menenust 4acTOTHI)

Clkros /8 (Ot ycrpoiicTBa npeiBapuTEIbHOTO JICICHUS YaCTOTHI)

Clkros /32 (Ot ycTpoiicTBa peABApUTEIHLHOTO ICJICHUS YaCTOTHI)

Clkr,s /64 (Ot ycTpoiicTBa peABAPUTEIBLHOTO ACJCHUS YaCTOTHI)

Clkros /128 (Ot ycrpoiicTBa MpeIBapUTEILHOTO JSICHHUS YaCTOTHI)

Clkyzs /256 (Ot ycTpoiicTBa peaBapuTEILHOTO ACICHHS YaCTOTHI)

IR =1=1=)

== =)

===

Clkros /1024 (Ot ycTpoiicTBa npeiBaAPUTEIHHOTO JICIICHUS YaCTOThI)
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Peructp Taiimepa/cuerunxa — TCNT2

But 7 | e | 5 | 4 | 3 | 2 | 1 ] o
TCNT2[7:0] TCNT2
Yr./3ar. 4/3 4/3 4/3 4/3 4/3 4/3 4/3 4/3
Hauansnoe 0 0 0 0 0 0 0 0
3HAYCHUC

Peructp taiimepa/cuerdrika oOecrieuuBaeT MPSMOM JOCTYN Kak JUisl ONepaluy CUYUThIBA-
HUS, TaK ¥ 3alIUCH B 8-pa3psaHblil CUETHBINA perucTp Oioka Taiimepa/cueTunka. 3anuch B OJI0KU
peructpa TCNTZ2 6rmokupyeT coBmaeHue Mpyu CPaBHEHUH JJIS CISAYIOIIETO CUTHAIA CHHXPOHH-
3anuu taitmepa. M3menenne 3nauenus: cyerunka (TCNT2) Bo Bpems paboThl cueTYMKa CO3/AeT
PHUCK OTCYTCTBUS coBnazieHus mpu cpapHeHuu Mexay TCNT2 u peructpom OCR2.

Peructp cpaBHenust Boixoga — OCR2

But 7 | e | 5 | 4 | 3 | 2 | 1 | o
OCR2[7:0] OCR2
Yr./3am. /3 4/3 /3 /3 /3 /3 /3 /3
Hauanbaoe 0 0 0 0 0 0 0 0
3HAYCHHE

Peructp cpaBHEHUS BBIXOJA COJEPKUT 8-pa3psIHYIO BEIUYHHY, KOTOpas HEIPEPHIBHO
cpaBHuBaeTcs co 3HaueHueM cuetuuka (TCNT2). CoBnaseHne MOKeT UCIOIB30BATHCS AJIS Te-
HEpAaIUX IPEPHIBAHMS IPH CPABHEHUU TI0 BBIXOY WJIM JJIs TeHEepaIu curHaia Ha BeiBoje OC2.

ACHHXPOHHBIH peKUM

OTnuuuTenbHOM 0COOEHHOCTRIO TaiiMepa/cueTunka T2 sBisieTcst ero BO3MOXHOCTh pado-
TaTh B ACHHXPOHHOM pexuMe. B aToMm pexume Ha BXOJ NPEeAeanTeNs MOCTYNaeT CUTHAII C BbI-
Bosa TOSCI, 4To MO3BOJISET UCMOIB30BATh TaliMEp/CUETUHMK B KAUECTBE YacOB PEAIbHOTO Bpe-
MeHU. VICTOYHUKOM CHTHaja MOXKET OBITh KaK KBapIIeBBIM pe3oHaTOp yacToTou 32 768 I'i, moa-
kirouaembldl K BeiBogaM TOSC1 n TOSC2 MUKpOKOHTpoOIIIEPa, TaK U BHEIIHAS cxeMa. Hecmot-
Psl Ha TO, YTO TAKTOBBIM reHepaTop TaiiMepa/cueTyrka HacTpoeH Ha yacToty 32 768 I'u, yacroTta
CUTHaJIa OT BHEUIHEW CXEeMbl MOXKET Jiexarh B npenenax ot 0 mgo 256 kI'u. IIpu stom yacrora
BHEIIHET0 CUTHaJa JOJKHA OBITh B UETHIPE pa3a MEHBIIE YaCTOThl TAKTOBOI'O CHUTHAJIa MUKPO-
KOHTpOJLIEpa.

g onpenenenuss MoMeHTa aelcTBUTenbHOro n3mMeHeHus: peructpos TCNT2, OCR2 un
TCCR2, a Taxxe 11 MEpeKIIIOUCHHs TaiiMepa/cueTurnKa B aCHHXPOHHBINA PEXUM, MPeHA3ZHAUCH
peructp ASSR, pacnionoxxenHnsiii o agpecy $22 ($42).

bur 7 6 5 4 3 2 1 0

AS2 TCN2UB | OCR2UB | TCR2UB ASSR

Yr./3am. q q Ei Ei 43 q q q
Havannaoe 0 0 0 0 0 0 0 0
3HAUYCHUC
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Tabnuna 3.54 — Peructp cocTosiHusl aciHXpoHHOTO pexkuma ASSR

bur Omnucanue

AS?2 ACUHXPOHHBII TaliMep/cYeTYNK2

Korma AS2 ounmaercs, T/C2 taktupyercs ot Clkjo. Korma AS2 ycranasiuBaer-
cs1, T/C2 takTupyercst OT KBapIeBOIro reHepaTopa, MOKIFOUYEHHOTO K BBIBOAY
TOSCI. Korna 3nauenue AS2 uzmensiercs, conepxumoe TCNT2, OCR2,
TCCR2 MO0XeT H3MEHUTELCS

TCN2UB | ®nar 3anstoct npu oonosnennu TCNT2

Korma T/C2 paboTaer B aCHHXpOHHOM pekume 1 3amucbiBactes TCNT2, ator
out ycranasnuBaercsi. Korna TCNT2 oGHOBIsIETCS: COAEP>KUMBIM BPEMEHHOTO
perucrpa, TOT OUT anmapaTHo OYMInaeTcs. Jlornaeckuit HOJIb B TOM OHTE
otobpakaer, 4to TCNT2 rotoB 11 0OHOBJICHHSI HOBBIM 3HaUYE€HHUEM

OCR2UB | ®xar 3anstoctu npu ooHoBieHnn OCR2

Korna T/C2 paboTaer B acHHXpOHHOM pekume u 3anucbiBactes OCR2, atot out
ycranaBnuBaetcs. Korga OCR2 oGHOBIsSIeTCS COIEPKUMBIM BPEMEHHOTO PEru-
CTpa, 3TOT OUT anmapaTHO ouyHIaercs. Jlornaeckuii HOJIb B 3TOM OHTE 0TOOpa-
xaet, 4To OCR2 roToB /17151 00HOBJIEHUS HOBBIM 3HaYCHHEM

TCR2UB | ®@mnar 3ansroctu npu ooHoBieHnu 1CCR2

Korga T/C2 paboraer B acHHXpOHHOM pekuMe u 3anuceiBactes TCCR2, sTor
our ycranapnuBaercs. Korna TCCR200HOBIIsSIETCS COEPKUMBIM BpEMEHHOTO
perucrpa, 3TOT OUT anmnapaTHo o4yuinaercs. Jlornyeckuit HOJb B TOM OUTe
oroOpaxaet, uro TCCR2rotoB aJiss 0OHOBJICHHSI HOBBIM 3HAYCHUEM

Henocpencresennas 3anuch B peructpel TCNT2, OCR2 u TCCR2 B acHHXpOHHOM peXHMeE
CHUHXPOHHM3UPYETCS C TAKTOBBIM CHUTHAJIOM TaiiMepa/cuerynka. [Ipu 3ammcu yucna B qr000i U3
YKa3aHHBIX PETrHMCTPOB OHO COXPAHSETCS B CIIEUAIBHOM BPEMEHHOM PErMCTpE: CBOEM IS KaX-
JIOTO perucTpa Taiimepa/cyeTyrka. A mepechlika COAECP)KUMOro BPEMEHHOTO perucrpa B pado-
YUl perucTp TaiiMepa/cueTynKa OCyIECTBISIETCS IO TPEThEMY MOCIE 3alUCU MOJI0KUTEIHHOMY
¢dpouTy curnana Ha BeiBogie TOSC1. CooTBETCTBEHHO 3alCh HOBOTO 3HAYEHUS MOKHO
MPOU3BOJIUTH TOJIKO MOCJE NEPECHUIKH COIEPKUMOI0 BPEMEHHOTO PETUCTpa B PErUCTp TalMe-
pa/cueTymka.

Ecnu 3amuchk npousBoautcs B 1000 U3 Tpex peructpoB T/C2, korma ycraHoBieH (iar
3aHATOCTU TpU OOHOBJICHHM COJEPKUMOIO PETUCTpa, OOHOBIIEMOE 3HAYEHHE MOXKET OBITh
HapyIIEHO ¥ MOXKET MIPOU30UTH HETIpeAHAMEPEHHOE IIPEPhIBAHUE.

Mexanusm utenus peructpoB T/C2 pasznmuuen. Korga uuraercss TCNT2, unraercs neii-
cTBHUTENbHOE 3HaYeHHe TaitMepa. Korma unraercs OCR2 wmm TCCR2, unTaercs 3HaueHHe Bpe-
MEHHOT'O pETUCTpA.

Heo0OxoauMo OTMETUTH, YTO MPHU MEPEKITIOYECHUH MEXAY CHHXPOHHBIM U ACHHXPOHHBIM
pEeKUMaMU COJIEPKUMOE PErUCTPOB TaliMepa/CueTyrKa MOXKET ObITh M3MeHeHO. YToOBI 3TOro
n30eKaTh, PEKOMEHYETCS MPUIEPKUBATHCS CISAYIONIECH MOCIeT0BATEIbHOCTH JICHCTBUM:

- 3allpeTUTh NMpeprIBaHus oT TaiiMepa/cuerunka T2 (paszpsast TOIE2 u OCIE2
peructpa TIMSK);

- BBIOpaTh COOTBETCTBYIONINI HCTOYHUK TAKTUPOBAHMS 3aMMChIO 3HaUeHus B AS2;

- 3anucath HOoBble 3HaueHus B peructpel TCNT2, OCR2 nu TCCR2;

- B Cly4ae NEpeKJII0YeHUss B aCHUHXPOHHBIM pexuM — xjaath, moka ¢uarn TCN2UB,
OCR2UB u TCR2UB He 6yayT cOpOIIEHBI;

- ourcTUTh (uiaru npepsiBanuii 1/C2;

- pa3penuTh IpephIBaHus (€CIu TpeOyeTcs).

OcuMuIATOp ONTUMHU3UPOBAH ISl KCIIOJIb30BaHMS ¢ YacoBbIM kBapiiem (32768 I'n). [Toxa-
Ya BHEIIHEro TakToBoro curuana Ha TOSCL MokeT npuBecTH K HEKOppeKTHOM omepanuu T/C2.
Yactora L{I1Y nomxHa OBITH IO MEHBIIEH Mepe B YETHIPE paza O0JIbIIEe YaCTOTHl OCIIILIATOPA.

134



Korna 3anuceiBaercst 3HaueHune B onuH u3 peructpos TCNT2, OCR2, TCCR2, 3nauenue
nepesaeTcsl BO BPEMEHHBIN PEerucTp U 3allelIKUBAeTCs MOCIIe JIBYX MOJIO0XKHUTENbHBIX (D)POHTOB Ha
TOSCL1. Ionk30oBaTenb HE TOJDKEH 3alMUCHIBATH HOBOE 3HAUEHUE J0 TOTO, KaK COACPKUMOE Bpe-
MeHHoro Oydepa Oyzaer nepenaHo 1mo HazHaueHUro. Kakaplii U3 Tpex YIOMSHYTBIX PETUCTPOB
UMEEeT WHAMBHYaIbHbI BpEMEHHBII PEerucTp, 3To o3HavaeT, yTo 3anuck B TCNT2 He momerma-
et 3anucu B OCR2. Jlng geTeKTUpoBaHUS, UYTO Meperaya B perucTp Ha3HAYeHHs] UMeJla MEcCTO,
ciyxut peructp ASSR.

[Tocne BXxoaa B peXUM MHUKPONOTPEOIECHUS WM PACUIMPEHHOTO OXHUAAHUA MOCIe 3alHuCh
TCNT2, OCR2, TCCR2 nosb30Bareib JAOKEH KAaTh, TOKA COJIEPKUMOE 3aITUCBIBAEMOTO pPe-
ructpa ooHoBieHo, ecnu 1/C2 mcmoab3yercs aas mpoOyxkaeHus ycrpoiictBa. MHaue MHKpO-
KOHTPOJUIEP BOMET B CIIAIIMIA PEKUM IO TOTO, KAK OOHOBJICHHUS PETUCTPOB BCTYISAT B CHITY. DTO
0COOEHHO BakHO, eciu mpepbiBanue OC2 umcmosb3yercst A NMpoOYXKIACHUs YCTPOUCTBA, TO-
CKOJIbKY (DYHKIIMA BBIXO/1a cpaBHEHUs 3amnpemnieHa Bo Bpems 3anucu B OCR2 nin TCNT2. Ecnu
UK 3alUCH HE 3aKOHYEH M MHKPOKOHTPOJUJIEP BOMAET B CISIIIUMNA PEXUM [0 TOT0, Kak
OCR2UB BepHercss B HOJNb, YCTPOWCTBO HHUKOTJAa HE TIPUMET IIPEpPHIBAaHHE CpaBHE-
HUsI/COBIAJICHUS, © MUKPOKOHTPOJUIEP HUKOT/1a HE MPOCHETCSL.

Ecnu T/C2 ucnonb3yercst anst npoOyXIeHHUS U3 PeKUMa MUKPOIIOTPEOJICHHS HITH PACIIHU-
PEHHOTO pPeKMMa OXKUIAHUS, JTOJKHBI OBITh MPUHATHI MEPHI MPEJOCTOPOKHOCTH, €CIH MOJIb30-
BaTeNlb XOUYET BHIUTH M CHOBA 3alTH B OJIMH U3 3THX PEKUMOB: JIOTHKE MPEPHIBAHUS HEOOXOINM
onuH TakT TOSC1 nns cOpoca. Ecnu Bpemst Mexay npoOykKIeHHEM U MOBTOPHBIM BXOIOM B
CISIIUi pexxuMm Menbine, yeM onuH TakT 1OSCI1, mpepriBaHne HE MPOU3OUIET M yCTPOHCTBO
HUKOI/1a He mpocHeTcs. Ecnu monb3oBarenb COMHEBAETCS, JOCTATOYHOE JIU BpeMs MPOLUIO 0
MOBTOPHOTO BXOJIa B CIIAIIMI PEXUM, CIEAYIOIINANA AITOPUTM JOJKEH OBITH BBIIIOJIHEH, YTOOBI
rapaHTHPOBaTh, 4TO Mnpoires oauH TakT TOSCL:

1. 3anucars 3uauenus B TCNT2, OCR2, TCCR2.

2. loxxaatbes copoca COOTBETCTBYIOUIMX (hI1aroB 3aHATOCTH MpH 0OHOBiIeHUH B ASSR.

3. BoliTH B peXUM MHKPOTIOTPEOJICHHSI MITH PEKUM PACITHPEHHOTO OXKUIaHUSI.

Korna BbiOMpaeTcsi aCHHXPOHHBIH pexuM, 4acoBoil ocumwisatop miss 1/C2 Bceraa 3amy-
IIEH, KpOME PEXMMOB XpaHEeHUs U okuaanus. [locie copoca o BKIIIOUSHHIO TTUTAHKS HITH TIPO-
Oy XJIeHHs U3 peKUMa XpaHEHUs WIN PeXHUMa OKUAAHUs, M0JIb30BaTeIb JOJHKEH ObITh TOTOB K
TOMY, YTO OCIMJIISITOPY MOXKET MOTpedOBaThCs BpeMs (BIUIOTH 10 1 CEKyH/1bl) Ha CTAOMITN3ALUIO
pabotel. [Tonp30BaTento peKOMEHIyeTCsl OA0KAATh 1 CeKyHIy mepen ucmoib3oBaHueM 1/C2
MI0CJI€ BKJIFOUSHHSI TIUTAHHS WM MPOOYXKICHUS U3 PEKMMa XPAHECHUS WINM PEKUMA OKHTAHHS.
Coaepsxrmoe Beex peructpoB T/C2 MOMKHO CUNTATHCS YTEPSHHBIM TOCIE MPOOYKICHUS U3 pe-
KMMa XpPaHEHUS WIH PeKAMa OXUIAHUS M3-3a HECTAOMJIBHOTO TAKTOBOTO CHTHANA JI0 Hadaia
paboThI, BHE 3aBUCIMOCTH OT UCTOYHHKA TAKTOBOTO CUTHAJIA.

Onucanue NpoOyXIEHHUs U3 PEXHMa MHKPOMOTPEOICHHsS] WM pPeXHMa PacIIMPEHHOTO
oxunanus, korna 1/C2 paboTaeT B ACHHXPOHHOM PEXHMME: KOT/Ia CpabaThiBaeT yCIOBUE MPEPHI-
BaHUsI, Ipoliecc MPoOYKACHUST HAYMHAETCS Ha CIEAYIOIEM TakTe TaKTOBOI'O CHTHalla TaiiMepa,
T.0. TaiiMep/CUeTYnK BCera MHKPEMEHTHPOBAH 10 MEHbIIEH Mepe Ha EAMHUILY J0 TOTO, KaK
LIITY npounrtaer ero 3HaueHue. Ilocie mpoOyxaeHUS MHUKPOKOHTPOJUIEP OCTAHABIMBACTCS B
TEUYEHUE YETHIPEX TaKTOB, BBIOJHSAETCS MOIIMpPOrpaMmMa oOpabOTKH MpEephIBaHHS M 3aTEM BbI-
MOJIHAETCS MHCTPYKLUS, cieyromas 3a komanaoi SLEEP.

Yrenne TCNT2 cpasy mociie poOyKIACHHS U3 PeKUMa MUKPOTIOTPEOICHHST MOXKET JaTh
HeKoppeKTHbIHA pe3ynbTatr. [lockombky TCNT2 TakTHpyeTcss aCHHXPOHHBIM CHUTHAJIOM, YTEHHE
TCNT2 nmomxHO OBITH BBIIOJHEHO IIOCIIE TOTO, KaK PETHCTP CHHXPOHHU3HPYETCS CHUTHAJIOM
clkyo. CunxpoHu3anus BEIOTHIETCS Ha Kaxpli HapacTaromuii ppout TOSC1. Korna ycrpoi-
CTBO MPOOYKIACTCS U3 PEKUMA MUKpOToTpeOienust u curHan ClKyo cHoBa CTaHOBHUTCSI aKTHB-
HBIM, OyZeT uuTarbes npenpaymiee 3HaueHne 1CNT2 o cnenyromero Hapacraromero ¢GppoHTa
TOSCL1. ®a3za takroBoro curHaia TOSCI nocne mpoOykaeHus U3 pekruMa MUKPOIIOTPEeOIeHUS
HenpecKa3yema, MOCKOJIbKY 3aBUCHT OT BPEMEHH NMpoOYXIeHHUs. PexoMeHayeTcs crneayromas
npouenypa ureHus TCNT2 mocie npoOykaeHus:

1. 3anuce moboro 3nayenus mb6o B OCR2 nu6o B TCCR2.
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2. Oxxunanue cOpoca cooTBeTcTBYIOIIEro ¢uara B ASSR.

3. Urenue TCNT2.

Bo BpeMsi acHHXPOHHBIX ONepanuii CHHXpOHH3aMs (hIaroB nmpepeIBaHUN Ui aCHHXPOH-
HOTO TaiiMepa 3aHMMAaeT TPU IMPOLECCOPHBIX TaKTa IUIIOC OJWH TAKT CHTHAla TaKTUPOBAHUS
Taiimepa. 3HaueHHE TaiiMepa T.0. YBEIMYMBACTCS IO MEHBIIEH Mepe Ha €IWHUILY J0 TOro, Kak
LITY cMmoxeT mpouyuTaTh 3HAUCHUE TaiiMepa, MPUBOJSAIICE K yCTaHOBKE (uiara rnepepbiBaHuUs.
BbIBOI «BBIXO/ CpaBHEHHUS» U3MEHSIETCS 110 CUTHATY TAaKTUPOBAHMS TaliMepa U HE CHHXPOHHU3H-
pyeTcst TakToBbIM curHaiom LITY.

Peructp Mmacku npepbiBaHusi TaiiMmepa/cuerunka — TIMSK

Bur 7 6 5 4 3 2 1 0
OCIE2 TOIE2 | TICIE1l | OCIE1A | OCIE1B | TOIE1 OCIEO TOIEO TIMSK
Yr./3am. 3 /3 /3 /3 /3 /3 /3 /3
HauanbHoe 0 0 0 0 0 0 0 0
3HAUYEHHE

Pa3psin 7: OCIE2 — Pa3penienue npepbiBaHus NPU COBIA/IEHHU CPABHEHHA HA
BbIX0/I€ TaliMepa/cuYeTYuKa

Ecmu paspsg OCIE2 u paspsn | B peructpe cocTosHUS yCTAaHOBJIEH, TO pa3peliaeTcs mpe-
phIBaHHE COBIMAJICHHs TaliMepa/cueTunka 2. COOTBETCTBYIOIIECE IPEPHIBAHKIE BBITIOIHSICTCS, €CIIH
MIPOUCXOUT COBMAJICHUE TIPH CPaBHCHHH B Taiimepe/cuerdmke 2 (T. €. korma paspsg OCF2
YCTaHOBJICH B peructpe Quiara npepbiBaHus Taiimepa/cuerynka — T IFR).

Pa3psin 6 : TOIE2Z — Pa3pemienue npepbiBaHus NepenoiHeHUs TaiiMepa/cueTYnKa

Ecmu paspsn TOIE2 u paspsin | B peructpe cocTOsIHUST YCTAaHOBJICH, TO pa3pemiaeTcs mpe-
pbIBaHHE TMeEpernoiHeHus Taiimepa/cuetunka 2. COOTBETCTBYIOIIEE MPEPhIBAHUE BBIMTOJIHACTCS
IIPH TIOSIBJICHUM TICPETNIONTHEHUS B TaiiMepe/cuerunke 2 (T. €. koraa paspsn 1OV2 ycranaBimupa-
eTcs B peructpe ¢rara npepsiBanus taiiMepa/cuerdnka — TIFR).

Peructp ¢uiara npepsiBanus Taiimepa/cuerynka — TIFR

bur 7 6 5 4 3 2 1 0
OCF2 TOV?2 ICF1 OCF1A | OCF1B TOV1 OCFO0 TOVO TIFR
Yr./3am. 3 4/3 /3 /3 4/3 4/3 /3 /3
Hauansnoe 0 0 0 0 0 0 0 0
3HAYECHHE

Pa3psig 7: OCF2 — ®daar cpaBHeHHs BBIX0Ja

Pazpsg OCF2 ycranaBnuBaercsi, KOTrJla MPOUCXOIUT COBIAJICHUE MPH CPABHEHHH MEXKIY
taiimepom/cuerunkoM 2 u naHHbMu ¢ OCR2 — peructpe cpaBHeHus no Bbixoay. OCF2 ouwniia-
€TCs armapaTHBIM CIIOCOOOM IPH BBITOJHEHHH COOTBETCTBYIOIIETO BEKTOpa MpephIBaHuii. B Ka-
yecTBe anbTepHaTuBbl OCF2 ouniaercss myTem 3amucH JOTHUECKOW €IMHUIIBI B paspsia ¢uara.
Korna ycranaBmuBaetcs paspsan | 8 SREG, OCIE2 (paspemenue nmpepblBaHUS COBIAICHHS TIPU
cpaBHeHHH Taiimepa/cuetunka 2) 1 OCF2, To BbINoNHACTCS NpephIBaHUE NPU CPAaBHEHUH COBIA-
JICHUS TaiiMepa/caeTdnKa 2.

Pa3psna 6: TOV2 — ®aar nepenoiHeHus TaliMepa/cueTunka 2

Pazpsn TOV2 ycranaBnuBaeTcsi, KOr/ia MPOUCXOAUT MEepEeNoIHEeHUe TaliMepa/cueTynka 2.
TOV?2 ounmiaercst anmapaTHBIM CIIOCOOOM TPH BBITTOJTHEHUH COOTBETCTBYIOIIETO BEKTOPA IMpe-
peiBanus. B xauectBe anprepHatuBbl TOV2 ouMiaercs myTeM 3alUCH JOTMYECKOW eIMHUIIBI B
paspsan ¢nara. Korga ycranaBnuparorcs paspsgasl SREG |, TOIE2 (paspenienue mpepbIiBaHUS
NepenojHeHus TaiiMepa/cuerunka 2) u paspsa TOV2, To BBIOMHUTCS MpepbIBaHUE MPH Tepe-
MOJTHEHHUH Taiimepa/cuerunka 2. B pexume dazoroit koppekiuu LM sToT paspsin yctaHaBiu-
BaeTcs, KOraa Taiimep/cueTdrk 2 u3MeHseT Hampasinenue cuera rpu 0X00.
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YcTpoiicTBO MpeIBApPUTEILHOTO JeJIeHHs TaliMepa/cueTunka 2

Hcrounnk TakTupoBaHMs Taiimepa/cuerdnka 2 HasbiBaeTcs Clkrzs. [o ymomuanuio, 3TOT
CHTHAJI TO/IKIIFOYEH K OCHOBHOMY cucTeMHOMY curHaiy ClKyo. YcranoBka 6ura AS2 B perucrpe
ASSR mpuBOIUT K TOMY, YTO TaliMep/CUETUNK HAYNHAET TAKTUPOBATHCS OT ACHHXPOHHOTO CHT-
Hana BeiBosa TOSCL. Dro paspemiaer ucnonb3oBaTh T/C2 Kak CHYETYUK PEaTbHOTO BPEMCHHU.
Korma AS2 ycranosnen, BeiBoasl TOSC1 u TOSC2 otkmouensl ot mopta C. KBapm mosxer
ObITh onKI0YeH Mexay BeiBogamMu TOSC1 n TOSC2, yToObl paboTaTh B KauecTBe HE3aBUCH-
Moro uctouHuka taktupoBanus T/C2. OcHUIATOp ONTUMHU3UPOBAH ISl UCIIOJIBb30BAHUS Yaco-
Boro kBapma (32 768 I'u). Mcnonp3oBaHue BHEIIHETO MCTOYHUKA TakTupoBaHus Ha TOSCL He
PEKOMEH]IyeTCS.

Jns T/C2 Bo3MOkeH BBIOOp clenyoumx Ko3()(OUIMEHTOB NPEAJICICHUS YaCTOThI:
C|kT25/8, C”(T25/32, C|k‘|’23/64, C”(Tzs/128, C|k‘|’25/256, C|k‘|'25/1024. Z[OHOJ'IHI/ITGJ'IBHO Clszs MOJKET
OBITh paBeH HYIO. YcraHoBka 6uta PSR2 B peructpe SFIOR ounmaer npepnenurens. 3To mo3-
BOJISIET TOJIB30BATENIO PabOTaTh ¢ OmpeeNieHHbIM Kod(hpUlMeHToOM npeaeneHus (CMOTpU pH-

CYHOK 3.62).
AS2
clklo_>1
D

10-paspsaHbiid genurtens yactoTsl T/C

TOSC1 — p- = =

PSR10 Crupanue ? N g © 4]
-~ v v
bt ) )

CK/128

]

CK/1024

€S20 l YV VVYVYVY VY
i »\
CS21 A /
CS22 ZE\

N

Taiimep/cueTdnk 2
MCTOYHHK TaKTHpOBaHus clks

Pucynok 3.62 — IIpennenurens TaiiMepa/cueTunka 2

Peructp cnenuanbubix pynknuii — SFIOR

Bur 7 6 5 4 3 2 1 0
ADTS2 | ADTS1 | ADTSO - ACME PUD PSR2 PSR10 SFIOR
Yr./3am. 4/3 q/3 /3 q /3 /3 /3 /3
Hauansnoe 0 0 0 0 0 0 0 0
3HAYEHHE

Paspsin 1: PSR2 — Copoc npexnenurens T/C2

Korma sror 6ut ycranaBnuBaercs, npeaaenuteib T/C2 Oyaer cOpomieH. DTOT OUT OyneT
OUMIICH amMapaTHO MOCcIe 3aBepIiieHusi cOpoca. 3amuch JTOTUYECKOTO HYJS B pa3psl HE OyneT
umeTh 3 dekra. ITOT OUT BCEraa YUTaeTCs, Kak HOMb, eciii T/C2 TaKTHUPYeTCst OT BHYTPEHHETO
ucrounnka takrupoBanus L{[TY. Ecnu sror Out 3amuceiBaetcs koraa T/C2 pabortaer B acHH-
XPOHHOM peXxuMe, OUT OCTaHETCS YCTAaHOBJIEHHBIM JI0 T€X MOp, MOKa MpeAaeauTeNb He Oyner
cOpotieH.
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3.14 IlocnenoBartenbHbINH nepudepuiinbiii uHTEepdeiic (SPI)

[TocnenoBarensHbIll IepudepuitHbiii HHTEp]EIC, peaTn30BaHHBII B MHUKPOKOHTPOJLIEPE,
uMeeT J1Ba HazHaueHUs. [Ipexae Bcero uepes Hero MOXKeT ObITh OCYILECTBIEHO MPOrPaMMHUPO-
BaHME MUKPOKOHTpOJUIEpA (TaK Ha3blBAEMBbIN PEXXHUM IOCIEI0BATEIBHOTO IPOrPaMMHUPOBAHUS).
Hcnonb3oBanue unrepderica SPl B aTom xadectBe Oyner onucano B rinase «lIporpammupoBa-
HUE».

BropeiM Ha3zHaueHneM HHTEpdeiica sIBISETCS OpraHU3alus BBICOKOCKOPOCTHOTO oOMeHa
JAHHBIMHM MEX]ly MUKPOKOHTPOJUIEPOM M pa3IMYHbIMH NepU(PEPUMHBIMU YyCTPOHCTBAMU, TaKHU-
MH Kak 1udpossie noreHmomerpsl LIATI/AIIIL, Flash TI3Y u ap. ITocpencTBoM 3TOrO MHTEp-
deiica Takke MOXKET MPOU3BOAUTHCS OOMEH JAHHBIMU MEXKIY HECKOJIBKUMHM MUKPOKOHTPOJLIE-
pamu. Mcnonb3oBanue untepgeiica SPl B xkauecTBe BHICOKOCKOPOCTHOTO KaHaa CBSI3U U pac-
CMaTpHUBAETCs B IaHHOM IOJpa3/ele.

[Tpu obmene nanabiMu 10 uHTEpdeiicy SPl MmukpoxonTpomep AVR MoxeT paboTarh Kak
B pexumMe Master, Tak u B pexume Slave. [Ipu 3ToM nosb30BaTeab MOXKET 3a/1aTh CIEIYHOIUE
apaMeTpsbl:

- CKOPOCTb IepeAaun (4eThIpe MPOrpaMMHUPYEMBIX 3HAUCHUS);

- (hopmaT nepegauu (OT MIAAIIETO pa3psaa K CTapuieMy Wik Hao00poT).

JIONOJTHUTENBHOM BO3MOXKHOCTBIO mojacucteMbl SPl  sBisieTcss «1ipoOy»KAeHUe» MHUKPO-
KOHTpOJIJIEPA U3 PEKHUMA XOJIOCTOTO X0/1a MPH MOCTYIIIIEHUH JaHHBIX.

3.14.1 ®yHKUMOHUPOBAHUE MOIYJISI

CrpykrypHas cxema moxyist SPl mpuBenena Ha pucynke 3.63.

Monayns SPl ucnosnb3yer yeTslpe BbIBOJIa MUKPOKOHTposuiepa. Kak u ju1st GOJbIIMHCTBA
IPOYMX MEepUPEPUNHBIX YCTPOMCTB 3TU BBIBOJBI SBJISIOTCS JUHHUSIMH MOPTa BBOJIA-BbIBOJA 00-
IIEer0 Ha3HAueHHUs.

» S
M — MISO
8-OMTHBIH M
CJIBUI'OBBII S
BQ peructp 5 [—] MOSI
{ " IIpuemHbIH 05 =
Jlenurenn Oydep 85
/4/16/64/128 E Q
= 2
vyYVY 1 g A
TakToBBIi CHrHA 5 A
CCJ]CK'I‘op TaxroBslii curnasn SPI < L>j
MASTER) »|  Vnpasinenue < S L | SCcK
L A TaKTOBBIM oM
—|= »  curuaaom i
x|z
sl= 2 3 4 —
1 B — SS
X 4 3
=2
21 1)
=|?|a
. | MSTR
Vrpasiienue | SPE
moaynem SPI " SPIE
=3 Sllal <]~
5|2 S G EEEEEE
vov n|n|2|Z|O|O|wn |
Peructp Peructp ynpasieHus
craryca SPI SPI
w 3anpoc Ha npepsiBanue SPI “

Pucynok 3.63 — CtpykrypHas cxema moayins SPI
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Tao6numa 3.55— BeiBogsl, ucnonszyemsie moaynem SPI

BriBox Hamnpasnenue, Beqymmuii SPI Hamnpasnenue, Begompiii SPI
MOSI OmnpeeneHo noab30BaTeNIeM Bxon
MISO Bxon OrnpeiesieHo 0JIb30BaTEIEM
SCK OmnpeeneHo noab30BaTeNIeM Bxon
SS# OmnpeeneHo noab30BaTeNIeM Bxon

[Ipumeuanue — Cmorpure 3.8.8 «AnbrepHaTuBHBIC QYHKUUU mopTa By misa ne-
TaJIBHOT'O OMMCAHMs, KaK ONPEeAEIUTh HalpaBieHue BbIBO10B SPI .

Kak BuaHO 13 Tabmunsl 3.55, B HEKOTOPBIX CIIydasX IOJIb30BATENb JIOJKEH CaMOCTOS-
TEJIBHO 33/1aTh PEKUM pabOThl BBIBOJA, MCIIOJIB3yeMoro moayieMm SPl , B cooTBeTcTBUM C €ro
Ha3HaueHUeM (CM. Janee 1o TekcTy). [IpuyemM BO3MOMKHOCTh yIpaBiIeHUS! BHYTPEHHUMHU TOATS-
IMBAIOIMMHI PE3UCTOPAaMH BBIBOAOB, PA0OTAIOUIMX KAaK BXOJbl, COXPaHAETCS HE3aBUCHUMO OT
crioco0a yIpaBJIeHUs UX PEKUMOM pabOTHI.

s ynpasnenus monyinem SPI npennasHaueH peructp ympasienuss SPCR, pacnonoxen-
HbIH 110 azapecy $0D ($2D). ®dopmat 3TOro perucrpa MmpuBeICeH HUXKE, KPaTKOE ONMUCaHUE PYHK-
Ui pa3psiioB peructpa npuseneHo B Tadauue 3.56. IlogpoOHo ucnonp30BaHKEe Pa3IUYHBIX pa3-
PSAOB peructpa OyAeT OMUCaHo Jaee.

Bur 7 6 5 4 3 2 1 0

SPIE SPE DORD | MSTR CPOL CPHA SPR1 SPRO SPCR

Ur./3am. /3 u/3 /3 /3 a3 a3 a3 a3

HauansHoe
3HAYECHHE

Tab6numa 3.56 — Peructp SPCR

Paszpsin HazBanue Onucanue
7 SPIE Pazpemenne mpepsiBanue ot SPI
6 SPE Bxutouenne/BoikmoueHue SPI
5 DORD ITopsanok nepenaun JaHHBIX
4 MSTR Br160p pexuma padboThl (BeqyIuil/BeJOMBIH)
3 CPOL [TonsspHOCTH TAKTOBOT'O CUTHANIA
2 CPHA @a3a TaKTOBOIO CHrHaJIa
1,0 SPR1:SPRO Cxopocts nepenadu

KoHTposib cocTossHUS MOAYJE OCYHIECTBIIAETCS ¢ MOMONIBIO peructpa coctosHuss SPSR
(ocTyreH TOJBKO JUIS YTeHUs1), pacrnosnoxkenHoro mo aapecy $OE ($2E). dopmar storo peru-
CTpa MPUBEJICH HIDKE, HA3HAUYCHHUE €T0 Pa3psIoB OMucaHo B Tabmuie 3.57.

Bur 7 6 5 4 3 2 1 0
SPIF | wcoL - - - - - SPI2X | SPSR

Yr./3am. q q q q q q q u3

Ei‘g;:;‘;e 0 0 0 0 0 0 0 0
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Tao6numa 3.57 — Onucanue peructpa SPSR

Pazpsin Hazsanue Onucanue

®nar npepsiBanus ot SPI.

JlaHHbIi (har ycTaHaBIMBACTCS 10 OKOHYAHUH IIepeadn oYepe/-
Horo Oaiita. Eciu dnar SPIE perucrpa SPCR ycranosien u npe-
PBIBaHUS pa3penieHbl, OTHOBPEMEHHO C YCTAaHOBKOH (iara reHe-
pupyercs npepsiBanue ot SPI . Takxke ¢uar SPIF ycranaBnuBaet-
Csl TIPU MEePEeBOIc MUKPOKOHTpOJUIEpa U3 pexxuma Benymimii B pe-
*1M BenoMmelii mocpecTBoM BeiBoga SSH.

®nar cOpacbkIBaeTCs anmapaTHo JK00 MPH CTapTe MOAPOrPaMMBbI
00paboTKH pephIBaHUSI, TUOO0 TOCIIEC YTCHHUS PETHCTPa COCTOSHUS
SPI ¢ nmocneayromum oOpaieHneM K PerucTpy JaHHBIX

®nar KOH(IUKTA 3aHCH.

JanHbIii (hiar ycTaHaBIMBACTCS TPU TOMBITKE 3aIICH B PETHCTP
6 WCOL JTAaHHBIX BO BpeMs Iepesjaun ouepeIHoro OaiTa.

dnar cOpacbhIBaeTCs anmapaTHoO MMOCIIE YUTSHHS PETUCTpa cTaTyca
SPSR ¢ nocnenytommm oOpamieHneM K peructpy naHabix SPI

7 SPIF

5:1 - 3ape3epBUPOBAHBI, YUTAIOTCS KaK HOJIb

Y BoeHue CKOPOCTH.

Korna 3ToT OUT yCTaHOBIJIEH, CKOPOCTh pabOThI OyIET YABOCHA,
€CIIM yCTPOUCTBO padOTACT B PEKUME «BEIYIIUN». DTO 3HAYUT,
0 SPI2X yro MmuHUManbHbIN SCK nepuoxa OyneT paBeH ABYyM meproaam
taktoBoro curHaia L{ITY. Korga SPI ckondurypuposan kak Be-
JIOMBIH, YCTPOICTBO TapaHTUPYET pabOTy MPH YACTOTE B YETHIPE
nim 60J1ee pa3 MpeBbIIaoNIeH YacTOTy TakToOBOro curHaia [ITY

[lepenaBaeMble JaHHbBIE 3alMCHIBAIOTCS, a MPUHUMAEMble — CUUTBHIBAIOTCS W3 PETUCTpa
nanHbix SPDR, pacnonoxennoro mo aapecy $OF ($2F). 3amuck B 3TOT perucTp MHUIUHPYET
HAYaJIo Mepeiayu, a MpU €ro YTEHUU CUUTHIBAETCS COAEPKUMOE ITPUEMHOro Oydepa cABUTOBOrO
peructpa. [Io3ToMy 3TOT perucTp MOXHO Ha3BaTh Oy(hepoM MeXIy PEruCTPOBBIM (ailioMm MUK-
POKOHTpOJIJIEpa U CABUTOBBIM peructpomM moyis SPI.

CoenuHeHne IByX MUKPOKOHTpPOJIJIEpOB (Benyluii-Be1oMblif) mo unrepgeiicy SPl moxka-
3aHO Ha pucyHke 3.65. BeiBog SCK Beayiiero MUKpOKOHTpOJUIEpa SBJISETCS BBIXOJIOM TaKTOBO-
ro CUTHAJIA, 3 BEJOMOI0 MUKPOKOHTPOJUIEPA — BXOJIOM.

Benymmit Benomslii
C3P M3P Cc3p M3P
8-pa3psiaHblit | IMISO  MISO 8-pas3psiiHbIil
C/IBUTOBBIH peructp |- C/IBUTOBBII PErucTp
4 IMOSI  MOSI 4

['eneparop SEK SCK

TaKTOBOT'O
curnana SPI SS# SS#

VDD ;

Pucynok 3.65 — CoenHeHHEe MUKPOKOHTPOJLIEPOB 10 HHTEpdeiicy SPI

[Tepen BbImoMHEeHHEM OOMEHA HEOOXOIMMO MPEXKJIE BCETO pa3pemuTh padboTy Mmoayis SPI.
st sToro cnenyer yeraHoButh pa3pan SPE perucrpa SPCR. Pexum paboTsl onpenensercs co-
crosiureM paspana MSTR storo peructpa: ecnu paspsii yCTaHOBJIEH B «1», MUKpPOKOHTPOJLIED
paboTaeT B pekuMe «BeAyIIUi», ecii cOpolieH B «0» — B peKUME «BEIOMBIII».
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[lepenaua naHHBIX OCYIIECTBISIETCS CleaAyIomMM o0pa3oM. [Ipu 3amucu B perucTp TaHHBIX
SPI Benymiero MEKpOKOHTpOJUIEpa 3allyCKaeTCs TeHEpaTop TaKTOBOro curHaia moayis SPI , u
JlaHHbIE HAYMHAIOT [TOpa3psIHO BblIaBaThCs Ha BbIBOA MOSI 1, COOTBETCTBEHHO, ITOCTYIATh HA
BbIBoJT MOSI BegoMoro mukpokontposuiepa. [lopsaok nepenaun pa3psaaoB JaHHBIX OMpereNs-
etcs cocrostHueM paspsaga DORD perucrpa SPCR. Ecnu pa3psan ycraHoBieH B «1», IEpBbIM Iie-
penaeTcs MIIaaImui pa3psia 6aita, ecnu xe copomieH B «0» — crapmmii paspsia. [lociie Beigaun
MOCJIETHETO pa3psja TEKyLIEro 0aiiTa reHepaTop TaKTOBOI'O CHTHAJIa OCTAHABIMBAETCS C OJHO-
BpeMEHHOH ycTaHOBKOM B «1» dara «Konen nepexaun» (SPIF). Eciiu nmpeppiBanus OT MOYJIst
SPI paszpemens! (pnar SPIE peructpa SPCR ycranosnen B «1»), reHepupyeTcst 3arpoc Ha mpe-
peiBanue. [Ipu moaxiIr0OUeHNWH K BEIyIIEMY YCTPOHCTBY HECKOJIBKHX BEIOMBIX, YTO Pa3peuIeHO
cnenuukanueit SPl, BBIOOp KOHKPETHOTO BEAOMOIO YCTPOUCTBA OCYILECTBIIACTCS MOa4Yel Ha
ero Bxoa SS# curnana HU3KOI'O ypoBHsi.

O0pa3HO roBOpS, 1BA CABUIOBBIX PETUCTPA BEAOMOIO U BEAYIIETO YCTPOWCTB MOKHO CUU-
TaTh OJJHUM PaCHpeeICHHBIM 16-pa3psaHbIM UKINYECKUM CIBUTOBBIM PErHCTPOM, KaK MOKa-
3aHO Ha pucyHKe 3.65. OQHOBPEMEHHO C Mepeaayeii TaHHbIX OT BEAYIIEro K BEIOMOMY IPOUC-
XOJIUT Tiepeiaya U B 00paTHOM HampaBlieHUH. Takum 00pa3oM, B KaKJIOM IUKJIE CABHUra IIPOUC-
XOJIUT OOMEH JJaHHBIMU MEX1y YCTPOHCTBAMHU.

B mMonyne ucnons3yercst oguHapHas Oydepusanus mpu nepeaaye u ABOWHAs — MPH MpHe-
Me. DTO 03HAYaeT, YTO FOTOBBIN /71 epeaun OalT JaHHBIX HE MOXKET OBITh 3allMCaH B PETUCTP
naHHbIx SPl 1o okoHuaHus mpensiaymiero nukia ooMeHa. [Ipu mombITKe U3MEHUTH COAEPIKU-
MO€ pPErucTpa JaHHBIX BO BpeMs Iepenaud ycrtaHaBiuBaercs B «l1» ¢umar WCOL perucrpa
SPSR. CopacsiBaercs 3TOT (hiar nmocine urenus peructpa SPSR ¢ nmocneayromum oOparieHneM K
peructpy manubsix SPl . CooTBETCTBEHHO BO BpeMsi pHeMa MPUHSTHIA OalT JOKeH OBITh PO-
YUTaH U3 perucrpa JaHubix SPl 10 TOro, Kak B CABUTOBBIM PETUCTP MOCTYIUT MOCIEIHUN pa3-
psn crneayromero 6alra. B mpoTHBHOM citydae MmepBblid 0aiiT OyIeT moTepsH.

3.14.2 PesxxuMbl nepegavyu JaHHbBIX

Crnenuduranus natepgeiica SPl mpexycmarpuBaer 4eTbipe pexuma Irepenadyn JaHHbBIX.
OTH peXHUMBI PA3INYAIOTCA COOTBETCTBHEM MEXIY (ha30il (MOMEHT CUMTHIBaHUS CHTHAJa) TaK-
toBoro curHana SCK, ero monsipHocThIO M NepeaaBacéMbIMU JaHHBIMU. Beero cymectByer de-
ThIpe Takue KOMOMHauuu, ompezensemble coctosiHueMm paspagoB CPHA u CPOL peructpa
SPCR (cm. Tabnuiy 3.58).

Tao6numa 3.58 — 3aganne pexxnma neperayn JaHHBIX

Paspsn Onwucanue

[TonsipHOCTH TAKTOBOTO CHUTHAJIA.

«0» — reHepupyIOTCS UMITYJIBCHI TOJIOKUTEIBHOMN MOISAPHOCTH, IPU OTCYTCTBUHU
CPOL | uMIrynibCOB Ha BBIBOJIC TIPUCYTCTBYET HU3KHUI JIOTHYECKUI YPOBEHB.

«1» — reHepUpyIOTCS UMITYJIbCHI OTPUIIATEIBHOM MOJIIPHOCTH, IPU OTCYTCTBUU
MUMITYJIECOB Ha BBIBOJIC TPHUCYTCTBYET BBICOKUI JIOTHUECKUH YPOBEHb

da3a TaKTOBOT'O CHTHAJIA.

«0» — 00paboTKa JaHHBIX TPOU3BOJUTCS IO TIepeTHEMY (POHTY UMITYIIHCOB
CPHA | curnana SCK (ans CPOL = 0 — no Hapacratomemy, a anst CPOL = 1 — o cna-
naromeMy GpoHTy).

«1» — 00paboTKa MPOU3BOAUTCS 1O 3aHEMY (GPOHTY UMITYJIbCOB curHaiga SCK

CooTBeTCTBYIOIIKE 3TUM pexUMaM (hopMaTsl oOOMeHa JaHHbIMH yepe3 SPl mpuBeneHs! Ha
pucyHkax 3.66 u 3.67 (mepemava BeAeTCs OT CTapIIero paspsnaa K miaamemy). Yacrtora TakTo-
Boro curHasa SCK #, COOTBETCTBEHHO, CKOPOCTh Mepeaayy JaHHBIX 10 UHTepdeiicy onpenens-
totcst coctostareM pazpsaoB SPR1:SPRO peructpa SPCR (cm. Tabmuity 3.59). Peus naget o Muk-
POKOHTpoJUIEpe, paboTaoNeM B PeXUME «BEAYIIHN», T. K. IMEHHO OH SIBJISIETCSI HICTOUHUKOM
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TaKTOBOI'O0 CHTHaJA. [[ns ycTpoHCTBa, HAXOMSIIETOCS B PEKUME «BEIOMBIN)», COCTOSIHUE ITUX
paspsI0B Oe3pa3IuyHO.

Takr SCK | " 3 4
(Ju1s1 cripaBKu) : . .

W
o
-
%

SCK(CPOL=0)

SCK(CPOL=1)

(or xgﬂcm) X (%‘3[) X ; : : : :

e ooy~ X XXX T X XXX -
opon LN S R S N R

* He onpeneneno (kak npasuio, C3P Tonbko uto npunsToro daiira)

XX XX XXy

Pucynok 3.66 — Ilepenaua nanusix npu CPHA =0 u DORD =0

Takt SCK 1 5 3 4
(115t crIpaBKH) : ! :

wn

6 . 1 . 8

SCK(CPOL=0)

SCK(CPOL=1)

MOSI é : 5 :
(oT Beayiero) \< g‘}p X (’ X X : X : X : X ) X M3P >/_

(OT[II‘I,;(S)SOFO)_-< * X i(‘}P X (’ X X X X X l X I;/BP >-_-—

SS : : : : : : : ;
(x BeIOMOMY) N\ : : : : /_r

aopon LN S R S N .

* He onpeieneHo (kak npasuiio, M3P Toibko uTo npuHsToro Oaiira)

Pucynok 3.67 — Ilepenaua ganueix mpu CPHA =1 u DORD =0

Taonuma 3.59 — 3amanue 4acTOTH TAKTOBOI'O CUTHAJIA

SPR1 SPRO Yacrota curnana SCK
0 0 Fclk/4
0 1 Fclk/16
1 0 Fclk/64
1 1 Fclk/128

3.14.3 Ucnoab3oBanmne BeIBoaa SS#

DTOT BBIBOJ TMpEeAHA3HAUYEH IS BHIOOpAa aKTHBHOTO BEJOMOTO YCTPOWCTBA M B PEKUME
«BeAOMBIN» Bcerna siBnsercs BxogoMm. [lpu momade Ha Hero HampstkeHus HU3KOI'O yposus
monyib SPI aktuBupyercs u BeiBog MOSI nepekiiiogaeTcsi B peXXuM BBIBOJIA TaHHBIX (€CIIH TO
3a/1aHo moJk3oBareneM). OcTanbHble BRIBOABI MOAYNS SP| SBISIOTCS B 3TOM pEXHUME BXOIAMH.
A nipu mogade Ha BeiBOJ SS# Hanpsbkenuss BBICOKOI'O ypoBHs, Bce BeIBOABI MOayist SPI me-
PEKIIFOYAKOTCS B PEKUM BBOJA JaHHBIX. [Ipy 3TOM MOAYsIb EPEXOAUT B HEAKTUBHOE COCTOSIHUE
Y IIPUEM JAHHBIX HE TIPOU3BOJUTCS.

Crenyer MOMHMTB, YTO KaXKAbIH pa3, Korja Ha BeIBOA SS# mopaercs Hampspkenue BbI-
COKOI'O yposas, npoucxoaut copoc moayist SPI. CooTBeTcTBEHHO, €CIIM U3MEHEHNE COCTOS-
HUSI OTOTO BBIBOJA ITPOM30MIET BO BpEMs MEPEIavn JaHHBIX, TO IPUEM U IIEpeAada HEMEIJICHHO
MIPEKPATATCS, a TIEPe1aBaeMbIii U IPUHUMAEMBIN OalThI OYIyT OTEPSHBI.
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Ecnn sxe MUKpOKOHTpoOIIIEp HaxoauTcs B pexume Master (paspsg MSTR perucrtpa SPCR
yCTaHOBJIEH B «1»), HallpaBieHHUE Nepejauu JaHHBIX Yepe3 BbIBOA SS# onpezensercs MoJjib30Ba-
tesnieM. Ecin BBIBOA CKOH(UIypHpOBaH Kak BBIXOJ, OH pabOTaeT Kak JIMHUS BBIBOJA OOILIEro
Ha3HaueHUs U He BiuseT Ha pabory moaynsa SPI. Eciu jxe oH ckoH(pUIypHpOBaH Kak BXOA, TO
JUTsE oOecTiedeHusl HopMalbHOUM paboTsl Moayins SPI Ha Hero nomkeH ObITh TojaH curnan BbI-
COKOI'O yposns. Jleno B ToMm, yTo nojaada Ha 3ToT Bxoj curHaisa HU3KOI'O ypoBHs oT ka-
KOi-m0o0 BHemHeH cxembl Oyner BocmpuHsATa Moayiem SPI kak BBIOOp NaHHOTO MHKpO-
KOHTpOJUIEpPA B KAYECTBE BEJOMOIO M, COOTBETCTBEHHO, Ha4YaJlo Iiepeiay eMy JaHHbIX. Bo n3-
Oexxanne KoH(IIMKTa HA mKHE cucTtemMa SPI B Takux ciydasx BBIOTHSET CIEAYIONINE AeHCTBUS:

1 ®mar MSTR peructpa SPCR cOpacsiBaeTcsi, ¥ MUKPOKOHTPOJIIEP TEPEKITIOYACTCS B
pexxum Slave. Kak cnencreue, BeiBosl MOSI n SCK HaunHaoT (yHKIMOHUPOBATH KAK BXOJIBI.

2 VYcranaBnuBaercsa Quiar SPIF peructpa SPSR, renepupys 3amnpoc Ha mpepblBaHHE OT
SPI. Ecniu npepsiBanust ot SPI paspemenst u ¢aar I perucrpa SREG ycranosnen B «1», mpouc-
XOJIUT 3aITyCK MOAIPOrpaMMbl 00pabOTKH NMpEephIBAHUS.

Takum oOpa3om, eciM BEIyNIMd MHUKPOKOHTPOJUIED HCIONB3YeT Mepeaady JJaHHBIX,
YIIpaBJIIEMYIO [IPEPBIBAHUEM, U CYIIECTBYET BEPOSITHOCTh II0JJa4uu Ha BXoJ SS# curHana
HU3KOI'O ypoBHs, B moamporpamMmme o0padboTku npepbiBaHus oT SPI obs3aTensHO poimKHA
OCYIIECTBISATHCS IpoBepKa coctosiHus ¢iara MSTR.

[Ipu obHapyxeHuu cOpoca 3Toro (prmara oH JOIKEH OBITH MPOTPAMMHO YCTaHOBIJIEH 00-
patHO B «1» 11 0OpaTHOrO IepeBoia MUKPOKOHTpOJLIepa B pexxuM Master.

3.15 ITocnenoBaTebHbIN CHHXPOHHO-ACHHXPOHHBIN npuemonepenaryuk UART

VYHUBepcalbHbIH CUHXPOHHBIA M ACHHXPOHHBIA MOCJEN0BATENbHbIN MpHeMONepeaTuuK
IpeHa3HayeH JJIsl OpraHu3alny THOKON MOCe10BaTeIbHOM CBA3H.
OTnuuuTeNnbHbIe 0COOEHHOCTH:
- MIOJIHOAYIIIEKCHAsI paboTa (pa3AeiabHbIE PErHCTPHI IOCIEJ0BATEIIBHOIO IPUEMa U Iepe-
JTa4m ),
- ACUHXpOHHAs UJIM CUHXPOHHAas pabora;
- BeJIylllee WIN BEe0MOE TAKTUPOBAHUE B CHHXPOHHOM PEXHUME paldoThI;
- BBICOKAsl pa3pelaronias CiocOOHOCTb TeéHepaTopa CKOPOCTH CBSI3H;
- moJ/iepkka opmara rneperaBaeMbIX JaHHBIX ¢ 5, 6, 7, 8 wiu 9 GutamMu JTaHHBIX U OJ-
HUM WIH JBYMsI CTON-OUTaMH;
- anmapaTHas TeHepalus 1 poBepka OUTa napurera (UeTHOCTh/HEUYETHOCTbD);
- ONpe/IeNIEHNE TIEPETIOJIHEHUS JaHHBIX;
- OlIpeieNieHne OMIMOKU B CTPYKTYpE MOCBUIKH;
- (punpTpanys nryma c nerekuuen J0xHoro crapt-outa u uuppossim GHY;
-TpU Ppa3leibHBIX MpEpbIBaHUS IO 3aBEPLICHUM IepeAayd, OCBOOOXKIECHHUU pPETUucTpa
IepelaBaeMbIX JaHHBIX U 3aBEPLICHUH NIPUEMA,
- PEXKUM MHOTOIPOLIECCOPHOU CBS3H;
- PEKHUM yJIBOEHUS CKOPOCTH CBSI3U B aCHHXPOHHOM PEXHUME.

3.15.1 Kparkmnuii 0630p

B coctaB UART BX0JsT TpH OCHOBHBIX OJIOKa: TAaKTOBBIA reHepaTop, MepeaTiuk 1 MpH-
eMHHUK. PerucTpel ynpaBieHus HCIONb3YyIOTCS BceMH Ojokamu. JIornka TakTOBOrO reHepaTopa
COCTOUT U3 JIOTMKH CHHXPOHU3AIMH, CBA3aHHON C BHEITHUM TaKTOBBIM BXOJOM (HCIOJIB3YETCS B
MOAYUHEHHOM PEXHUME), U TeHepaTopa ckopoctu cBsizu. BeiBog XCK (cuuxpoHu3amus nepena-
4M) MCMOJB3YETCs TOJIBKO B PEKMME CUHXPOHHOM nepenauu. Ilepemnatyuk cOCTOUT M3 OJIHOTO
Oydepa 3anucu, MOCIEI0BATEIBHOIO CABUTOBOIO PETUCTPA, FEHEpaTopa NapuTeTa u yrnpaslisiio-
el JIOTHKH, KOTOpasi MOAJEPKUBAET pa3inyHble (hopMaThl MOCIEA0BATENbHON MOCHUIKH. By-
(ep 3anMcu MO3BOJISET HEMPEPBIBHO NE€peaBaTh JaHHble 0€3 KakuX-1100 3aepKeK MEeKAy Ie-
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penaueii mocweuiok. [Ipuemuuk sBrsercs 6onee ciaoxubiM Omokom UART, T. k. B ero cocras
BXOJIAT MOAYJIM OOHApYKEHUsI JAHHBIX U CHHXPOHMU3AIMHU. Moaynu oOHapyKeHHs] HEOOXOUMbI
JUIsl aCUHXPOHHOTO Ipuema AaHHbIX. IlomMumo Mopmyneil oOHapyXeHHs B IPUEMHUK BXOJSAT:
YCTPOMCTBO MPOBEPKU MApHUTETa, CABHUIOBBIA PErMCTpP M JIBYXYPOBHEBBIN NHpHUEMHBIH Oydep
(UDR). I[IpueMHUK moaJepKHUBaeT T€ Ke MocjenoBaTebHble (OpMaThl, YTO U MEpeJaTyukK, U
MOJKET OINPEAETUTh OUIMOKY B OCBUIKE (KaJpe), IEPENOJIHEHNE JAHHBIX U OLIHOKY MapuTeTa.

Jloruka reHepanuu TaKTOBBIX WMIYJIHCOB (POPMHPYET OCHOBHYIO CHHXPOHM3ALHUIO TPHU-
emHuka u nepenarunka. UART moamepkuBaeT 4eThipe pekuMa padOThl CHHXPOHU3AIUMU: HOP-
MaJlbHasi ACUHXPOHHAs, ACHHXPOHHAs C yJBOCHUEM CKOpPOCTH, BEYIasi CUHXPOHHAS U MOAYU-
HeHnHas cuHxpoHHas. but UMSEL B peructpe C ympanenus u cratyca (UCSRC) no3Bossier
BBIOpATh aCHHXPOHHYIO MJIM CHHXPOHHYIO padoTy. Y ABO€HUE CKOPOCTH (TOJIBKO B ACHHXPOHHOM
pexume) ynpasisiercss outom U2X B peructpe UCSRA. Ilpu ucnosnb30BaHUU CHHXPOHHOTO pe-
xuma (UMSEL = 1) cooTBeTCTBYIOIIMI OUT B PETMCTpPE HANpaBJICHUS JAaHHBIX JJIs BBIBOJA
XCK (DDR_XCK) 3amaer: OymeT CHHXpOHHM3ALUs BHYTPCHHEH (BEAYIIUi PEKUM) WM BHEII-
Hell (moguuHeHHbId pexum). BoiBog XCK akTHBEH TOJIBKO NMPHU MCHOJIb30BAaHUU CUHXPOHHOIO
peKUMa.

Ha pucynke 3.68 noka3zana ¢yHKIIMOHATIbHAS CXeMa JIOTUKH CHHXPOHHU3AIINH.

| UBRR |

v

N fosc
Brruuraronmit 3 UBRRT1
nepes3arpykaeMblif » /2 p /4 > /2
CUCTUYHK
A 1l
T'eneparop
v v
Peructp .| Herexrop
CHHXPOHH3ALUH 4 ¢bponTa
Xcki Y
XCK] \ 4
Xcko
T UCPOL
DDR XCK

Pucynok 3.68 —DyHKIMoHanbHas cxema JOruku cuaxponnsauuu UART

Onucanue cUrHaJIOB:

- txclk - cuaxpoHH3alus nepeaaTInKa (BHyTPEHHHUN CUTHAN);

- rXclk - ocHOBHast CHHXpOHM3AIMS TPUEMHUKA (BHYTPEHHHUI CUTHAN);

- Xcki — Bxon oT BbiBoAa XCK (BHyTpeHHMi curHan). Mcrnonb3yercs nnsi CHHXpOHHOM
MOYMHEHHON PabOTHI;

- Xcko — BbIXOJ cuHXpoHu3anuu K BbiBoAy XCK (BHyTpeHHuil curnan). Mcnons3yercs B
BEJYLIIEM CUHXPOHHOM PEXHUME;

- fosc — BBIBOZT wacToThl BQ (crcTeMHasi CHHXpOHHU3AITHUA ).

I'enepauust BHyTpeHHeH CHHXPOHHM3ALUH — TEHEPATOP CKOPOCTH CBSI3H

BHyTpeHHss1 CMUHXPOHU3ALMS UCTIOJIB3YETCS 11 ACUHXPOHHOTO U BEAYIIETO CUHXPOHHOIO
PEXKUMOB pabOTHI.

Peructp reneparopa ckopoctu cBsiz (UBRR) u cBs3aHHBIN ¢ HUM BBIYUTAIONINN CYETUUK
(GYHKIIMOHUPYIOT KaK MPOrpaMMHUPYEMBbI TpeaAeTuTeNlb UM TeHepaTop CKOPOCTH CBSI3U. BbI-

YUTAIOMINNA CUETYMK TAKTUPYETCsl CUCTEMHOMN cuHXpoHm3anuen (fsgc) u mepesarpykaercs 3Ha-
yeHueM u3 peructpa UBRR Bcsakuii pa3 mpu JOCTHKEHUHM HYJIEBOIO 3HAYEHUS WJIU MOCIIE 3aMu-
cu peructpa UBRRL. TakTOBBIN CUTHAI N'€HEPUPYETCS BCAKUN pa3 MPU JOCTUKEHUH CYETYUKOM
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HYJICBOI'O 3HA4YCHMUA. I[aHHbIﬁ TAKTOBBIM CHUTHAN SBJISICTCA TAaKTOBBIM BBIXOJOM I'€HCpATOpPa CKO-

poctu cBsizu (paBeH fosc/(UBRR+1)). [lepenaruuk A€IUT 4acTOTY T'€HEPATOpa CKOPOCTH CBS3H
Ha 2, 8 win 16 B 3aBUCHMOCTH OT pekuMa padoThl. Moayiau oOHApy)KEHHUS CHHXPOHM3AIUU U
JAHHBIX IIPUEMHHUKA MOJKIOYEHb HENOCPEACTBEHHO K TAKTOBOMY BBIXOJy I€HEpaTopa CKOpo-
ctu cBsa3u. LludpoBoit aBromaT Moayel oOHapyXeHUs HCHoJb3yeT 2, 8 i 16 cocToSHHN B
3aBHCUMOCTH OT pexuMa, 3anaBaemoro outamu UMSEL, U2X u DDR_XCK.

B Ta6mmue 3.60 maHbl BeIpaKeHUS 711 BBIYUCIICHUS CKOPOCTH CBSI3M (B OMTaX B CEKYHIY)
u Bbruucienus 3nauenuii UBRR amst kaxmoro u3 pabounx pexMOB MPHU UCTIOIB30BAHUU BHYT-
pEHHE FeHepUPYEMOro TAKTOBOI'O HCTOYHUKA.

Ta6numa 3.60 — BeipakeHus 1151 BRIYUCICHUS YCTAHOBOK PETUCTPA CKOPOCTH CBS3U
BeipakeHue [Uis BBIUKCIC- | BbIpaKCHUE Al BEIYUCICHUS
HUSI CKOPOCTH CBSI3H sHaueHnst UBRR
Hopmanbhsiii acuaxponssiii | BAUD = fosc/16(UBRR+1) | UBRR = (fosc/16BAUD) + 1
pesxum (U2X=0)
ACHHXPOHHBIN PEXUM C BAUD = fosc/8(UBRR+1) UBRR = (fosc/8BAUD) + 1
YIBOCHHEM CKOPOCTH
(U2X=1)
Cunxponnbiii Benymuii pe- | BAUD = fosc/2(UBRR+1) UBRR = (fosc/2BAUD) + 1

KM

Pexum paboTs

[Ipumeuanu4

1 BAUD - ckopocTsb cBsi3H (B OUTax B CEKyHIy, 0011).

2 fosc — "acToTa CHHXpOHU3AIUU CUCTEMHOT'O TeHEPaTopa.

3 UBRR — Cognepxxumoe peructpoB UBRRH u UBRRL (0 ... 4095).
4 CkopoCTh CBSI3M MpEJCTaBIeHA B OUTax B CEKyHIY (007).

3.15.2 PaGora ¢ ynBoenuem ckopoctu cBsizu (U2X)

CKkopocTb nepejauu JaHHBIX MOKET ObITh YJIBOEHA, €CIM ycTaHOBUTh OUT U2X B peructpe
UCSRA. YcraHoBKa JaHHOTO OMTa OKa3bIBAET JIEUCTBUE TOJIBKO B aCHHXPOHHOM pexume. [lpu
UCITOJIb30BAaHUN CHUHXPOHHOTO PEXHMa HEOOXOAMMO YCTAaHOBUTHh HYJIEBOE 3HAU€HHE JIaHHOTO
oura.

VYcTaHoBKa JaHHOTO OUTA MPUBOJUT K YMEHBIICHUIO KO (UIMEHTA AETIeHUs YacTOThI T'e-
HepaTopa CKOPOCTH CBsI3U ¢ 16 10 §, TeM caMbIM y/BauBas CKOPOCTb ACHHXPOHHOM cBs3u. Cie-
nyeT oOpaTUTh BHUMaHUE, YTO B 3TOM Cly4dae MPUEMHUK COKpAIIAaeT KOJUYECTBO BHIOOPOK ¢ 16
10 8 npu 0OHAPYXEHUU CUHXPOHU3AIMH U JAHHBIX, I03TOMY, IIPU UCIOJIB30BaHUN JAHHOTO pe-
KHUMa, He0OXOAMMO UCIIOJIb30BaTh 00JIee TOUHBIE YCTAHOBKU CKOPOCTHU CBSA3H M OoJsiee cTabuib-
HBI TaKTOBBIA UCTOYHMK. (151 mepenaTdynka yJBOEHHE CKOPOCTH HE CBS3aHO C KaKUMH-JINOO
OTrpaHUUYEHUSIMHU.

3.15.3 BHemHss1 CHHXPOHU3ALUA

BHemnHAs cMHXpOHU3AIMS UCIIOIB3YETCs] B CHHXPOHHOM MPUEMHOM PeXHMe paboThI (CM.
pucyHok 3.70).

Bo n30exanne BO3MOXXKHOCTH BO3ZHUKHOBEHUSI METACTAOUIIbHOCTH BXOJ BHEIIHEW CUHXPO-
Hu3auuu ¢ BbiBojga XCK cBsi3aH ¢ perucTpoM CHHXpOHM3ALMH. BbIX0J peructpa cHHXpoHU3a-
UM NPOXOJUT Yepe3 JETEKTOp (PPOHTOB, a TOIBKO 3aTE€M HCIIOJIb3YyeTCsS NMPUEMHUKOM M Iepe-
natyukoM. Ha nmaHHbIl mpouecc 3arpauuBaercs 1Ba Takta cuHxpoHusauuu LIIY, u mosromy
MaKCHMaJIbHasl 4acTOTa BHEIIHEW CHHXpoHU3anuu Ha BbIBoJe XCK orpanumumBaeTcsi BbIpaxke-
HUEM
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fxck < fosc / 4.

YacroTta fosc 3aBUCUT OT CTAOMIIBHOCTH CUCTEMHOTO HCTOYHHUKA CHHXPOHM3AIMH. B cBsI3u
C 3THUM PEKOMEHIYETCSl Y4eCTh HEKOTOPBIN 3arac JJis MPeJOTBPAICHUS] BO3MOKHOCTH MOTEPHU
JIIAHHBIX U3-3a KOJIeOaHUHN YaCTOTEI.

3.15.4 PesxuM CHHXPOHHOM CBSI3H

Ecnu ucnons3yerca pexxuM cuHxpoHHoi cBa3u (UMSEL = 1), To BeiBog XCK ucnomnbsy-
eTCs WIN Kak BXOJ CHUHXPOHM3alMU (TMOAYMHEHHBIH PEXHMM) MM KaK BBIXOJ CHUHXPOHM3AIUU
(Bemyuuii pesxuM). 3aBUCUMOCTb MEXKJly TAKTOBBIMU (DPOHTAMH M BBHIOOPKON JAHHBIX WM U3-
MEHEHHEM JAaHHBIX OJHa U Ta k€. OCHOBHON MPUHIUN pabOThI 3aKJIFOYAETCS B TOM, YTO BBIOOD-
Ka BBOAUMBIX naHHbIX (Ha RXD) ocymectBnsercs ppontom XCK, KOTOPBIH MPOTUBOIOIOKEH
(GpOHTY, 0 KOTOPOMY MPOMCXOAUT U3MEHEHUE BHIXOIHBIX MaHHbIX (Ha TXD).

UCPOL=1 XCK

RXD/TXD X S X X
T— Beibopka

UCPOL=0 XCK

RXD/TXD ~— X S — T P4

Bribopka
Pucynok 3.69 — Bpemennast quarpamMma Jutst cCiHXpoHHOTO pexxuma XCK

butr UCPOL peructpa UCRSC Boi6upaet kaxoit ppont XCK ucnonb3yercs 11si BBIOOpKU
TAHHBIX, a KaKO# A u3MeHeHus JaHHbIX. Ha pucynke 3.69 nmokazano, yto npu UCPOL = 0 u3-
MEHEHHE JTaHHBIX MPOUCXOIUT Mo Hapacrawmemy ¢pporty XCK, a BeIOOpKa — 1o majamnemMy
¢pouty XCK. Ecnu ycranosnen 6utr UCPOL = 1, To u3MeHeHHe JaHHBIX MPOUCXOIUT MO Ta-
natomemy ¢pponty XCK, a BeiOopka — o Hapacrtaroiiemy gppouty XCK.

[TocnenoBarenbHast HOCHUIKA COCTOUT M3 OUT NaHHBIX, OUT CUHXPOHHU3ALUHU (CTapT U CTOM-
OUTHI), a TAK)KE OMIMOHAIBHOrO OuTa mapurera A noucka ommodbok. UART nonnepxuBaer Bce
30 xomOuHanu# creayromux GopMaToB MOCHUIOK:

- 1 crapT-6uT;

-5,6,7, 8 unu 9 OUT MAaHHBIX;

- 0e3 mapurera, C OUTOM YETHOCTH, C ONTOM HEUETHOCTH;
- 1 unu 2 crom-6uta.

[Tocbuika HauMHAETCs cO cTapT-OuTa, a 3a HUM CJIEyeT nepenaya OUT AaHHBIX, HAUMHAs C
camMoro MIAIIero paspsaa. 3aTeMm cleayeT Nepeaadya OCTalbHBIX OUT JaHHBIX (MaKCHMalbHOE
YUCIO0 OWUT JAaHHBIX — JIEBATH), KOTOpask 3aKaHYMBAETCS MEpeavyeil cTapiiero paspsia JTaHHbBIX.
Ecnu paspemiena QyHKIusi KOHTPOJIS MapuTeTa, TO cpa3dy mocie OUT JaHHBIX Mepeaaercs OuT
napurera, a 3ateM cton-0uThl. [locne 3aBepiieHus nepeaadyn MOChIIKA UMEETCS BOZMOXHOCTh
nnbo mepenaBaTh CIeIYIONIYIO MOCBIIKY, JIN0O MEPEBECTH JIMHUIO CBSI3U B COCTOSIHUE OXKHIaHUS
(BeIcOKHMii ypoBeHb). Ha pucynke 3.70 moka3zaHa BO3MOKHOCTh COYeTaHUsT (POPMATOB MOCHLIKH.
Hannuare npsiMoyronbHO#M CKOOKH yKa3bIBAeT HA OMIIMOHATBHOCTh JAHHOTO (hopMaTa MOCHUIKH.
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[Tocelika

IA
<

LI
Vl

|
FLE\St / 0 X 1 X 2 X 3 X 4 X[S]X[b]XU]X[S]X[P] /Spl [Sp2)\ (SVIDLE)

St — cTapT-OUT MMeeT Beeria HU3KUH YPOBCHB;

0...8 — HOMepa OuTa TaHHBIX;

P — Out napuTeTa: YSTHOCTh UM HEYCTHOCT;

Spl, Sp2 — cTon-OMT MMEET BCer/ia BRICOKUN YPOBCHB;

IDLE — cocrosinue oxuganus, B KOTOPOM ITPHOCTaHOBICHA niepeaada Ha RXD nmu TXD.
B cocTosiHuu oxunaHus Ha JMHUU JOJDKEH ObITh BRICOKHI YPOBCHb.

Pucynox 3.70 — Coueranue popMaToB MOCHIIKH

®opmat nocbuIkH, KoTopslid ucnonb3yercs UART, 3apaercs 6uramu UCSZ2:0, UPM1:0 u
USBS B peructpax UCSRB u UCSRC. IlpueMHuK U nepeiaTyiK UCIOJIb3YIOT OJHM U T€ K€ yC-
TaHOBKHU (hopmartoB. Cienyer oOpaTuTh BHUMaHUE, YTO U3MEHEHHE YCTAHOBOK JIFOOOTO U3 ATHX
OWT MOKET IPUBECTU K TIOBPEXKICHUIO TEKYIIETO CeaHca CBS3M KakK JUIS MPUEMHHUKA, TaK M IS
nepeaaTInuKa.

butsl BeiOOpa manuubl nepegaBaeMbix AaHHBIX (UCSZ2:0) onpenensitoT U3 CKOJbKUX OUT
JTaHHBIX cOCTOUT Tocbhuika. buthl pexuma maputera UART (UPMI1:0) paspemaror mnepena-
qy/KOHTPOJIb OWTa MAPUTETa U YCTAHABIMBAIOT TUII MTAPUTETA: YCTHOCTH, HEYETHOCTh. BBIOpaTh
OJIMH WJM JIBa CTOM-O0UTa 1mo3BojseT Out Bbibopa crom-6uta UART (USBS). Ilpuemuuk urHo-
pupyer BTOpo# crom-6ut. ®nar ommOku nockuiku FE MO3BOJSET BBISIBHTH CHUTYalHIO, KOTAA
MIePBBIi cTOI-OUT paBeH 0.

Boruuciaenune Oura napurera (4eTHOCTH)
bur nmapuTeTa BBIYUCIACTCA IMYTEM BBIIIOJTHCHUA JIOTUYECKOM Oorncpanru HCKIII0OYarouiero
WJIN nan Bcemu O6utamMu JaHHBIX. Eciu MCMONb3yeTcss HEYETHOCTh, TO Pe3yNbTaT ATOU omepa-
1uu uHBepTupyercs. Cka3aHHOE OTPa)KEHO B CIAEAYIOLIUX BBIPAKEHUSX:

Pyprg = Opa N ..M d3 M do” di™ do MO,
Pupuprn = dng A .. N dz ™ do A do ™1

rae Pypry — OUT 4eTHOTO MapuTeTa;
PypypTH — OUT HEYETHOTO MTAPUTETA;
dn — N-BIif OUT TAHHBIX B MOCBLIKE.

[Tocne pa3pemieHUsT OUT MapUTETa MEPEIACTCS MKy TMOCISTHIUM OUTOM JIAHHBIX U TIep-
BBIM CTOM-OHUTOM.

[lepen Havyaiom ceaHca CBSI3M HEOOXOAMMO BHITOIHUTH MHUIManu3anuo UART. [ponecc
WHUIHAINA3AIUA OOBIYHO COCTOUT M3 YCTAaHOBKH CKOPOCTH CBSI3H, 3a/laHus opMaTa MOCHUIKU U
pasperieHuss paboThI TIepeaTunka M MPHEMHHKA. ECITH HCITONBb3yeTcsl YIIPaBJICHUE CBSI3BIO 110
MPEPBHIBAHMSIM, TO BO BpeMsl HHHUIIMATU3AIMU HEOOXOANMO, 4TOObI ObLT cOpotieH ¢uar o0miero
paspernieHus mpepbrIBaHui (T. €. HEOOXO0IUMO 3aMPETUTH BCE TTPEPHIBAHMUS ).

Ecnu HEoOX0oAMMO BBIMONHUTH MOBTOpHYIO nHHUnManm3anuio UART, nanpumep, s u3-
MEHEHHUS CKOPOCTH CBSI3M WM (hopMara TOCHUIKH, TO HEOOXOIUMO yOETMTHCS, UTO BO BpPEMS
WHUIHAIM3aUK niepenada npuoctanopieHa. @mar TXC MokeT UCTONB30BATHCS TSl POBEPKHU
3aBepIeHHs] padoThI mepenatinka, a Giaar RXC — 1 mpoBepKH OTCYTCTBHSI B IIPUEMHOM OY-
depe HecunTaHHBIX NaHHBIX. CreayeT oOpaTUTh BHMMaHWE, YTO NPHU HCIOJIB30BaHUU Quiara
TXC, oH momkeH cOpachIBaThCs MPOTPAMMHO TEepe]l HadaloM KaKJIoW mepemaun (repea 3amm-
ceio B UDR).

B crnenyromux mpumepax mokaszaHbl (GpyHKIUU s npoctoi wHUIManm3auun UART Ha
Accembniepe u Cu. B mpumMepax mpeanonaraercs, 4To MUCIHOIb3YIOTCS YIPABIEHUE CBSI3BIO TIO
omnpocy (aaroB COCTOSHHS (HE MO MpephIBaHUsAM) U (UKCUPOBAHHBIA (opMar mochbutku. Cko-
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POCTH CBSI3U BBICTYIACT Kak napamerp ¢yHkuuu. s npumepa Ha acceMmOiepe mpenoaaraeTcs,
YTO MapaMeTp CKOPOCTHU CBSA3H 3alHCaH Mepel BI30BOM (PYHKIUU B peructpsl r17:r16.

IIpumep koxa Ha AccemOJepe 2

UART Init:

; YCTaHOBKa CKOPOCTM CBA3U

out UBRRH, rl7

out UBRRL, rlé6

; PaspeumeHre paboTH NPMEMHMKA M IIepemaTuMuKa
1di rl6, (1<<RXEN) | (1<<TXEN)

out UCSRB,rl6

; YcTaHOBKa dopmaTa MOCHUIKM: 8 OMT HOAHHHIX, 2CTOoN-0MTa
1di rl6, (1<<USBS) | (3<<UCSZ0)

out UCSRC,rlé6

ret

IIpumep xona na Cn 2

void UART Init ( unsigned int baud )
{

/* YCcTaHOBKa CKOPOCTM CBA3U */

UBRRH = (unsigned char) (baud>>8);

UBRRL = (unsigned char)baud;

/* PaspemeHre paboTH NepelaTuMKa ¥ [IpUeMHuKa */

UCSRB = (1<<RXEN) | (1<<TXEN) ;

/* YcTaHoBKa bopMmaTa NOCBUIKM: 8 OMT OaHHEIX, 2 cTon-6mura */
UCSRC = (1<<USBS) | (3<<UCSZ0) ;

}

VB puMepe MpeanoiaraeTcs, YTo MOAKIYeH (aiin crenuduyecKkux 3aroiaoBKoB. J[is
PETHCTPOB BBOJIAa-BHIBOJIA, KOTOPBIC PACIOJIOKEHBI B O0JACTH MaMSATH PACIIUPEHHOTO BBOA-
BBIBOJIa, HEOOX0AMMO 3aMeHUTh HHCTPYKIHH «IN», «OUT», «SBISy», «SBICy», «CBI» u «SBI»
Ha WHCTPYKIIUH, OCYIIECTBIISIFONINE JOCTYI K PACIIUPEHHON MaMsITH BBOJA-BbIBOAA. OOBIYHO
910 UHCTPYKIUHU «LDS» u «STS» B coueranuu ¢ «SBRS», «<SBRC», «<SBR» u «CBRy.

Bonee coeprieHHBIE MPOINEIyphl WHUITHAIM3AMWA MOTYT WCIIOIH30BaTh PACIIUPEHHBIN
uHTepdeiic GyHKIMM, Te B Ka4ECTBE MapaMeTpOB BHICTYMAIOT, HApuUMep, GopMaT MOCHIIKH,
OTKJIFOUCHHUE MpepbIBaHuil U T. 1. OHaKO, B OOJBIINHCTBE MPHIOKCHUN HCITOTB3YIOTCS (DPUKCH-
POBaHHBIE YCTAHOBKU CKOPOCTH CBSI3H U YIPABISIONIUX PETHCTPOB, MIOATOMY ISl HUX MPEICTaB-
JICHHBIC TIPUMEPBI MOTYT OBITh HEIMOCPEICTBEHHO BKIIIOYCHBI B OCHOBHYIO TPOTpaMMy WIIH K
mpoleaypaM WHULHATH3AIUN IPYTUX MOAYJIel BBOJa-BhIBOA.

3.15.5 Ilepenaua nannbix — nepexaryuxk UART

Pabora nepenarunka UART pazpemaercss myTeM yCTaHOBKHM OHMTa pa3pelieHus Nepeaayu
(TXEN) B peructpe UCSRB. Ilocne pazpemenns ¢pynkmus BeiBoga T XD, kak 00bIYHOTO TIOPTA,
MeHsieTcsl Ha (DYHKIIMIO BBIXOA MOCIIEA0BATEIbHON nepeaaun JaHHbIX. CKOPOCTb CBS3H, PEXXKUM
paboThl M (opMaT MOCHUIKH JOJDKHBI OBITH YCTAHOBJICHBI OJTHOKPATHO TEpe] HadalloM KaKOW-
0o nepenaun. Eciau ucnonb3yercs CHHXpOHHas padota, To GpyHKuus BeiBoga XCK Taxke 3a-
MEHSIETCS] Ha aIbTEPHATUBHYIO — CHHXPOHHU3AIHS ITepeIadu.

Ilepenaya nocbLIOK ¢ 5...8 OuTaMu JaHHBIX
Hauano nepenaun MHUITMMPYETCS 3aKMChIO MEpeaBacMbIX JaHHBIX B Oydep nepeaaTuuka.
LITY moxet 3arpy3uth Oydep nepemaarurka mytem 3anucu B peructp UDR, pacmonoxxeHHbIN B
namsITH BBOJa-BeIBOAA. bydepuzoBannslie nanuble B Oydepe nepenatunka OyayT nepeMenieHbl B
CABHUTOBBIM PEruCTp MoOcie TOTO, KaKk OH OyIeT roToB K OTIpPaBKE HOBOM MOCBUIKU. 3aluCh B
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CABUTOBBIM PETHCTP HOBBIX JAHHBIX MPOUCXOANT B COCTOSIHUU OXXKHUJAHUS (KOT/a repenaya 3a-
BEpIlIeHA) WK Cpa3y MOcCje 3aBepILIeHUs epejayr MOCIeIHEro CTOM-0nuTa IpeaplIyiei moCchUI-
k. Eciiu B ¢cIBUTOBBIN perucTp 3amuvcaHbl HOBbIE JaHHBIC, TO HAYMHAETCS Nepeiaya OJHOM Mmo-
CBUIKH Ha CKOPOCTH, OIIPENIeTICHHOM B peructpe ckopoctu cBs3u, outom U2X unu XCK B 3aBu-
CUMOCTH OT BEIOPAHHOTO PEKUMa PabOTHI.

B crnenyronux npumepax mpencraBiieHbl npocThie ¢yHKIU nepenaun yepe3 UART, uc-
noJib3ytomue onpoc ¢uara ocBoboxaeHus perucrpa naHaeix (UDRE). Ecnu ucnonb3yercs mo-
ChIJIKa C MEHEe UYeM 8 OUT JIaHHBIX, TO cTapiure OuThl, 3anucanabie B UDR, urnopupyrorcs. Ile-
pen BBI30BOM JaHHOW (DYHKIMU TOJKHA ObITh BhimonHeHa nHunuanm3anus UART. [lns kona Ha
AcceMmbiiepe mpejroiaraercs, 4To rnepeiaBaeMble JaHHbIE 3anmucanbl B peructp R16 mepen BbI-
30BOM MPOLIEAYPHI.

IIpumep xona Ha AccemoJiepe 2

UART Transmit:

; OxmnmaHue oCBOOOXIeHUsa Oydepa NepemaTdmka

sbis UCSRA, UDRE

rjmp UART Transmit

; I[omemeHnme naHHBX (rl6) B Oybep, oOTHpaBKa INaHHHX
out UDR, rlé6

ret

IIpumep kona na C 2

void UART Transmit ( unsigned char data )

{

/* Oxmpmaume ocBoboxmeHra Oybepa mnepemaTumka */

while ( ! ( UCSRA & (1<<UDRE)) );
/* TloMemeHVe OaHHHIX B Oybep, oTnpaBKa IaHHBIX */
UDR = data;

}

OTnpaBka NOChLIOK ¢ 9 OMTAMU JaAHHBIX

Ecnu neobxomumo mepenaBaty 9 6ut ganHbix (UCSZ = 7), To AEBATHIA OUT JaHHBIX
nokeH ObITh 3anucad B OuT TXBS8 peructpa UCSRB nepen teMm, kak mumaamuii 6aiT Oyaer 3a-
nucad B UDR. B crneayromux npumepax mokazansl pyHKIUM A7 niepenadu 9 Out naHHbixX. s
Ko/1a Ha AcceMOepe MpearnoaraeTcs, 9To OTIPABISEMbIE TAaHHBIE MPEIBAPUTEIBHO 3aIUCaHbI
B peructpsl r17:r16.

IIpumep xona Ha AccemoJiepe 2)

UART Transmit:

; OxmnmaHme ocBOOOXIeHudA Oydepa nepenaTdmka
sbis UCSRA, UDRE

rjmp UART Transmit

; Kommporanme 9-10 OGuTa M3 rl7 B TXBS8

cbi UCSRB, TXBS8

sbrc rl17,0

sbi UCSRB, TXB8

; I[omemenme mJ. OariTa HaHHHX (rl6) B Oybep, oTnmpaBKa HOaHHBEIX
out UDR,rl6

ret

IIpumep xona na Cn 2)

void UART Transmit ( unsigned int data )

{

/* Oxupmaume ocBoBoxIneHusa Oybepa mnepemarumra */
while ( ! ( UCSRA & (1<<UDRE)) );
/* Konupoeaume 9-ro Gura B TXB8 */
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UCSRB &= ~ (1<<TXBS8) ;

if ( data & 0x0100 )UCSRB |= (1<<TXBS8):;
/* TloMmemeHMe ONaHHHX B Oybep, oTHpaBka IaHHEIX */
UDR = data;
1) o
B mpumepe npezmnonaraercsi, 4To MOAKIIOUEH (ailn cnenuduueckux 3arojoBkoB. s

PETrUCTPOB BBOJIAa-BBIBOJA, KOTOPHIE PACIIOIOXKEHBI B O0JIACTH MaMSTH PACHIMPEHHOTO BBOJA-
BBIBOJIa, HEOOX0aMMO 3aMeHUTh HHCTPYKIHH «IN», «OUT», «SBIS», «SBICy», «CBI» u «SBI»
Ha MHCTPYKIUH, OCYLIECTBIISIIONIME TOCTYI K PACIIMPEHHON MamsITH BBOJA-BbiBOAa. OOBIYHO
910 UHCTPYKIMHU «LDS» u «STS» B coueranuu ¢ «SBRSy», «SSBRC», «<SBR» u «CBRy.

[lepen 3arpy3koil HOBBIX JAHHBIX JJI Mepefadyd B JaHHOW (DYHKIMHU OCYIECTBISIETCS
OXXuJaHue ocBoOokIeHus Oydepa nepenaranka myrem omnpoca imara UDRE.

2) larubie GbyHKIMM 3amucanbl Kak QyHKIKUK o01iero Ha3HaueHusl. OHU ONTUMHU3UPOBAHBI
nox cratudyeckoe cogep:xkumoe UCSRB, T. e. xorna nocne unuimanuzanuu B peructpe UCSRB
u3MeHsercs Toibko out TXBS. Jlns peructpoB BBOAA-BbIBOA, KOTOPBIE PACIIOIOKEHBI B 00JIa-
CTH MAMSATH PACIIUPEHHOTO BBOJIAa-BBIBOJIA, HEOOXOAMMO 3aMeHUTHh HHCTPYKIUU «IN», «OUT»,
«SBIS», «SBIC», «CBI» u «SBI» Ha nHCTpYKIIMHK, OCYHIECTBIISIOINE JOCTYI K PAaCIIMPEHHON
namsaTd BBOAa-BbIBoja. OObIYHO 3TO mMHCTpyKuuu «LDS» m «STS» B coueranum ¢ «SBRSy,
«SBRC», «<SBR» n «CBR».

JIeBAThIN OUT TaHHBIX MOXKET MCIIOIH30BATHCS IS MHAUKAIIMH aJIpeca TTOCBUIKH B MHOTO-
MPOLIECCOPHOM PEKUME CBS3H WIIU B APYTUX MPOTOKOJAX.

3.15.6 ®dJaaru v npepbIBAHUA NepeIaTYNKA

[Tepenatuuk UART umeer nBa duara, KOTOpble HHIUIMPYIOT €0 COCTOSTHUE: (iiar 0CcBO-
6oxnaenus peructpa nanHsix UART (UDRE) u ¢dnar 3aBepuienus nepenauu (TXC). Ob6a ¢nara
MOTYT HCIIOJIb30BaThCsl Ul TeHepaluuu npepbiBaHuil. diar ocBOOOXKACHUS PErucTpa JaHHBIX
(UDRE) nnaummpyer rotoBHOCTh Oydepa nepenaTyrvka NpUHATh HOBbIE JaHHbIE. [laHHBINA OUT
yCTaHaBIMBAETCS MPU OCBOOOKIEHUH Tiepeatomiero 0ydepa u copaceiBaeTcs, korna 0ydep me-
peaaTyuKa CoAEp KUT JJaHHBIE JIJIs Iepejadyn, HO KOTOpbIE elle He ObUIN MepelaHbl B CABUTOBBIM
peructp. st COBMECTUMOCTH ¢ OyAYIIMMU MUKPOKOHTPOJIJIEpAaMH B JTaHHBIH OUT HEOOXOAMMO
3aMUCHIBaTh HOJIb BO BpeMs 3amucu B peructp UCSRA.

Ecnu 3anmcare norndeckyto 1 B OMT pa3pelieHus: IpepbIBaHUs 10 OCBOOOXKICHUIO peru-
ctpa ganHbix B peructpe UCSRB, To npepsiBanue mo ocBoboxkaeHuto peructpa gaHaeix UART
OyZeT BBINOJIHATHCS BCSAKUH pa3, korga ycranasiausaercss out UDRE (¢ ygerom Toro, uto 06-
mue npepbiBanus paspemienbl). UDRE copaceiBaercs npu 3anucu B UDR. Ecnu ncnonesyercs
yIIpaBJIEHUE CBS3BIO MO NMPEPBIBAHUAM, TO B IPOIeype 0OpabOTKH MpepbIBaHUS 110 OCBOOOXKIe-
HUIO PEruCcTpa JaHHBIX HEOOXOAMMO WM 3amucaTh HOBBIe AaHHBIE B peructp UDR mns copoca
¢ara UDRE, uny BBIKIIOUXTE TpepbIBaHUE MO OCBOOOXKICHHIO PErucTpa JaHHBIX. B mpoTus-
HOM CJy4ae Mpu BbIXOJ€ U3 MpoLeaypbl 00pabOTKH MpephIBaHUS Cpa3y BO3HUKHET HOBOE Tpe-
pBIBaHHUE.

®mnar 3aBepuienus nepenaun (TXC) npuHUMaeT eAMHUYHOE 3HAYEHUE, €CIIH BCS TTOCHLIKA
B C/IBUTOBOM PETUCTpE INepenaTunka Obula MOJHOCTBIO CABUHYTA U B Oydepe mepenaTdynka oT-
CYTCTBYIOT HOBbIe JaHHble 1 nepeaaun. @nar TXC aBromaTnuecku cOpackiBaeTcs MpH nepe-
X0/Ie Ha BEKTOp 00pabOTKU MpepbIBaHMS 110 3aBEpIICHUH TIepeady UM MPOrpaMMHO cOpachiBa-
eTcs ImyTeM 3anucu B Hero jJorndeckyro 1. @mar TXC nmosne3Ho ucnosib30BaTh MPU OPraHU3 AN
NOJYAYIUIEKCHOM CBSI3H, I'/Ie UMEEeTCs HeoOXOJIUMMOCTh MEepeBojia Mepearolieil CTOpOHbl B pe-
’KUM TIpUeMa MOcCIIe 3aBepLICHHs epeaayu, TEM CaMbIM JJOCTUTasi OCBOOOXKIEHUS ITUHBI.

Ecnu pazpemeno npepsiBanue no 3asepiieHuu nepeaauu (TXCIE=1) B peructpe UCSRB,
TO mpepbiBaHue 1o 3aBepiieHuto nepeaaun UART BeimonHsercs Besikuii pas, koraa ¢uar TXC
NPUHUMAET €AMHUYHOE COCTOSIHHE (C Y4eTOM, 4TO aKTHBHO O0Iee pa3peuieHne MpepbIBaHHi).
[Tpu mepexonae Ha BeKTOp 00pabOTKM mpepbiBanms 1o 3aBepiieHuu nepenadyn UART Her HeoO-
xoaumocTu copaceiBaTh piar TXC, T. K. 3TO IPOUCXOUT aBTOMATHUECKH.
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3.15.7 I'enepaTop napurera

['enepatop maputera BBIYUCISIET OUT mapuUTeTa ISl BKIIOUYEHHUS B COCTaB MOCIIEI0BATEN b-
Ho# nocwutku. Ecnu Out naputera ycranosien (UPMI1 = 1), To ynpasisitolast JIOruka nepeaat-
YHKa BCTaBJISIET OUT MapUTEeTa MEX]y MOCIETHUM OUTOM JIaHHBIX U MEPBBIM CTON-OUTOM B OT-
IIPaBJIsIEMOM OCBUIKE.

3.15.8 OTkiI04YeHHe epeIaTYnKa

Otxmouenne nepenatunka nocie copoca TXEN HacTynmuT TONBKO TOTJa, KOTAa 3aBep-
HIMTCS TEKyILas U O)KUJaeMas nepeada, T. €. KOrJa B CABUTOBOM pErucTpe nepearyuka u 0y-
depe nepenarunka He OyJeT AaHHBIX Ui nepenadud. [locae oTKIIOYEHNs epeJaTyuKa OTMEH -
eTcs alnbTepHATUBHOE HazHaueHue BbiBoga TXD.

3.15.9 Ilpuem nannbix — npuemunk UART

Pa6ora mpuemnnka UART pasperaercs, ecinu 3anucarh JOTHYecKyro 1 B OUT pa3penieHus
pabotsl npuemMHuka (RXEN) B peructpe UCSRB. Ilocie paspemienuss paboTbl NMpUEMHUKA
o0bruHOe HazHaueHue BbIBoAa RXD 3aMmeHsercs Ha adbTepHATUBHOE: BXOJI MOCIIEI0BATEIHHOTO
BBO/Ia MaHHbIX npueMHnka UART. CkopocThb CBsI3M, peKUM paboThl M (hopMaT MOCBIIKU JOIIK-
HBbI OBITH YCTAHOBIJIEHBI OJHOKPATHO TEpe]] HayalloM BBIMIOJIHEHHUS MpueMa JaHHbIX. Ecnu uc-
MOJIb3YeTCsl CHHXPOHHAas pabora, To BeIBOA XCK OymeT ncnoiap30BaThes ISl CHHXPOHHU3AINN
CBSI3H.

3.15.10 IIpuem nochbLIOK ¢ 5...8 OuTaMu JaHHBIX

[IppeMHUK HayMHAeT NpPUEM [OAHHBIX TOJBKO IIOCIE OIPEHEICHUS NECHCTBUTEIBHOIO
crapT-Outa. Beibopka ciienyronmx 3a crapT-OuTOM OUT JAaHHBIX MPOMCXOAMUT C YAaCTOTOM, paB-
HOM CKOPOCTH CBsA3M WM 4acToToi curHana XCK, u pasmemaercs B CABUTOBOM PETUCTPE MPHU-
eMHuKa. Bropoii cron-out npueMHukoM urHopupyertcs. [locne nmonxydenust nepBoro cTon-oura,
T. €. KOIJla IOCJIEeN0BATENbHAS TOChIIKA MTOJHOCTBIO IIPUHATA U HAXOIUTCA B CIBUIOBOM PETH-
CTp€ MPUEMHHUKA, COAEPKUMOE CIIBUTOBOTO PETUCTpa MepemMelaercs B npuemMusiii Oydep. Ilpu-
eMHbII Oydep cunThIBaeTCA MU YTEHUH peructpa BBoga-sbiBoga UDR.

B caenyroumx npumepax NnpuBe[eHbl IPOCThie (PYHKIUU AJIi OpraHu3aliy npuemMa JaH-
HBIX, KOTOpbIE OCHOBaHBI Ha onpoce cocTosiHus (uara 3asepiienus npuema (RXC). Ecnu uc-
noJib3yeTcsi (hopMaT MOCHIIKU C YUCIOM OUT MEHEee BOCHbMH, TO MOCJIE CUUTBIBAHUS COJEPKUMO-
ro UDR crapume Henconszyemble pa3psaabl OyayT oOHyieHsl. [lepen BbI30BOM J1aHHBIX (YHK-
LUH T0JDKHA OBITh BeIMonHeHa nannuanuizanus UART.

IIpumep kona Ha Cu 2

unsigned int UART Receive( void )

{

unsigned char status, resh, resl;

/* OxymaHue OKOHUAHMUSA NpMeMa IaHHBIX */
while ( ! (UCSRA & (1<<RXC)) );

/* Ompoc CTaTyCHEIX OUT ¥ 9-T0 OMTa IaHHLIX [Iepel YTeHMeM HaHHEX u3 Oybepa */
status = UCSRA;

resh = UCSRB;

resl UDR;

/* Ecnu ommbka, To BO3BpaT -1 */

if ( status & (1<<FE) | (1<<DOR) | (1<<UPE) )
return -1;
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/* Beimesienme 9-10 OMTa IOAHHHX [epel BHXOIOM */
resh = (resh >> 1) & 0x01;
return ((resh << 8) | resl);

}

DB npuMepe MPEarnoiaracTcs, 4To MOAKIOYeH (aiiin crnenuuIeckux 3aroyioBKOB. s
PETHCTPOB BBOJA-BBIBOJIA, KOTOPHIE PACIOJIOKEHBI B 00JIACTH MAMSITH PACIIMPEHHOTO BBOJA-
BBIBOJIa, HEOOXOAMMO 3aMeHUTh HHCTPYKIHH «IN», «OUT», «SBIS», «SBIC», «CBI» u «SBI»
Ha WHCTPYKIIMH, OCYIIECTBIISIONIME JOCTYN K PACIIMPEHHOW MaMATH BBOAA-BbIBOAA. OOBIYHO
510 uHCTPYKUUU «LDS» u «STS» B coueranuu ¢ «SBRS», «SBRCy», «<SBR» u «CBRy.

B naHHBIX QYHKIHSX CYUTHIBAIOTCS BCE PETHCTPHI BBOJIa-BhIBOIA B (pailyl perucTpoB mepes
BBIIIOJIHEHHEM KaKHUX-TU00 BhIYMCICHUN. Takoi moAaxo/1 Mo3BoIseT Han0oaee ONTUMAIIBHO HMC-
MOJIB30BaTh 3aIOHAEMOCTh Oydepa, T. K. Oydep cTaHOBUTCS CBOOOTHBIM IS MPHUEMa HOBBIX
JIaHHBIX, KaK TOJIBKO 3TO CTAHET BO3MOXKHEIM.

3.15.11 ®daar u npepbIBaHUE 10 3aBEPLHICHUIO IPUEMA

[Tpuemuux UART umeer onuH iar, KOTOpbIH HHAULUPYET COCTOSTHUE PUEMHUKA.

@nar 3aBepiienus npuema (RXC) curHanusupyer o HaIMYUM HECUMTAHHBIX JIAHHBIX B
npuemMHOM Oydepe. [anublii ¢uar paBeH 1, eciim UMEIOTCS HECUYMTAHHBIC JaHHbIE, U paBeH 0,
ecnu Oydep nmpueMHUKa cBOOOIEH (T. €. HE COACPKUT KaKUX-ITMOO HEeCUMTAHHBIX JaHHbBIX). Ecnu
npuemMHHK oTkmouaercs (RXEN = 0), To npuemnsiit 0ydep Oyaer copomren u ¢uar RXC npu-
MET HYJIEBOE 3HAUEHHUE.

Ecnu ycranoBiieHn Out paspeleHus npepbiBanus no 3asepuienuto npuema (RXCIE) B pe-
ructpe UCSRB, To npu ycranoBke ¢iaara RXC mporpamMma nepexoaut Ha BEKTOp 0OpabOTKH
JAHHOTO TpephIBaHUs (TIPU YCIOBUH, YTO aKTUBHO oOlee pa3peleHue npepeiBanuil). Eciou nc-
MIOJIB3YETCSl OpraHU3alys CBSI3U C YIPaBICHUEM 110 IIPEPBIBAHUSAM, TO IPU BBIIOJHEHUH IPOLIE-
ypbl 00pabOTKHU 3ampoca Ha MpepbIBaHUE IO 3aBEPIICHHIO MpUeMa HEOOXOAUMO CUMTATh JaH-
Hble u3 UDR, uto6s1 copocuts ¢ar RXC. B npoTuBHOM ciiydae HOBOE IIpepbIBaHHE BOZHUKHET
Cpasy mociie BbIX0/1a U3 TEKYILETO.

3.15.12 ®narn ommMO0OK NPHEMHHUKA

[Mpuemuuk UART umeert Tpu ¢iara ommbok: omubka noceuiku (kaapa) FE, mepemonne-
Hue naHHblx DOR u ommobka mapurera UPE. JlanHble ¢uarm BXOAAT B COCTaB perucrpa
UCSRA. OOumm cBONCTBOM JaHHBIX (DJIaroB SIBJISIETCS TO, YTO OHU XPAHATCS B MPUEMHOM OY-
(bepe BMecTe ¢ TON MOCBUTKOM TaHHBIX, U1 KOTOPOI OHU OTpa)xaroT cocTosiHue omuook. C yue-
TOM 3TOT0, HEOOXOAUMO CIEANTH, YTOOBI huraru omuodOoK cunThiBaiuch u3 peructpa UCSRA me-
pen uTeHweM JNaHHBIX u3 npuemHoro Oydepa (UDR), 1. k. mocne urenus u3z UDR u3Mmensercs
coctostaue Oydepa. Jpyrum cxoacTBoM (uraroB omuOOK SBISETCS HEBO3ZMOXHOCTH MPOTPAMMHO
HOBIUATH Ha MX cocTosiHue. OaHako B 1ensx copMectumoctu ¢ UART mocneayrommx MHUKpo-
KOHTpOJIIIEpoB, BO BpeMs 3anucu peructpa UCSRA B mo3umusx ¢uiaroB ommoOoK HE0O0X0auMO
yKa3bIBaTh HyJeBble 3HaUeHHsI. HU oauH U3 ¢uiaroB ommOOK HE MOKET BbI3BaTh NPEPhIBAHUE.

@nar ommOku nocbulk (kagpa) FE unauumpyer cocTosiHHMe MEpBOro CTOM-OMTa coxpa-
HEHHOI B pueMHoOM Oydepe noceuiku. @nar FE paBen Hymo, eciiu cTon-O0UT MMeN KOPPEKTHOE
3HaueHue (Jloruyeckas 1), U paBeH elIUHHULIE, €CIIM HEKOPPEKTHOE, T. €. HOJb. JlaHHBIN Quar Mo-
JKET MCII0JIb30BaThCsl JJIS1 BBISIBIIEHUS YCIOBUS PACCUHXPOHU3AIMH, OOpBIBA CBSI3U U MAaHUITYJIs-
My Hax npotokosioM cBsa3u. Onar FE He u3mensiercs npu ycranoBke 6uta USBS B perucrpe
UCSRC, T. K. IpHEMHUK MTHOPHPYET BCE CTOM-OMTHI 3a MCKIIOYEHHEM repBoro. s coBme-
CTUMOCTH C TOCIEAYIOUUMU MUKPOKOHTPOJUIEPAMH B TIO3UIMH TaHHOTO OUTa HE0OXOUMO yKa-
3bIBaTh HOJIb BO BpeMsi 3anucu B peructp UCSRA.

®nar nepenonnenus qaHHbIX (DOR) curHamm3upyer o morepe JaHHBIX W3-3a MEPEroiHe-
HUs nipueMHoro Oydepa. [lepenonHenre JaHHBIX BO3HUKAET, €CIM MPpUEMHBIN Oydep 3anoiaHeH
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(IIBe TIOCBHUIKH), B CABUTOBOM PETUCTPE OXKUAACT CUUTHIBAHUS TOJIHKO UYTO MPHUHATAS MOCHUIKA U
oOHapy>xeH HOBBIN cTapT-OuT. Eciu durar DOR ycranoBieH, TO 3HaUYUT OJHA WK OoJiee Tociie-
JIOBATEIbHBIX MOCHUIOK MOTEPSIHBI MEXAY MOCIETHUM U CIAEAYIOIIMM CYUTAHHBIMUA 3HAYCHUSIMU
u3 UDR. [Ins coBMecTUMOCTH ¢ OYAYHIIMMH MUKPOKOHTPOJUIEpAMH B MO3UIMIO JaHHOTO OWTa
HE0OXOoAMMO Bcerjaa 3amucbiBaTh Jiornueckuii 0 Bo Bpems 3anucu B peructp UCSRA. ®mar
DOR c6pacbiBaeTcsl, eciau NpuHATas MOCbUIKa OblIa yCIENIHO MepeMellleHa U3 CABUTOBOTO pe-
TUCTpa B IPUEMHEIH Oydep.

®nar ommbku napurera (UPE) curnanusupyer, 4To BO BpeMs IpreMa IMOChUIKH ObLta 00-
HapykeHa ommOka maputera. Eciu KOHTpONs mapuTeTa OTKIIOYEH, TO JaHHBIA (iar Bceraa
UMEET HyJIeBOe 3HaueHue. [1Jis COBMECTUMOCTH C HOBBIMH pa3paboTKaMu MUKPOKOHTPOJUIEPOB B

NO3HILIMI0 JAaHHOTO OuTa HEOOXOJMMO BCErJa 3alMChIBaTh HOJIb BO BPEMS 3allUCH B PETUCTP
UCSRA.

3.15.13 YcrpoiicTBO NpOBepKH NapuTeTa

YCTpoiicTBO MPOBEPKU MMAPUTETa CTAHOBUTCS AKTUBHBIM I10CJIE YCTAHOBKH OMUTa peKrUMa
napurera UART UPMI1. Tun xoHTpoJisi mapuTeTa: YETHOCTh MJIM HEYETHOCTh 33J1aeTCsl OUTOM
UPMO. Ilocne akTMBM3aLMM yCTPOWCTBO IIPOBEPKH IIAPUTETA BBHIYMCIAET MAPUTET IPUHATHIX
JAHHBIX U CPaBHUBAET IOJIYyYEHHOE 3HAYEHHUE C MPUHATHIM BMECTE C STUMH JIaHHBIMU B OJHOMN
HOChUIKE OUTOM maputera. Pe3ynpTar cpaBHEHUs 3allOMMHAETCsl B IpueMHOM Oydepe BMecTe ¢
NPUHATBIMU JTaHHBIMU U cTor-OnToM. ®ar onmbku nmapurera UPE MoxkeT ObITh cuuTaH mpo-
IpPaMMHO TOT'/Ia, KOTJa B OChLIKe umeercs omnoka napurera. bur UPE ycranaBnusaercs, eciu
B ITOCBUIKE, KOTOPast MOKET OBITh CUMTAaHA M3 IPUEMHOro Oydepa, nmeercs omnoKa napuTera u
BO BpeMs IpHeMa 3TOM MOChUIKU ObLT pasperieH KoHTpoib naputera (UPM1 = 1). Jlanusbiii Out
JIOJIKEH OBITh OMPOIIEH 0 cuuThiBaHUS Oydepa npuemuuka (UDR).

OTkJ/I049eHne MTPUEMHUKA

B omimume oT mepeparyMka OTKIIOYEHHE MPUEMHHMKA MPOUCXOIMT HE3aMeIIUTEIbHO.
[Tpu s TOM npuHUMaemble TaHHbIe OyyT norepsHbl. [locie oTkmroueHus (T. €. Koraa
RXEN = 0) npueMHuK Janee He MOAJIEPKUBAET albTePHATUBHBIE HACTPOMKH BBIBOJIA
nopta RXD. Ilpuemnsiit 6ydep FIFO cOpacbiBaeTcsi mociae OTKIIOUYEHHs] IPUEMHHKA, CIIe0Ba-
TEJIbHO, OCTABIIMECS B HEM JIaHHBIE OYyyT MOTEPSHBI.

Copoc npuemnoro 0ygepa

[Tpuemnsiit 6ydep FIFO cOpaceiBaeTcs nocie OTKIOYEHUS TPUEMHHUKA, T. €. IOJIHOCTBIO
0CBOOOXKIaeTCsl OT CBOEro conepkumoro. Hecuntanuele nanHble OyayT norepsibl. Eciu Oydep
HEO0OXOUMO OYHCTHUTDH B MPOLIECCe HOPMAIBbHON paboThl, HAIPUMEp, TPU BO3ZHUKHOBEHUH OIIH-
00K, TO HeoOxoauMo cuuThiBaTh comepxkumoe UDR moka He ounctuthes diar RXC. B cneny-
IOIIeM IPUMeEpe NOKa3aHo KaK OYHCTUTh Oydep nprueMHuKa.

IIpumep xona Ha AccemoJiepe 2

UART Flush:
sbis UCSRA, RXC
ret

in rl6, UDR
rjmp UART Flush
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IIpumep xona Ha Cn 2

void UART Flush( void )
{

unsigned char dummy;
while ( UCSRA & (1<<RXC) ) dummy = UDR;
}

DB puUMepe MPEANoJaraeTcs, 4To MOAKIIOUYCeH Gaiia crenu@uIecKux 3aroiaoBkoB. s
PETUCTPOB BBOJIA-BBIBOJA, KOTOPHIE PACIIOIOXKEHBI B O0JIACTH MaMSTH PACHIMPEHHOTO BBOA-
BBIBO/Ia, HEOOXO0IMMO 3aMeHUTh MHCTPYKIIUU «IN», «OUT», «SBIS», «SBIC», «CBI» u «SBI»
HA WHCTPYKIUH, OCYIIECTBISIIONIME TOCTYI K PACIIUPEHHON MaMsATH BBOAA-BbIBOAA. OOBIYHO
310 UHCTpYKIMU «LDS» n «STS» B coueranuu ¢ «SBRS», «<SBRC», «SBR» u «CBRy.

3.15.14 AcUHXPOHHBIN pHeM JaHHBIX

UART coaepxuT 6;10ku 0OHapYKEHHUS TaHHBIX U CHHXPOHU3AIIMU JIJISl YIIPABJICHUS aCHH-
XPOHHBIM MPUEMOM JaHHBIX. Jlormka OoOHApYKCHHSI CHHXPOHHU3ALWU HCIOJB3YETCS JUIs CHH-
XPOHU3AIMU C BHYTPEHHUM I'€HEPATOPOM CKOPOCTH CBSA3M JIs 0OECIeueHUs] BO3MOXKHOCTH BBO-
J1a TIoCIIeI0BaTeNIbHON MOChUTKY ¢ BBIBOAOB RXD. Jlornka oOHapy:KeHUs JaHHBIX OCYIIECTBIISECT
BbIOOPKY U (unbTpauuto (OHY) xaxmoro Bxoasiero Outa JaHHBIX, TEM CaMbIM yBEITUYUBas
MOMEXOYCTOMYMUBOCTh TpUEeMHUKa. Pabounii nuana3oH aCHHXPOHHOIO TMpHEMa OMpeessieTcs
TOYHOCTBIO BCTPOEHHOT'O T'eHepaTopa CKOPOCTH CBSI3U, TOYHOCTHIO CKOPOCTH BXOJISIIEH IMOCHII-
KU U Pa3MEPOM MOCBUIKU (KOJIMYECTBO OUT).

ACHHXPOHHBII MOUCK CHHXPOHU3AINHU

Jloruka oOHapyKeHUS CHHXPOHHM3AIMHN CTA0MIM3UPYET BO BpeMEHHU paboTy MPHEMHHKA C
BXOJISIIIEH MoceaoBaTeNibHON mockbutkoi. Ha pucynke 3.71 mmmrocTpupyeTcst mpoiecc MoucKa
cTapT-OuTa BO BXOAsIIEH nmocklake. YacToTa BEIOOPOK B 16 pa3 BbIIIE CKOPOCTH CBSI3U TSI HOP-
MaJIbHOTO peXHMa W B BOCEMb pa3 BHINIE I PEKHUMA YIBOCHUS CKOPOCTH. | OpH3OHTAIIbHBIC
CTPEJIKM WUTFOCTPUPYIOT BO3MOXKHBIM YXOJ CUHXpOHM3allUU B mpolecce BeIOopku. Cienyer 06-
paTuTh BHUMaHKE Ha 0oJiee BBICOKYIO PACCHHXPOHH3AINIO BO BPEMEHH IPH HCIIOJIb30BAaHUH pe-
»uma yaoeHusi ckopoctu (U2X = 1). Beibopku, 0603HaueHHbIE HOMEPOM «0», COOTBETCTBYIOT
cocTosiHUIO okuaaHus Ha TMHUM RXD (T. €. Ipu HEaKTUBHOM CBSI3H).

RXD Okuj1anue Crapr-6ut / but0
Bribopka
(U2X =0)
0 0 4 5 2
0 3

1 2 3 6 9 11011 12 13 14 15 16 1
Bribopka

(U2X=1) k__T__H [ T I I

Ls] L[e]
Pucynox 3.71 — Ilpouecc nmoucka crapT-6uta BO BXOSIEH MOCBUIKE

B p—p ) —
B ——Pp ) ——P

I e

Ecnu noruka oOHapyKeHHUS CHHXPOHHU3ALUU OMPEJENseT Mepexo] M3 BBICOKOTO (COCTOS-
HUE OXHUJAHUA) K HU3KOMY (cTapT) cocTosiHMio Ha JuHUM RXD, TO MHHIIMHUpYyeTCcs mocieaoBa-
TETHHOCTh JNEUCTBUH MO OOHApYKEHHUIO CTapT-Outa. Ecnu mpuHsATH, 4yTO BeIOOpKa | O3Hawaer
MIEPBYIO BEIOOPKY C HYJIEBBIM 3HaUYE€HHEM, TOT/Ia 10 BhIOOpKaMm &, 9, 10 B HOpMaIbHOM pexuMe 1
BbIOOpKaM 4, 5, 6 B pexuMe yJBOCHUS CKOPOCTH ONpEIeNseTcs AeHCTBUTENbHOCTh CTapT-OnTa
(Ha pUCYHKE 9TH BBIOOPKH MOMEIIECHBI B paMKy). Eciu nBe mimm 6osiee u3 3TUX BRIOOPOK MMEIOT
CAUHUYHOC COCTOSHHUC (HpI/IHI_II/IH MaKOpUTapHOTO I‘OJ'IOCOBaHI/ISI), TO CTapT-GI/IT OTKJIOHACTCA
KaK JIO)KHBIHN, a MPUEMHUK MPOJIOJDKUT MOUCK cleayrouiero nepexona u3 «1» B «0». Ognako, ec-
JIM OTIpeJieNIeH NEHCTBUTENbHBIM CTapT-OUT, TO JOrHKa OOHAPY>KEHHsI CHHXPOHH3AIMHA OKa3bIBa-
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€TCs CUHXPOHM3MPOBAHHOM, MOCIIE YEro BCTYIUT B CHIIy JIOTUKa OOHapyXeHus: JaHHbIX. Ipo-
LIECC CUHXPOHU3AIMK TOBTOPSETCS I Ka)/10T0 cTapT-OuTa.

ACHHXPOHHBIH MOUCK JAHHBIX

[Tocne oOHapykeHHs cTapT-OuTa HauMHAaeT paboTy JorukKa oOHaApy>KEHHs AaHHBIX. Biok
oOHapyXeHHs JaHHBIX UCIOJb3yeT HU(PPOBOIl aBTOMAT ¢ 16 COCTOSHHUSIMH B HOPMAJIbHOM pe-
KHME paboTHl U C BOCEMBIO COCTOSIHUSIMU B PeXHUME YABOeHUs ckopoctu. Ha pucynke 3.72 mo-
Ka3aHa BbIOOpKa OMT JaHHBIX U OUTa 4eTHOCTH. J{J1s Kak0i BHIOOPKH yKa3aH HOMEp, KOTOPBIH
COOTBETCTBYET HOMEPY COCTOSIHUS IU(POBOTO aBTOMATa 0JIOKa OOHAPYKEHUS JTaAHHBIX.

EERRRER

[ 8 ] 9 |10 12 13 15 16 1 2
A

P

8 1

RXD

Bribopka
(U2X =0)

X
CaR

0

Bribopka

(U2X=1) T | I
0

Pucynok 3.72— Boibopka OUT JaHHBIX U OMTa YETHOCTH

o—>

!
!

I e
B p—p ) —
B ——Pp ) ——P

i
(o))

OnpezneneHye JOrMYECKOr0 YpOBHS MPUHUMAEMOro OWTa JAHHBIX MPOUCXOIUT C MOMO-
IIbI0 MaYKOPUTAPHOI'O I'OJIOCOBAHUS IO TPEM BBIOOPKAM, PaCHOJIOKEHHBIM 110 LEHTPY MPUHSATO-
ro 6ura. LlenTpanbHble BEIOOPKH BbIJIENEHBl HA pUCYHKE 3.72 MyTeM pa3MeIleHHs UX B paMKe.
[Ipornecc MaxxOpUTApPHOTO FOJIOCOBAHUS COCTOUT B CIIEAYIOLIEM: €CIIH JIBE WIIM BCE TPU BBIOOPKHU
UMEIOT BBICOKHE YPOBHH, TO IPUHATHIA OUT UKCHpyeTcs Kak jorudeckas 1. Ecau nBe unu tpu
BBIOOPKU MMEIOT HU3KHE YPOBHH, TO MPUHATHIM OUT (ukcupyercs kak jgorudeckuii 0. [Ipouecc
Ma)KOpPUTapHOTO TOJIOCOBAHUS, MO CYTH, MPEICTaBIsAeT c000i (PUIBTP HU3KUX YACTOT JJIs BXO-
nsmiero curxana c Beieoga RXD. Ipouecc oOHapy» eHUsI TOBTOPSIETCS 10 MOJHOTO 3aBEPILIECHUS
nprUeMa/loChlIKU, B T. 4. MepBoro crom-oura. Crnenyer oOpaTUTh BHMMAaHHUE, YTO HMPUEMHHUK
OTIpE/ICNIIET TOJILKO TEPBBIA CTOM-OHWT IOCBUTKH, a BTOpOH urHopupyercs. Ha pucynke 3.73
0TOOpa’keH NpoLecC BHIOOPKH CTOM-OMTAa M HAa4yaJbHBIH MOMEHT BO3MOXKHOCTH OOHAapyKEHUS
CcTapT-OuTa CIEAYIONIEH MOCHUTKH.

N ~N N
RXD _/ (A) (B) (®)
N\ N\

Beibopka
sl I A [
2 3 4 5 6 7[8J9T10]o1 o1 on
BriGopka 4
U?H«—t—»l 1 1 !
2 3 L4 L[] L[el 0/1

Pucynok 3.73 — IIporecc BBIOOpKH CTOM-0UTa

[TpuHIUI Ma>KOPUTAPHOTO TOJIOCOBAHMS, PACCMOTPEHHBIN HA MpUMEpe CTON-O0MTa, aHa-
JIOTUYHO PACTIPOCTPAHSIETCS U Ha ApYyrue OUTH B MOChbUIKe. Ecii oOHapyKeHHBIN CTOM-OUT UMe-
€T HyJIeBOE 3HAUYCHHUE, TO yCcTaHaBIuBaeTcs ¢uiar ommOku nockutku FE.

Hosoe u3menenne u3 «1» B «0» OyaeT BOCIPUHATO KaK CTON-OUT HOBOM MOCBUIKH, €CIIH
9TO M3MEHEHHE MPOM30ILIO0 MOCe BHIOOPKHU MOCIEIHEro OuTa, UCIOIb3yeMOTo MpU MaKOpH-
TapHOM T'OJIOCOBaHUU. J{JIs1 pexkrMa ¢ HOPMaJIbHON CKOPOCTBIO IIepBasi BEIOOPKA ¢ HU3KUM ypOB-
HEM MOJKET HaXOIUThCS B MO3UIINHU, 0003HaUeHHOW A Ha pucyHke 3.73. [[ns pexxuma yaBoeHUs
CKOPOCTH TMOSIBJIEHUE HU3KOTO YPOBHsI JoMycKaeTcs mo3xe (rouka B). Touka C cooTBeTCTBYET
MOJTHOMY 3aBEPIICHUIO TIepeaadn cTon-outa. Vcrmonp3oBanne paHHETo 0OHAPYKEHHS CTON-OUTa
BIMSET Ha paboumil Juana3oH MPUEMHHUKA (JOMyCTUMOE PACXOXKJEHHE YacTOT MpU (PUKCHPO-
BaHHOM (popmaTe OCHIIKH).
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Paboumnii Auana3oH aCHHXPOHHOI CBSI3U

PabGoumii uama3oH TpUEMHUKA 3aBUCHUT OT PACXOXACHUS MEXKIY BHYTpPEHHE-
TEHEPUPYEMOU CKOPOCTBIO CBSI3M M CKOPOCTHIO MPUHUMAaEMbIX OutT. Eciu mepenaTtyuk oTmpas-
JISIeT TIOCBUIKKM Ha 0ojiee BBICOKOW MM 00Jiee HM3KOW CKOPOCTH WJIM BHYTPEHHE-TeHEepUpyeMas
CKOpPOCTb CBSI3U NPUEMHHUKA HE COOTBETCTBYET OCHOBHOM 4YacTOTE, TO NPUEMHHK OKAXXETCS HeE-
CITOCOOHBIM CHHXPOHU3UPOBATH IMOCHUIKY 110 OTHOIIEHHUIO K CTapT-OUTY.

CJIGI[YIOIJ_[I/IG BBIpa)KCHI/ISI MOFYT HCITIOJIBb30BATHCA AJIA BBIYUCICHUA OTHOIICHUS CKOpOCTI/I
MIPUHUMAEMBbIX JAaHHBIX U BHYTPEHHEU CKOPOCTH TPUEMHHKA.

_ (D+1)s _ (D+2)s
S-1+D-S+8, " (D+1)-5+5,

AHHE

rae D — cymma konudecTBa nepeiaBaeMbIX OUT JaHHBIX U OUT naputeta, D =5...10;
S — KOJIMYeCcTBO BBIOOPOK B CeKyHAY. S = 16/8 B pexxume HOpMalIbHOI/yIBOCHHON CKOPOCTH;
Sk — HOMep TepBOi BEIOOPKH, UCIIOBE3YEMOM JIJII MaKOPUTAPHOTO TOJIOCOBAaHUS. Sk = 8/4 B
peXHUMe HOPMATbHON/YIBOGHHOM CKOPOCTH;
Sm — HOMep IEHTPAIBHOIN BHIOOPKH. UCTIOIB3yEeMOW TP MasKOPUTAPHOM TOJIOCOBAHUH.
Sm = 9/5 B pexxriMe HOpMaJIbHOMU/YABOCHHOM CKOPOCTH;
R,ux — OTHOIIIEHHE HAMMEHBIIEH CKOPOCTH MPUHUMAEMBIX JAHHBIX K CKOPOCTH NMPHUEMHHKA;
Ryaxe — OTHOIIIEHUE HAKOOIBIIEH CKOPOCTH MTPUHUMAEMBIX JAHHBIX K CKOPOCTU MPHUEMHHUKA.
B tabnumax 3.61 u 3.62 npuBeneH CMCOK MaKCUMAJIBHO JIOTTYCTUMBIX TIOTPEIIHOCTEH ITpU
reHepaluu CKopocTu nmpueMmHuka. Creayer oOpaTuTh BHUMaHHUE, YTO PEKUM HOPMAIIbHOM CKO-
POCTH YCTONYMB K 00JIee MUPOKUM U3MEHEHHUSIM CKOPOCTH CBS3H.

Tab6numa 3.61 — Pekomenayemasi MakCMMalIbHAs TIOTPEITHOCTD TEHEPAIIUH CKOPOCTH CBSI3U
npHUeMHHKA B pesxuMe HopMasibHOM ckopoctu (U2X = 0)

Pexomennyemas
D (konuyectBo OUT OO11ast MakcuMabHast MaKCHMasbHas
RMI/IH1 % RMaKC’ %
JTAaHHBIX U MTapUTETA) MOTPEIIHOCTb, %o IIOTPEIHOCTh
IPUEMHHKA, %
5 93,20 106,67 +6,67/—6,8 +3,0
6 94,12 105,79 +5,79/-5,88 +2.5
7 94,81 105,11 +5,11/-5,19 +2,0
8 95,36 104,58 +4,58/—4,54 +2,0
9 95,81 104,14 +4,14/-4,19 + 1,5
10 96,17 103,78 +3,78/-3,83 +1,5

Tabnuma 3.62 — PekomeHnayemasi MakCHMaJIbHAs TIOTPEITHOCTH TEHEPAITUH CKOPOCTH CBSI3U
IpUEeMHHKA B pekuMe yaBoeHHoH ckopoct (U2X = 1)

Pexomennyemas
D (xonnuectBo OUT R o | R % OO1u1as MakcuMasbHast MaKCHUMaJIbHast
JAHHBIX U MTapUTETA) M maxer MOTPEIIHOCTb, %o MOTPEIIHOCTh
IpUEMHHKA, %
5 94,12 105,66 +5,66/—5,88 + 3,0
6 94,92 104,92 +4,92/-5,08 +2,5
7 95,52 104,35 +4,35/—4,48 +2,0
8 96,00 103,90 +3,90/—4,00 +2,0
9 96,39 103,53 +3,53/-3,61 + 1,5
10 96,70 103,23 +3,23/-3,30 +1,5

PekoMenayemMasi MoOrpemHocTh reHepaTopa CKOpPOCTH CBSI3M NMpUEMHUKa Oblila BbIOpaHa
UCXOJSl M3 TOTO, YTO MEpPeNaTYNK W MPUEMHHUK B COBOKYITHOCTH OMPEIEISIOT OOIIYI0 MaKCH-
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MaJIbHYIO IOTPCHIHOCTD. HNwmeerca ABa BO3MOXHBIX UCTOYHHUKA BJIUAHUA HA MOTPCIIHOCTH CKO-
poctu cBsi3u npuemMHuka. CuctemHas cunxponusauus (BQ) nmpuemHuka Bcerjja UMeeT HEKOTO-
pyro HeCTa6I/IHLHOCTB B 3aBUCHUMOCTHU OT HAIIPAKCHHA MMUTAaHUA U TEMIICPATYPHI. HpI/I HUCITOJIB30-
BaHUU KBapILIEBOIO pPE30HATOpA JJsi TeHEepaluy CUCTEMHON CHHXPOHHM3AI[MU KaK IpaBWIIO HE
BO3HHUKAET MPOOJIEeM, HO TIPH HCIIOJIH30BAHIH KEPAMUYECKUX PE30HATOPOB YaCTOTa CHHXPOHU3A-
MU MOXET U3MEHATbCs Oojiee yeM Ha 2 % B 3aBUCHUMOCTH OT XapaKTEpUCTUK BbIOPaAHHOIO pe-
30HaTOpPAa. BTOpOI>'I HUCTOYHHK BJIMAHUSA HaA MMOTPCUIHOCTDH ABJISACTCSA 60.]166 YIIpaBJIsACMbIM.
TpebGyeMyro CKOpOCTb CBSI3U HE BCET/la yIAeTcsl MOIYYUTh MyTeM JEJIEHUS 4aCTOThl CHHXPOHH-
3aIMM Ha 1enoe 4yucio. B aTom citydae HeoOxoammo BeIOpaTh Takoe 3Hadenrne UBRR, koTopoe
o0ecreunBaeT MUHUMAIbHO BO3MOXKHYIO TIOTPELIHOCTD PE3YIbTUPYIOIIEH YaCTOTHI.

3.15.15 MHoronpoueccopHblii pe;XxuM CBSI3U

VYcranoBka 6uta MHOTOMpoeccopHoro pexuma csizu MPCM B peructpe UCSRA aktu-
BU3HPYET QYHKIHMIO PUIbTpAK BXOAAIUX mockutok npueMankoM UART. TTockuiku, KOTOpbIe
He cojiepkaT uHdopmanuu 06 agpece, ITHOPUPYIOTCS U HE TIOMEIIAI0TCS B MPUEMHBIH Oydep.
3TO MO3BOJISET CYNIECTBEHHO YMEHBIIUTH KOJMYECTBO BXOISIIUX MOCHUIOK, MOJIekKAIUX 00pa-
6otke L{ITY B MHOTOMpOI1IECCOPHBIX CUCTEMAX, CBSA3b MEXKAY MPOIECCOPAMU B KOTOPBIX OpraHu-
30BaHa uepe3 OAHY MOcie0BaTeNbHyI0 muHy. 3HadyeHue oura MPCM He oka3piBaeT HUKAKOTO
BIUSHUS Ha paboTy nepenaTynka, HO Py ATOM NepeaTurK JOJKEeH ObITh MCIOJIb30BaH NHAYE,
€CJIM MCIOJIb3YETCs PEKUM MHOIOIIPOLECCOPHOM CBSA3H.

Ecnu npueMHuK HacTpauBaeTcsi Ha IPUEM TOCBUIOK C 5,...,8 OUTaMu aHHBIX, TO MEPBBIN
CTON-OUT MO3BOJISIET OTJIMYUTH Ha3HAYCHUE NMPUHSATHIX JaHHBIX: ajpec Wik naHHble. Ecnu npu-
€MHUK HAaCTpOEH Ha mpueMm 9 OUT JaHHBIX, TO 3HaueHue neBstoro O6urta (RXBS) ucnonb3yercs
JUIsl uACHTU(UKAIMK ajipeca WK JaHHbIX. Ecinu uneHTudukarop TMna nochUIKU (MEpBbIN CTOM-
OWUT WK AEBSATHIM OUT JaHHBIX) paBeH €IUHMIIE, TO B IIOCBUIKE COAEPKUTCS ajpec. B mpoTuBHOM
ClIy4ae B ITOCBUIKE IEPEaHbl IaHHbIC.

PexxuM MHOIONPOLECCOPHON CBA3U IO3BOJSAET HECKOIBKMM IOJYMHEHHBIM MHUKpPO-
KOHTpOJIJIEPAM IPHUHHUMATh JAHHBIE OT OJHOro Bexaymero. I[Ipm 3TOM NOAYMHEHHBIE MHUKPO-
KOHTPOJIJIEPHI 10 NEPBOM aJAPECHON IMOCBIIKE OMPEIEIAIOT K KAKOMY MUKPOKOHTPOJLIEPY aipe-
cyercs Benymuil. Eciau oauH U3 MoAYMHEHHBIX MUKPOKOHTPOJJIEPOB OOHAPYKUBAET CBOU ajpec,
TO CIIEIYIOIME MOCBUIKM JaHHBIX OH OyJeT MPUHUMATh B HOPMAJIbHOM pPEXHME, a OCTaJIbHbIE
MOTYMHEHHbIE MUKPOKOHTPOJIJIEPHI 3TH JaHHbIE UTHOPUPYIOT 10 T€X MOp, MOKa He OyAeT oOHa-
pY’KEHa CIeAyoIIas aipecHas MOChLUIKa.

3.15.16 Ucnoan3oBanne MPCM

Ecnu MuKpokoHTposuiep NeHCTBYeT Kak BEAyIIU, TO OH MOXET HUCIOJIb30BaTh 9-OUTHBIN
dopmat nanubix B noceuike (UCSZ = 7). [dessateiil 6ut nanasix (TXBS8) ycranaBiauBaeTcs npu
nepenade agpecHoir mocbutku (TXB8 = 1) m cOpaceiBaeTcs mpu nepefade MOCHUIKK JaHHBIX
(TXB = 0). B aToM ciiyyae nmoguMHEHHBIE MUKPOKOHTPOILJIEPHI TaK)Ke JOJHKHBI yCTAaHABIMBATH
9-OuTHBIN Popmar.

Jlnst oOMeHa TaHHBIMH B MHOTOIIPOIIECCOPHOM PEXHUME CBSI3H HEOOXOIUMO UCIOIH30BaTh
CJIETyIOIINE MTPOLEAYPHI:

1 Bce nmogunHeHHBbIE MUKPOKOHTPOJUIEPHI MEPEBOISATCS B MHOTOIPOLIECCOPHBIA PEKUM
cesa3u (MPCM =1 B UCSRA).

2 Benymumit MK otnpasisier aapecHy0 MOCBUIKY, a BCE OJAYMHEHHbIE IPUHUMAIOT U CUHU-
THIBAIOT 3Ty NochUIKy. B mogunmHenubix MK ¢diar RXC B peructpe UCSRA ycranaBnuBaercs
KaK OOBIYHO.

3 Kaxnpiii nogunnenHsii MK cunteiBaet peructp UDR u onpenensieT k KoMy aapecyercs
Benymmii MK. Anpecyemsiii MK nomken ouunctuts 6ut MPCM B UCSRA, B IpoTUBHOM CITY-
4yae OH OXKHUIACT CIEAYIOIIETO aApecHoro 0aiTa u coxpanser ycranoBku MPCM.
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4 Anpecyemblii MK nmpuHHMaeT Bce JaHHBIE 10 CIEAYIOIIEH aJApecHOW nocbulku. pyrue
nogunHeHHble MK, y koTopeix 6ut MPCM ocTancst ycTaHOBICHHBIM, OYTyT HTHOPUPOBATH TO-
CBUIKU JJaHHBIX.

5 Tlocne mpuema anpecyembiM MK mocnemHeld MOCBUIKHM JIaHHBIX YCTAaHABIUBAETCS OUT
MPCM u oxxujaercst mpueM HOBOM azipecHoi nocbuiku ot Beayuiero MK. Jlanee mpouecc mo-
BTOPSIETCS C MYHKTA 2.

6 Wcnonb3oBanue 5-,...,8-pa3psaaHpix (opMaToB JaHHBIX BO3MOXKHO, HO HE YI00HO, T. K.
MPUEMHHUK JIOJDKEH MEepeKIdaTbcs Mexay n U n+l gopmaramu mocbulKU. DTO AENaeT 3aTpya-
HUTEJIBHOM MOJHOAYIUIEKCHYIO CBA3b, T. K. IEpEAaTUUK U MPUEMHHUK UCIOJIb3YIOT 00IIKE ycTa-
HOBKHU ¢opmata. [Ipu ucnonszoBanuu 5-,...,8-pa3psaHbIX JaHHBIX B MOCBUIKE MEpEelIaTUUK J10JI-
JKeH HCII0JIb30BaTh JBa CTON-OUTA, T. K. IIEPBBIN CTOM-OUT OyJeT 3aJeHCTBOBAH I MHIUKAIH
THUIIA TOCBUIKH.

He cnenyer ncnonp30BaTh HHCTPYKIMH «4TeHUE-MOoaupuKkanus-3anuck» (SBI u CBI) nns
ycraHoBkH uiu copoca 6uta MPCM. but MPCM naxonutcs B ogHoi sueiike ¢ ¢guarom TXC,
MIOSTOMY TOCTIETHUI MOXKET OBITh CIy4ailHO COpOIICH IMPH BBIMOJIHEHUH WHCTPYKIUi SBI nmm
CBI.

Onucanue perucrpoB UART

Peructp nanubix UART — UDRN

But 7 | e | 5 | 4 | 3 | 2 | 1 | o
RXBn[7:0] UDRn ur.
TXBn[7:0] UDRn 3ar.
Yr./3am. 4y/3 4/3 /3 4/3 4y/3 4y/3 4y/3 4/3
HavansHoe 0 0 0 0 0 0 0 0
3HAa4YCHUE

Bydepubie peructpsl gaHHbIX nepefaryuka u npuemHuka UARTn pacnosnoxeHsl no oa-
HOMY U TOMY € aJipecy B 00JIacTH BBOJa-BbIBOJa, 0003HaUEeHHOM Kak peructp aanHeix UARTN
nnn UDRn. Ecnom BemonHATE 3anuck 1o ajgpecy perucrpa UDRn, To 3anmucbiBaeMble JTaHHBIE
nomeriatorcst B 0ydepHslil peructp naHHbix nepeaaryrka TXBn. [To anamoruu, npu yTeHuu pe-
ructpa UDRn u3Bnekaetcs cogepxumoe 0ydepHoro perucrpa 1aHHbIX npueMHuka RXBn.

[Tpu ucnons3oBaHuM 5-, 6- WK 7-OUTHBIX (OPMATOB JTAHHBIX MEPEAATUYUK UTHOPUPYET, a
INPUEMHUK YCTaHABIIMBAET HYJEBbIE 3HAUEHUSI HEUCIIOIb3YEMBIX Pa3psIOB.

3amnuck B Oydep nepeaaTymka MOXKHO BBINOJHATH, eciu ycTanoBieH (iaar UDREn B peru-
ctpe UCSRAnN. /lannsie, 3anucannasle B UDRn npu c6pomennom ¢nare UDREN, 6ynyt urno-
pupoBanbl nepenatunkoM UARTn. Eciu BbImonHeHa 3amuch B MpHEeMHBIA Oydep U mpu 3ToM
paboTa nepegaTunka OblIa pa3perieHa, To Mocjae 0CBOOOKICHHS CABUTOBOTO PETUCTpa Tiepeaat-
YUK 3arPYy3UT B HEro 3HaueHue u3 OydepHoro perucrpa. Ilocime 3Toro BhIMOMHSAETCS Mepeaaya
naHHbIX Ha BeIBoJie TxDn. [Ipuemnsiit Oydep oprannzoBaH Kak AByXypoBHEBBIA Oydep FIFO
(mepBblit npumen — nocaenuuit Boimen). bygep FIFO uzMensier cBoe cocTosHue, €ClIU BBIMOJI-
HEHO 4YTeHue M3 mpuemHoro Oydepa. BcenenctBue Takoit opranuzanuu Oydepa HEoOX0IUMO
CJIEZIUTh, YTOOBI IO IAaHHOMY a/Ipecy He MCIOJIb30BAIUCh HHCTPYKIUH «4TE€HHEe-MOTUPUKAIMS-
3anuch» (SBI u CBI). Takke HyXHO ObITh BHUMATEIbHBIM IMPH HCIOJIb30BAHUN MHCTPYKIIHI
tectupoBanus 6uta (SBIC u SBIS), T. k. UX BBINOTHEHHE MOXKET TaKK€ MU3MEHHTHb COCTOSHUE
oydepa FIFO.

Peructp A ynpasiaenus u craryca UART — UCSRnA

Pa3psn 7 6 5 4 3 2 1 0
RXCn | TXCn | UDREn FEn DORn | UPEn uU2Xn | MPCMn UCSRnA
/3 /3 /3 /3 /3 /3 /3 /3
Hauansnoe 0 0 0 0 0 0 0 0
3HAYEHHE
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Pa3psan 7: RXCn — ®@aar 3apepmienust npuema UART

Jlanublil ¢ar ycraHaBIMBaeTCs, €CIu B IMpUeMHOM Oydepe coaepkarcs HeCUUTAHHbBIE
JaHHBIC U cOpachIBaeTCs, KOTJa MpueMHbI Oydep cBoOo/eH (T. €. He CONECPKUT HECUUTAHHBIX
naHHbIX). Ecny npueMHUK OTKIIIOYaeTcsi, TO MpueMHbIN Oydep cOpachiBaeTcs U, CIeI0BATENbHO,
¢nar RXCn npuaumMaet HysneBoe 3HaueHue. @iaar RXCn MokeT UCTIOIB30BAThCS JIJIsl TCHEPAIHH
MpephIBaHMsI 10 3aBepiIeHuto npuema (cMotpuTte onucanue ourta RXCIEn).

Pa3psin 6: TXCn — @aar 3aBepmenus neperaun UART

Jannblil rar ycraHaBIUBAETCS, €CJIA BCS MOCBIIKA U3 CABUTOBOTO PETUCTPA MepeIaTdH-
Ka MOJIHOCTBIO Nepenana u B nepeparomeM Oypepe UDRn HeT HOBBIX NaHHBIX Ui MEepeaayu.
®nar TXCn aBTomMatruecku cOpachIBaeTCs MPU NMEPEXOE Ha BEKTOP MpPEphIBaHUS MO 3aBeplie-
HUIO NIepe/layy Ui cOpachiBaeTCs MPOrPaMMHO ITyTEM 3aIlMCH JIOTHYECKOH 1 B MO3UIINIO JaHHO-
ro oura. Guar TXCn MOXET CIyKUTh UCTOUHUKOM JJI T€HEpallMy MpepbhIBaHUs 10 3aBepllie-
HUIO niepenaun (cMotpute Takxke onucanue 6ura TXCIEn).

Paszpsin 5: UDREn — ®Jar ocBo6oxaeHus peructpa ganusix UART

@nar UDREn maaumupyeTr o roToBHOCTH npuemHoro 0ygpepa UDRn x mpuemy HOBBIX
nanueix. Ecmu UDREn=1, 1o G6ydep cBoboneH u, cienoBaTenbHO, rOTOB K 3amucu. dmar
UDREn MoXeT Clly’>KUTh HCTOYHUKOM JJIsl TeHEpaIK NIPEPhIBAHUS 110 OCBOOOKIEHUIO PETUCTpa
naHHbIx (cmotpute onucanue 6ut UDRIEn). UDREn ycranaBnuBaeTcs mocne cOpoca, HHAUIIH-
pys 0 TOTOBHOCTH NE€PEAATUHKA.

Paszpsn 4: FEn — Omudka nocbuUiKu

JlaHHBIN OUT yCTaHABIMBAETCS, €CIIH MPH MPHEME MOCHUIKH, HAXOASIIEHCS Ha BBIXOJIE U3
npuemMHoro Oydepa, Oblia orpeeneHa ommodka B CTPYKType MOChUIKH. 110 ommoOKoii cTpyKTy-
pBI B IaHHOM CJIy4ae MOHMMAETCsl HyJIeBOe 3HaUeHHE MEePBOro CTOM-0MTa B 3TOM MOChUIKE. 3Ha-
YeHUEe JAaHHOTO OWTa JIEWCTBHUTEIBHO N0 YTEHHS cojaepxumoro npuemHoro Oydepa (UDRn).
®nar FEn npuHuMaeT HyneBoe 3HaUY€HUE, €CIIU MPUHATHIA CTOM-OUT UMeN MPaBUIBHOE €TUHUY-
Hoe 3HadyeHue. [Ipu 3anucu B peructp UCSRNA B mo3unmu qaHHOTO OMTa HEOOXOAMMO yKa3bI-
BaTh JIOTHYECKUIA HOJIb.

Pa3psan 3: DORn — ®Jar nepenoJiHeHUs1 JAHHBIX

JlaHHBIN OMT yCTaHABIMBAETCS, €CJIU BBISBJICHO ycloBUE mepenoyiHeHus. [lepenonnenue
JTAHHBIX BO3HHMKAET, €CIIU 3all0JHEH MpHUEeMHBINH Oydep (1Be MOCHUIKM), HOBasl MOCHUIKA MOJHO-
CTBIO MIPUHSATA B IPUEMHBII CABUTOBBIM PErUCTp, a TaKkKe OOHapYKEH HOBBIN CTapT-OUT. 3Haye-
HUE JJaHHOTO OuTa JEHCTBUTENBHO /10 YTeHUs coaepxumoro npuemHoro oygepa (UDRn). [Tpu
3anucu B peructp UCSRnA B mo3unuu JaHHOro OMTa HEOOXOIMMO YKa3blBaTh JIOIMYECKHM
HOJTb.

Paszpsin 2: UPEn — Omu6ka napurera

JlaHHBIN OWT YCTaHABIMBAETCS, €CIIM CIEAYIONIas MOChUIKA B IpHEeMHOM Oydepe xapakre-
pu3yeTcs OMMOKON MapuTeTa, €Clid BO BpeMs MpHeMa 3TOW MOCBHUIKK ObUT pa3pelieH KOHTPOIb
napurera (UPMnl = 1). JlaHHbII OUT UMeeT AeWCTBUTENHHOE 3HAYCHHUE J0 YTEHHUS TIPUEMHOTO
oydepa (UDRn). IIpu 3amucu B peructp UCSRnA B mo3unuu qaHHOTO OMTa HEOOXOAMMO yKa-
3bIBATh JIOTUYECKHUI HOJIb.

Pa3psia 1: U2Xn — YaBoenne ckopoctu cBsizsu UART

JlaHHBIN OUT OKa3bIBACT BIMSHHUE TOJBKO B ACHHXPOHHOM PEXHUME CBSI3H. B CHHXpOHHOM
peXUMe B JaHHBIA OMT HEOOXO0IMMO 3anucarh Jorudeckuii 0. 3anvch B JaHHBIA OUT JTOTUYECKOM
1 ymeHsbIIaeT B JiBa paza 3Ha4eHHE Kod(uImenTa nejaeHus CKOpocTu cBs3u ¢ 16 1o 8, Tem ca-
MBIM yJIBaUBasi CKOPOCTb MEpPEauH IaHHBIX B ACHHXPOHHOM PEKUME.
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Paszpsin 0: MPCMn — Pe:xuM MHOTonpoueccopHoii cBsi3u

JlaHHBIN OUT pasperraeT pexxuM MHOTOIporeccopHoit cBsa3u. Eciu B 6ut MPCMn 3amnu-
caThb JIOTHUECKYIO 1, TO BCe BXOAAIIME MOCHUIKH, MpuHUMaemble mpueMankoM UART, Oynyt ur-
HOPHUPOBATHCS, €CIIM OHU HE CojepKaT ajpecHor mHpopmaruu. YcraHoBka 6utra MPCMn He
BIIUSET HA pabOTy mepeaTunKa.

Peructp B ynpasienus u cratryca UARTNn — UCSRNB

Pazpsin 7 6 5 4 3 2 1 0
RXCIEn | TXCIEn | UDRIEn | RXENn | TXENn | UCSZn2 | RXB8n | TXB8n | UCSRnB
Ur/3an Yt/3an Ur/3an Ur/3an Yr/3an Ur/3an Yr Yr/3an
HauansHoe 0 0 0 0 0 0 0 0
3HAYEHUE

Pa3psin 7: RXCIEn — Pa3penienue npepbIBaHus M0 3aBepPUICHUI0 PUeMAa

3anucek B NaHHBIN OWT jormdeckyro 1 paspemaer npepsiBanue mo ¢uary RXCn. Ipepsi-
BaHue 1o 3asepuienuto npuema UARTn renepupyercs, ecnu RXCIEn = 1, ¢uar oOuiero paspe-
menust npepbiBanuil 1 = 1 (B peructpe SREG), a taxke ycranoieH 6ut RXCn B perucrpe
UCSRnNA.

Paszpsn 6: TXCIE — Pa3pemienue npepbIBaHus 110 3aBePLICHUIO Nepeaadu

3anuch B JaHHBINA OUT Jornyeckoil 1 paspemraer npepsiBanue o ¢uary TXCn. IIpepsiBa-
Hue 1o 3aBepuienuto nepenauyn UARTn renepupyercs, ecaun TXCIEn = 1, ¢nar oOuiero paspe-
menust npepoiBanuil I = 1 (B peructpe SREQG), a Taxxe ycranosineH outr TXCn B perucrpe
UCSRnNA.

Pa3psn S: UDRIEn — Paspemienue npepbiBaHus 0 0CBO0O0KICHHIO PErHCTPA

nannbix UART

VYcranoBka gaHHoro ¢uara paspemtaer npepsiBanue no ¢uary UDREn. IlpepsiBanue mno
OCBOOOKJICHUIO perucTpa JaHHbIX reHepupyercs, ecau out UDRIEn = 1, ¢uar obmero paspe-
menus npepoiBanuii [ = 1 (B peructpe SREG) u ycranosnen 6ut UDREn B peructpe UCSRnA.

Pa3psnx 4: RXENn — Paspemienne padoTsl npueMHHKA

3anuch B JAHHBIM OWUT JOrM4eckod 1 HPUBOOUT K pa3pelieHui0 paboThl MPUEMHHKA
UARTn. Ilpu 3TOoM nmpueMHHUK (GOpMHUPYET OTKIIIOYAIOIIMN CHUT'HAJ, KOTOPBIM pa3periaeTr aib-
TEepHATHUBHYIO QyHKIWIO BbiBoAa RXDn. OTkiIroueHne NMpHUEeMHHKA IPUBOIUT K cOpPOCY MpueM-
HoTro Oydepa, Tepsist mpu 3ToM 3HaueHust ¢uiaroB FEn, DORn u UPEn.

Pa3psig 3: TXENN — Pa3pemenue padoThl nepegaryuka

3anuce B JaHHBIM OMT joruueckoil 1 paspemaer paborty nepemarunka UARTn. Ilocne
ATOr0 MepeJaTUUK IreHepUpyeT OTKIIOYAIOUINI CUTHAJ, KOTOPHI aKTHBU3UPYET ajJbTepHATHUB-
Hyt0 ¢yHKIMo BeiBoga TXDn. Otkimrouenue nepenardnka (3amuck gorudeckoro 0 B8 TXENN)
BCTYNUT B CUJTY TOJBKO I10 3aBEPIIEHUHN FeHEepalluu MOCBUIKU, T. €. KOTJa 0cBOOOASTCS U CABU-
roBbIif peructp u Oydep nepenarunka. [locne orkmouenus BoiBos TXDn Bo3BparaeTcst K Bbl-
MOJIHEHUIO (PYHKIIUU OOBIYHOM JIMHUM BBOJIa-BBIBOJIA.

Paspsin 2: UCSZn — ®opMaTt JaHHBIX
butr UCSZn2 Bmecte ¢ 6utamu UCSZn1:0 B peructpe UCSRnC 3amaét konudecTBo OUT
JIAHHBIX B IMIOCBUIKE KaK JJIsi IPUEMHUKA, TaK U JIJIsl IepeIaTunKa.

Paspsin 1: RXB8n — 3HaueHue BOCbMOro pa3psijia NpUHATHIX JAHHbIX
RXB8n coaep T 3HaUeHHE JIEBATOrO OUTA MPUHATON MOCBUIKU C 9-OMTHBIM (popMaToM.
JlaHHbIi OMT HEOOXOIMMO CUHMTATh MPEXKIE, YeM OyAyT CUMTaHbl Miaamue 8§ OWT M3 perucrpa
UDRn.
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Pa3psnx 0: TXB8n - BocbMoli pa3psia nepeaaBaeMbIX JaAHHBIX
TXB8n comepXuT 3HaUeHUE JAECBATOTO OWMTA JAHHBIX IS IEPeJavH MOCBUIKH ¢ 9-OMTHBIM

dopmartom. [[aHHBINA OUT HEOOXOIUMO 3aMUCATh MEPE TEM, KaK OyIyT 3anucaHbl MJIQJIIIUE Pa3-
panbl ganabix B UDRn.

Peructp C ynpasiaenus u cratryca UART — UCSRnC

Paszpsin 7 6 5 4 3 2 1 0

URSEL | UMSELNn | UPMnl1 | UPMnO | USBSn | UCSZnl1 | UCSZn0 | UCPOLn | UCSRnC
Yr/3amn Yr/3amn Yr/3an | Yr/3an | YUr/3an | Yr/3an Yr/3amn Yr/3amn

Hauanbnoe 0 0 0 0 0 0 0 0
3HAUYEHHEC

Pa3psn 7 - PezepBHblii OuT

Orot 6ut BeiOMpaet goctyn kK peructpam UCSRC u UBRRH. Ou uuraercs, kak "1", ko-
raa yutaercss UCSRC. DToT OUT A0KEH OBITh YCTaHOBJIEH, KOI'Zla OCYILIECTBIISIETCS 3allUCh B
peructp UCSRC, cOporen, korna ocymectisercs 3anuch B peructp UBRRH.

Pa3psana 6: UMSELN — Beioop pe:xkuma UART

JlaHHBIN OUT MO3BOJSET MEPEKII0YATHCSI MEXY CUHXPOHHBIM M aCUHXPOHHBIMU PEXU-
MaMH I10CJIEI0BATEIbHON CBA3U.

Taonuna 3.63 — Ycranosku outa UMSELn

UMSELN Pexxum cBsizu
0 ACHHXPOHHBIN
1 CHHXpOHHBIN

Paszpsianl 5, 4: UPMn1:0 — Pexxum napurera

JlaHHble OUTHI pa3pellaloT U yCTaHABJIMBAIOT TUI T'€HEPUPYEMOIO U KOHTPOJIUPYEMOTO
naputeta. [locne paspemeHns napurera nepelaTduk aBTOMATHYECKH T'EHEPUPYET U IEpenaeT
OUT mapuTeTa B KaKA0M nocklike. [[pueMHUK reHepupyeT OUT mapureTa sl IPUHATHIX JaHHBIX
U CpPaBHMBAET €ro CO 3HAYE€HHWEM IPHUHSITOrO B ATOW MOCHUIKE OWTa MapuTeTa, a Mo pe3ynbTary
cpaBHeHMs ycTaHaBiuBaeT ¢uiar omunoku napurera UPEn B peructpe UCSRnA.

Taonuuma 3.64 — Ycramosku outr UPMn

UPMn1l UPMnO Pexxum nmaputeta
0 0 OTkiI04eH
0 1 Peseps
1 0 YeTHOCTD
1 1 Heuetnoctn

Pa3psnx 3: USBSn — Bp10Op 4nca cron-ouT

JlaHHBIN OUT OIpeieNnsieT CKOJILKO CTOMOBBIX OUT BCTaBISET NEpeaaTurK Ipy reHeparuu
NOCbUIKH. [IpueMHUK UTHOPHUPYET ATY HACTPOIKY.

Taonuma 3.65— Ycranosku oura USBSn

USBSh Yucio cromn-out
0 1 our
1 2 OUTHBI

Pa3zpsiabi 2, 1: UCSZn1:0 — ¢popmaT 1aHHBIX

buter UCSZn1:0 Bmecte ¢ UCSZn2 B peructpe UCSRnB 3anator xonuuecTBo OUT AaH-
HBIX B IMOCBUIKE KaK JJIs MPUEMHHUKA, TaK U JIJIs IepeIaTunKa.
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Taonuua 3.66— Ycranosku out UCSZn

UCSZn2 UcCsznl Ucszn0 dopMar JaHHBIX
0 0 0 5 out
0 0 1 6 ouT
0 1 0 7 out
0 1 1 8 our
1 0 0 Peszepr
1 0 1 Pezepn
1 1 0 Peszepr
1 1 1 9 our

Pa3psn 0: UCPOLDN — nosipHOCTh CHHXPOHHM3ALMHT

JlaHHBIM OUT UCIONB3YETCS TOJIBKO B CMHXPOHHOM pekume. Eciau mcnonb3yercst acuH-
XPOHHBIA PEXUM, TO B JAaHHBIN OUT HeoOxonuMmo 3anucarh Jornyeckuil 0. B cuHxpoHHOM pe-
xume outr UCPOLn onpenensier COOTHOLIEHUE MEKAY BBIOOPKON BXOAALIMX JAHHBIX U OOHOB-
JICHUEM I1€pPEIaBaEMbIX JaHHBIX U CUTHAJIOM TaKTUPOBaHUsS CUHXPOHHOU cBsA3U (XCKn).

Taonuna 3.67— Ycranosku outr UCPOLn

UCPOLnN N3meHenune nepenaBacMbIX JTaHHBIX Bri6opka npruHUMaEMBbIX JaHHBIX
Ha Beixoge TXDn Ha Bxoxe RXDn
0 Hapacratomuii ppoat XCKn Cranaronmii pport XCKn
1 Cnanatonmii pport XCKn Hapacraromuit hppont XCKn

Peructpsl ckopoctu cBsizu UART — UBRRnL 1 UBRRnH

Paspsn 7 6 5 4 3 | 2 | 1 ] o
- - - - UBRRN[11:8] UBRRnH
UBRRN[7:0] UBRRNL
Yr. Yr. Yr. Ur. Ur/3an | Yr/3an | Yr/3an | Yr/3an
Ur/3an | Yr/3an | Yr/3an | Yr/3an | Yr/3an | Yr/3an | Yr/3an | Yr/3an
HavaneHoe 0 0 0 0 0 0 0 0
3HaYCHHE
0 0 0 0 0 0 0 0
I[Ipumeuanue — Peructp UBRRNH HenocTynen B pexxnme copmectimoctd ¢ ATmegal03.

Pa3psaasl 15...12 — 3ape3epBupoBaHHble pa3psiabl

JlaHHBIE pa3psizibl 3ape3epBUPOBaHbI Ul Oyayllero Ucnoiab3oBaHus. s coBMeCTUMO-
CTH C TIOCIIEIYIONUMH pa3paboTKaMy HEOOXOIUMO 3alucaTh JOTHUECKUI HOb B OTH pa3psiibl
BO Bpems 3anucu B peructp UBRRnH.

Paspsaiabl 11 ... 0: UBRRN11:0 — peructp ckopoctu cBsizu UART

UBRR — 12-pa3psiaHblii peructp, KOTOphIi 3aaaet 3HaueHne ckopoctu ¢z UART. Pe-
ructp UBRRnH conepxur gersipe crapmux paspsana, a UBRRnL — BoceMp mitagmux paspsaoB
3HayeHus: ckopoctd UARTN. Eciu Bo Bpems nepenayu Wil mprueMa U3MEHUTh CKOPOCTh CBSI3H,
TO ceaHC CBs3U Oyner HapymieH. 3anuck B peructp UBRRnL ununmupyer obHoBieHUe npeaie-
JIUTENS] CKOPOCTHU CBSI3U.

B Tabnmmax 3.68 — 3.70 npuBenensl npumepsl ycraHoBok UBRR st renepanyum cran-
JApTHBIX CKOPOCTEN CBSI3U NPU TUIUYHBIX TAKTOBBIX YAaCTOTaX MUKPOKOHTpOJIIEpA. 3HAUYEHUS
UBRR, koTopble 1atoT pe3yabTUPYIOLIYI0O CKOPOCTh CBSI3H, OTJIMYatoTcs He Oonee, ueM Ha 0,5 %
OT MCKOMOTO 3HaueHHs. bojee BBICOKHE MOTPEIIHOCTH TaKXKe MPUEMIIEMBbI, HO IPUEMHHUK OyIeT
o0nagaTh MEHbIIEH TOMEX0YCTOMUYMBOCTBIO, OCOOCHHO MPH NepeAaye JIMHHBIX MOCBUIOK. 3Ha-
YEHMsI IOIPEIIHOCTEN BBIYMCIIEHBI 10 BBIPA)KEHUIO
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0 = ((f 2enf 16(UBRR + 1) f cessu) — 1)100(%),

rae f.., — yacrora TakTOBOTO reHeparopa, I'i;
fe6n5u — CKOPOCTH CBSI3H, OUT/C;
UBRR — 3nauenue perucrtpa UBRR.

Tabnuma 3.68 — I[Ipumepsl ycranoBok UBRR )11 THMMYHBIX 4acTOT TAKTOBOTO T€HEpaTOpa

fron = 1,0 MI'g fron = 1,8432 MI'ny fron = 2,0 Mg

CKOpOCT U2x=0 u2x =1 U2X=0 | U2X=1 [ U2X=0 | U2X=1

CBsI3H, OUT/C S S
UBRR | 5, % |UBRR| § % [UBRR|3,% |UBRR| ./ |UBRR| 3, % [UBRR| o/

2400 25 [ 02| 51 | 02 | 47 0 95 | 0| 51 |02 | 103 |02
4800 12 | 02| 25 | 02 | 23 0 47 10| 25 [ 02| 51 |02
9600 6 |-70| 12 [ 02 | 11 0 23 |0 | 12 [ 02| 25 (02
14,4K 3 |85| 8 |-35]| 7 0 15 0| 8 |-35]| 16 |21
19,2K 2 |85| 6 |-70| 5 0 1 |0 | 6 |-70| 12 |02
28,8K 1 |85 3 | 85| 3 0 7 |o] 3 |85]| 8 |35
38,4K 1 |-186| 2 | 85 | 2 0 5 |0| 2 |85 | 6 |70
57,6K 0 85| 1 | 85 1 0 3 |of| 1 |85]| 3 |85
76,8K - - 1 |[-186| 1 |-250] 2 | O | 1 |-186| 2 |85
115,2K - - 0 | 85 0 0 1 |o| 0O |85 1 |85

230,4K - - - - - - 0 0 - - - -

250K - - - - - - - - - - 0 0
“g‘;"% 62,5 Kout/c | 125 Kour/c | 1152 Kéur/c [230,4 Konr/c| 125 Ként/c [250 K6ur/c

Y UBRR =0, norpemHocTs = 0 %.

Tabnuma 3.69 — Ilpumeps! yctanoBok UBRR 11 THMHMYHBIX 9aCcTOT TAKTOBOTO F'eHEPAaTOpa

Cko- frew = 3,6864 MI'11 frew = 4,0 MI'g frew = 7,3728 MI'1
poCTh u2x=0 u2x=1 U2x=0 u2x=1 u2x=0 u2x=1
CBA3HU, UBRR 3, UBRR | §,% | UBRR | §,% | UBRR | § % | UBRR 3, UBRR 3,
out/c % % %
2400 95 0 191 0 103 | 0,2 | 207 0,2 191 0 383 0
4800 47 0 95 0 51 0,2 | 103 0,2 95 0 191 0
9600 23 0 47 0 25 0,2 51 0,2 47 0 95 0
14,4K 15 0 31 0 16 2,1 34 -0,8 31 0 63 0
19,2K 11 0 23 0 12 0,2 25 0,2 23 0 47 0
28,8K 7 0 15 0 8 -3,5 16 2,1 15 0 31 0
38,4K 5 0 11 0 6 -7,0 12 0,2 11 0 23 0
57,6K 3 0 7 0 3 8,5 8 -3,5 7 0 15 0
76,8K 2 0 5 0 2 8,5 6 -7.0 5 0 11 0
115,2K 1 0 3 0 1 8,5 3 8.5 3 0 7 0
230,4K 0 0 1 0 0 8,5 1 8,5 1 0 3 0
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IIpooonsicenue mabauywr 3.69

Cko- fren = 3,6864 MI'11 fren = 4,0 MI'1g frew = 7,3728 MI'1y

pOCTh u2x=0 uz2x=1 uz2x=0 uz2x=1 uz2x=0 uz2x=1

CBA3H, UBRR 3, UBRR | §,% | UBRR | §,% | UBRR | § 9% | UBRR 3, UBRR 3,

our/c % % %

250K 0 -7,8 1 -7,8 0 1 1 -7,8 3 -7,8

0,5M - 0 -7,8 - 0,0 0 0,0 0 -7,8 1 -7,8

1M - - - - - 0,0 - 0 -7,8
Makcu- 230,4K out/c | 460,8K 6ut/c | 250K 6ur/c | 0,5M o6utr/c | 460,8K 6ut/c | 921,6K bur/c
MyM b
U UBRR = 0, norpemtHocth = 0 %.

Tabnuna 3.70 — Ilpumeps! ycranoBok UBRR 11 THMMYHBIX 9aCTOT TAKTOBOTO FeHEPATOpPa

fren = 8,0 MI'x
CKOpOCTb CBS3H, OHUT/C Uz2xX =0 Uz2x=1

UBRR 5, % UBRR S, %
2400 207 0,2 416 -0,1
4800 103 0,2 207 0,2
9600 51 0,2 103 0,2
14,4K 34 -0,8 68 0,6
19,2K 25 0,2 51 0,2
28,8K 16 2,1 34 -0,8
38,4K 12 0,2 25 0,2
57,6K 8 -3,5 16 2,1
76,8K 6 7,0 12 0,2
115,2K 3 8,5 8 -3,5
230,4K 1 8,5 3 8,5

250K 1 0 3 0

0,5M 0 0 1 0

1M — — 0 0

MakcumyMm ) 0,5 Mowut/c 1 M6ut/c
YV UBRR =0, norpeutHocTs = 0 %.

3.16 JIByxnpoBoaHoii mocJienoBaTeabHbli nHTEpdeiic TWI

OTinnuuTenbHbIE 0COOEHHOCTH:
- TUOKUH, mpocTol, mpu 3ToM >(PQPEKTUBHBIN MOCIEIOBATENBHBIH KOMMYHUKAIIMOHHBIN
uHTepdeiic, Tpedyromuii TOIBKO 1BE TUHUH CBSI3U;
- OJIICP kKA KaK BEIYIIEro, TaK U BEJOMOT0 peskuma paboThl;

- BO3BMOXXHOCTb pa60T51 KaK IMpUEMHHKA, TaK 1 KaK NepeaaTunKa,

- 7-paspsiHOe aJIpecHOE MPOCTPAHCTBO MO3BOJISET MOAKIIOYUTH K HIMHE 10 128 moauu-
HEHHBIX YCTPOMCTB;

- OJIIeP>KKa MHOTOMACTEpHOT'0 apOUTPUPOBAHHUS;

- cKkopocTh nepeauu AaHHbix 10 400 KI';
- BBIXO/IbI APAWBEPOB C OTPAHUYEHHON CKOPOCTHIO U3MEHEHUSI CUTHAJIOB;

- CX€Ma IyMOITIOJaBJICHU A IMOBBIIITACT CTOHKOCTB K BBI6pOCaM Ha JIMHUAX IIHHBbI,

- IPOrpaMMHUPYEMBI aJipec AJIsl MOAUYMHEHHOTO peKrUMa ¢ OIEPIKKOM 00IEero BHI30Ba;
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- IpoOYKJeHNEe MUKPOKOHTpPOJIJIEpA U3 PEeKUMA CHA TPU ONPEACICHUH 33JaHHOTO ajipeca
Ha LIMHE.

3.16.1 Onpenenenne mmubl TWI

JByxnpoBoaHo# nocnenaoBatenbHblii nHTEpdeiic TWI uaeanbHO MOIXOIUT TSI TAITUYHBIX
IIpUMEHEHN MUKpoKoHTposuiepa. I[Ipotokon TWI mo3Boiser NpOEKTHPOBIIUMKY CHCTEMBI
BHEIIHE CBA3aTh 10 128 pa3nuyHbIX YCTPOICTB Yepe3 OAHY ABYXIPOBOAHYIO JIBYHAIPABICHHYIO
LIMHY, TJ€ OJlHA JUHUS — JIuHusA cuHxponusanuu SCL, a Bropas — nmuHug nanHeix SDA. B kaue-
CTBE BHEIIIHUX aNMapaTHBIX KOMIIOHEHTOB, KOTOpPbIE TPEOYIOTCS NJIsl peajau3alyy IIUHbI, He0O-
XOJIUM TOJIBKO NMOJATATMBAIOIIMM K IUIFOCY NUTAHUS PE3UCTOP HAa KaKIOM JIMHUM HIMHBIL. Bcee
YCTPOMCTBA, KOTOPBIE MOJIKJIFOUEHBI K IIMHE, UMEIOT CBOW MHIUBUIYaJIbHBINA aJipec, a MEXaHU3M
OTIpEeIeTICHUS COICPKUMOTO IIMHBI oAepKuBaeTcs mpotokosioM TWI (cMm. pucyHok 3.74).

Vce
Yerpoiictso 1 YerpoiicTBo 2 YerpoiictBo 3 VYerpoiictBo n
Rl [R2
SDA
SCL
Pucynok 3.74 — Kommyranus ycrpoiictB Ha mmHax SDA u SCL
3.16.2 Tepmunoaoruss TWI
Ta6numa 3.71 — Tepmunonorus TWI
TepmuH Omnucanue
Benymmit Y eTpoicTBO, KOTOPOE MHULIMAPYET U MPEKPALIAET CEAHC CBA3H.
Ha ctopoHe Beayniero Takxe reHepupyercsi curian cuaxponusanuu SCL
Benomsrit VY eTpoicTBO, KOTOPOE apeCcyeTcs BEAYIIUM yCTPOHCTBOM
Ilepenatunk YcTpolicTBO, pa3Menaroliee JaHHbIE Ha IITMHE
ITpueMHuK Y CTpolCTBO, CYUTHIBAIOIIEE JAHHBIE C TUHBI

Kak nokaszano Ha pucynke 3.74, o0e JTMHUU IIMHBI TOJAKIIOUEHB! K OJ0XKHUTEIbHOMN MIKHHE
MATaHUA Yepe3 NOATATMBaromme pe3ncrtopsl. Cpean Bcex coBmecTuMbIX ¢ TWI ycTpolicTB B Ka-
4YeCTBE JIpaiiBEPOB LIMHBI UCIIOJIB3YIOTCS TPAH3UCTOP WUIIM C OTKPBITBIM CTOKOM, WJIM C OTKPBI-
THIM KOJUIEKTOPOM. DTUM peajnu3oBaHa (YHKIMS MOHTaxHOro M, koropas odeHb BakHa IS
JIBYHAIPABJIEHHOH paboTsl naTepdeiica. HU3KUI noruuecknii ypoBeHs Ha THHAN mHHE TWI
reHepupyercs, eciau oaHo wim 6onee u3 TWI-yctpoiicTB BeiBomUT Joruueckuii Hob. BBICO-
KU ypoBeHb Ha IMHMM HPUCYTCTBYET, eciu Bce TWI-ycTpoiicTBa MEpeIlIn B TPEThe BBICO-
KOMMIIEJAHCHOE COCTOSIHHE, MO3BOJISAA MOATATUBAIOIINAM PE3UCTOPAM 3a1aTh YPOBEHb JIOTHYE-
ckoit equuauLEL. Cienyer oOpaTuTh BHUMAHUE, YTO IPU NOAKIIOUeHUH K muHe TWI HeckoabKux
AVR-MUKpPOKOHTPOJIIIEPOB 11 paOOThI MIWHBI JAOHKHBI OBITH 3allUTaHbl BCE W3 dTUX MHUKPO-
KOHTpPOJLJIEPOB.

165



KomnmdgecTBo ycTpoiicTB, KOTOpPOE MOXKET OBITh MOAKIIOYEHO K OJHOW IIMHE, OTPaHUYNBa-
€TCS TPENIeTIbHO TOMYyCTUMON eMKOCThIO UHBI (400 nd) u 7-pa3psiAHBIM aiPECHBIM MPOCTPAH-
ctBoM. IlogepkuBaroTcst ABa pa3inyHbBIX HaOopa TEXHUYECKUX TpeOOBaHMIA, rie oauH Habop
JUTISL IIMH CO CKOPOCThIO nepenaun AaHHbiX Huke 100 k[’ 1 0iMH AEMCTBUTEINICH ISl CKOPOCTEH
cBbimie 400 kI'.

3.16.3 ®opMaT NOCHLIKHU M NepeaaBaeMbIX JaHHbIX

IlepenaBaembie OUTHI
Kaxxnprit mepenaBaemplii OMT naHHBIX 1O mHE TWI cOmpoBOXKIaeTCS MMITYJIBCOM Ha JIH-
HUU CUHXPOHU3AIMH. Y POBEHb JaHHBIX JOJKEH OBITh CTAOMIBLHBIM, KOT/Ia Ha TUHUM CHHXPOHH-
3alMM MPUCYTCTBYET Jiorudeckas 1. MckimrodeHreM uisi 3TOTO NMpaBWiia SBISICTCS TeHEpAIHs
ycioBuit CTAPTa u CTOlla ceanca cBsizu.

SCL

! CrabunbHOCTb
JIAHHBIX

! CrabuabHOCTD !
' JIAHHBIX
¢
N3menenue
JIAHHBIX

Pucynox 3.75 — JIeliCTBUTENBHOCTD JaHHBIX

Ycaosusst CTAPTa u CTOIla

Benymiee ycTpolicTBO MHUIIMMPYET M 3aKaHUMBACT TNepeaauy naHHbiX. [lepenaua naUIMN-
pyercs, koraa Beaymmii popmupyet ycnoBue CTAPTa Ha mmHe, u npekpariaercs, Koraa Beay-
it popmupyet Ha muHe yciaosue CTOIla. Mexnay ycnoBusimu CTAPTa u CTOIla mmna cun-
TaeTCs 3aHATON M B 3TOM CIIy4ae HUKAKOW JPYrodl BEAyIIUA HE MOXET OCYIIECTBIATh YIPABIIS-
fomye Bo3aecTBus Ha mmHe. CylecTBYOT ocobOble cirydyau, korna HoBoe ycinoBue CTAPTa
Bo3HUKaeT Mexay ycinoBusMu CTAPTa u CTOIla. [lanHslil ciiydali UMEHYETCSI KaK YCIOBUE
«IToBTOpHOTO CTapTa» M HCIOJIB3YETCS MPH HEOOXOIUMOCTH WHHUIIMMPOBATH BEIYIIMM HOBBIN
CEaHC CBs3M, HE Tepss MpHU 3TOM yrpasieHue mUHOU. [locne «IloBTOpHOTO cTapTa» 1MIMHA CUU-
taercs 3aHsaTod 1o ciaenyroniero CTOIla. Oto unentnuno nosenenuto nocine CTAPTa, cneno-
BaTENbHO, MpHU onucanuu cchiika Ha yciaoBue CTAPTa pacnpoctpansiercs u Ha «IloBTOpHBIN
CTapT», €CJIM, KOHEYHO K€, HET CIeNHaTbHOTO npuMmedanus. Kak moka3aHO HUXE, YCIOBHS
CTAPTa u CTOlla sBAsitoTCS H3MEHEHUEM JIOTHYECKOTO YpOBHS Ha nuHuu SDA, xorjaa Ha Jiu-

Hun SCL npucyrcTByeT jorndeckas 1.
SDA \ /

SCL

WV
~
VS
~

NN
A

CTAPT CTOIl CTAPT [Tosropueiit CTAPT CTOIl

Pucynok 3.76 — Ycnosuss CTAPTa, «IloBropHoro crapra» u CTOIla
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3.16.4 ®opmart aapecHOro nakera

Bce nepenaBaembie aapecHbie naketsl 1o mmHe TWI cocrosT u3 9 our, B T. 4. 7 OuT aape-
ca, oquH Out ympasieHus Ui 3aganus tuna oneparuun YTEHUE/3AIIUCH u onuu Out mon-
tBepxkaeHusA. Ecu 6ut YTEHUE/3AIIMCDH = 1, To Oyner BhIMOIHEHA ONEpaIis YTSHUs, MHAUC
— 3anuch. Ecnu BeloMbIil pacno3Haer, 4To K HEMY MIPOMCXOAUT ajpecaiusi, TO OH JOJHKEH
chopmupoBath HU3KHIN ypoBeHb Ha TuHUU SDA Ha neBstoMm nukie SCL (popmupoBanue oura
noaTBepkeHus1). Eciau anpecyeMmoe BeIoMO€ YCTPONCTBO 3aHITO WM MO KaKHUM-THOO APYTruM
PUYMHAM HE MOXKET OOCIYXHUTh BeAyllee YCTPOHUCTBO, TO Ha iuHUM SDA Heobxoaumo ocra-
BUTh BBICOKHMI YPOBEHb BO BpeMs LIMKJIA MOATBEPKIeHUs. Benymuii mociae 3Toro MoxeT nepe-
natb ycinopue CTOIla wim «IToBTopHOTO CTapTa» Uil HHUIMAILIMKY HOBOW Tepenayn. AApecHbI
HaKeT, COCTOsIuUi u3 aapeca Begomoro ycrpoiictsa U 6uta YTEHUE unn 3AIIUCH, o6o3na-
YUM KaK BEJIOMBII AJIP+UYTEHUE(IIOUUH_AJIP+4YTEHUE) WIH BEJIO-
MBI AJIP+3AIUCH(IIOIUYNH AJIP+3AIINCD), COOTBETCTBEHHO.

Crapmuii paspsg agpecHoro Oaiita mepenaercs nepBbiM. HeT HMKakuX orpaHMYEHUN HA
BBIOOp ajipeca BEJIOMOTO yCTPOMCTBa, 3a uckitouenueM aapeca 0000 000, koTopslil 3ape3epBu-
POBaH It 0OIIEro BHI30BA.

[Ipu onpenenenuu oOIIETO BBHI30BA BCE BEAOMBIE YCTPOMCTBA JOJKHBI OTBETHUTh HU3KUM
ypoBHeM Ha JuHuu SDA Bo Bpems 1ukia noarsepxkaenus (ACK). OOmuii BI30B HEOOXOAHUMO
UCIIOJIb30BAaTh, €CIIU OJTHO U TOXE COOOIICHHE HeOOXOIUMO IMepeIaTh OT BEAYIIEr0 K HECKOJIb-
KUM BelloMbIM ycTpoiicTBaM. Ecnu Benen 3a 6utom 3AIIMCU nepenan aapec o61iero BhI30Ba,
TO BCE BEJIOMBIE YCTPONCTBA YCTAHABIMBAIOT HU3KUM YpOBEeHb Ha TMHUU SDA 11 moarBepxie-
HUSl OOILEro BBI30BA BO BpeMs IMKJIa MOATBepkAeHUs. Creayroniye MakeThl JAaHHBIX OyayT
MPUHUMATHCS BCEMHU BEAOMBIMU YCTPOMCTBAMU, KOTOPBIE MOATBEPAIIA OO BhI30B. CiemayeT
o0paTuTh BHUMaHHE, YTO Tiepeaada aapeca oomiero BpizoBa Beiuen 3a ourom YTEHUE Gecembic-
JIEHHA, T. K. OJJHOBPEMEHHOE YTCHHE HECKOJIbKUX MOJYMHEHHBIX YCTPONCTB OJHHUM BEAYIIUM
HEBO3MOKHO (CMOTPHU PUCYHOK 3.77).

Bce angpeca ¢ popmarom 1111xx HE0OX0aMMO 3ape3epBUPOBATH ISl OYAYIIEro UCTOIb30-
BaHMSI.

Cr. Our M. Gur
ajapeca ajpeca Yr.3m. [Toxrs.

S\ G G Gl G G

N AA : ~\ /3

CTAPT

Pucynok 3.77 — @opmat agpecHOro nakera
3.16.5 ®opMaT nakeTra JaHHBIX

Bce nmakers! nanHbix, nepenaBaembie no mmuae TWI, coctost u3 9 our, B T. 4. 1 6ailT gaH-
HBIX U OUT MOATBEepXkAcHUsS. Bo BpeMms mepenadyu JaHHBIX BEAyIee YCTPOMCTBO T€HEPUPYET
cuHxpoHn3anuio, a takke ycnoBud CTAPTa nu CTOlla, mpu 3TOM Ha MPUEMHUK BO3JIAracTCs
noareepxkaenue npuema. [logreepxkaenue (IIOATB) curnanuzupyercs TpUEMHUKOM BBIBOJIOM
HU3KOTO ypoBHA Ha JMHUIO SDA Bo Bpems aeBaroro takta curtaia SCL. Eciu npuemMHUK
ocTaBsieT TMHUI0 SDA B BBICOKOM COCTOSIHUU, TO 3TO CUTHAJIM3UPYET O TOM, UYTO MOATBEPKIE-
Hus He 610 (HET TTOJITB). ITocne momydeHus mpueMHUKOM TIOCJICTHEro OaiiTa WM €CIH T10
KaKUM-TTHO0O0 TIPUYMHAM HET BO3MOKHOCTH Jaliee MPUHUMATh JaHHBIC, OH JOJKeH WH(HOPMHUPO-
BaTh nepenaruuk ornpabkoit outa HET ITOJITB (Het moaTBepkaeHus) mocie mociaeaHero oai-
ta. Crapmuii OUT JaHHBIX EPEAAETCs MEPBBIM (CMOTPH PUCYHOK 3.78).
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Crapumii Munaqumii
our our
JIAHHBIX JIAHHBIX [TOATB

S S
S

Pesynstupyommii | ® %
SDA 5

~t

......
SDA ot %
nepeaaTunKa K

e Bt B

-

i CTorI,
i TIOBTOPHBIi

i CTAPT nm

SDA o1

IPHECMHHKa

SCL ot

BEJLYLLIETO

1
BEJIOMBIN AJIP+ E Baiit 1aHHBIX E
YTEHUE/ZAIIUCD * "

Pucynok 3.78 — ®@opmar nakera JaHHBIX
3.16.6 CoueTanue nakeToB ajpeca M JaHHBIX BO BpeMs CeaHca CBA3HU

Ceanc CBA3U 00BIYHO COCTOUT u3 YCIJIOBHS CTAPTa, BE/JIO-
MBI AJIP+YTEHUE/3AIIUCH, oxgxoro uiu Goiee nakeTos AaHHbIX u ycaosust CTOITa. Tle-
pelrada mycToro cooOuieHus, kotopoe coctout u3 yciaosus CTAPTa, nepeganHoro Bcien 3a
ycnoBueM CTOlla, sBnsercs HenonmycTuMbiM. CienyeT oOpaTuTh BHUMAHHUE, YTO MOHTAXHOE
"N" na nuHun SCL MOXeET MCIONb30BaThCs ISl pealn3aly MOATBEPKICHUS CBSI3U MEXIY Be-
JTyLIUM U BeJOMbIM. BetomMblil MOXKET PO UIUTh HU3K0E cocTosiHue Ha JinHun SCL nmytem ycra-
HOBKHM Jtornyeckoro 0 Ha BeiBoge SCL. JlaHHBIN crioco0 MoJIe3HO UCIOJIb30BaTh, €CIM YCTaHOB-
JIEHHasl CKOPOCTh CBSI3U BEAYIIHUM SIBJISIETCS MMOBBIIIEHHOW MO OTHOIIEHUIO K BEOMOMY HIIU €C-
J1 BEIOMOMY TpeOyeTcsl JOMOJHUTEIbHOE BpeMsl Ha 00paboTKy MEXIy NpreMaMH JaHHBIX. Be-
JIOMBIH, MpOJyIeBalOIIUi HU3K0e cocTosiHue Ha nuHuM SCL, He OyAeT oka3biBaTh BIUSHHUE Ha
JUIMTENBHOCTh BbICOKOro coctosHus SCL, xotopast ompenensiercss BenymuM. Kak ciencrsue,
BEJIOMBIIl MOXET CHU3UTh CKOPOCTh Nepeaun JaHHbIX, TpojyieBast padounii uuxi SCL.

Ha pucynke 3.79 nokazana Tunu4Has nepeaada gaHHbeIX. CieayeT oOpaTUTh BHUMAaHUE,
YTO HECKOJbKO OalT JaHHBIX MOryT ObITh nepenaHbl Mexay ycnoBusmu BEJIO-
MBI AJIP+YTEHUE/3AIIUCH u CTOII B 3aBHCHMOCTH OT NMPOrPaMMHOTO MPOTOKONIA, pea-
JM30BAaHHOTO B MPHUKJIAIHOM Mporpamme.

Cr. Our Mu. 6ut Cr. 6ut M. 6ut

azapeca ajpeca w3 TIOATB JIAHHBIX LmHHle“OHTB

e ' an Y A e o8 an an an Wl

CTAPT BEJIOMBI_AJIP+Y1/311 Baiit janHbIx cTon

SCL}

Pucynok 3.79 — Tunuunas nepeaayda JaHHbIX
3.16.7 CucteMbl MHOTOMACTEPHBIX LINH, APOUTPAK U CHHXPOHU3ALMA

[Iporokon TWI nomyckaer pa3menieHue HECKOIbKUX BEAYIIMX YCTPOMCTB HA OJTHOM LIMHE.
UtoOBl rapaHTUPOBATh HOPMAIBHBIM MPOIECC TEpeNayu, Nake €CIM JBa U 0oJjiee BEIYIINX
YCTPOMCTB MHULIMUPYIOT NEPEAAUYy B OJHO U TO K€ BpeMs, CIEAYET NMPEANPUHATH Mephl. [[Be
po0JIEMBI, KOTOPBIE HEOOXOUMO PEITUTH B MHOTOMACTEPHBIX CHUCTEMAX.

AnropuT™M HEOOXOIUMO peann30BaTh TaK, YTOOBI TOJBKO OJHO BEAYIee YCTPOMCTBO MOT-
JI0 3aBEPIINTH Nepeaady. Bee octanbHble Beaylue yCTpOWCTBA JOJKHBI IPEKPATUTh Mepeaady
nociie 0OHapyKeHUs MoTepH mpuoputeTa. JlaHHBIN mporiecc BEIOOpa HOCUT Ha3BaHUE apOUTpa-
xa. Eciu Benyiiee ycTpoicTBO OOHapy>KUBAET MOTEPIO MPHUOPHUTETA, TO OH JOJDKEH cpasy Iie-
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peiTH B BEIOMBIM peXUM, YTOOBI MMPOBEPUTH HE K HEMY JIM OoOpalaeTcss BeayIlee YCTPOUCTBO,
KOTOpOE BBIMIpajo apoutpax. PakT Hayajga OJHOBPEMEHHOM Nepeaayr HECKOJIbKUMU BEIYIIH-
MU YCTPONCTBaMH HE JIOJDKEH OOHApYKUThCS BEIOMBIMH, T. €. IEPEJABAEMbIE JAHHbBIE JTOJIKHBI
OBbITh TOBPEXKICHBI.

Pasnbie Benymme ycTpoiCTBa MOTYT HCIOIB30BaTh pazHble 4acToThl curuana SCL. Heo06-
XOJMMO IPUIYyMaTh CXeMY, KOTOpas 103BOJIsIa Obl CHHXPOHU3UPOBATH TAKTOBBIE CUTHAJIBI BCEX
BEJYILIUX YCTPOMCTB.

Vcnonb3oBaHue NpuHLMIA MOHTaXHOT0 «» mo3ponsger pemuts 00e 31U npodiemsl. Co-
€IMHEHNE TaKTOBBIX CUTHAJIOB BCEX BEIYILUX YCTPOMCTB 110 cxeMe MOHTaxkHoro "M" o3Hauaer,
YTO JJIUTEIBHOCTD PE3YIbTHPYIOLIEr0 €AMHUYHOIO UMITYJIbca Oy/AET paBHA AJIUTEILHOCTH CaMo-
ro KOPOTKOI0 €AMHUYHOIO MMITYJIbCA B 3TOM COEIMHEHUU. J[JIUTEIbHOCTh HU3KOTO YPOBHS pe-
3YJIBTUPYIOIIEr0 TAKTOBOI'O CHUTHAJIa PaBHA JUIMTEIBHOCTU HU3KOIO YPOBHS TAKTOBOI'O CHTHAJIa
TOTO BEIYIIETr0 YCTPOICTBA, y KOTOPOro OHA MakcumaibHas. Cieayer oOpaTuTh BHUMaHUE, YTO
BCE BEAYLIME YCTPOMCTBA, NOAKIIOUEHHBIe K JTMHUKA SCL, HaUMHAIOT CYET BPEMEHM OKOHYaHUs
NIEPUOJOB C BHICOKMM M HU3KUM COCTOSIHUSIMH, Koraa pe3ynbtupytomuii curian SCL nepexoaut
B BBICOKO€ WJIM HU3KOE COCTOSIHUE, COOTBETCTBEHHO (CMOTpPU pUCYHOK 3.80).

TAg TA|

SCL ot A
BeIyIero A :

,
SCL ot \
seayuero B W

Jlunus
mmabl SCL

b
et

'\ TB '\ B,

Beaymiue HauHHaloT Benyume Haunnaior
CYET HU3KOTO YPOBHS CYET BBICOKOTO YPOBHS

Pucynok 3.80 — Cunxponuzanus Ha TuHUA SCL MeX1y HECKOIbKUMH BEYILIUMHU
YCTpOMCTBaAMU

ApOuTpax peasn30BaH IMyTeM KOHTPOJSL COCTOSHUS TUHUU SDA BceMu BeaylIIMMH, BbI-
BOASIIMMU AaHHbIE. Eciin ypoBeHb, IpUCYTCTBYIOINK Ha TuHUM SDA He coBmagaer co 3Haue-
HUEM, KOTOPbIN Nepeall BeAyIUi, TO JaHHBIN BeAYIIHI TepseT apOuTpax. ApOuTpax Tepsercs
TOJIbKO B TOM clly4yae, €CiM BeIyLIuil mepeaain jorudeckyro 1, a ¢aktudecku Ha auHMH SDA
npucyrcrBoBai jorndeckuit 0. [locie nmorepu BenymiuM MPUOPUTETA, OH HE3aMEJIUTENBHO I1e-
PEXOJUT B BEJAOMBINA PEXHUM IS ONpPEJeNICHHs: HEe K HEMY JIM aipecyeTcsl BBIMTPABIINM apOuUT-
pax Beaymui? Bemymue, KOTOpble TPOUTPAIIHA MPOIIECC apOUTpa)xa, MOTYT MPOJOJIKATh TeHe-
pUpPOBaTh TAKTOBBIM CUTHAN A0 OKOHYAHHUS MEpEAayu TEKYILEro MaKeTa ajpeca WM AaHHBIX, HO
IIPU ATOM OHU JIOJKHBI BBIBOJUTH BBHICOKHI ypoBeHb Ha JIMHUIO SDA. ApOUTpak BBITOJIHSAETCS
TO TEX IOP, OKA OCTAHETCSI aKTUBHBIM TOJIBKO OJMH BEAYILUN U NI 9TOTO B PSIZIE CIy4aeB MO-
KeT OBbITh MepeiaHo MHOTO OUT. Eclii HECKOJIBKO BEYIINX MBITAIOTCS aIpecoBaThCS K OJTHOMY U
TOMY K€ BEJIOMOMY, TO IPOIIecC apOUTpaka MepeHOCUTCS Ha MAKET JaHHBIX (CMOTPHU
pucyHok 3.81).
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Beayuiero B

JInaus SDA

Benymmuii A tepsier

YA
v/ L

CHHXPOHU3UPOBAHHAS
ymaust SCL

ApOuTpak He BBINOIHACTCA MeX 1y nepeaadamu: yeinosust IOBTOPHBIN CTAPT u 6u-
ta gaHHbIX; yeroBust CTOIT u OuTa MaHHBIX; YCIOBUS I[TOBTOPHBIN CTAPT u CTOIL.

lNapanTupoBaHue HEBO3MOXXHOCTH BO3HHUKHOBEHHS JAHHBIX YCIOBHUN BO3/IaraeTcs Ha
porpaMMHOE OOECIIEYeHHUE IMOJIb30BaATENsA. ITUM TOJIPA3YMEBAETCS, YTO BO MHOTOMAaCTEpPHBIX
CHUCTeMax JIOJDKHO HCIOJIb30BaThCS OJMHAKOBOE coueTaHue makeroB naHHeIXx U BEJIO-
MBIN_AJIP+YTEHUE/3AIINCH. Wy unaue: nr060ii CeaHC CBS3H I0IKEH COCTOSTh U3 OMHA-
KOBOTO 4YKcClia TAaKeTOB JAHHBIX, B IPOTHBHOM Cllyyae pe3yibTaT apOuTpaxka OyJaeT Heolpenae-

JICHHBIM.

3.16.8 O630p moaysass TWI

Monaynas TWI cocrout 3 HeCKOJIBKUX moaMoyiei (cM. pucyHok 3.82). Bece peructpsi,
BBIJICJICHHBIC )KUPHOW JIMHUEN HA PUCYHKE, TOCTYIIHBI Yepe3 IHUHY JAHHBIX MUKPOKOHTpPOJIIEpa.

/L

Pucynok 3.81 — ApOuTpaxk ABYX BEAYIIHX
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Pucynok 3.82 — @ynkunonansHasg cxema moayist TWI



BriBoanl SCL u SDA

JlaHHBIC BBIBOJBI CBS3BIBAIOT JBYXITPOBOJHON MHTEp(Ec MUKPOKOHTPOJIIEpA C OCTaIb-
HBIMU MUKPOKOHTpPOJIJIEpaMH B cucteme. JpaliBepbl BBIXOJOB COACPKAT OTPaHUUYUTENbL CKOPO-
CTH W3MEHEHMsI (PpOHTOB I BhIMOJIHEHUs1 TpeOoBanuii k TWI. BxomHbie kackaabl comeprar
0JIOK MOJaBIEHUS MTOMEX, 33Jladya KOTOPOTO COCTOUT B UTHOPUPOBAHUHU MUMIYJIbCOB JUIMUTEIbHO-
ctbto MeHee 50 He. K kaxaoil U3 3TUX JTUHUM MOKHO MOIKIIOYUTh BHYTPEHHHUHN MOJTATUBAIO-
muii pesucrop nyrem ycraHoBku pazpsoB PORTD.O (SCL), PORTD.1 (SDA). Ucnonbs3oBanue
BCTPOCHHBIX MOJATATUBAIOIINX PE3UCTOPOB B PsIJIC CIydaeB MO3BOJIAECT OTKA3aThCsl OT NMPUMEHE-
HHS BHEIIHHUX.

Biok reneparopa CKOpoOCTH CBS3H
JlaHHBIN OJIOK ympaBisieT mepruooM UMNIyascoB SCL B pexume BeAYIIEro yCTPOMCTBA.
[Tepuon SCL 3amaercs peructpom ckopoct TWI (TWBR) 1 3HaueHnem OHUT yrpaBiieHUs Tpe-
nenurtenem B peructpe craryca TWI (TWSR). B Beqomom pexxume 3HAYEHHUS CKOPOCTH HIIU
YCTaHOBKHM NPEJICTUTENS HE OKA3bIBAIOT BIUSHUS Ha paboTy, HO yacToTa cuHXpoHu3auuu LITY
BEJIOMOT'0 yCTPOWCTBA AOHKHA OBITh MUHUMYM B 16 pa3 Beie yactotel SCL. Cnegyer oOpatuth
BHHMaHUE, YTO MOJYUHEHHBIE MOTYT MPOAJIEBaTh JJIUTEILHOCTb HU3KOIO YPOBHS Ha JMHHUU
SCL, TeM caMmbIM yMeHbLIasi CPENHIOK 4acToTy cuHxpoHu3auuu muHel TWI. Yacrora SCL re-

HEPUPYETCS B COOTBETCTBUU C BBIPAXKECHUEM

fscL =f v/ (16 + 2 (TWBR) 4 ™),

rae  TWBR — 3nauenue perucrpa ckopoctu TWI;

TWPS — 3nauenue Out npeanenurens B peructpe craryca TWI.

I[Ipumeuanue — 3Hauenue TWBR nomxeno 6biTh He MeHee 10, ecau TWI paboraer B
Benyuiem pexume. Ecnu 3Hauenne TWBR mensmie 10, To Benymuii MOXET r€éHEPUPOBATh He-
KoppekTHoe cocTossHue Ha nuHusX SDA u SCL. Ilpobrema Bo3HUKAeT Npu padoTe B BEIYILEM
pesxume mpu iepeade yenosuit CTAPT+BEJIOMbBIN_AJIP+ UTEHHME/3AIICD BenoMomy.

bJioxk mmmHHOrO HHTEpdeiica

JlaHHBIN OJIOK COAEPXKUT CIABUTOBBIM peructp aapeca u gaHHeix (TWDR), konTpomep
CTAPTa/CTOIla u cxemy apoutpaxa. TWDR conepxut nepenaBaemslii 6aiiT ajgpeca win JaH-
HBIX WIM NPUHATBHIA OalT afgpeca wiu naHHbIX. [lomumo 8-paspsinHoro peructpa TWDR B co-
cTaB 0JOKa IIMHHOTO MHTepdeiica Takke BXOAUT PETUCTpP, XPAHALIMNA 3HaAUYCHHE NTepe1aBaeMoro
wiu npunsatoro 6ura HET IIOATB. K nanHOMY peructpy HET MmpsIMOro JOCTYyNa CO CTOPOHBI
nporpaMMHoro odecnedenusi. OlHaKO BO BpeMs pueMa OH MOYKET YCTaHaBIIMBAThCS UM cOpa-
CpIBaThcA IMyTeM MaHunysanui ¢ peructpom ynpasienus TWI (TWCR). B pexume nepenarun-
ka 3HadeHue npursaToro outa HET ITOTB MoxHO onpeaenuts 1o 3navenuto perucrpa TWSR.

Kontpomiep CTAPTa/CTOIla oTBeuaer 3a reHepaluio M JETEKTUPOBAaHHE YCIOBUH
CTAPT, IOBTOPHBI CTAPT u CTOIIL Kourpomrep CTAPTa/CTOIla no3Bossier oGHapy-
#uTh ycinous CTAPT u CTOII, naxe ecim MUKPOKOHTPOJUIEP HAXOAMUTCSA B OJHOM U3 PEXHU-
MOB CHa. DTUM 0OecHedyMuBaeTCs BO3MOKHOCTbh MPOOYXKAECHUS MUKPOKOHTPOJUIEpa MO 3arpocy
BEIYLIETO IINHBI.

Ecmn TWI ununuupoBan nepempady B KauyecTBE BEIYIIETO, TO CXema apOuTpaka Herpe-
PBIBHO KOHTPOJIMPYET Iepeady, ONnpenesss BO3MOKHOCTh NainbHeumen nepenayn. Ecomu TWI
TepsieT MPUOPUTET, TO OJOK (HOpPMHPYET COOTBETCTBYIOUIMI CUTHAN OJIOKY yNpaBieHHs, KOTO-
PBIii BBITIOJIHSAET aI€KBATHBIE IEHCTBUS U T€HEPUPYET COOTBETCTBYIOINI KO/ COCTOSIHHUS.

Baox o0Hapy:keHuns agpeca

bnok oOHapyxeHus agpeca NPOBEPSIET PABEH JIM MPUHATHIN aipec 3HAYECHUIO
7-pazpsaHoro aapeca u3 peructpa TWAR. Eciau ycraHoBieH OMT pa3pemieHHs oOHapy>KEeHUs
obmero BeizoBa TWGCE B peructpe TWAR, To Bce BXomsmue aapecHbie OUTHI OYIyT TOTOJI-
HUTEJILHO CPAaBHUBATHCS C aJipecoM o0Iero Bbi3oBa. [Ipu angpecHoM coBMajieHUH MOJACTCS CUT-
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HaJT OJIOKY yMpaBJICHHUS, YTO MMO3BOJISET BHIMOIHUTH €My HEOOXOAMMbIe IeHCcTBUs. B 3aBucumo-
ctu ot yctaHoBkHU peructpa TWCR noarsepxkaenue agpeca TWI MoxeT npoucXoauTh, a MOXKET
u HeT. biiok oOHapyxeHus agpeca cnoco0eH (QYHKIIMOHUPOBATD J1aXKe KOTAa MUKPOKOHTPOJLIEp
nepeBe/leH B PeKUM CHA, TEM CaMbIM I03BOJISISE BO30OHOBUTH HOPMAaJbHYIO PabOTy MHKpPO-
KOHTPOJUIEPA I10 3apocy BeAyllero muHbl. Eciiu npu agpecHoM coBnageHur TWI B sakoHOMUY-
HOM PEXHME MHKPOKOHTpPOJUIEpa, T. €. KOI/la MHUIMHPYETCS BO30OHOBJIEHHE PabOThl MHUKpPO-
KOHTpOJUIEpa, BOSHHUKAET Jpyroe npepsiBanue (Hanpumep, INTO), o TWI npekparmiaer paboty
U BO3BPAILAETCS K COCTOSHUIO X0J0cTOro xoaa. Eciiu Bo3HuKHOBeHHE qaHHOTO 3¢ deKTa Hexe-
JaTenbHO, TO HEOOXOJUMO CIIEANTH, YTOOBI BO BpeMsi OOHApYKEHHUS aJ[pecOBaHMS, KOTJa MUK-
POKOHTPOJUIEP HAXOMUTCs B pexume «Boikioden» (Power-down), ObL10 pa3penieHo TOJIbKO OJ1-
HO IIpEPHIBAHUE.

Baok ynpasiieHus

brox ynpanenus Habmrogaer 3a muHoil TWI u renepupyer OTKIMKUA B COOTBETCTBUU C
ycraHoBkamu peructpa ynpasieHuss TWI (TWCR). Ecnu na mmuae TWI Bo3Hukaer coOsbitue,
KOTOpO€ TpeOdyeT BHHUMAaHMs CO CTOPOHBI IPOrpaMMBbl, TO YCTaHABIMBAETCA (iar mpepbIBaHUs
TWINT. Cnenyroumm TakToM OOHOBIIsIeTCsl coiepxumoe perucrtpa craryca TWI — TWSR, B
KOTOpOM OyJieT 3amucaH Ko, UASHTH(PUIMPYIOMINKA Bo3HUKIIEee coObITHe. [lanas uHpopmaus
xpanutcs B TWSR tonbko Torna, korna ycranosieH ¢uiar npepsiBanust TWI. OcranbHOe Bpems
B peructpe TWSR comepx utcs cenuanbHblil KoJ cTaTyca, KOTOPbIi HHGOPMUPYET O TOM, YTO
Het nHpopmanuu o coctosaun TWI. lo Tex mop noka ycranosien ¢iaar TWINT, muaus SCL
OCTaeTCsl B HU3KOM COCTOSIHUU. DTUM 00€CIIeurnBaeTCsl BO3MOXKHOCTh 3aBEPILUThH IPOrpaMMe Bce
3a/1a4u nepes NPOAOJKEHUEM CEaHCa CBA3H.

@nar TWINT ycranaBnuBaercs B CIEAYIOIIMX CUTYyalUsX:

- mocte nepenaun yenosus CTAPT/IIOBTOPHBIN CTAPT;

- IIOCJIE TIepeIaun BEI[OMbIﬁ_AI[P+‘lTEHHE/3AHHCb;

- TI0CJIE Iepelaun aJpeCcHOro OaiiTa;

- IOCJI€ OTEepU IPUOPUTETA,

- mocne Toro kak TWI anpecoBan cOOCTBEHHBIM aJIpECOM WJIA OOIIMM BBI30BOM;

- TIocJie mpreMa OaiiTa JaHHBIX;

- mocne npuema ycnosust CTOIT mwmu TIOBTOPHBIN _CTAPT B pexuMe T104HHEHHOH
aJpecaluy;

- 1OCJI€ BO3HUKHOBEHMsI OUIMOKM MO mNpuunHe HekoppekTHoro ycioBusi CTAPT wnm
CTOIL

3.16.9 Onucanue perucrpoB TWI

Peructp cxkopoctu cBsizu mmusl TWI - TWBR

Pazpsin 7 6 5 4 3 2 1 0

TWBR7 | TWBR6 | TWBR5 | TWBR4 | TWBR3 | TWBR2 | TWBR1 | TWBRO | TWBR

Yr/3am Yr/3an Yr/3an Yr/3am Yr/3an Yr/3an Yr/3am Yr/3am

HayanpHoe 0 0 0 0 0 0 0 0
3HAYEHHUE

Pa3psiapl 7 ... 0 — OUTHI perucTpa cKopocTu cBs3u uHbI TWI

TWBR 3anaer ko3¢ dunMeHT aeneHnus 9acTOThl TeHepaToOpa CKOPOCTH CBs3H. I eHepaTop
YaCTOTHl CKOPOCTH CBSI3M — JIEIUTENh YaCTOTHI, KOTOPBIA (POPMUPYET CHUTHAN CHHXPOHU3ALUU
SCL B pexume «Benymmuii». B onucanun «biiok reHeparopa CKOpOCTH CBA3W» MPUBEICHA Me-
TOJIMKA BBIYMCIIEHUSI CKOPOCTEN CBSI3U.
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Peructp ynpapiaenusi munoid TWI - TWCR

Pazpsin 7 6 5 4 3 2 1 0
TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN - TWIE TWCR
Ur/3an | Ur/3an | Yt/3an Ur/3an | YUr/3an | Yr/3an | Yr/3an | Ur/3an
HauansHoe 0 0 0 0 0 0 0 0
3HAYEHUE

Peructp TWCR mnpennasnauen s ynpasienus padoroin TWI. O ucmonwsizyercs mis
pazpemenust padotel TWI, 1 mHUIMANMK ceaHca CBS3U BEAYIIETO MyTeM T'eHEpaIlK yCIOBHUS
CTAPT na mune, ajisi reHepaMu NOATBEPKACHUS npueMa, mia reHepanuu yciaoBus CTOII u
st CTOIla mmnbl Bo BpeMsd 3anucu B peructp TWDR. OH Takke CUTHaIM3UPYET O MOIBITKE
ommbo4Ho 3anucu B peructp TWDR, korma qoctyn k HeMy ObLT 3aIperieH.

Paspsa 7: TWINT — ¢aar npeposiBanus TWI

Jauupiii OuT ycraHaBiauBaeTcs ammapatHo, eciu TWI 3aBepiiaer Tekyiiee 3agaHue U
oxkunaet peakuuu nporpammbl. Eciu 6ut I B SREG u 6ur TWIE B8 TWCR ycTaHoBIeHbI, TO
MUKpPOKOHTpoOJUIep nepexoauT Ha Bektop npepbiBanust TWI. Jlunus SCL ocraercss B HU3KOM
cocrosiHuy, noka ycranoslieH ¢uar TWINT. dnar TWINT cOpacbiBaeTcss mporpaMMHO ITyTeM
3anucH B Hero Jiorndeckoit 1. Ciiegyer oOpaTuth BHUMaHUE, YTO JaHHBIN (u1ar cOpachIBaeTcs He
ABTOMATUYECKHU IPU MEPEX0/I€ Ha BEKTOP NMpephiBaHusl. Takke HyKHO YYECTh, YTO OUMCTKA JaH-
HOro (hjara MpUBOIUT K BO300OHOBIEHUIO pabotel TWI. M3 aToro ciemyer, 4To mporpaMMHBIN

cOpoc naHHOro (uiara HeOOXOAUMO BBIMOJIHUTH MOCIE 3aBeplleHus onpoca peructpo TWAR,
TWSR u TWDR.

Pa3psan 6: TWEA — Out paspenieHust oATBepKIeHUsI

butr TWEA ympasnser renepanueit ummynsca noarsepxaenus. Ecau 8 outr TWEA 3anu-
cana yiornyeckas 1, To umnyinsc [IOTB renepupyercs na mune TWI, eciu BbINoOIHAETCS OHO
U3 CIEAYIOIIMX YCIOBHA:

- IPUHSIT COOCTBEHHBIN aapec;

- TpUHAT 00UMii BbI30B, Koraa ycraHosieH 0uT TWGCE B peructpe TWAR;
HOPUHAT 0allT TaHHBIX B peXXUME BEyILEro NpUEeMHHKA WM BEJJOMOT0 IPUEMHUKA;

- 3amnuck Jorudeckoro 0 B 6utr TWEA mo3BosisieT BpeMEHHO OTKJIIOUUTHCS OT JBYXIPO-
BOJIHOM IOCIIEN0BATEIbHON IUHBL. {151 BO30OOHOBIIEHHS paclO3HABAaHUS aJpeca HEOOXOIUMO
3anucarhb B JaHHBIA OUT JIornyeckyto 1.

Pa3zpsan 5: TWSTA — out ycnosusa CTAPT

[TporpaMMHUCT JOKEH YCTAaHOBUTH JaHHBIM OUT MpU HEOOXOAMMOCTH YCTAaHOBKU PEXHUMA
«BEAYIIMI» HA IBYXIPOBOAHON nocienoBarensHol muHe. TWI anmapatHo npoBepseT JOCTyII-
HOCTh KHBI U Tenepupyet ycinoBue CTAPT, ecnu mmHa cBob6oana. OHAKO eciy IIMHA 3aHsTa,
to TWI oxunaer nossnenus ycnosusa CTOII, a 3arem renepupyer HoBoe ycnosue CTAPT nms
nepexsara cocTosiHus Beaymiero muHsl. TWSTA HeoOXoauMo cOpachkiBaTh MPOrpPaMMHO IOCIE
nepenauu ycious CTAPT.

Pa3zpsan 4: TWSTO — our ycaosuss CTOIIL

Ycranoska 6uta TWSTO B pexxume Beaymiero npuBoaut k reneparuu ycinosust CTOII Ha
JIBYXTPOBOIHOM mocieaoBarenbHoi muHe. Ecnu Ha mmHe BeimonHsercs ycnosue CTOII, To 6ut
TWSTO cOpacbiBaercss aBTomMatndecku. B momunHeHHOM pexknme ycraHoBka 6uta TWSTO
MOXXET MCIOJIb30BAThCA /IS BBIXOAA M3 ycloBus omuOku. B atom cimydae ycmosue CTOII He
rerepupyercsi, Ho uaTepgeiic TWI Bo3BpaiaeTcst K Xopouo cKoHGUTypupoBaHHOMY Oe3aapec-
HOMY MOJYMHEHHOMY peXuMy U nepeBoAuT JuHur SCL n SDA B BRICOKOMMIEAAHCHOE COCTOS-
HUE.
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Pa3psan 3: TWWC — ¢uiar omm0o4HoOM 3anucu

butr TWWC ycranaBiauBaeTcsi Npu MOMNbBITKE 3anmucu B peructp nanHeix TWDR, xorma
TWINT umeer Hu3kuii ypoBeHb. Dnar cOpacbeiBaeTcst mpu 3ammcu peructpa TWDR, xorma
TWINT =1.

Paspsin 2: TWEN — out paspemienusi padorsl TWI

butr TWEN paszpemaer padotry TWI u akrususupyer unrepdeiic TWI. Ecnu 6ut TWEN
ycTaHoByieH, To TWI 6epeT Ha ceOst pyHKIIMU yIpaBiieHus JHHUAMU BBoJia-BhiBoaa SCL n SDA.
[Tpu sTOM paspermraercsi paboTa OrpaHUYUTENICH CKOPOCTH U3MEHEHHS (POHTOB M MOMEXOIO-
naBisiomux ¢GunbTpoB. Ecnu manHbl OMT paBeH Hymro, To TWI oTkiIrouaeTcs u Bce nepeaadn
IIPEKPALLAOTCS, HE3aBUCUMO OT COCTOSIHUSI paOOTBHI.

Pa3psn 1 - peepBHbIN OUT
JlaHHBIH OUT SBJISIETCS PE3EPBHBIM U CUUTHIBAETCS KaK HOJIb.

Pa3psig 0: TWIE — pa3pemienue npepoiBanus TWI
Ecnu B nanubiil OuT 3anmucana yiormdeckas 1 u ycranosnen out | B peructpe SREG, To 3a-

npoc Ha npepbiBanue TWI Oyner renepupoBaThCs 10 TeX Mop, noka ycranosieH (aar TWINT.

Peructp cocrosinusa TWI - TWSR

Paspsin 7 6 5 4 3 2 1 0
TWS7 | TWS6 | TWS5 | TWS4 | TWS3 - TWS1 | TWSO TWSR
Yr/3an | Yr/3an | Yr/3an | YUr/3an | Ur/3an Ut Ur/3an | YUr/3an
Havansroe 0 0 0 0 0 0 0 0
3HaYEHUE

Pa3zpsaasbl 7..3: TWS — crarye TWI

JlanHble 5 OUT OTpaxaroT craryc Joruku 6moka TWI u 1ByXnpoBOJHON MOCIEI0BATENb-
HOU mMHBI. Pa3muuus B Kogax cocTossHUS OyyT NpecTaBlIeHb! Jainee B 3ToM pasjene. Cnenyer
0o0paTuTh BHUMaHUE, YTO CUMTHIBaeMoe 3HaueHue u3 perucrpa TWSR conepkut u S-pa3psiaHblid
KOJI COCTOSIHUSL U 2-pa3psAHOE 3HA4YCHHE, yNpaBsolee npenaenureneM. IIporpammuct nom-
KEH MacKUpoOBaTh OWTHI MpPEJJAEIUTENsT BO BpeMs IMPOBEpPKH OUT cocTosiHUsA. B sTtom ciydae
IIPOBEPKA COCTOSIHUS HE OyJIeT 3aBUCETh OT HACTPOIKHU NMPEIAeIUTENS.

Pa3psin 2 — Pe3sepBHbIii OuT
JlaHHBIN OUT SBISETCS pE3€PBHBIM U CUUTHIBACTCS KaK HOJIb.

Paspsiasl 1...0: TWPS — butsel npeageaurens TWI
JlaHHbIe OUTHI OTIMYAIOTCS MOJIHBIM JAOCTYIOM (YTEHHME/3alKCh) U TIO3BOJIAIOT YIPABISATh
HpeIeTUTENeM CKOPOCTH CBsi3H (cM. Tabmuity 3.72).

Ta6numa 3.72 — llpegnenutens ckopocTtu cBsizu TWI

TWPS1 TWPSO0 3HaYCHHE MPEICITUTEIS
0 0 1
0 1 4
1 0 16
1 1 64

dopmyiia A1 BBIYUCIECHUS] CKOPOCTH CBsI3M mpeacTanieHa B 3.16.8 «O630p moxyns TWI»
(«bytok reHepaTopa cKOpocTH cBs3n»). 3Hauenue 6ut TWPS1, TWPS 0 ucnons3yercst B HEld.
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Peructp nanneix munasl TWI - TWDR

Pazpsin 7 6 5 4 3 2 1 0
TWA6 | TWAS | TWA4 | TWA3 | TWA2 | TWAL | TWAO | TWGCE TWAR
Ur/3an | Yr/3an | Ur/3an | Ur/3an | Ur/3an | Yr/3an | Ur/3an | Yr/3an
HauansHoe 0 0 0 0 0 0 0 0
3HAYEHUE

Ecin TWI HacTpoeH Ha pekuM BEIOMOro IepelaTuuKa Wik IpUEeMHUKaA, TO OyleT pearu-
pOBaTh TOJIBKO Ha ajpec, 3alMCaHHBIA B 3TOT peructp (B cemb ctapmux paspsgoB TWAR). B
OCTaJIbHBIX PEXXMMAX BEAYILErO JAAHHBIN PETUCTP HE UCIOJIb3yeTcs. B MHOrOMacTepHBIX cHUCTe-
max peructp TWAR ycranaBnuBaeTcsi B TOM BeoylleM, K KOTOPOMY aJpecyroTcsl KaK K MO4H-
HEHHOMY JIpyTYe BEeyIIUE IUHBI.

Munanmmii pa3psg peructpa TWAR ucnons3yercst s paspenieHnuss oOHapyKeHHsI aapeca
obmrero BeizoBa ($00). CrenuanbHbIi KOMIApaTOP BBHIMOJIHACT CPaBHEHHE BEIOMOTrO ajapeca
(unmu agpeca oOIIEro BHI30BA) C MPUHSTHIM aapecoM. Ecnu oOHapyXuBaeTcsl COBMaieHUE, TO Te-
HEpUPYETCs 3aMpOC Ha IPEPHIBAHUE.

Pa3psiabl 7...1: TWA — Peructp noguunennoro aapeca TWI
JlanHble ceMb OUT COCTABIISIOT MOJYMHEHHBIN aapec 01oka TWIL

Pa3psan 0: TWGCE - but pa3peumenusi o0Hapyskenus o01iero Bpi3osa no mmne TWI
[Tocne ycTaHOBKM JaHHOTO OWTa paspemaercs padoTa cxeMbl 0OHApY>KEHHs OOIIETO BBI-
30Ba, MIEPEJAaBAEMOr0 10 IBYXIIPOBOTHOH MOCIIEI0BATEIbHOM INHE.

3.16.10 PexomeHnanmu 1o ucnoJib30BaHuIo peructpos TWI

TWI opuentupoBaH Ha mnepenady JaHHbIX B OalTHOM (opmare ¢ ympaBieHHEM IO Ipe-
peiBanusiM. [IpepbIiBaHUS BO3HUKAIOT IOC/ie OOHApYKEHMsI OAHOIO U3 COOBITHI Ha IIMHE,
Harpumep, npuem Oaiita nim nepenaya ycnoBuss CTAPT. Vopasinenne TWI o npepriBanusim
MO3BOJIIET OCBOOOIUTH MTPOrPaMMHOE OOECIieueHrE Ha BBIMOJIHEHHUE IPYTHX 3a/1a4 BO BpeMs Ie-
penauu Oaiita manHbIX. Cienyer oOpaTuTh BHUMaHHe, yTo ycTaHoBKa (mara TWINT npusogur
K FeHepaluy 3arpoca Ha MpepbIBaHrEe TOJIBKO B TOM Cy4ae, KOTia YCTAHOBJIEH OUT pa3perieHus
npepbiBanust TWIE B peructpe TWCR, a Takxke paspemieHa paboTa npepblBaHUNA yCTaHOBKOU
outa B peructpe SREG. Eciu 6ur TWIE copormen, To cocrosiuue TWINT nomxHO oTcnexu-
BaThCs IPOrPaMMHO JUIsl OLEHKU cuTyanuu Ha muHe TWIL

[Tocne ycranoBku dara TWINT untepdeiic TWI npuocranasiuBaet paboTy U 0KU1a€T
peakuuu nporpaMmel. B atom ciydae peructp craryca TWI (TWSR) comepxur 3HaueHue, Ko-
TOpO€ MHIMLHUPYET TeKyIiee cocTosinue muHbl TWI. Mcxong u3 aToro, mporpaMma 3a1aet aajib-
Henmee nosenenne muHbl TWI, manunynupys peructpamu TWCR u TWDR.

Ha pucynke 3.83 nokazan npoctoii npumep noaxiatoueHus Kk muHe TWI. 3gecs npeano-
Jaraercs, YTO MacTep JKeJaeT MepeiaTh OAMH OalT JaHHBIX MOJAYMHEHHOMY. JlaHHOe onucaHue
BecbMa ob1ee, a 6osiee moAPOOHO OOBSICHEHNE TPUBOIUTCS J1ajiee B ITOM IMOpA3/IeIe.

IlepBbiM marom pabotsl peructpa TWI sBasercsa nepenava ycnosus CTAPT. Oto unu-
nuupyercs myrem 3anucu crneunduueckoro 3Hauenus B TWCR. O 3Hauenuu, koropoe HeoOxo-
MO 3amMcaTh, OyeT ckazaHo mozxe. OnHaKO HEOOXOAUMO CIIEANTh, YTOOBI B 3alIMCHIBAEMOM
B peructp 3HaueHuu Obu1 ycranoBieH Out TWINT. 3anucek noruveckoii 1 B TWINT cOpackiBaer
310T (prmar. TWI He HauHeT paboTy 70 Tex mop, noka Oyzaer ycranosieH ¢uar TWINT B peru-
ctpe TWCR. Cpazy nociie copoca TWINT naunnaercst nmepenaya ycinosus CTAPT.

ITocne nepenaun ycnoBust CTAPT ycrananuBaercs pimar TWINT B peructpe TWCR, a
conepxumoe TWSR 00HOBIIsSIETCSI 3HAUEHUEM KOJIa COCTOSTHUS, HHAUIIUPYIONMIET0 00 yCIEeIIHON
nepenaue ycinoBust CTAPT.
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1. Mpunoxedne 3. TMposepra TWSR, urobwl 5. Mpoeepka TWSR, yTobE! 7. Mpoeepra TWSR, uTobml
sanuceiBast B TWCR yOEAWTECA B  OTMpaBKe  YCNOBUA yBeauTeCA B fiepepade  yCIOBMA yBeanTeeA B OTnpaBke
ANA WHULM ALK CTAPT. Tlpunckedwe 3arpysaet «MOOYWMH_AOPEC+4Y7/3n 1] NaHHLIX W npueme
nepefadu YCRoBmMA «MOOYNH_AOPEC+4T/3n» B nonyyexui nogreepwaenna (MOOTB). noaTBEpXASHUA NoOOTB.
CTAPT TWDR, a TaiKe 3anuceliBaeT Mpunoxenue 3arpywasT [gaHHole B Mpunoxexue aarpyxaet
CODTEETCTBYIOWME  YNpABNAKLME TWDR, a Tawse  3anuceiBaet YNPaBNAKLWE  CWrHanmsl B
curanel B8 TWCR, npu  atom COOTEETCTEYIOW I yNpasnsoLKe TWCR ana oTnpaskl ycnoBuA
ofAzaTensHo HeolXoguMo 3anucaTe curHanel 8 TWCR, B Tu. 0BA3aTEensHO CTOM, npyu 3ToM HeobXooMmMo
nor. 18 TWINT wnor. 0 s TWSTA. sanmucbiean nor. T TWINT. obAzaTensHo 3anvcate nor. 1
B TWINT.
1
CTAPT MNoOYMH_ALOP+4YT/3n \MOOTB OAHHbBIE noaTe CcTon

2. YcTanasnveaetcA TWINT. 4. Yctawasnmeaetca TWINT. Kon 6. YcTanasnueaetcAa TWINT.

Kog coctoaHma COCTOAHWA  CWrHanuaupyeT  of Koo cocTomHWA  MHAWLMpyeT
CUrHanKU3npyeT, uTo yenosue oTnpaeks o8  oTNpaBke  OaHHBIX W
CTAPT nepepano «MOOHMH_AOPEC+4T/3n», " npueme nogTBEpMAEHHA
NpWEME YCNOBMA NOATEEPHIEHUA NoOOTB.
noars

Pucynok 3.83 — I[TocnenoBarenbHocTs oOcyxuBanus TWI nipu TunuyHol nepenaye

B nporpamme HE0OX0IMMO BBINOJHUTE NpoBepKy 3HaueHUs: TWSR, uroObr yoeauTsest B
toM, uTo ycinosue CTAPT 6bino yenemno nepenano. Ecniu TWSR unauuupyer npyryro cutya-
U0, TO MPOTpaMMa BEITIOIHIET 0COObIe ACHCTBUS, HATPUMED, BBI3BIBACT MPOLEAYPY 00pabOTKH
OLIMOOYHBIX cUTyalMid. Eciin KoJ| COCTOSHUS UMEET 0XKMJaeMOe 3HaUeHUe, TO BBINOJHSETCA 3a-
rpy3ka ycinosus BEJIOMbBIN_AJIP + 3AITMCh 8 TWDR. Heo6xoaumMo momuuTh, uto TWDR
WCIIOJIb3YETCS Ul XpaHEHUs Kak aapeca, Tak U naHHbIX. [locne 3arpysku B TWDR xenaemoro
snauenust BEJJOMbBIN_AJIP + 3AITUCH B peructp TWCR 10KHO OBITh 3amucaHo crienudu-
YecKoe 3HAueHHe, KOTOpOe CIyKHT KOMAaHJOH i mepenaun 3Hauennms BEJIOMBIA _AJIP +
3AIIUCD, xpansmerocs B TWDR. Kakoe nMeHHO 3HaueHrne HEOOXOAUMO 3alucaTh OyJIeT cKa-
3aHO no3xe. OHaKo HeOOXOAUMO CIEIUTh, YTOOBI B 3alIMCBIBAEMOM B PErHCTP 3HAYEHUU ObLI
yctaHoBieH Out TWINT. 3anucek norumyeckoit 1 8 TWINT npuBoaut k cOpocy storo duiara.
TWI He HauHer pabotTy 110 Tex nop, noka ycraHoBieH o6ut TWINT B peructpe TWCR. Cpasy
nociie copoca dmara TWINT ununuupyercs nepeaya aipecHOro mnakera.

[Tocne nepenaun agpecHoro nakera ycranasiaubaercss ¢piaar TWINT B peructpe TWCR, a
conepxkumoe peructpa TWSR oOHOBisIeTCS KOIOM COCTOSTHUS, HHANIMPYIOIIETO YCHENTHOCTh
nepeaayn aJpecHoro rnakera. B koje cOCTOSIHUA Takke OTpa)kaeTcsi ObUIO JIM MOATBEPKACHUE
IIpUeMa aJpEeCHOrO MaKeTa CO CTOPOHBI IOJYUHEHHOTO UM HET.

Beimonnsiercst nporpammHast mpoBepka 3HaueHuss TWSR, 4To0b1 yOequThes B yCIIEHMIHOCTH
nepesaynd aJpecHoro Mnakera U 4yTo OWUT MOATBEPHKIEHUS HMMEET OKujgaemoe 3HaueHue. Ecmu
TWSR uHAMLIIPYET HHYIO CUTYAIHIO, TO IPH HEOOXOJMMOCTH BBIIOJIHSIOTCA 0COObIe JIeiiCTBUS,
HaIpuUMep, BbI3bIBAETCS Mpoleaypa o0paboTku omnOouHbIX cuTyaruil. Eciu ske kox cocTosHus
UMEET 0)KMJIaeMO€ 3HAu€HUE, TO MpOorpaMMa 3anuchiBaeT naker gaHHslx B TWDR. Bnocnen-
ctBuu B peructp TWCR 3anuceiBaetcs crnennduyeckoe 3HaU€HUE, KOTOPOE CIY>KUT KOMaHAON
s TWI u BbI3bIBaeT anmapaTHYIO IHepenady JaHHbIX, 3anucaHHblx B TWDR. Heobxomumo
y4ecThb, UTO B 3alMCHIBAEMOM 3Hau€HUU A0KEH ObITh ycraHoBiieH out TWINT. 3anuce noru-
yeckoil 1 B TWINT npuBoaut k copocy sroro ¢uara. TWI He HauHeT paboTy 10 TeX MOp MoKa
oyner ycranoBieHn outr TWINT B peructpe TWCR. Cpaszy nmocne copoca TWINT nHaumnaercs
nepegaya Nakera JaHHbIX.

[Tocne nepenaun makera gaHHbIX ycraHaBnuBaercs guar TWINT B peructpe TWCR, a
conepxkumoe peructpa TWSR oOHOBIsSIeTCS 3HAaUeHHEM KOJA COCTOSIHUS, KOTOPBIA CUTHATU3H-
pyeT 00 ycnemHol nepeaayu nakera JaHHbIX. B Koje cocTOsHUS Takke oTpaxkaeTcs: ObLIO JIn
IPUHSTO NOATBEPKIACHUE OT MOAYUHEHHOTO UJIU HET.

BrimonasieTcs mporpaMMHas mpoBepka 3HadeHuss B TWSR, 4To0b1 yOeIuThCS B yCIIEITHO-
CTH TIepelayd Makera MaHHBIX U B ToM, 4Tto OuT [IOATB umeer oxumaemoe 3HadeHue. Ecmu
TWSR ungumupyer MHYIO CHTYaIlUIO0, TO MPOTpaMMa BBITIOJIHSAET 0COObIC JEHCTBUS, B T. Y. BBI-
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3BIBAET MPOLEAYPy 00pabOTKH MpepbiBaHus. ECIIM KOJI COCTOSIHUS HMEET 0XKHIaeMOe 3HAaYeHHE,
TO BBINOJIHAETCS 3amuch creunanbHoro 3HaueHuss B TWCR, koTopoe Ciy’)kKMT KOMaHIOW st
TWI u uannuupyet nepenaay ycinoBus CTOIL. Kakoe nmMeHHO 3HaYeHHE HEOOXOIMMO 3aIiCaTh,
ckazaHo nainee. OJIHAKO CJlelyeT y4ecTb, YTO BO BpeMs 3alUCH JOJDKHA OBITh MPOM3BE/IeHA
ycranoBka 6ura TWINT. 3amuce nornyeckoit 1 B TWINT mpuBoaut k oductke 3toro (iara.
TWI He Hauner paboty no Tex mop, noka ycranosiieH 6ut TWINT B peructpe TWCR. Cpazy
nocne copoca ¢uiara TWINT wmammmmpyercs nepenada ycnouss CTOIL Crnexyer oOpatuth

BHuMaHue, uTo duiar TWINT He ycTtanaBnuBaercs no 3aBepiieHnn nepenadu yciaopust CTOIL.
HecmoTpst Ha mpocTOTY M3II0KEHHOTO MTPUMEPA, OH MOKA3BIBACT MPUHIIUIIBI, [TOJ0KEHHBIE
B OCHOBY JIt000M nepenaun yepe3 TWI. 13 BhIIEH3I0)KEHHOTO MOKHO ClIeaTh CICAYIOIINE BbI-

BOJBI:

- 1o 3aBepiieHuH padothl peructpa TWI ycranapmuBaercs ¢guiar TWINT u nanee oxwuna-
eTCsl peakmus co cTopoHbl mporpammbl. Jluawmss SCL HaxXomWTCs B HU3KOM COCTOSHUM, TOKA

copomen ¢iar TWINT;

- ecyii ¢umar TWINT ycTaHOBIJIGH, TO IMOJIB30BAaTEIh MOXKET OOHOBIIATH JIFOOOW W3 pPEru-
ctpoB TWI 3HaueHneM, KOTOpOE OTHOCHUTCA K cienyromeMy stany padotsl mmuasl TWI. Hanpu-
Mmep, B TWDR 3arpyxaetcst 3HaueHHe, KOTOpOe HEOOXOIUMO TMepeaaTh Ha CIEAYIOIMEM ITUKIe

IINHBI,

- ocie oOHoBieHUsI Bcex peructpoB TWI u 3aBepiieHus npyrux 3ajad BbIIOJIHSAETCS 3a-
nuck B TWCR. Bo Bpems 3anrcu TWCR Heo6xoaumo, uto6s! 6611 yctanosien 6ut TWINT. B
sToM city4ae 3anuck jJorudeckor 1 B TWINT npusenet k copocy aannoro ¢ara. TWI Beimoui-
HSIET JEHCTBUS B COOTBETCTBUHM ¢ ycTaHOBKOM peructpa TWCR.

Janee npuBoautcs npumep Ha si3blke «AccemOnepe» u «Cu». B npumepe npenmnosnaraer-
Csl, UTO BCE CUMBOJIbHBIE 0003HAUYEHUS OTPEIeNICHBI B IPUCOSIUHEHHOM (haiiie.

Taonuma 3.73

Ne IIpumep kozna Ha A3bIKE [Ipumep xona Ha Kommenrapnii
n/n «AccemOiep» a3pIke «Cn»
1 2 3 4
1 Idi r16, TWCR = (1<<TWINT)| [Tepenaya ycioBus
(1<<TWINT)| (1<<TWSTA)|(1<<TWEN) | CTAPT
(1<<TWSTA)|(1<<TWEN)
out TWCR, r16
2 | waitl: while ({(TWCR & Oxunanue yCTaHOBKHU
inrl6, TWCR (1<<TWINT))) ¢aara TWINT. Dtum
sbrs r16, TWINT ; WHIUIHPYETCS 3aBep-
rjmp waitl IICHHE Mepe1adn

ycinoBusg CTAPT

3 | inrl6,TWSR
andi r16, OxF8
cpi rl6, START

if (TWSR & 0xF8) I= START)
ERROR();

IIposepka xoxa cocro-
aans TWI. Mackunpy-
IO OUT mpeienu-

brne ERROR
tenst. Ecim xox cocto-
saHus He paBeH CTAPT,
to nepexox Ha ERROR

Idi rl6, SLA W TWDR =SLA W, 3arpy3ka BEJIO-

out TWDR, r16 TWCR = (1<<TWINT) | (1<<TWEN); | MBIIT AJIP + 3A-

Idi r16, (LI<<TWINT) | HI/ICB_

(1<<TWEN) B PETUCTP

out TWCR, r16 TWDR. C6p00 oura
TWINT 8 TWCR nas

Hayvaja rnepeaadun aj-
peca
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Oxonuanue mabauywl 3.73

1 2 3 4
4| wait2: while ({(TWCR & OskuiaHue yCTaHOBKH (hjiara
in r16, TWCR (1<<TWINT))) TWINT. DTHM CHrHATU3UPYETCS
sbrs r16, TWINT ;
jmp wait2 3aBEpIUICHHE Nepeaadu BEJIO-
MbIN AJIP + 3AITNCH u nony-
YEeHUE/HETOTYYEeHUE TTOATBEP-
xaenus (IIOATB/HET ITO/ITB)
5| inrl6,TWSR if (TWSR & 0xF8) 1= ITpoBepka 3HAaYCHHS PerucTpa
andi r16, OxF8 MT_SLA_ACK) craryca. MackupoBanue OUT
cpi rl6, MT_SLA_ACK ERROR(); E
bre ERROR npeaaenurens. Eciu cocrostHue
omimyaercs or MT SLA ACK,
to nepexoa Ha ERROR
Idi r16, DATA TWDR = DATA,; 3arpyska nanueix B TWDR.
out TWDR, r16 TWCR = (1<<TWINT) | C6poc duara TWINT 8 TWCR
Idi r16, (1<<TWINT) | (1<<TWEN) | (1<<TWEN);
out TWCR. r16 JUISL Havyasa repeaadyn JaHHbIX
6 | wait3: while ({(TWCR & OsxujiaHre yCTaHOBKH (hiiara
inrl6,TWCR (1<<TWINT)))

TWINT. Dtum ungunupyercs,

sbrs r16, TWINT ; 6

imp wait3 YTO JJaHHbIE OBLI NepeJaHbl U
NPUHATO/HE TIPUHSTO TTOATBEP-
xpaenue (IIOTAB/HET ITOATB).

7 | inrl6,TWSR if (TWSR & 0xF8) = ITpoBepka 3HaYCHHS PETUCTPA

andi 16, OxF8 MT_DATA_ACK) craryca TWI. MackupoBanue GuT

cpi 16, MT_DATA ACK ERROR():

bre ERROR npeanenurens. Eciau cocrosiaue
ormuyaercs or MT DATA ACK,
to nepexoa Ha ERROR

Idi r16, (1<<TWINT)|(1<<TWEN)| | TWCR = Hepeﬂaqa YCIIOBHS CTOII1

(1<<TWSTO) (1<<TWINT)|(1<<TWEN)|

out TWCR, r16 (1<<TWSTO);

[Ipumeuanue — Ecnu dpakTuueckuii perucTp pacroyiokeH B PacIIuPEHHON MaMsITH
BBO/JIa-BbIBO/AA, TO HHCTPYKIHH «IN», «OUT», «SBIS», «SBIC», «CBI» u «SBI» Heobxoaumo
3aMEHHUTh TEMHU HHCTPYKIUSIMU, KOTOpbIe 3D PeKTUBHBI U1t JaHHOU o0macTu mamsti. OOBIYHO
310 UHCTPYKIUHU «LDS» u «STS» B coueranuu ¢ «SBRS», «<SBRC», «SBR» u «CBR».

Pesxxumbl nepegaumn

Peructp TWI moxxer paboTaTh B OJHOM U3 YEThIpEX peXUMOB padoThl. OHM HA3BIBAIOTCS:
Benyumii nepenatuuk (MT), Benymmii mpuemuuk (MR), Begomeril nepenatuuk (ST) u Bemomblit
npueMHUK (SR). HekoTopsle U3 3TUX peXKMMOB MOTYT UCIIOJIB30BaThCS B paMKaxX OJHOTO M TOTO
ke npunoxenus. Hampumep, TWI moxker ucnons3oBars pexxum MT 11 3anucu TaHHBIX B
nByxmpoBogHoe nocieaoBarensHoe JCIII3Y, a pexxum MR miis cunteiBanust AaHHbIX U3 JC-
[TI13Y. Ecin B cuctemMe UMEIOTCA APYTHE BEAYIUE, OJUH U3 KOTOPBIX NE€PENAET JAAHHBIE, TO Y
OCTAJIBHBIX UCHOJIb3yeTcs pexxuM SR. Kakoil u3 pexxuMoB JOKEH UCIIOJIB30BATHCS ONPENEIseT-
Csl IPOTPaMMHO.

Jlanee onucaH KaXAblid U3 ITUX PEKUMOB. BO3MOKHBIE 3HAUEHUS KOJOB COCTOSHUS MPEI-
CTaBJICHBI PSIIOM C PUCYHKaMH, JAETAIU3UPYIOIIMMU IIPOLECC MEPEAAYN JAaHHBIX B KaXI0M U3
pexxuMoB. Ha pucyHkax MCHosib3yroTcs clieqyromre abopeBuaTyphl:

- CTAPT: ycnosue CTAPT;

- [IOBT. CTAPT: ycnosue [IOBTOPHbIN CTAPT;

- YTEHUE: 6ur "Urenne" (Boicokuii ypoBeHb Ha SDA);

- BAITUCB: out "3amuce" (HU3KUH ypoBeHb Ha SDA);

- [IOATB.: 6ut noaTBepxxaeHUS (HU3KUN ypoBeHb Ha SDA);

- HET I[IO/ITB.: Het Outa moaTBep:k1eHUs (BBICOKHM YpoBeHb Ha SDA);
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- JAHHBIE: 8-pa3psanblii 0aliT JaHHBIX;

- CTOII: ycnosue CTOII,

- BEJJOMBIN AJIP(IIOJTYMH_AJIP): BeaoMblii(110[4NHEHHBII) aapec.

Ha pucynke 3.85 okpy>KHOCTH MCHIOJB3YIOTCS JUIsl MHAUKAIUMU ycTaHOBKH (iara TWINT.
Yucno, 3anucaHHOe BHYTPH OKPYKHOCTH, SIBJISIETCS KOJIOM coctosiHusi u3 peructpa TWSR, B
KOTOpPOM 3aMacKHUpPOBaHbI OUTHI MpeaaenuTens. B 1aHHOM COCTOSHUU OXKHMIAeTCs IEUCTBUE CO
CTOpPOHBI IIporpamMmsl s 3aBepuieHus nepegaun TWIL Ilepenaua TWI npuocranasiusaercs 10
TeX Iop, oKa mporpammHo He Oyaer copomreH daar TWINT.

[Tocne ycranoBku (iara TWINT mo 3nauenuro koja cocrosHus u3 peructpa TWSR
OTpeNIesAeTCs, KaKoe JCHCTBUE BBHIMOJHUTE MporpamMme. B Tabnumax 3.74 — 3.77 npeacraBieHa
uH(pOpMAIIKS O TOM, KaKUE MPOTPAMMHBIE JCUCTBUS JOJHKHBI OBITh MPEAMPUHSATHI TIPH Pa3Ind-
HBIX 3HAUEHHUAX KojJa cocTosHuda. Cienyer oOpaTuTh BHUMaHUE, YTO B TaOJIMLAaX OUTHI mpesjie-
JIUTENS 3aMaCKUPOBAaHbI HYJIEBBIMHU 3HAYCHUSIMU.

Pexxum Beqyiero nepeaaTumka

B pexume Benymero nepenarynka (MT) GaifTel JaHHBIX MepenalOTcs BEAOMOMY MPHEM-
HuKYy (SR) (cMotpu pucynok 3.84). Jlis BBOJIa pekrMa BEAYIIETO HEOOXOIUMO TIepeaTh yCio-
Bue CTAPT. @opmar cienyrouero aapecHoro nakera onpenesseT Kakoi peKUuM BBOJUTCS: Be-
nymuii  nepenatyuk  (MT) wnm  Bemymmit npuemunuk (MR). Ecnu nepemaercs BEJIO-
MI)II?'I_AI[P+ 3AIIMCD, To BBOauTcs pexxum MT (Bemymuii mepeaaruuk), a ecnu B AJIP +
UTEHMUE, 1o BBonuTcs pexxum MR (Benymuii npueMHuK). Bce ynomuHaeMmble B 3TOM paszelie
KOZIbl COCTOSIHUS B TIO3UIIMU OUT MPEAJICTUTENS UMEIOT HYJIEBbIE 3HAUCHHUSI.

Vce
YerpoiicTso | YerpoiicTso 2 VYerpoiicTso 3 YerpoiicTBo n
RI1| |R2
Benymmii Benombirii
repeaaTyuK IIPHEMHHK
A

SDA
SCL |

Pucynok 3.84 — Ilepenava naHHBIX B peKMME BEAYLIErO MepeaaTInKa

Ilepenaua ycnosuss CTAPT unnnuupyercsa nyrem 3anucu B TWCR crenyromero 3Haue-
HUSA:

| TWCR TWINT TWEA[TWSTA TWSTO TWWC TWEN| -  [TWIE
‘3HaquI/Ie|1‘X‘l‘0‘X‘l‘O‘X

Jlist pa3petieHust paboThl IBYXIIPOBOIHOTO MTOCIIEIOBATEIHLHOTO HHTEpdeca He0OX0TMMO
ycraHoBuTh 6uT TWEN. 3anuce nornueckoit 1 B TWSTA ununuupyer nepenady ycioBUst
CTAPT, a 3anuck noruyeckoit 1 B TWINT npuBoaut k copocy dmara TWINT. Ilocne 3amucu
naHHoro 3HadeHust TWI TectupyeT IBYXNpPOBOJHYIO MOCIEAOBATENbHYIO IIMHY U T€HEPUPYET
ycinoBue CTAPT cpasy mociie ocBoboxaenus muHbl. [locne nepenaun ycnouss CTAPT anma-
parHo ycranaBiuBaercs puar TWINT, a B peructp TWSR nomemaercs ko coctosiaust $08 (cm.
tabnuity 3.74). Jlna nmepeBoaa B peXUM BEIyIIEro mnepenardynka Heoobxoaumo nepenaar BEJIO-
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MBI _AJIP + 3AIINCh. D10 BhImONHSETCA MyTeM 3anucy 3Hauenns BEJJOMBIN AJIP + 3A-
I[TUCB B peructp TWDR. Ilocne storo neodbxoaumo copocuts ¢uiar TWINT (myrem 3anucu B
HEro JIOTH4ECKOoM 1) A mpoaoikeHusl ceaHca cBsi3u. JlaHHOE BBIIIOJIHAETCS ITyTEM 3alllCH Clie-
nytoiero 3HaueHuss B TWCR:

TWCR TWINT|TWEA TWSTATWSTO TWWC TWEN - TWIE
3HayeHue 1 X 0 0 X 1 0 X

Iocne nepenaun BEJIOMBINA AJIP + 3AIIMCH u npuema 6uta moaTBepikueHus (iar
TWINT cHoBa ycranaBinuBaercs, a B peructp TWSR nomemiaercst KoJ COCTOSHUS, KOTOPBIN
MOET UMETh HECKOJIbKO 3Ha4YCHUil. B pexume BedyIero KoJ cocTosiuust MoxeT ObITh $18, $20
uan $38. Jlas Kakaoro u3 3THX KOJOB COCTOSHHMHM HEOOXOAMMO BBHIIOJHUTH aJeKBaTHBIC [EH-
CTBUS, UTO OTpaXke€HO B Tabnuue 3.74.

[Tocne ycnemHo# nepenauu BEZ[OMLII?'I_AI[P + 3AIIMCD nomxeH ObIThH MepeaH MakeT
nanHbIX. Ero mepenadya mannmupyercs 3anuchio Oaiita qanaeix B TWDR. Jloctyn Ha 3amuch B
TWDR paspemien tonbko Toraa, korga ¢iaar TWINT pasen 1. B nmpotuBHOM ciyyae qoctym
Osokupyercs u ycranaBnuBaetrcs Quar ommbounoi 3ammmcu TWWC B peructpe TWCR. Tlocne
obnoBienuss TWDR nHeobxonumo copocuts 6ut TWINT (myrem 3amucu B HEro JIOrHueckoi 1)
JUISL TIPOJIOJIKEHUS ceaHca CBsA3U. JlaHHOE MOKHO BBIIIOJIHUTBH IIyTEM 3aIlMCH CIIEAYIOIEro 3Ha-
yenus B peructp TWCR:

TWCR TWINT|TWEA TWSTATWSTO TWWC TWEN - TWIE
3HayeHue 1 X 0 0 X 1 0 X

JlaHHas Mmocie10BaTeNbHOCTh OBTOPSETCS 10 TeX MOop, OoKa He OyJeT mepeiaH mocie-
Hult 6aift. Ilocne atoro renepupyercs ycinosue CTOII nau IIOBTOPHBINU CTAPT. Vcnosue
CTOII renepupyetcs mytem 3anucu ciaeayrouiero 3HaueHus TWCR:

TWCR TWINT TWEA [ TWSTA[TWSTO TWWC TWEN - TWIE
3HaueHNue 1 X 0 1 X 1 0 X

Venosue [IOBTOPHBIN CTAPT renepupyercst IyTeM 3alliCH CISAYIONIEro 3HAUCHHS B
TWCR:

| TWCR [ TWINT|TWEA TWSTA[TWSTO TWWC TWEN| -  TWIE
‘3HaquHe‘ 1 ‘ X ‘ 1 ‘ 0 ‘ X ‘ 1 ‘ 0 ‘X

[Mocne mepenaun ycnoust [IOBTOPHOI'O CTAPTA (cocrosinue $10) aByXmpoBOHO#
MOCJIeI0BaTENbHbIN HHTEp(dENc MOXKeT 00paIaThCs K TOMY )K€ MOJTYMHEHHOMY YCTPOWCTBY MU
e K HOBOMY, Npu 3ToM He TpeOyercsa nepenaya yciaoBus CTOIL. Takum o6pazom, [IOBTOP-
HBII CTAPT 10J1€3HO HCMOIB30BATh ISl CMEHBI TTOTIHHEHHOTO YCTPOWCTBA B pEKUMaX BEAY-
HIUH NepeaTyuK ¥ BeAyIIUi MpUeMHUK 0e3 MOTepH yIpaBIeHUs IINHOM.
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Tabnanuna 3.74 — Kozpl COCTOSIHUS B PeXKHME BEAYIIETO MepeiaTunKa

Koz co- CocrostHue IIporpammHble neiicTBUS
CTOSIHUSI | JBYNPOBOJHOM B/uz TWDR B TWCR
(TWSR), MoCJeI0Ba- - Crnenyrolnee neiicTBHE,
OUTEI TCIHLHOM IITUHBI < o | 2 5 BBITIOJTHSIEMOE CXEMOM
npene- hlh|2|3
~ =
JIATETIS
$08 Ilepenano 3arpyska BEJIO- 0 0 1 x | [Ipuaumaercs BEJIO-
ycrnosue MBI_AJIP+3AINCH MBI _AJP+3AITHCB;
CTAPT [purnmaercs [IOATB. nmm
HET IIOATB
$10 Ilepenano 3arpyska BEJIO- 0 0 1 x | Ilepemaercss BEO-
ycloBHe mo- MbIN_AJIP+3AIINCh MbIN_AJIP+3AITUCE; ITpu-
BTOPHBII Humaercs [IOJATB umun HET
CTAPT IHOJATB
niu BEJIO- 0 0 1 x | Ilepemaercs BEIO-
MBIl AJIP+YTEHUE MbIN_AJIP+UYTEHME; Ilepe-
XOJI B PEKUM BEYLIETO TPH-
eMHHKa
$18 Iepenano 3arpyska Oaiita nanaeix | 0 0 1 x | IlepenaeTcs 6aliT NaHHBIX,
BEJO- WIN NIPUHUMAETCS UM HE IPUHHU-
MLIPI_AI[P-F MaeTcsl HOATBEPKACHUE
3AIINUCDH u JeiictBue 6e3 3arpy3Ku 1 0 1 x | Hepemaerca IOBTOPHBIN
TIPHUHSATO TOA- TWDR wm CTAPT
TBEPKACHUE [elicTBue 6e3 3arpy3Ku 0 1 1 x | Iepenaercs ycmosue CTOII
TWDR wm copaceBaercs guar TWSTO
JeiictBue 6e3 3arpy3Ku 1 1 1 x | Benen 3a ycmosuem CTOII
TWDR nepenaercs yciosue CTAPT u
copaceiBaercs ¢uiar TWSTO
$20 Iepenano 3arpyska Oaiita nanaeix | 0 0 1 x | Ilepenaetcs 6alT NaHHBIX,
BEJIO- WU MIPUHUMAETCS WA HE IPUHU-
MbIN_AJIP+ MaeTcs MOATBEPKACHUE
3AIUCDH n JeiicTBue 6e3 3arpy3ku 1 0 1 x | Hepenaercs [IOBTOPHBIN
npussto HET TWDR CTAPT
NOJTBEPKIC- JleiicTBue Oe3 3arpy3Ku 0 1 1 x | Iepenaetcs ycnosue CTOIT u
HUSA TWDR win copacsiBaercs daar TWSTO
JeiicTBue 6e3 3arpy3Ku 1 1 1 X | Benen 3a yenoBuem CTOIT
TWDR nepexnaercs ycnosue CTAPT u
copaceBaercs guar TWSTO
$28 Ilepenaercs 3arpyska Oafita nanaeix | 0 0 1 X [lepenaercst OaliT TaHHEBIX,
OaiiT TaHHBIX, WITH NPUHUMAETCSI WK He TIPHHH-
NpHHUMAETCS MaeTcs MOATBEPIKICHHE
TOJTBEPIKIC- JeiictBue 6e3 3arpy3Ku 1 0 1 x | Mepemaercs IOBTOPHBIN
HHE TWDR wm CTAPT
[eiictBue Oe3 3arpy3Ku 0 1 1 x | llepenaercs ycnosue CTOII u
TWDR wnimn copacsiBaercs piaar TWSTO
[eticTBue 6e3 3arpy3ku 1 1 1 x | Benen 3a yenosuem CTOIT
TWDR nepenaercs yciosue CTAPT n
copaceiBaercs guiar TWSTO
$30 Ilepenaercs 3arpyska Oaiita qanaeix | 0 0 1 x | Ilepemaetcs OalT TaHHBIX,
0alT JaHHbIX, WU MIPUHUMAETCS WM He TIPHHU-
MPUHAMACTCSI MaeTcsl MOJATBEPIKACHHE
HET nmoxarsep- | [leiictBue 6e3 3arpy3ku 1 0 1 x | Hepenaercs [IOBTOPHBIN
KICHUS TWDR wmun CTAPT
JeiictBue 6e3 3arpy3Ku 0 1 1 x | Ilepenaetcsa ycnoBue CTOII u
TWDR wn copaceiBaercs ¢uiar TWSTO
JleticTBue 6e3 3arpy3ku 1 1 1 x | Benen 3a yenosuem CTOIT

TWDR

nepenaercst ycnosue CTAPT u
copacsiBaercs paar TWSTO
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Pucynok 3.85 — @opmaTsl 1 COCTOSIHUS B PEKUME BEYILETO NEPENATUNKA

PexnMm «Beaymero npueMHUKa»

B pexume Beaymiero nmpueMHUKa MPUHUMAETCS HECKOJBKO OaliT JAaHHBIX OT BEIOMOIO
nprueMHHKa (cM. pucyHok 3.86). [l BBoJa peskuMa BeAyIIero He0OX0MMO MepeaTh yCcaoBUe
CTAPT. ®opmar crieyromero aIpecHoro nakera onpeaenuT, OyieT JIu BBEACHHbBIN peXUM Be-
Nymmii mepenaTunk wiu npueMnnk. Ecmm nepenaercs BEJJOMBIN AJIP+3AITUCH, To BBO-
JUTCS PEKUM BeIyIMil mepefaTdnk, ecnu ke mepenaercs BEJIOMbBIN AJIP+UTEHUE, o
BBOJMTCS PEXUM BEAYLINI NpUEMHUK. Bo Bcex Kogax COCTOSIHHMSA, NPUBEACHHBIX B 3TOM IOJ-
paszierne, He YUUTHIBAIOTCS OUTHI PEACTUTENS, U OHU PaBHbBI HYJIIO.
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Pucynok 3.86 — [lepenauya qaHHBIX B peKUME BEAYILIETO IPHUEMHHUKA

[lepenaua ycnoBus CTAPT wunMuuMupyercs myTeM 3alucH CIEAYIOIIETO 3HA4YeHHs B
TWCR:

| TWCR [ TWINT|TWEA TWSTA[TWSTO TWWC TWEN| -  TWIE
‘3H&‘-IGHI/I€‘1‘X‘1‘O|X’1|O‘X

Jlns pa3penieHust paboThl ABYXIIPOBOAHOTO MOCIIEA0BAaTENILHOIO HHTEp(eiica HeoOX 0UMO
ycranoBuTh 6uT TWEN. Ilepenaua ycnosuss CTAPT mnHunumupyercst 3anuchio Jorudueckoit 1 B
TWSTA. [ns copoca daara TWINT nHeobxoammo 3amucath B Hero joruueckyro 1. TWI BoI-
nosHuT reHepanuio ycnous CTAPT Tonbko mocie TeCcTUpOBaHMS IIMHBI U ONpEAENICHUs ee
ocoboxenus. Ilocne nepenaun ycnosus CTAPT ¢aar TWINT ycranaBiuBaercst anmnapaTHO,
a B peructp TWSR momerniaercs kox cocrostaus $08 (cm. tabmuiry 3.75). Jlnst BBoga pexuma
BeymHii NpUeMHHK Heobxoaumo nepenats BEJIOMBIN AJIP+UTEHUE, BemonHseMoe my-
TeM 3anucy 3uadenns BEJJOMBIN AJIP+UTEHHE 8 TWDR. ITocie 3T0oro Heo6xomumMo copo-
cutb guiar TWINT (myTem 3anmucu B Hero Jiorudeckoi 1) Juist mpooykeHus ceanca cBsa3u. [
storo B peructp TWCR HeoO6X01uMo MOMECTUTH CleAYIoIIee 3HaUCHHUE:

' TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN, - |[TWIE
‘3HaquHe‘1‘X‘0‘0|X’1|O‘X

[ocine nepenaun BEJJOMBIN AJIP+UTEHHE u mprema 6uTa MOATBEPIKACHHS YCTAHAB-
nuBaercst cHoBa ¢uar TWINT, a B peructp TWSR nomeriaercst KoJi COCTOSHUS, KOTOPBIH MO-
KET MMeTh HecKoJbKo 3HaueHui: $38, $40 mnm $48. JleiicTBus, KOTOpPBIC BBIMOIHSIIOTCS MPH
Ka)XJIOM W3 ITHX 3HAYCHWH, MpeacTaBieHbl B Tadbmuie 3.75. [IpuHsThIC JaHHBIE XPAHSITCS B pe-
ructpe TWDR nocne annaparHoit ycranoBku ¢uiara TWINT. JlanHas mocie1oBaTenbHOCTb 10~
BTOpSIETCS 710 Iprema mociieanero 6aiita. [Tocie aToro Beaymuii npueMHUK HHPOPMUPYET TIO-
ynHeHHbIN nepefatynk ornpaskoid HET ITIO/ITB (uet moaTBepskaeHus) Mocie nprueMa mnocie-
HEro MpuHATOro Oaiita maHueix. CeaHc CBsi3M 3aBepiiaetcs renepanuen ycioust CTOIl unmum
IIOBTOPHBIN CTAPT. Ycnosue CTOII renepupyercs myrem 3amucu B peructp TWCR cire-
JTYIOIIETO 3HAYEHHUS:

| TWCR [ TWINT|TWEA TWSTA[TWSTO TWWC TWEN| -  TWIE
‘3HaquI/Ie‘1‘X‘O‘1|X‘1|O‘X
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Vcnosue TIOBTOPHBIN CTAPT remepupyercs myrem 3amucu B8 TWCR cienyromero
3HAYEHUS:

TWCR

TWINT TWEA TWSTA TWSTO TWWC TWEN -

TWIE

3HayeHue 1

X 1 0

X 1 0 X

Iocne renepanuu ycaosus [IOBTOPHBIM CTAPT (cocrosinue $10) AByXIPOBOIHOM mMO-
CJleZIoBaTeNIbHBIA MHTEp(eic MOXeT o0palaTbCsi K TOMY K€ NMOJAYMHEHHOMY WM K HOBOMY
noauuHeHHOMY 6e3 reneparmu yciosus CTOIL TIOBTOPHBIN CTAPT no3Bonser BeaymeMy
HEPEKIF0YaThCs MEKAY OJUYMHEHHBIMH, PEXKUMOM BEYILIEro MepelaTunKa U BeIYyLIEero NprueM-
HUKa 0€3 IOTepH yIpaBieHus HaJl LIMHOMN (cM. pucyHOK 3.87).

Benywui npuemHme

Yenewneli 0J4YHH P:LITEHHE noare ‘ HHbLIE ‘ ‘ el ‘
venewnelh | crapt P £UMH_ATP, aTB.| ;A MOATB. | AAHHBIE| por 1o | cTon
Nog4HHEHHOMD ‘ L
NPHEMHMES : L

. e

(22) (&) OB C)
Cnenywwas nepefava, NOBT ‘I‘IO UKUH |JI TEHH
HAYHHAHIWEACA C YCNOEHA CTAPT i 'H
NOETOPHOTD CTAPTA
D)

Mocne HET 3AMUCH
NOGYMHEHHOND 3opeca He MNOATB. cron ‘
NPMHATO NOATEERHAEHHE

(s22)

y Benywmni nepenatyng

Matepa apbuTpa®s B NOSYHHEHHOM NOATB. unu|Tponomkaer apyrodl  HET | Mpogomxast gpyrof
agpece UM BaiTe BaHHBX HET NOATB.| Eeaywiui NOATE. BEJYLLMA

TN ~

38 3

(s22) (s2)
Matepa apbuTpauu W anpecaumMa TMpofon#aeT 4pyrok
K&K NOJYHHEHHOMD ‘ HOJ],TB.‘ pge,qyu_wn »

@68 578 SBE/\ K. COOTEECTEYHILL MY COCTOAHHI B

NOAYUHEHHOM pEXKWME

OT BEAYLLEMD K NOAYHHEHHOMY

OT NOAYMHEHHOTD K BEAYLL EMY

DAHHBIE NoATE.

Nioboe yvcno BalT LaHHeE W
CEAZAHHBIE © HUMM AT
NOATEE P, EHKA

HaHHoe uvcno (xpaHuTca B TYWSH)
COOTEETCTEYET COCTOAHMHD
LEYXNPOEOLHOA NOCNES0EATENEHOA
LUMHEL BMTEI Npes0enuTens pagHe
HY KD,

Pucynok 3.87 — @opmaTsl ¥ COCTOSIHUS B PEXKMME BEAYILErO IPUEMHHKA
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Tabauma 3.75— Koxsl cocTOSIHUSA [J1s1 peXKMMa BEAYIIETO IPUEMHHUKA

Koz co- IIporpamMmuble NeHCTBUS
CTOSIHUS CocrosiHue B TWCR
(TWSR), JIBYTIPOBOTHOM - Crenyroiiee neiicTBue,
OUTEBI MOCICI0BATEIIFHON B/uz TWDR < o | Z 5 BBITTOJTHSIEMOC CXEMOM
npezze- IIUHBI Hlhls |2
~ =
JIUTEIS
$08 Ilepenano ycnosue 3arpyska BEJIO- 0 0 1 x | Iepemaercss BEO-
CTAPT MBI AJIP+UTE MBbIil_AJIP+UTEHUE Ilpu-
HUE aumaetcs ITOATB wiu HET
[NOATB
$10 Ilepenano ycnosue 3arpyska BEJIO- 0 0 1 x | Ilepemaercss BEO-
IIOBTOPHBI MBI AJIP+UYTE MbIN_AJIP+UYTEHMUE IIpu-
CTAPT HUE numaetcs [IOATB umn HET
[oATB
W BEJIO- 0 0 1 x | Ilepemaercs BEIO-
MBI AJIP+3AIl MbIN_AJIP+3AITUCH Iepe-
NCb KJIIOUEHME B pexuM Benymuii
nepenaTyuk
$38 IToteps nmpuoputera | JleiicTBus Oe3 3a- 0 0 1 x | Illuna ocBOOOXIaeTCS U yCcTa-
BO Bpems repenaun | rpysku TWDR HABJIMBACTCS HEAJPECOBAHHBII
BEJIO- BEIOMBIN PEKUM
MbIﬁ_AI[P+‘—ITEH JevicTBus Oe3 3a- 1 0 1 X VYenosue CTAPT nepenaercs
UE wim veT 6uta rpy3ku TWDR HOCJIE OCBOOOKIEHUS HINHBI
HET [IOATB
$40 Ilepenano BEJIO- JevicTBus Oe3 3a- 0 0 1 0 [IpuanMaeTcs OaHT TaHHEBIX,
MBI AJIP+YTEH | rpysku TWDR Bo3Bpamiaercs out HET
WE wnu npusaro I[IOATB
ITOJITB JleticTBus 6e3 3a- 0 0 1 1 [IpuHuMaeTcs OANT TaHHBIX,
rpy3ku TWDR Bo3Bpamtaercss HET IIOATB
$48 [Tepenano BEJ1O- JlelicTBus 6e3 3a- 1 0 1 x | Iepenaercst TIOBTOPHBIN
MBbIM_AJIP+UTEH | rpysku TWDR CTAPT
WE nnu npuHATO JeiictBus Ge3 3a- 0 1 1 x | Ilepenaetca ycinosue CTOII u
HET I[IOATB rpy3ku TWDR copaceiBaercs ¢ar TWSTO
JeticTBus 6e3 3a- 1 1 1 x | Benen 3a ycnosuem CTOIT
rpy3ku TWDR nepexnaercs ycnosue CTAPT u
copaceBaercs guar TWSTO
$50 [punssr OaiiT nanax | YUrtenue Oaiita 0 0 1 0 [IpuaNMaeTcs OaHT TaHHEBIX,
Y BO3BpAILIEHO MOJ- JAHHBIX Bo3Bpamaercs out HET
TBEpKJIECHUE IIOATB
Yrenune Oaiita 0 0 1 1 [IpuaNMaeTcs OaHT TaHHEBIX,
JAHHBIX Bo3Bpamaercs out [IOJATB
$58 [pussr OaiiT nanax | YUrtenue Oalita 1 0 1 X [epenaercs TITIOBTOPHLIN
u Bo3BpamieHo HET | maHHbIX CTAPT
TOIATBEPKICHHSA Urenne Oaiita 0 1 1 x | Ilepenaerca ycnosue CTOII u
JTAaHHBIX copaceiBaercs ¢uiar TWSTO
Urenne Oaiita 1 1 1 X | Benen 3a yenoBuem CTOIT
JTaHHBIX nepenaercs yciosue CTAPT n
copaceiBaercs guiar TWSTO

Pesxkum Be1oOMOro npueMHUKA

B pexxume BeqoMOro mpueMHHKAa MPUHUMAETCS HECKOJIbKO OalT JaHHBIX OT BEIYIIETO
nepenarynka (cMotpu pucyHku 3.88, 3.89). Bo Bcex komax craryca, MpUBEICHHBIX B 3TOM TIO]I-
pasjene, He YUUTBIBAIOTCS OUTHI IPEJICUTENS U OHU PAaBHBI HYIIO.

185



VYerpoiictso 1 YerpoiicTBo 2 YerpoiicTso 3 YerpoiicTBo n
Rl |R2
Beombiii Benyumii
IIPUEMHHUK nepe1aTyuk
A T
SDA i
SCL 3

Pucynok 3.88 — Ilepeiaua JaHHBIX B peXUME BEIOMOTO IPUEMHUKA

Jlyis BBOJIa peKMMa BEIOMOTO MPUEMHHKA HEOOXOIMMO BBITIOTHUTh HHUIIUATU3AIINIO pe-
ructpoB TWAR u TWCR cnegyromum o6pa3om:

TWAR | TWA6 TWA5 TWA4 TWA3|TWA2 TWAL TWAO TWGCE
3nauenue | (CoOCTBEHHBIN MOAYMHEHHBIN aipec YCTPOHCTBA

Crapmme ceMp pa3psnoB o0paszytoT aapec. C MOMOIIBIO HETO ONpPEAEsIeTCsS K KaKoMy
JBYXIIPOBOJHOMY UHTepdeiicy aapecyercs Beaymmii. Eciau B MitaaiiemM paspsijie 3amucana Jio-
ruueckas 1, o TWI Oyzaer orBeuars Ha agpec obiero Beizoa ($00). B mpoTHBHOM ciydae oH
UTHOPHPYET aJpec OOIIEeTo BHI30BA.

TWCR TWINT TWEA[TWSTA[TWSTO TWWC TWEN - TWIE
3HaueHue 0 1 0 0 0 1 0 X

s paspemenust pabotel TWI HeoO6xonumo 3anucats Jorudeckyto 1 B TWEN. Jlis pas-
pelIeHns MOATBEPKACHNUS COOCTBEHHO BEJJOMOTI'0O aJjpeca WM ajpeca 0OIIero BbI30Ba 3alKChIBa-
erca 1 B TWEA. butam TWSTA u TWSTO Heo6x0JMMO NPUCBOUTH HYJIEBOE 3HAUCHHE.

[Tocne nanmmanmzanun TWAR u TWCR cxema TWI oxxunaer nmosydeHus COOCTBEHHOTO
azpeca (WK, €CIIU pa3pelleHo, aapeca OOLIEro BbI30Ba), a BCIE 32 HUM - OMTa HalpaBJiIeHUs
naHHbIX. Ecim Out Hanpasienus: paBeH «0» (3ammck), To TWI mepexonuT B peXuM «BETOMBIHA
IPUEMHHK», B TIPOTUBHOM ClIy4ae BBOJUTCS PEXUM «BeIOMBIN nepenatdyuk». Ilocne mpuema
coOcTBeHHOro ajpeca u Outa 3anucu ycraHasiausaercs guiar TWINT, a B peructp TWSR no-
Mmeraercs koj cratyca. [lo koxy craTyca omnpenensercss Kakue MporpaMMHbIE AeHCTBUS HEOO-
XOJIUMO TpeanpuHsTh. B Tabnuue 3.76 cobpana uadopmaius o npeIrpuHUMaeMbIX JeHCTBHIX
JUISL KQXKJI0TO BO3MOKHOT'O 3HaYEHMSI KO/Ia COCTOSIHUSA. PeX1M MOJUMHEHHOr0 MPUEMHHUKA TAK)Ke
BBOJIUTCS, €CJIM TEPSETCS mMpUopuTeT, koraa TWI Haxomumcs B pexume BeAyliero (CMOTpuTe
cocrosiaust $68 u $78).

Ecnmu 6utr TWEA copocuts Bo Bpems nepenaun, To TWI orBetutr «HET ITOATB.» («1»)
Ha muHM SDA mnocre npuema cieayroiero 6aiita g1anHbIX. /laHHOEe CBOICTBO MOXKET UCIOIB30-
BaThCs JJISl CUTHAJIM3ALUU COCTOSIHUS, KOTJa BEJAOMBIM HEe MOXKET OoJibllle MPUHUMATh OalThI
nanubix. Eciu TWEA paBen nymto, To TWI He noareep:xaaer cBoit agpec. OgHako nocneaona-
TEJIbHAS LIMHA OCTAETCS MOJ KOHTPOJIEM M (YHKILHUs paclo3HaBaHUs aJipeca MOXKET ObITh aKTH-
BU3MPOBaHa B JII00OOW MOMEHT myTeM yctaHoBku 6uta TWEA. Dto o3naudaer, yto 6utr TWEA
MOYHO MCIOJIb30BaTh sl BpeMeHHOW m3oisiuu TWI oT IByXmpoBOJIHOW MOCIEA0BATEIbHON
LIVHBIL.
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Ta6nuna 3.76 — Koasl cOCTOSHUS A1 peKUMA «ITOTYMHEHHBINA PUEMHHUKY

Kon IIporpammuble NeHCTBUS
cOCTOS- B TWCR
HUS CocrosiHHE ABYIPOBOTHON Crnenyromee neiicTBue,
(TWSR) | moOCienoBaTenbHON ITHHBI B/us TWDR |<E E g i 5 BBITIOJTHAEMOE CXEMOi
nw | v |2 E
1 2 3 4 5 6 7 8
$60 IIpuanMaeTcs coOCTBEH- HeiicTBus 6e3 | X 0 1 0 | IlpuanMaeTcs GaliT JaHHBIX U
ueiii BEJ1O- 3arpy3Ku Bo3Bpamaercss HET noarsep-
MbII_AJIP+3AITUCh, TWDR HKICHUS
BO3BpallaeTcs MoATBep- HeiictBus 6e3 | X 0 1 1 | llpuruMaeTcs OalT TaHHBIX U
KICHHE 3arpy3Kku BO3BpAILAETCsI OJATBEPIKACHHE
TWDR
$68 IToTteps mpuopurera Bo HeiictBus 6e3 | x 0 1 0 | IIpuHuMaeTcs OaliT JaHHBIX U
Bpems nepeaaun BEJIO- 3arpy3Ku Bo3ppauaerca HET noarsep-
MBIA_AJIP+YTEHUE, TWDR KIEHUSA
npunsit cobcrennslit BE- | Jleiictaus 6e3 | x 0 1 1 | IIpuanmaetcst GalT TaHHBIX U
JOMbBIN_AJIP+3AIINCD, | 3arpysku BO3BpallaeTcs MOATBEPKACHUE
BO3BpamIeHo moareepxkae- | TWDR
HHE
$70 [punssr anpec obmero HeiicTBus 6e3 | X 0 1 0 | IIpuanMaeTcs OaliT JaHHBIX U
BBI30Ba, BO3BPAIIICHO MO~ | 3arPYy3KH Bo3Bpamaercs HET moarsep-
TBEPKJEHUE TWDR KICHUS
HetictBus 6e3 | x 0 1 1 | [Ipunumaercst GalT TaHHBIX U
3arpys3Ku BO3BpAILAETCSI OJTBEPIKACHHE
TWDR
$78 [ToTepst mpuopurera BO HeiicTBus 6e3 | X 0 1 0 | IIpunumMaeTcs 6aiiT TaHHBIX U
Bpems nepeaaun BEJIO- 3arpy3Ku Bo3ppauiaerca HET noarsep-
MbI_AJIP+YTEHUE/3A | TWDR KIEHUS
[T1CDb, npusATH! naHHble, | JleficTBust Oe3 | X 0 1 1 | IlpuanMaeTcsa 6alT JaHHBIX U
BO3BPAILEHO NOATBEPHKIE- | 3arpy3KH BO3BpAILAETCsI OJTBEPIKACHHE
HUE TWDR
$30 Anpecanus COOCTBEHHBIM Yreune Galita | X 0 1 0 | IIpuHnMaeTcst OGaliT JaHHBIX U
BEJ1O- JAHHBIX Bo3Bpautaerca HET noarsep-
MBIA_AJIP+3AIIMCh, KIEHUS
NPUHATHI JaHHBIE, BO3Bpa- | UteHue Oakita | X 0 1 1 | IIpuaumaercst GalT TaHHBIX U
IICHO MOJTBEPKICHUC JAHHBIX BO3BPAIACTCS TTOATBEPIKICHHE
$388 Anpecanus coocTBeHHBIM | UTeHne Oaiita 0 0 1 0 | IlepexiroucHue B HEAOPECO-
BEJIO- JAHHBIX BaHHBIN BeIOMBIN PEKUM, HE
MBI AJIP+3AIINCb, pacmo3HaeTcss COOCTBEHHBIN
MIPUHSATHI JaHHBIE, BO3- aJipec WK ajapec o0IIero BeI30-
BpaieHo HET noarsep- Ba
KICHUS Urenue Oatita | 0 0 1 1 | IepeximoycHHE B HEAAPECO-
JTaHHBIX BAaHHBIN BEIOMBIH PEKUM, pac-
MO3HaeTcsi COOCTBEHHBIN aipec
WM agpec 00Iero BhI30Ba, ec-
mu ycranosneHn TWGCE
Urenue Oaiita | 1 0 1 0 | IlepexiroucHHE B HEAOPECO-
JTAHHBIX BaHHBIN BEIOMBII PEKUM, HE
pacro3HaeTcsi CoOCTBEHHBIH
a/Ipec WM aJipec oOIIero BbI30-
Ba, MEpPEIacTCs YCIOBUE
CTAPT mocne ocBOOOXKICHHS
IITMHBI
Urenwne Oaiita | 1 0 1 1 | [epexmoueHue B HeaIpeco-
JTaHHBIX BaHHBIN BEIOMBIH PEKUM, pac-
MTO3HAETCS COOCTBEHHBIH agpec
WM agpec o0Iero BeI30Ba, ec-
mu ycranosneH TWGCE, nepe-
naetcs ycinosue CTAPT nocrne
0CcBOOOX/ICHHUS! IITMHBI
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IIpooondicenue mabauyot 3.76

1 2 3 8
$90 Anpecanyst 00LIMM BBI30- Yrenue Oaiita [Tpunumaetcst GaliT TaHHBIX U
BOM, IIPUHSATHI IaHHBIEC, BO3- | JaHHBIX Bo3Bpamaercs HET noarsep-
BpallleHO OATBEPKICHHE JKACHUS
Yrenne Oaiita [MpuHuMaeTcs 0alT TaHHBIX U
JIAHHBIX BO3BpAlaeTCs MOATBEPKICHUE
$98 Anpecanys o0IIKM BBI30- Yreune Oaiita [TepexntoueHue B HeaapeCo-
BOM, TIPUHSATHI JAHHBIC, BO3- | TaHHBIX BaHHBIN BEJOMBIN PEXHUM, HE
Bpameno HET noxarsep- pactmo3HaeTcsi COOCTBEHHBIN
KICHUSA a/Ipec WM aJipec 0OIIero BbI30-
Ba
Urenue Oaiita [lepexntoueHue B Heaapeco-
JAaHHBIX BaHHBIN BEIOMBIN PEKUM, pac-
MO3HAETCs] COOCTBEHHBIN aipec
WK ajipec 00ILero BbI30Ba, €c-
nu ycranosnen TWGCE
Urenue Oaiita [TepexntoueHue B Heagpeco-
JTaHHBIX BaHHBINA BEIOMBIN PEKUM, HE
pacrno3HaeTcs COOCTBEHHBIH
aJIpec WK aJipec oOIIero BbI30-
Ba, MepelaeTcs yCIOBUe
CTAPT mnocie ocBoOOXIeHUSA
INHBI
Urenue Oaiita [lepexntoueHue B HEaapeco-
JaHHBIX BaHHBIN BEIOMBIN PEKUM, pac-
MO3HAETCs] COOCTBEHHBIN ajpec
WK afpec 00IIeTro BBI30BA, €C-
qu ycranosiieH TWGCE, nepe-
naetcs ycinoue CTAPT mocrne
0CBOOOXKIEHUS IHUHBI
$A0 ITpunsto yciaosue CTOIT Her nelictBuii IlepexntoueHue B HEaApeCo-
wiu [IOBTOPHBIN CTAPT BaHHBINA BEIOMBIN PEKUM, HE

BO BpeMsl aJipecaluy Kak
BEJIOMOTO

Hert geiictBuit

Hert geiictBuit

Her nevictBuii

pacrno3Haetcs COOCTBEHHBII
ajJipec WK aapec o0IIero BeI30-
Ba

[TepexitoueHne B HeaIpeco-
BaHHBIN BEIOMBINA PEXUM, pac-
MO3HAaeTCsl COOCTBEHHBIN aJipec
WIN afpec 00IIero BBI30BA, €C-
mm ycranosnen TWGCE
[TepexitoueHne B HeaIpeco-
BaHHBIN BEIOMBIN PEKUM, HE
pacrno3HaeTcs COOCTBEHHBIH
aapec Win ajapec o0IIero BeI30-
Ba, IEpPEIaeTCsl yCIOBUE
CTAPT mnocie ocBOOOXKICHUS
HIAHBI

[TepexntoueHune B Heagpeco-
BaHHBII BEIOMBIN PEXKHUM, pac-
MO3HaeTCsi COOCTBEHHBIN aJipec
WM ajipec 00IIero BbI30Ba, €c-
mu ycranosneH TWGCE, nepe-
naetcs yeinosue CTAPT nocrne
0cBOOOX/ICHHUS! ITMHBI

[TepBbiM marom pabots! peructpa TWI sBnsercs nepenaua ycinosuss CTAPT. Oto nuannu-
upyercs myTtem 3anucu cnernuduueckoro 3HaueHuss B TWCR. O 3HadueHnn, KOTOpoe HEOOXO01H-
MO 3amucarh, OyJeT cka3zaHo mo3xke. OJHAKO HEOOXOAMMO CIIeIUTh, YTOOBI B 3aITMCHIBAEMOM B
peructp 3HaueHnu ObuT ycTaHoBieH OuT TWINT. 3anuce norudeckoit 1 B TWINT cOpaceiBaer
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31oT (prmar. TWI He HauneT paboty 70 Tex mop, nmoka oyxaer ycranosineH ¢uar TWINT B peru-
ctpe TWCR. Cpazy nociie copoca TWINT naunnaercst nepenaya ycnosus CTAPT.

[Tocne nepenaun ycinoBust CTAPT ycrananuBaercs pimar TWINT B peructpe TWCR, a
coaepxkumoe TWSR 00HOBIIsSIETCSI 3HAUEHHEM KOJIa COCTOSTHUS, HHAUIIUPYIONMIET0 00 yCIEIIHON

nepenaue ycioBust CTAPT.

MpMHAT CTAPT MOAYMH_AAP, 3AMUCH| NOATH.

coBCTEEHHEIR 1

NOOHHHEHHEIR 3apec W

OAHH MMM HECKONEKD

BaAT RaHHER. BCe OHW -/SB‘E';

NOATEE PN AEHEL.

He noaTeep#neH

NoCNeaHHA NPMHATEIR

BaiT

MNoTepa apBuTpaumMu kak

BEOYIWETD M ALRECALMA NoAaTs.

Kak NogMMHEHHOM J
—
{ 568
N

Mpuem aapeca ofWero A

BEIZ0BE M OGHOM MKW OBLLMHA BbI3OB NoAaTB.

HECKOMB KWK BART AHHBIX

MacneAHMA NPUHATLIR
AT LaHHLI He
NOATER MK AEH

MoTepa apfMTHaUMK KaK BeIyUlern W
aapecaumMa agpecom ofLWerD BEIZ0Ea

noaTe.

I

-,

L $78

N

p—

. nonrs. [CTON “'“1
IAHHBIE ‘ nonaTe ‘}],AHHI:.IE ] CTAPT
,/i_.__“‘\l (s (Ceand
OEICONCD
HET
NOATB.
)
CTOI un
NAHHBIE ‘ NoATB. ‘J],AHHI:-IE noaTe | CTAPT'T
f’i\ (oo )
OREIONCD

OT BEAYLLETD K NOJYMHEHHOMY

OT NOA4MHEHHOM K BEAYLLEMY

[ e

n
N A

Nioboe ydcno BT LaHHBX MW
CEAZAHHBIE C HUMKY BHTE
NOLTES P EHHA

HaHHoe wMcno (xpaHuTca B TWER)

COOTEBETCTEYET COCTOAHKHD

ABYXNPOBOAHOA NOCAEA0EATEALHOM
LUKHEL. BWTEI NpEALEnMTENA paEHEL

HY NHD.

Pucynok 3.89 — ®opmatsl ¥ COCTOSIHUS B PEKUME BEAOMOIO IPUEMHHKA

Pe:xxum BegoMoro nepeaaTymka
B pexunme Bemomoro mepefaTyuka BBITIONHSETCS Tepeaadya HEeCKONbKUX OalT JaHHBIX
BenyniemMy npueMHUKY (cM. pucynku 3.90, 3.91). Bo Bcex komax craTtyca, MIPUBEACHHBIX B 3TOM
paszerne, He YYUTHIBAIOTCS OUTHI PEICTUTENSI U OHU PaBHBI HYIIO.

JlJis BBOJIa peKUMa BEJAOMOTO TiepeaTankKa HEOOXOJUMO MHHUIIMATU3UPOBATE PETUCTPHI
TWAR u TWCR crnenyronmum ob6pazom:

TWAR | TWAG TWAS5 TWA4 TWA3 TWA2 TWAL TWAO TWGCE

‘3H8.‘-I€HI/IC ‘CO6CTB€HHBII>1 IIOJYMHEHHBIN aIpec yCTPONCTBA
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YerpoiicTso | YerpoiicTo 2 VYerpoiicto 3 YerpoiicTBo n
RI1| |R2
Benombrii Benyumii
repeaTynuK [IPUEMHUK
A
SDA
SCL |

Pucynok 3.90 - Ilepenaya qaHHBIX B peKUME BEIOMOTO MepeIaTInKa

Crapmme cemb pa3psioB 00pa3yroT aapec. C MOMOIIBIO HETO ONpENeNsieTcs K KaKoMy
JBYXIIPOBOJHOMY HHTep(eiicy anpecyercst Beaymuid. Eciim B Miammem paspsiae 3amucana Jio-
rudeckas 1, o TWI Oyner orBedats Ha aapec obriero BoizoBa ($00). B mpoTuBHOM citydae oH
UTHOPHUPYET aJpec 0OIIEeTO BHI30BA.

| TWCR TWINT|TWEA TWSTA[TWSTO TWWC TWEN| -  TWIE
Buawenwe, 0 | 1 | 0 | o | 0o | 1 | 0 | x

s paspemenust pabotsl TWI Heob6xonumo 3anucats gorudeckyto 1 B TWEN. Jlns pas-
pelIeHns MOJATBEP)KJIEHUSI COOCTBEHHOI'O ajpeca WM ajapeca OOIIero BbI30Ba 3aNHCHIBACTCS
equanna B TWEA. butam TWSTA u TWSTO Heo6x0auMo MprUCBOUTH HYJIEBOE 3HAUCHHE.

[Tocne nanmmanuzanuu TWAR u TWCR cxema TWI oxkungaer nosyueHus coOCTBEHHOTO
azpeca (WM, €CIM pa3pelleH, ajpeca OOLIEro BbI30Ba), a BCJE] 3a HUM — OMTa HalpaBlIeHUS
naHHbIX. Ecnu 6ut Hampasnenus paseH "1" (urenue), To TWI nepexoaut B pexum "Be1oMbIN
nepeaaTyuk'", HHaue BBOAUTCS pexkuM "BenoMblil mpueMHuk". Ilocie npuema coOCTBEHHOTO af-
peca u Outa 3anucu ycranaBiuBaetrcs ¢uar TWINT, a B peructp TWSR nomemiaercst kon cra-
tyca. KoJl cTaryca mo3Bosiser onpenenuTh, Kakue IporpaMMHbIe IeMCTBUS HEOOXO0AUMO BBIOJI-
HUTh. [1loIpOOHOCTH MO UCTIOJIB30BAHUIO KOJIOB CTaTyca mpejacTaBieHsl B Tadmuie 3.77. Pexum
"BeZIOMBIN MepeaTyuk” TakkKe BBOJUTCS, €CIIU TepseTcs npuopureT, korna TWI Haxoauncs B
pexume Benymiero (cMm. coctosiaue $B0). Eciu 6ut TWEA 00HyMTh BO BpeMsi mepenayu, TO
TWI nepenact nocnenuuii 6ait. Beomutcst coctosinue $CO nmm cocrosinre $C8 B 3aBUCUMOCTH
ot Toro npunsn [IOATB. nwan HET ITOATB. Begymuii npuemMHuk 3a nocieaHum Oaiitom. TWI
NIEPEXOJIUT B HEAJAPECOBAHHBIN MMOAUYNHEHHBIA PEXUM U JaJIE€ UTHOPUPYET BEAYLIETO, €CIH TOT
pojobKaeT nepeaayy. Takum oOpa3om, BelylIuii MpueMHUK puHUMaeT Bece "1" kak mocieno-
BarenbHble gaHHble. CocrosHue $C8 BBOAMTCA, €ciaM BeAyIIUi TpeOyeT mepeaadyd IONOTHH-
TeNbHBIX O0alT naHHbIX (myTem nepeaaun [IOATB.), naxe ecnu moAUYMHEHHBIN Nepeaa nocaea-
Huit 6aiit (TWEA paBen nymo u oxunaerca npuem HET ITOITB. ot Benymiero).

[Toka TWEA pasen nymto, TWI He oTBeuaeT Ha cOOCTBEHHBIN anpec. OaHAKO TOCIIEn0-
BaTeNbHAasl [IIMHA OCTAETCS MOJ KOHTPOJIeM M (YHKIMS paclo3HaBaHUS ajpeca MOXKET ObITh aK-
TUBU3UpPOBaHA B 000N MOMEHT nyTeM ycraHoBkU 6uta TWEA. D10 03Havaer, yro 6ut TWEA
MO>KHO HUCIIOJIB30BaTh M1 BpeMeHHON u3oisauuu TWI oT nByXIpOBOJHON IOCIIEN0BATEIBHON
LIMHBIL.

Bo Bcex pexumax cHa, KpOME XO0JIOCTOro xozaa, cuHxponusauus TWI orkirouaercs. Ec-
u 6ut TWEA ycraHoBiieH, To nHTep(eic 0OCTaHeTCsl CIIOCOOHBIM MOATBEPKAATH TPHUEM CBOETO
COOCTBEHHOTO aJipeca WM aJipeca OOIIEro BHI30Ba 3a CUET MCIIOJIb30BAaHMSI CUTHAIA CHHXPOHHU-
3alluM MIMHBI B KAY€CTBE TAKTOBOI'O MCTOYHMKA. [Ipn oOHapykeHUH 3ampoca MUKPOKOHTPOJLIED

190



BBIXOJUT U3 PEXHUMa CHa, Mpu 3ToM JuHUs SCL ocraeTcs Ha HU3KOM JIOTUYECKOM YPOBHE B
nporiecce mpooyxkaeHus u 1o copoca dpaara TWINT (3ammceio B Hero "1"). Jlanee BoinmonaHsETCS
IpUeM JaHHBIX OOBIYHBIM CHOCOOOM MpH OOBIYHON CHUCTEMHOW cHHXpoHHW3auuu. Heobxommmo
y4YeCTb, YTO €CIH Ul MUKPOKOHTpOJIepa BbIOpaHO Ooiiblioe Bpems 3amycka, To juHus SCL
MOYKET OKa3aThCsl JUIMTEIIbHO B HU3KOM COCTOSIHMM M 3a0JIOKMPOBATh JPyroil oomMeH mHpopma-

[UAEH.

[Tocne mpoOyxaenust peructp aanHeix TWDR He oTpakaer mocineaHuid 6ait, mpucyT-
CTBOBABILIMH Ha IIIMHE BO BPEMs BBIXOJA U3 YKAa3aHHBIX BBILIC PEXKMMOB CHA.

Tabnauma 3.77 — Koabl cOCTOSHUS 711 PEKUMA «ITOAYUMHEHHBIN MTepEIaTINK»

Kox co- IIporpaMmMHble 1eHCTBUS
CTOSTHHSA CocrosiHne B TWCR
(TWSR), JIBYTIPOBOIHO - Crenyroree ieiicTaue,
OUTBI HOCJIE€0BaTENbHON B/uz TWDR <l O| Z 5 BBINIOJIHAEMOE CXEMOM
npee- LIUHBI (IT) (IT) ==
| F
JIUTEIS
1 2 3 4 | 5|16 |7 8
$A8 ITpunumaetcs co0- 3arpyska Oaiita x | 0 | 1 | O | Ilepenaercs mocieanuii 0alT nan-
ctBenHblil BEJIO- JTAHHBIX HBIX U JIOJKHO OBITh TIEPEIaHO
MbIﬁ_AI[P+ HET noareepxnenus
YTEHHME, Bo3spama- | 3arpyska Oaiita x| 0|1 1 | Ilepenaercs mocneaHuii OANUT naH-
eTCsI MOATBEPKIACHNE | JaHHBIX HBIX U JOJDKHO OBITH MIEpeIaHo
TTOJITBEPIKICHUE
$BO [oteps mpuoputera 3arpyska Oatita x | 0| 1 | O | Iepemacrcs mocennunii OalT nan-
BO BpeMsI Iiepenaqu JTAaHHBIX HBIX U JOJDKHO OBITH MIEpeaaHo
BEJIOMBIi1_AJIP+ HET noarepxxaeHust
YTEHUE/3AIINCD, 3arpyska Oatita x| 0 1 1 | Iepenaercs mocieaaunii OalT naH-
NPUHST COOCTBEHHBIN | JIaHHBIX HBIX | JOJDKHO OBITH MIEpeaaHo
BEJJOMbBIM_AJ1P+ MOATBEPKICHUE
UTEHMUE, Bo3Bpaiie-
HO TO/ITBEPIKICHUE
$B8 Iepenan O6alT maH- 3arpyska Oaiita x | 0 | 1 | O | Iepenaercs mocieanuii OAlT naH-
HBIX, IPHHSTO MO JIAHHBIX HBIX ¥ JIOJKHO OBITh MEPEIaHo
TBEPXKICHNUE HET noareepxaenus
3arpyska Oaiita x | 0 | 1| 1 | Iepenaercs mocieanuii OalT naH-
JIAHHBIX HBIX ¥ JIOJKHO OBITh MEPEaHo
TOJITBEPIKICHUEC
$CO [lepenan Gaiit naH- JHevicTBus 0e3 0|0 1 0 | INepexiroueHre B HEaqPECOBAHHBIN
HBIX, ipuHATO HET 3arpy3ku TWDR BEJIOMBII PEXHM, HE PacIIO3HACTCS
TOTBEPIKICHHS COOCTBEHHBIN aJIpec WIIH azipec
o01Iero BrI30Ba
[eticTBus 6e3 00| 1] 1 |IlepexmoueHue B HeapeCcOBAHHBIH
zarpy3ku TWDR BEJJOMBIH PEXHM, pPacIO3HAeTCA
COOCTBEHHBIN ajjpec WK aapec
0011Iero BbI30Ba, €CJIM YCTAHOBJICH
TWGCE
JeiictBus 6e3 1] 0| 1| 0 | IlepeknroueHne B HeapECOBAHHBIN
sarpy3kn TWDR BEJIOMBII PEIKUM, HE PACIIO3HAETCSA
COOCTBEHHBIN ajjpec WK aapec
0011Iero BBI30Ba, IIEPeaeTCs yCio-
Bue CTAPT nocne ocBoOOX1eHNs
[IHHEBI
[eticTBus 6e3 1] 0| 1| 1 |IlepexnroueHne B HeapECOBAaHHBIN
zarpy3ku TWDR BEJJOMBIH PEXHM, PacIO3HAETCA

COOCTBEHHBIH ajipec WM ajapec
0011Iero BBI30Ba, €CJIM YCTAHOBJICH
TWGCE, nepenaercst ycnosue
CTAPT mociie 0cBOOOKIEHNS IIIH-
HBI
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IIpooonoicenue mabauyor 3.77

1 2 3 4 |5 8
$C8 Ilepenan nocnenuuit | [leifctBus Ge3 00 IIepexnroueHue B HeaApECOBAHHbIN
0alT naHHBIX, MpuHs- | 3arpy3ku TWDR BEJIOMBIH PEXUM, HE PAcIIO3HAETCS
TO HOATBEPIKICHUE COOCTBEHHBIH ajipec WU ajapec
0011ero BbI30Ba
JeticTBus 6e3 00 [epexmoueHne B HealpeCcOBAHHBIN
3arpy3ku TWDR BEJIOMBIH PEXUM, paclo3HaeTcs
COOCTBEHHBIN aJipec WA azipec
00IIEeTO BBI30BA, €CIIH YCTAHOBICH
TWGCE
[eiictBus 6e3 110 [epexiodueHne B HeaIpeCOBaHHBII
3arpy3ku TWDR BEJOMBIN PEXHM, HE PACIIO3HACTCS
COOCTBEHHBIN aJipec WA azipec
00IIEeTO BBI30BA, IEPEAACTCS YCIIO-
Bue CTAPT nocne ocBoOoXaACHUSA
IIIKWHBI
JeiicTBus Ge3 110 [lepexmodyeHue B HealpecOBaHHBIH
3arpy3ku TWDR BEJIOMBII PEXUM, PACIIO3HAETCS
coOCTBEHHBIN ajjpec WK aapec
0011Iero BBI30Ba, €CJIM YCTAHOBJICH
TWGCE, nepenaetcst ycioBue
CTAPT mnociie 0ocBOOOKIEHNS 1IN~
HBI
A ‘ CTAPT ‘I'IOMLIHH_AAP? YTEHME | noaTE. JIAHHBIE ‘ NoATE. ‘ﬂAHHbIE . (';EIB_ C?EP“T"'T

NOAYMHEHHEIR agpet W
0AMH WIK HECKOMBKD

|

@5 sco)

GaRT faHHLL. ™~

(sn8
MoTepA apBUTRALMA K3k
EEMYLLETD W ANPECALMA nonTe.
KaK MOLYMHEHHOD

(sB0

N
Mepeaad NOcNegHui BaiT ! Ofmn
NaHHEX. MepeknudeHe Ha MNOATE. |Bee nor. 1 CTAPT
fiEzanpecHBA NOAHHHEHHBIR
pesmm (TWEA = "0

508)
-
— NroBoe yvcno BalT BaHHBIX W
INAHHBIE MOATB. | cEA3AHHBIE C HUMK BWTE
L NOATERLHAEHMA
OT BEAYLLEMD K NOLUMHEHHOM Y HaHHoe yucno (xpaHuTca B TYYSR)
P COOTEETCTEYET COCTOAHWI
k\_” \\ LEYXNPOBOAHOA NOCNEROEATENEHOA
A LUMHEL. BHTE NpenaenuTend pagHEl

OT N YMHEHHOTD K BE YL emMy

HYNHD.

PI/IcyHOK 391 - CDOpMaTBI " COCTOSAHUSA B PECKUME ITOJYUMHCHHOTO ICPEAATIYNKA

IIpouyue cocrosiHus

HIMeroTcst HECKOJIbKO KOJIOB COCTOSIHHM, KOTOpPBIE OTIMYAIOTCS OT YHOMSHYTBIX BBIIIC
(cMm. Tabaumy 3.77). Cocrosiuue $F8 mHIUIMPYET, 4TO HET MOCTYMHON WHGpOpMAIMH, T. K. HE
ycranoBieH ¢iar TWINT. DT1o MoxkeT npon30iTH MEXy APYTUMHU COCTOSHUAMHU U Korga TWI
HE Y4acTBYET B IOCJICIOBATENILHON NIepeaye JaHHbIX.

Coctosiare $00 MHIUIUPYET, YTO BO BPEMs ITOCIICIOBATCILHOW Mepeaayd JTaHHBIX Ha
IIMHE BO3HUKJA omuoOka. Omubka Bo3Hukaer, eciau yciaoBus CTAPT unu CTOII Bo3HHKaOT B
HEBEpHOW No3uLuu (popMaTa MOChUIKU. [IpuMephl TaKuX HETOUHBIX MO3UIMH MOTYT CYIIECTBO-
BaTh BO BpeMs Mepeadyn ajijpecHoro Oairta, 6aiiTa JaHHBIX U OuTa moarBepxaeHus. Ilocne Bo3-
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HUKHOBEHHUs1 ommOku ycraHaBnuBaercs ¢uar TWINT. [lns BeIXxoga M3 COCTOSHHS OIIMOKH
Heooxoaumo yctaHoBuTh ¢uiar TWSTO u copocute TWINT myrem 3anucu B Hero «1». D10
npuBoauT K nepeBoxy TWI B Ge3anpecHsiii pexum U k copocy ¢pmara TWSTO (apyrue 6utsr B
TWCR ne 3arparuBatorcs). Jluanun SDA n SCL ocBoboxnarotcs u ycnosue CTOII ve nepena-
eTCHL.

CoveTaHue HECKOJIBKHUX PeKMMOB

B HekoTopbIxX ciiydasx coueTaroTcsi Heckosbko pexumoB TWI mns obecneuenus xenae-
MOTo JeiicTBuA. B kadecTBe mpumepa pacCMOTPUM UYTEHHE JIAHHBIX M3 IOCJIEI0BATEIHLHOTO
OCIII3Y. OOBIYHO TaKOW CEaHC CBS3M OPTaHU30BBIBACTCS B TAKOU MOCIIEI0BATEILHOCTH:

- UHULIUUPYETCSI CEAHC CBA3H;

- B OCCII3Y oTnpasisgercs HHCTPYKIMS C YKa3aHUEM aJIpeca CYUTHIBAEMOU STUEHKHU;

- BBINIOJIHSETCS] YTCHHUE;

- 3aBEpIIACTCS CEaHC CBS3H.

Crnenyer oOpaTUTh BHUMAHUE, YTO JAaHHBIC TIEPEIAIOTCS KaK OT BEAYIIETO K IMOJYMHEHHO-
My, TaKk ¥ OOpaTHO, OT MOAYMHEHHOTO K BeayleMy. Beaymmii HHCTpYKTHpPYET MOAYUHEHHOTO
KAaKyI0 STYCHKY OH KEJIAaeT CUMUTATh, JJIA YETO UCIOJIb3YETCS PEXUM «BEAYIIUN MepeaaTduky. B
JMAIbHEUIEM JTaHHBIE MEPeNaloTCs MOJYMHEHHBIM, YTO TPeOyeT MCIOJB30BaHUS PEKUMa «Be-
Iymuid npueMHuK». ClenoBaTeabHO, HAMpaBlICHUE Mepeavyn JTaHHbIX u3MeHseTcs. Bemymuit
JOJKEH COXPaHUTh YIpaBJICHHUE HaJ| IIMHON Ha KaXKJIOM M3 3TAloB, a KYKAbIH U3 IaroB JOHKEH
OBITH BBITMIOJHEH KakK 3JIeMEHTapHoe jaeiicTBue. Eciu gaHHBIM NPUHIMN HAPYIIUTH B MHOTOMAa-
CTEpHOI cucteme, To npyroi Benymuid moxet ooparutbes k DCIII3Y na marax 2 u 3 u u3me-
HUThH yKa3aTelb JAaHHBIX. JTO MPUBEIET K TOMY, YTO BEAYUIUN CUMTHIBAET JAaHHBIC U3 SUCUKH C
HEBepHBIM azpecoM. Takum o0pa3om, HampaBjieHHE Mepefadyd JaHHBIX HEOOXOIUMO H3MEHSThH
TonbKo nepenaueii yeinosus [IOBTOPHBIN CTAPT mexny nepenaueii agpecHoro Gaiita u npu-
emoM Oaiira. Ilepenaueit [IOBTOPHOI'O CTAPTA Beaymuii COXpaHUT CBOE «T'OCIHOJICTBO» Ha
muHe. Ha pucynke 3.92 npencraBiieHa cTpyKTypa MOTOKa JaHHOU Mepeady.

Benyiuui nepenatyMe Beaywmid npruemHmg
" —— o

HET
nogre.|CTON

CTAPT NOZYHH_ALP +3ATMCb [noaTB. ABPEC  noars| 0T NOAYNH_ANP + UTEHUE NOATB JIAHHBIE

Mepenaya OT BEOYLUEM K NOOHMHEHHD MY MNepegada oT NOGHMHEHHOMD K BEOYWENY

Pucynok 3.92 — Coveranue Heckonbkux peskuMoB TWI 1151 oOMeHa TaHHBIMU
¢ mocaenosareabHeIM OCIITI3Y

Ecnm x ogHOM 1IMHE MOIKITIOUEHO HECKOJIBKO BEIYIINX, TO TIepeaada MOKET ObITh HHUIIU-
MpOBaHa OJJHOBPEMEHHO OJHUM WM HeckoJibkuMu u3 Hux. Ctangapt TWI rapantupyer, 4to B
TaKUX CUTYaIUsAX pa3peliaeTcs rnepeaada TOIbKO OJTHOMY BEIyIeMy, MPU ATOM He OyneT mpo-
UCXOIHUTh ToTepsi MaHHBIX. [Ipumep apOuTpaxa Takod cUTyallMu TPEICTABJICH HIDKE, TAe JBa
BEJIYIIHX TMBITAIOTCA MepeaBaTh JaHHBIE BEIOMOMY MPUEMHHUKY.

Huxe npuBeieHbl HECKOJIBKO PA3IMYHBIX CIIEHApHEB, BOZHUKAIOIIUX B IMpoliecce apouT-
paxa.

1. JiBa win GoJiee BEAYIIUX BBIMOJIHSIOT UICHTHYHYIO CBS3b C OJJHUM U TEM K€ BEIOMBIM.
B aTOoM criydyae HU OMH BEIOMBIN M HU OJIMH M3 BEAYIIUX HE y3HAET 00 3TOW KOH(MIUKTHOU CH-
Tyaluu (CMOTPH pUCYHOK 3.93).
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YerpoiicTso |

Bemyumii
Hepe1aTunuK

YerpoiicTBo 2

Benymuii
nepeaaTynK

SDA

:

[ 1

YerpoiicTo 3

Benomplii
NPUEMHUK

----------

YerpoiicTBO n

R1

SCL

Pucynok 3.93 — I[Ipumep apOutpaxa

2. JIBa unu Ooiiee BeAYIIMX OOPAIIAIOTCS K TOMY K€ BEAOMOMY C Pa3IUYHBIMU JIaHHBIMH
WU OUTOM HampaBJICHUS JaHHBIX. B 3TOM ciiydae Bo3HUKaeT apOUTpaKk BO BpeMsl Iiepenaun Ou-
ta YTEHUE/3AIIUCD nnm sxe Out ganubix. OqHu Beaymue BIBOAAT Ha SDA noruueckyto 1, a
npyrue BeBoAAT orudeckuii 0. [locnennue tepstoT npuoputeT. Benyiue, KoTopbie Mpourpain
apOUTpax, MepexoasT B HEAJAPECOBAHHBIN BEOMBIA PEXUM WIIM OXKUIAIOT OCBOOOXICHUS IITH-

HBbI U 3aTeM nepenatoT HoBoe yciaoBue CTAPT, uro 3aBUCHT OT IPOrpaMMHBIX AEHUCTBUA.

3. IBa unu 6osee BeaylIuX 0OpaliaroTcs K pa3IndHbIM BeJJOMbIM. B 3TOM ciiyuae apOuT-
pax Bo3HukaeT BO Bpems nepenaun outr BEJJOMBIN AJIP. Onnu Bexymue BeIBOASIT Ha SDA

JIOTUYCCKYIO 1, a Ipyruec BbIBOOSAT nmoruueckuii 0. Ilocnennue TCPAKOT IPUOPUTCT. Bez[ynme,

KOTOpBIE IIPOHTPAIN apouTpax Bo Bpems nepenadn BEJJOMbBIN AJIP, mepexomsiT B BeIOMbIit
PEXUM IS MPOBEPKH: HEe oOpaliaeTcs JId K HUM BBIMTpaBIINid apoutpaxk Beayumii. Ecnu takas
azpecanys IeMCTBUTEIIBHO BBIMOJIHAETCSA, TO OHU MEPEKIIIOYAIOTCS B PEKUM «BEAOMBIN PUEM-
HUK» WM «BEIOMBIN MepenaTuuk» B 3aBucuMocTH oT 3Hadenust outa UTEHUE/3ATIUCH. Eciu
ajzipecaliiy He ObLJI0, TO OHM MEPEAyT B HEaJpECOBAHHBIN BEIOMBIN PEKUM WM OyIyT 05KUJIATh
0CBOOOKICHHMSI IIUHBI U TIOCTIEe 3TOro nepeaanyt HoBoe ycnoBue CTAPT (3agaercs mporpaMm-
HO). [lanHbIe nelicTBust 00001IeHbI Ha pucyHKe 3.94. Bo3MOKHBIE KOl COCTOSIHUM MPEICTaB-
JIEHBI BHYTPU OKPYKHOCTEH.

CTAPT

BEJIOMBII_AJIP

JlanHbie

CTOIT

[TpunsAT cOGCTBEHHBIH
azipec/o0umii BEI30B

TMoTeps apdutpaxa
B BEJIOMbIN_AJIP

UYTEHUE

IToreps npuopuTeTa npu
nepejaayie JaHHbIX

Ilepenaercs yenosue CTAPT nocie 0cBOOOXKACHHS IHHBI

Ilepesaercs Gaitt aanHbIx 1 Bo3spamaercs HET noarsepikienns

”CPC;U.\C'IC){ Oaiit JIAHHBIX W BO3BPAIACTCH IMOATBEPIKICHHE

Ocpoboxaaercs muna TWI 1 BBOAMTCS HeaJpecOBaHHbIH BEJOMBbII PEKUM

Ilepenaercs noce/nsiit 6aiit ganHbIX 1 10KHO ObITh npuaaTo HET noarsepixaenus

BO

ITepenaercs nocienblii 6aiiT JaHHBIX M NPHHUMACTCS MOATBEPK/ICHHE

Pucynox 3.94 — Bo3aMoskHBIE KOJIBI COCTOSTHUMN TIPH TIOTEepEe apOUTpaIuu
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3.17 AnasioroBblii KoOMnapaTop

AHaJIOrOBBIN KOMIIAPATOpP CPABHUBAET YPOBHU HANPsKEHUN HA HEMHBEPTUPYIOIIEM BXOJE
AINO u unBeprupyromem Bxoae AIN1. Ecnu HanpsikeHne Ha HenHBepTHpYoleM Bxone AINO
IPEBBIILIACT HANPsDKEHHE Ha HHBepTUpytomeM Bxoae AIN1, To BbIXOA aHAIOroBOro KoMmapaTo-
pa ACO npuHHMMaeT €JUHUYHOE COCTOsiHME. BhIX0J KoMmapaTtopa MOXKET ObITh HACTPOCH IS
UCIIOJIb30BaHUS B KAUEeCTBE MCTOYHHMKA BXOAHOIO CUTHANA JUIsl CXEMBI 3axBaTa (DpOHTOB TaiiMme-
pa-cuetunka 1. Kpome Toro, kommaparop MOXET T€HEepUpOBaTh COOCTBEHHBIN 3ampoc Ha oOpa-
601Ky npepsiBanus. [lonbp30Barens MOXKET BBIOpAaTh HECKOIBKO COOBITUM, IO KOTOPBIM BO3HHKA-
€T TpepbIBaHHEe: HAPACTAIOUIMA, CIIAAAOMMI (GPOHT HA BBIXOAE KOMIIapaTropa WM J000e ero
n3MeHeHne. DyHKIMOHAIbHAA CXeMa KOMIapaTopa U CBA3aHHOM C HUM JIOTMKH MpejAcTaBiIeHa
Ha pucynke 3.95. [lapameTpsl paboThI KOMIIapaTopa MpeacTaBlIeHbI B Tabuuue 3.79.

HcTounuk
OIIOPHOrO VCC
HaNpsSKEHNUS
ACBG )
ACD ACIE
AINO g
anpc Ha
> npephIBaHHE
— N Hactpoiika aHaJIOroBOIro
—0 2 NpepbIBaHMs KOMIIaparopa

» ACI
AINI—&— T T "
' ACIS] ACISO  ACIC

ACME & K MYJIBTHIUIEKCOPY
ADEN
Brixon ACO  cxembl 3axpara (poOHTOB

MYyJIBTUILIEKCOpa TaiiMepa-clierunka |
AII

Pucynok 3.95 — @yHKkuMoHanbHas cXeMa aHaJIOroBOr0 KOMIIapaTropa

Peructp cnenuanbHbix pyHknuii BBoaa-sbiBoga — SFIOR

Pazpsin 7 6 5 4 3 2 1 0
TSM - - - ACME PUD PSRO PSR10 SFIOR
Yr/3an Yr Yt Yr Yr/3an | Ur/3am | Yr/3an | YUr/3an
Hauansnoe 0 0 0 0 0 0 0 0
3HaYEHUE

Pa3psin 3: ACME — BpiGop My IbTHILIEKCOPA HA BX0/le AaHAJIOT0BOI'0 KOMIIapaTopa

Ecnu  BoIkiIroueH anajoroBo-uu¢poBoil mpeodOpasoBarens (ADEN=0 B perucrpe
ADCSRA) u B 1anHBI# pa3psij 3anvcana Jorudeckas 1, To K MHBEPTUPYIOIIEMY BXOTy aHAJIOT O-
BOT'0 KOMIIapaTopa MOJKIOYEH BBIXOJ aHaIorosoro Mynstumiekcopa ALII. 3anuce B maHHBII
paspsn jgormdeckoro 0 mpuBeneT K NOAKIIOYEHUI0 MHBEPTUPYIOIIETO BXOJ1a aHAJOTOBOTO KOM-
raparopa K BbIBOY MUKpOKOHTposuiepa AINT.
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Perucrp cocrosiHus ¥ ynpaBJeHUs] aHATO0roBOro komnaparopa ACSR:

Pazpsin 7 6 5 4 3 2 1 0
ACD ACBG ACO ACI ACIE ACIC | ACIS1 | ACISO ACSR
Ur/3an | Yr/3an Ur Ur/3an | Yr/3an | Ur/3an | Yr/3an | Yr/3an
HauansHoe 0 0 0 0 0 0 0 0
3HAYEHUE

Paspsin 7: ACD — OTK/II0YeHHe AaHAJIOT0BOI0 KOMIIapaTopa

3anuch B JaHHBIN pa3psij JIOTHYECKOM | MpUBOAUT K OTKIIOYEHUIO MUTAHUS OT aHaJIOTO-
BOT0o Komnaparopa. J[aHHbII pa3ps MOKHO yCTaHABIMBATh B JIFOOOH MOMEHT IPU HEOOXOIUMO-
CTH OTKJIIOUEHUS aHAJIOroBOro Kommaparopa. Ero ucrosnb3oBaHue MO3BOJISIET CHU3UTh YHEPIO-
noTpebiieHue B aKTUBHOM PEXHUME U pexume xosnoctoro xona. Ilepen usmenennem 6uta ACD
HE00XO0IMMO OTKJIIOUUTH MPEPHIBAHKE M0 aHATOTOBOMY KOoMIlaparopy myrem copoca 6uta ACIE
B peructpe ACSR. B npoTuBHOM cilydyae MOXET BO3HMKHYTH IIPEPBIBAHHUE IIOCIE U3MEHEHMS
3HAUCHUS JAHHOTO OWTA.

Paszpsan 6: ACBG — [loak/iioueHue MCTOYHUKA OMOPHOT0 HATIPSAKEHHUS K AHAJIOI0-

BOMY KOMIIApaTopy

[Tocne ycTaHOBKM JaHHOTO OMTa K HEMHBEPTUPYIOIIEMY BXOAY KOMIapaTropa MoAKII0Ya-
eTCsl UCTOYHHUK omopHoro Hampsibkenus. [locie cOpoca JaHHOTO pa3psijia HEMHBEPTHUPYIOIIHIA
BXOJ1 KoMmaparopa cBsizal ¢ BbiBOJ oM AINO MUKpOKOHTpOJIIEpa.

Pa3psa 5: ACO — BbIxoJ aHAJIOTOBOro KOMIIapaTopa

JlaHHBIH OUT BBIXOJA aHAJIOIOBOTO KOMIIApaTopa CBA3aH HEMOCPEICTBEHHO C BBIXOJ0M
ACO uepe3 1ienb cuHXpoHu3auuu. CHHXpOHU3alUsl peaJn30BaHa KaKk BpeMEHHas 3ajiepXKKa Ha
1 — 2 MalIMHHBIX LUKIA.

Pa3psan 4: ACI — ®@aar npepbIBaHis aHAJION0BOI0 KOMIIAPATOPA

JlaHHBIN pa3psi]] yCTaHABIMBAETCS aIIapaTHO, P BOSHUKHOBEHUU COOBITHS B COOTBET-
ctBun ¢ yctaHoBkamu 6ut ACIS1 u ACISO. 3anpoc Ha 00pabOTKy NpephIBaHUs aHAIOTOBOIO
KoMIaparopa BbinoaHseTcs, eciau ycrtaHoBieHbsl 0utel ACIE u I B peructpe SREG. ACI c6pa-
CBIBAa€TCsl amlmapaTHO IPH MEpeXxoje Ha COOTBETCTBYIOIIUN BEKTOp OOpabOOTKU NpepbIBaHMUS.
AnbrepHatuBHO OUT ACI MOXHO cOPOCUTH IPOrPaMMHO MyTEM 3aIUCH JIOTHYECKO 1 B JaHHBIN
¢mnar.

Pa3psan 3: ACIE — Pa3penienue npepbIBaHis aHAJIOT0OBOI'0 KOMIIapaTopa

Ecnu B maHHbIi pa3psi 3anucaHa Jorudeckas | u ycranoBieH 6ut I B peructpe craryca,
TO IPEpPBIBaHUE IO AHAJIOTOBOMY KOMIIApaTOpy AKTUBU3UPYETCA. 3alUCh B JAHHBIN pa3psiz J0-
rudeckoro 0 MpuBOAUT K OTKJIFOUEHUIO JaHHOTO IIPEPhIBaHUS.

Pa3psn 2: ACIC - IToak/0ueHne aHAJOTOBOr0 KOMIIAPaTopa K cxeme 3axBara

(¢pponTOB

VYcTaHoOBKa JTaHHOTO pa3psifa MPUBOAMT K Pa3pelIeHUI0 COBMECTHOM paboThl CXeMbl 3a-
xBaTa (POHTOB TaliMepa-cueTdynka | M aHaJIoroBOro kommnaparopa. B 3Tom ciydae BbIXOZ aHa-
JIOTOBOI'O KOMIIapaTOpa HENOCPEACTBEHHO MOJKIIOYEH K BXOJHOMY KacKagy CXEMBbI 3axBara
(GpOHTOB, MO3BOJISISI K KOMIApaTopy A00aBUTh (YHKIIUM TIOJIABJICHUS IIYMOB U HACTPOWKH
(GpoHTOB NpephIBaHUs 1O 3axBaTy (ppoHTa Taiimepom-cuerunkoM 1. ITocne 3amucu B naHHBII
pa3psi gorudeckoro 0 cBsizb MeX/1y aHAJIOTOBBIM KOMITApaTOpOM U CXeMOM 3axBata ()pOHTOB
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paspeiBaercs. [l akTHBU3ALMU MPEPHIBaHUS CXEMBI 3axBaTa (POHTOB TaiimMepa-cueTynka 1 1o
cpabaThIBaHMIO aHAJOTOBOTO KoMIiapaTopa Heooxomumo ycraHoButh Out TICIED B perucrpe
Macku npepeiBanus Taiimepa (TIMSK).

Paspsansi 1, 0: ACIS1, ACISO — Bei0op co0bITHSI IpepbIBAHUSI AHAJTO0TOBOI0 KOMIIA-

paropa

JlaHHBIE pa3psAbl ONPEACTSIOT KaKoe COObITHE MPUBOAUT K T€HEepaluy 3ampoca Ha mpe-
pBIBaHHE aHAJIOrOBOr0 KOMIIapaTropa. BapuaHThl yCTaHOBOK AAHHBIX Pa3psAA0B U UX Ha3HAYCHUE
NpeJCTaBJICHbI B TAOIHIIE:

ACIS1|ACISO CobbiTHe
0 0 |[IpepsiBaHHE 1O TFOOOMY U3MEHEHHIO Ha BBIXOJIC KOMIIApaTopa
0 1 |3apesepBupoBaHO
1 0 |IIpepsiBanue 1Mo cragaroIIeMy GPOHTY Ha BBIXOJIE KOMIIApaTopa
1 1 |IIpepbiBanue Mo HapacTawieMy POHTY Ha BBIXOJIE KOMIIapaTopa

[Tepen mamenenuem 6ut ACIS1/ACISO HeoOX0IUMO OTKITFOUHTH MPEPHIBAHKE IO aHATO-
rOBOMY KOMIIapaTopy myTeM cOpoca Outa paspemieHus npepoiBanus B peructpe ACSR. B mpo-
TUBHOM CITy4ae MOKET BO3HUKHYTb MPEPbIBAHUE MPU U3MEHEHUH 3HAYCHHM JTaHHBIX OUT.

MyJabTHIIEKCHPOBAHHBIN BX0/] AaHAJI0T0BOI'0 KOMIIApaTopa

NmeeTcst BO3MOXHOCTh UCIOIb30BaTh BbIBOABI ADC7...0 B KauecTBE HEMHBEPTUPYIOLINX
BXOJIOB aHAJOrOBOr0 Kommaparopa. sl opraHu3anuu TakOrO BBOAA HCIOJIB3YETCS MYJIbTH-
iekcop AL u, cnenoBarensHo, B 3ToM ciaydae ALIIT nomxen ObITh oTKIIFOYeH. Ecniu ycTaHOB-
JeH OWT pa3pelieHus MOAKIIOYEHHUs MYJbTUIUIEKCOpa K aHaJoroBoMy Kommaparopy (OuT
ACME B SFIOR) u Beikmtouen AT (ADEN=0 B peructpe ADCSRA), To cocTosiHUE pa3psaoB
MUX2...0 peructpa ADMUX omnpenensitoT Kakod BBIBOJ MHKPOKOHTPOJIIEpA MOIKIIOYEH K
HEHMHBEPTHUPYIOLIEMY BXOJly aHaJIOroBoro kommaparopa (cmotpu Tabnuuy 3.79). Eciu ACME
coporeH unu ycraHoBieH ADEN, To B kauecTBe HEMHBEPTUPYIOLIETO BX0/1a aHAJIOIOBOI'O KOM-
rapaTropa UCIOJb3YETCs BbIBOA MUKpOKOHTposuiepa AINT.

Tabnuna 3.78 — MynbTUIUIEKCHPOBAaHHBIN BXOJ1 aHAJIOTOBOTO KOMIIapaTopa

ACME | ADEN | MUX2...0 |HeunBepTHUpYIOLIHi BXOJ] aHAJIOTOBOTO KOMIIapaTopa
0 X XXX AIN1
1 1 XXX AIN1
1 0 000 ADCO
1 0 001 ADC1
1 0 010 ADC2
1 0 011 ADC3
1 0 100 ADC4
1 0 101 ADC5
1 0 110 ADC6
1 0 111 ADC7
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Tabauna 3.79 — [lapamerpsl pabOThl aHAJIOTOBOTO KOMITapaTopa

HaumenoBanue napamerpa, Hopma
bykBeHHoe
€IMHULIA U3MEPEHU, 06 OBHATCHILE He He
pEXUM U3MEPEHUS MeHEE THUIT Gonee

1 Hanpspkenue cMeleHns 1o BXOly aHaJIOrOBOTO KOMITa- V B B 40
paropa, MB, Usvee = Uavee =5,0B; 3,3 B; Vin= Unvcclz ACIO
2 Toku yTedKu 1Mo BXOAy aHaJOTOBOTO KOMITapaTopa, HA,
Usvee = Unvee = 5,0 B; Vin= Unvecl/2 IacLk -50 - 50
3 3agepiKka pacIipoCTpPaHECHIS aHAJIOTOBOTO  KOMIIapaTo-
pa, ue, Usvee = Unvec = 4,0 B tacio - 500 -

3.18 AmnaJjoro-un(poBoii npeodpa3oBareib

OTnuuuTesbHbIe 0COOEHHOCTH:

— 10-paspsigHOE pa3peiieHue;

— MHTerpajibHas HeslmHenHocTs 0,5 mitaauiero paspsaa;

— abCoIOTHAs NOIPEIIHOCTD +2 MIIA/IIIEro pas3psiaa;

— BpeMs npeodpazoBanus (65 — 260) Mkc;

— yacToTa npeodpa3zoBaHus 10 15 Teica4y npeoOpa3oBaHUi B CEKYHAY IpU MaKCUMallb-
HOM pa3pelleHuN;

— 8 MyJIBTUIUIEKCUPOBAHHBIX OJIHOMOJISIPHBIX BXOJIOB;

— 7 muddepeHIHATBHBIX BXOAHBIX KAaHAJIOB;

— 2 muddepeHIMaTbHBIX BXOIHBIX KaHalla ¢ ONMIMOHANBHBIM yeuieHueM Ha 10 u 200;

— MpPEACTaBIEHUE PE3yNbTaTa C JIEBOCTOPOHHUM WM ITPAaBOCTOPOHHUM BBIDaBHUBAHHU-
eM B 16-pa3psagHOM CIIOBE;

— nmamnasoHn BxogHoro HanpspkeHus AL ot 0 B 1o Unvyec;

— BbIOOPOYHBII BHYTPEHHHUI HCTOUYHUK OMIOPHOTO HampsbkeHus Ha 2,56 B;

— PEeXUMBbI OIMHOYHOTO IPe0Opa30BaHus U aBTOMAaTUYECKOTO Mepe3aIycka;
— TpepbiBaHUE MO 3aBepuieHUH npeodpazoanus AL
— MEXaHHU3M IIOABJICHUS IIIyMOB B PEXXHUME CHA.

Muxkpocxema coaepxxut 10-paspsianbiii ALIIT nocnenosarensnoro npudmmkenus. AL
CBs3aH C 8-KaHAJIbHBIM AHAJIOTOBBIM MYJIBTHUIUIEKCOPOM, BOCEMb OJHOMOJISIPHBIX BXOJIOB KOTO-
poro cBsi3aHbl ¢ TUHUAMHU nopta F. OOmuuii BIBOI BXOJIHBIX CUTHAJIOB JI0JKEH UMETh MOTEHIIU-
an 0 B (1. e. cBazan ¢ NOV). AL takxe moanaepxkuBaet BBoja 16 nuddepeHnnanbHbIX HAIps-
xeHuid. /IBa nuddepenmansubix Bxoga (ADC1, ADCO u ADC3, ADC2) conepxat Kackaja co
CTyIeH4aTbIM nporpaMmmupyeMbiM yeuiienueM: 0 nb (1x), 20 ab (10x) wnu 46 ab (200x). Cemb
T depeHIMaIbHbIX aHAJOTOBBIX KAaHAJOB HCIOJNB3YIOT OOLIMI WHBEPTUPYIOIIMNA BXOJX
(ADC1), a Bce ocranbuble BX0oabl ALl BeIMONHAIOT (QYHKIMIO HEMHBEPTHPYIOMIUX BXOJ0B. Ec-
7M1 BeIOpaHo ycusneHue 1x niam 10X, To MOXKHO OKuAaTh §-paspsiiHoe paspeuienue, a eciau 200x,
TO 7-pa3psigHOE.

ANIT conepxutr YBX (ycTpoHCTBO BHIOOPKH-XpaHEHHS), KOTOPOE MOAJIEPKUBAET Ha I0-
CTOSIHHOM ypoBHe HampspkeHue Ha Bxoje ALl Bo Bpems mpeoOpazoBanusi. OyHKIMOHAIBHAS
cxema ALIII nokazana Ha pucynke 3.96.

AIII nmeer otnenpHbIA BhIBOA nuTanus NVCC (anamoroBoe mutanue). Hampspkenue
Unvcee He T0IDKHO oTindaThes 0oiee yeM Ha £ 0,3 B ot Usycc.

B kauecTBE BHYTPEHHETO ONOPHOTO HAIPSDKEHHS MOJKET BBICTYNATH HANPSDKEHHE OT
BHyTpenHero MOH na 2,56 B wnn nanpsokenne Unyee. Eciin TpeOyercst ncnonb3oBaHue BHEI-
Hero MOH, To on nomkeH ObITh ToAKIIOYEH K BoIBOAY NREF ¢ mogkimodeHneM K ’ToMy BBIBOAY
OJIOKMPOBOYHOTO KOHJICHCATOPA ISl YAYUIIEHHUS IIYMOBBIX XapaKTEPUCTHK.

[Tapametpsr paboter AL nmpeacrasnens: B Tadmuie 3.80.

198



Banpoc Ha mnpepiBaHMe
| IO BaBepmeHMM npeobpasoBaHMsT IRQ
~J

ADIF ADIE

llMHa OaHHBIX

< T T —

. PerucTp ynpasJieHuUs: PerncTp HaHHBIX
HacTpoitka MyJbTHUILIEKCOPa u craryca Al (ADCSRA) AL ( ADCH/ADCL )
(2D ) 7'y Y 3
Z|OTH|= 1 Bl K=
| A EE E A
M BIEIE || <= 9 2‘ a -
SEHHEE viv'y °
)
VYVYyVY VY —
Ilpepnenurens 13)
JeumppaTop 2
1
8 H vy y v
] B
g 5 Jloruka npeoBpasoBaHUS
)
& o x
© (o]
o} s}
m g A 4 KomnapaTop c YBX
»| 10-pasp.lAl
nov [ —— Qm ADHSM
o
B
1,22B | @
]
§
w7 [— §
a Bsi6op OnHOMONSIPHOTO /
ADC6 D— E nnbdepeHIMANTBEHOTO pPexMMa
Q
ADCS | I 2 »>
w Brixon MyJIbTHUIFIEKCOPa
S
soes [F—| § n
rocs [—— &
3]
%
ADC2 | I g
anc1 [} &
4 4
] 3
ADCO S \ 4
/ 3
4 0, [ InddepenumansHENL
88 ycunmnTens
% K
00
%
— 8 &
B .
B &
> S
>~

Pucynok 3.96 — @ynkuunonansHas cxema ALTT
3.18.1 lpunnun xeiicreus AL

AITI mpeo6pa3oBbIBaET BXOJHOE aHAIOTOBOE HaMpspkeHue B 10-pa3psiiHBIA KOJI METOIOM
MOCIIEOBATENbHBIX MPUONMKEHNH. MUHUMANBHOE 3HAYEHHE COOTBETCTBYeT ypoBHIO MOV, a
makcuManbHoe ypoBHIO NREF munyc 1 M3P. K BeBony NREF onmonansHo MOXET ObITh
nonkimoueHo Hampsbkernne Upyee win BHyrpennuit MOH na 1,22 B mytem 3ammcu cOOTBET-
cTByomux 3HayeHnit B 6utel REFSn B peructp ADMUX. Hecmotps Ha To, uro MOH Ha 2,56 B
HAXOJHUTCSI BHYTPH MUKPOKOHTPOIIJIEPA, K €ro BBIXOTY MOXET OBITh MOAKIIOYEH OJOKUPOBOY-
HBIM KOHJIEHCATOp JJISi CHU)KEHMSI YyBCTBUTEIBHOCTH K IIIyMaM, T. K. OH CBSI3aH C BBIBOJIOM
NREF.

Kanan ananoroBoro BBoja u kackan auddepeHnaibHOT0 YCUICHUS BRIOUPAIOTCS MTyTEM
sammcu 6uT MUX B peructp ADMUX. B xadecTBe ogHOMIONSIPHOTO aHanoroBoro Bxona ALIIT
MOKeT ObITh BbIOpaH oauH u3 Bx010B ADCO...ADC7, a Taxske NOV u BbIX01 PUKCUPOBAHHOTO
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HCTOYHHKA OMOpHOro HampspkeHus 1,22 B. B pexxume nuddepeHnuaabHoro BBoJa mperycMoT-
pEHa BO3MOKHOCTh BbIOOpA MHBEPTUPYIOIINX U HEMHBEPTUPYIOLIMX BXOJ0B K AU(depeHnnaib-
HOMY YCUJIMTEIIIO.

Ecnu BeIOpan muddepeHuanbHblii PeKUM aHAJIOTOBOTO BBOJA, TO AU(depeHITnaTbHBINA
YCUJIUTENb Oy/eT YCUIMBATh PAa3HOCTh HANPSHKCHUH MEXy BBIOpaHHOW Mapoil BXOJOB Ha 3a-
JAHHBIN KO3 GUIMEHT yCUIIeHUs. Y CUJIEHHOE TaKuM 00pa3oM 3HaueHHe [OCTYNAeT Ha aHaJIoro-
BbIil Bxox ALIIL. Ecnu BeIOMpaeTcs: OAHOMONSPHBINA PEKUM aHATOTOBOTO BBOJIA, TO KAcKaJ yCH-
JIEHUs IPOITyCKaeTcs .

Pabora ALIII pa3pemaercst myrem ycraHoBku 6uta ADEN B ADCSRA. Bribop onopHoro
UMCTOYHUKA W KaHaja mpeoOpa3oBaHUs HEBO3MOXKHO BBIMOIHUTH 10 yctaHOoBKH ADEN. Ecnu
ADEN = 0, To ALII He moTpebisieT TOK, MO3TOMY TPH MEPEBOEC B SKOHOMHYHBIE PEKUMBI CHA
PEKOMEHYETCs peBapUTENbHO OTKIIOUNTH ALITL.

ANII renepupyer 10-pa3psiiHblil pe3yabTaT, KOTOPbIM MOMEIAETCS B Mapy PETUCTPOB
nmanHbeix AILIL: ADCH u ADCL. ITo ymon4yaHuio pe3ynbTaT MpeoOpa3oBaHHs pa3MelaeTcs B
minagmux 10 paspsgax 16-paspsHoro cioBa (BbIpaBHUBAHHUE CIPaBa), HO MOXET OBITh OMIMO-
HaJIbHO pa3MenleH B crapmux 10 paspsuax (BbIpaBHHBaHUE ClI€Ba) MyTEM YCTaHOBKM OuTa
ADLAR B peructpe ADMUX.

[TpakTuyeckas IMoJIe3HOCTh MPECTABICHUS pe3yJbTaTa ¢ BbIpaBHUBAHHUEM ClieBa Cylle-
CTBYET, KOI/Ia IOCTaTOYHO 8-pa3psiIHOE pa3pelIeHHe, T. K. B 3TOM cilydae HE0OXOJUMO CUHUTATh
TosbKo peructp ADCH. B npyrom xe ciydae He00X0AUMO MEPBBIM CUUTATh COIEPKUMOE PEru-
ctpa ADCL, a 3arem ADCH, uem rapantupyercs, yTo 0o0a 0aiiTa sBISIOTCS PE3yIbTaTOM OJHO-
ro 1 Toro e npeodpasosanus. Kak Tonabko BeinosHeHo yteHne ADCL, 6iokupyercst 1ocTym K
peructpam JaHHbIX co cropoHbl ALIIL. Oto o3nagaer, uro ecnu cuntan ADCL u npeobpasoBa-
HUe 3aBepluaercs nepen yreHueM perucrpa ADCH, To HU OJMH U3 PETUCTPOB HE MOXKET MOAU-
dbunupoBaThCsa U pe3yabTar npeodbpazoanusi tepserca. [locne urenuss ADCH noctyn x peru-
ctpam ADCH n ADCL co cropons! ALIII cHOBa pa3pemaercs.

ALII renepupyer coOCTBEHHBIH 3aIIpOC Ha MpPEpbIBaHKE M0 3aBEPIICHUN NTPEOOPa30BaHMUSL.
Ecin mexny urenunem peructpoB ADCH u ADCL 3anpenien noctyn x gaHHeiM uist AL, To
IpepbIBaHNE BOZHUKHET, Ja)Ke €CJIM Pe3yIbTaT npeoOpa3oBaHus OyieT NOTEpsH.

3anyck npeodpa3oBaHusi

OpnuHOuYHOE MpeoOpa3oBaHUE WHULMHUPYETCS IMyTeM 3alHCH JIOTUYECKON €IWHUIIBI B OUT
3armycka npeoOpazoBanust ALIII (ADSC). Otot OUT ocTaeTcs yCTaHOBIIEHHBIM, MOKa IPOAOIIKa-
eTcs npeoOpa3oBaHue, U cOpachlBaeTCs anmapaTHO, Korjaa rnpeodbpa3zoBanue 3aBepuiaercs. Ecnu
B IIpoliecce Mpeodpa3oBanust OyneT BbIOpaH qpyroi kaHan qaHHbIX, To ALl cHagana 3aBepmuT
TeKyllee MpeoOpa3oBaHre U TOIBKO 3aTEM MEPEKITIOUNUT KaHaJ.

AJNBTEpHATUBHO NPEOOpa30BaHUE MOXKET OBITh WHUIIMHPOBAHO ABTOMATUYECKH pa3IHy-
HBIMHM UCTOYHHKAMHU. ABTOMAaTHYECKOE MHUIIMUPOBAaHUE BKIO4YaeTcs ycraHoBkoi B ADC Outa
aBromarnueckoro BkioueHus tpurrepa ADATE B peructpe ADCSRA. McTouHuk 3amycka Bbl-
oupaercst ycranoBkoit 6uta Beibopa ADTS B SFIOR (cMm. onucanue 6utoB ADTS mnsa crnimcka
UCTOYHUKOB 3amycka). Korjga mojgoXutenbHbIil GPOHT MPOMCXOAUT Ha BHIOPAHHOM ITyCKOBOM
curHane, nenutensb 4actoTel ADC cOporieH u mpeoOpa3zoBaHue 3ammyIieHo. ITOT MeTo1 odecrie-
4yHUBaeT MpeoOdpa3oBaHue B (PUKCUPOBAHHBIX MHTEpBaiax. Eciau myckoBoil curnan Bee emie OyaeT
YCTaHOBJICH, KOT/Ia Tpeo0pa3oBaHue 3aBEPIIUTCS, TO HOBOE MPeoOpa3oBaHUE HE OYIET 3amyIe-
Ho. Ecnu apyroit monoxuTenbHbI (POHT MPOU30MIET HA MMYCKOBOM CHUTHAJIE BO BpeMsl Mpeod-
paszoBanusi, TO PpoHT OyaeT mpourHopupoBad. OOpaTuTe BHUMaHWE Ha TO, 4TO (uiar mpepbiBa-
HUs OyJIeT YCTaHOBJIEH, AaXKe €CIM ONpeeNICHHOE NpepbIBaHKue OYAET OTKIIIOYEHO WIIN TT100aNb-
HBI OuT paspemenus npepreiBanus B SREG ounien. [IpeobpazoBanue MOXET TakuM 00pazom
OBITh MHUIMMPOBAHO, HE BBI3bIBas npepeiBaHue. OgHako, ¢uiar npepeiBaHUs JODKEH OBITh
OUHILEH, YTOObl MHULIMMPOBATh HOBOE NpeoOpa3zoBaHME 0 cCileAyroulero nmpepbiBanus. Cxema
3arycka rnpeoopa3zoBaHus IpUBEeHA Ha pUCYHKE 3.97.
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Pucynok 3.97 Cxema 3amycka npeodpazoBaHus

Crnenyet ucnonb3oBaTh Quiar npepsiBanus ADC, mockosibKy UCTOYHHMK 3aIlycKa 3acTaB-
JsIeT 3allyCTUTh HOBOE MpeoOpa3zoBaHMeE, KaK TOJIbKO MpeoOpa3oBanue 3akoHunaocsk. ADC pa-
0oTaet B CBOOOAHOM PEKUME, TOCTOSIHHO BbIOMpast 1 0O6HOBIsAsA peructp nanubix ADC. IlepBoe
npeoOpa3oBaHue JODKHO OBITh 3allylll€HO MpH 3amMcu Jiorudyeckoil eaunuisl B out ADSC B
ADCSRA. B stom pexxume ADC BBITOTHUT MOCIEI0BATENbHBIE TPe0Opa30BaHusl, HE3ABHCUMO
oT Toro ouwuieH ¢uar npepeiBanus ADIF win Her.

B aBToHOMHOM pexume padoTsl ALIIT HenmpepsIBHO onM(pOBBIBAET aHATIOTOBBIN CHUTHAI
U OOHOBJISIET CBOW PETHCTP JAHHBIX. ABTOHOMHBIA PEXUM BBIOMpAETCS MyTEM 3alllCH JIOTHYe-
ckoit equnuibl B 6uT ADFR perucrpa ADCSRA. IlepBoe npeoOpa3oBaHue JOHKHO HHULIUUPO-
BaThCsl 3amuUChio jjorndeckoi eaunHuipl B 6uT ADSC peructpa ADCSRA. B nanHOM pexnme
AIIIT BeImonHSIET MOCTEAOBaTeNIbHBIE TPeoOpa3oBaHUs HE3aBUCHMO OT TOro, cOpoiieH diar
npepsiBanust AL (ADIF) unu Her.

3.18.2 Ilpeanenurens ALl n BpeMeHHasi iuarpamMma npeo0pa3oBaHus

[Tpennenurens ALII npuBenen Ha pucynke 3.98, nuarpaMmbl — Ha pUCYHKaX
3.99 - 3.101.

ADEN ————1 Cipoc

cK > 7-PASP. NMPEOOENWUTENL ALN
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TakToerld curHan AL

Pucynoxk 3.98 Ipennenurens AL
201



Ecnmu tpebyercsi MakcuMalnbHas pasperiaronias crnocodHocts (10 pa3psmoB), To 4acToTa
Ha BXOJI€ CXEMBI [TOCIEA0BATEIHHOI0 MPUOIMKEHUS TOJKHA OBITh B quana3one oT 50 110
200 xI't. Ecim gocraTtouno paspemienue MmeHee 10 pa3psiioB, HO TpedyeTcst Ooyiee BbICOKas va-
cToTa mpeodpa3oBaHus, To yactora Ha Bxozae ALl moxker ObITh ycTaHoBneHa cBbimie 200 kI .

Monayns ALII comepXHUT mpeanenuTenb, KOTOPHIH (OpMUPYET HMPOM3BOIHBIE YaCTOTHI
cepimie 100 k' mo otHomeHuto k yactore cuuxponm3zanuu LITY. Kosbdumument nenenus
ycraHaBnuBaeTcs ¢ nmomoinbio 6ut ADPS B peructpe ADCSRA. [Ipennenurens HaYMHAET CYET
¢ momeHTa BkimrodeHust ALl ycranoBkoit 6uta ADEN B peructpe ADCSRA. IIpeanenurens
pabotaet noka 6ut ADEN = 1 u copomen, korga ADEN=0.

Ecnm nauImuupyercs ogHomnossipHoe npeodpazopanue ycranoBkoi oura ADSC B peructpe
ADCSRA, 10 npeobpa3zoBaHiEe HAYMHACTCS CO CICIYIOIIETO0 HAPACTAIOMIET0 ()POHTA TAKTOBOTO
cur"ana AL

HopmansHoe npeobpazoBanue tpedyet 13 takroB cunxponuzanun ALIIL. IlepBoe mpeo6-
pa3oBanue nocne BkimoueHus ALl (yctanoBka ADEN B ADCSRA) TpeOyeT 25 TakTOB CHH-
xponu3zaiuu ALl 3a cuer HEOOXOAMMOCTH MHULIMATU3ALUN AHAJIOTOBOW CXEMBI.

[Tocne Havyana HOpMaITBLHOTO MPEe0OpPa30BaHUs Ha BHIOOPKY-XpaHEHHE 3aTpayrBaeTcs MoJ-
topa Takta cuaxponusauuu ALIl, a mocne Hauana nepsoro npeodpazoBanus — 13,5 takros. Ilo
3aBepIICHUH MPeoOpa3oBaHus pe3yabTaT momemaercs B peructpsl ganubix AL u ycranaBnu-
Baetcsa ¢uar ADIF. B pexume ognHOYHOTO TpeoOpa3oBaHus OJHOBPEMEHHO cOpachIBaeTCst OUT
ADSC. IIporpammuo 6ut ADSC MokeT ObITh CHOBA YCTaHOBIIEH U HOBOE MpeoOpa3oBaHue OYy-
JIeT MHUIIMMPOBAHO MEPBBIM HAPACTAOIIUM (pOHTOM TakToBOrO curHana AT

B pexume aBTOMaTH4ecKOro mepesanycka HOBOE MpeoO0pa3oBaHME HAaYMHAETCS cpa3y Mo
3aBepLIeHUH npeabayiiero, npu 3rom ADSC octaeTcsi B BBICOKOM COCTOSIHUM.

Mepeoe npecfpazoeaHke E;lgn Az 0BaHHE
A .
I Lo I Lo
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]
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Pucynok 3.99 — Bpemennast muarpamma padotsl AL mpu mepBom npeodpazoBaHun
B PEKHME OJIMHOYHOTO MpeoOpa3zoBaHus
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Pucynok 3.100 — Bpemennas auarpamma pa6otst AL B pexxume oguHOUHOTO peoOpa3zoBaHus
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Pucynok 3.101 — Bpemennas nuarpamma pa6otsl ALIII B pesxume aBTOMaTHu4ecKoro
nepe3anycka

3.18.3 Kanajbl 1ug¢epeHInaJIbLHOr0 YCHIeHUs!

Ecnm ucnonb3yrorcst karanbl auddepeHnaaIbHOT0 YCHICHUS, TO HEOOXOAMMO TPUHSTH
BO BHUMaHHE HEKOTOPbIE OCOOCHHOCTH.

Juddepennnanbabie NpeoOpa3oBaHUsl CUHXPOHU3UPOBAHBI 110 OTHOIICHHUIO K BHYTPEH-
Heil cunxpoHusanuu CKapyp, 4acToTa KOTOPOrO paBHA IIOJIOBMHE YacTOThl CHHXPOHU3ALUU
AIIII. HanHas cuHXpOHU3AIMS BBIMOTHSAETCA aBToMaTtnyecku narepdericom ALl Takum obpa-
30M, YTOOBI BBIOOpKA-XpaHEHUE HHULUHPOBaANach onpeneneHHbIM (poHToM CKare. Ecnu mpe-
oOpasoBaHue (Bce OAMHOYHBIE TTPeoOpa30BaHUs U MEPBOE MpeoOpa3OBaHUE B PEKHME aBTOMa-
TUYECKOTO Mepe3aIycka) MHUIMUPOBAJIOCH MOJb30BaTeseM, Korna CKayym Haxoauscs B HU3KOM
JIOTUYECKOM COCTOSIHUU, TO €r0 JUIUTEIbHOCTh Oy/IeT SKBUBAJICHTA OAHOMOJISPHOMY IIpeodpaso-
Banuto (13 takroB cunxponusanuu ALI). Ecnu nmpeoOpa3oBaHrne WHUIMUPYETCS TOIb30BaTE-
aeM, koraa CKayyme paBeH jorudeckoit 1, ono Oyzaer miautbes 14 taktoB cuHxponuszanuu ALIT
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BCJIEZICTBHE PabOThI MEXaHU3Ma CUHXPOHHU3AUH. B pexxnMe aBTOMaTHUECKOro repes3arycka Ho-
BOE NpeoOpa3zoBaHie HHULIMUPYETCS Cpa3y MO 3aBEPLICHUH MPEAbIAYIIEro, a T. K. B 3TOT MOMEHT
CKamm paBeH jorudeckoil 1, To Bce mpeoOpa3oBaHus, KOTOpbIe ObLIIM aBTOMATUYECKH Iepe3a-
MyIIeHH! (T. €. Bce, KpoMe MepBoro), Oyayt mmuthes 14 taktoB cunxponm3anuu ALIIL. Ycunu-
TEJIbHBIA KacKaJ ONTUMHU3HPOBAH O]l YaCTOTHBIN AMana3zoH 10 4 k[’ 1uis mo0six ko3ddunuen-
TOB yCUJICHHS. Y CUJICHHE CUTHAJIOB 0oJiee BBICOKUX 4acTOT OyneT HenuHeWHbIM. [loaTomy, ecnu
BXOJIHOM CHUTHAJI COAEPKUT YAaCTOTHBIE COCTABIISIFOIIME BBILIE YACTOTHOIO AMAla3oHa YCHJIH-
TEJIBHOIO Kackaja, TO He0OXOAMMO YCTAaHOBUTH BHEIIHUN (UIBTP HU3KUX YacToT. Cienyer 00-
paTUTh BHUMaHUE, 4yTo yactoTa cuHxpoHusauuu Allll He cBsA3aHa ¢ OrpaHMYEHUEM I10 YACTOT-
HOMY JMAala3oHy yCHUJIUTENbHOTo Kackana. Hampumep, nepuon cuuxponuszaruu ALl moxer
OBITH 6 MKC, TTPH KOTOPOM YacTOTa MPeoOpa3oBaHms KaHalIa paBHa 12 ThicsidaM peoOpa3oBaHuit
B CEKYH]ly, HE3aBUCHUMO OT YaCTOTHOTO JIMara3oHa 3TOro KaHaia.

H3menenne kaHaia WM BHIOOP ONIOPHOI0 HCTOYHHKA

butet MUXn u REFS1:0 B peructpe ADMUX nogaepXuBaroT OJHOCTYIIEHYaTyI0 Oyde-
PHU3aLUIO Yepe3 BPEMEHHBIN PETUCTP. DTUM rapaHTUPYETCsl, YTO HOBbIE HACTPOMKM KaHaja Ipe-
00pa30BaHMs U ONOPHOIO UCTOYHUKA BCTYIST B CHILy B O€30IacCHBI MOMEHT JUIs IIpeoOpa3oBa-
Hus. Jlo Hadana npeoOpa3oBaHuUs JOOble M3MEHEHUs KaHajla U OOPHOI'0 MUCTOYHMKA BCTYHAIOT
B CHJIy cpa3sy mocie ux Monudukamun. Kak Toinpko HauMHaeTcs mpouecc mpeodpa3oBanus, 10-
CTYI K M3MEHEHMIO KaHalla U ONOPHOI'0 MCTOYHHUKA OJOKUpPYETCs, YeM rapaHTUpYeTCs A0CTa-
TOYHOCTh BPeMEHHU Ha npeoOpazoBanue st ALl HenpepbiBHOCTh MOIMUKAIINK BO3BpAIIaCT-
cs Ha nocieaneM takre ALl nepen 3aBepiieHneM npeodpazoBanus (mepes yCTaHOBKOM (hiara
ADIF B peructpe ADCSRA). Cnenyer o0OpaTuTh BHUMaHHUE, YTO IpeoOpa3oBaHNEe HAYMHACTCS
clleyromMM HapactaroumM ¢ppoHToM TaktoBoro curHana ALII nocne 3anucu ADSC. Takum
00pa3oMm, M0JIb30BaATEIN0 HE PEKOMEHIYETCSl 3alIUChIBATh HOBOE 3HAUEHHE KaHAaJla WM OIIOPHOTO
ucrtounnka B ADMUX no nepsoro takta cuaxponusanuu ALII nocne 3amucun ADSC.

Oco0ble Mepbl HEOOXOAUMO PEAIPHUHSTH PU U3MEHEHUU AU(depeHIInaIbHOro KaHama.
Kak Tosbko ocymiecTBiieH BbIOOp Au(QepeHINaIbHOT0 KaHalla, YCHINTEIbHOMY KacKaay Tpe-
Oyercs 125 Mkc st crabunu3anuy HOBoro 3HaueHus. CieioBaTeabHO B T€UEHHE MEPBHIX MOCTe
HepeKIYeHus TuQGepeHIMaIbHOro KaHaina 125 MKC He JOJKHO CTapToBaTh MpeoOdpa3oBaHue.
Ecnu e B 3TOT nepuoj npeodpazoBaHus BCe-TaKU BINOJIHSUINCH, TO UX PE3yIbTaT HEOOXOAUMO
UTHOPUPOBATh.

Taxyro xe 3aep’KKy Ha YCTaHOBJIEHUE HEOOXOAMMO BBECTH NpHU NEPBOM AUPPEpeHIIH-
JIBHOM ITpeoOpa30BaHUU MOCiIe U3MEHEeHUs onopHoro nuctounuka ALIII (3a cuer u3menenus out
REFS1:0 8 ADMUX).

Bxoanbie kanaabl AL
[Ipu nepexiroyeHNH BXOJHOIO KaHajga HEOOXOAUMO YYeCTh HEKOTOpPbhIE pEeKOMEHAAINH,
KOTOpBIE UCKIIIOUAT HEKOPPEKTHOCTD MEPEKIIIOUEHUS:

- B peKUME OJJUHOYHOTO MpeoOpa3zoBaHus NEPEKIIIOUEHUE KaHala HE0OX0AUMO BBIMOIHSTh
nepes HavyajioM npeoOpaszoBaHus. [lepexiaroueHue kaHana MOXKET MPOU30MTU TOJNBKO B TEUEHUE
onHoro Takta cuaxponusanuu ALl mocne 3anucu nornyeckoit 1 8 ADSC. OgHako caMbIiM Mpo-
CTBIM METOJIOM SIBJISIETCS OKMAAHUE 3aBeplIeHUs MpeoOpa3oBaHus mepes BEBIOOPOM HOBOTO Ka-
Hana;

- B peKUMe aBTOMATHYECKOIo Mepe3anycka KaHal HeoOX0JUMO BBIOMpATh Mepe]] HauaioM
nepBoro npeodpazobanus. [lepexintoueHre kaHaga MPOUCXOAUT AHAJIOTUYHO — B TE€YEHHUE OJTHOTO
takta cuaxpoHn3auuu ALlIl nmocne 3anucu noruueckoit 1 8 ADSC. Ho cambIM mpocTbIM METO-
JIOM SIBJISIETCSl OKHMJIaHWE 3aBEPILEHUs EepBOro Mpeodpa3oBaHus, a 3aTeM MEPEeKII0UYeHNnEe KaHa-
na. Ilockonbky cnenyromiee mpeoOpa3oBaHUE YK€ 3allyIIeHO aBTOMATHYECKH, TO CIETYIOLIHi
pe3ynbTaT OyAeT COOTBETCTBOBATH MpenblayiieMy kaHany. [locnenyromue npeodpazoBaHus otT-
paxaroT pe3yJbTat JIJIsi HOBOTO KaHana,

- TIpH TIEPEKITIOYeHUN Ha TuddepeHInabHBIA KaHal TIEpBOe MpeodOpa3oBaHue Oymer xa-
paKTEepU30BaThCsl IJIOXOH TOYHOCTBIO M3-3a MEPEXOJHOr0 IpoLEecca B CXEME aBTOMAaTHUECKON
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perynupoBku cmemnieHus. CiieoBaTeNbHO, MEPBBIH pe3ynbTaT TaKOro MpeoOpa3oBaHUsl PeKo-
MEHJ1yeTCsl HTHOPUPOBATb.

3.18.4 UcTounuk onopHoro Hanpsikenuss AL

Hcrounuk omopuoro Hanpsokenus (MOH) mis AL (Vyon) onpeaenseT auamasoH mpe-
obpazoBanust ALIIl. Ecnu ypoBenb onHomossipHoro curtaia cBeiime Uyyey, TO pe3ysibTaToM
npeoOpazoBanus Oyner Ox3FF. B kauectBe Uyyoy MoOTyT BeICTYnath Unyec, BHyTpennuid MTOH
2,56 B wim Buemnuit UOH, noakmouennsiit k BeiBoay NMREF. NVCC noaxntouaercs k AL
yepes MacCUBHbBIN KoY. BHyTpeHHee onopHoe Hanpsikenue 2,56 B reHepupyeTcsi BHyTpEHHUM
ATAJIOHHBIM UCTOYHUKOM VBG, Oydepn3oBaHHBIM BHYTPEHHHM ycuiHuTeneM. B mobom ciydae
BHemHu BbIBOJ NREF cBsa3an HenocpeactBenHo ¢ ALIL, 1 moaToMy MOKHO CHU3UTH BIUSHUE
IIyMOB Ha OMOPHBIM MUCTOYHUK 3a CUET MOIKIIOYECHUs KOoHAeHcaTopa Mexay BeiBogoM NREF u
obmum. Hampsbkenue Vyop Takke MOXKeT ObITh M3MepeHO Ha BbIBojJie REF BBICOKOOMHBIM
BOJIbT™METpOM. HeoOxoaumo oOpaTuTh BHUMaHUE, 9YTO Vyjon SBISICTCS BEICOKOOMHBIM HCTOYHH-
KOM U IIOTOMY BHEIIIHE K HEMY MOKET ObITh OJKITIOYEHA TOJILKO EMKOCTHAsI Harpy3Ka.

Ecnu nosib30Bartesib UCMONIb3yeT BHEIIHUN ONMOPHBIA UCTOYHHK, IMOJIKIOUYEHHBIA K BBIBO-
ny NREF, To He pomyckaercsl MCHONIb30BaHUE APYIOW OINIMU ONOPHOIO MCTOYHHUKA, T. K. 3TO
IPUBEJET K IIYHTUPOBAHUIO BHELIHErO OonopHOro HampspkeHus. Eciou k BeiBony MREF He npu-
JIO)KEHO HaIpsHKEHHUE, TO T0JIb30BaTelb MOXKET BbIOpaTh Unycc 1 2,56 B B kadecTBe OMOPHOTO
UCTOYHMKA. Pe3ynpTaT mepBoro mpeoOpa3zoBaHus MOCIE NEPEKIIOYEHHUsT OMOPHOTO MCTOYHUKA
MOET XapaKTepU30BaThCS IJIOXOH TOYHOCTHIO U MOJIb30BATEI0 PEKOMEH]IYETCSI €r0 UTHOPUPO-
BaTh.

Ecnu ucnons3yrores auddepeHinaibible KaHalbl, TO BHIOPAHHBIM OMOPHBIA HCTOYHUK
JIOJDKEH OBITh MeHbIIe YpoBHS Unycc.

3.18.5 IMMopaBurteas mymon AL

AITI xapaktepusyeTrcss BO3SMOKHOCTBIO TOJIaBJICHUS IIIYMOB, KOTOPBIE BBI3BAHBI PabOTOM
anapa LITY u nepudepuitHbx ycTpoicTB BBOJa-BbIBOjA. IlogaBuTenb MIyMOB MOXET OBITh HC-
MIOJIB30BaH B pexume cHukeHus mymoB ALl u B pexxume xonocroro xoxa. IIpu nenons3osa-
HUM JaHHOHM (PyHKIIMH HEOOXOAUMO MPHUJIEPKUBATHCS CIIEIYIOLIEH MPOLEeTypHhI:

- cinenyeT yoeauthes, uto padota ALl pa3penieHa u oH He BBITIOJIHSIET TPeoOpa3oBaHuUs,
BBIOMPATh PEXHUM OJMHOYHOTO NpeoOpa3oBaHUS U pa3peliuTh NpepbIBaHUE IO 3aBEPLICHUU
npeoOpa3oBaHus;

- BBECTH p&kUM yMeHbleHns myMoB AL (nmm pexum xonoctoro xona). ALII 3amyctur
npeoOpa3oBaHue Kak Tosbko ocranoButes L{ITY;

- €CIIM 10 3aBepIleHus MpeoOpa3oBaHUs HE BO3HUKAET JPYrUx npepbiBanuii, To AL BbI-
3oBeT npepsiBanue LIIY u mporpamma mepeiiner Ha BEKTOpP 00paOOTKH TpEephIBaHUS IO 3aBEp-
menun mpeodpaszoBanus Allll. Ecnu no 3aBepmieHusi mpeoOpa3oBaHUsI APyroe IpepbIBaHUE
npoOyXJaeT MUKPOKOHTPOJUIEP, TO 3TO MpepbiBaHUe 00padaThiBaeTcs, a MO 3aBEepIICHUH Tpe-
0o0pa3oBaHMs T€HEPUPYETCS COOTBETCTBYIOIIMI 3ampoc Ha mpepbiBanue. AlIIl ocraercs B ak-
TUBHOM peXHMe MoKa He OyJIeT BHINOIHEHA ouyepeiHas KoMaHa sleep;

- cieayeT oopaTuTh BHUMaHue, uto ALIIl He oTKIIOUaeTCsl aBTOMAaTUYECKHU TP TIEPEBOIE
BO BCE PEKHMBI CHA, KPOME PEKMMA XOJOCTOro xoja M cHuxkeHusd mymoB AIIIIL. Ilostomy
MOJIB30BaTENh JOJKEH TPEeTycMOTpeTh 3anuck jJorundeckoro 0 B outr ADEN nepen nepeBojgom B
TaKue PeKUMBI CHa BO M30ekaHHe upe3MepHoro sHepronorpednenus. Eciau padora AL 6buta
paspellieHa B TaKuUX peXUMaxX CHA M IOJb30BaTeNlb JKEJIAeT BBHIMOIHUTH AuddepeHnanbHoe
npeoOpa3oBaHue, TO TOCIE MPOOYXKIEHUSI HEOOXOIUMO BKIIIOYUTH, a 3aTeM BBIKIIOUUTH ALII
JUISI THULIMALIMK PAcIIMPEeHHOro MpeoOpa3oBaHus, 4YeM Oy/leT rapaHTUPOBAHO MOJy4YeHHUe Neil-
CTBUTEIILHOI'O PE3YJILTATA.
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3.18.6 CxemMa aHAJIOrOBOro BX0aa

Cxema aHaIoroBoro Bxojia Juisi OJHOMOJISIPHBIX KaHAJIOB Ipe/cTaBieHa Ha pucyHke 3.102.
HeszaBucumo oT Toro, kakoi kanai noakiarodeH K AL, aHamoroBslii cUrHaj, MOAKIFOYSHHBIN K
BbIBOAY ADCn, HarpyxaeTcsi eMKOCTbIO BBIBOJIAa M BXOJHBIM CONPOTHUBIEHHEM yTeuku. [locme
noakiroueHus kanana Kk ALl anamoroBslit curHan OyaeT cBsi3aH C KOHJIEHCATOPOM BBIOOPKH-
XpaHEHUsl 4epe3 IMOCIEeN0BATEIbHbBINA PE3UCTOP, CONPOTUBIECHUE KOTOPOrO 3KBHUBAJIEHTHO BCEH
BXOJIHOU LIEIIN.

ALII onTUMU3MPOBAH MO/ aHAJIOTOBBIE CUTHAJIBI C BHIXOAHBIM COMPOTHUBIIEHUEM He Oolee
10 kOm. Ecnu ucnonb3yeTcst Takoi UCTOYHHUK CUTHAJA, TO BpeMsl BRIOOPKHM HE3HAYUTEIhHO. Ec-
JIM 7K€ MCTIONb3YETCsl HCTOUHUK C 00Jiee BHICOKUM BXOJIHBIM COIPOTUBJICHUEM, TO BPEMs BBIOOD-
Ki OyIeT onpeAensThbCs BPEMEHEM, KOTOpoe TpedyeTcs Ui 3apsaKd KOHJAEHCATopa BbIOOPKHU-
XpaHEHUs ICTOYHUKOM aHAJIOTOBOI'O CUTHaa. PekomMeHayeTcs MCroinb30BaTh HICTOYHUKH TOJIb-
KO C MajblM BBIXOJHBIM CONPOTHUBIIEHUEM M MEJJIEHHO M3MEHSIOIIMMUCS CUTHAJIaMHU, T. K. B
3TOM ciy4yae OyAeT JOCTaTOuHO OBICTPBIM 3aps] KOHAEHcaTopa BbIOOpku-XxpaHeHHs. [lapamer-
pst padoter ALIIT — B Tabmune 3.80.

[To oTHoOmIEHHUIO K KaHaNaM ¢ quddepeHIHaTbHbIM YCUIEHUEM PEKOMEHYeTCsl UCII0JIb30-
BaTh CUTHAJIbI C BHYTPEHHUM COIIPOTHUBIIEHUEM JI0 HECKOJIBKMX COTEH KmiiooM. Crienyer npeny-
CMOTPETH, YTOOBI B MIPEABAPUTENBHBIX Kackaaax (OPMUPOBAHUS aHAIOTOBOTO CHUTHAjIa KO BXOY
ALl He BHOCHINCH Y9acCTOTHI BhIIIE fary/2, B MPOTHBHOM CiIydae pe3yJbTaT NMpeoOpa3oBaHUsA
MOJKET OBITb HEKOPPEKTHBIM. Eciu BeposTHOCTh MPOHUKHOBEHUS BHICOKHX YaCTOT CYIIECTBYET,
To pekomenayercs nepea ALl ycTaHOBUTH GUIBTP HU3KUX YACTOT.

+

ADCn y L |
1...100 kOm

C\J"B}( =14 nD
7]

Pucynok 3.102 — Cxema aHaIOroBOro BXoja

Tab6nauna 3.80—INapamerps! pabotsr ALITT

HanmenoBanue byk- Hopma
napamerpa, BEHHOE
Pexxnm n3mepenus
E€IMHALA 0003Ha- HE - HE
V3MEpEeHus yeHHe | MEHee Oonee
HecummeTpruuHblii KaHan - 10 -
Paspemienue, JuddepenunanbHblil kaHan 8
out (ko3¢ punment ycwienus 1x, 10x)
JuddepeHunanbHblii KaHa
- 7 -
(ko3¢ punment ycmienus 200x)
AbcoioTHas HecummerpruHbIil kKaHan
TOYHOCTb, Unrer=4 B,
MJIQJIINHI 3Ha- gacrota ALIT =200 xI'g - 1 -
Yyanun paspsia
(M3P)
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IIpooonsicenue mabauyor 3.80

Haumenosanue byx- Hopma
rnapamerpa, BEHHOE
Pexum nsmepenus HeE HE
eIMHUIIA 00o03Ha- THIL. 6
P genme | MCHee oJiee
Judpdepeniy- Unrer=4 B
aJbHas HeJlu- - - 0,5 -

HelHocTh, M3P

Cwmemenue nyns, | Unper=4 B

- - 1 -
M3P 0
Bpewms npeobpa- | Pexxum HenpepbIBHOTO ) 65 ) 260
30BaHUs, MKC npeobpazoBaHus
TakToBas yacto-

- 50 - 200
Ta, Kl 11
AHayororoe

U U +

HanpspKeHUe H- Unvee _%vgc - #(\)/Cé:
TaHus, B ' ’
Omnopnoe Hecummerpruunbie KaHabI U 2,0 - Unvee
Hanpspkenue, B | JluddepennmanbHpie KaHATIbI IREF 2,0 - Unvcce -02
Hanpsioxenue HecumMerpuuHbie KaHabI 0 UnRree
BXOAHBIX CHTHA~ | TIydyhepeHnranbHble KaHATIbI Uiy ) _ )
noB, B
Hanpsxenune
BHYTPEHHETO 24 2 27
VIOH, B Uint , 56 ,

BxonHoe cormpo-
THBJICHHE KaHaJla
OTIOPHOTO Rrer 6 10 13
HaIPSDKCHUS,
KOM

BxonHoe cormpo-
THUBJICHUE aHAJIO-

RAIN - 100 -
TOBOTO BXO/1a,
MOwm
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Xapakrepuctuku AL npuBenens! B Tabnumax 3.81, 3.82.

Tab6nuna 3.81 — Xapakrepuctuku AL, HecuMMeTpUYHBIE KaHAIIBI

Hapawerp, VYcioBus usmepenus MusH. Trmo- Makec. Emnanna
0003HaYCHHE BOE M3MEpEHUs
Pazpemienue OnuHo4HOE TTpeoOpa3oBaHKe - 10 - butsl
OnuHouHOE npeoOpa3oBaHue
UﬂREF =4 B, Ucc=4 B, - 1,5 - M3P
yactrora ALIIT= 200 kI'11
OnauHouyHOE TpeoOpa3oBaHue
UﬂREF =4 B, Ucc=4 B, - 3,0 - M3P
yactora ALlII=1 MI'11
AOconoTHas OnuHovHOE TTpeoOpa3oBaHKe
TOYHOCTbH Unrer =4 B, Ucc=4 B,
gactota ALIT= 200 kI'11 i 15 i M3P
PexnM CHM)KEHHs IyMOB
OauHouyHOE TTpeoOpa3oBaHue
UﬁREF =4 B, Ucc=4 B,
yactota ALIT= 1 MI 1, i 3.0 i M3P
PexnM CHM)KEHHUs IyMOB
VnrerpansHas OnuHouyHOE TTpeoOpa3oBaHue
HeTMHEHHOCTD UﬁREF =4 B, Ucc=4 B, - 0,75 - M3P
yactora ALIIT= 200 kI'11
OnunouHOe TpeoOpa3oBaHue
Jbepemuanias |y 4y Uoc-a B, clos | - | e
gacrora ALIT= 200 It
OpnuHouHOE peoOpa3oBaHue
Omnbka cMelIeHust Unrer =4 B, Ucc=4 B, - 1,0 - M3P
yactota ALIT= 200 I'11
Bpewmst mpeobpazoBa- 13 260 MKC
HUS
TakToBas yacTora 50 200 k[
AT
AHazoroBoe Hamps- Usvec Usvee
JKCHHUC -
-0,3 +0,3
mutanus, Unvee B
OnopHoe
Hanpspkenue, Unree 2,0 Unvece B
Hanpspokenne BXOIHBIX
curanos, Uy 0 4.0 B
Hanpsixenue BHYT-
pernero MOH, U\t 2,4 2,56 2,7 B
Bxonnoe
COTPOTHUBIICHUE KaHa-
J1a OTIOPHOTO HAMPS- i i
sxeuns, Rrer 28 kOM
Bxonnoe
COMPOTHBIICHUE aHa- - -
JIOTOBOTO BX0Ia, Ran 50 MOwM
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Tabnuna 3.82 — Xapakrepuctuxu AT, nuddepennpanbable KaHATbI

Iapamerp, VYcioBus usmepeHust Mus. Trmo- Makec. Emnanna
0003HaYCHHE BOE W3MEpEHUs
Pazpemenue Koad. ycunenus = 1X - - 8 butsl
Koad. ycunenns = 10X - - 8 butbl
Koad. ycunenus = 200x - - 7 butsl
Koad. ycunenus = 1X
UOREF =4 B, Ucc=5 B, - 18 - M3P
Yacrora A= 50 - 200 kI'11
Koad. ycunenns = 10X
f;i‘if:;;’:‘*a" Unrer =4 B, Ucc=5 B, - 18 - M3P
Yacrtora ALTI= 50 - 200 I'11
Koad. yemnenns =200x
UOREF =4 B, Ucc=5 B, - 7 - M3P
Yacrora ALII= 50 - 200 kI'11
Koad. ycunenns = 1xX
UOREF =4 B, Ucc=5 B, - 1,5 - M3P
Yacrora ALIT= 50 -200 kI’
VinterpansHas Koad. ycunenus = 10X
HEJIMHENHOCTh Unrer =4 B, Ucc=5 B, ) 2 i M3P
Yacrora ALIII= 50 - 200 kI'11
Koad. yemnenus =200x
UOREF =4 B, Ucc=5 B, - 5 - M3P
Yactora AILTI= 50 - 200 I'11
Koad. yeunenus = 1X - 4 - %
Ommodka ycunenus |Koad. ycunenus = 10X - 4 - %
Koa. ycunenns =200x - 1,5 - %
Bpevis 1peaGpaso- 3] - 20 | e
iéll_I[(FIOBaH 4acToTa 50 i 200 «I
AHanorosoe U U
HapsDKEHUE _ngc - +#(\)/ %C
muranus, Unvee ' ' B
OnopHoe Harmps-
xxeune, Unrer 2 - 4 B
Juddepenunans- -Unrer Unrer/
HOE BXOJ/IHOE K02 (. - K0od (.
Hanpsokenue, Uprr YCHIL. yCHIL. B
Hampsixenue BHYT-
pennero MOH,
UinT 2,4 2,56 2,7 B
Bxonnoe compo-
TUBJICHUE KaHaJIa
OTIOPHOTO HaTpsI- )
sxeunst, Rrer - 28 kOM
Bxonnoe compo-
TUBJICHUE aHAJIOTO- -
BOro Bxonaa, Rain - 50 MOwM
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PexomMeHnaanmuu no CHUKEHHMIO BJMSHUSA LIyMOB Ha pe3yJbTaT NpeoOpa3oBaHuA

PaboTa 1udpoBbIX y3710B BHYTPH M CHApYXKM MHUKPOKOHTpOJIJIEpa CBsi3aHa C TeHepanuen
AJIEKTPOMAarHUTHBIX U3JIy4YE€HUH, KOTOPbIE MOI'YT HETaTUBHO OTPa3UThCSl HA TOUHOCTH H3MeEpe-
HUS aHAJIOTOBOTO CUrHaja. Eciau TOYHOCTh NpeoOpa3oBaHus ABISAETCA KPUTHUECKUM IapameT-
POM, TO YPOBEHB IIIyMOB MOXHO CHU3UTh, IPUIEPKUBASCH CIECTYIOIINX PEKOMEHAAIININA:

- BBINOJIHATH MyTh AHAJOIOBBIX CHUI'HAJIOB KaK MOXHO Oojiee KOpoTKo. CleauThb, YTOObI
AQHAJIOTOBBIC CUTHAJIBI MIPOXOAMIIA HAJ| MNIOCKOCTHIO (CJI0E€M) C aHAJIOTOBOM 3eMileil (3KpaHOM) U
JAJICKO OT ITPOBOIHUKOB, IEPEAAIOIIUX BEICOKOUYACTOTHBIE LIU(POBBIE CUTHAIIBI;

- BeBOJl NVCC HeoOxoaumo cBsi3ath ¢ nudppoBsiM nmutanueM #VCC uepe3 LC-uens B co-
OTBETCTBUU ¢ pucyHKoM 3.103;

- CJIeyeT MCIOoJIb30BaTh (pyHKIMIO moaaBneHus nrymoB ALIIL, BHeceHHBIX paboTOil siapa
HITY;

- ecnu Kakoii-mu6o u3 BeiBoJ0B ALl mcmonb3yercs kak nuppoBOil BBIXOJ, TO YPE3BbI-
YaiiHO Ba)KHO HE JIOIYCTUTh NEPEKI0UYEHUE COCTOSHUS ITOr0 BhIX0Ja B Ipoliecce nmpeodpa3oBa-
HUSL.

#VCC
PAO(ADCO)
PA1(ADCI)

#OV

PA4(ADC4) 5

PA5(ADCS5)

PAG(ADC6)

PA7(ADC7)

NREF

10mk['H

nov
==l

Pucynok 3.103 — [Moaxmrouenne mutarmst AL
3.18.7 MeToanl KOMIEHCAIIMH CMELICHHSA
YcunuTenpHBIA KacKaJ WUMEET BCTPOCHHYIO CXEMY KOMITCHCAIIMH CMEIICHHS, KOTOopas

CTPEMHUTCSI MaKCUMalbHO MPHOIM3UTh K HYIIO CMelieHue AuQQEepeHInaTbHOT0 U3MEPEHUsI.
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OcraBiieecs CMEIIEHHE MOXXHO U3MEpPUTh, €Clii B KauecTBe AuddepeHmnanbabix BxoaoB AL
BBIOpATh OJMH U TOT K€ BBIBOJ MHUKPOKOHTpOJUIEpa. M3MepeHHOe TakuM 00pa3oM OCTaTOYHOE
CMEIIEHHE MO>KHO IIPOTPaMMHO BBIYECTh M3 pe3yibTaTa mpeoOpa3oBanus. Vcrnons30BaHue npo-
TPaMMHOTO aJITOPUTMa KOPPEKIIMH CMEUICHUS MO3BOJSIET YMECHBIINTh CMEIIEHHE HIDKE OJHOTO
MJIAJILIETO pa3psja.

OmnpenesieHusi NOrpelIHOCTENl AaHAIOr0BO-IIU(POBOro NpeodpPa3oBaHus

N-paspsaubiii  ogHomossipabld ALl mpeoOpa3oBbiBaeT HampsHDKECHUE JTUHEHHO MEXIY
NOV u Vyon ¢ KOJIMYECTBOM IIaroB 2n (MJIaAIIuX pa3psaaoB). Munumaneubsiii koa = 0, Makcu-
MajbHBIH = 2n-1. OCHOBHBIE MMOTPEITHOCTH MPEOOPA30BAHMS SIBISIIOTCS OTKIOHCHHEM PealbHON
dbyHKIIMYM peoOpa3oBaHusl OT uaealbHONU. Hike mpuBeIeHBI PUMEPEI.

Cwmemenne — otkinonenue nepporo nepexona (¢ 0x000 rma 0x001) mo cpaBHEHHIO ¢ HIE-
AITBHBIM MEPEX0I0M (T. €. TIPU MOJOBHHE MIaIero paspsaa). Mneansnoe 3HaueHue: «0» muan-
AN paspsii.

BrixogHoRA L
(Zali| :
P MaeansHei AL
: FeaneHeii AL
i > E p» BrxogHoe
MompeuHOCTE CWEWLEHMA VMOH HaNpAXEHHE

Pucynok 3.104 — [TorpemHocTs cMeleHus

[TorpemnocTts ycuinenus. Ilocine KOPpPEKTUPOBKM CMEIIEHMS IOIPEIIHOCTh YCHJICHHS
npezcTaBisier coboit oTknoHeHue nocineanero nepexona (¢ 0x3FE na 0x3FF) ot maeansHOrO
nepexoja (T. €. OTKJIOHEHHE TIPH MaKCHMaJIbHOM 3HAa4YeHUU MUHYC 1,5 mimammux paspsga). Mae-
asbHOE 3HavYeHue: «0» MIIaaImX pa3psaoB.
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BrixogHol !

Kog,

MorpelHocTE YoUNEHKA

""" HMaoeansHeIR ALM
FeaneHeid AL

= Dx0OHOE

YoH HanpaweHue

Pucynok 3.105 — [TorpemHocTs ycuneHus

Nuterpanbhaas venuueinocts (MHJT). Tlocne KOppeKTUPOBKH CMEIIEHUS U MOTPEITHOCTH
yemnenust MHJI npencraBnsier co0oii MakcMMaabHOE OTKIOHCHUE peaIbHOM (DYHKITUU TTpeodpa-
30BaHMS OT UICATBHOM U1 JIFoOoro koaa. UneansHoe 3nauenne MHIL: «0» mmammmii pa3ps.

BrizoaHoR 4
Ko,

< HHT

""" Mo eaneHei AL
FPeaneHeid ALM

» ExogHoe

YWoH  HanpaeHKe

Pucynok 3.106 — MuaterpansHas Henuneinocts (MHJT)

Huddepennnansuas HenuHeHoCcTh (JJHJI) — MakcuManbHOE OTKIOHEHHE MEXAY IIUPH-
HOM (DaKTHYECKOTO KOJa (MHTEPBAI MEXIY ABYMS CMEXKHBIMU TEPEX0JaMH) OT IIHUPUHBI HJIe-
anpHOTO Kofa (1 mmammuit paspsan). UneansHoe 3HaueHue: «0» MIaamui pa3ps.
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BrixonHoi ‘

kon  Ox3FF
. Thn.p
—
. |
| }‘_,an."“
0x000 | f°
: p BxogHoe
0 Y oH HaNpA#eHUe

Pucynoxk 3.107 — Auddepennunansnas nenuneinocts (JHJT)

[TorpemHocts kBaHTOBaHMsI. Bo3HMKaeT u3-3a npeoOpa3oBaHMs BXOAHOIO HANpPSKEHUS B
KOHEYHOE 4YUCIIO KOJOB. ITorpemHocTb KBaHTOBaHMS — 3TO MHTEPBaJ BXOJHOIO HaNpsKEHUs
NPOTSDKEHHOCTBHIO OJIMH MJIAAIIMKA paspsia (Mar KBaHTOBAHUS IO HANPSHKEHUIO), KOTOPBIN Xa-
paKkTepu3yeTcsl OJHUM U TeM ke KoJloM. Beerna pasen +0,5 muaamero paspsnia.

AOCOII0THAs MOTPEIIHOCTh — MAaKCHMaJbHOE OTKJIOHEHHE pealibHO (0e3 moacTponku)
¢byHKIMu npeoOpa3oBaHus OT MJICAIHOW NpH JIFOOOM Koze. SIBIseTcsl pe3ylbTaToM ACUCTBUS
HECKOJIbKUX 3(()EKTOB: cMeIIeHNEe, TOTPEIIHOCTh YCHIIEHUs, AMPPepeHIInanbHas NOrpelHOCTb,
HEJIMHEHHOCTh U MOTpeIIHOCTh KBaHTOBaHM. VaeanbHoe 3Hauenue: +0,5 Miaamero paspsia.

PesyabTaT npeodpasosanus AL

[To 3aBepmiennu npeodpazoBanusi (ADIF = 1) pe3ynabTar MokeT OBITH CUMTAH W3 Hapbl
peructpos nanubix AL (ADCL, ADCH).

JU1s. OTHONOJISIPHOTO MTPEe0Opa30BaHUs PE3yIbTaT PaBeH

aDC = Yn 1024

REF

rae Uiy — ypoBeHb HanpsbkeHus: Ha BeIOpaHHOM Bxoze AL

Uger — Hanpspkenue Beiopanaoro MOH (cm. tabmuist 3.84 u 3.85).

Kox 0x000 cooTBeTcTBYET ypOBHIO aHanoroBoi 3emur, a Ox3FF — ypoBHIO HanpsKeHHs
OIOPHOI'0 UCTOYHUKA MUHYC OJIMH MJIAIIINI 3HAYaLIUi pa3psa.

[Tpu ucnonb3oBanuu AuQhepeHnnaIbHbIX KaHAJIOB pe3yibTaT OyaeT paBeH

ape = Ueos ~Unes) - GAIN 512
UREF

rne Upps — HanpspKEHUE Ha TMOJI0KUTEIbHOM BXO/IE;
Ungg — HanpspKeHHE Ha OTPULIATEIBHOM BXOJIE;
GAIN — BbIOpaHHBINH KOYQPHUIUEHT YCUTICHUS;

Urer — HampsikeHue BeiOpannoro MOH.
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Pesynprar mpencrasnsercs B KoJie JBOMYHOTO JomNoidHeHus, HaunHas ¢ 0x200 (-512d) no
O0x1FF (+511d). OGpaTute BHHMMaHHUE, YTO MPU HEOOXOIUMOCTH OBICTPO OINPEICIHUTH IOJAP-
HOCTB pe3yJbTaTa IOCTATOYHO OIPOCUTH CTapIINil OUT pe3yibTara mpeodpasoanus (ADC9
peructpe ADCH). Ecnu nmanHblid OUT paBeH JIOTHYECKON €IWHHUIIC, TO Pe3yIbTaT OTPHUIIATEIIb-
HBII, €CJIM )K€ OH PaBEH JIOTUYECKOMY HYIIIO, TO Pe3yJbTaT MoJokuTeapbHbId. Ha pucynke 3.108
npeacrarineHa GyHkius npeodpazoanus AL B muddepennmanibHOM pexume.

BeixogHoii A

s
((
KA

) ) 0x000 | -f ' )) Judpdepennmanproe
| T T | T T 175 | | | | | 1 > Ha‘;’;‘;{;’e":“e
V,s/GAIN 3B V,/GAIN

2
L
)) |
((

0x200

Pucynok 3.108 — @ynknus npeodpazosanust AL mpu m3mepennn
TuddepeHIaIbLHOro CUrHana

B tabnuue 3.83 npeacraBieHbl pe3ylbTUPYIOIINE BBIXOAHbBIE KOJBI s JU(depeHIrab-
Hol mapbl kaHanoB (ADCn - ADCm) ¢ ko dunmentom ycmnenust GAIN u onmopHbIM Hanpsoke-

aueM Uggr.

Tabnu Ima 3.83 — CB13b MCKAY BXOJAHBIM HAIPS’KCHUCM W BBIXOAHBIMU KOJaMU

V aben CunTtbiBaeMblii k071 | COOTBETCTBYIOIIEE AECATHUHOE 3HAYCHUE
Vapcm + Urer /GAIN Ox1FF 511
Vapcm + 511/512 Uger /GAIN Ox1FF 511
Vapcem + 511/512 Uger /GAIN Ox1FE 510
Vapcm + 1/512 Uger /GAIN 0x001 1
V abcm 0x000 0
V apcm - 1/512 Urer /GAIN Ox3FF -1
V apcm - 511/512 Uger /GAIN 0x201 -511
V apcm - Uree /IGAIN 0x200 -512
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I[Ipumep:

ITycte ADMUX = 0xED. Hcnonb3yercs napa BxonoB ADC3 - ADC2, koaddurueHT ycu-
nenus 10X, Urgr = 2,56 B, nanpsbkenue Ha Bxogax ADC3 u ADC2 pasuao 300 MB u 500 mB,
COOTBETCTBEHHO. Pe3ynbTar mpecTaBieH ¢ JIEeBOCTOPOHHUM BbIpaBHUBaHHEM. Toraa:

ADCR =512 x 10 x (300 - 500) / 2560 = -400 = 0x270.

C ydeToMm BBIOPAaHHOTO JIEBOCTOPOHHETO (hopMaTa pa3MelleHus pe3yabTaTa
ADCL = 0x00, a ADCH = 0x9C. Ecnu xe BbiOpan npaBoctoponnuii popmatr (ADLAR = 0), To
ADCL = 0x70, ADCH = 0x02.

Peructp ynpasiaenusi myjabTuiiekcopom AL - ADMUX

bur 7 6 5 4 3 2 1 0
| REFS1 | REFSO | ADLAR | MUX4 | MUX3 | MUX2 | MUX1 | MUX0 | ADMUX
Hrenne/ 3 73 73 3 3 3 73 a3
3anuce
HauansHoe 0 0 0 0 0 0 0 0

3HA4YCHUC

Pa3psanabl 7:6 — REFS1:0: Butbl Bb100pa HCTOYHHKA ONIOPHOT0 HANIPSIKEHUS

JlaHHbIe OUTBHI ONPENENSIOT, KAKOe HaNpshKeHue Oy/eT UCIOIb30BaThCS B KAYECTBE OMOp-
Horo misa ALII (cm. Tabnuny 3.84). Eciiv u3MEHUTh 3HaY€HUs JaHHBIX OMTOB B IpOIEcce Ipe-
00pa30BaHusl, TO HOBbIE YCTAHOBKH BCTYIIAT B CHUJIY TOJIBKO IOCJIE 3aBEpPLICHUs TEKYIIEro Ipe-
oOpasoBanus (T.e. korna ycranoButcst out ADIF B peructpe ADCSRA). He pa3pemaercs uc-
H0JIb30BaTh BApUAHThI BHYTPEHHETO ONOPHOro HaIpsbkeHus, eciau K BeiBoy AREF noakiouen
BHEIIHUWA ONIOPHBINM UCTOYHUK.

Tao6nuima 3.84 — Beibop onmopHoro ncrounuka ais AL

REFS1 | REFSO Bb100p MCTOUHMKA ONTOPHOTO HANPSHKEHUS
0 0 AREF, BHyTpeHHee onopHoe HanpsKeHHe OTKIYEHO
0 1 NVCC c BHemHUM KOHAEHcaTopoM Ha BhiBosie AREF
1 0 3ape3epBUPOBAHO
1 1 Buyrpennnii MOH nHa 2,56 B ¢ BHEIIHUM KOHIEHCATOPOM Ha BBIBOJIE
AREF

Pa3psan S — ADLAR: but ynpasiienusi npeacTaB/ieHHeM pe3yJbTaTa npeodpa3oBa-
HUA

bur ADLAR Biusier Ha npecTaBlIeHNE pe3ysibTaTa MpeoO0pa3oBaHus B PETUCTPE JaHHBIX
ALII. Eciu ADLAR = 1, To pe3ynbrar npeobpa3oBanus OyJeT UMETh JIEBOCTOPOHHUH (hopMmar,
eciii ADLAR = 0, To mpaBocroponnuii. JlelictBue 6uta ADLAR BcTymaer B cuity cpasy mnocie
U3MEHEHUs, He3aBUCUMO OT BBINIOJHIEMOTO B JJAHHBIH MOMEHT IpeoOpa3oBanus. [lonHoe omnu-
caHue NIEWCTBHS JAaHHOTO OWTa MPEACTABJICHO HIDKE B MoAanyHKTe «Peructper manabix AL —
ADCL nu ADCH».

Pa3psan 4:0 — MUX4:0: Butsl BbIOOpa aHAI0T0BOI0 KaHa1a M K03 uumnenra ycu-
JICHUSl

JlaHHBIE OUTHI ONIPEEIAIOT, KAaKUe U3 UMEIOIUXCS aHAJIOTOBBIX BXOJIOB MOJIKIIOYAIOTCS K
ALII. Kpome Toro, ¢ ux moMoIUIbl0 MOKHO BBIOpaTh K03 puumeHT ycunenus st tuddepeHu-
IBbHBIX KaHAIOB (cM. Tabnuiy 3.85). Ecniu u3MeHUTh 3HaueHHs TaHHBIX OMTOB B IpoIEcce Mpe-
00pa30BaHus, TO HOBBIE YCTAHOBKH BCTYIIAT B CHUJIY TOJIBKO IOCIIE 3aBEpPILICHUs TEKYIIEro Ipe-
oOpa3oBanus (T.e. koraa ycranosurcsi out ADIF B peructpe ADCSRA).
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Ta6nauna 3.85 — Beibop BxoqHOrO KaHana 1 Koddduumenra ycuineHus

OnHOMONAPHEIN BXOJ ITonoxurensHbIi OtpuuarenbHbIi TUd- Koadpunment
MUX4...0 i depeHnnanbHbIH (epeHIManbHBIN BXO yCUJICHUS
BXOJ[
00000 ADCO
00001 ADC1
00010 ADC2
00011 ADC3
00100 ADC4 He nocrymio
00101 ADC5
00110 ADC6
00111 ADC7
01000* ADCO ADCO 10x
01001 ADC1 ADCO 10x
01010* ADCO ADCO 200x
01011 ADC1 ADCO 200x
01100 ADC2 ADC2 10x
01101 ADC3 ADC2 10x
01110 ADC2 ADC2 200x
01111 ADC3 ADC2 200x
10000 ADCO ADC1 1x
10001 ADC1 ADC1 1x
10010 ADC2 ADC1 1x
10011 He poctyro ADC3 ADC1 1x
10100 ADC4 ADC1 1x
10101 ADC5 ADC1 1x
10110 ADC6 ADC1 1x
10111 ADC7 ADC1 1x
11000 ADCO0 ADC2 1x
11001 ADC1 ADC2 1x
11010 ADC2 ADC2 1x
11011 ADC3 ADC2 1x
11100 ADC4 ADC2 1x
11101 ADC5 ADC2 1x
11110 1,23 B (Vgg) He noctymnHo
11111 0 B (NGND)
* MOHO UCTIOIB30BATh IS TOUHOTO OTIPEICTICHHS CMEIICHUSI.
Perucrp A ynpasiaenust u cocrossnusi ALIII - ADCSRA
bur 7 6 5 4 3 2 1 0
| ADEN | ADSC | ADFR | ADIF | ADIE | ADPS2 | ADPS1 | ADPSO | ADCSRA
Hremne/ gy /3 U3 /3 U3 /3 U3 u/3
3amuce
Hatanerioe 0 0 0 0 0 0 0

3HAYCHUC

Pa3psin 7 — ADEN: Paspemenue padorst AL

3anuck norudeckoit enuuullsl B 6uT ADEN paspemaer pa6ory ALIL. Ecnu B nanHblii OGut
3amucaTh Jorudeckuit Hoyb, TO ALIIT orkmrouaercs. OtknmroueHue ALl B MOMEHT BBITOJTHEHUS
npeoOpa30BaHuUs MPUBOJUT K MPEKPAIIECHUIO TaHHOTO peoOpa3oBaHMsL.

Pa3psn 6 — ADSC: 3anyck npeodpasoBanus ALII

B pexxume oaumHOYHOTO MpeoOpa3oBaHUs 3alUCHIBAWTE JIOTHYECKYIO CIUHHITY B JIAHHBIN
OUT JUIS 3aIyCKa KaX10To Mpeodpa3oBaHus. B aBTOHOMHOM peXrMe 3aluChIBalTe JIOTHYECKYIO
eIMHUITY B TAaHHBIA OUT JJIs 3ammycka mepBoro npeodpazoanus. [lepBoe mpeodpazoBaHus mocie
ycranoBku O0uta ADSC ¢ momenTa Brirouenust AL, wnu ecnu ycranoBka 6uta ADSC u BkIIHO-

yenne ALl mporucxoasT B OJMH U TOT K€ MOMEHT, 3aiiMeT 25 TakToB cuHXpoHu3anuu ALIT
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BMECTO HOPMaJbHBIX 13 TakTOB. DTO meEpBOE MpeoOpa3oBaHHME CIYKUT A HMHULHAINA3AIN
AIIIL.

bur ADSC Oyner untatbes Kak JIOTUYecKas €IMHHMIIA, ITOKA BBITIONHSAETCS MpeoOpazoBa-
Hue. [lo 3aBepuieHNH npeoOpa3oBaHMsl JAaHHBIA OMT YMTaeTCAd Kak HOJb. 3allUCh JIOTHYECKOIO
Hy1st B 60uT ADSC He npenycMOTpeHa U He OKa3bIBa€T HUKAKOTO BO3/ICHCTBUSI.

Pa3psin 5 — ADFR: Beioop aBToHOMHOrO0 pexxuma padorsr AL

Ecnu B manHbBIN OMT 3ammcarh JIOTHYECKYrO enuHuily, To ALl mepeiiner B aBTOHOMHBIN
pexxuM paboTel. B aTom pexume AL HenmpepbIBHO BBHIMONHAET NMPEOoOpa3oBaHUs U OOHOBIISET
PETUCTPBI JaHHBIX. 3aIKCh JIOTUYECKOr0 HYJsl B 3TOT OUT IpeKpalaeTr paboTy B JAHHOM PEXH-
Me.

Pa3psin 4 — ADIF: ®aar npepsiBanusa AL

JlanHblii Quar ycraHaBiMBaeTcs ocie 3aBeplieHus npeodpasosanus AL u oOHOBIEeHUS
peructpoB naHHbIX. [IpepriBanue no 3aBepuieHuu npeodOpasoBanus ALl BemonHseTcs, ecnu
ycranoBieHsl OuT ADIE u 6ut | B peructpe SREG. ®nar ADIF cOpacbiBaeTcs anmapatHo mpu
nepexo/ie Ha COOTBETCTBYIOIINI BEKTOp MpepbiBanus. AinprepHatuBHO (uar ADIF cOpackiBaeT-
Csl IIyTE€M 3allUCH B HEro JIOTMYECKOW eAMHUuIbl. MIMeliTe B BUAy, YTO NP BBIIOJHEHUHU Olepa-
UK «dTeHne-moandukanus-zanuce» ¢ peructpom ADCSRA oxumgaemMoe mpepbIBaHHE MOXKET
ObITH OJIOKUPOBAHO. DTO TAKXKE CIEAYET YUUTHIBATh NPH UCHoIb30BaHnU KoMana SBI u CBI.

Pa3psin 3 — ADIE: Pa3pemenne npepbiBanust ALIT
[Tocne 3anucy TOTUYECKOM €MHMIIBI B TOT OUT NP YCIIOBHUH, YTO YCTaHOBIJIEH OUT I B pe-
ructpe SREG, aktuBupyercs npepbiBaHue 1o 3aBepiieHun npeoodpasopanus AL

Pa3psasbl 2:0 — ADPS2:0: bursl ynpaBaenus npenaeaureaem AT
JlanHble OUTHI ompenenstoT KodpduuueHt aeneHus mexay yacroro LIIY u uvactoroit

BXojaHo cuaxponuzanuu AL (Tabmuia 3.86).

Ta6auna 3.86 — Yopasnenue npepnenurenem AT

ADPS2 ADPS1 ADPSO Koaddunment nenenus

0 0 0 2

0 0 1 2

0 1 0 4

0 1 1 8

1 0 0 16

1 0 1 32

1 1 0 64

1 1 1 128

Peructpsol nannbix AIIII - ADCL u ADCH

ADLAR =0

but 15 14 13 12 11 10 9 8
- - - - - - ADC9 | ADC8 | ADCH
ADC7 | ADC6 | ADC5 | ADC4 | ADC3 | ADC2 | ADC1 | ADCO | ADCL

Yrenne/3anuco

HauanpHOe 3HaucHKE

oN oI NN
O o .fg oo
oo .g.gw
co.d.gbh
O O & ow
oo g anN
O O g, &
oo .dg.gdo
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ADLAR=1

bur 15 14 13 12 11 10 9 8
ADC9 | ADC8 | ADC7 | ADC6 | ADC5 | ADC4 | ADC3 | ADC2 | ADCH
ADC1 | ADCO - - - - - - ADCL
7 6 5 4 3 2 1 0
Yrenne/3anucn q q q q q q q q
q q q q q q q q
HauansHoe 3HaueHue 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

ITo 3aBepuieHnu mpeoOpa3zoBaHus pe3yabTAaT MMOMENIAETCA B 3TU JBa peructpa. IIpu uc-
M0JIb30BaHUU JU(dEepeHInaTIbHOr0 peKUMa Mpeodpa3oBaHus pe3yabTaT MPEACTABISETCS B KOJE
JIBOMYHOTO JI0IIOJIHEHUS.

Ecnu Beimonueno urenne ADCL, o oOHoBnenue peructpoB ganubix ALl He mpousBo-
JTUTCSL 10 TeX 1mop, moka He Oymer cuutad peructp ADCH. CrnemoBatenbHO, €ciu pe3ysibTar
npelcTaBieH B (opmare JeBOCTOPOHHETO BBIpAaBHUBAHUS, M TpeOyeTcsi TOYHOCTh HE Oolee
BOCBMH Pa3psA0B, TO TOCTATOYHO BBHIMOJIHUTH CUNTHIBaHUE TOJIBKO peructpa ADCH. B npoTus-
HOM cJlyyae HE0OX0AMMO CHauana cuuTarh qanHsie peructpa ADCL u Tonsko 3atem ADCH.

butr ADLAR, a Taxke 6utet MUXn B peructpe ADMUX BiusitoT Ha criocod CYUTHIBAaHHS
pesynbrata u3 peructpoB nanueix ALl Eciu 6ut ADLAR ycraHoBieH, TO pe3ynbTar Oynuer
npezcTaBieH B (opmarte JeBocTOpoHHero BhipaBHHBaHuA. Ecim 6ut ADLAR cOpomen (mo
YMOJIYaHHUIO), TO pe3yabTaT OyIeT MpeCcTaBlieH B (hopMaTe MpaBOCTOPOHHETO BHIPABHUBAHMSI.

ADC9:0: PesyabTaT npeodopasopanus AL
JlarHBIC OUTHI MPEACTABIISAIOT PE3yAbTAT MPEOOPA3OBAHUS.

SFIOR
Bur 7 6 5 4 3 2 1 0
| ADTS2 | ADTS1 | ADTSO | - | ACME | PUD | PSR2 | PSR10 | SFIOR
Hremne/ /3 4/3 4/3 q 43 43 43 43
3amnmch
Havansaoe 0 0 0 0 0 0 0 0

3HAYCHUC

bur 7:5 — ADTS2:0 : BeiGop aBTOMAaTH4YeCKOI'0 3a1lyCKa

Ecnu B ADATE peructpa ADCSRA 3anucana 1, 3HaueHue 3Tux OUTOB BBIOMpAeT HcC-
TouHHUK 3amycka npeodpazoBanusi ADC. Ecau 6ut ADATE ouwuimeH, To mapameTpsl OUTOB
ADTS2:0 ne Baxusl. [Ipeobpa3oBanue OyneT 3amylleHO HapacTaroUM (GPOHTOM BBIOPAHHOTO
¢nara npepeiBanus. OOpaTuTe BHUMaHUE Ha TO, YTO MEPEKI0YEHHE UCTOUYHMKA 3anmycka u3 0 B
1, reHepupyeT NOJOKHUTENbHBIN PPOHT Ha curHaie 3amycka. Ecnu ycranosien 6ut ADEN B pe-
ructpe ADCSRA, To npeoOpa3oBanue HaunHaetcs. [lepekimtoueHne B pexxuM CBOOOIHOTO J0-
cryna (ADTS[2:0]=0) He BBI30BET 3aIlycKa COOBITHUS, JaXKe eclu ¢iar IpepbIBaHUs YCTAHOBJICH.

Tabnuna 3.87 — Beibop aBTOMaTHUECKOTO MCTOYHHKA 3aITyCcKa

ADTS2 ADTS1 ADTSO Hcrounuk 3ammycka
0 0 0 Pexum cB0OOTHOTO 3amycKa (ABTOHOMHEIH PEKUM)
0 0 1 AHaJIoroBbslii KOMIapaTop
0 1 0 Bremnnee npepsiBanue 3anpoc 0
0 1 1 Taiimep/cuerunk() cpaBHEHHE COCTOSIHUS
1 0 0 Taiimep/cuetunk( nepenosHeHHEe
1 0 1 Taiimep/cuetunk] cpaBHeHHe cocTosiHus B
1 1 0 Taiimep/cuetunk] mnepenojHeHHEe
1 1 1 Taiimep/cuetunk] 3axBaT cOOBITHS
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bur 4 — RES : Pe3epBHblii OMT.
Otot out B UC 1887BE4Y Bcerna unraercsa Kak HOJIb.

3.19 IMoanep:xka 3arpy34yuKa — CaMONpoOrpaMMHIpoBaHue

Jlia moanep KKy camoIporpaMMHUpPOBaHUsT BCS 00JacTh MaMSITH MPOTPaMM JIOTUYECKU
paslielieHa Ha JIBE CEKIMH: CEKLHUI0 MpuKiIaaHoi nporpammel (Application Section) u cekuuio
sarpy3unka (Boot Loader Section). M3MeHeHHe MaMATH MPOrpaMM OCYIIECTBIISCTCS IPOrpaM-
MOW-3arpy34HKOM, PACIOJIOKEHHON B OJHOMMEHHOW ceKuuu. ISl 3arpy3Kd HOBOTI'O COAEPKH-
MOT0 MaMSATH MPOTrpamm, a TaKKe JJISl BBIFPY3KH CTApOro COACPKUMOro, Mporpamma-3arpy3duK
MOYET UCTOJIb30BaTh Jt00or uaTepdeiic nepenaun ganueix (UART/UART, SPI, TWI), umero-
HIMICS B COCTaBe KOHKPETHOTO MHUKPOKOHTposuiepa. CieayeT OTMETHTh, YTO 3arpy3uylK MOKET
U3MEHATDH COACPKUMOE 00€UX CEKIUH. ITO MO3BOJISAET EMY MOAUPUIIMPOBATH COOCTBEHHBIN KO/
U Jaxe yAalnsaTh ceOs W3 MaMsaTH, €cIu HaJoOHOCTh B HEM OTHaAeT. YPOBEHb JOCTyma (uTe-
HHUE/3alMCh) K KAKAOH M3 CEeKIW 3aJaeTcs I0Jbh30BATENEM C MOMOIIBI0 SYEEK 3aIINUTHI
BLB02:BLBO1 u BLB12:BLB11.

[lepexon k mporpamMme-3arpy3dyuky MOXKET OCYLIECTBIISTHCS pa3iIudHbIM o0pa3oM. B
4aCTHOCTH, OHa MOJKET OBITh BbI3BaHAa M3 OCHOBHOH mporpamMmbl komangamu RCALL/RIMP.
Jpyrum crocoboMm sIBIsieTCS TepeMelieHre BEeKTopa cOpoca B Hadallo CEKIWHU 3arpy3urka. B
9TOM Ciy4ae 3alyCK MpOorpamMMbl-3arpy3drKka OyIeT OCYIIECTBISTbCS aBTOMATHYECKH IOCIIe
Kax10ro copoca MUKpOKoHTpoiutepa. [lomokeHne BekTopa cOpoca OMpeAemnsieTcs COCTOSHHUEM
koHurypaunonnoii stueiiku BOOTRST. Ecnu B Heit conepxkutcs «1», BeKTop cOpoca pacmosna-
raercs B Hadaie mamsta nporpamm 1o aapecy $0000. [Tpu 3amporpaMMHUpOBaHHHOH sYCHKe,
Korna B Heil cogepxutcs «0», BeKTOp cOpoca pacmoiaraeTcsl B Hauaie CeKIMH 3arpy3uukKa.

Paszmep cexnum 3arpy3unka M pazMep CeKIMH MPUKIIaTHON MPOTPAMMBI 331a€TCsl C TOMO-
1Ibio ABYX KoHpurypamuonnsix sueek BOOTSZ1:BOOTSZ0.

Tabnauna 3.88 — Kondurypamus obnactu 3arpy3unka U 06JacTi IPUI0KEHNH B 3aBUCUMO-
ctu ot out BOOTSZ0 u BOOTSZ1

BOOTSZ1 | BOOTSZ0 Pasmep Crpanuig Oo6nacThb Oonactpb OxoHuaHue CrapToBblii
obOJsacTu HpI/IJ'IO)KeHI/Iﬁ 3arpys3dyuka obnactu anapec
3arpy3unka TIPUIIOKEHAH obusactn
CIIOBA ’ 3arpy34mKa
1 1 128 4 0x000 — OxF7F OxF80 — OxF7F 0xF80
OXFFF
1 0 256 8 0x000 — OXEFF 0xF00 — OXEFF 0xFO00
OxFFF
0 1 512 16 0x000 — OxE00 — OxDFF OxEO00
OxDFF OXFFF
0 0 1024 32 0x000 — OXBFF | 0xC00 — O0xBFF 0xCO00
OxFFF

B MukpokoHTpossiepe Bes MaMaTh MPorpaMM paz0uTa Ha J1Be 00JacTH (PUKCUPOBAHHOTO
pa3Mepa, Ha3blBaeMble «duTeHHe Bo Bpems 3amucn» (RWW) u «HeT ureHHs NpH 3amuci»
(NRWW). Otaunune Mexay 3TUMH OOJIACTSMH 3aKIIOYaeTCs B PAa3IMYHOM ITOBEJCHUU IICH-
TPaAJILHOTO MPOLECCOPA TPU U3MEHEHUH PACIIOJIOKEHHBIX B HUX JAHHBIX:

- BO BpEMsl BBINOJIHEHUS ONEpallii CTUPAHUS WM 3allMCH CTPAHMIIBI MaMSTH MPOTpaMM,
pacronoxkeHHO# B oosnact RWW, niporieccop MOXeT OCyIECTBIATh YTEHHE TOJIBKO M3 00JIacTH
NRWW,

- BO BpPEMS BBINOJIHEHUS ONEPALUN CTUPAHUS WM 3aIMCH CTPAHUIBI IAMSATU IIPOrpaMM,
pacnosioxxeHHoM B oomactt NRWW, miporieccop octaHaBiIuMBaeTcs 10 OKOHYAHUS 3TOW omepa-
1007078
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TakuMm 00pa3om, BO BpeMsi U3MEHEHHSI COJACPKIUMOTO CTPAHUIIBI MTAMSITH MPOTPAMM, pac-
nosioxxeHHo B oOmactt RWW, urenue 3toii obmactu 3ampernieHo. [lombiTka oOpaTUTBCS BO
BpeMs IPOrpaMMUPOBAHUS K KOOy, Haxojsmemycs B oomactu RWW (B pe3ynbrate BBINOIHE-
Hus komana RCALL/RIMP/LPM wiu B pe3ysbTaTe IPEphIBaHUS ), MOXKET IIPUBECTH K HETIpeICKa-
3yeMBIM MOCIIEACTBUSAM. Bo m30exaHue 3Toro cieayer Jaubo 3ampeTuTh MpepbiBaHus, J100 me-
peHecTH Ta0IHIly BEKTOPOB MPEPHIBAHUN B CEKIUIO 3arpy3urKa, KOTOpasi BCEr/a HaXOIUTCS B
obnactu NRWW.

Jlns onpexneneHust Toro, paspeuieHo urenue u3 obmactu RWW wnu Her, npeaHazHaueH
dnar RWWSB peructpa SPMCR. YcranoBnennsiii B «1» ¢nar o3navaer, 9yro obmacte RWW
3a0mokupoBaHa Juisi ureHus. [lo okoHYaHum onepanuu nporpammupoBanus diaar RWWSB
JIOJDKEH OBITH COpOIIICH IporpaMMHO (cM. onrcanue peructpa SPMCR).

HampotuB, xox, pacnosnioxxeHHbiid B oomactu NRWW, MoxeT ObITh CUYMTaH BO BpEeMsl M3-
MEHEHUS CTPaHUIIbI MAMSITH IPOTPaMM, PacroiokeHHOW B o0mactu RWW. A npu u3meHeHun
conepxkumoro oomactu NRWW mporieccop octaHaBIMBAETCsI 10 3aBEPIICHUS OTEPAIHH.

Ta6nuna 3.89 — Orpannuenue Ha pa3mep cekunu «YTeHne Bo BpeMsl 3aIUCH

Cexkuus Crtpanun Anpec
Yrenne Bo Bpems 3amucu (RWW) 96 0x000 — OxBFF
Her urenus Bo Bpems 3anucu (NRWW) 32 0xCO00 — OXFFF

3.19.1 Peructp ynpasiaenusi SPMCR

Paspsin 7 6 5 4 3 2 1 0
SPMIE | RWWSB - RWWSRE | BLBSET | PGWRT | PGERS | SPMEN | SPMCR
Ur/3an | Yr/3an | Ur/3an Yr/3an Yr/3an Ur/3an | YUr/3an | Ur/3an
Hauansnoe 0 0 0 0 0 0 0 0
3HaUEHUE

bur 7: SPMIE - Pa3pemienne npepsiBanus SPM

Korga B aToT OMT 3anucana joruyeckasi eIMHUIA U |-OUT B CTaTyCHOM PETrUCTPE YCTaHOB-
neH, SPM npepsiBanue pasperieHo. SPM roToBHOCTh K HpepbIBaHUIO OyJIeT BBIMOJHATHCS 10
Tex nop, nmoka 6utr SPMEN B SPMCR ountes.

bur 6: RWWSB — but 3anpemenus gocryna k RWW cexkuun

Korna camonporpammupoBanne B RWW cekunn nnnnmanusuposano, RWWSB out an-
nmapaTtHo ycraHaBnuBaercs. Korja oH ycTaHOBIICH, CeKIHs HE MOXeT ObITh noctymHa. RWWSB
our oumiaercs, korga B RWWSRE 0ut 3anuceiBaeTcs Jorudyeckas €IMHHUIA IIOCIE TOr0, Kak
poreaypa caMoIporpaMMHUpoBaHus 3aBepiieHa. AnbrepHatuBHo RWWSB Oyner aBromaru-
YeCKH OYHINEH, €CITU MHUIIHATU3UPOBAHA OTIepaIisl 3arpy3KHU CTPAHUIIBL.

bur 5: Res — Pe3epBupoBaHHblii OUT

but 4: RWWSRE — Urenue RWW cexknuu pa3penieHo

Korga nporpammupyercs RWW cekiusi, ona 610kupoBana st 9reHus. [ momydeHus
JOCTYyTA K 9TOW CEKIIUH MOJIB30BaTeNb JOJDKEH MOI0KIaTh OKOHUAHUS MporpaMMupoBanus. Ta-
kuM oOpa3om, eciit RWWSRE 6uT 3anmchIiBacTCsl JOTHYECKOW SIMHUIICH B TOXKE BpeMs, KOT/ia
u SPMEN, cnenyroniass SPM uHCTpyKIus, NpoBeeHHAs B TEUCHUE YEThIPEX IIUKIIOB, pa3peLInT
noctynn K RWW cexknmn. RWW cekuust He MOKeT OBITh JOCTYITHA, B TO BpeMs moka Flash 3ams-
Ta MPOLEypOol cTpaHWYHOTO cTHpaHus wim 3anucu. Ecim RWWSRE 6ut 3anucan, B To BpeMs
kak Flash-mamste mporpammupyercs, ornepanus 3arpy3ku Flash-mamstu Gyner urnopupoBarbes
U JIaHHbIE OyIIyT YTePSHEIL.
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bur 3: BLBSET — YcraHoBka OUT 0J10KHPOBKH 3arpy34uHKa

Ecim B aTOoT OuT omHOBpeMeHnHO ¢ 6utom SPMEN 3ammceiBaeTcs lorudeckasi €auHUIIa,
SPM wuHCTpyKIIHS, MPOBEICHHAS B CIEAYIONIME 32 YCTAHOBKOW YETHIPE TaKTa, MPOBEACT yCTa-
HOBKY OUT OJIOKMPOBKH 3arpy34rika B COOTBETCTBUU ¢ JaHHbIMU B peructpe RO. Jlanasie B R1 u
aapec B Z-ykazarene Oyayt urHopupoBanbl. BLBSET Out Oymer ouumieH qo Tex mop, moka
yCTaHOBKa OWT OJIOKMPOBKH 3arpy3dyuka He OyaeT 3aBepiieHa wiau eciu SPM mHCTpyKIus He
Oyzet mposeieHa B cienyromue 3a ycranoBkoir SPMEN detsipe mukia.

LPM wmHCTpyKIHS, TpPOBEICHHAS B TEYCHHE TPEeX MUKJIOB mocie yctaHoBku BLBSET u
SPMEN, G6yzner unTath 11060 OUTHI OIOKUPOBKH, MO0 KOH(PUTYpallMOHHBIE OUTHI (B 3aBUCHMO-
ctu ot Z0 B Z-yka3arese) B perucTp Ha3HAYCHHUSI.

bur 2: PGWRT - 3anuchk cTpaHuubl

Ecnu B aToT 6ut ogHoBpemenHo ¢ 6utoM SPMEN 3amuceiBaeTcs Jormueckasi €IuHHIIA,
SPM wunCTpyKIHS, TPOBEJCHHAs B CIEAYIOIINE 32 YCTAHOBKOM YEThIpE TaKTa, MPOBEAET 3aMUCh
CTpaHHIIBI JaHHBIMH, 3alTUCAHHBIMH BO BpeMeHHOW Oydep. AIpec CTpaHUIBI pacroyiaraercs B
crapunx 6urax Z ykazatens. Jlanueie B RO u B R1 Oyayr urnopuposansl. butr PGWRT Oyner
anmapaTHO OYMIIEH ITOCIIE 3aBEPIICHUS MPOLEAYPHI 3alIUCH WK B cirydae, eciii SPM uHCTpyK-
nusi He OyneT mpoBeneHa B ciexyromue 3a yctaHoBkoit SPMEN uertsipe mukmna. LITY Oyner
OCTAHOBJIEH BO BpeMs MPOIEAYPHI 3alUCH cTpanuilbl, eciu aapecyercss NRWW cekuus.

bur 1: PGERS — Ctupanue cTpaHunbl

Eciu B aTOoT OMT omHOBpeMeHHO ¢ 6utoM SPMEN 3ammceiBaeTcs lormueckas eauHUIa,
SPM uHCTpyKIHSA, pOBEECHHAS B CIEAYIOIINE 32 YCTAHOBKOW YETHIPE TAKTa, IPOBEAET CTHUPaA-
HUE CTpaHMLbl. AJipec CTpaHMLbl pacnoiaraercs B crapiux ourax Z ykaszarens. JJanusie B RO
u B R1 Oynyt urnopupoBanbl. but PGERS Gyzner anmapatHo ouuiieH mocie 3aBepIieHus mpo-
Le1yphl CTUPaHUS UM B ciiydae, ecind SPM uHCTpykius He OyJeT npoBesieHa B ClIeIyIOIue 3a
ycraHoBko SPMEN uetsipe numkma. IITY Oyzer octaHOBIEH BO BpeMs MPOLEAYPHI 3aIHCH
ctpanuibl, eciu aapecyercs NRWW cekuus.

bur 0: SPMEN — Pazpemenne SPM

Otot OuT pazpemaer SPM HHCTpYKIIMIO B TEUEHHE CIEIYIOMUX YEeThIpeX IMUKIOB. Eciu
»TOT O6uT ycranaBnuBaercs BMecte ¢ RWWSRE, BLBSET, PGWRT wunu PGERS, crnenyromas
komanga SPM Oyzner mMeTh cnienmanbHOe 3HaueHWe. Ecnm ycranaBnmBaercst Tonmpko SPMEN,
cienytomas komanga SPM Gyner coxpansath 3HaueHHe R1: RO Bo BpeMeHHOI cTpaHMuHBIN Oy-
dep, anpecyemblii Z-ykazaterneM. Muammue Outhl Z-ykasarens uraopupytorcs. SPMEN o6ut
OyzeT aBTOMaTHYEeCKH OYHIIEeH nocie 3aBepmenns SPM uHcTpykimu wim B ciydae, ecian SPM
UMHCTPYKLIUMSL He OyneT mpoBeneHa B cienyroue 3a ycraHoBkoi SPMEN uersipe nukia. Bo
BpeMsI IPOLIEAYp CTUpaHus Wi 3anucu crpanuibl out SPMEN Oyner ycraHOBIeH 10 3aBepiiie-
HUS ONepalHH.

3anuce B MITQIIINE TIATH pa3psaoB perucTpa 3HadeHuid, oTandHbIX oT «10001y», «01001,
«00101», «00011» u «00001», He BbI3BIBacT HUKAKOTO 3 PekTa.

Crnenyer oOpaTuTh BHUMaHHE Ha TO, 4TO BO BpeMs 3anmucu B EEPROM-namsts n3mene-
Hue peructpa SPMCR neBo3moxxHo. [ToaTomMy nepes TeM Kak 3amucarh Kakoe-JInOo 3HaYeHue B
peructp SPMCR, pekomennyetcst moxxnarbest copoca gurara EEWE perucrpa EECR. [lnst ampe-
calluyd MaMsTH IpoTrpaMM IpU UCIOJIb30BaHUM KoMmaHbl SPM ucnonb3yeTcs WHAEKCHBIM pe-
TUCTp Z, TOJXy4aeMblii OOBEIMHEHHEM JIBYX CTapIIMX PETUCTPOB obOmero HasHaueHwus R30
(Mmammmii 6aiit) m R31 (crapumii 6aiiT). [lockonbky mamMsTh MporpaMM UMEET CTPAaHHUYHYIO Op-
TaHMU3AINI0, CYSTYMK KOMaH/ MOXKHO YCIOBHO pa3OMTh Ha JBe yacTh. [lepBast 4acTh (Miajamue
paspsaabl) aipecyer YeKy Ha CTpaHHIIe, a BTOpas 4acTh onpezenseT crpanuny. [locne 3amycka
olepalyu NporpaMMHUPOBAHUS COAEPKUMOE perucTpa Z (UKCUpyeTcs U €ro MOXKHO UCHOJIb30-
BaTh JUIS JPYTUX LEJeH.
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3.19.2 3meHeHMe MaMATH NPOrPaMM

W3meHeHne namMsTH MPOTrpamMM OCYILIECTBIISIETCS B CIEAYIOUICH MOCIe10BaTEIbHOCTH:

1. 3anonnenue Oydepa CTpaHUIBI HOBBIM COICPKHMBIM.

WNHnekcHbId peructp Z MCHOJb3yeTCs Ul apecallui maMsaTy nporpamMm. buter 1-5 ot-
BEYAIOT 3a aJIpecaluio cjaoBa B Oydepe, a OuTel 6-12 — 3a agpecarnyio CTpAaHUIIBI B TAMSTH TIPO-
rpamm (cM. pucyHok 3.109). JlanHbIe KOJa onepaluy J0JDKHBI HaxoauThes B peructpax R1:RO.

3arpyxaem aapec CiIoBa Ha CTPaHUIIE U aapec CTPAHUIIBI B TAMSITH IIPOrpaMM B HHJICKC-
HBII peructp Z. Bemonnsem komauay SPM ¢ ycranosienasiM 6utom SPMEN. 3arpykaem ciie-
OyIuid aapec cioBa B peructp Z. Bemonasem komanay SPM ¢ ycTaHOBIEHHBIM OUTOM
SPMEN. IToBTOpsiem naHHBIC Onepalyu J0 3arnoiaHeHus oydepa.

2. Tlepenoc comepxxumoro Oydepa B maMsTh MPOTPAMM.

[Tocne 3arpy3ku mocieaHero cioBa B Oydep cTpaHUIBI BbINOJHsAeM KomaHay SPM c
ycraHOBIIeHHBIME oHOBpeMeHHO Outamu SPMEN u ogaum u3 6uroB PGWRT nimm PGERS, B
3aBHCHUMOCTH OT TOTO, 4TO HEO0OXOIUMO cienaTh: JuOO0 3amucaTh, JIMOO CTEpPEeTh JAHHBIE Ha
CTpaHUIIE, TIPU ITOM aJIpeC CTPAHUIIBI B IMAMATH TPOTPAMM JIOJDKEH OBITh 3aHECEH B peructp Z
(cexuuss PCPAGE), a agpec v JaHHBIE [TOCIEIHETO 3aHECEHHOIO CIIOBA HE TOJIKHBI H3MEHSTHCS.

CrnemyeT 3aMeTUTh, YTO TPU 3aIMCH JIAHHBIX B IMAMATH MPOTPaMM HEOOXOAMMOCTh B CTH-
paHUM CTPaHUIIBI OTCYTCTBYET, MIOATOMY MPOIEAYPY CTHPAHUS CTPAHUIIBI MEPE] 3alKChio JAaH-
HBIX MOKHO ITPOITYCTHTb.

[Ipu cTupanuu CTpaHULBI MAMATU TIporpamm cojaepxkumoe peructpoB R1 u RO urnopu-
pyercs. [lpu 3ammcu cTpaHHIBI WM CIIOBAa B MaMsATh nporpamm B peructpax R1 m RO conep-
JKUTCS KOJI OTIepaITIH.

15 ZPCMSB ZPAGEMSB 1 0
0 Z yKkasarelb
PCPAGE PAGEMSB
PC PCPAGE PCWORD
AJlpec CTpaHuIbI Anpec ciosa
BHyTpH flash mamstu BHYTPH CTPaHHIIbI
[lamsATh IporpamMm Crpannua
00
Crpanuua CJ10BO KOMaH/Ibl
01
02
< L=

R —

CTpaHHILbI

Pucynok 3.109 — Anpecanus k namsTi IporpaMmm 4yepe3 Z-ykasarenb
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IIpumep koxa Ha AccemOJiepe

3anuch cTpaHMIBI IAMATH NPOorpamMMm AanHbiMu 3 O3Y

,-*******************************************

1di XH, high (RAMSTART) ;Ins agpecarmyy O3Y MCHONB3YEM yYyKaszaTeslb
X

1di XL, low (RAMSTART)

clr ZH ;ykaszsaress flash

clr ZL

clr count ;CUETUMK 3BalMCAHHEIX CJIOB

1di templ, PROG SIZE ;pasMep HOporpaMMEl B CJIOBAaX

save_ rww:
clr looplo ;CYeTYMK CJIOB Ha CTpaHUIe

;roepenaeM naHHEe u3 0O3Y B Oydep CTpaHMUIE

load buffer:

1d r0, X+

1d rl, X+

1di spmcrval, (1<<SPMEN)
rcall Do spm

inc count

inc looplo

adiw ZH:ZL,2

cpi looplo, $20

brne load buffer

sbiw ZH:ZL, 2

;3aMnrcCelBaeM CTPAaHUILLY

1di spmcrval, (1<<PGWRT) | (1<<SPMEN)
rcall Do spm

adiw ZH:ZL, 2

cp count, templ

brlo save Irww
,-*************************************

3anuck 0aiita nanubix B EEPROM

ehkhkhkhkhkhkhkhkhkhkhkhkhkhhkkhkhhkkhkhkhkhkkhdhkhkxkx*k
’

write byte:

;KOeM sBaBepueHuda 3anmucu B EEPROM
sbic EECR, EEWE
rjmp write byte

;3arpyxaeM 3alUChBAeMEIe HOaHHEE
out EEDR, Data

;YCTaHOBKa azpeca
out EEARH, XH
out EEARL, XL

; 3anMChb IAaHHHX
sbi EECR, EEMWE
sbi EECR, EEWE
ret
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Yrenue 0aiita 1anapix B EEPROM

;******************************

read_byte:

;KOeM sBaBepueHud 3anmucu B EEPROM
sbic EECR, EEWE
rjmp read byte

; YCTaHOBKa azpeca
out EEARH, XH
out EEARL, XL

;UTeHMEe IaHHBIX
sbi EECR, EERE
in Data, EEDR
ret

Beinoanenue komanasl SPM

ekA Ak Ak Ak A A A Ak Ak Ak hhkhkhkhkhkhkhkhhkhkh kA hkhk Ak hAk Ak hhkkk
’

Do spm:

; XIOeM 3aBeplleHMd NOpenslnylel KoMaHIE SPM
Wait spm:

in templ, SPMCR

sbrc templ, SPMEN

rijmp Wait spm

; perucTp spmcrval omnpenesigeT OelMCTBMEe KOMaHIE SPM
; COXpaHeHMe CTaTycCa, 3alpeT IPEepPHBaHUNI

in temp2, SREG

cli

; XOeMm 3aBepleHuda s3anmucu B EEPROM
Wait ee:

sbic EECR, EEWE

rijmp Wait ee

; BHIIOJIHEHMe SPM

out SPMCR, spmcrval

spm

; BOCCTaHOBJIeHMe perucTpa SREG (pas3pelleHMe NpepeBaHMi, €CayM OBJIM paspelleHbl)
out SREG, temp2

ret

BobinoJsiHeHHe CTHPAHMA JAHHBIX B CTPaHHULIE ¢ TOMOIIbLI0O KOMaHAbl SPM

JInist BBITIOJTHEHWS] CTUPAHUS JAHHBIX B CTPaHUIE YCTAHOBHUTE ajpec B Z-ykasarene, 3a-
nummte komOouHanuo «X0000011» B8 SPMCSR u Bemonnute komanay SPM B TedeHue 4eThI-
pex taktoB mocie 3amuch B peructp SPMCSR. Jlannsie B R1 u RO He yumthBatorcs. Anmpec
cTpaHuIbl 1oikeH ObITh 3anucad B PCPAGE B Z-peructpe. [pyrue Outhl Z-ykazateins JOIKHBI
OBITH paBHBI JIOTHYECKOMY HYITIO BO BPEMsI JIaHHOW OTIepaIlnu:

- Ctupanue nanubix B crpanune cermeHTa RWW: cerment NRWW nocrtynen mis yre-
HUS BO BPEMsI OTIEpAIlliU CTUPAHUSI.
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- Crupanue nansbix B crpanune cermenra NRWW: LITV ocranaBinuBaercs Ha Bech Iie-
pHOJ Omepaly CTUPaHHUS.

3anosiHeHne BpeMeHHOro Oydepa (3arpy3ka cTpaHMIbI)

Jyist 3anucu KOMaHHOTO CJI0Ba YCTAHOBUTE a/Ipec B Z-yKa3aTelle U JJaHHbIE B PETUCTPax
R1 u RO, 3anummre komouHaiuio «00000001» B SPMCSR u Bemonnute komannay SPM B Tede-
HUe 4eTbIpex TakToB mociue 3anucu B peructp SPMCSR. Conepxxumoe PCWORD B Z-peructpe
UCIIONIB3YETCS AJIsl ajjpecaluu JaHHBIX BO BpeMeHHOM Oydepe. MHpopmalys BO BpeMEHHOM
Oydepe aBTOMaTHYECKH COTPETCS MOCIIE BHITIOTHEHHS ONEPAIMK 3allMCH WIH NP 3amuCcH OuTa
RWWSRE B peructpe SPMCSR. Ota undopmarus Takxke yaaasieTcs mocjae CUCTEMHOTo cOpo-
ca. ObpaTuTe BHUMaHHE, YTO HEBO3MOXKHO 3aMMCHIBATh IaHHBIC 00Jiee YeM OJIMH pa3 Mo KaxIo-
My aJpecy, ecii He CTUPaTh HH(OpPMALIKIO BO BpeMeHHOM Oydepe.

[Ipumeuanue — Eciu 3anucey B CIIII3Y npousBeneHa B cepeiHe ONepaiyu 3arpys-
k1 cTpanulibl SPM, To Bce 3arpykeHHbIe JaHHbIE OyAyT MOTEPSHBI.

BbinoJiHeHHe 3aIMCH B CTPAHUILY

JIJiss BBITOTHEHHS 3aIllUCU YCTAHOBUTE ajpec B Z-yKasarene, 3allUIINTe KOMOHWHAIIUIO
«X0000101» B SPMCSR u BoinonnuTe komanay SPM B TeueHue yeThIpeX TaKTOB IMOCIIE 3alUCU
B peructp SPMCSR. [lannsie B R1 u RO He yunThiBatoTcsi. Apec CTpaHUIIBI TOJHKEH OBIThH 3a-
nucad B PCPAGE. Jlpyrue 6utbl Z-ykaszaresns AOJDKHBI ObITh PaBHBI JIOTUYECKOMY HYJIO BO
BpEMsl JaHHOM ONEpalluH:

- 3anuch gaHHBIX B cTpanuiy cermeHta RWW: cerment NRWW nocrynen ans urenus
BO BpEMsI OTICpaIlH 3aIUCH.

- 3anuck naHHbIX B ctpanuny cermeHnta NRWW: LITY ocranaBnuBaeTcs Ha BeCh MEPUOT
oTiepaIuy 3ammcH.

Hcnoab3oBanue npeppiBaHus mo rorouoctu SPM

Ecnu paspemieno npepbiBaHue 1Mo rotoBHocT SPM, 1o Oyzaer reHepupoBaTbcsi HEpe-
priBHOE nipepriBanue, korna out SPMEN B peructpe SRMCSR copomien. 3to 3Ha4uT, 4TO aH-
HOE IpepbIBaHNE MOKHO MCIOJIb30BaTh BMECTO NMporpaMMHOro omnpoca peructpa SPMCSR. Ipu
UCTIOJIB30BaHUM TIPEPHIBAHHS 10 TOTOBHOCTH SPM BEKTOPHI MpephIBaHUM CIIeyeT MEPEMECTUTh
B cerMeHT BLS, 4To0b1 n36exaTh BO3MOXKHOCTH MOJYYEHUS JOCTYIa NPEPbIBAHUEM K CEIMEHTY
RWW, korga 3ToT cerMeHT GiokupoBaH 1jist ureHust. [1oapoOHOCTH OTHOCUTENBHO TepeMelie-
HUS NIpephIBaHui cM. B noapaszzene 3.7 «lIpepriBaHus».

YueT HEKOTOPBIX 0CO0OEHHOCTel MPH 0OHOBJIEHUH CerMEHTa MPOrpaMMbl HAYAIb-

HOH 3arpy3Ku

Heo6xomumMo OBITH 0COOEHHO OCTOPOKHBIM, €CITH MOJIB30BaTElb pa3penraeT OOHOBICHUE
CerMeHTa MporpaMMbl Ha4aJIbHOM 3arpy3ku, octaBuB out BLB11 He3anporpaMMupOBaHHBIM.
CiydaiiHast 3a1ich B ¢aM Ha4daJlbHBIN 3arpy34MK MOKET IMOBPEIUTH BCIO IPOrpaMMy Ha4aJIbHOU
3arpysKu, a JajbHeine oOHOBICHHS MPOrpaMM MOTYT CTaTh HEBO3MOXKHBIMU. Eciii HET HeoO-
XOJJMMOCTH W3MEHSTh caMy MpOTpaMMy HAadallbHOW 3arpy3Kd, PEKOMEHIYeTCsI MPOrpaMMHpPO-
BaTh OuT BLB11, 4r0oOBI 3alIMTUTh HAYaJbHBIN 3arpy3udK OT JIIOOBIX BHYTPEHHHX MPOTpaMM-
HBIX U3MEHEHU.

IIpenorBpamenue yrenusi cermenTa RWW Bo Bpemsi camonporpaMmMupoBaHust

Bo Bpemsi camonporpamMmmupoBanus (Ju00 MpU CTHUpPaHHUHU, JUOO MPH 3alUCH JAHHBIX B
ctpanuny) cermeHT RWW Bceraa 6nokupoBas juist uteHus. [loiap3oBaTenbckas nporpaMma cama
JIOJDKHA TIPEOTBPATUTh BO3MOXHOCTD aJ[pecaliy JaHHOW O0JIaCTH B TEUEHHE ONepaluu caMmo-
nporpammupoBanusi. but RWWSB B peructpe SPMCSR Oyner ycraHOBiieH, MOKa CErMEHT
RWW 3ansar. Bo BpeMsi camonporpaMMupoBaHusi TaOJIUIly BEKTOPOB MpPEPhIBAaHUM ClIeayeT Ie-
pemectuTh B cermMeHT BLS, xak omucano B 3.7 «IIpepwiBaHus», OO NMpepbIBAaHUS TOJDKHBI
ObITh 3ampemiensl. [lepen aapecanueit cermenta RWW nocre 3aBepiieHust mporpaMMUpOBaHUS
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NOJIb30BaTeNbCcKast mporpamma aospkHa copocuts 6utr RWWSB nyrem 3anucu 6uta RWWSRE.
Cwm. Hmxe «lIpumep mpocToro acceMOIMPOBAHHOTO KOJa JUIS MPOrpaMMbl Ha4albHOW 3arpys-
KI».

YcTaHOBKa GMTOB 3aLUTHI HAYAJBLHOI0 3arPy34HKa ¢ NOMOIIBI0 KoMaHabl SPM

Jlyis ycTaHOBKM OMTOB 3allUThl HAYaJIbHOTO 3arpy3urKa BHECUTE >KelaeMble TaHHbIC B
peructp RO, 3anmmurte komOuHamio «X0001001» B SPMCR u Bemonaute xomanay SPM B
TEUEHHUE YEThIPEX TaKTOB mocie 3anucu B peructp SPMCR. EauHCTBEHHBIMEU TOCTYITHBIMUA OU-
TaMU 3alIUTHI ABJISAIOTCA OUTHI 3alUThl 3arpy3ku BLB, koTopeie Moryt npenoxpaHurh CErMeHT
MPUJIOKEHUS U CETMEHT HAa4aJbHOTO 3arpy34yrKa OT JII0OOro OOHOBIICHUS ITPOrPaMM Yepe3 MUK-
POKOHTPOJLIEP.

but 7 6 5 4 3 2 1 0

RO | 1 | 1 | BLB12 | BLB11 | BLB02 | BLBO01 | 1 | 1

Cwum. tabmuubl 3.91 — 3.94, yTOOBI U3YUUTH BIUSHUE PA3IMYHBIX YCTAHOBOK OMTOB 3alllH-
TBI Ha JIOCTYII K (MIISII-TIAMSITH.

Ecnu xakue-n16o 6uth 5...2 B peructpe RO cOpoieHbl, TO COOTBETCTBYIOIINE OUTHI 3a-
IIMTHI OYYT 3alIpOTPaMMHUPOBAHBI, KOT/Ia BRIMOTHUTCA KoMaHaa SPM B TeueHHe 4eThIpex Tak-
ToB nociyie ycraHoBku O0utoB BLBSET u SPMEN B SPMCR. 3nauenue Z-ykasarens He CTOJb
Ba)KHO BO BpPEMsI JIaHHOM OIEpaIii, HO BCE K€ PEKOMEHIYETCs 3arpysarh B Hero aapec $0001
(anpec, Ucnonb3yeMbli Ul YT€HUs] OUTOB 3alUThI). Takke peKOMEHyeTcsl yCTaHaBJIMBaTh J10-
THYECKYI0 equHuIy B outax 7, 6, 1 u 0 perucrpa RO mpu 3anmcu 6utoB 3ammtel. [Ipu nporpam-
MHUpPOBaHUM OUTOB 3alUTHI BCE MPOCTPAHCTBO (HIALI-MAMATH AOCTYIHO JUIS YTEHHs BO BpeMs
JTAHHOM OIIepaLlHH.

IpenorBpamenne 3anucu B peructp SPMCR nyrem 3anucu B OCIII3Y

OO6parute BHUMaHue, 4To omnepauus 3amnucu B DCIITI3Y 6aokupyeT nporpaMMHpoBaHue
¢mu-namsaTi. UteHne KOH(GUIypallMOHHBIX OMTOB M OMTOB 3aIMTHI U3 MPOrPaMMBbI TaKXKe HE
Oyzner pazpemeHo Bo Bpems omepauuu 3anucu B DCIIII3Y. Ilonb3oBarento peKOMEHIyeTcs
npoBepsATs out craryca (EEWE) B peructpe EECR u koHTpOImpoBaTh, 94TO 3TOT OUT cOpackiBa-
eTcs Nepe;] BHIIOJIHEHUEeM onepanuu 3anucu B peructp SPMCR.

YreHne KOHQPUTYPALMOHHBIX OUTOB M OUTOB 3aIIMTHI U3 MPOTrPAMMBbI

Hwmeercss BO3SMOKHOCTh CUMTHIBATH KaK KOH(PHUTYypAIIHOHHBIE OUTHI, TAaK U OUTHI 3aIIUTHI
U3 nporpammsl. [lnist ureHus: OUTOB 3amuThl 3arpys3ute aapec $0001 B Z-ykaszaTesb U yCTAaHOBUTE
outet BLBSET u SPMEN B perucrpe SPMCSR. Koraa BemonauTcst komanga LPM B Teuenne
Tpex TakToB nocie ycranoBku BLBSET u SPMEN, 3Hauenue OGMTOB 3alUTH OyIET 3arpy’eHO
B 3a1aHHbiid peructp. butet BLBSET u SPMEN OynyT cOporeHsl aBTOMaTHYECKH MO OKOHYA-
HUM CUUTBHIBAHUS OUTOB 3alIUTHI, WK €CIH HU OJlHA MHCTpYKuMs LPM He BbimonHuTCs B Teye-
HHUE TpeX TaKTOB, MJIM HU OJHA KoMaHaa SPM He BEIONHUTCS B TeUEHHE YeThIpeX TakToB. Ko-
rna BLBSET u SPMEN c6pocsitcs, LPM Oynet paboraTs, Kak OnucaHoO pasjesie OMMCaHus WH-
CTPKYLIM.

but 7 6 5 4 3 2 1 0

Rd | - | - | BLB12 | BLB11 | BLB02 | BLBO1 | LB2 | LBl

AJNTOPHUTM JIJIST 9YTEHHUS MJIQAIMUX KOH(PUTYPAIIMOHHBIX OWTOB MOJAO00CH AJITOPUTMY IS
YTeHUs OWTOB 3aIIUTHI, OMMMUCAHHOMY BbIlIe. YTOOBI cCUMTATh MIIaqIINEe KOHPUTYpAllMOHHBIC OU-
THI, 3arpy3ute B Z-ykasatenb aapec $0000 u ycranosute 6urst BLBSET u SPMEN B SPMCR.
Korna Bemonuutcs xomanaa LPM B Teuenue Tpex TakToB mocne ycraHoBku BLBSET u
SPMEN, 3nauenne mmammux koHpurypamnuonasix 6uros (FLB) Oyaer 3arpykeHo B 3a1aHHBIN
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perucTp, kak nokazano Hwxke. Cm. tabnuiy 3.88 as nomaydeHus moapoOHOro ONMCaHus U 0TOO-
paXeHUsI MIIaJIINX KOH(PUTYPAIIMOHHBIX OUTOB.

Bur 7 6 5 4 3 2 1 0

Rd | FLB7 | FLB6 | FLB5 | FLB4 | FLB3 | FLB2 | FLB1 | FLBO

[TomoGHBIM 00pa3oM, MPU CYUTHIBAHUU CTAPIINX KOH(PUTYPALMOHHBIX OUTOB, 3arpy3uTe
anpec $0003 B Z-ykazarenb. Korga Beimoaautes komanga LPM B TedeHme Tpex TaKTOB IOCIIE
ycranoBkr BLBSET u SPMEN B perucrpe SPMCSR, 3nauenue crapmux KOHPHUTYpAIIHOHHBIX
outoB (FHB) Oyner 3arpyxeHo B 3alaHHBIA PETUCTpP, KaK Moka3aHo Huxke. CMm. Tabmuiy 3.87
JUISL IOJTYYEHHUS TOJPOOHOTO OMMUCAHUS U OTOOPaKEHHSI CTApIIMX KOH(UTYPAITMOHHBIX OUTOB.

but 7 6 5 4 3 2 1 0

Rd | FHB7 | FHB6 | FHB5 | FHB4 | FHB3 | FHB2 | FHB1 | FHBO

3anporpaMMHpOBaHHbBIE KOH(DUTYPAIMOHHBIE OUTHI U OUTHI 3aLIUTHI OYIYyT CUNTHIBATHCS
Kak Hosb. He3zamporpammupoBaHHble KOH(UIYpallMOHHBIE OUTHI U OUTHI 3alUTHI OYAyT CUUTHI-
BaThCs KaK €IMHULA.

IIpenorBpamenne noBpexaeHus Gadm-namMaTH

B nepuoapl Huskoro Hanpsbkenus #VCC nporpamMma Bo ¢uIdII-aMaTH MOXKET OBITh I1O-
BPEXKICHA, TaK KaK HANpsDKEHUE MUTAHUS CIUIIKOM HU3Koe i Toro, 4yroosl LIIY u ¢unm-
namsTh MOIVIM paboTaTh JOKHBIM 00pa3oM. B 1aHHOM ciyyae BOZHUKAIOT TOYHO TaKue Ke
npoOJIeMBl, YTO M B CHCTEMax Ha YPOBHE ILIAT, KOTOPHIE MCIIONB3YIOT (IISLI-IAMSTh, H TIOATOMY
cllelyeT IPUMEHSATh T€ e CaMble IPOEKTHBIE PELICHUS.

[ToBpexxaeHre mporpaMMbl BO (UISII-TIAMSITH MOXET OBITh BBI3BAHO JIBYMS CHUTYAIlHSIMH,
KOTJ]a HalpsDKEHUE CIUIIKOM HU3Koe. Bo-nepBbIX, MpaBUiIbHAS MOCIEI0BATEIbHOCTD 3aIICH BO
GupII-namMATe TpedyeT HaTM4YUs ONpPeIeSIEHHOTO0 MUHUMAIFHO HEOOXOMMOTO HANIPSKEHHS JITIS
KOppeKTHOH paboThl. Bo-BTOphIX, camo LIITY MokeT BBIMOTHATH KOMaH (bl HEMPABUIIBHO, €CIIU
HAIPSOKSHUS TUTAHUS CIMIITKOM HU3KOE JIJISl BRITIOJTHEHUS! HHCTPYKITHH.

[ToBpexaeHust GuaII-NaMATH MOXHO JIETKO M30eKaTh, €CIM NMPUAEPKUBATHCS CIEIYI0-
[IMX IPOEKTHBIX peKOMEeHaui (01HOM OyIeT 10CTaTO4YHO):

1. Ecnu HeT HEOOXOJUMOCTH B CUCTEMHOM OOHOBIJIEHHMHM HAyaJIbHOTO 3arpy3yHka, mpo-
rpaMMHPYHTE OUTHI 3aIUTHI IS IPEAOTBPAIICHHUS JTFOOBIX 0OHOBIICHHI MTPOTPAMMbI HauaIbHOM
3arpysKu.

2. YaepkuBaiTe cUTHAJI cOpoca MUKPOKOHTpOJIEpa aKTUBHBIM (Ha HU3KOM YPOBHE) B
NEepUOJIbl HEAOCTATOUHOTO HAPSHKEHUS MUTAaHU. DTO MOXKHO CHIeNIaTh MyTeM BKJIIOUYEHUS BHYT-
penHero nerektopa nutanusi BOD, ecnu pabodee HampsbkeHHE COBIATAECT C YPOBHEM JICTEKTH-
poBanus. Ecnu HeT coBmaseHus, TO MOXXKHO HMCIIOJIb30BaTh BHELIHIOI CXEMY 3alllUThl cOpOCOM
npu Hu3koM HampspkeHun #VCC. Ecim cOpoc mpoucXomuT BO BpeMs BBITOJHEHHS ONEpanuu
3aIucH, TO JJaHHAs orepaius OyJeT 3aBeplieHa, PH YCIOBUU YTO HANpsHKEHHWE MUTaHUs Oyaer
JOCTaTOYHBIM.

3. IlognepkuBaiite AP0 MUKPOKOHTPOJIEPA B PEKUME MUKPOIIOTPEOIECHHUS B TIEPUOIBI
Hu3koro HampspkeHus #VCC. Dro npenorBparut LIITY OT MOMBITKH TEKOAUPOBAHUS M BBITION-
HEHMsS HMHCTpYKUUH, >dextuBHO 3ammuimas peructp SPMCSR u, cooTBeTcTBEHHO, (hidui-
naMsITh OT HENPeAHaMEPEHHOW 3aITUCH.

Bpems nporpamMupoBaHusi pJIII-NIAMATH NPU UCNIOJIb30BAHMM KoMaHaAbl SPM

KambpoBanusiit RC-reneparop mnpuMeHsieTCs Il M3MEpPEHHUS BPEMEHH J0CTyla K
¢dmmr-namsatu. B tabnune 3.90 nmokaspiBaeTCsl TUIIMYHOE BPEMs TPOrPaMMUPOBAHUS ISt TOCTY-
na kK guom-namsata u3 HITY.
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Tab6nauna 3.90 — Bpems nporpaMMUpOBaHus PH MCIOIB30BaHUK KOMaH 16l SPM

MuHuMansHOE BpEMA MakcuMansHOe BpCM:A

O6o3HaueHue [IPOrpaMMHUPOBaHMS, IIPOrpaMMHUPOBaHMUSI,
MC MC
3anuch GrdII-namMsaTH (CTUPAHUE JAHHBIX B 4 8

CTpaHuLIe, 3aMIUCh B CTPAHUILY, 3alIUCh OUTOB
3alUTHl C TOMOIIBI0 KoMaHabl SPM)

3.20 IIporpaMmMupoBanue namMsTi

NC 1887BE4Y noaaep’uBaeT caeayOLUe peXKUMbl IPOIrPaMMUPOBAHNUS

- IOcJeloBaTelbHOE MPOrpaMMHMPOBAHUE NPU HU3KOM HAIpsDKeHUM (10 MHTepdeicy
SPI);

- apajuiesIbHOE IPOrpaMMHUPOBAHUE NTPH BHICOKOM HAIPSXKECHHH.

[Ton «BBICOKMM) HaIpsHKEHUEM 37€Ch IIOHMMAETCs yrpasistollee Hanpsbkenue (12 B),
nogaBaemoe Ha BbIBOJ RESET# mMukpokoHTposiepa A mepeBoja MOCIEIHEr0 B PEKUM Mpo-
rpaMMHUPOBaHMUSL.

3.20.1 3amuTa Koaa ¥ JaHHBIX

Conepxxumoe Flash -mamsitu (mamsitu mporpamm), a Takke copepkumoe EEPROM-
namMATH (aMATh JaHHBIX) MOKET OBITh 3aIMIICHO OT 3allMCH M/WJIX YTEHHUS IOCPEIACTBOM IPO-
rpamMupoBanus staeek 3ammThl (Lock Bits). Bo3moskHBIE pekKHMBI 3aIIUTHI, COOTBETCTBYOIINE
pa3JIMYHBIM COCTOSIHUSAM ITHX sSYeeK, MpuBeAeHbl B Tabmuie 3.91.

Tab6auna 3.91 — butel OJ0KUPOBKH

butel 610kH- Howmep Onucanue 3HaueHue 10 yMOIYAHUIO
POBKH outa
7 - 1 (He 3amporpaMMUpPOBaH)
6 - 1 (He 3armporpaMMHpPOBaH)
BLB12 5 but 6J10KMPOBKH 3arpy3dnKa 1 (He 3armporpaMMHpOBaH)
BLB11 4 but 6i10kMpoBKY 3arpy3unka 1 (He 3amporpaMMUpPOBaH)
BLBO2 3 but 6J10KMPOBKH 3arpy34nKa 1 (He 3armporpaMMHpOBaH)
BLBO1 2 but 610okHMpOBKHM 3arpy3unka 1 (He 3amporpaMMHUpPOBAH)
LB2 1 but 610KMpPOBKH 1 (He 3armporpaMMHpOBaH)
LB1 0 but 610KMpOBKH 1 (He 3armporpaMMHpOBaH)
Tabauna 3.92 — PexxuMsl 3aUThl OUT 6110KMpoBKHU LB
buTe! 3amuTH aMsATH Tum 3anuThl
LB pexum LB2 LB1
1 L L [TamsTh JOCTYIHA [T YTEHUS U 3aIIUCH
HanbHeitmee nporpammupoBanue Flash u
5 1 0 EEPROM, 6ut koHpHUrypanuu 3anpenieHo
B MApAJJICIEHOM U TTOCIIEA0BATEILHOM
pexuMe
JanbHenee nporpaMMUpPOBAaHUE U BEPU-
3 0 0 ¢ukarus Flash u EEPROM, 6ut koHbpu-
T'Ypaluy 3apelieHo B NapajiebHOM U
110CJIEI0BATEIBHOM PEXKHUME
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Tabnuna 3.93 — Pexxumsl 3ammtel 6ut 6;10kMpoBky BLBO
BuTh! 3amMTH TAMATH

BLBO pesy | BLBO2 | BLBOI Tt sampet
Her orpannuenwuii st SPM u LPM nocryma
1 1 1 CEKITMH MPHUIIOKCHUN
) 1 0 SPM He pa3perniena Jyist 3auCcH B CEKIIUIO MPU-

JIOKECHUH

SPM He paspermieHa a1 3alIUCH B CEKIIHIO TTPH-
noxxeauii 1 LPM, BeImoaHseMas U3 CEKIIUM 3a-
rpy3urKa, He pa3pelieHa st YTeHUs U3 00JIacTh
3 0 0 npuioxeHui. Ecim BeKTopsl mpepbIBaHMi pac-
TIOJIOXKEHBI B 00JIaCTH 3arpy34yrKa, OHU 3arpe-
IICHBI BO BPEMSI BEITIOJTHEHHS IPOTPaAMMBI U3
00J1aCTH IPHIIOKEHUI

LPM, BrimonHsemas u3 0061acTH 3arpy3unka, He
MOJKET IPOU3BOIUTH YTEHUE U3 00JIACTH TIPHU-
JokeHWH. Eciii BeKTOpBI MpephIBaHUH pacio-
JIOKEHBI B 00J1aCTH 3arpy3urKa, OHH 3aIpeniCHbI
BO BpEeMsI BBITTOJIHCHUS TIPOTPaMMBbI U3 00J1aCTH
NIPUIIOKEHUN

Tabnuna 3.94 — Pexxumsl 3anmtel Out 6okupoBku BLB1
BUTHI 3a1UTHI TAMSITH

BLB1 pexum | BLB12 BLB11 Tum sanmurs!
Her orpannuennii anst SPM u LPM nocryna
1 1 1 CEKIIMU 3arpy34ynKa
2 1 0 SPM He paspernieHa Jyist 3alMCH B CEKITHIO 3a-

rpy3unKa
SPM He pa3pemieHa s 3aITUCH B CEKITUIO 3a-
rpy3unka u LPM, BelnonHseMast U3 CeKIHH
MPUIIOKESHNH, HE pa3pelieHa s YTeHUs U3 00-
3 0 0 JIACTH 3arpy3unka. Eciin BEeKTOpbI IpepbIBaHNN
pacnosoXeHsl B 001aCTH MPUIOKEHUH, OHU 3a-
MIPELIeHbI BO BPEMSI BBIITOJHEHHS TPOTPaMMBbI U3
o0JacTu 3arpy3uuka

LPM, BbimonHsieMas U3 CeKLUU MPUIIOKEHUH, He
paspereHa st YTeHUs U3 00JIaCTH 3arpy3dnKa.
Ecnu BeKTOpBI IpephIBaHUN PAaCIOIO0KEHBI B
00JTacTH MPHUIIOKEHHH, OHU 3aTpeIIeHbI BO Bpe-
Ml BBIITOJTHEHHS TPOrpaMMBbl U3 00JacTu 3a-
rpy3unKa

[Ipy mcnonb30BaHNM MApAILIEIBLHOTO PEXMMa NPOrPaMMHUPOBAaHUS B PEKHMax 2 U 3 3a-
IPENIAeTCs TAK)KE U3MEHEHNE KOHPUTypallMOHHbBIX ssueek. [103ToMy BKIIOUEHHUE 3aIUTHI CIey-
€T BBINOJIHATH B CaMyI0 MOCJIEIHIOI O4epe/ib, NOCie MPOrpaMMUPOBAHUS OCTAJIBHBIX O0JsiacTeit
HaMATH MUKPOKOHTPOJLIEPA.

B ucxomnom (He3anmporpaMMHUPOBAaHHOM) COCTOSIHUM B ATHX SIYEHKaX COIEPKHTCS «1»,
1ocyie MporpaMmmMupoBaHust — «0».
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3.20.2 KonjpurypannoHHble sT9eiiKn

Tabauma 3.95— Crapmmii KOHQUTYpaAITMOHHBIA OalT

Crapunii KOUH(pHury_ Howmep Onucanue 3Ha4YeHHE 110 YMOJTYAHUIO
paIMOHHBIN OaiT bura
S8535C 7 Br16op pexxnma coBMeCTH- 1 (He 3amporpaMMUpPOBaH)
moctu ¢ AT90S8535
WDTON 6 WDR Bcerna BKIOYeH 1 (He 3anporpaMMHUPOBAH)
SPIEN 5 Pa3zpemenne nocienosarens- | 0 (3amporpaMMHUpOBaH)
HOT'O IIPOrpaMMUPOBAaHUS U SPI nporpammupoBanue
3arpy3Ku JIaHHBIX pa3penieHo
CKOPT Y 4 Onumu oCIuuIsITOpa 1 (He 3amporpaMMHpPOBaH)
EESAVE 3 EEPROM He ounmiaercs ipo- | 1 (He 3amporpaMMHUpOBaH)
neaypoit ChipErase
BOOTSZ1 2 Bri60p pasmepa mMaccuBa 06- | 0 (3amporpaMmupoBan) *
JIACTH 3arpy3uuKa
BOOTSZ2 1 Bri60op pa3mepa MaccuBa 06- | 0 (3amporpamMmupoBas) 2
JIACTH 3arpy3uuKa
BOOTRST 0 Bri0op BekTOpa copoca 1 (He 3amporpaMMHpOBaH)
Y CKOPT 6ur (dyHKIIMOHATBHO 3aBUCHT OT ycTaHoBKH CKSEL 6urT.
?) 3HaueHue 110 ymonganuto st outoB BOOTSZ1, 2 BeiOupaeT MakCUMaIbHBIN pazMep
MaccuBa 00JIACTH 3arpy3umKa.

Tabnauma 3.96 — Mnagmmii KOHOUTYpAITOHHBIN OalT

Mnanmmii koudu- | Homep
oo~ Onucanne 3HayeHue 1Mo yMOJIYaHUIO
TypaIrOHHBIN OaliT oura
BODLEVEL 7 [Toporogsrii ypoens BOD 1 (He 3anmporpaMMHUPOBAH)
BODEN 6 Pazpemenne paborst BOD 1 (He 3amporpaMMHpOBaH)
SUT1 S) Br160p BpeMeHu ctapra 1 (He 3anporpaMMHUpPOBaH)
SUTO 4 Bb10op BpeMeHH crapra 0 (3anporpamMMupoBaH)
CKSEL3 3 Br160p ncrounuka taktupoBanusi | 0 (3arporpaMMHUpOBaH)
CKSEL?2 2 Br160p ncrounuka taktupoBanusi | 0 (3arporpaMMHUpOBaH)
CKSEL1 1 Be100op ncrounuka TaktupoBanust | 0 (3amporpaMMupOBaH)
CKSELO 0 Br160p ncrounrka tTaktupoBanust | 1 (He 3amporpaMMUpOBaH)
I[Ipumeuanus

1 3nayenue no ymonuanuto SUTL, O BeIOMpaeT MakCUMalbHOE BPEMsI CTapTa.
2 3navenue o ymomaanno CKSEL3...0 BeiOupaer BHyTpennuit RC reneparop ¢ gacro-
TOM, paBHOM 1 MI'L.

Kaxk cnenyer u3 Ha3zBanus, KoHurypaunonnsie siaeiiku (Fuse Bits) onpenenstor psn na-
paMeTpoB KOH(QUTYpAIUH MUKPOKOHTPOJUIEpa. DTH SUCHKH PACIIONIOKECHBI B OTICILHOM ajpec-
HOM IIPOCTPAHCTBE, JIOCTYITHOM TOJBKO MPU POrpaMMHUPOBAHUH.

[TporpammupoBanue 6uta S8535C OyneT H3MEHSATH CIEAYIONTYI0 ()YHKIIHOHATBHOCTE:

1. BpeMenHas ociie1oBaTebHOCTD I H3MEHEHHSI IEPUOa CTOPOKEBOTO TaiiMepa
3arpenieHa.

2. JlBoiinas Oydepusanus npuemuoro perucrpa USART 3ampeniena.
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3.20.3 Komanga Chip Erase

Broimmonnenue komanbel Chip Erase HemocpeacTBEHHO mepes 3aluchbio JaHHBIX HE 00s13a-
TenpHO. JlaHHAas KOMaHIa HeoOXoIMMa B cliydae HCIOJB30BaHUS OWTOB 3allUTHl MHUKPO-
KOHTpOJIIEpa, T.K. CHSITHE OMTOB 3alIUThl BO3MOXKHO TOJbKO koMmaHaoi Chip Erase ¢ ogHOBpe-
MEHHBIM yJIaJIEHUEM JaHHBIX U3 MaMsITH MUKPOKOHTPOJIIEPA.

[Tocne komanasl Chip Erase siueiiku maMsTé mporpaMM U JIaHHBIX COJEP)KAaT 3HAUCHHE

0x00.

3.20.4 IapansiejbHOEe MPOrpaMMHpPOBaHHE

RDY/BSY «—
OE ——»

WR —>

BS1 —»

XAQ) —>

XAl —p
PAGEL —
+12B —»
BS2
JL—

—

A 4

PDI
PD2
PD3
PD4
PD5
PD6
PD7
RESET#
PAO
BQI
#OV

2 +5B
#VCC
NVCC
PB7-PB0 [¢—— Jlaunrie

Pucynok 3.110 — Brirouenne cxeMbl Ipy HapajIeTbHOM IPOTrPaMMHUPOBAHUH

Tabnuna 3.97 — Ypasnsroniyie CUTHAIBI IPOTPaMMHUPOBAHUS

Haumenosanue Hanpasnenue
HWwms BeiBOIA DyHKIUA
CHUTHAJIOB (Bx01, BBIXOJ)
RDY/BSY# PD1 O 0: ITporpammupoBaHue
1: YcTpoiicTBO rOTOBO 1Sl HOBOM
KOMaH bl
OE# PD2 I UreHue pa3penieHo
WR# PD3 [ 3anuce pa3penieHa
BS1 PD4 | Bri6op Oatita 1: 0 — muagmmid,
1 — crapmmit
XAO0 PD5 | but geticteus 0 BQ
XAl PD6 [ bur neiicreust 1 BQ
PAGEL PD7 I but crpannyHoii 3arpy3ku Flash u
EEPROM
BS2 PAO I Bri6op 6aiita 2: 0 — Miraammi,
1 — crapmuit
DATA PB7 - PBO 1/0 JIByHarpaBieHHas HIMHA JaHHBIX
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Tabnauna 3.98 — 3HaueHus BBIBOJOB P BXOJIE€ B PEKUM IPOTrPaMMHUPOBAHUS

BriBox CumBoI 3HaueHue

PAGEL Pazpemenne nporpaMmMupoBanus [3] 0
XAl Pa3pemenne nporpamMmmupoBanus [2] 0
XA0 Pasperiene nporpammupoBanus [1] 0
BS1 Pasperenne nporpammupoBanus [0] 0

Tab6auna 3.99 — KonupoBanne XAl u XA0

XAl XAO0 JeticTBue, mpon3BoauMoe Ha UMITYJIbC BQ
0 0 3arpyska Flash u EEPROM anpeca
0 1 3arpy3ka JIaHHbBIX
1 0 3arpys3ka HHCTPYKIIUHU
1 1 Her neiictBus

Tab6nuna 3.100 — Kogsl komMany GaiiTa HHCTPYKITMI IPOTpaMMHPOBAHUS

baiit xomaH b1 Brinmonnsemoe ngeiicteue
1000 0000 Crupanue namsT
0100 0000 3anuch OUTOB KOH(pUTypaIun
0010 0000 3anuce OMTOB OJIIOKMPOBKHU
0001 0000 3anucsk Flash
0001 0001 3anucs EEPROM
0000 0100 YreHne KOHPUTYpAIIMOHHBIX U OJJIOKMPOBOYHBIX OUTOB
0000 0010 Yrenne Flash
0000 0011 Yrenne EEPROM

Ta6naumna 3.101 — KonudecTBo CIIOB B CTpaHHUIIE U KOJIMYECTBO cTpaHuI] B Maccuse Flash

Pa3mep Pa3mep KomnuectBo | KonmuectBoBO
MaccuBa CTPaHHUILIBI PCWORD CTpaHULL ctpanul PC PCMSB
Flash
4K cnoB 32 cnoBa PC[4:0] 128 PC[11:5] 11

Tao6numa 3.102 — KonruecTBo CJI0B B CTPaHUIIE U KOJTMYECTBO CTPAHUII B MACCUBE
EEPROM

Pazmep Pazmep KonnuectBoBo | KonmnuectBoBO
MaccuBa CTpaHHULIbI PCWORD CTpaHUIL crpanun PC EEAMSB
EEPROM
1 KGaiirt 4 Gaiita EEA[1:0] 256 PC[8:2] 8

Bxoa B pe:xuM nNporpaMMupoBaHust

Jlng BXo#a B peXUM MapajuieNbHOIO NMPOrpaMMUPOBAHMSI BBIIOIHAETCS CIEIYIOIIMNA all-
TOPUTM:

1. Ilogate Hanpsxenue nutanus (5 B) u oxunare He meree 100 Mxc.

2. Ycranoeuth RESET# B HU3KOE JIOTHYECKOE COCTOSIHHE M TiepekirounTh BQ He MeHee
LIECTHU pa3s.

3. YcTaHOBUTH BBIBOBI pa3penieHus nporpammuposanus B 3HaueHue «0000» u oxxuaath
He meHee 100 He.

4. Tlonate Hanpsokenue (11,5 — 12,5) B va RESET#. Jlro0oe neiicTBue Ha BBIBOAAX pas-
pemeHus: nporpaMMmupoBanus B TeueHre 100 He mocne nopaun HanpsbkeHus Ha RESET# npu-
BeJIET K cOOI0 BXOJ1a B PEXKHUM MPOTrpaMMHUPOBAHMUSL.

Crnenyer 3aMeTUTh, €CIM TAKTHPOBAHUE CXEMbl CKOH(QUTYPUPOBAHO s pabOTBl OT
BHEIIHero kBapia win BHemHeld RC 1nenouku, 3T0 MOXET MPUBECTH K HEBO3MOXKHOCTH PabOTHI
¢ BQ. Jlns n36exxaHus 3TOro JOMHKEH OBITh BBITIOTHEH CIEAYIONIUI allTOPUTM:
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1. YcTaHOBUTH BBIBOJIBI pa3pelIeHUs] MPOrpaMMHUpPOBaHUs, yKa3aHHble B Tabiuue 3.98, B
3HaueHue «0000».

2. ITopate HampspKEHHE MUTAHUS, MOJIKIIOYUTH OOIIUI BBHIBOJ OAHOBPEMEHHO C Moaueit
(11,5-12,5) B na BeiBog RESET#.

3. Mogoxnares 100 He.

4. TlepenporpaMMHpoBaTh KOHQUI'YpalMOHHBbIE OWMTHI A TaKTUPOBAHUS CXEMbI OT
BHeiHero taktoBoro reaeparopa (CKSEL 3:0 = 0b0000). Eciu Outhl OJ0KHPOBKH 3amiporpam-
mupoBaHsl, npoueaypa Chip Erase (cTupanue namsaTH) JOJKHA IPEALIECTBOBATH IPOrPaMMHUPO-
BaHUIO KOH(UTYPAITMOHHBIX OUTOB.

5. BeliiTH U3 pexuma IporpaMMHUPOBAHUS, BBIIOIHUB JIMOO OTKIIIOYEHUE NMUTAHMS, JINOO
110/1a4y HU3KOI0 JJOTMYECKOro ypoBHs Ha BbiBog RESETH#.

6. Boiitu B pexxuM porpaMMHUpOBaHUs, UCIIOJIb3Ys IEPBOHAYAIIBHBINA aIrOPUTM, OIMUCAH-
HBI BBILIE.

YcaoBus 3¢ppeKTHBHOrO NPOrpaMMHpPOBAHUSA

3arpyeHHbIe KOMaHa | aJIpeC OCTAIOTCS B YCTPONCTBE B TEUCHHE LIUKIIA IPOTPAMMHUPO-
BaHus. [ 93¢ PEeKTUBHOTO MPOTPaMMHUPOBAHUS JTOJDKHBI OBITh YUTEHBI CJICTYIONIHNE MOMEHTBI:

- KOMaHJly HEOOXOJUMO 3arpy>kaTh TOJILKO OJMH pa3 MpH MPOBEICHUH HEOJHOKPATHBIX
MPOLIEAYP 3aMCH/ATeHUS;

- cTapmuii O0alT ajxpeca JOMKEH OBITh 3arpyK€H TOJBKO MPU HMPOrpaMMUPOBAHUU WU
YTEeHHH HOBBIX 256 cioB B MaccuB Flash uiau HoBeIX 256 Oaiit B MmaccuB EEPROM.

Crupanne namsatu (Chip Erase)

[Tpouexypa Chip Erase Oyner crupars nenmukom MaccuBbl Flash 1 EEPROM rmoroc GuThI
OJIOKUPOBKHU. BUTHI OIIOKMPOBKU HE cOpACHIBAIOT CBOMX 3HAUYEHUW JO TEX MOp, MOKA MaMsTh
IporpaMM MOJHOCThIO He crepTa. KoHurypanmonsuple OUThl HE U3MEHSIIOT CBOUX 3HAUYEHUM.
ITponienypa Chip Erase nmpoBoautcs nepen nporpammupoBanueM Flash n/unn EEPROM.

Heobxonumo 3ameruts, uyto npoueaypa Chip Erase He mpou3BOIUT CTUpaHUs MaccHBa
EEPROM B ciyuae, eciu koHpurypaunonssiii 6utr EESAVE 3anporpammupoBas.

3arpy3ka komanas!l Chip Erase:

1. VcranoButh XAl u XAO B 3HaueHue «10». DT0 pa3peuIuT 3arpy3Ky KOMaH/Ibl.

2. YcranoButs BS1 B «O».

3. YcranoButs gannsie B «1000 0000». 9to komanaa mist Chip Erase.

4. TTogate Ha BQ1 moI0KUTENBHBIN UMITYIIBC. ITO MPUBEAET K 3arpy3Ke KOMaH/IbI.

5. Ilogate otpunarensHbii uMmnyiasc Ha WR# - Hauwano mpouenypst Chip Erase.
RDY/BSY# nepeiiier B HU3KO€ JIOTHYECKOE COCTOSTHHE.

6. Hoxnarbcs mepexoga RDY/BSY# B BeICOKOE JIOTHUECKOE COCTOSIHHE TIepe;] Tmojadei
HOBOM KOMAaH/HI.

IporpammupoBanue Flash

Maccus Flash oprannzoBan noctpannuno. Korma nmporpammupyercs Flash-namsts, mpo-
rpaMMHpyeMble JaHHbIE 3alleIKUBAIOTCS B Oydep cTpaHuIbl. ITO MO3BOJISET IPOrPaMMHUPOBATH
CTpaHHUIly JaHHBIX OJHOBpeMeHHo. Creayromas mpoueaypa ONUChIBaeT IIaru NporpaMMupoBa-
Hus maccusa Flash.

1. 3arpy3ka komanasl «Write Flash»:

ycraHoBUTh XAl, XAO B 3Hauenue «10». DTo paspemut 3arpy3ky Komaisl “Write
Flash”;

yctaHoBuTh BSO B 3HaueHue «0»;

ycTaHoBUTh Bxo JaHHBIX B «0001 0000». D10 kox komanabl Write Flash;

[10/1aTh NIOJIOKUTENBHBIN UMITysIbe HA BQ1. D10 npuBeneT k 3arpy3ke KOMaHIbl.

2. 3arpy3ka miajmiero Oaiita aapeca:
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ycraHoBuTh XAl, XAOQ B 3HaueHue «00». D10 pa3peluT 3arpysKy ajapeca;

yctaHoBUTh BSO B 3Hauenue «0»;

YCTAaHOBUTH BXOJ JJAHHBIX B 3HaU€HHE MIIaJIIero Oaira aapeca;

MoaTh MOJIOKHUTENbHBIM UMIYJIbC HA BQ1. DTo mpuBeaer k 3arpyske miajmiero Oaiita
azapeca.

3. 3arpys3ka mutaamero 6anTa JaHHBIX:

yctaHoBUTh XAl, XAOQ B 3HaueHue «01». D10 pa3peluT 3arpy3Ky J1aHHBIX;

YCTaHOBUTH BXO/ IaHHBIX B 3HaYCHHE MJIAJIIEro OaiTa JaHHbIX;

oAaTh MOJIOKHUTENbHBIA UMIyIbCc Ha BQ1. DTo mpuBeaer k 3arpyske miajuiero Oaiita
JAHHBIX.

4. 3arpy3ka crapiiero 0aiTa 1aHHBIX:

yctaHoBuTh BSO B 3HaueHue «1». DTO 3HaUeHHE BBIOUPAET CTapIINid OalT NTaHHBIX;

yctaHoBUuTh XAl, XAOQ B 3HaueHue «01». D10 pa3peluT 3arpy3Ky J1aHHBIX;

YCTaHOBUTH BXO/ IaHHBIX B 3HaYCHHE CTapIlero O0aita JaHHbIX;

MO/JaTh IMOJOXKUTEIBHBIN UMITyibc Ha BQ1. OTo mpuBener k 3arpyske crapiiero oOaiira
JAHHBIX.

5. 3alienkuBaHue JaHHBIX:

ycranoBuTh BSO B 3Hauenue «1». 9To 3HaueHHe BBIOMpPAET CTAPIINA OallT MTaHHBIX;

noaath Ha BXoJ PAGEL monoXuTeabHBI UMITYyJIbC. DTO NMPUBEAET K 3alICIKWBAHHUIO
Oaiita JaHHBIX.

6. [ToBTOpHTH IIark CO BTOPOTO IO ISITHIN JI0 TE€X IMOp, TIOKa Bech Oydep HE 3armoTHUTCS
WM JI0 T€X MO, OKa BCE JaHHBIE HE OYyAYT 3arpy>KeHbI B CTPaHHUILY.

B To Bpems kak miammme OWTHI agpeca oOpallarTcs K CJIOBY BHYTPU CTPaHUIIBI, CTap-
e OuThl 0OpaIaTes K cTpanuiie BHyTpu MaccuBa Flash. Crnegyer oTMeTHTBh, 4TO eciiv MeHee
yeM 8 OuT TpeOyercs Il aipecaluy cJIoBa B CTpaHUIlEe, TO Haubosee 3Havamue OUTH B MIlajI-
nieM OaifTe ajpeca UCIONIb30BAHbBI M1 apecallii CTPaHUIIbI, KOTJa MpeACcTaBlieHa CTPaHUYHAS
3aIKCh.

7. 3arpy3ka crapiiero Oaiira agpeca:

yctaHoBUTh XA 1, XAOQ B 3nauenue «00». DT0 pa3pemuT 3arpy3Ky aapeca;

yctaHoBuTh BSO B 3HaueHue «1»;

YCTaHOBUTH BXO/ IaHHBIX B 3HaU€HHE cTapliuero Oaiira aapeca ;

MOJIaTh MOJOXHUTENbHBIH UMIYyJIbc Ha BQIL. DTo mpuBener k 3arpyske crapiiero Oairta
ajapeca.

8. IIporpamMmmupoBaHue CTPaHUIIBI:

yctaHoBuTh BSO B 3HaueHue «0»;

10JIaTh OTpULATENbHBIN UMIyIbc Ha WR# — Hauano nponeayps! 3anucu. RDY/BSY# ne-
peiieT B HU3KOE JIOTUUECKOE COCTOSHUE;

noxxnarbes nepexona RDY/BSY# B BbICOKOE JTOTHYECKOE COCTOSTHUE TIEpe]T TIo1aueii Ho-
BOW KOMaH/IbI.

9. [NoBTOPUTH TIaTK CO BTOPOTO IO BOCBMOHA JI0 T€X TMOP, IIOKa BECh MACCHUB HJIM BCE JaH-
HBIE HE OyIyT 3aIIpOrpaMMHUPOBAHEI.

10. 3aBepieHue CTPAaHUIHOTO TIPOTPAMMHUPOBAHUS:

yctaHoBUTh XAl, XAOQ B 3HaueHue «10». 310 pa3peluT 3arpy3Ky KOMaH/bl;

yctaHoBUTh BX0J JaHHBIX B «0000 0000%». 3T0 KOJI «XOJIOCTOM» KOMAaH/IBI;

MO/aTh MOJOXKUTENbHBIN UMIybc Ha BQ1. DTo npuBener k 3arpy3ke KOMaHIbl U BHYT-
PEHHUIN CUTHAJ 3aITUCH OyAeT COPOIIIEH.
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Jlanusie :X 0x10_ XAap-uaX JTansn X Tancr X xx  XAapwn X Hanwn X Hancr. X xx X Axp.cr. X XX
xal_ /[ \
XA0 / \ / \
BSI /S N/ X
BRI_/\/ S\ /S \S\ /\

WR# £ 2
RDY/BSY# , T

RESET 12B

OE#

PAGEL I\ / \

Pucynok 3.111 — Bpemennas quarpamma nporpamvupoBanus Flash mamsitu

IporpammupoBanue EEPROM

[Tamsate nanaeix EEPROM opranuzoBana B crpaHudHOM pexkume. Korna nporpaMmmupy-
ercs maccuB EEPROM, naHHBIE 3alIENIKMBAIOTCS B CTPAaHUYHOM Oydepe. DTO MO3BOJISET MPO-
rPaMMHUPOBATh CTPAHUILY JAHHBIX OJHOBpeMEHHO. H1ke npuBeseH anroputM 3arpy3Ku CTpaHH-
usl EEPROM.

1. Barpy3uts komangy «0001 0001x.

2. 3arpy3uTh CTapmuii 6alT agpeca.

3. 3arpy3uth Miaqmuii 6alT agpeca.

4. 3arpy3uTh JaHHBIE.

5. BeImomHUTH 3alienkuBaHre JaHHBIX (T0JaTh MOI0XKUTeNbHbIH nMiynsc PAGEL).

6. IToBTOpUTH maru ¢ 3 1Mo 5 110 TeX Mop, MOKa BCS CTpaHUIIA He OyIeT 3armoIHeHa.

s nmporpamMupoBanus maccuBa EEPROM Heo6X0MMO BBINOIHUTH CIEAYIOIIUE I11a-
TH:

1. VcranoButs BSO B 3HaueHue «1».

2. TTogate orpunarensHbId uMITYJIbe HA WR# — Haganmo niporieaypsl 3amucu. RDY/BSY#
NEepPENAECT B HU3KOE JIOTUYECKOE COCTOSHUE.

3. oxnmarecs nepexona RDY/BSY# B BbICOKOE JIOTHYECKOE COCTOSTHUE TIepe Mmoaaueit
HOBOM KOMAaH/HI.

Jmarpamma nporpammupoBanust MmaccuBa EEPROM npuBenena na pucynke 3.112.
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- il =
1 2 3 4 5 3 4 5

Hannbie X 0x11 X Aap.cr. X Axp.wn X lanmpieX  xx  XAapwr X Tannsie X
XAl [/ \

XA0 / \ / \

RDY/BSY# \ /

RESET 12B

OE#

PAGEL / \L / \

BS2

Pucynok 3.112 — BpemenHnas auarpamma nporpammupoBanusi maccusa EEPROM

Urenune Flash-mamstu

1. 3arpy3uts komangy «0000 0010x.

2. 3arpy3uTh cTapmui 6alT agpeca.

3. 3arpy3uth Miaqmuii 6alT agpeca.

4. Ycranosuth OE# B 3Hauenne «0» n BS1 B 3nauenue «0». Muraammii 6aiit cinosa Flash
MaMsTH MOXET OBITh IPOYNTaH Ha BbiBoje DATA.

5. YcranoButs BS1 B 3Hauenue «1». Crapmmii 6aiT cioa Flash mamsti moxer ObITh
npounTaH Ha BeiBoJe DATA.

6. Ycranosutrs OE# B 3Hauenue «1».

Yrenue maccupa EEPROM

1. 3arpy3uts komanay «0001 0011x.

2. 3arpy3uTh cTapmuii 6alT agpeca.

3. 3arpy3uth Miaqmuii 6alT agpeca.

4. Ycranosuts OE# B 3nauenne «0» u BS1 B 3nauenue «0». Baiit nanaesix EEPROM -
MaMsITH MOXET OBITh IpOoYnTaH Ha BeiBojie DATA.

5. Ycranosuts OE# B 3Hauenue «1».

IIporpammupoBanue Miiajiero KOH(PpUrypaumoHHoro daira
1. 3arpy3uts komanaer «0100 0000» (cMm. pucynok 3.113).

2. 3arpy3uTh Muaqmuii O0aiT nanHpX. but n = 0 mporpammupyert, a 6ut n = 1 cTupaer
KOH(HUTypallMOHHBIN OUT.

3. YcranoButs BS1 B 3Hauenune «0» u BS2 B 3nauenue «0». D10 BeIOECpET Mitaqinii OaiT
JTAHHBIX.

4. Iloxate oTpuLaTenbHbIN UMIYIbC Ha WR# — Havano npouenypsl 3alUCH — U 0KUJATh,
noka curian RDY/BSY# nepeiineT B BICOKOE JJOTHUECKOE COCTOSIHUE.
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IIporpaMmmupoBaHue cTapiiero KOH(pUrypanmoHHOro daira

1. Barpy3uts komanay «0100 0000» (cm. pucynok 3.113).

2. 3arpy3uth crapumii 6aiiT nanaeix. but n = 0 mporpammupyert, a 6ut n = 1 cTupaer
KOH(HUTYpaIIMOHHBINA OUT.

3. Ycranosuts BS1 B 3nauenue «1» u BS2 B 3nauenue «0». D10 BbIOEpET cTapmunii 6aiT
JAHHBIX.

4. Tlonate oTpuaTebHbIi UMITYIbC HA WR# — Hauano nporeaypsl 3alIUCy — U 03KHUJIATh,
noka curHan RDY/BSY# nepeiiier B BBICOKOE JJOTHYECKOE COCTOSIHHE.

5. YcranoButk BS1 B 3HaueHne «0». D10 BEIOESpET MIaAMINi OAUT JaHHBIX.

3anuch MIIaLIero 3anuch cTapuero

KOH(UTypalHoHHOro Gaiita KOH(UIYpaLHOHHOTo BaiiTa
JlanHbie x 0x40 XﬂallllblCX XX X 0x40 leaum,lcx
XAl / \ / \

XA0

BSI / ) S
BQI__/ \_/ \ NS\

WR# \_/
RDY/BSY# S

RESET 12B

OE#

PAGEL

BS2

Pucynoxk 3.113 — BpemeHHas iuarpaMma nporpaMMUAPOBaHUS
KOH(UrypalMOHHbIX OaliTOB

IIporpaMmmupoBanne OUTOB OJIOKHPOBKH

1. 3arpy3uts komanmy «0010 0000».

2. 3arpy3uth muaamuii 6ait qanueix. but n = 0 mporpammupyet OUT OJIOKUPOBKH.

3. [lomate oTpunarenbHbIH UMIyTbc HA WR# - Hadano mpomueaypsl 3alucH, U 0XKHIATh,
noka curian RDY/BSY# nepeiineT B BHICOKOE JIOTHYECKOE COCTOSIHUE.

YreHue KOH(PUTYPANMOHHBIX OUT M OUT 0JIOKHPOBKH

1. 3arpy3uts komany «0000 0100» (cMm. pucynok 3.114).

2. Ycranosutb OE# B 3Hauenue «0», BS2 B «0O», BS1 B «O». 3Hauenus Miaaammx KoHPU-
TYPallMOHHBIX OUT MOTYT OBITh TpounTaHbl Ha BbIBOJe DATA («0» o3HauaeT 3amporpaMMupo-
BaHHBIN OUT).

3. Ycranosuth OE# B 3HaueHune «0», BS2 B «1», BS1 B «1». 3HaueHus crapmmx KOHH-
T'YPaLMOHHBIX OUT MOTYT ObITh pounTaHbl Ha BbIBoJe DATA («0» o3Hauaer 3anmporpamMMupo-
BaHHBIN OUT).

4. YcranoButh OE# B 3Hauenue «0», BS2 B «0», BS1 B «1». 3naueHust 6UTOB OJIOKUPOB-
KM MOTYT OBITh MpounTadbl Ha BbIBOAE DATA («0» 03HadaeT 3anmporpaMMUpPOBaHHBINA OUT).

5. YcranoButh OE# B 3HaueHue «1».
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Mnagmmii
KOH(UTYpaITOHHBIH
pas3psn

\ 4

JIAHHBIE

Buter 610kpoBKH

Craprmit
KOH(UT'ypaIlMOHHBIN
paspsan

Pucynoxk 3.114 — MynbpTHITIEKCHPOBaHNE KOH(DUTYPAITMOHHBIX OUTOB U OUTOB
6mokupoBku Outamu BS1 u BS2 nipu utennn Ha BeiBozie «/lanHbIe)

XapaKkTepuCTHKHU NAPALJIeIbHOT0 MPOrPAaMMHUPOBAHUSA

k txiwe
BQI PN )
Jovx | | IXLDX
JlaHHbIE U yIIpaBIcHUE >‘< = = 5 ( --
(dannsie, XA0/1, BS1, BS2) -
 IveH teiex | thvwe | TwLBX
PAGEL ) AN ~
Lwiwn B
WR twe N A
RDY/BSY . A
P LWLRH y

Pucynok 3.115 — BpemenHas auarpamma yrpasJisiOLIMX CUTHAJIOB NP TPOrpaMMHUPOBAHHUH,
BKJIIOUYasi HEKOTOPBIE OOII1E BpeMEHHbIE TPEOOBaHMS

CyuTbhIBaHHE

CuuTbiBaHUE aJpeca CuuteiBaHue ajgpeca JIAHHBIX CyuTHBaHKE CuyuTbIBaHME aJpeca
(Muaammii Gaitr) (Maamui 6aiiT) (crapimii Gaiit) JIAHHBIX (Mumaanii 6aiiT)

(LPH tprxH

BQI Y
BSI A AN

PAGEL /| N

ﬂaHHble X Anp0 (mmaammnii Gaiir) X)lumu,lc (Mutajmii Gaiit )X Jlannsie (crapuinii Gaiit) X Anpl (crapumii Gaiir)

XA0 \, Pd AN

XAl

Pucynox 3.116 — Bpemennsie TpeOOBaHMs K TTOCIICIOBATEIHFHOCTH 3arPy3KH
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CunThiBaHHUE a/peca CyMnThIBaHUE JIAHHBIX CuMThIBAHUE JAHHBIX
(Mmaamid 6aiT) (Mutaamit GaiT) (crapuumii 6aiT)
— 7= N

CyuTbiBaHME aJpeca
(Maamuid 6aiT)

—

txLoL
BQI

BS1

ttBVDV

OE

ﬂaHHblC —< Anp0 (mnamumii Gair) >—< Jlanusie (Muagmumii 6aiit)

XA0 N\ Va
XAl ™\ P

Pucynok 3.117 — Bpemennblie TpebOBaHuUs K MOCIEAOBATEILHOCTH YTEHUS JAHHBIX

' toLpy
N

\

i

N/

(lill(llhlc (crapumii Gaiit

Anpl (mnagmmit 6aiir)

!

N

JuHamuueckue XapakTepUCTHKY, YKa3aHHbIe Ha pucyHkax 3.115 — 3.117, npencraBieHbl
B Tabmne 3.103.

Tab6nuna 3.103 — /lunamMuveckne XapakKTepUCTUKN NapaJIeIbHOTO TPOTPaMMHUPOBAHUS

CumMBon ITapamerp Mus. Tur. Makc. | En. usm.
1 2 3 4 5 6
Vep Hanpspkenue nporpaMMupoBaHUs 11,5 - 12,5 B
Ipp Tox mporpaMMupoBaHus - 250 MKA
tovxH [IpenycraHoBKa JaHHBIX W YIPABICHHUS K MOMEHTY - -
nepexona BQ1 B BEICOKOE JIOTHYECKOE COCTOSIHHE 67 HC
txLxH WuTepBan Mexmy JBYMS MOJIOKUTETLHBIMEA (POH- 200 - - HC
tamu BQ1
txpxL [IupuHa mosoxxuTeNpHOTO HMITyIIbca BQ1 150 - - HC
IxLpx 3aepkka JTaHHBIX W YIIPABIIECHUS MOCIIE TIepexoia 67 - - HC
BQ1 B HU3KOE JIOTHYECKOE COCTOSIHUE
txewe WuTepBan mexay nepexmouenneM BQ1 B HU3Koe - -
JIOTHYECKOE COCTOSIHUE U neperioueHuemM WR# B 0 HC
HHM3KOE JIOTUYECKOE COCTOSIHHE
txLpH WuTepBan mexay nepexintouenueM BQ1 B Hu3koe - -
Jorudeckoe coctosaue u nepexmoueHuem PAGEL B
BBICOKOE JIOTHYECKOE COCTOSHIE 0 HC
toLxH WuTepBan mexay nepekiodenneM PAGEL B Hu3- - -
KO€ JIOTHYECKOE COCTOSIHUE U TiepekitouenrnemM BQ1
B BEICOKOC JIOTHYECKOE COCTOSHHE 150 HC
taveH [penycranoska BS1 k momenTy nepexona PAGEL 67 - - HC
B BBICOKOE JIOTHYECKOE COCTOSTHIE
terpL [Iupuna momoxkurensHoro nmiryinsca PAGEL 150 - - HC
tpLBX VY nepxanue BS1 nocne nepexona PAGEL B Hu3koe 67 - - HC
JIOTHYECKOE COCTOSTHHE
twiex VYaepxanue BS2/1 nocne nepexona WR# B Huzkoe 67 - - HC
JIOTHYECKOE COCTOSHUE
teLwi WuTepBan mexay nepekmodeaneM PAGEL B Hu3- - -
KO€ JIOTHIECKOE COCTOSTHUE U nepekitoueHneM WR# 67 HC
B HU3KOE JIOTHYECKOE COCTOSHHE
tevwi [IpenycranoBka BS1 x momenty nepexona WR# B 67 - - HC
HHM3KOE JIOTHYECKOE COCTOSTHUE
twiwn IlInpuna oTpunareapHOro uMiryiasca WR# 150 - - HC
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IIpooonocenue mabauyer 3.103

1

2

tWLRL

WuTepBan mexay nepekmodeaneM WR# B Huzkoe
JIOTHYECKOE COCTOSIHHE U MEPEKITIOUEHUEM
RDY/BSY# B HU3KOE JIOTMYECKOE COCTOSIHUE

MKC

tWLRH

WntepBan mexny nepexiroueHueM WR# B HU3KO0E
JIOTMYECKOE COCTOSIHHE U NEPEKITIOUCHUEM

RDY/BSY# B BEICOKOE JIOTHYECKOE COCTOSIHHE )

3,7

4,5

MC

t 2
WLRH_CE

WuTepBan mexay nepekimodeaneM WR# B Huzkoe
JIOTUYECKOE COCTOSIHUE U ITEPSKITFOUCHUEM
RDY/BSY# B BLICOKOE JIOTHYECKOE COCTOSIHUE I
npouexypst Chip Erase ?

7,5

MC

tX LOL

WntepBan mexny nepexiroueHueM BQ1 B Huzkoe
JIOTHYECKOe cocTosiHKE U nepekioueHrneM OE# B
HH3KOE JIOTHYECKOEe COCTOSHHE

HC

tevov

[IpenycranoBka BS1 Kk MOMEHTY YCTaHOBKH JTAHHBIX

250

HC

1:OLDV

[penycranoska OE# B HU3KOE TOTMYECKOE COCTOSI-
HHUC K MOMCHTY YCTAHOBKH JAaHHBIX

250

HC

tOHDZ

[IpenycranoBka OE# B BEICOKOE TOTHYECKOE COCTO-
SAHUEC K MOMCHTY NCPCKIIOUYCHNUIO HIMHBI JaHHBIX B
COCTOSIHHE BBICOKOI'O MMIEaHCa

250

HC

Y twirn pacnpoctpansiercs: Ha komanael Write Flash, Write EEPROM, Write Fuse (3amuce 6ut KoH(pH-
rypauun), Write Lock Bits (3anuch 61t 010KHpOBKH).
2 tyirH ce MCTonB3yeTes utst komamsl Chip Erase.

3.20.5 IIporpaMMupoBaHHe MO NOCTIeI0BATEIHLHOMY KaHATY

O6a maccua Flash 1 EEPROM wmoryt ObITh 3amiporpaMMHpPOBaHbI, UCIIOIB3YsI MOCIIEI0-
BatenbHBINH SP| nHTEpdeiic n mogkmoueHue BeiBoga RESET# k HU3KOMY JIOTHYECKOMY YPOBHIO

(pucynok 3.118). ITocnemoBarenbHblil nHTEpdeEiic Bkmodaet BoiBoabl SCK, MOSI (Bxox) u

MISO (Beixox). I[Tocne nepeximodenuss RESET# B HU3KOE JOrHYecKOe COCTOSIHUE HE0OXO0IUMO
BBIIIOJIHUTh MHCTPYKIHI0 Programming Enable mepen mpoBemeHuem 0ObIX Mporeayp mpo-
rpaMMHUpPOBaHU.

Tab6nuna 3.104 — HaznaueHue BHIBOJIOB MPH MTOCIIEIOBATEIHHOM IPOTPAMMHUPOBAHUN

CumBon BriBog Hamnpagnenue (1/0) Onucanue
MOSI PB5 | ITocnemoBaTenbHBIN BXOO JaHHBIX
MISO PB6 0] ITocnenoBaTenpHBIA BEIXO JAHHBIX
SCK PB7 | TakToBBIN CHUTHAI
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(4,5-5,5) Bumm

& (3.0-36)B
#VCC
MOSI————| PB5 (4,5-5,5) B wm
MISO +—— PB6 & (30-3.6)B
SCK —»{ PB7
NVCC
JL —»BQ
— »{RESET#

HOV
L

Pucynok 3.118 — Bxitouenne cxeMbl IpU TOCIE0BATEIIEHOM ITPOTPAMMUPOBAHUHT
1 BepudUKauu

I[Ipumeuanus

1 Ecnu MEKpocxema TaKTUPYeTCs BHYyTPEHHUM OCHMILIITOPOM, HET HEOOXOIUMOCTH TI0/1-
KJIF0YaTh BHEIIHUM HCTOYHUK TAaKTOBBIX UMITYJILCOB K BbIBOY BQL.

2 Usvee — 0,3 B < Upvee < Ugyee + 0,3 B. Onrako Unyee IOIDKHO Beermaa HaXOQUThCA
BHYTpH auamnasona (4,5 — 5,5) B 1u6o (3,0 — 3,6) B.

[Tpu mporpammupoBannu EEPROM mponenypa aBTOCTHpaHUs BCeraa cienyeT Nepen
NPOBEIEHUEM OIepaliy MPOrpaMMHUPOBAHUS, MTOATOMY HET HEOOXOJMMOCTH BBIIIOJIHEHUS KO-
man el Chip Erase (ToybKo 7S Mocie10BaTeIbHOrO MPOrpaMMUpOBaHws!)

B 3aBucumoctu ot koHpurypanuu CKSEL nomkeH ObITh IpeCTaBIeH COOTBETCTBYIOIUI
TaKTOBBIN CHTHaJ. MUHUMAaJbHAs [UTUTEIBHOCTD MOJOKUTEIHHOTO M OTPUIIATEIFHOTO TOTyIIe-
pPHOAOB TaKkTOBBIX MMIYJbcoB SCK 0MKHAa COOTBETCTBOBATH JBYM IEpHUO/aM TaKTOBOI'O HM-
nynsca LITY.

AJITOPUTM 110CJIeA0BATEJILHOI0 IPOrPaMMHUPOBAHUS

[Ipu 3amucu mocienoOBaTENbHBIX JaHHBIX COOBITHS MPOUCXOJAT IO BO3pacTaIOIIEMy
¢ponty SCK.

[Ipu ureHuun nocnenoBaTEIbHBIX JAHHBIX COOBITHSA MPOUCXOMAT MO CrajaromemMy GpoHTy
SCK.

Hwmxe npexncraBneHa pekoMeHayemas MOCIE0BAaTENbHOCT IAroB MpU MPOBEACHUU I10-
CJIEIOBATEILHOTO MPOrpaMMHPOBaHUS U Bepru(UKAIIMK TaMSATH IPOrpaMM U JTAHHBIX.

1. TlocnenoBaTenbHOCTH MOJAYM HANPSDKEHUS MUTAHUSA. TUTaHUE MOJACTCS NMPH HATWIUN
HU3KOTO nmoTeHIrana Ha Beisogax RESET# u SCK.

2. Oxwupats B Teuenne 20 Mc u 3aTeM nojaaTh komanay Programming Enable ms paspe-
HIEHUS TT0CJIEI0BATEILHOTO MPOTrPAMMHUPOBAHUS.

3. TlocnenoBarenbHOEe MPOTrpaMMUpPOBAHHE HE OyJeT BBIMOJIHATHCS, €CIU MOIKIIOUYEHUE
HE CHHXpOHM3HpOBaHO. [Ipu cuHXpoHmM3anmu BTOpoi OalT (0x53) Oyder maBaTh OTKIHMK B TO
BpeMsi, Koraa OyneT 3arpyxarbcsi TpeTuil 6aiiT komanasl Programming Enable. Koppekren ot-
KJIMK WIM HET, BCe 4yeThlpe OaliTa MHCTPYKIMH JOJKHBI OBITh NepenaHsl. Ecnu BTOpoil GailT
(0x53) He BBI3BaJ OTKJIMKA, CICAYET MOAAThH MOJIOKUTENbHBIN UMIyibc RESET# 1 BBINOIHUTH
3arpy3Ky HOBOM Komanasl Programming Enable.

4. Flash-namsares nporpammupyercst moctpaHuyHo. CTpaHUIA TAMSTH 3arpyKaeTcs 1Mo-
0aiiTHO ToaueH IecTH MIIAIIINX 3HAYMMBIX OUT aJpeca 1 JaHHBIX BMecTe ¢ komanaoii Load
Program Memory Page. Jlns1 yBepeHHOCTH KOPPEKTHON 3arpy3KH CTPAHULIbI, MIAAIINHI GaiT
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TAHHBIX JIOJDKEH OBITH 3arpy’KeH Mepes] TeM, Kak CTapiinii 0ailT JaHHBIX Ha3HAYEeH NI TaHHOTO
anpeca. CTpaHHIIa TAMATH IPOTrPaMM COXpaHsIeTCsl pu 3arpy3ke koman sl Write Program
Memory Page u nogaue BOCbMHU CTapIIMX 3HAaUUMbIX OUT ajipeca. Ecnu onpoc craTtyca npo-
rpaMMUPOBAHUS HE IIPOU3BOAUTCS, MOJIb30BATEND JIOJDKEH BBUKAATh BpEMs HE MEHee twp FLAsH
nepe]] BbIIa4eii HOBOUM CTpaHMIIBI JaHHBIX. JJOCTYI K mocieaoBaTeIbHOMY HHTEpGEHCy Ipo-
rpaMMHPOBAHUS JI0 TOTO KaK 3aBEepIINTCS Mpoleaypa 3amucu Bo Flash, Mmoket npusectu k He-
KOPPEKTHOMY BBHITIOJTHEHHIO TPOIIecca MPOrPaMMUPOBAHHS.

5. MaccuB EEPROM nporpammupyeTtcst mo0aiiTHO Ha3HAUYEHHUEM ajJpeca U IaHHBIX BMe-
cTe ¢ cooTBeTcTBYOLICH Komanaoi Write. Suelika mamsitu EEPROM npenBaputensHo aBToMa-
TUYECKH CTUPAETCS Mepesl MPoLeaypo 3aucy HOBBIX TaHHBIX. Eciau onpoc 06 okoHYaHUH
POLEAYPHI IPOrPAMMUPOBAHUS HE TIPOU3BOIUTCS, MTOJIH30BATENb IOJDKEH BBDKIATH HE MCHEE
twp_EEPrOM I€pEJl BBIOIHEHUEM IIPOrPaMMUPOBAHUS CIIEIYIOIIEro Oaiira.

6. Jlrobas stueiika maMsATH MOXKET OBITh BEpU(PHUIHMPOBAHA, UCIOIB3Ys KOMaHAY YTCHHUS
Read, koTopast BEIIACT COAEPKUMOE BRIOPAHHOTO ajpeca Ha rmocieaoBaTenbHblii BeiBoa MISO.

7. Tlo 3aBepuieHuto mporuecca nporpammupoBanust BeiBog RESET# nomken ObiTh ycTa-
HOBJICH B BBICOKOE JIOTHUECKOE COCTOSHUE ISl Hayalla HOPMaJIbHOTO pekuMa (yHKIIMOHHUPOBa-
HUST MHKPOCXEMBI.

8. OtkiroueHue nuTanus (mpu He0OXOTUMOCTH):

- ycranoBuTh BbIBOI RESET# B BRICOKOE JIOTHYECKOE COCTOSTHUE;
- OTKJIFOYHTh HANPsOKeHHE MuTanus ot BeiBoga #VCC.

Onpoc ganubix Flash mamsitu

Korpa crpanuna nanHeix nporpammupyercs Bo Flash mamsre, ureHue anpeca BHyTpH
cTpaHuibl Oyaer Bo3Bpaiars 3HaueHre OXFF. Korma ycTpoicTBO TOTOBO ISl 3arPy3KH CIIEY-
IOIICH CTpaHUIIBI, YTeHHWE OyIeT BO3BpAalIaTh KOPPEKTHHIE JAHHBIE. DTO HCIOJIB3YETCS IS
OTpe/Ie/ICHNsT OKOHYAaHUS MPOIIEYPhI 3alTUCH CTpaHMIIbL. [Iporieaypa ompoca JaHHbIX He pado-
taer it 3HadeHust OXFF, mosToMy Korja mporpaMMHUpYETCst 3TO 3HAYCHHE, MOJIb30BATENb JI0JI-
’KEH BBDKJIATh BpeMs He MeHee twp riasH EPed TeM, Kak IPOrpaMMHPOBATh CIIEAYIONIYIO CTpa-
HUILLY.

Onpoc nanubix maccuBa EEPROM

Korga mporpammupyetcst Mmaccus EEPROM, urenune nporpammupyemMoro B TeKyIUi MoO-
MeHT Oaiita Oyner Bo3BpamaTh 3HaueHHe OXFF. Kornma 3zamuch 3aBepiiena, ureHue OyaeT BO3-
BpalllaTh KOPPEKTHBIE JaHHBIE. DTO UCIOJB3YETCS AJIs ONPENEICHUs] OKOHYAHUS TPOLIEYPHI 3a-
MUCH CTpaHUIIBL. JTO He OyneT padotarh s 3HaueHuss OXFF. B aToM cirydae, onpoc naHHBIX He
MOXeT OBITh MCTIOB30BaH i 3HaueHus OXFF, u moms3oBaTens gomken OyaeT BDKIATh HE Me-
Hee twp eeprom HEPE IPOrpaMMUPOBAHUEM CIIEAYIOLIETO OaifTa JaHHBIX.

Tao6numa 3.105 - MunumanbHbIe BpeMeHa 3aJepKKU Mepe]l TPOBEICHUEM CIIEAYIONIETO
rkiia nporpammupoanust Flash u EEPROM namsitu

CumBoun MuHEMaITBHOE BpeMs 3aJIEPKKH, MC
twp FLASH 4,5
twp_EEPROM 9,0

twp ERASE 9,0

twp_Fuse 4,5
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BxoHasi 10C/1€10BATEIbHOCTH
nannbix (MOSI)

Bxoinasi mocJie10BaTe/IbHOCTh
naunbix (MISO)

£ XXX XXX XMPN

Bxo/Hasi 110cJ1e10BaTEILHOCTH
TaKTOBBIX HMIYJ1bcoB (SCK)

/can WX X X X Xwp\

Mo M e

Bbi6opka

toot

?

toot

tot 4

Pucynok 3.119 — BpemenHnast iuarpaMmma BbIBOZIOB IIPU MOCIIEI0BATEIBHOM
pOrpaMMHUPOBAaHUU

Tabauma 3.106 — KomaHb1 mocaea0BaTeIbHOTO MPOTPAMMUPOBAHUS

@DopMaT HHCTPYKLHHU
Komanna ™ psrt Baiir 2 Baiir 3 Baiit 4 Onepauis
1 2 3 4 5 6

Programming | 1010 1100 | 0101 0011 | XXXX XXXX | XXXX XXXX | Pa3permierue mociemaona-

Enable TEIBLHOTO MPOrPaAMMHPOBa-
HUA TIOCJIC IEPCKIIOYCHUU,
RESET# B «0»

Chip Erase 1010 1100 | 100X XXXX | XXXX XXXX | XXXX XXXX | Ctupanue Flash u
EEPROM wmaccuBoB

Read pro- 0010 HOOO | 0000 aaaa | bbbb bbbb | 0000 0000 | Urenue H (cTapuiero uim

gram MJIAJIIero) 6aiTa MTaHHBIX O

memory U3 [aMATH IIPOrPaMM I10
azapecy a:b

Load pro- 0100 HOOO | 0000 xxxx | xxxb bbbb | iiii iiii 3anuck H (crapmiero wim

gram MJIaIero) Oaira JaHHBIX i

memory B CTpaHUYHEIN Oydep 1o
aapecy b

Write pro- 0100 1100 | 0000 aaaa | bbbx xxXX | XXXX XXXX | 3amuch CTpaHHIbI MAMSATH

gram porpamm o ajpecy a:b

memory

Read 1010 0000 | 00xx xxxa | bbbb bbbb | 0000 0000 | UreHne naHHBIX | U3

EEPROM EEPROM nawmsitu 1o ajnpe-

memory cy a:b

Write 1100 0000 | 00xx xxxa | bbbb bbbb | iiii iiii 3anuce JaHHBIX | B IAMATh

EEPROM EEPROM mno anpecy a:b

memory

Read Lock 0101 1000 | 0000 0000 | XXXX XXXX | XX00 0000 | YUreHue OUT OJIOKHPOBKH:

Bits «0» - 3amporpaMMHUpOBaH,
«1» — He3anporpaMMHpPOBaH

Write Lock 1010 1100 | 111X XXXX | XXXX XXXX | 11ii iiii 3anuck OUT OJIOKUPOBKH:

Bits «0» - mporpaMMupOBaHKE
oura.

Write fuse 1010 1100 | 1010 0000 | XXXX XXXX | iiii iiii 3anuce MIaamux KoHQUry-

bits PAIMOHHBIX OWT.
«0» — 3anporpaMMHupoOBaH,
«1» — He3anpoOrpaMMHUPOBaH
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IIpooonsicenue mabnuywr 3.106

1 2 3 4 5) 6
Write fuse high 1010 1100 | 1010 1000 | XXXX XXXX | iiii iiii 3anuch MITaIIIAX
bits KOH(UTypalmOHHBIX
owur.
«0» — 3anporpaMmu-
poBaH,
«1» — Hezanporpam-
MHPOBaH
Read fuse bits 0101 0000 | 0000 0000 | XXXX XXXX | 0000 0000 | YTeHue MIAAMINX
KOH(UTYpalMnOHHBIX
owur.
«0» — 3anporpaMmu-
poBaH,
«1» — Hezanporpam-
MHPOBaH
Read fuse high 0101 1000 | 0000 1000 | XXXX XXXX | 0000 0000 | UTeHne MiaaiImx
bits KOH(UTYPaIHOHHBIX
owur.
«0» — 3anporpamMmu-
poBaH,
«1» — Hezanporpam-
MHPOBaH

4 Anpecanusi namsiTi
4.1 Ilpsimas aapecauus

IIpu mpsmoii agpecanuu aapeca ONEPAaHIOB COACPIKATCA HEMOCPEICTBEHHO B CIIOBE KO-
MaH/pl. B COOTBETCTBUHU CO CTPYKTYpOH NAMATH JAaHHBIX CYIIECTBYIOT CIECIYIOLIUE PAa3HOBHJ-
HOCTH TIPSIMOW aJipecallu: mpsiMasi aJipecalsi OHOro perucrpa obuiero HazHauenus (POH),
npsimast agpecauus 1 Byx POH, npsmas aapecainusi peructpoB BBoja-BeiBojga PBB, npsamas an-
pecanus O3VY.

4.1.1 Ilpamas aapecanus ognoro POH

OT1oT cnocol aapecaluu HCIOJIb3YyeTCs B KOMaHaX, ONEPUPYIOIUX C OJHUM M3 pEru-
cTpoB oOmiero HazHadyeHus. [Ipu aToM aapec peructpa-onepanaa (Ero HOMep) COAEPKUTCS B IsI-
TH pa3psiaXx cI0Ba KOMaH/IbI.

[TpuMepom KOMaH, HCTIOIB3YIOMIUX STOT CHOCO0 aJpecaliny, sIBISTIOTCS KOMaH bl PaOOTHI
co crekoM (PUSH, POP), komanaer unkpementa (INC), nexpementa (DEC), a Tak:ke HEKOTOpBIE
KOMaH[IbI apU(hMETHUECKUX OTIEepaIIni.

4.1.2 Ilpsimas aapecauusi PBB

Jlannblit criocod agpecaliiy UCHOIb3YyeTCs KOMaHIaMU MEPEChUTKH JaHHBIX MEXKIY peru-
CTPOM BBOJa-BbIBO/JId, PACIIOJIOKCHHOI'O B OCHOBHOM IMPOCTPAHCTBC BBOAA-BbIBOAA, U PCrUCTpPO-
BbIM (aiimom IN u OUT. B aTom citydae aapec perucrpa BBOIa-BbIBOAA COJEPIKHUTCS B pa3psiaax
10, 9, 3...0 (6 pa3psnoB), a anpec POH — B pazpsiaax 8...4 (5 pa3psaoB) ciioBa KOMaH/IbI.
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4.1.3 Ilpsimas aapecauus O3Y

Jannblit crmoco® ucnonbp3yeTcst Al oOpalieHusl KO BCeMy aJpecHOMY MPOCTPAHCTBY Ia-
MSATH JTAHHBIX.

B cucreme koMaHJ MHUKpPOKOHTPOJUIEPOB CEMENCTBA UMEETCS TOJBKO JABE KOMaHbI, MC-
MOJIB3YIOIIUE TOT Crocod agpecari. ITO KOMaHAbI EepechlIKy Oaiita Mexay onnum u3 POH
u siueiikoit O3Y — LDS u STS. Kaxknas u3 3TuX KOMaH]l 3aHUMAaeT B MaMATH IPOTrpaMM JBa CJI0-
Ba (32 paspsina). B mepBoM ciioBe cOEpKUTCS KO ONEpaIiy U ajpec perucrpa odmero HazHa-
yeHus (B paspsgax ¢ BOCbMOTro IO 4eTBEepTHIi). Bo BTOpoM ciioBe HaxoauTcs aapec sueiku ma-
MSTH, K KOTOPOMY IPOUCXOAUT OOpalieHue.

4.1.4 TIpsaimas aapecanusi 1Byx POH

OTOT Ccnoco0 ajapecanyy HCHOJB3YeTCs B KOMaHAAX, OMEPUPYIOIIUX OJHOBPEMEHHO C
IBYMsI perucTpaMu oOiero HazHadeHus. [Ipu 3ToM agpec perucrpa-uCTOYHHUKA COJAEPIKUTCS B
paspsanax 9, 3...0 (5 pa3psgoB), a aapec peructpa-nipueMHuKa B paspsgax 8...4 (5 pa3psaoB)
CJIOBa KOMaH/Ibl.

K xomanzaaMm, MCNONb3yIOMKUM 3TOT CIIOCOO agpecalid, OTHOCUTCA KOMaHJa MEepPEeCchUIKU
JaHHBIX U3 peructpa B peructp (MOV), a Takxke GONBIIMHCTBO KOMaH apu(pMETUYECKHUX OIle-
paumii.

3nech HEOOXOIUMMO cleslaTh OJHO 3ameyaHue. Jleqo B TOM, 4TO HEKOTOpble KOMaHJBbI,
UMEIOIIME TOJIBKO OJIMH PETUCTP-OINEPaH, TEM HE MEHEEe, HCIOIb3YIOT PacCMaTpUBAEMBbIil CIIO-
co0 aapecaruu. [IpocTo B 3TOM ciydyae UCTOYHUKOM M MPUEMHUKOM SIBISICTCSI OJJUH U TOT Ke
peructp. B xauecTBe nmpumepa MOXKHO IpuBecTH KoMaHay ouuctku peructpa (CLR Rd), koto-
past B IeMCTBUTENILHOCTH BhINoNHsAET onepauuto “Uckmouaromee MJIN”, perucrpa ¢ camum co-
60it (EOR Rd, Rd).

4.2 KocBeHHasi aipecanus

HpI/I KOCBEHHOM aapecanu aapec STYCHKH TIaMATH HaxXoauTCda B OJHOM M3 MHACKCHBIX PC-
TUCTPOB X, VY unn Z. B 3aBUCUMOCTH OT JOIIOJIHUTCIIBHBIX MaHI/IHyHSIHPlﬁ, KOTOpPBIC ITPONU3BO-
JATCA Had COACPKUMBIM MHACKCHOI'O PErucTpa, pasjinvdaroT CICAYIOIIHWE pasHOBHUIHOCTH KOC-
BEHHOM aapecanru: MpocCTasd KOCBECHHAA aJApecaliusd, OTHOCUTCIIbHAA KOCBCHHAA aApecalusi, KOC-
BCHHAad aapecaiusd C NpCAACKPEMCHTOM U KOCBCHHAA aapecalusd C IOCTUHKPEMCHTOM.

4.2.1 llpocTasi KOCBEeHHAasi aJipecalus

[Tpu ucnosb30BaHNM KOMaH]I MPOCTONM KOCBEHHOW ajipecaliuy oOpaiieHne Mpon3BOIUTCS K
s4Yeiike MaMATH, aapec KOTOPOH HAaXOTUTCS B MHIEKCHOM peructpe. Hukakux IeicTBHii ¢ co-
JEP)KUMBIM UHJIEKCHOTO PETUCTPa MPH ATOM HE MMPOU3BOUTCSI.

MUKpPOKOHTPOJUIEPHI MOAEPKUBAIOT MIECTh KOMAaH[ (IO JABE ISl KaXJIOTO MHAEKCHOTO
peructpa) npoctoi kocBeHHOU anpecanuu: LD Rd, X/Y/Z (nepecwinka 6aiita 3 O3Y B POH) u
ST X/Y/Z, Rd (nepecwuika 6aiit u3 POH B O3VY). Anpec peructpa oOniero Ha3HaueHUs Coaep-
JKUTCS B paszpsgax §...4 cIoBa KOMaH/IbI.

4.2.2 OTHOCHTE/IbHASI KOCBEHHAs ajipecanusi

[Ipu ucnonp30BaHUKM KOMaHJ OTHOCUTEIBHOM KOCBEHHOM aJipecaliii aJpec SYECUKU NaMs-
TH, K KOTOPOH MPOU3BOIUTCS OOpaIieHue, MmoayJaeTcsi CyMMHPOBAHHEM COACPKUMOTO WHIEKC-
Horo peructpa (Y win Z) u KOHCTaHTOM, 3aJjaBaeMoi B komaHze. pyrumMu cioBaMu, Mpou3Bo-
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JIUTCS OOpallleHue Mo aJpecy, YKa3aHHOMY B KOMaHJe, OTHOCUTEIBHO aJpeca, HaXOAAIIerocs B
UHJCKCHOM PETUCTpE.

MukpoKoHTpoOJIEPBl ceMelcTBa Mega NMoaAepKUBAOT YEThIpEe KOMAHIbl OTHOCUTEIBbHON
KOCBEHHOM ajpecannu (ABe s peructpa Y u nBe s peructpa Z): LDD Rd, Y+q/Z+q (nepe-
ceutka Oaiita 3 O3Y B POH) u ST Y+q/Z+q, Rr (nepecpuika Gaiita u3 POH B O3Y). Anpec pe-
TUCTpa O0ILero Ha3HAUYECHUS COJEPKUTCS B pa3psiaax §...4 cioBa KOMaH[Ibl, a BETUYMHA CMellle-
Hus B paspsagax 13, 11, 10, 2...0. IlockonbKy 1noja 3Hau€HUE CMELIEHMsI OTBOJUTCS TOJBKO 6
pa3psi0B, OHO HE MOXKET MPeBbIIIATh 64.

4.2.3 KocBeHHas agpecaiusi ¢ npeieKpeMeHToM

[Tpu ucmonbp30BaHUM KOMaH/I KOCBEHHOM aJpecaliii U C MPEeIICKPEMEHTOM COICPKUMOE
MHJ/IGKCHOTO PETUCTpa CHadalla YMEHBIIAETCS Ha €IWHUILY, a 3aTeM MPOU3BOAMUTCS OoOpalieHune
0 TIOJTYYCHHOMY aJIpecy.

MUKPOKOHTPOJUIEPHI CEMEHUCTBA MOICP/KUBAIOT MIECTh KOMaH 1 (110 JBE JIUIS KaXI0TO HH-
JIEKCHOT'O PErucTpa) KOCBEHHOH ajapecanuu ¢ npeagekpementom LD Rd, -X/-Y/-Z (nepecbuika
6aiita u3 O3Y B POH) u ST -X/-Y/-Z, Rd (nepecsiika 6aiita u3 POH B O3Y). Anpec peructpa
o0I11ero Ha3HAUCHHSI COJICPIKUTCS B pa3psaax 8...4 clioBa KOMaH/IbI.

4.2.4 KocBennas ajpecanusi ¢ IOCTUHKPEMEHTOM

[Tpu ncnonbp30BaHUK KOMaH] KOCBEHHOM ajipecaliul ¢ HIOCTUHKPEMEHTOM, Tocie oOparie-
HUA 10 aApecy, KOTOPBIM HAaXOIUTCA B MHAEKCHOM PErucTpe, COIEPKMMOE MHIEKCHOTO PETH-
cTpa yBenuuuBaercs Ha «1y.

MUuKpOKOHTPOJUIEPHI CEMENCTBA MOJAEPKUBAIOT ECTh KOMaH/ (TI0 JIBE /ISl KayKJ0T0 UH-
JIEKCHOTO perrcTpa) KOCBEHHOM ajapecanuu ¢ moctuHkpementom: LD Rd, X+/Y+/Z+ (nepecbu-
ka Oaiita u3 O3Y B POH) u ST X+/Y+/Z+, Rd (nepecsuika 6aiita u3 POH B O3VY). Anpec peru-
CTpa O0IIero Ha3HaYeHUsl COJEPAKUTCS B paspsiaax §...4 c1oBa KOMaH/bI.

5 Beenenne B cucremy komana UC 1887BE4Y

Cucrema KOMaHJ MHKPOKOHTpoOJulepa HacuuTeiBaeT 133 pasnuuHbiX MHCTpykKuuu. He-
CMOTpPS Ha TO, YTO MHKPOKOHTpPOJUIEp SBIsiETCS MHUKpoKoHTposuiepoMm ¢ RISC-apxurexrypoii
(mporeccop ¢ COKpalieHHbIM Ha0OpOM KOMaH/), O KOJMYECTBY PEaTM30BaHHBIX MHCTPYKLUHN U
UX Pa3HOOOpa3Hio OH OOJIbIIe MOX0X Ha MUKpokoHTposutep ¢ CISC-apxurektypoit (mmporeccop
C TOJIHBIM HabopoM KoMmaH[). [IpakTuyecku kaxxaas U3 KOMaH/ (3a UCKIIOYEHUEM KOMaH/I, Y KO-
TOPBIX OJHUM M3 OMNEpaHIOB sBIsETCS 16-pa3psaHblil agpec) 3aHUMaeT TOJIbKO OJIHY SYEHKy Ia-
MATH nporpamm. IIpruem 3To TOCTUTHYTO HE 3a CUET COKPALIEHUS KOJIMYECTBA KOMaH] IPOLEC-
copa, a 3a CUeT YBEIMYEHUS Pa3psAIHOCTH MaMATH IPOTpamMM.

Bce MHOKECTBO KOMaHT MUKPOKOHTPOJIIEPA MOXKHO pa30UTh HAa HECKOJIBKO TPYIIIL:

- KOMaH/Ibl JIOTHYECKUX OIepaluii;

- KOMaH/Ibl apu(PMETUYECKUX ONepaluii U KOMaH bl C/IBUTA;

- KOMaH/Ipl onepanuii ¢ GuTamuy;

- KOMaH/Ibl IEPECHUIKH JaHHBIX;

- KOMaH/pl IEPEJAUX YIIPABICHUS;

- KOMaH/Ibl yIIpaBJIeHUs CHCTEMOM.
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5.1 KomaHabl JIOTHYECKUX Onepanui

KomMaHbl Jornyeckux orepamuil Mmo3BOJISIOT BBIIOJHITH CTAaHIAPTHBIC JIOTHUECKHE OTIe-
paru Haj OaliTamu, Takue Kak Jorndeckoe ymHoxeHue (M), mormueckoe cnoxenne (MJIN),
oTiepalnio «HCKIovaromee My, a Takke BEIYUCICHUE 00paTHOTO (IOTOJHEHNE A0 €AUHUIIBI) U
JIOTIOJIHUTEILHOTO (JIONOJIHEHHE 0 ABYX) KOJ0B uncia. K 3Toit rpynmne MOKHO OTHECTH TaKxke
KOMaH/Ibl OYMCTKH/YCTAHOBKH PETHCTPOB U KOMaHAY IMEPECTAaHOBKH TeTpaj. Orneparuu Mmpou3-
BOJISITCS MEXKIy PETHCTpaMu OOIIEr0 Ha3HAYeHHs, TUO0 MEXIy PEerHCTpOM M KOHCTAHTOM; pe-
3yabTat coxpansercs B POH. Bce komaHbl U3 3TOM TpyNIlbl BHIMOJHSIOTCS 32 OJIUH MAIIMHHBIN
LMKIL.

5.2 Komanabl apupMeTHYEeCKUX ONEPANUil 1 KOMaHbI CIBUTa

K nanHOl rpynmne oTHOCATCS KOMaH/Ibl, IO3BOJISIOLINE BHIIOIHATH Takue 0a30BbIe omepa-
IIUM, KaK CJIO’)KEHHUE, BBIYMTAHUE, CABUT (BIIPABO U BJIEBO), MHKPEMEHT U JIeKpeMeHT. B Mukpo-
KOHTPOJIIEPE TAKKE UMEIOTCS KOMAH/IbI, IIO3BOJISIOIINE OCYLIECTBIIATh YMHOKEHHE
8-pa3psaHbIX 3HaueHUi. Bee oneparuu mpon3BoAATCS TOJIBKO HAJl pErUCTpaMH OOLIEero Ha3zHa-
yeHus. [Ipu 3TOM MUKPOKOHTpOIIJIEp TO3BOJISIET JIETKO ONEPUPOBATH KaK 3HAKOBBIMH, TaK U 0€3-
3HAKOBBIMHU YHCIIAMHU, a TAaKXKe paboTaTh C YUCIaMU, IPEACTABICHHBIMU B IOMOJIHUTEIIBHOM KO-
ne.

[Toutn Bce KOMaHpl pacCMaTPUBAEMON TPYIIIBI BBIMOIHSIIOTCS 32 OJUH MAalIMHHBINA UKL
Komanapl yMHOKEHMSI M1 KOMaH/[Ibl, OIIEpUPYIOLIUE ABYXO0aUTOBBIMUA 3HAUEHUSMH, BBIOJIHSIIOTCS
3a J1Ba LIMKJIA.

5.3 Komanbl onepanuii ¢ ouramMmu

K nanHO# rpymne OTHOCSATCS KOMaH[IbI, BHITIOJIHSIONINE YCTAHOBKY HIIM COPOC 3aJaHHOTO
paspsina POH wim PBB. Tlpudem s u3meHeHus paspsaoB peructpa coctossauss SREG nmeror-
Csl TaKXe JIOTOTHUTENbHbIE KOMaH/bl (TOYHEEe TOBOpPS, SKBHBAJCHTHbIE MHEMOHUYECKHE 000-
3HaueHUsl OOIIMX KOMaHA), T. K. IPOBEpPKAa COCTOSHUS pa3psi0B UMEHHO 3TOTO PErucTpa IMpo-
W3BOJMTCS Yallle BCETO. Y CIOBHO K 9TOM IPyINIE MOKHO OTHECTH TAK)KE JIBE KOMAH/]Ibl IIepeaaun
YIpaBJICHUS TUIA «IPOBEPKA/IPOIMYCK», KOTOPbIE MPOIYCKAIOT CIEAYIOUIYI0O KOMaH/1y B 3aBH-
CUMOCTH OT coctosiHus paspsana POH win PBB.

Bce 3aneiictBoBannbie pa3psaasl PBB umeror cBou cumBonmdeckue umena. OmnpeaeneHus
ATHX UMEH OMHCAHBI B TOM € BKJIIOYaeMoM (aiinie, 4To U onmpeaeneHus] CHMBOIHMYECKUX UMEH
aapecoB peructpoB. Takum o0pa3om, mocie BKIIOUEHHUS B MPOrpaMMy yKa3aHHOro ¢ailia B Ko-
MaHJaX BMECTO YHCIIOBBIX 3HAUEHUN HOMEPOB Pa3psI0B MOKHO OYyJeT yKa3bIBaTh UX CUMBOIIH-
yeckue nMmeHa. Crenyer MOMHHTB, uTo B koMaHaax CBR u SBR omnepaniom siBisiercst OutoBas
Macka, a He HoMmep paspsiaa. s nomydeHus OUTOBOM MacKu M3 HOMepa paspsjia cielyeT BoC-
MOJI30BaTHCA ACCEMOJIEPHBIM OTIEPATOPOM “‘CIIBHT BIIEBO™ (<<), KaK MMOKa3aHO B CIICTYIOIIEM
npumepe:

sbr rl6, (1<<SE) + (1<<SM)

out MCUCR, rl6  ;YcranoBuTth ¢uaru SE u SM peructpa MCUCR.

Bcem koManaam naHHOM Tpymibl TPeOYETCs OJUH MAITUHHBIA ITUKI JIJIS BBITOJHEHUS, 32
UCKJIIOYEHHEM CIIy4aeB, KOTJla B pe3yabTaTe MPOBEPKU MPOUCXOAUT MPOMYCK KoMaHabl. B aToM
ciIy4yae KOMaH/a BBIMIOJIHSIETCS 3a JBa WJIM TPU MAIIMHHBIX IIUKJIA B 3aBUCUMOCTH OT MPONYyCKa-
€MOH KOMaHIbI.
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5.4 KomaH1bI nepechblIKH JaHHBIX

KomaHabl 3TOM Tpymnmbl mpeaHa3HAYeHBbl I TEPECHUIKH COACPKUMOTO SUeeK, HaXOIs-
HIMXCS B IPECHOM MPOCTPAHCTBE MaMATU JAHHBIX. PazfiesieHue aapecHoro npocTpancTBa Ha TpU
yactu (POH, PBB, O3VY) npenonpeaenuino paznoodpasue KoOMaH1 JaHHOW rpynibl. [lepecsuika
JAHHBIX, BBIMOJTHIEMAass KOMaHAAMH TPYIIIBI, MOXKET MPOU3BOJUTLCS B CICAYIOIIUX HaIlpaBlie-
HUSX:

- POH <=> POH;

- POH <=> PBB;

- POH <=> namMsTh JaHHLIX.

Taxke K JaHHOHM Tpymme MOXXHO OTHeCTH cTekoBble komanabpl PUSH u POP, mo3Bossto-
[I1e COXPaHATh B CTEKE U BOCCTAHABIMBATH U3 CTeKa cojaepxumoe POH.

Ha BeImosHeHHe KOMaH TaHHOW TPYyNIbl TPeOyeTCs, B 3aBUCUMOCTH OT KOMaH/IbI, OT O/I-
HOTO JIO TPEX MAIIMHHBIX ITUKIIOB.

5.5 Komanabl nepeaadu ynpasJjeHUs

B oty rpynimmy BXOAsT KOMaH/bI IEpexo/1a, BHI30Ba MOAIPOTPaMM U BO3BpaTa U3 HUX U KO-
MaH/Ibl TUIIA «IIPOBEPKA/TIPOITYCK», MPOIYCKAIOIIKE CIEAYIONIYI0 32 HUMH KOMaHAy IpH BBINOJ-
HEHHH HEKOTOPOTo YCIIOBHs. Takke K 9TOW rpyrie OTHOCATCS KOMaH/Ibl CPaBHEHHS, (OPMHPY-
romue ¢uaru peructpa SREG n npenHa3sHadeHHbIC, KaKk MPaBUIIO, I pabOThl COBMECTHO C KO-
MaHJIaMH YCIIOBHOTO TIEpexXo0/ia.

B cucreme koMaHJ MHUKPOKOHTpOJUIEpA HMMEIOTCS KOMaHJIbl Kak O€3yCIOBHOr0, Tak U
ycioBHOro mnepexonoB. Komanasl otHocurensHoro nepexoga (RIJMP), a Takxke KOCBEHHOIO
(IMP) 6e3ycioBHOTO mepexoa, sIBISIOTCS CaMbIMU TIPOCTBIMU B 3TO# rpymme. Ux ¢pyHkuus 3a-
KITFOYAeTCs TOJIBKO B 3aIIFICH HOBOTO ajpeca B CYETYMK KoMaHI. KoMaH/bl yCIIOBHOTO TIepexo/1a
TaKXe M3MEHSIOT COJCPKMMOE CUETUMKA KOMAaHJ, OJHAKO 3TO U3MEHEHUE MPOUCXOJUT TOIBKO
IIPY BBITMIOJIHEHUH HEKOTOPOTO YCIOBUS WIIH, TOYHEE, PH OMPEISIIEHHOM COCTOSIHAN Pa3psIHBIX
¢aroB peructpa SREG.

Bce komaHBI YCIIOBHOTO ITEpexo/1a MOXKHO pa3OUTh Ha JIBE MOATPYIIIHI: TIEpBast MOATPYII-
na — KOMaHJibl YCJIIOBHOTO Mepexo/ia O0Iero Ha3HaueHusl, B 3Ty MOATPYIILY BXOJAT JIB€ KOMaH-
el BRBS s,k u BRBC s,K, B KOTOpBIX SIBHO 3a/aeTCSl HOMEP TECTHPYEMOro (iara perucrpa
SREG. CootBetctBeHHO, nepexoy ocymiectisiercst npu SREG.s = 0 (BRBC) wiu REG.s = 1
(BRBS). [Ipyryto noArpymmy COCTaBisiOT 18 crenuanu3upoBaHHBIX KOMaH/, KaXaas U3 KOTO-
PBIX BBIMOJHSET MEPEX0]l MO0 KAaKOMY-JIMOO KOHKPETHOMY YCJOBHIO («pPaBHO», «OOJjbllIe WU
paBHO», «OBLT MIEPEHOC» U T. 11.). [IpuveM oHM KOMaHIbI HCIIOJB3YIOTCS MTOCIIE CpaBHEHHS 0e3-
3HAKOBBIX YHCEJl, IPyTHe — MOCie CPABHEHUS YUCEIl CO 3HAKOM.

Komanner BezoBa nmoanporpammsl (ICALL, RCALL) paboTatoT mpakTHYECKH TaK ke, KaK
KOMaH[IbI 0€3yCIIOBHOTO Tiepexoaa. OTarune 3aKIF09aeTcs B TOM, 4TO, TIEpeT TeM Kak

BBINOJIHUTH MEPEXO0J], 3HAaUeHUE CUeTUMKa KOMaH]l coxpaHsercs B cteke. Kpome Toro, moamnpo-
rpamMma JI0JDKHA 3aKaHYMBaThHCsl KOMaH/IOM BO3BparTa, Kak MOKa3aHo B CIEMYIONIEM MTpUMepe:

rcall sp test ; BHI3OB MNoAnporpamMel sp test

e ; TEKCT OCHOBHOM NPOT'PaMMbI
sp_test ; MeTKa NOONPOIPaMMEL

push r2 ; COXPaHUTb r2 B CTeke

o ; BHIIOJIHEHME NOANPOIPaMMEL

pop r2 ; BOCCTAHOBUTBL r2 M3 CTEKa

ret ; BO3BpAaT M3 OONPOI'PaMMEI

B npusenennom npumepe komanaa RET 3amensier aapec, Haxoasuiics B CYETUUKE KO-
MaH/I, aIpecoM KOMaH/IbI, ciaeayromei 3a komanaoit RCALL.
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O4eBUIHO, YTO KOMAH/IbI NIEPEIaUM YIPABICHHUS HAapyLIalOT HOPMaJbHOE (JIMHENHOE) BBI-
IIOJITHEHNE OCHOBHOM Iporpammsbl. Kaxaplil pa3, Korja BbIIOJIHSAETCS KOMaHa U3 3TOH TPYIIIbI
(kpoMe KOMaH/ CpaBHEHUS), HOpMalbHOEe (PYHKIIMOHUPOBAaHUE KOHBeWepa Hapymaetcs. [lepen
3arpy3Koi B KOHBeliep HOBOTO ajJpeca IPOM3BOJUTCS OCTAHOBKA M OYMCTKA BBIITOJIHAEMOHN I1O-
CJIEZIOBATENILHOCTH KOMaHJ, COOTBETCTBEHHO, PEMHUIIMATIM3AINA KOHBEiepa MPUBOIUT K HEOO-
XOJUMOCTH UCIOJIb30BaHUS HECKOJIBKMX MALIMHHBIX [IMKJIOB JUIsl BHIIIOJIHEHUS TAKUX KOMaH/.

5.6 Komanbl ynpaBjieHHsI CHCTEMOM

B Ty rpynimmy BXOAST BCETO TPH KOMaH/IbI:

- NOP - mycras komanza;

- SLEEP - mepeBog MUKPOKOHTpPOJIIEpA B PEXKUM MOHMIKEHHOT'O SHEPTOMOTPEOICHNS,
- WDR - cOpoc cropoxeBoro Taiimepa.

Bce KoMaH bl 3TOM TPy BBITOIHSIOTCS 33 OJJMH MAIIMHHBIN THKIL.

6 OtaagouHble cpeacTBa
6.1 OTnagouynasi cucremMa s MUKPOKOHTpoJLiepa 1887BE4Y

Ha3nauenwue: ornaaka cucteM Ha ocHOBe MUKpokoHTposuiepa 1887BE4Y ¢ ucnonb3oBa-
HueM mukpocxembl ATmegal6 ¢ untepdeiicom JTAG. brnok-cxema ycTpolicTBa MpHUBEAeHA Ha
pucynke 6.1.

oo
I// I/’
RS232 '/ /‘@, USB-
AVR JTAGICE | f / MPOrpaMMarop

OcHOBHas miara
u
ITATA PACIIUPEHUS

Pucynok 6.1 — Biiok-cxema yctpoiicTa

Otnanounoe ycrpoiicteo MC 1887BE4Y npennazHaueHo Al OTAAIKH U IPOTPAMMUPO-
BaHUs cucteM, pa3padarbiBaeMbix Ha 0aze MC 1887BE4Y. CxeMbl ayeKTpHUECKHE U PacIolio-
JKEHHE 3JIEMEHTOB Ha MeYaTHBIX I1aTaX MPUBEACHbBI B MPUIOKEeHNH B.

Otnanka cucreM ocymectBisiercs ¢ nomoipio RS232 AVR JTAGICE — BHyTpuCXeMHO-
ro ormnaguuka g ATmegal6 (amynsarop JTAG) uepes JTAG-untepdelic npu BCTaBICHHOH B
DIP-40 xonoaky ¢ HyneBbIM ycuiineM Mukpocxeme ATmegal6.

Muxkpokontposiepsl 1887BE4Y n ATmegal 6 nmporpaMMHO U anmapaTtHO COBMECTHUMBI,
OJTHAKO MMEETCS PsJl 0COOEHHOCTEH, KOTOPBIE TOJDKHBI OTCIIEKHUBATHCS MporpaMmucToM. OTin-
YKl MUKPOKOHTPOJUIEPOB IIPUBEACHBI B IPUIIOKEHUH .
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B pexume ornanku BhIKIOUYaTeNd X4 HOKHBI OBITH BBIKIIOYCHBI JJIS HCKIIOUCHUS
IIyHTUPOBaHUs BbIx010B oTiaguuka RS232 AVR JTAGICE.

[Tocne ortnaaku nporpammel Mukpocxema 1887BE4Y ¢ momoribio nepexogHuka ¢
48-piBogHOTO KOpiryca H16.48-2B Ha DIP-40 komoaky ¢ HyJIEBBIM YCHUIMEM yCTaHABIMBACTCS
BMecTO MUKpocxeMbl ATmegal6, B Hee 3anMChIBAETCs OTJIaKEHHAs IporpaMMa M OCYLIECTBIIS-
eTCsl OKOHYATENIbHAsA MpoBepKa (HYHKIIMOHUPOBAHMS, MPU STOM BhIKItoUaTesd X3 U X4 MOTyT
OBITh BKJIIOUEHBI (IIpU BKIIOYEHHOM X3 BKIto4aercs u ceeroanon LED1). B atom cnyyae HeoO-
XOAUMO OTKIIIOUMTH OT iathl oTinaguuk RS232 AVR JTAGICE u nporpammarop.

[TporpammupoBanue MC 1887BE4Y ocymectBisercs ¢ nomoiusto USB-nporpam-
MaTopa. B pexume nporpamMmmupoBaHusi BhIKIIOYATEIH X3 JODKHBI OBITh BBIKIIFOUEHBI ISl HC-
KJIFOUECHHMSI IIIYHTUPOBAHUS BBIXOOB MPOrpaMMaropa.

VYerporictBo noakiatouaercss kK COM nopTy nepcoHalbHOTO KOMITBIOTEPA Yepe3 IMYIISITOP
JTAG mpu otnanke ¢ ucnonbp3oBanrnem ATmegal6, 3arem k USB-moprty depe3 mporpamMMarop
1uist iporpammupoBanus Flash-nporpammuoii namstu UC 1887BE4Y mocne otnaaku nporpam-
Mbl. OTiaaKa U IPOrpaMMUPOBAHUE MPOU3BOASTCS C ITOMOLIBIO MPOrpamMM, KOTOpPbIE IOCTaBIIA-
IOTCSL C YCTPOHCTBOM.

[Tutanue ycTpoiicTBa OCYIECTBISIETCS OT UCTOYHUKA IIOCTOSIHHOTO TOKA HAIIPSKEHUEM
(6 — 12) B (tuna BIIC 9-0,35), moctaBiisieMOro B KOMILJIEKTE.

B xoMIUIEKT mOCTaBKM YCTPONUCTBA BXOSAT KOMIIOHEHTHI, IPUBEICHHBIE B TabmuIe 6.1.

Tao6numa 6.1 — KommuekT noctaBku otiagodHoro ycrpoiicta UC 1887BE4Y

Koi-Bo,

HanmenoBanue komnoneHTa o
1 OcHoBHnas mnata ¢ 40-BeiBogHOM DIP-K0M0AKOM € HYJIEBBIM yCHIIEM 1
JUTsS yCTAaHOBKH MUKPOKOHTposutepoB 1887BE4Y/ATmegal 6 u MakeTHbIM
nojeMm (pucysku B.1, B.2)
2 Ilnara pacumpenus ¢ JKKU (pucynku B.3, B.4) 1
3 RS232 AVR JTAGICE - BHYTpHUCXEMHBIH OTIa{4UK U IPOTpaMMaTop 1
it ATmegal6 (pucynku B.5, B.6)
4 USB-nporpammarop K®J1J1.301411.247 1
5 Muxkpoxontposuiep 1887BE4Y ¢ 3anncanHOM 1€MOHCTpallMOHHOM Mpo- 1
rpaMMON
6 MuxpokonTposiep ATmegal6 c 3amucaHHOM JeMOHCTpPalMOHHOI Mpo- 1
rpaMMON
7 Ilepexonnuk ¢ 48-BbiBojiHOTO Kopityca H16.48-2B na DIP-40 kxonoaky 1
quis nmoakiroueHust IC 1887BE4Y (48-DIP40 TP)
8 Kabens coequnurensuniii «RS232 AVR JTAGICE - OcHoBHas m1aTtay 1
(pucyHok B.7)
9 Kab6ens coenunutenbubiii «[1K-RS232 AVR JTAGICE» (kabens 9f/9m)
10 Ucrounuk muranus BIIC 9-0,35 (OKM10.436230.001TY) 1
11 CD-auck ¢ nporpamMmmubiM obecniedenneM PO®.KDJJ1.00191-01 12 01 1
Y PYKOBOJICTBOM IT0 KCIUTyaTalliy OTJIAJJOYHOTO YCTPOWCTBA
12 PykoBOACTBO 10 SKCILTyaTallly OTIAJJOYHOTO YCTPOWCTBA 1
K®J1J1.424939.010PD
13 PykoBojcTBO 110 3Kkcinryatanuun USB-miporpammaropa 1
K®JJ1.301411.247PD

Otnanounoe ycrpoiicteo MC 1887BE4Y BwimonHseT (QyHKIMM MaKeTHO-OTIAJOYHON
IUIaThl, OTJIAYUKA U MOCIEA0BAaTEILHOIO IPOrpaMMaTopa.

Buytpucxemusiit JTAG-smynsTop u nonszoBatensckuit nuatepgeiic AVR Studio4 oGec-
NIEYMBAIOT MOJIb30BATEIIO OTIAJKY CUCTEM B PEAIbHOM PEXHME BPEMEHHU.
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OTnuuuTenbHbIe 0COOEHHOCTH:

- Pabora mox ynpasiennem AVR Studio (Bepcus 4 u Boilie).

- DMyJISLUS @aHAJIOTOBBIX M HU(QPOBBIX (PYHKIUH.

- Unarepdeiic ¢ 1K yepe3 RS-232 npu otnagke u uyepe3 LPT npu nporpamMMmupoBaHum.

- [Togneprxka s13p1k0B Accembiep u Cu.

- Heorpanmuennoe 4ucio ToYeK npephIBaHUsI IPOTPAMMBI.

- BO3MOXHOCTh KOHTPOJIS COCTOSIHUSI BHYTPEHHUX PETUCTPOB M MPOTPaMMbI, BKIIOYAs
aZipec TeKyIleil KOMaHIbl.

- PaboTta u mpepriBaHus MPOTrpaMMBbl BBITIOTHSIOTCS B peaTbHOM BPEMEHH.

- [locraBnsercs ¢ anantepom nutanus 240 B, 50/60 I'm.

- [Iporpammuoe obecnieuenue padoraet B cpene Windows-98/ME/NT/2000/XP.

- Ha ocnoBHno#i mutate pacnonoxensl DIP-40 xonoaka ¢ Hyl1eBbIM yCHIIUEM, Pa3beMbl AJIs
noaxiroueHuss RS232 AVR JTAGICE-otiagunka u mporpaMmaropa, pa3beM JUIsl IOAKIIOUCHHS
k COM-nopry IIK, a Takxke kHomka «ReSet» u cBeToInobI.

- Bce mopTel BBOJa-BBIBOAA JIETKOJOCTYITHBI Ha pa3beMe, K HUM MOXKHO ITOJKJIIOYAThH
HY>KHYIO Tiepudepuro.

- BO3MOXHOCTB TTOJKITFOUEHUS TUIAT PACITUPEHUS U 00JIACTH MAaKETUPOBAHHUS.

- MakeTHoe noie.

- Ha naTe pacmmpeHust pacnoiokeH ABYXCTpOuHbI cuMBOJibHBIA KKH, KHOMKa, CBe-
TOAUOABI U TOTEHIIMOMETp, mojakItouaeMbiid K Bxoxy ALIIL, Bo3moxkHa cBsizb ¢ COM-nopTom
IIK gepe3 pa3beM, yCTAaHOBJICHHBI Ha OCHOBHOM ILJIaTe.

- Hanpsbxenue nutanus ot 6 1o 12 B.

6.2 Ornagounoe cpeacrso STK500

STK500 — 3aBeplieHHbI CTapTOBbIH HaOOp, CPEICTBO MPOrPaMMHUPOBAHUS U CHCTEMa
npoektupoBanus st Atmel AVR mukpokontposepoB. STKS500 mgaer monb3oBatemsim AVR
YCTPOMCTB IMOJIHYIO CBOOOAY B pa3pabOTKe M TECTHPOBAHUU NMPoeKToB Ha AVR ycTpoiicTBax u
UX MaKeTOB.

OTanyuTeIbHbIE 0CO0EHHOCTH

- Pabora nox ynpasnennem AVR Studio.

- [TocnenoBaTensHOE BHYTPHCHCTEMHOE ITPOTPAMMHUPOBAHHE.

- BayrpucucreMHoe nporpaMMupoOBaHNE BO BHEIITHEH 11€TIEBOM CHCTEME.

- [NapamiensHOE M MOCIIEIOBATEILHOE TIPOTPAMMHUPOBAHNE C TIOBBIIIICHHBIM HAIPSHKCHH-
eMm.

- Uurepdeiic RS-232 nys ceszu ¢ T1IK.

- Pazbemst 8-, 20-, 28- u 40-BeiBoTHBIE AVR yCTpOKCTB.

- ['ubxocTh TaKTUPOBAHUS, TUTAHUS U CUCTEMHOTO cOpoca.

- CBeTOoIMOBI M KHOIIKA I MCCIIeJOBaHUH.

- Bce mopThI BBO1a-BBIBO/IA JIETKOIOCTYITHBI HA pa3beMe.

- RS-232 npaiiBep u pazbem.

- O6noBnenue BeimonHseTcs u3 AVR Studio.

- Pa3zbembl pacimvpeHus 1)1 BCTABIsIEMBIX MOJTYJICH M 00JIACTH MaKeTHPOBAHUS.

- LeneBoe nanpspkenue (1,8 — 6,0) B, nanpsokenue nuranus (9 — 12) B.

Buemnnii Bug STKS500 npuBenen Ha pucyHke 6.2.
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Pucynok 6.2 — Buemnnii Bug STK500

STKS500 nonaepkuBaeT Bce pexxuMbl IporpaMmupoBanus AVR MUKpOKOHTpoOIIEPOB, B
T. 4. IPOrpaMMHUPOBAaHUE HA MAHENAX U BHYTPUCHUCTEMHOE NPOrpaMMHPOBAHUE B LIEIEBOI CH-
CTEME.

Wutepodeiic mporpammuposanust STK500 unrerpupoan B AVR Studio. ®mam-namsrs,
OIIII3Y, a Taxxe OUTHI KOHPUTYpalluy U 3alllUThl MOTYT IPOrPaMMHUPOBATHCA MHIUBUYaTbHO
WJIM C IOMOUIBIO ONLIUY aBTOMAaTUYECKOTO NPOTrPpaMMHUPOBAHUS MOCIIEI0BATENBHOCTH.

YacroTa TakTUpOBaHMS W HANpsDKEHUE MUTaHUs Takxke ynpasisitorcsd u3 AVR Studio.
[Tporpamma asst mporpamMupoBanus nog DOS Takke BXOIUT B KOMIUIEKT Ui 3((PEKTUBHOTO
POrpaMMHUPOBAHUS B TPOU3BOJICTBEHHON Cpeie.

AKTUBHBI KOJI CUMYJSTOpa WIM SMYNIATOpAa MOXET ObITh Jerko 3arpyxeH B STKS500
BBITIOJIHEHHEM Iienyka Mbimu B AVR Studio.

[MonnepsxxuBarotcs paznuunblie Tunbl UC, B Tom uncie: AT90S8535, ATmega8535 u ap.

[Ipumeuanus

1 TanHoe ycTpoiicTBO nojaepxusaercs yepes ISP nporpammupoBanue BHELIHETO Liele-
BOT'O YCTPONCTBA WITK C TIOMOIIBI0 MO TyJist pactuperus STKS01.

2 JlanHO€ yCTpOMCTBO noaaepxkuBaetcs yepe3 ISP nporpammupoBaHue BHELIHETO LiEje-
BOT'O YCTPOWCTBA WITK C TIOMOIILI0 MOy pactuperus STKS502.

3 JlaHHOE yCcTpOMCTBO mojaep:kuBaercs yepe3 ISP nmporpaMMupoBaHue BHEIIHETO LiElIe-
BOT'O YCTPOMCTBA.

4 Taxxe noanepKUBarOTCS BEPCUU C IMOHM)KEHHBIM NHMTAHHUEM: IOCTAaBISIETCA C
amarepom nmutanus (100 — 240) B, 50/60 I'1.

Buytpucxemuslii amyasaTop AVR ICES0

ICE50 u nonb3oBatensckuii untepdeiic AVR Studio4 oOecrieunBaroT MoJb30BaTeNio
a¢dexTUBHOE yIpaBieHHe BHYTPEHHUMH PeCypcaMi MUKPOKOHTPOJUIEpPa, YMEHBIIEHHE BpeMe-
HU NPOEKTUPOBAHMS 3a CUET YIPOIIEHHUS Mpoliecca OTIaAKH.

OTnuuuTeNbHbIE 0COOEHHOCTH:

- Pabora mox ynpasneanem AVR Studio (Bepcus 4 u BbIIe).

- [TonmHast SMyAIMS KaK aHATOTOBBIX (DYHKIIUH, TaK ¥ HH(POBBIX.

- Berpoennas camonpoBepka.

- Berpoennstit 0ygep tpaccupoBku (128K x 144) Gur.
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- [IpodunupoBUIMK KOJa U OTIpeiesieHUe 30HbI KOJIa.

- UnaTepdeiic c 11K gepe3z USB u RS-232.

- [onmnas moxnepxka s361k0B Accem6iep u Cu.

- Heorpanmuennoe 4ucio ToYeK npephIBaHUsI IPOTPAMMBI.

- PeanbHO-BpeMEHHOE CUMTHIBAHUE TTAMSTH.

- Pabota u mpeppiBaHMs MPOrpaMMBbl BBITIOTHSIIOTCS B pEaIbHOM BPEMEHH.
- O6nosenue uepe3 AVR Studio. L{eneBoe nutanue (2,2 — 5,5) B.

AVR Studio

AVR Studio — 310 uHTErprpoBaHHas OTIam0uHas cpeaa pa3padorku npuioxenuii (IDE)
JUTsE MUKPOKOHTpOIIiepoB cemeiictBa AVR (AT90S, ATmega, ATtiny) ¢pupmer Atmel. IDE AVR
Studio comepxurt:

- TpaHchsTop sA3bIka accembiepa (Atmel AVR macroassembler);

- otnaguuk (Debugger);

- TporpaMMHOe 00ecredeHre BEpXHEro yPOBHS JUIS MOJICPKKU BHYTPHCXEMHOTO IIPO-
rpammupoBanus (In-System Programming, ISP).

Ommamuuk AVR Studio nmojepkuBaeT Bce TUITBI MUKPOKOHTpOIJIEpoB AVR u mmeer nBa
pexxkrMa paboThL: PEeXKUM MPOrPAMMHON CUMYIISILIUM M PEKUM YIIPABICHUS PAa3IMYHBIMU TUIIAMU
BHYTpHUCXeMHBIX MYIITopoB (In-Circuit Emulators) npousBoactea pupmer Atmel. Baxno oT-
METHUTh, YTO UHTEep(ENC MOIb30BaATEN HE U3MEHIETCS B 3aBUCUMOCTH OT BBIOPAHHOTO pexuMa
OTJAJIKH.

VYkazanunsle cpeacTBa nocrasisitorcss OO0 "DDO".

Oduc B r. Cankr - [lerepOypr:

194021, r. Cankr - [lerepOypr, yiu. [lonurexanyeckas, a. 21, opuc 331.
Tenedon: (812) 327-8654; daxc: (812) 320-1819.

E-mail: zav@efo.ru; www: http://www.efo.ru

Oduc B 1. Mocksa:

127486, r. Mocksa, Koposunckoe mocce, 1. 10, ctp. 2, odpuc 30.
Tenedon/dakc: (495) 933-0743.

E-mail: moscow@efo.ru,

www: http://www.efo.ru

Cpeacrsa nporpaMMHpoBaHus

Hns nporpammupoBanus MC 1887BE4Y moxno ucnomnb3oBats USB-nporpammarop
K®/1J1.301411.247.

ITporpammuoe obecnieuenue padoraet B cpene WindowsTM. UnTepdeiic monp3oBaTens
— MHOTOOKOHHBI! (pUCYHOK 6.3).

253


mailto:zav@efo.ru
http://www.efo.ru/
mailto:moscow@efo.ru
http://www.efo.ru/

' Mporpammatop MKS (sepcna 1.2) E =] @
Flash EEPRCOM KoHdurypauwa | 33lMTa NaMaT YCTaHOBKW

[|sesz8 [[|wDTON [C] ckopT Mnagwwii BaiT: OxFF

[|Eesave [ |poDLEVEL [ |BODEN [ |BOOTRST Crapwwii BaiiT OxFF

Obbem obnacti 3arpy3dmMka - 1024 cnosa -

JanepwKa nocne cbpoca 65 Mc. 3agepmKka nNo npobyxoaeHun - 6 CK |«
KanubpoBaHHBIR BHYTREHHKMA RC-redepaTtop: 1 MIu -

Januce ‘ l CpagHeHWe ‘ I Y1reHne

lMkpocxema: 1387BE4Y

Pucynok 6.3 — Buemnuii Bug [10 qist UC 1887BE4Y

IO mpencrasiser coboit apxus "[Iporpammarop MKS.zip", cocrosimuii u3 apaiiBepa
USB-nopra u nporpammsl "lIIporpammartop MKS8".

WHTYUTUBHO MOHATHBIN HHTEepdeiic obecrieunBaeT JOCTYI KO BCEM peXMMaM MpOorpam-
MHUPOBaHUS, CTUPAHUS U BEpUPHUKALUU NaMITH IPOrpaMM, JaHHBIX, OUT KOHPUryparuu U OUT
3alUThI UH(OPMAIIHH.

OxHo uHpopManuy 00eCreurBaeT MOJIb30BaATENS HHPOPMAIIUEH U peKOMEHAALUIMHU [TPU
pab6ore c I[10.
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3akaroyeHue

B mnacrosmem pykxoBoactBe Kd/1J1.431295.039  mpuBeneHo moapoOHOE ONMMCaHHE
apXUTEKTYpbl, GYHKIMOHAIBHOIO MOCTPOEHUS, CUCTEMbI KOMaHJl 1 0COOEHHOCTEH MPUMEHEHHUSI
HC 1887BE4Y, koropas mpezacrasiseT coboit 8-paspsanbiii MukpokonTpoiuiep ¢ AVR RISC-
ApXHUTEKTYpOH, TakToBOW yactoTo 8 MI'm, comepxkammii 8 Koaiit Flash 3Y mnpo-rpamm,
OCHII3Y (1K x 8) out, O3Y (512 x 8) Owut, 8-xananbubii 10-paspsaueiii AL, mocie-
JoBaTeNbHBIN Tiepudepuiinbiii nuatepdeiic SPI, 1ByxnpoBoHO# 1ocienoBaTenbHbIi HHTEpdEiic
TWI, nocnenoBarensubiii nopt UART.

MUKpPOKOHTpOIIEp IPEeJHA3HAYEH Ul IPUMEHEHUs B CUCTEMax YIpaBJIEHUS pOOOTOTEX-
HUYECKMMH KOMILUIEKCAMHU, B CUCTEMAax aBTOMAaTH3aLlMU TEXHOJIOTMUECKUX IPOLIECCOB, B CUCTE-
MaX aBTOMATHU3MPOBAHHOI'O YIPABIEHUS 3JIEKTPONPUBOJIOM, TEIEKOMMYHUKAIIMOHHON TEXHUKE
UT. I

Bce 3HaueHMs 3JIEKTPUUECKUX MapaMEeTPOB MHUKPOCXEMbI IMPHUBEIEHBI B TEXHUYECKHX
ycnoBusix AESIP.431280.537 na uzgenue C 1887BE4Y. 3naueHus mapameTpoB, NMpUBEICH-
HbI€ B HACTOAIIEM PYKOBOJICTBE, SBJISIOTCS CIIPABOYHBIMU.

K®/1J1.431295.039 MoXeT CHyXUTb NPAaKTUUYECKUM IOCOOMEM IO MPUMEHEHUIO
MHUKPOKOHTpOJIIepa AJsl pa3paboTunkoB cucteM Ha ocHoBe MC 1887BE4Y u nporpaMMucTos.
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Hpuiioxkenne A
(oOs3aTenpHOR)

Onucanue CHCTEMbI KOMaH/Q

B npunoxxennn A 1aHo onvcaHue CUCTEMbI KOMAH/I.

B tabnune A.1 npuBeneHa rpyra KOMaH,1 JOTHYECKUX ONEeparui.

B Tabnuue A.2 npuBeaeHa rpynmna KoMaH apupMETHYECKIX ONepanui.
B tabaune A.3 npuBeneHa rpymmna KOMaH 1 OTIEpalfii HaJl OuTamu.

B tabnune A.4 npuBeneHa rpyrmima KOMaH1 IEPEChUIKH TaHHbBIX.

B tabnuue A.5 mpuBeneHa rpymna KOMaH/ epeaayu yIpaBiIeHUs.

B Tabnume A.6 npuBeaeHa rpymnmna KOMaH 1 yIpaBIeHHUs] CHCTEMOI.

Ta6numa A.l—T'pynna KOMaH] JOTHUECKHUX OIEPAIIHIA

MueMoHHKa OmnucaHue Onepanus Iuxmael ®naru
AND Rd, Rr | Jlornueckoe 1 nsyx POH Rd = Rd *Rr 1 Z, N,V
ANDI Rd, K | JIornueckoe I POH u xoHCTaHTBI Rd = Rd *K 1 Z, N,V
EOR Rd, Rr | HUckmouaroriee MJIN nsyx POH Rd=Rd"Rr 1 Z,N,V
ORRd, Rr Jlormueckoe MJIN nyx POH Rd=Rd " Rr 1 Z, N,V
ORI Rd, K Jlornueckoe MJIM POH u xoncran- | Rd=Rd K 1 Z, N,V
TBI
COM Rd ITepeBo B 00paTHBIN KO Rd = $FF-Rd 1 Z,N V,C
NEG Rd [TepeBos B TOMOTHUTEILHBIA KO Rd = $00-Rd 1 Z,N,V,C,
H
CLRRd C6poc Bcex paspsgos POH Rd=Rd " Rd 1 Z, N,V
SER Rd YcraHoBka Bcex paspsgoB POH Rd = $FF 1 -
TSTRd [Tposepka POH na otpumarensioe | Rd * Rd 1 Z, N,V
U HyJICBOE 3HAYECHHUE
SWAP Rd O6wmen mecramu tetpag B POH Rd[3:0] = 1 -
Rd[7:4]
Rd[7:4] =
Rd[3:0]
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Tabnauna A.2-T'pynna komMang apupMeTHIECKUX ONepaIii

MHemoHuKa Onucanue Onepanus [uksbr ®draru
ADD Rd, Rr | Cnoxenue nsyx POH Rd=Rd + Rr 1 Z,C,N,V,
H
ADC Rd, Rr | Cnoxenue nsyx POH ¢ nepesocom | Rd=Rd + Rr+C 1 Z,C,N,V,
H
ADIW Rd, K | CnosxeHnue perucTpoBoi mapsl ¢ Rdh:Rdl = 2 Z,C,N,V,
KOHCTaHTOMI =Rdh:Rdl + K S
SUB Rd, Rr | Beruurtanue asyx POH Rd =Rd -Rr 1 Z,C,N,V,
H
SUBI Rd, K | Beruntanue koncraaTtsl u3 POH Rd =Rd - K 1 Z,C,N,V,
H
SBC Rd, Rr | Beruurtanue asyx POH ¢ 3aemom Rd=Rd-Rr-C 1 Z,C,N,V,
H
SBCIRd, K | Berunrtanue xoncrautsl u3 POH ¢ Rd=Rd-K-C 1 Z,C,N,V,
3aEMOM H
SBIW Rd, K | BelunTaHnue KOHCTAHTHI U3 Rdh:Rdl = Rdh:Rdl 2 Z,C,N,V,
PETUCTPOBOM Maphl -K S
DEC Rd Jexkpement POH Rd=Rd-1 1 Z, N,V
INC Rd Wukpement POH Rd=Rd+1 1 Z, N,V
ASR Rd Apudmerndeckuii CIIBUT BIIPaBO Rd[n] = Rd[n+1], 1 Z,N,V,C
n=0..6
LSL Rd Jlornyeckuii CABUT BIIEBO Rd[n+1] = Rd[n], 1 Z,N,V,C
Rd[0]=0
LSR Rd Jlornyeckuii CABUT BIPABO Rd[n] = Rd[n+1], 1 Z,N,V,C
Rd[7]=0
ROL Rd CaBur BJIEBO Yepe3 MEPEeHOC Rd[0]=C, 1 Z,N,V,C
Rd[n+1] = Rd[n],
C =Rd[7]
ROR Rd CaBur BIIpaBo uepes3 MepeHoc Rd[7]=C, 1 Z,N,V,C
Rd[n] = Rd[n+1],
C = Rd[0]
MUL Rd, Rr | YMHOXeHne 0€33HAKOBBIX YUCET R1:RO=Rd x Rr 2 Z, C
MULS VMHOX€EHNE YKCET CO 3HAKOM R1:R0=Rd x Rr 2 Z C
Rd, Rr
MULSU VYMHOX)eHME 0€33HaK0BOr0 Ynciia R1:R0=Rd x Rr 2 Z C
Rd, Rr Ha YUCJIO CO 3HAKOM
FMUL YMHOXeHUEe IPOOHBIX O€33HAKO- R1:R0O = 2 Z C
Rd, Rr BBIX YHCET (RdxRr)<<1
FMULS YMHOXKeHNEe IPOOHBIX YHCEN CO R1:R0O = 2 Z C
Rd, Rr 3HAKOM (RdxRr)<<1
FMULSU YMHOXEeHHEe TpoOHOTO Oe33HAKO- R1:R0O = 2 Z C
Rd, Rr BOTO YKCJIa U JPOOHOTO YHCIa CO (RdxRr)<<1
3HAKOM
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Tabnauna A3-T'pynna komang onepanuii Haj OUTaMu

MuemoHnuka Onucanue Omneparnus kb ®aarn
CBR Rd, K | Copoc paspsga(os) POH Rd = Rd*($FF-K) 1 Z, N,V
SBR Rd, K | Ycranoska paspsina(os) POH Rd=Rd"K 1 Z,N,V
CBIADb Copoc paspsaa(os) PBB Ab=0 2 -
SBIADb YcraHoBka paspsaa(os) PBB Ab=1 2 -
BCLR s COopoc ¢urara SREG,s=0 1 SREG, s
BSET s YcranoBka Quara SREG,s=1 1 SREG, s
BLD Rd, b | 3arpy3ka pa3psaa POH u3 ¢guara T Rdb=T 1 -
BST Rd, b | 3anuce paspsaa POH B duar T T=Rrb 1 T
CLC COpoc ¢urara mepeHoca C=0 1 C
SEC VYcranoBka ¢urara nepeHoca C=1 1 C
CLN COpoc ¢uara oTpUIIATETLHOTO YUCIIA N=0 1 N
SEN YcTaHoBKa uiara OTpULIATEIbHOTO N=1 1 N
qrcia
CLZ COpoc dnara Hyns Z=0 1 Z
SEZ YcraHoBKa duiara HyJs Z=1 1 Z
CLI OO1mee 3ampenieHue npepbIBaHnui 1=0 1 I
SEI Ob111ee paspernieHne nmpepbIBaHuii =1 1 |
CLS COpoc ¢uara 3HaKa S=0 1 S
SES YcraHoBka ¢uara 3Haka S=1 1 S
CLv COpoc (uiara nepenosHeHUs TOTOTHE- V=0 1 V
HUS KOJIa
SEV YcTaHoBKa ¢uiara nepenogHeHus 10- V=1 1 \Y/
TIOJTHEHHS KO/Ia
CLT Copoc ¢pnara T T=0 1 T
SET YcranoBka ¢uiara T T=1 1 T
CLH C6poc (hnara mosoOBUHHOIO MepeHoca H=0 1 H
SHE VYcTaHoBKa (uiara nojo0BUHHOTO Nepe- H=1 1 H
HOCca
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Tabnauna A4 -T'pynna KoMaHa NEPECHUIKU TaHHBIX

MuemoHnuka Onucanue Omneparnus Iukner | @naru
MOV Rd, Rr | Ilepecbuika mexay POH Rd =Rr 1 -
MOVW Rd, IMepechbuika ByXOalTOBBIX 3HAYCHUI Rd+1:Rd = Rr+1:Rd 2 -
Rr
LDI Rd, K 3arpyska koHcTanTsl B POH Rd = K 1 -
LD Rd, X KocBeHHoe uTeHne Rd = [X] 2 -
LD Rd, X+ KocBeHHOE YTeHHE C TIOCTHHKPEMEHTOM Rd=[X],X=X+1 2 -
LD Rd, -X KocBeHHOE YTEHHE C MpeIIeKPEMEHTOM X=X-1 Rd=[X] 2 -
LDRd, Y KocBeHHoe uTeHne Rd = [Y] 2 -
LD Rd, Y+ KocBeHHOE uTeHHE C TOCTUHKPEMEHTOM Rd=[Y],Y=Y+1 2 -
LD Rd, -Y KocBeHHOE uTeHHE C MpeaIeKPEMEHTOM Y =Y-1, Rd=[Y] 2 -
LDD Rd, Y+q | KocBeHHOE OTHOCHTENHHOE YTEHHE Rd = [Y+q] 2 -
LDRd, Z Koceennoe urenre Rd = [Z] 2 -
LD Rd, Z+ KocBeHHOE UTeHHE C TOCTHHKPEMEHTOM Rd=[Z],Z=Z+1 2 -
LDRd, -Z KocBeHHOE uTeHHE C MPeJIeKPEMEHTOM Z=7-1,Rd[Z] 2 -
LDD Rd, Z+q | KocBeHHOE OTHOCHTEIHHOE YTEHHE Rd = [Z+(q] 2 -
LDS Rd, K Hemnocpencreennoe urenue u3 O3Y Rd = [K] 2 -
ST X, Rr KocBennas 3ammuch [X]=Rr 2 -
ST X+, Rr KocBeHHas 3anuch ¢ TOCTHHKPEMEHTOM [X]=Rr,X=X+1 2 -
ST -X,Rr KocBeHHas 3anuch ¢ npeIeKpeMeHTOM X=X-1,[X]=Rr 2 -
STY,Rr KocBennas 3ammich [Y]=Rr 2 -
ST Y+, Rr KocBeHHas 3aich ¢ MOCTHHKPEMEHTOM [Y]=Rr, Y=Y +1 2 -
ST-Y,Rr KocBeHHas 3anuch ¢ npeIeKpeMeHTOM Y=Y-1[Y]=Rr 2 -
STD Y+q, Rr | KocBeHHast OTHOCHTENbHAS 3aIHCh [Y+g] =Rr 2 -
STZ, Rr KocBeHHast 3amuch [Z] =Rr 2 -
ST Z+, Rr KocBenHas 3anuch ¢ TOCTHHKPEMEHTOM [Z]=Rr,Z2=2Z+1 2 -
ST -Z,Rr KocBeHHas 3anmch ¢ npeIeKpeMEeHTOM Z=Z-1,[Z]=Rr 2 -
STD Z+q, Rr | KocBeHHast OTHOCHTENIbHAS 3aTIHCh [Z+q] = Rr 2 -
STS K, Rr Henocpencreennas 3anucek B O3Y [K] =Rr 2 -
LPM 3arpy3ka JaHHBIX U3 AMATH IPOrpaMM RO = {Z} 3 -
LPM, Rd, Z 3arpyska JIaHHBIX U3 aMSTH IPOTrPaMM Rb = {Z} 3 -
LPM Rd, Z+ 3arpyska jaHHbIX U3 amsti nporpammc | Rb={Z},Z=7Z+1 3 -

HOCTHHKPEMEHTOM
ELPM Pacumpennas 3arpyska gansabix u3 namsi- | RO = {RAMPZ:Z} 3 -
TH IPOrPaMM
ELPM Rd, Z | Pacimpennas 3arpyska gaHasix u3 mamsi- | Rb = {RAMPZ:Z} 3 -
TH IPOrpamMM
ELPM Rd, Z+ | Pacimpennas 3arpy3ka ganseix u3 namsi- | Rb = {RAMPZ:Z}, 3 -
TH TIPOTPaMM € IOCTUHKPEMEHTOM RAMPZ:Z =
RAMPZ:Z + 1
SPM 3anuch B MaMsTh NPOrpamMm {Z} =R1:R0 - -
IN Rd, A [epecwiika PBB B POH Rd=A 1 -
OUT A, Rr ITepecsuika POH B PBB A=Rr 1 -
PUSH Rr CoxpaneHue 0aiiTa B CTeKe STACK =Rr 2 -
POP Rd H3Bneuenne Oaiita U3 creka Rd = STACK 2 -
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Tabnauma A5-T'pynna komany nepenadn yrnpabieHHs

MueMoHuka Onucanue Oneparnust Ilukier ®naru
RIMP k OtHocutenpHbIN Oe3ycioBHbIN nepexog | PC=PC+ K +1 2 -
IJIMP KocBeHHBIN 0€3yCIIOBHBIN MEpexo]| PC=Z 2 -
RCALL OtHocuTenbHBIN BBI30B nognporpaMmel | PC=PC+ K +1 3 -
ICALL KocBeHHBI BBI30B TOANIPOrPaMMBI PC=Z 3 -
RET Bo3sBpat 13 moanporpaMmal PC = STACK 4 -
RETI Bospart u3 moanporpammsl oopadotku | PC = STACK 4 1

npepbIBaHUs
CPRd, Rr Cpasuenne POH Rd - Rr 1 Z,N,V,
C,H
CPCRd, Rr Cpasuenune POH ¢ yyerom mepeHoca Rd-Rr-C 1 Z,N,V,
C,H
CPIRd, K Cpasuenne POH ¢ koHCTaHTOM Rd - K 1 Z,N,V,
C,H
CPSE Rd, Rr | CpaBHeH#He 1 TIPOITYCK CIIEAYIOIICH ITpu Rd = Rr 1/2/3 -
KOMaH/Ibl IPH PABEHCTBE PC=PC+2(3)
SBRCRr, b IMpomyck ciemyroiieil KOMaH/Ibl, €CIIN IMpu Rr.b=0 1/2/3 -
paspsin POH coporiien PC =PC + 2(3)
SBRSRr, b [Ipomyck cneayroniei KOMaH Ibl, €CIIU IMpu Rrb=1 1/2/3 -
paspsa POH ycranosneH PC =PC + 2(3)
SBICA, b IMpomyck ciemyroiieil KOMaH/Ibl, €CIIH IMpu Ab=0 1/2/3 -
paspsin PBB cOporiien PC =PC + 2(3)
SBISA, b [ponyck cnenyromei KOMaHABI, €CII Mpu Ab=1 1/2/3 -
paspsa PBB ycranosieH PC=PC + 2(3)
BRBC s, k IMepexo, ecu duar peructpa SREG ITpu SREG.s =0 1/2 -
cOpomieH PC=PC+K+1
BRBS s, k IMepexon, eciu duar peructpa SREG ITpu SREG.s =1 1/2 -
YCTaHOBJICH PC=PC+K+1
BRCS k [Tepexox mo mepeHocy MpuC=1 1/2 -
PC=PC+K+1
BRCC k Iepexom, eciu HET mEpeHOCca Ipu C=0 1/2 -
PC=PC+K+1
BREQ k [Tepexo 1o paBeHCTBY Mpuz=1 1/2 -
PC=PC+K+1
BRNE k [epexon, ecnu HET paBeHCTBA Opuz=0 1/2 -
PC=PC+K+1
BRSH k [epexox no “Oonbiue UK paBHO” puC=0 1/2 -
PC=PC+K+1
BRLO k [Mepexom mo «MeHbIIE» DpuC=1 1/2 -
PC=PC+K+1
BRMI [lepexon o «oTpuLaTENBLHOE 3HAYE- IpuN=1 1/2 -
HUE» PC=PC+K+1
BRPL [Nepexon Mo «IOJTOKHUTENBLHOE 3HAYE- MpuN=0 1/2 -
HUE» PC=PC+K+1
BRGE [lepexon 1o «OoblIe WK PaBHO IMpu (N*V) =0 1/2 -
(dncna co 3HaKOM) PC=PC+K+1
BRLT [lepexo/1 0 «MEHBIIIE UK PABHO» ITpu (NMV) =1 1/2 -
(amcna co 3HaAKOM) PC=PC+K+1
BRHS [lepexon o NOJOBUHHOMY IIEPEHOCY MpuH=1 1/2 -
PC=PC+K+1
BRHC Ilepexon, eciu HeT nojoBuHHOTO mepe- | [Ipu H=0 1/2 -
HOCa PC=PC+K+1
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IIpooonocenue mabauywt A.5

MueMoHuka Onucanue Oneparnust Ilukier ®naru
BRTS Iepexon, ecnu ¢nar T ycraHoBneH OpuT=1 1/2 -
PC=PC+K+1
BRTC Iepexon, ecau ¢urar T copomren IMpuT=0 1/2 -
PC=PC+K+1
BRVS [Iepexon mo nepenosTHEHHUIO TOTOIHH- puV =1 1/2 -
TEJILHOTO KOJIa PC=PC+K+1
BRVC [lepexon, eciiu HET HMEPEIOTHEHHS 10- IpuV =0 1/2 -
MOJHUTEIBHOTO KOIa PC=PC+K+1
BRID [Tepexon, ecnu mpepbIBanus 3anperieHs! | [Ipu | =1 1/2 -
PC=PC+K+1
BRIE [epexon, ecnu npepbiBanus paszpeuenst | [Ipu | =0 1/2 -
PC=PC+K+1
Tabnauma A.6-'pynna koManja ynpaBieHUs] CHCTEMOKN
MHeMOHuKa OnucaHue Onepanust Huknsl ®naru
NOP Her onepanun - 1 -
SLEEP [lepexon B «Crsmin» pexkuM - 1 -
WDR COpoc cTopokeBOTO TaiiMepa - 1 -
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IIpunsTHIC 0003HAYCHHSA

Peructp craryca (SREG):
Peructp craryca
®nar nepeHoca
@drnar HyJIEBOIO 3HAYECHUS
@dar OTpULIATEIBHOIO 3HAYCHHUS
@uiar - ykazarenb eperoIHEHUS TOMOIHEHUS 10 IBYX
NV, s npoBepoK cO 3HAKOM
®nar noyrynepeHoca
@iar nepechlIKU, UCOIb3yeMbli kKomanaaMu BLD u BST
@rar pazpenieHus/3anpeneHus rI00aTbHOTO IPEPhIBAHUS
Perucrpsnl u onepanabi:
Peructp HazHaueHus (M UICTOYHUK) B PETUCTPOBOM (aiine
Peructp uctounuk B peructpoBom (aiine
PesynbTar BHIOSHEHUS! KOMaH bl
Jlutepan unu O0alT KaHHBIX (8 OUT)
JlanHble azipeca KOHCTAHTBI [yl CYETYMKA [TPOrpPaMM
buT B peructpoBom daiine umu /O peructp (3 6ura)
bur B peructpe craryca (3 6ura)
Peructp xocBennoii agpecanuu (X=R27:R26, Y=R29:R28, Z=R31:R30)
Anpec I/O nopra
Cwmerenue npu npsaMon agpecanuu (6 6ur)
I/O perucrtpsbr:

Peructpsl, cBa3annsie ¢ X-, Y- 1 Z-perucrpamu, 06ecreynBaronie KOCBeH-
HYI0 afpecanuto Beeit obmactu CO3Y mukpokoHTposuiepa ¢ oobemom CO3Y
6onee 64 Koaiit

Crek:

Crek a1 ajipeca Bo3BpaTa U OMYUIEHHBIX B CTEK PETUCTPOB
Ykazarenb cTeka

®jarm:
®ar, Ha KOTOPBIN BO3JEHCTBYET KOMaHa
OunieHHbI KOMaH0U (har
YcTaHOBIEHHBIM KOMaHION (har
®dnar, Ha KOTOPBI HE BO3/IEUCTBYET KOMaHAa
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Komanaa ADC — c/10:KUTH ¢ IEpeHoCcoM

Onucanue:
CrnosxeHue JBYX PErucTpoB u cojaepkumoro (iara nepenoca (C), pa3MenieHue pe3yib-
TaTa B perucrpe HazHaueHus Rd.

Onepanusi:
(DRd<-Rd+Rr+C
CuHTakcuc Onepanppi: C4YeTurK Nporpamm:
. 0<d<3l,
(i) ADC Rd,Rr 0<r<3l PC<PC+1
16-pa3psaHbIii KO Onlepauu:
0001 11rd dddd rrer

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

- - l<=> <= <= <=> | <=> <:>‘

H: Rd3*Rr3+Rr3+R3+R3*Rd3
VYcTranaBnuBaercs, €Clid €CTh IEPEHOC U3 OuTa 3, B MHOM Cllydyae OYHUIIAeTCs
NEV, [lns npoBepok O 3HAKOM
RA7*Rr7*R7+Rd7*Rr7*R7
YcTraHaBiIMBaeTCs, €CIM B pe3yNbTaTe onepanuu o0pasyeTcs nepernosHeHue J0noJ-
HEHUs 10 ABYX, B UHOM CIlIy4yae OYMINAeTCs
N: R7
YcranaBnuBaeTcs, €Clid B pe3yibTaTe ycTaHoBiIeH MSB, B HHOM ciiydae ouHIaercs
Z: RA7*Rr7*R7*R7*R7*Rd7
YcranapnuBaetcs, eciau pe3ynsTar $00, B MHOM cilyyae OYHIIaeTCst
C: RA7*Rr7+Rr7+R7+R7*Rd7
VYcranaBnuBaercs, ecim ecThb nepeHoc u3 MSB pesynbpraTa, B MHOM Cilydae OuuIia-
eTcst
R: (PesynbTaT) cooTBeTcTBYET Rd mOCIie BBITIOIHEHHS] KOMaH/IbI

<@

[Tpumep:

; Cimoxurs R1 : RO ¢ R3 : R2
add r2, r0 ; CrnoxmuTe MIammmM OamT
adc r3, rl ; CrnoxmuTb Ccrapumi OalT C [IEePEeHOCOM

Cnos: 1 (2 6aiira)

[uxmos: 1
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Komanna ADD - cioxuth 0e3 nepeHoca

Onucanue:
Crnosxenue ByX perucTpoB 0e3 mobaBneHus cogepxkumoro ¢iara nepenoca (C), pazme-
HICHHE pe3yJsibTaTa B perucrTpe HazHaueHus Rd.

Onepanusi:
() Rd<-Rd+Rr
CuHTakcuc Onepanppi: C4YeTurK Nporpamm:
, 0<d<3l,
(i) ADD Rd,Rr 0<r<3l PC<PC+1
16-pa3psaHbIil KO OTepaIuu:
0000 11rd dddd rrer

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Z C

- - l<=> <= <= <=> | <=> <:>‘

H: Rd3*Rr3+Rr3+R3+R3*Rd3
VYcTranaBnuBaercs, €Clid €CTh IEPEHOC U3 OuTa 3, B MHOM Cllydyae OYHUIIAeTCs
NEV, [lns npoBepok O 3HaKOM
RA7*Rr7*R7+Rd7*Rr7*R7
YcTraHaBiIMBaeTCs, €CIM B pe3yNbTaTe onepanuu o0pasyeTcs nepernoiHeHue J0nod-
HEHUs 10 ABYX, B UHOM CIlIy4yae OYMINAeTCs
N: R7
YcranaBnuBaeTcs, €Clid B pe3yibTaTe ycTaHoBiIeH MSB, B HHOM ciiydae ouHIaercs
Z: R7*R6*R5*R4*R3*R2*R1*R0
YcranapnuBaetcs, eciu pe3ynsTar $00, B MHOM cilydae OYHIIaeTcs
C: RA7*Rr7+Rr7*R7+R7*Rd7
¥YcraHaBnuBaeTcs, ecii ecThb nepeHoc u3 MSB pe3ynbpTaTta, B MHOM cilydae OyuIia-
eTcst
R: (PesynbTaT) cooTBeTcTBYET Rd mOCIie BBITIOIHEHHS] KOMaH/IbI

<@

[Tpumep:

add rl,r2 ; Crnoxurb r2 ¢ rl (rl=rl+r2)
adc r28,r28 ; CiuoxuTb r28 c camMmMm cobOou
(r28=r28+r28)

Cnos: 1 (2 6aiira)

[uxmos: 1
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Komanna ADIW - cJI05kHTH HenocpeICcTBEHHOE 3Ha4YeHne €O CJIOBOM

Onucanue:

Cnoxxenune HenocpeAcTBeHHOTo 3HaueHus (0-63) ¢ mapoil perucTpoB U pa3MelleHue pe-
3ynbTara B mape peructpoB. Komanma paboTtaer ¢ 4eTbIpbMsi BEPXHHUMHU IapaMH PETUCTPOB,
yno0Ha AJisg pabOoThI C peTUCTPaMH yKa3aTeIsIMU.

Onepanus:
(i) Rdh:Rdl < - Rdh:Rdl + K
Cunrakcuc Ornepansl: CueTumk nporpamm:
(i) ADIW Rdl,K DI 0{24,26,28,30},
0<K <63 PC<PC+1
16-pa3psiaHbIN KO OTIepaIlin:
1001 0110 KKdd KKKK

Bbynessr Beipakenus perucrpa craryca (SREG)

I T H S \Y N Z C

- - - = <= <=> | <=> <:>‘

NEV, [lns npoBepok O 3HaKOM
Rdh7R15
YcTraHaBiIMBaeTCs, €CIM B pe3yNbTaTe onepanuu o0pasyeTcs nepernosHeHue J0noJ-
HEHUs 10 ABYX, B UHOM CIlIy4yae OYMINAeTCs
N: R15
VYcranaBnuBaeTcs, €Clid B pe3yibTaTe ycTaHoBlIeH MSB, B HHOM ciiydae ouHIaeTcs
Z: R15*R14*R13*R12*R11*R10*R9*R8*R7*R6*R5*R4*R3*R2
YcranasnuBaercs, ecnu pe3yinbrat $0000, B HHOM Cilydae OYHIIAeTCs
C: R15*Rdh7
YcranaBnuBaeTcs, eciiv ecTh nepeHoc u3 MSB pe3ynbTaTa, B UHOM cilydae o4uiia-
eTcst
R: (Pesynbrat) coorBercTByeT Rdh:Rdl mocne BeimonHenus koman sl (Rdh7-Rdh0 =
Z R15-R8, RdI7-RdI0 = R7-R0)

<@

ITpumep:
adiw r24, 1 ; Chnoxures 1 c r25:r24
adiw r30, 63 ; Crnoxurer 63 c Z ykasarejem (r31 : r30)

Cros: 1 (2 Gaiira)

[uxkmos: 2
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Komanna AND — BLIOJIHUTS Jiornueckoe U

Onucaunue:

Beimonuenue norudeckoro M mexay copepxumbiM peructpoB Rd u Rr, u momemenue pe-
3yJbTaTa B perucTp HazHadeHus Rd.

Onepanusi:
(i) Rd <- Rd*Rr
CunTakcuc Onepanpl: CdeTurK nporpamm:
: 0<d<31,
(i)AND Rd,Rr 0<r<3l PC<-PC+1
16-pa3psaHbIii KO ONiepaIim:
0010 00rd dddd rrer

Bbynessl Beipaxenus peructpa craryca (SREG)

| T H S V N Y4 C

- - - <=> 0 <=> [ <=> - ‘

S: NEV, [l npoBepok O 3HaKOM
V: 0

Ounien
N: R7

YcTanaBnuBaeTcs, €Clid B pe3yabTaTe YCTaHOBIeH MSB, B HIHOM cllydae OUHIaeTcs
Z: R7*R6*R5*R4*R3*R2*R1*R0

YcranaBnuBaercs, eciu pe3ynbrat $00, B MHOM Cilydae OYHIIaeTCs
R: (PesynbTaT) cooTBeTcTBYET Rd mociie BBITIOJIHEHHS] KOMaH/IbI

[Tpumep:

and r2, r3 ; lopaspanHoe and r2 u r3, pe3yjabTaT IIOMECTUTb B Ir2
1di rle6, 1 ; VYcramoBuTb Macky 0000 0001 B rlo6
and r2, rlo ; Bepmemnurs 6urT 0 B r2

Cnos: 1 (2 6aiira)

[uxmos: 1
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Komanaa ANDI - BbINOJHUTH Jorudeckoe U ¢ HemocpeacTBeHHbIM 3HAYEHHEM

Onucanue:

Brimonnenue norndyeckoro M mMexay coaepx uMbIM peructpa Rd u koHCTaHTOH. U 10-
MeIlleHHEe pe3yibTaTa B perucTp HazHaueHus Rd.

Onepanusi:
(i) Rd <- Rd*K
CuHTakcuc Onepanpl: C4YeTurK Nporpamm:
. 16 < d <31,
(i) ANDIRd,K 0< K <255 PC<-PC+1
16-pa3psaHbIil KO ONepaIim:
0111 KKKK dddd KKKK

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

- - - <=> 0 <=> [ <=> - ‘

S: NEV, Jlna npoBepok co 3HaKOM
V: 0
Ouniex
N: R7
YcTanaBnuBaeTcs, €Clid B pe3ylbTaTe ycTaHOBIeH MSB, B HIHOM cilydae ouuIaeTcs
Z: R7*R6*R5*R4*R3*R2*R1*R0
YcranaBnuBaercs, eciu pe3ynbrat $00, B ”HOM CiTydae OUMIIAeTCs

R: (Pesynbrar) coorBercTBYeT Rd mocie BEIMOTHEHHUS] KOMaHIbI

[Tpumep:
andi rl7, $O0F ; OumcTuTh cTapumii HMOOGm rl7
andi rl1l8, $10 ; Bupgenurb OuT 4 B rl8
andi rl9, S$SAA ; OuMCTUTL HeuyeTHbe OMTE rl19

Cnos: 1 (2 6aiira)

[uxmos: 1
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Komanna ASR - apudgMeTnyecku cIBHHYTh BIIPaBO

Onucanue:
Bremonnenue cnpura Bcex 6utoB Rd Ha omHO mMecto BnpaBo. CocrtosiHue 6uta 7 HE U3-

Mensercs. but 0 3arpyxkaercst Bo ¢uiar nepenoca (C) perucrpa coctosaust (SREG). Ora komaH-
na 3¢ (HEeKTUBHO AETUT 3HAYCHUE JOMOJHECHHUS /10 IBYX Ha JBa, 0e3 m3MeHeHus 3Haka. dar me-
pEHOCa MOKET OBITh MCIIOJIb30BaH ISl OKPYTJICHUS PE3yJIbTaTa.

16-pa3psiaHbIl KOJI OTIepalliu:

1001 010d dddd 0101

bynessl Beipaxenus peructpa craryca (SREG)

T H S \Y N Z C

- - - = <= <=> | <=> <:>‘

1di
asr
1di
asr

NEV, Jlist npoBEepOK CO 3HAKOM

: NEC (dns N u C nocne cnBura)

YcranaBnuaercs, ecnu (N ycranaBnubaercs u C ounmiaercs) wiu (N ounimaercs, a C ycra-
HaBiuBaeTcs). B uHoMm cnydae ounimaercs (npu Hanumuuu 3Ha4eHuil N u C nocie caBura)

: R7

yCTaHaBHI/IBaeTC}I, €CJIM B PE3YJIbTATC YCTAHOBJICH MSB, B MHOM CJIy4dac OYHUIIACTCA

. R7*R6*R5*R4*R3*R2*R1*R0

yCTaHaBHI/IBaeTC}I, CCJIN pe3yJIbTaT $OO, B MHOM CJIy4ac OUHUINACTCs

: RdO

VYcranaBnuBaeTcs, €Ciiv nepes cIBUroM Oblu yctanosienbl LSB i Rd

. (Pesynbrat) coorBeTcTBYeT Rd mocie BBIMOIHEHHS] KOMaHIbI

[Tpumep:

rl6, $10 ; 3arpysuTb IOecaTUUHOe 3HaueHme 16 B rl6
rlé ; rlée=rle / 2

rl7, S$SFC ; Barpyzuts -4 B rl7

rl7 ; rli=rl7 / 2

Cnos: 1 (2 6Gaiira)

[uxmos: 1
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Komanna BCLR - ounctuts 6T B peructpe craryca (SREG)

Onucanue:
Ouncrtka ogHOTO (h1ara B perucTpe craryca

Oneparnusi:
(i) SREG(s) <-0
Cunrakcuc Onepannpl: CYETUUK IPOrPAMM:
(i) BCLRs 0<S<7 PC<-PC+1

16-pa3psaHbIil KO ONepaIim:

1001 0100 1sss 1000

Bbynessl Beipaxenus peructpa craryca (SREG)
I T H S V N Z C

<=3 | <=3 | <=2 | <=3 | <=> <=2 | <=> <=>‘

, €CIIN S = 7: B MTHOM CJIydae HEC U3MCHACTCA
, €CJIIN S = 6: B ”HOM CJIydyac HC USMCHACTCA
, €CJIIN S = 5: B UHOM CJIydyac HC U3SMCHACTCA

, €CJIIN S = 4: B UTHOM CJIydac HC U3MCHACTCA

, €CJIIN S = 2: B UHOM CJIydac HC USMCHACTCA

0
T: 0
H: 0
S: 0
V: 0, ecniu s = 3: B HIHOM Cllydae HE U3MEHSETCS
N: 0
Z: 0, ecnu s = 1: B MHOM clTydae HE H3MCHSCTCS
cC:0

, €CJIIN S = 0: B mHOM CJIy4ac HC U3MCHACTCA

[Tpumep:
bclr 0 ; Oumcrture djgar nepeHoca
bclr 7 ; 3anpeTuUTb NpPEepPHBaHUSA

Cros: 1 (2 Gaiira)

Huxmos: 1
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Komanna BLD - 3arpy3uts coaep:xumoe T ¢uiara perucrpa craryca (SREG) B out
perucrpa

Onucanue:
Kommposanue conepxumoro T duara peructpa crtatryca B Out b peructpa Rd

Onepanusi:
(i) Rd(b) <- T
CuHTakcuc Onepanjapl: C4YeTurK Nporpamm:
() BLDRdp  9<d<3L PC<-PC+1

O<b<7

16-pa3psaHbIil KO ONepaIim:
1111 100d dddd Obbb

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

IIpumep:

; CkonmpoBaThb OUT
bst rl, 0 ; CoxpaHure 6uUT 2 permuctpa rl Bo ¢mare T
bld r0, 4 ; 3Barpysure T B O6uT 4 permcrpa r0

Cros: 1 (2 Gaiira)

[uxkmos: 1
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Komanaa BRBC — nepeiitu, ecjin OMT B peructpe craryca O4HIleH

Onucanue:

VY coBHBIN OTHOCHUTENBHBIN epexo. TecTupyercss oquH U3 OUTOB perucrpa craryca H,
ecyii OUT OYMIIEH, BBIMOJIHAETCS MEPEX0]] OTHOCUTENILHO COCTOSIHUS CUeT4YHKa rmporpaMM. JlaH-
Hasi KOMaH/a BBIMOJHAET Nepexo/ B JIOOOM HalpaBlI€HHUH OTHOCHTEIBHO COCTOSHUS CUETUMKA
nporpamm (PC-64 < naznauenue < PC+63). [lapametp k sBisieTcst cmernieHueM OTHOCHTEIIBHO
COCTOSIHUS CUETYMKA IMPOTrpaMM H MPeICTaBlIeH B pOpMe JOMOTHEHHUS 10 IBYX.

Oneparnusi:
(i) If SREG(S) =0 then PC <- PC + k +1, else PC <- PC +1
Cunraxkcuc OrnepaH/bl: CueTyuk nporpamm:
PC<-PC+k+1
. 0<s<7, PC<-PC +1,
(i) BRBCs k -64 < k <+63 €CITIH YCIIOBUS

HE COOJIOIEHBI

16-pa3psiaHbIN KOJI OTIepallin:

1111 01kk kkkk ksss

bynessl Beipaxenus perucrpa craryca (SREG)

I T H S \Y N V4 C

[Tpumep:

cpi r20, 5 ;CpaBHUTE r20 co 3HaueHMeM 5
brbc 1,noteqg ;lepenty, ecam Qjar HyJS OUMIIEH

noteq: nop ;llepenTy no HazHAUYEHMIO (IycTasd olIepalmusd)
Cros: 1 (2 Gaiira)

[{ukmoB: 1, ecu ycrioBHs He COOIIOJCHBI, 2 - IPU COOJIIOJICHUN TPABUIIBHBIX YCIOBUH.
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Komanna BRBS — nepeiiTu, ecjii OUT B perucrpe cTaryca yCTaHOBJIEH

Onucanue:

VY coBHBIN OTHOCHUTENBHBIN epexo. TecTupyercss oquH U3 OUTOB perucrpa craryca H,
ecyii OUT yCTaHOBJICH, BBINOJIHSETCA MEPEXO0J OTHOCHUTEIBHO COCTOSHUSI CUETUYHMKA MPOrPaMM.
JlanHasi KOMaHJa BBIIIOJHSET MEPEX0A B JIOOOM HANpaBlIeHUH OTHOCHTEIBHO COCTOSIHUS CUET-
yuka nporpamm (PC-64 < nasznauenue < PC+63). Ilapamerp k siBisieTcss cMemeHneM OTHOCH-
TEJILHO CYETYHKA ITPOrPaMM U IPEJCTaBJIeH B (hOpME JOTOIHEHHS 10 JBYX.

Onepanus:
(i) If SREG(s) = 1 then PC <- PC + k +1, else PC <- PC +1
Cunrakcuc  Omnepasjibl: CdeTyuk nmporpamm:
PC<-PC+k+1
: 0<s<7, PC<-PC+1,
(i) BRBSs k -64 < k <+63 €CIIH YCIIOBHSI

HE COOJIOIEHEBI

16-pa3psiaHbIN KOJI OTIepallin:
1111 00kk kkkk ksss

bynessl Beipaxenus perucrpa craryca (SREG)

I T H S \Y N V4 C

[Tpumep:

bst r0, 3 ;3arpysurs T 6uroMm 3 permctpa r0
brbs 6,bitset ;lepenTtu ecam 6ur T yCTaHOBJIEH

bitset: nop ;IllepelTr NO Hal’HAUEHMO (IIycTas oIepalms)
Cros: 1 (2 Gaiira)

[{ukmoB: 1, ecu ycrioBHs He COOIIOJCHBI, 2 - IPU COOJIIOJICHUN TPABUIIBHBIX YCIOBUH.
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Komanaa BRCC — nepeiiTh, eciiu ¢Jiar nepeHoca o4uineH

Onucanue:

VYcnoBHBIN OTHOCHTENBHBIN nepexoa. Tectupyercs Out ¢daara nepenoca (C) peructpa
cTaTtyca W, eclii OUT OYMILEH, BBINOIHIETCSA MEePEeX0]l OTHOCUTENIFHO COCTOSHUSA CYETYUKA MPO-
rpamm. /laHHas KOMaH/1a BHITIOJIHSAET MEPEX0/1 B IIOOOM HampaBiIeHUH OTHOCUTEIHHO COCTOSIHUS
cuyetunka nporpamm (PC-64 < naznauenue < PC+63). [1apametp k siBiseTcst cMeleHneM OTHO-
CUTEJILHO COCTOSIHUS CUSTYMKA IPOTPAMM H MPEJICTaBIeH B (hOpMe TOTOITHEHUS /10 IBYX.

Oneparnusi:
(i) If C=0then PC <- PC + k +1, else PC <- PC +1
Cunrakcuc Omnepanapl:  CUeTYUK MPOTpaMM:
PC<-PC+k+1
PC<-PC+1,

€CITU YCJIOBUS
HE COOJIIOIEHEI

(i) BRCCk -64<k<+63

16-pa3psiaHbIN KOJI OTIepallin:

1111 01kk kkkk k000

bynessl Beipaxenus perucrpa craryca (SREG)

I T H S \Y N V4 C

[Tpumep:
add r22, r23 ; Cuoxurhb r23 Cc r22
brcc nocarry ; IlepelTH eclM IEepPeHOC OUMIeH
nocarry: nop ; lleperiTu nO Hal3HAUEHMIO (IycTas onepaumsd)

Cros: 1 (2 Gaiira)

[{ukmoB: 1, ecu ycrioBHs He COOIIOJCHBI, 2 - IPU COOJIIOJICHUN TPABUIIBHBIX YCIOBUH.
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Komanna BRCS — nepeiiTu, eciin ¢jiar nepeHoca yCTaHOBJIEH

Onucanue:

VYcnoBHBIN OTHOCHTENBHBIN Tiepexon. Tectupyercs out ¢uara nepenoca (C) peructpa
cTaTryca W, €clid OMT yCTaHOBJICH, BBIMOJHSIETCS MEPEX0Jl OTHOCHUTEIBHO COCTOSHUSI CUETUYHMKA
nporpamM. JlaHHas KOMaH/1a BHITIOJIHSAET epeXo/ B JIFOOOM HAIMPaBICHUHA OTHOCHTEIBHO COCTO-
s caerynka nporpamm (PC-64 < maznauenue < PC+63). [1apamerp k siBisiercs cMmemneHneM
OTHOCHUTEJIBHO COCTOSIHHS CUETYMKA IPOTPaMM U TPEACTaBICH B GOpME JOMOTHEHUS 10 JABYX.

Oneparnusi:
(i) If C=1then PC <- PC + k +1, else PC <- PC +1
Cunrakcuc Omnepanapl:  CUeTYUK MPOTpaMM:
PC<-PC+k+1
PC<-PC+1,

€CITU YCJIOBUS
HE COOJIIOIEHEBI

(i) BRCSk -64<k<+63

16-pa3psiaHbIN KOJI OTIepallin:

1111 00kk kkkk k000

bynessl Beipaxenus perucrpa craryca (SREG)

I T H S \Y N V4 C

[Tpumep:
cpi r26, $56 ; CpaBHUTbL r26 C $56
brcs carry ; lepelTu eciamM NepPeHOC YyCTaHOBJIEH
carry: nop ; lleperiTu nO Hal3HAUEHMIO (IycTas onepaumsd)

Cros: 1 (2 Gaiira)

[ukmoB: 1, ecu yclioBHs He COOIIOJCHBI, 2 - IPU COOJIIOJJICHUH TPABUIIBHBIX YCIOBUH.
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Komanaa BREQ — nepeiiTu, eciu paBHO

Onucanue:

YcioBHBIN OTHOCHTENBHBIN Tepexoa. Tectupyercst 6ut ¢uiara HyneBoro 3HaueHus (Z)
perucrpa craTyca M, eciud OUT yCTaHOBJICH, BBINOJIHSETCS MEPEXO0Jl OTHOCUTEIHHO COCTOSHUS
cueTyrKa nporpamm. Eciiu koMaH/1a BBIMOTHACTCS HEMTOCPEACTBEHHO TIOCTIE BBIMTOJIHEHUS JTF000H
u3 komang CP, CPI, SUB unu SUBI nepexoa npou3ouieT €ciiu, U TOJIbKO €CJIH, JBOUYHOE YK C-
JI0, CO 3HAKOM WJIK 0e3 3Haka, Ipe/ICTaBlIeHHOe B Rd, SKBUBaJICHTHO JTBOMYHOMY YHUCITY, CO 3HA-
KOM WM 0e3 3Haka, npejacraBieHHOMY B Rr. J[aHHas xomaH[a BBIMOJIHSET MEPEX0A B JIOOOM
HaIlpaBJICHUU OTHOCHUTENIBHO COCTOSIHUS cueTtuuka nmporpamm (PC-64 < naznauenne < PC+63).
[Tapametp k siBIsieTcsl cMeleHHEM OTHOCUTEIBHO COCTOSIHUS CUETYMKA MPOTrpaMM U MpPe/CTaB-
JIeH B opMe TOTIOTHEHHUS 10 IBYX.

Oneparusi:
(i) f Rd=Rr(Z=1)then PC <- PC + k +1, else PC <- PC +1
Cunrakcuc OrnepaH/bl: CueTyuk nporpamm:
PC<-PC+k+1
PC<-PC+1,

() BREQK  -64<Kk<+63
€CJIN yCJIOBHA

HE COOJIFOIEHBI

16-pa3psiaHbIN KO OTIepallin:

1111 00kk kkkk k001

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N V4 C

[Tpumep:
cp rl, r0O ; CpaBHuTb perucTpr rl um r0
breqg equal ; IepelTu eciaM COIEPXMMOEe PEeTMCTPOB COBIamaeT
equal: nop ; lleperiTy nO Hal3HAUEHMIO (NIycTas onepaums)

Cros: 1 (2 Gaiira)

[ukmoB: 1, ecnu ycioBus He COOMIONEHBI, 2 - MIPU COOTIOIEHUH MPABUIBHBIX YCIOBHM.
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Komanna BRGE — nepeiiTu. eciiu 00/1bl11Ie MM PABHO (C Y4€TOM 3HAKA)

Omnucanue:

YcnoBHBIN OTHOCUTENBHBIN Tiepexoa. Tectupyercs 6ut (iara 3Haka (S) perucrpa crary-
ca M, €CJIM OUT OYHIICH, BBITIOJIHICTCS MEPEX0]i OTHOCUTEIBLHO COCTOSHHUS CUETUYHKA ITPOTPAMM.
Ecnu koMaH/1a BBINOIHSAETCS HETIOCPEACTBEHHO MOCIIE BhINOJHEeHUs 10001t u3 komang CP, CPI,
SUB wiu SUBI nepexon npou30HaeT €ciiv, U TOJIbKO €CIU, JBOMYHOE YUCIIO, CO 3HAKOM Mpe-
cTaBiieHHOE B Rd, OoJbilie MM SKBUBAJIEHTHO JBOMYHOMY YHCIY CO 3HAKOM, MMPEACTABICHHOMY
B Rr. J/[anHas koMaHa BBITIOHAET MEPEXO]] B JIOOOM HaIPaBICHUU OTHOCHTEIIBHO COCTOSTHUS
cuerymnka nporpamm (PC-64 < naznauenune < PC+63). [Tapamerp k sBisiercs cMmemeHneM OTHO-
CUTEJIBLHO COCTOSHUS CYETUYHKA ITPOrPaMM M TMPEJICTaBIICH B (hopMe AOMOTHEHUS 10 IBYX.

Onepanusi:
(i) If Rd > Rr (NEV =0) then PC <- PC + k +1, else PC <- PC +1
Cunrakcuc OnepaHppl: CueTyuk nporpamm:
() BRGEKk -64 < k <+63 PC<-PC+k+1

PC <-PC +1,
€CJI yCIIOBHS
HE COOJIFOIEHBI

16-pa3psaHbIil KO ONepaIim:

1111 01kk kkkk k100

Bbynessl Beipaxkenus perucrpa craryca (SREG)

I T H S vV N V4 C

IIpumep:

cp rll, rl2 ; CpaBHMTb perucTpel rll m rl2
brge greateq ; Ilepentn, ecim rll >= rl2 (co 3HaAKOM)

greateq: nop ; llepeMT IO Hal3HAUeHUIO (IycTasd onepalus)
Cnos: 1 (2 6aiira)

uxnos: 1, ecnu ycinoBust He COOIOIEHBI, 2 - TIPU COOJIIOICHUH MPABHIIBHBIX YCIIOBUH.
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Komanaa BRHC — nepeiiTu, ecau ¢uiar noJjiynepeHoca o4niieH

Onucanue:

VYCoBHBIN OTHOCUTENBHBIN nepexo. Tectupyercs 6ut aara nomynepenoca (H) peru-
CTpa cTaTyca U, €ciy OUT OUMIICH, BBIIOJHSAETCS MEePEX0]] OTHOCUTEIHHO COCTOSHUSI CUETUHKA
nporpamM. JlaHHas KOMaH/1a BHITIOJIHSAET epeXo/ B JIFOOOM HAIMPaBICHUHA OTHOCHTEIBHO COCTO-
s cuerynka nporpamm (PC-64 < naznauenue < PC+63). Ilapametp k sBasieTcss cmerieHueM
OTHOCHUTEJIBHO COCTOSIHHS CUETUYMKA IPOTPaMM U TMPEACTaBICH B (OpME JOMOTHEHUS 10 ABYX.

Oneparnusi:
(i) IfH=0then PC <-PC + k +1, else PC <- PC +1
Cunrakcuc Omnepannapl:  CYETUHK IPOTPAMM:
(i) BRHCk -64<k<+63 PC<-PC+k+1
PC<-PC+1,

€CITU YCJIOBUS
HE COOJIIOIEHBI

16-pa3psiaHbIN KOJI OTIepallin:
1111 01kk kkkk k101

bynessl Beipaxenus perucrpa craryca (SREG)

I T H S \Y N V4 C

[Tpumep:
brhc hclear ; IHepemntu, ecam ¢jgar HOJyNepeHOCa OUMIEH
hclear: nop ; lleperiTy IO Ha3HAUeHMIO (IycTas onepaums)

Cnos: 1 (2 6aiira)

Hukios: 1, ecnu ycnoBus He COOTIOEHBI, 2 - PU COOTIOACHUN MTPABUIIBHBIX YCIOBHIA.
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Komanna BRHS — nepeiitu, eciiu ¢uiar noJiynepeHoca ycTaHOBJIEH

Onucanue:

VYCcoBHBIN OTHOCUTENBHBIN nepexo. Tectupyercs 6ut aara nomynepenoca (H) peru-
CTpa cTaTyca u, €clid OUT YCTaHOBJICH, BBINOJHSETCS MEPEeX0/] OTHOCUTEIBHO COCTOSHUS CUET-
4yuKa nporpamMm. JlaHHas KOMaH/a BBIMOJHSAET MEPEX0 B JIOOOM HampaBI€HUH OTHOCHUTEIHHO
coctostHMs cueTunka rnporpamm (PC-64 < naznauenne < PC+63). I1apamerp k siBnsiercs cmere-
HUEM OTHOCHUTEJIBHO COCTOSIHUS CUETYMKA MPOrpaMM M IMpeAcTaBiieH B (OpMe JOMOIHEHUS 10

JIBYX.

Onepanusi:
(i) IfH=1then PC <-PC + k +1, else PC <- PC +1

Cunrakcuc Omnepanapl:  CYETUHK IPOTPAMM:
() BRHSk -64<k<+63 PC<-PC+k+1
PC<-PC+1,
€CJIM YCJIOBUS
HE COOJIFOIEHBI

16-pa3psaHbIil KO ONepaIim:

1111 00kk kkkk k101

Bbynessl Beipaxkenus perucrpa craryca (SREG)

I T H S vV N V4 C

[Tpumep:
brhs hset ; IepeMTH, ecnam o¢jar nojsynepeHoca yCTaHOBJIEH
hset: nop ; IepelTu nmo HasHAUYeHMO (IIycTasd onepaums)

Cnos: 1 (2 6Gaiira)

[uxnos: 1, ecnu ycinoBust He COOIOIEHBI, 2 - TIPU COOJIIOICHUH MPABWIIBHBIX YCIOBUH.
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Komanna BRID — nepeiiTu, eciin riio6ajibHoe nNpepbIBaHue 3anpeneHo

Onucanue:

YcioBHBIN OTHOCUTENBHBIN Tiepexoa. Tectupyercs OUT (iara rmo0abHOTO MPEPhIBAHUS
(I) peructpa craryca u, eciau OUT cOpOILEH, BHIMOIHSAETCS MEPEXO0]l OTHOCUTEIBHO COCTOSHUSA
cdeTdyrka mporpamm. JlaHHas KOMaHJa BBIIOJHSET HEepexoja B JIOOOM HANpaBICHUH OTHOCH-
TEJILHO COCTOSIHMS cueTurKa rmporpamm (PC-64 << masuaucuue < PC+63). [Tapametp k sBasercs
CMEIIIEHHEM OTHOCHUTEJILHO COCTOSIHHMSI CYETYHMKA MPOrpaMM M MPEJCTaBIeH B (popMe JomoiHe-
HUS 10 IBYX.

Onepanusi:
(i) If 1 =0then PC <- PC + k +1, else PC <- PC +1

Cunrakcuc Omnepanapl: CUeTyuK MPOTrpaMm:
() BRIDk -64<k<+63 PC<-PC+k+1
PC<-PC+1,
€CJIN YCJIOBUS
HE COOJIFOIEHBI

16-pa3psaHbIil KO ONepaIim:

1111 01kk kkkk k111

Bbynessl Beipaxkenus perucrpa craryca (SREG)

I T H S vV N V4 C

[Tpumep:
brid intdis ; Ilepelity, ecyam riobajibHOE IPEPHBaHME 3alpeleHOo
intdis: nop ; IepelTu nmo HasHAUYeHMO (IIycTasd onepaums)

Cnos: 1 (2 6Gaiira)

[uxnos: 1, ecnu ycinoBust He COOIOIEHBI, 2 - TIPU COOJIIOICHUH MPABWIIBHBIX YCIOBUH.
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Komanna BRIE — nepeiitu, eciin rj100a;1bHOe NpepbIBaAHUE Pa3penieHo

Onucanue:

YcnoBHBIN OTHOCUTENBHBIN Tiepexoa. Tectupyercs OuT piara rmo6anbHOTO MpephIBaHUs
(I) peructpa cratyca u, eciay OUT YCTaHOBJICH, BBIIOIHSIETCS MEPEX0] OTHOCUTEIBLHO COCTOSIHUS
cdeTdyrka mporpamm. JlaHHas KOMaHJa BBIIOJHSET HEepexoja B JOOOM HAarpaBlIeHUH OTHOCH-
TEIBLHO cOCTOsIHUS cueTdyrka nporpamm (PC-64 < naznauenne < PC+63). [Tapametp k siBsieTcst
CMEIIIEHHEM OTHOCHUTEJILHO COCTOSIHHMSI CYETYHMKA MPOrpaMM M MPEJCTaBIeH B (popMe JomoiHe-
HUSA JI0 IBYX.

Onepanusi:
(i) If I =1then PC <- PC + k +1, else PC <- PC +1

Cunrakcuc Omnepanapl: CUeTyuK MPOTrpaMm:
() BRIEK -64<k<+63 PC<-PC+k+1
PC<-PC+1,
€CJIN YCJIOBUS
HE COOJIFOIEHBI

16-pa3psaHbIil KO ONepaIim:

1111 00kk kkkk k111

Bbynessl Beipaxkenus perucrpa craryca (SREG)

I T H S vV N V4 C

[Tpumep:

brie inten ;lepeiiTu, ecnm 1yoOaJIbHOE [PEPHBAHME pPa3pPeEleHO

inten: nop ;llepeliT MO HasHAUYEeHMO (IIycTasd olepaumus)
Cnos: 1 (2 6Gaiira)

[uxnos: 1, ecnu ycinoBust He COOIOIEHBI, 2 - TIPU COOJIIOICHUH MPABWIIBHBIX YCIOBUH.
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Komanaa BRLO — nepeiiTh, eciu MeHblue (0e3 3HaKa)

Onucanue:

YcnoBHBIN OTHOCHTENBHBIN Tiepexoa. Tectupyercs Out ¢nara mepenoca (C) perucrpa
cTaryca M, €ciii OUT yCTAHOBJICH, BBIIOJIHAETCS IEPeXOJ] OTHOCHUTEIBHO COCTOSHUS CUETUHKA
nporpamMm. Eciin kOMaH/a BBITIONHSETCS HEMOCPEICTBEHHO MOCJE BBIMOIHEHHS JIFOOOW M3 KO-
mang CP, CPI, SUB wim SUBI nepexo mpou3oiaeT eciii, u TOJIbKO €CIH, JBOMYHOE YHCiIo 0e3
3HaKa, MpeacTaBieHHoe B Rd, MeHbIe ABOMYHOro umcia 0e3 3Haka, MpencTaBIeHHOro B Rr
JlaHHas KOMaHJa BBIIOJHSET NEPEX0 B JHOOOM HANpaBIEHUU OTHOCUTEIBHO COCTOSIHUS CUET-
yuka nporpamm (PC-64 < naznauenune < PC+63). Ilapamerp k sBnsieTcs cMmerieHneM OTHOCH-

TEJIIBHO COCTOSAHUA CUETUMUKA ITPOrpaMm U MPEaACTaBJICH B (bopMe JOIIOJIHEHUA 10 IBYX.

Onepanusi:
(i) If Rd < Rr (C = 1) then PC <- PC + k +1, else PC <- PC +1

Cunrakcuc Onepanbi: CueTyuk nporpamm:
() BRLOKk -64 < k <+63 PC<-PC+k+1
PC<-PC+1,

€CJI yCIIOBUS
HE COOJIFOIEHBI

16-pa3psaHbIil KO ONepaIim:

1111 00kk kkkk k000

Bbynessl BeipaxkeHnus perucrpa craryca (SREG)

I T H S vV N V4 C

[Tpumep:
eor rl9, rl9 ; OumcTurp rl9
loop: inc rl9 ; YBenmuuTh Ha 1 rl9

cpi rl9, $10 ; CpaBHuTb rl9 c $10

brlo loop ; DNepemnitu, ecau rl9 < $10 (6esz 3HaKA)
nop ; BomiTM m3 nmeTay (mycTas onepalus)

Cros: 1 (2 Gaiira)

]_II/IKJ'IOBZ 1, C€CJIN YCJIOBUA HE CO6J'IIO,I[€HBI, 2- npu CO6JIIO,Z[CHI/II/I IMPpaBUJIBHBIX yC.IIOBPIﬁ.
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Komanaa BRLT - nepeiiTu, ecjin MeHbIIIe 4eM (CO 3HAKOM)

Omnucanue:

YcnoBHBIN OTHOCUTENBHBIN Tiepexoa. Tectupyercs 6ut (ara 3Haka (S) peructpa crary-
ca W, eciu OWT YCTaHOBJICH, BBITIOJIHICTCS MEPEX0J OTHOCHTEIBHO COCTOSHUS CUETYHMKA TIPO-
rpamMM. Eciii KOMaHJa BBITIOTHSETCSI HEMIOCPEICTBEHHO MOCIE BBIMOJHEHUS JTIO00W M3 KOMAaH]
CP, CPI, SUB unu SUBI nepexona npou3oiieT, €ciid, U TOJIbKO €CJIM, IBOMYHOE YUCIIO CO 3Ha-
KOM, TpEJICTaBlIeHHOe B Rd, MeHbIIE JBOMYHOTO YHCIA CO 3HAKOM, MPEICTaBICHHOTO B Rr.
JlanHass KOMaH/a BBIMOJHSACT MEPEXo/] B JIOOOM HaIpaBJICHUU OTHOCHTEIBHO COCTOSIHHS CYET-
yuka nporpamm (PC-64 < naznauenune < PC+63). Ilapamerp k sBnsieTcs cMmerieHneM OTHOCH-

TEJIIBHO COCTOAHUA CUETUMUKA ITPOrpaMm U MpEaACTaBJICH B (bopMe JOIIOJIHEHUA 10 IBYX.

Onepanusi:

(i) f Rd<Rr (NOV =1) then PC <- PC + k +1, else PC <- PC +1

CuHTaKkcuc

(i) BRLTK

16-pa3psaHbIil KO ONepaIim:

Ornepan/bl:
-64 < k <+63

CueTuuk nporpamm:

PC<-PC+k+1
PC<-PC+1,
€CJI yCIIOBUS
HE COOJIFOIEHBI

1111

00kk

kkkk k100

Bbynessl BeipaxkeHnus perucrpa craryca (SREG)

I T H S Vv N Z C
[Tpumep:
cp rle, rl ; CpaBHMTL rl6 c rl
brlt less ; Iepeutru, ecau rlé < rl (co 3HaAKOM)
less nop ; llepeliTy IO HA3HAUEHUIO

Cnos: 1 (2 6aiira)

(mycrasa omnepauus)

[uxnos: 1, ecnu ycinoBust He COOIOIEHBI, 2 - TIPU COOJIIOICHUH MPABWIIBHBIX YCIOBUH.
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Komanga BRMI - nepeiiTu, eciiu MUHYC

Onucanue:

VYcioBHBIN OTHOCHTENBHBIM nepexoa. Tectupyercss OUT ¢nara OTPUIIATEIHHOTO 3HAYe-
Hus (N) peructpa craryca U, eciv OUT YCTaHOBJIEH, BBIIIOJHSAETCS NMEPEX0]l OTHOCUTENIBHO CO-
CTOSIHUSI CUETYMKa mporpamM. /laHHas KOMaHJa BBINOJHSIET IMepexoa B JII00OM HalpaBICHUU
OTHOCHUTEIILHO COCTOsIHUs cueTrunka mnporpamm (PC-64 < nasznauenue < PC+63). ITapamerp k
SBIISICTCS CMEIIEHUEM OTHOCHUTEIBHO COCTOSIHUS CUETYMKA MPOrpaMM M TpeACTaBieH B (opme

JIOTIOJTHEHUS JIO0 IBYX.

Onepanusi:
(i) IFN=1then PC <-PC + k +1, else PC <- PC +1

Cunrakcuc Omnepanapl:  CYETUHK IPOTPAMM:
() BRMIk -64<k<+63 PC<-PC+k+1
PC<-PC+1,
€CJIM YCJIOBUS
HE COOJIFOIEHBI

16-pa3psaHbIil KO ONepaIim:

1111 00kk kkkk k010

Bbynessl Beipaxkenus perucrpa craryca (SREG)

I T H S vV N V4 C

[Tpumep:
subi r18, 4 ; Brmuectsr 4 3 rl8
brmi negative ; IlepelTu, ecnay pesylabTaT OTPULIATEJILHEI
negative: nop ; lleperiTy O Hal3HAUEHMIO (ycTas olnepaumsa)

Cnos: 1 (2 6aiira)

[uxnos: 1, ecnu ycinoBust He COOIOICHBI, 2 - TIPU COOJIIOICHUH MPABWIIBHBIX YCIOBUH.
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Komanna BRNE — nepeiiTu, ecjii He paBHO

Onucanue:

YcioBHBIN OTHOCHTENBHBIN Tepexoa. Tectupyercst 6ut ¢uiara HyneBoro 3HaueHus (Z)
perucTpa craryca U, eciii OUT OYHILEH, BBIOJIHAETCS MEePeX0]] OTHOCUTEIBHO COCTOSHUS CUET-
yuka nporpamm. Ecnu komaH/a BBINMOTHSAETCS HEMOCPEACTBEHHO IMOCIE BBIMOIHEHUS JIIOOOU U3
komany CP, CPI, SUB unu SUBI, nepexon npou3oiaeT, eciiv, U TOJIbKO €CJIU, JBOUYHOE YUCIIO
CO 3HaKOM WU 0e3 3Haka, mpejcTaBlieHHOe B Rd, HE paBHO IBOMYHOMY YHCITY CO 3HAKOM WJIH
0e3 3Haka, npeacTaBieHHoMY B Rr. JlaHHas koMaHJa BBIOJHSET MEpexo]] B JII0OOM Harpasiie-
HUU OTHOCUTEIBHO COCTOsIHUS cueTunka rnporpamm (PC-64 < naznauenue < PC+63). [lapamerp
k siBnsieTcst cMeleHneM OTHOCUTENBHO COCTOSHUSI CYETYMKA [TPOTrPaMM U MPECTaBIIEH B popme
JTOTIOJTHEHHUS JI0 IBYX.

Oneparusi:
(i) If Rd [ Rr (Z=0) then PC <- PC + k +1, else PC <- PC +1

CuHTakcuc

(i) BRNEk

Onepanpbl: CdeTyuk nporpaMmm:
-64 < k <+63 PC<-PC+k+1
PC<-PC+1,

€CIIH YCIIOBHSI
HE COOJIFOIEHBI

16-pa3psaHbIil KO Onepariu:

1111

01kk

kkkk k001

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Z C
IIpumep:
eor r27, r27 ; OuucTturh r27
loop: inc r27 ; YBenmuuTh Ha 1 r27
cpi r27, 5 ; CpaBHUTL r27 c 5

brne loop

nop

’

llepeyviTit, ecyam r27 <> 5

; BemiTuM u3 neTam (nycTas onepaums)

Cnos: 1 (2 6aiira)

[uxnos: 1, ecnu ycinoBust He COOIOICHBI, 2 - TIPU COOJIIOICHUH MPABWIIBHBIX YCIOBUH.
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Komannga BRPL — nepeiiTu, ecim miroc

Onucanue:

VYcioBHBIN OTHOCHTENBHBIM niepexoa. Tectupyercst OMT ¢uiara OTPUIIATEIBHOTO 3HAYe-
Hus (N) perucrpa craryca u, €ciii OUT OYUIIEH, BHIMOIHICTCS MEPEX0] OTHOCUTENIBHO COCTOSI-
HUS CYeTYMKa mporpammM. /laHHas KOMaHJa BBIIOJHSIET Nepexo/ B JII000M HAaNpaBICHUU OTHO-
CUTEJIBHO COCTOsIHUA cueTynka nporpamm (PC-64 < naznauenue < PC+63). [lapamerp k siBnsier-
Csl CMEIIEHUEM OTHOCHUTEIIBHO COCTOSIHUSI CUETUMKA MPOTPaMM U MPEACTaBiIeH B (hopMe I010-
HEHUS J10 IBYX.

Onepanusi:
(i) IFN=0then PC <-PC + k +1, else PC <- PC +1

Cunrakcuc Omnepanapl:  CYETUHK IPOTPAMM:
() BRPLk -64<k<+63 PC<-PC+k+1
PC<-PC+1,
€CJIH YCJIOBUS
HE COOJIFOIEHBI

16-pa3psaHbIil KO ONepaIim:

1111 01kk kkkk k010

Bbynessl Beipaxkenus perucrpa craryca (SREG)

I T H S vV N V4 C

[Tpumep:
subi r26, $50 ; BruectTb $50 u3 r26
brpl positive ; IepelTtu, ecam r26 NOJOXUTEJIEH
positive: nop ; I[lepeViTy 1O HalHAUeHMH (mycTas onepalus)

Cnos: 1 (2 6aiira)

[uxnos: 1, ecnu ycinoBust He COOIOICHBI, 2 - TIPU COOJIIOICHUH MPABWIIBHBIX YCIOBUH.
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Komanna BRSH - nepeiiTu, ecin paBHO ujiu 6oablie (0e3 3HaKa)

Onucanue:

VYcnoBHbBIN OoTHOCHTENBHBIN Tiepexon. Tectupyercs Out duara mepexona (C) peructpa
cTaTtyca W, eclii OUT OYMILEH, BBINOIHIETCSA MEePEeX0]l OTHOCUTENIFHO COCTOSHUSA CYETYUKA MPO-
rpamm. Ecnu koMaHza BBINOJIHSAETCS HEMIOCPEICTBEHHO IOCIE BBIMOJIHEHUS JIF0OOOH M3 KOMaH]
CP, CPI, SUB wm SUBI, nepexoa mpou30iIeT, €clid U TOJIBKO €CJIH, IBOUYHOE YHCIIO 0e3 3Ha-
Ka, npejcTaBieHHoe B Rd, Gosble win paBHO IBOMYHOMY YHCITy 0€3 3HaKa, IPEACTABICHHOMY
B Rr. Jlannas xomaH/a BBIIOJHSET MEPEXo] B JOOOM HaIpaBICHUU OTHOCUTEIBHO COCTOSHUS
cuerynka nporpamm (PC-64 < naznauenune < PC+63). [Tapamerp k sBiisseTcs cMmemeHneM OTHO-
CUTEJIbHO COCTOSIHMSI CYETUHKA IIPOTrPaMM U MPEJICTaBIeH B (GOpMe JOMOIHEHUS 10 BYX.

Onepanusi:
(i) If Rd > Rr (C =0) then PC <- PC + k +1, else PC <- PC +1

Cunrakcuc Onepanbi: CueTyuk nporpamm:
(i) BRSHKk -64 < k <+63 PC<-PC+k+1
PC<-PC+1,

€CJI yCIIOBUS
HE COOJIFOIEHBI

16-pa3psaHbIil KO ONepaIim:

1111 01kk kkkk k000

Bbynessl BeipaxkeHnus perucrpa craryca (SREG)

I T H S vV N V4 C

[Tpumep:
subi r19, 4 ; Bouects 4 u3 rl9
brsh highsm ; IHepemntn, ecnm r2 >= 4 (06e3 3HaKa)

highsm: nop ; IlepeiiTu no Ha3HauUeHMIO (ITyCTAast OMEparys)
Cros: 1 (2 Gaiira)

]_II/IKJ'IOBZ 1, C€CJIN YCJIOBUA HE CO6J'IIO,I[€HBI, 2- npu CO6JIIO,Z[CHI/II/I IMPpaBUJIBHBIX YCHOBHﬁ.
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Komanna BRTC — nepeiitn, eciin ¢uiar T ounien

Onucanue:

VYcioBHBIN OTHOCUTENBHBIN nepexo. Tectupyercs out ¢ara nepecsuiku (T) peructpa
cTaTtyca W, eclii OUT OYMILEH, BBINOIHIETCSA MEePEeX0]l OTHOCUTENIFHO COCTOSHUSA CYETYUKA MPO-
rpamm. /laHHas KOMaH/1a BBIMOJIHAET IIEPEX0/1 B JIIOOOM HAPABICHUU OTHOCUTEIBHO COCTOSHUSA
cuyetunka nporpamm (PC-64 < naznauenue < PC+63). [1apametp k siBiseTcst cMeleHneM OTHO-
CUTEJILHO COCTOSIHUS CUETYMKA MPOTPAMM H MIPEACTABICH B (hOPME JTOTIOIHEHUS JI0 BYX.

Oneparnusi:
(i) If T=0then PC <-PC + k +1, else PC <- PC +1

Cunrakcuc Omnepangpl: CYETYUK IPOrpPAMM:
(i) BRTCk -64<k<+63 PC<-PC+k+1
PC<-PC+1,
€CIIi yCIOBUS
HE COOJIIOICHbI

16-pa3psiaHbIN KO OTIepallin:

1111 01kk kkkk k110

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N V4 C

IIpumep:
bst r3, 5 ; CoxpaHuTb 6urT 5 permcrtpa r3 BO dyare T
brtc tclear ; lepewnTH, ecamM 3TOT OUT OUMIEH
tclear: nop ; IepelTu nmo HasHAUYeHMO (IIycTasd onepaums)

Cros: 1 (2 Gaiira)

]_II/IKJ'IOBZ 1, C€CJIN YCJIOBUA HE CO6J'IIO)1€HBI, 2- npu CO6JIIO,Z[CHI/II/I IMPpaBUJIBHBIX yC.IIOBPIﬁ.
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Komanpna BRTS — nepeiitu, eciin paiar T ycranoBsien

Onucanue:

VYcioBHBIN OTHOCUTENBHBIN nepexo. Tectupyercs out ¢ara nepecsuiku (T) peructpa
cTaryca W, €clidi OMT yCTaHOBJICH, BBIMOJHSETCS MEPEX0J] OTHOCHUTEIBHO COCTOSHUSI CUETYHMKA
nporpamM. JlaHHas KOMaH/1a BHITIOJIHSAET epeXo/1 B JIFOOOM HAINPaBICHUHA OTHOCHTEIBHO COCTO-
s cuerynka nporpamm (PC-64 < nmaznauenue < PC+63). Ilapametp k sBasieTcss cmerieHueM
OTHOCHUTEJIBHO COCTOSIHHS CUETUYMKA IPOrpaMM U IPEACTaBJIeH B (hOpME JOTIOIHEHHS 10 ABYX.

Oneparnusi:
(i) If T=1then PC <-PC + k +1, else PC <- PC +1

Cunrakcuc Omnepangpl: CYETYUK IPOrpPAMM:
(i) BRTSk -64<k<+63 PC<-PC+k+1
PC<-PC+1,
€CIIi yCIOBUS
HE COOJIIOICHbI

16-pa3psaHbIN KO OTICPALIHH:

1111 00kk kkkk k110

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N V4 C

IIpumep:
bst r3, 5 ; Coxpauurbp OuT 5 permcrpa r3 Bo djare T
brts tset ; IlepeuTn, ecam 3TOT OUT YCTAHOBJIEH
tset: nop ; IllepeMT IO Ha3HAUeHUIO (IIycTasd onepalus)

Cros: 1 (2 Gaiira)

]_II/IKJ'IOBZ 1, C€CJIN YCJIOBUA HE CO6J'IIO)1€HBI, 2- npu CO6JIIO,Z[CHI/II/I IMPpaBUJIBHBIX yC.IIOBPIﬁ.
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Komanna BRVC — nepeiitu, eciiu nepenojiHeHne 04MILEHO

Onucanue:

VYcioBHBIN OTHOCHTENBHBIN nepexos. Tectupyercs out ¢uara nepenonsenus (V) peru-
CTpa cTaTyca U, €ciy OUT OUMIICH, BBIIOJHSAETCS MEePEX0]] OTHOCUTEIHHO COCTOSHUSI CUETUHKA
nporpamM. JlaHHas KOMaH/1a BHITIOJIHSAET epeXo/ B JIFOOOM HAIMPaBICHUHA OTHOCHTEIBHO COCTO-
saus cuerynka nporpamm (PC-64 < nmaznauenue < PC+63). [lapametp k sBisieTcs cMenieHueM
OTHOCHUTEJIBHO COCTOSIHHS CUETYMKA IPOTPaMM U TPEACTaBICH B GOpME JOMOTHEHUS 10 JABYX.

Oneparnusi:
(i) IfV=0then PC<-PC + k +1, else PC <- PC +1

Cunrtakcuc OrnepaHibl:

(i) BRVCk

-64 < k <+63

CueT4uk nmporpamm:

PC<-PC+k+1
PC<-PC+1,
€CITU YCJIOBUS

HE COOJIIOICHEI

16-pa3psiaHbIN KO OTIepallin:

1111

01kk

kkkk k011

Bbynessl Beipaxenus peructpa craryca (SREG)

[lepeliTu, eCJaM HET MNepPEelOJIHEHUSI

| T H S Vv N Z C
IIpumep:
add r3, r4 ; Cnoxurb r4 c r3
brvc noover ;
noover: nop ;

Cros: 1 (2 Gaiira)

[lepeViT O Ha3HAUYeHMI (IycTasd onepalus)

]_II/IKJ'IOBZ 1, €CJIn YCJIOBUSA HE CO6J'IIOI[CHLI, 2 - npu CO6J'IIO,Z[CHI/II/I MMpaBUJIbHBIX YCHOBHﬁ.
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Komanaa BRVS — nepeiiTu, ecjiu nepenojiHeHue YCTAHOBJIEHO

Onucanue:

VYcioBHBIN OTHOCHTENBHBIN mepexo. Tectupyercs out ¢uara nepenonaHenus (V) peru-
CTpa cTaTyca u, €clid OUT YCTaHOBJICH, BBINOJHSETCS MEPEeX0/] OTHOCUTEIBHO COCTOSHUS CUET-
YyuKa nporpamm. JlaHHas KOMaH/a BBIMOJHSAET MEPexXo] B JOOOM HANpPaBICHUU OTHOCUTEIHHO
coctostHus cueTunka rnporpamm (PC-64 < naznauenne < PC+63). ITapamerp k sBasieTcs cmere-
HUEM OTHOCHUTEJIBHO COCTOSIHUS CUETYMKA MPOrpaMM M IMpeAcTaBiieH B (OpMe JOMOIHEHUS 10

JIBYX.

Onepanusi:
(i) IfV=1thenPC <-PC +k +1, else PC <- PC +1

Cunrakcuc Omnepanapl:  CYETUHK IPOTPAMM:
() BRVSk -64<k<+63 PC<-PC+k+1
PC<-PC+1,
€CJIM YCJIOBUS
HE COOJIFOIEHBI

16-pa3psaHbIil KO ONepaIim:

1111 00kk kkkk k011

Bbynessl Beipaxkenus perucrpa craryca (SREG)

I T H S vV N V4 C

[Tpumep:
add r3, r4 ; Crnoxutr r4 c r3
brvs overfl ; IlepelTu, eciaM e€CTb epPeloJIHEeHUE
overfl: nop ; lleperiTy O Hal3HAUEHMIO (ycTas olnepaumsa)

Cnos: 1 (2 6aiira)

[uxnos: 1, ecnu ycinoBust He COOIOIEHBI, 2 - TIPU COOJIIOICHUH MPABWIIBHBIX YCIOBUH.
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Komanna BSET - ycranoButh 6MT B peructpe craryca (SREG)

Onucanue:
YcTaHoBKa oHOTO (hiiara B perucTpe craryca.

Oneparnusi:
(i) SREG(s)<--1
Cunrakcuc Onepannpl: CYETUUK IPOrPAMM:
(i) BSETs 0<s<7 PC<-PC+1

16-pa3psaHbIil KO ONepaIim:

1001 0100 0Osss 1000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

<=2 | <=2 | <=2 | <=2 [ <=> <=2 | <=> <:>‘

I: 1, ecnu s =7: B MHOM Cllydae HE U3MEHSETCA
: 1, ecniu s = 6: B MHOM CJIy4ae He U3MEHseTCs
: 1, ecnu s = 5: B MHOM cilydae He U3MEHseTCs
1, ecnu s = 4: B UHOM ciTyyae He U3MEHsIeTCs
1, ecnu s = 3: B MHOM cllyyae He U3MEHsIeTCs
1, eciu s = 2: B MHOM clly4yae He U3MEHSETCs

1, eclu s = 1: B UHOM CJIydac HC U3MCHSCTCA

oONZ< 2T A

1, ecnu s = 0: B UHOM ciTyyae He U3MEHsIeTCs

IIpumep:

bset 6 ; YcraHoBUTH Gimar T
bset 7 ; Pas3pemnThb NpepHBaHME

Cnos: 1 (2 6aiira)

[uxmos: 1
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Komanpna BST — nepenncarhb Out u3 perucrpa B ¢uiar T perucrpa craryca (SREG)

Onucanue:
[epesanuck Outa b u3 peructpa Rd B duar T perucrpa craryca (SREG)

Oneparnusi:
(i) T <-- Rd(b)
Cunraxkcuc Onepanpbl: CdeTyuk nmporpaMmm:
(i) BSTRdb 0<d<31,0<b<7 PC<-PC+1

16-pa3psaHbIil KO ONepaIim:

1111 101d dddd Xbbb

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

-<:>------‘

T : 0, ectu 6ut b B Rd ounmien: B ”HOM citydae ycTaHaBIUBaeTCs |

IIpumep:

; KonmporaTps OuUT
bst rl, 2 ; CoxpaHure 6uUT 2 permuctpa rl Bo ¢mare T
bld r0, 4 ; 3arpys3ure T B O6uT 4permcrpa r0

Cros: 1 (2 Gaiira)

Huxmos: 1
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Komanpaa CBI - ouncturs 0ut B peructpe 1/0

Onucanue:

Ouncrtka omnpenesieHHOro Outa B perucTpe BBojaa-BbiBoAa. Komanma pabotaer ¢ miuan-

muMH 32 peructpamu BBoAa-BeIBoAa — aapeca ¢ 0 mo 31.

Onepanusi:
(i) /O(P,b)<--0
Cunrakcuc Onepanjpl: CdeTuuk nporpamm:
() CBIPb 0<P<31,0<b<7 PC<--PC+1
16-pa3psiaHbIN KOJI OTIepallin:
1001 1000 pppPp pbbb

Bbynessl Beipaxenus peructpa craryca (SREG)

4

C

= |

[Ipumep:

cbi $12.

7 ; OumcTtuTh OuT 7 B nopre D

Cnos: 1 (2 6aiira)

[uxos: 2
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Komanaa CBR - o4ucTUTH OMTHI B perucrpe

Onucanue:
Ouuctka onpexneneHHbix OutoB perucrpa Rd. Bemonnsercs mormdeckoe AND mexay
coJepKUMbIM peructpa Rd u koMmiuieMeHTOM nocTossHHON K.

Onepanusi:
(i) Rd <-- Rd * ($FF - K)
CuHTakcuc Onepanjpl: CdeTuuk nporpamm:

() CBRRd 16<d<31,0<K<255 PC<-PC+1

16-pa3psiaHbIN KOJI OTIepallin:
Cwmotpu komanay ANDI ¢ kommiementom K

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

- - - <=>| 0 <=> | <=> - ‘

S: N2V, [Inst npoBepok co 3HAKOM
V: 0
Ouniex
N: R7
VYcranaBnuBaeTcs, €Clid B pe3yibTaTe ycraHoBiIeH MSB, B HHOM ciiydae ouHIaercs
Z: R7*R6*R5*R4*R3*R2*R1*R0
YcranapnuBaeTcs, eciau pe3ynsTar $00, B MHOM cilydae OYHMIIaeTcs

R: (Pesynbrar) coorBeTcTByeT Rd mocie BbIMOTHEHNS KOMaH/IbI

IIpumep:
cbr rl6, $FO ; OumcTuTh cTapumii HUOOJ perucTpa rl6
cbr rl1l8, 1 ; OumcTuTrhs OUT B rl8

Cros: 1 (2 Gaiira)

Huxmos: 1
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Komanaa CLC - ouuctuts ¢uiar neperoca B peructpe craryca (SREG)

Onucanue:
Ouncrka nara nepenoca (C) B peructpe craryca (SREG)

Oneparnusi:
(i) C<--0
Cunrakcuc Onepannpl: CYETUUK IPOrPAMM:
(i) CLC None PC<-PC+1

16-pa3psaHbIil KO ONepaIin:

1001 0100 1000 1000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

- - - - - - - 0 |
C:0
®nar nepeHoca OYHUILEH
IIpumep:
add r0, r0 ; Crnoxure r0 c cammuMm coBoit
clc ; OumcTuUTh Qiar nepeHoca

Cros: 1 (2 Gaiira)

Huxmos: 1

295



Komanna CLH - ounctutsh ¢uiar nosrynepesoca B perucrpe craryca (SREG)

Onucanue:
Ounctka nara nomynepenoca (H) B peructpe craryca (SREG).

Oneparnusi:
(i) H<--0
Cunrakcuc Onepannpl: CYETUUK IPOrPAMM:
(i) CLH None PC<-PC+1

16-pa3psaHbIil KO ONepaIim:
1001 0100 1101 1000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

- - 0 - - - - - ‘

H: 0
@nar nonynepeHoca OYHUIIICH

[Tpumep:
clh ; OumcTure drnar nojylnepeHocCa

Cnos: 1 (2 6aiira)

[Huxmos: 1
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Komanna CLI - ouncTuTh (uiar rjio0aa1bHOro npepbiBaHusi B perucTpe craryca

(SREG)

Omnucauue:

Oumnctka aara rmodansHoro npepsiBanus (1) B peructpe craryca (SREG).

Onepanusi:
i 1<-0
Cuntakcuc Onepanibl: CY4ETYHK IPOrpaMM:
(1) CLI None PC<-PC+1

16-pa3psiaHbIN KOJI OTIepallin:

1001 0100 1111 1000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

o - T-T-T-T-T-]

@nar ria06anbHOro NpephIBaHUs OUMILEH

IIpumep:
cli ; 3anpeTuTb NpPepHBaHUS
in rll, $16 ; Cuumrare mOopT B
sei ; PaspemmTb NpepEBaHUSA

Cros: 1 (2 Gaiira)

Huxmos: 1
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Komanga CLN - o4HCTHTH (l).]'lal" OTPULHATEJBHOI'O 3BHAYCHUA B PETUCTPE cTaTyCa

(SREG)

Omnucauue:

Oumnctka aara orpunarenpHoro 3uadeHus (N) B peructpe craryca (SREG).

Onepanusi:
(i) N<--0
Cuntakcuc Onepanibl: CY4ETYHK IPOrpaMM:
() CLN None PC<-PC+1

16-pa3psiaHbIN KOJI OTIepallin:

1001 0100 1010 1000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

- - - - - 0 - - |

N: 0
(I)J'Ial" OTpI/IHaTeJ'IBHOFO 3HAYCHUA OUYUIICH

IIpumep:
add r2, r3 ; Cnoxurp r3 c r2
cln ; OumcTuTb Gjar oTPMULATESHLHOTO 3HAUEHUS

Cros: 1 (2 Gaiira)

Huxmos: 1
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Komanpaa CLR - ouncTuth perucrp

Onucanue:

Ounctka peructpa. Komanaa Bemonnser Exclusive OR conep:kumoro perucrpa ¢ camum
co00M. DTO NPUBOIUT K OUUCTKE BCeX OUTOB perucrpa.

Onepanusi:
(i) Rd <-- Rd [JRd
Cuntakcuc Onepanibl: CY4ETYHK IPOrpaMM:
() CLRRd 0<d<31 PC<-PC+1

16-pa3psiaHbIN KOJI OTIepallin:

0010 0ldd dddd dddd

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

- - - 0 0 0 1 - |

OunieH
V: 0
OunieH
N: O
OuuniieH
Z: 1
VcranaBinnBaeTcs

R: (Pe3ynbrar) coorBeTcTBYeT Rd mocie BBIOTHEHHS] KOMaHIbI

[Tpumep:
clr rl8 ; OumcTuTe, rl8
loop: inc rl8 ; YBenmuuTh Ha 1 rl8

cpi rl8, $50 ; CpaBHuTb rl8 c $50
brne loop

Cros: 1 (2 Gaiira)

Huxkmos: 1
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Komanpna CLS - ouncTuth ¢uiar 3HaKa

Onucanue:

Ouncrka rnara 3uaka (S) B peructpe craryca (SREG).

Oneparnusi:
(i) S<--0
Cunrakcuc Onepanjibl: CUETUHK MPOrPaMM:
(i) CLS None PC<-PC+1

16-pa3psaHbIil KO ONepaIim:

1001 0100 1100 1000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

- - - 0 - - - -

S: 0
OuuieH

[Tpumep:

add r2, r3 ; Cinoxutb r3 cC r2
cls ; OumcTuTh QJjar 3Haka

Cnos: 1 (2 6aiira)

Huxmnos: 1
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Komanpa CLT - ouncturs T daar

Onucanue:

Ounctka nara nepecouiku (T) B peructpe craryca (SREG).

Oneparnusi:
(i) T<--0
Cunrakcuc Onepannpl: CYETUUK IPOrPAMM:
(i) CLT None PC<-PC+1

16-pa3psaHbIil KO ONepaIim:

1001 0100 1110 1000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

R 0 R R R R R R
T: 0
OuuniieH
[Tpumep:

clt ; OumcTure T odmaar
Cnos: 1 (2 6aiira)

[Huxmos: 1
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Komanna CLV - ounctuth ¢uiar nepenoJjHeHust

Onucanue:

Ounctka nara nepenonaenus (V) B peructpe craryca (SREG).

Oneparnusi:
i) V<-0
Cunrakcuc Onepannpl: CYETUUK IPOrPAMM:
(i) CLV None PC<-PC+1

16-pa3psaHbIil KO ONepaIim:
1001 0100 1011 1000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

- - - - 0 - - - ‘
V: 0
Oumnien
[Tpumep:
add r2, r3 ; Cinoxurb r3 C r2
clv ; OumcTuTh QJar NepenoJIHeHUA

Cnos: 1 (2 6aiira)

Huxmnos: 1
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Komanna CLZ — ouucTuTh (JIar Hy/1€BOI0 3HAYCHUS

Onucanue:

Ouncrka dnara nyneBoro 3HaueHus (Z) B peructpe craryca (SREG).

Oneparnusi:
(i) Z<--0
Cunrakcuc Onepannpl: CYETUUK IPOrPAMM:
(i) CLz None PC<-PC+1

16-pa3psaHbIil KO ONepaIim:
1001 0100 1001 1000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

- - - - - - 0 - ‘
Z: 0
OuniieH
[Tpumep:
add r2, r3 ; Cinoxurb r3 C r2
clz ; OuMcTUTh QJar HYJIeBOI'O 3HAUYEHUS

Cnos: 1 (2 6aiira)

Huxmnos: 1
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Komanga COM - BBLIIOJHHUTD JOINOJTHCHHE 10 € AMHUIIbBI

Onucanue:
KoMaHza BBIMONHSIET TOTOTHEHHE 10 SAUHUIIBI (PeaTu3yeT OOpaTHBIN KOI) COACPKIMO-
ro peructpa Rd.

Onepanusi:
(i) Rd <-- $FF * Rd
Cuntakcuc Onepanibl: CY4ETYHK IPOrpaMM:
() COMRd 0<d<31 PC<-PC+1

16-pa3psiaHbIN KOJI OTIepallin:

1001 010d dddd 0000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

- - - <= 0 |<=> <=1 ‘

S: N2V, [Inst npoBepok co 3HAKOM
V: 0
Ouniex
N: R7
VYcranaBnuBaeTcs, €Ciid B pe3yibTaTe ycTaHoBiIeH MSB, B HHOM ciiydae o4HIaeTcs
Z: R7*R6*R5*R4*R3*R2*R1*R0
YcranasnuBaetcs, eciu pe3yinbrat $00, B HHOM Cilydae OUHIIaeTCs
C: 1
YcraHoBneH

R: (Pesynbrar) coorBeTcTBYeT Rd mocie BbIMOSHEHNUS KOMaH IbI

ITpumep:
com r4 ; BHIIOJIHMTEL OOINOJIHEHME IO eIMHMUE r4
breq zero ; IllepeuTH, e€CIM HOJb
zero: nop ; llepeMT IO Ha3HAUeHUIO (IycTasd onepalus)

Cros: 1 (2 Gaiira)

Huxmos: 1
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Komanpna CP - cpaBHuTSH

Onucanue:
KoMmaHnza BBITIONIHSAET CpaBHEHUE COJIEPKUMOTO aBYX peructpoB Rd u Rr. Comepxumoe

PETUCTPOB HE UBMCHACTCH. Ilocne >Toi KOMaHAbI MO>XHO BBIIIOJHATDH JIIO0BIE YCIOBHBEIC IIEPEXO-

Oneparnusi:
(i) Rd=Rr
Cunrakcuc Onepannpl: CYETUUK IPOrPAMM:
. 0<d<31,
(i) CpRd, Rr 0<r<3l PC<-PC+1

16-pa3psiaHbIN KO OTIepaIlin:

0001 0lrd dddd rerr

bynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

- - e = <= <=>  <=> <:>‘

: Rd3*Rr3+Rr3*R3+R3*Rd3
VY cTaHaBIMBAETCs, €CIIM €CTh 3aeM M3 OuTa 3, B MHOM CIIy4ae OYUIIAETCs

NV, [l TpoBEpOK CO 3HAKOM

: RA7*Rd7*R7+Rd7*Rr7*R7
YcranaBnuBaercs, €Clid B pe3yJbTaTe onepaunn o0pa3yercs NepernolHeHue 0MOIHEHUs 10
JIBYX, B UIHOM CJTy4ae OUYHUIIAETCS

: R7
YCTaHaBJ'II/IBaeTC}I, €CJIu B pe3YJ'ILTaT c y'CTaHOBJ'IeH MSB, B UHOM cnyqae OUYHNIIACTCA

: RA7*Rr7+Rr7*R7+R7*Rd7
YcranasnuBaercs, ecnu pe3ynbrat $00, B HHOM Cilydae OYHIIaeTCs

: RA7*Rr7+Rr7*R7+R7*Rd7
VcTaHaBauBaeTCs, €Clii a0CONIOTHOE 3HaueHue Rr 0oJibiie abcoaoTHOro 3HaueHus Rd, B
WHOM CITy4ae OYHIIAeTCs

: (PCBYJ'ILTE[T) ITIOCJIC BBIIIOJIHECHU S KOMaH bl

[Tpumep:

cp r4, rl9 ; CpaBuuTrsr r4 c rl9
brne noteq ; Iepeutn, ecim r4d <> rl9

noteq: nop ; llepeMTy O Hal3HAUEHMIO (IycTas olnepaums)
Cros: 1 (2 Gaiira)

Huxmos: 1
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Komanaa CPC — cpaBHHMTBH C YU4€TOM MepeHoca

Onucanue:

Komana BBINONHSAET CpaBHEHHE CONEPKUMOro IByX peructpoB Rd m Rr m yumThiBaet
TaK)Ke IpeaIIecTBOBaBIINM nepeHoc. ConepkuMoe perucTpoB He u3Mensercs. Ilocne aToi ko-
MaH/Ibl MOKHO BBITIOJIHATH JIFOOBIE YCIIOBHBIE TIEPEXO/IBI.

Oneparnusi:
(i) Rd=Rr=C
Cunrakcuc Onepanapl: CUETYHK MPOTPAMM:
. 0<d<31,
(I)CPCRd,RrO<r<31 PC<-PC+1

16-pa3psiaHbIN KO OTIepaIlin:

0000 0lrd dddd rerr

bynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

- - e = <= <=>  <=> <:>‘

H: Rd3*Rr3+Rr3*R3+R3*Rd3
VY cTaHaBIMBAETCs, €CJIN €CTh 3aeM M3 OUTa 3, B MHOM CIIy4ae OYUIIAETCs

S: N7V, 11 npoBepoK co 3HAKOM

V: RA7*Rd7*R7+Rd7*Rr7*R7
VYcraHaBIMBaeTCA, €CIH B Pe3yIbTaTe ONEpari 00pa3yeTcst MepenoTHeHHe TOTIOIHEHNUS 10
JIBYX, B UHOM CITy4ae O4MIIAeTCs

N: R7
YcranaBiMBaeTcs, €Ciy B pe3ynbTaTe ycraHoBleH MSB, B MHOM ciydae ouunInaeTcs

Z: R7T*R6*R5*R4*R3*R2*R1*R0*Z
[IpenmecTBytomiee 3HaYCHUE OCTACTCS HEM3MEHHBIM, €CITH PE3YIBTaTOM SBIISIETCS HOJIb, B
MHOM CJTy4ae O4MIIaeTCs

C: RA7*Rr7+Rr7*R7+R7*Rd7
YcranaBimMBaeTcs, eciy abCoNIOTHOE 3HaUeHue Rr rutroc mpe/iecTBOBaBIINMA epeHoc
00J1b111e a0COMIOTHOTO 3HaYeHHs Rd, B ”HOM ciyyae ouuiaeTcs

R: (Pe3ynbpTar) mocie BBIOJHEHHS KOMaH/IbI

ITpumep:
; CpaBHuTe r3 : r2 c¢c rl : r0
cp r2, r0 ; CpaBHMTbH CcTapumy OamT
cpc r3, rl ; CpaBHMTHL MIamumy OanT
brne noteq ; IlepenTn, ecim He pPaBHO
noteq: nop ; llepeMiTy O Hal3HAUEeHMIO (IycTas onepaums)

Crnog: 1 (2 6aifra); [ukmos: 1
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Komanna CPIl — cpaBHHUTB ¢ KOHCTAHTOMH

Omnucanue:

Komanpga BeimonHseT cpaBHeHHE coaepxkumoro perucrpa Rd ¢ xoncranroit. Comepxu-
Moe peructpa He m3MeHsercs. [locie 3Tol KOMaH/IbI MOYKHO BBITIOJHSATD JTHOOBIE YCIIOBHBIC TT€-
PEXOJIbI.

Oneparnusi:
() Rd=K
Cunrakcuc Omnepanapl:  CuUeTyuk NpOrpaMm:
(i) CPIRd, K 167<d=<3L " po_ peyg
0 < K <255

16-pa3psiaHbIN KO OTIepaIlin:

0011 KKKK dddd KKKK

bynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

- - e = <= <=>  <=> <:>‘

H: Rd3*K3+K3*R3+R3*Rd3
VY cTaHaBIMBAETCs, €CIIN €CTh 3aeM M3 OUTa 3, B HHOM CIIy4ae O4UIIAETCS

S: N7V, 11 npoBepoK co 3HAKOM

V: RA7*K7*R7+ RA7*K7*R7
YcranaBnuBaercs, €Clid B pe3yJbTaTe onepannn oOpa3yercs NepernolHeHrue 0MOIHEHUs 10
JIBYX, B UIHOM CJTy4ae OUYHUIIAETCS

N: R7

VYcranaBnuBaeTcs, €ciii B pe3yibTaTe ycTaHoBleH MSB, B M”HOM ciiydae o4uMIaeTcs
Z: R7*R6*R5*R4*R3*R2*R1*R0

YcranapnuBaetcs, eciu pe3ynsTar $00, B MHOM cilydae OYHIIaeTcst

C: RA7*K7+K7*R7+R7*Rd7
VYcranaBnuBaeTcs, eciii abcomoTHOe 3HadeHne K Oonbire abcomroTHOTO 3HaYeHUs Rd, B
WHOM CITy4ae OYMIIAETCs

R: (Pe3ynbTaT) mocie BBIMOTHEHUS KOMAH/IbI

[Tpumep:

cpi rl9, 3 ; CpaBHuTb rl9 c 3
brne error ; lepeutru, eciu r4d <> 3

error: nop ; lleperiTy O Hal3HAUEHMIO (ycTas ornepaums)
Cros: 1 (2 Gaiira)

Huxkmos: 1
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Komanga CPSE — cpaBHUTH U IPONYCTUTD, €CJIM PABHO

Onucanue:
Komanza BeinonHsier cpaBHeHHE coaepkumoro peructpoB Rd u Rr u mpomyckaer ciie-
IyIOIyIo KoMaHay, ecnu Rd = Rr.

Oneparnusi:
(i) If Rd = Rr then PC <-- PC + 2 (or 3), else PC <-- PC +1
Cunrakcuc OmnepaH/bl: CdeTyuk nporpaMmm:
0<r<3l yCIIOBUS HE COOJIIO/ICHBI,

TO IMPOITYCKa HET

PC<-- PC + 2, nponyck
OJTHOTO CJIOBA KOMAH/IbI

PC<-- PC + 3, npomyck
JIBYX CJIOB KOMaHJIbI

16-pa3psiaHbIN KO OTIepaIlin:

0001 00rd dddd rerr

Bbynessl Beipaxenus perucrpa craryca (SREG)

I T H S \Y N V4 C

IIpumep:

inc r4 ; YBenuuuTbh Ha 1 r4

cpse r4, r0 ; CpaBHuTb r4 c r0

neg r4 ; BrImosiHUTL, ecau r4d <> r0
nop ; [ponmorxaTh (mycTas omnepauusd)

Cros: 1 (2 Gaiira)

Huxkmos: 1
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Komanna DEC - nexkpemeHTHpPOBaTH

Onucanue:

BrrunTtanue equHHLBI U3 coepKUMoro peructpa Rd u pasMemienue pesysibrara B peru-
ctpe HazHaueHus Rd. dnar nepeHoca perucrtpa craryca AaHHOW KOMaHAOH HEe aKTUBUPYETCs,
YTO MO3BOJIIET UCNONb30BaTh koMaHy DEC npu peanusanuu cyeTuynka HUKIOB JIJIsl BBIYUCIIE-
HUH ¢ MOBBIIEHHOM TOYHOCTHIO. [Ipn 06paboTke uncen 6e3 3HaKOB 32 KOMaH/10i MOT'YT BBIIOJI-
Hathes nepexonsl BREQ u BRNE. Ilpu o6paboTtke 3HaueHuii B ¢popme JOMOIHEHUS O JBYX

JOIMYCTHUMBI BC€ YYHUTHIBAIOIIUE 3HAK IIEPEXOABI.

Onepanusi:
(i) Rd<--Rd - 1
Cunrakcuc Onepannpl: CYETUUK IPOrPAMM:
() DECRd 0<d<31 PC<-PC+1

16-pa3psiaHbIN KOJI OTIepalliu:

1001 010d dddd 1010

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

. - - le=> <= <> <=> | - ‘

S: NAV, [l mpoBepoK O 3HAKOM
V: R7*R6*R5*R4*R3*R2*R1*R0

yCTaHaBHI/IBaeTC}I, €CJIM B PE3YJIbTATC MMOJIYYCHO IIEPCIIOJIHCHUE JOIMOJIHCHUA 10 IBYX, B

HWHOM CJIy4yac OUUIIacTCA. HGPGHOJ'IHCHI/IG JOIMMOJIHCHUA 10 ABYX 6y21€T, €CJIM U TOJIBKO €CJIN

nepe oneparuei cogepxxumoe Rd obuto $80.
N: R7

VYcranaBnuBaeTcs, €clid B pe3yibTaTe ycTaHoBiIeH MSB, B HHOM ciiydae ouHInaercs

Z: R7*R6*R5*R4*R3*R2*R1*R0

YcranasiauBaetcs, ecinu pe3ynbrat $00, B HHOM Cilydae OYHIIaeTCs

R: (Pesynbrar) coorBeTcTByeT Rd mocne BbImoSHEHUST KOMaH IbI

[Tpumep:
1di rl17, $10 ; 3BarpysmTb KOHCTAHTY B rl7
loop: add rl, r2 ; CrnoxuTb r2 c rl
dec rl7 ; YMeHbuMTBH Ha 1 rl7
brne loop ; Hepeutn, ecim rl7 <> 0
nop ; IponmomxaThk (mycTas onepaumus)

Crog: 1 (2 Gaiita)

ukmos: 1
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Komanna EOR — BeIIOJITHHTE HCcKIIOYaomee UJIN

Onucanue:
Bremonnenue norudeckoro uckimoyaromiero MJIN mexny comepxkumbiM peructpa Rd u
peructpoM Rr u momenienue pesyiabTara B peructp Ha3HaueHus Rd.

Onepanusi:
(i) Rd<-- Rd"Rr
Cuntakcuc Omnepanjpl: CYETYMK MPOrpamMM:

0<d<3l,

(i) EOR Rd,Rr 0<r<3l

PC<-PC+1

16-pa3psaHbIil KO ONepaIim:

0010 0lrd dddd rrer

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

- - - <=> 0 <=> [ <=> - ‘

S: NAV, st mpoBepoK O 3HAKOM
V: 0
Ouniex
N: R7
YcTanaBnuBaeTcs, €Clid B pe3ylbTaTe ycTaHOBIeH MSB, B HIHOM cilydae ouuIaeTcs
Z: R7*R6*R5*R4*R3*R2*R1*R0
YcranaBnuBaercs, eciu pe3ynbrat $00, B ”HOM CiTydae OUMIIAeTCs

R: (Pe3ynbrar) coorBeTcTBYeT Rd mocie BEIMOTHEHHS] KOMaH/IbI

[Tpumep:
eor rd4, r4d ; OuumcTuUThL r4
eor r0, r22 ; IlopaspsalHO BHIIOJHUTL MCKJ0Uakllee or Mexny r(0 m r22

Cnos: 1 (2 6aiira)

[uxmos: 1
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Komanna ICALL - BbI3BaTh NOANIPOrPaMMYy KOCBEHHO

Onucanue:

KocBeHHBII BBI30B ITOANPOrpaMMbl, YKa3aHHOM perucrpoM-ykasarenem Z (16 paszpsaos)
B peructpoBoMm (aitne. Perucrp-ykazarens Z (16-paspsgHoro ¢gopmara) mo3BOJISIET BBI3BATh
HOANPOrpaMMY M3 TEKYILEH CEKIIUU POCTPAHCTBA MaMSTH ITporpaMm oobeMom 64K ciioB
(128 KoaiiT).

Onepanusi:

(i) PC(15-0)<-- Z(15-0) IIpubops ¢ 16-pa3psaHBIM CYCTYHKOM IIPOrPAMM, MaKCUMAJIbHBIN 00b-
eM namstu rnporpamm 128K.

(1) PC(15-0)<-- Z(15-0) [TpuGopsI ¢ 22-pa3psiHBIM CYETYUKOM MIPOTPaMM, MAKCUMAIIbHBIN 00b-
em namstu nporpamm 8M. PC(21-16) He uzmeHstorcs

Cunrakcuc Onepannpl: CYETUUK IPOrPAMM: Crek
(i) ICALL None Cwum. Onepanus STACK<--PC +1
SP<-- SP-2, (2 Gaiita, 16 6uToB)
(i) ICALL None Cwum. Onepanus STACK<--PC +1

SP<-- SP-3, (3 Gaiira, 22 6ura)

16-pa3psiaHbIN KOJI OTIepalliu:

1001 0101 XXXX 1001 ‘

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N V4 C

IIpumep:
mov r30, rO0 ; YCTaAHOBMTL CMelleHre B Tabyully BE30OBOB
icall ; BrI3BaTh monmporpammy, ykasaHHywo r31 : r30

Cnos: 1 (2 6aiira)

[ukmos: 3
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Komanna IJMP — nepeiiTi KOCBEHHO

Onucanue:

BrimonHseTCs KOCBEHHBIN MEPEeXo/ MO aApecy, YKa3aHHOMY PErHucTpOM-yKaszareiaem Z
(16 pa3psoB) B peructpoBoM daiine. Peructp-ykazarens Z (16-pa3psaHoro ¢popmara) mo3BoJis-
€T BBI3BATh MOJIIPOTrPAMMY U3 TEKYIIECH CEKIMH MPOCTPAHCTBA MAMSITH MporpaMm oobemMoM 64K

cioB (128 Ko6aiir).

Onepanusi:

(i) PC<-- Z(15-0) ITpuGopsl ¢ 16-pa3psAaHBIM CYETIHKOM IIPOrPaMM, MaKCHMaJIbHBIN 00beM

namsaTi nporpamm 128K.

(if) PC(15-0)<-- ZZ(15-0) [TpubopsI ¢ 22-pa3psIHbIM CYETYUKOM IPOrPaMM, MAKCUMAITbHBIH

o0wvem mamstu nporpamm M. PC(21-16) He uzmeHstorcs

Cunrakcuc Onepannpl: CUETUHK OPOrPaAMM: Crex
(i) IIMP None Cm. Onepanmst ~ He 3aneiictByercs
(i) ICALL None Cm. Omepanmst ~ He 3aneiictByercs

16-pa3psiaHbIN KO OTIepallin:

1001 0100 XXXX 1001

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N V4 C

IIpumep:
mov r30, r0 ; YCTaHOBUTH CMelleHME B TabJIUIYy [IepPeXOomIoB
ijmp ; [eperTy x nommporpamMmme, ykazaHHoM r31 :

Cnos: 1 (2 6aiira)

[ukmos: 2

r30
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Komanpa IN - 3arpy3uTs nannbie u3 nopra I/O B peructp

Onucanue:
Komanpa 3arpykaer naHHbIC M3 MMPOCTPAHCTBA BXOJa/BhIX0/a (IIOPTHI, TAWMEPHI, PETH-
CTphI KOHpUTYpamuu M T. 11.) B peructp Rd perucrpoporo daiina.

Onepanusi:
(i) Pd<--P
CunTakcuc Omnepanppr: CueTumK nporpamm:
(i) INRdP 0<d<31,0<P<63 PC<-PC+1

16-pa3psiaHbIN KOJI OTIepallin:
1011 OPPd dddd PPPP

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

[Ipumep:
in r25, $16 ; Cuumrare IllopT B
cpi r25, r4 ; CpaBHMTbL CUMTAHHOE SBHAUEHME C KOHCTAHTOM
breqg exit ; lepewnTu, ecyiu r25=4
exit: nop ; llepeViTy MO Ha3HAUEHMIO (IycTas onepaums)

Cros: 1 (2 Gaiira)

Huxmos: 1
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Komanpna INC — uHKpeMeHTHPOBATH

Onucanue:

Hob6asnenne enuHunbl —«1» — Kk comepkumomy peructpa Rd u pasmenienue pesynbrara
B peructpe Ha3HaueHus: Rd.®nar mepeHoca perucrpa craryca JaHHOM KOMaH/IOW HE aKTHBUPY-
€TCs, 4TO MO3BOJISET UCIONb30BaTh kKomManay DEC mpu peanuzanuu c4eTYHKa LUKIOB ISl BbI-
YHCIIEHUH ¢ MOBBIIIEHHON TOYHOCTHIO. [Ipn 00paboTke ymcen 6e3 3HAKOB 32 KOMAHIOW MOTYT
BeinostHAThCs nepexonsl BREQ u BRNE. Ilpu o6pabotke 3HaueHuii B (hopMe JOMOIHEHUS 10

ABYX OOIIYCTHUMBbI BCC YYHUTHIBAIOIIMUEC 3HAK IMTEPEXOABI.

Onepanusi:
(i) Rd<--Rd +1
Cunrakcuc Onepannpl: CYETUUK IPOrPAMM:
(i) INCRd 0<d<31 PC<-PC+1

16-pa3psiaHbIN KOJI OTIepalliu:

1001 010d dddd 0011

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

S: NAV, [l mpoBepoK O 3HAKOM
V: R7*R6*R5*R4*R3*R2*R1*R0

yCTaHaBHI/IBaeTC}I, €CJIM B PE3YJIbTATC MMOJIYYCHO IIEPCIIOJIHCHUE JOIMOJIHCHUA 10 IBYX, B

HWHOM CJIy4yac OUUIIacTCA. HGPGHOJ'IHCHI/IG JOIMMOJIHCHUA 10 ABYX 6y21€T, €CJIM U TOJIBKO €CJIN

nepen onepanueit conepxumoe Rd 6buto $7F.
N: R7

VYcranaBnuBaeTcs, €clid B pe3yibTaTe ycTaHoBiIeH MSB, B HHOM ciiydae ouHInaercs

Z: R7*R6*R5*R4*R3*R2*R1*R0

YcranasiauBaetcs, ecinu pe3ynbrat $00, B HHOM Cilydae OYHIIaeTCs

R: (Pesynbrar) coorBeTcTByeT Rd mocne BbImoSHEHUST KOMaH IbI

IIpumep:
clr r22 ; OumcTUTh r22
loop: inc r22 ; YBenmuuTh Ha 1 r22

cpi r22, $4F ; CpaBHMTBL r22 C $4F
brne loop ; llepeniTu, ecay He PaBHO

nop ; IponmomxaThk (mycTasa onepaums)

Crog: 1 (2 Gaiita)

ukmos: 1
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Komanpa LD - 3arpy3uts kocBeHHO U3 CO3Y B perucrp ¢ ucnojib30BaHueM
HHaeKca X

Onucanue:

3arpyxxaetr kocBeHHO oauH O6aiT u3 CO3Y B peructp. [lonoxenue 6aiita B CO3Y yka-
3bIBAaETCsl 16-pa3psiIHBIM PETUCTPOM-YKa3aTeleM X B perucTpoBoM daitre. OOpamieHue K mams-
TH OTPaHUYCHO TEKYIIeH cTpaHuliel oobemom 64 Koaiita. Jlyis oOpareHust K Ipyroi crpaHuiie
CO3Y neobxomumo u3MeHHTh peructp RAMPX B I/O oGnactu. Peructp-ykaszarens X MOXeT
OCTaThCsl HEU3MEHHBIM I1OCIIC BBIIOJHEHUS KOMAaHbl, HO MOXET OBbITh MHKPEMEHTHUPOBAH WJIH
JeKpeMeHTHpoBaH. Vcnonp3oBaHue perucrpa-ykaszarens X oOecrneduBaeT yIOoOHYI0 BO3MOXK-
HOCTb 00pallleHus K MaTpuilaM, Tabauam, yKazaTesto CTeKa.

Hcnonb3oBanue X-ykasaresns:

Onepanus: KommenTapuii:

(1) Rd <-- (X) X: Hensmenen

(i) Rd <-- (X) X<--X+1 X: THKpeMEeHTHPOBAH BIIOCIEICTBHH

@) X<-X-1 Rd <-- (X)  X:IIpenBapurenbHO IEKPEMEHTHPOBAH
Cunrakcuc Onepanbi: CueTynk mporpamm:

(1) LD Rd,X 0<d<31 PC<--+1

(i) LD Rd,X+ 0<d<31 PC<--+1

(i) LDD Rd,-X 0<d<31 PC<--+1

16-pa3psaHbIil KO ONepaluu:

(i) 1001 000d dddd 1100 |
(ii) 1001 000d dddd 1101 |
(iii) 1001 000d dddd 1110 |

Bbynessl Beipaxkenus perucrpa craryca (SREG)

I T H S vV N V4 C

[Tpumep:

clr r27 ; OUMCTHUTE CTapWUn X

1di r26, $20 ;YcraHoBuTh $20 B Muammmii ©amT X

1d r0, X+ ;3arpy3urs B r0 comepxmmoe SRAM no ampecy $20 (X
IIOCTUHKPEMEHTUPYETCH)

1d rl, X ;3arpysuTs B rl comepxmmoe SRAM no ampecy $21

1di r26, $23 ;YcraHoBMTL $23 B Muammmii 0amT X

1d r2, X ;3arpysuTs B r2 comepxmMoe SRAM no ampecy $23

1d r3, -X ;3arpysuTs B r3 comepxmmoe SRAM no ampecy $22 (X npen-

OeKpeMeHTHUpyeTCs)
Crog: 1 (2 Gaiita)

uxkmos: 2
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Komanpna LD (LDD) - 3arpy3utb kocBeHHo n3 CO3Y B perucrp ¢ HCIOJIb30BAHHEM
nHaexca Y

Onucanue:

3arpykaer KOCBEHHO, CO CMelleHneM uiu 0e3 cMmemieHus oauH Oaiit u3 CO3Y B pe-
ructp. [Tonoxenue Oaiita B CO3Y ykaswiBaetcs 16-pa3psaHbiM perucTpom-ykaszarenem Y B pe-
ructpoBoM ¢aiine. OOparieHre K MmaMsITH OrpaHUYEHO TEKyIeld cTpaHuie oobemoM 64 Koaii-
ta. [lnst obpamenus k apyroii ctpanuiie CO3Y neobxomumo u3MeHuts peructp RAMPY B I/0
obnactu. Peructp-yka3arenb Y MOXKET OCTaThCS HEM3MEHHBIM TIOCTIE BBIMOJIHEHNUS KOMaH/Ibl, HO
MOJKET OBITh HHKPEMEHTHUPOBAH WIIM JIEKPEMEHTHPOBaH. Mcnons30Banue peructpa-ykasarens Y
obecrnieunBaeT y100HYI0 BO3MOKHOCTh OOpallleHus] K MaTpuliaM, Ta0IHIaM, yKa3aTelro cTeKa.

Hcnonb3oBanue Y-ykazarens:

Onepanus: KommenTapuii:
(1) Rd <-- (Y) Y: Heusmenen
(i) Rd <-- (Y) Y<-Y+1 Y: lHKpeMeHTHPOBaH BIOCIIEICTBHA
@) Y<-Y+1 Rd <--(Y) Y:IIpeaBapurenbHo AEKPEMEHTHPOBAH
(iv) Rd<--(Y +q) Y: Heusmenen, q: cMemieHue
Cunrakcuc Onepanbi: CueTrynk mporpamm:
(1) LD Rd,Y 0<d<31 PC<--+1
(i) LD Rd,Y+ 0<d<31 PC<--+1
(iii) LD Rd,-Y 0<d<31 PC<--+1
(iv) LDDRd, Y +q 0<d<31 PC<--+1
0<gq<63
16-pa3psaHbIil KO ONIepaIii:
(1) 1000 000d dddd 1000 ‘
(i) 1001 000d dddd 1001 ’
(iii) 1001 000d dddd 1010 |
(iv) 10q0 qq0d dddd lqqq |

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

[Tpumep:

clr r29 ;OuUMCTUTL CcTapumit 6amT Y

1di r28, $20 ;¥YcraHoBuTh $20 B Muamumit 6amT Y

1d r0, Y+ ;3arpysurs B r0 comepx. SRAM no ampecy $20 (Y moCcTHUHKpPEMeH-—
TUPpyeTCs)

1d rl, Y ;3arpysurb B rl comepxmmoe SRAM no ampecy $21

1di r28, $23 ;¥YcTaHOBUTHL $23 B Maamumi 6amT Y

1d r2, Y ;3arpysmuTh B r2 comepxmMoe SRAM no ampecy $23

1d r3, -Y ;3arpysuTs B r3 comepx. SRAM no ampecy $22 (Y npenmekpeMeH-—
TUPYEeTCH)

ldd r4, Y+2 ;3arpysurb B r4 comepxmmoe SRAM no ampecy $24
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Cros: 1 (2 Gaiira)
ukmnos: 2

Komanpa LD (LDD) - 3arpy3urb kocBeHHo n3 CO3Y B perucrTp ¢ HCIOJIb30BAHHEM
uHaexca Z

Onucanue:

3arpykaer KOCBEHHO, CO CMelleHneM uiu 0e3 cMmemieHus oauH Oat u3 CO3Y B pe-
ructp. [lonoxenne 6aiita B CO3Y ykaspiBaercsi 16-pa3psgHbIM perucTpoM-yKaszareiaem Z B pe-
ructpoBoM ¢aiine. OOpaleHre K maMsaTH OrpaHUYEHO TEKyIeld cTpaHuie oobemoM 64 Koaii-
ta. J{nst obpamenus k apyroit crpanune CO3Y Heobxoaumo m3MeHuTh peructp RAMPZ B I/O
obnactu. Peructp-ykazarenb Z MOXKET OCTaThCs HEM3MEHHBIM I1OCJIE BBITOJIHEHUSI KOMaH/Ibl, HO
MOJKET OBITh MHKPEMEHTHPOBAH WJIHM JCKPEMEHTHPOBAaH. DTa OCOOCHHOCTh OYCHb yJ00HA MPHU
WCIIOJIb30BAaHUU PETUCTpa-yKaszarens Z B KauecTBE yKa3aTels CTeKa, OJHAKO, MOCKOJIbKY pe-
TUCTP-yKa3aTellb Z MOXET ObITh MCIIOJIB30BAaH ISl KOCBEHHOTO BBI30BA MOANPOTPAMM, KOCBEH-
HBIX [IEPEX0JI0B U TaOIUYHBIX MpeoOpa3zoBaHuii, Oonee y100HO UCTIOIB30BaTh B KAUECTBE yKa3a-
TeNs cTeKa perucrpbl-ykazarenu X u Y. OO0 ucnonp30BaHUM yKaszaTels Z A IpocMoTpa Tad-
JIUI] B TAMSITHU TIPOrpaMM, cM. koManay LPM.

Hcnonb3oBanue Z-ykas3arens:

Onepanus: KommenTapuii:
(1) Rd <-- (Y) Y: Heusmenen
(i) Rd <-- (Y) Y<-Y+1 Y: lHKpeMeHTHPOBaH BIOCIEICTBHU
@) Y<-Y+1 Rd <-- (Y)  Y:IIpenBapurenbHo JeKpEMEHTHPOBAH
(iv) Rd<--(Y +q) Y: HeusmeneH, q: cMemieHue
Cunrakcuc Onepanbl: CueTynk mporpamm:
(1) LD Rd,Y 0<d<31 PC<--+1
(i) LD Rd,Y+ 0<d<31 PC<--+1
(iii) LD Rd,-Y 0<d<31 PC<--+1
(iv) LDDRd, Y +q 0<d<31 PC<--+1
0<g<63
16-pa3psaHbIil KO OTIepaIlii:
(1) 1000 000d dddd 1000 ‘
(i) 1001 000d dddd 1001 ‘
(iii) 1001 000d dddd 1010 |
(iv) 10q0 qqod dddd lqqq |

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

[Tpumep:

clr r29 ;OuMcTUTE CcTapwuy O0amT Y
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1di r28, $20
1d r0, Y+

TUPYEeTCH)
1d rl, Y
1di r28, $23
1d r2, Y
1d r3, -Y
TUPYEeTCH)

ldd r4, Y+2

;YcranoBuTrh $20 B Muammmii 6amT Y

;3arpy3urs B r0

;3arpy3uTrs B rl
;YcTaHoBuThE $23
;3arpy3uTh B r2
;3arpy3mTs B r3

;3arpy3muTs B r4

Cros: 1 (2 Gaiira)

Huxios: 2

Komanna LDI - 3arpy3uth HenmocpeACTBEHHOE 3HAYCHH e

Onucauue:

3arpyxaercs 8-pa3psiaHas KOHCTaHTa B peructp ot 16 mo 31

comepx.

comepx.

SRAM mo ampecy $20

comepxmMmoe SRAM no anmpecy $21
B Miamumi Gamt Y
comepxmmoe SRAM mo ampecy $23
SRAM mo ampecy $22

comepxumMmoe SRAM mno anmpecy $24

Onepanusi:
(i) Rd <-- K
Cunrakcuc Onepanpbl: CueTryuk nporpamm:
. 16 <d < 31, PC<--+1
(i) LDIRd K 0<K <255
16-pa3psaHbIil KO ONIepaIii:
1110 KKKK dddd KKKK

Bbynessl Beipaxkenus perucrpa craryca (SREG)

I T H S \ V4 C
[Tpumep:
clr r31 ; OuMCTUTL CcTapumy OanT Z

1di r30, SFO
lpm

Cnos: 1 (2 6aiira)

[uxmos: 1

YcraHoeuThs $FO B Muamumi GanT Z
3arpy3UTh KOHCTAHTY M3 MIPOTPaMME
[lamMaTe OTMeueHa B 74

(Y mocTumHKpeMeH-—

(Y npenmexkpeMeH-—
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Komanpna LDS - 3arpy3uts Henocpencrsenno uz CO3Y

Onucanue:

Brimonnsercs 3arpy3ka ogHoro Oaiita u3 CO3Y B peructp. MoXHO UCHONB30BaTh 16-
paspsaHblil anpec. OOpaieHre K maMsaTH orpaHudeHo Tekyiiei crpanuieit CO3Y oobemMom

64 Ko6aiita. Komanna LDS wucnons3yer mansi oOpamieHus K namsta Boime 64 KoGaiit peructp
RAMPZ.

Onepanusi:
(i) Rd <-- (K)
Cunrakcuc Oniepanpbi: CueTyuk nporpamm:
(1) LDS Rd,k 0<d<31,0<k<65535 PC<--+2

32-pa3psaHbIiA KO OTICPAIIHH:
1001 000d dddd 0000 |
kkkk kkkk kkkk kkkk ‘

Bbynessl Beipaxenus perucrpa craryca (SREG)

I T H S \Y N Z C

IIpumep:
lds r2, $FF00 ; Barpysurb r2 comepxmuMmeM SRAM no azpecy S$SFF00
add r2, ril ; CnoxuTb rl c r2
sts SFF00, r2 ; 3BanmcaTb 0OpPaTHO

Cros: 2 (4 Gaiita)

[ukmnos: 2
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Komanna LPM - 3arpy3uTth 0aiiT maMATH NPorpamMm

Onucanue:

3arpyxaet oguH OaiT, anpecoBaHHbIi peructpom Z, B peructp 0 (R0). Komannga obGec-
neunBaeT 3 (HEKTUBHYIO 3arpy3Ky KOHCTaHT WJIM BBIOOPKY IMOCTOSIHHBIX JaHHBIX. [laMaTh mpo-
rpaMM OpraHu30BaHa M3 16-pa3psAHbIX CIOB M Miaamuil 3Havamui paspsan (LSB) 16-
paspsaHoro ykasatens Z Boioupaer win muaamuii (0), wiau crapmuii (1) 6aiit. Komanga Moxer
aapecoath nepBbie 64 Kobaiita (32K cioB) maMsatu mporpaMmm.

Onepanusi: Kommenrapwuii:

(i) RO<-- (2) 7 yKa3pIBaeT Ha MMaMsATh POrpaMm
Cunrakcuc Onepanpbl: CueTrumk nmporpamm:

(i) LPM None PC<--+1

16-pa3psaHbIii KOJI OTIepaIuu:

1001 0101 110X 1000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

IIpumep:
clr r31 ; OumMcTuUThL CcTapumy OamT 7.
1di r30, S$FO ; YCTaHOBUTL MJaIumi GamT 7Z
lpm ; 3arpy3MUTb KOHCTAHTY M3 IaMATM OIpoI'paMM

orMeueHHyi Z (r31 : r30)
Cnos: 1 (2 6aiira)

[uxos: 3
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Komanpaa LSL - 1ornyecku cABUHYTH BJIE€BO

Onucanue:

Bremonnenue casura Bcex 6utoB Rd Ha ogHO MecTo BieBo. but 0 crupaercs. bur 7 3a-
rpyxaetrcss Bo ¢aar nepeHoca (C) peructpa coctosaus (SREG). Ora xomanga sddexTuBHO
YMHOXAET Ha J[Ba 3HAYCHHUE BEJTMYHUHEI 0e3 3HaKa.

Oneparnusi:

16-pa3psaHblil KO ONepaIim:

0000 11dd dddd dddd

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

- - l<=> <= <= <=> | <=> <:>‘

H: Rd3
S: N7V, lng npoBepok co 3HaKOM

V: NAC (Ina N u C nmocne ciBura)
YcranaBnuaercs, ecnu (N ycranaBnmuBaetcs U C ountaercs) wiu (N ountraercs, a C ycra-
HaBiuBaeTcs). B nHoMm cinydae ounaercs (npu Hanuuuu 3HaueHuit N u C nocie caBura)

N: R7
YcranaBinMBaeTcs, €Ciy B pe3ynbTaTe ycraHoBieH MSB, B MHOM ciydae ouunIaeTcs

Z: R7*R6*R5*R4*R3*R2*R1*R0
YcranapnuBaetcs, eciau pe3ynsTar $00, B MHOM cilydae OYHIIaeTcs

C: Rd7
YcranaBnuBaercs, ecliu nepeji cABUrom Obul ycranoBieH MSB peructpa Rd B nHom ciyuae
OUMILAeTCS

R: (Pe3ynbraT) coorBeTcTBYeT Rd mocie BeIMOTHEHNUS KOMaHIbI

[Tpumep:
add r0, rd4 ; Cnoxure r4 c r0
1sl r0 ; YMmuHOXxuTe r0 Ha 2

Cnos: 1 (2 6aiira)

[uxmos: 1
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Komanpaa LSR - jioruyecku ¢IBUHYTH BIIPABO

Onucanue:

Cnsur Bcex 6uroB Rd Ha ogHO MecTo BmpaBo. but 7ounmaercs. burt 0 3arpyxaercs BO
¢dnar nepenoca (C) peructpa coctostHust (SREG). Ota komanna 3¢ (HEeKTUBHO ACIUT Ha JBa Be-
nuauHy 0e3 3Haka Ha JBa. Dar nmepeHoca MOXKeT ObITh HCIIOJIb30BaH ISl OKPYTJICHUS PE3YIIbTa-
Ta.

16-pa3psiaHbIl KOJI OTIepalliu:

1001 010d dddd 0110

Bbynessl Beipaxenus perucrpa craryca (SREG)

I T H S \Y N Z C

. - - = <=>| 0 |<=> <:>‘

S: N7V, [Inst npoBepok co 3HAKOM

V: NAC (s N u C nocrie caBura)
YcranaBnuaercs, ecnu (N ycranaBiuaetcs u C ounmaercs) wiu (N ouniaercs, a C ycra-
HaBiuBaeTcs). B nunom cinyuae ouninaercs (npu Hannuuu 3HadeHuit N u C nocne casura)

N: O
Z: R7*R6*R5*R4*R3*R2*R1*R0
YcranasnuBaetcs, eciu pe3ynbrat $00, B HHOM Cilydae OUHIIaeTCs

C: RdO
YcTanaBnuBaeTcs, €Cliv niepe]] cABUroM Obl yctaHoBieH LSB peructpa Rd, B muHOM citydae
OUHnIIacTCs

R: (Pe3ynbTat) coorBeTcTBYET Rd 1MOCIIE BBIMOIHEHUS KOMAHIbI

[Tpumep:
add r0, r4 ; Cmoxurb r4 c r0
lsr r0 ; Pazpmenurp r0 Ha 2

Cros: 1 (2 Gaiira)

Huxkmos: 1
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Komanaa MOV - konupoBaTh peructp

Onucanue:

Komanna co3zmaer Konmuio OIHOrO perucrpa B apyrom perucrpe. Mcexomusin peructp Rr

OCTAacTCsd HEM3MCHHBIM, B peFI/ICTp Ha3HAYCHU A Rd 3arpy>1<aeTc;1 KOIIUusi COI[ep)KI/IMOFO peFI/ICTpa
Rr.

(i) Rd <-- Rr
Cunrakcuc Onepanpl: CdeTuuk nporpamm:
(i) MOV Rd,Rr 0<d<31,0<r<31 PC<--+1

16-pa3psaHbIil KO ONepaIim:

0010 11rd dddd reer

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

ITpumep:
mov rle, r0 ; Kommporatre rO B rl6
rcall check ; BEIZ3BATH NDOANpOIpaMMmy

check cpi rlé6, $11 ; CpaBuuTb rl6 c $11

ret ; BepHyTBCA M3 NOONPOTPAMMEL
Cros: 1 (2 Gaiira)

Huxmos: 1
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Komanna MUL - nepeMHOKHTH

Onucanue:

Komanna nepemHoxaet 1Be §-pa3psiHble BEIHUMHBI 0€3 3HAKOB C MOIydeHUueM 16- paz-
psHOTO pe3yibrata 0e3 3Haka. MHOXKMMOE M MHOXKHUTEIb - N1Ba peructpa - Rr u Rd, coorser-
CTBEHHO. 16-pa3psjiHOe Tpou3BeleHue pasmeniaercs B perucrpax R1 (crapmmii 6aiit) m RO
(Mmammmii 6aiT). CliegyeT OTMETHTD, YTO €CIIH B KaYeCTBE MHOKUMOTO M MHOXHTEJSI BHIOPATh
RO mnu R1, TO pe3ynbTar 3aMecTUT IPEKHUE 3HAYEHMSI Cpa3y MOCIIE BBIIIOJHEHUS ONEpaliHy.

Oneparnusi:
(i) R1,R0 <-- Rr x Rd

Cunrakcuc OrnepaH/bl: CueTyuk nporpamm:
(i) MULRd,Rr 0<d<310<r<31 PC<-PC+1

16-pa3psaHbIil KO ONepaIim:

1001 11rd dddd rrer

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

- - - - - - - <:>‘

C: R15
YCTaHaBJ'II/IBaeTC}I, CCIIn y'CTaHOBJ'IeH 6I/IT 15 pe3ynLTaTa, B HHOM cnyqae OYHNIIACTCA

R: (Pesynbrar) coorBerctByeT R1, RO mocne BeImosHEHNS KOMaH/IbI

IIpumep:

mul r6, r5 ; I[IepeMHOXUTbL r6 M r5

mov r6, rl ; BepHYyTH pe3ysbTaT 0OpaTHO B r6:r5
mov r5, rl ; BepHYTH pe3yjbTaT 0OpPaTHO B r6:rb

Cros: 1 (2 Gaiira)

[uxkmnos: 2
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Komanna NEG - BbIOJITHUTH J0NOJIHEHHE 10 IBYX

Onucanue:
3amenseT conepxkumoe peructpa Rd ero nomonsenuem 1o apyx. 3nauenue $80 ocraercs
HEU3MEHHBIM.

Onepanusi:
(i) Rd <-- $00 - Rd

CuHTakcuc Onepanjapl: CdeTuuk nporpamm:
(i) NEG Rd 0<d<31 PC<-PC+1

16-pa3psiaHbIN KOJI OTIepallin:

1001 010d dddd 0001

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

- - == <= <=>  <=> <:>‘

H: R3*Rd3
YcTranaBiIMBaeTCs, €CIIM €CTh 3aeM U3 OuTa 3, B ”THOM CITydae OYMIIaeTCs
S: N7V, 111 npoBepoK co 3HAKOM
V: R7*R6*R5*R4*R3*R2*R1*R0
YcTranaBiIMBaeTCs MPH MEPETIOTHEHUH JOMOTHEHUS JI0 IBYX OT IMOAPA3yMEBaeMOTro BEIUYUTA-
HUS U3 HYJIS, B UHOM Cilydae ouuiaercs. [lepernonnenue qOMOMTHEHU 1O ABYX IPOU30MIET,
€CITH M TOJIBKO €CJTH COJICPKMMOE PETUCTpa Mmociie onepaiiuu (pe3ynbrat) oyaer $80.
N: R7
VYcranaBnuBaeTcs, €Clid B pe3yibTaTe ycTaHoBiIeH MSB, B HHOM ciiydae ouHIaercs
Z: Rd7*R6*R5*R4*R3*R2*R1*R0
YcranaBnuBaercs, eciu pe3ynbrat $00, B MHOM cilydae OYHIaeTCs
C: R7+R6+R5+R4+R3+R2+R1+R0
YcTaHaBIMBaeTCs, €CIIM €CTh 3a€M B MOJJPa3yMeBaeMOM BBIYUTAHUH U3 HYJISI, B UTHOM CITy4yae

ountaerca. Guar C Oyzaer ycTaHaBIUBATbHCSA BO BCEX CIyYasX, 3a UCKIIOYEHUEM CiIy4das, KO-
rJia COAEP)KUMOE PErucTpa Mocie BhIIOIHeHHs oneparyu oynet $80.

R: (Pe3ynbraT) coorBeTcTBYeT Rd mocie BeIMOTHEHUS KOMaHIbI

[Tpumep:
sub rll, r0O ; Bruects r0 ms rll
brpl positive ; IlepelTH, e€CaM Pe3YyJbLTAT IIOJIOXUTEJILHEN
neg rll ; BEIIOJIHMTBL IOONOJIHEHME OO OBYX rll
positive: nop ; I[lepeViTy 1O Hal3HAUEeHMH (mycTas onepalus)

Cros: 1 (2 Gaiira)
Huxmos: 1
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Komannga NOP — BbINOJHATB X0JIOCTYI0O KOMAHAY

Onucanue:

KOMaHZ[a BBITTIOJIHACTCSA 3a OAWH ITUKII 0€3 BBINOJHEHUS orncpanunu.

(i) No

Cunrakcuc Onepanpbi: CueTyuk nporpamm:

(1) NOP None PC<--+1

16-pa3psiaHbIi KOJI OTIepallin:

0000 0000 0000 0000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

[Ipumep:
clr rleo ; OumcTuTh rl6
ser rl7 ; YcTaHOBUTH rl7
out $18, rl6 ; BammucarTb HoOJb B IlopT B
nop ; OxmpmaTh (mycTasa onepauus)

out $18, rl7 ; 3ammcars 1 B IlopT B
Cros: 1 (2 Gaiira)

Huxmos: 1
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Komanna OR - BbIIOJHHUTS Jornueckoe NJIN

Onucanue:

Komanpga Bemomnnsier norudeckoe MJIN conepskumoro peructpoB Rd u Rr u pazmeniaer

pe3ynbTaT B perucrpe HazHaueHus Rd.

Onepanusi:
(i) Rd<--Rd Vv Rr

CuHTakcuc Onepanjapl: CdeTuuk nporpamm:
(1) OR Rd,Rr 0<d<310<r<31 PC<-PC+1

16-pa3psiaHbIN KOJI OTIepallin:

0010 10rd dddd rerr

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

- - - <=>| 0 <=> | <=> - ‘

S: N2V, [Inst npoBepok co 3HAKOM
V: 0
Ouniex
N: R7
VYcranaBnuBaeTcs, €Ciid B pe3yibTaTe ycTaHoBiIeH MSB, B HHOM ciiydae o4HIaeTcs
Z: Rd7*R6*R5*R4*R3*R2*R1*R0
YcranapnuBaeTcs, eciau pe3ynsTar $00, B MHOM cilydae OYHMIIaeTcs

R: (Pesynbrar) coorBeTcTBYeT Rd mocie BbIMOSHEHNUS KOMaH IbI

IIpumep:
or rl5, rl6 ; BHIOJHUTH NOPA3PANHOE Or MEXIY PeTrUCTpaMM
bst rl5, 6 ; CoxpaHmuTb O6uT 6 permcrTpa 15 BOo dmare T
brst ok ; Hepeutn, ecnu osar T yCTaHOBJIEH

ok: nop ; lleperiTy O Hal3HAUEHMIO (IycTas olnepaums)

Cnos: 1 (2 6aiira)

[uxmos: 1
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Komanaa ORI - BeinosiHuTS Jiorudeckoe UJIU ¢ HemocpeacTBeHHBIM 3HAYeHHEM

Onucanue:
Komanga Bemonasier norudeckoe MJIM mexny coaepxkumbiM peructpa Rd m koHcran-
TOI U pa3MelIaer pe3yapTaT B peructpe HazHaueHnus Rd.

Onepanusi:
(i) Rd<--Rd v K

CuHTakcuc Onepanjapl: CdeTuuk nporpamm:
(1) ORI Rd,K 16 <d<31,0<K <255 PC<-PC+1

16-pa3psiaHbIN KOJI OTIepallin:

0110 KKKK dddd KKKK

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

- - - <=>| 0 <=> | <=> - ‘

S: N2V, [Inst npoBepok co 3HAKOM
V: 0
Ouniex
N: R7
VYcranaBnuBaeTcs, €Ciid B pe3yibTaTe ycTaHoBiIeH MSB, B HHOM ciiydae o4HIaeTcs
Z: Rd7*R6*R5*R4*R3*R2*R1*R0
YcranapnuBaetcs, eciau pe3ynsTar $00, B MHOM cilydae OYHIIaeTCs

R: (Pesynbrar) coorBeTcTBYeT Rd mocie BbIMOSHEHNUS KOMaH IbI

IIpumep:
ori rl6, $FO ; YcTaHOBMUTHL cTapumii HMOON rl6
ori rl7, 1 ; YcranoBuTh O6ur 0 permcTpa rl7

Cros: 1 (2 Gaiira)

Huxmos: 1
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Komanna OUT - 3anucath AaHHbIe u3 peructpa B nopt I/0

Onucanue:
Komanga coxpansier manubie peructpa Rr B perucrpoBom daiine mpoctpancta 1/O
(OPTBI, TAMEPHI, PETUCTPHl KOH(DUTYpALIUH | T. 11.).

Onepanusi:
(i) P<--Rr
Cunrakcuc Onepanbi: CueTyuk nporpamm:
M OuUT P,Rr 0<r<31,0<P<63 PC<-+1
16-pa3psiaHbINA KOJT OTICpAIlUH:
1011 1PPr reer PPPP
Bbynessl Beipaxenus peructpa craryca (SREG)
| T H S Vv N Z C
[Ipumep:
clr rlé6 OQuucTture rl6
ser rl7 ; YCTaAaHOBUTL rl17
out $18, rle6 BanucaTres HyJau B IllopT B
nop OxmumaTh (mycTas onepauusa)
out $18, rl7 BanmcarTb enmHuUbp B IlopT B

Cros: 1 (2 Gaiira)

Huxmos: 1
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Komanna POP - 3anucarb perucTp u3 creka

Onucanue:
Komanna 3arpyxaet peructp Rd 6aiitom copep:xumoro creka.

Oneparusi:
(i) Rd <-- STACK
Cunrakcuc Onepanpl: CdeTuuK nporpamm:
; PC<--+1
(1) POP Rd 0<d<31 SP<-- SP + 1

16-pa3psiaHbIN KOJI OTIepallin:

1001 000d dddd 1111

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

[Ipumep:
rcall routine ; BeIBBaTb IOONIPOI'PAMMY
routine: push rl4 ; CoxpaHuTb rl4 B CcrTeke
push rl3 ; CoxpaHuTb rl3 B CcTeke
pop rl3 ; BoccraHOBMTBH rl3
pop rl4 ; BoccraHoBuThr rl4
ret ; BepHyTBCA M3 NOONPOTPAMMEL

Cnos: 1 (2 6Gaiira)

[uxos: 2
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Komanna PUSH — nomecTuTh peructp B cTeK

Onucanue:
Komanga momemaer cogep:xkumoe peructpa Rd B crek.

Oneparusi:
(i) STACK <-- Rr

Cunrakcuc Onepanpl: CdeTuuk nporpamm:
; PC<--+1
(1) PUSH Rr 0<d<31 SP<--SP - 1

16-pa3psiaHbIN KOJT OTICPALIHH:

1001 001d dddd 1111

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

[Ipumep:
rcall routine ; BeIBBaTb IOONIPOI'PAMMY
routine: push rl4 ; CoxpaHuTb rl4 B CcrTeke
push rl3 ; CoxpaHuTb rl3 B cTeke
pop rl3 ; BoccraHOBMTBH rl3
pop rl4 ; BoccraHoBuThr rl4
ret ; BepHyTBCA M3 NOONPOTPAMMEL

Cnos: 1 (2 6aiira)

[uxos: 2
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Komanna RCALL - BbI3BaTh NOANPOrPaMMy OTHOCHTEJILHO

Onucanue:
Komanna BeI3biBaeT mogmnporpamMmy B mpenenax 2K cinos (4K 6aiit). Anpec Bo3Bpara
(mocie BeinoaHenus komanasl RCALL) coxpansiercs B creke (Cm. Takke komanay RCALL).

Onepanusi:
(i) PC <--PC +k + 1 [Ipubopsi ¢ 16-pa3psaHpIM c4eTINKOM KoMaH 1, MakcumyM 128K Gaiit
MaMATH IPOrPaMM

(ii) PC <-- PC + k + 1 ITpubopsl ¢ 22-pa3psaHbIM CYETYMKOM KOMaHI, MakcuMyM 8M OaiiT ma-
MSITH IPOrpaMM

CueTuuk npo-

CuHrakcuc Onepanjpl: i Crek
rpaMM:
(i) RCALL k -2K <k <2K PC<--PC+k+1 STACK<--PC+1
SP <-- SP-2 (2 GaiiTa, 16
ouT)
(i) RCALL k -2K <k <2K PC<--PC+k+1 STACK<--PC+1
SP <-- SP-3 (3 0GaiiTa, 22
ouTa)
16-pa3psaHbIil KO ONepaIim:
1101 kkkk kkkk kkkk

Bbynessl BeipaxkeHnus perucrpa craryca (SREG)

I T H S vV N V4 C

IIpumep:
rcall routine ; BrI3BaThH HOAIPOTPAMMY
routine: éuéh' rl4 ; CoxpaHuTb rl4 B cTeke
éoé . rl4 ; BoccraHoBuTL rli4
ret ; BepHyTbLCHA M3 NOONPOI'PAaMMEL

Cnos: 1 (2 6aiira)

[ukmos: 3
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Komanna RET — BepHyTBCS M3 TOAIPOrPaMMbI

Onucanue:
Komanna Bo3Bpainaer u3 noJmnporpaMmmel. AJipec BO3Bparta 3arpykaercs u3 cTeka.

Oneparusi:
(i) PC(15-0) <-- STACK IIpu6opsi ¢ 16-pa3psaHsiM CUCTYHKOM KOMaH 1, MakcuMyM 128K GaiT
[aMsTH IPOrpaMm

(if) PC(21-0) <-- STACK IIpubopsi ¢ 22-pa3psIHbIM CUCTUNKOM KOMaH I, MakcuMyMm 8M Gaift
MaMsTH IPOrpaMm

Cunrakcuc OnepaHppl: CueTyuk nporpamm: Crek

(i) RET None CM. oneparuro SP <-- SP+2 (2 Gaiira, 16
our)

(i) RET None CwM. orepariuio SP <-- SP+3 (3 6Gaiita, 22
oura)

16-pa3psaHbIil KO ONepaIim:

1001 0101 0XX0 1000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S vV N V4 C

IIpumep:
rcall routine ; BrIBBaTh HOOIPOTPaAMMY
routine: éuéh'rl4 ; CoxpaHuTb rl4 B cTeke
ﬁoﬁ .r14 ; BoccraHoBuTL rl4
ret ; BepHYyTbCSA M3 NOIONPOT'PAMMEL

Cnos: 1 (2 6aiira)

IMuknos: 4
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Komanna RETI - BepHyThCH U3 nIpepbIBaHUA

Onucanue:

Komanzaa Bo3Bpaiaer U3 npepbiBaHusd. AJpec Bo3BpaTa BBIIPY)KAETCSA U3 CTEKA U ycTa-
HaBJIMBaeTcs (hiar ri00aabHOr0 IPepbIBaHMSL.

Onepanus
(1) PC(15-0) <-- STACK IIpubGops! ¢ 16-pa3psiiHbIM CYETYMKOM KOMaHI, MakcumyM 128K Oaiit
MaMATH IIPOTPaMM

(if) PC(21-0) <-- STACK IIpu6opsi ¢ 22-pa3psaHbIM CUCTYNKOM KOMaH/I, MakCUMyM 8M Gaift
[aMsTH IPOrpaMm

Cunrakcuc OrnepaH/bl: CueTyuk nporpamm: Crex

(1) RETI None Cwm. oneparuro SP <-- SP+2 (2 Gaiira, 16
ouT)

(i) RETI None CM. oneparuro SP <-- SP+3 (3 Gaiira, 22
oura)

16-pa3psiaHbIN KOJI OTIepallin:
1001 0101 0XX1 1000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N V4 C

- -T-1-]

®dnar ycTaHOBJIEH

IIpumep:
extint: push r0 ; Coxpauure rO B cTeke
pop r0 ; BoccranoBuTh r0
reti ; BepHYTbLCHA M pas3pelmMTh IPEepPHBaHUA

Cnos: 1 (2 6Gaiira)

IMuknos: 4
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Komanna RJMP — nepeliT OTHOCUTEJIBHO

Onucanue:

KoManzia BBINOIHSET OTHOCUTENBHBIN Nepexon mo azapecy B npeaenax 2K cnos (4K
0aiiT) TEKyIero cOCTOSIHUS cUeTyrKa KoMaHa. B accembiepe BMECTO OTHOCUTEIBHBIX ONEpaH-
JIOB UCHOJIB3YIOTCS METKH. J{111 AVR MUKpPOKOHTPOJUIEPOB € NMaMATHIO IIPOrpaMM HE IpEBbIIIa-
romeli 4K cioB (8K 0aiiT) naHHas KOMaHa MOXKET aJIpECOBaTh BCIO IMAMSThH ITPOTPaMM.

Onepanus
(i) PC<--PC+k+1

Cunrakcuc  Omepanapl: CYETUYHK MPOTPAMM: Crex
(i) RIMPKk 2K <k<2K PC<--PC+k+1 Crek He MeHsIeTCS

16-pa3psiaHbIN KO OTIepallin:

1100 kkkk kkkk kkkk

bynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

111
®dnar ycTaHOBJIEH

[Ipumep:
cpi rl6, $42 ; CpaBHuTb rl6 c $42
brne error ; llepemnitu, ecam rl6 <> $42
rjmp ok ; Be3yCJIOBHHM Nepexon
error: add rle, rl7 ; Crnoxurs rl7 c rlé6
inc rlé ; YBenmumTb Ha 1 rl6
ok: nop ; HazsuaueHme niysa rjmp (mycrTas onepaums)

Cnos: 1 (2 6aiira)

[ukmos: 2
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Komanna ROL - caiBuHYTH BJ1€BO Yepe3 mepeHoc

Onucanue:
Casur Bcex OutoB Rd Ha ogHO Mecto BieBo. dnar nmepenoca (C) perucrpa cOCTOSTHHSA
(SREG) cMmemaercst Ha mecto 6uta 0 peructpa Rd. but 7 cmemaercs Bo dar nmepenoca (C).

Onepanusi:

16-pa3psiaHbIN KO OTIepalliu:

0001 11dd dddd dddd

Bynebl Boipakenus peructpa craryca (SREG)

I T H S V N Y4 C

- - l<=> <= <= <=> | <=> <:>‘

H: Rd3
S: N7V, lng npoBepok co 3HaKOM

V: N°C (dns N u C nocne capura) ¥YcranaBiupaercs, eciii N ycraHaBnupaercs 1 C ouninaer-
cs, wm N ounmaercsi, a C ycraHaBimBaeTcs. B mHOM cirydae ounmiaercs (Mpy HATMYUH 3HA-
yernit N u C mocne cBura)

N: R7
YcranaBinMBaeTcs, €Ciy B pe3ynbTaTe ycraHoBleH MSB, B MHOM ciydae ouunInaeTcs

Z: Rd7*R6*R5*R4*R3*R2*R1*R0
YcranapnuBaetcs, eciau pe3ynsTar $00, B MHOM cilydae OYHIIaeTcs

C: Rd7
VYcranaBnuBaercs, eclid epesi cABUrom Obl1 ycraHoBieH MSB peructpa Rd, B uHOM citydae
OUMILAeTCS

R: (Pe3ynbraT) coorBeTcTBYeT Rd mocie BeIMOTHEHNUS KOMaHIbI

[Tpumep:
rol rl5 ; CoBuraThb BJIEBO
brcs oneenc ; IlepeliTy, €CIM YyCTaHOBJIEH I[IepPeHOC
oneenc: nop ; llepeMTy nO Ha3HAUeHMI (IycTas olnepaums)

Cros: 1 (2 Gaiira)

Huxkmos: 1
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Komanaa ROR - caiBUHYTH BIpaBo 4epe3 nepeHoc

Onucanue:
Casur Bcex 6utoB Rd Ha omHo Mecto BrnpaBo. dnar nepenoca (C) peructpa cocTOsIHUS
(SREG) cMmemaetcst Ha mecTo 6uta 7 peructpa Rd. but 0 cmemaercs Bo duar nepenoca (C).

Onepanusi:

16-pa3psiaHbIl KOJI OTIepalliu:

1001 010d dddd 0111

bynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

- - - = <= <=> | <=> <:>‘

S: N7V, [Inst npoBepok co 3HAKOM

V: NAC ([lnis N u C mocie caBura)
YcranaBnuBaercs, ecnu N ycranaBinuBaercs 1 C ounmiaercss uiau N ouninaercs, a C ycra-
HaBiuBaeTcs. B nHom ciyuae ounmtaercs (npu Hanuuuu 3HadeHuid N u C nocse casura)
N: R7
VYcranaBnuBaeTcs, €CIIM B pe3ybTaTe yCTaHOBIEH MSB, B MIHOM citydae ouniaercs
Z: Rd7*R6*R5*R4*R3*R2*R1*R0
VYcranaBnuBaetcs, eciu pe3ynsTar $00, B MHOM citydae OYHIIaeTCs
C: RdO

VYcranaBnuBaercs, ecii nepes ciBUrom Obl1 ycraHoBieH LSB peructpa Rd, B uHOM citydae
OUHIIAETCS

R: (Pesynbrar) coorBeTcTBYeT Rd mocie BbIMOMHEHUS KOMaH IbI

IIpumep:
ror rlb ; CoBuraTe BIPaBO
brcc zeroenc ; IllepelTy, €e€CJM NEePEHOC OUMIEH
zeroenc: nop ; IepelTu no HasHAUeHMIO (IIycTasd olepaums)

Cros: 1 (2 Gaiira)

Huxmos: 1
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Komanpaa SBC — BbIuecTh ¢ epeHocoM

Onucanue:
Brerunranue comepKUMOro perucTpa-ucTOYHUKa U coxepxkumoro ¢uara nepenoca (C) us
peructpa Rd, pa3menenue pesynbrara B peructpe HazHadeHus Rd.

Onepanusi:
(i) Rd<--Rd-Rr-C

CuHTakcuc Onepanjapl: CdeTuuk nporpamm:
(i) SBCRd,Rr 0<d<31,0<r<31 PC<-PC+1

16-pa3psiaHbIN KOJI OTIepallin:

0000 10rd dddd rerr

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

- - == <= <=>  <=> <:>‘

H: Rd3*Rr3+Rr3*R3+R3*Rd3
VY cTaHaBIMBAETCs, €CJIN €CTh 3aeM U3 OUTa 3, B MHOM CIIy4ae OYUIIAETCs

S: N7V, Jl1g npoBepoK co 3HAKOM

V: RA7*Rr7*R7+Rd7*Rr7*R7
YcranaBnuBaercs, €Clid B pe3yJbTaTe onepannn o0pa3yercs NepernolHeHrue 0MOIHEHUs 10
IBYX, B MTHOM CJIy4ae OYMIIACTCS

N: R7
VYcranaBnuBaeTcs, €CIIM B pe3ybTaTe yCTaHOBIEH MSB, B MIHOM citydae ouniaercs

Z: R7*R6*R5*R4*R3*R2*R1*R0*Z
[IpenmecrBoBaBIliee 3HaYCHHE OCTAETCS HEU3MEHHBIM, €CIIM Pe3yNbTaT PABEH HYIIO, B UHOM
ClIly4ae OYMIIAECTCS

C: RA7*Rr7+Rr7*R7+ R7*Rd7
YcTanaBnuBaeTcs, €clid abCOMIOTHOE 3HAYEHUE COACPKUMOro Rr TUTIOC MpeaniecTBOBaBIIHIA
nepeHoc Oosble, yemM abcomoTHOE 3HaueHne Rd, B nHOM ciyuyae ounmaercs

R: (Pesynbrar) coorBeTcTBYeT Rd moce BrImoHEHUST KOMaH bl

IIpumep:
; Brouects rl : r0O ms r3 : r2
sub r2, r0 ; BruecTb MJIaOuMi OamT
sbc r3, rl ; BuduecTb cTapumii OalT C NEePEHOCOM

Cros: 1 (2 Gaiira)

Huxmos: 1
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Komanna SBCI — BbI4yecTh HeNocpeACTBEHHOE 3HaYeHHe ¢ IePeHoCOM

Onucanue:
Brruntanve KOHCTaHTHI U cofiepkumoro ¢uara nmepeHoca (C) U3 conepKUMOro perucTpa,
pa3MeleHye pe3yiapTaTa B perucrpe Ha3HaueHus Rd.

Onepanusi:
(i) Rd<--Rd-K-C

CuHTakcuc Onepanjapl: CdeTuuk nporpamm:
(i)  SBCIRdK 0<d<31,0<K<255 PC<-PC+1

16-pa3psiaHbIN KOJI OTIepallin:
0100 KKKK dddd KKKK

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

- - == <= <=>  <=> <:>‘

H: Rd3*K3+K3*R3+R3*Rd3
VY cTaHaBIMBAETCs, €CIIM €CTh 3aeM U3 OUTa 3, B MHOM CIIy4ae OYUIIAETCs

S: NOV, [lns npoBepok co 3HaKOM

V: RA7*K7*R7+Rd7*K7*R7
YcranaBnuBaercs, €Clid B pe3yJbTaTe onepannn o0pa3yercs NepernolHeHrue 0MOIHEHUs 10
JIBYX, B UIHOM CJIy4ae OUYHMIIAETCS

N: R7
VYcranaBnuBaerTcs, €ciii B pe3yibTaTe ycraHoBiIeH MSB, B H1HOM ciiydae ouMIaercs

Z: R7*R6*R5*R4*R3*R2*R1*R0*Z
[IpeamecTBoBaBIliee 3HaYEHNE OCTACTCSI HEM3MEHHBIM, €CJTH Pe3yJbTaT PaBeH HYJ0, B HHOM
CIIy4yae OUYMIIAETCs

C: Rd7*K7+K7*R7+ R7*Rd7
YcTaHaBnuBaeTcs, eclii abCOMIOTHOE 3HaYeHHE KOHCTAHTBI TUTFOC MPEAIISCTBOBABIIIHIA T1e-
peHoc 6onbIne, yem abcooTHOE 3HaUYeHne Rd, B uHOM ciydae ouunmaeTcs

R: (Pesynbrar) coorBeTcTBYeT Rd moce BrImoHEHUST KOMaH bl

IIpumep:
; Bruects $4F23 ms rl7 : rlé
subi rl6, r23 ; BouecTh MIamuUMM OamT
sbci rl7, $4F ; BruecTb crapumi OalT C NEPEeHOCOM

Cros: 1 (2 Gaiira)

Huxmos: 1

339



Komanna SBI — ycranoButs Out B peructp I/0

Onucanue:
Komanna ycranaBnuBaet 3aaanubiid 6ut B peructp /0. Komanga paboTaer ¢ MiamuMu

32 peructpamu /O (appeca c 0 mo 31)

Onepanusi:
(i) I/O(P,b) <--1

Cunraxkcuc OrnepaH/bl: CueTyuk nporpamm:
(1) SBIP,b 0<P<31,0<b<7 PC<--PC+k+1

16-pa3psiaHbIN KO OTIepallin:
1001 1010 pppPp pbbb

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

111

[Tpumep:

out $1E, r0 ; Bammcarbe ampec EEPROM
sbi $1C, 0 ; VYcraHoBMTL OuUT uTeHusa B EECR
in rl, $1D ; Cumrarb gJaHHble EEPROM

Cnos: 1 (2 6Gaiira)

[uxos: 2
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Komanpna SBIC — nponycTuthb eciiu 6uT B peructpe I/0 ouninen

Onucanue:

Komanna npoBepsier coctosinue 6ura B peructpe /O u, ecnu 3TOT OUT OYHILEH, POITyC-
KaeT CIeayronlyro koManny. Jlanaas komanaa padboraer ¢ muaamumu 32 peructpamu /O (aape-
cac(0mo 31).

Oneparusi:
(i) If 1/O(P,b) = 0 then PC <-- PC + 2 (or 3) else PC <--PC + 1

CuHTakcuc Onepanjpl: CdeTuuk nporpamm:

() SBICPb 0<P<31,0<b<7 PC <-- PC + 1, eciu ycloBHs HE CO-
OIIIOIEHbI, HET IIPOITyCKa

PC <-- PC + 2, eciu ciieyromias Ko-
MaHIa UInHOH B 1c¢i1oBO

16-pa3psiaHbIN KOJI OTIepallin:

1001 1001 pppPp pbbb

Bbynesl BepakeHus peructpa craryca (SREG)

I T H S \Y N V4 C

[Tpumep:
e2wait: sbic $1C, 1 ; IlponycTuTh CJenyoluyn KoMaHIy, ecyy EEWE ouuieH
rjmp e2wait ; 3anmce EEPROM He 3aBeplieHa
nop ; IlpomoirxkaThk (OycTas onepaums)

Cnos: 1 (2 6aiira)

[ukoB: 1, eciu yCIIOBUSL HE COOJIOICHBI, HET MPOITYCKa, 2 - €CIIA YCIOBUS COOJIOJICHBI,
BBITIOJTHSIETCSI POITYCK
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Komanna SBIS — nponyctuts, eciim 6ut B peructpe I/O ycranosiien

Onucanue:
Komanpga nposepsier coctostaue 6uta B peructpe 1/O u, ecii 3T0T OUT yCTaHOBJICH, MPO-

MyCKaeT CJIenyIonyro koMaHay. JlaHHas koMaHja pabotaer ¢ muaamumu 32 peructpamu 1/O
(anpecac O mo 31).

Oneparusi:
(i) If 1/O(P,b) = 1 then PC <-- PC + 2 (or 3) else PC <--PC + 1

CuHTakcuc Onepanjpl: CdeTuuk nporpamm:

() SBISPb 0<P<31,0<b<7 PC <-- PC + 1, eciu ycloBHs HE CO-

6J'IIOI[CHLI, HCT IIPOITYCKa

PC <-- PC + 2, eciu ciieyromias Ko-
MaHIa UInHOH B 1c¢i1oBO

16-pa3psaHbIil KO ONepaIim:
1001 1011 pppPp pbbb

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S vV N V4 C

[Tpumep:
waitset: sbiss$10, O ; [IponyCcTMTh CJenyolyld KOMaHIY, €CJM yCTaHOBJIeH OuT 0
B IlopTe D
rjmp waitset ; BuT He YyCTaHOBJIEH
nop ; IlpomoirxkaThk (HycTas onepaums)

Cnos: 1 (2 6aiira)

[{ukioB: 1, eciiu yCIIOBUS HE COOJIOICHBI, HET MPOITYCKA, 2 - €CIIA YCIOBUS COOJIOJICHBI,
BBITIOJIHSIETCS TIPOITYCK
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Komanna SBIW — BbIvyecTh HemocpeACTBEHHOE 3HAYeHHe U3 CJ10Ba

Onucanue:

Borruutanue HenocpenctseHHOro 3naueHus (0-63) U3 mapbl perucTpoB U pa3MeIleHue pe-
3ynbTara B mape peructpoB. Komanma paboTtaer ¢ 4eTbIpbMsi BEPXHHUMHU IapaMH PETUCTPOB,
yno0Ha 1Jis paboThI C pEeTUCTpaMH yKa3aTeIsIMU.

Oneparnusi:

(i) Rdh:Rdl <-- Rdh:Rdl - K

CuHTakcuc Onepanjpl: CdeTuuk nporpamm:
(i) SBIWRdAILK  dl[1{24,26,28,30}, 0 <K <63 PC<-PC+1

16-pa3psaHbIil KO ONepaIim:
1001 0111 KKdd KKKK

Bbynessl Boipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

- - - = <= <=> | <=> <:>‘

S: NOV, Jlnsg npoBepok co 3HAKOM

V: Rdh7*R15
YcTaHaB/IMBaeTCs, €CIIM B Pe3yIbTaTe onepannun o0pa3yercs MepernoTHeHUE JOMOJTHSHUS 10
JIBYX, B HHOM CJIy4ae OUUIIaeTCs

N: R15
YcTanaBnuBaeTcs, €Clid B pe3yibTaTe ycTaHOBIeH MSB, B HIHOM cilydae ouuIaeTcs

Z: R15*R14*R13*R12*R11*R10*R9*R8*R7*R6*R5*R4*R3*R2*R1*R0
YcranasnuBaercs, ecnu pe3yinbrat $0000, B HHOM Cilydae OYHIIAeTCs

C: R15*Rdh7
VYcranaBnuBaeTcs, eciii aOCOTIOTHOE 3HaUYeHHE KOHCTAHTRI K 00JbIe aOCOMFOTHOTO 3HaYe-
HUS COJIEP>KUMOTO peructpa Rd, B vHOM cinyyae ouninaercs

R: (Pesynbrar) coorBercTByeT Rdh:Rdl mocne Beimonnenust komanasl (Rdh7-Rdh0 = R15-R8,
RdI7-RdI0 = R7-R0)

IIpumep:
sbiw r24, 1 ; BouecTs 1 m3 r25:r24
sbiw 1r28, 63 ; BruecTth 63 m3 Y ykaszsarensa (r29 : r28)

Cros: 1 (2 Gaiira)

[uxkmos: 2
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Komanna SBR — ycTaHOBUTBH OUTHI B perucrpe

Onucanue:

KoMmaHa BBINONHSIET YCTAaHOBKY ONpe/IeieHHbIX OuToB B peructpe Rd. Komanaa Beimon-
Hset goruueckoe ORI mexny comepkumbiM peructpa Rd u mackoii-koncranror K u paszmeniaer
pe3ynbTaT B peructpe HazHaueHus Rd.

Oneparnusi:

(i) Rd < Rd v K

CuHTakcuc Onepanjpl: CdeTuuk nporpamm:
(i) SBR Rd,K 16<d<31,0<K<255 PC<-PC+1

16-pa3psaHbIil KO ONepaIim:
0110 KKKK dddd KKKK

Bynebl BeipakeHus peructpa craryca (SREG)

I T H S V N Y4 C

- - - <=>| 0 <=> | <=> - ‘

S: NOV, Jlnsg npoBepok co 3HAKOM
V: 0
Ouniex
N: R7
VYcranaBnuBaeTcs, €Clid B pe3yibTaTe ycTaHoBiIeH MSB, B HHOM ciiydae ouHIaercs
Z: R7*R6*R5*R4*R3*R2*R1*R0
YcranaBnuBaercs, eciu pe3ynbrat $00, B MHOM cilydae OYHIAeTCs

R: (Pesynbrar) coorBeTcTByeT Rd mocie BbIMOMHEHNS KOMaH/IbI

ITpumep:

sbr rl6, 3F0 ; YcrahoBurh O6uTel O m 1 B rlo6
sbr rl1l7, S$FO0 ; YcranoBuTh crapume 4 6ura B rl7

Cnos: 1 (2 6aiira)

[uxmos: 1
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Komanna SBRC — nponycTuTs, ecii OMT B perucrpe o4uiieH

Onucanue:

Komanzga npoBepsieT cocTostHie OuTa B pETUCTPE U, €CIHM ATOT OUT OYHUIICH, MPOITYCKAET

CJIEIYIOIIYIO0 KOMaHY.

Onepanusi:
(i) If Rr (b) =0 then PC <-- PC + 2 (or 3) else PC <--PC + 1

Cunraxkcuc OrnepaH/bl: CueTyuk nporpamm:
() SBRCRrb 0<r<3l,0<b<7 PC <-- PC + 1, eciu ycioBHsi He cO-
OJIFO/ICHBI, HET MPOITyCKa

PC <-- PC + 2, ecnu crnenyroas Ko-
MaH/a UIMHOU B 1ciioBO

16-pa3psaHbIil KO ONepaIim:
1111 110r rrer Xbbb

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S vV N V4 C

IIpumep:
sub r0, rl ; Bruectb rl m3 r0
sbrc r0, 7 ; IHponycturs, ecnau OuT 7 B r0 oummeH
sub r0, rl ; BunojsiHgeTCs, TOJbKO ecyim 6uT 7 B r0 He ouMuieH
nop ; [ponmorxaTh (mycTas onepauusd)

Cnos: 1 (2 6aiira)

[ukioB: 1, ecnu ycinoBusi He COOIOICHBI, HET MPOITYCKa, 2 - €CIIH YCIOBHUS COOIOICHBI,

BBITIOJIHACTCS IIPOITYCK
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Komanna SBRS — nponycTuth eciiu OUT B perucTpe yCTaHOBJIEH

Onucanue:
Komanzga npoBepsieT cocTosiHre OUTa B pErUCTPE U, €CJIA 3TOT OUT YCTAaHOBIIEH, IPOIYC-

KaeT CISAYIOIIYI0 KOMaHy.

Onepanus
(i) If Rr(b) =1 then PC <-- PC + 2 (or 3) else PC <-- PC + 1

Cunraxkcuc OrnepaH/bl: CueTyuk nporpamm:
() SBRSRrb 0<r<3l,0<b<7 PC <-- PC + 1, eciu ycioBHsi He cO-
OJIFO/ICHBI, HET MPOITyCKa

PC <-- PC + 2, ecnu crnenyroas Ko-
MaH/a UIMHOU B 1ciI0BO

16-pa3psiaHbIN KOJI OTIepalliu:
1111 111r rrer Xbbb

bynessl Boipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

IIpumep:
sub r0, rl ; Bouects rl m3s r0
sbrs r0, 7 ; IponyctuTe ecau 6uT 7 B r0 yCcTaHOBJIEH
neg r0 ; BrumoJjiHseTcsa ToOJbkO ecyim OuT 7 B rO0 He yCTaHOBJIEH
nop ; IlpomomxaThk (mycTasd omnepaumus

Cros: 1 (2 Gaiira)

[ukmnoB: 1, ecnu ycloBusi He COOMIOIEHBI, HET MPOITYCKa, 2 - €CIIA YCIOBHUS COOIOICHBI,
BBITIOJIHAETCS TPOMYCK
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Komanna SEC — ycranoBuTth (puiar nepesoca

Onucanue:

Komanga ycranasnuBaet ¢iar nepenoca (C) B peructpe craryca (SREG)

Oneparusi:
(i)C<-1
CuHTakcuc
(i) SEC

16-pa3psaHbIil KO ONepaIim:

Onepanbl:
None

CueTuuk nporpamm:
PC<--PC+1

1001

0100

0000

1000

Bbynessl Boipaxenus peructpa craryca (SREG)

Z

C

L |

C:1

®mar MEepeHOCAa YCTaHOBJICH

[Tpumep:

sec
adc r0, ril

; r0 =

Cnos: 1 (2 6aiira)

Huxmnos: 1

; YcTaHOBUTL diar mepeHoca
rO + rl + 1
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Komanna SEH - ycranoBuTh ¢uiar mosiynepenoca

Onucanue:

Komanga ycranaBnuBaet ¢uiar nonyneperoca (H) B peructpe craryca (SREG).

Oneparusi:
(i)H<--1

Cunrtakcuc  Omnepanapl:  CyUeTdyHK MPOTPaAMM:

(i) SEH None

16-pa3psaHbIil KO ONepaIim:

PC<-PC+1

1001 0100

0101

1000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \ N Y4 C
- - 1 - - - - - ‘
H: 1
@uar nosrynepeHoca yCTaHOBJICH
[Tpumep:
seh ; YcraHoBUTL dJyar nojylepeHoOcCa

Cnos: 1 (2 6Gaiira)

Huxmos: 1
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Komanpna SEI — ycranoBUTB (u1ar r7106a71bH0r0 nNpepbiBaHus

Onucanue:

Komanga ycranaBnuBaer duiar rioOampHOro mnpepsiBanus (I) B perumcrpe craryca
(SREQG).

Onepanusi:
(i) 1<-1

Cunrakcuc  Omepanapl: CUETUYHK NPOTPAMM:
(1) SEI None PC<--PC+1

16-pa3psiaHbIN KO OTIepallin:

1001 0100 0111 1000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

@ar ria06anbHOTr0 NPEPHIBAHNS YCTAHOBJIEH

IIpumep:
cli ; 3anperTuTh NPEepHBaAHUS
in rl13, $16 ; Cuumrare IllopT B
sei ; PaspeumTh NpepLBaHUA

Cros: 1 (2 Gaiira)

Huxmos: 1
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Komanna SEN - ycTaHOBUTH (JIar 0TpHIIATeIbHOI0 3HAYEHHSA

Onucanue:

Komanna ycranaBnuBaer ¢uar oTpuuartenbHoro 3HaueHus (N) B perucrpe craryca

(SREG).

Onepanusi:
() N<-1

Cunrakcuc  Omepanapl: CUETUYHK NPOTPAMM:
(1) SEN None PC<--PC+1

16-pa3psiaHbIN KO OTIepallin:

1001 0100 0010 1000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

- - - - - 1 - - ’

N: 1
@1ar nepeHoca yCTaHOBJICH

IIpumep:
add r2, r19 ; Cnoxuts r19 ¢ r2

sén 5 YCTaHOBUTH (bnar OTpULATCIIBHOTO 3HAYCHU

Cros: 1 (2 Gaiira)

Huxmos: 1
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Komanna SER - ycTaHOBUTBH Bce OMTBI perucrpa

Onucanue:

3nauenue $FF 3anocuTCst HENOCPEACTBEHHO B perucTp HazHaueHus Rd.

Oneparusi:
(i) Rd <-- $FF
CuHTakcuc
(i) SER Rd

Onepanjapl: CdeTuuk nporpamm:

16<d<31 PC<--PC+1

16-pa3psaHbIil KO ONepaIim:

1110

1111 dddd

1111

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S Vv N Z C
ITpumep:

clr rlé6 ; OumcTuTh rl6

ser rl17 ; YcraHoBuTh rl7

out #18, rl6 ; Bamnmcarp Hyau B llopT B

nop ; Bazmepxka (mycTas omnepauus)

out #18, rl7

Banmcarb enmHMLE B IlopT B

Cnos: 1 (2 6aiira)

Huxos: 1
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Komanpna SES - ycranoBuTH (iar 3Haka

Onucanue:

Komanpa ycranaBnuBaet ¢iar yuera 3Haka (S) B peructpe craryca (SREG).

Oneparusi:
(i)S<-1
CuHTakcuc Onepanjapl: CdeTuuk nporpamm:
(i) SES None PC<--PC+1

16-pa3psaHbIil KO ONepaIim:

1001 0100 0100 1000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

- - - 1 - - - - ‘

S: 1
@dmar yqua 3HaKa YCTaHOBJ'IeH

[Tpumep:

add r2, rl9 ; Cmoxurb rl9 c r2

ses ; YCcTaHOBMTL Giiar OTPULATEJILHOTO 3HAUYEHUS

Cnos: 1 (2 6aiira)

Huxmnos: 1
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Komanpna SET — ycranoButs paiar T

Onucanue:

Komanpga ycranasnuaet ¢iar nepecsuiku (T) B peructpe cratyca (SREG).

Oneparusi:
(i) T<-1
CuHTakcuc Onepanjapl: CdeTuuk nporpamm:
(i) SET None PC<--PC+1

16-pa3psaHbIil KO ONepaIim:

1001 0100 0110 1000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

- 1 - - - - - - I

T:1
CDnar HepeCLIJ'IKI/I yCTaHOBJ'IeH

IIpumep:
set ; YcranoBuThr T dijar

Cnos: 1 (2 6Gaiira)

Huxmnos: 1
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Komanpna SEV - ycranoButh ¢uiar nepenojHeHust

Onucanue:

Komanpa ycranasnuBaet ¢iar nepenonnenus (V) B peructpe craryca (SREG).

Oneparusi:
iH)Vv<-1
CuHTakcuc Onepanjapl: CdeTuuk nporpamm:
(i) SEV None PC<--PC+1

16-pa3psaHbIii KO ONIepaIim:

1001 0100 0011 1000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

- - - - 1 - - - ‘

V:1
dnar HepeHOHHeHI/ISI YCTaHOBJ'IeH

[Tpumep:

add r2, rl9 ; Cmoxurs rl9 c r2
sev ; YcTaHOBUTE (Jjar nepenosiHeHUsS

Cnos: 1 (2 6Gaiira)

Huxmnos: 1
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Komanna SEZ — ycranoBuTSB (pi1ar HyJ1IeBOro 3Ha4eHH

Onucanue:

Komanpa ycranaBnuBaet ¢iar HyaeBoro 3HaueHus (Z) B peructpe craryca (SREG).

Oneparusi:
(i)Z<--1
CuHTakcuc Onepanjapl: CdeTuuk nporpamm:
(i) SEZ None PC<--PC+1

16-pa3psaHbIil KO ONepaIim:

1001 0100 0001 1000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

- - - - - - 1 - ‘

Z:1
dnar HYJ'IGBOF O 3HAUCHUA yCTaHOBJ'IeH

[Tpumep:

add r2, rl9 ; Cmoxurs rl9 c r2
sez ; YCTaAaHOBUTH QJlaT HYJIEBOTO S3HAUEHUS

Cnos: 1 (2 6aiira)

Huxmnos: 1
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Komanna SLEEP — ycranoButs pesxxum SLEEP

Onucanue:

Komanpna ycranaBnuBaer cxemy B SLEEP pexum, onpenenseMblii perucTpoM yripasiie-
Hus LITY. Korna npepsiBanue BeiBoguT LIITY u3 SLEEP pexuma, komanaa, cieayromas 3a Ko-
manoii SLEEP, OyneT BbIloHEHa Ipex/ie, 4eM 0TpaboTaeT 00padOTYHK MPEephIBAHUS.

Oneparusi:
CuHTakcuc Onepanjpl: CdeTuuk nporpamm:
(i) SLEEP None PC<--PC+1

16-pa3psaHbIil KO ONepaIim:

1001 0101 100X 1000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

IIpumep:
mov r0, rll ; Kommporars rll B r0
sleep ; IepeBectu MCU B pexmM sleep

Cros: 1 (2 Gaiira)

Huxkmos: 1
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Komanpa ST - 3anucars kocBeHHO u3 peructpa B CO3Y ¢ ucnoib30BaHNEeM UH/IEK-
caX

Onucanue:

3anuceIBaeTCsl KOCBEHHO ojuH OalT mu3 peructpa B CO3Y. Ilonoxenue Oaiita B CO3Y
yKa3bpIBaeTcs 16-pa3psaaHbIM perucTpom-ykaszareneM X B peructpoBoM (aitne. OOpamieHue K
MaMsATH OTPAaHUYCHO TEKyIel cTpanulieir oobemom 64 Koaiita. Jlnsa oOpamenus K Ipyrou crpa-
aure CO3Y nHeoOxomumo m3meHuTh peructp RAMPX B /O obnactu. Peructp-ykazarens X
MO>KET OCTaThCSl HEM3MEHHBIM I10CJIE BBITIOJHEHHSI KOMaH b, HO MOXKET ObITh HHKPEMEHTHPOBAH
WIA JIeKPEeMEHTHUPOBaH. JTa OCOOECHHOCTh OYEHb yJ00HAa MNpPU HCIOIB30BAHUU PErucTpa-
ykazarens X B KauecTBe yKa3aTels CTeKa.

Hcnonb3oBanue X-ykazaress:

Onepanus: KommenTapuii:
i  (X)<--Rr X: Hensmenen
@)  (X)<--Rr X<--X+1 X: 'HKpeMeHTHPOBaH BIOCIIEICTBHU
@) X<-X-1 (X) <--Rr X: IlpeaBapuTenbHO IEKPEMEHTUPOBAH
Cunraxkcuc OrnepaH/bl: CueTynk mporpamm:
(1) ST X,Rr 0<d<31 PC<--PC+1
(i) ST X+,Rr 0<d<31 PC<--PC+1
(i) ST -X,Rr 0<d<31 PC<--PC+1
16-pa3psaHbIil KO Onepariu:
(i) 1001 001r rrer 1100 |
(ii) 1001 001r rrer 1101 |
(iii) 1001 001r rrrr 1110 |

Bbynessl Beipaxkenus perucrpa craryca (SREG)

I T H S vV N V4 C

IIpumep:

clr r27 ; OumcTuUTh CcTapumi OamT X

1di r26, $20 ; YcraHoBMTbL $20 B Muagumit Hamr X

st X+,1r0 ; CoxpaHuTb B r(0 comepxmmoe SRAM no azpecy $20 (X nocTmHKpe-
MEHTUPYETCH)

st X, rl ; CoxpaHuTb B rl comepxumoe SRAM no anmpecy $21

1di r26, $23 ; YcTaHOBMTHL $23 B Muagumit Oamr X

st r2, X ; CoxpaHuUTbL B r2 comepxumoe SRAM mno ampecy $23

st r3, -X ; CoxpaHuTb B r3 comepxmumoe SRAM no azmpecy $22 (X npennexpe-
MEHTHUPYETCH)

Crnog: 1 (2 6aiita); Ilukmos: 2
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Komanpna ST (STD) — 3anncatb kocBeHHO u3 peructpa B CO3Y ¢ ucnonb3oBanueM

uHaexca Y

Omnucauue:

3anuchIBaeTCsl KOCBEHHO, CO CMEIIEHUEM UM 0e3 CMEIIeHUs, OJIMH OalT U3 perucrpa B
CO3Y. Ilonoxenue 6aiita B CO3Y ykaspiBaercs 16-pa3psaHbIM perucTpoM-ykaszaTteiaem Y B
peructpoBoM ¢aiine. ObpalieHre K maMsITH OTPAaHNYCHO TEKYIIEH CTpaHUIIeH 00beMOM
64 Koaiira. Jlns oOpamenuss k apyroit crpanuine CO3Y HEOOXOAMMO H3MEHUTH PETHCTP
RAMPY B I/O ob6nactu. Perucrp-ykazarenb Y MOXKET OCTaThCS HEM3MEHHBIM TOCJIE BBITIOJIHE-
HUS KOMaH/bl, HO MOXXET ObITh MHKPEMECHTHPOBAH WJIU JCKPEMEHTHUPOBaH. JTa 0COOCHHOCTH
OueHb yJ00Ha IPU UCIIONIB30BAHUU PETUCTpa-yKa3aTens Y B KauecTBE yKa3aTels CTeKa.

Hcnonb3oBanue Y-ykazarens:

Onepanus:
(i) (Y)<-Rr
(i)  (Y)<--Rr Y<-Y+1
(i) Y<-Y-1 (Y)<--Rr

(iv) (Y +q)<--Rr

Kommenrapwuii:

Y: Henzmenen

Y: I/IHerMCHTI/IpOBaH BIIOCJICACTBHUU

Y: [IpenBapuTensHO 1eKpEeMEHTHPOBAH

Y: HeusmeHneH, q: cMenieHue

Cunrakcuc OnepaHppl: CueTrumk nmporpamm:
(i) STY,Rr 0<d<31 PC<--PC+1
(i) ST Y+Rr 0<d<31 PC<--PC+1
(iii)) ST -Y,Rr 0<d<31 PC<--PC+1
(iv) STD Y+q,Rr 0<d<31, PC<--PC+1
0<qg<63
16-pa3psaHbIil KO Onepariu:

(i) 1000 001r rrer 1000 |

(ii) 1001 001r rrrr 1001 |

(iii) 1001 001r rrerr 1010 |

(iiii) 1000 qqlr rrerr lqqq |

byness! Bbipaxenus peructpa craryca (SREG)

I T H S \Y N Z C
[Tpumep:

clr r29 ;OUuMCTUTE CcTapumit OauT Y

1di r28, $20 ;YcraHoBuThr $20 B Muamumii famT Y

st Y+, r0 ;CoxpanuTrs B r0 cozmepxmumMmoe SRAM 1o
KPEMEHTHUPYETCH)

st Y, rl ;CoxpaHnuTre B rl comepxuMmoe SRAM 1o

1di r28, $23 ;YcraHOoBUTHL S$23 B Muamumii OamT Y

st Y, r2 ;CoxpaHUTb B r2 comepxmuMoe SRAM 1mo

st -Y, r3 ;CoxpaHuUTs B r3 comepxmuMmoe SRAM 1mo
KPEeEMEeHTUPYEeTCH)

std Y+2, r4 ;CoxpaHuTb B r4

comepxumMmoe SRAM no

ampecy

ampecy

ampecy
ampecy

ampecy

$20
$21

$23
$22

$24

(Y mocTuH-

(Y npenme-
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Cros: 1 (2 Gaiira)
uknos: 2

Komanaa ST (STD) — 3anucatb kocBeHHo u3 peructpa B CO3Y ¢ ncnojib30BaHueM
uHaexca Z

Onucanue:

3anuchIBaeTCsl KOCBEHHO, CO CMEIEHUEM WM 0€3 CMelIeHUs], OIUH 0allT U3 peructpa B
CO3Y. Ilonoxenue Gaiita B CO3Y yka3wsiBaetcs 16-pa3psaHbIM pErHCTPOM-yKaszarenem Z B pe-
ructpoBoM ¢aiine. OOpaleHre K MmaMsITH OrpaHUYEHO TEKyIel cTpaHuie oobemoM 64 Koaii-
ta. J{nst obpamenus k apyroi crpanuie CO3Y HeoOxoaumo u3MeHutsh peructp RAMPZ B 1/0
obnactu. Peructp-ykazarenb Z MOXKET OCTaTbCsS HEM3MEHHBIM I1OCJIE BBITOJIHEHUSI KOMaH/Ibl, HO
MOXET OBITh MHKPEMEHTHPOBAH WM JEKPEMEHTHUPOBAH. JTa OCOOCHHOCTh OYEHb y/IOOHA IMpHU
WCIIOJIb30BAaHUU PETUCTpa-yKazarens Z B KauecTBE yKa3aTeqsl CTeKa, OJTHAKO, MOCKOJBbKY pe-
TUCTP-yKa3aTellb Z MOXET OBbITh UCIIOJIB30BaH I KOCBEHHOT'O BBI30Ba MOJIPOTrpaMM, KOCBEH-
HBIX [IEPEX0JI0B U TaOIUYHBIX MpeoOpa3zoBaHuii, Ooiee y100HO UCTOIH30BaTh B KAYECTBE yKa3a-
TEJIA CTEKA PErucTphl-yKazaTenu X u Y.

Hcnonb3oBanue Z-ykas3arens:

Onepanus: KommenTapuii:
(i) (2)<-Rr Z: HenszmeHnen
(i) (Z2) <--Rr Z<--Y+1 Z: IHKpEeMEHTUPOBAH BIIOCIICACTBUU
(i)z<-z2-1 (Z2) <--Rr Z: IlpenBapuTeNbHO IEKPEMEHTHPOBAH
(iv) (Z+q)<-Rr Z: HensmeneH, q: cMeIIeHne

Cunrakcuc OrniepaH/ibl: CueTyuk nporpamm:
(i) ST ZRr 0<d<31 PC<--PC+1
(i) ST Z+,Rr 0<d<31 PC<--PC+1
(i) ST -Z,Rr 0<d<31 PC<--PC+1
(iv) STD Z+q,Rr 0<d <31, PC<--PC+1

0<g<63
16-pa3psaHbIil KO Onepariu:

(i) 1000 001r rrer 0000 |

(ii) 1001 001r rrer 0001 |

(iii) 1001 001r rrrr 0100 |

(iv) 10q0 qqlr rrrr Oqaq |

bynessl Belpaxenus perucrpa craryca (SREG)

I T H S V N Y4 C

[Tpumep:
clr r31 ; OunctuTh crapumii 6ait Z
Idi 130, $20 ; Ycranosuts $20 B Mumaammii 6aiit Z
st Z+,0 ; Coxpanutb cogepxkumoe r0 B SRAM o anp. $20 (Z mocTuHKpeMeHTUpyeTcs)
st Z,rl ; Coxpanurb comepxxumoe rl 8 SRAM mo agpecy $21
1di 130, $23 ; YcranoButs $23 B Muaqmuii 6ait Z
st Z,r2 ; Coxpanuth coaepxumoe r2 B SRAM 1o anpecy $23
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st -Z,r3 ; Coxpanuth copepxkumoe 13 B SRAM mo ajap. $22 (Z npenaekpeMeHTHPYETCs)
std Z+2, r4 ; Coxpanuth coaepxumoe 14 B SRAM 1o anpecy $24

Crog: 1 (2 Gaiita)
[uxkmos: 2

Komanna STS - 3arpy3urth HenocpeacrBenno B CO3Y

Onucanue:

Beimonnsercs 3anuchk ogHoro Oaiita u3 peructpa B CO3Y. MoxHO ucCHoib30BaTh 16-
paspsanbiil aapec. OOpamieHne K mamsaTH orpaHuydeHo Tekymiei crpanureii CO3Y o0bemoMm
64K Oaiita. Komanga STS ucnonb3yer ays oOpamieHus kK nmamsatu Beime 64 KoGailt peructp
RAMPZ.

Omneparnusi:
(i) (k) <--Rr

Cunrakcuc OnepaHppl: CueTrumk nporpamm:
(i) STSK,Rr 0<r<3l,0<k<65535 PC<--PC+2

32-pa3psqHBINA KO ONIepalliu:

1001 001d dddd 0000 ]

kkkk kkkk kkkk kkkk ‘

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N V4 C

IIpumep:

lds r2, $FF00 ; 3arpysurb B r2 comepxmumoe SRAM no ampecy S$SFFO0O0
add r2, rl ; CnoxuTb rl c r2

sts S$FF00, r2 ; 3Banmcarb 0OpPaTHO

Cros: 2 (4 Gaiita)

[ukmnos: 2
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Komanna SUB - BbiuecTh 0e3 nepenoca

Onucanue:
Breruntanue conep:KuMOTo perucrpa-ucToynuka Rr u3 comepxumoro perucrpa Rd, pas-
MEIIEHUE Pe3yJIbTaTa B perucTpe HazHadeHus Rd.

Onepanusi:
(i) Rd <--Rd - Rr

Cunraxkcuc OnepaH/bl: CueTyuk nporpamm:
(i) SUBRd,Rr 16<d<31,0<r<31 PC<-PC+1

16-pa3psaHbINA KO OTICPALIHH:

0001 10rd dddd rrer

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

- - e = <= <=>  <=> <:>‘

H: Rd3*Rr3+Rr3*R3+R3*Rd3
VY cTaHaBIMBaETCs, €CIIN €CTh 3aeM U3 OuTa 3, B MHOM CIIy4ae OYUIIAETCs

S: NEV, Jlns mpoBepok co 3HaAKOM

V: RA7*Rr7*R7+Rd7*Rr7*R7
YcranaBnuBaeTcs, €Clid B pe3yJbTaTe onepanun o0pa3yercs NepernolHeHrue 0MOIHEHUs 10
JIBYX, B UIHOM CJIy4ae OUYHMIIAETCS

N: R7
VYcranaBnuBaeTcs, €Clid B pe3yibTaTe ycraHoBiIeH MSB, B HHOM ciiydae ouHIaercs

Z: R7*R6*R5*R4*R3*R2*R1*R0
YcranasiauBaetcs, ecnu pe3ynbrat $00, B HHOM Cilydae OYHIIaeTCs

C: RA7*Rr7+Rr7*R7+*R7*Rd7
YcTanaBnuBaeTcs, eclii abCOMIOTHOE 3HaYSHHE CoIepKUMOro Rr 6osbiie, ueM abcomroTHOE
3HaueHue Rd, B uHOM ciyyae ouMiaercs

R: (Pe3ynbraT) coorBeTcTBYeT Rd mocie BBIMOTHEHHS KOMaHIbI

ITpumep:
sub rl13, rl2 ; Bwuectb rl2 ms rl3
brne noteqg ; Hepemtn, ecnm rl2 <> rl3
noteqg: nop ; IllepeMT IO Ha3HAUeHUIO (IycTasd olepalus)

Crog: 1 (2 Gaiita)

ukmos: 1
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Komanna SUBI — BbIuecTh HenmocpeaCTBEHHOE 3HAYEHH e

Onucanue:
Breruntanue KOHCTAaHTBI U3 COJIEPKUMOTO PETUCTPA, pa3MEIICHUE PE3yNIbTaTa B PErucTpe
HasHaueHusa Rd.

Onepanusi:
(i) Rd<--Rd-K

Cunraxkcuc OnepaH/bl: CueTyuk nporpamm:
(1) SUB Rd,K 16 <d<31,0<K<255 PC<-PC+1

16-pa3psiaHbIN KO OTIepaIlin:

0101 KKKK dddd KKKK

bynessl Beipaxenus perucrpa craryca (SREG)

I T H S \Y N Z C

- - l<=> <= <= <=> | <=> <:>‘

H: Rd3*K3+K3*R3+R3*Rd3
YcTaHaBiIMBaETCs, €CIIM €CTh 3aeM U3 OuTa 3, B HHOM Cllyyae OYMIIaeTCs

S: NEV, [lns npoBepok co 3HaKOM

V: RA7*K7*R7+Rd7*K7*R7
YcTaHaBnuBaeTcs, €CliM B pe3yabTaTe onepannu o0pa3yercs nepenolHeHrne J0MOIHEHUs 10
JIByX, B HHOM CJIy4ae O4HIIaeTCs

N: R7
YcTanaBnuBaeTcs, €Clid B pe3ylbTaTe ycTaHOBIeH MSB, B HTHOM citydae ouuIaeTcs

Z: R7*R6*R5*R4*R3*R2*R1*R0
YcranaBnuBaercs, ecinu pe3ynbrat $00, B MHOM cilydae OYHIaeTCs

C: RA7*K7+K7*R7+ R7*Rd7
VcTaHaBIMBaeTCs, €ClIM a0COIIOTHOE 3HAYEHHE KOHCTAHTEI OOJIbIIIe, 4eM a0COII0THOE 3Ha-
yerne Rd, B mHOM citydae ouuiaercs

R: (Pesynbrar) coorBercTBYeT Rd moce BrIMOTHEHUST KOMaHTbI

IIpumep:
subi r22, $11 ; Bouectb $11 ms r22
brne noteqg ; DepemnTtu, ecam r22 <> $11
noteq: nop ; IllepeMT IO Ha3HAUeHUIO (IycTasd olepalus)

Cros: 1 (2 Gaiira)

Huxmos: 1
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Komanna SWAP — noMmeHsITh TeTpaabl MeCTAMU

Onucanue:

KoMmaHnga MeHsieT MecTaMu CTapIinid U MITa i HUOOIbI (TI0y0aiiThl) perucrpa.

Oneparnusi:
(i) R(7-4) <-- Rd(3-0), R(3-0) <-- Rd(7-4)

CuHTakcuc Onepanjapl: CdeTuuk nporpamm:
(i) SWAPRd 0<d<31 PC<--PC+k+1

16-pa3psaHbIil KO ONIepaIim:

1001 010d dddd 0010

Bbynessl Boipaxenus perucrpa craryca (SREG)

I T H S V N Y4 C

R: (Pesynbrar) coorBercTBYeT Rd 1mociie BEITIOTHEHMSI KOMaH/TbI

IIpumep:
inc rl YBenmuuuTth Ha 1 rl
swap rl [loMeHATHE MecTamu HUOOJE rl

’

7
inc rl ; YBeNuuuTb Ha 1 cTapwmit HMOOg rl
swap rl ; CHOBa INOMEHSATb MecTaMy HUOOJE rl

Cros: 1 (2 Gaiira)

Huxmos: 1
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Komanna TST — npoBepuTh Ha HOJIb HJIM MUHYC

Onucanue:

Peructp npoBepsieTcs Ha HYJIEBOE UM OTPULATEIBHOE COCTOSAHUE. BBINOIHAETCS JI0TU-

yeckoe AND coaepkuMoro peructpa ¢ caMuMm cob6oii. ColepKMMOe PEerucTpa OCTaeTCsl Heu3-
MEHHBIM.

Oneparnusi:

(i) Rd < Rd * Rd

CuHTakcuc Onepanpl: CdeTuuk nporpamm:
(i) TST Rd 0<d<3l PC<-PC+1

16-pa3psaHbIil KO ONepaIim:
0010 00dd dddd dddd

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S V N Y4 C

- - - <=>| 0 <=> | <=> - ‘

S: NEV, i1 npoBepok co 3HaKOM
V: 0
Ouniien
N: R7
VYcranaBnuBaeTcs, €Clid B pe3yibTaTe ycTaHoBiIeH MSB, B HHOM ciiydae ouHIaercs
Z: R7*R6*R5*R4*R3*R2*R1*R0
YcranaBnuBaetcs, eciau pe3ynstar $00, B MHOM citydae OYHIIaeTcs

R: (Pesynbrar) coorBercTByetr Rd

ITpumep:
tst r0 ; I[posepure r0
breq zero ; IepenTn, ecim r0 = 0
Zero: nop ; llepeViTy O Ha3HAUEHMIO (IycTasd onepauus)

Cros: 1 (2 Gaiira)

Huxmos: 1
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Komanaa WDR - cOpocuts cTopo:xkeBoii Taiimep

Onucanue:
Komanna cOpaceiBaer cropokeBoil taiimep (Watchdog Timer). Komanna moxer ObITh
BBINOJIHEHA BHYTPH 3aJlaHHOTO IIPEJJIEIUTENIEM CTOPOXKEBOI0 TaliMepa IPOMEXKYTKa BPEMEHH.

Onepanusi:
(i) epe3amyckaercss WD (cTopoxeBoii Taiimep)

Cunraxkcuc Ornepansl: CueTyuk nporpamm:
(1) WDR None PC<--PC+1

16-pa3psiaHbIN KO OTIepallin:

1001 0101 101X 1000

Bbynessl Beipaxenus peructpa craryca (SREG)

I T H S \Y N Z C

[Tpumep:
wdr ; COPOCUTBL CTOPOXEBOM TaMMep

Cnos: 1 (2 6aiira)

Huxos: 1
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IIpuioxenune b
(cipaBOYHOE)

Cpennne 3HavyeHnusi pakTuueckoii yacTorbl BHyTpeHHero RC-reneparopa
B IMana3oHe TeMiepatyp u Hanpsikenuit S B £10 %

Ta6nuna b.1 —3nauenue yactorsl npu fre (HomuHaNBHAs) = 1 M1

T, °C 3HayeHue 4acToThl, Kl 11, Mpu HanpsHKEHUHU nUuTaHus, B
4,5 50 55
- 60 1052 - 1062
25 996 - 1004
85 952 - 960

Tab6nuna b.2 — 3nauenue yactorsl npu fre (HomuHaNBHAs) = 2 MI I

T, °C 3HaveHHE YacTOThl, KI 11, TPy HANPSOKCHUH MUTaHK, B
4,5 50 55
- 60 2128 - 2158
25 2002 - 2032
85 1904 - 1936

Tab6nuna b.3 —3nauenue yactorsl npu fre (HomuHaNBHAs) = 4 MI 11

T, °C 3HaveHHE YacTOThI, KI 11, TPy HANPSHKCHUH MUTaHKS, B
4,5 50 55
- 60 4262 - 4362
25 3986 - 4086
85 3744 - 3856

Tab6nuna b.4 — 3nauenue yactorsl npu fre (HomuHaNBHAs) = 8 MII1

T, °C 3HaueHue YacToThl, K[ 1, Mpu HampsHKEHUU nUTaHus, B
45 5,0 55
- 60 8526 - 8876
25 7844 - 8204
85 7232 - 7602
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Cpennue 3HaYeHus paKTHYeCKOH YacTOTHI BHyTpeHHero RC-reneparopa
B IMana3oHe Temneparyp u Hanpsixkenmii 3,3 B =10 %

Ta6auma b.5 - 3nauenue yactors! npu fre (HomuHaIbHAS) = 1 MI'1M

T, °C 3HaveHue 4acToThl, Kl 11, mpu HANpsHKEHUH UTaHus, B
2,97 3,3 3,63
- 60 1060 1060 1064
25 992 1000 1004
85 940 948 952
Ta6auia b.6 — 3nauenue yactotsl npu fre (HomuHaIBHAS) = 2 MI'IM
T,°C 3HaueHue 4yacToThl, Kl I, Ipy HapsHKEHUU NUTaHusd, B
2,97 3,3 3,63
- 60 2112 2132 2148
25 1968 1988 2008
85 1852 1872 1888

Ta6auia b.7 — 3nauenue yactotsl npu fre (HoMuHaIBHAS) = 4 MI'1M

T,°C 3HaueHue 4yacToThl, Kl I, Ipy HaIpsHKEHUU NUTaHusd, B
2,97 3,3 3,63
- 60 4140 4208 4264
25 3812 3880 3936
85 3536 3604 3664

Ta6nuna b.8 — 3nauenue yactotsl npu fre (HomuHambHAS) = 8 MI'1I

T, °C 3HavyeHHe 4acTOThl, Kl 11, TpH HANPsDKEHUHW MUTaHus, B
2,97 3,3 3,63
- 60 7932 8188 8388
25 7116 7368 7572
85 6456 6700 6896
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IMpuaoxenne B
(cnpaBouHOE)

CxeMbl 3JIeKTPUYECKHE OTJIAJ0YHOI0 YCTPOIiCTBA M PACHOJIOKEHH e
3J1eMEHTOB HA MeYaTHBIX MJIaTax

X1 . X5
PBO <3 DD2 o 1
PB1 <7 3 | PBO 150 — R7 1 PRO PAD |40 150 R23 A2 3 PA1
© PB2 < PB1_ 150 — R8 2| ppy PA1 22 150 —— R24 ths = PAZ <
nc PB3 < 5 PB2 150.—.R9 3 | ppp pa2 128 150 — R25 | PA4 5 PA3
S PB4 <—¢ PB3 150 — R10 4| pp3 a3 17 150 — R26 P SroPMS
PB5 <— PB4 150 — R11 5] ppy pAg 128 150 R27 PAG 77> PA5
PB6 < MOSI 150 R12 6 | pgs pas 18 150 R28 Pi7 8_> PAG
PB7 < J S0 150 —R13 7| pag A 13 150 — R29 g PAT
< 4 150 — R14 8 | ppy pA7 133 150 — R30 T
<7 3 RESET 9 | prory  AREF [32 #VCC 50 > ee
_#VCC 10| /00 nov [31 nov lE—|—,
#VCC 150 R2 2 SCK #OV ] Gn” pyec [0 vee _{R40_150 #vCC
— 1 #/CC XTAL2 12 XTAL? PC7 29 150: R31 10
TAL1 13 | X TALY PC 128 150 R32 9 =
PDO_ 150 R15 1] oo e EaI] 150— R33 P e
PD1_150—R16 15 oy pCa|26 TDO 150 R34 FGs T PC7
PD2_150—R17 180 po2 pc3 |25 TMS 180— R35 pCs 6] < PCE -
R18 71 bos pCy 124 TCK 150— R36 e e PC5 &
18| ppa pC1 123 150, R37 5ET 4 — PC4 e
X2 19 22 150 R38 > PC3
1 2l hDe E i o1 e
PDO0 < PD6 PD7 S PCI 2] <
> 12 > PC1
PD1 < PCO_ 1] ¢
o pp2 <13 ~ PCO
k= pog <4 ATmega 16L / 1887BE4Y 6
i
X4
PDE <5 ‘SM o X7
PO7 < To l24]5,, N |4 |y
=110 zan 2516, N I3 Do 5 2
N XTALT |4 — o| XTAL2 26]7. o2 e 2
- @
#VCC 150, R4 i O U LM 5[ < 3
8MHz 2718 N\ | oo =
c4|  [C5 Tz
22 73*/\ ]
e I zz—q DI o< B
% = ) #0vio[ < @
§§ 1 #vce ZE
E > |2
g2 S AT IDC-10MR
g2 4 SCK
o = > [5__#0V
< RS-232
= ks 2 |6 — RESET -
100 R1 " 1K 8 4. 2 ) J3
=
R5___ 47k #VCC R6|1 ., = = 1 _2_<R><D
— cz2|cC3 S12 3 ™D
CLL kNt KU LED2 3 3
oz "/"T: A2V =~ 2 2 4 SL< #ov
RESET 612V JARAN L J :g_é
K1 —9—<
: R,
12 |2 i [V B—
el E__N§_J_
A DB9F COM

%

Pucynok B.1 — Cxema anektpudeckas ocHOBHOM 1u1athl ¢ 40-BeiBoiHOM DIP-k0n01K01 € HyIe-
BBIM YCHJIHEM [T YCTAaHOBKH MUKPOKOHTposutepoB 1887BE4Y / ATmegal6
Y MaKeTHBIM I10JIEM
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Do

=
L

D5
ON

H

1
OFF

KL1

(6-12)V

E

A

]

LEDZ JTAG

15 BT ©

KBapy aKn
SA1
KBapL euhrl

5

PAD
PA1
PAZ
PA3
PA4
PAS
PAB
PAT
#ov
#VCC

i

6

PCO
PC1
PC2
PC3
PC4
PC5
PC6
PC7
#ov
#VCC

=
E
=

B=B=R=R=R=8=R=8= [B=8=B=R=R=B=B=] 2

PDO
PD1
PD2
PD3
PD4
PDS
PD6
PD7
#Ov
#VCC

- @
VD4

-04
HliE I Q

LED1

PBO
PB1
PB2
PB3
PB4
PBS
PB6
PB7
#Oov
#VCC

- =) ==

RESET J3 RS232

Pucynok B.2 — Pacrnionoxxenue 31eMEHTOB Ha OCHOBHOM IIaTe

X1
PAD <
PAT <2
PA2 = |3
Spaso 4 #ee
Jobars 1
PAG G% on7 7178 H1602D +V
PAT <9 or YYYTYTTTYYYYYYYY 7Y7Y7YY
10 e Sy Rg
PC3 TTYTYYTYYTYTIYY YYTYT] |, s
e LCD1 Vo[ F—=> |47
X2 5 8 8 38 3 8 & 8 3 v
55?27 PC7 [ ‘2 SEES ’E [m o lr- o IN
2 PC6
@ PR3- PCS T
b PB3 <o PC4
S pad <16 PB5
& PBS < R10
PBS < pco  LEDZ wee
PET<T9"  sov e’ ar0
10 #UCC N
N
X3
pco <1 PCO
S r— e
.‘fi%% < 2 PCa C6,,0.22
Epcs <2 PC4 c
& pcs < > PCs DD1 7
PCS PC6 #vCC 0.0
pC7 <8 —PC ca—C1+  #veefie) T
> v . 210+ #ov 15
10 #ce To2 3 (12
- PA7 2 [0 C1- T10UT
giagh SRS SRR Y /¢S A T EE
R6 - c3 022 5162, RiouTH?2
#OV Il 6 11
X4 [l &10- TINFD
. PDO 1 o —{720ur TaN!
PD1 <12 PD1 RN  R20UT
PD2 <13 MAX3232 PD|P1ﬂ
,‘f PD3 i% PDO R4 150
g EBQ ?E PD1 R5 150 X5
PD6 /T% e R7 150 1 RXD
78 R8 150 2<TXD
> 10 #VCC —4—< oy
K ki
PBS R2, L/ I

Pucynok B.3 — CxeMma aniekTpudeckasi miiaThl paclInpEHMs
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LCD1 KN
PBO[ | PDO[ | = PCO[ ] PAO[]
PB1 11 PD1| |=Rrsa PCI PA1
PB2 RS PD2 pC2 PA2 -
e |2 el | X el (R ||T =
2  PBS 'R2' PD5 PC5 PAS LED1 'R1'
RXD L PB6 PD6 PCB PAG
TXD - PB7 PD7 PC7 PA7 R6
-#HOV #OV #HOV #OV
HOV #VCC #VCC #VCC #VCC
1 IR7 R9

E DD1
b LED2 6D
- Nl

Pucynok B.4 — PacnionoxeHnue 31€MEHTOB Ha IJIaTe paclIupEeHUs

R9 ™S
220
N
1
e #/CC
3 C4 02 |
>_4 T
5
o DD1
7 1 16
c2 1+ #vCC
S8 oz %‘Lﬁ #ovH1o
2| ¢z L 3¢t~ TouT4 X2
Clozz giG2+  RING3 TOK T
DBOF COM = o€ RiouT- HOV 2
o102 —ZS%OUT Pg'.'ﬂ.% - Free 1]ppy  pcale ] R13 BeC
L RN R20UTH2 el O3 Pe2 2% MosI RI18 200 [Ty g
J2 MAX3232 PDIP16\— R7 | RS | Jaipps  pop 2 mso R4 220 | &>
sy 100 | #vee 4.6k | 4.6k PD6  PD7f- sck  R15 220 :gg?
MOS| |2 MOSI K1 wee L9
IS 15 Mo K ATmega 16L / 1887BE4Y FTes R
o B 2 W
<&
Res = |6 RST 1 IDC-10MR
STe-
Pucynoxk B.5 — Cxema anexrpuueckas RS232 AVR JTAGICE
(BHYTPUCXEMHBII OTJIaIYMK U porpammarop st ATmegal6)
@ K1 K2 K3
N
a LED1 LED3
o2 R12 R10
= | |
FDDZ
c3
za1
— — —— R15
c1
- [ —
&) c7 c8 a

Pucynoxk B.6 — Pacnionoxenue anementoB Ha mate RS232 AVR JTAGICE
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X1 X2

1 TCK 1] -
> |2 GND 2| <
> |3 TDO 3[ <
> 14 VCC 4| <
> 15 TMS 5] <
> 16 6] <
DEN IV A 71 <
o8 __ 8] <
> 19 TDI 9| <
- 10 GND 10[ <

IDC-10MR IDC-10MR

Jnuna xryra He 60see 150 mm

Pucynok B.7 — Cxema snexktpuueckas xryra «RS232 AVR JTAGICE —
OcHoBHasl raTa»

371



IIpuinoxenne I
(cipaBOYHOE)

OT1anune MUKPOKOHTpPOJLIIepoB 1887BE4Y u ATmegal6
IIpu nporpamMupoBanu MUKpokoHTposuiepa 1887BE4Y nomkHbI yuuThIBaTHCS PUBO-
IuMble HUKe oTiinuus. HeobxonuMo Takke OTMETUTh, UTO MpujlaraéMble KOMIUJISTOP WU ac-
cemOI1ep, Kak MpaBuiIo, yKa3aHHbIE PA3IN4Us KOHTPOJIHPYIOT.
1. O6bem BcTpoennoit namsatu UC npusenen B Tabmute I'.1.

Taonunpa I'.1 —O0peM mamsaTu

O0bem namMsTi 1887BE4Y ATmegal6
Flash 8 Koaiit 16 KoOaiirt
(0X)% 512 Gair 1 Kobaiit

OCIII3Y 1 KoGaiit 512 Oait

2. HeoOxomuMo Takke yYUTBIBAaTh, YTO B MUKpOKOHTposuiepe ATmegal6 oGmacte 3a-
rpy3urika (Boot Loader area) u ctapToBbIii aJpec CEKIUU «HET uyTeHus npu 3anucu» NO-Read-
While-Write (NRWW) Takske n3MEHEHBI, Kak 1moka3aHno B Tabuuie ['.2.

Ta6numa .2 - 0O06beM namsaTH 3arpy3unka u ctaptoBblil agpec cekunn NRWW

1887BE4Y ATmegal6b
Pasmep crpanuibl Boot Loader Flash 32 cnoBa 64 cioBa
CraptoBslii anpec cekunu NRWW 0xCO00 0x1C00

3. BexTops! pepbIBaHU U OTHOCUTENBHBIX IEPEX0/I0B/BBI30BOB.

Tabmuis! npeppiBanuil Mukpocxem uaeHtnuHsl. B IC 1887BE4Y uncnonb3yrorcs BeKTO-
pBI IPEPBIBAaHUM ¢ OHUM CIIOBOM, a B ATmegal6 — ¢ aByms ciioBamu (3TO 00yCIOBICHO pa3iiu-
yneM B oObeme mnamsaTH). [losromy umncTpykuuum JMP/CALLSs nomxkHbl ObITh M3MEHEHBI Ha
RIMP/RCALLSs npu nepexone Ha UC 1887BE4Y.

4. KoHuryparoHHbsie OUTHI.
JIBa KOHQUTYypallMOHHBIX OUTa OTIMYAIOTCA, KaK IMoKa3aHo B Tabmuie I'.3.

Tabnuna I'.3 — Kondurypanronnsie O6MT MUKPOKOHTPOJIEPOB

bur 1887BE4Y ATmegal6
t 7 $8535C OCDEN
g 6 WDTON JTAGEN
== 5 SPIEN SPIEN
e 4 CKOPT CKOPT
E z 3 EESAVE EESAVE
= 8 2 BOOTSZ1 BOOTSZ1
& 1 BOOTSZ0 BOOTSZ0
O 0 BOOTRST BOOTRST
. 7 BODLEVEL BODLEVEL
= 6 BODEN BODEN
Elc 5 SUT1 SUT1
§,§ 4 SUTO SUTO
5 2 3 CKSEL3 CKSEL3
3 g 2 CKSEL2 CKSEL2
g 1 CKSEL1 CKSEL1
= 0 CKSELO CKSELO
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5. ITapamerpst Watchdog.

IIpu nepexone ma MC 1887BE4Y MoxeT mOHamOOWTHCS MOJICTPOMKA PEeKUMa PabOTHI
Watchdog.

6. JlomonuurenbHas wuHpopmanusa: AVR088: Migrating between ATmega8535 and
ATmegal6 (AVR8535 megal6.pdf).
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JIuct perucrpanuu U3MEHEHUN

Homepa nucrtoB (ctpanuir) Bcero
N3m. | U3MC- aHHy- JMeToB Ne mokym. | Tlomm. ara
HEH- 3aMEHEHHBIX  |HOBBIX [JIUPO- (cTpanui) Y a
HBIX BaH B JIOKYM.
12 - BCE - - 376 03.03.15
5,7,8,11-14,31,
33-37,42,45, 47,
13 376 |70,198,241,250, - 374,375 374 10.07.15
251,254,258,366,
367-373
14 - 23,25 - - - 11.08.15
15 - 250 - - - 04.09.15
23, 250, 253, i ) )
16 - 254, 371 26.11.15
17 - 23,25,222-224| - - - 14.01.16
18 - 233, 241, 242 - - - 15.05.17
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