LGT8F48D, LGT8F88D, LGT8F168D, LGT8F328D

1. Muxpoxkountpossiep RISC ¢ IIporpammupyemoii BHyTpeHHeii Ouni-naMsaTbI0

LGT8FX8D Series — FLASH MCU Overview v1.0.1
Om nepeeoouuka: llepesooun 01 ceds, max 4mo HeKOmopble Mecma He
peoakmuposanucsy. Aeuvie owubku oOvliu ucnpasiensl. llpeononazaemvie ouuoKY He
paodaxmuposanuce. Kmaeg A.B.

1.1. O630p GyHKIIMI

e Bricokonpou3BoauTENbHOE U MaoMoIHoe 8-0uTtHoe sapo LGT8XM
- Paciupennas apxurexktypa RISC
- 131 uaCcTpyKIUA, 6051ee 80% 11711 OAHOTAKTHOT'O UCTIOJIHCHHS
- 32X8 pabouux perucTpoB OOIIETO HA3HAYCHUS
- DddexTuBHOCTH BhINoMHEHU 10 16MIPS nipu pabore 16 MI'i
- BHyTpeHHHIT YMHOXKXHUTENb OJJUHOYHOTO IHKIIa (8X8)

e DHEproHe3aBHCHMas MPOrpaMmMa u MPOCTPAHCTBO ISl XPaHEHUS TaHHBIX
- 4K / 8K / 16K / 32Kbytes BcTpoeHHast mporpaMMupyeMasi BCTPOCHHAS
nporpammHas namsite FLASH
- 512 / 1K/ 1K / 2Kbytes BayTpennuit SRAM
- [Iporpammupyemsiii ananorossiii uHTepdeiic E2ZPROM c 6aittoBbIM g0CTYIIOM
- HoBeiit anroputm mudpoBanus nporpamm ajis ooecriedeHust 6€30macHOCTH KoJia
TI0JIb30BATEIIS

o [lepudepuiinbit KOHTpOILIEP
- JIBa 8-OuTHBIX TaiiMepa ¢ He3aBUCUMOU MOIJIEPKKON MPEBAPUTEIHHOTO
JENHUTEIIS U PSKUM CPABHEHHS BBIXO/A;
- 16-pa3psaHbIii TaliMep ¢ HE3aBUCUMBIM TIPEIBAPUTEIBHBIM JICTUTEIICM, BBOIA U
CpaBHEHUS BBIBOJIA,
- Berpoennsrit kanmubpoBounsiii RC-reneparop (32KHz) nns pynkumu cuetunka
pPEATbHOTO BPEMEHU;
- [lonnepxuBaet 10 6 BeIXOaHbIX curHasioB PWM, nporpamMmMupyemMblii TaiiM-
KOHTPOJIb MEPTBOTO BPEMEHU;
- 8-xaHanbHBIN, 12-OUTHBII BRICOKOCKOPOCTHON aHAJIOT0-IIU(GPOBOH
npeoodpazosarens (AL,
- JIBa ananorossix kommaparopa (AC) ¢ pacuiupeHrueM OT BXOIHBIX KaHAJIOB
AL,
- JIBa onepanuoHHbIX yecunuTens ¢ pukcupoBanabiM ycmiennem (OPA) B
KauecTBe mHTEpdeiicHbIX BxomoB 1t ADC / AC;
- BuyTpennuii kamOpoBaHHbIA OMOPHBIN HCTOYHUK HamnpsbkeHus 1,25B/2,56B
+1%;
- [IBa 8-paspsanubix LIAII MoryT ncnonas30BaThes JJ1s1 TEHEPALMU OTIOPHBIX
UCTOYHUKOB HANPSHKEHMUS,
- [Iporpammupyemsiii cropoxesoii Taiimep (WDT);
- [IporpamMupyemMbIii CHHXPOHHBIN / aCHHXPOHHBIN MTOCIEA0BATEIbHBIN



untepdetic (USART);
- CunxponHbIil nepudepuiinbiii uarepdeiic (SPI), mporpammupyemas
BEyIIasi/BeoMast oreparus;
- [IporpammupyeMbIii ABYXIPOBOAHBIN MocieaoBaTenbHbid nHTEpdeiic (TWI),
COBMECTUMBIH C BEAYITUM-BEIOMBIM pexumom 12C;
e CrnernuanpHble QYHKIMH MIPOIIECCOpa
- SWD nByxnpoBoiHbIN HHTEpdENC 11 OTIa KK / MPOU3BOICTBA;
- [Togneprkka BHEIIHETO MpephIBaHUS U TOJIJIEPKKA IPEPhIBAHUS YPOBHSI
BBOJIa/BBIBO/A,;
- Berpoennas cxema copoca nutanus (POR) u TpexypoBHeBas cxema
obOHapyxeHus Hu3Koro Hanpsokerus (LVD);
- Betpoennsiit 1% oTkanubpoBanHbIi 32-MerareploBblil reHepaTop;
- Berpoennsrit 1% otkanmubpoBannsiii 32KHz RC-reneparop;
- Baemmnss nogaeprxka 32,768 KHz u 400K ~ 20MHz Crystal Inputs
e |/ O u ymakoBka
- QFP32L (moctymHo 10 30 BXO0B / BEIXOAOB);
- SSOP28 / 24/20/16
e PaGouas cpena
- PaGouee nanpsokenue: 1,8 B ~ 5,5 B;
- PaGouas vacrota: 0 ~ 20 MI'1;
- Pabouas Temneparypa: -40C ~ + 85C,;
- HBM ESD:> + 4000 B.

1.2. CTpyKTypa MHKPOCXEMBI

LGT8FX8D
32K
RC SWD
osC CMU
LGT8XM il SRAM
2M Interface 512B~2K
RC PMU
vee POR FLASH I/0 SPI
GND LVD RMU 4/8/16/32K Interface M/S
12C
ADC ADC
AC M/S
oPA AIO
AC
USART
1/0 OPA
MUX WOT
Timer
Digital PIO 16bit Timer
/o 8bit x2
GPIO

Puc.1.1. CtpykTypa MHKPOCXEMBI



Tabmuua 1.1. Onvcanue CTPyKTypbl MUKPOCXEMBI

HNms moayast

DYyHKIUA MOLYJIA

SWD Monynb OTJIAAKH M OJJHOBPEMEHHO BBITIOIHATH OHIAWH-0TIIAAKY U pyHKIHI0 ISP
LGT8XM 8-paspsiHoe BhICOKOMPOu3BoauTeapHoe sSapo RISC
CMU Monynp yrpaBieHHs TAKTaMHU T€HEPUPYET pasIUyHbIe paboune TakThbl, TpeOyembie
CHCTEMOM
PMU Monynb ynpaBieHus: TUTaHUEM, OTBETCTBEHHBIH 32 yIIpaBICHHE MEPEX0I0M MEKIY
pabourMH COCTOSIHUSIMU CUCTEMBbI
RMU Monyns cOpoca reHepanuu
POR/LVD Monynb cOpoca npu BKIIOYEHUU B CXeMa 00HAPYKEHHUS HU3KOTO HANPSHKEHUS
ADC 8-kananpHbIN 10-pa3psaHblii aHanoro-1udpoBoi mpeodpa3zoBaTelb
AC AHaJIOTOBBIN KOMITapaTop
OPA OnepalvoHHbIN YCUITUTEIb
Timer Taiimep / CueTunk
WDT Monynb CTOPOKEBOTO Taiimepa
SPI M/S Konrpomnep SPI Benymnii - Benombrit
12C M/S Kontposnep 12C Benynuii - Begomslit
USART CUHXpOHHBIE / ACHHXPOHHBIE TIOCIIEIOBATEIbHBIE TPAHCHUBEPHI
AlIO Bxonnoit kanan AL
P1O [Tporpammupyembiii IPPOBOI BBOI-BHIBOJT

1.3. Kopnyca MUKpoCXeMBbI

PD2/INTD/PCINT18
PD1/TXD/PANTL?
PDO/RXD/PCINTIG
PCB/RSTN/PCOINT14
PCS/ADCS/SCL/PCINTIS
PC4/ADCA/SDA/PANT12
PC3/ADC3/PANTIL
PC2/ADC2/PONTIO
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PCINT19/0C2B/INT1/PD3 O PCL/ADCL/PCINTS
PCINT20/XCK/TO/DAC/PD4 D PCO/ADCO/OCOA/PCINTS
PANT24/0coA/PES [ | PE3/ADCT/ACIN3
vee [ LGT8FX8 Series 1 PE2/swD
GND [ QFP32L : PEG/VREF
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Puc.1.2. Kopnyc QFP32L




PCINT14/RSTN/PC6
PANT16/RXD/PDO
PCINT17/TXD/PD1

PCINT18/INTO/PD2

PCINT19/0C2B/INT1/PD3
PONT20/XCK/T0/DAO/PD4
VCC

GND

PCINTE/OSC1/PB6
PCINT7/0SC2/PB7
PCINT21/0OCOB/T1/PD5
PONT22/OCOA/ACINO/PD6
PCINT23/ACIN1/OPAD//PD7

PCINTO/CLKO/ICP1/OPAL/PRBO

RESETN/PC6
INTO/PD2

INT1/PD3

vCC

GND

0SC1/PB6

0SC2/PB7
CLKO/OCOB/T1/RXD/PD5
OCOA/ACINO/TXD/PD6
ACIN1/OPAQ/PD7
CLKO/ICP1/OPA1/PBO
OC1A/PB1

LGT8FX8 Series
SOP28

PC5/ADC5/SCL/PCINT13
PC4/ADCA/SDA/PCINT12
PC3/ADC3/PANT11
PC2/ADC2/PONTIO
PC1/ADC1/PCINT9
PCO/ADCO/PCINTS
PE2/ADC7/ACIN3/SWD
PEG6/AVREF
PEO/ADCE/ACINZ/SWC
PB5/OPA3/SCK/PANTS

PB4/OPA2/MISO/PCINT4

PB3/MOSI/OC2A/PANT3

PB2/SPSS/OC1B/PCINT2
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PB1/OC1A/PCNTI

Puc.1.3. Kopnyc SOP28
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LGT8FX8 Series
SOP24

Puc.1.4. Kopnyc SOP24

PC5/ADC5/SCL
PC4/ADC4/SDA
PC3/ADC3
PC2/ADC2

PC1/ADC1

PCO/ADCO/OCOA
PE2/ADC7/ACIN3/VREF/SWD
PEO/ADC6/ACIN2/SWC
PB5/OPA3/SCK
PB4/OPA2/MISO
PB3/MOSI/OC2A
PB2/OC1B/SPSS



RESETN/PC6 | | PC5/ADC5/SCL
INTO/PD2 [ | PC4/ADC4/SDA
INT1/PD3 | | PC1/ADC1
vee || PCO/ADCO/OCOA
GND [ | LGTSEXS Series PE2/ADC7/ACIN3/VREF/SWD
SOP20
osci/PB6 | | PEO/ADC6/ACIN2/SWC
osc2/pB7 | | PBS5/0PA3/SCK
cLko/0coB/T1/RXD/PD5 [l PBA4/OPA2/MISO
OCOA/ACINO/TXD/PDE [ PB3/MOSI/OC1B/OC2A
ACIN1/0PA0/PD7 [ PBO/OPA1/ICP1/OC1A/SPSS

Puc.1.5. Kopnyc SOP20

Taomuna 1.2. Onucanme KOHTaKTa

HNMa KoHTaKTa (I)yHKIIl/l()Ha.]'II)HOC OIMMCaHue

Vcce ITutanue cucremsl (1,8 B ~ 5,5 B)
GND OO0 Iuranus Cucrema
0SC1 Bxop BHemHero kpucramia
0Ssc2 BbIxo1 BHEIIHETO KpUCTalIa
RSTN Bxon BHenIHero acHHXpOHHOTO cOpoca
RXD
TXD CunxpoHHsblii / acuHXpoHHbIN naTepdeiic UART
XCK
INTO/1 Bxox BHelIHero npepbiBaHus, HCTOYHUK aCUHXPOHHOTO MPOOYKIEHUS
OCOA/B Taiimep 0 Beixon cpaBaenust (PWMOA/B)
OC1A/B Taiimep 1 Boixon cpaaenust (PWM1A/B)
OC2A/B Taiimep 2 Boixon cpaBaenust (PWM2A/B)
SSI(D:,I;\ TWI asyxnpoBoaubiii uaTepdetic nanubix (12C)
SCK
I\S/IPI;S) Wurepdeiic SPI
MOSI
T0 Taiimep 0 Bxosx BHENTHUX TaKTOB
T1 Taiimep 1 Bxoa BHENTHUX TaKTOB
ICP1 Taitmep 1 Bxox nnst BHelHero 3axBaTa
SWD/SWC Wurepodeiic ornaaku SWD
PCINTX DyHKIMS PEPHIBAaHUS U3MEHEHHS YPOBHS CUTHAIA
ADCY7...0 Bxonnsre kanamsr ALTT
DAO0/1 Breixoansie kanansr ITATT
VREF Brewmnuil uctouHuk onopHoro HanpsbkeHus Bxog AL




AINO/1 Amnanorosbiii komnapatop 0 Buemnuii Bxoz
AIN2/3 Amnanorosbiii komnapatop 1 Buemnuii Bxoz
OPA0/1 OnepanonHbli yeunutens 0 Buemnuit Bxon
OPA2/3 OrnepannoHHbIi ycunuTenb 1 BHemHmi BX0q
CLKO BEBIXOIHOM CUTHAJI TAKTOB CUCTEMBI
PB7...0 [IporpamMmmMupyemblii BBOI-BBIBOJT
PD7...0 [IporpamMmmMupyemblii BBOI-BBIBOJT
PC6...0 [IporpaMmMupyeMblil BBOJI-BBIBOL
PEG...0 [IporpaMMupyeMblil BBOJI-BBIBOJL

2. Slapo LGT8XM

ManomMoniHas KOHCTPYKIUS

BricokoaddextuBHas apxutektypa RISC [J

131 unctpykuuii, 80% U3 KOTOPHIX OAHOTAKTHBIC
[loanepxka BcTpoeHHOU BHyTpUcXeMHOM oTiagku (OCD)

2.1. O630p

B 3T0i1 rnaBe B OCHOBHOM OIKUCHIBAaETCs apxXuTekTypa u pynkuuu saapa LGTEXM.
Snpo saBaserca mosrom MCU u oTBedaeT 3a MpaBUIBHOE BBIIIOJHEHUE IPOTPAMMBI,
MO3TOMY SIAPO JAOJKHO OBITh B COCTOSTHUY BBIMOJHATH BBIYMCIIEHHS TOYHO,
KOHTPOJIMPOBaTh NepudepuiiHbie yCTPOCTBA U 00pabaThIBaTh pa3inyHbIe MPEPHIBAHUS.
Ha Puc.2.1. noka3ana ctpykrypa sapa LGTE8XM.

- Instruction || | PC L.
Buffer ) Generator
_‘/ Interrupt
. . &
Instruction . N Instruction . . Pipeline
Fetch Stage Pre-execute Control
‘ | | 2
Flash - Instruction oco
Program Instruction N| Execute | N
Memory Decode ‘ I
105 ALU
I 1
SREG Memory Register
(status) Interface File
\

]
RAM & Peripherals

Puc.2.1. Crpykrypa ssgpa LGT8XM

s noctmwkenus 6osblieit a¢pdexTuBHOCTH U napauienusma siapo LGTEXM
UCIIONB3YyeT apxuTekTypy Havel - He3aBUCHMYIO IMHY TaHHBIX U MPOTPAMM.

HMHCTpyKIIMU BBITOIHSIOTCS C TOMOIIBIO ONTUMHU3UPOBAHHOIO JIBYXCTYIIEHYATOT O
KOHBerepa. J|ByXCTyneH4aTbli KOHBEUEP MOKET YMEHBIINTH KOJIUYECTBO
HEJIOIMYCTUMBIX HHCTPYKITUN B KOHBEHEPE U YMEHBIITUTH 00BEM JOCTyNA K TAMSTH B



nporpammuyto namsite FLASH, nostomy sHepronotpebienue padoThl sijpa MOKET ObITh
YMEHBIIECHO.

B To e Bpems B sinpo LGT8XM nobasnen 6ydep komana (MOKET OJHOBPEMEHHO
BBINIOJIHATH 3aKa3bl 2 MHCTPYKIIMIA) HAa IPEABIAYIIEM dTale U3BJICUeHUs KOMaH bl Yepes
MOJIyJIb MIPEIBAPUTEIBHOTO BBIMOIHEHUS B IUKJIE BEIOOPKH KOMaH/] OH JOMOJHUTEIBHO
YMEHBIIAET YaCTOTY JOCTyIa K nporpaMmHoi namsatu FLASH, nocne MHO)ecTBa TECTOB
LGT8XM

On moxet ymenpuTh goctyn K FLASH npumepno Ha 50% 1o cpaBHEHHIO C
JIPYTUMU SIAPAMU TOM 5K€ apXUTEKTYPhI, UTO 3HAYUTEIBHO CHUKAET MOTpeOIeHNE
SHEPTUU BCEU CUCTEMOM.

SAnpo LGT8XM umeer aitn u3 32 yHuBepcaabHbIX §-OUTHBIM PETUCTpa C
BBICOKOCKOPOCTHBIM JIOCTYTIOM, KOTOPBIE 00JIEr4atoT OHO UKIOBbIE aprU(pMETHYECKHE
noruyeckue oneparuu (ALU).

B o0uem cityuae aBa onepanja onepauuu ALU noctynaroT u3 obmero padodero
peructpa, u pe3ynbrat onepanun ALU Taxxe 3anuckiBaeTcs B (aiisl peructpa 3a oauH
UK.

[lectb, U3 TpUALATH ABYX paOOYHX PETUCTPOB, UCIIOJIB3YIOTCS B KOMOMHAIIMU 11O
nBa it popMupoBaHus Tpex 16-pa3psaHbIX pEruCTPOB, KOTOPbIE MOTYT UCIIOJIB30BAThHCS
B KaUECTBE yKa3aTeJen aJipecoB KOCBEHHOW aApecaliy ISl JOCTYIa K BHEIIHEMY
IIPOCTPAHCTBY NaMATH U IporpaMMHOMY IpocTpancTBy FLASH.

LGT8XM noanep:kuBaeT OJHOTAKTHBIC 16-pa3psiaHbie apudMEeTUUECKUE
oTepaly, YTO 3HaAYUTEIbHO MOBBIIIAET 3PPEKTUBHOCTh KOCBEHHOH a/Ipecaliuy.

Tpu cneunanbubix 16-pazpsanbix peructpa B siape LGTE8XM nazsiBarores X, Y,
Z-peructpamu v OyayT MOJIpOOHO OMKMCAHBI HUXKE.

ALU nognepxuBaeT apupMeTHUIECKHE JOTHUECKHE ONIEpallii MEX]ly perucTpamu
Y MEXK]ly KOHCTAHTaMU U PETHCTPAMMU.

PaGoTa oTaenbHOrO perucTpa Takke MoxeT BeimoiaHsAThea B ALU. Tlo
3aBepiieHun padotel ALU 3pdekTt pesynbTaTa orepauuu B COCTOSHHUHU 1pa
oOHoBHsieTcs B peructpe cocrosinus (SREQG).

VYnpaBiieHre TOTOKOM MPOrpaMM OCYIIECTBISETCS] YCIOBHBIM U 0€3yCIIOBHBIM
MepPEeX0/10M/BbI30BOM U MOXET OBITh aJpECOBAHO BCEM MPOrPAMMHBIM 00JIACTSIM.

bonpmmuacTBO KOMana LGT8XM sBusirorcst 16-pa3psiaHbivMu.

Kaxnoe agpecHoe mpoCTpaHCTBO MPOrpaMMbl COOTBETCTBYET 16-pa3psaaHoi nim
32-pazpsaHoi uactpykiuu LGT8XM.

[Tocne Toro, Kak sSiApO OTBETUT Ha BBI30B MPEPHIBAHUS WU TOANPOrPAMMEBI,
obpatnsrii afgpec (ITK) coxpansiercs B cTeke.

Crek pacrpenensiercst o SRAM o0mux TaHHBIX CHCTEMBI, TIO3TOMY pa3Mep CTeKa
OTPaHUYMBAETCS TOJBKO pa3MePOM U HcnoJib3oBaHueM SRAM B cucteme.

Bce npuiioxenust, KOTOpbIE OAIEPKUBAIOT BbI30BI IPEPHIBAHUIN UITU
MOAIPOrpaMM, JTOJKHBI CHaualla MHULIMAIN3UPOBATh PErUCTp yKazaTens cteka (SP), a SP
MOYKHO MOJIYYUTh YEPE3 MPOCTPAHCTBO BBOIa-BBIBOJIA.

Hoctyn kK SRAM n1aHHBIX MOKHO MOJIYYUTh YEPE3 S5 PA3TUUHBIX PEKUMOB
azpecanuu.

Baytpennee npoctpanctBo namsatu LGT8XM nuHeitHo 0ToOpakeHo B €TMHOM
aZpecHOM mpocTpaHcTBe. JlJis mosydeHus: AONOIHUTENIbHON nHpopmaluu cM. Beenenue
paznena [lamsaru.

SAnpo LGT8XM conepKUT rUOKU KOHTPOJIJIEP MPEephIBAaHUMN, KOTOPHIA MOYKHO
KOHTPOJIMPOBATH C MTOMOIUIBIO OUTA pa3pelieHus TI00aabHOr0 IPEPhIBAHUS B PETUCTPE



cocTosiHUA. Bce mpepblBaHUs MMEIOT OTAENIbHBIN BEKTOP NpepbiBanus. [Ipuopurer
IPEPBIBAHUS UMEET COOTBETCTBYIOIIYIO CBSA3b C aJPECOM BEKTOpa MpephiBaHus. Uem
MEHBIIIE aIpeC MPEPHIBAHUS, TEM BBIIIE TPUOPUTET MPEPHIBAHMUSL.

[TpocTpancTBO BBOZA/BBIBOIA COACPKUT 64 TTPOCTPAHCTBA PETUCTPOB, KOTOPHIC
MOTYT OBITh HEMOCPEACTBEHHO aApecoBanbl HHCTPYKIUsAMU IN/OUT. Dtu peructpsl
(haKTHYEeCKU KOHTPOJIMPYIOT OCHOBHBIE PETHCTPHI YIIpaBiIeHUs U coctosiHus, SPI
npyrue nepudepuiiHbie yCTPOMCTBA BBOAA-BBIBOIA. IJTa YaCTh MPOCTPAHCTBA MOXKET
OBITH HaNPsAMYIO JocTymHa Yepe3 nHCTpykiuuu IN/OUT, uinn k Helt MOKHO TOTYIUTh
JIOCTYII Yepe3 aJipec, KOTOPBIM OHU COMOCTABISIOT ¢ MpocTpancTBoM namsaru (0x20 -
Ox5F).

Kpome toro, LGT8FX8D Takke cOIepKUT paCIIMPEHHOE MPOCTPAHCTBO
BBOJ1a/BbIBOAA. OHU COMOCTABIIAIOTCS ¢ MpocTpaHcTBoM Mamsatu 0x60 - OxFF, noctym k
KOTOPOMY BO3MOXEH TOJIbKO ¢ moMoIibto uHcTpykiuit ST/STS/STD u LD/LDS/LDD.

2.2. Apudmernyeckuii torudeckuii 610k (ALU)

LGT8XM BHyTpeHHE COACPKUT 16-pa3psaHblii apuMETUIECKUNA JTOTUIECKUN
0JIOK, KOTOPBIH BBIMIONHSET 16-pa3psiaHbie apudMeTuuecKe onepaiy JaHHbIX 3a OJIMH
LK.

O¢pdexruHoe ALU nogkmroueHo K 32 yHUBEpCAIbHBIM Pab0OYMM pPETUCTpaM.

Apudmernueckas Joruueckas onepanus MexXay IByMs perucTpaMu Win
perucTpaMu ¥ KOHCTaHTAMU MOKET OBbITh BBITIOJTHEHA 32 OJIUH UK.

CymectByet Tpu Tumna onepauuit ALU: apudmetnyeckue, JOruueckue u OUTOBbIC
oneparuu. B 1o xe Bpemsa cexunst ALU Tak:ke cOIepKUT OTHOTAKTHBIN anlapaTHBIN
MHOKHTEIb, KOTOPBI MOXKET PEan30BaTh JABa 8-OUTHBIX PErUCTpa HEMOCPEACTBEHHO CO
3HAKOBBIMH WJIA 0€3 3HAKOBBIMU ONEpPalUSIMHU 32 OJIUH LUKIL.

[Toxxanyiicta, oOpaTurech K MOJPOOHOMY OMMCAHUIO pa3jiesia Habopa MHCTPYKIIHM.

2.2.1. SREG - Peructp cocrosinus

Peructpa coctosinust (SREG) B ocHOBHOM coxpaHsieT HH(POPMAIIUIO O PE3yJIbTaTe,
MOJYYEHHYIO B PE3YJIbTATE BBINOJIHEHUS caMoil ocieaneit onepauu ALU.

Ota nHdopMaIs UCTIOIB3YETCs ISl YIPABIICHUS TOTOKOM BBITIOTHEHUS
mporpaMmbl. Peructp coctosHus oOHOBIIICTCS Tociie 3aBepiieHus onepanuu ALU, uTo
YCTpaHsIeT HEOOXOJUMOCTh B OT/IETTLHON KOMaH/Ie CPAaBHEHUSI M IPUBOIUT K OoJiee
KOMITAaKTHOU 1 d()(PEKTUBHON peann3aiiui Kojaa.

3HaYEHUE PErUCTPa COCTOSHUSI AaBTOMATHUYECKU HE COXPAHSETCA U HE
BOCCTAHABJIMBAETCS, KOT/Ia OHO pearupyeT Ha MPepbIBAHUE U BBIXOJIUT U3 MPEPHIBAHMUS.
D10 TpebyeT peanu3aluu NporpaMMHOTO 00eCTIeUeHHs.

SREG - Pecucmp cocmosinus cucmemol

\ Peructp cocrosinusa cucremsl SREG

Anpec: 0x3F (0x5F) ITo ymomganuto: 0x00
bur 7 6 5 4 3 2 1 0
Hms [ T H S V N Z C
R/W R/W RIW R/W RIW R/W R/W R/W R/W

Omnpenesenne OUT

[0]

Dar nepeHoca — NepenoIHeHNE MPH ApUPMETHIECKON HITH JIOTHYECKOM ornepanuei.




[1]

@unar Hyns - pe3ynbTaT apuMeTH4eCKON WM JJOTHYECKON onepaliii paBeH HYJIO.

[2]

@ar - oTpunaTeaIbHON apupMETUIECKON MU JIOTHYECKOM OTepalyi.

[3]

®mar NEPCIOJIHCHUS - PE3YJILTATOB OIICPALIUN 6I/IHapHOI‘O MCPCIIOJITHCHHA .

[4]

butoBslii 3HaK 3KkBUBaJeHTEH pe3yabTaTy onepanuun XOR mexny N u V.

[5]

dar 1oJO0BUHHOIO nepeHoca u3 3 B 4 pa3psy Oaiira, monesuslil B onepauusix BCD.

[6]

—HlIT|wn|<|ZIN

Bpemennsie 6uthl, Out-konupoBanue (BLD) u out-xpanumuiie (BST)

[7]

®iar pasperienus npepbiBanus (1=1), 4TOObI MO3BOJIKUTH APy pearupoBaTh Ha
COOBITHS MpephIBaHus. PaznuuHble HCTOYHUKY TPEPhIBAHUN YIIPABIISIOTCS
HE3aBUCUMbIMM OMTaMu yrnpaBieHus. [100anbHbIi OUT pa3perieHus npepblBaHus
ABJISICTCA MIOCTIEIHUM 0apbepoM, KOTOPBIN YIPaBIsieT CUTHAIOM NIPEPBIBAHUSA B sIIPE.
but | aBTOMaTHYECKH OYMIACTCS amMapaTHbIM 00ECIIEYEHUEM TI0CIIE TOTO, KaK SIIPO
pearupyer Ha BEKTOp IIPEPbIBaHMS U yCTAaHABIMBACTCS aBTOMAaTHUECKH T10CIIE
BBINOJIHEHUS] KOMaH/1bI Bo3Bpata npepsiBanust (RETI). bur | Takxke MmoxxHO
n3MeHUTH ¢ momoibio nHCTpykuuit SEl u CLI, cm. Paznen onucanns naCTpyKImit

2.2.2 OOuue paboune perucTpbl

O6HI3$I APXUTCKTYpa pa6oqero perucTpa OIITUMHU3UPOBaHAa B COOTBCTCTBUU C

Habopom komaug LGT8XM. Uto6s! ob6ecieunts 3 PEeKTUBHOCTH U THOKOCTb,
HE0OXOAMMBbIE JUTs BBIMOJIHEHUS siapa, BHyTpenuuit padbounii peructp LGT8XM
MO/IJIEPKMUBAET HECKOJIBKO PEKUMOB JIOCTYIIA:

8-0MTHOE CUUTHIBAHHE B TO K€ BpEMsl 8-pa3psIHON onepaluu 3alucu

JIBa 8-OUTHBIX OJHOBPEMEHHO CUUTHIBAIOT 8-pa3psIHYIO ONEPaLUIO 3aMUCH
JIBa 8-OUTHBIX OJTHOBPEMEHHO CUUTHIBAIOT 16-pa3psaHyIO ONEpaIUIo 3alucu
16-pa3psiHOE cUMTBHIBaHHUE B TO K€ BpeMsl 16-pa3psAHON ornepaiuy 3anucu

7 0 Addr.
R13 0x0D
R14 0x0E
R15 0xO0F
R16 0x10
R17 0x11
R26 0x1A X-peructp MiIaamuid OaiiT
R27 0x1B X-peructp crapuiuii 6ait
R28 0x1C Y-peructp Muammuii Gailt
R29 0x1D Y-peructp cTapmmiii baiiT
R30 0x1E Z-peructpMmaammii Oaiit
R31 0x1F Z-permctp cTapmmii GaiiT

Puc.2.2. O6mme paboune peructpsl LGTEXM

BonbIIMHCTBO MHCTPYKIIMNA UMEIOT MPSMOM TIOCTYI KO BCEM paboyuM peecTtpam

O6H.[€FO Ha3HA4YCHU, U OOJIBIIMHCTBO U3 HUX TAKXKE SIBIISIIOTCS HHCTPYKIHUAMHU C OJJHUM




nukioM. Kak nokazaHo Ha puCyHKE BbIIIE, K&Kl PETUCTP COOTBETCTBYET aIpecy
MaMATH JAHHBIX, U 3TH padoure PerucTphl 0OIIET0 Ha3HAYEHUS! OTOOPAXKAIOTCS B TAMSITh
naHHbIX. Kak Tonpko oHM HE cymiecTBYIOT B SRAM, HO 3TO yHUbUIIUpOBAHHAS
OpraHM3aIys XpaHEeHUs KapT, YTOOBI MOJIYYUTh K HUM JOCTYT C OOJBIION THOKOCTBIO.

Peructper X/Y/Z moryT ObITh IPOUHIEKCUPOBAHBI B JIFOOOM PETUCTP OOIIETO
Ha3HAYECHHUS.

2.2.3. Peructpor X/Y/Z

Peructper R26 ... R31 MoryT ObITh 00bEMHEHBI B KOMOMHAIIMIO 110 IBA JIS
dbopmupoBanus Tpex 16-pa3psaaHbIX perucTpoB. Tpu 16-OMTHBIX perucrTpa B OCHOBHOM
UCTOJIb3YIOTCS KaK aJpecHble YKa3aTelu i KOCBEHHOM aapecanuu. CTpyKTypa
peructpa X /Y /| Z nokazana Ha Puc.2.3.

15 XH XL 0
R27 (0x1B) R26 (0x1A)
15 YH YL 0
R29 (0x1D) R28 (0x1()
15 ZH L 0
R31 (0x1F) R30 (0X1E)

Puc.2.3. Peructpnt X, Y, Z.

B pa3HbIx pexxumax agpecaluu 3T PerucTphbl UCIOJIb3YIOTCS KaK YKa3aTeNH C
(DUMKCUPOBAHHBIM CMEIIEHUEM, aBTOMHKPEMEHTHBIM M aBTOMATUYECKUM JIEKPEMEHTOM.
[Toapobuee cm. B paznene «Onucanue MHCTPYKIIHI.

2.2.4. Yxaszarelp cTeka

Crek ncnosb3yeTcs 17151 XpaHeHHsI BPEMEHHBIX JaHHBIX, JIOKaJIbHBIX IEPEMEHHBIX
¥ OOpaTHBIX aApPECcOB JJIsl BBI30BOB MPEPHIBAHUM U MOAMIPOTPAMM.

Ba’kHO 0TMeTHUTB, YTO CTEK HE pACCUUTaH Ha U3MEHEHHS OT BBICOKOTO aJipeca 110
HU3KOTO ajapeca. Peructp ykasarens creka (SP) Bcerna ykasplBaeT Ha BEpIIMHY CcTeKa.?

VYkazaTenb cTeKa yKa3blBaeT Ha (U3UUYECKOE MMPOCTPAHCTBO, B KOTOPOM HaXOIUTCS
SRAM naHHBIX, COXpaHssl IPOCTPAHCTBO CTEKa, HEOOXOAUMOE JUIs MOAIPOTPaMMBI WU
BbI30Ba npepbiBanus. Komanna PUSH ymensmuT ykazatens creka.? Pacrnonoxxenue
cteka B SRAM 10mKHO OBITh MPAaBUIIFHO YCTAHOBJICHO POTPAMMHBIM 00€CTICYCHHEM 10
BBITIOJTHEHMSI IOAMPOTpaMMbI WK TIpepbIBaHus. [Ipu HOpMaTbHBIX 0OCTOSTETHCTBAX
yKa3aTellb CTeKa YKa3bIBaeT Ha caMblil BbICOKUM agpec SRAM.

VYka3zarenb cTeka JoJKeH ObITh YCTaHOBJIEH Ha CTapTOBbIN agpec SRAM. Anpec
SRAM Ha kapTe naMaTi CUCTEMHbIX TaHHbIX OOpaTUTECh K pa3aeiny XpaHeHHUs
CUCTEMHBIX JaHHBIX.



HHcmpyKuuu C6A3AHHblE C yKazameiem cmeKkda

Yka3areab | Yka3zarTesb CTeKa Onucanue
PUSH YBenuuenue Ha 17 JlaHHbBIE, BBOASTCS B CTEK
CALL A
ICALL V BeIeHie Ha 2 Jpec IpephIBaHMs MM BO3Bparta s Bei3oBa moarnporpaMMbl
RCALL BBOJISATCS B CTEK
POP Ymenbenne Ha 1 JlaHHBIC M3BIICKAIOTCS U3 CTCKA
RET OOpaTHBII agpec BO3BpaTa BbI30Ba IIPEPhIBAHUS HUITH
RETI YMEHbIICHHE HA 2 P HOI[H;[(E)FpaMMpr H3BneKa10TcsIII)/I3p(:TeKa

VYkazaTenb cTeKa COCTOUT U3 JBYX 8-pa3psiIHbIX PETUCTPOB, BbIICICHHBIX B
IIPOCTPAHCTBE BBOAA-BbIBOAA. DakTHUUECKasl IMHA yKa3aTels CTeKa CBsI3aHa C
peanu3anuen cucteMbl. B HEKOTOPBIX pean3anusax yuroB apxutekTypel LGTEXM
IIPOCTPAHCTBO JAHHBIX HACTOJIBKO MaJo, YTO TOJIBKO SPL MOET y/10BIETBOPUTH
NOTPEOHOCTH B aJipecalivu, U B 3ToM citydae peructp SPH He nosBurcs.

SPH /SPL - Omnpeoenenue pecucmpa yxazamens cmeka

\ Peructp ykazareuneii creka SPH / SPL

SPH: 0x3E (OX5E)
IT : RAMEND
SPL: 0x3D (0x5D) 0 YMOJTYaHHUIO N

SP SP[15:0]
R/W RIW
Ornpepenenne OUT
[7:0] SPL VYkazarenb cTeka miaamme 8 Out
[15:8] SPH VYkazarenb cTeka crapuie 8 OuT

2.2.5. BpeMsi BbIOJIHEHUS NUHCTPYKIINHU

B sToM pa3zzerne onuchiBatoTCs 0OIIME BpEMEHHbIE KOHIENIMU [Tl BHITOJTHEHUS
koman. Ha atoT pa3 simpo LGT8XM ynpasnsercs Takramu siapa (CLKcpu)

TaxThl MOCTYNAIOT HEMOCPEICTBEHHO U3 CXEMbI BEIOOPA HCTOUHUKA CUHXPOHU3AINH
CUCTEMBI.

Ha Puc.2.4. noka3aHa CHHXpOHU3aIIMs BBIIIOJHEHUSI KOHBEEepa KOMaH ] Ha OCHOBE
KOHLIETILIUY apXUTEeKTyphl Havre u ¢aiina peructpa ObICTpOro JocTyna.

OT10 duznUecKas rapaHThs, KOTOPasi MO3BOJIAET SJIPY JOCTUTaTh 3 PEKTUBHOCTU
IMIPS / MI'u. U3 pucyHka BUIHO, YTO BTOpasi KOMaHJa OyJEeT CUUTHIBATHCA
OJHOBPEMEHHO BO BpEMsI BBINIOJIHEHUS IEPBOM KoMaHAbl. Korga Bropas komaHaa
BXOJIMT B MEPUO/1 BBIITOJIHEHHUS], TPEThsI KOMaH 12 OyJIeT CYMTaHA OJHOBPEMEHHO. JTO HE
TpeOyeT AOTOTHUTENbHBIX [IUKIIOB JIJIsl YTEHUS] MHCTPYKLIMM Ha MPOTSKEHUH BCETO
WCIIOJTHCHMSI 1 HA KOHBEHEpHOU OCHOBE 3(P(PEKTUBHOCTU BHITIOJIHEHHSI OTHOM
MHCTPYKIIUHU KaKJIbIM ITOHEEIbHUK.
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Puc.2.4. JluarpaMma CUHXpOHU3AIIMH BBIMIOJHEHHS KOHBEEpa KOMaH,1

Ha Puc.2.5. mokazaHo BpeMs qocTyIa Juisi pabodero perucrpa oomero
Ha3HaueHus. B Teuenne ogHoro nukna onepanuss ALU ucnonb3yer nBa perucrpa B
Ka4eCTBE ONEPAHIOB U 3alMCHIBACT PE3yabTaT BbIoaHeHns ALU B peructp Ha3Ha4YeHUS
B TEYEHHUE ITOTrO LIUKIIA.

CLKcpu
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Puc.2.5. Jluarpama goctyna k paboyeMy peructpy oOILIero Ha3HaueHHsI

2.2.6. Copoc u 06paboTKa mpepbIBaHUN

Co6poc n o6padboTtka npepriBanuii LGT8XM moanep:xuBaeT HECKOJIBKO
HMCTOYHHUKOB MIPEPHIBAHUN. ITH MPEPHIBAHUS U BEKTOPHI BO3BpaTa COOTBETCTBYIOT
OTZICTTLHOM 3aIMCH BEKTOpa MPOTrpaMMbl B TPOTPaMMHOM TPOCTPAHCTRE.

B o6m1em, Bce mpepbIBaHUS UMEIOT OTACIBHBIE YIIPABIISIONIAE SJIEMEHTHI
ynpasienus. Korga 3ToT ynpaBistommi OUT yCTaHOBIICH, a OMT BKIIOYCHUS
TJI00aTBHOTO MPEPBIBAHMS SApa BKIIFOUCH, SJIPO MOXKET pearupoBaTh Ha 3TO IpEephIBAaHUE.

CamMoe HU3KO0€ MPOrpaMMHOE IPOCTPAHCTBO 3aPE3EPBUPOBAHO M0 YMOITUYAHUIO JIJI51
BEKTOPOB cOpoca U BeKTopa npephiBaHui. [loTHBIN CIMCOK MpephIBaHUM,
noanepxuBaeMbix LGT8FX8P, onican B pazaene «lIpepeiBanuey». DTOT CIUCOK TaKKe
OTpeeNsieT MPUOPHUTET PA3TUIHBIX pephIBaHUN. UeM HUXKe azpec BEKTOpa, TEM BBIIIE
MIPUOPUTET COOTBETCTBYIOMIETO NipepbiBaHuss. ChbPOC nmeeT HauBBICIINI IPUOPUTET, a
3ateM INTO - 3ampoc BHenmHero npepbiBanms 0.

HavanpHbil agpec Ta0aUIBI BEKTOPOB MIPEPhIBaHU, KpOME BEKTOpa cOpoca,
MOKET OBITh TIEpEOIpeieieH 10 Hadaa J00ro 256-0aiiTOBOTO BEIpaBHUBAHUS U
JOJKEH OBITh OYHIIEH ¢ TTOMOIIbIo yipasisroiiero peructpa MCU (MCUCR) B Ourtax
IVSEL u peanuzanuu peructpoBoro peructpa BekropHoit 6a3sl IVBASE. Korna snapo
pearupyeT Ha npepbiBaHue, uiar BKIIOYEHHs T7100albHOTO IpepbiBanus, |,
ABTOMATUYECKU OYUIIAETCS anmapaTHbIM 00eCTIEUeHHEM.

[Tonb3oBaTENh MOKET BIOKUTH NMPEPbIBaHUS, BKIOUUB OUT |. JltoObIe



MOCJIEYIONINE NPEePhIBAaHUS TPEPHIBAIOT TEKYIYIO TPOLEYPY O0CTYKUBaAHUS
IIPEPHIBAHUM.

bur | ycranaBnuBaeTcsi aBTOMaTUYECKHU MTOCIIE BBIITOJIHEHHSI KOMaHAbl BO3BpATa
npepsiBanus (RETI), Tak uTo Ha nmocneayromiee npepriBaHUE MOKHO HOPMAJIBHO
OTBETUTb.

Cy1miecTByeT OCHOBHOM THII NIpepbIBaHus. [lepBblii TUIT 3aITyCKAaeTCsl COOBITHEM,
KOTOPOE YCTAHABJIMBAET (piiar MpepbIBaHU I1OCIE COOBITHS pepbIBaHus. [[ns Takoro
MIPEPBIBAHUS MTOCJIE TOrO, KAK SAPO OTBEYAET HA 3alPOC NPEPHIBAHNUSA, TEKYIIEE 3HAUECHUE
[1K Hanpsmyto 3ameHsieTcs PaKTUYECKUM aJIJPECOM BEKTOpa MPEPHIBAHMUS, BHITTOTHSAETCS
COOTBETCTBYIOIAS MPOIEAYpa OOCTY>KUBAHUS NPEPhIBAHUS, U allllapaTHOe oOecrieueHne
aBTOMATUYECKU OYUIIAET OUT (pyiara mpephIBaHU.

@ar mpepbIBaHUs TAK)KE€ MOKHO OYHCTHTb, 3alIMcaB 1 B MecTomnosoxenue diara
npepbiBanud. Eciu OuT npepbIBaHus OUMILAETCS MPU MpepbIBaHUHU, (Iiar npepbhiBaHUsS
Mo-npekHeMy OyZeT YCTaHOBJICH JIJIs 3aUCH COOBITHS npephiBaHus. [logoxaure, moka
MpEPbIBAaHNE HE OYyJIET BKIIIOUEHO, 3aPErUCTPUPOBAHHBIE COOBITHS MPEPHIBAHMS OYAYyT
HEME/IJIEHHO OTKJIMKAThCS.

AHaJIOTHYHO, eCIi OUT pasperieHus riodansHoro npepbiBanus (SERG.I)
OUYHMIIAETCS BO BPEMS IIPEPhIBAHMUA, COOTBETCTBYIOIINM (PJIar MpephIBaHUS TAKKE
YCTaHOBJICH JUJISl 3alIUCH COOBITHSA MPEPBIBAHMS. DTH OUTHI pa3pelIeHUs rI100aabHOro
MpPEPBIBAHUS YCTAHOBJIEHBI ByJET BBINOIHEH B MOPSAJIKE MIPUOPUTETA.

Bropoii Tum npepbiBaHUs - 3TO KOrJa YCI0BUE MPEPhIBAHUS CYIIECTBYET,
MpepbIBaHKUE OTBEYACT. DTO MpepbiBaHuEe HE TpeOyeT ¢uiaros npepoiBanus. Eciu
YCJIOBUE MPEPBIBAHUS UCUE3AET O TOTO, KaK MPEPHIBAHUE BKIIFOYEHO, IPEPHIBAHKE HE
oynet orBedarb. Korma syupo LGT8XM BbIXOIUT U3 MOAMPOTpaMMbI 00CTY>KUBAHUS
IIPEPBIBAHUI, ITOTOK BBINIOJHEHUS BO3BPAILAETCA K OCHOBHOM npoueaype. B ocHOBHOM
[IPOrpaMMe MOCJIE BBIIIOJHEHUS OJHOM MJIM HECKOJIBKUX MHCTPYKLIUHI B OTBET HA IPYTOU
0KHMJIAIOLIUI 3a1IPOC MPEPHIBAHMUS.

CrnenyeT OTMETHTb, UYTO CUCTEMHBIN peructp coctostaust (SREG) aBromatnuecku
HE COXpaHseTCs, MOCJie BXO/Ia B MPOrpaMMy MpepbIBaHUS U HE OYJET aBTOMaTUYECKU
BO300OHOBJISITHCS TTOCIIE pepbiBaHus Cyk0bl. IIporpaMmMHoe obecnieyeHue J015KHO
o0ecrneyuTh coOXpaHeHue u BoccTtaHoBJenne SREG.

[Tpu ucnons3oBanuu komauael CLI 1715 OTKITFOUCHMS TIPEepPhIBAaHUH - PEPHIBAaHUS
OyIyT HEMEIJIEHHO OTKIIIOUEHbl. Bce mpepbiBaHus, KOTOPbIE TPOUCXOIAT MOCIE
komanabl CLI, He oTBewaror. Jlaxke mpepbiBaHUs, KOTOPBIE MPOUCXOISIT OJTHOBPEMEHHO C
BeITosIHeHHeM koMmaH CLI, He pearupyrot. B ciemyrorem npumepe rmokasaHo, Kaxk
ucnonb3oBaTh CLI, uro6s1 n36exath npepoiBanus 3anvcu EEPROM:

IIpumepsl koga AccemoJiepa

IN R16, SREG ; xpanumo 3navenue SREG

CLI ; OMKIIOYUMb NPEPLIBAHUSL B0 BPEMSL 6DEMEHHOU NOCIe008aMeNbHOCTIU
SBI EECR, EEMPE : Hauamo 3anuce EEPROM

SBI EECR, EEPE

OUT SREG, R16 ; soccmanosums 3navenue SREG (sxnouas oum )

IMpumepsi koxga C
char cSREG;
CSREG = SREG; / * xpanumo 3nauenue SREG * /

/ * omknrouume npepsvlearnusl 60 6pemsi Gpé’.l'l(fHH()LfVl nocieoosamenvHocmu * /




_CLI();

EECR | = (1 << EEMPE); / * nauams 3anuce EEPROM * /
EECR | = (1 << EEPE);
SREG = cSREG; / * soccmanosums snauenue SREG (sxarouas 1-oum) * /

Korna npepsiBanue pa3peiieHo ¢ ucnoiab3oBanueM nHctpykuuu SEI, komanna,
cnenyromas 3a uHCTpyKimen SEI, OyaeT BeImoaHeHa 10 TOTO, KaK MPEPHIBAHKUE TTOTYUUT
OTBET, KaK B CIEAYIOIIEM NpUMEpe KOa:

IIpumepsnl koxa Accembiiepa

SEI ; YCMAaHo8umu 27100a1bHOe NpepbléaHue

SLEEP ; BOULOUME 8 PEdAHCUM CHA, 0AHCUOASL NPEPbLEAHUSL

; NOte: sotidem 6 con neped T0OLIM 0AHCUOAIOWUM NPEPLIBAHLSL

IIpumeps! koga C

__enable_interrupt (); / * yemanosume 2nobanvroe npepvisanue Bruouums */
__sleep(); / * ggedume con, odxcuoas npepviganusn * /

| * note: sotioem 6 con 00 1106020 odcuUdarOUe2o npepvléanus * /

2.2.7.BpeMs OTKJIMKa ITpephIBaHUS

Anpo LGT8XM ontuMu3npoBaHo Jjisl OTBETA MPEPHIBAHUS, IOITOMY JIFOO0E
MIPEPBIBAHUE JOJKHO OOCITYKUBAThCS B TeUEHUE 4 TAKTOBBIX HUKIIOB cucteMbl. [locne 4
LMKJIOB CUCTEMHBIX TAKTOBBIX UMITYJIbCOB MPOLIEIypa 00CITYKUBAHUSA MIPEPHIBAHUIM
BBOJIMT LIUKJI BBITONHEHUA. B 3THX yeThipex takrax 3HadueHue 11K nepen npepriBannem
ITOMEIIAETCS B CTEK, a MIOTOK BBINOJHEHHS CUCTEMBI ITIEPEXOIUT K BEKTOPY NIPEPBIBAHUSA,
COOTBETCTBYIOILIEMY MOAIpPOrpaMMe 00CITy>KUBaHUsI IPEPbIBAHUM.

Ecnu npepreiBaHre NpOUCXOIUT BO BPEMS BBIINIOJHEHUS KOMAH/IbI C HECKOJIBKUMU
[IUKJIAMH, PO TAPAHTUPYET, YTO MPABUIILHOE BBITIOJHEHUE TEKYIIEH KOMaHbl Oy1eT
3aBEPLICHO.

Ecnu npepsiBaHue MIPOUCXOINT, KOTJa CUCTEMA HAXOAUTCS B PEKUME CHA
(SLEEP), oTBet nmpepbiBanus TpeOyeT JOMOTHUTEIbHBIX 4 TAKTOB. DTOT YBEIWYCHHBIH
TaKTOBBIN ITUKII UCTIOJIB3YETCS IJIsl TPOOYKICHUS [IUKJIAa CHHXPOHU3AIUN OTIEPAIH U3
BBIOpaHHOTO crisiero pexuma. [loagpoOHoe onucanue pexxuma oxugaHus cM. B
COOTBETCTBYIOIIEM Pa3Jeiie yIPABICHUS IUTAHUEM.

Jlst Bo3BpaTa U3 mpoueypbl 00CIyKMBaHUs NpepbiBaHUM TpeOyercs 2 Takta. Bo
BpEMs 3THX JIBYX TaKTOBBIX HUKJIOB IIK BoccTaHaBnuBaercs u3 creka, yKkazaTesb CTEKA
YBEJIMYMBAETCS, @ OUT yrnpaBlieHUs rI100aIbHBIM MPEPhIBAHUEM aBTOMATHUYECKU
BKJIIOYAETCS.

3. Cucrema Ilamsaru

3.1.00630p

B 3T0i1 rmaBe B OCHOBHOM OIKCHIBAIOTCS Pa3IMYHbIE MOYJIA TaMATH BHYTPU
cepuu LGT8FX8D.

Apxutektypa LGT8XM nonaep:xuBaeT 1Ba OCHOBHBIX IPOCTPAHCTBA BHYTPEHHEN
MaMATH: POCTPAHCTBO MAaMATH JAHHBIX U IPOCTPAHCTBO MAMSITH IPOrPAMM.




Kpome Ttoro, LGT8FX8D Takxe conepxut nanasie FLASH BHyTpH, a
BHYTPEHHHUI KOHTPOJUIEP MOXKET peann30BaTh (PyHKLNIO XpaHEHUs JaHHBIX HHTEpdeiica
EEPROM.

Kpowme Toro, cucrema LGT8FX8D Takke conepKUT CrelaIbHbINA OJIOK MaMsITH
JUTs XpaHeHus1 nHGOPMAITH 0 KOH(PUTYpaIiK CHCTEMBI B 0230BOT0 HOMEpPA YCTPOUCTBA
qyuna (GUID).

Cepus LGT8FX8D Brumtouaet B ce0s yetbipe paznuunbie Moaenu LGT8F48D/88D
/168D/328D, uetbipe THITa NepUPEPUHHBIX YCTPOUCTB U MAKETOB MTOJIHOCTHIO
COBMECTHMBI.

Pa3nuna 3axmrouaercs B npocTpancTBe namsaTi nporpamm FLASH v BHyTpeHHUX

SRAM nannbix. B Ta6:1.3.1 onuckiBaeTcst pa3iandHble KOHOUTYpalUd YUTIOB
LGT8FX8D.

Tabnuua 3.1. Pa3nas koHGUTrypalys XpaHWIUIa
| Muxpocxema  FLASH | SRAM E2PROM BexTop npepbiBaHus

LGT8F48D 4KB 512B 1KB 1 cJI0BO MHCTPYKITUHU
LGT8F88D 8KB 1KB 2KB 1 c10BO MHCTPYKLUU
LGT8F168D 16KB 1KB 4KB 2 CIIOBO MHCTPYKITUU

HacrtpauBaercs kak 0K/1K/2K/4K/8K

LGT8F328D 32KB 2KB (coBmecTHO ¢ FLASH)

2 CIIOBO MHCTPYKIIUH

LGTR8F328D ne umeer HezaBucuMoro npocrpanctsa FLASH nia amynsaunu
untepdeiica E2PROM, oHO ucnonb3yeTcs A SMYJISILUU MPOCTPAHCTBA MaMSTH
E2PROM wu coBmecTHOTO Henoab3oBanus nporpammel FLASH. TTonbs3o0Barens MoxkeT
BBIOPATh COOTBETCTBYIOIIYIO KOH()UTYpAIIUIO B COOTBETCTBHH C TPEOOBAaHUSIMU
IIPUIIOKEHUS.

N3-3a yHukanbpHOU peanusaiuu uatepdeiica E2PROM cucrema tpebyet B ABa
pa3a 00J1bIlIe IPOCTPAaHCTBA (QIAMI-TIAMSITH POTPAMMBI JJIs1 AIMYJISLIUN IPOCTPAHCTBA
namsatu E2PROM. Hanpumep, ecinu nonb3oBaresib HacTpouii poctpancTBo E2PROM Ha
1 Kb ns LGT8F328D, 3ape3epBupoBano 2 K6ailT 0aiiTOB MporpaMMHOTO MPOCTPAHCTBA,
octaBuB 30 Kb. IIpoctpanctBo FLASH ucnons3yercs mig XpaHEeHUs IPOrpamM.

Tabmuua 3.2. lporpamas FLASH n kougurypamun E2PROM LGT8F328D:

| DEVICE FLASH E2PROM 1
32KB OKB
30KB 1KB

LGT8F328D 28KB 2KB
24KB 4KB
16KB 8KB

3.2. IlporpamMupyemMblii mporpaMMHublii moayJab namstu FLASH

CemetictBo MukpokonTposiepoB LGT8FX8D sxirouaer B cebs 4K/8K/16K/32K
0aiiTOB BCTPOEHHBIX MPOTPAMMHPYEMBIX MPOTPAMMHBIX Moayel namsatu FLASH.

[Tporpamma FLASH moxet rapantupoBath He MeHee 20 000 muKI0B 3amucu u
CTHpaHUSI.

LGT8FX8D umeet unterpupoBaHHblii KoHTposuiep unrepdeiica FLASH, koTopsrii
MO3BOJIET OCYIIECTBIISATh BHYTPUCUCTEMHOE NporpammupoBanue (ISP) u



CaMOOOHOBJIEHUE MPOrPAMM.

[TonpoOuble cBeNleHus 0 peanu3alnuu cM. B onucanuu pasniena KOHTposuiepa
FLASH Interface B aToii rnase.

JlaHHBIE MPOTPAMMHOTO MTPOCTPAHCTBA TAK)KE MOXKHO MOTYYUTh (TIPOUUTATH)
HarpsaMyto yepe3 HHCTpykuuio LPM. Ota ¢pyHkums no3Bosser 3aBucaiume ot
MIPWIOKEHUS TTIOCTOSTHHBIC TAOJIUIIBI TIOUCKA.

B To ke Bpemst mporpammuoe npoctpanctBo FLASH takke oToOpaxaeTcs B
MIPOCTPAHCTBE XPAHCHMsI CHCTEMHBIX JTaHHBIX. [[0h30BaTeN Tak)Ke MOTYT HCTIOJIB30BaTh
LD/LDD/LDS nns nocryna k npoctpanctsy FLASH. IIporpammHoe mpocTpaHCTBO
oToOpakaeTcs B AMAIa30H aJipecoB, HaunHas ¢ oo0acty XxpaneHus nanabix 0X4000. Kak
nokaszaHo Ha Puc.3.1.
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Puc.3.1. IIporpaMMHO€ IPOCTPAHCTBO

3.3. SRAM BJiok XxpaHeHHsI JTaHHBIX

CemeiictBo MUKpOKOHTpoJUIepoB LGT8FX8D sBisieTCss OTHOCUTENIBHO CIOKHBIM
MUKPOKOHTPOJIJIEPOM, KOTOPBIN MOAACPKUBAET MHOXKECTBO PA3JIMYHBIX TUIIOB
nepuepuitHBIX YCTPOMCTB, KOHTPOJUIEPHI KOTOPHIX pacIpeiesieHbl B 64 peructpax
MPOCTPAHCTBAX BBOJIa/BbIBOAA. JlOCTYyN K HEMY BO3MOXEH HAMPSIMYIO C TTOMOIIIBIO
uHctpykuuid IN/OUT,

Hpyrue peructpsl nepudepuitHoro ynpasieHus BeIACISIOTCS B obnactu 0x60 ~
OxFF. ITockonbKy 9Ta 4acTh MPOCTPAHCTBA OTOOpaAkKAETCS B MPOCTPAHCTBO MaMSITH
JAHHBIX, K HE MOYKHO MOJIYYUTh JOCTYH ToJIbKO uepe3 uHCTpykiuu ST/STS/STD u
LD/LDS/LDD. O6bem namsitu cucteMHbIx faHHbIX LGT8FX8D nauunaercs ¢ aapeca 0
M COTIOCTAaBIIICTCS ¢ 00muM (haitiom pabodero peructpa, MpoCTPAaHCTBOM BBOJ1a-BBIBO/IA,



pacCUIMPEHHBIM IPOCTPAHCTBOM BBOJIa-BbIBOJIAa U MTpocTpaHCcTBOM SRAM nnis
BHYTPEHHHUX JAHHBIX.

[TepBbie 32-6aiiTHBIE aapeca COOTBETCTBYIOT 32 pabodymm peructpam oOIIero
HazHaueHus saapa LGTEXM.

Crnenyrommue 64 anpeca SBISIOTCS CTaHIAPTHBIMY MPOCTPAHCTBAMU BBOJIa/BBIBO/IA,
K KOTOPBIM MOHO HampsMyto oOpatmathcst uepe3 nHcTpyKuuu IN/OUT.

Crnenyromme 160 agpecoB - 3TO pacIIMPEHHOE IPOCTPAHCTBO BBOAA-BBIBOJIA, 32
KOTOphIM ciienytoT 1024 Gaiita SRAM naHHBIX.

Yacte npoctpancTBa, HaunHatomascs ¢ 0x4000 u 3akanunBaromascs Ha 0xBFFF,
0TOOpakaeT MeCTONoJIOKeHHe maMsaTH nporpamMmmbl FLASH.

RBEATETTS 0x0000 - Ox001F
64 FRMEI/OZE ] 0x0020 - Ox005F
160 ?E';“OSEE OXMGO = ﬂmeF

1024
SRAMEIE %5 /8] Ox0100 - OxO3FF
Reserved 0x0400 - Ox3FFF
4K~32KB

FLASH Memory 0x4000 - OxBFFF

Puc. 3.2. EnuHo€ mpoCTpaHCTBO COMOCTABIICHUSI CUCTEMHBIX JIAHHBIX

CucTema NoJIep KUBAET MATh PA3JIUYHBIX PEXKUMOB aJIpecalluy I 0XBaTa BCETo
MPOCTPAHCTBA JAHHBIX: MPSAMOM JOCTYI, KOCBEHHBIN JIOCTYI CO CMEIICHUEM, KOCBEHHBIN
JOCTYI, KOCBEHHBIN JIOCTYI JUIsl YMEHBIICHHBIX aIpeCOB TMepeI JOCTYIIOM U KOCBEHHBIH
JOCTYTI JUTsI TOTIOJTHUTEIBHBIX aJIPECcOB MOCIE TOCTYIIA.

O6mrue pabouune peructpsl R26 - R31 agpecHbie ykazaTenu 1 HENPSIMOTO
JOCTYyTIA.

KoCBeHHBIH JOCTYIT MOXKET aApecoBaTh BCE MPOCTPAHCTBO AJISI XPAHECHUS TaHHBIX.

KocCBeHHBIH JOCTYIT CO CMETIEHHBIMH aJJpecaMH MOXKET aJIpecoBath 10 63
aJIpeCHBIX MPOCTPAHCTB C peructpoM Y / Z B kKadecTBe 6a30Boro0 anpeca. [Ipu
UCTIOJIh30BAHUU PEKUMa KOCBEHHOTO JIOCTYIIA B PETHCTPE, KOTOPBIH MOIIePKUBACT
aBTOMATUYECKOE YBEIMUCHUE/yMEHbILIEHUE ajipeca, peructp aapecoB X/Y/Z
ABTOMATHYECKH YMEHBIIAETCSI/YBEIMYMBACTCS Ha allllapaTHOE 00ECIIeYeHHE 10/T0Ce
noctyna. ITogpobnee cm. B pasnene onucanust Habopa HHCTPYKIIHA.



3.4. IlpocTpaHCTBO perucTpoB BBOa-BbIBO/IA

[TonpoGHOe omnpesenenre NpOCTpaHCTBA BBOAA-BbIBOAA cM. B pazaene «Onucanue
peructpoB» B mcte JaHHbIX LGT8FX8D.

Bce nepudepuiinsie ycrpoiictBa LGT8FX8D pacrpeneneHs! o mpocTpaHCTBY
BBOJIa-BbIBOAA. JlOCTYII KO BCEM aJipecam MpOCTPaHCTBA BBO/IA/BBIBOIA MOKHO
nonyunth nHCTpYyKImsiMu LD/LDS/LDD u ST/STS/STD.

JloCTyTl K TaHHBIM OCYIIECTBIISIETCS Yepe3 32 o0mux pabounx perucrpa.
Peructprl BBosia-BeiBos1a OT 0X00 10 0x1F MoryT OBITH 1OCTYIIHBI Yepe3 HHCTPYKIIUH
out-anpecanuu SBI u CBI. B stux perucrpax 3HaueHne OUT MOKET OBITh OMPEIEIICHO C
nomotibo HHCTpyKui SBIS u SBIC niig ynpaBieHHsl HOTOKOM BBITIOJIHEHUS
IPOTrPaMMBl.

[TogpoGHee cMm. B paznene onucanust Habopa HHCTPYKIIHIA.

[Tpu ucnonszoBanuu uHcTpykuuu IN / OUT ansa qoctyma K perucTpy BBoja-
BBIBOJIa HEOOX0IUMO asipecoBath ajapeca oT 0x00 mo 0x3F.

Korna miig nocrymna K mpocTpaHCTBY BBOAA-BbIBOAA MCTIONB3YIOTCA LD mmm ST-
MHCTPYKIMU, K HUM CJIeIyeT o0palarbCs 4epe3 MpoCTPaHCTBO BBOJA-BbIBOA HA
0TOOpakaeMoM ajjpece YHU(UIUPOBAHHOTO IPOCTPAHCTBA KAPTHI MAMSITH CUCTEMHBIX
naHHbIX (TuTroc eMmerenue 0x20).

Hpyrue nepudepuiiasie peructpsl (0x60 ~ 0xFF), BbineneHHbIE B pacIIMPEHHOM
MIPOCTPAHCTBE BBOAA-BBIBOA, MOTYT OBITh IOCTYITHBI TOJIBKO C TIOMOIIBIO HHCTPYKIUI
ST/STS/STD u LD/LDS/LDD.

YToOBI OBITH COBMECTUMBIMH C OyIYIIIMMHU YCTPOMCTBAMH, B 3ape3€PBUPOBAHHBIC OUTHI
JIOJKHBI OBITH YCTaHOBJIEHBI «0» MpH 3amucu

3.5. GPIOR2/1/0 PerucTpbl BBO/Ia-BbIBO/AA 00IEr0 HA3ZHAYEHUSI

B npoctpanctse BBoja-BbiBos1a LGT8FX8D ecTh Tpu yHUBEpPCAIbHBIX PETUCTPA
BBO1a-BeIBOIa, GPIOR2/1/0, K KOTOPHIM MOYKHO TOJIYYUTh JOCTYII, UCTIOJIb3YS
uactpykuio IN/OUT miist XxpaHeHHS TTOJIh30BaTEIIbCKUX JAHHBIX.

3.6. UuTepeiicublii kontposiep EFLASH / E2PROM

LGT8FX8D BHyTpeHHE peann3yeT THOKU U HAJEKHBIM KOHTPOJIJIEp uHTEepdeiica
E2PROM, KOTOpBIif MOKET UCIIOIB30BATh CYIIECTBYIOIINE TAHHBIE B IPOCTPAHCTBE
namsatu FLASH B cucteme, 4To0BI peann3oBaTh MPOCTPAHCTBO /I XpaHECHHS 0aTOB
JUTSI YTE€HUS / 3alMCH U Pean30BaTh MPWIOKEHUS XpaHeHus, moxoxue Ha E2PROM,
unrepdeiic E2PROM

Hcnonb3ys airopuT™ BbIpaBHUBAHMS 3aMIMCH, CPOK cTy>kObI 1anHbix FLASH
MOXeT ObITh YBeMueH B 1 pas, u 6osee 50 000 ukIoB 3amucy / 3aUcU MOTYT OBITh
rapantupoBanbl. Kontposnep unrepderica FLASH peanusyet oHnaiiH-onepanuu
CTUpaHUs U 3aIlMCH B IporpaMMHOM npoctpaHcTBe FLASH u MOXeT ucronb30BaThCs
11 aBTOMaTHYECKOro 0OHOBJIeHUs TpolMBKY B HTEpHeTe. JlocTyn K MporpaMMHOMY
npoctpancTBy FLASH uepe3 kontposnep FLASH nonnep:xuBaet Toiabko 16-pa3psanbie
3anuch U urenue. [loapobuee o noctyne k E2PROM u nporpaMMHOM (Pi3II-naMsaTu CM.
[ToapoOHOE oMMCaHUE HUKE.
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Puc.3.3 Ctpykrypa xoutposuiepa LGT8F328D FLASH/E2PROM

3.6.1. Unrepdetic urenus u 3anucu FLASH/E2PROM

Bce peructpsr kontpomiepa FLASH mMoryT ObITh TOCTYIHBI Yepe3 MPOCTPAHCTBO
BBOJa/BhiBOZIa. Pabora FLASH u E2PROM-nipocTpancTBa TakkKe OCYIIECTBIISIETCS
MyTeM HACTPOWKH U YIPABJICHHS 3TUMH peructpamu. [loapoOHbIi MeTox
MCIIOJIb30BaHuUs OyJeT OTAEIBHO OMKMCAH B pa3fielie ONMUCaHUs PETUCTPA.

Bpewms noctyna nns 3anucu FLASH / E2PROM cwm. Tabnuity, npuBeieHHYO
HUXE.

Kontponnep FLASH mosxet aBToMaTnyecku OOHOBIISATh COCTOSIHUE TEKYILEn
onepauuu. [IporpammHoe obecnieueHre noab30BaTeNsi MOKET ONPENeNUTh, 3aBeplIcHa
JIM TeKyIlast onepanus, OOHapy>KUB 3TU COCTOSIHUS U 3aITyCTUB padOTy CIAEAYIOIIETO
Oarita. Eciu xox nmonw3oBatens coaepxkut onepanuu Hag FLASH / E2PROM,
HEO0OXO0IMMO CJIeI0BaTh HEKOTOPHIM PEKOMEHIAIIHSIM.

Bo-niepBbIX, py nojavye NUTaHUS WIA OTKIOYEHUU NUTaHus VCC MEIJIEHHO
MOJIHUMAETCS U MaJaeT, B pe3yJbTaTe Yero yCTpoucTBO paboTaeT Ha HU3KOM
HAIPSDKEHUHU B TEUEHHUE OIPEICTICHHOT0 IeprUoia BpeMeHHU. DTO OyAeT BIUsATh Ha
MUHUMAaJIbHOE HAMpsHKEHUE, HEOOX0IUMOE SISl MAKCUMAJIbHOM YaCTOThI pabOThI
TeKyIIel cucTembl, a Takke nosnusetr Ha FLASH. Onepauus nporpamMmmupoBanust Oynet



umeet ne¢pexr. Ha aTom stane Bam HEOOXOAUMO NPUHATH HEOOXOAUMBIE 3AILUTHBIE
Mepbl. DTO OyAeT MOoAPOOHO OMHUCAHO B CIEAYIOLIEM pa3jeie.

Bo u36exxanue nenpasuiabHOM padoTsl E2PROM, Heobxonumo 1st paboThl
E2PROM cobmoaaTh cieuaibHYI0 MPOIIEAYPY.

[ToxxamyiicTa, 0OpaTuTeCch K ONMcaHuio peructpoB ynpasienus EFLASH /
E2PROM B konrie storo pasaena. [Ipu pabore ¢ EFLASH / E2PROM BreinonneHue
saapa LGT8XM Oyzaet BBIONHATHCA JI0 TEX HOP, OKa SIPO HE CMOXKET BO30OHOBUTH
paboTy mociie 3aBepIICHHUs OTIepaIiH.

3.6.2 3ammra padotsl FLASH / E2PROM

Ecnu nanpspkenue Vec Huskoe, padota ¢ qanasiMu FLASH / E2PROM mosxer
OBITH OLTMOOYHOM, TOCKOJIbKY HAIIPSDKEHUE CIIMIIKOM HU3KO€. JTO TOT K€ AU3aiH, YTO U
yurt E2PROM Ha ypoBHE 1J1aThI.

Ommbku B padote nanubix FLASH / E2PROM npu HU3KOM Hanps>KeHUA MOTYT
OBITH BBI3BaHBI IBYMs IPUUHHAMMU.

Bo-niepBrix, aiisa HopmanibHo# padbotel FLASH / E2PROM Tpebyetcs
MUHUMaJbHOE pabouee HanpsikeHue. Huxke sToro HanpspkeHus onepanus He Oyner
MIPUBOJIUTH K OIIMOKAM JTAHHBIX.

Bropas npuurHa 3aKiro4aeTcsi B TOM, YTO AJIp0 padOTaeT Ha ONpeIeICHHOM
4acTOTE U TakKe TpeOyeT MUHUMAJIbLHOr0O HanpsbkeHus. Korjga HanpsbkeHne HUXKE 3TOro
HanpspkeHus, a LI npogomxaer paboTaTk Ha 3TOH 4acTOTE, 3TO BBI30BET OIIHOKY
BBINIOJIHEHHSI KoMaH b, KoTopas caenaetr FLASH / E2PROM.

B onepanuu npousoinnia omuoka. AHaTOTHYHYIO TPOOJIEMy MOKHO U30€kKaTh ¢
MOMOILBIO CJIETYIOIIET0 MPOCTOr0 METO1a: KOrJa HaNpsKeHUE MUTaHUSI HU3KOE, MYCTh
CUCTEMa BOMJET B COCTOSIHUE cOpoca. DTO MOXKET ObITh JOCTUTHYTO IIyTEM HAaCTPONKHU
BHYTpEHHEH cxeMbl oOHapyskeHus Huskoro HarpsokeHus (VDT). Ecou VDT
oOHapy’>KUBAET, YTO TeKyIlee paboyee HAMPSHKEHUE HUKE YCTaHOBIIEHHOTO Tiopora, VDT
BBIJIACT CUTHAJ cOpoca.

Ecnu mopor VDT He MOXKeT yI0BIETBOPUTH MOTPEOHOCTU MTPUIIOKEHUS,
MoyMaiTe 0 100aBJICHUHU CXEMbI COpOca U3BHE.

HeB03MOKHO BBINOJIHUTE ONEPALIMU 3aMCH B 3aPE3€PBUPOBAHHOM IIPOCTPAHCTBE
BBO/1a-BbIBOJIA.

HekoTtopblie peructpsl BKIHOYAIOT (hjar COCTOSIHUS, B KOTOPbIA HEOOXO0IUMO
3anucath «1», 4ToObl OuuCTUTH ero. ObpatuTe BHUMaHue, yTo nHCTpyKuu CBI u SBI
MOACPKUBAIOT TOJIBKO orpesiereHHbie ouThl, mosTromy CBI / SBI moxet paboTaTh
TOJIBKO C PErUCTPaMM, KOTOpbIE coziepkaT 3Tu (piiaru cocrosinusa. Kpome Toro,
uHcTpykiuu CBI / SBI moryT paboTath TONBKO B pErucTpax B IUANa30HE apecoB OT
0x00 mo Ox1F.

3.6.3. FLASH / E2PROM KonTpoib BpeMeHH YTCHUS / 3aHCH

Peructp EECR ynpasnsier peanuzarueit Bcex onepanuii FLASH.

EEPM B ocHOBHOM ymIpaBiisieT peKUuMOM pabOThl U TUIIOM OIE€paIiy BHIOOpA.
OcHoBHbIM BeIOOpOM EEPM [3] siBnsiercs nucnonbs3oBanue nanabix FLASH
(E2PROM) wmmu iporpammel FLASH. Korja 00beKTOM orepariiu siBiisieTcst mporpaMmma

FLASH, untepdeiic nanusix gpukcupyercs B 32-0utHom pexxume. Koraa o0bexToM
orepanuu sBisirorcst ganaeie FLASH (E2PROM), M0oXHO BBIOpaTh pa3inyHbIe ITUPUHBI



JTaHHBIX.

[To yMo4aHuiO UCTIONB3YyeTCs 8-OUTHBINA PEKUM, KOTOPBIN SBIISETCS CAMbIM
MPOCTHIM U HHTYUTHUBHO MTOHSTHBIM.

Korna xontpomep FLASH peanusyet unrepdeiic E2ZPROM, noruka
aBTOMATUYECKOTO cTupanus maHHbX FLASH peanusyeTcs BHyTpeHHE, KOTAa 3TO
HeoOxoaumo. [Toatomy komanaa crupanus EPROM sBnsercs HeoOs3arenbHOM. JTa
KOMaH/1a UCIOJIb3YETCs TOJIBKO TOT1a, KOT/a MOJIb30BaTeN 0 HEOOXOIUMO BHITIOTHUTH
oreparuio cTupanus B oquHouky. EEMPE xonTponupyeT BpeMs cTupanus / 3anucu
FLASH, Bxitouas nporpammy FLASH u E2PROM. O06a noyKHbI BHITOIHUTH OTBET MO/
koHTposiem EEMPE.

EEPE moxeT 3amyckaTh Bce ornepanuy CTUpAHUS U TPOrpaMMbl BO BpeMst
neiicteust EEMPE. Tun koHkpeTHO# onepanuu onpezensercs EEPM [3: 0].

Urenue onepanuu E2PROM otHocutenbHo npocto. [lociie ycTaHOBKH 11€71€BOT0
aapeca u pexxuma 3anuch EERE-6uTa cuntbiBaet 32-0uTHbIEC TaHHBIE, COOTBETCTBYIOIIUE
1eaeBomy aapecy, B kourpoiuiep FLASH. TTomb3oBaTens MOKET IPOYUTATH
MHTEpeCyomMii 0aiTel uepes peructp EEDR.

Kontpomnep FLASH He BeImOHSIET oniepaliny 9TeHusl B IpOrpaMMHOM
npoctpanctBe FLASH. Ilons30Batens MOKET JIETKO UCTIOb30BaTh LPM wim untaTh
uHcTpykuto LD / LDD / LDS no aapecy yHUDHUIIMPOBAHHOTO MTPOCTPAHCTBA
0TOOpakeHHs JaHHBIX uepe3 nporpammy FLASH.

[Tpumep notoka nanusix FLASH / E2PROM

1. 8-OutHbI pexum, mporpammupoBanue E2PROM

Oo6napyxenue out EEPE, oxxunanue pa6otsr kontposuiepa FLASH

VYcranoBka neneBoro aapeca B EEAR [8: 0]

VYcranoska HOBBIX JaHHBIX B EEDR

VYcranoska EEPM [3: 1 =000, EEPM [0] moxeT ObITh ycTaHoBJIeH Ha 0 miu 1
yctanoBiieH EEMPE =1, a EEPE =0

EEPE =1 ycraHaBnuBaeTcs B T€YEHNE YETHIPEX LIUKIIOB.

Korma nactpoiika 6yner 3aBepiiena, koutposuiep FLASH nauner
MIPOTPpaMMHUPOBAHUE BO BpEMsI IPOTrPaMMHUPOBAHMSL.

LT ocTaneTcs Ha TEKyIIEM apece HHCTPYKIIMHA U HE TTPOJIOJDKUT PaboTy 110
3aBepuieHus onepauund. Bo Bpewmst mpoiiecca nporpamMmmupoBanusi Kontposuiep FLASH
ABTOMATHYECKU MHUIIMUPYET MPOLIECC CTUPAHUS, €CIIU €EMY HY>KHO CTEPETh JJaHHbIE

FLASH.

2. 16-pa3psansliii pexxum, nporpammupoBanue E2PROM

e OoGHapyxenue 6ut EEPE u oxxunanue octanoBku kontposiepa FLASH

e VYcranoBute 16-Outnsie nanubie yepe3 EEAR [0] u EEDR, cm. Pa3nen
onpenenenus peructpos EEDR

e Ycranosure 1eneBoit aapec B EEAR [12: 0]. OGpaTtute BHUMaHUE, 4TO 3TO ajpec,
BbIpoBHEHHBIH 110 OaiitaM. Kontposiep FLASH ucnons3yer EEAR [14: 1] B
KadecTBe aapeca s qocryna k FLASH.

e VYcranosute EEPM [3: 1] =001, EEPM [0] mo>xxHO ycTaHOBUTH Ha O nin 1



VYcranosuts EEMPE =1 u EEPE =0
VYcranosuts EEPE = 1 B uethIpe 1ukia

3. 8-OutHslit pexxum, yreHne E2PROM

Oo6napyxenue out EEPE, oxxunanue koutpoiepa FLASH B pexxume oxuganus
VYcranoBka neneBoro ajapeca B EEAR [8: 0]

VYcranoska EEPM [3: 1] =000

VYcranoBka EERE = 1 3anmyck E2PROM onepanus yrenus

Oxwunanue 2 [ukn (BBIMOJHUTH JiBe onepanuu NOP)

JlaHHBIE, COOTBETCTBYIOIIHE IIEJIEBOMY ajapecy, 00HOBIs0TCS B peructpe EEDR

4. 16-pa3psanublii pexxuM, urearne E2ZPROM

Oo6napyxenue out EEPE, oxxunanue, korna kourposuiep FLASH HeakTuBeH;
VYcranoButh EEAR [12: 0] B KauecTBe 11€J€BOTO ajipeca, aapec paBeH 2 OalTaM;
Yceranoputs EEPM [3: 1] =001, Bximrouuts 16 6utr Pexxum untepdeiica
Hactpoiika EERE = 1, 3anyck onepauuu yrenns E2PROM

OxujaHue IByX CUCTEMHBIX TAKTOBBIX LIMKJIOB (BBIMOJHEHUE ABYX UHCTPYKIUN
NOP)

JlaHHbIC, COOTBETCTBYIOIIHE IIEJIEBOMY aIpecy, OOHOBIISIOTCS BO BHYTpeHHUH 16-
pa3psAaHBIA PETUCTP KOHTPOJUIEPA, U TIOJIH30BATENb MOKET UCNONIb30BaTh EEAR
[0] u EEDR cuuTbhiBaeT naHHbIC YKa3aHHOTO OaiiTa WM BCeX JaHHBIX.

5. [Iporpamma FLASH Onepanus ctupanus

Onpenenure 6ut EEPE u noxaurteck, noka kontposuiep FLASH ne Oyner
paboTarts.

VYcranosute EEAR [14: 0] B kauecTBe agpeca 1eA€BOM CTpaHULIBI 1JIsI CTUPAHUSI.
Pasmep crpanuiiel FLASH-niporpammer cocrasisier 1 Koaiit, mostomy EEAR
[14:10] B kauectBe agpeca crpanunbl EEAR [9: 0] yctanoBneno 3nauenue 0.
VYcranosned EEPM [3: 0] = 1X01, rne EEPM [2] moxeT ObITh ycTaHOBJIEH Ha 0
niu 1

EEMPE =1,a EEPE =0

B uetbipex nuknax Baytpu ycranosure EEPE = 1, 3anmycture nporpamMmmy
FLASH ctupanue.

6. [IporpammupoBanue nporpammupoBanus FLASH

Oo6napyxenue out EEPE u oxunanue padotsl konTposuiepa FLASH
YcranoBute 16-6utHbIe JaHHBIe porpammupoBanus yepe3 EEAR [0] u EEDR
VYcranoBute EEAR [14: 1] B kauecTBe 11e€JI€BOTO ajipeca, apec KOTOPOTo
BBIPOBHEH Ha 2 OaiiTa

Hacrtpoiika EEPM [3: 0] = 1X10, rne EEPM [2] moxeT ObITh ycTaHOBJIEH Ha 0
unu 1

Ycranosute EEMPE =1 u EEPE =0

B uetsipex muknax ycranoBute EEPE = 1, uto65l 3amycTuth MoTOK
nporpammupoBanus FLASH

[Basxkno| Jlns LGT8F328D Heob6xoaumo BKI0OUUTh KOHTpoiep E2PROM u



HacTpouth pazmep E2PROM uepes peructp ECCR nepes BHINOTHEHUEM Ollepaliuu
E2PROM. Ilocnenyrommas onepaiius Takas ke, kak u1' y LGT8F48D/88D/168D.

3.7. Peructpbl Onucanmne

EEARH/EEARL - Aopecnoui pecucmp FLASH

EEARH/EEARL

EEQEE 8))((55 ((8))((2]2_)) Mo ymomuanuio: 0x0000
butsl EEAR[15:0]
RIW R/W
Onpenencane OUT
Anpec nocryna EFLASH / E2PROM
[7:0] EEARL Moae b FLASH E2PROM Paszmep EEAR
LGT8F48D 4KB 1KB EEAR[9:0]
LGT8F88D 8KB 2KB EEAR[10:0]
[14:8] EEARH LGT8F168D 16KB 4KB EEAR[11:0]
LGT8F328D 32/30/28/24/16K 0/1/2/4/8K EEAR[12:0]
[15] - 3ape3epBUPOBAHO

[Tpu ucnonszoBanuu koHTposuiepa EFLASH/E2PROM i noctyna k o6nactu
FLASH mnporpamwmsl - EEAR [14: 1] ucnone3yercs miist 1octyna KO BCEMY
MIPOrpaMMHOMY MPOCTPAHCTBY, BEIpOBHEHHOMY 110 2 Oaifta. EEAR [0] ucnons3yercs
TOJIBKO Mpu oOpanieHnu K peructpy aanubix EEDR.

[Tonpobuee cm. Onucanne peructpa ganaeix EEDR. ITpu ucnons3oBanuu
koHntposuiepa EFLASH / E2PROM ninst noctyna k o6nactu FLASH nanusix (E2PROM)
EEAR [12: 0] ucnonb3yeTcs st JOCTyna K MakcuMalibHbIM 8 KbaiitaM npocTpaHcTBa
E2PROM. Mloctyn B 3TO Bpems nojiepxuBaet 8/16-6utHsii pexxum, a EEAR BeipoBHEH
1o GaliTaM HE3aBUCUMO OT PEXHUMA.

EEDR - Pecucmp oannvix FLASH
‘ EEDR / E2PDO - pernctp nanubix FLASH / E2ZPROM 0

EEDR/E2PDO: 0x20 (0x40) | ITo ymomganuro: 0X00
Butsl EEDR][7:0]
R/W R/W
Onpenesienne OUT
[7:0] EEDR Peructp nanneix EFLASH / E2PROM

Ba:knoe npumeuanue: Buyrpennss ycraBka LGT8FX8D - ato 16-pazpsanbiii
uHTepdeiic, a MUHUMaTbHAs €AMHUIIA TaHHBIX YTeHus / 3amucH - 16 out. Iloatomy
peructp AaHHbIX BHyTpu KoHTpoiepa FLASH cocrasnsier 16 outr. EEAR [0]
UCIIOJIb3YETCS JIJISl PEIICHUS CTApIINX U MJIQAIIUX 8 OUT.

EEDR - 310 8-pa3psaHblii perucTp AaHHBIX, 3HAYEHUE KOTOPOTO 3aBUCUT OT
pexuma nocryna. Korga kontpomnep FLASH ucnons3yetcs A qoctymna K BHyTpeHHEH
nporpamme FLASH, xouTposiep FLASH pa6Gotaet B 16-pa3spsinHom pexxume. B 1o
BpeMst EEDR ciy>xut B kauecTBe uHTepdeiica st J0CTyIa K BHyTpeHHUM 16-



pa3psIIHBIM perucTpaM JaHHbIX U 0yaeT padotath ¢ EEAR [0].

[Tpu ucnonwszoBanuu koutposiepa FLASH ans noctyna k nanueim FLASH
unTepdeiic goctyna koutposiepa FLASH moxert paboTtats B 8/16-0MTHOM pexume.

[Tpu pabote B 8-6utHOM pexnme EEDR - 310 dakTtudeckue nanusie, KOTOpbIe
HeoOxoauMo mpounTaTh / 3amucath, a EEAR [12: 0] ucnons3yercs 1j1s aapecanuu
npoctpanctBa E2PROM ¢ makcumanbHbM 00beMoM 8 KOaiT.

AmnmapatHoe obecreueHue aBTOMaTHYECKH 3aBEPIIUT MpeoOpazoBaHue §-OUTHBIX
TaHHBIX B 16-pa3psiaHblil uHTEpdEiic 1ocTyna K JaHHBIM 0e3 KaKux-JIn0o
JOTIOJTHUTENBHBIX ONepaluii MoJIb30BaTENs.

[Ipu pabote ¢ 16-6utHBIM peskumoM EEDR, Takxke Oyner ciyxuth uHTEpdeiicom
JUISL IOCTYIIa K BHYTPEHHUM JIaHHBIM M OyjieT pabotath ¢ EEAR [0]. B aTux npyx
peKUMax Mojab30BaTEI0 HEOOXOAMMO HACTPOUTH JIaHHbBIE, KOTOPBIE JTIOJKHBI OBITH
3anucanbl B FLASH uepe3 EEAR [0] u EEDR, wiu npouutats TpedyemMbie 6aiiToBbIE
nannbie yepe3 EEAR [0] u EEDR.

Ha cnenyromem Puc. 3.4. mokasaHa B3auMOCBSI3b MEXy PErUCTPOM BBOJIA /
BbiBoZa EEAR / EEDR u BHyTpeHHUM uHTepdeiicom konTposuiepa FLASH

o o 16b

- = (:i:)

>= >

[+ 4] [a4]
EFLASH
Wrapper

7

EEDR

Puc. 3.4. Bzaumocssizbp Mex 1y peructpoM BBojia/BeiBojia EEAR/EEDR u BHyTpeHHUM
unrepdericom kouTposuiepa FLASH

Korna ucnionssyercs 8-paspsansiii pexxum, EEAR [12: 0] oOHOBIISIET TaHHBIE
ykazaHHo# no3uiuu 6aita BMecte ¢ EEDR. OcTanbHble JaHHBIE aBTOMAaTUYECKU
00BEUHSIOTCS JIOTUKOW BHYTPEHHETO ypasienus konTposuiepa FLASH.

[Tonb3oBaTeNsIM HE HYKHO 3a00TUTHCSI O KOHKPETHOM peanu3anuu. [Ipu
WCIIOJB30BaHUU 16-pa3psgHOTO pekuMa MOIb30BaTEN0 HEOOX0IUMO OOHOBUTH 16-
paspsiIHbIC TaHHBIC, KOTOPBIE COCTABJISAIOT 2 OaliTa MaHHBIX. AmmnapaTHOE 00ecTieUeHUE
peniaer, ciaeayeT Ju OOHOBIATh BepxHUe § OUT win HkHUE 8 out coriacHo EEAR [0].
Meton 0OHOBIJICHUS TAHHBIX BBITJISIAT CIICAYIOIAM 00pa3oM:

OUT EEARL, $0
OUT EEDR, BYTEO
OUT EEARL, $1
OUT EEDR, BYTE1l
# 3aoaiime yenesoti aopec npocpammuposanus
OUT EEARL, ADDRL
OUT EEARH, ADDRH



ECCR - Pecucmp ynpasnenus peascumom FLASH

‘ Peructp xondurypauuu ECCR - FLASH / E2ZPROM (Toabko aas LGT8F328D)

ECCR: 0x36 (0x56) | 0x00
Burbl 7 6 5 4 3 2 1 0
Hmsi WEN EEN - - - - EC1 ECO

R/W R/W R/W R/W R/W R/W R/W RIW RIW
Onpenesienne OUT
VYnpasnenue pa3pemennem 3anucu ECCR

[7] WEN [Tepen n3amenennem ECCR Bb1 nomxknsl 3anucats WEN «1», a 3atem 6
CHUCTEMHBIX IIUKJIOB cojepxkumoe peructpa ECCR Oyner 0OHOBISTHCS.

E2PROM neiictButenen Tonbko st LGT8F328P
1: Birounts smyssiuto E2PROM, coxpanuT HeKoTOpoe mpocTpaHcTBo oT 32K
[6] EEN FLASH
0: otkmounts smyssnuto E2PROM, 32K FLASH - Bece, uto ucnonb3yercs 1
MIPOrPaMMHOTO MPOCTPAHCTBA
[5:2] - 3ape3epBUPOBAHO
Kondurypauus npocrpancrsa E2PROM
00: 1 Kb E2PROM, mporpamma 30 Kb FLASH
[1:0] ES[1:0] 01: 2 Kb E2PROM, nporpamma 28 Kb FLASH
10: 4 Kb E2PROM, niporpamma 24 Kb FLASH
11: 8 Kb E2PROM, nporpamma 16 Kb FLASH

EECR - Pecucmp xonmpons oocmyna FLASH

Peructp ynpasaennss EECR - FLASH / E2PROM

EECR: OxIF (0x3F) | To ymouanuio: 0x00
Burnl 7 6 5 4 3 2 1 0
Mma | EEPM3 | EEPM2 | EEPMI | EEPMO | EERIE | EEMPE | EEPE EERE
R/W R/IW R/W R/W R/W R/IW RIW R/W R/W

Onpenenenne OuT
buTt ynpasnenus pexxumom nocryna EFLASH / EPROM

[311[2]1][1]1][O] OnucaHue pexumMa
0] 0] 0] x| 8-paspsansni pexxum urenns/3amucu E2PROM (mo ymonganmnto)
0JO0}J1]X 16-pa3psanblil pexxum utenust / 3anucu E2PROM
[7:4]JEEPM[3:0]J O J 1] 0| x 32-pa3psiiHbli pexuM yteHus / 3anucu E2PROM
11x]0}]0 Crupanne E2PROM (nonosHUTEIbHAS OTIEPALIHS )
11x]0]1 Crupanue nporpammsl Flash (ctupanue crpanmuibn)
11x]1]0 [Iporpammuposanne FLASH-nmporpamMm
1|ix|1]1 Copoc xoatposuiepa FLASH / E2PROM

VYupasienue BraroueHrueM npepbisanust FLASH / E2PROM. 3amnuch 1 - BKIIOYHTS,
3anucs 0 - 3anpemeno. IIpepsiBanue roroBuoctu E2PROM neiictyer, korna EEPE
aBTOMATHYECKH OYMIIIAETCS anmapaTHeIM obecriedeHneM. Bo Bpems onepanuu
EPROM »5T0 nipepbiBaHie HE TPOU30HAET

[3] | EERIE

FLASH / E2PROM ynpagsmstonmii out paspemenns EEMPE ucnons3yercs mst
ynpasienus aectsutenbHocThi0o EEPE. Korna EEMPE ycranosnen B 1 u EEPE
21| Eempe ycTaHaBJIMBaeTcs ofHOoBpeMeHHO Ha 0, yctaHoBka EEPE B 1 B criegyromnue yetsipe
[UKJIA 3aIyCTUT OIEpalMio MporpaMMHpOBaHus. B MpoTHBHOM cityuae oneparus
nporpamMmmupoBaHus HeaeiicTBuTenbHa. [locne yersipex nukios EEMPE
ABTOMATUYECKU OYUIIAETCS

[1] EEPE FLASH / E2PROM 06wut pa3pemnieHus nporpaMMUpOBaHUS
[0] EERE

bur pazpemenust urenuss E2PROM, nannsie OyayT AeHCTBUTEIBHBI IOCIIE IBYX
CHCTEMHBIX [TUKJIOB.




GPIOR2 - Pecucmp 6600a-6v1600a obuje2o HazHaveHus
‘ GPIOR?2 - peructp BB0/1a-BbIB0/1a 00111€T0 HA3HAYEHHS 2

GPIOR2: Ox2b (0x4b) ITo ymomganwnro: 0xX00
Butsl GPIOR2[7:0]
R/W RIW

Onpenesienne OUT

PeFI/ICTp BBOJa-BbIBOJa 06H_IGFO Ha3HAYCHUS 2 JJIs1 XpaHCHUS 110JIb30BATCIIBCKUX
JaHHBIX

[7:0] | GPIOR2

GPIORL1 - Pecucmp 6800a-6v1600a 0bueco Ha3HaueHusl

GPIOR1 - peructp BB01a-BBIBOA 0011er0 Ha3HAYeHHs 1

GPIOR1: Ox2a (0x4a) ITo ymomganuro: 0xX00
Buthel GPIOR1[7:0]
R/W RIW

Omnpenesienne OUT

Peructp BBOga-BBIBOIa 001IIET0 HA3HAUEHUS 1 T XpaHEHHS T10JIb30BATEIIBCKUX
JAaHHBIX

[7:0] | GPIOR1

GPIORO - Peeucmp 6600a-6vi600a obue2o HazHaveHus

GPIORO - peructp BB0J1a-BbIBO/IA 00111eT0 Ha3HAYeHHs ()

GPIORO: Ox1e (0x3e) ITo ymomuanmto: 0xX00
Butel GPIORO[7:0]
R/W R/W

Omnpenesnenne OUT

Peructp BBOma-BBIBOIa 001IETO HazHaueHUs () 17151 XpaHEHUsI TOJTb30BATEIbCKUX
JTaHHBIX

[7:0] | GPIORO

4. Cucremuble TakTbl 1 KOHPUTYypaAUA

4.1. Pacnpeﬂeﬂenue JaCc0B CUCTEMBI I CHHXPOHU3AIIUA CUCTEMBI.

LGT8FX8D noanepkuBaeT HECKOJIBKO TAaKTOBBIX BX0/10B. CHCTEMa MOXKET
paboTaTh Ha TPEX OCHOBHBIX UCTOYHUKAX CUHXPOHHU3AIUH:

- BayTpenHeM 32KHz kanubposounom RC-reneparope,

- BHyTpeHHeM 32-MerarepiioBom kanuopoBoyHoMm RC-reneparope,

- BHEIIIHEM BXOJHOM KpucTaiyie MomHocThio 400KHz ~ 20MHz.

Ha Puc4.1. nokazano pacnpenenenue takroBoi cuctembl LGT8FX8D.

CMU sBnsiercs ieHTpoM Beero ynpasieHus Takramu. OH OTBEYaeT 3a JIeJIeHue
CUCTEMHBIX TaKTOB, CO3/IaHNE HE3aBUCUMBIX TaKTOB JIJISl pA3HBIX MOAYJIEH U KOHTPOJIb
TaKTOB. B OOBIYHBIX MPUIOKEHHUIX BCE TAKTHI HE JOJDKHBI pad0TaTh OJJHOBPEMEHHO.
YToObl CHU3UTH SHEPTONOTPEOICHIE CUCTEMBI, YIIPABICHUE MUTAHUEM CHCTEMBI
OTKJIFOUAET HEHUCIIONIb3YEMbI€ TAKThl MOJYJISI B COOTBETCTBUU C PA3IUUYHBIMHU PEKUMaMU
oxxuganus. [lonpoGHbie cBeaeHus o pabote cM. B cooTBeTCTBYIOMUX pa3aenax
yIpaBICHUS TUTAHUEM.



WDT Timers /0 LGT8XM ADC Peripheras

WDT_{‘J'k fo_dk FO_C”( CPU_ clk ADC_dk

Flash_clk
cMU = FLASH

64MHz

1/16
£
FZXEN
-
Calibrated RC T0/1 Calibrated RC 0sC
32KHz 32MHz 32k ~ 20Mhz

Puc4.1. Pacnpenenenue takroBoit cuctremsl LGT8FX8D.

CPU_clk

CPU_clk ucnonbzyercs nins ynpasienus sipom LGT8XM u SRAM. Takue, kak
yIpaBJIeHUE OOIIMMHU pabOuYUMH perucTpaMu, peructpamu coctosaus u T. 1. Ilocne
TOTO, Kak TakThI Mporieccopa OCTAHOBIIEHBI, SJIPO HE OyET BBITIOJHITh HHCTPYKIIUU U
BBIYHMCIICHHUS.

10_clk

TakThl UCTIOJB3YIOTCS IS YIPABJICHHS OONBIIMHCTBOM Mepru(EepUuiHbIX MOTYIIEH,
takux Kak Taimep / cauetuuk, SPI, USART u T. JI. TakThl BBOJa-BBIBO/Ia TAKKE
WCHOJIB3YIOTCS [l YIIPABJIEHHS BHEITHUM MOJAYJIEM IIPEPBIBAHUS.

Korma Taktst IO ocranaBnuBaioTcs U3-3a CHa, HEKOTOPBIE nepudepruiiHbIe 4acTu,
KOTOPBIE€ MOTYT HCTIOJB30BaTh CUCTEMY MTPOOYKICHHUSI, pa0OTAIOT B OTJACIHHOM TaKTE
WJIA ACUHXPOHHOM PEKUME.

Hanpumep, pynkius pacno3naBanus agpeca TWI MmoxeT paz0oyauTh
OOJILIIIMHCTBO PEXUMOB OKUJIaHUA. B 3T0 Bpems yacTh pacrio3HaBaHus ajapeca paboTaeT
B ACUHXPOHHOM PEKHUME.

Flash_clk

FLASH TaxTb! ucnons3yercs 1jis reHepalui BpeMeHHU J0CTyma K uHTepdeiicy
FLASH. Takter FLASH Takue ke, kak 1 cuctemuble TakThl. TakTel FLASH B
OCHOBHOM HUCIONB3YIOTCA 115 goctyna k nporpamme FLASH u FLASH uyepe3
koHTpouiep FLASH.

Asy clk

AcuHXpOHHBIN TaliMep. TaliMep / CUETYHMK MOXKET YIIPaBIIATHCS HEIOCPEACTBEHHO
oT BHemHUX TakToM min kpuctamioB (32,768 K). DTOT HE3aBUCUMBIN peKUM
CUHXPOHU3AIMK MOXET MOJIIEPKUBATH pabOTy TaliMepa BO BpeMsi 00pabOoTKU pexruma



CHa.

Bb10op ucrounuka Takros

LGT8FX8D noanepkuBaeT 4eThIpe THIIA BXOJI0OB HCTOYHHUKA CHHXPOHM3AIIUH.

[Top30BaTEIM MOTYT HCITONB30BaTh peructp PMCR mist BKITIOUSHUS yIIpaBIICHUS
MCTOYHUKOM CHHXPOHHM3AIIUU U TIOJHOTO TEPEKITFOYCHUS TJIABHOT'O TAKTOBOTO
rerepaTtopa (Cm. Tabnuua 4.1.). Ha Puc.4.2. ctpykrypHas cxema ymnpasieaus PMCR.

| PMCR[3:0] | | PMCR[4] | PMCR[6:5] |

Calibrated RC RCM_EN

32MHz 1/16

]

:

o
N,
2 | |3

RCK_EN
Calibrated RC =

32KHz

OSCK_EN
400K ~20M | OSCM_EN
osc

% 0 # 32K ~ 400K : using OSCK_EN
400K ~ 20M : using OSCM_EN

1’__'__‘F

Puc.4.2. Ctpykrypnas cxema ynpasienus PMCR.

Buytpennuit OSC-renepatop LGT8FX8D moxeT paboTaTh Kak B
BBICOKOYAaCTOTHOM, TaK U B HU3KOYACTOTHOM PEKHUMaX.

[Tonb3oBaTeNb NOMKEH yIpaBisTh BHyTpeHHUM OSC-reHeparopoM Jjisi paboThl B
peXUMe, B COOTBETCTBUH C (DAKTUYECKHUM Pa3MepOM BHEIIHETO KBApLIEBOIO reHepaTopa.
OnuH n ToT k€ BHyTpeHHUI RC-reHeparop Takke pas3iesieH Ha BBICOKYIO YaCTOTY U
HU3KYI0 yacTory. Mnaamme 4 6ura peructpa PMCR ucnonb3yrores 1uist yrpaBieHUs
OTUMH YETHIPbMs HCTOYHUKAMUA CUHXPOHU3ALUH.

Ta6numna 4.1. BkarouyeHnsl HICTOYHHUKOB CHHXPOHHU3AIUN

‘ PMCR ‘ CooTBeTCTBYIOIIMI HCTOYHUK CUHXPOHM3ALMHU
PMCR[0] 32MHZ Bxurouatot ynpasnenne RC: 1 Bxirouator, 0 Beikmodenuit
PMCR[1] 32KHz BxmoyaroT ynpasienue RC: 1 Bxirouarot, 0 Beikiarouennii
PMCR[2] 400K ~ 20MHz Bxurounts pesxxum OSC: 1 Brimtouuts, 0 Beiki.
PMCRJ[3] 32K ~ 400K Bxumrounts pexxum OSC: 1 Brmtouunts, 0 Beiki.

[Tocne Bxmtouenust cucteMbl LGT8FX8D B kauecTBE HCTOYHUKA CHCTEMHBIX
TaKTOB N0 yMoa4aHuto ucroisbdyercs 32 MI'n RC, a siapo pabortaet Ha yactote 8 MI'il
(2 MTI').

[Tonp30BaTenh MOKET U3MEHUTH KOH(UTYPAIUIO TI0 YMOTYAHHUIO, YCTAHOBUB
peructp PMCR u peructp npenapurensHoro aeaurens cuctemsl (CLKPR). Ecnu Bam
HEO00X0IMMO U3MEHUTH KOH(UTYPAIHIO IEPBUYHOTO UCTOUYHUKA CHHXPOHHU3AINH, BB
JOJKHBI YOEIUThCS, YTO UICTOYHUK CUHXPOHU3UPYEMOI'0 CUHXPOCUTHAJIA HAXOAUTCS B
cTaOnIbHOM pabodeM COCTOSIHUM Mepe NepekodeHneM yaco. [loatomy nepen



NEPEKIIOYEHUEM OCHOBHOTO HCTOYHUKA CUHXPOHHU3AIMKN HEOOXOJUMO BKIIFOUUTh
KeJlaeMblil UCTOYHUK cuHXpoHu3aiuu yepe3 PMCR [3: 0] u mogoxaaTh, OKa TaKThl HE
CTaOMIIM3UPYIOTCS IO TIEPEKITFOYCHMS.

Korna nonb3oBarenb NepexkioyaeT OCHOBHBIEC TAKThl HA BHEITHUNA KPUCTAILL, XOTS
M0JIb30BaTENb BKIIFOUWIJI BHEITHUN KPUCTAII, OH HE UCKIIFOYAET, YTO KPUCTAILT HE MOXKET
OBITH 3aImyIIeH U3-3a HETPABWILHON KOH(GUTYpaIlUU WM OTKa3a KpUCTaslia.

Ecnu BBl NEPEKIIIOYNTECH HA BHEIIHUM KPUCTAJUT B 3TO BPEMSI, CHCTEMA CPa3y XKE
MIPEKPaTUT pabOTy MOCIIe MepektoueHus. [103ToMy, yauThiBast HaAC)KHOCTh CHCTEMBI,
PEKOMEHIyeTCsl U30eraTh TaKMX MPoOJIeM C TOUKH 3pEHHS pa3pabOTKU MIPOTrPaMMHOTO
oOecrieueHus1, BKIIOYUB CTOPOKEBOM TaliMep.

Br100op ocHOBHOTO MCTOYHMKA CMHXpoHU3aIu B Tabi. 4.2. u Ha Puc.4.3.

[Tocne Toro, Kak ICTOYHUK CUHXPOHU3AIMHU BKIIIOUEH U 05KMJIa€T CTAOMIM3AIUH,
TJIABHBIN TAaKTOBBIM CHUTHAJI MOXeT ObITh niepekiitoueH PMCR [6: 5]. PMCR [5]
MCIIOJIb3YETCs 7151 BbIOOpa BHYyTpeHHero RC-reHepaTopa U BHEITHETO KpUCTalIa.

PMCR [6] ncnionb3yeTcs A BBIOOpa BEICOKOCKOPOCTHOTO UCTOYHHUKA
CUHXPOHU3AIIMU U HU3KOCKOPOCTHOTO UCTOYHUKA CUHXPOHHU3AIUU.

Tabnuua 4.2. Be100p OCHOBHOT'O HCTOYHHKA CUHXPOHU3ALINH:

PMCR[6] PMCR[5] Hcrounnk nepenunbix TakToB

0 0 Buytpennnii 32-merarepuossiit RC reneparop (1o yMOI4aHHIo)
0 1 Bueunuil Beicoko4acToTHBIN reHeparop ¢ yacroroit 400K ~ 20 MI'n
1 0 Buytpennuit 32KHz RC-reneparop
1 1 Buemnnit 32K ~ 400KHZz HM3K04aCTOTHBIN KpUCTAII
PMCR[5] PMCR[6]
Calibrated RC RC16M %
32MHz =
oscm ﬁ
>
Calibrated RC RG32K
32KHz E Mtk MU
>
Z
400K ~ 20M OSCK =
0sC

Puc.4.3. CtpykTypHas cxema BbIOOpa OCHOBHOTO UCTOYHUKA CUHXPOHU3ALIUN

4.2. CHHXpOHl/l3aIII/IH HCTOYHHUKA CHHXPOHHU3AIINH TAKTOB.

Yro6s! 3aumtuth peructp PMCR ot ciaydailHOro u3aMeHeHus, i3MEHEHHsI B
peructpe PMCR n0mKHBI OBITH CTPOTO YCTAHOBJICHBI B YKA3aHHOE BPEMHI.

Cawmpiii crapmmii out peructpa PMCR (PMCR [7]) ucnionb3yercs AJisl peaiu3aiiu
YIPaBJIEHUS CHHXPOHU3ALUEH.

[Ipex e yem mosib30BaTesin cMoryT MmoaudunupoBarts apyrue outel PMCR, oHu
JOJKHBI cHavasa ycraHoBUTh PMCR [7], 4ToObI U3MEHUTDH 3HAYEHUE IPYTUX PETUCTPOB
PMCR B TeueHue 6 UKIOB MOCJE yCTaHOBKHU onepanuu. [locie 6 nukiIoB npsiMbie
n3meHeHus PMCR OyayT npusHaHbl HeJeHCTBUTEIbHBIMU. Huke npuBeeH npumep



NEPEKIIFOYEHUS Ha BHEIITHUM BBICOKOCKOPOCTHOM KBapLEBbIA T€HEPATOP U MEPEUNCIICHHE
PEKOMEHTyEMBIX ATAroB pabOTHI:
1. BxIIIOYUTH UCTOYHUK CUHXPOHU3AIUU
e VYcranoButh PMCR [7] =1
e VYcranoButh PMCR [3] =1 B mecTh IIUKIOB, YTOOBI BKJIIFOUYNUTH BHEIIIHUE
BBICOKOCKOPOCTHOM BHEITHUM KBAPIIEBBIM TEHEPATOP
e [logoxauTe, MoKa BHEIIHUM KBAPIEBbIN T€HEPATOP CTAOMIU3UPYETCS
(BpeMs OXKUJAaHUS MEHSIETCS] B 3aBUCHMOCTH OT KBapIEBOr0 reHepaTopa.
OOBIYHO YPOBEHb MOXET KJATh)

2. Ilepexirouarens OCHOBHOTO HCTOYHUKA CHHXPOHU3AINH
e VYcranoBute PMCR [7] =1
e B mectu nukiax yctanopute PMCR [6: 5] = 01. Cuctema aBTOMaTUYECKU
MEePEKIIFOYUT pabouune TaKThl Ha BHENTHUN KBAPIIEBBIM reHepaTop.
e BrmonHuTe HEecKobKO onepanuii NOP 17151 moBbIIIeHNs CTaOMIIBHOCTH.
Bri6epuTe onepariuio)

[OcTopo:xkHo] B nprBeaeHHON BBILIE ONEPAUN IEPEKIIFOYEHUS OCHOBHBIX
TakToB, 4TOOBI ObLJIa TAPAHTHS, YTO TEKYLIUE CUCTEMHBIE TAKTHI PAOOTAIOT HOPMAJIBHO,
IIOCJIE MTEPEKIIFOUEHNS Ha BHEIIHUN KBapLEBBIM r'eHepaTop, NPEAbI YN BHYTPEHHUN
RC-renepatop MOKHO OTKJIFOUYHTb.

4.3. YnpagpiieHue npeABaApUTEeIbLHbIM JIeJIEHHEeM CHCTEeMbI

LGT8FX8D umeet npeayCuInTeNb CACTEMHBIX TAKTOB, KOTOPBIA MOYKHO
KOHTPOJIUPOBATh YEPE3 PETUCTP npeaBaputenbHoro aenutens yacoB (CLKPR).

Ota QyHKIHS MOXKET UCTIOJIb30BAThHCS JJII CHUYKEHUS SHEPTONOTPEOICHUS
CUCTEMBI, KOTJ]a CUCTeMa He TpeOyeT OYeHb BBICOKOW BHIYMCIUTEILHON MOIIIHOCTH.

HacTpoiiku npeaBapuTenbHOrO IEIUTENS AEUCTBUTENBHBI ISl UCTOYHUKOB
CUHXPOHM3ALINH, NOJIepKUBaeMbIX cuctemoil. [Ipennenurens TakTOB MOXKET BIUATH HA
TaKThI BBITIOJIHEHHUS sI/Ipa U, TAKUM 00pa3oM, CHHXPOHU3UPOBATH NepudepuitHbie
YCTPOMCTBA.

[Ipu nepexiIroYeHNN MEXKy Pa3INnYHBIMU HACTPOMKAMU TTPEABAPUTEIHLHOTO
JEUTENs TAKTOB MPEIBAPUTEIbHBIN KacKaJ] CHCTEMHBIX YaCOB FapaHTUPYET, YTO BO
BpeMsl IEPEKIIFOUCHUST He BOSHUKHYT IJTFOKH, U YTO HUKOT/1a HE OyAET MPOMEXYTOYHOTO
COCTOSIHUS MEPEKITIOUCHUS.

[Tocre Toro, Kak U3BMEHEHHUS PETUCTPA BCTYIIST B CUITY, CHCTEMHBIE TaKThI
NEPEKITIOYAIOTCS Ha HOBBIE Pa3/IeIeHHbIC TAKTHI MOCie (MAKCUMyM) 2 - 3 TEKYIITHX
TAKTOBBIX IIUKJIOB CUCTEMBI.

Uto0bI H30€XaTh OMTMOOYHOM pabOTHI PETUCTPA NETUTENSI TAKTOBBIX UMITYJIBCOB,
Moudukammss CLKPR Takke moipkHa clie1oBaTh CIEIUAIbHON BpeMEHHOM
MOCJIEA0BATEIbHOCTH:

e VYcraHoBUTE OUT pa3penieHus N3MEHEHUS TIPEIBAPUTEITHLHOTO JACITUTENS
yacoB (CLKPCE) na 1 u apyrue outrst CLKPR Ha 0

e B yerBepToM 1ukie TpedyeMoe 3HaueHue 3anuckiBaercs B CLKPS, a
CLKPCE 3anucsiBaercs B 0.

[lepen u3mMeHeHHEM perucTpa NPeABAPUTEILHOTO ISJIUTEN YaCOB OTKIIIOUUTE
(GYHKIUIO IPEPBIBAHUS, YTOOBI TAPAHTHUPOBATH, YTO BPEMSI 3aIIUCH MOXKET OBIThH



3aBepUIEHO. /[[711 KOHKPETHOTO ONPEAEIEHUSI OCHOBHOI'O IT€HEPATOPA TAKTOBBIX
umnysibcoB CLKPR cMm. Pa3znien onncanus peructpa 3Toro passena.

[Ba:xno] MakcumainbHas padouas yactota LGT8FX8D coctaBmsier 20 MI 1.
[TosToMy, KOT/1a B Ka4€CTBE OCHOBHOTO MCTOYHUKA CUHXPOHU3AIIMU BIOPAH BHYTPEHHHUI
32-merareprioBeiii RC, Heobxoaumo yoenutbest, uto CLKPR HacTpoen Ha nmpaBuibHYIO
KOH(UTYPAIMIO YaCTOTHOTO pa3jieicHus (MUHIMYM 2-X YaCTOTHOE JieJIeHHeE).

4.4. KaaunopoBka BHyTpenHero RC-reneparopa

LGT8FX8D conepxur asa kanOpoBouHbiXx RC-reneparopa, BHyTpeHHE
OTKaNMOpOBaHHBIX ¢ TOUHOCTHIO + 1%. Cpean Hux 32 MI't RC ucnons3yercs no
YMOJTYaHUIO JIJISl 4aCOB PA0OTHI CHCTEMBI.

[Tepen xaxxabiM nsrororiiennem LGT8FX8D BHyTpennuit 32-merarepuosbiii RC
OBLIT OTKAIMOPOBAH, U 3HAYCHHE KaTHOPOBKH OBLIO 3alliCcaHo B 00JacTh HH(MOPMAITIH O
KOH(UTYypaI CUCTEMBI.

[Tosp30BaTeNy MOMY4arOT JOCTYI K 3TOMY KAJIMOPOBOUHOMY 3HAYEHUIO Yepe3
peructp RCCAL B nmpocTpaHCTBE PErUCTPOB BBO1a-BhIBOJIA.

Buytpennuit 32KHz RC ne otkannbpoBan mpu ero u3roToBJICHUU.

Ecnu BaMm Hy>KHBI O4€Hb TOUHBIC HU3KOYACTOTHBIE TAKThI, Bbl MOYKETE
CaMOCTOATENbHO KannopoBaTh RC-reneparop u 3anucaTh KaaMOPOBOYHOE 3HAUEHUE B
cooctBennble Januble LGT8FX8D FLASH.

[Tocne kaxoro 3amycka MUKpOCXEMbI IPOrpaMMHOE 00€CTIEUEHNE CUUTHIBAET 3TO
KaJIMOpOBOYHOE 3HaUeHHEe U 3anuckiBaeT ero B peructp RCKCAL ns 3aBepuieHus
kannOpoBku 32-KI'y reneparopa RC. JlJist KOHKpETHOTO METO/1a KATUOPOBKHU CM.
n.a.4.4.1.

4.4.1. Buyrpennuii 32KHz RC Mertoz kanuOpoBKku

[lepen kanuOpoBkoi BHyTpeHHero 32KHz RC, BbI 1015KHBI UMETh BO3MOXHOCTh
M3MEPSATH TEKYIYIO BHYTPEHHIOK TaKTOBYIO 4acToTy 32 kI 1.

Bonee mpocToit croco6 - mepeKItoYnTh TaKThl pa00Thl CUCTEMBI Ha BHYTPEHHUN
32KHz RC-reneparop. 3aTem BbIBEIUTE MEaHAP, KOTOPHIH JIeTYe U3MEPUTH YaCTOTY C
MIOMOIIBIO0 BBOAA-BbIBOJA. YactoTa BHyTpeHHero RC nmonyyaercs myTteM u3MepeHust
YacTOThI MEAHpa U3BHE.

Brimeykazannbiii Meton kammOposku it RC, u meron kammbpoku RC-
redeparopa 32 k' rot xxe. [locne momyuenus RCKCAL 3naueHne MOXeT ObIThH
3amucaHo B 3ape3epBupoBaHHyr0 00acTh naHHbIX FLASH (E2PROM) ms
nocJyenyouel KaauOpoBKY NPOrpaMMHOI0 00EeCTIeUeHHUS.

4.5. Peructpsl Onucanue

RCCAL - 32-uezacepyoswiii kanubposounsiii pecucmp RC

RCCAL - 32-merarepuoBblii kaau0poBouHblii peructp RC
RCCAL.: 0x66 ITo ymomganuto: 0X00

burtbl RCCAL[7:0]

R/W R/W




Omnpenesenne OUT

[7:6] - 3ape3epBUPOBAHO
[5:0] | RCCAL [Tocrne BKITIOUEHUS CHCTEMBI 3HAYEHUE PETUCTPa OYAEeT 3aMEHEHO KaTHOPOBOYHBIM
' sHaueHneM RC B uHpopmanmu o koHpurypanuu cucremsl. Cm. 11.11.4.4.

PMCR - pecucmp ynpasnenus cunxponusayueti Taxmog

P R - pe ) DABJICHUS DQ 1 4 AKTOB
PMCR: OxF2 ITo ymomuanuro: 0X01
bButbl 7 6 5 4 3 2 1 0
Nms PMCE CLKFS | CLKSS | WCLKS | OSCKEN JOSCMEN] RCKEN | RCMEN
R/W R/W R/W RIW RIW R/W RIW R/W R/W

Omnpenesenne OUT

Peructp PMCR u3mensier OuT ynpasiieHus BKIoueHneM. [lepen n3smeHeHuem
[71 | PMCE npyrux nonoxkeHuit PMCR 3ToT OUT 1oJKeH ObITh YCTaHOBJIEH MEPBLIM, TOTIa
OCTJIbHBIEC 3HAYEHUS OUT JTOJKHBI OBITh YCTAHOBJICHBI B TEUEHHE YETHIPEX ITUKIIOB.

Hcrounuk nepBu4HbIX TakToB

[6] | CLKFS Buytpennuii 32-merarepiioBsiii RC reneparop (1o yMOI4aHHUIO)

Buemnnit BY reneparop ¢ yacroroii 400K ~ 20 MI'ng

Bnytpennuii 32KHz RC-renepatop

[5] | CLKSS Bremmnnii 32K ~ 400KHZ HM3K049aCcTOTHBIM KpUCTAIT

[4] | WCLKS Bri6op BayTpennero RC ucrounuka taktoB WDT, «O» - 1 MI'n, «1» - 32 k'
[3] | OSCKEN Buemawnii 32K ~ 400KHZ HU3K049aCTOTHBIN KPUCTAILT

[2] | OSCMEN Buytpennnii 32KHz RC-reneparop

[1] | RCKEN BHennuii BeIcokoyacTOTHBIHN rereparop ¢ yactotoi 400K ~ 20 MI'g

[0] | RCMEN Buytpennnii 32-merarepiossiii RC renepatop (1o yMoIr4aHuio)

CLKPR - Pecucmp ocrnogHoco npeddenumerisi maKkmos

CLKPR - Peructp 0CHOBHOI'O Nmpe/jie/InTe/Isl TAKTOB

CLKPR: 0x61 ITo ymommganwmro: 0x03
Butbl 7 6 5 4 3 2 1 0
Hma | CLKPCE | CLKOEN1 | CLKOENO - CLKPS3 | CLKPS2 | CLKPS1 | CLKPSO
R/W R/W R/W RIW R/W R/W R/W R/W R/W

Onpenesenne OUT
IIpennenurens TakToB. M3MeHeHUe ynpaBieHUs TaKTaMu.
[Tepen 3amenoit npyrux o6ut peructpa CLKPR BbI 10mKHBI CHauana ycTaHOBUTH
[7] | CLKPCE CLKPCE B «1», a 3aTeM yCTaHOBUTh OCTAJIbHBIC OUTHI B TEUYCHHE CIICAYIOIINX
YEeThIpEX CUCTEMHBIX HUKIIOB. 110 3aBepmenun uyersipex nukios CLKPCE
ABTOMATUYECKH OUYMIIIAETCS.

[6] |CLKOEN1 YcTaHoBUTH B «1» - OYIyT CUCTEMHBIE TaKThI BRIBOJUTHCS Ha BeIBOJ PES
[5] ICLKOENO] VYcranoBuTh B «1» - OyIyT CHCTEMHBIC TaKThl BHIBOJUTHLCS Ha BEIBOJ PBO
[4] - 3ape3epBUPOBAHO
buthl BBIOOpa IpeIBAPUTEIHLHOTO JICTUTENS TAKTOB
CLKPS3 | CLKPS2 | CLKPS1 | CLKPSO ITapameTpsbl mpeaeIeHus!
0 0 0 0 1
[0:3] | CLKPS 0 0 0 1 >
0 0 1 0 4
0 0 1 1 8 (Hactpoiika mo yMoJIYaHUIO)




16

32

64

128

0 0 256

3ape3epBUPOBAHO Jlpyrue 3naueHus

RCKCAL - 32-kunocepyosuiii kanuoposounwiii pecucmp RC

RCKCAL - 32-kunsorepuoBblii kaJiuopoBounsiii peructp RC

RCKCAL: 0x67 ITo ymomyanuro: 0xX00
Butnbl RCKCAL [7:0]
R/W R/W
Omnpenesienne OUT
[7:6] - 3ape3epBUPOBAHO

[Tocne BKIIFOYEHHS CUCTEMBI 3HAYEHUE PErucTpa OyIeT 3aMeHEHO KaJTHOPOBOYHBIM

[5:0] IRCKCAL sHauenueM RC. Cwm. n.m.4.4.1.

5. YnpasiieHue NUTAHUEM

5.1. O6o3penue

Crsiuii peskuM UCTIONb3YEeTCS 11 OTKIIFOUEHUSI HEUCTIONb3yEeMbIX MOJTYJIEH B
MCU, 4To CHMKAeT SHEPTrOnoTPEOICHIE CUCTEMBI.

LGT8FX8D obecneunBaeT oueHb THOKUN PEKUM OKHUTAHUS U KOHTPOJLIEP
MOJYJIs, TO3BOJISIET MOJIB30BATEII0 TOCTHYb HAUTYUIIel KOH(MUTYpaIluU ¢ MajIon
MOIIIHOCTBIO TTOTPEOJICHHUS.

Korma moxgyns LVD Briroduen, LVD npoaomkuT paboTy B CISIIEM PEKUME.

JI71st manbHENIero CHUKEHUST YHEPTONOTPEOJICHHS] CUCTEMBI €0 MOKHO
OTKJIFOUUTH MEPE TEM, KAK IIEPEUTH B CIISIIIIUN PEKUAM.

LGT8FX8D noanepkuBaeT pexuM NOHMKEHHOT'O SHEPrONOTPEOICHHUS.

B pexxume NOHMXEHHOTO SHEPronoTpedaeHus U poBasi 4acTh CUCTEMBI,
OOJIBIIIMHCTBO BXOJI0B/BBIXOJIOB U AHAJIOTOBBIX MOJIYJICH OYIyT OTKIIIOUCHBI.

Pexxum moHMXEHHOTO SHEPronoTpeOIeHUs MUHUMU3UPYET SHEPronoTpeOaeHre
CHUCTEMBL.

Pexxum OTKITIOUEHUS] MTUTAHUS MOKET ObITh TPOOYkKJEH TOJIHKO YKa3aHHBIM
BHEIIIHUM BBIBOJIOM.

[Ipotecc mpoOyxkaeHMS COTIacyeTcs ¢ MPOIECCOM BKITFOYCHUSI CUCTEMBI.

[TporpammHuoe obecriedeHrne MOKET CYUTHIBATh perucTp coctostauss MCU, 4ToOBI
MOJIYYUTh MPEIBIAYIIHN CTaTyC CUCTEMBI.

LGT8FX8D conepxut BHyTpeHHe TouHbIi 32-KI'1 RC-reneparop, KoTopblii
MTO3BOJISIET MOJIB30BATEIIO MEPEKI0YaTh cucTeMHble TakThl HA 32KHz RC n
WCIIOJB30BaTh HAJJICKAIIUN PEXKUM CHA, HE UMEs J€JIO CO CIOKHBIMHU 3ajja4yaMu. ITO
TaK)Ke 00eCIIeUrBaET UI€aIbHOE YPHEProNnoTPeOIEHNE CUCTEMBI B HEPAOOUEM peKUME.

Ecnu nmosib3oBaTens MOAKIIOYAET BHEIIHUN KBapLEeBbId reneparop 32768 ', BbI
TaKXKe MOXKETE NEPEKIIIOYATh OCHOBHBIE TAKThl HA BHEIIIHUI KBapLEBbIM F€HEPATOP,
3aTEM OTKJIFOYATh HEMCITOIb3YEMbI HCTOYHUK CUHXPOHU3ALUN U IPYTUE AaHATIOTOBbIE




MOJIYJIH U MIEPENUTH B CIIALIMN PEXKUM JIJIS JAJIbHEUIIET0 COXPAHEHUSI SHEPTUH.
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Puc.5.1. Cxema yrnpaBiieHHs] TUTAHUEM CUCTEMBI.

Kaxk nmokazano Ha Puc.5.1., LGT8FX8D B 0CHOBHOM KOHTPOJIUPYET MOTpeOIeHHUE
SHEPIUU BCEU CHCTEMBI Yepe3 KOHTpouiep pexuma oxunanusg (SMU) u 6510k
yrpasieHus TakToBoi yactotor (CMU).

C ypoBHs 3HEprocOepexeHHsI Mbl MOKEM Pa3AeIUTh SHEPTONOTPEOICHHE HA TPU
YPOBHSI.

[IepBblil ypoBEHB - KOHTPOJIMPOBATH paboure TakThl MOy yepe3 peructp PRR u
SKOHOMUTH JUHAMUYECKOE SHEPronoTpeOIeHUE CUCTEMBI, OTKIIOUUB TaKThl 0€3
UCIIOJIb30BaHUs MOAYJISl. B HOpMaNbHBIX YCIOBHIX SHEPTONOTPEOICHHE,
COKOHOMIJIEHHOE Ha 3TOM YPOBHE, HE SIBIISIETCS OUEBUIHBIM.

Bropoii aram 3akiro4aeTcs B NEPEKIIOYEHUH OCHOBHOIO HCTOYHHKA
CUHXPOHM3ALIMY HA HU3KOYACTOTHBIM TAKTOBBIN T€HEPATOP U OTKIIOUCHUU
HEHCMOJIb3yEeMOT0 MOYJISI HCTOUHHKA CUHXPOHU3ALMHU U APYTUX aHAJIOTOBBIX MOJYJIEH.
OTOT peKUM MOXKET B OCHOBHOM ITOJIYYUTh 3KOHOMHIO OYE€Hb 3HAYUTEILHON MOIIHOCTH
paboOThI CUCTEMBI U TTOTPEOJICHUE PHEPTUH CHA.

Tpetunil ypoBEHbB - MO3BOJIUTH CUCTEME TIEPEUTH B PEIKUM MTOHUKEHHOTO
sHepronotpedneHus. B pexxume nonmxkenHoro suepronorpediaenus LGTEFX8D
paboTaeT ¢ MUHUMAJILHBIM MOTPEOJICHUEM SHEPTUU. DTOT PEKUM MOXKET ObITh
poOyKJIeH TOJIbKO BHEITHUM BBIBOJIOM TpepbiBanud. [locie npoOyxaeHus B pexume
MOHMKEHHOTO SHEPToNnoTPeOIeHUSI TPOrPaAMMHOE 00ECTICUEHHE MOXKET CUUTHIBATh
COCTOSsIHUE TIpe/iBapuTesbHOro copoca yepe3 peructp MCUSR.

5.2. Cnsimuii pexxum

LGT8FX8D noanepxuBaeT nsth pexxuMoB oxunanus (Taodm. 5.1).

[Tonp30BaTe s MOXKET BHIOPATH MOIXOSAIINNA PEKUM OKUJAHHS B COOTBETCTBUHU C
TpeOOBaHUSIMU MPUITOKECHHUSL.

Peructp SMCR coaepxut napaMeTpsl yIpaBJICHHs PEXUMOM CIISIIET0 peKUMA.
[Tocne Boimonnenus komanasl SLEEP s1po nepexoauT B CISIIIUI pEKUM.

Jlnia mydiiero noTpedieHus: SHEPTUH CHA PEKOMEHYETCsl OTKIIIOUUTH BCE
HEHUCIOJIb30BaHHBIEC TAKThI U aHAJOTOBBIE OJIOKH, MPEXK/E YeM SAPO MEPEXOTUT B CIIAIIUN



PEKUM.

OpHako cienyeT OTMETUTh, YTO JJIsl HEKOTOPBIX UCTOYHUKOB MPOOYXKACHUS
TpeOyroTcst paboune TakThl. ECii BaM HY»KHO MCTIOJIb30BaTh TAKOW HCTOYHUK
MPOOYXKJEHHUSI, COXPAHUTE UCTOYHUK CUHXPOHU3AIUU.

Tabmuua 5.1. Crsiiuuid pexxuM U pesKuM 05KHJIaHUS

P peKTUBHDIE TAKTHI HcTouyHuk mpooy:kaeHust

n — Olo
co | — o Q19
>3z 8| & |2]_= 3 = A B R
Pexxum CHa Tol 2| 5 Q1558 2131013 l=1=
o ; — — S —O|= % [\ = | ©
; A 7 7 = @
be3oeiicmeyrowuii X X X X X X X1 X ] X|X
Pesrcum
no0AasIeHUA UWIyMa X X X X X| X | X
npu AL[Il
Humanue / Buusz X X X X
Iumanue /
evixnrouenue SO X X
(C RC32K)
Iumanue /
eéviknouenue S1 X
(C RC32K)

Ecnu BaM HY’>KHO BOMTH B MATH BBIIIE MEPEUUCICHHBIX PEXUMOB OKUJIAHUSA, OUT
SE B SMCR nomxeH ObITh yCTaHOBIICH B 1 JIJIs1 BKIIFOUEHHS PeKUMA CIISAIIETO PeKuMa.
3aTteM BbIIOHUTE UHCTPYKLHIO SLEEP.

SMO / 1/2 8 SMCR wucnonb3yercs Jij1s1 BbIOOpa IPyroro crsiiero pexkuma. s
MOJIyYEHUs AOMOJHUTENbHON HHPopMalu cM. OnucaHue HUXe.

Korma MCU naxoauTcs B CIIAIIEM PEXKUME, €CITU UCTOYHUK MPOOYKACHUS
nericruteneH, MCU npocHeTtcs yepe3 4 [UKIia U MPOAOJIKUT BBINOJIHEHNE HHCTPYKIIUU.

Ecnu npepbiBaHue ocTaeTcs B CUJIE, IPEPhIBAHUE HEMEJIEHHO OTBETUT Ha
npolienypy oOcnyKUBaHUSI IPEPHIBAHUM.

Ecnu cOpoc cucremsl npoucxoaut B pexxume SLEEP, MCU Takske nmpocHeTcs u
HayHeT BBINOJHEHUE U3 BEKTOpa cOpoca.

Korma MCU naxoauTcst B peXKMME MUTaHUS/BBIKIIIOUEHUSI, CHCTEMA MOXKET
npoceinatbes yepe3 BHenrHee npepoeiBanue INTO/1, 1 MCU Bo306HOBUT paboTy ¢
MPEabIAYIIEH ITO3ULIUU TIOCIIE CHA.

5.2.1. Pexum IDLE (be3nelicTByrornuii)

Korma SM2 ... 0 ycranosneno 3nauenue 000, nmocie BeinonHeHus: komanasl SLEEP
MCU nepexonurt B pexxuM IDLE, pexum IDLE oTkmtouaeT TakTbl paboThI sizipa, a Bce
ocTajbHble Iepudepuitabie ycTpoiicTBa OyayT paboTaTh HOPMaJIbHO.

Pexum IDLE moxeT ObITh pa30yeH BHEIIHUMU MPEPhIBAHUSMH, BHYTPEHHUMU
IIpEPBIBAaHUAMM U T. I. Eciam BaMm He HY’KHO HCNOJIb30BaTh Komnapartop u ALlII B
KauyeCTBE UCTOYHUKA MPOOYKICHUS, PEKOMEHIYETCS OTKIIOYUTH €TO0.



Pexxum IDLE He MOXET mOJIyduTh 04EBUIHOE SKOHOMMIO SHEPIroNnoTpeOIeHus,
IIOTOMY YTO BBIKIFOYEHO TOJIBKO pabOTaroIee Ha HEM TaKTHl.

B pexxnme IDLE 0CHOBHOE siAPO TaKKE NPEKPATUT BBIINTOJIHEHUE HHCTPYKIUU U
BBIOOPKH, YTO YMEHBIIUT PabOUuyI0 MOLTHOCTh BHyTpeHHeH nporpammsl FLASH.

Pexum IDLE umeer 6onee rubkuit pexum npoOysxaenus. [loapzoBaTenu Moryt
noyty4arh OoJsiee HieaabHy0 padodyr0 MOIIHOCTh 33 CYET CHHIKEHHSI OCHOBHBIX TAKTOB
CUCTEMBI U 3aKPBITUS HEHYKHBIX MOJYJIEH.

5.2.2. Pexxum nonasnenus myma npu AL

Korma SM2 ... 0 ycranosiien B 001, komanga SLEEP Bemonuser MCU B pexnme
nogasiyieHus nomex npu ALIIL

B sTOM pexxrMe 0CHOBHOE U OOJIBIIMHCTBO NepU(EepUitHBIX YCTPOHCTB NEPECTaHyT
pabortatb. AGOHEHTCKUI uHTEpdeiic, BHENTHEE MpepriBanue, cootBercTBre TWI-anpeca,
WDT u Taiimep/cueTunk2, paboTarolue B peXUME ACUHXPOHHBIX YacoB, Oy IyT
paboTarts.

Pexum ucnonb3yercs A1 o0ecnedeHus Xxopolue padboueit cpeabl s
npeobpaszoBanus ALIl. YMeHbIIUTE BBICOKOUYACTOTHBIE TIOMEXU OT LHU(POBBIX MOYJIEH
710 aHAJIOTOBbIX IpeoOpa3oBanuid. [locie BBoga storo pexuma ALl aBTomaTuuecku
HayHeT npeodpaszoBanue. [locne npeobpazoBanus AaHHBIX B peructp AaHHbix ALIIT
npepBanHoe npepriBanue npeodpazopanus AL pazoynur MCU u3 pexxuma AIIIL.

5.2.3. Pexxum ITuranue/Baus

[Tpu SM2 ... 0 no 010, mocne Toro, kak komanaa SLEEP Beimmosnusiercs, MCU
BXOJHUT B pexuM [Tutanue/ BoIKIIIOUNTS.

B sTOM pexknMe cucteMa OTKITIOYUT BCIO pad0Ty MOJYJISl CHHXPOHHM3AUUU. IJTOT
pEeXUM pabOThI TAKTOB B CBSI3U C 3aKPBHITUEM BCEX MOAYJEH, O3TOMY MOKHO TOJIBKO
pa30yauTh ACHHXPOHHBIN PEXKHUM, BHEILIHEE MpepbiBanue, u padoty WDT coBnaaenue
aJIpECOB PEKUM HE3aBUCUMOI'0 UCTOUYHMKA cuHXpoHu3auu TWI B curnasie
NpOOYXACHUSI MOKET OBITh CTEHEPUPOBAHA B 3TOM PEXKUME. DTa MOJIEIb MOXKET
OTKJIFOUYNUTH BCE MOAYJIH, 3@ UCKIIFOYEHUEM TOTO HCTOYHUKA TAaKTOBOI'O reHeparopa. s
JIOCTHKEHHSI 00Jiee JKeIaTesIbHOTO pacxoa padodyeil MOIIHOCTH, PEKOMEH IyeTCs 3/1ECh,
Iepel BXOJAOM B PEKUM, CUCTEMHBIE TAKThI IIEPEKIIOYAIOTCS HA BEAYLMI BHYTPEHHUI
v BHenHU 32 k[ 32K RC HU3KOI 4aCTOTHI TeHEpaTopa, U, YTOOBI 3aKPHIThH
VMCTOYHUK CUHXPOHHU3ALMN HE UCIOJIb3YETCS, U AHAJIOTOBBIA MOYJIb.

5.2.4. Pexxum [Turanue/Boixmounts SO

Korga SM ... 0 ycranosinex Ha 110, nociie Boinonnenust tHCTpykuuu SLEEP,
MCU nepexoaut B pexkuM [Tutanue/Boikmounts SO.

[MTocne Bxona B [Tutanue/Beikatounts SO Bce HCTOUHUKN CHHXPOHU3ALINN
OTKJIFOYEHBI, 32 uckimoueHrueMm BHyTpeHHero 32KHz RC. DToT pexxum MOKHO pa30yIuTh
BHemHUM npepbiBanueM INTO/1, ecou dhyukius npepsiBanus WDT Bxiatouena, WDT
TaKXKE MOXKET UCIOIb30BATHCS ISl PEAIN3aLNH CUHXPOHU3AUN TAKTOB.



5.2.5. Pexxum ITuranue/Boiximtounts S1

Korma SM ... 0 o 011, nmocne Boimonnenust uHCTpykuuu SLEEP, To MCU
nepexoaut B pexuM [Tutanne/Beikiarounts S1.

[Mocne BBoga [Mutanue/Beikiarounts S1, Bce NCXOAHBIE CUCTEMBI TAKTOB 3aKPBITHI.
DTOT peXUM MOXKET OBITH TOJIBKO uepe3 BHemHee npepbiBanue INTO / 1 mocre.

[Tepen Bxona B pexume [Iutanue/BoIKIi04nTh, BAM HY>KHO YCTaHOBHUTD 3apaHee U
npoOyXAeHNE NCTOYHUKA U YCTAHOBUTH COOTBETCTBYIOIIEE MPOOYKICHUE YCIOBUE, TS
BHEUIHUX NPEpBhIBaHUN, BaM HEOOXOJUMO YCTAHOBUTh NIPEPHIBAHNUE BKIIIOUUTH U
HACTPOUTH IOPOTOBBII YPOBEHb, HEOOXOAUMBIN JJI1 IPUMEHEHUS.

5.2.6. Ympasnenue momHocThi0o FLASH 1 OpicTpoe mpoOyskaeHne

Korna cucrema naxonurcs B pexxume SLEEP, sigpo ve 6yaeTt npogoixaTh
BBITNIOJIHATh MHCTPYKIMH. B 3T0 Bpems Bbl MoxkeTe OTKII0unTh nutanue FLASH, 4To6s!
MOJIyYUTh 00JIee HU3KOE SHEPrONOTPEOICHNUE B PEKUME OKUAAHUS. ITa QYyHKIUS
MosxeT yrpasisitecss outom FPDEN B peructpe MCUCR.

B pexume [Tutanne/BBIKITIOUATE CHCTEMA MOXKET UCTIONB30BaTh BHEIITHHE
npepbIBaHus Uiy npooyxaenue or WDT.

Y10o06b! OTGUIBTPOBATH BO3MOKHBIE TOMEXH OT BHEITHUX CUTHAJIOB, BHYTPEHHSS
cxema npoOyx AeHUS BKIIIOYAeT KOHPUTYpUpyeMyto cxemy (puiibTpa. Bel Moxkere
BBIOPATHh COOTBETCTBYIOLIYIO IIMPUHY (QUIIBTPA 110 MEPE HEOOXOIUMOCTH.

Konurypauus cxemsl puibTpa MoxeT ObITh peainzoBana FWKPEN peructpa
MCUCR. VYnpasnenue mupunoit punsrpa MCUCR [FWKPEN] (CMm. Tabu. 5.2.)

Tabnuna 5.2. Yopasienue mapuHol QriibTpa

FWKPEN [lupuna dunsTpa
0 260us (1m0 yMOJTYaHHIO)
1 32us

5.3. Peructpsl Onucanue

SMCR - Pecucmp ynpagnenusi cnawum peicumom

SMCR: 0x33(0x53) ITo ymomuanmro: 0xX00
Butbi 7 6 5 4 3 2 1 0
Nwmst - - - - SM2 SM1 SMO SE
R/W - - - - R/W R/W R/W RIW
Onpenesenne OUT
[7:4] - 3ape3epBUPOBAHO
Bb100p pexrmMa 0xKuIaHus
3] SM2 SM2 | SM1 | SMO Onucanue pe;kuma
0 0 0 Pesxxum IDLE (be3neiicTBytromnimii)
2] SML1 0 0 1 Pesxum nonasienus myma npu AL
0 1 0 Pexum [Turanne/Buus




Pexxum [Turanue/BriximrounTs S

[1] SMO Pexxum [Turanne/Breikmounts SO

Bxitouenust/Beiknrouenus: biiokupoBku

3ape3epBUPOBAHO

bur pazpemenus pexxuma 0xKuAaHNUs YCTaHOBJEH B «1» - BBIMIONHAETCS KOMaH/1a
SLEEP, u sinpo nepexoaut B cusmuid pexxuM. but SE 3amuiaer cucremy ot
[0] SE CITy4alfHOTO BXO0J1a B CIIAIIUNA PEXKUM. PexoMeHIyeTcss yCTaHOBUTB 3TOT OUT B «1» u
cpa3y e BeinoiaHuTh HHCTpYKuuio SLEEP. Tlocne npoOyxieHus: pekoMeHyeTcs
HEMEIUIEHHO OYnCTUTH OuT SE.

PRR - Pecucmp ynpaeénenus snepeocoepesiceruem
\ PRR - Peructp ynpasJ/ieHusi 3HeprocoepexeHuemM

PRR: Ox64 ITo ymomgannro: 0X00
Buthl 7 6 5 4 3 2 1 0
Nms PRTWI | PRTIM2 | PRTIMO - PRTIM1 | PRSPl |PRUSARTO| PRADC
R/W R/W R/W R/W RIW RIW R/W R/W RIW
Omnpenesienne OUT

[7] PRTWI 1 - OtxirounTth TakThl Aist Mmoays TWI
[6] | PRTIM2 1 - OTKIIOYUTH TAKTHI AJIs TaliMep/cyeTyuka 2
[5] | PRTIMO 1 - OTKIIOYUTH TAKTHI s TaliMep/cyeTynka ()
[4] - 3ape3epBUPOBAHO
[3] | PRTIM1 1 - OTKIIOYUTH TAKTHI IS TaliMep/cueTynka |
[2] PRSPI 1 - OtximounTh TakThl 115t Moays SPI
[1] |[PRUSARTO 1 - OtxirounTth TakThl A1t Moaysst USARTO
[0] | PRADC 1 - OtkmrounTh TakTh KOHTpOJuIepa AL

PRR1 - Pecucmp ynpasnenus snepeocoepesicenuem
PRRL1 - Peructp ynpasieHusi JHeprocoepe:keHueM

PRR1: 0x65 | ITo ymomuanuto: 0X00
Butbl 7 6 5 4 3 2 1 0
Nms - - PRWDT - - PREFL | PRPCI -
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Onpenenenne ouT
[7:6] - 3ape3epBUPOBAHO
[5] | PRWDT 1 - Orxmounts TakTel WDT
[4:3] - 3ape3epBUPOBAHO
[1] PRPCI 1 - OTKJIIOYUTH BHEIIHEE HM3MCHEHUE BHIBOJIOB M TAKThI PA0OTHI BHEIITHETO
MPEePHIBAHUS
[0] - 3ape3epBUPOBAHO

MCUCR - pecucmp ynpasnenus MCU
‘ MCUCR - peructp ynpasiaenuss MCU

MCUCR: 0x35(0x55 ITo ymomaanuio: 0X00
Burbl 7 6 5 4 3 2 1 0
Hma FWKEN | FPDEN - PUD - - IVSEL IVCE
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Onpenesienne OUT




Pexxum ObicTporo mpoOykIeHus: akTUBUPYET YIIPaBJICHUE, ICUCTBYIOIIEE TOIHKO
JUIS peKUMa MUTaHUS/BBIKITIOYEHUS
0: 260us 3anepxkka pumbTpa
1: 3anepkka ¢puabTpa 32US

[71 | FWKEN

VYrpasieHue BKIIIOUeHHEeM nuTanus / BeikaoueHus FLASH
[6] FPDEN 0: FLASH ocraercs BKJIFOYeHHBIM mociie cuctembl SLEEP
1: orknmrouenune nutanust FLASH nocne cucremsl SLEEP

[5] - 3ape3epBUPOBAHO
[4] PUD ['o6asibHBIC TOATITUBAIOIINE PE3UCTOPHI OTKIIOUYHUTH
[3:2] - 3ape3epBUPOBAHO

but BeIOOpa BeKTOpA MpEphIBAHMUS.
[Tocie TOro, Kak 3TOT OUT YCTAHOBIICH, aJIpeC BEKTOpa MpepbIBaHUs OyaeT
[1] IVSEL COIIOCTABJICH C HOBBIM aJIpecOM Ha ocHOBe 3HaueHus peructpa [VBASE.

[TonpoOHBIii agpec oToOpakeHusl, MoKaayicTa, 00paTUTECh K ONKUCAHUIO PETUCTPA
IVBASE

[Tepen uzmenenuem [VSEL HE00X0qUMO YCTaHOBUTH OUT pa3pelieHus] H3MEHEHUS

(0] IVCE BEKTOpa MpepbIBaHusl, a 3aTeM yctaHoBUTh I[VSEL B Teuenue 6 nukios.

6. CucremHoe ynpasJjieHue u cOpoc

6.1. O630p

[Tocne cOpoca cucTemMbl BCe PErUCTPbl BBO/IA/BBIBOJIa YCTAHABIMBAIOTCS HA X
HayaJbHbIE 3HAUECHHU, U TPOrpamMmMa 3aIlyCKaeT BBIIIOJIHEHHUE U3 BEKTOpa cOpoca.

Ha Bextopuom aapece npepbiBanust LGT8FX8D ninsa nepexona k 06paboTuuKky
cOpoca HE0OX0IMMO MCTI0JIb30BaTh MHCTPYKIIUIO RIMP - oTHOCHTENBHOTO TTepexoa.

Ecnu nporpaMMa He UCIIOJIb3YETCs 111 IPEPBIBAHUs, & UICTOYHUK MPEPHIBAHUS HE
BKJIIOUEH, BEKTOP NPEPhIBaHUS HE OYAET UCIOJIb30BATHCA.

O05acTh BEKTOPOB MPEPHIBAHUN MOKET MUCIOIB30BAThCS ISl XpaHEHUsI KoJa
IIPOrpamMMBl I1OJIb30BATENS.

[Tocne Toro, kak cOpoc AeWCTBUTENEH, BCE IOPTHI BBOA/BBIBOJIA CPA3y e
BCTYNAIOT B UCXO/IHOE COCTOSIHUE. BONBIIMHCTBO BXOAOB/BBIXOA0B UMEIOT HAaYaJIbHOE
COCTOSIHME BXO/ia U BBIKIIFOUEHHE BHYTPEHHETO MOATITUBAIOLIETO PE3UCTOPA.

BX0abl/BbIX0JIbI C PYHKIMSMH aHAJIOTOBOTO BBOJA TAKKE MHUIIUATUZUPYIOTCS
dbynkuusiMu 1 poBoro BBoAa/BeiBoja. Korga cOpoc CTaHOBUTCS HEAKTUBHBIM,
BHyTpeHHUI cueTuuk TaiiMepa LGT8FX8D HaunHaer ncnonb3oBaTh 11t cOpoca
HanpsokeHus. [Ilupuna curnana copoca pacTs>KEHUs UCTIONb3YETCs AJid 00ecieueHUs
TOTO, YTOOBI MOAYJIM MOIIIHOCTH U CUHXPOHU3ALIUH B CUCTEME BOLILIM B CTAOMIIbHOE
COCTOSIHHE.

6.2. UcTouHuk cOpoca
LGT8FX8D nogaepxkuBaeT B 00IIEH CI0XKHOCTH IIECTh HCTOYHUKOB cOpoca:
e (COpoc npu BkiItoueHnH nutanusi: CpabaTbIBaHUE MPU BKIIOYECHUH

BKJIFOUEHO, KOr/1a pabouee HampsHKeHHe CUCTEMBI HU3KOE, a TIopor copoca
BHyTpeHHero Moayiisi POR cOpaceiBaercs.



e Buemnuii copoc: koraa Ha BeiBojie RESETN Muxkpocxemsl mosBisieTcs
UMITYJIbC, TIPEBBITIAIONTNI MUHUMAIBHYIO IMIUPUHY cOpoca,
JEHCTBUTEILHBIN BHEITHUI cOpOC.

e (COpocC CTOPOKEBOTO TalkMepa: MOCIe TOro, Kak MOJyJIb CTOPOKEBOTO
TaliMepa BKIIFOUEH, €CJIM TalIMEP CTOPOKEBOIO TaliMepa OTKIIOUNIICS,
CUCTEMA MEePEe3arpy3UTCsL.

e (Copoc nuszkoro HamnpsikeHus: LGT8FX8D umeer Monynb oOHapyKeHUs
Huzkoro HanpspkeHus (LVD) Baytpu. Korja HCTOUYHUK MUTAHUS CUCTEMBI
HIOKE MTOPOTOBOT0 3HaUeHUs cOpoca, ycranoBneHHoro LVD, MCU Taxxe
OyzneT cOpoIeH.

e (Copoc nmporpammuoro obecrneuenus: LGTEFX8D nmeer cnenuaibHbIA
MPOrpaMMHBIN creHepUpOBaHHbBIN peructp copoca. [lonp3oBarenu MoryT
copocuts MCU B mo00e Bpemst 4epe3 3TOT PETUCTP.

e (Copoc OCD: copoc OCD BbIa€TCSI MOYJIEM OTJIAIYUKA U UCTIONB3YETCS
Uit ipsimoro copoca siapa MCU.

= Reset Flags
VccC Power-On Reset }7

‘ MCUSR[4:0] ‘

LVDLEVEL[1:0]

LVD Reset ‘

Resets
to
Modules

< Internal -
EXRST_EN —  Pullup WDT Reset ‘

|

RESETN | - 1 Spike Filter

aulquwo)
snouoJyduls
puaix3

Software Reset }— B
A

OCD Reset ‘

Clock Sources

Puc.6.1 Ctpykrypa cuctemsl Copoc

6.2.1. COpoc nmpu BKIIOUEHUHU.

Curnan cOpoca mpy BKIFOUCHUH TE€HEPUPYETCS CXEMOUW 0OHapYKEHUS
BHYTpEHHero Hanpsbkenus. Kornma cuctemMHublil ucTouHuk nutanus (VCC) Hibke
MTOPOTOBOTO 3HAYCHUS OOHAPYKEHHUS, IEHCTBYET CUTHAJ COpOCca BKIIIOUCHUSI TTUTAHMSI.

[Topor o6Hapyx)eHus cOpoca Mpu BKIIOUCHUN MTUTAHUS CM. B pas3fene
DIEKTPUYECKUX MTapaMeTPOB.

Cxema cOpoca py BKJIIOYEHUHW TapAHTUPYET, YTO YU HAXOAUTCS B COCTOSIHUU
repe3arrycka Bo BpeMs BKITFOUCHUS TuTaHus. [lociie BKIIOYEHUS MUKPOCXEMBI OH MOYKET
HayaTh pabOTaTh U3 U3BECTHOTO CTAOMILHOTO COCTOSHHUS.

Curnan cOpoca BKITIOUSHUS MTUTAHUS TAaK)KE PACTATHUBACTCS BHYTPCHHUM
CYETUYUKOM MHKPOCXEMBI, YTOOBI TAPAaHTUPOBATh, UTO Pa3JINYHbIE BHYTPEHHUE
aHaJIoroBble MOYJH, Takue kak RC-renepaTop, MOTyT BOITH B cTabuiibHOE paboyee
COCTOSIHUE I1OCJI€ BKIIIOYEHUS TUTAHUS.



VTH

vicc

20us 20us

VPOR

Puc.6.2. Inarpamma Copoca npu BKIIOYECHUN TUTAHUS.

6.2.2. BuemHuii copoc

Huskuit ypoBeHb nnpuMeHseTcs K Beixoay BHemHero copoca (RSTN), u BHemHui
cOpoc aktuBeH HemeneHHo. llluprHa HUXKHEro ypOBHS JTOJKHA OBITH OOJIbIIIE, YEM
MUHHUMAJIbHAS IMPUHA UMITYJIbCA UMITYJIbca. BHemHwuit cOpoc - 3T0 aCUMHXPOHHBIN
copoc. Jlaxxe eciu yum HEe UMEET TaKTOB, BHEUTHUIN COPOC MOKET MO-TIPEKHEMY
nepesarpyxath uuil. BeiBoj BHemHero copoca LGT8FX8D Takke MoKeT
HCTIOJIB30BaThCS KaK BXO/IbI/BBIXOAbI OOIIIETO Ha3HAYCHUS.

[Tocne BKIIIOYEHUSI MUKPOCXEMBI IO YMOJTYaHUIO UCOJIb3YETCSl BHEIIHSAS (PYHKIIHS
copoca. [lonap3oBaTenb MOXKET OTKIIOUUTH (PYHKIIMIO BHEIITHETO cOpOca 3TOro BhIBOAA
yepe3 KOHPUTYpALUIO PErUCTpa, YTOObI OH MOT MCIOJIb30BAThCSl KaK OOBIYHBIN BBO/I-
BbIBOJI. [loapoGuee cMm. Onucanue peructpa [OCR.

>1us

RESETN Vrst

10us
Internal Extend
RESET i

Puc.6.3. Juarpamma Buenmaero copoca

6.2.3. OOnapyxenue Hu3koro Hanpsikenus (LVD)

Copoc LGT8FX8D coaepKUT MPOrpaMMUPYEMYIO CXeMY HU3KOBOJIBTHOTO
oonapyxenus (LVD). LVD rtaxxe oOHapykuBaeT usmenenue Hanpsbkenuss VCC, HO B
OTIIMYME OT cOpoca npu BKItoueHnr, LVD moxeT BeIOpaTh mopor oOHApYKEHUS
HarnpsbkeHus. [lomp30BaTens MOXKET BBIOUPATh MEXITY TPEMsl pa3INuYHBIMHU TTOPOTAMH
HaIpsHKEHUS 4epe3 OUThl KOHPUTYpAIIUK CUCTEMBI HITM HAMIPSMYIO, YIIPABIIS PETUCTPOM
VDTCR. Cxema ob6HapyxeHus HanpspbkeHuss LVD nMmeeT xapakTepucTuky rucrepesuca
ot = 10 MB 1o + 50 MB, koTopas ucnosnb3yetcs 11 GUIbTpalliy JHKUTTEPA HAMPSHKCHUS
VCC. Kornma LVD Bkitouen, copoc LVD Oyner aefictBoBaTh HEMEIJIEHHO, €CITU
Hanpspbkenre VCC nagaer 10 nmopora ycraHoBieHHoro copoca. Korma VCC
YBEJIMUMUBAETCS BhIIIIE MTOpora copoca, HAUMHAETCS CXEMa PACIIMPEHUSI BHYTPEHHETO



copoca, 1 cOpocC MPOIOIKAET PACIIUPATHCS KAK MUHUMYM Ha | MUJITUCEKYH/TY.

_ 20us
LVD RESET ‘

>1ms
Internal

RESET

Puc.6.4. [luarpamma COpoca npu obHapyxkeHre Hu3koro Harpsikenus (LVD)

6.2.4. COpoc cTopoxkeBOTO Taiimepa

Ecnu ¢pyHxuus copoca cuctemMbl CTOPOKEBOTO TailiMepa BKIIIOUEHA, KOria Taiimep
CTOPOXKEBOTO TaiiMepa MepenoHIeTCs, cpa3y OyIeT TeHepUPOBATHCS CUTHAJ C OJTHUM
UKJIOM cOpoca cuctembl. CurHan cOpoca CTOpOXKEBOro TaiiMepa Takxke OyaeT
pacUIMpeH BHYTPEHHUM CUETUMKOM 3aepkKh. [loapoOHyro nHpopMaiuio o padore
CTOPOXKEBOT0 KOHTpoJIIepa cM. B moipoOHOM ONMCaHUU HUXKE.

— 4— 1CKCycle

wbDT
TIME-OUT

16us Extend

INTERNAL
RESET

Puc.6.5. lnarpamma COpoc CTOpOKEeBOTO TakMepa

6.2.5. Copoc mporpammuoro odecrneyenusi, copoc OCD

C6poc nporpaMMHOro 00ecredeHus - 3TO MIECTO OUT-3amycK MOJIb30BaTeNs Yepes
paboty peructpa VDTCR.

Bpewms cOpoca nmporpamMmmMHOTO 00€ecrieueHus TOYHO TaKUe ke, Kak U cOpoc
CTOPOXKEBOTO TaiiMepa. BHyTpeHHuit curnan coOpoca ypennduBaeTcs Ha 16us.

Copoc OCD renepupyercs BHyTpeHHUM oTiaamaukomM. Copoc OCD oObraHO
KOHTPOJIUPYETCs 0TIaauukoM. [IporpammHoe oGecnieueHre mojb30BaTeNsi He MOKET
uHuMupoBaTh copoc OCD.



6.3. YnpaBJ/ieHne MyJbTHILJIEKCUPOBAHUEM KOHTAKTOB

(B opuruHae HeT onMcaHusl.)

6.4. Cropo:xeBoii Taiimep

e Bri6op no Bpemenu BuyTpenHero 32KHz RC wnn Baytpennero 32MHz RC

16-toueunoro nenenus (2MHz)
o [lomneprkka pesxuMa IpepbIBaHUS, PEKUMa cOpoca U peKuMa IpepPhIBAHUS

BO3BpaTa
e Taiim-ayT Taiimepa 10 8 cekyHnn LGT8FX8D BHyTpeHHE COAEPKUT
yiydiieHHbId BHeHUN BUl JIBepHoi noBomuuk (WDT).
Pabouue taktsl Talimepa WDT mMoryT 06T BHyTpeHHUM 32KHZ RC reneparopom

nimy BHyTpeHHUM 32MHz RC reneparopom, pa3zaeneHHbIM Ha 16.
[Tocne nepenonnenus cuetynka WDT MokeT ObITh BBIBEIEH CUTHAII ITPEPHIBAHUS

UM cOpoca CUCTEMBI.

[Ipu HOpMaILHOM MCHOJIB30BAHUM IMPOTPAMMHOE oOecieueHue TpedyeTcs s
BBINIOJIHEHHSI KoMaH bl cOpoca WDR - cTroposkeBoro taiiMepa, 4To0bI epe3anyCcTuTh
CYETYMK Iepen nepenonHenueM. Ecinu B cucteme HeT KomaH sl BeojaHeHuss WDR,

WDT Oyaet renepupoBath npepbiBaHue Wi coOpoc cucreMbl. CTpyKTypa CTOPOKEBOTO
Taiimepa, Kak nokaszaHo Ha Puc.7.1.

32KHZ RC <
Oscillator
g > Watch Dog Prescaler
}
RESET g @
32MHZ RC 1/16 8 s R
Oscillator 9% S S B
> A A .o L
M I x| x
N e x S ® 8
™o LIRS RS
wor
MUX
WDE
) » WDTR

WDIE ‘ ) » IRQ

Puc.7.1 CrtpykTypa CTOpOKEBOro Taiimepa

B pexuMe npepbIBaHNs CUTHAJI 3aIIpOCa IIPEPhIBAHUS T€HEPUPYETCS I10CIIE
nepenosiHeHuss WDT. DTo npepbiBaHHE MOXKET UCIOJIB30BaThCS KaK CUTHAI
NpoOYKJICHUS B pEKUME 0KHUJIaHUS UM KaK OOIIUI CUCTEMHBINA TaliMep.

Hanpumep, 310 nipepbIBaHrE MOKET UCIIOIB30BaThCS U1 OTPAaHUYCHUS BPEMEHU
BBINIOJIHEHUS OIIEPALIUY U 3aBEPILICHUS TEKYLIEH 3a1a4l [PU NIEPEIIOTHECHUU.

B pexume copoca cuctembl WDT renepupyer curan cOpoca CUCTEMBI Cpaszy ke
nocJie nepenoyiHeHus cueryrka. Hambomnee TUIIMYHOE UCTIOIB30BAHUE -

pefoTBpalleHne c00s Min cOOi CUCTEMBI.
Tpetuii pexum, pexum npepuiBanus copoca, 00beAUHAET (YHKIIUU NPEPHIBAHUS U



copoca.

Bo-niepBbix, cucrema oTBeTUT Ha (yHKIUIO npepbiBanuss WDT u BeIiizeT u3
nporpaMmel copoca npepsiBanuil WDT, cpasy nepekitouuBIINCH B pexXUM cOpoca. JTa
GYHKIUS MOXKET MOJAEPKUBATh COXpaHEHHE HEKOTOPHIX MapaMeTPOB KIII0Ua Mepes
copocom.

YroOsl npenoTBpatuth cayvyaiinoe otkirouenne WDT, 3akpeitne WDT gomxHO
BBITIOJIHATHCS C CTPOTO OINPEAETIEHHBIM BPEMEHEM.

Crnenyroluii KoJ ONMUCHIBAET, KaK OTKJIIOUUTHh CTOPOXKEBOM TalMep.

B cienyromem npumepe npeanoaracTcs, YTo NpepblBAHUE OTKIIOUYEHO, TaK YTO
BECh IPOIIeCC Orepalu He OyAeT nmpepBaH.

Koxa Accem0iiepa

WDT_ OFF:

; Buiknouums enobanvroe npepvieanue
CLI; Tatimep cmopooica copoca

WDR

;- Ouucmumos WDRF ¢ MCUSR

IN r16, MCUSR

ANDI r16, ~ (1 <<WDRF)

OUT MCUSR, r16

; 3anucamo noeuueckyro eounuyy 6 WDCE u WDE
; Coxpanume cmapoe ycmanogky [lenumens yacmomsi, 4moobl NPeOOmepamums HeyMblULLeHHbLU
matum-aym

LDS r16, WDTCSR

ORI 116, (1 <<WDCE) | (1 <<WDE)
STS WDTCSR, r16

;- Boiknrouume WDT

LDIrl16, (0 <<WDE)

STS WDTCSR, r16

; Brxnouums enobanvnoe npepuvisanue
SEI

RET

Kon C

void WDT_OFF (void)

{

___disable_interrupt ();

__watchdog_reset ();

/* Ouucmumo WDRF ¢ MCUSR */

MCUSR &=~ (1 <<WDRF);

/* 3anucamwv nocuueckyro eounuyy 6 WDCE u WDE */
/* Coxpanume cmapoe ycmanogxy [lenumens uacmomsi, 4modwvl npedomspamums HeyMblulIeHHbI
maum-aym®*/

WDTCSR | = (1 <<WDCE) | (1 <<WDE);

/* Boiknouumo WDT */

WDTCSR = 0x00;

___enable_interrupt ();

}

[Iloackaska] Ecniu WDT BkIIFOUEH HEOKHIAHHO, HAIPUMED, IIPU 3aITyCKE
nporpaMmel, yun Oynaet copomiex, Ho WDT Bce erie BkitoueH.

Ecnin WDT ne o6pabaTbiBaeTcs B KOJE MOJIb30BATENs, 3TO MPUBEIET K
HUKJInYecKoMy cOpocy. UToObl 3TOro nu3dexarb, peKOMEHIYeTCs, YTOObI MPOrPaMMHOE
obecrieyeHue MoIb30BaTelIsl OUMIIAIO0 KOHTPOJIbHBIE OUTHI cTopoxkeBoro copoca (WDRF)



n WDE B nipouegype "HULIMATU3ALHH.

Crnenyroluii KoJ ONMUCHIBAET, KaK U3BMEHUThH 3HAUEHUE TalilM-ayTa CTOPOKEBOTO
Taimepa.

Koa Accembaepa

WDT_TOV_Change:

; Buixnouums 2nobanvHoe npepviganue

CLI

; Tatimep cmopoodica copoca

WDR

; Ilyck 3acek 8pems nociedosamenbHOCMu

LDS r16, WDTCSR

ORIrl6, (1 <<WDCE) | (1 <<WDE)

STS WDTCSR, r16

; - M36neu 0ns 6 yuki08 ycmanasnusaem Hogoe 3HaueHue omcrood -
; Yemanosums nosoe snauenue nayszvt = yurkivl 64K yuxnoe
LDIrl6, (1 <<WDE) | (1 <<WDP2) | (1 <<WDPO0)

STS WDTCSR, r16

; - 3asepuieno 3a0anue H08020 3HAUEHUS, UCNOIb3Yemcs 2 YUKIA-
; Brarouums enobanvroe npepuvieanue

SEI

RET

Kon C

void WDT_TOV_Change (void)

{
__disable_interrupt ();
__watchdog_reset ();
/' * Hauanvnas CUHXPOHU3UPOBAHHAA nocieoosamenvhocms */
WDTCSR | = (1 << WDCE) | (1 << WDE);
/ * YVemanosums nosoe 3nauenue maim-ayma = 64K yuxios * /
WDTCSR | = (1 << WDE) | (1 << WDP2) | (1 << WDPO0);
__enable_interrupt ();

}

[MucTpykumnu no ucnojin3oBanuo| [lepen nsmenenriem OUt KoHdurypammm
WDP pekomenayetcsi cOpocuTh cTopoxkeBoi Taiimep. [lockonbky namenenue 6ut WDP
710 HEOOJIBILIOTO NEPHO/IA OKUAHUS OYEHb BEPOSTHO MPUBEAET K cOpocy TaliM-ayTa
CTOPOKEBOI'0 TakMepa.

6.5. Peructpni Onncanue

VDTCR - ynpasnaowuii pecucmp LVD
VDTCR - ynpaBasiromuii peructp LVD

VDTCR: 0x62 3navenwue mo ymomdanuto: 0x00 unu 3arpyxeHo u3 nHGOpMAaIHH O
KOH(HUTypauy CUCTEMbI
butbl 7 6 5 4 3 2 1 0
Nmn CE SWR - - - VDTS1 | VDTSO | VDTEN
R/W R/W W RIW R/W RIW
Onpenesienne OUT
[7] CE bur pa3pemenust uamenenus 3nadenuss VDTCR. Tlpexae yem monp30BaTenb CMOXKET




n3MeHuTs 3HadeHne peructpa VDTCR, monp3oBaTens JOMKEH CHavama 3aucarh
3TOT OUT B 1 1 m3meHutsb apyrue outsl IOCR B Teuenue cnenyronux 4 takroB. CE
ABTOMATUYECKH OYHUIIACTCS MOCIIE YEThIPEX IUKIIOB, M ONepanus OOHOBJICHHS B
peructpe VDTCR HenelicTBuTeNnbHa. .

bur paspemenns copoca. O4ncTka 3Toro Oura MpuBeIeT K cOPOCY MPOrpaMMHOTO
obecreyeHus
[5:3] - 3ape3epBUPOBAHO
[Topor oOHapyKeHUST HU3KOTO HATIPSKCHUSL:
21| VDTS P p\y/DTS =00:1,8B P

VDTS =01:2,7B

VDTS =10:4,3 B

[0] | VDTEN Moy 0OHapyKeHUsl HU3KOro HanpshkeHus: 1 - BkimroueH, 0 - OTKITIIOYEH

6] | SwR

[1]1 | VvDTSO

IOCR - 10 Pecucmp pecucmpayuu ocoowix ¢yHxyuil

IOCR - 10O Peructp perucrpanuu 0coobIx GpyHKIUH

IOCR: OxFO | [To ymomuanmio: 0X00
Buthl 7 6 5 4 3 2 1 0
Hms CE STOSC1 | STOSCO | DACEN1 | DACENO| XIEN |RVIO_ENJEXIO_EN
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Omnpenesienne OUT
bur paspemienuns usmenenus 3uaueHus IOCR Ilpex e yem monbp3oBaTesib CMOKET
n3MeHnuTh 3HaueHue peructpa |IOCR, monp30BaTeNnb qOMMKEH cHaYalIa 3aucaTh 3TOT
[7] CE our B 1 u u3menuts apyrue 6utsl IOCR B Teuenue cnenyromux 4 taktoB. CE
ABTOMATHYECKH OYHUIIACTCS MOCIIE YEThIPEX IMKIIOB, M ONIepaIls OOHOBJICHHS B
peructpe IOCR HenelcTBUTENbHA.

[6] | STOSC1 BbICOKOCKOPOCTHOE YIIpaBICHHUE MTYCKOM KPUCTAJLIa
[5] | STOSCO HuszkockopocTHOE yripaBiieHHE TyCKOM KpUCTaJlIa
[4] | DACEN1 Paspemenne BeiBoga DAOL

[3] | DACENO Paspemenne BeiBoga DAOO

[2] XIEN KOHTpOJIb pa3zpemeHns BXOJHOr0 TaKTOBOT'O CUTHAJIA

BeiBog VREF 1o ymonuaHuio COOTBETCTBYET (PYHKIIMM aHAIOTOBOTO BXO/A.
[1] | RVIO_EN | VYcranoBka 3Toro 6ura B 1 OTKIHOUUT QYHKIUIO aHAIOTOBOTO BXO/1a. DTOT BBIBOT
MO>KET UCTOJb30BaThCs Kak PE6.

ITo ymomyanwuto ans PC6 ucnons3yercs GyHKIus copoca.
[0] | EXIO_EN |YcranoBka storo 6uta B 1 oTkimouaet GyHKIMIO BHEHIHEro copoca. [Tocie Toro, kak
dbyHkmms copoca orkioueHa, PC6 MOKHO UCTIONB30BaTh KaK OOBIYHBIN BBOJI-BBIBO/I.

MCUSR - MCU Peecmp kormpoais cneyuaibHwvix QyHKYull
‘ MCUSR - MCU Peectp KOHTPOJIsI ClIEeNHMAJBHBIX (PYHKIU

MCUSR: 0x34(0x54) ITo ymomyanwuro: 0xX00
Butbi 7 6 5 4 3 2 1 0
Nmsa SWDD | PDRF* - OCDRF | WDRF BORF EXTRF PORF

R/W R/W R/W R/W R/W RIW R/W RIW RIW
Onpenesienne OUT
Otxmrogaer SWD-untepdeiic. 3anuch 1 3akpoer untepdeiic SWD. [locne
3akpeiTus uHTEpdeiica SWD ornaaka u onepanuu ISP He MOTYT OBITH BBITIOJTHEHBI.
Ecnu unrepdetic SWD 3akpbIT B 10JIB30BaTEILCKON MPOTrpaMMe, BBl MOXKETE
OTKJIIOYUTH BHYTPEHHIOIO MPOTPaMMHYIO oneparuto, moTsHyB BHu3 RESET Bo

[71| swbpD




BpEeMsl BKIIIOUCHHSI TUTAHUS, @ 3aTEM BBITIOJHUTE ONepanuu oTaaaky u ISP.
[Tocne 3akperTus uatepdeiica SWD aBa untepdeiica BBoja/BriBoja, 3aHsAThie SWD,
MOTYT MCIIOJIb30BaThCsI KaK OOIIHIT BBOA-BBIBO/I.

UtoOb1 n30exkaTh HenpaBmwiIbHOU padoTel SWDD, nmosib3oBaTeno HE0OX0AMMO CHOBA
Harmucath SWDD 3a yetbipe nukia nocie Toro, kak out SWDD Gyner oOHOBIIEH B
TIEPBBII pa3, YTOOBI BCTYIHTH B CHITY.

[6] - 3ape3epBUPOBAHO
[5] PDRE* [TpoOyauTh dar u3 pexuMa MUTAHUS/BBIKITIOUCHUS.
[TonpoGuee cm. Paznen «YmpasiieHne TUTAaHHEM).

[4] OCDRE ®mar copoca otnaguunka OCD.

COpoc pH BKJIFOYEHUH aBTOMATHYECKU OYMINACTCS WK 3anuchiBaetcs 0
3] WDRE ®ar cOpoca CTOPOKEBOTO TaliMepa.

COpoc npu BKJIIOUEHUH aBTOMAaTUYECKU OYMINAETCs WK 3anuckiBaetcs 0
2] BORE COpoc oOHapyKEeHHsI HU3KOTO HATIPSKECHHUS.

COpoc pH BKJIFOYEHUH aBTOMATHYCCKU OYMINACTCS WK 3anuchiBaetcs 0
[1] EXTRE @ar BHemIHero copoca.

COpoc pH BKJIFOYEHHUY aBTOMATHYCCKU OYHMIIACTCS WM 3amuchiBaeTcst
[0] PORE @rar cOpoca pu BKIIFOYCHUN TTUTAHUS

C6pOC IIpXU BKIIIOYCHHUHW aBTOMATHUYCCKHU OUYUIIACTCA WJIN 3alIMChIBACTCA 0

3ameuanue: *OmmbKka B HoMepe Outa

[CoBeTni]: 17151 607€€ TOUHOTO ¥ 3PHEKTUBHOTO UCTIOIB30BaHMS HHGOpMALIUK 00
O0OHOBJIEHUU COpOCa PEKOMEHIYETCS, YTOOBI MOJIH30BATENH MOMBITAIUCH IPOYUTATH
copoc ¢rara MHULMATU3AIUA U OYUCTUTD €TO.

WDTCSR - Pecucmp ynpasnenus u cocmosnus WDT

WDTCSR - Peructp ynpasJjienusi u cocrosinusg WDT
ITo ymomyanwuro: 0X00

WDTCSR: 0x60
7
WDIF
R/W

6
WDIE
R/W

5 4
WDP3 | WDTOE | WDE
R/W R/W R/W

Onpenenenne OuT

3 2 1
WDP2 WDP1

R/W R/W

0
WDPO
R/W

butel

HNma
R/W

@nar npepsiBanuss WDT. but WDIF ycranasnusaercs, korna WDT pabotaer B
pexxume npepsiBanus u nepenonnsercs. [IpepsiBanue WDT renepupyercs, korna
out WDT c npepsiBanniem WDT ycranosiieH B «1y, 1 Ti106aJibHOE TIpEpHIBAHNE
ycraHosieHo. butr WDIF ounmaercs, korna Beinonusercs npepsiBanue WDT.
3anuce «1» B outr WDIF taxoke ouniaer our.

[71| WDIF

bur ynpasnenus npepsiBanueM WDT. Korna 6ut WDIE ycranoBnen B «1», a
rio0anbHOe MpepbhIBaHUE yCTaHOBIIEHO, pepbiBanne WDT Brutoueno. I[pu
yctanoBke 0ut WDIE Ha «0» npepeiBanue WDT otkmroueno. butr WDIE u Our
WDE BMmecTe onpenenstor pexuM padoThl CTOPOKEBOrO TaiiMepa, Kak MoKa3aHo B
crenyromen Taomiie.

JleiicTBMSI MOCJI€E
nepenoJHeHust

[6] WDIE WDE | WDIE Pe:xum

0

Cron

Her

Pexxnm npepriBanus

[IpepsiBanne

Pexxum copoca

Copoc

[l Ll K= =]

1
0
1

5] | wbDP3

Pexumbl mpepriBaHust U copoca

Bri6op npeasaputensHoro aeaurenss WDT ympasnser 6ut 3 (Taba. 8.1.).
WDP [3] u WDP [2:0] 00pa3ytoT OuThl BeIOOpa npeaBaputenbHoro aenutesiss WDT
WDP [3: 0], koTOpbIe HCTIOJIB3YIOTCS ISl yCTaHOBKU Tiepuoaa oxxuaanus WDT.

COpoc mocye npepbIBaHUs

[4] | WDTOE

WDT otkmrouaer 6ut ynpasienns BkiaodenneMm. but WDTOE nomken ObITh




ycraHoBJeH, korga 6ut WDE nomxen 6b1Th ouniiex, naade WDT He Oyzner
otkmoueH. Korma 6ut WDTOE ycranoBieH, anmapaTHoe o0ecredeHrue OUnIaeT
outr WDTOE nocie 4 TakToB.

WDT aktuBupyet 6ut ynpasienus. Korna out WDE ycranosnen B «1», WDT
BiirodeH. Korga out WDE ycranosnen Ha «0», WDT otkmouen. WDE moxet
OBbITH OUMIIEH TOJIbKO NpH ycranoBke out WDTOE.

YtoO6sl otkirounth WDT, KOTOpBIH yKe BKIIFOUSH, HEOOXOIMMO BBITIOJHUTH
CJIEYIOIYIO IIOCIIEA0BATENbHOCTB!

1. YcranoBus 6utet WDTOE u WDE onnoBpemenno, naxe eciau WDE Obut
[3] WDE yCTaHOBJIEH, Heo0XxoauMo 3anucath «1» B outr WDE nepen 3amyckom onepanuu
BBIKJIFOYCHHS.

2. 3anucars 6ut WDE B cienyromue 4 takra. «0» Ito otkimount WDT. WDT
copaceiBaet piiar WDRF cucremsl (B peructpe MCUSR), korna 6utr WDE
ycraHoBlieH Ha «1» u nepenonnerne WDT st copoca cucremsl. bur WDE
ycraHaBinuBaetcs, korga 0ut WDRF ycranosien. IToatoMy, 4ToObl 0UUCTUTH OUT
WDE, 6ut WDRF nomkeH ObITh OUHIICH TEPBBIM.

KonTpons Bei6opa npeasapurensHoro aenutenst WDT. HUcnonsizyercs mis
yCTaHOBKHM LMKJa repenoianennss WDT. Pekomenayercs usmenuts 3Hauenne WDP,
koraa WDT nHe cuuraer. U3menenue 3Haduenus WDP Bo Bpems mojicuera MpuBeIeT
K HenpeJckazyemomy nepenosHenno WDT.

[2:0]) WDP[2:0]

Ta6nun 8.1. Cnicok BeIOOpa npenBapuTenbHOI BeiOOpkn Watchdog

WDP3 | WDP2 | WDP1 | WDPO kbl nepeno.ﬂfeﬂnﬁ Bpems npu | Bpemst npu
CTOPO’KEBOI0 TaliMepa 32kl 2mI'n

0 0 0 0 2K cycles 64ms Ims
0 0 0 1 4K cycles 128ms 2ms
0 0 1 0 8K cycles 256ms 4ms
0 0 1 1 16K cycles 512ms 8ms
0 1 0 0 32K cycles 1s 16ms
0 1 0 1 64K cycles 25 32ms
0 1 1 0 128K cycles 4s 64ms
0 1 1 1 256K cycles 8s 128ms
1 0 0 0 512K cycles 16s 256ms
1 0 0 1 1024K cycles 32s 512ms
1 0 1 0

1 0 1 1

1 1 0 0

1 1 5 1 3ape3epBUPOBAHO

1 1 1 0

1 1 1 1

7. TlpepbIBaHMS M BEKTOPA NpepPbIBAHNUS

e 28 UCTOYHUKOB MPEPHIBAHUI
e [IporpamMmmMmupyembie HayalbHbIE aJpeca BEKTOpa
LGT8F48D / 88D / 168D / 328D uMeroT 0JuHAKOBBIE PECYPCHI MPEPHIBAHUA.
OCHOBHOE pa3JIM4Ke 3aKI0YaeTCsl B TOM, 4TO BekTop npepbiBanus LGT8F48D/88D - ato
1 cinoBo uncTpykiuu (16 6ut). Bektop npepeiBanus LGT8F168D/328D - 2 ciosa.



7.1. Bekropa npepouiBannii LGT8F48D/88D

Crucoxk BektopoB npepoiBannii LGT8F48D/88D

Homep | Anpec Bexropa Herormm OnucaHue HCTOUYHUKA ITPEPBIBAHUS
HpepbIBaHUS
Bremnnii copoc, Copoc npu BraoueHuu, Copoc
1 0x0000 RESET cToposkeBoro Taiimepa, Copoc otmanku SWD, Copoc
HU3KOTO HAITPSKCHUS
2 0x0001 INTO 3anpoc BHemHero npepsiBadus
3 0x0002 INT1 3anpoc BHEUTHEro npepbiBaHus 1
4 0x0003 PCIO [IpepsiBaHye OT W3MEHEHHsI YPOBHsI curHazia 0
5 0x0004 PCI1 [IpepbiBaHNe OT M3MEHEHHSI YPOBHsI curHazia 1
6 0x0005 PCI2 [IpepbiBaHNE OT U3MEHEHHSI YPOBHSI CUTHAJIA 2
7 0x0006 WDT [IpepriBaHKEe MEPEIIOITHEHUS] CTOPOXKEBOTO TaiiMepa
8 0x0007 TC2 COMPA Taiimep 2 CpaBHenue A IlpepbiBaHue npu paBeHCTBE
9 0x0008 TC2 COMPB Taiimep 2 CpaBHenue A IlpepbiBaHue Npu paBeHCTBE
10 0x0009 TC2 OVF IIpeppiBaHKe MpU MEPENOJHEHUH TaiiMepa 2
11 0x000A TC1 CAPT [IpeppiBaHKE OT BXOJAHOTO CUTHAJA Taiimepa 1
12 0x000B TC1 COMPA Taiimep 1 CpaBHenue A IlpepriBaHu€e ITpH paBEHCTBE
13 0x000C TC1 COMPB Taiimep 1 CpaBuenne B [IpepsiBanue mpu paBeHCTBE
14 0x000D TC1 OVF [TpepriBanue 1pu nepenojHeHnu TaimMepa 1
15 0x000E TCO COMPA Taiimep 0 CpaBuenne A IlpepeiBanre npu paBeHCTBE
16 0x000F TCO COMPB Taiimep 0 CpaBuenue B IIpepbiBanue npu paBeHCTBe
17 0x0010 TCO OVF ITpepsiBanue npu nepenogHeHuu Taimepa 0
18 0x0011 SPISTC SPI IIpepbiBaHue KOHEI] Iepeadn Cepuu
19 0x0012 USART RXC USART IlIpepbiBaHue nocse nogyyeHus
20 0x0013 USART UDRE USART IIpepBars OcBOOOXICHUS PETHCTPa JAHHBIX
21 0x0014 USART TXC USART IlpepsiBanue Koner nepemgauun
22 0x0015 ADC ANII IpepriBanue Konen npeobpasoBanus
23 0x0016 EE_RDY EEPROM IlpepriBanue ['oToB
24 0x0017 ANA;COMP Amnanorosbiii komnapatop 0 IIpepriBanue
25 0x0018 TWI TWI IIpepriBanue
26 0x0019 ANA_COMP1 Amnainorossiii kommnaparop 1 IlpepsiBanue
27 Ox00IA -
28 0x001B PCI3 [IpepriBaHe OT N3MEHEHHSI YPOBHSI CUTHAA 3
29 0x00IC OPAO_COMP OPAO0 Bctpoennsiii TaliMep coBmajzieHre pepbIBAaHUN
30 0x00ID OPAl;COMP OPA1 Bctpoennsiii TaliMep coBmajzieHre TpephIBAaHUN

7.2. Bekropa npepouiBannii LGT8F168D/328D

Howmep | Anpec BekTopa

Hctounuk

Criucok BektopoB npepbiBanuii LGT8F168D/328D

OnrcaHne NCTOYHUKA ITPEPHIBAHUS

[IpepPLIBaHUS
Buemnuit copoc, Copoc npu BrmoueHnu, Copoc
1 0x0000 RESET cTopoxeBoro Taitmepa, Copoc otnagku SWD, Copoc
HHU3KOI'O HAITPAKCHU A
2 0x0002 INTO 3anpoc BHemHero npepsiBaHus ()
3 0x0004 INT1 3anpoc BHENTHEro npepbiBaHus 1
4 0x0006 PCIO [IpepriBanme OT M3MEHEHHUs YPOBHs curHana ()




5 0x0008 PCI1 ITpepsiBaHNe OT W3MEHEHHSI YPOBHsI curHazia 1

6 0x000a PCI2 ITpepbiBaHNE OT N3MEHEHHSI YPOBHSI CUTHAJIA 2

7 0x000c WDT ITpeppiBaHMe EPENOIHEHHS CTOPOKEBOIO TaliMepa
8 0x000e TC2 COMPA Tatimep 2 CpaBHenue A IlpepbiBaHne pu paBEHCTBE
9 0x0010 TC2 COMPB Tatimep 2 CpaBHenue A IlpepbiBaHue Npu paBEHCTBE
10 0x0012 TC2 OVF [IpepriBanme npu MEPENOJHEHUH TaiiMmepa 2

11 0x0014 TC1 CAPT [IpeppiBaHKE OT BXOJHOTO CUTHAJA Taiimepa 1

12 0x0016 TC1 COMPA Taiimep 1 CpaBHenue A IlpepriBaHu€e TpU paBEHCTBE
13 0x0018 TC1 COMPB Taiimep 1 CpaBuenne B IIpepsiBaHue mpu paBeHCTBE
14 0x001a TC1 OVF ITpeppiBaHMe IIpH nepenoJHEeHNH TaliMepa 1

15 0x001c TCO COMPA Tatimep 0 CpaBHenue A IlpepbiBaHne Npu paBEHCTBE
16 0x001e TCO COMPB Taiimep 0 CpaBHenue B [IpepriBanue npu paBeHCTBE
17 0x0020 TCO OVF IIpepriBanme npu nepenoHeHu: Taiimepa 0

18 0x0022 SPI STC SPI IIpeppiBaHKe KOHEI] EpeIayy CEpUU

19 0x0024 USART RXC USART IIpepsiBaHue mocse morydeHust

20 0x0026 USART UDRE USART IIpepBarb OcBOOOXKICHUS PETHCTPa JAHHBIX
21 0x0028 USART TXC USART IlpepsiBanue Konern nepemxaun

22 0x002a ADC AUII IpepriBanue Konen npeodpa3oBanus

23 0x002c EE_RDY EEPROM IlpepsiBanue ['oToB

24 0x002e ANA_COMP Amnanorosbiii kommapaTtop 0 IIpepeiBanue

25 0x0030 TWI TWI IIpepniBanue

26 0x0032 ANA_ COMP1 Amnanorosbiii kommapaTtop 1 IIpepeiBanue

27 0x0034 -

28 0x0036 PCI3 [IpepbiBaHe OT M3MEHEHUS YPOBHS CHTHANIA 3

29 0x0038 OPAO_COMP OPAO BcTpoennsiii TaiiMep coBmajieHre NpephIBaHUHA
30 0x003a OPAl;COMP OPA1 Bctpoennsiii TaliMep coBnajieHne pepbIBAaHUN

Bexkrop copoca LGT8FX8D naunnaercs ¢ aapeca 0x0000. B nomonHeHue k
BEKTOpY cOpoca Jipyrue BEKTOPHBIE aJipeca MOTYT ObITh MIEpEeHANPaBICHbI HA HAYaJIbHBIH
aapec ¢ 512 6aiitamu ¢ momompto peructpoB IVSEL u IVBASE B peructpe MCUCR.

7.3. O0pa6oTKa BEKTOPHBIX NPEpPbLIBAHUI
Crnenytromuii koa ucnosibdyeT LGT8F48D / 88D B kauecTBe mpumepa aJist

WJUTIOCTPALIMK POTPaMMUPOBAHUSI BEKTOPOB cOpoca U MpepbIBaHUs, TOJIBKO JJIs
CITPaBKHU:

Ipumep kona Accebdsiepa - LGT8F48D / 88D

Anpec Komanna KommenTapuii
;Brnewnuti copoc, Copoc npu exnrouenuu, Copoc

0x0000 RJMP RESET ;cmopoocesoeo matimepa, Copoc omaaoxu SWD, Copoc
HU3KO020 HANPSACEHUS

0x0001 RJIMP EXT_INTO ;3anpoc enewrne2o npepvisanus ()

0x0002 RJIMP EXT_INT1 ;3anpoc enewnezo npepvisanus 1

0x0003 RJMP PCIO ;[Ipepvisanue om usmenenus yposms cuenana ()

0x0004 RJMP PCI1 ;IIpepvlsanue om uzmenenus yposHs cuenana 1

0x0005 RJMP PCI2 ;[Ipepvisanue om uzmenenus yposHs cucHania 2

0x0006 RJIJMP WDT ;[Ipepvlsanue nepenonnenus cmopodicesoco matimepa

0x0007 RJMP TC2_COMPA s Tatimep 2 Cpasnenue A Ilpepvisanue npu pasencmee




0x0008
0x0009
0x000A
0x000B
0x000C
0x000D
0x000E
0x000F
0x0010
0x0011
0x0012
0x0013
0x0014
0x0015
0x0016
0x0017
0x0018
0x0019
0x00IA
0x001B

0x00IC
0x00ID
0x001E
0x001F
0x0020
0x0021

RIMP TC2_COMPB s Tatimep 2 Cpasnenue A Ilpepvisanue npu pasencmee

RIMP TC2_OVF ;[Ipepvisanue npu nepenonnenuu maiimepa 2

RIJMP TC1_CAPT ;[Ipepvlsanue om 6xoonozo cuenanra maimepa 1
RIMP TC1_COMPA ;Tatimep 1 Cpasnenue A Ilpepvisanue npu pasencmee
RJMP TC1_COMPB sTavimep 1 Cpasnenue B [Ipepvisanue npu pasencmee
RIMP TC1_OVF ;[Ipepvisanue npu nepenoanenuu maiimepa 1

RIJMP TCO_COMPA s Tavimep 0 Cpasnernue A [lpepvisanue npu pasencmee
RIMP TCO_COMPB s Tatimep 0 Cpasnenue B Ilpepvisanue npu pasencmee
RIJMP TCO_OVF ;IIpepvisanue npu nepenoanenuu matimepa 0

RIMP SPI_STC ;SPI IIpepvisanue koney nepedauu cepuu

RIJMP USART_RXC ;USART Illpepvisanue nocne nonyuernus

RIMP USART_UDRE ;USART IIpepsams Oce060tcoenus pecucmpa OaHHbIX
RIJMP USART_TXC ;USART Ilpepvisanue Koney nepedauu

RIMP ADC AL Ilpepvisanue Koney npeobpazosanus

RIJMP EE_RDY yEEPROM Ilpepuvisanue 'omos

RIJMP ANA_COMP ;Ananoeoewiii komnapamop 0 Ilpepvisanue

RIJMP TWI s TWI Ipepvisanue

NOP ;Ananozoswiti komnapamop 1 Ilpepwieanue

NOP

RIMP PCI3 ;[Ipepvisanue om usmenenus yposusa cuenana 3

LDl r16, high(RAMEND) ;Ocrosnas npocpavma Hauano

OUT SPH, r16 s Vemanoexa ykazamens cmeka

LDI r16, low(RAMEND)

OUT SPL, rl16

SEI ;Brarouums enobanvuvle npepvisanus

7.4. Peructpnl Onncanue

IVBASE - Pecucmp 6azoso20 adpeca eekmopa npepuléaniiil

IVBASE - peructp 6a30Boro agpeca BeKTopa npepbIBaHHii

IVBASE: 0x75 ITo ymommganmro: 0xX00
Butnbl IVBASE [7:0]
R/W RIW

Onpenesenne OUT

[7:0] |IVBASE

Ecnu IVSEL pasen 1, BekTop npepbiBaHus (Kpome BekTopa cOpoca) Oyaer
nepeHazHaueH Ha 512-6aiiTHbie cTpaHuIlsl ¢ ucnonb3oBanueMm [VBASE B kauectse
6a3oBoro agpeca. ba3zoBslit anpec oroOpaskaemoro BekTopa npepsiBanus: (IVBASE

<< 8) + COOTBETCTBYIOIINI BEKTOPHBIN ajipec B Tabnuie 1

8.BHeniHMe npepbIBaHUs

e JIBa BHEIIHUX UCTOYHUKA MTPEPHIBAHUS
e Kondurypupyemble npepbIBaHUs C YPOBHEM UJIU MO (HPOHTY
e MoKeT HCTONb30BAThCSI KaK UCTOYHUK MPOOYXKACHUS B CIIAIIEM PEKUME




8.1. O630p

BHelHue npepblBaHus 3aycKaroTcs ¢ moMomibio KOHTakToB INTO u INT1. Iloka
BHEIIIHEE MTPEPHIBAHNE BKJIIOYEHO, TPEPHIBAHUE MOXKET OBITh 3aITyIIEHO, JaKE €CIIU 3TH
7IBa BBIBOJIa CKOH(DUTYPUPOBAHBI KaK BBIXOABI. DTO MOYKHO HCIOJIb30BATh IS
reHepaluy MporpaMMHBIX NpepbIBaHuil. BHeurHue npepbiBaHus MOTYT OBITH BBI3BAHBI
HapacTaomuM GpPOHTOM, CIIAJ0M WM HU3KUM YPOBHEM, HACTPOCHHBIM BHEIIHUM
perucTpom ymnpasiieHus npepbiBanusimu, EICRA.

Korna BHelIHee NpepbIBAHUE BKIFOYEHO U HACTPOCHO KaK MHUIIMUPOBAHHOE
ypoBHeM (TosibKO KOHTaKkThl INTO u INT1), npepriBanue OyieT reHeprupoBaThCs 10 TEX
1op, OKa KOHTAKT HE OyJieT HU3KuM. Bocxomsmuii wim nagarouuii GpoHT KOHTAKTOB
INTO u INT1 3amyckaeT HOpMaJIbHYIO PaOOTY TaKTOB BBOJ1a-BBIBOJIa, & IIPEPHIBAHUS C
HU3KUM YpoBHEM cpabarbiBaHusi KOHTaKTOB INTO u INT1 peructpupyroTcss aCHHXPOHHO.

B nononHeHue K pexxuMy 0xugaHus, TakTel [O B Ipyrux pexxumax OKUJIaHHs
nepectatoT padotats. [103TOMY 3TH 2 BHEIIHUX PEPHIBAHUS MOTYT UCIIOJIb30BATHCS B
KAaueCTBE HCTOYHUKOB MPOOYKJICHUS B PEKUMAX CHA, OTIIMYHBIX OT PEKUMA OXKUIAAHUS.

Ecnu npepsIBaHuE ¢ UCIIOIB30BAaHUEM YPOBHS CUTHAJIA UCIIOIB3YETCA B KAUECTBE
MCTOYHHKA IPOOYKJIEHHUS B SHEPTOCOEpEraIIeM pexuMe, I3MEHEHHbI YPOBEHb
JOJIKEH YJIEP>)KUBATHCS B TEUYEHUE OINPEECICHHOIO MPOMEXKYTKA BPEMEHH, YTOOBI
pa30yauts MCU, 4TOOBI YMEHBIIUTH YYBCTBUTEIBHOCTh MUKPOKOHTPOJIIEPA K IIYMY.
TpeOyemblil ypoBeHb TOKEH ObITh TIOCTATOYHO AIUTENbHBIM, 4TOOBI MCU 3aBeprini
npouecc NpoOyXIeHus, a 3aTeM HHULUUPOBAJ PEPHIBAHUE YPOBHSIL.

8.2. Peructpbl Onucanme

Cnucok pecucmpos
Peructp = Anpec

3Ha4eHHe 0 YMOJTYAHHUIO W Onucanue

EICRA 0x69 0x00 Peructp ynpasieHHsl BHEIIHUM NPEpPbIBAHUEM A
EIMSK | 0x3D 0x00 Peructp mMacku BHEIIHErO MpephIBaHMs
EIFR 0x3C 0x00 Peructp ¢ara BHemHero npepbiBaHus

EICRA - Pecucmp ynpasnenus enewrum npepvisanuem A
IOCR - 10O Peructp perucrpanuu ocodbixX pyHKIMIA

EICRA: 0x69 ITo ymommganmro: 0X00
butbl 7 6 5 4 3 2 1 0
Nms - - - - ISC11 ISC10 ISCO1 ISC0O0
R/W R/W R/W R/W R/W R/W R/W RIW RIW
Onpenesenne OUT
[7:4] - 3ape3epBUPOBAHO
INT1 - buts! ynipaBieHus 3ayCKOM IpepbIBAHUS
Korna rio6ansHoe npepeiBaHre pa3penieHo U OUT yrpaBiIeHUs! MAaCKOH NpephIBaHUs
[3] 1SC11 peructpa GICR ycraHOBIIEeH, BHEIIHEE NTpEepbIBAaHUE aKTUBHpYyeTcs BBIBOJOM INTI.
ISC1[1: 0] Onucanne
0 ITpepriBaHKe M0 HU3KOMY YPOBHIO
1 [TpepbIBaHKEe 10 HAPACTAIOIIMI MITH CIIAAAIONMINH POHT
[2] ISC10 > I (bpOHT
pEpbIBaHUE 110 CHajaIEMy GpoHTY
3 IIpepsiBanue 110 HapacTalomeMy GpoHTY




INTO - butsl ynpaBieHus 3a11yCKOM HpepbIBaHUS
Korna rno0anbHOe mpephIBaHUE pa3pelieHo U OUT yrnpaBiIeHUsI MacKOW MpepbIBaHUS
[1] 1SCO1 peructpa GICR ycraHnoBiieH, BHEIIHEE pepbiBaHue akTUBHpYyeTcs BbhiBogoM INTO.
ISCO [1: O] Onucanune

0 [TpepbiBaHME 110 HU3KOMY YPOBHIO

1 [IpeppiBanme MO HAPACTAIOMINN UM CTIATAFOITHI (POHT
[0] 1SC00 2 IIpeppiBanme 1Mo crnagaromeMy GpoHTY

3 [IpepbiBanue no Hapactatouiemy GpoHTy

EIMSK - Pecucmp macku éneuine2o npepviéaniis
DC [ d BHC CI'0 DCPbIBA 3

EIMSK: 0x3D ITo ymomuanuro: 0X00
bButbl 7 6 5 4 3 2 1 0
Nms - - - - - - INT1 INTO
R/W - - - - - - RIW RIW
OmnpenesieHue OUT
[7:3] - 3ape3epBUPOBAHO

bur paspewenus npepsiBanus BHenHero BoiBoga 1. Eciu Out INT1 ycranoBieH B
«1», a rmo0anbHOE MpephIBaHUE YCTAHOBIIEHO, IIPEPhIBAaHME BHEIIHETO BbIBOIA 1
BKITIOYCHO U aKTUBUpOBaHa QyHKIMs mpooyxaenus. Jlaxe ecmu BeiBox INT1

[1] INT1 CKOH(UTYPUPOBAH KaK BBIXOJ, IIpephIBaHe OyIeT reHEePUPOBATHCS 10 TEX MOp,
[I0Ka YPOBEHb LITHIPSI COOTBETCTBEHHO M3MeHuTcsl. Korma 6ut INT1 ycraHoBneH Ha
«0», mpepbIBaHKME BHEIIHETO BbIBOJA 1 OTKIIIOYEHO, @ GYHKLUS NPOOYKACHUS TaKXKe
OTKJIIOUEHA.
burt paspemenus npepriBanus BHemHero BeiBoja 0. Ecnu Out INTO ycTaHoBieH B
«1», a rmo0anbHOE IpephIBaHUE YCTAHOBJIEHO, MIPEPbIBaHNE BHEIIHETO BbIBOAA ()
BKJIIOYEHO U aKTUBUpOBaHa (QyHKIMA npoOyxaeHus. [Jlaxe ecnu oo INTO
[0] INTO CKOH(UTYpUPOBaH KakK BbIXOJ, IIpepbIBaHNe Oy1€T T€HEPUPOBATHCS 10 TEX MOp,
MOKa YpOBEHb HITHIPsi COOTBETCTBEHHO U3MeHuTcs. Korga 6ut INTO ycranoBiieH Ha
«0», mpeppiBaHe BHELIHETO BbIBOJA () OTKIIIOUEHO, a QYHKIUS TPOOYKIEHUS TaKKe
OTKJIIOYEHA.

EIFR - Pecucmp ¢hnaca snewineco npepvisanuis

\ EIFR - peructp ¢Jiara BHenHero npepbiBaHus

EIFR: 0x3C ITo ymomyanuro: 0X00

Burel 7 6 5 4 3 2 1 0
Nmsa - - - - - - INTF1 INTFO

R/W - - - - - - RIW RIW

Onpenesnenue OUT
[7:3] - 3ape3epBUPOBAHO

Buemnuii ¢uar npepsiBanus INTF1 ycranaBnuBaeTcs 1o npepblBaHUIO OT

BHemIHero BeiBojial. Ecnu mpepriBaHre BHENIHETO BbIBOAA] BKIIFOYEHO ¢ OUTOM
INT1EN, ycTanoBneHHBIM Ha «1», 1 ycTaHOBIIEH (iar T100aibHOr0 MpephIBaHMS,
OyneT reHepupoBaThCs npepbiBanue BHeNTHero BeiBoAa 1. INTF1 aBromarnuecku

OUMIIAETCS, KOT/Ia BBIIIOIHAETCS 3Ta MPOLEypa MPEPHIBAHUS, I €€ MOKHO
OYUCTUTH, 3amucaB «1» B out INTF1.

Buemnwnii ¢ar npepeiBanust INTFO ycranaBiauBaercs 1mo mpepbIBaHUIO OT
BHemHero BeiBoAa 0. Eciu mpepriBaHue BHENTHETO BhIBOAA () BKIIIOYEHO C OUTOM
INTOEN, ycranoBneHHbIM Ha «1», M ycTaHOBJIEH (hJiar rio0aabsHOTO MIPEPhIBAHMUS,
Oyznet reHepupoBarbes npepbiBanue BHemHero BeiBoja 0. INTFO aBTomaruuecku

OYHIIACTCs, KOT/Ia BRITOHICTCS 3Ta MPOIIeypa IPEePhIBAHUS, UITH €€ MOYKHO
OYMCTUTH, 3anucaB «1» B out INTFO

11| INTF1

[0] | INTFO




9. IloacucreM BBOAA / BHIBOAA

9.1. O630p

Bce MUKpOKOHTpOIIIEPHI, OCHOBAHHBIE HA peaIU3allii ceMeicTBa 0a30BbIX
cemerictB LGTS, uMerOT BO3MOXHOCTH YTEHUS / U3MEHEHUS TOpTa BBOJIa-BbIBOAA. DTO
03HAYaeT, YTO CTATyC IOPTa MOKHO UHAUBUIYATIbHO U3MEHUTD C IIOMOLIBIO UHCTPYKIUN
SBI u CBI, He 3aTparuBas HUKakux JPYTrUX Olepalnid BBOJIa-BbIBOAA.

AHaNoOrnyHbeIM 00pa3oM, H3MEHEHHE HAIIPABJIEHUS IOPTA WU YIIPABIECHUE €TI0
HArpy304YHBIM PE3UCTOPOM MOYKET OBITH OJIMHAKOBBIM.

BonbumucTBO BX0/10B / BBIX010B LGT8FX8D nMeroT cuMMeTpuyuHbIe
XapaKTEPUCTHKHU IIPUBO/1a, KOTOPBIE MOTYT YIPABJIATh U BbIAABAaTh OOJBIINE TOKH.

I/ O umeet 1Ba ypoBHSI BO3MOKHOCTEH MPUBO/IA, U MOJIH30BATEIb MOKET
YIPABJISITH BO3MOKHOCTSIMH MPUBOJA KaXKIOW IPYIIIIBI ONepaluii BBOJA-BBIBOJA.

B03M0KHOCTH IIPUBO/a BBOIa-BbIBOIA MOT'YT HAIIPSIMYIO YIIPABIIATH HEKOTOPBIMHU
CBETOAUOAAMU.

BboasmmnacTBO BX070B / BBIX010B LGT8FX8D MoryT paboTats 10 16 MA u MOryT
HCIIOJIb30BaThCA HEMIOCPEICTBEHHO JIsl YIIPABIICHUS CBETOAMOAAMU CETMEHTHOTI'O KOZa.

Bce Veec u GND 1/ O nanpsiMmyto UMEIOT OTAENbHBIC JUOJIBI 3aIUTHI OT

3JIEKTPOCTATUYECKOTO pa3psjia, MpeIHa3HAYEHHbIC ISl BBIACPKUBaHUS UMITYJIbCOB ESD
He meHee 5000 B.

( T _"__".._:;: Rpu Iz_..

Logic

cPi n | |

Puc.9.1 DxkBUBaIIEHTHON cXE€MBI BBOJIa / BBIBOJA



—F— ¢
RESET - = WPx
WRx

DATA BUS

RRx

SLEEP

Synchronizer

RPx

l ‘ ‘ 10_CLK

N
PUD: PULLUP DISABLE WDx: WRITE DDRx
SLEEP: SLEEP CONTROL RDx: READ DDRx
IO_CLK: I/O CLOCK WRx: WRITE PORTx

RRx: READ PORTx REGISTER
RPx: READ PORTx PIN
WPx: WRITE PINXx REGISTER

Puc.9.2. DxBuBajeHTHas cxemMa YHUBEPCAIHLHOTO MOPTa BBOAA-BHIBO/IA

Bce peructpbl HUKE 3TOM TIIaBbl UCHOJB3YIOT €AMHBIA METO1 onucanus. HmxHui
PETHUCTP «X» YKa3bIBa€T UMS CEPUIHHOTO HOMEpa MOpTa, a CTPOUYHBINA «ny» 0003HAYAET
HOMEp 1OpTa.

OpHaKo MpH KUCIOJIb30BAHUN PETUCTPaA MOPTa B MporpaMme HeE0OX0IUMMO
MCIIONB30BaTh TOUHOE uMs peructpa. Hanpumep, PORTB3, npeacrasnstoniuii TpeTuit
out PORTB, npencrasnen PORTxn.

[ToapoGHOE omnpeneIeHre perucTpoB, cBsa3aHHbIX ¢ I/0, cM. B pa3nene onucanus
perucrpa.

Kaxxnomy mopTy Ha3Ha4arOTCS TPU IPOCTPAHCTBA PETHCTPOB BBOJA-BBIBOJIA!
peructp BeIXOAHBIX AaHHBIX opTa (PORTX), peructp nanpasnenus nopra (DDRx) u
peructp BBoJa AaHHbIX nopta (PINX).

BXxoaHo# perucTp JaHHBIX OPTA SBISETCS PETUCTPOM TOJBKO JJI YTEHHUS.
Peructp BpIBOJIa JAHHBIX U PETUCTP HANPABIEHUS MOPTA TAK)KE MOTYT OBITh
nepezanucanbl. but PUD B peructpe MCUCR ucnonb3yeTcs g yrnpaBi€HUs BCEMU
Harpy3049HBIMH pe3rcTopamu BBoaa/BeiBoaa. Kormga 6ut PUD yctanosieH B 1, Bce
PE3UCTOPHI MOATATUBAHUS BBO/IA/BBIBOA OTKIIOUYCHBI.

BoaBmMHCTBO BXO0B/BBIXOIOB TAKKE MYJIbTUIIIIEKCUPYIOTCS B IPYTHE
nepudepuitipie QyHKIUU B TONOJHEHUE K UX YHUBEPCAIBHBIM (PYHKIIHSIM
BBO/1a/BBIBOIA.



OOpaTuTech K ri1aBe 0 MyJbTUIUIEKCUPOBAaHUM (PYHKIIUN NOPTOB JIJIs1 KOHKPETHBIX
(GyHKIUI TOBTOPHOTO UCNOIb30BaHus. CieayeT OTMETUTh, UTO BKIKOYEHHE (DYHKIUN
MYJIBTHILUIEKCUPOBAHUS 1711 ONPEJEIEHHBIX IOPTOB HE BIMSET HA UCIOJIb30BAHUE 3TUX
MOPTOB B KaueCcTBE IIM(POBOTO BBOAA-BBIBOA.

Kpowme Toro, /7151 HEKOTOPBIX aTbTEPHATUBHBIX (PYHKIIMI MOTYT MOTPEOOBATHCS
perucTpsl BBOJA / BEIBOJIA AJIsl YIIPABJICHHSI HAlpaBJICHUEM BBOJIa/BbIBOJIA TIOPTA.
KoHkpeTHbIEe HACTPONKHN OyAyT BBEICHBI B JOKYMEHTAIIUU KaXJA0TO MYJIbTUILIIEKCHOTO
MOAYJIS.

9.2. IlopThl BBOAA/BbHIBOIA 00IET0 HAZHAYEHHUSA

B kadecTBe BXOI0B/BBIXOIOB OOIIETO HA3HAYCHUS MTOPTHI IPEICTABIIIOT COOOM
JIByHAIpaBJICHHbIEC TTOPTHI BBOAA-BBIBOJIa C BHYTPEHHUMH IPOTPAMMUPYEMBIMH
MOATSTUBAHUSIMU.

9.3. Kondurypauus ucnoJib30BaHusi NIOPTOB

Kaxnp1it mopt ynpasmnsiercs Tpemsi outamu peructpo: DDxn, PORTxn u PINxn.
Cpenu Hux DDxn MOXHO UCIIONIB30BaTh 111 HACTpouku yepe3 peructp DDRx, PORTxn
MoxeT nocemath peructp PORTx, PINxn moxet nocemats peructp PINX.

butel peructpa DDRXn ncnonb3yroTes 111 YCTAaHOBKY HAIIPABJICHUS
BBOJ1a/BbIBOJIa TIopTa. Ecimm DDxn yctanoBieH B 1, mopT Pxn HacTpoeH Kak BBIXOHOM
nopT. Ecnu DDxn yctanosineH B 0, Pxn HacCTpoeH Kak BXOJIHOMW MOPT.

Ecau 6ut PORTxn 3anuceiBaeTcs B 1, M 9TOT NOPT CKOH(PUTYPUPOBAH KaK
BXOJHOM MOPT, TO NOATITUBAOIINI PE3UCTOP JISL ATOTO MOPTA AECHCTBUTEIIEH.

Ecnm BBl XOTHTE OTKJIFOYUTH HArpy304HbIi pe3uctop nopra, PORTxn nomken
OBITH 3anucald Kak ) WM HACTPOUTH ATOT MOPT KaK BBIXOHOM MOPT.

CocTostHue MHUIMAIU3AMK cOpoca opTa - 3TO BXOJIHOE COCTOSIHUE, a
Harpy304HbIid pe3uctop HeaencTeutesneH. PORTxn yctanoBieH B 1, u 3TOT mopT
CKOH(UTYpUPOBAH KaK BBIXOJHOU MOPT, & BHEITHUHN TOPT OYJET YNPaBIATHCS BHICOKUM.
Ecnu nns mapamerpa PORTxn ycranosneno 3nauenue 0, mopt OyieT OTKITIOYEH.

9.4. Ilepek/roueHue BBO1a/BbIBO/IA

Korma cocTositnue BBOa/BbIBO/IA IEPEKITIOUACTCS MEKY TPEXCTYIIEHYAThIM
([DDxn, PORTxn]) = 0b00) u Beicokum BeixoaoM ([DDxn, PORTxn] = 0b11), nosButcs
MOATSATUBAHKE WK BBIBOJA MOPTOB CpeliHee COCTOSHUE HU3KOE.

B o6miem, moATsTUBarONIUEe PE3UCTOPHI MPUEMIIEMBI, IIOTOMY YTO B YCIIOBUSIX C
BBICOKMM UMIIEIAHCOM Pa3HUIIA MEXKy BBICOKOW CKOPOCTHIO U OJbEMOM HE Ba)KHA.
Ecnu 910 He Tak, GyHKIIMS BHITATUBAHUS OPTA MOXKET OBITh OTKJIIOYeHA yepe3 out PUD
B peructpe MCUCR. AHanoruyno, Ta e npooiemMa BO3HUKAET MPU HU3KOM
NEPEKITIOYEHUN MEXKITY BXOJIaMH U BBIXOJIaMU C BKJIIFOUEHHBIM MOATITUBAHUEM.

[Tonwp30oBaTenb AOMKEH UCIIOIB30BaTh TpU-cocTosiHUE ([DDxn, PORTxn] = 0b00)
niu Beicokuit BeIxo ([DDxn, PORTxn] = 0b11) B kauecTBe MPOMEKYTOUYHOTO
COCTOSIHHSI.



Tabmnua 9.1. KoHdurypaunn apaiisepa nopra

CocTosinue

DDxn PORTxn PUD mopra IHoaTAHYTH Onucanue pyHkuuu
0 0 X 3anuch 3anper Tpu cocrostaus (high-z)
0 1 0 3anuch Bxirouuth Brrrexanue Toka npu
BHemHeM 0
0 1 1 3anuch 3anper Tpu cocrostaus (high-z)
1 0 X Breixon 3anper BriBox HU3KMIA
1 1 X Breixon 3anper BrIcokuii BEIXO

9.5. Uurath 3HAYeHHUE NIOPTA

HezaBucumo ot ycranoBku DDxn Outa nopra, TeKyliee COCTOSTHUE TTOPTa MOKHO
CUUTBIBATh C MOMOIIBI0 OMTOB peructpa PINxn.

Uto06b! n36€XaTh METACTAOUIBHOI'O COCTOSIHUS, BBI3BAHHOTO MIPSIMBIM YTEHUEM
noprta, Out perucrpa PINxn siBisiercs pe3yapTaToM TOTO, YTO MOPT MPOXOAUT YEpe3
CUHXpOHU3aTOp. CUHXPOHU3ATOP COCTOMT M3 3ALIEIIKU U PETUCTPA, TIOATOMY MEXKIY
3HaueHueM PINXn u TeKyluM NOpTOM CyIIECTBYET HEOOIbIIas 3aiepKKa. DTa
3aJiep’KKa 00yCIIOBIeHA HATMYUEM CUHXPOHM3ATOPa, a BPEMs 3a/1EPKKU COCTABIISIET HE
0osee 1 moycuctemHoro neproaa. Bpems 3anepkku Tpdmax u Tpdmin nokazaHo Ha

Pnc.9.3.
CPU_CLK 3 ‘

Execute
Instructions

XXX > XXX < INr17, PINX

Sync Latch

PINxn

r17 0x00 P4 OXFF

Tpd,max

Tpd,min

Puc.9.3. Jlnarpamma Bpewmst 3anepxku Tpdmax u Tpdmin.

MBI nipeanosiaraém, 4T0 CUCTEMHBIN LIUKJI HAYUHAETCS C IEPBOrO NAJAIOLIEro
(pOHTA CUCTEMHBIX TAKTOB. 3alienka (PUKCUPYEeT AJaHHbIE, KOT/1a TAaKThl HU3KUE, U
TaHHbIe PUKCUPYIOTCS, KOT/Ia TAKThl BHICOKH, KaK MOKAa3aHO 3alITPUXOBAHHOM YacThiO HA
PUCYHKE BBIIIIE.

Korna TakTel HU3KHE, JaHHBIE TOPTa PUKCUPYIOTCS M CHHXPOHU3UPYIOTCA B
peructpe PINxn Ha nepeaHem ppoHTE CleIyIOMIHNX TAaKTOB.

Ha npusenennom Puc.9.3. Tpdmax u Tpdmin sBasit0TCS MaKCUMaIbHBIMU U
MUHHUMAJIBHBIMU 33JIEp>KKaMHU JaHHBIX NIOpTa U Aenarcs Ha 1,5 nepuona u 0,5 nepuoja.




Ecau BBI XOTHTE IMPpOYUTATb 3HAYCHUC ITOPTA JJIA IIPOrpaMMHOTO O6€CH€‘ICHI/IH,

BaM HEOOXOJMMO BCTaBUTh MHCTpYKLKI0O NOP B moiepkKy 3anucu ¥ YTeHus 0aiToB
BBOJIa-BbIBOIa. BpemenHo# natepsan Tpd moka3an Ha Puc.9.4.

CPU_CLK i

Execute

t <" oUTPORTx, r16 >+ vor O INe1z PNk P
Instructions 7N N N SN

Sync Latch

PINxn

r17 0x00 1 OXFF

Tpd |
Puc.9.4. [lnarpamma Bpemennoii uarepsan Tpd
Crnenyroluyii Ko MOKa3bIBaeT, KaK YCTAHOBUTH KOHTAaKThI opTa B 0/1 ¢ BeiIcCOKUM

U 2/3 HA3KUM YPOBHEM, ONPENEIUTh KOHTAKTHI 4 ~ 7 B KaU€CTBE BXOJHBIX CUTHAJIOB U
BKJIFOUMTH MOJTITUBAOIINAE PE3UCTOPHI JJ1s1 KOHTAKTOB 6 M 7. 3HaYCHUE KOHTAKTA 3aTEM
CUHMTBIBACTCS OOPATHO B paboumii peructp o01Iero HaznadeHus, 1 HtHCTpykiust NOP
BCTABJISIETCS HEMTOCPEACTBEHHO HA BBIBOJI BBIBOJA U BBOJ, KaK OIIMCAHO pPaHEe.

Koa Accem0iiepa
; Onpeodenume noOmseusanusl u yCmMaHosume 8b1xo0bl 8blCOKO
; Onpeodenenue Hanpasieruil 0Jisi 8160008 NOPMOB

LDI
LDl

ouT
ouT

r16, (1<<PB7)|(1<<PB6)|(1<<PB1)|1<<PB0)

r17, (1<<DDB3)|(1<<DDB2)|(1<<DDB1)|(1<<DDB0)
PORTB, r16

DDRB, r17

N Bcmasums nop onsl CUHXpOHU3ayuu

NOP

; Umenue n opma

IN

r16, PINB

Kox Cu

unsigned char I;

/ * Onpeoenume noOms2U8aHUs U YCMAHOBUME BbIXOObl BbICOKO */
/ * Onpeoenenue nanpasienus 0Jisi 6b160008 NOPMo8 */

PORTB = (1<<PB7)|(1<<PB6)|(1<<PB1)|(1<<PB0);

DDRB = (1<<DDB3)|(1<<DDB2)|(1<<DDB1)|(1<<DDB0);

/ * Bcmasumw NOP 0151 cuHxpoHuzayuu */

__no_operation();

/* Umenue nopma */

| = PINB;



T PUOExn

PUOVxn

—<—( -

DDOExn
DDOVxn

RESET

WDx

RDx

FUD

PVOExn
PVOVxn

DIEOExn
DIEOVxn

| L b————— suEep

Synchronizer

f:.:T::-: & ﬂ _ H

RESET

RRx

W

— PTOExn

WRx

RPx

10_CLK

PUOExn: Pxn PULL-UP OVERRIDE ENABLE

PUOVxn: Pxn PULL-UP OVERRIDE VALUE

DDOExn: Pxn DATA DIRECTION OVERRRIDE ENABLE
DDOVxn: Pxn DATA DIRECTION OVERRIDE VALUE
PVOExn: Pxn PORT VALUE OVERRIDE ENABLE
PVOVxn: Pxn PORT VALUE OVERRIDE VALUE
DIEOExn: Pxn INPUT-ENABLE OVERRIDE ENABLE
DIEOVxn: Pxn INPUT-ENABLE OVERRIDE VALUE
SLEEP: SLEEP CONTROL

PTOExn: Pxn PORT TOGGLE OVERRIDE ENABLE

Dixn

& AlOxn

PUD:
WDx:
RDx:

RRx:

WRX:

RPx:
WPX:

J
PULLUP DISABLE
WRITE DDRx

READ DDRx

READ PORTx REGISTER
WRITE PORTX
READ PORTx PIN
WRITE PINX

I0_CLK: I/0 CLOCK

Dixn:

INPUT PIN n ON PORTXx

AlOxn: ANALOG I/0 PIN n ON PORTX

Puc.9.5. DkBuBajieHTHasi cXeMa MYJIbTUILIEKCUPOBAHUS MIOPTOB

9.6. BkJjiloueHue BBO/IA M yIIPaBJIeHUE CHOM

W3 sxBUBaJIEHTHON NMPUHIMITHAILHON CXeMbI BBOJIa/BBIBOIA BUAHO, UTO ITU(DpOBOM
BXO/JI MOKET OBITh 3aKaT 70 ypOBHS 3eMiH oA ynpasieHuem curnana SLEEP. Curnan
SLEEP ynpasnsiercst kouTpomiepom cHa MCU u pa3nuyHbIMU PEKUMAMU OXKUTAHUS.
DTO0 rapaHTUPYET, YTO CUCTEMa He OYyJIeT TeUb U3-3a BXO/1a MOPTa, MIABAIOIIETO MOCTe
BXx0ja B crsimumii pexxum. Ymnpasinenue SLEEP mopra 3amensiercst BHemHel QyHKIHEH
npepeiBanud. Eciin 3ampoc BHELIHETO MPEpPhIBaHUS HEACHCTBUTEIICH, YIIPABICHUE
SLEEP Bce emie padotaer. @ynkuus ynpasienuss SLEEP takke Oynet 3amMeHeHa
npyrumu BropbiMu ¢pyHKuusMu. [logpoOuee cm. Cneayroiee BBEACHUE O BTOPOU

(GyHKITUHU TIOpTA.



9.6.1. VYnpasnenue cBOOOIHBIMU TOPTAMHU

Ecnu HeKOTOpbIe TOPTHI HE HCTIOJIB3YIOTCS, PEKOMEHAYETCS NCIIOIh30BaTh UX HA
¢bukcupoBaHHOM ypoBHe. B 11060M citydae miaBaromie mrThipd OyayT MOTPEOISITh
OoubIe SHEprun U OyIyT MPUBOAUTH K HEYCTOWYHBOCTH CUCTEMBI IIPH CHIIbHBIX
nomexax. CaMblif TPOCTOH crIOco0 MaTh MOPTY (PUKCUPOBAHHBIN YPOBEHB - OTKPHITH
Harpy304HbIA PE3UCTOP MOPTA.

Crnemyer OTMETHTD, YTO HATPY30YHBIN PE3UCTOP OTKITIOYCH BO BpeMsi cOpoca mpu
BKJIIOUCHUHU. BBHITATMBaHME pe3ncTopa TakKe MPUBEAET K U30BITOYHON yTEUKe.

[TosTOMYy peKOMEHIyeTCsl HCIIOIB30BaTh BHEIIHEE TOATATUBAIOIIEE TN
BBITAJIKMBAIOIIIEE COPOTHUBIICHHE.

He pexomeHyeTcst HampsIMyIo OAKIIOUaTh MOPT K UICTOUHUKY NMUTAHUS WIH
3a3eMJICHUIO, TIOTOMY YTO €CJIM 3T KOHTAKThl CKOH(HUTYpUPOBAHBI KaK BBIXOJIbI, 3TO
MOJKET BBI3BAaTh OYCHb OOJIBIINE TOKH, MPOXOISIIUE Yepe3 MOPT, YTO MPUBOIUT K
Pa3pyIIUTEIEHBIM TOCICICTBHSM IS YHIIA.

9.7. ®yHKUMHU MYJIbTUILIEKCUPOBAHUS MOPTOB

BonbIIMHCTBO MOPTOB UMEIOT (PYHKIMM MYJIbTUILIEKCUpOoBaHus. Cienyromast
SKBUBAJIEHTHas cxema Ha Puc.9.5. mmmocTpupyer QyHKIUIO MyJIbTUIUIEKCUPOBAHUS
MOPTOB ISl YIIPaBJIEHUS TOPTOM. DTH (PYHKUIUU MYJIbTUILUIEKCUPOBAHMS HEOOSA3aTEIbHO
CYLIECTBYIOT C BBIBOJIAMH IIOPTA.

9.7.1. ®yHKIUSA MYJIBTUILIEKCUPOBAHUS TOPTOB B

BeiBoa W AubTepHaTuBHble DyHk1uM Onucanue
XTALZ2 / TOSC2 (BHemHUI OCHOBHOM KPUCTAJT KOHTAKT 2)
PB7
PCINT?7 (npepbiBaHue 7 CMEHbI yPOBHSI KOHTAKTa)
XTAL1/TOSC]1 (BHewHu# OCHOBHOM KPUCTAJLIT KOHTAKT 1)
PB6
PCINTG6 (mpepbiBanne 6 cMEHBI YPOBHSI KOHTaKTa)
PB5 SCK (BX01HO# TaKTOBBIM UMITyIbC IIMHEI SPI)
PCINTS5 (mpepbiBanue 5 cMEHbI ypOBHSI KOHTAKTa)
PB4 MISO (rnaBHBII BXOHON CHTHAJ BEAYIIETO / BEAYIIETO yCTpoicTBa HHBI SPI)

PCINT4 (npeprsiBanue 4 cMEHBI YPOBHSI KOHTaKTa)

MOSI (rmaBubiit Beixon mmHb SPI/ Bemomblii BX0
PB3 OC2A (Timer / Counter 2 Compare Match Output A)
PCINT3 (mpepriBanue 3 cMEHBI YPOBHSI KOHTaKTa)

SSN (Bxon nmst BeIOOpa BegoMoro ycrpoiictsa SPI)
PB2 OC1B (raiimep / cuetunk 1 CpaBHHTH COBIIaZieHNE BhIXOAa B)
PCINT2 (pepbiBaHue 2 CMEHBI YPOBHSI KOHTaKTa)

OCI1A (Taiimep / Cuetumk 1 cpaBHUBAET BBIXOIHOU pe3ysibTaT A)

PB1 PCINT1 (mpepbiBanne 1 cMeHBI YpOBHSI KOHTaKTa)

ICP1 (Bxon Taiimepa / cuerunka 1)
PBO CLKO (BbIX0l CHCTEMHOTO TAKTOBOTO CUTHAA)
PCINTO (npepsiBanue 0 cMeHbI yPOBHS KOHTAKTA)

XTAL2 / TOSC2 / PCINTY - Ilopm B Konmaxm 7
XTAL2: Buewrnuit Beiog 2 kpuctanna. [Ipu ucrnonb3oBanuy B KaueCTBE pe30HATOPA
TAKTOBOTO CUTHAJIa 3TOT BBIBOJ HE MOXKET MCIOJIb30BaThCs Kak 1/0.




TOSC2: Taiimep BHemntHero kpuctauia BeiBoa 2. Korna BHyTpennuit RC
CKOH(UTYpUPOBaAH KaK OCHOBHOM paOO4Mii TaKT YMIia, U BKIIIOUEHA (PYHKITUS
ACUHXPOHHOTO Taiimepa (koHpurypamus peructpa ASSR), 3ToT BEIBO OyeT BHEITHIM
KBapLEeBbIM reHepatopoMm taiimepa. Korma AS2 peructpa ASSR ycraHosieH B 1, a
EXCLK ycranosnen Ha 0, BKItoueHa (QyHKIHMS aCHHXPOHHOTO TaiiMepa / cueTynka
COOBITHH 2 ¢ UCTIOIB30BaHUEM BHEIIHETO KpucTaia, u PB7 Oyaet oTkitodueH ot
BHYTPEHHETO IOPTa BBOJA-BbIBO/A, YTOOBI CTATh PEBEPCOM BHYTPEHHETO YCUIUTEIS
reseparopa. BpIXogHOU KOHTAKT. B 3TOM pekrme BHEIIHUM KPUCTAILIT OAKIIOYAETCS K
KOHTAKTY.

PCINTY: IIpepsiBanue 7/ cMeHBI ypOBHS KOHTakTa. PB7 siBisiercst BHEITHUM
MCTOYHUKOM npepbiBanuil. Eciu PB7 ucnonsizyercs ais kpucraios, 3HaueHust DDB7,
PORTB7 u PINB7 e OyayT uMeTh HUKaKOTO 3HAUCHHUSI.

XTALL1/TOSC1 / PCINT6- Ilopm B Konmaxm 6

XTALL: Buemnunii BeiBog 1 kpucrasmna.

TOSC1: Taiimep BHemHero kpuctaiia 1. Korna Baytpennuit RC ckondurypupoBan
KaK OCHOBHOW paOouunii TaKT YMIla, U BKIIOUYEHA (QYHKIMS aCHHXPOHHOTO TaliMepa
(xondurypanus peructpa ASSR), 3TOT BbIBOJ OyA€T BHEUITHUM KBapIleBbIM [€HEPATOPOM
taiimepa. Korma AS2 peructpa ASSR ycranosned B 1, a EXCLK ycranosineH Ha 0,
aKTUBUPYETCS aCUHXPOHHAs (PYHKIUS 4YaCOB CUETYMKA BPEMEHHU / COOBITHS 2 C
MCII0JIb30BaHMEM BHEIIHETO Kpuctauia. PB6 OyaeT nogkitoueH K BHYTPEHHEMY MOPTY
BBO/JIa / BBIBO/IA, YTOOBI CTaTh BXOJHBIM BBIBOJIOM BHYTPEHHETO F€HEpATOpa reHepaTopa.
B 3T0OM pexkrMe BHEIIHUI KPUCTAILT MOJKII0YAETCA K KOHTAKTY.

PCINTG: IIpepriBanue 6 cMeHbI ypoBHS KOHTakTa. PB6 siBnsieTcss BHEIIHUM
HMCTOYHUKOM npepbiBanuil. Ecim PB6 ucnonbs3yercs niis KpUCTaNIMYECKUX KOHTAKTOB,
3Hauenuss DDB6, PORTB6 u PINB6 He OyayT MMeTh HUKAKOTO 3HaYEHUSI.

SCK / PCINTS- Ilopm B Konmaxm 5

SCK: Curnan TaktoB riaBHoro koHtpoyuiepa SPI, Begomerii Bxon. Korma koHTposuiep
SPI HacTpoeH kak NOJYMHEHHOE YCTPOKUCTBO, 3TOT BBIBOJ Oy/A€T CKOHPUTYPUPOBAH, KaK
BXOJIHOM KOHTaKT U He Oynet ynpasiatbess DDBS. Korga kontposiep SPI HacTpoeH kak
BeAylllee YCTPOMCTBO, HAIIPABIICHUE 3TOT0 BbIBOAA yipasisiercss DDBS. Korga stor
KOHTAaKT Oy/IeT MPUHYAUTENbHO BBeNeH SPI, moaTsaruBaromnuii pe3uctop MokHO OyaeT
KOHTpoJimpoBaTh uepe3 out PORTBS.

PCINTS: IIpepsiBanue 5 cMeHbI ypoBHS KOHTakTa. PBS sBisiercst BHEITHUM
WCTOYHUKOM NPEPHIBAHUM.

MISO / PCINT4-Port B Koumaxm 4

MISO: Beox ocHoBHBIX naHHBIX yrpasienus SPI, BeiBog Beqombix ganabix. Korma SPI
CKOH(UTYPUPOBAH KaK BEAYIIEE YCTPOMCTBO, STOT BHIBOJI OYIET MPUHYIUTEIHHO
BBOJIUTHCA U HEe OyneT ynpasisatbess DDB4. Korga SPI siBnsiercs BenoMbim
YCTPOMCTBOM, HallpaBJICHHE TAHHBIX 3TOTO BbIBOJIa yrpasisiercss DDB4. Koraa stot
BBIBO/I IPUHYAUTEIBLHO BBOJUTCS KOHTpOJUIepoM SPI, ero Harpy304HbIil pe3ucTop Bce
enie MoxkeT ynpasisaTecss PROTB4.

PCINT4: IIpepriBanue 4 cMeHbl ypoBHS KOHTakTa. PB4 siBnsiercst BHEITHUM
MCTOYHUKOM IPEPHIBAHUN.

MOSI / OC2A / PCINT3- Ilopm B Konmaxm 3
MOSI: BeiBoa JaHHBIX BEAYIIEro yCTpoiicTBa KOHTposuiepa SP1, BBoA maHHBIX



BesoMoro ycrpoiictBa. Korga SPI HacTpoeH kak MOJYMHEHHOE YCTPOMCTBO, 3TOT BBIBOJL
OyIeT NpUHYIUTEIBHO BBEJICH B KauecTBE BxoJia U He OyzaeT ynpasisitees DDB3. Koraa
koHTposuiep SPI ckoHburyprpoBaH Kak BeIyIlee YCTPOHCTBO, METOJI 3TOTO BBIBOIA
ynpasisiercss DDB3. Korna stor KoHTakT npuHyAUTENBHO BBOAUTCS B ynpasieHue SPI,
€ro Harpy304HbIA PE3UCTOP MOKHO KOHTpoIHpoBaTh yepe3 PORTB3.

OC2A: I'pymiria cpaBHEHUS PE3yIbTaTOB CpaBHEHM cueTynka Tarimepa / CueTumka 2.
PB3 M0:kHO HCTIOJIB30BATh B KAYECTBE BHEIIHETO BBIXOJHOTO CUTHAJIA CPABHEHMS
Taitmepa / Cuetunka 2. BbiBoa J0KeH OBITH yCTaHOBIIEH Ha Beixo yepe3 DDB3. B to
xe BpeMst OC2A takxke BJISIETCS BBIXOJAHBIM BIBOAOM pexxknuma PWM Talimepa?l.
PCINT3: IIpepriBanue 3 cMeHbI ypoBHS KOHTakTa. PB3 sBiseTcs BHEITHUM
MCTOYHUKOM IPEPHIBAHUIA.

SSN / OC1B / PCINT2- Ilopm B Koumaxm 2

SSN: Beieoa Bxoaa nanubix SPl Begymero kontposepa. Korma xontposuiep SPI
HACTPOEH KaK MOJYNHEHHOE YCTPOMCTBO, 3TOT BHIBOJ OYJIET MPUHYIUTEIHHO BBEJICH B
KauecTBe BXojia v He Oynet ynpasisiteess DDB2. B kadecTBe Mo JUMHEHHOTO YCTPOWCTBA
1151 KoHTpoJuiepa SPI nomyctumo npuBoauTh HU3Koe 3HadeHue B SSN. Korna
KoHTpoJuiep SPI ckoHpUTrypupoBaH Kak Bellyllee yCTPOUCTBO, HAIIPaBICHUE 3TOTO
BbIBOZA yripaBisiercss DDB2. Ilocne Toro, Kak 3TOT KOHTaKT Oy/eT NPUHYIUTEIHHO
BBeJICH KOHTpouiepoM SPI, moaTsruBaronuii pe3aucTop MOKHO OyJIeT KOHTPOJIUPOBATh
yepe3 PORTB2.

OC1B: CpaBHeHHE pe3yIbTaTOB CPABHEHHMS 110 CYCTUUKY TaliMepa / cueTurKa 1 Tpymsl
B. PB2 M0XxHO HCNIOIB30BaTh B KAUECTBE Tailmepa / cueTurka 1 17 cpaBHEHUs
BHEIIIHETO BbIX0/a. BBIBOA M0OKEH OBITH YCTAaHOBJICH Ha BbIxoJ yepe3 DDB2. B To ke
BpeMs OC1B Takxke siBisieTcsl BRBIXOAHBIM BBIBOAOM pexkuma PWM Taiimepa 1.
PCINT2: IlpepriBanue 2 cMeHBI ypoBHS KOHTakTa. PB2 sBnsieTcs BHEIIHUM
WCTOYHUKOM IPEPHIBAHUM.

OC1A/PCINT1 - Ilopm B Konmaxm 1

OCI1A: CpaBHUTH BBIXOJJHOE COBMAICHUE TPYMIBI A cueTdnka TaiimMepa / coobITus 1.
PB1 moxeT ucnosib30BaThCsl B KaUeCTBE TaiiMepa / cueTunka | [ cpaBHEHUSI BHEIITHETO
BBIX0/1a. BBIBOJ JT0KEH OBITH YCTAHOBIICH Ha BeIX0J uepe3 DDBI1. B To ke Bpems
OCI1A Takxe siBasieTCs BBIXOAHBIM BIBOJOM pexkrma PWM Taiimepa 1.

PCINTL: IIpepsiBanue 1 cMeHbl ypoBHS KOHTakTa. PB1 sBisiercst BHEITHUM
WCTOYHUKOM NPEPHIBAHUM.

ICP1/ CLKO / PCINTO- Iilopm B Konmaxm 0

ICP1: 3axBat BXOAHOTO BBIBOJIA TaiimMepa / cueTdynka 1

CLKO: Beixognoii curnan cuctemsl. Korma out CLKOE B peructpe CLKPR pasen 1,
9TOT BBIBOJ Oy/eT BhiBeieH Ha Bhixoa. [lox kontposem DDB0. Brixonnas wacrora -
ATO TaKTOBAsl YaCTOTA TEKYIIEH ONMEPALIMOHHON CUCTEMBI.

PCINTO: IIpepsiBanue O cMeHbl ypoBHS kKoHTakTa. PBO0 sBisieTcst BHEITHUM
WCTOYHUKOM NPEPHIBAHUM.

PB7 ... PB4 mynemunnexcras nocuueckas mabauya ynpasienus dtepeuet
Ha3Banue PB7/XTAL2/ PB6/XTALL/ PB5/SCK PB4/MISO

curHaga = TOSC2/PCINT7 TOSC1/PCINT6 PCINT5 PCINT4
PUOE OSCEN | AS2 OSCEN | AS2 SPE&MSTR SPE&MSTR

PUOV 0 0 PORTB5&PUD PORTB4&PUD




DDOE OSCEN | AS2 OSCEN | AS2 SPE&MSTR SPE&MSTR
DDOV 0 0 0 0
PVOE 0 0 SPE&MSTR SPE&MSTR
PVOV 0 0 SCK Brixon SPI Benomerii Beixon
DIEOE PCINT7 Enable PCINT6 Brmrounts | PCINTS Bximrounts | PCINT4 Brarounts
DIEQV 1 1 1 1
DI PCINT7 Bxox PCINT6 Bxox Pg'(':\'KT %f;‘;ﬂ Spfgl';;;;xgi on
AlO XTAL2 XTAL1 i i
TOSC2 TOSC1

[O6bsicnenune]: OSCEN Bximouaer OSCK_EN u OSCM_EN, cm. Oniucanue perucrpa

PMCR PB3 ... PBO mynemunnaexcuas ¢pyukyus ynpasienus jo2uieckoi maoauyeu

HazBanue PB3/MOSI/ PB2/SSN/ PB1/OC1A/ PBO/ICP1/
CHUrHaJja OC2A/PCINT3 OC1B/PCINT2 PCINT1 CLKO/PCINTO

PUOE SPE&MSTR SPE&MSTR 0 0
PUOV PORTB3&PUD PORTB2&PLID 0 0

CLKO
DDOE SPE&MSTR SPE&MSTR 0 VCTAHOBUTE 0
DDOV 0 0 0 1
PVOE SPE&MSTR+0OC2A OC1B OC1A CLKO

YCTAHOBUTD YCTAHOBUTD YCTAHOBUTD YCTAHOBUTE 0

SPI Bexymmii Berxo

PVOV OC2A OC1B OC1A CLKO
DIEOE PCINT3 Brirouuts | PCINT2 Brirouuts | PCINT1 Brirouuts | PCINTO Bxirounts
DIEOV 1 1 1 1
PCINT3 Bxon PCINT?2 Bxox PCINTO Bxox
DI SPI Benowmsriit Bxox |SPI Bexomsriii Beroop PCINTL Input ICP1 Bxox
AlO - - - -

9.7.2. ®yHKIMS MyJIbTUILIEKCUPOBaHUS TOPTOB C

BriBog AabTepHaTuBHbIe DyHknuu Onucanmne

PCE RESETN (Bxoz BHemHero copoca)

PCINT14 (mpepbiBanue 14 cMeHbI YPOBHsI KOHTAKTA)
ADCS5 (Bxoanoii kanan AL 5)

PC5 SCL (niunus cunxponuzanuu TWI)

PCINT13 (mpepbiBanue 13 cMeHBI YPOBHsI KOHTAKTa)
ADC4 ( Bxoanoii kanan ADC 4)

PC4 SDA (nunaus nepenauu 1anabix TWI)

PCINT12 (mpepbiBanue 12 cMeHbI YPOBHsI KOHTAKTA)

ADC3 (Bxomuoit kanan AL 3)

PC3 PCINT11 (mpepsiBatue 11 cMEHBI YpOBHSI KOHTAKTa)
PC2 ADC?2 (Bxomnoit kanan ADC 2)

PCINT10 (mpepsiBanue 6 cMeHbI ypoBHs KOHTakTal()
PC1 ADCI1 (Bxognoti kanan ALIT 1)

PCINT9 (npepbiBanre 9 CMEHBI YPOBHS KOHTAKTa)




ADCO (Bxomnoit kanan ADC 0)

PCO PCINTS8 (npepbiBanre 8 CMEHBI YPOBHS KOHTAKTa)

RESETN / PCINT4- ITopm C Koumaxm 6

RESETN: Bxon s BaemHero copoca. Ilocie BKItOUeHUS MUTAHUS STOT KOHTAKT TI0
YMOJTYaHUIO BBITIOJIHAET (PYHKIMIO BHEIIHEro cOpoca. DyHKIMs BHEIIHETo cOpoca
MOXeT ObITh oTKIIIoueHa peructpoM IOCR. Ilocne BoikitoueHUs! GyHKIIMK BHEIIHETO
cOpoca 3TOT BBIBOJI MOXET MCIOJIb30BaThCS KaK YHUBEPCAIbHBIN BBOA-BBIBOA. OHAKO
CJIeyeT OTMETUTD, YTO MPHU BKIIIOUEHUU MUTAHUS U JPYTUX cOPOCax 3TOT BBIBOJ 110
YMOJYaHUIO COOTBETCTBYET BXOAY COpOca, IOITOMY, €CJIU MOJIb30BaTENI0 HEOOX0IUMO
UCIO0JIb30BaTh (DYHKIIHIO BBOAA-BBIBOJIa OOIIEr0 Ha3HAUYEHUSI 3TOTO BBIBO/IA, BHEIIIHSIS
[[EeNb HE MOXKET MOBJIUATH Ha BKIFOUEHHE U COpOC MUKpOcXeMbl. B sTom mporecce
PEKOMEHyeTCsl CKOHPUTYPUPOBATh 3TOT BBIBOJI KaK (DYHKIIMIO BBOJA-BbIBOJA U
N00aBUTh COOTBETCTBYIOLIMI HAIPY30UHBIA PE3UCTOP U3BHE.

PCINT14: [IpepriBanue 14 cMeHbl ypoBHs KoHTakTa. [locie BeIKIIOUeHHUS (PyHKIINN
BHEIIIHETO cOpoca 3Toro BeiBoAa, PC6 MOXKHO UCIIOJIB30BAaTh B KAUECTBE BHEIIIHETO
MCTOYHHKA IIPEPHIBAHUS.

SCL / ADC5 / PCINT13- Ilopm C Konmaxm 5

SCL.: Curnan uarepdeiica uareppeiica TWI. Ilocme Toro, kak outr TWEN B peructpe
TWCR ycranonnen B 1, untepdeiic TWI Bximtouen u I1KS ynpasnsercas TWI, uroObr
CTaTh TaKTOBBIM curHajioMm uHTepderica TWI.

ADCS5: Bxoanoii kanai AIII 5. Peructp DIDR ncmons3yeTcs 11st OTKITIOUCHUS
1udpoBoit GyHKIMHK 1TU(PO-aHATIOTOBOTO MYJIHTUIUIEKCHPOBAHHOTO BBO/Ia-BBHIBO/IA,
yT0OBI N30€KaTh BIUSHUS ITM(POBOI YacTH HA aHAJIOTOBYIO cxeMy. [lompoOHee cM. B
cooTBeTCcTBYIOIIEM pazaeine ALIL

PCINT13: IIpepriBanue 13 cMeHBI ypOBHSA KOHTAKTA.

SDA / ADC4 / PCINT12- Ilopm C konmaxm 4

SDA: curnan nannbix uarepdeiica TWI. Ilocne toro, kak 6utr TWEN B peructpe
TWCR ycranosnen, unrepdeiic TWI sxitouen, a PC4 ynpasnsiercs TWI, uToObI cTath
cUrHaJIOM AaHHBIX uHTepPeiica TWI.

ADCA4: Bxoanoit kanan 4 ALII. Peructp DIDR ucnons3yercst aist OTKIFOUSHUS
1udpoBoit GyHKIMHU 1TU(PO-aHATIOTOBOTO MYJIHTHUIUIEKCHPOBAHHOTO BBO/Ia-BBIBO/IA,
9TOOBI M30€KaTh BIUSHUS ITU(GPOBOI YaCTH Ha aHAJIOTOBYIO cxemy. [logpoGHee cm. B
cooTBeTCcTBYIOMIEM pazaene AL

PCINT12: IIpepbiBanue 12 cMeHbl ypOBHSA KOHTAKTA.

ADC3 / PCINT11- Ilopm C Konmaxm 3

ADC3: Bxoanoii kanan AL 3. Peructp DIDR ucnosnbs3yetcs st OTKJIFOUEHUS

1 poBoi GYHKITNHN IHU(PPO-aHATIOTOBOTO MYJIBTUTIIICKCUPOBAHHOTO BBOJ1a-BBIBO/IA,
yT0OBI N30€KaTh BIUSHUS ITU(DPOBOM YacTH Ha aHAJIOTOBYIO cxeMy. [lonpoOHee cM. B
cooTBeTCcTBYIOMIEM pazaene ALLILL

PCINT11: ITpepsiBanue 11 cMeHbI YPOBHSI KOHTAKTa.

ADC2 / PCINT1- Ilopm C Koumaxm 2

ADC2: Bxoanoit kanan AIIIT 2. Peructp DIDR ucnons3yercs ajist OTKIFOUEHUS
uGpoBoi PyHKITUHU ITUPPO-aHATIOTOBOTO MYJIBTHILICKCUPOBAHHOTO BBOJ1a-BBIBO/IA,
4TOOBI M30KaTh BIMSHUS ITU(PPOBOM YaCTH Ha aHAJIOTOBYIO cxeMy. IloapoOHee cm. B




cooTBeTCcTBYIOMIEM pazaene AL
PCINT10: ITpepsiBanue 10 cMeHbI YpOBHS KOHTaKTA.

ADC1 / PCINTO9- IHlopm C Konmaxm 1
ADC1: Bxoanoit kanai AILIIT 1. Peructp DIDR ucnonb3yeTcst 11 OTKIIOUCHHS
uGpoBOi PYHKITUHU ITUPPO-aHATIOTOBOTO MYJIBTHILNICKCUPOBAHHOT'O BBOJIa-BBIBO/IA,
4TOOBI H30CKATh BIMSHUSA IIU(GPOBOM YaCTH Ha aHAJIOrOBYIO cxeMy. IloapoOHee cm. B
cootBeTcTBYIOMIEM pazaene ALIL.
PCINTO: IlpepsiBanue 9 cMeHbI ypOBHSI KOHTAKTA.

ADCO / PCINT8- I1lopm C Konmaxm 0
ADCO: Bxoanoit kanan AIIT 0. Peructp DIDR ucnonbs3yercs a1t OTKITFOUSHUS

1 poBoi GYHKIINHN IU(PPO-aHATIOTOBOTO MYJIBTUIIIIEKCUPOBAHHOTO BBOJ1a-BbIBO/IA,
yTOOBI N30€XKaTh BIUSHUS ITU(POBOIM YacTH Ha aHANIOTOBYIO cxemy. [logpobOnee cm. B
cooTBeTCcTBYIOIIEM pazaene ALLLL
PCINTS: IIpepriBanue 8 cMeHbI ypOBHS KOHTAKTA.

PC6 ... PC4 mynomunnexkcuas noeuieckas maoauya ynpasienus

Ha3zBanmue PC6/RESETN/ PC5 /ADC5/TK9/SCL/ PC4/ADC4/TK8/SDA/
CHrHaJjIa PCINT14 PCINT13 PCINT12
PUOE RSTIOEN TWI Brarounts TWI Bxirounts
PUOV 1 PORTC4&RJID PORTC4&PUD
DDOE RSTIOEN TWI BxirounTs TWI Bximrounts
DDOV 0 SCL Brixoxn SDA Brixoxn
PVOE RSTIOEN TWI BxounTs TWI Bxiarounts
PVOV 1 0 0
DIEOE PCINT14 Bxmtouuts + PCINT13 Bxitouuts + PCINT12 Bximtouuts +
RSTIOEN TWI BxirounTs TWI Bxirounts
DIEOV 1 1 1
DI PCINT14 Bxox PCINT13 Bxox PCINT12 Bxox
Buemnwuii BBog cOpoca SCL Bxox SDA Bxox
AIlO - ADC5 ADC4

PC3 ... PCO myabmunnexcuas nocuueckas mabauya ynpasieHusl

Ha3Banue PC3/ADC3/ PC2/ADC2/ PC1/ADC1/ PCO/ADCO/
CHTHaJIa PCINT11 PCINT10 PCINT9 PCINTS8
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
DIEOCE PCINT11 Bxmtounts | PCINT10 Brarouuts | PCINT9 Brimrounts | PCINT8 Brirouuts
DIEOV 1 1 1 1
Dl PCINT11 Bxox PCINT10 Bxox PCINT9 Bxon PCINT8 Bxon
AlO ADC3 ADC2 ADC1 ADCO




9.7.3. ®yHKIMS MYJIbTUILIEKCUPOBAaHUS TOPTOB D

BriBog AubTepHaTuBHbIe DyHKIUM Onncanue

PD7 AIN1 (oTpuuaTenbHblil OTpULIATENbHBIN aHAJIOTOBBIA KOMIIApPATOP)
PCINT23 ((npepbiBanre 23 CMEHBI YPOBHS KOHTAKTa)

AINO (MOJ0KUTENbHBIN TTOJIOKUTEIBHBIN MOJIOKUTEIBHBIN aHAJIOTOBBI KOMITApaTOP)
PD6 OCOA (taiimep / cueTunk 0 CpaBHHUBAET BBIXOJHOUM CHTHAT A)
PCINT22 (mpepsiBatue 22 CMEHBI YPOBHS KOHTAKTA)

T1 (Tafimep / cueTurK |1 BHEIIHUI CUETYMK YACOB)
PD5 OCOB (taiimep / cuetunk (0 cpaBHUBAET BBIXOJHOU pe3ynbTar B)
PCINT21 (mpepsiBatue 21 CMEHBI YPOBHS KOHTAKTa)

XCK (Buemrnuit Bxox / Berxo BHemHero Bxoga USART)
PD4 TO (Tatimep / cueTunk () BHEIIHUX CYCTUUKOB YaCOB)
PCINT20 (mpepbiBanue 20 cMEHBI YPOBHsI KOHTAKTa)

INT1 (Bxox BHewHero npepbiBanus 1)
PD3 OC2B (Taiimep / cueTunk 2 CpaBHUBAET BHIXOJHOU pe3yibTar B)
PCINT19 (mpepbiBanue 19 cMeHbI YPOBHSI KOHTAKTA)

NTO (Bxon BHeuHero npepbiBaHus 0)

PD2 PCINT18 (mpepbiBanue 18 cMeHBI YPOBHsI KOHTAKTA)
PD1 TXD (BeiBoa nanubix USART)

PCINT17 (mpepbiBanue 17 cMeHBI YPOBHsI KOHTAKTa)
PDO RXD (BBoa manubix USART)

PCINT16 (mpepbiBanue 16 cMeHBI YPOBHsI KOHTAKTA)

AIN1/OC2B / PCINT23- Ilopm D Konmaxm 7

ANL1: uBepcHbIi BXOJ aHATOTOBOro Kommnaparopa. dyHkius uudpoBoro BBo1a
BeIBOAA PD7 otkmrouaercsa peructpom DIDR1, a Harpy304HbIid pe3ucTop nopra
OTKJIFOYAETCsl, YTOOBI IPEIOTBPATUTh MOBPEkKAEHUE U(POBOrO MOPTa B aHAIOTOBOU
LETIH.

OC2B: Beixoansie nanHbie cpaBHeHus rpymmna B Taiimepa/Cueranka 2. PD7 MoxHO
MCII0JIb30BaTh B KAUE€CTBE BHEIIHETO BBIXOJHOIO cUrHana cpaBHeHus Taiimepa/CueTunka
2. B aToM ciyyae KOHTaKT JOJDKEH OBITh YCTAHOBIICH Kak BbxoJ uepe3 DDD7. B To xe
BpeMsi OC2B Tak:xe sIBIsieTCS BBIXOJHBIM BBIBOJOM pexkrma PWM pexuma
Taitmepa/Cuerunka 2.

PCINT23: IIpepriBanue 23 cMEHBI yPOBHS KOHTAKTA.

AINO / OCOA / PCINT22- ITopm D Koumaxm 6

ANQO: [Ipsimoit Bxo1 aHajoroBoro kommnaparopa. OyHkius mudpoBOro BXoaa Ha BHIBOJT
PD6 otkmrouaetcs peructpom DIDR1, a Harpy304Hblid pe3UCTOp MOPTa OTKIIIOYAETCS,
9YTOOBI MPEIOTBPATUTH MOBPEKACHHUE IIU(PPOBOTO MOPTA B AHAJIOTOBOH IIETTH.

OCOA: Beixoansie qanubie cpaBHenus rpymnmna A Talimepa/Cuerunka 0. PD6 moxHO
MCIIOJIH30BaTh B KAUE€CTBE BHEIITHETO BBIXOJHOTO cUTHaMa cpaBHeHUs Taiimepa/CueTdnka
0. B aTom cityyae KOHTaKT AOJKEH ObITh YCTaHOBIIEH Ha Bbixo uepe3 DDD6. B To xe
BpeMst OCOA Taxke SBJISIETCSA BBIXOAHBIM BBIBOAOM pexxnma PWM pexuma
Tatimepa/Cuetuuka 0.

PCINT22: IIpepsiBanue 22 cMeHbI YPOBHSI KOHTAKTa.

T1/0CO0B / PCINT21- ITopm D Konmaxm 5
T1: Taitmepa/Cuetunka |1 BHENTHHIA BXOJI TAKTOB CHHXPOHHU3AIIUN
OCOB: Taitmepa/Cuerunka CpaBHHBAIOT BBIXOHbIE AaHHBIE Tpynmbl B. PDS5 moxer



MCIIOJIb30BAThCS KaK BHEUTHUM BBIXOAHOM curHaji cpaBHeHus no Talimepa/Cuerunka O.
KonTtakT momkeH ObITh ycTaHOBIIEH Ha BeIxo uepe3 DDDS. B 1o xe Bpems OCOB
TaK>Ke SBJSETCS BBIXOHBIM BbIBOJIOM pexnma PWM Taiimepa/Cuetunka O.
PCINTZ21: npepriBanne cMeHbI 3HaKa 21.

XCK /T0/PCINT20- ITopm D Koumaxm 4

XCK: Cunxponnbliii peskxum Baeniauii TaktoBsiil curaain USART
TO: Bxon Taitmepa/cuerunka 0 BHEITHUI CUETYNK TAKTOB
PCINTZ20: IIpepsiBanue 20 cMeHbI YpOBHSI KOHTAaKTa.

INT1/OC2B / PCINT19- Ilopm D Konmaxm 3

INT1: Bxon BHemHero npepsiBanus 1

OC2B: BriBox cpaBaenue rpynmsl B Taiimepa/Cueranka 2. PD3 moxer
UCTIOJIB30BATHCS KaK BHEIIHUI BbIX0/ cpaBHeHus Taiimepa/Cuetunka 2. KoHTakT
JOJKEH ObITh YCTAHOBJIEH Ha BbIxoJ uepe3 DDD3. B To ke Bpems OC2B Takxke
SIBIISICTCS BBIXOJIHBIM BBIBOJIOM pexxuma PWM pexuma Taiimepa/Cuerunka 2.
PCINT19: IIpepsiBanue 19 cMeHbI ypOBHSI KOHTAaKTa.

INTO / PCINT18- Ilopm D Koumaxm 2
INTO: Bxon BHemHero npepsiBanus 0
PCINT18: IIpepsiBanue 18 cMeHbI ypOBHSI KOHTAaKTa.

TXD / PCINT17- Ilopm D Konmaxm 1

TXD: Beieog Ilepenaun nanasix USART. Ilocne Toro, kak nepegatunk USART
BKJItoueH, PD1 OyaeT npuHyauTenbHO BRIBOAUTHCS 0e3 yrpaBienus DDDI.
PCINTL17: IIpepsiBanue 17 cMeHbI ypOBHSI KOHTAaKTa.

RXD / PCINT16- ITopm D Konmaxm O

RXD: BriBoa IIpuema nganubix USART. Ilocne toro, kak npuemMHuk USART BkitoueH,
PDO 6yner npuHyIuTENbHO BBEAECH B KAUYECTBE BX0/1a U HE OyeT ynpasisatbess DDDO.
ITocne Toro, Kak KOHTAKT MPUHYAUTENBHO ycTaHoBIeH Ha Bxoa USART,
MOATSTUBAIOUINI PE3UCTOP MOKHO KOHTpOIMpoBaTh yepe3 out PORTDO.

PCINT16: [IpepsiBanue 16 cMeHbI ypOBHSI KOHTAKTa.

PD7 ... PD4 mynemunnexcunas noecuueckas mabauya ynpasnenus.

Haspanue | PD7/AIN1/ PD6/AINO/ PD5/OCOB/ | PD4/XCK/

CHTHAJIA PCINT23 OCOA/PCINT22 PCINT21 TO/PCI NT20
PUOE 0 0 0 0
PUOV 0 0 0 0
DDOE 0 0 0 0
DDOV 0 0 0 0
PVOE 0 OCOAEN&OCOAS | OCOB BxkirounuTh XCKOEN
PVOV 0 OCOA OCO0B XCK Brixon

PCINT21 Enable |PCINT20 Bxirounts

DIEOE PCINT23 Brirouuts | PCINT22 Briroyurts + TIEN +XCKIEN+TOEN

DIEQV 1 1 1 1




PCINT20 Bxox
DI PCINT23 Bxox PCINT22 Bxox PCINT21 Bxon XCK Bxox
T1 Bxon
TO Bxox
AlO - i i i

PD3 ... PDO mynemunnexcnas noeuueckas mabauya ynpasnenus.

PUOE 0 0 TXEN RXEN

PUOV 0 0 0 PORTDO&PUD

DDOE 0 0 TXEN RXEN

DDOV 0 0 1 0

PVOE 0OC2B Bxiouuth 0 TXEN 0

PVOV ocCz2B 0 TXD 0

PCINT19 Bxmrouuts | PCINT18 Briarounts PCINT16 Bxirouuts
DIECE + INTI Bximrounts | + INTO Brarounts PCINTL7 Biomoumrs + RXEN
DIEOV 1 1 1 1
PCINT19 Bxo PCINT18 Bxo PCINT16 Bxo
Dl INTI Bxox INTO Bxog | PCINTL7 Bxox RXD

AlO - - -

9.7.4. ®yHKIMSA MYJIbTUILIEKCUPOBAHMS OPTOB E

BoiBoa AnbTepHaTuBHbIe ®yHKIUM Onucanue

PE6 VREF (AL BHEIHMI HCTOYHHUK OMIOPHOTO HAIIPSYKEHUS)

PCINT30 (npepsiBanue 30 cMEHBI yPOBHSI KOHTAKTA)
PES CLKo (BBIXOJ CUCTEMHOTO TaKTOBOTO CUTHAJIA)

PCINTZ29 (mpepsiBanue 29 cMeHbI YPOBHSI KOHTAKTA)
PEA4 OCOA (Taiimep/Cuerunk 0 CpaBHeHue Brixom A)

PCINTZ28 (mpepsiBanue 28 cMEHbI YPOBHSI KOHTAKTa)
PE3 ADCT7 (Bxoanoi kanan AL 7)

PCINT27 (mpepsiBanue 27 CMEHBI YPOBHSI KOHTAKTa)
PE? SWD (ctpoka gannbix otnaaunka SWD)

PCINTZ26 (rpepsiBanue 26 CMEHbI YPOBHSI KOHTAKTA)
PE1 ADC6 (Bxomnoii kanan AIIII 6)

PCINT25 (mpepriBanue 25 cMEHBI YPOBHSI KOHTaKTa)
PEO SWC (Bxona cuaxpoHH3aInu oTiaganka SWD)

PCINT?24 (mpepriBanue 24 cMeHBI YpOBHSI KOHTaKTa)

VREF / PCINT30- Ilopm E Koumaxm 6

VREF: BHemnuit Bxonno# curnan ucrtounuka nutanust ALIL [Tpu ucnons3oBanuu B
KauecTBe aHAJIOTOBOM ()YHKIIUHU HEOOXOANUMO YCTAaHOBUTH COOTBETCTBYIOIINN U(PPOBOI
BBO/I-BbIBOJI B KAYECTBE BXOJIHOT'O CUTHAJIA U BBIKIIIOUUTH HArPY304YHBIM pEe3UCTOP, YTOOBI
IIPEIOTBPATUTh HapyllI€HNE U(PPOBON CXEMbI AaHAJIOTOBON CXEMOM.

PCINT30: ITpepsiBanue 30 cMeHbI YPOBHSI KOHTAKTa.



CLKO / PCINT29- Ilopm E Konmaxm 5

CLKO: Ora ¢pyskiusa ananornysa pyakiun CLKO PB0. MoxeT ucnosib30BaThCs Kak
pesepBubiii Konrtakt ms PBO / CLKO.

PCINT29: IIpepriBanue 29 cMeHbI ypOBHSI KOHTAaKTa.

OCOA / PCINT28- ITopm E Konmaxm 4

OCOA: Beixoaa rpymibl A cuetunka Talimepa/Cuetunka 0. PE4 moxet
WCITOJTh30BATHCS B Ka4eCTBE, BhIxoa cpaBHeHus Talimepa/Cuerunka 0. B aTom ciydae
KonTakTt nomken ObITh ycTaHOBIIEH Kak BbixoA uepe3 DDE4. B To ke Bpemsa OCOA
TaK>Ke SBISICTCS BBIXOJHBIM BBIBOJIOM pexnuma PWM pexuma Taiimepa/Cueranka O.
PCINTZ28: [IpepriBanue 28 cMeHbI YpOBHSI KOHTAKTa.

ADC7 [ PCINT27- Ilopm E Konmaxm 3

ADCY: Bxoanoii kanan ALIL 7. Peructp DIDR ucnons3yeTcs st OTKIIOUEHUS
urdpoBoil PpyHKIMU HU(POAHATIOTOBOIO MYJIbTUIUIEKCUPOBAHHOTO BBO/IA-BBIBO/IA,
yT0OBI N30€KaTh BIUSHUS ITU(POBOIM YacTu Ha aHANIOTOBYIO cxemy. [logpobOnee cm. B
cooTBeTCcTBYIOIIEM pazaene AL

PCINT27: IIpepsiBanue 27 cMeHBI YPOBHSI KOHTAaKTa.

SWD / PCINT26- Ilopm E Konmaxm 2

SWD: Jlunus nanasix omnaganka SWD. Tlocne cOpoca npu Brimtouenun PE2 o
yModaHuto nepekiatouaercs Ha pyHkiuo SWD. [lonb3oBaTens MOKET OTKIIOUUTD
¢ynkuuto otnaguuka SWD, yctanoBus 6ut SWDD peructpa MCUSR. ®DyHkius
OTJIaJIKU HEe OyJIeT TOCTymHa mocJie 3akpoitust SWD.

PCINT26: IIpepbiBanue 26 cMeHBI ypOBHS KOHTAKTA.

ADCG6 / PCINT25- ITopm E Konmaxm 1

ADCG6: Bxoanoii kanan AL 6. Peructp DIDR ucnonbs3yetcs st OTKIIOUEHUS
1upoBoit GyHKIINN ITU(PO-aHATIOTOBOTO MYJIBTHUILICKCHPOBAHHOTO BBOIAa-BBIBO/IA,
yT0OBI N30€KaTh BIUSHUS ITM(DPOBOI YacTH Ha aHAJIOroBYIO cxemy. IlompobOHee cm. B
cooTBeTCcTBYIOIIEM pazaeine ALIL

PCINT25: IIpepbiBanue 25 cMEeHBI yPOBHS KOHTAKTA.

SWC / PCINT24- Ilopm E Koumaxm 0

SWC: Jlunus taiimepa otiagku SWD. ITlocne copoca mpu Brimtouenun PEO o
ymoganuto BeinoiaseT GyHkimo SWC. [lonap3oBatens MOXKET OTKITIOUUTD (DYHKITHIO
otnamurka SWD, yctanoBuB 6ut SWDD peructpa MCUSR. ®yHknus oTiagky He
Oynet moctymHa nocie 3akpbitus SWD.

PCINT24: TIpepriBanue 24 cMeHBI yPOBHS KOHTAKTA.

PEG ... PE4 mynomuniexcHas jlo2uyeckas maoauya ynpaesieHus

Ha3Banmne PE6/VREF/ PES/CLKO/ PE4/OCOA/
CUT'HAJIA PCINT30 PCINT29 PCINT28

PUOE REFIOEN 0 0

PUOV 0 0 0

DDOE REFIOEN CLKO ¥Ycranouts 1 0

DDOV 0 1 0

PVOE REFIOEN CLKO VYcranosuts 1 OCOAEN&OCOAS
PVOV 1 CLKO OCOA




DIEOE PC'NESF]?&ION“““ * | PCINT29 Bmounrs PCINT28 Bxmounts
DIEOV 1 1 1
DI PCINT30 Bxox PCINT?29 Bxox PCINT28 Bxox
AlO VREF : i

PE3 ... PEOQ myremunnexcrnas nocuuecxkas mabauya ynpasnenus
Ha3Banmue PE3/ADC7/TK11/ PE2/TK7/SWD/ PE1/ADC6/TK10/ PEO/TK6/SWC/

CHTHAJIa PCINT27 PCINT26 PCINT25 PCINT24
PUOE 0 SWDD 0 SWDD
PUOV 0 1 0 1
DDOE 0 SWDD 0 SWDD
DDOV 0 SWD OQutput 0 0
PVOE 0 SWDD 0 0
PVOV 0 0 0 0
DIEOE | PCINT27 Biomomrms |71 | 20 O™ pCINT25 Bremowrms [0 | 4 DO ™
DIEOV 1 1 1 1

DI PCINT27 Bron | PR BXt | peINT2s Brox | PG e% PRt
AIO ADC7 - ADC6 -
9.3.14. Peructpsl Onncanus
PORTB - Pecucmp 6vbixo0ubix 0aunwix nopma B
\ PORTB - Peructp BBIXOIHBIX JaHHBIX opTa B
PORTB:0x05(0x25) 3HavyeHue o ymonuanuio: 0x00
burtel PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Onpenesenne OUT
[7:0] PORTB Peructp Bbixona nopra B
DDRB - Pecucmp nanpaeénenus B nopma
‘ DDRB - Peructp Hanpasienusi B nopra
DDRB: 0x04(0x24) 3nauenue mo ymomyanuio: 0x00
BuThbl DDB7 DDB6 | DDB5 DDB4 | DDB3 | DDB2 | DDB1 | DDBO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Onpenenenne ouT
[7:0] DDRB butel yripaBnenus HanpasiaeHueM noprta B: 1 = Beixon, 0 = Bxoa
PINB - Pecucmp 6xo0nwvix oanuwvix nopma B
\PI NB - PerucTp BXOAHBIX JaHHBIX IopTa B
PINB: 0x03(0x23) 3HavyeHue o ymom4anuio: 0x00
burtsl PINB7 PINB6 | PINB5 PINB4 | PINB3 | PINB2 | PINB1 | PINBO
R/W R/W RIW R/W R/W R/W R/W R/W R/W

Omnpenesenne OUT

[7:0] PINB Peructp cocrosiuus nmopra B. CunrtsiBaercst PINB Hanpsimyto, 410061




rnepeBopavrBaeT coctosinue BeiBoga PORTBn

MOJIYYUTh TEKYI[ee COCTOSIHUE MOPTa; 3anmuch B OUT PINBn «1»

PORTC - Pecucmp 6vixo0nvix oannwvix nopma C

PORTC - Peructp BbIXOAHBIX JaHHBIX mopTa C

PORTC: 0x08(0x28) 3Havenue mo ymoadanuio: 0x00
Butsl - PC6 PC5 PC4 PC3 PC2 PC1 PCO
R/W - R/W R/W R/W R/W R/W R/W R/W
Omnpenesienne OUT
[7] - 3ape3epBUPOBAHO
[7:0] PORTC Peructp Beixoma mopra C

DDRC - Pecucmp nanpasnenus C nopma

DDRC - Peructp HanpasJjienusi C mopra

DDRC: 0x07(0x27) 3nayenne no ymomanuio: 0x00
Burbl - DDC6 | DDC5 DDC4 | DDC3 | DDC2 | DDC1 | DDCO
R/W - R/W R/W R/W R/W R/W R/W R/W
Omnpenesienne OUT
[7] - 3ape3epBUPOBAHO
[7:0] DDRC buter ynipaBnenus HanpasnenneM nopra C: 1 = Bexon, 0 = BXxox

PINC - Pecucmp 6xo0nvix oannvix nopma C

PINC - PerncTp BXOAHBIX JaHHBIX mopTa C

PINC: 0x06(0x26) 3Hauenue no ymosyanuto: 0x00
Burel - PINC6 | PINC5 | PINC4 | PINC3 | PINC2 | PINC1 | PINCO
R/W - R/W R/W RIW R/W RIW R/W R/W
Omnpenenenne OuT
[7] - 3ape3epBUPOBaHO
Peructp cocrostaus nopra C. CuntsiBaetrcst PINC Hanpsimyto, 9To0BI
[6:0] PINC MOJTyYUTh TEKYIIee COCTOsIHUE MopTa; 3anuch B OUT PINCn «1»
nepeBopaunBaeT cocrosinue BeiBoga PORTCn

PORTD - Pecucmp 6vixooHwvix danuwix nopma D
PORTD - Peructp BbIXOAHBIX JaHHBIX nopTa D

PORTD: 0x0B(0x2B) 3nauenue nmo ymomyanuio: 0x00
Burbl PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
R/W R/W R/W RIW RIW R/W RIW RIW R/W
Onpenesienne OUT
[7:0] PORTD Peructp Beixona nopra D

DDRD: Ox0A(0x2A)

DDRD - Pecucmp nanpaesnenus D nopma

DDRD - Peructp nanpasJienust D nopra

3HaveHue 1no ymoaganuro: 0x00

Buthl DDD7 DDD6 | DDD5 DDD4 | DDD3 | DDD2 | DDD1 | DDDO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Omnpenesenne OUT
[7:0] DDRD buts! ynpasnenust HanpasiieaneM mopta D: 1 = Beixox, 0 = Bxoa




PIND - Pecucmp 6xoonwix oannvix nopma D

PIND - PerucTp BXOAHBIX JaHHBIX mopTa D

PIND: 0x09(0x29) 3nauenne 1o ymoryanuto: 0x00
butbl PIND7 PIND6 | PIND5 | PIND4 | PIND3 | PIND2 | PIND1 | PINDO
R/W R/W R/W R/W RIW R/W RIW RIW R/W
Onpenesienne OUT
Peructp cocrosinus nopra D. CuurtsiBaercs PIND nanpsimyto, yToOsl
[7:0] PIND MOJTYYUTh TEKYIIIEE COCTOSIHUE MOPTa; 3anuch B out PINDN «1»
nepeBopaurBaeT cocrosinue BeiBoga PORTDN

PORTE - Pecucmp 6vixoouwix oannvix nopma E

PORTE - Peructp BbIXOAHBIX JaHHBIX MopTa E

PORTE: 0x08(0x28) 3nauenue nmo ymomrdanuio: 0x00
Butbl - PEG6 PES PE4 PE3 PE2 PE1 PEO
R/W - R/W R/W RIW R/W RIW R/W R/W
Omnpenesienne OUT
[7] - 3ape3epBUPOBAHO
[6:0] PORTE Peructp BbIXOna MOpTa E

DDRE - Pecucmp nanpaenenus E nopma

DDRE - Peructp nanpasJjienusi E nmopra

DDRE: 0x07(0x27) 3HaveHue no ymonadanuto: 0x00
butbl - DDE6 | DDE5 DDE4 | DDE3 | DDE2 | DDE1 | DDEO
R/W - R/W R/W RIW R/W RIW R/W R/W
Omnpenenenne OuT
[7] - 3ape3epBUPOBaHO
[6:0] DDRE bute! ynpaBnenust HanpasieHueM nopra E: 1 = Beixoa, 0 = Bxox

PINE - Pecucmp 6xo0nvix oannwvix nopma E

PINE - PerucTp BX0aHBIX JaHHBIX OpTa E

PINE: 0x06(0x26) 3HaveHue 1o ymordanuto: 0x00
Burthl - PINE6 | PINE5 | PINE4 | PINE3 | PINE2 | PINE1 | PINEO
R/W - R/W R/W R/W R/W R/W R/W R/W
Onpenesenne OUT
[7] - 3ape3epBUPOBAHO
Peructp cocrosnus nopra E. CuutsiBaercs PINE Hanpsimyto, uToObI
[6:0] PINE MOJIYYUTh TEKYIIee COCTOSTHUE MOPTa; 3armuch B OUT PINEN «1»
nepeBopadrBaeT coctosinue BeiBoga PORTEN

10. IlpepbiBaHue U3MEHEHUS] YPOBHS CUTHAJIA

e llcTOuHMKHU NpephIBaHUN ¢ U3MEHEHUEM ypOBHS 40 KOHTAKTOB
e 5 3amucey NpepbIBAHUN

10.1. O630p

[IpepriBanre cMEHBI KOHTAKTOB MHUIIMUpYETCs BbiBogamu PBn, PCn, PDn u PEn.




o Tex nmop, noka npeppiBaHUE CMEHBI KOHTAKTOB BKJIFOYEHO, IPEPHIBAHUE MOKET
OBITh 3aIyIEHO, JAXKe €CIIM ATU KOHTAKThl CKOH(UTYPUPOBaHbI KaK BBIXOJbl. ITO
MO>KHO HCITOJIb30BaTh JJII T€HEpaIui IPOrPaMMHbBIX PEPhIBAHUM.

JIrobas akruBupoBanHas uaBepcus PIN-koaa Bei3oBeT npepriBanue PCI-BoiBoAa
Ha ypoBHe nuienda.

BrnrouenHoe otkimouenre Beioga PCn Be1zosetr PCI.

Brirouennsiii PDn-menuok Beizoset PCI2.

BrnrouenHoe nepekimtouenue BbiBoga PEn Bezoset PCI3.

Pazpemenue 11 Kax10ro NpepbriBaHUsl CMEHBI BBIBOAOB KOHTPOJIUPYETCS
cootBeTcTBeHHO peructpamu PCMSKO0, PCMSK1, PCMSK2 u PCMSK3.

Bce npepsiBaHusi CMEHBI YPOBHS CUTHAJIa OOHAPY>KUBAIOTCS ACHHXPOHHO U MOTYT
UCIIOJIb30BAThCS B KAU€CTBE UCTOYHUKOB MPOOYKICHUSI B HEKOTOPBIX PEKUMAaX
0KHUIaHUSL.

10.2. Peructpel Oniucanus

Cnucox pecucmpoe npepovl6dHUAl USMEHCHUEM YPOBHA KOHNAKMOB

3HavyeHue Mo

Peructp | Anpec Onucanue
YMOTYAHU IO

PCICR 0x68 0x00 Peructp ynpasneHnus npepbiBaHUEM

PCIFR 0x3B 0x00 Peructp ¢unara npepeiBanus
PCMSKO | 0x6B 0x00 [Tpusnak npepeiBanusi ) ”3MEHEHUS! YPOBHSI KOHTAKTOB
PCMSK1 | 0x6C 0x00 [Tpu3nak npepbiBaHus 1 N13MEHEHUs YPOBHS KOHTAKTOB
PCMSK2 | 0x6D 0x00 [Tpu3Hak npepbiBaHus 2 U3MEHEHUs YPOBHSI KOHTAKTOB
PCMSK3 | 0x73 0x00 [Tpu3Hak nmpepriBaHus 3 U3MEHEHUS YPOBHS KOHTAKTOB

PCICR - pecucmp ynpaenenus npepviganuem uzmenenus ypoeus KOHMAKNO8

PCICR - peructp ynpasiieHusi npepbIBaHHEeM H3MeHEHHs YPOBHS KOHTAKTOB
Anpec 0x68 3navyenue no ymondanuio: 0x00

bur

7 6 S) 4 3 2 1

Nmsa

PCIE3 PCIE2 PCIEI

PCIEOQ

R/W

R/W R/W R/W

R/W

bur

Onpenesenne OUT

7:4

- 3ape3epBUPOBAHO

PCIE3

YPOBHSI KOHTAKTOB OTKJIFOUEHO.

Korna 6ut PCIE3 ycranoBneH B «1» 1 rimobaiibHOE IpepbIBaHHE BKIIOYEHO,
npepbIBaHue 3 MEePEeKIIIOYeHHUS KOHTAKTOB aKTHBHPOBaHO. VI3MeHeHue ypoBHS
11000T0 U3 aKTUBHPOBAaHHOTO PEN-KOHTAaKTOB npHBeeT K npepriBanuio PCI3.

Paspemenue nmpepsiBanus BeiBosia PEN moxker ympasinsiteest peructpom PCMSKS3,
coorBercTBeHHO. Korga 6ut PCIE3 ycranosneH B «0», mpepbIBaHHE 3 CMEHBI

PCIE2

YPOBHS KOHTAKTOB OTKJIFOUCHO.

Korna 6ut PCIE2 ycranoBneH B «1» 1 rimobaiibHOE IpepbIBaHHE BKIIOYEHO,
npephIBaHNEe 2 MEPEKIIIOYCHHUS KOHTAKTOB aKTHBUPOBaHO. 3MeHeHne ypoBHS
11060T0 U3 aKTUBHPOBAaHHOTO BeIBOIa PDN mpusenet k npepsiBanuto PCI2.
Pa3pemenne npepsiBanus BeiBoa PDN MoxeT ynpaBnsatbes peructpom PCMSK2,
coorBercTBeHHO. Korma 6ut PCIE2 ycranosnen Ha «0», mpepbiBaHue 2 CMEHBI

PCIEI

Korga out PCIE1 ycranoBnen Ha «1» u riiobanbHOE MpephIBaHUE BKIIOUCHO,
IpepbiBaHue | MepeKItOueHNs] KOHTAKTOB aKTUBUPOBAaHO. M3MeHeHMe ypoBHS
000T0 M3 aKTUBUPOBAHHOTO BBIBOAa PCh mpuBezaeT k npepbiBanuio PCI1.




Paspemuts npepriBanue BeiBosia PCn moskeT ynpasisatbes peructpom PCMSKI,
cootBercTBeHHO. Korma out PCIE1 ycranosnen B «0», mpepbiBanue 1 cMeHbI
YPOBHSI KOHTAKTOB OTKJIIOYEHO.

PCIEO

Korna 6ut PCIEO ycTanosnen Ha «1», i riobanbHOE MpephIBaHUE BKITIOYCHO,
npepbiBanue () MepeKIItoYeHUs KOHTAKTOB aKTHBUPOBaHO. M3MeHeHue ypoBHS
m000ro U3 akTuBHpOBaHHOTO BhIBoAa PBN mpusener k npepriBanuto PCI0.
Pazpemenne npepriBanus BeiBoga PBN moxer ynpasisiteest peructpom PCMSKO,
coorBercTtBeHHO. Korma 6ut PCIEQ ycranoBnen B «0», mpepbiBanue 0 cMeHBI
YPOBHSI KOHTAKTOB OTKJIFOYAETCSl.

PCIFR - pecucmp ¢hnazos npepvisanus usmenenus yposHs KOHMAKmos
PCIFR - peructp ynpasJieHusi IpepbiBAHHEM U3MeHEHUs YPOBHSI KOHTAKTOB

Anpec 0x3B

3Hayenue no ymonyanuto: 0x00

bur

6 S 4 3 2 1 0

Nmsa

PCIFB PCIF2 PCIFI PCIFO

R/W

RIW RIW R/W RIW

bur

Onpenesenne OUT

7:4

3ape3epBUPOBAHO

PCIF3

@nar npepsiBanus 3. M3Menenue ypoBHs at000ro U3 paspemieHHbix PEN
koHTakToB yctanasnuBaeT PCIF3. Korma ycranosnenst PCIE3 u rmoGanbHbie
npepsiBanusi, MCU niepeiiaer k aapecy 3anucu npepsiBanus PCI3. Pazpemenue
npepbiBanust PEn MoxHO KOHTponMpoBaTh ¢ nomotisto peructpa PCMSK3,
COOTBETCTBEHHO. BbINoNHEeHNE IPOIeayphl 00CITYKHUBaHU MPEPbIBAHUHN HITN
3anuch «1» Ha 6ut PCIF3 ounctut Out PCIF3.

PCIF2

@nar npepsiBanus 2. M3MeHnenue ypoBHs a1060ro U3 paszpemieHHbix PDn
koHTakTOB yctaHaBiuBaeT PCIF2. Korna ycranosienst PCIE2 u rino6anbHble
npepsiBanusi, MCU nepeiiner k aapecy 3anucu npepsiBanust PCI2. Pazpemenue
npepsiBanus PDn MoxHO KOHTponMpoBaTh ¢ noMorsko perucrpa PCMSK2,
COOTBETCTBEHHO. BbINosHEHNE IpoLeaypbl 00CITYKUBaHUs PEPbIBAHUHN WIIN
3anuch «1» Ha 6ut PCIF2 ounctut 6ut PCIF2.

PCIFI

@mnar npepsiBanus 1. VMi3MeHenne ypoBHs 1r000r0 U3 paspemnieHHsx PCn
koHTakTOB ycTaHaBnuBaeT PCIF1. Koraa ycranosnenst PCIE] u rmoGanbHble
npepeiBanust, MCU nepeiiner k aapecy 3anucu npepsiBanust PCI1. Pazpemenue
npepbiBanust PCn MOXHO KOHTpOIMpOBaTh ¢ moMoInkko peructpa PCMSK1,
COOTBETCTBEHHO. BbINosiHEHNE IpoLeaypbl 00CITYKUBaHUsI PEPbIBAHUHN WIN
3anuch «1» Ha 6ut PCIF1 ounctut 6ut PCIF1.

PCIFO

@nar npepsiBanust 0. Vi3mMeHneHue ypoBHs 11000r0 U3 pasperieHHsx PBn
koHTakToB ycranaBnuBaeT PCIF0. Korma ycranosnenst PCIEO u rmoGanbHbIe
npepbiBanust, MCU nepeiiner k agpecy 3anucu npepsiBanust PCIO. Paspemienue
npepsiBanust PBn MoxHO KOHTpOMpOBaTh ¢ momotkko perucrpa PCMSKO,
COOTBETCTBEHHO. BbInosHeHne mporenypsl 00CIy>KUBaHUS MPEPhIBAHUN HITH
3anmch «1» Ha 6ut PCIFO ouncrut 6ut PCIFO.

PCMSKO - pecucmp 0 npepvlsanus uzmernenus yposHs KOHMAKmMos

PCMSKO - peructp 0 npepbiBaHusi ©3MeHEeHHs] YPOBHSI KOHTAKTOB

Anpec 0x6B 3nadenue o ymomadanuto: 0x00
bur Il 6 5 4 3 2 1 0
Nms PCINT7 | PCINT6 | PCINTS | PCINT4 | PCINT3 | PCINT2 | PCINT1 | PCINTO
R/W R/W R/W R/W R/W R/W R/W R/W RIW
bur Nms Omnpenenenue OUT




7 PCINT7 BuT Macku BKIIOUEHUS OUT - 7.
6 PCINTG6 But Macku BKIIOUEHHS OUT - 6
5 PCINT5 BuT Macku BKJIIOUEHHS OUT - 5
4 PCINT4 but macku BKIIOUeHHS OUT -4
3 PCINT3 but Macku BKIIOYECHHS OUT - 3.
2 PCINT2 but Macku BKIIOYECHHS OUT - 2.
1 PCINT1 but Macku BkIrodeHus OUT - 1.
0 PCINTO but Macku Bxarouenust out - 0.

TIHosicuenue

[Tpu ycranoske 6ut PCINTN B «1», mpepbiBaHre U3MEHEHUs1 ypOBHs curHana PBn BxitoueHo.
N3menenue ypoBHs Ha BeiBogax PBn Oyner ycranaBnmuBats PCIFO. Ecin 6ut PCIEQO u rimo6ansHoOe
npepbIBaHUe YCTaHOBIEHBI, OyaeT renepupoBartbes npepoiBanue PCIO0. Tlpu ycranoske 6ut PCINTN B
«0» pepbrIBaHNE U3MEHEHHUs YpOoBHs curHaiga PBn otkmodeno. burn=7...0

PCMSK1 - pecucmp 1 npepuvisanus usmenenus ypoeHs KOHMAKMO8
PCMSK1 - peructp 1 npepbiBaHusI H3MEeHEHHsI YPOBHSI KOHTAKTOB

Anpec 0x6B 3nadenue no ymonayanuro: 0x00

bur 7 6 5 4 3 2 1 0
Nms PCINT15 | PCINT14 | PCINT13 | PCINT12 | PCINT11 | PCINT10 | PCINT9 | PCINTS8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur Hms Onpenesenne OUT

7 - 3ape3epBUPOBAHO

6 PCINT14 but Macku BKItOUeHUs OUT - 14,

5 PCINT13 but Macku BkItoUYeHHUs OuT - 13.

4 PCINT12 but Macku BkItoUeHHUs OUT -12.

3 PCINT11 but macku BrIIroueHus our - 11.

2 PCINT10 but macku BxaroueHus ourt - 10.

1 PCINT9 but Macku BKIroueHHUs OUT - 9.

0 PCINTS but Macku BKIrOUeHHs OUT - 8.

ITosicHeHnue

[Tpu ycranoBke 6ut PCINTN+8 B «1», mpepbiBaHNe U3MeHEHHs ypoBHs curHaia PCn BKIto4eHoO.
N3menenue ypoBHs Ha BeiBogax PCn 6yzaer ycranasnusats PCIF1. Ecnu Out PCIE] u rnobansHoe
npepbIBaHUE YCTaHOBIEHBI, Oy/eT renepupoBathes npepbiBanue PCI1. IIpu ycranoske 6ut PCINT n+s

Ha «0» npeppiBaHKEe N3MEHEHUs ypoBHs curHana PCn orkimrouerno. burn=7...0

PCMSK2 - pecucmp 2 npepuvisanus usmenenus yposHs KOHMAKMO8

PCMSK?2 - peructp 2 npepbiBaHusI ©3MeHEHHs] YPOBHSI KOHTAKTOB

Anpec 0x6B 3HavyeHne no ymondanuio: 0x00

bur 7 6 5 4 3 2 1 0
Hms PCINT23 | PCINT22 | PCINT21 | PCINT20 | PCINT19 | PCINT18 | PCINT17 | PCINT16
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur Nms OmnpenesieHnne OUT

7 PCINT23 but Macku BkIroueHus out - 15.

6 PCINT22 but macku BkIroueHus Out - 14.

5 PCINT21 but macku BkIroueHus out - 13.

4 PCINT20 but Macku BkIroueHus OUT -12.

3 PCINT19 but macku BkIroueHus out - 11.




2 PCINT18 bur macku Brirouenus our - 10.

1 PCINT17 Bur macku BiroueHus out - 9.
0 PCINT16 Bur macku BiroueHus our - 8.
IlosicHenue

[Tpu ycranoBke 6ut PCINTN+16 B «1», mpepriBaHre M3MEHEHHS YpOBHs curHaiia PDn BxitoueHo.
N3menenne ypoBus Ha BeiBosiax PDn Oyner ycranaBnusate PCIF2. Ecnu 6ut PCIE2 u rino6ansHoe
MIpephIBaHUE YCTAHOBJICHBI, OyeT reHepupoBathes npepbiBanue PCI2. Tlpu ycranoBke 6ut PCINT n+16
B «0» npepbiBaHuE N3MeHeHUs ypoBHs curHasia PDn otkimoueno. burn=7...0

PCMSKS - pecucmp 3 npepuvisanus usmenenus yposHs KOHMAKMO8

PCMSKS - peructp 3 npepbIBaHUsI H3MEHEHHs YPOBHSI KOHTAKTOB

Anpec 0x6B 3nayenue o ymonuanuio: 0x00

bur 7 6 5 4 3 2 1 0
Nmn - PCINT30 | PCINT29 | PCINT28 | PCINT27 | PCINT26 | PCINT25 | PCINT24
R/W - R/W R/W R/W R/W R/W R/W R/W
bur Nms Onpenesenne OUT

7 - 3ape3epBUPOBAHO

6 PCINT30 Bbut macku BxiaroueHus ourt - 30.

5 PCINT29 but Macku BKItOUeHHUs OUT - 29.

4 PCINT27 But Macku BKItOUeHHs OUT -28.

3 PCINT27 But Macku BKIIOYEHHS OUT - 27.

2 PCINT26 but Macku BKIIOUYeHHUS OUT - 26.

1 PCINT25 but Macku BKItOUYEeHHUS OUT - 25.

0 PCINT24 but Macku BKIIOYEHHUS OUT - 24.

IMosicHenue

[Ipu ycranoBke Out PCINTN+24 B «1», mpeppiBaHre U3MEHEHMsI YpOoBHs curHana PEn BkitoueHo.

N3menenue ypoBHs Ha BeiBogax PEN O6yzner ycranasnuBats PCIF3. Ecniu 6ut PCIE3 u rnoGanbHoe
IpephIBaHUE YCTAHOBJICHBI, OyieT renepupoBathes npepsiBanne PCI3. [lpu ycranoske 6ut PCINTN+24
B «0» mpepbIBaHue N3MeHeHus ypoBHs curHana PEn otkmoueno. burn=7...0

11. Taiimep/Cuerunk O - 8-pa3psaaHbIii

8-pa3psaaHBIN CUCTUHK

JIBa He3aBUCUMBIX OJIOKa CpaBHEHUS

ABTOMaTHYECKasi OUMCTKA CUETYMKA U 3arpy3Ka MPU paBEHCTBE CPABHEHUS

C ®a3zosoii koppekiueit [IHNMM-Brixoa 6€3 UMITYIBCHBIX TTOMEX

I'eneparop yacToThI

CyeTynK BHEIIHUX COOBITHI

10-pa3psiiHbIil peBapUTEIBHBIA IETUTENb TAKTOB

[IpepriBaHue npu NEPENOTHEHUHN U CPABHEHUSIX COBNAJACHUN

VYrpaBiaeHue MEPTBBIM BpEMEHEM

8 JOMOTHUTENBHBIX HICTOYHUKOB 3aMlycKa /i aBTOMAaTUYECKOTO BBIKIIIOUEHUS
BbIXOJa PWM

e BricokockopoctHOe u Beicokoe pasperienue (S00KHz @ 7Bit) PWM B pexume
BBICOKMX TAKTOBBIX UMITYJIbCOB



11.1. O630p

TCO - 310 8-pa3psaHbIil cueTYHK O0IIEero Ha3HAYSHHsI, KOTOPBIA MOAIEPKUBAET
BbIXOJIbl PWM 1 MOXET TOYHO T€HEpUPOBATh CUTHAJIBI.

TCO conep>XUT OJIUH F'€HEePaTOP TAKTOBBIX UMITYJILCOB, OJMH 8-pa3psiAHbIMA
CYETUHK, OJIOK YIIPaBICHUS PSKUMOM (POpMUPOBAHMS CUTHAJIA U JIBa OJIOKA CpaBHEHUS
BBIBO/IA.

B 10 ke Bpemst TCO MoxkeT COBMECTHO HCNOIB30BaTh 10-pa3psiHbIi
npenBaputenbHbIi geautens ¢ TC1, uiam oH MOXKeT Ucoib30Bath 10-pa3psiiHbIit
HpeABapUTEIILHBIN JCTUTENb He3aBUucUMO. [IpemaenuTens neinur cuctreMubie TakThl CIKio
WM BBICOKOCKOPOCTHBIE TAKThl Icm2X (2X BHYTPEHHETO BBIXOJJHOTO CUTHAJIA TeHEepaTopa
32M RC reneparopa rc32m) aist renepanuu cyeturka yacoB Clkt0.

brok ynpaBiieHust pe:xxuMoM T'eHepaluy BOJIHbBI YIIPABIISET PEKUMOM PaOOThI
cuyeTurKa U OPMUPOBAHUEM CPABHUTEIHHOTO BBIXOIHOTO CUTHANMA. B cooTBeTCTBUU C
Pa3JIMYHBIMU PEKUMaMU PaObOTHI CYETYMK OCYIIECTBISECT OUUCTKY, YBEIUUCHUE UITH
yYMEHBIICHHE Kax1oro u3 cuyetynkoB TakToB Clkt0.

CIktO0 MoxeT reHepupOBaTHCS BHYTPEHHUM UCTOYHHKOM CHHXPOHH3AIUH HITH
BHEIIIHUM MCTOYHUKOM CHHXPOHHU3AIUU.

Korna 3aauenue cuera cuetunka TCNTO gocturaetr MakCUMaIbHOT'O 3HAYCHUS
(paBHOE MakcumanbHOMY 3HaueHHto OxFF unu peructpy cpaBuennst OCROA,
onpenensiemomy kak TOP, a MakcuMalibHOE 3HaUeHUE onpenensiercd kKak MAX s
OTJINYMS), CYUETUYMK OYJIET OUUILEH UM YMEHBIIICH.

Korna 3nauenue cueturika TCNTO noctruraeT MUHUMAJIBHOTO 3HaY€HUS (paBHOE
0x00, onpenenennoe kak BOTTOM), cueTunk yBeJIUYNBAETCS.

Korna 3nauenue cuetunka TCNTO cuetunka mocturaetr OCROA / OCROB,
KOTOPOE TaK»K€ BbI3bIBAETCA, KOTJ]a TPOUCXOIUT CPABHEHUE, BEIXOIHON CHUTHAI
cpaBHenuss OCOA / OCOB ouuiniaercst M yCTaHABIMBACTCS /IJIsl TeHEPAIlUK CUTHAA
[IT1M.

Korna MepTBO€E BpeMsi BKJIIFOUEHO, YCTAHOBJIICHHOE MEPTBOE BpeMs (KOJIMYECTBO
TaKTOM OTcueTa, CoOOTBeTCcTBYMOMIee peructpy DTRO) Oyner BcTaBieHo B
chopmupoBannblii curHaii PWM. TlporpamMmmHoe o0ecrieueHre MOXKET OUUIIATh
BbIxoHOU curnast OCOA / OCOB, ouumias 6utr COMOA / COMOB 1o Hysns uinu
yCTaHaBJIMBAas COOTBETCTBYIONIMN UCTOYHUK 3amycka. Korja mpoucxoauTt coobiTre
3amycKa, anmaparHoe ooecreuenue apromatudecku ouninaer outr COMOA / COMOB,
9TOOBI OTKIIIOUNTH BBIX0HOM curnain OCOA / OCOB.

CueT4ynK TaKTOB MOKET ObITh CTeHEPUPOBAH BHYTPEHHUM WJIM BHEIITHUM
HMCTOYHUKOM CUHXPOHH3AIIUH.

Bp160p ncTouHMKa CHHXPOHU3AIUN U BEIOOP YaCTOTHOTO JCIICHUS
koHTposmpyroTcs outom CS0, pacnonoxerdsiM B peructpe TCCROB. TTogpoGuee cm.
Paznensl npensapurensHoro aenurtens TCO u TCI.

CueTurk UMeeT JJIMHY 8 OUT U MOACPKUBACT JBYHAINPABICHHBIN MOJICUET.

Pexxum reHepaiu curtana, KOTOPbIN SBJISIETCS PEXKMMOM PabOThI CUETUHKA,
ynpasisiercst ouramu WGMO, pacnionoxennbiMu B peructpax TCCROA u TCCROB.

B cooTBeTCTBUU C PA3IMUHBIMU PEKUMAMH pa0OThl CYETUMK OCYIIECTBIISET
OUHMCTKY, YBEJIMUEHUE WU YMEHbIIIEHHE KaX10r0 u3 cueTynkoB yacoB Clkt0.

Korpaa cuetunk nepenosyiHseTcs, ycTaHaBIMBaeTcs (iiar nepernoHeHus CYeTYuKa
TOVO B peructpe TIFRO. IlpepriBanue nepenosunenus caerunka TCO MOXKeT ObITh
Cr€HEPUPOBAHO, KOT/1a MPEPHIBAHUE BKIIOUYEHO.



biiok cpaBHEHMS pe3yabTaTOB CpaBHUBAET 3HaueHHe cueTunka TCNTO ¢
peructpamu cpaBHeHnsi OCROA nu OCROB BeiBoaa. Kornga TCNTO paBno OCROA unu
OCROB, dbopmupyeTcsi curnan cpaBHeHUs U ycranapiuBaetcs diar cpaBueHus OCFOA
nn OCFOB BriBonia B peructpe TIFRO. Ilocne npeppiBaHus MOXKET OBIThH
Cr€HEpUPOBAHO NpepbIBaHUE CpaBHEHUS BbIXoAHOTO curHana TCO.

Crnenyet otmeTuTb, 4T0 peructpsl OCROA u OCROB ny6nupyrorcs B pexxume
HINM. [IBoitHas Oydepusanus oTKIr0YeHa B 00b19HOM pexkume u pexkume CTC. Kornma
CUYETUHMK JIOCTUTAeT MAKCUMAJIbHOTO WJIM MUHUMAJIBHOTO 3HAYECHHUSI, 3HAUECHHS B PETUCTPE
Oydepa oObHOBIISAIOTCS cCMHXPOHHO ¢ peructpamu cpaBHeHus OCROA nu OCROB.
[Toapobuee cm. Onrcanue pasaena peskuma padoThl.

['enepatop curHanoB renepupyet BoixogHbie curHansl OCOA u OCOB Ha BbIxoze
Ha OCHOBE pEeKMMa YIpaBJIEHUs FeHepalre GopMbl BOJHBI U YIIPaBICHUS PEKUMOM
BBIXOJIHOTO CUTHAJIA CPABHEHUS C UCMOJIb30BAHUEM CPABHEHHUSI, IEPETIOJHEHHS CUETUNKA
U T.IL

KOHKpEeTHBIN METO/1 TeHEPALIMH ONMCHIBAETCS B OMMCAHUU pad0Yero pexxumMa u
OMMCaHUS pa3jena.

Jns BeiBoga BeixoAgHbIX curHaiioB OCOA u OCOB curnana cpaBHEHHS Ha
COOTBETCTBYIOIINE BBIBOJIbI, TAKIKE JOJKEH OBITh YCTAHOBIIEH PETHCTP HAIIPaBICHUS
JAHHBIX ATOr0 BBIBOJA B KauecTBe Bbixojaa. Ha cnemyromem Puc.11.1. moka3ana
BHyTpeHHsIA cTpykTypa TCO. TCO conep uUT 0AMH T€HEPATOP TAKTOBBIX UMITYJIECOB
CUeTUMKa, OUH 8-pa3psaHblid CUETUHK, ABa OJI0Ka CpaBHEHHUS BBIBOJA U JiBa OJIOKa
yIpaBJICHUS T€HEPALIMEN CUTHAJIOB.
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11.2. Pe:xum padoThl

Cuetuunk Taiimepa 0 UMEET YEeThIpE PA3TMYHBIX peKUMa paObOThI, BKIIIOUYAs
HOPMAJIBHBIN peKUM, pexuM cpaBHeHUs cpaBHeHUS (CTC), pexxum ObICTpON HIMPOTHO-
umnynscHo Moaysitinu (FPWM) u pexxum umnynscHON Moaysiuu (ha3oBoi
koppekuuu (PCPWM).butst WGMO [2: 0] anst BeiOOpa ynpaBieHus pexxumoM. Hike
OMKCAaHbI 3TH YEThIPE pekuMa. Tak Kak ecTh Ba HE3aBUCHUMBIX OJ0Ka CpaBHEHUS
BBIBOJIa, 0003HAUEHHBIE COOTBETCTBEHHO «A» U «B», HUKHUI BBIBOJ «X» MPENCTABIISAET
co00i1 1Ba BBIXO/IHBIX KaHajla CPAaBHEHUSI.

11.2.1. HopmanbHbIi pexum

OOBIYHBIN PEXKUM - 3TO CaMbIil MPOCTON PEXKHUM padOTHI CUETUMKA TaliMepa.

B aT0 Bpems 6uthl ynpapieHus pexumom reaepaiuu curiaia WGMO [2: 0] =0, a
MakcuMalibHoe 3HaueHue cueTunka TOP - MAX (OxFF).

B 3TOM pexrMe cUeTUHK YBEIMYMBAETCS HA OJIMH TaKT CUETA CUETUUKA.

Koraa cuerunk nocruraer nepenonanenusi TOP, on copaceiBaercs B BOTTOM,
YTOOBI CHOBA HaYaTh HAKAIIUBATD.

@nar nepenonaHeHus cuetunka taiimepa TOV( ycranaBIuBaeTCs B TOT K€ CUET
TakTa, korjaa 3HaueHue cuetunka TCNTO ctanoButcs paBHbiM Hyt0. @iar TOVO B
ATOM PEXHUME MOX0K Ha 9-i OUT CUETUMKA, OH YCTAaHABIMBAETCS, HO HE OUMIIIACTCS.

[Iporneaypa oOCTy>)KUBaHUS MPEPHIBAHUS IEPETOJHEHUSI aBTOMATUUECKH OYHUIIAET
¢nar TOVO, u nporpaMMHO€E 00ECIIEYEHUE MOKET UCTIOJIb30BaTh €ro JJI YBEJIUUCHUS
paspellieHus auana3oHa cueTa BpeMEHHU.

B HOpMaJIbHOM pekuMe HET 0CO0O0TO Cydasi, U HOBbIE 3HAUCHUSI CUETa MOTYT
OBITH 3alUCaHbl B CYETUUK B JII000E BpeMs.

®opma BeixoHOTO curHana cpaBHeHuss OCOX MOXKET OBITh MOTy4YeHa TOJIBKO
TOTJIa, KOTJla perucTp HampaBlieHUs JaHHBIX BbIBoJa OCOX 3a1aH Kak BBIXO/I.

Korma COMOx = 1, curnan OCOx OyAeT nepekiiroyaeTcsi Ipyu paBeHCTBE
CpaBHEHMUSI.

B sTom ciydae yactoTy (hOopMbI BOJTHBI MOXKHO BBIYHCIUTH MO CIEAYIOIIEH
dbopmyre:

f ocOxnormal =fsys/ (2 * N * 256)

rae N - Koadduuuent npengnenurens (1, 8, 64, 256 unu 1024).

Monynb cpaBHEHHS Pe3yJbTaTOB MOKET HCIIOJIB30BAThCS JIJIsl TCHEpAIlUU
MIPEPBIBaHUS, HO TIPEPHIBAHUS HE PEKOMEHAYIOTCS B HOPMAJILHOM PEKHUME, KOTOPBIT
MOTPEOIAST CIMITKOM MHOTO BPEMEHH TIpoIieccopa.

11.2.2. Pexum CTC

Korpa ycranoBneno 3nauenne WGMO [2: 0] = 2, cuetuuk 0 Taiimepa nepexoquT B
pexum CTC, a MmakcumanbHoe 3HaueHue cuetunka - TOP OCROA.

B sTOM pexrMe CUeTUMK yBEJIMYMBAETCS HA EUHUILY AJIs KaXKA0I0 CUETa TaKTa.

Korna 3nauenue cueturika TCNTO paBuo TOP, cuetunk ounmaerca. OCROA
ONpeaesieT MaKCUMAJIbHBII CUET, KOTOPBIH SBISETCS Pa3pelIeHHEM CUETUYMKA. JTOT
PEXUM MO3BOJISIET MOJIB30BATENIO JIETKO KOHTPOJIUPOBATH YACTOTY BBIXOJHOIO CUTHAJIA
CPaBHEHHS, a TAK)KE YIPOIIAET ONEPAIUIO TOJICYeTa BHEUTHUX COOBITH.

Korzaa cueTunk qocTuraeT MakCUMaJIbHOI'O 3HAYEHHSI CYETYMKA, YCTAHABIUBAET



¢nar coorBercTBuss OCF0 Ha BbIX0Ji€, M IpEphIBaHKE OYI€T TeHEPUPOBATHCS, KOT1a
YCTAHOBJIEH COOTBETCTBYIOIINI OUT pa3pelieHus NpepbIBaHUs.

Peructp OCROA, KOTOpBIi SBASETCS MAKCUMAJIBHBIM YHCIOM, MOKET OBITh
OOHOBJIEH B TIpolieaype o0ciyxuBaHus npepeiBanuii. B atom pexume OCROA He
HCIIONB3YET JIBOMHYIO Oy(epusaiuio, u caeayeT coOI01aTh OCTOPOKHOCTh HPH
OOHOBJICHUY MaKCHMyMa BOJM3M MUHIMAJIBHOTO 3HAYCHHMSI, KOTJ]a CIETUYMK padoTaer 6e3
MPEBAPUTEIBHOIO JIETUTENS UM OY€Hb HU3KOTO MPEIBAPUTEIIBHOTO JACITUTEIIS.

Ecnu 3nauenue, 3anucanHoe B OCROA, menbiie Tekymiero 3HaueHus TCNTO,
CYETYMK MMPOMYCTUT PAaBEHCTBO cpaBHEeHUA. [lepen TeM, Kak MPOU30UIET CIEAYIOLIEE
CpaBHEHHUE, CUCTUYHUK JI0JKEeH nocuuThiBaTh 10 TOP, a 3arem nmocuutats ¢ BOTTOM 1o
OCROA.

Kak u B 00bIYHOM pexuMe, 3HaUeHUE CUETYMKA BO3BPAIIAETCS K CUETY CUETUMKA
BOTTOM, uto6s! yctanoButsb uiar TOVO.

®opma BeIxoHOTO curHana cpaBHeHus: OCOX MOXKET OBITh MOJTy4YeHa TOJIBKO
TOTJa, KOTJla PETUCTp HAampaBiieHUs: JaHHbIX BbIBOJa OCOX 3a1aH Kak BBIXO/I.

Korga COMOx = 1, curaan OCOX nepexnrogaeTcs npy COBIAJICHUN CPAaBHEHMS.

B stoMm ciiydae yactoty (hOpMbI BOJTHBI MOKHO BBIYUCIIUTH IO CIEAYIONICH
dbopmyie:

focOxctc = fsys/ (2 * N * (1 + OCROx))

N - Koadpduuuent npennenurens (1, 8, 64, 256 unu 1024). 13 popmyasl BugHO,
yto Koraga OCROA 3amano paBusiM 0x0000, 1 HET peBapUTEIHLHOTO ACTUTENS, MOKET
OBITh MOJTY4YEeH BBIXOJHOW CUTHAJ ¢ MaKCUMaJIbHOU yacToToH fsys / 2.

11.2.3. bsicTpslii pesxxum PWM

Korna ycranosneno 3nauenne WGMO [2: 0] = 3 unu 7, cuetunk 0 Taiimepa
BXOIUT B pexkuM ObIcTpoii PWM 1 MOXeT HCTI0JIb30BaThCS IS TeHEpaLUH
BBICOKOYACTOTHBIX curHasios [II1M.

MaxkcumanbHoe 3HaueHue cueta TOP paBno MAX (0xFF) i OCROx
COOTBETCTBEHHO. Pasnwuiia Mexmy ObIcTpbIM peskumMoM PWM u npyrumu pesxumMamu
PWM 3akitodaercst B TOM, 9YTO 3TO OAHOCTOPOHHSIS orieparusi. CyeTdynk 100aBsieTcs B
TOP ot munumanbHoro 3Hadenus 0x00, a 3atem Bo3Bpaiaercss B BOTTOM nis
nosTopHoro nojacuera. Koraa 3nauenue cuera TCNTO ngocturaer OCROX unu
BOTTOM, BeixoaHo curnan cpaBHeHust OCOX ycTaHaBIMBAETCS WU OYUIIAETCS B
3aBUCUMOCTH OT HacTporku pexknma BbiBoja COMOX. ITogpobuee cm. Onucanue
peructpa.

Pabouas yactoTta, cueturka B pexxume ObicTpoii PWM, B 1Ba pasa Bbile, yem
JIByHamnpasiieHHas onepauus B pexume PWM ¢ koppekuueit das.

BrIcOKkOoUacTOTHBIC XapaKTEPUCTHKH JeIaI0T ObICTPBIA pexkuM PWM mnoaxoasimm
JUISl PETYJIMPOBAHUS MOILHOCTH, BbIIpsAMIICHUS U TpuMeHenus [TATL.

BbICOKOUACTOTHBIE CUTHAJIBI MOTYT YMEHBIIUTD Pa3MeP BHEIIHUX KOMIIOHEHTOB
(MHOYKTUBHOCTB, €MKOCTh U T. [].), Tem caMbIM CHUKasi CTOUMOCTbh CUCTEMBL.

Korma 3HadueHne cuera JOCTUTAET MAKCUMAIIBHOTO 3HAYCHMUSI, OyI€T YCTAaHOBJICH
¢nar nepenonnenus cuerynka Taiimepa TOVO0, a 3Hauenue O6ydepa cpaBHeHus Oyaer
OOHOBJICHO 10 3HAUEHUsI CPABHEHUS.

Ecnu npepsiBanue BkitoueHo, peructp OCROx Oydepa cpaBHEHUSI MOXKET OBIThH
OOHOBJIEH B IIpoLIeype 00CTyKMUBaHUS TPEPHIBAHUA.



dopma cur"asia BeIXoJHOTO curHana cpaBHeHuss OCOX MOKET OBbITh MOTyYeHa
TOJBKO TOT'/1a, KOTJIa PETUCTpP HampasieHus JaHHbIX BbiBoga OCOX 3a1aH Kak BBIXO/I.
YactoTy (popMbI BOJIHBI MOKHO BBIYHUCIIUTE IO CICAYIOMICH GopMyIie:

focOxfpwm = fsys/(N * (1 + TOP))

N - Koadumment npennenmmrens (1, 8, 64, 256 umm 1024).

Korna npoucxoaur paBanctBo Mexay TCNTO u OCROx, reneparop hopmbl
curtaina (ouunmaet) curaan OCOx.

Korma TCNTO ouniaercs, reHepatop GopMbl BOJIHBI OUYMIIAET (YCTaHABIUBAET)
curHas OCOx ansa renepanuu Bosuel [IIMM. B pesynbrare skcTpeMaabHOE 3HAUCHHE
OCROx coznact cnenuanbHyo Gopmy HINM.

Korma OCROx ycranosieH B 0x00, Berxoanoit IIIMM umeeT y3kuil BCIUIECK B
kaxgoM (1 + TOP) cueTunke 4acos.

Korma OCROX ycTaHOBJIEH HA MAaKCUMAJIBHOE 3HAYEHUE, BBIXOIHOW CUTHAJ
MOCTOSIHHO BBICOKWI WJIM HU3KHUM.

11.2.4. Pexxum PWM c koppekiueit a3

Korna ycranosneno WGMO [2: 0] = 1 wium 5, cuetuyuk O TaiiMepa BXOJIUT B PEKUM
PWM c (da3zoBoii koppekiuei, a MakcuMalibHOe 3HaueHue cuetunka paBHo MAX (0xFF)
ni OCROA cooTtBercTBeHHO. CYeTUMK pabOTaeT ¢ JByHAIIPaBICHHBIM TAKTOM
(yBemmuenue u ymenblenne) or BOTTOM no TOP, a 3arem BHu3 1o BOTTOM. Ota
orepaunus MoBTOPSIETCS.

Korna cuetunk nocturaetr TOP u BOTTOM, 00a n3MeHsIIOT HanpaBjieHUE
MOJICYeTa, a 3HAYCHUE CYETUYMKA OCTAETCS TOJIBKO Ha 0HOM TakTe TOP cueTunke umm
BOTTOM. Bo Bpewms nporiecca npupanieHus Wiv yMEHbIICHUS, KOr/ia 3HaY€HHE
cuetunka TCNTO coBmanaer ¢ OCROX, BbixogHoM curnan cpaBuenus OCOx Oyner
OYMILIEH WJIK YCTAHOBJICH B 3aBUCUMOCTHU OT HACTPOUKHU pexuma BbiBojia COMOX.

[To cpaBHEHMIO C OJTHOHATIPABICHHON PabOTOI MakCUMalIbHASI 4aCTOTa, TOCTYITHAS
JUTSI IBYHAIIPaBICHHOM pa0bOThI, MaJia, HO €€ OTJIMYHAsI CHUMMETpUs 00Jiee TOAXOAUT JIJIs
YIpaBJICHUS IBUTATEIIEM.

dazoBas koppekius B pexxume PWM ¢uiar TOVO ycranaBiuBaeTcs, Korja
cuetunk gocturaet BOTTOM, a 3Hauenue 0ydepa cpaBHEeHUs] OOHOBIIAETCS 10
3HAYEHMS CpaBHEHHUs, Koraa cuetdyuk gocturaet TOP.

Ecnu npepsiBanue BkitoueHo, peructp OCROx Oydepa cpaBHEHUS MOXKET OBIThH
OOHOBJIEH B IIPOLIEype 00CITY)KMBAaHUS MTPEPHIBAHUM.

dopmMa cur"aia BbIX0JHOTO curHana cpaBHeHuss OCOX MOKeT OBbITh MOTy4YeHa
TOJIBKO TOT/Ia, KOTJIa PETUCTp HampaBieHus JaHHbIX BhiBoAa OCOX 3a/1aH KakK BBIXO/I.

YacToTy hopMbl BOJTHBI MOKHO BBIYHCIIUTD T10 CIEIYIONIEH hopmyIie:

focOxpcpwm = fsys/(N * TOP * 2)

N - Koaddumment npennenurens (1, 8, 64, 256 umm 1024).

Bo Bpems nepepacuera reHepaTop CUTHAJIOB OYMINAET (YCTAHABIMBAET) CUTHAT
OCO0x, korga TCNTO cootBerctByeT OCROX. Bo Bpems nmojacuera, reHepaTop CUTHAJIOB
yctanaBiuBaet (ouniaer) curaain OCOx, kornga TCNTO coorBercTtByeT OCROX. M3-3a
aToro 3kcTpemanbHoe 3HaueHne OCROx renepupyet crienimaibHyo BoaHy PWM.



Korga OCROx ycTaHOBJIEH HA MAKCUMAJIBHOE WJIM MUHUMAJIbHOE 3HAYCHUE,
BbIX0oiHOM curHan OCOX ocTaeTcsi HU3KUM WM BBICOKUM. YTOOBI 00ecTeunTh
CUMMETPUYHOCTh BbIX0aAHOH [IIMM-BomHBI ¢ 00€MX CTOPOH MUHHUMAJIBHOTO 3HAYEHUS,
curnan OCOx OyAeT nmepeBepHyT B JIBYX CIy4asiX, KOT/la COBMA/ICHUE CPAaBHEHUS HE
IIPOU30MIET.

[lepBsrii cityyaii - koraa 3HaueHrne OCROX n3MeHsieTcsi ¢ MaKCUMaIbHOTO
3HaueHus OxFF Ha npyrue nanHble.

Korga OCROX sBisieTcsi MaKCUMaIbHBIM 3HAUYCHUEM, a 3HAUCHUE CUCTUHNKA
JOCTUTAET MAaKCUMaJIbHOTO 3HaueHus, Bbixoa OCOxX coBnajgaer ¢ pe3yiabTaToM
CpPaBHEHMS B MpeApIAylIeM cueTuuke, T.e. OCOX He u3MeHseTcs. 3HaY€HUE HOBOTO
OCROx (e 0xFF) obnoBnsercs B 310 Bpemsi, a 3HaueHue OCOx coxpaHsieTcst A0 TeX mop,
MIOKa HE MPOU30MIET COBNAJEHUE CPABHEHUS, U TPOU30MIET MEpeBOPOT. B 3TOM ciryuae
curHan OCOX He BJISIETCS CHMMETPUYHBIM OTHOCUTEJIBHO MUHUMAJIbHOTO 3HAYEHUS,
nostomy curas OCOx HeoOxoaumo nepekiaoudarh, korga TCNTO gocturaer
MAaKCHMAJIBHOTO 3Ha4YeHUs. To ecTh mepBbI Ciryyan onpokuapiBanus curnaina OCOx Bo
BpEMs CPAaBHEHHUS HE BO3ZHHUKAET.

Bo BTopom ciyuae, kornga TCNTO HaumHaeT oTcyeT ¢ 00j1ee BHICOKOTO 3HaYEHUs],
yeM OCROX, cpaBHEHHE CPABHUBAETCS C MMOTEPSMHU, YTO BBI3BIBAET ACUMMETPUYHYIO
cutyanmto. Taxxe HeoOxoauMo nepeBepHyTh curHas OCOX 11 TOCTHXKEHUS
CUMMETPHUH C 00EUX CTOPOH MUHUMAJIBHOT'O 3HAYEHHUS.

11.2.5. Konrpoas MeptBoro Bpemenu

Koraa 6ut DTENO ycranoBieH Ha «1», GyHKIHS BCTABKM MEPTBOIO BPEMEHH
BKitoueHa. Beixogusie curnansl OCOA u OCOB OyayT BcTaBjeHBI B YyCTaHOBJIEHHOE
MEpTBOE BpeMs Ha OCHOBE (DOPMBI CUTHANA, CO3/1aBAEMOM BBIXOIHBIM CUTHAJIOM
cpaBHeHMs kaHana B. JlinrensHocTh BpeMenu paBHa DTRO.

3HauYeHHE BPEMEHH, COOTBETCTBYIOIIEE TAKTAM CYETUHKA PETUCTPA.

Kak nokazano Ha Puc.11 .2. u Puc.11 .3., Bpemennsie BctaBku OCOA u OCOB
OCHOBaHbI Ha BbIXOHOU opme curHana kanana B. Kormza COMOA u COMOB
ABJISIFOTCS «2» WiH «3», monsapHocTh curHaina OCOA Takas ke, Kak OJIIPHOCTH (POPMBbI
curtasia OCOB. Korga COMOA u COMOB «2» unu «3», popma OCOA u popma OCOB
COOTBETCTBEHHO. [IpOTHMBOIOIOXKHAS TOISAPHOCTD.

Koraa out DTENO ycranoBieH Ha «0», GyHKIIMS BCTABKM MEPTBOTO BPEMEHU
orkitodyeHa. Beixoansie curnansl OCOA u OCOB sBasitores popmaMu CUTHANOB,
TEHEPUPYEMBIMHU COOTBETCTBYIOIINMU PE3YIbTATAMH CPABHEHUS.
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Puc.11 .2. TCO duarpamma mepTBOTO BpeMeHu B pexxume FPWM

COMOA=2

Dead Time

Bottom OCROB  TOP OCROB Bottom OCROB TOP OCROB Bottom OCROB

L
TCNTU/\/\/PCPWM

OCOB_pre | | I | I COMOB=3
ocos | | | | I COMOB=2
OC0A | | | | | COMO0A=3
OCO0A | | I | | COMOA=2

Dead Time H H H H H

QCO0B_pre | I | I | COoMoB=2
ocoB | | | | | COMOA=2
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Puc.11 .3. TCO dquarpamma meptBOoro BpeMenu B pexxume PCPWM

11.2.6. Pexxum BBICOKOCKOPOCTHON CHHXPOHU3AIIHH.

B BBICOKOCKOPOCTHOM TaKTOBOM PEKUME B KAU€CTBE UCTOUYHUKA CUHXPOHU3ALIUN
HCIIOJB3YETCsl CYETYMK BHICOKMX YACTOT IS OJICUETA JIJIsl TEHEpaluu
BBICOKOYACTOTHBIX U BHICOKOYACTOTHBIX CUTHAJIOB PWM.

DTOT BHICOKOYACTOTHBIA TAKTOBBIN T'€HEPATOP FTEHEPUPYETCS MyTEM YMHOKEHUS
BBIXOJITHOT'O TAKTOBOTO cUTHajia rc32m BHyTpeHHero 32M RC-reneparopa Ha 2 pasa.

[ToaTOMy mepes BXOI0M B BBICOKOYACTOTHBIN PEKUM HEOOXOAUMO BKIHOYUTh
(YHKIIMIO YaCTOTHOTO YMHOXeHUs1 BHyTpeHHero 32M RC-reneparopa, To ecTb



yctanoBUTh OUT F2XEN B peructpe TCKCSR u noxaaThest onpeaeIeHHOro BpeMeHH 10
TE€X IOP, MOKa BBIXOJIHOM CUTHAJI YMHO>KEHHOTO TAKTOBOT'O CUTHAJIA HE CTAHET
crabunbHbIM. 3aTem Out TC2XS0 B TCKCSR MoeT ObITh YCTaHOBIIEH IS YCTAHOBKH
CYETUMKa TaiiMepa B PEKUM BBICOKOCKOPOCTHBIX TaKTOB. B 3TOM pexuMme cucTeMHBbIE
TaKThl U BBICOKOCKOPOCTHBIE TAKThI ACHHXPOHHBI, @ HEKOTOPBIE perucTphl (cM. CUCOK
peructpoB TCO) paboTatoT B BLICOKOCKOPOCTHOM JOMEHE TakK, 4TO KOH(UTryparus u
CUMUTHIBAHUE 3TUX PETUCTPOB TAK)KE ACHHXPOHHBI, U MPU paboTe HEOOXOIUMO COOII0IATh
OCTOPOKHOCTb.

Het oco0bix TpeOoBaHMI K HECEKPETHBIM OIEpaIisiM YTSHUS U 3aIIUCH B
perucTpax B BEICOKOCKOPOCTHOM JJOMEHE CUHXPOHU3AIUU.

[Ipu BBITIOTHEHNH MTOCIEA0BATEIbHBIX YTEHUHN U 3aMMCH NOJIOXKIUTE CUCTEMHBIE
TaKThbl. BBIMOIHUTE Clienyromue A1eCTBUS:

1) 3anummre peructp A;

2) JloxnuTech CHCTEMHBIX TakToB (3a/1epikka B peskume NOP min TakToB
ONEepPallMOHHOMN CHCTEMBI);

3) UreHue unu 3anuch peructpoB A wim B.

4) Jlo)kauTech CUCTEMHBIX TaKTOB (3amepxka B pexxume NOP uinu TakToB
ONEpPaMOHHON CHCTEMBI).

[Ipu uTeHUH perucTpoB B BHICOKOCKOPOCTHOM TaKTOBOM PEKHUME PETHCTPHI,
oTinuHble OT TCNTO, MOTYyT CUMTBIBATHCA HAIIPSAMYIO.

Korpma cuetuuk Bce enie mojacunteiBacT, 3HaueHue TCNTO usmensiercs ¢
MOMOUIbIO0 BEBICOKOCKOPOCTHOI'O TAKTOBOT'O CUTHAJIA, U CUETUYHUK MOXKET OBITh
npuoctanosiieH (ycranoBute CS0O Ha Honb). [Ipountaiite 3Hauenne TCNTO.

11.2. Peructpsl Onucanus

Cnucoxk pecucmpos TCO
YMOTYAHUIO
TCCROA* | 0x44 0x00 KonTtpomnsnsrit peructp TCO A
TCCROB* | 0x45 0x00 Kontpomnsnsiii peructp TCO B
TCNTO* 0x46 0x00 Peructp 3nauenuii cuerunka TCO
OCROA* 0x47 0x00 Peructp cpaBHeHus BeIXOAHBIX TaHHBIX TCO A
OCROB* 0x48 0x00 Peructp cpaBHeHMs BRIXOAHBIX naHHBIX 1CO B
DSX0* 0x49 0x00 Peructp ynpasieHHs HCTOUHUKOM 3aIrycka
DTRO* Ox4F 0x00 Peructp meptsbiit Bpemenu TCO
TIMSKO Ox6E 0x00 Peructp macku nipepsiBanus 1 CO
TIFRO 0x35 0x00 Peructp ¢ara npepsiBanmii TCO
TCKCSR | OxEC 0x00 TC Peructp cocTosiHUSI B KOHTPOJISI TAKTOB

Ipumeuanue: Peructpsi ¢ «*» paboTalOT B CHCTEMHBIX TaKTaX U BHICOKOCKOPOCTHOM
TaKTOBOM JIoMeHe. Peructper 6e3 «*» paboTaroT TOIBKO B JOMEHE CHCTEMHBIX TaKTOB.

TCCROA - Pecucmp ynpasnenus TCO A
‘ TCCROA - Peructp ynpasaenus TCO A
Anpec: 0x44 3HaueHue no ymonyanuio: 0x00
bur 7 6 5 4 3 2 1 0
HNms | COMOAL | COMOAO | COMOB1 | COMOB0O| DOCOB | DOCOA | WGMO01 | WGMOQO0
R/W R/W R/W R/W R/W R/W R/W R/W R/W




bur Nmn Omnpenesenne OUT
7 COMOA1
[TonpoGuee cm. Onucanue TaOIUIIbI YIIPABICHUS BHIXOAHBIM CPAaBHEHHEM.
6 COMOAD
5 COMOB1
[onpobuee cm. Onrcanue TabIUIBI YIPABICHHUS BHIXOIHBIM CPAaBHEHHEM.
4 COMOBO0
[Tpu ycranoBke 6ut DOCOB B «1» akTUBHpYETCS CUTHAJI HCTOYHHKA 3aITyCKa
BbIKITIOUeHHs Bhixosa cpaBHeHns OCOB Brixoga. Korma mpoucxomut coObitue
3aIyckKa, anmnapaTHoe o0ecredeHre aBTOMaTUYECKU OTKIIFOUAET BBIXO/T
3 DOCO0B
octmorpammsl OCOB. Korga 6utr DOCOB ycranosiien Ha «0», curaain
cpaBHeHuss OCOB BbIx0Ja BBIKIIIOUEHUS HCTOYHHMKA 3allycKa oTkirouaercs. Korga
POUCXOJUT COOBITHE 3aIyCKa, BhIX0A ocuuiuiorpaMmel OCOB He oTkItoyaercsl.
ITpu ycranoBke 6ut DOCOA B «1» akTUBUPYETCS CUTHAI HCTOYHHUKA 3aITyCcKa
BeikroueHus cpaBHeHUst OCOA Bbixona. Korma nmpoucxomuT coObITHE 3aITycKa,
5 DOCOA anmnapatHoe o0ecredeHre aBTOMaTUYECKU OTKIIFOYAET BBIXO/1 OCIHIIIIOTPaMMBbI
OCOA. Korma 6ut DOCOA ycranosier Ha «0», curaan cpaBaenns OCOA BbIxoaa
BBIKJTIOYEHHSI HCTOUHHUKA 3aIlycKa oTkitouaeTcs. Koraa mpoucxoaut coobiTiue
3arycka, BeixoJ1 ocuusuiorpamMmmbel OCOA He OTKIIIOYaeTcs..
1 WGMO01
0 WGMOO [TonpoGuee cm. Onucanue TaOIHIBI PEKUMOB I'€HEPALIUU BOJIHEI.

TCCROB - Pecucmp ynpasnenus TCO B

TCCROB - Peructp ynpasiaenust TCO B

Anpec: 0x45 3navyeHue no ymondanuio: 0x00
bur 7 6 5 4 3 2 1 0
Nms FOCOA | FOCOB | OCOAS | DTENO | WGMO02 CS02 CS01 CS00
R/W W W R/W R/W R/W R/W R/W R/W
bur| HWmsa Omnpenesienne OUT

but ynpaBieHus IPUHYIUTEIBHON YCTAaHOBKHU BbIXoza cpaBHeHUs. [Ipu pabote B
[pexxume 6e3 PWM paBeHCTBO CpaBHEHMS MOKET OBITh CT€HEPUPOBAHO MYTEM 3aIUCH
«1» B 6utT FOCOA. TlpunynurensHoe cpaBHeHHe He ycraHaBiuBaeT guiar OCFOA u He
repe3arpykaeT Ui He OUYMIIaeT TaliMep, HO BeixoiHOH BeiBOA OCOA Oynet
O0OHOBJIATHCS B COOTBETCTBUHU ¢ HacTpoiikoit COMOA, kak TOJBKO IPOU30iAeT
|I/ICTI/IHHOC cpaBHeHue. Urenne FOCOA Bcerna Bo3BpaniaeT HOJIb.

7 | FOCOA

IEI/IT yIIpaBJIeHUs IPUHYAUTENBHON YCTaHOBKH BbIXOa cpaBHeHUs. [Ipu pabote B
exnme 6e3 PWM paBeHCTBO cpaBHEHHS] MOXKET ObITh CTEHEPUPOBAHO ITYTEM 3aITUCH
«1» B 6utr FOCOB. IlpunynurensHoe cpaBHeHHe He yctaHaBiuBaeT guar OCFOB u ne
repe3arpyaeT Ui He O4YMIaeT TaiiMep, HO Beixo1HOM BeiBoA OCOA Oyner
OOHOBIISITHCS B COOTBETCTBUU ¢ HacTpoiikoit COMOB, kak TobKO pou30iaeT
nctuaHoe cpapHeHue. Urtenne FOCOB Bcerma Bo3BparaeT HOJb.

6 | FOCOB

but Bri6opa Beixomnoro nmopra OCOA. Kormga 6ut OCOAS ycranosieHn Ha «0», hopma
5 | OCOAS BostHBI OCOA BeIBoauTCs 13 BeiBoAa PD6. Korga 6ut OCOAS yctaHoBneH B «1»,
dopma Bomael OCOA BeIBOMTCS M3 BhiBOa PE4 (jieiictBuTensua B kopryce QFP32).

Korna out DTENO B «1», meptBoe Bpems BkiitoueHo. B OCOA u OCOB BcraBistoT
MepTBOE BpeMsl B OpPMY BOJIHBI, TEHEPUPYEMYIO BBIXOJIOM CpaBHEHHUS KaHaja B.
MepTBblii BpEMEHHON MHTEPBAJ ONPEIEISIETCS BPEMEHEM OTCUETA, COOTBETCTBYIOLIUM
4 | DTENO |peFI/ICpr DTRO. [onspuocts BeixogHoro curnaga OCOA onpenensercs

C

ootBercTBUEM Mexay COMO u COMOB. Cum. Ta6numy [onsipuoctu ¢opmbl curHana
OCOA B pexxume BirodeHus: MepTBoro BpeMeHnu. Korma 6ut DTENO ycranoBneH Ha
«0», BcTraBka MepTBOro BpemeHnu 3amnpeiieHa. Curaansl OCOA u OCOB sBastorcs
|popmamu curHanoB, reHepUpyEeMbIMU COOTBETCTBYIOIIMMU Pe3yIbTaTaMH CPaBHEHUSI.
WGMO02 u WGMO00 1 WGMO1 Bmecte o6pa3yrot peskum WGMO ynipaBienust

3 |WGMO02] renepanmeii popmbl BosHbI [2: 0] 175 ympaBlieHUs PEKUMOM MOACYETa CUSTIYHKOB U
pexuMoM renepanuu popmel curnana. [logpodnee cM. B onucanum TaGiuis pexxnma




TCHCPALlMH BOJIHBI.

2 CS02

Hpe;meneHHe TAKTOB UCTOYHHKA CUHXPOHHU3AINHN IJId CHCTYHMKA BpCMCHU 0.

CS0[2:0]

Onucanmne

0 Hert ucrounuka CUHXPOHU3AIUH, CTOII-CUECT

1 CS01

clksys

clksys / 8 u3 nmpemnenurens

clksys / 64 u3 npeanenurens

0 CS00

clksys / 256 u3 npennenurens

clksys / 1024 ot npexnenurens

Buemnue taktel T0, 3amyck co cnaiarmuM GpOHTOM

~NjojolblwiNdiE-

Bremrnane takter T0, 3ammyck ¢ HapacTaronmM GpOHTOM

COMON - Hopmanvuwiii pescum u pesxcum CTC Vnpaenenue cpasnenuem

COMOx1

COMOx0

Onucanue

0

0

Hopmanbneix onepanuii nopta, OCOX OTKIIIOUEHBI.

Curnan [lepexmounts OCOX ipu paBeHCTBE

Ouuctute curtas OCOx npu CpaBHeHUH

0
1
1

1
0
1

YceranoButh curHan OCOx Ha CpaBHEHUU

COMON - bvicmpwiii Peoicum PWM Vnpaenenue cpasnenuem

COMOx1 | COMOx0 Onucanue
0 0 Hopwmainbnbix onepanuii nopra, OCOX OTKIHOYEHBI.
0 1 3ape3epBUPOBAHO
1 0 Ouunctuts curnan OCOx npu CpaBHeHuH, 1 ycTaHOBUTH curHain OCOx B

BOTTOM

Ycranosurs OCOx npu CpaBrenun, Ouncturs OCOx 8 BOTTOM
(MHBEPTUPYIOUINI PEXUM)

COMON - Peacum PWM ¢ koppexyueii ¢haz Ynpaenenue cpasuenuem

COMOx1 COMOxO0 | Onucanne
0 0 Hopwmanbnabix onepanumii nopra, OCOA OTKIIOYEHBI.
0 1 3ape3epBUPOBAHO
1 0 Ouncruts OCOx Ha CpaBHenun Komnapartopa xorga Cuer Beepx.

Ycranosnennslit OCOx Ha CpaBHenun Komnaparopa xorjga Cuer Baus.

Ycranosnennslit OCOx Ha CpaBuenuu Komnapartopa xorga Cuer Beepx.
Ounctute OCOx Ha CpaBHenun Komnapatopa xorga Cuer BHus.

WGMO - Vnpasnenue pesxcumom cenepayuu cuenana.

WGMO |

Pexum padoTsl

3HayeHue O0HOBUTH MOMEHT YcTraHoBUTE MOMEHT

[2:0] TOP OCROX TOVO
0 HopmanbHbrii OxFF Hemennenno MAX
1 PCPWM OxFF TOP BOTTOM
2 CTC OCROA Hemennenno MAX
3 FPWM OxFF TOP MAX
4 3ape3epBUPOBAHO - - -
5 PCPWM OCROA TOP BOTTOM
6 3ape3epBUPOBAHO - - -
7 FPWM OCROA TOP TOP




[TonsspaocTtu hopmel curnana OCOA B pexxrMe BKITIOUEHUS MEPTBOTO BPEMEHHU

DTENO

COMOA | COMOB

[1:0]

[1:0] Onucanue

0 ) i nossipHocTh curHaia OCOA, korTpoupyemas OCOA,
CPaBHHMBAET BBIXOJHOU PEIKUM
1 0 - OCOA ortkiroueH, onepanus BBOJa-BbIBOIA 00IIEr0 Ha3HAYCHHUSI
1 1 - 3ape3epBUPOBAHO
1 5 2 [Tomstproctu curHanoB OCOA u OCOB oamHakoBbI
3 [Tonsproctu curnanos OCOA u OCOB npoTHBOIOIOKHBI
1 3 2 [Monsproctu curnanos OCOA u OCOB npoTHBOIOJIOKHBI
3 [Tomstproctu curHanoB OCOA u OCOB oamHakoBbI

Ipumeuanue: [lonspHocts BeixogHoro curnana curnaina OCOB ynpasisieTcst peskuMom
BbIBOJIa cpaBHEHUsI OCOB, KOTOPBIN aHATOTUYEH TOMY, KOT/1a PEKUM MEPTBOTO BPEMEHHU
HE BKJIIOYEH.

DSX0- Pecucmp ynpasnenus TCO Vnpasnenus ucmounukamu 3anycka

DSXO0- Peructp ynpasJjenusi TCO C

Anapec: 0x49 3Hauenue no ymonayanuto: 0x00
bur 7 6 5 4 3 2 1 0
Nms DSX07 | DSX06 | DSX05 | DSX04 | DSX03 | DSX02 | DSX01 | DSX00
R/W R/W R/W R/W R/W RIW RIW R/W R/W
bur Nmn OmnpeneseHue OuT
ITpu ycranoBke 6ura DSXO07 B «1», nepenonnenue TC1 akTuBupyercs B KauecTBe
7 DSXO07
WCTOYHMKA 3amycKa Juis BeikitoueHus curHana cpasaennss OCOA/OCOB.
[Tpu ycranoske 6ura DSX06 B «1» nepenonnenne TC2 akTuBUpyeTCS B Ka4ecTBE
6 DSX06
VICTOYHHUKA 3aIycKa Jjisl BBIKIFoUeHust curaana cpasHenust OCOA/OCOB.
ITpu ycranoBke 6ura DSX05 Ha «1» ypoBeHb u3meHneHus: BoiBoaa ) BkirouaeTcs B
5 DSX05 KayecTBE UCTOYHHMKA 3aIyCKa JUIsl BBIKJIFOUEHUS BBIXOIHOM (OpMBI CUTHATIA
cpaBHeHust OCOA / OCOB.
Korga 6utr DSX04 yctanosnen B «1», BHenHee IIpepbsiBanne 0 BkiItouyaercs B
4 DSX04 Ka4eCTBE UCTOYHUKA 3aIyCKa JJIs BBIKIIFOUEHUS BBIXOJHOM CUTHAJIA CPABHEHUS
OCOA/OCOB.
Korma 6ut DSX03 ycranosineH B «1», AHajoroBsiii komnaparop 1 Kanam 1
3 DSX03 | BiIrOYEH KaK HCTOYHUK 3aITyCKa IS BRIKIIOYSHHS BBIXOIHOM CUTHANIA CPABHEHUS
OCOA/OC0B
Kornma 6ut DSX03 ycranosieH B «1», AHanorosblii komnapartop 1 Kanas 0
2 DSX02 | BxiIroYeH Kak HCTOYHHUK 3aITyCKa JUIS BRIKIIOYSHHS BBIXOIHOW CUTHANIA CPABHEHUS
OCOA/OCO0B
Korma 6ut DSXO01 ycranosieH B «1», AHanoroBbiii komnapartop 0 Kanaa 1
1 DSX01 | BxiroYeH Kak HCTOYHHUK 3aITyCKa JUIS BRIKIIOYSHHS BBIXOIHOM CUTHANIA CPABHEHUS
OCOA/OC0B
Korma 6ut DSXO01 ycranosieH B «1», AHanorosbiii komnapatop 0 Kanas 0
0 DSX00 | BitoYeH KaK HCTOYHHK 3aITyCKa JUTSl BEIKITFOUEHHS BRIXOIHOM CUTHAIA CPaBHEHUS
OCOA/OCO0B

OCOA / OCOB - Omkntouums ynpasienue Boibop ucmounura

DOCOx ' DSX0n=1 Hcrounnk | Onucanne
0 i i but DOCOX = «0», ¢pyHKIMA 3aITycKa BBIKIIOUCHHS
MCTOYHHKA BBIXOAHOTO CHTHAJIA OTKIIIOUCHA.
1 0 AHaIOTOBBIN [Tepeanuit pport ACIFOO oTkirouaet BEIXOIHOM




kommaparop 0 Kanan 0 curHas OCOx

AHanorosslit [Tepennuit ppont ACIFO1 oTkiarodaeT BHIXOAHOM
1 1
kommapatop 0 Kanan 1 curain OCOx
AHaIOTOBBIN [Tepennuit pport ACIF10 oTkirouaeT BEIXOTHOM
1 2
kommaparop 1 Kanan 0 curnas OCOx
AHaIOTOBBIN [Tepennuit ppont ACIF11l oTkirouaeT BEIXOTHOM
1 3
kommaparop 1 Kanan 1 curnas OCOx
1 4 Bremnee npepeiBanue [Tepennuii ppont INTFO oTkIrO9aeT BEIXOAHOM
0 curnan OCOx
1 5 N3menenue ypoBHs [Tepennuit hppont PCIF0 oTkimro9aeT BBIXOIHON
koHTakTa 0 curnas OCOx
1 6 Mepenontenue TC2 [Tepennuit ppont TOV2 oTKIHOYAET BBIXOAHOU
curdan OCOx
1 7 Tepenonenue TC1 [Tepennnii ppont TOV1 oTkimogaeT BHIXOIHOH

curgain OCO0x

Ipumeuanue: 1) Korga DSX0n = 1 ykassiBaer, uto N-it out peructpa DSXO0 pasen 1,
OUTBI perucTpa MOTyT ObITh YCTAHOBJIEHBI OJJHOBPEMEHHO.

TCNTO - Pecucmp cuemuuxa TCO

‘ TCNTO - Peructp cuerunkon TCO

Anpec: 0x46

3”aueHue no ymonyanuio: 0x00

but

7

6

5

4

3

2

1

0

HNms

TCNTO7

TCNTO6

TCNTO5

TCNTO04

TCNTO3

TCNTO2

TCNTO1

TCNTOO

R/W

R/W

R/W

R/W

R/W

RIW

RIW

RIW

R/W

bur

Nma

Omnpenesenune OuT

7:0

TCNTO

Peructp 3nauennii cuerunka TCO. [JlocTymn kK cunThiBaHUIO / 3amucu 8-OMTHOTO
3HAUEHUS CUETUYMKA BBINOJIHAETCS HenmocpeacTBeHHo uepes3 peructp TCNTO. 3amuce
LT B peructp TCNTO, npeaoTBpaTuT MOsIBIICHUE COBMACHUS CPAaBHEHUS B
[cnenyroniem TakTe TaiiMepa, Jake eCIM TaiMeEpP OCTAHOBJIEH. JTO MO3BOJISAET
nHUIMan3upoBaTh 3HaueHue perucrpa TCNTO B coorBercTBuu ¢ 3HaueHneM OCRO,
He BbI3bIBas NpepbiBaHus. Ecnu 3Hauenue, 3anucanHoe B TCNTO, paBHO wiu 00X01uT
3HaueHue OCRO, cpaBHeHUE TepseTcs, UTO MPUBOIUT K BOZHUKHOBEHHUIO HEMPABUIILHOM
¢dopmbl curHana. TaliMep mpekpalaeT OTCUeT, KOTJja HCTOYHUK CHHXPOHU3AIUH He
BbIOpaH, Ho CPU Bce emie MoxeT noayuuth goctyn K TCNTO. Cuertuunk 3anucu
npoleccopa UMeeT 0oJiee BHICOKUN MPUOPHUTET, YEM ONepanus OUUCTKH UIH
100aBJICHUS WJIM BBIUUTAHUS.

OCROA - Pecucmp cpasnenus 6vixo0nvix oannvix TCO A

‘ OCROA - Peructp cpaBHeHHs1 BHIXOJAHbIX JaHHBIX 1 CO A

Anpec: 0x47

3HaueHue no ymonyanuio: 0x00

bur

7

6

5

4

3

2

1

0

Nmsa

OCROA7

OCROAG6

OCROAS5

OCROA4

OCROA3

OCROA2

OCROA1

OCROAO

R/W

R/W

R/W

RIW

RIW

RIW

RIW

RIW

RIW

Bbur

Nms

OmnpenesieHnue 6uT

7:0

OCROA

Peructp cpaBuenus BerxogaHbIX 1aHHBIX TCO. OCROA conmepxut 8-OUTHBIC TaHHEIE,
KOTOpBIE HEMPEPHIBHO CPaBHUBAIOTCS cO 3HaUeHueM cuetuynka TCNTO. PaBeHCTBO
|cpaBHEHMST MOKET HUCIIOIB30BATHCS JIJIsl TEHEPALIMK MPEPhIBAaHUSI CPAaBHEHUS BHIBOJA
WIu U1 TeHepanuu ¢popMbl curaana Ha BeiBoge OCOA. Tlpu ucrmons30BaHUM peKuMa
PWM peructp OCROA ucnonb3yer peructp ¢ JBoiHbIM Oydepom. OmHako aABOiHAas

Oydepu3anus OTKII0YEHA B HOPMATBHOM PEXKHUME U COOTBETCTBYET PEKUMY OUUCTKH.
JIBoiinas Oydepusarus cuaxponusupyet ooHosneHue perucrpa OCROA c
MaKCHMaJIbHBIM WJIM MHHUMAJIbHBIM BPEMEHEM OTCYETa, IPEAOTBpaliasi FeHEPaIHIo




aCUMMETpUYHBIX UMITYJIbCOB MM u ycrpansas Bo3Myiuaromuye umiyiascsl. [Ipu
MCIIOb30BaHuU (DyHKIMM aBoHON Oydepusanuun CPU oOparraercst K perucTpy
oydepa OCROA. Korna ¢pynkuus noitHol Oydhepusanuu otkiatoueHa, CPU
oOparmraetcs k camomy OCROA.

OCROB - Pecucmp cpasnenus evixoonwvix oannwvix TCO B

\ OCROA - PerucTp cpaBHeHHsI BBIXOAHBIX JaHHBIX TCO A

Anpec: 0x48

3HaueHue no ymonyanuio: 0x00

burt

7 6 S 4 3 2

1

0

Nms

OCROBY7

OCROB6

OCROB5

OCROB4

OCROB3

OCROB2

OCROB1

OCROBO

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

Bbur

Nms

Onpenesneaune OUT

Peructp cpaBHeHus BoixoHbIX JaHHBIX TCO. OCROB conepxut 8-OUTHBIE TaHHBIC,
KOTOpBIE HENIPEPBIBHO CpaBHUBAIOTCS co 3HaueHueM cuerunka TCNTO. Pasencrso
|[cpaBHEHUS MOXKET MCIIONB30BATHCS JIJIsl TEHEPALUY IPEPhIBAHUS CPAaBHEHHS BBIBOAA
vH JUTsl reHepanuu popMel curHaia Ha BeiBoge OCOB. [lpu ucmonp3oBaHuM pekrMa
PWM peructp OCROB ucnonb3yet peructp ¢ 1BoiHbIM Oydepom. OmHako qBoiTHas
|Oydepuzanmst OTKIIOYCHA B HOPMATBLHOM PEKHUME U COOTBETCTBYET PEKUMY OUHUCTKH.
JIBoitHast Oydepuzanus cuuxpoHusupyet ooHosneHue perucrpa OCROB ¢
MaKCUMaJIbHBIM WJIM MUHUMAJIbHBIM BPEMEHEM OTCYETa, MPE0TBpaIlias FreHEPaIHio
AcCUMMETPUYHBIX UMITYIIbcOB [IIMM 1 ycTpansst Bo3myIiaromue uMnyiascel. [lpu
MCTIONb30BaHUM (pyHKIMH qBOIHOM Oydepuzanuu CPU obpammaercs K perucTpy
oydepa OCROB. Korna ¢yukius apoiinoit Oydepusanuu otkinrouena, CPU
|06pa1uaeTcsI k camomy OCROB.

7:0 | OCROB

TIMSKO - Pecucmp npepwvisanus TCO

‘ TIMSKO - Peructp npepsiBanust TCO
Anpec: OX6E 3HaueHue no ymosyanuto: 0x00
4 3 2
Nms - - - - - OCIEOB
R/W - - - - - R/W
bur

7:3 -

bur 1

OCIEOA
R/W

TOIEQ
R/W

Onpenenenne OuT
3ape3epBUPOBAHO

Korga 6utr OCIEOB, yctanoBieH B «1» u rmo0anbHOe IpepbIBaHNUE YCTAHOBJICHO -
npepsiBanre Komnaparopa B CpaBaenue pazpenieno. COOTBETCTBYIOIIEE
MpepbiBaHue BbINoHsAeTCs, eciau CpaBHenne Kommaparopa B Taitmep/CueTunk
[IPOUCXOUT, TO ecTh, Koraa out OCFOB ycranaBnuBaetcs B TIFRO. Korna 6ur
|OCIEOB pasen «0» Boixon TCO npepsiBanus coBnageHus B - oTkmouen.

OCIEOB

Korga 6ut OCIEOA, yctaHoBieH B «1» 1 r1o0anbHOE MpephIBAaHUE YCTAHOBIICHO -
npepeiBanre Komnaparopa A CpaBHeHue paspenieHo. COOTBETCTBYIOIIEE
MpepbiBaHue BblNoHsAeTCs, ecau CpaBHenne Kommaparopa B Taitmep/CueTuunk
[IPOUCXOUT, TO ecTh, Koraa Out OCFOA ycranaBnuBaetcst B TIFRO. Korga 6ut
OCIEOQA pagen «0» Beixoa TCO nmpepbiBaHusI COBIAACHHS A - OTKITIOUYCH.

burt paspemenus npepsiBanus nepenonnenus TCO. Korga 6utr TOIEO ycraHoBIeH
B «1», a rmo0anbpHOE MpephIBaHUE YCTAHOBJIEHO, pepbiBaHue nepenonnenus TCO
BKJItoueHo. IIpepriBanue renepupyercs npu nepenosnnenuu TCO, T. e.
ycranaBnuBaercs 6ut TOVO B TIFR. Korma 6ut TOIEO paBen «0», mpepbiBanue
nepenonHenns TCO OTKIIIOYEHO.

OCIEOA

TOIEO




TIFRO - Pecucmp ¢hnacose npepvisanus TCO

\ TIFRO - Peructp ¢uiaros npepoiBanus TCO

Anapec: 0x35

3Hayenue no ymonyanuto: 0x00

Bbur

7

6 5 4 3 2 1 0

Nmsa

OCOA

OCO0B

- OCFOB | OCFOA | TOVO

R/W

R/0

R/0

- - - R/W R/W R/W

bur

Nms

Omnpenesienne OUT

OCOA

Urenune curnana ocumutorpammsl OCOA. BbIX0qHOM CUTHAT OCHUIUIOTpaMMBbl
OCOA, cuuTbiBaeTcs MPOrpaMMHBIM 00eCIIieYeHUEM, HO HE 3aiChIBACTCS.
[Tporpammuoe obecrieueHre MOKET CUUTHIBaTh 3HaueHue out OCOA mist
MOJIyYEHUs MOJIIPHOCTHU CUTHaa (POpMBbI CUTHaIa, KOTOPOE JTOJIKHO OBITh

BBIBEJICHO J10 TOro, Kak curHas OCOA Oyzer BkitoueH Ha BeiBoze 10, u MoxkeT

ObITh U3MeHeH yTeM KoHpurypupoanust ouT COMOA u ycranoBku 6ut FOCOA.

Ero nonsipaocTh 103BOJISIET N30€KATh MOCTOPOHHUX UMITYILCOB TTIOMEX IOCIIE

BKutoueHus Boixosa curnana OCOA Ha cooTBeTcTByromeM |O-koHTakTe.

OCO0B

Urenue curnan ocruutorpaMmmbl OCOB. BrIXoaHOW CUTHAT OCHUIIIOTPAMMBbI
OCOB, cuuTsIBaeTCS MPOTrPaAMMHBIM 00ECIICUEHHUEM, HO HE 3aITUCHIBACTCA.
[IporpamMmMHOe oOecrieueHrne MOXKET CUUThIBaTh 3HaueHue Out OCOB s
MOJIyYEHUs MOJIIPHOCTHU CUTHaa (pOpMBI CUTHaIa, KOTOPOE TOJIKHO OBITh

BBIBEJICHO 110 Toro, kak curnain OCOB Oyxer BxitoueH Ha BbiBoje 10, u Moxer

ObITh U3MEHEH nyTeM KoHpurypuposanus o6utr COMOB u ycranoBku 6ut FOCOB.

Ero nonsipHOCTH MO3BOJISIET H30EKATh TTOCTOPOHHUX UMITYJIHCOB ITOMEX ITOCIIE

BKutoueHus Boixoza curnaga OCOD Ha cootBercTByromem IO-koHTakTe.

5:3

3ape3epBUPOBAHO

OCFOB

Boixon TCO ¢nar cpaBHenus B. Korna TCNTO pasen OCROB, 6510k cpaBHeHus
JTaeT CUTHAJ paBeHCcTBa U ycTaHaBiauBaeT iar cpaBHeHuss OCFOB. Ecnu ®nar
npepbiBanus cpaBHeHue B OCIEOB = «1» u ¢nar rino6ansHoro npepbiBaus B «1»,
Oyzet reHepupoBaThes pepbiBanue paBeHcTsa B. dmar OCFOB ounmaercst
aBTOMATHYECKH IPH BHITOJIHEHUH MTPOLEAYpPhl 00CTY)KUBaHUS NPEPhIBAHUS WIN
MOJKET ObITh OuMIlleH myTeM 3anucu «1» B out OCFOB.

OCFOA

Beixog TCO ¢nar cpaBaenust A. Korna TCNTO pasen OCROA, 010k cpaBHEHUs
JlaeT CUTHaJl paBeHCTBa U ycraHaBnuBaetT (iar cpaBHeHus OCFOA. Ecnu ®nar
npepsiBanust cpaBaenne A OCIEOA = «1» u ¢iar rmo6ansHOro IpephIBaHus B

«1», Oyzer reHepupoBaThCs IPEepbIBaHUE CPABHEHUS C pe3ynbTaToM A. dmar

OCFOA ountiaeTcst aBTOMaTUYECKH MTPH BHITOJIHEHUH MTPOIIETyPBI 00CITY>)KUBAaHUS

MIpEepPHIBaHMS WM MOKET ObITh ounileH myTem 3anucH «1» B 6ut OCFOA.

TOVO

@mnar nepenonHenus TCO. Korga cueTunk nepenosyiHseTrcs, ycTaHaBiIuBaeTcs iar
nepenonHenus TOVO. Ecnu Out pasperienus npepbiBanus nepenoianerus TOIEOQ
YCTaHOBJEH Ha «1» U ycTaHOBJEH (uiar riodalbHOTO NpepbIBaHus, OyaeT
TEeHEpUPOBAThCA NpephiBanue nepenoiaHenus. TOVO0 aBromarnuecku ounmaercs,
KOT'/1a BBIMOJHSETCS 3Ta Mpolieypa MpephIBaHMs, UIN €€ MOKHO OYHCTUTD,

3anucas «1» B out TOVO.

DTRO - pecucmp xoumpons mepmeoco epemernu TCO

DTRO - peructp koutpoJisi MeprBoro spemenu 1CO

Anpec: 0x4F 3HaueHue no ymoaganuro: 0x00
bur 7 6 5 4 3 2 1 0
Nmsa DTRO7 | DTRO6 | DTRO5 | DTR04 | DTR03 | DTR02 | DTRO1 | DTROO
R/W R/W R/W R/W R/W R/W R/W R/W RIW
bur Nmsn Onpenesnenue OUT




7:0

DTROH

TCO meprsIii peructp Bpemenu. Korna 6ut DTENO perucrpa TCCROB pasen
«1», ynpaBineHre MEpTBBIM BpEMEHEM BKIIIOUECHHS BKIIOYEHO, & YCTAHOBJICHHOE
MepTBoe Bpemst onpenensiercs DTRO. J[nmuTensHOCTh BpeMEHH - 9TO BpeMms,
cooTBeTcTBYyOIEe TakTaM cuetunka DTRO.

TCKCSR - TC Pecucmp cocmosinus u KOHMpOas makmos

\ TCKCSR - TC KoHTpoJIb TAKTOB M PETHCTP COCTOSIHUS

Anapec: OXEC 3Havenwue mo ymoiadanuto: 0x00
but 7 6 5 4 3 2 1 0
Nmsa - F2XEN | TC2XF1 | TC2XFO - AFCKS | TC2XS1 | TC2XS0
R/W - R/W R R RIW R/W R/W
bur| Wmsa OmnpenesieHne OUT
7 - 3ape3epBUPOBAHO
KonTtponbHbiii 6uT paspenienus Beixoanoro curnaina RC 32M. Korga 6ut F2XEN B
«1», BeIxogHO# curHan RC-reneparopa ¢ wactoroit 32M 1 yMHOKEHUS HA 2 BKITIOYEH,
6 | F2XEN |BeiBogsiTCS BhIcOKOCKOpOCTHBIE TakThl 64M. Korma 6ut F2XEN ycranosieH B «0»,
yacTOTHBIA yMHOXHUTENb 32M RC-reneparopa OTKIIIOUAETCsl, @ BHICOKOCKOPOCTHBIE
TakThl 64M He MOT'YT OBbITh BBIBEJCHBI.
@Dar pexuma BoicokockopocTHOM cunxponuzanuu TC1l. Korpa 6utr TC2XF1
5 |Tcoxpy [ctuTeiBacTCs Kak «1», OH yKa3bIBaeT, 4YTO CUETYHK TaliMepa | paboTaer B pexume
BBICOKOCKOPOCTHOH cuHXxpoHu3anuu. Korjga oH paBeH «0», 3T0 03HA4aeT, YTO CUETUUK
1 Talimepa paboTaeT B pe)KMME CUCTEMHBIX TaKTOB.
®drnar pexxrma BeicokockopocTHoM cuaxponuzanuu TCO. Korma 6ut TC2XFO
4 | TeoxEolcamTeBacTes Kak «1», 3T0 OH yKa3bIBaeT, yTo cueTyuk 0 Taiimepa paboTaeT B pexuMe
BBICOKOCKOPOCTHOM cuHXpoHu3aiuu. Korna o paseH «0», 3T0 03HaYaeT, YTO CUETUUK
|0 Taiimepa paboTaeT B pexXHMe CHCTEMHBIX TaKTOB.
3 - 3ape3epBUPOBAHO
> | AECKS Br160op taktoB punstpa OP/AC, noxanyiicra, ooparurtecs k rinae OP/AC s
10JIPOOHOTO ONpeAeTIeHUs
buT ynpaBieHHsI CKOPOCTBIO BBICOKOCKOPOCTHOTO TakToBOrO reneparopa TC 1. Ilpu
ycranoBke 6uta TC2XS1 B «1» cuerunk/raiimepa 1 paboraer B pexxume
1 |Tcoxs1 BBICOKOCKOPOCTHOH cunxpoHu3anuu. Korna out TC2XS1 ycraHoBieH B «0»,
|[cueTunk/Taiimepa 1 paboTaer B peskrMe CUCTEMHBIX TaKTOB. YTOOBI YyCTaHOBUTH
TC2XS[1: 0], cnauana 3anucars peructp ECCPR B 0xD8, a 3arem 3anucate 3HaueHME
1 3armucy B Out TC2XS B TeueHne 6 CUCTEMHBIX TAKTOB
buT ynpaBieHHs CKOPOCTHIO BEICOKOCKOPOCTHOTO TakToBoro reneparopa TCO. [lpu
ycraHoBke 6uta TC2XS0 B «1» cuetunk/Taiimepa 0 paboTaer B pexume
o |ltcoxso BBICOKOCKOPOCTHOM cnaxpoHu3anuu. Korma 6ut TC2XS0 ycraHoBneH B «0»,
|[cueTunx/Taiimepa 0 paboTaeT B peXxUMe CUCTEMHBIX TaKTOB. YTOOBI YCTAaHOBUTH
TC2XS[1: 0], cnauana 3anucats peructp ECCPR B 0xDS8, a 3aTem 3anucarh 3HaUeHUE
utst 3armicy B Out TC2XS B TeueHne 6 CHCTEMHBIX TaKTOB
12. Taiimep/cuerunk 1 - 16-pa3psignblii

[Tomnast 16-pa3psiiHas KOHCTPYKITHS, TTO3BOJISIONIAS UCITIONh30BaTh 16-

paspsaaeii PWM

2 HE3aBUCHUMBIX OJIOKA CPAaBHEHUS BBIXOJIOB

JIBotiHOM OydepHbIi peTUCTpP CPAaBHEHUS PE3YIbTATOB
1 610k 3axBaTa BBO/A

[TomaBuTenp mrymMma BXOAHOTO 3aXBaTa




ABTOMATHYECKOE CPABHEHNE COOTBETCTBUS

COpoc cueTyrka 1 3arpy3uTe aBTOMaTHUECKU
Hcnpasnena ¢aza PWM 6e3 Bo3MyIaomuyx UMITYJIbCOB
ITepemennsiit nepuog PWM

['eHepaTop 4acTOTHI

CyeTurK BHEITHUX COOBITHI

UYeTplpe HE3aBUCUMBIX UICTOYHHUKA MPEPHIBAHUIMA

[IINUM ¢ TanM-KOHTpPOJIEM

YeTpIpe JOMOJIHUTENBHBIX 3allycka VCTOUHMK C aBTOMAaTUYECKUM BBIBOJIOM
HINM-BBIXOX

¢ Bricokockopoctroii (SO0KHZ @ 7BIT) PWM B pexume
BBICOKOCKOPOCTHOM CUHXPOHU3ALIUU

12.1. O630p
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Puc. .1. CrpykrypHnas cxema TC1

TC1 - 370 yHUBEpCcalIbHBIN 16-pa3psAHbIA CYETUUK, KOTOPBIM MOAEPKUBACT
BbIXOZbI PWM 1 MmoxeT TouHo reHepupoBath curiaiibl. TC1 conepxkut 16-pa3psanblii
CUETUMK, OJIOK YIpaBIEHUS PEXKUMOM (POPMUPOBAHUS CUTHAJIA, IBA HE3aBUCUMBIX OJIOKA
CpaBHEHUS BbIBOJA U OJIOK BBOJA.

B 10 e Bpemss TC1 MoxkeT COBMECTHO UCTOJIb30BaTh 10-OUTHBIM



npeaBapuTeabHblid genutens ¢ TCO uim oH MOXKET HE3aBUCUMO UCIIOJb30BaTh 10-
Pa3psAIHBIN MPEBAPUTENbHBINA JETUTEb.

[IpennenuTens neTUT CUCTEMHBIE TaKThI Clkio MM BEBICOKOCKOPOCTHBIE TAKTHI
rcm2x (2X BHYTPEHHETr0 BBIXOHOTO curHaia reaeparopa 32M RC renepartopa rc32m)
i reHepanuu cuerynka yacon Clktl.

brok ympaBiieHHs pe:XUMOM TeHEPAITUX BOJHBI YIIPABIISECT PEKUMOM PaOOTHI
cueTyrka U popmMupoBaHueM GOpMbI CUTHANIA CPABHEHUS.

B cooTBeTCTBUHU C pa3IMUHBIMU PEKUMaMU PAOOTHI CYETUMK OUYUIIIAET,
YBEJIMUMUBAET WK yMeHbIIaeT Kax bl u3 cuera TaktoB Clktl. Clktl moxer ObITh
CT€HEpUpPOBaH U3 BHYTPEHHETO UCTOYHUKA CHHXPOHHU3AIIMU WM BHEIIIHETO UCTOYHUKA
CUHXPOHU3AIINH.

Korna 3nauenne cuetunka TCNT1 cyeTunka n1ocTUraeT MaKCMMadbHOTO 3HAYEHUS
(paBHOE MakcumanbHOMY 3HaueHut0 OxFFFF wnu gukcupoBanHOMY 3HaU€HUIO, WK
peructpy cpaBHeHus OCRIA, unu peructpy peructpa BBoga ICR1, onpenensieMmoMy kax
TOP, MmakcumanpHOE 3HaUYCHHE onpeaesseTcs kak MAX 1S OTINYHS ), CYSTIHK
OUMINACTCS UM BEIYUTAET Jajiee.

Korna 3nauenue cueturika TCNT1 gocturaer MUHUMAJIBHOTO 3HAYEHUSI (PaBHOE
0x0000, onpenenennoe kak BOTTOM), cueTuuk yBeIU4YNBAETCS.

Korna 3nauenue cuerunka TCNT1 cuetunka nocturaer paBencrtsa ¢ OCRIA wnu
OCR1B, dopmupyetcs BeixogHoi curHan cpaBHeHnst OC1A wm OC1B ounmaercst wim
yCTaHaBIIMUBAETCS JUIs TeHepanuu curaaia PWM.

Korma mepTBO€ BpeMsi BKIIIOYEHO, YCTAHOBIIEHHOE MEPTBOE BpeMsl (KOJIMYECTBO
TaKTaB oTcueTa, cooTBeTcTBytomee peructpy DTR1) Oyner BcraBieHo B
chopmupoBaHHbIl curaail PWM.

Korma gyHkius 3axBata BXo/1a akTUBUPOBaHa, CUETYMK 3aIMyCKaeT Win
MpeKpaliaeT nojcyer rnpu cpadbareiBanuu, a peructp ICR1 peructpupyer 3HaueHue
cdeTa BO BpeMs Meprojia cpabaThIBaHHs CHUTHAJIA 3aXBarta.

[TporpaMMHOe oOecreueHrue MOXKET OUrCTUTh BhixoaHo# curnan OCLA / OC1B,
ourctuB 6utr COM1A/COMI1B 110 Hyss WM YCTAaHOBUTH COOTBETCTBYIOIIMM HCTOYHUK
3ammycka.

Korna mpoucxoaut coObITHE 3aIycKa, annapaTHOE 00eCIeueHEe aBTOMATHUECKU
ountaet our COM1A/COMI1B, 4To0bI OTKJIFOUUTH BBIBOJI OCLIMIITIOTPAMMBI
OC1A/OC1B.

CueTurK TaKTOB MOKET ObITh CTEHEPUPOBAH BHYTPEHHHUM WJIM BHEUTHUM
MCTOYHUKOM CHHXPOHH3AIMU. BEIOOP NCTOYHNKA CHHXPOHU3AIUU U BEIOOP YaCTOTHOTO
nenenusi KoHTponupytores outom CS1, pacnonoxkennbim B peructpe TCCRI1B.
ITogpobuee cm. Paznensr npeaBaputeasHoro aeautens TCO u TC1.

CueTunk UMeeT AMUHY 16 OUT U MOEPKUBAET ABYHAIIPABICHHBIH MOICYET.
PexxumM renepanuu curHasna, KOTOPBIA SBISIETCS PeKUMOM pPabOThI CUETUHKA,
ynpasisiercst ouramun WGM 1, pacnionoxenusivu B peructpax TCCR1A u TCCR1B.

B cooTBeTCTBUU € pa3IUUYHBIMU PEKUMAMHU PAOOTHI CYETUUK OCYIIIECTBIISET
OUYHCTKY, YBEJIMUYCHUE WU YMEHBIICHUE KaXX0T0 13 cueTunkoB yacoB Clktl.

Korzaa cuetunk nepenosyiHsercs, ycTaHaBIUBaeTCs (iar nepenoyiHeHns CueTYnKa
TOV1 B peructpe TIFR1. IlpepriBanue nepenosnenus cuetrunka TC1 MoOXKeT ObITh
Cr€HEepHUpPOBaHO, KOT/Ia MPEephIBAaHUE BKIIOUEHO.

Moaynb cpaBHEHHS PE3YJIbTaTOB CpaBHUBAET 3HaueHue cuetunka TCNT1 ¢
peructpamu cpaBHeHnsi OCRIA nu OCR1B BeiBoga. Korga TCNT1 paHo OCRI1A nnm
OCRI1B, co3naetcs coBnageHune cpaBHeHus U ycranaBnuBaercs ¢uiar cpaBuenus OCF1A



niu OCF1B BeiBoaa B peructpe TIFR1. Ilocne npepriBanust MOXET ObITh
Cr€HEepUpPOBAHO MpepbIBaHUE cpaBHEHUS BbixoAaHOro curHana TCI.

Cnenyer otmeTuTs, uto peructpsl OCRI1A u OCR1B umeror 1oy
oydepuzaruio B pexxume [HIUM. JIBoitHast Oydepusammsi OTKIIOUYCHA B OOBIYHOM
pexume u pexxume CTC.

Korga cyeTunk 1o0CTUraeT MaKCUMAJIbHOTO WJIM MUHUMAJIBHOTO 3HAYEHUS,
3HAYCHUS B perUCTpe Oydepa 0OOHOBISIIOTCS CHHXPOHHO C PETUCTPAMH CPABHECHHSI
OCRIA u OCRI1B. Tlogpo6uee cm. Onucanue paszzaenna pexkuma padoThI.

['enepatop curnanoB reHepupyet Boixogubie curHansl OC1A nu OCIB curnanos
OCIIMJIJIOTpaMMBbI BBIBO/JIA, UCIIOJIb3YS COBIIAJICHUE CPABHEHUS U NIEPETIOTHEHUE CUETUMKA
B COOTBETCTBUU C PEKUMOM PEKHUMA F'eHEPAIMM CUTHAJIa U KOHTPOJIEM PEKHUMa BHIBOJIA.

KoHKpeTHbIN METO]1 TeHepalliK OMMCHIBAETCSl B ONTMCAHUU pab0Yero pexxumMa u
OMKCaHUs pazjena.

Jns BeiBoga BeixoaHbIX curHaiioB OC1A u OC1B curnana cpaBHeHUs: Ha
COOTBETCTBYIOIIHME BBIBOIbI, PETUCTP HANIPABIEHHUS IAHHBIX ATOTO BBIBOJIA TAKXKE JTOJKEH
OBITh YCTAHOBJICH KaK BBIXOJIHOW CHUTHAJ.

12.2. Pe:xxumbl padoThl

Taiimep 1 uMeer mecTb pa3IMYHBIX PEXUMOB padoThl, BKIto4as Normal, Clear
Compare (CTC), BricTpoaeiicTBYIOTY0 MIMPOTHO-UMITYILCHYIO Moy w0 (FPWM),
Da3z0KOpPPEKTUPOBAHHYIO IIUPOTHO-UMITYJIbCHYIO Moy isinuio (PCPWM), dazy
YacToTHO-MOIyIUpOBaHHASA WUPOTHO-UMNYJbcHag Moy isinus (PFCPWM) u pexxum
3axBara BBoja (ICP).

OH BbIOMpaeTcsa OUTOM ynpaBieHUs! peKUMOM reHepai Bosinel WGMI1 [3: 0].
Huxe onucansl 3T mecTh pexxuMOB. [10CKOIBKY CYIIECTBYIOT iBa HE3aBUCUMBIX OJ0Ka
CpaBHEHHMS BBIBOJIa, 0003HAYCHHBIE COOTBETCTBEHHO «A» U «B», HUKHUN BBIXOTHOM «X)
MCIIOJIb3YETCS ISl MPEACTABIICHUS KaHAJIOB JBYX OJIOKOB CPaBHEHUS BbIBOJIA.

12.2.1. HopmanbHbIi pexuM

OOBIYHBIN PEKUM - ITO CAMBII MPOCTOM PEKUM padOTHI cueTUYHKa Taitmepa. B 3To
Bpems out WGM1[3:0] = 0, a makcumanbsHoe 3HaueHue cueTurka TOP - MAX
(OXFFFF).

B 3TOM pexnMe CYETUMK YBEIMUYUBAETCS HA OJWH JUIA KaXKJI0r0 CUETYMKA TaKTOB.

Korpa cuetunk nocturaet nepenonnenusi TOP, on Bo3Bpamaercs B BOTTOM,
yTOOBI CHOBA HaYaTh HaKamuBaTh. drar nepenoyiHeHus cuerynka taiimepa TOV1
YCTAHaBJIMBAETCS B TOT K€ CUET TakTa, korjaa 3HadueHue cuerunka TCNT1 cranoButcs
paBHbIM HyJt0. @nar TOV1 B 3TOM pexume moxox Ha 17-i OuT, HO OH OyAeT
YCTaHOBJICH U HE OyJIET OUMIIICH.

[Iporneaypa oOCIy>KUBaHUS MPEPHIBAHUS TIEPETIOJIHEHUSI aBTOMATUYECKUA OUUIIACT
¢aar TOV1 u MOXeT UCIoNb30BaThCs MPOrPAMMHBIM 00eCIieYeHUEM ISl YBETUYESHUS
pa3pelIeHns CYETUMKA Talimepa.

B HOpManbHOM peXUME HET CIIELUATIBHOTO CIy4asi, U HOBbIE 3HAUYCHUS CUETA
MOTYT OBITh 3amucaHbl B Tt000e Bpems. Dopma curHasa BEIXOAHOTO CUTHAIA CPABHEHUS
OC1x moxeT OBITH MOTydeHa TOIBKO TOTJA, KOTJIa PETUCTP HAPABICHUS TAHHBIX
BbIBOJIa OC1X 3a71aH KaK BBIXO/I.



Korma COMI1x = 1, curnan OC1x nepekitoyaercs, Korjia NpoOUCXOoIUT COBIIAICHUE
cpaBHeHHS. B 3TOM ciiydae yacToTy OpMbI BOJIHBI MOKHO BBIYHCIHUTH IO CJICTYIOIICH

bopmyre:
f oclxnormal =fsys/ (2 * N * 65536)

rae N npeacrasiset co6oit Koapdunuent npeanenurens (1, 8, 64, 256 wim 1024).

Motysib CpaBHEHHSI PE3yJIbTATOB MOXKET MCITOJIB30BAThCS JUIsl TEHEPAITuN
MIpEepBIBaHMS, HO MPEPHIBAHUS HE PEKOMEHIYIOTCS B HOPMAJIbHOM PEKHUME, KOTOPBIT
HOTPEOJISIET CIUIIIKOM MHOTO BPEMEHH ITPOIIECCOpa.

12.2.2. Pexum CTC

Korna ycranoneno WGMI [3: 0] =4 wnum 12, cueTuuk 1 TaiimMepa nepexoaur B
pexum CTC.

Korna WGM1 [3] = 0, makcumansHoe 3HaueHue TOP TOP - ato OCRI1A.

Korma WGMI [3] = 1, makcumanbsHoe 3HaueHue cuera TOP aBisercs ICR1.

Hwuxe onuceiBaetcs pexxuMm CTC ¢ ucnons3zoBanueM WGMI [3: 0] =4. B atom
PEXKUME PEKUM IOJICUETA YBETUUUBAECTCS ISl KaKI0T0 cueTunka. Korna 3Hauenue
cuetunka TCNT1 paBHo TOP, cuetunk ouniaercs. ITOT peKUM MO3BOISET
MOJIH30BATEIIO JIETKO KOHTPOJIUPOBATH YACTOTY BBIXOJIHOTO CUTHAJIA CPABHEHUS, a TaKXKe
YIPOIIAET ONEPALNIO MOACYETa BHEITHUX COOBITUM.

Korna cuetunk nocturaet TOP, yctanaBnmuBaetrcs ¢uar coorBerctBust OCF1 mis
CpaBHEHMS Ha BBIXOJIE, U MPephIBaHUE OyAET TeHEPUPOBATHCS, KOTJa YCTAHOBJICH
COOTBETCTBYIOIINI OUT pazpemienus npepbiBanus. Peructp OCRI1A moxer ObITh
OOHOBJICH B TIpolieAype 00CITyKUBAHUS TPEPHIBAHUM.

B stom pexxume OCR1A He ucnonib3yer qBOHHYI0 Oy(depusaruio, u cienyet
cOOJII0/IaTh OCTOPOKHOCTH TTPU OOHOBJIICHUH MaKCUMAaJIbHOTO MUHUMAIILHOTO 3HAYCHUS,
KOI'JIa CUeTYMK paboTaeT 6€3 mpeIBapyuTEILHOTO ASTUTENS WIK OY€Hb HU3KOTO
MPEABAPUTEIBHOTO JIETUTEIIS.

Ecnu 3nauenue, 3anucanHoe B OCR1A, menbliie Texymiero 3HadeHust TCNTI,
CUYETYMK MPOMYCTUT cpaBHEeHHE. llepen Tem, Kak MpOU30MIET CIEAYIOIIee CPaBHEHNUE,
CUYETUMK JIOJKEH paccunTbiBaTh 10 MAX nepen nojacuerom ¢ BOTTOM na OCRIA.
Kax u B 00b1yHOM pesxume, guar TOV1 ycraHaBiuBaeTcsl B CYETUHUKE, KOTOPBIN
Bo3Bpamaercs k 0x0000.

dopmMa cur"aiia BbIXOJHOTO curHana cpaBHeHuss OC1x MOKeT ObITh MOTy4YeHa
TOJBKO TOT/Ia, KOTJIa PErUCTp HampaBjieHus JaHHbIX BbIBoJIa OC1X 3a71aH KaK BBIXOI.

YacToTy (popMBI BOJTHBI MOKHO BBIUMCIIUTH IO cleayomiei Gpopmye:

foclxctc=fsys/(2*N* (1+ OCR1A))

rae N - Koaddurmument npennenurens (1, 8, 64, 256 nau 1024).

Kak Bunno u3 ¢popmyisl, korna OCR1A ycranosneno Ha 0x0000, u et
MIPEABAPUTEILHOTO JACIIUTENISI, MOKHO TIOJIyYUTh BHIXOIHON CUTHAII C MAKCHMATBbHON
gacTtotoi fsys / 2.

Korna WGMI [3: 0] = 12, on ananornuedr WGMI [3: 0] =4, 3a uckiroueHuem
Toro, uto coorBeTcTBytomnii OCRI1A n3menen Ha ICR1.



12.2.3. Pexum ObicTphiii PWM (FPWM)

Korna ycranosnen na WGMI1 [3: 0] =5, 6, 7, 14 unu 15, cuetuuk 1 taiimepa
nepexoauT B pexkuM ObicTpoit PWM, a makcumanpabiii caetank TOP - OXFF, OX1FF,
0x3FF, ICR1 unu OCR1A, cOOTBETCTBEHHO, KOTOPBI MOKET UCIOJIb30BATHCS J1JISI
reHepanun Bricokouactorsiil LHIMM-curnan.

Pa3nuna mexay osicTpeiM pexxumoM PWM u npyrumu pexxumamu PWM
3aKJIF0YAETCS] B TOM, YTO 3TO OJTHOCTOPOHHSIS OTeparius.

Cuertuunk yBenmuunBaercss ¢ BOTTOM na TOP u o6patHo 10 BOTTOM mi1st
noBTopHoro noacyera. Korna 3nadenue cuerunka TCNT1 nocturaer TOP unu
BOTTOM, BeixoaHou curdai cpaBHeHus OC1X ycTaHaBIMBaeTCs UM OYUIIAETCS B
3aBUCUMOCTH OT YCTAaHOBKH pekumMa BbiBoJia cpaBHeHust COMI1. Tlonpobuoctu cm. B
ONMCAHWUU PETUCTPA.

N3-3a oHOCTOPOHHEH omepaiuu padodast yactoTa pexuma osictpoit PWM B nBa
pa3za Oouiblie, yem B pexxume PWM c¢ ¢pazoBoii koppekuuen, uCroib3ys
JIBYHAIIPABJICHHYIO OTIEpaIIO.

BbICOKOYACTOTHBIE XapaKTEPUCTUKHU JIEeNat0T ObICTPhINA pexkum PWM noaxoasumm
JUISL PETYJIMPOBAHKS MOIITHOCTH, BeIpsiMiIeHUs 1 npuMeHenus LIAIL. BeicokouacToTHbIE
CUTHAJIbl MOTYT YMEHBIIUTH Pa3Mep BHEUTHUX KOMIIOHEHTOB (EMKOCTh UHAYKTOpPA U T.
J1.), UTo CHMXAeT CTOMMOCTh CUCTEMBI.

Korna 3nauenue cuetunka nocturietr TOP, OyaeT ycranoBieH dar
nepenojiHeHus cuetunka Taitmepa TOV 1, a 3nauenue 6ydepa cpaBHeHus Oyer
OOHOBJICHO IO 3HAYCHUSI CPABHEHUSI.

Ecnu npepsiBanue BritoueHo, peructp OCR1A mMoxeT ObITh 0OHOBIIEH B
Mpoleype 00CIyKUBaHUS MTPEPHIBAHUIM.

dopma cur"asia BeIXOHOTO curHana cpaBHeHuss OC1x MOXKeT OBITh MOTy4YeHa
TOJILKO TOT/1a, KOT/Ia pETUCTp HampaBieHus AaHHbIX BbiBoja OC1X 3a7aH Kak BBIXOI.

YacToTy (popMBI BOJTHBI MOKHO BBIUYMCIIUTH MO cleAyromied Gpopmyie:

f ocixfpwm =fsys/ (N * (1 + TOP))

rae N - Koadduruent npenaenurens (1, 8, 64, 256 unu 1024).

Korna Bctpeuaercst cpaBHenue mexay TCNT1 u OCR1x, reneparop Gpopmsl
curHaia ycranasnupaeT (ouuniaet) curHain OCI1x.

Korma TCNT1 ounmiaercs, renepatop ¢GopMbl BOJHBI OUUIIAET (YCTAaHABINBAECT)
curnan OClx s rernepanuu BoHbl [IIMM. B pesynbrate 3KcTpeMalibHOE 3HAUEHUE
OCRI1x renepupyet cueruanbayto Gopmy HINUM.

Korna OCR1x ycranosnen B 0x0000, BeixonHoit PWM umeet y3kuii UMITyJIbC B
kaxaoMm (1 + TOP) cuerunke yacos.

Korga OCR1x ycranosien B TOP, BbIXOHOM CUTHAT OCTOSIHHO BBICOKUNA WITU
HU3KHM.

Ecmu OCR1A ucnonssyercs B kauectBe TOP u COM1A = 1, BBIXOIHOM CUTHAI
cpaBHenust OC1A Oyner renepupoBat PWM-curnan ¢ 50% -HbIM pabo4yuM IIUKIIOM.

12.2.4. Pexxum PWM ¢ ®azoBoit koppekiuu (PCPWM)

Korna ycranosneno 3nauenne WGMO [3: 0] =1, 2, 3, 10 unu 11, cuetyuk 1



Taiimepa BXouT B pexkuM PWM c ¢ha3oBoil Koppekiuei, a MakCuMaabHOE 3HAUCHHE
TOP cocraBnsger OxFF, Ox1FF, Ox3FF, ICR1 umn OCR1A, coorBeTcTBeHHO. CUeT4yuK
paboTaeT B 000uX HalpaBieHUsAX, yBeiaununuBasicb oT BOTTOM go TOP, 3aTtem BHU3 10
BOTTOM u noBTOpsist 3TY ONEpaluio.

Korna cuetunk nocturaet TOP u BOTTOM, 06a nu3MeHAIOT HallpaBJICHUE CUETa, a
3HAYEHUE CYETYMKA OCTAETCs TOJIbKO Ha oJHOM cueTunke yacoB TOP uaiu BOTTOM. Bo
BpeMs IIpoliecca NPUPAILCHUS WIN YMEHbIIEHUs, Korja 3HaueHue cuetunka TCNT1
coBnagaetr ¢ OCR1x, BeixonHoM curnai cpaBHenns OC1x Oyaer ounineH win
YCTAHOBJIEH B 3aBHCUMOCTH OT YCTaHOBKH pexuMa BoiBoga COM cpaBHEHUS.

[To cpaBHEHHIO C OJIHOCTOPOHHEHN pabOTON MakCUMaIbHasl 4aCTOTA, MoJTydyaeMast
JIByHAIPaBJICHHON OMepalneil, MeHbIIIe, HO €€ MPEBOCXOHAsI CUMMETpHS OoJiee
NOAXOIUT JJIsl YIIPABJICHUS JBUTATEIIEM.

B pexume PWM c da3zoBas koppekuueit paar TOV1 ycranaBiauBaercs, Koraa
cuetunk nocturaer BOTTOM, a Oydep cpaBHeHUsI OOHOBISETCS 0 3HAUCHHUS
CpaBHEHUsI, Korga cuetuuk gocturaetr TOP.

Ecnu npepsiBanue BkitoueHo, peructp OCR1x Oydepa cpaBHEHUs MOKET ObITh
OOHOBJIEH B MOANPOTrpaMMe 00CITY>KHBaHUS IPEPHIBAHUM.

Curnan OCIx curHana cpaBHEHHs BBIXOJHOIO CUTHAIA MOXET ObITh MOJIy4YeH
TOJIBKO TOT/1a, KOT/Ia PETUCTP HalpasieHus AaHHbIX BbiBoAa OC1X 3a/1aH KaKk BBIXOJ.

YacToTy (pOpMBI BOJTHBI MOKHO BBIUYMCIIUTSH M0 cleAyomien Gpopmye:

f oclxcpcpwm =fsys/ (N * TOP * 2)
rae N - Koabdumment npenaenurens (1, 8, 64, 256 unu 1024).

Bo Bpems otcuera renepatop curaanoB ouumiaeT (ycranaBinupaert) curdan OCIx,
korga TCNTI cootBerctByeT OCR1x. Bo Bpems mojicuera, reHEpaToOp CUTHAIIOB
ycranaBiuBaet (ounniaet) curian OClx, korga TCNTI1 cootBercTtByeT OCR1x. U3-3a
aTOTO 3KCcTpeManbHoe 3HaueHne OCR1x renepupyet cnenuanbHyro BoiHy PWM.

Korma OCR1x ycranosien B TOP wiin BOTTOM, Beixoano# curaan OCl1x
OCTAaETCsl HU3KUM UJIM BBICOKHM.

Ecmu OCR1A ucnonssyercs B kauectse TOP 1 COM1A = 1, BBIXOAHOM CUTHAI
cpaBaenust OC1A oyner renepupoBat PWM-curnain ¢ 50% -HbIM pabOYnM LIUKIIOM.

YroO6sl 06ecieunTh cUMMETpHUIO BbIxoaHOH [IIMM-BosiHBI ¢ 06erX CTOpOH
BOTTOM, curnan OClx Oyner nepeBepHyT B ABYX CIIy4asx, KOTJa COBIAJCHUE
cpaBHeHM He pou3oiiaeT. [lepBriil ciyyaii - korna 3Hadenne OCR1x uzmensiercs ¢
TOP na npyrue nannsie. Korma OCRI1x siBnsiercst TOP, a 3HaueHue cueThka JOCTUTAET
TOP, Beixoq OC1x coBnamaer ¢ TeM, KOTJa COBNAACT MPEAbLAYIINNA CYETUMK YObIBAaHUS,
T0 ecTb OCI1X ocTaeTcsi HEM3MEHHBIM.

Oo6noBeHHOE 3HaueHne HoBoro 3HadeHust OCR1x (He TOP) oOHOBAsIETCS B 3TO
Bpems, a 3HaueHue OCI1x ynep:kuBaeTcs 10 TEX MOP, MOKA COBNAICHUE CPABHEHUS HE
MPOU30MIET, KOT/Ia MOACUYUTHIBAETCA CUETUMK BO3pacTaHus. B aToMm ciydae curnan
OCI1x He gaBAsieTCd CHMMETPUYHBIM OTHOCUTEIBHO MUHUMAJIBHOTO 3HAYEHHUS, IOITOMY
curnain OC1x neobxoaumo nepekiirodath, korna TCNT1 gocturaer cBoero
MaKCUMAJIbHOTO 3HAYEHUS.

To ecTp nepBbIl ciaydaid, korga curian OCI1x nmepekintoyaeTcs BO Bpemst
CpPaBHEHMUS, HE BOBHUKAET.

Bo BTopoM cnyuae, korna TCNT1 HaumHaeT oTcyeT ¢ 00ee BHICOKOTO 3HaYEHUS,



yeM OCRI1x, cpaBHEHUE CPABHUBAETCSA C MOTEPSIMH, YTO BBI3BIBAET ACUMMETPUUHYIO
cutyanuto. Taxke Heo0xoauMo nepeBepHyTh curHai OCI1x A JoCTHXKEeHUS
CUMMETPHUU MO 00€ CTOPOHBI OT MUHUMAJILHOTO 3HAYEHUSI.

12.2.5. Pexxum PWM c ®a30Boii KoppeKIuend 4acTOThI

Korna ycranosieno 3aaueane WGMO [3: 0] = 8 w9, cuetunk /Taiimep 1 BXOaUT
B peskuM PWM ¢ koppeknueit (ha30Boil 4acTOThI, @ MaKCUMasbHOE 3HadeHue cueta TOP
- 370 ICR1 i OCRI1A cootBeTcTBeHHO. CYETYMK UCTIONIB3YET JIBYCTOPOHHIOIO
onepaiuto, koropas yBenuuupaetcsi oT BOTTOM go TOP, a 3arem ymeHsbIaercs 10
BOTTOM u noBTOpSET 3Ty ONEPAIHIO.

Korna cuetunk nocturaetr TOP u BOTTOM, 00a 3MEHSIIOT HampaBieHUE
MOZCYETa, a 3HAYEHHUE CUETUMKA OCTAETCS TOJIBKO HA OMHOM cuere TakToB TOP wnmn
BOTTOM.

Bo Bpems mporiecca npupalieHus Ui yMEHBIICHHS, KOT/1a 3HAYEHUE CUETYMKA
TCNTI1 conagaer ¢ OCR1x, BeixogHo# curnan cpaBHeHus OC1x Oynet ouuIieH uin
3a/1aH B 3aBUCUMOCTH OT yCTaHOBKM pexkuma BbiBoja COMI cpaBHenus. [lo cpaBHeHUIO
C OJTHOCTOPOHHEH pabOTON MakCMMalbHasl YacTOTa, oJlydaeMasi IByHaIpaBIeHHON
paboToii, MEHbIIIE, HO €€ OTIMYHASI CUMMETpHUsI 00JIee MOAXOIUT JIJIsl yIIPaBIICHUS
JIBUTATEIIEM.

B pexume PWM c Koppekuueit ¢pazoBoit uactotsl guiar TOV1 ycrtanaBnuaercs,
korga cuetunk gocturaet BOTTOM, a 3nauenue 0ydepa cpaBHEeHUs] OOHOBJISIETCS 710
3HA4YCHUSI CPABHEHUSI.

Bpems, koraa 3HaueHue CpaBHeHHUS 00HOBJISICTCH, ABJISIETCH CaMOM 00/ 1bIION
pasnuuei Mexkay peskumoM PWM ¢ koppekuueii ¢pa3oBoi 4acTOThI U PEKUMOM
PWM c ¢pa3oBoii kKoppeKuuenu.

Ecnu npepriBanue BritoueHo, peructp OCR1x Oydepa cpaBHEeHUST MOXKET ObITh
OOHOBJICH B MOANPOTPaMMe 00CITY>KHBAHUS ITPEPHIBAHUIN.

Korma CPU u3menser 3uaueaue TOP, To ecth 3Hauenne ORCI1A unu ICR1, oo
JOJKHO TapaHTUPOBaTh, 4TO HOBOE 3HaueHue TOP He menbiie 3Hauenus TOP, koTtopoe
YK€ UCIOJIb3YETCsl, THAY€ CPABHEHHUE HE TOBTOPUTCS.

Curnan OClx curHana cpaBHEHHs BBIXOJHOTO CUTHAIA MOXKET ObITh MOJIy4YEeH
TOJIBKO TOT/Ia, KOTJIa PETUCTp HampaBieHus JaHHbIX BhiBoAa OC1x 3a/1aH Kak BBIXO/I.

YacToTy (popMBbI BOJTHBI MOKHO BBIUMCIIUTH IO cleayomiei Gpopmye:

f oclxcpfcpwm =fsys/ (N * TOP * 2)
N - Koaddumment npegaenurens (1, 8, 64, 256 wim 1024)

Bo Bpemst oTcueTa reHepatop curHaioB ouuiaet (ycrtanapiuBaet) curiai OCIx,
korga TCNTI1 cootBerctByeT OCR1X. Bo Bpems mojcuera, reHepaTop CUTHAJIOB
ycranaBnuBaet (ouuntiaet) curaain OC1x, korma TCNT1 cootBercTtByeT OCR1x. U3-3a
3TOro 3KcTpeMasibHoe 3HaueHne OCR1x renepupyer cnenuanbHyo BojJHy PWM.

Korga OCR1x ycranosien B TOP unu BOTTOM, Beixonno# curnan OClx
OCTAETCsl HU3KUM UJIM BBICOKUM.

Ecnu OCR1A ucnonsiyercst B kauectBe TOP u COMI1A = 1, BBIXOJIHOM CUTHAT
cpaBHeHust OC1A Oyner renepupoBate PWM-curnan ¢ 50% -HbIM pabo4yuM IIUKIIOM.



[Tockomnbky peructp OCR1x obHOBIsIeTCs HAa Bpemss BOTTOM, nnunHa otcuera
JUISL BOCXOJSIIIENH U HUCXOAAIEeH cTOpoH 3HaueHuss TOP onuHakoBa, 4To NpUBOJIUT K
CUMMETPUYHBIM CUTHAJaM C MPaBUJIbHON YacTOTOMN U (pa3oii.

[Tpu ucnonb3oBanuu ¢pukcupoBaHHoro 3HadeHus: TOP myuiiie Bcero Ucmosib30BaTh
peructp ICR1 kak 3nauenune TOP, To ecth ycranoButh WGMI1 [3: 0] = 8. B 310 Bpems
peructp OCRIA ucnosib3yercs TOJNbKO JJIs TEHEPALMH BBIXOIHOTO curHaia PWM.

Ecnu BBl XOTHTE r€HEpUPOBATH YaCTOTHO-U3MEH AIoNTyocs PWM-BonHy, BbI
JO0JHKHBI 13MeHuTh 3HaueHue TOP. [{nst aToro npunoxenus OyayT 6osiee mOaX0AsIIUMU
XapakTepucTUKH ABoHON Oydepuzanuu OCRIA.

12.2.6. Pexum 3axBara BBOJA.

BxonHOI1 3aXBaT NCHOJIB3YETCs [ 3aXBaTa BHEITHUX COOBITHI U IPEIOCTABICHUS
UM OTMETKH BPEMEHH, YKa3bIBAIOIIEH, KOT/1a MPOU30LLIO COOBITHE. DTO MOKHO CIENATh
B IIPEIBIAYILIEM PEKUME IOJICUETA, 3a UCKIIFOUEHUEM TOTO, YTO PEKUM I'€HEPALIUU
CUTHAJIOB ¢ ucnojb3oBanueM 3HaueHus: ICR1 B kauecTBe 3HaueHus TOP. 3amyckaroniuii
CUTHAJ JUJIsl BHEIIHETO coObITHs BBOAUTCS uepe3 BbiBoJ ICP1, 1 oH Takke MOKET ObITh
peanu30BaH aHaJIOTOBBIM KOMIIAPATOPOM.

Korna usmensiercs nornyecknid yposeHb Ha BbiBoJE ICP1 wim n3mensercs
ypoBeHb ACO aHaJIOrOBOTO KOMIApaTopa, U 3TO U3MEHEHNE YPOBHS 3aXBaThIBACTCS
0JIOKOM 3axBaTa BBOJIa, IPOUCXOJUT BXOJHOU 3aXBaT U 16-pa3psaIHOE TaHHBIC 3HAYCHUS
cuera TCNT1 konupyrorcs B peructp 3axBara BBoja ICR1 u ycranaBnuBaercs aar
ICF1 BBOgaA.

Ecnu out ICIE1 yctanoBneH B «1», (iar 3axBaTa BBOJa TeHEpUPYET IPEPHIBAHUE
BBoJIa. McTtounuk 3anycka ICP1 nnu ACO 3axBara BXoJa BRIOMpAETCS MyTEM YCTAaHOBKH
OuTa ympaBieHus 3axBaToM aHaioroBoro cpaBHeHus: ACIC aHamoroBoro cpaBHEHUS U
peructpa ACSR cocrosHus.

Crnenyer OTMETUTH, YTO U3MEHEHHE HCTOYHMKA 3aIlyCKa MOYKET IPUBECTH K
3axBaTy BBOJIa, IOATOMY IOCJIE U3MEeHEeHUs nuctounuka 3amycka [CF1 neooxoaumo
yAQIUTh OJMH pa3, YTOOBI N30€KaTh ONTHOOYHBIX PE3YIHTATOB.

Curnan 3axBaTa BXOJJHOTO CUTHAJIA IIPOXOJIUT YEPE3 AOMOIHUTEIbHBIN
IIYMOMOJABUTENb U OTIPABIISIETCS K JIETEKTOPY (PpOHTa B COOTBETCTBUU C
KoH(purypamueit Oura ynpasienus BbiOopa Bxoja 3axata ICES1, yToOb1 yoeauThes, 4To
0oOHapy>KeHHbIN (DPOHT YAOBJIETBOPSET YCIOBHUIO 3aITyCKa.

[IIymonoiaBuTeNb - 3TO MPOCTON HU(GPOBOM PUIIBTP, KOTOPHIN YEThIpE pasa
MPOELIMPYET BXOJHOM CUTHA U BBIBOJUT TOJBKO AETEKTOP (PPOHTA, KOT/1a YETHIPE
obpasna paBubl. [llymonomasurens ynpasisiercs outom ICNCI1 peructpa TCCRIB,
YTOOBI BKJIFOUUTH UM OTKIIFOUUTH €TO0.

[Tpu ucnons3oBanuy PyHKIMHU 3axBaTa BBoja 3HaueHue peructpa ICR1 cnexyer
YUTATh KaK MOYKHO paHbIIE MOCIIE TOro, kak yctaHosieH ICF1, motomy 4To 3HaueHHe
ICR1 6ynet 0OHOBISATHCS MOCHE CIASAYIOUIETO COOBITUS 3aXBaTa.

PexoMeHyeTCsl BKIIIOUUTh IPEPHIBAHUE 3aXBaTa BBOJA.

B mo0omM pexxrnmMe 3axBaTa BBOJA HE pEKOMEHyeTCsl U3MEHATh 3HaueHue TOP Bo
BpeMs pabOThI.

BBeneHHass MeTka BpeMEHN MOXKET HUCIIOIb30BaThCs IS pacyeTa 4acTOThlI,
paboyero LMKIIA U IPYTUX XapaKTEePUCTUK CUTHAIA U CO3AAHUS KypHaa Ui COOBITHS
3aImycka.



N3mepenue pabodero 1uKIia BHEITHETO CUTHANIA TPeOyeT, 4TOObI (PPOHT 3aIrycKa
OBLIT U3MEHEH MOocIe Kaxaoro 3axpara. CieoBaTeabHO, PPOHT CUTHAJIA 3aITyCKa JIOJKEH
OBbITh, KaK MOKHO ObICTpee u3MeHeH nocie cuutbiBanus 3Hadenus ICR1.

12.2.7. YnpaBneHrue MEpTBbIM BpEMEHEM

Korna 6ur DTEN1 ycranoBien Ha «1», GyHKIUS BKIIOUEHUSI MEPTBOTO BPEMEHU
aktuBupoBaHa. Beixogusie curnansl OC1A u OCI1B OyayT BcTaBlieHbI B 3aJaHHOE
MEpTBOE BpeMs Ha OCHOBE (DOPMBI CHUTHaja, CO3aBaeMOTr0 BEIXOAHBIM CUTHAJIOM
cpaBHeHus B-kanana. JlyinHa - 3TO 3HAaY€HHE BPEMEHH, COOTBETCTBYIOIIEE YUCITY
cueTuukoB B peructpe DTRI.

Kak noka3zano Ha pucyHkax, BctaBku MepTBoro Bpemenu OC1A nu OC1B
OCHOBaHbI Ha BbIXOHOU popme curHaia kanaia B. Korga COM1A u COM1B
ABJISIFOTCS «2» WiH «3», mosispHocTh curHaina OC1A Takas ke, Kak TOJIIPHOCTH (POPMBbI
curtasia OC1B. Korna COM1A u COM1B «2» unu «3» coOOTBETCTBEHHO, (hopMa BOJIHBI
OC1A u dopma Bosiael OC1B ogunakoBbl. [IpoTuBOMONI0XKHAS MOJISIPHOCTb.

Korma 6ut DTENT1 ycranoBieH Ha «0», GyHKIIHS BCTABKM MEPTBOTO BPEMEHU
orkitodeHa. Beixoansie curnansl OC1A u OC1B sBastores popmaMu cUrHaNOB,
TE€HEPUPYEMBIMU COOTBETCTBYIOIINMU PE3YIbTATAMH CPABHEHUS.

Bottom OCR1B TOP OCR1B TOP

Lol \ l
TCNT1 //_ﬁ_ﬂ_____ﬁ_, FPWM

QOC1B_pre COM1B=3
QC1B COM1B=3
QC1A COM1A=2
QC1A COM1A=3

Dead Time |H| [l( ,]|

OC1B_pre COM1B=2
QC1B COM1B=2
QC1A COM1A=3
QC1A COM1A=2

Puc.12.2. Kontponb mepTtBOro Bpemenu taiimepa TC1 B pesxxume FPWM
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12.2.8. Pexxum BBICOKOCKOPOCTHOTO CUETYHKA

B pexume BBICOKOCKOPOCTHOM CHHXPOHH3ALMU B KAYECTBE HCTOYHMKA
CUHXPOHU3ALMHU JJISl TOJICYETA UCTIOIB3YETCS BBICOKOYACTOTHBIN CHHXPOUMITYJIBC,
KOTOPBIN UCIOJIb3YETCA JIJIsl TeHEPALlMU BBICOKOYACTOTHBIX U BBICOKOYACTOTHBIX
curHaigoB PWM.

OTOT BBICOKOYACTOTHBIN TAKTOBBIN F'€HEPATOP TEHEPUPYETCS IYTEM YMHOKECHUS
BBIXOJTHOT'O TAaKTOBOTO cUrHaia rc32m BHyTpeHHero 32M RC-reneparopa Ha 2 pasa.
[ToaTOMY mIEpen BXOA0M B BBICOKOYACTOTHBIN PEKUM HEOOXOAUMO BKIHOYUTH (QYHKIUIO
4aCTOTHOTO yMHOKeHUs BHyTpeHHero 32M RC-reneparopa, T. €. yCTaHOBUTH OUT
F2XEN peructpa TCKCSR u 10)aaThCsi OPEIeICHHOTO0 BpEMEHH JI0 T€X TOp, TTOKa
BBIXOJHOM CUTHAJ YMHOKEHHOTO TAKTOBOT'O CUTHAja HE CTAHET CTAOMIIbHBIM. 3aTeM OUT
TC2XS1 B TCKCSR Mo0eT ObITh YCTAaHOBIIEH JI1 YCTAHOBKH CUETUMKA TaliMepa B
pEXUME BBICOKOCKOPOCTHOW CHHXPOHU3ALUH.

B 3TOM pexrMe CHCTEMHBIE TaKThl M BBICOKOCKOPOCTHBIE TAKThI SBJISTFOTCS
ACUHXPOHHBIMH, a HEKOTOpBIE peructpsrl (cM. Criricok peructpoB TC1) paboTaiot B
BBICOKOCKOPOCTHOM JIOMEHE TaK, YTO KOHPUTYpalisi U CYUTBIBAHUE STUX PETUCTPOB
TaK)XK€ aCHHXPOHHBI, U BO BpeMsl pab0Thl HEOOXOAUMO COOJII0IaTh OCTOPOKHOCTb.

Het ocoObix TpeOoBaHMIT K HECCUHXPOHHBIM OINEpaIisiM YTSHUS U 3aIIUCH B
perucTpax B BBICOKOCKOPOCTHOM JOMEHE CHHXPOHU3ALUU.

[Ipu BBITIOTHEHNHN MTOCAEA0BATEIbHBIX YTEHUHN U 3aMMCH NOJIOXKIUTE CUCTEMHBIE
TaKThI.

BeInonHuTe cienyromuye maru:

5) 3anummre peructp A;



6) [Togoxnute (NOP wu 3aperucTpupoBaThCs B ONEPAIIMOHHBIX CUCTEMAX);

7) UTeHue uiau 3amuch perucTpoB A win B.

8) loxauTech CUCTEMHOIO TakTa (3apeructpupyirech B pexume NOP nnu TaktoB
OTIEPAIITMOHHOMN CUCTEMBI)

Korna cunTheiBaeTCst perucTp B BBICOKOCKOPOCTHOM TAKTOBOM JIOMEHE, MOXKET
OBITH HEMTOCPEICTBEHHO IIPOYUTAH PETUCTP C 8-OMTHBIM JAHHBIMH, i KOTJ]a CYUTHIBACTCS
3HaueHue 16-paspsanoro peructpa (OCR1A, OCR1B, ICR1, TCNT1), nepBoe 3HaueHue
pErucTpa perucTpUpyeTCs MEPBBIM.

[Tocne oxkuaaHust OTHOTO CUCTEMHOIO TAKTa CYUTHIBAETCS] 3HAUCHHUE CTapILIETrO
peructpa. [Ipu urennn 3nauennss TCNT1, korga cyeTunk Bee €lie NoICYUTHIBACT,
3HaueHue TCNT1 uzMensercs ¢ moMoup0 BEICOKOCKOPOCTHOTO TAKTOBOTO CUTHANA, a
CUYETUMK MOXKET ObITh procTaHoBleH (ycranoButre CS1 Ha HOb). CHOBa MpoYUTalTe
3HaueHue TCNTI.

YtoOs! mpountath OCR1A, OCR1B u ICR1, BeinosiHUTE ClIeqyIONMINE TEUCTBUSA:

1) ITpoutute OCR1AL / OCRIBL / ICRIL;

2) Hoxautech cucteMHbix yacoB (NOP);

3) IIpourure OCR1AH / OCR1BH / ICR1H.

Yro6sl npountats TCNT1, BeIONIHUTE ClAEAYIOMINE TEHCTBHUS:

1) YcranoBute CS1 B HOJIB,

2) JoxauTrech cucteMHOTo TakToBOTO curtaia (NOP);

3) IIpounTaiite 3Hauenne TCNTI1L;

4) Hoxnautech cuctemHoro takta (NOP); IIpoutute 3Hauenue TCNTIH

12.3. Peructpsl Onucanue

Cnucox pecucmpos TC1

3HaueHue no

Perucrp Anxpec Onucanue
YMOJTYAHHIO
TCCR1A* | 0x80 0x00 Peructp ynpasnenust A
TCCR1B * | 0x81 0x00 Peructp ynpasnenus B
TCCR1C * | 0x82 0x00 Peructp ynpasnenus: C
DSX1 0x83 0x00 Peructp ynpasieHHs HCTOUHUKOM 3aIlycKa
TCNTIL * 0x84 0x00 CuyerunK 3HAYEHUI - MITaAIIAI OaiiT
TCNTIH* | 0x85 0x00 CueTurK 3Ha4YeHUM - crapmnii 6anT
ICRIL * 0x86 0x00 Peructp 3axBara - Muaammii 6aiT
ICR1H * 0x87 0x00 Peructp 3axBata - ctapmmii OaiT
OCR1AL * 0x88 0x00 Peructp cpaBHeHUST A BBIXOJHBIX JaHHBIX - MIIAIITUN OallT
OCR1AH * | 0x89 0x00 Peructp cpaBHEHMs] A BBIXOJHBIX JaHHBIX - CTAPUIMKA OAlT
OCRI1BL * | Ox8A 0x00 Peructp cpaBHeHus B BEIXOJHBIX TaHHBIX - MIQIIUN OalT
OCR1BH * | 0x8B 0x00 Peructp cpaBHeHMs1 B BBIXOAHBIX JaHHBIX - CTapIIUi OalT
DTR1L * 0x8C 0x00 Peructp KOHTPOJISI MEPTBOTO BPEMEHH - MIIQAIIHNI OailT
DTR1H* 0x8D 0x00 Peructp KOHTPOJIsT MEPTBOTO BPEMEHH - CTAPIITNI OAT
TIMSK1 Ox6F 0x00 Peructp macku npepbIBaHMil cueTUYnKa/Taiimepa
TIFR1 0x36 0x00 Peructp ¢uaros nmpepbiBaHMid cueTYHKA/TaliMepa
TCKCSR1 | OxEC 0x00 Peructp cocTosiHUSI 1 KOHTPOJISI TAKTOB

IIpumeuanue: Peructpsl ¢ «*» pabOTalOT B CHCTEMHBIX U BBICOKOCKOPOCTHBIX



TAaKTOBBIX JOMCHAX. P€FI/ICTpBI 0e3 «*» pa60TaIOT TOJIBKO B IOMCHEC CUCTCMHBIX TAKTOB.

TCCRI1A - Pecucmp ynpasnenus A
‘ TCCRI1A - Peructp ynpasiienust A

Anapec: 0x80 3Hadenue mo ymomadanuto: 0x00
bur 7 6 5 4 3 2 1 0
HUma | COM1A1)COM1AOQ0| COMI1B1 | COM1BO - - WGM11 | WGM10
R/W R/W R/W R/W R/W R/W RIW R/W RIW
bur Nms Onpenesnenne OUT
! COMIAL [MogpoOuee cM. Onrcanue TaOIUIIBI YIPABICHUS BBIXOHBIM CPAaBHCHHUEM.
6 COM1A0
> COMiB1 [MogpoOuee cM. Onrcanue TaOIUIIBI YIPABICHUS BBIXOHBIM CPAaBHEHHUEM.
4 COM1BO0O
3:2 - 3ape3epBUPOBAHO
L WEM11 [Toapo6uee cm. Onrcanue TabIUIIBI PEKUMOB FeHEPAIIMU BOJIHBI.
0 WGM10

COM1x - P83+CM YnpaBJsieHue cpaBHeHueM 6e3 PWM
COM1x [1:0] Onucanue

0 OC1X otkiroyeH, onepaiys BBOJIa-BbIBOIA OOIIET0 Ha3HAYCHUS
1 ITepexmrouenue curnana OCI1X npu paBeHCTBE CpaBHCHHS

2 Ounctuth curnan OCI1X npu paBeHCTBE CpaBHEHUS

3 YcranoBure curnan OCI1X npu paBeHCTBE CpaBHEHUS

COM1x - Beictpeiv Pexxum PWM VnpaBsieHre cpaBHEHHEM

COM1x[1:0] | Onncanue

0 OC1X oTkirOY€eH, onepalys BBOJIa-BbIBOJA O0IIET0 Ha3HAYCHUS

Korma WGMI1 pagen 15: curnan OC1A niepekirogaercsi BO BpeMsi CpaBHEHUS,

1 a OC1B BeIxtOUYaeTcs.

Korma WGMI1 sBasiercst npyrum 3HadenueM: OC1X oTkirodeH, o0mmas oneparus BBOa-
BBIBOJIA

2 Ounctka currana OC1X Bo Bpems cpaBHeHus U ycTaHoBka curHan OC1X, korna

MPON30MIET MAKCUMAIILHOE COBITAICHUE

3 YcranoBka curHana OCL1X Bo BpeMsi cpaBHeHHs U o4rcTka curnan OC1X, xorma

PON30MIET MAaKCUMAJILHOE COBIIAICHUE

COM1x - Pexxcum PWM c koppekyuet ¢pa3 YnpasieHue cpagHeHUeM

COM1x[1:0] Onucanue

0 OC1X oTkIIOYEH, OTepalys BBOJIa-BbIBOJA OOIIET0 HAa3HAYCHUS

Korna WGMI1 pasen 9 unu 11: curnan OC1A nepekirogaercst BO BpeMsi CpaBHEHHUS,

1 OCI1B BeIkTIOUaETCS

Korna WGMI1 sBasercst npyrum 3HaueHuem: OC1X oTkiarodeH, o0mas onepaius BBoa-
BBIBOJIA

2 Ounctka OCLX mpu coBNaIeHNH, KOTJa CYET BBEPX.
Ycranoka OC1X mpu coBnaIeHUH, KOTJa CUET BHU3.

3 YcranoBka OC1X npu coBnazieHUH, KOTIa CYET BBEPX.
OunctkaOCI1X npu coBIaIeHUM, KOTJIa CYET BHU3.




TCCRI1B - Pecucmp ynpasnenus B

‘ TCCRIB - Peructp ynpasiaenusi B

Anpec: 0x81 3nauenue nmo ymomyanuio: 0x00
bur 7 6 5 4 3 2 1 0
Nmn ICNC1 ICES1 - WGM13 | WGM12 CS12 CS11 CS10
R/W R/W R/W - R/W R/W R/W R/W R/W
bur| Hma Onpenesenne OUT

Korma out ICNC1 ycraHoBieH B «1», MOJaBUTENb [ITyMa BXOTHOTO CUTHAJIa BKJIFOUYCH.
B 510 Bpems Bxox BHemHero koutakra ICP1 ¢unsTpyercs, 1 BXOJHON cUTHAT

7 ICNC1 NEeHCTBUTEIICH, KOT/Ia YETHIPE MOCIICIOBATEIbHBIX BHIOOPKH paBHBL. DTa (PYHKITUS
3anepxuBaeT 3axBar BBoja Ha 4 L{ukisl TaktoB. Ilpu ycranoBke 6ura ICNCI1 B «O»
[MOJIaBJICHHE IIIyMa 3aXBaTa BXOJHOT0 CUTHAJIa OTKJIFOYAETCs, @ BXOJ BHEIIHETO BHIBOJIA
ICP1 3axBaThIBaeT NPSIMBIM JICHCTBHEM.

Korna 6ut ICES1 yctanoBnen B «1», nepeqHuii poHT BHIOPaHHOTO YPOBHS 3aITyCKaeT
3axBaT BBOAa, a OuT ICES1 ycranoBnen Ha «0», 3a1HUI PPOHT BEIOPAaHHOTO YPOBHS

6 ICES1 [Bamyckaer 3axBat BBoa. Korga coObiTHe 3aXBaThIBaeTCs, 3HAUCHHUE CUETUMKA
korupyertcs B peructp ICR1 u ycranasnuBaetcst dpnar ICF1 BBoga. Ecnu npepwiBanue
BKJIIOUEHO, TeHEPUPYETCS MpepbIBaHNE BBOJA.

5 - 3ape3epBUPOBAHO
4 lweMmi3 WGM13, WGM12, WGM11, WGM10 Bmecte o6pa3ytot pesxkum WGM1 ynipaBienus
redeparueii popmel BoHbI [3: 0] 11 yripaBieHHs peKHUMOM TI0JICYETa CYCTYUKOB U
pexxumoM renepannu popmsl curnana. [logpoduee cm. B tabnuue Onucanuu pexxuma
TeHEPAIMK BOJIHBI.

3 |WGM12

HpezmeﬂeHHe TAKTOB UCTOYHHKA CI/IHXpOHI/I3aIII/II/I IJIs1 CHCTUYHUKA BpeMeHI/I 0
2 CS12 CS1[2:0] Onucanne
0 Hert MCTOYHHMKA CHHXPOHHU3AIINH, CTOM-CYET
clksys
clksys / 8 u3 nmpenenuTens

1 CSi1 clksys / 64 u3 npennenuTens

clksys / 256 u3 npemaenuTess

clksys / 1024 ot npemnenurens

0 CS10 BHemnue taktol T1, 3amyck co cnajaoumM GpoHTOM

~Njojo~IWIN|E-

Bremnue taktel T1, 3amyck ¢ HapacTaoumM GpoHTOM

WGM1 - YnpassieHue pexcumom ceHepauyuu cueHaad.

WGMA1[3:0] Pesum paGotsr | 3nauenne TOP O0HOBUTH MOMEHT @ YCTAHOBUTE MOMEHT

OCR1 TOV1
0 Normal OXFFFF Hemennenuo MAX
1 8-outHe1ii PCPWM Ox00FF TOP BOTTOM
2 9-6utHeiit PCPWM OxOIFF TOP BOTTOM
3 10-6utHBIE PCPWM Ox03FF TOP BOTTOM
4 CTC OCR1A Hemennenno MAX
5 8-outHe1ii PCPWM Ox00FF BOTTOM TOP
6 9-outHBII PCPWM OxOIFF BOTTOM TOP
7 10-6utHBIE PCPWM Ox03FF BOTTOM TOP
8 PFCPWM ICR1 BOTTOM BOTTOM
9 PFCPWM OCR1A BOTTOM BOTTOM
10 PCPWM ICR1 TOP BOTTOM
11 PCPWM 0CR1A TOP BOTTOM
12 CTC ICR1 Hemennenno MAX




13 3ape3epBUPOBAHO - - -
14 FPWM ICR1 TOP TOP
15 FPWM 0CR1A TOP TOP

TCCRI1C - Pecucmp ynpasnenus C

TCCRI1C - Peructp ynpasJjenus C

Anpec: 0x82 3Havenue mo ymoiadanuto: 0x00
bur 7 6 5 4 3 2 1 0

HUmsa

FOC1A

FOC1B

DOC1B

DOC1A

DTEN1

R/W

W

W

R/W

R/W

R/W

bur

Nma

OmnpenesieHue OUT

FOC1A

but ynpaBneHus NPUHYIUTEIFHON YCTAaHOBKH BbIX0/1a cpaBHeHH. [lpu pabote B
[pexxume 6e3 PWM paBeHCTBO CpaBHEHMS MOKET ObITh CTEHEPUPOBAHO IIyTEM 3aIIUCH
«1» B 6utr FOC1A. TlpunyaurensHoe cpaBHeHue He ycrtanaBnuBaeT (iaar OCF1A u He
repe3arpyaeT Ui He OUMIIAeT TaiiMep, HO BbIxoHOM BbiBOA OCLA Gynet
O0OHOBJISITHCS B COOTBETCTBUHU ¢ HacTpoiikoit COM1A, kak TOJIbKO IPOU30HAET
|I/ICTI/IHHOC cpaBHeHune. Urenue FOC1A Bcerga Bo3BpalaeT HoJlb.

FOC1B

IEI/IT yIpaBiIeHUs MPUHYIUTEIHHONU YCTAaHOBKU BbIXxoza cpaBHeHus. [Ipu pabote B
exxume 06e3 PWM paBeHCTBO CpaBHEHHSI MOKET OBITH CT€HEPUPOBAHO ITyTEM 3aIHCH
«1» B 6ut FOC1B. IlpunynutenbHoe cpaBHeHue He ycTanaBnubaet ¢iaar OCF1B u ne
repe3arpyaeT Wik He OYHUIIaeT TaiiMep, HO BeixoaHoU BeiBOJ OCL1A Oyner
[oOHOBIATECS B COOTBETCTBUH ¢ HacTpoiikoit COM1B, kak Tonpko mpousoiiier
nctuHHOoe cpaBHeHue. Urenne FOC1B Bcerga Bo3BpalaeT HOJb.

DOC1B

Korna 6ur DOCI1B B «1», akTUBUPYETCsI CUTHAJI CPAaBHEHHSI BBIKIIIOUEHUSI HICTOYHHKA
3amycka OC1B. Korga npoucxoaut coObITHE 3aIlycKa, anmnapaTHoe o0ecredyeHre
aBTOMaTHyecku oTkmouaeT BbiBoJ curHaga OC1B. Korpa 6ut DOC1B ycranoBneH Ha
«0», BBIXOAHOM cUTHAJ cpaBHEHUS BbIKItoueHus ncrounnka OC1B orkmrodued. Boixon
curHasia OC1B He oTkJIr04aeTcst Mpy BO3HUKHOBEHUHU COOBITHSI 3aITyCKa.

DOC1A

Korna 6ut DOC1A B «1», akTUBUpYETCSl CUTHAJI CPAaBHEHHSI BHIKITFOUEHHS HCTOUYHUKA
3amycka OC1A. Koraa mpoucxoauT coObITHE 3aycKa, alllapaTHoe ooecrneuyeHne
aBToMatuyecku oTkmtouaeT BeiBoA curHana OC1A. Korma 6ut DOCIA ycTaHoBleH Ha
«0», BBIXO/THOU cUTHAN cpaBHEeHMs BeIKIIOUeHUs1 uctounnka OC1A oTtkimoueH. Boeixon
curtaiga OC1A He OTKIIIOYaeTCs MPU BOZHUKHOBEHUU COOBITHS 3aIlycKa

DTEN1

Ecnu out DTEN1 B «1» - MmepTBO€ Bpemenu BkiroueHo. O6a OC1A u OC1B
BCTaBJISIIOT MEPTBOE BpeMsI B (POPMY BOJIHBI, TEHEPUPYEMYIO BBIXOJIHBIM CUTHAIOM
cpaBHeHHUs B-kaHana, a BCTaBJI€HHBIA MEPTBBIN UHTEPBAJ ONIPEAECISAETCS BPEMEHEM
orcuera peructpa DTR1. IMomsaprocTs BeixogHoro curnana OCl A onpenensercs
cootBercTBUEM Mex 1y COMIA u COM1B. Cm. OC1A st Tabnu1ibl HOISIPHOCTH

CUTHaja rnocie BcraBku MepTBoro BpeMeHnu. Korma 6ut DTENI ycranonen Ha «0»,
BCTaBKa MepTBoro BpeMenu 3anpeieHa. Curransl OC1A u OC1B sasnsitorcst popmamu
CUTHAJIOB, TEHEPUPYEMBIMH COOTBETCTBYIOIIMMH PE3YJIbTaTaMU CPAaBHEHUSI.

2:0

3ape3epBUPOBAHO

B Ta6nure nokasano ynpasiieHHne OJISIPHOCTBIO BeixoHoro curaia OC1A, korga
BKJIFOYEHO BPEMS OTKIIFOUEHHS.

KonTtpoas nomsipaoct popmbl curnasia OC1A B pexxuMe BKIIOUCHHUSI MEPTBOT'O BPEMEHHU

COM1A COMIB |

DTEN1 [1:0] [1:0] Onucanue
0 ) i nossipaocth curHana OCLA, kontpomupyemast OCLA,
CpPaBHUBACT BBIXOIHOU PEXKUM
1 0 - OCOA oTkito4ueH, omnepalys BBOJa-BbIBOIa 00IIET0 Ha3HAYCHUS
1 1 - 3ape3epBUPOBAHO




1 5 2 [TonsspHoctu curnanos OC1A u OC1B onnHakoBbI
3 Ionsiproctu curnanoB OC1A u OC1B npoTHBONOI0KHbI
1 3 2 [onsiproctu curnanoB OC1A u OC1B npoTHBONOI0KHBI
3 [Tomstproctu curHanoB OC1A u OC1B oamHakoBbI

Ipumeuanue: IonspHocts BeixoHOTO curHasia OC1B ynpasinsiercs pexxuMoM BbIBOJIA
cpaBHeHusi OC1B, KOTOpPBI aHAIOTUYEH TOMY, KOT'/Ia PEKUM MEPTBOTO BPEMEHH HE
BKJIFOUECH.

TCCRI1D - Pecucmp ynpasnenus D

TCCRID - Peructp ynpasJjenusi D

Anpec: 0x83

3HayeHue no ymonganuto: 0x00

bur

7

6 5 4 3 2 1 0

Nmsa

DSX17

DSX16 | DSX15 | DSX14 - - DSX11 | DSX10

R/W

R/W

R/W R/W R/W - - R/W R/W

bur

Nms

Onpenesenne OUT

DSX17

[Tpu ycranoBke 6ura DSX17 B «1», nepenonnenne TCO akTuBUpyeTcs B Ka4eCcTBE
MCTOYHHKA 3aITyCKa JUIi BhIKIIOUeHus curHana cpasHenns OC1x. Korna our
DOC1X pasen «1», Hapactatouuii GpoHT BHIOPAHHOTO (iara mpepbIBaHHS
aBTOMaTHYECKH OTK/IIoYaeT BbixoaHou curnan OC1X. Ilpu ycraHoBke OuTa
DSX17 B «0» nepenonaenue TCO oTkIo9aeTcst KaKk HICTOYHHUK 3aITyCKa JIJIs
BBIKJIFOUEHHSI BBIXOIHOTO curHana cpaBHeHust OC1X.

DSX16

[Tpu ycranoBke 6uta DSX16 B «1», nepenonnenue TC2 akTUBUpYETCS B Ka4eCTBE
HCTOYHUKA 3aIlyCcKa JJis BbIKIt0YeHUsl curHana cpaBHeHust OC1xX. Korpa 6ut
DOC1x paBen «1», napactatoutuii GpoHT BRIOpaHHOTO ¢iara MpepbrIBaHMUs
aBTOMATHYECKH OTKJIIoUaeT BbixonHou curnan OC1X. Ilpu ycraHoBke Outa
DSX16 B «0» nepenonnenue TC2 oTko4aeTcst Kak MICTOYHHUK 3aIyCcKa JIs
BBIKJIFOUEHHS BBIXOJHOTO curHana cpapHeHus OCILX.

DSX15

[Ipu ycranoske 0uta DSX15 B «1» ypoBeHb usmenenus BeiBoga 1 Britouaercs B
KayecTBe MCTOUHHUKA 3allyCKa JJIs BhIKIIIoUeHUs curHana cpasHeHus OC1X. Kornaa
outr DOCI1X paBeH B «1», nepennuii GppoHT Outa (ara npepblBaHNs BHIOPAHHOTO
UCTOYHHUKA 3aITyCKa aBTOMAaTHUECKHU OTKJI04aeT BbIxoAHOH curran OCLX. Ilpu
yctanoBke 6uta DSX15 B «0», n3menenue BoiBoaa 1 oTkimtouaercs Kak HCTOYHHUK
3aIycKa JUisl BBIKJIFOUEHHs BBIXOJIHOTO curHana cpaBHeHust OC1X.

DSX14

Korna 6ur DSX14 ycranosnen B «1», Bueninee [IpepbiBanue 1 Bkiiroyaercs B
Ka4yecTBE MCTOYHMKA 3aIyCKa JJIs BBIKIIIOUeHus curHana cpaBHeHus OC1X. Korna
o6utr DOCI1X paBen «1», nepennuit GppoHT O6uta duiara npepbIBaHNs BHIOPAaHHOTO
MCTOYHHUKA 3aITyCKa aBTOMAaTHUECKHU OTKJI04aeT BeIxoAHo# curnan OC1X. Korpa
outr DSX14 ycranosnen B «0», [IpeppiBanue 1 oTkitouaeTcsi Kak HCTOUHUK
3aIrycKa JUisl BBIKJIFOUEHHs BBIXOIHOTO curHana cpaBHeHHst OC1X.

3:2

3ape3epBUPOBAHO

DSX11

Korna outr DSX11 ycranoBieH B «1», AHaJIOroBblii komnapartop 1 BKIIIOYEH Kak
HMCTOYHHK 3aITycKa JiJIsl BRIKJIIOUCHHsI BRIXOAHOU curHana cpaBHeHust OC1X. Korna
o6utr DOC1xpasen «1», nepenuuii GpoHT ¢iara npepbiBaHUs BEIOPAHHOTO
MCTOYHHMKA 3aITyCKa aBTOMaTHYECKH OTKIFo4aeT BeixoaHoi curaan OC1X. Korma
our DSX11 paBen «0», AHanoroBbIii komnaparop 1 oTkioyaeTcst Kak 3aIycka,
YTOOBI OTKJIFOUHUTh BBIXOAHOM curHai cpaBHeHust OCI1X.

DSX10

Korna 6ut DSX10 ycranosieH B «1», AHajioroBblii komnapartop 0 BKIIIOYEH Kak
HMCTOYHHK 3aIycKa JiJIsl BRIKJIIOUCHHsI BRIXOAHOU curHana cpaBHeHuss OC1X. Korna
o6utr DOCI1X paBeH «1», nepeauuii GpoHT (para npepbiBaHus BBIOPAaHHOTO
HMCTOYHHKA 3aITyCKa aBTOMATHYECKHU OTKIr04YaeT BeixoaHou curnan OC1x. Korma
o6ut DSX10 paBen «0», AHanoroBsiii komnaparop 0 oTkiII0OYaeTcst Kak 3aIycka,
4TOOBI OTKJIFOYUTH BBIXOAHOU curHai cpaHeHuss OCILX.




OC1A / OC1B - Omkawuums ynpasieHue Bblbop ucmovHuka

DOC1x A DSX1n=1 | MWcrounnk Onucaunne
0 i i but DOCOX paBen «0», GyHKIIMS BBIKIIOUEHUS HCTOYHUKA
BBIXOJITHOTO CHUTHAJIA OTKJIFOYEHA.
1 0 AHAI0TOBEIi [Tepennuit hpport ACIFO otkirouaer Beixoanoi curaan OC1X
Kommaparop 0
1 1 AHaJIOrOBbIi [Tepennuii ppont ACIF1 orkitouaer BeixogHo#i curaan OC1x
Komnapatop 1
1 4 Breuee [Tepennuii ppont INTF1 oTkirouaer Berxoanoii curnan OC1x
npepbiBanue 1
H3menenue
1 5 YpOBHS [Tepeanuii ppont PCIF1 orkmrouaeT BeixoaHo curHan OC1x
KOoHTakTa 1
1 6 Hepe{[r(g; CHue [Tepenuuit dppout TOV2 otkimtouaeT BeixoaHoM curaan OC1X
1 7 Hepe{[r(gél cHue [Tepenuuit dppout TOVO otkirouaeT BeixoaHoM curaan OC1X

Ipumeuanue: 1) Korga DSX1n = 1 ykassiBaer, uto N-it Out peructpa DSX1 pasen 1,
OUTBHI perucTpa MOTYT ObITh YCTAHOBJIEHBI OJJHOBPEMEHHO.

TCNT1L - Cuemuux 3nauenuu - maaowui baum

TCNTIL - Peructp cuetunxon TC1

Anpec: 0x84 3Hauenue no ymonayanuto: 0x00
bur 7 6 5 4 3 2 1 0
HUmsa  |TCNTIL7|TCNTIL6|TCNTILSJTCNTILAJTCNTIL3JTCNTIL2|TCNTILL|TCNT1LO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur| HWmsa Onpenesnenue OUT

Munanmmii 6aiit 3nauenus cueruynka TC1. Peructpst TCNT1H u TCNTIL
[o6benunens! ans popmupoBanus 16-paspsaHoro cuerunka TCNT1. Yrenue u 3anuch
16-6utHBIX peructpoB TpeOyet AByx onepanwmii. [Ipu 3ammcu 16-6utaoro TCNT1
|cnauana cnenyer 3anucate TCNTI1H. Ilpu utenun 16-6utHoro TCNT1 chavana
npountaiite TCNTI1L.

ITpu 3anucu B peructp TCNT1, 310 npenoTBpaTUT COBIIaZCHUE CPABHEHMSI B TEUEHHE
7:0 |TCNTL1L|cnenyromiero Takta TaiiMepa, Jake €Clid TaiiMep OCTAaHOBJICH. JTO IMO3BOJISET HE
BBI3bIBATh NpEPbIBaHUs NIpU paBeHcTBe 3HaueHui perucrpa TCNT1 nu OCR1x. Ecnu
3HaueHue, 3anucanHoe B TCNT1, paBHo uin 6ombie 3nadeHue OCR1x, cpaBHeHne
[Oyner moTepsiHO, YTO MPUBEAET K BOSHUKHOBEHUIO HEMTPABUILHON (POPMBI CUTHATIA.
Taiimep nmpekpalaer oTcueT, Korja MICTOYHUK CUHXPOHU3aluu He BeiOpaH, HO LIITVY Bce
emte MoxeT noiayuuth gocTyn K TCNT1. Cyerumk 3amucu npoieccopa umeer dosee
|BBICOKI/II\/'I MIPUOPHUTET, YEM ONepaIisi OUUCTKU WM JOOABICHUSI UM BBIYUTAHHUS.

TCNT1H - Cyemuux snauenuit Cmapwiuti oaiim

‘ TCNT1H - Peructp cueryuxon TC1

Anpec: 0x85 3naudenue no ymonyanuto: 0x00
bur 7 6 5 4 3 2 1 0
Hma |TCNTIH7|TCNTIHG|TCNTIHS5ITCNTIH4|TCNTIH3|TCNT1IH2|TCNT1IH1TCNT1HO)
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bbur| HUmsa Onpenesenune OUT
7:0 J[TCNT1H|Crapumii 6aiit 3HaueHus cuerunka TCNT1. Cwm. nosicnenns TCNTIL




ICRI1L - Pecucmp 3axeama Mnaowuii 6aiim

ICRI1L - Peructp 3axBaTa - MJIaaiui 0aiT

Anpec: 0x86 3HayeHue no ymonadanuio: 0xX00
bur 7 6 5 4 3 2 1 0
Nms ICR1L7 | ICR1L6 | ICRI1L5 | ICR1L4 | ICR1L3 | ICR1L2 | ICR1L1 | ICR1LO
R/W R/W R/W R/W R/W R/W R/W R/W RIW
bur| HUmsa Onpenesienne OUT
Moammumii 6aiT 3HayeHus BBoaa Bxoquoro curgasia TCNT1. ICR1H u ICR1L
o0bearHeHBI 17151 hopmupoBanus 16-6utnoro ICR1. Urenue u 3anuch 16-OUTHBIX
perucTpoB TpedyeT AByx onepanuii. [Ipu 3amucu 16-6utHoro ICR1 cHavana gomxeH
7:0 | ICR1L [6b1Th 3amucan ICR1H. Ilpu urenun 16-6utnoro ICR1 cnavana nmpountaiite ICRIL.
Korma 3amyckaercst BXOAHOM 3axBaT, 3HaueHHe cueTdynka TCNT1 oOHOBIsIETCS M
konupyercs B peructp ICR1. Peructp ICR1 Taxxe MOKET UCHOIb30BaTHCS IS
onpenenenus TOP-3HaueHus cueTyuka.

ICR1H - Pecucmp 3axeama Cmapwuti baiim

ICR1H - Peructp 3axBara - crapmmii 0aiiT

Anpec: 0x87 3nayenne o ymonyanuio: 0x00
bur 7 6 5 4 3 2 1 0
Hmsn ICR1H7 | ICR1H6 | ICR1H5 | ICR1H4 | ICR1H3 | ICR1H2 | ICR1H1 | ICR1HO
R/W R/W R/W RIW RIW RIW RIW RIW R/W
bur| HWmsa OmnpenesieHne OUT
7:0 | ICR1H |Crapmmnii 6aiiT 3HaueHus cuerynka ICR1. Cm. noscuenus ICR1L
OCRI1AL - Pecucmp cpasuernus A 6bixo0nvix oannvix Muaowuii 6aum
\ OCRI1AL - Peructp cpaBHeHHUsI A BBIXOJIHBIX JaAHHBIX - MJIAIINH OalT
Anpec: 0x88 3HayeHue no ymonadanuto: 0xX00
but 7 6 5 4 3 2 1 0
Hms JOCR1AL7JOCR1AL6JOCR1AL5S|OCR1IAL4|OCRIAL3JOCR1AL2JOCR1AL1JOCR1ALOQ]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur| HWma Omnpenesienune OuT
Munamammii 6ait peructpa cpaHeHuss A. OCRIAL u OCR1AH o0weaunens! mist
[popmupoBanus 16-paspsaHoro OCRIA. Urenue u 3anuch 16-OUTHBIX pErHCTPOB
TpeOyet nByx onepanuii. [Ipu 3anucu 16-6utHoro OCRI1A cHavana HE00X0IUMO
3arnucatb OCR1AH. Ilpu urenun 16-6utHoro OCR1A chauvana npountaiite OCR1AL.
OCR1A nemnpepsiBHO cpaBHUBaeTcs co 3HaueHueM cuetynka TCNT1. ComocraBieHue
CpPaBHEHMSI MOKET UCIIOJIb30BAThCS I TeHEpAIlUH MPEPhIBAHUS CPABHEHUS UITH JITIS
reHeparuu ¢popmbl curHasia Ha BeiBogie OC1A. Tlpu ucnons3oBanuu pexxnma PWM
7:0 OCRlALIpCI‘I/ICTp OCR1A ucnons3yer aBoitHoi OydepHblit peructp. OnHako QyHKIHUS TBOMHOM
Oyepr3anuu OTKITFOYAETCS B OOBIYHOM PEXXHME Pa0OTHI U PEXKUME COTTIaCOBAHMUSL.
JIBoitHast Oydepurzanust MOKeT CHHXpOHH3UPOBaTh oOHOBIeHHE peructpa OCRI1A ¢
MaKCHMaJIbHBIM WM MHHAMAJIBHBIM BPEMEHEM OTCUETA, MPEIOTBPAIas TCHEPAITUIO
ACUMMETPUYIHBIX UMITYIIbcOB [IIMM 1 ycTpaHsst HEeKOppeKTHbIe UMITYIbChl. Koraa
MCIIONB3yeTCs QYHKIMS TBOMHON Oydepusaruu, mporeccop o0pamaercs K perucTpy

oytdepa OCR1A. Korga Gpynkuus qoitHON Oydepu3anuu OTKII0YeHA, TPOILECCop
oOparaercs kK OCR1A.




OCR1AH - Pecucmp cpasnenus A evixoonvix dannvix Cmapwuiuii 6avm

OCR1AH - Peructp cpaBHeHHsI A BBIXOIHBIX JAHHBIX - CTAPIIMI OalT

Anpec: 0x89 3HavyeHue no ymonuanuio: 0x00
bur 7 6 5 4 3 2 1 0
Hma |OCR1AH7JOCR1AH6JOCR1AHS5/OCR1IAH4JOCR1IAH3JOCR1IAH2JOCR1IAHLJOCR1IAHO|
R/W R/W R/W R/W R/W RIW R/W RIW R/W
Bbur| HUmsa Onpenesienne OUT
7:0 JOCR1AH|Crapuuii 0aiit 3Hauenus perucrpa OCR1A. Cm. nosicienus OCR1AL

OCRI1BL - Pecucmp cpasnernus B evixoonvix oannvix Muaowuii 6avim

OCRI1BL - Peructp cpaBHeHusi B BLIXOXHBIX JaAHHBIX - MJIAIINH OalT

Anpec: OXx8A 3nauenue no ymordanuio: 0X00
bur 7 6 5 4 3 2 1 0
HNma |OCR1BL7JOCR1BL6|JOCR1BL5JOCR1BL4JOCR1BL3|OCR1BL2|OCR1BL1JOCR1BLO|
R/W R/W R/W RIW RIW RIW RIW RIW R/W
bur| HWmsa Omnpenesienne OUT

7:0 OCRlBLIpeFI/ICTp OCR1B ucnone3yet nBoiinoi OydepHsiii peructp. OmHako QyHKIUS ABOHHON
0

Munammmii 6aiT peructpa cpaHeHus A. OCRIBL u OCR1BH o6beauHeHsI 11
|popmupoBanus 16-pazpsanoro OCR1B. Yrenue u 3anuck 16-OMTHBIX PETUCTPOB
TpeOyet nByx onepanuii. [Ipu 3anucu 16-6utHoro OCR1B crauana Heob6xonumo
3anucatb OCR1BH. [lpu utenun 16-6utHoro OCR1B cnauana npountaiite OCRI1BL.
OCR1B HemnpepbiBHO cpaBHHBaeTcs co 3HaueHueM cuetynka TCNT1. ComnocraBieHue
CPaBHECHHSI MOYKET UCIIOJIb30BATHCS ISl TCHEPAIIUH PEPHIBAHUS CPABHCHHS UITH JIJIS
renepanuu ¢popmel curtana Ha BeiBoge OC1B. Ilpu ucnonb3oBanuu pesxxuma PWM

yepuszaium oTKIII0YaeTCsl B 0OBIYHOM pPeKUME pabOThl U PEKUME COTITACOBAHMUS.
JIBoiiHast Oydepuzanns MoKeT CHHXpOHU3UpoBaTh o0HOoBIIeHUE perructpa OCR1B ¢
MaKCHMaJIbHBbIM WJIM MAUHUMAJIbHBIM BPEMEHEM OTCUETA, IPEAOTBpAILasl FEHEPALUIO
AcCMMMETpUYHBIX UMITYNIbCOB [IIMM u ycTtpaHnsas HekoppeKkTHbele uMIyibchl. Korma
ucronb3yeTcs pyHKIus 1BoiHOM Oydepuszanuu, npoueccop odpamaercs K perucTpy
oydepa OCR1B. Korna dynkuus npoitHoN Oydepu3annu OTKII0UEHa, TIPOIeccop
|06pan1aeTc;1 k OCRIB.

OCRI1BH - Pecucmp cpasnenus B vixoonvix oannvix Cmapwuii 6avm

OCRI1BH - Peructp cpaBHeHusi B BBIXOTHBIX TaHHBIX - CTAPIIUIA OalT

Anpec: 0x8B 3HaueHue no ymosyanuto: 0x00
bur 7 6 5 4 3 2 1 0
HUma JOCR1BH7JOCR1BH6|OCR1BH5|OCR1BH4JOCR1BH3JOCR1BH2JOCR1BH1JOCR1BHO]
R/W R/W R/W R/W R/W R/W R/W RIW R/W
bur| HWmsa OmnpenesieHnue 6uT
7:0 JOCR1BH|Crapuii Gaiit 3Hauenus perucrpa OCR1B. Cm. nosicuenuss OCR1BL

DTR1 - Pecucmp xonmpons mepmeozo 8pemeHu

DTRIL - PerucTp KOHTpOJIsi MEPTBOI0 BpeMeHH

Anpec: 0x8C 3HavyeHue no ymonuanuio: 0X00
bur 7 6 5 4 3 2 1 0
Hms DTRI1L
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bbur| HUmsa Onpenesienne OUT
Korga 6utr DTEN1 ycranosnen B»1», OC1A u OC1B sBISrOTCS JOTIOTHUTEIHHBIMH
7:0 | DTRIL [Beixomamu, MepTBOE BpeMsi, BcTaBiieHHOE Ha Bbixoa OC1A, onpenensieTcss TakTaMu
cuetunka DTRIL.




TIMSK1 - Pecucmp macku npepuviéanus cuemuuxa/mavimepa

‘ PerncTp Macku npepbIBaHuii cCYeTYHKA/TaiiMepa

Anpec: OX6F

3HaueHue no ymonyanuio: 0x00

bur

7

6 5 4 3 2 1 0

Nmsa

- TICIEL - - OCIE1B | OCIEIA | TOIE1

R/W

- R/W - - R/W R/W R/W

Bbur

HNms

Onpenesenne OUT

7:6

3ape3epBUPOBAHO

TICIE1

Korna out ICIE1 ycranoBnen Ha «1» u riiodaibHOE IpephIBaHUE YCTAHOBJICHO -
npepriBanne BBoJa TC1 BkiroueHo. Koraa BBelieH 3amyck 3axBaTa, TO €CTh
ycranosieH ¢aar ICF1 TIFR1, npoucxoaut npepeiBanue. Korna out ICIE] paBen
«0», mpepriBanKe BBOJAa BXOiHOTO curHasia TC1 oTKIII04ueHO.

4:3

3ape3epBUPOBAHO

OCIE1B

Korga 6ut OCIE1B, ycraHoBieH B «1» U r106anbHO€ IpepblBaHUE YCTAaHOBJIEHO -
npepeiBanre Kommnaparopa B CpaBHenue paspenieHo. CoOTBETCTBYIOIIEE
npepbiBaHue BblnosHsAeTcs, eciu CpaBHenue KomnapaTtopa B Taiimep/Cuetunk
MPOUCXOUT, TO ecTh, koraa out OCF1B ycranaBnuBaercs B TIFR1. Korga 6ut
|OCIE1B pagen «0» Bbixon TC1 npepbiBaHus coBnaieHus B - oTkiIroueH.

OCIE1A

Korna 6ut OCIEOA, yctaHoBieH B «1» 1 1i100anbHOE NpephIBaHNE YCTAHOBIIEHO -
npepeiBanre Kommnaparopa A CpaBHenue paspenieHo. COOTBETCTBYIOIIEE
npepbiBaHue BblnosHsAeTcs, eciu CpaBHenue KomnapaTtopa B Taiimep/CueTunk
IPOMCXOIUT, TO ecTh, Koraa out OCFOA ycranaBnuBaercs B TIFR0. Kornga 6ut
OCIEOA pagren «0» Beixoz TCO npepbiBaHUs COBIAIEHUS A - OTKJIFOYCH.

TOIEL

bur paspemenus npepsiBanus nepenonnenus TCO. Korna 6utr TOIEO ycranoBiex
B «1», a riio0anbHOE MpephIBaHUE YCTAHOBIIEHO, IpepbiBaHKe nepenoiaHenus TCO
BKitoueHo. [IpepriBanue renepupyetcs npu nepenonnenunn TCO, T. e.
ycranasiuBaetcs 6utr TOVO B TIFR. Korna 6ut TOIEO paBen «0», npeprsiBanue
nepenonHenns TCO OTKIII0YEHO.

TIFR1 - Pecucmp ¢hnacos npepuvisanuti cuemuuxa/matimepa

Anpec: 0x36

TIFR1 - Perucrp ¢uaaros npepbiBanmii cuerunka/raiimepa
3HaueHue no ymonyanuio: 0x00

burt

4 3 2 1

HNma

- ICF1 - - OCF1B | OCF1A | TOV1

R/W

- R/W - - RIW R/W R/W

Bbur

Omnpenesenne 6uT

7:6

3ape3epBUPOBAHO

ICF1

®mar 3axBara. ®nar ICF1 ycranaBiauBaercs, Korja MpoOUCXOIUT COOBITHE BBOIA.
Korga ICR1 ucnonb3yercst Kak BepXHee 3HaU€HHE CUETUHKA, a 3HaYEHUE cYeTa
nocturaet 3HaueHus TOP, ycranaBnuBaercs ¢uiar ICF1. Ecim qns ICIE]L
YCTaHOBJICHO 3HaYeHHE «1» M YCTaHOBIEH (uiar rao0anbHOTO MPEephIBaHMs, OyIeT
reHepupoBatbes npepriBanue BBoga. ICF1 Oymer odynineH aBTOMaTHUECKH TpH
BBITIOTHEHUH 3TOU MPOLIETYPhl 00CTYKUBAHUS TIPEPHIBAHUI UITH MOXKET OBITH
ounineH myrem 3anucu «1» B out ICF1.

4:3

3ape3epBUPOBAHO

OCF1B

Boixon TC1 ¢nar cpaBuenust B. Korma TCNT1 pasen OCR1B, 6510k cpaBHEHHS
JTaeT CUTHAJ paBeHCTBA U ycTaHaBiauBaeT iar cpaBHeHuss OCF1B. Ecnu ®nar
npepsiBanus cpaBHenue B OCIE1B ycranoBiieHo B «1», 1 ycTaHoBIeH (iar
r7100aJIbHOTO MpepbIBaHus, OyJIE€T TeHEPUPOBATHLCS NPEPHIBAHNE CPAaBHEHHUS C
pesynbrarom B. ®@mar OCF1B ouumaercst aBTOMaTHYECKH TP BBITOJIHEHUU
IpoIeypbl 0OCITYKUBAaHUS NIPEPHIBAHUS HIIM MOXKET ObITh OUHUIIIEH IIyTEM 3allUCU
«1» B 6ut OCF1B.




Boixon TC1 ¢nar cpaBaenus A. Korma TCNT1 pasen OCR1A, 6510k cpaBHEHHS
JTaeT CUTHAJ paBeHCTBA U ycTaHaBiauBaeT diar cpapHeHuss OCF1A. Ecnu ®mar
npepsiBanus cpaHenne A OCIELA yctaHoBieHO B «1», U ycTaHOBIIEH ¢uar
r7100aIEHOTO MPEepBIBaHus, OyJIeT TeHEPUPOBATHCS MPEPHIBAHNE CPABHEHHUS C
pesynberatom A. @nar OCF1A ounmaeTcsi aBTOMaTHYECKH IPU BHIMIOTHEHUN

POLEAYPHI 00CTYKUBAHUS TPEPHIBAHUS WM MOXKET OBITh OUHMIICH ITYTEM 3aIliCH
«1» B outr OCF1A.

@nar nepenonnenus TC1L. Korpaa cueTunk nepenoigHseTcs, yCTaHaBIUBaeTCs ¢uiar
nepenosinennss TOV1. Ecnm Out paspemenus npepoiBanus nepenonaerus TOIEL
yCTaHOBJIEH Ha «1» 1 ycTaHoBIIeH (uiar ri100anbHOTo MpepbIBaHus, OyaeT
IreHEepUpOBATHCS NpepbiBaHue nepenoinHenus. TOV1 aBTomaTHuecku ouuiaercs,
KOI'/1a BBIMOJIHAETCS 3Ta MPOLEAypa IPEPhIBaHMS, NN €€ MOKHO OYUCTUTD,
3anucaB «1» B out TOV1.

1 OCF1A

0 TOV1

TCKCSR -TC Pecucmp cocmosnus u KOHMpOJs MaKkmos

\ TCKCSR - TC KoHTpoJIb TAKTOB M PETHCTP COCTOSIHUS

Anpec: OXEC 3nauenue nmo ymomdanuio: 0x00
Bur 7 6 5 4 3 2 1 0

Nmsa

F2XEN

TC2XF1

TC2XFO

AFCKS

TC2XS1

TC2XS0

R/W

R/W

R

R

RIW

RIW

R/W

bur

Nms

Omnpenesienne OUT

7 - 3ape3epBUPOBAHO

KonTponbHblil 6UT pasperienus BoixogHoro curnana RC 32M. Korpga 6ut F2XEN B
«1», BeIxogHO#M curHan RC-reneparopa ¢ wactoroit 32M 1 yMHOKEHUS Ha 2 BKITIOYCH,
BBIBOJIATCSL BBICOKOCKOpOCTHBIE TakThl 64M. Korma out F2XEN ycranosieH B «0»,
yacTOTHBIA yMHOXHUTENb 32M RC-reHeparopa OTKIIOUaeTCsl, @ BHICOKOCKOPOCTHBIE
TakThl 64M He MOTYT OBITH BHIBE/ICHBI.

6 | F2XEN

@nar pexuma BbicokockopocTHo cuaxponusanuu TCLl. Korna out TC2XF1
|[cuuThiBaeTcs Kak «1», OH yKa3bIBaeT, YTO CUETUUK Taiimepa | paboTaer B pexxume
BBICOKOCKOPOCTHOM cuHXpoHM3auu. Korna o paseH «0», 3T0 03HAYAET, YTO CUETUUK
1 Taiimepa paboTaeT B pe)KMME CUCTEMHBIX TaKTOB.

5 |TC2XF1

dnar pexuma BeicokockopocTHo# cuaxponusanuu TCO. Korna out TC2XFO
|cuuThiBaeTcs kak «1», 3T0 OH yKa3bIBaeT, 4To cueTyuk 0 Talimepa paboTaeT B pekuMe
BBICOKOCKOPOCTHOM cuHXpoHM3anuu. Korna o paseH «0», 3T0 03HAYAET, YTO CUETUUK
|0 Taitimepa paboTaeT B peKMMe CUCTEMHBIX TAaKTOB.

4 | TC2XFO

3ape3epBUPOBAHO

Br160p taktoB punstpa OP/AC, noxanyiicra, ooparutecs k rinae OP/AC s

2 | AFCKS
0JPOOHOTO ONpeIeIICHHS

buT ynpaBieHUs1 CKOPOCTBIO BEICOKOCKOPOCTHOTO TakToBOro reneparopa TC 1. Ilpn
ycraHoBke 6uta TC2XS1 B «1» cuerunk/Taiimepa 1 paboTaer B pexume
BbICOKOCKOpOCTHOM cuuxpoHu3zanuu. Korga 6ut TC2XS1 ycranosieH B «0»,
|[cueTunx/Taiimepa 1 paboTaeTr B peXXKUMe CUCTEMHBIX TaKTOB. YTOOBI YCTAaHOBUTH
TC2XS[1: 0], cnauana 3anucats peructp ECCPR B 0xDS8, a 3aTem 3anucarh 3HaUeHUE
utst 3armicy B Out TC2XS B TeueHne 6 CHCTEMHBIX TaKTOB

1 |TC2XS1

but ynpaBieHHs CKOPOCTBIO BEICOKOCKOPOCTHOTO TakToBoro reneparopa TCO. Ilpu
ycraHoBke 6uta TC2XS0 B «1» cuerunk/Taiimepa 0 paboTaer B pexxume
BBICOKOCKOPOCTHOH cunxponu3anuu. Korga 6ut TC2XS0 ycraHosieH B «0»,
|cueTunk/Taiimepa 0 paboTaeT B pe)KUME CUCTEMHBIX TaKTOB. YTOOBI YCTAHOBUTH
TC2XS[1: 0], cnauana 3anucats peructp ECCPR B 0xDS8, a 3aTem 3anucars 3HaueHUE
i 3anvcd B out TC2XS B TeueHne 6 CHCTEMHBIX TaKTOB

0 |TC2XS0




13. Taiimep / cueruuk 0/1 [Ipeanenuresnn

e JIBa 10-pa3psaHbIX IpeABAPUTEIbHBIX JEIUTEIS

e TCO u TC1 mynprumnekcusiii npeanenutesib CPS10 B MyJIbTUIIIIEKCHOM PEXHUME

e Onnotoueunslit npeapaputenbHblil genurens TCO CPS10 TC1 B oguHOYHOM
pexume

e (COpoc nporpamMmmHoro obecneuenus npeaenurens CPS1

13.1. O630p

B mynberunnexkcaom pexxkume (PSS1 = 0) TCO u TC1 ucnonb3ytot 10-pa3psaHblit
npeaBapurenbHbiil genutens CPS10, HO UMEIOT pa3Hble HACTPOUKY JIEJICHUS.

B pexume onnokpatHoro ucnosib3oanus (PSS1 = 1) TCO ne3aBucumo
HCIIONB3yeT npeasapurenbubiid nenurens CPS10, a TC1 He3aBucnmo nenosib3yer
npensapurenbHbii genurens CPS1. OHn nMeroT pa3Hble HACTPOUKM YaCTOTHOTO
JEJICHHUS.

Hwxecnenyromee onucanue ucnosb3yercs s TCO u TC1, rae n nmpeacrasiset 0
i 1.

—rema2x
. 10-bit Clock
_ PN 10-bit Clock Prescaler 10 > R C e
——dlkio Prescaler 1
i | | | | ki
—PSR10 clkio/8 clkio/64  clkio/256 clkiof1024 —PSR1
clkio/1024
—T1—  Sync
Edge Det clkio/256
®
@& clkio/64
@
O clkio/,
—T0— Sync
Edge Det
®
| |
0 0
+ Y Y ¥ Y Y Y Y Yy Y ¥ Y ¥y Y Y Y Y Y Y
. —CS1
CSOR\ | Y S el |
clktO clkt1
v v

Puc.13.1. CtpykrypHas cxema Gyoka npegaenurens 1C0/ TC1

13.2. BHyTpeHHMIi HICTOYHUK CHHXPOHU3AIUH

Korga CSn [2: 0] = | ycTaHOBIIEH, CUETUMK TaliMepa MOKET yHPABISATHCS
HEIOCPEJCTBEHHO CHCTEMHBIM TaKTOBBIM CUTHAIOM clkio MM BBICOKOCKOPOCTHBIM
CUHXPOHU3HUPYIOITUM UMITYJIbCOM Ircm2X (BHYTPEHHUN BBIXOJTHOM CUTHAJ T€HEpaTopa
32M RC, yMHOKEHHBI Ha 2).

[IpenaenuTens MOKET BRIBOAUTH 4 pa3Hble TaKTOBBIC YacTOThI, clkio / 8, clkio / 64,
clkio / 256 u clkio / 1024.



13.3. Copoc pasgeauresst

13.3.1. MynbTUIIEKCHBIN PEXKUM

Korma 6ut PSS1 ycranosnen Ha «0», TCO u TC1 coBMECTHO UCTIOJIB3YIOT
npeanenurens CPS10.

[Ipennenurens paboTaeT HE3aBUCUMO, €T0 paboTa HE 3aBUCHUT OT JIOTUKH BHIOOpA
takToB TC, u oHa paznensercs TCO u TC1. IlockoiibKy ynpaBlieHUE HE BIUAET Ha
BBIOOP TaKTOB, COCTOSIHHUE TIPEAICIUTENS BIMACT HA MPUMEHEHHUE Pa3/ICIICHHBIX TAKTOB.

D¢ddexT Bo3HUKAET, KOT/Ia TaltMep BKIIFOUEH, a BBIXOJ MPEABAPUTEIIBHOTO KacKaaa
BBIOPAH B KQYECTBE MCTOYHUKA TAKTOBBIX UMITYJIbCOB (6> CSn [2: 0]> 1). D10 MOXkeT
3aHATh OT 1 10 N + 1 CHCTEeMHBIX 9acoB, YTOOBI BKIIOUNThH TaliMEP K IEPBOMY CUETY, TJIC
N - korddunreHT npeaBapuTebHON MaciTabupoBanus (8, 64, 256 unu 1024).

MO>XHO CHHXPOHU3HPOBATH TaliMep U pabOTy MPOrpaMMbl, COPOCUB
MpeABapUTENbHBIN AenuTenb. ClenyeT, 0JHAKO, OTMETUTb, YTO JPYroi TaiMep
UCIIOJIB3YET ATOT MPEIBAPUTEIBHBIN IEIUTEINb, U COPOC MPEICITUTENIS TOBIUSIET Ha BCE
TaliMephbl, MOJAKITIOYEHHBIE K HEMY.

13.3.2. PexxuM OTHOKPATHOTO MCTIOIB30BaHUSI.

Korma 6ut PSS1 ycranosnen B «1», TCO He3aBUCHUMO UCTIONB3YET
npeaBapurtenbHbiil kKackaa CPS10, a mpeaBapUTeNbHbIN AeTUTEIh COpackIBaeTCs OUT
PSR10.

TC1 ucnonb3yer npeasaputenbubiii genmurens CPS1 HezaBucumo, a copoc
MpEeABAPUTENLHOTO AeNUTENS ynpasisercs outom PSR1.

CooTBeTcTBYIOIIHME COPOCHI pabOTAIOT HE3AaBUCUMO U HE BIIUSIOT Ha JPYrUe
MpEAICTUTENH.

13.4. UcTounuk BHemHUX TaKTOB.

BrenmHuit nCTOYHUK CHHXpOHU3AIMU, oOecrieunBaemMblil BeiBogom TO/T1, moxket
HCMOJIb30BaThCS B KAUYECTBE UCTOUYHHUKA TAKTOBBIX UMITYJILCOB.

Curnan Ha BeiBoge TO/T1 ucnonb3yercst Kak UICTOYHUK CYETUYHUKA YACOB MOCIIE
MIPOXOXKEHHUS JIOTUKA CUHXPOHHU3AIMHU U JeTeKTopa (PpoHTa.

Kaxapiii pponT (CSn [2: 0] = 7) unu cnaparonuit ppoHT (CSn [2: 0] = 6) Oyaet
TEHEPUPOBATh UMITYJIBC CUETA.

BHemHuii HICTOYHUK CHHXPOHU3ALWU HE TTOJAETCS B MPEAACTUTENb.

N3-3a HAIMUMs CXeM CUHXPOHU3AIUY U OOHAPYKCHUS TPAHUI] HA BHIBOJIAX,
n3meHenue yposHs B T0 / T1 tpeOyeT 3aaepkku ot 2,5 10 3,5 CUCTEMHBIX YacOB JIJIst
OOHOBJICHHS CUETYHKA.

BxJiroueHune uim BKIIOUEHHE BXOJHOTO TAKTOBOI'O CUTHAJIa JOJDKHO 3aHUMATh 10
MEHBIIIEH Mepe OJIMH CUCTEMHBIN TaKTOBBIM UK A0 Toro, kak T0 / T1 Ooyner
CTaOMJIBLHBIM, B IPOTUBHOM CJTydae CYIIECTBYET BO3MOXKHOCTh UMITYJIbCHOTO CYETUHKA
OIIIHOOK.

s obecnieyeHus MpaBWIIbHOM BEIOOPKH IIMPHUHA BHEITHETO TAKTOBOT'O UMITYJIbCA
JIOJDKHA OBITH OOJIBIIIE OJHOTO TAKTOBOI'O IIMKJIA CUCTEMBI.

[Tpu 50% -HOM paboyeM LMKJIE BHEIIHSSA TaKTOBas 4YacTOTa JI0KHA ObITh MEHBIIIE



MOJIOBUHBI TAKTOBOM YaCTOTHI CUCTEMBI. [3-3a pa3HUIIBI B 4aCTOTE U paboUeM ITUKIIE
CUCTEMBI, BBI3BAHHBIX COOCTBEHHOH OLITMOKOW TeHepaTopa, pEKOMEHIYETCsI, YTOOBI
MaKCHMaJIbHas 9acTOTa BHENTHUX YacoB He mpeBbimana fSys /2.5.

13.5. Peructpsl Onucanue

TCCR - pecucmp xoumpons cuemuuxa oouieco Ha3Ha4eHus

GTCCR - perucTp KOHTPOJIsSI CHeTYHKA 001ero HA3HAYEHHU S

Anpec: 0x43 3Hadenue mo ymomadanuto: 0x00
bur 7 6 5 4 3 2 1 0
Nms TSM - - - - - PSRASY JPSRSYNC
R/W R/W - - - - - W W
bur Nms Onpenesenne OUT

but ynpaBieHuss CHHXpOHHU3ALUEN TaliMepa.

Korna 6ut TSM ycraHoBIeH B «1», 3TO peKUM CUHXPOHHU3AIUHN CUETUYUKA
BpeMeHU. B cHHXpOHHOM pexume 3HaueHue, 3anucanHoe B OuT PSRASY u out
PSRSYNC, ynepxuBaercs, 1 COOTBETCTBYIOUIUHN MTPEAIEIUTENb BCETAA
cOpachIBaeTcs. DTO TapaHTUPYET, YTO COOTBETCTBYIOIINN CUETUUK Taiimepa OyaeT
OCTaHOBJICH U HACTPOEH Ha OJIHO U TO ke 3HaueHue. Korga out TSM ycranosneH
B «0», 6utel PSRASY 1 PSRSYNC ounmiarorcs anmaparHbIM 00ecTieueHUEM, U
CUETYHKH TaiiMepa HauWHaeT paboTaTh OJTHOBPEMEHHO.

6:2 - 3ape3epBUPOBAHO
1 PSRASY Cwm. Onmcanue peructpa taiimepa TC2.
[Ipennenurens CPS10 cOpachiBaeT KOHTPOJIHHBIE OUTHI.

Korna 6utr PSRSYNC ycranosiieH B «1», npensapurenshblii genutenas CPS10
oynet coporer. Kormga 6ut TSM He ycTaHOBIIEH, anmapaTHOe o0ecrieueHne
ountaet 6utr PSRSYNC nocne copoca. Eciu 6ur PSRSYNC ycranonen Ha «0»,
3HaueHue napameTpa HeaelcTBuTenbHO. B mynbTumuiekcaoM pexxume TCO / TC1
JeTUTCS peIeauTeneM, 1 cOpoc BIuseT Ha 00a Taiimepa. B ogHOpazoBoM
pexume copoc BhusieT Tosibko Ha TCO. 3HadeHue N1 4TeHHs 3TOro OuTa BCeraa
oyznet «0».

7 TSM

0 | PSRSYNC

PSSR - Bwibop npeddenumens

‘ PSSR - Bei6op npeaaenureis

Anpec: 0x83 3naudenue no ymonyanuto: 0x00
bur 7 6 5 4 3 2 1 0
Nms PSS1 - - - - - - PSR1
R/W R/W - - - - - - w
bur Nms Onpenenenne 6uT

but ynpaBieHust BEIOpaTh peaIeuTeNs.

Korna 6ut PSS1 ycranosnen B «1», mpeaBapUTENbHBIN JeTUTEIb UCIIOIb3YETCS
oauH. TCO ucnonp3yet Tosbko npegaenutens CPS10, a TC1 ucnonp3yet TOJIbKO
npennenurens CPS1. Korpa 6ut PSS1 ycranosnen B «0y», mpeanenutens
mynbsTumiekcupyercsa. TCO u TC1 paznensarot npegaenutens CPS10.
[Tpennenurens CPS1 HenelicTBUTENEH U Bceraa OyneT cOpoIleH.

6:1 - 3ape3epBUPOBAHO
but ynpasnenus copoca [Ipexnenurens CPS1.
bur PSR1 neiicTBuTeneH Tonbko B 0HOpa3oBoM pexkume. Korma 6ut PSR1
0 PSR1 yCTaHOBJIECH B «1», mpeaBaputenbHbIid neautens CPS1 6yner cOporien. Anmapar
ountiaer 6ut PSR1 nocne copoca. Ecnu 6utr PSR1 ycranosnen Ha «0», ycTaHOBKa
HEeJIEHCTBUTENbHA. 3HAUCHHUE JUIsl YTeHUsI 3TOro OuTa Bceraa oymer «O».

7 PSS1




14. Taiimep/Cuerunk 2 - 8-pa3psiaHbIii

e 8-pa3psIHBIN CYETUUK

e JIBa HE3aBUCUMBIX OJIOKa CpaBHEHUS

e ABTOMaTHYECKas OYMCTKA CUETUMKA U 3arpy3Ka IIPU PaBEHCTBE CPAaBHECHUS
o (C ®dazonoii koppekuueit [IIMM-Bbixos 0€3 UMITYJIBCHBIX TIOMEX

e ['eHeparTop 4acTOTHI

e (CYeTyuK BHEIIHUX COOBITHI

o [IpenBaputenbHble ASNUTETU TAKTOB - 10 OUT

e [lpepbiBaHus IIpU NEPENONTHEHUN U PABEHCTBE CPABHEHUS

e Tlonkmouenue BHenHero 32,768KHz RTC wacoBoro pezonaropa

14.1. O630p
TCCR2A TCCR2B TIMSK TIFR
R T— — — £___
| Clock Generator |
‘ |
} Clock DE— < Pin Mux |« : TOSC1
oc!
\
\ Prescaler T,'IC !
| <«—clkio— Oscillator :
} > Pin Mux —» TOSC2
| |
e e e
| Counter |
| Y :
} Counter '« » TCNT2 Control I
I
\
L] |
e e e
| Waveform Generator
| OCR2A
| L4
\ I
} Compare > Pin Mux : » OC2A
\ I
\ I
\ OCR2B Control |
\ I
| h 4 |
| |
\ Compare > Pin Mux —» OC2B
\ I

Puc.14.1. CrpykrypHas cxema TC2

TC2 - 510 8-pa3psaHbIiA CYETYHK O0IIEro Ha3HAYCHUSI, KOTOPBIN MOIEPKUBAET
BbIX0J1 PWM 1 MokeT TouHO TeHepupoBaTh (JOPMBI CUTHAJIOB.

TC2 conepxuT 8-pa3psaHbIiA CYETINK, OJIOK YIIPABICHUS PEKUMOM T'eHEpaIuu
CUTHAJIa U JiBa OJIOKa CpaBHEHUS BBHIBOJIA.

brok ynpaiieHust pe:xuMOM T€HEepaIluy BOJIHBI YIIPABIISECT PEXKUMOM PaOOThHI
cuyeTurka 1 popmupoBaHueM (GOpMbI CUTHAJIA CPABHEHUS.

B 3aBucuMocCTH OT pexkrma paboThl CYETUUK OYMIIACT, YBEIUUUBACT UIH
yMeHbIaeT B Kaxabiii TakT CIkt2.

Clkt2 moxeT ObITh CTEeHEPUPOBAH U3 BHYTPEHHETO UCTOYHUKA CUHXPOHU3AIUU
WJIM BHEIIHETO UCTOYHUKA CUHXPOHU3aluu. [Ipu ucronb30BaHMM BHEIIHETO PE30HATOPA
32,768 xI'u TC2 moxket ucnonab3oBarhes kak cueTyuk RTC BpeMenu.

Korna 3nauenue cueturika TCNT2 cueTurika JOCTUTaE€T MAKCUMAJIbHOTO 3HAYEHUSI



(paBHOE MakcumaiibHOMY 3HaueHuio OXFF miu peructpy cpaBuenns OCR2A/OCR2B,
onpenensiemomy kak TOP, MakcuManibHOE 3HaUeHUE onpenensierca kak MAX s
pa3ITUYCHUS ), CUSTIYNK OUUIIACTCS UM BRIYUTACTCS.

Korna 3nauenue cueturika TCNT2 nocturaetr MUHUMAJIBHOTO 3HAYEHUS
(axBuBanentHo 0x00, onpenenennoe kak BOTTOM), cueTyuk yBeIM4YNBACTCS.

Korma 3nauenne cuetunka TCNT2 cuetunka nocturaet OCR2A/OCR2B, xoTopoe
TaK)Ke BBI3BIBACTCS, KOTJ]a IPOUCXOIUT COBMAJCHUE CPAaBHEHUS, BRIXOHOW CUTHAI
cpaBaenus OC2A / OCR2B ouniiaetcst uim ycTaHaBIMBACTCS sl TeHEpauu (YOPMbI
HNM.

14.2. Pexum padoThbI

CueTtunk TaliMepa 2 UMEET YEThIPE PA3IMUHBIX pekUMa padoThl: pexxuM Normal,
Compare Compare Clear (CTC), monynsitiusi ¢ ObicTpoit mupunoi umiysibcoB (FPWM)
U pexuM (PazoBoil KOPPEKIMH C UPOTHO-UMITYJIbCHOU MoayJsitiuent (PCPWM).

butsl ynpaBnenus pexxumom reneparuu curaanoB WGM?2 [2: 0] anst Ber6opa.
Huke onrcanbl 3T YETHIPE peKUMA.

[TockonbKy CYIIECTBYIOT JIBa HE3aBUCUMBIX 0JI0Ka CpaBHEHHS BHIBOJIA,
0003HaYEHHBIE COOTBETCTBEHHO «A» U «B», HIXKHUI BBIXOITHON «X» HCIOIB3YETCS IS
MIPEICTABIICHNS KaHAJIOB JIBYX OJIOKOB CpaBHEHHMS BBIBOJIA.

14.2.1. HopmanbHbIil pexum

OOBIYHBIN PEXKUM - 3TO CaMbIil MPOCTON PEXKUM pabOTHI cCUeTUMKA Taiimepa. B 3To
BpeMs OUTHI yIpaBieHUs peKUMOM renepauuu curHana WGM?2 [2: 0] =0, a
MakcumanbHoe 3HaueHne TOP cuerunka - MAX (OxFF). B sTom pexume cueTunk
YBEIIMUMBAETCS HA OUH JJISI K&XKJIOTO CYETA TAKTOB.

Korpa cuetunk nocturaer nepenonnenuss TOP, on Bo3Bpamaerca B BOTTOM,
4TOOBI CHOBA HaYaTh HAKAIINBATD.

@nar nepenoiaHeHus cuetunka taiimepa TOV?2 ycTtaHaBiMBaeTcsl Ha OJTHOM U TOM
xe cuete, 3HaueHue cuetunka TCNT2 koToporo ctaHOBUTCA paBHBIM HyJt0. Drar
TOV2 B 3TOM pexknMe oX0oxK Ha 9-it OUT, HO OH OyJeT YCTaHOBJIMBATHCA U HE OyneT
ounmiarbes. Ilponeaypa o0cmyKuBaHus IPEPHIBaHUS IEPETOTHEHHUS] aBTOMAaTHUYECKH
ounmiaet ¢aar TOV2 u MokeT UCHOIb30BaTHCS MPOTPaMMHBIM 00€CTICUeHUEM IS
YBEJIMYEHHUS PA3PELICHUS CUETA BPEMEHU.

B HOpMaJIBHOM peKHMME HET CIELUAIIBHOIO ClIy4asi, U HOBbIE 3HAUYECHUS CYETa
MOTYT OBITh 3alKCaHbl B TI000€ BpeMs.

®opma BbIXOJHOTO curHana cpaBHeHus: OC2X MOKET OBbITh MOTYyYeHa TOJBKO
TOTJa, KOTJla pETUCTP HanpaBJIeHUs JaHHBIX BbIBOJa OC2X 3a/1aH, Kak BBIXO/I.

Korga COM2x = 1, curnan OC2x nepekiIro4aeTcs py COBIIA/ICHUN CpaBHEHU. B
ATOM cllydae 4yacToTy (hOpMbI BOJTHBI MOKHO BBIYMCIIHTD M0 clenytouei hopmyre:

foc2xnormal = fsys / (2 * N * 256)

N - Koabdumment npegnenurens (1, 8, 64, 256 wim 1024).
Monynb cpaBHEHUS Pe3yJIbTaTOB MOKET HCIIOIB30BATHCS JIJISl TCHEpAIlUU
MIPEPBIBAHMUSI, HO TIPEPHIBAHUS HE PEKOMEHAYIOTCSI B HOPMAJTBLHOM PEKHUME, KOTOPHIT



l'IOTp€6J'ISICT CJIMIIKOM MHOI'O BpEMCHHU IIpoLeccopa.

14.2.2. Pexum CTC

Korpa ycranosnen napamerp WGM?2 [2: 0] = 2, cueTunk 2 TaitMepa NepeEXOIUT B
pexuMm CTC, a makcumanbHOe 3HaueHue cuetdynka TOP - OCR2A. B stom pexnme
CUYETUYMK YBEJIMYMBACTCS HA €IUHUILY JIJISl KQXKIOTO cueTa TaKTOB.

Korna 3nauenue cueturika TCNT2 paBuo TOP, cueTunk ouunmaercs.

OCR2A omnpezensier MaKCUMaJIbHOE 3HAYEHUE, KOTOPOE SBJISIETCS pa3pelICHUEM
CYETUYMKA. DTOT PEKUM MMO3BOJISIET MOJIH30BATEIIIO JIETKO KOHTPOJIUPOBATH YACTOTY
BBIXO/IHOTO CUTHAJIa CPABHEHUSI, a TAKKE YNPOIIAET ONEPAIMIO MO/ICUeTa BHEITHUX
COOBITHA.

Korga cyeTynk 1OCTUraeT MaKCUMAJIBHOTO 3HAYEHHUSI CUETUHKA, yCTAHABIMBACTCS
¢nar coorBercTBUss OCF2 nist cpaBHEHUS HA BBIXOJIE, U NPEpbIBaHKUE OyIeT
TeHEPUPOBATHCS, KOT/Ia YCTAHOBJIEH COOTBETCTBYIOIINI OUT pa3penieHus IpephIBaHUS.
Peructp OCR2x, KOTOPBIii ABJISIETCS MAaKCUMAJIBHBIM KOJTMYECTBOM, MOXKET OBITh
OOHOBJIEH B IIpoLieIype 00cIykuBaHus mpepbiBanuii. B aTom pexume OCR2x He
HCIIOB3YeT JBOMHYIO Oydepuzanuio.

ByabTe 0cTOPOXKHBI, KOT/Ia CUETYMK OOHOBIISIETCS 10 MUHUMAIBHOTO 3HAYCHUS
0€3 MpeBAPUTEIILHOTO JACIIUTEIIS WK 0YEHb HU3KOTO MPEIBAPUTEIIHLHOTO JACIUTEIS.
Ecnu 3nauenue, 3anucannoe B OCR2x, Mensbiie Tekymiero 3naueHus TCNT2, cueTunk
TepseT cpaBHeHue. [lepen TeM, kKak MPOU3OUIET CIAEAYIOIIee CPAaBHEHUE, CUCTUUK
noikeH paccuntbiBath 10 TOP, a 3atem paccuuteiBaetca ¢ BOTTOM na OCR2x. Kak u
B OOBIYHOM pEKHMeE, 3HAaUEHHE cueTurKa Bo3Bpaiiaetcs k cuety BOTTOM nnst
ycTaHoBkH (psiara TOV?2.

dopma curHasia BBIXOHOTO curHana cpaBHeHuss OC2X MOXKET OBITh MOTy4YeHa
TOJBKO TOT/Ia, KOTJla PETUCTP HampaBieHus: JaHHbIX BbiBoAa OC2X 3a/1aH KaK BBIXO/I.

Korga COM2x = 1, curnan OC2x nepekito4yaeTcs py COBMAaJACHUU CpaBHEHUS. B
ATOM clTydae 4acToTy (hOpMbI BOJTHBI MOKHO BBIYMCIIHMTH IO CIeayIonie hopmyrie:

foc2xctc =fsys/ (2* N * (1 + OCR2A))

N - Koaddunment npennenurens (1, 8, 64, 256 umm 1024).
Kaxk Bugno u3 ¢popmyisl, korna OCR2x ycranosnen B 0x00, u HeT npenieneHus,
MO>KHO MOJIYYUTh BBIXOAHOW CUTHAJ ¢ MaKCUMalbHOU yacToTol f sys / 2.

14.2.3. Pexxum Obictpoit PWM

Korna 3agano 3nauenne WGM2 [2: 0] = 3 unu 7, cueTuuk 2 TaiMepa nepexoauT B
ObICTpBIN pesxkuM PWM 1 MOXET UCTIONB30BaThCA JIJIsl T€HEpallid BhICOKOYACTOTHBIX
curHasioB LIIMM. MakcumansHoe 3Hauenne TOP nomxno 661 MAX (OxFF) unu
OCR2A cootBercTBeHHO. Pa3Huiia Mexay ObIcTpbIiM pesxkumoM PWM u npyrumu
pexumamu PWM 3akinrouaercss B TOM, 4TO 3TO OJJTHOCTOPOHHSA onepanusa. CueTdunk
no6asisiercst 10 TOP ot munumansHoro 3HaueHust 0x00 u Bo3Bpamaercs 8 BOTTOM
JUISI IOBTOPHOT'O MOJCYETA.

Korna 3nauenne cuerunka TCNT2 nocturaer OCR2x mimn BOTTOM, BEIXOZHOM
curHai cpaBHeHust OC2xX ycTaHaBIMBAETCS UM OYMIIAETCS B 3aBUCUMOCTH OT
HACTPOIKK pexxuma BbeiBoga cpaBHeHust COM2x. [loapobaee cM. Onmcanue perucrpa.



Pabouas yacToTa, cueTunka B pexxume ObicTpoit PWM, B 1Ba pasa Belliie, ueMm
JIByHaIIpaBJieHHas oniepaius B pexxume PWM c koppekuueit das.

BricOKOYacCTOTHBIE XapaKTEPUCTUKHU JIETAI0T OBICTPHINA peskum PWM nmoaxoasimm
JUISl PETYIMPOBaHUS MOIIHOCTH, BbIIpsiMiieHus U ipuMeHenus [{AIL. BricokoyacToTHbIE
CUTHAJIbl MOTYT YMEHBIIUTH Pa3Mep BHEUTHUX KOMIIOHEHTOB (MHAYKTUBHOCTh, EMKOCTh U
T. [1.), TemM caMbIM CHU>asi CTOUMOCTh CUCTEMBI.

Korna 3HaueHue cueTyrka JOCTUTHET MAKCUMAJIbHOTO 3HAYEHUS, OyAeT
YCTaHOBJICH (pyiar mepenoaHeHus cueTurka Taiimepa TOV2, a 3nauenue oydepa
CpaBHEHHMS OyJIeT OOHOBJICHO /10 3HAYCHUSI CPAaBHEHHUS.

Ecau npepsiBanue BriatoueHo, peructp OCR2x Oydepa cpaBHEHUST MOKET OBITh
O0OHOBJICH B IIpoLIeaype 00CITyKUBaHUS TTPEPHIBAHU.

dopma curHaia BRIXOAHOTO curHaja cpaBHeHHs OC2X MOXET OBbITh MOJIy4eHa
TOJIBKO TOT/1a, KOT/Ia pETUCTpP HaIpaBieHUs AaHHbIX BbiBoa OC2X 3a7aH KakK BBIXO.
YacToTy popMBI BOJTHBI MOKHO BBIUHMCIIUTH IO Cleayromiel popmye:

foc2xfpwm =fsys / (N * (1 + TOP))

N - Koaddumment npegaenurens (1, 8, 64, 256 wniu 1024).

Korna Berpeuaercs cpaBHenne mexnay TCNT2 u OCR2x, reHepaTtop CUrHaNIOB
ycTaHaBiuBaet (ouniaeT) curnan OC2x.

Korga TCNT2 ouuniaercs, renepaTtop GopMbl CUTHAJIA OUMINAET (YCTaHABIMBAECT)
curnan OC2x s renepanuu BoiHbl [IIMM. B pesynbrare sxctpemyma OCR2x
reHepupyet crnenranbayio Gopmy IIIMM. Korma OCR2x ycranosnen B 0x00, BEIXOAHOM
PWM wumeer y3kuii Berieck B KaxaoMm (1 + TOP) cuere takra. Korga OCR2x
YCTaHOBJICH HA MaKCUMaJIbHOE 3HAYCHHE, BHIXOIHAS (popMa CUTHAJIA TOCTOSTHHO BBICOKAs
WJIU HU3KAas.

14.2.4. Pexxum PWM c (pa3oBoil koppekuuu

Korna ycranosneno 3nauenne WGM2 [2: 0] = 1 nim 5, Talimep/cueTyuk 2
nepexoauT B pesxkum PWM c¢ (da3oBoii koppekiuei, a MakcumaiabHoe 3HaueHue TOP
paBHo MAX (0xFF) umu OCR2A cootBercTBeHHO. CYeTuuK paboTaer ¢
nByHarpaBieHHbIM cueToM 0T BOTTOM no TOP, a 3atem BHU3 10 BOTTOM u
MOBTOPSIET ATy ONEPALHUIO.

Korna cuetunk nocturaet TOP u BOTTOM, cuetunk nu3mMeHsIOT HallpaBlieHHUE
Mo cYeTa, a 3HAUCHNE CUETUMKA OCTAeTCs TOJBKO Ha ojJJHOM cueTe Takta TOP mnn
BOTTOM. Bo Bpewms mporecca npupanieHus Wiv yMEHbBIICHUS, KOT1a 3HAYCHHE
cuetynka TCNT2 conamaer ¢ OCR2x, BeixoaHOM curHai cpaBHeHust OC2x Oyaet
OYMILIEH WJIK YCTAHOBJICH B 3aBUCMMOCTH OT HACTpOUKHU pexnma BeiBoga COM2x. Ilo
CpPaBHEHUIO C OJTHOHAIIPABICHHOW pabOTON MaKCHUMaJIbHASI 4aCTOTa, TOCTYITHAS JIJIs
JIBYHAIPABJICHHON pabOThI, MEHBIIIE, HO €€ OTIIMYHAsI CHMMETpUS 00JIee MOAXOIUT JIJIst
ynpasienus apurareneM. B pexxume PWM ¢ dazosas koppekiueit paar TOV?2
ycTaHaBiIuBaeTcs, korjaa cuetyuk gocturaet BOTTOM, a 3nauenue 0ydepa cpaBHEHUS
OOHOBIISIETCS 710 3HAYCHHS CPaBHEHUS, KOTJla cyeTunk pocturaet TOP.

Ecnu npepriBanne BkmoueHo, peructp OCR2x 6ydepa cpaBHEHHS MOKET OBITh
OOHOBJIEH B TIPOIIEType 0OCITY)KUBAHUS TTPEPHIBAHUM.

dopmMma cur"aiia BbIXOJHOTO curHana cpaBHeHuss OC2X MOKET OBbITh MOTy4YeHa
TOJBKO TOT'/Ia, KOTJIa PETUCTP HanpaBJieHUs JaHHbIX BbIBOJAa OC2X 3aaH KaK BBIXO/I.



YacToTy GopMbl BOJTHBI MOKHO BBIUMCIIUTH IO clieayomien Gpopmye:
foc2xpcpwm = fsys / (N * TOP * 2)

N - Koadumment npennenmmrens (1, 8, 64, 256 umm 1024).

Bo Bpewms nojicueTa reHepaTop CUrHaioB ouuniaet (ycrtaHaBiuBaeT) curiain OC2x,
korga TCNT2 coorBerctByeT OCR2x. B0 Bpems mojcuera, reHepaTop CUTHAJIOB
yctaHaBnuBaet (ouniaet) curnan OC2x, kornma TCNT2 coorBercTtByeT OCR2x. U3-3a
sToro kpaiHssa BennunHa OCR2xX renepupyeT cnenuaibHyo BoHy PWM.

Korga OCR2x ycTaHOBJIEH HA MAKCUMAJIBHOE WJIM MUHUMAJIbHOE 3HAUCHUE,
BbIX0iHOM curHan OC2X ocTaeTcsi HU3KUM WM BBICOKUM. YTOOBI 00ecTieunTh
CUMMETPUYHOCTD BbIX0/IHOM [IITMM-BOHBI ¢ 00€UX CTOPOH MUHUMAJIBHOTO 3HAYCHMUS,
curHas OC2x OyaeT nepeBepHyT B ABYX CIydasx, KOTJla COBNAJCHUE CPaBHEHUI He
MIPOU30MET.

[lepBsIii ciry4ait - korna 3HadeHne OCR2X n3MeHsAeTcss ¢ MAaKCUMAIIBHOTO
3HaueHus OxFF Ha npyrue nanHble.

Korma OCR2x sBnsieTcs MAKCUMaJIbHBIM 3HAYCHUEM, a4 3HAUEHUE CUET TOCTUTAET
MAaKCHMAJIBHOTO 3Ha4eHMs, BbIBOJ OC2X COBIANAET C pe3yJIbTaTOM, KOTJ1a CPABHUBACTCS
MpeAbIAYIINNA CYETUHUK YObIBaHUs, TO €cTb OC2X ocTaeTcsi HOM3MEHHBIM. 3HaueHUE
HoBoro OCR2x obnosisiercs (a He 0XFF) B aTo Bpems, a 3Hauenue OC2x coxpaHseTcs
710 T€X MOp, MOKa He MPOU30MAET COBIIA/ICHUE CPAaBHEHUS U HE IPOU30UIET
onpokuasiBanue. B 310 Bpems curnan OC2x He CHMMETPUYEH OTHOCUTEILHO
MHUHUMAJIbHOTO 3HAYEHUs, IOATOMY €My HYXKHO nepeBepHyTh curaain OC2x, koraa
TCNT2 n1OoCTHUTHET CBOET0 MaKCHUMAJILHOT'O 3HAYEHHUS.

To ecTp nepBbIi ciayyaid, korjga curian OC2X nepexiIro4aeTcs BO BpeMst
CpPaBHEHMSI, HE BOBHUKAET.

Bo BTopom ciydae, korga TCNT2 HaumHaeT oTcdeT ¢ 60J1ee BHICOKOTO 3HaUSHUS,
yeM OCR2X, CpaBHATEJIBHOE COBIAJCHUE TEPSETCS, BbI3bIBAS ACUMMETPUYHYIO
cutyanuto. Taxxe HE00X0auMO nepeBepHyTh curHast OC2x A JOCTHKEHHUS
CUMMETPHUH C 00EUX CTOPOH MUHUMAJIBHOT'O 3HAYEHHS.

14.2.5. AcuHxpoHHBIN pexxum padotsr TC2

Korna B peructpe ASSR 6ut AS2 pasen «1», TC2 paboTaroT B aCHHXpPOHHOM
peXrMe, UICTOYHUK TaKTOBBIX UMITYJIbCOB TaiiMepa/cueTyuka OT BHEIITHEr0 reHepaTopa.
[Tpu padote TC2 B aCHHXPOHHOM PEXHUME CIIEYET YUUTHIBATh CIETYIOIINE
MOMEHTHI.
e [IpeoOpa3zoBaHue MEXKIy CUHXPOHHBIMU U ACUHXPOHHBIMU PEKUMaAMU
MoxkeT npuBecTd K TCNT2, OCR2A, OCR2B u noBpexaeHue TaHHbIX
TCCR2A TCCR2B.
[Ipotienypa 6€30MacCHOCTH BHITISAUT CICTYIOIINM 00pa3oMm:
1. Ouucture outel OCIE2A, TOIE2 u OCIE2B, 4T00BI OTKIIOYUTH
npepeiBanusa TC2;
2. YcranoBute 6uT AS2 1151 BBIOOpAa COOTBETCTBYIOIIETO HCTOYHHUKA
CUHXPOHU3AIINH;
3. 3anucath HOBBIE JaHHBIX B peructpbl TCNT2, OCR2A, TCCR2A,
OCR2B u TCCR2B;



4. Ilpu epeKkIroueHu B ACHHXPOHHBINA PEXHUM MOJIOKIUTE, TTOKA OUTHI
TCN2UB, OCR2AUB, TCR2AUB, OCR2BUB u TCR2BUB He 6yayT
OYUIIICHBI,

5. Ynanuts ¢Quaru npepoiBanus TC2;

6. BxiirounTs npepbiBaHus, KOTOPbIE HEOOXOIMMO HUCIOIB30BATh.

I'enepartop: Jlyuiie Bcero uCnosib30BaTh pe30HATOP YACOB C YACTOTOM
32,768 kI'11. YacToTa TAKTOBOM 4aCTOTHI CUCTEMBI JOKHA OBITH OOJIEC UeEM
B 4 pa3za BblllIe, YEM YACTOTA KPUCTAILIA.
Korga CPU 3anuceiBacT TCNT2, OCR2A, TCCR2A, OCR2B u TCCR2B,
anmapaTHoe oOecleyeHrne cHavasia oMeIaeT JaHHbIe B OJIOKHOT U
3aIEITKUBACTCS B COOTBETCTBYIOIINNA PETUCTP MOCIE HapacTaromiero (ppoHTa
nByx TOSCI-taktoB. HoBble onepannu 3anvucu JaHHBIX HE MOTYT
BBITIOTHATHCS 10 TE€X MOP, MOKa JaHHbIE HE OyayT 3a(pUKCUPOBAHBI C
OJIOKHOTa B peructpe HazHaueHusi. Kaxaplil peructp uMmeer CBOM
coOcTBeHHbIN Oydep, modTomy 3anuchk TCNT2 He MeliaeT HanuCaHUIo
OCR2. ACHHXpOHHBII PETUCTP COCTOSTHUS PETUCTPOB UCIIONIB3YETCS JJIS
MIPOBEPKH, ObUTH JIU JAHHBIC 3aIMCaHbl B PETUCTP Ha3HAUYCHMUS.
Ecimu TC2 ucnonp3yeTcst Kak yCIoBUE MPOOYKICHUS B PEKUME OKUTAHUS
MCU, yctpoiicTBO HE MOKeT BoMTH B pexkuM SLEEP 10 koHIIa Kaxk10ro
oOHoBJIeHUS perucTpa. B mpotuBHOM ciaydae MCU MoOKeT BOUTH B peXUM
SLEEP no Toro, kak Hactpoiika TC2 Bctynurt B cuity, a TC2 He cMOxkeT
pa3OyIUTh CUCTEMY.
Ecnu TC2 ucnons3yeTcst Kak yCI0BUE NPOOYKIAEHUS ISl pexuMa
oxxunanusg MCU, He00X0JMMO TPUHSTH MEPHI JIJIs1 MOBTOPHOTO BXO/1a B
crsiuil pexxuM. J[J1s moruku npepsiBaHus TpedyeTcst cOpoc TaKTOBOTO
nukiia TOSC1. Ecnu Bpemst ot ipoOyskIeHust 10 TOBTOPHOTO BXO/Ia B COH
MeHbIIe oiHOro TakToBoro 1ukia TOSCI, npepbiBanue Oosbiie He OyaeT
IIPOUCXOAUTh, U YCTPOUCTBO HE CMOXKET MPOCHYTHCA. PeKoMeHAyrOTCs
CJIEYIOIINE METOBI:

1. BBeauTe COOTBETCTBYIOIINE JAHHBIC B KOKABIM PETUCTD.

2. Ilonoxaute, moka He OyJeT COPOILIEH COOTBETCTBYIONIUHN (Pi1askok
«Oxunanue 3arpy3km» ASSR.

3. Boliaure B CISIIIIUN PEXKUM.
Ecnu BeIOpaH acCHHXpOHHBIN pexXuM paboThl, renepatop TC2 Oyner
MPOJI0JDKATh PabOTaTh, €CJIM OH HE TIEPEXOJIUT B PEKUM BBIKITIOUCHUS.
[Tonp30BaTeNb AOMAKEH 3HATH, YTO BPEMS YCTAHOBJIEHUS 3TOI0 OCHUIIISATOPA
MOXET COCTaBIATH /10 1 cexkyHabl. [loaTOMy nob30BaTENI0 PEKOMEHIYETCSA
XKIaTh He MeHee | cekyHAbl nmocie BkiItoueHus reueparopa TC2 nepen
WCIIOJIb30BAaHUEM aCUHXPOHHOTO peknma pabotsl TC2.
IMpocuyTnes: [IpoOyxaeHNE B CISIIEM PEKUME B ACHHXPOHHOM PEXKHUME
paboThI: MOCIIE BHIMOIHEHUS YCIOBUS MPEPHIBAHUS TIPOIIECC MPOOYKACHUS
HAaYMHAETCS CO CIIEAYIOLIEro TakTa Taiimepa. To ecTh cueTunk
HAaKaIlJIMBAET, [10 MEHBILIEN MEPE, €11I€ OJIUH TaKT, MPEkK]IE YEM MTPOLECCOP
CMOJKET CUMTHIBaTh 3HaueHue cuetunka. I[locne npoOyxaenus MCU
BBITIOJTHSIET MIPOIIENYPY 00CITy)KMBAHUS MTPEPHIBAHUM, a 3aTEM 3aITyCKaeT
nporpammy, cieayouryto 3a oneparopom SLEEP.



e Yrtenue: Urenue TCNT2 B TeueHHE KOPOTKOTO MEPHOIa BPEMEHU TTOCTIE
npOoOYXACHUS U3 CIIALIETO PeXUMa MOXKET BO3BpaIllaTh HEBEPHBIEC JaHHbIC.
[Tockonbky TCNT?2 ynpaBisieTcsi aCHHXPOHHBIM TAKTOBBIM CHTHAJIOM
TOSC1, cunteiBanne TCNT2 101KHO BBIIOJHATHCS Y€pPE3 BHYTPEHHUI
CUHXPOHU3ATOP MO cucteMe peructp. CHHXpOHU3ALMS IPOUCXOIUT Ha
nepensaem ¢pponte kaxaoro TOSCI.

Korpaa cucremMHbie TaKThl aKTUBUPYIOTCS TIOCIIE MPOOYKIACHUS U3
crsiiero pexxuma, 3Hadenne TCNT2 cuurtaercst nepen BXOAOM B CITSIIITUN
pexuM U He OyAeT OOHOBJISITHCS JI0 CIIEAYIOIIEr0 BOCXOAIIero (ppoHTa
TOSCL1.

®aza TOSCI1 noiaHOCTHIO HEMpeIcKazyema, KOTia OHa MpoOyKaaeTcs 13
CIISIIIIETO PEKKUMA U CBsI3aHa ¢ BpeMeHeM npoOykaenus. [loatomy
pEeKOMEHyeMas MOCIEeA0BATEIbHOCTD I cCUnThIBaHus 3HaueHust TCNT2:

1. 3anummre npou3sposibHOE 3HaUeHHE B OCR2A niin TCCR2A;

2. Ilopoxaute, moka He OyAET OYUIIEH COOTBETCTBYIOLIMH (har 3arpy3ku
OOHOBJICHHS;

3. IIpoutute TCNT2.

e ACHHXPOHHBIN: B aCHHXpOHHOM peKUMeE ISl CAHXpOHU3aluu (hiara
npepbiBaHMsl TpeOyeTcst 3 CUCTEMHBIX TaKTOBBIX IMKIIA IJI0C 1 Taiimepa.
CueT4yMK HaKarIMBaeT, 10 MEHBUIEH MEpE, ELIE OJUH TaKT, IPEXKIE YEM
MCU cMmokeT npoyuTaTh 3HaYEHUE CUETUNKA, KOTOPOE MPUBEIIO K
yCTaHOBKe (pyiara npepbiBaHusi. V3MeHeHHEe BBIXOJHOIO CUTHAJIa CPaBHEHUS
CUHXPOHU3HPYETCS C TAKTAMU TaliMepa BMECTO CUCTEMHBIX TaKTOB.

14.3. TC2 Ilpenaeanresb.

BxoaHo# TakTOBBINM cUTrHAI JU1s TpeABapuTenbHoro aenutens TC2 Ha3piBaeTcs
clkt2s. BuyTpenHuit cucTeMHbI TaKTOBbIN curHai clkio uiv BHENTHUN UCTOYHUK
cunxponuzanuu TOSCI1 BeiOupaetcs outom AS2 B peructpe ASSR. I1o ymouanuto
HCIIOJIb3YETCs MOJKIIIOUEHHUE K CUCTEMHOMY TakTy clkio.

Ecnu AS2 ycranosnen, TC2 6yner acunxponHo yrpasisitees TOSCI.

Korna Baemnunit Mountop 32,768 kI 'y mogkitoueH k kontakty TOSCI1 u Beixoay
TOSC2, TC2 moxet ucnionszoBatbes kak cuetuuk RTC. He pexoMeHayeTcs NpuMeHsTh
BHEIIHNI TaKTOBBIM CUTHAJI HEMOCpeAcTBEHHO K Bhixony TOSCI.

— clkio—»|
ckt2s —— » > 10-bit Clock Prescaler
Tosc1l »
o
AS2 clkt2s/8 clkt2s/64 clkt2s/256
ckt2s/32 | clkt2s/128 | clkt2s/1024
PSR2
|
0
i \ 4 h 4 h 4 Y h 4 A 4 Y
cs?2 N
clkt2

\
Puc.14.2. CtpykTypHas cxema npeasapurensHoro aeaurens TC2



Ha Puc.14.2. noka3an npeaBapurenbHbii genurens TC2. Kak nokazaHo Ha
PUCYHKE, BO3MOKHBIMH ITapaMeTpaMu IIPeIBApUTEIbHOTO MAaCIITaOUPOBAHUS SBIISFOTCS:
clkt2s / 8, clkt2s / 32, clkt2s / 64, clkt2s / 128, clkt2s / 256 u clkt2s / 1024.

Kpowme Toro, Bel MokeTe BeIOpaTh clkt2s u 0 (cTom-cuer). YcranoBka 6uta PSR2 B
peructpe SFIOR cOpacbkiBaeT npenBapUTEIbHBIN 1€TUTENb, T03BOJISS OJIH30BATENIO
HAaYMHATH C MPEICKA3yeMOTro MPEAICIUTEIIA.

14.4. Peructpbl Onucanus

Cnucox pecucmpog TC2
3HaueHnue no

Peructp = Anpec Onucanue
YMOJTYAHUIO
TCCR2A 0xB0 0x00 Kontponbnsrii peructp TC2 A
TCCR2B 0xB1 0x00 Konrponsnsiii peructp TC2 B
TCNT2 0xB2 0x00 Peructp 3nayennii cuerunka TC2
OCR2A 0xB3 0x00 Peructp cpaBHeHUs BBIXOIHBIX JaHHBIX | C2 A
OCR2B 0xB4 0x00 Peructp cpaBHEHMS BBIXOIHBIX JaHHBIX |1 C2 B
ASSR 0xB6 0x00 AcuHXpOHHBIN peructp coctosguus TC2
TIMSK?2 0x70 0x00 Peructp macku nipepsiBanus 1TC2
TIFR2 0x37 0x00 Peructp ¢umara npepeiBannii TC2

TCCR2A - Pecucmp ynpasnenus TC2 A
\ TCCR2A - Peructp ynpasienusi TC2 A

Anpec: 0xBO 3HaueHue no ymosyanuto: 0x00
bur 7 6 S 4 3 2 1 0
Hma | COM2A1|COM2A0|COM2B1 | COM2B0 - - WGM21 | WGM20
R/W R/W R/W R/W R/W - - R/W R/W
bur Nms Onpenenenne OuT
! COM2A1 [Tonpobuee cM. Onucanue TabIUIBI YIPABICHUS BBIXOJHBIM CPaBHEHHUEM.
6 COM2A0
> coMzB1 [HonpoOuee cm. Onucanue TaOIUIBI YIIPaBIECHUS BHIXOAHBIM CPAaBHEHHUEM.
4 COM2B0
3:2 - 3ape3epBUPOBAHO
L WEM21 [Toapobuee cMm. Onrcanue TabIUIBI PEKUMOB I'eHEPAI[H BOJIHBI.
0 WGM20

TCCR2B - Pecucmp ynpasnenus TC2 B
‘ TCCR2B - Peructp ynpasienus TC2B

Anpec: 0xB1l 3HaueHue no ymoaganuro: 0x00
bur 7 6 5 4 3 2 1 0
Nmsn FOC2A | FOC2B - - WGM22 CS22 CS21 CS20
R/W W W - - R/W R/W RIW RIW
bur| HWmsa Onpenesnenue OUT

but ynpaBneHus NPUHYIUTENFHON yCTAaHOBKH BbIXo/1a cpaBHeHHs. [lpu pabote B
7 | Focoa |pe>K1/IMe 6e3 PWM paBeHCTBO CpaBHEHUS MOXKET OBITh CTEHEPUPOBAHO MyTEM 3aITUCH
¢

«1» B 6ut FOC2A. IlpunynutensHoe cpaBHeHHE He ycTanaBiuBaeT guiar OCF2A u He
nepe3arpykaeT Wik He OYHIIaeT TaiiMep, HO BBIXOAHOU BhIBOJ OC2A Oyner




OOHOBIISITHCS B COOTBETCTBUU ¢ HacTporikoit COMZ2A, kak TOIBKO MPOU30MIeT
nctuHHOe cpapHeHue. Utenue FOC2A Bcerna Bo3Bpaliaet HOJb.

6 | FOC2B

but ynpasieHus TpUHYIUTEILHON YCTAaHOBKH BbIX0OJa cpaBHeHUs. [Ipu pabote B
[pexxume 6e3 PWM paBeHCTBO CpaBHEHHS MOKET OBITh CTEHEPUPOBAHO ITYTEM 3aIUCH
«1» B out FOC2B. IIpunyautensHoe cpaBHeHUe He ycTaHaBiuBaeT ¢iar OCF2B u ne
repe3arpyaeT Ui He OUHIIAeT TaiMep, HO BeIXo1HOU BeIBOg OC2B Oynmer
|oGHOBIATECS B COOTBETCTBUU ¢ HacTpoiikoit COMZ2B, kak TOJIBKO MPOU30HIET
uctuHHoe cpaBHeHne. Urenne FOC2B Bcerna Bo3BpaiiaeT HOJIb.

54 3ape3epBUPOBAHO
WGM22,WGM21 n WGM20 Bmecte oOpasytot pexxum WGMO ynpaBieHus
3 lwemo? rerepanueii Gopmsl BoHbI [2: 0] 11 ypaBiIeHHs peKUMOM MOACYETa CIETYUKOB U
pesxxumoM renepanuu Gopmel curaaia. [logpoduee cM. B onucannu Tabiuibl pexxuma
TeHEepaIUU BOJHBL.
[Ipennenenre TakTOB MCTOYHUKA CHHXPOHU3AIIUY JIJIsl cCUeTYHKa BpeMeHu (.
2 CS22 CS2[2:0] Onucanue
0 HeTt ncToyHrKa CHHXPOHU3AIMH, CTOI-CUET
1 clksys
2 clksys / 8 u3 npennenurens
1 cs2l 3 clksys / 32 u3 npeanenurens
4 clksys / 64 w3 npenenurens
5 clksys / 128 u3 npennenurens
0 CS20 6 Clksys / 256 u3 npennenurens
7 clksys / 1024 ot npeaaenurens

COM2n - Hopmanwvuwii pescum u pesicum CTC Vnpaenenue cpasuenuem

COM2x1 COM2x0 Onucanue
0 0 Hopmanbabix onepanumii nopra, OC2X OTKIIIOUEHBI.
0 1 Curnan [epexmtounts OC2X npu paBeHCTBE
1 0 Ouunctute curian OC2x npu CpaBHEHUU
1 1 Ycranosuts curian OC2x Ha CpaBHEHUH

COM2n - Bvicmpwiii Pesicum PWM Vnpaenenue cpasnenuem

COM2x1 | COM2x0 Onucanune
0 0 HopmansHbix onepanumii nopra, OC2x pa3beInHIETCS.
0 1 3ape3epBUPOBAHO
1 0 Ouncrute OC2x Ha CpaBHeHuH, Y ctaHoBUTH OC2X B OCHOBE
(HEeMHBEPTUPYIOIIUHN PEXKUM)
1 1 VYcranosuts OC2x Ha CpaBHenuu, Ounctuts OC2x 8 BOTTOM

(MHBEPTUPYIOUIHI PEXKHUM)

COM2n - Pesicum PWM ¢ koppexyueii ¢haz Ynpaenenue cpasnenuem

COM2x1  COM2x0 | Onucanue
0 0 Hopwmanbsabix onepanumii nopra, OC2x pa3bennHseTcs.
0 1 PesepBupoBano.
1 0 Ouncturs OC2x Ha CpaBHenun Komnapartopa xorga Cuer Beepx.

VYcranosnennbii OC2x Ha CpaBHenun Kommaparopa korga Cuer Buus.

VYcranosnennsii OC2x Ha CpaBHenun Kommaparopa korga Cuet Beepx.
Ouuctute OC2x Ha CpaBHennn Komnaparopa korna Cuer Baus.




WGM2

3HaueHHue

Pexum padoTsl

WGM2 - Vnpaesnenue pesxcumom eenepayuu cuenaa.
OOHOBHUTH MOMEHT

YcraHoBUTE MOMEHT

[2:0] TOP OCR2x TOV?2
0 OOBIUHBIA OxFF Hemennenuo MAX
1 PCPWM OxFF TOP BOTTOM
2 CTC OCR2A Hemennenno MAX
3 FPWM OxFF TOP MAX
4 3ape3epBUPOBAHO - - -
5 PCPWM OCR2A TOP BOTTOM
6 3ape3epBUPOBAHO - - -
7 FPWM OCR2A TOP TOP

TCNT2 - Pecucmp cuemuurxos TC2

‘ TCNT2 - Peructp cuerunkoB TC2

Anpec: 0xB2 3nadenue no ymonayanuro: 0x00
bur 7 6 5 4 3 2 1
TCNT27 | TCNT26 | TCNT25 | TCNT24 | TCNT23 | TCNT22 | TCNT21
R/W R/W R/W R/W R/W R/W R/W

Onpenesenne OuT

0
TCNT20
R/W

Nmsa
R/W

bur

Nma

Peructp 3nauennii cuetrunka TC2. JlocTym K cCUMTHIBaHUIO / 3amMcH 8-OMTHOTO
3HAUEHUS CUETUYHKA BBIMOJIHACTCS HemocpeacTBeHHo uepes peructp TCNT2. 3amuck
LIIT B peructp TCNT2, npenoTBpaTuT MOSBICHUE COBIAICHUS CPAaBHEHHUS B
[caenyromem TakTe TaliMepa, 1axe eciiu TaliMep OCTaHOBIIEH. IJTO MO3BOJISET
MHUIHAT3UPOoBaTh 3HaueHue peructpa TCNT2 B cooTBercTBum ¢ 3HaveHneM OCR2,
He BbI3bIBas NpepbiBanus. Eciu 3Hauenue, 3anucannoe B TCNT2, paBHo miu 06Xo1uT
3Hayenne OCR2, cpaBHeHUE TEpsIETCS, YTO MPUBOIUT K BOSHUKHOBEHHIO HETIPABUIIbHOM
¢dopmbl curHana. TaliMep mpekpalaeT OTCUeT, KOTJja HCTOYHUK CHHXPOHU3AIUH He
BbIOpaH, HO CPU Bce eme MoxeT noiay4uuts goctyn kK TCNT2. Cyerunk 3anucu
poreccopa UMeeT 6ojiee BICOKUI MPUOPUTET, YEM OIepalsi OUYMCTKH UITH
T00aBJICHUS UM BHIYUTAHHUS.

7:0 | TCNT2

OCR2A - Pecucmp cpasnenus evixooHwvix danuwvix TC2 A

‘ OCRZ2A - Peructp cpaBHeHMs BHIXOJAHBIX JaHHBIX TC2 A

Anpec: 0xB3 3Hauenue no ymonyanuio: 0x00
Bur 7 6 5 4 3 2 1 0
Nmn OCR2A7 | OCR2A6 | OCR2A5 | OCR2A4 | OCR2A3 | OCR2A2 | OCR2A1 | OCR2A0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

bur Omnpenesienne OUT

Nma

Peructp cpaBaeHus BeixoAHbIX TaHHBIX TC2. OCR2A conepxut 8-OUTHBIC JaHHEIE,
KOTOpBIC HEMPEPHIBHO CPABHUBAIOTCS cO 3HadeHHeM cueTunka TCNT2. PaBeHcTBO
|[cpaBHEHUS MOYKET MCIIONIB30BAThCS ISl TEHEPALIMU IPEPBIBAHNS CPAaBHEHUSI BBIBOAA
WTH JUTs TeHepanui GopMbl curHaia Ha BeiBogie OC2A. Tlpu UCIIONIb30BaHUH PEKAMA
PWM peructp OCR2A ucnonb3yet peructp ¢ JBoMHbIM Oydepom. OmHako aABoiHas
|[Oydepurzanus oTKIIOYEHA B HOPMAJIbHOM PEKHUME U COOTBETCTBYET PEKUMY OUHUCTKH.
JIBoiinas Oydepusarust cuHxpoHusupyet ooHosnenue perucrpa OCR2A ¢
MaKCHMaJIbHbIM WJIM MUHUMaJIbHBIM BPEMEHEM OTCUETA, MPEAO0TBpaIlias FreHepauio
acUMMeETpUYHBIX UMITYJIbCOB MM u ycrpansas Bo3mylnaromue umnyiscsl. [lpu
MCIIOTb30BaHuU (DyHKIMM aBoMHON Oydepusanuun CPU oOparraercst K perucTpy
oydepa OCR2A. Korna ¢pynkuust 1BoitHoi Oydepuzanuu otkitoueHa, CPU
obOparmraetcst kK camomy OCR2A.

7:0 | OCR2A




OCR2B - Pecucmp cpasnenus vixooHnvix dannwvix TC2 B

\ OCROA - Peructp cpaBHeHusi BBIXOAHBIX JaHHBIX TCO A

Anpec: 0xB4 3Hadenue mo ymomadanuto: 0x00
bur Il 6 5 4 3 2 1 0
Nms OCR2B7 | OCR2B6 | OCR2B5 | OCR2B4 | OCR2B3 | OCR0B2 | OCR2B1 | OCR2B0
R/W R/W R/W R/W R/W R/W R/W R/W RIW
bur| HWmsa Onpenenenue OUT

Peructp cpaBaeHus BeIxoAHbIX NaHHBIX TC2. OCR2B comepxut 8-OutHbIC TaHHBIE,
KOTOPBIC HEMPEPHIBHO CPABHUBAIOTCS co 3HaYeHHeM cuetunka TCNT2. PaBenctBo
[cpaBHEHUST MOXKET UCTIONB30BATHCS ISl TeHEPAIUU TPEPhIBAaHHUS CPABHEHUS BHIBOJIA
wiu 1 reHepatuu ¢popMel curHana Ha Beioge OC2B. [lpu ucnonb3zoBanuu pexxuma
PWM peructp OCR2B ucnone3yer peructp ¢ ABOWHBIM Oydpepom. OnHako qBOMHas
Oydepu3zaius OTKIIIOUEHA B HOPMAJIBHOM PEXHME U COOTBETCTBYET PEKUMY OYHCTKH.
JIBoiinas Oydepusarus cuaxpoHusupyet ooHosnenue perucrpa OCR2B ¢
MaKCHMaJIbHBIM WJIM MUHUMATbHBIM BPEMEHEM OTCUeTa, IPEA0TBpaIlias FeHepaIuio
aCUMMETpUYHBIX UMITYJIbCOB MM u ycrpanssa Bo3mymaromue uMinyiascel. [Ipu
MCIIONIb30BaHUU GyHKIMH J1BoitHOU Oydepuzanuu CPU obpaiaercs K peructpy
oydepa OCR2B. Korna ¢yrakius aBoiiHo# Oydepusanuu oTkinrouena, CPU
|06pamaeTc;1 k camomy OCR2B.

7:0 | OCR2B

ASSR- Pezucmp cocmosinus acunxpouno2o unmepdghetica

‘ ASSR - Peructp cocTosinusi acHHXpoHHOT0 HHTep(eiica

Anapec: 0xB6 3nauenue o ymomdanuio: 0x00
bur 7 6 5 4 3 2 1 0
Nms INTCK - AS2 | TCN2UB JOCR2AUBJOCR2BUB|TCR2AUBJTCR2BUB
R/W R/W - R/W RIW R/W R/W RIW R/W
bur| Wwmsa Omnpenesienne OUT

ACUHXPOHHBIN OUT yIpaBiIeHUs BBIOOPOM TaKTOB.
Korna 6ut INTCK ycranosinen B 1, BHyrpenauii RC32K BbiOupaeTcst kKak MCTOUHHUK

7 INTCK .
acuHXxpoHHbIX TakToB. Korma 6utr INTCK ycranosnen B (), KBapiieBbIit pe30HATOP
BBEIOMPAIOTCS B KAYECTBE HCTOYHHMKA ACHHXPOHHBIX TaKTOB.

6 - 3ape3epBUPOBAHO

buT ynpaBieHHus aCHHXPOHHBIM PE&KUMOM Taiimepa 2.

Korna 6utr AS2 ycraHosiieH B 1, Taiimep 2 paboTaeT B ACHHXPOHHOM PEXHUME, a €T0
MCTOYHUK cuHXpoHu3aiuu Beioupaercs 6ut INTCK. Korma 6utr AS2 ycranosineH B 0,
5 AS2  [raiimep 2 paboTaeT B CHHXPOHHOM PEXHUME, a €r0 HCTOUHUKOM CHHXPOHH3AIHH
srsieTcs Clkio. Korpma 3nauenue AS2 usmensercs, 3HaueHus peructpos TCNT2,
|[OCR2A, OCR2B, TCCR2A u TCCR2B moryT ObITh HENPaBUIBHBIMU U HYXIAIOTCS B
nepeKoHpHUTyparyH.

Peructp TCNT2 obHoBmsieT aar.

Korna taitmep 2 pabortaet B acHHXpoHHOM pexxume, outT TCN2UB 6yner ycraHOBIIEH
4 | TCN2UB jupu 3anicu B TCNT2. Korna 3nauerarie TCNT2 oOHOBIIsSIeTCs, ammmapaTHOE
o0ecneuenne ouniaer OuT TCN2UB. TCNT2 MoKeT ObITH 0OHOBIIEH TOILKO TOT'A,
korga outr TCN2UB pasen Hyito.
lOCR2A peructpupyet ¢uiar 0OHOBIICHHUS.

Korna taitmep 2 pabortaet B acHHXpoHHOM pexxume, out OCR2AUB Oyner

3 |OCR2AUBjJycranosnen npu 3anucu Ha OCR2A. Korga 3nauenne OCR2A oGHoBsIeTCH,
anmapatHoe obecrnieuenne ouninaer 6uT OCR2AUB. OCR2A moxeT 00HOBIISATHCS
ToTbKO Toraa, korga out OCR2AUB pasen Hymo.

|OCR2B peructpupyet ¢aar 0OHOBJICHHS.
2 |OCR2BUB| Korpaa taitmep 2 paboTtaet B acHHXpOHHOM pexxume, 6ut OCR2BUB 6yner
[yCTaHOBJICH IIpH 3aIMCH HA OCR2B. Kornaa 3nauenne OCR2B oOHOBisIETCS,




anmapatHoe obecniedenne ouniaer 6ut OCR2BUB. OCR2B mosxeT 00HOBIATHCS
TobKO Toraa, korga out OCR2BUB paBen Hyimio.

®dmar oonoBnenus peructpa TCCR2A.

Korna taitmep 2 pabortaet B acuHXpoHHOM pesxkxume, out TCR2AUB Oyner
1 JTCR2AUB|ycranosinen npu 3anucu B TCCR2A. Korna snauenne TCCR2A oGHOBsIETCH,
anmapatHoe obecniedenne ouniaet OuT TCR2AUB. TCCR2A moxeT 0OHOBIATHCS
TobKo Toraa, korga out TCR2AUB pagen 0.

@dmar oonoBnenus peructpa TCCR2B.
Korna taitmep 2 paboraet B acuHXpoHHOM pesxume, out TCR2BUB 6yzner
0 |TCR2BUBj|ycranosnen mpu 3anucu B TCCR2B. Korpga 3nauenne TCCR2B o6HOBsIETCH,
anmnapaTtHoe ooecnieuenne ouninaer out TCR2BUB. TCCR2B moxer ObITh OOHOBJICH
ITOJIBKO toraa, korga out TCR2BUB pasen Hy:10.

TIMSK2 - Pecucmp npepwvisanus TC2

| TIMSK2 - Peructp npepsiBanust TC2

Anpec: 0x70 3nauenue o ymomdanuio: 0x00
bur 7 6 5 4 3 2 1 0
Nms - - - - - OCIE2B | OCIE2A | TOIE2
R/W - - - - - R/W RIW R/W
bur Nms Omnpenesenne OUT
7:3 - 3ape3epBUPOBAHO

Korna 6ut OCIE2B, ycraHoBieH B «1» U ri106anbHOe NpepbIBaHUE YCTAHOBJIECHO -
npepbiBanre Komnaparopa B CpaBaenue paspemieHo. CooTBETCTBYIOLIEE

2 OCIE2B |mpepbiBanue Boinonnsercs, ecnu CpaBHenne Kommaparopa B Talimep/CueTuuk
MIPOUCXOIUT, TO €cTh, Korna out OCF2B ycranasnmuBaetcst B TIFR2. Korpa our
|OCIEZ2B pasen «0» Bbixon TC2 npepbiBanust coBnaaeHust B - oTkiIroueH.

Korna 6ut OCIE2A, ycranoBieH B «1» u riao0anbHOe IpepbhIBaHUE YCTaHOBIIEHO -
npepeiBanre Komnaparopa A CpaBHeHue paspenieHo. COOTBETCTBYIOIIEE

1 OCIE2A |npepriBanue BoimonHsetcs, ecnu CpaBHenne Kommaparopa B Taiimep/CueTunk
[IPOUCXOUT, TO ecTh, Koraa Out OCF2A ycranaBnuBaetcst B TIFR2. Korga 6ut
OCIEOA pagen «0» Beixox TCO mpepsiBaHus COBNaICHUS] A - OTKJIFOYEH.

burt paszpemenust npepsiBanus nepernonaenus TC2. Korapa 6ut TOIE2 ycranoBieHn

B «1», a rmo0anbHOE MpepbIBaHUE YCTAaHOBIIEHO, MpepbIBaHue nepenonHenus TC2

0 TOIE2 BKII04YeHO. [IpepriBanme renepupyetcs npu nepenonnernn TC2, T. e.

ycranaBnuaetcs 6utr TOV2 B TIFR. Korna 6ut TOIE2 paBen «0», npepbsiBanue
nepenonaHenns TC2 OTKIIIOYEHO.

TIFRO - Pecucmp ¢nacos npepwvisarus TCO

\ TIFRO - Peructp ¢uiaros npepoiBanust TCO

Anpec: 0x37 3Hauenue no ymonyanuio: 0x00
bur 7 6 5 4 3 2 1 0
Nmsn - - - - - OCFOB | OCFOA | TOVO
R/W - - - - - R/W R/W R/W
bur Nwms Onpenesnenne 6uT
7:3 3ape3epBUPOBAHO

Boixon TCO ¢nar cpaBaenus B. Korna TCNTO pasen OCROB, 610k cpaBHeHus
JTaeT CUTHAJ paBeHCTBA U ycTaHaBiauBaeT (iar cpaBHeHuss OCFOB. Ecnu ®nar
npepsiBanus cpaBHenue B OCIEOB ycranosneHo B «1», 1 ycranoBieH ¢iar

2 OCFOB I00aTBHOTO MPEPBhIBAaHUS, OYJIET TEHEPUPOBATHLCS MIPEPHIBAHNE CPABHEHUS C
pesynbrarom B. ®@mar OCFOB ouunmaercst aBTOMaTHYECKH TP BBITOJIHEHUU
npoLeaypbl 00CTYKUBAHUS MPEPHIBAHUS UM MOXKET OBITh OUUIICH ITyTEM 3aliCH
«1» B 6ut OCFOB.




Boixon TCO ¢nar cpaBaenus A. Korma TCNTO paen OCROA, 6510k cpaBHEHHS
JTaeT CUTHAJ paBeHCTBA U ycTaHaBiauBaeT diar cpapHeHuss OCFOA. Ecnu ®mar
npepsiBanus cpaHenue A OCIEOA yctaHoBieHO B «1», U ycTaHOBIIEH ¢uiar
1 OCFOA I00ABHOTO TIPEPhIBAHUs, OYIET TCHEPUPOBATHCS NMPEPHIBAHUE CPABHEHUS C
pesynberatom A. @mar OCFOA ounmaeTcst aBTOMaTHYECKH MPU BHIMOTHEHUN

POLEAYPHI 00CTYKUBAHUS TPEPHIBAHUS WM MOXKET OBITh OUHIICH ITYTEM 3aIliCH
«1» B outr OCFOA.

@nar nepenonnenus TCO. Korna cueTunk nepenoiHsercs, ycTaHaBIMBaeTcs Qiar
nepenosinennss TOVO0. Ecnm Out paspemenus npepoeiBanus nepenonHenus TOIEQ
yCTaHOBJIEH Ha «1» 1 ycTaHoBIIeH (uiar r100anbHOT0 MpepbIBaHus, OyIeT
TEeHEpUPOBATHCA IpephiBanue nepenoiaHeHus. TOVO0 aBromarnuecku ounmaercs,
KOI'/1a BBIMOJIHSAETCS 3Ta MPOLEAypa IPEPhIBaAHMS, NN €€ MOKHO OYUCTUTD,
3anucaB «1» B out TOVO.

0 TOVO

15. IocaenoBarenbHblii nepudepuiinbiii unTepdeiic SPI

[TomHOAYTIIIEKCHAS, TPEXTIPOBOIHASL CHHXPOHHAS IEPEada JaHHbIX
Oneparus BEIyIero Wik BEI0MOT0 yCTPOHCTBA

[lepenava ¢ HAUMEHBIINM WJIA HAUBBICIIUM ITPUOPUTETOM

7 IpOrpaMMHUPYEMBIX CKOPOCTEW MEpeIadyu JaHHBIX

®nar npepsiBanus Konen nepegauun

3anuch CUMBOJIa CTOJIKHOBEHUM MeXaHW3M 3aluThl
[IpoOyxaeHue u3 pexxuma 0xXugaHus

XocT paboTaeT C peKUMOM JIBOMHOM CKOPOCTH

[TopnepkuBaeT XOCT C ABYXIPOBOIHBIM PEKUMOM BBOJA.

15.1. O630p.

SPI B OCHOBHOM COCTOUT W3 TPEX YACTEU: MPEABAPUTEIbHBIN ACIUTENb TAKTOB,
JIETEKTOP 4acoB, AETEKTOP BbIOOpA MOJYMHEHHOTO YCTPOMCTBA, NepeaTuuK U
MIPUEMHUK.

Peructpsl ynpaBieHus: u COCTOSHUSI Pa3CISIOTCS dTUMU TPEMS YaCTIMHU.

[Ipenaenurens TakKTOB pabOTAET TOJIBKO B peKUME pabOThl XOCTa. BUTHI
VIPABJICHUS CKOPOCTBIO Mepeayr OUTOB BEIOMPAIOT KOAPHUIIMEHT YACTOTHOTO JCICHHUS
JUTSl TEHEpAIli COOTBETCTBYIONIMX TAKTOB U BbIBOJIa Ha BhIBO SPCK.

JleTeKkTop TaKTOB pabOTaET TOJIBKO B PEKUME BEIOMOTO, OOHAPYKUBAET BXOTHOU
CHUTHAJI TaliM-curHana u3 BeIBOJI0B SPCK 1 cABUraeT perucTphl CABUra nepeaayu u
IpueMa B COOTBETCTBUHU C PEKUMOM Tepenayn qanubix SPI. M3BeniaTens moAYMHEHHOTO
BBIOOpA JACTEKTUPYET CUTHAN BhIOOpa criyTHHKA SPSS 1 momydaer cocTosiHue nmepenaqn
JUTSI yripaBJieHus1 paboTo mepesaTunka U mpueMHnka. llepenaTdauk cocTout u3
CIABUTOBOI'O PETUCTpA U JIOTUKH yIpaBieHus nepenayei. [IpueMHUK cOCTOUT U3
CABUTOBOIO perucTpa, oydepa nmpuema u JIOTMKU yIPaBICHUS IPUEMOM.
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Puc.15.1. Ctpykrypnas cxema SPI

15.2. T'enepanus TakTos.

Jloruka reHepanyy 4acoB JIETUTCA HA MPEIBAPUTENbHBIN 1€IUTENb OCHOBHOTO
TaKTOBOT'O TeHEpaTopa M BEJOMBIN TAaKTOBBIN IETEKTOP, KOTOPBIE pabOTAIOT B PEKUME
BEIYLIEr0 U BEAOMOr0 PEKMMOB COOTBETCTBEHHO. [IpenBapUTeNnbHBIN NEIUTENb TAKTOB
UCIIOJIb3YET OUTHI YIIPABICHUSI CKOPOCTHIO TIEpeIauyn OUTOB U OUTHI YIIPABICHUS
CKOPOCTBIO Tepeiayuu Jijisi BbIoopa KodhdUiMeHTa qeaeHus 4aCTOThl U TeHEPAIUH
COOTBETCTBYIOIIMX TAKTOBBIX UMITYJIbCOB HaCTOTHI (JJOCTYITHO BCETO CEMb BHIOMPAEMBIX
K03 dunreHToB YacToTHOTO AcseHus. [loagpoouee cM. Onucanue perucrpa).

Brixon Ha konTakT SPCK CBs3b 00ecnieunBaeT TakThl, 00ecieurBas Mpu STOM
CUHXPOHM3AIIMIO CJIBUTA JIJI1 BHYTPEHHUX PETMCTPOB CABUTA MIEpPEeaauu U Mpuema.
JleTekTop 4acoB BBHITIOIHSAET OOHApYKeHHe KpoMok Ha BxogHoM Takte SPCK u caBuraer
nepeaTYuK U MPUEMHUK B COOTBETCTBHUH C PEKUMOM miepenaun JaHHbIX SPI. UToOsI
o0ecrneYnTh MPaBUIIbHYIO BEIOOPKY TAKTOBOT'O CUTHAJIA, KaK BHICOKHE, TAK U HU3KUE
ypoBaH 4yacoB SPCK n10mxHBI ObITH 00JIBIIIE, YeM 2 TAKTOBBIX ITMKJIA CHCTEMBI.

15.3. llepenaya u npuem.

Mopayns SPI noanepxuBaeT 0THOBPEMEHHYIO NIEPEAAYY U IIPUEM B
OJHOIIPOBOJHOM PEXUME U TOJIBKO ABYXIPOBOIHBIN IIPUEM TOJIBKO B IBYXITPOBOAHOM
pexXnME..



15.3.1. OnHonuHelHas epeaada u mpuem

Xoct SPI ycranaBnuBaeT «0» curnan Ha BeiBoAe SPSS, koTopslil nomkeH
yYKa3bIBaTh HA4YaJI0 MPOIECca MepeaadH.

Benymuii v moJYMHEHHBIN TOATOTABINBAIOT TaHHBIE, KOTOPHIE HEOOXOUMO
MepeaTh.

Benymuii reHepupyeT TaKTOBBIA UMITYJIbC CHHXPOHU3UPYIOIIETO CUTHAJIA HA
BbIBOJIe SPCK 1151 0OOMeHa TaHHBIMM.

OcHoBHble ganHbie caurarorcs u3 MOSI u nepenarorcs B8 MISO. Begomeie
nannble ynansiores u3 MISO u nepemeniatorcst B MOSI.

[Tocne nepegaun JaHHBIX XOCT YCTAHABIMBAET CUTHAN Ha BeIBoAE SPSS s
3aBEpUICHUS CBS3H.

[Ipu HacTpoiike B kauecTBe XocTa MOysb SPI He ynpasiser BeiBogoM SPSS u
JI0JIKEH 00pabaThIBaThCs MPOTPAMMHBIM 00€CIIEYEHUEM TT0JIb30BATES.

[Iporpammuoe obOecnieuenune BoitackuBaeT PIN-kog SPSS, BeiOupaeT Be1oMbli 1ist
CBSI3U U UHUITMUPYET nepenady. [IporpamMMmHoe oOecrieueHne 3anuchiBacT JaHHbBIE,
KOTOpBbIE OJLKHBI OBITH NepeAansl B peructp SPDR, u 3amyckaercs reHepaTop TaKTOBBIX
MMITYJIbCOB. AnnapaTHOE 00eCIeUeHNE TeHEPUPYET TAKTOBBIN CUTHAN CBSI3U U CABUTACT
8-paspsimHbIC TaHHBIC HA BEJOMBIN U TIEPEMEIIAET JaHHBIC U3 BEJJOMOTO YCTPOUCTBA.

[Tocne casura ogHOro OaiiTa JTaHHBIX, FEHEPATOP TAKTOBBIX UMITYJIHLCOB
OCTAHABJIMBAETCS U yCTaHaBIMBaeTcs ¢uiar 3aBepiienus nepenaun SPIF. Ilporpammuoe
obecrieueHrne MOXKET Mepenucarh JaHHbie B peructp SPDR, 4ToObI pogoIKUTh
nepeaady cleayromero oaiTa, WM MOKET IMOJHATh CUTHAT Ha BeIBoAe SPSS mis
3aBepIleHus TeKkyien nepenaun. llocneqHue BXoasiue JaHHbIC OyIyT COXPAHEHBI B
Oydepe npuema.

[Ipu HacTpoiike B KauecTBE BEJOMOI0 yCTporcTBa MOayib SPI Oyner ocraBaThes
CIISIITUM JI0 TeX Mop, moka curnain SPSS Oyzaet Beicokum, coxpansis 3amyck MISO.
Teneps nporpaMMHOe o0ecrieueHrne MOKET OOHOBIIATH coaepxkumoe peructpa SPDR.

Haxe ecnu Ha BeiBoAe SPCK ecTh MMITYJIBC BXOAHOTO TAKTOBOI'O CUTHAJIA, TAHHBIE
SPDR He OyayT CIBUHYTHI IO T€X MOP, MOKa CUTHAJ Ha BbIBoJie SPSS He OyneT BhiBeicH
Ha HA3KUU YPOBEHb.

Korna nepegava ogHoro 0aiita TaHHBIX 3aBepIlieHa, 000PY/I0BaHUE YCTaHABIMBACT
¢dnar 3apepuienus nepegaun SPIF. Ha stom stane nporpamMmmMHoe obecriedeHrne MOKeT
MPOIOJIKATh 3alUChIBATh JJaHHbIe B perucTp SPDR nepen ureHuem CABUHYTHIX JTaHHBIX.
[Tocnennue BxoasiIue JaHHBIE COXPAHSIOTCS B Oydepe mpuema.

Monyns SPI umeet Tonpko oaun Oydep B HanpaBJIeHUH repeaadn u 18a o0ydepa B
HamnpayieHuu npuema. Ilpu nepenaye nanusix peructp SPDR He noimkeH 3anucbiBaThCs
J10 3aBEPLICHHUS ITpoLecca CABUIA.

[Tpu monmyueHnn JaHHBIX MOJYYCHHBIM CUMBOJ JIOJDKCH OBITh POYUTAH ITyTEM
nocryna k peructpy SPDR 1o 3aBepinienust ciemyroiero nporecca cMenieHus 0ainra,
MHaye NpebIaynnii 0aT Oyner noTepsH.

15.3.2. [lpuHuMAarOm#Mii IBYXIPOBOIHBINA MPHUEM

JIByXnpoBOAHBIN pexUM MOYJA SPI nelicTBUTENIEH TOJIBKO B peXuMe pabOThI €
XOCTOM.
Pa3Huna B 0THOIIPOBOJHOM pEXUME 3aKIH0YACTCS B TOM, 4yTO Kak MOSI, Tak n



MISO ucnonb3yroTcs At XOCTa JUIsl IPUEMa JAaHHBIX, U KAl TAKTOBBIA UMITYJIbC
SPCK ognoBpemeHHO npuHuMaet 2 outa gaHHbIx (CHayana BBIBOJSATCS JaHHBIE 110
nuaun MISO, nannsie no muan MOSI nocTynarT no3xe)

[Tocne momyyeHus 1Byx OaTOB JaHHBIX ammmapaTHOE 00ECIEUYeHNE YCTAaHABINBAET
¢nar 3aBeprienus nepenaun SPIF, a qannbie coxpansitores B Oydepe npuema u
caBuroBom peructpe. IlporpamMmmuoe obecrieueHre TOMKHO ABAXK/IbI CYUUTHIBATH PETUCTP
SPDR, 4T00OBI OJy4UTh MOTYyYEHHBIE /1Ba OaliTa JaHHBIX.

Crnenyer OTMETHUTB, UTO, XOTS XOCT HE MEPEIAET JaHHbIE B BEIOMBII B
JIBYXIPOBOJHOM PEXHUME, MPOTPAMMHOMY O0ECIICYEHUIO MO-TIPEKHEMY HEOOXOIUMO
3anucath AaHHbie B peructp SPDR, uTo0b! 3a1myCcTUTh T€HEPATOP TAKTOBBIX UMITYJIHCOB
JUISl TEHEPAIMU TAKTOBOT'O CUTHAJIA CBSI3U.

3anucek B peructp SPDR mosxet npuHuMaTh ABa OailTa 1aHHbIX.

15.4. CTpykrypa JaHHBIX

B ognonpoBoanom pexxume SPI umeet 4 komOunanuu aszel u nonsipuoctu SPCK B
OTHOILIEHUH TOCJIEI0BATENbHBIX JaHHBIX U yrpasisgeTcss CPHA u CPOL, kak noka3zaHo B
cleayroIiei Tadbuie.

Buvibop pescuma nepedauu oannvix

CPOL | CPHA Ucxonnwblii kpai Konen xpas Pexum SPI
0 0 Bri6opka (mepeauuii GpoHT) Hacrpoiika (3aquauii GpoHT) 0
0 1 Hactpolika (HapacTtatomuii GpoHT) Bri6opka (3aaHuit GpoHT) 1
1 0 Bri6opka (3agHuii GpoHT) Hactpoiika (HapacTtatomuii ¢ppoHT) 2
1 1 Hacrpoiika (3aaHuil GpoHT) Bri0opka (nepenHuii ppoHT) 3

Korma CPHA = 0, BEIOOpKH JaHHBIX U YCTAHOBKA KPaeB TAKTOBOT'O CUTHAJNIA CIEAYIOIINE:
SPCK (CPOL = 0) LT LT LT
SPCK (CPOL = 1) L]

MISO/MOS! Sample ||| ||

MOSI Setup \ |

MISO Setup —{
SPSS | |
MSB FirstDORD =0) MSB Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 LSB
LSB First(DORD=1) LSB Bit1 Bit2 Bit3 Bit4 Bit5 Bit6 MSB

Pucl5.2. Iuarpamma nepenaun aanubix SPI, korna CPHA saBnsiercs «0»

Korna CPHA = 1, BeIOOpKa JJaHHBIX M YCTAaHOBKA KPaeB TAKTOBOT'O CUTHAJIA CEAYIOIIHE:



SPCK (CPOL = 0) f 1 1] T T 0] T f

SPCK (CPOL = 1) ] | | | |

MISO/MOSI Sample [ T e

MOSI Setup |

MISO Setup — XX

SPSS

MSB First (DORD = 0) MSB Bite Bits Bit4 Bitd Btz Bit1 LSB
LSB First (DORD = 1) LSB  Bit1 Bit2 Bit3 Bit4 Bit5 Bit6 MSB

Pucl5.3. Inarpamma nepenaum ganusix SPI, korna CPHA saBnsiercs «1»

B nByxmnpoBogHom pexxume MISO u MISO ncnonb3yroTcs B KaueCTBE BX01a
xocTa. BpeMs BBIOOpKM TaHHBIX BCE €IIe OMPEIeIseTCs PEKUMOM Mepeadun JaHHBIX.
PexuM BBIOOpKH MMOKa3aH HA PUCYHKE HIDKE:

MISO/MOSI Sample | | | | | | | |

MSB First (DORD = 0)

MISO \MSB  Bit5 ! Bit3 /Bit1 YMSB ¥ Bit5 ¥ Bit3 ( Bit1

MOSI Bit6 ( Bit4 _' Bit2 X LSB { Bit6 Bit4 '_ Bit2 X LSB

LSB First (DORD = 1)

MISO " LSB /Bit2 / Bit4 /Bit6 ( LSB / Bit2 / Bit4 ( Bit6 )

MOSI (Bit1 ( Bit3 } Bit5 (MSB ) Bit1 ¥ Bit3 / Bit5 (MSB

Puc15.3. Jluarpamma nepenauu ganabix SPI, korma DUAL sBnisiercst «1» B pexume
BEYILIETO

15.5. ®yukuus SPSS BbiBo10B.

[Ipu HacTpoiike B KaueCTBE BEJIOMOI'O YCTPOICTBA Beernia BXo 1 BeIBOJ SPSS
CUTHaJa BbIOOpa nmogurHeHHoro ycrpoiictBa. Korma kontakt SPSS yaepxxuBaercs Ha
HU3KOM ypoBHE, akTuBUpyeTcs: uutepdeiic SPI, BeiBog MISO cTaHOBUTCS BBIXOIHBIM
BBIBOJIOM (ITPOTPaMMHOE 00ECIIEUEHUE BBIMOJHAET COOTBETCTBYIOILYIO KOH(UTYPAITHIO
1opTa), a OCTaJIbHbIE KOHTAKTHI ABIAOTCA BXojgaMu. Korga kontakt SPSS
yIIepKUBAETCA BBICOKO, MOTyJIb SPI cOpackiBaeTcst U OOJIbIIIEe HE MOTYYaeT JaHHbIE.
Brioa SPSS ouensb nosie3eH 1151 CHHXPOHU3AIMU ITAaKEeTOB / 0aTOB, KOTOPBIi
CUHXPOHU3HUPYET OUT CUETUHNKA BEJOMOTO YCTPONUCTBA C TEHEPATOPOM TAKTOB.

Korna SPSS B «1», Benomoe yctpoiictBo SPI HemenneHHO cOpachiBaeT JOTUKY
npueMa 1 mepeiadi ¥ 0TOPAChIBaeT HETIOHBIC JaHHBIC B CIIBUTOBOM PETUCTPE.

[Tpu HacTpoOlike B KA4ECTBE XOCTA MPOTPAMMHOE 00€CTICUCHUE TTOJTh30BATENS



MOXET OIpPEIEIISITh HanpaBjaeHue BbiBos1a SPSS.

Ecnu SPSS HacTpoeH kak BBIXOJIHON CUTHAJI, €0 MOXKHO MCIOJIb30BATh IS
yrpasiieHHs BIBOJIOM SPSS BeomMoro yctpoicrsa.

Ecmu SPSS HacTpoeH Kak BXOJ, OH JO/DKEH ObITh BEICOKHM I 00€CTICUCHHUS
HOPMAaJIbHOM pabOThI XOCTA.

Korma ckordurypupoBas kak Bemymuii, a BeiBoJ SPSS sBnsieTcs BX0oa0M, Kora
BHEIIIHSS CXeMa BBITSTUBAET BbIBOJ SPSS, monyns SPI npenmnonaraer, 4To Apyroit Xoct
BBIOpAJT ce0s1 Kak MOJUMHEHHBINA U HAdaJl TIepeaBaTh JaHHbBIC.

1. Yaanure 6ut MSTR B peructpe SPCR u npeobpasyiite ero B moJ4MHEHHBIH,
41006l MOSI u SPCK cranu BxogamMu.

2. YcranoBure 6ut SPIF B peructp SPSR u crenepupyiite npepsianue SPI, eciu
pephIBaHNE BKIIOYEHO.

[ToaTOMY IIpH UCTIOIB30BAHUM METOIa MPEPhIBAHUS ISl 00pabOTKHU Mepeaadu
naHHbIX Beaymero SPI u cymiecTByeT BeposTHOCT Toro, uto SPSS Oyner BbiBeIeHO Ha
HU3KOM YPOBHE, IIPOTpaMmMa 0OCTyKUBAHUS PEPBIBAaHUH JTOKHA IPOBEPUTH, SIBISICTCS
u 6ut MSTR B «1». Eciu oHO ouuliieHo, mporpaMMHOE 00€CIIeYeHHE TOJKHO
YCTAHOBUTB €T0 JJIs1 HOBTOPHOT'O BKJIFOYEHUS OCHOBHOTO pexxknma SPI.

15.6. NWunuuaausauusa SPI

Nuunmmanuzanus SPI nomkHa nmpoBeaeHa nepes oO1eHreM.

[Ipornecc nHUIMANTU3AMKU OOBIYHO BKJIIOYAET B c€0s1 BBIOOp orepanuu
MOAYMHEHHOT'O YCTPOMCTBA, HACTPOUKY peKUMA Mepe/iaun JaHHbBIX, BEIOOP CKOPOCTH
nepeayu OMTOB U yIpaBJICHUE HAMIPABICHUEM KaXKJIOT0 BBIBOIA.

VYrpapiieHue HaMpaBI€HUEM BbIBOJA B PEKUME BEAYIIETO U BEJOMOTO OTJIMYACTCS,
KaK MTOKa3aHo B CIEAYIOINICH TaOIuIle:

YpasieHHne HAIPaBICHUEM BbIBOJIOB

Benymmit pexxum Benomslii pexxum
MOSI Omnpepensiercs: noabp3oBaTenbekum [10 3anuch
MISO 3anuch Omnpenensercs noyib3osarenabckuM 10
SPCK Omnpepensercs noap3oBarenbckuM [10 3anuch
SPSS Omnpepensercs noab3oBarenbckuM [10 3amnuch

15.6.1. Muaummanmu3anus Beaymiero SPI

[Iponiecc nanmmanuzanuu xocta SPI BRITIAIUT creayromum o0pa3om:

1. YcranoBure 6ut MSTR, 6uT yripaBneHust BBIOOpoM OUT OUT, pexKUM Nepeiavn
TaHHBIX, TOPSAIOK TMepeaaun JaHHbIX, pa3pellieHIe MPEPhIBAHUS WIIN HET,

W akTMBUpPOBATH ABOMHYIO JIUHUIO;

2. Ycranosure Beixoabl MOSI u SPCK B xauecTBe BBIXOIOB;

3. YcranoBute out SPE.

B ocHoBHOM pexkume mThipb SPSS MOXET ObITh YCTAHOBJIEH HA BBIXOJ, €CIH
HEXKeNaTeNbHO, YTOOBI MOAYIb SPI ncnonb30Bancs Kak MOAYMHEHHBIA APYTOM XOCT.

15.6.2. Mnunmanuzanus BegomMoro yctporictsa SPI

[Ipouecc MHUIMATU3ALUN PEeKUMA BEAOMOTO pexkrma SPI BBITTISAIUT Cleayonmm



obpazom:

1. Ouuctute 6uT MSTR, ycTaHOBUTE peKUM Tepeauu JaHHBIX, OPSAIOK Mepeadn
JAHHBIX ¥ BKIIFOUCHO JIM TPEPHIBAHUE WIIN HET.

2. Ycranosure BeiBog MISO B kauecTBe BBIXO0/1a;

3. Ycranosute 6ut SPE.

15.7. Peructpsl Onucanue

Crucok peructpoB SPI

\ Perucrtp Anapec 3HavyeHuUe M0 YMOJIYAHUIO \ Onucanue
SPCR 0x4C 0x00 Peructp ynipaBieHus SPI
SPSR 0x4D 0x00 Peructp cocrosinus SPI
SPDR Ox4E 0x00 Peructp nannbix SPI

SPCR - Pecucmp ynpaenenus SPI

Anpec: 0x4C

SPCR - peructp ynpasiaenusi SPI
3HaueHue no ymosyanuto: 0x00

but

7

6

4

3

2

1

0

Nma

SPIE

SPE

DORD

MSTR

CPOL

CPHA

SPR1

SPRO

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

bur

Nms

Onpenesenne OUT

SPIE

bur paspewmenus npepsiBanus SPI. IIpepsiBanue SPI renepupyercs, korna our
SPIF B peructpe SPSR ycranoineH B «1» 1 rio0anbHOe MpephIBaHUE BKIIOYEHO.
Korna 6ut SPIE ycranosnen Ha «0», npepsiBanue SPI oTkitoueHo.

SPE

bur pazpemenust SPI. Korna 6ut SPE ycranosies B «1», moayns SPI BkiroueH.
SPE nomxen ObITh yCTaHOBIIECH 110 JII000H onepanuu SPI.
Korna 6ut SPE ycranoBieH Ha «0», monynbs SPI oTkitouaercs.

DORD

but kKoHTpoIIs nopsiKa epelauy JaHHBIX.
Ecau 6ur DORD B «1», B nepenaun nanubix LSB niepemgaercst mepBoid.
ITpu ycranoBke 6ut DORD B «0», B nepenauun nanHsix MSB nepenaercst nepBoii.

MSTR

Bri6op Benymero win Begomoro. Korma 6ut MSTR B «1», BeIOMpaeTcs pesxxum
Benymero. Korga 6ut MSTR B «0», BeiOupaercs pexxum BeromMoro. B rimaBHOM
pexxume, koraa BeiBoJl SPSS ckoH(UrypupoBaH Kak BXOJ U BeIBeJeH B «0», OUT
MSTR 6ynet ouniien u Oyner ycranonineH SPIF B peructpe SPSR. Ilons3zoBaTens
nospkeH copocutb MSTR B MacTep-pexumM.

CPOL

CPHA

SPR1

SPRO

but xontpons nonsipuoctu yacoB. Korma 6ut CPOL ycranosnen B «1», SPCK
Haxoautcs B coctosiunu oxkunanus. Korga out CPOL ycranosnen B «0», SPCK B
pEXKUME 0’KUIAHUS] HU3KUH.

CPOL Hcxonublii kpai
0 Bocxonmsmmii GpoHT

Konen kpas
[Tagenue ppont

1 [Tagenue pponT Bocxoasmmii ppont

Korna 6ur CPHA ycTtanosineH B «1», HauanpHas TpaHUIAa YCTaHABIIMBAET JaHHbBIE
u 3aBepuiaet gaHHble BbIOOpKU. Korna 6ut CPHA ycraHoBieH B «0», 1aHHBIE
BBIOOPKHU HayaJIbHOrO (DPOHTA U TaHHBIE HACTPOMKHU KOHEYHOTO Kpasl.

CPHA Mcxonnblii kpai
0 Bri6opka
1 Y cTaHOBUTD

Konen kpasi
VY CcTaHOBUTELB

Bribopka

SPR1 u SPRO ucnonp3yrores st BBIOOpa TakToBOM yacToTsl st SPL. [lns
KOHKPETHOT'O METOJia yrpasiieHus cM. Taommiy otHomeHuid SPCK u cuctemsl.




SPSR - Pecucmp Cocmosnus SPI

‘ SPSR - Peructp Cocrosinusi SPI

Anpec: 0x4D

3HaueHue no ymonyanuio: 0x00

bur

7

6 S 4 3 2 1 0

HUmsa

SPIE

WCOL - - - DUAL - SPI2X

R/W

R/W

R/W - - - R/W - R/W

Bbur

Nms

Onpenesenne OUT

SPIF

®nar npepoiBanusa SPI. @nar SPIF ycTtaHaBiuBaeTcst mocie 3aBepiieHus
nocjenoBarenbHOl nepenaun. B pexxume Begomoro, koraa BeiBog SPSS
ckoH(purypupoBan kak Bxoa u B «0», SPIF B «1». Ecnu 6ut SPIE B «1» u 6ut
paspernienus raobansHoro npepsiBanus B peructpe SPCR B «1», renepupyercs
npepeiBanre SPI. but SPIF aBToMarnyecku ouuniaercs nociie BBoJa mporeayphl
oOciyxuBaHus npepbiBanus Wi 0uT SPIF ounimaercs, cHayaia CYuThIBas
peructp SPSR, a 3aTem obpamiaercs k peructpy SPDR.

WCOL

3amuce peructpa SPDR Bo Bpems nepenauun naHHbIX ycranaBiubaeT out WCOL.
butr WCOL moxHO 0unucTuTh, npountan peructp SPSR, npexae uem oOpammaTtscs
K peructpy SPDR.

5:3

3ape3epBUPOBAHO

DUAL

JIByX1IpoBOIHBIH OHT yrpaBieHus pexxumoM. Korma 6ut DUAL ycTaHoBieH B
«1», pexxum aByxmpoBoanoi nepenaun SPI Bkmtouen. Ecnu 6ut DUAL
ycTaHoByieH Ha «0», pekuM IBYXIIpoBoHOM niepenayu SPI otkimtouaercs. Pexum
JBYXIIPOBOJAHOMU Nepeaadn ICUCTBUTENICH TOJIBKO B PEKUME BEIYIIEr0 yCTPONUCTBA
SPI. B kauecTBe BXOJHBIX JAaHHBIX X0cTa ucnonb3ytorces MISO u MOSI. Pexum
nepeaady JaHHBIX ONUCBHIBAETCS B IIaBaX JBYXIPOBOJHOIO MpHUEMa U peKUMaX
nepeiayu JTaHHBIX.

3ape3epBUPOBAHO

SPI2X

but ynpasnenus ckopoctsio SPI. Korna 6ut SPI2X pasen «1», ckopocTb
nepenaun SPI yasauaercs. Korma 6utr SPI2X yctanosnen Ha «0», CKOPOCTh
nepenaun SPI He ynBauBaercs. [[jsi KOHKpETHOTO METO/IA YIIPABIEHUS CM.
Ta6muiy ornomenuit SPCK u cucremsr.

B cnenyromeit Tabnuile mokazaHa B3auMocBsizb Mexay SPCK u cucteMHbIMH Yacamu.

Cas3p Mexay SPCK n cuctemMHbIMU yacaMu
| SP12X

0

Yacrora SPCK
fsys/4

SPR1 | SPRO

fsys/16

fsys/64

fsys/128

fsys/2

fsys/8

fsys/32

= R =] (=] [=)

ol ol (=) o] | ) [l ol )
Ll (=) |l (el o) ) | o fe)

fsys/64

SPDR - Pecucmp oannwix SPI

‘ Bbydepusiit peructp SPI

Anpec: OX4E 3Havenue mo ymomadanuio: 0x00
bur Il 6 5 4 3 2 1 0
Nms SPDR7 | SPDR6 | SPDR5 | SPDR4 | SPDR3 | SPDR2 | SPDR1 | SPDRO
R/W R/W R/W R/W R/W R/W R/W R/W R/W




bur

Nms Omnpenesenne OUT

7:0

SPI ornipaBiisier ¥ npUHUMAET JAaHHbIE. 3anuch AaHHBIX B SPDR 3anuceiBaercs B
SPDR pPErucTp CABUTA JAHHBIX NEpenayu, a ureHne qanHbix u3 SPDR cuntsiBaet Oydep

JAaHHBIX IIpUCMa.

16. USARTO - Pexxum padorsi SPI

16.1.

[TonmHoAyTIIEKCHBIN pexuM, 3-TIPOBOIHAS CHHXPOHHAA Mepeiada JaHHBIX
Omneparnys BeayIero Wik BeJOMOT0 yCTPOWCTBA

[TognepxuBaer Bce yeThipe peskuma padoTsl (pexumsl 0, 1, 2 u 3)

[MepBbrit - Muaammii 6ut (LSB) wnmu Crapiwmii 6ut (MSB) nipu [epenaun nanHbIx
(HacTpanBaeMbIid TOPSIIOK TAHHBIX )

Omnepanus ouepenu (qBoitHOM Oydep)

['enepatop ckOpOCTH Mepeadyu TaHHBIX ¢ BBICOKUM pa3perieHueM

0O030p

Korma 6utr UMSEL1 USCRC ycranoieH B «1», pexxum padotsl SP1 BkitodueH u

npencrasiieH USPIL. Oror SPI-monyns umeet tpexmpoBoaHslil pexxum SPI. [1o
CPaBHEHUIO C YETHIPEXMPOBOAHBIM pekrMoM SPI emy He xBaTaeT JTMHUU BbIOOpa
MOAYMHEHHOTO YCTPOMCTBA, & OCTANIbHBIE TPU JIMHUU UJACHTUYHBI.

USPI 3anumaer pecypcsl USART, BKIIrO4Yast perucTpsl CABATA U IIPUEMA CIBUTA U

IIPUEMA, & TAKXKE TEHEPATOP CKOPOCTH Iepefayu. JIormka reHepanuy 4eTHOCTH U
MPOBEPKH, JIOTUKA BOCCTAHOBJICHUSI TAHHBIX U TAKTOB HEIEUCTBUTENbHBI. AJipec
PETUCTPOB yIPABIEHUS M COCTOSHUS OJIMHAKOBBIN, HO QYHKIIHSI OUTOB perucrpa Oyner
U3MEHSATHCA [0 Mepe HeoOXxoaumocTH B pexume SPI.

UCSRC UCSRB UCSRA

clkio
Baud Rate I
<« (
Generator w

Receiver

Clock Generator

RX Control

Transmitter

| 7
.\ ’. i
TX shift =m——> XD

Puc. brok-cxema USART B pexum padotsr SPI




16.2. T'enepanusi TAKTOB

Korna SPI pabGotaet B pexxume BeAOMOT0, €My HEOOXOAMMO MPEJOCTABUTH TAKThI
JUTSL CBSI3M U MYJIBTHILNIEKCUPOBATh reHepaTop ckopoctu nepenaun gaHHbix USART nis
IeHEPALMH 3TUX TAKTOB. JTHU TaKThbl BRIBOJIATCA U3 BbiBoa XCK, mo3TomMy peructp
HarnpasieHus gaHHbIx (DDR XCK) Ha BeiBoge XCK 10oikeH ObITh YCTAaHOBIIEH B « 1.
TaxToBas yacToTa onpenesercs 1no ciaeayrlei popmysie:

BAUD =fsys/ (2 * (UBRR + 1))

Korma SPI paGotaet B BeIOMOM peKUME, TAKThI CBSI3U TOJIAI0TCSI BHEIITHUM
BEIIYIIUM U BBOJSTCS ¢ ToMOIIbIO BbIBOIOB XCK, mosromy nannsie BeiBoga XCK
Peructp nanpasnenus (DDR_XCK) gomken ObITh ycTaHOBIIEH B «0».

16.3. Pe:xxmMbl U cMHXpoHM3aNUs 1aHHbIX SPI
SPI umeeT detpipe koMOMHAIMHU (a3 CHHXPOHHU3ALMH U TIOJIIPHOCTH, KOTOPBIC
onpenenstorcs yrnpapisronumu outamu UCPHA u UCPOL. KoHKpeTHBIC 2JIEMEHTHI

YIIPpaBJICHU:A ITIOKAa3aHbI B CJ'IGIIYIOHIGI‘/’I Ta6JII/ILIe M Ha CIICAYIOIICM PUCYHKC:

Pe>xxumbl paboTsl SPI

SPI Pexum CocrosiHus Ilepennuii GppoHT 3agunii ®poHT
0 UCPOLNn =0, UCPHAN =0 Bsibopka (IToBsimienue) Ycranoska (ITagenue)
1 UCPOLNn =0, UCPHAN =1 | VYcranoska ([ToBbiienue) Bribopka (ITagenwue)
2 UCPOLNn =1, UCPHAN =0 Bei6opka (ITagenue) VYcranoska (IToBbimieHne)
3 UCPOLNn =1, UCPHANn =1 VYcranoska (ITagenue) Bri6opka (IToBbimenue)
UCPOL=0 UCPOL=1

-ﬂ: XCK XCK u u U U

= :

E-) Data setup (TXD) ] ) \ L Data setup (TXD) ] \ \ L

- Data sample (RXD) T T T T Data sample (RXD) T T T T

=

T xx L L L XCK R EREE.

g Data setup (TXD) ): :( X :( Data setup (TXD) X X :( X

- Data sample (RXD) T T T T Data sample (RXD) T T T T

Puc. UCPHAN u UCPOLN BpeMeHHLie JIarpaMMmbl Iepeiadn TaHHBIX.

16.4. dopmat kajgpa.

Cepuitnbiii kaap SPI MoxkeT HaYMHATHCS C HAUMEHEE 3HaYMMOro OUTa I CaMoTo
3HAYUMOT0 OUTa M 3aKAHUYMBAETCSI CAMBIM 3HAUUTEIbHBIM OUTOM WJIM HAauMEHEe
3HaYUMBIM OMTOM B 00111ei crnokHocTH 8 OuT. Ilocie okoHuaHUs Kaapa MOKET ObITH
nepeiaH HOBBIN KaJp, U MOCIIE 3aBepUICHHs IePEeIayuH JIMHUS JAaHHBIX MOXKET OBITh
YCTaHOBJIEHA B COCTOSIHUE O€37eCTBUS.




16.5. Ilepenaya naHHBIX.

SPI ycranaBnuBaet 6ut TXEN peructpa UCSRB B «1» mist BKiroueHus
repenaTyuka, a Beisoa TxD nenosb3yercs nepeaTaukoM Ui OTIPABKU JaHHBIX
MIOCJIEIOBATEIBHOIO BbIX0Aa. B HacTosiee BpeMsi IPUEMHUK HE MOXKET ObITh BKIIFOUEH.
SPI ycranaBnuBaet 6ut RXEN B peructpe UCSRB B «1» amns BkiItoueHUs: IpUeMHUKa, a
npueMHUK RxD ucnonb3yercs NprueMHUKOM JUIs IPUEMA MOCIEA0BATEIbHBIX BXOIHBIX
naHHBIX. [lepemaTumk qoimkeH OBITH BKITIOYEH B 3TO BpeMms. O6a SPI mepenator u
npUHUMAOT ucnoiab3oBanue XCK B kauecTBe TAKTOBOIO CUTHAJIA MEPEIayn.

Chnayvaina SPI nomken ObITh MHULIMATM3UPOBaH. [Iponecc nHULIMaNM3a MU OOBIYHO
BKJIIOYAET B ce0s1 yCTAHOBKY CKOPOCTH TEpeiaun, HaCTPOUKY MopsijiKa nepenadyu Out
JAHHBIX KaJipa ¥ BKIIOUYEHUE TPUEMHUKA UITK TIEpeIaTyuKa 10 Mepe He0OXOIMMOCTH.

Jlns oneparuu SPI, ynipasnsieMoit mpepbIBaHUsIMH, (piar riao0aabHOM nmpepbhiBaHUsS
OUYMIIAETCS IPU HHULMAJIA3ALUH, U BCe npepbiBaHus SPI OTKII0YEHBI.

[Ipy MOBTOPHOM MHULIMATIM3ALMHY, TAKOW KaK N3MEHEHUE CKOPOCTH MEpeIayu UiIn
CTPYKTYpBI Kajipa, HEOOX0IMMO 00€CIIeYUTh OTCYTCTBUE nepefaun JaHHbiX. Pmar TXC
MOXET UCIIOJIB30BaThCA ISl ONPENEIICHUS TOTO, 3aBEPILIII JIU NIEPEAATYMK BCE IIEPEAAUH.
®nar RXC MOXeT UCIIOJIB30BAThCS JIs ONPEICNICHUs TOTO, HE OBLIU JIM KaKue-Iuoo
naHHble B Oydepe npuema He npounTanbl. Ecium aiisg 3Toi 1enu ucnonb3yercs Out iara
TXC, dnar TXC gomxeH ObITh OUMIIEH NEPE]T KAKIOM nepeaadyeil TaHHbIX (10 TOro, KaK
oyner 3anucan peructp UDR).

[Tocne nnunmanuzarnuu SPI nanaeie MoryT ObITh 3amucanbl B peructp UDR st
HayaJa rnepefadu JaHHbIX. 110CKOJIBKY NepenaTurK yrnpasisieT TAKTOBBIM UMITYJIBCOM
nepenayn, 00e nepesaroue U MprueMHbIe TaHHble paboTalOT KaKk TaKOBBIE.

Korpma peructp casura nepeiayu roToB K OTIPABKE HOBOTO KaJipa IaHHBIX,
NepeaTurK MepeMecTUuT JaHHbie, 3anucanibie B peructp UDR u3 6ydepa nepengaun, B
PETHCTpP CABUTa MEPENAY U OTIPABUT €TO.

YtoObl 00eCIeUnTh CHHXPOHHM3AIMIO BXOAHOTO Oydepa ¢ TaHHBIMU NIepeIayH,
peructp UDR nosmkeH cUuThIBATHCS OJIMH pa3 MOCJIE TOT0, KaK KaXKIbIi OMT JaHHBIX
nepenad. Korga nporcxoauT NepenoNHeHne JaHHbBIX, CAMBIE MIOCIIEIHUE MOJyYEHHBIE
JaHHbIe OyAyT NOTEPSHBI BMECTO CaAMBIX CTapbIX MOTYYEHHBIX JaHHBIX.

16.5.1. Ilepenaua, bmaru u 06padOTKa MpEephIBAHUM

[Mepenatunk SPI umeer nBa ¢uara: SPI Data Register Empty Flag UDRE u
Transfer Complete Flag TXC. O6a ¢uiara MoryT reHepupoBaTh MpephIBaHHUS.

@nar nycroro peructpa aaHHblx UDRE ucnone3yercs s ykazaHus TOr0, MOXXHO
7 B Oy(ep oTHpaBKHU 3aMKMCHIBATH HOBBIE JaHHBIE. JTOT OUT YCTAHOBJIEH Ha «1», Koraa
oydep nyct u «0», korna on 3anojgHeH. Korga 6ut UDRE pasen «1», CPU moxer
3anuchiBaTh HOBBIE AaHHBIe B UDR peructpa mannpix u Hao6opot. Korga o6ut 3ampera
npepsiBanus peructpa aanubix, UDRIE, B peructpe UCSRB paBen «1», 3anpoc mycToro
npepbiBanus peructpa SPI Oyner renepupoBatbest Besikuii pas, korna UDRE ycranosnien
(u rmobanpHOE MpephiBaHUe BKItOUeHO). 3anuck B peructp UDR ounctut UDRE.

Korna nannsie nepenarotcs B pexxume npepbiBanusi, B UDR nomkHb! ObITH
3anucaHbl HOBbIE JaHHbIe, 4T0ObI ourcTuTh UDRE unu peructp nanusix. [lyctoe
npephIBaHKe JOJKHO OBITH 3aMMCAaHO B MPOLIEAYPE OOCITYKUBAHUSI IMTyCTHIX MPEPHIBAHUI
perucTpa JaHHbIX. B MpOTHBHOM cilydae, Kak TOJIBKO IIpoLeaypa 00CTyKUBaHUS
IpepbIBaHUs 3aKOHUUTCS, HOBOE NpepbIBaHuE OyaeT crenepupoBaHo cHoBa. ®mnar TXC



KOHIIa ITepelaul yCTaHaBIMBAETCS, KOI'1a BECh KaJIp TaHHBIX CMEILAETCs U3 pErucTpa
C/IBUTIa NIEPEauM U B PETUCTPE NEPEJaul HET HOBBIX JAHHBIX.

Korna 6ur pazpemenus 3aBepiienus nepenaun npepoiBanus TXCIE (u
paszpemienus rnodansHoro npepeiBanus) Ha UCSRB ycranosnien B «1», moiaHoe
npepeiBanue nepenadn SPI OyneT BhIMOMHATHCS ¢ ycTaHOBICHHBIM ¢uiarom TXC.

[Tocne Toro, Kak BBEACHA MpOILeAypa 00CTyKuBaHus npepriBanuii, paar TXC
aBToMaTnuecku ounmaercs, a CPU Takke MOKeT 3amucaTh «1» Ha 3TOT OUT, YTOOBI
OUYHCTHUTH €TO.

16.5.2. OtxiroveHme nepeaaTanKa

[Tocne copoca TXEN nepeaaTuvk He CMOXKET OTKIIFOUUTH €ro JI0 TeX Mop, MoKa
BCE JIaHHbIC HE OyAyT nepenanbl. To eCTh, HET JaHHBIX JJIs Mepeayu B PETUCTPE CABUTA
MepeIayu U B PETUCTPE pErucTpoB nepenayu. llocie Toro, Kak neperaTyuk OTKIIOYEH,
BbIBOJ TxD BO300HOBIISIET PYHKITHIO YHUBEPCAIBHOTO BBOIa-BHIBOJIA OOIIETO
Ha3HAYECHUS.

16.6. Ilpuem, ¢aar mosHoro 0ydepa n 00padoTka npepbIBaHuUi

VY npuemnuka SPI ectb Quiar: dnar 3aBepmenus npuema, RXC, yka3piBaeT, ecTb
JIM Kakue-In0o HeMpOYUTaHHbIC JaHHbIE B Oydepe npuema.

Korma B Oydepe npuema ectb HEIPOUUTAHHBIE JaHHBIC, ’TOT OUT paBeH «1», B
MIPOTUBHOM citydae «0».

Ecnu npuemHuk otkimoueH, Oydep npuema ooHosisercs u RXC taxke
ountaercs. Ilocne toro, kak B UCSRB RXCIE ycranosneH B «1» - pa3zpemienus
IIpEpBIBAHUM, ITOJIHOE NpepbiBanue nosryueHus SPI renepupyercs 1o Tex nop, noka
yctaHnoBlieH ¢uiar RXC (1 rmobajibHOE MpephIBaHUE BKIIFOYEHO).

[Ipu nonyyeHnn JaHHBIX B PEKUME MPEPhIBaHUS IPOLIETypa 00CTyKUBaHUS
MpepbIBaHUs NMpUeMa JaHHBIX JOJDKHA CUUThIBaTh AaHHbIEe 13 UDR, 4TOOBI OUMCTUTH
¢nar RXC, unu HOBOE npepbiBaHKe OyIEeT CTEHEPUPOBAHO CPa3y K€ MOCIE 3aBEPIICHUS
00paboTUMKa MPEPHIBAHUM.

18.6.1. OTKJIIOYUTH MPUEMHHUK

[IpueMHUK OTKIIIOUAETCA Cpasy >Ke M0 CpaBHEHUIO ¢ nepeaaTyukoM. [lomyueHHbie
nanHbie OyayT nmotepsubl. OtkmounTh npueMHuk (RXEN clear [Tocne HyneBoro
3Ha4YEeHUs1) IPUEMHHUK O0Jibllie HEe OyAeT 3aHnuMaTh BeIBoI RXD, u 6ydep npuema Oyner
OOHOBJIEH.

16.7. Peructpbl Onucanue

Cnucox peructpa USART SPI

\ Perucrp Apapec  3HaudeHue o yMOJYaHHUIO Onucanne
UCSRA | 0xCO 0x20 Peructp ynpasnenus u coctosaus USPI A
UCSRB | 0xClI 0x00 Peructp ynpasnenus u cocrostaust USPI B
UCSRC | 0xC2 0x06 Peructp ynpasnenus u cocrostaust USPI C
UBRRL | 0xC4 0x0 Munanmmii 6aiiT ckopoctu nepeaaun nanubix USPI
UBRRH | 0xC5 0x0 Crapmuii 6aiiT ckopoctu nepenayn gaHabx USPI
UDR 0xC6 0x0 Peructp manasix USPI




UCSRA - Pecucmp A ynpasnenue u cocmosinusi USART SPI
‘ UCSRA - Peructp A ynpasienue u coctosinusit USART

Anpec: 0xCO 3HayeHue no ymonauanuio: 0x00

burt

7

6

5

4

3

2

1

0

HUmsa

RXC

TXC

UDRE

R/W

R R/W R -

Onpenesenne OUT

Korga RXC B «1» - Hanmnuue HENpOYUTaHHBIX JaHHBIX B Oydepe npuema. Korma
3nayenne RXC B «0», B Oy(epe mpuema HeT HEMPOYNTAHHBIX TaHHBIX. Korna
MIPUEMHHUK OTKIII0UYeH, Oydep npuema oOHOBIsIeTCs, B pe3yibTare yero RXC = «O».
Korna 6ut paspemenus npepreiBanust RXCIE B «1», RXC mMoxeT ncnosib3oBarbes 1is
reHepaly npepbiBaHus KOHIA puema.

Korma TXC B «1» mocie nepenayn JaHHBIX U3 PETUCTPa CABHUTra M Koraa 0ydep
nepenaun myct. TXC aBTOMaTHUYECKH OYHUIIAETCS, KOT/IA BBIOIHSIETCS MTPEPhIBAHKE
nepeayu, U €ro TakKe MOXKHO OYUCTHUTH, 3anucaB «1» B TXC. TXC moxer
WCIOJIb30BaThCS AJIs TeHEepalliy MPEephIBaHuUs Nepeadun, Korjaa OUT pa3penieHus
3aBepuienus nepenaun, TXCIE, paBen «1».

Kornma UDRE B «1», 310 03HadaeT, yro Oydep nanusix nepenaun USART mycr, n
naHHble MoryT ObITh 3anucanbl. Korma UDRE B «0», 3T0 03Hauaet, uto Oydep JaHHBIX
nepenaun USART 3anonHeH u nanHsie He MOTyT ObITh 3anucanbl. UDRE moxer
MCIOJIb30BaTHCSA AJIs CO3/IaHUS MTyCTOTO MPEPBIBAHUS PETUCTPA JaHHBIX, KOT/1a OUT
paspemenus mycroro peructpa qaHabix, UDRIE B «1».

3ape3epBUPOBAHO

Bur | Uma

7 RXC

6 TXC

5 |UDRE

4:0 -

UCSRB - Pecucmp B ynpasnenue u cocmosinusi USART SPI
‘ UCSRB - Peructp B ynpasienue u cocrosinusst USART

Anpec: 0xC1 3HadyeHue no ymomdanuio: 0x00

burt

7

6

5

4

3

2

1

0

Nms

RXCIE

TXCIE

UDRIE

RXEN

TXEN

R/W

R/W

R/W

R/W

R/W

R/W

bur

Nma

Omnpenesenne OuT

RXCIE

OxoHuaHue mpruema - OUT paszpernieHus npepeiBanuii. Brimounts npepsiBanue: RXC =
«1» n otkmrounts npepeiBanue: RXC = «0». Ecnu RXCIE B «1» u rinobansHoe
MpepBIBaHKE pa3pelieHo, npepriBanue KoHedyHoro Beixogaa USART moxeT ObITh

creHepupoBaHo, korja B peructpe UCSRA 6utr RXC B «1».

TXCIE

OxoHuaHHe nepeaayu - OUT paspemeHus npepeiBannii. Bxuounts npepsiBanue TXC:
= «1» wu orkmounts pepbiBanue TXC nocne ounctku. Korga TXCIE = «1»,
rio0anbHOE MpepbhIBaHUE BKIIOYEHO U MoJiHOE npepbiBanue nepeaadn USART moxer
ObITh crenepupoBano, eciid B peructpe UCSRA TXC B «I».

UDRIE

Peructp gaHHbIX mycT - OUT pa3pelieHus npepbiBaHuil. BKIIOYUTH NpephIBaHue:
UDRE = «1» u otxmounts npepeiBanus: UDRE = «0». Korma UDRIE B «1» n
rio6anpHOE NMpephIBaHUE BKIIOYEHO, npepbiBanus Peructp nanubix USART mycr,
MOryT ObITh creHepupoBansl, koraa B peructpe UCSRA 6ut UDRE B «1».

RXEN

[Tpuem - 6ur pazpewmenusi. [Ipuemunk USART aktuBHupyercs mociae yCTaHOBKHU.
Oynuknus [0 obmero HazHaueHus BeiBoga RxD 3amensiercs Ha mpuem USART.
OTKIIIOUYCHHE MPUEMHHKA TIPUBEAET K cOpocy Oydepa mpruemMa u aHHYJITUPOBAHHUIO
¢naros FE, DOR u PE.

TXEN

[lepenaua - 6ut paszpemenus. [lepenarunk USART aktuBupyercs mocie yTBep:KICHHUS.
Oynknus [0 obmero HazHauenus BeiBoaa TxD 3amensiercss USART. Ilocne ynanenus
TXEN nepenaua USART mokeT ObITh OTKITIOYEHA TOJIBKO MOCIIE 3aBEPIICHUS BCEX
nepeaay JaHHBIX.

2:0

3ape3epBUPOBAHO




UCSRC - Pecucmp C ynpaenenue u cocmosnus USART SPI
‘ UCSRB - Peructp C ynpaBienue u coctossHusi USART

Anpec: 0xC2 3HavyeHue no ymonuanuio: 0x00
bur 7 6 5 4 3 2 1 0
HUms | UMSEL1 | UMSELO - - - DORD | UCPHA | UCPOL
R/W R/W R/W - - - R/W R/W R/W
bur Nmsn

Onpenesenne OUT

butsl Be16Opa pesxkxuma USART.
UMSEL BbIOOp CHHXPOHHBIN WJIM ACHHXPOHHBIH PEXUM PaOOTHI.

UMSEL Pexum

7:6 [UMSEL1:0 0 Acunxponnsiii pesxkum USART
Cunxponssiii pesxkum USART
Pexxum paboTthl Begomoro ycrpoiictBa SPI
Pexxum paboTer Begymiero ycrpoiicrsa SPI

3ape3epBUPOBAHO

but koHTpoIs mopsiika nepenayu TaHHBIX.
Ecnu 6ut DORD B «1», B nepenaun nanubsix LSB nepenaercs nepBoi.
ITpu ycranoBke 6ut DORD B «0», B nepenaun nanusix MSB niepenaercst nepBoii.

Bri6op ¢a3zer cunxponuzanun. UCPHA Brei6op BEIOOpKH JaHHBIX IPOUCXOAUT B
Hayaje Wi B KOHIIE.

1
2
3

5:3 -

2 DORD

1 UCPHA § UCPOH | W3meHeHue nepeaavyu JaHHbIX Bri0opka JaHHBIX
0 [Tonoxurensusiii hpout XCK Otpunarensusiii ppout XCK
1 Otpunarensusiit ppont XCK [Tonoxurensusiii ppont XCK

Bri6op nossipaoctu TaktoB. UCPOL BbIOMpaeT u3MeHeHHs JaHHBIX, U 00pa3Iibl
BO3HHUKAIOT HAa BOCXO/AIINX MM MAJAI0NNX (BPOHTAX.
0 ucPoL § UCPOL | H3meHeHuWe mepeaavu JaHHBIX

Bbi0opka 1aHHBIX
0 ITonoxutensubiit ppoHt XCK OtpunarenbHbiii ppoHT XCK
1 Otpunarensssiil ppont XCK [Tonoxurensubiit pont XCK

UBRRL - Mraowuii 6atim ckopocmu nepeoauu oannwix USART SPI

UBRRL - maaammii 6aiiT ckopoctu nepenaun f1aiubix USART

Anpec: 0xC4 3nauenue mo ymordanuio: 0x00
Bur 7 6 5 4 3 2 1 0
Nms UBRR7 | UBRR6 | UBRR5 | UBRR4 | UBRR3 | UBRR2 | UBRR1 | UBRRO
R/W R/W RIW RIW RIW R/W R/W R/W R/W
but Nma

Omnpenesienne OUT

Muagmuii GaiiT peructpa ckopoctu nepeaaunt naHHsix USART. Peructp
ckopoctu nnepenaun USART conepxut UBRRL u UBRRH, kotopsie
UCIIOJIb3YIOTCS] BMECTE, YTOOBI YCTAHOBUTH CKOPOCTb Nepeaayu B 001ax.

7:0 | UBRRT:0

UBRRH - Cmapwuii 6aiim ckopocmu nepedauu oannvix USART
\ UBRRH - Crapummii 6aiiT ckopoctu nepegayu gaHabix USART

Anpec: 0xC5 3HavyeHue no ymomdanuio: 0x00
bur 7 6 5 4 3 2 1 0
Nmsa - - - - UBRR11 | UBRR10 | UBRR9 | UBRRS
R/W - - - - R/W R/W R/W RIW
bur Nms OmnpenesieHnne OUT
74 - 3ape3epBUPOBAHO




Crapumii 6aift peructpa ckopoctu nepenaun qanubix USART. Peructp ckopoctu
nepenaun USART coaepxkut UBRRL u UBRRH, koTopbie HCTIOJIB3YIOTCSI BMECTE,
YTOOBI YCTAHOBHUTH CKOPOCTH Tiepeiaun B O0ax.

3:0 | UBRR11:8 UBRR = {UBRR [11: 8], UBRRL}
Pesxxum padoThbl Pacuer ckopocTu nepegaumn
Pexum Beomoro CKopocTb nepejaun OnpeesseTcss BeAyIuM
Pexxum Benyiiero BAUD =fsys /(2*(UBRR+1))

UDR - Peaucmp oannvix USART SPI

\ UCSRB - Peructp nanabix USART

Anapec: 0XC6 3Havenue mo ymoiadanuto: 0x00
bur 7 6 5 4 3 2 1 0
Nms UDRY7 UDRG6 UDR5 UDR4 UDR3 UDR2 UDR1 UDRO
R/W R/W R/W R/W R/W R/W RIW R/W R/W
but Nmsa Onpenesnenue OUT

Peructp nannbix nepenatuvka u npuemauka USART. Bydep nepenaun ganHbIx
USART u 6ydep npruema JaHHBIX COBMECTHO UCTIONB3YIOT peructp UDR maHHBIX
USART. 3anucek nannasix B UDR 3anuceiBaercs B Oydep naHHBIX epeaadu, a
gyrenue naHHbix 3 UDR cuuteiBaer Oydep nanubix npuema. B pexxume ¢ 5-8 ourt-
KaJ[paMH HEUCIOJIb3YeMbIi 9-i1 OUT UTHOPUPYETCS MepeaaTInKOM, a IPUEMHHK
ycraHaBiuBaeT ux B 0. bydep nmepenaun MmoxkeT ObITH 3aIKICaH TOJIBKO TOTTIA,
korna ¢aar UDRE peructpa UCSRA pasen «1», uHaue onepanus rnepeiaTanuka
Oynet ommbouyHoi. Korma peructp cnBura nepeaadu mycr, HepeaaTank
3arpyxaet JaHHbie B Oydep nepegauu B perucTp CABUTA NEpelaun, U JaHHbIE
BBIBOJIATCSA MoceaoBareiabHo ¢ BeiBoga TxD. Bydep npuema conepxut
nByxypoBHeBblid FIFO. ITocne cunteiBanus 6ydepa npuema FIFO usmenser csoe
COCTOSIHHE.

7:0 UDR

17. USARTO - ynuBepcaJibHbIii CHHXPOHHBII / ACHHXPOHHBI 10CJIe10BATEIbHbIH
TPaHCHUBeP

e TlomHoaymiekcHas paboTa (He3aBUCUMBIE ITOCISI0BATEILHBIC PETUCTPHI IPUEMa U
nepeaayun)

ACHHXpOHHAS WJIM CHHXPOHHAsI paOOThI

Onepanus Benyiero niay BeJOMOro yCTporucTBa

BpICOKOTOYHBIN IeHEPATOP CKOPOCTH IMEPENaUU JaHHbBIX

[TonnepxxuBaer 5, 6, 7, 8 unu 9 OUT MaHHBIX 1 1 WM 2 CTONOBBIX OHUTA
MexaHu3MBbl TEHEpallui U POBEPKU YETHOCTH C MO ICP>KKOM armapaTHOTO
oOecrieycHus

OO6Hapy>keHne MPEBHIIICHUS CKOPOCTH

e OOHapykeHHe OMMOOK KaJpOB

e OuibTpalus ryma, BKJItouas oOHapyXeHHe JI0)KHOTO Havana OuT u uudpoBoi
(GUIBTP HIDKHUX YaCTOT

e Tpu HE3aBUCHUMBIX IIPEPBHIBAHMS: OTIPABKA KOHEUHOT'O IPEPHIBAHUS, OTIPABKA
pEerucTpa JaHHBIX YCThIM IIPEPHIBAHUEM U MTOJIyY€HHUE KOHEUHOTO IPEPBIBAHUS

e MHOTONpPOUECCOPHBIN PEKUM CBI3U

e PexuM aCHHXPOHHOM CBA3U C JBOMHOM CKOPOCTBIO



17.1. O630p

USART B OCHOBHOM COCTOMT U3 TPEX YACTEW: Fr€HEPATOpPa TAKTOBBIX UMITYJIbCOB,
nepeaaTyruKa U MpUEMHUKA. OTH TPU pa3zenia pa3estoT PErUCTPhl YIIPaBICHUS U
COCTOSIHHSI.

['eneparop TaKTOB COCTOUT U3 T€HEPATOPA CKOPOCTH MEPEIAUYH U JIOTUKU
CUHXPOHU3ALMH BHEIIHETO BXOJHOIO TAKTOBOI'O CUTHAJIA B PEXKUME CUHXPOHHOTO
noaurHeHHoro pexxuma. BeiBog XCK ucnonbs3yeTcst TOIbKO ISl CHHXPOHHOTO pexuMa
IepeayN.

[lepenatunk BKItOUaeT B ce0st Oydep JaHHBIX 3aMUCH, PETUCTP
MIOCJIE0BATEIBHOIO CABUTA, TEHEPATOP YETHOCTHU U JIOTUKY YIIPaBJICHUS, HEOOXOUMYIO
TSt 00pabOTKU pa3NIUYHBIX (HOPMATOB KaJAPOB.

Bydep naHHBIX 3a1IMCH O3BOJISET OCYLIECTBIIATH HENIPEPHIBHYIO MIEpeavy
JaHHBIX 0€3 BBEJICHUS 3aJPKEK MEXKIY KaJpaMu JaHHBIX.

[IpueMHuK nMeeT OJ0K CHHXPOHHU3ALUK YacOB U JIAHHBIX [l IpUeMa
ACMHXPOHHBIX JaHHBIX. B jomonHeHue K 60Ky BOCCTAHOBIICHHUS! IPUEMHUK BKIIIOYAET B
ceOst YETHOCTb, JIOTUKY YIIPaBJICHHSI, PETUCTP MOCIIEA0BATEILHOTO CIBUTA U
nasyxctynendatsii UDR Oydepa npuema. [IpuemMHUK ogaepKuBaeT TOT ke hopmar
KaJipa, 94TO U MepeAaTIuK, U MOXKET OOHAPYKUBATh OIMOKN KaIpUPOBAHHS,
MPEBBIIICHUE CKOPOCTH MEPEJAUYH TaHHBIX U OIMIMOKH YETHOCTH.

UCSRC UCSRB UCSRA

| Clock Generator

clkio
Baud Rate L

Generator i

O

d—
¢ Recovery

Data
| |
RX Control [
Parity Check Tae

A4

Transmitter

T TX Control

Parity |
Generator !
Q ) g Pin Mux g 1xXD




17.2. T'enepanusi TAKTOB.

CHHXpOHHU3ATOP TAKTOB FeHEPUPYET 0A30BbIE TAKTHI IS MEpelaTUNKa U
npuemHuka. USART nmoanepkuBaer yeTbipe peskuMa pabOThl TAKTOB: OOBIYHBIN
ACUHXPOHHBIN PEKHUM, IByXCKOPOCTHOM aCHHXPOHHBIN PEKUM, BEYIIIUN CUHXPOHHBIN
PEXUM U BEAOMBIA CHHXPOHHBIN PEKHUM.

butr UMSEL USCRC BpiOupaet 1100 CHHXPOHHBIN, JTUOO aCHHXPOHHBIN PEKUM.

but U2X USCRA kOHTponupyeT JBOMHOE Pa3peIlIeHHe CKOPOCTH B ACHHXPOHHOM
peXUME.

Peructp Hanpapnenus qaHHbIX (MynbTuiiekcupoBanHblil ¢ 10) BeiBoga XCK,
KOTOPBII AKTUBEH TOJIBKO B CHHXPOHHOM PEXHUME, ONPEACIISIET, TEHEPUPYETCS JIA
MCTOYHUK CUHXPOHHU3ALMK BHYTPH (BEAYIIHM PEXXUM) WIH U3BHE (PEKUM BEIOMOTO).

17.3. T'enepaTop CKOPOCTH MepeaavH.

Peructp ckopoctu nepenaur, UBRR u cuerynk yObIBaHUS MOCIEI0BATEIIBHOCTH
COEIMHEHBI BMECTE KAK IPOrPAMMUPYEMBII IPEIBAPUTEIBHBIN JEIUTEND UM TEHEPATOP
ckopoctu niepeaun 1 USART. VoOrsiBaromuii cueTdynk paboTaeT Ha CHCTEMHBIX
takTax (f sys) u aBromaTuuecku 3arpyxaet 3HaueHue peructpa UBRR, korga ono
nocturaeT HyJia win 3anucbiBaetcs peructp UBRRL. TakTel renepupyrorcs, koraa
CYETYMK JOCTUTAET HyJIA. TaKThl UCIIONB3YIOTCS KAK BBIXOJHBIE TAKThI TE€HEPATOPA
CKOpOCTH Tiepefauu, a yactora paBHa f sys / (UBRR + 1).

B cnenyromeii Tabauie npuseaeHsl (GOpMYIIbI IS pacueTa CKOPOCTH Mepeaadn
(6ut B cexynny) u 3HaueHust UBRR B paznnuHbixX pexxumax padboThI.

Pesxxum padoTsi Pacuyera ckopoctu nepexayuu (1) Pacuyera 3navennss UBRR

ACHHXpOHHBIH HODMATLHBIL | b A\ jry = £ ys /(16 * (UBRR + 1)) | UBRR = fsys / (16 * BAUD) - 1

pexuM

ACHHXPOHHBIN PEKUM

»poy BAUD = fsys/ (8 * (UBRR +1)) | UBRR =fsys/(8* BAUD) - 1
ABOMHOU CKOPOCTH

PexxuM CHHXpOHHOTO XOCTa BAUD =fsys/(2* (UBRR +1)) | UBRR=fsys/(2*BAUD)-1

IIpumeuyanue:

1. CkopocThb Tniepeauu onpeaeisieTcsi Kak CKOpOoCTh nepeaayu OuT B cekyHay (6ut / c);
2. BUAD - ckopoctb niepenauw, f Sys - cuctemnsie Taktel, a UBRR - koMOmHMpOBaHHOE
3Ha4YeHUe perucTpoB ckopoctu nepenaun nanupix UBRRH n1 UBRRL.

17.4. Pexxum aBOIiHON CKOPOCTH PA0OTHI.

VYcranaBnuBas out U2X B peructpe UCSRA 11t yIBOEHUSI CKOPOCTH TIepeaayu,
ATOT OUT ACUCTBUTENICH TOJIBKO B ACHHXPOHHOM peXUMe pabOThI, U ATOT OUT
ycTaHaBiauBaeTcs B «0» B CHHXPOHHOM PEXKHUME PaOOTHI.

VYcraHoBka 3TOro OMTa YMEHBIIUT BJIBOE 3HAYCHUE JCIUTEISI CKOPOCTH Tepeaayn,
7 (PeKTUBHO y/BarBasi CKOPOCTh Mepeaaun aCHHXPOHHOM CBs3U. B 3TOM ciyuae
MPUEMHUK UCTIOIB3YET TOIBKO MOJIOBUHY YKCIIa BRIOOPOK JJISI BBIOOPKH TaHHBIX U
BOCCTaHOBJICHHSI TAKTOB, IO3TOMY TPEOYIOTCS 00JIee TOUHbIE HACTPOUKU CKOPOCTU
nepenayu u CUCTEMHbBIE TakThl. [lepenarunk He U3MEHseTCs.




17.5. BHeniHue TaKThI

PexxrM CHHXPOHHOTO BEIOMOTO PEXUMA YIIPABIIAECTCS BHEIIHUM TaKTOBBIM
CUTHAJIOM. BHelIHHE TaKThl UCIIOJIB3YIOTCS NEPEAATYMKOM U MPUEMHUKOM IOCTIE
MIPOXOKJICHUS YePe3 PETUCTP CHHXPOHU3AINN U ACTEKTOP PpoHTA. ITOT MPOIECC BBOAUT
JIB€ CUCTEMHBIE TaKTOBbIC 3a7epKKHU. [103TOMY MakcuMasbHas TaKTOBAs 4acTOTa
BHemHero XCK orpannyena ciemyrorieit opMyoii:

fxck <fsys/ 4

OOpartute BHUMaHHe, 4yTO fSys UMeeT pelieHre 0 CTaOMIbHOCTHU ISl CHCTEMHBIX
TakTOB. UTOOBI MPEAOTBPATUTD MOTEPIO JAHHBIX M3-32 YACTOTHOIO Jpeiida,
PEKOMEHTyeTCsl 3ape3epBUPOBATh IOCTATOUHBIN 3ariac.

17.6. CHMHXpOHHBbIE TAKTHI.

B cunxponnom pexxume BeiBoJ XCK ucnomnp3yeTcs 17 BBOIa TaKTOB (BEIOMBIN
PEXKHUM) WIN BBIXOJ CUHXPOHHU3AIUH (BEIOMBIN PEKUM).

OCHOBHBIM MPABUJIOM CBA3U MEXIY (PPOHTOM TAKTOBOI'O CUTHAIA U BEIOOPKOIL
JAHHBIX U U3BMEHEHHEM JIaHHBIX SIBJISETCS TO, YTO (PPOHT TAKTOBOI'O CUTHAJIA,
MCIIOJIb3yEeMbIN JIJ1s1 BBIOOPKHU BBOJA AaHHBIX (RxD), mpoTHBONONI0KHO (HPOHTY
TaKTOBOI'O CUTHaJa, UCIIOIb3YEMOMY JUIsl U3BMEHEHHSI BBIXOJHOTO KOHIIA JAaHHBIX.

UCPOL =1
ACK
Drive
RxD/TxD -\X X )C
TSampIe
UCPOL =0
ACK
Drive
RxD/TxD 5( X ){
TSampIe

Puc. Bpemsa XCK B CHHXpOHHOM pexuMe

Kak noka3ano Ha pucyHke Baiiie, korja 3HaueHue UCPOL paBHO «1», BbIX0f
TaHHBIX U3MeHseTcs Ha 3agHeM ¢pponTe XCK, 1 BEIOOpKA JAHHBIX BBITOIHIETCS 110
Hapactatoiemy ¢pouaty XCK. Korma 3nauerrie UCPOL paBHO «0», BBIXOT JaHHBIX
u3mensercs Ha nepeauuiit pot XCK. CaMImmpoBaHue TaHHBIX TPOUCXOANUT Ha
3amgaeM ppoute XCK.



17.7. dopmat kajgpa.

Kanp nocnenoBaTenbHBIX TaHHBIX COCTOUT M3 CJIOBA TAHHBIX IUTIOC OUTHI
CUHXpOHU3AIMH (OUTHI HaYaIa ¥ OKOHYaHUS) M OUT YETHOCTH JIJIsl UCIIPABJICHUS OITHOOK.
USART npunumaer caenyromue 30 komOuHanmii popmaroB ppeiiMOB JaHHBIX:
e 1 cTrapToBBIi OUT
e 5,6,7,8 nin 9 OUT TaHHBIX
® OUT YETHOCTH, OUT YETHOCTH YETHOCTH UM OUT YETHOCTH
e | wim 2 CTONOBBIX OUTa

Kanp manHpIX HAaUMHAETCS ¢ HAYaIBbHOTO OWTa, 33 KOTOPBIM CIIEAYyEeT MITa AN
3HayYaIui OUT CIIOBA JAHHBIX, 32 KOTOPHIM CJIEIYIOT Apyrue OUTHI JAHHBIX C CAMBIM
BBICOKMM OUTOM clloBa AaHHBIX. [laker, ycnemHo nepenaercs 10 9 OUT JaHHBIX.

Ecnu npoBepka BkiIr04eHa, OUT YETHOCTH OYJIET COMPOBOKAATHCS CIIOBOM JIAHHBIX,
32 KOTOPBIM CIIEAyeT CTOTIOBBIN OUT.

Korna nepegaercs MOAHBIN KaJp AJaHHBIX, CIEAYIOUIUNA HOBBIA KaJp JaHHBIX
MOKET OBITh Mepe/laH HEMEJICHHO WJIN JIMHUS Mepeaud MOXKET OCTaBaThCs
Oe3neiicTBytoIIEeH (BBICOKHM ypoBeHb). Ha ciemyroieM pucyHke mokasaHa BO3MOKHAs
CTPYKTYypa Kajpa naHHbIX. KBagpaTHbie CKOOKH HEOOS3aTEIbHBI.

I FRAME |

U0 000000000EaTE

Crpykrypa kagpa USART

St CrapToBbIii OUT, BCET]a HU3KU.

(n) buter gannbix (ot 0 710 8).

P but yetHOCTH. MOXKET OBITh HEUETHBIM HIIH YETHBIM.

Sp Crop OuT, Bceria BEICOKHIA.

IDLE | Her nepenau na nunuu csizu (RXDn unu TXDn). JIunus IDLE gomkHa ObITH BRICOKOH.

Crpykrypa kanpa nannbix 3agaercss UCSZ [2: 0], UPM [1: 0] u USBS B peructpax
UCSRB u UCSRC. IlpuemMHuK 1 nepenaTuuk Te e HacTpouku. JIroOble u3MeHeHus
HACTPOEK MOTYT MPUBECTH K MOTEPE TEKYIIHUX Nepenay JaHHbIX.

Cpenu Hux UCSZ [2: 0] onpeaenut OUT qaHHBIX Kajapa gaHHbix, UPM [1: 0]
MCIIONIb3YETCs J1s1 BKIIFOUEHMS M OATBEpKAeHUs Tuma npoBepku, USBS ycranaBnuBaet
JUTS KaZpa OJVH WJIM JIBa KOHEUHBIX OUTA.

[IpueMHUK UTHOPUPYET BTOPOU CTOMOBBIN OUT, TOITOMY OLIMOKU KaJpUPOBAHUS
0OHapy>KUBAIOTCA TOJIBKO TOT/Ia, KOT/IAa MEPBbIA KOHEUHBIH OUT paBeH «0».

17.8. BoruucjieHue OUTOB YeTHOCTH

bUT 4eTHOCTH BBIUMCIISIETCS ITyTEM BBIIIOJIHCHUSA OIICpAlNH «HUCKIOYUTCIbHOC
WJIN» BCEX OMTOB JaHHBIX. Ecnu HUCIIOJIB3YCTCA HCUCTHAA YCTHOCTD, PC3YJILTAT ABJISICTCA




UCKJTFOUMTEIBHBIM WM UHBEPTUPOBAHHBIM. OTHOIIICHUE MEXy OUTOM YETHOCTH U
OuTaMU JAHHBIX BBITJISJIUT CICIYIOUIUM 00pa3oM:

Peven = dn-1@...d36pd2d1pd0p0
Podd =dn-16...d3Pd2pd1PpdoP1

Onucanue:
1) Peven - 4eTHBIN pe3ysbTaT MPOBEPKU
2) P odd - HeueTHBIH pe3yIbTaT MPOBEPKH
3) d n - N-ii OUT JaHHBIX
Ecnu ucronb3yroT OUT Y€THOCTH, OH PACIIONAraeTCsl MY ITOCIICIHIM
UH(POPMAIIMOHHBIM Pa3psiIOM U TIEPBBIM CTOITOBBIM OUTOM MOCIIEIOBATEIBHOTO KaJIpa.

17.9. Wanmuaausamusa USART

[lepen nepenaueit nomxeH ObITh MHULIUATU3UPOBAH USART.

[Ipouiecc nHULIMATIA3AIMN OOBIYHO BKJIFOUYAET HACTPOUKY CKOPOCTH MepeadH,
HaCTPOMKY CTPYKTYpPHI KaJpa 1 BKIIFOUECHUE TPUEMHHKA WUJTU TIepeaaTYMKa 1o Mepe
HEOOXOTUMOCTH.

st oneparuit USART, ynpaBisieMbIX mipepblBaHUSIMU, (uiar T71006a1bHOTO
MpEepbIBaHUS OYMIIAETCS NPYU MHULMANU3auu, U Bce npepbiBaHusd USART oTkiIt0UEHBI.

[Ipy MOBTOPHOI MHULIMATIN3ALMN, TAKON KaK U3BMEHEHNE CKOPOCTH MEepelauu Uin
CTPYKTYPBI Kajipa, HEOOXOIMMO 00€CIIeYUTh OTCYTCTBUE Nepeaadn JaHHBIX.

®nar TXC MOXKET UCIIOIB30BAThCS JJIs1 ONPEICIICHUS TOT0, 3aBEPIITUI TN
NepeaTurK BCe Iepeiayn.

®nar RXC mMoxkeT ncnoyib30BaThCsl AJIisl ONPEAECIECHUS TOTO, CYUTHIBAKOTCS JIU
Kakue-n10o naHHble B Oydepe npuema. Ecnu st atoit nenu ucnonb3yercs dpaar TXC,
¢nar TXC nomkeH ObITh OYHUIIEH MEepe]] KaXx 01 nepeaadyeid JaHHbIX (10 perucTpanuu
peructpa UDR).

17.10. TlepenaT4uxk.

VYceranoBka out TXEN B peructpe UCSRB no3Bosut nepenaBaTh JaHHBIE
USART. ®ynkuus IO o6uiero HazHauenus Boioga TxD nocne BKIIOUEHUs 3aMEeHSIeTCs
¢dbynkuueit USART u cTaHOBUTCS TIOCIIEIOBATEIHHBIM BBIXOJIOM TIEpEIaTUHKA.

[lepen oTmpaBKoO# JaHHBIX YCTAHOBUTE CKOPOCTH Mepeaadn B 601ax, padbouuit
pexuM U popMar Kajpa.

Ecnu ncnonb3yercss CHHXpOHHBIN PEXXUM Iepeaadyu, TAKTOBBIA CUTHA,
npuMensieMblil K Beixoay XCK, aBisieTcs CHHXpOHU3UPYIOIIUM CUTHAJIOM IS iepeiaun
JAHHBIX.

17.10.1. Ilepenaya kanpoB ¢ 5 10 8 OUTaMu JaHHBIX.

JlanHbIe, KOTOPBIE HYKHO OTIIPaBUTh, 3arpy’katotcs B Oydep oTrnpaBku, 4TOOBI
Hayatb nepenavy na"Helx. LII 3arpyxaer nannsle, 3anuceiBasg ux B peructp UDR.

[Ipu oTrpaBKe CIBUIOBOIO PETUCTPA MOKHO OTIIPABUTH HOBBIN KaJp JTaHHBIX,
naHHbIE B Oydepe OynyT nepeHeceHsl B perucTp capura. Koraa ciBUroBbIN peructp



HaXOAMUTCS B PEKUME OKUIaHMs (IIepeada JaHHBIX HE BBIIOJIHACTCS) WU MOCIEIHUI
OMT OCTaHOBA MPEBIYIIEr0 Kaapa OblJI OTIPABIIEH, OH OYIET 3arpy’aTh HOBbIE JaHHBIE.

Kak TOJbKO CIBUTOBBIM PETUCTP 3arpy3UT HOBBIE JaHHBIE, OH Oy/ET NepeaaBath
ITOJTHBIM KaJp B COOTBETCTBUU C YCTAHOBJICHHBIMU HACTPOMKAMM.

17.10.2. Ilepenaya xaapoB 9 OuTaMu JaHHBIX.

Ecnu nepenaetcs kaap u3 9-pa3psaHbIX JaHHBIX, JEBATHIA OUT JaHHBIX TOJKEH
ob1Th 3antucad B Out TXB8 B peructpe UCSRB, mpexe ueM 3anuchiBaTh MIaAIMNE §
out B peructp UDR nanusix nepenauu.

9-i1 OUT HAHHBIX UCTIOJB3YETCS AJISl IPEICTABICHUS aJpECHOTO (ppeiiMa B
MHOTOMAITMHHOM CBSI3U U MOKET UCTOJB30BATHCS 111 00pabOTKU MPOTOKOJIA B
CUHXPOHHOM CBSI3H.

17.10.3. Ilepenaya OuTa 4YETHOCTH.

Cxema (opMHUpOBaHUS YETHOCTH FEHEPUPYET COOTBETCTBYIOIIUM OUT YETHOCTHU
IUISL KaJipa MOCIEA0BATENbHbIX TaHHBIX.

Korma 6ut yetHoctu aktuBupoBad (UPM1 = 1), noruka yrpaBieHus nepenaueit
BBOJIUT OUT YETHOCTH MEX]y TIOCIECHUM OUTOM CJIOBA IAaHHBIX U MEPBBIM CTOIIOBBIM
ourom.

17.10.4. Ilepenaua, ¢pnaru u 00paboTKa NpepbIBAaHUI

[Mepenatunk USART umeet nBa ¢uara: USART Data Register Empty Flag UDRE
u Transfer Complete Flag TXC. O6a ¢nara MmoryT reHepupoBaTh MPEephIBAHMU.

@nar nycroro peructpa AanHbix UDRE ucnone3yercs 1is ykazaHus TOr0, MOXET
71 Oydep OTIpaBKH 3aMKUCHIBATH HOBBIE JAHHBIE. JTOT OUT YCTAHOBIIEH B «1», Koraa
oydep nepemnaun myct u «0», koraa oH 3anojHeH. Korga 6ut UDRE pasen «1», CPU
MOXET 3anuchiBaTh HOBBIC JaHHbIe B UDR peructpa nqanHbx 1 HA000pOT.

Koraa Out pazpeuienus 3anpeta npepsiBanus peructpa nanabix UDRIE B
peructpe UCSRB ycTaHoBiIeH B «1», 3a1poc mycTOM 3arpoca npepbIBaHUs JaHHBIX
USART 6yner renepupoBathcs Besikuid pa3, korna UDRE ycranoBien (v pa3penieHo
riobanbHOe nipepbiBanue). 3anuch B perucTp UDR ounctutr UDRE. Ilpu
MCIIOJIb30BAaHUU TIpephIBaHu JIs niepenayun fanHbpix B UDR moimKHBI OBITE 3arcanbl
HOBBbIE JTaHHbIE U1t ouMcTKH UDRE wnu 1i1st OTKIIIOUEHUS 3aIipeTa Ha pErUCTPaLUE0
pEerucTpa JaHHBIX B MPOIIEType 0OCITYy)KMBAHUS IMTyCTHIX IPEPHIBAHUN PETUCTPA JAHHBIX.
B npoTuBHOM citydae, Kak TOJIBKO MPOIEAypa OOCTYKUBAHUS TPEPhIBAHUS 3aKOHUUTCS,
HOBOE IIpephIBaHKe OyIeT CreHEPUPOBAHO CHOBA.

@mnar nepenauu nepegaun TXC ycraHaBIMBaeTCs, KOT/Ia BECh KaJp JAHHBIX
CMEILIEH U3 PETUCTPA CIIBUTA MEPEIAYN, U HET HOBBIX JAHHBIX B PETUCTPE NEpEaadu.

Korna 6ut pazpenienus npepreiBanus nepeaaun nepenaun TXCIE (1 pa3pernieHo
rio6anbHoe nipepbiBanus) Ha UCSRB ycranoBiieH Ha «1», mpepbiBaHuE NIEpe1ayn
USART-nepenaum OyaeT BbINOIHATHCS ¢ yeTaHoBiIeHHBIM (hiiarom TXC. Ilocne Toro,
KakK BBeJIEHa Mpolieiypa oociyxuBanus npepoianuii, piar TXC aBromatnyecku
ountaercst win CPU taxke MOXeT 3anucath «1» Ha 3TOT OUT, 4TOOBI OYUCTUTSH €TO.



17.10.5. OtkimroueHue nepegaTanKa

[Tocne copoca TXEN mepenaTdaruk MOKET OBITh OTKITIOYEH TOJBKO MOCIIE TOTO, KaK
BCE€ JJaHHBIC OyAYT NEPEIanHbl, TO €CTh HET JAaHHBIX, KOTOPBIEC TOJDKHEI OBITH TIEPEIaHbI B
pETHCTpe CABUTA MEepeladul ¥ B perucTpe Oydepa mepenadm.

[Tocne Toro, Kak mepeaaTInK OTKIF0YEH, BRIBO TXD B0300HOBSET (hYHKITHIO
YHUBEPCAIHLHOTO BBOIA-BBIBOJIA OOIIET0 HA3HAYCHHSI.

17.11. IlpueMHHK

YcranoBka 6ut paspemenus npuema (RXEN) peructpa UCSRB 3amyckaer
npueMHUK USART. ®ynkuusa IO obmiero HazHaueHnust koHTakta RxD nocne BkitoueHus
3amensiercst pynkuueir USART u cTaHOBUTCS TOC/IeIOBATEIBHBIM BXOJAOM MIPUEMHUKA.
CxopocTh niepesiauu, pexxuM paboTsl U popmaT Kaapa TOJKHBI ObITh YCTAaHOBIICHBI J10
npuema JaHHbIX. Eciau ucnoiib3yercs CHHXPOHHBIN PEKUM MPUEMa, TAaKThl Ha BBIBOJIC
XCK HUCnoIb3yIOTCS KaK TaKThl epeadH.

17.11.1. ITpuem xkagpoB ¢ 5 10 8 OuTaMu JaHHBIX.

Korna mpueMHHK 0OHapYKHUBAET ACHCTBUTEIIBHBIM CTAPTOBBIA OWUT, OH HAYMHAET
MpUHUMATh JaHHbIC. Ka)Xaplii OUT TaHHBIX, CICAYIOIIMX 3a CTAPTOBBLIM OUTOM, OyIeT
MIPUHUMATHCS C 38JIaHHOM CKOPOCTBHIO MEpeaadyu JaHHBIX Wi cuHXxpoHuzanuet XCK mo
TeX TOp, MOKa MEPBBIN CTOMOBBIA OUT Kajpa He Oy/IeT MPUHST, a BTOPOUM CTOMOBBIN OUT
OyJleT MPOUTHOPUPOBAH MPUEMHHUKOM.

Kaxxapiii OUT MPUHATHIX JaHHBIX OTIIPABIISECTCS B PETUCTp caBUTa npuema. [locne
MpyueMa MepBoro CTONOBOT0 OMTa MPUEMHUK yCTaHABIUBAET (pyiar 3aBepIieHus npueMa
nanHbIX RXC B peructpe UCSRA u caBUraeT moiaHbIi KaJp JaHHBIX B CIBUTOBOM
perucrpe.

B Oydepe npuema L1 MoxeT moyyaTh NOJyUYSHHBIC TaHHBIC, YUTAS PETUCTP
UDR.

17.11.2. ITpuem xagpoB ¢ 9 OUuTamMu JTaHHBIX.

Ecnu 3aman kaap naHHbIxX U3 9-0uTHBIX daHHBIX, 0uT RXBE& peructpa UCSRB
JIOJDKEH OBITh CHauajia MPOYUTaH, YTOOBI MOJYyUYUTh 9-OUTHBIC TAHHBIC, TIPEXKIE YEM
quTaTh Oosiee HU3KUE §-OuTHBIC naHHbie 3 UDR. DT0 mpaBuiio Tak:ke OTHOCUTCS K
¢naram craryca FE, DOR u PE.

Urenune mectononoxkenus namsita UDR u3mensier coctosaue Oydepa npruema,
KOTOPBIH, B CBOIO ouepenb, m3MmeHseT outel TXBE8, FE, DOR u PE, koTophie Takxke
xpansTcs B Oydepe.

17.11.3. IIpuewm, ¢uar nosHoro 6ydepa u 06padoTka NpepriBaHUN

[Mpuemuuxk USART umeet daar: ¢nar 3aBepuenus npuema RXC, koTopslii
YKa3bIBa€T, €CTh JIU KaKOW-THOO HETIPOUYUTAHHBIN pe3ysbTaT B Oydepe nmpruema.
Ecnu npuemuuk otkitoueH, bydep npuema ooHoBisiercss 1 RXC Takke
OYHIIIAETCA.
[Tocne ycranoBku 6ut RXCIE pazpemenus npepriBanus npuema UCSRB, moka



yctanoBjieH (pyiar RXC (u rio0anbHOE NpephIBaHUE BKIIOUEHO), TIPU ATOM MPOU30MACT
npepsiBanue nmpuema USART.

[Tpu mpueme MaHHBIX C UCIIOJIH30BAHUEM PEKHUMA MPEPHIBAHUS KOHEI] IpreMa
JAHHBIX TIPEPBIBACT MPOIIECC 0OCITY)KHMBAHUS.

Jlanubie mospkHbI cuntbiBaThes n3 UDR, uToOb1 ounctuts diar RXC. B
MIPOTUBHOM CITy4ae, Kak TOJIbKO 00paboTKa MpephiBaHUSI 3aBEPIIUTCS, OYJET CO3/IaHO
HOBOE TIpEphIBaHUE.

17.11.4. ®dnar ommbKku npuema

[Mpuemuuxk USART umeer Tpu raxka ommbok: ommbka kagpupoBanus FE,
nepenonHenre AaHHbIX DOR u ommb6ka yetnoctu PE. Bce onn HaxoasTes B peructpe
UCSRA. ®nar ommbku coxpansercs B Oydepe npuema BMecTe ¢ ppeiiMoM JaHHBIX.
Bce ¢dnaru ommbok He MOTYT reHEpUPOBATh MIPEPHIBAHUS.

®nar ommbku peiima FE yka3piBaeT cocTosiHuE IEPBOTO CTOIOBOTO OUTA
CJIEYIOILIEr0 CYUTHIBAEMOTO (peiiMa, coxpaHeHHOro B Oydepe npuema. CTONOBBIN OUT
ABJIIETCS IPaBUIIBHBIM (3HaueHue paBHO «1»), a ¢pnar FE paBen «0», nunaue ¢aar FE
paBeH «1». DToT (hiar MOKET UCIIOIB30BAThHCS AJIsl OOHAPYKEHUS TIOTEPU
CUHXPOHU3ALIMU, IPEPBIBAHUS [IEPEIaull U MOXKET TaKKe MCIIO0Ib30BaThCs ISl 00pabOTKU
IIPOTOKOJIA.

®uar nepenonaHenus AaHHbIX DOR yka3piBaeT, 4To JaHHbIE ObLIM MOTEPSHBI U3-3a
3anoyiHeHus1 Oydepa npuema. Korga Oydep npuema 3amnojHeH, B peTUCTP CABUra npueMa
YK€ €CTh JJaHHBIC.

Ecnu B 3TOT MOMEHT OOHapy€H HOBBIM CTapTOBBINA OUT, MPOUCXOIUT
nepenonHenue qanabix. dmar DOR ycranoBneH s yKka3aHus TOTO, YTO OJUH WU
HECKOJIbKO KaJIpOB JTAHHBIX ObUIH MOTEPSIHBI MEKIY caMbIM nocsieqHuM ytenueM UDR u
caenytomieit mpountanHot UDR. ®nar DOR ouuiaeTcs, Koraa Kajap JaHHBIX YCIEITHO
CMEIIaeTCs U3 perucTpa casura B Oydep npuema.

®nar ommbku yetHocTH PE yKka3piBaeT, uTo clieayroniuii Kaap JaHHbIX B Oydepe
nprueMa UMeeT OIMOKY YeTHOCTHU TIPH MojyueHuu. Ecnu yeTHocTh He BKiItoueHa, PE
OYMILAETCS.

17.11.5. IIpoBepka 4eTHOCTH NpUEMa

VYcranoBka out kouTpodist yetHoct UPM1 HauHeT mpoBepky 4eTHOCTU. Pexunm
MPOBEPKHU (YETHBIN Wiu HeueTHbIN) onpenensiercss UPMO. Ilocne npoBepku 4ETHOCTH
BepU(DHUKATOP BBHIYHCIIACT YETHOCTh BXOHBIX JAHHBIX M CPABHUBAET PE3YJIbTAT C
YETHOCTBIO KajJipa IaHHbIX. Pe3ynbTaT mpoBepku OyneT coxpaHeH B Oydepe npruema
BMECTE C JaHHBIMU U cTonoBbiMU Outamu. CPU mpoBepsier nosydeHHbIl ppeiiM Ha
OomMOKM YeTHOCTH, unuTas out PE.

Ecnu cnenyromiye 1aHHble, CUUTBIBaeMbIe U3 Oydepa npuemMa, UMeroT OIHOKY
YETHOCTU U YETHOCTH BKItOUeHa, UPE ycTaHaBIMBaeTCs U 0CTaETCsS ACUCTBUTEIBHBIM J10
Tex 1nop, noka He Oyzaet npountana UDR Oydepa npuema.

17.11.6. OtxmtoueHue MpUEMHUKA

OTKII0YaeT MPUEMHHK Cpasy MO CPaBHEHUIO ¢ TiepenaTankoM. [lomyueHHbIe
nanabie OyayT motepsiabl. Korma npuemnnk otkimtoueH (RXEN ouwnmaeTcs ), mpreMHHUK
Oosbliie He OyAeT 3aHuMaTh BbIBOJI RxD, u Oydep npuema OyaeT oOHOBIIEH.



17.11.7. AcCUHXpPOHHBII NpUEM JaHHBIX

YV USART ecth 610K BOCCTAaHOBJIEHUS TAKTOB U OJIOK BOCCTAHOBJIEHUS TAHHBIX
1151 00pabOTKHM ACMHXPOHHOTO NMpueMa JaHHbIX. Jlorrka BOCCTaHOBJIEHUSI TAKTOB
UCIIONB3YETCS I CHHXPOHU3AIMHA ACHHXPOHHBIX MOCIIE0BATEIbHBIX JaHHBIX,
MOCTYHAIOIIKX € BbIBOJIOB RXD ¢ BHYTpEeHHUM 4acoM CKOPOCTH Tepeavu.

Jlorrka BOCCTaHOBIICHHUS JAHHBIX UCITOJIB3YETCs 711 cOOpa JaHHBIX U QUIIBTPAINHA
KaXJI0TO OWTa TaHHBIX, BBOJUMOTO Yepe3 GUIbTP HUKHUX YACTOT, YTOOBI YIyUIITUTh
YCTOMYMBOCTH ITPUEMHHKA K TIOMEXaM.

Pabounii quana3oH aCHHXPOHHOTO MpHUeMa 3aBUCUT OT TOUHOCTU BHYTPEHHHUX
TaKTOBBIX MMITYJIbCOB B 00/1aX, CKOPOCTH BBOJIa KaJpa M KOJIMYECTBA OUT JaHHBIX,

COJIEp KaIlIUXCS B KaJIpe.

17.11.8. AcuHXpOHHBIN pabouuii uanazoH

Pabounii quana3oH mpueMHUKA 3aBUCUT OT CTETIEHU HECOOTBETCTBUS MEKITY
MIPUHATOW CKOPOCTHIO NIEPEAUYM JaHHBIX U BHYTPEHHEN CKOPOCTBIO MEPEIavu.

Ecnu nepenaTunk nepenaet JaHHbIE ¢ YPE3BBIYAMHO OBICTPON WM METICHHOU
CKOPOCTBIO MEPEIAYN, NN ECITU CKOPOCTh Nepeauu, TeHepupyeMasi BHyTPEHHE
MIPUEMHHUKOM, HE UMEET TaKOH e YacCTOThl, IPUEMHHUK HE MOXKET CHUHXPOHU3UPOBATHCS C
CTapTOBBIM OUTOM.

YT0oOBI rapaHTUPOBaTh, UYTO MPUEMHHUK HE MPOIYCTUI BEIOOPKY CIEIYIOLIEro Outa
Hauaja KaJipa, CKOPOCTh BBOJIa JIaHHBIX U CKOPOCTH Tepeauu B 00/1aX BHYTPEHHETO
MIPUEMHHKA HE MOTYT OBbITh CIUIIKOM Pa3JIMYHbI, & COOTHOILICHUE MEXIY HUMHU
WCIIONB3YETCsl U1 ONUCAHUS Juara3oHa olruO0K CKOPOCTH Mepeiaun B 0ogax.

Crnenytomye 1Be TaOIUIBI JAaIOT MaKCHMAaIbHBIN UaNa3oH OIMOO0K B 060/1aX,
KOTOPBIN pa3pelieH B HOPMAJIbHOM PEXKUME U B PEKUME IBOMHONU CKOPOCTH.

MakcuMaIlbHBIN THaa30H OMKMOOK Mepeaadn B 60/1aX B HOPMaJIbHOM PEKUME

buTt naHHbIX + AJIMHA OUT MakcuMaJbLHBIA AHANA30H PexomenayemMblii AMaNa3oH
YeTHOCTH omooK (%) ommook (%)
5 +6J/-6.8 +3.0
6 +5.8/-5.9 +2.5
7 +5.1/-5.2 +2.0
8 +4.6/-4.5 +3.0
9 +4.1/-4.2 +1.5
10 +3.8/-3.8 +1.5

MakcuMaTbHBIM THaa30H OMKMOOK Tmepeaadn B 00/1aX B peKUME JTBOMHONW CKOPOCTH

BuT 1aHHBIX + AJIMHA OUT MakcuMaJbLHbBIA ANANA30H PexomenayemMblii 1Mana3oH
YeTHOCTH omooK (%) ommmook (%)
5 +5.7/-5.9 +2.5
6 +4.9/-5.1 +2.0
7 +4.4/-4.5 +1.5
8 +3.9/-4.0 +1.5
9 +3.5/-3.6 +1.0
10 +3.2/-3,3 +1.0




Kak BugHO 13 TabMuUIIbl, CKOPOCTh MEPEIadil B HOPMAJILHOM PEKHUME JOMYCKAaeT
OoJbIINI TUarma3oH u3MeHeHu. [Ipeamnonaraemelil BbIlIEe HOMYCTUMBIN JUaa3oH
omuOOK B 00/1aX MPE/IOIAraeT, 9YTO MPUEMHHK U TIEPEIaTINK BHOCAT OJJMHAKOBBIH
BKJIaJ] B MAKCUMAJIBHYIO OOIIYIO OIITUOKY.

CymiecTByeT 1Ba BO3MOKHBIX HCTOYHUKA OMIMOKH CKOPOCTH TIEpeIauul B
MIPUEMHUKE.

Bo-niepBriX, CTaOMIBHOCTS YaCOB CHCTEMBI IPUEMHHUKA CBsI3aHa ¢ pabodYnm
HaIpsHKEHUEM U TEMIIEpaTypoid. IJTa mpodsiemMa OObIYHO HE BO3HUKACT MPHU
UCIIOJIb30BaHUM KBApLEBOr0 Fr€HEpaTopa AJisl TEHEPALMN CUCTEMHBIX YaCOB, HO
CUCTEMHBIE TAKTHI MOTYT OTKJIOHATHCS P UCIIOJIb30BAHUY BHYTPEHHETO T'€HEPaTOpa.

BTopas npruurHa 3aKIII04aeTCs B TOM, YTO T€HEPATOP CKOPOCTH MEPEAAUN MOKET
HE TIOJIYYUTh KEeJAaeMYI0 CKOPOCTh Mepeiaur B 00/1ax MyTeM JIeJICHUSI CUCTEMHBIX YacoB.
Ha »Tom stamne Bbl Moxkete oTperynupoBath 3HaueHrne UBRR, uTo0Ob! ommbka Oblia kak
MOHO 00JIee HU3KO.

17.11.9. VYcranoBka CKOPOCTH Mepeaadn U olMOKa BBOJIA

JIJ1st cTaHIapTHBIX YacTOT KPUCTAJIa U PE30HATOPA CKOPOCTh Mepeauu Jist
(aKTHUYECKOM CBSI3U B ACHHXPOHHOM PEXHUME MOXKET OBITh MOyYeHa C ITOMOIIBIO
(dhopMyJibl pacyeTa CKOPOCTH B 00/1aX.

Ommbka MeX1y CKOPOCThIO MIEpelau U O0IIEeH CKOPOCThI0 0OMEHA TaHHBIMU
MOXET OBITh CJICTYIOIICH:

dopmyra 1S pacyeTa:

Ommoka [%] = (Baud real / Baud - 1) * 100%,

rae Baud siBnsieTcs yacTo UCMONB3yeMOU CKOPOCTRIO Mepeiaun JaHHbIX, a Baud
real - ckopocTh niepeaun B 60/1aX, BRIYMCICHHAS 10 (JOpMYJie pacueTa U BBEJCHHAS B
pacyer CKOpOCTH Iepeayn.

CBsi3b MEXTy OITHOKOM CKOPOCTH B 00J1aX ¥ CUCTEMHBIMU Yacamu f sys u
snauenueM UBRR perucrtpa ckopoctu nepenayu JaHHBIX MOKET OBIThH MOJTydeHa 10
dhopmyie:

HopmanbHbIi pexum:

Ommboka [%] = (fsys/ (16 * (UBRR + 1)) / Baud - 1) * 100%
Pexum 1BOMHON CKOPOCTH:
Omnboka [%] = (fsys / (8 * (UBRR + 1)) / Baud - 1) * 100%

Ecnu ommbka TakToB Ha 00€MX CTOpPOHAX CBS3HM HE YUUTHIBACTCS, CUCTEMHbBIC
TakThl fSys sSBISIOTCS CTaHAApTHHIMU Bo Bpemsi 4acoB MOKET ObITh MOTy4Y€eHA CBS3b
Mexay 3HaueHrneM UBRR ommOku ckopocTu nepenayu.

B crenyromieit Tabnuiie moka3zaHa ommOKa CKOpOCTH nepeadu B 001ax s
pa3sbix HacTpoek UBRR B cooTBeTcTBUM ¢ cucTeMHbIMU yacamu 16 M1,

Omun6ka, Bei3BaHHas ycTaHoBKoM 3HaueHnst UBRR Ha cucremnsbix yacax 16 MI'y



Cxopocts | fsys = 16.000MHz

nepegaum Hopmaabnsiii pexum (U2X = 0) Pexxum aBoiinoii ckopoctu (U2X =1)
(6ut/ c) UBRR | Ommbka | UBRR | Ommbka
2400 416 -0.1% 832 0.0%
4800 207 0.2% 416 -0.1%
9600 103 0.2% 207 0.2%
14.4K 68 0.6% 138 -0.1%
19.2K o1 0.2% 103 0.2%
28.8K 34 -0.8% 68 0.6%
38.4K 25 2.1% 34 -0.8%
57.6K 16 0.2% 51 0.2%
76.8K 12 0.2% 25 0.2%
115.2K 8 -3.5% 16 2.1%
230.4K 3 8.5% 8 -3.5%
250K 3 0% 7 0%
0.5M 1 0% 3 0%
1M 0 0% 1 0%

17.12. MHoronpoueccopHblii pe;KuM CBSI3H

Hacrpoiika out mynstunpoueccopuoit csazu (MPCM) UCSRA gunbrpyet
naHHble, nonydeHHble mpueMHUKOM USART. Kanpsl, KoTOpble HE UMEIOT aApECHOM
uHdopmaruu, OyayT UTHOPUPOBATHCS U HE OyAYT cOXpaHEeHbI B Oydepe mpuema.

B MHOTONpO1IECCOPHON CUCTEME KaXKIBIM MTPOLIECCOP B3AMMOJICUCTBYET IO OJIHON
Y TOM K€ TOCJIeIOBATEIBHON muHe. JTa GuabTpanus 3pGHEeKTHBHO YMEHbIIAET
KOJIMYECTBO KAJPOB JAHHBIX, KOTOPBIE IOJDKHBI 00pabaThiBaThCsI MPOIIECCOPOM.

VYcranoBka outr MPCM He BimsieT Ha paboTy nepenaTdynuka, HO €ro UCIOoJIb30BaHUE
OTJIMYAETCS] B MHOTOMPOLIECCOPHBIX CUCTEMAX CBSI3U.

Ecnu xanp naHHbIX, IPUHSTHIN MPUEMHUKOM, UMEET JUTMHY OT 5 10 8 OUT, MEepBbIii
CTOTIOBBIN OUT MUCIOJIB3YETCS JIsl yKa3aHUsl, COACPXKUT JIU TEKYIIUUI KaJp JaHHBIC WK
nHdopmaruio o aapece. Eciu nmongydarens nojiydaeT JJIMHY Kajpa JaHHBIX U3 9 OUT, TO
9-it 6ut onpexenset, OyayT M JaHHBIE NaHHBIX WK aapecoB. Ecmu dnar tuna gpeiima
paBeH «1», 3TO apecHbIi KaJip, MHAYE OH SIBJsETCS GPeiiMOM JaHHBIX.

B MHOTOIpOIIECCOPHOM PEKUME CBSI3M HECKOJIBKUM BEJIOMBIM ITPOIIECCOPaM
pa3pellieHo MPUHUMATh JaHHBIE OT OJJHOTO IJIAaBHOTO MpoIeccopa.

[IepBbIit mIar - ONpeaeInuTb, KAKOW BEIOMBIN MPOLIECCOP YCTAHABIMBAETCS HA CBSI3b
C BEIlyIIUM, TyTEM JAEKOJUPOBAHUS aIPECHOTO KaJpa.

OOpaboTaHHBIN MOAYUHEHHBIN TTPOLIECCOP OOBIYHO MOTYYAET TOCISYIOIIIE
JAHHBIE, TOTJIa KaK JPyrye MOJYMHEHHbIE TPOLECCOPl UTHOPUPYIOT 3T KaJIPhl TAHHBIX
710 T€X TIOp, TIOKa He OyAeT MPUHAT CIACAYIOMUNA aIpeCcHbINA Kap.

Jlnst BemyIiero npoieccopa OH MOKET UCTIOJIb30BaTh 9-OUMTHBIN hopmaT Kajapa
JAHHBIX M UCIOJIb30BaTh 9-1 OUT JaHHBIX JJIs onpeaesneHus: popmara kaapa. B atom
PEXKUME CBSI3M BEJOMBIN MIPOIIECCOP TAKXKE JOJIKEH padoTath B hopmare 9-OUTHOTO
KaJpa JaHHbIX.

Huxe npuBeaeHs! maru Jj1si oOMeHa JaHHBIMU B PEKMME MHOTOIPOIIECCOPHOI
CBSI3U:

1. Bce mogurHEHHBIE MPOLIECCOPHI pabOTAIOT B MHOTOMPOIIECCOPHOM PEXUME



ces3u (MPCM);

2. OCHOBHOM MpoleccOp OTIPABIISAET AIPECHBIN Kajp, U BCE MOAUYNHEHHBIE
MPOLIECCOPHI MOJIyYatoT 3TOT Kaap. Bemomoro mporneccop ycranasiauaet 0ut RXC
peructpa UCSRA HOpMaibHO.

3. Kaxnoe BegoMoe ycTpoicTBO cunThIBaeT coaepxumoe peructpa UDR u
JIEKOAUPYET aJAPECHBIN Kaap, 4TOOBI ONPEACIIUTh, BEIOpaHO ik 0HO. Eciu BeIOpaHO - OUT
MPCM B peructpe UCSRA ouniaercs, ecinu He BoiOpad - MPCM ynepxuBaercs B «1»
U OKUAAeT MPHUOBITHS CIEAYIOUIETO apecHoro dpeiima.

4. AnpecoBaHHOE BEJOMOE YCTPOMCTBO MIPUHUMAET BCE KaJpbl JAHHBIX 10 TEX
0p, OKa He OyAET NPUHAT HOBBIM ajpecHbIi Pppeiim. HenpuHsaThle NOJUMHEHHBIE
IPOLECCOPBI UTHOPUPYIOT 3TU KaJpbl JAHHBIX.

5. Ilocne Toro Kak apecHbIi MOAYMHEHHBIN POLECCOP IPUHUMAET MTOCIIECTHUMI
KaJp JaHHbIX, OH ycTaHaBiuBaeT OUT MPCM u oxxugaeT npuObITHS CIIEAYIOLIErO
a/JIpecHoro Kajapa. 3aTeM MOBTOP CO BTOPOTO IIara.

Bo3MoxHbIe opMaThl KaIpoB, COEPHKAT OT 5 10 8 OUT JAHHBIX, HO
HETPAKTUYHBI, IOTOMY YTO MPUEMHUK JIOJDKEH MEPEKITI0YaThCsa MeX 1y opMaTtaMu n
n+1.

[TockonbKY MPUEMHUK U EPEAATYMK UCIIOIB3YIOT OJIHY U TY K€ HACTPOMKY JIJTUHBI
CHUMBOJIa, 3TOT apaMeTp 3aTPyAHSIET MOTHOAYIIEKCHYIO padoTy. Ecnu ucnons3yercs
dbopmar kaapa oT 5 10 8 OUT TaHHBIX, IEPEAATYUK JOJDKEH YCTAHOBUTH JBa CTOMOBBIX
OuTa, TJIe MEePBBIA CTOMOBBIA OUT UCIIOIL3YETCS JI ONPESICHUS TUITA Kajpa.

17.13. Perucrpsl Onucanue

UCSRA - Pecucmp A ynpasnenue u cocmosnusi USART

\ UCSRA - Peructp A ynpasienue u coctosinusi USART

Anpec: 0xCO 3HaueHue no ymosdanuto: 0x00

bur

7

6

5

4

3

2

1

0

Nmsa

RXC

TXC

UDRE

FE

DOR

PE

uz2Xx

MPME

R/W

R

R/W

R

R

R

R

R/W

R/W

bur

Nma

Omnpenesienne OUT

RXC

Korma RXC B «1» - HamuuMe HENMPOYMTAHHBIX TaHHBIX B Oydepe npuema. Koraa
3HaueHue RXC B «0», B Oydepe npreMa HEeT HEIPOUNTaHHBIX TaHHBIX. Korma
IIPUEMHUK OTKJIIOUEH, Oydep npuema oOHOBIseTes, B pe3ynbTare yero RXC = «0».
Korma 6ut paszpemenus npepeiBanus RXCIE B «1», RXC MokeT ucroas30BaThCs IS
reHepaluy IpepbIBaHNs KOHLIA IPUEMA.

TXC

Korna TXC B «1» nocie nepeaauu TaHHBIX U3 pETHCTpa CABUra U Korna oydep
nepeaaun myct. TXC aBTOMaTHYECKN OYMINAETCS, KOT/Aa BBINOIHAETCS IIPEPHIBAHNE
nepeaayu, U €ro Takke MOXKHO OYUCTHUTH, 3anucaB «1» B TXC. TXC moxer
MCIOJIb30BaThCSA AJIs TeHEepaly MpepbIBaHus Nepeadn, Korjaa OUT pa3penieHus
3aBepuieHust nepenaun, TXCIE, paBeH «1».

UDRE

Korna UDRE B «1», 310 03HauaeT, uro Oydep nanusix nepenaun USART mycr, u
nanHbie MoryT ObITh 3anmucanbl. Korma UDRE B «0», 310 03Havaer, uto Oydep naHHBIX
nepenaunt USART 3anonHeH u nanHble He MOTYT ObITh 3anmucanbl. UDRE mosxer
HCIOJIb30BATHCS ISl CO3AaHUs MYCTOTO NPEPhIBAaHUS PErUCcTpa JaHHbIX, KOra OUT
pazpenieHus nycroro perucrpa aasibix, UDRIE B «1».

FE

®mar ommbku kagpa. Korga FE B «1», 370 03Havaer, 4To JaHHBIE, MOJTyYECHHbBIE




Oydepom mpremMa 1aHHBIX, UMEIOT OIIMOKY KaApUPOBAHMS, TO €CTh NEPBbI CTOMOBBII

out B «0». Korga FE B «0», 3T0 yka3pIiBaeT Ha TO, YTO JIaHHBIE, TIOJy4eHHBIE Oydepom

JAHHBIX PUEMa, He UMEIOT OLTUOKYU KaJAPUPOBAHUS, TO €CTh MEPBHII CTOMOBHIN OUT B

«1». Ilocne Toro, kak FE B «1», on octanercs B cuie 10 urenuss UDR. Ilpu 3anucu B
UCSRA 6ut FE 3anmceiBaetcs B «0».

DOR

@nar nepenonHenus ganHbix. Korga Oydep nmpuema 3amnonHeH (COASPKUT /IBa
JAHHBIX ), B PETUCTPE CIBUTa IipueMa ecTh JaHHble. Eciu B 310 Bpems Oyzaer
oOHapy>KeH HOBBIH CTaPTOBBINA OWUT, MPOU30MIET MEPETIOIHEHNE JAHHBIX, U OyAeT
yctanoBieH DOR. On Oyzer neficTBOBaTh 110 TeX Mop, 1moka He Oyxaer npountana UDR.
ITpu 3anucu B UCSRA 6ut DOR 3anmceiBaercst B «0».

PE

®nar ommbku yetTHocTu. Korma konTposs yetHocTu BKiItoueH (UPMI B «1»), a
MPUHATHINA Kaap NaHHBIX B Oydepe npuema nmeet omuoky yetHoct, PE
yCTaHaBJIMBAETCs B «1», M OCTaeTcst NIeHCTBUTENBHBIM JIO TEX IOp, IOKa He OyneT
npountana UDR. Ilpu 3anucu B UCSRA 6ut PE 3anuceiBaercs B «O».

uz2Xx

bur paspemenus nepegauu c 1BoiHOM ckopocthio. Korga U2X B «1», ckopocTh
nepeayd aCHHXPOHHOTO peknuMa cBs3H yasausaercs. Korna U2X B «0», ckopocTb
nepeaaur aCHHXPOHHOTO PEXXUMA CBSI3H SIBJISICTCS OOBIYHOM. DTOT OMT IEUCTBUTEIICH
TOJIKO B ACHHXPOHHOM peXHUMe pabOThl, 3TOT OMT OUHUINACTCS [P UCIIOIb30BAHUU
CHHXPOHHOT'O peXHMa pabOTHI.

MPME

burt paspemenus pexxuma MyJIbTUIPOLIECCOPHOM CBsi3U. Y craHoBka outa MPCM
3aryckaeT MHOronporeccopHsiii pexum cBsizu. Korna MPCM B «1», BXOAHbIE KaJIpbl,
nony4yennbie mpueMHuKoM USART, koTopbIe HE coaepkar apecHyro HHpopMaIuio,
Oyayt urHopupoBatbcsi. Hactpoliku nepepatunka He 3aBUcAT oT HacTpoek MPCM.

UCSRB - Pecucmp B ynpasnenue u cocmosnusi USART

\ UCSRB - Peructp B ynpasiaenue u cocrosinusi USART

Anpec: 0xC1

3HaueHue no ymonyanuio: 0x00

bur

7 6 5 4 3 2 1 0

Nma

RXCIE

TXCIE | UDRIE RXEN TXEN UCSZ2 RXB8 TXB8

R/W

R/W R/W R/W R/W R/W R/W R R/W

bur

Nma

Omnpenesenne OuT

RXCIE

OxoHuaHMe mpuema - OUT pasperieHus npepeiBanuii. Brimounts npepsiBanue: RXC =
«1». Eciiu RXCIE B «1» 1 rinobaibHOE npepblBaHUE pa3perieHo, NpepblBaHne
koHeuHoro Beixoja USART moxet ObITh creHeprpoBaHo, korja B peructpe UCSRA
outr RXC B «I».

TXCIE

OxkoHyaHMe nepenayu - OUT paspelieHus npepsiBanuil. Brimounts npepsiBanne TXC:
= «1» n otkmrounts npepeiBanre TXC nocne ounctku. Korga TXCIE = «1»,
r1100anpHOe MpephIBaHUE BKIOYEHO U MoIHOe npepbiBanue nepegaun USART moxer
ObITh crenepupoBano, eciiu B peructpe UCSRA TXC B «1».

UDRIE

Peructp naHHBIX MyCT - OUT pa3pelieHus NpepbiBaHui. BKII0UNUTh NpepbiBaHue:
UDRE = «1» u otkmounts npepsiBanus: UDRE = «0». Korma UDRIE B «1» u
rio0anbHOE MpephIBaHUE BKIIOUEHO, npepbiBanus Peructp nanueix USART nycr,
Moryt ObITh crenepupoBanbl, korja B peructpe UCSRA 6utr UDRE B «1».

RXEN

[Tpuem - 6ut pazpemenus. [Tpuemuuk USART aktuBupyercs nocie yCTaHOBKH.
Oynknus [0 obmiero HazHaueHus BbiBoaa RxD 3amensiercs na mpuem USART.
OTxiroueHne mpueMHHKa MpHUBeNeT K cOpocy Oydepa npuemMa u aHHYIUPOBAHUIO
¢naros FE, DOR u PE.

TXEN

[Tepenaua - 6ut paspemenus. [Tepenatunk USART akTuBUpyeTCS TIOCIIE YTBEPIKICHHS.
Oynuknwust 10 obmmero HaznaueHus BeiBoga TxD 3amensiercs USART. Ilocne ynanenus
TXEN nepemaua USART MokeT ObITh OTKJIFOYEHA TOJIBKO MOCIIC 3aBEPIICHUS BCEX
nepeaay JaHHBIX.

UCSZ2

Jnuna cumBona koutponupyet out 2. UCSZ2 o6benunsiercs ¢ UCSZ1,UCSZ0
peructpa UCSRC 1151 ycTaHOBKHM KOJIMYECTBA OUT JAHHBIX B KAJpe JaHHBIX.




[Tpuem 8-ro Outa manneix. Korna mimHa xaapa qaHHbIX cocTaBiseT 9 out, RXB8

3anuchlo OoJsiee HU3KUX 8-OUTHBIX TaHHBIX, cogepkammxcsi B UDR

1 RXB8 SIBJISICTCS] HAUBBICIIIM OMTOM TTOTydeHHBIX JaHHBIX. [IpounTaiite RXBS nepen
YTCHHEM HUKHHUX 8-OUTHBIX NAaHHBIX, cogepxamuxcs B UDR.
[lepenaua 8-ro 6uta manueix. Korga mmmna xajapa qaHHbIX coctaBisieT 9 out, TXBS
0 TXB8 SIBJISICTCSl HAUBBICIIMM OMTOM TiepeaaBaeMbIX naHHbiX. Hamumure TXBE8 nepen

UCSRC - Pecucmp C ynpaenenue u cocmosnus USART

UCSRB - Peructp C ynpasienue u cocrossHusi USART

3HaueHue no ymonyanuio: 0x00

Anpec: 0xC2

Bbur

7

6

5

4

3

2

1

0

HUmsa

UMSEL1

UMSELO

UPM1

UPMO

USBS

UCSZ1

UCSZ0

UCPOL

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

bur Nms

OmnpenesieHue OUT

7:6

|[UMSEL1:0

butsr BeiOOpa peskuma USART.
UMSEL BpIG0Op CHHXPOHHBII MU ACHHXPOHHBINM PEKUM PaOOTHI.

UMSEL Pexum
0 Acunxponnsiii pexum USART
Cunxponnslii pexxum USART

1
2 Pexxum pabotel Betomoro ycrpoiicrsa SPI
3 Pexxum paboTer Begymiero ycrpoiicrsa SPI

5:4 | UPM1:0

butsl BeIOOpa 4ETHOCTH.
Beicokuit out UPM1 BbIOMpaeT BKIIOUEHUE UM OTKJIIOUEHHE KOHTPOJIS YETHOCTH, a
Hu3kuii out UPMO BbIOMpaeT HEeYeTHBIE WIM YETHBIC YETHOCTH.

UPM1:0
0 bnokupoBanue mapurera

Pexxum

1 3ape3epBUPOBAHO
2 BKIJ1I0UNTH 4YETHOCTH
3

Bk1rounTh HEUETHOCTD

3 USBS

Bri6op cron-6utel. Kommyectso 6ut: USBS = 0 — 1 cron-6wur;
USBS =1 — 2 cron-6uta

2:1 | UCSZ1:0

butel BeIOOpa 1mHbI cumBoiia kajpa gaHHbiX. UCSZ1:0 o6benunsiercs ¢ UCSZ2
peructpa UCSRB, uT00b! yCTaHOBUTH KOJMYECTBO OUT AAHHBIX, COJIEPKAILUXCS B
KaJ|pe JTaHHBIX.

UCSZz2:0 JlamHa kaapa JaHHBIX
5 our
6 out
7 out
8 our

3ape3epBUPOBAHO

3ape3epBUPOBAHO

3ape3epBUPOBAHO
9 out

~N[jojolR~|wWINIFRL]O

0 UCPOL

bur Bb1O6Opa nongpHoctu 6uT. B pexxume cunxponnoit paborst USART UCPOL

yCTaHABIIMBAET B3aUMOCBS3b MEXAY U3MEHEHUEM BBIXOJIHBIX JAHHBIX U
CHHXpOHU3aIuend TakToB cCMHXpoHU3aun XCK BX0AHBIX JaHHBIX. OYUCTUTE 3TOT
6ut HezaBucuMo oT UCPOL B acHHXpOHHOM pekuMe padoThI

UCPOL
0

H3meHeHne nepegayn JaHHbIX
[Tonoxurensusiit ppont XCK

Bri0opka JaHHBIX

Otpunarensubiii ppont XCK




OtpunarensHbiil ppont XCK [TonoxutensHblit poHT XCK

UBRRL - Mnaowuii 6atim ckopocmu nepedauu oannvix USART

UBRRL - muaagmmii 6aiit ckopoctu nepegaun 1anHbix USART

Anapec: 0xC4 3Havenwue mo ymoiadanuto: 0x00

bur Il 6 5 4 3 2 1 0

Nms UBRR7 | UBRR6 | UBRR5 | UBRR4 | UBRR3 | UBRR2 | UBRR1 | UBRRO

R/W R/W R/W R/W R/W R/W RIW R/W R/W
but Nms Onpenesnenue OUT

Muagmuii GaiiT peructpa ckopoctu nepeaaunt naHasix USART. Peructp
7:0 | UBRRY7:0 ckopoctu niepenaur USART conepkxutr UBRRL u UBRRH, kotopsie
UCTIOJNIL3YIOTCSI BMECTE, YTOOBI YCTAHOBUTH CKOPOCTH Iepeaadu B 60ax.

UBRRH - Cmapuwuii 6aiim ckopocmu nepedauu oannvix USART

UBRRH - Ctapmmii 6aiiT ckopoctu nepegauu 1anabix USART

Anpec: 0xC5 3HavyeHue no ymondanuio: 0x00
but 7 6 5 4 3 2 1 0
Nmsa - - - - UBRR11 | UBRR10 | UBRR9 | UBRRS
R/W - - - - R/W R/W R/W RIW
bur Nms Omnpenesienne OUT
74 - 3ape3epBUPOBAHO
Crapuuii 6aift peructpa ckopoctu nepeaauu gaHHbix USART. Peructp ckopoctu
nepeaaund USART conepxxutr UBRRL u UBRRH, kotopsle ucnonb3yrorcsi BMecTe,
YTOOBI YCTAaHOBUTH CKOPOCTH Iepeiauu B 00/1ax.
UBRR = {UBRR [11: 8], UBRRL}

3:0 | UBRR11:8 Pe:xum padoThl Pacuer ckopocTu nepegauu
ACHHXPOHHBII HOPMAJBHBIN PEXUM BAUD = f sys /(16*(UBRR+1))

ACHHXPOHHBIN PEXXUM CKOPOCTH BAUD = f sys /(8*(UBRR+1))

PexxrM CHHXPOHHOTO BEIYIIETO BAUD = f sys /(2*(UBRR+1))

UDR - Pecucmp oannvix USART

\ UCSRB - Peructp nanubix USART

Anpec: 0xC6 3HaueHue no ymonuasuro: 0x00
bur 7 6 5 4 3 2 1 0
Nms UDRY7 UDRG6 UDR5 UDR4 UDR3 UDR2 UDR1 UDRO
R/W R/W RIW RIW RIW R/W RIW R R/W
bur Nwmst Onpenesenue OuT

Peructp nannbix nepenaruuka u npuemMuuka USART. Bydep nepenaun nanHbIx
USART u 6ydep npuema qaHHBIX COBMECTHO MUCTIONB3YIOT peructp UDR manHBIX
USART. 3anuce nannsix B UDR 3anuceiBaetcs B Oydep AaHHBIX eperauu, a
yreHue gaHHbIX U3 UDR cuunteiBaet 6ydep nannbpix npuema. B pexume c 5-8 6ut-
KaJ[paMH HEUCIOIb3yeMblii 9-if OUT UTHOPUPYETCS NepeJaTYUKOM, a IPUEMHUK
ycranaBnuBaeT ux B 0. bydep nepenaun MoxeT ObITH 3aMCaH TOJBKO TOT/IA,
koraa ¢uar UDRE peructpa UCSRA paBen «1», nHaue omnepanus nepeiaTinka
Oyner ommbouHoi. Korna peructp capura nepegadu mycT, NepeaaTduK
3arpy’kaeT JaHHble B Oydep rnepenaun B perucTp CABHUra rnepeaaydu, v JaHHbIe
BBIBOJISITCS TTOCJIETOBATENbHO ¢ BhiBosia TxD. Bbydep nmpuema conepxut
nByxypoBHeBblid FIFO. ITocne cunteiBanus 6ydepa npuema FIFO usmenser csoe
COCTOSIHUE.

7:0 UDR




18. TWI - nByxnpoBoanas nocjenoparejbHas muHa (12C)

e [IpocToii 1 MOIIHBIN U THOKUI KOMMYHHUKAIIMOHHBIN HHTEpdeiic TpedyeT Bcero 2
IIPOBOAA.

[TonnepxuBaer Beayliee U BEAOMOE YCTPOUCTBO.

VYcTpolicTBO MOKET paboTaTh B peKuUMeE NepelaTyuKa Uid MpUEeMHHKA.
Paspenieno 7-0uTHOE aipeCcHOE MPOCTPAHCTBO. 128 BEIOMBIX YCTPOUCTB
[Monnepskka apObutpaka ¢ HECKOJIBKHUMH BEIYIIUMHU yCTPOMCTBAMU

Ckopoctb nepenaun qaHabix 10 400 Kout/c

[ToaHOCTBIO MPOTrpaMMHUPYEMBIN BEIOMBIN ajpec U oOIIni ajpec

[IpoOy:xneHne npu COBNAJACHUH aIpeca B CILILIEM PEKUME

18.1. BBeaenue TWI llluna

JIByXnpoBoAHbBIN NTOcNeoBaTeNbHbIA nHTEpGeric TWI xopo1io noaxoaut s
TUIAYHBIX MTpolieccOpHbIX npuiiokeHuil. [Ipotokon TWI no3BonsieT pa3paboTunkam
CUCTEMBI MTOJKIIIOYATh 128 pa3nuyHbIX YCTPOMUCTB, UCIIOIB3YS TOJIBKO JIBE
JBYHAIIPABJICHHBIE JINHUU MIEPEIAYUH.

JBe nmuuum - 5310 TakThl SCL u SDA nanubix. BHemnsig anmaparypa tpedyet
TOJIBKO JBYX MOATATUBAIOIIMX PE3UCTOPOB HA KAXIOU JINHUU. Bce ycTpoicTBa,
MTOAKJIIOYCHHBIC K IITMHE, UMEIOT CBOM cOOCTBeHHBIN afipec. IIporokon TWI pemaer
npo0semMy apOuTpaXka IINHBI.

18.2 TepmuuoJorus TWI

B 3TOM pazzelie yacTto nosBIAIOTCA CIEAYIOIINE ONMPEAEICHHBIE TEPMUHBI:
- Benyiee Y CTponcTBO - KOTOPOE 3aIlyCKAET U OCTAHABIIMBAET IIEpeaayy.
- Bengymuii - orBeuaer 3a renepanuio TakroB SCL.

- Benomoe Y CTpoOHCTBO - K KOTOPBIM aAPECYIOTCS BEAYILINE YCTPOMCTBA

- [lepenaTunku - KOTOpbIE pa3MEUIAOT IaHHBIEC HA IIIUHE.

- [IpuiemHBIe yCTpOHCTBA - KOTOPHIE TPUHUMAIOT JAHHBIE C IIIMHBI

18.3. DuekTpUYecKoe NOAKIIOYEHHE

Kak nmokazano Ha pucyHke HUXke, o0a rmpoBoaa untepdeiica TWI nogkimrouarores K
[I0JIOKUTEJIbBHOMY UCTOYHUKY IIUTAHUS Yepe3 MOATATUBAOIIME PE3UCTOPLL. JlpaiiBepsl
UHbI 171 BceX TWI-COBMECTUMBIX YCTPOUCTB SABJISAIOTCS OTKPBITBIMUA KOJUIEKTOPAMH,
YTO MO3BOJISIET UCIIOJIB30BAaTh JIMHUIO U (PYHKIIMU UHTEpPeiica.

Korna Beixon TWI-ycrporicta paBen «0», muHa TWI reneprupyeT HU3KUN
YPOBEHb.

Korna Bce Beixoasl ycrpoiictBa TWI B TpeTbeM COCTOSHUM, IIMHA TTO3BOJISIET
MOATATUBAIOLIMM PE3UCTOPAM YCTAHOBUTH BHICOKOE HAIIPSIKEHUE.

Jiis obecriedeHust Bcex orneparyii IUHbI BCE YCTPOUCTBA, OJKIIOYSHHbBIE K IIIMHE
TWI, 1omKHBI OBITH BKIIFOUEHEL.
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Puc.18.1. Cxema noaxirouenns muHel 1 WI

18.4. Ilepenauya TaHHBIX H CTPYKTYpa Kajapa
Kaxxnp1il Out nepepaun qaHHbix Ha muHe TWI cCMHXpOHU3UpYETCs ¢ YacaMu.

KOFZIE[ JIMHUA CHMHXPOHH3alIUH BBICOKA, YPOBCHDL B CTPOKC JAHHBIX HOJDKCH OCTABATHCA
CTa6I/IJIBHI>IM, CCJIX TOJIBKO OH HC JOJIKCH I'CHCPHUPOBATDH YCJIOBUC Hadadjld NI OCTAaHOBKH.

SDA e

T R
SCL | HAEHRE | HAEHE
- NI
Puc.18.2. [duarpamma nocroBepHocTy gaHHBIX TWI

18.4.1 Cocrossaue START u STOP

ITepenaun TWI 3anmyckaroTCsi U OCTAaHABIMBAKOTCS BEAyIIUM. Bemymmii
ornpasiseT cratyc START Ha mmHe aist ornpaBku gaHHBIX U ctatyc STOP, uToObI
OCTaHOBUTH nepeaavy naHHbix. Mexnay cocroaaussMu START u STOP mmna cuurtaercs
3aHSITON U HE MO3BOJIAET IPYTUM BEIYIIUM MbITATHCS YIPABJISITH IIMHOM.

CyliecTByeT cieUaIbHBIN ClTy4all, KOTOPBIM pa3peniacT TOJIbKO HOBOE COCTOSHUE
START mexny cocrosausmu START u STOP. OT0 Ha3piBaeTcst COCTOSIHUEM
REPEATED START u npuMeHnsietcsi, Korja TeKyIuid BeAyIIuil THUIUUPYET HOBYIO
nepenavy, He OTKa3bIBasCh OT ynpapiieHus muHou. [lIuHa mo-npexHeMy cunuTaeTcs
3andaroi 1o ciuenyromniero STOP nmocne REPEATED START. Oto cornacyercs ¢
START, noatomy B 3ToM nokymente ucnoib3ytorcsi START u REPEATED START,
€CJIM HET CIEeUATLHOTO O0BSICHECHHUS.

Kak noka3ano Ha pucyHke Huxke, yciioBus START u STOP usmeHst0T ypoBeHb
muanu SDA, xorna nuaus SCL BeICOKa.

SDA /S 7N\ N/

START STOP  START REPEATED START STOP

Puc.18.3. Cocrosinust START, REPEATED START u STOP



18.4.2. ®opmar agpecHOro rnakera.

Bce makeTsl agpecos, nepeaaBaemMble no muHe WI, npencrapisitor codoit 9-
OUTHYIO ATUHY JAHHBIX U COCTOAT U3 7-OMTHOTO ajpeca, 1-OUTOBOr0 KOHTPOJIBHOTO OUTa
READ / WRITE u 1-6uroBoro 6ura moarsepxxaeaus. Korma outr READ / WRITE pasen
«1», BeImomHseTCs onepanus drenus, korna outr READ / WRITE pasen «0y,
BBITIOJTHSETCS OTEPALIHs 3aMKCH.

[Tocie Toro, kak BEAOMOE yCTPOMCTBO MOJYyYWJIa CBOM aJIpeCOBaH, OHO JOJKHA
HOATBEPANUTh Ha TuHuU SDA HuskuM ypoBHeM B Teuenue 9-ro mukiaa SCL (ACK). Ecmou
BEJIOMOE YCTPOUCTBO 3aHATO WJIM HET MPUYUH JJIS1 OTBETA BEAYILIEMY, AEPKUT JIMHUIO
SDA Ha BbicOKOM ypoBHE BO Bpems 1ukiia ACK. 3atem Benymumii MokeT oTpaBUTh
ycinoue STOP unmn REPEATED START, uTo0bI epe3amnycTuTh repeaavy.

[lakeT apecoB BKIItOYAET B ce0s aApec BEIOMOTO U OUT YIIPABJICHHS YTEHUEM UJTU
3anucklo, npeacraBiaeHubie SLA + R unu SLA + W, coorBeTcTBeHHO. CHavayia OuT
MSB 6aiita agpeca. 3a UCKIIOUEHUEM TOTO, YTO 3apE3EPBUPOBAHHBIE ajipeca
«00000000» 3ape3epBUpOBaHBI ISl IIMPOKOBEMIATEIBHBIX BI30BOB, U BCE a/Ipeca B
dopmate «1111xXxxXX» TOTKHBI OBITH 3apE3€PBUPOBAHBI JJI1 OyAYIIEr0 UCIOJIb30BaHUS,
Apyrue NOoJYMHEHHBIE aJipeca MOTYT CBOOOJHO Ha3HAYAThCS pa3pabOTUUKOM.

Kornma nponcxoauT mmpoKOBEMaTENbHBIN BBI30B, BCE MOIYUHEHHBIC YCTPONCTBA
JOJKHBI OTBEYATh, CTaBUTh JTUHUIO SDA Ha HU3KMK ypoBeHb B TeueHue nepuona ACK.

OyHKIMS MUPOKOBEIIAHUS MOKET UCTIOB30BaThCS, KOT/1a BEIOMOMY
HE0OXO0AMMO OTHPABUTH OJIHY U TY K€ HHPOPMAILIUIO HECKOJIBKUM BEIOMBIM
YCTPOWCTBAM.

[Tocne Toro, kak obmwmit anpec Ber3oBa witoc out WRITE ornpansiercs Ha muny,
BCE MMOJYMHEHHBIE YCTPOINCTBA, KOTOPHIE IOJDKHBI OTBEUaTh Ha 001K BhI30B. Bcee atu
BEJIOMbIE YCTPOMCTBA, OTBEUAIOIIHNE HA IIIMPOKOBEIIATENbHBIN BbI30B, OTy4YaT
CJICIYIOIIHNM MAKET JaHHBIX.

Crnenyer OTMETUTh, UTO HE UMEET CMbICIIA MOChUIATh aJIPEC IUPOKOBEUIATEIHHOIO
BbI30Ba MTt0c OuT READ, moTOMy 4TO MPOU30MIET CTOJIKHOBEHUE IINHBI, ECIIH
HECKOJIbKO TTOAYMHEHHBIX YCTPONCTB OJHOBPEMEHHO OTIIPABIISIOT pa3HbIE JaHHBIE.

dopMaT apecHOro nakeTa MokKa3zaH HUXKe:

scL ST f7 © 8 "9

Addr S/ Addr

SDA MSB / LSB

R/W X ACK
START
Puc.18.4. [Inarpamma ¢gopmara agpecnoro mnaketa B popmare TWI

18.4.3. ®opmart nakera JaHHBIX

Bce nmaketsl, nepenaBaemsie no mune TWI, npeacrasisitor co6oit 9-6utHy10
JUTHHY JaHHBIX U COCTOAT U3 1 O6ailT nanubiX U 1 OUT moaTBepxacHUs. Bo Bpems
MepeAaun JaHHBIX BEIYIIUA OTBEYAET 3a FEHEPALIMIO TAKTOBBIX UMITYJIbCcOB SCL
nepenaun u cocrossHuil START u STOP. Ilepenatunk nepenaer naHHbie 6aiita, KOTOpbIE
JOJHKHBI OBITH TEPEIaHbl, U MPUEMHUK T€HEPUPYET OTBET MPHEMA.

Curnan noareepxkaenust ACK renepupyercst H(pUeMHHKOM B TEUEHHE 9-TO LUKJIA



SCL (ACK), ycranaBnuBaet jauHui0 SDA Ha HU3KUH ypoBHE. Eciu npreMHUK
yaepxkuBaeT auHuio SDA B BepxHeM ypoBHE BO BpeMms nukia ACK, nocsuiaercs
HenoaTBepKaeHHbIN curHan NACK.

Korma monyyaTtens moaydusa nociaeHuit 6aiT uim 00JIbIIe HE MOXKET MOJTydaTh
Kakue-M00 JaHHbIE MO KaKOW-TMOO0 MPUYUHE, OTIPABUTEND HOJKEH OBITh YBEIOMIICH,
otrpaBuB NACK mnocrne nomyueHus nociaentero oaira.

Caauana nepenaercs out MSB GaiiTa 1aHHBIX.

dopmat nakera nokazaH Ha pUCYHKE HUXKE:

sCL 1 7 s /e
Combined ' Data ) Data
SDA N MSB N e /S " LsB ACK
Transmitter ) Data ) Data
SDA | MSB 7AY /N LSB
Receiver ' ' Next Data
SDA | ACK Packet,
— STOP or
SLA*RW Data Packet REPEATED

| START
Puc.18.5. Jluarpamma ¢opmara naketa nanusix TWI

KoMOunupoBanHas nepenaya aapecoB U Nepeiadu JaHHbBIX, epeada B OCHOBHOM
cocrout u3 1 START, 1 SLA + R /W, 1 nim 6onee naketroB ganHeiX U 1 STOP. Tonsko
nycthie coobmieHuss START u STOP sBasitoTcst He3aKOHHBIMH.

Bbl MoxkeTe ucnonp3oBath AMHUU U QyHKIuu uann SCL 11 peanuzanuu
PYKOMOXKATUW BEAYIIUHN - BEAOMBIH.

Benomoe ycTpoilcTBO MOKET IPOIUTH Nepuo Hu3koro ypoBHs SCL. Orta
(GyHKIMS MOJIe3Ha, KOT/1a BEAYIINI YCTaHABIMBAET TAKTOBYIO YaCTOTY HAMHOTO
OBICTpee, YeM BEIOMBIA, WU €CJIU TOJAYUHEHHOMY YCTPOMCTBY TpeOyeTcs
JOTOJIHUTENIBHOE BpeMs Jisl 00pabOTKU JaHHBIX.

Benomoe ycTpoiictBo, pacmmpsitoniee Hu3kui nepuoa SCL, He BIUsIET Ha
BbIcOKMH K SCL. OH Bce enie onpenensercs X03ssMHOM. MO0>KHO BUAETH, YTO
BEAOMOE YCTPOMCTBO MOKET YMEHBIIIUTh CKOPOCTh nepenaun AaHHbix TWI, usmMmenun
pabouwmii muki SCL.

Ha cnenyromeM pucyHke noka3aHa TUIIMYHAS Mepeiada JaHHbIX.

O6parute Baumanue, uyto uyepe3 SLA + R / W u STOP moxHo nepenaBathb
HECKOJIbKO 0alTOB B 3aBUCHMOCTHU OT MPOTOKOJIA PeaTU3aIuU TIPUKIATHOTO
MIPOTPAaMMHOTO O0ECTICYCHHUSI.

scL . e 7 8 9 [ 8\ 9| 1o
[ adar \[ 7\ Adar \/ [Data \[ ) \/ Data
SDA [wss | | tes X Rw X Aek | [wes | [ iss )l Aok
START SLA+RW Data Packet sToP

Puc.18.6. Tunuunas nepenaya TWI



18.4.4. CucTteMbl ¢ HECKOJIbKMMHU XOCTaMHU U UX apOUTPAK U CUHXPOHU3ALIMS

[IpoToxon TWI no3BosisseT HECKOIBKUM BELYLIMM HA IIWHE U UCIOJIB3YET
CHeIMaIbHbIE MEPhI, YTOOBI TAPAHTHUPOBATH, YTO JIAXKE JABA WIIH 00JIee XOCTa MOTYT
MHUILIMUPOBATH Nepeayl OJJHOBPEMEHHO C HOPMAJIbHBIMU TEpegadamMu.

Cucrema Multi-xoct OyeT aBa Bompoca:

1. Peanu3zanus anroputMa rmo3BoJISIET TOJBKO OJIMH XOCT, HECKOJIBKO XOCTOB,
9TOOBI 3aBEPIINTH Mepeaady. Korma apyrue xo3sieBa CUMTAIOT, YTO OHU TEPSIOT MPaBO
Ha BBIOOD JIOJKEH MpeKpaTuTh nepenavy. [Ipoiiecc BbIOOpa Ha3bIBAETCS apOUTPaKEM.
Koraa koHkypupyrome mactepa apouTpax Haiies cOoid, aapec JOJKEH neperTu
HEIMOCPEACTBEHHO K XOCTY, SIBJISIETCS JIM 3TO YIPABJIECHUE PEKUMA UCTIOJHUTEIN UHBI
Uit oOHapyxeHus. Ha camom Jiene mamirHa MHOKECTBEHHOTO XOCTa HE JIOJIKHA ObITh
oOHapy’KeHa ¢ caMOro HayaJa rnepefadu B TO K€ BPEMsl, TO €CTh YHUUYTOKEHUS JIAHHBIX,
MepeaBacMblil HE JOIMMYCKAIOTCS HA IIIMHE.

2. pa3nU4HbIE XOCTHI MOTYT MCITOJIB30BaTh pa3Hble yacTOThl SCL. s
obecrnieueHus MOCae0BaTEILHOTO MEPEBO/Ia, BbI JOJLKHBI pa3padoTaTh
MOCJeA0BaTEIbHbBIE TAKTOBBIE CHHXPOHU3UPYIOTCS MIPOTPaMMaMU XOCTa. ITO OOJIErYUT
nporiecc apoutpaxka. JIuHUs MKUHBI U PYHKINS I PEUICHUS BBIIICYKa3aHHBIX MPOOJIEM.
Bce XocThl TaKTOBBIC JIMHUM J1JIs OTYUYECHUS] KOMITIO3UIIUU C YaCaMH BBICOKOW BPEMEHH,
PaBHBIA MacTEP-TaKThl BO BCEX KpaTualllliM, PaBHYIO €0 HU3KOM YPOBHE BO BCEX
caMbIi JUIMHHBIN X0CT-TakThl. Bce xocTsl npocnymuBanusa SCL, korna o0beIMHEHO
SCL TaKThI ABJISIETCS] BBICOKUM HJIA HU3KUM, COOTBETCTBEHHO, OHU MOTYT 3(P(PEKTUBHO
HayaThb MEepEIMBaThCA COOTBETCTBYIOIIUI BbICOKMI U HU3KU nepuoasl SCL. SCL
MYJIbTU-MACTEep MEXaHU3M CHHXPOHHU3AIMU YaCOB, KaK MOKA3aHO HUXKE:

SCL from
Master A

< TA_low > < TA_high >

SCL from
Master B

i« TB_low > TB_high >

Combined
SCL

» TC_low » < TC_high—»

Puc.18.7. Bpemennas auarpamMmma CUHXpOHU3aLMKU cUHXpoHu3anuu SCM

[Tociie BBIXOJIHBIX JJAHHBIX BCE BEAOMBIE MTPOJOJLKAIOT OTCIICKUBATH JIUHUAKD SDA
JUISL AOCTIOKEeHUS apouTpaka. Ecnu 3HaueHue, cuntanHoe u3 SDA, He COOTBETCTBYET
3HA4YEHUI0, BBIBOJIMMOMY C BEJOMOTO, BEJIOMBIN TEpsieT apoOUTpakK.

Cnenyetr OTMETUTB, UTO BEJIOMBIN BBIIACT BBICOKUK SDA, a 1pyroil BeI10OMbIil
IoTepsIeT apoOUTpaK, €CIIM OH BbImaeT HU3kui SDA. Beaombiii, KOTOpPBIN OTEPSIT
apOUTpaXK, TOJDKCH HEMEUICHHO TIEPEKIIOUNTHCS Ha TTOAYMHEHHBIN PEXKUM U
OTIPEIEIINTh, €CITU OH ajipecoBaH. BemoMeblii, KOTOPHIN TepseT apOuTpaxk, T0KEH
YCTAHOBUTH BBICOKUM YpOBEHb Ha JIMHUU SDA, HO OH TaK:Ke MOKET T€HepUpPOBAThH
TAKTOBBIM CUTHAJI O TOTO, KaK 3aKOHYUTCS TEKYIINHI MTAKeT JaHHBIX WA aApPECOB.

ApOuTpax OyaeT mpoaoIKATHCS 0 TE€X TOp, MOKa B CUCTEME HE OCTAHETCS TOJIBKO
OJINH XOCT, KOTOPBIA MOXKET 3aHUMATh HECKOJBKO OUT. EciM HECKOJIbKO MacTepoB
00palllatoTcsi K 0JJTHOMY MOJJYUHEHHOMY YCTPONCTBY, apOUTpaXk OyJeT Mpo10KaTh
MaKer.



START i SDA_A 1= SDA_C, Master A Lost Arbitration

SDA from

Master A \ /

SDA from / \ / \

Master B \ \ / __

Col gnl:l:;‘i‘r\'led \ ..__/ / \

Combined . \ / \ A / \ / \'-._

SCL

Puc.18.8. ApOuTpaxk Mex 1y 1ByMsI XOCTaMH

— OOparrTe BHUMaHHE, YTO apOUTPaXK HE JOIMYCKACTCS B CIICTYIOITIX
cutyanusx: mexay coctossnueM REPEATED START u Outom aHHBIX;

— wMexay coctosaueM STOP u 6uTtom HaHHBIX;

— wMmexay coctossnueM REPEATED START u STOP;

B npuknagHoM nmporpaMMHOM 00€CTICUEHUH JAOJKHBI YUUTHIBATHCS
BBIIIIEYKAa3aHHbIE 0OCTOSITEILCTBA U 00ECIIEUNBaTh, YTOOBI 3T HE3AKOHHBIE CUTYyaIlUU
apOuTpaka He BOSHUKAJIU. DTO 03HAYAET, UTO B CUCTEME C HECKOJIPKUMHU BEIYIIIMH BCE
nepeaadn JaHHBIX JOHKHBI COCTOSITh M3 0OMMHAKOBBIX SLA + R / W 1 makeToB JaHHBIX.
Jlpyrumu ciioBaMu, BCE TIEPEBOIBI IOJKHBI COAEPAKATH OJUHAKOBOE KOJIMUYECTBO
MaKeTOB, MHAYE PE3yJIbTaThl apOUTpaka HE MOTYT OBITh ONIPE/ICTICHBI.

18.5 O630p moayas TWI

Crpykrypa moaynst TWI nmokazana Ha pUCyHKE HIKE.

___________________________________________________________________________________________________________________________

Clock clkio
R !
Prescaler I I
Edge Detect Ny SYync__
s (L
»
A

4

| v

i «— «

| Data Shift State Machine and Status Control 4—> SDA
| > e

| T 'l' A

TWDR e Address Mask and Comparator <

!

Puc.18.9 Ctpykrypa momyns TWI

Monyns TWI B 0cHOBHOM BKJIIOYAET B c€0sl TeHEPATOP CKOPOCTH Mepeaadu OUTOB,
0110k nHTEpderica MMHBI, KOMITapaTop aapecoB u 0ok ynpasieHus. Cm. Crnenyromee
MoJIpOOHOE OMHCAHHUE.



18.5.1. biok reneparopa CKOpOCTH Nepeiayu JaHHBIX

biok reneparopa CKOpOCTH Mepelay JaHHBIX B OCHOBHOM YIIPABIISIET TAKTOBBIM
nukioM SCL B pexume Benymiero. Ilepuoa cuaxponunzanuu SCL onpeaensercs OuraMu
YIpaBJICHUS NpeaBapuTeabHbIM aenuTeneM B peructpe TWB 6ut TWI u peructpom
cocrostaus TWI TWSR.

Pabota BeZjoMOT0 yCTpOHCTBA HE 3aBUCUT OT HACTPOEK CKOPOCTHU TEpeladn
JaHHBIX WM MPEABAPUTEIHHOTO ACTUTENS, HO YOeIuTeCh, YTO paboune TaKThl BEOMOTO
YCTPOWCTBA IO MEHbIIEH Mepe B 16 pa3 npebimaroT yactotry SCL.

OOparute BHUMaHHUE, YTO BEAOMOE YCTPOMCTBO MOKET MPOJIUTh HU3KHUI Mepruo
SCL, TeM camMbIM yMEHbBIIIAsA CPEIHIOI0 TAKTOBYIO YacTOTy KUHBI TWI.

Jst renepanuu TaktoBo# yactoThl SCL ucnonb3yercs cnegyroias popmyna:

fscl =fsys/ (16 + 2 * TWBR * 4 TWPS)

rae TWBR - ato 3nauenue perucrtpa ckopoctu nepenaun TWI, a TWPS - 6ut
YIPaBIICHUS PEABAPUTENBHOTO JETUTENS B pETUCTpe cocTossHus TWI.

18.5.2. bnok untepdeiica NuHbI

bnok nnTepdeiica munabl coctout u3 TWDR peructpa 1aHHbIX U apecos,
koHTpoJuiepa START / STOP u annapaTHOU cXeMbl apOUTPAKHOTO PEILICHHUS.

TWDR conepxut aapec uian 0alThl JaHHBIX, KOTOPbIE JOJIKHBI ObITh OTIIPABJIEHBI,
WJIM TIOJTyYEHHBIN ajipec wiK 0aiThl naHHbIX. B nonosHenue k 8-pazpsagHnomy TWDR
MOAyJIb uHTEpPeiica muHbl Takke coaepxuT peructp ACK / NACK, koTopslii
OTIPABIIAETCS WU IPUHUMAETCS.

Ototr ACK / NACK-peructp He MOKET ObITh HAMIPSIMYIO JOCTYIIEH MPUKIATHOMY
nporpaMMHOMY oOecrniedenuto. [Ipu nmonmydeHnn JaHHBIX OH MOXET ObITh YCTAHOBJICH
nnu ouniueH TWI-peructpom TWIL

Korna nannbie nepenarores, npunstoe 3Hauenne ACK / NACK orpaxkaercs
3HaueHueM TWS B peructpe coctosinus TWI TWSR.

Kontpomnep START / STOP renepupyet u o6HapyxuBaet coctostausi START,
REPEATED START u STOP.

Korma MCU naxoauTcsi B HEKOTOPbIX pexumax cHa, kontposiep START / STOP
Bce emne MoxkeT 0oHapyxuBaTh cocTossHusg START u STOP u paz6ynute MCU B
CIISILIEM PEXUME, KOTJa aipecar nepenaercs Ha mmny TWIL

Ecin TWI nannnupyer nepenayy JaHHBIX B pEKUME BEAYILET0, CXeMa
oOHapyxeHus apOuTpaxka OyaeT Npo0JDKaTh KOHTPOJIUPOBATH IIWHY, YTOObI
ONPENEIINTh, BCE JIM OHA KOHTPOJMPYET LIKMHY.

Korma moxyns TWI Tepsier ynpaBieHne MuHOM, 010K YIIpaBICHUS BBITTOJIHUT
MPaBHJIbHOE IEHCTBUE U CPOPMHUPYET COOTBETCTBYIOIIMM KOJI COCTOSIHUS JIJIst
undopmuposarus MCU.

18.5.3. biok coriiacoBaHus apecoB

brok cornmacoBaHus aapecoB UCTIOIB3YETCS IS MPOBEPKHU - COOTBETCTBYET JIH
MOJTYYCHHBIN aIpeCcHBIN OalT 7-0uTOBOMY aapecy B peructpe aapeco TWI.



Korga 6ut TWI Radio Call Identification Enable Bxitouen (TWGCE) B peructpe
TWAR ycTaHOBJEH, aJipec, MOJYYEHHbIN OT IIUHBI, TAK)KE CPABHUBACTCS C
HIMPOKOBEIIATEIbHBIM aipecoM. Kak TonbKO coBmaaeHue ajapeca OyneT yCreuHbIM,
OJIOK yIIpaBJICHHS BBIMIOJTHUT MPABUIIBHOE JICHCTBUE.

Monayns TWI MoxkeT oTBeUaTh WM HE OTBEYATh HA AIPECALIAI0 BEAYIIETO, B
3aBUCUMOCTH OT HacTpoiku peructpa TWCR. Jlaxke B crisiiem pexxume 0JI0K
COTJIACOBAHMS aPECOB MOKET CPABHUBATH aJpeca U, €CJIM OH aIpECOBaH BEAYIINM Ha
mHe, mpooyxaaer MCU u3 crisimiero pexuma.

18.5.4. brnok ynpaBneHus

biiok ynpaBiieHus1 OTBEYAET 3a MPOCIYIIMBAHUE IMHBI U OTBEYAET B COOTBETCTBUU

¢ Hactpoirikamu TWCR. ®nar npepsiBanust TWI, TWINT, Oynet ycraHoBlieH, KOTia Ha
muHe TWI Bo3HuKaeT coObiTHE, Tpebytoliee yuacTus MPUKIAIHOTO TPOrPaMMHOTO
obecrieuenus. B cnemyromem takte Oyaetr oOHoBieH peructp coctosaus TWI TWSR,
yT0OBI yKa3aTh ko1 cocTosiHusl coObiTus. Korma TWINT = «1», TWSR conepxur
TOYHYI0 HH(popMaluio o coctostHu. B npyrux ciydasx TWSR npencrasnsier coboit
CHEIUATbHBINA KOJI COCTOSIHUS, YKAa3bIBAIOIUN, YTO HET TOYHON HH(POPMALIUK O
cocrosiuuu. Ilocine Toro, kak yctanosieH ¢uiar TWINT, muaus SCL ynepxuBaetcs Ha
HU3KOM YPOBHE, TpuocTaHaBiuBas nepeaady TWI o mmHe u mo3BoJisist IPUKIaTHOMY
MpOrpaMMHOMY OOecrieueHHI0 00padbaThIBaTh COOBITHE.

@mar TWINT Oyner ycTaHOBIIEH B CAEAYIOIINX CUTYALMSIX:

e TWI nocne ornpaBku START / REPEATED START

e TWI nocne ornpaBku SLA+ R /W

e [locne toro, kak TWI nepenan aapecHbrit 6aifT

e Bus Tperuii apoutpax TWI ne npomen

e TWI agpecyercs XoCTOM (PeXUM MOJYMHEHHOTO aJIpeca UK
IIMPOKOBEIIATEIbHBIN PEXUM)
[Tocne obpamenus k BegomomMy nocie noxyuenust STOP nnmu REPEATED START
e LWuHa. Eciau omuOKa MIMHEL, BeI3BaHHAsS HE3aKOHHBIM cocTossHrueM START min

STOP

18.6. Ilpumenenne TWI

Hurepdeiic TWI 6aiiT-opueHTHpPOBaH U OCHOBAH Ha NpepbIBaHusAX. Bce coObITus
IITMHBI, TAKUE KaK nojiydeHue O6aita uinu ornpaBka curHana START, renepupyrot
npepoeiBanue TWI. Ilockoneky TWI ocHOBaH Ha npepbIBaHUAX, IPUKIATHOE
MpOrpaMMHOE 00ECIIeYeHHEe MOKET CBOOOHO BBIOIHATE APYTHe Olepaluu BO BpeMs
nepenauun 6aiita TWI. but pazpemenus npepsiBanust TWI B peructpe TWCR, TWIE u
OUT pazpereHus rI00aIbHOr0 IPEPhIBAHUS COBMECTHO ONMPEIEIIAIOT, TeHEPUPYETCs JI
npepoiBanre TWI npu ycranoBke dmara TWINT.

Ecmu 6ut TWIE ouunmaercst, npukiagHOe TPOrpaMMHOE 00ECTICUCHHE TOJKHO
ucnonbs3oBath ¢paar TWINT mist ompoca mmusr TWIL

Korna ycranosnen ¢iar TWINT, on ykassiBaet, uro unrepdeiic TWI 3aBeprmn
TEKYIIYIO ONEePaLUI0 U 0XKHUAAET, KOrJa MPUKIAIHOE IPOrpaMMHOE oOecrieueHre
oTBeTUT. B 3TOoM cityuae peructp TWI comepkuT Kog COCTOSIHUS, KOTOPBIM OTPAXKAET



TEKYIIHUI CTaTyC IIUHBI.

[IpukiagHoe nporpaMmMHoe o0ecrieueHrue MOKeET ycTaHaBauBaTh peructpsl TWCR
u TWDR, 4T0o0s1 onpenienuTh, Kak 10bkeH padorats natepdeiic TWI Bo Bpems
cieayromero nukiia muasl TWIL

Ha cnenyromeM pucyHKe oKas3aH IpuMep NOAKIIOUYECHHS IPUIIOKEHUS K
untepdeiicy TWI. B sTom mpumepe Beayuuii 0xxuaaeT OTIPaBUTh OJUH OANT TaHHBIX B
BeoMbIi. OrnucaHue 371eCh OYE€Hb MPOCTO, B CIEAYIONICH I1aBe OyaeT 6osee moapoOHbIH
JKpaH.

A ) 1. 3.
Application Action ' 5. 7.
Set TWSTA; (hedk TWSR: Check TWSR; Check TWSR;

Load Data; Set TWSTO;
Clear TWSTA; - P
Clear TWINT; Clear TWINT; Clear TWINT;

¥ ¥ ¥

¥

. E 1

Hardware 2 ;‘ LW g .
Action : ; ent SLA+W; ent Data;
ég? tT.fJ[?dRTT Received ACK; Received ACK:
Set TWSR; Set TWINT; Set TWINT;
' Set TWSR; Set TWSR:

Puc.18.10. Tunuunas cxema mpoiecca nepenaun qaHasx TWI

IIpouecc nepenaun TWI, mokazaHHbIA Ha pUCYHKE, CIEAYIOLINAN:

1. ITepBrim marom B nepenaue TWI siBnsercs otnpaBka START. 3anwummre
onpeneneHHoe 3HadeHue B peructp TWCR, 4ToObI IPOMHCTPYKTUPOBATH 000PYIOBAHHE
TWI nns ornpaBku curHaina START. TluceMmenHoe 3HaueHHne OyaeT MOAPOOHO OMMCAHO
Huke. Baxno ycranoButh TWINT B nucbMenHOM 3HaueHuu. 3anuch «1» B Out TWINT
ountaet our. TWI He 3anmyckaet Hukakux omnepanuii, moka out TWINT B peructpe
TWCR ycranosien. Kak Tosibko nmporpamMmmHoe ooecrieuenue ouuctut 6ut TWINT,
Monysb TWI HemensieHHO nHMIIMUpPYeT nepenady curnaina START.

2. Korna oyaet ornpasieH START, 6yner ycranosiien guiar TWCR TWINT u
TWSR Oyner 0OHOBJIEH 10 HOBOT'O KOJia COCTOSIHUSI, YKA3bIBAIOILIETO, UYTO CUTHAT
START Ob11 ycrienHo OTIpaBJeH.

3. IIpunoxenue npocmatpuBaet 3HaueHne TWSR u onpenenset, uro cratyc
START 6sb1n1 ycniemino otnpaieH. Ecnmu TWSR nokassiBaeT npyrue 3HaueHus,
MIPWIOKEHUE MOKET BBITIOJHSTH CIICIIHAIBHBIC OTIEPAIliU, TAKUE KaK BHI30B 00padOTUMKa
ommbok. Korma omnpeneneHo, 4To KO COCTOSIHUSI COOTBETCTBYET OXKUIAHUIO,
nporpamma 3arpysxaet 3Hauenue SLA + W B peructp TWDR. Peructp TWDR moxet
MCIIOJIH30BATHCS KaK MO aJipecaM, TaK U M0 JJAHHBIM. 3aTeM IMPOrpaMMHOE 00ECIICUCHHE
3amuChIBAET onpeeneHHoe 3HaueHne B peructp TWCR, KOTOPbIil MHCTPYKTUPYET
o6opynoBanue TWI ornpasnsars 3Hauenne SLA + W B TWDR. 3anucannoe 3HaueHme
Oynet onucano Hwke. YcraHoBute TWINT B mucbMeHHOM 3HAY€HUH, YTOOBI OUUCTUTh
dbaar TWINT. TWI ne 3anyckaet Hukakux ornepanuii, moka out TWINT B peructpe
TWCR ycranosien. Ilocne Toro kak nporpamMmmHoe ooecniedenrne oguctut out TWINT,
moxaysib TWI HEMeIEHHO MHULIMMPYET Nepeavyy aIpecHOro Makera.

4. ITocne otnpaBku aapecHoro makera oyaet ycranosieH ¢iaar TWCR TWINT, a
TWSR 6yner oOHOBIIEH A0 HOBOTO KO/Ia COCTOSTHUS, YKa3bIBAIOILIETO, YTO MAKET aJIpeCOB



ObL ycremHo otnpanieH. Ko cocTosHMs Takke OTpakaeT, OTBEYAET JIM MOAYMHEHHbBIN
Ha aJpPECHBIN MaKeT.

5. Ilpunoxenue paccMarpupaet 3HaueHue TWSR u onpenensier, 4To naker
aZpecoB ObLI YCIIEIIHO OTIpaBiieH, a mpuHAThH ACK - oxumaemoe 3HaueHne. Ecnm
TWSR nokassiBaeT Apyrue 3Ha4eHUS, TPUIOKEHUE MOKET BBIMOJIHATH CIIEIUATIbHbBIC
orepaluu, Takhe Kak BbI30B 00padboTunka omubok. Korja onpeneneHo, 4To Koj
COCTOSIHUSI COOTBETCTBYET OKHAAHUSAM, ITPOTPAMMA 3arpyKaeT 3HAYCHHUE JAHHBIX B
peructp TWDR. 3atem nporpammHoe o0ecriedeHre 3arChIBaeT ONPEICICHHOE
3Hauenue B peructp TWCR, kotopslii uHCTpyKTHPYET 000pynoBanue TWI oTnpaBisirh
3HadyeHue gaHHbiX B TWDR. IluceMeHHOe 3HaueHue OyAeT MoIpoOHO OMHUCAHO HIIKE.
VYcranosute TWINT B nucbMeHHOM 3HaueHUU, YTOOBI OUUCTUTH uiar TWINT. TWI ne
3amyckaeT HuKakux onepanuid, moka out TWINT B peructpe TWCR ycranosnen. Korna
nporpaMmmHoe ooecrieuenue ouuiaer out TWINT, moxyns TWI HemeaieHHO
VHULMHPYET Nepeaady nakera.

6. Korga maker nanssix ornpasies, puar TWCR TWINT Oyaet yctaHoBieH, u
TWSR Oyner 0OHOBJIEH C HOBBIM KOJIOM COCTOSIHUS, YTOOBI yKa3aTh, YTO MAKET JaHHBIX
ObLT ycnienHo otnpasiieH. Koa coCTOsHMS TakKe OTpa)kaeT, OTBEYAET JIM BEJOMBII Ha
TTAKET.

7. llpunoxenue paccMarpupaeT 3HaueHrue TWSR, 4ToOBI Onpeie Tk, 4TO MaKET
ObLI ycremHo otipanieH, a npuHATbid ACK - oxxunaemoe 3Hauenue. Ecin TWSR
MOKa3bIBACT JIPYTUE 3HAYEHHUS], TPUII0KEHUE MOKET BBITIOJHSTh CIIEUAIBHBIE ONIEPALINH,
TaKhe Kak BbI30B 00padoTurka omubok. Korma onpeneneHo, 4To KOl COCTOSHUS
COOTBETCTBYET OXKHJIAHUIO, POTPAMMHOE 00€CIIeUeHNE 3aMUChIBAET OMPEICTICHHOE
sHaueHue B peructp TWCR, uToObl 1ath ykazanue anmnapaty TWI oTnpaBuTh curaan
STOP. 3anucannoe 3Hauenue Oyaetr onucano Huwxke. YcranoBure TWINT B
MMCbMEHHOM 3HaueHUU, YTOObI 0UUCTUTH dtar TWINT. TWI ne 3amyckaeT HUKakux
onepanuii, moka 6uT TWINT B peructpe TWCR ycranosnen. Korna mporpammuoe
obecneuenue ouniaer outr TWINT, mogyns TWI HeMenieHHO HHULIMUPYET Nepeavdy
curHasia STOP. Cnenyer ormetuth, uto TWINT He OyeT ycTaHOBIIEH MOCIIE OTIPABKU
curnana STOP.

XOTsi IpUMEP OTHOCUTEIBHO MPOCT, OH COJACPKUT BCE MPABUIIA B MPOLIECCE
nepenauu naHubix TWIL

CBojka TakoBa:

e TW @nar TWINT ycranasinusaercs, korga TWI 3asepiraer onepauuro u
OKHJIaeT 0OpaTHOM CBsI3U OT mpuioxkenus. Jluaus cuaxponusanuu SCL
OyZeT yaep KuBaThCs Ha HU3KOM YPOBHE 110 Tex 1op, moka TWINT ne Oyxer
OYMIIIEH.

e Kornaa ycranosien ¢guiar TWINT, nonb3oBaTenb 10KEH OOHOBUTH
3HaueHus Bcex TWI-peructpoB, CBSI3aHHBIX CO CIEAYIOIIUM [UKIOM IIIUHbI
TWI. Hanpumep, peructp TWDR nomxeH 3arpy3uts 3Ha4eHUE, KOTOPOE
OyJeT OTIPaBIEHO JIJIS CIEAYIOLIErO UKIIA ITUHBI.

o [pumeHeHume. [locie 0OHOBICHHS BCEX PETHCTPOB U BHITIOJHEHUS IPYTUX
HEOOXOIMMBIX OTepaIuii OTHOBPEMEHHO MPUIIOKEHHUE 3aMChIBACT PETUCT]
TWCR. IIpu 3anucu TWCR 6ut TWINT gomxken ObITh yCTaHOBJIEH, YTOOBI
ounctuth prar TWINT. Ilocne toro, kak TWINT Oyner ounmen, TWI
HA4YHET BBITIOJHEHUE onepannu, ycraHoBieHHO TWCR.



18.6.1. Pexxum nepenauu

TWI mosxet paboTath B ciiefyonux 4 OCHOBHBIX pexkumax: Host Transmitter
(MT), Host Receiver (MR), Bemomslii nepenatauk (ST) u Bemomblid npueMHUK (SR).

B ogHOM NpuiioKeHnrn MOKHO HCIIOJIb30BaTh HECKOJIBKO pexkUMOB. Hampumep,
TWI moxeTt ucnionb3oBaTh pexuMm MT ais 3anucu ganaeix B TWI EEPROM n
ucnoip30Bath pexkuM MR ais urenus nanasix u3 EEPROM.

Ecnu B cucteme ecTh Ipyrue BeylIle, a HEKOTOPbIE MOTYT TaKe OTIPABIISATh
nannbie B TWI, ucnonp3yetcs pexxum SR. Pemraiite, kakoi pesKuM MCIOJIb30BaTh.

OTH pexXUMBbI OyTyT MOJPOOHO OMKCAHBI HIKE.

[Ipu nepenaye NaHHBIX B KaXIOM PEKUME BO3ZMOKHBIE KOJIbI COCTOSTHUS
OMKCHIBAIOTCS B COUETAHUU C U300PAKEHUSIMHU.

Otu dortorpaduu copepxkaT CIeTyIOUUE COKPAILICHUS
S: HayabHBINA CTATYC
Rs: cratyc REPEATED START
R: uanaukarop onepanuu urenus (SDA BbICOKMIA)
W: 3anucsk ¢uara onepamnyu (SDA sBIsieTCS] HU3KUM)
A: out moareepxkaeHust (SDA HU3KHIA)
NA: Het orBeTHOTO OMTa (BBICOKHIA ypoBeHb SDA)
JlaaHble: 8 OMT 0AMTOB TaHHBIX
P: ctatyc STOP
SLA: agpec moJYMHEHHOTO YCTPOUCTBA

OKpyKHOCTb Ha PUCYHKE MUCTIONB3YETCs JUIsl yKa3zaHus Toro, uto ¢iaar TWINT
YCTaHOBJICH, & YUCJIO B KPyTe yKa3bIBaeT Ko/ cocTostHus B peructpe TWSR, roe 6ut
YIPABJICHUS NPEIBAPUTEIBHBIM JIETUTENIEM Mackupyerces 10 «0». B aTtux mecrax
IIPWIOKEHUE JOJHKHO BBIIIOJIHUTH COOTBETCTBYIOIIUE NEUCTBUS IS TPOIOJKEHUS WIT
3aBepmienus nepegaun TWI. Ilepegaua TWI Oyner npuoctaHoBieHa 0 T€X MOp, OKa
¢nar TWINT ne Oyzaet ouuiieH.

Korna dnar TWINT ycranosinen, koa coctossausi B TWSR ucnons3yercs s
ONpeJEeIeHUs] COOTBETCTBYIOLIEH ONepaliuy MPOrpaMMHOT0 00eCIIeUeHUsI.

[TonpoOHbIe cBEIEHUS O MPOrPAMMHBIX ONEpPalUAX U MOCIEAYIOIIHNX
MOCJIEI0OBATEIbHBIX NIEpeIauax, TpeOyeMbIX IJIs KaKI0T0 KOJa COCTOSIHUSA, TPUBEIAECHBI B
Tabnumax.

OOparute BHUMaHKUE, YTO OUTHI YIIPaBIEHUS IPEIBAPUTEIBHBIM JIETUTEIEM B
TWSR B Tabnuue mackupyrores 10 «0».

18.6.2. Pexxum nepenadu BeAyIIETO

B pexume nepenauu xocta TWI ornipaBiiser onpeieieHHOE KOJIMYECTBO OaTOB
JAHHBIX TTOTYMHEHHOMY NMMPUEMHHKY. UTOOBI BOWTH B PEKHUM XOCTa, HEOOXOIUMO
ornpaButh curHaid START. Crnemyromuii popmaT makera aapecoB Onpenesnser, BXOIUT
mu TWI B pexxuM XOCT-OTIIpaBUTENS WIIM PEXKUM NMPUEMHHKA X0ocTa. Eciu otnpasisercs
SLA + W, BBonuTcs pexxum nepeaaun xocra. Ecnu ornpasisierca SLA + R, BBogutes
pexuM npuema xocta. KoJpl COCTOSIHUSA, YIIOMSHYTBIE B 3TOM pa3zelie, MPeAnoaaramT,
9TO OUT YIpaBJIEeHUS MIPEABAPUTEILHBIM JATUTEIEM paBeH «0.

Curnan START Beinaercs nytem 3anucu B peructp TWCR cnenyroiero
3HAYCHUS:



| TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN

butr TWEN nomken ObITh ycTaHOBIIEH Ha «1», 4T0OBI BKIItOUNTh nHTEpdeiic TWI,
TWSTA B «1», uro6s1 otripaBuTh curiai START, u TWINT nHa «1», 4TOOBI OUUCTUTH
¢dbmar TWINT.

Mopayne TWI oOHapyxuBaeT coctosiHue muHbI U nocbuiaeT curian START, kak
TOJIBKO IIMHA CBOOOTHA.

[Tocne ormpaBku START anmapatHoe obecriedenue ycranapnuBaeT ¢guiar TWINT
u ooHoBisgeT koA coctosiHusg TWSR no 0x08.

YT0oOBl BOWTH B PEKUM OTIPABKHU BEAYILIEr0, HEOOX0AUMO OTHpaBUTh SLA + W.

OTO MOYKHO C/IeJIaTh ¢ TOMOILBIO CIEAYIOIECH orepanuu.

Cuauana 3anummute SLA + W B peructp TWDR, 3arem nanumure «1» B OUT
TWINT u ounctutre dpaar TWINT, uToObI TPOIOIKUTE TIEpEIavy.

To ecTp, HanuiMTe caeayrouee 3HaueHue B peructp TWCR st ornipaBku
SLA+W:

TWINT TWEA TWSTA TWSTO TWWC

Korpa nepenaua SLA + W 3aBepuieHa u npuHumaetcs curaain otsera, TWINT
CHOBA yCTaHaBJIUBAeTCs U OOHOBIsIETCS Ko cocTosiHust TWSR.

Bo3mosxknbie ko1 cocTossaust: 0x18, 0x20 minm 0x38. CoOTBETCTBYIOMIMI OTBET
MO KaXKJIbIM KOJIOM COCTOSIHHUS MOJPOOHO OMUCAH B TaOJIUIIE KOJAOB COCTOSIHUSI.

Kornma SLA + W otnpaBiisieTcs yCenHo, OH MOKET Ha4aTh OTHPABIISITH MTAKETHI.
DTO MOXHO cenarh, 3anucas gaHHble B peructp TWDR. TWDR mosxer 3anucsiBaThCs
TOJBKO ITpU BbICOKOM 3HaueHnn TWINT. B npoTuBHOM citydae JOCTYII HITHOPUPYETCS U
yctanaBnuBaetcst out koHpaukTa 3anucu: TWWC. Ilocne oonosnenuss TWDR 3anuch
«1» B 6ut TWINT ounmaer gar TWINT s mpoioymkeHus epeaayu.

To ecth, BBeauTe cienyromue nanubie B peructp TWCR uis oTipaBky TaHHBIX:

. TWINT = TWEA = TWSTA | TWSTO | TWWC | TWEN

Korpaa makeT naHHbIX nepenaercs u npuHumaetrca curaai orsera, TWINT cHoBa
yCTaHaBIIMBaeTcsl U 0OHOBIsIeTCs Ko coctosiHust TWSR.

Bo3moxnbie koasl coctosaus: 0x28 i 0x30. CoOTBETCTBYIONIMI OTBET MO/
KQKJIBIM KOJIOM COCTOSIHHSI TIOJIPOOHO OTMMCAH B TAOJIMIIE KOJIOB COCTOSIHHSI.

[Tocne ycneniHoi nepenadu JaHHBIX MAKET JaHHBIX MOXET MPOJI0IKATh
OTHPABIATHCS. DTOT MPOILIECC MOBTOPSAETCS 0 TEX MOP, MOKa HE OyJIeT OTIIpaBJieH
nocieaHui 6anT. Benymuit 6ynet renepupoBath curiasi STOP, unu curnan
REPEATED START 3aBepmut BCio nepeaayy.

Curnan STOP Beimaerca mytem 3anucu B peructp TWCR crnenyroiiero 3HaueHus:

| TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN

Beimmonnuts curnan REPEATED START, BBens B peructp TWCR crnenyroiee



3HAYCHHUC!

TWINT

TWEA

. TWSTA

TWSTO |

TWWC | TWEN

[Tocne otnpaBku REPEATED START (kox cocrosinus 0x10) unrepdeiic TWI
MOKET CHOBA MOJIYYUTh JOCTYH K TOMY € NOJYUHEHHOMY YCTPOUCTBY MJIU MOJIYYUTh
JIOCTYTI K HOBOMY MOJAYUHEHHOMY YCTPOHCTBY 0e3 oTnpaBku curnaia STOP.

REPEATED START no3BojsieT BeayleMy NepEeKI0YaThCsl MEXAY Pa3IndHbIMU
BEJIOMBIMH YCTPOWCTBaMH, BEAYIIUM-OTIPABUTENIEM U PEKMMAaMHU IPUHUMAIOLIETO

MPUEMHUKA 0€3 MOTEPH KOHTPOJIS HAJl IIUHOM.

KOI[BI COCTOSAHH:A B PCIKUME IICPCAavIn XO0CTa U COOTBECTCTBYIOIIUC OIICpaun

MOKa3aHbl B CIEAYIOIIEH TaOIuIIe:

Tabauya k0008 cocmosiHUsL OJIs1 PeAHCUMO8 nepedadu 8e0yuseco

OTBeT NPUKJIATHOr0 MPOrPAMMHOI0

K Cocrosinue ob0ecrnieyeHust C .
o IIMHBbI U Yrenune / Pa6ora na TWCR JIC/YIOUHHH Tirar B
COCTOSIHUSI - - anmnapaTHoM oGecneyeHUuH
000py10BaHUSA 3amuCh
TWDR STA STO | TWINT TWEA
0X08 OtmpaBnen |3arpy3utb 0 0 1 X SLA + W 6yzaert oTnpaBieHo:
START SLA+W ACK wmm NACK mnonyueHsr;
3arpy3uTh 0 0 1 X SLA + W Oyzer oTnpasieHo:
Ormpasnen | SLA +W ACK i NACK mnosny4ensr,
0x10 REPEATED 3 SLA + W 6yzer oTnpasieHo:
START LA ) 0 1 X | ACK umn NACK nony4eHsr,
SLA+R .
Ilepeiiner B pexxum MR
3arpyska 0 0 1 X [Toceunaer nannswie, OyneT
JAHHBIX nonydatsh ACK i NACK
SLA + W OH;SJMH 1| o0 1 X [Mocnars REPEATED START
0x18 OTIPABJIEHO, Her 0 1 1 X Otnpasnsier STOP,
nonyueno ACK | onepanyn copoc dara TWSTO
Her Otnpasnsier STOP,
— 1 1 1 X copoc ¢mara TWSTO;
START otnpasien
3arpyska 0 0 1 X [Toceutaer nanuwie, OyneT
JAHHBIX nonydath ACK nimn NACK
SLA + W Her 1| o 1 X |Mocnars REPEATED START
oreparuu
0x20 OTHPABJICHO, Her Ortmpasisier STOP,
TIOJTy9IEHO 0 1 1 X
NACK onepalunu copoc ¢mara TWSTO
Her Otnpagnsier STOP,
onepaiun 1 1 1 X copoc dmara TWSTO;
START otnpasien
3arpyska 0 0 1 X [Toceutaer nanuwie, OyneT
JTAHHBIX nonydatsh ACK nmn NACK
Baiir parmbix | Her 1|0 1 X |Mocnars REPEATED START
0x28 OTIpAaBJICH. |OICpayu
[Tonyuen ACK|  Her 0 1 1 % Ormpasnser STOP,
orepanuu copoc pmara TWSTO
Her 1 1 1 X Otnpasnsier STOP,




oreparu copoc dmara TWSTO;
START otnpasnex
3arpyska 0 0 1 X [Tocwutaer nanuwie, OyneT
JTAHHBIX nonrydath ACK nmm NACK
BaiiTe1 naHHBIX 1 0 1 X |Hocnate REPEATED START
orepanuu
0x30 OTII_IIE JaI];J}IZI:IH' 0 1 1 X Otnpasnser STOP,
NACK oTepanyu copoc pmara TWSTO
Otmpasisier STOP,
onepawu 1 1 1 X copoc ¢mara TWSTO;
START ornpasnen
BeinmyctuT muny, BOaeT B
Otka3z SLA+W onepawm 0 0 1 X HEaIPECHBIN MO TIMHCHHBIN
0x38 WIN apOUTpax PEXUM
TAHHBIX 1 0 1 X Otnpasnsier START B
orepanuu PEKUME MTPOCTOS

CDopMaT N COCTOAHUA PCIKHUMaA IICPCaadn BCAYHICTO IIPUBCACHBI HUKC!

MT

Next transfer started with a

REPEATED START
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after the slave address

Mot acknowledge received

after the data byte

Arbitration lost in slave
address or data byte
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Puc.18.11. ®opmart pexxuma nepeayu u guarpaMmma COCTOSTHUN




18.6.3. Pexxum npuema BeayIIero

B pexxume npuema Benyuiero TWI nomyyaeT onpeneneHHOe KOJIMYECTBO OANTOB
JaHHBIX OT BEIOMOTO MepenaTtyrka. UToObl BOMTH B PEKUM BEIYIEro, HEOOXO0AMMO
otnpaBuTh curHain START.

Crnenyrommii popMaT makera aapecoB omnpeaenser, Bxoaut jau TWI B pexxum
BEIYILIErO-OTIIPABUTENS WIIM PEXUM NpHUEMHUKA Benyiiero. Ecnu ornpaBnserca SLA +
W, BBouTCA pexuM nepenayn xocra. Ecnu ornpasiisgercs SLA + R, BBoguTCst pexum
npuema xocta. Kokl cOcTOSIHUSA, YIIOMSIHYTBIE B 3TOM paszjiese, MPeArnoiaratoT, 4To OUT
yIpPaBJIEHUS MPEIBAPUTEIBHBIM JICIUTENIEM paBeH «0».

Curnan START Bsinaercs nytem 3anucu B peructp TWCR crnenyromero
3HAYCHUSL:

TWINT TWEA TWSTA TWSTO TWWC

butr TWEN nomken ObITh ycTaHOBIIEH B «1», 4T00bI BKIIOUUTH HHTEpdeiic TWI,
TWSTA B «1», uro6s1 otripaBuTh curiai START, u TWINT B «1», 9T00ObI OUUCTHTH
¢dmar TWINT.

Mopayne TWI oOHapyxuBaeT coctossHue muHbI U mocbuiaeT curHan START, kak
TOoJbKO mKHA cBoOoHA. [locne ornpaBku START annapaTtHoe oOecrieueHue
ycranaBiauBaet (paar TWINT u o6noBistieT ko coctostHuss TWSR g0 0x08. YUToOsI
BOMTH B PEXHUM MPHUEMaA BEIOMOT0, He00X0 1Mo oTnpaButh SLA + R.

DTO MOXHO CAENATh C NOMOUIBIO cleaytomeit onepauun. CHavana 3anumute SLA
+ R B peructp TWDR, 3atem nanummure «1» B 6ut TWINT u ounctute ¢paar TWINT,
4TOOBI TPOIOTIAKUTH TIepeaady. To €CTh, HAMUIINUTE CJICIYIONIEeE 3HAUYEHUE B PETUCTP
TWCR nnsa ornpaBku SLA + R:

TWINT TWEA TWSTA TWSTO TWWC \ TWEN

Korna nepegaua SLA + R 3aBepiieHa u npuHumMaetcsi curiai orseta, TWINT
CHOBa yCTaHaBJIHMBaeTcs M 0OHOBIIsIeTCS Ko cocTostHus TWSR. Bo3mokHbIE KOIBI
coctosaus: 0x38, 0x40 mau 0x48.

COOTBETCTBYIOIINI OTBET MO KaXIbIM KOJIOM COCTOSIHUS MOAPOOHO OMUCAH B
Ta0JIMIIE KOJIOB COCTOSIHUSI.

Korga SLA + R ycnemHo nepegaercs, OH MOXKET Ha4aTh IpueM naketoB. [Ipuem
npojaoxkaercs, ouniias o6ut ¢paara TWINT, 3anuceiBas «1» B 6ut TWINT. To ects,
3anuch caeaytromnlero 3HadeHus B peructp TWCR HaunHaet npuem:

TWINT | TWEA | TWSTA | TWSTO = TWWC | TWEN |

Korna nakeT qaHHBIX TPUHUMAETCS U NepeaaeTca oTBeTHbIM curdHain, TWINT
CHOBa yCTaHaBJMBaeTcs, U ko coctossuuss TWSR oOGHoBiisieTcsi. Bo3MokHbBIE KOJIbI
coctostHug: 0x50 mmm 0x58.

CoOOTBETCTBYIOLINI OTBET MO/ KAXIBIM KOJIOM COCTOSIHUS TIOJIPOOHO OINKCaH B
TabJINIEe KOJIOB COCTOSHUSL.

[Tociie ycrnemHoro nojiy4eHusi JAHHBIX Bbl MOYKETE MPOAOJIKATH MTOIYYaTh MAKEThI
JAHHBIX. JTOT MPOIIECC MOBTOPSETCS A0 TEX MOP, MOKa HEe OyIeT MOTydeH TMOCIeTHII



Oailr.

[Tocne npuema nocnenHero 6aiiTa MacTep JOMKEH OTIPABUTH CUTHAT
noarsepxkaeHuss NACK Ha Begomblil nepenardyuk. XocT npuHumaet curian STOP wnu
curHasl REPEATED START 3aBepiaer npuem.

Curnan STOP Bernaercs myteM 3anucu B peructp TWCR crnenyromero 3HaueHus

| TWINT TWEA TWSTA @ TWSTO TWWC | TWEN

Brmonuute curnan REPEATED START, Beenst B peructp TWCR cnenyroiee
3HAYCHHUC:
| TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN

[Tocne otnpaBku REPEATED START (kox cocrosinus 0x10) unrepdeiic TWI
MOYET CHOBA MOJYYUTH JOCTYI K TOMY € BEAYIIEMY WJIU MOIYYUTh TIOCTYI K HOBOMY
BenymeMy 0e3 ornpasku curHaita STOP.

REPEATED START no3BosisieT BeAylieMy NepeKI0YaThCs MEXAY Pa3IMUHbIMU
BEJIOMBIMH YCTPOICTBAMH, BEYIIEMU-OTIPABUTEISAMHU U PEKUMaMHU MPUHUMAOIIIETO
MpUEMHUKA 0€3 MOTEPH KOHTPOJISI HaJl ITMHOM.

Kogibl cocTosIHUS B peKrMe npremMa BeIyIIEro U COOTBETCTBYIOLIUE ONEpallun
MOKa3aHbl B CIEAYIOIIEH Ta0bnuIle:

Tabauya k0008 cOCMOAHUSA O PeACUMA NPUEMa 8e0yule2o

OTBeT NPUKJIATHOIO POrPAMMHOI0
Cocrosinue o0ecreyeHus
INUHBI U Yrenue / Padora na TWCR

000py10BaHUSA 3anuch
TWDR STA STO | TWINT TWEA

Kon Caenyroumuii mar B

annapaTHoM odecrne4yeHuHu

COCTOSAIHUSA

0X08 OtmpaBnen |3arpy3uthb SLA + W Oyzaer oTnpaBiieHo:
START SLA+W ACK nnmu NACK nonyueHsr;
3arpy3uThb SLA + W 6yzer oTnpasieHo:
Ormpasnen | SLA+W ACK umn NACK nosydensr;
0x10 REPEATED 3ArDVEITE SLA + W Oyzet oTnpaBieHo:
START py ACK mm NACK noyuersr;
SLA+R N
Ilepeiner B pesxxum MR
BeimmycTuT mmHy, BOMAET B
Her N o
Ortka3 SLA+R HEaAPECHBIN NOAYUHEHHBIN
orepanuu
0x38 WU apOuTpak PEKUM
J@HHBIX Her Otnpasnsier START B
orepauu PEXUME TTPOCTOS
SLA +R Her [Tonyuat manasie, NACK
orepanuu OyzieT OTHpaBiIeH
0x40 OTTPABJICHO, T T CKG
nonyueno ACK er OJy4at JaHHBIE, yIeT
orepayu OTHpaBJICH
SLA+R Her Tocnars REPEATED START
0x48 OTIpABJIEHO, |OIepanuu
MOIYy4ICHO Her Otnpasnsier STOP,
NACK oTiepaIfu copoc pmara TWSTO




Her Otnpasnsier STOP,
R — 1 1 1 copoc pmara TWSTO;
patt START otnpasien
BaliT JaHHBX 3arpyska 0 0 1 [Tonyuat nannsie, NACK
JAHHBIX OyJeT oTIpaBiicH
0x50 | momyuen, ACK T = T
OTIIpaBIIEH €T 0 0 1 OJIy4aT JIaHHBIE, yaeT
orepaIuu OTITpaBJICH
Her 1] o0 1 Tocnars REPEATED START
[Momyden GaiiT S
HZEHHX Her 0 1 1 Otnpasnser STOP,
0x58 oTmpaBieH  focPaliH copoc dara TWSTO
NACK Her Otnpasisier STOP,
O 1 1 1 copoc ¢mara TWSTO;
patt START ornpasnen

d)opMaT U COCTOAHHUC IIPUHHUMAIOMICTO PCKHUMA, KAK IIOKAa3aHO HUIKC!

its acknowledge bit

MR
5 SLA+R A | DATA A DATA P
TN TN TN
[ Ox08 | | Oxd0 | [ 0x50 |
A S M
Next transfer started with a
REPEATED START fis | SLA=R ‘
.'J - --\\'.
L 0x10 |
"'\.__ _._./'
Not acknowledge received
after the slave address NA . 2L
e ¥
- ™,
| 0xdB | MT
N
Arbitration lost in slave
address or data byte AJHA Other master HA Other master
| J >
ey ey
| Ox38 | [ Ox38 |
N N
T >
Arbitration lost and addressed
a5 Slave A Other master
-'_,.-— - --._\l. L --._\. .(_.-— —-.‘\
| Ox68 ( 0x78 | OxBO | To Slave Mode
S __‘/ S ____/ \____ -
from Master to Slave DATA A any number 0{ data bv‘tes and

o
L

From Slave to Master

status code in TWSR

Puc.18.12. ®opmar npuHUMAIONIETO PEeXUMA U AUarpaMMa COCTOSTHUMA



18.6.4. Pexxum BenoMoro npueMHUKa

B pexxumMe Be1oMOro mpueMHHUKA U3 MEePeaTINKa XO0CTa MOXKET OBITh MOJIYYEHO
OTIpe/IeNIEHHOE KOTMUECTBO 0aiTOB NMaHHBIX. KOJbl COCTOSHUS, YTOMSHYTHIE B 3TOM
paszerne, IpeanoaaraioT, 4To OUT yrpaBIeHUs MPEABAPUTEIBHBIM JAeTuTeneM paBeH «0».

YToOBI 3alyCTUTh PEXUM IpHEMa BEAOMOro, yctanoBHuTe peructpbl TWAR u

TWCR.
TWAR Heo0X0auMO YCTaHOBUTD CIEAYIOIIUM 00pa3oM:

- TWAG6 TWAS TWA4 TWA3 | TWA2 | TWA1 = TWAO & TWGCE

Anpec ycTpoiicTBa MOJYUHEHHOTO YCTPOMCTBA

Crapmme 7 6ut TWAR - 310 Be1oMblIit anpec, Ha KOTOPBIM OyIeT pearupoBaTh
unrepdeiic TWI npu o6pamennun k y3iny. Ecnu ycranosnen LSB, TWI Oyner otBeuath
Ha ajjpec mupokopemareasHoro Bei3oBa (0x00), B mpoTHBHOM ciiyyae oOIui aapec
BBI30Ba OYyJI€T MPOUTHOPUPOBAH.

TWCR He00X01uMO YCTaHOBUTH CIEAYIOIIUM 00pa3oM:

| TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN

TWEN nomkeH 6biTh HacTpoeH Ha BritoueHue natepdeiica TWI. TWEA ngomxen
OBITH HACTPOEH Ha Bo3Bpat noareepxkaeHus ACK, korna Beaymuii anpecoBas (aapec
BEJIOMOI0 WJIM IIUPOKOBeEIIaTe/IbHbIN BbI30B) caM 1o cede. TWSTA u TWSTO nomxHb
OBITH OYHILICHEL.

[Tocne nannmnanuzaun TWAR u TWCR untepdeiic TWI oxunaer, noka He
OyJlieT aipecoBaH COOCTBEHHBIN aJpec MOJIYMHEHHOT0 YCTpOHCTBA (UH
ITMPOKOBEIIATENbHBIN aJIpec).

Korma Out HampaBieHUs TaHHBIX, CIEAYIONIHNM 3a BEJIOMBIM aapecoM, paBeH «0»
(yka3bpIBaeT Ha omepariuto 3anucu), TWI nmepexonut B pexkuM nprueMa Be10MOTO.

Korma Out HanmpaBieHs JTaHHBIX paBeH «1» (C yka3zaHHEM orepaluu YTeHHUs ),
TWI nepexoaut B pexuM MOJUMHEHHOM IIEpeaadH.

[Tocne nomy4yeHus: COOCTBEHHOT'O MOJYMHEHHOTO a/peca U CUMBOJIA OTlepaliuu
3anucu ycranoBieH (aar TWINT, a neificTBUTeNbHBIN KO COCTOSIHUSI OOHOBIISIETCS 110
TWSR.

CoOTBETCTBYIOUINI OTBET MO KaXIbIM KOJIOM COCTOSIHUSA MOAPOOHO OMUCAH B
TaOIUIlE KOTOB COCTOSHUS.

CrenyeT OTMETUTD, YTO PEKUM MpHUEMA TOAUYNHEHHOTO YCTPOUCTBA TAKKE MOKET
OBITH BBEJICH MOCIe 3aBepiieHus apoutpaxa TWI B pexxume Beaytiero (cM. Kojbr
coctosiHusa 0x68 u 0x78).

Ecnu 6ut TWEA cOpacsiBaetcs Bo Bpems nepenayuu, TWI sepaer NACK
(BBICOKMIT ypoBeHbB) B inHHIO SDA 1ocie monyuenus 0aita. 9To MOXKHO MCIIOIh30BaTh
JUTS YKa3aHUS TOTO, YTO BEJIOMBINA HE MOXKET MOTy4daTh OOJBIIE TaHHBIX.

Korna 6utr TWEA pasen «0», TWI He OyzeT oTBedaTh Ha COOCTBEHHBIN aapec
IIOAYMHEHHOTO ycTpouicTBa. Tem He meHee, TWI Bce emie cirymaer muny.

[Tocne yctanoBku TWEA oH MOXeT BO300HOBUTH paclio3HABAHHE apeca u
OTBETUTH. [[pyrumu ciioBamu, Bbl MOXKeTe ucnoib3oBath TWEA niis BpemeHHOU
u3ossiinu uatepdeiica TWI ot mmHsbL.



B npyrux pexxumax oxKujaHus, YeM B peKUME OKUJIaHMs, TaKThl nHTEepdeiica TWI
MOTYT OBITh OTKJIFOUEHBI.

Ecnu pexxuM nprueMa BeJOMOro BKIIFOUEH, UHTepdeiic OyneT npoaoKaTh
OTBEYaTh HA MOAYUHEHHBIN aJPEC WU IHPOKOBEIATENbHBIN aJPEC, UCIIONIb3Ys TAKThI
muHbl. CoBnanenue aapecos npooyaut MCU.

Bo Bpemst npoOysxaenus unrepdeiic TWI Oyner ynepxkusate SCL 10 Tex mop,
noka ¢uiar TWINT ne 6yzaer ounien. Korna takter untepdeiica TWI BepayTcs B
HOPMAJIbHOE COCTOSIHUE, OH MOKET MOJIyYUTh OOJIbIIE JaHHBIX.

Kox cocTosiHus pexrMa NOJYMHEHHOTO IIpUeMa 0TOOpa)xaeTcs B CeAyIOIIeH
TabuIe:

Ta@zuua K0008 COCMOSIHUS pearcuma NOOYUHEHHO20 npuema

OTBeT NPUKJIATHOTO MPOrPAMMHOTO
Cocrosinue o0ecreyeHus

Kon

COCTOAAHUSA

IIHHBI U
000py10BaHUSA

Yreuue /
3anuch

Paoora na TWCR

STA STO | TWINT TWEA

Caenyromuii mar B
annapaTHoM odecreyeHuu

TWDR
[Tomyueno Her [Tonyuar nanueie, NACK
0x60 SLA+W; onepanuu OyZeT oTnpaBieH
ACK Her [Monyyar nanusie, ACK Oyner
OTIPABJICHO |omepauuu OTIPAaBJICH
ApOutpax He
yJaJcs mpu Her [Monyuat nannele, NACK
OTIIpaBKE  |OIEpaLHH OyzeT oTHpaBieH
0x68 SLA+R/W;
MIOJIyYEHO
SLA+W; Her [Tomryuar manneie, ACK Oyuaer
OTIPABICHO |omepanuu OTIPaBJICH
ACK
[TonyueHHbII Her [onyuar nannsie, NACK
LIMPOKOBEILATE | ONIEPALIUH OyzieT OTHpaBieH
0x70 JBHBIN ajpec,
OTIPaBEHHBI Her [onyuar nannsie, ACK Oynet
ACK oreparuu OTIIpaBJIeH
ApOutpax He
yaaics npu Her [Tonyuar nannusie, NACK
OTIIpaBKE | OIEpaluH Oyzaer oTnpaBiieH
0x78 SLA+R/W;
MIOJIyYEHO
SLA+W, Her [onyuar nannusie, ACK Oyzaer
OTIPABICHO |omepanuu OTIIpaBIICH
ACK
CoGctBennbie | Urenue IMony4aat nannsie, NACK
0x80 JIaHHBIE, JTAHHBIX OyzieT OTHpaBiIeH
X NOJIYy4YCHHBIC | UreHne [onyuar nannsie, ACK Oynet
ACK JTaHHBIX OTITPaBJIEH
[TepexmtounTtcs Ha HEaK-
[Tomy4yeHbr Yrenue TUBHBIN BEIOMBIN PEKUM, HE
0x88 JJAHHEIC O ce6e, JAHHBIX OTBCTUT HA HOI[‘H/IHGHHBII‘/’I
OTIIpaBJICH aZipec ¥ TPaHCISALHUIO
NACK Urenue [lepexrounTes Ha
JAHHBIX HEAKTUBHBIN BEJIOMBIN PEKUM,




OTBCTUT HaA HOI[‘-IHHCHHI:Iﬁ
anpec, TWGCE = 1 orBetur
Ha Tpchn;{umo

Yrenue
JAHHBIX

[lepeiiner B HEagpECHBIN
BEJIOMBII pexuM, HE OyIeT
OTBEYATh HA BEIOMBIN aJpeC U
HIMPOKOBEIIATEIBbHYIO
pacceuiky, otripaBuT START,
KOTI'/Ia IIMHA CBOOOIHA

Yrenue
JAHHBIX

IlepexmrounTes Ha Heak-
TUBHBIA PEKUM BEJOMOTO,
OTBETHUT Ha BEJIOMBIN aJIpec,
TWGCE =1 oTBeTuT Ha
HIMPOKOBEIIATEIbHYIO
nepeaavy, MMHA OTIPABUT
START B pexxumMe 0xuIanus

0x90

ITomy4enst
IIMPOKOBEIIATe
JILHBIC JIaHHBIE,

OTIIpaBJICH

NACK

Yrenue
JAHHBIX

[Momyuar nanasie, NACK
OyzeT OTHpaBicH

Yrenue
HNAaHHBIX

[Tonyuar nannsie, ACK Oyzaer
OTIMpAaBIICH

0x98

ITonyuensl
IIMPOKOBEIIATE
JIbHBIC JAaHHBIE,

OTTPABJICH
NACK

Yrenue
HNAaHHBIX

IlepexmrounTes Ha Heak-
TUBHBIN BEIOMBINA PEKUM, HE
OTBETHUT Ha MMOJYMHEHHBII
aapec U TPAHCIISIHIO

Yrenune
JaHHBIX

ITepexitountcs Ha
HEAKTUBHBIN BEIOMBIN PEXUM,
OTBETHUT Ha NIOJYMHEHHBII
aapec, TWGCE = 1 orBeTut
Ha TPAHCJIALHIO

Yreuue
JTAHHBIX

IlepeineT B HEaApECHBIN
BEJIOMBII pexuM, He OyIeT
OTB€YATh HA BEIOMBIN aJpec U
IIMPOKOBEIIATENBbHYIO
pacceuiky, otripaBuT START,
KOT'/Ia IIIMHA CBOOOIHA

Yreuue
JTAHHBIX

[lepexntounTtcs Ha Heak-
THBHBIA PEXKUM BEJOMOTO,
OTBETHUT Ha BEJIOMBIN aJipec,
TWGCE = 1 oTtBeTHT Ha
IMPOKOBEIIATENbHYIO
nepeaady, mruHa OTIPABUT
START B pexxume 0xxuaanus

0xA0

[Tosnyuen STOP
WA
REPEATED
START nipu
pabore ¢
BEJIOMBIMU

Her
onepanuu

IlepexmtounTtcs Ha Heak-
THUBHBIA BEIOMBII PEKUM, HE
OTBETUT Ha MOYNHEHHBII
azipec ¥ TPaHCIHILHUIO

Her
oreparmn

[Iepexmrountcs Ha
HEAKTUBHBIN BEIOMBINA PEKUM,
OTBETHUT HAa ITOJYNHCHHBIN
anpec, TWGCE = 1 orBetur
Ha TPaHCJISIIUIO

Her
oTiepaIfu

[lepeiiner B HEaAPECHBIN
BEJIOMBII pEeKUM, HE OyIeT




OTBEYaTh HA BEIOMBIN apeC U
HIMPOKOBEIIATENBHYIO
pacchuiky, otripaBut START,
KOTI'/Ia IIMHa CBOOOIHA

Her
oTiepaIu

[TepexmtounTtcs Ha HeaK-
THUBHBIA PEXKUM BEIJOMOTO,
OTBETUT Ha BEJIOMBIN aJipec,
TWGCE = 1 orBeTut Ha
HIMPOKOBEIIATENbHYIO
nepeaayy, MKMHA OTIPABUT
START B pexxume oxxugaHus

I[HarpaMMa (bopMaTa H COCTOAHUA PCKHUMA IIOAYNHCHHOTO IIpUEMa BBITJLAINUT

CICAYIOIIMM 00pa3oMm:

h
S SLA+W A
| Ox60 |
~
k
Arbitration lost and A
addressed as slave
TN
| Ox68 |
S
W General Call | A
| Ox70 )
S S
4
Arbitration lost and addressed as A
slave by general call
TN
0x78 |

DATA

e
f

.

A DATA

0x80 )
A

Last byte received and
MNACK sent

Last byte received and
NACK sent

A Pors
(ox80 ) ( OxAD |
\‘_._ __J,’ -\____ ___,"

NA Pors
[ oxee )
~—

A Pors
[ 0x00 | OxAO |
S S S

NA Pors
( ox98 )

from Master to Slave

From Slave to Master

any number of data bytes anc
its acknowledge bit

status code in TWSR

Puc.18.13. ®opmat pexxuma mpueMa U COCTOSIHUSI YCTPOHCTBA




18.6.5. Pexxum Begomoit mepeaayun.

B pexxumMe BeroMoit nepeaun onpeaeieHHOE KOJIMUECTBO OaTOB JAaHHBIX MOXKET
OBITH OTIIPABJICHO HA MPUEMHHUK BeAYyIIHT0. Koabl COCTOSIHUS, YIOMSHYTBIE B ’TOM
pazjiene, MpeanosaratoT, 4To OUT yIpaBieHUs IPeIBaAPUTEIbHBIM I€IUTENEM paBeH «0».
YtoObl 3amyCTUTh PEKUM IIpUeMa BeJJoMoro, yctaHosute peructpsl TWAR u TWCR.
TWAR HE00X0IMMO YCTaHOBHTH CIICTYIOIINM 00pa3oMm:
- TWAG6 TWAS TWA4 TWAS3 TWA2 | TWAI1 TWAO TWGCE

Agnpec ycTpoiicTBa MOJYUHEHHOTO YCTPOICTBA

Crapue 7 out TWAR - 310 Be1oMblil afpec, Ha KOTOPBI OyIeT pearupoBaTh
untepdeiic TWI npu obpamennu k y3iny. Ecnu ycranosnen LSB, TWI 6ynet orBeuats
Ha azipec mupokoseniareabHoro Bei3osa (0x00), B MpoTHBHOM cilydae oOLIHii agpec
BbI30Ba Oy/1€T IPOUTHOPUPOBAH.

TWCR He00X01uMO YCTaHOBUTH CJIEAYIOIIUM 00pa3oM:

TWINT TWEA TWSTA TWSTO TWWC

TWEN nomken 0biTh HacTpoeH Ha BritoueHue natepdeiica TWI. TWEA nomxen
OBITH HACTPOEH Ha BO3Bpat noATBepkaeHus ACK, korya Benymiuii agpecoBan (aapec
BEJIOMOT'0 MUIM IIUPOKOBEIIAaTeIbHBIN BbI30B) caM 1o cebe. TWSTA u TWSTO nomxHs
ObITh ounteHbl. [locne nanmanuzauu TWAR u TWCR unatepdetic TWI oxunaer,
MOoKa He OyJIeT aApecoBaH COOCTBEHHBIN aJpec BEJOMOT0 YCTPOUCTBA (MU
ITMPOKOBEIIATENbHBIN aJIpec).

Korna 6uT HampaBiieHUs TaHHBIX, CIASAYIONIUHN 32 BEJOMBIM aJpecoM, paBeH «0»
(yka3biBaeT Ha omepariuto 3anucu), TWI nepexoauT B pexuM rnprueMa BeJoMOoro.

Korga 6ut HanmpaBiieHUs TaHHBIX paBeH «1» (yka3bIBarOIIUi onepaluio YTeHHS),
TWI nepexoauT B pekuM MOJJUNHEHHOM MEepeaavH.

[Tocne momy4yeHus: CBOEro COOCTBEHHOTO MOYMHEHHOTO ajipeca U ¢uiara onepaiuu
yreHus: ycranoniieH ¢aar TWINT u oOHOBIEHHBIN KOJ] COCTOSIHUS OOHOBIISETCS B
TWSR.

COOTBETCTBYIOIINI OTBET MO KaXIbIM KOJIOM COCTOSIHUSA MOAPOOHO OMUCAH B
Ta0JIMIIE KOJIOB COCTOSTHUSI.

Crnenyer OTMETUTH, UTO PEKUM MTOAUYNHEHHON TIEpeIaun TakKe MOXKET OBbITh
BBEJICH MocIie 3aBepiieHus apoutpaxa TWI B pexxume Benymiero (cm. Koa coctosiaus
0xBO0).

Ecnu out TWEA cOpacsiBaetcst Bo Bpems nepenayuu, TWI nepexntountcs Ha
HEaJPEeCHbIN OTYMHEHHBIN PEeXUM MOCIIe OTIPABKU MOCIEIHEro OaiTa.

[Tocne Toro, kak rinaBHbIM npueMHUK BbigacT NACK nnmu ACK s nepenaun
nocieaHero 0airta, kox coctosinus B peructpe TWSR 6yner o6HoBieH 10 0xCO nnu
0xC8.

Ecnu rnaBHBIN NpUeMHHK TIPOJOJDKUT TIEpeiady, BEIOMBIN MepeaTunK He OyaeT
OTBEYaTh, M BEIYIIUH MOTYyYUT Bce naHHbIe «1» (T. €. OXFF).

Korma mogunaeHHbIN oTHpaBiseT nocienuuii 6ant nanapix (TWEA ouunmaercs) u
oxkugaet orBeTa NACK, 1 XOCT X04eT moayduTh 00Jblie JaHHbIX U oTnpasiser ACK B
otBetT, TWSR obnHoBIsIeTCcs 10 0XCS.

Korna 6utr TWEA pasen «0», TWI He OyzeT oTBedaTh Ha COOCTBEHHBIN aapec
IIOAYMHEHHOI O ycTpoucTBa. Tem He meHee, TWI Bce emie cirymaer muny.



[Tocne ycranoBku TWEA oH MokeT BO30OHOBUTH paclo3HaBaHUE ajapeca u
OTBETUTH. J[pyrumu cioBamu, Bbl MOXKETE Mcnoib30BaTh TWEA 1151 BpeMeHHOU
u3ossiinu uatepdeiica TWI ot mmHsbL.

B npyrux pexxnmax 0KuJaHus, YEM B PEKUME 0KUIAHUSA, MOKHO OTKIIOYUTH
cunaxponuzanuio uarepdeiica TWI. Ecnu pexxum npreMa BeJOMOTO BKITIOUEH,
uHTepdeiic OyaeT npoIoKaTh OTBEYATh Ha BEIOMBIN aJpec WM MIMPOKOBEIIATEIbHBIN
ajipec, UCTob3ys TakThl muHbL. CoBnagenue agapecos npodyautr MCU. Bo Bpems
npoOyxnenust uarepdeiic TWI Oyner yaepsxkuBath SCL 10 Tex mop, moka ¢gurar TWINT
He OyJIeT OYHIIEH.

Korma taktel uatepderica TWI BepHyTCS B HOpMaJIbHOE COCTOSIHUE, OH MOYKET
MOJIYYUTh OOJIbIIE JAHHBIX.

Kon cocrosinusg pexxrma BeZJOMOM Mepeiauu moKas3aH B clieyronieil Tadbmune:

Kon

COCTOAAHUSA

Tabauya k0008 COCMOSIHUS PedrcUMAa 8e00MOU nepeodayu

Cocrosinue
IIMHBI U
000pya0BaHUsA

Yreuue / Paoora na TWCR

OTBeT NPUKJIATHOr0 MPOrPAMMHOIO

ob0ecrnieyeHust .
Caenyromuii mar B

anmapaTHomMm o0ecreueHUH

3anmuch
TWDR STA STO | TWINT TWEA

3arpy3ka [TonumoT nocnegHue naHHbBIE,
SLA + R 0bu1 Py X 0 1 0
JAHHBIX oxunaem noiayuyuts NACK
O0xA8 |momywen, ACK
3arpyska [Tocelnaer nqaHHbIe, MOTYYUTH
OTIPABJICH X 0 1 1
JIAaHHBIX ACK
ApOutpax He
yaaics npu | 3arpyska X 0 1 0 [TorutroT mocnegHUE TaHHBIC,
OTIIPaBKe JTAHHBIX oxxkugaem nonyuutb NACK
SLA+R / W;
0xBO
MOJIY4EHO
SLA+R; Barpyska | 0 1 1 |Hoceuaer nanmusie, nomyunts
OTIIPABJIEHO | JTaHHBIX ACK
ACK
3arpy3ka IlonutroT mocneaHue NaHHEBIE,
JlanHbIe OBLTH Py X 0 1 0 JUHE X
JaHHBIX oxunaem nonyuyuts NACK
0xB8 OTIIPABJICHEI, 3 T
nonyuero ACK arpyska | 0 1 1 OCBLIAET IaHHBIE, TOYYHUTh
JaHHBIX ACK
[TepexnrounTcs HA HEaK-
Her 0 0 1 0 THUBHBIA BEIOMBII PEKUM, HE
oreparu OTBETHUT Ha IO TYUHEHHBIN
aapec U TPAHCIISIIHIO
[Tepexmrountcs Ha
HEAKTUBHBIN BEIOMBINA PEXKUM,
Her N
JlaHHBIC O 0 0 1 1 OTBETHUT Ha ITOJYNHEHHBIN
0xCO OTIIPaBJIECHBI, pall anpec, TWGCE = 1 orBetur
INACK nonyueH| Ha TPaHCIISIIIO
IlepeineT B HEaApECHBIN
BEJIOMBIN pexXuM, HEe OyIeT
Her 1 0 1 0 OTBEYATh HA BEIOMBIN aJpec u
oreparu [INPOKOBEIIATETHHYIO
pacceuiky, otTpaBuT START,
KOrJa IIMHA CBOOOIHA




Her
oTiepanyu

IlepexmtounTcs Ha Heak-
THUBHBIA PEXKUM BEJOMOTO,
OTBETHUT Ha BEJIOMBIN aJpec,
TWGCE = 1 orBetut Ha
HIMPOKOBEIIATEIbHYIO
nepeaayy, rHa OTIPABUT
START B pexxume 0xugaHus

Yrenue
JAHHBIX

IlepeximrounTtes Ha Heak-
TUBHBIN BEIOMBIN PEKUM, HE
OTBETHUT Ha IMOJYMHEHHBII
aapec U TPAHCIISIHIO

Yrenue
JAHHBIX

[Tepexmrountcs Ha
HEAKTUBHBIN BEIOMBIN PEKUM,
OTBETHUT Ha MOJYMHEHHBII
anpec, TWGCE = 1 orBeTur
Ha TPAHCIISALHNIO

JlaHHbIE
0xC8 OTIPABJICHBI,

ACK nonyuen Hrenne

JaHHBIX

[lepeiiner B HEagpPECHBIN
BEJIOMBIH pexuM, HEe OyIeT
OTB€YATh HA BEIOMBIN apec U
LIMPOKOBEIIATENbHYIO
pacceuiky, otripaBuT START,
KOTI'/Ia IIMHa CBOOOIHA

Yrenue
JTAHHBIX

1 1
1 0
1 1
1 0
1 1

[TepexmtounTtcs Ha HeaK-
THUBHBIA PEXKUM BEIOMOTO,
OTBETUT Ha BEJIOMBIH aJipec,
TWGCE = 1 orBeTuT Ha
IIMPOKOBEIIATENBbHYIO
nepeaayy, mrHa OTIPABUT
START B pexxume 0xxuaanus

dopmMaT U COCTOSIHUAE PEKUMA BEAOMOM MEPENAUU CIELYOIINM:

ST

5 SLA+R A

[ oxag )

.,

Y
Arbitration lost and
addressed as slave

™y
|

A

(" oxBo

DATA

A DATA NA Pors
Y re ‘ Y
| OxBB ) . 0xC0
Last byte sent (TWEA = 0) and
ACK received A OKFF Pors
./-..- N Y
. OxC8 ).

from Master to Slave

From Slave to Master

DATA ‘ A

any number of data bytes and
its acknowledge bit

status code in TWSR

Puc.18.14. ®opmat pexxuma ciaioB U 1uarpaMma COCTOSTHUIN




18.6.6. Jlpyrue cocTosiHus

CymiecTByeT 1Ba KOJIa COCTOSIHHSI, KOTOPbIE HE UMEIOT COOTBETCTBYIOLIUX
onpeneneHuii cocrossHus TWI, kak okazaHo B CieayIoLEen Ta0InLie:

Tabauya J[pyeue k0006 cocmosinus
OTBer MNPURKJIAAHOTO MPOrpaMMHOIo

Kona Cocrostnue obecnetteris Caenywuuii mar B
cocrostms o AbTH drenue / ‘ Pabora na TWCR anmapaTtHoM ofecrne4yeHUH
000pyI0BaHUSA 3amuCh
TWDR STA |STO TWINT TWEA
Nudopmanus
OXES pacnpe;[c.a- Her He ucriompayiite TWCR Osxunanue WM BBITIOMHEHNE
JICHHas, oreparuu TEKyIlIel ornepanuu
TWINT =0
OmmOka MuHBI, Tonpko BiMSET Ha
BBI3BaHHAs Her BHYTpEHHEE 000pYy0BaHMUE;
0x00 HE3aKOHHBIM 0 1 1 X STOP He oTnpassieTcs Ha
START uu | O1eP#HH LIMHY; IIUHA BBIIIYCKAET U
STOP ounitaer out TWSTO

Kox cocrosinus 0xF8 yka3sIBaeT, 4TO B HACTOSAIIEE BPEMS HET COOTBETCTBYIOLIEH
uHdopmaruu, nockodbky diar TWINT pasen «0». DTo coOCTOSHHE MOXKET BOBHUKHYTb,
koraa uarepgdeiic TWI He ydacTByeT B OCIEI0BATENbHOM NIEpeiaye WIH TeKyIIas
repeaya enie He 3aBepIlcHa.

Cocrosane 0x00 yka3pIBaeT Ha TO, YTO BO BPEMS ITOCIEA0BATEIBHON NIEPEAAUH
MPOM30IIIJIa OIIMOKa IUHBL. OmmMoOKa NIMHBI BOBHUKAET, KOT/1a TPOUCXOAUT HE3aKOHHBIM
START wim STOP. Hanpumep, START unu STOP nosiBisieTcs Mexay agpecom u
nanHbeiMH, agpecoM 1 ACK. OmmubOka munbl yctaHoBUT TWINT. UToObl BOCCTAaHOBUTH
omuoky, TWSTO Heo06X01uMO yCTaHOBUTh U OYUCTUTh, HAMKUCaB «1». DTO MpUBEAET K
Tomy, uyto unrepdeiic TWI BolineT B He3anucaHHbIN MOAYMHEHHBIN pexxuM 6e3 STOP,
ormyctute SCL u SDA u ounctute o6utr TWSTO.

Kombunuposamnnwiii pescum

B HekoTOpBIX citydasx HECKOJIbKO pexuMoB TWI 10KHBI ObITh 00BETMHEHBI JIS
BBIMIOJTHEHUS JKEJTAEMOT0 3aJaHHUS.

Hampumep, 4ToOBI CUNTHIBATH TaHHBIC M3 TTocienoBaTenbHoit EEPROM, Tunnunas
nepeaayda BKIIOYAeT B ce0sl CIEAYOIINE Maru:

1. TlepeHoc nomkeH Ha4aThCS;

2. Heo6xomumo yka3zats mecto, e EEPROM nommken mpouuTaTh JaHHBIC,

3. UteHue J0JDKHO OBITh 3aBEPIICHO;

4. Ilepenada n0JKHA 3aBEPIIUTHCS.

OO6paTuTe BHUMaHUE, YTO JIaHHBIC MOTYT MEPEIaBaThCs OT BEAYIIETO K BEAOMOMY
1 HaoOopoT. Benymuii coobiiaeT moJ4uHEeHHOMY YCTPOUCTRY, I/Ie YUTATh JaHHBIE,
MCIIOJIb3YSl PEKUM TIepeladyd BEYIIEro. 3aTeM MPOYUTANTE JaHHbBIE C BEJOMOIO
YCTPOMCTBA, UCTIOJIb3YS PEKUM TIpHeMa BEAYIETO.

Hanpagnenue nepenaun namMeHurcs. Beaymmii 1omKeH NOAAepKUBaTh
yIpaBJICHUE IIMHOW Ha BCEX ATAllax, M BCE ATallbl BBINOJHAIOTCA. Ecnu B cucreme ¢
HECKOJbKMMU BEIYIIUMU, BEAYIIUN U3MEHSIET MECTOMOJIOKEHUE CUUTHIBAEMBIX JaHHBIX
MEXIy maramu 2 1 3, 3TOT NPUHIIUIT HAPYIIASTCs, U BEAYIIUNA Oy/IeT CYNTHIBATH IaHHBIE



HC B TOM MCCTC.

N3meHeHue HarpaBJICHUA IICPCAaud JAHHBIX JOCTUTACTCs IIYTEM OTIIPABKU

REPEATED START mexnay OaiiTom anpeca nepeiadu U NoJy4YeHHBIMU JaHHBIMH.
[Tocne ornpaBku REPEATED START y Benyiiero Bce €lie ecTh ynpaBJIeHUE IUHOM.
Ha ciengyromeM pucyHKe OKa3aH 3TOT MPOLIECC EPEIadn:

i | | !
ie MT > L MR o

5

SLA+W A ADDRESS A Rs SLA+R A

DATA NA P

from Master to Slave From Slave to Master

Puc.18.15. O6benunser Heckonbko pesxkuMoB TWI mist noctyna k cepuitnbiv EEPROM-

1300paKEeHUSIM

18.7. CucreMbl ¢ HECKOJIBLKUMHU MACTePaMU U apOUTpaxK

Ecnu HECKOJIBKO BeylIMX MOJKIIOYEHBI K OJTHOW U TO ke mmHe TWI, ogun nin

HECKOJIBKO M3 HUX MOT'YT OJJTHOBPEMEHHO 3aIlyCKaTh nepeaady gaHHbix. [Iporoxkon TWI
rapaHTUPYET, YTO B ITOM CIIy4ae OJHOMY U3 BEAYIIMX pa3peliaeTcs rnepenaBarb 6e3
MOTEPH JIaHHBIX Yepe3 apOUuTpaKHBIN MpolLecc.

Hwxe onuceiBaeTcs IIponccce ap6HTpa>Ka IIWHBI C IBYMA BCAYIINMHU, KOTOPBIC

MBITAIOTCS. OTHPABUTH JAHHBIE B BEJOMBIN. CyIlIEeCTBYET HECKOJIBKO Pa3IMYHBIX
CUTYaIIMi, KOTOPbIE MOTYT CO3aTh apOUTPaKHBIN MPOLIECC ITUHBI:

e JIBa wm Oojiee Xo0cTa OJHOBPEMEHHO B3aUMOJICHCTBYIOT C OJHUM BEJIOMBIM.

B 3TOM cnydae kak BeaylIui, TaK U BEAOMBIN HE 3HAIOT, YTO HA IIUHE €CTh
KOHKYPEHITUS;

J{Ba wiin Gosee BeayIIMX OJJHOBPEMEHHO BBIMOJHSAIOT Pa3Hble JaHHbBIE WU
OTepallMOHHBIE 00paIeHUs K OJJHOMY U TOMY ke BeZJoMOMY. ApOuTpax
MPOUCXOAUT B 3TOM citydae, B Out mwiu out READ / WRITE. Korna npyrue
XOCTHBI OTHPaBIAIOT «0» B cTpoky SDA, X0CT, KOTOPBIil OTHpaBisIeT «1» Ha
muHuio SDA, HE CMOXET BHIMIOTHUTE apOuTpaxk. HeucnpaBueiit XxocT
MEPEKITIOYNTCS HA TIOTYMHEHHBIN PEeXUM, KOTOPBIi HEe Oy/IET apecoBaH,
WJN TIOKIUTECH, TOKA IIMHA OTIPaBUT HOBBIN curHail START B pexume
OKHMJIaHUS, B 3aBUCUMOCTH OT OTEpaIliy MPUKIAJIHOTO TPOTPaMMHOTO
oOecreyeHusl.

JBa uiu Gosiee BeayIIMX JOCTYM K IPYTUM IMOJYMHEHHBIM yCTpoiicTBaM. B
ATOM clTydae apOuTpax IMMHBI BOZHUKAET BO Bpemst ¢dazbl SLA. Korna
JIpyrue Beaymun oTrnpabiisitoT «0» B muauio SDA, Beaymiuii, KOTOpbId
ornpanisieT «1» Ha muauio SDA, 6ynet apoutpax. Bemymuii, KoTOpsIit
BBIXOJIUT U3 CTPOS BO BpeMs apouTpaxa SLA-IIMHBI, TEPEKITIOYUTCS Ha
MOAYMHEHHBIN PEXKUM U TPOBEPSIET, aAPECOBAH JIM OH BEAYIIUM, KOTOPHIN
IIOJIy4aeT KOHTPOJIb HaJ MHOW. Eciy oH agpecoBaH, OH BOMAET B PEXKUM
SR unu ST, B 3aBucumoctu ot 6ut READ / WRITE, cnenyromero 3a SLA.
Ecnu oH He aapecoBaH, OH MEPEKIIOYNTCS Ha HEAAPECOBAHHBIN BEIOMbIN
PEXKUM WIM TOKIASICh, TTOKA IIIMHA OTIPaBUT HOBBIN curHail START, B



3aBUCUMOCTH OT pa6OTBI MporpaMMHOTO oOecreueHus.

Ha cnenyromem pucyHke onuchIBaeTCs MpoLecc apouTpaka INHbI:

START SLA + R/W DATA sTop

Arbitration lost in SLA+R/W

b4

NO N Enter Not Addressed Slave Mode;
<__ Address/General Call? - » 0x38 —» Release TWIBus;
~— Transmit START at bus free;
YES
Direction? WRITE o [}xﬁ&lI , Receive Data Byte;

' | 0x78 Send ACK/NACK;

READ N :

+( oxB0 ) Send Data Byte;

Receive ACK/NACK;

Puc.18.16. Cxema apOuTpaKHOTO MpOIecca ITHMHBI

18.8. Peructpnl Onucanue

Cnucok pecucmpos TWI

Perucrp @ Anppec | 3HadeHHe IO YMOJTYAHUIO Onucanue
TWBR 0xB8 0x00 Peructp ckopoctu nepenaun nanueix TWI
TWSR 0xB9 0x00 Peructp cocrostaus TWI
TWAR OxBA 0x00 Peructp anpeco TWI
TWDR 0xBB OxFF Peructp nannpix TWI
TWCR 0xBC 0x00 Peructp ynpasienuss TWI
TWAMR | 0xBD 0x00 Peructp macku agpeca TWI

TWBR - Pecucmp ckopocmu nepedauu oannvix TWI
\ TWBR - peructp ckopoctu nepegauu ganabix TWI

Anpec: 0xB8 3Hauenue no ymonyanuio: 0x00
bur 7 6 5 4 3 2 1 0
Hms TWBR7 | TWBR6 | TWBR5 | TWBR4 | TWBR3 | TWBR2 | TWBR1 | TWBRO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur Nms Onpenesenne ouT

buts! ynpasnenns outperitom TWI. TWBR - koaddurmenT nenurens reaepaTopa
OUTOBBIX cCKopocTeil. ['eHepaTop ckopocTu nepeaadu OUT - ITO JeNUTENb,
7:0 TWBR  |koTopslii ncnionb3yeTcs A resepanuu TaktoB SCL B pexxnme Benynuil. butosas
CKOPOCTb BBIYHCIISICTCA CIEAYIOUIMM 00pa3oM:
fscl =fsys /(16 + 2*TWBR*4TWPS)




TWSR - Pecucmp cocmosinus TWI

‘ TWSR - peructp cocrosinust TWI

Anpec: 0X

Anpec: 0xB9 3HavyeHue no ymonuanuio: 0x00
bur 7 6 5 4 3 2 1 0
Nmsn TWS7 TWS6 TWSS5 TWS4 TWS3 - TWPS1 | TWPS0
R/W R/W R/W R/W R/W RIW RIW RIW RIW
bur HNmsa Onpenesienne OUT
®mnar cocrosaus TWI. 5-6utabiii TWS pearupyet Ha moruky TWI u coctosiaue
muHblL. Pa3nuuHble 3HaYeHMs cTaTyca UMEIOT pasHble 3HaueHus. IlonpodHee cm.
Onucanue pexxuma padorbl TWI. 3nauenue, cuntsiBaecMmoe u3z TWSR,
7:3 | TWS[7:3] | Bkitouaer B ceOst 5-OMTHOE 3HAYCHUE COCTOSIHUS U OUT OMT IPEIBAPUTEIHHOTO
nenurens 2 6ut, a OUT NpeaBapUTEIHLHOTO Kackala JOJKEeH ObITh 3aMacCKHUpPOBaH B
«0» ipu 0OHApYKEHUU COCTOSHUSA. DTO COCTOSIHHE, HE3aBHCUMOE OT HACTPOEK
MPEJIBAPUTENLHOTO ICTUTEIS.
2 - 3ape3epBUPOBAHO
Perynsarop npeasapurensnoro aenurens TWI Beicokuit. TWPS1 u TWPSO
BMecTe 00pazytor TWPS [1: 0] ans ynpasienus npeBapuTEIbHBIM JeTUTEIEM
1 TWPS1 | ckopocTu nepenauu GHTOB 1 IS yIIPABIEHHS CKOPOCTHIO Iepeauy OHTOB BMECTE
c TWBR.
TWPS[1:0] Kosddunuent npenaenenns
0 1
0 | Twpso L 4
2 16
3 64

TWAR - Pecucmp aopecos TWI

TWAR - peructp aapecoB TWI

BA 3Havenue nmo ymomadanuto: 0x00

bur

7

6 5 4 3 2 1 0

Nma

TWARG6

TWARS | TWAR4 | TWARS3 | TWAR2 | TWAR1 | TWARO | TWGCE

R/W

R/W

R/W R/W R/W R/W RIW R/W R/W

Bbur

1 509¢ |

Omnpenesienne OUT

7:1

TWA[6:0]

burosslii agpec Begomoro ycrporictsa TWI. TWA - sto Begomslit agpec TWIL
Korga TWI pa6otaet B nomunnenHoM pexkume, TWI Oyaet pearupoBath Ha 3TOT
anpec. Pexxum Benymiero He Tpedyer 3Toro ajgpeca. OHAKO B CUCTEMAX C
HECKOJIbKUMH BEIYIIUMHU TaKKe HEOOXOAMMO YCTaHOBUTH JIJISl IOJYUHEHHOTO
azpeca Ipyrue BEAYIIETo.

TWGCE

bur ynpasnenus TWI paspemienns mmpokoBemarenbHoro pacrno3nasanus. Korga
o6utr TWGCE ycranosneH B «1», pacrio3HaBaHue IMHPOKOBEIIATEIbHOMN epeaaun
TWI Brimtoueno. Korga 6ut TWGCE yctanoBneH B «0», pacrio3HaBaHUE
mupokosemarenbHoi nepenaun muHsl TWI otkmoueno. Korga TWGCE
YCTaHOBJICH, U MPUHATHIN afpecHbIil Pppeiim paBen 0x00, moxyns TWI Oyner
OTBEUaTh Ha ATy Mepeayy Mo IIUHE.

TWDR - Pecucmp oannvix TWI

‘ TWDR - peructp nanabix TWI

Anpec: 0xBB 3HavyeHue no ymondanuio: OxFF
bur 7 6 5 4 3 2 1 0
Nms TWDR7 | TWDR6 | TWDR5 | TWDR4 | TWDR3 | TWDR2 | TWDR1 | TWDRO
R/W R/W R/W R/W R/W R/W R/W R/W R/W




bur Nmn Omnpenesenne OUT
7:0 TWDR Peructp nannbix TWI. TWD siBnsiercs cnenyroniiM 6aiiToMm Ha repenaBacMoi
' IIMHE WIH MTOCIETHUM 0aTOM, KOTOPBIH OB TOJIBKO YTO MOJTYYCH HA IIUHE.

TWCR - Pecucmp ynpasnenus TWI

Anapec: 0xBC

TWCR - peructp ynpasiaenuss TWI
3Hayenue no ymonyanuo: 0x00

bur

7 6 5 4 3 2 1 0

Nms

TWINT

TWEA | TWSTA | TWSTO | TWWC | TWEN - TWIE

R/W

R/W R/W R/W R/W R R/W - RIW

Bur

Nms

Onpeneseane OUT

TWINT

®nar npepoiBanus TWIL

Korna TWI 3aBepraer Tekyiiee 3ajanue U X04eT, 9TOObI PUKIIATHOE
[IpOrpaMMHOE 0OecTieueHre BMEIIAIOoCh, annapaTHoe 00ecledyeHe YyCTAaHOBUT OUT
TWINT. Ecnu rmo6ansHoe ipepsiBanue ycranoBieHo u out TWIE ycranosineH, Oyner
reHepupoBatbes npepeiBanre TWI, 1 MCU BBIIOIHUT IPOLEAYPY OOCTYKUBAHUS
npepsiBanust TWI. Korna ycranosnen ¢uiar TWINT, Oyzner yBennueH HU3KHA yPOBEHb
curnaina SCL.

®aar TWINT mo:keT ObITh OYHIIEH TOJIbKO IIyTeM 3anucu «1» B 3TOT OHUT.
ArnmnapaTtHoe oOecrieueHiue He aBTOMAaTUYECKU OYHUIIAeT ATOT OUT, AaXKe ecliu
BBITTOJIHSCTCS ITPOLEAYypa OOCITYKUBAHHS ITPEPHIBAHUSI.

Taxk:ke o0paTuTe BHUMAaHHE, YTO OUMCTKA ATOrO OMTA HEMEAJIEHHO BKJIFOUUT

onepanuio TWI. Tlostomy nepen ounctkoit Out TWINT nomken ObITh 3aBEpIlICH
nocryn k peructpam TWAR, TWAMR, TWSR u TWDR.

6 | TWEA

TWI pazperiaet OUT MOATBEPIKICHHUS.

bur TWEA ymnpasnsier reHepanueit ummnynbca otBeta. Korna outr TWEA
YCTaHOBJIEH Ha «1», U BBINOJIHAETCS OAHO U3 CIEAYIOINX YCIOBUM, Ha muHe TWI
|[Oyner reneprpoBaTHCS UMITYJILC OTBETA!

1) IlpuHAT BeJOMBII aapec yCTpOUCTBa;

2) lllupokoBemiaTenbHbIi BbI30B puHUMaeTcs npu ycranoBke TWGCE;

3) OnuH GalT JaHHBIX MPUHUMACTCS B PEKHUME PHEMa OCHOBHOT'O MpUEeMa WITH
[MOJYMHEHHOT'0 YCTPOKCTBA.

Korna 6ut TWEA yctanoBneH Ha «0», ycTpOHCTBO BPEMEHHO OTKIIFOYAETCs OT
mHbel TWI. Tlocne ycraHOBKH yeTpolicTBa BO300OHOBIISIETCS pacliO3HABaHHE aJJPECOB.

5 |TWSTA

but nagansaOTO cocTrostams TWIL

butr TWSTA Heob6xoaumo ycTaHOBUTH, Korya CPU xoder cTaTh BeIyIIUM Ha IITUHE
TWI. AnmnapatHoe obecrnieueHue 0OOHAPYKUT, JOCTYITHA JIM [ITMHA, U KOT/a IIIHHA
cB0OOOTHA, OH HauHeT paboTy Ha muHe. Korma mumHa He pabortaet, TWI xxner, moka He
[Oyner oOHapyKEeHO yCIOBUE OCTAaHOBKH, a 3aT€M T€HEePUPYET Ha4allbHOE COCTOSIHHE,
4TOOBI OOBSBHUTH CEOS JKETAIOITUM CTaTh BeaymuM. [IporpamMmHoe obecrieueHne
nomkHO ouucTUTh OUT TWSTA mocie oTnpaBKu HCXOTHOTO COCTOSHUS.

4 |TWSTO

but xonTpONsA cocrossHus octaHoBKU TWIL

Korna 6ur TWSTO ycranosnen B «1» B pexxume macrepa, TWI renepupyer
yCJIOBHE OCTAaHOBKM Ha IIMHE U 3aTeM aBToMaTHuecku ounmiaetr out TWSTO.

B pexume Benomoro, ycranoBka 6ut TWSTO B «1» MOXKET IPUBECTH K
BoccTaHOBIeHUIO TWI U3 ycrnoBust ommOKu. ITO HE MPHUBEIET K BOSHUKHOBEHHIO
YCJIOBHSI OCTAaHOBA, HO IIPUBEAET K TOMY, 4TO TWI BepHeTCs K OIpeaeIeHHOMY
HEeaJApecallMOHHOMY ITOJJYMHEHHOMY PEXXHUMY M OTIIYCTUT CUTHaiIbHbIE IMHUK SCL 1
SDA B cOCTOSHUE C BBICOKHUM UMIIETAHCOM.

3 | TWWC

KondmuxTaeiii ¢uar 3anmuceiaer TWI.
Korna ¢gmar TWINT B «0», B peructpe TWDR ycranasnuaet gpaar TWWC.
Korma ¢ar TWINT B «1», 3amuck «1» B peructp TWDR ouunmaer ¢pomar TWWC.

2 | TWEN

but ynpasnenus paspemes TWI.




bur TWEN ob6ecnieunBaet paboty TWI u aktuBupyet unrepdeiic TWI. Korga out
TWEN B «1», BeiBog IO ynpasnenus TWI nogkimtodaercst k koHtaktam SCL u SDA.

Korna 6ut TWEN B «0», untepgeiicusiii moayns TWI oTkitouaercs u Bce
repeiayy MPeKpamiaTcs, BKI0Yas TEKYIUE ONepalyH.

1 - 3ape3epBUPOBAHO

but ynpasnenus npepeiBanueM TWI.
0 TWIE Korna 6ur TWIE ycranosiieH B «1», u Tmo0anbHOE IPEPhIBAHUE YCTAHOBIICHO,
3anpoc npepbiBanus TWI aktuBupyetcs Beskuit pa3, korna haar TWINT B «1».

TWAMR - Pecucmp macox aopecog TWI

\ TWAMR - peructp macok agpecos TWI

Anpec: 0xBD 3navyeHue no ymondanuio: OxFF
bur 7 6 5 4 3 2 1 0
Hms TWARG | TWARS | TWAR4 | TWAR3 | TWAR2 | TWARL | TWARO | TWGCE
R/W R/W R/W R/W R/W R/W RIW R/W R/W
bur Nmsn OmnpenesieHne OUT

but ynpaBnenus mackupoBkoil agpeca TWIL

TWAM - 310 7-6UTHOE ynpaBiieHHE MaCKUPOBKOW ajjpeca O JYMHEHHOTO
ycrpoiictBa TWI. Kaxnprii outr TWAM wucnonb3yercs Aji1 MACKUPOBKU
|(oTkrOUEHUS) cooTBeTCTBYIOMETrO Omta aapeca B TWAR. Kornma out macku
YCTaHOBJICH, JIOTUKA COBMAJICHUs aApecoB OyIeT UTHOPUPOBATh CPAaBHEHUE
MOJy4eHHOT0 OHMTa ajpeca ¢ cooTBeTcTByIommM 6utoM B TWA. Ha cnenyromem
|[prcyHKE MTOKa3aHbl 1€TaIu JIOTUKU COTJIACOBAHUS aIPECOB.

71 TWAM[GZO] — Address Bit Match 0

Addr Match-—»

g )
Q

= o
= 3
.o

Address Bit Match 6

0 - 3ape3epBUPOBAHO

19. Onepanuonnslii ¥Ycuiaurten/Komnaparop 0O

TounocTts cpaBHeHus 12 MB

[Toanepxka IByXCTOPOHHETO aHAJIOTOBOI'O BXOJa

[Tonnepxka MyapTUILIEKCUPOBAaHHOTO BhixoAa ¢ ALIIT

[Tonnep>xuBaet BoiBOJ 13 BHyTpeHHNX OPAMP onepanmoHHbIX yCUIUTENEH
[Toanepxka BHYTpEHHEr0 BXOIHOTO HamnpsikeHus 1.25 /2.56V

Bcerpoennsiii 8-pa3psaanbiin [{ATT

3aiuTa OT nmeperpy3ku Mo TOKy/IepeHanpsKeHNI0 JOCTUTAETCS ¢ TOMOIIBIO
cxemsl OY

[IporpamMmupyemMoe ynpaBieHUE BBIXOIHBIM (PUIBTPOM



19.1. O630p

Moaymb onepaluoOHHOTO YCHIIUTENS / KoMIaparopa 00beAuHSIET
KOH(UTYPHUPYEMBbIN TIPETyCUTUTENIb BXOJHOTO PEXUMAa U aHAJIOTOBBII KOMITapaTop CO
BCTPOEHHBIM -pa3psiaHbiM [{AlTowm.

OnepaloOHHbIN YCHIINTENb HOIIEPKUBAET HACTPAUBAEMbBIE PEXKUMBI BBOJIA C
(buKCUPOBaHHBIM MPAMBIM BX0oA0M (12X ycuienuem), UHBEpCHBIM BXxo1oM (11X
YCUJICHUEM) YCUJIUTEIS, KOTOPBIA MOXKET HCIOJIb30BATHCS C AHAJIOTOBBIM KOMITAPAaTOPOM
u 8-paspsaaubimM LIAIT qiis nocTmkenust TiOKoro oOHapyKeHUs! CUTHAJIA.

Brixox 0 (0-ammep) Takske MoKeT ObITH 00paboTaH 00Jice TOYHO aHAJIOrO-
nudpossiM npeodpazoBatenem (ALIT), anaToroBeIM KOMIIAPATOPOM.

BennunHa npsiMoro 31€KTpoAa KOMIIAPaTOPOM CPABHUBAETCS CO 3HAUCHUEM
MHBEPCHOTO AJIEKTPOJA.

Korna HanpsikeHre Ha OJIOKUTEIBHOM 3JIEKTPO/IE BBILIE HANPSIKEHUS Ha
OTPULIATENBHOM JIEKTPOJIE, YCTAHABIMBAETCS aHAIoroBbIM Beixoa ACO kommaparopa.

Korna ypoens ACO usmensiercsi, GpoHT CUTHAJIA MOKET UCTIOJIb30BAThCS 1JIs
3amycKa npepbIBaHusl.

Brixonnoi curnan ACO Takke MOXKET UCIOJIb30BATHCS ISl THULIMUPOBAHUS
BXOJHOTO 3axBaTa cyeT4yuKa 1 TaiMepa u Ju1s ynpasieHus Boixogom LHINM,
TEHEPUPYEMBIM TaIMEPOM.

AHaO0TrOBBIN KOMIApaTOp MHTETPUPOBAHHBINA BHYTPH C 8-OMTHBIM mU(pO-
aHaJIoroBbIM npeoOpaszoBartenieM (LIAIl), BHyTpeHHEE OTOpHOE HAIIPSHKEHUE MOKET OBITh
pa30uTa Ha 256 pa3IUYHBIX YPOBHEW OMOPHOTO HAIPSHKEHUS.

DAL DAO PSEL ACEN AVDD ACFEN ACIS ACIE

Internal
1.25V/2.56V
Reference
8bit DAC
1 ACIRQ
LS

ACINO D
ACINI mm

INTR |

I ACO Filter 4‘» kT 1 ACI
o ACO
NSEL

Analog Comparator

OPAC W HEN oro Y ADC_CH9
oPA1 WV L/ R

11R

Operational Amplifier

Puc.19.1. CrpykrypHas cxema MOJyJisl ONIEpalMOHHOr0 yCuiuTens / kommnaparopa 0

19.2. BxoaHoii koMMyTaTOP

Bxonnoit kommytatop OPAOQ oTBe4aeT 3a MyJIbTUILIEKCUPOBAHHBIN BXOJ
aHAJIOrOBBIX BXOJIHBIX KaHAJIOB, MEPEKIIIOUECHUE PEXUMA MPSIMOT0/MHBEPCHOTO BXO/1a U
YCUJIEHUE BXOJHOTO CUTHAJIA.



VYcunennsiit curnan OPAQ nenuTcst Ha ABa KaHala, KOTOPhIE COOTBETCTBEHHO
NOJKJIIOYEeHbI K BXoAHOMY KaHaiy ALIIl u orpuniatenbHOMY BXO/1y aHAJIOrOBOTO
komnaparopa (AC). To ecTs curHasubl, 00padaThiBa€MbIe OMEPALMOHHBIMU
YCHIIUTENSIMH, MOTYT 00pa0aThiBaThCsl HEMOCPEACTBEHHO C MMOMOIIBI0 KOMITApaTopoB
WJIM OHU MOTYT OBITH TipeoOpa3zoBanbl AT 11t momyueHns TOYHBIX pe3yIbTaTOB, TaK
YTO MOTYT OBITh PEATU30BaHbI 0OJICE CIOKHBIE (PYHKIIHUH.

OPAOQ Bceit aHanoroBoii yactb paboTel o1 KoutpoiaeM OPAQ koHTposiepa;
OPAOQ ananoroBas 4yacTb BO BpeMsi IIEPEKIIOYEHUS BBOJIA UJIU U3BMEHEHUN peKrUMa
BBOJIa, BBIXOJ KOTOPOT'O €CTh CTAOMJIBHBIN mporecc, koHTposuiep OPAO oTBeudaer 3a
reHepalnio KOHTPOJIepa CHHXPOHU3ALNH, YTOOBI H30€XaTh HECTAOUIILHOCTH HA BBIXOJIE
CueHuyeckre cXxemMbl UMEIOT 3P heKT.

[Ipeapiayminii onepalMoOHHbIN YCUITUTENb MOJJIEPKUBACT JIBa AHAJIOTOBBIX
Bxo/HbIX kaHana: OPAQ/1. JIBa kaHasia MOTYT PETyJIIPHO MEPEKIIOYATHCS
MIPOTPaMMHBIM 00ECIICYEHUEM WIIM aBTOMATUYECKH MEPEKIII0UaThCS Yepe3 KOHTPOJLIEP
OPA BHyTpH unna.

Bpems nepexiiroueHns kaHana ynpaBisieTcs 8-pa3psaHbiM TaumMepoM. McTouHuK
CUHXPOHM3AIINH TaiiMepa MOXKET ObITh BRIOPAH B KAYECTBE CUCTEMHOI'O TAKTOBOTO
curdasia uim 32-outnoii (1 MI'n) Bayrpennero RC32M, yto obecnieunBaet Oonee
TUOKUM [IUKJT IEPEKIIFOYEHUSI KaHAJIOB U OTBEYAET TPEOOBAHUAM Pa3TMYHBIX
MIPUIIOKECHUM.

[Tocne onepalMOHHOTIO YCHIIMTENS BKIIOYUTh (PYHKIHIO, YTOOBI YCTAHOBHUTD
3apeructpupoBatb DIDR1 OV BX0HOIN KOHTAKT, CBSI3aHHBIX YIPABISIOMINX OUTOB,
9TOOBI M30€XKaTh BIUSHUS (YHKIUUA U(PPOBOI CEKIIUMU BBOIA/BHIBOJIA HA OTIEPAIIMOHHBIH
YCWJIMTEIb aHAJIOTOBOTO BXOIHBIX KaHaoB. [lompoOHocTtu cMm. B paznene onpenenenus
PETUCTPOB 3TOM TJIABBI.

19.2.1. KommyTaTop nepeksItoueHnsl KaHaJIOB YCUIUTEIS

B pexume nepexiroyeHuss aBTOMaTHYECKOT0 NEPEKITIOYEHUS TaiiMepa BO
n30exaHue MoMeX, BO3HUKAIOLIUX MTPH MEPEKII0YCHUN KaHaJIOB, JeiiCTBHE
NEPEKIIIOUEHNUS KaHala CBSI3aHO C BBIXOJHBIM (PHJIBTPOM aHAJIOIOBOTO KOMIaparopa AJis
o0ecrnieveHus IIaBHOTO MEPEKIIOUEHHUsT KaHaJIOB.

[Tonb3oBaTENM TaKKE MOTYT MOJTHOCTbIO KOHTPOIUPOBATH MPOLIECC
MEPEKITIOYEHUSI, HACTPaNBasi COOTBETCTBYIOIINE PETUCTPHI.

KommyTtanmonHsiil annapat nepexiiroueHust kananoB OPAOQ oTeeuaer 3a
KOMMYTAIIMIO BXOAHBIX KAHAJIOB B PEAIbHOM BPEMEHU U MOKET PeaTn30BbIBAThH
3¢ (exTh TBYX BXOJOB HA OCHOBE TOJIBKO OHOTO OMEPAIMOHHOTO YCUIIUTEIIS.

OPAO Taxxe nepekIFouuT COOTBETCTBYIOIINM PEKUM BBOJA KaHaa MPH
NEePEKIIOUEHNH KaHana yripaBieHusi. TakuM 00pa3oM, Mbl MOXKEM JIOCTHYb TPEX
KOMOMHAIIMI BXOJIHBIX CUTHAJIOB JIBYX BXOJIOB BIEpPE, IBYX HHBEPTHUPOBAHHBIX BXO/I0B
Y OJTHOM MHBEPCHUU BIIEpPE].

Bo Bpems kommyTaruu kanaioB OPAQ mpousoiineT HecTaOMIbHOE U3MEHEHUE
BBIXOJITHOTO CUTHAJIa ONEPALUOHHOTO YCHIIUTENS.

OAHOBPEMEHHO MEPEKITIOYAIOIINE KAHAIBI CO3/Iat0T YIPABJISIOIIUNA CUTHAL,
KOTOPBIM UCHOJIb3YETCA JJIsl YIIPABIEHUS CIEAYIOLIMM 3TAllOM CXEMBbI, KOTOpas
obOpabatbiBaeT BeIXOHOM curHai OVY.

Hanpumep, aHasioroBsle KOMIIapaToOphbl, aHAJIOTOBbIE KOMIIAPATOPHI MOTYT



MCIIOJIb30BATh ATY YIPABIISIIOULYI0 HHPOPMALIHMIO AJI1 COOTBETCTBYIOUIEH QUIbTpALIMU
CBOET0 BbIX0JIa, YTOOBI N30€kKaTh HECTAOMIIBHOCTH U TIOMEX, BBI3BAHHBIX
MEPEKITIOYEHNEM KaHAJIOB.

OPA_Channel 1

=
v

Handover Period (Tcsv)

OPA_Channel 0

A
4

OPA transition period (TCHv

| \
AC Sample tim

ing

Puc.19.2. BpeMms nepekintoueHus KaHaJIOB

Kak nokazano Ha Puc.19.2., Tcsv - aTo nmuki nepexinoueHus kanaaoB OPAO.
ITocne Toro, kak OPAOQ 3amyckaer nepekIroueHrue KaHAJIOB, CYILECTBYET BCTPOCHHOE
Bpemst yctaHoBiieHUs (TCHV).

3a 370 Bpems Bbixog OPAO MokeT ObITh HECTAOUIIBHBIM HII MOKET HE Cpazy
OTpaXKaTh COCTOSIHUE TEKYIIEro Kanana. Takum oOpa3om, UK TCHV MOXET OBbITh
CKOH(UTypHUpPOBaH TakK, YTOOBI MO3BOJUTH CIEAYIOLIEMY YPOBHIO 00pabOTKU
OT(QUIBTPOBBIBATH TOMEXH, BBEICHHBIE KAHAJIOM MEPEKITIOYESHHUS.

AFCKS OPTEN
iml ml
SYS_CLOCK = gittmer  L—————1D)—— OPTO_IRQ
RC32M/32 © P
| =TCSHR? | | =TCsovmR? |
OPAD
Channel Control - to ACO
OoPMC
oPS |
d = ;
OPA0 I = | L oPO ul
OPA1 WD c ) = p

OPAO

AAA
VY

11R

Puc19.3 KoMmmyTannoHHbIi anmnapar nepexyiroueHus kanaaos OPAQO



KomMyTanmonHblii annapart nepexiatoueHus kananoB OPAQ BHyTpeHHE COOEPKUT
8-pa3psIHbIN cUeTYUK JUIsl YCTAaHOBKH nepuoja nepexiitouenus kanaiaos (T CSV).
CuuTaHHBIE TAKTHI MOTYT OBITh CHCTEMHBIMU TaKTaMH TI0 YMOJYAHUIO, U MOXKET OBITh
BBIOpaH BHyTpeHHUM renepatop RC 32 MI'n, nenennsriii Ha 32. (1 MI'm).

Takum 00pa3oMm, MoIb30BATEIL MOKET BBIOPATh COOTBETCTBYIOLIUI IIEPHO/T
MEPEKIIOYEHUS] B COOTBETCTBUU C KOHKPETHBIMHU TPEOOBAHUSMHU MPUITIOKEHUS.

JI1st npysnoKeHnid, 1U1si KOTOPBIX TpeOyeTcst OBICTPBIN OTBET 3aIyCKa, HAPUMED
3aIUTa OT MepPerpy3Kku Mo TOKY, BBl MOKETE BBIOpATh OoJiee ObICTPHI CYET TAKTOB U
CKOH(UTYpUPOBATH MEHBIIUHN IIUKJI CUETA.

TaiiMep UCIOJIB3YETCA JIsl TEHEpalUy UKJIa TCHV B qonojiHEHHE K TCsv.

[Tonp30BaTENM MOTYT KOHTPOJIMPOBATH BPEMS MEPEKITIOUEHUS KAHAJIOB YEPE3
PETUCTPBHI.

TaliMep nepeKIOYeHNs KaHAJIOB TAK)KE MOYKET HCI0JIb30BAThCS B KAUECTBE
HE3aBHCHUMOT'0 8-OMTOBOTO TaiiMepa B IONOJHEHUE K CHHXPOHU3ALUU 1JIs
MIEPEKIIFOYEHUS KaHama.

Curnan npepbIBaHUS] TEHEPUPYETCS MOCTIE NEPETIOTHEHHS Taitmepa.

[Tonbp30BaTENM MOTYT UCIONB30BATH IPOTPaMMHOE 00ECIIEYEHUE IS
MEPEKITIOYEHUSI BXOJHBIX KaHAJIOB IIyTEM MpepbIBaHUs clIy>k0. 11 TOro, 4To0s!
MpOTrpaMMHOE 00ECIIeUeHHE IEPEKITIOUNIIO KaHal Ha 0oJiee YI0OHBI.

Kontpomiep OPAOQ peanusyet ynpasisitoiuid peructp (OPOCRA), BbiieeHHBIN
JUTS KaHasa MepeKIIF0UYeHHs MporpaMMHOro odecrnieuenus. [1oap30BaTento Hy>KHO TOJIBKO
3anucath 1 B 6uT SCSW B peructpe s JOCTHKEHUS NepekitoueHus kadana. [lpu
MCIOJIb30BaHUU TaliMepa MporpaMMHOro o0ecredeHus JIsl IEPEKII0UeHNs KaHAIOB
ynpasienue cuaxponusaiueir TCHV MoxkeT ObITh JOCTUTHYTO ITyTEM HAaCTPOUKH
OPOCRSB.

[Tosp30BaTENB MOKET TAKIKE UCITOJIB30BATh TaiMEP MEPEKIIFOUECHHS KAHAJIOB KaK
TaiiMep, MOJTHOCTHIO HE3aBUCUMBIN OT KoHTposuiepa OPAQ, niis BeIMOTHEHUS 3a]1a4
CUHXPOHU3ALNH, TPEOYEMBIX IPYTUMU CUCTEMAMHU.

[IporpammHoe obecnieueHre MOKET BKIIFOUATh TOJIBKO TaliMep, yCTaHABIMBas OUT
OPTEN peructpa OPOCRB. Bsi6op TaliMepa nojcyeTa TaiiMepa Tak:ke KOHTPOJIUPYETCS
outom AFCKS peructpa TCKCSR. IIpenBapurenbHas HaCTpOWKa NEPEOTHEHUS
Taiimepa ycranaBiuBaercs peructpom OPOTCNT.

19.3. Bxoabl aHAJIOrOBOr0 KOMIaparopa

O0a BX0/1a aHAJIOTOBOT'O0 KOMIIApaTopa MOACPKUBAIOT HECKOJIBKO BRIOUPAEMBIX
HMCTOYHHUKOB BXOJIHOTO CUTHaNA. [IpsMoii BXOJ MOIACPKUBACT BHIKITFOUCHHE
mukpocxembl ACINO u 8-pazpsanbliii LIAIL, Ha KOTOpBIE TOAETCS BHYTPEHHEE OMIOPHOE
HarnpsbkeHue. Beibop ncrounmka BxoaHoro curnana ympasisercs outom ACBG B ACSR
peructpa AC Control Status. [logpo6ree cm. B onncanunu perucrpa.

NHBepcHBIN BX0A NOAACpKUBAET BhiKitoueHrue MUKpocxeMbl ACIN1, BbIxos
mynbTriuiekcopa ADC u Beixon OPAMP. Bri6op nHBEpCHOT0 BXOHOTO KaHama
kommapaTopa koutponupyercst outom ACMEO00/01 B peructpe ADCCSRB u3 momyns
AIITL.

Korna xondurypauus Beioupaetr ACIN1, 6utr AIND1 peructpa DIDR1 nomxken
OBITh YCTAaHOBJICH OIHOBPeMeHHO, nHauye Bxo ACIN1 He Oyner BbiOpaH AJis
MHBEPCHOTO BXOJIa aHAJIOTOBOT0 KOMIIaparopa.



Vnpaesnenue unsepcrvim 6xooom ACO

. ACMEO1 ACMEOQ0 DIDR1[1]] = MUX[2:0] | AC HuBepcHblii BX0x
0 0 0 XXX ADC[xxx]
0 0 1 XXX AIN1
0 1 1 XXX ADC[xxx]
0 1 X 000 ADCO
0 1 X 001 ADC1
0 1 X 010 ADC?2
0 1 X 011 ADC3
0 1 X 100 ADC4
0 1 X 101 ADC5
0 1 X 110 ADC6
0 1 X 111 ADC7
1 X X X OPAO

19.4. BoixogHasi puiabTpanusi KoMnaparopa

AHaNOroBbIi KOMIIAPATOP pearupyeT Ha U3MEHEHMS BXOJJHOTO CUTHAJIA B
peanbHOM BpeMeHu. [Ipu Hanmunm nomex Ha BXOJHOM CHTHAJIE, aHAIIOTUYHBIC
HapyILLIEHUs NI MITHOBEHHBIE IIEPEXObI TAKIKE ITPOUCXOIST HA BBIXOJI€ aHAJIOTOBOTO
KOMIIapaTopa. IJTO BMELIATEIBCTBO MOKET MPUBECTU K OLIMOOYHBIM Pe3yIbTaTam
pabotsl. [loaTOMY Ha BBIXOJIE AaHAJIOTOBOTO KOMIIApaTopa MOCIe0BaTEIbHO COEIMHEHA
cxema puiIbTpa, KOTOpas pas/iejieHa Ha JIBE YacCTH.

CxeMa ynep:aHusi BbIBO/IA, UCIIOJIb3yeMasi COBMECTHO C ONEPAIlMOHHBIM
ycunureneM OPAOQ, a Beixox OPAQ moakiItoueH KO BXOly aHAJIOTOBOrO KoMIapaTropa.

Ecnu BritoueHa (pyHKIMS aBTOMAaTHYECKOro nepekitoueHus kaHanos OPAOQ,
BBIXO/I aHAJIOTOBOTO KoMraparopa OyAeT yAep>KUBaThCs 3€Ch BO BpeMsl HHTEpBaJIa
nepexitodeHus kanaiaa OPAQ, yToObl U30€XaTh TOMEX, BEI3BAaHHBIX HECTAOMIBHBIM
BBIXOJI0OM Tipu nepexiiroueHn OPAQ. 3a 3Toil ensio yaepKUuBaHUs HAXOAUTCS CXeMa
bunpTpa, KOTOpas yAep>KUBAET MUPUHY BBIX0/1a KoMiaparopa. [lonbp3oBaTens MoKeT
OT(UIBTPOBBIBATH TPEBOXKHBIN CUTHAN ¢ HEOOJIBILIUM BPEMEHEM YCTAHOBJICHHUSI T1OCIIE
M3MEHEHUs KOH(QUTYpaIK perucTpa.

Curnan cuaxponmsaiuu (Puc.19.4.), ucnonb3yempiii GUIBTPOM, MOKET OBITH OT
CHUCTEMHOI'0 TAaKTOBOI'O CUTHAJIA, UJIM €r0 MOXHO BbIOpATh KaK BHYTPEHHIOIO TAKTOBYIO
yacToTy 32 MI'11 ¢ wactoroii 32 MI' (1 MI').

[Tonb3oBaTeNM MOTYT BBIOMPATh COOTBETCTBYIOIIME MapaMeTphl (PUIbTpaIIU B
COOTBETCTBHUH C XapaKTEPUCTUKAMHU IMOMEX CPE/Ibl MPUIIOKEHUS.

Boixonnas punsrpanus ACO aktuBupyercs outom ACFEN peructpa OPOCRA.

Yacrora ¢punstpa BeidOupaetcs ourom AFCKS peructpa TCKCSR.

[upuna dpunsTpa MoKeT ObITh yecTaHoBieHa peructpoM AFTCNT.

JI71s1 KOHKPETHOTO METO/1a HACTPOUKH OOpaTUTECh K Pa3eily ONpeaeaeHUs
PETUCTPOB 3TOM TJIABBI.
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Puc.19.4. CunxpoHuzaiusi BEIXOJHOTO (GUIIbTpa KOMITapaTopa

19.5. Bbixoa kommapaTopa u ynpanJjienue PWM

Cepust LGT8FX8D MoxkeT BBIBOAUTH 110 1IeCTH KaHaioB PWM-curnaos, a
curHainsl PWM, renepupyemMbie TalMepoOM U TaUMEPOM 1, MOTYT UCIIOIB30BATHCS C
OMEPAlMOHHBIM YCUIITUTEIEM/KOMITapaTOPOM.

BbIxo/1 onepainoHHOTO yCUIIUTENS/KOMITApaTOpa MOKET UCTIOIB30BATHCS IS
npsimoro otkirodeHus curnana UM s peanuzanuu 0osiee THOKOM CXeMbl 3aIUTHI
[T1M.

Bxox onepalimoOHHOTO YCHIIMTENSI UMEET J1Ba KaHayla. Bbl MokeTe BbIOpATh 110001
KaHaJI WJIY JIBa KaHaJa B KA4€CTBE NCTOYHMKA CUTHAJIA JIJIA yIpaBieHus Bbixoaom MM
yepe3 KOHPUTYPALUIO TPOTPAMMHOTO 00eCTICUeHHS.

Jlnst cBsi3bIBaHMSI OUTOB KOH(PUTypalu o0patutech kK cuetyuky taimepa 0/1 s
onpenenenus peructpa DSXO0/1.

Ecnu Bam He Hy»KHO MCHOJb30BaTh PyHKIMI0 OY B BallleM MPUI0KEHUH, BbI
TAK)K€ MOKETE MCIOJIb30BaTh BBIXOJ KOMIIApAaTOpa B KAUECTBE YIIPABJISAIOLIETO CUTHAA
1151 BBIKITIOYeHHUs Bbixoaa [ITMM. DTo mo3BoJISIET UCMOJIb30BAaTh APYTUE KaHAIbI
KoMItapaTopa Juist yrpasieHus Beixogom [LIMM. B atom cnyuae GyHKkius yrpaBieHus
BBIXOJHBIM curHaIoM PWM 11 kommnapaTopa ycunurtelnb kaHai 0 1omkHa ObITh
aKTUBHpOBaHa yepe3 peructp DSXO0/1.

BHyTpeHHUI UCTOYHUK OMOPHOTO OTKATMOPOBAH MHTETPUPOBAHHBIN HCTOYHUK
onopHoro Hanpspkenus (DACO)

LGT8FX8D BHyTpeHHUl §-OUTHBIN CEpUM aHATIOTOBOTO ITpeoOpa3oBaHus,
BbIXOJIHOE HanpsbkeHue 1.25V u 2.56V koHpurypupyemsblii; BHyTPEHHU HCTOYHHUK
OMOPHOr0 HaNpsLKEHUs odecnieurBaeT onopHoe Hamnpsbkenue 1 AL u ananorosbii
KOMITapaTop. AHAJIOTOBBIM KOMIIAPATOP MOXKET MUCTIOIb30BaTh BHYTPEHHUN 8-pa3psiiHbIN
MPEIM3UOHHBIN M(po-aHaaorossiii mpeodpaszosarens (LIAIT). [{udpo - anamorossrit
npeoOpa3oBaTelb MOXKET UCIIOJIb30aTh UCTOYHUK OTIOPHOTO BHYTPEHHETO HANPSKCHHUS
JUIsl TEHEPUPOBAHUSA MAKCHUMAJIBHOTO BBIXOIHOTI'O HAMPSIKEHUS C KPATHOCTBIO EJICHUS —
256.

Breixonnoit curaan [{AIT MmoxeT ObITh MCTIOJIE30BaH B KAYECTBE OMTOPHOTO
HANPSDKEHUST aHAJIOTOBOTO KOMITApaTopa MHBEPCHOTO BXOJAA U MOKET OBITh BBIBEJICH K
BBIBOJIAM YUIIA B KAYECTBE BHEIIHETO ONIOPHOT'O HAIIPSIKEHUS.

[Ipu ncnonwp3oBanuu BeixoaHoro curnana LIAII nns ynpaBneHnus npyrumu
nepupepuitHbIMU LETSIMU TPEeOYyeTCsl BHEIIIHEE YCTPOUCTBO CICKEHUS 32 HAMIPSHKEHUEM.



Brixon LIAII ynpasnsercs unauBuayaibHo ¢ nomoinsio 6utr DACENO/1 peructpa
IOCR, a nanpsixenue Ha Bbixoze LIAII konTponupyercs peructpom DALRO.
[TonpoGHoe onpenenenue cMm. B paznene «Onpenenenne perucTpay 3TOH I1aBbl.

19.6. Peructpsl Onucanue

OPOCRA - Pecucmp ynpaenenuss OPAQ

OPOCRA - Peructp ynpasienust OPA0

Anapec: 0x58 3Havenwue mo ymoiadanuto: 0x00
bur Il 6 5 4 3 2 1 0
Nms OPAEN | ACCH | ACFEN - CH1IM | CHOIM | CH1EN | CHOEN
R/W R/W R/W R/W R/W RIW RIW R/W RIW
bur | Umsa OmnpenesieHue OUT

Bxutounte OPAO-monyns ¢ OPAEN, ycranoBieHHBIM B 1. AHanOroBbIi nHTEphEiic
OPAO Bxoaut B akTUBHOE cocTostHUE. [onb30BaTelnto Takke He00X0AUMO HaCTPOUTh
CHOEN / CHI1EN, 4to051 06ecnieunts npaBmibHyto padboty OPAO. Huxe npuBeneno
onpezeneHue pexuma pabotst OPAO:

CHOEN | CH1EN | OPAEN Onucanue GyHkuui
7 | OPAEN
0 0 1 Kanan 0 paboTtaeT HE3aBHCHUMO
0 1 1 Kanan 1 paboTtaeT HE3aBHCHMO
1 0 1 Kanan 0 paboTaeT HE3aBHCHUMO
1 1 1 JIByXKaHaJIbHBIN PEXKUM paOOTHI
X X 0 OPAO ne paboraer

CuutaTh TeKyMil BIOpaHHbIi kaHam OPA
3anuch | 15 epeKIoYeHre KaHaIoB

6 ACCH

Bxurodaet pyHKINIO GUIBTPAIIMU BBIXOIHOTO CUTHAJIA aHAJIOTOBOTO (PHIIBTpA.
5 | ACFEN 1: Bxirouaet QpyHKIHIO QUIBTpAIIMK aHATIOTOBOTO KOMITapaTopa.
Cwm. Paznen AHasioroBslii KOMIIapaTop.

4 - 3ape3epBUPOBAHO

3 | CH1IM | Pexum o6paTHOro Bxoaa kaHaia 1 BkItodeH, 1: o6paTHbiil Bxos, 0: npsMoii BX0J
2 CHOIM Pexxum ob6patHOro BXxoja kaHasna 0 BKIto4eH, 1: 0OpatHbiit Bxo, 0: mpsiMoii BXO
1 | CHIEN OPAO Kanan 1 Bxmtounts ynpasnenue, 1: BkiouuThb

0 | CHOEN OPAO0 Kanan 0 Bkimounts ynpasnenne, 1: Bkimounts

OPOCRB - Pecucmp ynpaenenus sneuwnum mavimepom OPAQ

‘ OPOCRB - Peructp ynpasieHnusi BHemiHuM Taiimepom OPA(

Anpec: 0x59 3HaveHune o ymondanuio: 0x07
bur 7 6 5 4 3 2 1 0
Nms OPTEN | TCSH6 | TCSH5 | TCSH4 | TCSH3 | TCSH2 | TCSH1 | TCSHO
R/W R/W R/W R/W R/W R/W R/W RIW RIW
bur Nms Onpenesenne OUT
VYrpaieHue BKIOYEHUEM TaiiMepa, |: BKIIFOUUTh TaMEpP U MPEPBIBAHUS OT
7 OPTEN Jraiimepa. B pexume apyxkanansHoro pexuma OPAOQ, Taiimep, Takke

ABTOMATHUYECKHU BKJIIOYAETCsI, HO QYHKIIMS MTpepbIBaHUS TaliMepa He BKIIIOUEHA.

Jlns onpenenenns KOIM4ecTBa UKIOB TCSH NCIOIB3YeTCs BpeMs T'eHepaluu
BpemeHu TCSH. Ero MoxxHO ycTaHOBUTH B (), 4TOOBI OTKITIOYUTH T€HEPAITUIO
I CHUHXpOHM3aluu TCHV, Tak 4TO NMEepeKII0YeHNEe KaHAJIOB OyIET MOJHOCThIO
KOHTPOJINPOBAThCs TCSV.

6:0 [TCSH[6:0]




OPOTCNT - Pecucmp ynpasnenus cunxponuzayueti kananos OPAQ
|

Peructp ynpajeHnusi cunxponusanueii kanaiaoB OPAQ - OPOTCNT

Anpec: 0x5a 3HaveHue no ymonadanuio: 0X00
bur 7 6 5 4 3 2 1 0
Nms OPOTCNTI7:0] (GPIORA4[7:0])
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur HNmsa Onpenesenne OUT

VYnpasnenue renepanueii Bpemenn TCSV ucnonb3yercs AJjisi yCTaHOBKU
konmuectBa HuKIOB TCSV, korga cuerunk cuetunkoB pocturaet OPOTCNT,
HAYMHAETCS NEPEKIIIOUEHUE KaHAIOB, M CYETYUK OYHILAETCS /71l TOBTOPHOT'O
[OPOTCNT[7:0]|

3amycKa.
(GPIORA4[7:0])] Korma momyins OPAQ He BKIIOUYCH, TOT PETUCTP MOXKET HUCIIOIB30BaTHCSA KaK

peructp BBoJa-BeIBoJa obmiero HazHaueHus: GPIOR4 st BpeMeHHOTro
XpaHeHUs1 0JTHOro OaiiTa 1MoJIb30BaTeNIbCKUX JAaHHBIX 7S OBICTPOIo 10CTYIa K
YTEHUIO U 3aIKCH.

7:0

ACOSR - ACO Pecucmp ynpasnenus u cocmosimusi

ACOSR - ACO Peructp ynpasJjieHHsI M COCTOSIHHSA

Anapec: 0x50 3nauenue no ymomyanuio: 0x80
bur 7 6 5 4 3 2 1 0
Nmn ACD ACBG ACO ACI ACIE ACIC ACIS1 ACISO
R/W R/W R/W R R/W R/W R/W R/W R/W
bur Hms OmnpenesieHue OUT
but oTkiIFOYaeT aHAIOTOBBIM KOMITAPATop.
7 ACD

Korna 6utr ACD yctanoBneH B «1», aHaIOTOBBI KOMIIAPaTOpP BBHIKIIOYAETCS.
Korma 6ut ACD ycranosiieH Ha «0», aHaJIOTOBBI KOMITAPATOpP BKJIFOYCH.

AHanorosble KOMIapaTopa ynpasJsiomye OUTbl BbIOOpa OMIOPHOIO HAIPSKEHUSI.
ITpu ycranoBke 6uta ACBG B «1» BbIOMpaeT Ha NpsMON BXOJ] OLIOPHOE

6 ACBG HaTpsDKCHHUE.
Korna 6utr ACBG ycraHosineH B «0», IpsMOil BX0J1 BBIOMpPAET BHEIIHUN KOHTAKT
AINO B kauecTBE BXOJIHOI'O CHTHAJIA.

buT cocTosiHUSA BBIXO/1a aHAJIOTOBOTO KOMIIapaTopa. BbIxoJ aHanoroBoro

5 ACO KOMITIapaTtopa HanpsiMyto cBs3ad ¢ 6utoM ACO mnociie CHHXpPOHU3AIHH.
[TporpamMHoOe oOecrieueHre MOKET CUMTHIBAaTh 3HaueHue out ACO Juid noiaydeHus
BBIXOJIHOTO 3HAYEHUS aHAJOTOBOTO KOMIIapaTopa.

AmHanoroBblil ¢uiar npepsiBaHus kommnaparopa. Korja BeixogHOE cOObITHE
QHAJIOTOBOTO KOMITIApaTOpa 3alycKaeT PeXXUM MpepbhIBaHuUs, ONpeAeICHHBIMI OUTaMy
ACIS[1:0], ycranaBnuBaercs out ACIL. ITlpepsiBanue reHepupyeTcs, Koraa Out
4 ACI paspernienus npepbiBanus ACIE paBen «1», 1 ycTaHaBIMBaeTCs I1100a1bHOE
npepbiBaHre. Korma BeIOHAETCS Mporieypa 00CTyKHBaHUS TPEPHIBAHUS
a”anorosoro kommnapatopa, ACI Oyner aBromatuuecku ounineH uiau out ACI Oyzaer
OYMIICH 3aIHCHI0 B HETO «1».

bur paspemenus npepsiBanus oT aHajgorosoro kommnaparopa. Korga out ACIE
3 ACIE yCTaHOBJIEH B «1» U rI00aibHOE pephIBaHHE YCTAHOBIICHO - IPEPHIBAHUS
aHasioroBoro kommnaparopa BkitoueHo. Korga out ACIE ycranosnen Ha «0»,
IpepbIBaHMsI aHAJIOTOBOI'0 KOMITAPATOpa OTKIIFOYEHO.

but paspeienus 3axpata OT aHAJIOTOBOTO KOMITapaTopa.
Korga 6utr ACIC ycraHoBiieH B «1», HCTOYHHK BXOJHOTO CUTHaja
2 ACIC cuerurka/taitmepa 1 moctynaer u3 BeixogHoro ACO aHajgoroBoro kommapaTtopa
Korga 6ut ACIC ycranosiieH Ha «0», HCTOYHHUK BXOJTHOTO CUTHAJIA
cueTyrka/Taitmepa 1 moctynaer ot BHemHero konrakra ICP1.




Pexxum nipepsiBanust ananorosoro kommaparopa. ACISO u ACIS1 Bmecte 00pa3yroT
ACIS [1: 0] nng ympaBiieHUSI pEKUMOM 3aIlyCKa OT MPEPhIBAHKS aHAJIOTOBOTO
KOMIIapaTopa.
ACIS[1:0] Pe:xum npepbiBaHuA
1:0 [ACIS[1:0] 0 3aryck OT MoBBINICHUs WK najeHust pponta curaaga ACO

1 3ape3epBUpPOBaH

2 3anyck ot criangatomero ¢gponrta curaaiga ACO

3 3anyck ot HapacTtaromiero pponta ACO

ADCSRB - Peaucmp B ynpasnenus ALl u cocmosnus

\ ADCSRB - Peructp ALl u cocTosinus

Anpec: 0X7B 3Hadenue mo ymonadanuto: 0x00
bur Il 6 5 4 3 2 1 0
HUma | ACMEO1 | ACMEOO | ACME11 | ACME10] ACTS ADTS2 | ADTS1 | ADTSO
R/W R/W R/W R/W R/W RIW RIW R/W R/W
bur Hms OmnpenesieHue OUT
7 | ACMEO1 Kommnaparop 0 - BBIOOp BBOZA /It ”HBEPCHOT'O BXO/A.

00: - Be16op BHemnHero Bxoaa ACINO
6 | ACMEOQO [01: - BeIOOp MyIbTHIUIEKCHpPOBAaHHOTO BbIXoaa ¢ ALIIT
1x: - BBIOOD BBIXOJIa OllepaliMoHHOro ycuurens 0

5 | ACME11 Kommaparop 1 - BBIOOp BBO/A /11 HHBEPCHOTO BXO/1a.
00: - Be10op BHemHero Bxoaa ACIN2

4 | ACME10 |01: - BeiOOp MyNbTUIIIIEKCUPOBAHHOTO Bbixoa ¢ AT
1x: - BBIOOP BBIXOJIA ONEPAIIMOHHOTO yCrIuTes 1

Bb100op 3anmycka HCTOYHHKA MUTAHUS TIEPEMEHHOTO TOKa
3 ACTS 0 - Berxog ACO B kauecTBe HCTOYHHKA 3aIrycka rnpeodpazoBanus AL
1 - Beixox ACI1 B KauecTBe UCTOYHHUKA 3a1ycka nmpeodpasoBanust AL

buTel BEIOOpa HCTOYHMKA yIIpaBieHUs aBToMaTtndeckoro 3amycka ALIIL.
Korna 6utr ADATE ycrtaHosineH B «1», GQyHKIIUS aBTOMaTHYECKOTO 3aIlycKa
BKJIIOUECHA.
[Ipu ycranoske out ADATE B «0» napamerp ADTS HeneiicTBuTenes.
@OpoHT BBIOPaHHOTO CUTHAJIA 3alyCKa BKJIIOYAET NpeodpazoBaHUe.

Korna ncrounuk 3amycka nepekiitoyaercs ¢ (iara npepbiBaHUs Ha HCTOUYHUK 3ayCKa
IpepbIBaHMs, 3aITyCKAIOIUI CUTHAT reHepupyeT HapacTarouuii ppont. Ecain ADEN
yctaHoBieH B 3To BpeMs, ALl takxe HauHeT mpeoOpa3oBaHUeE.

[Ipu nepexitoYeHnH B peKUM HeTpephIBHOTO npeodpazoBanus (ADTS = 0)
(YHKIMS aBTOMAaTUYECKOTO 3ayCKa OTKII0YEHA.

2.0 |ADTS[2:0] ADTS [2:0] HcTounuk 3anmycka
0 Pexxum HenpepsIBHOI npeoOpa3zoBaHus

Kommnaparop 0/1

Buemnee npeposiBanue 0

Cuyerunk/Taiimepa 0 CpaBHUTH COBIAICHHUE

Cueruuk/Taiimepa 0 [lepenonnenue

Cueruuk/Taiimepa 1 CpaBHUTB coBniaienue B

Cueruunk/Taiimepa 1 [lepenonnenne

N koY B0 B2 A2 Y e

Cuerunk/Taitmepa 1 Bxox CoObITHe 3axBaTa




AFTCNTO - Pecucmp xongueypayuu gpurompa Komnapamop (0
‘ AFTCNTO - Peructp kondurypauun ¢puiastpa Komnaparop 0

Anpec: 0x51 3HaveHue 1o ymoryanuio: Oxff
bBur 7 6 5 4 3 2 1 0
Nmst AFTCNTO[7:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bbur Nms Onpenesienne OUT

[Tpu HacTpoiike nepuoga coopa GUIbTpPa, BBIXOJHOM CUTHANI KOMIIapaTopa
TOJKEH OCTaBaThCsl YCTAHOBJICHHBIM IS TTMHBI IEPHOAA, TIPEXKIE YEM €r0
7:0 JAFTCNTO[7:0]jM0HO cunuTaTh ACHCTBUTEILHBIM H3MCHEHHEM KOMIIApaTOpa, HHaUe M3MEHEHUE
Oyzner orpunbTpoBaHo. OT(HUIBTPOBAHHBIE OTCUETHBIE TAKTHI IOCTYIAIOT OT
CHCTeMHBIX TakTOB WK BHyTpeHHero 12KHz RC-reneparopa

DALRO - Pecucmp ynpasnenus evixoonvim Hanpsisceruem DACO
‘ DALRO - Peructp ynpasJ/jieHus1 BIXOJAHbIM HanpskeHuem DACO

Anpec: 0x52 3HaveHue no ymoauanuto: Oxff
Bur 7 6 5 4 3 2 1 0
Hms
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur Hmsa Onpenesienne OUT

DALO[7:0] Bobixoanoe Hanpsi:kenune DACO
IVREF/256

2*I\VREF/256

3*IVREF/256

7:0 DALO[7:0]

253*IVREF/256

254* IVREF/256

255*IVREF/256
IVREF

DIDR1 - Pecucmp omxnouenue L{ughposoix 6x0006

\ DIDR1 - Peructp orkiarwuyenue [{ndpposoix Bxogos

Anpec: OX7F 3HaveHue no ymoaganuro: 0x00
bur 7 6 5 4 3 2 1 0
Nms OPAD3 | OPAD2 | OPAD1 | OPADO | AIND3 | AIND2 | AIND1 | AINDO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur | Uwmsa Omnpenesienne OUT
7 | OPAD3 brokupoBka ynpasinsiomnero 6uta iudpposoro Bxoga OPA3
6 | OPAD2 brokupoBka ynpasisoniero 6ura mudpposoro Bxoga OPA2
5 | OPAD1 brnoxupoBka ynpasnstomniero 6ura nugposoro Bxoga OPA1
4 ] OPADO broxuposka ynpas:stomiero 6ura iudposoro Bxoma OPA0Q
3 AIND3 OtxurounTh yrpasistomuii out ACIN3
2 AIND2 OtxurounTh ynpasistomuid out ACIN2
OtxmounTts ynpassonuii out ACINT.

Korga 6ut AIND1 ycranoBnen Ha «1», mudposoii Bxog AIN1 oTkmouaercs u

1 AIND1 | ocraercs Ha Hyne. Korma aHanoroBeiii kommapaTop BKIO4YeH, QyHKIUS TU(POBOTO
Bxoaa AIN1 He TpeOGyeTcs, mo3ToMy He00X0 MO ycTaHOBUTh AINDI.
Korna 6ut AIND1 ycranosien Ha «0», mudpoBoii BxoJ ¢ pazbemom AIN1




AKTUBHUPYETCS, M CUTHAII HA BBIBOJIE MOXET OBITh BBE/ICH BO BHYTPEHHIOIO IIU(POBYIO
noruky. bur ACD gomxeH ObITh YCTAaHOBJICH ISl OTKJTFOUCHUST aHAJIOTOBOTO
KOMIIaparopa.

OtxmounTts ynpasisonuii 6ut ACINO.

Korma 6ut AINDO ycranosiieH Ha «1», mudpoBoit Bxoa AINO oTkirouaercs u
ocraercs Ha Hyse. Koryia aHaioroBbIii KoMIiapaTop BKIIOYEH, GYHKIUS TU(POBOTO
Bxoaa AINO He TpeOyeTcs, mo3ToMy HeoOxoauMo yctanoButh AINDO.

Korma 6ut AINDO ycranonen Ha «0», mudpoBoii Bxox ¢ pazbemom AINO
AKTUBUPYETCS, U CUTHAJI HA BBIBOJIC MOXKET OBITh BBEJICH BO BHYTPEHHIOIO IIH(PPOBYIO
noruky. bur ACD momxkeH ObITh YCTAHOBJICH ISl OTKJIFOUEHUST aHAJIOTOBOTO
KOMITaparopa.

0 AINDO

20. Onepanuonnbiii Ycuiureas/Komnapartop 1

TounocTh cpaBHeHus 12 MB

IToanepxka IByXCTOPOHHETO aHAJIOIOBOI'O BXOJa

[Tonnepxka MynpTUILIIEKCUPOBAaHHOTO BhIxoAa ¢ ALIII

[Tonnep>xuBaet BeiBOA 13 BHyTpeHHNX OPAMP omnepanimoHHbIX yCHIUTENEH
[Tonnepskka BHYTpEHHETO BXOHOTO HampsikeHus 1.25 /2.56V

Bcerpoennsiii 8-pa3psanbiii [ATL

3amura OT Meperpy3Ku Mo TOKY/MEePEHANPSHKEHUIO JOCTUTAETCS ¢ TOMOILBIO
cxembl OY

e [Iporpammupyemoe ynpaBieHHE BBIXOJIHBIM (QUIBTPOM

20.1. O0630p

Monynb onepalmoHHOTO YCUITUTENS / KoMmaparopa O0beAUHIET
KOH(DHUTypUpYEMBIil IPEAYCUITUTETH BXOJHOTO PEKMMA U aHAJIOTOBBIM KOMIIapaTop co
BCTPOEHHBIM 8-pa3psanubiM [{Allom.

OrnepalMOHHBINA YCUIIUTEND MOAIEPKUBAET HACTPAUBAEMBbIE PEKUMBI BBOJA C
(MKCHUPOBAHHBIM MIPSIMBIM BXOJI0M (12X yCuiIeHHEeM), MHBEPCHBIM BX010M (11X
YCUJIEHUEM) YCUJIUTEISI, KOTOPBIN MOXKET UCIOJI30BAThCS C aHAJIOTOBBIM KOMITAPaTOPOM
u 8-paspsaubeiM LIAIT qyis mocTikenust THOKOTO OOHApPYKEHHS CUTHAIA.

Beixon 0 (0-ammep) Taxke MOXKET ObITH 00pabOTaH 00JIee TOYHO aHAJIOTO-
uudpoBbiM npeodpazosateneM (ALII), aHanoroBeIM KOMIapaTOPOM.

Benuunnaa npsiMoro 37eKTpoja KOMITApaTOPOM CPaBHUBAETCS CO 3HAUCHUEM
WHBEPCHOTO AJIEKTPOJIA.

Korna HanpsikeHre Ha HOJIOAKUTEILHOM 3JIEKTPOE BBIIIE HATPSIKEHUS HA
OTPHULIATEILHOM 3JIEKTPOJIE€, YCTaHABIMBAETCS aHanoroBbii Beixoa ACO kommapaTtopa.

Korma yposerar ACO uszmensiercs, GpoHT CUTHAIA MOXKET UCTIOJIb30BAThCS IS
3amycKa MpepbhIBaHuUs.

Brixonnoit curnan ACO Takke MOKET MCIO0JIb30BaThCs ISl MTHUIIMUPOBAHUS
BXOJIHOTO 3aXBaTa cueT4ynka/Taiimepa 1 u s ynpasienus Boixoqom [HIUM,
TEHEPUPYEMBIM TaMEPOM.

AHaNoroBbIil KOMIAPATOp UHTETPUPOBAHHBIN BHYTPH C 8-OMTHBIM LIU(PPO-
aHajnorosIM npeodpasoarenieM (LJAIT), BHyTpeHHee onopHOe HAPsHKEHUE MOKET ObITh
pa30uTa Ha 256 pa3IUYHBIX YPOBHEW ONMOPHOTO HAIPSKEHUSI.
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Puc.20.1. CtpykTypHas cxema MOAYJIs ONEepallMOHHOrO YCUIIUTeNss/KoMmaparopa 1

20.2. BxoaHo# kKoMMyTaTOp

Bxoanoit kommyTtatop OPAL oTBedaeT 3a MyIbTUIUIEKCHPOBAHHBINA BXO/T
aQHAJIOTOBBIX BXOJ/HBIX KaHAJIOB, MEPEKIIOUCHHUE PEKUMA TPSIMOT0/MHBEPCHOI'O BXO/1a U
YCHUJIEHHE BXOJIHOTO CUTHAJIA.

VYcunennsiit curnann OPA1 nenutcs Ha ABa KaHaia, KOTOPbIE COOTBETCTBEHHO
MTOAKITFOUEHBI K BXOAHOMY KaHainy ALIII u otpuniatensHOMy BXOly aHaJIOTOBOTO
kommapatopa (AC). To ecTb curHaibl, oOpadbaTbIiBaeMbIe ONIEpPaIlMOHHBIMU
YCWJIMTEIISIMH, MOTYT 00pa0aThIBaThCsl HEMOCPEJCTBEHHO C TIOMOIIBI0 KOMITAPATOPOB
WJIM OHU MOTYT OBITH TipeoOpa3zoBanbl ALIIT 1yist momyyueHrs TOYHBIX pe3yabTaTOB, TaK
YTO MOTYT OBITh peaM30BaHbl 00JIee CIOKHbBIE (QYHKIIUU.

OPAJ1 Bceii ananoroBoit yacte padboTsl moj KoHTposiem OPA1 koHTposuiepa;
OPAJ1 ananoroas 4acTb BO BpeMs MEPEKIIOUCHUS BBOJIa WM U3MEHEHUI pexKUMa
BBO/Ia, BBIXOJ KOTOPOTO €CTh CTAOMIBHBIN mporiecc, KouTposuiep OPA1 oTBeuaer 3a
reHepalnio KOHTPOJIepa CUHXPOHU3ALNH, YTOOBI H30€XaTh HECTAOUIILHOCTH HA BBIXOJIE
CueHnueckue cxeMbl UMEIOT 3 PexT.

[Ipenpiaynumii onepaluuoOHHbIN YCUIIUTEND MMOAACPKUBAET IBA AHAIIOTOBBIX
BxoaHbIX kaHana: OPA(/1. [IBa kaHasia MOTYT PEryJISIpHO MEPEKITH0YATHCS
MPOTPAMMHBIM 00€CTICUCHUEM HJTU aBTOMATHUECKH MEePEKITI0YAThCS Yepe3 KOHTPOJLIED
OPA BHyTpH unna.

Bpewms nepekiiroueHust KaHaja ynpasisieTcs: 8-pa3psaHbiM TaiiMepoM. McTouHuk
CUHXPOHU3AINH TalilMepa MOXKET ObITh BEIOpAH B KaU€CTBE CUCTEMHOT'O TAKTOBOTO
cur"ana uinu 32-outaout (1 MI'y) BHyTpennero RC32M, uto obecnieunBaet Ooee
TUOKUH ITUKIT IEPEKITIOYCHUS KAaHAJIOB M OTBEYAET TPEOOBAHMIM Pa3THUHbIX
IIPUIIOKECHU M.

[Toce oneparMoOHHOTO YCHIIMTENS BKIIOYUTH (DYHKITHIO, YTOOBI YCTAHOBUTH
3apeructpupoBath DIDR1 OV BX0JHON KOHTAKT, CBSI3aHHBIX YIPABISIONIUX OUTOB,
yT0OBI N30€XKaTh BIUSHUSA (YHKIIUU IIU(PPOBOI CEKIIUM BBOJIA/BBIBOJIa HA OTIEPAIIMOHHbBIN



YCUJIUTEIb aHAJIOTOBOr0 BXOHBIX KaHalloB. [lompoOHocTu cMm. B pazaene onpenenenus
PETUCTPOB ATOM TJIaBBI.

20.2.1. KommyTaTop nepexiatoueHus KaHaJIOB YCUITUTES

B pexume nepexiarodeHus: aBTOMaTHYECKOT0 NIEPEKITI0YEHUS Taitmepa BO
n30exaHue TOMeX, BOSHUKAIOIIUX MPU MEPEKIIOUEHNUN KaHAJIOB, IEUCTBUE
MEPEKIIOUEHNs KaHasla CBSI3aHO C BBIXOJHBIM (MIIBTPOM aHAJIOrOBOrO KOMIaparopa AJis
oOecrieyeHus MIaBHOTO NEPEKITIOYEHUS KaHAIOB.

[Tonb30BaTENM TAKKE MOTYT MOJTHOCTHEO KOHTPOIUPOBATH MPOLIECC
MEPEKIIOYEHUS], HACTPAUBasi COOTBETCTBYIOIINE PETUCTPHI.

KoMmyTanmoHnHslii anmapat nepexiatodeHus kananoB OPA1 oTsevaer 3a
KOMMYTAIMIO BXOJIHBIX KaHAJIOB B PEAJIbHOM BPEMEHU U MOXET PEaTN30BbIBATh
7 (EeKTh BYX BXOJOB HA OCHOBE TOJIBKO OJTHOTO ONEPAIMOHHOTO YCHUIUTEIS.

OPAI1 Tak>ke nepeKkIroYuT COOTBETCTBYIOIIUNA PEXUM BBOJIA KaHasa MpU
MEPEKITIOYEHUH KaHalla yrpaBiieHusd. Takum o0pa3oM, Mbl MOKEM JIOCTHYb TPEX
KOMOUWHAIIMK BXOJHBIX CUTHAJIOB JIBYX BXOJIOB BII€pE]l, IBYX MHBEPTHUPOBAHHBIX BXOJOB
Y OHOUW MHBEPCUU BHEPE.

Bo Bpems kommyTanuu kanaioB OPA1 npousoiinetr HecTaOMIbHOE U3MEHEHUE
BBIXOJTHOTO CUTHAJIa OTIEPALIMOHHOTO YCUITUTES.

OAHOBPEMEHHO MEPEKITIOYAIOIINE KAHAIBI CO3/Ial0T YIPABJISAIOINNA CUTHAI,
KOTOPBIN UCHOJIb3YETCA JIJIsl YIIPABIEHUS CIEAYIOIIMM 3TAallOM CXEMBbI, KOTOpas
oOpabaTtbIBaeT BbIX0IHOM curHai OVY.

Hanpumep, aHajioroBsie KOMIapaTopbl, aHAJTOTOBbIE KOMIIAPATOPhl MOT'YT
MCIIOJIB30BATh ATY YIPABISIIOULYIO HH(POPMALIMIO AJI1 COOTBETCTBYIOUIEH (QUIBTPALIMH
CBOET0 BBIXOJIa, YTOOBI N30€KaTh HECTAOMIILHOCTH U TTIOMEX, BBI3BAHHBIX
MEePEKITIOYEHNEM KaHAJIOB.

Puc.20.2. BpeMs nepekitoueHus KaHaJIOB

Kak noka3zano Ha Puc.20.2., Tcsv - a3To nuki nepekirodeHus kanaioB OPAL.
ITocne Toro, kak OPA1 3anmyckaeT nepekyitoueHue KaHajloB, CYIIECTBYET BCTPOCHHOE
Bpemst yctaHoBiieHUs (TCHV).

3a sto Bpems Beixo OPA1 moxeT ObITh HECTAOMIBHBIM UJTH MOXET HE Cpa3y
OTpa)xkaTh COCTOSIHUE TEKYIIEro KaHayia. Takum 00pa3om, UK TCHV MOXKET OBIThH
CKOH(UTYpUPOBAH TaK, YTOOBI MO3BOJUTH CIEAYIOLIEMY YPOBHIO 00padOTKU
OT(QUIBTPOBBIBATH TOMEXH, BBEICHHBIE KAHAJIOM TEPEKITIOYESHHUS.
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Puc20.3 KommyTanmonHslii anmapat nepexitodeHus: kananoB OPA 1

KommyrannonHsliii annapat nepekiitoueHus kaHanoB OPA1 BHyTpeHHE COAEpKUT
8-pa3psimHBIN CYETUYHK VIl YCTAHOBKH Ieproia rnepekitoueHus kaHaos (Tcsv).
CuuTaHHbIE TAKTHI MOTYT OBITH CUCTEMHBIMU TaKTaMU 10 YMOJIYAHUIO, UJIH MOXKET OBITh
BbIOpaH BHyTpeHHUM renepatop RC 32 MI'n, nenennsiii Ha 32. (1 MI'm).

Takum 00pa3om, MoIb30BATETb MOKET BHIOPATH COOTBETCTBYIOUIUHN TIEPHO/T
MEPEKIIOYEHHUSI B COOTBETCTBUU C KOHKPETHBIMHU TPEOOBAHUSMHU MPUIOKEHUS.

JI1st npumnokeHuid, 1uisi KOTOPBIX TpeOyeTcst ObICTPBIA OTBET 3aITyCKa, HAIPUMED
3aluTa OT MEePerpy3KH Mo TOKY, BBl MOXKETE BHIOpATh 00Jiee OBICTPHINA CUET TAKTOB U
CKOH(UTypUpPOBATh MEHBIIUH IIUKJI CUETA.

Taiimep ucnosb3yercs il TeHepauuu Hukia TCHV B 1onoyiHeHrE K TCsv.

[Tosp30BaTENM MOTYT KOHTPOJIMPOBATH BPEMS IIEPEKIIIOUEHUST KAaHAJIOB YEPE3
PETHUCTPHI.

Talimep nepeKIFoueHNs] KaHAJIOB TAKKE MOYKET UCIIOJIb30BATHCS B KAUECTBE
HE3aBHCHUMOTO 8-OMTOBOTO TaiiMepa B IONOJHEHNE K CHHXPOHU3ALUN JJIs
MIEPEKIIOYEHUS KaHaIa.

Curnan npepbIBaHUs] TEHEPUPYETCS MOCIE MEPENOIHEHMS Talimepa.

[Tonb3oBaTENM MOTYT UCIIONB30BATH IPOTPaMMHOE OOecriedeHue s
MEPEKITIOYEHHUSI BXOJHBIX KaHAJIOB ITyTeM MpepbIiBaHus ciiy>k0. i Toro, 4Toos!
MporpaMMHOE 00eCIIeUeHHE TIEPEKITIOUNIIO KaHal Ha 0oJiee YI0OHBI.

Kontpomnep OPAL peanusyer ynpasistoniuii peructp (OPLCRA), BblaeIeHHBIH
JUTSl KaHasla MepeKIIoueHHs mporpaMMHoro ooecrnedenus. [1oap30BaTesnto Hy>KHO TOJIBKO
3anucath 1 B 6ut SCSW B peructpe Juist JOCTHKEHUS IEpeKItoueHus kanana. [lpu
MCIOJIb30BaHUU TaliMepa MporpaMMHOro o0ecredeHus JIsl IePeKII0UeHNs KaHaIOB
ynpasnenue cunxponuzauuein TCHV moxeT ObITh TOCTUTHYTO MyTEM HACTPONKHU
OP1CRB.

[Tosb30BaTENL MOKET TaKKE UCIIOJIB30BATh TAIMED NMEPEKIIIOUECHUSI KAHAIOB KaK
TaliMep, MOJHOCTBIO HE3aBUCUMBIN OT KOoHTpoJuiepa OPAL, nis BeinoaHeHus 3a1a4y
CUHXPOHU3ALNH, TPEOYEMbIX JPYTUMH CUCTEMaMH.



[IporpammHoe obGecriedyeHrue MOKET BKJIIOYATh TOJIBKO TailMep, yCcTaHaBIUBast OUT
OPTEN peructpa OP1CRB. Beibop Taiimepa nojcyera TaliMepa Takke KOHTPOJIUPYETCS
ourom AFCKS peructpa TCKCSR. [IpenBaputenbHas HaCTpoiika NepenoiHeHus
Taiimepa ycranaBnuBaercs peructpom OPITCNT.

20.3. Bxoabl aHAJIOTOBOI0 KoMIapaTopa

O06a Bxo/1a aHAJIOTOBOTO KOMITapaTopa MOAEP>KUBAIOT HECKOIBKO BRIOMPAEMBIX
MCTOYHHUKOB BXOJHOTO curHayia. IIpsiMoii BXOJ NOAAEpKUBAET BHIKIIFOUEHHE
Mukpocxembl ACINO u 8-pazpsansiil LIAIL Ha koTOpble mogaeTCsi BHYTPEHHEE ONMOPHOE
HarpspkeHue. Beibop ncrouHnka BXoaHoro curnana ynpasisercs outom ACBG B ACSR
peructpa AC Control Status. [Togpo6ree cMm. B onrcannu perucrtpa.

WHBepcHBI Bx01 nogAepkuBaeT BoikitoueHne Mukpocxembl ACIN1, Bbixon
mynbTHIiekcopa ADC u Beixon OPAMP. Bri6op mHBEpCHOT0 BXOJHOTO KaHala
koMmrmapatopa koutposupyercst ourom ACMEO00/01 B peructpe ADCCSRB u3 moayns
AILIL

Korna xondurypanus Beioupaer ACIN1, 6ut AIND1 peructpa DIDR1 gomxen
OBITH YCTAaHOBJICH OIHOBPeMeHHo, nHauye Bxo1 ACIN1 e Oyner BbIOpaH s
MHBEPCHOTO BX0/1a aHAJIOTOBOTO KOMITapaTopa.

Vnpasnenue unsepcuvim 6xooom AC1L

0 0 0 XXX ADC[xxx]

0 0 1 XXX AIN1
0 1 1 XXX ADC[xxx]
0 1 X 000 ADCO
0 1 X 001 ADC1
0 1 X 010 ADC2
0 1 X 011 ADC3
0 1 X 100 ADC4
0 1 X 101 ADC5
0 1 X 110 ADC6
0 1 X 111 ADC7
1 X X X OPA1l

20.4. BoixoaHasi puiabTpalnus KoMaparopa

AHaJIOTOBBIN KOMITApAaTOp pearupyeT Ha U3MEHEHHs BXOJIHOTO CUTHAIa B
peanbHOM BpeMmeHu. [Ipu Hanu4uu nomMex Ha BXOJHOM CHTHAJIE, aHAIIOTUYHBIC
HapylIEHUsI UM MTHOBEHHBIE MEPEXO0bl TAKKE MPOUCXOSAT HA BBIXOJ/IE AHAJIOTOBOTO
KOMITapaTopa. ITO BMEMIATEIIbCTBO MOXKET MPUBECTH K OIMMTUOOYHBIM pe3ybTaTaM
pabotsl. [loaTOMY Ha BBIXOJIE AaHAJIOTOBOTO KOMIIApaTopa MOCIEA0BATEIbHO COeIMHEHA
cxeMa (pUIbTpa, KOTOpas pa3/ieieHa Ha IBe YacTH.

Cxema yaep:kaHus BbIBOJIA, UCTIOJIb3yeMasi COBMECTHO C ONEPAlIMOHHBIM
ycunuteneM OPA1, a Beixoq OPAL nojkitodeH KO BXOy aHAJIOTOBOTO KoMIapaTopa.

Ecnu BrimtoueHa (yHKIMS aBTOMAaTHYECKOro nepekiitoueHus kanainos OPA1L,



BBIXOJ1 aHAJIOTOBOT'0 KOMIapaTopa OyAeT yAepKUBaThCs 37€Ch BO BpEMsI HHTEpBaJIa
nepekitoueHus kaHana OPA1, ytoObl n30€xkaTh NOMEX, BBI3BAHHBIX HECTAOUIbHBIM
BbIX0JI0M npu nepexiaroueHnn OPAL. 3a 3Toil enblo yaepKuBaHHUs HAXOAUTCS CXEMa
bunbTpa, KOTOpas yAepKUBAET MIMPUHY BbIX0Ja KommnapaTtopa. [lonbp3oBaTens MOXeT
OT(pUIBTPOBBIBATH TPEBOXKHBIN CUTHAN C HEOOJIBIIUM BPEMEHEM YCTAHOBJICHHS T1OCIIE
M3MEHEHUS KOH(UTYypalliy PETUCTPA.

- J

Puc.20.4. CunxpoHu3aius BEIXOJHOTO (UIbTpa KOMIIapaTopa

Curnan cuaxponnszauuu (Puc.20.4.), ucnonb3yemsiii GUIBTPOM, MOXKET OBITH OT
CHUCTEMHOT'O TAKTOBOT'O CUTHAJIA, MJIM €T0 MOXHO BBIOPATh KaK BHYTPEHHIOIO TAKTOBYIO
gacToTy 32 MI'1i ¢ yactoroit 32 MI'nt (1 MI'm).

[Tonb3oBaTeNM MOTYT BHIOUPATh COOTBETCTBYIOLIUE TapaMeTphl GUIbTPAIIUH B
COOTBETCTBHUH C XapaKTEPUCTUKAMHU IMOMEX CPEJIbI MPUIIOKEHUS.

Boixonnas punsrparus ACL aktuBupyercs outom ACFEN peructpa OP1CRA.

UYactora punbrpa BeiOupaercs 6utom AFCKS peructpa TCKCSR.

[upuna dpunsTpa MoxkeT ObITh ycTaHoBieHa peructpom AFTCNT.

JI71s1 KOHKPETHOTO METO/Ia HACTPOUKH OOPATUTECh K Pa3eiTy ONpeaeIeHUs
PETUCTPOB 3TOM TJIABHI.

20.5. BbIxoa komnapaTtopa u ynpapJjenue PWM

Cepust LGT8FX8D mMoxkeT BBIBOAUTH 110 ecTH kKaHanoB PWM-curnanos, a
curHainel PWM, renepupyemplie TaiMepoOM U TaUMEPOM 1, MOTYT UCIIOJIB30BaTHCS C
OMEPALUOHHBIM YCUIIUTEIEM/KOMITapaTOPOM.

BbIxo]1 onepaliioHHOTO yCUIIMTENS/KOMIIapaTopa MOXKET UCIOJIb30BaThCS JIs
npsMoro otkiaodeHus curnana MM nns peanuzanuu 0osee rTuOKON CXeMbl 3aIUTHI
M.

BxoJ1 onepaiiioHHOr0 yCHIIMTENSI UMEET JiBa KaHaia. Bbl MoxeTe BbIOpaTh 110001
KaHaJl WJIM JIBa KaHajla B KA4eCTBE HCTOYHMKA CUTHAJIA [T yIpasieHus Bbixoaom HHIMM
4yepe3 KOH(PUTYpaIyio MporpaMMHOTO 00€CTICUCHHUS.

Jlist cBsi3pIBaHMsI OUTOB KOH(PHUTYyparuu 00paTuTech K cueTuuky Taiimepa 0/1 st
onpenencuus perucrpa DSXO0/1.

Ecnu BaM He Hy)HO ncnob30Bath GyHKIM0 OV B BalieM MpUIOKEHUH, BbI
TaKKe MOXKETE UCITOIb30BATh BBIXOJ KOMIIAPAaTOPa B KAYECTBE YIIPABIISIOIIErO CUTHAJIA
1u1s BIKIIFOUeHUs Bbixoaa [IIMM. DT1o no3BoiseT NCnoab30BaTh APYrue KaHabl
KoMIapaTopa AJig ynpasieHus BeixoaoM LIIMM. B atom ciyyae dyHKUIUS ynpaBieHUs
BBIXOJHBIM curHagoM PWM st komnaparopa ycunutenb kaHai 0 1ojKHa ObITh



aKTUBHpOBaHa 4yepe3 peructp DSXO0/1.

20.6. BHyTpeHHMI HCTOYHUK OMOPHOT0 OTKAJIMOPOBAH HHTErPUPOBAHHBII
HUCTOYHHK onopHoro Hanpsixkenusi (DAC1L)

LGT8FX8D BuyTpeHHuUl §-OUTHBIN CEpUM aHATIOTOBOTO ITPeoOpa3zoBaHusl,
BbIXOIHOE HanpspkeHue 1.25V u 2.56V xoHurypupyemsliil; BHyTpEHHUNA HCTOYHUK
OTIOPHOTO HampshKEHUs obecrnieunBaet onopHoe HanpsbxeHue st AL n ananoroserit
KOMITapaTop. AHaJIOrOBBI KOMIIAPATOP MOXKET UCIOJIb30BaTh BHYTPEHHUN 8-pa3psIHbIN
MPEIM3UOHHBIN U(Po-aHaaoroBsiii mpeodpaszosarens (LIAIT). [{udpo - anamorossrit
npeoOpa3oBaTeab MOXKET UCIIOIb30aTh UCTOUYHUK OMTOPHOTO BHYTPEHHETO HAIIPSKEHUS
JUIsl TEHEPUPOBAHUS MAKCUMAJIBHOTO BBIXOIHOT'O HAMPSIKEHUS C KPATHOCTBIO JIEJICHUS —
256.

Beixomnoit curnan LIAIT MoeT ObITh UCITOIB30BaH B KAU€CTBE OMIOPHOTO
HAIPsDKEHUST aHAJIIOTOBOTO KOMIIapaTopa MHBEPCHOT'O BXOJA U MOKET ObITh BBIBEJICH K
BBIBOJIaM YHIIA B KAYECTBE BHELIHETO OMIOPHOT'O HAPSKEHHUS.

[Ipu ucnons3oBanuu BeixoaHoro curnana LAII qis ynpaBineHus Ipyrumu
nepudepuiiHbIMU HENsIMU TPeOYeTCsl BHEIIHEE YCTPOMCTBO CIIEKEHUS 32 HAPSKECHUEM.

Brixon HHAII ynpaBisiercss unauBuyansHo ¢ nomoinsio 6ut DACENO/1 peructpa
IOCR, a Hanpspxkenue Ha Boixone LIAII korTponupyercs peructpom DALRO.

[TogpoOHoe onpenenenue cM. B pazaene «Onpenenenue peructpay 3Tou riiaBbl.

20.7. Peructpnl Onucanue

OP1CRA - Pecucmp ynpaenenus OPAL

‘ OP1CRA - Peructp ynpasienust OPAl

Anpec: 0x32 3navyeHue no ymomdanuio: 0x00
bur 7 6 5 4 3 2 1 0
Nms OPAEN | ACCH | ACFEN - CH1IM | CHOIM | CHI1EN | CHOEN
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur | Umsa Omnpenesienne OUT
Bxmounte OPAl-monyns ¢ OPAEN, ycranoBiieHHBIM B 1. AHanoroBsiii uHTEpdeiic
OPAL Bxoaut B akTHBHOE cocTostHHE. [1onbp30BaTelnto Takke He00X0AUMO HaCTPOUTh
CHOEN / CHI1EN, uto0bI o6ecnieunTs npaBuibHyto padoty OPAL. Hike nmpuBeneHo
ompezaeneHue pexuma pabotst OPA1L:
CHOEN | CH1EN | OPAEN Onucanue GyHKuui
7 |OPAEN 0 0 1 Kanan 0 paboTaeT He3aBUCUMO
0 1 1 Kanan 1 pabotaeT He3aBUCUMO
1 0 1 Kanan 0 paboTaeT He3aBUCUMO
1 1 1 JIByxKaHaJIbHBIA PEKUM pabOThI
X X 0 OPAI ue pabotaer
Cunrate Tekymuil BeIOpanHbIid KaHat OPA
6 ACCH
3anuch | 15 mepeKiIroYeHrne KaHaloB
Bxuttouaer ¢pyHKuuio GuUIbTpanuy BRIXOJHOTO CUTHAJIA aHAIOTOBOTO (DMIIBTpA.
5 | ACFEN 1: Bxiitouaet ¢pyHKIHIO (GUIBTPALUU aHAJIOTOBOTO KOMIIapaTopa.
Cwm. Paznen AHasioroBblii KOMIIapaTop.
4 - 3ape3epBUPOBAHO




3 | CH1IM | Pexum obpatHOro BXoaa kaHaia 1 BkiodeH, 1: o6paTHblil Bxoa, 0: IpsMoii BX0J
2 CHOIM |  Pexum oOpatHoro Bxoja kanana 0 BkitoyeH, 1: oOpatHblid Bxoa, 0: mpsiMoii BX0JT
1 | CHIEN OPA1 Kanan 1 Bkimtounts ynpasnenue, 1: Bkimountsb
0 | CHOEN OPA1 Kanan 0 Bxirounts ynpasienue, 1: Bkaouuts

OP1CRB - Pecucmp ynpasnenus enewnum matimepom OPAL

OP1CRB - Peructp ynpaBJ/jieHusi BHemtHUM Taiimepom OPA1

Anpec: 0x33 3HadeHue mo ymonadanuto: 0x07
bur 7 6 5 4 3 2 1 0
Nms OPTEN | TCSH6 | TCSH5 | TCSH4 | TCSH3 | TCSH2 | TCSH1 | TCSHO
R/W R/W R/W R/W R/W RIW R/W R/W R/W
bur Nmn Onpenesenne OUT
VYipasieHue BKIIOUEHUEM TaliMepa, |: BKIOYUTh TaliMep U IPEPhIBaHUS OT
7 OPTEN |raiimepa. B pexume nByxkananbHoro pexxuma OPAL, Taitmep, Takxe

ABTOMAaTHYCCKH BKIIIOYACTCA, HO (bYHKIII/IFI IMPCPLIBAHUA TaﬁMepa HC BKJIIOUYCHA.

6:0 |TCSH[6:0]|

Jlna onpenenenns KoIu4ecTBa HUKIOB TCSH NCIIONIB3YETCsl BpeMs TeHepaluu
BpemeHH TCSH. Ero MoxHO ycTaHOBUTH B (), YTOOBI OTKJIFOUUTH T'€HEPALUIO
CUHXpOHM3alUu TCHV, Tak 4TO NMepeKI0YeHne KaHaIOB Oy/IeT OJHOCThIO

KOHTpOJIMpOBaThCs TCSV.

OPIL1TCNT - Peacucmp ynpasnenus cunxponuzayueti kananos OPAL
OP1TCNT - Peructp ynpapjeHusi cMiHXponu3anuei kanaios OPAl

Anpec: 0x34 3nayenne no ymomyanuio: 0xX00
but 6 5 4 3 2 1 0
Nms OPOTCNTI[7:0] (GPIORA4[7:0])
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur Nmn Omnpenesienne OUT
VYnpasnenue renepanueil Bpemenn TCSV ncnonb3yercs A yCTaHOBKU
konnuectBa mukiaoB TCSV, koraa cuetunk cuetunkoB gocturaer OPOTCNT,
HAa4YMHAETCS NEPEKIIIOUEHUE KAHAJIOB, M CUETYUK OYMILAETCS 71l IOBTOPHOTO
7:0 |[OP1ITCNT[7:0]| 3aIrycka.

(GPIOR1[7:0])] Korma momyas OPAL He BKIIFOUEH, 3TOT PETHCTP MOKET UCIIOIB30BATHCSA KAk

peructp BBoJa-BbIBo/a oO1mero Haznayenns GPIOR1 nnst BpemeHHOTO
XpaHEeHUsl 0JTHOTO OaiiTa MoJIb30BaTeNIbCKUX JAHHBIX 711 OBICTPOro 10CTYMa K
YTEHMIO U 3alKCH.

AC1SR — AC1 Pecucmp ynpaesnenus u cocmosius

ACI1SR — AC1 Peructp ynpaBjeHHsl M COCTOSIHHUSA

Anpec: 0x50 3HavyeHue no ymonuanuio: 0x80
but 7 6 5 4 3 2 1 0
Nms ACD ACBG ACO ACI ACIE ACIC ACIS1 ACISO
R/W R/W R/W R R/W R/W R/W RIW R/W
bur Nwms Onpenesienue 6uT
but oTkiro4aeT aHanoOroBbId KOMITApaTop.
7 ACD Korna 6ut ACD ycranoBineH B «1», aHaJIOTOBBII KOMIApaTOpP BBHIKIIOYAETCS.
Korga 6utr ACD ycranoBinieH Ha «0», aHAJIOTOBBI KOMITApaTOP BKITIOUYEH.
AHanorossle KoMIapaTopa yrnpasisionue OUTbl BBIOOpa OIIOPHOTO HAPSIKEHMSL.
ITpu ycranoBke 6uta ACBG B «1» BbIOMpaeT Ha MpsAMOi BXOJ] OLIOPHOE
6 ACBG HarpspDKEHUE.
Korna 6ut ACBG ycranosiieH B «0», MpsiMOI BXO/1 BEIOMPAET BHELITHHI KOHTAKT
AINO B kayecTBe BXOJHOI'O CUTHAIA.




5 ACO

but cocrosinus BeIX0/1a aHATIOTOBOTO KOMIIapaTopa. BbIXxoj aHaioroBoro
KOMITapaTopa HanpsmMyto cBsizan ¢ outom ACO mocie CHHXpOHHU3aIUH.
[IporpamMmMHOe oOecrieueHrne MOKET CUUTHIBaTh 3HaueHue OuT ACO 11 momydeHus
BBIXOJHOT'O 3HAYEHHS aHAJIOTOBOI'O0 KOMIIApaTopa.

4 ACI

AmnanoroBblil ¢uiar npepsiBanus kommnaparopa. Korja BeixogHoe coObITHE
QHAJIOTOBOTO KOMITApaTopa 3amyCcKaeT PeKUM MPEPhIBAHMS, ONIPEICIICHHBIMU OUTaMU
ACIS[1:0], ycranaBmuBactcs out ACI. IlpepbiBaHye reHepupyeTCs, Koraa OuT
paspemienus npepoiBanust ACIE paBen «1», 1 ycTaHaBIuBaeTCs TI00aIbHOE
npepsiBanre. Koraa BeInonHseTcs mpoleaypa 00CayKUBaHUs MTpephIBaHUS
aHayioroBoro kommaparopa, ACI 6yner aBromatudecku ounineH win out ACI Gyner
OUMIICH 3aMKChIO B HETO «1».

3 ACIE

bur pazpemenus npepriBaHus oT aHagorosoro kommnaparopa. Korga out ACIE
yCTaHOBJIEH B «1» M ri1o0aibHOE MPephIBAaHUE YCTAHOBJICHO - MIPEPHIBAHUS
aHayioroBoro kommaparopa BkiatodeHo. Korga out ACIE ycranosnen Ha «0»,
IpepbIBaHMs aHAJIOTOBOIO KOMIIApaTopa OTKJIIOYEHO.

2 ACIC

bur pazpemienus 3axBaTa OT aHaJIOTOBOTO KOMIIapaTopa.

Korga 6utr ACIC ycranoBiieH B «1», HCTOYHHK BXOJHOT'O CUTHAja
cueTtynka/taiimepa 1 moctymnaet u3 BeixogHoro ACO aHaJIoroBoro KommapaTopa.
Korpga 6utr ACIC ycranosiieH Ha «0», HCTOUHHUK BXOJIHOTO CUTHaJIA
cyeTyrka/Taiimepa 1 noctynaer ot BHemHero konrakra ICP1.

PesxuM nipepbIBaHMs aHAJIOTOBOT'O KOMITApaTopa.
ACISO u ACIS1 Bmecte oopasyror ACIS [1: 0] mis ynpaBiieHUs PEKAMOM 3amycKa

1.0 JACIS[1:0]

OT IIPCPbIBAHUS aHAJIOTOBOI'O KOMIIapaTopa.

ACIS[1:0] Pesxum npepbiBaHus
0 3aryck OT MOBBINICHUs WK TaeHust pponTa curaana ACO

3ape3epBUpPOBAH

1
2 3amyck ot cragaromiero Gpponta curHaia ACO
3

3amyck ot Hapacratomiero ¢pponra ACO

ADCSRB - Pecucmp B ynpasnenus ALl u cocmosinus

| ADCSRB - Peructp ALl u cocTosiHus

Anpec: 0x7B 3nauenue no ymosyanuto: 0x00
bur 7 6 5 4 3 2 1 0
HUma | ACMEO1 | ACMEQOO | ACME11 | ACME10) ACTS | ADTS2 | ADTS1 | ADTSO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur Nms Omnpenesienne OUT

7 | ACMEO1

Kommnaparop 0 - BBIOOp BBOJA /I ”HBEPCHOT'O BXOJA.

6 | ACMEOO

00: - Be10op BHemrHero Bxoaa ACINO
01: - BEIOOp MYNBTUIUIEKCHPOBAHHOTO BhIxoaa ¢ ALIII
1x: - BBIOOD BBIXOJIA OnlepaliioHHOro ycuurens 0

5 | ACME11

4 | ACME10

Komnaparop 1 - Be1OOp BBOJA /17151 HHBEPCHOTO BXOJa.
00: - Be16op BHemHero Bxona ACIN2
01: - BEIOOP MYJIBTHILIEKCHPOBAHHOTO BbIxoaa ¢ ALIIT
1x: - BBIOOp BBIXO/1a ONIEPALMOHHOr0 ycuauTesst 1

3 ACTS

Bri10op 3amycka HCTOYHHKA TUTAHUS TIEPEMEHHOTO TOKA
0 - Beixog ACO B kauecTBe HCTOYHMKA 3arrycka rnpeodpaszoBanus AL
1 - Beixog AC1 B kadecTBe HCTOYHHUKA 3amycka mpeooOpaszoBanmst AL

2:0 JADTS[2:0])

buthsl BEIOOpa MCTOYHMKA YIIpaBIeHUs aBToMaTndeckoro 3amycka ALITL.
Korna 6ut ADATE ycraHoBieH B «1», GyHKINS aBTOMaTHYECKOTO 3aIycKa
BKJIIOYEHA.

ITpu ycranoske 6utr ADATE B «0» mapamerp ADTS HeneiicTButenes.




@poHT BBIOPaHHOTO CHTHAJIa 3aIlyCKa BKIIOYAET MpeodpazoBaHUe.

Korna nctounuk 3amycka nepexsitoyaercs ¢ (piara npepbiBaHHs HA HICTOUHHUK 3ayCKa
IpepbIBaHMs, 3aITyCKAIOIIUI CUTHAT reHepupyeT HapacTaouuii ppont. Ecin ADEN
ycTaHoBiieH B 3T0 Bpemsi, AL Takke HauHeT mpeoOpa3oBaHUE.

[Tpu nepexroYeHnH B peKuM HETIpepbIBHOTO npeodpazoBanus (ADTS = 0)
(GyHKIMS aBTOMaTHYECKOTO 3aITyCKa OTKJIIOUYEHA.

ADTS [2:0] HUcTouyHuk 3amycka

0 Pexxum HenpephIBHOM MpeoOpa3oBaHuUs
Kommaparop 0/1

Buemnee npepsiBanue 0

Cuyerunk/Taiimepa 0 CpaBHUTH COBIACHHUE

Cuerunk/taiimepa 0 Ilepenonnenue

Cueruuk/Taiimepa 1 CpaBHHTH coBniaicHne B

Cuetuuk/taiimepa 1 [lepenonnenue

Nl [ [9,0 E-N RUSY | O] Fo

Cueruuk/Taiimepa 1 Bxox CoObITHe 3axBaTa

AFTCNT1 - Pecucmp xongueypayuu ¢purompa Komnapamop 1
\ AFTCNTL1 - Peructp xkoudurypanuu ¢puabtpa Komnapartop 1

Anpec: 0x30 3naveHue 1o ymonyanuio: Oxff
bur 7 6 5 4 3 2 1 0
Hms AFTCNT1][7:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur Hms Omnpenesenne OUT

[Ipu Hactpoiike nepuoaa coopa puIbTpa, BEIXOJAHON CUTHAI KOMIIapaTopa
TOJIKEH OCTAaBaThCsl YCTAHOBJIEHHBIM ISl JUIMHBI IEPUOJIA, IPEXKIE YEM ETO
7:0 JAFTCNTL[7:0]jMOHO cuMTaTh JCHCTBUTEILHBIM U3MEHEHUEM KOMITApATOpa, HHAUES U3MECHEHUE
Oyzner or¢punbTpoBaHo. OT(HUIBTPOBAHHBIE OTCUETHBIE TAKTHI IOCTYNAIOT OT
CUCTEMHBIX TakTOB WK BHyTpeHHero 12KHz RC-reneparopa

DALR1 - Pecucmp ynpasnenus vixo0nvim Hanpsxceruem DACL
‘ DALRLI - Peructp ynpasJ/jieHusi BbIXOAHBIM HanpsizkeHuem DAC1

Anpec: 0x31 3nauyenue no ymondanuio: Oxff
bur 7 6 5 4 3 2 1 0
Hms
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur HNma Onpenesienne 6UT

DAL1[7:0] | Boixognoe nanpsiskenue DAC1
IVREF/256

2*I\VREF/256

3*IVREF/256

7.0 | DALL[7:0]

253*IVREF/256

254* IVREF/256

255*IVREF/256
IVREF




DIDR1 - Pecucmp omxnouenue L{ughposvix 6x0008

Anpec: OX7F

DIDR1 - Peructp orkiarouenue [{ngpoBbix BX010B
3Hayenue no ymonyanuto: 0x00

Bbur

7

4 3 2 1

HUmsa

OPAD3

OPAD2 | OPAD1 | OPADO | AIND3 | AIND2 | AIND1 | AINDO

R/W

R/W

R/W R/W R/W R/W R/W RIW R/W

bur

Nms

OmnpenesieHne OUT

OPAD3

brokupoBka ynpasistomniero 6ura mudposoro Bxoga OPA3

OPAD2

brnokupoBka ynpasnstomiero oura mugpposoro Bxoga OPA2

OPAD1

brokxuposka ynpasstomniero 6ura iudponoro Bxoga OPA1

OPADO

broxuposka ynpasistomiero oura iudposoro sxoma OPAQ

AIND3

OtxirounTh yrpasistomuid 6ut ACIN3

NjwlR~jJOO |

AIND?2

OtximounTtsb ynpasnsitonuit out ACIN2

AIND1

OtximounTts ynpasistomuii out ACINI.

Korna 6utr AIND1 ycranosien Ha «1», uudposoit Bxox AIN1 oTkimtouaetcs u
ocraercs Ha HyJse. Korya aHanoroBblii KoMnapaTop BKIIFOYEH, QYHKIHS IUPPOBOTO
Bxoza AIN1 He TpeOyercs, moaTomy HeoOxoaumMo yctanoBuTh AINDI.

Korma out AIND1 ycranosien Ha «0», mudpoBoii Bxos ¢ pazbemom AIN1
AKTUBUPYETCS, U CUTHAJI HA BBIBOJIE MOXKET ObITh BBEJICH BO BHYTPEHHIOIO LIU(PPOBYIO
noruky. bur ACD nomxkeH ObITh YCTAHOBJIEH JUIsl OTKJIFOUEHHUS aHAJIOTOBOTO
KoMIapaTopa.

AINDO

OtxmounTtsb ynpasmnstoiuii 6ut ACINO.

Korna 6ut AINDO ycranosien Ha «1», mudposoii Bxoq AINO otkiogaercs u
ocraercs Ha HyJe. Korzia aHaaoroBelii komnapaTop BKIIOYEH, GyHKLUSA TUPPOBOTO
Bxoza AINO He TpeOyetcs, mosromy HeoOxoauMo yctanoBuTh AINDO.

Korna 6ut AINDO ycranoBnen Ha «0», iudpooii Bxoa ¢ pazsemoM AINO
AKTUBUPYETCS, U CUTHAII Ha BBIBOJIE MOXKET OBITH BBEJICH BO BHYTPEHHIOIO I (PPOBYIO
aoruky. bur ACD nomxkeH ObITh YCTaHOBIIEH ISl OTKJIFOUEHHS aHAIOTOBOTO
KoMIapaTopa.

21. ADC-ananoro-ungposoii npeodpazoBareJib

12-pa3psnaoe paspemenne ¢ = 1LSB DNL n+ 1.5LSB INL

Yacrora auckperuzanuu 10 250KSPS npu camom BEICOKOM pa3perieHun

8 MYyJIBTUILIEKCUPOBAHHBIX OJHOCTOPOHHUX BXOJHBIX KaHAJIOB

Huanazon BxonHoro HanpsbkeHust AL pasen 0-Vcc

Pexxum HenmpepbIBHOTO MpeoOpa3oBaHus UIIH OJJHOKPATHOTO MpeoOpa3oBaHUs
JlononuutesabHbie BHyTpeHHHE 1.25V / 2.56V onopHbie HATPsHKECHUS
[Tognepxka AVCC u BHENIHET0 BXOa OTIOPHOTO HAMIPSIKEHUS

Kanan obnapy-xenus Hanpspkenust nutanust 1/ 4Vec

BxoHbIe KaHAIBI, TOIJEPIKUBAIOIIME BHYTPEHHUH ONEpallMOHHBIN yeuiIuTens
Pexum 3amycka aBTOMaTHUECKOIO 3aIlyCKa, OCHOBAaHHBIA HAa UICTOYHUKE

IIpEPBIBAHNUS

PCSYJIBT&T Hp€O6pa30BaHI/ISI noaACp>KUBacT HOHOHHHTGHBHBIﬁ PEKUM C JICBBIM

BbIPpaBHHUBAHHUEM

[IpepriBanue npepriBanus npeodpazoBanust AL




21.1. O630p

ADTMR ADMUX ADCSRA ADCSRB ADCL/H
A

Y Y \ 4

Internal AVCC
1.25V/2.56V
Reference

Digita Interface

y
L) T
BGR o 1
AVREF I E /
L
AGND 12bit
Ll IS ADC
OPAD OPA =
3R R
BTM

{1 amuxo

ADIN7
ADING
ADIN5
ADIN4
ADIN3
ADIN2
ADIN1
ADINO

IXNINZT

Output to Analogcomparator

N

Puc.21 .1. Crpykrypnas cxema ALIIT

AIII mpencraBasieT coboit 12-6utapiii AL ¢ mocnemoBaTeIbHBIM
MPUOJINKEHUEM.

AIIT noaxiroUeH K 8-KaHAIbHOMY aHAJIOTOBOMY MYJIBTUILIEKCOPY, KOTOPBIN
0TOOpa)kaeT BOCEMb OJHOIOSIPHBIX BXOJHBIX HANPsDKEHUH oT mopta A. B
OJIHOTIOJIIPHBIE BXOHOE HanpskeHue oTHocutenbHo 0 B (GND).

21.2. Padora ALIII

AIIIT mpeobpasyeT BXOHOE aHAJIOTOBOE HaMpsDKeHNe B 12-paspsaHoe mudpoBoe
3HAYEHHUE MyTEM MOCIEA0BATENBHOIO NPUOIMKEHU. MUHUMaIbHOE 3HAaYEHUE
npeacrasisger GND, MakcuMalibHOE 3HaYEHUE MPEICTABISIET COOOM OMOPHOE
Hanpspkenue munyc 1 LSB.

OnopHBIM HANPSIKEHUEM MOXKET CIIykKuTbhb HanpsbkeHue nutanus ALIIT AVCC,
BHemHuM onopHbIii AREF nnu BHyTpennunii onopueiit curaan 1.25V /2.56V, kotopsiit
BbIOMpaeTcs mytem 3amucu B Out REFS B peructpe ADMUX.

Kanan ananoroBoro BBoJja MOXeT ObITh BbIOpaH myTeM 3anucu B outr MUX
peructpa ADMUX. Jlro60it BxoaHoM KoHTaKkT AILIIl, BHEIIHUIT OMOPHBIN BRIBOJ 1
BHYTPEHHHI OMOPHBIA CUTHAI MOT'YT UCIIOJIb30BATHCSA KaK BXOJIbI C OJTHOMOJIIPHOTO
AIIIL

Bxoanbie BeiBosibl ADC 0-5 MOTYT HMCIIONB30BaThCS Kak auddepeHiaibHbIe
Bxoabl 11t ALIIL. IuddepenunanbHoe ycuieHne MOKHO BhIOpaTh, 3amnucaB 0uT GAIN B
peructpe ADTMR.

AIIT moxHoO 3amyctuth, yctaHoBuB 0uT ADEN B peructp ADCSRA.

He notpebmasiet anextposnepruto ALIL, korga 6ut ADEN ouniiieH, moatomy
pexoMenayercs oTkirounTh ALLT nepen Tem, Kak neperTr B CISAIIUN PEXKHUM.

PesynbTar nmpeo6pazoBanus AL cocraBnsier 12 6UT 1 XpaHUTCS B perucTpax



na"gHeIX ADC ADCH n ADCL.

Pe3ynbrar npeobpa3oBaHus BEIPABHUBAETCS 10 PABOMY Kparo M0 YMOJIYAHHUIO,
HO €T0 MO>KHO BBIPOBHSITH I10 JIEBOMY Kpato, yctanoBuB 0MT ADLAR perucrpa ADMUX.
Ecnu BbI ycTaHOBHTE pe3yabTaT MpeoOpa30oBaHusl BIEBO U BBIOEPETE TOIBKO 8-OUTHYIO
TOYHOCTB IpeoOpazoBanusi, To foctarouno untath ADCH. B nmpotuBHOM citydae
cHavasia mpountaite ADCL, a 3arem npountaiite ADCH, uto0bl yOenuTbcs, 4To
COJZIEPKMMOE PErUCTpa JaHHBIX SBIIAECTCS PE3YIBTATOM OJHOTO M TOTO XKeE
npeoOpa3oBaHus.

[Tocne urenuss ADCL peructpsl ganasix ADCL u ADCH dukcupytrores. [Tocre
yreHuss ADCH pe3ynbrar npeodpa3oBaHusi MOKET ObITh OOHOBJIEH B pErucTpax JaHHbBIX
ADCL u ADCH.

Komner npeoOpazoBanust ALIII MmoxxeT BbI3BaTh pepriBaHue. Jlaxke eciin KOHell
npeodpazoBanus npoucxoaut Mexay urenueM ADCL u ADCH, npepsiBaHue Bce paBHO
OyJleT 3amyIieHo.

21.2.1. 3amyck nmpeoOpa3oBaHUs

Uto06sI 3anyctuTh ipeodpazoBanus ADC, B out ADSC 3anuceiBaet «1». OToT
OUT ocTaeTcs BBICOKMM BO BpeMsl peoOpa3oBaHusl, I0Ka OH HE Oy/AeT OUnIIeH
anmnapaTHbIM 00€CIIEYeHUEM I10CIIE 3aBEPIICHUS TPE0O0pa30BaHUS.

Ecnu kanan usmensiercsa Bo Bpems npeoOpa3zoBanus, ADC 3aBepuT 310
npeoOpa3zoBaHue nepea u3MeHenneM kanana. IIpeoOpa3zoBanusa ALIL nmerot pa3Hble
MCTOYHMKHY 3aIlyCKa. YCTAaHOBKA OMTa aKTUBALMK aBTOMaTth4yeckoro 3amycka AL,
ADATE, peructpa ADCSRA no3BoisieT aBTOMaTUUECKH 3a1yCcKaThb. VICTOUHMK 3amycka
MO>KHO BBIOpaTh, ycTaHOBUB OUT BbIOOpa 3amycka ALIIT ADTS peructpa ADCSRB.

Korna Bo3Hukaet HapacTarolmuii ()poOHT BHIOPAHHOTO 3aITyCKAaIOIIET0 CUTHANA,
npemanenutenb ADC cOpacbiBaeTcs U 3amyckaeT mpeoopa3zoBanue. ITO JaeT
BO3MO>KHOCTh HauaTh NpeoOpa3zoBaHue ¢ (PUKCUPOBAHHBIM HHTEPBAJIOM BPEMEHH.

[Tocne npeoOpa3zoBaHus, 1axe €CIU CUTHAI 3aITyCKa elle CYIIEeCTBYET, HOBOE
npeoOpa3oBaHue He OYJIET 3aIyIIeHO.

Ecnu Bo Bpems npeoOpa3oBaHus BOZHUKAET 3aIlyCK, IEPEIHUN (PPOHT TaKXKe
urHopupyercs. Jlaxe eciiu KOHKpETHOE NpPEepbIBaHNE OTKIIFOUEHO UM OUT pa3perieHus
rJ1I00aJIbHOTO TIpepbIBaHus paBeH «0», diar npepriBaHus Oy/IeT yCTAHOBIEH. JTO
BBI3OBET IpeoOpa3zoBanue 0e3 npepbIBaHU.

OpaHako, 4TOObl MHULIMMPOBATH HOBOE MPE0OPa30BAHKE MPU CIEYIOUIEM COOBITUI
npepbIBaHus, (pyiar npepriBaHus AOKEH ObITh ounieH. Mcnomnb3ys daar npepbiBaHUsS
AIIIT B kauecTBe MCTOYHHUKA 3aITyCKa, cieaytoiiee npeoodpazopanue ALl moxeT ObITh
3aMmyuIeHo Mocye 3aBepuIeHus TeKyliero npeoopasosanus. 3arem ALl paGoTaer B
peXKUME HEMPEPHIBHOTO NMPE0Opa30BaHusl, HEMPEPHIBHO OTOUPAET U OOHOBIISIET PETUCTPHI
naaabix ALIIL

[TepBoe mpeoOpazoBaHme HHUITUUPYETCS myTeM 3anucu «1» B out ADSC peructpa
ADCSRA. B atom pexume nocnenyroriue npeoopasopanust AL[I1 He 3aBucst ot Toro,
yctaHoBiieH i ¢aar npepsiBanus ADC ADIF.

Ecnu BritoueH apromarudeckuit 3amyck, ADSC ycTaHaBIMBaET pErucTp
ADCSRA mia nnunuupoBanus ogHoro npeodpazoanust. @nar ADSC Takxe MOXKET
HCIIOJIB30BAThCA ISl IPOBEPKU TOTO, BBINOJIHAETCA JU NpeoOpa3oBanue. HezaBucumo ot
TOro, kKak HaunHaetcst kouBeprauusi, ADSC Bcerna «1» Bo Bpems npoiiecca
npeoOpa3oBaHus



21.2.2. llpennenutens u BpeMs npeodpazoBanust AL

[To ymouaHuIO 71l HOCJIEIOBATEILHOM CXEMbI AMPOKCUMALINH J1JIS
MaKCUMaJbHOW TOYHOCTHU TpeOyeTcst BX0HOHM TakToBbIi curHain ot 300 xI'n no 3 MI'n.

Ecmu tpebyemast TO4HOCTH MpeoOpa3oBaHus MeHbIIE 12 OUT, BXOIHASI TAKTOBAS
4acToTa MOXKET NpeBbIaTh 3 M1 1151 JocTHXKEHUsT 00Jiee BBICOKOM 4acTOThI
JTUCKPETU3ALINH.

Monyns ADC BKIHOYAET NpeyCHUIIUTENb, KOTOPBIA MOKET UCIIOJIb30BATHCS
CUCTEMHBIMH TaKTaMH JJIS CO3AaHUs MPUEMIIEMOTO BXOIHOTO TakTOBOro curnaia AIIIL.
[Ipennenurtens 3amaercs outom ADPS peructpa ADCSRA. VYcranoka ADEN B
peructpe ADCSRA no3Bossier ALIL v npeiBapUTENbHBIN AEIUTENb HAYATh MOICYET.
[Toxa 6ut ADEN paBen «1», npeaaenurensb IpoaoSIKaeT MOJICYET 10 TeX Mop, MoKa
ADEN ne 6yner ouuniieH. [locne Toro, kak ycranosiien ADSC peructpa ADCSRA,
OJIHOKpaTHOE MpeoOpa3oBaHUE HAUMHAETCS C HapacTarolero (ppoHTa clieayromiero
TakToBOrO InKkiaa AIIL.

Jlnst HopmanbHOTro npeodpaszoBanus Tpedyercs 15 TakroBbix nukioB ALIL. Ilocne
toro, kak ADC BximoueH (out ADEN peructpa ADCSRA ycranoBnen), ais
MHULMAAJIU3ALUHA aHAJIOTOBOM CXEMBI J0 MEPBOT0O MPeoOpa3zoBaHUsl MOXKET MMOTPEOOBATHCA
50 TtakToBBIX MMITyJbCOB ALIIIL

Bo Bpems npeoOpazoBanus ALIIT Hadano orcueTa u yaep:kanus HaunHaerces ¢ 1,5
takToB BBoja ALIII mocie Havyana npeoOpa3oBaHus, a pe3yabTaT BEIBOJA IIEPBOTO
npeoOpazoBanus ALl npoucxonut npu 14,5 yacax Beona AL mocne 3amycka.

B kon1ie nmpeodpazoBanus pe3ynbtaT ALl mogaercs B peructp nanabix AL u
ycranapnuBaercs diar ADIF. ADSC ouuraercs oqHOBpEMEHHO. 3aTeM IMPOrpaMMHOE
oOecrieueHrne MOXKET CHOBa ycTaHOBUTH (iiar ADSC nim aBTOMaTHYECKH 3aIlyCcKaTh,
yT0OBI HHUIIMUPOBATh HOBOE IIpeoOpa3oBaHue.

21.2.3. VI3MeHeHue kaHaia WM UCTOYHHKA OMTOPHOTO HATIPSKEHUS

N3menenne kanaioB MUX winm uctouHuka onopHoro Hamnpsbkenust REFS B
peructpe ADMUX peanuzytor equnyro 0ydepuzaiuio yepe3 BpeMeHHbIE PETUCTPHI.

IIT MmoxkeT ocylmecTBIATh NPOU3BOJIBHBIN JOCTYI K BPDEMEHHBIM PETUCTPAM.
ITepen nauanom npeoOpazoanus LI MmoxeT B 11000i MOMEHT HaCTPOUTH BHIOOD
KaHAJIOB M UCTOYHUKA OMIOPHOTO HANIPSKEHUS.

Jl1st Toro, 4TOOBI 0OECIEYUTH TIOCTATOYHOE KOJIMYECTBO BPEMEHU JAUCKPETU3ALUN
AIIII, mocne 3amycka nmpeoopa3oBaHus, Bbl HE MOKETE HACTPOUTH BHIOpaHHBIN KaHAT U
CCBUIKHU.

[Tocne 3aBepuienus npeodpazoanus (ADIF ycranaBiuBaeTcsi B peructpe
ADCSRA) oGHoOBsIeTCSt BEIOOP KaHAIOB M cchIoK. Hauaso nmpeoOpaszoBanus - 3TO
HapacTatoumit GpoHT ciaeayromux Bxoaubix TakToB ALl mocne ycranoBku ADSC.
[ToaTomMy pexomenayercs B TakTe, He pabotaeT ADMUX mosb30Batens mociie BBoia
Habopa ADSC AIIITA, 9ToObI BRIOpaTh HOBBIN KaHAI U CCHIIKY.

[Ipu ucnonb30BaHUM aBTOMATUYECKOTO 3aIyCKa BPEMs, B TCUEHHE KOTOPOTO
MIPOUCXOIUT COOBITHE 3aITyCKa, SIBISICTCS. HEOMPEeAeeHHBIM. UTOOBI KOHTPOJIUPOBATH
BIIMSTHUE HOBBIX HACTPOEK Ha nmpeoOpa3zoBaHue, HE0OOX0IUMO COOII0IaTh 0CO0YIO
OCTOPOXKHOCTh TIpH 0OHOBIIEHHH peructpoB ADMUX.

Ecnu ycranosiensl o0a nmapamerpa ADATE nu ADEN, BpeMs npepbIBaHUS MOXKET



OBITH BBITIOJIHEHO B JII000€ BpeMsi, aBTOMATUYECKH aKTUBUPYsI nmpeoOpazoBanue AL

Ecnu Bel u3menure coaepxkumoe peructpa ADMUX B TedeHH€E 3TOTO BpEMEHH,
MOJIb30BATEb HE CMOKET ONPEAETUTh, OyIET JIU ClIeyollee Mpeodpa3oBaHne OCHOBAHO
Ha CTapoil KOH(UTYpAIK U HOBOI KOH(HUTypaluu.

Pekomennyercs, 4To0sbI onb3oBaTens 00HOBUI ADMUX B cineayrommue MOMEHTHI
0€30MacHOCTH:

1) bur ADATE wimu ADEN pasen «0»;

2) Bo Bpewmst mpeoOpa3oBanus, HO, 110 KpailHEH Mepe, OJTMH TAaKTOBBIHN IIUKJI BBOJIA
ALIIT mocne coObITHS 3amyCKa;

3) Ilocne 3aBepiieHus TpeoOpa3oBaHus, HO JI0 TOTO, Kak (iar mpepbIBaHUs
MCTOYHHUKA 3aIycKa OyJIeT OUHMIIEH.

Ecnu Bl 06HOBUTE ADMUX B 111000M M3 BBIIIETIEPEUUCICHHBIX YCIOBUM, HOBas
KOH(UTYpalus BCTYIUT B CUITY JIO CJIETYIOIIETO IPeoOpa3zoBaHusl.

[Tpu BbIOOpE BXOAHOTO KaHaina ADC Ba)kHO OTMETUTh, YTO KaHaJ BBIOpAH 10
Hauaja npeobOpazoBanusi. HOBBINM aHAIOTOBBIN BXOAHOM KaHal MOXET OBITh BEIOpaH
rocye TaktoBoro nukia seoaa ALII mocne yreepxaenus ADSC, HO camblii POCTON
croco0 - T0K1aThCsl 3aBEPUICHUS IPE0OPa30BaAHUS.

AIIIT onopHoro cTouHnKa HanpspkeHus: Vref ykaspiBaeT quama3on
npeobpazoBanus ALIIl. Eciu ypoBeHb OHOMOISIPHOTO KaHaa npeBbimaeT Vref,
pe3yabTar npeodpazoBanus OyeT 0Ju30K K MakcuMaiibHOMY 3HaueHu0 OxFFF.

3to moxkeT ObiTh AVCC nanpsikenus Vref, paenmanii AREF xoHTakT mmn
BHYTPEHHHI UCTOUHHUK OMOPHOTO HampsixeHus 1.25V unm 2.56V. Ecnu ucnons3yercs
muddepeHManbHbIi KaHam, 3HadyeHne Vref nomkHo ObITh 6obie 1,5 B, uto Moxker
ot AVCC, BHemHee HamnpsikeHue AREF (Gonee 1,5 B), BHyTpennee 3nauenue 2,56 B.

21.3. Peructpsl Onucanue

Cnucox pecucmpos ADC
3HavyeHue 1o

Peructp | Anpec YMOITUHHIO Onucanue

ADCL 0x78 0x00 Peructp mnammero 6aiita nanasix AILTT

ADCH 0x79 0x00 Peructp crapmero 6aiira nanabix AL
ADCSRA | Ox7A 0x02 Peructp A ynpasnenust ALIIl u cocrosnus
ADCSRB | 0x7B 0x00 Peructp B ynpasnenust AT u cocTostHust
ADMUX | 0x7C 0x00 Peructpsl ynpaBiaeHHus: MyJIbTUILIEKCOPOM
ADTMR | 0x7D 0x01 Peructpsl ynpasnenus pexumom ADC

DIDRO | Ox7/E 0x00 Peructp otkimouenne L{uppoBBbIX BX0/10B

ADCH - Pecucmp cmapuezo dbatima oannvix AL[IT
\ ADC - Peructp crapuero 6aiita nanabix AL
Anpec: 0x78 3nadenue mo ymomadanuto: 0x00

bur 7 6 5 4 3 2 1 0

Nwms 0 ADC7 ADC6 ADC5 ADC4 ADC3 ADC?2 ADC1 ADCO

Hms 1 ADC3 ADC?2 ADC1 ADCO

R/W R/W R/W R/W R/W R/W R/W RIW R/W

bur Nms Omnpenenenne OUT




7:0

ADCI7:0)/
ADC[3:0]

Peructp mammero 6aiita nanabix AL
Korma 6utr ADLAR pagen «0», Beixoansie ganabie ALl coxpansitores B
|[peructpe kak HuU3KOypoBHEBbIE, TO ecTb ADCL - 310 ADC [7: 0], kak moka3aHo B
Nms 0.

Korna 6utr ADLAR paBen «1», Beixogusie qanubie ALl Haxonsrces B
peructpe. CoxpaHEHHBIC B BHICOKOYPOBHEBBIX, TO €cTh BepxHue 4 oura ADCL -
1o ADC [3: 0], a Hr>kHHE 4 OMTa HE HMEIOT CMBICIIA, KaK 1okazaHo B Mmst 1.

ADCL - Pecucmp mnaoweeo baiima dannwix ALIT

ADCL - Peructp mjaamero 6aiita nanubix AL

Anpec: 0x79 3nauenue nmo ymomdanuio: 0x00
bur 7 6 5 4 3 2 1 0
Hms 0 ADC11 | ADC10 | ADC9 ADCS8
Nmsa 1 ADC11 | ADC10 | ADC9 ADCS8 ADC7 ADCG6 ADC5 ADC4
R/W R/W R/W R/W R/W R/W R/W RIW RIW
but Nms Onpenesenue OUT
Peructp crapmiero 6aiita nanasix AL
Korga 6utr ADLAR pasen «0», Beixoansie qanubsie AL coxpanstorcs B
ADC[11:8]/ [peructpe kak HU3KOYpOBHEBBIE, TO ecTh Miamue 4 6uta ADCH sBnsitorest ALTT
7:0 ADC[11:4] [11: 8], a BepxHue 4 Outa uMeroT 3HaueHus «0», Kak rnokazano Mms 0
Korna 6utr ADLAR pasen «1», Beixoausie qanusie AL coxpanstoTcs B
perucTpe ¢ BbICOKMM BblipaBHUBaHUEM, TO ecTb ADCH sBnsiercas ADC [11: 4], kak
nokazaHo B Ums 1.

ADCSRA - Pecucmp A ynpasnenus ALl u cocmosinus
ADCSRA - Peructp A ynpasJjenusi AL u cocrossnnst

Anpec: 0X

7A 3HayeHue no ymonadanuio: 0x02

burt

7

4 3 2 1

Nmsa

ADEN

ADSC | ADATE ADIF ADIE ADPS2 | ADPS1 | ADPSO

R/W

R/W

R/W R/W R/W R/W R/W RIW R/W

bur

Nms

Omnpenenenne OuT

ADEN

Korga 6ut ADEN ycranosnen Ha «1», AL BkatoueH.
Korna 6utr ADEN ycranosnen Ha «0», ALIT oTkimroueH.

ADSC

AT maunnaet npeodpazoBanue mpu ADSC B «1».
B pexume onuHouHOrO npeodpazoBanust ADSC mHMIMHpYyeT mpeobpa3oBaHue.
B pexxume HenpepriBHOTO npeodpazoBanus ADSC nnunmupyet nepoe
npeoOpa3oBaHue.

ADATE

ALIIT aBTOMaTHYecKH 3arycKkaeT OUT yIpaBIeHHs BKIIOUYCHHUEM.

Korna 6ur ADATE B «1», akTuBUpyeTcsl GyHKIMS aBTOMAaTHYECKOTO 3aITyCKa.
@poHT BEIOPaHHOTO 3aITyCKAIOIIETr0 CUTHAIa HHUIIMUPYET Mpeodpa3zoBaHue.
Br160p ucrounuka 3anycka kontponupyercst ADTS peructpa ADCSRB.
Korna 6ut ADATE ycranosneH Ha «0», QyHKIMS aBTOMAaTHYECKOTO 3aIlycKa
OTKJIFOYEHA.

ADIF

®mnar npepsiBanus ALIL. ADIF ycranaBnuBaercs, korna ADC 3aBepiaer
npeoOpa3oBaHue U OOHOBIISIET PETUCTP JAaHHBIX. ECIu ycTaHOBIIEH OUT
paspemenus npepbiBanust ALl - ADIE u ycraHoBiieHO T7100aJIbHOE TIPEPHIBAHHIE,
reraepupyercs npepsiBanue ALIl. Brimonnenue npepriBanus AL ounaer 6ut
ADIF u taxxe MOXKeT OBITh OUHILIEHO 3aIIMChIO «1» B 3TOT OUT.

ADIE

but ynpasnenus paspemenus npepoiBanus ALIL
Korna 6ut ADIE ycranoBineH B «1», U r106ainbHOE IpephIBaHE YCTAHOBJICHO,
npepoiBanne AL BkiroueHo.
Korna 6ut ADIE ycranosinen Ha «0», npepsiBanue AT oTkiatouaercs.




ADC ympasnenue npenaenurenaeMm. ADPS - Bei6op koadduririenta neneHus
CHUCTEMHBIX TaKTOB Ji reHepaunu TaktoB ALII.

ADPSJ[2:0] Kosddunuenra nejsenns
0 2

2

4

8

16

32

64

2:0 | ADPS[2:0]

~NjojobjwINiE-

128

ADCSRB - Pecucmp B ynpasnenus ALl u cocmosinus

ADCSRB - Pernctp ALl u cocTosiHust

Anpec: 0X7B 3naudenue no ymoayanuro: 0x00
bur Il 6 5 4 3 2 1 0
HUma | ACMEOL1 | ACMEOO | ACME11 | ACME10| ACTS ADTS2 | ADTS1 | ADTSO
R/W R/W R/W R/W R/W RIW RIW R/W R/W
bur Hms OmnpenesieHue OUT
7 | ACMEO1 Kommnaparop 0 - BBIOOp BBOZA /It ”HBEPCHOTO BXOJA.

00: - Be16op BHenHero Bxoaa ACINO
6 | ACMEOQO [01: - BeIOOp MyIbTHIUIEKCHpPOBAaHHOTO BbIXoaa ¢ ALIT
1x: - BBIOOp BBIXO/1a OMepaIliioHHOro ycunurens 0

5 | ACME11l Kommnaparop 1 - BBIOOp BBOZA /11 HHBEPCHOTI'O BXO/A.
00: - Be10op BHemrHero Bxoaa ACIN2

4 | ACME10 |01: - BeIOOp MyNIbTUIIIIEKCUPOBAHHOTO Bhixoa ¢ AT
1X: - BBIOOp BBIX0/1a ONEPAIIMOHHOTO ycunuTens 1

Bb100p 3amycka HCTOUHMKA TUTAHUS TIEPEMEHHOTO TOKa
3 ACTS 0 - Berxog ACO B kauecTBe HCTOYHHKA 3aITycka mpeodpazoBanust AL
1 - Beixox ACI1 B kayecTBe UCTOYHUKA 3anmycka npeoOpa3oBanust AL

buTel BeIOOpa HCTOYHMKA yIIpaBlIeHUs] aBTOMaTudeckoro 3amycka AL
Korna 6utr ADATE yctaHosineH B «1», GQyHKIIUS aBTOMaTHYECKOTO 3aIlycKa
BKJIIOUEHA.
[Tpu ycranoBke 6ut ADATE B «0» napamerp ADTS HenelicTBUTENEH.
@poHT BBIOPaHHOIO CUTHAJIA 3aIyCKa BKJIIOYAET NpeoOpa3oBaHHUe.

Korna uctounuk 3amycka nepekitoyaercs ¢ ¢iara npepblBaHHs] Ha HCTOYHHUK 3ayCKa
IpepbIBaHMs, 3aITyCKAIONIUI CUTHAI reHepupyeT Hapactarouuii gppont. Eciu ADEN
yctaHoByieH B 310 BpeMs, Al Takxe HauHeT mpeoOpa3oBaHUeE.

[Ipu nepekitoYeHn B peXUM HeTIpepbIBHOTO npeodpazoBanus (ADTS = 0)
(yHKIMS aBTOMAaTUYECKOT0 3ayCKa OTKII0YEHA.

2.0 |ADTS[2:0] ADTS [2:0] Hcrounuk 3amycka
0 Pexxum HenpepbIBHOI npeoOpa3zoBaHus

Kommnaparop 0/1

Buemnee npepsiBanue 0

Cuyerunk/Taiimepa 0 CpaBHUTH COBIACHHUE

Cuerunx/Taiimepa 0 IlepenonHenue

Cueruuk/taiimepa 1 CpaBHUTH coBmaiecHue B

Cuerunk/Taiimepa 1 Ilepenonnenue

NjojoR~jwinNiE-

Cuerunk/taiimepa 1 Bxox CoObiTHe 3axBaTa




ADMUX - Pecucmpul ynpasnenus Myiomuniexcopom
ADMUX - Peructpsbl ynpapJjieHHsI MyJIbTHILIEKCOPOM

ADTMR - Pecucmpuol ynpasnenus pesxcumom ADC

\ ADTMR- Peructpsl ynpasiaenus pexxumom ADC

Anpec: 0x7C 3navyeHnue no ymonuanuio: 0xX00
but 7 6 5 4 3 2 1 0
Nms REFS1 REFSO | ADLAR |CHMUX4|CHMUX3|CHMUX2|CHMUX1|CHMUXO0
R/W R/W RIW RIW RIW RIW RIW RIW R/W
bur HNma Onpenesenne OUT
Br10op onopHOro HanpsbkeHus: myteM ycraHoBku out REFS ynpasnenus.
J11s1 BBIOOpa OTIOPHOTO HANIPSKEHHMSI, €CITM H3MEHEHHUE B paboTe B Ipoliecce
peoOpa3oBaHus, HAJ0 BEDKIATh BpeMs JJi1 HOBOTO NMPeoOpa3oBaHMUsL.
REFS[1:0] OnopHoe HanpspKEHHE
7:6 REFS[1:0] AREE
AVCC
2,56V (Buytpenee)
1,25V (Buytpenee)
Korna 6ut ADLAR ycranoBieH B «1», pe3yabTar npeoOpa3oBaHus
5 ADLAR BBIPABHHUBAETCS IO JIEBOMY Kpato B peructpe qaHubix ALIIL.
Korna 6ut ADLAR ycranoBieH B «0», pe3yabTar npeoOpa3oBaHus
BBIPABHUBAETCS IO NMPaBOMY Kpato B peructpe gaHubix AIIL.
buts! ynpasienus BbI00OpOM UCTOYHHKA BXoAgHOTO curnana AIIIL.
CHMUX[4:0] OaHOCTOPOHHUI UCTOYHUK
BXOJIHOTO CUTHAJIa
0 PCO
1 PC1
2 PC2
3 PC3 BHelHne UCTOYHUKI
4 PC4 BXOJQHOT'O CUTHAaIa
S) PC5
4:0 | CHMUX[4:0] 5 =
7 PE3
8 OO6HapyxeHre HanpsHKEeHUs
nutanus 1 /4VCC
9...12 3ape3epBUPOBAHO BHyTpeHHHE
13 BuyrtpenHnuii Beixox OV 0 HMCTOYHHUKHU BXOJHOIO
14 BHyTpeHHUI HCTOYHUK OIIOPHOTO Curaaiza
HaATPSDKECHUS
15 GND

Anpec: 0x7D 3HaveHue o ymondanuio: 0x01
bur 7 6 5 4 3 2 1 0
Nwms - - - - - - - ADTM
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bbur Nms Onpenesienne OUT
7:1 - 3ape3epBUPOBAHO
0 ADTM | TecToBblii pekuM, BHYTPEHHEE OMIOPHOE HaNpsbKeHHE OT BhIxoHoro mopra AVREF




DIDRO - Pecucmp omxnrouenue L{ughposoix 6x0008

\ DIDRO - Peructp orkiawuyenue [{ndpposbix Bxoa0B

Anpec: OX7E 3nadenue mo ymonadanuto: 0x00
bur 7 6 5 4 3 2 1 0
Nms ADC7D | ADC6D | ADC5D | ADC4D | ADC3D | ADC2D | ADC1D | ADCOD
R/W R/W R/W RIW RIW R/W RIW R/W R/W
but Nms Onpenesnenue OUT

bur otknrouenus L{udposoro Bxo.
Korga 6utr ADCxD ycranosieH B «1», mudpoBoit Bxo BeiBoga ADCX
OTKJIFOYAETCSl U OCTAETCS Ha HYJIE.
Korna anaoroBsiii koMmmaparop BKI0UYeH, GyHKIHs mudposoro Bxoga ADCX He
7:0 | ADCD[7:0] Tpebyercs, mosToMy ycranosure ADCxD.
Korga 6utr ADCxD ycranosineH B «0», 1udpoBoit Bxo BeiBoga ADCX BKIIIOUEH
Y CUTHAJI Ha BBIBOJIC MOKET OBITh BBEJICH BO BHYTPEHHIOK U(POBYIO JIOTUKY. B
ATo Bpems out ADEN nomkeH ObITh OYHUIIEH, @ aHAJIOTOBBIH KOMITApaTOp JOJKEH
OBITH OTKJIIOUYCH.

22. DJileKTpU4YecKHe XapaKTepUCTHKH

22.1. AbcoJsoTHas padouasi cpena

PaGouas remmeparypa -40 - 85°C

Temneparypa xpanenus  -60 - 150°C Basnoe npumevanue. Koraa uun paboraer
IIpY NPUMEHEHUH BHEIIHEW pabouel cpelibl,
MIPEBBIIIAIONICH YKa3aHHbIE MAKCUMAJIbHBIC
IpeJeibl, 3TO MOXKET MPUBECTH K (PUZNIECKOMY
NOBpeXAeHNIO ynnia. HopmanbHas GpyHKIHS,
rapaHTUPOBAHHAS YUIIOM, TOJDKHA

YpoBeHb KOHTAKTa 0V - VCC

Makc.pabouee

HaIpsHKCHUE 02 rapaHTHPOBATh, YTO paboyvas cpeaa HaXOUTCS B
3QTAaHHBIX MAaKCUMAaJIbHBIX Npeaenax. Korma gum
Maxec. Tox 30 MA paboTaeTr B TeUCHHUE NITUTEIHLHOTO BPEMEHH H
BBO/1a/BBIBOJIA VCC/GND  vakcumanbHbie IIpeACIbHBIC MApPaMETPhI, 3TO
MOBJIMSIET HA CPOK CITY>KOBI YWTIa U CTAOMIIBHOCTh
MaxkcuMaiIbHBIA TOK 200 MA  YCTpPOHCTBa.

ESD Xapakrepuctuku >+ 4 kB

22.2. DC XapaKkTepuCTHKH

Tunuunwvie xapakmepucmuxu nocmosauunozo moxka TA = -40 - + 85C, VCC=1,8B-5,5B




Mun.| Tun. |Max.[Enen.

[Tapamerp CocrosHue
ViL Huzkuii mopor BX0IHOTO YPOBHS Vcce/3 \Y
VIH BXoaHO# MOpOr BEICOKOTO YPOBHS Vcc/2 V
VoL Huskwuii mopor BeIxoa lo=40mA, Vee=5vV 0.8 \Y/
loL=25mA, Vcc=3.3V 0.7
lon=20mA, Vcc=5V |4.4V
VOH Bricokwuii mopor Bbixojia lon=12mMA, 2 6V \Y
Vce=3.3V '
L Huskuii ypoBens yreuku /0O 1 | pA
lIH Bricokuii yposens yreuku 1/0 1 | pA
Rwpu | Cniaboe conpoTuieHue noatsirusanuto 1/0 80 KQ
Rpu | Beicokoe comportusienue noarsruanuio 1/O 15 KQ
. IMHz@3.3V 0.56
AKTHUBHBIN 4MHZ%3. 3V 195 mA
Icc XomocToit 4MHz@3.3V 0.30 mA
ITutanue/Otrn SO w/o WDT@3.3V 12.0 nA
[Mutanune/Otr Sl VCC=3.3V 7.4 LA

IIpumeuyanus:

1. BoleynoMsiHyThIi TECT SHEPTONOTPEOICHUS HACTPAUBAET JIpaiiBep MUTAHUS B
pexuM HU3Koro jpaiiBepa. [lonpodHyro koHurypanuio cM. B 1okyMeHTax, CBSI3aHHBIX C
YIIPaBICHUEM ITUTAHUEM.

2. TecT-KoA yIpasisieT BBOJOM-BBIBOJIOM JUISI BBIBOJIA KBAIPATHOU BOJIHBI C
(GuKCHPOBaHHOM YaCTOTOM M LIMKJIMYECKU CUUTHIBAET COCTOSIHUE MIOPTA,;

22.3. BHyTpeHHHMe XapaKTePUCTUKHN TAKTOB

3aBojicKasi KaIMOpPOBKa

‘ Yacrora VCC Temneparypa ‘ TouHoCTH
32MHz 2,5V- 5V -40 - 85C +1%
32KHz 2.5V- 5V -40 - 85C +1%

22.4. XapaKkTepuCTHKHA BHYTPEHHEr 0 ONIOPHOI0 HANPSIKEHU S

3aBojicKast KaIMOPOBKa

‘ Hanpsixkenue ‘ Temmneparypa ‘ ToyHoCTH

1.25V 2.0V-5V -40 - 85C +1%
2.56V 3.3V-5V -40 - 85C +1%

22.5. XapaKTepl/ICTI/IKI/I CX€MbI HU3KOBOJbTHOI'O I€TEKTOPA




Mun.VBOT | Tumosoe. VBOT | Make. VBOT Enenunm|
111 VDT OrtxnrodyeHo
110 1.6 1.7 2.0
101 24 2.5 2.8 V
100 3.8 4.0 4.5
01l
- 3ape3epBUPOBAHO
000

22.6. XapakrepucTuku cxembl AL

\ CumBoJa IHapamerp YciaoBue
Pazpemenne 12 but
VIN Bxoanoe Hanpspkenue GND VREF V
AVcc HcTtounuk nutaHus 2.0 Vce V
VREF OnopHoe HalpsHKeHHe 1.0 AVcc V
CLK YacToTa TakTOB 50K 10M Hz
Bpewms npeobpazoBanus CBoOoniHas pabota 19 CLK
INL I/IHTerpimLHaﬂ 3 LSB
HEJIMHEWHOCTH
DNL I[I/I(’p(bepeﬁu?pOBaHHHﬁ 3 LSB
HEJIMHEWHOCTD
RAIN BxogHoe conpotuBienue 100 MQ

22.7. XapaKTepUCTHKH CXeMbl KOMIIapaTopa

\ Cumsou | IMapameTp YcaoBue : .
Paspemienne 5 mV
VIN BxonHoe HanpshkeHue GND Vcc V
AVcc HcTtounmnk nutanus 2.0 Vcc V
RAIN BxonHoe conpotuneHue 100 MQ

22.8. XapaKkTepUCTHKHU CXeMbl pado4yero yCujauTe s

‘ CumBoJ ‘

YciaoBue

ITapamerp

Yceunenne| Vcwrenue yewienus | Vin= 100mV~220mV 12
VN BxoaHoe HanpsokeHue (VCC-0.9)/Ycunenne| V
AVcc HcToyHnk nuTaHus 2.0 VCC Vv
RAIN | BxogHoe compoTHBIIEHHE 100 MQ

22.8.1. OyHKIMYU BBOJIa U YCUJICHUS YCUITATEIIA:
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23. Perucrpbl Kparkuit CnipaBoynuk Ta0imna

bur 7 ‘ b

ur 6 ‘

bur 5

bur 4

Bur 3

Gain@4.7V
Gain@5.0V

Pacmmpennsie 10 Pernctpsr
$F6 GUID3 GUID Baiir 3
$F5 GUID2 GUID Baiir 2
$F4 GUID1 GUID Baiir 1
$F3 GUIDO GUID Baiir 0
$F2 PMCR PMCE CLKFS CLKSS | WCLKS | OSCKEN | OSCMEN | RCKEN | RCMEN
$F1
$FO I0CR IOCE STOSC1 | STOSCO J DACEN1|] DACENO XIEN REFIOEN |JRSTIOEN
$EE PMXCR OCOE4 SSB1 TDD6 RDD5
$EC TKCSR - F2XEN | TC2XF1 | TC2XFO - AFCKS TC2XS1 |JTC2XS0
$E2 PSSR PSS1 - - - - - - PSR1
$CF LDOCR WEN | | | | PDEN | vseL2 | VvSEL1 | VSELO
$CE VCAL2 KannbpoBo4yHoe 3HaueHue Uil BHYTPEHHEro OMOPHOTO HarpshkeHus 2,56 B
$CD VCAL1 KannbpoBoyHoe 3HaueHUe Uil BHYTPEHHET0 ONMOpHOro HarpsbkeHust 1,2 B
$C8 VCAL CrpaBOYHBIH KaJIMOPOBOYHBIN PErUCTP BHYTPECHHETO HANIPSDKEHUS
$C6 UDRO USART JlanHble
$C5 UBRROH - | - | - | - | Peructp ckopoctn nepenaun USART Crapmmii
$C4 UBRROL Peructp ckopoctu nepenaun USART Muammnit
$c2 | ucsroc | UMSELO | UPMO | usBso | ucszoi/ | ucszoo/ JUCPOLO




UDORDO | UCPHAO
$C1 UCSROB | RXCIEO | TXCIEO | UDRIEO | RXENO TXENO UCSZ02 RXB80 TXB80
$CO UCSROA RXCO TXCO UDREO FEOQ DORO UPEO u2Xxo MPCMO
$BD TWAMR TWI Anpec Macka -
$BC TWCR | TWINT | TWEA | TWSTA | TwsTO | TwwC | TWEN | - TWIE
$BB TWDR TWI JJanHsIe
$BA TWAR TWI Anpec | TwGCE
$B9 TWSR TWI Cocrosiuue | - | TWPS
$B8 TWBR TWI CkopocTb nepenauu OMTOB
$B6 ASSR - EXCLK AS2 TCN2UB | 0CR2AUB | 0CR2BUB | TCR2AUB TCRBZBU
$B4 OCR2B Taiimep/Cuerunk 2 Boixon CpaBauts B
$B3 OCR2A Taiimep/Cuerunk 2 Boixon CpaBauth A
$B2 TCNT2 Peructp cuerunka TaiiMepa/cueTymka 2
$81 | TCCR2B | FOC2A | FOC2B - - WGM22 CS2
$80 | TCCR2A COM2A COM2B - - | wGM21 JWGM20
$A9 PORTE Brixon mopra E
$A8 DDRE Hanpasnenue nanubix E
$A7 PINE Bxox B mopt E
$8B OCR1BH Taiimep / Cuerunk 1 Beixon CpaBuuth B Crapinit
$8A OCR1BL Taiimep / Cuetunk 1 Beixon CpaBuuth B Muaammit
$89 OCR1AH Taiimep / Cuetunk 1 Beixon CpaBauts A Crapmmit
$388 OCR1AL Taiimep / Cuetunk 1 Bexoq CpaBHuTh A Muaammii
$87 ICR1H 3axBar Taiimepa / cuetunka 1 Craprumit
$86 ICRIL 3axsar Taiimepa / cuerunka | Muaammii
$85 TCNT1H Cuerunk taiimepa / cuetuynka 1| Crapmmit
$84 TCNTI1L Cuerunk Taiimepa / cuerunka 1 Muaaimii
$82 TCCR1C FOC1A FOC1B - - - - - | -
$81 TCCR1B ICNC1 ICES1 - WGM13 | WGM12 CS1
$80 TCCR1A COM1A COM1B - - WGM11 |WGM10
$7F DIDR1 OPA3D OPA2D OPA1D | OPAOD AIN3D AIN2D AIN1D AINOD
$7E DIDRO ADC7D | ADC6D | ADC5D | ADC4D | ADC3D ADC2D ADC1D | ADCOD
$7D ADTMR - - - - - - - | ADTM
$7C ADMUX REFS ADLAR - MUX
$7B ADCSRB | ACMEO1 | ACMEOO | ACME11 | ACME10 - ADTS
$7A ADCSRA | ADEN ADSC ADATE ADIF ADIE ADPS
$79 ADCH ADC Jlaunbie Craprmii
$78 ADCL ADC Jlanusie Muaammii
$75 IVBASE ba30BbIii aipec BEKTOPHOTO NPEephIBaHUs
$73 PCMSK3 | | PCINT30 | PCINT29 | PCINT28 | PCINT27 | PCINT26 | PCINT25 |PCINT24
$70 TIMSK2 - - - - - OCIE2B OCIE2A TOIE2
$6F TIMSK1 - - ICIE1 - - OCIE1B OCIE1A TOIE1
$6E TIMSKO - - - - - OCIEOB OCIEOA TOIEO
$6D PCMSK2 PCINT[23:16]
$6C PCMSK1 PCI NT[15:8]
$6B PCMSKO PCINT[7:0]
$69 EICRA - - - - ISC1 ISCO
$68 PCICR - - - - PCIE3 | PCIE2 PCIEL | PCIEO




$66 OSCCAL - - OSC Kanu6poska
$65 PRR1 - - PRWDT - - PREFL PRPCI -
$64 PRR PRTWI | PRTIM2 | PRTIMO - PRTIMI PRSPI | PRUSARTO | PRADC
$62 VDTCR VDTCE | SWRSTN - - - | VDTSEL | VDTEN
$61 CLKPR | CLKPCE |CLKOEN1]CLKOENO - CLKPS
$60 WDTCSR WDIF WDIE WDP3 WDCE WDE | wbp2 | wbDP1 | wDPO
10 Peructpsl
$5F($3F)| SREG 1 )1 | H I s | v | N | Z | c
$5E($3E) SPH Stack Point High
$5D($3D)]  SPL Stack Point Low
$5A($3A)] OPOTCNT Iepexmouarens kananoB OPAO Periold Regiser
$59($39)| OPOCRB OPTEN OPAI Peructp perucTpanyy BpeMeHH EPEKIIOUEHHS KaHaIa
$58($38)] OPOCRA | OP1IEN | AcCCH | ACFEN | - | cHuM | cHoiM | CH1EN | CHOEN
$56($36)] ECCR WEN EEN - - - - EC1 ECO
$55($35)] MCUCR | FWKEN | FPDEN - PUD - - IVSEL IVCE
$54($34)] MCUSR SWDD - - OCDRF WDRF BORF EXTRF PORF
$53($33)] SMCR - - - - SM SE
$52($32) DALO DACO Brixoansle qannbie Peructp
$51($31) | AFTCNTO Peructp peructpainu puistpa ACO
$50($30)| ACOSR AcCD | Acec | Aco | Aclt | AciE | Acic | ACIS
$4E($2E)] SPDR SPI Jlannbie
$4D($2D)] SPSR SPIF WCOL - - - DUAL - | spi2x
$4C($2C)] SPCR SPIE SPE DORD MSTR CPOL CPHA SPR
$4B($2B)] GPIOR2 Peructp 2 oOuiero Haznauyenus 10
$4A($2A)] GPIOR1 Peructp 1 oOuiero Haznauyenust 10
$48($28)| OCROB Tatimep/Cuerunk 0 Beixox Cpasuuts B
$47 ($27)] OCROA Taiimep/Cuerunk 0 Boixoq CpaBauth A
$46($26)|] TCNTO Taiimep/Cuetunk 0 CueTunk
$45($25)| TCCROB FOCOA | FOCOB OCOAS | - WGMO02 CSO
$44($24)| TCCROA COMOA COMOB - - WGMO01 | WGMO00
$43($23)] GTCCR TSM | - - |- - - PSRASY |PSRSYNC
$42($22)| EEARH EEPROM Anpec Crapuuii
$41($21)| EEARL EEPROM Anpec Mtauwii
$40($20) EEDR EEPROM Jlannbie Mutagimit
$3F($1F)] EECR EEPM2 | - | EEPM1 | EEPMO | EERIE | EEMWE | EEWE | EERE
$3E($1E)] GPIORO Peructp 0 obuiero Haznauerus 10
$3D($1D)| EIMSK - - - - - - INTI INTO
$3C($1C) EIFR - - - - - - INTF1 INTFO
$3B($1B)] PCIFR - - - - PCIF3 PCIF2 PCIF1 PCIFO
$37(317)| TIFR2 - - - - - OCF2B OCF2A TOV2
$36($16)| TIFR1 - ICF1 - - OCF1B OCF1A TOV1
$35($15)| TIFRO ) - - - - OCFOB OCFOA TOVO
$34($14) | OPLTCNT OP1 PerucTp nepexIoueHns KaHAIOB
$33($13)| OP1CRB OPTEN OP1 Peructp 3aep>xku yAep>KaHus KaHajia
$32($12)] OPICRA | OP1EN ACCH | ACFEN | - | CcHum CHOIM | CHIEN | CHOEN
$31($11) DALI DAC! Bpi6op ypOBHSsI BBIXOJJHOTO CHTHAJIA
$30($10) | AFTCNT1 Peructp cunxponnsaunu Gpuisrpa ACI




$2F($0F)| AC1CSR |

| AcBG |

| Act | ACIE | AcCIC

ACIS

$2B($0B)] PORTD Beixox mopra D
$2A(30A)] DDRD Hamnpasnenne naunsix D
$29($09)| PIND Bxox B opt D
$28($08) | PORTC Brixon mopra C
$27($07)| DDRC Harpasnenue panubix C
$26($06)| PINC Bxox B opt C
$25($05) | PORTB Beixon mopta B
$24(304)| DDRB Hanpasnenue nanueix B
$23($03)| PINB Bxox B opt B

24. HaGop MHCTPYKUM

25. IlapameTpsbl KOPIYCOB

26. Uctopust Bepcuid
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