LGT8F88P, LGT8F168P, LGT8F328P

1. Muxkpoxkontposiep RISC ¢ [Iporpammupyemoii BHyTpeHHeil @udi-naMsaTbio

LGT8FX8P Series — Programming Manual 1.0.1 (Om nepesoouuxa: Ilepesooun ons
ceos, n0IMOMY HEeKOMOpble MOMEHMbL He PeOAKMUPOGAHBbL.)

1.1. O630p pyHKUMI

BricokomnpousBoauTenbHoe ManoMolHoe 8-0utHoe saapo LGT8XM
Pacmmpennas apxutexrypa RISC
131 uncTpykius, 6onee 80% aJis OJHOTAKTHOM pear3aliuu.
32X8 pabouuit peructp o0IIero Ha3HAYCHUSI.
32MHz pab6oratot 10 32MIPS 3¢ dexTuBHOCTH HCTIONMHEHUS.
BHyTpeHHHI OTHOTAKTHBIA MHOXHTENH (8X8)
DHeproHe3aBrucuMas IaMsATh IPOTpaMM U MIPOCTPAHCTBO AJIsL XpaHEHUS
JTAHHBIX.

e Muxkpocxema 32 KO6ailT MOXKET OBITh 3alIpOTPaMMUPOBAHA B PEKUME
OHJIAVH.

e Buyrpensss nmamsts qaHHBIX SRAM 2 KoaiT.

e [Iporpammupyemsliii anasnorossiii uaTepdeiic E2PROM, nognepxka
JOCTyMa K OanTam.

e HoBblii anropuT™ mMKU@pPoOBaHUS MPOrpaMM ISl o0ecrieyeHus: 6e30nacHOCTH
KOJIa TI0JIb30BAaTelIs.

e JlBa 8-OUTHBIX TaliMepa ¢ HE3AaBUCUMOM MOAICPIKKOU MpeIBapUTEIHLHOTO
JEJUTEIISA, BBIXOJHOM PEXUM CPaBHEHUS.

e JIBa 16-pa3psaHbIX TaliMepa ¢ HE3aBUCUMOM MOIEPIKKOM
peBapUTENbHOr0 OJ0Ka JIJIsl BBOJIA M CPABHEHUS BXOJHBIX JIaHHBIX.

e Bcrpoennsiit 32KHz kannGpoBounsiit RC-renepatop ans GyHKIuu
CUETUMKa B peaJbHOM BPEMEHHU.

e Mosxer noaaepxusath 10 9 Bbixos0B PWM, 4 nporpamMmmupyembix
YIIPaBJICHUS] MEPTBOU 30HOM.

e 12-kananbHbIN 12-OMTHBIN BEICOKOCKOPOCTHOM aHAIOTO-IIH(POBOMA
npeodpazosarens (ALIT)
- TOTIOJTHUTEIHHBIA BHYTPEHHUH, BHEITHUI UCTOYHUK OMIOPHOTO HAMPSKEHHUS.
- Kanans! quddepeHunanbHOT0 yCUiIeHUs ¢ TPOrpaMMUPYEMbIM YCUIIEHUEM
(x1/8/16/32).

e PeXuM aBTOMaTHYECKOTO KOHTPOJISI IOPOTOBOTO HAIIPSKEHHUS.

e JIBa anamoroBbeix kommaparopa (AC), mogaepKka paciIMpeHust OT BXOIHOTO
kaHana AILIIL.

e BHyTpeHHHE HanpshDKeHUs KaarnOpoBaHHBIX 3HaueHwmid - 1.024V / 2.048V /
4.096V = 1%.

o 8-pazpsansiii nporpammupyemsiil I{AIL, koTopbIil TeHEpUPYET HCTOYHUK
OMOPHOTO HAMPSKEHHUS.

e [Iporpammupyemsiii ctopoxesoit Taiimep (WDT).



e [IporpamMmmupyemblii CHHXpOHHBIN / aCHHXPOHHBIN MOCJIEI0BATEIbHBIN
unrepdeiic (USART / SPI).

e CunxpoHHbII nepudepuiineiii uutepdeiic (SPI), mporpammupyemsiii peskum
paboThI BEAYIINM / BEOMBIH.

e JIByXnpoBOIHBIN TTOCceaoBaTenbHbIN uHTEepdeic (TWI), coBMecTUMBIi ¢
BEIYIITUM-BEIOMBIM pexkuMoM 12C.

o 16-paspsanbiii nudpoBoit apudmernueckuii yckopurensb (DSC), koTopslii
MOIJICP>KUBACT NPSIMOM 1 6-pa3psIHbIN TOCTYII K TaHHBIM.

o CrenuanpHas QyHKIHS TIpoIieccopa
- SWD Dual On-chip Debug / Production Interface.
- [lonaepskka BHEIIHETO MPEephIBAaHUS U TIOJIJIEPKKA IPEPhIBAaHUS YPOBHS BBOJIA-
BBIBOJIA.
- Bcrpoennas cxema copoca nutanusi (POR) u nmporpammupyemas cxema
oOHapy»eHusI Hu3koro Hanpspkenus (LVD).
- Berpoennsriit 1% moxeT ObITh 0TKaIMOpoBaH 32-MerarepiioBslii renepatop RC,
MO/I/IeP>KKa MHOTOYaCTOTHOTO BBIXO/Ia.
- Betpoennsriit 1% mosxet 661Th oTKanmuOpoBan 32KHz RC renepatop.
- Buemmss nognepkka 32,768KHz n 400K ~ 32MHz Bxox kpucrtaia.
- 6x Ha O0oJbIION TOK ABYXTaKkTHBIN npuBoaa MO, noanepxka
BBICOKOCKOPOCTHBIX npritoxenni [IIUM

e | /O umnaker: QFP48/ 32L

e Hawumenslee sHepronotpediienue: 1UA @ 3,3V

e Palouas cpena
- PabGouee nanpspkenue: 1,8 B~5,5B
- Pabouas vacrora: 0 ~ 32 MI'g
- Pabouas Temneparypa: -40C ~ + 85C
- HBM ESD:> 4KV

E2PCTL

FLASH SRAM

!

‘ 16Kx16bit ‘ 2Kx8bit ‘

PORTB

PORTC

LGT8X/RISC

PORTD

TMRO PORTE

16bit
DSC

USART
M/S M/S AfS

PORTF

ACO ) 12bit
Sbit ADC DAP

Pucl.1. CprKTypa CHUCTEMBI.



Hms moxyast DyHKIUSA MOAYJIS
SWD OTnaxuBaTh MOAYJb, OCYLIECTBIATh OHJIARH-OTIAAKY U QyHKIUIO ISP
OJIHOBPEMEHHO
LGT8X 8-paspsiHoe BICOKOMpOou3BoauTeasrHoe Sapo RISC
E2PCTL Kontpomnep nocryma FLASH nanubIX
PMU Monynb ynpaBieHHUs] MUTaHUEM, OTBETCTBEHHBII 3a yIIpaBJICHHUE MIEPEX0A0M
MEXy COCTOSIHUSIMU CHCTEMBbI
PORTB/C/D/E/F YHuBepcalbHbIE IPOrPAMMHUPYEMBIC BXOIHBIE H BHIXOIHBIE TOPTHI
DSC 16-pazpsianbiii TMPoBOI apuPMETHISCKUN YCKOPHUTEI
ADC 8-kaHanbpHBIN 12-pa3psaHbIi aHATOTO-IIM(PPOBOI Tpeodpa3zoBaTeib
DAP [Tporpammupyemslii 1uddHepeHnanbHbIA YCHIIUTENb C YCUIICHHEM
IVREF 1.024V [/ 2.048V / 4.096V BuyTpeHHEH ONOPHBIC HAIPSHKCHHSI
ACO/1 AHaJIOTOBBIN KOMITApaTOPhI
TMRO0/1/2/B 8/16-paspsanblii Taiimep / cuerunk, PWM-koHTpOLIEp
WDT Mopaynb cOpoca CTOpOKEBOTO TaliMepa
SPI M/S Benymuii - Benomblii koHTposiep SPI
YnpasisieMblil JByXIIPOBOHBIM HHTEP(EHcOM KOHTPOIIIEP, COBMECTHMBIH C
TWI M/S
npoTtokosiom 12C
USART CHHXPOHHBINH/aCHHXPOHHBIHN ITOCIICAOBATEIbHBINA PUEMONIEPEAATIHK
DAC 8-pazpsiiHbIi I po-aHaIoroBeIi MpeodpazoBaTelb
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Puc.1.2. Kopnyc LGT8F328P - QFP48L
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Puc.1.3. Kopnyc LGT8F328P - QFP32L

1.2. Onucanue BLIBOJA0B

B cemeiicte xoprmrycoB LGT8FX8P kopmyc QFP48L npuBoauT kKo BceM BhIBOAM.
Hpyrue xopiyca, ocHoBanHbie Ha QFP48, OyayT comepxaTh 60j1€€ OJTHOTO BHYTPEHHETO
BBOJIa-BbIBOJIA, TPUBSI3aHHOTO K OJJHOMY CreHepupOoBaHO Ha BBIBOJIE.

Oco0oe BHUMaHUE AOKHO ObITh YAEIEHO MPH HACTPOUKE OPUEHTAIMU KOHTAKTA.
B Ta61.1.1 nepeunicieHbl TPUBSI3KH Pa3IMuHbIX KOHTAKTOB KOpPITyca.

Tabmuma 1.1.
. QFP48 | QFP32 | Onucanne GyHKIHN
PD3/INT1/0C2B *
01 01 PD3: Ilporpammupyemsiii mopt D3

INT1: Bxon BHemnHero npepbiBanus 1
OC2B: Taiimep 2 coBnageHus Beixoq B

PD4/DAO/TO0/XCK
PD4: nporpammupyemsbiii mopt D4
02 02 DAO: Buyrpennuii Boixoa LIAIT
TO: Buemnuii Taiimep BBoaa Timer0
XCK: Cunxponuzupyromue Taktet USART

PE4 / 0COA *

C % PE4: ITporpammupyemslii nopt E4




OCOA: Taiimep 0 coBnanenus Berxog A

04

PF3/0C3C/0OCo0B *
PF3: IIporpammupyemsiii mopt F3
OC3C: Taitmep 3 coBnaaenus Beixon C
OCOB: Taitmep 0 coBnageHus Boixon B

05

03

PF4/0OC1B */ ICP3
PF4: IIporpammupyemsiit nopt F4
OC1B: Taiimep 1 coBnagenus Boixon B.
ICP3: Bxon ans 3anucu Taiimepa 3

06

04

Vce

07

05

GND

08

09

06

PE5/AC10/CLKO *
PES: ITporpammupyemsiii nopt ES
C10: Brixon ananoroBoro kommaparopa AC1
CLKO: BeIxogHOW CUTHAJ CHCTEMBI

PF5/OC1A *
PFS5: IIporpammupyemsiii mopt FS
OC1A: Taiimep 1 coBmagenus Boixoq A

10

PF6/T3/OC2A *
PF6: IlporpamMupyemsiii mopt F6
T3: BHemHuli BXOAHOW CUTHAN Taiimepa 3
OC2A: Taiimep 2 coBniasieHus BeIxog A

11

07

PB6 / XTALO
PB6: IIporpammupyemsiii mopt B6
XTALO: BeiBoj pezonatopa 10

12

08

PB7 / XTALI
PB7: IlporpamMupyemslit mopt B7
XTALI: Bxox pe3onaropa 10

13

09

PD5/RXD */T1/0CO0B
PDS5: [Iporpammupyemsiit mopt D5
RXD: ITpuem nanusix USART (HeoOs13aTeNnbHO)
T1: BHemHuii BXOJAHOW CUTHAN Taiimepa 1
OCOB: Taiimep 0 coBnaaeHus Beixoq B

14

15

10

PD6/TXD */ OCOA
PD6: Ilporpammupyemsriii mopt D6
TXD: Ilepenaua nanasix USART (anpTepHaTUBHAS)
OCOA: Taiimep 0 coBnageHus BeIxoa A

ACOP /0C3A
ACOP: Ananorossiif komnaparop 0 HeunsepcHblit BX0a
OC3A: Taiimep 3 coBrnagieHus BeIxog A

16

11

PD7 / ACXN
PD7: nporpamMmmMupyemsliii mopt D7
ACXN: Ananorosslii komnapaTtop 0/1 O6uuii HHBEPCHBINH BXO

17

PF7/0C2B
PF7: IIporpammupyemsiit mopt F7
OCZ2B: taiimep 2 coBnajgeHus Bbixo B

18

12

PBO/ICP1
PBO: [Iporpammupyemsiii mopt BO
ICP1: Bxon nmst 3anmcu Taiimepa 1

19

13

PB1/OC1A
PB1: [Iporpammupyemsiii mopt Bl
OCI1A: Taiimep 1 coBnanenus Beixog A

20

14

PB2/OC1B / SPSS




PB2: mporpammupyemsiii mopt B2
OC1B: Taitmep 1 cpaBHUBaeT BBIXOIHBIE TaHHBIC B.
SPSS: BeIOOp MUKpOCXeMBbI pexxuma Begomoro SPI

21

GND

22

VCC

23

15

PB3/MOSI / OC2A
PB3: IIporpamMupyemsiii mopt B3
MOSI: Bexnymuwmii Beixoa SPI / BeqoMblii BXO
OC2A: Taiimep 2 coBnasieHus Beixoq A

24

16

PB4/ MISO
PB4: [Iporpammupyemsiii mopt B4
MISO: Benymwuii Bxon SPI / Bemombiit

25

17

PB5/SPCK/AC1P
PBS5: IIporpammupyemsiii mopt B5
SPCK: Cunxponunsupytommii cursan SPI
AC1P: Ananoroserii komnapatop 1 HemHBepcHBIN BXO

26

PE7 / ADC11
PE7: IIporpammupyemsiii mopt E7
ADCI11: ALIT AnanoroBslii BXOgHOM KaHai 11

27

AVCC: [lutanne BHyTpEHHEH aHAJIOTOBOM CXEMBI

28

18

PEO/SWC / APN4
PEO: ITporpammupyemsiii mopt EO
SWC: Taktsr untepdeiica ormagku SWD
APN4: Kanan 4 o6patHoro Bxoja nuddepeHIanisHoro yCUIUTes

29

19

PE1/ADC6/ ACXP
PE1: ITporpammupyemsiii nopt E1
ADC6: Ananorossiii BxogHou kanaia AL 6
ACXP: Ananorossrii komnapaTtop 0/1 oOmmii TOT0KHUTEITBHBIA BXOJ]

30

20

PE6 / ADC10/ AVREF
PEG6: IIporpammupyemsrii mopt E6
ADC10: ALIIT Ananorossrii BXogHo# kaHan 10
AVREF: Buemnuii onopaoe Hanpsbxenue, sxoa AL

31

CVREF: AIIII BBIXOTHOTO OMOPHOTO HATPSKSHUS
Tonbko a5 BHEMIHero koHaeHcaropa ¢uibtpa 0.1uF

32

AGND: BayTpeHHss aHai0roBasi cxema 3a3eMJIeHHs

33

21

PE2/ SWD
PE2: IIporpammupyemsrii mopt E2
SWD: Jlunus nepegaun gaHabx otiaaku SWD

34

22

PE3/ADC7/AC1IN
PE3: IIporpammupyemsiii mopt E3
ADCY7: Ananorosslii BxogHou kananx ALIIT 7
AC1N: NuBepcHBIN BX0]l aHAIOTOBOTO KOMITapaTopa

35

23

PCO/ ADCO/ APPO
PCO: ITporpammupyemsiii mopt CO
ADCO: Ananorossiii BxogHoM kaHaia ALIT 0
APPO0: BxonHoit kanan npsimoro auddepeHiuaibHoro ycrmmmrens

36

24

PC1/ADC1/APP1
PC1: IIporpammupyemsiii mopt C1
ADCI1: Ananorossiii Bxoguoi kanaia ALIT 1
APP1: Kanan npsimoro BBoja tudhepeHnuaibHoro ycumurens |

37

25

PC2/ ADC2/ APNO
PC2: IIporpammupyemsiit mopt C2
ADC?2: Ananorossiii BXxogHou kanaia AL 2




APNO: Kanan uaBepcHoro Bxona nuddepeHnuanbHoro ycuuutens 0

38

26

PC3/ADC3/APN1
PC3: IIporpammupyemsiii mopt C3
ADC3: Ananorossiii BXoaHO0M kaHaia AL 3
APN1: Kanan uaBepcHoro Bxoja auddepeHnaaIbpHOoro yCruuTens |

39

27

PC4/ ADC4/SDA
PC4: IIporpammupyemsiii mopt C4
ADC4: AIIIT AnanoroBblii BXOJIHOW KaHa 4
SDA: Jlunus nepegayn JaHHBIX KoHTposuiepa 12C

40

28

PC5/ADC5/SCL
PCS5: IIporpammupyemsiit mopt C5
ADCS5: ALl AnanoroBblii BXOJHOM KaHaT 5
SCL.: JIunust TaktoB koHTposuiepa 12C

41

29

PC6 / RESETN
PC6: Ilporpammupyemsiii mopt C6
RESETN: Bxox BHemHero copoca

42

PC7/ ADC8/ APN2
PC7: Ilporpammupyemsiii mopt C7
ADCS: Kanan ananorosoro Beoja ALIII 8
APN2: Kanan uaBepcHoro Bxoja AughepeHnnaibHoro yCuIuTens 2

43

PFO/ ADC9/ APN3
PFO: IIporpammupyemsiit mopt FO
ADC9: Ananorossiii BXogHou kanaia AIIT 9
APN3: Kanan uaBepcHoro Bxoja augdepeHnnaibHoro yeunurens 3

44

30

PDO/RXD
PDO: IIporpammupyemsriit mopt DO
RXD: Bxon ans npuema ganabeix USART

45

46

31

PD1/TXD
PD1: Ilporpammupyemslii mopt D1
TXD: Beixon ans npuema ganabix USART

PF1/OC3A
PF1: IIporpammupyemsiit mopt F1
OC3A: Taiimep 3 coBnaseHus Boixog A

47

48

32

PD2/INTO/ACOO
PD2: Ilporpammupyemsiii mopt D2
INTO: Bxon BHemHero npepbiBanus 0
ACOO: Brixop ananoroBoro cpaBHerus ()

PF2/0C3B
PF2: nmporpammupyemsrii mopt F2
OC3B: raiimep 3 coBnagenus Boixon B

2. Sinpo LGT8XM

Masiomo1iHOE TUTaHue

BbIcOKO3( hexTuBHas apxurektypa RISC

16-paspsanoe pacimpenue LD / ST (toasko mist uDSU)
130 uncTpyKIMii, 13 KOTOphIX Oosiee 80% it OAHOTO ITUKIIA
[Toxnepsxka BcrpoenHoi omiaaku (OCD)




2.1. O630p

B sTom paznene onucbiBaeTcst ocHOBHas apxutektypa u pynkuuu LGT8XM
(Puc.2.1.). Anpo seasercs mozrom MCU u oTBedaet 3a T0, 9T00BI TporpamMma Oblia

MPABUJILHOM.
[To aTOoMy, AApO JOMKHO UMETH BO3MOXKHOCTh TOUHO BBINIOJHSATH BEIYMCIICHHS,

YOPaBIATh NepudepuitHpIMU yCTpOCTBAMU U 00padaThIBaTh pa3inyuHbIe
IIPEPBIBAHUS.

Instruction NPC

Buffer Generator

Instruction
Pre-execute
Execute Unit
Decode _

8bit 16bit
m
: 8bit | 8bit
16DItLD/ST |\ sy | InjouT
16bit uDSU

8/16bit SRAM Peripherals

Puc.2.1. Ctpyktypa siapa LGT8XM

Pipeline
Control

Fetch Stage &

Register
File

Program memory

Jlnst Gonbireit dpdexrrnBHOCTH 1 Tapaymienu3Ma ssapo LGT8XM ucnonb3yer
apxutekTypy Haval - oTnenpHyt0 mMHy JaHHBIX U TPOTPAMM.

MHCTpyKIMU BBITOJHAIOTCS C MOMOIIBI0 ONTUMU3HPOBAHHOTO ABYXCTYEHYATOTO
KOHBelepa, KOTOPbI YMEHbBIIAET KOJUYECTBO HEIEHCTBUTEIBHBIX HHCTPYKLUI B
KOHBelepe, yMeHbIlIaeT 00beM JocTynHoi namsiti nporpamm FLASH u, cnenoBaTensHo,
CHIKAeT MOIIHOCTb, TOTPEOsieMy0 siipoM. B To %e BpeMs OCHOBHAs MHCTPYKLUS
LGT8XM wu3BiekaeT B IpeABApUTEIBLHOM MOPSAKE A1 YBEIUUEHHUS Kela (KOTOPBIH
MO’KET OJTHOBPEMEHHO K3IIIMPOBATH JBE KOMAH]IbI), C IOMOIIBIO MOAYJIS
MIPEABAPUTEILHOTO UCTIOJIHEHUSI KoMaH bl fetch.

UtoOsl erie 00JbIIe YMEHBIIUTh YaCTOTY AOCTYMa K naMatu nporpamm FLASH,
nociie oommpHoro TectupoBanusi, LGT8XM moxker Ymenpmmure nqoctyn k FLASH
npuMepHO Ha 50% 1o CpaBHEHHUIO C APYTUMH SIPAMH TOU K€ apPXUTEKTYPBI, UTO
3HAYUTENIBHO CHUKAET MOTPEOJIEHNE DHEPTHH B CUCTEME.

Anpo LGT8XM umeer 32 (aitna peructpa oO1Iero Ha3HaueHus 151 §-OUTHOTO
BBICOKOCKOPOCTHOT'O JJOCTYTA, YTO MO3BOJIAET BHIIOJIHATH OJHOTAKTHBIE apU(PMETHKO-
noruyeckue onepanuu (ALU). B obuiem cinyyae o0a onepania onepauuiit ALU
MOCTYNAIOT U3 YHUBEPCAIbHBIX pab0uMX PErucTpoB, U pe3yapTaT onepaunid ALU taxke
3aMyChIBAETCs B (Pailyl perucTpa 3a OJMH UK.

32 u3 32 uepe3 pabouuii perucTp AJis KOMOMHAIIMU U3 JBYX, YTOOBI CHOPMUPOBATH



Tpu 16-pa3psiAHBIX PETUCTPA, MOTYT UCIIOJIB30BATHCS ISl KOCBEHHOTO OOpaIlieHust K
yKa3aTesro ajapeca sl JOCTYIA K BHEIIHEMY IIPOCTPAHCTBY XPaHEHHUS U IPOIrPAMMHOMY
npoctpancTtBy FLASH.

LGT8XM noaaepx’uBaeT OAHOTAKTHBIE, 16-pa3psiHbie apupMETHUECKUE OTIepaIli,
YTO 3HAYUTEIHHO MOBBIIIACT 3PPEKTUBHOCTh KOCBEHHOM aapecanuu. Tpu criennaabHbIX
16-6utHbIX peructpa B siape LGT8XM nazbiBatotcs peructpamu X, Y, Z u OyayT
noipoOHO paccMoTpensl mo3zxke. ALU nonaepkuBaet apudMeTndecKkue 1 JOTHIeCKe
OIepanyy MEX]ly PETUCTPAaMHU, a TAKXKE MEKIY KOHCTAaHTaMU U peructpamu. B ALU
TaK>ke MOXET ObITh BBITIOJIHEHA OJIHA onepalus ¢ peructpoM. Ilocne 3aBepmienus ALU-
onepanuu 3 }exT pe3ysbTaTa onepaluu B CTaTyce siipa 0OHOBIISETCS 10 perucTpa
cocrosinug (SREQG).

VYrpaBieHue NOTOKOM IPOrpamMM MOCPEIACTBOM YCIOBHOTO U 0€3yCIIOBHOTO
nepexo1a/BbI30Ba MOXKET ObITh aIpECOBAHO BCEM MPOTPAMMHBIM 00JIACTSM.
bonbmmuacTBO KOMan LGT8XM cocrasistor 16 6ut. Kaxkmoe aapecHoe MpocTpaHCTBO
POrpaMMBbI COOTBETCTBYET 16-paspsaHoit win 32-paspsaauoit nactpykuun LGTEXM.

[Tocne Toro, Kak siApo OTBETUT HA BBI3OB MPEPHIBAHMS WJIU MTOANPOTPAMMBI, OOpaTHBIN
anpec (IIK) coxpansiercs B creke. Ctek pacnpenensiercs B SRAM o0mux JaHHBIX
CUCTEMBI, IOATOMY pa3Mep CTEKa OrPAaHUYMBAETCS TOJBKO PA3MEPOM U UCIOJIb30BaHUEM
SRAM B cucreme.

Bce npuioxeHus, KOTOpble TOAIEP>KUBAIOT BBI30BBI IPEPHIBAHUI WIIU MOAIPOTPamMM,
JOJKHBI CHavajaa MHUIMAIM3UPOBATh PETUCTP yKa3zaTels creka (SP), K KoTopoMy MOKHO
IIOJIYYUTh JTOCTYII YEPE3 IMIPOCTPAHCTBO BBOA-BBIBO/IA.

Joctynm Kk SRAM naHHBIX BO3MOXKEH Y€pe3 MITh PA3IMUHBIX PEKUMOB aIpeCcalliu.
Buyrtpennee npoctpancTBo mamsatd LGT8XM nunelHo 0ToOpa)kaeTcsi B €IUHOE
aapecHoe nmpoctpancTBo. [loapoOHee cm. B riaBe xpanenus.

Anpo LGT8XM BritouaeT B ceOsi THOKHI KOHTPOJUIEP MPEPhIBAHUMN, KOTOPBIA MOXKET
YHOPaBIATHCS C IOMOILBIO OUTa pa3perieHns ro0abHOTO NMPEPHIBAHUS B PETUCTPE
cocTosiHUA. Bce nmpepblBaHus MMEIOT OTAENIBHBIN BEKTOP NpepbiBanus. [Ipuopurer
MPEPBIBAHUS U aJIpEC BEKTOPA MPEPHIBAaHUS UMEIOT COOTBETCTBYIOIIEE COOTHOIICHHUE,
YeM MEHBUIE a/Ipec MPEPbIBAHUS, TEM BbIIIE IPUOPUTET MPEPHIBAHMSL.

[IpocTpancTBO BBOJA / BBIBOJIA COAECPKUT 64 IPOCTPAHCTBA PETUCTPOB, KOTOPbHIE
MOTYT OBITh HEMTOCPEICTBEHHO afpecoBanbl HHCTpYKIMsAMU IN / OUT. Dtu peructpol
MPEACTABIISIIOT COOOM peanbHbIil KOHTPOJIb HAZl AIPOM U perucTpaMu coctosuusi, SPI u
ApYTrUMU IepuPpepUHBIMUA YCTPOMCTBAMH BBOIa-BbIBOJA. K 3TOM yacTu mpocTpaHcTBa
MOKHO TOJIYIUTh JAOCTyN HenocpeAacTBeHHO nHeTpykiuen IN / OUT wnmm mo aapecy
(0x20 - 0x5F), KOTOPBIii OHK COIOCTABJISIIOT C IPOCTPAHCTBOM IAMSITH JaHHBIX.

Kpome Toro, LGT8FX8P Takke BKIFOYaeT pacUIMpeHHOE MPOCTPAHCTBO BBOA /
BBIBOZIa, KOTOPOE OTOOpaXkaeTcsi B MpOCTpaHCTBO maMmsaTH nanHbix 0x60 - OxFF, k
KOTOPOMY MO>KHO TIOJTYYUTh TOCTYII TOJIBKO ¢ momMotibio HHCTpykuit ST / STS / STD u
LD /LDS/LDD.

JI7n1s1 MOBBIIIEHNS] BBIYUCTUTEIBHON MOIIHOCTH siipa LGT8XM B nonysipHyto
KOMaHAHYIO CTPOKY Ao0aBiieHo 16-pazpsanoe pacmmpenue LD / ST. Dto 16-pazpsgHoe
pacmupenue LD / ST paboraet ¢ 16-pa3psaHbiM 1TupoBEIM apu(dMETHIECKUM
yckopurenieM (uDSU) ninst addextuBHbIX 16-pa3psaaHbix onepanuii ¢ JaHHbIMU. B TO %e
BpEMsI SIAPO TAKXKE YBEIUUMBAET 16-pa3psiaAHbIi JOCTYI K ONEpAaTUBHON NaMATH. Takum
obpazom, 16-paspsanoe pacmupenue LD / ST moxer nepenabath 16-pa3psiiHbie TaHHbBIC
mexay uDSU, RAM u pabounmu peructpamu.

[TonpoGuee cm. Paznen «Yckopurenb HU(PPOBBIX BEIYUCICHUN.



2.2. Apudmerndeckuii u jorudeckuii 6110k (ALU)

LGT8XM conepxut 16-pa3psiaHbiii apupMeTUIEeCKU U JOTUUECKU 010K, KOTOPBIT
MOJKET OBITh BBIIOJIHATH B TEUEHHE IMKIA U3 16 apudMeTHuyecKux oneparui.
Oddexrunbiii ALU nogkirouen k 32 paboyuM CTaHIUSAM 00ILIET0 Ha3HAYCHHUS.
ApudmeTrueckue v JJIOTHUECKHUE ONepaIiuy MEXIAy ABYMS PETUCTPAMU, UITH PETUCTPaMH
Y KOHCTaHTaMU MOTYT ObITh BBIMOJHEHBI 32 0JuH nukia. Oneparuun ALU nensitcst Ha Tpu
TUMna: apuMeTnyecKue, JToruueckiue u OUToBbIe onepauuu. B To xe Bpems yactb ALU
TAKXKE COJICPKUT OJHOTAKTHBIN AIMapaTHbI MHOKHUTENb, KOTOPBIX IMO3BOJISIET
HCITOJTh30BaTh JBA 8-OUTHBIX PETHCTPA B TEYCHUE OTHOTO ITUKJIIA C TIPSIMOU MOITUCKHIO
win 0e3 3HakoBo# apudmerukoit. Ilogpoduee cm. Paznen «HabGop uHCTpyKIHii».

2.2.1 SREG - Peructp cocrosiHus

Peructp cocTostHus B OCHOBHOM COAEPKUT WH(POPMAITHIO O pe3ybTaTax,
CT€HEPUPOBAHHYIO MPU BBINMOJHEHUH nocheauen onepanuu ALU. Dta undopmarnus
ucnosb3yercs aisi KOHTpoJib BBITIOJIHEHMSI POTPpaMMBbl yTipaBiieHus. Peructp cocrosiHus
oOHOBIIsIeTCS TIocIie 3aBepiienus oneparuu ALU, 4o yctpanseTr HeoOX0auMOCTh
MCIIOJIb30BaHUS OTAENbHBIX MIHCTPYKIIUHU , UTO TTO3BOJISIET CO3/IaHKE 00JIee KOMITAKTHOTO
1 3¢ (HEKTUBHOTO KOA.

3HauyeHHE PETUCTPA COCTOSHUS UMEHSIETCSI B OTBET Ha MPEPhIBAHUE U BO BPEMs
MpEPHIBAHUS ABTOMATHUYECKH HE COXPAHIETCS M BOCCTAHABIMBAETCS, YTO TPEOYET
MIPOTPaMMHOTO 00€CTICYEHUSI.

SREG - Pecucmp cocmosinus cucmemol

\ Peructp cocrosinus cucremsl SREG

Anpec: 0x3F (0x5F) [To ymomuanuto: 0x00
but 7 6 5 4 3 2 1 0
Nmst I T H S \Y N Z C
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Omnpenesenne OUT

[0]

diar nepeHoca — NepenoIHeHNE PH ApUPMETUIECKON HITH JIOTHYECKOM onepanuei.

[1]

®nar Hymst - pe3ynbTaT apuMETHIECKOM MIIM JTOTUYECKON OTIEpalliy PaBEH HYIIO.

[2]

®ar - oTpuIaTeNbHON apuMETHUECKON WM JTOTHYECKOMN OTepaliyi.

[3]

@iar nepenojHeHNs - pe3yJbTaTOB ONepallii OMHAPHOTO MEPENOTHEHHUS.

[4]

buToBbI 3HaK SKBHBaJIEHTEH pe3ynbTaTy oneparuu XOR mexay N u V.

[5]

®rar noJO0BUHHOTO NepeHoca u3 3 B 4 paspsia Oaiita, monesHsiil B onepauusx BCD.

—H[IZ|n|<|Z|N]O

[6]

Bpemennbie 6uthl, Out-konuposanue (BLD) u out-xpanunumie (BST)

@rar pasperierns npepbiBanus (1=1), 4T0ObI MO3BOIHTSH SAPY pearupoBaTh Ha
COOBITHS TIpephIBaHMA. Pa3auyHbIe HCTOUYHUKH NPEPHIBAHUN YIPABISIOTCS
HE3aBUCHMbIMM OMTaMu yrpaBieHus. [100anbHbI OUT pa3perieHus npephlBaHus
SIBIISIETCSI ITOCIIETHUM OapbepoM, KOTOPBIH YIIPaBIsieT CUTHAJIOM IPEPHIBAHUS B SIIPE.
but | aBTOMaTHYECKH OUYHIACTCS allapaTHbIM 00ECIIeYeHHEM TI0CIIe TOTo, KaK SApO
pearupyer Ha BEKTOp IIPEPHIBAHUS M YCTAHABINBACTCS aBTOMAaTHYECKH TIOCIIE
BBINOJIHEHUS] KOMaH /bl Bo3Bpata npepbiBanust (RETI). bur | Takxke moxxHO
M3MEHHTH ¢ ToMolbio mHCTpYyKIwid SEI u CLI, cm. Pa3aen onucanus nHCTpYKIUi

[7] |




2.2.2 O0mumii pabo4uit perucTp

OO6m1as apxuTeKTypa pabouero perucTpa ONTUMU3UPOBAHA B COOTBETCTBHUH C
HabopoM komaua LGT8XM. UtoOs1 o6ecieunTs 3 heKTUBHOCTD U THOKOCTH,
HE0OXO0UMbIE Ui BBITIOTHEHUS siipa, BHyTpennuii padbounii peructp LGT8XM
MOJIIEP’KUBAET HECKOJIBKO PEKUMOB JIOCTYTIA!

e 8-OMTHOE CUUTHIBAHHE B TO K€ BPEMS 8-pa3psIHON onepaluu 3arnucu

e JIBa 8-OUTHBIX OJTHOBPEMEHHO CUUTHIBAIOT 8-Pa3psIHYIO OIlEpaLMIO 3aIIUCH
e JIBa §-OUTHBIX OJAHOBPEMEHHO CUMTHIBAIOT 16-pa3psaHyIo orepaiuio 3anucu
e 16-pa3psaaHOe CUMTHIBAHUE B TO K€ BpeMsi 16-pa3psIHOIi onepaiui 3aiucH

7 0 Addr.
R17 0x11

0x1A X-perucTp MIaJImuil 6aiT
0x1B X-peructp cTapmmii OaliT
0x1C Y-peructp miuamimii 6aiT
0x1D Y-peructp cTapmumii 6aiT
0x1E Z-peructp Miagmunii OaiT

0x1F Z-permctp craprmmii GaiiT

Puc.2.2. O6mwmit padounii peructpel LGTEXM

BoNbIIMHCTBO MHCTPYKIIMNA UMEIOT MPSMOM TOCTYI KO BCEM paboyuM peectpam
o0II1ero Ha3HaueHUs, M OOJIBITMHCTBO U3 HUX TAK)KE SBISIOTCS MHCTPYKIIUSMU C OJHAM
ukioM. Kak rmokasaHo Ha pUCYHKE BBIIIE, KKl PETUCTP COOTBETCTBYET aapecy
MaMsITH TaHHBIX, ¥ 9TH paboyue perucTphl 00IIEro Ha3HAYCHHS OTOOPAKAIOTCS B IAMSITh
naHHBIX. Kak TonbpKo OHM He cymiecTBYIOT B SRAM, HO 3TO yHUHUIIHpOBAHHAS
OpraHu3alys XpaHEeHUs KapT, YTOOBI MOJIYYUTh K HUM JJOCTYT C OOJIBIION THOKOCTBIO.

Peructpet X /Y / Z MoryT ObITh IPOUHICKCUPOBAHBI B JTFOOOU PErUCTP 0OIIETO
HA3HAYCHMUS.

2.2.3. Peructpet X/ Y [ Z

Peructpet R26 ... R31 MoryT ObITh 00bEMHEHBI B KOMOMHAIIMIO 10 IBA JISI
dbopmupoBanus Tpex 16-pa3psaaHbIX perucTpoB. Tpu 16-OUTHBIX perucrTpa B OCHOBHOM



UCTIOJIB3YIOTCS KaK aJpEeCHbIe YKa3aTelu JJis KOCBeHHOM ajapecaruu. CTpyKTypa
peructpa X /Y | Z noka3zana Ha Puc.2.3.

15 XH XL 0
R27 (0x1B) R26 (0x1A)
15 YH YL 0
R29 (0x1D) R28 (0x10)
15 ZH ZL 0
R31 (Ox1F) R30 (Ox1E)

Puc.2.3. Peructps X, Y, Z.

B pa3HbIX pexxumax ajipecalvii 3T PETUCTPhI UCIOJIb3YIOTCS KaK YKa3aTeNH C
(UKCUPOBAHHBIM CMEIICHUEM, aBTOMHKPEMEHTHBIM M aBTOMATUYECKUM JIEKPEMEHTOM.
[Toapobuee cm. B paznene «Onucanue HHCTPYKIHID.

2.2.4. Yxaszarelp cTeka

Crek ucnoap3yeTcs JUIsl XpaHEHUSI BPEMEHHBIX JTaHHBIX, JOKAJIBHBIX [IEPEMEHHBIX
¥ OOpaTHBIX aAPECOB JIJIsl BBI30BOB MTPEPHIBAHUM U MOAMIPOTPAMM.

Ba’kHO 0TMETHTB, UTO CTEK HE pacCUMTaH HA U3MEHEHHSI OT BBICOKOTO aJpeca J0
HU3Koro aapeca. Peructp ykazarens creka (SP) Bcerna ykasplBaeT Ha BEpILHHY CTEKA.

VYkazaTenb cTeKa yKa3bplBaeT Ha (PU3UUYECKOE MPOCTPAHCTBO, B KOTOPOM HaXOUTCS
SRAM naHHBIX, COXpaHssl IPOCTPAHCTBO CTEKa, HEOOXOAUMOE JUIs MOAIPOTPaMMBbI WIH
BbI30Ba npepbiBanusa. Komanna PUSH ymenpmnt ykazarens creka. Pacnionoxenue
creka B SRAM 10mKHO OBITh MPAaBUIIFHO YCTAHOBJICHO MPOTPAMMHBIM 00€CTIEYCHHEM 10
BBITNIOJIHEHUSI TOANPOrpaMMbl WM NpepbiBaHus. [Ipy HOpMaIBHBIX OOCTOSTENBCTBAX
yKa3aTeslb HHUIMAIA3alUU YKa3aTelsl CTEKA yKa3bIBacT Ha CaAMbIM BBICOKUU azpec
SRAM.

VYkazatenb CTeKa JIOJDKEH ObITh YCTAHOBJICH Ha CTapTOBbIN aapec SRAM. Anpec
SRAM Ha kapTe namMsITH CUCTEMHBIX JaHHbIX OOpaTUTECh K pas/einy XpaHeHHUs
CUCTEMHBIX JaHHBIX.

HHcmpykuuu Nno YKA3AHUN yKasameiisil cneKkda

Yka3aresb | YKa3areab CTeKa Onucanue
PUSH YBennuenue Ha 1 JlanHbIe, BBOASTCS B CTEK
CALL A
ICALL Vpesenie Ha 2 Jpec mpephIBaHMsI UK Bo3Bparta g Bbi3oBa moanporpaMMal
RCALL BBOJISITCS B CTEK
POP VYmMenbmenne Ha 1 JlaHHBIC M3BIICKAIOTCS U3 CTEKA
RET OOGpatHbIii agpec Bo3BpaTa BbI30Ba IPEPHIBAHUS WIN MTOAMPOTPAMMBI

VMenbieHue Ha 2
RETI HU3BJIEKAIOTCS M3 CTEKA




YKka3zarenb CTE€Ka COCTOUT U3 IBYX 8-pa3psiAHBIX PETUCTPOB, BBIICICHHBIX B
IPOCTPAHCTBE BBOJA-BbIBOAA. DakTHUecKas IJIMHA yKa3aTellsd CTeKa CBS3aHa C
peanu3anuen cucteMbl. B HEKOTOPBIX peain3anusax 4unoB apxutektypel LGTEXM
IIPOCTPAHCTBO JAHHBIX HACTOJIBKO MaJo, YTO TOJIBKO SPL MOET y/10BIETBOPHUTH
MOTPEeOHOCTH B aJipecalnu, U B 3ToM citydae peructp SPH He nosiButcs.

SPH /SPL - Onpeoenenue pecucmpa yxazamens cmeka

| Peructp yka3zaresneii crexka SPH / SPL

SPH: 0x3E (Ox5E) .
SPL: 0x3D (0x5D) ITo ymomnuanuto: RAMEND

SP SP[15:0]
RIW RIW
Ornpenenenne OUT
[7:0] SPL VYkazatenb cTeka muajmue 8 Out
15:8] SPH VYkazarens cTeka crapime § OuT
[ p

2.2.6. Copoc u 06paboTKa mpepbIBaHUN

COpoc u o6padboTtka npepriBanuii LGT8XM moanep:xuBaeT HECKOJIBKO
HMCTOYHHUKOB MPEPhIBAHUN. DTH NPEPhIBAHUSA U BEKTOPHI BO3BpaTa COOTBETCTBYIOT
OTJIEJIbHOM 3alIMCH BEKTOPA MPOrpaMMbl B IPOrPaMMHOM IPOCTPAHCTBE.

B o01iem, Bce npepbIBaHUS UMEIOT OTAEIbHbIE YIPABIISIOLIUE JIEMEHTbI
ynpasneHusi. Korzaa 3Tot ynpaistouinii OuT yCTaHOBIIEH, @ OUT BKIIOUECHHUS
rJ100aJIbHOTO MPEPhIBAHUS sApa BKIIOUEH, PO MOKET pearupoBaTh Ha 3TO MpEpbIBaHUE.

Camoe HU3KO0€ MPOrpaMMHOE IPOCTPAHCTBO 3aPE3EPBUPOBAHO 10 YMOIYAHHIO JIJIS
BEKTOPOB cOpoca u BeKTopa npepriBaHuil. [logHBIN CIMCOK MpephIBaHUi,
noanepxkuBaeMbix LGT8FX8P, oniican B pazaene «lIpepbiBanuey». DTOT CIUCOK TaKKe
ONpeaENseT IPUOPUTET PA3IMYHBIX IPEepbIBaHUN. YeM HuXKe afpec BEKTOpa, TEM BBIILE
IIPUOPUTET COOTBETCTBYIOWIETO NpepbiBaHusA. CbPOC nmeeT HauBbICIINN IPUOPUTET, a
3ateM INTO - 3anpoc BaemrHero npepsiBanus 0.

HauanbeHblit agpec TabIHIBI BEKTOPOB IIPEPhIBaHUM, KpOME BEKTOpa copoca,
MOXET OBITh TIEPEOTPEICNICH 10 HavyaIa JIto0oro 256-0aliToBOTO BIpAaBHUBAHUS U
J0JDKEH OBITh OYUINEH ¢ ToMOIIbIo yrpasisttomnero peructpa MCU (MCUCR) B 6urax
IVSEL u peanuzanuu peructpoBoro perucrpa BektopHoit 6a3sl IVBASE. Korga siapo
pearupyer Ha npepbiBaHue, (uar BKIIOUYEHUS IT100aIbHOr0 MpepbIBaHus, |,
aBTOMATUYECKU OYMILAETCS annapaTHbIM 00eCIIeYeHHUEM.

[Tonp30BaTenb MOXKET BIOKUTH PEPhIBaHUS, BKIIIOUUB OUT |. JItoObIe
MOCJICAYIOLIUE MPEPbIBAHUS PEPHIBAIOT TEKYLIYIO MPOLETYypPy 0OCITyKUBaHUS
MPEPHIBAHUM.

bur | ycranaBnuBaeTcsi aBTOMaTUYECKHU MTOCIIE BBIITOJIHEHHSI KOMaHAbl BO3BpATa
npepsiBanud (RETI), Tak uTo Ha nmocnenyromiee npepriBaHUE MOKHO HOPMAJIbHO
OTBETHUTb.

CyuiecTByeT OCHOBHOM TwM npepbiBaHus. [lepBblii THUI 3alycKaeTcsi COOBITHEM,
KOTOpPOE YCTaHaBJIMBAET (iiar mpepbIBaHUs MOCIE COObITUA MpepbIBaHus. st Takoro
IpEPBIBaHUSA MOCJIE TOTO, KAK AP0 OTBEYAET HA 3aMpOC MIPEPHIBAHUSA, TEKYIIIEE 3HAUYCHUE
[1K Hanpsimyro 3ameHseTcsl PaKTUYECKUM aJIPECOM BEKTOPA MPEPHIBAHMS, BBIOIHSAETCS
COOTBETCTBYIOIIAS MPOLEAYpa OOCTY>KUBAHUS NPEPhIBAHUS, U anlllapaTHOe oOecreueHne
aBTOMATUYECKU OYUINAET OUT (hyara mpephIBaHMUs.



@ar mpepbIBaHUs TAK)KE€ MOKHO OYHCTHTh, 3alIMcaB 1 B MecTonosoxenue diara
npepbiBanud. Eciu OuT npepbhiBaHUsI OUUILIAETCS IPU NpEephIBaHUU, (uiar mpepbIBaHUsS
MO-TpeKHEMY OyeT YCTaHOBJICH /IS 3aMCH COOBITHS pephiBaHus. [lomoxknure, moka
MpephIBaHNE HE OyIeT BKIIFOYCHO, 3apETUCTPUPOBAHHBIC COOBITHS MMPEPHIBAHUS OYIyT
HEMEJJICHHO OTKIIMKAThCS.

AHaJIOTHYHO, eCIi OUT pasperieHus riodansHoro npepbiBanus (SERG.I)
OYHIIAETCS BO BPEMS IPEPHIBAHUS, COOTBETCTBYIOIIHMA (i1ar IpephIBaHUS TAKKE
YCTaHOBJICH JIJISl 3aITUCH COOBITUS MPEPHIBAHMS. ITH OUTHI pa3pemIeHus ri100aabHOTO
IpepbIBaHUs YCTAHOBJIECHBI by/eT BBINOIHEH B MOPSIKE MPUOPUTETA.

BTtopoii Tum npepbiBaHUs - 3TO KOTJa YCIOBUE IPEPhIBAHUS CYIIECTBYET,
npepbIBaHKE OTBEYAET. JTO IMpepbiBaHue HE TpeOyeT ¢uiaroB nmpepbiBanus. Eciu
yCIIOBUE MPEPHIBAHMS UCUE3AET JI0 TOTO, KaK MPEPhIBAHUE BKIIOYEHO, IPEPHIBAHKUE HE
oynet orBeuarb. Korma sapo LGT8XM BBIXOAUT U3 MOAIPOrpaMMbl 00CITYKUBaHUS
MIPEPHIBaHUI, TOTOK BBHIMIOJHEHUS BO3BpAIllaeTCA K OCHOBHOM mporeaype. B ocHoBHOM
MporpamMMe TI0CIIe BBITIOJIHEHUS OJHOW MIH HECKOIBKUX MHCTPYKIIMKA B OTBET HA JPYTOM
OKHJIAIOTINN 3aMpOC TPEPhIBAHU.

Crnenyer OTMETUTD, UTO CUCTEMHBINA peructp coctossams (SREG) aBromatndecku
HE COXpaHAETCS, TTOCIIe BX0/Ia B MPOTpaMMy TPEPhIBAHUS U HE OYJET aBTOMAaTHICCKU
BO300OHOBIISITHCS TIOCTIE TIPEphIBaHUs cITyKObI. [IporpamMMHOe obOecrieueHne J0HKHO
obecrieunTh coxpaHeHue u BoctaHoBiieHne SREG.

[Tpu ucnons3oBanuu koMauael CLI 1715 OTKITFOUECHHS TIPEepPhIBAaHUH - MPEPHIBAHUS
OyIyT HEMEIJIEHHO OTKIIIOUEHBbI. Bce mpepbiBaHus, KOTOPbIE IPOUCXOIAT MOCIIE
koManel CLI, He oTBewaror. Jlaxke mpepbiBaHUsI, KOTOPbIE TPOUCXOAAT OJHOBPEMEHHO C
BhITosiHeHHeM koMmaH CLI, He pearupyrot. B ciemyrorem npumepe rmokasaHo, Kaxk
ucnonb3oBaTh CLI, uTo6s1 n36exath npepoiBanus 3anvucu EEPROM:

IIpumepsl koga Accem0Jiepa

IN R16, SREG ; XpanuTh 3HaueHue SREG

CLI ; OTKJIFOUUTH MTPEPHIBAHUS BO BPEMsSI BPEMEHHOM TOCIIEI0BATEIbHOCTH
SBI EECR, EEMPE ; HayaTh 3anmnck EEPROM

SBI EECR, EEPE

OUT SREG, R16 ; BoccTaHOBMTH 3HaueHue SREG (Bkirouast 6ur I)

IIpumeps! kona C

char cSREG,;

CcSREG = SREG,; / * xpauuTh 3HaueHne SREG * /

/ * OTKIIIOUMUTH IPEPHIBAaHUS BO BPEMsI BPEMEHHOM MMOCIEI0BATEIBHOCTH * /

_CLI(;

EECR | = (1 << EEMPE); / * Hauath 3anucs EEPROM * /

EECR | = (1 << EEPE);

SREG = cSREG; / * BocctaHoBuTh 3HaueHne SREG (Bkimrouas |-6ut) * /

Korna npepsiBanue pa3peieHo ¢ UCIoab30BaHueM HHCTpYKIMKU SEI, komaHa,
cienyromias 3a uHCTpykimen SEI, OyaeT BbINOJIHEHA 10 TOTO, KaK MPephIBaHUE MTOTYUUT
OTBET, KaK B CIIEAYIOLIEM NPUMEPE KOJA:

IIpumepsl koga AccemoJiepa

SEI ; YCTaHOBUTH TN100aIbHOE IPEphIBAHNE

SLEEP ; BOMUTE B PEKUM CHA, OKH/Iasi TPEPhIBAaHUS

; NOte: BOIeT B COH Tepe/1 JII0ObIM OKUIAIOIINM MPEephIBaHUs (OB)




IIpumepsl koga C

__enable_interrupt (); / * ycranosuts riobaibHoe npepbiBanie Briounts * /
__sleep(); / * BBeUTE COH, OXKH/Iast MPephIBaHus * /

/ * note: BOMICT B COH 10 JIFOOOT0 OXKUIAIOIIEr0 IpephiBanus (0B) * /

2.2.7.BpeMs OTKJIMKA MTpephIBaHUS

SAnpo LGT8XM onTUMU3HPOBAHO JIsi OTBETA MPEPhIBAHUS, TOITOMY JII000€
MpephIBaHUE JOKHO OOCTYKHUBATHCS B TeUEHUE 4 TAaKTOBBIX IIMKIJIOB cUcTeMbl. [locne 4
IIUKJIOB CUCTEMHBIX TAKTOBBIX UMITYJILCOB MPOILEAYpa 0OCTYKUBAHUS MMPEPHIBAHUIMA
BBOJUT LIMKJI BBINOJIHEHUA. B 3THX yeThipex Ttaktax 3HaueHue 1K nepen nmpepriBanuem
ITIOMEIIAETCS B CTEK, a MIOTOK BBINOJHEHHS CUCTEMBI IIEPEXOIUT K BEKTOPY IPEPBIBAHUSA,
COOTBETCTBYIOIIEMY MOANPOrpaMME 0OCITY>KUBAaHUS MTPEPHIBAHUI.

Ecnu npeppiBaHre NpOUCXOIUT BO BPEMS BBINIOJHEHUS KOMAH/IbI C HECKOJIBKUMU
[IUKJIAMH, SJIPO TAPAHTUPYET, YTO MPABUIILHOE BHITIOJHEHUE TEKYIIEH KOMaHAbl Oy1eT
3aBEPLICHO.

Ecnu npepsiBaHre NPOUCXOINUT, KOTJA CUCTEMA HAXOIUTCS B PEKUME CHA
(SLEEP), oTBet nmpepbiBaHus TpeOyeT JOMOTHUTEIbHBIX 4 TAKTOB. DTOT YBEJIWYCHHBIH
TaKTOBBIN ITUKII UCTIOJIB3YETCS IJIsl MPOOYKICHUS [IUKJIAa CHHXPOHU3AIUU OTIEpAIIH U3
BbIOpaHHOTrO crisiniero pexuma. Ilonpo6Hoe onvcanue pexxuMma oxxuaanus cM. B
COOTBETCTBYIOIIEM Pa3eiie yIPaBICHUS INTAHUEM.

Jlst BO3BpaTa U3 mpoueaypbl o0CIyKUBaHUs NpepbiBaHUl TpeOyercs 2 Takta. Bo
BpeMs 3TUX JIBYX TakTOBBIX HHUKIOB IIK BoccTaHaBnmnBaeTcs u3 cTeka, yKkazarelb CTEKA
YBEJIMYMBAETCS, @ OUT yNnpaBlieHHs rI100adIbHBIM PEPHIBAHUEM aBTOMATHUYECKU
BKJIIOYAETCS.

3. baok IMamsaru

3.1. O630p

B sTOM paszene B OCHOBHOM OIMHUCHIBAIOTCS pa3/InyHble BHYTPEHHUE STUEHKU
namsTu cepun LGTEFXEP.

Apxutektypa LGT8XM nonanepkuBaeT 1Ba OCHOBHBIX THIIAa BHYTPEHHEN MTaMSITH:
XpaHEHUE JAHHBIX U XPAHEHHE MPOrpamM.

LGT8FX8P Takxe conepxut nanusie FLASH, BHyTpeHHUE, Yepe3 BHYTPEHHUI
KOHTPOJIJIEp MOTYT OBITh pean30BaHbl BO3MOKHOCTH XPaHEHHUSI TaHHBIX UHTEp(etica
EEPROM.

Kpowme Toro, cucrema LGT8FX8P Takke comepuT CrieruanbHbIi OJIOK MaMsITH
JUTSE XpaHeHUs1 HGOPMAITMU O KOH(PHUTYypallui CUCTEMBI U TJI00aTbHOTO HOMEpa
ycrpoiictea yuna (GUID).

Mukpocxema LGT8FX8P conepkuT 4eTsipe pa3anyHble MOJIEIIN
LGT8F88P/168P/328P, uetpipe Tumna rnepudepuitHpIX yCTPOMCTB U MaKETOB MOJTHOCTHIO
COBMECTUMBI, pa3zHuila B nporpammuoi namsitu FLASH u BuyTpenneit SRAM naHHbIX, B
Taobu.3.1 Hmke nokazano onucanue yuna cepun LGTEFXEP.

Tabnuma 3.1. PazHas koHbUrypaius XpaHuInina
Muxkpocxema FLASH SRAM E2PROM BexTop npepbiBaHusi




LGT8F88P 8KB 1KB 2KB 1 c10BO MHCTPYKLUU

LGT8F168P 16KB 1KB 4KB 2 CJIOBO MHCTPYKIIUH

L GTSE328P 39KB OKB HacrpauBaercs kak OK/1K/2K/4K/8K

(coBmectro ¢ FLASH) 2 CII0BO MHCTPYKIUH

LGT8F328P He cymiecTByeT He3aBUCUMOT'O BHYTpeHHeETo IpocTpancTBa FLASH
st smyssiiuu uaTepdeiica E2PROM, mamsate, ucnonb3yemas ais smyisinun E2PROM
O6beM namsitu 1 nporpammubiil FLASH-o6MmeH, monbp3oBaTenu MOTYT BEIOUpATh B
COOTBETCTBHUH C MOTPEOHOCTIMU MPUIIOKEHUS, C TPABIIIBHON KOHPUTypalnei.

bnarogapst yHukanbHO# peanuszaiuu sMmyaupyeMmoro uarepdeiica E2ZPROM
cucteme TpeOyeTcs B 1Ba pa3a 0O0JIbIIE MPOTPaMM.

FLASH-amynsmst mpoctpancta E2ZPROM (Tabm. 3.2.).

Mecto xpanenus, Takoe kak LGT8F328P, eciiu mons3oBatens Hactpomn 1 Kb
npoctpanctBa E2PROM, Oyner 2 KGaiiT 6aiiT U3 3ape3epBUPOBAHHOTO IPOrPAMMHOTO
npoctpancTBa, octaBisis 30 Kb npoctpanctBa FLASH nist xpanenust mporpamm.

Tabnuua 3.2. [Tporpamas FLASH u kondurypamuun E2PROM LGT8F328P:

DEVICE FLASH E2PROM 1
32KB OKB
30KB 1KB

LGT8F328P 28KB 2KB
24KB 4KB
16KB 8KB

3.2. IlporpamMmupyembliii nporpaMmMHublii moayJab namsitu FLASH.

MuxkpokonTposuiepsl cepun LGT8FX8P BritouaroT B cedst 8K / 16K / 32K 6aiito
BCTPOEHHBIX TPOrpaMMHPYEMBIX IporpaMMHbIX MoayJel namsatu FLASH Ha kpucrane.
[Iporpamma FLASH moxet rapantupoBath kak MuHUMYM 100 000 pa3 6ombIie, uem
LUK CTUPAHUSL.

LGT8FX8P unrerpupoBanusiii koutpoiep unrepderica FLASH nns noctixenus
BHYTpHUCUCTEMHOTO niporpamMmmupoBanus (ISP) u ¢hyHkimii caMmooOGHOBIICHUS TIPOTPAMMBI.

[Toxxainyiicta, oOpaTuTeCh K OMMMCAHUIO pa3zesia KoHTposuiepa nurepderica FLASH
JUTSI IOJTy4YeHUs MOAPOOHON HH(OpMALIMK O peann3aluu.

[IporpamMmmMHO€ MPOCTPAHCTBO TAKIKE MOMKHO MOTYYUTh HEMOCPEICTBEHHO Yepe3
uHCTpyKIuio LPM (urenue), sta GyHKIHS MOXKET ObITh NOJIy4eHa C IOMOIIbIO
MMOCTOSTHHOM Ta0JIUIIbI OMCKA NMPUJIOKEHUH. B TO ke BpeMs nmporpaMmmMHOe
npoctpancTBO FLASH Takxe oToOpaxaeTcss Ha IpOCTPAHCTBO XPAaHEHUS] CUCTEMHBIX
JIaHHBIX, TTOJIH30BaTEIb TaK)Ke MOXKeT ucnoab3oBath LD / LDD / LDS nnst noctrkeHus
nocrtyna k FLASH-npocTpaHncTBy.

[TporpammMHO€E MPOCTPAHCTBO OTOOpaKaeTCs B IMAMA30H aJIPECOB, HAUUHAS C
obnactu xpanenus gaHHbx 0x4000, kak moka3ano Ha Puc.3.1.
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16KB EFLASH

OXBFFF

LD/LDD/LDS
Puc.3.1. IIporpaMmMHO€ IPOCTPaHCTBO

3.3. SIueiika mamMATH JaHHBIX SRAM

CewmetictBo MUKpOKOHTpOJIepoB LGTEFXE&P siBnsieTcst OTHOCUTENIBHO CIIOKHBIM
MUKPOKOHTPOJIJIEPOM, KOTOPBHIN MOAACP>KUBAET MHOXKECTBO PA3JIMUHBIX TUIIOB
nepuepuitHbIX YCTPOHUCTB, @ KOHTPOJUIEPHI I ATHX Nepu(epuitHbIX yCTPOUCTB
BBIJICISIFOTCS B 64 pErHCTPallMOHHBIX MTPOCTPAHCTBAX BBOA/BhIBOAA. K HEMY MOKHO
MOJIyYUTh AOCTYI HEMoCcpeACTBeHHO HHCTpyKIei IN/OUT.

Jlpyrue peructpsl yrpaBiieHUs rnepudepuitHbIMU YCTPOMCTBAMU BBIIEIISIOTCS B
obnactu 0x60 ~ 0xFF, moromy 4To T2 4acTh MPOCTPAHCTBA OTOOPAXKAETCS Ha MECTO
xpanenust nanubix, Toybko ST/STS/STD u LD/LDS/LDD u apyrue uHCTpyKIUH JIst
MTOCEILIECHHUS.

CucreMHoe nmpocTpancTBO XpaneHust JaHHbIx LGT8FX8P naunnaercs c agpeca 0,
oToOpakaeT o0mui pabouuii ¢aitin perucTpoB, MPOCTPAHCTBO BBOAA-BHIBOIA,
paciIMpeHHOE MPOCTPAHCTBO BBOAA-BBIBOAA U TPOCTPAHCTBO SRAM 1151 BHYTpEHHUX
JAHHBIX COOTBETCTBEHHO.

Hauano 32-6aiiTHOrO ajgpeca COOTBETCTBYET 32 O0LIMM pabOvYrM 30HaM sipa
LGT8XM.

Cnenyronue 64 agpeca - 3T0 CTaHAAPTHOE MPOCTPAHCTBO BBOAA-BBIBOIA, K
KOTOPOMY MO>KHO Hampsimyto oOpamiarbes o uacrpykusim IN/OUT.

3arem 160 agpecoB pacupsT NPOCTPAHCTBO BBOIA-BBIBOJA.

A 3arem 5o 2 Kbaiit nanaeix SRAM.

Yacte mpoctpanctsa, HaunHas ¢ 0x4000 u 3akanuuBas OxBFFF, oto6paxaer
MECTOIOJIOKEeHHE NaMsATu porpammsl FLASH.

Cucrema 1K/2K 6aittoB SRAM oTtoOpakaeTcs B AB€ 00JaCTH pe3epBa. ITO
npocTtpancTBo, HaunHas ¢ 0x0100 u 3akanumBast 0x0900, cunThIBA€TCA U 3aNIUCHIBACTCS
SIPOM B 8-OMTHBIX OaiiTax.

Ot 0x2100 10 0x2900 oGnacTh TaHHBIX MTUPUHON 16 OUT.

O3Y cucremsl ¢ aapeca Ha 0x2100 B OCHOBHOM UCIIONB3YETCS Ji pabOTHI C



moysieM uDSU s noctukeHust 3pQeKTuBHOTO 16-pa3psaHOro XpaHeHus JaHHbIX. Bo
BpEMsI IPOrpaMMUPOBAHUS OOBIYHBIN 8-pa3psAHbIN aipec MEPEMEHHON aapeca IITC
cmenienue 0x2000, BbI MOKETE MEPEKITIOUNTHCA Ha 1 6-pa3psaHbIil pexuM JoCTyna.

Cucrema noJiepKUBAET MATh PA3IMYHBIX PEKUMOB apecalii, KOTOpbIe
OXBAaTBIBAIOT BCE MPOCTPAHCTBO JAHHBIX: MPSMOM JOCTYIM, KOCBEHHBIN TOCTYI CO
CMEIIIeHNEM, KOCBEHHBIN JOCTYII, KOCBEHHBIN JOCTYII C JEKPEMEHTOM Tepe] TOCTYIIOM U
KOCBEHHBII JJOCTYT K aJipecaM ¢ HHKPEMEHTOM.

Paboune peructpsl obmero HazHauenus R26-R31 Ykazarenu agpecoB asns
KOCBEHHOTO JjocTyna. KoCBEHHBIN JOCTYN MOXKET aJpecoBaTh BCE MPOCTPAHCTBO AJIs
XpaHeHus JaHHbIX. KOCBEHHBIN TOCTYI CO CMEUIEHHBIMU a/IpecaMi MOXKET OBbITh
azpecoBaH 63 agpecHBIM NPOCTpaHCTBaM BOJIU3HU ajipeca perucTpoB Y/Z. AapecHslid
peructp X/Y/Z aBToMaTHUECKH YMEHbIIAETCS/yBEIMYMBACTCS HA allllapaTHOE
o0ecniedyeHue A0 / mociae J0CTyna, UCIOJIb3Ysl PEKUM KOCBEHHOTO JIOCTyIa PErucTpa,
KOTOPBIN MOJEPKUBAET a/IpeC AaBTOMAaTUUYECKOTO YBEINYEHUS/yMEHbBILICHUS.

Cwum. Onncanrie HAOOpa UHCTPYKLUM.

16-pa3psmabie peructpbl X / Y / Z ¥ COOTBETCTBYIOIINE PEKUMBI aBTOMATHIECCKOM
aapecaun (yBeIMYECHHE, YMEHBIICHUE) TAKKE UTPAIOT OYEHb BAXKHYIO POJIb B 16-
Pa3psIHOM PACIIUPEHHOM peXUMeE. 16-paspsaHbIi paCIIMPEHHBIA PEKUM MOKET
HCIIOJIB30BaTh PEXKUM yBenudeHus / ymenbinenus LD / ST ajist aBTomatuueckoro
YBEJIMYEHHUS, IEKPEMEHT-aJIpEC C IEPEMEHHBIMU. JTOT PEXHUM OYeHb AP (PEKTUBEH MTPU
paboTe C MacCUBOM.

Konkpetnyto peanuzanuto cMm. B rnase « [ {udpoBoii apudmMeTnueckuii yCKOPUTENb
(uDSU)».

3.4. PerucTpbl BBO/Ia-BHIBO/IA 00111€T0 HAZHAYEHU S

B npoctpanctse BBona/BeiBosia LGT8FX8P umeetcst Tpu peructpa BBoJia-BhIBOAA
obmero HazHauenus, GPIOR2/1/0, k KOTOpbIM MOXHO MOTYYUTH AOCTYII, HCTIONB3YS
uHcTpykiuu IN/OUT aiis xpaHeHUs! TaHHBIX, OMIPEACTIIEMbIX MOJIb30BATEIIEM.

3.5. Ilepudepuiinoe NpoOCTPAHCTBO PErUCTPOB

[TonpoGHOe onpezenenue neprudepuitHOro MpOCTpaHCTBa BBOAA-BhIBOAA cM. B
riaBe «O0630p peructpa» B aucte nanHbix LGT8FX8P. Takum obpazom, nepudepuitabie
ycrpoiictBa LGT8FX8P Ha3zHauaroTcst NpoOCTpaHCTBY BBOAA-BHIBOA.

JlocTym Ko BceM ajipecam MpOCTPAHCTB BBOJA/BBIBOAA MOKHO MOJIYYUTH C
noMortsto uHCTpyKiuid LD/LDS/LDD u ST/STS/STD. JlocTyn K 1aHHBIM
OCYILIECTBIIsIETCA uepe3 32 paboyux peructpa o0IIero Ha3HaueHUs.

Peructpsl BBoga-BbiBoa 0T 0x00 10 0x1F MOryT OBITH TOCTYNHBI HHCTPYKLMSIMU
out-aapeca SBI u CBI. B stux perucrpax 3HaueHue 0JJHOTO U3 OUTOB MOXKET OBITh
oOHapyxeHo ¢ momoribio HHCTpyKIui SBIS u SBIC nis ynpaBieHus UCIOJHEHHEM
nporpamMmbl. Cm. Onucanue Habopa HHCTPYKITHIA.

[Tpu ucnons3oBanuu uHCTpYKIUU IN/OUT ansa qoctyna K perucrpam BBoJIa-
BBIBOZIa HEOOX01MMO aapecoBath aapeca ot 0x00 mo 0x3F.

[Tpu ucnonws3oBarnuu LD nnu ST-UHCTpYKLMIA 17151 AOCTyNA K TPOCTPAHCTBY
BBO/Ia-BBIBOJIA OH JOJDKEH OBITh AocTyneH (e cMemenne 0x20) gepes



CONIOCTaBJIEHHBIN aJIpeC MPOCTPAHCTBA BBOIA-BBIBO/A B €AUHOM IIPOCTPAHCTBE KapThl
MaMsTH CUCTEMHBIX JaHHBIX.

Hpyrue nepudepuiinsie peructpsl (0x60 ~ 0xFF), HazHaueHHbIE pacIMpEeHHOMY
MIPOCTPAHCTBY BBOJA-BBIBOJIa, MOTYT OBITh JOCTYITHBI TOJIBKO C TIOMOIIBIO HHCTPYKITUH
ST/STS/STD u LD/LDS/LDD.

YT0oOBI OBITH COBMECTHMBIMHE C OYIYIIMMH YCTPOUCTBAMHU, 3aPE3EPBUPOBAHHBIC
OWTBHI JOJKHBI 3anMChIBaTHCs () pu 3armucu. Bl HE MOKeTe BBITIOJIHATH 3aITUCh Ha
3ape3epBUPOBAHHOM MPOCTPAHCTBE BBOIA-BbIBOJIa. HEKOTOpBIE pEruCTphl BKIIOYAKOT
(braar cocTostHUS, KOTOPBIM HEOOXOAMMO 3anucaTh «1» 11 OUUCTKHU.

Cnenyet otMeTuTh, uTo HHCTpYKUIMU CBI 1 SBI noanepxuBaroT TOIBKO
onpeneneHHbie 0uthl, moaToMy CBI/SBI MoxkeT paboTaTh TONBKO C pErUCTPAMH,
conepxkaimmmu 3ty aaru cocrosinus. Kpome toro, uncrpykiust CBI/SBI moxet
paboTaTh TOJILKO B auara3one peructpos oT 0x00 mo Ox1F.

3.6. Konrposiep FLASH (E2PCTL)

LGT8FX8P unterpupyer ruOKuil U HaJACKHBINA KOHTPOJUIEP YTCHHUS/3aMUCH
EFLASH BHYTpH, KOTOPBIII MOXKET UCIIOIB30BaTh CYIIIECTBYIOIIEE MPOCTPAHCTBO
xpanenus nanHbix FLASH B cucteme 1uis peain3aliny NpOCTPaHCTBA XPAHEHUS JJIs
YTEHUS U 3allicy OAUTOB M peau3aluy NPUIOKEHUN XpaHeHus, mogoOHbx E2PROM.
Omynsnus uatepdeiica E2PROM c¢ ucnonbs3oBaHUEM alropyuT™Ma BRIPAaBHUBAHUS
CTUPaHUs, Bbl MOYKETE YBEIMYUTh Hcnoib3oBanne nukia FLASH nanubeix npumepso 1
pa3, uyTo0bl ooecnieunts Oosiee 100 000 pa3 UK CTUpaHUS.

Kontpomnep E2PCTL Takxke peanusyer onepanuio ctupanus B IHTepHere Ha
nporpamMmmHom npoctpanctBe FLASH 1 MoxeT aBToMaTH4eCKu OOHOBIISATH MPOIITUBKY
yepe3 nporpaMmmHoe obecrieuenue. Yepes koutposuiep FLASH nns nocryna k
MpOrpaMMHOMY NpocTpaHCcTBY nporpammbel FLASH noaniepxuBaeTcst TONbKO CTUPAHUE
ctpanuiibl (1024 GaiiTa) ¥ TOCTYI K YTEHUIO U 3aITUCH C 32-pa3psiIHON MIUPUHOM.

16bit

8K/16K
Program FLASH

8bit LD/ST BUS

2K/4K
Data FLASH

Puc.3.2. Crpykrypa konrposuiepa LGT8F88D/168D E2PCTL

E2PCTL ananorossiiit E2PROM niis goctyna k npoctpanctsy FLASH nanusix,
BbI MOXETE MOAJIEPKUBATH §-OUTHYIO 32-0OUTHYIO IIMPUHY uYTeHUS U 3anucu. [locetute
nporpammy FLASH space, ctupanue cTpaHulibl TOAIEPKKU U YTEHUE U 3aluCh 32-
OWTHBIX TaHHBIX.

[TockonbKy MUHUMAaIbHas BHyTpeHHsI sueiika namatu FLASH s LGT8FX8P
coctapisieT 32 Outa, pEKOMEHIYEeTCs UCIIOJIb30BATh METOT 32-pa3psaIHOTO TOCTyIa,



0co0eHHO 151 onepanuii 3anucu. 32-pa3psAHbIi JOCTYI K OTepalysM YTEHUs U 3aIUCH
HE TOJIBKO C BBICOKOH 3()(heKTUBHOCTBIO, HO M JUISI 3aLIUTHI CPOKA CITY>KOBI TYEHKH
naMsATH QIALI-TAMSITH.

16bit

32| |?'il
E2P(TL
-
8bit

Puc.3.3. Crpyxkrypa kontposmepa LGT8F328P E2PCTL

32KB

Program FLASH

8bit LD/ST BUS

LGT8F328P ue cogepxut BHyTpeHHux aanubix FLASH. ITostomy simpo LGT8XM
u E2PCTL coBmecTHO ncnonb3ytoT BHyTpeHHue 32 Koaiit namaru FLASH. Cornacho
noTpeOHOCTsM Tosib3oBaTeneit, 32 Koaiit npoctpanctea FLASH MoxxHO pa3znenuts Ha
IIPOCTPAHCTBO U MPOCTPAHCTBO JAHHBIX.

Koudurypupys koutposiep E2PCTL, Bbl MOXkeTe yCTaHOBUTH pa3Mep
smynupyemoro npoctpancta E2PROM. E2PCTL ucnons3yeT pexxum oomMeHa
cTpanuiient 1 amyssiauu Joruku E2PROM, anroputma Ha crpanwuiie (1 K6aiit) B
kaudectBe enuHuibl. [losTomy, umutupys 1 Kbait nmpocrpanctsa E2PROM, Bam
HeoOxoaumo 3aHsaTh 2 Koaiit npoctpanctea FLASH u 1. /1., UToObI nocTnus 4 Koaiit
E2PROM, Heobxoaumo B341h 8 KbaiiT npoctpanctBa FLASH. Konkpernas
peanu3zanus, noxainyiicra, ooparurech K anroputMy E2PCTL, 4ToObI OJIY4YHTH
OMKCaHHUE.

3.6.1. Peructp nannsix E2PCTL

Koutpomnep E2PCTL umeer 4-6aiitoBbiii Oydep aanusix (E2PD0 ~ 3) BHyTpH.
Orot 4-6aiiToBblil Oypep popmupyet 32-O0uTHBIN HHTEp(DEIC TaHHBIX, KOTOPbIH,
HakoHell, oOpamaercs k mpoctpanctey FLASH.

Korna xkoutposnep E2PCTL pabotaer B pexxuMe UT€HUS U 3alTUCH B OailTax,
EEDR netictByeT kak uHTEpQEiic 11 YTCHHS U 3aITUCH OANTOBBIX TaHHBIX.

E2PCTL no6asnsier undopmaruto agpeca EEARL [1: 0] mist 3arpy3ku 1aHHBIX B
MpaBUJILHBIN OyQep MaHHBIX U B COOTBETCTBUU C TEKYIIUM IieseBbiM aapecom FLASH
JlaHHbBIE TONOJHSIOT OCTaJbHbIC TPU OailTa JaHHBIX, B UTOTE€ OOBEAUHAIOT MOJIHbIE 32-
outHble qanHbie BO FLASH.

Korma E2PCTL pa6otaet B 32-0utHOM pexxume uTeHus / 3anucu, peructp EEDR
BCE €I11€ MOXKET UCIIOIB30BaThC Kak 00muil nHTepdeiic JTaHHbIX I apecaluu 1
YTEeHMSI BHYTpeHHero ka1a aaHHbix yepe3 EEARL [1: 0] B kauecTBe aapeca 1151 YTCHUS
Y 3aIUCH TTOHBIX 32-pa3psaHbiX JaHHbIX. Kpome Toro, mpsimoit gnoctyn (EO ~ 3) Mmoxer
BBITIOJIHSTHCS] HEMOCPEJCTBEHHO C UCMOIB30BAHUEM KAIIIA JIAHHBIX, 0TOOPakaeMoro B
PETUCTPBI B IPOCTPAHCTBE BBOJ1a-BBIBOJIA.



[1:0] 4

E2P/FSM

8bit LD/ST BUS

E2PCTL

Puc.3.4. E2PCTL paGoTatoT B quarpaMMe JOCTYIIA K IAaHHBIM B PEKUME YTCHUS U
3anucu 8-O0uTHOro Oaira.

b ) E2P/FSM

8bit LD/ST BUS

E2PCTL

Puc.3.5. E2PCTL pabotaet B 32-0MTHOI cxeMe A0CTyNa K JaHHBIM JIJISl YTCHUS U
3aliCH JaHHBIX.

Pexxum GaiiTa ucnonb3yercs IS pekuMa 0OpaTHOM 3amucH / 3anmucu Oaifta B
oOpatHom Hanpasnenuu it LGT8FX8D. bnaronapst BcrpoenHo# 32-0uTHOM mupuHe
unrepdeiica FLASH LGT8FX8P ucnonbs3oBanue 32-0UTHOTO peKUMa YTCHUS U 3aITUCH
JaCT BO3MOXXHOCTD UYTCHUS U 3aIUCH, & CPOK CITY)KOBI CTHpaHUs (PIIdII-TIaMSATH TPUHECET
OOJIBITINE TIPEUMYIIICCTBA, PEKOMEHIYETCS UCITOIb30BaTh 32-OUTHBIA PEKUM UTCHHSI U
3aIuUCH.

3.6.2. E2PCTL ananorosslii anropurm unrepgeiica E2PROM.

Me1 3naem, uto FLASH-namsTe n1o/pkHa OBITh yaalIeHa TIepe/ 3aluchlo, a
orepanus CTUpaHus ocCHOBaHa Ha ctpanuiie. Berpoennas FLASH-mamsate LGT8FXEP,
pasmep ctpanuilsl 1 Koaitt. TloatoMy, 4T00b1 0OHOBUTH OAlT JaHHBIX HA CTPAHMUIIE,
HE0OXO0MMO TAaK)Ke CHayaja CTepeTh BCIO CTPAHUILY JAHHBIX, a 3aTeM OOHOBUTD JaHHBIE
LIEJIEBOTO a/Ipeca U OJTHOBPEMEHHO BOCCTAHOBUTD JIPYTUE CTPAHMIIBI JaHHBIX, BCS
orepaiis OyeT He TOJIbKO TPYJOEMKOW, HO U puHeceHHo [loTeps maHHBIX M3-3a
ciydailHeix otepb MofHocTH. E2PCTL BHyTpeHHMI alrOPUTM NOJKAYKU CTPAHMIL JIIS
noctuxenust anajgorosoro E2PROM. Pexxum oOmeHa cBomaMu cTpaHull, YTOOBI
rapaHTUPOBATh, YTO MPH PeATU3aLNN ONEPALMHA CTUPAHUS CTPAHULBI HE IPOUCXOAUT U3~
3a cOO0s MUTAHUS U IPYTHX HEOKUAAHHBIX IPUYUH MOTEPH UCXOIHBIX JAHHBIX. B TO ke
BpEMS AJITOPUTM 0OMEHA HCIOJIB3YET MOOYEPENTHO /IBa MPOCTPAHCTBRA U1 OOMEHa, a
TaK)Ke YBEITMYMBAET CPOK CIIy:KObI uMuTUpyemMoro npocrtpanctsa E2PROM. C touku
3penus 3pPextuBHocTr KoHTpoiep E2PCTL peanuzyet HenpepbIBHBINA PEXKUM



OOHOBJIEHUS JJAHHBIX, KOTOPBIM YMEHBILAET OBTOPSAIOIINECS IUKIIbI CTUPAHUS,
BbI3BaHHBIE TIOBTOPHBIMU OOHOBJICHUSMHU JaHHbIX. C TOUKM 3pEHUs peaau3aluu
E2PCTL ynpaBmnsieT Kaxa0i CTpaHUILICH OTAETBHO U 3aHUMAeT nocieanue 2 Oaiita
CTPaHUIIBI KaK HHPOPMAIIMIO O COCTOSTHUU CTpaHUIlbl. Takum 0O6pa3oM, MoIp30BaTeNH,
ucnonssytoie E2PROM 6onee 1K npocTpancTBa MoeanpoBaHusi, BaM HY>KHO
oOpaTUTh BHUMaHHE Ha ajpec B cnenuraibHoM pexxume Ha 1K. Tlockonbky nocnennue 2
Oaiita kaxmoro 1 K6 3apesepBupoBansl 1t E2PCTL, mons3oBareny He MOTYT YATATh U
3aMyChIBaTh 3TU 2 aiiTa MPOCTpaHCTBA B OOBIYHOM PEKUME.
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Puc.3.6 Cxema E2PCTL Ha ocHOBe anropuTMma MepeKItoueHIs CTPaHHII.

Kak noka3ano Ha pucynke, E2PCTL BHyTpeHHE HCHOJIb3YET ABE CTPAHULIBI JJIsI
AMyJUpoBaHusa ogHoro npoctpanctBa E2PROM pa3smepa ctpanuubl. OnHa U3 3TUX ABYX
CTpaHMI] OTMEUYEHA KaK TEeKyIllas CTpaHuIla, Apyras - Juisi oomena ctpanumiamu. E2PCTL
UCIIOJIB3YET MOCTeAHNE 2 OaiiTa CTpaHUIIbI 711 XpaHEeHUs] HHPOpPMaIlUU O CTPAHUIIE.
Korna vHam Hy»HO OOHOBUTH CTpaHHIly B OaiiTe, Hanpumep, udpy A0 Gaiit. Bo-
MIEPBbIX, MbI HE YJIaJIUM TEKYIIYIO CTPAHUILY, HO COTPUM CTPAHUILY CBOIMHTA. 3aTeM
TEeKyllas CTpaHulla AeauTca Ha 3 yactu. Bo-nepBbix, 310 nanueie 10 A0. JlaBaiite
caenaem 3Ty JacTh npoctpanctBa B CP0, a 3aremM nannsie nocie AQ. OTa 4acThb
npoctpancTBa CP1. E2PCTL ckonupyer nanssie, coorBeTcTByronme CP0,
COOTBETCTBYIOIIEMY AJIPECY CTPAHUILIBI CBOITMHIA B COOTBETCTBUHU C MOJIb30BATEIbCKON
KOH(UTYypaluel, a 3aTeM HauIIeT JaHHbIe, KOTOphIe Oy TyT OOHOBJICHBI, J0 ajpeca,
COOTBETCTBYIOIIETO cTpanulie cBonuHra (B0), u, Hakonen, ckonupyet aanHsie CP1 Ha
cTpanully cBonuHra. llocne 3aBepiieHus BbIIEYKa3aHHOW ONEpalyy TaHHbIE
0OMEHMBAIOTCS, HO CTATyC CTpaHHMIIBI HE OOHOBIsieTCsA. [loaTomy, ecnu 10 ATOTO
BPEMEHHU MTPOU30IIIeT COOM MUTAHUS WU IPYTUe aHOMAJINH, OTiepariysi OOHOBIICHUS HE
OyZneT 3aBepilieHa, TOTOMY YTO MPEIbIAYIINE TaHHbIC HE OYyT MOBPEKICHBI U
IIEJIOCTHOCTh JaHHBIX OyeT rapantupoBana. Ecnu Bce moiinet xopomo, E2PCTL
HaIMUIIET OOHOBJICHHBIN CTATyC CTPAHUIIBI HA CTPAHUITY HH(GOPMAIINH MPEIBITYIICH
CTpaHMIIBI CBONTMHTA B KOHIE 0OMeHa naHHbIMU CP1, 9T00BI 3aMEHUTH CTPAHUILY JIUIIA.
ITocne aToro ctpanuiia oOMeHa cTaHoBUTCS Tekyiien crpanuiieii. E2PCTL, kak
nmokasano Hike (1-> 2-> 3-> 4):
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Korga npoctpanctso 115t monenupoBanus cuctembl E2PROM 6ombiie, yem 1K,
E2PCTL unu cTpaHuiia Ha caMblii MaJeHbKUHM OJIOK J1JIs1 TOCTHKEHUS alropuT™Ma
MIPOCTPAHCTBEHHOT0 MoaennpoBanus E2PROM.

Hampumep, ecnu mosb3oBaTens HacTpowt oonacts 2K E2PROM, E2PCTL
dakTraecku 3aHnMaet 10 4 ctpanui (4K) nmpocTtpancTBa. JIBe U3 3TUX CTPaHUIT
CTpyNIUPOBAaHBI BMECTE, YTOOKI peann3oBath npoctpanctBo E2PROM, kotopoe
AMYJIUPYET pa3Mep CTPaHULbI.
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Puc.3.8.

OOpaTuTe BHUMaHHUe, YTO CKOH(PUTYpUPOBaHHbIE MOJIb30BaTeieM 2K GailTh
npoctpanctBa E2PROM He cMexHBI, TOTOMY YTO MOCTAEAHNE 2 OaiiTa KaXa01 CTPAHUIIBI



OyIyT UCTIOIB30BATHCS JIJISl COXpaHEHUs! UH(OPMAIUU O CTaTyCe CTPAHULIBI.

3.6.3. Pexxum HenpepbiBHOTO nporpammupoBanus E2PCTL

[Tockonbky o6HOBIeHHEe E2PCTL npuBOauUT K epecTaHOBKE CTPAHMIL, CTPAHUIIA
MOJIKa4uKu OyJIeT yJaieHa Bo BpeMsi oOMeHa ctpanuiieil. COoii cTpaHUIbl HE TOJIBKO
OTHHMMAaeT MHOT'O BPEMEHH, HO U yBennuuBaeT cpok ciyx0b1 FLASH. Tlostomy E2PCTL
N00aBIIIET PEKUM HETIPEPHIBHOM 3aITUCH.

B pexume HenmpephIBHOM 3aIMCH MTOJIB30BATEh MOYKET TTOCTOSSHHO OOHOBJISThH
ob6macte E2PROM. Omneparust oOMeHa CTpaHUIIAMHU BBITIOJHIETCS TOJIBKO B KOHIIE
MOCJIEIOBATEIBHBIX aApecoB. JIJisT HEIPEPHIBHOTO OOHOBIICHUS BCETO OJIOKA JaHHBIX
HENPEPBIBHBIN pexum Oosiee 3 (HEeKTUBEH.

PexxuM HerpepbIBHOTO MporpammupoBanus Bkitodaer 6ut SWM B peructp ECCR
E2PCTL. TIlocie BKIIOUEHHS HEMPEPBIBHOTO PEXUMA MOCIEAYIOIIME ONIEPALIUU 3aTTUCH
OyIyT 3alUCHIBATh JJaHHBIE HEMTOCPEICTBEHHO Ha a/Ipec, COOTBETCTBYIOIIUNA CTpaHUIIE
noakadyku. B pexxume SWM oneparust 3amucu He OyI€T BBIMOIHATH ONEPaIUIO
KonupoBaHus qaHHbIX oojactu CPO/ 1. Iloka He Oyner 3amucaH MociaeaHui OauT,
MporpaMMHOE 00ECIIEYeHHE OTKIII0UAET HEMPEPBIBHBIN pekuM ¢ momoiibio SWM, a
3aTeM BbITIoIHAET 3anuch. 3ateM E2PCTL BeimonaseT nmonHyo koo CPO /1 u
0OHOBIsIET UH(OPMALIUIO O CTATYCE CTPAHUIIBIL.

3.6.4. E2PCTL utenue u 3anuck nmporpammHoro npoctpanctsa FLASH.

C nomompro koHTposuiepa E2PCTL Bbl MOKETE MOIyYUTh AOCTYII K
nporpaMmmHoMy FLASH-mpocTpancTBy U1t YTEeHHS | 3anucHu. B oTaudume ot
smymupyemoro E2PROM, nocryn k nporpammuomMy nipoctpanctBy FLASH wepes
E2PCTL TpebyeT nporpammHoro obecneduenus noaHoctsro. Hlaru cnenyromiue:

1. Y panure neneByro CTpaHUIly, BAM HYXKHO CHayajla yJIajduTh LEJEBYIO CTPAHUILY
nepes; OOHOBJICHUEM JaHHBIX, aJipec cTpaHullbl 3aaaetcs peructpoM EEAR. Jlns
yrIpaBiieHus Komauaou crupanus ctpanuiibl FLASH, noxanyiicra, oOpaTutech K
onpenenennto peructpa EECR.

2. Uto6w1 3anucaTh ipocTpancTBO nporpamMmmbl FLASH, 32 Guta 10mKHBI OBITH
MHUHUMAaJbHBIM. 3aaaiite ganHbie uepe3 E2PDO ~ 3.

3. Lenesoit anpec 3amaercs peructpom EEAR, anpec EEAR [1: 0] 6ynet
npourdHopupoBan, E2PCTL nporpamma urenus u 3anucu nporpammsl FLASH, onnaiin-
o6HoBnenue nporpamMmbl (IAP) B moseBbIX yCIOBHUSX UCTIONB3YIOTCS JJAaHHBIC
MPWIOKEHUS U IPUIIOKEHUS, KOTOPBIE TOJKHBI PEOCTABIAThH MOJIb30BaTEIbCKUE
OOHOBJICHUSI JIsl IPOJTYKTA.

3.6.5. PaGounii nponiecc natepdeiica E2PCTL

Nutepdeiic E2PCTL B 0CHOBHOM OCYIIIECTBIISIETCS Ye€pe3 YEThIPE PETUCTPA,
cootBeTcTBeHHO E2PCTL, peructp cocrosnus EECR, ECCR, peructpsl nanasix EEDR
(E2PDO0 ~ E2PD3) u aapecusiii peructp EEAR (EEARL / EEARH). Peructp ECCR
UCIIOIb3YyeTCs 1M1 ycTaHOBKHU padbouero coctosiHus E2PCTL. bonbIas 4acTh COCTOSHUS
J0JIHA ObITh ycTaHoBlieHa 0 pabotsl E2PCTL. DToT nporiecc 00bIUHO peanu3yeTcs BO



BpEMsI HHULIMATIN3aUU CUCTEMBI.

but SWM B peructpe ECCR ucnonb3yercs i BKIOYECHUS pexrMa
HENPEPBHIBHOMN 3aMUCH. DTOT OUT yNpaBiIeHHs] HEOOXOIUMO YCTAaHOBUTH BO BPEMSI
onepauuu HenpepblBHOM 3anucH. Peructp EECR ucnonb3yercs ais ynpaBiieHHs] TUIIOM
oTiepaIiy B6IOOPA, UCIIOJIb3YEeMOM ISl BBIOOpa MHCTPYKIUH MO SKCIUTyaTalllH, TaKUX
KaK KOMaH/1a YTCHHUS], YAAICHHS.

Peructp EEDR ucnons3yercs mist 8-6aiitoBoro pexuma uatepdeiica, E2PD0 ~ 3
UCIIOJIB3YETCS JIs1 ONEPALIMA YTEHUS U 3aMKiCcH B 32-OuTHOM pexxume, peructp EEAR
UCIIOb3YETCS 11 YCTAHOBKH LIEJIEBOTO a/Ipeca YTCHHS U 3aIMCH, TAKKE UCIIOTIb3YETCs
JUIsl yCTAaHOBKH a/Ipeca CTPAHUIIBI CTUPAHUS CTPAHULIBI.

AJlpec cTpaHUILIbl BHIPABHUBAETCS B €AMHUIIAX CTPAaHULBI. Pasmep cTpaHUIbI
coctasisier 1 Kbaiit. Cnegyer oTMETUTB, UTO azpec, ykazanHbii EEAR, sBnsiercs
azpecom Oaifta.

3.6.6. Untepderic E2PCTL st noctyna k nporpammaoMy npoctpanctsy FLASH

Uepes untepdeiic E2PCTL nporpammuoe npoctpanctBo FLASH MokHO yuTaTh,
3amuChIBaTh U cTUpaTh. UteHue u 3anuchk B FLASH-nipocTpaHncTBO NOAIEPKUBAECT
TOJIbKO 32-OuTHYI0 mUpuHy goctymna. CrepeTs ornepaiuio B 0jokax crpanuil, 1 Koaitr
Ha CTpaHuIly B pazmepe (256x32). Ilpexe yem 3anuchiBaTh MPOrpaMMHOE
npoctpanctBo FLASH, cHavana ynanure cTpaHuily, HA KOTOPOM HaXOAUTCS LIEJIEBOU
anpec. E2PCTL 3anuceiBath nporpammuoe nmpoctpanctBo FLASH ne mognepxusaer
HEIPEPHIBHBIN PEKUM, MOJIH30BATEN0 HEOOXOIUMO BBIIOJIHUTH MOCIIEI0BATEILHOCTD
3aMucH.

Hwuxe nmpuBeeH mpoiiecc CTUpaHus U 3alIMCU MPOTPaMMHOTO ITPOCTPAHCTBA
FLASH:

1. TIporpammupoBanue onepaiuu ctupanus crpanuibl FLASH

e VYcranosute agpec EEAR [14: 0] B kauecTBe aapeca 11e71€BOM CTPaHULIBI,
KOTOPBIH TOJDKEH OBbITh yaaneH, pasmep crpanuilbl FLASH-niporpammbl
coctaBisier 1 KoOaiit, mostomy EEAR [14: 10] Oynet ucnosib30BaThCs KaKk
aapec ctpanuilsl, a EEAR [9: 0] Oyaet ycranosieHo Ha 0.

e VYcranoBute EEPM [3: 0] = 1X01, rne EEPM [2] moxHO ycTaHOBUTH Ha 0
unu 1

e VYcranoBute EEMPE =1 u EEPE =0

e B Yersipe nukna, ycranosute EEPE = 1, 3anycture npouecc FLASH
CTUPaHUS MPOTPAMMBI.

2. IlporpammupoBanue nporpammupoBanus FLASH.
e 3anummure E2PDO0 ~ 3, noaroroBbre 32-OMTHBIC TaHHBIC

MpOrpaMMHUPOBAHUSL.

e VYcranoBute EEAR B kauecTBe 1eneBoro aapeca, rae aapec paseH 4
OaifTam.

e VYcranoBute EEPM [3: 0] = 1X10, rne EEPM [2] MOxHO ycTaHOBUTH Kak 0
i 1

VYcranosuts EEMPE =1 u EEPE =0

VYcranoBute EEPE = | B ueTbipe nukia s 3ammycka noTtoka
nporpammupoBanus FLASH



3.6.7. Hoctyn k npoctpanctBy amysisitun E2PROM uepes unrepderic E2PCTL

Kontpomnep E2PCTL noruyecku odpamaercst k npocrpanctsy FLASH nanHbIx
gyepe3 uaTepdeiic amymsaiuu E2PROM. Ananoroseiii E2PROM nonnepxuBaet 8-
OuTHBIN, 16-pa3psiaHblil U 32-pa3psIHbIA JOCTYH K JaHHBIM JUJIsl YTEHUS U 3aIHCH
JTAHHBIX.

Pexum 8-paspsgHoro 6aiiTa UMeeT JIy4IlyI0 COBMECTUMOCTD ¢ MHTEp(deiicom
E2PROM.

32-0UTHBIN PEXUM CITOCOOCTBYET MOBBIIICHUIO 3P (HEKTUBHOCTH XPAHCHHS U
Bpemenu FLASH, nostomy 32-OUTHBIN pexuM YTSHHS U 3aITUCH SIBIISIETCSA
PEKOMEHAYEMBIM PEKUMOM UTECHUS U 3aIKCH.

Amnanorosbiit uaTepdeiic E2PROM noanepxuBaeT HEMPEPHIBHBIN PEKUM YTECHUS
U 3aIMCH, TPU HEOOXOJUMOCTH OOHOBIISITH HECKOJIBKO MOCTIEA0BATEIbHBIX MPUIIOKEHUN
C JaHHBIMHU aJPECOB, OUEBUAHBIC IPEUMYILECTBA, PEKOMEHIYETCS.

Jnst LGT8F88P / 168P nannsie FLASH B kauecTBe OTI€TBHOTO IPOCTPAHCTBA JJIS
xpaHeHus. Het HeoOX0AMMOCTH HacTpauBaTh U pa3peliaTb NPOCTPAHCTBO JAHHBIX
FLASH uepe3 peructp ECCR. LGT8F328P u 6e3 otnenpHbix ganHbix FLASH-
npoctpancTBo, FLASH u coBmecTHOE ncnonb3oBanue nanHeix FLASH-nporpamma
FLASH 32K 6aiiToB mpocTpaHCTBa.

Cexuust FLASH nannbix nomkHa ObITh akTuBHpoBana peructpoM ECCR, a pazmep
nanubix FLASH nactpauBaetcs outamu ECS [1: 0] B peructpe ECCR. Ilocne Toro, kak
KOH(UTypalys BCTYIaeT B CUITy, APYTrOil METO UCIIOJIb30BAHMSI TAKOM )K€, KaK
LGT8F88P / 168P. FLASH B peanuzanuu unrepdeiica E2PROM, BHyTpeHHss Obliia
JTOCTUTHYTA IMPHU HEOOXOIMMOCTH JIJISI aBTOMaTH4YecKoro ynainenus paaasix FLASH-
noruka, komanaa EPROM erase HeoOs3aTenpHa, 3Ta KOMaH/Ia HCIIOJIB3YETCS TOJIBKO
TOTJ1a, KOT/1a MOJIb30BATE0 HEOOXOAMMO BBIMOJIHUTD yAaJCHHE.

Peructp EECR koHTponupyeT mocienoBaTeIbHOCTh CTUPAHUS / 3aUCH (IIAIII-
namaTty, Bkitovas nporpammy FLASH u E2PROM. Creuunduueckuil Tvn onepanuu
nosxeH ObITh 3a1ad EEPME u EEPM [3: 0] peructpa EECR.

Onepanus urenuss E2PROM otHocutensHo nipocta. [locne ycTaHOBKH 1IEIEBOTO
anpeca u pexxuma Hanuiute 0utT EERE, uto0s1 npounTtath 32-0MTHBIE TaHHbBIE,
COOTBETCTBYIOIIHUE LIeJIEBOMY ajipecy, B koHTposuiep FLASH. Ilonb3oBaTens Moxet
pouYnTaTh HHTEpecyromuii 6anTel uepe3 peructp EEDR. Kontpomnep FLASH e
BbINIOJIHSIET onepanuio ureHuss FLASH-naMsiTi mporpaMMel, MOJIb30BaTENb MOXKET JIETKO
ucnonbs3oBaTh LPM win nporpammy FLASH B e1vHOM aipecCHOM MPOCTPAHCTBE aJIPECOB
JaHHBIX, UCNONB3Ys HHCTpYKIuio LD / LDD / LDS nns urenus.

1. 8-6utHOE mporpammupoBanue pexkuma E2PROM

e VYcranoBuTe 1eneBoit agpec B peructp EEARH / L

e VYcraHoBuTe HOBBIE AaHHbIE B peructp EEDR

e Vcranosute EEPM [3: 1] = 000, EEPM [0] MmoxHO ycTanoBuTH Ha 0 wiu 1

e VYcranosuth EEMPE = 1 u EEPE =0

e VYcranosute EEPE = 1 B uersIpe nukiia. [locie 3aBepmienus HaCTpOMKHU
koHTpouiep FLASH 3anyctut onepaiuto nporpammupoBanus, 1 CPU
OCTaHETCsl B TEKYILEM aJpece MHCTPYKLIUHA BO BpeMsl IPOrpaMMHUPOBAHUS U
He OyzeT MpoJoJKaThes 0 3aBeplIeHUs onepauuu, Bo Bpems
IIPOrpaMMUPOBAHMS, €CJIM BaM HYKHO crepeTh AaHHbsle FLASH,
koHTpoJuiep FLASH aBTOMaTH4eCKH HAYHET MPOLIECC CTUPAHUSI.



2. 32-06uTHBIN pexxum, nporpammupoBanre E2PROM

e [loaroroBetre 32-0uTHBIE nanubie o E2PDO ~ 3

e VYcranoBure 1eneBoit aapec B peructp EEARH / L. O6parure BHuManue,
YTO 3TO aJipec, BBIpOBHEHHBIN o Oaiitam, FLASH-kontposnep ¢ EEAR
[15: 2] B kauecTBe anpeca nia nocryna kK FLASH.

e VYcranoButh EEPM [3: 1] =010, EEPM [0] moxHO ycTaHOBUTH Ha 0 ninu 1

e VYcranoButb EEMPE =1 u EEPE =0

e VYcranoButh EEPE = 1 B ueTbIpe nukna

3. 8-OutHbIi pexxuM, untath E2PROM

VYcranoBuTh anapec HazHavueHus B peructp EEARH /L

VYcranosuts EEPM [3: 1] =000

Ycranosute EERE = 1 mns 3anycka onepanun yrenns E2PROM
[Tonoxnars 2 nukia (BeIMOJIHUTE ABe onepaiuu NOP)

JlaHHBIE, COOTBETCTBYIOIIHE IIeJIeBOMY aapecy, 00HoBIeHbI 10 EEDR
Perucrpanus

4. 32-6utHslii pexum, ureane E2PROM
e VYcranosute EEARH / L B kauectBe 1eneBoro agpeca ¢ 4-0aiTHbIM
aapecoM
e VYcranosute EEPM [3: 1] =010, 4T00BI BKIFOYUTH PEKUM 32-OMTHOTO
uHTepdeiica
e VYcranosute EERE = 1, uTo6nI BKIIFOUMTH oneparuto urennss E2PROM
o [llomoxauTe 2 TAKTOBBIX IIUKJIA CUCTEMBI (BBIMOJHUTE JIBE MHCTPYKIIUU

NOP)

E2PCTL nmocrtyn k ananorosoMy npoctpanctsy E2PROM, noanepxka pexxuma
HETPEPBIBHOTO MPOrPAMMUPOBAHUS, PEKUM HEMPEPHIBHOTO IOCTYNA IS
HE0OXO0AMMOCTH OOHOBIICHHUS MPUIIOKEHUS OJIOKA IaHHBIX 0YeHb YPHEKTUBEH, HO TAKKE
MOMOTaeT yIydIuTh Cpok ciryx061 FLASH.

PexxuM HerpepbIBHOTO MPOTrpaMMHUPOBAHUS TIOIIEPKUBAET TOJIBKO 32-OUTHBIC
orepaluy NporpaMMHUPOBaHUs JaHHBIX. PeXUM HENpephIBHOTO JOCTYNa aKTUBUPYETCS
out SWM B peructpe ECCR. Ilocne Bxmouenuss SWM crepyromas onepanust s
3anucu amynupyemoro npoctpanctsa E2PROM uvepes3 E2PCTL naxogutcs B pexxume
HETPEPBIBHOTO MPOTPAMMHUPOBAHUSI.

B pexxnme HenpepsIBHOTO ITporpaMMmupoBanust Koutposuiep E2PCTL
aBTOMATHYECKU 00pabaThiBaeT KaHal (POPMBI Ha OCHOBE JJAHHBIX Ha IIEJIEBOM aJipece.
OnHako nMpu U3MEHEHUH CTPAHUIIBI B PEKUME HETIPEPHIBHOTO MPOTPAMMHUPOBAHUS
KOHTpOJUIEp HEe OyAET aBTOMAaTUUE€CKH 0OMEHUBAThCs JaHHbIMU B oOsactu CPO / 1 unu
OOHOBIISITH HH(OPMAITUIO O CTPAHHUIIE BO BPEMS HEITPEPHIBHOTO MTPOTPaMMHUPOBAHUS.

[lepen HenpepbIBHBIM TpOrpaMMHUpOBaHUEM 10 nociiennei onepauun E2PCTL
aBTOMATHUYECKHU CKonupyeT nanHbie B o0nacta CP0 / 1 Ha cTpaHUIly MOAKAYKH MTOCITE
3aBEPIICHUS MPOTPAMMHUPOBAHUS, OTKIIOYHB OUT SWM, 4TOOBI OTKITIOUNTH
HETPEPBIBHBIN PEXXUM MPOrPaMMHUPOBAHUS, A 3aTEM 3aIMYCTUTh MOCIIEIHIOI OMEePaLIUI0
nporpaMMupoBaHus B pexxume 6e3 SWM, U o6HOoBUTE CTpaHuIly 0OMeHa
uHopMmaimei, cienap ee Tekyuien 3pGeKTUBHON CTpaHUIICH, TAKUM 00pa3oM, 3aBEpIITUB
BCE€ HEMPEPHIBHOE TPOrPAMMHUPOBAHHUE.



5. [Ipouienypa HEMPepPHIBHOTO MPOrPAMUPOBAHUS
1. Hactpausaer pasmep nanasix FLASH ¢ momomsio ECCR u BkittouaeT 6ut

SWM.

2. 3anporpammupyiite obsnacte E2PROM c ucnonb3zoBanriem 32-OUTHOTO
pexuma.

3. Ecnu HeT, BEpHUTECH K 1IAry 2, 4TOObI MPOJOJIKATH TPOrPaMMUPOBAHUE
CJIEIYIOIIUX JTaHHBIX

4. Ecnu AOCTUTHYTO NOCIIEIHEE TPOrPAMMHUPOBAHKE, CHAYaJIa OTKIIOUUTE PEKUM
HEIMPEPBIBHOTO MTPOTPaMMUPOBaHUs ¢ moMoupio SWM, a 3aTeM UCnoib3yiTe
NOCJIEN0BATENBHOCTD ONEpAIMi ¢ 1ara 2 Jyisl 3aBEPIICHUS MTOCIETHETO
IpOrpaMMHUPOBAHUS

3.6.8. E2PCTL D¢ dextuBnoe ynpasnenue nanusimu FLASH

B nononHeHue K pexuMy HENIPEPHIBHOTO MPOTrpaMMHUPOBAHUS KOHTPOJLIEP
E2PCTL Takxe MOXKET caMOCTOSITEIBHO YIIPABIATh KOMUPOBAHUEM OOMEHa JaHHBIMU 00
obmene crpanuteit uepes outr CP0/1 B peructpe ECCR.

CPO0/1 peructpa ECCR wucrnons3yercs ajis ynpaBieHHsi OOMEHOM JaHHBIMH JJIsI
obxactu CPO / 1 Ha Tekyiel cTpaHuie Bo BpeMsi 0OMeHa CTpaHUIIeH, COOTBETCTBEHHO.
Ounctka 6ut CPO/ 1 He Oyner oOMEeHHBATh JaHHBIE COOTBETCTBYIOINICH 001acTH Ha
TEKYLIEH CTpaHMIIE BO BpeMs oOMeHa ¢aiinamu.

B aTom paszzaene npeacrasieH 3pPeKTUBHBIA METOA yIIpaBI€HUs, KOTOPbIA OyAeT
MCIIONIBb30BaTh ATy (pyHKIMI0. B mpouecce ooHoBieHus nanubix FLASH nan6onee
JUTMTEJIbHAS ONepalis IPOUCXOIUT TPU OOMEHE MPOLIECCOM CTUPAHMS CTPAHHULIBI.
Takum 00pa3oM, Mbl MOKEM PACCMOTPEThH MOAXOA K YIPABIECHUIO TAHHBIMU, KOTOPBIA
MUHUMHU3HAPYET KOJIMYECTBO CTUPAHUN CTPAHUII, YTO MOBBIMACT 3P PEKTUBHOCTD
MPOTrPaMMUPOBAHUS M YMEHBIIIAET MOTEPIO KU3HHU.

31ech Mbl TIPEIOCTABIISIEM CITPABOYHBIN aTOPUTM JIJISI IPUIIOKSHHUM yITpaBiICHUS
JTAHHBIMHM Ha OCHOBE OJIOKOB JJAHHBIX:

1. IIpenmnooxum, 4To MOJIb30BATEIbCKUE JaHHBIE IPEICTABISIIOT COOON TOJIBKO
MOJIHBIN OJIOK TAHHBIX, pazMep OJI0Ka JAHHBIX SBISETCS 1EJIbIM YUCIOM, KPaTHBIM 4
OaliTaM;

2. Kaxxnoe oOHOBNIEHUE TaHHBIX OyAeT 0O0HOBIeHO K3 Gr0Ka TaHHBIX

3. JlanHble O0Ka TaHHBIX B IOMOJHEHHUE K XPAHEHUIO MOJIb30BATEIbCKUX JAHHBIX,
HO TaK)ke HEOOXOMMO COXPaHUTh UH(POPMAITUIO YIIPABICHUS OJIOKOM.

B BbIlIeyKa3aHHBIX TPEX YCIOBHIX MBI MOKEM B IOJTHON Mepe UCTIOIb30BaTh
pexuM HenpepbiBHOTO nporpammupoBanus E2PCTL n aBTomaTnyecknii MEXaHU3M
oOMEeHa cTpaHULAMU AJI JOCTHXKEHHS 3PPEKTUBHOTO METO/Ia YIPABICHUS TaHHBIMU
FLASH.

[TockonbKy Kaxaasi OOHOBJICHHAsI MH(GOPMAITUS TIPEJICTABIAET COO0M OJIOK TOTO Ke
pa3Mepa, U Kaxaasi CTpYKTypa JaHHBIX COACPKUT UH(OPMALIHIO O ajpece,
YKa3bIBaIOL[YI0 Ha CJIECIYIOUIYIO YacTh JAHHBIX, Mbl MOKeM 3anporpammupoBat FLASH
B JIPECHOM TOPSIKE KK pa3, KOTraa JaHHbIE OOHOBJISIOTCS 0€3 HEOOXOIUMOCTH
aenate CPO/ 1 Konwus nanusix. B To jxe Bpemsi, KaXIblil pa3, KOTrJa Bbl OOHOBIISIETE
JaHHbBIE 10 YIAJIEHHOMN 0051acTH, 3T0 He OyJeT cTupaTh cTpanuibl. Korna 3anuceiBaercs
noCIeAH (PparMeHT JaHHBIX, CIEAYIOMNNA (pparMeHT 00JacTy JaHHBIX, HA KOTOPBIN
yKa3bIBa€T €ro HHPOPMALIHs O CTPYKTYpPE, BO3BpAIIAeTCs K HAYaJIbHOMY a/Ipecy
ctpanulibl. [locie aToro cHoBa OyeT BBITIOIHATHCS ornepanus 3anucu AaHHabix. E2PCTL



3aIyCTUT MPOLIECC CTUPAHUS CTPAHUIIBI U OOHOBUT TEKYIIYIO AKTUBHYIO CTPAHUILY.

3.6.9. Mepsr o 3ammre ot FLASH

Ecnu nanpsbxkenue VCC Huskoe, oneparus ctupanust FLASH MoxxeT ObITh BbI3BaHa
TEM, YTO HaIpsKEHUE CIUILIKOM HU3KOE U Bo3HUKaeT omnbka. FLASH / nannsie mpu
OIIUOKE C HU3KKUM YPOBHEM CTUPAHUS HAMPSKEHUSI MOTYT OBITh TIO IBYM IIPUYHUHAM.

[Ipexne Bcero, HopMambHas onepauus crupanust FLASH tpeOyeT MUHUMaIbHOTO
pabouero HanpsHKEHUs, HUKE 3TOTO HAMIPSHKCHUS, OTIepaIlis 3aBEPIINTCS HEYAa9HO U
MIPUBEET K OMMUOKE TAHHBIX.

Bropas mpuunHa 3akio4aeTcst B TOM, YTO I Aapa, padoTaromero Ha
ONpENEICHHON YacTOTe, TaKKe TpeOyeTcss MUHMMallbHOE HanpsbkeHne. Korga oHo Hbke
ATOTO HANPSKEHUS, 3TO MPUBEAET K OIIMOKE BBIMOTHEHUSI KOMAH/IbI, KOTOpasi HPUBEIET K
omubke FLASH.

AHanoruyHyo npodiaeMy MOKHO U30€KaTh CIACAYIOMUMHU MPOCTHIMUA CIIOCOOAMM:
KOI'/Ia HAaNPsDKEHUE MTUTaHUs HU3KOE, IMYCTh CUCTEMa BOMIET B COCTOSIHUE cOpoca. DTo
MOKET OBbITh IOCTUTHYTO MyTEM HACTPOUKH BHYTPEHHEHW CXEMbI OOHAPYKEHHUS HU3KOTO
HarnpsoxeHust (VDT). Eciu VDT oGHapyxuBaet, 4To Tekyliee pabodee HaIpsKEeHUE
HUXe ycTaHoBlieHHOTO Tiopora, VDT BeigacT curnan copoca. Ecnu nopor VDT He
MOKET YJOBJIETBOPUTH TOTPEOHOCTH MPUIIOKEHHUSI, BBl MOKETE PACCMOTPETh
BO3MOKHOCTh JO0OABJICHUSI CXEMBI COpOCa CHAPYXHU.

3.7. Peructpbl Onucanue

EEARH/EEARL - Aopecnvuii pecucmp FLASH

| EEARH/EEARL

EEQEE 8))((55 ((8;(312_)) ITo ymomuanmto: 0x0000
Buthl EEAR[15:0]
R/W R/W
Ornpenenenne OUT
[7:0] EEARL Anpec nocryna EFLASH / E2PROM wmuanie 8 6ur.
[14:8] EEARH Anpec nocryna EFLASH / E2PROM crapiime cemb
[15] - 3ape3epBUPOBAHO

[Tpu ucnonszoBaruu kouTposuiepa E2PCTL nns noctyna x obmactu FLASH-
nporpammbl, EEAR [14: 2] ucnonib3yeTcst AJjist A0CTyna KO BCEMY MPOrpaMMHOMY
MIPOCTPAHCTBY, BRLIPOBHEHHOMY B 4 OaiiTa.

EEAR [1: 0] Ucnions3yetcst ToJbKO mpu oOparieHuu K peructpy aanusix EEDR.

[Toxkanyiicta, oOpaTuTech K CleIyoUeMy onrucanuio peructpa qaHubix EEDR.
Kontpomnep E2PCTL noanepxxuBaet pexkum 8/16/32 6ut. EEAR anpecyercs npu
BbIPaBHUBAHUM 0AaWTOB HE3ABUCUMO OT PEKUMA.

EEDR/E2PDO - Pecucmp oannvix FLASH
EEDR/E2PDO: 0x20 (0x40) | Io ymomuarmio: 0X00

Burbl EEDR[7:0]

R/W R/W




Omnpenesenne OUT

Peructp nannsix E2PCTL 16/32-0uTHBII pesKiM, HCIIOIb3YEMBbIH IS
JIOCTYTIa K MJIaiIieMy OauTy

[7:0] | EEDR/E2PDO

E2PD1 - Pecucmp oannvix FLASH

\ E2PD1 - peructp nannbix E2PCTL 1

E2PD1: Ox5A ITo ymomuanuro: 0X00
Butnbl E2PD1[7:0]
R/W R/W

OmnpenesieHne OUT

Muagmuie 8 OUT HCTIONB3YIOTCA U1l XpPaHEHUsI BEpXHHUX 16 OUT JaHHBIX B
32-0MTHOM peKUME

[7:0] E2PD1

E2PD2 - Pecucmp oannvix FLASH

| E2PD?2 - perucrp nanubix FLASH

E2PD2: 0x57 ITo ymomyanuro: 0X00
Butbl E2PD2[7:0]
R/W R/W

Onpenesenne OUT

Munanmme 8 OUT UCTIONB3YIOTCS AJIs XpaHEHUsl BEpXHUX 16 OUT 1aHHBIX B 32-
OMTHOM pexumMe

[7:0] E2PD2

E2PD3 - Pecucmp oanmnvix FLASH

| E2PD3 - perucrp nanubix FLASH

E2PD3: 0x5¢ ITo ymomgarmro: 0xX00
Butbl E2PD3[7:0]
R/W R/W

Omnpenenenne OuT

32-OUTHBII pEXXUM HCIIONB3YETCs IS XpaHEHUS! BEpXHUX § OUT BepXHuX 16
OUT JAaHHBIX

[7:0] E2PD3

ECCR - Pecucmp ynpasnenus pescumom FLASH
‘ Peructp xoudurypauuu ECCR - FLASH / E2PROM

ECCR: 0x36 (0x56 0x0c
burtnbl WEN EEN ERN SWM CP1 CPO ECS1 ECSO
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Onpenesenne OUT
VYnpasnenue pazpemiernem 3anucu ECCR
[7] WEN [Mepen n3menennem ECCR o1 momxae! 3ancats WEN 1, a 3atem 6
CHCTEMHBIX LUKJIOB cojiepxkumoe peructpa ECCR O6yaer 0OHOBIATHCS.
E2PROM gneiictButenen Tonpko mist LGT8F328P
1: Bxirounts smyssiiuto E2ZPROM, coxpanuT HekoTOpoe mpocTpaHcTBO oT 32K
[6] EEN FLASH
0: orxmrounTts dmyssiuio E2PROM, 32K FLASH - Bce, 4To ucnonb3yercs st
IPOTPaAMMHOTO ITPOCTPAHCTBA

[5] ERN 3anuck 1 cOpaceiBaet koHTposuiep E2PCTL




PexxuM HenpepbIBHOM 3aMKCH, MTOAXOIAIINAN 1S SMYJIISIUHA PaOOThI

4] SWM koHTposuiepa E2PROM
[3] CP1 VYrpasienue oOMeHOM mmapameTpamu crpanuiisl CP1
[2] CPO VYrpasiaenue ooOMeHoM napameTpamu crpanuibsl CPO

Kondurypauus npocrpancrsa E2PROM
00: 1 Kb E2PROM, nporpamma 30 Kb FLASH
[1:0] ECS[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 ymomganuto: 0X00
bits EEPM3 | EEPM2 | EEPMI | EEPMO | EERIE | EEMPE | EEPE |EERE
R/W R/W R/W R/W R/W R/W R/W R/W | RIW
HauanbHoe 3HaueHne 0 0 0 0 0 0 0 0

Omnpenesienne OUT
but ynpasnenus pexxumom noctyna EFLASH / EPROM

[3111211[1]11]0] Onucanne pekuMa
0] 0]) 0] x| 8-paspsanslii pexxum urenust/3anucu E2PROM (o ymoruanuio)
0OjJOjJ1]x 16-pa3psianblii pesxkum urenus / 3anucu E2PROM
[7:4]|EEPM[3:0]] 0O | 1 10| x 32-pa3psiaHblid peskuM utenus / 3amcu E2PROM
1Ix]10]0 Crupanne E2PROM (nononHuTenpHas oneparsi)
11x]0}]1 Crupanue nporpammsl Flash (ctupanue ctpanuibn)
11x]1]0 ITporpammuposanne FLASH-nporpamm
1Ix|1]1 Co6poc kouTposuiepa FLASH / E2PROM

VYupasienue BriaroueHueM npepbisanust FLASH / E2PROM. 3anuch 1 - BKIIOYHTS,
3anuck 0 - 3ampemieno. IlpepsiBanue roroBHoct E2PROM neiictyer, korna EEPE
aBTOMATHYECKH OYMIIIACTCS anmapaTHbIM obecriedeHneM. Bo Bpems onepanuu
EPROM »5T0 nipepbiBaHye HE TPOU30HAET

[3]1| EERIE

FLASH / E2PROM ympasnstomuii 6ut paspeuenus EEMPE ucnosnb3yercst amst
ynpasienus aeictsutenbHocThio EEPE. Korna EEMPE ycranosnen B 1 u EEPE
ycTaHaBiIMBaeTcs oqHoBpeMeHHO Ha 0, yctaHoBka EEPE B 1 B cnemyromiue yetsipe
IIUKJIA 3aITyCTUT OTIEPAIIHIO MPOTPaMMHPOBaHUs. B MPOTHBHOM ciiydae orepanus
MporpaMMupoBaHus HeaecTButensHa. [locne yetkipex nukioB EEMPE
ABTOMATHYECKH OYHIIACTCS

[1] EEPE FLASH / E2PROM 06wut pa3pelieHus IporpaMMAPOBaHUS
[0] EERE

21| EEMPE

but pa3zpemenns urenuss E2PROM, nannbie OyayT NeHCTBUTEIBHEI ITOCIE IBYX
CHUCTEMHBIX IIUKJIOB.

GPIOR2 - Pezucmp 6600a-6v1600a 0buje20 Ha3Ha4eHusl

\ GPIOR?2 - peructp BB0OA2-BbIBO/Ia 00111€T0 HA3HAYEHUS 2

GPIOR2: 0x2b (0x4b) ITo ymomuanmro: 0X00
butbr GPIOR2[7:0]
R/W R/W
0x00

Omnpenesenne OUT

PGI‘I/ICTp BBOJa-BbIBOJAa 06H_ICFO HazHAYEeHHUS 2 JJI1 XpaHCHUS ITOJIB30BAaTCIILCKUX

[7:0] | GPIOR2
MAaHHBIX




GPIORL1 - Pecucmp 6800a-6v1600a 0bueco Ha3HaueHusl
‘ GPIOR1 - peructp BB0Aa-BbIBOA 00111er0 Ha3HAYeHHs 1

GPIOR1: Ox2a (0x4a) ITo ymomganwnro: 0xX00
buter GPIOR1][7:0]
R/W RIW
0x00

Onpenesienne OUT

Peructp BBOma-BrIBOJIa 001I€T0 Ha3HAYCHUS 1 1711 XpaHEHUS MTOJIb30BaTEILCKUX
JAaHHBIX

[7:0] | GPIOR1

GPIORO - Pecucmp 6600a-6vi600a 0bueco HazHa4eHus

GPIORO - peructp BBOa-BbIBO/IA 00111er0 Ha3HaYeHus ()

GPIORO: Ox1e (0x3e) ITo ymomuanuio: 0X00
butsr GPIORO0[7:0]
R/W R/IW
0x00

Onpenesenne OuT

. PGFI/ICTp BBOJIA-BbIBOJJIA O6IIIGFO Ha3HA4YCHU S O JJIA XpaHeHI/Iﬂ IIOJIB30BATCIbCKUX
[7:0] | GPIORO i

4. Yckopureab BoiunciaeHuii (UDSC)

16-paspsaublit pexum mamsta (LD / ST)

32-pa3psinabiii akkymysisitop (DX)

OnHotakTHBIH 16-pa3psanbiii MHOKUTETH (MUL)

32-pa3psiaHbiii apupMeTHueckuil u torndeckui 6ok (ALU)
16-paspsaHas HackieHHOCTH (SD)

8 nukioB 32/16 nenutens

Omnepariysi MHOTOKPATHOTO 100aBJICHHS / BBIYUTAHUS C OJHUM LIUKIJIOM

(MAC / MSC)

4.1. O630p

[Mudposoit Beruncautenbubii yckoputens (UDSC), Mmoayns apudmeTndeckoit
obpabotku siapa LGT8XM, padoraer ¢ pexxumom LDT simpa LGT8XM, Jlocturaute 16-
outHOTO OJ10Ka 00pabOTKH MU(POBOTO cUrHaia. bombInas 4acTh Kiracca ynpaBieHHUs
COOTBETCTBYET 1M (PPOBOIT 00pabOTKE CUTHAIOB.

Oynkuus uDSC BayTpennss u GQyHKIMOHATbHAS:

1. 16-pa3psianblii peructp onepangos DX / DY

2. 32-pa3psiAHbIi HAKOMUTENbHBIN peructp DA

3. OgHoTakTHBIN 17-OuTHBIN MHOXUTEND (16-pa3psaHbIi ¢ yMHOKEHHEM 0e3
3HaKa)

4, 32-pazpsaubiii ALU (16/32 6UT MOTYT OBITh BBITIOJTHEHBI CJIOKEHUSIMH,
BBIYMTAHUSIMU U CIBUTAMM )

5. 16-pa3psigHas onepanys HaKoIIeH!s (MCIONIb3yeTCsl Il XpaHEeHUsI pe3yIbTaToB
B IIPOCTPAHCTBE ONEPATUBHOM MaMSITH )

6. Henutens 32/16, 8 UMKIIOB AJIsl 3aBEPIICHUS OTIEpALluU



LGTBXM LD/ST Interface

—
-—

R/CR SAT.16

MUL

ADD
_— DIV ASH ABS NEG
suB

Puc.4.1 CrpykrypHas cxema UDSC
4.2. 16-pa3psianbie pexumbl padotrsl LD / ST

Jlist moBbltieHUst 3¢HEeKTUBHOCTH 00padboTku Ooubiux AaHHbIX UDSC B
ocHOBHOM siipe LGT8XM ucnosnb3yercs BbIAeAEHHBIN 16-pa3psianbiii kaHan naMsata LD
/ ST, KoTOpBIH MOXKET OBITH A(PPEKTUBHO UCTIOIB30BAH MeX Iy (darmamu peructpa uDSC
1 SRAM wu o6miero Ha3HaueHUs ¢ ucnonb3oBanrneM komang LDD / STD 16-pa3psanbrit
0OMeEH JTaHHBIMU.

Urto6s! He moBpeauTh 00bIuHbIi Habop komana LD / ST, sapo LGT8XM
nepenaszHavaet npoctpanctBo SRAM B 0x2100 ~ 0x28FF. Ilpu ncnosnb3oBaHuu
koMaHabel LD / ST ms noctynma k SRAM ot 0x2100 no 0x28FF, sapo aBTOMaTHdecKku
BKIItoUaeT 16-paspsanyto Gpynkuuto LD / ST, 4ToOB BKIFOUUTH TIPSIMON JOCTYTT MEXIY

SRAM u uDSC. Ha Puc. noka3aHo pacnpeneneHue agpecoB B IPOCTPAHCTBE spa
LGT8XM

00000
Register File ——

1/0 L e R

DS T . .

= 0x0100

2Kx8 I |

- - 0x0900

3] 1S/07 WXBLI

AIPIIY, !
=
1Kx16 | 16b | 16k ol
SRAM . - 2|2 uDSC

Kak nokazano Ha pucyHke Bbiie, sapo LGTE8XM moxkeT HanpsiMyto oOpaiarbes K




16-pazpsaubiM ganHbIM Mexay peructpamu uDSC DX / DY / DA u SRAM ¢ nomoriisto
koMmanabl LD / ST. B To ke Bpemst BHyTpeHHue peructpsl uDSC, Takxke
COINOCTABIISAIOTCS C MPOCTPAHCTBOM BBOJA-BBIBOJA, 10CTYM K peructpy uDSC pasnenen
Ha 8/16 BYX PEKUMOB.

Buytpennee nononaenne UDSC k padote peructpa DX /DY / DA Takxke
COJICP>KUT JIBa IOTIOJTHUTEIBHBIX 8-OMTHBIX PETUCTpA :

Peructp cocrostnus ynpasiennss UDSC CSR u peructp komanp ynpasienus IR.

Hoctyn k CSR / IR Bo3MOXk€eH TOJIBKO B OaifTax uepe3 MpOoCTPaHCTBO
BBOJ1a/BbIBO/A, 16-pa3psaHbii peskuM mpu goctyrie k DX /DY / AL/ AH. Moxer
ucnoisib3oBaTh IN/OUT u LD/ST/LDD/STD/LDS/STD u npyrue uHCTpYKIIUU AJis
MOCEILICHHUS.

VYrpaBaisitoluid CTaTyc U PEruCTphl IaHHbIX, cBsi3aHHble ¢ UDSC, oToOpakatoTcs B
IPOCTPAHCTBO BBOAA-BBIBOJIA, IPSIMOE MCIIONIb30BaHUE afapecanuu nHeTpykuuid IN/OU,
MOTYT OBITh BBITIOJIHEHBI B TeUeHHE 8/16-0UTHOTO JOCTyNA K JAHHBIM.

CSR ucnonb3yeTcs s yrnpapieHus: pexxumoM padotsl uUDSC u 3anucu diaron
COCTOSIHMSA TEKYIIMX orepannid BeinosaHeHus uDSC.

IR-ynpasnenne uDSC a1 OCTHKEHHSI KOHKPETHOM ONEpariiH.

bonpmmHCTBO onepanwmii, noaaepxkuBaemMbix uDSC, 3aBepiaroTces 3a OUH [UKIL.
Jls oneparyu AeseHus: TpedyeTcsi ceMb IUKIOB oxuaanusi. @naru B peructpe CSR
TaK)Xe€ MOTYT ONPEIENATh, 3aBEPLICHO JIM TEKYIIEE JIEJICHUE.

Cranpaptasie uHcTpykimu LD/ST ucnons3yrot pabodue perucTpbl o0111ero
HazHaueHnus BHyTpu LGT8XM B kauectBe ganubsix LD/ST u X/Y/Z B kauecTBe anpeca
Ha3HAYECHUS.

Korma neneBoit aapec nmonamaet B 16-6utHoe mpoctpaHcTBO KapThl SRAM,
3HavyeHue onepanaa komanapl LD / ST usMensiercs B 3Tol Touke, pu 3toM X/Y/Z 1o-
MIPEXKHEMY SIBJIIETCSI LIEJIEBBIM aJJPECOM.

3HaueHue agpecannuy padodero peructpa oOIEero Ha3HaueHUs 3aBUCUT OT PEXKUMa
orobpaxkenus uDSC JIBa cioco6a 00pbOBI.

Pexxum otobpakenus uDSC npumMensieTcs TOIbKO K ajapecy goctymna 0x2100 ~
Ox28FF.

Pexxum otoOpakenus ycranasiuBaercst out 6 (MM) peructpa CSR.

Huctpyknus «LDD Rn, Z + gq» B 16-pazpsianom pexxume LD/ST o3navaet, uto 16-
pa3psiaHbIe JaHHbIE aapeca [Z] 3arpyxaroTcs B peructp ganabsix uDSC, a 3atem
3HaUYEHUE Z YBEIMYMBAETCS HA CMEILIEHUE «Q».

3nech 3HaueHne Rn u pexxnm orodbpakenrss CSR [MM] cooTHOCSTCS CleayomumM
obpazom:

| LDD Rn, Z/Y+q

CSR[MM] [Z+q] Onepanuu Koxa onepanun
LDD RO, Z+q DX =[Z]; Z=Z + q; RO He usmenwuics
LDD RI, Z+q DY =[Z]; Z= Z + q; Rl e uamenwuics
2100~0x28FF
0 0x2100~0x28FF [—755R) Z+g AL = [Z]; Z= Z + 0; R2 He usvenmics
LDD R3, Z+q AH = [Z]; Z= Z + q; R3 He usmenuics

{Rn} agpecyrorcs ms DX/DY/AL/AH B obnactu
BBOJa-BbIBOIa
[DX/DY/ALIAY]=[Z];Z=2Z+q

Rn COXPAaHAOT HCU3MCHHLIMU

1 0x2100~0x28FF LDD Rn,Z+q




| STD Rn, Z/Y+q

STD Z+q, RO [Z] = DX; Z = Z + g; RO He u3meHwuics
STD Z+q, RI [Z] =DY; Z = Z + q; Rl He u3menwmics
0 0x2100~0x28FF | STD Z+q, R2 [Z] = AL; Z = Z + q; R2 He u3menuiics
STD Z+q, R3 [Z] = AH; Z = Z + q; R3 He u3Menuics
STD Z+q, R4 [Z] =SD; Z = Z + q; R4 He usmenuics

{Rn} agpecytorcs anst DX/DY/AL/AH/SD B
obnacTu BBOJIa-BBIBOJIA
[Z] = [DX/DY/AL/AH/SD] anpecyemsriii {Rn}
Rn coxpaHsfoT HeM3MEHHBIMHU

1 0x2100~0x28FF | STD Z+q, Rn

LDT, LDS/STS B natope komana LGT8XM moryT oOpariarbes k o6mactu 0x2100
~ 0x28FF, no meron aapecanuu LD/STD Y/Z + q 6onee addexkrusen. LDD/STD
aJipecaInio Ha OCHOBE 0a30BOTO a/peca Mbl MOYKEM YCTAaHOBHUTH Y / Z Ha Oa30BbIN aapec
nauabix B O3Y. Mcnonb3yemseie anpecanmto LD / STD Y / Z + q, MHCTPpYyKIIUK MOTYT
OBITH BBITIOJTHCHBI 332 OJIMH IUKJT , TTOJIYYHTh TOCTYII K TAHHBIM U aBTOMaTHYCCKH
MEPEMECTUTH yKa3aTellb apeca Ha CIECAYIOIINN [IEJIEBOU aapec.

Pexxum agpecarum Y / Z + q cmemenuns komauael LDT / STD sapa LGT8XM
ucronb3yet [Y / Z + q] B kKauecTBe 8-OMTHOTO ajpeca JaHHBIX JJIS BHITOTHCHUS
KOMaH/Ibl U HE YBEJIMYUBAET 3HaueHue Y / Z mocie BhIIOJHEHUS.

Korga LDD / STD ucnonbs3yercs s aapecanuu auanazona ajapecon 0x2100 ~
0x28FF, n3mensercs nosenenue nHcrpykuu LDD / STD.

Korna xomanzaa Beinonssiercs, [Y / Z] ucnonb3yercs Kak ajapec 1is 16-pa3psigHoit
aZipecaliy JaHHBIX. YBEINYbTE CMEIICHUE, YKA3aHHOE «». JTa (YHKIIHS MOXKET
MOBBICUTH 2(PHEKTUBHOCTH HaIlleH HEMPEPHIBHOM apecallud MyTeM aIpecallud «q = 2»
JUISL HETIPEPBIBHBIX 16-pa3psIHbIX TaHHBIX.

0x2100

LDD/STD Rn, Z+2

ubsc

Puc.4.3.



4.2.1. OTobpaxkeHHe MEXIY aIpecoM MePEMEHHON U aipecoM 16-pa3psaHOTo peKuMa.

LGT8XM - 310 8-pa3psaHblii mpoOLECCop C JOCTYIOM K JaHHBIM B OailTax.

PDN1512A Bctpoennsiit 2K 6aiiT mpocTpaHcTBa JaHHBIX. JTa 4acTh
npocTtpancTBa otoopaxaercs Ha aapec 0x0100 ~ 0xO8FF. Kommunsitop C/ C + +
aBromaTudecku HazHaudaeT nepemenHsie 0x0100 ~ 0xO8FF mexay HuMH.

Ecnu me1 onpenenum 16-pa3psinubiii MaccuB B C / C ++, KOToOpbIil TpedyeT
onepauuu ¢ ucnosibzoBanueM uDSC, cHayana conocTaBbTe aApec ITON MEPEMEHHOM C
aapecHoi oonacteio (0x2100 ~ 0x28FF) 16-pa3psaanoro gocryna LD / ST. HyxHo
YBEJIMYUTH ajipec cMeleHus nepemernHoi 0x2000.

[IporpammHuoe obecriedeHne onpeAesisieT onepaluo, BeInoaHsieMyto yepe3 IR-
peructp UDSC.

Bce oneparun uDSC Boinonssitores mexay DX / DY / DA. Tlons3zoBarenu moryT
ucnonb3oBatTh 16-6utHbIA LD / ST kanan DX / DY / DA u SRAM HanpsiMyto u ObICTPO
0OMEHHMBAThCS JaHHBIMH.

Onpeoenenue uncmpyxkyuu pabomor UDSC

Kaaccudpukxanus IR[7:0] DYyHKIMOHAILHOE ONHCAHUE
ololstlolol1]lo0]1 DA = DX + DY
ojlolstlololo]lol]a1 DA = DX - DY

ADD/SUB oloJola1l212]12]lo0]1 DA = DY
ojlo|lstla1l110]o0]21 DA = -DY
oloflstl1lol1]1]21 DA = DA + DY
oloflstl1lolol1]a21 DA = DA - DY
0| 1 |s1?|so®’lol1]lo0]oO DA = DX * DY
0 1 |s1?]|lso®’lojlolo]o DA = -DX * DY
0| 1 |s1?|so’l 1|10} o0 DA = (DX * DY) » 1

MAC/MSC 0| 1 |s1?|so’l1|o0o]|ofo DA = (-DX * DY) » 1
0| 1 |s1?2|so®’l o) 1] 1]Ss DA = DA + DX * DY
0|1 |s1?|so®l 1 |1]1]Ss DA = (DA + DX * DY) » 1
0l 1 |s1?|so®’l ool 1]s DA = DA - DX * DY
0| 1|s1?|so’l 1 |lo]1]Ss DA = (DA - DX * DY) » 1
1lolololololo]o DA =0
1lojlololol1]lo]s DA = NEG(DA)
1lololol1lo]lo]s DA = DX”2

MISC 1lololol1lo]|l1]s DA =DY”2
1lol1lo]lolo]lo]s DA = ABS(DA)
1lol1l1lololo]o DA = DA/DY
1lol1l1]lololo]1 DA = DA/DY, DY = DA%DY
SHIFT 1 1 0 0O I N3 N2|N1JNO DA =DA «N
(CABHI) 11121 s | 1 |N3IN2|N1L|NO DA =DA » N

IIpumeuanmue: 1. S o3Ha4aeT, 4TO onepalus ABJISIETCS CO 3HAKOM omepaluen
nm 6e3 3HaKa orneparuei.
2. S1 yka3bIBaer, saBisgercs 1u DX HoMepoM, co 3HaKOM, S2 yKa3bIBaeT, SIBISETCA



nu DY 3HaKOBBIM YHCIIOM.

3. N3 ... 0 - 3T0 4KCIIO C YETBIPbMS OMTaMHU, KOTOPOE MOXKET ObITh JOCTUTHYTO
Omneparust 10 15 6urt.

4. YKa3bpIBaeT, 4TO 3HAYCHUE ITOT0 OWTa HE UMEET CMBICIIA, MOKET OBIThH
ycTaHoBJIeH Ha 0 niu 1, pekomenayercs ycTaHOBUTH 3HayeHue 0.

4.3. PeructpoB Onucanue

HNms Azpec BB/BBIBOIA DYHKIHOHAJIbHOE ONIUCAHHE

DCSR 0x20(0x00) Peructp cocrosius ynpasnerust UDSC

DSIR 0X21(0X01) Peructp HHCTpYKIMI onepariuii

DSSD 0x22(0x02) 16-pa3psaHblil pe3yabTaT NepenoJHeHus akkymyssitopa DSA
DSDX 0x10(0x30) Omnepany DSDX, 16-OuTHBIN TOCTYII [JIs1 9YTEHHS U 3aITUCH
DSDY 0x11(0x31) Omnepang DSDY, 16-OuTHBIN JOCTYM JUIS YTSHHS / 3alHCH
DSAL 0X38(0X58) 32-p. akkymyasitop DSA [15: 0], 16-p. 1oCTym [J1s1 YTEHUS U 3aHCH
DSAH 0x39(0x59) 32-p. akkymynsatop DSA [31:16], 16-p. mocTyn [j1sl UTEHUS U 3aUCH

DSCR - pecucmp cocmosnus ynpasnenust
\ DSCR - peructp cocrosinus ynpaJjenusi uDSC

Anpec: 0x20 (0x00) ITo ymomyanuro: 0010 xxxx
bur 7 6 5 4 3 2 1 0
Hmsa | DSUEN MM D1 DO - N Z C
R/W R/W R/W R/W R/W - R/W RIW R/W
bur Nwms Onucanue
7 DSUEN VYnpasienue BiaroueHneM Moayist UDSC, 1 - BkitoueHo, 0 - OTKIIIOYEHO
6 MM Pexxum orobpaxkenus peructpo UDSC, monpoOHoe onpeneneHue, cM. 16-OUTHBIIHI
pexxum paboTel. 0 - peskuM ObIcTporo noctyma, 1 - pesxkum orodpaxkenus 10
5 D1 ®nar 3aBepuienus neneHus, 1 - Onepanus 3aBepiieHa
4 DO ®diar nenenus Ha 0
3 - 3ape3epBUPOBAHO
2 N PesynbpTaTom onepanyu sBIsieTCs OTPULIATENIbHbIA 3HAKOBBINA OUT
1 Z Omnar Hyns. PesynpTaToM sIBIsSIeTCS HOMb
0 C ®nar 6onee 32, [lepeHoca npu cymmupoBanuu / 3aeM Npu BHIYUTAHUT

DSIR — onepauuu pecucmp xomarno

‘ DSIR- pernctp uncrpykuuu onepanun UDSC

Anpec: 0x21 (0x01) ITo ymomuanuto: 0000 0000
Bur 7 6 5 4 3 2 1 0
Nms DSIR[7:0]
R/W R/W
bur Nmsa Onucanue
70 IR Peructp uncrpykuuit uDSC.
Cwm. Oncanue pazzaena «OnpeaeneHne HHCTPYKIuu padboter UDSCy




DSDX - pecucmp onepanooe DSDX

DSDX - peructp onepango uDSC DX

Anpec: 0x30 (0x10) ITo ymomganmto: 0000 0000
bur 151141131211 )J10| 9 8 7 6 5 4 3 2 1 0
Nms DSDX [15:0]
R/W RIW
bur Nmsn Onucanue
15:0 DSDX 16-pa3psianslii peructp onepangoB DSDX

DSDY - pecucmp onepanoa DSDY

DSDY - peructp onepanno uDSC DX

Anpec: 0x31 (0x11) ITo ymomrganmto: 0000 0000
Bur 151141312111 )10} 9 8 7 6 5 4 3 2 1 0
Nms DSDY [15:0]
R/W RIW
bur Nmsn Onucanue
15:0 DSDY 16-pa3psanblii peructp onepanyioB DSDY

DSAL - mnaowue 16 bum 32-pazpsonoeco akkymyaamopa DA

DSAL - maagmmue 16 6ut perncrpa onepanga uUDSC DSA

Anpec: 0x58 (0x38) ITo ymomuanuto: 0000 0000
bur 15114 11311211110} 9 8 7 6 5 4 3 2 1 0
Hms DSAL [15:0]
R/W R/W
bur Nmn Onucanune
15:0 DSAL Muagmue 16 6ut 32-paspsiiHoro akkymyssitopa DSA

DSAH - cmapwue 16 bum 32-pazpsonozo akkymyasmopa DA

DSAH - crapmme 16 6ut perucrpa onepanga UDSC DSA

Anpec: 0x59 (0x39) I[To ymomuanmto: 0000 0000
bur 1511411312111 )10} 9 8 7 6 5 4 1 3 2 1 0
Nms DSAH [15:0]
R/W R/W
bur Nmn Onucanue
15:0 DSAH Crapmme 16 6ut 32-pa3psaHoro akkymynstopa DSA

DSSD - DA Apugpmemuueckuti pecucmp nepenojiHeHus

DSSD - 16-6uTHbIe pe3ybTaThl nepenojHenus DA

Anpec: 0x22 (0x02) ITo ymomganuto: 0000_0000
Bur |15 143 [2Juufwolols[7[6[5[4]3[2]1]o0
Nms DSSD [15:0]
R/W RIW
bur Nwms Onucanue
15:0 DSSD | 16-pa3psiinblii nepenoaHsomuil pe3yabTar 32-pa3psiHoro akkymysistopa DSA




4.4. Tlpumeps! npunoxennit uDSC

IIpumep 1. OcHoBHAs KOH(UTYpAIHs U ONIepalluu

Hwuxe npuseaena npocrtas noanporpamma (AVRGCC), kotopas peanusyer 16-
OUTHOE YMHOKEHHUE U BO3BpallaeT 32-pa3psaHblil pe3ysIbTar:

unsigned long dsu_xmuluu (unsigned short dy, unsigned short dx);

Hwxe npuBenen koa Accembiepa mist pyakmmm C:

#indude “udsc_def.inc” ;OTpeIeTICHHS KO/Ia OIepaliuu

.global dsu_xmuluu : 00bsABIEHKE U1 BbI3oBa U3 koxa C / C ++
dsu_xmuluu:

out DSDX, r24 ;3arpy3ka DX

out DSDY, r22 ; 3arpy3ka DY

Idi r20, XMULUU  ; zarpyska kojia onepaimn

out DSIR, r20 ; YMHOXHUTb

in r22, DSAL {r23,r22} = AL

in r24, DSAH {r25, r24} = AH

ret

5. CucremMHbIe Yachl 1 KOH(UTypauus

5.1. PacnipeesieHre CHCTEMHBIX YaCOB

LGT8FX8P noanepknMBaeT HECKOJIBKO TAKTOBBIX BX0/10B. CHCTEMA MOXKET
paboTaTh B TPEX OCHOBHBIX HCTOYHUKAX TAKTOBOI'O CUTHAJIa, @8 UMEHHO Ha BHYTPEHHEM
32KHz xamubpoBounom RC-renepaTope, BHyTpeHHEM 32-MerarepIrioBom
kanmu6poBouyHOM RC-renepaTope u BHEITHEM BXOJIHOM KBAapIlIEBOM I€HEPaTOpE C
yactoToit 400KHz ~ 20MHz.

Ha Puc.5.1. nokazano pacnpenenenue taktoBoii cucrembl LGT8FX8P. CMU
ABJISIETCA LIEHTPOM BCETO ynpasiieHus yacamu. OH OTBEUaeT 3a pa3feieHue CUCTEMHBIX
4acoB, CO3/IaHHE HE3aBUCUMBIX YaCcOB JIJI Pa3HbIX MOIYJIEH U yIIpaBlieHUE yacaMu. B
TUMUYHOM MPUIIOKEHUU HET HEOOXOIMMOCTH, UTOOBI BCE Yachl pabOTaIN OJITHOBPEMEHHO.
UT0OBI CHU3UTH PHEPTONOTPEOICHUE CUCTEMbI, MOAYJIb YIIPABICHUS TUTAHUEM CUCTEMBbI
OTKJIFOYAET HEUCIOJIb3yEMbIE Yachl MOJIYJISl B COOTBETCTBUU C PA3IUYHBIMU PEKUMAMHU
OXKHIaHUS.

[TogpoOHbIe cBeneHus 0 padboTe cM. B rimaBe «YmpapiieHre TUTAaHUEM.

CPU clk

Ncnonwszyercs st ynpasienus: padoroit sigpa LGT8XM u SRAM. Tak xe
yIpaBJieHHE OOIIMM pabOuYUM PETUCTPOM, PETUCTPOM COCTOSTHUSI.

[Tocne TOTO, Kak TakTHI Mporeccopa OyayT OCTAHOBJICHBI, SIAPO HE TPOJAOIKUT
BBITIOJTHEHUE UHCTPYKIUN U BBITMIOTHEHNE BbIUMCICHUA. CrcTeMa BBITTOTHIET KOMaHIy
SLEEP, 4T06b1 yCHYTD.

[Tocne aTOro pexxuma yachl sipa OyayT OTKIIOUYECHBI.



WDT clk 10_clk 10_dlk (PU_clk ADC_clk Peri_clks

(MU E2P_clk

A A

1/16

E2PCTL

64MHz

— 2

TR
LFRC HERC Crystal
32KHz T0/1/3 32MHz 32k ~ 32Mhz

Puc.5.1 bnok — cxema pacnpeaenenue TakroBout cucteMbl LGTEFXEP

32MHz

Peri_clk

Hcmonp3yeTcs A1 yrpaBieHus OOIBITMHCTBOM Mepru()EPUHHBIX MOIYJIEH, TAKUX
kak Taitmep/caerank, SPl, USART u 1. 1. Takte! 1O Taxke HCTIOIB3YIOTCS 1S
yIpaBiieHUs] BHEITHUMHU MoOayIsiMU TpEephIBAHMUS.

Korna nepudepuiinbie TakThl OCTaHABIUBAIOTCS U3-3a CISTYKH, HEKOTOPHIEC U3
nepudepuitHbIX YCTPOINCTB, KOTOPHIE MOTYT OBITh UCIIOJIB30BaHBI JIJIs TPOOYKICHUS
CUCTEMBI, pab0TalOT HE3aBUCUMO TaKTOB UM ACHHXPOHHOTO PEKUMA.

Hamnpumep, ¢pynkius pacnosnaBanus aapecoB TWI moxker paz0oyanuTh
OOJBIITMHCTBO PEKUMOB OKUJIAHHUS, & YACTh PACIIO3HABAHUS aIpecoB pabOTaeT B
ACUHXPOHHOM PEXHUME.

E2P_clk

Yacer E2P_clk ucnosp3yrores s reHepaliii BpeMEeHH J0CTyIa K uHTepdercy
FLASH. E2P_clk renepupyet noctyn k E2PCTL anst nocryna k untepdeiicy FLASH
Timing. E2P_clk dukcupyercs na 32 nenenus va 1 (1 MI') ot BHyTpennero 32MHz
HFRC-renepatopa.

Ecnu nonp3oBarenssMm HE0OX0AUMO UCTIONB30BaTh Moayab E2PCTL nis urenus u
3anucu BHyTpeHHero nporpammuoro FLASH nin FLASH-nipocTpanctBa, emy
HEO00XO0JIMMO BKJIFOUUTh BCTPOCHHBIN reneparop 32 MI'1| 3apanee.

Asy clk

AcuHXpOHHBIN TaliMep. TaliMep / CUeTUYMK MOKHO YIIPaBJIATh HAIIPSAMYIO C
MTOMOIIIBI0 BHEIITHETO0 TAKTOBOI'O I'eHepaTopa WiK KBapiieBoro reueparopa (32,768 K).
OTOT HE3aBUCUMBIN TAKTOBBIN PEXKUM MO3BOJIIET TaAHMEPY MPOA0IKATH padOTaTh, MOKA
CUCTEMA HAXOJUTCS B PEKUME TMOEPHALINH.

WDT _clk
BHyTpeHHMI CTOPOKEBOU TalMEpP UCTOYHUKA CUHXPOHU3ALUHN, KOTOPBIM MOKET
ObITh CKOH(UTYpHpOBaH it BbIOOpa BHyTpeHHero reHeparopa LKRC ¢ wactoroit 32



k['11 unu nenenus Ha 16 (2 MI'n) ot Baytpennero 32 MI'u HFRC.
[Tocie Toro, Kak cucTeMa BKIIFOUYEHA, OCHOBHBIM HCTOYHHUKOM CHHXPOHHU3AIIUN
cTOpOkeBOro Taiimepa sasisiercst reaepatop LFRC ¢ wacroroit 32 kI,

5.2. BbIOOp MCTOYHMKA CHHXPOHU3ALNH

LGT8FX8P noanep:xuBaeT 4eThIpe TUIA BX0/1a UICTOYHUKA CUHXPOHU3aLUH,
MOJIb30BaTEIb MOXKET 3aperucTpupoBath peructp PMCR, yToOBI BKIIIOUHUTH yIIpaBiIcHHUE
MCTOYHUKOM CUHXPOHH3ALMN U 3aBEPIIUTH IVIABHBIM TAaKTOBBIM MepeKIodaress. Ha
Puc. npuBenena cxema cTpykTypsl ynpasienuss PMCR:

Calibrated RC IAASARAL
32MHz 116

XN

Calibrated RC
32KHz

OSCK_EN
0SCM_EN

P ||i 32K ~ 400K : using 0SCK_EN
400K ~ 32M : using 0SCM_EN

Puc.5.2. bnok — cxema BbIOOp UCTOYHUKA CHHXPOHU3AIUH.

RCK_EN ‘

XN

Baytpennuit OSC-renepatop LGTS8FX8P moxer paboTaTh B pexkrMaXx ¢ BHICOKOM
4aCTOTOM M HU3KOW YaCTOTOM, MOJIB30BATEN0 HEOOXOIUMO YIIPABISATH BHYTPEHHUM
OSC-renepaTopoM B COOTBETCTBUH C (PaKTUYECKUM PAa3MEPOM BHEIITHETO KpUCTaJIa B
MPaBUIIBHOM pexkuMe. ToT ke BHyTpeHHU RC-reHepaTtop Takxke pa3feseH Ha ABa TUIIa
BBICOKOUYACTOTHBIX M HU3KUX YacToT. Camblie HU3KHE 4 6uta peructpa PMCR
YIPaBISIOT ITUMU YEThIPbMSI UCTOYHUKAMU CUHXPOHU3AIMHU. YTIPaBJISIOINICe
COOTHOIIIEHUE BBITJISIUT CIASAYIOITUM 00pa3oM:

PMCR Co0TBeTCTBYOIIHI HCTOYHUK CHHXPOHM3ALMHU
PMCR [0] 32MHz RC Bxrounts ynpasnenwue, 1 Bxiatoueno, 0 OTkiatodeHo
PMCR [1] 32KHz RC Brxirounts ynpasienue, 1 Bxiaodueno, 0 OTkIr09eHO
PMCR [2] Paspemenne 400K ~ 32MHz OSC, 1 pa3pemenne, ) OTKIIOYEHO
PMCR [3] 32K ~ 400K Paspemenue pexxuma OSC, 1 paspemienue, 0 OTKITIOUEHO

Cuctema LGT8FX8P Brimouena, mo ymonyanuto 32 MI'm RC B kauecTBe
MCTOYHHMKA CUCTEMHBIX TAKTOB, OCHOBHAs pad0Ta B ICTOYHUKE CUHXPOHMU3AIUU 8 TOUEK
(HacroTa kpatHast 2 MI'n). [Tonp3oBaTeib MOKET H3MEHUTh KOH(DUTYpaIUIO 10
yMOJI4aHU0, ycTaHOBUB peructp PMCR u perucTp npeaBapuTebHOTO ASIATEIS
cuctembl (CLKPR). Ecnu Bam HY)XHO U3MEHHUTH KOH(PUTYpaIlii0 OCHOBHOTO HCTOYHUKA
CUHXPOHU3AIIMH, BAM HEOOXOIUMO YOEUTHCS, YTO UCTOUHUK CUHXPOHHU3ALIMHU T1OCE




MEPEKITIOYEHUSI HAXOIUTCA B CTAOMIILHOM paboyueM COCTOSIHUM JI0 TEPEKITIOYSHUS
TakTOB. [l03TOMY nepen nepeKIroYeHneM OCHOBHOTO UICTOYHUKA CUHXPOHU3ALMU
HEO0OXOIMMO BKJIFOUUTB JKEJTaeMblii HCTOUYHUK cuHXpoHu3amuu yepe3 PMCR [3: 0] u
TOXKAATHCS, TTOKA TAKThl CTAOUITU3UPYIOTCS MEpe/] MEPEKITIOUCHUEM.

Korna nosb3oBaTens NEpEeKIOYacTCs Ha BHEITHUNA BEIYIIMA TaKTOBBIN T€HEPATOP,
XOT4 M0JIb30BATENb BKIIFOUEH BHEIIHUN KPUCTAJUI, HO HE HCKJIIOYAeT OIIMOOK
KOH(UTYpaIK UM U3-3a 0TKa3a OT KBAPIEBOTO Tr€HEPATOPa HE MOXKET BBI3BATh TAKTHI.
Ecnu BpI nepektounTeCh HA BHEIIHUIN KBAPLIEBBIM TEHEPATOP B 3TO BPEMSI, CUCTEMA
nepecTaHeT paboTaTh cpasy MocCiie MEePEKITI0YCHUS.

[ToaTOMY, C TOUKHU 3pEHUs HAaJIEKHOCTH CUCTEMbI, PEKOMEHIyeTCsl u30eraTh Takux
po0JIeM C TOYKU 3pEHHUsI pa3padOTKU MPOrPaMMHOI0 00ECIICUeHHUsI, BKIIOUUB
CTOPOXKEBOU TaMeED.

[Tocne Toro, Kak ICTOYHUK CUHXPOHU3AIMU BKIIIOUEH U 0’KUJIaeT CTAOMIM3aIUH,
OCHOBHOM TaKTOBBIN CUTHAII MOXKeT ObITh nepexioueH PMCR [6: 5]. B koropom PMCR
[5] ucnone3yeTcst 115 BeIOOpa BHYyTpeHHero reHeparopa RC u BHemHUN KpUCTaia,
PMCR [6] ucnionb3yeTcst 17151 BBIOOpa BBICOKOM CKOPOCTH U ICTOYHHKA HU3KOH CKOPOCTH

WCTOYHHMKA TaKTOBOM CUHXpPOHU3AILINH.

—

Calibrated RC R(32M
32MHz 05CM

XMW

Calibrated RC RC32K L
32KHz = MCLK

XNKW

XNKW

32K ~ 32MHz 0SCK

0SC

Puc.5.3

Macmep ucmounux 6vl60p CUHXPOHUIAYUU

PMCRJ6] | PMCR[5] rjaBHble TaKkTbI - HCTOYHHMK
0 0 BHyTpeHHero RC-reneparopa 32MHz(cuctema 1no yMoI4aHuio)
0 1 BHemHU 400K ~ 32MHZz BEICOKOCKOPOCTHON OCHMIUISATOP
1 0 Buytpennsis 32 kI'iy RC-renepatop
1 1 BHemHUM 32K ~ 400 xI'11 HM3Kas CKOPOCTh KBAPIIEBOTO
re’epaTopa

TakToBOTO CHMTHAJIA, YTOOBI KOHTPOJIMPOBATH BpeMs 1uist 3armuTel PMCR peectp
Ob11 citydaitHo u3meHeH, 1 PMCR peructpupoBaTh u3MeHEHUsT HY>KHO CTPOTO
YCTaHOBJICHBI ONIPE/ICJICHHBIE CPOKH.

B peructpe PMCR, crapumii out(PMCR|[7]), ucronab3yeMbIX JUIsl OCYIIECTBICHUS
KOHTpoJIst BpeMeHu. [lonb3oBarens nepen nsmenenneM B PMCR apyrue 6uThl, Hamo
cHaudaja B PMCR[7] ycranoBuTh «1», mociie 3T0Oi onepamnuu B TeYCHHH 6 IIUKIIOB
TaKTOB, U3MEHSThH 3HaUCHUS apyrux out peructpa PMCR. 6 nukios
ITocne Toro, kak Oynet usMeHeHna npsimas moaudukamnus PMCR.



Hwxe npuBeneH npuMep nepexoja Ha BHEIIHUM BBICOKOCKOPOCTHOM KPUCTaJLI, B
KOTOPOM TIE€PEUNCIICHBI PEKOMEHTyEeMbI€ 1IaTru:
(1) BKITIOUUTH UCTOUHUK CUHXPOHU3ALNHI
e Habop PMCR[7]=1
e B 1iecTh Iukia Habop PMCR[2] = 1, BK/ItoYeHUE BHEIIHETO CKOPOCTHOTO
pex’uMa BHEITHETr0 KBaplieBOro reneparopa
® KJaTh BHEIIHETO KPUCTaJJIa CTAOMIbHBIA(BPEMS 05KHIaHUS, IOTOMY YTO
OCIWJUISITOP KOJIeONeTcCsl, B LIEJIOM, HaM MPUXOAUTCS KAaTh) (2)
BrikatouaTenb OCHOBHOIO HCTOYHUKA CUHXPOHU3ALNU
e Habop PMCR[7]=1
e B ecTh Iukia Habop PMCR[6:5] = 01, yachkl cuctemMbl aBTOMaTHYECKH
NEPEeKITI0YAETCsl HA BHEITHUHN KBaplIEBbIA T€HEPATOP
e BBINOJHUTH HeckoJibko HOII onepanui, yaydimuTh CTaOMIBHOCTD PabOThHI
(donosnHurensHas padbota)

IIpumeuyanue: B mpuBeIeHHON BBIIIE ONEPALNN IS IEPEKIIOYEHNS OCHOBHBIX
TaKTOB, YTOOBI 00ECIIEYNTh MPABUIIbHYIO Pa0OTY TEKYIIIMX CUCTEMHBIX TaKTOB,
MIEPEKIII0YATEh HA BHEIIIHUN KPUCTAILIT
MOo3KHO TOJNBKO OTKJIIOYHTH Mpeablaymuii BHyTpennuit RC-reneparop.

5.3. YupasJieHue npeaie uTe/isi CACTEMHBIX YaCOB

LGT8FX8P umeeT BCTpOCHHBI CUCTEMHBIN T€HEPATOP TAKTOBBIX UMITYJIbCOB,
KOTOPBIN MOKET YIPABISITHCS pErUCTPOM MipeaBapuTesibHoro aenurens yacoB (CLKPR).

OTa QYHKIMS MOXKET UCIIOJIb30BATHCA ISl CHUKEHUSI SHEPronoTpeOIeHUs
CUCTEMBI, KOTJ[a cucTeMa He TpeOyeT OUeHb BHICOKOW BHIYMCIUTENILHON MOITHOCTH.
Hactpoiika npeasaputenbHOro AeIUTeNs ASUCTBUTENbHA JJ11 HCTOYHUKOB
CUHXPOHU3ALNH, [TOAIEPKUBAEMBIX CUCTEMOM. [IpeniennTens TaKTOB MOKET BIUATH Ha
TaKTbI BHIIIOJIHEHUS SApa U, CIEA0BATEIbHO, CAHXPOHU3UPOBATh NepUpepUiiHbIe
YCTPOMCTBA.

[Ipu nepexnoueH MeX1y pa3IMuYHbIMU HACTPOMKAMH MPEIBAPUTEIBHOTO
JIEUTENIS TAKTOB MPEABAPUTENbHBINA KACKaJ CUCTEMHBIX YaCOB FapaHTUPYET, YTO BO
BpeMs MEPEKIIIOUEHUS HE TPOU30MIET HUKaKUX cO0eB, HO OyAeT rapaHTUPOBATh, YTO
MIPOMEKYTOUHOE COCTOSIHUE CBEPXYACTOTHI HE OYyIET.

[lepekitroueHre 4acCTOTHOTO JAEJICHUsI BBINOIHAETCS HeMeieHHo. [locie Toro, kak
CMEHa PEerucTpa BCTYMAeT B CHIIy, CACTEMHbIEC TaKThl IEPEKITIOYAIOTCS] HA HOBBIE
TaKTOBBIE€ YACTOTHI C YACTOTOM OT 2 710 3 TEKYIIHUX TAKTOBBIX LIUKJIOB CUCTEMBI.

UtoO0BI H30€XaTh OMTMOOYHON pabOTHl PETUCTPOB NCTIEHUS BPEMEHH, IS
u3menennit CLKPR takxe HeoOXxoaumo coOaroaaTh CrieuatbHyI0 OCIEI0BATEIbHOCTh
CUHXPOHU3ALIHH.

e VYcTaHOBUTE OUT pa3peleHUs] U3MEHEHUS MPEIBAPUTEIBLHOTO JEIUTENS YaCOB

(CLKPCE) B «1» u CLKPR B «0» B IpOTUBHOM ClIy4ae.

o TpebGyemoe 3nauenue 1ukia 3anucbiBaercs B CLKPS, CLKPCE write 0

[lepen n3mMeHneHneM perucTpa npeaaesuTelNs TAKTOB BaM HEOOXOIMMO OTKITIOYHUTh
(GYHKIUIO IPEPBIBAHUS, YTOOBI TAPAHTHUPOBATH, YTO BPEMSI 3aIIUCH MOXKET OBIThH
3aBEpILEHO.



JI1s1 KOHKPETHOTO ONPENEIIEHUSI OCHOBHOTO F€HEPATOPA TAKTOBBIX UMITYJILCOB
CLKPR cm. Paznen «Onucanusi perucTpoB» B 3TOU TJIaBeE.

5.4. KannOpoBka BHyTpenHero RC-reneparopa

LGT8FXS8P Bkitouaer B ceds aBa kanuOpyeMbix RC-reneparopa BHyTpH, KOTOpBIE
MOTYT OBITh OTKATHMOPOBAHBI C TOUHOCTHIO £ 1%. 32-merareproBsiii RC no ymonuanuto
YCTaHOBJIEH Ha CUCTEMHBIE TaKThI.

[IpenBapurensHo noarorosieHHslie, BHyTpeHHue 32MHz HFRC u 32KHz LFRC
LGT8FX8P xanubpyroTcs, a 3HaUYeHHE KaIMOPOBKH 3alMCHIBAETCS B 00J1aCTh
uH(pOpMaIuu 0 KOH(UTYpaIK cUCcTeMBbL. [Ipu OTKIIIOUEHNN TUTAaHUS STH
KaTMOpOBOYHBIC 3HAYCHUS OyAyT CUUTHIBATHCS BO BHYTPEHHUE PETUCTPHI U
nepexkanuopoBath 4actoTy RC uepe3 peructpsl.

Peructp xanuOpoBKH pacIoyio’KeH B aApECHOM ITPOCTPAHCTBE BBOJA-BhIBOJA, U
IporpaMMa NoJb30BaTeNs MOKET YUTATh U IUcaTh. i IpUIoKeHul, TpeOyoumx
CHELMAIbHOM YaCTOThI, YaCTOTY BHYTPEHHET O T€HEepaTopa MOKHO PETYJINPOBATh,
M3MEHSSI PETUCTpP KaIMOpoBKU. M3MeHeHne kanuOpoBOYHOIO PETUCTPA HE U3MEHSIET
MH(GOPMALIMIO 0 3aBOJICKON KOH(PUTYpalLlUU, HE BKIFOYAETCSl CUCTEMA WJIH Iepe3arpys3Kka
MI0JIb30BATEIBCKOTO PEXXUMa Mepe3arpy3ku, PETUCTp KATMOPOBKU OYJET BOCCTAHOBIIEH
710 3aBOJICKUX HACTPOEK.

5.5. Peructpsl Onucanme

RCMCAL — 32-mecacepyosuiii pecucmp xanuoposxu ocyunnsimopa HFRC
RCMCAL - peructp kanuoposku HFRC na 32 MI'y

RCMCAL: 0x66 ITo ymomganuio: 3aBo/ICKast HACTPOMKa
butsr RCCAL][7:0]
R/W RIW

Onpenenenne OuT

Ilocne BKIIOUEHHUS CHCTEMBI 3HAYCHHUE perucTtpa 6YI[CT 3aMCHCHO

[7:0] RCCAL KanOpoBouHbIM 3HaueHHeM RC B nH(popMarmm 0 KOHGHUTypaiu CUCTEMBI.

RCKCAL - 32KHz RC kanubpayuonnsiii pecucmp
RCKCAL - 32KHz kaauépoBounbliii peructp RC

RCMCAL: 0x67 ITo ymomyanuio: 3aBojicKast HACTPOMKa
Buthl RCCAL|[7:0]
R/W RIW

Onpenesienne OUT

3anummre kanubpooyHoe 3HaueHue B peructp RCKCAL, uro0sl 3aBepIInTh

[7:0] RCKCAL kannOpoBky 32KHz RC-reneparopa

PMCR - Pecucmp ynpaesnenus cunxpouusayuei maxkmos

PMCR - peructp ynpasjieHHs CHHXPOHU3alHel TAKTOB
PMCR: OxF2 ITo ymomuanuio: 0x03

butsl PMCE |CLKFS/CLKSS] WCLKS | OSCKEN | OSCMEN | RCKEN | RCMEN

R/W R/W R/W R/W R/W R/W R/W R/W




Omnpenesenne OUT

[0] RCMEN Buytpennee 32-mI 11 ynpaBnenue MomHocThio reneparopa RC,
1 - BximroueHo, 0 - OTKIIOUYEHO

Berpoennsiii 32KHz RC-renepartop 1mMo3BoJisieT yIpaBisiTh,
1 - BxirounTh, 0 - OTKIIOYUTE

[1] RCKEN

praBJICHI/Ie BHCIIHUM BBICOKOYAaCTOTHBIM KBApPII€BBIM I'CHEPATOPOM,

[2] OSCMEN
1 - pa3zpemienue, 0 - OTKIIOYEHO

praBHGHI/Ie BHCIIHUM HU3KOYAaCTOTHBIM KBApILCBLIM I'CHEPATOPOM,

[3] OSCKEN
1 - pa3pemienue, 0 - OTKIIOYEHO

Br160p ncrouHnKa TakTOB cTOpokeBoro taimepa WDT,
[4] WCLKS 0 - BeIOOp 16 menmuteneii ans BHyrpenHero 32MHz reneparopa HFRC
1 - Buyrpennuii renepatop LKRC ¢ wactoroit 32 kI'1t

['maBHBIH 37IeMEHT BEIOOPA UCTOYHUKA CHHXPOHHU3AINH, BHIOCPUTE THIT
[5] CLKSS HMCTOYHMKA CHHXPOHHU3AINH, TIOYKaIylcTa, 00paTUTECh K paszieny BrIOOpa
MCTOYHUKA CHHXPOHH3AINH

PGFYJIﬂTOp YaCTOTbI OCHOBHOI'O KCTOYHHUKA CUHXPOHU3AIIUH, BBI6€pI/ITe THUIT

[6] CLKFS N
TaKTOBOM 9aCTOTHEI, CM. Pa31[eJ1 BLI60pa HNCTOYHHNKA CUHXPOHHU3AlUN

KonTponbuslit 6ut paspemenus usmeHenus perucrpa PMCR. Otot 6ut
[7] PMCE JOJKEH OBITh YCTAHOBJICH MEPBBIM, MIPEXK/IE YeM MEHATH APYrHe OUTHI
PMCR, a 3aTem ocTanbHble OUTHI YCTAHABIMBAIOTCS B YETHIPE LIUKIIA.

CLKPR - pecucmp npeooenumenss maxmos

‘ CLKPR - Peructp reneparopa TakToB

CLKPR: 0x61 [To ymomuanuro: 0x03
buts WCE CKOEN1 | CKOENO - PS3 PS2 PSI PSO
R/W R/W R/W R/W - R/W R/W R/W R/W
Omnpenesnenne OuT

buTtel NpeaABapUTCIIbHOTO ACTIUTCIIA YaCTOThI

PS3 PS2 PSI PSO [TapameTpsl nenuTeNs 4aCTOTHI
1
2
4
8 (HacTpoiika Mo yMOJIYaHUIO)
16
32
64
128
256
Jlpyrue 3Ha4eHUs 3ape3epBUPOBAHBI

o

[3:0] CLKPS

el Ll Ll Ll (=) K =2 =) o)

[l (=] (o] o] (o} (o] o) o} N
(@l Ll [l (=] (o) | ) Bl o)
(e} I [} I (el | ) Fol | ol Nel

o

[4] - 3ape3epBUPOBAHEI
[5] CKOENO Y CTaHOBUTH - CUCTEMHBIE TaKThl BBIBOJUTH Ha BbIBOA PBO

[6] CKOEN1 Y CTaHOBUTE - CHCTEMHBIE TAKTHI BRIBOJUTEH Ha BEIBOA PES

[Ipeanenurens TaKTOB U3MEHSET yrpaBiieHue TakTamu. [lepen 3ameHoit
npyrux out B peructpe CLKPR BbI gomxHb cHauana ycranoButh CKWEN B
[7] WCE «1» oTHEeNBHO, a 3aTEM YCTAHOBUTH OCTAILHBIC OUTHI JJIS CIIEIYFOIINX
yeThIpex cucTeMHbIX HUKIOB. [locie yerbipex nmukiioB CKWEN

ABTOMATHUYECKH OUMILACTCS.




6. YnpaBienue nuranuem

6.1. O630p

Crsiiuii pe>XuM CHIKAET SHEPTONOTpeOIeHNE CUCTEMBI 3a CUET BBIKIIOUCHUS
CUCTEMHBIX TAaKTOB U MOAYJII CHHXPOHHU3AIUH.

LGT8FX8P obecrieunBaeT 04eHb TMOKUNA PEXXUM CHA U KOHTPOJLJIEP MOJYJISA,
MO3BOJIAET MOJB30BATENSIM PEANTU30BATh UACATBHYIO MAIOMOIIHYIO KOHPUTYpaIUIO IS

HUX IIPUMCHCHUS.

LGT8FX8P aBTomMaTnyecku HE OTKIIOYAET aHATIOTOBBIE (PYHKIIHOHATHHBIE
moynu, Takue kak AL TIATIL, kommapatopsr (AC), LVD ¢ HU3KkHM HanpspkeHUEM U

T. II.

[Tpu BXOJE B CIISANIUI PEKUM MIPOTPaMMHOE 00ecIiedeHuEe HEOOXO0IMMO OTKITFOUHTh
nepei CHOM B COOTBETCTBUU C TPeOOBaHUSMU MpUiIoxKeHuss Mmuranus u
BOCCTAHOBJICHUE MPABUIIBHOTO COCTOSIHUSA 1OCIIE IPOCHIITAHUS CUCTEMBI.

LGT8FX8P noaiepKuUBaeT pa3InvHbIE PEKUMBI CIISIIET0 PEKUMa, BKIKOYas
pexuM 1rymonoaasienus, cienuduansiit s AL, koTopsiii ycTpanseT nupoByro
yacTh noMmex ucrounuka nutanust ALIT mpu npeobpazoBanuu ALIIl. Kpome Toro,
JOPYTHUE - PEKUMBI YIIPABJIEHUS MOIIHOCTBIO, KOTOPBIE AEIIATCS Ha IISITh TUIIOB:

‘ Pesxxkum cHa
PexxuM oxxumanus

Onucanune PyHKuUn
[IpocTo OTKIIIOYNTE OCHOBHBIE YaChl, APYTHE MepUuPepuitHbie MOTYTH

(IDLE) paboTaroT, BCe JOMYCTHUMbIE HCTOYHUKHU NPEPHIBAHUNA MOTYT pa30yauTh SAPO
Pexum

sHeprocOepeKeHus To xe, uto u pexxum DPS0, pexwm coxpanenust comectum ¢ LGT8FX8D
(Save)

PexxuM moHM»KeHHOTO

SHEPronoTpeOIeHUs
(DPS0)

Kak u B pexxume coxpaHeHus (Save), moaaepKUBalOTCs HCTOYHUKH
POOYXKACHUS:

® Bce n3MeHeHUs BBIBOIOB

e [IpoOyxaeHue OT CTOPOKEBOro Taiimepa

e [IpoOyxnenue or TMR2 B aCHHXpOHHOM pexume

PexxuM moHM»XKeHHOTr O

SHEPronoTPeOIeHUS
(DPS1)

|OTxirounTe BCe BHYTPEHHHUE U BHEITHUE F€HEPATOPHL, BKIIOUUTE HCTOYHUK
pOOYXICHUS:

e Bce BHelIHUE U3MEHEHUS YPOBHS BHEITHUX KOHTAaKTOB

e Buemnee npepsiBanue 0/1

e CropoxeBoii Taiimep pabotaet nmpu 32K LFRC

PexxuM OHMKEHHOTO

SHEPronoTpeOIeHUS
(DPS2)

BrIk10ueHIEe OCHOBHOTO 1 MUHUMAJIBHOTO PEXKUMOB IMUTAHUA, BKIIFOYACT B
|ce0s CJIeayromiee:

® BuemHuit copoc

® I3menenue BoiBO10B PORTD

Bocnpoussenenue LPRC (128 mc / 256 mc / 512 mc / 1 ¢) Obpatute
BHUMaHMe, 4To mpooyxaerne or DPS2 u cOpoc npu BKIIFOUEHUH, TOT
K€ CaMblil

LGT8FX8P nognepxusaet riryookuit con DPS2, B 3ToM pexkume BHYTpeHHHIA
LDO cucreMbl HaXOAUTCS B COCTOSSHUH MTOHUKEHHOTO YHEPTOMOTPEOICHNSI, OCHOBHBIC
pEerucTphl, Bce nepudepuiinbie KOHTposuiepbl # SRAM HaxoAsaTCsS B COCTOSTHUU
OTKJIFOUEHHUS TTUTAHUSA, TaHHBIE HE nojaepxkuBatoTca. Suelika namsitu FLASH Taxxe
OyJleT HaXOAUTHCSA B COCTOSIHUU TTOHUKEHHOT'O SHEPronoTpeOIeHNs, TIOATOMY PEKUM




DPS2 moxeT o6ecneunTs MUHUMAJIbHOE SHEPronoTpeOIeHNE CUCTEMBI.

Pexum OTKITIOUEHMS TUTaHUS MOKET ObITh AKTUBUPOBAH Y€pPE3 U3MEHEHUE BbIBOJIA
nopta D (PORTD) unu 5-ypoBueBbiit Taiimep. Taiimep npu DPS2 nyist npoOysxaeHus He
MOJIIEP’KUBACT KaTHOPOBKY C TOUHOCTHIO OKOJIO 15% M MOIXOAUT TOJIBKO JJISL YaCOB C
poOyXKJIEHUEM C HU3KON TOYHOCTBIO.

Cucrema npoOysxnaercs u3 pexxuma DPS2, cnauana sBxmount LDO, nporecc u
BKJIFOYEHHUE OJJTHOTO M TOTO e Ipouecca. YWl BBIOJIHUAT MOJHBIN 3aIycK cOpoca rnmpu
BKJIIOUEHUH, 3aTPy3UT UH(POpMALIHIO O KOHPUTYPALINH, a 3aTEM 3aIyCTUT MPOrpamMmmy ¢
ajzipeca, Ha KOTOpBIN yKa3bIBaeT BEKTOp cOpoca.

B pexxumax, oTinuHbix oT DPS2, BHyTpeHHee nuTaHue He OTKIJIIOUAEeTCsl, U BCS
uHpopMmanus o peructpe u ganuble O3Y He TepsArTCs BO BpeMs CIIAILIETO pexKuMa.
[Tocne npoOyxneHus 1apo BO30OHOBISIET BHIIIOJHEHUE U3 MOCIEIHEN HHCTPYKIUH Mepea
CHOM.

PRR1 PR
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Puc.6.1. Cxema ynpaBiieHUsI MTUTAHUEM CHUCTEMBI.

Kak 6s1510 mokazano Boiie, LGT8FX8P nepBuunoro ynpasieHus
AHEPronoTpedIeHne BCeil CUCTeMOM KoHTpouiepa crsiiero pexuma (SMU) u 6510k
ynpasienus Taktamu (CMU). OT ypoBHSI 5KOHOMHH SHEPIHH, MOKHO pa3zeiuTh Ha
YEeThIPE YPOBHS MUTAHUS:

- IEPBBIN YPOBEHb pabOTAET MOAYJIb YIIPABICHUS CUHXPOHU3ALIMEN Yepe3 PETUCTP
PRR, gacel He UCTIONB3YyETCs, UTOOBI 3aKPHITh MOJTYJIb, COXPaHSIS TUHAMUYECKYIO paboTy
CUCTEMBbI MUTaHUS. B HOpMaJbHBIX YCIOBUSIX TOT YPOBEHb MOXKET DIKOHOMUTD SHEPTHIO,
HE OYCBU/ICH.

- BTOpOM YPOBEHb SBJISIETCSI OCHOBHBIM UCTOYHUKOM CUHXPOHU3AIUU MTPU
MEePEKITFOYEHNHN ¢ YaCaMH HU3KOM 4acTOThI, U MOAYJIb UCTOYHHKA TAKTOBBIX UMITYJILCOB
HE 3aKpBIT, U UCTIOJIB30BAIIN APYTHE aHATIOTOBBIE MOIYIIH, STOT PEKUM MOXKET OBITh, 110
CYIIIECTBY, MOJy4YEH BEChMa 3HAYUTEIBHBIA PacXo;] pabodeil MOIITHOCTH OT
MOTPeOIIeMOI MOIITHOCTH CUCTEMBI U CHA.

- TPETUI YPOBEHB MIPEJICTABIISIET COOOW CUCTEMY, BOWU/IS B PEKUM TTOHIKEHHOTO
suepronorpednerus (DPS1), LGT8FX8P moxer ObITh TOCTUTHYTO B MOsipHBIX DPS1
pEeXKUME OKUAHUS MOIITHOCTH, PEKUM MPOOYKICHUS TOCTe cO0sl MUTAHUs, COCTOSIHUAC
cOpoca, mpexae YeM mporpaMMHOe o0ecredeHue MoxkeT ObiTh mpountano MCUSR
perucrpa.

- YETBEPTHIM YPOBEHB - 3TO PEKUM MOHMKEHHOTO0 dHepronoTpednaenus (DPS2),
KOTOPBIN OTKJIFOYAeT OCHOBHOM MCTOYHUK MUTAHUSA JJIsl TOCTHKEHUS] HAUMEHBIIETO



SHEPronoTpedseHus cUCTeMbL. [IpH BRIKIIOUEHHOM sIJIpE BCE AAHHBIE B 3TOM PEKUME
Oynyt notepsiHbl. [IpochinaiiTech cpa3y ke Mocie BHIMOIHEHHS Ipoliecca copoca npu
BKJIIOUEHUH, CUCTEMA Tepe3arpyx’aeTcsi U3 BeKTopa cOpoca AJis 3aImycKa.

6.2. Ynpasienue nuranuem AWSON

ITo cpaBaenuto ¢ LGT8FX8D pexuM noHM>KeHHOro 3HepronoTpediaenus DPS2 -
COBEPILIEHHO HOBBIA PEXUM MUTAHUS.

Pexxum DPS2 ncnons3yeTcs a1 NpuioKeHui, KOTOPhIb TpeOyeTcs: 601ee BRICOKOE
noTtpebnenue 3ueprun cHa. [locne Bxona B pexxum DPS2 cucrema nognepxuBaer
TOJIbKO cTaTrueckuii Moaynb (AWSON) B paboueM COCTOSHUY, IPYTHE e HAXOISATCS
B [TOJIHOCTBIO BBIKIIFOYEHHOM COCTOSTHUU.

Monyne AWSON npeanasHaueH AJis ypaBiIeHUs CHa U IPOOyKIeHus,
OTBETCTBEHHOTO 3a pexxuM DPS2. Moayine AWSON cocTouT B OCHOBHOM M3 JIOTUKH
ynpasiienus npooyxaeHuem IO u manomomuoro LPRC.

[Iporpammuoe obecnieuenune moxet ynpasisitb AWSON uepes peructp [OCWK u
peructp DPS2R. Peructp IOCWK wucnons3yercs 115 ynpapieHus MpoOyKIeHUEM
u3menenuit PDO ~ 7. Peructp DPS2R ynpasnsier pesxkxumom DPS2 u pyHkImmonanbHbm
pexumoMm LPRC.

J{nst mosty4yeHust 1onoaHUTENpHOM nHpopmMaruu cM. Pazaen onpenenenus
PETHCTPOB B KOHIIE 3TOT0 pa3jela.

[lepen ucnonwszoBanuem pexuma DPS2 nmporpammHoe obecrnieuenue
ycranaBiauBaer IOCWK s Bkitouenus tpedyemoro Bxoaa 10 wnm Brimouaer LPRC
yepe3 peructp DPS2R u HacTpauBaer nepuo npoOyKIeHHUs, 3aTEM BKIIOYAET PEKUM
DPS2 yepe3 out DPS2EN B peructpe DPS2R. Ilociie HacTpolku mporpaMMHOE
o0ecrniedyeHre JOHKHO YCTaHOBUTH PEXUM crisitero pexuma DPS2 gyepes peructp
SMCR, a 3atem BbInoHUTH KoMaHAy SLEEP s nepexoa B CISIIIMI pEKHUM.

6.3. Cnsimuii pe:xuM U MCTOYHHUK NMPOOY:KIEHUsI

LGT8FX8P noasiepKuBaeT NsTh BUAOB CIHSAIIETO PEKUMA, TOJIB30BATEIb MOXKET
BbIOpaTh COOTBETCTBYIOLUI PEXUM OXKHUAAHUS B COOTBETCTBUU C TPEOOBAHUSAMU
MIPUIIOKEHUS.

Peructp SMCR conepKut nmapaMmeTpbl yIpaBiICHUS PEKUMOM CIISIIIETO PEKUMA.
[Tocne Beimonnenus uuctpykiuu SLEEP siapo nepexoaut B cosimuid pexum. s
JYYIIEeTo MOTPeOJIeHUs] YHEPTUHN CHA PEKOMEHYETCS OTKIIOUUTh BCE HEMCIOIb30BaHHbBIE
4achbl U aHAJIOTOBBIE MOYJIN, ITPEXKIE YEM AAPO MEPEXOIUT B CIISIIIMMN PEKUM.

OpnHako cienyeT OTMETUTh, YTO HEKOTOPBIM UCTOUYHHUKAM NPOOYKIECHUS HYKHbI
pabouue Yyachl, U €Clid TaKhe UCTOYHUKU MTPOOYKICHUSI IOJKHBI MCII0JIb30BaThCH,
XPAaHUTE COOTBETCTBYIOIINI UCTOYHUK CHHXPOHU3ALUH.

Ecnu Bam HY>KHO BOMTH B MSATh PEKUMOB crisiiiero pexuma, outr SE 8 SMCR
JIOJIKEH ObITh YCTAHOBIIEH B «1», YTOOBI BKIIOUUTH YNPABICHUE CIIAIIUM PEXXHUMOM.
Tornaa BeimoaHUTh KOMaHay SLEEP MoxHo.

SMO0 / 1/2 8 SMCR ucnonb3yercs A BBIOOpa JPYTroro CIsIIero pexxuma.
[ToxamyiicTa, 0OpaTUTECH K CIIEAYIOIIEMY OMUCAHUIO AJISl OTYyYEHUS! KOHKPETHOM
uHbOopMaIuu



Crsuii peskuM U PEXKUM OXKHUJTaHUS:

JelicTBUTE/NbHBIE
Pexum cHa Hcrounnk npodykaeHus
TaKThI
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Pexum oxnganus
(IDLE)

X
X
X
X
X
X
X
X
X
X
X

ALII
[Tonasiienue myma

X
X
X
X
X
X
X
X
X

Pexum
SHEProcOepeIKCHHS X X X X X X X
(SAVE)

Pexxum moHnKeHHOro
SHEPronoTpedaeHUs X X X X X X
(DPS0) (¢ RC32K)

Pexxum nmoHnKeHHOro
SHEPronoTpedIeHUs X X X X X
(DPS1) (6e3 RC32K)

PexxuM moHMKEHHOT 0O

SHEPronoTpeOICHUS X
(DPS2) (6e3 LDO)

Korma MCU naxoauTcs B CIIAIIEM PEXKUME, €CITU UCTOYHUK MPOOYKIACHUS
aktuBeH, MCU npoceinaeTcst nociie 4 MUKIOB U MPOJO0DKAET BBITOIHATh HHCTPYKIIUH.

Ecnu npepbiBaHuE OCTAETCA IEUCTBUTEIBHBIM, IPEPBIBAHUE TAKKE HEMEIEHHO
OTBETHUT Ha MPOLEAYPY 00CITY>KUBAHUS IPEPHIBAHUM.

Ecnu B pexxume SLEEP nipoucxoaut copoc cucrembl, MCU Takke npocslnaercs u
BBITIOJTHSETCS U3 BEKTOpa copoca.

Korga MCU naxoauTtcs B pexKuMe MUTAHUS / BBIKJIIFOYEHUSI, CUCTEMa MOXKET
akTUBUpOBaThCs BHEMHUM npepbiBaHueM INTO/1. ITocne nmpoOy:xnennss MCU
BO300HOBUT paboOTy C MPEABIAYIIETO MOJI0KEHHS CHA.

6.3.1. Pexxum oxxunanus (IDLE)

Korma SM2...0 ycranosnien Ha 000, mociie BeimonaHenust komanasl SLEEP MCU
MEePEXOaUT B pekuM oxkuanus, a pexxuM IDLE otkimrouaeT paboune takTh sapa. Bee
ocTajbHble epudepuitHbie ycTpoiicTBa MOTYT paboTaTh HOPMAJIBLHO.

Pexum IDLE MoOxkeT npochInaTeCs OT BHEMIHETO U BHYTPEHETO MTPEPBIBAHUA.
Ecnu Bam He HY»KHO MCHOJIb30BaTh komnaparop u ALIIl B kauecTBe HCTOUHHKA
npOoOYXACHUS, PEKOMEHIYEeTCA OTKIIOUUTD €TO.

IDLE, 3aKpbUI TOJIBKO TaKThl, 3aIIyCKAOLIUE SIAPO, IO3TOMY OH HE MOKET
3HAYUTETLHO CHU3UTh YHEPronoTpeOIeHHE.

B IDLE, si1po Takke mepecTaHeT U3BJIEKATh U BBIMOJHATh MHCTPYKIMH, TIOBTOMY
BbI MOKE€TE YMEHBIIUTH BHYTPEHHIOK MOTPEOIISIEMYIO MOIIIHOCTH paboyei mporpaMMbl



FLASH.

Tem He menee, pexxum IDLE umeet 6osee ruOkuit peskuM mpoOyx aeHus,
MOJIb30BATEIN MOTYT YMEHBITUTH OCHOBHBIC TAKTHI CUCTEMBI M OTKITFOUNTD
HEKeJlaTeIbHbIE MOIYJIH JIJIsl YMEHBIICHHS SHEPTrONOTPEOICHHUS.

6.3.2. Pexxum nogasnenus mryma AL

Korma SM2 ... 0 ycranosiien Ha 001, MCU nepexoauT B peKUM YMEHbLICHUS
ypoBHs ALIIT nociie Bemnonnenusa uuerpykunu SLEEP. B atom pexume, SAnpo u
OO0JIBIIMHCTBO MEepUGEPUIHBIX YCTPOMCTB MEPECTaHYT pabOTaTh.

AIIIT, Buemnue npepreiBanusi, coorBeTrctBre TWI-aapeca, WDT u cueTunk
TaitmMepa/coObITus 2, paboTaoIIKe B PEKUME ACHHXPOHHBIX 4acoB, OyIyT paboTaTh
HOpMaJbHO. PexuM Bcerna ucnosb3yeTcs JUIsl o0ecrneueHus: Xopouiei padouei cpeibl
st mpeodpazosanust ADC. [udpoBoit Moy yMEHbIIIAET BHICOKOYACTOTHBIE IIOMEXHU
aHasioroBoro npeoOpaszoBanus. [locie Bxona B 3ToT pexxum ALIl aBromatnuecku
3aIyCTUT NIPEOOPa30BaHUE BEIOOPKHU.

[Tocne npeoOpazoBaHus MpeoOpa30BaHHBIX TaHHBIX B peructp AaHHbIX AL,
npeobpazoBanue ALl 3aBepiaercs, ¥ MCU npockinaercs u3 peskuma mryma AT

6.3.3. Pesxum sHeprocoepexenus (SAVE)

Korga SM2...0 ycranosiniexd B 010, MCU nepexoJIuT B peKUM COXPaHEHUs MOCIIe
BbINIOJTHEHUS UHCTpYKuu SLEEP.

B aToM pexxnMe cucteMa OTKITIOUUT pabodre TAKThl BCeX MOAYJEH. DTOT pekuM
MO3KET MPOCHINATHCS TOIBKO B ACHHXPOHHOM PEKHUME, TaK KaK TAKThl BCEX MOJYJIEH
BBIKJIFOUEHBI, & CUTHAJIBI TPOOYKJIEHUS B 3TOM PEKUME MOTYT F€HEPUPOBATHCA
BHEILIHUMH TpepbiBaHusIMU, cooTBeTcTBUEM TWI-anpeca u WDT, paboraromnmu B
peXUME HE3aBUCUMOTO UCTOYHUKA CUHXPOHU3AIUH.

DTOT pEeKUM OTKIIFOYAET BCE MOAYJIM, KDOME OCHOBHOT'O UCTOYHHUKA
CUHXpOHM3AIMU. YTOOBI JOCTUYB JIyUIIEr0 3HEPTONOTPEOICHUSI, PEKOMEHIYEeTCSI
MEePEKIII0YaTh OCHOBHBIE Yackl cucTeMbl HAa BHyTpeHHU 32K RC nnu BHemnHnit 32KHz
HU3KOYACTOTHBIN KPUCTAILI MEPE] BXOJIOM B ATOT PEXUM, A 3aTEM OTKJIFOYATh
HEHUCIIOJIb3yEMbI HICTOYHUK CUHXPOHU3ALMU U AHAJIOTOBBIA MOYJIb.

6.3.4. PexxuM noHmkeHHoro suepronotpediaenuss DPSO

Korga SM [2: 0] ycranosnieno Ha 110, MCU nepexoaut B pexkum DPSO nocie
BoinoHeHus nHCTpykuuu SLEEP. Tlocne Bxona B DPS0, kpome BHyTpeHnHnero 32KHz
RC, npyrue uCTOYHUKN CUHXPOHU3AINH 3aKPBITHL. JTOT PEKUM MOXKET ObITh BHI3BaH
BHemHUM TipepbiBanreM INTO/1, ecnin dyukums npepsiBanust WDT BritoueHa, ona
MOXeT akTuBupoBaTbcst WDT.

6.3.5. Pexxum monmxkeHnHoro suepromnotpedaenus DPS1

Korma SM [2: 0] ycranosnieno B 011, MCU nepexoaut B pexxum DPS1 nocne



BbinojiHeHuss uHCTpYKuu SLEEP. Ilocne BBoga DPS1 Bce HCTOUHMKM CHHXPOHU3ALMHT
CUCTEMBI 3aKPBIThl. DTOT PEXKUM MOKET UCIOJIb30BaTh N3MEHEHUS YPOBHS BBOJIa-
BBIBOJIA, CTOPOKEBOU TalMep.

6.3.6. PesxxuM moHM»KeHHOT0 3HepronoTpedaenust DPS2

Korga SM [2: 0] yctanosiieno B 111 u BkimrouaeT moayias AWSON uepe3 DPS2EN
B peructp DPSR2.

[Tocne BeimonHenus uHcTpykunu SLEEP DPS2 nepexoaut B pexum DPS2.

[Tocne Bxoaa B pexxum DPS2 cucrema oTkimouaer nutanue sapa. Takum oOpas3om,
nannbie peructpa u O3Y Oyayt notepsiabl. [IpoOysxaenue or DSP2 Takoe xe, kak
npoieaypa copoca npu BKIIOUCHUH.

DPS2, HanpsikeHue sapa OTKII0YAeTCs, HHPOpMAIUs O PETUCTPE TEPSIETCH,
IIO3TOMY COCTOSIHHE YIPaBJIEHUSI IOPTOM OYJET BOCCTAHOBIIEHO /IO COCTOSIHUS BXO/1a,
BCE BBIXO/Ibl BBOJIa-BbIBOJIA M BHIKJIFOUEHUE YIIPABIICHUS TaKXKe OyAyT OTKIIFOUEHBI.

6.3.7. Ynpasnenne momuocTteio FLASH u GpicTpoe mpoOyxaeHue

Korna cucrema naxonurcs B pexxume SLEEP, sigpo ve 6yaet npogoixaTh
BBITNIOJIHATh MHCTPYKIIMH, HA 3TOT pa3 Bbl MOXKeTe OTKI0YNTh utanue FLASH, 4yTo6sb!
MOJIyYUTh 00JI€€ HU3KOE SIHEProNOTPeOIEHNE B PEKUME OKUAaHUs. JTa QyHKIUSA
mosxeT yrpasisatecs outom FPDEN B peructpe MCUCR.

B pexxrMe NOHMKEHHOTO SHEPronoTPeOIeHHs CUCTEMA MOXKET UCIIOJIb30BATh
BHEILIHKE NTpepbIBaHus uin npoOyxaenne WDT.

JInst puiabTpauuyu BO3MOKHBIX IOMEX OT BHEIIHUX CUTHAJIOB BHYTPEHHSISI CXeMa
npoOy>KJIeHUs BKIIIOYAET HACTpauBaemyro cxemy ¢uibTpa. B cooTBeTCTBUU C
HE00XOAMMOCTBIO BBIOpaTh COOTBETCTBYIOIIYIO UPHUHY hunbTpa. Kondurypamms
cxembl punbTpa MoxkeT O0bITh peanuzoBaHa FWKPEN perucrpa MCUCR.

MCUCR [FWKPEN] Vnpasnenue wiupunoii ¢punompa

FWKPEN IIupuna puabTpa

0 260us (o yMOJIUAHMUIO)
1 32us

6.3.8. Peructpsl Onucanue

SMCR - Peaucmp ynpasnenusi Cnsauum pes’cumom
‘ SMCR - peructp ynpasJieHusi CisilIAM Pe:KMMOM

SMCR: 0x33(0x53) ITo ymomuanmuro: 0x00
butbr SM2 SM1 SMO SE
R/IW - R/IW R/W R/W RIW

OmnpenesieHne OUT

Crisinmii peXxuM BKIII0OYaeT KOHTPOJIBHBIN OUT B «1», BBINOJIHEHHE HHCTPYKIIUU
SLEEP, sapo mepexoauT B crsitiuii peskuM. but SE 3amumiaer cucremy ot
CIIy9aifHOTO BKIIIOUCHHS CIIsiiero pexxuma. [locie mpoOy)aeHust peKOMEHIyeTCs
HEMEIUIEHHO OYHCTUTH OuT SE.

[0] | SE




Bb100op peskuma 0kuIaHUSA
SM2 SM1 SMO Onucanue pexuma

0 0 0 Pexum IDLE

0 0 1 AIIIT pexxuM mmogaBiIeHUS IryMa
[3:1] | SM 0 1 0 Pexxum sueprocoepexenns (SAVE)

0 1 1 Pexxum DPS1

1 1 0 Pexxum DPSO

1 1 1 Pexxum DPS2

Hpyrue 3ape3epBUPOBAHO

[7:4] - 3ape3epBUPOBAHO

PRR - Pecucmp ynpaeénenus snepeocoepesicenuem

PRR - Peructp ynpas/ienus 3HeprocoepexeHuemM

PRR: Ox64 [To ymomuanuto: 0x00
PRR PRTWI |PRTIM2|PRTIMO - TPRTIMI] PRSPI | PRUARTO| PRADC
R/W R/W R/W R/W - R/W RIW RIW R/W
Omnpenesenne OUT

[0] PRADC YcTaHoBUTH B «1», 4TOOBI BHIKIIOYUTH TaKThl KOHTpoIiepa ALIIT

[1] PRUARTO YcTaHoBUTH B «1», 9T00BI OTKIIFOUNTH TaKkThl MOayist USARTO

[2] PRSPI YcTaHoBUTH B «1», 9TOOBI OTKIIFOYUTH TAaKThI MOIYIIst SPI

[3] PRTIM1 YcTaHOBHTH B «1y», 4TOOBI OTKJIIOYHTH OT TaliMep/cueTdyrnkal TakThl

- - 3ape3epBUPOBAHO

[5] PRTIMO YcTaHoBUTH B «1», 4TOOBI OTKIIOYHTH OT TaliMep/cueTyrkal) TaKThl

[6] PRTIM2 YcTaHoBUTH B «1», 4TOOBI OTKIIOYHUTH OT TaliMep/cueTyrKa2 TaKThl

[7] PRTWI YcraHoBUTH B «1», 4TOOBI OTKIIOYUTH TaKThl MOy T WI

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

PRR1: 0x65 ITo ymommganwuro: 0x00
PRRI - - PRWDT - PRTIM3| PREFL | PRPCI -
R/W - - R/W - R/W R/W RIW -
Onpenenenne 6uT
[0] - 3ape3epBUPOBAHO
[1] PRPCI VYer. B «1», OTKII. BHEIIHWE W3MEHEHNUS BBIBOJIOB M TAKTHI BHEIIHETO IPEPHIBAHUS
[2] PREFL YcTaHoBUTH B «1», BBIKIIIOUMTE TaKThl MHTEpdetica kouTposuiepa FLASH
[3] | PRTIM3 YcTaHoBUTH B «1», 4TOOBI OTKIIIOYUTH TaKThl KOHTposiepa TMR3
[4] - 3ape3epBUPOBAHO
[5] | PRWDT YcTaHoBHTH B «1», 4TOOBI OTKIIOUYHUTH c4eTyuk TaktaB WDT
[7:6] - 3ape3epBUPOBAHO

MCUCR - Peeucmp ynpaeénenus MCU
| MCUCR - peructp ynpasienuss MCU
MCUCR: 0x35(0x55) | Io ymoudanuio: 0x00
MCUCR| FWKEN | FPDEN | EXRFD PUD IRLD IFAIL IVSEL WCE




R/W R/W R/W R/W R/W W/0 R/0 R/W R/W
Omnpenesenne OUT

[0] WCE Jo m3menenus 6utr MCUCR, Hy)XHO cHadaja yCTaHOBHUTb 3TOT OUT B «1»,

3atem peructp MCUCR o6HOBIsIETCS B T€UCHHE 6 ITUKIIOB

burt BrIOOpa BekTopa npeprbiBanusd. Korga IVSEL ycranosien B «1», anpec
[1] IVSEL | BekTopa npepsiBaHus OYJIET COMIOCTABIICH C HOBBIM aJIpECOM Ha OCHOBE 3HAYCHHS
peructpa IVBASE
2] IEAIL @nar c6os 3arpy3ku koHpurypamuu cucremsl, 0 - KoHTponbHas cymma B HOpMe,
1 - Ommbka 3arpy3ku
[3] IRLD 3anuck «1» OyaeT nepezarpy3ka HHGOpMAIMH 0 KOHPUTYpAIIH CHCTEMBI
[4] PUD I'moGanbHeli OUT GIOKMPOBKH MOATATUBAIONINX pe3ucTopoB. 0 - BxirounTs
yrpasieHue noarsrupanueM, 1 - OTkirounTh noarsruanus seex 10
OTKIIIOYHUTH OUT BHEIIIHETO cOpoca.
[5] EXRFD 0 - (190us) undpoBoit GuUILTP, KOTOPBIH 0OECIICYMBACT BHEIIHUI COpOC,
1 - oTKIIFOUYEHME CXEeMBI ITU(GPOBOTO GUILTPA JIJIs BHEHTHETO cOpoca

VYrpasienue BKItoUeHHEeM/BbIKiIoueHus nutanus FLASH.

[6] FPDEN 0 - FLASH ocraetcs BriItoYeHHBIM TI0cTe cucteMbl SLEEP,
1 - FLASH otknrouaercs nocine cucrembl SLEEP
[7] FWKEN Pe)xuM akTUBHU3AIMN PEKUMA TIPOOYKICHHS, TOJIBKO PEKUM MTUTAHHMS/
BeikuitoueHus. 0 - 3amepkka ¢mibtpa 260us. 1 - 3anepxka GuiabTpa 32US.

IOCWK - Pecucmp ynpasenenus uzmenenusimu na ypoeue epynnol PD

IOCWK - PD Group Change Peructpauus ynpaBJjieHusi Ipo0yK1eHueM

IOCWK: OXAE [To ymomuanwuto: 0x00
butsr I0CD7 I0CD6 I0CD5 I0CD4 I0CD3 I0CD?2 I0CD1 I0CDO0
R/W RIW R/W RIW RIW R/W R/W R/W R/W
Onpenenenne OuT
(17011 | 1ocwk VYcTaHOBUTE COOTBETCTBYIOIIUI OUT, BKIItOUUTE PyHKIIMIO TpoOyxaeHus PIN-
kona PD-rpynmer 10

DPS2R - Peecmp ynpasnenus pescumom DPS2

DPS2R - peructp ynpaBJjenusi pexkumom DPS2

DPS2R: OxAF ITo ymomyanuto: 0X00
butel - - - - DPS2E | LPRCE TOSI TOSO
R/W - - - - R/W R/W RIW RIW
Onpenenenne o6uT
[1:0] TOS Hactpotiiku npoOyxnenns Taiimepa LPRC:
00 -128ms, 01 - 256ms, 10 - 512ms, 11 - 1s
VYnpasnenue paszpemenreM LPRC.
[2] LPRCE 0 - OTKJIFOUNTH F;afIMep ngRCIJ), 1 - BrirounTh Taiimep LPRC
3] DPS2E Pexum DPS2 BxiroueHue ynpaBieHUs.

0 - orxmouer pexxum DPS2, 1 - Bxirouen pesxxum DPS2

[7:4]

3ape3epBUPOBAHO




/. Cucrema ynpasJjeHusi U copoca

7.1. O630p

[Tocne cOpoca cucTeMbl Bce perucTphl BBO/Ia-BbIBOJIA YCTAHABIMBAIOTCS B
HavyaJIbHbIE 3HAYEHUs, U IPOrpaMMa HauWHAET BHITIOJIHEHHUE C BEKTOpa copoca.

LGT8FX8P, nomkHa ucrnoiab3oBath RIMP - oTHOCHTENIbHBIN IEpexo] KOMaH bl
nepexoja Kk 0opadotunky copoca. Ecmu mporpamma Oecriosne3Ha sk HCTIOIb30BaHUS
MpEephIBaHUS, UCTOYHUK NIPEPHIBAHUS HE BKIIIOUEH, BEKTOP MNPEpPhIBAHUS HE OyIeT
HCITOJTh30BATHCS, 00JIACTh BEKTOPOB MPEPHIBAHUN MOXKET HCIIOIB30BATHCS JIJIST XpPAaHCHUS
KOJIa MPOTrPaMMBbI TTOJIb30BATEIA.

[Toce cOpoca Bce MOPTH BBOJIA / BEIBOIA Cpa3y MEPEXOAAT B UICXOTHOE
COCTOSIHHE. BONBIIMHCTBO BXOAOB / BBIXO/I0B MHUIIMATU3UPYIOTCS TSI BBOIA U
BBIKJIFOUEHHUS BHYTPEHHETO MOATITUBatomiero pesucropa. I/ O ¢ pyHkimeit aHaioroBoro
BBO/Ia TAK)K€ MHUITMATM3UPYETCs U poBON (GyHKIMEH BBOA / BBIBOJIA.

Korma cOpoc craHOBUTCS HEIEHCTBUTENLHBIM, HAUMHAET 3aITyCKaThCsl BHYTPEHHUM
tarimep LGT8FX8P, ucnonwszyemslii aiist pacmmpenus copoca. [llupuna curnana copoca
UCIIONIb3YETCs 1J1s1 00€CTeueHrs TOT0, YTOObl MICTOUHUK MUTAHUS B CUCTEME, TaKThI U
JPYTUe MOJYJIA BOIUIA B CTAOUIIbHOE COCTOSTHUE.

7.2. Ucrounuku Copoc.

LGT8FX8P nomnepxuBaeT B 0OIIEH CII0KHOCTU MIECTh ICTOYHUKOB cOpoca:

e (COpoc npu BiatrodeHnn: CpabaThiBaHHe MPY BKIIOYSHUHM MTUTAHUS, KOT1a pabouee
HaIpsHKEHUE CUCTEMBI HUKE ITopor cOpoca BHyTpeHHero moayJisi POR.

e Bxemmnwuii cOpoc: UMIYIbC HU3KOTO YPOBHS C ONPEAEICHHOW ITUPUHON HA BBIBOJIE
BHEIITHETO BBIBOJIa COpOCa MUKPOCXEMBI, IEWCTBUTENIbHBIN BHEITHUIN cOpOC.

e (COpoc OT CTOPOKEBOTO TaiiMepa: MOoCie BKIIOUEHHUS MOAYIISI CTOPOKEBOTO
TaiiMepa cuctema OyaeT cOpoIleHa, eCii TaliMep CTOPOKEBOTO Taitmepa
NEPETIOTHUTCS.

e (Copoc Huzkoro Hanpsbkenusa: B LGT8FX8P naxonurcs Moaysib 0OHapyKeHUS
Huskoro Hanpspkerus (LVD). MCU rtaxxe OyaeT cOpollieH, Kora Hanps>KeHue
MUTaHUS CUCTEMBI HIKE Iopora copoca, ycraHoBieHHoro LVD.

e (CoOpoc nporpammuoro odecneuenus: LGT8FXEP - criennanbHbIiM
3aperucTpUPOBAaHHBIA IPOrPAMMHBIN perucTp cOpoca, Moab30BaTeIb MOKET
copocuts MCU B mo6oe BpeMs 4epe3 3TOT PETUCTp.

e (COpoc OCD: copoc OCD BbInaeTcst MOIyJIEM OTIaAYUKa, KOTOPBIA UCHIOTIb3YETCS
1u1s ipsimoro copoca siapa MCU.



VcC Power-0n Reset

VDTS[2:0]

LVD Reset

Internal
Pullup WDT Reset

EXRST_EN

RESETN - Debounce Filter

Software Reset

0CD Reset

SNOUOIYDUAS

Clock Sources

Puc.7.1. Ctpykrypa cucrembr Copoc.

7.2.1. COpoc npu BKJIIOUEHUH TUTAHMUS.

Curnan cOpoca nMUTaHusl, TEHEPUPYEMBII CXeMOM OOHapY>KEHUSI BHYTPEHHETO
HarnpsokeHusi. Korna nutanue cuctemsl (VCC) HuKe opora oOHapyKeHusl, IeUCTBYET
CUTHAJI cOpOoca BKITFOUCHHS TTUTAHUS.

[Topor obHapyx)eHus cOpoca Py BKIIOUESHUN TUTAHUs, CM. Pazmen
ANEKTPUYECKUX IMApaMETPOB.

Cxema cOpoca BKIIFOUCHHSI TUTAHKUS TaAPAaHTUPYET, YTO YHIT HAXOIUTCS B
COCTOSIHUM cOpOoca BO BpeMs BKIIFOUCHHS TTUTAHUS M YTO YHIT CIIOCOOCH paboTaTh OT
M3BECTHOTO, CTAOMIILHOTO COCTOSTHUS NP BKIIIOUeHNH muTanus. CurHan copoca nmpu
BKJIFOUCHUH TaKke OyJEeT pacUIupeH C MOMOIIbI0 BCTPOCHHOTO CYETUYHMKA, YTOOBI
rapaHTUPOBATh, YTO Pa3IMYHbIC BHYTPCHHHE aHAJIOTOBBIC MOYJIH, Takue kKak RC-
Te€HEPATOPHI, MOTYT BOMTH B CTAOMIIbLHOE pabovee COCTOSIHUE TOCTIE BKIIFOUCHUS
MTUTAHWSL.

VCC

’ 200us 200us
VPOR * )‘

7.2.2. BHemHumii copoc

[TpumeHsiss HU3KUK yPOBEHb K BbIXoAy BHemHero copoca (RSTN), BHemHMIT cOpoc

AKTUBUPYETCS HEMEMJICHHO.

JIMUTeIbHOCTh HUXKHETO YPOBHSI 00JIbIIIe MUHUMAILHON TpeOyeMOon MHUPHUHBI
uMInyJbca. BHenmHuit cOpoc - 3T0 aCHHXPOHHBIN COPOC, M BHEHTHUM COPOC MOXKET
repe3arpy3uTh YhIl, JaKE €CJIM YUIl HE CHHXPOHU3UPOBAH.



Buemnuii BeiBog copoca LGT8FX8P Takke MOXKET UCIOJIb30BaThCS KaK BXOJbI /
BBIXOJIbI 0011IeTO HAa3HaueHus. [locie BKIIIOUEHUSI MUKPOCXEMBI 110 YMOJTUYAHHIO
ucnosb3yercs: GyHKIMs BHEIHETo cOpoca. [lomp3oBaTeny MOryT HacCTpauBaTh 1Mo
PETHCTPY, OTKIIIOYATh (DYHKIIMIO BHEITHETO COpPOCa ATOTO BBIBOJIA, KOTOPAs MOXKET
HCII0IB30BaThCs Kak 0ObIYHEIN [/ O.

J5g mosrydeHus JOMONHUTENbHON nHpopMmaruu cM. Onucanue peructpa IOCR.

RESETN

10us
Internal Extend
RESET |  TTTTTTTTE

7.2.3. O6napyxenue Huzkoro Hanpspkenus (LVD) Copoc

LGT8FX8P Bkitouaer B ce0s1 MPOrpaMMUPYEMYIO CXEMY OOHAPYKEHUST HU3KOTO
HanpspkeHus (LVD). LVD Takxke oOHapyxuBaeT uamMmenenue Hanpsbkenus VCC, HO
OTJIMYAETCS OT cOpOoca BKIIOUEHUS MUTaHus, TeM 4To LVD M0kHO BBIOpaTh mopor
HanpsokeHus yepes peructp VDTCR. Cxema obHapyxenus Hanpspbkenust LVD nmeet
XapakTepucTuKy ructepesrca ot = 10 mB 1o + 50 MB s dunbsrpanuu apoxxkanus
HanpspkeHust VCC. Korga LVD Bkitouen, copoc LVD OyneT akTuBeH HEMEIJICHHO,
eciu Hanpspbkenne VCC magaeT HMbKe mopora ycranoBieHHoro copoca. Korma VCC
YBEJIMYUBAETCS BhIILIE TIOpora cOpoca, BKIIOYAETCS CXeMa paclIMpEeHUs] BHYTPEHHETO
copoca, u cOpoc MPOAOHKAET PACIIUPSTHC KaK MUHUMYM Ha 1 MUJUTUCEKYHY.

Ve VTHs

LVD RESET

Internal _i%hi?“".".J

RESET

7.2.4. COpoc cTOpOKEBOTO TaliMepa

Korna Taitmep cTopoxkeBoro taiiMepa nepenoaHsaeTcs], €Cau BKII0UeHa QyHKIUs
cOpoca cuCTeMBI CTOPOXKEBOTO TaliMepa, Cpa3y e TeHEPUPYETCs IIEPHOANIESCKUI CUTHAI
copoca cuctembl. Curnan cOpoca CTOPOKEBOTO TaliMepa TaKkke OyJeT paclIupeH
BHYTPEHHUM CUETYHUKOM 3a/ICPKKH.



[TogpoGHee o paboTte cTopokeBOro KoHtposuiepa cM. [logpoOHOe onrcanue HUXKeE.
» 4— 1K Cyde

1

WDT
TIME-OUT

16us Extend

INTERNAL
RESET

7.2.5. Copoc nporpammHoro ooecreuenus, copoc OCD

C6poc nporpaMMHOro 00ecredeHnsl 3aIyCKaeTcs 0JIb30BaTeeM, YIIPaBIIssl
mectbiM 6uTom peructpa VDTCR. Bpemst cOpoca nporpaMMHOro odecreueHus TOUYHO
TaKoe ke, Kak cOpoc cTopoxkeBoro taiiMepa. Curnai copoca OyJ1eT BHyTPEHHE PACTAHYT
16us. Copoc OCD, crenepupoBaHHbIN BHYTPEHHUM OJIOKOM OTiaauuka, copoc OCD
OOBIYHO KOHTPOJUPYETCA OTJIATYUKOM, II0JIb30BATEIbCKOE MPOTPaMMHOE 00€CIIeYEeHNE
HE MOXKET HHULIMUPOBaTh copoc OCD.

7.3. Cropo:keBoii TaiiMmep

e Bribupaetcs nmonp3oBateneM BHyTpeHHui reHeparop 32K RC unu 32MHz RC 16-
nenexveM (2MHz)

e Pexum npepbiBaHUs NOIEPKKU, PEKUM cOpoca U PeKUM IpepbIBaHUs cOpoca

e Taitmep MakcuManbHOE BpeMsi A0 8 CEKYH/I

LGT8FX8P Britouaet BCTpOCHHBIH MOYyJb cTopokeBoro taiimepa (WDT). TakTer
WDT moryT pabotats ot BHyTpeHHux 32KHz RC-reneparopom, uinu ¢ neneHnem Ha 16
OT BHYTPEHHETO 32-MerarepiioBoro reueparopa.

[Tepenonnenue cuetunka WDT Tlocne Bbixoa Bbl MOKETE BHIBECTH CUTHAI
MIPEPHIBAHUS WK COPOCA CUCTEMBI.

[Tpu HOpMaATLHOM HCTIOIB30BAHUH MTPOTPAMMHOE 00ECIIeYeHUE T0IKHO
BeITIONTHATH WDR - kOMaH1a cOpoca CToOpoKeBOTo TaiiMepa repe3amyckaeT CUeTINK
nepen nepenoyHeHneM. Eciu cucteMa He BBIOJHAET Aaxe MHCTpykuno WDR, WDT
OyZeT TeHeprupoBaTh MPEPhIBAHUE WIIH COPOC CUCTEMBI.
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Puc.7.2. CtpykTypa CTOpOKEBOTO Taiimepa

B pexurime npepblBaHUsI CUTHAI 3apOca MPEPhIBAHUS T€HEPUPYETCS MPU
nepenoiaHeHnd WDT. DTo npepbiBaHHE MOKET UCTIOIb30BAThCS KaK CUTHAI
pOOYKJICHUS JIJIS CISIIIETO PeKUMa U Kak OOIUN CUCTEMHBIN TaliMep.

Hanpumep, Bbl MOKETE UCTIOIB30BATH ATO MIPEPhIBAaHUE, YTOOBI OTPAHUYUTH BPEMS
BBINOJIHEHUA ONEPAlMU, B 3aBEPIICHUH NIEPETIOTHEHUS TEKYIIEH 3aauu.

B pexxume copoca cuctrembl WDT renepupyet curaan cOpoca CUCTEMbI Cpasy xe
MocCJIe MepenoyiHeHus cueTynka. Hambonee THMMYHOE UCTIOJIb30BAHUE -
MpeoTBpaIieHue cOost MM COOM CUCTEMBI.

Tpetuii pexum - 3T0 peKUM MpepbIBaHUS cOpoca, KOMOMHALIUS TPEPbIBAHUMN U
copoc aByx ¢pyHkumii. Bo-miepBbIX, cuctema OyaeT pearupoBaTh Ha (GyHKITHIO
npepbiBanust WDT, BeiiiTH U3 iporieypbl copoca npepsiBanust WDT, nemenienHo
MEPEKITIOYUTHCS B PEKUM cOpoca. DTa PYHKIUS MOXKET MOJJICPKUBATH COXPAHCHHE
HEKOTOPBIX U3 HauboJee BAXKHBIX apamMeTpoB nHpopmaruu nepen copocom. UtoObr
NpeaOTBPATUTH HenpeagHamepeHHoe oTkiaroyenne WDT, Beikimtouenne WDT nosmkHO
BBITIOJTHATHCS C YETKO ONMPEIeSICHHbIM BpeMeHeM. ClieIyIomnii KO OMUCHIBAET, KaK
OTKJIFOYMTH CTOPOKEBOM Tamep. B ciienyronem npuMepe npeanoiaraeTcs, 4to
MpephIBaHNE OTKIIFOYEHO, TaK YTO BECh pabouunii MOTOK HEe OyAET MpepBaH.

HpHMep KOJa JId BKIIFOYCHHUS WM BBIKIIIOUYCHUSA CTOPOKEBOT'O TaﬁMepaI

Koa Accem0Jiepa
WDT_OFF:
CLI ; Omkatouums 2100aibHoe npepwvleanue
WDR ; Copoc Cmopooicesozo matimepa
IN r16, MCUSR : Ouucmums WDRF ¢ MCUSR
ANDI r16, ~(1 << WDRF)
OUT MCUSR, r16 : 3anuce «1» 6 WDCE u WDE

; Coxpanums nacmpouky cmapozo npedoenumers, 4moosl
npeoomepamums HenpeoHamepeHHblil matm-aym

DS r16, WDTCSR




ORI 16, (1 << WDCE) | (1 << WDE)
STS WDTCSR, r16

DI r16, (0 << WDE) : Buiknrouums WDT

STS WDTCSR, r16

SEI ; Brarouumo enobanvnoe npepvieanue
RET

C Kogx

void WDT_OFF(void)
{
__disable_interrupt();
__watchdog_reset();
I* Ouucmums WDRF ¢ MCUSR */
MCUSR &= ~(1 << WDRF);
/* 3anuco «1» 6 WDCE u WDE */
/ * Coxpanumov HAcmMpoUKy cmapo2o npedoenumelis, 4mooovl
npeodomepamums HenpeoHamepernvil maum-aym */
WDTCSR |= (1 << WDCE) | (1 << WDE);
I* Boikniouumo WDT */
WDTCSR = 0x00;
__enable_interrupt();

¥

Ipumeuanue: Eciu WDT BkiII0OU€H HEOKUIAHHO, HATIPUMED, TP 3aTyCKE MPOTPAMMBI,
yurn 0ynet copomieH, Ho WDT Bce enie BKiIroUEH.

Eciit WDT nHe oOpabatbiBaeTcs B KOJI€ MOJIb30BATENS, 3TO IPUBEACT K
MUKIMIeCKOMYy cOpocy. UToOBI 3TOro u30ekaTh, PEKOMEHIYETCs, YTOOBI MTPOTPAMMHOE
obecreyeHre 0Ib30BaTEsI OUHUIIATI0 KOHTPOJIbHBIE OUTHI cToposkeBoro copoca (WDRF)
u WDE B nporneaype nnuimain3anuu.

Crnenyroluii KoJ ONKUCHIBAET, KAK U3BMEHUTH 3HAUEHUE BPEMEHU TaliM-ayTa CTOPOKEBOTO
Taiimepa.

Koa Accem0iiepa

WDT_TOV_Change:

CLl ; Omkatouums 2n100aibHoe npepwvleanue

WDR ; Copoc Cmopooicesozo matimepa

LDS r16, WDTCSR ; 3anycmume paccuumaHnuyro nociedo8ameibHOCb

ORI r16, (1 << WDCE) | (1 << WDE)

STSWDTCSR, r16 ;- [loayuun ons yukios, umoodwvl yCmanosums 30eCb HO80e
3HaueHue -

; Yemanosums nosoe snauenue matim-ayma = 64K yuxios
DI r16, (1 << WDE) | (1 << WDP2) | (1 << WDPO0)
STS WDTCSR, r16
; - 3axonuena ycmanosxka H08020 3HAUEHUS], UCNOb3YEemCsl 2
yuKna -
SEI ; Brnouums enobanvnoe npepuviganue

RET




C Kon

void WDT_TOV_Change(void)

{

__disable_interrupt();

__watchdog_reset();

I* 3anycmume paccuumannyro nociedosamenvrocns */
WDTCSR |= (1 << WDCE) | (1 << WDE);

I* Yemanosums Hosoe 3nauenue maiim-ayma = 64K yuxnog */
WDTCSR |= (1 << WDE) | (1 << WDP2) | (1 << WDPO0);
__enable_interrupt();

¥

Ipumeuanue: Ilepen nzmenenuem Out koHpurypauuu WDP pexomenayetcst cOpocuThb
cTtopoxxkeBoil Taiimep. [lockonbky usmenenne out WDP npu oTHOCHTENEHO HEOOIBIIOM
MepUoIe OKUIAHUS, MOKET MPUBECTU K COpOCy TaliM-ayTa CTOPOKEBOTO TaliMepa.

7.4. Peructpel Onrcanus

VDTCR - Pecucmp ynpasnenus nusicnum npedenom nanpsiicenus (LVD)

VDTCR - ynpaBasirouiuii peructp LVD

VDTCR: 0x62 [To ymomuanuto: 0x00
burter | WCET SWR - TVDTS2 | VDTSI | VDTSO | VDREN | VDTEN
R/W R/W R/W - R/W R/W R/W R/W R/W
Onpenesenne OUT
[0] VDTEN Monynb oOHapyXeHUsI HU3KOTO HaNPsKEHUs IO3BOJISIET YIIPABIATH,
1 - BximroueH, 0 - oTKIIIOYEH
[1] VDREN @OyHKIUA cOpoca HU3KOTO HAIPSKEHHS TO3BOJISET YIIPaBIIATS,
1 - BKITIOUYUTS, 0 - OTKIIOYUTH
but xoH(uUTypaun mopora 0OHApyKEHUS HUZKOTO HATPSHKEHHS
000 = 1.8V
001 =22V
010 = 2.5V
[4:2] VDTS 011 =2.9Vv
100 = 3.2V
101 = 3.6V
110 = 4.0V
111 = 4.4V
[5] - 3ape3epBUPOBAHO
[6] SWR burt paspemenus copoca. OuncTka 3Toro 6MTa NpUBEAET K cCOPOCY IPOrpaMMHOTO
o0ecrnieueHus
burt paszpemenust nzmenenust 3aadennss VDTCR Ilonp3oBarens q0mKeH cHavaIa
3amucarb 3TOT OuT B 1 nepen usmenenuem 3Hauenus perucrpa VDTCR u
[7] WCE n3MeHuTh 3HadeHue qpyrux out VDTCR B Teuenue cieayronmx 6 TaKTOB.
[Tocne yerbipex rukinoB WCE aBToMaTHuecku ounmiaercsi, oneparms
obnosnenus peructpa VDTCR HenelicTBUTENbHA.




PMX2 - Pecucmp mynemuniexcopa ¢yHkyuu 6600a-6b1600a
‘ PMX2-10 ®ynkuus MyJibTHIJIEKCHbIE PETHCTPbI

PMX2: OxFO ITo ymomuanuto: 0x00
Butbl WCE STSC1 | STSCO - - XIEN EGEN C6EN
R/W R/W R/W R/W - - R/W R/W RIW

Omnpenesenune OUT
[To ymomuanuto juist PC6 ycranoBieHa pyHkiust coOpoca. Y CcTaHOBKA 3TOTO
outa B «1» oTkimrouaeT GyHKIHIO BHeHIHero copoca. [locne Toro, kak
¢dbynkums copoca otkiodeHa, PC6 MOKHO UCTIOJIB30BaTh KaK OOBIYHBIN
BBOJI-BBIBO/JI

0 C6EN

BeiBog PE6 o ymomuanuto 11t pyHKIIMHM aHAJIOTOBOTO BXO/A. Y CTAHOBKA
1 EGEN 3TOrO O6MTa B «1» OTKIIOUUT (DYHKIIMIO aHAJIOTOBOTO BX0/1a. DTOT BBIBOJI
MOXeT ucnonb3oBarbes kak GP1O

2 XIEN KoHTpoJb paspernieHus BXOJIHOTO TAKTOBOT'O CHTHAJIA
4:3 - 3ape3epBUPOBAHO

5 STSCO HuzkockopocTHOe yrnpaBieHUe MyCKOM KpHCTaslia

6 STSC1 BrIcOKOCKOpPOCTHOE yIpaBlieHHE MYCKOM KpHCTalia

IOCR Usmenenne 3Hauenus - Bxmrounts but. [Tons3oBarens 1omkeH
CHauaJja 3amucarhb B 3ToT OUT «1» nepen u3MeHEeHNEM 3HAUYEHUS PETUCTPa
7 WCE IOCR u u3menuTs 3HaueHue Apyrux 6utoB IOCR B TeueHue ciemyromumx
6 taktoB. [locne yerbipex mukiaoB WCE aBTomMaTtuyecku ouuIiaercs,

omeparus ooHoieHus peructpa IOCR HeneiicTBuTenbHa.

MCUSR - Pecucmp cocmosanus MCU

‘ Peructp xkonTpoas cnennaabubix pynkuuii MCUSR-10

MCUSR:0x34(0x54) ITo ymomuanwuto: 0x00
burer | SWDD - PDRF | OCDRF | WDRF BORF EXTRF PORF
R/W R/W - R/W R/W RIW R/W R/W R/W
Onpenesenne OUT
[0] PORF ®nar cOpoca npy BKIIOUEHUH TUTAHUS, 3aUCh «0» .
[1] EXTRF |®nar BHemHero copoca, cOpoC MpH BKJIIOYEHUH OYHMILACTCS U 3anHchiBaeTcs «0».
2] BORE OOnyneHune oOHapy>KEHUsI HU3KOT'O HaNpsKEHUs!, cOpOC MPU BKIIOYEHUU
ABTOMATHYECKH OYMIIACTCS MIIM 3anuchiBaeTcs «0».
[3] WDRE ®nar copoca CTOpOKEBOro Taiimepa, cOpoc MPU BKIIOYCHUH aBTOMATUYECKH
OUMINAeTCs WiH 3anmuchiBaetcs «0».
[4] OCDRE ®mnar copoca ormnamunka OCD, cOpoc nmpu BKITIOYSCHHH aBTOMATHICCKH
OUMILACTCS WM 3anuchiBaeTcs «0».
[5] PDRE [MpoGyxnenue ot ¢uara Power / off, koHkpeTHOE OMTUCaHUe, TOXKATYyHCTa,
00paTUTECh K TJIaBE YIPABJICHUS TUTAHUEM.
[6] - 3ape3epBUPOBAHO
3anuck «1» otkmrount unTepderic SWD. [Nocne otkmouenuss SWD-unTepdeiica
BBITIOJTHEHHUE oTIaaku U |SP-onepanwmii HeBo3moxkHo. Ecim naTepdeiic SWD
OTKJIIOYEH B TI0JIb30BATENIBCKOM MPOrpaMme, Bbl MOKETe OTKIIIOUUTh
BHYTPEHHIOIO mporpammy, Bk, RESET Bo Bpems BKITFOUEHUS MUTaHHS, 3aTeM
[7] SWpD | BBUIOIHHTE OEpallui OTIANKY 1 ISP. Tlocne otknrouenust unrepdeiica SWD

nBa nHTepderica BBosa / BEIBOAA, 3aHAThIe SWD, MOTyT HCIIOIB30BaThCs Kak
BXO/IbI / BBIXO/BI 001IeT0 Ha3HayeHus. UToObl n30ekaTh HEMPABUIHLHOTO
obpamenus ¢ SWDD, nonb3oBatento HeoOxoaumo niepesanucatb SWDD B
TEUEHHUE YETHIPEX LIUKIIOB Mocie Toro, kak outr SWDD 0Oyzner o6HOBIIeH B epBbIii
pas3, 4To0BI BCTYIIUTH B CHITY.




IIpumeuanue: J{na 6osee TouHoro u 3pGeKTUBHOrO UCIOJIb30BaHM HHDOPMALIUKU 00
OOHOBJICHNHU COpOCa PEKOMEHIYEeTCsI, MPOYNTATh O MHUIHATU3auK copoca diara u Kak
OYHCTHUTH €TO.

WDTCSR - Pecucmp cocmosnus xoumpoas Watchdog

WDTCSR - Peructp ynpasJjenusi u Cocrosinusa WDT

Anpec: 0x60 [To ymomuanuto: 0x00
bur Il 6 5 4 3 2 1 0
Nmsn WDIF WDIE | WDP3 | WDTOE| WDE WDP2 | WDP1 | WDPO
R/W R/W R/W RIW R/W R/W RIW R/W R/W

Onpenesenne OuT

bur | Umsa Onucanue
Omnar npepsiBanusg WDT. but WDIF ycranaBnuBaetcs, korna WDT pabotaer B
pexxume npepbiBanus u nepenoinsercs. IlpepeiBanne WDT renepupyercs, korga our
[71 | WDIF | pasperenus npepoiBanust WDT, WDIE, ycraHoBsieH B 1 1 ycTaHOBIICHO I100aIbHOE
npepsiBanre. butr WDIF 6yner ounien npu BeimonHenun npepeianust WDT. Orot
OUT Tak)Ke MOKHO OYMCTHUTBD, 3amucas «1» B out WDIF.

bur ynpasnenus npepsiBanuem WDT. IlpepsiBanue WDT BkitoueHo, korjga our

WDIE ycranoBnen B «1», 1 ycTaHOBJIeHO riiobanbHOe mipepbiBanue. [IpepriBanue
WDT orkmtouaercs, korna 6ut WDIE ycranosnen na «0». but WDIE u WDE Bmecte

OTIPEICIISAIOT PEKUM CTOPOKEBOTO TaiiMepa, Kak MOKa3aHo B CIEAYIOUIeH Tabnuie.

[6] | WDIE WDE WDIE Pexxum JleficTBHsI OCTIE TIEPETIOTHEHUS
0 0 Cron Her
0 1 Pexxum npepbiBaHus IIpepriBanue
1 0 Pexxum cOpoca C6poc
1 1 Pexum cOpoca npepbiBaHMi COpoc nocie npepbIBaHus

but 3 BeiOOpa npeaBapurensHoro nenuteass WDT. WDP [3] u WDP [2: 0]
[5] | WDP3 | dopmupyrot 6utsl Beibopa npeasaputenbroro aenutens WDT WDP [3: 0], uto0st
ycTaHoBUTH niepuos nepenognenus WDT.

Otxmouenne WDT paspemnts 6ut ynpasienus. Korna 6utr WDE ouninaercs, Out
WDTOE nomxken 6wiTh yetanosieH win WDT we Oynet otkmoued. Korma out
WDTOE ycranosnen, annapaTHoe obecneuenue ountiaetr out WDTOE nocne 4

TaKTOB.

[4] |WDTOE

WDT aktuupyet out ynpasienus. WDT Bxitouen, koraa out WDE B «1». [Ipu
ycranoBke 0uT WDE Ha «0» WDT otkmtoueH. WDE MoxeT ObITh OUHIIIEH TONBKO MPH
ycranoBke OuT WDTOE. UtoOs! oTkimtounTh yxke BrmroueHHyl0 WDT, HyxHO
paboTaTh B COOTBETCTBHUHU CO CIEAYIOIIEH MOCIeI0BATEIEHOCTHIO:

1. Ycranosure 6ut WDTOE u WDE omHOBpemenHo, naxe eciu ycraHoBineH WDE
[3] WDE |but WDE Takxe momxkeH ObITh 3amucan «1» 10 Hayana omnepanuu.

2. 3anumute «0» B 6ut WDE B cneayromux 4 takToB. 910 Oyner 3akpbito WDT.

Korna 6utr WDE pagen «1», a WDT nepenonusier cucremy copoca, WDT Oyzner
copomen WDRF (raxomutcs B peructpe MCUSR). Ycranosure, korga out WDRF
ycranoBieH out WDE. TTostomy, utoOs1 ounctuth 6uT WDE, 6uT WDRF nomxen
|OBITE ounIIIEH.

Kontpois Bei6opa npeaapurenbHoro aenutens WDT. VMcnonb3yercs s yCTaHOBKH
nepuoaa nepenonnenuss WDT. Pekomennyercs uamensts 3nauenue WDP, koraa
WDT ne yuutbsiBaeT u u3MeHsaTh 3Hauenue WDP Bo Bpems mmozc4dera, YToObl HMETh
HenpensuaeHHoe nepenonnenne WDT.

[2:0] | wpp




Watchdog - Cnucoxk swibopa Ilpeodenenus
Ilepuon nepenonenns TaiimMepa 32KHZ 2MHz

WDP3 WDP2 WDP1 WDPO

CTOPOKEBOI0 TailiMepa TakTel TakTbl

0 0 0 0 2K KBl 64ms 1ms

0 0 1 4K muKIIB 128ms 2ms
0 0 1 0 8K 1uKIIBI 256ms 4ms
0 0 1 1 16K LuKIbI 512ms 8ms
0 1 0 0 32K 1uKIbI Is 16ms
0 1 0 1 64K 1uKIbs 2s 32ms
0 1 1 0 128K mukisl 4s 64ms
0 1 1 1 256K muxkIiet 8s 128ms
1 0 0 0 512K muxiiet 16s 256ms
1 0 0 1 1024K kel 32s 512ms
1 0 1 0
1 0 1 1
1 1 0 0
1 1 0 1 3ape3epBUPOBAHO
1 1 1 0
1 1 1 1

8. IIpepbiBanusi

8.1. Bexropa IlpepbiBanuii

e 28 UCTOYHUKOB MPEPHIBAHUI
e [IporpammMupyembiil BEKTOPHBINM HAYAIBHBIN aJpec

Pecypcsl ipepoiBannst LGTSF88P / 168P / 328P B 0CHOBHOM OIMHAKOBBI, OCHOBHOE
pazmuuue: BekTop npepbiBanus LGT8F88P nnsa komangnoro cinosa (16) u LGT8F168P /
328P Bekrtop npepsiBanus - 2 cnoa uHCTpykuuid. LGT8F88P Crniucku npepuiBaHuit

8.1.1 LGT8F88P Criucku npepbriBaHUM

Tabnuya npepvieanuti

Curnan
Anpec
Homep HUCTOYHUKA Onucanue NCTOYHHUKA MPePbIBAHUS
BekTopa
npepbIBaHUsA
1 0x0000 RESET BH?IHHI/II/I copoc, Copoc mpu BriroueHnn, COpoc CTOPOKEBOTO
taiimepa, Copoc otnaaku SWD, COpoc HU3KOTO HaNpsHKEHUS
2 0x0001 INTO 3anpoc BHelHero npepbianus ()
3 0x0002 INTI 3armpoc BHENTHETo mpepbiBaHus |
4 0x0003 PCIO [TpepsiBanue (mporpaMHoe) OT YpoBHs curHaia ) KOHTaKTa
5 0x0004 PCI1 [TpepoiBanue (porpaMHOEe) OT YPOBHS CHTHaia 1 KOHTaKTa
6 0x0005 PCI2 [TpepoiBane (poOrpaMHOE) OT YPOBHS CHTHaa 2 KOHTAKTa
7 0x0006 WDT ITpeppiBaHMe EPENOTHEHHS CTOPOKEBOIO TaliMepa
8 0x0007 | TC2 COMPA [TpepsiBanne PaBenctBa coBnagenue A Taiimep 2
9 0x0008 | TC2 COMPB [TpepsiBanne PaBencTBa coBnanenue B Taiimep 2
10 0x0009 TC2 OVF [TpepsiBanue [lepenonnenus Taiimep 2




11 0x000a TC1 CAPT [IpepsiBanne 3axBaTa BXoaHOro curHaia Taiimepa 1

12 0x000b | TC1 COMPA ITpepsiBanne PaBenctBa coBnanenue A Taiimep 1

13 0x000c | TC1 COMPB [TpepsiBanne PaBencTBa coBnanenue B Taiimep 1

14 0x000d TC1 OVF [IpepriBanne [lepenonnenus Taiimep 1

15 0x000e | TCO COMPA [IpepriBanne PaBencrBa copnanenne A Taiimep O

16 0x000f | TCO COMPB IIpepriBanne PaBencrBa coBmanenue B Taitmep O

17 0x0010 TCO OVF [TpepriBanue [lepenonnenus Taiimep O

18 0x0011 SPISTC [IpepsiBanue [locnenoatensHoe nepegaun SPI

19 0x0012 | USART RXC [TpepriBanne USART monygaer koHelr

20 0x0013 | USART UDRE [TpepsiBanne Peructp nanasix USART myct

21 0x0014 | USART TXC IIpepsiBannie USART ornpasnsier

22 0x0015 ADC ITpepriBanne Koner npeoopazosanus AT

23 0x0016 EE_RDY [IpepriBannie EEPROM T'otoB

24 0x0017 | ANA_COMP [IpepriBanme anaioroBoro kommnaparopa 0

25 0x0018 TWI [IpepbiBaHme IBYXIIPOBOTHOTO MTOCIICIOBATEILHOTO HHTEpdEiica
26 0x0019 | ANA COMP1 [IpepbiBaHKe aHaI0roBOro kommnaparopa 1

27 0x001a -

28 0x001b PCI3 I[IpepbiBanue (IPOrpamMHOE) OT YPOBHS CUTHAIA 3 KOHTAKTa
29 0x001c PCl4 I[pepbiBanue (MIPOrpaMHOE) OT YPOBHS CUTHANIA 4 KOHTaKTa
30 0x001d TC3=JNT [IpepwiBanue Taiimep 3

8.1.2 LGT8F168P / LGT8F328P Crincku npepbIiBaHHiA

Howmep Bek

Tabauya npepvisanuil

Anpec

TOpa

Curnaa
HCTOYHHKA
NpepbIBaHUA

Onucanue NCTOYHMKA MPEePbIBAHUS

Buemnuii copoc, Copoc npu BrmoueHnH, COpoc CTOPOKEBOro
1 0x0000 RESET TariMepa, C6I;)oc’ OTJ'IIZII[KI/IPSWD, Copoc 1;1/131<Er0 Hanlfm)erm
2 0x0002 INTO 3anpoc BHemrHero npepsiBanus 0
3 0x0004 INTI 3anpoc BHENTHETo npepriBanus |
4 0x0006 PCIO [pepwiBanue (MporpamMHoOe) OT ypoBHs curHana () KOHTaKTa
5 0x0008 PCI1 I[IpepbiBaHue (IPOrpaMHOE) OT YPOBHSI CUTHANIA | KOHTaKTa
6 0x000a PCI2 [IpepriBanme (IPOrpaMHOE) OT YPOBHS CUTHANIA 2 KOHTAKTa
7 0x000c WDT ITpepriBaHMEe EPENOIHEHHSI CTOPOKEBOIO TaliMepa
8 0x000e | TC2 COMPA IIpepriBanne PaBenctBa coBnagenue A Taiimep 2
9 0x0010 | TC2 COMPB [TpepriBanme PaBencTBa coBnanenue B Taiimep 2
10 0x0012 TC2 OVF [TpepriBanue [lepenonnenus Taiimep 2
11 0x0014 TC1 CAPT [TpepwiBanme 3axBaTa BXOIHOTO curHaima Taiimepa 1
12 0x0016 | TC1 COMPA [IpepriBanue PaBercTBa coBmanenne A Taiimep 1
13 0x0018 | TC1 COMPB [TpepsiBanne PaBencTBa coBnanenue B Taiimep 1
14 0x001a TC1 OVF [TpepsiBanue [lepenonnenus Taiimep 1
15 0x001c | TCO COMPA ITpepsiBanne PaBeHnctBa coBnagenue A Taitmep O
16 0x001e | TCO COMPB [TpepriBanne PaBerctBa coBnagenne B Taiimep O
17 0x0020 TCO OVF [TpepriBanne [lepenonnenus Taiimep O
18 0x0022 SPI STC [IpepriBanne nepenaya SP1 3aBepieHo
19 0x0024 | USART RXC [TpepwiBarme npuema USART 3aBepiieHo
20 0x0026 | USART UDRE ITpepsiBanue Peructp nanasix USART myct




21 0x0028 | USART TXC [TpepsiBannie USART ornpasnsier

22 0x002a ADC [TpepsiBanne Konen nmpeodpazobanus AL

23 0x002c EE_RDY IIpepsiBannie EEPROM I'otoB

24 0x002e | ANA_COMP [IpepriBanme anamoroBoro kommnaparopa 0

25 0x0030 TWI [IpeppiBaHmEe NBYXITPOBOIHOTO MOCJIEIOBATEILHOTO HHTEPdEkica
26 0x0032 | ANA_COMP1 [IpepriBanme aHaioroBoro kommnaparopa 1

27 0x0034 -

28 0x0036 PCI3 [IpepbiBanue (IPOrpamMHOE) OT YPOBHS CUTHANIA 3 KOHTAKTa
29 0x0038 PCl4 I[IpepbiBanue (IPOrpamMHOE) OT YPOBHS CUTHANIA 4 KOHTAKTa
30 0x003a TC3=JNT [IpepwiBanue Taiimep 3

BexTop copoca LGT8FX8P naunnaercs ¢ agpeca 0x0000. 3a uckiroueHruemM
BEKTOpa cOpoca, Bce APyrue BEKTOPHbBIE aJpeca MOTYT ObITh MepeHaIpaBICHbI Ha
HavaJabHBIN anapec ¢ 512 6aiitamu ¢ ucnoas3oBanueM [VSEL B peructpe MCUCR u
peructpe [IVBASE.

8.2. O0padoTKa BEeKTOPHBIX NPEePbIBAHNI

Crnenyrommii ko tosnbko aist LGT8F88P, nanpumep, 1i1s wiutoctpanuu

IIporpaMMHpOBaHUS BCKTOPOB IICPCAAPCCAIUN U ITPCPBIBAHUA, TOJIBKO JJIA CIIPABOYHBIX

eJeu:

Kon Accembiiepa- LGT8F88P

Anpec
0x000
0x001
0x002
0x003
0x004
0x005
0x006
0x007
0x008
0x009
0x00a
0x00b
0x00c
0x00d
0x00e
0x00f
0x010
0x011
0x012
0x013
0x014
0x015
0x016
0x017
0x018
0x019
0x01la
0x01b

Komanga
RIMP RESET
RIMP EXTINTO
RIMP EXTJNT1
RIJMP PCINTO
RIMP PCINT1
RIMP PCINT?2
RIJIMP WDT
RIMP TIM2_COMPA
RIMP TIM2_COMPB
RIMP TIM2_OVF
RIMP TIM1 CAPT
RIMP TIM1 COMPA
RIJMP TIM1_COMPB
RIJMP TIM1 OVFR
RIJMP TIMO_COMPA
RIJMP TIMO_COMPB
RIJMP TIMO_OVF
RIJMP SPI_STC
RIMP USART_RXC
RIMP USART_UDRE
RIJMP USART_TXC
RIMP ADC
RIMP EE_RDY
RIMP ANA COMP
RIMP TWI
NOP
NOP
RJIJMP PCI3

KommenTapuii
;Copocums 6ekmop
; Bnewmnee npepuviganue ()
; Bnewmnee npepvieanue 1
; IIpepwisanue cmenvt 3naxa ()
; [Ipepvieanue cmenvt 3narka 1
; IIpepwisanue cmenvl 3naxa 2
; IIpepvieanue om cmopodicesozo marimepa

;Cpasnenue cosnaoenuti A no matimepy 2 I pynnogoe npepwigarue
;Cpasnenue cosnadenuti B no maiimepy 2 I pynnosoe npepvieanue

;[Ipepvisanue nepenonnenus matimepa 2
;[Ipepvisanue 3axeama matimepa 1

;Cpasnenue cosnaoenuu A no mavimepy 1 I pynnogoe npepwvisarue
;Cpasnenue coenaoenuii B no matimepy 1 I pynnosoe npepvisanue

;Hpepbwaﬂue nepenojiHeHus maﬁ.wepa 1

;Cpasnenue coenaoenuu A no matimepy 0 I pynnogoe npepviéanue
;Cpasnenue cosnaoenuu B no matimepy 0 I pynnogoe npepuvigarue

;IIpepvisanue nepenornenus matimepa 0
IIpepvisanue nepeoaua SPI 3aeepuerno
;[Ipepvisanue npuema USART 3asepuiero

; Ilpepvisanue Pecucmp dannvix USART nycm

;Ipepvisarnue nepedaua USART 3asepuiero

; Ilpepwvisanue ADC Kowney npeobpazosanus
; IIpepvisanue EEPROM I'omoe
; IIpepvieanue om komnapamopa
;[Ipepvisanue konmponnepa TWI

; HpepblsaHue cMenwl 3Haxka 3




(RESET:)LDI rl6, high(RAMEND) ; Hauano OchosHnas npoepamma

0x01c

0x01d
0x01e
0x01f
0x020
0x021

OUT SPH, rl6 ;Yemanosums ykazamens cmexa na eepxnuti aopec RAM
LDI rl6, low(RAMEND)

OUT SPL, rl6

SEI ; Brarouums enobanvuvle npepvisanus

8.2. Peructpbl Onucanus

IVBASE - Pecucmp 6azosvix adpecos sekmopa npepvléanilii

IVBASE - peructp agpeca 6a30BOro perucTpa npepbiBaHUi

IVBASE: 0x75 SKuUtt: 0x00
IVBASE IVBASE[7:0]
R/W R/W

Onpenesenne OuT

[7:0]

Ecmu IVSEL paBao 1, BexTOp mpepsiBaHus (KpoMe BeKTOpa copoca) Oynet
nepeHasHadeH Ha 512-0aiTHoii ctpanulie ¢ 6a3oBeiM agpecom |VBASE.
bazoBsiii anpec orodpaskaemoro Bekropa npepoiBanus: (IVBASE << 8) +

CoOTBETCTBYIOIINI BEKTOPHBIN ajpec B Tadbuuie 1

IVBASE

8.3. BHemiHue npepbIBaHUA

* 2 BHEIIHUX UCTOYHHKA MTPEPHIBAHUS
» Kondurypupyembie npepbrIBaHusI C YPOBHEM WJIHU IO (GPOHTY
 Ucrounuku npoOy:KaeHHs, TOCTYIHbIE B BUJIE PEKUMa CHA.

8.3.1. Onucanue

Buenrnue npepsiBanus 3anyckarorcs ¢ noMoupio KoHTakToB INTO u INT1. Iloka
BKJIFOUEHO BHEILIHEE MPEpbIBAHKE, PEPHIBAHNE MOKET ObITh 3aIYLIECHO, AaXKE €CIIN ATH
7IBa BBIBOJIa CKOH(PUTYpUPOBAHBI KAaK BBIXOABI. DTO MOKHO HUCIIOJIb30BATh IS
reHepaly NporpaMMHBIX NpepbIBaHuil. BHelHue npepbiBaHus MOTYT OBbITh BbI3BaHbI
HapacTaroumM (pPOHTOM, CIIAJOM UM HU3KUM YPOBHEM, KOTOPBIM HaCTpauBaeTCs
BHEIIHUM PETUCTPOM yIpaBiieHHs npepbiBanussMu EICRA.

Korza BHeniHee npepbiBaHUE BKIIOUYEHO U CKOHPUTYPUPOBAHO IS
YYBCTBUTEIbHBIX K YPOBHIO (TOIBKO A1 KOHTakTOB INTO 1 INT1), npepsiBanus
TeHEPUPYIOTCS 0 TE€X MOp, OKa KOHTAKT OyeT HU3KUM. lIpepbhiBaHus HapacTarolero
(dbponTa winu nageHus ppontoB Ha koHTakTax INTO u INT1 3amyckaroT HOpMaJIbHYIO
paboTy TaKTOB BBO/IA-BbIBOJIA, B TO BpeMsI Kak MpephIBaHMs HU3KOTO YPOBHSI Ha BBIBOJAX
INTO u INT1 ob6HapykuUBarOTCsl aCHHXPOHHO.

B nononHeHue Kk pexxumy 0KUAaHMs, TaKThl IO B Ipyrux pexumax OxugaHus
nepectatot pabotarh. [loaToMy 00a BHEIIHUX MPEPBIBAHKS MOTYT HUCIIOJIb30BATHCS KaK
MCTOYHUKHU MPOOYXKACHUS B IPYTUX PEKUMAX 0KUJAHUS, KPOME PEKUMA OXKHUIAHUA.

Ecnu npepsiBaHue ¢ UCIIOIB30BaHUEM YPOBHS HCIIOIB3YETCS KAK UCTOYHUK
npOoOYXACHUS B PEKUME SHEPToCcOepeKeHUs, I3MEHEHHBI YPOBEHB JI0JIKEH
yIIEpAKUBATHCS HA ONpeiesieHHOe BpeMsi, 4ToObI pa30oyauTe MCU, yToObl yMEHBIIIUTD




YyBCTBUTEIBHOCTh MUKPOKOHTPOJIJIEPA K IIyMy. TpedyeMblil ypOBEHb JOJIKEH
NOJJIEP>KUBATHCS JOCTAaTOYHO J0Jr0, YToOsl MCU 3aBepiui nporecc npoOykIeHus u
3aT€M MHULIMUPOBAJ MPEPhIBAHNUE YPOBHA. Peructp peructpanuu

8.3.2. Peructpsl Onucanus

Cnucok peaucmpos
Perucrp = Agpec 3HayeHMe 10 YMOJTYAHHIO Onucanue
EICRA 0x69 0x00 Peructp ynpasieHusi BHEIIHUM MpEpbIBaHUEM A
EIMSK 0x3D 0x00 Peructp macku BHEIIHETO NTPEPHIBAaHUS
EIFR 0x3C 0x00 Peructp ¢nara BHeNIHero npepuIBaHUs

EICRA - Pecucmp ynpasnenus enewinum npepviganuem A

Anpec: 0x69

EICRA - Peructp ynpaBieHusi BHCIIHUM IPEPbIBaHHEM A
3HayeHue no ymonayanuto: 0xX00

bur

7

6 5 4 3 2 1 0

HNms

ISC11 ISC10 ISCOI ISC0O0

R/W

RIW R/W R/W R/W

bur

Nms

Onucanue

7:4

3ape3epBUPOBAHO

3

ISC11

but ynpasienust npepbiBanueM npepbiBadus INT1 6ut Boicokuii.

but ynpasnenus 3amyckom npepbiBanus INT1 ycTaHOBIIEH Ha HU3KOM YpOBHE.
Korna rmo6anbsHOe mpepbIBaHUE YCTAHOBJICHO U COOTBETCTBYIOIINI OUT
yrpaBiieHUs: Mackol npepeiBanus B peructpe GICR ycraHoBieH, BHelIHee
npepeiBanue 1 aktuBupyetcs BoiBogoM INT1. Meroa 3amycka npepbsiBaHus

ISC10

onucal B Tabmuue. Crauyana MCU u3mepsietr yposens Ha BbiBojzie INT1 1o
oOHapy>xeHus ppoHTa. Ecnmu BEIOpaH peXUM YPOBHS WIIA PEKUM W3MEHEHHS
YPOBHSI, UMITYJIbC JITUTEIHHOCTBIO O0Jiee 1 CHCTEMHOT0 TaKTOBOT'O CUTHAJIA
BBI30BET MpepbiBaHne. KOpOTKHi MMITYIIbC HE TApAaHTUPYET 3aIyCK PEPHIBAHMSL.
Ecnu BeIOpaH pekuM HU3KOTO YPOBHS 3aIlycKa, HU3KUH YPOBEHb JI0JIKEH
YIIEPXKUBATHCS JI0 TEX TIOP, TOKA TEKYyIas KOMaHaa He Oy/eT 3aBepIueHa, YTo0bI
BbI3BaTh [TPEpPbhIBAHUE.

ISCOI

but ynpasnenus npepsiBanueM npepbiBanusi INTO Our.

ISC00

bur 6ut ynpasnenus npepsiBanreM INTO 6ut. Koraa rmobGanbHoe mpepbiBaHUEe
YCTaHOBJIEHO U COOTBETCTBYIOLIUI OUT yNpaBiIeHUs] MACKOW MpephIBaHUs B

[peructpe GICR ycranoBieH, BHelIHee pepbiBaHre ) aKTUBUPYETCS BBIBOJAOM

INTO. Meron 3amycka npepsiBanust onucal B Tabnuue. Ilepen obHapykeHneM

|pporTra MCU cnauana uzmepser ypoBens Ha BeiBozie INTO. Ecnu BeiOpano

TPUTTCPHOC BKIIFOYCHUE NI CMECHA YPOBHA, HUMITYJIBChI JOJIBIIC, YEM OJUH TAKT

CHUCTEMBI, BBI30OBYT IIPEPBIBAHUE, B TO BpeMsl KaK KOPOTKUE UMITYJIbCBI HE BBI30BYT
npepbiBaHe. Eciu Bbl BBIOMpaeTe 3aycK peXUM HU3KOTO YPOBHS, TO HU3KUI
YPOBEHb JIOJKEH MOAEPKHUBATHCS /10 TEX MOp, MOKa He OYyET 3aBepIlIeHO TeKyIlee
BBINIOJTHEHHE KOMaH/Ibl, YTOOBI BBI3BaTh MpPEpbIBaHNUE.

BhewiHee npepvigaHue 1 3anyck ynpas/aeHus pexcumom

| 1SC1[1:0] Onucanue
0 Bremnero BeiBosa INT1 cpaGaTeiBaeT B HU3KHN YPOBEHD
1 Buemnanii koaTakT INT1 ¢ BocxomsmuMm ninu cagaronmM GpoHTOM
2 Buemnuii kouTakT INT1 ¢ ciagaromum GppoHToOM
3 Buemnnit kontakt INT1 ¢ Hapacratromum GppoHTOM




BrewHnee npepuigaHue 0 3anyck ynpas/aeHus peicumom

| 1SCO[1:0] Onucanne
0 Bremnero BeiBosa INTO cpaGaTeiBaeT B HU3KHN YPOBEHD
1 Bremnuit koatakT INTO ¢ BocxoasimuM wim criagaromumM GpoHTOM
2 Buemnnii koutakt INTO ¢ ciagaromum ¢pponTom
3 Buemnnit koutakt INTO ¢ Hapacratromum GppoHTOM

EIMSK - Pecucmp macku Bruewnue npepuvleanus

EIMSK - Peructp Macku BHeLIHero npepbIBaHus

Anpec: 0x3D 3navyenue no ymonuanuio: 0xX00
bur 7 6 5 4 3 2 1 0
Nms - - - - - - INTI INTO
R/W - - - - - - RIW R/W
bur Nms Onucanue

7:2 - 3ape3epBUPOBAHO

KoHnTpoibHbIil OUT pa3peleHus npepbiBanus BHEHIHero BbiBoAa 1. Korna 6ut
INT1 ycranoBnen B «1», a rmobanbHO€E IIpephIBaHHE YCTAHOBJICHO, MPEpPhIBAHNE
BHEIITHETO BBIBOJIA | BKIIIOYEHO M aKTUBHpPOBaHA GyHKIUsS MpoOyxkaeHus. [laxe
1 INTI ecnu BbIBOJ INT1 ckoHpuUryprpoBaH Kak BBIXOJHOM CUTHAJ, IPEpPhIBAHKE
OyzeT reHepupoBaThCs 10 TeX MOp, IOKAa YPOBEHb BBIBOJA COOTBETCTBEHHO
u3menurcs. Korga 6ut INT1 ycranosneH Ha «0», mpepbiBaHUE BHEIIHETO

BbIBOZA | OTKIIIOUEHO, a HYHKIMS TPOOYKICHHS TAKXKE OTKIIIOYCHA.

KonTponbHblit 6UT paspeuieHus npepbiBanus BHemHero BoiBoaa 0. Ecnu 6ut
INTO ycranoBieH Ha «1», a TJ06anbHOE MPEpPhIBAHUE YCTAHOBJIEHO,
npepbIBaHNE BHEIIHEro BbIBO/Ia 0 BKIIOYEHO U aKTUBUPOBaHA (DYHKIIUSA
0 INTO npoOyxaenus. Jlaxe ecnu BoiBox INTO ckoHpUryprpoBaH Kak BbIXOI,
npepbiBaHue OyIeT TeHepUPOBATHCS JI0 TEX MOp, TOKa COOTBETCTBYIOIUI
ypoBeHb BbiBoa u3MeHutTcs. Korma 6ut INTO ycranosnen Ha «0», mpepbiBanue
BHEIIHEro BbIBojIa 0 OTKIIIOYEHO, U GYHKIUS NPOOYKACHUS OTKIIIOYEHA.

EIFR - Pecucmp ¢ghnaca snewineco npepvisariis

‘ EIFR - peructp ¢uara BHEIIHEro MpepbIBaHUs

Anpec: Ox3C 3HavyeHue no ymonadanuto: 0xX00

but 7 6 S 4 3 2 1 0
Nms - - - - - - INTFI INTFO
R/W - - - - - - R/W R/W
bur Nmsn Onucanue

7:2 - 3ape3epBUPOBAHO

Buemnuit guar npepsiBanus 1. INTF1 ycranaBnuBaercs, koria GppoHT
BBI3bIBAET MpepbiBaHue ¢ BHelHero BeiBoAa 1. but INTF1 He
yCTaHaBJIMBAETCs, KOTJa pephIBaHNe BHELTHETo BbIBoJa 1 cpabaThiBaeT Ha

1 INTF1 HU3KOM ypoBHe. Eciu nmpepriBaHue BHEITHETO BBIBOAA | MO3BOIISIET OUT
INT1EN «1» u ycTanoBieH ¢uar riodaabHOro npepbiBanus, Oyner
TeHEePHUPOBATHCS MpephiBaHue BHenTHero BeiBoga 1. INTF1 aBTomaTnuecku
OYMILAETCS, KOT/Ia BBIMOJIHACTCS 3Ta MPOoLeaAypa MPEepbIBaHUS, HIIK €€ MOKHO
OYHMCTHTE, 3amucaB «1» B out INTF1.




Buemnuit guar npepsiBanus 0. INTFO ycranaBnuBaercs, koria GppoHT
BBI3BIBACT NpepbiBaHue ¢ BHEMIHETO BbiBoaa 0. but INTFO e
yCTaHABIIMBAETCS, KOTJa MpephIBaHNe BHENTHETO BhiBo/Ia () cpabaThiBaeT Ha
Hu3KoM ypoBHe. Ecnu nmpepbiBanue BHemHero BeiBoja 0 mpepriBaeTcs, OUT
INTOEN ycranaBnuBaercs B | 1 ycTaHOBjIeH ¢uiar ri106aabHOTr0 MpepbIBaHus,
Tornaa Oyner reHepupoBaThes npepbiBanue BHentHero BeiBoAa 0. INTFO Oyaer
aBTOMATHYECKH OYMIICH MIPU BBIMOJHEHUH 3TOH MPOLEAYpPhl 00CITY)KUBaHUS
MIPEPHIBAHMS WIJIM MOXKET OBITh OuMIleH mmyTem 3anucu «1» B out INTFO.

0 INTFO

9.001mmii nporpaMMupyemMblii MOPT

9.1. Onucanue

Bce MCU, ocnoBannbie Ha 0a3oBoM cemerictBe LGT8 XM, nMEIOT BO3MOKHOCTH
YTeHUs / ”3BMEHEHHUsI IOpPTa BBOAA-BBIBOJIa. IJTO O3HAYAET, YTO COCTOSHUE KOHKPETHOTO
MOpTa MOXKET ObITh U3MEHEHO MHANBUAYAIBHO C UCIIOJIb30BaHUEM UHCTPYKUU SBI u
CBI, He 3arparuBasi HUKakuX JPYTrUX onepanui BBoAa-BeiBoAa. Kpome Toro, uamMeHuTe
HaIpaBJICHUE TIOPTA WA KOHTPOJIUPYUTE €r0 CONPOTUBIIEHUE MOATATUBAHMUSL.
BbonpmmacTBO BX0710B / BBIX010B LGT8FX8P nMeroT cuMMeTpuyHbIe XapaKTepUCTUKU
MPUBO/Ia, KOTOPhIE IPUBOJAAT U MOTJIOMAIOT Oobinne TokUd. [/ O uMmeer nBa ypoBHs
BO3MOKHOCTEH MPUBOJIA, U TTOJIH30BATEIA MOTYT YIIPABJISITh BO3MOKHOCTSIMU IIPUBO/IA
Ka)kJ10ro Habopa onepaiuii BBoa-BbiBoAa. B03MOXKHOCTH BBOAA-BBIBOJA MOTYT
HaMpsAMYI0 yIPaBIsATh HEKOTOPBIMU CBETOIUOaMU. BOJBIIMHCTBO BXOJIOB / BBIXO/IOB
LGT8FX8P nogaepxkuatot 10 30 MA ¥ MOTYT HCIIOJIB30BATHCS HEMOCPEACTBEHHO ISl
ynpasienus ceeroguogamu cermerta. Bece VCC u GND 1/ O umeroT cBor cOOCTBEHHBIE
JAOJIbI 3AIIMUTHI OT 3JIEKTPOCTATHYECKOTO pa3psiia HAPSAMYIO U pACCUYUTAHbI HA TO,
9TOOBI BBIJIEpkUBaTh UMITyJIbcbl ESD He menee 5000 B.

(%) = Rpu

: Logic
(® ) | Cpin

e ~

Puc.9.1. Cxema >KBHUBaJIEHTHOM CXE€MBI BBOJIa / BBIBOJA

Bce peructpsl B 3101 riaBe TPUHUMAKOT €AUHBIA PEKUM ONUCAHUS, HUKHUN
PETHCTP «X» 0003HaYaeT HOMEp OYKB MOPTa, a HUKHHUI «n» 0003HaAYaeT HOMEp OUT B
nopTy. OaHaKo NpH UCIOJIB30BAHUH PETUCTPOB MOPTOB B BAILIEH MporpamMMe Bbl
JOJKHBI MCIIOJIb30BaTh TOUHOE UMs peructpa. Hanpumep, PORTB3, uro o3Hauvaer, 4yTo
tpetuit PORTB, 31echk ToT %€, uto 1 PORTxn.

[TonpobHOE onpeneneHue perucTpos, cBsizannbix ¢ [/ O, cm. B pazaene
«OnucaHus perucTpoBy.

KaxnoMy mopTy BBIAEISAIOTCS TpU peructpa BBoga-BbiBoga: PORTxX, PORTx
(DDRx), peructp BBoJa nanHbix nopra (PINx). BxomHoii peructp mopra JaHHBIX
ABJISIETCA PETUCTPOM TOJIBKO JJIs YT€HUs. PErncTp BBIXOAHBIX JAHHBIX U PETUCTP



HaIpaBJICHUs MOPTa YUTAKOTCS U TAKKE MOTYT OBbITh Mepe3anucaHbl.

but PUD B peructpe MCUCR wucnosb3yercs ajisi ynpaBlIeHUs NOATSITUBAHUEM
Bcex Bxo10B / BeIxo10B. Korma 6ut PUD ycranosnen B «1», monraruBanne BBoIa-
BBIBOJIA OTKITIOYAETCS. BOJBIIMHCTBO BXOOB / BBIXO/IOB, TOMUMO HX (YYHKIIMIA BBOJA /
BBIBOIA OOITETO HA3HAYEHUS, TAK)KE MYJIBTHIUICKCUPYIOTCS B IpyTre nepudepruiiHbie
byakuun. OO6paTuTeCh K pa3aeiry MyJbTUIIIEKCUPOBAHUS (DYHKITHI TIOPTOB IS
KOHKPETHOHN (hYHKIIMHA MYJIbTHILUICKCUPOBAHMUS.

CnemyeT OTMETUTD, YTO BKIIIOUEHUE MYJIbTUILIIEKCUPOBAHUSI HEKOTOPBIX MOPTOB HE
BJIMSIET HA MCIOJIb30BaHUE ATUX MOPTOB B KauecTBe LIU(PPOBOro BBOJIa-BbiBOJA. U
HEKOTOpbIe GYHKIMU MYJIbTUILIEKCUPOBAHMS MOTYT TaK)Ke HYXJAThCS B YIIPaBIICHUU
HaIIPaBJICHHEM BBO/1a-BbIBOJIA IIOPTA YEPE3 PETUCTPHI BBOAA-BbIBOAA. KOHKpETHBIE
HACTPOMKH OyAYyT BBEICHBI B JOKYMEHTAIIUU KaXKIOTO MOJYJIS MYJIbTUILUIEKCUPOBAHUSI.

9.2. IlopT BBOAA / BHIBO/AA 0011IEr0 HA3HAYECHUS

B kxadecTBe mopTa BBOJja-BbIBOIa 00IIIET0 Ha3HAYECHHUS MOPT MPECTaBISAET COO0H
JIByHAIPaBJICHHBINA MOPT BBOJIa-BbIBOIA, BHYTPEHHUN TPOrPAMMHUPYEMBIi MOITATUBAHHUE.
Puc. mokazana skBUBaJICHTHas NMPUHIUMITHATIBHAS CXeMa MopTa BBOAAa-BhIBOJIa OOIIIETO
Ha3HAYCHMUS.

L‘ - % PUD

WDx

RESET
RDx

>
[ P |
Reser e 2
T OWRx =
RRx E
SLEEP
Y Synchronizer
RPx
#— e
i 10_CLK
PUD: INoarsrusanne OTKII WDx: 3amucs DDRx
SLEEP: KonTponb cHa RDx: Yutate DDRX
I0_CLK: CuaxpouMmIyibChl BB/BbIB WRXx: 3armucs PORTX

RRX: Yurats peructp PORTX
RPx: Yurats Beisog PORTX
WPX: 3anucs peructp PINX

Puc.9.2. DkBuBaneHTHas MPUHIMUNHAIBHAS CXE€Ma IMOPTa BBOIa-BhIBOIA OOIIIETO
Ha3HaA4YEHHUS.



9.3. Kondurypanusi MCroJib30BaHUsI MOPTOB

Kaxapiit mopt ynpasnsercs Tpems 6utamu peructpos: DDxn, PORTxn u PINxn.
Cpeaun Hux DDxn rcnonbe3yercs, 4ToObl IMETh BO3MOXKHOCTB Iocemmars peructp DDRX,
PORTxn moxet noceniats peructp PORTx, PINxn moxet nocemats peructp PINX.

butsl peructpa DDRxn ucnonb3yroTcst Asi yCTaHOBKU HAIpaBlIeHUs! BBOA /
BbIBOZa nopTta. Eciom DDxn ycranoBiieH B «1», mopt Pxn HacTpoeH Kak BBIXOAHOW MOPT.
Ecan DDxn ycranosnen B 0, Pxn HacTpoeH Kak BXOJHOM NOPT.

Ecnu 6ut PORTxn ycranoBiieH B «1», 1 3TOT HOPT HACTPOEH KaK BXOJIHOM MOPT,
TO PE3UCTOP NOATATUBAHMS HAa 3TOM IOPTY NEUCTBUTENECH. ECiM BBI XOTUTE OTKIOYUTH
Harpy3o04Hsblii pesuctop nopra, PORTxn nomxen ObITh 3anucan kak «0» WM HACTPOUTH
ATOT MOPT B KAYECTBE BBIXOJHOT'O MOPTA.

CocTosiHue MHULIMATU3aluu cOpoca opTa - 3TO BXOJIHOE COCTOSIHUE, PE3UCTOP
MIOATATUBAHUSA HEAEHCTBUTEIICH.

PORTxn ycranoBiieH B «1», Torga kak 3T0T NOPT CKOH(GUTYPUPOBAH KaK
BBIXOJIHOM MOPT, BHEIIHUI NOPT OyAET yHnpaBisThCsA BEICOKMM. Ecnu i napamerpa
PORTxn ycranoBneHo 3HaueHue «0», mopT OyAeT OTKIIIOUEH.

CPU_CLK

N N N

Execute N /
- XXX XXX IN r17, PINX
J&\ /%\—/ N

Instructions N Ve

X

/

Sync Latch

NN
Y

PINXn

r7 0x00 P OxFF

Tpd,max

Tpd,min

Puc.9.3. TaktupoBKka 4Te€HHE BHIBOJIOB.

9.3.1. [lepekmtoueHue BBOJa / BHIBOIA

[ToaTsiruBaHMe WM BBIBOJ] IOPTOB MPOU3OMIET, KOTJ]a COCTOSIHHE BBOJIa / BHIBOIA
nepekaounTes Mexay TpexcrynendarsiM ([DDxn, PORTxn]) = 0b00) u BeICOKHM
BbIx0/1oM ([DDxn, PORTxn] = 0b11) Hwuskwii 1151 cepenuHbl COCTOSHUS.

B o6miem, moaTsTUBaroNue pe3uCTOPhl MPUEMIIEMBbI, TaK KaK pa3HUIA MEXITY
BBICOKHM HAIPSKEHUEM U TIOJITATUBAHUEM B BBICOKOOMHOM cpejie HE UMEET 3HAYCHUS.
Ecnu ato He Tak, ¢pynkius pull-up nmopra moxer 6biTh oTKIIIOUeHa 6uT PUD B peructpe
MCUCR.

AHaNnoruyHo, Ta *e NpodyemMa BO3HUKAET MPHU NEPEKITIOYEHUN MKy BXOJaMU C
BKJIFOUEHHBIM MOATITUBAHUEM M HU3KUM YPOBHEM BbIXOJHOTO curHaina. Ilomp3oBarens
JOJDKEH ucnotib3oBarth tristate ([DDxn, PORTxn] = 0b00) unu Beicokuii Bixo ([DDxn,
PORTxn] =0bl1) B kauecTBe MPOMEKYTOUYHOTO COCTOSHUSI.



Tabnuua koHurypamuuu paiiBepa nopra

‘ DDxn PORTxn PUD ' Cocrosinue noprta HozITsmyTlJ Onucanue GpyHKUUH
0 0 X 3anuce 3amper Tpu cocrosinust (High-Z)
0 1 0 3anuch Bxrounts | BBoa + BHYTpEeHHUN PEXUM NOATATUBAHNS
0 1 1 3amuch 3amper Tpu cocrosnms (High-Z)
1 0 X DKCIopT 3anper Huskuii BeIXO (ABHraTen)
1 1 X OKCIopT 3anper | Bbicokasi BbIXOJHAsI MOLIHOCTb (JIBUTATEIb)

9.3.2. UreHnue 3Ha4YCHHUS IOPTA

HezaBucumo ot ycranoBku 6uta DDxn HanpaBieHust mopTa TeKyIIee COCTOSHNE
MOpTa MOXKET OBITh MPOYUTAHO yepe3 OuT peructpa PINxn.

UYrto06b! n36€XaTh METaCTAOUIBHOCTH, BBI3BAHHOW MPSIMBIM YTEHHUEM MOpPTA, OUT
peructpa PINXxn sBisieTcst pe3yJapTaToM TOr0, YTO MOPT MIPOXOAUT YEPE3 CUHXPOHU3ATOP.

CHHXPOHM3ATOP COCTOUT U3 3aILEJIKH U PETHCTPA, IO3TOMY MEXy 3HAUYCHUEM
PINXn 1 Tekyim nopTom cyuiecTByeT HeOobllas 3aepKKa. IJTa 3a7epiKKa
00yCIIOBJIEHAa HATMYUEM CHHXPOHHU3ATOpa C 3aJEPAKKOM J10 MOIyTOpa CUCTEMHBIX
LUKJIOB. MBI IIpeAnoaaraeM, 4To CUCTEMHBIA LIUKJI HAYMHAETCS C TIEPBOTO MAIAIOIIETO
(pOHTA CUCTEMHBIX TAKTOB, 3alIeJIKa (PMKCUPYET IaHHbIE, KOT/1a TAKThl HU3KHUE, U
JAHHBIE ITPOXOAT YEPE3 3ALIEIKY, KOT/Ia TAKTHI BEICOKH, KaK IIOKa3aHO B
3aIITPUXOBAHHOW 00sacTy BhIlie. Korma Takta HU3KHE, JaHHbIE TOPTa GUKCUPYIOTCA U
CUHXPOHHM3UPYIOTCS B peructpe PINxn Ha nepenHem ¢poHTe cnemyromero takta. 1pd,
max 1 Tpd, min Ha IPUBEEHHOM BBIILIE€ PUCYHKE MPEICTABIAIOT COO0 MaKCUMaJIbHbIE U
MUHHUMAJIbHBIE 33JIEP’KKHU JAaHHBIX MOpTa U aenstcsa Ha 1,5 nukia u 0,5 mukna. UTtoOsl
MPOYUTATh 3HAYEHUE MTOPTA, YCTAHOBIEHHOE IPOrPAMMHBIM 00ECTICUEHHEM, B
MOJJIEP’KKY BBO/Ia-BbIBO/Ia U UTE€HUS OATOB BBO/Ia-BbIBO/Ia HEOOXOJUMO BCTaBUTh
komaHy «Het ornepanun» (NOP). Bpemena, moka3sansl Ha Puc. Huke:

(PU_CLK

™ “\ - .
Execute ™, . o N N
Instructions JGUT PORTX, rlﬁ&//&\ IN r17, PINX //x\ -

Sync Latch

PINXn

>
7 0x00 L OxFF

— —
Tpd

Puc. 9.4.

Crnenyronuii KoJl HOKa3bIBaeT, KaK YCTAaHOBUTH BbIBO/BI OopTa B 0/1 ¢ BhICOKHM,
2/3 HU3KHUM, ONPEEIUTh KOHTAKThl 4 ~ 7 B KaUeCTBE BXOJHBIX CUTHAJIOB U Pa3pelInTh
MOJTATHBAIOINE PE3UCTOPHI ISl KOHTAKTOB 6,7. 3Hau€HUE BHIBOJA 3aTEM CUMTHIBACTCS
oOpaTHO B pabounii peructp oOmiero Ha3HaueHus, u uHCTpykius NOP BcraBisieTcs
HEMOCPEJACTBEHHO Ha BBHIBOJ BHIBO/IA U BBOJ, KaK OIMCAHO paHee.



Coa AccemO1epa

; Onpedenums 8blmsacUBAHUSL U YCMAHOBUMb BbICOKUE BLIXOObI
; Onpedenums nanpasnenus 0Jisi KOHMAKMO8 NOpma

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

LDI rl7, (1<<DDB3)|(1<<DDB?2)|(1<<DDB1)|(1<<DDB0)
OUT PORTB, r16

OUT DDRB, r17

; Bemasums NOP 0ns cunxponuzayuu

NOP

; Umenue xonmaxmos nopma

IN r16, PINB

Kon C

unsigned char I;

I* Onpedenumsv evimseusanus u yCmanosums 8blCoxKue 8ublxoovl */
I* Onpedenums nanpasnenus o Konmaxkmog nopma */

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

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

I* Becmasumwv NOP 01 cunxponuzayuu */

__no_operation();

I* Becmasumo NOP 03 cunxponuzayuu */

| = PINB,;

9.3.3. BriroueHue BBOJa U yIpaBiIeHUE CHOM

N3 cxembl 5KBUBAJICHTHOM CXEMBbI BBOJIa / BBIBOJIa BUIHO, YTO MU(POBOI BXO/
MOKET OBITh 3akaT Ha 3eMJIto 1o ynpasieHuem curnana SLEEP. Curnan SLEEP
ynpasisieTcs: KoHTposuiepoM rudepHan MCU u pa3inruHbIMU peKUMAMU THOEpHALIMH.
DTO rapaHTUpPYET, 4TO MOCJIE€ BXO/IA B CISIIIUNA PEXUM CUCTEMA HE OyAeT U3-3a MIaBaHus
IIOPTa, BBI3BAHHOTO YTEYKOM.

VYnpasnenue SLEEP nopra 3amensieTcst GyHKUIHEH BHEIIHETO MPEPbIBAHUS.
VYnpasnenue SLEEP Bce emie pabotaer, eciy BHEIIHUM 3a1IpOC TPEPhIBaHUS
HenerictButeneH. @ynkuus ynpasieHuss SLEEP takxe Oynet 3aMeHeHa HEKOTOPBIMHU
JIPYTUMH BTOPBIMU (PYHKIIHSIMU.

Jlist monmyyeHus qonoaHuTeIbHOM nHdopMmaiuu cM. Criefyroliee BBEJSHUE O
BTOPOU (DYHKIIMH MOPTA.

9.3.4. beicTpo nepeBepHyTh CTATyC MOPTa

CocTtosiHue nopTa ycTaHoBiieHO Ha Bbixoa 1O, cocTosiHue mopTa MOXKET OBbITh
n3MeHeHo uepes peructp PORTn.

Ecnu Bam Hy’KHO IIEpEBEPHYTH CTaTyC BBIBOJA TEKYIIETO OPTa, BaM CHavyaia
HE0OXOMMO CHavajla MpoYnuTaTh TeKymui craryc nopta PINX, a 3arem 3anucaTh
oOpatHo B peructp PORTn, yTo651 3aBepuTh (um.

LGT8FX8P obecneunBaer emie oauH 3¢ (HEKTUBHBINA CIOCOO NHBEPTUPOBATH
COCTOSIHHE IIOPTA, IIEPEIMCTHIBAS YKa3aHHBIN CTATYyC NIOPTA, 3alKuCchIBas 1
HenocpenctBeHHo B peructp PINx. Hanpumep, mbl nuiiiem PINB [3] paBHbIM 1, BB




MOXKETC JOCTUTHYTh CTAaTyCa CTaTyCa ImopTa PB3. Otot METOJ OYCHb IMOJIC3CH OJIA
HpHHOX(@HHﬁ, KOTOPbIM HCO6XO,Z[I/IMO IrCHCPHUPOBATH BBIXOAHBIC TAKTHI.

9.3.5. lludposoii / aHaTIOTOBBIA MYJIBTUILUICKCHBIN TTOPT

LGT8FX8P - wacte mopra 115t ipoBOro aHaIOroBOro ruOpuaHOro nopra. 3a
uckiaoueHueM BHyTpeHHero Beixoaa [{AII PD4, Bce ocTanbHbIe CMEIIaHHBIE TOPTHI
HCIIOJIb3YIOTCSI KaK aHAJIOTOBBIE BXO/IBI.

[Tpu ucnonb30BaHUK B Ka4€CTBE aHAJIOTOBOTO MOPTa, MPOTpaMMHOE 0OecrieueHe
JIOJKHO OBITh YCTAHOBJICHO B PEKMM BBOJIA B MOPT U OTKIIFOUUTh BHYTPEHHIOKO TATY,
HEO00X0IUMYI0, YTOOBI N30€XkKaTh BIMSHUS HA AHAJIOTOBBINA JOXO/.

DIDRO ~ 2 peructpupyeT mopT Jist 3aKpbITUS GYHKITUH MUKIITUPOBAHUS
BXOJIHOTO IU(PPOBOTO KaHala, A1 TOTO, YTOOBI U30€KaTh HEHYKHBIX TOTEPb MOITHOCTH,
BBI3BaHHBIC aHAJIOTOBLIM BX0JI0M B Iu(poByto cxemy. DIDRx He oTkitodaet uudpoBoit
BBIXO/I ITOPTA.

9.3.6. /IByXTaKkTHBII MPUBOJ C BBICOKMM TOKOM

LGT8FX8P noanepxuBaeT 60j1ee 6 BBICOKOTOUHBIX TOKOBBIX IIPUBOIHBIX ITOPTOB,
JIBYXTaKTHBIA MpuBoj 10 80 MA. IIpuHMMasi BO BHUMAaHUE MAKCUMAJIbHbIE OTPAHUYCHUS
MaKCHMAaJIbHOM MpOIyCKHOM ciocoOHocTr yumna VCC, He peKOMEHyeTCsl OTKPhIBATh 6-
KaHAJIbHBIN CHJIBHOTOYHBIN ITPUBOJI.

CnenuansHo a1 naketoB QFP32 ¢ oHUM OPTOM NMUTAHUSI HE PEKOMEHTYETCSI
BKJIIOYATh U OJJTHOBPEMEHHO YIPABIIATH O0Jiee 4 TOKOBBIMU Harpy3Kamu.

HopmanbHblil gpaiiBep mopta coctapisieT 12 MA, nmporpamMmMHoOe oOecriedeHue
JOJIKHO OTKPBITh MOPT BRICOKOBOJBTHOM (PyHKIIMU TTprBoaa yepe3 peructp HDR.

Tabmuma 9.1 TlopThl ¢ BBICOKOW HArpy309HOM CTIOCOOHOCTHIO

Mopr HDR | QFP48 |QFP32 HDR | Omncanne GpyHKIHA

PD5 PD5 | PD5 |HDRIO] N/A

PD6 PD6 | PD6 |HDR[1] N/A

PF1 PF1 I;Ell HDR[2] PD1 B xopnyce QFP32 mapannenen PD1 u PF1 B QFP48
PD2 [Toptr HDR PD2 B kopriyce QFP32 napannenen PD2 u PF2 B

PF2 PF2 PED HDR[3] QFP48

PE4 PE4 PE4 HDR[4] QFP32 Buyrpennuii PE4 sxBuBanenten QFP48 PF4
PF4 napauiensHo ¢ PE4

PE5 PE5 PE5 HDRI[5] QFP32 Buytpennwuii PES skBuBanenten QFP48 PF5
PF5 napauiensHo ¢ PES

9.3.7. He akTuBHBIC TTOPTHI

Ecnu HeKoTOpbIe MOPTHI HE HCTIOJIB3YIOTCS, PEKOMEHAYETCS CIOIb30BaTh UX Ha
¢ukcupoBaHHOM ypoBHE. B m000M ciydae maBaroiie BbIBOIBI OyIyT MOTPEOIIATh
OoJblIIe SHEPTUH U YTO MPUBOAUT K HEYCTOWYMBOCTH CUCTEMBI NP CUIIBHBIX IOMEXaX.

Camblii mpocToii cnoco0 AaTh MOPTy (PUKCUPOBAHHBIN YPOBEHB - OTKPHITH



Harpy304Hslid pe3uctop nopra. Cienyer OTMETUTh, YTO Harpy304HbINA PE3UCTOP
OTKJIFOUEH BO BpeMs cOpoca MpH BKIOYEHHH.

BriTsruBanue pe3ucTopa Takke nmpuBeneT K u30bITouHOM yTeuke. [loatomy
PEKOMEHAYETCS UCITOJIB30BATh BHEIIHEE MOATATUBAIOIIEE WIIA BHITAIKUBAIOLIEE
PE3UCTOPBL.

He pekomenayercs HanpsAMyIO MOAKIOYATh IMTOPT K UCTOYHUKY NMUTAHUS WU
3a3eMJICHHUIO, TOTOMY YTO €CJIM 3TH KOHTAKThl CKOH(UTypHUPOBAHBI KaK BBIXO/bI, 3TO
MOJKET BbI3BAaTh OUEHb OOJbIINE TOKH, TPOXOSAIINE Yepe3 MOPT, UTO MPUBOJIUT K
pa3pyLINUTEIbHBIM IOCIEACTBUSAM IS YHIIA.

9.3.8. OyHKIMSA MYTBTUIUIEKCUPOBAHUS TTOPTOB

BoapmMHCTBO MOPTOB UMEIOT GYHKIIUU MYyJIbTHILIEKCUpOBaHus. Crenyromas
HKBUBAJICHTHAS! CXeMa WIUTIOCTPUPYET QYHKIHUIO MYJIbTUIIIIEKCUPOBAHUS TTOPTOB JJISI
YIpaBJIECHUS IOPTOM.

DTy QyHKIUHN MYJIbTUIIIICKCUPOBAHUS HEO0SI3aTEILHO CYIIECTBYIOT C BHIBOJIAMHU

Imopra.
PUOExn
[ J PUOVXR 1T
I ,_{‘:4[1—( PUD
l DDOExn
DDOVxn
RESET
R l.‘— RDx
17 PVOExn .E;-,u
PVOVxn
o =
\_‘l—L(_f 1+ I PTOExn
RESET —l*__\a;x—( = Wb
DIEOExn | R
L -} DIEOVXR —
—_LH_- SLEEP
Y Synchronizer
- RPx
ﬁl;.,a ] = ﬂ >
l ’— ‘ 10_0LK
DIxn
AlOxn
PUOExn: Pxn noxararuBaronas oTMEHa yCTaHABIMBAIOT PUD: ITonrsiruBaromuii OTKIIOYAET
PUOVxn:  Pxn moxarsaruBaromiee 3Ha4eHNUE OTMEHBI WDx: 3ammcs DDRx
DDOExn:  VYmpasnenue ganasiMu Pxn OVERRRIDE RDx: Yurate DDRx
YCTaHOBHTH
DDOVxn: 3HadeHHe OTMEHBI PYKOBOZACTBA JaHHBIX Pxn RRx: Yurats peructp PORTx
PVOExn:  Ormena 3Hauenuss PORTA Pxn ycranaBnuBaet WRx: 3anucs PORTx
PVOVxn: 3nauenune orMmeHbI 3HaUeHUST PORTA Pxn RPx: Yurath BeIBOJ PORTX
DIEOExn: BxoaHoe ycTpoiicTBO Pxn - ycTaHaBIMBaeT OTMEHE, WPx: 3anucars PINx
YCTaHOBUTH
DIEOVxn: BxoaHoe ycTpoicTBO PXxn - yCTaHOBUTH 3HAUEHUIO I0_CLK: Cunxpoummnynscel BB/BbIB
OTMEHBI
SLEEP: IIposepka SLEEP DIxn: Bxox BBIBOJ n na PORTx
PTOExn: Ormena OucradbunpHOM cxembl PORTA Pxn AIOxn: AHAJIOI'OBBIM BB/BBIB BBIBO/I n B

YCTaHOBUTH

Puc. 9.5

PORTx



Curnaisl YHpaBJIICHUA q)YHKHHCﬁ ITOBTOPHOT'O UCITOJIb30BAHUA OOBIYHO OIHMCHIBAIOT:

‘ Curnan ‘ IHoanoe nmst DYyHKUMOHAJIbHOE ONIUCAHUE
DTOT OUT paBeH «1», aKTHBUPOBAHUE TOATITUBAHUS
B03MOXHOCTH MYJIBTHILIEKCHOTO
PUOE BKITEOMCHILS ynpasisiercss PVOV, eciu 3ot 6uT «0», MOATATHBAHKE
BKIroueHo copmectao DDxn, PORTxn u PUD.
Ecaun PUOE paBen «1», «1» BKITIOUYUT HArPy304YHBIHA
VYBeNUUUTh MYJIbTHUILUIEKCHOE <
PUOV PE3UCTOp HA KOHTAKTE, MHAUYE HAIPy30UYHBIA PE3UCTOP
3HAYEHUE
OyJeT OTKIIFOYCH.
Bropoii 6ut paBen «1», pa3pelieHrue BpIBOJia KOHTAKTOB
Bxirounts
DDOE ynpasisercss DDOE, B mpoTHBHOM ciiydae OHO
MYJIBTUIIEKCUPOBAHUE TIOPTOB
yropassiercss DDxn
Ecnu DDOE paBHo «1», a BTopoii 6T paBeH «1»,
3HaueHue MyJIbTUILIEKCUPOBAHUS
DDOV BBIXOJIHAs (PYHKIUS BBIBOJIA Oy/IET BKIIOUCHA, B
HaIpaBJIeHUs TOpPTa
MIPOTHUBHOM CITy4ae BBIBOJ] BBIBOJIa Oy/IE€T OTKIIIOUEH.
MynbTUIUIEKCUPOBAHUE TAHHBIX
PVOE Y p A MynbTUIUIEKCUPOBAHUE TAHHBIX [IOPTOB BKIIIOUYEHO
IIOPTOB BKJIFOYEHO
MynbTUIIEKCUPOBAHUE TAHHBIX
PVOV y P A Omnucanne pynkuuu PVOE Onucanue
IOpPTOB
PTOE MynbTUIIEKCHPOBaHUE C Bropoii 6ut paBen «1», out PORTXn Gyner
WHBEPCHEN MOPTOB WHBEPTHPOBATHCS
Ecnu Bropuunslii 6ut paBeH «1», pasperienue nudpoBoro
Brmioamts BXoJ1a nopra 0yner kourposmposarsca DIEOV, B
DIEOE MYJIbTUIUIEKCUPOBAHUE C pTa by ThoIHp ’
LH(BPOBBIM BXOZIOM MIPOTUBHOM cilydae OyAeT BBHIIOIHATHCS KOHTPOJIb
P cocrosiust MCU
Ecnu DIEOE paBno «1» K1l HU(poBOTO BXo1a
MynbTUIIIIEKCUPOBAHUE C p > yricumst wap A
DIEQOV nopra OyZeT ynpaBisThCsl BTOPUYHBIM OUTOM,
M (POBBIM BXOJIOM
He3aBHCHUMO 0T pabouero cocrosiuuss MCU
310 nu(poBOIi BXOTHOM CUTHAI, KOTOPHIH BBOAUTCS B
albTepHATUBHBINA (QYHKIIMOHATIBHBIA MOlysb. Kak BUJIHO
U3 HIOKHHX cXeM, Takux Kak | / O, 3To 3Ha4YeHue mocie
Dl udposoii Bxoq tpurrepa llIMurra, HO epe BXOIHBIM CHHXPOHU3aTOPOM
BBO/Ia / BBIBOJIA. DTOT CUTHAJ MOJKIIOYAETCS K
nepudepuitHoMy MO0, U IepuepuitHbIi MOTYITb
OyZIeT CHHXPOHU3UPOBATHCS 110 Mepe HEOOXOAMMOCTH
AHanoroBble BXOJIHbIE / BBIXOJHbBIE CUTHAJIbI, KOTOPBIE
Hanpsmyto nojakaouatorcs k PAD 1/ O, moryr
. MCIIOJIb30BATHCS KaK aHAJOTOBbBIE JIBYHAIPABICHHBIC
AlO AHAaJIOTOBBII BXOJI AABYHALID

CUTHAJIBI. DTOT CUTHAJ HAIPSIMYIO NOJKIF0YAETCS K
[IOPTaM AHAJIOTOBBIX MOJYJIEH, TAKUX KaK BHYTPEHHUE
AIlII, xomnapaTopsl U T. A.

B cnenyromem noapasjienne KpaTko OmuchiBaeTcsi GyHKIUS MYJIbTUILIIEKCUPOBAHUS
Y COOTBETCTBYIOIINE YIPABISIOLIAE CUTHAJIBI IJIs1 KQKA0TO BHIBOJA.

9.3.9. ®yHKIMS MYJIBTHIUIEKCUPOBAHHMS TTOPTOB B

‘ Bur | Onucanue GyHKUMH MYJIbTHIIEKCHPOBAHUA
XTALI/ TOSC2 - BHeuiHuit OCHOBHOM KOHTaKT KBapia Xl
PB7
PCINT?7 - mpepbpiBaHu€e 110 CMEHE YPOBHSI KOHTaKTa /
XTALO / TOSC1 - BHemHuit BBIBO T1aBHOTO reHeparopa XO
PB6
PCINTG6 - npeppiBaHue 110 CMEHE YPOBHS KOHTaKTa 6




SCK - BxoaHO# cuHXpocuraai muHsl SPI

PBS PCINTS5 - npepsiBaHue IO CMEHE YPOBHS KOHTAKTa S

MISO - BeIxoj Beaymiero / BEAOMOT0 BBIXOIHOM CHrHAI MIHHbBI SPI

PB4 PCINT4 - npepriBanue o cMeHe YpOBHS KOHTaKTa 4

MOSI - Bxox Bexymiero / BenoMoro muHbl SPI
PB3 OC2A - Taitmep / cueTyuk 2 cpaBHEHHUE, BEIXOJHOW curHail A
PCINTS3 - npepbIBaHuE 110 CMEHE YPOBHS KOHTAKTa 3

SSN - Bxox BeIOOpA MOAYMHEHHOTO YcTporicTBa SPI
PB2 OC1B - raiimep / cuetunk 1 cpaBHEeHUE, BEIXOAHOM curnan B
PCINT?2 - mpeppiBaHuE 110 CMEHE YPOBHSI KOHTaKTa 2

OC1A - Taitmep / cuetunk 1 cpaBHEHUE, BBIXOJHOW curHAI A

PBL PCINT1 - npepriBanue mo cMeHe ypoBHs KoHTakTa 1

ICP1 - Bxox asnst 3anucu TaiiMepa / cuerdnka |
PBO CLKO - BBIXOAHOI CUTHAJ CUCTEMBI
PCINTO - npepsiBanue o cMeHe ypoBHs KoHTakTa 0

XTALI/ TOSC2 / PCINTY - Ilopm B bum 7

XTALI: Baemnwmii kpuctamn Pin XI. [Ipu ucnons3oBaHuy B Ka4eCTBE KBapIIEBOTO
pEe30HaTOpa TAKTOBOI'O CUTHAJIA - 3TOT BBIBOJ HE MOKET HCHOIb30BaThes Kak I / O.
TOSC2: Taiimep BaemHero kpuctamia Pin 2. Korga sayrpennnii RC
CKOH(UTYpHUPOBaH KaKk OCHOBHOM pa0o4Mii TaKT YuIia, U BKIIOUYEHA QYHKIIUS
acCMHXpOHHOTO0 TaiiMepa (koHdurypanus peructpa ASSR), 3TOT BbIBOJ Oy/1€T BHEIITHUM
KBapLeBbIM renepaTopoM Taitmepa. Korma AS2 peructpa ASSR ycraHoBiieH B «1», a
EXCLK ycranosneH Ha «0», BKiItoueHa (GyHKIUS aCHHXPOHHOTO TaiiMepa / CdeTunKa
COOBITHH 2 ¢ UCIOJIb30BAaHUEM BHEILIHETO KpucTaia, u PB7 Oyner oTkitoueH ot
BHYTPEHHETO NIOPTa BBOJA-BbIBO/IA, YTOOBI CTATh PEBEPCOM BHYTPEHHETO YCUIUTEIS
reseparopa. BpIXOIHOM KOHTAaKT. B 3TOM pexnMe BHEIITHUN KPUCTAILI MOJKIKOYAETCS K
KOHTAaKTY.

PCINT/: IIpepriBanue 1o cMeHe ypoBHs KoHTakTa 7. PB7 siBnsieTcs BHEIIHUM
HMCTOYHUKOM npepbiBannil. Eciu PB7 ucnonb3yercs miist pe3oHaTopoB, 3HaueHuss DDB7,
PORTB7 u PINB7 e OynyT uMeTh HUIKaKOTO 3HAYCHHUSI.

XTALO/TOSC1/PCINT®6 - Ilopm B bum 6

XTALO: Buemmnuit kpuctami pin XO.

TOSCL1: Taiimep BHemHero kpuctawia 1. Korma sayrpennuit RC ckonduryprupoBan
KaK OCHOBHOMW pabO4Mil TaKT 4MIa, U BKIIOYeHa (PYyHKIMS aCHHXPOHHOTO Talimepa
(koHpurypanus peructpa ASSR), 3TOT BbIBO Oy/1eT BHEIIIHUM KBapIIeBbIM F€HEPATOPOM
taiimepa. Korma AS2 peructpa ASSR ycranosnen B 1, a EXCLK ycranosinen Ha 0,
AKTUBUPYETCS aCHHXPOHHAs (DYHKIIMS 4acOB CUETUYHUKA BPEMEHU / COOBITHS 2 C
MCII0JIb30BaHUEM BHEIIHETO KpucTauia. PB6 OyzaeT nogkitoueH K BHyTpEHHEMY MOPTY
BBOJIa / BBIBOJIA, UYTOOBI CTaTh BXOJIHBIM BBIBOJIOM BHYTPEHHETO TeHeparopa. B atom
pEeXHUME BHEUTHUM KpUCTAIUT OAKII0YAeTCs K ITUQTY.

PCINTG: [IpepbiBanue no cMmeHe ypoBHs KOHTakTa 6. PB6 sBisieTcs BHEITHUM
MCTOYHHUKOM npepbiBanuil. Ecinu PB6 ucnonb3yercs 1 pe30HaTOpOB KOHTAKTOB,
3nauenust DDB6, PORTB6 u PINB6 ne OynyT nMeTh HUKaKOTO 3HAaYCHHS.



SCK / PCINTS- Ilopm B Bum 5

SCK: BoixogHoii curnan riaaBHoro koutposuiepa SPI, Bemomslit Bxo TakToB. Korna
koHTposuiep SPI HacTpoeH Kak BeJOMOE YCTPOHUCTBO, 3TOT BBIBOJI OYJET
CKOH(UTYpHUPOBaH KaK BXOJHOW KOHTAaKT U He OyneT ynpasuarbes DDB5. Korga
KoHTpoJuiep SPI HacTpoeH Kak Beayllee yCTpOMCTBO, HAlIpaBIEHUE 3TOIO BBIBOAA
ynpasnsiercss DDBS. Korna 3ToT KoHTakT OyneT npuHyauTeabHo BBeaeH SPI,
MOATITUBAIOUINI PE3UCTOP MOKHO OyJeT KOHTpoJaupoBath yepe3 out PORTBS.
PCINTS5: IlpepriBanue 1o cMeHe ypoBHs KOHTakTa 5. PBS5 sBnsiercst BHENTHUM
HUCTOYHUKOM IIPEPHIBAHUMN.

MISO / PCINT4- Ilopm B bum 4

MISO: Beox ocHOBHBIX TaHHBIX yrpaBieHust SPI, BeiBog BemomMbix nanHbix. Korma SPI
CKOH(UTYpUPOBAH KaK BEAYIIEE YCTPOMCTBO, STOT BHIBOJ OYJET MPUHYIUTEIHHO
BBOJIUTHCA U He Oynet ynpasisatbes DDB4. Korna SPI siBisiercst Be1oMbIim
YCTPOMCTBOM, HaIlpaBJICHUE TAHHBIX 3TOTO BbIBOJIa ynpasisiercss DDB4. Korma stot
BBIBO/I IPUHYAUTEIBLHO BBOJUTCS KOHTpOJUIEpoM SPI, ero Harpy30o4Hsblil pe3ucTop Bce
enre MoxeT ynpabisaTecsi PROTB4.

PCINT4: [IpepbiBanue mo cMeHe ypoBHs KOHTakTa. PB4 sBisercs BHEITHUM
WCTOYHUKOM MPEPHIBAHUIM.

MOSI / OC2A / PCINT3- Ilopm B bum 3

MOSI: BriBog naHHBIX BEAYIIETO YCTpOHCTBa KOHTpoJuiepa SPI, BBoa JaHHBIX
BenoMoro ycrpoictea. Korma SPI HacTpoeH kak MOIYMHEHHOE YCTPOMCTBO, 3TOT BBIBOJ
OyZIeT NpUHYIUTENBHO BBEJICH B KayecTBE BXoJia U He OyzaeT ynpasisateea DDB3. Koraa
koHTposuiep SPI ckondurypupoBan kak Beayiiee yCTpouCcTBO, METO]T STOTO BHIBOJIA
ynpasisiercss DDB3. Korna 3Tot itudt npuHyIMTeasHO BBOAUTCS B yripaBieHue SPI,
€ro Harpy304HbIi pe3ucTOp MOKHO KOHTpoaupoBaTh uepe3 PORTB3.

OC2A: Taiimepa /coObITHS 2 cpaBHEHHE, BBIXOIHOM curHai A. PB3 moxHO
HCIIOJIb30BaTh B KAYECTBE BHEIIHETO BHIXOAHOTO curHaia cpaBHeHus Timer / Counter2.
BriBog nomken ObITh ycTaHOBIEH Ha Beixoa uepe3 DDB3. B 1o ke Bpemst OC2A Takxke
SIBJISIETCS BBIXOIHBIM BBIBOJOM pekuma PWM Tatimepa 2.

PCINTS3: IIpepriBanue no cmeHe ypoBHs KoHTakTa. PB3 sBisieTcs BHeITHUM
WCTOYHUKOM NPEPHIBAHUM.

SSN / OC1B / PCINT2- Ilopm B Bum 2

SSN: SPI Slave Chip Beibepute Bxoa. Korma konrposutep SPI HacTpoeH kak
MOAYMHEHHOE YCTPOUCTBO, TOT BBIBOJ] OY/IeT MPUHYAUTEIHLHO BBEICH B KaU€CTBE BX0/1a
u He Oynet ynpasiaTrbcss DDB2. B kadecTBe mogYMHEHHOTO YCTPOMCTBA JIst
koHTposuiepa SPI nomyctumo nipuBoauTh HU3Koe 3HaueHue B SSN. Korna koHTposuiep
SPI ckoH(puUryprupoBaH Kak Beayllee YCTPOMCTBO, HAIIPABIECHUE 3TOrO BHIBOJIA
ynpasisiercss DDB2. Ilocne Toro, kak 3ToT mtudT Oy1eT NPUHYAUTEILHO BBEACH
KoHTpoJuiepoM SPI, noaTsruBaromuii pe3ucTop MOXHO OyeT KOHTPOJIUPOBATh Yepe3



PORTB2.

OC1B: Taiimepa / cuetunka 1 cpaBHeHue, BeIxoaHoOU curHai B. PB2 moxxHO
MCIOJIb30BaTh B KauecTBe TaliMepa / cueTunka | JijIsi cpaBHEHUS! BHEIIHETO BBIXOA.
BriBog nomkeH ObITh ycTaHOBIIEH Ha Beixoa uepe3 DDB2. B 1o ke Bpemst OC1B Takke
ABJISIETCSA BBIXOAHBIM BBIBOAOM pexkuma PWM Taiimepa 1.

PCINT2: [IpepbiBanue no cMeHe ypoBHs KOHTakTa. PB2 sBisercs BHEITHUM
HMCTOYHHKOM MpPEPhIBAHUM.

OC1A / PCINT1- Ilopm B bum 1

OCI1A: Taiimep A / Cuetuuk 1 cpaBHeHUe, BbIX0AHOM curHan A. PB1 moxer
HCITOJTh30BATHCS B KAUECTBE TaiiMepa / cueTunka | 171 CpaBHEHMS BHEITHETO BBIXO/IA.
BriBoa momkeH ObITH ycTaHOBIICH Ha BeIxo yepe3 DDBI1. B To ke Bpems OCI1A Takxke
SIBJISIETCSI BBIXOJIHBIM BBIBOJIOM pexkxuma PWM rtaiimepa 1.

PCINT1: [IpepriBanue 1o cMmeHe ypoBHs KoHTakTa. PBI1 sBisieTcss BHEITHUM
HMCTOYHUKOM TIPEpPHIBAHUIA.

ICP1/ CLKO/ PCINTO- Iilopm B bum O

ICP1: 3axBar BxogHoro BeiBojia TaiiMepa / cuetunka 1 CLKO: BeixomHo# curnan
cuctemsl. Korga outr CLKOE B peructpe CLKPR pagen 1, 3ToT BbIBOJ] OyJ€T BBIBEICH
Ha BeixoJl. ITox konTposniem DDB0. BrixoaHas yactoTa - 3TO TaKTOBasi 4aCTOTa
ONEPALlMOHHOM CUCTEMBI TEKYIIEH CUCTEMBI.

PCINTO: IIpepsiBanue mo cMeHe ypoBHs KoHTakTa. PBO sBiseTcs BHEITHUM
HMCTOYHUKOM MPEPHIBAHUIA.

9.3.10. ®yHKIMSA MyTbTUIIIIEKCUPOBAHUS TOPTOB C

‘ bur | Onucanue GyHKUMH MYJIbTHILIEKCHPOBAHUS
ADCS - Bxonnoit kanax ADC 8
PC7 APN2 - uaBeptupoBannsiii Bxox DAP 2

PCINT15 - npepbiBaHKe 10 CMEHE YPOBHS KOHTakTa 15

RESETN - Bxop BHemHero copoca

PC6 PCINT14 - npepriBaHme 0 CMEHE ypOBHS KOHTaKTa 14

ADCS - Bxoanoit kanan AIIIT 5
PC5 SCL - nunus cuaxponuzanuu TWI
PCINT13 - npepriBaH#e o CMeHE ypOBHS KOHTaKTa 13

ADC4 - Bxonnoi kanan 4 AIITI
PC4 SDA - nunaus nagueix TWI
PCINT12 - npepbIBaHHe 110 CMEHE YPOBHsI KOHTaKkTa 12

ADCS3 - Bxoguoii kanan 3 AL
PC3 APN1 - uaBeptupoBannsiii Bxox DAP 1
PCINT11 - npepbiBaHKe 110 CMEHE YPOBHsI KOHTaKkTa 11

ADC?2 - Bxoguoii kanan 2 AL

PC2 PCINT10 - npepriBanue 1o cMeHe ypoBHs kKoHTakTa 10

ADCL1 - Bxognoii kanan 1 ALIIT

PCl PCINTY9 - npepsiBaHue 1o cMEHE YPOBHSI KOHTaKTa 9




ADCO - Bxoguoii kanan 0 ALIIT

PCO PCINTS8 - mpeppiBaHu€e 0 CMEHE YPOBHSI KOHTaKTa 8

ADC8 / APN2 / PCINT15- ITopm C bum 7

ADCB8: Bremnuii sBxoquoii kanaia ADC 8

APN2: NuBepTupoBaHue BXOHOTO MopTa AudepeHIInaIbHOT0 YCUITUTENS 2
PCINT15: IlpepriBanue 1o cMeHe ypoBHs KoHTakTa. PC7 sBIISICTCS BHEIITHUM
MUCTOYHUKOM MPEPHIBAHUH.

RESETN / PCINT14- Iiopm C bum 6

RESETN: Bxox nns BHentHero copoca. Ilocne BKiIroUeHHs] MUTaHUS 3TOT KOHTAKT 110
YMOJYaHHUIO BBIOJIHAET (PYHKIIMIO BHEIIHEro cOpoca. DYyHKIMSI BHEIIHEro copoca
MokeT ObITh oTKIItoueHa peructpoM IOCR. Ilocne BeikntoueHNs: QyHKIUN BHEIIHETO
cOpoca 3TOT BBIBOJI MOKET UCIOJIb30BaThCS KaK YHUBEPCAJIbHBINA BBOA-BBIBOA. OHAKO
CJIEyeT OTMETUTh, UTO MPHU BKIIOYECHUH MUTAHUS U IPYTHX COpOCAX 3TOT BBIBOJ 110
YMOJITYAHUIO COOTBETCTBYET BXOy cOpOca, O3TOMY, €CJIM MOJIb30BATEN0 HEOOX0IUMO
MCIIOJIb30BaTh (DYHKIIMIO BBOJA-BHIBO/IA OOILIET0 HA3HAYEHHS 3TOI'0 BHIBOJIA, BHEIIHSSA
1[ETIh HE MOXKET MOBJIMATH Ha BKIIOUEHHE U COpOC MUKpOCXeMbl. B 3TOM mporecce
PEKOMEHIyeTCsI HACTPOUTH 3TOT BBIBOJ KaK BBOA-BBIBO JJIs1 PYHKIIMH BBIBOJIA U
N00aBUTh BHEIIHUI PE3UCTOP MO HAIPY3KOM.

PCINT14: IlpepsiBanue o cMeHe YpoBHs KOHTakTa. llocre BhIKItOUeHUS HyHKITH
BHEULIHEro cOpoca 3Toro BeiBoja, PC6 MOKHO MCIIOSIB30BaTh B KAYECTBE BHEILIHETO
VCTOYHUKA IPEPHIBAHUS.

SCL / ADC5 / PCINT13- ITopm C 6um 5

SCL: Curnan unrepdetica untepdeiica TWI. Ilocne Toro, kak 6ut TWEN B peructpe
TWCR ycranosieH B 1, unrepdetric TWI Bxirouen, a PC5 ynpasasiercs TWI, ato0sr
CTaTh TaKTOBBIM cUTHa0oM uHTepderica TWI.

ADC5: Bxoanoii kanan ALIT 5. Peructp DIDR ucnons3yercs njis OTKIFOYCHUS
1udpoBoit GyHKIMHU 1TU(PO-aHATIOTOBOTO MYJIHTHUIUIEKCHPOBAHHOTO BBO/Ia-BBIBO/IA,
9TOOBI M30€XKaTh BIUSHUS ITU(GPOBOI YaCTH Ha aHAJIOTOBYIO cxemy. [logpoGHee cm. B
cooTBeTCcTBYIOMIEM pazaene AL

PCINT13: IIpepriBanue 1o cMeHe ypoBHs KOHTakTa. PCS sBisieTcsi BHEITHUM
HMCTOYHUKOM TIpEPhIBAaHUH.

SDA / ADC4 / PCINT12- ITopm C bum 4

SDA: Curnan nansabix untepdeiica TWI. Ilocne toro, kak 6ut TWEN B peructpe
TWCR ycranosnen, uarepdeiic TWI Bxiatouen, a PC4 ynpasnsercs TWI, uTo6s1 cTaTh
CUTHAJIOM JaHHBIX uHTEepPeiica TWI.

ADC4: Bxonnoti kanan 4 AIIIL. Peructp DIDR ucnonb3yercs 11 OTKIHOUCHUS

1 poBoi GyHKIMN HU(PPO-aHATOTOBOTO MYJIbTUIIIIEKCUPOBAHHOTO BBOJ1a-BbIBO/IA,
9TOOBI M30€XKaTh BIUSHUS IIU(GPOBOI YaCTH Ha aHAIOTOBYIO cxemy. [loapoGHee cm. B



cooTBeTCcTBYIOMIEM pazaene AL
PCINT12: IlpepriBanue o cMeHe ypoBHS KOHTakTa. PC4 siBisieTcsi BHEITHUM
VMCTOYHUKOM NPEPHIBAHUM.

ADC3/APN1/PCINT11- I[Topm C bum 3

ADC3: Bxoanoit kanan AL 3. Peructp DIDR ucnons3yercs 1ist OTKIIOUSHUS

1 poBoi GYHKIINHN U(PPO-aHATIOTOBOTO MYJIBTUIIIIEKCUPOBAHHOTO BBOJ1a-BhIBO/IA,
9TOOBI H30€XKaTh BIUSHUS ITU(GPOBOM YaCTH Ha aHAIOTOBYIO cxeMy. [logpoOuee cm. B
cootBeTcTBYIOMIEM pazaene ALIIL.

APN1: NuBepTupoBanre BXoAHOTO nopTa nuddepeHuanpbHoro ycunurens 1
PCINT11: IlpepsiBanue o cMeHe ypoBHs KoHTakTa. PC3 siBisieTcst BHEIIHUM
MCTOYHUKOM NpPEPHIBaHUM.

ADC2 / APNO / PCINT10- ITopm C bum 2

ADC2: Bxox kanana ALl 2. Peructp DIDR ucnons3yetcst 1jsi OTKIIOUSHUS
1dpoBoil GyHKIMU TU(PO-aHATIOTOBOTO MYJIbTUIUIEKCHPOBAHHOTO BBO/Ia-BBIBO/IA,
4TOOBI U30€XKaTh BIUSHUS IIU(GPOBOI YaCTH Ha aHAJIOTOBYIO cxemy. [logpoGHee cm. B
cooTBeTCTBYIOMIEM pazaeine ALIIL

APNO: MuBepTupoBanue BXogHOTro nopta nuddepennuanbaoro ycumuresns 0
PCINT10: IlpepsiBanue o cMeHe ypoBHs KoHTakTa. PC2 siBnsieTcs BHEIIHUM
WCTOYHUKOM IPEPHIBAHUM.

ADC1/APP1/PCINT9- Ilopm C bum 1

ADC1: Bxox kanana AIIII 1. Peructp DIDR ucnons3yercs a1 OTKIFOUYSHUS
urdpoBoil GpyHKIMK HU(PO-aHATIOTOBOTO MYJITUIUIEKCUPOBAHHOTO BBO/IA-BBIBO/IA,
yTOOBI N30€KaTh BIAUSHUS ITU(POBOIM YacTH Ha aHANIOTOBYIO cxemy. [logpobOnee cm. B
cooTBeTCcTBYIOMIEM pazaene ALIILL

APP1: NuBepTrpoBanre BXOAHOTO nopta qudpepeHnnansHoro yeuaurens 1
PCINTO: IIpepriBanue no cmeHe ypoBHs koHTakTa. PCL sBisieTcs BHEIIHUM
HMCTOYHUKOM MpEphIBaHUM.

ADCO / APPQ / PCINTS8- ITopm C Bum Q

ADCO: Bxox kanamna ALIT 0. Peructp DIDR ucnons3yetcst Ajis OTKIIOUYEHUS

1 poBoi GYHKITNHN IU(PPO-aHATIOTOBOTO MYJIBTUTIIICKCUPOBAHHOTO BBO/Ia-BBIBO/IA,
9TOOBI M30€KaTh BIUSHUS ITU(GPOBOI YaCTH Ha aHAJIOTOBYIO cxemy. [logpoGHee cm. B
cootBeTcTBYIOIIEM pazaene ALIL.

APPO: NuBeptupoBanue BxoaHoro nopta guddepennuansaoro ycunurens 0
PCINTS: [IpepsiBanue no cmeHe ypoBHs koHTakta. PCO sBisieTcss BHEITHUM
VCTOYHUKOM NPEPHIBAHUM.



9.3.11. ®yHk1MsA MyIbTUIIEKCUPOBaHUA opToB D

‘ bur Onucanue GyHKINH MYJIbTHILIEKCUPOBAHHUSA

ACXN - ananorossiit kommaparop 0/1 oOuii HHBEPTUPYIOIIHI BXO/T
PD7
PCINT23 - npepbIBaHKe 110 CMEHE YPOBHSI KOHTAKTa 23

ACOP - ananorossiii komnaparop 0 HenHBepTHPYIOMIUE BX0] (Kopiyc QFP32)
OCOA - Taitmep / cuetunk 0 cpaBHEHHE, BEIXOJHOW cUTHAT A
OC3A - taiimep / cueTuuk 3 cpaBHeHHe, BbIX0oaHOU curnan A (kopryc QFP32)
PCINT?22 - npepbiBaHU€ 110 CMEHE YPOBHS KOHTAKTa 22

PD6

T1 - Taiimep / Cuetunk 1 Bxon cueTunka BHEITHETO cYeTa
PD5 OCOB Taiimep / Cuetuuk 0 cpaBHEHUE, BEIXOIHOW curHai B
PCINTZ21 - npepbriBaHu€ 110 CMEHE YPOBHS KOHTaKTa 21

XCK - BHemHui BX0J / BeIxoJx BHeHero sxomga USART
DAO - 8-pa3psnbiii anainoroBsii Beixomd LIATT
TO - raiimep / cueTunk 0 BHEITHUX CYCTHBIX YacOB
PCINT?20 - npepsiBanue 1o cmeHne ypoBHs KoHTakTa 20

PD4

INTL1 - Bx0x BHEIIHEro npepbiBaHus 1
PD3 OC2B - raiimep / cueTunk 2 cpaBHEHHUE, BEIXOIHOM curHai B
PCINT19 - npepsiBanue o cMeHe ypoBHs KOHTakTa 19

INTO - Bxox BHemHero npepoiBanus

PD2 ACOO - Berxon kommnaparopa 0

OC3B - taiiMep / cueTunk 3 cpaBHEHHUE, BBIX01HOM curHai B (kopmyc QFP32)
PCINT18 - npeppiBaHme 0 CMEHE ypOBHS KOHTakTa 18

TXD - Beixong qanubix USART
PD1 OC3A - Taiimep / cuetunk 3 cpaBHEHHE, BbIXOHOU curHan A (kopnyc QFP32)
PCINT17 - npepeIBaH#e 10 CMEHE YPOBHsI KOHTaKTa 17

RXD - BBox mannsix USART

PDO PCINT16 - npepsIBaH#e 10 CMEHE YPOBHsI KOHTaKTa 16

ACXN / OC2B / PCINT23- Ilopm D Bum 7

ACXN: Ananorossiit kommapatop 0/1 Obmuiuit ”HBEPTUPYIOMINI BXOT

OCZ2B: Taitmep / cueTunk 2 cpaBHEeHHUE, BeIXoAHOU curHain B. PD7 moxHo
WCITOJIh30BaTh B KAYE€CTBE BHEIIHETO BBIXOAHOTO curHajia Timer / Counter2 Compare
Matching. B sToMm ciyudae BBIBOJA T0KEH OBITh YCTAHOBJICH Kak BbIxoJ yepe3 DDD7. B
10 )€ BpeMsa OC2B Takxe sBIs€TCS BBIXOAHBIM KOHTAKTOM pexknma PWM Taiimepa 2.
PCINT23: IIpepriBanue 1o cMeHe YpoBHs KoHTakTa. PD7 siBnseTcs BHEITHUM
WCTOYHUKOM NPEPHIBAHUM.

ACOP / OCOA / PCINT22- ITopm D bum 6

ACOP: Ananorossrit komnapatop 0 [Tono)uTenpHbIN BXO.

OCOA: Taiimep / cueTuuk 2 cpaBHEHUE, BBIXOAHOU curHa A. PD6 moxHO
MCIIOJIb30BaTh B KAYECTBE BHEIIHETO BBIXOIHOTO CUTHAIa CpaBHEHHsI TaliMepa / CUeTUnKa
0. BriBog momkeH ObITh HacTpoeH Ha Beixox uyepe3 DDD6. B to xe Bpemst OCOA Takxke
ABJISIETCS] BBIXOJAHBIM IIThIpEM peskxuma PWM Taiimepa 0.

PCINT22: [IpepsiBanue 1o cMeHe ypoBHs KoHTakTa. PDG6 siBisieTcst BHEIIHUM
MUCTOYHUKOM IMPEPHIBAHUM.



T1/0CO0B / PCINT21- Ilopm D bum 5

T1: Cuetuuk TaiiMepa / cOObITHS 1 BHEIIHUI CYETUYUK YAaCOB CHHXPOHU3AINH

OCOB: Taitmep / cuetunk 0 cpaBHeHue, BbIXOHOM curHan B. PDS5 moxer
HCITOJTh30BATHCS KaK BHEITHUHN BBIXOJHOW CHTHAJ CpaBHEHUS 10 TaiMepy / cueTduky 0.
I TeIpb TOJKEH OBITH yCTaHOBIJIEH HA BbIxo1 yepe3 DDDS. B 1o xe Bpems OCOB taxxe
ABJISIETCSA BBIXOAHBIM BBIBOAOM pexkuma PWM Taiimepa 0.

PCINT21: [IpepsiBanue 1o cMeHe ypoBHs KoHTakTa. PD5 siBisieTcst BHEIIHUM
HUCTOYHUKOM IIPEPHIBAHUMN.

XCK /TO/DAO / PCINT20- Ilopm D bum 4

XCK: Cunxponnslii pexxum Baemnuit curnan cunxponuzaua USART

TO: Brennwuii BX0j] cueTynka BpeMeHH TaiimMepa / cueturka 0

DAO: Ananorosslii Beixo 8-pa3psiaabiid [IATT

PCINT20: ITpepriBanue 1o cMeHe ypoBHs KoHTakTa. PD4 siBnisieTcs BHEIIHUM
HMCTOYHHUKOM TpEpPhIBaHUM.

INT1/OC2B / PCINT19- Ilopm D bum 3

INT1: Bxon BHentHero mpepbiBanus 1

OC2B: Taitmep / cueTurk 2 cpaBHEHHE, BbIX0/IHOM curHai B. PD3 moxer
MCIIOJIb30BAThCS KaK BHEITHUM BBIXOJ] CPaBHEHUS 0 TaliMepy / cueTyuky 2. BoiBoj
JI0JKEH OBITh yCTaHOBIIEH Ha BbixoJ uepe3 DDD3. B To ke Bpems OC2B Takxke
SIBJISIETCS BBIXOAHBIM KOHTaKTOM peskuma PWM s Taiimepa 2.

PCINT19: [IpepsiBanue mo cMeHe ypoBHs KoHTakTa. PD3 siBisieTcst BHEITHUM
HMCTOYHUKOM TIpEePhIBAaHUH.

INTO/ OC3B / ACOO / PCINT18- I1lopm D bum 2

INTO: Bxon BHemHero npepbsiBanus 0

OC3B: Taitmep / cueTurk 3 cpaBHEHHE, BBIX0IHOM curHai B. Tombko korma QFP32
kopiryc, PD2 u QFP48 / PF2 criuarotcst B oaun 10, nostomy dynkimst OC3B na PF2
Takxe OyaeT BBIBOAUThLCS 13 PD2

ACOO: Ananorossiit komnaparop 0 Pe3ynabTaT cpaBHEHUSI BHIBOAUTCS HANPSIMYIO.
Kountponupyercs peructpom ACOFR

PCINT18: IIpepriBanue no cmeHe ypoBHs KoHTakTa. PD2 siBnsiercs BHEIIHUM
WCTOYHUKOM NPEPHIBAHUM.

TXD/OC3A /PCINT17- ITopt D bur 1

TXD: Ilepenauu nannbie (BbiBoa AanHbIXx USART). ITocne Toro, kak nepeaaTank
USART Bxmtouen, PD1 Oyzaer npuHyauTensHO BbIBOAUTHCA 0e3 Ynpasinenue DDD1
OC3A: Tatimep / cueTunk 3 cpaBHeHHUE, BeIXoaHOM curHall A. Tonbko B makere QFP32
PD1 u QFP48 / PF1 cnuBarorces B oqus 10, moaromy ¢pynkuus OC3A na PF1 takxke
Oynet BeiBOUTHCS n3 PD1

PCINT17: IlpepsiBanue mo cMeHe ypoBHs KOHTakTa. PD1 siBisieTcs BHEUTHUM
VMCTOYHUKOM NPEPHIBAHUM.



RXD / PCINT16- ITopt D but 0

RXD: Ilepenaua narnasix (BBoa manHbix USART). [locne BKIIFOUCHHS PUEMHHKA
USART PDO 6ynet npunynutensHo BBoauTbesa 6e3 DDDO. [loarsruBaromuii pe3uctop
BCE eIle MOXKEeT ynpasisThes uepe3 outr PORTDO, koraa mtudT npuHyInTeaIbHO
nonaercs Ha Bxoa USART

PCINT16: [IpepsiBanue no cMene ypoBHs kKoHTakTa. PDO siBisieTcst BHEIIHUM
HUCTOYHUKOM INPEPHIBAHUM.

9.3.12. ®yHKIMS MyIbTHILIEKCUPOBAHUS TOPTOB E

‘ bur Onucanue GyHKIUH MYJIbTUHILIEKCHPOBAHUSA

ADC11 - Bxoauoii kanan ADC 11

PEY PCINT31 - npepsiBaHue 1o cMeHe ypoBHs KOHTakTa 31

AVREF - BHemHuii uctounuk onopHoro Hanpspkenus AL (kopnyc QFP32)
PE6 ADC10 - Bxomnoit kanan ADC 10
PCINT30 - npepsiBanue 1o cmeHne ypoBHs KoHTakTa 30

CLKO - cucreMHBIN TAKTOBBINA BBIXO
PES AC10 - BBIX0OJT aHAJIOTOBOTO KoMItapaTopa 1
PCINT29 - npepsiBanue o cMeHe ypoBHs KOHTakTa 29

OCOA - taiimep / cuetunk 0 cpaBHEHHUE, BEIXOIHOW CUTHAIT A

PE4 PCINT28 - npepsiBanue 1o cMeHe ypoBHS KOHTaKTa 28

ADCS3 - Bxognoii kanan 3 AL
PE3 ACIN - ananoroBelif kommnapaTop | HHBEpPCHBIH BXOT
PCINT27 - npepbIBaHKE 10 CMEHE YPOBHSI KOHTAaKTa 27

SWD - paunsle nogkirouenne oriagunka SWD

PE2 PCINT26 - npeprpIBaH#e 10 CMEHE YPOBHsI KOHTaKTa 26

ADCEG - Bxoano#t kanan 6 AIIII
PE1 ACXP — ananorossiit komnaparop 0/1, HeHHBEpCHBIN BXO
PCINT?25 - npepriBaH#e 110 CMEHE yPOBHS KOHTaKTa 25

SWC - BxoaHol cur"an TaktoB omiagunka SWD
PEO APN4 - uaBepcHslii Bxon 4 nuddepeHIanbHOro yCHIUTENs
PCINT24 - npepbiBaHMe 10 CMEHE YPOBHS KOHTaKTa 24

ADC11 / PCINT31- Ilopm E bum 7

ADC11: Bxox xanama ALIT 11
PCINT31: [IpepriBanue 1o cMeHe YpOBHS KOHTakTa. PE7 siBnsieTcs BHEIIHUM
WCTOYHUKOM NPEPHIBAHUM.

AVREF / ADC10 / PCINT30- Ilopm E bum 6

AVREF: ALII BHEMIHUX ONOPHBIN CUTHAJI UICTOYHUKA MUTAHKUE, TPU UCIOJIb30BAHUH B
KayeCTBE aHAJIOTOBOTO (DYHKIIMU, COOTBETCTBYIOLIUH IIU(PPOBOI1 BBOJI / BBIBOJ
MPEyCMOTPEH B KAUeCTBE BXOJHBIX JIAHHBIX, & TAK)KE OTKJIIOUNTH HArPy30YHBIN
pe3ucTop, uToObl U30€XkKaTh IOMEX OT AHAJIOTOBOW CXEMBI LIUPPOBOIl CXEMBI

ADC10: Bxon xanama ALIIT 10



PCINT30: ITpepsiBanue 1o cMeHe ypoBHs kKoHTakTa. PEG sBisieTcs BHEITHUM
MCTOYHUKOM TPEPHIBAHUH.

CLKO / AC10 / PCINT29- ITopm E bum 5

CLKO: Ora ¢pynkuus ananornuna @ynkiuun CLKO PB0. MoxeT ucnosib3oBaThCs B
KadecTBe 3anmacHoro BeiBoja st PBO / CLKO

AC10: Brerxon anajaoroBoro kommaparopa 1

PCINTZ29: [IpepriBanue 1no cMeHe ypoBHs KoHTakTa. PEDS siBisercs BHeIIHUM
HMCTOYHUKOM TIPEPhIBAaHUH.

OCOA / PCINT28- ITopm E Bum 4

OCOA: Taitmep A / Cuetunk 0 cpaBHeHHe, BeixogHOU curHan A. PE4 moxer
MCIIONIb30BAThCS B KadecTBe TaiiMepa / cuetunka (), CpaBHUBAEMOTO C BHEITHUM
BBIX0/IOM. BBIBOJ JT0JKEH OBITH YCTaHOBIIEH Ha BeIX0 uepe3 DDE4. B To xe BpeMms
OCOA Tak:xe gBisieTCs] BBIXOJAHBIM BBIBOAOM pexkuma PWM pexuma TimerO.
PCINT28: IIpepriBanue 1o cMeHe YpoBHS KOHTakTa. PE4 siBnsieTcs BHEIIHUM
MCTOYHUKOM NpEPHIBaHUM.

ADC7 / ACIN / PCINT27- Ilopm E bum 3

ADCY: Bxon xanana / ALII. Peructp DIDR ucnonb3yercs st OTKIIOYEHUS
1udpoBoit GyHKIMHU 1TU(PO-aHATIOTOBOTO MYJIHTHUIUIEKCHPOBAHHOTO BBO/Ia-BBIBO/IA,
YTOOBI M30€KaTh BIUSHUS ITUGPOBON YACTH HA aHAJIOTOBYIO cxeMy. st momydeHus
JonoaHUTENbHON nHpopMmaruu cM. Paznen AT

ACI1N: AnanoroBbiii kKommnapaTop 1, UHBEpCHBIN BXO]T

PCINT27: IIpepriBanue 1o cMeHe ypoBHs KoHTakTa. PE3 siBisercs BHEITHUM
HMCTOYHUKOM TIpEPhIBAaHUH.

SWD / PCINT26- Ilopm E Bum 2

SWD: Noakntouenne ornanunka SWD. PE2 no ymomuanuto BoinosHsieT pyHkiuo SWD.
[Tonb3oBaTenb MOKET OTKIIOUYUTE GyHKUMIO oTiaaunka SWD, yctanoBuB 6ut SWDD
peructpa MCUSR. ®ynkius otiaaku He OyJeT JoCTymHa nociie 3akpbitus SWD.
PCINT26: IIpepbiBanue 1o cMeHe YpoBHS KOHTakTa. PE2 siBnsieTcs BHEIIHUM
MCTOYHUKOM MpEphIBAaHUM.

ADCG6 / ACXP / PCINT25- Ilopm E Bum 1

ADCG6: Bxoa kanana 6 ALII. Peructp DIDR ucnonb3yercs ajist OTKIOUYEHUS

U poBoit PyHKIMU 1IUGPO-aHATIOTOBOTO MYJIbTUILNIEKCUPOBAHHOTO BBOJ1a-BhIBO/IA,
9TOOBI M30€XKaTh BIUSHUS ITU(POBOM YaCTH HA aHAIOTOBYIO cxeMy. [loapoOHyro
uHpopMmanuio cM. B paznene, nocssimennom ALIL.

ACXP: Ananorossiit kommnapaTtop 0/1 OOt HEHHBEPTUPYEMBI BXO/T



PCINT25: IlpepsiBanue 1o cMeHe ypoBHs koHTakTa. PEL sBnsieTcs BHEITHUM
MCTOYHUKOM TPEPHIBAHUH.

SWC / APN4 / PCINT24- Ilopm E Bum O

SWC: nunus taiimepa otnagku SWD. PEO no ymomuyanuto Beimosnsset Gyukuo SWC.
[Tonb30BaTens MOKET OTKIIOUUTH PyHKIMIO oTinagunka SWD, ycranosus 6utr SWDD
peructpa MCUSR. Tlocne otkirouenus SWD QyHKIHS OTIagKu HE CMOXKET
MCIIOJIb30BaTh

APN4: nuddepennmanbHblil yCUIUTEIh, HHBEPTUPYIOMIHMA BX0 4

PCINT24: [IpepsiBanue no cMeHe ypoBHs KoHTakTa. PEOQ siBiseTcs BHEITHUM
HMCTOYHUKOM TpPEPHIBAaHUH.

9.3.13. OyHKIMS MyTbTHILIEKCUPOBAHUS MTOPTOB F

‘ bur Onucanue GyHKIUH MYJIbTUILIEKCHPOBAHUSA

OC2B - raiimep / cueTunk 2 cpaBHEHHUE, BEIXOIHOM curHan B

PF7 PCINT39 - npepsiBanue o cMeHe ypoBHs KOHTakTa 39

T3 - Bxox TaiiMepa / cdeTYrKa 3 BHEIIHUX TaKTOB
PF6 OC2A - taiimep / cueTuuk 2 cpaBHEHHUE, BEIXOIHOW CUTHAIT A
PCINT38 - npepsiBanue 1o cMeHe ypOBHS KOHTaKTa 38

OCI1A - raiimep / cuetunk 1 cpaBHeHUE, BEIXOIHOW CUTHAIT A

PFS PCINT37 - npepbIBaHKE 10 CMEHE YPOBHsI KOHTaKTa 37

OC1B - raiimep / cueTunk 1 cpaBHeHUe, BEIXOAHOM curHan B
PF4 ICP3 - Bxox /U1 BHEUITHETO 3aXBaTa TaiiMepa / cueTdnka 3
PCINT36 - npepbIBaHKe IO CMEHE YPOBHsI KOHTaKkTa 36

OCOB - raiimep / cuetunk O cpaBHEeHUE, BBIXOAHOM curHan B

PF3 PCINT35 - npepriBaH#e 0 CMEHE yPOBHS KOHTaKTa 35

PE2 OC3B - raiimep / cueTunk 3 cpaBHEHHE, BEIXOIHOM curHa B
PCINT34 - npepbiBaHKe IO CMEHE YPOBHS KOHTaKTa 34

PE1 OC3A - taiimep / cueTunk 3 cpaBHEHHUE, BEIXOIHOW CUTHAIT A

PCINT33 - npepbIBaHKe 10 CMEHE YPOBHsI KOHTAaKTa 33

ADCD9 - Bxonnoit kagax ADC 9
PFO APN3 - uaBepcHsIif Bxo/ 3 tnhepeHIInaIbHOTO YCHITHTEIS
PCINT32 - npepbIBaHHe 110 CMEHE YPOBHsI KOHTaKkTa 32

OC2B / PCINT39 - Ilopm F bum 7

OC2B: Taitmep / cueTurk 2 cpaBHEHHE, BBIXOIHOM curHal B. Bribop BbIxoma
KOHTpoiupyercs peructpom PMX1

PCINT39: IIpepriBanue 1o cMeHe ypoBHS KOHTakTa. PF7 sBisiercst BHETHIM
WCTOYHUKOM NPEPHIBAHUM.

OC2A /T3 /PCINT38 - I[Topm F Bum 6

OC2A: Taitmep / cueTurk 2 cpaBHEHHE, BEIXOAHOM curHai A. Beibop Beixoaa
KOHTpoJpyercs peructpomM PMX1



T3: Taitmep / Cuetunk 3 Bxon BHemHuX TakToB
PCINT38: IIpepsiBanue 1o cMeHe ypoBHs KoHTakTa. PFO6 siBisieTcst BHEITHUM
VMCTOYHUKOM NPEPHIBAHUM.

O0C1A/PCINT37 - Ilopm F bum 5

OCI1A: Taitmep / Cuetuuk 1 cpaBHeHuUE, BBIXOHOM curHai A. BeiOop Bbixoaa
KOHTposmpyetcs peructpom PMXO0

PCINT37: IIpepriBanue no cMeHe ypoBHs KoHTakTa. PF5 siBnsieTcst BHEIIHUM
HMCTOYHUKOM MpPEPHIBAaHUH.

ICP3/0OC1B / PCINT36 - Ilopm F bum 4

OCI1B: Taitmepa / cuetunka 1 cpaBHeHHe, BEIXOAHON curHai B. Beibop Bbixoma
KOHTposmpyetcs peructpom PMXO0

ICP3: Taiimep / cuetunk 3 Bxox 11st BHEITHETO 3aXBaTa

PCINT36: [IpepriBanue nmo cMeHe ypoBHs KOoHTakTa. PF4 sBnsieTcst BHEIIHUM
MCTOYHUKOM NpEPHIBaHUM.

OCOB / OC3C / PCINT35- Ilopm F bum 3

OCOB: Taitmepa / cueturka (0 cpaBHEeHHE, BBIXOIHOM curHai B. Bei6op BbIxona
KOHTpoJmpyetcs peructpom PMX0

OC3C: Taiimepa / cueTunka 3 cpaBHEHUE, BbIXOHOM curHai C

PCINT35: I[IpepbiBanue 1o cmMeHe ypoBHs KoHTakTa. PF3 sBisiercst BHETHIM
MCTOYHUKOM TPEPHIBAHUMN.S

OC3B / PCINT34- ITopm F bum 2

OC3B: Taitmepa / cueTunka 3 cpaBHEHHE, BBIXOIHON curHai B
PCINT34: IIpepriBanue 1o cMeHe ypoBHS KOHTakTa. PF2 sBisiercst BHemHIM
WCTOYHUKOM NPEPHIBAHUM.

OC3A /PCINT33- Iopr F bur 1

OC3A: Taiimepom / cueTunkoM 3 cpaBHEHHE, BBIXOIHOM curHai B. Bribop Bbixoma
KOHTpoJimpyercs peructpom PMX1

PCINT33: IIpepriBanue 1o cmeHe ypoBHs KoHTakTa. PF1 gBnsiercs BHeITHUM
HMCTOYHUKOM TIPEPHIBAHUH.

ADC9 / APN3/PCINT32- Ilopt F bur 0

ADC9: Bxoanoii kaHan BHenrHero Bxoaa AL 9
APNS3: o6paTHbIit Bxoa quddepeHInalIbHOTO yCUIUTENS 3



PCINT32: ITpepsiBanue 1o cMeHe ypoBHs koHTakTa. PFO siBisiercst BHETHUM

HNCTOYHHUKOM HpGpBIBaHI/If/'I.

9.3.14. Peructpsl Onucanus

PORTB - Pecucmp 6bixo00uwlx 0annvix nopma B

PORTB - Peructp BbIXOIHBIX JaHHBIX mopTa B

PORTB:0x05(0x25) 3nayenue o ymoadanuio: 0xX00
BuThbI 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 Beixoa mopra B

DDRB - Pecucmp nanpaénenus B nopma

DDRB - Peructp nanpasJjienusi B mopra

DDRB: 0x04(0x24) 3navyeHue no ymomdanuio: 0x00
Butbl DDB7 DDB6 | DDBS DDB4 | DDB3 | DDB2 | DDB1 | DDBO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Omnpenesienne OUT
[7:0] DDRB buts! ynpasienus HanpasieHueM nopta B: 1 = Beixon, 0 = Bxog

PINB - Pecucmp 6xoouwix oannvix nopma B
PINB - Peructp BXOAHBIX JaHHBIX mMopTa B

PINB: 0x03(0x23) 3Hauenue no ymonuanuto: 0x00
butsbl PINB7 PINB6 | PINB5 | PINB4 | PINB3 | PINB2 | PINB1 | PINBO
R/W R/W R/W R/W R/W RIW R/W RIW R/W
Onpenenenne OuT
Peructp cocrosnus nopra B. CuutsiBaercs PINB Hanpsimyto, 4ToObI
[7:0] PINB MOJIYYHTh TEKYIIee COCTOSTHUE TIOPTa; 3anuch B OUT PINBn «1»
nepeBopaurBaeT coctosinue BeiBoga PORTBn

PORTC - Pecucmp 6vixo0nvix oantwvix nopma C

PORTC - Peructp BbIXOAHBIX JaHHBIX opTa C

PORTC: 0x08(0x28) 3nauenue mo ymomyanuio: 0x00
Burtbl PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
R/W R/W R/W RIW RIW R/W RIW RIW R/W
Onpenesienne OUT
[7:0] PORTC Peructp BbIxona nopra C

DDRC - Pecucmp nanpasnenus C nopma
DDRC - Peructp HanpasJjieHusi C mopra

DDRC: 0x07(0x27)

3Hauenue no ymonyanuto: 0x00

burtel

DDC7

DDC6

DDC5

DDC4

DDC3

DDC2

DDC1

DDCO




R/W R/W R/W RIW R/W R/W R/W R/W R/W
Omnpenesenne OUT
[7:0] DDRC buts! ynpaBnenust HanpaBienuem nopta C: 1 = Beixon, 0 = BXoj

PINC - Pecucmp 6xo0nvix oannvix nopma C

PINC - PerucTp BXOAHBIX JaHHBIX mopta C

PINC: 0x06(0x26)

3nauenue no ymonuyanuo: 0x00

butbl PINCY7 PINC6 | PINCS5 | PINC4 | PINC3 | PINC2 | PINC1 | PINCO
R/W R/W R/W R/W RIW R/W RIW RIW R/W
Onpenesienne OUT
Peructp cocrostnus nopra C. CuuntsiBaercst PINC Hanpsimyto, 4ToObI
[7:0] PINC MOJIYYUTh TEKYIIIee COCTOsTHUE MOopTa; 3anuchk B OuT PINChn «1»

niepeBopaunBaet cocrosiaue BeiBoga PORTCn

PORTD - Pecucmp 6vixooHwvix danuwix nopma D

PORTD - PerucTp BBIXOAHBIX JaHHBIX mopTa D
PORTD: 0x0B(0x2B)

3nauenue no ymonyanuto: 0x00

Burtbl PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Omnpenesenne OUT
[7:0] PORTD Peructp BeIx012 mopra D
DDRD - Pecucmp nanpasnenus D nopma
\ DDRD - Peructp Hanpasienusi D mopra
DDRD: O0x0A(0x2A) 3HavyeHue o ymonuanuio: 0x00
Burbl DDD7 DDD6 | DDD5 DDD4 | DDD3 | DDD2 | DDD1 | DDDO
R/W R/W R/W R/W RIW R/W RIW R/W R/W
Onpenenenne OuT
[7:0] DDRD butel yripaBnenus HanpasiaeHueM noprta D: 1 = Beixog, 0 = Bxojq

PIND - Pecucmp 6xoouwix darnnvix nopma D

PIND: 0x09(0x29)

PIND - Peructp BXOAHBIX JaHHBIX nopTa D

3HaueHnue no ymoaganuro: 0x00

Burthl PIND7 PIND6 | PINDS | PIND4 | PIND3 | PIND2 | PIND1 | PINDO
R/W R/W R/W R/W R/W R/W R/W RIW R/W
Onpenesenne OUT
Peructp cocrosinus nopra D. CuurtsiBaetrcst PIND nanpsimyto, yToOs!
[7:0] PIND MOJTYYUTh TEKYIIee COCTOSIHUE MOPTa; 3anuch B Out PINDN «1»

nepeBopaunBaeT cocrosinue BeiBoga PORTDN

PORTE - Pecucmp 6vixoouwix oannvix nopma E

PORTE - Peructp BbIXOAHBIX JaHHBIX MopTa E
PORTE: 0x08(0x28)

3Hauenue no ymonyanuto: 0x00




burtsl PE7 PE6 PES PE4 PE3 PE2 PE1 PEO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Omnpenesenne OUT
[7:0] PORTE Peructp BbIx01a mopra E

DDRE - Pecucmp nanpasnenus E nopma

DDRE - Peructp Hanpasiaenus E nopra

DDRE: 0x07(0x27) 3nauenue nmo ymomdanuio: 0x00
Butbl DDE7 DDE6 | DDE5 DDE4 DDE3 | DDE2 | DDE1 | DDEQO
R/W R/W R/W R/W RIW R/W RIW RIW R/W
Onpenesenne OUT
[7:0] DDRE bute! ynpasiienns HanpaBiieHreM nopta E: 1 = Beixoa, 0 = Bxon

PINE - Pecucmp exoomnwix oannvix nopma E

PINE - Peructp BXOIHBIX JaHHBIX nopTa E

PINE: 0x06(0x26) 3Havenue 1o ymoryanuto: 0x00
Buthl PINE7 PINE6 | PINES PINE4 | PINE3 | PINE2 | PINE1 | PINEO
R/W R/W R/W RIW RIW R/W RIW R/W R/W
Omnpenesienne OUT
Peructp cocrostaus nopra E. CuutsiBaercs PINE Hanpsmyto, 4ToOb1
[7:0] PINE MOJIYYUTh TEKYIIEe COCTOSTHUE MOPTa; 3amuch B OuT PINEN «1»
nepeBopadrBaeT coctosinue BeiBoga PORTEN

PORTF - Pecucmp 6vixoouwix oaunvix nopma F

PORTF - PerucTp BBIXOJAHBIX JaHHBIX MopTa F

PORTF: 0x0B(0x2B) 3HavyeHue o ymonuanuio: 0x00
BuTLI PF7 PF6 | PF5 PF4 PF3 | PF2 | PF1 | PFO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Onpenesenne OUT
Peructp cocrosinust mopra F:
[7:0] PORTF PEKHUM - BBOJIA, 3aITUCH «1» B GUT OTKPOET BHYTPEHHEE MOATATHBAHHKE;
PEXKHM - BBIBOJIA, 3aMMUCh «1» B OUT YCTAHOBHUT BHICOKYIO BBIXOJHYIO
MOIIIHOCTb.

DDRF - Pecucmp nanpasnenus F nopma

DDRD - Peructp nanpasJienusi D nopra

DDRF: Ox0A(0x2A) 3HavyeHne o ymondanuio: 0x00
Butbl DDF7 DDF6 | DDF5 DDF4 DDF3 | DDF2 | DDF1 | DDFO
R/W R/W R/W R/W R/W R/W R/W RIW R/W
Onpenesienne OUT
[7:0] DDRF buts! ynpasnenus HanpasieHuem nopta F: 1 = Beixoa, 0 = Bxox

PIND - Pecucmp 6xoonwix oannvix nopma D

PINF - PerucTp BXOAHBIX JaHHBIX OpTa F

PINF: 0x09(0x29)

3Hauenue no ymonyanuro: 0x00

Burnl

PINF7

PINF6 | PINF5 PINF4 | PINF3 | PINF2 | PINF1 | PINFO




R/W R/W R/W RIW R/W R/W R/W R/W R/W
Omnpenesenne OUT

Peructp cocrostnus nopta D. CuurtsiBaercs PIND nanpsmyto, 4To06b1
[7:0] PINF MOJTYYUTh TEKYIIIEE COCTOSIHUE MOPTa; 3anuch B out PINDN «1»
nepeBopaurBaeT cocrosinue BeiBoga PORTDN

HDR - Pecucmp ynpasnenus nopmamu

HDR - Peructp ynpasJjieHusi IOpTaMu

HDR: OXEO
bur - - HDR5 HDRA4 HDR3 HDR?2 HDR1 HDRO
R/W - - R/W R/W R/W R/W R/W R/W

Onpenesenne OuT
[7:6] - 3ape3epBUPOBAHO

5 HDR5 PF5 Beixoguoii curnain: 1 - 80 MA, 0 - 12 MA

4 HDR4 PF4 Beixoguoii curdan: 1 - 80 MA, 0 - 12 MA

3 HDR3 PF2 Beixognoii curnan: 1 - 80 MA, 0 - 12 MA

2 HDR2 PF1 Beixoguoii curaain: 1 - 80 MA, 0 - 12 MA

1 HDR1 PD6 Beixomnoii cursani: 1 - 80 MA, 0 - 12 MA

0 HDRO PD5 Beixonnoii curgamn: 1 - 80 MA, 0 - 12 MA

PMXO0 - Pecucmp () ynpaeénenus nopmogoim myaibmunjieKcopom

PMXO0 - PErucTP O YIPABJIEHUS MYJbTUIIIEKCUPOBAHUEM IIOPTOB
PMXO0: OXEE 3HaueHue no ymosyanuto: 0x00

bur WCE C1BF4 C1AF5 COBF3 | COACO SSB1 TXD6 RXD5
R/W R/W RIW RIW R/W RIW R/W RIW RIW
Omnpenenenne OuT

VYupasnenue BrimodeHus: oonosnenus PMXO0/1. Iepen oOHOBIICHHEM perucTpa
7 WCE |PMXO0/1 cnauana nanummute B 6ut WCE «1» u 3aBepurnts o0HOBieHHe PMXO0/1 B
TEYEHHUE CIeNYIOMUX 6 CHCTEMHBIX IIHKJIOB.

Ympasiienue BciomorarensHbiM Beixogom OC1B
6 C1BF4 1- OC1B Brxon Ha PF4

0 - OC1B Brixon Ha PB2
VYmpasnenue BcriomorarensHbiM BeixogomM OC1A
5 C1AF5 1 - Berxoxg OC1A ua PF5
0 - Beixog OC1A na PB1

VYmpasnenue BciomorarensHbIM Beixogom OCOB
4 COBF3 1 - Berxox OCOB na PF3
0 - Beixox OCOB msa PD5

VYmpasnenue BciomorarenbHbiM BeixogoM OCOA
Beixoq OCOA ynpagnsiercss out COACO u 6utr COAS B peructpe TCCROB:
{COACO0, COAS} = 00 - Beixog OCOA na PD6
3 COACO 01 - OCOA BeIxox Ha PE4
10 - OCOA Brrxox ma PCO
11 - Beixox OCOA ua 06a PE4 u PCO

VYmpaBieHue BCIIOMOTaTelIbHBIM BBIXOJI0M SPSS

2 SSB1 1 = Berxox SPSS na PB1
0 = Bexog SPSS na PB2
1 TXD6 YnpasieHue J0NOTHUTEIbHBIM BbixoaoM Serial TXD

1 - Beixox TXD ua PD6




0 - Bexog TXD na PD1

VYnpasjieHue TOMOTHUTENLHBIM BXoa0M Serial RXD
1 =Bxox RXD ot PD5
0 = Bxox RXD ot PDO

0 RXD5

PMX1 - Pecucmp 1 ynpasnenus nopmosvim myavmuniekcopom
PMX1 - PETUCTP 1 YIIPABJIEHUS MYJIbTUILUIEKCUPOBAHUEM IIOPTOB

PMX1: OXED | 3HayeHue 1o ymoaganuto: 0x00
but - - - - - C3AC C2BF7 | C2AF6
R/W - - - - - RIW R/W R/W
Onpenesienne OUT
[7:3] - 3ape3epBUPOBAHO
VYmpasnenue BcriomorareibHbIM BbhixooMm OC3A
2 C3AC 1 = Beixogq OC3A na QFP48 / ACOP
0 = Beixog OC3A ua PF1
YrpasiieHue JonoJHUTENLHBIM Beixo oM OC2B
1 C2BF7 1 = Beixox OC2B ua PF7
0 = Berxoq OC2B na PD3
VYmpasieHue BcrioMorarelbHbIM Berxojjom OC2A
0 C2AF6 1 = Beixox OC2A s PF6
0 = Beixog OC2A B PB3
NHCTPYKIMH N0 MCTOJIb30BAHUIO
KonTponbHsiit 6ut yrnpasnerus PMXO0 / 1 B peructpe PMXO0 [7] npu o6noBnenun PMX1 (cm. B
peructpe PMX0). Muctpykimu no ynpasneruto st PMXO0 [7].

PMX2 - Pecucmp 2 ynpaeénenus nopmogoim myibmunjieKcopom

\ PMX2 - PETUCTP 2 YIIPABJIEHUSI MYJIbTUILIEKCUPOBAHUEM ITOPTOB

PMX2: 0xFO 3HaueHue 1no ymosyanuto: 0x00

bur

WCE

STSCI

STSCO

XIEN

EGEN

C6EN

R/W

R/W

R/W

R/W

RIW

RIW

RIW

Onpenenenne ouT

YrpasiieHre BKitoueHueM o0HoBIeHUs: PM X2, HeoOxomumo 3amucats outr WCE
B «1» 10 o6HOBieHus peructpa PMX2 u 3aBepunts oOHOBIeHHE PMX2 B
TEUEHUE CICTYIONMMIX 6 CHCTEMHBIX ITHKJIOB.

BeicokockopocTHOE yrpaBieHue 1enbko 3amycka 10.

[Tocne BkItOYEHHST BEICOKOCKOpPOCTHOTO pezoHaropa PMCR STSC1
aBTOMaTHYECKH BKItouaeTcs. [Ipu nepexinoueHnn cucTeM, mocie Toro, Kaxk
TaKThI JOCTUTHYT BHEITHETO BEICOKOCKOPOCTHOTO KBAPIIEBOTO T€HEPATOpa,

STSC1 aBromaruuecku ouniaercs. [IporpaMmmHoe obecriedenre J0IKHO
ounctuth STSC1 mocine Toro, Kak pe30HaTop CTAOUITU3UPYETCS.
Kpucrammnueckas cxema 3amycka OTKJIIoueHa Uil SKOHOMHH YHEPTUH.
HuskockopocTHOe ympaBieHue memnbio 3amycka 0.

STSCO aBTOMaTHYECKH BKIIOYACTCS MMOCIE BKIIOUCHUS HU3KOCKOPOCTHOTO
kpuctaia PMCR. Ilpu nepekitoueHnu cuctem, mocje Toro, Kak TaKThl
JOCTHTHYT BHEITHETO HU3KOCKOPOCTHOT'O KBapIieBOro reneparopa, STSCO

[7] WCE

[6] sTSCl

[5] STSCO




aBTOMAaTUYECKH ouuIiaercs. [IporpammHoe obecrieueHre Takke MOKET ObITh
cTabmbHBIM B KpucTaiuie [Tociie HacTpoiiku Bpyunyto ounctute STSCO, mernb
3aIycKa KPUCTAJUIa BRIKIIOUUTCSI, SKOHOMSI TOTPEOJICHUE YHEPTHH.

[4:3] - 3ape3epBUPOBAHO
Js1 BKITFOUEHMSI BHEITHETO TAKTOBOT'O CUTHANA TPeOyeTcst OJHOBPEMEHHOE

[2] XIEN
MOKJIFOYEHUE BHEIITHETO KBAPIIEBOTO T'€HEpaTOpa
[1] E6EN Bxutouenne ynuBepcanbHoil GpyHkimu BBoga-BeiBoga PE6, mo ymomyanuto PE6
- pynkius AVREF
[0] C6EN BxrouaeT ¢yHKIIMIO BBOJA-BhIBOIA 00111eT0 HazHaueHus it PC6, o

ymomyanuio PC6 - BxoJ BHenHero copoca

10. IlpepbiBaHue U3MEHEHUs] YPOBHA CUTHAJIA

e llcTOYHMKYU NpEephIBaHUN C U3MEHEHUEM YpOBHS 40 KOHTAKTOB
e 5 3amucey pepbIBaHUU

10.1. O630p

[TpepriBanMst U3MEHEHHEM YPOBHSI KOHTAKTOB MHULIMKMPYIOTCS Ha KOHTakTax PBn,
PCn, PDn, PEn u PFn. Jlo Tex nmop, noka npepblBaHUE N3MEHEHHEM YPOBHSI KOHTAKTOB
BKJIFOYEHO, TPEPHIBAHUE MOXKET OBbITh 3aIYIIEHO, JaXKE €CIIU ITH KOHTAKTHI
CKOH(UTypHUPOBAHBI KaK BBIXOJIbI. DTO MOKHO KCIIOIB30BATh IS T€HEpaIuu
MpOrpaMMHBIX IpepbiBaHui. JIroOoi pa3zpemeHHsiid (uem-neiaxkep PBn Be3oBer
npepsiBanre PCI-BbIBOJIa HAa ypOBHE NIMH-KO1a, akTUBHPYET BbIBOJ PIN-koma PCn,
3anmyctut PCI1, aktuBnpyer PDn-menyok, 3anmyctut PCI2, aktuBupoBanHoe
nepeximoyenue BoiBoja PEn Be3oser PCI3 |, Pa3pemienue kaxaoro npepelBaHusi CMEHBI
KOHTaKTOB ynpasisiercs peructpamu PCMSKO ~ 4 coorBercTBeHHO. Bcee npepbiBanust
CMEHBI KOHTAaKTOB OOHAPYKUBAIOTCSI ACHHXPOHHO U MOTYT UCIOJIb30BAThCS B KAUECTBE
MCTOYHUKOB MPOOYKIECHUS B HEKOTOPBIX PEeXKUMAaX OKUJAHUSL.

10.2. Peructpsl Onucanus

Cnucox pecucmpoe npepovl6aHUsl USMEHEHUEM YPOBHA KOHNAKMOB

3Ha4YeHue Mo

Perncrp @ Anpec Onucanne
YMOTYAHHU IO

PCICR | 0x68 0x00 Peructp ynpasneHus npepbiBaHUEM

PCIFR | Ox3B 0x00 Peructp (ara npepeiBanus
PCMSKO | Ox6B 0x00 ITpusHak npepeiBanysi 0 ”3MEHEHUS! YPOBHSI KOHTAKTOB
PCMSK1 | 0x6C 0x00 [TpusHak npepbiBaHus 1 N3MEHEHUs YPOBHSI KOHTAKTOB
PCMSK2 | 0x6D 0x00 [TpusHak npepbiBaHus 2 U3MEHEHHUS! YPOBHS KOHTAKTOB
PCMSK3 | 0x73 0x00 [TpusHak npepbiBaHus 3 U3MEHEHUS YPOBHS KOHTAKTOB
PCMSK4 | 0x74 0x00 ITpusHak npepriBaHus 4 U3BMEHEHUS! YPOBHSI KOHTAKTOB




PCICR - pecucmp ynpasnenus npepvieanuem usmeneruem yposHs KOHMAaAKmo8
| PCICR - peructp ynpasJieHusi IpepbIBAaHHEM M3MEHEHHUsI YPOBHSI KOHTAKTOB

Anpec 0xX68

3HaueHue no ymosyanuto: 0x00

burt 7

4 3 2 1 0

Nmsa -

PCIE4

PCIEB

PCIE2

PCIEI

PCIEO

R/W

R/W

R/W

R/W

R/W

R/W

Bbur

Onpenesienne OUT

7:5

3ape3epBUPOBAHO

PCIE4

Korna 6ut PCIE4 yctanosineH B «1» 1 rimodanbHOE MIPEphIBAHKIE BKIFOYCHO,
npepsiBaHue 4 NepeKIIOYCHUS] KOHTAKTOB aKTHBUPOBAaHO. I3MeHeHHe ypOBHS
00010 U3 aKTUBUpPOBaHHOTO PFN-KOHTaKTOB NpuBeaeT K npepoiBanuio PCI4.
Paszpemenue npepeiBanust PFN MOYKHO KOHTPOJIMPOBATH C MMOMOIIBIO PETUCTPA

PCMSK4, cootBerctBenno. Korma 6ut PCIE3 ycranosien B «0», npepriBanue 3
CMEHBI YPOBHSI KOHTAKTOB OTKJIFOUEHO.

PCIE3

Korna 6ut PCIE3 ycranosinen B «1» u rmobanbHOe MpephIBaHUE BKIIOYEHO,
MIpEephIBaHKE 3 MEPEKITIOYCHISI KOHTAKTOB aKTUBUPOBAHO. V3MEHEHHE ypOBHS
m000T0 U3 aKTUBHpOBaHHOTO PEN-KOHTaKTOB NpuBeeT K npepoiBanuio PCI3.

Paspemenne npepsiBanus BeiBoga PEN moxxer ynpasnsitecst peructpom PCMSKS3,
cootBercTBeHHO. Korna out PCIE3 ycranoBien B «0», mpepbiBaHue 3 CMEHBI
YPOBHS KOHTAKTOB OTKITFOYEHO.

PCIE2

Korma 6ut PCIE2 ycranosiieH B «1» 1 ri100anpHOE IPEphIBAHIE BKIFOYCHO,
npepbiBaHKE 2 MEPEKIIOYCHUS KOHTAKTOB aKTUBUPOBaHO. V3MeHeHue ypoBHS
M000T0 M3 aKTUBUPOBaHHOTO BhIBoAa PDN mpusenet k npepriBanuto PCI2.
Paspemenue npepriBanus BeiBoga PDn Mmosxket ynpasistees peructpom PCMSK2,
coorBercTBeHHO. Korma 6ut PCIE2 ycranoBnen Ha «0», mpepbiBaHne 2 CMEHBI
YPOBHSI KOHTAKTOB OTKJIFOYEHO.

PCIEI

Korma 6ut PCIE1 ycranosiien Ha «1» u To0anbHOE IPephIBAHUE BKIIFOUCHO,
npepbiBaHue | MepektoYeHns KOHTAaKTOB aKTUBUPOBaHO. 3MeHeHue ypoBHs
JTr000TO0 M3 aKTUBHPOBaHHOTO BeIBoAa PCh mpuseneT k npepriBanuto PCIL.
Pa3pemuts npepriBanue BoiBosia PCn MoskeT ynpasisatbes peructpom PCMSKI,
coorBercTBeHHO. Korma 6ut PCIE] ycranoBnen B «0», mpepbiBanue | cMeHBI
YPOBHSI KOHTAKTOB OTKJIFOYEHO.

PCIEO

Korna 6ut PCIEQ ycranoBneH Ha «1», 1 rio0anbHOe pepbIBaHUE BKIIIOYEHO,
npepbiBanue () MepeKIoYeHns KOHTAKTOB aKTHBUPOBaHO. V3MeHeHue ypoBHS
1r000T0 U3 aKTUBHPOBaHHOTO BeIBOAa PBN npusenet k npeprisanuto PCIO.
Paspemenne npepsiBanust BeiBosia PBN Moxket ympasisteest peructpom PCMSKO,
coorBercTBeHHO. Korma 6ut PCIEQ ycranosnen B «0», mpepbiBanue 0 cMeHbI
YPOBHSI KOHTAKTOB OTKJIFOYAETCSL.

PCIFR - pecucmp pnacos npepwisanus usmenenuem yposHs KOHMAKMO8
PCIFR - peructp ynpasJ/ieHusi ipepbiBaHHeM U3MEHEHUS] YPOBHS KOHTAKTOB

Anpec 0x3B 3HaveHue no ymondanuio: 0x00

Bur 7 6 5 4 3 2 1 0
Nmsa - - - PCIF4 PCIFB PCIF2 PCIFI PCIFO
R/W - - - R/W R/W R/W R/W R/W
bur Nms Onpenesenne OUT

75 - 3ape3epBUPOBAHO

®mar npepeiBanus 4. M3MeHeHne ypoBHs Tr000r0 u3 pa3pemeHHsx PFn
4 PCIF4 koHTakToB ycTaHaBiuBaeT PCIF4. Korna ycranosienst PCIE4 u rino6ansHbie

npepoiBanusi, MCU nepeiiner k aapecy 3anucu npepeiBanust PCI4. Paspemenue
npepbiBanysl PFn M0o>kHO KOHTposipoBath ¢ noMoibto perucrpa PCMSK4,




COOTBETCTBEHHO. BBIMONHEHNE IPOIEAYPHI O0CITYKHBaHUS MPEPHIBAHUHN WITH
s3anuch «1» za out PCIF4 ounctur our PCIF4.

®mnar npepeiBanus 3. M3MeHeHue ypoBHS 1r000r0 u3 paspenieHHsx PEn
koHTakToB yctanasnusaeT PCIF3. Korna ycranosnenst PCIE3 u rmoGanbHbie
npepsiBanusi, MCU nepeiiner k aapecy 3anucu npepeiBanust PCI3. Paspemienue
npepeiBanust PEn MokHO KOHTpoaMpoBaTh ¢ nomolsko peructpa PCMSK3,
COOTBETCTBEHHO. BbINosiiHeHHEe IpoIieaypbl 00CITy)KHUBaHUs PEPbIBAHUIN HITN
3amuch «1» Ha 6ut PCIF3 ouncrut 6ur PCIF3.

3 PCIF3

@nar npepsiBanus 2. M3MeHenue ypoBHs J1000ro u3 paspemieHHsix PDn
koHTakToB yctanasnuBaeT PCIF2. Korna ycranosienst PCIE2 u rinobansHbie
npepsiBanusi, MCU nepeiiner k aapecy 3anucu npepoiBanust PCI2. Paspemienue
npepeiBanust PDn MoxHO KoHTposmpoBath ¢ noMoueto perucrpa PCMSK2,
COOTBETCTBEHHO. BbInosiHeHune mpouenypsl 00C1y>KUBaHUS NPEPhIBAHUN WU
3anuch «1» Ha 6ut PCIF2 ounctut 6ut PCIF2.

2 PCIF2

@nar npepsiBanus 1. VM3meHenne ypoBHs 11000ro U3 paspemnieHHsx PCn
koHTakToB yctaHaBnuBaeT PCIF1. Korna ycranosnenst PCIE] u rnoGanbHble
npepriBanusi, MCU nepeiizer k aapecy 3anucu npepoiBanust PCI1. Pazpemenue
npepbiBanus PCn MOXHO KOHTpOIMPOBATh ¢ oMoltibio peructpa PCMSK1,
COOTBETCTBEHHO. BbINosiHEHNE IpOoLeaypbl 00CITYKMBaHUsI IPEPbIBAHUIN WIIN
3amuch «1» Ha 6uT PCIF1 ouncrut 6ut PCIF1.

1 PCIFI

@mnar npepsiBanus 0. Mi3meHeHue ypoBHs 1000r0 U3 pasperieHHbix PBn
koHTakToB ycranasnuBaeT PCIF0. Korma ycranosnenst PCIEQ u rmoGanbHbie
npepsiBanusi, MCU nepeiiner k aapecy 3anucu npepoiBanust PCI0. Paspemenue
npepsiBanus PBn MoxxHO KOHTpOIHMpoBath ¢ nomoiibto peructpa PCMSKO,
COOTBETCTBEHHO. BbINoNHEHNE IPOIeayphl 0OCITYKHBaHUs MPEPbIBAHUN HITN
3aruck «1» Ha 6ut PCIFO ounctur 6ut PCIFO.

0 PCIFO

PCMSKO - pecucmp 0 npepuvisanus usmernenuem yposHs KOHMAKMO8

PCMSKO - peructp 0 npepbiBaHusI H3MEHEHHS YPOBHSI KOHTAKTOB

Anpec 0x6B 3Havenue no ymondanuio: 0x00
bur 7 6 5 4 3 2 1 0
Nmn PCINT7 | PCINT6 | PCINTS | PCINT4 | PCINT3 | PCINT2 | PCINT1 | PCINTO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur Nmn Omnpenesenne OUT
7 PCINT7 but macku BkIIroueHus OUT - 7.
6 PCINTG6 but Macku BKIIOUYEHHS OUT - 6
5 PCINT5 but Macku BKIIFOUEHHS OUT - 5
4 PCINT4 but mMacku BKIIFOUeHUs OUT -4
3 PCINT3 BuT Macku BKIIOUEHHS OHUT - 3.
2 PCINT2 BuT Macku BKIIOUEHHS OUT - 2.
1 PCINT1 but Macku BKIOUeHHUS OUT - 1.
0 PCINTO but Macku BkaroueHust out - 0.
IosicHeHue
[Tpu ycranoBke 6ut PCINTN B «1», npeppiBanne u3MeHeHs ypoBHs curHaina PBn BkioueHo.
W3menenue ypoBHs Ha BbiBojiax PBn Oynet ycranasnusars PCIFO. Ecnin 6ut PCIEO u rmo6ansHoe
MpephIBaHKE YCTAaHOBJICHBI, OyeT reHepupoBathes npepoiBanue PCIO. Tlpu ycranoske 6ut PCINTN B
«0» npeppIBaHUE U3MEHEHUS YpoBHA curdana PBn orxmoueno. burn=7...0




PCMSK1 - pecucmp 1 npepuvisanus usmenenuem yposHs KOHMAKmos
‘ PCMSK1 - peructp 1 npepbiBaHusI H3MEHEHHUS YPOBHSI KOHTAKTOB

Anpec 0x6B 3HayeHue no ymonauanuio: 0x00

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

7 PCINT15 but Macku BkItoueHuUs OuT - 15.

6 PCINT14 but Macku BKIOUYeHHUs OuUT - 14,

5 PCINT13 but Macku BKIOUYeHHUs OuT - 13.

4 PCINT12 but Macku BKItOUYeHHUsS OUT -12.

3 PCINT11 but Macku BkItoueHus out - 11.

2 PCINT10 but macku BrtoueHus out - 10.

1 PCINT9 but Macku BKIroueHus OuT - 9.

0 PCINTS but Macku BKIIOUeHHS OUT - 8.

IosicHenue

[Tpu ycranoske 6ut PCINTN+8 B «1», mpepriBanne u3MeHEeHUs ypoBHs curHaia PCn BxirroueHo.
W3menenue ypoBHs Ha BbiBojiax PCn Oynet ycranaBiausate PCIF1. Ecau 6ut PCIE] u rno6ansHoe
IIpepbIBaHUE YCTAHOBJEHBI, OyneT renepupoBathbes npepsiBanue PCI1. Ilpu yctanoBke Out PCINT n+s
Ha «0» npepbpiBaHNE U3MEHEHMsI YpOoBHs curdana PCn orkmoueno. burn=7...0

PCMSK?2 - pecucmp 2 npepuvisanus usmenenuem yposHs KOHMAKmos
\ PCMSK?2 - peructp 2 npepbiBaHUus H3MEHEHHsI YPOBHSI KOHTAKTOB

Anpec 0x6B 3Hauenue no ymonyanuio: 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 Omnpenesenne 6uT

7 PCINT23 but macku BkIIroueHus our - 15.

6 PCINT22 but macku BkIroueHus out - 14.

5 PCINT21 but macku BkIroueHus out - 13.

4 PCINT20 but Macku BkItoueHus OuT -12.

3 PCINT19 but macku BkIroueHus out - 11.

2 PCINT18 but macku Bxarouenus out - 10.

1 PCINT17 but Macku BKIrOUeHHs OUT - 9.

0 PCINT16 but Macku BKIIOUYEHHS OHUT - 8.

IMosicHeHnue

ITpu ycranoBke 6ut PCINTN+16 B «1», mpepbiBaHre U3MEHEHHs ypoBHA curHana PDn BkitoueHo.
W3menenne ypoBHs Ha BeiBogax PDn Oyner ycranasnmmBate PCIF2. Eciim 6ut PCIE2 u rmo6anbsHOE
npepbIBaHNE YCTAaHOBIIEHBI, Oy/eT renepupoBathbes npepoiBanue PCI2. TIpu ycranoske 6ut PCINT n+16
B «0» npepbIBaHue N3MeHeHus ypoBHs curHaia PDn otkmoueno. burn=7...0

PCMSKS - pecucmp 3 npepuvisanus usmenenuem yposHs KOHMAKMOs
PCMSKS - peructp 3 npepbIBaHUsI H3MEHEHHS YPOBHSI KOHTAKTOB
Anpec 0x6B 3nadenue mo ymomadanuto: 0x00

bur 7 6 5 4 3 2 1 0

Hmsa | PCINT31 | PCINT30 | PCINT29 | PCINT28 | PCINT27 | PCINT26 | PCINT25 | PCINT24

R/W R/W R/W R/W R/W R/W R/W R/W RIW




bur Nms Onpenesenne OUT
7 PCINT31 but Macku BkatoueHus ourt - 31.
6 PCINT30 but macku BxatoueHus ourt - 30.
5 PCINT29 but Macku BkItoueHHUs OUT - 29.
4 PCINT27 but Macku BkIto4eHHUs OUT -28.
3 PCINT27 but Macku BKIItOUYeHUS OUT - 27.
2 PCINT26 but Macku BKItOUeHHUS OUT - 26.
1 PCINT25 But Macku BKIIOYEHHUS OUT - 25.
0 PCINT24 But Macku BKJIIOYEHHS OUT - 24.

TIlosicuenue

[Tpu ycranoBke 6ut PCINTN+24 B «1», npepriBaHue U3MEHEHHS YpoBHs curHaia PEN BxiroueHo.
Wzmenenne ypoBus Ha BeiBoiax PEN 6yner ycranasnmusats PCIF3. Eciiu 6ut PCIE3 u rmo6ansHoe
MIpephIBaHUE YCTAaHOBJICHBI, OyeT reHepupoBathes npepbiBanue PCI3. Tlpu yctanoBke 6ut PCINTN+24
B «0» npepbiBaHuEe N3MeHeHus ypoBHs curHasia PEn otkmoueno. burn=7...0

PCMSKA4 - pecucmp 4 npepuvisanus usmenenuem yposHs KOHMAKMO8

PCMSKS3 - peructp 3 npepbiBaHusI H3MEHEHHsI YPOBHSI KOHTAKTOB

Anpec 0X6B 3nayenne o ymonyanuio: 0x00

bur 7 6 5 4 3 2 1 0
Nmn PCINT39 | PCINT38 | PCINT37 | PCINT36 | PCINT35 | PCINT34 | PCINT33 | PCINT32
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur Nms Omnpenesenne OUT

7 PCINT39 but Macku BkItoueHus out - 39.

6 PCINT38 but Macku BKItoUeHHUsS OUT - 38.

5 PCINT37 but Macku BKItOUeHHUsS OUT - 37.

4 PCINT36 but Macku BKIrOUeHHs OUT -36.

3 PCINT35 but Macku BKJItOUeHus OuT - 35.

2 PCINT34 but Macku BKIIOUEHHUS OUT - 34.

1 PCINT33 but Macku BKItOUYeHHUS OUT - 33.

0 PCINT32 but Macku BKIIOUYEHHUS OUT - 32.

ITosicHeHnue

ITpu ycranoBke 6ut PCINTN+32 B «1», mpepbiBaHMe U3MEHEHUs YPOBHs curHaia PFn BkitoueHo.
W3menenue ypoBHs Ha BbiBoiax PFn Oyner ycranasnuath PCIF4. Ecinu 6ut PCIE4 u rnoGanbHoe
npepbIBaHNE YCTAaHOBIIEHBI, Oy/eT renepupoBathes npepeiBanue PCI4. TIpu ycranoske out PCINTN+32
B «0» npepbIBaHuE U3MEHEHUs YpoBHs curHaina PFn otkmoueno. burn=7...0

11. Taiimep/CueTunk O 8-pa3psiiHbIi CHETYUK

e 8-pa3psIHBIN CUETUUK
e JlBa HEe3aBUCUMBIX 0JI0Ka CpaBHCHUS

ABTOMATHYCCKU 3arpykacTcs

BriBoj ¢ uepenoBanuem o (aze 6€3 mpephIBaHUS UMITYJIHCOB
['enepatop yacToThI
CueTynk BHEIIHUX COOBITHI
10 but-uacel-ipeaenuTeNnu
[lepenosiHeHrEe U cpaBHEHUE COBMAJCHUN C MpephIBAHUSIMU

CyeTynK aBTOMaTHYECKHU OUHIIaCTCsA IIpU COBIIAACHHUHN CPABHCHUA U




e KOHTpOJb MEPTBOTO BPEMEHH.

o IllecTsr BIOMpPAEMBIX HCTOYHHKOB TPUTTEPOB ABTOMATUUECKH OTKITFOUAET BBIXO]]
PWM.

e BricokockopocTtHOe u Bbicokoe paspemienue (S00KHz @ 7Bit) PWM B pexume
BBICOKOCKOPOCTHOW CHHXPOHH3AINH

11.1. O630p

TCO - 570 8-pa3psaHbIid MOAYJIb CUETUMKA TaliMepa 0011Iero Ha3HAYeHH S, KOTOPBIN
NOAAEpPKUBAET BbIX0J1bl PWM 1 MOXET TOYHO r€éHeprupOBaTh CUTHAJIBI.

TCO conep>XUT OJIMH F'€HEPATOP TAKTOBBIX UMITYJIHCOB, OJMH 8-pa3psAHbINA
CUETUMK, OJIOK YIpaBIEHUS PEKUMOM (POPMUPOBAHMS CUTHAJIA U JiBa OJIOKA CpaBHEHUS
BbIBOJIa. B 10 e Bpemst TCO MoKET COBMECTHO UCTIOJB30BaTh 1 0-pa3psaaHblil
npeasapurenbbii aenurens ¢ TC1, nam oH MoeT uenosib3oBath 10-pa3psaaHbiin
npeaaenuTens HezaBucumo. [lpegnenurens nenut cuctemubie Taktsl clkio nmm
BBICOKOCKOPOCTHBIE TakThl rem2x (2X BHYTPEHHETO BBIXOJAHOIO CUTHAja reHepaTopa
32M RC reneparopa rc32m) jiis renepanmn cdetunka tTaktoB CIKtO.

biok ynpaBiieHHs pe:XUMOM T€HEpalliy BOJIHbBI YIIPABIIAET PEKUMOM padOThI
cUYeTurKa U JOPMHUPOBAHUEM BBIXOJHOTO CUTHAJIA CPABHEHUSI.

B cooTBeTcTBUU C pazIUYHBIMU peXUMaMU padOThI CYETUUK OCYIIECTBIISET
OYHUCTKY, YBEJIMUEHUE WM YMEHbIICHUE KaXX]10r0 13 cueTyrkoB yacoB ClktO.

Clkt0 mosxeT reHepupOBaTHCA BHYTPEHHUM UCTOUYHUKOM CUHXPOHU3AIUU WIH
BHEIIHUM UCTOYHUKOM CUHXpoHu3auuu. Korga 3Hauenue cuetunka cuetuynka TCNTO
JOCTUTaeT MAaKCUMaJIbHOTO 3HAaYeHUs (paBHOE MakcuMmanbHOMY 3HaueHuto OxFF munm
peructpy cpaBHeHuss OCROA, onpenensemomy kak TOP, a makcumManpHOE 3HaUEHUE
onpenensiercs kak MAX st OT/IMYus), CYETYUK OyIeT OUMILEH UIN YMEHbIIEH.

Korna 3nauenue cueturika TCNTO gocturaer MUHUMAJIBHOTO 3HAaY€HUSI (paBHOE
0x00, onpenenennoe kak BOTTOM), cuetunk yBenuuuBaetcsa. Korna sHaueHue
cuetunka TCNTO cuetunka gocturact OCROA / OCROB, Tax:ke U3BECTHOTO KaK
COBIIaJICHUE CpaBHEHUsI, BBIXOHOM curHai cpaBHeHust OCOA / OCOB ouuinaercs win
ycTaHaBiauBaercs il renepanuu popmsl HIUM.

Korzma mepTBO€ BpeMsi BKIIFOYEHO, YCTAHOBIEHHOE MEPTBOE BpEMsI (KOJIMYECTBO
TaKTOB OTCYeTa, cooTBeTcTBYMOMEee peructpy DTRO) Oyaer BcraBieHo B
chopmupoBaHHbIN curHail PWM.

[IporpammHoe obOecrieueHre MOKET ounIaTh BeixogHou curaan OCOA / OCOB,
ouutiast 6ut COMOA / COMOB 10 Hy#st WM ycTaHaBIMBasi COOTBETCTBYIOIIUN
HMCTOYHUK TPUTTEPA.

Koraa npoucxoaut coObITHE TpUTTEPA, aAlIIaApATHOE 00ECIIEYEHUE aBTOMATHUYECKU
ounmiaer out COMOA / COMOB, uto0bI oTkirounTh Beixoguor curaair OCO0A / OCOB.

CueTurK 4acOB MOXKET ObITh CT€HEPHUPOBAH BHYTPEHHUM WJIM BHEITHUM
HMCTOYHUKOM CHHXpOHU3aIU. BeIOOp UCTOUHMKA CUHXPOHU3AIMU U BEIOOP YACTOTHOTO
neneHus kKoHTpoaupyrtes outom CS0, pacnonoxkeHubiM B peructpe TCCROB.
ITonpoOHee cm. Paznensr npeaBaputenbHoro aeautens TCO u TC1.

CueTuynk uMeeT JUIMHY 8 OUT U TOIEPKUBACT IBYHAIIPABICHHBIN MOJCYET.
PexxvmM renepanuu curHana, KOTOPBIA SBISIETCS PeKUMOM PaOOThI CUETUHKA,
ynpasnsiercss outramu WGMO, pacnionoxxenubiMu B peructpax TCCROA u TCCROB.



B 3aBucumoctu oT pexuma paboThl CUETYUK OYUILAET, YBEJIIMYUBAET UITU
yMeHbIaeT Kax bl cyeTynk yacoB Clkt0). Kornma cuerunk nmepemnosHseTcs,
yctanaBiuBaercs (uar nepenonaenus cueranka TOVO B peructpe TIFRO.

[IpepsiBanue nepenosnnenus cuerynka TCO MoKeT ObITh CreHEpUPOBAHO, KOTAa
MIPEPBIBAHUE BKIIOYEHO.

biiox cpaBHEeHHUs pe3ynbTaTOB cpaBHUBAET 3HaueHue cuerunka TCNTO ¢
peructpamu cpaBHeHuss OCROA u OCROB BeiBoga. Korga TCNTO paao OCROA nnmn
OCROB, mpoucxonut cpaBHeHue u ycranaBimuBaeTcs ¢iar cpaBaernst OCFOA nmmn
OCFOB BriBoaa B peructpe TIFRO.

[Ipu pa3zpelieHHOM TpepbIBaHUS MOKET ObITh CTEHEPUPOBAHO MPEPHIBAHKE
cpaBHeHHMS BbIxojHOTO curHaina TCO.

Crnenyet otMeTuTh, uto peructpsl OCROA 1 OCROB ny6nupytorcs B pexume
INM. JiBoitHas Oydepusanus oTkiIoueHa B 00braHOM pekume u pexxume CTC. Korma
CYETYHUK JJOCTUTAET MAKCUMAJIBHOTO WJIM MUHUMAJIBHOTO 3HAYEHUSI, 3HAYEHHUS B PETUCTPE
Oydepa cuaxpoHHO 00HOBIAIOTCS B peructpax cpaHeHuss OCROA u OCROB.
[Togpobnee cm. Onrcanue pasziena peskuma padoThI.

['enepatop curnanoB renepupyet BoixogHbie curHanisl OCOA u OCOB curnanos
OCLIJUIOTPAaMMBI Ha BBIXOJI€ HA OCHOBE peXXMMa YIIPaBJICHUS TeHepalei popMbl BOTHBI
Y yIpaBJIEHUS PEKUMOM BBIXOJHOTO CUTHAJIa CPAaBHEHUS C UCIIOJIb30BAHUEM CPABHEHUS,
MepPETOITHEHUS CUETUMKA U T.11.

KoOHKpeTHBIN METOT TeHEPAIMH OMMCHIBAETCS B ONMMCAHUU pab0Overo pexuMa u
onucanus pazaena. s BeiBoaa BeixoaHbix curHaioB OCOA u OCOB curnana
CpaBHEHUS HA COOTBETCTBYIOIINE BBHIBOJIbI, TAKXKE JTOJKEH OBITh YCTAHOBIIEH PETUCTP
HaIpaBJICHUS JaHHBIX 3TOTO BHIBOJA B KaU€CTBE BbIxoJa. Ha ciemyromeM pucyHke
noka3aHa BHyTpeHHss ctpykrypa TCO.

TCO conep UT OJJMH T€HEPATOP TAKTOBBIX UMITYJIHCOB CUETUHKA, OJTUH 8-
pa3psAIHBIN CUETUYHK, JBa OJIOKAa CpaBHEHUS BBIBOJA U JIBa OJ0Ka YIIpaBICHUS
reHepanuyend CUTHAJIOB.

TCCROA TCCROB DTRO TIMSKO TIFRO

Clock Generator
Clock rem2x clkio
Prescaler ° °
Edge — m

Counter

0CROA Waveform Generator
Dead Time

0CROB Control

Dead Time .

Puc.11.1 CrpykrypHas cxema TCO




11.2. Pesxum padoThl

Cuetunk/Taiimep 0 UMEET YEThIPE Pa3HBIX PEKKUMa PAOOTHI, BKIIOYAs PEXKUM
Normal, Compare Compare Clear (CTC), Mogymsiiusi ¢ ObICTpON ITUPUHON UMITYIIHCOB
(FPWM) 1 da3zoperyiasTopHyt0 MOAYIISIIUIO C IUPOTHO-UMITYJIBCHON MOIYJISIUEH
(PCPWM). butsl ynpasnenus pexumom WGMO [2: 0] ans Beibopa.

Hwke onmcanbl 3T 4eThIpe pekuMa. Tak Kak eCTh JIBa HE3aBHUCUMBIX OJIOKa
CpaBHEHHUS BbIBOJIa, 0003HAYEHHBIE COOTBETCTBEHHO «A» U «BY», HUKHHIA BHIBOJ «X»
IpeacTaBiIsieT cO0O0 /1Ba BRIXOAHBIX KaHaJla CPAaBHEHUS.

11.2.1. HopMmasnbHBIid pexum

HopmalibHbIH peXUM - 3TO CaMbIil IPOCTOM pexuM pabOThl CUETUHKA TaliMepa.

B ato Bpems 6utet WGMO[2: 0] = 0, a MakcumaiibHOE 3HaueHne TOP cueTtunka -
MAX (0xFF). B atom pexxrMe CUeTUHK YBEIMUUBACTCS HA OJUH JJIs KOKIOTO TaKTa
cyeTa.

Korna cuetunk nocturaetr nepenonnenus TOP, on Bo3Bpaiaercss B BOTTOM,
9TOOBI CHOBA HauaTh HaKaruiMBaTh. dnar nepenoyiHeHus cuetyrka taitmepa TOVO
YCTaHABIIUBAETCA B TOM ke TakTe cuera cuetuynka TCNTO, 3HaueHne Kotoporo
CTAHOBUTCS PaBHBIM HYIIIO.

®ar TOVO0 B 3TOM pexxrme NOX0k Ha 9-i1 OUT cyeTurka, OH OyJIeT yCTAaHOBJIEH U
He Oy/IeT OUHIIEH.

[Iporneypa oOCIy>KUBaHUS MPEPHIBAHUS TIEPETOJHEHUSI aBTOMATUYECKUA OUUIIIAET
¢nar TOVO, u nporpaMMHOE 00€CIIEYeHUE MOXKET UCTIOJIb30BaTh €ro JJIs YBEJIUUCHUS
pa3pelleHus CYETUHKA.

B HOpMaJIbHOM peKHMME HET CIEUUAIIHOTO ClIy4asi, U HOBbIEC 3HAUEHUS CUETa
MOTYT OBITh 3aMKCaHbI B TI000E BpPEMSI.

dopma cur"aia BeIXoHOTO curHana cpaBHeHuss OCOX MOKeT OBITh MOTy4YeHa
TOJBKO TOT/Ia, KOTJla PETUCTP HampasieHus: JaHHbIX BhiBoAga OCOX 3a/1aH KakK BBIXO/I.
Korma COMOx = 1, curnan OCOx OyAeT nepekIroueH Mpu COBNaJeHUU cpaBHeHUs. B
ATOM clTydae 4acToTy (hOpMbI BOJTHBI MOKHO BBIYMCIIHTH IO CIeaytonie hopmyIe:

f ocOxnormal =fsys/ (2 * N * 256)
rae N - o6o3navaer Koaddunuent npegaenurens (1, 8, 64, 256 wiu 1024).

Mopyinb cpaBHEHUS PE3YyJIbTATOB MOKET MCIOJIB30BATHCS ISl TEHEPALIMU
MIPEPBIBAHNS, HO IIPEPBHIBAHUS HE PEKOMEHAYIOTCS B HOPMAJIIBHOM PEKHUME, KOTOPBIN
noTpeOIeT CIUIIKOM MHOTO BPEMEHH MTPOLIeccopa.

11.2.2. Pexxum CTC

Korna ycranosneno 3aauenne WGMO [2: 0] = 2, cuetuunk/TaiiMepa 0 mepexouT B
pexum CTC, a MmakcumanbsHoe 3HaueHue cueryuka TOP - OCROA. B stom pexume
CUETUMK YBEJIMYMBAETCA HA EAUHULLY JUIS KaXK0ro cuerynka yacoB. Korja 3HaueHue
cuerunka TCNTO paBao TOP, cueTunk oumiaercs.

OCROA omnpeznensieT MaKCUMaJIbHBII CUET, KOTOPBIH SBISETCS pa3pelieHHEM



CUYETUMKa. DTOT PEXKHUM IMO3BOJIAET MOJIH30BATENIO JIETKO KOHTPOJIUPOBAThH YaCTOTY
BBIXOJTHOTO CUTHAJIa CPABHEHUS, @ TAKKE YIIPOILAET ONEPALIUIO MOICYETa BHEITHUX
coObrTiii. Korga cueTunk mOCTUTaeT MaKCUMAJIbHOTO 3HAYEHUS CUETUHKA,
ycranaBiauBaercs (uar coorBerctBust OCFO Ha BbIXO€E, U IpephIBaHKUE OyIeT
TE€HEPUPOBATHCS, KOT/Ia YCTAHOBJIIEH COOTBETCTBYIOIIUI OUT pa3pelieHus MpepbIBaHMUs.

Peructp OCROA, KOTOpEHI# SBISETCS MAKCUMATBHBIM KOJTMIECTBOM, MOXKET OBITh
OOHOBJIEH B IIpolieaype o0ciyxuBanus npepeiBanuid. B atom pexume OCROA He
HCITOJIB3YET JIBOWHYIO Oy(epu3anuio.

Buumanue: npu o6HOBIeHNH MakcuManbHOTO 3HaueHus: OCROA no
MUHUMAJILHOTO 3HAYEHUs, KOT/Ia CYETYUK pabOTaET C MpeBAPUTEIbHBIM JETUTEIIEM UITN
0e3 Hero. Ecnu 3nauenue, 3anucannoe B OCROA, menbiie Tekymiero 3HaueHust TCNTO,
CUETUMK MPOMYCTUT PABEHCTBO cpaBHeHUsA. [lepen TeM, kKak MPOU30UIET Clenyrolee
CpaBHEHUE, CUETUUK JOJDKEH MpocuuThiBaTh 10 TOP, a 3aTeM nmoacuuThIBaTh OT
BOTTOM no OCROA.

Kak 1 B 00bIYHOM peKkHUMe, 3HaUC€HHE count BO3BPAIIACTCS K CUETY CUETUMKA
BOTTOM, uto0s! ycranoButhb ¢uiar TOVO.

®dopmMa curnaia BbIXOJHOTO curHaia cpaBHeHuss OCOX MOKET OBbITh MOTyYeHa
TOJBKO TOT/Ia, KOTJIa PETUCTP HampaBieHus JaHHbIX BhiBoAa OCOX 3a/1aH Kak BBIXO/I.
Korga COMOx = 1, curaan OCOX nepekntoyaeTcs pyu paBeHCTBE CPABHEHUS.

B atoMm ciiydae gacToty (hOpMbI BOJTHBI MOKHO BBIYUCIIUTD IO CIAEAYIOIIEH
dbopmyie:

f ocOxctc =fsys/(2* N * (1 + OCROx))

rae N - o6o3nagaetr Koaddunuent npemnenurens (1, 8, 64, 256 unu 1024).

N3 dopmynel BusmHO, uto korga OCROA 3amano paBubiM 0x0, 1 HET
MIPEBAPUTEIILHOTO JISITUTEIIS, MOYKET OBITh TOJIYYSH BBIXOIHOM CHUTHAJI ¢ MAKCUMAaJTHbHOM
gacToToi f sys /2.

11.2.3. Beictpsiit pexxum PWM

Korna ycranosneno 3nauenne WGMO [2: 0] = 3 unu 7, cuetunk 0 Taiimepa
BXOJIMT B pexuM ObicTpoit PWM 1 MOXXeT UCTIOIb30BaThCS [IJ1sl TeHEepaluu
BBICOKOYACTOTHBIX CUTHAIOB [IITNM.

MakcumanbHoe 3Hauenue cuera TOP paBno MAX (0xFF) mnn OCROx
COOTBETCTBEHHO. Pasznuiia Mexay ObicTpbIM pesxkumMoM PWM u npyrumu pesxumamu
PWM 3akirouaeTcst B TOM, YTO 3TO OAHOCTOPOHHSAS onepanusi. CYETYMK CUUTAET 10
TOP ot MmunumansHoro 3HadeHus 0x00, a 3arem copaceiBaeTcs B BOTTOM s
noBTopHoro nojcuera. Koraa 3nauenue cuera TCNTO nqocturaer OCROX umu
BOTTOM, BoixoaHoi curnan cpapHeHus OCOX ycTaHaBIMBAECTCS UM OUUILAETCS B
3aBUCHMOCTH OT HACTPOMKH pexxkrma BbiBoJa cpaBHeHUs: COMOX.

[Toapo6HOCTH cM. B onucanuu perucrpa.

N3-3a omHOCTOpOHHEH paboThl pabovas yactoTa pexkuma OsicTpoit PWM B nBa
pasa Bbile, ueM B pexxume PWM c da3zoBoil Mmoaudukauei, ucrnoib3ys
JIBYHAIIPABJICHHYIO OTEPAIHUIO.

BricOkoUacTOTHBIEC XapaKTEPUCTUKH JeatoT ObICTphIA pesxkuM PWM noaxoasimm
JUISl PETYJIMPOBAHUS MOILIIHOCTH, BbIIpsiMIIeHHS U ipuMeHeHnst LIAIL. BricokoyacToTHbIE



CUTHAJIbl MOT'YT YMEHBIINUTh Pa3MepP BHEUTHUX KOMIOHEHTOB (MHAYKTUBHOCTb, EMKOCTb U
T. 11.), TeM caMbIM CHUXXasl CTOUMOCTb CUCTEMBI.

Korzaa 3Hauenne count JOCTUraeT MakKCMMaJIbHOTO 3HAYEHUS], YCTAHABIMBAETCS
¢nar nepenonnenus cuerynka Taiimepa TOVO u 3nauenue 6ydepa cpaBHeHus
OOHOBJISIETCS O 3HAYECHHSI CPABHEHHSI.

Ecnu npepriBanne BkmoueHo, peructp OCROx 6ydepa cpaBHEeHHS MOKET OBITh
OOHOBJIEH B IIpolieaype 00CIyKuBaHUs pephiBaHuid. Dopma CUTHaIa BEIXOJHOTO
curtasia cpaBHeHruss OCOX MOKeT ObITh MOJTy4Y€Ha TOJIBKO TOT'/1a, KOr/Aa PErUCTp
HanpayieHUs 1aHHbIX BbiBojga OCOX 3a1aH Kak BBIXOJ.

YacToTy opMBbl BOJTHBI MOKHO BBIUMCIIUTD IO clieayroiien Gpopmye:
f ocOxfpwm =fsys/ (N * (1 + TOP))

rae N - o6o3nadaer Koaddbumuent npegaenurens (1, 8, 64, 256 wim 1024).

Kornaa Bctpeuaercst cpaBuenue mexay TCNTO u OCROx, reneparop Gpopmsl
curtaia (ounmaet) curiain OCOx. Korga TCNTO ouniaercs, renepatop (OpMbl BOJIHBI
ouniaet (ycranasiuBaet) curaain OCOx s reHeparuu BoaHbl [TTNUM.

B pesynbrate 3kcTpemanibHoe 3HaueHne OCROX co3nact crennanbHyto Gopmy
IMM. Korma OCROx ycranosieH B 0x00, Berxognou LHIMM umeer y3kuii BCIIECK B
kaxaoM (1 + TOP) cuerunke yacoB. Korma OCROX ycTaHOBJIEH Ha MaKCUMaJIbHOE
3HAYEHHE, BBIXOJHON CUTHAJI MOCTOSIHHO BBICOKWI WJIM HU3KHM.

11.2.4. Pexxum PWM ¢ koppekiueit a3

Korna ycranoneno WGMO [2: 0] = | wim 5, cueTunk 0 TaliMepa BXOAUT B PEKUM
PWM c ¢azoBoii koppekuen, a MakcuMaabHOe 3HaueHue cuetynka paBHo MAX (0xFF)
u OCROA cootBercTBeHHO. CYEeTUHK pabOTAET C IBYXTOUYEHYHBIM IIATOM OT
BOTTOM no TOP, a 3atem Ban3 1o BOTTOM u noBropsiet 3ty onepauuto. Koraa
cuetunk gocturaet TOP u BOTTOM, o6a n3MeHSIOT HalpaBJICHHUE TI0JICUeTa, a
3HAYEHUE CYETYMKA OCTAETCs TOJbKO Ha 0JlHOM cueTtuuke TaktaB TOP niu BOTTOM.

Bo Bpewmst miporiecca npupalieHus: Uid yMEHbIICHHS, KOT/1a 3HAYEHUE CUETYMKA
TCNTO coBnagaetr ¢ OCROx, Beixonno# curtan cpaBaenus OCOx OyieT ouuileH win
YCTaHOBJIEH B 3aBUCUMOCTH OT HACTPOUKHU pexuma BbiBoga COMOX.

[To cpaBHEHMIO ¢ OAHOCTOPOHHEN PabOTON MaKCUMallbHAsl YaCTOTa, JOCTYITHAS
JUISl ABYHAIIPaBJICHHOW pa0bOThl, MEHBIIIE, HO €€ OTJIMYHAsi CHMMETPHS 00Jiee MOIXOIUT
JUISl yTIPABJICHUS IBUTATEIICM.

dazoBas koppekuus B pexxume PWM dnar TOVO0 ycranaBiauBaercs, Korjaa
cuetunk nocturaer BOTTOM, a Oydep cpaBHeHUs: OOHOBISETCS 10 3HAUCHUS
CpaBHEHUs, Korga cuetdyuk gocturaet TOP.

Ecnu npepriBanue BritoueHo, peructp OCROx Oydepa cpaBHEHUSI MOXKET OBIThH
O0OHOBJIEH B TIpOLIeIype 00CTy)KMBaHUs TTpepbiBaHuil. DopMa CUTHAIA BBIXOTHOTO
cur"asia cpaBHeHrss OCOX MOXKET OBITh MOJTy4YeHa TOJBKO TOT/IA, KOT/Ia PETUCTP
HampaBJieHus JaHHbIX BbIBoJa OCOX 3a/1aH KaK BBIXO/I.

YactoTy (popMbI BOJIHBI MOKHO BBIYHUCIIUTE IO CICAYIOIICH GopMyIie:

f ocOxpcpwm =fsys/ (N * TOP * 2)

rae N - koadduimenT npeasapurenbHoi mkansl (1, 8, 64, 256 unu 1024).



Bo Bpems nepepacuera reHepaTop CUTHAIOB OYMINAET (YCTaHABIMBAET) CUTHAI
OCO0x, xorga TCNTO coorBercTBYyeT OCROX.

Bo Bpems mozcuera, reHepaTop CUTHAJIOB YCTaHABIMUBAET (OYHUIIIAET) CUTHA
OCO0x, korga TCNTO coorBerctByeT OCROX. M3-3a 3TOro s3KCTpeMalbHOE 3HaYEHUE
OCROx renepupyert crnenuanbuyto Boany PWM. Koraga OCROx ycTaHoBi€H Ha
MaKCHMaJbHOE WM MUHUMAaJIbHOE 3HaUeHHe, BbIXoAHOM curHan OCOxX ocTaeTcsi HU3KUM
WJIM BBICOKHM.

UtoObI 00€CTIEYNTh CHMMETPUYHOCTH BbIXOHOM [ITMIM-BOTHBI ¢ 00€HX CTOpOH
MUHUMaIIbHOTO 3HaueHus1, curda OCOx OyaeT nepeBepHyT B ABYX Clydasx, Korjaa
COBIIAJICHUE CPABHEHUS HE MPOU30MIET.

[IepBbiii ciy4aii - koraa 3HadeHne OCROX n3MeHseTcsi ¢ MAaKCUMaIIbHOTO
3Hauenus 0xFF na apyrue nanueie. Korma OCROX siBisieTcs MaKCHUMalbHBIM
3HAYEHUEM, a 3HAUCHUE count JOCTUTAET MAKCUMAJIBHOTO 3HaueHus, Bbixog OCOx
COBMAJAET C PE3yJIbTATOM CPABHEHMS B PEAbIAYIIEM cueTuuke, T.e. OCOX He
m3mensiercs. 3uauenue HoBoro OCROx (ne 0xFF) oOHOBIsieTcs B 3TO BpeMsi. 3HaUEHUE
OCOx coxpansieTcs 10 TEX MOpP, NOKA HE MPOU30UIET COBNAJICHUE CPAaBHEHUS, U
npousonaet canbro. B aToMm ciyvae curnann OCOX He SIBIAETCAS CUMMETPUYHBIM
OTHOCHUTEJIbHO MUHUMAJIBHOTO 3HaUeHus, mo3ToMy curHain OCOx HeoOXoauMo
nepexmouath, korga TCNTO nocturaer MakcumManbHOTO 3HaYeHUs. To €CTh, HET
MEepBOTO ciiyyas onpokuapiBanus curaana OCOX npu COBMAICHUN CPABHECHMUS.

Bo BropoMm ciyuae, korna TCNTO HaunHaeT oTcyeT ¢ 00jiee BHICOKOTO 3HAUCHMUS,
yeM OCROX, cpaBHEHHE CPAaBHUBAETCS C MOTEPSIMU, YTO BbI3BIBAET ACUMMETPUUYHYIO
cutyanuio. Taxke Heo0xoauMo nepeBepHyTh curHan OCOX a1 JOCTHKEHUS
CUMMETPHUU C 00EUX CTOPOH MUHUMAJIBHOTO 3HAUCHHUS.

11.2.5. MepTBbIii KOHTPOJIb

Korma 6ut DTENO ycranoBieH Ha «1», GyHKIIHS BCTABKH MEPTBOTO BPEMEHH
BKroueHa. Beixoansie curaaibsl OCOA u OCOB OyayT BcTaBlieHBI B yCTAaHOBIIEHHOE
MEpPTBOE BpeMs Ha OCHOBE (DOPMBI CUTHaa, CO34aBaéMON BbIXOIHBIM CUTHAJIOM
cpaBHeHMs kaHana B. JlinrensHocTh BpeMenn paBHa DTRO. 3HaueHue BpemeHu,
COOTBETCTBYIOIIEE TAKTAM CUETUMKA PETUCTPA.

Kak noka3zaHo Ha pucyHke HUXKe, BcraBku MepTBoro Bpemenn OCOA n OCOB
OCHOBaHbI Ha (hopMe BBIXOJIHOTO curHana cpaBHeHus kanana B. Korga COMOA u
COMOB siBasitoTCst «2» uiu «3», moyisipHocTh Gpopmbl curHaiia OCOA coBmanaer ¢
nossipHocThio curnaiia OCOB. Korma COMOA 1 COMOB sBrsitoTcst «2» unu «3», hopma
BostHBI OCOA 1 popma BostHbl OCOB COOTBETCTBEHHO, MPOTUBOMOJIONKHAS TOJSIPHOCTD.
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Puc. 11.1 Kontpomas meptBoro Bpemenu taiimepa TCO B pexxume FPWM

Botom OCROB TOP  OCROB Botom OCROB TOP OCROB Bottom OCROB
T

TCNTO /\/\// PCPWM
OCOB_pre I | | | | COMOB=3
oCoB | | | | | COMOB=2
OCOA | | | I | COMOA=3
OCOA I | | | I COMOA=2
Dead Time H H H |H| H

OCOB_pre | | | I | COMOB=2
0CoB | | | | | COMOA=2
OCoA | | I | | COMOA=3
OCO0A | | | I I COMOA=2

Puc.11. 2. Kontpons Bpemenu TCO B pexxume PCPWM
Korna 6utr DTENO ycranoBien Ha «0», (yHKIUS BCTABKU MEPTBOT'O BPEMEHU

oTKII04YeHa, a BeixoiHble curHainbl OCOA u OCOB sBnsiroTcst hopMamMu CUTHATIOB,
T€HEPUPYEMBIMU COOTBETCTBYIOIIMMU PE3YIbTATAMH CPABHEHUS.

11.2.6. PexxuM BBICOKOCKOPOCTHON CHHXPOHU3ALINU

B BBICOKOCKOPOCTHOM TAKTOBOM PCKHUMC B KaYCCTBC NCTOYHUKA CUHXPOHHU3AINN



JUISl IOJICUETA UCTOJIB3YETCS! BBICOKOYACTOTHBIN CUHXPOCHUTHAJI JUIsl TEHEPALIUU
BBICOKOYACTOTHBIX U BBICOKOYACTOTHBIX CUTHA10B PWM.

OTOT BRICOKOYACTOTHBIN TAKTOBBIN T'€HEPATOP FEHEPUPYETCS IIyTEM YMHOXKECHHS
BBIXO/JIHOTO TaKTOBOTO curHania rc32m BuyrpeHHero 32M RC-reneparopa Ha 2 pasa.

[ToaTomy mepen BXOJOM B BBICOKOYACTOTHBIM PEXUM HEOOXOUMO BKIIOUYUTH
(GYHKIIUIO YaCTOTHOTO yMHOXeHHs BHyTpeHHero 32M RC-reneparopa, To ecTh
yctaHoBuTh OUT F2XEN B peructpe TCKCSR u 10 aaThCsi ONPEAEICHHOIO0 BPEMEHH 10
TE€X TOp, MOKa BBIXOAHOW CUTHAT YMHOKEHHOTO TAKTOBOI'O CUTHAJIA HE CTAHET
ctabmibHbM. 3atem O6uT TC2XS0 B TCKCSR MokeT ObITh YCTAaHOBJIECH JIJIsl yCTAHOBKHU
CUYETYMKA TaliMEpPa B PEKUM BBICOKOCKOPOCTHBIX YaCOB.

B 3TOM pexnMe CUCTEMHBIE TAKTOBBIE UMITYJIBCI U BBICOKOCKOPOCTHBIE TAKThI
SBJISIFOTCS ACHHXPOHHBIMU, a HEKOTOpbIe peructpsol (cM. Crrcok peructpos TCO)
paboTalOT B BLICOKOCKOPOCTHOM TAKTOBOM JIOMEHE, T0ITOMY KOH(PUTYpaIus u
CUMTBIBAHHME ITUX PETUCTPOB TAK)KE€ ACHHXPOHHBI, U MPpHU paboTe HeoOX01UMO COOII01aTh
OCTOPOKHOCTh. HeT 0coObIX TpeOOBaHMI K HECEKPETHBIM ONEpaldsIM YTEHUS U 3alKCH B
pErucTpax B BEICOKOCKOPOCTHOM JIOMEHE CUHXPOHU3ALINH.

[Ipu BBINOTHEHUU TOCIEA0BATENbHBIX YTEHUN U 3aIIMUCH MOJOKIUTE CUCTEMHBIE
TaKThl. BeINOJIHUTE creayromume qeHCTBUA:

1) 3anummre peructp A;

2) Hoxautech cucteMHbIx TakToB (NOP mu 3apeructpupoBath B ONEpalliOHHBIX
CHUCTEMaXx TaKThI);

3) UreHue unu 3anuch perucTpoB A mim B.

4) JloIuTeCh CUCTEMHBIX TaKTOB (3aperucTpupyitech B pexxume NOP win
TAKTOB OTEPAIIHOHHON CHCTEMBI).

[Ipu yTEeHUU PErUCTPOB B BBICOKOCKOPOCTHOM TaKTOBOM PEXKHUME PETUCTPHI,
oriimubble 0T TCNTO, MoryT cuntsiBaThCs Hanpsimyro. Korjga cueTumk Bee enie
nojcunthiBaet, 3HadeHrne TCNTO uzmMeHseTcsi ¢ TOMOIIbI0 BHICOKOCKOPOCTHOTO
TaKTOBOT'O CUTHAJIA, U CYETUYMK MOXKET ObITh MprocTaHoBJEeH (ycTaHoBuTe CS(O Ha HOJIB).
[Ipounrante 3nauenne TCNTO.

11.2. Peructpnl Onucanusi

Cnucox pecucmpog TCO
3Ha4yeHue no

Peructp = Anpec Onucanue
YMOTYAHUIO
TCCROA* | 0x44 0x00 Kontponsnsiit peructp TCO A
TCCROB* | 0x45 0x00 Konrponsnsiit peructp TCO B
TCNTO* 0x46 0x00 Peructp 3nauenwuii cuerunka TCO
OCROA* 0x47 0x00 Peructp cpaBHeHUs BHIXOAHBIX JaHHBIX 1CO A
OCROB* 0x48 0x00 Peructp cpaBHeHus BeIXOAHBIX JaHHBIX 1CO B
DSX0* 0x49 0x00 Peructp ynpasnenus ucrounnkom tpurrepa 1CO
DTRO* Ox4F 0x00 Peructp meptBoiit Bpemenu TCO
TIMSKO Ox6E 0x00 Peructp macku npepsiBanus TCO
TIFRO 0x35 0x00 Peructp ¢uara npepeiBannii TCO
TCKCSR | OxEC 0x00 TC Clock Control u peructp cocrosiHust

HpHMeanHe: PGFI/ICTpBI c «*» paGOTaI-OT B CUCTEMHEIX TaKTaX U BBICOKOCKOPOCTHOM
TaKTOBOM OOMCHCE. PCI‘I/ICTpBI 0e3 «*» pa60Ta}0T TOJIBKO B JOMCHC CUCTCMHBIX TAaKTOB.



TCCROA - Pecucmp ynpasnenus TCO A

‘ TCCROA - Peructp ynpasjenus TCO A

Anpec: 0x44 3HaueHue no ymonyanuio: 0x00
bur 7 6 5 4 3 2 1 0
HUma | COMOA1 ]| COMOAO] COMOB1 ) COMOBO| DOCOB | DOCOA | WGMO1 | WGMO00
R/W R/W R/W R/W R/W RIW RIW R/W R/W
bur HNmsa Onpenesienne OUT
! COMOAL [onpobuee cm. Onrcanue TabIUIBI YIIPABICHHUS BHIXOIHBIM CPAaBHEHHEM.
6 COMOAO
> COMOB1 [TonpoGuee cMm. Onucanue TaOIUIIbI YIIPABICHUS BEIXOAHBIM CPAaBHEHUEM.
4 COMOBO0
[Tpu ycranoBke 6ut DOCOB B «1» akTHBHpYETCSI CUTHAJI HCTOYHHKA 3aITycKa
Tpurrepa BeikatoueHus cpaBHeHns OCOB Brixoma. Korma nmpoucxoaut coObiTre
3 DOCOB TpUTTEpa, arnmapaTHoe 00eCreYeHne aBTOMATHYECKU OTKIIFOYAET BBIXO/T
ocuuuiorpammel OCOB. Korna 6utr DOCOB ycranosien Ha «0», curaan
cpaBHenuss OCOB BbIxo/1a BBIKITIOUEHUS HCTOYHHMKA 3ammycka oTkitouaercs. Korma
MIPOUCXOJUT COOBITUE TpUTTEPA, BBIX0A ociiiorpaMMbel OCOB He oTkIrOUaeTcs.
[Tpu ycranoske 6ut DOCOA B «1» akTUBHUpYETCS CUTHAI HCTOYHHKA 3aITyCKa
tpurrepa BeikiroueHus cpasHeHust OCOA Boixona. Kornma mpoucxoaut codbitue
9 DOCOA TPUTITEpa, anmapaTHoe 00eCreYeHne aBTOMATHYECKHA OTKIIFOYAET BBIXO/I
ocuuuiorpammbel OCOA. Korga 6ut DOCOA ycranosiieH Ha «0», curHan
cpaBuenus OCOA BbIXO/a BRIKITIOUCHHUSI HCTOYHMKA 3aIlycka oTkItouaercsa. Korma
MPOUCXOIUT COOBITHE TpUTTEpa, BbIxoa ocmyuiorpaMMbl OCOA He OTKIIIOUaeTcsl. .
L WEMOL [Toapo6Hee cm. Onrcanue TabIUIIBl PEKUMOB TeHEpaIiy BOJIHBI.
0 WGMO00

TCCROB - Pecucmp ynpasnenus TCO B

\ TCCROB - Peructp ynpasiaenusi TCO B

Anpec: 0x45 3HaueHue no ymosyanuto: 0x00
bur 7 6 5 4 3 2 1 0
Nma FOCOA | FOCOB | OCOAS | DTENO | WGMO02 CS02 CS01 CS00
R/W W W R/W R/W RIW RIW R/W R/W
bur| Umsa Onpenenenne OuT
but FOCOA akTtuBHBII TOJBKO, Koraa Outel WGM onpenensitot pexum 6e3 PWM.

COMOA1 | COMOAO Onucanue
0 0 Hopwmanbnbsix onepanuii nopra, OCOA 0oTKIIOYEHO.
7 | FOCOA 0 1 bucrabunsnas cxem[ | OCOA na CpaBHenun Kommaparopa.
1 0 Ounctute OCOA Ha CpaBHeHuu Komnaparopa.
1 1 VYceranosut OCOA Ha CpaBHennn Komnaparopa.

Utenue FOCOA Bcerzia Bo3Bpaiaer HOJb.

but FOCOB axkTuBHBI TOJIBKO, Koraa outel WGM onpeaensioT pexkum 6e3 PWM.
COMOB1 | COMO0B0 Onucanue
6 | FOCoB 0 0 HopMmanbensix onepanuii mopra, OCOB oTkitoueHo.

0 1 bucrabunbnas cxema OCOB na CpaBaennn Kommnapartopa.
1 0 Ounctuts OCOB Ha CpaBHenun Kommnaparopa.
1 1

Ycranosutrs OCOB Ha CpaBnenuun Komnapatopa.




Urenue FOCOB Bceraa Bo3Bpaiiaer HOJb.

OCOAS

Kontponbaslii 6uT BeIOOpa BeixoaHoro mopra OCOA. Korma 6ut OCOAS ycTanoBieH
Ha «0», hopma BoaHBl OCOA BeIBOAMTCS U3 BeIBoa PD6. Korma 6utr OCOAS
yctanoBieH B «1», popma Bomasl OCOA BeIBOUTCS U3 BhiBoa PE4 (neiicTBuTebHA B
xopnyce QFP32).

DTENO

Korma 6utr DTENO ycranoBieH Ha «1», BKIIFOUEHHE MEPTBOTO BPEMEHH BKJIFOYCHO.
06a OCOA 1 OCOB BcTaBIAIOT MEPTBOE BpeMs B (OPMY BOJIHBI, TCHEPUPYEMYIO
BBIXOJIOM CpaBHEHUs KaHayla B. BBeleHHBIN MEPTBBIM BpEMEHHONW HHTEPBAI
OIpeeIsAeTCs BpeMEHEM oTcueTa, cooTBeTcTByromMM peructpy DTRO. ITonspHocTh
BbIxogHOTO curHana OCOA onpexaensiercsa coorBeTcTBreM Mexay COMO u COMOB.
Cwm. Tabmuiy nonsipHOCTH GOPMBI CUTHAJIA TIOcTe MepTBOro BpeMeHu BcTaBku OCOA.
Korga 6utr DTENO ycranoBien Ha «0», BCTaBKa MEPTBOT'O BpPEMEHHM 3allpelicHa.
Curnanst OCOA u OCOB siBistitoTcst (hopMamMu CUTHAJIOB, T€HEPUPYEMBIMH
COOTBETCTBYIOIIMMU PE3YJIbTATAMH CPABHEHUSI.

WGMO02

WGMO02 u WGMO00 u WGMO1 Bmecte o6pa3yroT pexum WGMO ynpaBneHus
rerepanueii Gopmsl BOHEI [2: 0] 11 ypaBiIeHHs PEKUMOM TOACYETa CIETYUKOB U
pexumMoM reHepanuu Gopmsl curtana. [logpoduee cM. B onucanuun Tabnuiel pexxuma
reHepaluy BOJIHBI.

CS02

CS01

CS00

IpeaaencHre TAKTOB HCTOYHMKA CHHXPOHU3AIMH JUIsSI CYETYHKA BpeMeHH 0.
CS0[2:0]
0 Her MCTOYHMKA CMHXPOHHU3ALUH, CTOI-CYET
clksys
clksys / 8 u3 mpemnenuTens

Onucanue

clksys / 64 u3 npepnenurens

clksys / 256 u3 npemaenuress

clksys / 1024 ot npeanenurens

Buemnue taktsl T0, Tpurrep co cnajgaroumm GpoHTOM

N[OOI WIN]IF-

Buemnue taktel TO, Tpurrep ¢ HapacTarommM GpoHTOM

COMON - Avicmpouii Peasicum PWM Vnpasnenue cpasnenuem

COMOA1 | COMOAO Onucanue
0 0 Hopwmanbnbix onepanuii nopra, OCOA pa3zbeaussiercs.
0 1 WGMO02 = 0: Hopmanbnas Oneparus [lopra, Pazsenuaennsiii OCOA
WGMO2 = 1: buctabmibHas cxema OCOA Ha CpaBaenuu Komnapartopa
1 0 Ounctute OCOA Ha CpaBHenun, YcranoButs OCOA B ocHOBe
(HEMHBEPTUPYIOUIUI PEXUM)
1 1 Ycranosutrs OCOA Ha CpaBrenun, Ounctuts OCOA 8 BOTTOM
(MHBEPTUPYIOUIHI PEXKHUM)

Ipumeuanue: 1. OcoOwit ciryyait mpoucxonut, korga OCROA pasusiercs TOP, u
COMOAI ycranaBnuBaeTcs. B 3ToM cirydae koMIiapatop CpaBHEHUE HTHOPUPYETCS, HO
ycTaHaBiuBaeT uiu ouniaercs npu BOTTOM.

[Togpo6uee cm. B paznene Pexxum OpicTpoiii PWM.

COMON - Pearcum PWM ¢ koppexyueii ¢haz Ynpasnenue cpasuenuem

COMOA1 A COMOAO | Omnncanne
0 0 Hopwmanbhbix onepauunii nopra, OCOA pa3zbeanHsETCs.
0 1 WGMO2 = 0: Hopmansnas Onepanus [lopta, Pazsenunennstii OCOA.

WGMO02 = 1: bucrabunsnas cxema OCOA na Cpasuenun Kommaparopa.




Ounctute OCOA na CpaBHenuu Kommnapatopa koraa Cuetr Beepx.
Ycranosnenubii OCOA Ha CpaBHennu KomnapaTtopa korna Cuer Baus.

VYcranosnennbiii OCOA Ha CpaBHennu Komnapatopa korna Cuet Brepx.
Ouncruts OCOA na CpaBHennu Komnaparopa korna Cuet BHus.
Ipumeuanue: 1. Ocobbrit cyuait npoucxoaut, korna OCROA pasusiercst TOP, u
COMOA1 ycranaBnuBaetcs. B atom citydae, Kommapatop CpaBHEHHE UTHOPUPYETCS, HO
YCTaHOBJICH WK ouuileH aenaercs B TOP.
[TonpoGuoctu cMm. B Pexxum [IpaBunbhoit da3st PWM.

1 1

WGMO - Vnpasnenue pescumom eenepayuu cuenana.

WGMO Peskum pasoThI 3HaueHne OO0HOBUTH MOMEHT YcraHoBUTE MOMEHT
[2:0] TOP OCROX TOVO
0 OOBIUHBIA OxFF HernocpencTBeHHBIIM MAX
1 PCPWM OxFF TOP BOTTOM
2 CTC OCROA Immediate MAX
3 FPWM OxFF TOP MAX
4 OTOBOPOK - - -
5 PCPWM OCROA TOP BOTTOM
6 PesepBupoBano - - -
7 FPWM OCROA TOP TOP

B crnenyromeit Tabnuiie mokazaHo yIrpaBlICHHE MOJSIPHOCTHIO BHIXOIHOT'O CUTHAJIA
curasia OCOA, xorja BKJIIOYEHO BpeMsl OTKJIFOUCHHUS.

KonTtpoas nonsipaoctu popmsl curnana curaaina OCOA B pexxuMe BKITIOUCHHSI MEPTBOTO
BPEMEHHU

COMOA @ COMOB |

DTENO Onucanme

[1:0] [1:0]
0 ) i nossipHocTh curHana OCOA, xontpomupyemas OCOA,
CPaBHUBAET BBIXOJIHOM PEIKUM
1 0 - OCOA ortkiroueH, onepanus BBOa-BbIBOIA OOIIET0 Ha3HAYCHHUS
1 1 - 3ape3epBUPOBAHO
1 5 2 [Tonsiproctu curaanos OCOA u OCOB onnHaKkOBBI
3 Ionsiproctu curnanoB OCOA u OCOB npoTHBONOI0KHbI
1 3 2 Ionsproctu curnanoB OCOA u OCOB npoTHBONOI0KHbI
3 [TonsspHoctu curnano OCOA u OCOB onnHaKkoOBbI

Ipumeuanue: [lonsipHocTh BeixogHOTO curHana curnaia OCOB ynpasisiercst peskuMom
BbIBOJIa cpaBHeHUs1 OC(OB, KOTOPBI aHATOTUYEH TOMY, KOT/1a PEKUM MEPTBOTO BPEMEHU
HE BKJIIOYEH.

TCCROC - Pecucmp ynpasnenus TCO C

| TCCROC - Peructp ynpasiaenus TCO C

Anpec: 0x49 3HavyeHue no ymonuanuio: 0x00
but 7 6 5 4 3 2 1 0
Hms DSX07 | DSX06 | DSX05 | DSX04 - - DSX01 | DSX00
R/W R/W R/W R/W R/W - - R/W RIW
bur Nms Onpenesienne OUT
7 DSX07 |IIpu ycranoBke 6uta DSX07 B «1», nepenonaenue TCl akTuBUpyETCsl B Ka4eCTBE




MCTOYHHKA TpUTTEpa A BeIKIoueHus curHana cpapaenuss OCOA/OCOB. Koraa
out DOCOA / DOCOB pagen «1», HapacTtatomuii ppoHT BeIOpaHHOTO (hiara
MpephIBaHMs aBTOMATHYECKH OTKIo49aeT BeixoaHou curaain OCOA/OCOB. Ipu
yctanoBke 6uta DSX07 B «0» nepenonnenue TC1L oTkimrouaeTcs Kak HCTOYHHUK
TpUTTEpa JJIsl BBIKIIOUCHHUs BBIXOIHOTO curHaia cpasHeHust OCOA/OCOB.

[Tpu ycranoske 6ura DSX06 B «1» nepenonnenne TC2 akTuBUpyeTCS B Ka4eCcTBE
HMCTOYHHMKA TPUITEPA IS BhIKItoueHus curnaina cpapHenuss OCOA/OCOB. Korna
outr DOCOA / DOCOB pasen «1», Hapactaromuii GpoHT BeIOpaHHOTO (hiara
6 DSX06 .
MPEPHIBAHKS aBTOMATHYECKH OTKIr04YaeT BeixogHou curnai OCOA / OCOB. Ilpu
ycranoBke outa DSX06 B «0» nepenonaenne TC2 oTKIIFOYAETCS KaK HCTOYHUK
TpUITEpa Ui BBIKIIIOYCHHS BbhIX0gHOro curnana cpasuenuss OCOA/OCOB.

[Tpu ycranoske 6ura DSXO05 Ha «1» ypoBens n3menenus: Boioaa 0 Bkitogaercs B
Ka4ecTBE UCTOYHMKA TPUTTEPA IJIs1 BHIKITIOYECHUS BBIXOIHON (OPMBI CUTHAIA
cpaBuenust OCOA / OCOB. Korma 6ut DOCOA / DOCOB ycranoBieH B «1»,

5 DSX05 nepeaHuil GpPoHT OUT peructpa ¢uiara mpepbrIBaHKUs BEIOPAHHOTO HCTOYHHUKA
TpUTTEpa aBTOMaTHUECKH OTKIr0oUaeT Beixoanoi curaan OCOA/OCOB. Ilpu
ycranoBke 6ura DSX05 B «0», m3menenne BoiBoga 0 oTkiIrouaeTcsi Kak HCTOYHUK
TpUITEepa JUIsl BBIKJIIOUSHHs BbIXOHOTO curHaia cpaBHeHuss OCOA/OCOB.

Korna 6ut DSX04 yctanosnen B «1», BHemiHee [IpepbiBanue 0 Bxirouaercs B
Ka4yeCcTBE MCTOUYHUKA TPUTTEPA JIJIsl BRIKJIFOUCHUS BHIXOHOM CUTHAJIA CPABHCHUS
OCOA/OCOB. Korga 6ut DOCOA/DOCOB pasen «1», nepennuit ppoHT 6ura
4 DSX04 |perucrpa ¢nakka BEBIOpAaHHOTO MTPEPHIBAHKSA aBTOMATHYECKH OTKJIIOYAET BBIXOTHOM
curnain OCOA/OCOB. Kornma 6utr DSX04 ycranosnen B «0», [IpepbiBanue 0
OTKJTIOYAETCS KaK HCTOUYHUK TPUTTEPA JIJIsl BBIKJIFOUYCHUS BBIXOAHOTO CUTHAJIA
cpaBuenust OCOA/OCOB.

Koraa 6utr DSXO01 yctanoBneH B «1», AHaJ0roBblii Komnaparop 1 BKIIIOUYEH Kak
MCTOYHUK TPUTTEpA /IS BBIKJIIOUEHUS BbIX0AHOH curHana cpaBHeHust OCOA/OCOB
Korga 6ut DOCOA/DOCOB pasen «1», nepennuit ppoHT ¢uiara npepbiBaHUS
1 DSX01 BBIOPAHHOT'O UCTOYHHKA TPUTTEpa aBTOMATUYECKU OTKJIIOYAET BBIXOIHOMN CUTHAI
OCOA/OCOB. Korna 6ut DSX01 paBen «0», AHasoroBblii komnapartop 1
OTKITIOYAETCS KaK TPUTTEP, YTOOBI OTKIFOUYNTH BBIXOAHOM CUTHA CPaBHEHUS

OCOA/OCOB.

Korna 6ut DSXO01 yctanosneH B «1», AHaJoroBblii komnaparop 0 BKIIIOUYEH Kak
VCTOYHUK TPUTTEpA /IS BBIKJIFOUEHUS BbIX0AHOH curHana cpaBHeHust OCOA/OCOB
Korga 6ut DOCOA/DOCOB pasen «1», nepennuit ppoHT ¢uiara npepbiBaHUS
0 DSX00 BBIOPAHHOTO UCTOYHHKA TPUTTEpa aBTOMATUYECKH OTKJIIOUAET BBIXOIHOMN CUTHAI
OCOA/OCOB. Korna 6ut DSX01 pasen «0», Anasiorosblii komnapartop 0
OTKITIOYAETCS KaK TPUTTEP, YTOOBI OTKIFOUYNTH BBIXOAHOM CUTHA CPaBHEHUS

OCOA/OCOB.

OCOA / OCOB - Omratouums ynpasienue Boloop ucmounuxa

DOCOx DS:)(lOn HUcTtounuk Onucanue

0 butr DOCOX paBen «0», (yHKIHS BBIKITIOUSHHS HCTOYHUKA
BBIXOJIHOT'O CUTHAJIa OTKJIIOYEHA.

1 0 ARaorosiii [Tepennuit hppont ACIFO otkirouaer Beixoanou curaan OCOX
Kommaparop 0

1 1 AHAJIOTOBbIH [Tepennnii ppont ACIF1 otkitouaer BeixoHoU curHan OCOx
Komnapatop 1

1 4 Breusee [Tepennuit ppont INTFO oTkirouaer Berxoanoit curnan OCOX

npepbiBanue 0




N3menenue
YPOBHSA
konTakra 0

[Tepeanuit hppont PCIFO otknrouaet BeixoaHou curHan OCOX

IIepenonnenue

TC2 [lepenuuit dppout TOV2 otkirouaet BeixoaHoM curnan OCOx

1

7

[Tepenonuenue

TC1 [Tepennuii ppont TOV1 orkmrouaer Beixoanoi curnan OCOx

Ipumeuanue: 1) Korma DSXO0n = 1 yka3siBaer, yto N-it 6ut peructpa DSXO0 pasen 1,
OWTHI perucTpa MOTYT OBITh YCTAHOBJICHBI OHOBPEMEHHO.

TCNTO - Pecucmp cuemuuxos TCO

TCNTO - Peructp cuerunxkoB TCO

Anpec: 0x46

3HaueHue no ymonyanuio: 0x00

bur

7 6 5 4 3 2 1 0

HNms

TCNTO7

TCNTO6 | TCNTO5 | TCNTO4 | TCNTO3 | TCNTO2 | TCNTO1 | TCNTOO

R/W

R/W R/W R/W R/W R/W R/W R/W R/W

bur

Nms

Omnpenesienne OUT

7:0

TCNTO

Peructp 3nauennii cuerunka TCO. JlocTymn K cunThiBaHuUIO / 3amucu 8-OMTHOTO
3HaYEHUs CUETYMKA BBINOJHAETCS HenocpeacTBeHHo yepe3 peructp TCNTO. 3anuck
L1 B peructp TCNTO, npenoTBpaTUT NOSIBIEHNUE COBIIAICHUS CPABHEHUS B
[caenyromem TakTe TaliMepa, 1axe eciiy TaliMep OCTaHOBIIEH. JTO MO3BOJISET
MHUIMan3upoBaTh 3HaueHue perucrpa TCNTO B coorBercTBuu ¢ 3HaueHneM OCRO,
He BbI3bIBas pepbiBaHus. Eciu 3Hauenue, 3anucanHoe B TCNTO, paBHO wiu 06XouT
3HaueHue OCRO, cpaBHEHUE TepseTCs, UTO MPUBOJUT K BOSHUKHOBEHUIO HEMPABUIILHOM
¢dopmbl curHana. TaliMep mpekpalaeT OTCUeT, KOrJja HCTOYHUK CHHXPOHU3AIUH He
BbIOpaH, Ho CPU Bce emie MoxeT noayuuth foctyn K TCNTO. Cuertunk 3anucu
npoleccopa UMeeT 0oJiee BHICOKUN MPUOPHUTET, YEM ONeparus OUUCTKH WU
100aBICHMS WJIM BBIUMTAHUS.

OCROA - Pecucmp cpasnenus évixoonvix oannwvix TCO A

‘ OCROA - Peructp cpaBHeHHs1 BHIXOAHBIX JaHHBIX 1 CO A

Anpec: 0x47

3HaueHue no ymonyanuo: 0x00

bur

7 6 5 4 3 2 1 0

Nms

OCROA7

OCROAG | OCROAS | OCR0OA4 | OCROA3 | OCROAZ2 | OCROAL | OCROAO

R/W

R/W R/W RIW RIW RIW RIW RIW RIW

Bbur

Nms

Onpenesienue 6uT

7:0

OCROA

Peructp cpaBHenus BeixoaHbIX qaHHbIX TCO. OCROA conmepxut 8-OuTHBIC TaHHEBIE,
KOTOpBIE HENIPEPBIBHO CpaBHUBAIOTCS co 3HaueHueM cuetunka TCNTO. Pasenctso
[cpaBHEHUS MOYKET MCTIOIB30BATHCS JUIsl TEHEPALUU IPEPhIBAHUS CPAaBHEHHSI BBIBOAA
wn 715 reHepanuu opmel curnana Ha BeiBoje OCOA. [lpu ncnonbp3oBaHuu pexxuMa
PWM peructp OCROA ucnomnb3yer peructp ¢ ABoitHbIM 0ydepom. OmHako ABOMHAS
[Oydepusanus oTkiIOYeHAa B HOPMAJIBHOM PEXHUME U COOTBETCTBYET PEKUMY OUMCTKH.
J[Botinas Oydepusanus cuaxporu3upyer ooHoBinenue perucrpa OCROA ¢
MaKCHMaJIbHbIM WM MUHHMaJIbHBIM BPEMEHEM OTCUETA, IPEAOTBpAILasl FEHEPALIUIO
aCMMMETpUYHBIX UMITYJIbCOB [IIMIM u ycrpanss Bo3mymaromue uMnyiascel. [Ipu
MCIIOJIb30BaHUM (pyHKIMH qBOMHON Oydepuzanuu CPU obpamaercs K perucTpy
oydepa OCROA. Koraa ¢yHkius noitHoi Oydepusanuu otkitouena, CPU
oOpamtaercs k camomy OCROA.




OCROB - Pecucmp cpasnenus vixoonvix dannwvix TCO B

\ OCROA - Peructp cpaBHeHusi BIXOAHBIX JaHHbIX TCO A

3Hayenue no ymonyanuto: 0x00

Anpec: 0x48

bur

7

6

5

4

3

2

1

0

HUmsa

OCROB7

OCRO0OB6

OCROB5

OCR0OB4

OCROB3

OCR0B2

OCROB1

OCROBO

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

RIW

bur| HNmsa

OmnpenesieHne OUT

Peructp cpaBaenus BerxoaHbIx naHHBIX TCO. OCROB comepxut 8-0utHbIC TaHHBIE,
KOTOpBIE HEMIPEPHIBHO CPaBHUBAIOTCS cO 3HaueHueM cuetuynka TCNTO. PaBeHcTBO
|[cpaBHEHUS MOXKET UCIIOJIB30BATHCS JUIsl TEHEPALIMU IPEPBIBAHUS CPAaBHEHUSI BBIBOAA
wiu 1 reHepanuu ¢popMel curtana Ha BeiBoge OCOB. Ilpu ucnonb3zoBanuu pexxuma
PWM peructp OCROB ncnons3yer peructp ¢ n1BoitHbsIM Oydepom. OgHako ABOHHas
OCROB |[Oydepuzanus oTKIIOYEHA B HOPMAJIbHOM PEXHUME U COOTBETCTBYET PEKUMY OUHCTKH.
JIBoitHast Oydepusanus cuaxpoHu3upyeT ooHoBIeHue peructpa OCROB ¢
MaKCHMaJIbHBbIM WJIM MUHUMAJIbHBIM BPEMEHEM OTCUETa, IPEAOTBpaIllas TeHepaIUio
aCUMMETpUYHBIX UMITYJIbCOB [IIMIM u ycrpanssa Bo3mymaromue uMinyiascel. [Ipu
MCIIONIb30BaHuU (yHKIUH 1BoMHOM Oydepuzanuu CPU obparaercs k peructpy
oydepa OCROB. Korna ¢yrakius aBoiiHoi Oydepusamnuu oTkinrouena, CPU
|06pamaeTc;1 k camomy OCROB.

7:0

TIMSKO - Pecucmp npepwisanus TCO

\ TIMSKO - Peructp npepbiBanust TCO

Anpec: OX6E 3nayenne o ymonyanuio: 0x00
bur 7 6 5 4 3 2 1 0
OCIEOB | OCIEOA | TOIEO
R/W R/W R/W

Nmsn - - - - -
R/W - - - - -
but
7:3 -

Omnpenesenne OUT

3ape3epBUPOBAHO

Korna 6ut OCIEOB, ycTaHoBjeH B «1» U r106agbHOE NpepbIBaHUE YCTAHOBJICHO -
npepbiBanre Komnaparopa B CpaBaenue paspemieHo. CooTBETCTBYIOLIEE
npepbIBaHUe BbInonHsAeTcs, eciin CpaBHenue Komnapatopa B Taiimep/CueTunk
[IPOUCXOJUT, TO ecTh, Korga out OCFOB ycranaBnuBaetcs B TIFRO. Korna 6ur
JOCIEOB pasen «0» Bbixon TCO npepbiBanust coBnaaeHust B - oTkiIroueH.

2 OCIEOB

Korna 6ut OCIEOA, yctaHoBieH B «1» 1 ri1o0anbHOE MpephIBaHUE YCTAHOBIIEHO -
npepbiBanre Kommaparopa A CpaBHenue paspenieHo. COOTBETCTBYIOIIEE
npepbiBaHue BhInonHsAeTcs, eciin CpaBHenue Komnapatopa B Taiimep/CueTunk
[IPOUCXOJUT, TO ecTh, Koraa Out OCFOA ycranasiauBaercs B TIFRO. Korga out
OCIEOA pagen «0» Bbixoa TCO mpepbiBaHUS COBIAICHUS A - OTKJIIOUEH.

bur paspemenus npepsiBanus nepenoinHenus TCO. Korma 6ut TOIEO ycranoBien
B «1», a rmo0anbHOe MpepbhIBaHUE YCTaHOBIIEHO, MpepbiBanue nepenoianenus TCO
BKIIO4YeHO. [IpepeiBanne renepupyercs npu nepenoiasenun TCO, 1. e.
ycranaBnuaetcs 6utr TOVO0 B TIFR. Korna out TOIEO paBen «0», npepsiBanue
nepenonHennus TCO OTKIII0YEHO.

1 OCIEOA

0 TOIEO

TIFRO - Pecucmp ¢nacos npepwvisarus TCO

\ TIFRO - Peructp ¢uiaros npepoiBanust TCO

Anpec: 0x35 3HavyeHue no ymonuanuio: 0x00
bur 7 6 5 4 3 2 1 0
Hms OCOA OCO0B - - - OCFOB | OCFOA | TOVO
R/W R/0 R/0 - - - R/W R/W R/W




bur

Nms

Omnpenesienne OUT

OCOA

Ha Beixoze cpaBHuBaercs curnan ocuuiuiorpaMMbel OCOA. BeixoaHo# cursan
curHana ocruuiorpammbl OCOA, cYUTHIBaEMBIN MPOrPaMMHBIM 00E€CTICUCHHEM, HO
He 3anuceiBaeMbiii. [IporpamMMHOe oOecrieueHue MOXKET CYUTHIBATh 3HAUYCHUE OUT

OCOA 151 mosTydeHHsI TOJIIPHOCTH CUTHAJIa (OPMBI CUTHAIA, KOTOPOE JTOJKHO
OBITH BBIBEJICHO 110 TOTO, Kak curaasl OCOA Oyzer BKIIFOUEH Ha COOTBETCTBYIOIIEM

BbIBOZIC 1O, 1 MOXKeT ObITh M3MEHEH ImyTeM KoHpurypupoBanus 6ut COMOA u

ycranoBku 0uT FOCOA. Ero monsipHOCTH MO3BOJSET U30€KaTh TOCTOPOHHUX

MMITYJIBCOB IIOMEX ITOocIe BKItoYeHus Bbixosa curHana OCOA Ha
cootBercTByomeM |O-koHTAKTE.

OCO0B

Ha Beixone cpaBuuBaercs curnai ocumiorpammbl OCOB. BrixomHol curHat
curnana ociuiorpammsl OCOB, cunTeiBaeMblii IpOrpaMMHBIM 00ECTIEYEHHEM, HO
He 3anMcbiBaeMblid. [IporpamMmmHoe obecriedeHne MOXKeT CYUTHIBATh 3HaY€HUEe OUT

OCOB pys momy4yeHHs MOJMSAPHOCTH CUTHANA (POPMBI CUTHAJIA, KOTOPOE JTOJIKHO
OBITH BBIBE/IEHO 0 TOro, kak curHai OCOB Gyner BKIIOUEH Ha COOTBETCTBYIOIIEM

BbIBOJIe 10, 1 MOXeT ObITh H3MEHEH ImyTeM KoHpurypupoanus outr COMOB u

ycranoBku 6uT FOCOB. Ero nosisipHocTh M03BOISET U30€XKaTh OCTOPOHHUX

MMITYJIbCOB IIOMEX I10CIIE BKIIOUeHUs Bbixosa curana OCOD na
cootBercTBytomeM |O-koHTaKTe.

5:3

3ape3epBUPOBAHO

OCFOB

Boixon TCO ¢nar cpaBaenus B. Korma TCNTO pasen OCROB, 6510k cpaBHeHUS
JlaeT CUTHaJl paBeHCTBa U ycTanaBnuBaet ¢uiar cpaBHenns OCFOB. Ecnu ®nar
npepsiBanus cpaBHeHue B OCIEOB ycranoBneHo B «1», u ycTaHoBJeH Quar
rJI00aTFHOTO MPEPHIBaHUS, OyIeT TeHEPUPOBATHLCS TIPEPHIBAHNE CPABHCHHUS C
pesynsratom B. @nar OCFOB ouuniaercs aBTOMaTHYECKH TP BBITOJIHEHUU
POLEAYPHI 00CTYKUBAHUS TIPEPHIBAHUS UM MOXKET OBITH OUHUIICH ITYTEM 3aITHCH
«1» B 6ut OCFOB.

OCFOA

Beixon TCO ¢nar cpaBaenus A. Korna TCNTO pasen OCROA, 6510k cpaBHEHHS
JlaeT CUTHaJl paBeHcTBa U ycraHaBiauBaeT ¢uar cpaBHeHuss OCFOA. Eciau @nar
npepsiBanus cpaBHeHue A OCIEOA yctaHoBieHO B «1», U ycTaHOBIIEH ¢uiar
r7100aBHOTO TIPEepBIBaHuUs, OyIeT TeHEPUPOBATHCS MPEPHIBAHNE CPABHEHHUS C
pesynbratom A. ®nar OCFOA ouniiaeTcst aBTOMaTHYECKH MPHU BHIMOTHEHUN
IPOIIEeTypPBI OOCITY>)KUBAHUS PEPHIBAHUS MITH MOKET OBITh OUMIICH ITyTeM 3aliCH
«1» B 6ut OCFOA.

TOVO

@nar nepenonHenus TCO. Korga cueTunk nepenosyiHseTrcs, ycTaHaBIuBaeTcs diar
nepenongHenus TOVO0. Ecnu Out paspemenus npepbiBanus nepenoisernus TOIEQ
YCTaHOBJIEH Ha «1» U ycTaHOBJEH (uiar riodajibHOTO NpepbIBaHus, OyAeT
TeHEpUPOBAThCA NpephiBanue nepenoaHenus. TOV0 aBromarnuecku ounniaercs,
KOT'/1a BBIMOJHSETCS 3Ta Mpolieypa MpephIBaHMs, UIN €€ MOKHO OYHCTUTD,
3anucaB «1» B 6ut TOVO.

DTRO - pecucmp xoumpons mepmeoco epemenu TCO

\ DTRO - peructp koutpoJisi MeprBoro spemenu 1CO

Anpec: 0x4F 3HadeHue no ymomayanuro: 0x00
bur 7 6 5 4 3 2 1 0
Nmsn DTR07 | DTR06 | DTRO5 | DTR04 | DTR03 | DTR02 | DTRO1 | DTROO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur Nms Onpenesenne OUT
TCO Dead time register high. Korma 6ur DTENO perucrpa TCCROB ycranoBieHn
B «1», OCOA 1 OCOB 00pa3yroT 1ONOJHATEIbHBIN BBIXOJ, a YIIPABICHUE
74 DTROH |mMepTBBIM BpeMEHEM BCTaBKH aKTHBHPOBAHO. BpeMsi 3a1ep>kKKH, yCTaHOBJICHHOE Ha
karasie OCOB, onpenemnsiercss DTROH, a Bpemst - 3TO TaKTOBBIE UMITYJIBCHI
DTROH. CootBercTBytoiiee BpeMs.




3:0

TCO Dead time register low. Korma 6ur DTENO perucrpa TCCROB ycranoBieH B
«1», OCOA n OCOB 006pa3yroT JOMOJTHUTEIBHBIN BBIXO/A. Y IpaBIeHUE
DTROL |BkitoueHHEM MEPTBOTO BPEMEHHU BKIIIOUEHO. Bpemst 3a1epiKku, yCTaHOBICHHOE HA

ka"aiie OCOA, onpeanensercs DTROL. /[nuTenbHOCTh BpEMEHHU - 3TO TAKTOBBIE

umiyinbcbl DTROH. CooTBercTBytoiiee Bpems.

12. TMR1 - Taiimep/CueTquk 1

16-pa3psanblil CTpYKTYpa, Mo3BoJstonias popmupoBats 16-OutHeiii PWM
2 HE3aBHCHMBIX YCTPOMCTBA CPABHEHUS C BBIXOJaMU

JIBoiTHOM Oy(epHBIi pErucTp CpaBHEHUS PE3YJIHTATOB

1 OJI0K 3axBarta BBOJA

[logaBuTensb mryma 3axBata BXOJHOIO CUTHAIA

CpaBHEHME COOTBETCTBUS ABTOMAaTHYECKasi OYMCTKA CYETYNKA U AaBTOMATHYECKas
3arpyska

UM ¢ koppekiueit o ¢aze 6e3 MPephIBUCTHIX UMITYJILCOB
IIepemennsiit nepuox PWM

I'eneparop wacToThI

CueTurK BHEIIHUX COOBITHIA

UYeTpipe HE3aBUCUMBIX UCTOYHHKA MMPEPBIBAHUN

[INM c TaiiM-BpeMeHeM ynpasieHus 6 onuui MctouHuk Tpurrepa
aBTOMAaTUYECKU OTKIrOYaeT Beixoa PWM.

Bricokockopoctras (S00KHZ (@ 7BIT) PWM renepupyercs B
BBICOKOCKOPOCTHOM PEKUME CHHXPOHHU3ALUU.

12.1. O630p

5 0

. | Clock Generator
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Puc.12.1. Ctpykrypnas cxema TC1

Noise
Canceler




TC1 - 570 yHUBEpCaNbHBIN 16-pa3psiAHbINA CYETUUK CUETYUKOB, KOTOPHIT
noaaepkuBaeT Bbixoibl PWM n MoxeT TouHo renepupoBath curHaiiel. TC1 comepkut
16-pa3psaHbIi cCueTYHK, OJOK yHpaBlIeHUS peXUMOM (DOPMHUPOBAHUS CUTHAINA, ABA
HE3aBHCHUMBIX BbIBOJIA OJIOKA CpaBHEHHUSA U OJIOK BBOJA.

TC1 MOXKeT COBMECTHO UCIOJIb30BaTh 10-OUTHBIN IpeABAPUTEIBHBIN ACITUTEND C
TCO nnm MOXeT HE3aBUCUMO KCIIONb30BaTh 10-pa3psaaHblil IpeaBapUTEIbHBIN ACIUTENb.
[Tpennenurens IeIUT CUCTEMHBIC TaKThI ¢lkio MITM BBICOKOCKOPOCTHBIE TaKThI ICM2X (2X
BHYTPEHHETO BbIXOAHOTO curHaia reaeparopa 32M RC reneparopa rc32m) s
reHepaiuu cuetunka TakToB Clktl.

brok ynpaiieHust pe:xxuMoM T'eHepaliy BOJIHbBI YIIPABIISAET PEKUMOM padOThI
cuyeTurka u popMupoBaHueM (HOpMbl CUTHANIA CpaBHEHUs. B cooTBeTCTBUU C
PA3IUYHBIMU peKUMaMU PabOThI CUETUYMK OUUILAET, YBEIMUUBACT WM YMEHBIIACT
kaxpiid cuet TakToB ClKtl. Takter Clktl MOTYT OBITh MOJIyYEHBI OT BHYTPEHHETO
HMCTOYHUKA CUHXPOHU3ALUH WM BHEITHETO UCTOYHUKA CUHXPOHHU3ALIUH.

Korpna 3#auenne cuera cuetunka TCNT1 mocthraet MakCHMMaJILHOTO 3HAYCHUS
(paBHOE MakcumanbHOoMY 3HaueHuto OxFFFF, pukcrupoBaHHOMY 3HAUEHUIO, PETUCTPY
cpaBHeHUss OCR1A BprIxogHOTO crurHana wim peructpy Beoga ICR1, onpenensemomy kak
TOP, g oTniMung MakcuMaiabHOE 3HaUeHHE onpeaeinsaercs kak MAX), cueTunk
OYMIIAETCS WM BBIYUTAETCA TPH OOPATHOM CYETE.

Korna 3Hauenne cuerynka cuetTankoB TCNT1 mocturaet MUHHMAJILHOTO
3HaueHusd (paBHoe 0x0000, onpenenennoe kak BOTTOM), cueTunk yBennunBaeTcs.

Korpa 3nauenne cuetunka TCNT1 cuetunka nocturaet paBencrsa OCR1A unu
OCRIB, Brixoanoit curnan cpaBHeHust OC1A unu OC1B ouumaercs uinu
yCTaHaBJIUBAETCS U1 TeHepauuu curaaia PWM.

Korzma mepTBO€ BpeMsi BKIIFOYEHO, YCTAHOBIEHHOE MEPTBOE BpEMsI (KOJIMYECTBO
TaKTOB OTCYETa, COOTBEeTCTBYIoMIee peructpy DTR1) Oyner BcTaBiaeHO B TEeHEPUPYEMYIO
dbopmy LITVM.

Korma @yHknus 3axBara BXo/1a BKIIOYEHA, CUETYUK 3aITyCKAET WM MPEKPAIAET
MOJICUET, KOT/1a OH 3amyckaercs, u peructp ICR1 peructpupyer 3HaueHue cuerta BO
BpeMs Nepuojia cpabaTblBaHMsI cCUrHaja 3axBata. lIporpamMMmHoe oOecrieueHrne MOXKET
oTKII0UnTh BeIBOJ ocimiutorpammbl OC1A/OC1B, ounctut 6utet COM1A/COMI1B unu
YCTaHOBUT UX B COOTBETCTBYIOIINI MCTOYHHUK 3aITyCKa.

Koraa npoucxoaut coObITHE TPUTTEPA, ANMAPATHOE 0OECIIEYEHUE aBTOMATHUYECKU
ounmaet outr COM1A/COM1B, uro0s! oTka0unTh BEIBOA curHaiza OC1A/OCI1B.

CyeTurK TaKTOB MOKET OBITh CT€HEPUPOBAH BHYTPEHHUM WJIM BHEITHUM
HMCTOYHUKOM CHUHXPOHHU3alMU. BIOOp MCTOYHMKA CHHXPOHU3ALKUN U BBIOOpP YaCTOTHOTO
nenenusi KoHTponupytorcs outamu CS1, pacnonoxenasivu B peructpe TCCR1B.
ITogpobuee cm. Paznensr npenBaputeasHoro aeautenas TCO u TC1.

CueTunk UMeeT AUHY 16 OUT U MOEPKUBAET IBYHAIIPABICHHBIN MOJICYET.
PexxuM renepanuu curasia, TO €CTh peKUM paboThl CUETUMKA, YIIPABIIAETCS OUTaMu
WGM1, pacnonoxennsimu B peructpax TCCRIA u TCCRI1B.

B cooTBeTCTBUU C PA3IMUHBIMU PEKUMAMH pa0OThl CYETUMK OCYIIECTBIISET
OYHCTKY, YBEJIMYCHHUE WM YMEHBIIICHUE KaXI0r0 U3 cueTunkoB TakToB ClIKt1.

Korzaa cuetunk nepenosiHsercs, ycTaHaBIUBaeTCs (iar nepenoyiHeHns CueTYrKa
TOV1 B peructpe TIFRI.

[IpepoiBanue nepenosnnenus cueryuka TC1 MoxkeT ObITh CTeHEpUPOBaHO, KOTAa
MIPEPBIBAHUE BKIIOYEHO.



Moaynb cpaBHEHHS PE3YyJIbTaTOB CpaBHUBAET 3HaueHue cuetunka TCNT1 ¢
peructpamu cpaBHeHnst OCRIA nu OCR1B BeiBoga. Korga TCNT1 paBHo OCRI1A wnmu
OCR1B, mpoucxoaut coBnaaeHue u ycranasiusaetcs ¢uar cpaBuenuss OCF1A wnu
OCF1B BbiBoaa B peructpe TIFRI.

[Toce mpeprIBaHMS MOKET OBITH CTEHEPUPOBAHO MPEPHIBAHUE CPABHEHUS
BbIx0HOTO curdana TCI.

Cnenyer otmeTuTs, 4to peructpsl OCR1A n1 OCR1B umeror 1oy
oydepuzamuio B pexxume [IIUM. JIBoitHas Oydepuzanus OTKII0OUYeHA B OOBITHOM
pexume u pexume CTC.

Korga cyeTunk 1O0CTUraeT MakKCUMaJIbHOTO WJIM MUHUMAJIBHOTO 3HAYEHUS,
3HauY€HUE B peructpe 0ydepa 0OHOBIAETCS CHHXPOHHO C PETUCTPaMU CpaBHEHUS
OCRIA u OCRI1B. Ilogpo6uee cm. Onucanue paszeina pexxuma padoThl.

['enepatop curHanoB reHepupyet BoixogHble curHainsl OC1A nu OC1B Ha BeIBOABI,
HCIIOJIb3Ys CPABHEHUS U MEPETNOJHEHHE CUETUUKA B COOTBETCTBUU C PEXKHUMOM
reHEepAlMK CUTHAJIa U KOHTPOJIEM pEXUMa BbIBOJA.

KoHKpeTHBII MeTO/ reHepaliy ONMKUCHIBAETCS B ONMMCAaHUU pabouero pexxuma u
onmcanus pasaena. s BeiBoaa BeixoaHbix curHaioB OC1A u OCIB curnana
CpPaBHEHMS HA COOTBETCTBYIOIINE BBIBOJIbI, PETUCTP HAIIPABIICHUSI JaHHBIX TOTO BBIBOJIA
TaKXe JOJKEH ObITh YCTAaHOBJIEH KaK BBIXOJHOW CUTHAIL.

12.2 Pesxumbl padoThbl

Taiimep 1 uMeeT mecTh pa3nudyHbIX pexxumoB padoter: Normal, Clear Compare
(CTC), bpicTpoaeiCTBYIONTYIO IUPOTHO-UMIYIbCHYIO Moayisinuto (FPWM),
Da3z0KOpPPEKTUPOBAHHYIO IIUPOTHO-UMITYJIbCHYIO Moy isinuio (PCPWM), dazy
YacToTHO-MOIyTUpOBaHHAS MIUPOTHO-UMITYNbcHas Moayisiniust (PFCPWM) u pexxum
3axBata BBojia (ICP).

Pexum BoIOMpaercss OMTaMu ynpapieHUs] pEXKUMOM I'eHEpallii BOJIHBI
WGM1[3:0].

Huke onmcansl 9TH IECTh PEKUMOB.

[TockonbKy CyIIECTBYIOT JJBa HE3aBUCHUMBIX OJIOKA CpaBHEHUS BbIBOJIA,
0003HaYEHHBIE COOTBETCTBEHHO «A» U «B», HUKHUMA BBIXOTHOM «X» UCIIOIB3YETCS JIJIs
MPE/ICTABJICHUS KAHAJIOB JIBYX OJIOKOB CpaBHEHUS BBHIBOA.

12.2.1. HopMabHBIA pexuM

OOBIYHBIN PEXKUM - 3TO CaMbIi MPOCTON PEXKUM pabOTHI cCUeTUMKa TaiiMepa. B aTo
Bpems out WGML1 [3: 0] = 0, a makcumanbsHoe 3HaueHne TOP cuerunka - MAX
(OXFFFF).

B 3TOM pexrMe CUETUHK YBEIUYMBAETCS HA OJMH I KaXIOT0 CYETYMKA TAKTOB.
Korna cuetuuk nocturaet nepenosHeHus: TOP, on Bo3Bpaniaercs B BOTTOM, uto0b1
CHOBA Ha4aTh HAKAIUIMBATh.

@iar nepenoaHeHus cueTurnka Taiimepa TOV1 ycraHaBnMBaeTCs B TOM K€ TaKTe
cuera cuetunka TCNT1, 3HaueHrne KOTOPOro CTaHOBUTCSA PABHBIM HYJIIO.

@nar TOV1 B 3ToM pexume moxox Ha 17-i cuer, OH OyAeT yCTAaHOBJICH U HE
OYHILAETCS CYETOM.

[Tpoueaypa o6cimykuBaHus MPEPhIBAaHUS MEPENOTHEHUS aBTOMAaTUYECKH OYHILAET



¢nar TOV1 1 MOXeT UCTIOIB30BATHCS MPOTPAMMHBIM 00ECIICUCHUEM ISl YBETIHYCHHS
paspelieHns cueTunka Taitmepa.

B HOpManbHOM pekrMe HET CIeHUaibHOTO CIIy4asi, U HOBbIE 3HAUCHHSI CUeTa
MOTYT OBITH 3alKCaHbl B 1I000€ BpeMsi. dDopma curHana BBIXOJHOTO CUTHAJIa CPABHEHUS
OC1x mMoxeT ObITh MOTy4YeHa TOJIBKO TOTJA, KOTJa PETUCTP HANPABICHUS JaHHBIX
BbIBoJIa OC1x 3amaH kak Beixoa. Korma COMI1x = 1, curnan OCIx nepexmiatouaercs,
KOT'JIa IPOUCXOANUT COBMAICHNE CPABHEHUS.

B sToM ciydae yacToTy (pOpMBI BOJHBI MOXKHO BBIYHUCIHUTH 1O CIEAYIOIIEH

dhopmyiie:
f oclxnormal =fsys/ (2 * N * 65536)

rae N - ooo3nagaer Koaddunuent npeanenurens (1, 8, 64, 256 unu 1024).

Monynb cpaBHEHUS pe3yJIbTaTOB MOKET UCIIOIB30BATHCS JIJIsl TeHEpallUU
MIPEPBIBaHUSI, HO TIPEPHIBAHUS HE PEKOMEHAYIOTCSI B HOPMAJIBLHOM PEKHUME, KOTOPBIT
noTPeOIISET CIUIITKOM MHOTO BPEMEHH MPOLIeccopa.

12.2.2 Pexxum CTC

Korna ycranosieno WGMI [3:0] = 4 wiu 12, caerunk/Taiimep 1 mepexoaur B
pexum CTC.

Korma WGMI1 [3:0] = 0, makcumanbHOe 3HaueHHe TOP - 3T0 OCR1A. Korma
WGMLI [3] = 1, makcumanibHOE 3HaueHue cueta TOP sBnsercs ICRI1.

Hwuxe onuceiBaercs pexuMm CTC ¢ ucnons3zoBanuem WGMI [3: 0] =4. B atom
PEXKUME PEKUM TOJICUETa YBEIUUUBAETCS IS Kaxkoro cuera. Korja 3HaueHue cueTynka
TCNTI1 paBHo TOP, cueTurk ounmaeTcs. ITOT PEKUM MO3BOJIAET MOIB30BATENIO JIETKO
KOHTPOJIUPOBATh YACTOTY BBIXOJHOTO CUTHAJIA CPABHEHMS, @ TAK)KE YIIPOILAET ONEPaLUIO
nojicuera BHemHUX coObiTrii. Korma cuetunk gocturaer TOP, ycranaBnuBaetcs diar
cootBercTBUs OCF1 11t cpaBHEHMS Ha BBIXOJIE, U IPEphIBaHUE OYyIeT TeHEPUPOBATHCH,
KOT'/Ia YCTAHOBJICH COOTBETCTBYIOIINI OUT pa3peiieHus MpepbIBaHMs.

Peructp OCR1A MoxeT ObITh OOHOBJIEH B MPOIEAype 00CTyKUBAHUS
npepsiBanuid. B atom pexxnume OCRI1A He ncnonb3yer BoiHYy0 Oydepusamnuio. bynpre
BHUMATEIbHBI TPH OOHOBJIICHUH MAaKCUMAJILHOTO WJIM MUHUMAJIBHOTO 3HAYEHHUsI, KOT1a
CYETYHMK paboTaeT 6€3 MpeaBaApUTEILHOIO ST UM OYeHb MAJIOTO
MPEBAPUTEILHOTO JISTUTEIIS.

Ecnu 3nauenue, 3anucanHoe B OCR1A, menbie Tekymero 3HadeHust TCNTI,
CYETYMK MPOMYCTUT cpaBHEeHME. [lepen TeMm, Kak MpOU30MIET CleyIolee CpaBHEHNE,
CUYETYHMK JOJDKEH CHaudasia nepecuutarsb 10 MAX, a 3arem Hauath orcueT ¢ BOTTOM Ha
OCRI1A.

Kak u B 00bryaOM pexkume, gurar TOV1 ycraHaBiMBaeTcsl B CYETUYHMKE, KOTOPBIN
Bo3Bpamaercs k 0x0000.

dopma curHaiia BeIXoHOTO curHana cpaBHeHuss OC1x MOXKeT OBITh MOTy4YeHa
TOJBKO TOT/Ia, KOTJIa PErUCTpP HampaBieHus: JaHHbIX BhiBoAa OCI1x 3a1aH Kak BBIXO/I.

YactoTy (popMbI BOJIHBI MOKHO BBIYHUCIUTH IO CICAYIOIICH GopMyIie:

foclxctc=fsys/(2*N* (1 + OCR1A))



rae N - o6o3Havaer Koaddbumnuent npepnenurens (1, 8, 64, 256 wnu 1024).

Kaxk BugHo u3 popmyisl, korga OCR1A ycranosieno Ha 0x0000, u HeT
MIPEABAPUTEILHOTO JACIIUTENISI, MOKHO TIOJIyYUTh BHIXOTHON CUTHAII C MAKCHMAIBbHON
gacTtoToi f sys / 2.

Korna WGMI [3: 0] = 12, on ananoruuedr WGMI [3: 0] =4, 3a uckiitoueHueM
Toro, yto cooTBeTcTBYIOMMM OCR1A n3menen Ha ICR1.

12.2.3. beictpsriit pexxum PWM

Korna ycranosieno WGML1 [3: 0] =5,6,7,14 wiu 15, cueTank/Taiimep 1
nepexoauT B ObIcTphIil pesxkum LM, To cueTom MakcumasnbHoOro 3HaueHus: TOP
seisioTcs OXFF, Ox1FF, Ox3FF, ICR1 umu OCRI1A, oH MOXET OBITh HCITOJIB30BaH JIJIs
nonydeHus: BreicokouactoTHblil [IHIMM-curnan. Pa3znuiia Mexay ObICTPBIM PEKUMOM
PWM u npyrumu pexxumamu PWM 3akitodaeTcs B TOM, 4YTO 3TO OJJHOCTOPOHHSIA
oneparusi. Cueruuk cuutaeT 10 TOP ot munumMansHoro 3uauenust 0x0000, a 3arem
copaceiBaeTcs B BOTTOM mi1st TOBTOPHOTO MOJIcUeTa.

OCRnx/TOP Update and
TOVn Interrupt Flag Set and
OCnA Interrupt Flag Set

* or ICFn Interrupt Flag Set
(Interrupt on TOP)
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Korna 3nauenue cuerunka gocturaet TCNT1 Bepxueit unu Hukaen, OC1x
BBIJIACT CUTHAJI CPAaBHEHUS YCTAHABIIMBACTCS UM COPAChIBAETCS, B 3aBUCUMOCTH OT
BBIXOJTHOTO CpaBHEHUS pexkuM yctaHoBKH COMI1, a moapoOHOE omMcaHue perucTpa.

Tak kak omepanust OJHOCTOPOHHSIS, paboyas yactora ObicTporo pexkuma PWM B niBa
paza OoJibllle ABYHANPABICHHON onepanuu pexkuma ¢ koppeknun PWM dassi.

BrIcOokoUacTOTHBIC XapaKTEPUCTUKH JeHat0T ObICTPBIA peskuM PWM noaxoasimm
JUIS1 PETYIMPOBaHUS MOIIHOCTH, BbIIpsiMiieHUs U ipuMeHenus [{AIL. BricokouacToTHbIE
CUTHAJIbl MOTYT YMEHBIIUThH Pa3MeEP BHEUIHUX KOMIIOHEHTOB (MHAYKTUBHOCTh, EMKOCTh U
T. JI.), TEM CaMbIM CHHKasi CTOUMOCTb CUCTEMBI.

Korna 3nauenue cuerunka gqocruraet Bepmnabl, TOV1 ¢uar nepenosHeHus
cyeT4YMKa/TaiiMepa OyJIeT YCTaHOBJICH, U OOHOBJIEHO 3HaUeHHE Oy(depa 3HaueHue s
CpPaBHEHHMS Ha KOMIIApaTop.

Ecau npepsiBanue BkintoueHo, peructp OCR1A moxet ObITh 0OHOBJICH B
npoueaype 00cIyKUBaHUS IPEPhIBAHUM.

®dopma cur"ania BeIXoiHOTO curHaia cpaBHeHus OC1x MOKeT ObITh MOJTyYeHa
TOJBKO TOT/Ia, KOTJIa PErUCTpP HampaBieHus: JaHHbIX BhiBoAa OCI1x 3a1aH Kak BBIXO/I.

P
-




YacToTy GopMbl BOJTHBI MOKHO BBIUMCIIUTH IO clieayomien Gpopmye:
f oclxfpwm =fsys/ (N * (1 + TOP))

rae N - o6o3navaer Koapdumument npeqnenurens (1, 8, 64, 256 unm 1024).
Korna npoucxoaut cpasHenne paBeHcTBa Mexxay 1CNT1 u OCR1X, renepatop
dbopmbl curHaa ycrtanaBiauBaeT (ouunmiaeT) curaan OC1X, korma TCNT1 ouunmiaercs.
B nyne renepatop ¢popmbl currana ouniiaet (ycranasnubaet) curaan OCLX ans
renepariuu BojiHbl IIIMM. Takum o6pazom, kpaitHoctu OCRI1X 6yaer renepupoBaTh
cnennanbabie popmbl LIIMM. Korga OCR1X ycranosien B 0X0000, BeixogHoit PWM -
910 KaxbIi (1 + TOP) cueTunk TakToB cymiecTByeT y3kui BeiOpoc. Korma OCR1X
yctanoBieH B TOP, BEIXOIHOM CHUTHAN MMOCTOSTHHO BBICOKWI WIIM HU3KHH. Takue, Kak
Ecau OCR1A ucnonszyercs kak TOP u COM1A = 1, BbIXOHOM cUTHAT
cpaBHeHusi OC1A Oyner renepupoBats LIIMM ¢ 50% pabounm mukiaom [IIMM-BosHbL.

12.2.4. Pexxum PWM c xoppekuueit da3

[Tpu ycranoBke WGMO [3: 0] = 1,2,3,10 unu 11 cueruuk 1 Taiimepa BXOIUT B
pexum PWM c dazoBoit koppekiueil.

MaxkcumansHoe 3Hayenue uancia T OP cocrasmster OXFF, OX1FF, Ox3FF, ICR1 unn
OCRI1A, COOTBETCTBEHHO.

Cuerunk paboTaeT B 000MX HanpasieHUsX, yBeanuuBasicb oT BOTTOM no TOP,
3ateM BHM3 0 BOTTOM u nostopsist oty onepanuto. Korga cuetunk gocturaetr TOP
nmu BOTTOM, n3MeHseT HallpaBJI€HUE CUETa, @ 3HAUEHNUE CUETUMKA OCTAETCS TOJIBKO HA
onHoM cuere TakToB TOP mnin BOTTOM. 3nauenue noacdera npu NpUpameHny Win
ymenbiienuu, kornga TCNT1 coorBerctByer OCR1X, BBIXOAHOW CUTHAN CPAaBHEHUS
OC1x OyzaeT O4MIIEeH UK YCTAHOBJICH, B 3aBUCUMOCTH OT PEKHUMa BBIBOJIA CPABHEHUS
COM1 nacTpoiku.

[To cpaBHEHUIO C OHOCTOPOHHEN pabOTON MakCUMajbHas 4acTOTa, JOCTYIHAs
JUTSI IBYHAIIPABJICHHOM OTepalii, MEHbIIIE, HO €€ OTIUYHAs CUMMETpPHs 00JIee MOIX0IUT
JUTSI DTIEKTPUYECTBA YIPABIICHUE MAITUHOM.

OCRnx/TOP Update and
QOCnA Interrupt Flag Set
or ICFn Interrupt Flag Set
(Interrupt on TOP)

TOVn Interrupt Flag Set
(Interrupt on Bottom)
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B pexxume dazoBoii koppekiuu PWM ¢uar TOV1 ycTtanaBnuBaeTcsi, KOTria CUeTYuK
nocturaet BOTTOM u cpaBHMBaeTcs, korja cueTduk gocturaet T OP.
3nauenne Oydepa OOHOBISIETCS 10 3HAYEHUST CPABHEHUS.

Ecnu npepriBanne BimoueHo, 0ydep cpaBaenns OCR1X MosxeT ObITH OOHOBIICH B
npoueaype 00CITyKUBaHUS MTPEPhIBAaHUI YCTPONUCTBA.

Berxonnoit curaan OCL1X curnana cpaBHEHUS MOXKET ObITh TIOTYYEH TOJBKO TOT/IA,
KOT/Ia pETUCTp HarnpaBieHus JaHHBIX BhiBoga OCI1X 3a1aH Kak BBIXO/I.

YactoTy hopMbI BOJTHBI MOKHO BBIYUCIIUTE TIO CERyIOmen popmye:

f oclxcpcpwm =fsys/ (N * TOP * 2)

rjae N - o6o3Havaer Koaddbumuent npepnenurens (1, 8, 64, 256 wnu 1024).

Bo Bpems oTcuera reHepaTtop curHajioB ouuniaeT (ycranaBiauBaer) curnain OClx,
korga TCNTI cootBerctByeT OCR1x. Bo BpeMms mojcuera, reHeEpaToOp CUTHAJIOB
ycranaBnuBaet (ouniaet) curnan OCI1x, korga TCNTI1 coorBercTtByeT OCR1X.

N3-3a aToro skctpemansHoe 3HaueHrne OCR1X reHepupyeT criennaibHyIO BOJIHY
PWM. Korga OCRI1x ycranosien B TOP nin BOTTOM, Beixonnoi curaain OClx
OCTAETCs] HU3KUM HJIA BBICOKUM.

Ecmn OCR1A ucnonbe3yercs B kauectBe TOP u COMIA = 1, BBIXOZHOM CUTHAT
cpaBHenust OC1A oyner renepupoBat PWM-curnain ¢ 50% -HbIM pabOYuM LIUKIIOM.
Yro06s1 0O6ecieunTh cuMMeTpUIo BeixoaHoU [ITMM-BoiHbl ¢ 06enx ctopon BOTTOM,
curHas OC1x OyaeT nepeBepHyT B ABYX CIydasx, KOT/la COBMNAJCHUE CPaBHEHUH HE
MIPOU30MIET.

ITepBeiii cnyyaii - koraa 3Hadenne OCR1x uzmensercs ¢ TOP Ha apyrue 1aHHbIE.
Korma OCR1x sBasercs TOP, a 3nauenue cuera gocturaet TOP, Beixonq OCIx
COBMAJACT C TeM, KOT/Ia COBIAIaeT MPEeAbIAYIUH c4eTuuK yObiBanus, To ectb OCIx
octaetcst Hem3MeHHbIM. OOHOBNeHHOe 3HaueHue HoBoro 3HaueHust OCR1x (ae TOP)
oOHOBIIsIETCA B 3TO Bpemsl, a 3HaueHre OCI1X yaepxkuBaercs 10 TeX 1mop, Moka
COBIAJCHUE CPAaBHEHUS HE MPOU3OMIET, KOTJ]a CYETUYMK YBEIMUUBaeTcsa. B aTom ciydae
curHast OC1x He SBAsS€TCS CHMMETPUYHBIM OTHOCUTEIbHO MUHUMAJILHOTO 3HaYEHUS,
noatoMy curast OC1x HeoOxonumo nepexntodars, korga TCNT1 gocturaer cBoero
MAaKCHMAJIBHOTO 3HaueHus. To ecTh mepBbli citydal, koraa curaan OClx
MEPEKITI0YAETCS BO BpEMSI CPaBHEHU S, HE BOZHUKAET.

Bo BTopom ciyuae, kornga TCNT1 HaumHaeT oTcyeT ¢ 60jiee BHICOKOTO 3HaYeHUs],
yeM OCRI1x, cpaBHEHHE CPAaBHUBAETCS C MOTEPSIMU, YTO BBI3BIBAET ACUMMETPUUYHYIO
cutyanuio. Taxke Heo0xoaumMo nepeBepHyTh curHas OC1x a1 JOCTHKEeHUS
CUMMETPHUH 0 00€ CTOPOHBI OT MUHUMAJILHOTO 3HAYCHHUSI.

12.2.5. Pexxum PWM ¢ koppekuuei 4acToThl U (azbl

Korna ycranoBneno 3nauenne WGMO [3: 0] = 8 unu 9, cuetunk 1 Taitmepa
BX0aUT B pexxuM PWM c¢ koppeknueii pa3zoBoit 4acTOThl, a MAKCUMAJILHOE 3HAYCHUE
cyeta TOP - 310 ICR1 riiu OCR1A cOOTBETCTBEHHO.

CueTunk paboTaeT B 000MX HaIpaBleHUAX, yBenanunBasicb oT BOTTOM no TOP,
3areM BHU3 0 BOTTOM wu nostopsis 3ty onepauuto. Korna cuetunk gocturaet TOP
ui BOTTOM, u3meHsieT HanpaBJeHUE CYETA, @ 3HAUCHUE CUETUMKA OCTAETCS TOJIBKO HA
onuoM cuete TakToB TOP mim BOTTOM.



Bo Bpewms nporiecca npupalieHus Ui yMEHBIICHUS, KOT/1a 3HAYEHUE CUETYMKA
TCNTI1 conagaer ¢ OCR1x, BeixogHo# curHan cpaBaenuss OC1x Oyner ouuIeH uin
3a/laH B 3aBUCHMOCTH OT yCTaHOBKHU pexrma BeiBojia COMI1 cpaBHenus. Ilo cpaBHeHMIO
C OJTHOCTOPOHHEHN pabOTON MakCUMalbHas 4acTOTa, OJydaeMasl B IByHAIPaBICHHON
onepanny, MEHbIIE, HO €€ MTPEBOCXOAHAs CAMMETPHS 00JIe€ NOAXOAUT AJI YIPaBICHUS
JIBUTaTEIIEM.

Koppexkuus ¢azooit uactotsl B pesxxume PWM ¢aar TOV1 ycranaBnuaercs,
koraa cuetyuk gocturaet BOTTOM, a 3nauenue Oydepa cpaBHEHUS OOHOBIISIETCS 10
3HAYEHUSI CPABHEHUSI.

Bpewms, koraa 3HaueHre CpaBHEHUS] OOHOBJISIETCS, SIBJISIETCS caMOi O0JIbIION
pasnuiieit Mmexxry PWM-pexumom ¢Ga3oBoit KOPpeKIIMU 4acTOThl U pesxkumoM PWM ¢
(ha30BOI KOPPEKIIUECH.

OCnA Interrupt Flag Set
or ICFn Interrupt Flag Set
(Interrupt on TOP)

. OCRnx/TOP Updateand
v TOVn Interrupt Flag Set
(Interrupt on Bottom)
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Ecnu npepsiBanue BkitoueHo, peructp OCR1x Oydepa cpaBHEeHUSI MOKET ObITh
0OHOBJICH B mojAnporpamme oociyxuBanus npepeiBanuii. Korga CPU usmensiet
3HaueHue TOP, To ectb 3HaueHne ORCI1 A wim ICR1, 0HO 101KHO rapaHTHPOBATH, YTO
HoBoe 3HaueHue TOP He menbine 3HaueHus TOP, koTopoe yke ucnoyib3yeTcs, nHaue
cpaBHenue He noBTopuTcs. Curnan OCIx curHania cpaBHEHUsI BBIXOJHOTO CUTHAIA
MO’KET OBITh MOJIYYEH TOJIBKO B TOM Cllyyae, KOrja B KaueCTBE BHIXOJAHOTIO CUTHAJIa
YCTaHOBJICH peructp HampasiieHus 1aHHbix OCIX.

YactoTy (hopMbI BOJTHBI MOKHO BBIYUCIIUTH IO cieayromien Gpopmye:

f oclxcpfcpwm =fsys/ (N * TOP * 2)

rae N - o6o3navaer Koaddunuent npegaenurens (1, 8, 64, 256 wiu 1024).

Bo Bpems oTcuera reHepaTtop curHajgoB ounniaeT (ycraHaBiauaer) curnain OClx,
korga TCNTI coorBerctByer OCRI1X. Bo Bpewms nojicuera, reHEpaTOp CUTHATIOB
yctanaBiuBaet (ouniaer) curnain OCI1x, korga TCNTI1 coorBercTByeT OCR1X.

N3-3a aToro skctpemanbHoe 3HaueHrne OCR1x renepupyer criennanbHyr0 BOJIHY
PWM. Korga OCRI1x ycranosied B TOP unu BOTTOM, Beixoanoit curnan OClx
octaercst HU3kuM win BeicokuM. Eciim OCR1A ucnosnb3yercs B kauectse TOP u
COMIA =1, BeixonHoii curnan cpaaenus OC1A Oynet renepupoBatb PWM-curnan ¢
50% -HBIM pabOUYUM ITUKIIOM.



Peructp OCRI1x o6HOBIsieTcst Bo Bpemst BOTTOM, qnuHbI cuera BocXo el u
HHUCXOJAIICH CTOPOH OJJMHAKOBBI, (IIPU IMTOCTOSIHHBIX 3HaYeHUsIX 1 OP) npuBoauT K
CUMMETPUYHBIM CUTHAJaM C MPaBUJIbHON YacTOTOMN U (pa3oii.

[Tpu ucnons3oBanuu pukcupoBaHHoro 3HadeHust TOP yuyrie Bcero UCmosib30BaTh
peructp ICR1, xak 3nauenue TOP, To ectb ycranoButh WGM1 [3: 0] = 8. B 310 Bpems
peructp OCRIA ucnosib3yercs TOJNbKO JJIs TEHEPALMH BBIXOIHOTO curHaia PWM.

Ecnu BBI XOTUTE T€HEPUPOBATH YACTOTHO-U3MEHSIOIYI0CsI PWM-BOHY, BB
JOJDKHBI U3MEHUTh 3HaueHue TOP. Jliig atoro npuiioxxeHus: OyayT 0oJiee moaXOAsIUMHU
XapakTepucTUKH ABoHON Oydepuzanuu OCRIA.

12.2.6. Pexxnim BBO1a TAaHHBIX

BxonHOI1 3aXBaT NCHOJIB3YETCs [ 3aXBaTa BHEITHUX COOBITHI U IPEIOCTABICHUS
UM OTMETKH BPEMEHHM, YKa3bIBAIOIIEH, KOT/1a MPOU30LLIO COOBITHE. DTO MOKHO CI€NaTh
B IIPEABIAYILIEM PEXUME MOJICUETA, 3 UCKIFOUEHUEM TOT'0, UTO PEKUM FE€HEPALIMU
CUTHAJIOB ¢ ucnoiib3oBanueM 3HaueHus [CR1 B kauectBe 3HaueHus TOP.

TpurrepHsiii cUrHam [ BHEIIHETO coObITUs BBoAUTCS Ha BbIBoA ICP1 u moxer
TaK)Ke peaaIn30BbIBATHCS aHAJIOTOBBIM KomMnaparopoM. Koraa usmeHseTcs J0rnyecKuii
ypoBeHb Ha BbiBOJIe ICP1 wnn nzmensierca ypoeHb ACO aHAJIOrOBOro KoMmnaparopa, u
3TO U3MEHEHUE YPOBHS 3aXBaThIBaeTCs OJJOKOM 3aXBaTa BBOJIA, 3aITyCKAETCA BXOAHOU
3axBaT U 16-paspsannoe 3HaueHue cuera TCNT1 JlaHHBIE KOMUPYIOTCS B PETUCTP
3axBara BBoja ICR1 u ycranaBnuBaercs ¢uar ICF1 BBoza.

Ecnu out ICIE1 yctanoBneH B «1», (iar 3axBaTa BBOJa TeHEpUPYET PEPHIBAHUE
BBoJa. McTounuk 3anycka ICP1 nnn ACO 3axBata BxoJa BRIOUpAETCs MyTEM YCTaHOBKHU
OuTa ynpaBieHHUs 3axBaToM aHanoroBoro cpaBHeHuss ACIC aHamoroBoro cpaBHEHUs U
peructpa ACSR cocrosaus. CrneayeT OTMETUTh, YTO U3MEHEHUE UCTOYHUKA TPUTTEPA
MOKET IPUBECTH K 3aXBaTy BBOJIA, IO3TOMY I10CJIE U3MEHEHHUS! UICTOYHUKA TPUITEpa IS
ICF1 Heo6xoaumMo BBITIOTHUTH YETKYIO OIEpaInio, YTOObI H30€KaTh ONTHOOYHBIX
pE3yNbTATOB.

Curnan 3axBaTa BXOJHOTO CUTHAJIA IPOXOJUT YEPE3 TOMOIHUTEIbHBIN
IIYMOITOAABUTENb U OTIPABISAETCS K JETEKTOPY KPOMOK B COOTBETCTBHUHU C
KoH(urypamueit Ourta ynpapineHus Bpioopa Bxona 3axaTta ICES1, uToOb1 yOeauThes, 4To
oOHapy>KeHHbIN (PPOHT yAOBIETBOPSET ycinoButo Tpurrepa. lllymonoaaButens - 310
npocToi U poBoit PUIIBTP, KOTOPHIM YEThIpE pa3a MPOBEPSIET BXOJHOW CUTHAT U
BBIBOAUT HA BBIXOJI JIETEKTOPA, TOJIBKO KOTJIa YeThIpe 00pa3lia paBHBI.

[lIymononaButens ynpasisiercs outom ICNC1 peructpa TCCR1B, uto6st
BKJIFOYUTH WJIA OTKIIFOYUTH €TO.

[Tpu ucnons3oBanuu QPyHKIMU 3axBaTa BBoJa 3HaueHue peructpa ICR1 crnenyer
YUTATh KaK MOYKHO paHbIIE NOCJIe TOro, kak yctaHosieH ICF1, moTomy 4To 3HaueHHe
ICR1 6yznet 0OHOBIATHCS MOCIE CIAEAYIONIET0 COOBITUS 3aXBaTa.

PexoMenayeTcst BKIIOYUTH MPEpbIBaHUE 3aXBaTa BBOJa. B mo0oM pexume 3axBara
BBOJIa HE PEeKOMEHIyeTCsl n3MeHsATh 3HaueHue TOP Bo Bpems paboTel. BenaenHas meTka
BPEMEHH MOXKET HCIOJIb30BaThCA JJI pacueTa 4acToThl, pabovyero UKIIa U APYrux
XapaKTePUCTHK CUTHAA U CO3/IaHUA KypHaa i coObITHs Tpurrepa. M3mepenue
paboyero 1UKIIa BHEIIHETO CUTHANIA TpeOyeT, 4ToObI GPOHT Tpurrepa OblT U3MEHEH
noclie Kaxaoro 3axsara. CinegoBaTelibHO, GPOHT CUTHANA 3aMTyCKa JOJKEH ObITh Kak
MO>KHO ObICTpEee U3MEHEH Moce cunThiBanus 3HaueHus [CR1.



12.2.7. YnupapneHnue MEPTBbIM BpEMEHEM

Korna 6ur DTEN1 ycranoBinen Ha «1», pyHKIHS BKIIOUEHUSI MEPTBOTO BPEMEHH
axtuBupoBaHa. Berxoausie curaansl OC1A u OC1B OymyT BCTaBiIeHBI B 3aaHHOE
MEpTBOE BpeMs Ha OCHOBE (DOPMBI CHUTHAja, CO3aBaeMOTr0 BEIXOAHBIM CUTHAJIOM
cpaBHeHus B-kanana. JlJinHa - 3TO 3HAaY€HHWE BPEMEHH, COOTBETCTBYIOIIEE YUCITY
cueTyukoB B peructpe DTR1. Kak noka3aHo Ha puCyHKE HUKE, BCTABKHM MEPTBOIO
BpeMenu OC1A u OCI1B ocHoBaHbI Ha BEIXOAHOU (popme curHana kanana B. Korma
COMI1A u COMI1B sBnsitoTcs «2» uinn «3», nojigpHocTs curHasia OC1 A Takas ke, Kak
noJsisipHOCcTh opmbl curnania OC1B. Korga COM1A u COM1B «2» unu «3»
cooTBeTcTBeHHO, (hopma BosiHbl OC1A u dopma Bomusl OC1B onunakoBsl. [lonsipHOCTh
IPOTUBOIOJIOMKHA.

Bottom OCR1B TOP OCR1B TOP

Lol Lol !
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0oc1B | COM1B=3
OC1A | | COM1A=2
OC1A I | COM1A=3
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OC1B_pre | | COM1B=2
0oc1B | | COM1B=2
OC1A | COM1A=3
OC1A I COM1A=2

Puc.12. Koutpons meptBoro Bpemenu 1C1 B pexxume FPWM

Bottom OCR1B TOP OCR1B Bottom OCR1B TOP OCR1B  Bottom OCR1B

L A
TCNH/\/\/PCPWM

OC1B_pre | | | | | COM1B=3
oc1B I | | | I COM1B=2
OC1A | | | | | COM1A=3
OC1A | | | | | COM1A=2

Dead Time H H H H H

OC1B_pre | I | I | COM1B=2
oc1B | | | | | COM1A=2
OC1A I | | | I COM1A=3
0C1A | I | | | COM1A=2

Puc. 12. Taiim-Taiim TC1 B pexxume PCPWM



Korga 6ut DTEN1 yctanoBnen Ha «0», QyHKIIMS BCTABKH MEPTBOT'O BPEMEHHU
otkimoueHa. Beixonusie curtansl OC1A u OC1B sBasitores hopMaMy CUTHATIOB,
TE€HEPUPYEMBIMHU COOTBETCTBYIOIIMMU PE3YIbTATAMH CPABHEHUS.

12.2.8. BBICOKOCKOPOCTHOU PEKUM CcUeTa

B pexxume BBICOKOCKOPOCTHOM CUHXPOHM3ALIUH B KaU€CTBE UCTOYHUKA
CUHXPOHM3AIINU JIJI CUETUYMKA UCIIOJIb3YIOTCSI BHICOKOYACTOTHBIE TAKTHI JJIs1 TEHEpaIluu
BBICOKOUYACTOTHBIX M BEICOKOYACTOTHBIX CUTHAIOB PWM. DTOT BBICOKOUACTOTHBIN
TaKTOBBIN T€HEPATOP TEHEPUPYETCS MyTEM YMHOKEHHUS BBIXOJHOTO TAKTOBOTO CUTHAIA
rc32m BHyTpeHHero 32M RC-renepatopa B 2 pa3a. [losTomy nepen BXoA0M B
BBICOKOYACTOTHBIN peXUM HEOOXOIMMO BKIIOUUTH (PYHKIIUIO YACTOTHOTO YMHOKECHUS
BHyTpeHHero 32M RC-reneparopa, To ecth yctaHOBUTh OMT F2XEN B peructpe
TCKCSR u noxaatbcsi ONpeeICeHHOT0 BPEMEHHU JI0 T€X TOp, TTOKA BBIXOHOM CUTHAI
YMHOKEHHOT'0 TAKTOBOI'O CUTHAJIa HE CTaHeT cTa0mibHbIM. 3atem Out TC2XS1 B
TCKCSR moket ObITh YCTAHOBJICH JIJIs1 YCTAHOBKH CUETUMKA TalilMepa B PEKUME
BBICOKOCKOPOCTHOW CUHXPOHU3AIMU. B 3TOM peXuMe CHCTEMHBIE TAKTOBbIE UMITYJIbChI
Y BBICOKOCKOPOCTHBIE TAKTHI SIBJISIOTCS ACHHXPOHHBIMH, & HEKOTOPBIE PETUCTPHI (CM.
Crucok peructpoB TC1) paboTaroT B BHICOKOCKOPOCTHOM JIOMEHE TaK, 4TO
KOH(UTYpalys U CYUTHIBAHUE TUX PETUCTPOB TaKKE aCUHXPOHHBI, ¥ pU paboTe
HEO00XO0JIUMO COOII0/IaATh OCTOPOKHOCTD.

Het oco0bix TpeOOBaHMI1 K HECUHXPOHHBIM OINEpaIUsM YTEHUS U 3aIIUCH B
perucTpax B BHICOKOCKOPOCTHOM JJOMEHE CUHXPOHU3AIIUH.

[Ipu BBITIOTHEHUHU MOCTEOBATEIBHBIX YTCHUIN U 3aMUCH TIOI0KIUTE CUCTEMHBIC
TaKTBhl.

BrinonHuTe cieayronue maru:

5) 3anumure peructp A;

6) [onoxaute (NOP wmimu perucTprupoBaThCs MO/ ONEPAIIMOHHBIMKM CHCTEMaMH );

7) UteHue uiam 3anuch peructpos A wim B.

8) IMonoxaute (NOP wmu perucTpupoBaThCs MO/ ONEPAIIMOHHBIMU CHCTEMAaMH );

[Ipu yTeHuu peructpa B BHICOKOCKOPOCTHOM TAKTOBOM JJOMEHE MOYKHO CUUTHIBATH
PETUCTPHI C MUPUHON 8 OUT U 16 OUT.
3nauenue peructpa (OCR1A, OCR1B, ICR1, TCNTI1) cHavaia cuuThIBaeT 3HaUYCHUE
MJajiiero peructpa. [locie oxkuaanusi OTHOTO CUCTEMHOI'O TaKTa CUYUTHIBACTCS
3Ha4YEHHUE BBICOKOTO PErucTpa.

[Tpu urenun 3Hauenuss TCNT1, korma cueT4uK Bee €111e NOACUUTHIBACT, 3HAUCHUE
TCNT1 u3mensieTcs ¢ NOMOIIBIO BBICOKOCKOPOCTHOTO TAKTOBOT'O CUTHAJA, @ CUYETUUK
MOKeET ObITh mpuocTaHoBiIeH (ycTaHoBuTe CS1 Ha HONB). CHOBA MPOYUTANTE 3HAUCHUE
TCNT1.

Uto6s mpountath OCR1A, OCR1B u ICR1, BbInONHAUTE CIEAYIONINE TEHCTBHS:

1) Urenne OCR1AL / OCR1BL / ICR1L;

2) Oxwunanue cucteMHbix 9acoB (NOP);

3) IIpourure OCR1AH / OCR1BH / ICR1H.

[Tpu ytenuu TCNT1 BbIMONHUTE CIEAYIOIINE ACHCTBUS:



1) Ycranoute CS1 B HOJB;

2) Oxwunanue cucteMubix yacoB (NOP);
3) Cumrats 3HaueHue TCNTILL;

4) Oxxupanue cucteMubix yacoB (NOP);
5)[Tpoutnte 3Hauenue TCNT1H.

12.2.9. Peructpsl Onucanus

Cnucox pecucmpog TC1
3HayeHHe 1O

Peructp Anpec Onucanue
YMOJTYAHHIO
TCCR1A* | 0x80 0x00 Peructp ynpaBnenus A
TCCR1B * | 0x81 0x00 Peructp ynpasnenus B
TCCR1C * | 0x82 0x00 Peructp ynpasnenusi C
DSX1 0x83 0x00 Peructp ynpasiieHUsI HCTOYHHKOM TPUTTEpPA
TCNTIL * | 0x84 0x00 CyeTynK 3HAUYCHHIA - MJIaIIIHNA OalT
TCNTIH* | 0x85 0x00 CueTurK 3Ha4YEHUH - cTapmnii 6alT
ICR1L * 0x86 0x00 Peructp 3axBara - mutaaimuii 6aiT
ICR1IH * 0x87 0x00 Peructp 3axBara - crapuiuii 6aiT
OCR1AL * 0x88 0x00 Peructp cpaBHeHHUsT A BBIXOJHBIX JAHHBIX - MIIAIIIUNA OalT
OCR1AH * | 0x89 0x00 Peructp cpaBHeHUs A BbIXOAHbBIX JAHHBIX - CTApLINI OalT
OCR1BL * | Ox8A 0x00 Peructp cpaBHeHus: B BHIXOJHBIX TaHHBIX - MJIaJAIIUN OalT
OCR1BH * | 0x8B 0x00 Peructp cpaBHeHus: B BBIXOJHBIX TaHHBIX - CTapIINK OANUT
DTR1L * 0x8C 0x00 Peructp KoHTpoJIsI MEPTBOrO BpeMEHU - MJaAlInil OalT
DTR1H* 0x8D 0x00 Peructp KOHTPOJISI MEPTBOTO BPEMEHH - CTapIIuii OalT
TIMSK1 Ox6F 0x00 Peructp Macku npepbIBaHUN cueTUYMKa/TalimMepa
TIFR1 0x36 0x00 Peructp (naros nmpepsiBaHuil cueTurKa/TaiiMepa
TCKCSR1 | OxEC 0x00 Peructp cocTosiHUS M KOHTPOJIS CUETYHKA/TaliMepa

IIpumeuanue: Peructpsl ¢ «*» paboTalOT B CUCTEMHBIX U BHICOKOCKOPOCTHBIX
TaKTOBBIX IOMEHax. Peructpel 0e3 «*» paboTalOT TONBKO B JOMEHE CUCTEMHBIX TaKTOB.

TCCRI1A - Pecucmp ynpasnenus A

‘ TCCRI1A - Peructp ynpasiienust A

Anpec: 0x80 3nadenue no ymonyanuto: 0x00
Bur 7 6 5 4 3 2 1 0
Hma | COM1Al1|COM1AO0|COM1B1|COM1BO - - WGM11 | WGM10
R/W R/W R/W R/W R/W R/W R/W R/W RIW
bur Nwms OmnpenesieHnue 6uT
! COMIAL [TonpoGuee cMm. Onucanue TaOIMIIbl YIIPABIEHUS BHIXOAHBIM CPAaBHEHHEM.
6 COM1A0
> COMiB1 [TonpoGuee cMm. Onucanue TaOIUIIbl YIIPABIECHUS BHIXOAHBIM CPAaBHEHHEM.
4 COM1BO0
3:2 - 3ape3epBUPOBAHO
L WGMIL [TonpoGuee cm. Onucanue TaOIHIIBI PEKUMOB T'€HEPALIUN BOJTHEI.
0 WGM10




COM1x - Pexcum YnipaBaeHue cpaBHeHUueM 6e3 PWM

COM1x [1:0] Onucanue
0 OC1x otkirodeH, onepalis BBOJIa-BbIBOA OOIIETO Ha3HAUYCHUS
1 Iepexmtouenue curaaga OC1X Bo BpeMsi cpaBHEHUs
2 Ounctuth curnan OC1X Bo Bpemsi CpaBHEHUS
3 Ycranosure curnan OCI1X npu cpaBHEHUN

COM1x - Beictpeiv Pexxum PWM VnpaBiieHve cpaBHEHHEM

COM1x [1:0] | Onucanue
0 OC1X oTkiIrO4€eH, onepalys BBOAa-BbIBOAA OOIIET0 Ha3HAYCHUS
Kornma WGMI1 pagen 15: curnan OC1A nepexitoyaercsi BO BpeMs CpaBHEHUS,
1 a OC1B BeikiIO4aeTcs.
Korma WGMI1 sBnsiercst npyrum 3HaduenneM: OC1X oTkimrodeH, o01as onepamus
BBO/Ia-BBIBOJIA

2 Ounctka curnana OC1X Bo Bpems cpaBHeHus U ycraHoBKka curnan OCLX, korga
MIPOU30MIET MAKCUMAIILHOE COBIAJICHUE

3 Ycranoka curnana OC1x Bo Bpems cpaBHeHus u ounctka curaain OCILx, koraa
MIPOU30MIET MAKCUMAIILHOE COBITA/ICHUE

COM1x - Pexxcum PWM c koppekyuetl ¢paz YnpasieHue cpagHeHUeM

Onucanue

0 OC1X oTK;IIOYEH, OTepalys BBOIa-BbIBOJIA OOIIET0 HA3HAYCHUS

Korna WGMI1 pasen 9 niu 11: curnan OCL1A niepekiroyaeTcsi BO BpeMsi CpaBHEHUS,
OC1B BrIKITIOHaeTCS
Korna WGM1 sBasercs npyrum 3Hauenuem: OC1X oTkirodeH, o0ias onepaius BBoa-
BBIBOJA

Ounctka OCLX npu coBnaeHNH, KOTAa CYET BBEPX.
Ycranoka OC1X mpu coBnaieHuu, KOTJa CUeT BHU3.

Ycranoska OC1X rpu coBmajieHUH, KOT/1a CUET BBEPX.
OunctkaOC1X mpu coBMaJICHUH, KOT/Ia CUET BHU3.

TCCRI1B - Pecucmp ynpasnenus B

‘ TCCRIB - Peructp ynpasiaenusi B

Anpec: 0x81 3HavyeHne no ymondanuio: 0x00
Bur 7 6 5 4 3 2 1 0
Nms ICNC1 ICES1 - WGM13 | WGM12 | CS12 CS11 CS10
R/W R/W R/W - R/W R/W R/W R/W R/W

bur| HWwmsa Omnpenesienne OUT

Korga 6ut ICNCI ycraHoBieH B «1», MoJaBUTENb [ITyMa BXOIHOTO CUTHAJIa BKJTFOYEH.
B sT0 Bpems Bxox BHemHero koutakra ICP1 ¢unsTpyercs, 1 BXOJHON cUrHam
neiicTBUTENEH, KOT[a YeThIpe MOCIeI0BaTeNbHBIX BEIOOPKHU paBHbIL. DTa (QyHKINA
3anepxuBaeT 3axBar BBoja Ha 4 L{ukisl TaktoB. Ilpu ycranoBke 6ura ICNCI1 B «O»
Mo/1aBJICHHE [ITyMa 3aXBaTa BXOJHOTO CUTHAJIa OTKJIFOYAETCsl, @ BXOJI BHEIIHETO BHIBOJAA
ICP1 3axBaThIBaeT NPSIMBIM JICHCTBUEM.

7 | ICNC1

Korna out ICES1 ycranosnen B «1», nepeaHuii ppoHT BEIOPAHHOTO YPOBHS 3aITyCKaeT
3axBat BBO/a, a OuT ICES1 ycranoBneH Ha «0», 3aaHui GPOHT BHIOPAHHOTO YPOBHS

6 ICES1 [Bamyckaer 3axBatr BBoaa. Korga coObITHE 3aXBaThIBACTCS, 3HAUCHNUE CUCTUMKA
korupyetcst B peructp ICR1 u ycranaBnuBaetcst pnar ICF1 BBoga. Ecnu npepriBanue
BKJIIOYEHO, TEHEPUPYETCs IPEPhIBAHNE BBOJIA.




3ape3epBUPOBAHO
WGM13, WGM12, WGM11, WGM10 Bmecte o6pazyroT peskum WGM1 ynpaBneHus
reHeparnueii hopmbl BOHBI [3: 0] 471 yIpaBiIeHHs peKUMOM MOICUETa CYSTINKOB U
pexxumom renepanuu Gopmel curnana. [Togpoduee cm. B tabnuie Onucanuu pexxuma
reHepaly BOJHBL.

4 JWGM13

3 |WGM12

[pennenenue TaKTOB HCTOYHMKA CHHXPOHU3AIMU I CUeTYMKa BpeMeHH 0.
CS1[2:0]
0 Her uCTOYHMKA CHHXPOHHU3AIMHI, CTO-CYET
clksys
clksys / 8 u3 npennenurens

2 CS12 Onucanue

1 Cslil clksys / 64 u3 npeanenurens

clksys / 256 u3 npennenures

clksys / 1024 ot npemaenurens

0 CS10 Breminue taktel T1, Tpurrep co cnagarommm GpoHTOM

~NjojolR_lwiN)E-

Bremnue takTel T1, Tpurrep ¢ HapactaromuM GpPOHTOM

WGM1 - YnpaessieHue pexcumom ceHepauuu cuzcHaad.

0 Normal OxFFFF Hemennenno MAX

1 8-outHeiii PCPWM Ox00FF TOP BOTTOM
2 9-outHBIi PCPWM OxOIFF TOP BOTTOM
3 10-6utnseii PCPWM O0x03FF TOP BOTTOM
4 CTC OCR1A Hemennenno MAX

5 8-outHe1ii PCPWM Ox00FF BOTTOM TOP

6 9-6utHbiit PCPWM OXOIFF BOTTOM TOP

7 10-6utHBI 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 VY nepxanue - - -

14 FPWM ICR1 TOP TOP
15 FPWM 0CR1A TOP TOP

TCCRI1C - Pecucmp ynpasnenus C

‘ TCCRI1C - Peructp ynpasJjenus C

Anpec: 0x82 3naudenue no ymonyanuto: 0x00
bur 7 6 5 4 3 2 1 0
Hmsa FOC1A | FOC1B | DOC1B | DOC1A | DTEN1 - - -
R/W W W R/W R/W R/W - - -
Bbur| HUmsa Onpenesienne OUT
butr FOC1A akxtuBHbIHN TONBKO, Kora 6utel WGM omnpenensitor pexxum 6e3 PWM.
7 | FOCIAFCOoMIAT [ COMIAD Onncanue
0 0 Hopmanbeubix onepanuii mopra, OC1A oTKIIFOYEHO.




0 1 bucrabunbnas cxema OC1A Ha CpaBaenun Kommaparopa.

1 0 Ounctuts OCIA na CpaBHennn Kommnaparopa.

1 1 VYceranoButh OC1A na CpaBuel 'uu Komnaparopa.
Urenue FOC1A Bcerna Bo3Bpaiaer HOJb.

FOC1B

butr FOC1B aktuBHBIN TOMBKO, KOoraa 0utel WGM onpenenstor pesxkum 6e3 PWM.
COM1B1 | COM1B0 Onucanue
0 0 HopMmanbenbix onepanuii nopra, OC1B oTkitoueHo.

0 1 bucrabunpnas cxema OC1B na CpaBaennun Kommnapar! |pa.

1 0 Ouunctuts OCI1B Ha CpaBHenuu Komnaparopa.

1 1 VYceranoButs OC1B Ha CpaBaenuun Kommaparopa.
Urenue FOC1B Bceraa Bo3Bparaer HOJb.

DOC1B

Korna 6utr DOC1B ycTtaHoBieH Ha «1», akTUBUPYETCSl CUTHAJl CPAaBHEHMSI BBIKITIOUEHHS
ucrounuka 3amycka OC1B. Korma npoucxoaut coObITHE TpUTTEPA, allllapaTHOE
o0ecrieuenrie aBToMaTnuecku oTkarouaet BeiBoJ curnaina OC1B. Korga out DOC1B
ycTaHoBJIeH Ha «0», BBIXOJHOW CUTHAJ CpaBHEHUA BbIKIt0YeHUs ucrounuka OC1B
otkiodeH. Boixoxa curnana OC1B He oTKiIr04aeTcst Ipy BO3HUKHOBEHUHU COOBITHS
TpUITEpa.

DOC1A

Korna 6ut DOCI1A ycraHoBieH Ha «1», akTUBUPYETCSl CUTHAJI CPAaBHEHUS BBIKITFOUECHHUSI
uctounuka 3amycka OCIA. Korna npoucxoaut coObITHE TPUTTEPA, anmapaTHOE
obecneuenne apTomarnuecku oTkirodaeT BeiBoj curuaga OCl1A. Korga 6utr DOC1A
ycTaHoBJeH Ha «0», BBIXOAHOW CUTHAJ CpaBHEHUS BhIKIIOUeHUs uctounuka OC1A
otkitoueH. Brixox curnaina OC1A He OTKITI0YaeTCsl TPU BO3HUKHOBEHUH COOBITHS
TpUrrepa

DTEN1

Ecnu 6ur DTEN1 ycranoBinen Ha «1» - MepTBoe BpemenHu BkitoueHo. O6a OC1A u
OCI1B BcTaBisI0T MEPTBOE BpeMsl B (POPMY BOJIHBI, TEHEPUPYEMYIO BBIXOIHBIM
CUTHAJIOM CpaBHEHHUs B-kaHaia, a BCTaBJICHHBIN MEPTBBIA NHTEPBAJ ONPEIEISIETCS
BpPEMEHEM OTcueTa, cooTBeTcTBYoIMM peructpy DTR1. IlonspHocTs BEIXOAHOTO
curHana OC1A onpenensiercst cootBerctBreM Mexay COM1A u COMIB. Cm. OCIA
1151 TaOJMILIBI TOJIIPHOCTH CUTHAJIA TTOCJIe BCTAaBKM MepTBOro BpeMeHu. Kornma out
DTEN1 ycranoBieH Ha «0», BcTaBka MepTBOro BpeMeHnu 3amnpenieHa. Curnansl OC1A uf
OCI1B sBnsitoTcst popMaMy CUTHAJIOB, TeHEPUPYEMBIMUA COOTBETCTBYIOIIUMHU
pe3yJbTaTaMHi CpaBHEHUSI.

2:0

3ape3epBUPOBAHO

B Tabnuiie mokazaHo yrpaBiieHHE MOJSIPHOCTHIO BbixoHoro curnaina OC1A, korga
BKJIFOUEHO BPEMS OTKJIFOUEHHS.
KonTtpoas nomsipaoct popmbl curnania OC1A B pexxuMe BKIFOUCHHUSI MEPTBOT'O BPEMEHHU

COM1A | COM1B
DTEN1 [1:0] [1:0] Onucanne
0 ) i nossipaocth curHana OCLA, xortpommpyemast OC1A,
CPaBHHMBAET BBIXOJHOU PEKUM
1 0 - OCOA ortkitoueH, onepaiys BBOJa-BbIBOIa 00IIEro Ha3HAYCHHUSI
1 1 - 3ape3epBUPOBAHO
1 5 2 [Tomstproctu curHanoB OC1A u OC1B oamHakoBbI
3 [Monsproctu curnanos OC1A u OC1B npoTHBOIOIOKHBI
1 3 2 [Monsproctu curnanos OC1A u OC1B npoTHBOIOIOKHBI
3 [TonsspHoctu curnanoB OC1A u OC1B onnHakoOBbI




Ipumeuanue: IlonspHocTs BeixonHoro curHana OC1B ynpasnsercst pexxuMoM BbIBOIA
cpaBHeHusi OC1B, KOTOpPBI aHAIOTUYEH TOMY, KOT'/1a PEKUM MEPTBOTO BPEMEHH HE
BKJIIOUEH.

TCCRI1D - Pecucmp ynpasnenus D

TCCRID - Peructp ynpasJjenusi D

Anpec: 0x83 3nauenue no ymomdanuio: 0x00
bBur 7 6 5 4 3 2 1 0
Nmst DSX17 | DSX16 | DSX15 | DSX14 - - DSX11 | DSX10
R/W R/W R/W R/W R/W - - R/W R/W
bur HNmsa Onpenesienne OUT

[Tpu ycranoBke 6ura DSX17 B «1», nepenonnenue TCO akTuBUpyeTcs: B KaUeCTBE
HMCTOYHHMKA TPUTTEPA JIJIs BhIKItoUueHus curHajia cpapaeHust OC1X. Kornpa 6ut
DOC1 xpasen «1», Hapactatouuii GpoHT BEIOPAHHOTO (yiara mpepeIBaHHS
ABTOMATUYECKU OTKIIIOYaeT BeixoaHOM curHan OC1X. Ilpu ycranoBke Outa
DSX17 B «0» nepenostaenne TCO oTKIItOYaeTCst Kak UCTOYHUK TPUTTEpa IS
BBIKJIIOYEHHSI BBIXOJTHOTO curHaina cpaBHenus OCI1X.

7 DSX17

[Tpu ycranoBke 6uta DSX16 B «1» nepenonnenne TC2 akTuBUpYyeTCS B KAYECTBE
MCTOYHUKA TPUTTEpa JIJIS BRIKIIIOUEHUs curHana cpaBHeHuss OC1x. Korna out
DOCI1X paBen «1», HapacTaronuii GpoHT BEIOpaHHOTO iara MpepbIBaHUs
ABTOMATHYECKHU OTKIIF0YaeT BeixoHOM curHas OCLX. Ilpu ycraHoBke Outa
DSX16 B «0» nepenonnenne TC2 oTKIIOYAETCS KAaK UICTOYHUK TPUTTEpa JIJIs
BBIKJTIOUCHHSI BBIXOTHOTO cuTHaa cpaBHeHus OCLX.

6 DSX16

[Tpu ycranoBke 6ura DSX15 Ha «1» ypoBeHns u3menenus BoiBoaa 1 Bimovaercs B
Ka4yecTBE MCTOUHUKA TPUITEpa JUIsl BHIKITFOUEHHS BBIXOAHOM (pOpMBI cUTHaNA
cpaBuenust OC1X. Korma 6ut DOCI1X ycranosiieH B «1», nepeaauii GpoHT OUT

5 DSX15 peructpa (iara npepbiBaHHs BHIOPAHHOTO HCTOYHHUKA TPUITEPA aBTOMATHUECKU
otkiovaet BeixoHou curHan OCL1X. Ilpu ycranoBke 6mra DSX15 B «O»,
u3MeHeHrne BbiBoa 1 oTkIII049aeTcst Kak MICTOUHUK TPUITEPA JIIsl BHIKIIOUEHUS
BbIXO/IHOTO curHana cpaBHeHust OC1X.

Korna 6ur DSX14 ycranosnen B «1», Beninee [IpepbiBanue 1 Bkiiroyaercs B
KayecTBE MCTOUHMKA TPUITEpa /IS BHIKIIOUEHUS BBIXOAHOM CUTHAJIa CpaBHEHUS
OC1x. Korma 6ut DOCI1X paBen «1», nepeanuii ppoHT OHuTa perucrpa raxka
BBIOPAHHOTO MPEPBHIBAHUS ABTOMATUYECKH OTKJItOYaeT BeIxoqHOoU curHai OCI1X.
Korna 6ur DSX14 ycranosineH B «0», IlpeppiBanue 1 oTkii0uaeTcst Kak HCTOYHUK
TpUTTEpa ISl BBIKIIFOYSHHS BBIX0IHOTO curHana cpasHeHust OC1X.

4 DSX14

Korna 6ur DSX11 yctanosineH B «1», AHan0oroBbiii koMmnaparop 1 BKIIIOYEeH Kak
UCTOYHUK TPUTTEPA JJIS BBIKJIIOUEHUS BBIXOJHOM curHana cpaBHenuss OC1xX. Korna
o6ut DOC1xpasen «1», nepennuii GpoHT (hiiara npepbIBaHUs BHIOPAHHOTO
UCTOYHHKA TPUTTEpa aBTOMATUYECKH OTKItoYaeT BbixoaHou curnan OC1X. Korna
outr DSX11 paBen «0», AHaj0roBblii KoMnaparop 1 oTkiI0oUaeTCs Kak TPUTTED,
YTOObI OTKJIIOUUTH BBIXOAHOM curHan cpaBHeHust OC1LX.

1 DSX11

Korma 6ur DSX10 ycranosieH B «1», AHaJg0oroBbIid koMmnaparop 0 BKIIOYCH Kak
UCTOYHUK TPUTTEPA JJIS BBIKJIIOUEHUS BBIXOJHOM curHana cpaBHenus OC1xX. Koraa
outr DOCIX paBen «1», nepennuit GpoHT ¢uiara npepbIBaHUS BEIOPAHHOTO
UCTOYHHUKA TPUITEpA aBTOMATUYECKH OTKItoyaeT BbixonHou curnan OC1x. Korga
out DSX10 paBen «0», AnajioroBblii komnapatop 0 oTKIIt0O4aeTCs Kak TPUITED,
9YTOOBI OTKJIIOUUTH BBIXOAHOM curHan cpaBHeHust OC1LX.

0 DSX10




OC1A / OC1B - Omkawuums ynpassieHue Bblbop ucmovHuka

DSX1n
DOC1x S_ 1 Hcrounuk Onucanue
0 i i butr DOCOX paBen «0», (yHKIMS BBIKIIOUEHHS] HCTOYHHUKA
BBIXOJHOT'O CUTHAJa OTKJIIOYEHA.
A i . .
1 0 HalloTOBBIH [Tepennuii ppont ACIFO orkmouaer BeixoaHo# curaan OC1x
kommnapatop 0
AHaJIOTOBBIN . .
1 1 [Tepennuit hppont ACIF1 otkirrouaer Beixoanou curaan OC1x
xomnaparop |
B . .
1 4 HeTIHee [Tepennuit dppont INTF1 orknrouaet BeixoaHo curaan OC1X
npepbiBanue 1
N3menenue
1 5 YpOBHS [epeaunii ppont PCIF1 oTkirodaet Berxoanoit curnan OC1X
KOHTakTa 1
IT . .
1 6 epel.TI_(éIzH cHie [Mepennnii ppont TOV2 orkmrouaeT BerxoaHoi curaan OC1X
1 7 Hepeglr(ég{ CHue [epennnii ppont TOVO orkmrouaer Berxoanoi curaan OC1X

Ipumeuanue: 1) Korma DSX1n = 1 ykassiBaet, uto N-it 6ut peructpa DSX1 pasen 1,
OUTBI perucTpa MOryT ObITh YCTaHOBJIEHBI OJHOBPEMEHHO.

TCNTI1L - Cuemyux snauenuti - maaowui obaum

Anpec: 0x84 3navyeHue no ymondanuio: 0x00
bur 7 6 5 4 3 2 1 0
Mmsi  |[TCNTIL7|TCNTIL6JTCNTILS| TCNTILA|TCNTIL3JTCNTIL2|TCNTIL1|TCNT1LO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur| HWmsa Omnpenesienne OUT

Mnanmmii 6ait 3nadenus cyeruynka TC1. Peructper TCNT1H u TCNTIL
lo0bemuHens! s popmupoBanus 16-paspsaroro cuerdrka TCNTL1. Urenue u 3ammch
16-6utHbIX peructpoB TpeOyeT aAByXx onepauuid. [Ipu 3anucu 16-6utnoro TCNT1
|cnauana cnenyert 3anucatb TCNT1H. [lpu urennn 16-6utHoro TCNTI1 crauana
npountaiite TCNTIL.

[Tpu 3anucu B peructp TCNT1, 370 npeoTBpaTUT COBIIAJCHUE CPABHEHMSI B TEUCHHE

7:0 | TCNT1L [cnenytomero TakTa Taiimepa, jake €cii TaliMep OCTaHOBJEH. DTO MO3BOJISET HE

BBI3BIBATH NpepbIBaHUs NIpH paBeHCTBE 3HaueHn peructpa TCNT1 m OCRI1x. Eciamn
3HauyeHue, 3anucanHoe B TCNT1, paBHo niu Gombiue 3HaueHne OCR1x, cpaBHeHHe
|[Oyner morepsiHO, UTO MPUBEET K BOSHUKHOBEHHIO HETPABUILHON (hOPMBI CUTHAIA.
TaiimMep mpekpalaeT OTcueT, Korjaa MICTOYHUK CHHXPOHU3ALUHU He BeIOpaH, Ho LIITY Bce
erie MoxkeT moryduTh goctyn K TCNT1. Cuerunk 3amucu mporeccopa uMeet 0osiee
|BLICOI(I/II71 IPUOPHUTET, YEM ONepaIlHsi OUUCTKU MIIH JOOABJICHUS WJIM BHIYUTAHMSL.

TCNT1H - Cyemuux 3nauenuti Cmapwuii 6avim

‘ TCNT1H - Peructp cuetunkos TC1

Anpec: 0x85 3HaveHue o ymondanuio: 0x00
bur 7 6 5 4 3 2 1 0
Mmsi  |[TCNTIH7|TCNTIH6|TCNTIHS5TCNTIH4|{TCNTIH3JTCNTIH2JTCNT1IH1{TCNT1HO|
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur| HWmsa OmnpenesieHne OUT

7:0 |TCNTI1H|Crapmmuii 6aiiT 3HaueHus cuetyuka TCNT1. Cm. noscHenus TCNTIL




ICR1L - Pecucmp 3axeama Mnaowuii 6atim

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.

ICR1L - Pecucmp 3axeama Cmapwiuti 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 |Crapmmuii 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-paspsaaoro OCRIA. Urenue u 3anuch 16-OUTHBIX PETHCTPOB
TpeOyet nByx onepanuii. [Ipu 3anucu 16-6utHoro OCRI1A cHavana HE00X0IUMO
3arnucatb OCR1AH. Ilpu urenun 16-6utHoro OCR1A cnauana 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 OCRI1A ucnons3yer aBoitHOI OydepHbiit peructp. OnHako QyHKIHUS TBOMHOM
Oyepr3anuu OTKITFOYAETCS B OOBIYHOM peXXHME paOdOTHI M PEXKAME COTIACOBAHMSL.
JIBoitHast Oydepurzanust MOKeT CHHXpOHH3UPOBaTh oOHOBIeHHE peructpa OCRI1A ¢
MaKCHMaJIbHBIM WJIH MUHAMATBHBIM BPEMEHEM OTCUETa, IMPEA0TBpAIas TeHePaIUio
ACUMMETPUYIHBIX UMITYIIbcOB [IIMM 1 ycTpaHsst HEeKOppeKTHbIe UMITYIbChl. Koraa
MCIIONB3yeTCsl QYHKIUS TBOWHON Oydepusaruu, mporeccop 00pamaercs 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
bBur 7 6 5 4 3 2 1 0
HUma JOCR1AH7|JOCR1AH6|OCR1AH50OCR1AH4JOCR1IAH3IOCR1IAH2IOCR1IAHIJOCR1IAHQ]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bbur| HUmsa Onpenesienne OUT
7:0 JOCR1AH|Crapuuii 0aiit 3Hauenus perucrpa OCR1A. Cm. nosicienus OCR1AL
OCRI1BL - Pecucmp cpasnenus B ebixoonvix oannvix Muaowuii 6avim
‘ OCRI1BL - Peructp cpaBHeHusi B BLIXOAHBIX JaAHHBIX - MJIAIINH OalT
Anpec: OX8A 3nadenue o ymoadanuio: 0xX00
Bur 7 6 5 4 3 2 1 0
Hma |OCRI1BL7|OCR1BL6JOCR1BL5JOCR1BL4JOCR1BL3|OCR1BL2JOCR1BL1JOCR1BLO]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur| HWmsa OmnpenesieHue OUT
Munamammii 6aiT peructpa cpaBHeHus A. OCRIBL u OCR1BH o6beauHeHsI 11
|popmupoBanus 16-pazpsanoro OCR1B. Yrenue u 3anuck 16-OMTHBIX PETUCTPOB
TpeOyet nByx oneparuii. [Ipu 3anucu 16-6utHoro OCR1B cHauana Heob6xonumo
3anucatb OCR1BH. [lpu utenun 16-6utHoro OCR1B cnauana npountaiite OCRI1BL.
OCR1B nenpepsiBHO cpaBHUBaeTcs co 3HaueHneM cuetuynka TCNT1. ComocraBinenue
CpPaBHEHHSI MOYKET UCIIOJIb30BATHCS ISl TCHEPAIIUH MPEPHIBAHUS CPABHCHHS WITH JIJIS
reHeparnuu ¢hopmbl curdaia Ha BeiBoge OC1B. Ilpu ucnonb3oBanuu pesxkuma PWM
7:0

oOpamaercs kK OCR1B.

OCR1BLJpeructp OCR1B ucnons3yer nBoitHo# OydepHsiit peructp. OmHako GyHKIUS TBOWHOM
Igy(pepmaunn OTKJIIOYAETCsl B OOBIYHOM PEXHME pabOoThl U PEeXKHMME COTTIACOBAHUS.
JIBoitHast Oydepuzanns MoKeT CHHXpOHU3UpoBaTh 00HOoBIIeHUE perructpa OCR1B ¢
MaKCHMaJIbHBbIM WJIM MUHUMAJIbHBIM BPEMEHEM OTCUETA, IPEAOTBpAIlasl FeHEPALUIO
acCMMMeETpUYHBIX UMITYJIbCOB [IIMM u ycTpanss HekoppeKkTHbele uMnyibcel. Korma
ucronb3yeTcs QyHKIMs 1BOMHOM Oydepusannu, npoueccop odpamaercs K perucTpy

|6y(1)epa OCRI1B. Korga ¢yskius nsoiiHoM Oydepusaiuu oTKIF0YeHa, MpoIeccop

OCRI1BH - Pecucmp cpasnenus B vixoonvix oannvix Cmapwuii 6avim

OCR1BH - Peructp cpaBHeHus1 B BHIXOHBIX JaAHHBIX - CTAPIIMI OalT

Anpec: 0x8B 3naudenue no ymonyanuto: 0x00
bur 7 6 5 4 3 2 1 0
HUma JOCR1BH7JOCR1BH6JOCR1BH5/OCR1BH4|OCR1BH3|OCR1BH2JOCR1BH1|JOCR1BHO|
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur| Hmsa Onpenesienne OUT
7:0 JOCR1BH|Crapmmii 6aiit 3nHauenns peructpa OCR1B. Cwm. noscaenns OCR1BL
TIMSK1 - Pecucmp macku npepuvléanus cuemuuxa/maiimepa
‘ PerncTtp Mmacku npepbiBaHMH cUeTYMKA/TaliMepa
Anpec: OX6F 3Havenwue mo ymoiadanuio: 0x00
bur 7 6 5 4 3 2 1 0
Hms - - TICIE1 - - OCIE1B | OCIE1A | TOIEL
R/W - - R/W - - R/W R/W R/W
bur Nmn Omnpenesenne OUT




7:6 - 3ape3epBUPOBAHO

Korma 6ut ICIE1 ycranoBneH Ha «1» u rio0alibHOE pephIBaHNE YCTAHOBJICHO -
npepsiBanne BBoja TC1 BkitoueHo. Korma BBeneH Tpurrep 3axsara, TO €CTh

3) TICIE1

ycranosieH ¢aar ICF1 TIFR1, npoucxoaut npepeiBanue. Korna out ICIE] paBen

«0», npeprpiBanue BBoJa BXxoaHoro curHana TC1 oTkiro4eHo.

4:3 3ape3epBUPOBAHO

Korma 6ut OCIE1B, ycranoBiieH B «1» 1 171006ansHOE MIPephIBAHUE YCTAHOBIIEHO -
npepriBanue Kommnaparopa B CpaBaenue paspeiieHo. COOTBETCTBYIOIIEE

2 OCIE1B [mpepsiBanue Bomnonnsercs, ecnu CpaBaenne Kommaparopa B Taiimep/Cuetunk
MIPOUCXOAUT, TO ecTh, Korjaa out OCF 1B ycranaBmmuBaetcs B TIFR1. Korma out
|OCIE1B pagen «0» Bbixon TC1 npepsiBanust coBnaieHus B - oTkimroueH.

Korma 6ut OCIEQA, yctanoBieH B «1» u rmo0anbHOE IPephIBAHUE YCTAHOBJICHO -
npepriBanne Kommaparopa A CpaBHeHue pa3penieHo. COOTBETCTBYIOIIEE

1 OCIE1A |upepsiBanue Boimonusietcs, ecnu CpaBuenne Komnapatopa B Taiimep/Cuetunk
[IPOUCXOIUT, TO ecTh, kKoraa Out OCFOA ycranasnuBaercs B TIFRO. Korga 6ut
OCIEOA pasen «0» Bbixox TCO mpepblBaHUS COBIAICHHS A - OTKJIIOUYEH.

bur paspemenus npepsiBanus nepenonnenus TCO. Korna 6utr TOIEO ycranoBieHn

B «1», a ri1o0anbHOE MpephIBaHUE YCTAHOBIIEHO, IpepbiBaHue nepenoiaHenus TCO

0 TOIEL BKitoueHo. [IpepriBanue renepupyercs npu nepenonnenunu TCO, T. e.

ycranapnuBaetcs out TOVO B TIFR. Korma 6ut TOIEO paBen «0», npepriBaHue
nepenosHenus TCO OTKIII0YEHO.

TIFR1 - Pecucmp ¢hnacos npepuvisanuti cuemuuxa/matimepa

TIFR1 - Perucrp ¢uaros npepbiBanmii cuerynka/raiimepa

Anpec: 0x36 3HaueHue no ymonyanuo: 0x00
bur 7 6 5 4 3 2 1 0
Nms - - ICF1 - - OCF1B | OCF1A | TOV1
R/W - - R/W - - RIW R/W R/W
bur Nma Onpenesienne OuT
7:6 - 3ape3epBUPOBAHO

@nar 3axBara. ®nar ICF1 ycranaBiauBaercs, Korjaa NpoOUCXOJUT COOBITHE BBOAA.
Korna ICR1 ucnomns3yercs kak BepxHee 3HaUCHHE CUETUMKA, a 3HAUE€HUE cueTa
nocturaet 3HaueHus TOP, ycranasnuBaetcs ¢aar ICF1. Ecnu ans ICIE1L
5 ICF1 YCTaHOBJIEHO 3HaYeHHe «1» 1 yCcTaHOBJIEH (uiar riao0anbHOro MpepbriBaHus, OyaeT
resepupoBarhcs npepbiBanue BBoja. ICF1 Oyaer ouunieH aBTOMaTUYeCKH MpH
BBITIOJTHEHUH 3TOH MpoLeaypbl 00CTYKUBAHUS IPEPHIBAHUN UIH MOXKET OBbIThH
oumineH nmyrem 3anuck «1» B 6ut ICF1.

4:3 - 3ape3epBUPOBAHO
Boixon TC1 ¢nar cpaBuenust B. Korna TCNT1 pasen OCR1B, 6510k cpaBHEHHS
JlaeT CUTHaJl paBeHcTBa U ycraHaBinuBaeT Quiar cpaBHeHuss OCF1B. Ecnu ®nar
npepsiBanus cpaBHenue B OCIE1B ycranoBiieHo B «1», 1 ycTaHOBIIeH (iar
2 OCF1B rJ100aIbHOTO MPEPhIBAaHUS, Oy/IeT TeHEPUPOBATHCS MPEPHIBAHNE CPABHEHHUS C
pesynsratom B. @nar OCF1B ouunraercs aBTOMaTHYECKH TP BBITOJIHEHUU
IpoIeTypbl 0OCITYKUBAaHUS PEPHIBAHUS HIIM MOXKET ObITh OUHUIIIEH IIyTeM 3alliCh
«1» B 6ut OCF1B.

Boixon TC1 ¢uar cpaBaenust A. Korma TCNT1 pasen OCR1A, 6510k cpaBHEHHS
JlaeT CUTHaJl paBeHCTBa U ycraHasnuBaet (iar cpaBHenus OCF1A. Ecnu ®nar
npepsiBanus cpapHeHue A OCIELA ycranoBieHo B «1», 1 ycTaHOBJIEH diar

1 OCF1A r7100aIbHOTO MPepBIBaHuUs, OyJeT TeHEPUPOBATHCS MPEPHIBAHNE CPAaBHEHUS C
pesyiabTatoM A. ®@nar OCF1A ouunmaercss aBTOMaTUYECKH MPY BBHITTOJTHCHUH
IpoIeTypbl 0OCITY>KUBAHUS PEPHIBAHUS HIIK MOKET ObITh OUHUIIIECH ITyTeM 3aliCH
«1» B 6ut OCF1A.




TOV1

@nar nepenonnenus TCL. Kornaa cueTunk nepenoiHsercs, yCTaHaBIUBaeTCs ¢uiar
nepenosinennst TOV1. Ecnm Out paspemenus npepoiBanus nepenonaerus TOIEL
yCTaHOBJIEH Ha «1» 1 ycTaHOBIIEH (uiar r100anbHOro MpepbIBaHus, OyaeT
reHEepUpOBATHCS NpepbiBaHue nepenonHenus. TOV1 aBromaruyecku odnmiaercs,
KOTJIa BBITIOJHSETCS 3Ta MPOLEeypa MPEPHIBAHUS, NI €€ MOKHO OUYHUCTHUTD,
3anucaB «1» B out TOV1.

DTRIL - Pecucmp xonmpons mepmeozo epemeru Mnaowutl oatim

DTRIL - PerucTp KOHTPOJIsi MEPTBOI0 BpeMeHH - MJIAIINA OaiiT

Anapec: 0x8C 3Havenwue nmo ymomadanuto: 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
bur| HWmsa Onpenesenne OuT
Korna 6utr DTENT1 ycranoBnen B»1», OC1A u OC1B sBisiroTcsi 10NOTHUTENbHBIMU
7:0 | DTR1L |Bbixomamu, MepTBOE BpeMmsi, BcTaBiieHHoe Ha Bbixo OC1A, ompenensercst TakTaMu
cuetunka DTRIL.

DTR1H - Pecucmp konmpons mepmeozo epemenu Mnaowuti 6atim

DTR1H - PerucTp KOHTPOJIsI MEPTBOI0 BPeMeHH - CTApIINii 0alT

Anpec: 0x8D 3unauenue no ymomyanuio: 0X00
bur 7 6 5 4 3 2 1 0
HUma DTR1H
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur| HWma Onpenenenne OuT
Korga 6utr DTEN1 ycranosnen B»1», OC1A u OCI1B sBIStOTCS JOTIOTHUTEIHHBIMH
7:0 | DTRI1L [Brixomamu, MepTBO€E BpeMsi, BcTaBiieHHOe Ha Bbixoa OC1B, onpenensiercs Takramu
cuetunka DTR1H.

TCKCSR -TC Peeucmp cocmosnus u KOHMpOJs maKkmos

TCKCSR — KontpoJb TakToB u peructp cocrosinus 1C

Anpec: OXEC 3Havenue no ymondanuio: 0x00
bur 7 6 5 4 3 2 1 0
Nms - F2XEN | TC2XF1 | TC2XFO - AFCKS | TC2XS1 | TC2XS0
R/W - R/W R R - R/W R/W R/W
bur Nms Omnpenesenne OUT
7 - 3ape3epBUPOBAHO
Korga 6utr F2XEN ycranoBieH B «1», yaBoeHHBIH BbIx01 4acToThl 32M RC-
5 FOXEN reHepaTopa BKIIOUEH U BBIBOJSTCS BEICOKOCKOPOCTHBIE yackl 64M. Korna out
F2XEN ycranosnen B «1», yactotHblid yMHOkUTENb 32M RC-reneparopa
OTKJIFOUAETCS, a BEICOKOCKOPOCTHBIE Yackl 64M HE MOTYT ObITh BHIBEICHBI.
Korna 6ut TC2XF1 cunthiBaeTcs Kak «1», OH yKa3bIBaeT, YTO CUETYMK Taiimepa 1
5 TC2XF1 paboTtaet B pexxuMe BEHICOKOCKOPOCTHOM cuHXpoHu3amuu. Korma on paBeHn «0»,
cuetyrk | Talimepa paboTaeT B pekMe CUCTEMHBIX YacCOB.
Korga 6utr TC2XF0 cunthiBaeTcst kKak «1», 3T0 o3HavaeT, yto cuetyuk 0 Taitmepa
4 TC2XF0O [JpaboTaeT B pexkxrMe BRICOKOCKOPOCTHOM cuHXpoHu3anuu. Koraa on paBeH «0», 3T0
03HAyYaeT, uTo cyeTurk () TaiiMepa paboTaeT B peKUME CHCTEMHBIX YacOB.
3:2 - 3ape3epBUPOBAHO
ITpu ycranoske 6ura TC2XS1 B «1» BbI0OOp cueTunkal/Taiimepa 1 ast paboTsl B
1 TC2XS1 |BBICOKOCKOPOCTHOM pexkuMe cuHXpoHu3anuu. [Ipu ycranoske 6uta TC2XS1 B «0»
BbIOEpUTE cUeTUMK TaliMepa | 17151 paboThl B peKMMe CHCTEMHBIX YacoB.




ITpu ycranoBke 6ura TC2XS0 B «1» BbIOOp cueTunka/Taiimepa 0 s paboTsl B
0 TC2XS0 | pexume BHICOKOCKOPOCTHOM cuHXpoHu3anuu. [Ipu ycranoBke oura TC2XS0 Ha
«0» BeIOEpUTE cueTunk Taiimepa O st paboThl B peXKMME CHCTEMHBIX YacOoB.

13. TMRO / 1/3 llpenaeanreinb

o 3 10-pa3psiAHBIX MPEAACITUTEIS

e TCO, TC1 u TC3 mynpTuruiekcHslit npemaenuresb CPS310 B My IbTUIIIIEKCHOM
pexuMe

e HezaBucumplii pexuM npeasapurenbHoro aenurens 1C0 CPS310, TC1 CPS1,
TC3 CPS3

e (COpoc nMporpaMMHOTO 00eCIeUeHUsl MOIIEPKKU

13.1. O630p

B mynsTunnexcaom pexxume (PSS1 =0 u PSS3 = 0) TCO, TC1 u TC3 ucnons3yror
10-pa3psinubIil npenBapuTeabHbi neautenb CPS310, HO y HUX pa3HbIC HACTPOUKHU
pa3zeieHus.

B onnopazosom pexxume (PSS1 =1 u PSS3 = 0) TC1 nezaBucumo ucnosnb3yer 10-
paspsiasbiid npeasaputenbHbiid nenurens CPS1, a TCO u TC3 ucnonb3ytot 10-
pa3psaHbIN npeaBaputelbHbiid nenurens CPS310, HO UMEIOT pa3Hble HACTPOUKHU
JEJICHUS.

B oxnopazosom pexume (PSS1 =0 u PSS3 = 1) TC3 ucnonszyer 10-pa3psanbrit
npensapurenbbii aenurens CPS3 nezaBucumo, a TCO u TC1 ucnonssyror 10-
pa3psaHbIi npeaBaputesbHbiil Aenutens CPS310, HO UMEIOT pa3Hble HACTPOUKHU
JEJICHMUS.

B aBronoMHoM pexkume (PSS1 =1 u PSS3 = 1) TCO nezaBucumo ucnosnbzyer 10-
paspsaubii npeaBaputenbHblil genutens CPS310. TC1 nezaBucumo ucnonszyet 10-
paspsaubiid npennenurens CPS1, a TC3 He3aBuCHMO UCTIONIB3YET MPEABAPUTEIbHbBIN
nexuteiab CPS3.

Hwxecnenytomee onucanue ucnob3yercs A TCO, TC1 u TC3, rae n
npencrasiset 0, 1 unu 3.

rem2x—

. 10-bit Clock
~dkio | ] » 10-bit Clock Prescaler 310 g prescaler 1 3
—PSRSYNC—T ckio/8  clkio/64 clkio/256 clkio/1024 —PSRl/sJA

clkiof1024
—T1/3- LS i
Edge Det clkio/256
clkio/64
® clkio/8

T0 Sync L rr 1 S
Edge Det T

0 0
. Y ¥ Y ¥V Y Y Y _Y_ <1 Y Y Y Y Y Y Y ¥ Y A 4 h 4 Y N
\ / » /
— 050> | / pSsifan
dlkt0 CIkt1/3
v v

Puc. TCO/ TC1 / TC3 bnok-cxema mpeaBapuTEIbHOTO Pa3IeTUTENsI

L
L




13.1.1. BuyTpeHHU UCTOYHUK CUHXPOHHU3ALNH

[Tpu Hactpoiike CSn [2: 0] = 1 Tailmep 3 MOKET yHpaBJISTHCS TOIBKO CUCTEMHBIMU
taktamu clkio. Cuetunk Taitmepa 0 uinu 1 MokeT OBITH HETOCPEICTBEHHO U3 CUCTEMHOTO
TaKTOBOTO curHaa clkio uimM BHICOKOCKOPOCTHOTO TAKTOBOTO CHTHAA rcm2X
(BHYTpeHHHUI BbIXOIHOM curHai reneparopa 32M RC Ha 2 YacTOTHBII MHOKUTED).

[Ipennenurens MOXKET BHIBOAUTD YETHIPE pa3Hbie TakTOBbIe yacTOThL: clkio / 8, clkio / 64,
clkio /256 u clkio / 1024.

13.1.2. llpenaenurens COpoC MyJIbTUIIIIEKCUPOBAHHOTO PEXKUMA

ITpu ycranoBke 6uta PSS1 B «0», a 6ut PSS3 - «0», TCO, TC1 u TC3
UCIIONB3YIOT NpenBaputenbubiil nenutens CPS310. I[pennenurens paboraer
HE3aBUCUMO, U €T0 paboTa He 3aBUCUT OT JOTUKH BhIOOpa TakToB TC, 1 OHa pazaensercs
TCO, TC1 u TC3.

[TockonbKy yripaBiaeHUuE BEIOOPOM TAKTOB HE BIMSIET, COCTOSIHUE MPEICTUTENS
BIIMSICT HA IPUMEHEHHUE Pa3/IeNICHHBIX TaKTOB. D¢ (HEKT reHepupyercs, Korjaa TaiMep
BKJIFOYEH, a BBIXOJI IPEIBAPUTEILHOTO ACJIUTENS BEIOpAaH B KAU€CTBE HCTOYHUKA
cuerynka (6 > CSn [2: 0] > 1). D1o Moxket 3aHATH OT 1 10 N + 1 CHCTEMHBIX TaKTOB C
MOMEHTA BKIIFOUEHHSI TaiiMepa J10 MepBOro cyera, rae N - KoappuuueHT
MpeABapUTENbHOrO MacTabupoBanus (8, 64, 256 nmu 1024). MoxHo
CUHXPOHU3HUPOBATH TaliMep U padOTy MPOrpaMMbl, COPOCUB MTPEABAPUTEIbHBIN
nenurenb. Ciaepyer, 0IHaKO, OTMETUTh, UTO APYrod TallMep UCIOIb3YET 3TOT
MIpEeABAPUTENLHBIN IeTUTENb, U COPOC MPEAISTUTEINS TOBIUSIET HA BCE TaMEPBI,
MOAKIIFOUEHHBIE K HEMY.

13.1.3. PexxuiM 0JTHOKPATHOTO MCIOJIb30BAHMSL.

Korma 6ut PSS1 ycranosnen B «1», TC1 ucnonb3yet npeaBapuTelbHbIN ASIUTETh
CPSI1 ne3aBucuMoO, a mpeIBApUTEIBHBIN JenuTeNb cOpackiBaeT OuT PSRI.
CooTBeTCTBYIOITHE COPOCHI paOOTAIOT HE3AaBUCUMO U HE BIUSIOT Ha JAPYTHE
MIPEAJIETUTENH.

Korma 6ut PSS3 ycranosnen B «1», TC3 ucnonb3yeTt npeaBapuTeIbHBIN ACIUTETH
CPS3 nezaBucumo, a cOpoC mMpeBapuUTEIHLHOTO NSTUTENs yrpasisercs outom PSR3.
CooTBeTcTBYIOIIHME COPOCHI pabOTAIOT HE3AaBUCUMO U HE BIIUSIOT Ha JPYTUe
MpeAICTUTENH.

Korga 6ut PSS1 ycranosiien B «1», a out PSS3 ycranosinen B «1», TCO
HE3aBUCUMO MCTOJB3YyeT npeaBapurtenbubiil genurens CPS310. Copoc
npeaBapurenbHoro Aenurens kKoutpoaupyercst ourom PSRSYNC. TC1 nezaBucumo
UCIIOJIb3YET npenBaputenbbiil Aenurens CPS1, a TC3 nucnonbs3yercs HE3aBUCUMO.
[Ipennenurens CPS3, kaxaplii cOpackiBaeMblil OTJEIBHO, HE BIUSET HA IPYTHe
MpEBAPUTEIbHBIC JETUTEH.



13.1.4. VIcTOYHHUK BHENIHUX YaCOB

BHenrnmnii HICTOYHKK CUHXpOHU3aIUH, obecrieunBaeMslii BeiBogom 10 / T1 /T3,
MO>KET HCIIOJIb30BAThCS B KAYECTBE UCTOUYHMKA TAKTOBBIX UMITYJIbcOB. CHrHai Ha
BbiBosiax TO / T1/ T3 ucnonb3yercs B KaueCTBE UCTOYHUKA CHHXPOCUTHAJIA TIOCTIE
CUHXPOHHBIX JOTHUECKHUX U PpoHTOB AeTekTopoB. Kaxmsiii ppont (CSn [2: 0] =7) win
cnagatoruii GpoHT (CSn [2: 0] = 6) OymeT reHepupoBaTh UMITYJIBC CUETA.

BHenHui NCTOYHUK CUHXPOHU3AUMU He nojaercs B [Ipennenurens.

N3-3a HAIMUMs CXeM CUHXPOHU3AlUU U 0OHApYKeHUs (J)POHTOB Ha BBHIBOJAX,
n3meneHnue ypoBHs B TO / T1 / T3 nomxHO OBITH OTJIOKEHO Ha 2,5-300 CUCTEMHBIX 4acOB
JUTsl OOHOBJICHHS CUETUHKA.

OTKJTII0YEHKE WU BKITFOUYEHHE BXOJHOT'O TAKTOBOIO CUTHANA JIOJKHO 3aHUMATh, 110
MEHBIIIEH Mepe, OJIMH CUCTEeMHBIN TaKTOBBIN UK 10 Toro, kak TO / T1 /T3 Gyxaer
CTaOWJIBLHBIM, B IPOTUBHOM CJIy4ae CyIIECTBYET BO3MOXHOCTh T'€HEpaIK OIIMO0YHOT0
TaKTOBOI'O UMITYJIbCa CUETUHUKA.

Jlnst obecnieyeHust IpaBUIIbHOW BBIOOPKH IIMPUHA BHELITHETO TAKTOBOTO UMITYJIbCA
JOJIKHA OBITH OOJIBIIE OJJHOTO TAKTOBOTO IIUKJIA CUCTEMBI.

[Tpu 50% -HOM pabouem LMKIIE BHEIIHSS TAKTOBAs YaCTOTa JOJKHA ObITh MEHBIIE
MOJIOBUHBI TAKTOBOM YaCTOThI CUCTEMBI. [3-3a pa3HMIIBI B YACTOTE U paboyeM IUKIIE
CHUCTEMBbI, BbI3BAHHBIX COOCTBEHHOM OIIMOKOM reHepaTopa, pEKOMEHIYETCsI, UTOOBI
MaKCHUMallbHas YaCTOTa BHEITHUX YacoB He mpesbimana f sys /2.5.

13.1.5. Peructpel Onucanus

GTCCR - pecucmp xoumpons cuemuuxa 0ouieco Ha3Ha4eHus

\ GTCCR - perucTp KOHTPOJIsSI CUETYHKA 001IeTr0 HA3HAYEHHSI

Anpec: 0x43 3Havenue no ymondanuio: 0x00
bur 7 6 5 4 3 2 1 0
Nms TSM - - - - - PSRASY |PSRSYNC
R/W R/W - - - - - W W
bur Nmn Omnpenesenne OUT

but ynpasnenus cunxponusanuei taiimepa. Korna out TSM yctanoBieH B «1»,
3TO PEKMUM CUHXPOHM3AIMH CYETUNKA BpEMEHH. B CHHXpOHHOM pexnMe,
3HavyeHus 3anucannble B 6utel PSRASY u PSRSYNC, ynepxuBatorcs, u

COOTBETCTBYIOIIHI MPEIBAPUTEIHHBIN IETUTENh BCETIa COpAChIBACTCS. DTO
rapaHTHUPYET, YTO COOTBETCTBYIOIIMNA CUETUUK TaiimMepa OyJaeT OCTaHOBIIEH U
HAaCTPOEH Ha OAHO U TO ke 3HaueHue. Korma out TSM ycranosiieH B «0», OUTHI
PSRASY u PSRSYNC ounmatorcst annapaTHbIM 00ecrieueHUeM, U CUETYUK
TaliMepa HaYUMHAeT paboTaTh OJTHOBPEMEHHO.

7 TSM

6:2 - 3ape3epBUPOBAHO

1 PSRASY Cwum. Onucanue perucrpa tanimepa TC2.

ITpennenurens CPS310 cOpackiBaer koHTposibHbIe OuT. Korma 6utr PSRSYNC
ycTaHOBJIEH B «1», mpeaBaputenbHbiid qenutenb CPS310 6yner copomen. Korma
6ut TSM He ycraHnoBieH, annapaTHoe obecrieuenue ounmaetr out PSRSYNC
nociie copoca. Ecim 6ut PSRSYNC ycranosien Ha «0», 3HaueHre mapameTrpa
HeneicTBuTenbHO. B mynpTuminexcHom pexxume TCO / TC1 / TC3 coBmecTHO
UCTIONB3YIOT NPEABAPUTEIbHBIN IEINUTEINb, U COpOC OYyAET BIUATH HA ITH TPU
Taiimepa. B aBTOHOMHOM pexkume cOpoc BiusieT Toiabpko Ha TCO. 3nadyeHue amst
YTEHUs ATOTO OmTa Beeraa oynet «0».

0 | PSRSYNC




PSSR- Pecucmp svibopa npedenumens

| GTCCR - perucTp KOHTPOJIsSI CHeTYHKA 001er0 HA3HAYEHHU S

Anpec: OXE2

3HaueHue no ymosyanuto: 0x00

bur 7

6 5 4 3 2 1 0

HUmsa

PSS1

PSS3 - - - - PSRASY |PSRSYNC

R/W

R/W

W W

bur

HNms

Onpenesienne OUT

PSS1

ITpu ycranoBke 6uta PSS1 B «1», TC1 ucnonb3yeT TOJIBKO MpeIBapUTEIbHBIN
nenutens CPS1. Korma 6ut PSS1 ycranosien B «0», mpekiaupaTop
mynbTuiekcupyercsa. TCO u TC1 coBmecTHO ucnonb3yroT [Ipeaaenurens
CPS310. Ilpennenurens CPS1 neneiicrButenex u Bcerga 6yner copomen. Ecnu
out PSS3 pasen «0» ognoBpemenno, TC3 u TCO u TC1 coBMECTHO UCTIOJIB3YIOT
[Mpeanenurens CPS310. Ilpennenurenu CPS1 u CPS3 saBistorcs
HEeJCHCTBUTENBHBIMU U OYAYT cOpachIBaThCs BCE BPEMSL.

PSS3

[Tpu ycranoBke 6ura PSS3 Ha «1», TC3 ucnonb3yeT TOIBKO MpeaBapUTEIbHBINA
nenutens CPS3. Ecnu 6ut PSS3 ycranosnen Ha «0y», mpexiaupaTop
myapTuiuiekcupyercs. TCO u TC3 coBmecTHO ucnonb3yrot [Ipennenurens
CPS310. Ilpennenutens CPS3 neneiictBurenex u Becerna oynet copomien. Ecnu
out PSS1 pasen «0» ognoBpemenHo, TC1 u TCO u TC3 coBMECTHO UCHOIB3YIOT
IIpennenurens CPS310. Ilpegnenurenu CPS1 u CPS3 aBnstorcs
HEJICHCTBUTEIILHBIMU U OYIyT cOpachIBaThCsl BCE BPEMS.

5:2

3ape3epBUPOBAHO

PSRASY

[pennenmurens CPS3 cOpacwiBaeT KoHTposbHBIE OUTHL. but PSR3 neiicrBurencH
TOJIbKO B oiHOpa3oBoM pexume TC3. Korga 6ut PSR3 ycranosnen B «1»,
npeaBapuTeNbHbi qenmutens CPS3 6yaer cOpomen. Amnmapat ounctut 6uT PSR3
nocie copoca. Ecnu 6ut PSR3 ycranosneH Ha «0», ycTaHOBKa HeJleHCTBUTENbHA.
3HaveHHe NIl YTCHHS 3TOro Outa Beceraa Oyaet «0».

PSRSYNC

[Tpennenurens CPS1 cOpaceiBaer 6ut ynpasnenus. but PSR1 geiictButenen
ToJIbKO B oiHOpa3oBoM pexume TC1. Korga out PSR1 ycranosnen B «1»,
npenBaputenbHblii genurens CPS1 Oyner copomen. Anmnapat ounctut 6ut PSR1
nocie copoca. Ecnu 6ut PSR1 ycranoBnen Ha «0», ycTaHOBKA HEIEWCTBUTENbHA.
3Ha4yeHue 17 YTeHHs 3Toro outa Beerna Oyner «0».

14. Taiimep / Cuetunk 2 (TMR?2)

8-pa3psIHbIi CUETYUK
JIBa HE3aBUCUMBIX OJIOKa CpaBHEHUS
ABTOMaTHUYECKas OUUCTKA CYETUYMKA U aBTOMATUYECKas 3arpy3Ka IPU COBIAJCHUH

CpaBHEHUS

HINM-BbIxon ¢ (ha30BOM KOppeKIueh 6e3 UMITYJIbCOB MTOMEX

I'eneparTop yacToThI

CueTurK BHEITHUX COOBITHI

10-pa3psanblil npeaBapUTEIbHBINA AETUTENb YaCOB

[lepenosiHEHNE U CpAaBHEHHUE COBIAICHUN

Pazpemuts ncnonas3oBanue BHenHero kpuctawia RTC ¢ yactoroit 32,768 kI’



14.1. O630p

Clock Generator |

Pin Mux :
Clock ‘
Prescaler T/C
Pin Mux 1052

Oscillator

Counter

¥

OCR2B

h 4 h 4

Compare . . s Pin Mux m=a U(ZB

Puc.14.1. CtpykrypHas cxema TC2

Waveform Generator

h 4

Control

TC2 - 310 8-pa3psHbIi CYSTUYNK CUCTUUKOB OOIIET0 HAa3HAYCHUS, KOTOPBIM
nmoiep kuBaeT Bixog PWM 1 MOXeT TOYHO reHeprpoBaTh (POPMBI CUTHAJIOB.

TC2 comgepxuT 8-pa3psaHbii CYCTUUK, OJIOK YIIPABICHUS PEKUMOM TeHEpaIun
CUTHAaJa U JiBa OJIOKa CpaBHEHHMS BbIBOJA. BJIOK ympaBieHUs peKUMOM T'e€Hepaluu
BOJTHBI YTIPABIISIET PEKUMOM paOOTHI CYETUHKA ¥ opMUpOBaHUEM (HOPMBI CUTHAIIA
CpaBHEHUS. B 3aBUCUMOCTH OT pekUMa paOOTHI CYETUYNK OUHUIIACT, YBEIMUYUBACT VIIH
ymeHbInaeT Kaxaeiid cueT TakToB Clkt2. Clkt2 MoxeT ObITh CTCHEpUPOBAH U3
BHYTPEHHETO UCTOYHUKA CUHXPOHU3ALMH WM BHEITHETO UCTOYHUKA CUHXPOHHU3ALIUH.

[Tpu ncnonw3oBanuu BHemHero kpuctamia 32,768 kI'n TC2 moxer
HCMOJIb30BaThCs Kak cueTunk RTC.

Korna 3nauenue cuetunka TCNT2 cueTdynka 10CTUTaeT MaKCUMAJIbHOTO 3HAYEHUS
(paBHOE MakcumanbHOMY 3HaueHuto OxFF unmu peructpoBoMy peructpy cpaBHEHUS
OCR2A, onpeaensieMmomy kak TOP, MakcumaiibHOE 3HaueHue onpenenserca kak MAX
JUTSL pa3IUYEHUs ), CYETYMK OUMIIaeTcs Wiv Beluntaercs. Korna 3HaueHue cueTynka
cyetunkoB TCNT2 gocturaetr MUHUMAaJIBHOTO 3HaueHus (3kBUBajeHTHO 0x00,
onpeneneHHoe kak BOTTOM), cuetunk yBenuuuBaercs. Korna 3HaueHue cueTyuka
TCNT2 cuerunka nocturaer OCR2A / OCR2B, koTopoe TakXe BbI3BIBACTCS, KOT/1a
MIPOUCXOJIUT CpaBHEHUE, BhIXoiHOM curHai cpaBHeHust OC2A / OCR2B ouuninaercs win
yCTaHaBJIUBAETCS JJIsl reHepanuu curnana M.

14.2. Pe:xumbl padoThl

CueTunk TaliMepa 2 UMEET YeThIpE Pa3IMUHbIX pekuMa padoThl: pexum Normal,
Compare Compare Clear (CTC), monynsitiusi ¢ ObicTpoit mupuHoit umiyibcoB (FPWM)



U pexuM (Ha30BON KOPPEKIIHMH C IMUPOTHO-UMITYIbCHON Moayisiueit (PCPWM).

buTthel ynipaBienus pexxumom redeparuu cursaioB WGM2[2: 0] aiist Beioopa.
Hwxe onmcanst 3Tu yeThipe pexuma. [10CKObKY CyIIeCTBYIOT IBa HE3aBUCUMBIX OJIOKa
CpaBHEHMS BbIBOJIa, 0003HAYEHHBIE COOTBETCTBEHHO «A» U «B», HUKHUN BBIXOJHOM «X)»
WCITOJIB3YETCS IJIS TIPEICTABJICHHS KAHAJIOB JIBYX OJIOKOB CpaBHEHUS BBHIBOJIA.

14.2.1. HopmanbHBII pexum

HopMmallbHBIN peXUM - 3TO CaMbIil IPOCTOM pexuM pabOThl CHETUHKA TaliMepa.

B ato Bpems out WGMZ2[2: 0] = 0, a makcumanibHOe 3Hauenrne TOP cueTumnka -
MAX (0xFF). B atom pexxrMe CUETUHMK YBEIMYUBAECTCS HA OJUH I KaXKJIOTO TaKTa
cyera.

Korpa cuetunk nocturaetr nepenonnenus TOP, on Bo3Bpamaercs B BOTTOM,
yTOOBI CHOBA HauaTh HaKaruiuBaTh dar nepenoaHeHus cuerdyrka raiimepa TOV?2
yCTaHaBIIMBAETCS B TOM e TakTe cyera cuerunka TCNT2, 3HaueHue KoToporo
CTaHOBUTCS PABHBIM HYIIIO.

®nar TOV2 B 3TOM pexrme MOX0XK Ha 9-i1 OUT cyeTurka, OH OyJIeT yCTaHOBIICH U
He OyJIeT OYHIIIEH.

[Tpouenypa o6ciyKUBaHUs MTPEPhIBAaHUS MEPEIIOTHEHUS] ABTOMATUYECKU OYHIIAET
dbaar TOV2, u nporpaMMHOe 00€CTICUCHHE MOXKET MCTIOIB30BaTh €T0 JIJISl YBETHUCHUS
pa3penieHus CYeTUMKA.

B HOpManbHOM peXUME HET CIEHAIBHOIO Cy4asi, U HOBbIE 3HAUECHMSI CUETa
MOTYT OBITh 3alKCaHbl B TI000E BpEMSI.

dopma curHaia BEIXOAHOTO curHaia cpaBHeHUs OC2X MOKeT OBITh TIOTy4YeHa
TOJIBKO TOT/Ia, KOT/Ia PETUCTP HANpaBleHUs JaHHbIX BbiBoa OC2X 3a/1aH KaK BBIXO/I.
Korma COM2x = 1, curnan OC2x OyAeT nepekIroueH Mpu COBNaJACHUHN CpaBHEHUs. B
3TOM CJIy4ae 4YacTOTy (pOpPMBbI BOJIHBI MOKHO BBIUMCIIHUTD IO ClEAyIOLEl Gpopmyie:

f oc2xnormal =fsys/ (2 * N * 256)
rae N - o6o3navaer Koaddbunment npegnenurens (1, 8, 64, 256 wim 1024).

Mopyinb cpaBHEHUS PE3YyJIbTATOB MOKET UCIOJIB30BATHCS JJISl TEHEPALIUU
MIPEPBIBAHNS, HO IIPEPBHIBAHUS HE PEKOMEHAYIOTCS B HOPMAJIIBHOM PEKHUME, KOTOPBIN
MOTPEOISET CIUIIKOM MHOTO BPEMEHH IIpoLieccopa.

14.2.2. Pexxum CTC

Koraa ycranosneno 3nauenne WGMO [2: 0] = 2, cueTuuk/Taiimepa 2 nepexoauT B
pexum CTC, a MakcumanbHoe 3HaueHue cuetunka TOP — OCR2A. B atom pexume
CUYETUMK YBEJIMYMBAETCA HA EIUHUILY JUUIS KaXKI0ro cueTurka yacoB. Korna 3HaueHnue
cuetynka TCNT2 paBuo TOP, cueTunk ouuniaercs.

OCR2A ompezensieT MaKCUMaIbHBIN CUET, KOTOPBIH SIBISIETCSA pa3peiieHueM
CYETUMKa. DTOT PEXKHUM MO3BOJISAET MOJIH30BATENIO JIETKO KOHTPOJIMPOBATh YaCTOTY
BBIXOJITHOTO CUTHAJIa CPABHEHUS, A TAKXKE YIPOIIAET ONEPALIMIO 0/ICYETa BHEIIHUX
coOpiTuid. Korga cueTdnk 1OCTUraeT MaKCMMaJIbHOTO 3HAYEHUSI CUETUHKA,
ycranaBnuBaercs (uar coorBerctBust OCF2 Ha BbIXO€, U IpephIBaHKUE OyIeT



TreHEPUPOBATHCS, KOT/Ia YCTAHOBJIEH COOTBETCTBYIOIINI OUT pa3penieHus pepbIBaHUS.

Peructp OCR2A, KOTOpbIH SBISIETCS MAaKCUMAIbHBIM KOJIMYECTBOM, MOXKET ObITh
O0OHOBJIEH B TIpoLIeIype 00CTyKuBaHus pepbiBanuii. B aTom pexxume OCR2A He
HCIIONB3YET JIBOMHYIO Oyepuzanuio.

Baumanmue: npu o6HOBIIeHHU MakcuMmanbHoro 3HadeHnst OCR2A 1o
MUHUMAJIBHOTO 3HAaYCHHUsI, KOT/Ia CYETUYUK paboTaeT ¢ mpeaBapUTEIbHBIM JEIUTEIEM HITN
6e3 Hero. Ecmu 3Hadenwue, 3anmrcanHoe B OCR2A, menbiie Tekyriero 3nadenus TCNT2,
CUETUMK NPOMYCTUT PABEHCTBO cpaBHEHUsA. llepen TeM, Kak IpOU30UIET Clenyroniee
CpaBHEHUE, CUETUUK JJOJDKEH MpocuuThiBaTh 10 TOP, a 3aTeM nmoacuuThIBaTh OT
BOTTOM no OCR2A.

Kak u B 00bIYHOM pexuMe, 3HaUeHHE count BO3BPAIIAETCS K CUETY CUETUYMKA
BOTTOM, uto0b! yctanoButh uiar TOV2.

dopmMma curHaia BHIXOJIHOTO curHaia cpaBHeHuss OC2X MOKeT ObITh TOJTydeHa
TOJIBKO TOT/Ia, KOT/Ia PErUCTp HalpaBieHUs JaHHBIX BbiBoga OC2X 3a/1aH KaK BBIXO/I.
Korna COMOx = 1, curran OC2x nepexirovaeTcs Ipu paBeHCTBE CPAaBHEHU.

B aTom ciydae yactoTy (hOpMbI BOJTHBI MOXHO BBIYMCIUTH MO CIEAYIOMIEN
dhopmyie:

foc2xctc=fsys/(2* N * (1 + OCR2x))

rae N - o6o3navaer Koaddunment npeanenurens (1, 8, 64, 256 unu 1024).

N3 dpopmynel BusHO, uto kKorna OCR2A 3anano paBabiM 0x00, u HeT
MIPEBAPUTEILHOTO JICITUTENIS, MOXKET OBITh MOJIYYCH BBIXOIHOW CUTHAJI ¢ MAaKCUMAJIbHOU
gacToTo f sys / 2.

14.2.3. beictpsiii pexxum PWM

Korna ycranosneno 3nauenne WGM2([2: 0] = 3 wim 7, cyeTdyuk 2 TaliMepa BXOJIUT
B pexuM ObicTpoit PWM 1 MOKET MCIIONB30BaThCS ISl TeHEPAIIUH BHICOKOYACTOTHBIX
curHasios HI1M.

Maxkcumanbaoe 3Hauenue cueta TOP paHo MAX (0xFF) i OCR2x
COOTBETCTBeHHO. Pasnwuiia mexmy ObicTpbiM pesxkimoM PWM u npyrumu pesxxumamu
PWM 3akirouaeTcst B TOM, YTO 3TO OAHOCTOPOHHSAS onepanusi. CYETYMK CUUTAET 10
TOP ot MunumansHoro 3HadeHus 0x00, a 3arem copaceiBaeTcs B BOTTOM s
noBTopHoro nojacuera. Koraa 3nauenue cuera TCNTO nqocturaer OCROX unu
BOTTOM, Beixoanou curnan cpaBHeHus OCOX ycTaHaBIMBAETCS UM OYMIIAETCS B
3aBUCUMOCTH OT HACTPOMKH pexkruMa BbiBoAa cpaBHeHHs COM2X.,

[ToapoOHocTu cM. B onmcanuu peructpa.

N3-3a omHOCTOPOHHEH paboTHl paboyast yacToTa pexxuma osicTpoit PWM B nBa
pasa Boile, ueM B pexxume PWM c¢ dazoBoit Mmonudukaimen, HCoib3ys
JIBYHAIIPABJICHHYIO OTEPAIUIO.

BrIcOKkOUacTOTHBIC XapaKTEPUCTHKH JEIa0T ObICTPBIA pexkuM PWM noaxoasimm
JUISl PETyIMPOBaHUs MOIIHOCTH, BbITIpsiMiieHus: U ipuMenenus [{AIL. BricokoyacToTHbIE
CUTHAJIbl MOTYT YMEHBIIUTh Pa3MeEP BHEUIHUX KOMIIOHEHTOB (MHAYKTUBHOCTh, EMKOCTh U
T. 1.), TeM caMbIM CHUXasi CTOUMOCTb CUCTEMBI.

Korpa 3HaueHue cueta JOCTUraeT MakKCUMalbHOTO 3HAYEHUS, YCTaHABIINBAECTCS
dnar nepenoyiHeHUs cueTynka Taitmepa TOV?2 u 3HaueHue 6ydepa cpaBHEHHS



OOHOBJISIETCS 10 3HAYECHUSI CPABHEHHMSI.

Ecnu npepsiBanue BriatoueHo, peructp OCR2x Oydepa cpaBHEHUST MOXKET OBITh
OOHOBJIEH B MPOLIEAYpE 00CTyKUBaHUA MTpephIBaHuil. Dopma cUrHana BEIXOJAHOTO
curnazna cpaBHeHust OC2x MOXKeT ObITh MOJTy4YeHa TOIBKO TOTJA, KOT/Ia PETUCTP
HampaBlieHus! JaHHbIX BbIBoia OCOX 3a/1aH KaK BBIXO/I.

YactoTy hopMbI BOJTHBI MOKHO BBIYUCIIUTE TIO CERyIomen Gopmye:

foc2xfpwm =fsys/ (N * (1 + TOP))

rae N - o6o3navaer Koaddbumuent npepaenurens (1, 8, 64, 256 wim 1024).

Korna Bctpeuaercst cpaBuenue mexay TCNT2 u OCR2x, reHepatop GopMsl
curtana (ounmaet) curnan OC2x. Korga TCNT2 ouuniaercs, renepatop ¢GpopMbl BOJTHbBI
ounmiaeT (ycranaBnuaet) curHan OC2x st renepaiuu Bosiabsl [HTUM.

B pesynbrate sxcTpemanbHoe 3HaueHne OCR2x co3mact crienuainbHyto Gopmy
HINUM. Korma OCR2x ycranosneH B 0x00, Berxoguoi [IIMM nmeeT y3kuii BCTUIECK B
kaxoM (1 + TOP) cuetunke gacoB. Korma OCR2x ycTaHOBIEH Ha MAaKCHUMAJIbHOE
3HAYEHHE, BBIXOJHON CUTHAJI MOCTOSIHHO BBICOKWI WJIM HU3KH.

14.2.4. Pexxum PWM c xoppekuumeit da3

Korma ycranosiero WGM2[2: 0] = 1 uim 5, cuetunk 2 TaliMepa BXOJIUT B PEKUM
PWM c (da3zoBoii koppekiuei, a MakcuMalibHOe 3HaueHue cuetunka paBHo MAX (0xFF)
i OCR2A cootBeTcTBeHHO. CUeT4HK pabOTaeT C IBYXTOYEUHBIM IIarOM OT
BOTTOM no TOP, a 3atem BHu3 1o BOTTOM u nosTopseT 3Ty onepauuto. Koraa
cuetuynk gocturaeT TOP u BOTTOM, 06a n3MeHSIOT HalpaBJICHUE MOJICUeTa, a
3HAYEHUE CYETYMKA OCTAETCs TOJbKO Ha oJlHOM cuere TakToB TOP wiin BOTTOM.

Bo Bpewmst miporiecca nmpupalieHus: Uiy yMEHbIICHHS, KOT/1a 3HAYEHUE CUETYMKA
TCNT2 cornagaer ¢ OCR2x, BeixoHOM curHai cpaBHeHUs: OC2X OyAeT OUMILECH WIN
YCTaHOBJICH B 3aBUCUMOCTH OT HaCTPOUMKHU pexkuma BbiBoja COM2X.

[To cpaBHEHHIO C OJTHOCTOPOHHEHN pabOTON MaKCUMaIbHAs 4YacTOTa, TOCTYITHAs
JUTSI IBYHAIIPaBJICHHOW paOOThI, MEHBIIIE, HO €€ OTIMYHASI CUMMETPHsI 00Jiee TOIXOIUT
IUIs1 YTIPABJIEHUS IBUTATEIIEM.

dazoBas koppekuus B pexxume PWM dnar TOV2 ycranaBinuBaetcs, Korjaa
cuetunk nocturaer BOTTOM, a Oydep cpaBHeHUs: OOHOBISETCS 10 3HAUCHHUS
CpaBHEHUsI, korga cuetuuk gocturaetr TOP.

Ecnu npepsiBanue BkitoueHo, peructp OCR2x Oydepa cpaBHEHUS MOXKET ObITh
OOHOBJICH B TIpolieaype 00CTyKuBaHUs NpephiBaHnd. Dopma curHasia BEIXOHOTO
curnaia cpaBHeHus OC2x MOXeT ObITh MOJy4eHa TOJIBKO TOTJa, KOT/Ia PeTUCTp
HarpaBJeHus JaHHBIX BbIBoga OC2X 3a/1aH KaK BBIXO/I.

YacTtoTy hopMbI BOJIHBI MOKHO BBIYHCIIUTH 110 CIENYIONIEH hopmyIie:

foc2xpcpwm =fsys/ (N * TOP * 2)

rae N - ko dunuent npeasapurensHoi mkansl (1, 8, 64, 256 wiu 1024).

Bo Bpems nepepacuera reHepaTop CUTHAJIOB OYMINAET (YCTAHABIMBAET) CUTHAJ
OC2x, xorna TCNT2 cootBerctByer OCR2X.

Bo Bpems mozacueTa, reHepaTop CUTHAJIOB YCTaHABIMBAET (OUMIIIAET) CUTHAT



0C2x, kornga TCNTZ2 cootBercTByeT OCR2X. M3-32 3TOr0 3KCTpeMalibHOE 3HAUEHUE
OCR2x renepupyert crnenuanbayto Boaany PWM. Korga OCR2x ycTaHOB/IEH Ha
MaKCUMaJIbHOE UM MUHUMAJIbHOE 3HAYeHHE, BIX0MHOU curHaT OC2X ocTaeTcsi HU3KUM
WJIM BBICOKHM.

Yrtobbl 00ecnieunTh CUMMETPUIHOCTD BbIx0AHOM [IIMM-BomHBI ¢ 060eux cTOpoH
MUHHUMAJIEHOTO 3HaueHus, curHain OC2x Oyner mepeBepHyT B IBYX Clydasx, KOTa
COBIAJICHUE CPABHEHMS HE POU30MET.

[epBslii citydaii - koraa 3HaueHrne OCR2xX u3MeHsIeTcsi ¢ MaKCUMalIbHOTO
sHadyeHus: 0xFF na npyrue nannsie. Korma OCR2x sBisieTcss MaKCHMAaJIbHBIM
3HAUYE€HUEM, a 3HAUCHHE CUETa JIOCTUTAeT MAKCUMAIIbHOTO 3HaueHus, BbixoJ OC2X
COBIAJACT C Pe3ybTaTOM CPAaBHEHHUs B MpeablayIieM cuetuuke, T.e. OC2x He
u3mensiercs. 3nadenue HoBoro OCR2x (ne 0xFF) oOHOBIsieTcs B 3TO Bpemsi. 3HaueHUE
OC2x coxpaHnsieTcs 10 TeX Mop, MOKa He MTPOU30MUIET COBMAJCHIE CPAaBHEHUS, U
nmpou3oiaeT canbTo. B 3ToM cirydae curaan OC2x HE SBISICTCS CUMMETPUYIHBIM
OTHOCHUTEIFHO MHHUMAJIBHOTO 3HAUYCHHSI, TOATOMY curHaia OC2xX HeoOX0oauMO
nepekoyath, korna TCNT2 gqocturaeT MakCHMaJIBHOTO 3Ha4YCHHS. TO €CTh, HET
MIEPBOTO CiTydasi ompoKuabIBaHus curHama OC2X Mpu COBIAICHUH CPABHCHHSI.

Bo BTopoMm ciydae, korma TCNT2 HaunHaeT oTcueT ¢ 6051e€ BBICOKOTO 3HAYCHHS,
yem OCR2xX, cpaBHEHHE CPAaBHUBAETCS C MMOTEPSIMHU, UTO BBHI3BIBAET ACUMMETPHUIHYIO
cutyaruio. Taxke HeoOxoaumo nepeBepHyTh curHan OC2x A JOCTHKEHUS
CUMMETPHUH C 00EUX CTOPOH MUHUMAJIBHOTO 3HAUYCHHUS.

14.2.5. AcuHXpOHHBIN pexuM padoTsl TC2

Korma 6ut AS2 B peructpe ASSR ycranosnen B «1», TC2 paboraer B
ACUHXPOHHOM PEXHME, a ICTOYHUK CUETUYHKA - OT FeHepaTopa BHEITHETO CUETUHKA
taiimepa. [Ipu pabore TC2 B aCHHXpPOHHOM PEKUME CIEAYET YUUTHIBATh CIICAYIONINE
MOMEHTHI.

[lepexiouenne. Ilepexon MeXTy CHHXPOHHBIM U ACHHXPOHHBIM PEKUMOB MOXKET
npuBecTH K nopexacHuio gaHHbIXx TCNT2, OCR2A, OCR2B, TCCR2A u TCCR2B.
[Tponeaypa 6€30MacHOCTH BBITJISIUT CICAYIOIIUM 00pa3oM:

1. Ouuctute 6utsl perucrtpa OCIE2A, TOIE2 u OCIE2ZB, 4T06bI OTKIIIOYNTH
npepbiBanus TC2.

2. YcranoBute 6uT AS2 st BBIOOpa COOTBETCTBYIOLIETO UCTOYHUKA CUHXPOHU3ALIMH.
3. 3anucath HOBBIE gaHHBIe B perucTpbl TCNT2, OCR2A, TCCR2A, OCR2B u
TCCR2B.

4. Tlpu mepeKIIoueHuH B aCHHXPOHHBIN PeXUM Moa0xkauTe, moka outel TCN2UB,
OCR2AUB, TCR2AUB, OCR2BUB u TCR2BUB He OyayT OYHUIIIECHBI.

5. CopocbTte duiar npepriBanus TC2.

6. BxurounTe npepbiBaHus, KOTOPbIe HEOOXOIMMO UCIIOIB30BaTh.

I'eneparop. Jlnsg reHeparopa Jydiiie BCEro UCIOIb30BaTh PE30HATOP C YACTOTOMN
32,768 xI'11. YacToTa TaKTOBOM 4aCTOTHI CHCTEMBI JJOJKHA OBITH OoJiee 4eM B 4 pa3a
BBIIIIE, YEM YACTOTA PE30HATOPA.

Korma CPU 3anuceiBaeTr TCNT2, OCR2A, TCCR2A, OCR2B n TCCR2B,



anmnapaTHoe oOecreueHrne CHayana MoMeaeT JaHHbIe B OJIOKHOT U 3allEJIKUBAETCs B
COOTBETCTBYIOIIMI PETUCTp Mocye HapacTaromiero ¢ponTa AByx TaktoB TOSCI.

HoBsie oneparun 3anicy JaHHBIX HE MOTYT BBIMIOJIHATHCS 10 TE€X MOP, TTOKa
JaHHbIE HE OyyT 3a(pUKCUPOBaHBI ¢ OJIOKHOTA B PETUCTPE HA3HAYEHUS.

Kaxx1p1il peructp uMeet cBoi COOCTBEHHBIN perucTp, no3romy 3anuck TCNT2 ne
MemaeT Hanucanuo OCR2.

ACHHXPOHHBIN PETUCTP PETUCTPOB COCTOSIHUSI UCIIOIb3YETCS JJIsi IPOBEPKHU, OBLIH
JIM TaHHBIE 3aMHUCaHbl B PETUCTP Ha3HAUCHUSI.

e Ecmu TC2 ucnonp3yeTcs Kak yciaoBue MpooyxkaeHus B pexkume oxumaanus MCU,
€ro HeJb3s BBECTH JI0 KOHIIA KaKI0TO OOHOBJICHUS PETUCTpA.

Crstmii pesxkum, nHaue MCU moskeT nepeiT B CISIIIU peskKuM 710 TOTO, Kak
HacTpoitka TC2 BcTynut B cuity, moaToMmy | C2 He MOXET pa30yIUTh CUCTEMY.
Cucrema.

e Ecmu TC2 ucnonb3yercs Kak yCIoBHUe MPOOYKACHUS T PEKUMA 0XKUTAHUS
MCU, Heo0xo1uMo MPUHATH MEPHI JUISI IOBTOPHOTO BXO/A B CISIIIAIA PEXHUM. B
Jlnis ipepbIBaHusl TOTUKH TpeOyeTcs, YTo0bl TakToBbIN KT TOSC1 Obin
cOpolLeH, eciii BpeMst OT MpoOY>kKIeHUs 10 IOBTOPHOTO BX0/]a B COH MEHbIIIE
OJTHOTO
Jist TakToBBIX 1IUKIIOB TOSC1 npepsiBanue 0osibliie HE OYIeT TPOUCXOIUTh, U
YCTPOMCTBO HE MOXKET MPOCHYThCSI. PekoMeHayeTcs cieyromuii MeTo 1 paboThI:
1. BBenuTe COOTBETCTBYIOLIME IAHHBIE B KaXKIbI pETUCTp;

2. llopoxaute, moka ASSR 00HOBUT COOTBETCTBYIONIMI OUT (pyiara 3aHATOCTH.
3. BoiiauTe B CIISIIIMI PEKUM.

e Ecnu BbIOpaH aCHHXPOHHBIN PeXUM paboThI, reHepaTtop TC2 OyaeT mpoaomxKaTh
paboTaTh, €CIM OH HE MEePEXOAUT B PEKUM BBHIKITIOUEHUs. [lomp30BaTenn JOMKHBI
00paTuTh BHUMAaHUE Ha
Bpemst ycTaHOBIIEHHS STOTO OCHIIUISITOPA MOXKET COCTABIISATh A0 | CeKyHBI.
[ToaTOoMy MOJIB30BATENIO PEKOMEHAYETCS KIaTh, IO KPAWHEN MEPE, MOCIIE
BKJIFOUEHUs TenepaTopa TC2.

UYepes 1 cekyHIy UCTIONB3YHTE aCHHXPOHHBIN pexkuM padoTsl TC2.

IIpocuyTthes. [IpoOykaeHue B CIAILIEM peXUME B ACHHXPOHHOM PEXUME padOThI:
MOCJIE BBIMOJHEHUS YCIIOBUS PEPBIBAHUSA MTPOLIECC MPOOYKIECHNS HAUMHAETCS CO
CJIEAYIOLIETO 3aIlycKa Taiimepa. To eCTh CUETYMK HAKaIlJIMBAET, 110 MEHbLIEH MEpE, €111
OJIMH TAaKT, IIPEXK/E YEM IIPOLIECCOP CMOXKET CUMTHIBATH 3HAUEHUE cyeTyuka. llocie
npoOy:xiennst MCU BbINOJIHAET Mpolieypy o0CTyKMBaHUs TPEPhIBAHUMN, a 3aTeEM
3aIyCKaeT nporpammy, clieayrounryto 3a oneparopom SLEEP.

Yurars. Urenue TCNT2 B TeueHne KOPOTKOro MEPUO/Ia BPEMEHH TTOCIE
poOYKJICHUS U3 CISIIETO PeKUMa MOXKET BO3BpaIiaTh HeBepHbIe NaHHble. [[ocKombKy
TCNT2 ynpaBinsercss acHHXpPOHHBIM TakTOBbIM curHasioM TOSCI1, cunteiBanue TCNT2
JIOJKHO BBITIOJHATHCS Y€pe3 BHYTPEHHUN CUHXPOHU3UPOBAHHBIN IO CUCTEME PETUCTP.

CuHxpoHH3a1Us TpoUCcXoauT Ha nepeaneM pponrte kaxxaoro TOSCI1. Korga
CHUCTEMHBIC YaChl aKTUBHPYIOTCS MTOCIIE MPOOYKACHUS U3 CISIIETO PEKUMa, 3SHAUCHHE
TCNT2 cumntaercs nepe BXOJOM B CILILINI peXUM U HE OyAeT OOHOBIATHCS 110
cnenytomiero Bocxossmiero gpporara TOSCI.

®aza TOSCI1 noJHOCTBIO HENPEICKa3yeMa, KOT/ia OHa MPOCKINAETCS U3 CIAIIETO
pekuMa, HO 3aBUCUT OT BpeMeHH npoOy:xaenus. [loaTomy pexomenayemast



MOCJIEIOBATENbHOCTD JUIA cUNThIBaHus 3HaueHust TCNT2:
1. Hanmummure npousBosibHOe 3HaueHne OCR2A win TCCR2A;

2. [lopoxnute, moka He OyAET OUUILEH COOTBETCTBYIOLIUI (piar 3aHATOCTH OOHOBJICHUS;
3. [Ipoutute TCNT2.

ACHHXPOHHBIN. B aCHHXpOHHOM pexXuMe JJIsl CHHXPOHU3AIlUU (iara mpepbIBaHus
TpedyeTcsi 3 CUCTEMHBIX TaKTOBBIX IIMKJIA IUTIOC | Taiimepa.

CueTurK HaKarIMBaET, IO MEHBILIEH Mepe, ellle OJUH TaKT, npexae yeM MCU
CMOJKET MPOYUTATh 3HAUCHHUE CUETUHKA, KOTOPOE MPUBEIIO K YCTAaHOBKE (hiara
npepbiBaHus. VI3MEHEHUE BBIXOJIHOTO CUTHAJIA CPABHEHUSI CHHXPOHU3UPYETCS C YacaMu
TaiiMepa BMECTO CUCTEMHBIX YaCOB.

14.2.6. TlpegnenurensC2.

BxoHO# TaKTOBBIN cUTHAN JJ1s IpeaBapuTenbHoro aenurens TC2 Ha3plBaeTCs
clkt2s. BHyTpeHHuUii CHCTEMHBIN TaKTOBbIM curHai clkio uiy BHEITHUN UCTOYHUK
cunxponuzauu TOSCI1 BeiOupaercs 6utom AS2 B peructpe ASSR. [1o ymonuanuto
UCIIOJIb3YETCsl MOJIKIIIOUeHHE K cucteMHoMy TakTy clkio. Ecimu AS2 ycranosnen, TC2
Oynet acuaxpoHHo yrpasisaTeess TOSCI.

Korna Baemnnit Moantop 32,768 kI 11 noakiroueH k koHTakTy TOSC1 u BeIXOIY
TOSC2, TC2 moxet ucnionszoBarbcs Kak cuetyuk RTC. He pexoMeHayeTcs npuMeHsITh
BHEIIHUM TAaKTOBBIN CUTHAJI HEMOCPEACTBEHHO K Bbhixoay TOSCI.

Ha pucynke Bbilie oka3aH npeaBaputeabHbli genutens 1 C2. Kak mokazano Ha
PUCYHKE, BO3MOXXHBIMU MMapaMeTpaMu MPEeABAPUTEILHOTO MACIITAOUPOBAHUS SIBJISIFOTCS
clkt2s / 8, clkt2s / 32, clkt2s / 64, Clkt2s / 128, clkt2s / 256 u clkt2s / 1024. Kpome Toro,
BbI MOkeTe BeIOpaTh CIKt2s u 0 (cTom-cuer).

but B PSR2 B SFIOR c6poca npenBaputenbHbIM I€TUTEIEM, TEM CaMbIM MTO3BOJISIS
MOJIH30BATENIO PA0OTATh C MPEICKA3yeMOM IETUTEIIEM.

clkio—»
— kt2s——» 10-bit Clock Prescaler
Toscl-» -

A

A
AS? clkt2s/8 clkt2s/64 clkt2s/256

clkt2s/32 clkt2s/128 clkt2s/1024
PSRZ
0
Y \ 4 Y Y \ 4 \ 4 Y \ 4
(52 >
clkt2
\ 4

Puc.5 Ctpykrypa [Ipennenurens TC2



14.2.7. Peructpsl Onucanus

Cnucox pecucmpog TC2

3Ha4YeHue Mo

Peructp Anpec Onucanue
YMOJTYAHHIO

TCCR2A 0xBO0 0x00 Kontponbnsrii peructp TC2 A
TCCR2B 0xB1 0x00 Kontposbnsiii peructp TC2 B

TCNT2 0xB2 0x00 Peructp 3nauyennii cuetrunka TC2
OCR2A 0xB3 0x00 Peructp cpaBHeHUs BBIXOIHBIX JaHHBIX |C2 A
OCR2B 0xB4 0x00 Peructp cpaBHeHMs BEIXOIHBIX JaHHBIX |1 C2 B

ASSR 0xB6 0x00 ACHHXpOHHBIN peructp coctossaus TC2
TIMSK?2 0x70 0x00 Peructp macku nipepsiBanust TC2

TIFR2 0x37 0x00 Peructp ¢umara npepeiBannii TC2

TCCR2A - Pecucmp ynpasnenus TC2 A
\ TCCR2A - Peructp ynpasienusi TC2 A

Anapec: 0xBO 3nadenue no ymoayanuro: 0x00
bur 7 6 5 4 3 2 1 0
Nmn COM2A1| COM2A0 | COM2B1 | COM2B0 - - WGM21 | WGM20
R/W R/W R/W R/W R/W - - R/W R/W
bur Nms Onpenesenne OUT
! COM2A1 [HonpoOuee cm. Onucanue TaOIUIBI YIIPaBICHUS BHIXOAHBIM CPAaBHEHHUEM.
6 COM2A0
> COM2B1 [Toapo6uee cm. Onucanue TaOIUIIBI YIIPABICHUS BBIXOJIHBIM CPABHEHUEM.
4 COoM2B0
3:2 - PesepBupoBano
L WEM21 [TonpoGuee cm. Onucanue TaOIHIIBI PEKUMOB T€HEPALIUU BOJIHEI.
0 WGM20

TCCR2B - Pecucmp ynpasnenus TC2 B
‘ TCCR2B - Peructp ynpasienuss TC2B

Anpec: 0xB1l 3nauenue no ymonyanuto: 0x00
but 7 6 5 4 3 2 1 0
Nms FOC2A | FOC2B - - WGM22 CS22 CS21 CS20
R/W W W - - R/W R/W RIW RIW
bur| HWmsa Omnpenesenne OUT
but FOC2A akTuBHBII TONBKO, Koraa 6utel WGM onpenenstor pexum 6e3 PWM.
COM2A1 | COM2A0 Onucanune
0 0 Hopmanbabix onepauunii nopra, OC2A OTKIHOYEHO.
7 | FOC2A 0 1 bucrabunbnas cxema OC2A Ha CpaBHenuu Kommaparopa.
1 0 Ounctuts OC2A na CpaBHennn Kommaparopa.
1 1 YceranoButh OC2A Ha CpaBHenuu Kommaparopa.

Urenne FOC2A Bcerna Bo3BpaiaeT HOJIb.

6 | FOC2B




butr FOCOB aktuBHBIN TOMBKO, Koraa 0utel WGM onpenenstor pesxkum 6e3 PWM.

COM2B1 | COM2B0 Onucanue
0 0 Hopwmanbhabix onepauuii nopra, OC2B oTKIII0YEHO.
0 1 bucrabunbnas cxema OC2B na CpaBaennn Kommnaparopa.
1 0 Ouunctuts OC2B Ha CpaBHenuu Komnaparopa.
1 1 Ycranosuth OC2B na CpaBuennu Komnaparopa.

Urenne FOC2B Bcerna Bo3Bpaiaet HOJb.

54 PesepBupoBano

WGM22,WGM21 u WGM20 Bmecte obOpasyrot pexxum WGMO ynpasieHus
rerepauueit Gopmsl BoHbI [2: 0] 11 ynpaBiIeHHs PeKUMOM MOACYETa CIETYUKOB U
pesxuMoM reHepanuu Gopmsl curtana. Ilogpoduee cM. B onucanun Tabnuiel pexxuma
reHepaluy BOJHBI.

3 JWGMO02

HpezmeneHI/Ie TAKTOB UCTOYHHKA CHUHXPOHH3AIWU IJId CHCTYUKA BPpCMCHU 0.
2 CS22 CS2[2:0] Onucanne
0 HeT HCTOYHNMKA CHHXPOHU3AIMHU, CTOI-CUET

clksys
clksys / 8 u3 mpenenuTens

1 cs2l clksys / 32 u3 npeapnenurens

clksys / 64 w3 npepnenurens

clksys / 128 u3 npenaenuresst

0 CS20 clksys / 256 u3 npenenuress

NoOjOoA~JwOIN|IE-

clksys / 1024 ot npemnenurens

COM2n - Beictpbiv Pexkum PWM YnpaBsieHue cpaBHEHUEM

COM2x1 | COM2x0 Onucanune
0 0 Hopwmanbnbix onepauuii nopra, OC2A pa3zbeauHsIeTcs.
0 1 PesepBupoBano

Ounctute OC2A na CpaBHenun, ¥YcranoButh OC2A B ocHOBE

1 0 .
(HEMHBEPTUPYIOIIUIN PEXKUM)

Ycranosuts OC2A Ha CpaBrHenun, Ounctuts OC2A 8 BOTTOM
(MHBEPTUPYIOUINI PEXUM)

COM2n - Pexxcum PWM c koppekyuet ¢pa3 YnpasieHue cpasHeHUeM

COM2x1  COM2x0 | Onucanue
0 0 Hopwmanbubix onepanuii nopra, OC2A pa3zbeauHseTcs.
0 1 PesepBupoBano.

Ouncrute OC2A na CpaBHennn Komnaparopa korna Cuet Beepx.

! 0 Ycranosnennslii OC2A Ha CpaBHennn Kommnaparopa korna Cuer BHus.

Ycranosnennsii OC2A na CpaBaenun Komnaparopa korna Cuet Bepx.
Ounctute OC2A na CpaBHennu Komnaparopa korna Cuet BHus.

WGM?2 - YnpasseHue pexcumom 2eHepayuu cCucHad.

WGM?2 Peskum pasoTbI 3HaueHue OOHOBUTHL MOMEHT YcraHoBuTE MOMEHT
[2:0] TOP OCR2x TOV2
0 OOBIYHBIHM OxFF Hemenmenno MAX
1 PCPWM OxFF TOP BOTTOM
2 CTC OCROA Hewmemnenuo MAX
3 FPWM OxFF TOP MAX
4 PesepBupoBano - - -




S PCPWM OCROA TOP BOTTOM

6 PesepBupoBano - - -

7 FPWM OCROA TOP TOP

TCNT2 - Pecucmp cuemuurxos TC2

TCNT?2 - Peructp cuerunkoB TC2

Anpec: 0xB2 3Havenue mo ymoiadanuto: 0x00
bur 7 6 5 4 3 2 1 0
Nms TCNT27 | TCNT26 | TCNT25 | TCNT24 | TCNT23 | TCNT22 | TCNT21 | TCNT20
R/W R/W R/W R/W R/W R/W R/W RIW RIW
bur| Wmsa OmnpenesieHue OUT

Peructp 3nauennii cuetunka TC2. JlocTym K CUMTHIBaHUIO / 3amcH 8-OMTHOTO
3HAYCHMSI CUETUYMKA BBITIOJIHICTCS HEMOCPEACTBEHHO yepe3 peructp TCNT2. 3amnuck
LIIT B peructp TCNTZ2, npenoTBpaTuT NOSBICHUE COBIAICHUS CPAaBHEHHUS B
[caenyromem Takte TaliMepa, 1axe eciu TaliMep OCTaHOBIIEH. IJTO MO3BOJISET
MHUIHAT3UPpoBaTh 3HaueHue peructpa TCNT2 B cooTBercTBum ¢ 3HadyeHneM OCR2,
7:0 | TCNT?2 |ue Bo3biBas npepbiBanusi. Ecnu 3Hauenue, 3anucannoe B TCNT2, paBHO win 06Xo1uT
3nayenne OCR2, cpaBHeHUE TEPSIETCS, YTO MPUBOIUT K BOSHUKHOBEHHIO HETIPABUIIbHOM
¢dopmbl curHana. TalimMep mpekpalaeT OTCUeT, KOrja HCTOYHUK CHHXPOHU3ALUH He
BoIOpaH, HO CPU Bce eme Moxet momy4yntb ocTyn K TCNT2. Cyerunk 3anucu
poleccopa UMeeT 0oJiee BHICOKUN PUOPHUTET, YEM ONepalus OUUCTKH WU
00aBIICHNS MIIM BHIYUTAHHUS.

OCR2A - Pecucmp cpasnenus 6vixooHwvix danuwvix TC2 A

OCRZ2A - Peructp cpaBHeHMs BHIXOJAHBIX JaHHBIX TC2 A

Anpec: 0xB3 3HaueHue no ymonyanuo: 0x00
bur 7 6 5 4 3 2 1 0
Hma | OCR2A7 | OCR2A6 | OCR2A5 | OCR2A4 | OCR2A3 | OCR2A2 | OCR2A1 | OCR2A0
R/W R/W R/W R/W R/W RIW RIW R/W R/W
bur| HWmsa Onpenesnenue OUT

Peructp cpaBaHenus BoixoAHbIX TaHHBIX TC2. OCR2A conepxut 8-OUTHBIE JaHHEIE,
KOTOPBIC HEMIPEPHIBHO CPABHUBAIOTCS cO 3HadeHHEeM cueTunka TCNT2. PaBeHcTBO
[cpaBHEHUS MOXET UCTOIB30BATHCS JUIsl FeHEepalluy IpepbIBaHHs CPAaBHEHUS BHIBOJIA
Ve JUTs reHepanuu GopMel curHaia Ha BeiBogie OC2A. Tlpu UCIoIb30BaHUN PEKUMA
PWM peructp OCRZ2A ucnonb3yet peructp ¢ JBoHbIM Oydepom. OmHako aBoitHas
[Oydepu3anmst oTKIIIOUEHA B HOPMATIBHOM PEXHME U COOTBETCTBYET PEKUMY OUUCTKH.
JIBoiiHas Oydepusarus cuHxpoHusupyet ooHosnenue perucrpa OCR2A ¢
MaKCHUMAaJIbHBIM FJTH MHHUMAIIbHBIM BPEMEHEM OTCUETa, IPEI0TBpAIIasi TeHEPAUI0
ACUMMETPUYHBIX UMIYNbcoB [IIMM u ycTpansist Bo3MyIaromue UMIyaschl. [lpu
MCII0JIb30BaHUU QYyHKIMH JIBoitHON Oydepuzanuu CPU obpaiaercs K peructpy
oydpepa OCR2A. Korna gynkius n1BoitHoit Oydepuszanuu otkimodena, CPU
|06pau1aeTca k camomy OCR2A.

7:0 | OCR2A

OCR2B - Pecucmp cpasnenus 6vixo0nvix oannvix TC2 B

‘ OCROA - PerucTp cpaBHeHHsI BBIXOJAHBIX JaHHBIX TCO A

Anpec: 0xB4 3Hauenue no ymonyanuio: 0x00
bur 7 6 5 4 3 2 1 0
Nmn OCR2B7 | OCR2B6 | OCR2B5 | OCR2B4 | OCR2B3 | OCR0B2 | OCR2B1 | OCR2B0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur| HUmsa Onpeneseane OUT
7:0 | OCR2B |Peructp cpaBHeHus BoIxoHbIX 1aHHbIX TC2. OCR2B conepxut 8-OuTHBIC TaHHBIC,




KOTOPBIC HEMPEPHIBHO CPABHUBAIOTCS cO 3HadeHneM cuetunka TCNT2. PaBenctBo
CpaBHEHMSI MOXKET MCIIOJIb30BATHCS JJIs TeHEepalliy MPepbIBaHUs CPABHEHUS BBIBOIA
WK 715 reHepaiu GopMel curHana Ha BeiBoge OC2B. Ilpu ucnonb30BaHUM pexXUMA
PWM peructp OCR2B ucnonb3yeT peructp ¢ 1BoiHbIM Oydepom. OmHaKO ABOMHAS
[Oydepusanms oTkiIOYeHAa B HOPMAJIBLHOM PEXKHUME U COOTBETCTBYET PEKUMY OUMCTKH.
J[Botinas Oydepusanus cuHXpoHH3upyeT ooHoBIeHHe peructpa OCR2B ¢
MaKCHUMAaJIbHBIM HJI MUHUMAJIbHBIM BPEMEHEM OTCUETa, MPEA0TBpallasi FTeHepaIuio
acUMMETpUYHBIX UMITYIIbcoB LIIMM u ycTpansst Bo3myliaromue uMnyiascel. [lpu
MCTIOJIb30BaHUM (pyHKIMH qBOHON Oydepuzanuu CPU obpamaercs K perucTpy
oydepa OCR2B. Korna ¢hynkuus npoitHon Oydepuzanuu otkaouena, CPU
|06pau1aeTcsl k camomy OCR2B.

TIMSK2 - Pecucmp npepuvisanus TC2

TIMSK2 - Peructp npepsiBanus TC2

Anpec: 0x70 3nayenne o ymonyanuio: 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

Korma 6ur OCIE2B, ycraHoBiieH B «1» 1 17100a1bHOE MTPEPHIBAHUE YCTAHOBIICHO -
npepeiBanre Kommaparopa B CpaBaenue paspemieHo. COOTBETCTBYIOIIEE

2 OCIE2B |upepriBanue Bomomnnsercs, ecin CpaBHenne Kommaparopa B Taiimep/Cuetunk
[IPOUCXOJUT, TO ecTh, Koraa out OCF2B ycranasnuBaercs B TIFR2. Korna 6ur
|OCIEZ2B pasen «0» Bbixon TC2 npepsiBanust coBnaaeHust B - oTkiroueH.

Korna 6ut OCIE2A, ycranoBineH B «1» u riao0anbHOe IpepbIBAHUE YCTaHOBIIEHO -
npepeiBanre Komnaparopa A CpaBHeHue paspenieHo. COOTBETCTBYIOIIEE

1 OCIE2A |upepriBanue BoimonHsietcs, ecinn CpaBHenne Kommaparopa B Taiimep/CueTank
[IPOUCXOUT, TO ecTh, Koraa Out OCF2A ycranaBiuBaetcst B TIFR2. Korga 6ut
OCIEOA pagen «0» Beixox TCO npepsiBaHus COBIaICHUS] A - OTKIIFOUEH.

burt pazpemenust npepsiBanus nepernonaenus TC2. Kormpa 6ut TOIE2 ycranoBieH

B «1», a rmo0anbHOE MpepbIBaHUE YCTAHOBIIEHO, MpepbIBaHue nepenonHenus TC2

0 TOIE2 BKITI04YeHO. [IpepriBanme renepupyetcs npu nepenonnernn TC2, T. e.

ycranaBnuaetcs 6utr TOV2 B TIFR. Korna 6ut TOIE2 paBen «0», npepbsiBanue
nepenonaHenns TC2 oTKIIIOYEHO.

TIFRO - Pecucmp ¢hnacose npepvisanus TCO

\ TIFRO - Peructp ¢uiaros npepoiBanust TCO

Anpec: 0x37 3HavyeHne no ymomdanuio: 0x00
Bur 7 6 5 4 3 2 1 0
Nms - - - - - OCFOB | OCFOA | TOVO
R/W - - - - - R/W R/W RIW
bur Nms OmnpenesieHue OUT
7:3 3ape3epBUPOBAHO

Boixon TCO ¢nar cpaBaenus B. Korna TCNTO pasen OCROB, 610k cpaBHeHus
JlaeT CUTHaJl paBeHcTBa U ycraHaBinuBaeT Quiar cpaBHeHuss OCFOB. Ecnu ®nar
npepsiBanus cpaBaenue B OCIEOB ycranosneHo B «1», 1 ycranoBiieH ¢iar

2 OCFOB I00aTBHOTO TIPEPhIBAHUs, OYIET TEHEPUPOBATHCS MPEPHIBAHNE CPABHEHUS C
pesynbrarom B. ®@mar OCFOB ouunmaercst aBTOMaTHYECKH TP BBIMTOJIHEHUU
IpoIeypbl 00CITYKUBAaHUS IPEPHIBAHUS HIIM MOXKET ObITh OUHUIIIEH IIyTEM 3alUCU
«1» B 6ut OCFOB.

1 OCFOA | Brixon TCO duar cpaBaenust A. Korga TCNTO pasen OCROA, 610k cpaBHEHUs




JlaeT CUrHaJl paBeHCTBa U ycraHasnuBaeT (iar cpaBHeHuss OCFOA. Ecnu ®nar
npepsiBanus cpapHeHue A OCIEOA ycranoBieHo B «1», 1 ycTaHOBJIEH diar
rI100amTBEHOTO MPEPHIBAHUS, OyIeT TeHEPUPOBATHCS IPEPHIBAHIE CPABHEHHUS C
pesyiabTatoM A. ®@iar OCFOA ouuniaercss aBTOMaTUYECKH MPY BBITTOJIHCHUH

IpoIeTypbl OOCITY>KUBAaHUS PEPHIBAHUS HIIK MOKET ObITh OUUIIIECH IIyTeM 3alliCh
«1» B 6ut OCFOA.

®mnar nepenonnennst TCO. Korma cuerynk nepenoyHsIeTcs, ycTaHaBIuBaeTcs duar
nepenonHenus TOVO0. Ecnu Out paspemenus npepeiBanus nepenoaserns TOIEQ
yYCTaHOBJIEH Ha «1» U ycTaHOBJEH (uiar riodalbHOTO NpepbiBaHus, OyaeT
reHEpUpPOBaThCs IpephiBanue nepenoiaHenus. TOVO0 aBromarnuecku ounmiaercs,
KOT'/1a BBIMIOJHAETCS 9Ta MPOLeaypa MPEephIBaHUs, U €€ MOKHO OUUCTHUTD,
3ammcaB «1» B 6ut TOVO.

0 TOVO

ASSR- Pecucmp cocmosinus acunxponno2o unmepgeiica

ASSR - Perucrp cocTosinusi acHHXpOHHOr0 HHTep(eiica

Anpec: 0x82 3naudenue no ymonayanuro: 0x00
bur 7 6 5 4 3 2 1 0
Nmn INTCK - AS2 | TCN2UB|OCR2AUBJOCR2BUB|TCR2AUBJTCR2BUB
R/W R/W - R/W R/W R/W R/W R/W R/W
bur| MWmsa Onpenesnenue OUT

ACHUHXpOHHBIN OuT ynpasineHus BbioopoM TakToB. Korna 6ut INTCK ycTaHoBieH B
1, BHyTpennuit RC32K BbIOMpaeTcs Kak HCTOUHUK aCUHXPOHHBIX TakToB. Koraa Out
INTCK ycranosineH B 0, KBaplieBbli pe30HATOpP BBIOMPAIOTCS B KAUECTBE UCTOYHUKA
ACHXPOHHBIX TAKTOB.

7 INTCK

6 - 3ape3epBUPOBAHO

but ynpaBienust aciHXpoHHBIM pekuMoM TaiiMepa 2. Korma 6ut AS2 yctaHOBIEH B
1, TaiiMep 2 paboTaeT B ACHHXPOHHOM PEXHUME, a €r0 UCTOUHUK CUHXPOHHU3AINU
BeiOupaercs out INTCK. Korga 6utr AS2 ycranosnen B 0, Taiimep 2 paboTaer B

CUHXPOHHOM peXHME, a ero UCTOYHUKOM cuHXpoHu3aiuu sBisercs Clkio. Korna
3HaueHne AS2 usmensercs, 3HaueHus peructpoB TCNT2, OCR2A, OCR2B, TCCR2A
u TCCR2B MoryT ObITh HENIPaBHJILHBIMU M HYXKAAI0TCS B IEPEKOHPUTypaIHH.

5 AS?2

Peructp TCNT2 obnoBnsiet daar. Korna taiimep 2 paboTaeT B aCHHXpPOHHOM
pexxume, 6utr TCN2UB 6yzaer ycranosien npu 3anucu B TCNT2. Korna 3HaueHue
TCNT2 obnoBnsieTcs, anmapatHoe odecriedenue ounmiaet outr TCN2UB. TCNT2

MO>KET OBbITh OOHOBJIEH TOJIbKO Toraa, koraa 6ut TCN2UB paBeH Hymo.

4 |1 TCN2UB

OCR2A peructpupyer ¢aar ooHoBneHus. Koraa taiiMep 2 paboTaeT B aCHHXPOHHOM
pexxume, outr OCR2AUB 6yzer ycranosien npu 3anucu Ha OCR2A. Korna 3Hadyenue
OCR2A obHoBasieTcs, anmnapatHoe ooecrneuenue ounimaer outr OCR2AUB. OCR2A
MO>KET OOHOBIISIThCSI TOJIBKO Torja, koraa out OCR2AUB paBeH Hyito.

3 |OCR2AUB

OCR2B peructpupyet ¢uiar oonosnenus. Korga taiimep 2 paboTtaeT B aCHHXpOHHOM
pexxume, outr OCR2BUB 6yzer ycranosien npu 3anucu Ha OCR2B. Kornaa 3nauenue
OCR2B o6HoBsI€TCS, anmapaTtHoe obecnieuenne ounmaetr out OCR2BUB. OCR2B
MOYET OOHOBJISATHCS TOJIBKO Toraa, korjna out OCR2BUB pagen Hyiio.

2 |OCR2BUB

@nar ooHoBnenus peructpa TCCR2A. Koraa Taiimep 2 paboTaeT B aCHHXPOHHOM
pexxume, outr TCR2AUB Oyner ycranosnen npu 3anvcu B TCCR2A. Korga 3Hauenue
TCCR2A ob6noBsiercs, annapaTHoe obecnieuenue ounmiaetr out TCR2AUB.
TCCR2A MoxeT 0OHOBIATHCS TOJIBKO TorIa, koraa outr TCR2AUB pagen 0.

1 |TCR2AUB

@nar o6HoBnenus peructpa TCCR2B. Koraa Taiimep 2 paboTaer B aCHHXPOHHOM
pexume, outr TCR2BUB Oyner ycranosnen npu 3anuc B TCCR2B. Korma 3Hauenune
TCCR2B o6HoBnsieTcs, anmapatHoe obecrieuenue ouuniaer 6ut TCR2BUB.
TCCR2B moxer 66ITh 00HOBJIEH TOJIBKO Toraa, Koraa out TCR2BUB pasen Hyimio.

0 |TCR2BUB




15. Taiimep / Cuetrunk 3 (TMR3)

16-pa3psiHbIil CTPYKTYpa, MO3BOJIsAONIas opMupoBath 16-6utHBIT PWM
3 HEe3aBUCHUMBIX 0JI0OKA CPAaBHEHUS BBIXOHBIX JaHHBIX
JIBoitHOM Oy(epHBbIi perucTp CpaBHEHUS BBIXOHBIX JaHHBIX

1 OJI0K 3axBaTa BBOJA

[TomaBuTens mryma a1 3axBaTa BXOJHOTO CUTHAJA

COpoc u 3arpy3ka cueTYrKa aBTOMaTHIECKH, KOT/1a CPAaBHCHUE
INM c koppekiueit o ¢gaze 6€3 UMITYJIbCOB MOMEX
[Tepemennsriit nepuog PWM

I'eneparop vacToThl

CueTynk BHEIIHUX COOBITHI

5 He3aBUCUMBIX UCTOYHUKOB MIPEPhIBAHUN

KoHnTtpoisbs MepTBOTO BpeMeHuU

[IIecTh BRIOMPAEMBIX UICTOYHHUKOB 3aITyCKa ABTOMATHYECKOTO OTKITFOUCHHS
Beixoga MM

115.1. O630p

ICR3 Input Capture

Edge Moise
Detect Canceler

DEE3A Waveform Generator

l

r
Compare =

. I g 0{:33

0C3A

H B

”

 Pucl51 CrpyxrypaTC3

003c




TC3 - 570 yHUBEpCANBHBIN 16-pa3psiAHbINA CYETUUK CUETYUKOB, KOTOPHIT
noaaepKuBaeT Bbixoibl PWM 1 MoxeT TouHO reneprupoBath curHaiiel. TC3 comepKut
16-pa3psiHbIi cCYeTYUK, OJIOK yIIpaBiICHUS PEKUMOM T€HEPAIMK CUTHAJA, TPU
HE3aBUCUMBIX 0JI0Ka CpaBHEHHS BBIBOJIa U OJIOK BBOJIa BBOJIA.

brok ympaBiieHHs pe:KUMOM T€HEpaIuy BOJHBI YIIPABIISICT PEKUMOM PaOOTHI
cueTurka u popMrupoBaHueM (HOPMBI CUTHAJIA CpaBHEHHsI. B cOOTBETCTBUU C
Pa3TUYHBIME PEXUMaMU PabOThI CUSTUYMK OYHINACT, YBEIIMUYNBACT WU YMECHBITIACT
kaxabiid u3 cueTyukoB yacoB Clkt3. Clkt3 MoxkeT OBITH CreHepHpOBaH U3 BHYTPEHHETO
MCTOYHUKA CHHXPOHHU3AMN WM BHEIIHETO NCTOYHUKA CUHXPOHHU3ALINH.

Korpa 3nauenne cueturika TCNT3 cueTurka JOCTUTa€T MAKCUMAJIbHOTO 3HAYEHUS
(paBHOTO MakcuMansHOMY 3HaueHHt0 OXFFFF nnu ¢hukcrupoBaHHOMY 3HAUEHUIO WU
peructpy cpaBHeHusa OCR3A wnu peructpy BBoga ICR3, onpenensemomy kak TOP,
MaKCHMaJIbHOE 3HaueHue onpenensercs kak MAX i oTiIu4us), CYeTUUK OYUIIIACTCS
Nnu BeIYTHTE OAHY OIEPALIHIO.

Korna 3Hauenune cuetunka caetTauukoB TCNT3 nocTturaet MUHUMAJIBLHOTO
3HaueHus (paBuoe 0x0000, onpeaenennoe kak BOTTOM), cueTunk OyneT yBeIUuuBaTh
OJIVH.

Korna 3aauenune cuetunka TCNT3 cuetunka nocturaetr OCR3A i OCR3B unu
OCR3C, 0HO TakKe BBI3BIBACTCS IIPU COBIAJCHUH CpaBHEHNA. OHO OYMIIAET WU
ycTaHaBIuBaeT BbIxoaHoOM curHai cpapHeHust OC3A, OC3B nwim OC3C s renepanuu
curHaia [HI1UM.

Korma gyHkius 3axBata BXo/1a BKJIIOYEHA, CUETYUK 3aIlyCKAeT WM MPEKpaIiacT
MOJCYET, KOT/1a OH 3amyckaercs, u peructp [CR3 peructpupyer 3HaueHUE cUETa BO
BpeMs Mepuo/ia cpabaThiBaHMs CUTHAJIA 3aXBata.

15.2. Pe:xumbl padoThl

Taiimep 1 uMeer meCTh pa3IMYHBIX PEKUMOB paboThl, BKItouas Normal, Clear
Compare (CTC), BeicTpoIeliCTBYIOLTYIO IIMPOTHO-UMITYJIbCHYIO MOy isiiuto (FPWM),
Da30KOPPEKTUPOBAHHYIO IIUPOTHO-UMITYJIBCHYIO MOy isiiut0 (PCPWM), @azy
YacToTHO-MOIyTUpOBaHHAS IUPOTHO-UMITYyNbcHas Moy isiiust (PFCPWM) u pexxum
3axBara BBoja (ICP). On BeiOMpaeTcs OUTOM ympaBieHHUS PEKUMOM T'€HEPAIIMHA BOJTHBI
WGM3 [3: 0]. Huxe onucaHbl 3TH HIECTh PEXUMOB. [IO0CKOIBKY UMEETCS TpU
HE3aBUCUMBIX 0JI0Ka CPaBHEHUS BbIBOJIa, 0003HAYEHHBIX COOTBETCTBEHHO «A», «B» u
«C», HUKHUN BBIXOJHOM «X» MCIOJIB3YETCS JJIsl IPEACTABICHUS KAHAJIOB TpeX OJIOKOB
CpaBHEHHMS BHIBOJIA.

15.2.1. HopMabHBIi pexum

OOBIYHBIN PEXKUM - 3TO CaMBI MPOCTON PEXKUM pabOTHI CUETUHKA TaiiMepa 3TO
korga out WGM3([3:0] = 0, a makcumanbroe 3HaueHne TOP cuerunka - MAX (OXFFFF).

B sTOM pexnMe cueTuuK yBEIMYUBAETCS HA OAMH JUISl KaKJIOTO CYETUYHKA TAKTOB.
Korna cuetunk gocturaer nepenonnenus TOP, on Bo3Bpamaercs B BOTTOM, uto6st
CHOBA Ha4aTh HAKAIUIMBATh.

®nar nepenonaHeHus cueTunka TaiMepa TOV3 ycTaHaBiIMBaeTCsS B TOM K€ TaKTe
cuera cuetynka TCNT3, 3HaueHNEe KOTOPOrO CTAHOBUTCS PABHBIM HYJIIO.

@nar TOV3 B 3ToM pexume nmoxox Ha 17-i cuer, OH OyAeT yCTaHOBJICH U HE



OYHIIACTCS CYCTOM.

[Ipouenypa oOcIyKMBaHUsI IPEPHIBAHKS IEPETIOTHEHHUS aBTOMATUIECKU OUUIIIAET
¢rar TOV3 1 MOXKET UCTIOIB30BATHCS IPOTPAMMHBIM 00ECTICUSHUEM JJIs1 YBEITHYCHHSI
pa3pelieHns CYeTYNKA TaiiMepa.

B HOpMaITbHOM pEXUME HET CIIEIUATLHOTO CITydasi, © HOBbIE 3HAUCHUS cUeTa
MOTYT OBITh 3amucaHbl B t00oe Bpemst. dopma curHaia BBIXOJHOTO CHTHAIA CPABHEHHSI
OC3x MokeT ObITh MOJTyYeHa TOJBKO TOT/A, KOT/Ia PETUCTP HAMIPABIICHUS JAHHBIX
BeIBoAa OC3x 3aman kak Beixon. Korma COM3x = 1, curnan OC3x mepekirodaercs,
KOT/Ia TIPOUCXOJIUT COBITAJICHUE CPABHCHHSI.

B aToMm cityyae 9acToTy (hOpMbI BOJHBI MOXHO BBIYHCIIUTH IO CICAYIOIICH

dhopmyie:
f oc3xnormal =fsys/ (2 * N * 65536)

rae N - o6o3navaer Koaddurment npenaenurens (1, 8, 64, 256 unu 1024).

Monynb cpaBHEHHS Pe3yJIbTaTOB MOKET HCIIOIB30BAThCS JIJIsl TCHEpAIUN
MIPEPBIBaHUSI, HO TIPEPHIBAHUS HE PEKOMEHAYIOTCSI B HOPMAJIBHOM PEXKHUME, KOTOPBIN
noTPeOIISET CIUIITKOM MHOTO BPEMEHH MPOLIeccopa.

15.2.2 Pexxum CTC

Korna ycranosneno WGM3[3:0] =4 unu 12, cuetunk/TaiiMep 3 IepexoIuT B
pexum CTC.

Korma WGM3[3:0] = 0, makcumanbHoe 3Hauenre TOP - sto OCR3A. Koraa
WGM3[3] = 1, makcumanbHoe 3HaueHue cueta TOP sBisercs ICR3.

Hwuxe onuceiBaercs pexkuM CTC ¢ ucnonbzoBanuem WGM3[3: 0] = 4. B atom
pEXKUME PEKUM IMOJICUETA YBEIUYUBACTCS Al KaK0ro cuera. Korna 3HaueHue cueTyrnka
TCNT3 paBuo TOP, cuetunk ouninaerca. ITOT PEKUM MO3BOJISET MOJIb30BATEINIO JIETKO
KOHTPOJIMPOBATh YACTOTY BBIXOJHOTO CUTHAJIA CPABHEHMUS, @ TAK¥KE YIIPOILAET ONEPaLUIO
nojicuera BHemHUX coObiTrii. Korma cuetunk gocturaetr TOP, ycranaBnuBaetcs ¢uar
cootBercTBUst OCF3 1151 cpaBHEHUS Ha BBIXOJIE, U TIpEphIBaHNE Oy1€T TeHEPUPOBATHCA,
KOI'/Ia YCTAHOBJIEH COOTBETCTBYIOLIUI OUT pa3pelleHus MpepbIBaHMS.

Peructp OCR3A MoxeT ObITh OOHOBJIEH B MPOLIEAype 00CTYKUBAHUS
npepsiBanuid. B atoMm pexxume OCR3A He ncnofnb3yer BoiHy0 Oydepusanuio. bynpre
BHUMATEbHBI TPU OOHOBJICHMH MAaKCUMAJIbHOTO MJIM MUHUMAJIBHOTO 3HAYCHMS, KOT/1a
CUYETUMK paboTaeT 0e3 NpeABAPUTENBHOIO JEIUTENIS I OUYE€Hb MAJIOTO
MIPEABAPUTEILHOTO ACIIUTETIS.

Ecnu 3nauenue, 3anucannoe B OCR3A, menbiie Tekyrero 3nauenus TCNT3,
CUYETUMK MPONYCTUT cpaBHEHHE. llepen TeM, Kak IpOU30HUIET CIETYIONIEE CPABHEHUE,
CUYETYMK JIOJDKEH CHavaia nepecuntars 10 MAX, a 3atem Hauath orcuer ¢ BOTTOM nHa
OCR3A.

Kak u B 00b11HOM pexume, guar TOV3 ycrtanaBiauBaeTcs B CYETUHUKE, KOTOPBIN
Bo3Bpaiaercsa k 0x0000.

®dopma curHana BeIXOAHOTO curHaia cpaBHeHHsT OC3X MOXKeT ObITh OTy4YeHa
TOJIBKO TOT/Ia, KOT/Ia PErUCTp HarpaBieHus: JaHHbIX BbiBoAa OC3X 3a/1aH KakK BBIXO/I.

YacTtoTy opMbl BOJIHBI MOKHO BBIYMCIIUTD IO Clenytoue hopmyse:



foc3xctc=fsys/(2*N* (1 + OCR3A))

rae N - o6o3navaer Koapdunment npeqnenurens (1, 8, 64, 256 unm 1024).

Kak Bunno u3 ¢popmynsl, korna OCR3A ycranosneno Ha 0x0000, u et
MIPEIBAPUTEIILHOTO JICTUTENIS, MOYKHO ITOJTyYHTh BBIXOJHON CHTHAI ¢ MAaKCHUMAaIbHOW
gacToToi fsys / 2.

Korma WGM3|[3: 0] = 12, on ananorndyeH WGM3[3: 0] = 4, 3a uckimoueHueM
Toro, uto cooTBeTcTBytomuii OCR3A m3menen Ha ICR3.

15.2.3. beictpsiii pexxum PWM

Korna ycranosieno WGM3[3:0] = 5,6,7,14 v 15, caerynk/TaiiMep 3 IepexoquT
B ObIcTpHIN pexxkum [IIMM, To cueTom makcumanbHoro 3HadeHust TOP spmstorcs OxFF,
Ox1FF, Ox3FF, ICR3 umu OCR3A, oH MOXeT ObITh UCIIOJIB30BAH JIJIs ITOTYyYCHHS
Bricokouactotubrit IIUM-curnan. Pazauina mexay ObicTpbiM peskumoMm PWM u
apyrumu pexxumaMu PWM 3akitouaeTcsi B TOM, 4YTO 3TO OJJTHOCTOPOHHSISI OIlepariusi.
Cueruuk cuutaet 10 TOP ot munumanpHoro 3nadenus 0x0000, a 3atem cOpachiBaeTcs B
BOTTOM 7151 HOBTOPHOTO MOACYETA.

OCRnx/TOP Update and
TOVn Interrupt Flag Set and
OCnA Interrupt Flag Set

v‘ or ICFn Interrupt Flag Set
(Interrupt on TOP)

[ [ V4ARE
TCNTn / T
| i

OCnx

-I_’_| (COMnx[1:0] = 0x2)

(COMnX[1:0] = 0x3)

1L
L

OCnx

- I | I I,|_I | I
Period |-—1 I 2 [ 3 I 4 |5 6| 7 i 8 I

Korna 3nauenue cuetunka gqocturaet TCNT3 Bepxueit win HkHel, OC3X
BBIJIACT CUTHAJ CPABHEHUS yCTAHABIMBACTCS WM cOPachIBaeTCsl, B 3aBUCUMOCTH OT
BBIXOJTHOTO CpaBHEHUS pexkuM yctaHoBKM COM3, a moapoOHOE onmucaHue perucTpa.

Tak kak omnepaiusi OTHOCTOPOHHSISA, pabouasi yactota ObicTporo pexxuma PWM B niBa
paza OoJibllle ABYHANPABICHHOMN onepalnuu pexxuma ¢ koppekunn PWM ¢daszsi.

BblcOKOYacTOTHBIE XapaKTEPUCTUKHU JIeNatoT ObICTphINA pesxkum PWM noaxoasumm
IUTSl pETYJMPOBaHUs MOIIIHOCTH, BeIpsiMiieHns U npumeHenus L{AIL. BeicokoyacToTHBIE
CUTHAJIBI MOTYT YMEHBILIUTh Pa3Mep BHEIUHUX KOMIIOHEHTOB (MHAYKTUBHOCTb, EMKOCTb U
T. J.), TEM CaMbIM CHU)Kasi CTOMMOCTb CHCTEMBI.

Korma 3navuenue cuerynka gqocturaet Bepmmabl, 1 OV3 ¢uar nepenosHeHus
cueTyHrKa/Taiimepa OyJeT yCTaHOBIIEH, U OOHOBJIEHO 3HaYeHHe Oydepa 3HaueHHE IS
CpPaBHEHUS HA KOMIIapaTop.

Ecnu npepeiBanne BkimoueHo, peructp OCR3A moxeT ObITh OOHOBIIEH B
npoueaype 00cayKuBaHus IpEephIBaHUMN.

®dopma curHasia BbIXOAHOTO curHaia cpaBHeHUs: OC3X MOXKET ObITh NOJTyUYeHa




TOJIBKO TOT/Ia, KOT/Ia PErUCTp HaIpaBieHUs JaHHBIX BbiBoga OC3X 3a/1aH KaK BBIXO/I.
YacTtoTy opMbl BOJIHBI MOKHO BBIYMCIIUTD IO Clenytoue hopmyre:

foc3xfpwm =fsys/ (N * (1 + TOP))

rae N - o6o3navaer Koapdunument npeqnenurens (1, 8, 64, 256 nnm 1024).
Korna npoucxoaut cpasHenue paBeHcTBa Mexxay 1CNT3 u OCR3X, renepatop
dbopmbl curHama yctanaBiauBaet (ouunmiaeT) curaan OC3x, korga TCNT3 ouunmiaercs.
B nyne renepatop popmsl curnana ounmaet (yctaHaBiuBaet) curaain OC3X mis
reneparuy BojiHbl IIIMM. Takum o6pazom, kpaitHocTu OCR3X O6yner reHepupoBaTh
cnenuanbabie popmbl LIIMM. Korga OCR3X ycranosien B 0X0000, BeixogHoit PWM -
910 KaxbIi (1 + TOP) cueTunk TakToB cymiecTByeT y3kui BeIOpoc. Korma OCR3X
yctanoBieH B TOP, BEIXOTHOMN CHUTHAJ MOCTOSIHHO BBICOKWH MIIM HU3KHMA. Takue, Kak
Ecau OCR3A ucnons3yercs kak TOP u COM3A = 3, BBIXOIHOM CHUTHAJ
cpaBaeHuss OC3A Oynet renepuposats LIINM ¢ 50% pabounm mukiaom [TIMM-BoHEL.

15.2.4. Pexxum PWM c¢ koppeknueit a3

[Tpu ycranoBke WGM3[3:0] =1,2,3,10 v 11 cyetunk 1 TaliMepa BXOJHUT B
pexum PWM c dazoBoit koppekiueil.

MaxkcumansHoe 35auenue yuciaa 1 OP cocrasister OXFF, OX1FF, OX3FF, ICR3 wnn
OCR3A, COOTBETCTBEHHO.

Cuerunk paboTtaeT B 000uX HanpasiieHUsX, yBennuupasick o BOTTOM no TOP,
3ateM BHM3 0 BOTTOM u nosropsist oty onepannto. Korga cuetunk gocturaetr TOP
nmu BOTTOM, n3MeHseT HallpaBJI€HUE CUETa, @ 3HAUEHNUE CUETUMKA OCTAETCS TOJIBKO HA
onHoM cuete TakToB TOP wnn BOTTOM. 3nauenue nojacyera npu NpupameHuy uin
ymenbiienuu, korna TCNT3 coorBerctByer OCR3X, BBIXOAHOW CUTHAT CPAaBHEHUS
OC3x OyzaeT O4MIIEeH UK YCTAHOBJICH, B 3aBUCUMOCTH OT PEKHUMa BBIBOJIA CPABHEHUS
COMS3 HacTpoku.

[To cpaBHEHHIO C OJTHOCTOPOHHEHN pabOTON MaKCUMaIbHAs 4YacTOTa, TOCTYITHAs
JUTSI IBYHAIIPABJICHHOM OTepaiiuu, MEHbIIE, HO €€ OTINYHASI CUMMETpHUsI 00JIee MOIXOUT
JUTSI DTIEKTPUYECTBA YIPABIICHUE MAITUHOM.

OCRnx/TOP Update and
OCnA Interrupt Flag Set
or ICFn Interrupt Flag Set
(Interrupt on TOP)

TOVn Interrupt Flag Set
(Interrupt on Bottom)

TCNTh g \/\\/

OCnx (COMNX[1:0]] = 0x2)

OCnx (COMnx[1:0] = 0x3)
I
|

Period

N

| | |
| : | 4 1

-
n

B pexxume dazoBoii koppekiun PWM ¢uar TOV3 ycraHaBnuBaeTcsi, KOTia CUeTIYruK



nocturaet BOTTOM u cpaBHuMBaeTcs, korja cueTduk gocturaet T OP.
3HaueHue 0ydepa oOHOBIISIETCS 1O 3HAYEHUSI CPABHEHUSI.

Ecnu npepriBanne BimoueHo, 0ydep cpaBuenus OCR3X MosxeT ObITh OOHOBIIEH B
npoLeaype 00CITyKUBaHUS MTPEPhIBAaHUI YCTPONUCTBA.

Brixoanoit curnan OC3X curnasa cpaBHEHUSI MOXKET OBbITh MOJIY4Y€H TOJIBKO TOT/IA,
KOT'Jla PETUCTP HAIpaBleHUs JaHHbIX BbiBoja OC3X 3a/1aH Kak BBIXO/I.

YactoTy hopMbI BOJTHBI MOKHO BBIYUCIIUTE TIO CIERyIOMIen Gopmye:

f oc3xcpcpwm =fsys/ (N * TOP * 2)

rjae N - o6o3Havaer Koaddbumuent npepnenurens (1, 8, 64, 256 wnu 1024).

Bo Bpems oTcueTa reHepatop curHajioB ouuninaet (ycrtanapiuBaet) curaain OC3X,
korna TCNT3 coorBerctByer OCR3x. Bo Bpems mojcyera, reHEpaTop CUTHAJIOB
ycranaBiuBaeT (ouuniaet) curHan OC3x, korma TCNT3 coorBercTtByeT OCR3X.

N3-3a saToro skcrpemanbHoe 3HaueHne OCR3x renepupyer crienuanbHyo BOJIHY
PWM. Korga OCR3x ycranosnern B TOP wim BOTTOM, Beixomno# curaan OC3X
OCTAaETCsl HU3KUM WJIM BBICOKHM.

Ecimm OCR3A ucnons3yetcs B kadectBe TOP 1 COM3A = 1, BBIXOHO# CHUTHAT
cpaBaeHuss OC3A Oynaer renepupoBatb PWM-curnan ¢ 50% -HbIM paboduM ITUKIIOM.
Yro06s1 0O6ecieunTh cuMMeTpuio BeixoaHoU [IIMM-BoiHbl ¢ 06enx ctopon BOTTOM,
curHas OC3x OyneT mepeBepHyYT B ABYX CIydasx, KOT/Ia COBIAJACHUE CpaBHCHUH HE
MIPOU30MIET.

[TepBriii ciydait - korna 3HaueHne OCR3x n3mensercs ¢ TOP Ha npyrue maHHbie.
Korga OCR3x asisercs TOP, a 3nauenme cuera gocturaet TOP, Berxog OC3X
COBMAJACT C TeM, KOT/Ia COBIAIaeT MPEAbLIYIIUI CUeTUnK yObiBaHus, TO ecTh OC3X
octaetcst Hem3MeHHbIM. OOHOBNeHHOE 3HaYeHre HoBoro 3HaueHus OCR3x (ne TOP)
oOHOBIIsIETCS B 9TO Bpemsi, a 3HaueHne OC3X yaep>KuBaeTcs 10 TeX Mop, MokKa
COBIIAJICHUE CPABHEHUSI HE MIPOU3OMIET, KOT/Ia CUETUUK yBeIMYUBaeTcs. B aTom ciyuae
curHasr OC3x He ABIAETCS CHMMETPUIHBIM OTHOCHTEIIEHO MUHUMAJILHOTO 3HAYCHUS,
nmodToMy curaasr OC3x HeoOxoauMo nepekimodaTh, koraa TCNT3 gocturaet cBoero
MaKCUMaJbHOTO 3HaueHus. To ecTh mepBIid cirydaii, korna curaan OC3X
MEePEKIF0YAETCS BO BPEMSI CPAaBHEHUSI, HE BOSHUKACT.

Bo BTopom ciyuae, kornga TCNT3 HaunHaeT oTcyeT ¢ 60J1ee BHICOKOTO 3HaUYCHUSI,
yeM OCRS3Xx, cpaBHEHHE CPAaBHUBAETCS C MOTEPSIMU, YTO BBI3BIBAET ACUMMETPUUYHYIO
cutyanuio. Taxke Heo0XoauMo nepeBepHyTh curHasl OC3X U1t TOCTHKSHUS
CUMMETPHUH 0 00€ CTOPOHBI OT MUHUMAJILHOTO 3HAYEHUSI.

15.2.5. Pexxum PWM ¢ koppekuuei 4acToThl ¥ (azbl

Koraa ycranosieno 3nadenne WGM3[3:0] = 8 wiu 9, cuetunk 3 TaiiMepa BXOIUT
B pexxuM PWM ¢ koppeknueii pa3zoBoit 4acToThl, a MaKCUMalibHOE 3HaueHue cuera TOP
- 310 ICR3 nnmn OCR3A c00TBETCTBEHHO.

CueTunk paboTaeT B 000MX HaIlpaBlIeHUAX, yBeauunBasich oT BOTTOM no TOP,
3areM BHU3 0 BOTTOM wu nostopss 3ty onepauuto. Korna cuetunk gocruraet TOP
unu BOTTOM, u3MeHseT HanpaBieHUEe CUeTa, a 3HAUCHUE CYETUMKA OCTAETCS TOJIBKO Ha
onuoM cuete TakToB TOP min BOTTOM.

Bo Bpems nporiecca npupalieHus Ui yMEHBIICHUS, KOT/1a 3HAYEHUE CUETYMKA



TCNT3 conamgaer ¢ OCR3Xx, BbixoiHOM curHai cpaBHeHUst OC3X OyAeT OUHUIleH Uin
3aJlaH B 3aBUCHMOCTH OT YCTaHOBKH pexuma BeiBoga COMS3 cpaHenwus. [lo cpaBHEHUIO
C OJJTHOCTOPOHHEH paboTol MakCHUMaJbHas 4acTOTa, oJyyaeMas B IBYHAIIPABICHHOM
oTiepaliy, MEHbIIIE, HO €€ MTPEBOCXOHASI CUMMETpHS O0JIee MOAXOUT ISl yIIPaBICHUS
JBUTATEIIEM.

Koppexkuus da3zooit uactotsl B pexxume PWM ¢aar TOV3 ycranaBnuBaercs,
koraa cuetyuk gocturaet BOTTOM, a 3nauenue Oydepa cpaBHEHUS OOHOBIISCTCS 10
3HAaYEHUs CPAaBHEHUSI.

Bpewmsi, korja 3Ha4eHrnEe CpaBHEHUS OOHOBIISICTCSI, SIBIISIETCSI CAaMOW OOJIBIIION

pasnuiieit mexxry PWM-pexumom ¢Ga3oBoit KOPpeKIIMU 4acTOThl U pesxkumoMm PWM ¢
($ha30BOI KOPPEKIIUECH.

OCnA Interrupt Flag Set
or ICFn Interrupt Flag Set
(Interrupt on TOP)

. OCRnx/TOP Updateand
v TOVn Interrupt Flag Set
(Interrupt on Bottom)

AN i
TCNTn
OCnx |_| (COMnx[1:0] = 0x2)
OCnx | | |_| | |_ (COMNX[1:0] = 0x3)
Period I‘ 1 ] 2 I‘ 3 I 4 |

Ecnu npepriBanne BimoueHo, peructp OCR3x 6ydepa cpaBHEeHNs MOKET OBITh
0OHOBJIEH B oAnporpamme oociykuBanus npepoiBannii. Korna CPU uzmensier
snauenne TOP, To ects 3nauenne ORC3A unu ICR3, 0HO JOMKHO TapaHTHPOBATh, YTO
HoBoe 3HaueHue TOP He menpine 3HaueHus TOP, koTopoe yke ucnosib3yeTcs, nHaue
cpaBHeHue He noBTopuTcs. CurHan OC3X curHana CpaBHEHHSI BBIXOJHOTO CHTHAja
MO>KET OBITh MOJYYEH TOJIBKO B TOM ClIyyae, KOrja B KaueCTBE BHIXOJAHOIO CUTHAJIa
YCTaHOBJICH PErucTp HampasieHus JaHHbIXx OC3X.

YactoTy (hopMbI BOJTHBI MO’KHO BBIYHCIIUTH IO Ceayromien Gpopmye:

f oc3xcpfcpwm =fsys/ (N * TOP * 2)

rae N - o6o3navaer Koaddunuent npegaenurens (1, 8, 64, 256 wiu 1024).

Bo Bpems oTcuera reHepaTtop cUrHajgoB ounniaeT (ycraHaBiauBaeT) curuain OC3X,
koraa TCNT3 coorBercTtByeT OCR3xX. Bo Bpems nmojcuera, reHepaTop CUTHAJIOB
yctanaBnuBaet (ouniaeT) curnan OC3x, korna TCNT3 coorBercTByeT OCR3X.

N3-3a atoro skcrpeManbsHoe 3HaueHue OCR3X renepupyeT cnenuanbHyt0 BOJHY
PWM. Korga OCR3x ycranosneH B TOP uiau BOTTOM, Beixoanoi curaan OC3X
octaetrcs HU3kuM uiM BeicokuM. Ecnu OCR3A ucnons3yercs B kauectBe TOP u
COMB3A = 1, BeixoaHoii curaan cpaBuenus OC3A Oyzaet renepupoBatb PWM-curnan ¢
50% -HBIM PabOUYUM ITUKIIOM.

Peructp OCR3x o6HoBisieTcst Bo Bpemss BOTTOM, nyuHbI cueTa BOCXOAAIICH 1



HHUCXOJAIICH CTOPOH OJJMHAKOBBI, (IIPU MOCTOSIHHBIX 3HaYeHUsX 1 OP) npuBoauT K
CUMMETPUYHBIM CUTHAJIaM C IPaBWJIBHOM 4acTOTOM U (pa3oi.

[Tpu ucnonp3oBanuu pukcupoBaHHoro 3HadeHust TOP mydiie Bcero ncnonib30BaTh
peructp ICR3, kak 3nauenne TOP, To ectb ycranoButh WGM3[3:0] = 8. B 310 Bpems
peructp OCR3A ucnosib3yercst TOIBKO JJI TeHEPAINK BIXOHOTO curHaia PWM.

Ecnu BBI XOTHTE T€HEPUPOBATH YACTOTHO-U3MEHSIOIYI0CsI PWM-BOHY, BB
JO0JHKHBI 13MeHuTh 3HaueHue TOP. [{nst aToro npunoxenus OyxyT 6osiee moaX0AsIIUMU
XapaKTepUCTHUKH JIBOIHOM Oydepuzanmu OCR3A.

15.2.6. PexxuM BBOJIA TAHHBIX

BxoaHOW 3aXBaT UCMONB3YETCS JJIS 3aXBaTa BHEIIHUX COOBITUI U MPEIOCTABICHUS
UM OTMETKH BPEMEHH, YKa3bIBAIOIIEH, KOT/1a MPOU30LLIO COOBITHE. DTO MOKHO CI€NaTh
B IIPEABIAYILIEM PEXUME MOJICUETA, 3 UCKIIOUEHUEM TOT'0, YTO PEKUM FE€HEPALIMU
CUTHAJIOB ¢ ucnojib3oBanueM 3HadeHust ICR3 B kauectBe 3HaueHuss TOP.

TpurrepHslii cUTHAI JUIsl BHEITHETO COOBITHS BBOAUTCS Ha BbIBOA ICP3 u Mmoxet
TaK)X€ peaIn30BbIBATHCS aHAJIOTOBBIM KomnaparopoM. Koraa usmeHseTcs J0rnyecKuii
ypoBeHb Ha BbiBojie ICP3 nnu nsmensercs yposenr ACO aHalioroBoro Komrnaparopa, u
ATO U3MEHEHUE YPOBHsI 3aXBaThIBAETCs OJIOKOM 3aXBaTa BBOJA, 3aIlyCKAETCs] BXOAHON
3axBaT U 16-paspsanoe 3naueHue cuera TCNT3 [laHHBIC KOMUPYIOTCS B PETUCTP
3axBara BBojaa ICR3 u ycranaBnuBaercs ¢uar ICF3 BBofa.

Ecnu 6ut ICIE33 ycranosneH B «1», (pmar 3axBara BBOZia reHEpUpyeT IPEepPhIBAaHHUE
BBoAa. Mcrtounuk 3amycka [CP3 mmm ACO 3axBarta BXoja BBIOMpAeTCs MyTeM yCTaHOBKU
OuTa ynpaBieHHUs 3axBaToM aHanoroBoro cpaBHeHuss ACIC aHamoroBoro cpaBHEHUs U
peructpa ACSR cocrosgaus. CienyeT OTMETUTD, YTO U3MEHEHUE UCTOYHUKA TPUTTEPA
MOKET IPUBECTH K 3aXBaTy BBOJIA, IO3TOMY I10CJIE U3MEHEHUS! UICTOYHUKA TPUITEpa IS
ICF3 HeoO6X0oaMMO BBITIOTHUTH YETKYIO OIEpaIuio, YTOObI H30€KaTh ONTMOOYHBIX
pE3yNbTATOB.

Curnan 3axBaTa BXOJHOTO CUTHAJIA IPOXOJIUT YEPE3 AOIOTHUTEIbHBIN
IIYMOITOAABUTENb U OTIPABISAETCS K JETEKTOPY KPOMOK B COOTBETCTBHUHU C
KoH(urypamueit Ourta ynpapieHus Bpioopa Bxonaa 3axata ICES3, uToOb1 yOeauThes, 4To
oOHapyXeHHbIN (GPOHT YIOBIETBOPSET yciaoButo Tpurrepa. Lllymonoaasurens - 310
npocToi U poBoi PUIIBTP, KOTOPHIM YEThIpE pa3a MPOBEPSIET BXOJHON CUTHAT U
BBIBOAMUT HA BBIXOJI JIETEKTOPA, TOJIBKO KOTJ]a YeThIpe 00pa3iia paBHBI.

[lIymononaButens ynpasisercs 6utom ICNC3 peructpa TCCR3B, uto0b1
BKJIFOYUTH WJIA OTKIIFOYUTH €TO.

[Tpu ucnons3oBanuu QPyHKIMU 3axBaTa BBoJia 3HaueHue perucrpa [CR3 cnexyer
YUTaTh KaK MOYKHO paHbliIe MOCIe TOro, kak yctaHoBieH ICF3, motomy uTo 3HaueHue
ICR3 O6yneT 0OHOBIATHCS MOCHE CASAYIOLUIETO COOBITUS 3aXBaTa.

PexoMenayeTcst BKIIOYUTH MPEphIBaHUE 3aXBaTa BBOJa. B mo0oM pexume 3axBara
BBOJIa HE PEKOMEHayeTcsa u3MeHsATh 3HaueHue TOP Bo Bpems paboTel. BBenennas mMetka
BPEMEHH MOXKET HCIOJIb30BAThCA JJI pacueTa 4acToThbl, pabovyero UKIIa U APYrux
XapaKTEePUCTHK CUTHANA U CO3/IaHUsA KypHasa A coObITHs Tpurrepa. M3mepenue
paboyero 1UKIIa BHEIIHETO CUTHAIA TpeOyeT, 4ToObI GPOHT Tpurrepa OblT U3MEHEH
nocie Kaxaoro 3axsara. CrnegoBarenabHo, (PPOHT CUTHAJA 3ayCcKa JOJIKEH ObITh KaK
MO’KHO ObICTpee U3MEHEH Ioce cuuThiBaHus 3HaueHust ICR3.



15.2.7. YpaBieHre MEPTBBIM BpeMEHEM

Korna 6utr DTENS ycranoBneH Ha «1», pyHKIHS BKIIOUEHUSI MEPTBOT'O BPEMEHH
axtuBupoBana. Berxomueie curaansl OC3A u OC3B OyayT BCTaBiIeHBI B 33]JaHHOE
MEpTBOE BpeMs Ha OCHOBE (DOPMBI CHUTHAja, CO3aBaeMOTr0 BEIXOAHBIM CUTHAJIOM
cpaBHeHus B-kanana. [[nnHa - 3T0 3HaU€HHE BPEMEHH, COOTBETCTBYIOIIEE YUCITY
cuetunkoB B peructpe DTR3. Kak nmokazano Ha pucyHke HUXKeE, BCTABKH MEPTBOTO
BpeMenu OC1A u OCI1B ocHoBaHbI Ha BEIXOAHOU (popme curHana kanana B. Korma
COMS3A u COMS3B sBisttoTcst «2» uim «3», nojsspHocTh curHana OC3A Takas ke, KaK
noJisipHOCTh opMbl curnana OC3B. Korga COM3A u COM3B «2» unu «3»
cooTBeTcTBeHHO, (hopma BosiHbl OC3A u dopma Bosabl OC3B oaunakoBbl. [lonsipHOCTb
IPOTHUBOIIOIOMKHA.

Bottom OCR1B TOP OCR1B TOP

! ! | ! l
TCNT1 //1//|// FPWM
OC1B_pre I | | comiB=3
oc1B m com1B=3
OC1A | COM1A=2
ociA I COMIA=3
Dead Time H H H H
oC1B_pre | | I CcomiB=2
ociB | comiB=2

QOC1A COM1A=3

OC1A COM1A=2

|

Puc.15 Kontpons meptBoro Bpemenn TC3 B pexxume FPWM

Bottom OCR1B  TOP OCR1B Bottom OCR1B TOP OCR1B Bottom  OCR1B

A T A A
TC,ﬂﬂ/\/\/mpwm

OC1B_pre | | | | COM1B=3
oc1B I | | | | COM1B=2
OC1A | | | | COM1A=3
OC1A | | | | COM1A=2

Dead Time H H H H H

OC1B_pre | I | | COM1B=2
0c1B | | | | COM1A=2
OC1A I |
OC1A | I

| COM1A=3

[ 1
L

| COM1A=2

Puc. 15. Taiim-Taitm TC3 B pesxxume PCPWM



Korga 6ut DTEN3 yctanoBineH Ha «0», QyHKIIMS BCTABKH MEPTBOT'O BPEMEHHU
otkitoueHa. Beixoausie curnansl OC3A u OC3B sBastoTcst GopMaMu CUTHAJIOB,
T€HEPUPYEMBIMU COOTBETCTBYIOIIMMU PE3YIbTATAMH CPABHEHUS.

15.2.8. Peructpsr Onucanus

Cnucox pecucmpog TC3

3Ha4yeHue Mo

Peructp Anpec Onucanue
YMOJYAHUIO
TCCR3A 0x90 0x00 Peructp ynpaBnenus A
TCCR3B 0x91 0x00 Peructp ynpasnenus: B
TCCR3C 0x92 0x00 Peructp ynpasnenusi C
TCCR3D 0x93 0x00 Peructp ynpasnenus: D
TCNT3L 0x94 0x00 CyeTynK 3HAUYCHHH - MJIaIIHNA OalT
TCNT3H 0x95 0x00 CueTurK 3HA4YEHUH - cTapmnii 6alT
ICR3L 0x96 0x00 Peructp 3axBara - mutaaimuii 6aiT
ICR3H 0x97 0x00 Peructp 3axBara - crapuiuii 6aiT
OCR3AL 0x98 0x00 Peructp cpaBHEeHUS! A BBIXOJHBIX TAHHBIX - MIIQJIIIANA OaiT
OCR3AH 0x99 0x00 Peructp cpaBHeHMsI A BBIXOJHBIX JTAHHBIX - CTAPIIMNA OAlT
OCR3BL O0x9A 0x00 Peructp cpaBHeHMsI B BBIXOAHBIX JaHHBIX - MIIAAIIUI OaiiT
OCR3BH 0x9B 0x00 Peructp cpaBHeHUsB BBIXOTHBIX JAHHBIX - CTAPIIMNA OAUT
DTR3L 0x9C 0x00 Peructp KOHTpPOJISE MEPTBOI'O BPEMEHH - MIIAAIIHNI GailT
DTR3H 0x9D 0x00 Peructp KOHTpOJISI MEPTBOT'O BPEMEHH - CTapIIuii OalT
OCR3CL Ox9E 0x00 Peructp cpaBHeHus C BBIXOJHBIX TaHHBIX - MUK OalT
OCR3CH Ox9F 0x00 Peructp cpaBHeHUs1 C BBIXOAHBIX JAHHBIX - CTapIIUi OalT
TIMSK3 0x71 0x00 Peructp Macku npepbIBaHUs CUeTYNKa/Talimepa
TIFR3 0x38 0x00 Peructp ¢uaroB nmpepbiBaHMil cueTYNKA/TaliMepa

TCCR3A - Pecucmp ynpasnenus A

| TCCRS3A - Peructp ynpasiienust A

Anpec: 0x90 3Havenue no ymondanuio: 0x00

bur 7 6 5 4 3 2 1 0

Hms COM3A1| COM3A0| COM3B1 | COM3B0 | COM3C1 | COM3CO | WGM31 | WGM30

R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur Nms Onpenesenne OUT

! COMSAL [Toapo6uee cm. Onucanne TaOIUIIBI YIIPaBICHUS BBIXOHBIM CPAaBHEHHUEM.

6 COMBSAO0

> COM3B1 [TonpoGuee cm. Onucanue TaOIHUIIBI YIIPABICHUS BEIXOIHBIM CPABHEHHUEM.

4 COM3BO0

3 COMSC1 [TonpoGuee cm. Onucanue TaOIHIIBI YIIPABICHUS BEIXOAHBIM CPABHEHHUEM.

2 COM3CO0

L WEMSL [Toapo6uee cm. Onrcanue TabJIUIBl PEKUMOB T'eHEpaIliy BOJTHBI.

0 WGM30




COM3x - Pexcum YnipaBaeHue cpaBHeHUEeM 6e3 PWM

COM3x [1:0] Onucanne
0 OC3x oTkir0YeH, ornepalis BBOIa-BbIBOIA OOIIETO Ha3HAYCHUS
1 Iepexmtouenue curaaga OC3X Bo BpeMs CpaBHEHUS
2 Ounctuth curnan OC3X Bo BpeMsi CpaBHEHUS
3 YcranoBure curnan OC3X npu cpaBHEHUU

COM3x - Beictpeiv Pexxum PWM VnpaBiieHve cpaBHEHHEM
COM3x [1:0] |
0 OC3X oTKIIOYEH, orepalysi BBOIa-BbIBOJA OOIIET0 HA3HAYCHUS

Onucanue

Kornma WGM3 pagen 15: curnan OC3A nepexiitoyaercsi BO BpeMs CpaBHEHUS,

1 a OC3B BeIkIIO4aETCS.

Korma WGM3 sBnsiercst npyrum 3HadeHneM: OC3X oTkiII04eH, 001as ornepamus
BBO/Ia-BBIBOJIA

2 Ounctka curnana OC3X Bo Bpemsi cpaBHeHUs U yctaHoBKa curnan OC3X, korga
MIPOU30MJICT MAKCHMAJILHOE COBIA/ICHUC

3 Ycranoka curnana OC3X Bo Bpems cpaBHeHus U ouncTka curnain OC3X, koraa
MIPOU30MIET MAKCHMAIILHOE COBIA/ICHHE

COM3x - Pexxcum PWM c koppekyuetl ¢paz YnpasieHue cpagHeHUeM

Onucanue

0 OC3X OTKJIIOYEH, OTepalys BBOIa-BbIBOIA OOIIET0 HAa3HAYCHUS

Korma WGM3 pasen 9 unu 11: curnan OC3A niepekitogaercsi BO BpeMsi CpaBHEHHUS,

1 OC3B BbIkiTIOUaeTCA

Korma WGM3 siBrisiercst npyrum 3Hadennem: OC3X oTkIt04eH, 001mas oneparis BBOa-
BBIBOJIA

2 Ounctra OC3X mpu coBHaieHNH, KOTJa CYET BBEPX.
Ycranoka OC3X mpu coBNaIeHUH, KOTJa CUET BHU3.

3 Ycranoska OC3X mpu COBMAJIeHUH, KOT/Ia CUET BBEPX.
OunctkaOC3X mpu COBMAICHNUH, KOTJIa CUET BHU3.

TCCRS3B - Pecucmp ynpasnenus B

‘ TCCR3B - Peructp ynpasjenusi B

Anpec: 0x91 3navyeHne o ymomdanuio: 0x00
bur 7 6 5 4 3 2 1 0
Nms ICNC3 ICES3 - WGM33 | WGM32 | CS32 CS31 CS30
R/W R/W R/W - R/W R/W R/W R/W R/W

bur| HWmsa Omnpenesienne OUT

Korna out ICNC3 ycTaHoBieH B «1», 101aBUTENb IIyMa BXOJHOT'O CUTHAJIA BKJIFOUEH.
B »T0 Bpems Bxox BHemmHero kontakra ICP3 ¢unsTpyercs, 1 BXOJHON CHTHAI

7 | 1Iene3 eiiCTBUTENEH, KOTa YeThIPe MOCIeI0BATENbHBIX BEIOOPKHU paBHBIL. DTa (QyHKIUA
3anepkuBaeT 3axBar BBoaa Ha 4 Ilukier TakToB. [lpu ycranoske 6uta ICNC3 B «0»
[10/1aBJICHHUE IIIyMa 3aXBaTa BXOJHOT'O CUTHAJIA OTKJIFOUAETCsl, @ BXOJl BHEIIHETO BBIBOAA
ICP3 3axBaThIBaeT MPSMBIM JEHCTBUEM.

Korna out ICES3 ycranosnen B «1», nepeaauii GpoHT BEHIOPAHHOTO YPOBHS 3aITyCKaeT
6 ICES3 [BaxBat BBOAa, a 6uT ICES3 ycranosnen Ha «0y», 3aqauii GPOHT BRIOPAHHOTO YPOBHS
3amyckaer 3axBar BBojia. Korna coObITHE 3aXBaThIBA€TCs, 3HAUCHHE CUETUUKA




WGMS3 - yanIB./leHLle peIcumMoM ceHepauyuu cucHa/ad.

WGM1[3:0] Pexkum padorsl 3nauenue TOP

OO0OHOBUTH MOMEHT

konnpyetcst B peructp ICR3 u ycranasnuBaercs ¢uiar ICF3 BBoga. Ecnu npepriBanue
BKITIOYCHO, TCHEPHUPYETCsI MPEPHIBAHUE BBOJIA.
5 - 3ape3epBUPOBAHO
4 lwem3s WGM33, WGM32, WGM31, WGM30 BmecTte ob6pa3yrotT pesxkum WGM3 ynpaBieHus
rerepauueit Gopmsl BoHbI [3: 0] Ui yripaBIeHHs PEKUMOM TOCYETa CYETYMKOB U
3 |womaz | PexuMoM rerepanm ¢dopmbl curnana. [lonpoduee cm. B Tabnuie Onucanuu pexunma
TeHepaluy BOJHBI.
[Ipenyenenue TaKTOB KICTOYHUKA CHHXPOHU3ALWY [Tl cYeTYrKa BpemeHu 0.
2 CS32 CS3[2:0] Onucanne
0 HeTt ncToyHrKa CHHXPOHU3AIMH, CTOI-CUET
1 clksys
2 clksys / 8 u3 npenaenurens
1 csal 3 clksys / 64 w3 npeanenurens
4 Clksys / 256 u3 npennenurens
5 clksys / 1024 ot npemaenurens
0 CS30 6 Buemnue taktsl T1, Tpurrep co cnanatomum GpoHTOM
7 Buemrane taktel T1, Tpurrep ¢ HapacTaronmm GpoHTOM

YcraHoBUTE MOMEHT

OCR3 TOV3
0 Normal OxFFFF Hemennenno MAX
1 8-outHeiii PCPWM Ox00FF TOP BOTTOM
2 9-6utHbiit PCPWM OXOIFF TOP BOTTOM
3 10-6utHBI PCPWM Ox03FF TOP BOTTOM
4 CTC OCR1A Hemennenno MAX
5 8-outHe1ii PCPWM Ox00FF BOTTOM TOP
6 9-outHBIt PCPWM OxOIFF BOTTOM TOP
7 10-6utnbeiii PCPWM O0x03FF 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 VY nepxanue - - -
14 FPWM ICR1 TOP TOP
15 FPWM 0CR1A TOP TOP

TCCR3C - Pecucmp ynpasnenus C

‘ TCCR3C - Peructp ynpasiaenus C

Anpec: 0x92 3HaveHune o ymomdanuio: 0x00
bur 7 6 5 4 3 2 1 0
Hms FOCOA | FOCOB | DOC3B | DOC3A | DTEN3 - DOC3C | FOC3C
R/W W W R/W R/W R/W - R/W W
bur| HWwmsa Omnpenesenne OUT
7| FOC3A butr FOC3A aktuBHBIHN TONBKO, Koraa 6utel WGM omnpenensitor pexxum 6e3 PWM.




COM3A1 | COM3A0 Onucanue
0 0 Hopmanbenbix onepanuii mopra, OC3A OTKIIFOYEHO.
0 1 bucrabunbnas cxema OC3A na CpaBuenun Komnaparopa.
1 0 Ounctute OC3A na CpaBHenuu Kommnaparopa.
1 1 VYceranoButh OC3A na CpaBuenun Kommnaparopa.

Urenne FOC3A Bcerna Bo3Bpariaer HOJb.

FOC3B

but FOC1B akTuBHbI# TOJIbKO, Koraa outel WGM onpenensroT pesxxum 6e3 PWM.

COM3B1 | COM3B0 Onucanue
0 0 Hopmanbenbix onepanuii mopra, OC3B oTkiI104€HO.
0 1 bucrabunbnas cxema OC3B na Cpasuenun Kommnaparopa.
1 0 Ounctute OC3B na CpaBuenuu Kommaparopa.
1 1 VYceranoButh OC3B Ha CpaBaennu Kommaparopa.

Urenne FOC3B Bceraa Bo3BpamaeT HOJb.

DOC3B

Kormga 6ut DOC3B ycraHoBieH Ha «1», akTUBUPYETCSl CUTHAII CPAaBHEHHSI BEIKITFOUCHUS
ucrouHuka 3anycka OC3B. Korja npoucxoaut coObITHE TPUITEPA, allllapaTHOE
o0ecrieyeHre aBTOMaTHYECKH OTKIF0UaeT BbiBoj curtaina OC3B. Korma 6utr DOC3B
ycTaHoBJIeH Ha «0», BBIXOAHOM CUTHAJ CpaBHEHUS BBIKIIOUYEeHUs ucTounuka OC3B
otkiodeH. Brixox curnana OC3B He OTKIII09aeTCs MPH BOSHUKHOBEHUU COOBITHS

TpUrTepa.

DOC3A

Korna out DOC3A ycraHoBieH Ha «1», akTUBHPYETCsl CUTHAJI CPABHEHUS BBIKJIIOUEHHUS
ucrounuka 3amycka OC3A. Korma mpoucxoauT coObITHE TPUTTEPA, almapaTHOE
o0ecrieueHre aBToMaTHYecKkn oTKIro4YaeT BeiBoJ curdanma OC3A. Korma 6utr DOC3A
ycTaHOBJICH Ha «0», BEIXOAHOW CUTHAJ CpaBHEHUS BHIKIIOUeHUs ncTouHnka OC3A
otkimoueH. Brixon curnana OC3A He OTKIII0YaeTCs MPpU BOZHUKHOBEHUH COOBITHUS

TpUrTEepa

DTEN3

Ecim 6utr DTEN3 ycranoBneH Ha «1» - MepTBoe BpeMeru BkiroueHo. O6a OC3A u
OC3B BcTaBasIOT MEPTBOE BpeMs B (POPMY BOJIHBI, TEHEPUPYEMYIO BBIXOJIHBIM
CHUTHAJIOM CpaBHEHUs B-kaHana, a BCTaBI€HHBIA MEPTBBIA HHTEPBAJ OIIPEACIISIETCS
BpPEMEHEM OTcueTa, cooTBeTCcTBYIONNM peructpy DTR3. TlomsipHOCTH BBIXOJHOTO
curaana OC3A onpenensiercst cootBeTcTBUEM Mexx 1y COM3A 1 COM3B. Cm. OC3A
JUTS TaOJIUIIBI TOJIIPHOCTY CUTHAJIA MOCJIe BCTaBKH MEPTBOTo BpeMeHu. Korma 6ut
IDTEN3 ycranoBnen Ha «0», BcTaBka MepTBOTO BpeMmeHu 3anpernieHa. Curaanst OC3A uf
OC3B sBasitoTcst hopMaMu CUTHAJIOB, TEHEPUPYEMBIMU COOTBETCTBYIOIIUMHU

pe3yJbTaTaMH CpaBHEHUSI.

3ape3epBUPOBAHO

DOC3C

Korna 6ut DOC3C BBICOK, pa3pelieHo OTKIIUUTh BbIxoaHoe cpaBHeHue C. Ecnu
MOCJIe 3aBEPIICHUS YCIOBHUS BhIBOA OTKIIOYeHO, OMT COM3C ounmiaercsi, a BRIXOIHON
koHTakT OC3C oTkirodaeTcsi. OTOT BbIBOJI CTAHOBUTCSI YHUBEPCAIBHOM Ollepariei
BBOosa-BbIBoAa. Korma 6ut DOC3C sBisieTcst HuzkuM, GyHKusS C OTKIIOYHTH

(YHKIIMIO CPAaBHEHUS BHIBOJIA HEJICHCTBUTEIBHA.

FOC3C

but FOC1B axTuBHbI# TOJBKO, Koraa outel WGM onpeaensroT pexkum 6e3 PWM.

COM1B1 | COM1B0 Onucanne
0 0 Hopwmanbhabix onepauuii nopra, OC1B oTkitoueHo.
0 1 bucrabmibnas cxema OC1B na CpaBaenun Kommnaparopa.
1 0 Ounctuts OC1B Ha CpaBHenun Kommnaparopa.
1 1 VYceranoButs OC1B Ha CpaBaenun Kommnapatopa.

Urenne FOC1B Bcernma Bo3Bpaiaer HOJb.




TCCR3D - Pecucmp ynpasnenuss TC3 D

‘ TCCRS3D - Peructp ynpasJjenusi D

Anpec: 0x93

3HaueHue no ymosyanuto: 0x00

burt

7 6 5 4 3 2 1 0

HUmsa

DSX37

DSX36 | DSX35 | DSX34 DSX31 | DSX30

R/W

R/W

R/W R/W R/W R/W R/W

bur

Nms

Onpenesienne OUT

DSX37

ITpu ycranoBke 6uta DSX37 B «1», nepenonnenne TCO akTUBHpYyETCS B KaUueCTBE
MCTOYHHKA TPUTTEpa s BeIKIIOUeHus: curHana cpaHenuss OC3X. Korna 6ut DOC3X
paBeH «1», HapacTarouuii GpOHT BHIOpAHHOTO (iara NpepbIBaHMs aBTOMAaTUYCCKU
oTkiovaeT BeixoAaHo# curaan OC3X. Ilpu ycranoBke 6ura DSX37 B «0»
nepenoiHenne T CO oTKIIIOYaeTCs KaK KCTOYHUK TPUTTEPA JIJISl BBIKITFOUCHUS
BbIxotHOTO curHaia cpasHeHunst OC1A/OC1B.

DSX36

[Tpu ycranoBke 6uta DSX36 B «1» nepenonnenne TC2 akTuBUpYyeTCS B KAUYECTBE
MCTOYHHKA TPUTTEpa s BeIKIIOUeHus curHana cpaBHenns OC3X. Kornma 6ut DOC3X
paBeH «1», HapacTarouuii GpOHT BHIOPAHHOTO (iara NpepbIBaHMs ABTOMATUYCCKU
otkiovaeT BeixoaHo# curaan OC3X. Ilpu ycranoBke 6ura DSX36 B «0»
nepenoiHenue T C2 OTKIIIOYAETCS KaK KCTOUYHUK TPUTTEPA JIJISl BBIKITFOUCHUS
BBIXOHOTO cuTHAJNA cpaBHeHuss OC3X.

DSX35

[Tpu ycranoBke 6ura DSX35 Ha «1» ypoBeHns n3menenus: BoiBoaa 1 Bkimouaercs B
Ka4yecTBE MCTOUHUKA TPUITEpa JUIsl BHIKIFOUEHUS BBIXOAHOM (popMBbI curHana
cpaBuenust OC3X. Korma 6ut DOC3X ycranosiieH B «1», nepeaauii GpoHT OUT
perucrtpa (iara npepbIiBaHHs BHIOPAaHHOTO UCTOYHHMKA TPUITEpa aBTOMATUUECKU
otkirovaet BeixoqHou curHan OC3X. Ilpu ycranoBke 6uta DSX35 B «0», nuzmMeHnenue
BeiBoaa 1 oTkitoyaeTcst Kak MCTOUHUK TPUITEPA /171 BBIKJIIOUYEHUS BBIXOAHOTO
curnaina cpasHerust OC3X.

DSX34

Korma 6utr DSX34 ycranosnen B «1», Buemaee [IpepbiBanue 1 Brirowyaercs B
Ka4yecTBE MCTOUHUKA TPUTTepa JUIsl BHIKIFOUEHHS BBIXOJHOM CUTHAIa CpaBHEHUS
OC3x. Korma 6ut DOC3X paBen «1», nepenanunii GpoHT OHuTa perucrpa raxka
BBIOPAHHOTO MTPEPBHIBAHUS ABTOMATUYECKH OTKJIIOYaeT BbIXoqHOU curHai OC3X.
Korma 6utr DSX34 ycranosien B «0», [IpepbiBanue 1 oTKiIFOUaeTCS Kak HCTOYHHUK
TPUTTEpA JJIs1 BBIKJIIOYEHHS BBIXOIHOTO curHasia cpaBHeHHst OC3X.

DSX31

Korma 6ut DSX31 ycranosieH B «1», AHaJIOroBblii komnapartop 1 BKITIOYEH Kak
MCTOYHHUK TPUTTEPA JJIsl BBIKJIIOYEHUS BBIXOJHOM curHana cpaBHeHus OC3X Korna
outr DOC3X paBeH «1», nepenuuii GpoHT (rara mpepbIBaHUS BEIOPAHHOTO UCTOYHHUKA
TpUTTepa aBTOMAaTUYECKH OTKIItouaeT BeixoaHOM curHan OC3x. Kornma 6ur DSX31
paBeH «0», AHaJI0roBbINH KoMnapatop 1 oTKIIF0OYaeTCst Kak TPUTTEp, YTOOBI
OTKJIFOYUTH BBIXOAHOM curHan cpaBHeHust OC3X.

DSX30

Korna out DSX30 ycranosieH B «1», AHajioroBblii komnapartop 0 BKIIIOYEH Kak
WCTOYHHK TPUTTEPA IJIs1 BBIKIIOYCHHUS BBIXOIHOH curHana cpaBHeHnss OC3X. Korma
o6utr DOC3X paBeH «1», nepeauuii GpoHT (rara npepbiBaHUS BEBIOPAHHOTO HCTOYHHUKA
TpUTTEpa aBTOMaTHUECKH OTKIF0oUaeT BoixoaHo# curaan OC3X. Korma 6utr DSX01
paBeH «0», AHanoroBbiii komnaparop 0 oTKiIIOYaeTCst Kak TPUITEP, YTOOBI
OTKITIOYHTH BBIXOTHOW curHain cpaBHeHHst OC3X.

DOC1x

OC14 / OC1B - OmKkawy4ums ynpag/eHue Bol6op ucmo1Huka
DSX1n

=1

HUcTounuk Onucanue

but DOCOX paBen «0», (yHKIMS BBIKIIOUEHHS HCTOYHHUKA
BBIXOHOT'O CHTHAJIa OTKJIIOYCHA.




AHaJIOTOBBI
1 0

kommapatop 0 [Tepennnit ppont ACIFO orkimouyaer BeixogHo# curaan OC1x

1 AHaJIOTOBBIH

1 kommapatop | [Tepennnii ppont ACIF1 orkitouaer BeixoaHo#i curaan OC1x

1 4 Buemnee

[Tepennuit dppont INTF1 orknrouaet BeixoaHou curaan OC1X
npepbiBanue 1

N3menenue

1 5 YpOBHS [Tepennuii ppont PCIF1 orkmrouaeT BeixogHou curHan OC1x
KOHTakTa 1

1 6 Hepe{lrchZH cHme [Tepennuit dpont TOV2 otkimtouaeT BeixogHou curnain OC1x

[Tepenonuenue

1 7 TCO [Tepennnii ppont TOVO orkmrouaer Berxoanoi curnan OC1X

Ipumeuanue: 1) Korga DSX1n = 1 ykassiBaer, uto N-it Out peructpa DSX1 pasen 1,
OUTBI perucTpa MOryT ObITh YCTaHOBJIEHBI OJHOBPEMEHHO.

TCNT3L - Pecucmp cuemuuxa Mnaowuii 6atim

TCNT3L - Peructp cueTynka

Anpec: 0x94 3navyeHue no ymondanuio: 0x00
bur 7 6 5 4 3 2 1 0
Mmsi  |[TCNT3L7|TCNT3L6J TCNT3L5| TCNT3L4| TCNT3L3JTCNT3L2|TCNT3L1|TCNT3LO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur| HWmsa Omnpenesienne OUT

Mnanmmii 6ait 3nauenus cueruyuka TC1. Peructpst TCNT1H u TCNTIL
[o6benunens! ans popmupoBanus 16-paspsaHoro cuerunka TCNT1. Yrenue u 3anuch
16-6utHBIX peructpoB TpeOyeT AByX onepanuid. [Ipu 3ammcu 16-6utaHoro TCNT1
|cnauana cnenyer 3anucate TCNTI1H. Ilpu utenun 16-6utHoro TCNT1 chavana
npounTtaiite TCNTI1L.

ITpu 3anucu B peructp TCNT1, 310 npenoTBpaTUT COBIIaJCHUE CPABHEHMSI B TEUEHHE
7:0 |TCNT3L |cnenyromiero Takta TaitMepa, JJake eclid TaiiMep OCTaHOBJICH. JTO IMO3BOJISIET HE
BBI3bIBATh NpEPbIBaHUs NpU paBeHcTBe 3HaueHui perucrpa TCNT1 nu OCR1x. Eciu
3HaueHue, 3anucannoe B TCNT1, paBHo unu 6ombiie 3nauenne OCR1x, cpaBHeHHE
|[Oyner nmoTepsiHO, YTO MPUBEAET K BOSHUKHOBEHUIO HEMTPABUIILHON (POPMBI CUTHATIA.
Taiimep nmpekpalaer oTcueT, Korja MICTOYHUK CUHXPOHU3aluu He BeiOpaH, HO L{ITVY Bce
emie MoxeT noayuuth AocTyn K TCNT1. Cyerumk 3amucu npoieccopa umeer oosee
|BI)ICOKI/II\/'I MIPUOPHUTET, YEM ONepaIisi OUUCTKU WM JOOABICHUSI UM BBIYUTAHUS.

TCNT3H - Pecucmp cuemuuxa Cmapuwiuii 6avim
‘ TCNT3H - Peructp cueT4nkosn

Anpec: 0x95 3HaveHue o ymondanuio: 0x00
bur 7 6 5 4 3 2 1 0
Ums  |TCNT3H7|TCNT3HG TCNT3HS|TCNT3H4| TCNT3H3JTCNT3H2|TCNT3H1|TCNT3HO]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur| HWmsa Omnpenesieane OUT
7:0 JTCNT3H|Crapuuii 6aiit 3HaueHus cuerunka TCNT3. Cwm. nosichenus TCNT3L

ICR3L - Pecucmp 3axeama Mnaowuii b6atim
Anpec: 0x96 3nadenue o ymoadanuio: 0xX00

bur 7 6 5 4 3 2 1 0

Nwmst ICR3L7 | ICR3L6 | ICR3L5 | ICR3L4 | ICR3L3 | ICR3L2 | ICR3L1 | ICR3LO




R/W

R/W R/W R/W R/W R/W R/W R/W RIW

bur| HUmsa

Omnpenesenne OUT

7:0 | ICR3L [6brTh 3armucan ICR3H. Ilpu urenuun 16-6utHoro ICR3 cnavana npounraiite ICR3L.

Moanmuii 6aiT 3HaueHus BBoa BxoaHoro curgaia TCNT3. ICR3H u ICRIL
o0benuHensl 11 popmupoBanus 16-6utHoro ICR3. Urenue u 3anuch 16-OMTHBIX
erucTpoB TpeOyer aByx onepauuid. [Ipu 3anucu 16-6utnoro ICR3 cHavana nomxex

Korma 3amyckaercst BXOJHOMU 3axBaT, 3HadueHue cueryrka TCNT3 oOHOBIsIeTCS 1
korupyetcs B peructp ICR3. Peructp ICR3 takke MOKeT UCIIOIB30BATHCS IS
onpeneneHuss TOP-3Hauenus cueryuka.

ICR3H - Pecucmp saxsama Cmapuwuii baiim

\ ICR3H - Peructp 3axBara - crapmmii 6aiiT

Anapec: 0x97 3Hadenue mo ymomadanuto: 0x00
bur 7 6 5 4 3 2 1 0
Nmsn ICR3H7 | ICR3H6 | ICR3H5 | ICR3H4 | ICR3H3 | ICR3H2 | ICR3H1 | ICR3HO
R/W R/W R/W RIW R/W RIW RIW RIW R/W

bur| HUmsa

OmnpenesieHue OUT

7:0 | ICR3H |Crapmwuii Gaiit 3Hauenus cuerunka ICR3. Cm. noscuenns ICR3L

OCR3AL - Pecucmp cpasnerus A 6bixo0nvix 0annvix Muaowuii 6avim

Anpec: 0x98 3ravyenne no ymomganuio: 0xX00

bur

7 6 S 4 3 2 1 0

Hma JOCR3AL7JOCR3AL6JOCR3ALS5|OCR3AL4JOCR3AL3|OCR3AL2|JOCR3AL1JOCR3ALO]

R/W

R/W R/W R/W R/W R/W R/W R/W R/W

Bbur| HUmsa

OmnpenesieHne OUT

7:0 OCR3ALIpeFI/ICTp OCR3A ucnons3yer aBoitHo#i OydepHblit peructp. OnHako QyHKIHUS TBOMHOM

Mnanmmii 6aiT peructpa cpaBHenus A. OCR3AL u OCR3AH o6benunens! 1is
[popmupoBanus 16-paspsagHoro OCR3A. Urenue u 3anuch 16-OUTHBIX PErHCTPOB
TpeOyeT nByx omnepanuii. [1pu 3amucu 16-6utHoro OCR3A cHavana HeoOX0aMMO
3anucatb OCR3AH. Ilpu urenun 16-6utHoro OCR3A chauvana npountaiite OCR3AL.
OCR3A nenpepsiBHO cpaBHUBaeTcs co 3HadeHneM cuetaynka TCNT3. ConocraBienue
CpaBHEHHs MOXKET MCIIOJIb30BaThCA JJIsl TE€HEPalliK ITPEPhIBAHUS CPAaBHEHUS WIN IS
reHeparnuu popmel curHaiia Ha BeiBojie OC3A. Tlpu ucnons3oBanuu pexxuma PWM

OydepHu3annu OTKIIIOYAaeTCS B OOBIYHOM PEKUME PAOOTHI M PEXKUME COTIIACOBAHMS.
JIBoiiHas Oydepu3ariyst MOKeT CHHXpOHU3UPOBaTh 0OHOBIeHUE peructpa OCR3A ¢
MaKCHUMAaJIbHBIM FJTH MHHUMAIIbHBIM BPEMEHEM OTCUETa, IPEA0TBpAIIasi TeHEPAIHIO
ACUMMETPUYHBIX UMIYNbcoB [IIMM u ycTpaHsist HeKOppeKTHbIE UMITYIbChl. Korna
MCIoNIb3yeTCsl PYHKIMS 1BOIHON Oydepu3zaiuu, npoieccop oOpaiaercss K peructpy
Ooydpepa OCR3A. Korna gyHnkius 1BoitHoi# Oydepusanun oTKII0YEHa, IPOLECCOp
|06pau1aeTca k OCR3A.

OCR3AH - Pecucmp cpasnenus A evixoonvix dannvix Cmapwuti Oatim

‘ OCR3AH - Peructp cpaBHeHUsI A BHIXOHBIX JaAHHBIX - CTApPIIMi OalT

Anpec: 0x99 3Havenwue mo ymoiadanuio: 0x00

Bbur

Il 6 5 4 3 2 1 0

HUmsa |OCR3AH7JOCR3AHBIOCR3AHS|OCR3AH4OCR3AH3JOCR3AH2JOCR3AHLJOCR3AHO|

R/W

R/W R/W R/W R/W R/W R/W R/W R/W




bur

Nms

Omnpenesenne OUT

7:0 JOCR3AH|Crapruuii 6aiit 3HaueHus peructpa OCR3A. Cwm. nosichenus OCR3AL

OCR3BL - Pecucmp cpasnernus B evixoonvix oannvix Muaowuii 6avim

OCR3BL - Peructp cpaBHeHusi B BBIXOTHBIX JaHHBIX - MJIAIINH OalT

Anpec: 0X9A 3nauenue nmo ymordanuio: 0X00
but 7 6 5 4 3 2 1 0
Hma JOCR3BL7JOCR3BL6JOCR3BL5|OCR1BL4JOCR3BL3JOCR3BL2JOCR3BL1|OCR3BLO}|
R/W R/W R/W R/W R/W RIW RIW R/W R/W
bur| Hmsa Onpenesenue OUT

7:0 |OCR3B LIpeFI/ICTp OCR3B ucnons3yer aBoitHo# O0ydepnslit peructp. OnHako GyHKIUS ABOWHOM

Mnanmmii 6aiit peructpa cpaBaenus B. OCR3BL u OCR3BH o0benunens: mis
|bopmupoBanus 16-pazpsanoro OCR3B. Urtenue u 3anuch 16-OMTHBIX PETUCTPOB
TpeOyeT nByx omnepanuii. [Ipu 3amucu 16-6utHoro OCR3B crayana HeoO6x011uMO
3anrcatb OCR3BH. [lpu utenun 16-6utHoro OCR3B cnauana npountaiite OCR3BL.
|OCRBB HENPEePBIBHO CpaBHUBaeTcs co 3HaueHneM cuerdnka TCNT3. ComnocraBieHue
CpPaBHEHMSI MOXKET UCIOJIb30BATHCSA I TeHEPAllUU MPEPbIBAHUS CPABHEHUS UITH JIJIS
reHepanuu Gopmel curHana Ha BeiBojge OC3B. Ilpu ucnonb3oBannu pesxxuma PWM

Oy(depuzanuy OTKIIIOYASTCS B OOBIYHOM PEKHUME PAOOTHI M PEXKMME COTIIAaCOBAHMUS.
JIBoitHast Oydepuzanns MoKeT CHHXpOHU3UpOBaTh 0OHoBIeHuE peructpa OCR3B ¢
MaKCHMaJIbHBIM WJIH MUHUMATbHBIM BPEMEHEM OTCUETa, MPEIOTBPAILas TCHEPAIUIO
ACHMMETPUYHBIX UMITYJIbCcOB [LIMM 1 ycTpaHsisi HSKOpPEKTHbIE HMITYIbChl. Korma
MCTIONIB3YeTCs PYHKIMS TBOMHON Oydhepu3aiuu, mporeccop odparaercsi K perucTpy
oyhepa OCR3B. Korna ¢yHkius aBoiHO# Oydepusanuu OTKII0UEHa, IPoIeccop
|06pamaeTCﬂ k OCR3B.

OCR3BH - Pecucmp cpasnenus B évixoonvix oannvix Cmapwuii 6avim

OCRS3BH - Peructp cpaBHenusi B BbIXOAHBIX JaHHBIX - cTapIMii 6alT

Anpec: 0x9B 3Havenue no ymondanuio: 0x00
bur 7 6 5 4 3 2 1 0
Hmsa  |OCR3BH7|JOCR3BH6JOCR3BH5|OCR3BH4|OCR3BH3JOCR3BH2JOCR3BH1{OCR3BHO]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur| HWmsa Omnpenesenne OUT
7:0 |JOCR3BH|Crapuuii 6aiiT 3Hayenus peructpa OCR3B. Cm. noschHenust OCR3BL

OCR3CL - Pecucmp cpasnenus C 6bixo0nvix oannvix Muaowuii 6avim

OCR3CL - Peructp cpaBHenusi C BBIXOIHBIX JAHHBIX - MJIQJAIIUI 0aliT

Anpec: 0X9E 3Havenue o ymomdanuio: 0X00
Bur 7 6 5 4 3 2 1 0
Nma |OCR3CL7|OCR3CL6JOCR3CL5|OCR1CL4JOCR3CL3JOCR3CL2|OCR3CL1JOCR3CLO]
R/W R/W R/W RIW RIW RIW RIW RIW R/W
bur| HWmsa Omnpenesieane OUT

7:0 JOCR3CLJOCRS3C nenpepbiBHO cpaBHUBaeTcs co 3HaueHueM cuetynka TCNT3. ComocraBnenue

Mnanmmii 6ait peructpa cpaBuenus C. OCR3CL u OCR3CH o0bennHeHs! s
|popmuposanus 16-paspsaHoro OCR3C. Urenne u 3anuch 16-OUTHBIX PETHCTPOB
TpeOyeT nByx omnepauuii. [Ipu 3anucu 16-6utHoro OCR3C cHayana He0O6X01UMO
samcath OCR3CH. Ilpu urennn 16-6utHoro OCR3C crauana npountaiite OCR3BL.

CpaBHEHHSI MOXKET MCITOJIb30BAThCS ISl TEHEPAITUH ITPEPBIBAHUS CPAaBHEHHUS WIIH JIJIS

rereparuu ¢popmel curaana Ha BeiBoge OC3C. [lpu ucnonb3oBannu pexxuma PWM
eructp OCR3C ucnonbs3yer aBoitHOM OydepHbIil peructp. OaHako QyHKIUS ABOWHOM

Oydeprzanuu OTKII0YAETCS B OOBIYHOM peXHUME pabOThl M PEKUME COTTACOBAHMSL.




JIBoiiHas Oydepu3arust MOKeT CHHXpOHU3UpoBaTh 0OHOBIeHUe peructpa OCR3C ¢
MaKCHMAaJIbHBIM MJIM MHHUMAJIbHBIM BPEMEHEM OTCYETa, IPEAOTBpaIasi FCHEPAIHIO
acuMMeTpUYHbIX UMITY1bcoB LIIM 1 ycTpaHsisi HEKOppeKTHbIE HMITYJIbChI. Korna
UCIoJIb3yeTcst QYHKIUS TBOWHON Oydepusaiuu, mporeccop oopaiiaercst K peructpy
oydepa OCR3C. Korna ¢pyHkius 1BoiHOM Oydepusanuu OTKIF0UYEHA, TIPOIecCcop

obparaercs Kk OCR3C.

OCR1CH - Pecucmp cpasnenus C ebixoonvix oannvix Cmapuiuti oaiim

\ OCRI1CH - Peructp cpaBHeHusi C BbIXOAHBIX JaHHBIX - CTapIIMii OalT

Anpec: OX9F 3nadenue mo ymomadanuto: 0x00
bur 7 6 5 4 3 2 1 0
HUma JOCR3CH7|JOCR3CHG6JOCR3CHS|OCR3CH4JOCR3CH3JOCR3CH2|OCR3CH1JOCR3CHQ
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur| HWmsa Onpenesenne OuT
7:0 JOCR3CH|Crapmmii 6aiit 3nHauenus peructpa OCR3C. Cwm. nosicienust OCR3CL

DTR3L - Pecucmp konmponsi mepmeozo epemenu Mnaowuii oaiim

Anapec: 0x9C 3unauenue no ymomyanuto: 0X00
bur 7 6 5 4 3 2 1 0
Hwms DTR3L
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur| HWma Onpenenenne OuT
Korna 6utr DTEN3 ycranoBneH B «1», OC3A u OC3B sBisi0TCS TOMOTHUTETEHBIMU
7:0 | DTR3L [BeIxomamu, MepTBOE BpeMsi, BCTaBJIeHHOE Ha BbIxoa OC3A, omnpeensercss TakTaMu
cuetunka DTR3L.

DTR3H - Pecucmp konmponss mepmeozo spemenu Cmapuuii baim
DTR3H - PerucTp KOHTPOJIsI MEPTBOI0 BPEMEHH - CTAPIINii 6alT

Anpec: 0x9D 3HavyeHue no ymonauanuio: 0xX00
but 7 6 S 4 3 2 1 0
Nms DTR1H
R/W R/W R/W R/W R/W R/W RIW R/W R/W
bur| HWmsa Onpenenenne ouT
Korma 6utr DTEN3 ycranoBneH B «1», OC3A u OC3B SBISIOTCS TOTOTHATEILHBIMH
7:0 | DTR3L |BbIXOaMu, MepTBOE BpeMsl, BcTaBlieHHOE Ha Bbixos OC3B, onpenensiercs TakramMu
cuerynika DTRIH.

TIMSKS - Pecucmp macku npepwiéanus cuemuukalmatimepa

TIMSKS3 - PerucTp Macku npepbiBaHusl cHeTYMKA/TaliMepa

Anpec: 0x71 3HaueHue no ymoaganuro: 0x00
but 7 6 5 4 3 2 1 0
Nms - - TICIE3 - OCIE3C | OCIE3B | OCIE3A | TOIE3
R/W - - R/W - - R/W R/W R/W
bur Nmn Omnpenesenne OUT

7:6

3ape3epBUPOBAHO




TICIE3

Korna out ICIE] ycTanoBien Ha «1» u rimo0anbHOe MpepbIBaHUE YCTaHOBIICHO -
npepbiBanne BBoaa 1 C3 BkimoueHo. Korma BBeleH TpUrrep 3axpara, TO €CTh
ycraHosineH ¢aar TIFR3:ICF3, npoucxoaut npepsiBanue. Korma 6ut ICIE3 paBen
«0», mpepbIBaHUE BBOJIa BXOAHOTO curdana TC3 OTKII0OUEHO.

3ape3epBUPOBAHO

OCIE3C

Korga 6utr OCIE3C, yctanoBieH B «1» u rio6anbHOE IpephIBaHUE YCTAHOBJICHO -
npepeiBanre Kommnaparopa C CpaBHeHue pa3peieHo. COOTBETCTBYIOLIEE
npepbiBaHue BoImoaHsAeTcs, eciii CpaBHenne Kommaparopa B Taiimep/CueTank
IPOUCXOIUT, TO ecTb, Koraa out OCF3C ycranasnusaercs B TIFR3. Korna out
OCIE3C pasen «0» Boixon TC3 npepbiBanus coBnageHus C - OTKIIOYEH.

OCIE3B

Korma 6ut OCIE3B, ycranoBiieH B «1» 1 171006ansHOE MPephIBAHUE YCTAHOBIIECHO -
npepriBanne Kommnaparopa B CpaBaenue paspeiieHo. COOTBETCTBYIOIIEE
npepbiBaHKe BhinonHseTcs, eciiu CpaBuenue Komnapatopa B Taiimep/Cuerdnk
MIPOUCXOAUT, TO ecTh, Korjaa out OCF3B ycranaBmmBaetcs B TIFR3. Korma our
|OCIE3B pagen «0» Bbixon TC3 npepsiBaHus coBnaeHus B - oTkiroueH.

OCIE3A

Korma 6ut OCIE3 A, ycranoBiieH B «1» U ro0anbHOE IPephIBAHUE YCTAHOBJICHO -
npeposiBanne Komnaparopa A CpaBHeHue pa3zpenieHo. COOTBETCTBYIOIIEE
npepbIBaHue BhIoHseTcs, eciin CpaBHenue Komnapatopa B Taiimep/Cuerdnk
MIPOUCXOINT, TO ecTh, kKoraa Out OCF3A ycranasnuBaercs B TIFR3. Korga 6ut
OCIE3A pasen «0» Bbixox TCO npepbIBaHUS COBIAICHHS A - OTKJIIOUYEH.

TOIE3

but paspemenns npepsiBanus nepenonnenust TC3. Korga 6ut TOIE3 ycranoBnen
B «1», a riio0anbHOE MpephIBaHUE YCTAHOBIIEHO, IpepbiBaHKe nepenoiaHenus TC3
BKItoueHo. [IpepreiBanue renepupyercs mnpu nepenonnennu TC3, T. e.
ycranapnuBaetcs outr TOV3 B TIFR. Korga 6ut TOIE3 paBen «0», npepriBanue
nepenonaHenus TC3 OTKIIIOYEHO.

TIFR1 - Pecucmp ¢hnacos npepwvisanuii cuemuurxa/matimepa

Anpec: 0x38

TIFRO - Perucrp ¢uaaros npepoianmii cuerunka/raiimepa
3Hauenue no ymonyanuo: 0x00

bur

6 5 4 3 2 1 0

Nma

- ICF3 - OCF3C | OCF3B | OCF3A | TOV3

R/W

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

bur

Onpenesenne OuT

7:6

3ape3epBUPOBAHO

ICF3

@nar 3axBara. ®nar ICF1 ycranaBiauBaercs, Korja NpOUCXOJUT COOBITHE BBOAA.
Korga ICR1 ucnonb3yercs Kak BEpXHee 3HaUCHHE CUETUYHKA, @ 3HAYEHUE cUeTa
nocturaet 3HaueHus TOP, ycranasnuBaetcs ¢aar ICF1. Ecnu ans ICIE1L
YCTaHOBJIEHO 3HaYeHHe «1» 1 yCcTaHOBIEH Quiar riao0anbHOTro MpephIBaHus, OyaeT
reHepupoBarhcs npepbiBanue BBoja. ICF1 Oyner ouunieH aBTOMaTUYeCcKH MpH
BBITIOJTHEHUH 3TOH MPoLeayphl 00CTYKUBAHUS IPEPHIBAHUNA UITH MOXKET OBbIThH
oumineH nmyrem 3anuck «1» B 6ut ICF1.

3ape3epBUPOBAHO

OCF3C

Boixon TC3 ¢nar cpaBuenust C. Korma TCNT3 paBen OCR3C, 6510k cpaBHEHHS
JlaeT CUTHaJl paBeHCTBa U yctaHasnuBaet ¢uiar cpaBHenus OCF3C. Eciu ®nar
npepsiBanust cpapaenne C OCIE3C ycranoBieHo B «1», M ycTaHOBIIEH (uiar
r7100abHOTO MpepbIBaHus, Oy/eT TeHePUPOBATHCS MPEPhIBAHNE CPAaBHEHUS C
pesyasTatoM A. ®@nar OCF3C ounrmiaercsi aBTOMaTHYECKH TP BHITIOJTHEHUT

pOLEAYPHI O0CTYKUBAHUS TPEPBHIBAHUS UM MOXKET OBITh OUHUIICH ITyTEM 3aIHCH
«1» B outr OCF3C.

OCF3B

Beixon TC3 ¢dnar cpaBaenust B. Korma TCNT3 paBen OCR3B, 6110k cpaBHeHUS
JlaeT CUTHaJl paBeHCTBa U ycraHasnuBaeT (iar cpaBHeHns OCF3B. Ecniu ®nar
npepbiBanns cpaBHeHre B OCIE3B ycranoBieHo B «1», u ycTaHoBIJIeH (piar




rI100aTBEHOTO MPEPHIBAHUS, OyIeT TeHePUPOBATHCS MPEPHIBAHUE CPABHEHHUS C
pesyasTatom B. ®nar OCF3B ounmiaercs aBToMaTUYeCKH MPY BBHITTOJIHCHUH
pOLEAYPHl 00CTYKUBAHUS TPEPBHIBAHUS UM MOXKET OBITh OUHUIICH ITyTEM 3aIHCH
«1» B 6ut OCF3B.

Boeixon TC3 ¢uar cpaBaenust A. Korma TCNT3 paBen OCR3A, 6510k cpaBHEHHS
JlaeT CUrHaJl paBeHCTBa U ycranasnuBaet (iar cpaBHerns OCF3A. Ecnu ®nar
npepsiBanus cpapHeHue A OCIE3A ycranoBieHo B «1», 1 ycTaHOBJIEH diar
1 OCF3A r7100aIbHOTO MPEepBIBaHuUs, OyJeT TeHEPUPOBATHCS MPEPHIBAHNE CPABHEHUS C
pesyiabTatoM A. ®@iar OCF3A ouniaercss aBTOMaTUYECKH MPY BBITTOJIHCHUH

POLEAYPHI OOCTYKUBAHUS TIPEPHIBAHUS UM MOXKET OBITh OUHUIICH ITYTEM 3aIHCH
«1» B outr OCF3A.

@nar nepenonnenus TC3. Korma cueTunk nepenogHseTcs, yCTaHaBIUBaeTCs ¢uiar
nepenosinennss TOV3. Ecnm Out paspemenus npepoiBanus nepenonaerus TOIE3
yCTaHOBJIEH Ha «1» 1 ycTaHoBIIeH (uiar r100anbHOTo MpepbIBaHus, OyaeT
IeHEepUpOBATHCS MpepbiBaHue nepenoiaHenus. TOV3 aBToMaTHYECKU OUYMIIIAeTC,
KOI'/1a BBIMOJHSAETCS 3Ta MPOoLeaypa IPEphIBaHMs, NN €€ MOKHO OYUCTUTb,
3armucaB «1» B out TOV3.

0 TOV3

16. CuHXpoHHBIH MocJie0BaTeIbHbINA Nepudepuiinbiii unTepdeiic (SPI)

[TomHOMYIIIIEKCHAST TPEXTIPOBOAHASI CHHXPOHHAS NIepeada JaHHBIX
VYnpasneHne BeIylIUM UIU BEAOMBIM YCTPONCTBOM

Ilepenaya ¢ HAMMEHBIIIUM WJIM HAUBBICIIIUM MPUOPUTETOM

7 mIporpaMMHUPYEMBIX CKOPOCTEN MepeIadn JaHHbBIX

®dnar npeprIiBaHUs NIEpeaadn

3ammce CHMBOJIA CTOJIKHOBEHUH MeXaHu3M 3alluThI
[TpoOyxaeHre N3 pekuMa OXKUTAHUS

Pexxum 1BOITHOM CKOpOCTH IIpH paboTe XocTa

[TonnepxuBaeT XOCT C ABYXMPOBOIHBIM PEXKMMOM BBOJIA

4 0ydepHbIX peructpa i 0630pa BBojia / BbIBOJIA

16.1. O630p

SPI B 0CHOBHOM BKJIFOYAET B CeOsl TPU YACTH: MPEIBAPUTEIHHBIN JEIUTENb TAKTOB,
JIETEKTOP TAKTOB, IETEKTOP BHIOOPA BEAOMOTO YCTPONCTBA, IEPENATUYNK U IPUEMHUK.

Peructpsl ynpaBieHusi U COCTOSHUS Pa3ACNISIIOTCS 3TUMU TPEMST YaCTAMH.

[IpennenuTens TaKTOB pabOTAET TOJIBKO B PEXKUME padOThI XocTa. buramu
VIPABJICHUS CKOPOCTHIO Mepeiavur BHIOUPArOT KOG (DUIIMESHT eIeHUs 111 TeHEpaIiH
COOTBETCTBYIOIIUX TaKTOB YAaCTOTHI U BBIBOJAT €ro Ha BbIBOJ SPCK. JleTekTop TakToB
paboTaeT TOJIBKO B PEKUME BEIOMOI0, OOHAPYKUBAET BXOJHON CUTHAJ TallM-CUTHAJIA U3
BbIBOJIOB SPCK 1 cIBUTAeT B pErUCTPhI CABUTA MEPEAAUYM U NTPUEMa B COOTBETCTBUU C
pEXUMOM Mepenauu faHHbix SPI.

W3Beniarens BeIOMOTo AETEKTUPYET CUTHaN BbiOOpa criyTHUKa SPSS u nony4daer
COCTOSIHME Tepeaayuu Jisl yIpaBieHus: paboToil nepeaaTynka 1 IprueMHHUKA.

[lepenaTuuk COCTOUT M3 CABUTOBOTO PETUCTPA U JIOTUKH YIIPABICHUS NIepeaadeil.

[IpueMHUK COCTOUT U3 CABUTOBOI'O PETHCTPA, YETHIPEX MPUHUMAIOIMNX Oy(hepoB u
MIPUEMHOM JIOTUKH YIIPABJICHHUS.
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16.2. I'eHepanus TAKTOB.

Jloruka resepaiyu TakTOB JEJIUTCS Ha MPeABAPUTEIbHbBIN IETUTENh OCHOBHOTO
TaKTOBOT'O I'€HEPATOPA U BEAOMBIM TaKTOBBIM JETEKTOP, KOTOPbIE pabOTaOT B PEKUME
BEJIYILIETO U BEOMOI'O PEXKMMOB COOTBETCTBEHHO.

[IpenpenuTenb TAKTOB UCHOJIB3YET OMTHI YIPABICHUS CKOPOCTBIO Nepeaayr OUTOB
1 OUTHI YIIPABJICHUSI CKOPOCTHIO TIepeaauu Jijis BbIOopa KoddpuimenTa aeneHust s
reHepali COOTBETCTBYIOUIUX YaCTOTHO-Pa3/I€JI€HHBIX TAKTOB (B 0OIIEH CIOXKHOCTH
CeMb BBIOMPAEMBIX YaCTOTHO-JEIAIIUXCA KOdPUIIMEHTOB, cM. OnUcaHue PETUCTPA).
Brixon Ha BeiBog SPCK CBs3b 0O6ecnieunBaeT TakThl, 00ecrieurBasi pu 3TOM
CUHXPOHHU3ALIMIO CJIBUTA /ISl BHYTPEHHHUX PETHUCTPOB CABHUra NEpeaun U mpruema.

JleTekTop TakTOB BHINOJHAET OOHapy:keHue (poHToB Ha BXoaHOM TakTe SPCK u
CIBHUTaeT NepeaTyuK U NPUEMHUK B COOTBETCTBUHU C PEKUMOM Mepenadn JaHHbIX SPI.

Urto6s! 00ecneunTh MpaBUIIbHYIO BEIOOPKY TAKTOBOTO CUTHAJIA, KaK BHICOKHE, TaK
u HU3KkKe ypoBHU TakToB SPCK 10mKHBI OBITH O0OJIbIIE, YeEM 2 TAKTOBBIX IIMKJIA
CUCTEMBI.

16.3. Ilepenaua u npuem

Monaynu SPI aiist nepenaun v npuema NoAJIepKUBAIOT OAHOBPEMEHHYIO Mepeaady
Y MIPUEM B OJTHOIIPOBOJHOM PEXKUME, U TOJBKO JIBYXIPOBOAHBIN ITPUEM B



JIBYXIPOBOJHOM PEXHUME.

16.4. OaHosiMHeliHasi epeAayvya v NpueM

Xoct SPI otkinrodaeT Benomblil curHain SPSS, KOTOphIi JOKEH CBA3BIBATHCSA IS
Hayaja nporuecca nepenadd. Beayiiuii 1 BeJOMBIN HOATOTaBIMBAIOT JAHHBIE, KOTOPHIE
HEO0OXOIMMO TepeaTh.

Benymmii reHepupyeTr TaKTOBBIMA UMITYJIbC Ha CHHXPOHU3HUpYomeM curnaine SPCK
111 oOMeHa gaHHbIMU. OCHOBHBIE JJaHHbIE caBUraroTcsa u3 MOSI u nepenaroTcs u3
MISO. Benomeie nannblie ynanstores u3 MISO u nepemematorcs uz3 MOSI. Tlocne
JTAHHBIX XOCT MOATATUBaeT curHain SPSS niis 3aBepiieHust CBs3U.

[Ipu HacTpoiike B kauecTBe XocTa Moaysb SPI He ynpasiser BeiBogoM SPSS u
J0JKEeH 00pabaThIBaThCs MPOrpaMMHBIM 00ECIIEUEHUEM TOJIb30BATENS.

[Iporpammuoe obecnieuenue BeitackuBaetr PIN-kon SPSS, BeiOupaer Bejomoro
JUISL CBSI3U U MHUIIMUPYET Mepeiavy.

[TporpaMMHOe oOecrieueHrE 3aUChIBAET JAHHbIE, KOTOPBIE JOJIKHBI OBITh
nepenanbl B peructp SPDR, u 3amyckaercst reHepaTop TaKTOBBIX UMITYJIbCOB.

AmnmnapaTtHoe oOecrieueHue reHepupyeT TAKTOBBIA CUTHAJI CBSI3U U CABUTaeT 8-
pa3psiiHbIE TaHHBIE B BEOMBIN U IIEPEMEIIAET JaHHbIE U3 IOJYMHEHHOTO YCTPOICTBA.
[locne cnBura ofHOrO OaiiTa TaHHBIX F'€HEPATOP TAKTOBBIX UMITYJILCOB OCTAHABIMBAETCS
u ycraHaBnuBaeTcs ¢ar 3aBepiuenus nepenaun SPIF. IlporpammHoe obecnieuenue
MOJKET Iepenucarh JaHHble B peructp SPDR, 4T0OBI MpoA0KUTh nepenavyy
cieayroniero 6anrta, uiau MOXeT NOAHATh curHain SPSS s 3aBepiieHus Tekyiie
nepenauu. llocnennue Bxonsiue 1aHHbIe OyAyT COXpaHEHbI B Oydepe npuema.

[Ipu HacTpolike B KauecTBE BEJOMOI0 ycTporcTBa Moayiib SPI Oyner ocraBaThcs
CIISAIINUM JI0 TeX Top, Toka curHai SPSS Oyaet BeicokuMm, coxpanss tpurrep MISO. B
ATO BpeMsl MPOrpaMMHOE o0ecrieueHrne MOXKET OOHOBIISITH coaiepkumoe peructpa SPDR.
Jaxe ecnu Ha BbIBojie SPCK ecTh MMITYJIbC BXOJIHOTO TAKTOBOI'O CUTHAJIA, TAHHBIC
SPDR nHe OyayT cABUHYTHI 10 T€X MOP, moka curnai SPSS He OyneT BriBeieH HA HU3KUIMA
YPOBEHb.

Korma nepegava ogHoro 6aita JaHHBIX 3aBepilieHa, 000pyAOBaHUE YCTAHABIIMBACT
¢bnar 3aBepmenus nepenaun SPIF. Ha stom sTane nporpamMmmHoe obecrieueHrne MOXKeT
MPOJIOJKATh 3aMUChIBaTh JaHHble B peructp SPDR nepen uteHrneM CABUHYTHIX TaHHBIX.
[Tocneanue BxopsIMe JaHHBIE COXpaHsIOTCA B Oydepe npuema.

Monyns SPI umeet Tonpko yeTsipe Oydepa B HallpaBiICHUH MEpelaul U YEThIpe
Oy(epa B HarpaBIeHUU TIpUEMA.

[Tpu nepenaye nanubix peructp SPDR MoxeT ObITh 3anucan, koraa oOydep
nepeaaydr He 3anojiaHeH (T. €. out uara nomxoro o6ydepa nepenaun, WRFULL, sBnsiercs
HU3KkuM). [lpu momydeHun maHHbBIX, Koraa Oydep mpruema HaXOAUTCS B HEMyCTOM
coctosiHuA (TO €cTh OuT mycroro (iara npuema RDSPPF siBnsiercs HU3KHUM), TPUHSITHINA
CHUMBOJI MOKET OBITh MPOYMTAH MyTeM J0cTyma K peructpy SPDR.

16.5. JIByXnpoBOAHBIH peKuM

2-TIpOBOAHOTO IpueMHOT0 Moayisi SPI nelicTBUTENeH TONBKO B paboueM pekume
xocTta. OTau4ne OT OAHOMPOBOAHOTO PeXKUMa 3aKitoyaeTcst B ToMm, yto 00a MOSI u
MISO uncnonb3yroTcss XOCTOM ISl IPUEMa JAaHHBIX, U KaXAbld CHHXPOHU3UPYIOLIUN



curnan SPCK npunumaeT onHoBpemMeHHO 2 Outa nanubix (Jiuaus MISO [lanHbie 10
aTOTO, AaHHkIe B cTpoke MOSI nocie).

[Tocne nomyyeHus nByx OaTOB JaHHBIX ammapaTHOE 00eCNeUYeHne yCTaHABITUBACT
¢nar 3aBeprienus nepenaun SPIF, a qannbie coxpansitores B Oydepe npuema u
CABUTOBOM peructpe. [IporpammHoe obecredeHne JOMKHO IBAK/IbI CUUTHIBATH PETUCTP
SPDR, 4T00OBI OJIy4HUTh MOTYyYEHHBIE /1Ba OaliTa JaHHBIX.

CrnemyeT OTMETUTD, YTO, XOTSI XOCT HE MEPEIACT IaHHbIE B BEJIOMBIN B
JIBYXIIPOBOJTHOM PEXKHUME, MPOTPAMMHOMY O0ECIICYCHHIO TTO-TIPEKHEMY HEOOXOTUMO
3anucath AaHHbie B peructp SPDR, uTo0bI 3a1myCcTUTh T€HEPATOP TAKTOBBIX UMITYJIHCOB
IUISl TEHEPAIMU TAKTOBOT'O CUTHAJIA CBSI3U.

3anucek B peructp SPDR mosxet npuHuMath ABa O6ailTa 1aHHBIX.

PexxuM 1aHHBIX

B ognonposoanom pexxume SPI umeer 4 komOunanmu daszel u nonsipuoctu SPCK B
OTHOILIEHUH NOCJIEI0BATENBHBIX JaHHBIX U yrpasisieTrcss CPHA n CPOL, kak noka3aHo B
cnenyromieit Tabnuie. CPHA u CPOL

Br100p pexxrimMa nepesayu TaHHbIX

\ CPOL  CPHA Hcxonnblii kpai \ Konen kpas Pe:xum SPI
0 0 Bri6opka (nepennuii GpoHT) Hacrpotiika (3agHuii GpoHT) 0
0 1 Hacrpoiika (Hapacratommii GpoHT) Bri6opka (3agHuii GpoHT) 1
1 0 Bri6opka (3aganii GpoHT) Hacrpoiika (Hapacrarommii GpoHT) 2
1 1 Hacrpoiika (3agHuii GpoHT) Bri0opka (nepenuuii ppoHT) 3

Koraga CPHA = 0, BEIOOpKH JaHHBIX U YCTAHOBKA KPAeB TAKTOBOI'O CUTHANA CIEAYIOIIHE:

SPCK (CPOL = 0) . | . .

SPCK (CPOL = 1)

MISO/MOSI Sample | | | | ||

MOSI Setup

MISO Setup —{
SPSS

MSB First (DORD=0) MSB Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 LSB
LSB First(DORD=1) LSB Bit 1 Bit2 Bit3 Bit4 Bitd Bit6 MSB

Korna CPHA = 1, BeIOOpKa JJaHHBIX M YCTAaHOBKA KPaeB TAKTOBOT'O CUTHAJIA CEAYIOIIHE:



SPCK (CPOL = 0) . . .

SPCK (CPOL = 1) |

MISO/MOSI Sample | | | | |
MOSI Setup

MISO Setup — X X

SPSS E

MSB First (DORD = 0) MSB BiltB Bit 5 Bii4 Bit3 Bit2 Bit1 LSB
LSB First (DORD = 1) LSB  Bit1 Bit2 Bit3 Bit4 Bit5 Bit6 MSB

SPI, korna CPHA saBnsieTcs «1».

B nByxnposognom pexxume MISO u MISO ncnonbe3yroTcst B KauecTBE BX01a XOCTA.
Bpemst BBIOOpKH TaHHBIX BCE €I ONPENEAETCS PEKUMOM Mepeadn TaHHbIX. Pexxum
BBIOOPKH MMOKA3aH Ha pUCYHKE HUXKE:

MISO/MOSI Sample | | | | | | | |

MSB First (DORD = 0)

MISO \MSB Bit5 ) Bit3 (Bit1 (MSB )/ Bit5 ( Bit3 / Bit1

MOS| (Bit6 /( Bit4 (Bit2 (LSB ¥ Bit6 / Bit4 ( Bit2 ( LSB )

LSB First (DORD = 1)

MISO "\ LSB ) Bit2 ( Bit4 /Bit6 ) LSB ) Bit2 ) Bit4 ) Bit6 )
MOsI /Bit1 ) Bit3 ) Bit5 (MSB ) Bit1 ( Bit3 / Bit5 (MSB )
Pexxum Be160pku nanHHbIX SPI, korma DUAL sBisieTcst «1» B pexxume mactepa

16.6. ®ynkuus SPSS BbiBo10B.

[Ipu HacTpoiike B KAYECTBE BEAOMOTO YCTPOMCTBA BCEraa BXo 1 BbiBoA SPSS
CUTHaJa BbIOOpa nmogurnHeHHoro ycrpoiictBa. Korma kontakt SPSS yaepxuBaercs Ha
HU3KOM ypoBHE, aktuBHupyeTcs uaTepdeiic SPI, BeiBog MISO cTaHOBUTCS BEIXOTHBIM
BBIBOZIOM (ITPOTpaMMHOE 0OECTIEYCHHE BBIMOIHSIET COOTBETCTBYIONIYIO KOH(PUTYPAITHIO



1opTa), a OCTaJbHbIE KOHTAKTHI SIBJISIIOTCS BXxoAaMu. Korga kontakt SPSS
yIIepKUBAETCA BBICOKO, MOTyJIb SPI cOpackiBaeTcst U O0JIbIlIe HE MOTYYaeT JaHHbIE.
BriBog SPSS ouens mosie3eH a1t CHHXpOHU3AIMH ITaKeTOB / 0alTOB, KOTOPHII
CUHXPOHU3UPYET OUT CUETUHMKA BEIOMOT0 YCTPONCTBA C TEHEPATOPOM TaKTOB.

Korma SPSS B «1», Benomoe yctpoiictBo SPI HeMeiieHHO cOpachIBaeT JJOTUKY
MpyueMa U Mnepeiauv U OTOPACHIBAET HEIMOJIHBIC TAHHBIE B CIIBUTOBOM PETUCTPE.

[Ipu HacTpoiike B KaUeCTBE XOCTa MPOrPaMMHOE 00ECIIEUEHUE MTOJIb30BATENS
MOKET OIPEAEIIATh HalpaBieHue BeiBoaa SPSS.

Ecnu SPSS HacTpoeH kak BBIXOJIHON CUTHAJI, €0 MOXKHO MCITOJIb30BATh IS
yhIpaBJieHus BBIBOJAOM SPSS Be1oMOro ycTpoicTBa.

Ecnu SPSS HacTpoeH kak BXOJ, OH JOJHKEH ObITh BHICOKUM J1JI 00ecTieueHUsI
HOpPMaJIbHOM pabOTHI XOCTA.

Korna ckoHpurypupoBas kak Benymiuii, a BiBoj SPSS siBnsiercs Bxoa0M, Korjaa
BHEIIHSS CXE€Ma BBITSTUBAET BbIBOJ SPSS, monyns SPI npenmnonaraer, 4To Apyroit Xoct
BbIOpaJ ce0s Kak MOAYMHEHHBIN 1 Havall nepeaBaTh JaHHBIE.

1. Yaanute out MSTR B peructpe SPCR u npeoOpa3yiite ero B o J4MHEHHBIH,
y10061 MOSI 1 SPCK cranu Bxogamu.

2. Ycranosure 6ut SPIF B peructp SPSR u crerepupyiite npepsiBanue SPI, ecim
MpephIBaHUE BKIIIOUECHO.

[TosTOMY mpH UCIOJIB30BAHUM METO/Ia MPEPHIBAHUS JJIsl 00pabOTKH mepeaadn
naHHbIX Beaymero SPI u cymiecTByeT BeposATHOCTh TOoro, yTo SPSS Oyner BbIBEIEHO Ha
HU3KOM YPOBHE, IPOrpaMma 0O0CITyKUBaHUS PEPHIBAaHUI TOKHA IPOBEPUTH, SIBIISIETCS
mu 6ut MSTR B «1». Ecnu oHO ouniiieHo, mporpaMMHoOe oOecriedeHue JOIKHO
YCTAHOBHTH €r0 JJIsl HOBTOPHOTO BKJIFOYEHHUS OCHOBHOTO pexkuma SPI.

16.7. Nuannmuaausamus SPI

Nuanmmanmu3anus SPI nomkHa mpoBeaeHa mepes] o0IeHHeM.

[Ipotiecc nHUIMATH3AIME OOBIYHO BKIIOUAET B ce€0s1 BEIOOD oreparuu
MOTYMHEHHOTO YCTPONCTBA, HACTPOUKY pEKUMa Tepe/lauil JaHHbBIX, BBIOOP CKOPOCTH
nepeaadr OUTOB M yIIpaBJICHUE HAMPABICHUEM KaXKI0TO BBIBOJIA.

VYrpaBneHue HanpaBJICHUEM BBIBOJIa B PEXKUME BEAYIIETO U BEIOMOTO OTINYAETCS,
KaK TTOKa3aHo B CIACAYIOIICH TaOIuIIe:

anaBneHHe HaIpaBJICHHUEM BLEIBOOOB

\ BriBog Beaymmii pexum | BenoMmelii peskum

MOSI Onpenensiercs nosib3oBareabckum 110 3anuch
MISO 3anuce Omnpenensiercst noap3oBarenbckum [10
SPCK Omnpenensiercs moyib3oBareabckum [10 3anuch
SPSS Omnpenensiercs moyib3oBareabckum [10 3anuch

16.7.1. Naummanuzamus Bexymero SPI

[Iponecc nanmmanu3anuu xocta SP| BBRITIISINT CIEAYIOMNUM 00pa3oM:

1. Ycranosute 6ut MSTR, 6ut ynpasieHus BbIOOpOM OUT OUT, peKuM Tepeadn
JAHHBIX, TOPSAJOK MEpPeIaun JaHHBIX, pa3pellieHue MPEPbIBAHNS WU HET,

N axTuBUpOBaTH NIBOWHYIO JIMHUIO,



2. Ycranosure Beixoabl MOSI u SPCK B xauecTBe BBIXO/IOB;

3. YcranoBute out SPE.

B ocHoBHOM pexkume mThipb SPSS MOXeT ObITh YCTAHOBJIEH HA BBIXOJ, €CIH
HEeXeJaTeNIbHO, 9TO0BI MOAYJIh SPI ucmonb30Bacs Kak MO JYMHEHHBIA IPYTOM XOCT.

16.7.2. Muunmanu3zanus BegomMoro yctpoictea SPI

[Ipouecc MHUIMATU3AIMN PEKUMA BEOMOTO pexknma SPI BBITTISIUT Cleayonmm
oOpazom:
1. Ouncture 6utr MSTR, ycTaHOBUTE peXXUM IMEepeiayl TaHHBIX, MOPSIO0K NepeIadn
JAHHBIX U BKIIFOUYEHO JIM NIPEPbIBAHUE HIIN HET.

2. Ycranosure BeiBog MISO B kauecTBe BBIXO0/1a;

3. YcranoBute out SPE.

16.8. Peructpsl Onucanue

Cnucox pecucmpog SPI

\ Peructp Anapec 3HavYeHHUe M0 YMOJIYAHUIO \ Onucanue
SPCR 0x4C 0x00 Peructp ynpaBiaeHHUs SPI
SPSR 0x4D 0x00 Peructp cocrostaus SPI
SPDR Ox4E 0x00 Peructp nannsix SPI
SDFR 0x39 0x00 Peructp konTpons Oydepa SPI

SPCR - Pecucmp ynpaenenus SPI

SPCR - peructp ynpasiaenusi SPI

Anpec: 0x4C 3HaueHue no ymosyanuto: 0x00
bur 7 6 5 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 RIW R/W
bur Nma Omnpenenenne OuT
bur paspemenus npeprsiBanust SPI. IIpepeianue SPI renepupyercs, korna out
7 SPIE SPIF B peructpe SPSR ycTanoBieH B «1» u rio0anbHOE MpephIBAHNE BKIIFOYEHO.
Korna 6ut SPIE ycranosyien Ha «0», npepbiBanue SPI oTkmroueHo.
bur pazpemenust SPI. Korna 6ut SPE ycranosien B «1», moayns SPI Bkirouen.
6 SPE SPE nomxen ObITh yCTaHOBIICH 110 TI000# onepanmu SPI.
Korna 6ut SPE ycranoBsien Ha «0», Mmoxynbs SPI oTkitouaercs.
but KoHTpoIIs nopsiKa nepejauy JaHHBIX.
5 DORD Ecmu 6ur DORD B «1», B nepenaun nanubix LSB nepempaercst mepBoid.
ITpu ycranoBke 6utr DORD B «0», B nepegauun nanHsix MSB nepegaercst nmepBoii.
Bri6op Benymiero unu Begomoro. Korma 6ut MSTR B «1», BeIOUpaercs pesxxum
Benymero. Korma 6ut MSTR B «0», BeIOUpaeTcs peskuM Be1oMoro. B rimaBHOM
4 MSTR pexxume, koraa BeiBosl SPSS ckoHUrypHupoBaH Kak BXOJ U BeIBeJCH B «0», OUT
MSTR 6ynet ounten u Oyner ycranosieH SPIF B peructpe SPSR. Tlons3oBaTens
noipkeH copocuth MSTR B MacTep-pexum.
but xonTpons nonsproct yacoB. Korma 6ut CPOL yctanosien B «1», SPCK
3 CPOL  |naxoautcs B coctostauu oxxunanusi. Korma 6ut CPOL ycranosnen B «0», SPCK B
pEeKUME OKMJAHUSI HU3KHM.




Hcxonublii kpaii Konen kpasi

Bocxomsimmii gpoHT [Tanenue GponHT

[Tanenue pponT Bocxonsmmii GpoHT

Korma 6ut CPHA ycraHoBiieH B «1», HayanpHas TpaHUIIA YCTAaHABIMBACT JaHHBIC

1 3aBepiraet gannbie BIOopku. Korma out CPHA ycranoBien B «0», TaHHBIC
BBIOOPKHU HauyaJIbHOrO (PPOHTA U JaHHBIE HACTPOWKHU KOHEYHOTO Kpasl.

CPHA

Hcexoanblii kpaii Konen kpasi

Y cTaHOBUTHEB

0 Bri6opka

2 CPHA
1 SPR1
0 SPRO

Bri6opka

1 YcTranoBuUTH

SPR1 u SPRO ucnonb3yrores 1uist BBIOOpa TaKTOBOM 4acTOThI i1 nepeaad SPIL.
st koHKpeTHOTO MeToAa ynpasiaeHus cM. Tabmuiy otHomeHnuit SPCK u
CUCTEMBI.

SPSR - Pecucmp Cocmosnus SPI

\ SPSR - Peructp Cocrosinusi SPI

Anapec: 0x4D

3HaueHue no ymonyanuio: 0x00

bur

7

6 S 4 3 2 1 0

Nmsa

SPIE

WCOL - - - DUAL - SPI2X

R/W

R/W

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

Bbur

Nms

OmnpenesieHne OUT

SPIF

®mnar npepsiBanust SPI. @nar SPIF ycranaBnuBaeTcs mocie 3aBeplieHus
nociieioBarenbHoON nepenaun. B pesxxume Bemomoro, korna BeiBog SPSS
ckoH(purypupoaH kak Bxoz U B «0», SPIF B «1». Ecau 6ur SPIE B «1» u out
paszpeienus riobdansHoro npepbiBanus B peructpe SPCR B «1», renepupyercst
npepsiBanre SPI. but SPIF aBromatnuecku ouninaercs nocie BBoAa MpoUEayphl
oOcmyxuBaHus ipepbiBanus win 6ut SPIF ounmaercs, cHauana cuuteiBas
peructp SPSR, a 3arem obpamaercs k peructpy SPDR.

WCOL

3anuck peructpa SPDR Bo Bpems nepefauu naHHbIX ycraHaBiuBaeT out WCOL.
butr WCOL moxHO ounctuth, mpountaB peructp SPSR, mpexe uem oOpamarsest
K peructpy SPDR.

5:3

3ape3epBUPOBAHO

DUAL

JIByx1nipoBoaHbIN OUT yripaBieHus pexxumoM. Korma 6ut DUAL ycraHoBieH B
«1», pexxum aByxnpoBoaHoi nepenaun SPI Bkmtouen. Ecnu 6utr DUAL
ycTaHOBJIEH Ha «0», pexxuM AByXnpoBoaHoU nepeaaun SPI oTkirovaercsa. Pexum
JBYXIIPOBOJHOM IIepefady IEUCTBUTEIICH TOJIBKO B PEKUME BENYIIETO YyCTPONUCTBA
SPI. B xauecTBe BXOJHBIX JaHHBIX X0cTa ucnonb3yroTess MISO n MOSI. Pexum
IepeAadn JaHHBIX OIMCBHIBACTCS B IVIaBaX ABYXIPOBOJHOIO IPUEMa U peKUMaxX
nepeaadn JaHHbIX.

3ape3epBUPOBAHO

SPI2X

bur ynpasnenus ckopoctbio SPI. Korna 6ut SPI2X paBen «1», ckopocTb
nepenaun SPI ynsauBaercs. Korna 6ut SPI2X ycranoBien Ha «0», CKOPOCTh
nepenaun SPI He ynBanBaercs. [[jst KOHKpPETHOTO METO/1a YIIPABICHUS CM.
Tabnuny orHomennit SPCK u cucremsl.

B crnenyromeit Tabnuile mokazana B3auMocBs3b Mexay SPCK u cucteMHbIMH Yacamu.

Cas3b Mexty SPCK 1 cCTEMHBIMH YacaMu
| SPI2X
0

Yacrora SPCK
fsys/4

SPR1 | SPRO
0 0




fsys/16

fsys/64

fsys/128

fsys/2

fsys/8

fsys/32

N I e (=] E=]) [=)

Rlrlololr|r]|o

Rlolr|olr|o|-

fsys/64

SPDR - Pecucmp oannwvix SPI

Bbydepusiii peructp SPI

Anpec: OX4E 3Havenue mo ymoiadanuto: 0x00

bur Il 6 5 4 3 2 1 0

Nmsn SPDR7 | SPDR6 | SPDR5 | SPDR4 | SPDR3 | SPDR2 | SPDR1 | SPDRO

R/W R/W R/W R/W R/W R/W R/W R/W RIW
bur Hms OmnpeneseHue OuT

SPI ornipaBiisier ¥ mpuHUMAET AaHHbIe. 3anuch AaHHBIX B SPDR 3amuceiBaercs B
7:0 SPDR PErucTp CcABUTa TaHHBIX TMepeaauu, a yTeHue qaHHbIx u3 SPDR cuutsiBaer Oydep
JAHHBIX IpUEMa.

SDFR - Pecucmp konmpons 6ygpepa SPI

SDFR - Peructp kontpoJs 6ygepa SPI

Anpec: 0x39

3nauenue no ymosyanuto: 0x00

bur

7

6 5 4 3 2 1 0

Nms

RDFULL

RDEMPT | RDPTRO | RDPTRO |WRFULL JWREMPT] WRPTR1 | WRPTRO

R/W

R

R/W R R R R/W R R

Bbur

Nms

Omnpenesenne OUT

RDFULL

@nar - nonHelii 6ydep. Korna nanusie B Oydepe npruema JOCTUrarOT YeThIpex
6aittoB, Outr RDFULL craButcs B «1», yka3siBas, uto Oydep mprema 3aroiaHeH 1
ycTaHoBJIeH OUT npepsiBanus. Korja nanssle B Oydepe npruema MeHbIIIe YeThIpex

6aifroB, outr RDFULL pasen «0», uTo yka3bIBaeT Ha TO, uTo Oydep npuema He

3aIOJIHEH.

RDEMPT

@nar — nycroro Oydepa. Korga nanneie He nomyueHsl, ouT RDSPMPT B «1»,
yKa3bIBaeT, uTo Oydep mpuema nyct. Korma naHHble MPUHUMAIOTCS, OHH
coxpanstoTcs B 0ydepe mpuema, a outr RDPEMP B «0», uTo yka3siBaeT Ha TO, 4TO
Oydep npuema He nycT. B 310 Bpems MCU MOKeT NOAYIUTh AOCTYH K PETUCTPY
SPDR anist cunteiBanus qanHbix B Oydepe npuema. Korma 6ut RESTMPT
ycTaHoBJeH (3amuchk 1), aapec Oydepa nmpuema Oynet ooHyneH. Korma
yctanoBieHsl 0utel RESTMPT u WREMPT, anpec Oydepa npuema u ykazareinb
perucTpa caBura npuema 06a oOHyJISIOTCSL.

RDPTR1

RDPTRO

Anpec nonyuatens. Korna cuutsiaercs peructp SPDR, MCU 6yneTr cuuThIBaTh
MPUHSATHIC TaHHbBIE U3 Oydepa npuemMa, a OydepHbIit aapec moxydaTens OyaeT
nakarmuBaTthes. Korma 6ut RESTMPT ycranosnen (3amucsk 1), anpec Oydepa

nprema OyJeT OOHyJIeH.

WRFULL

®mar - monHeIi 6ydep nepenaun. Korna nanusie B Oydepe nepenadn JOCTUTAIOT
yetbipex 0aiiToB, our WRFULL B «1», yka3siBas, 4to Oydep rnepenayu 3anoiiHeH,
u ycranoBiieH diar out npepsiBanus SPIF. Korma nannsie B 0ydepe nepenaun
MeHbI1e yeThipex 0aiitoB, outr WRFULL B «0», 4To yka3siBaeT Ha TO, uTo Oydep
nepeay He 3aroJTHEH.

WREMPT

@nar nycroro O6ydepa nepenaun. Korma peructp SPDR He 3anucan wim 1aHHble,




3anucaHHble B Oydep nepenaun, nepenansl, our WREMPT B «1», uTo yka3biBaeT
Ha TOo, uyTo Oydep nmepenaun nyct. Korma 3anuceiBaetcs peructp SPDR,
OydepHBIii aipec nepeaun HaKarInBaeTcs, U Korjaa JaHHbIe, 3allMCaHHbIe B
Oydep nmepenaun, He Bce nepeaaroTces, B Oydepe nmpuemMa UMeeTcsl 0 MEHbIIEH
mepe oauH Oait ganueix. bur WREMPT B «0», yka3siBatouum Oydep nepenaun
e myctoi. Korma 6ut WREMPT B «1», agpec Oydepa nepenadu 6yaeT oOHYIIEH.

1 WRPTR1 Henonyctumsiii anpec nepenauu. [Ipu 3anucu B peructp SPDR nannsie B SPDR
3anuchIBaloTCs B Oydep nepenaun, u OydepHblii aapec nepegadyn HaKarIiBaeTCs.

Korga 6ur WREMPT ycranosnen (3anucsk 1), anpec Oydepa nepenayu Oyaet

0 WRPTRO
OOHYJIEH.

17. USARTO - ynuBepcaJbHbIii CHHXPOHHBII / ACHHXPOHHBbIH MOC/1e10BATEIbHBIH
TPaHCHUBEP

e TlomHoaymiekcHas paboTa (He3aBUCUMBIE MOCIIEI0BATEIbHBIC PETUCTPHI IPUEMa U

nepenayn)

ACHHXPOHHAs WJIK CUHXPOHHAsI pabOThI

Onepauus Benymiero nim Be1oMOro ycTpoicTBa

BBICOKOTOUYHBIN reHEpaTOp CKOPOCTH MEPEIadn JaHHBIX

[TonnepxuBaer 5, 6, 7, 8 unu 9 OUT naHHbIX U 1 Wik 2 cTONOBLIX OUTA

MexaHu3Mbl TeHEepalliy U TPOBEPKH YETHOCTH C MOJIEPKKOM anmapaTHOro

o0ecrnieueHus

OOGHapy>keHue MPEBBIIIEHUS] CKOPOCTH

e (OOHapyXeHHe OlMOOK KaJIpoB

o OubTpanus Myma, BKItouas 0OHapyKEHHUE JIOKHOTO Havajaa out u uudpoBoi
(GUIBTP HUKHUX YACTOT

e Tpu HE3aBUCUMBIX MPEPHIBAHUS: OTIPABKAa KOHEUHOTO MPEPhIBAHUS, OTIIPABKA
pETHCTpa JaHHBIX MyCTHIM MPEPHIBAHUEM U MOTYYECHUE KOHEYHOTO MPEPhIBAaHUS

e  MHOronpoIeccoOpHbId PEKUM CBSIZU

e PexuM aCHHXPOHHOM CBSI3H C JBOMHOU CKOPOCTBHIO

17.1. O630p

USART B 0CHOBHOM COCTOUT U3 TPEX YacTeil: FTeHEpaTOpa TAKTOBBIX UMITYJIbCOB,
nepeaaTurMKa u MpUEeMHUKa. DTH TP pas3ziesia pas3estoT PErUCTPhI YIIpaBICHUS U
COCTOSIHHSI.

['eHepaTop TaKTOB COCTOUT U3 T€HEPATOPA CKOPOCTH MEPEIAUYH U JIOTUKHU
CUHXPOHU3ALMH BHEIIHETO BXOJHOIO TAKTOBOI'O CUTHAJIA B PEXKUME CUHXPOHHOTO
noauMHeHHoro pexxuma. BuiBojg XCK ucnonab3yeTcst TOIbKO ISl CHHXPOHHOTO pexuma
nepeaayu.

[lepenatunk BKItOUaET B ce0st Oydep JaHHBIX 3aMUCH, PETUCTP
MOCJIEIOBATEIBHOTO CJIBUTA, TEHEPATOP YETHOCTH U JIOTUKY YIPABJICHHS, HEOOXOUMYIO
JU1s1 00pabOTKU pa3IMUHbBIX (HOPMATOB KaJIPOB.

Bydep nanHbIX 3amnucu mMo3BoJisieT OCYUIECTBISATh HEMPEPHIBHYIO Mepeaady
JaHHBIX 0€3 BBEJICHUS 3aJIePKEK MEXKIY KaJpaMu JaHHBIX.

[TpuemMHuK UMeeT GJIOK CHHXPOHU3AIMH YacOB U JAHHBIX IS IpHeMa



ACHMHXPOHHBIX JaHHBIX. B fomonHeHue k 610Ky BOCCTaHOBIICHHSI IPUEMHUK BKIIIOYAET B
ce0sl YeTHOCTb, JIOTUKY yNPaBJIEHUS, PETUCTP MOCIEI0BATEIBHOTO CIBUTA U
asyxctynenyatsii UDR Oydepa npuema. [IpuemMHUK noaaepKuBaeT TOT ke popmar
KaJipa, 9YTO U MepeAaTyuK, U MOXKET OOHAPYKUBATh OIIUOKN KaJpUpPOBaHMUS,
MPEBBILICHUE CKOPOCTHU TIEpeaun JaHHBIX U OIIMOKH YETHOCTH.

UCSRC UCSRB UCSRA

| (ock Generator

clkio
Baud Rate 1

Generator i

O

o e e s

Recovery

Data
Parity Check Qi

Transmitter

:l—/ TX Control

.‘r :
Generator .
TX Shift Q _ ’j iy Pin Mux

O |

Puc.17.1 Crpykrypa USART

| -

.

17.2. T'enepanusi TAKTOB.

CHUHXpPOHM3ATOP TAKTOB F€HEPUPYET 0a30BbIEC TAKTHI ISl epeaaTINKa U
npuemHuka. USART nonaep:kuBaeT yeTblpe pexkuma paboThl TAKTOB: OOBIYHBIN
ACHUHXPOHHBIN PEXUM, IByXCKOPOCTHON ACUHXPOHHBIN PEXKUM, BEIYIIUN CUHXPOHHBIN
PEKHUM U BEOMBIN CHHXPOHHBIN PEKUM.

butr UMSEL USCRC BbiOupaet 1u060 CHHXPOHHBIH, JINOO0 aCHHXPOHHBIN PEKUM.

but U2X USCRA koHTponupyeT JBOMHOE pa3pelIeHHE CKOPOCTH B ACHHXPOHHOM
peXUME.

Peructp nanpapnenus nanusix (MynbrumiekcupoBannsbiil ¢ [0) BeiBoga XCK,
KOTOPBIM aKTUBEH TOJIBKO B CHHXPOHHOM PEKUME, ONPEEISAET, TEHEPUPYETCS JIU
MCTOYHHK CUHXPOHU3aLUH BHYTPH (BEAYLIMH PEKUM) UM U3BHE (PEXKHUM BEIOMOTO).



17.3. T'enepaTop CKOPOCTH MepeaavH.

Peructp cxkopoctu nepenaun, UBRR u cuetunk yOpIBaHUS MTOCIIEIOBATEIHLHOCTH
COEIMHEHBI BMECTE KaK MPOrpaMMHUPYEMBIi peABapUTEIbHBIN AETUTENb UIH TEHEPaTOP
ckopoctu niepeaaun it USART. YOwiBaromuii cueTynk paboTaeT Ha CHCTEMHBIX
takTax (f sys) m aBToMaTnuecku 3arpyxaet 3HaueHue peructpa UBRR, korga ono
nocturaeT HyJig win 3anucbiBaetcs peructp UBRRL. TakTel reHepupytrorcs, koraa
CUYETUHK JIOCTUTACT HyJIsI. TaKThl UCTIOIB3YIOTCS KaK BBIXOIHBIC TAKTHI TeHEpaTopa
CKOPOCTH Tiepeaauu, a yactora pasHa f sys / (UBRR + 1).

B cnenyromeit Tabauie npuseaeHsl GOpPMYIIBI VIS pacueTa CKOPOCTHU Mepeaadn
(6ur B cexynny) u 3HaueHust UBRR B paznuunbix pexxumax paboThI.

Pexxum padoTsl Pacuera ckopocTu nepenauu (1) Pacuera 3nauyenuss UBRR
ACHHXPOH‘;‘;ﬁ:JpMam’HH“ BAUD = fsys/ (16 * (UBRR + 1)) | UBRR =fsys /(16 * BAUD) - 1

ACHHXPOHHBIN PEKUM

nbo% BAUD =fsys/ (8 * (UBRR + 1)) | UBRR =fsys/(8* BAUD)- 1
JABOMHOMN CKOPOCTHU

PexxvM CHHXPOHHOI'O XOCTa BAUD =fsys/(2* (UBRR +1)) | UBRR=fsys/(2*BAUD)-1

IIpumeyanue:

1. CxopocTh nepeaur onpeessieTcs Kak CKOPOCTh nepeaadn OuT B cekyHay (OuT / ¢);
2. BUAD - ckopocts niepenaun, f Sys - cuctemubie yacel, a UBRR - koMOuHupOoBaHHOE
3HauYEHUE PerucTpoB ckopoctu nepeaaun qaHasix UBRRH 1 UBRRL.

17.4. PexxuM ABOMHOI CKOPOCTH PAdOTHI.

VYcranaBnuas out U2X B peructpe UCSRA 1y1st yIBOEHUSI CKOPOCTH TIepeaayu,
ATOT OUT ACUCTBUTENICH TOJIBKO B ACHHXPOHHOM peXuMe pabOThl, U ITOT OUT
ycTaHaBiuBaeTcs B «0» B CHHXpOHHOM PEXUME pabOTHI.

VYcraHoBKa 3TOro OMTa YMEHBIIHUT BABOE 3HAUCHUE JACIUTENSI CKOPOCTH MepeaauH,
3¢ PeKTUBHO yIBauBasi CKOPOCTh Nepeaayr aCHHXPOHHOMU CBsi3U. B 3TOM cityyae
MIPUEMHUK KCTIOB3YET TOJIBKO MOJOBUHY YKCIIa BEIOOPOK JJIsl BHIOOPKHU JaHHBIX U
BOCCTAHOBJICHUSI TAKTOB, TOATOMY TPeOYIOTCS 00JIe€ TOUHBIE HACTPOUKHU CKOPOCTH
nepeayu U CUCTeMHbIC TakThl. [lepenaTdynk He U3MEHsETCs.

17.5. BHeniHue TaKThI

PexxuM CHHXpPOHHOTO BEIOMOIO PEKMMA YIIPABJISAECTCS BHEITHUM TaKTOBBIM
CUTHAJIOM. BHelHue yachl UCHOJIb3YIOTCS NEPEAATYNKOM U PUEMHUKOM I10CIIE
MIPOXO’KJICHUS YePe3 PETUCTP CUHXPOHU3AIUU U AETEKTOP PpoHTA. ITOT MPOIECC BBOAUT
JIBE CUCTEMHBIE TAKTOBBIC 3aJepKKHU. [[03TOMY MakcuMasbHasi TAKTOBAsk YaCTOTa
BHemHero XCK orpannyena ciemnyrorieit opmynoii:

fxck <fsys/ 4
O6paruTe BHUMaHUE, 9TO fSys UMeeT pelieHre 0 CTabUIBHOCTH IS CHCTEMHBIX

TakTOB. UTOOBI MPEAOTBPATUTH MOTEPIO JAHHBIX M3-3a YACTOTHOIO Jpeiida,
PEKOMEHTyeTCsl 3ape3epBUPOBATh IOCTATOUHBIN 3ariac.




17.6. CUHXpOHHBbIE TAKTHI.

B cunxponnom pexxume BeiBoJ XCK ucnomnp3yeTcs 17 BBOa TaKTOB (BEIOMBIN
PEXKHUM) WIN BBIXOJ CUHXPOHU3AIUH (BEIOMBINA PEKUM).

OCHOBHBIM MPAaBUIIOM CBSI3U MEXTY (PPOHTOM TaKTOBOI'O CUTHAJIA U BBIOOPKOIA
JAHHBIX U U3BMEHEHHEM JIaHHBIX SIBJSETCS TO, YTO (PPOHT TAKTOBOI'O CUTHAJIA,
MCIIONIb3YEMbI /T BEIOOPKHU BBOAA AaHHBIX (RxD), mpoTnBONonoxHO QPpoHTY
TaKTOBOTO CUTHAJIA, UCITOJIb3YEMOMY JUISI U3MEHEHHUSI BBIXOJHOTO KOHIIA TAHHBIX.

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 Baiie, korjaa 3HaueHue UCPOL paBHO «1», BeIXoz
JTaHHBIX u3MeHseTcs Ha 3agHeM ¢pporTe XCK, 1 BbIOOpKA JaHHBIX BBITIOIHSAETCS 110
Hapactatouiemy gpouty XCK. Korna 3nauenne UCPOL paBHO «0», BBIX0]1 TAaHHBIX
u3mensiercs Ha nepenuuii pporT XCK. CoMmmupoBaHue TaHHBIX MPOUCXOIUT HA
3angaeM ppoute XCK.

17.7. dopmat kajgpa.

Kanp nocnenoBaTenbHBIX TaHHBIX COCTOUT M3 CJIOBA JIAHHBIX ITIOC OUTHI
CUHXpOHU3AIMHK (OUTHI HaYaIa ¥ OKOHYAHUS) M OUT YETHOCTH JIJIsl UCTIPABJICHUS OIIMOOK.
USART npunumaet cienyrorue 30 komOuHaiuii opmMatoB ppeiiMOB JaHHBIX:
e | cTapToBBIil OUT
e 5 6,7, 8 uin 9 OUT TaHHBIX
® OUT YETHOCTH, OUT YETHOCTH YETHOCTH UJIU OUT YETHOCTH
e | wm 2 CTONOBBIX OUTa

Kaz:p JaHHBIX HAYMWMHACTCA C HA4YaJIbHOI'O 6I/ITa, 3a KOTOPBIM CJICAYCT MJ'Ia,Z[HII/II\/'I
3Ha11a1111/1ﬁ OuT ciioBa JaHHBIX, 34 KOTOPLIM CICAYIOT APYIUC OUTHI JaHHBIX C CaMbIM
BBICOKMM OHMTOM CJIOBA JaHHBIX. HaKCT, YCIICHIHO MMepeaacTcsa a0 9 out JaHHBIX.



Ecnu npoBepka BKIIOU€Ha, OUT YETHOCTU OYAET COIPOBOXKIATHCS CIIOBOM JIaHHBIX,
32 KOTOPBIM CJIEAYET CTONOBBIN OUT.

Korpa nepenaercs MoaHbIM Kaap JAHHBIX, CIEAYIONIMNA HOBBIM Kaap JaHHBIX
MOKET OBITh MEepPeIaH HEMEUIEHHO WJIH JIMHUS MTepeJayd MOKET OCTaBaThCs
6e3xaeiicTByIoIeH (BBICOKHM ypoBeHb). Ha cremyromieM prcyHKe rmoka3aHa BO3MOKHAs
CTPYKTypa Kajpa JaHHbIX. KBagpaTHble CKOOKH HEOOS3aTEIbHBI.

I, FRAME .

U0 000000600TEREE

Crpykrypa kagpa USART

St CrtapToBbIi OUT, BCera HU3KHIA.

(n) butel gannbix (ot 0 10 8).

P but yetHOCTH. MOXET OBITh HEYETHBIM HJI YETHBIM.

Sp Crop OuT, Bcer/ia BEICOKHIA.

IDLE | Her nepenau Ha nmuauu cBsizu (RXDn wiu TXDn). JIunus IDLE nomkHa OBITH BEICOKOT.

Crpykrypa kaapa nannbix 3agaerca UCSZ [2: 0], UPM [1: 0] u USBS B perucrtpax
UCSRB u UCSRC. IlpueMHUK U NiepeaTYuK T€ K€ HACTPOUKHU. JIroOble M3MEHEHUS
HaCTPOEK MOTYT IIPUBECTH K NOTEPE TEKYILIUX MEPENAY JaHHBIX.

Cpenu Hux UCSZ [2: 0] onpenenun OUT faHHBIX Kajapa ganHbix, UPM [1: 0]
WCTIOJNIB3YETCS I BKIIFOUEHUS U ITOATBEPKACHUA ThIa nposepku, USBS ycranaBnuBaer
JUTSI KaJjpa OJVH WJIM J1Ba KOHEUHBIX OUTA.

[IpueMHUK UTHOPUPYET BTOPOU CTOMOBBIN OUT, TOITOMY OLITUOKU KaJIpPUPOBAHUS
0OHapyKUBAIOTCA TOJIBKO TOT/Ia, KOT/Ia TIEPBBIA KOHEUHBIN OUT paBeH «0.

17.8. BoruucjieHue OUTOB YETHOCTH

buT yeTHOCTH BBIUMCIISIETCS ITYTCM BBIIIOJIHCHUA OIICPpAllUN «HCKIIIOUHUTCIBHOC
WJIN» BCEX OMTOB JaHHBIX. Ecnu HCITOJIB3YCTCA HCUCTHAA YCTHOCTD, PC3YJIbTAT ABJISICTCA
HCKIIIOYHUTCIIbHBIM WM HHBCPTHUPOBAHHBIM. OTtHomeHue MCKIY OUTOM YETHOCTHU U
ouramu JaHHBIX BBITJIAAUT CJIICAYIOIIUM O6p330M:

Peven = dn-18...d36pd2d1Hd0p0
Podd =dn-16...d3Pd2pd1PpdoP1

Onwucanue:
1) Peven - deTHBIN pe3ysibTaT MPOBEPKU
2) P odd - HeueTHBIH pe3yibTaT IPOBEPKU
3) d n - n-if OUT JAHHBIX
Eciu ucnonb3yroT OUT YETHOCTH, OH PACIIONAraeTCsl M1y IMOCIICAHUM
MH(QOPMALIMOHHBIM Pa3pPsIOM U MIEPBBIM CTOMOBBIM OUTOM TOCIIECIOBATEILHOTO KaJIpa.




17.9. Nunmuaausamusa USART

[lepen nmepenaueii nowkeH ObiTh nHUIIHATM3UPOBaH USART.

[Tporecc nHUIIMATU3AIMU OOBIYHO BKIIIOUAET HACTPOMKY CKOPOCTH Mepeay,
HAaCTPOWKY CTPYKTYPbI KaJpa U BKIOYEHUE NPUEMHHUKA WM MepeJaTurKa 0 Mepe
HEO0OXOIUMOCTH.

s onepanuit USART, ympaBisieMbIX IpepbIBaHUSME, (Iiar rio0aibHOTO
MPEPBIBAHUS OUMILAECTCS PY MHULMAIU3aunuy, 1 Bee npepbiBanust USART oTkitoueHs!.

[Ipu NOBTOPHOWM MHULIMAIN3ALMH, TAKOW KaK N3MEHEHUE CKOPOCTHU NIEPENadn UIH
CTPYKTYpHBI Kajipa, HEOOX0IMMO 00ECIIEUNTh OTCYTCTBUE NEpPEadM JaHHBIX.

@uar TXC MOXKET UCIOIB30BaTHCS AJI ONPEIEIECHUS TOT0, 3aBEPLIMII JIU
[IEpeaTYuK BCE MepeaadH.

@irar RXC MOXKeT UCIIONb30BaThCA IS ONPEACIICHHS] TOIO, CYUTHIBAKOTCS JIU
Kakue-nmuoo nanHble B Oydepe npuema. Ecnu nns atoit nenu ucnomnssyercs ¢aar TXC,
(dnar TXC nomxeH ObITh OUHUIIEH NTEpE]] KaXKI0M nepeadeii JaHHBIX (0 perucTpaluu
peructpa UDR).

17.10. IlepenaTymk.

VYcranoska 6ut TXEN B peructpe UCSRB no3BonuT nepegaBarh 1aHHBIC
USART. ®ynkuus IO obmiero HazHaueHus BeiBoAa TxD mociie BKIIOYEHUS 3aMEHSIETCS
¢dbyukiueit USART u cTaHOBUTCS MOCTEI0BATEIbHBIM BBIXOJAOM MEPEAATUHKA.

[lepen oTnpaBKkOM AaHHBIX YCTAHOBUTE CKOPOCTH Mepeaadu B 6oaax, padbounit
pexuM U popMar Kajpa.

Ecnu ucnionps3yercss CMUHXpOHHBIN PEXUM NTEpeNayu, TAKTOBbIA CUTHAII,
npumensieMbli K Bbixoy XCK, sBisieTcs CHHXpOHHU3UPYIOIMM CUTHAJIOM JUISl IEpeJadu
JaHHBIX.

17.10.1. Tlepemada kagpoB ¢ 5 10 8 OUTaMH TaHHBIX.

JlanHbI€, KOTOPBIEC HYKHO OTIIPABHUTH, 3aTPy’KatOTCs B Oy(ep oTIpaBKu, YTOOBI
Hauath nepenady ganusix. LI 3arpyxkaer nanneie, 3anuceiBas ux B peructp UDR.

[Ipu oTrpaBKe CIBUTOBOTO PETUCTPA MOKHO OTIIPABUTH HOBBIN KaJp JIAHHBIX,
naHHbIe B Oydepe OyayT mepeHeceHbl B perucTp capura. Korjaa cABUTOBBIA PETUCTP
HaxXOJIUTCS B PEXKUME OKUJaHuUs (TIepeiaya JTaHHBIX HE BBIMOTHICTCS ) WA MTOCIIETHAN
OWT ocTaHOBA MPEIBLIYIIETO Kajipa ObLI OTIPaBJICH, OH OYIET 3arpyKaTh HOBBIC JaHHBIC.

Kak ToJIbKO CIIBUTOBBIA PETHCTP 3arpy3uT HOBBIC JaHHBIC, OH OyACT IMepeaaBaTh
TTOJTHBIN KaJIp B COOTBETCTBHH C YCTAaHOBJICHHBIMA HaCTPOWKAMHU.

17.10.2. Tlepenaua kaapoB 9 OMTaMu TaHHBIX.

Ecnu nepenaercs kazp u3 9-pa3psaaHbIX JaHHBIX, AEBATHIN OUT JaHHBIX JOJHKEH
owITh 3anucad B 6uT TXB8 B peructpe UCSRB, npexie ueM 3anuchiBaTh Miaamue 8
out B peructp UDR nannHbIx nepegaym.

O-ii OUT NaHHBIX UCTIOIB3YETCS AJI MPEACTaBICHUS aApecHoro ¢peiima B
MHOTOMAIIUHHOM CBSI3U U MOXKET MCIOJIB30BAThCS JIs1 00pabOTKU POTOKOJIA B



CPIHXpOHHOfI CBJI3H.

17.10.3. Tlepenaua OuTa YETHOCTH.

CxeMma (hopMUpOBaHMS YETHOCTH T€HEPUPYET COOTBETCTBYIOIINI OUT YETHOCTH
IUISL KaJipa MOCEN0BaTENbHbIX TAHHBIX.

Korma 6ut yetHoctu aktuBupoBad (UPM1 = 1), moruka ynpaBieHus nepeaadeii
BBOJIUT OUT YETHOCTU MEXKy TTOCIEAHUM OUTOM CJIOBa JAHHBIX U MEPBBIM CTOIOBBIM
outom.

17.10.4. Tlepenaua, duraru u 06paboTKa IpepbrIBaHUN

[Mepenatunik USART umeet nBa dnara: USART Data Register Empty Flag UDRE
u Transfer Complete Flag TXC. O6a ¢nara MoryT reHepupoBaTh IpEepPhIBAHUS.

®nar mycroro peructpa AaHHbix UDRE ucnons3yercs s yka3aHusa TOTO, MOXKET
71 Oydep OTIpaBKH 3aMUCHIBATh HOBBIE JaHHBIE. DTOT OUT YCTAHOBJIEH B «1», Koraa
Ooydep nepenauu myct u «0», korga ox 3anonaHeH. Korga out UDRE pasen «1», CPU
MOKET 3aIuchiBaTh HOBBIE JaHHbIe B UDR peructpa qanHbix 1 Ha000poT.

Korma out pazpemienus 3amnpeta npepsiBanus peructpa nanubix UDRIE B
peructpe UCSRB ycTaHoBIeH B «1», 3a1poc mycToi 3ampoca NpepblBaHUS JaHHBIX
USART 6yner renepupoBathes Besikuid pa3, korna UDRE ycranoBien (v pasperieHo
riobanbHOE TipepbiBanue). 3anuch B peructp UDR ounctutr UDRE. Ilpu
MCIIOJIb30BAaHUU TIpephIBaHuA JyIs niepenayun fanHbix B UDR moimKHBI OBITE 3arcanbl
HOBbI€ AaHHbIe 17151 0uucTKM UDRE wnu n1st oTKIt0ueHus 3ampera Ha perucTpalnio
perucTpa AaHHBIX B MpOLeype 00CTyKMBAaHUS MyCTHIX MPEPhIBAHUNA PErUCTpa JaHHBIX.
B npotuBHOM cityuae, Kak TOJIBKO MpoIeaypa 00CIyKUBaHUs MPEPhIBAHUS 3aKOHUUTCS,
HOBOE MpephIBaHUE OYJET CreHEpUPOBAHO CHOBA.

@nar nepenayum nepegaun TXC ycraHaBIMBaeTCs, KOrAa BECh Kaap JaHHBIX
CMEIIIEH U3 PETUCTpa CABUTA NEPEJAYN, U HET HOBBIX JAHHBIX B PETUCTPE NEPEIAUN.

Korma out pazpemenus npepsiBanus nepenayu nepenayn TXCIE (u pasperieno
rio6anbHOe TipepbiBanus) Ha UCSRB ycranoBineH Ha «1», mpepbiBaHue niepeadu
USART-niepenaun Oynet BoIIONHATHCS ¢ ycTaHOBIeHHBIM (piiarom TXC. Tlocne Toro,
KaK BBEJICHA Tpolieaypa oocmyxuBanus npepbiBannii, Giar TXC aBromatnyecku
ountaercst i CPU taxke MoxeT 3anucath «1» Ha 3TOT OUT, 4TOOBI OUYUCTUTSH €TO.

17.10.5. OtximroueHue nepegaTanka

[Tocne copoca TXEN mepenaTarik MOXKET OBITh OTKJIFOUEH TOJIBKO IOCIE TOr0, Kak
BCE€ JTaHHBIE OyAYyT NEepeIanbl, TO €CTh HET JaHHBIX, KOTOPBIEC TOJDKHBI OBITh TIEPEIaHbI B
pErHuCTpe CABUTA Mepeladul U B peructpe Oydepa mepeaadm.

[Tocne Toro, Kak nepegaTYMK OTKIIIOUYEH, BEIBOA TXD B0300HOBISAET (QYHKITHIO
YHUBEPCAJIBHOTO BBOJIa-BbIBOJIa OOIIIETO Ha3HAYCHUSI.



17.11. TlpnemHuk

VYcranoBka out pazpemenns npuema (RXEN) peructpa UCSRB 3amyckaer
npueMHUK USART. ®ynknusa IO obuiero HaznaueHnust koHTakta RxD nocie BkitoueHus
samensieTcs pyakmueir USART u cTaHOBUTCS TTOCIIeTOBATEILHBIM BXOJOM IMTPUEMHUKA.
CkopocTb niepenaun, peskuM padoThl U popMaT Kajpa J0JKHBI ObITh YCTaHOBJIECHHI J10
npueMa JIaHHbIX. Eciii UCTI0JIb3yeTCs CHHXPOHHBIN PEKUM IIPUEMA, Yachl Ha BBIBOJIE
XCK ucnosb3yroTcs KaKk 4achl Iepeiadyu.

17.11.1. ITpuem xkagpoB ¢ 5 10 8 OuTaMU JaHHBIX.

Korna npueMHuk oOHapy>KMBaeT ACUCTBUTEIbHBIN CTAPTOBBIA OUT, OH HAUMHAET
NPUHUMATH AaHHble. Kakaplii OMT JaHHBIX, CIEAYIOIINX 32 CTAPTOBBIM OUTOM, OyAeT
IIPUHUMATBCS € 33JJaHHOM CKOPOCTBIO Mepeauu NaHHbIX Win cuHxpoHusanueit XCK 1o
TeX IOp, OKa MEPBbI CTONOBBIN OUT KaJpa HEe OyJET NPUHST, & BTOPOM CTOMOBBIN OUT
OyAeT NPOUrHOPUPOBAH IPUEMHHUKOM.

Kaxxaplit OUT NpUHATHIX JaHHBIX OTHPABISETCS B perucTp casura npuema. Ilocne
IpreMa MepBoro CTOMOBOI0 OMTa NPUEMHHUK YCTAaHABIMBAET (hjar 3aBeplIeHUs IpruemMa
naHHbeIX RXC B peructpe UCSRA u caBuraer nojiHbIi KaJp JaHHBIX B CIIBUTOBOM
perucrpe.

B Oydepe npuema L1 MoxeT nosydaTs MoTy4eHHbIE JaHHBIE, YATAsI PETUCTP
UDR.

17.11.2. Tlpuem xaapoB ¢ 9 Outamu JTaHHBIX.

Ecnu 3aman kaap naHHbix U3 9-0uTHbIX naHHbIX, OuT RXB8 peructpa UCSRB
JIOJDKEH OBITh CHauajia MpoOYMUTaH, YTOObI MOJY4YUTh 9-OUTHBIC TAHHBIC, TIPEXKIE YEM
quTaTh Oosiee HU3KUE §-OuTHBIE nanHbie U3 UDR. DT0 mpaBuiio Tak:ke OTHOCUTCS K
¢naram craryca FE, DOR u PE.

Urenue mectononoxenus namsata UDR usmensiet cocrosinue 6ydepa rnpuema,
KOTOPBIN, B CBOIO ouepeab, m3MeHseT 0utel TXBE8, FE, DOR u PE, koTophie Takxke
xpansTcs B 0ydepe.

17.11.3. IIpuewm, ¢uar nosHoro 6ydepa u 06padoTKa NpeprIiBaHUN

[Tpuemuuk USART umeer duar: daar 3aBepuienns npuema RXC, koTopbiid
YKa3bIBaeT, €CTh JIU KaKOW-TMOO HETIPOUUTAHHBIN pe3yabTaT B Oydepe npuema.

Ecnmu npuemuuk otkimtoueH, bydep npuema odnonsiercs u RXC takke
OUHIIAETCSI.
[Tocne ycranoBku 6ut RXCIE pa3spemenus npepeiBanus npuema UCSRB, noka
yctaHnoBlieH ¢uiar RXC (1 rmobaibHOE MpephIBaHKE BKIFOYEHO), PU 3TOM ITPOU30HIET
npepsiBanue nmpuema USART.

[Tpu mpueme TaHHBIX C UCTIOJIB30BAHUEM PEKHUMa MIPEPHIBAHMSI KOHEIl TpreMa
JTAHHBIX MTPEPHIBAET MPOIIECC 00CTYKUBAHUSI.

Jannble 10JKkHBI cuuThiBaThes U3 UDR, uTo6b1 ounctuth ¢uiar RXC. B
POTUBHOM CJy4ae, Kak TOJIbKO 00pa0oTKa MpephIBaHUs 3aBEPIIUTCS, OYAET CO37aHO



HOBOC IIPCPLIBAHUC.

17.11.4. ®dnar ommbku npuema

[Tpuemuuk USART umeet Tpu dnaxkka ommbok: omudka kaapupoanus FE,
nepenoiaHenue AaHHbIX DOR u ommbka yetHoctu PE. Bce oHn HaxonsiTcst B peructpe
UCSRA. ®nar ommbku coxpansercs B Oydepe npuema BMecTe ¢ ppeiiMoM JTaHHBIX.
Bce ¢naru ommbok He MOTYT reHEpUPOBATh NMPEPHIBAHUSI.

®nar ommobku dpeitma FE ykaszpiBaeT cocTosIHEE TEPBOTO CTOIOBOTO OUTa
CJIEYIOIIEr0 CYUTHIBAEMOTO (pperiMa, coxpaHeHHOro B Oydepe mpuema. CTOMOBBII OUT
SBIISIETCS IPaBUIBHBIM (3HaueHHe paBHO «1»), a ¢piar FE paBen «0», nnade daar FE
paBeH «1». DTOT (pyiar MOKET UCIIONIB30BATHCS ISl OOHAPYKEHUS TOTEPH
CUHXPOHM3ALIMU, IPEPBIBAHUS [IEPEIaYl U MOXKET TAaKKe MCIIOIb30BaThCs ISl 00pabOTKU
IIPOTOKOJIA.

®nar nepenonaHenust f1aHHBIX DOR yka3bIBaeT, yTo JaHHbIE ObUIM MOTEPSHBI U3-3a
3anonHeHus 0ydepa npuema. Korma 6ydep npuema 3anonHeH, B perucTp CABUra npuema
YK€ €CTh JJaHHBIE.

Ecnu B 3TOT MOMEHT 0OHapy»KeH HOBBIM CTapTOBBIN OUT, IPOUCXOIUT
nepenosiHeHue gaHHbIX. duar DOR ycTaHOBIIEH [U1s yKa3aHUs TOTO, YTO OJHH WUJIU
HECKOJIBKO KaJIpOB JJAHHBIX ObUIH MOTEPSIHBI MEKIY caMbIM nocieHuM yteHueM UDR u
cnenyromen npountanHo UDR. ®mar DOR ounimmaercs, korna Kaap JaHHBIX YCIIEITHO
CMeIIAaeTCs U3 PErucTpa caBura B 0ydep npuema.

@ar omnbku yetHocTH PE ykaspiBaeT, uTo cienyromuil Kajap 1aHHbIX B Oydepe
prueMa UMEET OLIMOKY YETHOCTU NIPH MoJdyyeHuu. Eciu 4yeTHocTh He BKiItoYeHa, PE
OYMIIAETCS.

17.11.5. IIpoBepka 4eTHOCTH NpUEMa

YcranoBka 0uT KoHTpoJs yeTHOcTH UPM1 HauHeT npoBepKy ueTHOCTH. Pexum
MPOBEPKH (YeTHBIN niau HeueTHbIN) onpenensercs UPMO. Ilocie mpoBepku 4€THOCTH
BepU(DUKATOP BBIYHCIISAECT YETHOCTh BXOAHBIX JTAHHBIX M CPABHUBAET PE3YJIbTAT C
YETHOCTBIO KaJipa IaHHbIX. Pe3ynbTaT mpoBepku OyneT coxpaHeH B Oydepe npruema
BMECTE C JaHHBIMH U cTONOBbIMHU Outamu. CPU mpoBepsier mosrydeHHbIN ppeiiM Ha
OoImMOKM yeTHOCTH, unTast out PE.

Ecnu cnenyromme nanHbie, cuuThIBaeMble U3 Oydepa npuema, MEIoT OIHMOKY
YETHOCTHU M YETHOCTH BKItOUeHa, UPE ycranaBnmBaeTcs u ocTaeTcs N1€MCTBUTEIBHBIM J10
Tex 1nop, noka He Oyzaet npountana UDR Oydepa npuema.

17.11.6. OtkimroueHue MpueMHUKA

OTkiTr0YaeT MPUEMHHUK Cpa3y MO CPAaBHEHHUIO ¢ IepeaaTankoM. [lomydeHHbIe
nanabie OyayT motepsiapl. Korma npuemank otkimtoueH (RXEN ouniaeTcst), mpueMHUK
Oosbliie He OyAeT 3aHnuMaTh 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 MpUeMa JaHHbIX. JIlornka BOCCTaHOBJICHUS! TAKTOB
UCIIONB3YETCS I CHHXPOHU3AIMHA ACHHXPOHHBIX MOCIIE0BATEIbHBIX JaHHBIX,
MOCTYMNAIOIIKX ¢ BbIBOJIOB RXD ¢ BHYTpEHHUM 4acoOM CKOPOCTH MEPEIayuu.

Jlorrka BOCCTaHOBIICHHUS JAHHBIX UCITOJIB3YETCs 711 cOOpa JaHHBIX U QUIIBTPAINHA
KaXJI0OTO OWTa TaHHBIX, BBOJUMOTO Yepe3 PMIbTp HUKHUX YACTOT, YTOOBI YITyUIITUTh
YCTOMYMBOCTH ITPUEMHHKA K TIOMEXaM.

Pabounii quana3oH aCHHXPOHHOTO MpUEMa 3aBUCUT OT TOUHOCTHU BHYTPEHHUX
TaKTOBBIX MMITYJIbCOB B 00/1aX, CKOPOCTH BBOJIa KaJpa M KOJIMYECTBA OUT JaHHBIX,

COJIep KaIlUXCS B KaJpe.

17.11.8. AcuHXpOHHBIN pabouuii 1uanazoH

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 MEPEIAUN, WU €CITU CKOPOCTh Mepejauu, TeHEPUpYyeMasi 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, CKOPOCTb BBOJIa IAaHHBIX U CKOPOCTH Tepeauu B 001aX BHYTPEHHETO
MIPUEMHHKA HE MOTYT OBbITh CIUIIKOM Pa3JIMYHbI, & COOTHOILICHUE MEXIY HUMHU
WCIIONB3YETCsl U1 ONUCAHUS Juara3oHa olruO0K CKOPOCTH Mepeiaun B 0ogax.

Crnenyromye 1Be TaOIUIBI JAaIOT MAaKCUMAIBHBIN THaNa3oH OIIMOOK B 00/1ax,
KOTOPBIN pa3pelieH B HOPMAJIbHOM PEXKUME U B PEKUME JBOUHOU 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 AMANIa30H
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 TabIuIIbl, CKOPOCTh MEpEIadi B HOPMAJILHOM PEKUME JOMYCKAaeT
OomnpIil Muama3od u3MeHeHui. [IpenmonaraeMplii BEINIE JOMYCTUMBIN AUANa30H
omuOOK B 00/1aX MPEAINoJiaraet, YTo NPUEMHUK U MEPEIATUUK BHOCIT OJIMHAKOBBIN
BKJIaJ] B MAKCUMAJIbHYIO OOIIYIO OIITUOKY.

CymiecTByeT 1Ba BO3MOKHBIX HCTOYHUKA OMIMOKN CKOPOCTH TIEpe/Iauul B
MIPUEMHUKE.

Bo-niepBriX, CTaOMIBHOCTS YaCOB CHCTEMBI IPUEMHHUKA CBsI3aHa ¢ pabodYnm
HaNpsDKEHUEM M TeMIIepaTypoi. JTa mpobiieMa 0ObIYHO HE BOSHUKAET MPHU
UCIIOJIb30BaHUMU KBApLEBOI0 F'€HEpaTOpa AJIsi TEHEPALIMN CUCTEMHBIX YaCOB, HO
CUCTEMHBIE YaChl MOTYT OTKIIOHSATHCSI IIPU UCIIOJIb30BAHUN BHYTPEHHETO IT'€HEPATOpa.

BTopas npruurHa 3aKIIF04aeTCs B TOM, YTO T€HEPATOP CKOPOCTH MEPEAAYN MOKET
HE TIOJIYYUTh KEeJTAaeMYI0 CKOPOCTh Mepeiaur B 00/1ax MyTeM JIeJICHUSI CUCTEMHBIX YacoB.
Ha sTom stare Bbl Moxkete oTperynupoBath 3HaueHrne UBRR, uTo0Os! ommbka Obuta kak
MOYHO 00Jiee HU3KOH.

17.11.9. VYcranoBka CKOPOCTH MEepeaadn U olrMOKa BBOJIa

JIJ1st cTaHIapTHBIX YacTOT KPUCTAJlIa U PE30HATOPA CKOPOCTh Mepeauu Jist
(hakTUYECKOU CBSI3M B ACUHXPOHHOM PEXUME MOKET OBITh MOJy4eHA C TTOMOIIBIO
(dhopMyIibl pacyeTa CKOPOCTH B 001aX.

Ommbka MeXIy CKOPOCThIO MIEpelaui U O0IIEeH CKOPOCThI0 0OMEHA TaHHBIMU
MOXET OBITh CJICTYIOIICH:

dopmyra 1u1s pacyeTa:

Ommbka [%] = (Baud real / Baud - 1) * 100%,

rne Baud siBnsieTcs yacTo UCTIONB3yeMOM CKOPOCTRIO Mepeaun JaHHbIX, a Baud
real - ckopocThb niepeaun B 60/1aX, BRIYMCICHHAS 10 (JOpMYJie pacueTa U BBEJCHHAS B
pacyer CKOpOCTH Iepeayu.

CBsi3b MEXTy OITUOKOM CKOPOCTH B 00J1aX ¥ CUCTEMHBIMU Yacamu f sys u
snauenueM UBRR perucrtpa ckopoctu nepenayu JaHHBIX MOKET OBIThH MOJTydeHa 10
dhopmyie:

HopMmanbHbIi pexum:

Ommnboka [%] = (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, CUCTEMHbBIE
TakThl fSys SBISAIOTCS CTaHAAPTHHIMU Bo Bpemsi 4acoB MOKET ObITh MOTy4YeHA CBSA3b
Mexay 3HaueHrneM UBRR ommOku ckopocTu nepenayu.

B crenyromieit Tabnuiie moka3zaHa oumOKa CKOpOCTH nepeayu B 001ax s
pa3nbix HacTpoek UBRR B cooTBeTCTBUM ¢ cucTeMHBbIMU Yacamu 16 MI 1.



CkopocTb

fsys = 16.000MHz

Omun6ka, Bei3BaHHas ycTaHoBKoM 3HaueHnst UBRR Ha cucremnbix wacax 16 MI'y

nepegaum Hopmaabnbiii pexum (U2X = 0) Pexxum aBoiinoii ckopoctu (U2X =1)
(6ut /¢ UBRR Oumbka UBRR Oumbka
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% ol 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 6ut mynbTunponeccopuoit ceszu (MPCM) UCSRA unbtpyet
naHHble, nonydeHHble mpueMHUKOM USART. Kanpsl, KoTOpble HE UMEIOT aApECHOM
uHpopmaruu, OyayT UTHOPUPOBATHCS U HE OyAYT coOXpaHeHbI B Oydepe npuema.

B MHOTOIpPOIIECCOPHON CUCTEME KAXKIBIM MTPOLIECCOP B3AMMOICHCTBYET MO OJHOM
Y TOM K€ TOCJIeIOBATEIBHON muHE. ITa GUabTpanus 3pGHEeKTHBHO YMEHbIIAET
KOJIMYECTBO KAJPOB JAHHBIX, KOTOPBIEC IOJDKHBI 00pabaThIBaThCsI MPOIIECCOPOM.

VYcranoBka outr MPCM He BiusieT Ha pa0boTy TepeaTyruka, HO €ro UCIOJIb30BaHUE
OTJINYAETCS] B MHOTOMPOLIECCOPHBIX CUCTEMAX CBSI3H.

Ecnu xanp naHHbIX, MPUHSTHIN MPUEMHUKOM, UMEET JUTMHY OT 5 10 8 OUT, MEepBHIii
CTOTIOBBIN OUT UCIIOJIB3YETCS JIsl yKa3aHUsl, COACPIKUT JIU TEKYIIUHI KaJp JaHHBIC WK
nH(opmaruio o aapece. Ecnu nmomydarens nmojydaeT AJIMHY Kajapa JaHHBIX U3 9 OUT, TO
9-i1 Out omnpesensieT, OyayT JIK TaHHBIC TAaHHBIX WK aapecoB. Ecnu duar tumna dpeiima
paBeH «1», 3TO apecHbIi KaJip, MHAYE OH SIBJsETCS GPeiiMOM JaHHBIX.

B MHOTrOmpoIeccopHoMm pekuMe CBSI31 HECKOJIBKUM BEOMBIM ITPOILIECCOPaAM
pa3pellieHo NPUHUMATh JaHHBIE OT OJJHOTO IJIaBHOTO MPOoIeccopa.

[IepBbIit m1ar - ONpeaeInuTb, KAKOW BEIOMBIN MPOLIECCOP YCTAHABIMBAETCS HA CBSI3b
C BEIlyIIUM, TyTEM JAEKOJUPOBAHUS aIPECHOTO KaJipa.

OO6paboTaHHBIN MOAYUHEHHBIN TIPOILIECCOP OOBIYHO MOTYYAET TOCISTYIOIIIE
JAHHBIE, TOTJIa KaK JPYyrye MOJYMHEHHbIE TPOLECCOPhl UTHOPUPYIOT 3TU KaAPbI JaHHBIX
710 TE€X IMOp, MOKa He OYIeT MPUHST CICAYIOMIHNI aApEeCHBIN Kap.

Jlnst BemyIiero npoieccopa OH MOKET UCTIOJIb30BaTh 9-OUMTHBIN hopmaT Kajapa
JaHHBIX U UCIOJIb30BaTh 9-i OUT NaHHBIX JUIs onpezeneHus popmara kajapa. B satom
PEXKUME CBSI3M BEJOMBIN MIPOIIECCOP TAKKE JOJKEH padoTaTh B (hopMare 9-OUTHOTO
KaJipa JaHHbIX.

Huxe npuBeaeHs! maru J1j1si oOMeHa JaHHBIMU B PEKMME MHOTOIPOIIECCOPHOI
CBSI3U:



1. Bce noguMHEHHBIE IPOLIECCOPI padOTaIOT B MHOTOMPOLIECCOPHOM PEKUME
ces3u (MPCM);

2. OCHOBHOI1 MpoIIECCOp OTIPABISAET aIPECHBIN KaJp, U BCE MOAUYNHEHHBIE
MPOLIECCOPHI MOJIyYaloT 3TOT Kaap. Bemomoro mporeccop ycranasiauaeT Out RXC
peructpa UCSRA HOpMaibHO.

3. Kaxnoe BegoMoe ycTpoicTBO cunThIBaeT coaepxumoe peructpa UDR u
JIEKOAUPYET aJAPECHBIN Kaap, 4TOOBI ONPEACIIUTh, BHIOpAaHO i 0HO. Eciu BeIOpaHO - OUT
MPCM B peructpe UCSRA ouniaercs, ecinu He BoiOpad - MPCM ynepxuBaercs B «1»
U 0XKUIAaeT NPUOBITHS CIIEIYIOIIETO aIpeECHOT0 pperma.

4. AnpecoBaHHOE BEJOMOE YCTPOMCTBO MPUHUMAET BCE KaJpbl JAHHBIX 10 TEX
op, MOKa He OyAeT MPUHST HOBBIN afpecHblil ppeitm. HenpuHsaTsle NOJUMHEHHBIE
IPOLECCOPBI UTHOPUPYIOT 3TU Kapbl JAHHBIX.

5. Ilocne Toro Kak agpecHbIi MOAYMHEHHBIN IPOLECCOP IPUHUMAET MTOCIICTHUHI
KaJlp TaHHBIX, OH ycTaHaBiuBaeT OuT MPCM u oxxugaet npuObITUS CIIEAYIOLIEr0
aJpECHOro Kazipa. 3aTeM MOBTOp CO BTOPOTO IIara.

Bo3MoxHbIe opMaThl KaIpoB, COEpKAT OT 5 10 8 OUT JJAHHBIX, HO
HETPAKTUYHBI, IOTOMY YTO MPUEMHUK JIOJDKEH MEPEKII0YaThCsa MeK 1y opMaTaMu n U
n+1.

[TockonbKY MPUEMHUK U IEPEAATYMK UCIIONIB3YIOT OJIHY U TY K€ HACTPOMKY JIJTUHBI
CHUMBOJIa, 3TOT MapamMeTp 3aTPyAHSIET MOJTHOAYIIEKCHYI0 padoTy. Ecnu ucnons3yercs
dbopmar kaapa ot 5 10 8 OUT TaHHBIX, IEPEAATYMK JOJDKEH YCTAHOBUTH JBa CTOMOBBIX
OuTa, I MEePBBIA CTOMOBBIA OUT HUCIIOIB3YETCS IS ONPESICHUS TUITA Kajpa.

17.13. Perucrpbl Onucanue

UCSRA - Pecucmp A ynpasnenue u cocmosnusi USART

\ UCSRA - Peructp A ynpasienue u coctosinusi USART

Anpec: 0xCO 3HaueHue no ymosyanuto: 0x00
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Omnpenesienne 6uT

RXC

Korma RXC B «1» - HamnuMe HENMPOYMTAHHBIX TaHHBIX B Oydepe npuema. Koraa
3HaueHue RXC B «0», B Oydepe npreMa HEeT HEIPOUNTaHHBIX TaHHBIX. Korma
IIPUEMHUK OTKJIIOUEH, Oydep npuema oOHoOBIseTes, B pe3ynbTare yero RXC = «0».
Korma 6ut paszpemenus npepeiBanus RXCIE B «1», RXC MokeT ucroab30BaThCs IS
reHepaluy IpepbIBaHNs KOHLIA IPUEMA.

TXC

Korna TXC B «1» nocie nepeaauu TaHHBIX U3 pETHCTpa CABUra U Korna oydep
nepenaun nmyct. TXC aBroMaTHuyecKy OYMIIAETCS, KOT/Ia BBIOIHSETCS TPEephIBaHKE
nepeayu, 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 3armucanbl. Korma UDRE B «0», 310 03Havaer, uto Oydep maHHBIX
nepenaunt USART 3anonHeH u nanHble He MOTYT ObITh 3anmucanbl. UDRE mosxer
HCIOJIb30BATHCS Ul CO3AaHUs MYCTOTO MPEPhIBaHUS PErUCcTpa JaHHbIX, KOria OUT
pazperieHus nycroro perucrpa aaiibix, UDRIE B «1».




FE

@mnar ommbku kaapa. Korma FE B «1», 3T0 03HadaeT, 4To qaHHBIC, TOTyYCHHBIS
Oydepom nmprema TaHHBIX, UMEIOT OMMOKY KaJpUPOBaHUs, TO €CTh MEPBBIN CTOIOBBIN
out B «0». Korna FE B «0», 3TO yKka3bIBaeT Ha TO, YTO JaHHEIE, MOJyYCHHBIE Oydepom
JTAHHBIX MTPUEMa, HE UMEIOT OIIMOKHU KaJIpUPOBAHHUSI, TO €CTh IIEPBBIA CTOIOBHIN OUT B
«1». Tlocne Toro, kak FE B «1», on ocranercs B cuiie 10 urenus UDR. Ilpu 3anucu B

UCSRA out FE 3anuceiBaercs B «0».

DOR

@nar nepenonHenus nanueix. Korma Oydep npuema 3amosHeH (COAEP>KUT ABa
JAHHBIX ), B PETUCTPE CIBUTa IIpUeMa ecTh JaHHble. Eciu B 3T0 Bpems Oyzaer
oOHapy»XeH HOBBIM CTapTOBBII OUT, MPOU30WUIET MEPEHOTHEHUE TAaHHBIX, U OyIeT
ycranosneH DOR. On Oyner neiictBoBath 70 TeX Mop, oka He Oynet npountana UDR.
ITpu 3amucu B UCSRA 6ut DOR 3anuceiBaercst B «0».

PE

®mnar ommbku yetHoctu. Korna koutposis yetHocTH BKItoueH (UPMI B «1»), a
MPUHATHIN KaJp JaHHBIX B Oydepe npruema umeer omuodOKy yetHoctu, PE
yCTaHABIIMBAETCS B «1», W ocTaeTcs NeHCTBUTENBHBIM JIO TEX MOp, MOKa He OyaeT
npountana UDR. Ilpu 3anucu B UCSRA 6ut PE 3anuceiBaercs B «0».

u2X

bur pa3pemenus nepegaun ¢ 1BoiHOM ckopocThio. Korga U2X B «1», ckopocTh
nepeaadyn aCHHXPOHHOTO pexkuma cBsizu yasauBaetcs. Korma U2X B «0», ckopocThb
nepesayd aCHHXPOHHOTO PEKUMA CBSI3U SBISETCS OOBIYHOM. DTOT OUT IEHCTBUTENICH
TOJIBKO B aCHHXPOHHOM PEXKHUME paOdOThI, 3TOT OUT OYHIIASTCS IMPU UCTIOTH30BAHUT
CHHXPOHHOTO PEeKHUMa pabOTHI.

MPME

bur paszpemienus pexuma MyIbTHIIPOLIECCOPHOH cBsi3u. YcraHoBka outa MPCM
3aIycKaeT MHOTroInpoleccopHbliii pexum cBsizu. Korna MPCM B «1», BXOJHBIE KaIpBbl,
nonydeHHble mpueMHruKoM USART, koTopble He coliepkat aApecHyo HH(popMaIuio,
OynyT urTHOpHupoBathcsi. HacTpoiiku nepenaTdanka He 3aBHCAT OT HacTpoek MPCM.

UCSRB - Pecucmp B ynpasnenue u cocmosinusi USART

‘ UCSRB - Peructp B ynpasienue u cocrosinusst USART

Anpec: 0xC1

3Hauenue no ymonyanuto: 0x00

burt

7

6

5

4

3

2

1

0

HNma

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

Bbur

Nms

Omnpenesienne OUT

RXCIE

OxoHuaHue mpruema - OUT paszpernieHus npepeiBanuii. Brimounts npepsiBanue: RXC =
«1» n otkmounts npepeiBanue: RXC = «0». Ecnu RXCIE B «1» u rinobansHoe
MpepBIBaHKE pa3pelieHo, npepriBanue KonedyHoro Beixogaa USART moxeT ObITh

creHepupoBano, korja B peructpe UCSRA 6utr RXC B «1».

TXCIE

OxkoHyaHMe Tepeiadyn - OUT pa3penieHus npepriBanuii. BrmounTs npepsiBanue TXC:
= «1» wu orkmounts pepbiBanue TXC nocne ounctku. Korma TXCIE = «1»,
r106ankHOe MpEephIBAaHUE BKIIOYEHO U MOTHOE npepbiBanue nepeqaun USART moxer
ObITH creHepupoBano, eciu B peructpe UCSRA TXC B «1».

UDRIE

Peructp gaHHbIX mycT - OUT pa3pelieHus npepbiBaHuil. BKIIOYUTH MpepbIBaHue:
UDRE = «1» u otxmounts npepeiBanusi: UDRE = «0». Korma UDRIE B «1» n
rio0anbHOE MpephIBaHUE BKIIFOUEHO, TpepbiBanus Peructp qanaeix USART mycr,
MoryT ObITh crenepupoBanbl, koraa B peructpe UCSRA 6ut UDRE B «1».

RXEN

[Tpuem - 6ut pazpemenus. [Tpuemuuk USART aktuBupyercs nocie yCTaHOBKH.
Oynuknus [0 obmero HazHaueHus BeiBoja RxD 3amensiercs Ha npuem USART.
OTxroueHe MprueMHHKa MPUBENET K cOpocy Oydepa npuemMa u aHHYIUPOBAHUIO
¢naros FE, DOR u PE.

TXEN

[lepenaua - 6ut paszpemenus. [lepenarunk USART aktuBupyercs mocie yTBep:KICHHUS.
Oynknus [0 obmero HazHauenus BeiBoaa TxD 3amensiercss USART. Tlocne ynanenus
TXEN nepenaua USART mokeT ObITh OTKITIOYEHA TOJIBKO MOCIIE 3aBEPIICHUS BCEX
nepeaay JaHHBIX.




Jnuna cumBona koutponupyet out 2. UCSZ2 o6benunsiercs ¢ UCSZ1,UCSZ0

2 Z2
ucs peructpa UCSRC 1151 ycTaHOBKHM KOJIMYECTBA OUT JAHHBIX B KAJpe JTAHHBIX.

[Tpuem 8-ro 6ura manubeix. Korma miawHa kagpa naHHbIX coctaBisieT 9 out, RXBS
1 RXB8 SBIISICTCS HAUBBICIIMM OUTOM MOJYyYeHHBIX AaHHBIX. [IpounTaiite RXBS8 mepen
YTEHUEM HWKHUX 8-OMTHBIX JaHHBIX, conepxkammxcs B UDR.

ITepenaua 8-ro 6ura manubix. Korpa mnuHa kanapa naHHbIX coctaBisger 9 out, TXB8
0 | TXBS8 ABIISICTCS HAUBBICIIMM OUTOM TieperaBaeMbIx naHHbIX. Harmummmre TXBS nepen
3aMUChI0 00JIee HU3KUX 8-OMTHBIX JaHHBIX, coaepxaruxcs B UDR

UCSRC - Pecucmp C ynpaeénenue u cocmosanus USART

\ UCSRB - Peructp C ynpasienue u coctossHusi USART

Anpec: 0xC2 3navyenue no ymonuanuio: 0x00
bur 7 6 5 4 3 2 1 0
WUmsa | UMSEL1 | UMSELO | UPM1 UPMO USBS UCSZ1 | UCSZ0 | UCPOL
R/W R/W R/W R/W R/W R/W R/W R/W RIW
bur Nmsn OmnpenesieHne OUT

butsl Bei6opa pexuma USART.
UMSEL BbIOOp CHHXPOHHBIN WJIM ACHHXPOHHBIA PEXUM PaOOTHI.

UMSEL Pexxum
7:6 [UMSEL1:0 0 Acunxponssiii pesxkum USART
1 Cunxponnslii pexxum USART
2 Pexxum pabotel Benomoro ycrpoiictBa SPI
3 Pexxum pabotel Benymiero ycrpoiictsa SPI

butel BEIOOpa UETHOCTH.
Bricokuit out UPM1 BbIOMpaeT BKIIOYEHHE WM OTKJIIOYEHHE KOHTPOJIS YETHOCTH, a
Hu3kuit 6ut UPMO BhIOMpaeT HeueTHbIE WM YETHBIE YETHOCTH.

UPML1:0 Pexxum
54 | UPML0 0 brokupoBanue nmapurera
1 3ape3epBUPOBAHO
2 Bx1104nTE 4€THOCTH
3 BKJIFOUHTE HEUETHOCTH

Bri6op cron-6utel. Kommyectso 6ut: USBS = 0 — 1 cron-6wur;
USBS =1 — 2 cron-6uta

butsl BeIOOpa uiHHBEI cuMBoia kajapa AaHHeIXx. UCSZ1:0 o6benunsercs ¢ UCSZ2
peructpa UCSRB, 4T00BI YCTaHOBUTH KOJIMYECTBO OUT JTAHHBIX, COACPIKAIITUXCS B
KaJpe JTaHHBIX.

UCSZz2:0 JliMHa kagpa JaHHBIX
5 our
6 out
7 out
8 our
3ape3epBUPOBAHO

3 USBS

2:1 | UCSZ1:0

3ape3epBUPOBAHO

3ape3epBUPOBAHO
9 out

bur BrIOOpa nonsipuoctu 6ut. B pexxume cuaxponnoii pabotst USART UCPOL

YCTaHABJIMBACT B3aNMOCBS3b MEX/ly HU3MCHEHHEM BBIXO/HBIX JaHHBIX U
CHHXpOHM3anuel TakToB cuHXpoHu3anuu XCK BXonHBIX JaHHBIX. OYHCTUTE 3TOT
ouT HezaBucuMo oT UCPOL B acHHXpOHHOM peKUMe pabOThI

HN3MeHeHMe nepeaaym JaHHbBIX Bbi0opka 1aHHBIX

~NjojolbhlwiNdR O

0 UCPOL




0 [TonoxxurensHbIil GpoHT XCK Otpunatenbabiii ppont XCK
1 OTtpunatensbiii ppoat XCK [TonoxurensHblil GpoHT XCK

UBRRL - Maaowuii 6atim ckopocmu nepeoauu oanuwvix USART

\ UBRRL - muaaammii 6aiiT ckopoctu nepeaaun 1anHHbix USART

Anapec: 0xC4 3Havenwue nmo ymoiadanuto: 0x00
bur Il 6 5 4 3 2 1 0
Ums UBRR7 | UBRR6 | UBRR5 | UBRR4 | UBRR3 | UBRR2 | UBRR1 | UBRRO
R/W R/W RIW 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 | UBRR7:0 ckopoctu niepenauri USART conepskxutr UBRRL u UBRRH, kotopsie
MCTIOJIL3YIOTCSI BMECTE, YTOOBI YCTAHOBUTH CKOPOCThH Mepeaadu B 60ax.

UBRRH - Cmapuwuii 6aiim ckopocmu nepeoauu oannvix USART

UBRRH - Ctapmmii 6aiiT ckopoctu nepegauu 1anabix USART

Anapec: 0XC5 3Hauenue no ymonayanuto: 0x00
but 7 6 5 4 3 2 1 0
Nms - - - - UBRR11 | UBRR10 | UBRR9 | UBRRS8
R/W - - - - R/W R/W R/W R/W
bur Hms OmnpeneseHue OuT
74 - 3ape3epBUPOBAHO
Crapuuii 6aift peructpa ckopoctu nepeaauu ganHbix USART. Peructp ckopoctu
nepenaun USART conepxut UBRRL 1 UBRRH, xoTopsie ncnons3yrorcst BMecTe,
YTOOBI YCTAaHOBUTH CKOPOCTH Iepeiauu B 00/1ax.
UBRR = {UBRR [11: 8], UBRRL}

3:0 | UBRR11:8 Pe:xum padoThl Pacuer ckopocTu nepegauu
ACHHXPOHHBII HOPMAJIBHBIA PEKUM BAUD = f sys /(16*(UBRR+1))

ACHHXPOHHBIN PEXXUM CKOPOCTH BAUD = f sys /(8*(UBRR+1))

PexxriM CHHXPOHHOTO BEIYIIETO BAUD = f sys /(2*(UBRR+1))

UDR - Pecucmp oannvix USART

| UCSRB - Pernctp aanubix USART

Anpec: 0xC6 3nauenue mo ymordanuio: 0x00
Bur 7 6 5 4 3 2 1 0
HNms UDRY7 UDRG6 UDR5 UDR4 UDR3 UDR2 UDR1 UDRO
R/W R/W RIW RIW RIW R/W RIW R R/W
bur Nmn OmnpenesieHue OUT

Peructp nannbix nepenaruuka u npuemMuuka USART. Bydep nepenaun nanHbIx
USART u 6ydep npuema qaHHBIX COBMECTHO MUCTIONB3YIOT peructp UDR manHBIX
USART. 3anuck 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 ¢guar UDRE peructpa UCSRA paBen «1», nHaue ornepanus neperaTinka
Oyner ommbouHoi. Korna peructp capura nepegadu mycT, NepeaaTduK
3arpy’kaeT JaHHble B Oydep rnepenauu B perucTp CABHUra rnepeaadu, 1 JaHHbIe
BBIBOISITCS TTOCJIETOBATEIRHO ¢ BhiBosia TxD. Bbydep nmpuema comepxut
nByxypoBHeBblid FIFO. ITocne cunteiBanus 6ydepa npuema FIFO usmenser ceoe
COCTOSIHUE.

7:0 UDR




18. USARTO - Pe:xxum padorsi SPI

[TomHOMYTIIEKCHBIN PEXIUM, 3-TIPOBOIHAS CHHXPOHHAS Mepeaada JaHHBIX
Omneparnys Beayero Wik BeJOMOTr0 yCTPOWCTBA

[ToanepxuBaer Bce yeThipe peskuma padoTsl (pexumsl 0, 1, 2 u 3)

[MepBbrit - Muaammii 6ut (LSB) wimu Crapiwmii 6ut (MSB) nipu [epenaun nanHbIx
(HacTpanBaeMbIi TTOPSIIOK TAHHBIX )

Omneparus ouepenn (qBoitHOM Oydep)

e [‘eHeparop CKOpOCTH TMEpeIav JAHHBIX C BBICOKHM pa3perieHueM

18.1. O630p

Korga 6utr UMSEL1 USCRC ycranoBieH B «1», pexum padotsl SPI BkitoueH u
npencrasiieH USPI. Oror SPI-monyns umeet tpexmpoBoansiil pexxum SPI. [1o
CPaBHEHUIO C YETHIPEXMPOBOAHBIM pekuMoM SPI emy He XxBaTaeT TMHUU BbIOOpa
MOAYMHEHHOTO YCTPOMCTBA, & OCTANIbHBIE TPU JIMHUU UICHTUYHBI.

USPI 3anumaer pecypcsl USART, BKIIto4asi perucTpbl CABUTa U IIPUEMA CIBUTA U
MpUeEMa, a TAK)XKe FreHepaTop CKOpPOCTU nepeaadn. Jloruka reHepanu Y4eTHOCTH U
MIPOBEPKHU, JIOTIKA BOCCTAHOBJICHUS JJAHHBIX U TAKTOB HEJCHCTBUTENbHBI. AJpec
PETHCTPOB YIPABIICHUS U COCTOSIHUS OJTMHAKOBBIN, HO (YHKITUS OUTOB peructpa Oyaer
M3MEHATHCA [0 MEpe HEOOXOAUMOCTH B pesknme SPI.

UCSRC UCSRB UCSRA

Elo(k Generator

(Ikio :

Baud Rate 1 :

Generator { i
L i PEEEN |«

Receiver

RX Control
“ Transmitter
' : Y Y i

E
v

_______________________________________________________________________________________________________________________

Puc. brok-cxema USART B pexum paboThl SPI




18.2. T'enepanusi TAKTOB

Korna SPI pabGotaet B pexxume Be1OMOT0, €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
HarpasieHus gaHHbix (DDR X CK) Ha BeiBogie XCK 0iKeH ObITh YCTAaHOBIIEH B « 1.
TaxToBas yacToTa onpenensercs 1no ciaeayriei popmyse:

BAUD =fsys/ (2 * (UBRR + 1))
Koma SPI pa60TaeT B BCIOMOM PCKHUMC, TAKThI CBA3U ITOJAI0TCA BHCITHUM

BEIIYIIUM U BBOJSTCS ¢ ToMOIIbIO BbIBOIOB XCK, mosromy nannsie BeiBoga XCK
Peructp nanpasnenus (DDR_XCK) gomken ObITh ycTaHOBIIEH B «0».

18.3. Pe:kuMbl U CHHXpOHM3AUs 1aHHbIX SPI
SPI umeeT detpipe koMOMHAIMHU (a3 CHHXPOHHU3ALMH U TIOJIIPHOCTH, KOTOPBIC
onpenenstorcs yrnpasistonuMmu outramu UCPHA u UCPOL. KoHkpeTHBIE 37TIeMEHTHI

YIIpaBJICHU:A ITIOKAa3aHbI B CJ'IGIIYIOHIGI‘/’I Ta6JII/ILIe M Ha CIICAYIOIICM PUCYHKC:

Pexxumbl paboTsl SPI

SPI Pexum CocrosiHus Ilepennuii GppoHT 3agunii ®poHT
0 UCPOLNn =0, UCPHAN =0 Bsibopka ([ToBbimenue) Ycranoska (ITagenue)
1 UCPOLNn =0, UCPHAN =1 | Vcraunoska ([ToBbimenue) Bribopka (ITagenwue)
2 UCPOLN =1, UCPHAN =0 Bri6bopka (ITagenue) Ycranoska ([ToBbimenue)
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

s

T xx ST xex 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 BpeMeHHbIE TUarpaMMBbl Iepeadun JaHHBIX.

18.4. ®dopmat kajgpa.

Cepuiinbiii kagp SPI MoxkeT HAUMHATHCS C HAMMEHEE 3HAYMMOT0 OUTa UK CaMOTO
3HaYUMOT0 OUTa U 3aKaHYUBAETCS CAMBIM 3HAYUTEIbHBIM OUTOM UM HAaMEHEe
3HaYUMBIM OMTOM B 00111ei crnokHocTU 8 OuT. I[locie okoHuaHUs Kaapa MOKET ObITH



nepcaan HOBBIM KaJp, 1 IMOCJIC 3aBCPIICHUA IICPCAauYr JUHNUA JaHHBIX MOXKCT OBITh
YCTAaHOBJICHA B COCTOSAHHUC 663HCﬁCTBHﬂ.

18.5. Ilepenaya naHHBIX.

SPI ycranaBnuBaet 6ut TXEN peructpa UCSRB B «1» 17151 BKIIIOUEeHHUS
nepeaaryrka, a Bbisog TxD ucnonb3yercs nepeJaTaukoM AJig OTIPABKUA JaHHBIX
MOCIIEA0BATEIHHOIO BhIXOAa. B HacTosiee Bpemsi MPUEMHHUK HE MOXKET OBITh BKJIIOUEH.
SPI ycranaBnuBaet 6ut RXEN B peructpe UCSRB B «1» amns BkiItoueHUs: IpueMHUKa, a
npueMHUK RxD ncnonabs3yeTcss IpUEMHUKOM JUIsl IPUEMA MOCIEI0BATEIbHBIX BXOIHBIX
nanubiX. Ilepenatuuk goykeH ObITH BKJIOYEH B 3TO BpeMs. O6a SPI nepenator u
MPUHUMAIOT ucnonb3oBanne XCK B KkauecTBe TAKTOBOI'O CUTHANIA MEPEIAUH.

Cuayvana SPI nomxken ObITh MHULIMATM3UPOBaH. [Iponecc nHunanu3anuu 0ObIYHO
BKJIIOUAET B ce0sl yCTAHOBKY CKOPOCTH I€peiau, HaCTPOUKY MOpsAKa nepeaadn OuT
JaHHBIX KaJipa U BKJIIOUYEHHE IPUEMHHUKA WU NepeAaTyuKa o Mepe HEOOXO0AUMOCTH.

Jlnst onieparuu SPI, ynpasnisieMoit mpepbIBaHUsIMH, (piar rio0aabHOM nMpepbhIBaHUS
OUYMIIAETCS IPU HHULMAJIN3ALUH, U BCE npepbiBaHus SPI OTKIHOYEHBI.

[Tpu NOBTOPHON MHULIMAIN3ALMH, TAKOW KaK N3MEHEHUE CKOPOCTHU NIEPENAYN WU
CTPYKTYpHBI Kajipa, HE00X0IMMO 00ecneunTh OTCyTCTBUE Nepenadun JaHHbix. Pnar TXC
MOYET UCIIOIB30BaThCA IS ONPEAEIICHUS TOTO, 3aBEPILIII JIU NIEPEAATYMK BCE IIEPEAAYUH.
®nar RXC MOXeT UCIIOJIB30BAThCS JIsl ONPEICNICHUs TOTO, HE OBLIU JIM KaKue-Iuoo
naHHble B Oydepe npuema He MpoYUTaHbl. Eciu g 3Toil ey uenonb3yeTcs: OuT guiara
TXC, dnar TXC pomxeH ObITh OUMIIEH MEPE]T KAKIOM nepesadyeil TaHHbIX (10 TOro, KaK
oyner 3anucan peructp UDR).

[Tocne nanumanuzanuu SPI nanabie MOryT ObITh 3anKcanbl B peructp UDR nmst
HayaJa rnepefadu JaHHbIX. 110CKOJIBKY NepenaTumK yrpasisieT TAKTOBBIM UMITYJIBCOM
nepenayn, 00e nepesaroue 1 MprueMHbIe TaHHble paboTal0T KaKk TaKOBBIE.

Korama peructp casura nepeiayu roToB K OTIPABKE HOBOT'O KaJpa TaHHBIX,
nepeIaTurK MepeMecTuT JaHHbie, 3anucanibie B peructp UDR u3 6ydepa nepenauu, B
PETHCTp CABUTa MEPENAY U OTIPABUT €TO.

UtoO0BI 00eCTIeYnTh CHHXPOHH3AIMIO BXOAHOTO Oydepa ¢ TaHHBIMU TIepeIayH,
peructp UDR nomkeH CUYUTHIBATHCS OJIMH pa3 MOCIIE TOr0, KaK KaX bl OUT JTaHHBIX
nepeaad. Koraa npoucxoauT nepenoiHeHne TaHHbIX, CaMble TIOCIEIHUE TIOTy4YeHHbIE
JaHHbIe OyyT NOTEPSHBI BMECTO CaAMbBIX CTapbIX MOTYYEHHBIX JaHHBIX.

18.5.1. Ilepenaua, hmaru u 06padOTKa MPEepHIBAHUM

[Mepenatunk SPl umeer aBa ¢uara: SPI Data Register Empty Flag UDRE u
Transfer Complete Flag TXC. O6a ¢uiara MoryT reHepupoBaTh MpephIBAHHUS.

@nar nycroro peructpa aaHHbix UDRE ucnone3yercs s ykazaHus TOr0, MOXXHO
7 B Oy(ep oTHpaBKyU 3aMKMCHIBATH HOBBIE JaHHBIE. JTOT OUT YCTAHOBJIEH Ha «1», Koraa
oydep nyct u «0», korna o 3anojgHeH. Korga 6ut UDRE pasen «1», CPU moxer
3anuchiBaTh HOBbIe naHHbIe B UDR peructpa nanusix u Haobopot. Korma 6ut 3ampera
npepbiBanus peructpa ganHeix, UDRIE, B peructpe UCSRB pagen «1», 3anpoc mycroro
npepbiBanus peructpa SPI Oyner renepupoBatbes Besikuid pa3, korna UDRE ycranoBineH
(1 rmobanpHOE MpepbiBaHue BKIOYEeHO). 3amuch B peructp UDR ounctur UDRE.

Korna nanneie nepenarotcs B pexxume npepbiBanusi, B UDR nomkHb! ObITH



3amucaHbl HOBbIE AaHHbIE, 4TOO0bI ouncTuTh UDRE wmim peructp ganusix. [lycroe
pepbIBaHKe JOJKHO OBITh 3aMMCAHO B MpOLeype 00CTyKUBaHUS TyCTHIX MPEepPhIBAHUN
perucTpa JaHHbIX. B MpOTHBHOM cilydae, Kak TOJNBKO MPOLEeaypa 00CITyKUBaHHS
MIPEPBIBAHUS 3aKOHYHUTCS, HOBOE IpepbIBaHue OyieT creHepupoBaHo cHoBa. Pmar TXC
KOHIIA [TEpeIaur yCTaHABIMBAETCS, KOT/1a BECh KaJp JAHHBIX CMEIIAETCS U3 PErUCTpa
CABUTIa MEPEJavYy U B PETUCTPE MEPEAAYN HET HOBBIX JaHHBIX.

Korna 6ut pazpemenus 3apepiienus nepenaun npepoisanus TXCIE (u
paspeienus riodansHoro npepsiBanus) Ha UCSRB ycranoBieH B «1», moiHoe
npepbiBanue nepeaaun SPI Oyner BbImoHATHCS ¢ ycTaHOBIEHHBIM (piiarom TXC.

[Tocne Toro, Kak BBeJeHa poleaypa oocmykuBaHus pepbiBanuid, paar TXC
aBromatudecku ouuiaercs, a CPU taxke MoxeT 3anucath «1» Ha 3TOT OUT, 4TOObI
OYHCTHUTB €TO.

18.5.2. OtkmoueHune nepeaaTirnka

[Tocne copoca TXEN mepenaTdrik He CMOXKET OTKIFOYHUTH €ro JI0 TeX Mop, MoKa
BCE JIaHHBIC HEe OyayT nepenansl. To €CTh, HET JAHHBIX JIS Iepe/ladyd B perUcTpe CABUTa
Mepeavyn U B pETUCTPE PETUCTPOB nepenadn. I[locie Toro, kak nepeaaTynk OTKIFOYEH,
BBIBOJT TXD BO300HOBIIAET (PYHKIIMIO YHUBEPCAIBHOTO BBOIa-BBIBO/Ia OOIIIETO
HA3HAYCHMSI.

18.6. Ilpuem, dpaiar mostHoro 6ydepa u 06padoTka nNpepbLIBAHUIM

VY npuemnuka SPI ectpb daar: ¢aar 3aBepuienus npuema, RXC, yka3biBaer, eCTh
T Kakue-n0o HEMpOUUTaHHBIEC TaHHbIE B Oy(depe npuema.

Korna B Oydepe npueMa ectb HEMPOUUTAHHBIC JJAHHBIC, ’TOT OUT paBeH «1», B
IIPOTUBHOM citydae «0».

Ecnu npueMHHK OTKIIIOUEH, Oydep npuema ooHoBisieTcst 1 RXC taxxke
ountaercs. [locne toro, kak B UCSRB RXCIE ycranoBneH B «1» - pazpemenus
MpepbIBaHUM, MTOJTHOE MpepbiBaHKe noiiyueHus: SPI renepupyercs 10 TeX mop, noka
yctaHoBiieH ¢uiar RXC (1 riobanpHOE npepbhiBaHUE BKIFOUEHO).

[Tpu mosnydyeHun JaHHBIX B PEXKHUME MTPEPHIBaAHUS MPOLIETypa OOCTYKIUBAHUS
IpepbIBaHMs MPUEMa JTaHHBIX J0JKHA CUUTHIBATh HaHHble u3 UDR, 4T06BI 0uncTUTH
¢nar RXC, unm HOBOe npepbiBaHue OyAeT CreHEPUPOBAHO cpa3y K€ MOociie 3aBepIIeHUs
o0paboTunka MpepbrIBaHHM.

18.6.1. OTKJIIOYHUTH MPUEMHUK

[TpreMHUK OTKIJIFOYAETCS Cpa3y e M0 CPAaBHEHUIO ¢ nepenardyukom. [lomyueHHbie
naHHbie OyayT motepsusl. OtkmounTh npueMuuk (RXEN clear ITocne HyneBoro
3Ha4YEeHUs1) IPUEMHHUK 00Jibllie HEe OyAeT 3aHuMaTh BbiBoJI RXD, u 6ydep npuema Oyner
OOHOBJIEH.



18.7. Peructpsl Onucanue

Cnucox pecucmpa USART SPI

Perucrp Apapec  3HauveHue o yMOJYaHHUIO Onucanue

UCSRA | 0xCO 0x20 Peructp ynpasnenus u cocrosaus USPI A

UCSRB | O0xClI 0x00 Peructp ynpasnenus u cocrostaust USPI B

UCSRC | 0xC2 0x06 Peructp ynpasnenus u coctostaust USPI C

UBRRL | 0xC4 0x0 Munanmmii 6aiiT ckopoctu nepeaaun nanubeix USPI

UBRRH | 0xC5 0x0 Crapmuii 6aiiT ckopoctu nepenaun gaHHbix USPI
UDR | 0xC6 0x0 Peructp nannbix USPI

UCSRA - Pecucmp A ynpasnenue u cocmosinusi USART SPI
‘ UCSRA - Peructp A ynpasienue u coctosinust USART

Anpec: 0xCO 3nayenne o ymomyanuio: 0x00
but 7 6 5 4 3 2 1 0
Nms RXC TXC UDRE - - - - -
R/W R R/W R - - - - -
bur | Umsa OmnpenesieHne OUT

Korna RXC B «1» - Hanu4re HEMMPOYNTaHHBIX JaHHBIX B Oydepe nmpuema. Korna
3nagenne RXC B «0», B Oy(epe mprema HeT HEMPOYNTAHHBIX TaHHBIX. Kornma
7 RXC MPUEMHHUK OTKITI04YeH, Oydep npuema oOHOBIsIeTcs, B pe3yibTare 4ero RXC = «0».
Korna 6ut paspemenus npepeiBanust RXCIE B «1», RXC moxeT ncnosb3oBarbes 11
reHepaly npepbiBaHus KOHIA IpueMa.
Korma TXC B «1» mocie nepenadn JaHHBIX U3 PETUCTpa CIBHTra M Koraa 0ydep
nepenaun myct. TXC aBTOMaTHYECKH OYHUIIAETCS, KOT/Ia BBITMOIHSIETCS MTPEPhIBAaHIE
6 TXC nepeaayu, U €ro TakKe MOXKHO OYUCTHUTH, 3amucaB «1» B TXC. TXC moxer
WCIOJIb30BAThCS JJIs TeHEepalliy MPepbIBaHuUs NIepeadn, Koraa OUT pa3penieHus
3apepuienus nepenauu, TXCIE, paBen «1».
Korna UDRE B «1», 310 03Hauaer, uro O0ydep nanneix nepegaun USART mycr, u
naHHble MoryT ObITh 3anucanbl. Korma UDRE B «0», 3To 03Hauaet, uto Oydep JaHHBIX
5 UDRE nepenaun USART 3anonneH u ganabie He MOTYT ObITh 3anucanbl. UDRE mosxer
MCIOJIb30BATHCSA AJIsL CO3/IaHUS MTYCTOTO MPEPBIBAHMS PETUCTPA JaHHBIX, KOT/1a OUT
paspemenus mycroro peructpa 1aHubix, UDRIE B «1».
4:0 - 3ape3epBUPOBAHO

UCSRB - Pecucmp B ynpasnenue u cocmosinus USART SPI
‘ UCSRB - Peructp B ynpasienue u cocrosinusi USART

Anpec: 0xC1 3HavyeHne o ymondanuio: 0x00
bur 7 6 5 4 3 2 1 0
Nms RXCIE | TXCIE | UDRIE RXEN TXEN - - -
R/W R/W R/W RIW R/W R/W - - -
bur| HWmsa Omnpenesieane OUT
OxoHuaHue premMa - OUT paspernreHus npepeiBannii. Brimounts npepsiBanue: RXC =
7 | RxCIE «1» u orkmrounts nipepriBanne. RXC = «0». Eciu RXCIE B «1» u rmobansHoe

MpepBIBaHKE pas3penieHo, npepriBanue kKoHedyHoro Beixoga USART moxeT ObITh
creHepupoBato, koraa B peructpe UCSRA 6utr RXC B «1».

OxoHuaHue nepeaayu - OUT paspemeHus npepeiBanuii. Bxumounts npepsiBanue TXC:

6 | TXCIE = «1» u orkmounts npepsiBanue TXC nocne ounctku. Korma TXCIE = «1»,

rio0anbHOE MpepbhIBaHUE BKIIOYEHO U 1osiHOE npepbiBanue nepeaadn USART moxer
ObITH creHepupoBano, eciu B peructpe UCSRA TXC B «1».




Peructp naHHbIX MycT - OUT pa3pelieHus npepbiBaHui. BKII0UNUTh nmpepbiBaHue:
UDRE = «1» u otkmounts npepsiBanus: UDRE = «0». Korma UDRIE B «1» u
rio0anbHOE MpephIBaHuE BKIIOUEHO, npepbiBanus Peructp nanueix USART nycr,
MOTYT ObITh creHepupoBanbl, koraa B peructpe UCSRA 6ut UDRE B «1».

5 | UDRIE

[Ipuem - 6ut paspemenus. [Ipuemauk USART akTuBHpyeTcs mocie yCTaHOBKH.
Oyuknus [0 obmero HazHaueHus BeiBoga RxD 3amensiercs Ha mpuem USART.
OTkiroueHue MprueMHHKa MPUBEIET K cOpocy Oydepa mprema u aHHYJIUPOBAHUIO
¢naros FE, DOR u PE.

[lepenaua - 6ut pazpemenus. [lepenarunk USART akTtuBupyercs mocie yTBep:KICHHUS.
Oyuknwmst 10 obmmero HazHaueHus BeiBoga TxD 3amensiercs USART. Ilocne ynaneHus
TXEN nepemaua USART MokeT ObITh OTKJIFOUEHA TOJBKO MTOCIIE 3aBEPIICHHS BCEX
nepeaay JaHHbIX.

4 | RXEN

3 | TXEN

2:0 - 3ape3epBUPOBAHO

UCSRC - Pecucmp C ynpaenenue u cocmosnus USART SPI

UCSRB - Peructp C ynpagiienue u coctossHusi USART

Anpec: 0xC2 3HavyeHue no ymondanuio: 0x00
bur 7 6 5 4 3 2 1 0
Wmsa | UMSELL | UMSELO - - - DORD | UCPHA | UCPOL
R/W R/W R/W - - - R/W R/W R/W
bur Nmsn OmnpenesieHne OUT

burtsl Bei6opa pexuma USART.
UMSEL BbIOOp CHHXPOHHBIN WJIM ACHHXPOHHBIA PEXUM PaOOTHI.

UMSEL Pexum
7:6 [UMSEL1:0 0 Acunxponnsiid pexum USART
1 Cunxponnslii pexkum USART
2 Pexxum pabotel Benomoro ycrpoiictBa SPI
3 Pexxum paboTel Bemymiero ycrpoiicrsa SPI

5:3 - 3ape3epBUPOBAHO

but koHTpOIA OpsAIKa epefadyy JaHHbIX.
2 DORD Ecnu 6ut DORD B «1», B nepenaun nanubix LSB nepenaercs nepBoi.
ITpu ycranoBke 6ut DORD B «0», B nepenauun nanHsix MSB nepenaercst nepBoii.

Br160op ¢asel cunxponuzanuu. UCPHA BpiOop BEIOOPKHU JaHHBIX TPOUCXOANT B
HayaJie WIN B KOHIIE.

1 UCPHA § UCPOH | W3meHeHue nepeaavyu JaHHbBIX Bbi0opka JaHHBIX
0 [Tonoxutensubiit ppont XCK Otpunarenbubiil ppont XCK
1 Otpunarensubiii pport XCK [TonoxurensHblid ppont XCK

Bri6op nosnsiproctu TakroB. UCPOL BBIOMpaeT u3MeHeHUs JaHHBIX, U 00pa3Libl
BO3HUKAIOT Ha BOCXOJSIIMX WU MaJalolux (ppoHTax.

0 ucPoL § UCPOL | H3meHeHuWe mepenavu JaHHBIX Bri0opka 1aHHBIX
0 ITonoxutensubiilt ppont XCK OTtpunarenbbiii ppot XCK

1 Otpunarensubiil ppont XCK [Tonoxurensubiilt ppont XCK

UBRRL - Mraowuii 6aiim ckopocmu nepedayu oanuwvix USART SPI
Anapec: 0xC4 3Havenue mo ymomadanuio: 0x00

bur Il 6 5 4 3 2 1 0

Nwms UBRR7 | UBRR6 | UBRR5 | UBRR4 | UBRR3 | UBRR2 | UBRR1 | UBRRO

R/W R/W R/W R/W R/W R/W R/W R/W R/W




bur Nmn Omnpenesenne OUT

Muagmuii GaiiT peructpa ckopoctu nepeaaunt faHasix USART. Peructp
7:0 | UBRR7:0 ckopoctu niepenaurt USART coxepskxutr UBRRL 1 UBRRH, kotopsie
UCTIOJIB3YIOTCS] BMECTE, YTOOBI YCTAHOBUTH CKOPOCTh Nepeaayu B 001ax.

UBRRH - Cmapuwuii 6aiim ckopocmu nepedoauu oannvix USART

UBRRH - Ctapmmii 6aiiT ckopoctu nepegauu ganabix USART

Anpec: 0XC5 3navyenue no ymonuanuio: 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 Omnpenesenue OUT
74 - 3ape3epBUPOBAHO
Crapiuuii 6aift peructpa ckopoctu nepeaauu ganHbix USART. Peructp ckopoctu
nepeaaund USART copepxxut UBRRL u UBRRH, kotopsle ucnonb3yrorcsi BMecTe,
9TOOBI YCTAHOBHUTH CKOPOCTH TIepeiadn B O0ax.
3:0 | UBRR11:8 UBRR = {UBRR [11: 8], UBRRL}
Pexxum padoThl Pacyer ckopocTu nepegaqu
Pexum Begomoro CKopocTb nepeauu ONpeaesisieTcsi BEAYIIM
Pexxum Benyiiero BAUD =fsys /(2*(UBRR+1))

UDR - Pecucmp oannvix USART SPI

\ UCSRB - Peructp nanubix USART

Anpec: 0XC6 3Hauenue no ymonayanuto: 0x00
Bur 7 6 5 4 3 2 1 0
Hmsn UDR7 UDR6 UDR5 UDR4 UDR3 UDR2 UDR1 UDRO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur Nmsa Onpenesnenue OUT

Peructp nannsix nepenaruuka u npuemMHuka USART. Bydep nepenaun ganHbIxX
USART u 6ydep npuema qaHHBIX COBMECTHO MUCTIONB3YIOT peructp UDR manHBIX
USART. 3amnuck nannsix B UDR 3anuceiBaercst B Oydep naHHBIX Iepeauu, a
yreHue gaHHbIX U3 UDR cuunteiBaer 6ydep nannbpix npuema. B pexume c 5-8 6ut-
KaJ[paMH HEUCNOJIb3yeMblii 9-if OUT UTHOPUPYETCS NepeJaTYUKOM, a TPUEMHUK
yctanaBnuBaet ux B 0. Bydep nepenaun MoxxeT ObITh 3aMKcaH TOIBKO TOT/IA,
koraa ¢uar UDRE peructpa UCSRA paBen «1», nHaue onepanus nepeiaTinka
Oyzner ommbounoil. Korna peructp cipura nepefadu myct, nepeaaTiuk
3arpy’kaeT JaHHble B Oydep rnepenauu B perucTp cABHUra rnepeaaydu, 1 JaHHbIe
BBIBOJIATCSA MoceaoBareabHo ¢ BeiBoga TxD. Bydep npuema conepxut
nByxypoBHeBblid FIFO. ITocne cunteiBanus 6ydepa npuema FIFO usmenser csoe
COCTOSIHHE.

7:0 UDR

19. TWI - nByxnpoBoanas nocjegoparejbHas muHa (12C)

e [IpocToii 1 MOIIHBIN U THOKHIT KOMMYHHKAIIMOHHBIN HHTEpdeiic TpedyeT Bcero 2
IIPOBOAA.

[TonnepxuBaer BeAyliee U BEAOMOE YCTPOUCTBO.

YcTpoiicTBO MOXKET paboTaTh B pekKUME MepeJaTunKa Ui MPUEeMHUKA.
Pa3pemeno 7-0uTHOE afpecHOE IPOCTPaHCTBO. 128 BEIOMBIX YCTPONCTB
[Monnepsxka apbutpaka ¢ HECKOJIBKHUMH BEIYIIMMHU yCTPOMCTBAMU

Ckopoctb nepenaun gaHabix 10 400 Kout/c



e [losHOCTBIO TPpOrpaMMHPYEMBbIN BEAOMBIN aJipec U 00IIHi aapec
o [IpoOyxmenHre mpy COBNAJACHUH aipeca B CIIAIIEM PEKUME

19.1. BBeaenue TWI llluna

JIByxmipoBoAHBIN nocienoBaTenbHblil nnTepdeiic TWI xopoio moaxoauT amns
TUIIUYHBIX MpolieccOpHbIX mpuiioxkeHuit. [Iporokon TWI nmo3BossieT pazpaboTyrkam
CUCTEMBI MOAKIIIOYATh 128 pa3nuyHbIX YCTPOMCTB, UCIIOIb3YS TOJIBKO JIBE
JBYHAIIPaBJICHHbBIC JINHUY MEPEIAYUH.

JBe nmuHuM - 310 TakThl SCL u SDA nanusix. BHemrnsia anmapatypa TpeOyeT
TOJBKO JBYX MOJATSITHBAOIIMX PE3UCTOPOB HA KAXIO0M JIMHUHU. Bce ycTpoiicTBa,
MOAK/IIOYEHHBIE K IIMHE, UMEIOT CBOU coOcTBeHHBIH aapec. [Iporokon TWI pemaer
npo0semMy apOuTpaXka IINHBIL.

19.2 Tepmunosorust TWI

B 3T0OM paszgene yacTo MOSBIIOTCS CIEIYIOLIUE ONPEACICHHBIE TEPMUHBL:
- Benymee Y CcTpoicTBo, KOTOPOE 3allyCKAET U OCTAHABJIMBAET IIepeauy.

- Begymuii Taxoke oTBevaet 3a reneparuto Takto SCL.

- Bemomoe Y cTpoiCTBO, K KOTOPBIM aAPECYIOTCS BEAYIINE YCTPOMCTBA

- [lepenaTurky, KOTOpbIE pa3MENIAIOT JAHHBIE HA IIIMHE.

- [IpuemubIe ycTpoicTBa, KOTOPhIE MPUHUMAIOT JAHHBIE C IITMHBI

19.3. DaexkTpuyeckoe MOAKIYEHUE

Kak nmoka3zaHo Ha pucyHke HUxe, o0a rmpoBoga untepdeiica TWI nogximrouarores K
MTOJIOKATENIBHOMY UCTOYHUKY MUTAHUS Yepe3 MOATATUBAIOIINE PE3UCTOPHI. JpaiBepsl
muHbI 111 BceX TWI-COBMECTUMBIX YCTPOMCTB SIBJISIFOTCS OTKPBITBIMU KOJUIEKTOPAMH,
YTO MO3BOJISIET UCIIOJIb30BATh JIMHUIO U (PYHKIIMU UHTEpPeiica.

Korna Beixon TWI-ycrpoiictBa paBen «0», muHa TWI renepupyeT HU3KUA
YPOBEHB.

Korna Bce Beixoab! ycrpouctea TWI B TpeTbeM COCTOSIHUU, IIMHA TTO3BOJISET
MOATATUBAIOLIUM PE3UCTOPAM YCTAHOBUTD BBICOKOE HANPSIKEHUE.

Jiis obecriedeHust Bcex oreparyii IUHbI BCEe YCTPONUCTBA, MOAKIIOYSHHbIE K IIIMHE
TWI, 1o1KHBI OBITH BKIIFOUEHEL.

Puc.19.1. Cxema nmoaxinroueHus muasl 1 WI



19.4. Tlepenauya JaHHBIX U CTPYKTYpPa Kajapa

Kaxapiit out nepenaun qaHHbix Ha muHe TWI CHHXpOHM3UpPYETCs ¢ yacami.
Korpa nuHus cMHXpOHU3aIUy BBICOKA, YPOBEHD B CTPOKE JAHHBIX JOJDKEH OCTaBATHCS
CTaOUJIbHBIM, €CJI TOJIBKO OH HE JIOJDKEH '€HEPUPOBATh YCIIOBUE Hadajla UM OCTaHOBKH.

SDA

SCL ) BERE ) mERE
WE

Puc.19.2. Jlmarpamma moctoBepHOCTH AaHHBIX TWI

19.4.1 Cocrossaue START u STOP

[lepemaun TWI 3amyckaroTcst 1 OCTaHABIMBAKOTCS BEAYIIUM. Bemymmi
ornpasisieT cratyc START Ha mmHe niist ornpaBku gaHHBIX U ctatyc STOP, yToOBI
OCTaHOBUTH nepenavy naHHbiX. Mexay coctossHusMH START u STOP mnnHa cunrtaercs
3aHSATON M HE MO3BOJIAET IPYTUM BEIYIIUM MbITATHCS YIPABISThH IIMHOMA.

CymiecTByeT crieruaibHbIN Cly4aid, KOTOPBIM pa3peniaeT TOJIbKO HOBOE COCTOSIHUE
START mexny coctosiuusiMu START u STOP. D10 HazbiBaeTCsl COCTOSSHUEM
REPEATED START u npuMeHsieTcsi, Korja TeKyIUid BeAyIINi HTHUITUUPYET HOBYIO
repenady, He OTKa3bIBasICh OT yIpaBiieHUs KHOM. [lInHa no-npexxHeMy cuntaercs
3andaroi 1o ciuenyromiero STOP mocne REPEATED START. Oto cornacyercs ¢
START, moatomy B 3Tom nokymente ucnonb3ytorcsi START u REPEATED START,
€CJIM HET CIEUUATIbHOTO OOBSICHEHHUS.

Kak nokazano Ha pucynke Huxe, ycinoBus START u STOP uzmenstoT ypoBeHb
muaun SDA, xorga nuausg SCL BbICOKa.

SCL

SDA

START STOP  START REPEATED START STOP

Puc.19.3. Cocrosinus START, REPEATED START u STOP

19.4.2. ®opmar agpecHOro mnaxera.

Bce maketsl agpecos, nepeaaBaemMble no muHe T WI, npencrapisitor codoit 9-
OUTHYIO ATUHY JAHHBIX U COCTOAT U3 7-OMTHOTO ajpeca, 1-OUTOBOro KOHTPOJIBLHOTO OUTa
READ / WRITE u 1-6uroBoro 6ura noarBepxxaeaus. Korma outr READ / WRITE pasen



«1», BeInoJHseTCs onepanus uyrenus, koraa outr READ / WRITE pasen «0y,
BBIITOJIHSETCA OIEepals 3alKCH.

[Tocne Toro, Kak BEIOMOE yCTPOKCTBO MOJy4YHJIa CBOM aApECOBaH, OHO JOJKHA
noaTBepauTh Ha nHNE SDA Hu3kuM ypoBHeM B Teuenue 9-ro mukiia SCL (ACK). Ecmu
BEJIOMOE€ YCTPOWCTBO 3aHITO WJIM HET MPUYMUH JJI1 OTBETA BEYIIEMY, ACPKUT JTHHHUIO
SDA Ha BbicOKOM ypoBHE Bo Bpems 1ukia ACK. 3atem Bemymmii MoKeT OTIpaBUTh
ycnoBue STOP unu REPEATED START, uToOsI niepe3anycTuTh nepeaayy.

[TakeT apecoB BKIIIOYAET B c€0s aApec BEIOMOTO U OUT yIPABJICHHS YTEHUEM WJIU
3anuchlo, npeacraBieHubie SLA + R unu SLA + W, coorBeTcTBeHHO. CHavayia Out
MSB 6aiita agpeca. 3a UCKIIOUYEHUEM TOTO, UTO 3apE3€PBUPOBAHHBIC apeca
«00000000» 3ape3epBrUpOBaHBI 1JIsI IIMPOKOBEIIATEIBHBIX BI30BOB, M BCE ajipeca B
dopmate «1111XxXXX» TOHKHBI OBITH 3apE3€PBUPOBAHDI ISl OyAYIIETO UCIIOJIb30BAHUS,
Ipyrue NOoJYMHEHHBIE aJipeca MOTYT CBOOOHO HA3HAYAThCS Pa3pabOTUUKOM.

Korzaa npoucxoauT mupoKoBENIaTeNIbHbIN BBI30B, BCE ITOJAYNHEHHBIE YCTPOCTBA
JOJKHBI OTBEYATh, CTaBUTh TUHUIO SDA Ha HU3KMK ypoBeHb B TeueHue nepuona ACK.

@DyHKIUS IIMPOKOBEIIAHUS MOXKET UCIIOJIB30BATHCS, KOT1a BEIOMOMY
HE00X0AMMO OTHPABUTH OJIHY U Ty K€ HH(POPMALIMIO HECKOJIBKUM BEIOMBIM
YCTPOMCTBAM.

[Tocne Toro, kak obmmii anpec Bei3oBa mwitoc oOut WRITE otnpasinsierca Ha muny,
BCE€ MMOJYMHEHHbBIE YCTPONCTBA, KOTOPBIE TOJKHBI OTBEYATh Ha 001K BbI30B. Bee atu
BEJIOMBIE YCTPOWCTBA, OTBEYAIOIIME HA MIMPOKOBEIATENbHBIN BbI30B, MOTyYaT
CJIEIYIOIIMI NTAKET JaHHBIX.

Crnenyer OTMETUTB, UTO HE UIMEET CMBICIIA MOChUIATH aIPEC IIUPOKOBEUIATEIBHOIO
BbI30Ba MTt0c 6uT READ, moToMy 4TO MPOHU30i1I€T CTOIKHOBEHUE IITMHBI, ECITH
HECKOJIBKO ITOJTYMHEHHBIX YCTPOKWCTB OJHOBPEMEHHO OTIPABIISIIOT PA3HBIE IaHHBIE.

dopMat aApecHOro MakeTa MoKa3aH HUXKeE:

scL ._ SRR TN SR g 9

Addr - Addr

MSB / LSB RIW ACK

SDA
START

Puc.19.4. /Inarpamma gopmara agpecHoro nakera B popmare TWI

19.4.3. ®opmat nakera JaHHBIX

Bce maketsl, nepeaaBaemsble no muHe TWI, npencrasnsitor coboii 9-0uTHYIO
JUIMHY AaHHBIX U COCTOAT U3 1 O0ailT nanHbiX U 1 OUT noareBepxaeHus. Bo Bpems
nepeaavr JaHHBIX BEIYIIUA OTBEYAET 3a TeHEePalMI0 TaKTOBBIX UMITYJIbcOoB SCL
nepenauu u coctostnuit START u STOP. [lepenatuuk nepenaet naHHwie 0aifta, KOTOpbIE
JOJHKHBI OBITH TEPEIaHbl, U MPUEMHUK T€HEPUPYET OTBET MPHEMA.

Curnan noareepxkaenust ACK renepupyercs H(pUeMHUKOM B TEUEHHE 9-TO LUKJIA
SCL (ACK), ycranaBnuBaet nuanto SDA Ha HU3Kui ypoBHe. Ecim nmpuemMHHK
yaepkuBaet quHu0 SDA B BepxHeM ypoBHE Bo Bpems 1ukia ACK, noceuiaercs
HenoaTBepkaeHHbIN curHan NACK.

Korma monyyaTtens moaydns nocieqHuit 6aiT uim 00JbIIe HE MOXKET MOJTydaTh



Kakue-1100 TaHHbIE M0 KaKON-1100 MpUYMHE, OTIIPABUTEND JOJKEH ObITh YBEIOMJIEH,
otnpaBuB NACK nocie nmojiydeHus mnocjaeaHero oaira.

Cuauana nepenaercs out MSB 0Gaiita naHHBIX.

dopmar nmakera NoKa3aH Ha PUCYHKE HUKE:

SCL 1\ 7 s N/ 9
Combined A Data ) : Data
SDA o MSB N o/ N LsB ACK
Transmitter ) Data Data
SDA ! MSB _ AN LSB
Receiver ' Next Data
SDA ACK Packet,
— STOP or
SLA*RW | Data Packet REPEATED

START
Puc.19.5. [Iuarpamma ¢opmara nakera nanueix TWI

KoMOuHupoBaHHas nepenaya apecoB U Nepeiadn JaHHbIX, lepeada B OCHOBHOM
cocrout u3 1 START, 1 SLA + R /W, 1 nnu 6onee naketoB gaHasiX U 1 STOP. Tonpko
nycteie coobuieHust START u STOP sBnsitoTCS HE3aKOHHBIMH.

Bbl MokeTe ncnonb30BaTh AIMHUU U QyHKuU tuaun SCL i peanuzauuu
PYKOITOKATUM BEAYLIUI - BEIOMBIN.

Benomoe yCcTpoMCTBO MOXKET IPOIIUTH Iepruo Hu3koro ypoBHsa SCL. Orta
(GyHKIMS 1TOJIe3Ha, KOT/1a BEAYIINI YCTaHABIMBAET TAKTOBYIO YaCTOTY HAMHOTO
ObICTpee, YeM BEJOMBIH, MU €CJIM TOJYMHEHHOMY YCTPOMCTBY Tpedyercs
JIOTIOJTHUTENIBHOE BpeMs JIsi 00pabOTKU JaHHBIX.

Benomoe ycTpoiicTBo, paciupsitoniee Hu3kui rnepuoj SCL, He BIUSIET Ha
BbIcOKMI 1K) SCL. OH Bce enie onpenensercs Xo35iMHOM. MO0>HO BUAETh, YTO
BEJAOMOE YCTPOMCTBO MOXKET YMEHBIIUTb CKOPOCTH Iepeaauu JaHHbIX TWI, usmenus
pabounii muka SCL.

Ha crnenyroieM pucyHke nokazaHa TUIIMYHAA Mepeaada JaHHBIX.

O6patute BHMMaHue, 4To uepe3 SLA + R/ W u STOP moxHO nepenaBath
HECKOJIbKO 0aiiTOB B 32aBUCUMOCTHU OT MPOTOKOJIA Peasiu3allui PUKIaTHOTO
MIPOTPaMMHOTO 00€CTICUEHUSI.

[ Addr \[ /4 Addr \/ | Data \/ -~/ |/ Data
SDA \ | msB c LSB / R/W ) ACK | msB , A ACK | '
START SLA+R/W Data Packet STOP

Puc.19.6. Tunuunas nepenaya TWI



19.4.4. CucteMbl ¢ HECKOJIBKMMHU XOCTaMHU U UX apOUTPAK U CUHXPOHU3ALIMS

[IpoToxon TWI no3BosisseT HECKOIBKUM BEAYLIMM HA IIWHE U UCIIOJIb3YET
CHeIHabHBIE MEPHI, YTOOBI TAPAaHTUPOBATh, YTO JAaXKe JABa WU O0Jiee XOCTa MOTYT
MHULAAPOBATh NIEPEIadu OJJTHOBPEMEHHO C HOPMAJIbHBIMHU ME€PEAAYAMH.

Cucrema Multi-xoct OyeT aBa Bompoca:

1. Peanuzanms anroputMa rno3BosIET TOJBKO OJUH XOCT, HECKOJIBKO XOCTOB,
4TOOBI 3aBEpIINTH Nepenady. Korga npyrue xo3sieBa CUMTAIOT, UYTO OHU TEPSIOT MPABO
Ha BBIOOp JIOJKEH IpeKpaTuTh nepeaady. IIporecc BbiOOpa Ha3pIBaeTCs apOUTPaKEM.
Korna koHKypupymomue Mmactepa apouTpax Haiea cOoil, aapec AJOKEH NepenTn
HENOCPEJACTBEHHO K XOCTY, SIBJISIETCS JIU 3TO YIIPABICHUE PEKUMA UCIIOJTHUTENH [LUHBI
1 oOHapyxeHusi. Ha camom fese MannHa MHO>KECTBEHHOTO XOCTa HE JA0JKHA ObITh
oOHapy»KeHa ¢ caMOro HaJaJjla Iepejaut B TO YK€ BPEMs, TO €CTh YHUUYTOXKEHUS JAHHBIX,
IIEPEAABAEMBIN HE TOMYCKAIOTCS Ha IIMHE.

2. pa3nU4HbIE XOCTHI MOTYT MCITOJIB30BaTh pa3Hble yacTOThl SCL. s
oOecreueHus MociIe1I0BaTeIbHOr0 EPEBO/IA, BbI IOJKHBI pa3padoTaTh
MOCJIEIOBATEIbHbIE TAKTOBBIE CHHXPOHU3UPYIOTCSA MPOrpaMMaMU X0CTa. ITO OOJEryuT
npoiiecc apouTpaxka. JIMHUS MUHBI U PYHKIUS Ul pELIEHUS BbIIIEYKa3aHHBIX POOJIEM.
Bce XOCTbI TaKTOBBIE JIMHUM JIJIS1 IOJTyYE€HHSI KOMIIO3UIMU C YaCaMH BbICOKOM BPEMEHH,
PaBHBIA MacTEP-4achl BO BCEX KPaTYANIINM, PABHYIO €T0 HU3KOM YPOBHE BO BCEX CaMbIU
JUIMHHBINA XocT-4ackl. Bee xoctsl npocnymuBanus SCL, korna oobenuneno SCL yackl
ABJISIETCS. BBICOKUM WJIM HU3KUM, COOTBETCTBEHHO, OHU MOT'YT 3()()eKTUBHO Ha4aTh
MEepPEIUBATHCS COOTBETCTBYIOMIMNI BhICOKHM 1 HU3KUM niepuoasl SCL. SCL mynbTH-
MacTep MEXaHU3M CUHXPOHU3ALMHU YaCOB, KaK IIOKa3aHO HUXKE:

SCL from
Master A

£ TA_ low » - TA_high >

SCL from
Master B

» TB_low > T8_high >

Combined
SCL

i« TC_low » '« TC_ high >

Puc.19.7. Bpemennas auarpamMmma CUHXpOHHU3aLMKU cuHXpoHu3anuu SCM

ITocrie BBIXOJIHBIX JJAHHBIX BCE BEOMBIE MTPOJ0JDKAIOT OTCICKUBATE JTMHUIO SDA
JUTSL TOCTYOKeHUS apouTpaxka. Ecnu 3Hauenue, cuutannoe u3 SDA, HE COOTBETCTBYET
3HAYCHUIO, BBIBOJJUMOMY C BEJIOMOTO, BEJIOMBII TEPSET apOUTpakK.

CrnemyeT OTMETUTD, YTO BEJOMBIN BbIAACT BICOKUN SDA, a Apyroil Be1oMblit
IoTepsIeT apoOUTpaK, €ClIi OH BbIgaeT HU3ku SDA. Beaombiii, KOTOpPBIN OTEPSUT
apOUTpaXK, TOJDKCH HEMEUICHHO TIEPEKIIOUNTHCS Ha TTOAYMHEHHBIN PEXKUM U
OTIPENICNIUTh, €CJIU OH aJpecoBaH. BemnoMblii, KOTOPHIM TepsieT apOUTpaxk, J0JKEH
YCTAHOBUTb BBICOKUH ypOBEHb Ha JUHUU SDA, HO OH TaK)K€ MOXET Fr€HEPUPOBATh
TAKTOBBIM CUTHAJI IO TOTO, KaK 3aKOHYUTCS TEKYIIMI MaKeT JaHHBIX WK apeCcOB.

ApOuTpax OyJIeT Npoa0IKAThCS 10 TE€X MOp, MOKa B CUCTEME HE OCTAHETCS TOJIBKO
OJINH XOCT, KOTOPBIM MOKET 3aHUMATh HECKOJIbKO OUT. Ecim HECKOJBKO MacTepoB



00pallaroTcsi K 0JJTHOMY MOJJYUHEHHOMY YCTPONCTBY, apOUTpak OyAET MPOI0KATh

TIaKET.
START i SDA_A 1= SDA_C, Master A Lost Arbitration

SDA from /
Master A \ /

soatom N / \ /
Combined N\ / \ / \

o | NN AN

Puc.19.8. ApOuTpaxk MeXy IByMsI XOCTaMH

— OOpartrTe BHUMaHHE, YTO apOUTPaXK HE JOIMYCKACTCS B CIICTYFOITIX
cutyanusx: mexay coctossnueM REPEATED START u Outom 1aHHBIX;

— wmexay coctosaueM STOP u 6utoM naHHBIX;

— wMexay coctossaHueM REPEATED START u STOP;

B IMPUKIAAHOM IIPpOrpaMMHOM oOecreueHn AOJIKHBI YIYUTBIBATbCA
BBIIICYKAa3aHHBIC 00CTOSITEILCTBA U O6€CH€‘II/IB3TB, 9TOOBI 3TH HE3aKOHHBIE CuTyalnmuu
ap6I/ITpa>1<a HE BO3HHUKAJIM. OJTO O3Ha4YacT, 4YTO B CUCTCMC C HCCKOJIbKMMH BCAYIIHNMHU BCC
nepcaadu JaHHbIX JOJIKHBI COCTOATDh U3 OAMHAKOBBIX SLA + R/ W u makeToB JaHHBIX.
I[pyrI/IMI/I CJIOBaMH, BCC IICPCBOABI HOJI’KHBI COACPKATh OJNMHAKOBOC KOJIMYCCTBO
IMaKCTOB, MHAYC PC3YyJIbTAThI ap6HTpa>Ka HC MOT'YT OBITH OIIPCACIICHEI.

19.5 O630p moayas TWI

Crpykrypa moaynst TWI nmokazana Ha pUCyHKE HIKE.

m

———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

Clock clkio
Prescaler I I

Y

Data Shift State Machine and Status Control Pin Mux <—> SDA

Address Mask and Comparator

Puc.19.9 Crpykrypa momyms TWI



Mopayns TWI B o0CHOBHOM BKJIIOYAET B ce0s1 TeHEpPATOpP CKOPOCTH Tepeiauu OUTOB,
010k nHTEepdelica MUHBI, KOMIIApaTop aapecoB u 010k yrpasieHus. Cum. Crenyroniee
MoJIpoOHOE OMHCAHUE.

19.5.1. bnok reHeparopa CKOPOCTH Iepeaaun JJaHHBIX

biiok reneparopa CKOpOCTH Mepelayu JaHHBIX B OCHOBHOM YIIPABIIIET TAKTOBBIM
nuksioM SCL B pexxume Benymiero. [lepuon cuaxponmsaruu SCL onpeaensercs Outamu
YIPAaBJICHUS NpeBApUTEIbHBIM enuTenemM B peructpe TWB out TWI u peructpom
coctostnusg TWI TWSR.

Pabota BejoMOT0 yCTpOHCTBA HE 3aBUCUT OT HACTPOEK CKOPOCTHU Tepeladn
JAHHBIX WIH MPEJBAPUTEIBHOIO JEIUTENS, HO YOS AUTECH, UTO padoune TaKThl BEIOMOTO
YCTpOMCTBA IO MeHblIeH Mepe B 16 pa3 npesiaroT yactoty SCL.

OOparute BHUMaHKUE, YTO BEJOMOE YCTPONUCTBO MOXKET MPOJUITUTh HU3KUI MTEPUO]T
SCL, TeM camMbIM yMEHbIIAA CPETHIOI0 TAKTOBYIO YacTOTy mKUHBI TWI.

Jlst renepanuu TaktoBo# yactoThl SCL ucnonb3yercs cnemyroias popmyna:

fscl =fsys/ (16 +2* TWBR * 4 TWPS)

rae TWBR - ato 3nauenue peructpa ckopoctu nepenaun TWI, a TWPS - 6ut
YIPaBJIICHUS PEABAPUTENBHOTO JETUTENS B PETUCTpe cocTossHUS TWI.

19.5.2. bnok unrepderica HUHBI

bnok nnTepderica mmnabl coctout u3 TWDR peructpa 1aHHbIX U apecoB,
koHTpoJuiepa START / STOP u annapaTHOH cXeMbl apOUTPAKHOTO PEILICHHUS.

TWDR conepxut aapec uian 0aiThl JaHHBIX, KOTOPbIE JOJIKHBI ObITH OTIIPABJIEHBI,
WM TIOJTYY€HHBIHN afpec uiau O0aiThl JaHHBIX. B gomonnenue k 8-paspsanomy TWDR
MOAyJIb uHTEpPeiica muHbl Takke coaepxuT peructp ACK / NACK, koTopslii
OTIPABJIAETCA WINA IPUHUMAETCH.

Ototr ACK / NACK-peructp He MOKET ObITh HAMIPSIMYIO JOCTYIIEH MPUKIATHOMY
nporpaMMHOMY oOecriedenuto. [Ipu monydeHun JaHHBIX OH MOXET OBITh YCTAHOBJICH
v ounieH TWI-peructpom TWIL

Korma nannbie nepenatorcs, npunstoe 3nadeHne ACK / NACK otpaxaercs
3HaueHueM TWS B peructpe coctosinug TWI TWSR.

Kontposnnep START / STOP renepupyet u o6HapyxuBaet coctostausi START,
REPEATED START u STOP.

Korna MCU naxoauTcsi B HEKOTOPbIX pexuMax cHa, kontpossiep START / STOP
Bce emne MoxkeT 0oHapyxuBaTh cocTossHusd START u STOP u paz6oynute MCU B
CIISILIEM PEXUME, KOTJa apecar nepenaercd Ha mmHy TWIL

Ecnn TWI nannnupyer nepenauy JaHHBIX B pEKUME BEAYILET0, CXeMa
oOHapyeHMsI apouTpaxa OyIeT NpoAO0KAaTh KOHTPOJIUPOBATH LINHY, YTOObI
ONPENEIINTh, BCE JIM OHA KOHTPOJMPYET LIMHY.

Korna monyns TWI Tepsier ynpaBienue muHON, OJOK yIpaBiIeHUs BBITOIHUT
MPaBHJIBHOE IEHCTBUE U CPOPMHUPYET COOTBETCTBYIOIIHMM KOJI COCTOSIHUS ISt
uHpopmuposanus MCU.



19.5.3. buok coriiacoBaHus apecoB

biiok cornacoBaHus aapecOB UCIIOJIB3YETCS U1l IPOBEPKU - COOTBETCTBYET JIN
MOJTYYEHHBIN aJIpecHbIN 0alT 7-OuTOBOMY ajzipecy B peructpe aapecoB TWI.

Korma 6ut TWI Radio Call Identification Enable Bxirouen (TWGCE) B peructpe
TWAR yctaHoBIIEH, aapec, MOJIyYeHHBIA OT IIUHBI, TAKKE CPABHUBAETCS C
IIMPOKOBEIATEIbHBIM aipecoM. Kak TosbKo coBmajieHne aapeca OyeT yCHelHbIM,
OJIOK yTIpaBJi€HUS BBHITIOJHUT NMPABUIBHOE JICHCTBHE.

Mopyne TWI MmokeT oTBeYaTh UM HE OTBEYATh HA aJIPECALUI0 BEAYLIETO, B
3aBUCUMOCTH OT HacTpoiku peructpa TWCR. [daxe B cisiiem pexxume 010k
COTJIACOBAHMS aJPECOB MOKET CPAaBHUBATh aJpeca U, €CJIM OH aJpECOBaH BEAYIINM Ha
muHe, npolyxaaer MCU u3 crisiiero pexxuma.

19.5.4. brnok ynpaBneHus

biiok yripaBiieHHsl OTBEYAET 3a MPOCIYIINBAHUE IIMHBI U OTBEYAET B COOTBETCTBUU

¢ Hactporikamu TWCR. ®nar npepsiBanust TWI, TWINT, Oynet ycraHoBlieH, KOTia Ha
mHe TWI Bo3HuKkaer coObiTre, Tpedyrolee y4acTHsl IPUKIaJHOTO IPOTPaMMHOIO
obOecrieuenus. B cnemyroiem takte OyaeT oOHOBiIeH peructp coctosauss TWI TWSR,
4yTOOBI YKa3aTh Kof cocTtosiHus coobiTus. Korma TWINT = «1», TWSR conepxut
TOUYHYI0 HHPOpMaluio o coctosinuu. B npyrux cnydasx TWSR npencrapisietr coboi
CIIEHMAIIBHBIA KOJI COCTOSIHUS, YKA3bIBAIOIIUM, YTO HET TOUHOW HUH(OpMAIUH O
cocrosHud. Ilocne Toro, kak yctanosieH guar TWINT, muaus SCL ynepxuBaercs Ha
HU3KOM YpPOBHE, MpuocTaHaBiuBas nepegady TWI no mmuHe v mo3Bossis NpUKIaZHOMY
MpOrpaMMHOMY OOecrieueHHI0 00padbaThiBaTh COOBITHE.

®mar TWINT Oyner ycTaHOBIICH B CIAEAYIOMINX CUTYAIHSIX:

e TWI nocne ornpaku START / REPEATED START
TWI nocne otnpaBku SLA + R /W
[Tocne toro, kak TWI nepenan agpecHblil 6aiT
Bus Tperuii apoutpax TWI He nporen
TWI agpecyercs xocToM (PeKUM MOJIMHEHHOTO aJIpeca WiH
IIMPOKOBEIIATEIbHBIN PEXUM)
[Tocne obpamenus k Beromomy rnocie nonydenus STOP win REPEATED START
e LWuHa. Ecou omumOKa MIMHEL, BeI3BaHHAS HE3aKOHHBIM cocTossHHeM START mim

STOP

19.6. llpumenenne TWI

Hnrepdeiic TWI GaitiT-opueHTHpPOBaH 1 OCHOBAH Ha NpephIBaHUsAX. Bce coObITus
IIIMHBI, TAKWE KaK MmoyrydeHue Oaiita unm ornpaska curaana START, renepupytor
npepeiBanue TWI. Ilockoneky TWI ocHOBaH Ha nIpephIBaHUAX, TPUKIATHOE
MPOTrpaMMHOE 00ECTIEYCHIE MOXKET CBOOOTHO BBITIOIHATE APYTHE OMEPAIliy BO BPEMs
nepenaun 6aiita TWI. but paspemenus npepeiBanust TWI B peructpe TWCR, TWIE u
OUT paspenieHus TI00ATbHOTO MTPEPHIBAHUS COBMECTHO OMPEIEISIOT, TCHEPUPYETCS JIN
npepsiBanue TWI npu ycranoBke duiara TWINT.

Ecau 6ut TWIE ouurmiaercs, npukiiaHOE MPOrpaMMHOE 00ECTICUCHHE JTOIKHO



ucnonb3oBaTh (aar TWINT nns onpoca mmasl TWIL

Korna ycranosnen daar TWINT, on yka3esiBaet, uto uatepderic TWI 3aBepimin
TEKYIILYIO OTIEpaIMIO U OKUAAET, KOTJa MPUKIIAJHOE IporpaMMHOe o0ecriedeHne
orBeTUT. B 3TOM ciryqae peructp TWI coepKuT Ko COCTOSIHUSA, KOTOPBIN OTPaykaeT
TEKYLIMWA CTaTyC IIUHBI.

[TpuknagHoe mporpaMMHOE OOecTieueHue MOXKET ycTaHaBiuBath peructpsl TWCR
1 TWDR, 4T0o05sI onpeienuTh, Kak 10bkeH padorats natepdeiic TWI Bo Bpems
cieayromero nukia muasl TWIL

Ha cnenyromeM pucyHKe oKa3aH IpuMep NOAKIIOUECHHS IPUIOKEHUS K
untepdeiicy TWI. B atom npumepe Beaymiuii 0’)kugaeT OTIPaBUTh OJWH OalT JaHHBIX B
BeoMbIi. OnucaHue 3/1ech OYeHb MPOCTO, B CIAEAYIONIEH ri1aBe OyaeT 0osee moapoOHbIi
JKpaH.

_— , 1. 3.
Application Action ! 5. 7.
Set TWSTA; e . Check TWSR; Check TWSR;

Load Data; Set TWSTO;
Clear TWSTA; - P
Clear TWINT; Clear TWINT; Clear TWINT;

¥ ¥ ¥

[
a a

A

Hardware 2 ;‘ AW g .
Action : . ent SLA+W; ent Data;
PN Received ACK: Received ACK:
Set TWSR: ' Set TWINT; Set TWINT;
' Set TWSR; Set TWSR;

Puc.19.10. Tunuunas cxema mnporecca nepenayu ganabix TWI

IIpouecc nepenaun TWI, mokazaHHbI HA pUCYHKE, CIEAYIOLINAN:

1. ITepBrim marom B nepenaue TWI siBnsercs otnpaBka START. 3anwummre
onpeneneHHoe 3HaueHue B peructp TWCR, uToObI IpOMHCTPYKTUPOBATH 000OPYIOBAHKE
TWI nnst ornpaBku curHaina START. IluceMeHHoe 3HaueHue OyaeT moApOOHO OMUCAHO
Huxe. BaxHo yctanoBuTh TWINT B nucbMeHHOM 3HaueHHH. 3anuch «1» B out TWINT
ounmaet our. TWI He 3anmyckaet Hukakux onepauuid, noka outr TWINT B peructpe
TWCR ycranosien. Kak Tonbpko nmporpamMmmHoe ooecrieueHue ouuctut 6ut TWINT,
Monysb TWI HememsieHHO nHHIIMUpPYeET nepenady curnaina START.

2. Korna 6yznet ornpasnen START, Oyner ycranosnen ¢piaar TWCR TWINT u
TWSR Oyner oOHOBIIEH 10 HOBOTO KOJa COCTOSTHUS, YKA3bIBAIOIIETO, YTO CUTHAJ
START Obl1 ycrienrHo oTrnpaBJieH.

3. Ilpunoxenue npocmatpuaet 3HaueHue TWSR u onpezensier, 4to cratyc
START 6511 ycniemino otnpasiieH. Ecnu TWSR nokassiBaeT npyrue 3HaueHUs,
MPWIOKEHUE MOKET BBITIOJHSTH CIICIIHAIBHBIC OTIEPAIliU, TAKUE KaK BHI30B 00padOTUMKa
omn6ok. Korna onpeneneHo, 4To KOJI COCTOSTHUSI COOTBETCTBYET OKUAAHUIO,
nporpamma 3arpyxaet 3Hadenue SLA + W B peructp TWDR. Peructp TWDR moxer
UCII0JI30BAThCS KaK M0 aapecam, Tak U Mo JaHHBIM. 3aTeM NporpaMMHOe oOecrieueHne
3alMChIBAECT onpeiesieHHoe 3HaueHue B peructp TWCR, KOTOPBI HHCTPYKTUPYET
o6opynoBanue TWI ornpasisite 3Hauenne SLA + W B TWDR. 3anucanHoe 3HaueHue
Oynet onucano Hwke. YcranoBute TWINT B mucbMeHHOM 3HAUY€HUH, YTOOBI OUYHUCTUTD
dbnar TWINT. TWI ne 3anyckaet Hukakux ornepanuii, moka out TWINT B peructpe



TWCR ycranosien. Ilocne Toro kak nporpamMmmHoe ooecniedenrue o9uctut out TWINT,
MoxayJsib TWI HEMeIEHHO MHULIMMPYET Mepeavy aIpecHOro Nakera.

4. Ilocne otnpaBku afpecHoro nmaketa Oynet ycranosieH ¢piaar TWCR TWINT, a
TWSR Oyner oOHOBIIEH 1O HOBOTO KO/a COCTOSTHUS, YKa3bIBAOIIETO, YTO IMAKET aIpECOB
ObL1 ycremHo otnpasiieH. Ko cocTosiHUS Takke OTpaXkaeT, OTBEYaET JIM MOTYMHEHHBIN
Ha aJIPECHBIN MaKET.

5. Ilpunoxenue paccMarpuBaeT 3HaueHrue TWSR u onpenensier, 4To maker
aZpecoB ObLI YCIIEIIHO OTIpaBiieH, a mpuHAThH ACK - oxumaemoe 3Hauenne. Ecnm
TWSR nokassiBaeT Apyrue 3Ha4eHUs, TPUIOKEHUE MOKET BBIIOJIHSITH CIIEHUAIbHBIC
orepalyy, Takue Kak BbI30B 00paboTurka ommbok. Koraa onpezeneHo, 4to koA
COCTOSIHUSI COOTBETCTBYET OXKUJIAHUSM, IIPOrpaMMa 3arpy»KaeT 3HaUYCHUE JIaHHbIX B
peructp TWDR. 3arem nporpamMmmHoe o0ecriedeHUE 3aliChIBAET ONPEEICHHOE
3Hauenue B peructp TWCR, kotopsiii nHCTpYKTUPYET 0060pynoBanue TWI oTnpaBiarh
sHavyeHue gaHHbiXx B TWDR. [lucemMeHHOe 3HaUeHHe OyIeT Mo ApoOHO OIMCAaHO HUKE.
VYcranosute TWINT B nucbMeHHOM 3Hau€HUH, YTOOBI OUUCTUTH uiar TWINT. TWI ne
3amyckaeT HuKakux omnepaiuii, moka out TWINT B peructpe TWCR ycranosnen. Korna
nporpammHoe obecneuenue ounmiaer out TWINT, monyns TWI Hemenenno
VHULIMUPYET Nepe1ady akeTa.

6. Korga maker nanssix ornpasies, puar TWCR TWINT Oyaet yctaHoBieH, u
TWSR Oyner 0OHOBJIEH C HOBBIM KOJIOM COCTOSIHUSI, YTOOBI yKa3aTh, YTO MAKET JaHHBIX
ObL1 ycremHo otnpasieH. Koa coOCTOSIHUS Takke OTpa)aeT, OTBEYAET JIM BEIOMBII Ha
MTaKeT.

7. llpunoxenue paccMarpuBaeT 3HaueHUE TWSR, 4T0OBI ONIpeCINTh, UTO MaKEeT
ObL1 ycremHo otnpanieH, a npuHaTbiii ACK - oxxunaemoe 3nauenue. Eciu TWSR
[MOKa3bIBACT IPYTUE 3HAYCHHUS, IPUIIOKEHHUE MOXKET BBIIIOJHATH CIIEHUAIBHBIE OTIEPALINH,
TaKue Kak BbI30B 00paboTumka omuook. Korma onpeneneHo, 9To KOl COCTOSHUS
COOTBETCTBYET OKUJAHUIO, IPOTPAMMHOE 00ECIICUEHHE 3allMChIBAECT ONPEICICHHOE
3Hauenue B peructp TWCR, uToObl 1aTh yka3anue annapary TWI oTnpaBuTh cursai
STOP. 3anucannoe 3HaueHue OyaeT onucano Huxe. YcraHoBure TWINT B
MMCbMEHHOM 3HaueHUH, YTOObI 0UUCTUTH Guiar TWINT. TWI He 3amyckaeT HUKaKUX
onepauuid, noka outT TWINT B peructpe TWCR ycranosnen. Korna mporpammuoe
obecneuenue ountaet outr TWINT, mogyns TWI HeMenneHHO MHULIMMPYET Nepefavy
curHasia STOP. Cnenyer otmetuth, uto TWINT He OyaeT ycTaHOBIIEH MOCIIE€ OTHPABKU
curnana STOP.

XOTs MPUMEP OTHOCUTEIIBHO IIPOCT, OH COAEPKUT BCE ITPABUIIA B MPOLIECCE
nepenayn gaHabix TWI.

CBojika TakoBa:

e TW ®nar TWINT ycranasnusaercs, korna TWI 3aBepiiaer onepanuuo u
OKHJaeT 00paTHOM CBsI3U OT npuioxkeHus. Jluaus cuaxponuzauuu SCL
OyIeT yAepKUBaThCsl HA HU3KOM ypoBHE /10 Tex nop, nmoka TWINT ne Oyner
OYHILIEH.

e Koraa ycranosien ¢guar TWINT, nosib3oBaTenb 10KEH OOHOBUTD
3HayeHus Bcex TWI-perucTpoB, CBSI3aHHBIX CO CIEAYIOIIUM UKIOM IIHWHbI
TWI. Hanpumep, peructp TWDR nomken 3arpy3uTs 3HaueHHE, KOTOPOE
OyZeT OTIPAaBIEHO IS CIEIYIOLIErO UKJIA IUHBI.

e [pumeHeHue. [locie 0OHOBIIEHHS BCEX PETHCTPOB U BBITIOJHEHUS IPYTUX
HEO0OXOMMBIX OIepaluii OTHOBPEMEHHO MPHUIIOKEHHUE 3aMMChIBAET PETUCTP
TWCR. Ilpu 3anmucu TWCR 6ut TWINT nomkeH ObITh YyCTaHOBIICH, YTOOBI



ounctuth hyar TWINT. Ilocne Toro, kak TWINT Oyner ouunmien, TWI
HA4YHET BBITIOJHEHUE onepannu, ycraHoBieHHON TWCR.

19.6.1. Pexxum nepenauu

TWI moxeT paboTaTh B Clieayromux 4 OCHOBHBIX pexkumax: Host Transmitter
(MT), Host Receiver (MR), Bemomslii nepenatauk (ST) u Bemomblid ipueMHUK (SR).

B ogHOM NMpuiioKeHnn MOKHO HUCIIONIb30BaTh HECKOJIBKO pexkUMOB. Hampumep,
TWI moxeTt ucnionb3oBaTh pexum MT ans 3anucu ganaeix B TWI EEPROM n
ucrnoip30Bath pexkuM MR ains urenus nanasix u3 EEPROM.

Ecnu B cucteme ecTh Ipyrue Beylire, a HEKOTOPbIE MOTYT TaKe OTIPABIISATh
nannabie B TWI, ucnonssyercs pexxum SR. Pemaiite, Kakoi pexuM HCIIONIb30BATh.

OTH pexuMbl OyyT MOAPOOHO ONMCAHbI HIDKE.

[Ipu nepenaye JaHHBIX B KaXKJI0M PEXKHUME BO3MOKHBIE KOJIbI COCTOSTHUS
OTHCHIBAIOTCS B COUYETAHUU C NU300paKECHUSIMHU.

Otu pororpaduu coaepKaT CAEAYIOUUE COKPALLICHHS:
S: HayaIbHBINA CTATYC
Rs: craryc REPEATED START
R: unaukarop oneparuu urenus (SDA BbicOKHiT)
W: 3anucsk ¢uara onepamyu (SDA sBIsieTCS] HU3KUM)
A: out moareepxkaeHust (SDA HU3KHIA)
NA: Het oTBeTHOTO OHTa (BBICOKHIA ypoBeHb SDA)
JlaaHble: 8 OMT 0AMTOB JaHHBIX
P: ctatyc STOP
SLA: agpec mOTIMHEHHOTO YCTPOUCTBA

OKpyKHOCTb Ha PUCYHKE MUCTIONB3YETCs JUIsl YKa3zaHus Toro, uto ¢iaar TWINT
YCTaHOBJICH, a YUCJIO B KPyTe yKa3bIBaeT Ko cocTosiHus B peructpe TWSR, rioe our
yIpaBJICHUs peABAPUTEIBHBIM AeIUTENeM Mackupyercs 10 «0». B atux mecrax
MPUJIOKEHUE JTOJIKHO BBIIIOJIHUTH COOTBETCTBYIOIINE ICUCTBUS ISl IPOJAOJIKEHUS WIIN
3aBepmienus nepegaun TWI. Ilepegaua TWI Oyzaer npuocTaHoBlIeHa 0 T€X TOp, TTOKa
¢aar TWINT ne Oynet ouwiiieH.

Korma gmar TWINT ycranosineH, koj coctosiuus B TWSR ucnonsiyercs st
ONpeeeHHs] COOTBETCTBYIOILIEH ONepaluy MPOrpaMMHOTO 00eCIeyeHusl.

[TonpoOHble cBeIeHUs O MPOTPAMMHBIX ONEpAUAX U MOCIEAYIOIIHNX
MOCJIeI0OBATEIbHBIX NIEpeiavax, TPEOYyeMbIX JIJIsl KaXKI0ro KO/Ia COCTOSIHUS, PUBEICHbI B
TabnuIax.

OOparute BHUMaHKUE, YTO OWUTHI YIIPaBIEHUS IPEIBAPUTEIBHBIM JICTUTEIEM B
TWSR B Tabnuie MackupyroTcs 10 «0».

19.6.2. Pexxum nepenadu BeAyIIETO

B pexxume nepemgaun xocta TWI oTnpapiisieT onpeieieHHOe KOJMYeCTBO 0alTOB
JaHHBIX MOAYNHEHHOMY MPUEMHUKY. UTOOBI BOMTH B PEKHUM XOCTa, HEOOXOIUMO
otrpaBuTh curHan START. Crnenyrommii popmar nakera aapecoB OnpeesieT, BXOIUT
a1 TWI B pexuM XOCT-OTIIPABUTEIS WIA PEKUM NPUEMHUKA X0ocTa. Ecium otnpasisercs
SLA + W, BBoauTcA pexxum nepenadu xocra. Ecium ornpasisierca SLA + R, BBogutcs
pexuM npuema xocra. Koabl COCTOSHUSA, yIIOMSHYTBIE B TOM pa3zee, Npeanoaarator,



YTO OUT YIpaBJEHUs MIPEABAPUTEILHBIM JACIUTENIEM paBeH «0.

Curnan START Beigaetcs mytem 3anucu B peructp TWCR crenyrorero
3HAYCHUSI:
\ TWINT TWEA TWSTA TWSTO TWWC \ TWEN

butr TWEN nomken ObITh ycTaHOBIIEH Ha «1», 9T00BI BKITtOUnTh HHTEpdeiic TWI,
TWSTA B «1», uro6s1 otripaBuTh curHai START, u TWINT na «1», 4TOOBI OUYUCTUTD
¢dbmar TWINT.

Mopayne TWI oOHapyxuBaeT coctosiHue muHbI 1 nocbuiaeT curian START, kak
TOJIBKO IIMHA CBOOOTHA.

[Tocne ornpaBku START annaparnoe obecrieuenue ycranapinubaeT duar TWINT
u oOHoBIsIeT Ko coctosinug TWSR o 0x08.

UTOoOBI BOMTH B pEKUM OTIPABKHU BEYIIETO, HEOOXOAMMO OTIpaBuTh SLA + W.

DTO MOXHO C/IENATh C HOMOIIBIO CAEAYIOIIEH ONEpaluu.

Cuauana 3anumute SLA + W B peructp TWDR, 3arem nanumure «1» B OUT
TWINT u ounctutre paar TWINT, uToObI TPOOIKUTE TIEpEIavy.

To ectp, HanmmmTe caexyronee 3HaueHue B peructp TWCR st otipaBku
SLA+W:
\ TWINT TWEA TWSTA TWSTO TWWC \ TWEN

Korna nepegaua SLA + W 3aBepieHa u npuHuMaeTca curiai orsera, TWINT
CHOBa yCTaHaBJIMBAETCS U OOHOBIIsAETCS KO cocTosiHus TWSR.

Bosmoxnsbie koasl coctossaus: 0x18, 0x20 nnm 0x38. CooTBETCTBYIOIIUN OTBET
MO KaXKJIbIM KOJIOM COCTOSIHUS MOJIPOOHO OMKCAH B TaOJIUIIE KOJOB COCTOSTHUSI.

Kornma SLA + W otnpaBiisieTcs yCIenHo, OH MOKET Ha4aTh OTHPABIISITH MTAKETHI.
DTO MOXHO CeNnaTh, 3anucaB gaHHble B peructp TWDR. TWDR moxeT 3anucbiBaThCs
TOJIBKO MpH BbICOKOM 3HaueHUU TWINT. B npoTuBHOM ciydae 1OCTYN UTHOPUPYETCA U
ycraHaBiauBaercsa 0ut koHpaukra 3anucu: TWWC. Ilocne ooHoBnenuss TWDR 3anuck
«1» B our TWINT ounnraer dguar TWINT ais nponomkeHust nepeaadm.

To ects, BBeauTe cienyromue nanibie B peructp TWCR 1s oTiipaBky TaHHBIX:

‘ TWINT TWEA TWSTA TWSTO TWWC ‘ TWEN

Korpaa makeT naHHbIX nepenaercs u npuHumaetrca curiai orsera, TWINT cHoBa
yCTaHaBJIMBAETCSI M OOHOBIIsAETCS KO cocTostHus TWSR.

Bo3mosxnbie koab1 cocTossaust: 0x28 mim 0x30. CoOTBETCTBYIOIMIMI OTBET MO
KaXXJIbIM KOJIOM COCTOSIHUSI TIOJIPOOHO OTKCAaH B TAOJIMIIE KOJOB COCTOSIHUS.

[Tocne ycnenHoM nepeiadyn JTaHHBIX MAKET JAHHBIX MOYKET MPOJI0IKATh
OTMPABIATHCS. DTOT MPOLIECC MOBTOPSETCS J10 TEX MOp, MOKa He OyJIeT OTHpPaBIIeH
nocieanuit 6ait. Benymwuit 6yner renepupoBath curdain STOP, wnu curnan
REPEATED START 3aBepmut BCro nepeaayy.

Curnan STOP Berraercst myreMm 3anucu B peructp TWCR crnenyromero 3HaueHus:



| TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN

Brimonnuts curnan REPEATED START, Bens B peructp TWCR crnenyroiee
3HAUYECHHUE:
| 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 YCTPOWCTBaMU, BEAYIIUM-OTIPABUTENIEM U PEXKMMaMHU IPUHUMAIOLIETO
MpUEMHUKA 0€3 MOTEPH KOHTPOJISL HAJl ITMHOM.

Kogpl cocTosiHUS B peKMMeE MEepeayr XOCTa U COOTBETCTBYIOLIUE ONEepalun
MOKa3aHbl B CIEAYIOLIEH Tabnuiie:

Tabauya k0008 cocmosiHUsL OJIs1 PeAHCUMO8 nepedadu 8e0yuseco

OTBeT NPUKJIATHOr0 MPOrPAMMHOI0

CocrosiHue o0ecneyeHust .
Kon IIMHBI U Yrenue / Padora na TWCR Caenytonumit ar s
COCTOSTHUS oGopy1oBanus | samucs - - annapaTHoMm o0ecneyeHUH
TWDR STA STO | TWINT TWEA
0X08 OtmpaBnen |3arpy3utb SLA + W 6yznert oTnpaBieHo:
START SLA+W ACK wnm NACK mnonyuensr;
3arpy3urh SLA + W Oyzaer oTnpaBiieHo:
Ormpasnen | SLA +W ACK umn NACK nosyueHst;
0x10 REPEATED 3 SLA + W 6yzer oTnpasieHo:
START Sa EIX,?'_HEB ACK wm NACK mnosydensr;
Ilepenner B pexxum MR
3arpyska [Tockinaer nanuele, Oyaer
JTAHHBIX nosrydath ACK mimm NACK
SLA + W OH;SJMH Mocnars REPEATED START
0x18 OTIIPaBJICHO, Hert Otnpasnser STOP,
nonyueno ACK | onepanun cbpoc drara TWSTO
Her Otnpasnser STOP,
ontepar copoc dmara TWSTO;
START otnpasien
3arpyska [Toceutaer nanuwie, OyneT
JAHHBIX nonydath ACK nimn NACK
SLA +W OH;Z;HH Tocnars REPEATED START
0x20 Oglﬁamezzo’ Her Otnpasnser STOP,
N X?ZK orepanuu copoc pmara TWSTO
Her Otnpasnsier STOP,
ontepatn copoc dpmara TWSTO;
START otnpasien
0x28 baitT nannbix | 3arpyska [Toceutaer nanuwie, OymeT
OTIIpaBJ€H. | JAaHHBIX nony4yatb ACK mim NACK




Honyuen ACK|  Her Tocnars REPEATED START
orepanuu
Her Otmpasnsier STOP,
oreparm copoc ¢mara TWSTO
Her Otnpasnsier STOP,
onepai copoc paara TWSTO;
START otnpasien
3arpyska [Tockutaer ganuwie, OyneT
JTAHHBIX nonrydath ACK nmm NACK
BaiThl JaHHBIX Her ITocnate REPEATED START
orepanuu
0x30 OTﬁgiBHZII{{H' Her Ornpasnsier STOP,
N A}gK oreparum copoc dmara TWSTO
Her Otmpasisier STOP,
ontepawn copoc ¢mara TWSTO;
START ornpasnex
Her Beimyctut muny, BOWIET B
Ortka3z SLA+W oneparmm HEeaJPECHBIN MTOAYUHECHHBIN
0x38 WK apouTpax PEKUM
JAHHBIX Her Otnpaenser START B
oreparu PEKHUME TTPOCTOS

CDOpMaT N COCTOSAHUA PCIKUMaA IICpCaadn BEAYICTO IPUBEACHBI HHUXKC:!




MT

k4 . e
‘ s l SLA+W ‘ A DATA ‘ A l P ‘
(" ox08 ) ("ox18 ) (“oxes )
."-.__ __./ .‘-.,_ _,.-’ Mo
¥
Mext transfer started with a
REPEATED START g SLAW ‘
-~
[ mx10 ’
W '\.__ -
Hot acknowledge received
after the slave address NA 5 ‘ Sl ‘
- J~ - ¥
= MR
S v
Hot acknowledge received NA p
after the data byte
| Ox30 |
¥ . ¥ .
Arbitration lost in slave
acdress or data byte ASHA Other master AJHA Other master
J | . | J | .
(“ox38 ) (‘0x3s )
S A
T - 3
Arbitration lost and addressed
a5 slave A Other master
[ Ox68 | O0x78 | OxBO } = Toslave Mode
R S
. ' any number of data bytes and
from Master to Slave DATA A its acknowledge bit
From Slave to Master -:_f n status code in TWSR
S

Puc.19.11. ®opmar pexxuma nepenayu u [uarpamma COCTOSTHUN

19.6.3. Pexxum npuema BeaylIero

B pexxume npuema Benyuiero TWI nonyyaeT onpeneneHHOe KOJIMYECTBO OAMTOB
JaHHBIX OT BEIOMOTO nepenaryrka. UToObl BOMTH B PEKUM BEIYIEro, HEOOX0AUMO
otnpaBuTh curHai START.

Crnenyrommii popMat makera agpecoB omnpeaenser, Bxoaut jau TWI B pexxum
BEIYLIEr0-OTIIPABUTEIS WIIM PEKUM NpHeMHUKa Benymero. Eciau ornpasnsierca SLA +
W, BBoAUTCA pexkuM repenaun xocra. Ecnum otnpasisierca SLA + R, BBOOUTCS pexuM
npuema xocta. Kombl cOCTOsSIHUSA, YIOMSIHYTBIE B 3TOM pa3jieie, MPeAnoiaratoT, 4To OUT
yIPaBJIEHUS MPEIBAPUTEIBHBIM JIEIUTENIEM paBeH «0».

Curnan START Beigaercs nmyrem 3anucu B peructp TWCR cnenyromiero
3HAYCHUS:



| TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN

butr TWEN nomken ObITh ycTaHOBIIEH B «1», 4T00bI BKIIOUUTH HHTEpdeiic TWI,
TWSTA B «1», uro6s1 otripaBuTh curHai START, u TWINT B «1», 4T00ObI OUUCTUTH
¢dbmar TWINT.

Mopayne TWI oOHapyxuBaeT coctosiHue muHbI U nocbuiaeT curian START, kak
TOJIbKO mmHA cBoOomHA. [locie otnpaBku START anmaparaoe obecrieueHne
ycranaBnuBaeT ¢ar TWINT u oOnoBnstiet ko coctostuus TWSR 10 0x08. Uto6s1
BOWTH B PEKHUM IPUEMaA BEIOMOT0, He00X0 1Mo oTrpaButh SLA + R.

DTO MOXHO C/IeJIaTh ¢ TOMOIIBIO cleAyromiei onepanuu. CHavana 3anumure SLA
+ R B peructp TWDR, 3atem Hanumute «1» B 6utr TWINT u ouncture ¢piaar TWINT,
YTOOBI MPOJAOKUTH Nepeaady. To ecTh, HaUIIUTE CIIEAYIOIIee 3HAUYCHUE B PETUCTP
TWCR nnsa ornpaBku SLA + R:

TWINT TWEA TWSTA TWSTO TWWC

Korna nepenaua SLA + R 3aBepuiena u npuHumaetcsi curiai orseta, TWINT
CHOBA yCTaHaBJIUBaeTCs U 00HOBIsIeTCs Ko cocTosiHus TWSR. B0o3MOXKHBIE KOJIbI
coctosaus: 0x38, 0x40 mau 0x48.

CoOOTBETCTBYIOIINI OTBET MO KaXbIM KOJIOM COCTOSIHUA MOAPOOHO OMUCAH B
Ta0JIMIIE KOJOB COCTOSIHUSI.

Kornma SLA + R ycneniHo nepeiaetcsi, OH MOKET Ha4aTh MpUeM MakeToB. [Ipuem
npoaoxkaercs, ouniias out ¢paara TWINT, zanucsiBas «1» B out TWINT. To ects,
3anuch caenyroniero 3HayeHus B peructp TWCR HaumHaeT npuem:
TWINT | TWEA | TWSTA | TWSTO = TWWC | TWEN |

Korna nakeT gaHHBIX TPUHUMAETCS U NepeaaeTcs oTBeTHbI curHai, TWINT
CHOBa yCTaHaBIMBaeTcs, U ko coctossuuss TWSR oOHoBiisieTcsi. Bo3MokHbBIE KOJIbI
coctosguud: 0x50 umm 0x58.

COOTBETCTBYIOLINIA OTBET MOJI K&XIBIM KOJIOM COCTOSIHUS TIOJIPOOHO ONKCAaH B
Ta0JIMIIE KOJIOB COCTOSTHUSI.

[Tocne ycnenHoro noyiy4eHust JaHHbIX Bbl MOKETE MPOI0KATh MOTYYaTh MAKEThI
JAHHBIX. JTOT MPOIIECC MOBTOPSETCS A0 TEX MOP, MOKa HEe OyIeT MOIydeH MOCIeTHUI
OailT.

[Tocne nmpuema nocieaHero 6aiTa MacTep JOJDKEH OTIPABUTh CUTHAT
noaTeepxaeHusa NACK Ha BeoMblil nepegaTunk. XocT npuHuMaeT curdan STOP unu
curHasi REPEATED START 3aBepiiaer npuem.

Curnan STOP Bergaercs myrem 3anucu B peructp TWCR crenyroiiero 3Ha4eHus:

| TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN

Brinonnute curnan REPEATED START, Beeas B peructp TWCR cnenyroniee
3HAUYECHHUE:



- TWINT

TWEA

TWSTA |

TWSTO

TWWC | TWEN

[Tocne otnpaBku REPEATED START (kon cocrosinus 0x10) unrepdeiic TWI
MO’KET CHOBA IOJIyYUTh AOCTYII K TOMY K€ BEAYIIEMY WIH MOJYYUTh JOCTYIl K HOBOMY
Benylemy 0e3 ornpasku curHana STOP.

REPEATED START no3BojsieT BeayleMy NepeKIoYaThCsl MEXAY Pa3IndHbIMU
BEJIOMBIMH YCTPOMCTBaMU, BEAYIEMU-OTIPABUTEIISIMU U PEKUMAMHU TPUHUMAIOILIETO

MIPUEMHUKA 0€3 MOTEPH KOHTPOJISL HAJT ITMHOM.

KOI[BI COCTOSHHA B PCIKUMC IIpUCMa BCAYHICTO U COOTBCTCTBYIOIIUE OIICpaAllU

MOKa3aHbl B CIEAYIOIIEH TaOIuIIe:

Tabauya k0008 cOCMOAHUSL OJI5L PEAHCUMA NPUEMAa 8e0yuye2o

OTBeT NPUKJIATHOr0 MPOrPAMMHOI0

Ko Cocrosnue . Obecneerus Caenywouuii mar B
A IIMHBI U Yrenmne / Padora na TWCR AYIOTHL
COCTOSIHUSI anmapaTHoM odecrie4eHUn
000pyI0BaHUSA 3anuCh
TWDR STA STO | TWINT TWEA
0X08 OtmpaBnen |3arpy3utb 0 0 1 X SLA + W 6yzaet oTnpaBieHo:
START SLA+W ACK wmm NACK mnonyueHsr;
3arpy3urh 0 0 1 X SLA + W Oyzner oTnpaBiieHo:
Ormpasnen | SLA +W ACK umn NACK mosydensr,
0x10 REPEATED TR SLA + W Oyzer oTipaBIiieHO:
START Py 0 0 1 X | ACK umn NACK nonydeHsr,
SLA+R o
Ilepenner B pexxum MR
Her BrimyctuT mmnHy, BOMAET B
Otka3 SLA+R 0 0 1 X HEeaJpEeCHbIN MOAYNHEHHBIN
oreparuu
0x38 WIH apOuTpa PEXUM
TAaHHBIX Her 1 0 1 X Otmnpasnsier START B
oreparu pPEKHUME TIPOCTOS
SLA + R Her 0 0 1 0 [Tonyuat nannsie, NACK
orepaium OyZeT oTnpaBiieH
0x40 OTIPABJICHO, T 0 CK G
nomyaero ACK er 0 0 1 1 OJy4at JaHHBIE, yIeT
oreparu OTIIpaBJICH
Her 1 | o 1 X |Mocnars REPEATED START
SLA + R oreparu
OTTIPABICHO Her 0 1 1 X Otnpasnsier STOP,
0x48 " |omeparuu copoc ¢aara TWSTO
MOJy4YEHO
NACK Her Otnpasnser STOP,
eDALII 1 1 1 X copoc ¢pmara TWSTO,;
orepatt START otmpasien
3 I1 NACK
BaiiT naHHBIX Ha;l:gz;a 0 0 1 0 OH%’;I;;H(?E{;;ZHGH
0x50 | momyuen, ACK T T CK &
oTmpaBsicH eT 0 0 1 1 OIly4yaT JIaHHBIE, yIeT
orepauu OTITpaBIICH
Her 1] o0 1 X |Mocnars REPEATED START
[omyyen Gaiit |OnepaLnn
0x58 JaHHBIX, Her Otnpasnsier STOP,
OTMPABJICH  |omepamuu 0 1 ! X copoc pmara TWSTO
NACK Her 1 1 1 X Ornpasnser STOP,
onepaluu copoc ¢mara TWSTO;




START otnpasnen

CDOpMaT N COCTOSHHUC ITPUHUMAIOIICTO PCIKUMA, KAK ITOKA3aHO HUKC:!

MR
Y .
5 ‘ SLA+R A pATA | A ‘ DATA NA ‘ P
) ..--'--._\. ./_.---- . | ._-----._\. ./.--"--_\.-
[ Ox08 | | Ox40 | | 0x50 | | 0x58 )
: e ._.’. -\._____.-“ ‘--..____-‘f. l"-.____."l
¥
Next transfer started with a
REPEATED START ' g Eiel
| 0x10 |
T | ) R
Mot acknowledge received
after the slave address NA : 2L
—— b
[ ox48 ) MT
v ¥
Arbitration lost in slave )
address or data byte AJNA Other master HA Dther master
(2 L \ -
(o038 ) (‘ox3e )
) =
Arbitration lost and addressed
a5 slave A Other master
([ 0x68 | 0x78 | OXBO ) »  ToSlave Mode
any number of data bytes and
‘ from Master to Slave DATA A its acknowledge bit

‘ From Slave to Master :: n status code in TWSR

Puc.19.12. ®opmart npuHUMAIOIIETO PEXUMa U JUarpaMMa COCTOSTHHUM

19.6.4. Pexxum Be1oMoro npueMHUKa

B pexume BeomMoro npueMHUKa U3 TIEpeIaTynKa XOCTa MOXKET OBITh MOJTYyYEHO
OTIpeIeTICHHOE KOJUYECTBO 0alTOB JaHHBIX. KOMBI COCTOSIHUSA, YIIOMSIHYTHIE B TOM
pasniese, mpeanoiaratoT, 9To OUT yIpaBiIeHUs TPEABAPUTEILHBIM JAeIUTeNeM paBeH «0.

UToOb! 3allyCTUTh PEKUM MTPUEMA BEOMOr0, ycTaHOBUTE peructpsl TWAR u
TWCR.

TWAR Heo06X0auMO YCTaHOBUTD CIEIYIOIIUM 00pa3oM:

TWA6 | TWA5 | TWA4 | TWA3 | TWA2 | TWAl1 = TWAO0 = TWGCE

Anpec ycTpoicTBa MOJYUHEHHOTO YCTPOMCTBA




Crapime 7 6ut TWAR - 3T0 Be1oMBIil ajipec, Ha KOTOPBIN OyIeT pearupoBaTh
untepdeiic TWI npu obpamiennu k y3iny. Ecnu ycranosnen LSB, TWI 6yner orBeuats
Ha ajjpec mupokopemareasHoro Bbi3oBa (0x00), B mpoTHBHOM ciiydae oOmui aapec
BbI30Ba Oy/IeT MPOUTHOPHPOBAH.

TWCR HE00X0auMO YCTaHOBUTH CIICAYIOIUM 00pa3oM:

| TWINT TWEA TWSTA @ TWSTO TWWC | TWEN

TWEN nomxken 6b1Th HacTpoeH Ha BkItoueHue uurepdeiica TWI. TWEA nomxen
OBITH HACTPOEH Ha Bo3BpatT noarsepxaeHus ACK, korna Benymuit anpecoBas (aapec
BEJIOMOT'0 MUIM IIUPOKOBEIIaTeIbHBIN BbI30B) caM 1o cebe. TWSTA u TWSTO nomxHs
OBITH OUUIIICHBI.

[Tocne nnnnmanuzauu TWAR u TWCR untepdeiic TWI oxunaer, noka He
OyzaeTt agpecoBaH COOCTBEHHBIN aipec MOAUYNHEHHOTO YCTPOICTBa (MM
HIMPOKOBEIIATEIbHBIN aIpec).

Korma Out HampaBieHs TaHHBIX, CIEAYIOIIHMI 3a BEJJOMBIM apecoM, paBeH «0»
(yka3pIBaeT Ha omnepanuto 3anucu), TWI nepexonut B pexxuM npreMa Be10MOTO.

Korma Out HanpaBieHUs JTaHHBIX paBeH «1» (C yKa3zaHHEM olepanuu YTCHHS ),
TWI nepexoauT B pekuUM MOJUMHEHHOM MEpEIavu.

[Tocne nonmyyeHus COOCTBEHHOTO MOJYMHEHHOTO aJIpeca U CUMBOJIA ONEPALINH
3anucu yctaHoBJieH pyiar TWINT, a neficTBUTENbHBIN KO/ COCTOSIHUSI OOHOBIISIETCS 10
TWSR.

CoOTBETCTBYIOUIMI OTBET MOJ KaXIbIM KOJIOM COCTOSIHUSA MOAPOOHO ONUCAH B
Ta0IMIIE KOJIOB COCTOSTHUSI.

Crnenyer OTMETUTB, YTO PEKUM ITPUEMA IOJUMHEHHOTO YCTPOIMCTBA TAKKE MOXKET
OBITH BBEJICH MOcCIe 3aBepiieHus apoutpaxa TWI B pexxume Bemyiiero (cm. Kosbr
cocrosHus 0x68 u 0x78).

Ecmu 6ut TWEA cOpacsiBaetcs Bo Bpems nepenaun, T WI sepaer NACK
(BBICOKHMI ypoBeHb) B TuHUIO SDA moce nmogydeHus 6aita. ITo MOKHO MCIIOJIH30BaTh
JUTSl YKa3aHUS TOTO, YTO BEJOMbBIN HE MOKET MOIy4YaTh OOJIbIIE TaHHbIX.

Korga 6ut TWEA pasen «0», TWI He Oynet oTBeuath Ha COOCTBEHHBIN ajjpec
IIOJYMHEHHOT O ycTporcTBa. Tem He MeHee, TWI Bce eme caymaer muny.

[Tocne yctanoBku TWEA oH MOxkeT BO300HOBUTH paclioO3HaBaHKE aJipeca U
OTBETUTH. [[pyrumm ciioBamu, Bbl MOKETE UCIIONIBb30BaTh TWEA niia BpemeHHON
3oy uaTepdeiica TWI ot muHbI.

B npyrux pexxumax oXugaHus, Y€M B PeKUME OKHUJIaHUs, TaKThl nHTEpdeiica TWI
MOTYT OBITh OTKJIFOUEHBI.

Ecnu pexxuM nprueMa BeJOMOro BKJIOUEH, UHTepdeiic OyneT npoaoKaTh
OTBEYATh HA MOJYMHEHHBIN aJIpeC WM IHUPOKOBENIATEIbHBIN aJpec, UCIO0JIb3Ys TAKThI
muHbl. CoBmanenue aapecos npodyaut MCU.

Bo Bpemst npoOysxaenus unrepdeiic TWI Oyner ynepxxkupats SCL 10 Tex mop,
noka ¢uiar TWINT ne 6yzaer ounmen. Korna takter untepdeiica TWI BepayTcs B
HOPMAJIbHOE COCTOSIHUE, OH MOXKET MOJYYUTh OOJIbIIE JAHHBIX.

Kon cocrosinug pexxuma NoJdUHEHHOTO IpreMa 0TOOpaxaeTcs B Cieayrolen
Tabnuie:



TCI6/ZI/[Z/;61 K0O08 COCMOAHUSL pearcuma NOOYUHEHHO20 npuema

OTtBer NMPUKJIAAHOTO IIPOTrPaAaMMHOT 0

K Cocrosinue obecnieyeHust C .
ox JIeTyIoIIuii mar B
IIHHBI | Yrenne / Pa6ora na TWCR y

COCTOSTHUS oGopyloBans | 3ammce anmnapaTHoMm o0ecne4eHUH
TWDR STA STO | TWINT TWEA

[Tonyueno Her X 0 1 0 [Tonyuat nannsie, NACK
060 SLA+W:; oreparum Oyzner oTnpaBieH
ACK Her X 0 1 1 [Monyyar nanusie, ACK Oyner
OTIIPABIICHO  |omepanuu OTIIPaBJICH
ApOurpax He
yaajcs npu Her X 0 1 0 [Tomryuar mannabie, NACK
OTIIPaBKe | OIECpaluu Oyzner oTnpaBiieH
0x68 SLA+R/W;
MOJIY4eHO
SLA+W:; Her X 0 1 1 [Tonyuar nannsie, ACK Oyzaer
OTIIPABICHO |omepanuu OTIIPaBJICH
ACK
[TonyuyeHHbI Her X 0 1 0 [Tonyuar nannsie, NACK
ITUPOKOBEIIATE | OTICPAIIHH OyJeT oTIpaBIieH
0x70 OHTI;II;I;EHE;I}[II;;(;% Her X 0 1 1 IMonyuat nannsie, ACK Oyuer
ACK oreparumn OTIIpaBJICH
ApOutpax He
yJajcs npu Her X 0 1 0 IMony4yat nanneie, NACK
OTIpaBKe |OIEpaIuu OyzaeTt oTnpaBieH
0x78 SLA+R/W;
MOJIYYeHO
SLA+W,; Her X 0 1 1 [Monyuar nannsie, ACK Oyzaer
OTIPABICHO |omepanuu OTIIPaBJICH
ACK
CooOcTtBennbre | Urenue X 0 1 0 [Tonyuat nannsie, NACK
0x80 JaHHBIE, JTAaHHBIX OyJeT OTIpaBiieH
noy4eHHele | Yrenne X 0 1 1 [Honyuar nannsie, ACK Oyzaer
ACK JTAHHBIX OTIpaBJIeH
[Tepexnrountcs HA HEak-
Urenue 0 0 1 0 THUBHBIA BEIOMBII PEKUM, HE
JTAHHBIX OTBETHUT Ha TIOTYMHEHHBII
aapec U TPAHCIISIIHIO
[Iepexmrountcs Ha
Yrenme HEAKTUBHBIN BEIOMBIN PEKUM,
0 0 1 1 OTBETUT Ha NOJUNHEHHBIA
FIAHHDIX aapec, TWGCE =1 otBeTut
HOHY%HB% Ha TPAHCIISAIHIO
0x88 Hagf;ignieﬂ © [Tepeiiner B HeaapecHbIH
NI,Z\CK BEJIOMBII pEeXKUM, HE OyIeT
Urenue 1 0 1 o [|oTBeuaTs Ha BEJIOMBIH aJipec U
JTAHHBIX HIMPOKOBEIIATEIHHYIO
pacchuiky, otripaBut START,
KOr'Za IIMHa cBO0OIHA
[TepexmtounTcs Ha HEaK-
Urenue 1 0 1 1 THUBHBIA PEXKUM BEIJOMOTO,
JTAHHBIX OTBETHUT Ha BEJOMBIi1 azipec,
TWGCE = 1 orBeTut Ha




IMPOKOBEIIATENbHYIO
nepeaady, mMrHa OTIPABUT
START B pexxume 0xuaaHus

0x90

[Tomy4enst
HIMPOKOBEIIATe
JIbHBIC JIaHHBIE,

OTIIpaBJIeH

NACK

Yrenue
JAHHBIX

[Tonyuat nannsie, NACK
OyJIeT oTmpaBiieH

Yrenue
JaHHBIX

[Tonyuat nannsie, ACK Oyaer
OTMPABJICH

0x98

ITonyuensl
HIMPOKOBEIATE
JIbHBIE JAHHBIE,

OTIPABJICH
NACK

Yrenue
JAHHBIX

IlepexmrounTtes Ha Heak-
THUBHBINA BEIOMBII PEKUM, HE
OTBETUT Ha IIOJYMHEHHBII
aipec ¥ TPaHCILILHUIO

Yrenue
JTAHHBIX

[Tepexmrountcs Ha
HEAKTUBHBIN BEIOMBIN PEKUM,
OTBETHUT Ha MMOJYMHEHHBII
anpec, TWGCE = 1 orBeTur
Ha TPAHCIISALHNIO

Yrenue
JAHHBIX

[lepeiiner B HEaApPECHBIN
BEJIOMBIH pexuM, HEe OyIeT
OTB€YATh HA BEIOMBIN apec U
LHIMPOKOBEIIATENbHYIO
pacceuiky, otripaBuT START,
KOTI'/Ia IIMHA CBOOOHA

Yreuue
JTAHHBIX

[TepexmtounTtcs Ha HeaK-
THUBHBIA PEXKUM BEJOMOTO,
OTBETUT Ha BEJIOMBIN aJipec,
TWGCE = 1 orBeTHT Ha
IIMPOKOBEIIATENbHYIO
nepeaayy, MrHa OTIPABUT
START B pexxumMe 0xxuaanus

0xAO0

[Tomygen STOP
W
REPEATED
START npu
pabore ¢
BEJIOMBIMU

Her
onepanuu

IlepexmrounTes Ha Heak-
TUBHBIN BEIOMBIN PEKUM, HE
OTBETHUT Ha MOUYNHEHHBIN
aZpec ¥ TPaHCIALHIO

Her
onepanuu

IIepexitountcs Ha
HEAKTUBHBIN BEIOMBIN PEXUM,
OTBETHUT Ha IIOJYMHEHHBII
aapec, TWGCE = 1 otBeTut
Ha TPaHCIISIIUIO

Her
onepanuu

Ilepeiiner B HEagpPECHBIN
BEJIOMBIHN pexuM, HEe OyIeT
OTBEYaTh Ha BEIOMBIN aapec U
HIMPOKOBEIIATEIbHYIO
pacchuiky, otripaBut START,
KOr'[a IIMHa cBO0OIHA

Her
oTiepaIfu

[lepekntounTtcs Ha Heak-
THUBHBIA PEXKUM BEJOMOTO,
OTBETHUT Ha BEJIOMBIN aJipec,
TWGCE = 1 otBeTuT Ha
HIMPOKOBEIIATENBbHYIO
nepenaavy, muHa OTHPABUT
START B pexxume 0xuaaHus

Jnarpamma popmaTa u COCTOSHUS PEXUMA MOJIMHEHHOTO MPUEMa BBITJISIIAT




CIIEAYIOIIMM 00pa3oMm:

s SLAW A DATA | A ‘ DATA A [ Pors
| | :
[ ox60 ) [ oxgo ) (oxe0 ) oxa0 )
Last byte received and
NACK sent NA UL
A
Arbitration lost and A )
addressed as slave Y
[ 0x88 |
| Ox68
'.' T
General Call A DATA A ‘ DATA A ‘ Por$S
, — '--.,\l. , — -._.\ .',--" . . _,/" — .
[ ox70 | [ ox90 | [ox90 ) [ oxaD |
"\___ 4 M A %, o ey _._,;
Last byte received and
NACK sent NA s
h 4
Arbitration lost and addressed as A 1
slave by general call
| 0x98 )
, — ---.\..
| 0x78 |
any number of data bytes anc
from Master to Slave DATA A its acknowledge bit
From Slave to Master fon ) status code in TWSR

Puc.19.13. ®opmar pexuma npuemMa U COCTOSIHUS yCTPOICTBa

19.6.5. Pexxum Begomoit mepeaayn.

B pexxume Benomoit mepeaaun onpeaeaeHHoe KOJTUYECTBO 0aUTOB JaHHBIX MOXKET
OBITH OTIPABJICHO HA MPUEMHUK BeAYIIHI0. KObl COCTOSIHUS, YIIOMSIHYTBIE B 3TOM
pazjenie, MpeanoiaraloT, 4To OUT yIpaBJIeHUS MPEIBAPUTEIIHHBIM JeIUTeNIeM paBeH «0y.
YToOsI 3aIyCTUTh PEXUM IIpreMa BeoMoro, ycranoBute peructpsl TWAR u TWCR.
TWAR HE00X0IMMO YCTaHOBHUTH CIICTYIOIINM 00pa3oMm:
\ TWAG TWAS TWAA4 TWAS3 TWA?2 \ TWAL1 TWAO TWGCE

Anpec ycTpoiicTBa NOJAUYMHEHHOTO YCTPOICTBa

Crapume 7 6ut TWAR - 3T0 Betomblil aapec, Ha KOTOPBINA OyJeT pearupoBarthb



unrepdeiic TWI nipu obpamennu k y3ny. Ecnu ycranosnen LSB, TWI Oyaet oTBeuath
Ha ajipec mupokoBemaTeabHoro Bei3oBa (0x00), B pOTUBHOM citydae o0l aapec
BBI30Ba OyI€T MPOUTHOPUPOBAH.

TWCR HE00X0auMO YCTaHOBUTH CIISAYIOMNUM 00pa3oM:
\ TWINT TWEA TWSTA TWSTO TWWC \ TWEN

TWEN nomxken 6b1Th HacTpoeH Ha BkItoueHue unrepdeiica TWI. TWEA nomxen
OBITH HACTPOEH Ha Bo3BpatT noarepxaecHus ACK, korna Benymuit anpecoBas (aapec
BEJIOMOTO WJIM IMTUPOKOBEMIaTeNbHbIN BbI30B) caM 1o cede. TWSTA u TWSTO momxHb
obITh ounieHbl. [locne manmmanmm3anuun TWAR u TWCR untepdetic TWI oxunaer,
MoKa He OyJIeT aApecoOBaH COOCTBEHHBIN aJIpec BEOMOTO YCTPOUCTBA (UITH
ITMPOKOBEIIATEIbHBIN ajpec).

Korma Out HampaBieHUs TaHHBIX, CIEAYIOIIHMMI 3a BEJOMBIM apecoM, paBeH «0»
(yka3bIBaeT Ha orepariuto 3anucu), TWI nepexoaut B pexkuM nprueMa Be10MOT0.

Korma Out HanmpaBieHus: TaHHBIX paBeH «1» (yKa3bIBAIOIIMI OMepaIuio YTeHus),
TWI nepexoaut B pekuM MOJUNHEHHOM IIepeaadH.

[Tocne nomy4yeHus: cBOEro COOCTBEHHOTO MOJYUHEHHOTO ajipeca U ¢uiara onepauu
yreHus: ycranosiieH (aar TWINT u oOHOBIEHHBIN KOJ| COCTOSIHUSA OOHOBIIAETCS B
TWSR.

CoOTBETCTBYIOIIMI OTBET MOJ KaXIbIM KOJIOM COCTOSIHUA MOAPOOHO OMUCAH B
Ta0IUIE KOJOB COCTOSIHUS.

CrnemyeT OTMETUTD, YTO PEKUM MOTYMHEHHOU Mepe/iaun TaKKe MOXKET ObITh
BBeJIEH Tociie 3aBepiienus apoutpaxka TWI B pexxume Beaymiero (cMm. Koa coctosaus
0xBO0).

Ecmu 6ut TWEA cOpacsiBaetcst Bo Bpems nepenayu, TWI nepexrountcs Ha
HEaJIPECHBIN MOUYNHEHHBIN PEKUM TOCIIE OTIPABKH MOCIEAHEro Oaifra.

ITocne Toro, kak riaaBHbIM npueMHUK BbigacT NACK unu ACK pis nepenauu
nocyenHero 0aira, koa coctosiHus B peructpe TWSR 6ynet oonosnen g0 0xCO umu
OxCS8.

Ecnu rinaBHBIN NpUeMHHK TIPOJOJKUT Mepeiady, BEIOMBIN MepeaTuuK He OyaeT
OTBEYATh, M BEIYIIHI MOJYyYUT Bce AaHHbIC «1» (T. e. OXFF).

Korna nogunHeHHBIN oTnipaBiseT nocieannii 6anT nanaeix (TWEA ouuniaercs) u
oxkunaet orBeta NACK, 1 XocT xoueT nosyduth 0osiblie JaHHBIX U oTnpasisier ACK B
otBeT, TWSR o6HOBIsIeTCcsa 1o 0xC8.

Korna 6ut TWEA pasen «0», TWI He Oynet oTBeuath Ha COOCTBEHHBIN ajjpec
IIOJYMHEHHOTO ycTporcTBa. Tem He MeHee, TWI Bce eme caymaer muny.

[Tocne yctanoBku TWEA oH MOXeT BO300HOBUTH pacrio3HaBaHHE ajipeca U
OTBETUTH. [[pyrumu ciioBamu, Bbl MOKeTe Ucnonb3oBaTh TWEA niis BpemeHHOU
uzossiiuu uatepdeiica TWI ot muHsI.

B npyrux pexumax 0XuaaHus, YEM B PEKUME OKUJIAHUSI, MOKHO OTKIIFOUUTh
cuaxponu3anuio narepderica TWI. Ecnu pexxum npruema BeJOMOTO BKIIOYEH,
uHTepdeic OyaeT mpoa0KaTh OTBEYATh HA BEAOMBIN aApec WM IMUPOKOBEIIATEIHbHBIN
ajipec, UCTob3ys TakThl muHbL. CoBnagenue aapecos npodyautr MCU. Bo Bpems
npoOyxaenus untepderic TWI o0yaer ynepxkuatb SCL 10 Tex nop, moka ¢yaar TWINT
He OyJIeT OYHIIIEH.

Korna taktel uatepdeiica TWI BepHyTCS B HOpMaIbHOE COCTOSIHUE, OH MOYKET
MOJIYYUTh OO0JIbIIE JAHHBIX.



Ko cocTosiHus pexxrMa BeJIOMOM Mepe1adn Moka3aH B CIeAyIoIIei Tabiuiie:

Tabauya k0008 COCMOSAHUA PeXCUMA 8e00MOlL nepeday

OTBer NMPUKJIAAHOTO IIPOrpaMMHOT 0

K Cocrosinue ol0ecrnieyeHust C .
on JIeIYIOIIHii mar B
LIIMHBI U Yrenue / Padora na TWCR y
COCTOSIHUS anmnapaTHoM odecrnie4eHUn
ODOPYMOBANMS SAMMCE | orp | oo | TWINT | TWEA
TWDR
3arpyska [TonuttoT mocneaHue TaHHbBIE,
SLA + R Ob11
JAHHBIX oxunaeM noayunts NACK
O0xA8 |momyuen, ACK
3arpyska [ToceLnaer nqaHHble, MOTYYUTH
OTIIpaBJIeH
JTAaHHBIX ACK
ApOurpax He
yaajucs npu | 3arpyska [TonutoT mocnegHue TaHHbBIE,
OTIIPaBKe JlAHHBIX oxxugaem noinyuuts NACK
SLA+R /' W;
0xBO0
MOJIY4eHO
SLA+R; 3arpyska [Tocslnaer nanHble, MOTYYUTh
OTIPABJICHO | JIaHHBIX ACK
ACK
3arpyska [TonutroT nocneaHue JaHHBIE,
JlaHHBIC OBLTH
JAHHBIX oxunaem noayuyuts NACK
0xB8 OTITPABIICHBI,
3arpyska [Tocbutaer naHHbIE, MOTYYUTH
nosryueHo ACK
TAHHBIX ACK
IlepexmrounTces Ha Heak-
Her TUBHBIA BEIOMBII PEKUM, HE
oTiepaIu OTBETHUT Ha MOTYNHEHHBIHN
aZpec U TPAHCIISILNIO
[Tepexmrountcs Ha
Her HEAKTHUBHBIN BEIOMBIN PEXKUM,
S — OTBETUT Ha MOIYNHEHHBIN
P aapec, TWGCE = 1 orBeTut
Ha TPAHCIISALINIO
[lepeiiger B H HBIN
Tanssie epeiizie eaz[pec6
BEJIOMBII pexXuM, H T
0xCO OTIIPaBJICHBI, q 1o pe » HE OYIIC
T TBEYATh HAa BEJJOMBII "
NACK monyden N OTBCHATE Ha BEO anpec
onepaluu HIMPOKOBEIIATENbHYIO
paccbuiky, otripaBuT START,
KOT'/Ia IIIMHA CBOOOTHA
[lepekntountcs Ha Heak-
THUBHBIA PEXKUM BEJOMOTO,
Her OTBETHUT Ha BEJIOMBIN aJipec,
TWGCE = 1 orBeTuT Ha
onepanuu
HIMPOKOBEIIATENbHYIO
nepeaady, mruHa OTIPABUT
START B pexxume 0xxuaanus
[lepekntountcs Ha Heak-
Urenue THUBHBIA BEIOMBII PEKUM, HE
TAHHBIX OTBETUT Ha MOJIYNHEHHBIHN
Aanmere aJipec ¥ TPaHCISALHUIO
0xC8 OTTPABJICHBI, T
KITFOUUTCS Ha
ACK nonyyen CPCKITIOMMTCA |
Urenue HEAKTUBHBIN BEAOMBIN PEXUM,
TAHHBIX OTBETUT Ha MOJIYNHEHHBIN
anpec, TWGCE = 1 orBeTur




Ha TPaHCJISALUTIO

[Iepeiiner B HEAAPECHBIN
BEJIOMBIN pEXKUM, HE OyIeT
Urenue OTBEYATh HA BEIOMBIN aJpeC U
JAHHBIX HIMPOKOBEIIATEIHHYIO
pacceuiky, otripaBuT START,

KOTI'Jla IIMHA CBOOOAHA

[lepexmrounTtcs Ha Heak-
THUBHBIA PEXKUM BEJOMOTO,
OTBETHUT Ha BEJIOMBIN aJIpec,
TWGCE = 1 orBetut Ha
HIMPOKOBEIIATEIbHYIO
nepeaayy, rHA OTIPABUT
START B pexxumMe 0XugaHus

Yrenue 0 1 1
JAHHBIX

@opmMaT U COCTOSIHUE PEKUMA BETOMOM ITEpeadyu CJIEAYOIIHMI:
ST

5 SLA+R A DATA A DATA NA ‘ Pors

[ oxag | ( 0xBB | [ 0xC0 |

Last byte sent (TWEA = 0) and
ACK received

OXFF ‘ Pars

Arbitration lost and

addressed as slave o Ny
' [ oxts

[ oxBo |

et ) any number of data bytes and
from Master to Slave DATA ‘ A ‘ its acknowledge bit

From Slave to Master oon status code in TWSR

Puc.19.14. ®opmar pexxrima ClIaiiIoB U fUarpamma COCTOSIHUN

19.6.6. pyrue cocrosiHus

CymiecTByeT J1Ba KOJa COCTOSIHUS, KOTOPbIE HE UMEIOT COOTBETCTBYIOIIUX
onpenenenuit cocrosaust TWI, kak mokazaHo B cieayroliei Tabuuiie:

Tabnuya J[pyeue ko008 cocmosiHus

OTBeT NPUKJIATHOT0 NPOrPAMMHOIO

CocrosiHue o0ecneyeHust .
Caenyromuii mar B

almapaTHoM o0ecneyeHUH

Kon
COCTOSTHHSA

INMHBI X Yrenue / | Pa6ora na TWCR

000pyI0BaHUSA 3anuch

TWDR STA W STO | TWINT TWEA




Wndopmarnus
acpene- Her . OxugaHue Win BBIITOTHEHUE
OxF8 pactip H_ He ucnons3yiite TWCR A .
JICHHas, oreparmn TEKyIIeH ormepaun
TWINT =0
O1mnoKa IIUHbI, Tonpko BIMAET HA
BBI3BaHHAs Her BHYTpEHHEEe 000pyI0BaHUE;
0x00 HE3aKOHHBIM 0 1 1 X STOP He oTnpassieTcs Ha
oreparuu )
START win LIMHY; [IMHA BBITYCKAET U
STOP ountaer outr TWSTO

Koz cocrosinus 0xF8 yka3piBaeT, 4TO B HACTOSIIEE BPEMSI HET COOTBETCTBYIOILIEH
uHpopmarnu, nockoiabky ¢aar TWINT paBen «0». 310 cocTosiHre MOKET BO3HUKHYTh,
korna unrepderic TWI He ydacTByeT B 1ocieIoBaTeIbHON nepegadye uin TeKyIias
repezaya enie He 3aBeplicHa.

Cocrostaue 0x00 yka3bIBaeT Ha TO, 4TO BO BpEMsI IIOCIEA0BATEILHOM NIEpe1aun
pouU30ILIa OKOKa muHEL. OmuOKa HIMHBI BO3SHUKAET, KOTAa IPOUCXOIUT HE3AaKOHHBIN
START mim STOP. Hanpumep, START unu STOP nosiBiisieTcs mexay agpecoMm u
nanHbiMH, agpecoM 1 ACK. Ommbka munbl ycranoBUT TWINT. YToObl BOCCTaHOBUTH
omnOky, TWSTO Heo0X01uMO YCTaHOBUTh U OUUCTUTD, HANKUCaB «1». DTo mpHUBEAET K
Tomy, yTo uHtepgeric TWI BoligeT B He3anuCcaHHbIA MOAYMHEHHBIN pexxuM 6e3 STOP,
ormyctute SCL u SDA u ounctute outr TWSTO.

Kombunuposannwiil pescum

B HEKOTOpBIX ciaydasx HeCKOIbKO pekuMOB TWI 107KHBI ObITH 00BEAMHEHBI 1JIS
BBINTOJIHEHHUSI JKETTAEMOTO 33JJaHuS.

Hanpumep, 4ToObI CUNTHIBATH TaHHBIEC U3 TIocienoBaTeibHO EEPROM, Tunuunas
nepeaayda BKIIOYAeT B ce0sl CIeAYOIINE aru:

1. IlepeHoc 1omKEeH HAYaTHCS;

2. Heobxoaumo ykasath Mecto, Tie EEPROM nomkeH npounTaTh JaHHBIE,

3. Utenue 0JKHO OBITH 3aBEPIICHO;

4. Ilepenava nOMAKHA 3aBEPIIUTHCA.

OOparute BHUMaHHUE, YTO JIAaHHBIE MOTYT MEPEaBaThCsl OT BEIYIIETO K BETOMOMY
1 HaoOopoT. Benyumii cooOmaeT noAYnHEHHOMY YCTPOUCTBY, I/1€ YUTATh JaHHbIE,
UCITIOJIb3Ysl PEKUM IEpEeAaun BEAYLIEr0. 3aTeM IIPOYUTANTE JaHHBIE C BEAOMOIO
YCTPOMCTBA, UCTIONB3YsI PEKUM MIPUEMA BEYILETO.

Hanpasnenue nepenaun uamMeHurcs. Beayuuii 10mKeH NOAAEpKUBATD
yIpaBJIeHHE IMHOM Ha BCEX 3Tallax, U BCE 3Talbl BBIMOJIHAIOTCA. Eciu B cucteme ¢
HECKOJIbKUMH BEIYIIUMHU, BEIYIIUN U3MEHSET MECTOMOJI0KEHNUE CYUTHIBAEMBIX JaHHBIX
MEXy I1aramMu 2 v 3, 3TOT NMPUHIIUI HAPYIIAETCs, U BEIYIINI Oy/IeT CUUTHIBATh TAHHBIC
HE B TOM MECTE.

N3meHeHue HanpaBiieHHsl epeayn JaHHbIX JTOCTUTAaeTCs MMyTEM OTIPABKU
REPEATED START mexnay 6aifToM afpeca nepeaadd U MOJTyYSHHBIMU JTaHHBIMH.
ITocne otnpaBku REPEATED START y Benyiero Bce €lie ecTb ynpaBJIeHHE IUHOM.
Ha cnenyromeM pucyHKe NOKa3aH 3TOT MPOLECC NEPEIadu:



;1’ MT > I MR b:
DATA MA p

from Master to Slave From Slave to Master

A ADDRESS A Rs SLA+R A

5 ‘ SLA+W

Puc.19.15. O6wenunseT Heckoabko pexxumoB TWI mis nocrymna k cepuitibiv EEPROM-
M300paKEeHUSIM

19.7. CucTteMbl ¢ HECKOJBLKUMH MacTepaMu U apOUTPaK

Ecnu HECKOJIBKO BeylIMX MOJKIIOYEHBI K OJTHOW U TOM ke mmHe TWI, ogun nin
HECKOJIBKO M3 HUX MOT'YT OJJTHOBPEMEHHO 3aIlyCKaTh Iepenady JanHbix. [Iporokom TWI
rapaHTUPYET, YTO B 3TOM CIIy4ae OJHOMY W3 BEAYIUX pa3peliaeTcs nepeaaBaTh 0e3
MOTEPU JAHHBIX Yepe3 apOUTpakHbIN MPOLECC.

Huxe onuceiBaeTcs nmporecc apOuTpaka IUHBI ¢ IBYMsI BEAYIIUMU, KOTOPBIE
IIBITAIOTCS OTHPABUTH JaHHBIEC B BEAOMBIN. CyIIeCTBYET HECKOJIBKO PA3IUYHBIX
CUTYaIIMI, KOTOPbIE MOTYT CO3AaTh apOUTPaKHbIN MPOLIECC IIUHBI:

e JIBa unu Oosiee XO0CTa OJHOBPEMEHHO B3aUMOJICHCTBYIOT C OJIHUM BEJJOMBIM.
B 3TOM citydae Kak BeIyIIui, TaK U BEAOMBIA HE 3HAIOT, YTO Ha IIMHE €CTh
KOHKYPEHLUS;

e JIBa unu Oosiee BeayIIUX OJHOBPEMEHHO BBIMOIHSIIOT pa3HbIE TaHHBIE WU
olepalroOHHbIE 0OpAIIEHUs K OJHOMY U TOMY k€ BEJOMOMY. ApOuTpax
POUCXOJHUT B 3TOM citydae, B Out miau out READ / WRITE. Korna npyrue
XOCTBI OTHPABIHIOT «0» B cTpoky SDA, X0CT, KOTOPBIM OTHPABISIET «1» Ha
auHuo SDA, He CMOXET BBINOJHUTH apOuTpax. HeucnpaBHblil XoCT
NEPEKIIIOUNTCS Ha MMOAUYMHEHHBIA PEKUM, KOTOPBIN He OylIeT aApecoBaH,
WJIW JIOKJIUTECH, TTOKA IIMHA OTIPaBUT HOBBIN curHail START B pexume
O’KMJIaHMS, B 3aBUCHUMOCTH OT OIl€paLU IIPUKIIAJHOTO IPOTPAMMHOIO
o0ecrnieueHusl.

e J[Ba unu Oosiee BeAyIUX JOCTYM K APYTUM MOJUMHEHHBIM yCTpoiicTBam. B
ATOM Cilyuyae apOuTpaxk MHUHBI BO3HUKAET BO BpeMs ¢a3bl SLA. Korna
Ipyrue Beaymuu oTrnpasisiioT «0» B muHuio SDA, Beaymuii, KOTOpbIN
otnpasisieT «1» Ha nuHuio SDA, Oynet apOutpax. Bemyuiuil, KOTOpbIii
BBIXOJUT U3 CTPOS BO BpeMs apouTpaxka SLA-IIMHBL, TEPEKITIOYUTCS Ha
MOAYMHEHHBIN PEKUM U IIPOBEPSET, AAPECOBAH JIM OH BEAYIINM, KOTOPBIA
MOJIy4aeT KOHTPOJIb HaJl IIMHOM. Eciv OH ajjpecoBaH, OH BOMAET B PEKUM
SR unu ST, B 3aBucumoctu ot 6utr READ / WRITE, cnenyromero 3a SLA.
Ecnu oH He agpecoBaH, OH NEPEKIIFOYUTCS HA HEAAPECOBAHHBIN BEAOMBII
PEKUM WU JOKIAsACh, TOKA IIMHA OTIpaBUT HOBBIM curHai START, B
3aBHCHUMOCTH OT pa0OThI MPOTPAMMHOT0 00ECIICUECHHUS.

Ha cnenyroiemM pucyHKe OnHUChIBAETCs Mpoiiecc apOuTpaka IIMHbL:



START SLA + R/W DATA STOP

Arbitration lost in SLA+R/W

b4

NO TN Enter Not Addressed Slave Mode;
< Address/General Call? » 0x38 —— Release TWIBus;
Transmit START at bus free;
YES
T WRITE _(0x68  Receive Data Byte;
g ' 0x78 Send ACK/NACK;
READ Send Data Byte;

| .UKBDJ ) " Receive ACK/NACK;

Puc.19.16. Cxema apOUTpakHOTO MPOIIECCa ITUHBI

19.8. Peructpsnl Onucanue

Cnucox pecucmpos TWI

Perucrp @ Anppec | 3HadeHHe IO YMOJTYAHUIO Onucanue
TWBR 0xB8 0x00 Peructp ckopoctu nepenaun nanueix TWI
TWSR 0xB9 0x00 Peructp cocrositnus 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 cxopocmu nepedauu oannvix TWI
\ TWBR - peructp ckopoctu nepegauu ganabix TWI

Anpec: 0xB8 3nauenue no ymonyanuto: 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 Onpenesienne 6uT

bute! ynipasnenus outpeiittom TWI. TWBR - koo dunnenT nenutens renepatopa
OUTOBBIX CKOpOCTei. ['eHepaTop CKOPOCTH Mepeiadu OUT - ATO IeTUTENb,
7:0 TWBR  |koTopslii ucniosb3yercs s renepanuu 1aktoB SCL B pesxuMe Benymmil. burosas
CKOPOCTh BBIYUCIIAETCS CIEIYIOINUM 00pa3oMm:
fscl =fsys /(16 + 2*TWBR*4TWPS)

TWSR - Pecucmp cocmosinua TWI

‘ TWSR - peructp cocrosinus TWI




Anpec: 0X

Anpec: 0xB9 3HavyeHue no ymonuanuio: 0x00
bur 7 6 5 4 3 2 1 0
Nmsa TWS7 TWS6 TWS5 TWS4 TWS3 - TWPS1 | TWPSO
R/W R/W R/W R/W R/W RIW RIW RIW RIW
bur Hmsa Onpenesienne OUT
®mnar cocrosaus TWI. 5-6utabiii TWS pearupyet Ha noruky TWI u coctosiaue
muHblL. Pa3nuuHble 3HaYeHMsI cTaTyca UMEIOT pasHble 3HaueHus. [lonpodHee cm.
Onucanue pexxuma padorbl TWI. 3nauenue, cuntsiBaecmoe u3z TWSR,
7:3 | TWS[7:3] | Bkitouaer B ceOst 5-OMTHOE 3HAYCHUE COCTOSIHUS U OUT OMT MPEIBAPUTEIHHOTO
nenurens 2 6ut, a OUT NpeaBapUTEIHLHOTO Kackaia JOJKEeH ObITh 3aMacCKUPOBaH B
«0» ipu 0OHAPYKEHUU COCTOSHUSA. DTO COCTOSIHHE, HE3aBHCUMOE OT HACTPOEK
MPEJIBAPUTEIILHOTO ICTUTEIIS.
2 - 3ape3epBUPOBAHO
Perynsarop npensapurensnoro aenurens TWI Beicokuit. TWPS1 u TWPSO
BMecTe 00pazytor TWPS [1: 0] ans ynpasienus npeiBapuTEIbHBIM JeTUTEIEM
1 TWPS1 | ckopocTu nepenauu GHTOB 1 IS yIIPABIEHHS CKOPOCTBIO 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 3HaueHue no ymonyanuo: 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 paGotaet B nomunnennoM pexxume, TWI Oyzaet pearupoBarh Ha 3TOT
anpec. Pexxum Benymiero He Tpedyer 3Toro ajgpeca. OAHAKO B CUCTEMAX C
HECKOJIbKUMH BEIYIIUMHU TaKKe HEOOXOAMMO YCTaHOBUTH JIJISl IOJYUHEHHOTO
azpeca Ipyrue BEAYIIETo.

TWGCE

bur ynpasnenus TWI pa3pemienns mmpokoBemarenbHoro pacrno3nasanus. Korga
o6utr TWGCE ycranosneH B «1», pacrio3HaBaHue MIHPOKOBEIIATEIbHOMN Mepeaaun
TWI Brimtoueno. Korga 6ut TWGCE yctanoBneH B «0», pacrio3HaBaHUE
mupokosemarenbHoi nepenaun muHsl TWI otkmoueno. Korga TWGCE
YCTaHOBJICH, U MPUHATHIN aapecHbIil Pppeiim paBen 0x00, moxyns TWI Oynet
OTBEUaTh Ha ATy Nepeayy Mo IIUHE.

TWDR - Pecucmp dannvix TWI

‘ TWDR - peructp nanabix TWI

Anpec: 0xBB 3HaveHue nmo ymoadanuto: OxFF
but 7 6 5 4 3 2 1 0
Hms TWDR7 | TWDR6 | TWDR5 | TWDR4 | TWDR3 | TWDR2 | TWDR1 | TWDRO
R/W R/W RIW RIW R/W R/W R/W R/W R/W
bur Nmn OmnpenesieHne OUT




7:0

TWDR

Peructp nannbix TWI. TWD siBnsiercs cnenyroniuM 6aiiToMm Ha rmepenaBaeMoi
IIMHE WU OCJIEAHUM OalTOM, KOTOPBIH ObUT TOJIBKO YTO MOJIYYEH Ha IIMHE.

TWCR - Pecucmp ynpasnenus TWI

Anapec: 0xBC

TWCR - peructp ynpasiaenusi TWI
3Hayenue no ymonyanuo: 0x00

Bbur

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

Nma

Omnpenesienne OUT

TWINT

@unar npepsiBanust TWIL

Korga TWI 3aBepiiaet Tekylee 3aaHue U X04eT, YTOOBI IPUKIATHOES
MporpaMMHOE 0OecrieueHre BMEIIaIOCh, allmapaTHOe 00ecIieYeHne YCTaHOBUT OUT
TWINT. Ecnu rino6ansHoe npepbiBanue yctaHoBieHo u 6ut TWIE yctanosnieH, Oyner
renepupoBathcs npepeiBanne TWI, 1 MCU BBITOTHUT MpoLieaypy 00CTy)KHUBaHUS
npepbiBanus TWI. Korna ycranosnen duiar TWINT, Oyzner yBenuueH HU3KHM ypOBEHb
curnaia SCL.

®aar TWINT moxkeT ObITH OYHIEH TOJBKO IIyTeM 3anucH «1» B 3TOT OMT.
AnmnapaTtHoe oOecrieyeHlue He aBTOMaTUYECKU OYUIIAET ITOT OUT, AaKe €clin
BBINOJIHAETCS ITPOLeAypa 00CTyKUBAHHS TPEPHIBAHUS.

Taxk:ke o0paTuTe BHUMAaHHE, YTO OYMCTKA STOTO OMTa HEMEJICHHO BKIFOUUT

oneparuio TWI. IToaromy nepen ounctkoit out TWINT nomxen ObITh 3aBepiiieH
noctyn k peructpam TWAR, TWAMR, TWSR u TWDR.

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 renepupoBaTHCS UMITYJIbC 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 ycranoBieH Ha «0», yCTpOHCTBO BpEMEHHO OTKJIIOYAETCS OT
mHbel TWI. Tlocne ycraHOBKH yeTpolicTBa BO300OHOBIISIETCS pacliO3HABaHHE aJJPECOB.

TWSTA

but nagansaOTO cocTrostams TWIL

butr TWSTA neob6xoaumo ycTaHoBuTH, korga CPU xoder cTaTh BeAyIIUM Ha IIHHE
TWI. AnnapatHoe obecrnieueHue 0OOHAPYKUT, TOCTYITHA JIU IIMHA, U KOTJa IIHHA
cB00O/IHA, OH HayHeT paboTy Ha muHe. Korma mmHa He pabotaer, TWI xxnet, moka He
|OyneT oGHapykeHO ycloBHE OCTAaHOBKH, a 3aT€M I'eHEepUPYeT HadaIbHOE COCTOSTHUE,
4TOOBI OOBSBUTH CEOsI KENAIOIINUM CTaTh BeAymuM. [IporpammHoe obecrieueHue
nokHO ouucTUTh OUT TWSTA mocie oTnpaBKu HCXOJHOTO COCTOSIHUS.

TWSTO

but koHTpONS cocTosiHUA ocTaHOBKHA TWI.

Korna 6ut TWSTO yctanoBneH B «1» B pexxume mactepa, TWI renepupyer
YCJIOBHE OCTAHOBKH Ha IIMHE U 3aTeM aBToMartndecku ouuntaet outr TWSTO.

B pexxume Benomoro, ycraHoBka 6uT TWSTO B «1» MOkeT mpuBeCTH K
BoccTaHoBeHHI0 TWI u3 ycnoBus ommbku. 310 HE MpUBEIET K BOSHUKHOBEHUIO
YCIIOBUSI OCTaHOBA, HO NMPUBEJET K ToMy, uTo TWI BepHeTcs k onpenenecHHOMY
HeaJpecalliOHHOMY TOTYMHEHHOMY PEXXUMY M OTITYCTUT CUTHajIbHbIE TMHUK SCL u
SDA B cOCTOSIHHE C BLICOKUM MMIIE€TAHCOM.

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.

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 aopecos TWI

\ TWAMR - peructp macok aapeco TWI

Anpec: 0xBD 3navyeHue no ymondanuio: OxFF
bur 7 6 5 4 3 2 1 0
Hms TWARG6 | TWARS | TWAR4 | TWAR3 | TWAR2 | TWAR1 | TWARO | TWGCE
R/W R/W RIW RIW RIW R/W RIW R/W R/W
bur Nmsn Omnpenesienne OUT
but ynpaBnenus mackupoBkoil anpeca TWIL
TWAM - 310 7-6UTHOE ynpaBiieHHE MaCKUPOBKOW ajpeca NOJYMHEHHOTO
ycrpoiictBa TWI. Kaxnprii out TWAM wucnonb3yercs A1 MACKUPOBKU
|(oTkrOUEHUS) cooTBeTCTBYIOMETrO OmTa aapeca B TWAR. Kornma 6ut macku
YCTaHOBJICH, JIOTUKA COBMAICHUs aApecoB OyIeT UTHOPUPOBATh CPAaBHEHUE
MOJIy4eHHOT0 OHMTa ajpeca ¢ cooTBeTcTByIommM 6utoM B TWA. Ha cnenyromem
[pucyHKe MoKa3aHbl A€Talu JJOTUKU COTIAaCOBaHUS aPECOB.
Address Bit Match 0
7:1 |[TWAMI6:0] NS
) . Addr Match »
T Address Bit Match 6
0 - 3ape3epBUPOBAHO

20. Ananorosblii komnapatop 0 (ACO)

TounocTts cpaBHeHus 10 MB

3aBojicKast KaTMOPOBKA CMEIICHUS

[Topnepxka 3 aHATIOTOBBIX BXOAOB C 3aIEIKOU

[Tonnepxka mynbpTutiekcupoBannoro sxoga ADC (ADMUX)
[Tognepxka BHyTpeHHETO MuddepeHimanpHoro Bxoaa yeunurens (DFFO)
[Toxnepxka BayTpernHux § outr Bxox IIAIT (DAO)

[Tporpammupyemsiii Beixos [{udposas dbunsTparus



20.1. O0630p

AHaNOroBbIil KOMIIAPaTOP CPABHUBAET YPOBEHb HEMHBEPCHBINA U HUHBEPCHBIM
BXOJIHBIX KOMIIapaTOPOB.

Koraa Hanpsi>keHne HEMHBEPCHOTO BX0/1a BbILIE HANPSKEHHUS] HHBEPCHOTO BXOAA,
YCTaHABJIMBAETCS aHAJIOTOBBIN BBIXOJIHOU curHai komnapatopa ACO.

Korma ypoBerar ACO uzmensiercs, GpoHT CUTHAIa MOYKET UCIIOJIb30BAThCS IS
3amycka npepbiBanus. Brixognoit curnan ACO Takke MOXKET UCTIOIb30BaThCS NS
3ammycKa BBOJa BXOJHOTO CUTHaJa cueTyuka | M yrpaBieHUs! BEIXOJHBIM CUTHAJIOM
[IINUM c¢ Tannmepom.

LGT8FX8P ACO BCTpOEH aHAJIOTOBBII KOMIIAPATOP, AHATIOTOBBIN MYJIBTHUILIIEKCOP
COJIEPKUT BXOJHOM CENEKTOP, KOMIapaTop HEMHBEPCHBIA W MHBEPCHBIN BBIBOI
MCTOYHHKA BXOJJHOTO CUTHAJIa MOXKET ObITh BHIOpaH HCTOYHUK OMOPHOTO CUTHAII
TEHEPUPYETCS U3 PA3IMYHBIX BHYTPEHHUX WM BHEIIHUX MTOPTOB.

AHanoroBelil KOMIapaTop cam 1Mo cede moIepKUBAET KaTuOPOBKY CMELIEHUS,
YTO 00ECIEUNUBAET COTJIACOBAHHOCTH pabOThHI KOMITapaTopa.

KoMmnapaTop noaiep>kuBaeT AOMOJIHUTEIbHYIO (DYHKIIMIO allliapaTHOTO
rUcTepe3uca i yIyqlIeHHs] CTAOUIbHOCTH BBIXO/1a KOMITapaTopa. B To ke Bpems Ha
BBIXO/IE KOMIIapaToOpa MOKET OBITh 3alIPOrPAMMHUPOBAH LIU(PPOBOM annapaTHbId (GUITBTP.

B cootBeTcTBHU ¢ TpeOOBaHUSIMU NPUIIOKEHHS 17151 BBIOOpa Oosiee cTabUIbHOTO
pe3ynbTaTa CpPaBHEHHS] MOKHO BbIOpATh MOAXO/ASILYIO0 HACTPONKY (PUIBTPA.

CocTostHuE BBIX0OAAa KOMIIApATOpa MOYKHO CUUTHIBATH HEITOCPEICTBEHHO YEPE3
PETUCTPBI, a 3aMPOCHl MPEPHIBAHUS TAKXKE MOTYT OBITh CT€HEPUPOBAHBI I 00€CTICUEHHUSI
6onee 2p(heKTUBHOTO 3aXBaTa COOBITUI B PEAIbHOM BPEMEHHU.

Brixoa koMIiapaTtopa Tak:Ke MOYKET BbIBOJIUTHCSI HEMTOCPEACTBEHHO HA BHEITHUMN
NOpT BBO/A-BbIBO/Ia. Hurke mokazaHa CTpyKTypHasi cXxeMa ONepalMOHHOTO YCUIIUTENS /
aHajioroBoro kommnaparopa 0.

PSEL[1:0]

ACOP ==
COMYSE
ACXP o ———— TOADC
DA ——— COFR[1:0]
C0OE
. Digtal L e  ACOO
Filter
ACXN == IRQ
INTERRUPT
ADMUX — AL GENERATOR
DFFO —————— A —][ A

ACIS[1:0]

NSEL[1:0]

Puc.20.1 Amnanorossiit komnapatop 0 @ynkunonanbHas Cxema

20.2. Bxoabl aHAJIOTOBOr0 KoMmaparopa

O0a BXx0/a aHAJIOrOBOI'0 KOMITapaTopa MOAEPKUBAIOT HECKOIBKO BEIOMPAaEMBIX



HMCTOYHUKOB BXOJIHOTO CUTHaJIa. HenHBepCHBIN BX0/1 BRIOMpPAETCS TPEeMs CIIOCOOaMHu:
1. Buenianii He3aBucUMBI aHaioroBblil BXxo ACOP
2. Ananoroseiit kommapatop 0/1 O6mmit anamorossrii Bxox ACXP
3. Beixon BHyTpeHHero 8-paspsaanoro LIAII DAO

Br16op Bxoanoro uctouynuka ympasusercsa 0ut COBG B peructpe cocTostHus
ynpasieans COSR u 6ut COPSO B peructpe COXR. I[Togpobuee cm. B pa3aene onucanus
perucTpa B 3TOM pasJiee.

ACOP - BxoaHO#M KaHai noyoxkuTtelbHoro pexkuma AC0O. O6paTuTe BHUMaHMUe,
YTO CYyIIECTBYET HeOoJIbllas pa3Hulla B nonoxkeHuu mtbipsi ACOP B pa3HbIX yIlakOBKax.
ACOP B makere QFP48 sBnsiercs He3aBucuMbIM moproM. QFP32 mHkancynupyer 3ToT
nopt ACOP mapannensHo ¢ PD6 B mopr.

ACXP sBnisieTcst 00IIMM HEMHBEPCHBIM BX0A0M KommapaTopa 0/1.

B LGT8FXS8P ectb n1Ba ananorosbix kommnaparopa. ACXP ogHOBpEMEHHO
MOAKIIOYAETCS] K HEMHBEPCHBIM MYJIBTUILIEKCOPaM 000MX KOMIIapaTOpPOB, YTO 00JIer4aeT
paboTy BYX KOMMapaTopoB.

DAO - 310 BeIx01 U3 BHyTpeHHero 8-pa3psianoro LIAIL McxoaHpiit HCTOYHUK
LIAIT moxeT ObITh BEIOpaH U3 MOUTHOCTH CUCTEMBI, BHYTPEHHETO 3aJaHus WK BBOJA U3
BHemHen cebuiku. [[ns kongurypanuu LHAIIL cm. Pa3gensl, otHocsumecs k KCP.

\ COBG \ COPSO Hcrounuk BxoaHoro curnajaa AC0O
0 0 ACOP
0 1 ACXP
1 0 DAO
1 1 OTKIIIOYUTH HEMHBEPCHBINM BXOJHOM KaHAJI KOMIapaTopa

MHBepCcHBII BXOJ TaKKE MOXKET BBIOMPATh TPU Pa3HbIX aHAJOTOBBIX BXO/A:
1. Kommapatop 0/1 O6uuit ananorossiii Bxog ACXN
2. Beixox mynbstumekcopa ADC ADMUX

3. Beixon BHyTpeHHero auddepenimansHoro yeunutens DFFO-kommapartop

NuBepcHbiit BoI00p BxogHoro kanaia ot ALl Yopasiaenune our CMEOO /01 B
peructpe ADCSRB monyns. Kornma nHBepcHBIN BX0J KoMIIapaTopa BeIOMpaeTcs Kak
ADMUX, ananoroBblii BXOJTHOW KaHaJ JOJDKEH BeIOMpaThes yepe3 outr CHMUX
peructpa ADMUX moaynsa ADC. B 3Tom pexxkrme BX0J KOMIIapaTopa MOKET
pacmmpsaThcs 0osee TuoKo.

ACXN sBasieTcst oOLIMM MHBEPCHBIN BX010M KomImapaTopa 0/1, uto obneryaer
COBMECTHOE HcnoJib3oBanue kommaparopa 0/1; DFFO nosydaeTcst U3 Bbixoja
BHYTpEHHET0 Au(dHepeHInanbHOr0 YCUIUTENS.

HuddepeHunanbHblil yCUIUTENb TOCTYIIEH ¢ KOHTpoJieM ycuiienus x1 / x8 / x16 /
x32 niig oOHapy>KeHUsI U U3MEPEHUsI MaJIorO0 CUTHaJa.

| CMEO1 | CMEQ0 Hcrounuk BxoaHoro curnajga ACO
0 0 ACXN
0 1 ADMUX
1 0 DFFO
1 1 OTKIJIIOUMTE MHBEPCHBIN BXOHOW KaHAJI KOMITapaTopa




20.3. Bbixoa komnapartopa u ynpasiaenue PWM

LGT8FX8P nonnepxuaet MHOrokaHaiabHble [IIMM-BbIXObI, KOTOPBIE MOTYT
UCIIOJIB30BAThCA ¢ MOAYJIEM KOMIIapaTopa. BeIxoa koMmmaparopa MOXKET UCIOJIb30BaThCs
i npsimoro oTkiroueHus curaana MM nns peanuzarun 0osiee THOKOM CXEMBI
3amutel HIMM. [lns ynpasienust, cBsizaHHOTO ¢ BeixogoMm IIIMM, oGpaturecs k
COOTBETCTBYIOILIEMY Pa3Jeily CEKLIMHU TaluMepa.

@upTpanys BBIXOAHOTO CUTHAJIA KOMITApaTopa

20.3.1. Beixomno¥ HpuasTp KOMIaparopa

BrIxo1 koMITapaTopa noaIep>KMBaeT BCTPOECHHBIN ructepesnc. I[lonb3oBaTensb
MOKET BKIIIOUUTH cxemy ructepesuca uepes3 out COHYSE perucrpa COXR. Kontyp
TUCTEPE3UCA MOKET YCTPAHUTHh HEYCTOMYHNBOE COCTOSIHUE MPOLECCAa U3MEHEHMS
COCTOSIHUSI KOMIapaTopa U MOIyYuTh GYHKIIHUIO BBIXOJAHOTO (PUIIBTpA.

Pexomenayercst, 4TOObI 10JIb30BATENb BKIIOUMI CXEMY THCTEpE3nca pu
MCIIOJIb30BAaHUHU KOMITapaTopa JJIs MOJTy4YeHHUsl CTa0MIBHOTO BhIX0/1a KoMiapaTopa. Kaxk
MMOKAa3aHO Ha PUCYHKE HIKE, CXeMa THCTEPE3UCA PACIIOIOKEHA MEKIY aHAIIOTOBBIM
BBIXOJIOM KOMIIapaTropa v MUPPOBHIM BBIXOJOM.

Korna nonoxurensHoe BxogHoe Hanpsbkenue V IN + kommaparopa 6osibiie (VIN-
+ V H +), Beixognoit curnan komnaparopa COUT Bbicok, koraa Hanpsbkenue V IN +
MenbIe (V IN- - V H-), BeixonHoM curHain kommnaparopa Hu3kul. Cxema rucrepesuca
MO3BOJISIET U30€XkKaTh APOKAHUS, BBI3BAHHOTO CAMOM CXEMOM, KOT'/1a MOJIOXKUTEIBHOE
HaIpsHKEHUE KoMIaparopa NpuOImKaeTcsl K OTPULIATEIbHOMY HANPSKEHUIO.

HanpsixeHnue rucrepesnca KoMnaparopa 1 JuarpaMma BbIXOJIHOTO CUTHaa
KoMIaparopa:

MIN+
Qutput
VIN-

MN-

MIN+

AD
W/IOHYS

AD
WITHHYS

Puc.20.2



XoT4 cxeMa ructepesuca o4eHb d3PPeKTHUBHA IS TIOJaBIECHUS MyJIbCAI[IH
HanpspKeHUs: BOJIU3M Opora KoMnapaTopa, BXOAHON CUTHAT MOXKET ObITh HapyIlIeH
pa3INMYHBIMU CUJIBHBIMU CTOPOHAMHU B PEANIbHOM cpene mpuiiokeHus. boree cunpHbie
MOMEXHU MOTYT MPHUBECTH K TOMY, UTO BXOJHON YPOBEHb MITHOBEHHO MOBBICUTCS 32
npeJiesbl TOPOTOBOrO JUANa30Ha CXeMbl THCTEpe3nca U He MOXKET ObITh 3(pPeKTHBHO
MO/JIaBJIEH.

LGT8FX8P o0benunsaeT mporpaMMupyemMbiii udpoBoi (GUIBTP Ha BBIXOJE
KoMmaparopa i GuiabTpanuu 3pQPEeKToB MePEeXOqHBIX TOMEX Ha BBIX0/E KOMIApaTopa.
[MudpoBoii GuIbTp MOXKET BHIOMPATh COOTBETCTBYIOIIYIO IIUPUHY (HIBTPa BPEMEHU B
COOTBETCTBHUM C TpeOOBaHUAMU NpuiIoxkeHUs. CxeMa (puiabTpa OOHOBIISET BBIXOA
KOMITapaTopa TOJIBbKO TOT/a, KOTAa BBIXOJ KOMIIApaTopa Mpo10JKaeT COOTBETCTBOBATD
BpeMeHHOMY mpeneny Guiabtpa. g gocTikeHus 0onee cTabUIbLHON
POU3BOIUTEILHOCTH.

ACO Before Filter

Invalid ACO Valid ACO output

ACO After Filter

Puc.20.3. CunxpoHuzaius BEIXOAHOTO (HIBTpa KOMITapaTopa
[Mudposas punsrparus ACO ynpasmisiercst outramu COFEN u COFS perucrtpa

COXR. /1151 KOHKpPETHOTO METOA HACTPOUKH cM. Paznen onpenenenus perucrpa 3Tou
TJIaBBI.

20.4. Peructpsl Onucanue

COSR - Pecucmp ynpaenenusi u cocmosnus ACQO
\ COSR - peructp ynpasienue u coctosinusi AC0

Anpec: 0x50 3navyenne o ymondanuio: 0x80
bur 7 6 5 4 3 2 1 0
Nms COD COBG C00 CO0I COIE COoIC COIS1 COISO
R/W R/W R/W R R/W R/W R/W R/W R/W
bur| HWmsa Omnpenesieane OUT
but oTkimoueHuss AHaIOrOBOro KOMITapaTopa.
7 COD Korga 6ut COD ycranoBieH B «1», aHalIOTOBBIA KOMITAPATOP BBIKIIIOYAETCS.

Korga 6utr COD ycranoBieH B «0», aHAIOTOBBI KOMITAPATOP BKJIIOYEH.

AHanoroBbIii kKoMmapaTop () MOJ0KUTENbHBIN OUT HCTOYHUKA BXOJHOTO HCTOYHUKA.
6 | COBG |bursl perucrpa COBO u COX0 COPSO
|OGBIYHO yCTaHOBJIEHHBIH NOJ0XKUTENbHBIN HcTOYHUK ACO




Heunseptupyemoro Bxona

ACOP B kauecTBe HECMHBEPTHPYEMOTO BX0]1a

ACXP B xauecTBe HEHHBEPTUPYEMOTO BX0/1a

Brixon Buyrpennero [{AIl B kauecTBe HEMHBEPTUPYEMOTO BXOJ1a

OTKIIIOYNTE UCTOYHHUK HEMHBEPTHpPYyeMoro BxogHoro curnaia ACO

C00O

bur coctosiHus BbIX0/1a aHAJIOTOBOT'O KOMIIapaTopa.

BrIxon aHamoroBoro koMmraparopa HanpsiMmyto csizan ¢ outom C0O mocrne
cuHxpoHmu3anuu. [IporpamMmmHoe obecrieueHre MOKET CUMTHIBaTh 3HadeHue out COO
U1 TTOJTy4€HHUs BBIXOJAHOTO 3HAYCHHs aHAJIOTOBOT'O0 KOMIIApaTopa.

Col

@uar npepbIiBaHUs AHAJIIOTOBOTO KOMIIapaTopa.

Korna BbxogHOE COOBITHE aHATOTOBOTO KOMIIAPATOPa 3aIyCKAET PEXKUM
npepbiBanus, onpeaeneHnbiid out COIS, ycranaBnuBaercst out COL. IlpepriBanue
renepupyercs, koraa out paspemenus npepoiBanus COIE B «1», 1 ycTraHOBIIEHO
r100anpHOE MpephIBaHUE.

Korna BeinosnHseTcs npouenypa o0CiyKMBaHUs PEpbIBaHUS aHAIIOTOBOTO
koMmmaparopa, COl aBTomaTHuecKku OUUIaeTCs, WK MOXKET ObITh 3anucano B Out COI
«1», 9TOOBI OUMCTUTEH OHUT.

COIE

but paspemenus npepbiBaHus OT aHAJIOTOBOTO KOMITapaTopa.

Korna 6ut COIE yctanosneH B 1 u rimo0anbHOE NpepblBaHNE BKIFOUEHO, TPEPhIBAHUS
ACO BKITIOUCHBI.

Korna 6ut COIE ycranosnen B 0, npepsiBanus ACO OTKIIIOUEHBI.

CoIC

AHaoroBEIi OUT BBOAA-BBIBOJIa aHAJIIOTOBOTO KOMITapaTopa

COIC =1, ucToyHuK BXOJHOTO 3aXBaTa cueTYHKa/TaiiMepa 1 mocTymnaer ot BbIXOAa
QHAJIOTOBOTO KOMITapaTopa.

COIC = 0, ucToyHMK BXOJHOTO CUTHAJIa CUeTYHKa/Taiimepa | mocTymaet ot

BHelnHero kourakra ICP1.

COIS1

buTel pexxuma 3armycka npepbslBaHUs OT aHAJIOrOBOTO0 KOMIIapaTopa.
COISO u COIS1 BmecTe o6pasyror COIS [1: 0], koTOpsIit HCTIOAB3YETCS ISl YIPABIECHUS
[PE)KMMOM 3aIyCcKa IpepbIBaHMs aHAJIOTOBOI'O KOMITApaTopa.

COIS1 COISO

Pe:xxuM npepbiBaHust

COI1SO

0 0 Ha xaxpiit poHT

3ape3epBUPOBAHO

~ G =)

1
0 [MTanarormmii GpoHT
1

Hapacraromuii pponT

ADCSRB - AI]Il u pecucmp cocmosinus B

\ AIII 1 perucrtp cocrosinus B

Anpec: 0x7B 3HayeHue no ymonuanuio: 0xX00
bur 7 6 5 4 3 2 1 0
Nms CMEO1 | CMEQOO | CME11 | CME10 ACTS ADTS2 | ADTS1 | ADTSO
R/W R/W RIW R R/W R/W R/W RIW RIW
bur| HWmsa Omnpenesienue 6uT
Bri6op unBepcHoro sxoga ACO, CMEO = {CMEOQ1, CMEOQQO}
7 | CMEO1 | 00: Buemmnnii mopr ACXN - uusepcHsrii Bxox ACO
01: MynpsrunnexkcupoBansblii Berxoa ADC - nnBepcHsiii Bxoga ACO
6 | cMEOO 10: Beixon muddepernuanpHoro ycunuTens - nHBepcHbiid Bxoa ACO
11: OTxIIt0OYNTE UCTOYHUK WHBEPCHBIN BXoAHOTO curaaiga ACO
5 | CME11l ] Buibop uaBepcuoro sxoga AC1l, CMELl = {CME11, CME10}
00: Baemranit mopt ACXN - naBepcubiit Bxoag AC1L
4 | CMEIQ 01: Baeurnuii moptr AC1IN ucnons3yercs - nuaBepcHbiid Bxog AC1




10: Buyrpennuii genurens HanpsokeHust AL, - nasepcusiit Bxox AC1
11: Berxon qudpepeHnnanbHOro yCHIMTeNs - MHBepCHBIN BXOTACL

Br160p kaHasia HCTOYHMKA IEPEMEHHOTO TOKa

3 | ACTS 0 - Beixox ACO xak MCTOUHHK 3aITycKa aBTOMaTHuecKoro nmpeodpasobanust AL
1 - Beixog AC1 kak HCTOYHHMK 3aITyCKa aBTOMaTH4ecKoro npeodopazopanus AT

2 | ADTS2

1 | ADTS1 | Cwm. Onucanue peructpa ADC.

0 | ADTSO

COXR - Pecucmp ecnomocamenvrozo konmpons ACO

Anpec: 0x51

3navyenue no ymonuanuio: 0xX00

bur

7 6 5 4 3 2 1

HNms

- COOE | COHYSE| COPSO | COWKE | COFEN | COFS1 | COFSO

R/W

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

Bbur

Nms

Omnpenesienne OUT

7

3ape3epBUPOBAHO

COOE

Beixon kommaparopa ACO 1uist yripaBieHHsI BBIXOIOM Yepe3 BHEIIHUH MOPT
COOE = 1, Beixog komnaparopa ACO st BHenHero nopta PD2
COOE = 0, OTKJII04YMTH BBIBOJI KOMITAPATOPA HA BHEIIHUH TTOPT

COHYSE

@yHK1Ms ructepesrca BbixoaHoro curnana ACO.
COHYSE =1 - BKIIIOYUTH TUCTEPE3NC BBIXOJIA
COHYSE =0 - oTKJII0YHTH TUCTEPE3NUC BHIXO/IA

COPSO

[TonoxurenbHbld UCTOYHUK BXOgHOTO curHana ACO BbIOMpaeT HU3KUN OUT.
COPSO u COBG coBMECTHO yNpaBisiOT NOJ0KUTENBHBIM HCTOYHUKOM BXOIHOTO
|curnana ACO. Cm. Onpenenenne peructpa COSR.

COWKE

Hcnonb3yercs 11 ynpasieHus npooyxaeHueM cHa ACO.
COWKE =1 - aktuBHpoBaTh (PYHKIHIO MPOOYKACHHUS BBIXOa KOMIIapaTopa
COWKE =0 - oTkmounTh QyHKIHIO MPOOYXKIEHHs BHIX0/1a KOMIIapaTopa

COFEN

Pazpemuts ynpasnenue nudpoBbM GUIBTPOM KOMIIapaTopa.
COFEN =1 - mudporoii GuibTp BKIIOYCH
COFEN =0 - mudpoBoii GpuibTp OTKIIOUEH

1:0

COFS[1:0]

VYcTraHoBKa MUPHUHBI HUGPOBOro (GUIBTpa KOMIIapaTopa
00 = BBIKIL.
01 =32us
10 = 64us
11 =96us

21. Anajorosslii komnapatop 1 (AC1)

TounocTth cpaBHeHus 10 MB

3aBojCKast KaIMOpPOBKA CMEIICHUS

[Toanepxka 4-CTOPOHHETO aHAJIOIOBOTO BXOJa BHE YMIIa

[ToxnepxuBaet BHyTpeHHuH Bxoa 1/5 nemmrens (VDO)

[MonnepxuBaetr Bxoxa BHyTperHero auddepennuansaoro ycumrens (DFFO)
[MonnepsxuBaet BHyTpeHHMH 8-paspsausiid Bxo LIAIT (DAO)
[Iporpammupyemoe ynpaBiieHU€e BHIXOIHBIM (GUIBTPOM




21.1. O0630p

AHaNOroBbIil KOMIIAPATOP CPABHUBAET YPOBEHb HEMHBEPTUPYEMOTO H
WHBEPTUPYEMOI'O BXOJ0B KOMIapaTopa.

Korna HanpsikeHne HHBEPTUPYEMOIO BXO/A BBILLIE HAITPSKEHUS
HEWHBEPTUPYEMOI'O BXO/a, YCTAHABIMBAETCS AHAJIOTOBBIN BBIXOAHOW CUTHAI
kommapaTopa ACO.

Korma yposerar ACO uzmensiercs, GpoHT CUTHAIA MOYKET UCIIOJIb30BAThCS IS
3aIycKa npepbiBaHusl.

Boixonnoit curnan ACO Takxke MOKET UCIOJIb30BaThCS IS 3aITycKa 3axBaTa
BXOJIHOTO CUTHAJIa cYeT4YMKa | U JIs yIipaBiIeHUs BBIXOJHBIM curnaiom PWM ¢
TaUMEPOM.

WurerpupoBannblil ananorosbiit kommnapatop LGTEFX8P - ACI, BkitouaeT B cedst
MYJIBTUILUIEKCUPOBAHHBIN CEJIEKTOP aHAJIOTOBOT0 BX01a. BX0/1bI HEMHBEPTUPYEMBIN U
MHBEPTUPYEMBII KOMITApaTOpa MOTYT ObITh BEIOPAHBI U3 BHEIIHUX TOPTOB WIH U3
HECKOJIbKHX BCTPOCHHBIX MCXOIHBIX UCTOUYHUKOB.

AHanoroBblil KOMIapaTop cam no cede NoIepKUBaeT KaTuOpPOBKY CMEIICHUS,
YTO 00ECMEUNUBAET COTJIACOBAHHOCTH PabOThI KOMITapaTopa.

KoMmapaTop noaiep>kuBaeT JOMOJIHUTENIbHYIO (DYHKIUIO alapaTHOro
rUcTepes3uca i yIyqlIeHHs] CTAOUIbHOCTH BBIXO/a KOMIIapaTopa. B To jke Bpems Ha
BBIXO/IE KOMIIapaTOpa MOKET OBITh 3alIPOrPAMMHUPOBAH LIU(PPOBOM annapaTHbId (UITBTP.

B cooTBercTBUU € TpeOOBAaHUSAMYU MPUIIOKEHUS AJis1 BbIOOpa Oojiee cTabMIIbHOTO
pe3yJibTaTa CpaBHEHHUSI MOKHO BBIOPATh MOAXOIAIIYI0 HACTPOUKY (UIIbTpA.

CocTostHuE BBIXOAa KOMIIAPATOPa MOYXKHO CUUTHIBATH HEMOCPEICTBEHHO Yepe3
PETUCTp, a 3alpOoChl MPEPHIBAHUS TAKKE MOTYT ObITh CTEHEPUPOBAHbI AJIs1 00eCIICUeHUs
6onee 2p(HeKTUBHOTO 3aXxBaTa COOBITUI B PEAIbHOM BPEMEHHU.

BbIxo1 KOMITapaTopa TakKe MOXKET BBIBOJUTHCS HEIIOCPEICTBEHHO HAa BHEIIHUI
MOPT BBOJIa-BBIBO/IA.

CrpykTypa aHaIoroBoro KoMmraparopa | rnokazana Ha pUCyHKE HUXKE.

PSEL[1:0]

ACIP =

CIHYSE

ACXP = —— TOADC
pA) ——————— CIFR[1:0]
C10E
B Digtal M e ACIO
Filter
ACIN == IRQ
ACXN o0 —— — INTERRUPT
— GENERATOR
Voo —— ACD ACE — Ad
DFF ———

ACIS[1:0]

NSEL[1:0]

Puc. 21.1. Ananorossiii komnaparop | dynkuuonansHas Cxema



21.2. Bxoabl aHAJIOTOBOI0 KoMIapaTopa

O6a aHaJIOroBEIX BX0Ja MMEIOT HECKOJBKO HCTOYHHKOB BXOIHOTO CUTHAJIA.
HennBepTupyemslil BXOJ TPEXTIO3ULIMOHHBIN:

1. Buentamii He3aBUCUMBIN aHanoroBei Bxogq AC1P

2. Ananoroseiit kommapatop 0/1 O6mmii anamoroseiii Bxox ACXP

3. Beixon BayTpenHero 8-6utHoro LIAIT DAO

Br160op ncrounuka BXoHOTO curHaina ynpasisercs outom C1BG B peructpe
coctosinug ynpasieHuss C1SR u 6utom C1PS0 B peructpe C1XR. [logpobnee cm. B
paszielie ONMCAHMS PETUCTPA B 3TOM pasJelie.

ACI1P - 510 BXOJHOM KaHaT HEMHBEPTHPYEeMbIil pexxuma ACI.

ACXP siBniseTcst 00IIMM HEMHBEPTUPYEMBIN BX0o10M Kommaparopa 0/1.

B LGT8FXS8P ecth nBa ananorossix kommnaparopa. ACXP oqHOBpeMEHHO
MOAKIIIOYAETCS] K HEMHBEPTUPYEMBIN MYJIbTUILIIEKCOPY JABYX KOMIIApaTOPOB, YTO
o0Jier4yaeT COTPYJJHUYECTBO JIBYX KOMITApaTOPOB.

DAO - 310 BeIX01 U3 BHyTpeHHero 8-pa3psinHoro LIATIL

Ncxonnsiit uctounnk [{AIT moxxeT ObITh BHIOpaH M3 MOIIIHOCTH CUCTEMBI,
BHYTPEHHETO 33JIaHMs WM BBOJIa U3 BHeWIHEH cehlTku. [[ns kondurypauuu LIAIT cm.
Paznensl, otHocsmuecs k KCP.

HUcrounuk Bxoguoro curmaaa AC1

0 0 AC1P
0 1 ACXP
1 0 DAO
1 1 OTKIIIOYUTH HEMHBEPCHBINM BXOJHOM KaHAJI KOMIIapaTopa

MHBepCHBII BXOJ MOXKET TaK)Ke BBIOMPATh 4 pa3IuyHbIX aHAJIOTOBBIX BXOJA!

1. Buemnuii ananorossiii Bxog ACIN - uaBepcHbiid Bxoa AC1

2. Kommaparop 0/1 - o6mmii uaBepcubiii Bxoxq ACXN

3. Buyrpennuii Beixon 1/5 genmurenst AL - uaepcHsiil Bxox ACL

4. Beixox BHyTpenHero muddepennuansuoro ycunurenass DFFO - orpunatenbubrit
Bxoa ACl1

Br160p HHBEPCHOTO BXOIHOTO KaHaJIa KOMITApaTOpa yIpaBIsieTCsl OuTamu
CME11/10 B peructpe ADCSRB ot moayns ADC.

Korma nHBepCHBIN BX0/1 KOMITApATOPa BEIOMPAETCS KAK BBIXOJI BHYTPEHHETO
nenurtenss ALIL, BXogHOW cUrHAT MHOTOKAaHAIBHOTO JIETTUTENS HAMPSKEHUS! IOJKEH
BbIOMpaThes uepes 0ut VDS pernctpa ADCRSC moayas ADC.

ACXN siBisieTcst OOITMM MHBEPCHBIM BX0A0M KoMmrapatopa 0/1, 4to obieryaer
COBMECTHOE HMCTOJIb30BaHue kommaparopa 0/1.

DFFO nonaercs u3 Beixoga BHyTpeHHET0 AU(dHEpEeHIINATBHOTO YCUITUTENS.
HuddepeHumanbHblil yCUIUTENb BIOUpAeT peryiastopsl yeunenus x1 / x8 / x16/x32
111 OOHapYKEHUS U U3MEPEHUsI MAJIOro CUTHaJja.

Uctounuk Bxoauoro curmajga AC1
0 0 ACXN

0 1 ACIN

1 0 VDO




1 1 DFFO

21.3. Bbixoa komnapartopa u ynpasiaenue PWM

LGT8FX8P nonnepxuaet MHOrokaHaiabHble [IIMM-BbIXObI, KOTOPBIE MOTYT
UCIIOJIB30BAThCA ¢ MOAYJIEM KOMIIapaTopa. BeIxoa koMmmaparopa MOXKET UCIOJIb30BaThCs
s npsimoro oTkiroueHus curaana MM nns peanuzarun 0osiee THOKOM CXEMBI
samuthl LHUM. [Ins ynpasnenus, cBsizanHOTO ¢ BeixogoM LIIMM, oGpatutecsk k
COOTBETCTBYIOILIEMY Pa3Jeily CEKLIMHU TalMepa.

21.3.1. BrixogHoit puiasTp KOMITapaTtopa

BrIixoa xoMmapaTropa noaIepKuBacT BCTPOCHHBIN ructepe3uc. llonbs3oBarens
MOKET BKIIIOUUTh cxemy ructepesuca uepes3 out C1HYSE peructpa C1XR. Kontyp
TUCTEPE3NCA MOKET YCTPAHUTh HEYCTOMYHUBOE COCTOSHUE ITPOLIECCA U3MEHEHUS
COCTOSIHUSI KOMIIapaTopa U MOIyYUuTh GYHKIIUIO BBIXOJAHOTO (PUIIBTpA.

PexomMenayercst, YTOOBI MOJIH30BATEh BKIIFOUMII CXEMY THCTEpE3Uca IIpU
MCIIOJIb30BAaHUU KOMITapaTopa JJis MOJTy4YeHUsl CTa0OMIBHOTO BhIX0/1a KoMiiapaTopa. Kak
[I0KA3aHO HA PUCYHKE HMXKE, CXEMA TMCTEPE3UCA PACIIOIOKEHA MEXKY aHAJIOTOBBIM
BBIXOJIOM KOMIapaTtopa v MUQPPOBHIM BBIXOJIOM.

Korma nonoxurensHoe BxogHoe HamnpsbkeHue V IN + kommnaparopa 6osbiie (VIN-
+ V H +), Beixognoit curnan komnaparopa C1UT Beicok, korja Hanpspkerue V IN +
MenblIe (V IN- - V H-), BeixonHoM curHain komnaparopa Hu3kuil. Cxema rucrepesuca
MO3BOJISIET U30€XkKaTh APOKAHMS, BBI3BAHHOTO CAMOM CXEMOM, KOT'/1a MOJIOXKUTEIBHOE
HaIpsHKEHUE KoMIaparopa NpuOamKaeTcsl K OTPULIATEIbHOMY HANPSKEHUIO.

Hanpsxkenue rucrepe3nca komnapaTopa U IuarpaMMa BbIXOJHOTO CUTHAJIa
KoMIapaTopa:

WVIN+
Qutput
VIN-

. //\

VIR / \)’\/\

VIN+

AD
W/OHYS

AT
WITHHYS

Puc.21.1



XoT4 cxeMa ructepesuca o4eHb d3PQeKTHUBHA I TIOJaBIECHUS MyJIbCAIIUH
HANPsDKEHUsT BOJIM3H MOpora KOMIapaTopa, BXOIHOM CUTHAJI MOKET ObITh HapyIIEeH
pa3INYHBIMH CUJIBHBIMU CTOPOHAMHU B PealibHOM cpene mpuiiokeHus. bornee cunpHbie
MOMEXHU MOTYT MPHUBECTH K TOMY, UTO BXOJHON YPOBEHb MIHOBEHHO MOBBICUTCS 32
npeJiesbl HOPOTOBOrO JUANa30Ha CXeMbl THCTEpe3nca U He MOXKET ObITh 3(pPEeKTHBHO
MO/JIaBJIEH.

LGT8FX8P o0benunsaeT mporpaMMupyeMblii iudpoBoi (UIBTP Ha BBIXO/E
KoMIaparopa ais GuibTpaui 3h(HeKToB MepexoHbIX MOMEX Ha BBIX0JIe KOMIIapaTopa.
[MudpoBoii GuIbTp MOXKET BHIOMPATh COOTBETCTBYIOIIYIO IIUPUHY (HIBTPAa BPEMEHU B
COOTBETCTBHUM C TpeOOBaHUAMU NpuiIoxkeHus. CxeMa (puiabTpa OOHOBIISET BBIXOA
KOMITapaTopa TOJIBKO TOT/Ia, KOTAa BBIXOJl KOMITApaTopa Mpo10JKaeT COOTBETCTBOBATD
BpeMeHHOMY mipeneny GuiabTpa. g gocTikeHus 0onee cTabUIbLHON
MPOU3BOJUTENBHOCTH.

ACO Before Filter

Invalid ACO Valid ACO output

ACO After Filter

Puc.21.2 CunxpoHuzaius BEIXOJHOTO (GUIbTPa KOMITApaToOpa
[udpposas punprpanus ACO ynpasnsiercst Ouramu COFEN u COFS perucrtpa

COXR. ;151 KOHKpPETHOTO METO/A HACTPOUKHU cM. Paznen onpenenenuns perucrpa 3Tou
TJIaBBI.

21.4. Peructpsl Onucanue

C1SR - Pecucmp ynpaenenusi u cocmosinus ACL

‘ C1SR - peructp ynpasienue u coctosinusi AC1

Anpec: 0x2F 3navyenne o ymondanuio: 0x80
bur 7 6 5 4 3 2 1 0
Nms CiD C1BG C10 C1l COIE ClIC C1lIS1 C1ISO
R/W R/W R/W R R/W R/W R/W R/W R/W
bur| HWmsa Omnpenesieane OUT
but oTkimoueHuss AHaIOrOBOro KOMITapaTopa.
7 CiD Korga 6ut C1D ycranoBieH B «1», aHaIOTOBBIA KOMIIAPATOP BBIKIIIOYAETCSI.
Korga 6utr C1D ycranoBieH B «0», aHAJIOTOBBI KOMITAPATOP BKJIIOYEH.
AHAaJIOroBBII KOMIapaTop 1 MonoKUTENbHBIH OUT UCTOYHUKA BXOHOTO HCTOYHUKA.
6 | C1BG |butsl peructpa C1B0 u C1X0 C1PSO
|OGBIYHO yCTaHOBJIEHHBIH NOJ0XKUTENbHBIN HcTOYHUK ACL




C10

Heunseptupyemoro Bxona

ACOP B kauecTBe HECMHBEPTHPYEMOTO BX0]1a

ACXP B xauecTBe HEHHBEPTUPYEMOTO BX0/1a

Brixon Buyrpennero [{AIl B kauecTBe HEMHBEPTUPYEMOTO BXOJ1a

OTKIIIOYNTE UCTOYHHUK HEMHBEPTHpPYyeMoro BxogHoro curnaia ACO

but cocTosiHus BRIXOAa aHAJIOTOBOT'O KOMITApaTopa.

Brixox ananmoroBoro komnaparopa Hanpsmyto cBsizat ¢ ourom C10 nocie
cuaxpoHmu3anuu. [IporpamMmmHoe obecrieueHrue MOKET CUMTHIBATh 3HayeHue out C10
IS TTOJTYYEHUS! BBIXOTHOTO 3HAYECHUS aHAJIOTOBOT'O KOMITapaTopa.

C1l

@uar npepbIiBaHUs AHAJIIOTOBOTO KOMIIapaTopa.

Korna BbxogHOE COOBITHE aHATOTOBOTO KOMIIAPATOPa 3aIyCKAET PEXKUM
npepbiBanus, onpeaeneHnpiid ouT C1IS, ycranaBnupaercst out C1I. IlpepriBanue
reHepupyercs, koraa Out paspemenus npepoiBanust C1IE B «1», u ycranoBieHo
r100anpHOE MpephIBaHUE.

Korna BeimosasieTcst mpoueaypa o0CIyKUBaHuUs IPEPhIBAHNS aHAJIOTOBOTO
koMmmaparopa, C1I aBTomaTuuecku OUMIAeTCsl, UM MOXKET OBITh 3amucano B out C1I
«1», 9TOOBI OUMCTUTEH OHUT.

ClIE

but paspemenus npepbiBaHus OT aHAJIOTOBOTO KOMITapaTopa.

Korna 6ut C1IE yctanosneH B 1 u rmo0anbHOE IpepbhIBaHUE BKIIIOUEHO, TPEPHIBAHUS
AC1 BKIIFOUCHBI.

Korna 6ut C1IE yctanosnen B 0, npepsiBanust AC1 OTKIIOYEHBI.

ClIC

AHaoroBEIi OUT BBOAA-BBIBOJIa aHAJIIOTOBOTO KOMITapaTopa

C1IC =1 - ucTouHHK BXOJHOIO 3aXBaTa cueT4YHKa/Taiimepa 1 mocTynaeT oT BbIX0/1a
QHAJIOTOBOTO KOMITapaTopa.

C1IC =0 - ucTouHHMK BXOJHOTO CUTHAJIA CUeTUYMKa/Taiimepa 1 mocTynaer ot

BHelnHero kourakra ICP1.

C1Is1

buTthl peKuMa 3a1yCKa MpepbiBaHUS OT aHAJIOTOBOI'O KOMIIApaTopa.

[C1ISO u C1IS1 Bmecte o6pa3zytot C1IS [1: 0], KOTOpHIA NCTIONAB3YETCS UTS yIIPaBICHHUS

PEKMMOM 3aIlycKa IPEPbIBAHUS aHAJIOTOBOTO KOMIIApaTopa.
CliS1 C11S0

Pe:xxuM npepbiBaHust

C11S0

0 Ha xaxpiit poHT

3ape3epBUPOBAHO

[Tagaromuii ppoHT

~ G =)

1
0
1 Hapacratouuit ppoHT

C1XR - peructp BcnomorarebHOro koutpoas AC1

Anpec: 0x3A 3navyenue no ymomdanuio: 0xX00
bur 7 6 5 4 3 2 1 0
Nms - C10E | CIHYSE| C1PSO | CIWKE | C1FEN C1FS1 C1FSO
R/W - R/W R/W R/W R/W R/W R/W RIW
bur| Wwmsa Omnpenesienne OUT
7 - 3ape3epBUPOBAHO
Beixon kommaparopa ACL nuist ynipaBieHHsI BBIXOJIOM Yepe3 BHEIIHUI MopT
6 C10E C10E =1, Beixog kommapaTtopa AC1 mst BHenHero niopta PES
C10E = 0, OTKJII04YUTH BBIBOJI KOMIIAPATOPA HA BHEIIHUH ITOPT
@yHKIMS ructepesrca BbixogHoro curnana AC1L.
5 | CIHYSE | C1HYSE =1 - BKIIOYHTH TUCTEPE3NC BHIXOIA
CIHYSE =0 - oTKII0YHTH TUCTEPE3UC BHIXO/1A
[TonoxxurenbHbIN HCTOYHUK BXOAHOTO curHaina AC1 BeIOMpaeT HU3KUA OUT.
4 C1PSO C1PS0 u C1BG coBMeCTHO yIpaBIsOT NOJI0KHUTEIHHBIM HCTOYHUKOM BXOJIHOTO




lcurnama AC1. Cm. Onpenenenue peructpa C1SR.

Ucnonws3yercs nns ynpasienus npoOyxaeanem cna ACL.
3 | C1IWKE CIWKE =1 - aktuBuUpOBaTh (PYHKITHIO MPOOYKIACHHUS BBIX0JIa KOMITapaTopa
CIWKE =0 - oTkiounTh QyHKIHIO MPOOYKIESHHSI BRIX0/1a KOMIIapaTopa

Pazpemuts ynpasnenue nudpoBbM GUIBTPOM KOMITapaTopa.
2 C1FEN C1FEN =1 - undpoBoii GrIbTp BKIIOYCH
C1FEN =0 - mudpoBoii GpuibTp OTKIIOUYEH

VYcTaHoBka mUpUHBI HUGPOBOTO GHIBTPA KOMITapaTopa

00 = BBIKIL
1:0 |C1FS[1:0]] 01 =32us

10 = 64us

11 =96us

22. ludpo-ananorosulii npeodopazosateinb (LIAII).

e 8-paspsanHbIi IU(PPOBOM aHAIOTOBBIN ITpeoOpa3oBaTEb.

e Brixoa IHAII MoxeT MCIOIB30BaThCS B KAYECTBE aHAJIOIOBOI'O BXOJHOI'O CUTHAIa
CpaBHEHWUSI.

o TlonnepxuBaemsriii Beixoy L{AII va BHemHuit mopt (DAO).

o JlonomuutenbHbild ncTouHuK HanpspkeHust VCC / AVREF / IVREF

22.1. O0630p

LGT8FX8P umeer 8-0uTHBII mporpaMMUpyeMbIid IUPPO-aHATOTOBBIH
npeodpazoBarens (LAII).

OtanonHas BxoaHoe nutaHue [{AIl moxxeT ObITh BBIOpaHa U3 UCTOYHUKA MUTAHUS
CUCTEMBI, BHYTPEHHETO 3a1aHus Wi Bxona AVREF ot BHenmHero nopra yuna.

Brixoxa LIAII MokeT ObITh BEIOpAH B Kau€CTBE UCTOYHUKA BXOJTHOT'O CUTHAJIA JJIs
BHyTpeHHero kommnapaTtopa ACO / 1 uim MoXeT ObITh HEOCPEACTBEHHO BBIBE/ICH HA
BHEUIHUM BBIBOJI MUKPOCXEMBI JIJI1 UCITOJIB30BAHMS B KAYE€CTBE BHEIIHEW CCHUIKH.

Korga [HATII BEIBOAUTCS Ha BHEITHUN KOHTAKT, OH HE MOXXET ObITh HAMPSIMYIO
WCIIOJIB30BaH JJIs yIIpaBieHus Harpy3koi. EMy HE00X0IMMo nepeiaTh mocie10BaTelb
HANPSDKEHUS WIN APYTYIO aHAIOTUYHYIO CXEMY BO30YKIEHUSI.

Bayrpennss crpykrypa LIAII moka3aHa Ha puCyHKe HUXKE:

DACEN
DAVS[1:0]

VIC 8bit Voltage Divider

AVREF W

DALR[7:0]

DAO

Puc. 22.1. CtpykrypHas cxema [{AII.



20.2. Peructpsl Onucanue

DACON - pecucmp ynpasnenus L[AI1
‘ DACON - peructp ynpapiaenusi LHIAIT

Anpec: 0XAO 3Havenue mo ymoiadanuto: 0X00
bur Il 6 5 4 3 2 1 0
Nms - - - - DACEN | DAOE | DAVS1 | DAVS0
R/W - - - - RIW RIW RIW RIW
bur| HWmsa OmnpenesieHue OUT
74 - 3ape3epBUPOBAHO

bur ynpasnenus paspemenus LHAIT
3 |DACEN| DACEN =1 - Bxmouuts moayib [TATT
DACEN = 0 - Orxmounts Mmoayns [TATT

Beixon HHAII nist ynpasiieHus JOCTYIIOM K BHEIIHEMY IOPTY
2 DAOE DAOE =1 - BxmounTts BeiBOI LIAIT mnst BHemnero PD4
DAOE =0 - Orkmounts BeiBog LIAIT Ha BHEmIHU opT

1 | DAVS1 Hcrounnk nHanpsprenns LIAIT onopaoro 0. [DVS1, DVS0] =

00: - Pabouee nanpspkenue VCC

01: - Buemauii Bxon AVREF

10: - BHyTpeHHee OIOpHOE HANPSIKCHHE

11: - OrkirounTh onopHselit ucrounuk L{AIL a Taxke BRIKIIOUNTH MOAYb [IATI

0 | DAVSO

DALR - pecucmp oannvix DAC

\ DALR - peructp nanubix DAC

Anpec: OXAl 3HavyeHue no ymonauanuio: 0x00
bur 7 6 5 4 3 2 1 0
Nms DALR7 | DALR6 | DALR5 | DALR4 | DALR3 | DALR2 | DALR1 | DALRO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur Nmsa Onpenesnenue OUT

Peructp nannsix LIAIL
Hactpoiika [TAIT BEIXOIHOHN peXUM COOTHOILIEHUS MEXY BETUUMHON
HanpspkeHus LIAIT Beixonubim HanpsikenneMm DALR u3:
7:0 DALR Vbao = Vrer * (DALR + 1) / 256
rae: Voao - LIAII BeIXOgHBIE aHAJIOTOBOE HAIPSIKEHUE
VREF - nctoyHuk onopHoro HanpspkeHust LIAIL, B peructpe DACON BbiGop
{our DAVS

23. 12-pazpsianblii ananoro-uudgpoBoii npeoopazosartesin (AL

12-pa3psnnoe paspemenne ¢ = 1LSB DNL u+ 1.5LSB INL
Yacrora auckperuzanuu 10 SO0KSPS ¢ HauBbicuMm pazpernieHuem
12 MyJIBTUILIEKCUPOBAHHBIX OJHOCTOPOHHHUX BXOIHBIX KaHAJIOB
MHorokaHaibHbIe KaHAITBI ¢ TU(GEepeHIINaTbHBIM YCHITUTEIEM C
IPOrpaMMHUPYEMbIM YCHIICHUEM

Jluamnazon BxoaHoro HanpsioxeHnus pased 0 - VCC

e Buyrpennee onopHoe Hanpspkenue 1.024V /2.048V [ 4.096V

o [lonnepxxka AVCC 1 BHEIIHUN BXOJ] ONIOPHOTO HAMIPSKEHHUS



e BHyTpeHHssI MHOTOIIO3UIIMOHHAS CXeMa JIeNuTeNs HanpspkeHus 1/5, 4/5

o [logmepxka MONMOKUTENHHOU U OTPUIIATEIIEHON KaTMOPOBKU CMEIICHUS

e PexuM 3amycka aBTOMaTHYECKOIO 3aIyCKa, OCHOBAHHBIM HA UICTOYHHUKE
MIpEPBIBAHUS

o [lognepxka aBTOMAaTUYECKOTO KOHTPOJIS KaHasla MEePEroTHEHMs / YMEHbIIICHUS

e Pesynbrar mpeoOpa3oBaHUs MOJACPKUBACT JOTIOTHUTEIHHBIA PEKIM
BbIPABHUBAHMUS

e 3anpoc Ha IpepbIBaHUE MPEOOPA30BAHUS

21.3. O630p

AVCC
CHMUX[4:0] AVREF

IVREF
ADC1 ————

ADC2
ADG3
ADC4
ADCS
ADC6
ADCY
ADC8
ADC9
ADC10
ADC11

DIFS CVREF

- 12bit -
— — A/D
4/5%VDO ] ADHXD
1/5xVD0

IVREF

GND

DAD

DPS[L:0] ADEN ———]

GA[L:0]

)1 i — 4/5xVD0
L o ADCL e
APNO AD(4  w—— 1/5xV00
APN1 AD(S -
APNZ 1/8/16/32 AVREF s
APN3 xufBef AVCC s
APN4
APNS

VD5[2:0]

DNS[2:0]

Puc. 23.1. bnok-cxema ALIII

Amnanoro-uiudpoBoit mpeoOpazoBaTeib npeAcTaBiseT coooit 12-paspsaubiii AL ¢
nocieaoBaTeabHbIM TpuomkeHueM. ALl monkiroyeH k 17-kaHalbHOMY aHAJIOTOBOMY
MYJIBTUILIEKCOPY, KOTOPBIA MOXET MOAKIIIOYATh 12 aHAIOTOBBIX BXOJOB U 5 BHYTPEHHUX
VMCTOYHUKOB HAIIPSHKEHUS U3 BHEIIIHUX MOPTOB YMIIA.

B AIIII unterpupoBan BHyTpeHui nuddepeHInanbHbIi onepaiMoHHbIN
YCWJIHMTEIb C TpOorpaMMupyeMbIM ycuiienuem x1 / x8 / x16 / x32. Bxon ycunnTtesns MOKeT
MIOCTYIIAaTh OT BHELIHETO MOPTa WM BeIxoaa MynbTUILIekcopa ADC. Beixon
auQdepeHInaIbHOr0 YCUIUTENS MOKHO HCTIOIb30BaTh MOJKIIOYUTH K aHAJIOTOBOMY
Bxoay ALIIL

AHanoroBbIii ICTOYHUK BXoAHOTrO curHana ALITA conepuT BHyTpEeHHHI
MYJIbTHILUIEKCUPOBAHHBIN BX0J1 OT BHyTpeHHero AIITA nenurens HanpsbkeHus,
VCTOYHHKA OTMIOPHOTO HANPSKEHNUS BHYTPEHHETO, BHYTPEHHETO aHAJIOTOBOT'O 3a3€MJICHHUS
Y aHAJIOTOBOT'0 BBIXOJTHOI'O CUTHAJI OT MOAYJISl KJIF0Ya KaCaHUSI.



BHyTpeHHUI MHOKECTBEHHBIN JEIUTENb BXOJHOIO HAIPSKEHUS OJTHOBPEMEHHO
BbIaeT /Ba 4/5, 1/5 HanpspKkeHus, a BXOA JEJIUTENS HANIPSKEHUSI MOXKET BBIOMPATh
YPOBEHb OT BHEIIHETO MOPTA WU OT UCTOYHHUKA TUTAHUS CUCTEMBI.

AITI mognepxuBaet kamOpoBKy cMmerieHus. [Iporecc kaTnOpoOBKY CMEIICHUS
KOHTPOJIMPYETCS MPOrpaMMHBIM obecrieueHreM. KannbpoBka cMeIlIeHrs BKIIIOUAeT KakK
MOJIOKUTENBHYIO, TAK M OTpHILIATENIbHYI0 KanmuOpoBKy. [locie Toro, kak kamOpoBKa
CMEUIEHUs! aKTUBUPOBaHa, KOHTpoJuiep ADC aBToMaTH4YeCKU OTKATUOPYET pe3yIbTaThl
BbI0OpKHU ALl ¢ ncronb30BaHEM KakK MONTOKHUTEIbHBIX, TAK U OTPULIATEIbHBIX
3HaueHui kanubpoBku. s MeTona KanuOpoBKHU cMmeleHus: cM. COOTBETCTBYIOLLYIO
4acThb 3TOM IJIABBI.

23.2. Pabora AL

ALII npeobpa3yeT BXOAHOE aHAJIOTOBOE HaIpsbKeHUE B 12-pa3psaHoe uudposoe
3HaYeHHE IyTeM MOCIIEI0BATENIbHOTO NPUOIMKEeHUsl. MUHUMAIbHOE 3HAaUCHHE
npencrasiasier GND, MmakcuManbHOE 3HaYEHHE MPEACTABISET COOON OMOPHOE
Hanpspkenue Mmunyc 1 LSB.

HcTOYHUK OMOPHOTO HAIPSKEHUSI MOKET ObITh BBIOPAH B KAUECTBE HANPSYKEHUS
nutanust AVCC AL, onopnoe HanpsibkeHue AVREF BHelHee uiid BHyTpeHHEE
onopHoe Hanpsbkenue 1.024V /2.048V nyrem 3anucu 6utoB B ADMUX pabortax.

AHaJIOTOBBIN BXOJHOW KaHaJ MOXXHO BeIOpath, 3anucaB outr CHMUX B peructpe
ADMUX.

JIro60i1 BxoaHOM pazbem ADC, BHEITHUI ONOPHBINA BHIBOJ HAIPSKEHUS U
BHYTPEHHHI OIOPHBIN CUTHAI MOTYT UCIIOJIB30BATHCA KaK OJHOCTOpOHHMM BXox ALLIL.

Bxoanoii kanan ALIT MOXHO nepekIIounTh Ha BHYTpEeHHUH AU depeHInanbHbIi
ycwurenb, ycranoBuB peructp DITM B peructp ADTMR. [Tuddepennmanbubie
MCTOYHUKU BXOJHOTO CUTHAJIa U KO3(PPHUIMEHTHI YCUIEHHUS MOTYT ObITh YCTAaHOBJICHBI
yepe3 peructp DAPCR.

ALTI moxno 3amyctuth, yctaHoBUB 6uT ADEN B peructp ADCSRA. ALII He
noTpedseT anekTporHepruto, koraa ADEN ouurniaercs. [losTomy pekomenyercs
otkitouath ALIII nepen BBIXOAOM B CISIIIUN PEKUM.

PesynbraT npeodpazoBanus ALIII cocTaBiser 12 OUT ¥ XpaHUTCS B PETHCTPAX
nanaeix ADC ADCH u ADCL. Pe3ynbrar npeoOpa3oBaHusi BBIpABHUBAETCS IO MPABOMY
Kparo 1Mo yMOJYaHUIO, HO €r0 MOYKHO BBIPOBHSTBH IO JIEBOMY Kparo, yCTAHOBUB OUT
ADLAR perucrpa ADMUX. Ecnu Bbl ycTaHOBUTE pe3yiIbTaT MpeoOpa3zoBaHus Ha
BBIPaBHUBAHHUE T10 JIEBOMY Kparo U MOTpeOyeTe TOIbKO 8-OUTHON TOUHOCTH
npeoOpa3zoBanus, To foctatouHo untatb ADCH. B npoTuBHOM ciyyae cHavaia
npounTtaiite ADCL, a 3arem npouuntaiite ADCH, 4T00bI yO€IUTHCS, UTO COACPIKUMOE
pEerucTpa JaHHBIX SIBISETCA PE3yJIbTaTOM OJHOTO M TOTO ke mpeodpaszoBanus. [locie
yreHust ADCL peructpsl nanabix ADCL u ADCH ¢ukcupytorces.

[Tocne utenuss ADCH pesynbTaT mpeoOpa3oBaHus MOKET ObITh OOHOBJICH B
peructpax nanasix ADCL u ADCH.

Komner npeoOpa3zoBanust ALIIT MmoxkeT BbI3BaTh mpephiBaHue. Jlaxke eciin KOHell
npeobpaszoBanus nmpoucxoaut mexay urenneM ADCL u ADCH, npepsiBanue Bce paBHO
OyZIeT 3aIynieHo.



23.2.1. 3anyck npeoOpa3oBaHus

Yrobsl 3amycTuTh 6UT npeodpazoBanus ADC, nanummre «1» B 6utr ADSC, 9T005bI
HAYaTh OJIHO MpeolOpa3zoBaHue. DTOT OUT OCTAETCsS BBICOKUM BO BpeMs PpeoOpa3oBaHus
Y OYUIIIAETCS alnapaTHBIM 00eCTIeYeHIEM TOCIIE 3aBEPIICHUS TPEOOPA30OBAHMS.

Ecnu kanan usmensierca Bo BpeMs npeoOpazoBanusi, ADC U3MEHUT KaHall mocie
3aBepUICHHsI TPEoOpPa30BaHMUS.

[IpeoOpazoBanus ALIIl umeroT pa3Hble HCTOYHUKH 3aITycka. Y CTaHOBKa OWTa
paspemenns apromarnueckoro 3anycka ALIII ADATE peructpa ADCSRA, Bxittouaet
ABTOMATHUYECKH 3aITyCK.

HcTouHuk 3amycka MOXHO BbIOpaTh, yCTaHOBUB OUT BeIOOpa 3amycka ALIIT ADTS
peructpa ADCSRB.

Korma Bo3Hukaet HapacTarouii ()poHT BHIOPAHHOTO 3aITyCKAIOIIETO CUTHAA,
npenaenurenb ADC cOpacbiBaeTcss 1 HAaUMHAET peoOpa3zoBaHue. ITO JaeT
BO3MOKHOCTh Ha4aTh MpeoOpa3oBaHue ¢ (PUKCUPOBAHHBIM UHTEPBAJIOM BPEMEHH.

[Tocne npeoOpazoBaHusl, 1axe €CIM CUTHAN 3aITyCKa €lle CYIIECTBYET, HOBOE
npeoOpa3zoBaHue He OyJeT 3anylieHo. Ecin 3anmyckaromuii CurHai B Mporecce
npeoOpa3zoBaHusl CO3aET HapacTalMIMil GPOHT, 3TOT NepeaHUu PPOHT Takxke OyaeT
MPOUTHOPUPOBaH. Jlaxke eciau KOHKPETHOE MPEPHIBAHUE OTKIIFOUEHO WK OUT
paspenieHus ri100aibHOro npepbiBanus paseH «0», ¢ar npepbiBaHus OyaeT
YCTaHOBJIEH. DTO BBI30OBET MpeoOpa3zoBanue 0e3 mpepbiBaHui. OgHaKO, YTOOBI
MHUIMUPOBATh HOBOE MPe0Opa30BaHUE B CAEAYIOLIEM COOBITUN IPEPhIBaHUS, (hiar
IpEepBIBaHMs TOJKEH ObITh OUMILIEH.

Ucnonb3ys dnar npepoiBanust ALl B kauecTBe HCTOYHMKA 3aMlycKa, CIEAYyIOIIee
npeobpaszoBanre AL MoxeT ObITh 3amyIIeHO TOCTE 3aBEPIICHUS TEKYILETO
npeoOpa3oBaHuUs.

3arem ALIII pabGoTtaer B pexxuMe HEMpepbIBHOTO MpeoOpa30BaHusl, HEIPEPHIBHO
oTOupaeT u 0OHOBIISIET perucTpbl AaHHbIX ALIII

[lepBoe npeoOpa3oBaHre HHUIUUPYETC IMyTeM 3anucu «1» B out ADSC peructpa
ADCSRA. B stom pexkume nocienyromiue npeoopazopanus ALIII ve 3aBucsT oT TOTO,
yctaHoBiieH niu (uar npepsiBanus ADC ADIF. Ecnu BKIIFOUeH aBTOMAaTUUECKUN 3aITyCK,
ADSC ycranaBnuBaet peructp ADCSRA 1151 HHULIMMPOBAHMS OJTHOTO IIPE0OPa30BaHUS.

@nar ADSC Takke MOKET UCIIOIb30BaThCA ISl POBEPKU TOTO, BHITIOJIHSIETCS JTU
npeoOpa3zoBanue. HezaBucumo oT TOro, Kak MHULMUpYeTCcs npeodpazoBanue, ADSC
Bcerza «1» Bo Bpems mpoiiecca mpeoodpa3oBaHus.

23.2.2. Tlpenaenurens u Bpems npeodpazoBanus ALIIT

[To ymosuaHuIO 11l HOCJIEIOBATEIIBHOM CXEMbI alllMpPOKCUMAIIAN JIJIsI
MaKCHUMaJIbHOW TOYHOCTHU TpeOyeTcs BXoAHOM TakToBbIi curHai ot 300 k' g0 3 MI.
Ecnu tpebyemast TouHOCTH MpeoOpa3oBaHus MEHbINE 12 OUT, BXOIHASI TAKTOBAS 4acTOTa
MOKeT mpeBbIaTh 3 MI'T st qoctrkeHus 6oJiee BHICOKOM YaCTOThI JUCKPETHU3AIIHH.

Monyns ADC BKIHOYAET NPEyCUIIUTENb, KOTOPBII MOKET UCIOJIB30BATHCS
CUCTEMHBIM TaKTOBBIM I'€HEPATOPOM JIJIsI FEHEPALIMH PUEMIIEMOr0 BXOJHOTO TAKTOBOTO
cur"ana ALIL

[Ipennenurens 3amaercs outom ADPS peructpa ADCSRA.

Ycranoska ADEN B peructpe ADCSRA no3zBosisier ALLT 1 npenBapuTenbHbIiA



nenurtenb HayaTh nojcyeT. [loka 6ut ADEN paBen «1», npeaaenurens Npo1onKaeT
noJjicyeT J10 Tex nop, noka ADEN He Oynet ouulieH.

[Tocne Toro, kak ycranoBiaeH ADSC peructpa ADCSRA, ogHOoKpaTHOE
npeoOpa3oBaHre HAYMHACTCS C BO3PACTAIONIET0 (PpOHTA CIAESAYIOUIETO TAKTOBOTO KA
ALIIL. dns HopmansHOro npeodpas3oBanus Tpedyercs 15 TakroBbix nukios AL

[Tocne Brmouenust AL (6ut ADEN peructpa ADCSRA ycraHoBieH) ams
VMHUIMAIA3AIMYA aHAJIOTOBOIM CXEMBI JI0 IEPBOTO MPEOoOPa30BaHUsI MOXKET MOTPEOOBATHCS
50 TtakToBBIX HMITYJbCOB ALIIIL

Bo Bpems npeoOpazoBanus ALl Hauano oTcyeTa v yAep>KaHus MPU BXOTHBIX
TakTOBBIX UMMyJbcax 1,5 ALl nocne nayana npeoOpazoBanusl, a pe3yIbTUPYIOLTUN
BbIXOJ] iepBoro npeodpazoanus ALl npoucxoaut mipu 14,5 TaKTOBBIX UMITYJIbCAaX
AIIII mocrne 3amycka.

B kon1e nmpeoodpazoBanus pe3ynbtaT ALl mogaercs B peructp nanubix AL u
yctanaBiuBaercs ¢guar ADIF. ADSC ouwnimaeTcsi O THOBPEMEHHO. 3aTeM IMPOrpaMMHOE
oOecrieyeHrne MOXKeT CHOBa ycTaHaBiauBath (psar ADSC wiv aBTOMaTUYECKHU 3aIlyCKaTh,
YTOOBI HHUIIMUPOBATH HOBOE NIPEOOpa30BaHUE.

23.2.3. Kanansl BRIOOPKH U ONOPHBIC HAMPSHKCHUS

MUX u REFS B peructpax ADMUX peann3ytoT oguHOUYHYIO0 Oydepuzanuto uepes
BpeMeHHbIe perucTphl. [II1 MOXkeT oCyIIeCTBISITE TPOU3BOJIBHBINA JOCTY K BPEMEHHBIM
peructpam. Ilepen nHauanom npeodpazoBanus L{IT MoxkeT B J1It000 MOMEHT HACTPOUTH
BBIOOp KaHAJIOB U UICTOYHUKOB CCHUIOK.

st o6ecneyenuss ALIIl umeet qocTaToYHO BpEMEHU BBIOOPKH, MTOCIIE 3aycKa
npeoOpa30BaHus, Bbl HE MOKETE HACTPOUTH BHIOPAHHBIN KaHAJI U CCHUIKH.

[Tocne Toro, kak (AJJU® B ADCSRA) Ilpu npeoOpazoBanuu 3aBepIiicH,
BBIOPAHHBIN KaHAJ ¥ CCHUTKA OyayT OOHOBJICHBI.

Havano nmpeoOGpa3oBanus - 3TO HapacTarouil GPOHT CIEAYIOIINUX BXOIHBIX TAKTOB
AIII mocne ycranopku ADSC. Takum o0pa3oM, IOIB30BaTE0 PEKOMEHIYETCS MOCIIe
ADSC Bxonx AIIII B npenenax ADMUX TakToBOTO ITMKJIa HE pabOTaIOT, YTOOBI BHIOPATH
HOBBIM KaHaJ U CCBUIKHU.

[Ipu ncnoap30BaHUM ABTOMATUYECKOIO 3aIlyCKa BPEMs, B TEUEHHE KOTOPOTO
MIPOUCXOUT COOBITHE 3aMTyCKa, SIBISIETCS HEONPEAEIeHHBIM. UTOOBI KOHTPOJIUPOBATh
BJIMSTHUE HOBBIX HACTPOEK Ha IpeoOpazoBaHue, HEOOXOIMMO COOII0aTh 0COOYIO
OCTOPOKHOCTH Ipu 00HOBIIeHUH peructpoB ADMUX.

Ecnu ycranosnenst 06a napamerpa ADATE u ADEN, BpeMsi pepbIBaHUSI MOXKET
OBITH BBITIOJIHEHO B JIFOOOE BpEeMsi, aBTOMATHUECKU aKTUBUPYs MpeodpazoBanue ALIII.
Ecnu BBl m3MeHuTe conepxkumoe peructpa ADMUX B TeueHune 3TOro BpeMeHH,
M0JIb30BaTEIb HE CMOKET ONPEAEIUTh, OyIET JIU Cieayoliee Mpeodpa3oBaHe OCHOBAHO
Ha CTapoy WJIM HOBOW KOH(HUTYpaIHH.

Pexomenayercsi, 4ToOBI oIb30BaTe b 00HOBUI ADMUX B cnepyromue
MOMEHTHI 0€3011aCHOCTH:

1) 6utr ADATE unu ADEN pasen «0»;

2) mo kpaiiHeit Mmepe ouH TakToBbIN UKI Bxona ADC Bo Bpems npeoOpa3oBaHus,
HO TOCTIE COOBITHS TPUTTEPA,;

3) nmociie 3aBepileHus mpeodpa3oBaHus, HO MOCe, Mepea TeM Kak diar
pepbIBaHUS UCTOYHHKA 3aITyIIEeH.



Ecau o6noBier ADMUX, B 11000M 13 BBIIICYTIOMSHYTBIX CIy4aeB, HOBas
KOH(UTypalust BCTYIUT B CUITY JIO CJIEIYIOUIEr0 TpeoOpa3oBaHusl.

[Tpu BeIOOpE BXoAaHOTO KaHaia ALl Ba:KHO 0TMeTHTB, YTO KaHAJ BEIOpaH 10
Havaya npeobpazoBanusi. HOBBIN aHATOTOBBIM BXOAHONW KaHAT MOXKET OBITh BEIOpaH
nocsie oaHoro nepuoaa cuuxponuzanuu AL mocne yrepxxnennss ADSC, HO camblii
NPOCTOi crOco0 - T0XKAATHCS 3aBEpIICHUS TPeoOpa30BaHUs 10 M3MEHEHHU KaHaa.

B ALIII nctoyHuK onopHOTO HanpskeHus: VREF yKka3plBaeT nuana3oH
npeodpazoBanust AL[Il. Eciau ypoBeHb 0THOCTOpOHHETO KaHaja mpesbimaeT VREF,
pe3ynbTat npeodpazoBanus OyaeT 61130k k MakcuMmaiibHoMy 3HadeHuto OxFFF. VREF
moxet 0biTh AVCC, BHemHee HanpsibkeHnue AREF, BuyTpennee 3ananue. Mcnonb3yiite
BHYTpEHHIOIO cchUIKy (1.024V /2.048V /4.096V)

IIpumeuanue: [Tocie BKIIOUCHUS YUTIa BHYTPEHHSISI CChUIKA OTKATMOPOBaHA 110
ymomdanuto 710 1.024 B. Eciu noiap30Batelb UCIOAB3YET BHYTPEHHIOK CChUIKY 1.024V,
€€ MOXHO MCIOJIb30BaTh HaNpsAMYIo 0e3 Kakoi-nubo apyroi onepanuu. Ho eciau Bam
HY>KHO MCIIOJIb30BaTh BHYTPEHHEE ONOpHOE HanpsukeHue 4.096V wm 2.048V,
caMOKaJIuOpoBKa TpedyeT 0oJjiee HOBOTO BHYTPEHHETO OMOPHOTO 3HAYECHHS.

KanmubpoBounoe 3nauenue 2.048V / 4.096V 3arpyxkaercs B peructp VCAL2 / 3
(0xCE / 0xCC) nocne BKIrOYeHUs TUTaHus. Bo BpeMsi MHULIMAIM3aluy IPOorpaMMel
3HaueHue VCAL?2 / 3 cuutsiBaetcs u 3anuckiBaercs B peructp VCAL (0XC8) nst
3aBEPILICHUS KaTUOPOBKH.

23.2.4. ABTOMAaTHYECKHII MOHUTOPHUHT KaHAJIOB.

Pexxnm aBTOMaTH4eCKOT0 KOHTPOJISI KAHAJIA UCTIOb3YETCS AJIsI KOHTPOJIA
M3MEHEHUH HanpsbKeHHs BBIOpaHHBIX BXOJHBIX kKaHanoB ALl B pexxumMe peanbHOTo
BPEMEHH.

[TporpamMMHOe obecrieueHre MO3BOISET ABTOMAaTHUECKH KOHTPOJIMPOBATh KaHAI,
ycranaBnuBas 6ut AMEN B peructpe ADCSRC.

AIIIT aBTOMaTHUeCKH MpeoOpa3yeT HanpsHKEeHUEe BbIOpaHHOTO Kanana. Korna
pe3ynbTaT npeoOpa3oBaHuUs BBIXOAUT 3a MPEebl 33JJaHHOTO AUAana30Ha NepernoHeHus,
Oynet ycranosineHn out duara npepeiBanus ALIT (ADIF). B To xe Bpems npekpatute
aBTOMATU4YECKUA MOHUTOPHHT.

[IporpammHoe obGecriedeHrue MOKET pearupoBaTh Ha COOBITHS MEPETOTHEHUS
npepbiBaHuAMH WK 3anpocaMu. but AMOF peructpa ADMSC ucnons3yercs ais
yKazaHus Tuna coObITus nepenoiaHeHusi. dnar ADIF aBTromaTrdecku ouniaeTcs
anmnapaTHbIM 00€CIIeUeHHEM B OTBET Ha COPOC MPEPhIBAHUS, €r0 MOXXHO OYUCTUTh
MpOrpaMMHBIM oOecriedeHrueM 1 B pexume onpoca.

Pexxnm aBTOMaTH4eCKOrO0 MOHUTOPUHTA MOKHO IIOBTOPHO BKJIFOUUTh, TOJIBKO €CIU
ADIF ounmien u ycranosnen 6ut AMEN B peructpe ADCSRC.
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UToO0BI peoi0aeTh HECTAOMIIBHOCTh PE3yJIbTaTOB Mpeodpa3zoBanus ogHoro AIII,
aBTOMATUYECKOE OOHAPYKEHHUE MOJIEPKUBAET HACTpauBaeMyro (YHKIHIO IIUGPOBOIA
(bunbTpaLKH.

[udposas punbTpanus 0OHAPYKUBAET PE3yJIbTaThl HENPEPHIBHOTO
npeoOpa3oBaHus U 3allyCKaeT COOBITHE MEPENOIHEHHS TOJIBKO B TOM CIIy4ae, eCiu
MOJIy4aeTcs OCIEA0BaTENbHBIN PEe3yJIbTaT ISl OTPAHUYEHHOTO YK CIIa
MOCJIeI0OBATEIbHBIX TPEOOPa30BaAHU.

KonnuecTBo nocnenoBaTeabHbIX MpeoOpa3oBaHUN MOXKET OBITh YCTAaHOBJICHO
outamu AMFC [3: 0] B peructpe ADMSC. ABTomMaTH4ecKui KOHTPOJIb KaHalla
kouTposupyercs outom AMEN B peructpe ADCSRC. Peructp ADTO ucnomns3yercs
JUIsl yCTAaHOBKH mopora HuxkHero noroka: ADT1 ucnons3yercs 11 yCTaHOBKHU IOpora
nepenonHenus. ADTO /1 - ato 16-pa3psaHbiii peructp.

[IporpammHoe obOecrieueHue ycranaBiuBaeT out AMEN u HeMe1JIeHHO OCTaHOBUT
tekymee npeodpazoBanue ALl u copocut cocrosiuue ynpasienus AL mepen Bxogom
B PEKUM aBTOMATHYECKOTO MPeoOpa3oBaHUsl.

[lepen 3amyckoM pekMMa aBTOMaTUYECKOTO OMpeIeTICHUs KaHala BaM
HEO00XO0JIMMO YCTAaHOBUThH OOHAPYKEHHBIN KaHa U IPyTHE CBA3aHHBIC C HUM
KOH(Urypamum.

[IporpammHoe obecriedeHrue MOKET OTKIIOYUTh PEKUM aBTOMAaTUYECKOTO
oOHapy>xeHus B Jitoboe Bpemsi, ounctu peructp AMEN.

23.2.5. JlenuTenb ¢ HECKOJBbKUMU BXxojiaMu HampsixeHust (VDS)

AIII BHyTpEHHE COOEPKUT MOAYJb AEIUTENS BXOAHOTO HANpshkeHus. Pasnenus
BXOJIHOE HaIpsHKEHUE OT BHEIIHEr0 UCTOUYHMKA AononHuTenbHoro ALITA BxogHoro
kanana (ALIT0 / 1/4/5), Baemaero onmopraoro AVREF unu ananoroBoro ucTouyHmka
MUTaHUS.

Moy genuTens HanpspKeHUs OTHOBPEMEHHO BRIBOAUT 4/5 u 1/5 HanpsbkeHus Ha
BHyTpeHHue 12 u 13 Bxonubix kanaigoB ALIl. Cpenu Hux 4/5 B OCHOBHOM HCTIONB3YETCA
tst kanmnopoBku cmetenus AllIL, 1/5 ucnons3yercs 1uist KannOpOBKY BHYTPEHHETO



CMEILEHHS U B OCHOBHOM HCIIOJNIB3YETCS JJIS ONPEeIICHUS HAIIPSDKEHUS TIMTaHUS U
HOJ00HBIX MPUIIOKESHUH.

OyHKINU, CBA3aHHBIE C JIEIUTEIEM HAMPSHKEHUS, B OCHOBHOM YITPABIISIOTCS
peructpom ADCSRD.

23.2.6. Kammbposka cmemenust AL

N3-3a n3MEHEHUH B ITPOU3BOICTBEHHOM ITPOLIECCE U NMTPUCYIIUX XAPAKTEPUCTUKAM
CTPYKTYpbI CXEMbI BHyTpeHHssI cxema kommaparopa ALIL Oyaet npou3BouTh pa3Hbie
ypOBHU oOKHU cMmeteHus. [1oaToMy KoMIieHcaIust HanpsHKEHUST CMEILEHUST MEeT
peraroniee 3Ha4eHue JIs1 CO3JaHusl BHICOKOTOYHOM CTPYKTYpbl TpeoOpa3zoBanus ALIL.

ANII Baytpu unna LGT8FX8P nonnepxuBaet unrepdeiic, CBsI3aHHBIN €
HAIIPSKEHUEM CMEILIEHMS, KOTOPBIA MOXKET UCIIOIb30BaThCA I 3aBEPLICHUS U3MEPEHUs
Y KaJMOPOBKHU CMEILIEHUSI.

[TpuHIMT KaTUOPOBKU CMEIICHHUS:

KanuGpoBka cMerieHusi, B OCHOBHOM, IIpeIHa3HAYEeHA JIJIsi TPOBEPKH pe3yIbTaTa
npeoOpazoBanus AL, kak B MOJOKUTEILHOM, TaK U B OTPUIIATEIILHOM HaINpPaBICHUSX,
IyTEM W3MEHEHUS BXOJAHOW MOJIIPHOCTU BHYTPEHHETO KOMITApaTOpa.

[TockoJibKy HampsiKEHHUE CMEIICHUS, KaK B MOJOKUTEILHOM, TaK U B
OTPUIIATEILHOM HaIPaBJICHUSIX, TAKKE BBIPAKACTCA B IBYX MOJSIPHOCTSIX, CPEIHEE
3HaQYEHUE OIMMOKN CMEILICHUS MOXKET OBITh MOTYUYEHO MMyTEM BBIUUTAHUS ABYX
pe3yJbTaToOB MPeoOpa3OBaHUsI.

B HOpMaJIbHOM MPUIIOKEHUU PE3YJIbTAT MPE0OPa30BAHUS MOXKET OBIThH
CKOPPEKTUPOBAH B COOTBETCTBUU C 3TUM HAIPSKEHUEM CMEIIEHUS.

CwMmeliieHre mpoienypbl KaTuOpOBKH:

1. YcranoButh Moayss VDS, BeIOpaHHBIN UCTOYHUK BXOJHOTO CHTHAJA
anajorosoro VDS momHocts (AVCC)

2. Boi6op AILIII oropHOTO HanpsKEHUs B aHAJIOTOBBIN UCTOYHUK MUTAHUS
(AVCC)

3. ADCSRC [CIIH] = 0, ALIIT urenne 4 / 5VDO kanana IIpeoObpa3zoBanHOE
3Ha4YE€HUE 3anuchiBaeTcs kak PVAL

4. ADCSRC [SPN] =1, ALII cuuteiBaeT kanan 4 / 5VDO, 6ut 3anucu ¢
npeobpazoBanHoi BenmmunHOM NVAL

5. Coxpansiet 3Hauenue (NVAL - PVAL) >> 1 - peructp OFRO

6. ADCSRC [SPN] =1, AUII cuuteiBaet kanan 1 / 5VDO, pe3ynbrat
npeoOpa3zoBaHus 3anuckiBaeTcs kKak NVAL

7. ADCSRC [SPN] = 0, ALl yutaer kanan 1 / 5VDO, 6ut 3anucu pe3yibrara
npeobpazoBanms PVAL

8. byner nu 3nauenue (NVAL - PVAL) >> 1 Coxpanuts B peructp OFR1

9. Ycranosute ADCSRC [OFEN] = 1, 4T00BI BKITIOUNTH (DYHKIIMIO KOMIIEHCAIIUN
CMEILICHHUS.

CnenuajbHoe NpUMeYaHue:

[TockonbKy OmMOKa CMEIEHUS UMEET TTOJIOKUTENHHBIC U OTPUIIATETIHLHBIC
HaIpaBJICHUS, BBIIEYKA3aHHbIE JaHHBIE U ONEPAIUU SBIISIIOTCS MOJHOCTHIO
MOANUCAHHBIMH.

Koudurypanus, ceszannas ¢ AL, nomkHa ObITh U3MEHEHA BO BPEMs KaTUOPOBKU



CMEILIEHNUS, IO3TOMY PEKOMEHYETCS BBIIOJIHUTH KATMOPOBKY CMEILIEHUS 10
HOpMaJIbHON KOH(UTypaLuu.

Y1oObI MOBBICUTH TOYHOCTh KANUOPOBKH, pekomMeHayeTcst, 4To0sl ALl cuntbiBan
MHOTOMPOXOAHYIO (PUIIBTPALIMIO BO BpEeMsI MPeoOpa30oBaHMs KaHaa.

Kanubposka cmemienus nocine 3apepiienus konpuryparuu OFRO / 1
aBTOMAaTUYECKas KOMIICHCAIHS CMeNIeHHs akTuBupyeTcs depes3 out OFEN.

[Tocne HOpMmanbHOTO TipeodpazoBanus B Oyaymiem kontposuiep AL Oyner
aBTOoMaTuyecku ucnoiabp3zoBaTh OFRO / 1 nns komneHcanuu B COOTBETCTBUU C
pe3yabTatoM npeodpazoBanus ALIL.

23.2.6. Jlnnamuueckas kannopoka AIIIL.

MeTton kanuOpOBKH CMELLIEHUS, OMCAHHBIN BBIILIE, OCHOBAH Ha CMELIEHUU B
TECTOBOM Cpejie U TECTOBOM Bxoje. [Ipu nsmenenuu cuctemMHoit cpeanl cmemenue AL
Takke u3MeHutcs. [loaToMy, ecinu Bo3MOkKHa KOMITEHCAIUs KaTMOPOBKHU B peajIbHOM
BPEMEHH, OUE€Hb BaXKHO YJIYUYLIUTh TOYHOCTH u3Mepenus ALIL, uroOsl npeononers
pa3HuUIly B IPOU3BOIUTEIBHOCTH, BBI3BAHHYIO U3BMEHEHHUSIMU B YyCTPOUCTBE ¢ paboueit
Cpenoi. 31eCh UCIOJIBb3YETCs NMPEIIaraeMblil AJITOPUTM.

OCHOBBIBasICh Ha MPUHIUIIE AITOPUTMA KATMOPOBKU CMELICHUSI, OH MOXKET
JUHAMUYECKHA KOMIIEHCHPOBATh OIIMOKY CMEIEHHs, BEI3BAaHHYIO pabouel cpeaou, u
MOJIy4aTh COTJIACOBAHHBIE U TOUHBIE PE3YJIbTaThl UCTIBITAHUNA. DTOT METOJ UCKIIOYAET
HE00XOAMMOCTb BBIYUCIICHUS HAIPSKEHHSI CMEIIEHHS U OTKIIFOUEHUS KOMIIEH AU
cmetenus (OFEN).

AJTOPUTM AOJHKEH TOIBKO KOHTPOJIUPOBATH MOISPHOCTH MpeoOpa3zoBanus ALILL
yepe3 SPN.

JIBa pesynbrara usmepeHus: oroupatorcs noja pasabiMu SPN. Omunlka, BBeieHHAsS
CMEILIEHHEM B 000MX pe3yiIbTaTax, sIBISETCS MOJIOXKUTEILHON U OTPULIATEIbHOH,
MO3TOMY MBI MOKEM IMPOCTO T0OABUThH CpeJIHEE 3HAUCHHUE.

MeTton npoTUBOIEHCTBYET OIIMOKE, BRI3BAHHOM MucOanancoM. Mbl
npenmnonaraem, 4yto koraa AL npeoOpa3syer, cmelieHne BBOJUT TECTOBYIO OIIUOKY
VOFS, nostomy SPN ymnpaBiieHUs BBITIOJHSET JIBa MOCIEA0BATENBHBIX TPE0oOpa30BaHUS
ALIL

PesynbTaT npeobpazoBanus ALIT MoxeT ObITh BEIPAKEH Kak:

Korma SPN =1, VADC1 = VREL + VOFS1 SPN =0, VADCO0 = VREL - VOFSO.

Mp1 no6aBiisieM 1Ba pe3yJibTaTa U3MEpPEHUs, YTOObI UCKIIOUUTh BiausHue VOFS Ha
(haxTrueckuit Bxoa Jjist oopasna VREL.

N3-3a coBmaaronux XxapakTepucTuk cxembl VOFS1 1 VOFS0O MOTYT OBITh HE
COBCEM OJIMHAKOBBIMH, HO 3P(PEKT KOMIIEHCAI[UU CMEIICHHUS MOKET OBITh JOCTUTHYT B
L[EJIOM.

ANTOpPUTM AMHAMUYECKOTO CMELIEHUS! KOPPEKIIUU:

1. B cooTBeTCTBMU C HEOOXOAUMOCTHIO MHUIHMATN3ALIUN TApaMETPOB
npeoodpazoBanmst ALI

2. YcranoButre SPN = 1, 3amyctute Boi6opKy ALIL, 3anummmTe pe3ynbraT BEIOOPKH
AIIII B Bune VADCI1

3. YcranoBute SPN = 0, 3amycture Bei6opky ALIL, 3anummmTe pe3ynbTaT BRIOOPKH
ALII B Bune VADC2 4 (VADCI + VADC2) >> 1

DTO mpakTUYECKOe MPUMEHEHHE pe3yibTaTa npeodpazoBanust AL



DTOT aJITOPUTM MOKHO KOMOMHHUPOBATH C aITOPUTMOM BBIOOPKH, YTOOBI TTOJTYYUTh
pe3yabTar, 00Jiee UacaIbHBIN.

23.3. Peructpsl Onucanue

Cnucox pecucmpog ADC

3Ha4yeHue Mo

Peructp Anppec VMOJTIAHHIO Onucanue
ADCL 0x78 0x00 Peructp nannbix - muagmuii 6aint AL
ADCH 0x79 0x00 Peructp mannbIx - crapmmii 6ait ALIIT
ADCSRA] O0x7A 0x00 Peructp A ynpasnenus u cocrossaus AL
ADCSRB| 0x7B 0x00 Peructp B ynpasnenus u cocrosiaus AL
ADMUX] 0Ox7C 0x00 Peructp ynpasnenus mynbturiexkcopa AL
ADCSRC] 0x7D 0x01 Peructp C ynpaBnenus u cocrosiuus ALIT
DIDRO | Ox7E 0x00 Peructp ynpasnenus 0 LHudpossim Bxogom (Otki)
DIDR1 | Ox7F 0x00 Peructp ynpasnenus 1 LHudpossim Bxogom (OTki)
DAPCR | 0xDC 0x00 Peructp ynpasnenus nuddepeHIanIbHbIM YCHIUTEIEM
OFRO 0xA3 0x00 Peructp komnencaruu cmenieHus 0
OFR1 OxA4 0x00 Perucrp xomnencauuu cmemenus 1
ADTOL | OxAS5 0x00 ABTOMaTHYECKUN KOHTPOJIb HUYKHETO IIOpOra MiIaIIui 6aiT
ADTOH | OxAG6 0x00 ABTOMaTHYECKUI KOHTPOJIb HUYKHETO IOpora CTapiivii 6aiT
ADTIL | OxAA 0x00 ABTOMaTHYECKUI KOHTPOJIb BEPXHET0 MOpora MIaAmui 6auT
ADT1H | OxAB 0x00 ABTOMaTHYECKUH KOHTPOJIb BEPXHETO MOpora cTapiinii 6aiTt
ADMSC| OxAC 0x01 Peructp xonTposns cocrosinus kanaina ALII
ADCSRD] OxAD 0x00 Peructp D ynpasnenus u cocrostaust AL

ADCL - Pecucmp oannvix - maaowuil oavim ALIT

‘ ADCL - Peructp naHHbIX - Mmuaamuii 6aiit ALIT
Anpec: 0X78 3navyenue o ymomuanuio: 0x00

Bur 7 6 5 4 3 2 1 0

Hms 0 ADC7 ADCG6 ADC5 ADC4 ADC3 ADC2 ADC1 ADCO

Hms 1 ADC3 ADC?2 ADC1 ADCO

R/W R/W R/W R/W R/W R/W R/W RIW RIW

bur Nmn OmnpenesieHne OUT

Peructp mnamuero 6aiita nanasix ADC.

Korga 6utr ADLAR B «0», Beixogusie nanubie ALIl coxpaHsroTcst B peructpe ¢
BeipaBHHBaHueM ADCO no 6uty 0, To ectb ADCL sBnsercs ADC [7: 0], kak
nokaszano B Name 0.

Korma 6ut ADLAR B «1», Beixonusie nanasie ALIT HaxoasiTes B peructpe ¢
BbIpaBHUBaHUEeM ADCO no 6uty 4, To ects Bepxuue 4 6uta ADCL - 3to ADC [3:
0], a HIKHUE 4 OUTa HE UMEIOT CMBICIIA, KaK Moka3aHo B Name 1.

ADCI7:0)/

70 | ADc[3:0]

ADCH - Pecucmp oannvix - cmapwuii oatim ALTT

ADCH - Peructp AaHHBIX - cTapumii 6ait AL
Anpec: 0X78 3navenue mo ymomadanuto: 0x00

bur 7 6 5 4 3 2 1 0




Hwms 0 ADC11 | ADC10 ADC9 ADCS8
Hms 1 ADC11 | ADCI10 ADC9 ADCS8 ADC7 ADC6 ADC5 ADC4
R/W R/W RIW R/W R/W R/W R/W R/W R/W

bur HNma Onpenesienne OUT
Peructp crapmero 6aiita nanasix ADC.
Korma 6ut ADLAR B «0», Beixonubie nanabie ALIT coxpaHSIOTCS B perucrpe ¢
ADC[11:8]/ BeipaBHUBaHKEM ADCO 1o 6uty 0, To ecth Mmanmue 4 6ura ADCH sBnsroTcst
AD C[lll' 4] AIII[11: 8], a BepxHHE 4 OUTa HE UMEIOT 3HAUCHUS, KakK Mmokazano Name 0.
) Korga 6utr ADLAR B «1», Beixoansie qanubsie AL coxpansitoTcst B peructpe ¢
BeipaBHUBaHneM ADC11 no 6uty 7, To ectb ADCH - 310 ADC [11: 4], kak
nmokazano B Name 1.

7:0

ADCSRA - Peeucmp A ynpasnenus u cocmosinus AL

\ ADCSRA - Peructp A ynpasJienusi u cocrostiust ALLTI

Anapec: OX7A 3nauenue no ymomyanuto: 0x05
bur 7 6 5 4 3 2 1 0
Nmn ADEN ADSC | ADATE ADIF ADIE ADPS2 | ADPS1 | ADPSO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur| Wwms OmnpenesieHue OUT

bur ynpasnenus sxiatrouenuem AL
7 ADEN Korna 6ur ADEN ycranosnen Ha «1», ALl BkatodeH.
Korna 6utr ADEN ycranosnen na «0», AL otkirodeH.
but Havana npeo6pazoBanue AIIIL.
B pexxume onnHouHOrO nipeodpazoBanus HacTpoiika ADSC nnunuupyer
6 ADSC |npeobpazoBanue.
B pexxume HenpepriBHOTO IpeodpazoBanust ADSC HacTpoeH Ha HMHULIMMPOBaHKE
MEepBOTro MPeoOpa3OBaHMUS.

bur 3amycka BkitoueHneEM aBToMaTudecku ynpasienus AL
Korna 6ut ADATE ycranoBieH Ha «1», akTUBUpYETCSl (yHKIIUS aBTOMAaTHYECKOTO
3anycka. IlepenHuit poHT BEIOPaHHOTO 3aITyCKAIONIETO CUI'HAJIA BKJIIOYAET
5 | ADATE [opeobpa3oBanue. Bribop ricTounuka 3amycka koutposupyercss ADTS peructpa
ADCSRB.
Korna 6ut ADATE ycranosiieH Ha «0», QyHKIIMS aBTOMaTHYECKOIO 3aIycKa
|oTkrOUuEHAa.

@mnar npepsiBanus AL
ADIF ycranaBnuBaercs, korna ADC 3aBepinaeT nmpeodpa3zoBanrue U 0OHOBISET
4 AD|E  [PSTHCTP JaHHBIX. Ecnu Out pazpemenus npepoiBanus ALIIT ADIE pasen «1», a
r106anbHOE MPEphIBAaHUE YCTAaHOBIIEHO, TeHepupyeTcs npepbiBanue AL
Brimonnenue npepeiBanus AL ountaer 6ut ADIF u Takxke MokHO 3amucath «1» B
STOT OUT, YTOOKI OUMCTHUTE €rO0.

bur ynpasnenus paszpemenum npepeiBanus ALIL.
3 ADIE Korga 6ut ADIE ycranoBnen Ha «1», 1 rimo0aisHOE MpephIBaHNE YCTAHOBIICHO,
npepeiBanre AL BkitoueHo.

Korga 6ut ADIE ycranosnen Ha «0», nmpepeiBanue ALl oTkirouaercs.

bur Bb16Opa ko3 punnent aenenus npeaaenutens ADC.

ADPS BpIOHpaeT K03(pGUIMEHT eIeHUsI CHCTEMHBIX TaKTOB ISl T€HEPAIlUi TaKTOB
ALIL.

2:0 JADPS[2:0] ADPS[2:0] Koo dpuuuent nesenus




ADCSRB - Pecucmp B ynpasnenus u cocmosinus ALIT

\ ADCSRB - Peructp B ynpajienust u cocrostnust ALTI

8

16

32 (110 yMOJIYaHHUIO)

64

128

Anpec: 0x7B 3navyenue no ymonuanuio: 0xX00
but 7 6 5 4 3 2 1 0
Nms CMEO1 | CMEOO | CME1l1l | CME10 | ACTS ADTS2 | ADTS1 | ADTSO
R/W R/W R/W R R/W R/W R/W RIW R/W
bur| HWmsa OmnpenesieHne OUT

Bri6op unsepcuoro sxomga AC0, CMEO = {CMEOQ1, CMEOO}

CMEOQ1 |  00: Buemmnuit mopr ACXN - unBepcHsiii Bxox ACO
01: MynbTumiekcupoBanubiii Beixoa ADC - uaBepcusbiit Bxoga ACO
CMEO00 10: Beixon muddepeHnuansHoro ycunurens - nHBepcHblil Bxoq ACO
11: OTKIF0YNTE UCTOYHUK HHBEPCHBIN BXOAHOTO curHaia ACO
CME11 Bri6op unsepcuoro sxoga AC1, CMEL1 = {CME11, CME10}
00: Baemrnwuii mopt ACXN - naBepcHsiii Bxogq AC1
01: Buemnwuit mopt AC1IN ucnons3yercs - uaBepcHsbiil Bxog ACL
CME10 10: Bayrpennwii genurens HanpsokeHust AL, - maBepcusiit Bxox AC1
11: Beixon quddepeHnnanbHOro ycunuTens - uHBepcHbii BXogAC1
Br160op kaHana uCTOYHUKA IEPEMEHHOTO TOKa
ACTS 0 - Berxoxg ACO kak MCTOYHUK 3aITycKa aBTOMaTHUecKoro mpeodpazoBanus AL

1 - Beixon AC1 xak HCTOYHUK 3aIycKa aBTOMaTHu4ecKoro npeobdpazoBanus ALIIT

AIII aBTOMaTHyeCcKH 3amycKaeT OUT yIpaBJIeHHs BbIOOpa HCTOYHHUKA.
Korna 6ut ADATE ycraHoBieH B «1», pyHKIUS aBTOMaTUYECKOTO 3aycKa

2 | ADTS2

1 | ADTS1

BKJIIOUEHA, a BBIOOP UCTOYHUKA TpUrrepa ynpasisercs ADTS.

Ecnu 6ut ADATE ycranosnen Ha «0», mapamerp ADTS HeznelicTBuTENEH.
[lepenHsis kpoMKa BEIOpAaHHOT'O MHTEPBAJia MPEPbIBaHUS CUTHAJIA IPOMEKYTOYHOTO
TpUrrepa BKIIIOYaeT npeoOpa3oBaHue.

Korna uctounuk tpurrepa nepexitodaercs ¢ ¢iara npepblBaHUs Ha YUCThIN
VMCTOYHUK TPUITEpPA HA UCTOYHUK 3allyCKa TPUTTEpa MPEPbIBAHUS, TPUTTEPHBIN CUTHAI
[OyneT reneprpoBaTh HapacTAOLUI (PPOHT.

Ecnu ADEN ycranoBnen, ALII Taxke HauneT npeobpazoBanue. [Ipu
MEepEeKIIOUYEHNH B PEKUM HenpepblBHOTO npeodpazoBanus (ADTS = 0) dynkuus
ABTOMATUYECKOT0 TPUITEPA OTKIFOYEHA.

ADTS[2:0]

HcTouyHuk 3anycka

0

HenpepbIBHBIH pexxuM npeoOpa3oBaHus

Kowmmaparop 0/1

Bremnee npepsiBanue

Cuetuuk TaiiMepa 0 CpaBHUTH PaBeHCcTBO

0 | ADTSO

Cuetuuk Taitmepa 0 [lepenonnenue

Cuetuuk TaiiMepa 1 PaBenctBo CpaBHuth B

Cuetunk taiimepa 1 Ilepenonnenue

NN jn R W~

Cuyertunk Taiimepa 1 CoObITHE 3aXBaTa BBOJA




ADMUX - Pecucmp ynpasnenus mynomuniexcopa AL

Anpec: 0x7C 3nauenue no ymomdanuio: 0x00

ADMUX - Peructp ynpasjeHnus myabTuiiekcopa AL

bur

7 6 5 4 3 2 1 0

Nms REFS1 REFSO | ADLAR |CHMUX4|CHMUX3|CHMUX2|CHMUX1|CHMUXO0

R/W R/IW R/IW R/IW R/IW R/W R/W R/W R/W

Bbur HNms

Onpenesienne OUT

7 REFS1

C ourom REFS2 peructpa ADCSRD ucnons3yercs 8 AL qy1s BeIOOpa
MCTOYHUKA OIMIOPHOTO HAMPSHKEHUS ITyTEM YCTAHOBKU OWTA yIpaBJICHHS ISl BBIOOpa
[REFS.

Hacrpoiika He BcTymaeT B CUIy /10 T€X IMOp, MOKa TeKyIlee MpeoOpa3oBaHue He
OyJeT 3aBepIIeHO.

6 REFSO

REFS?2 REFS1 REFSO Bb100p 011OpHOTr0 HANIPSKEHUSI
0 0 0 AREF
0 0 1 AVCC
0 1 0 2.048V
0 1 1 1.024V
1 0 0 4.096V

5 | ADLAR

PesynbTar npeobpa3oBaHus BBIPABHUBAETCSI 110 JIEBOMY WUJIU 110 IIPABOMY Kparo.
Korna 6utr ADLAR ycranoBieH B «1», pe3yabTar npeoOpa3oBaHuUs BBIPABHUBACTCS
110 JIEBOMY Kparo B peructpe naHHbix ALIL
Korna 6ut ADLAR yctanoBieH B «0», pe3yabTaT IpeoOpa3oBaHUs BbIPABHUBACTCS
110 IpaBOMY Kparo B peructpe aanHbix ADC.

4 |CHMUXA4 |buts! ynpasiienus BEIOOPOM UCTOYHHMKA BXoHOro curaana ALIL.
CHMUX[3:0] | Hcrounm Ouncanue
BXO/JIHOT'0 CHTHAJIA
3 |ICHMUX3 0 0000 PCO
0 0001 PC1
0 0010 PC2
0 0011 PC3
0 0100 PC4
2 |CHMUX2 8 gigé I:)CE:? Bxon BHemHero nopta
0 0111 PE3
0 1001 PC7
0 1010 PFO
1 |CHMUX1 0 1011 PEG6
0 1100 PE7
0 1101 VDO Cxema BHYTPEHHETO JIeIeHUS
0 1000 1/5VDO
0 1110 IVREF BHyTpeHHee onopHoe HanpsKeHHe
0 JCHMUXO 0 1111 AGND NmMuTtupoBanHas 3eMst
1 XXXX DACO Buytpennuii Beiog LIATL

ADCSRC - Peeucmp C ynpasnenus u cocmosnus AL

‘ ADCSRC - Peructp C ynpasiienusi u cocrossHusi ALIII

Anapec: 0x7D 3Havenwue mo ymomadanuio: 0x00

Bbur

Il 6 5 4 3 2 1 0




Nmsn OFEN - SPN AMEN - SPD DIFS ADTM

R/W R/W - RIW RIW - R/W R/W R/W
bur| HWmsa OmnpenesieHne OUT
OFEN = 1- pa3pemuTh KOMIICHCAIIMIO CMEIICHUS;
7 OFEN OFEN = 0 - oTKIIOYATH KOMIIEHCALIAIO CMELI[CHUS
6 - 3ape3epBUPOBAHO
5 SPN VYrpaBneHnue noJiipHOCTHIO BBo1a ripeoOpazoBanus ALIIL, ucnosb3zyemoe TOJIbKO st
nporecca KAIMOPOBKU cMenieHus. JloypkeH ObITh OYHIIEH MPH HOPMAJIBHOM PEKUME.
AMEN = 1- BxiIroYeH aBTOMAaTHYECKHII MOHUTOPUHT KaHaja
4 | AMEN AMEN = 0 - oTk;r0YeH aBTOMaTHYECKU MOHUTOPHUHT KaHaJIa
3 - 3ape3epBUPOBAHO
SPD =0 - pexxum HH3KOCKOpPOCTHOTO peoOpazoBanust ALIIT
2 SPD SPD =1 - pexum BbICOKOCKOpocTHOTO TipeoOpazoBanust AL, ncnonbs3yercs TOIBKO
1151 HI3KOOMHOTO aHAJIOTOBOT'O BX0J1a
1 DIES DIFS = 0 - nonkmouenue AL k mynsTumnexkcopy ALIT
DIFS =1 - nonxmouenue ALl k BHyTpeHHEMY T HEpeHIINATFHOMY YCHUIATEITIO
0 | ADTM [TecroBslii pesxuM, BHyTpEHHEE OMOPHOE HANpsiKeHUe oT BbixoaHoro nopra AVREF

DIDRO - Pecucmp ynpasnenus 0 L{ugpposvim 6xooom (Omxkn)
DIDRO - Peructp ynpasijenusi 0 HludgpoBbim Bxoaom (OTK.)

Anpec: OX7E 3nauenue no ymomyanuto: 0x00
bur 7 6 5 4 3 2 1 0
Hms PE3D PE1D PC5D PC4D PC3D PC2D PC1D PCOD
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur| Wwmsa Onpenesnenue OUT

PE3D |1 = Beikn. @ynknus mudposoro Bxoxa PE3

PE1D |1l = Beikn. ®ynkuus nuugposoro Bxona PE1L

PC5D |1 = Beixu. ®ynkuus nudponoro Bxoaa PCS

PC4D |1 = Beixu. @ynkuus nudponoro sxoaa PC4

PC3D |1 = Beixu. ®ynkuus nudponoro Bxona PC3

PC2D |1 = Beixu. ®ynkuus nudponoro Bxona PC2

PC1D |1 = Beikn. ®ynkuus mudposoro Bxoxa PC1

Ol INjwlIR~lOIO N

PCOD |1 = Beikn. ®ynkuus mudposoro Bxoga PCO

DIDR1 - Pecucmp ynpaenenus 1 L{ughposvim exooom (Omxn)
‘ DIDR1 - Perucrtp ynpasiaenusi 1 l{lupposbim Bxogom (OTK.I)

Anpec: OX7F 3navyenue no ymomdanuio: 0x00
Bur 7 6 5 4 3 2 1 0
Nmsn PE7D PE6D PEOD COPD PFOD PC7D PD7D PD6D
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur| HWmsa Omnpenesienne OUT

PE7D |1 = Beikn. ®ynknus nudposoro Bxona PE7

PE6D |1 = Beikn. @ynkuus mudposoro Bxoxa PE6

PEOD |1 = Beixn. ®ynkuwms mudposoro Bxoga PEO

COPD |1 = Boiki. ®ynkius nudposoro Bxomaa COP

PFOD |1 = Beiki. ®ynknus nudposoro Bxoaa PFO
PC7D |1 = Beikn. ®ynkuus nudposoro Bxoxa PC7

Njwl~jOION




1 PD7D |1 = Beikn. @ynkius mudposoro Bxoga PD7
0 PD6D |1 = Beikn. @ynkius mudposoro Bxoga PD6

DAPCR - Pecucmp ynpasnenus ougpepenyuanvHuvim ycuiumenem

ADCSRD - Peructp D ynpasiaenusi u cocrossaus AL

Anpec: OXAD 3navyenue no ymonuanuio: 0x00
bur Il 6 5 4 3 2 1 0
Nms DAPEN GAl GAO DNS?2 DNS1 DNSO DPS1 DPS0O
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur| Hmsa Onpenesenue OUT

7 | DAPEN DAPEN =1 - ximrounts auddepeHnyaibHbli yCHIUTEb,
DAPEN = 0 - oTkmrounTh auddepeHInanbHbli yCHINTENb

6 GAl Ycunenue nuddepeHnnaibHOe yCUITUTENs:
00 =x1
01 =x8
5 | GAD 10 = x16
11 =x32
4 DNS2 Huddepenunansuplii yeunutelbs WHBEPTUPYIOIIHI BXO:
3 DNS1 000 = ADC2/ APNO

001 = ADC3/APN1
010 = ADC8 / APN2
011 = ADC9/ APN3

2 DNSO 100 = PEO / APN4

101 = AIIII ¢ MyIbTUIIIIEKCUPOBAaHUEM

110 = AGND

111 = Off orxirouen MHBepTHpYONIIHI BXOX
1 DPS1 Huddepenunanbublii yeunutens HemnBepTupyemblil BXOA!

00 = ALIIT ¢ MynbTUIIIIEKCUPOBAHNUEM
01 = ADCO/ APPO

10 = ADC1/ APP1

11 = AGND

0 DPSO

OFRO - Peeucmp xomnencayuu cmeuierus ()

| OFRO - Peructp komneHncanuu cMemenus (

Anapec: 0XA3 3nadenue o ymondanuio: 0x00

Bur 7 6 5 4 3 2 1 0

Nmsn OFRO0[7:0]

R/W R/W
bur| Nms Omnpenesienue OUT

_ Komnencauus cmemenus peructpa 0; B OFRO xak 3nHakoBoro yucna.
7:0| OFRO

XpaHUTh B JBOMYHOM JIOTIOJTHUTEIHLHOM (popmare

OFR1 - Peeucmp xomnencayuu cmewjenus 1
\ OFR1 - Peructp komMmneHcanuu cMemenus 1
Anpec: 0XA4 3nauenue nmo ymomyanuio: 0x00
but 7 6 5 4 3 2 1 0
Nmn OFR1[7:0]




R/W R/W
bur| HWmsa OmnpenesieHne OUT
70 | oFr1 Komnencamus cmemenus peructpa 1; B OFR1 kak 3HaKoBOro uncnia. XpaHuTh B
JIBOUYHOM JIOTIOJIHUTENILHOM (opmare

ADTOL - Asmomamuueckuti KOHmMpPOIb HUINCHE20 NOPO2A - MAAOWUL Oalim

ADTOL - ABTOMaTHYecKHMi KOHTPOJb HHKHEr0 NMOpora - MJIaamui 0aiT

Anpec: OXA5 3navyenue no ymonuanuio: 0x00
but 7 6 5 4 3 2 1 0
Nmsn ADTOL[7:0]
R/W RIW
bur| Hmsa Onpenesenue OUT
7:0 | ADTOL | ABTOMaTH4YeCKHi KOHTPOJIb HUKHETO ITOPOTra IMEePErOoJIHCHHUS PerucTpa MiIaaime 8 Out

ADTOH - Asmomamuueckuti konmpons HudCcHe20 nopo2a cmapuiuii baum

ADTOH - ABTroMaTH4ecKHil KOHTPOJb HUKHET0 MOPOra - CTAapIInii 6alT

Anpec: 0XA6 3nauenue no ymomyanuio: 0x00
but Il 6 5 4 3 2 1 0
Nmsn ADTOL[7:0]
R/W RIW
bur| HWmsa OmnpenesieHue OUT
7:0 | ADTOH | ABTOMaTHUYECKHI1 KOHTPOJIb HIKHETO ITOPOTa IMEPETIOTHEHHS PETUCTpa cTapire 8 OUT

ADTIL - Asmomamuueckuii KOHMPOIb BEPXHE20 NOPO2A MAAOUIUU Oatim

ADTI1L - ABromaTH4ecKHil KOHTPOJIb BEPXHEro mopora - Miajamuii 0aut

Anpec: OXAA 3navyenue no ymondanuio: 0x00
but 7 6 5 4 3 2 1 0
Nms ADTOL[7:0]
R/W R/W
bur| HWmsa Omnpenesienne OUT
7:0 | ADTLL |ABromarnyeckuii KOHTPOJIb BEPXHETO OPOTa MEPENOTHEHUS PErHCcTpa Miramue 8 OuT

ADTI1H - Asmomamuueckuti KOHMPOIL BEPXHE20 NOPO2A CMAPUULL baum

ADTI1H - ABTromaTMyecKHii KOHTPOJIb BEPXHEro nopora - Miaamuii 6amr

Anpec: 0XAB 3navyenne no ymomdanuio: 0x00
bur 7 6 5 4 3 2 1 0
Nms ADTOL[7:0]
R/W R/W
bur| HWmsa Omnpenesienne OUT
7:0 | ADT1H | ABToMaTHuUeCKHUil KOHTPOJIb BEPXHETO MOPOTa MEePernoHEeH s perucTpa crapiuime § OuT

ADMSC - Pecucmp konmpons cocmosinus kanana AL

ADCSRD - Peructp KOHTpOJIsI cocToOssHUS kKaHata AL
Anpec: 0OXAC |

3nadenue no ymonyanuto: 0x01




burt

7 6 5 4 3 2 1 0
Nms AMOF - - - AMFC3 | AMFC2 | AMFC1 | AMFCO
R/W R - - - R/W R/W R/W R/W
bur| Hmsa Onpeneseane OUT
ABTOMAaTHYECKUH MOHUTOPUHT (DJ1aroB Tuma coOBITHS TIEpENOTHEHUS; | =
7 | AMOF
Ilepenonuenue, 0 = OnycrouieHue
6 -
3) - 3ape3epBUPOBAHO
4 -
3 JAMFC3| ABroMarnyeckuii MOHUTOPUHT OUTOB yIpaBiIeHUs MUPPOBBIM DHILTPOM:
2 | AMFC2 0000 - OTkIIF0UNTH KOHPUTYPALTHIO
1 | AMEC1 0001 - OxgHo mpeobpazoBanue, 6€3 GUILTpPATIH
0010 - IBa mociie1oBaTEIbHbBIX COBIIAICHUS
0011 - Tpu nmocnenoBaTEIbHBIX COBIAACHUS
O AM FCO .......
1110 - 14 nocnenoBarTelIbHBIX COBIAICHUNA
1111 - 15 nocnenoBaTeIbLHBIX COBIAACHUNA

ADCSRD - Pecucmp D ynpasnenus u cocmosinus AL
ADCSRD - Peructp D ynpaBiaenusi u coctosanus AL

Anpec: OXAD 3navyenne no ymomyanuio: 0x00
but 7 6 5 4 3 2 1 0
Nms BGEN REFS2 | IVSEL1 | IVSELO - VDS2 VDS1 VDS0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
bur| HWmsa Omnpenesienne OUT
7 | BGEN BHyTpeHHee rio6anpHOe yIpaBieHHe BKIOUeHUueM, | = pa3penmThb
6 | REFS2 JCoBmectno REFS2 ¢ REFS[1:0] B ADMUX s BeiOOpa onopHoro Hampsbkenust AL
5 JIVSEL1L Korna onopusiit Hanpsbxkenuss AL nian VCC, npennoututensno AVREF, IVSEL
BHYTPEHHEr0 KOHTPOJIS JUIs1 BBIXOJHOT'O HANPSKEHUS! OMOPHOTO:
00 =1.024V
4 |IVSELO 01 = 2.048V
1x = 4.096V
3 - 3ape3epBUPOBAHO
2 | VDs2 Br100p cTOYHMKA BXOAHOTO CUTHAJA JEITUTENST HAIIPSDKEHUS
1 VDS1 000/111 = Monynb cXxeMbl IeTUTENs HAPSHKEHUST OTKITIOUSHUS
0 VDSO0 001 = ADCO

VCAL - Pecucmp enympeHnHuti KOHMpOAbHbIU KATUOPOBOUHDIL

VCAL - Perncrp BHYTpeHHMII KOHTPOJIbLHbIN KAJIHOPOBOYHBII

Anpec: 0xC8 3navyenue o ymondanuio: 0x00

Bur 7 6 5 4 3 2 1 0

Nmsn VCAL][7:0]

R/W R/W
bur| HWmsa OmnpenesieHne OUT

BHyTpeHHHUH perucTpalluOHHBIA PETHCTP KaTUOPOBKH. 3HAUYEHHUE M0 YMOTYAHHIO
70 | veaL 1.024V 3arpysxaeTcs mociie BKIIOUCHHUS TUTAaHUSA. 3aliCh KaTMOPOBOYHBIX 3HAYCHUH
JPYTUX OTMOPHBIX HAMPSDKEHUH B ATOT PETUCTP MO3BOJISAET KAINOPOBATh
COOTBETCTBYIONIYIO CChUIKY. Hampumep, ecnu ccpuika yctaHopiieHa Ha 2.048V,




Harmmte VCAL2 B peructp, 4ToObI 3aBEpPIINTH KaTHOPOBKY BHYTPEHHEH CCHUIKH

2.048V.

VCAL1L — 1,024 - kanubposounsiii pecucmp

VCAL1 - kanu0poBOYHBIIi perucTp

Anapec: 0XCD 3Havenwue mo ymoiadanuto: 0x00
bur Il 6 5 4 3 2 1 0
Nms VCAL1[7:0]
R/W RIW
bur| HWmsa Omnpenesienne OUT
7:0 | VCAL1 Buytpennuii onopHsiii KanuOpoBouHbIi kodhdunment ais 1.024V

VCALZ2 — 2,048 - kanubposounsiii pecucmp

VCAL2 - kaJinOpoBOYHBIH perucTp

Anpec: OXCE 3navyenue no ymondanuio: 0x00
bur Il 6 5 4 3 2 1 0
Nms VCAL2[7:0]
R/W R/W
bur| HWmsa OmnpenesieHue OUT
7:0 | VCAL2 Brytpennunii onopHsiii kKannOpoBouHbIi Kodhdurment mis 2.048V

VCAL3 — 4,096 - kanubposounsiii pecucmp

VCALS3 - kaJauOpoBOYHBIH perucTp

Anpec: 0XCC 3navyenue no ymondanuio: 0x00
bur 7 6 5 4 3 2 1 0
Nms VCALZ3[7:0]
R/W R/W
bur| HWmsa Omnpenesienne OUT
7:0 | VCALS BHytpennuii onopHsli kanubpoBouHbli kodp¢unpent aus 4.096V

24. Peructpnl Kparknii CnpaBounuk Tabanna

HUms

Bit7

Bit6

Bit5

Bit4 |  Bit3

Bit2

Anp

PacimmpeHHbli ;KypHaJ BBOAa-BbIBOJA

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
FO PMX2 WCE STOSC1 | STOSCO - - XIEN EGEN C6EN
EE PMX0 PMXCE C1BF4 C1AF5 COBF3 COACO SSB1 TXD6 RXD5
ED PMX1 - - - - - C3AC C2BF7 C2AF6
EC TCKSR - F2XEN | TC2XFl | TC2XFO - AFCKS TC2XS1 TC2XS0
E2 PSSR PSS1 PSS3 - - - - PSR3 PSR1
El OCPUE PUE7 PUEG PUES PUE4 PUE3 PUE2 PUE1 PUEO
EO HDR - - HDRS HDR4 HDR3 HDR2 HDR1 HDRO




DE | DAPTE | DAPTE - | - | - | - | - | - | -
DD | DAPTR DAPTP O6peska DAP

DC | DAPCR DAPEN GAl GAO DNS2 DNS1 DNSO DPS1 DPSO
D8

D7

D6

D5

D4

D3

D2

D1

DO

CF | LDOCR WCE PDEN VSEL2 VSEL1 VSELO
CE VCAL2 KanubpoBoutoe 3HaueHue uis 2.048 B

CD VCAL1 KanubpoBounoe 3nauenue s 1.024 B

CC | VCAL3 Kann6poBounoe 3Hauenue s 4.096 B

C8 VCAL CnpaBoYHBIN KaIMOPOBOYHBIN PETHCTP BHYTPEHHETO HANIPSKESHUSI

C6 UDR Peructp nanaeix USART

C5 UBRRH - | - | - | - | USART Peructp cKOpocTH Iiepeadn JaHHBIX
C4 UBRRL USART Peructp ckopocTu nepefayu JaHHBIX

C2 UCSRC | UMSEL1 | UMSELO UPM1 UPMO USBS0 UCSZ01 UCSZ00 UCPOLO
Cl UCSRB RXCIEQO | TXCIEO | UDRIEO RXENO TXENO UCSZ02 RXB80 TXB80
CO UCSRA RXCO TXCO UDREO FEO DORO UPEO U2Xxo0 MPCMO
BD | TWAMR Macka agpeca TWI .
BC| TwcR | TWINT | TWEA | TWSTA | Twsto | TwwC | TWEN | - TWIE
BB TWDR TWI annbie

BA TWAR TWI Anpec TWGCE
B9 | TWSR Buthi cocrosams TWI | - | TwPs1 TWPS0
B8 TWBR Peructp ckopoctu TWI

B6 | ASSR INTCK | - | As2 | TcN2uB | OCR2AUB | OCR2BUB | TCR2AUB | TCR2BUB
B4 OCR2B Taiimep 2 Brixog CpaBauts B

B3 OCR2A Taiimep 2 Boixon CpaBHuTh A

B2 TCNT2 CueTunk BpeMeHH TaiiMepa 2

Bl | TCCR2B | FOC2A FOC2B - - WGM22 CS22 CS21 CS20
BO | TCCR2A | COM2Al1 | COM2A0 | COM2B1 | COM2B0 - - WGM21 WGM20
AF DPS2R - - - - DPS2E LPRCE TOS1 TOSO
AE | I0CWK I0CD7 10CD6 10CD5 I0CD4 10CD3 I0CD2 10CD1 10CD0
AD | ADCSRD BGEN REFS2 IVSEL1 IVSELO - VDS?2 VDS1 VDS0
AB | ADTI1H ADC Aromonurop Ilopor nepenosiHeHus cTapimi 6anT

AA ADTI1L ADC Astomonutop [lopor nepenonneHust Miagmuii 6aiiT

A8 DDRE Hanpasnenne nanusix E (s coBmectumoctn ¢ LGT8FX8D)

A7 PINE Iopt BxonoB E (s coBmectumbix ¢ LGT8FX8D)

A6 ADTOH ADC AtomonuTop HmxHuii opor crapmmii 6anT

A5 ADTOL ADC AstomonnTop Hmxani nopor muragmmuii 6aift

A4 OFR1 [TonmoxxutensHas kKoppekims cmemmenns ALTT

A3 OFRO OtpuuarenbHas koppekius cmemeHus: AL

Al DALR ITAII peructp TaHHBIX

A0 | DACON - | - | - | - | DACEN | DACE | DAvVSL | DAVSO
9F | OCR3CH Taiimep 3 Boixon CpaBanth C Crapmmii Oaift

9E OCR3CL Taiimep 3 Beixog CpaBauts C Muaammmii 6ait

9D DTR3H Peructp meptBoii 30ub1 Timer3 Crapmuii 6aiT

9C DTR3L Peructp mMepTBoii 30HBI Timer3 Mutaammii 6ait

9B | OCR3BH Taiimep 3 Boixon CpaBants B Crapmmii 6aiiT

9A | OCR3BL Taiimep 3 Boixon CpaBuuth B Muammnit 6ait

99 | OCR3AH Taiimep 3 Boixon CpaBuuth A Crapiuunii 6ait

98 | OCR3AL Taiimep 3 Boixon CpaBanth A Mutaammii Gait




97 ICR3H Perucrp 3axBara Bxoza Timer3 Crapumuii 6ait

96 ICR3L Peructp 3axBara Bxoga Timer3 Miammii 6aiit

95 | TCNT3H Peructpa cuerynka Timer3 Crapuuii OaiT

94 TCNT3L Perucrpa cuerynka Timer3 Muammuii 6ait

93 | TCCR3D Peructp ympasnenus D Taiimepa3

92 | TCCR3C Peructp ynpaenenus C taiimepa3

91 | TCCR3B Peructp ynpasnenus B taiimepa3

90 | TCCR3A Peructp ynpasienus A Taiimepa 3

8D DTR1H Peructp taiimepa Timerl Crapuimii 6ait

8C DTR1L Peructp taiimepa Timerl Muagmmii 6aiT

8B | OCR1BH Taiimep 1 Boixon CpaBanth B Crapmmii 6ailT

8A | OCR1BL Taiimep 1 Boixon CpaBauth B Muammuit 6ait

89 | OCR1AH Taiimep 1 Boixog CpaBauth A Crapimii 0aiT

88 OCRI1AL Taiimep 1 Boixon CpaBauth A Mutaamimii 6ait

87 ICR1H Taiimep 1 Bxoauoii curaan Crapiuii 6ait

86 ICR1L Taiimep 1 3axBar Bxona Muaammii Oait

85 | TCNTIH Taiimep 1 Cuerunk Crapiuii 6auT

84 TCNTI1L Tatimep 1 Caerank Muitaamminii 6aiT

83 | TCCR1D DSX17 DSX16 DSX15 DAX14 - - DSX11 DSX10

82 | TCCR1C | FOC1A FOC1B DOC1B DOCI1A DTEN1 - - -

81 | TCCR1B ICNC1 ICES1 - WGM13 WGM12 CS12 CS11 CS10

80 | TCCR1A | COM1Al | COM1AO0 | COM1B1 | COM1BO - - WGM11 WGM10

7F DIDR1 PE7D PE6D PEOD COPD PFOD PC7D PD7D PD6D

7E DIDRO PE3D PE1D PC5D PC4D PC3D PC2D PC1D PCOD

7D | ADCSRC OFEN - SPN AMEN - SPD DIFS ADTM

7C | ADMUX REFS1 REFSO ADLAR | CHMUX4 | CHMUX3 | CHMUX2 | CHMUX1 | CHMUXO0

7B | ADCSRB | CMEO1 CMEQO CME11 CME10 - ADTS2 ADTS1 ADTSO

7A | ADCSRA | ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPS0

79 ADCH ADC Jlannusie Ctapmmii 6aliT

78 ADCL ADC Jlanubie Miamimii 0aiT

76 | DIDR2 - pBSD | - | - | - | - - -

75 IVBASE ba3oBbIii aipec BEKTOpa MpEephIBaHUs

74 | PCMSK4 PCINT[39:32]

73 | PCMSK3 PCINT[32:24]

71 | TIMSK3 - - ICIE3 - OCIE3C OCIE3B OCIE3A TOIE3

70 | TIMSK2 - - - - - OCIE2B OCIE2A TOIE2

6F | TIMSK1 - - ICIE1 - - OCIE1B OCIE1A TOIE1

6E | TIMSKO - - - - - OCIEOB OCIEOA TOIEO

6D | PCMSK2 PCINT[23:16]

6C | PCMSK1 PCINT[15:8]

6B | PCMSKO PCINT[7:0]

69 EICRA - - - - ISC11 ISC10 1SCO1 1SC00

68 PCICR - - - PCIE4 PCIE3 PCIE2 PCIE1 PCIEQ

67 | RCKCAL RC32K KamubpoBka

66 | RCMCAL RC32M Kanubposka

65 PRR1 - - PRWDT - PRTIM3 PREFL PRPCI -

64 PRR/0 PRTWI PRTIM2 | PRTIMO - PRTIM1 PRSPI PRUARTO | PRADC

62 VDTCR WCE SWR - VDTS2 VDTS1 VDTS0 VDREN VDTEN

61 CLKPR WCE CKOE1 CKOEO - CLKPS3 CLKPS2 CLKPS1 CLKPS0

60 | WDTCSR WDIF WDIE WDP3 WDCE WDE WDP2 WDP1 WDPO
IIpsiMoii perucTp BBOAA-BbIBOAA

5F SREG [ T | H | s | Vv | N Z C

SE SPH VYxazarens Crexa Crapumii OaiT

5D SPL Vxkazarens Crexa Mitanmmii 0aiT

5C E2PD3 E2PCTL Peructpa nansasix 6aT 3

5B CITR AC1 noaroHka JaHHBIX




5A E2PD1 E2PCTL Peructp nanusix 6aiT 1

59 DSAH DSA [31:16] mopT noctyna uDSC

58 DSAL DSA [15:0] nopt goctyna uDSC

57 E2PD2 E2PCTL Peructpa naabeIx 6aiT 2

56 ECCR WEN EEN ERN SWM CP1 CPO ECS1 ECSO
55 | MCUCR | FWKEN | FPDEN SWR PUD IRLD IFAIL IVSEL WCE
54 MCUSR SWDD - - OCDRF WDRF BORF EXTRF PORF
53 SMCR - - - - SM2 SM1 SMO SE
52 COTR ACO0 noaroHka JaHHBIX

51 COXR - COOE COHYSE COPSO COWKE COFEN COFS1 COFSO
50 COSR CO0D COBG C00 COl COIE COIC COIS1 COISO
4F DTRO Peructp ynpasiieHUsI BDEMEHHBIM AHANa30HOM MepTBoii 3005 TCO

4E SPDR Peructp nanseix SPI

4D SPSR SPIF WCOL = = = DUAL z SP12X
4C SPCR SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO
4B | GPIOR2 Peructp oG1mero Ha3HaueHus 2

4A | GPIOR1 Peructp oOrmero HasHaueHus1l

49 | Tccroc | Dsxo07 | Dsxo6 | Dsx05 | Dsxo4 | - | - | Dsxo1 | DsXxoo
48 OCROB Taiimep 0 Berxog CpaBauts B

47 OCROA Taiimep 0 Boixon CpaBHuTh A

46 TCNTO Taiimep/Cuerynk 0

45 | TCCROB | FOCOA FOCOB OCOAS DTENO WGMO02 CS02 CS01 CS00
44 | TCCROA | COMOAL | COMOAO | COMOB1 | COMOBO DOCOB DOCOA WGMO01 WGMO0
43 GTCCR TSM - - - - - PSRASY | PSRSYNC
42 EEARH E2PCTL Anpec Crapmmii 6aiiT

41 EEARL E2PCTL Anpec Mnanmmii 6aiiT

40 E2PDO E2PCTL Baiit nanusix 0

3F EECR EEPM3 | EEPM2 | EEPM1 | EEPMO | EERIE | EEMWE | EEWE | EERE
3E GPIORO Peructp obmiero nHaznauenus 0

3D EIMSK - - - - - - INT1 INTO
3C EIFR - - - - - - INTF1 INTFO
3B PCIFR - - - - PCIF3 PCIF2 PCIF1 PCIFQ
3A CLXR - C10E CIHYSE C1PS0O CIWKE C1FEN C1FS1 C1FSO
39 SPFR RDFULL | RDEMPT | RDPTR1 | RDPTRO | WRFULL | WREMPT | WRPTR1 | WRPTRO
38 TIFR3 - - ICF3 - - OCF3B OCF3A TOV3
37 TIFR2 - - - - - OCF2B OCF2A TOV2
36 TIFR1 - - ICF1 - - OCF1B OCF1A TOV1
35 TIFRO - - - - - OCFOB OCFOA TOVO
34 PORTF ITopt Berxox rpynmsr F

33 DDRF Hamnpagnenue nanHpIx rpymmnsl F

32 PINF ITopT BBOAA rpymms! F

31 DSDY DSDY - moprt mocryma mius uDSC

30 DSDX DSDX - moprt mocryma aius uDSC

2F C1SR cib | ciBG | cio | cu | cue | cuc | cusit | ciso
2E PORTF ITopt Brixox rpymmsr F

2D DDRF Hanpasnenue nansbix rpynnsl F

2C PINF IopTt BBOAA rpymmsl F

2B PORTE [Topt Brixox rpymmsr E

2A DDRE Hamnpasnenue nanHbIx rpymms! E

29 PINE ITopt BBOJA rpynIBEI E

28 PORTC IMopt Beixox rpymmsr C

27 DDRC Hamnpasnenune nanueix rpymms C

26 PINC Iopt BBOJA rpymBl C

25 PORTB ITopt Beixox rpymims: B

24 DDRB Hanpasnenne nanaeIx rpymnmns! B

23 PINB Iopt BBOJA rpynIEI B




22 DSSD DSSD nopr gocryna uDSC
21 DSIR Peectp uncrpykiuii jyig uDSC
20 DSCR | DSUEN | MM | D1 | DO - | DSN | Dsz DSC

25

. HaOop uncTpykumid kpatkuii CnipaBoyHuk Ta0iauna
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