OOMEH C

KOMIMbIOTEPOM YEPE3
COM rnopt B ATMEGAT16




YHUBEPCAAbHbIN
CUHXPOHHbIM/ACUHXPOHHbIM
NPUEMO-NEPEAATIMK

[ Bce 6e3 UCKAIOHEHMA MUKPDOKOHTPOAAERBI CEMENCTBA Mega MMEIOT B
CBOEM COCTABE OT OAHOTO AO YETbIPEX MOAYAEN YHUBEPCAABHOIO
CUHXPOHHO/ACUMHXPOHHOIO npmemo-rnepeaatimka (USART).

0 Bce MOAYAU MPUEMO-NEPEAATIMKOB ODECTEYMBAIOT MOAHOAYMNAEKCHbIM OO
MEH MO NMOCAEAOBATEABHOMY KAHAAY, MPKM 3TOM CKOPOCTb NEPEAQUM
AQHHbIX MOXXET BAPbMPOBATLCH B AOBOABHO LLIMPOKMX NPEAEACX.
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MoAyAn USART B MUKDOKOHTODOAAEPDAX
ceMeNCTBa Mega

MoAyAn USART, pe€aAM3OBAHHbBIE B MMKPDOKOHTPOAAEROX CEMEMNCTBA, MOTYT
OOHAPY>XXMBATb CAEAYIOLLLME BHELLTATHLIE CUTYALLUM:

[nepenoAHeHME;

JoLwmbka KOAPUPOBAHMS;

[HeBepHbIM CTAPT-OMT.




BbIBOAbI, MCMOAb3yeEMbBIE MOAYAIMM USART
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XK} | — | = | - | — | — | — - | - - PJ2 | — | iuHero TakTOBOrO
curxana USART3
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PasmeLllueHmne permctpoB AQHHbIX
MOAYAEN USART
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Popmar permctpos UCSRA (UCSRNA)

7 6 5 4 3 2 1 0

Yrenwe(R)/3amcu{W) R R/W R A A E RW  R/W
Ha4ansHoe 3HaYeHne 0 0 1 0 0 0 0 0




butel pernctpos UCSRA (UCSRNA)

Bur | Hassauue Onncanne

Duar 3asepuwienna nprema. Pnar ycraHaBAKBaeTCs B | NPH HATHYHMH HEMPOUH-
RXC TaHHbIX JaHHBIX B Oyhepe npuemuuka (peructp naHusx UDR). CopacuiBaercs
7 (RXCr) thnar annapatHo nocne onycroweHus 6ytepa. Ecnu 6ut RXCIE (RXCIEn) pe-

ructpa UCSRB (UCSR#B) ycraHoBneH, To Npu YeTaHOBKe hiara reHepHpyeTcs
3aMpoc Ha MPEpPbIBAHHE «MPHEM 3aBEpLLEH»

@aar 3asepwennsa nepenayn. Onar ycranasnusaerca B | nocne nepenayn seex G-
TOB NOCKLITKH U3 CABHIOBOrO PErHCTPA NEPEATYHKA NMPH YCIOBHH, YTO B PETHCTP
TXC naHHeIX UDR He Guino 3arpyxeHo Hosoe 3HayeHHe. Ecnu 6ut TXCIE (TXCIER)
6 (TXCn) peructpa UCSRB (UCSR#B) yctaosieH, To npH ycTaHoBKe iara reHepupyeT-

CH NpepbIBAHKE «Mepeaada 3aBeplLCHa». ¢J‘Ial' CGDﬂCHBaC'ICi ATNMAPATHO NMPH Bkl-
NONHEHHH MOAMPOrpaMMbl 00PabOTKH NPEPLIBAHMA HITH NPOrPaMMHO, 3ANMHUCHIO
B Hero Jior, |

@ar oNYCTOWEHHA PErHeTPa AAHHBIX. [aHHbI diar yeTaHaBIHBaeTcA B |
npu nycroM 6ythepe nepeaarinka (nocne nepechblnky 6aiTa M3 PerucTpa JaHHbIX
UDR B caBUroBbli peracTp nepenaTyuka). YcTaHosneHHbIH dnar o3Havaer,
5 UDRE d :
(UDREn) YTQ B PEFMCTP JAHHLIX MOXHO 3arpykarb Hosoe 3Havenue. Ecnu our UDRIE
(UDRIEn) pernctpa UCSRB (UCSRnB) yctanomneH, reHepupyercs 3anpoc
HAa NPepbIBAHME «PErHCTP IaHHBIX NycT». Pnar cOpackiBaeTcs annaparHo,
NpH 3aMACH B PEFHCTP NaHHBIX

FE @nar ownbky kaapuposanua. Pnar yeraHaBnupaeTcs B | mpH 0GHapyXeHHH
4 (FEn) OLIKHOKH KapHpoBaHHs, T. €. €cM NepBblil cTON-0MT NPHHATON NOCBLLIKH paBeH
0. ®nar cbpacbiBaeTcs NpH npxeMe cTon-0mra, pasHoro |1

@nar nepenoanerns. Onar ycTaHaBIMBAETCA B |, eC/IH B MOMEHT 0GHApYXKEHHs

DOR HOBOTO CTAPT-6MTA B CABHIOBOM PErHCTPE NPHEMHHKA HAXOOUTCH NMocheaHee

3 (DORn) NpHHATOE C/I0BO, a Gycep npueMHKKa nonoH (cosepxut asa Gaiita). ®nar cOpa-
ChIBA€TCA MPH MEPECHLIKE MPHHATHIX JaHHbIX 3 CBHTOBOTO PErHCTPA MPHUEMHH-

Ka B 6ydep

UPE @aar ownGKH KOHTPOAR YeTHoeTH. Daar yeTaHABTHBACTCH B 1, €C/IH B JAHHBIX,

2 (UPEn) Haxonsumxes 8 Gydepe npreMHKKa, BbIABAEHA OIIMGKA KOHTPONA YETHOCTH.
TTpH OTK/I04EHHOM KOHTpONE YeTHOCTH 3T0T BHT nocTosHHO chpotuen B 0
¥aeoenne ckopocTH obmena. Eci 31oT 6HT ycTaHosneH B 1, To ko3gduument

U LeneHus PeInenHTeNs KOHTPONAEPA CKOPOCTH NepeayH yMeHbluaeTcs ¢ 16 10

1 (U2Xn) 8, ynpauBas TeM CaMbIM CKOPOCTh ACHHXPOHHOTO 0OMEHa MO MOC/EN0BATENbHO-
MY KaHany. 3T0T GHT HCMOAL3YeTeA TOABKO MPH ACHHXPOHHOM pexHMe paboThl
H B CHHXPOHHOM PeXHMe 10/DKeH ObiTh cOpolLen

MPCM Pexcum mynsTHNpoOUeccoproro oGmena. Ecnu 37oT GUT ycTaHoBAeH B |, BegoMbtlit

0 )

(MPCMp) | MMKPOKOHTPOLACP OXUAAET NpHeMa Kajipa, cojepxkallero aapec. Kapel,
HE COEPXKALLHE anpeca YCTPOIfCTBa, HTHOPHpYIOTCS




Popmar permctpos UCSRB(UCSRNB)

7 B 5 4 3 2 1 0
RXCIEn | TXCIEn | UDRIEEN] RXENn | TXENn |UCSZn2 | RXBEn | TXBEn

Yrewwe{RA)/3anmce(W) R AW AW AW AW AW R RW
Havanbwoe aHavewnne 0 0 0 0 0 0 1 0




butkl permctpos UCSRB (UCSRNB

But | Ha3sanue Onucanne
Paspewenne npepoisatna no 3asepuienn npuema. Ecam 1auHblil OuT yeTaHoRNEH
7 RXCIE |81, To npu yctanoske dnara RXC (RXCn) peructpa UCSRA (UCSRnA) reHepu-
(RXCIEn) | pyerca npepuipatue «npueM 3apepiueH» (ecnu dmar I peructpa SREG ycranonneH
Bl)
Pazpewenne npepuiBanna no 3aBepuwennH nepeaayn. Ecnu naHHsiii OHT yoTaHOBEH

6 TXCIE |81, 1o npu ycranoske dnara TXC (TXCn) peructpa UCSRA (UCSRnA) resepu-

(TXCIEn) | pyerca npepbisaHme «mepenaya 3apepuieHas (ecnu cnar | pernctpa SREG yeta-
HomneH 8 1)
Paspewenne npepsianns npH oyncrke pernerpa JanubiX UART, Ecu nanHbii 6ut

5 UDRIE | ycranosneH 8 |, To npu ycranoske ¢nara UDRE (UDREn) peructpa UCSRA

(UDRIEn) | (UCSRnA) resepupyetcsi pepuIBAHHE «PETHCTP AAHHEIX NyCT» (ecau duar 1 pe-
rucrpa SREG ycraHosneH B 1)
Paspewenne npiema. [Tpu yeraHoBKe atoro OuTa b | paspelsaetcs paboTa npHeM-
RXEN | HHka USART u nepeonpenensercs dyHkunonuposanue seibona RXD (RXDn).

4 (RXENH) Mpu copoce Gura RXEN (RXENR) pabota npHemHuuKa 3anpeiuaercs, a ero bydep
cGpacsiBaetca. 3nayenns tnaros TXC(TXCn), DOR (DORr) u FE (FEn) npu
3TOM CTAHOBHTCH HEAEHCTBHTENBHBIMH
Paspewenne nepenayn. [Tpu ycraHoske 31oro OuTa B | paspewaetcs paboTa nepe-

TXEN | AaTiHka UART u nepeonpenensercs ¢yHKupoHHpoBaHie sbisoga TXD (TXDn).

3 (TXEN™) Ecnw 6ut chpaceisaetcs 8 () Bo BpeMst nepenayy, To BLIKIIOYEHHE NepetaTinKa
NpoM30HIET TONLKO NOCHE 3aBepIIeHHS NepeaayH JaHHbIX, HAXOAALMXCA B CABH-
roBOM percTpe i Oydepe nepenatinka

UCSZ2 Dopmar nocsl1ok. ItoT GHT coBMecTHO ¢ Guramu UCSZ 1:0 (UCSZn1:0) perucrpa
2 (UCSZn2) UCSRC (UCSRaC) ucnonb3yeTcs 1% 3a1aHis pa3Mepa COB JaHHBIX, NEpenasa-
EMBIX MO MOCAEN0BATELHOMY KaHamy
RXBS 8-ii OnT npHHKMaeMbIX JaBHBIX, [TpH HCNONB30BaHHM 9-OHTHBIX C/10B AAHHBIX 3TOT
1 GHT COAePXKHT 3HaUeHHe cTapilero BUTa NpuHATOro cnosa. CofepxHMoe 3TOrO
(RXB8n) 6
HTa I0NXHO BBITh CYMTAHO 0 NpouTeHHa perncTpa aaHHsx UDR
8-it 6uT nepenasaembix nanusix. [1py Henonb3oBaHHK 9-BHTHBIX CNOB JAHHBIX CO-
0 TXB8 NEPKRHMOE 3TON0 GUTA ABNAETCH CTApLUMM GHTOM MepeaasaeMoro cnosa. Tpebye-
(TXB8n) | Moe 3HaYEHHE A0MKHO DbITh 3aHECEHO B 3TOT OHT 10 3arpy3kH GaiTa JaHHLIX B pe-
retp UDR




Popmar permcrtpo UCSRC(UCSRNC)

7 & g 4 q 9 1 0 ATmegals 15x/8535x

_ ATmegabx/16x/32x
URSELn | UMSELn| UPMn1 | UPMA0 | USBSa |UCSZn1 | UCSZn0 | UCPOLN ATmega162x

Yrenwe(R)/3anucs(W) RW AW RW HW RW RW RW  RW  ATmegalfiSx/325x/3250x
HayansHoe anavenne 0 0 0 0 0 1 1 0 ATmeqgabd5x 6450k




butbl permcrtpos UCSRC (UCSRNC)

bur | Ha3sarue Onucanne
Pexum padotel USART
UMSELn] | (monenn 48x/88x/168x, 164x/324x/644x n 640x/1280x/1281x/2560x/2561x).
CosmectHo ¢ 6utoM UMSELn0 onpenenser pexum padorel Momynst USART
7 Buibop perdeTpa. 310t OMT Onpesenser, B KaKoi W3 perHcTPOB MOAY/IS MPOH3BO- |
URSEL" | aures sanuce. Ecan GuT yeTanoBaeH B 1, o6paiieHHe IPOH3BOAHTCH K PETHCTPY
(URSELn) | UCSRC (UCSRnC). Ecan xe 61T cOpowen B 0, obpalueHHe NpoM3IBOAKTCH K pe-
rucTpy UBRRH (UBRR#H). Monpobuee — cM. cnenyommii noapasnen
UMSEL Pescnm pabotet USART. Ecnu 61t copoweH 8 0, To Moaynk paboTaeT B aCHHXPOH-|
HOM pexume. Ecin OHT ycTaHoBIeH B |, To MOIY/Ib paboTaeT B CHHXPOHHOM pe-
(UMSELn) PR ‘
6
Pexnm patotet USART
UMSELn0 | (onems 48x/88x/168x, 164x/324x/644x u 640x/1280x,/1281x,/2560x /2561x).
CosmecTHo ¢ 6uToM UMSELn| onpenenser pexum paborel Moayna USART
5 UPMI
(UPMnl) | Pexim pabothi cxemst KOHTPOS H (pOPMHPOBAHHA GHTa YETHOCTH. ITH DUTEHI OMpe-
JensioT GyHKUHOHUPOBAHHE CXEM KOHTPOAA H (GOpMUpPOBaH HA GHTA YETHOCTH
4 UPMO | (cum. nonpasnen 13.2.2)
(UPMn0)
KonnyecTso cron-0mToB. 310T OWT ONpeenseT KONMYECTBO CTON-0HTOB,
1 USBS nocklnaeMeiX nepenardnxkom, Ecnm Our chpowen B 0, nepeaatiuk nockinaet
{(USBSn) | | cron-GurT, ecnu yetaHoBneH B |, To 2 cron-GuTa. [Ina npueMHHKa colepKaMOe
3T0ro GUTa Be3pasnHyHO
5 UCSZ] ‘
(Ucsznl) | Popmar nocsurok. ComectHo ¢ Gurom UCSZ2 (UCSZn2) pernctpa UCSRB
(UCSRnB) 3t OuTBI onpenensior KONHYeCTBO OMTOB JAHHBIX B MOCBLIKAX
| UCSZ0 | (pasmep cnova)
(UCSZn0)




butbl permcrtpos UCSRC (UCSRNC)

bur | Hassanwe Onwcanne

IMonspHocTs TAKTOBOrO CHIHANA. 3HAaYEHHe 3TOro OHTA OnpenenseT MOMEHT Bbl-

| Aa4H M CYMTBIBAHMA AHHEIX HA BEIBOAAX MOAYNA. BHT HCMONB3VETCA TONBKO MPH
paGoTe B CHHXpOHHOM pexime. [1py paGoTe B ACHHXPOHHOM PEXHME OH JOTKEH
OuITh cOpolueH B 0.

UCPOL UCPOL Beinava nanmeix na sbisog | CuyMTeiBaHHE NaHHBIX C BbIBONA
O | (UcPoLm | (UCPOLn) TXD (TXDn) RXD (RXDr)
0 Cnanawowmit dpont XCK Hapactaiowmii dpont XCK
(XCKn) (XCKn)
I HapacTtanowuii gpont XCK Cnanawouwmii ppont XCK
(XCKn) ; (XCKn)

2 3apcacpnupdaau B MOJENAX ATmcga64x,f 128x.




CKOPOCTb NMpuema/nepeAaim

0 B ACHUHXPOHHOM peXmme, a TaKXKE B CUHXPOHHOM PEXMME MPK PADOTE B
KOYECTBE BEAYLLLEIO CKOPOCTb NPMEMA U MEPEAQYM AOHHBIX 3AAAETCH
KOHTPOAAEPOM CKOPOCTU MepeAqyn, PADOTAIOLLIMM KAK AEAUTEAD
CMCTEMHOTIO TOKTOBOTO CUMITHOAQ C MPOrPAMMUPYEMbIM KOS PULIMEHTOM

AeAEHMI. KOOAOMUUMEHT OMNMPEAEAIETCA COAEPRXKMMbBIM PETUCTPA
KOHTPOAAEPA UBRR (UBRRN)




CKOPOCTb NMpuema/nepeAaim

0 CKoOpOCTb OOMEHAO OMPEAEAIETCH CAEAYIOLLMM ODPA30OM:

® ACHMHXPOHHBIN pexuM (0bbiyHbIi, U2Xn = ()

_ Jek
BAUD = 16 - (UBRR + 1)
® ACMHXPOHHBLIN pexXUM (yCKOpeHHBIH, U2Xn = 1)
_ : fCl(
BAUD = —
8- (UBRR +1)
e CHHXPOHHBIH pPeXXUM BeaylIEro
Jek

BAUD = = UBRR+ 1) °




PasmeLllueHmne permcTpos

KOHTPOAAEPA CKOPOC

M NepeAqyn

Moneas Peructpu Axpec
ATmega8515x/8535x " UBRRH:UBRRL $20 ($40):$09 ($29)
ATmega8x/16x/32x " UBRRH:UBRRL $20 ($40):509 ($29)

UBRROH:UBRROL ($90):309 ($29)
ATmegabdx/128x
UBRRIH:UBRRIL ($98):(599)
ATmegad8x/88x/168x UBRROH:UBRROL ($C5):(5C4)
' UBRROH:UBRROL $20 ($40):309 (§29)
ATmegal62x "
UBRRIH:UBRRIL §3C ($5C):300 (520)
UBRROH:UBRROL (3C5):(3C4)
ATmegal 6dx/324x/644x
UBRRIH:UBRRIL ($CD).(3CC)
ATmegal 65%/325%/3250x/645x/6450x UBRROH:UBRROL {8C5):(5C4)
UBRROH:UBRROL (§C5):(5C4)
UBRRIH:UBRRIL ($CD):.($CC)
ATmegab40x,/1280x/2560x
UBRR2H:UBRR2L ($D5):(8D4)
UBRR3H:UBRR3IL ($135):(8134)
) UBRROH:UBRROL (SC5):(5C4)
ATmegal281x/2561x
UBRRIH:UBRRIL ($CD):($CC)

"' B atux monensx peruetp UBRRH (UBRRuH) pasmeluaeTcs mo ToMY Xe aIpecy, YTo H PETHCTP

UCSRC (UCSRnC).




POPMAT KAAPO

[TOA KAAPOM B AGHHOM CAYHOE MOHMMAETCS COBOKYMHOCTb OAHOTO CAOBC
AQHHbBIX M COMYTCTBYIOLLLEN MHAOOPMALMU

KaAp HOYMHQETCA CO CTAPT-OMTA, 3A KOTOPbIM CAEAYET MACALLIMIN OUT
CAOBQA AQHHbIX

[locAe cTapLuero Gmta CAOBA AQHHBLIX CAEAYET OAMH UAM ABO CTOM-OUTA

ECAM BKAIOYEHO CXEMA JOOPMUPOBAHMSA OUTA YETHOCTH, OH BKAIOHAETCH
MEXAY CTAPLLIMM DUTOM CAOBQA AQHHbBIX M NEPBLIM CTOM-OUTOM.



POPMAT KAAPO

I’ Kagp %

000000000

St —crapr-6ur, scerpa 0

(n) = DuTe gAMHEX

P — BUTYETHOCTH

Spl = cron-G«T, ecerpa 1

IDLE — wWeT obSmexa no nidud RxD wan Tx0, aonxsa Beime 1




POPMAT KAAPC

0 PopMAT KOAPA OMPEAEAIETCSH PAIAUYHBIMM OUTAMM PETUCTOOB
UCSRB(UCSRNB) 1 UCSRC (UCSRNC). B YaCTHOCTH, pA3MeP CAOBA AQHHbIX
onpeaeagetca omtamm UCSZ2...UCSZ0 (UCSZNn2...UCSZnO) B cooTBETCTBMM C
AQHHOM TADAMLLEMN:

(ggsgz} (ggsszz,,] 1) (IIJJESSZZH%} Paimep ci0Ba JaHHBIX

0 | 0 0 56Ut

0 0 I 6 Gut

0 1 0 76uT

0 B I - 8 6uT

: 0 0 3ape3epBHPOBAHO

! 0 | B Jape3epBHPOBAHO

! N 0 3ape3epBHPOBAHO
| | ! I I6uT




POPMAT KAAPO

0 Butel UPMT:UPMO (UPIVM:UPMAJQO) permnctpa UCSRC (UCSRA/C) onpeaeAstor
OYHKLIMOHMPOBAHME CXEMbI KOHTPOARA HETHOCTM MOAYAEM USART COrAQCcHO

TADAULLE:
UPMI (UPMnl) UPMO (UPMn0) | Pe3xuM paboThi CXeMbl
0 0 BrikaoyeHa
0 | | | 3ape3epBUpOBAHO
1 » 0 BrnoueHa, nposepKa Ha YETHOCTL (even parity)
| K N BrnwoyeHa, nposepka Ha HedeTHoCTh (odd parity) N




[lepeAa4a AOHHbIX

0 Paborta nepeAatimka paspeLuaeTtcs yCTaHoBkom B 1 6muta TXEN (TXENN)
permctpa UCSRB (UCSRAN). NMpu ycTtaHoBKE 6UTA BbIBOA TXD (TXDn)
NOAKAIOHOETCH K NepeAaTinky USART 1 HOYMHAET QOYHKLIMOHMPOBATL KAK
BbIXOA HE3ABMCUMMO OT YCTAHOBOK PEMMCTPOB YNPABAEHUA MOPTOM. ECAM
MCMOAB3YETCA CUHXPOHHbIM PEXUM PADOTHI, TO MEPEONPEAEAIETCS TAKXKE
OYHKLUMOHMPOBAHME BbIBOAO XCK (XCKnN).




BpeMeHHbIE AMATPAMMbI AAS
CUMHXPOHHOTO pexxmma padoTbl USART
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[Torem AQHHbIX

0 Paborta npuemHmka paspeluaetcsd yctaHoskon oumta RXEN (RXENN) pe
rmctpa UCSRB (UCSRNB). Mpu yctaHoBKE BUTA BbIBOA RXD (RXDn) noa
KAOHaETCA K npueMHUKY USART 1 HOYMHAET OYHKLMOHMPOBATL KOK BXOA
HE3ABMCMMO OT YCTAHOBOK PETUCTPOB YNPABAEHMI MOPTOM. ECAM
MCMOAB3YETCA CUHXPOHHbIM PEXUM PADOTHI, MEPEOMPEAEAIETCSH TAKXKE
OYHKLUMOHMPOBAHME BbIBOAO XCK (XCKnN).




