MNKPOKOHTpO1/1epLI

onTnMmasibHoe COOTHOLUeHne

Atmel

SAM D — Cortex -MO+:

NPOU3BOANTENILHOCTN N 3HEProadpdrekTMBHOCTH

\ B.CungopeHko shy@rtcs.ru

B nocnegHee Bpema ARM-MUKPOKOHTPO1EPbI CTPEMUTENIbHO
3axBaTbIBalOT PbIHOK MUKPO3/IEKTPOHUKN. VIicnonb3oBaHue
COBMECTUMbIX MeXy COO0IM apXUTEKTyp C pas/INyHbIMU YPOBHAMMU
NPOV3BOANTE/IbHOCTY NPEefOCTAaB/IAET LUMPOKNE BO3MOXHOCTU
pa3paboTunky npu BblIbOpe peLleHnii AnA HOBOrO NpoeKkTa

NN TEXHOMOTMYECKOW nnaTgopmebl. cTopms BCTpavBaeMbIxX
MuKponpoLleccopHblX RISC-agep ARM Havyanacb B 1991 rogy c Bbinycka
[aBHO 3a6bITol apxuTekTypbl ARM6. B 2000-e roabl LUMpokoe
pacnpocTpaHeHue nosayynnm MUKPOKOHTPOJIIEPLI U MUKPOMpOLLeccopbl
Ha 6a3e apxutektyp ARM7, ARM9 n ARM11, ncnonb3yembie 1 NMOHbIHE.
CerogHsa g8 pa3paboTkM HOBbIX 3/IEKTPOHHbIX YCTPOWCTB Hanbosee
BOCTPebOBaHbl MMKPOKOHTPOJI/1IEPLI U MUKPOMpoL,eccopsl Ha 6a3e agpa
Cortex: Cortex-M0, -M3 1 -M4 (M — microcontroller, uncppoBoit nHaeKc —
YPOBEHb NPOM3BOAUTENBLHOCTU Afpa). Camas Mnaguas apxutektypa
M-cepun — Cortex-MO — o6nagaeT nydlmnmMm xapaktepuctmkamm

no aHepronoTpebnexuio cpean anep Cortex n NO3BOMSAET CO34aBaTh
COBpeMeHHble 32-pa3paaHble MUKPOKOHTPO/I/IEPDI, MO LieHe CpaBHUMbIE
N faxe 6onee gewlesble, YeM 8-, 16-pa3psigHble ycTporicTBa. M Bcnen
3a MHOTMMU APYrMMU NPOU3BOAUTENAMM KOMMaHusa Atmel B nioHe

2013 roga aHoHcupoBasia NepBylo CEpPU0 MUKPOKOHTPO/1/1IEPOB 06LLEro
npumeHeHnss SAM D20 Ha 6a3e apxuTekTypbl Cortex-MO+.

pov3sBoAuTENN MUKPOKOHTPONIepoB (MK)
B NOroHe 3a CKOpelillMM BblBOLOM HOBOIO
NnpoAyKTa Ha PbIHOK BbIHYXAeHbl 6anaH
cupoBaTb Mexay 3arpaTtaMu BPeEMEHU Ha
oTnagky Hab6opa nepudepun un ynydue
HVe apxuTekTyp Ha 6a3e ARM-agpa u noTeHuu
a/lbHOM ONacHOCTbIO MOTEPATb AOM0 PbiHKA, onpe
Aensaemyto MOCTOAHHLIMWU K/IMEHTaMu, KOTOPbIM
roToBble YCTPONCTBA HYXHbl "3gecb u cenvac" [1].
OpHako HekoTopble npou3sogutTenu MK, noHumas,
4yTO NOTpebuTenu 3a nocrefHve rofbl BbICOKO Oue
HUIN MHOTVe AOCTOUHCTBA 8-pa3psAfHbIX MUKPOKOH

Tponnepos (Hanpumep, NOHMXEHHOE 3HepronoTpe6-
NIeHVE 1 YNYULLEHHYI0 pasBuTyto nepudepuio), bonee
cepbes3Ho nogowm K paspaboTke nnaropm Ha 6ase
aapa Cortex-MO. L komnaHus Atmel — 0guH U3 HUX.
MpucTynas K co34aHunio HOBbIX YCTPOICTB Ha 6ase
Cortex-M0, pa3spaboTumku Atmel npoaHannsmposanu
60nee yem 20-neTHWIA ONbIT pa3paboTkn 8-paspsagHbIX
(AVR, 8051) n 17-neTHuin onbIT pa3paboTku 32-pa3pas
HbIX ARM-KOHTpOnepoBs. bbin caenaH BbIBOA, 4TO
6oNblIas A0S WMHHOBaUWA B cdiepe 8-pa3psiaHblxX
MK — AVR tiny, Mega n Xmega — fo/mkHa 6bITb nepe
HeceHa M B HOBble ycTpoiicTBa Ha 6a3e Cortex-MO.
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B kauecTBe npuMmepa MOXHO PaccMOTPeTb NoJib3yto -
LLyHOCS MONYNSAPHOCTLIO Y MHXEHEPOB NepudepuinHyro
cucTemy cobbiTuii (Event System), paHee peann3oBaH -
HYl0 B MUKpPOKOHTposnepax AVR Xmega. OHa npepano -
naraeT B3auMogencTere nepudepuitHbix yCTPORCTB
mMexay coboii 6e3 yyacTtusa LMY unm WwWnHHbIX pecyp -
COB, YTO pasrpyxaet A4p0 OT BTOPOCTENEHHbIX 3a4a4
N 3HauYNTESIbHO MnoBblWAaeT 3PEEKTUBHOCTb WCMOS -
HEHNA OCHOBHOTO KOAa. DKOHOMUS 3Heprum — apy -
rasgs 0CO6eHHOCTb, KOTOPYIO BbICOKO OLEHUN noTpe -
6utenu. NMoHmxeHHoe aHepronoTpebneHne gocrtura -
eTCcsa UCNonb30BaHNEM MasIOMOLLHbIX OCLUIATOPOB,
BO3MOXHOCTbI0 Bbl6Opa MCTOYHMKA TaKTUpPOBaHUSA,
npegfeneHnem 4actoTbl B AOMNOJIHEHME K 3Heprocoe -
peratoLLein TexHonorum Sleep Walking n ynyulieHvem
nocnegoBaresibHOV KOMMYHUKaLWOHHOM nepudhepun,
KOoTopas Mno3BOJIIET COXPaHATb AaHHble 40 BbiXxo4a
N3 pexxmMoB "rny6oKoro cHa'"

PesynbTat 06beHEHNS UHHOBALMI KOMNaHUN
Atmel B o6nactn peweHuii Ha 6aze ARM- n AVR-
KOHTPO//1EPOB — BbICOKASA NPOU3BOAUTENBHOCTb U HU3 -
Koe 3HepronoTpe6ieHne HOBOrO cemMelicTBa MUKPOKOH -
Tponnepos SAM D20. lNpou3BoanTesnibHOCTL COCTaBs -
nset 2,14 Coremark/MI'y (CoreMark — cTaHpapTHbIl
TecT OnA onpefeneHns npousBoAMTesIbHOCTU Mpo -
LLleccopoB, pa3paboTaHHbIi KoHcopumnymom Embedded
Microprocessor Benchmark Consortium (EEMBC),
[OCTYyneH Ha caite www.coremark.org). MoTpe6nexHne
B aKTUBHOM pexume — meHee 120 mkA/MIy, npu ucnon -
HeHun koga Tecta Coremark, OHO MOXeT ObiTb CHMU -
XeHo fo 70 MKA/MTI'L, npu BbINOMTHEHUW KOA4a ApYrnX
anroputMoB (3TO MeHbLUe, YeM Y GONbLUMHCTBA KOH -
KYpUpYLWmnX nsgenuin). B pexunme "rny6okoro cHa'
C COXpaHeHueM faHHbIX B O3Y notpebneHne cHmuxa -
eTcAa A0 3HayeHuin meHee 3,5 MKA. NS cpaBHEHUS —
Apyrvue nofobHble yCTPOCTBa, NpefcTaB/IEHHbIE Ha
pblHKE MUKPOKOHTPO/INEPOB, B aKTUBHOM pexume
notpebnsawT ot 200 go 400 mMkA/MIY npun TOWh Xe
NPOU3BOANTESIBHOCTY U BbINOJIHEHUW aHaI0T MYHbIX
3agay. OTyacTu 3TM npeumyliectTsa 06YCNOB/EHbI
1 BbIGOPOM KOMNaHuelt Atmel 6onee HOBO 1 NpoABY
HyTOl apxuTekTypbl agpa ARM — Cortex-M0O+ (puc.l),
KOTOpas B 0T/IM4me oT cTaHaapTHoi (Cortex-M0) umeet
60/1ee BbICOKYH NPON3BOAUTENIBHOCTb 1 MOHVKEHHOE
3HepronoTpebneHme.

MuKpoKoHTpoiniepbl cepumn SAM D20

OT1a cepust MUKPOKOHTposnepos (SAM D20E, SAM D20G

n SAM D20J) Ha 6a3e agpa Cortex-MO 6bl/1a aHOHCKPO -
BaHa Atmel B ntoHe 2013 roga u 3anyuieHa B cepuii -
HOe MpPOM3BOACTBO B YETBEPTOM KBapTase npolles -
wero roga. MK otnmyatoTcs Habopom nepudhepun

1 BbINYCKaOTCA B KOPNycax C pasHbIM Y/C/IOM BbIBOLOB

Cortex? ?

BcTpoeHHbIii KOHTponep
BEKTOPHbIX NPepbIBaHUii

WHTepdhelic npobyxaeHns
M0 BHELUHEMY MpepbiBaHNio

Yy
Bnok 3almThl namMaTn Moasepkka
TCYTCTBYET B CTAHAAPTHOM KOUIDC LB
appe Cortex?? TOYEK JaHHbIX
Moppepxka
TOYeK
VHTepdpeiic ocTaHoBa Koga Mopt
. BBOAA blBOAA NOAK/IOYEHNS
VlHTepCbeM(i C Masoit Bycep oTnagumka
SlE e Rl 331 PXKKOVA TPaCCUPOBKY
CUCIERbIo TCyTCTBYET MNHCTPYKUMIA
Il B CTaHAapTHOM TCYTCTBYET
anpe B CTaHAapTHOM
Cortex?? aape
Cortex??

Puc.1. bnok-cxema aapa ARM Cortex-MO+

(tabn. 1). Mpu aTOM BCE MUKPOKOHTPOEpPbI coaep
XaTt 8-kaHasIbHYyH CUCTEMY COObLITWI, YNOMSHYTYIO
Bbille, A0 LIECTU YHMBEPCAsbHbIX KOMMYHMKaLN
OHHbIX Mopyneli SERCOM (koHcurypupytoTcsa Kak
I2C, USART u SPI), nepudepuiiHblii CEHCOPHbI KOH
Tponnep PTC (Peripheral Touch Controller), o6ecne
yMBalLWMiA ynpaB/fieHne eMKOCTHbIMW CeHcopamu
KacaHus, 12-pa3psaHbiii ALLM npon3BogMTeNbHOCTBIO
350 kBbl6./c 1 10-pa3psAgHbIi LLATI.
MukpokoHTponnepsl cepun SAM D20 Bbinycka
toTCA B 32-, 48- 1 64-BbIBOAHbIX KOoprnycax QFN n TQFP.
Bce MWKPOKOHTpPONNEpPbl CEpUU MOMHOCTbIO COBME
CTUMbI MO KOoAy W NO BbiBOAAM, YTO obecneumsaet
LUMPOKME BO3MOXHOCTUN MacLuTabupoBaHns CUCTEMBbI.
Mpun aToM ob6ecneyrMBalTCA 3HAYMTESIbHbIE Mpeun
MyLLecTBa MO CTOMMOCTU W MPOW3BOAUTENBHOCTHU
MK SAM D20 nepep TpaguLOHHbIMK 8-pa3paaHbIMUY
N MHOTUMM 32-pa3psHbIMY MUKPOKOHTpOIIepamu
ApYyrux nponssoauTeneii Ha 6ase cTaHgapTHOro sapa
Cortex-MO.

0COBEHHOCTH MUWKPOKOHTPOI1EPOB
cepun SAM D20

PaccmoTpum 60nee nogpo6bHO KAYeBble OCOHGEHHO
ctn SAM D20. Kak ynomuHanocb paHee, cuctema
COObITUI faeT BO3MOXHOCTb NepudiepuiiHbiM yCTpPOii
cTBam B3aMMOENCTBOBaTb Mexay coboli 6e3 yua
ctma LMNY. 3ta ceTb MapwpyTu3auum He 3aBUCUT
0T TPaANLNOHHOM LUMHHOW CTPYKTYpbI. PasnunyHsie
Tpurrepbl Ha nNepudyepuinHOM ypoBHE MOTYT BblI3bl
BaTb CO06bITUA. Hanpumep, "Tuk" Taillmepa npuBo
OWT K peakuuu B 4pyrom nepudepuiiHom ycTpoiicTse.
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durkcnpoBaHHas 3agepXxka CUCTEMbI COObITUIA, COCTO -
AlWen M3 BOCbMW He3aBUCMMbIX KaHasoB, COCTaB -
NseT Bcero vwWb Aga Takta. Cuctema cobbiTuii — 310

Ha 100% npeAackasyeMblii MeToA nepejayu curHana,

OH mAeasnbHO MNOAXOAMT ANA MPUNOXEHUA peasnb -
HOro BpeMeHW. [laxe ecsim npoueccop B AaHHbINA
MOMEHT 3aHAT 06pabOoTKOW HemackMpyemoro npe -
pbiBaHUA, HU OAHO COOLITUE He OyAeT MPOMyLLEHO,

a paboTta ¢ HMM Ha nepudyepuitHOM YpoBHE 3aimeT

BCEro fApa TakTa. TpaguuMOHHLIM crnocobom o6pa -
60TKM KAKUX-TM60 AENCTBUI B NPUIOXKEHNAX C NMOHU -
XXEHHbIM 3HepronoTpebrieHvem ABAAKTCA NpepbiBa -
HWS, a OHKM BCerga TpebyloT yyacTusa npoueccopa. Kak
npvMep paccMoTpuUM YyMnpaBsJfieHUe 3/1eKTPONpuBo -
AoM ¢ ucnonb3osaHvem WM. Ana namepeHns Toka,
NnocTynalLero Ha 3N1eKTponpuBo, B 60NbLUNHCTBE
C/lyyaeB NpYMeHsieTCA aHasIoroBblii komMmnapaTop uan

ALLM. B cniyyae npeBbILLEHNST AONYCTUMbIX 3HAYEHWA

Toka kaHasnbl LULNM, koTopble ynpaBnaoT NpuBoaoMm,
BbIK/IIOYAIOTCHA BO M3bBexaHne noBpexaeHns cxemsbl

1 no coobpaxeHnsm 6esonacHocTu. bes ncnonb3osa -
HUSI CUCTEMbl COOLITUI NpeBbILLIEHNEe TOKOM 3ajaH -
HbIX 3HauYeHWii BbI3OBET MpepbiBaHWe, 06paboTka
KoToporo 6yfeT OT/I0XKeHa, ecnu npoueccop B AaH -
Hbli MOMEHT 3aHAT 605ee NpuopuTeTHbIMK 3aja -
yamu. Mpu NOMOLN CUCTEMbI COBbLITUIA MOXHO CO-
€[MHUTb BbIX0O[ aHa/ioroBoro komnaparopa nav AL

C TaiMepoM W BbIK/IIOUNTb €r0 B HYXHbl/i MOMEHT

BCEro NMlb 3a [jBa TakTa He3aBWUCKHMO OT 3aHATOCTU
npoueccopa.

JaHHblii nogxos MeeT NPenMyLecTBa: CHIXKEHNE
noTpe6asemoii MOLHOCTK, pasrpy3ka LMY oT Bbinon -
HEHUA AOMONMHUTENbHbIX 3adady (06pPabGOTKM BO3HU -
KawLwmnx cobbITUi), AOCTUXEHNE NpeacKasyemoro

BPEMEHU OTK/IMKA Ha BO3HUKAKWME COO6bITUSA.
MocnegHee Hambonee akTyasibHO A58 NPUNOXKEHWN
peanbHOro BpemeHu, TpebyoLmnx rapaHTMPOBaHHOIO
N onpefenieHHoro BpeMeHW OTK/IMKa Ha BHeLUHWe
co6bITMA (HanpvMep, NPOMbILLSIEHHbIE YCTPOCTBA
6e3onacHocTu). Kpome TOro, UCcnosib3oBaHne cucTemsl
CcOoObITUI ByAeT akTyasibHO TaMm, rAe MOXHO CHU3UTb
notpebsieHne 3Hepruu 3a cyeT peakuum nepudepum
Ha BHELLHMe Bo3aeincTBms 6e3 yyactus LY.

Jpyras BaxHas 0COGEHHOCTb HOBbIX MWKPOKOH -
Tponnepos Atmel — rnbko HacTpauBaemble nocneno -
BaTefibHble KOMMYHUKaUMoHHble moaynn SERCOM.
Kaxablii Mmogynb nporpaMMHO MOXeT 6bITb CKOHGM -
rypupoBaH kak SPI, UART/USART unu | 2C. Takasiopra -
HU3auma gaet pa3paboTunky BO3MOXHOCTb HacTpau -
BaTb MHTepdelicbl B COOTBETCTBMMU C MOTPEBHOCTAMYU
KOHKPETHOro NpUMeHeHUs. 3TO NO3BOISIET HE TOSbKO,
BO-MEPBbIX, CAKOHOMUTb BPEMS Ha NOUCKM NOAXOAA -
LLlero KOHTposnepa, Ho 1, BO-BTOPbIX, 3a/T0KUTb OANH
N TOT X€& MUKPOKOHTPOJI/1Iep B HECKOJIbKO aHasorny -
HbIX YCTPOWMCTB, KOTOpPble HE3Ha4YNTesIbHO OTu4a -
I0TCA YNC/IOM TpebyeMbliX NocefoBaTe NbHbIX MHTEP -
oeiicoB. Ko BTopomy nsitocy MOXHO OTHECTU U pas3pa -
60TKy NeyaTHo Nnarbl: CyLLeCTBEHHO 06/ieryaeTcs ee
TpaccupoBka, a Takxe yMeHbLlaeTcs A/IMHa NevyaTHbIX
NPOBOAHMKOB, YTO B CBOK OYepefib CHUXaeT LyMbl.
Kaxablit mogynbs SERCOM nMMeeT HECKOIbKO Onuuii
LokoneBkn. B MukpokoHTpossiepax cepun SAMD20
uHTepdpelic | 2C noaaepxmBaeT CKOPOCTHON pPeXum
00 400 kl'y, B To BpemA kak UART n SPI nepepatot gaH -
Hble CO ckopocTaAMHU A0 24 M6uT/c. MocnegoBaTenbHbIE
KOMMYHMKaLMOHHbIE MOAYM MOTYT ObITb NoAcCOeAN -
HEeHbl K cucTeme cobbITuiA, O KOTOPOI FOBOPUIOCh BhbILLE.

B 3aBMCUMOCTU OT Tpe6OBaHUI NPUIOXKEHUS KaX AbI

Tabnuua 1. XapakTepuCTUKU MUKPOKOHTPOsiepoB cepun SAM D20

R R SAM D20E SAM D20G SAM D20J
32 BbIBOAA 48 BbIBOAOB 64 BbIBOAA
dnew-namsTb, K6aT 16-256 16-256 16-256
CO3Yy, Koalit 2-32 2-32 2-32
CucTtema cobbITuin 8 kaHanoB 8 kaHanoB 8 kaHasoB
SERCOM (EC, USART, SPI) 4 6 6
Talimep/cueTumk 6 6 8
12-pa3psgHbiin ALM, 350 kBbI6./C 10 kaHasnoB 14 kaHanoB 20 kaHanoB
10-paspsagHbiin LLAT, 350 kBbI6./c 1 kaHan 1 kaHan 1 kaHan
GPIO 26 38 52
KaHa/bl eMKOCTHbIX CEHCOPOB Jo 60 Jo 120 Jo 256
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LINY pa6oTaet

MpobyxaeHne

3HepronoTpebneHne

CoH XupgaHune

KacaHusa
He 6bINo,
BO3BpAT B COH

RTC 6ygut PTC
0111 NPOBEPKM,
6bI110 NN KacaHue

RTC 6ygut PTC
[N NPOBEPKM,
6bI1/10 M KacaHne

npo6yxaexune LIMY

M vKc
6e3

AKTVBHBIA pexnm?

LIMY obpabaTbiBaeT
nonb30BaTe/NbCKUA BBOA
1 BO3BpALLAETCSA B COH

Bbino kacaHue,

Puc.2. Mpumep TakTnpoBaHus PTC no texHonorum SleepWalking

Moyl SERCOM MoxeT 6bITb NepekoHuryprpoBaH
"Ha nety", 6e3 oCcTaHOBKM paboTbl MPOrpaMmsl.

Hapfo oTmeTuTb 3Heprocbeperalouyto TEXHO/0
rmo  SleepWalking, paspaboTaHHyl cneuuanu
cTamu komnaHum Atmel. TexHonornsa o6bLegnHsaeT
B cebe pas3/inyHble NpMeMsbl, OANH N3 KOTOPbIX — TNO
Kas cuctemMa TakTupoBaHusa nepucdepun. B cns
lemM pexume OCHOBHOE TaKTMpoBaHWe ocCTaHaB
nuBaeTcsd, a nepudepns, Kkotopas nogaepxusaeT
SleepWalking, 3anpalwunBaeTt TakTupoBaHue nHau
BMAyasnbHO, 3TOT NpPoLEecc nosy4ynna HassaHue "tak
TupoBaHue no 3anpocy”. OHO ocTaeTCs BKJ/IHOYEH
HbIM, MOKa 3anpocuBLLee ero nepugpepuiitHoe ycTpoii
CTBO He 3aBePLUUT TY WY UHYIO onepauuio (puc.2).
K "yMHOI" nepncepry OTHOCATCSA aHasI0roBble KOM
napartopbl 1 NepudepuinHbIin CEHCOPHLIA KOHTPON
nep PTC (Peripheral Touch Controller).

Hago oTMeTuTb Takxe, 4To cneymanuctel Atmel,
nvest 60/1bLION ONbIT B co3aaHun MK ynpaBneHus ceH
COpHbIM MHTepdeiicoM kacaHnst maxTouch, go6asnnu
B HoBble ycTpolictBa SAM D20 nepucepuiiHblii ceH
COPHbIA KOHTpOep. OH MOXeT UCNONb30BaTbCA A4
peanusaunm CEHCOPHbIX KHOMOK, NOJI3YHKOB, KOslecu
KOB Ha 6a3e eMKOCTHbIX CEHCOPOB KacaHus, a Takxe
paboTatb B pexume Proximity (pacno3HaBaHusa npu

pa3sutne ceMeiictea SAM D
He ocTtaHaBnuBasicb Ha [AOCTUTHYTOM, KOMMO@HMWA
Atmel npoponxaeT pa3BuMBaTb CErMEHT MWKPOKOH
TponnepoB Ha 6a3e sagpa Cortex-MO+. B dheBpane
2014 ropa 6blNM aHOHCUPOBAHbI TPWU HOBbIE CEPUU:
SAM D21, SAM D11, SAM D10 [2]. OHK pacLumpuan
CyLLeCTBYHOLLYO NnHeliky ¢ 15 fo 35 ycTpoiicTB 1 ycTa
HOBWJ/IN HOBble CTaHAapThbl TMOKOCTU, PYHKLMOHA b
HOCTW, COBMECTUMOCTM U NPOCTOTbI UCMO/Ib30BaHUS.
CerogHs, korga Bce 60/iblUee KOIMYECTBO pa3pabarsl
BaeMbIX YCTPOWCTB CTAHOBMTCA "yMHee" n Tpebyet
Ha/IMuMa pasHblX MHTepheiicoB nepegadn faHHbIX,
pa3paboTunKy 3aMHTEPECOBaHbl B MUKPOKOHTPO/1/1e
pax, obnagawwmnx o6wnpHbIM Habopom nHTepdeit
COB 1 LUMPOKMMU KOMMYHUKALNOHHBIMY BO3MOXHO
CTSAIMU A/19 NPUMEHEHWS B HOBbIX M3AeUAX MPOMbILL
JNIEHHOM, NOTPEOUTENBCKOW N MELNLVHCKON TEXHUKN.
MwukpokoHTponnepbel SAM D21, SAM D11 n SAM D10
BbIMyCKaKTCA B MWHMATKOPHbLIX Kopnycax, UMeKT
BbICOKYIO MPOM3BOANTENBHOCTb, Masioe 3HepronoTpes-
JNIeHUNe, LUIMPOKME KOMMYHUKALMOHHbIE BO3MOXHOCTU
1 obecneunBaloT pa3paboTumkamM oNnTMMasibHoe COoT
HOLLeHMne LieHa/npon3BoaNTENbHOCTD.
MukpoKoHTponinepbl cepun SAM D21
no cpaBHeHuo ¢ MK SAM D20, fON0O/HUTE/TIbHO NMEIoT

(Tabn.2),

6nmxeHns ob6bekTa). KoHTponnep vmeeTt marpuy nHTepdeicbl USB 2.0 Full Speed (Host n Device) u | 2s,
HYl0 opraHusauuto, nogaepxunsaeT A0 256 KaHas0B. KOHTpO//1ep NpsMoro goctyna k namaTtn (DMA), Tai -
O6ecneunBas NpeBOCXOAHbIE XapaKTepucTHKK noga Mepbl/CHETUMKN, ONTUMMN3NPOBAHHbLIE A1 CUCTEM

B/IEHWS LIYMOB 1 YyBCTBUTENLHOCTU HapsAy CO Cro ynpaBs/fieHusi, W nocnefoBaTesibHblli OTNaf0UHbINA
COBHOCTbLIO caMmokannoposku, PTC HagensieT SAMD20 nHTepdgeiic SWD gns yao6HoW oTnagku Mnpuioxe -
BCTPOEHHbLIMW (annapatHbIMK1) YHUKasIbHbIMWU BO3 Huii. KOHTpON/iep BbICOKOCKOPOCTHOrO MHTepdelica
MOXHOCTAMMW ynpaB/ieHNsA EMKOCTHbIMU CEHCcopamm 12C noaaepxmsaeT NnpoToKosibl SMBus n PMBUS, a yHu -
KacaHus. BepCasibHblil aCMHXPOHHBIA npremonepeatyvk UART
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C aBTOMATMYECKOI YCTAHOBKOI CKOPOCTU Nepegayu
LaHHbIX — cTaHaapT IrDA. B To e BpeMs B MUKPOKOH
Tponnepax SAM D21 yBennyeHo KoNMyecTBO KaHasioB
CUCTEeMbI COBLITUIA, YTO MO3BOINIO COXPAHNUTL NPEN
MYyLLEeCTBO Mo NPOU3BOAMTENBLHOCTN, HECMOTPS Ha BO3
pocLuee 4ncnio nepndpepuiiHbix Mogyne.

MICTOYHMKOM TakTOBOro curHana pgna USB-
nHTepdeiica MOXET CAYXWUTb BHYTPeHHuii RC-
reHeparop, 4YTO 3HauyMTesIbHO YyrnpouiaeT cxemy
N coKpaljaeT KO/IMYECTBO BHELUHWX KOMMOHEHTOB.
Kak cnefcTBue — MeHblLUasi niowaib neyatHol nnaTsl,
ynpoleHne pa3paboTku annaparHOi YacTu, CHUXeE
HUe ce6eCcTOMMOCTH KOHEYHOTO yCTpoiicTBa. Ecnu xe
USB B NpuoXeHUn He TpebyeTcs, ero BbIBOAbl MOTYT
6bITb CKOHMIYpPUpPOBaHbI A/15 UCNOSIb30BaHNS B Kaye
cTBe GPIO.

MukpokoHTposinepsbl cepun SAM D21 foCcTynHbI B 32-,
48- n 64-BbIBOAHbLIX KOopriycax Tunos QFN 1 TQFP v non
HOCTbI0O COBMECTMMbI MO BbIBOAAM C YyCTpOACTBaMu
cepun SAM D20, nogaepxunsas npu aTOM BCE HOBble
OYHKLMKN, MepeyncieHHble Bbille.

MukpokoHTponnepsl cepuii SAM D11 n SAM D10

BbIMYCKaKTCA B MEHbLLUUX KOprycax U UMeT MeHee
pa3suTyto nepudpeputo no cpasHeHmto ¢ MK SAM D21,
HO ob6ecneynBaloT BbICOKYH MNPOM3BOAUTETbHOCTb
N HU3Koe 3HepronotpebneHve. MNpu 3TOM NO LiEeHe
OHM conocTaBuMbl C 8-pas3pAdHbIMU  MUKPOKOH

Tposisiepamu, HO NpefocTaBAAlT paspaboTyukam

NoSTHOhYHKLMOHA IbHOE

32-pa3spsagHoe A4po

Cortex-MO+ 1 gocTaTouYHbIi HAbop KOMMYHMUKaL W
OHHbIX MHTepdelicoB. OCHOBHbIE XapaKTepuUCTUKK
cepuii SAM D11 n SAM D10 npuBegeHbl B Tabn.3.
Bce MUKpOKOHTpOnepsl cemeiictea SAM D coBme
CTUMblI N0 BbiBOAaM (B OAWHAKOBbIX Kopnycax)
N KoAy, 4TO pacluimpsieT Bbi6Op noaxoAsLLed KoMNo
HEHTON 6a3bl Npy pa3paboTKe HOBbIX 3/IEKTPOHHbIX

YCTPOWCTB.

obnactn npuMeHeHUA
YcTpolicTBa cemeiictBa SAM D — 3TO MUKPOKOHTPON
Nnepbl 06WEro NpuMeHeHnst U, bnarogapst HanMuuto
MHOXeCTBa KOMMYHUKaLMOHHbIX MHTEPAIENCOB, HN3

KOMY 3HepronoTpe6reHuio,

npov3BoANTENbHOMY

32-pa3pagHomy agpy Cortex-M0O+, MoryT npume
HATLCA B LUMPOKOM CMEKTPE U3LENMUIA MPOMbILLIEH
HOl 1 NOTPebUTeNbCKO 3NEKTPOHMKK. Hanpumep,
B CMCTEMAax NPOMbIL/IEHHOTO KOHTPO/IA, YeI0BEKO-
MalUMHHbIX UHTepdieiicax, B 6eCNPOBOAHbIX CETAX,
VNHTEePaKTMBHbIX UTPYLLKaX, 6bITOBO TEXHUKE, Npy
cTaBkax LupoBoro TenesnaeHusl, cuctemax ynpas
NeHVst anekTpoaBuratensmm, B OCBELLEHUN, Meau
LMHCKOW TeXHWKe 1 T.4. B TO e BpeMs, Ncnosnb3ys
rmbko HacTpanBaemble SERCOM mogynu, paspabot
YUKW MOTYT A06UTbCA YHUMKALUN KOMIOHEHTHOA
6a3bl CBOVX CEPUIAHBIX N34E/NIA, YTO 61aroTBOPHO CKa
XeTcsa Ha ce6ecToMMOCTH N CKOPOCTH pa3paboTku.

Tabnuua 2. XapakTepucTUKM MUKPOKOHTpOsepos cepun SAM D21

R R SAM D21E SAM D21G SAM D21J
32 BbIBOAA 48 BbIBOAOB 64 BbiIBOgA
dnew-namMaTb, KéanT 32-256 32-256 32-256
CO3Y, Kb6aiit 4-32 4-32 4-32
CuncTtema cobbITuit 12 kaHasoB 12 kaHanos 12 kaHasoB
KoHTponnep DMA 12 kaHasnos 12 kaHanoB 12 kaHasioB
SERCOM (PC, USART, SPI) 4 6 6
B 2 KaHana 2 KaHana 2 KaHana
USB 2.0 Full Speed (Host/Device) 1 1 1
Tainmep/cueTunk 3 3 5
Talimep/cyeTuuk 451 CUCTEM yrNpaBieHUs 3 3 3
12-6uTHbIli ALM, 350 KBbIG./C 10 kaHanos 14 kaHanoB 20 KaHanoB
10-6uTHbIN LLAI, 350 kBbIG./C 1 kaHan 1 kaHan 1 kaHan
GPIO 26 38 54
KaHasibl eMKOCTHbIX CEHCOPOB Jo 48 Jo 144 Jo 256
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cpeacTtBa pa3pa60TKl/I n oT1aku
Mpogonxaa cnoxuswnecs Tpaguuuu, KoMnaHus
Atmel npegnaraeT Ansa pa3paboTky n oTnagku nsge
Nuini Ha 6a3e MUKPOKOHTponnepos SAM D Hepgo

porve oueHo4Hble nnatbl cepun Xplained Pro -
ATSAMD20-XPRO (pyc.3) u ATSAMD21-XPRO /151 cepuii

SAM D20 n SAM D21 cooTBETCTBEHHO. OTUW NNaTthbl yxxe
cofiepXaT BCTPOEHHbI nporpamMmMarop/otnaguuk. Bee,
YTO HYXHO A/ Hayana paboTbl C HAMK, — 3TO NPO
BoA micro USB ansa nogknoyenns kK MK. Ha nnarax
YCTaHOB/IEHbI CTapLUne KOHTPO/1/1ePbl B 64-BbIBOAHbIX
Kopnycax ¢ MakCMasibHbIM 06 beMoM hiew-namaTn
256 K6aliT, 4To no3sonseTt paspabaTbiBaTb N OTNAXN
BaTb KOZ, 415 1I060r0 MUKPOKOHTPO/IIepa ceEMencTBa.
Takxe nnatbl MMEKT BbIXOZ NporpamMmaropa Ans
paboTbl CO CTOPOHHWM YCTpoOCTBOM. Takum obpa
30M, He TpebyeTcs NokynaTb BHELIHWI nporpamma
TOp 4N15 OTNajkn koga B COBCTBEHHOM M3genun Ha
3Tane makeTupoBaHus. lononHutensHo Atmel npeg
naraeT felueBble NaTbl pacluMpeHus, nogkawoyae
Mble K TPEM BHELLHVM pasbemam 6a30B0ii OLLEeHOUYHO
nnarbl, Ha KOTOpble BbiBEAEHbI MOPTLI BBOAA/BbIBOAA
MUWUKPOKOHTpO/Iepa. OTU nnatbl 3HA4YMTENIbHO pac
LUMPSAIOT PyHKLMOHAN OT/1af04HON CMCTEMbI U NO3BO
NAT paspabarbiBath M oTnaxuearb MO Ana wWupo
KOro AvanasoHa NnpumeHeHuiA. MnaTbl paclimpeHns

Puc.3. OueHouyHas nnata ATSAMD20-XPRO

MOXHO MpuobpeTn Kak OTAesbHO, Tak U B cCOCTaBe
CTapTOBOro KOMMNJEKTa BMecTe ¢ 6a30BOW N1aTow.
CoBpemeHHass Bepcusa 6GecnniaTtHoii cpefbl pas
pa6oTkn Atmel Studio 6 nopnepxuBaeT BCe HOBble
MWKPOKOHTPOJEPBI M OLIEHOYHbIE NNaThl ceMeiicTea
SAM D TaK Xe, Kak ¥ nporpammHble NpoaykTbl oT Keil,
IAR n GCC. becnnatHas 6ubnuoteka koga Atmel
Software Framework (ASF) coaepXuT MHOXeCTBO CTaH
AapTHbIX 6110K0B M0, 4TO NO3BONSAET paspadboTymkam
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Tabnuua 3. XapaKTepucTUKM MUKPOKOHTPO/IepoB cepuin SAM D11 n SAM D10

SAM D10C SAM D10D SAM D10D
XapakTepnucTuku SAM D11C SAM D11D SAM D11D

14 BbIBOJOB 20 BbIBOAOB 24 BbiBOAA
dnew-namMmaTb, KéanT 8-16 8-16 8-16
CO3Y, Kbaiit 4 4 4
Cuctema cobbITuit 6 KaHanoB 6 KaHanoB 6 KaHanoB
KoHTponnep DMA 6 KaHanoB 6 KaHanoB 6 KaHa0B
SERCOM (PC, USART, SPI) 2 3 3
USB 2.0 Full Speed (Device) SAM D11 SAM D11 SAM D11
Talimep/cueTumk 2 2 2
Taimep/cueTunk gNs cucTem ynpasaeHus 1 1 1
12-6uTHbIli ALIIM, 350 kBbIO./C 8 KaHanoB 8 KaHas10B 10 kaHanoB
10-6uTHbIii LLATM, 350 kBbI6./C 1 kaHan 1 kaHan 1 kaHan
GPIO 12 18 22
KaHa/ibl eMKOCTHbIX CEHCOPOB Jo 12 Jo 42 Jo 72

CKOHLIEHTPMPOBATLCSA HA COGCTBEHHOM NPUIOXEHNMN 8-paspsgHbiMn  AVR tiny, mega- un Xmega-

N He TepATb BPEMS Ha ApaiBepbl U CTEKU HU3KOTO
ypoBHA. ASF nHTerpuposaHa B cpepny Atmel Studio
6 1 umeeT rpagmueckuii nHTepdeinc ana ynpoue
HUA NpUMeHeHus. 15 MHXEHepPOB Xe, He xenato
Wwnx npumeHaTb Atmel Studio, 6ubnvnoTeka focTynHa
OTA,E/IbHO Y MOXET MUCMOb30BaTLCA C KOMMUIATOPaMU
GCC, IAR u Keil.

B fononHeHve Hafgo OTMETUTD, YTO pa3paboTunKy,
NpUMeHALWMe MUKPOKOHTposinepsl AVR, cmoryT
ncnonb3osartb Anga SAM D Te e annapaTtHble cpej
CTBa, 4To 1 Ana AVR. na paboTbl C 0TNA[04HBIM KOM
nnektom STK600 noTpebyeTcs Nub AOKYNUTb ME30
HUHHbIE NNaTbl 418 YCTAHOBKWN KOHTponiepos SAM D.
Mopaepxka MuUkpokoHTponnepos ARM Cortex-MO+,
-M3 1 -M4 (nomumo AVR un AVR32) yxe pobaBneHa
B oTnaguuk JTAGICE3. nda otnagyuka, KynjaeHHoro
paHee, noTpebyeTcs NuWb 06HOBUTL MO € NOMOLLbIO
Atmel Studio. Takxe B 3TOM rogy Atmel BbiBena Ha
PbIHOK HOBbI YHWBEPCASbHbIA OTNafunK AN BCeX

cBoux 8-paspsagHbix (AVR) n 32-paspagHbix (AVR32

n Cortex-M) MukpokoHTposnsepos — Atmel-ICE.

* % %

WTak, B Tekywem 2014 rogy komnaHus Atmel ccop
MUpPYeT  MOJIHOLEHHOE CEMEWNCTBO  MWKPOKOH

TponnepoB Cortex-M0+ — MK SAM D. CemeiicTBO

NOSTHOCTHHO nepekpbiBaet npo6en mMexay

KOHTponnepamun

n 6onee npon3soanTeIbHbIMU

32-pa3psagHbiMu KoHTponnepamun Cortex-M3 n -M4,
NPVBHOCS Ha PbIHOK HOBbIE CTaHAapPThl KA4YeCTBa, NPo
N3BOANTE/IbHOCTMW 1 SHEPronoTpe6neHns.

HoBble MukpokoHTponnepbl SAM D, 6narogaps
npogsuHyTomy aapy Cortex-MO+ 1 peanin3oBaHHbIM
WHHOBaUMUAM, o6ecneymBaloT MeHbllee 3Heprono
TpebneHue n 6onee BbICOKYI NPOU3BOAUTENBHOCTb,
yeMm 60MbLUIMHCTBO KOHKYpupywmx MK, npu cono
CTaBMMOW M Aaxe MeHblueil cTouMocTu. bonbLiol
Avana3oH o6bema BCTPOEHHON hiew-naMmaT u pas
HO€ 4YMC/MO BbIBOAOB Kopnyca, cbanaHCUPOBAaHHbLIN
Habop nepudepum U COBMECTUMOCTb MO BbIBOAAM
B npegenax cepuii obecneynBaloT paspaboTumMkam
LWMPOKNIA BbIGOP MUKPOKOHTPOJIIEPOB CeMelicTBa
SAM D npu pa3paboTke HOBbIX U3AENWI 3NEKTPOH
HOW TeXHUKMN.
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