60 KOMMNOHEHTbI

Hukona KOPOJIEB

korolev@ineltek.com

BeBepeHue

Kommanust Atmel Bpimyckaer gBa Kiacca
32-pa3psAnHbIX MEKPOKOHTPOJIEPOB: Ha 6ase
saaep ARM7/ARMY/Cortex M3 1o nuiieH3un
xommanuu ARM u Ha 6ase COOCTBEHHOTO sIpa
AVR32. ARM-mukpokoHTpOIUIeps! Atmel mipes-
Ha3HaYeHbI IS OBITOBBIX M CTAHAAPTHBIX IIPO-
MBIIIIEHHBIX IPUIOKEHUH, Torga kak AVR32
MIO3UIMOHUPYIOTCS KaK KOHTPOJITIEPEI ITOBBI-
IIIEHHOH HaJe)KHOCTH C PACIIUPEHHBIM TeMIIe-
PaTypHBIM HANIa30HOM.

32-paspsHble MEKPOKOHTPOJLIEphI Atmel
AVR UC3 npencraistioT HOBBLI YpOBeHb (-
(exruBHOCTH. BazoBas cucrema KOMaHz cofep-
sxuT DSP-uHCTpyKUny Hag 9ucaaMu ¢ GuKcu-
POBaHHOM TOYKOM, a TAKKE KOMAH/IbI TUIIA Read-
Modify-Write 1 xomaHzIbI 6UTOBOI 06pabOTKU
TAHHBIX, HAXOJAIIUXCS B IaMATH. [[ByXIIOpTOBast
namaTb SRAM, MHOTOCTIOMHAS IITMHA JaHHbBIX,
HHTEJUIEKTYaIbHble eprdepuitHble MOLYIH
¢ BoiziesIeHHBIM DMA-KOHTpOIIEpOM 0becre-

pybpHKka

Atmel: AVR32-MUKpoKOHTpoOnnepbl

82011 rony

B nocnepgHue roabl HabnogaeTca TeHAEHLUA NOBCEMECTHOIO NMPUMEHEHUS
32-pa3psgHbIX MUKPOKOHTPOM/IEPOB, AaXKe B TEX NPUNOXKEHUAX, rAe 06bIUHO
ucnonb3oBanuch 8-paspsgHbie MUKpocxembl. [puunHbI 3TOro Npouecca obvsc-
HSAIOTCA HU3KMMH LleHaMH Ha 32-pa3psiiHble KOHTPONNEPbI: OHHU COMOCTABUMbI
c ueHamu 8-paspaaHbix. Takum o6pa3om, paspaboTuMk MoXKeT NO3BONIUTb cebe
3a/10’KUTb CONUAHbBIN 3aNac NPOU3BOAUTENIBHOCTH B HOBOW pa3paboTtke, uto
3KOHOMMUT BpeMs 1 CpeacTBa B 6yaywem, npy MogepHU3auuu usaenus. B cra-
Tbe paccMoTpeHbl 32-pa3psagHbie KoHTponnepbl AVR32, koTopbie kKoMnaHus

Atmel npepgnaraer 8 2011 ropy.

IUBAIOT CKOPOCTH IpHeMa/Iepead TaHHBIX
mo 33 M6ur/c mo unrepdeiicam SPI u USART,
pu 3arpyske syipa He 6ostee 15%. Tlepudepuittast
cucrema cob6pituii (Event System) mosBosisier
mukpokoHTposiepy AVR UC3 nepenaBaTh cur-
HaJIbI (COOBITHS) HETIOCPENCTBEHHO Ha IpyTrye
nepuepuitHble MOLYIU KOHTpOIepa 6e3 y4a-
crust LITTY. Dr0 obecrieanBaeT 04eHb KOPOTKOE
1 TIpefonpefieieHHOe BpeMst OTKIMKA (IBa TaKTa
9aCTOTBHI SIIPA), YTO OTHOBPEMEHHO YMEHbIIIAeT
sarpyskeHHocTb LIV, ycTpanser y3kue mecra
IIPH BBICOKOCKOPOCTHBIX Iepefiadax i CHIDKAeT
9HepromnoTpedeHue.

ITpuMeHeHIe COOCTBEHHON MUKPOAPXUTEKTY -
PphrAApa ¢ TpEMA UCIIOJTHUTEIBHBIMU MOLYJIAMU
(AJIY, yMHOXUTEJIb/ IeATENh U MOIYIb pabo-
THI C AMSATHIO) TI03BOJISIET IIOJIYIUTH YPOBEHD
npousBoguTeabHOCTH 10 1,51 DMIPS/MIT.

INepBonavanbHO cemericTBo AVR32 cocTostio
u3 mukpocxeM cepuit AP7000 u UC3, ogHako,
B CBSI3U C Pe3KUM YBeINIEHUEM CIIPOCa, Ceidac
xommanus Atmel yaesseT OCHOBHOe BHUMAHUe

Cepus UC3A

92 DMips npu 66 MI'y
32—128 kbaitt SRAM

Cepusa UC3B

83 DMips npwu 60 MIy,
16—96 kbaiit SRAM

Ceps UC3C (

91 DMips npu 66 MI'y
16—64 k6aiTr SRAM
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8—16 K6anT SRAM
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Puc. 1. Cocras cemeictsa koHTponnepos UC3

pasButuio cemeiictBa UC3. CocTaB ceMericTBa
koHTposuiepos UC3 npuBeneH Ha puc. 1.

TotoBuTcs k BBITycKy cepust UC3D0/D1. Ot
KOHTPOJUIEPBI Oy Iy T BBIITY CKAaThCs B 64- 1 48-BbI-
BOJIHBIX KOPITyCaX U IPECTaBISIOT 0601t 0107 -
KeTHYI0 Bepcuio cemeiictea UC3B0/B1 ¢ mo-
HIDKeHHOH 10 48 MI'T] 4acToTol aupa U OTCyT-
CTBHEM HEKOTOPBIX HepuepHITHbIX MOTYICH.

Kparkas uHGOpMAIUSI 0 MUKPOKOHTPOJI-
nepax cepuii UC3A u UC3B npusenena B [1],
B 9TOM JKe CTaTbe 6ojIee HOAPOOHO paccMaTpu-
BAIOTCS KOHTPOJUIEPEI, He ONMCAHHbIE PaHee.

B HOBBIX KOHTpOJUIEpaX COXPAHUIHCH «PO-
[ OBbIE YEPTHI» CceMencTBa: BBICOKOIIPOU3BOAM -
TeJIbHOE PO C KOMIUIEKCHBIM HAOOPOM KOMAHI;
«KOHTpoJnepHble» © DSP-uncTpyKIjuu, Boi-
IIOJTHAEMBIC B OJHOM ITIOTOKE; rudKasi cucreMa
TaKTHPOBaHMS, BKJII0OYaIONIas Heckoabko RC-
TeHepPaTOpPOB, BO3MOKHOCTD HONKIIOUEHHUS JBYX
BHEIIIHUX KBaplieB; Ba Monyisa PLL, mo3sossio-
e GOpMHUPOBATh MAPALIETLHO HECKOJIBKO Ce-
TOK 4aCTOT, Tpe6yeMI>IX 1L TAKTUPOBAHUA ANIpa
U Pa3INIHbIX eprudepUiHbIX MOLYIIeH; MHOTO-
CJIO¥HAs BLICOKOCKOPOCTHAA 32-pa3psHas I1Ha
JAHHBIX, KOTOPasA COBMECTHO C MHOT'OKaHAJIbHbIM
nepudepuitneiM DMA-koHTpoIIepOM 06e-
CIIeYnBaeT OTHOBPEMEHHYIO TIepefiady HeCKOJb-
KX He3aBUCHMBIX ITOTOKOB JaHHBIX; 6OTaThIi
HabOp CTAHIAPTHBIX MepudepUiHbIX MOLyJIei
USB/UART/USART/I*C/SPI/I*S.

MukpokoHTponnepni AT32UC3C

Apxutektypa AVR32 n3HavaabHO co3flaBa-
JIach KaK COOTBETCTBYIOIAsl TPeOOBAHUAM II0-
BBILIIEHHO HaIe)KHOCTH. TOIOIOrHs KpUCTa/LIa
pa3paboTaHa C yIeTOM Mep MOBBILIEHHO I10-
Mexo3aIuIeHHOoCcTH. B 2010 romy BBIIYIIIEHBI
MHUKpPOKOHTpoJuIepsl cemeiicTBa AT32UC3C,
KOTOpBbIe pa3pabOTaHbl U IPOUSBOMSITCS B CO-
OTBETCTBUU CO CTPOTUMU Tpe6OBaHI/IHMI/I
MeyHaponHoro cranaapra ISO-TS 16949.
2 mapra 2011 roma xommanus Atmel 06bs8uIa
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CucmemHas nepugpepus

KoHTponnep npepbiBaHui

MoHuTtop

AVR32 CPU
66 MI'y

512 kbaut
10/100

nUTaHus

Perynstop
1,8B

JTAG /Nexus OCD

Ethernet MAC

SRAMO
64 k6ant

SMC (8/16-6uTHbii)
SDRAM (16-6uTHbii)

6-cnovHas WWHHas MaTpyua

[ MepucbepuitHbii MocT ] [

Kontponnep PDMA
16 kaHanoB

PBA I

WNutepdeiic USB
Full Speed

.

On-The-Go

/g’ A 4 v A 4 v A 4 v y y
PDC PDC PDC PDC PDC PDC PD PDC
USART{ SPI TWI SSC GPIO § CAN PWM ' Audio
x4 x2 x2 x1 x109 x2 13ch DAC
5 AT32UC3C0
\_ llone3o0Bamensckas nepugpepus LQFP144
Puc. 2. Brok-cxema koHTponnepa AT32UC3C0
Ta6nuua 1. OcHosHble xapakTepucTHkHu KoHTponnepos AT32UC3C
AT32UC3C0512C AT32UC3C1512C AT32UC3C2512C
AT32UC3C0256C AT32UC3C1256C AT32UC3C2256C
XapaKTepucTHKn
AT32UC3C0128C AT32UC3C1128C AT32UC3C2128C
AT32UC3C064C AT32UC3C164C AT32UC3C264C
Mamsrb Flash, k6ait 512/256,/128/64 512/256/128/64 512/256,/128/64
Namste SRAM, kbaiit 64/64/32/16 64,/64/32/16 64,/64/32/16
HSB RAM, kGaitt 4K 4K 4K
16-pa3paspsiaHas WkHa appeca,/AaHHbIX 1 Her Her
Yucno nunuii BBOAA/BbIBOAA 123 81 45
BHelLuH1e npepbiBaus 8 8 8
Peripheral DMA, katanbi 16 16 16
CucTema peakumi Ha cobbiTus 1 1 1
Whrepcpeiic TWI 3 3 2
Wntepderic USART 5 5 4
Whrepdpeiic SPI 2 2 1
WnTepdperic I’S 1 1 1
Wnrepdpeiic CAN, kaHanbl 2 2 2
USB Device /Host Full Speed 1 1 1
Ethernet MAC 10,/100 1 1 1
Taimep /cueTunk, KaHasbl 6 6 3
AcuHXpoHHbIH TaiiMep 1 1 1
Cropoxesoi Talimep 1 1 1
LLIMM (20-pa3psigHbiit), kaHasb! 4x2 4x2 4x2
KeagpartypHbiit sekozep, KaHanbi 2 2 1
Yacrotomep 1 1 1
MeHemkep nutaHns 1 1 1
12-6utHbiit ALIM /KaHans! 1/16 1/16 1/11
12-6uTHbii LLAT /kaHanbl 2/4 2/4 1/2
AHanorosble KOMNaparopb! 4 4 2
Tun kopnyca LQFP144 TQFP100 TQFP64,/QFN64

00 yCIIeITIHOM OKOHYaHHUH TeCTUPOBAHUL: Kade-
crBo 1 HanexHoctb AT32UC3C coorBeTcTBYyeT
«aBroMobmiIbHbIM» HopMam AEC-Q100 grade 1,
4TO JOMYCKaeT PYHKIMOHUPOBAHUE B TeM-
nepaTypHoM nuamnasose ot —40 go +125 °C.
Flash-mamsaTh MEKPOKOHTPOJLIEPOB CeMeli-
crBa AT32UC3C xapakrepusyeTcsi BpeMeHeM
XpaHeHHud 15 JieT ¥ BBIAEPKUBAET HE MEHEe
100000 rukIoB cTupanus/3anucu. biok-cxema
CTapIIero IpeCTaBUTeNs CeMEICTBA, KOHTPOJI-
nepa AT32UC3C0, npuBenena Ha puc. 2.
CeMeCTBO COCTOUT U3 12 TUIIOB KOHTPOJLIEPOB
1 AMeeT CTPOTyIo Hepapxuto. Ecrb Tpu tuma koprry-
ca— Ha 144, 100 u 64 BbIBOJIA, B K&XKIOM M3 KOTO-

PBIX BBITYCKAaIOTCA KOHTPOJUIEPHI YE€THIPEX TUIIOB,
PasIMYAOIINeCs], B IEPBYIO OYepenb, 00beMOM
TIaMsITH Ha KprcTasute. OCHOBHbIE XapaKTepPUCTAKA
KOHTPOJUIEPOB PUBEIEHBI B TaOyHIIe 1.

Tunuanble cOBpeMeHHbIe KOHTPOJLIEPHI, KaK
IIpaBUJIO, UMEIOT HAIIPSDKEHUE ITUTAHUA B 1A~
nasoHe 1,8-3,3 B. Omiuaue MUKpOKOHTpOJLIEpa
AT32UC3C — pabora Ipu HampspKeHHN [MUTa-
Hus Kak 3,3 B, tak u 5,0 B. [Ipu ucnonp3oBanumn
HaIIpsDKEHUS MMUTAHUA 5B JOCTHUTACTCA ITOBBI-
II€HHNE ITOMEXO03AIMUIICHHOCTH U CTAHOBUTCA
BO3MOJKHBIM HeIIOCPENCTBEHHOE TONKITIOUeHUe
K 5-BoJbTOBOI Tepudepun. Huske paccmarusa-
10Tcs HekoTopsie Mopyiu AT32UC3C.

61

Modynv Bvruucnenuii c nnabarowseii mouxoit

Bce xorTpOnnepsl cemeiictBa UC3 umeroT
nopaepsxky DSP-xomanz ¢ pUKCHPOBaHHOM
Toukoi. Cucrema komaHp comepxut 70 DSP-
UHCTPYKIUH, KOTOpbIe 00beIUHEHB] B 7 KaTero-
puit (Tabur. 2).

Tabnuua 2. Habop DSP-komang koHTponnepos AT32UC3

Kareropus Cocras
®unbTpbl FIR, IR, Interpolation, Least Mean Square
Add, Subtract, Multiply, Divide, Copy, Negate,
Betrore] Convolution
[eHepaums Sine, Square, Saw tooth, Dirac comb, Ramp, Step,
CUrHasnoB Noise
MNpeobpazosanus Fast Fourier Transform (FFT), Inverse FFT
Oneparopb! Add, Subtract, Multiply, Divide, Sine,
parop Square Root, Logarithm, Power, Random
Rectangular, Gauss, Hamming, Hann, Kaiser,
OkoHHbie (yHKuH Welch, Bartlett, Blackman
Pacwmpenust ADPCM encoder /decoder, Frequency resampling

BpeMmst BBIIOIHEHIST KOMAH[ JOCTATOYHO KO-
POTKOe, HaIpuMep, KOMaH/a YMHOKEHUS C Ha-
KoruteHueM 16x32 = 48 Multiply Accumulate
BBIIOJIHSIETCS 3 [1BA TAKTA, & KOMAHMIA AeJIeHIs
16/16 Divide— 3a 9 TaxTOB.

UC3C3 — mepBblil B IPOMBIIIIEHHOCTH
32-paspsApHbIA KOHTPOJUIEP C allllapaTHOM IIOJ-
JEP/KKOM KOMaHJ, C IUIaBaloIel TOYKOM. v
OIepaI[iX MOBBIIIAIOT TOYHOCTD BHIYHUCICHHUI
B TaKUX MPUTOKEHUAX, KaK POOOTOTEXHUKA,
yIpaBJIeHHe IepeMellieHIeM, YIIPaBIeHue JBI-
raTeJsIMY, a TAKoKe IpU (POPMUPOBAHHUH AHAIO-
FOBOTO CHTHAJIA MPEI{U3HOHHO (OPMBI B pe-
QIBHOM BPEMEHH.

Mopynb moaydaeT OmepaHabl I COXPAHIET
Pe3y/IbTaT B TOM K€ CAMOM PerucTposoMm ¢aii-
JIe, KOTOPBII UCIIOIb3YeTCsI IPU BBIIOIHEHUN
crapgapTabXx KoMana. Omeparus floating-
point compare mopudunupyer dar B peru-
CTpe cTaTyca KOHTpPOJUIepa, CIeI0BATEIbHO,
CTaH[apTHAs KOMAH/a IIepexofia MOXKeT OBITh
BBINOJIHEHA HEIIOCPEICTBEHHO IIOC/Ie 9TOH OIIe-
panuu. B cocTaB MOTyIIst BXOMUT YMHOXKUTENb-
HAKOIIUTE b, BHIIOIHSIOIIUI OIePAIINIO THUIIA
+A+(YxX) Kak OZMHOYHYIO, 6€3 IPOMEXY-
TOYHOTO OKpYIIeHus. Takum o6pa3oM, HOIy-
JaeMbIil pe3y/IbTaT UMeeT 60jIee BHICOKYIO TOU-
HOCTb, IeM IIPH BBIIOJHEHUN OTACIbHbBIX OIIe-
panuil yMHOXEHNS X CyMMHpPOBaHus. Moxyb
TAKKe [OIeP’KUBAET IPeoOPa3OBAHUsS TUIIOB
1 maHHbIX integer and floating-point mpu BsI-
HOJHEHHUN OIlepal[iil CPABHEHUSI ITePeMEeHHBIX
B popmare floating-point i Ipu BBIYUCTEHHUSX
06paTHbIX 3HAYEHHIA.

AnnapartHast 9acTb MOJYJISL COOTBETCTBY -
eT TpeboBaHUIM cTaHAapTa CH, OCHOBAHHOM
Ha crauznapre [EEE 754. TlopnepsxuBaercs pa6o-
Ta C JeHOPMAIN30BaHHBIMY YHCIaMU. B Tabiu-
Ie 3 IpefcTaBiIeH [epedeHb IPYIII OIepaIuil
C IUTABAOIIIEI TOUKOM M BPeMsI HX HCIIOTHEHUs

Ta6nuua 3. DSP-komaHap! ¢ nnaBaroLel TOYKoM

Tun onepauuu (Floating point) Bpems ucnonnenus

Arithmetical instructions 2 TaKTa

Conversion instructions 1 1akt

Compare instructions 1 TakT

Approximation instructions 1 TakT
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PB
l l —» TXLINE(0)
|€—— RXLINE(0)
O6pabotumnk | Dopmuposartenb .

RAM coobLeHui npoTtokona IXUNEG)
| €—— RXLINE(n)

Mutepcpeiic CAN T

|

CAN-
HSB TaKTMpoBaHue

Puc. 3. CrpykTypHas cxema uHtepdperica CAN

Ho6asnenue B kouTposutep AT32UC3C am-
[IapaTHOTO MOMYJIS AJIs1 paGOTHI C IJIABAIOLIEl
TOYHOM He YBEJIUYIIIO SHEPTONOTpebIeHue
KPHCTaJUIA.

Koumponnep DMA namamv/namameo

B momonnenue k nepucdepuitnomy DMA-
KOHTPOJLIEPY, OCYIIEeCTBIAIOIIEMY TIpreM/Ie-
penady JaHHBIX OT/B mepudepUiiHble MOTYIH,
AT32UC3C conepsxur Taxke DMA-koHTpOIIep
174 TepecbUIOK maMsiITh/naMaTb, MDMA-
KOHTPOJLIED.

MDMA-KOHTpOJIIEP MOKET HCIOTb30BATh
1o 4eTbIpex KaHanoB DMA u umeer gBa UHTep-
cbetica st HOCTyIIA K BBICOKOCKOPOCTHOI! IITIHE,
HSB master. Onun unTepderic ucroapayercs
IJISL YTeHUS JaHHBIX, 4 IPYTON — IJIS 3aIIUCH.
JlaHHbIe TIepenaloTCs OMHUM [aKeToM JIu60 Iie-
TI0YKOH IakeToB. [Tocyie oxoHYaHUS TepechIIKI
TeHepHUPYeTCsl COOTBETCTBYIOIIIEE TpePhIBAHME.
®opmar nanubIX — 8/16/32 6urt, npu mepena-
Je BO3MOKHA KOHBEPCHS TOPs/IKa CIelOBaHUS
6aiitoB. MDMA-KOHTpOJUIEP OOBITHO HCIIOIb-
3yeTcst A7t 0OMeHa NaHHBIMU € rpabUIecKuM
IUCIUIeEM, KOTOPBIH TTONK/IIOYAeTCsl K KOHTPOJI-
JIepy I10 IIMHE JAHHbIX KaK BHEIITHSIA 1aMSTh.

Modynv 3auumyentozo docmyna

Bo MHOTruX cuCTeMax OLIMOOYHBIHM TOCTYII
K TepruepUItHBIM MOLYJIIM MOKET IIPUBECTH
K KaTacTpopUIecKuM MOCIeACTBUSIM. B kadectBe
IIpuMepa IOX0OHOTo mHeprdepUitHOro MOy s
MO’KHO Ha3BaTb LIMPOTHO-UMITYJIbCHBINA MOJY-
mstrop (IIIVIM), ucmosmb3yeMslit A7 YIpaBIeHIs
anextpoasuratensiMu. Monyisitop popmupyer
IIOCJIe/IOBATEIbHOCTD HMITYJIBCOB, YIIPABIISIO-
IIMX ABHUTaTeseM. Ecim yrpasiisionye perucTpet
mopysst IIIM 6ynyT HempenHaMepeHHO Iepe-
3aIUCaHbl HeBEPHBIMY 3HAYCHUSIMH, JIBUTATEIIb
BBIA/IET U3 PAGOIEro PEKUMa, ITO MOYKET IIPHUBe-
CTH K IIOBPEXIEHUIO YCTPOUCTBA. TeM He MeHee,
BpeMsI OT BpeMeHH, JULS H3MEHEHHUS PeKIMa pa-
6OTBI BUTaTeIST, TpeOyeTcst OOHOBIIATH 3HAYEHHS
ynpasisomux peructpos IIIMM. Ogesunno,
4T0 HeOOXOIUMO IIPENYCMOTpPETh 3alIUTY ITUX
PETUCTPOB OT OIINOOTHOrO JOCTYIIA U3-3a IIPO-
IPaAMMHBIX OIIHOOK, a TAKKEe OT KPaTKOBPEMEH-
HbIX omu6oK B LIT1Y, BbI3BaHHBIX, HALIPUMEP,
BHEILIHEN 3JIEKTPOMarHUTHOM ITIOMEXOM.

Bo Bcex muxpokonTpostepax AT32UC3 nias
MIOBBIIICHNUS TOMEXO3AIIUIIIEHHOCTH CHCTEMBI
yIIpaBJIeHUs UCIONB3YeTCsl OI0K 3alUTHI TTa-

Mmsitt Memory Protection Unit (MPU), koto-
PBIil HACTpaMBaeTCs Ha OTPaHUYEHHUEe JOCTYTIA
K CIIeIUaIbHbIM afipecaM mamsatu. MPU pemut
HpOCTpaHCTBO IIaMATU HA 30HbI U YCTaHaBHI/I‘
BaeT HabOP YCIOBUIL JOCTYIIA K KaXKAOI 30He.
Habop ycnoBuit focTyna MOXeT BKJIIOYATh,
HAIpUMep, paspellleHre YTeHUsI/3aUCH, ecIn
LITIY paboTaeT B pexuMe CyLepBU30Pa, UK
TonbKo yreHus, ecau LIITY Haxogutcs B pesxume
HCIIOIHEeHHsI. 30HBI JOCTYIIa MOTYT ObITH pas-
HOTO pa3Mepa, HO 0ObIYHO He MeHee 1 K6aiiT,
TO €CTh B OJIHOM 30He MOYKET HaXOMUTHCSI MaCCUB
aIpecoB HECKOJbKUX Iepr(epHHbIX MOTYIIE.
Ob6partieHre K KaXKIOM 30HE OCYIIIECTBIISIETCS KAk
B ynpasisionieM pexxume LIIY, To ects cynep-
Bu30pa (supervisor mode), Tak u B peXxume pa-
60T51I ¢ mpuioxenueM (application mode). Takoit
YIIPOLIEHHbII MEXaHU3M YIpaBJieHus He 061a-
IIaeT TOCTATOYHOM TUOKOCTBIO U TIPUBOIMUT K BbI-
MIOJTHEHUI0 MUKPOKOHTPOJUIEPOM (eCIione3Ho
pabotsr — wactbiM obpaterusM LIITY k 30Ham
ImaMATH, 3aHpeIII€HHbIM IJIs ILOCTyHa.

B muxpoxonTposiepax AT32UC3C ara mpo-
6ieMa perraeTcst IpUMEHEHHEM COBMECTHO
¢ MPU nononHuTENEHOTO MOZLYJIS 3aIAIIIeHHO-
ro pocryma — Secure Access Unit (SAU). Eciu
MPU npenzasHadeH I 3alIUTHL 30H TaMATH
OT HeCAaHKIIMOHUPOBAHHOIO NOCTyIa, To SAU
HCIOJIB3YeTCs AL obecredeHns 6e30IacHOro
KaHaJ1a HOCTYHa K CIIeI1aJIbHBIM 30HaM IIaMATH,
samuiiesHsiM MPU. Monyns SAU npoussonut
TepeHasHavYeHUe a/[PecoB, HAXOMSIINXCS B 3a-

HIMIIEHHON 06JIaCTH MaMsTH, TAKUM 00pasom,
LIITY MoxeT MoTyIuTh OCTYN K KOHKPETHOMY
azpecy, 06paIasch K aapecy U3 He3aluIeH-
HOI 061acTH aMsATH. [Ipu 9TOM HeT HeoOXOnu-
MOCTH CHUMATh 6JIOKMPOBKY Ha JOCTYII KO BCei
3aIIUIIEHHO 06IaCTH, YTO IOBBIIIAET ITOMEX0-
YCTOMYUBOCTD CUCTEMBI.

Humepgpetic CAN

CAN (Controller Area Network) — 3ro cere-
BOY ITOCJIEIOBATENbHBIA KOMMYHUKAIIMOHHbBIN
uHTepdeiic ¢ BEICOKUM YPOBHEM 6€30I1aCHOCTH
tpausaknuii. JIro6oit yzen B cern CAN sBist-
€TCS «MacTepPOM», HO B KaK[IbIiI MOMEHT Bpe-
MEHU TOJIBKO OJUH U3 Y3JI0B MOXET II€pElaBaTh
maunsle. OnucaHue IPOTOKOIA 0OMEHa MOKHO
HOCMOTpeTh, HAIpUMep, B [6].

Muxkpoxourpossnep ATUC3C copepxur
2-xaHanbHBIH CAN-KOHTpOJLIEp C MOIEPKKON
nporokosoB CAN 2.0A u 2.0B u ckopocThio
obmena no 1 M6ut/c. BoamoxHbI epenaga
OJUHOYHBIX ITAKETOB U aBTOMATUYIECKOE II€pE-
KJII0UeHNe PeXUMOB IIpueMa/nepenaqn. Ectp
IIOfIZiepyKKa PeXKMMa CHa; IIEPEXO B aKTUBHbIN
PEXUM OCYILIECTBIAECTCA IIPU HAINYINUY CUTHAIA
Ha IIIMHE.

CrpykTypHas cxema KoHTpoynepa CAN
IpeCTaBJieHa Ha Puc. 3.

K6adpamypnuwiii dexodep

B IIPUJIOKEHUAX YIIPABJIEHUA JBUTATEIAIMUI
HY)KHO IOJIy4aTh HHGOPMAINIO O CKOPOCTH
U HalpaBJIeHNHM BpallleHNs Bajla ABUTaTeINs. DTa
uHdOopMaIus 0OBITHO MOIYIAETCS NEKOTUPO-
BAaHKMEM CHTHAJIOB, KOTOPbIe (OPMUPYIOTCS IaT-
YUKaMU, pasMEIIeHHBIMU COOTBETCTBYIOIIUM
00pa3oM OKOJIO JHCKa, 3aKPEIICHHOTO Ha BTy
nBurateis. s feKOAUPOBAHUS TaKUX CUT-
HAJIOB UCIIOJIb3YeTCs KBaIpaTypPHBII ieKozep.
AT32UC3C uMeeT Ha KpUcTaIe 3-KaHaJIbHBIN
KBaJpaTypHBII AeTeKTOp. TOYHOCTD H3Mepe-
HUIT 00ecrieqnBaeTcst 16-paspsiiHbIM CIeTIH-
KOM IIOJIOKEHMA U 16-paspAgHBIM CYETIMKOM
qucia 060poToB. CTPYKTypHAsE cCXeMa CUCTEMBI
YIIpaBJI€HUA NBUTATETIEM C UCIIOJIB30BAHUEM
KBaJIpaTypHOTO [eKofiepa IpHBe/ieHa Ha PHC. 4.
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Puc. 4. Cuctema ynpasneHus gsuratenem
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Puc. 5. CtpykrtypHas cxema mogyns AL

Yacmomomep

BcTpoeHHBIN YacTOTOMEpP U3MepseT OT-
HOLIEHNE JaCTOT ABYX UCTOYHUKOB. HTIH pac-
IMpeHus NUANTa30HOB U3MEPEHUA 9aCTOThL
HCIIOIb3yeTCsl HAOOp BCTPOCHHBIX [e/IUTENe.
Ha BsIxoze dopmupyercs: 24-paspsiiHblit pe-
3ynbTaT. JacToToMep MOKHO MCIOJIB30BaTh
It Kanu6poBKu BHyTpeHHero RC-reneparopa,
M3MepeHHs BHEITHEN 9acTOTHI U aBTOOIpe/iee-
HUS CKOPOCTU CUTHAJIA, KOTOprﬁ IIPUHUMAETCA

o unrepdeiicy USART.

Ananozobas nepugpepus

Konrpostep AT32UC3C comepXut Ha Kpu-
CTajute aHAJIOrO- I POBOI IpeobpasoBaresb
C IPOM3BOJUTENBHOCTEIOL,5 Msps Kak Ipu Ha-

NpsDKEHUH IUTaHus 5, Tak u 3,3 B. Ocoben-
HocThio ALIII gBiIseTCS HaTUYUe IBYX CXeM
BBIOOPKHU-XPAHEHHUS, YTO MO3BOJISIET IIPOU3BO-
IUTb U3MEPEHNE aHAJIOTOBOTO CUTHAJIA 10 IBYM
KaHaJaM OIHOBPEMEHHO, 6e3 BHeceHUs da-
30Bolt morperHoctu. AITT Moxer paboTaTh
B 16-KaHaJIbHOM PeXUMeE C ONMHOYHBIMH BXO-
Iamu Wid B 8-kaHaTbHOM AuddepeHnuaIbHOM
pexume. BoamoxkHo ucnonb3oBanue AIITT ms
¢dbopMupoBaHUs 8-paspsIIHOrO BHIXOAHOTO KOAA
IIPU yBeJIUYIEHUH CKOPOCTH IIPeoOpa3oBaHuUsL.
Borxon ALIII mopgkiodeH K KOHTpOJLIEPY IIe-
pudepuitHbIx coObITHIL. Pe3yabpTaTsl paboThI
AIIT MoryT HepechIIaThCs B aMATh C UCTIONb-
30BaHHEM PEXKUMA IIPSAMOTO JOCTYIIA K HaMATH.
Monyib UMeeT BCTPOEHHYIO CXeMy KalHOpOBKU

U B KaUY€CTBE OIIOPHOI'O HAIIPSKEHUS UCIIOJIb-
3yeT BHYTPEHHUI UK BHEIIHUI UCTOYHUK.
Crpykrypnas cxema monyis AT npusenena
Ha puc. 5.

Konrposrep AT32UC3C umeer nBa Moxy-
15 ITATII ¢ Bpemenem npeo6pasosanust 1 Msps
U BpeMEHEeM YCTAaHOBKHU 1 MKC, KaK[IbIil U3 KO-
TOPBIX MOXKeT QYHKIMOHUPOBATH B 1- uiu
2-KaHAJIbHOM PeXHUMe. 2-KaHaJIbHBIA PeKUM
OpraHNU30BaH Ha JBYX BXOOHBIX PETrucTpax
mynbTaiviekcopa LIATL JIyist paboTsl B 9TOM pe-
XKuMe TpeOyeTcst IpIMeHeHNe [BYX BHEIIHNUX
CXeM BBIOOPKHU-XPaHEHUsI. DTOT PeXKUM yHoOeH,
Harpumep, 11 GOPMUPOBAHUS 2-KaHAIbHO-
ro aypuocuraaiza. CTpyKTypHas cxeMa MOJYJIS
LIAII mpusenena Ha puc. 6.

Tt pabotsl koHTpoILIepoB AT32UC3C xom-
manust Atmel nmpeparaeT OTIATOYHYIO ILUIATY
AT32UC3C-EK. IInaTta mocTpoeHa Ha KOH-
tposutepe AT32UC3C0512C, u Ha Heil pa3Me-
1eH rpadudecKuil TuCILIelt, 18a pagbema USB,
nBa pazbema CAN u gBa paswema LIN. Kpome
TOTO, IUIATa COAEPHKUT YeThIPe IITHIPTKOBBIX
pasbeMa. K HUM MOXHO MOJKIIOUUTD OO~
HuTenapHble I1aThl MC300 1 MC400, kxoTophIe
COLEPIKAT CUJIOBBIE LIEIIN I YIIPABIEHUS HU3-
KOBOJIbTHBIMH U BBICOKOBOJIbTHBIMH JIBHUIATE-
JIIMH COOTBETCTBEeHHO. K HEOOCTAaTKaM IIJIaThI
AT32UC3C-EK cnenyer oOTHeCTH OTCYTCTBHE
pasbema unTepdeiica Ethernet. BuemHmit Buz
mnatsl AT32UC3C-EK mpencrasiier Ha puc. 7.

MukpokoHTponnepbl AT32UC3L0

Kourposuepst AT32UC3L0 6511 paccMoTpe-
HbI B [2], omHako Bepcust kpuctayuia 2011 roga
UMEET HECKOJIBKO CYIIIECTBEHHBIX HSMeHeHI/Iﬁ,
YAY4ILIAOMUX HIOTPeOUTeNbCKIE KauecTBa.
Huskoe anepromorpebieHie — BaXKHbII Ma-
paMeTp misi MOOMIIbHBIX IPUIOKEHHH. DTH
KOHTPOJIJIEPBI ITO3UIUOHUPYIOTCS KaK HU3KO-
HOTPe6HfHOLL{I/Ie MUKPOCX€MBI, OIITUMAJIbHbIE
[J1s1 IpUMEHEHUS B CUCTEMAX C 6aTapeﬁHbIM
nutanueM. OHE MOTYT pabOTaTh OT HAIPSDKe-
Hust 1,62 B, To ecth MOXHO 6e3 moTepu Hafex-
HOCTH Cl)yHKIII/IOHI/IpOBaHI/IH HCIIOJIB30BATH UC-
TOYHHK HanpspkeHus 1,8 B ¢ pasbpocom ypos-
HS BBIXOZHOTO HanpspkeHus 10%. Tumnosoi
mOTpeOIsIEMBIIT TOK B aKTHBHOM PeXUMe CO-

Bbibop
UCTOUHMKA
KaHan A
peructp
) LAMN
Kanan B
peructp
Tpurrep
coobLeHn

r\/\/\/\/ Kanan A

Puc. 6. CtpykTypHas cxema mogyns LIAT

Puc. 7. Brewnui ug nnatbl AT32UC3C-EK
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Puc. 8. Brok-cxema koHTponnepa AT32UC3L0

craBisgeT 165 MkA/MI'm. B sxnyiem pexxume,
¢ paboTAIOIIUM CIETINKOM YaCOB PEATHHOTO
BpeMeHH, TOTPeBIIsIEMBIIT TOK COCTABIISIET BCETO
600 HA. B pexxume Shutdown morpebisiembrit
TOK CHU3UTCS 10 9 HA. Biiok-cxema KOHTpoOJIIe-
pa AT32UC3L0 npuBenena Ha puc. 8.

AT32UC3L0 — nepBbrit AVR32-koHTpOILIED,
OCHaH.[eHHbII‘?I aHHapaTHbIM MOI[YJ'IeM CYUTBIBA-
HHU CUTHAJIOB OT €EMKOCTHBIX CeHCOprIX JgaT-
qnkoB QTouch. D10 MOTYT GBITH KHOIIKH, a TaK-
JKe TMHeWHbIe U KOJIBIIEBbIC CeHCOpr.

B muxpocxemax AT32UC3L0 BuepBbIe mpu-
MeHeHa nateHToBaHHas TexHosorus FlashVault.
IIpeumyimecTBa TEXHOJIOTHH 3aKIIOYAIOTCS
B BO3BMOXHOCTH yCTaHOBKI/I 6I/ITOB 3aIIUThI
oT HeCaHKHHOHHpOBaHHOFO YTEHUI HA OTOC/Ib-
uele o6mactu Flash-mamsru. Takum o6pazom
Pa3paboTIMK MOKET 3aLIUTUTh CBOI KO, IIPH
3TOM OCTaBHB YacTu Maccua Flash-mmamsitu ot-
KPBITOH ¥ JOCTYITHOM JI Monmbnxaunn. dTto
1103BOJIsLeT NONUCHIBAaTh B Flash-maMaTs HOBBIE
(pyHKUNM, COXpaHSS 3AIUIIEHHBLIT KOJI.

Emte omHa ocob6ennocrs AT32UC3L0 — wuc-
T10J1b30BaHUE CBEPXIIMPOKOIIOIOCHOTO MOMYIISI
nudposoit ®AITY: Digital Frequency Locked
Loop, DFLL, 1103BOJISIIOIIIEr0 MOTyYuTh pado-
IYIO YaCTOTY sIApa KOHTPOJIIepa U3 BXOTHOM
qacTOThI 32 KI'11.

B mukpocxeme AT32UC3L0, Tak ke Kak
u B AT32UC3C, ectb yacToToMep, 32-pa3psn-
HBIIl TaliMep ¢ BO3MOXKHOCTBIO paboTHI B pe-
JXHUME 9aCoB peaﬂbHOFO BpeMeHI/I u MOI[YJ'IB
6e3omacHoro nocrymna SAU u anmaparHas cxema
Event System. [TpuMeHeHHe 3TOH TeXHOJIOTUY,
XOpOIIIO cebst 3apeKOMEHIOBABIIIEN B KOHTPOJI-
nepax ATxmega, 103BOJISET MOJNYIUTh BpeMs
peaKL[I/II/I Ha BHCIIIHHE CO6]>ITI/I${, paBHoe ABYM

TaKTaM 49acTOTHI A[pa, 4TO cocTasiseT 40 HC
mpu yacrote siapa 50 MI'. OToT mapamerp 8-
JISIETCST KPUTHUIECKUM [IJISL CUCTEM, pabOTaroIiX
B peXXHMe peaIbHOTO BpeMeHN.

OcCHOBHBIE ITapaMeTpbl KOHTPOJUIEPOB CEPUU
AT32UC3L0 npuBeners! B Tabiuiie 4.

CpepacTea pa3pabotku

Ja1st paspaboTKK U OTIALKH IPOTPaAMM
Ha KoHTpostepax AVR32 ¢upma IAR BbInmy-
crmia komMepduecknit maketr JAR Embedded
Workbench for Atmel AVR32, xoTopbIit MOX-
HO 3aKa3aTh y €BPONENCKOTr0 NUCTPUOBIOTO-
pa IAR — xommanuu Ineltek GmbH.

Kpome Toro, mst Bcex MUKPOKOHTPOJLIIEPOB
AVR32 xopnopanus Atmel npepraraer enu-
HYIO cpeny paspaborku AVR32 Studio. B mapre
2011 ropa BbIIUIA CIEMYIOLIAsl BEPCUS MTAKeTa —
AVR Studio 5. B otuane 0T IpenbIAyIINX Bep-
cuit, HoBast AVR Studio BIO9aeT mommepKKy
BceX TUNOB AVR-KOHTpOJIIEpOB, Kak 8-, Tak

Ta6nuua 4. OcHoBHble NapamMeTpbl KOHTPONIEPOB

cepun AT32UC3L0
Mapamerpoi AT32UC3L064/32/16
MpounssoauTensHocTb 64 DMIPS npu 50 MI'y
Hanpsiketue nutaus, B 1,62-3,6
O6vbem Flash, kbart 64/32/16
0O6bem RAM, kbaitt 16,/16/8
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36

CunbHOTOYHbIE BbIXOAbI
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Tun kopnyca

QFP/QFN/TLLGA 48

u 32-paspsanHbix. Takxe B COCTaB IaKeTa BXO-
nut 6osee 400 pUMePOB MCXOIHBIX KOJIOB, 4TO
CYILECTBEHHO COKpAII[aeT BPeMsI 10 OCBOECHUIO
HOBBIX KOHTPOJLIepoB. [JucTpubyTuB makera
MOJKHO 3arpysurh C caira [7].

Jlis oTHamKu OpOrpaMM U 3aTPy3Kd KOZa
B0 Flash-mamsiTh MUKPOKOHTPOJLIIEPOB KOMIIA-
Hust Atmel, B JOIIOJIHEHNE K CYIIECTBYOIINM,
BBIITyCTHIIA HOBBIN BHyTpHCXeMHbIﬁ IMYIIATOP
ATJTAGICE3. O nocTpoeH Ha KOHTpOJIepe
AT32UC3A3 ¢ unrepdeiicom USB 2.0 High
Speed, 4TO 6TATOIPHUATHO CKA3aIOCH Ha CKOPO-
CTH TIpoliecca OTIAIKY. BHeIIHMI BUsI 9MYIIATO-
pa IpencraBieH Ha puc. 9.
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