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CTHe B peaJM3allly STOM HIEOTOTHH.
B cBoe Bpems Muxpocxema AT75C220,
copeprKalliasl Ha KpHCTajlle KOHTPOJLIEP Ha S~
pe ARM7 u 16-paspsiausbiit OakDSP-koHTpOI-
Jep ¢ GUKCHPOBAHHOM TOUKOM, ObLIA Iepeso-
BOII pa3pabOTKOI, IIPH TOM, 4TO Ha KPUCTaJIIe
6butn pasmertens! u 1sa MAC-untepdeiica
10/100 M6ur. ITosiBIeHIE TAKHX MUKPOCXEM
CHJIBHO YIIPOCTHJIO )KU3Hb Pa3pabOTIHKaM IIe-
YaTHBIX IUIAT, HO UL IPOTPAMMHUCTA 9TO, KaK
1 paHblIle, ObIIa IBYXIIPOLECCOPHAS CHCTEMA,
UL KOTOPOI HY KHBI JIB€ Pa3JIMIHBIX CPefIbI Pa3-
PabOTKH, 1Ba SMYJLATOPA X MHOTO 9acOB TBOP-
YecKoul paboTHI 110 CONPSDKEHUIO IBYX sfIep.
OnHaKO CO BpeMeHeM COBEepIIeHCTBYETCS
He TOJIBKO TeXHOJIOTH H3TOTOBJICHNUS KPHCTAII-
JIa, HO ¥ CaMa apXUTEKTypa sipa KOHTPOJLIepa.
OueBrHAS MBICIIb — COBMECTUTb B €IMHOM Ha-
60pe KOMaH]I KaK yIIPaBJIIOIINe, TAK U «IHACIO-
IpOOIIIbHBIE» HHCTPYKIIMH — IIOJIYIHIIa He-

Kopnopaum{ ATMEL Taxke IpHHSUIa yaa-

MWKPOKOHTPOJINEPDI

ATMEL: 32-pa3psaaHbie
Flash-MukpokoHTponnepbl

Ha aape AVR32

B npe>kHue rofbl napansie/ibHO CyLeCTBOBaJ/IU iBa TUMA MUKPOCXEM C MUKpPO-
npoueccopHbIM SAPOM Ha KpUcCTanie — yHUBepcasbHble MUKPOKOHTpoONne-
pb! ¥ npoueccopbl uudposoit 06padotku curHanos (DSP). Kaxkabiv Tun umen
Te WK WHbie NPerMMyLIecTBa U UCNOJIb30BaNCs AN «CBOUX» 3aAau. Ecnu pas-
pabatbiBanocb ycTpoWcTBO € PYHKUUAMU CUrHaNbHOMK 06paboTku U ynpaene-
HUS, NPUXOAUNOCH CTaBUTb Ha nnaty U DSP, u MuKpokoHTponnep, KaXkabii co
CBOMM reHepaTtopom, BHEWHEN NAaMATbIO U LWUUHHbIMHU CbOpMVIpOBaTeﬂﬂMH.
C pocTOM BO3MOXHOCTEH TEXHONOrMU Pa3paboTuMKU MUKPOCXEM CTanu pas-
mewartb 06a KOHTpoOniepa Ha O4HOM KpUCTane.

CKOJIBKO JIET Ha3aJ BOIUIOIIEHNE «B JKeJle3e»
B pa3pab0TKax BeIyIIUX MHPOBBIX IPOU3BONH-
Testei. Takoil KOMIUIEKCHBIN Ha60p KOMaH[ —
OflHa 13 0COOEHHOCTell HHHOBAIHOHHOM apXH-
TeKTYpbl AVR32, pa3paboTaHHOIT B HOPBEKCKOM
mu3arH-TieHTpe Kopropannu ATMEL.

ATMEL BbITTyCKaeT ITMPOKUI CIIEKTP MUKPO-
KOHTPOJLIEPOB. PaHee OHM CTPOMIIMCH Ha OCHO-
Be siep, pa3pabOTaHHBIX BHEITHUMHU QHPMa-
mu — Intel 1 ARM. Co BpeMeHeM KOIIpopanus
CTaJla IIPUMEHSATh COOCTBEHHBIE SAIPa, IPIIeM
OTH A/IPa UMEIOT JTy4IlIFe TEXHIIECKHE XapaKTe-
puctuku. Ha puc. 1 mpeficraBieHbI OCHOBHBIE Ce-
MeliCTBa MUKPOKOHTPOJIJIEPOB, BBIITy CKaeMble
KOpIopanuei B HacTosIIee BpeMs, 10 TOPH30H-
TaJILHOU OCH OHU PACIONIOKEHBI B COOTBETCTBIN
C IPOM3BOIUTENBHOCTEIO, A TI0 BEPTHKAILHON —
B COOTBETCTBUH C 9HEPIOIOTPeOICHHUEM.

Ha puc. 1 BugiHO, 9T0 MEKPOCXeMBI Ha Ape
C51 — sABHBIE «ayTcailiepbl», TaK Kak IpH He-
BBICOKOH ITPOM3BOAUTENIbHOCTH NMEIOT JOCTa-
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Puc. 1. MukpokoHTponnepsi kopnopauun ATMEL

TOYHO GOJIBIIYIO IOTPeOIIeMYIO MOIIHOCTS,
1 VX He CJlefiyeT IPHMEHSTh B HOBBIX Pa3paboT-
kax. Hamporus, Muxpocxemsl Ha Anpe AVR32
UMEIOT 0YeHb XOpOolllee COOTHOIIEHNE IIPOU3-
BOJUTEIBHOCTB/9HEProIoTpebIeH e, UTO, ecTe-
CTBEHHO, BBI3LIBAET IOBBIIIEHHBIN HHTEPEC
y paspaboTankoB. OcobeHHoCTb siyjpa AVR32 —
BBIIIOJTHEHHe 33 TAKT OOJIbIITe YeM OfJHOI KOMaH-
bl MakcuMaibHas IPOU3BOUTETLHOCTD MU~
kpocxembl AP7200 Ha actoTe 250 MI'1 cocTas-
nstet 360 DMIPS.

Apxurexrypa AVR32 nexut B 0cHOBe IBYX
cemeiictB — AVR32AP7 (cydduxc AP oznava-
et “Application Processor”) m AVR32UC3 (cyd-
¢uxc UC ozuagaer “microcontroller”). ITepsoe
CeMeNCTBO — 3TO MOII[HbIE MUKPOCXEMBI, OII-
THMU3UPOBAHHBIE IS PaOOTHI IIOJ OLIEPALIHOH-
HOH cucreMoi Linux, 1 X pacCMOTpeHHe BbI-
XOJIUT 33 PAMKH JAaHHOH CTaThH.

B cBoto ouepens, cemerictBo AVR32UC3 Tak-
JKe pasziesieHo Ha cepun — A, B, C u L, kaskmas
13 KOTOPBIX IMeeT HeCKOIbKO II(POBBIX HH-
nexcoB. CBOfiHAsA AUarpaMMa IIpesicTaBUTesNel
cemericrBa UC3 mpepcTaBiieHa Ha puc. 2.

CHmKeHHe TOTpeOIsIeMOIT MOIITHOCTH [0~
CTUTHYTO IIpUMeHeHneM psifia Mep. Hampsoke-
HHe IUTaHusA Aipa cocrasiuser 1,8 B, nmuranue
BBIXOJIHBIX KacKanos — 3,3 B. Ha xpucramie
eCTh IIpeobpa3oBatesb, KOTOPBII HOPMUPYET
HanpspbkeHue 1,8 B. Bxonpl MUKpocxeMbl MOTYT
paboTaTh ¢ yPOBHSAMU CUTHAJIOB 10 5 B. [
TaKTHPOBAHUA SIpa U IepUePUIAHBIX MOTY~
JIeFl MOTYT MCIIOJIb30BAThCS HECKOJILKO TeHepa-
TopoB. B nononsenue k BHyrpeHHuM RC-rene-
paTopaM K MEKPOCXeMe OJHOBPEMEHHO MOKHO
HOIK/TIOYUTD KBaPIIEBBII PE30HATOP C 9aCTOTOM
ot 450 xI'n mo 16 MI' u «9acoBoii pe3oHaTOp»
¢ gacroroit 32 768 I'u. [yt obecriedeHus OMHO-
BPEMEHHOI PabOTHI SIpa Ha ONTHMAJIBHOI Ya-
croTe (OHAa MOXKET TMHAMHYIECKH U3MEHAThCS
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MMKPOKOHTPO//IEpbl | KOMMOHEHTbDI
Cepus UC3A Cepus UC3B Cepus UC3C Cepus UC3L
83 Mips @ 66 MI'y 76 Mips @ 60 MI'y, 83 Mips @ 66 MI'y 55 Mips @ 40 MI'y,
2,0 MBt/Mly 1,3 MBT/Mly 2,0 MBt/Mly <1,0 mW /My
144 /100 QFP 64,/48 QFP /QFN 144,/100/64 QFP 48/32 QFP/QFN
MamsTb,
PGEV VD S
o1, | A [uc330512][uc331512] ) :
UC3A1512 Q4,08 Q4,08 npo3BoACTBe
UC3A0256 B 6
256 Rl Uc3sozse || ucasizse [N
UC3A1256 / UcsCt | ycsc2
UC3A0128
| ucsao12s JEyeepe =
128 UC3B0128 | UC3B1128 v Powar
ucsa112s || NRSRIAN
64 UC3A364 UC3B064 UC3B164 UC3L064 UC3L164
MNapameTtpbiUC3A3 Napametpb UC3C
32 Hi-Speed USB Muranue 3—5B UC3L032 UC3L132
128 k6aiT SRAM 2xCAN
Wutepdperic NAND Flash BocbmukananbHbin 12-bit ALLMN
16 Wutepdeiic SD/SDIO Card [JeyxkaHanbHbii 12-bit LLAT UC3L016 UC3L116
Audio DAC True 5V1/0
e
Puc. 2. Cocras cemericTsa koHTponnepos UC3
B peaibHOM BpeMeHH) u uHTepdeiica USB, koTo-
pomy Tpebyercs crabmibHast acrora 48 MI', wic-
HOJIB3YIOT ABa Momyisi PLL. ITepucepuitHbre Mo~ — MUL (e
MHO>XeHUsA
Tynu, He aKTUBHBIE B TeKYIII MOMEHT BpeMe- y
HH, OTKJII0Yat0TCs. THIoBoe motpebieHue simpa -
UC3 npu pabote Ha gacrote 60 M cocrasisier
Bui6 1 HDOBAHHE Peructp Peructp
B aKTUBHOM pesxume 23 MA, uu 1,3 MBr/MI, pIGopka €KOAMPO R ALU e By ALY
9TO ABJISETCS PEKOPIOM /TSI MUKPOKOHTPOJLITE- e R daiina chaiina
POB 3TOTO Kiacca. Brok gexoan- ||
Apxurtexrypa AVR32 6asupyercst Ha paciiu- PoBaliHA
perroM Habope RISC-komann. Komanmus! MoryT | . Bok 3arpysku,/
UMeTb JUINHY 16 uan 32 6urta u c1enoBaTh 00- P{RESE
IIUM ITOTOKOM. B oTiIm4me OT apXHTeKTypH
ARM, HeT HeO6XOTUMOCTH HEPEKITF0YaThCS MEX-

Iy IBYMS peKUMaMU. DOJIbIIMHCTBO KOMaH I, BBI-
6upaeTcst, TeKOMUPYeTCsI U BBITIOJIHSAETCS 32 OfIUH
TAKTOBBII UKL Bce KOMaHIp! PacIIO3HAIOTCA He-
IIOCPEZICTBEHHO B KOHBeiiepe.

Snpo AVR32UC3 npencrasister co6oit yce-
4qeHHyI0 Bepcmio sitpa AVR32AP7, ontmusnpo-
BAaHHYIO II0 9HepromnoTpeteHnio. Tax ke, Kak
1 B CTapIleM fAape, 31ech eCTb KOHBelep KO-
MaH]I, HO eTo ITyGUHa yMeHbIIIeHa ¢ 7 10 3 CTy-
nieneit. Konseitep AVR32 UC3 umeer 3 cragum:
IF (Instruction Fetch) — BpI60pKa KOMaH/BI,
ID (Instruction Decode) — nexonupoBaHue KO-
mannel 1 EX (Instruction Execute) — BbimosHe-
HHe KoMaHAibel. CTPYKTypHas cxema simpa AVR32
IIpUBeJIeHa Ha PHC. 3.

B cooTBeTCTBHU CO CTATHCTUYECKUM aHAJIU-
30M TUIIMYIHOM ITPOIPAMMBI, B CPeJIHEM OKOJIO
30% mpoIecCOPHOTO BpeMEHH YXOWT Ha BBITIOJN-
HeHHUe KOMaH/l YTeHN/3aucu. APXUTEKTypa
AVR32 yMeHbIIIaeT 41ciao TpeGyeMbIX IIUKIOB
IULSL 9TUX KOMaH]I, COBMeIIIasl MX ¢ apudMeTHde-
CKIMH OIlepaIisMU HaJl yKasaTesleM, CHIKasl Ta-
KIM 06pa3oM BpeMsI JOCTYIIa K JaHHBIM B Ta0-
JIATAX, CTPYKTYPax ¥ IPOU3BOJIBLHO PACIIONOMKEH-
HBIX B IAMATHU IaHHBIX, KOTOPBIE IIOTPEOYIOTCS
B OJIIDKAHIINX ITOCIEYIOIINX IIHKIaX.

Puc. 3. CtpykrypHas cxema sigpa koHtponnepos UC3

B MuKpoKOHTpOILIepax ucnonbayercs Flash-
MIAMSITh ¢ HUSKUM NTOTpeOIIeHrEM, II09TOMY OHa
umeet Bpemst focryma 30 He. Takum 06pasom,
pu pabore sizipa Ha qactoTe Bbiiie 33 MI Hyx-
HO IIPY YTEHHUU MAMSTH JOOABIIATH TAKT OXKHU-
maHus (wait state). [t MUHIMHSAITAT BpeMe-
HU O’KUJIAHUSI IIPOTPAaMMa pa3MeIiaeTcs B IBYX
32-paspsinHbix 6ankax Flash-mramsTu, B kaxxnom
13 KOTOPBIX XPAHATCSI COOTBETCTBEHHO YeTHBIE
7 HedeTHBIe CJI0Ba. Ecm mponcxonuT moceno-
BaTesIbHasl BHIOOPKA KOMAH/| MM KOHCTaHT U3
IaMSTH, TaKT OKUIAHNS TOOABIATH He Tpely-
ercst. [Ipy BBITTOTHEHNH peaTbHOM IPOTPaMMBbI
CKOPOCTH UTeHNUsI IMaMATH CHIDKaeTcs Ha 10%.
Takum 06pasom, mpu padore siapa Ha IacTOTE
10 33 MI'ni ynenabHas IpOU3BOIUTEIbHOCTD CO-
crasiser 1,49 DMIPS, a B guamasoHe 9acToT
33-66 MI' camkaercs go 1,38 DMIPS. Conep-
skuMoe Flash-mamsaTu Hafie)XHO 3aIUIIEHO OT
HeCAaHKIIMOHUPOBAHHOTO KOITMPOBAHUS yCTa~
HOBKOI1 lock-611Ta, KOTOPBIIT MO’KHO CHSITh TOJIb-
KO KOMAH/IOH CTHPAHUSI MEKPOCXeMBI, TpIIeM
CHayaJa IPOMCXOAUT COOCTBEHHO CTHPAHHUE,

a TosbKo 3ateM cOpoc lock-6uTa. Yncio UKIOB
3aIHCh/CTHpaHHe — He MeHee CTa THICI.
1o ananoruu c 8-paspsgasivMu AVR-KoHTpOI-
JIepaMHu 37eCh Takxke ecth Habop fuse-6uTOB,
OTBEYAIONIUIT 32 AKTHBU3AIIMIO U HACTPOHKY
nopora cpabarsiBanus moxyns BOD (Brown
Out Detector — aeTeKTOp IPOBAJIOB IIUTAHUS).
ITaMATb MOXeT OBITh 3arpy’keHa CKOPOCTHBIM
porpamMmmaropoM min yepes JTAG-untepdeiic
rpu oMoty amyssstopa ATJTAG ICE2. Taxoke
IPeyCMOTPEeH PeKUM 3arpy3KH depe3 HHTep-
eric USB npu momMoInu npeiBapuTesIbHO 3a-
rpyxeHHoit nporpammel USB-bootloader.
JIJ1s1 omepanuii IporpaMMUpPOBAaHHUS/CTUPAHASL
Flash-mmamsitu u fuse-6uTOB Ha KpHCTAJIE €CTh
criertranbHbIN Monyitb Flash-controller.
BbIcOKas yIeabHasl BEIMUACIATETbHAS MOIII-
HOCTb JJOCTUTAeTCsI HAIMIHeM KOHBeliepa ¢ 06~
PaTHOII CBA3BIO U MapaJUIEIbHON PabOTOI TpexX
BBIYUCIUTEbHBIX 0510K0B: yMHOXuUTesst (MUL),
apUQMeTHIeCKO-JIOTIecKOro ycrporictsa (ALU)
1 OBICTPOJIEHCTBYIOLIErO 6JI0Ka pabOTHI C aMsI-
TbI0 (LS). MexaHH3M IIpeficKa3aHHsl BeTBICHI
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Tab6nuua 1. CpasHeHue cucTeMbl KoMaHa 32-paspagHbix aaep

MWKPOKOHTPOJINEPDI

Anpo AVR32UC ARM7-TDMI ARMYE Cortex-M3
Apxutektypa lapBapga DoH-Heiman lapeapa lapBapg
Kongerep 3-stage pipeline 3-stage pipeline 5-stage pipeline 3-stage pipeline
MpouasoamnTenbHoOCTL 1,4 MIPS /My <0,9 MIPS/MT'y 1,1 MIPS /MI'y 1,25 MIPS /MTy
EpuHbiit Habop koMaHg ‘/ ARM/xThumb ARM/)SI'humb v
HAocryn k SRAM 3a 1 rar v * Pipeline ?;ter-lock burs?only
KomaHaa aenenus N x x N
(DpaKunoHanbHOE YMHOXKEHHe J % x ) X )
¢ HakonneHuem (1 Takt) 2—4 cycles, no fractional 2 cycles, no fractional
DSP Saturation v x \ x
Komahgp! paboTbl ¢ Gutamu < X X v
Mo6utosas komaHaa 4 « X N}
YTeHMe—MoAndHUKaLUs—3an1cb swap only
Bxop, B npepbisatue (max) 16 cy. 8 reg. saved 29 cy. 8 reg. saved 24 cy. 8 reg. saved 12 cy. 8reg. saved

103BOJLIET U30eraTh Iepe3arpy3ku KOHBeiiepa
IIPU BBIIIOJIHEHHN OTlepanuii BeTsienus. Cos-
MECTHO C BBICOKOH IVIOTHOCTBIO KOZIA 3TO J]aeT
BO3MOKHOCTb CHU3UTh HHT@HCUBHOCTb 00pa-
IIIeHHI K HaMSTH U IIPOM3BOIUTH IIePeXOIbI 6e3
IIOTepPH IIUKJIOB.

Komanyip! o6paliieHus K IaMsATH MOTYT pa6o-
TaTh C JAHHBIMU pasMepoM 8, 16, 32 u 64 6ura.
Apxurextypa AVR32 anmapaTHO ogep;kuBa-
eT oIepanuyi MHOKECTBEHHOTO IOCTYTIa K JIaH~
HBIM, YTO IO3BOJIAET YBEIUIUTb CKOPOCTD pa-
60TBI IpOrpaMMEI 110 4 pa3. CucreMa KOMaH]
B apxutekrype AVR32 conepxut 6oiee 200 uH-
crpyKuuit, npudeM DSP-uHCTpyKIIUM BBIIION-
HSIIOTCS B OITHOM IIOTOKE C «KOHTPOJUIEPHBIMI»
HHCTPYKIUAMHE, 6€3 IOTepH TaKTOB Ha Iepe-
KJIIOYeHue.

Kparkue cpaBHUTEIbHBIE XaPAKTEPUCTUKI
CHCTeMBbI KOMaH]I HECKOJIbKHUX 32-Pa3pAmHbIX
siiep IPHUBeieHbI B TabuIHIe 1.

ITpu aHanu3e TabIHIBI | CTAHOBUTCA SICHO,
9TO 3 IONYJISPHBIX siIep Haubosee OIU3KAM
o mapamerpaM k AVR32 spisercs smpo Cortex-
M3. HHTepecHO, 4TO 1O pe3yibTaTaM CPaBHU-
TEJILHOTO TeCTUPOBAHMS IPOTPAMMHBIX Peasn-
3aIMiT AITOPUTMOB IADPOBOI DIIIBTPALIHH L
AVR32 u Cortex-M3 (kotopoe He umeer DSP-
HHCTPYKUMIT) mporpamma niast AVR32 paer
10-KpaTHBINA BBIATPHIII 110 BpEMEHU UCIIONHE-
Hus npu ucnoiap3oBanuu BUX-duiabrpa
u 11-xkpatHbiit Bemrpsii npu KUX-dunsrpe.

WunaoBanyu B apxurekType AVR32 oTHOCAT-
Cs1 He TOJIBKO K SAZIPY, HO U K TIOCTPOEHUIO BCETO
Kpucraua. Ha puc. 4 npusenena cTpyKTypHas
cxema MukpocxeMmbl AT32UC3A. Ha kpucrane
pasMeltieHa obmupHas nepudepust. Inpo cas-
3aHO ¢ TTepudepUIHBIMI MOLYJISIMU CHCTEMOI
BHYTPEHHUX 32-pa3psAnHbIX IIKH. B oTamdaue ot
IIMHHON OPraHU3aIluy, IPUMEHAeMON, HaIlpu-
Mep, B koHTposuiepax AT91SAM7/SAMOY, 3necs
UCIOJIb30BaHO HECKOJIBKO ITMHHBIX CTPYKTYP:
® BLICOKOCKOPOCTHAs ITMHHASA MAaTPHIIA;

o rrepudepuitHasi IUHA A, CBsI3b C Iepudepmit-

HBIMU MOJIYJISIMU;

e nepudepuitHas muHa B, KoHbuUrypanuoH-

Has IIMHa;
® BHEIIHsI [IapajUIe]bHas MKHa (Y KOpPIIycoB

QFP144).

I[Tepucdepuiinas muHa A MOXKeT paboTaTh Ha
TIOHIKEHHOM JacToTe.

B «6a30BOi KOMIUIEKTAIIMN» KOHTPOJIIIEPBI
AT32UC3A nmetor Ha kpucrasue nopt USB 2.0
Full Speed (12 Mbps) ¢ mopuepsxkoit pexxuma
On-The-Go, OTG, obecneanBaroimuit paboTy
KOHTpoJLIepa B pesxume Host, monyins Ethernet
MAC 10/100 M6wut. 113 cTaHIapTHBIX MHKPO-
KOHTPOJUIEPHBIX HHTeP(eICOB — HECKOIBKO
noproB USART, unrepdeiic SPI u unrepdeiic
SSC ¢ Bo3MOXHOCTBIO paboTsl B pesxume I°S.
MaxcuMasIbHas 9acToTa padoThI 9TUX HHTEpGei-
COB OTPaHHYUBACTCS OBICTPOIEICTBAEM BBIXOJ-
HBIX KJIF0Yeil KOHTPOJIIepa U cocTasister 33 MIm.
Wnrepdeiic TWI ¢ amymsnueit narepeiica I'C
MOJKeT paboTtaTh Ha yactoTax 1o 400 kI,

dupMeHHasA YepTa MUKPOKOHTPOJIIEPOB
ATMEL — xopor111o npogyMaHHast TeXHOTOTHS
o6MeHa TaHHBIMH MEXAY SLPOM I HOPTaMH
BBOJIa/BBIBOJIA. BCTpOEHHbIE IPHIO/KEHHS TOJDK-
HBI IMETh BO3MOKHOCTD B3aMOJIECTBUS KaK
C BHEITHUMH YCTPOHRCTBAMH, TaK U C SAPOM,
U IIPeJIOCTABIIATD IIPOTPAMMHECTY MaKCHMaJIb-
Hble BO3MOKHOCTH YIIPaBJIeHUSA 9TUMU OIlepa-
nusaMu. Heo6xonumo taxske obecreduTsb bec-
IIOBHYIO U HEIIPEPBIBHYIO Ilepefiady aHHbIX
MEKIY TaMATBIO U TTepudepUITHBIMI yCTPOII-
cTBaMu 6€3 OCTAaHOBOK Ha IIePeNHHUIINAIH3AIHIO
CYeTYNKA TPAH3AKIUI. DTO OCOOEHHO aKTyalb-
HO, €CJIM HYKHO ITPOU3BOJIUTD IIepesiady I0TO-
KOB JJaHHBIX O/IHOBPEMEHHO 110 HECKOJILKIM Ka-
HaaM. TakuM o6pas3oM, B psifie 3a7jad Ha Iiep-
BOE MeCTO BBIXOIUT IOJCUCTEMA OOCTY KIBAHI
nponecca 0OMeHa TaHHBIMI MEKIY BHEIITHIMH
YCTPONCTBAMM U BHYTPEHHEH IaMATbIO KOH-
TpOJIIepa — UHBIMH CJIOBAMH, MOJLYJIb IIPSIMO-
ro moctyna K mamsata. B AVR32UC3 ckopocr-
HBIM 0OMEHOM NaHHBIMU 3aHIMAETCS] MHOTOKA-~
HaJIbHBII HIeprepUIHbII KOHTPOJIIEP KAaHAJIOB
npsiMoro octyna K mamsitu (PDC — Peripheral
DMA Controller), HapsMy0 0CyIIeCTBIISIO-
Myt 0OMeH TaHHBIMU MeXIy NepudepuiHbl-
MH YCTPOHCTBaMH, BHYTPEHHIMH PeIuCTPaMu
KOHTpOJIIEPA ¥ BHEIIHEl IaMAThIO.

OcHOBHasl 9acTh MepudepUIHBIX MOyl
AT32UC3A uMeer nBa Bblie/leHHBIX KaHaaa PDC,
IJIA TIpHeMa U Iepefladyl NaHHBIX COOTBETCT-
BeHHO. ITosb3oBaTenbcKkuil mHTepdelic KaHaua
nepudepuitnoro koutposiepa PDC BcTpoen
B KK/IBLIT [IepUQEPHITHBIN MOIYJIb U CONEPIKUT
32-OGUTHBII perucTp-yKasarenb ajgpeca, 16-0ut-
HBII PETUCTP-CUTIUK IIePeChIIOK, 32-OUTHBIH

PETHCTp /I yKa3aTeJs CIeNyIOIIero afipeca ma-
MSTH B 16-OUTHBII PErUCTP-CIETIHK IS CIIe-
IYIOIIUX IepechlIoK. [Tepudepuitable MOmyIIH
HepeKJII0YaIoT MOoTOKU HaHHeIX PDC, ncnons-
3ys1 CUTHaJIbI IpreMa-Tepeniadn. [1o okonganun
IIepeChUIKH IIepBOTO IPOTPAMMHOT0 GJI0Ka TaH-
HBIX COOTBETCTBYIONIUI HepudepuitHbLil MO-
IyJb TeHepHpPYeT MpephIBaHAEe OKOHIAHUS I1e-
PEChUIKH. ABTOMAaTHYECKM HAYMHAETCS Iepe-
ChUIKa BTOPOTo 6JIOKa JaHHBIX, a 00paboTkKa
JaHHBIX IIEPBOTO 6JI0KA MOKET BBIIOTHATHCS
HapaJlIeJIbHO IPOLEecCOpPOM, 6e3 MeIJIeHHbIX
IIpephIBAHUI B PEKIAME PeaTbHOTO BPEMEHH, 3a-
MeULTIONTNX OOHOBJICHHE PETHCTPOB-YKa3aTe-
JIefl B IPOIIECCOPe, PH IOJJIeP/KKe BBICOKOCKO-
POCTHOI! ITepeChUIKHU JAHHBIX B IepH(epHiTtHbII
mopynb. PDC uMeer BbiziesieHHBIE PETHCTPBI CO-
CTOSTHMS, YKa3bIBAIOIINe I KayKJOro KaHaja
BO3MOKHOCTb MJIM HEBO3MOKHOCTD ITEPECHLI-
K. B 1106011 MOMEHT MOJKHO CIHTATh U3 ITaMsI-
TH aJ[peC pasMelleHus 09ePeJHON MepechbUIKA
1 KOJITIECTBO OCTABILIHXCS MEPeChIIOK. B Tab-
nuIe 2 MOKa3aHa CTeIleHb 3arPy3KH Afpa NpH
nepenade JaHHBIX Yepe3 nunrtepderic SPI. s
TaOJIUIBI BUIHO, YTO MAKCHMAJIbHAsI CKOPOCTb
paboTel aTOro NHTEPeEiica 6e3 HCII0IB30BAHUS
koHTposuiepa DMA He npessimaer 4 M6ut/c,
a ¢ BKIoYeHHBIM DMA-KOHTpOILIEpOM, JaxkKe
Ha ckopocTu o6MeHa 33 MI'1, 3arpyska mporec-
copa cocrapiseT MeHee 15%.

Ta6nuua 2. 3arpyaka sapa npoueccopa

Peripheral DMA

Ckopoctb

nepegauu

BK/IIOYEH OTK/IIOYEH

0 k6ut/c 0,00% 0,00%
400 K6uT/C 0,40% 17,70%
1,2 M6ur /c 1,20% 53,40%
2 Méur/c 2,20% 89,90%
4 M6ut/c 4,40% N/A
33 Mout/c 14,70% N/A

MuxpokorTpoitep AT32UC3A comepxut
PacIIMpeHHbI KOHTPOJUIEP IPEePhIBAHMIL, IMe-
IOIIH CJIeYIOIINe XapaKTePUCTUKH:
® BLIfIeIeHHbII 3aIIPOC I KasKIOTO ITpephIBa-

HUS,
® MHAUBHUIYaIbHOE MACKHPOBAHHUE IIPEPhIBa-

HU;
® cpabaTbIBaHUeE 110 CIIA[Ly MU PPOHTY CUTHA-

Ta;
® cpabaThIBaHUe 10 BEICOKOMY MU HU3KOMY

YPOBHIO Ha BXO[I€;
® ACHHXPOHHbIE TPEPBIBAHNU B KTy IIIX PEKU-

Max;
® IIPOTHBOIIOMEXOBBIH (GUIBTP Ha JTHHUAX

BHEIIHUX IIPephIBAHUIL;
® TI07ifiepyKKa PeKIMa CKAHUPOBAHHUS MaTPHY-

HOH KJIABHATYPbI.

BHeITHUM ITpepbIBaHAEM MOKHO IePeBeCTH
MHKPOCXEMY 13 JKYIIET0 PeKIMa B AKTUBHBIH.

Ha xpucrasie ectb 8-kaHanbHBIN 10-paspsn-
uerit AIIT co BpeMeHeM IpeoOpasoBaHUs
384 kSPS mst 10-paspsipHoro pexxuma u 533 kSPS
1714 8-paspagHoro pexxuma. Ha kpucrauie Tak-
JKe pa3MellleH IBYXKaHAIbHBIN 16-paspsAaHbIil
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Tck w <'J:> LOCAL BUS
< Do ITAG AN P G4 INTeRFACE FAST GPIO
oL INTERFACE [NV UC CPU N
NEXUS i
MCKO =
MDO[5..0] CL/;%%H :it MEMORY PROTECTION UNIT :@: = e
MSEO[1..0] S
EVTI N INSTR DATA s SRAM
EVIO N INTERFACE INTERFACE =
VBUS pa
<« USB N |
« o
< D »| INTERFACE g =
VBOF_~. T3
VA PIRIN S M M M S 43 512 KB
M L G £ FLASH
CoL, (@]
RS, DMA K I M HIGH SPEED ©
RXDI3.0. BUS MATRIX
RX_CLK, DATA[15..0]
F:)((_I:é\é, N s e ADDR[23.0]
y | O x
MDC, M NCS[3..0]
TXD[3.0] ETHERNET J S e NRD
TX_CLK, MAC L _TMM EEo NWAIT
I K CONFIGURATION REGISTERS BUS ESd NWEO
8 TX_ER, U =~ ~~ ~~ i == NWET
o EED PB HSB HSB <2 NWE3
w SPEED PERIPHERAL ol E RAS
8 | Mo HSB-PB Bif.féFéBA DMA J = Cas
& BRIDGE B = CONTROLLER £2z0 SDA10
o N e SDCK
= < = 5 SDCKE
P o w= SDCS0
u INTERRUPT A N |a SDWE
i CONTROLLER N— [ o0
PA ) XD
CLK
(ﬁ) EXTINT[7..0] EXTERNAL 8 USARTT RS, CTS 8
PC K:I\SA[II'.\‘O] INTERRUPT V—N € DSR, DTR, DCD, RI > o
PX CONTROLLER o | RXD 2
0 USARTO TXD &
| USART2 CLK =)
REAL TIME N USART3 RTS,CTS 4
COUNTER NV I <
SCK "EJ
SERIAL MISO, MOSI [0}
WATCHDOG — PERIPHERAL NPCSO
TIMER — INTERFACE 0/1 NPCS[3..1]
I TX_CLOCK, TX_FRAME_SYNC
SYNCHRONOUS TX_DATA
115kHz | 0 g
RCOSC [ POWER <#> = SERIAL RX_CLOCK, RX_FRAME_SYNC
MANAGER CONTROLLER *X_DATA
XIN32 32 kHz
XUt oo CLock | .
XINO GENERATOR Q TWO-WIRE «—CSL
xouto | OSCO K= \:/‘::> a INTERFACE CDA
CLOCK :
XIN1 CONTROLLER
0SC1 =
XouTt — o PULSE WIDTH —
PLLO SLEEP — MODULATION -
CONTROLLER o FEhTIRL
PLL 1 I
GCLK[3..0 RESET AD[7..0]
RESET N [3-.0] CONTROLLER o ANALOG
= | DIGITAL
CONVERTER
A[2..0] I
B[2..0] N
CLK[2..0] TIMER/COUNTER N—V] o ANALOG DATA[1..0]
)8 BITSTREAM DATAN[1..0]
DAC
% N
N 4
/1
G >
N

Puc. 4. CrpyktypHas cxema koHTposnepos AT32UC3A0
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regulator

KOMMNOHEHTbI | MMKPOKOHTPO/IEPbI
4 N\
CuctemHas nepudepus — P N N N N
KoHTponnep npepbisaHmii e EBI
56 M -
as
AG/ oot | | eawz | | e || Seam
32+32 | | SDcard || 8/16-bit
15 Ty 256 || ‘6air | | SDIO || SDRAM
RC OSC KkbaiT (16-bit)
SRAM1 NAND
1,8 B 64 kbaiT 16-bit
[ 1

6-cnoiHas WwuHHas MaTpuua

! ! !

3(2)g2'" Mepudepuittbiv KoHtponnep PDMA KoHTtponnep BbICOKOCKOP.
\- ) MocT 8 kaHanos DMA 4 kaHana USB OTG
: A r 3 A A A A A A A :
v v \4 v v v v v
PDC PDC PDC PDC PDC PDC PDC PDC
USARTH SPI TWI SSC GPIO Timer PWM ADC AT32UC3A
x4 x2 x1 x1 x113 6ch M 6ch M 8ch QFP 1443

Monb3osaresibckas nepudepus

Puc. 5. Bnok-cxema koHTponnepa AT32UC3A3

moayns ITAIT (ABDAC — Audio Bitstream
DAC), K BBIXO[y KOTOPOTO MOKHO HOIKIIIOUUTh
aynuoycuianTens Knacca D.

KoHnTponep copepkut Habop TaiiMepoB, pa-
60TaIOIINX B Pa3HBIX PEKUMAX, I MHOTOKAHAJIb-
uo1ii IMM-konTpOIep.

B HacTosImIee BpeMs BBIITYCKAIOTCA KOH-
tposuteper AVR32UC3 mopcemericts A u B, nx
KpaTKHe XapaKTepHCTUKH IIPUBEIEHBI B Ta6-
nuie 3.

Ilaee paccmoTpum HoBble cepun AVR32UCS3,
Kotopsle 6yznyT BoiyIieHs! B 2009 roxy. Cie-
IyeT OTMETHTB, UTO IIpe/ICTaBIeHHass HHPOpMa-
U — IpefiBapUTeIbHAs, II09TOMY BO3MOKHBI
U3MEHEHUS.

KonTtpomneper AT32UC3A3 npegHa3HaueHb
17151 BBICOKOCKOPOCTHBIX KOMMYHHUKAIIHI, 110~
9ToMy B HEX Moziysib 100 M6utr MAC 3ameneH
Ha KorTposutep High Speed USB, 480 Mbps, nox-
IepyKUBAOIIHI peskuMbl paboTsl Host 1 Device.

M3 mHTEpeCHBIX IOIIOTHEHNI MOKHO OTMETHUTh
koHTposTep MMC HOBOI1 BepcrH, pabOTarOIIHIL
IIPaKTHYECKH CO BCeMH THIIAMH COBPeMEeHHBIX
SD-kapr, Bxmodast SDHC.

Ha puc. 5 mpencraBiaeHa O6JOK-cxeMa
AVR32UC3A3.

KonTpomneper AT32UC3C otimmudatorcs pac-
IIMPEHHBIM IMAlla30HOM HAIPsDKeHUH TUTa-
HHSL: OHH MOTYT OBITh HEIOCPeNCTBEHHO MO~
KJIIOYeHBbI K UCTOYHUKY nuTanud 5 B. [Ipyras

BOD RC OSC

(0]

S

32 kly
2 )

PLL1

e )
CuctemHas nepudepus pm— P P
KoHTponnep npepbisaHuit AVR32 CPU EBI
66 My
Nexus (8/16-bit)
1’? E: Ynpasnenue 0oCD 122_5}2
reguiator nuTaH1em KoM SERAY
Instr. Data (16-bit)
115 kly

5-cnoiHas WuHHas MaTpuua

KoHTponnep
PDMA 18 kaHanos

MepudpepuitHbii
mocT

I

&BA I

i i

usB
On-The-Go

A A 4 A 4
PDC PDC PDC
USARTH SPI TWI

x4 x2 x2

A 4 A A4
PDC PDC
SSC GPIO § CAN

x1 x109 x2

MNMonb3oBartenbckas nepudepus

A 4 A 4

Timer § PWM

6ch

13 ch

AT32UC3CO
QFP/BGA144

Puc. 6. Brok-cxema koHTponnepa AT32UC3C0
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SRAM

MWKPOKOHTPO/IEPDI
S~ ~ AT32UC3L0 QFP/QFN48
CuctemHas nepudpepus — —
Mr
JTAG/ Flash
8B Nexus
de || oo

4-cnoiHas WWHHas MaTpuua

[ MepudbepuitHbii

[ Kontponnep PDMA ]

MocT 12 kaHanos
A A A A A :
A 4 Y. A 4 A 4 A A 4 A 4
PDC PDC PDC PDC
USARTH SPI TWI GPIO Timer § PWM § ADC AC
x4 x1 x2 x36 6 ch 6ch 6 ch 8ch

Monb3oBatenbckas nepudepus

Puc. 7. bnok-cxema koHTponnepa AT32UC3L0

0COOEHHOCT — IpUMeHeHHUe TTeprdepUTHbIX

MOJyJIeil, HepBOHAYAIbHO OTPAOOTAHHBIX Ha

MHUKpOKOHTposuIepax ATxmega:

o 8-xanHanbHBIN 12-paspsapabii AL, ckopocth
npeobpasoBanus 1,5 Mbps;

® IByXKaHaJIbHBIN 12-paspsagusrit IJATII, cxo-
pocTb mpeobpazosanust 1 Msps;

® 4-KaHAJIbHBIA KOMIAPaTop.

Taxke Ha Kpuctawte AT32UC3CO Gyner aByx-
xa”anpHBII CAN-KOHTpOILTEp.

Ha puc. 6 mnpexpcraBieHa OJ0K-cxema
AVR32UC3C0.

Haxoremn, cepust AT32UC3L0 — aTo Mukpo-
CXeMbI B MAJIOTa0apUTHBIX 48-BBIBOIHBIX KOP-
ITycax, IMEIOIIHX ellle MeHbIIIee SHePTONOTpes-
JIeHUe, TUIIOBOe 3HadYeHue MeHee 1 MBt/MI1I.

Tabnuua 3. Kparkue xapakTepuCTHKIM KOHTPONNEPOB
UC3A 1 UC3B

UC3A0 | UC3A1 Uc3Bo uc3B1
Yacrora sapa, My 66 60
sty 33 33
Flash, kGa#nt 512/256,/128 256,/128/64
RAM, k6ait 64/64/32 32/16/16
Yucno wuH 6 5
Yucno kaHanos DMA 15 9
Wnrepdeiic EBI Ectb | Her Her
Ethernet MAC Ectb Her
Wrrepdeiic USB Dew(cOeT&((;;-lost Device & Host (OTG)
Yucno Taiimepos 3 3
Yucno kaHanos PWM 6+1 6+1
Wutepdperic USART 4 3 [ 2
WHtepcheiic SPI 2 1
Wntepdpeiic TWI 1 1
Whtepdpeitc SSC 1 1 Her
Yucno kananos ADC 8 (10-6uT) 8 (10-6ur) 6 (10-6uT)
Tun kopnyca QFP144|QFP100| QFP/QFN 64 | QFP /QFN 48
Bbisogbi (Tok 16 MA) |  Her Her 4x16 MA
Yucno nuHui B /BbIB 109 69 44 | 28

Oco6eHHOCTH 3TOH CepUH — MHOTOKAHAJIbHBII
[IT1M-KkoHTpOIIEp, pabOTa OT EAUHCTBEHHOTO
WCTOYHMKA TUTaHU:A HanpsbkeHneM 1,8 B, a Tak-
ke Monysb PLL HOBOII Bepcu co cBepXIIUpPO-
KIM BXOZIHBIM YaCTOTHBIM JMarna3oHoM. biok-
cxema koHTposnepa AT32UC3L0 mpencrasie-
Ha Ha puc. 7.

Pa3paboTKy U OTIa[Ky IIPOrpaMMHOTO obec-
TIe9eHNs MOKHO BECTH C MCIIOJIb30BaHIEM KOM-
Mepueckoro makera ¢pupmsl IAR “IAR Embedded
Workbench for Atmel AVR32”, KoTOpBIit MOXK-

KOMMNOHEHTbI

HO 3aKa3aTh Y €BPOIIEICKOTr0 JUCTPUOBIOTOPA
IAR — rxommnanuu INELTEK GmbH.

Kpome Toro, UL BCceX MHKPOKOHTPOJLIEPOB
AVR32 xopropanus ATMEL mpemtaraer emu-
HyI0 cpeny paspaborku AVR32 Studio. Dra bec-
IUTaTHAS Cpefia IIOCTpoeHa Ha 6a3e maxeta Eclipse
n ucnonbdyer komrmuiasTop GCC. Hecomuen-
HbIM yno6crBom AVR32 Studio siBisiercs To, 4T0
OHa eCThb B JIBYX BapHaHTaX, JJIs1 pabOTHI 1107
Windows u oz Linux, 4to crroco6cTByeT pac-
IIMPEHUIO ee NpHMeHeHHs. B HOoIoNHeHue
K AVR32 Studio BbInyIIeH KOMIUIEKT CTaHAAPT-
HBIX IPOTPaMM IS CO3TAHUS IPIIIOKEHUI —
AVR32 GNU Toolchain. 3arpy3uts o6a gucrpu-
6yTHBa MOXKHO C catita http://www.atmel.com/
dyn/products/tools.asp?family_id=682#801.

Ha puc. 8 npencrasieHo pabodee okHO AVR32
Studio.

B cocras makera AVR32 Studio BXxonuT Kom-
IUIEKT JpaiiBepoB u 6ubnnorex UC3 Software
framework, koTopbIiT BKIIO9aeT B celst ciemy-
fomee:
® [paiiBepsI IS KKIOTO HepudepHitHoro Mo-

myns AVR32 UC3;
® [1porpaMMHbIe 6HOIHOTEKH, ONTHMU3UPO-

BaHHBIEe 111 AVR32;
® amnmapaTHBIE JpaiiBepEl;
® [1eMOIPHIIOKEHNS, KOTOPbIe HCIIONB3YIOT BCe

6u6IMOTEKN;
® VUCXOMHBIE KOMIBI IIPOTPAaMM JJIsl IIPUJIOKEHHI

PeaIbHOTO BpeMeHH;
® TOTOBBIE IPOeKTHI, coBMecTiMBIe ¢ GNU GCC

u IAR Embedded Workbench;
® I10JIb30BATENBCKYIO JOKYMEHTAIUIO, BKJIIO-

YAIOIIYIO IPIMeEPBI H 00y JaloII[iie PyKOBOJ -

CTBA.

PazpaboTaHHBIEe IIPUMEPBI MOTYT OBITH Cpa-
3y 3allyIIleHbl Ha OTIaJOYHBIX IUTATaX KOPIIOpa-
i ATMEL n sierko niepeHeceHbI Ha IpyTHe arl-
IapaTHbIe IIIAT(QOPMBI.

cane 2:

apie_tgl_gpio_pin|GPI0_PIN_EXANPLE 1};
BEATE+e;
breki
came 37
default:
Gpia_tgl_gpic_pin(GPI0_PIN_EXANPLE 1):
1

rler

/i Hewe that it 13 alse pessible to use the GPIC

gpic_cie_gpie_pin|GRIo_PIN_EXANFLE I);

wple_set_gpio_pin(GPI0_PIN_LXANPLE 2)
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T T T m Mnm
Fle Edt Pefactor Nodgahe Seerch Pum Project Window Help
-0-Q-
s % w0 7 |[Ce ]
_w"w—"_ W_ case 01 & man ﬁ_” ffﬂ'\]'
(2 incudes /i heeess wich GPIO deiver gpio.c with clear ane U ik
# = Debug gpio_ele_gpio_pin[GPI0_PIN EXANFLE 1): # oo e Build of configueation
[ g atave+e) # U Debug for project
¥ (2] goio_sxavgle ¢ broah: # L0 Blinkinglights *o00
b et # G0 FUS BUTICH 0
apia_set_gpic_pin(GPTO_PIN_EXANPLE 1} # G0N AR make =k all
TaTess: # R0 PN _ERAMRE Building file:
break: # G0 _PR_EGMRLE D .- dgpio_sxssple.c

Trvoking: AVRIZ/CHU &
Compiies

wVEIT-gee ~0TOTC=] -3 -o
-fmespage- length=0 -Vall
-00 -mpaArteuciadsiz -mmp
=P ~RFTgpic_example.d”
-HT"gpic_exnmple.d®
-a"gpla_sxample.o”

save=0, . ./upio_example.c”
break; In tile included from
] fuse/ Local/ Lib/goe/ avelz/ 4.
- | T PO P TR
4/ Pell pash buzteon value - AR Tty 11 afwrifusdn0sil e i,
for| 1s0; 1<1000; S+=d) trom
i | use/f bocal/ Lib/ geefmed2id.
12| gpio_pin_valus (SPIO_PIN_EXANPLE_3)==0 | - 2 ond ol o od s evEsad dneiug

ofaveiz/ 1o Biad,
from
.o fapia.hidR,
from
.. /gpio_exsmple.ci4d:

use/ Local/ Lib/ goo/ svedz/ 4.
ek ook ool oS eEITf AR LU
efavrdt/core_sol_100.hi 7131
ercor: ewpected 'st,
"3t tesm' or

*__stcribute ¢ before

" | typeder:
|—he: *se [gpio_evsmple.o]

Lo, = 5108 of mtemal fash keated 9. || ExEor 1

pwinl 3.4 4k Bl make: Target ‘all' mot
Bk ~ Gock "| remade because of errors,
1d complete for project
Thisboard dose et v cortscht_ly 4 akcingt dgihes
iral > Iel

Puc. 8. Pabouee okHo AVR32 Studio
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Puc. 9. Bazosbii oTnagouHbii komnaekt ATSTK600

Tt 6ostee OBICTPOrO OCBOEHHSI HOCTATOTHO
CI0KHBIX MIKpokoHTpoiutepoB ATMEL mpern-
JIaraeT CepHIO OTIAIOYHBIX IUTaT. IIpeske Beero,
9710 oTinagouHbiil komrurekT ATSTK600, koTo-
polit mpuxoauT Ha cMeHy komrutekTy ATSTK500.

MWKPOKOHTPOJINEPDI

HoBblit KOMIUIEKT IOIXOIUT JUIsl BCEX TUTIOB MU~
KpokoHTposutepoB — ATtiny, ATmega, ATxmega,
AT32UC3. Ilena Takoil yHHBEPCATbHOCTH — [0~
CTaTOYHO IPOMO3JIKAS KOHCTPYKIIHS, COCTOSIIIIAs,
B 001IeM CiTydae, 13 OCHOBHOU U IEePEXOIHOM
IUIAT U COOCTBEHHO ILIATHI C YCTAHOBJICHHBIM
MHKpOKOHTpoutepoM. Ha puc. 9 mpencrasien
6a30BbIi1 0TIan0YHbI KoMIuiekT ATSTK600.

Taxxe ATMEL mperaraeT cremuaInsupo-
Banuble maaTel ATEVK1100 1 ATEVK1101, mmo-
cTpoeHHBIe Ha KoHTposutepax AT32UC3A0
u AT32UC3B0 coorBercTBeHHO. 17151 HOBBIX MH-
KpOCXeM FOTOBATCS K BbITycKy Iutatel ATEVK1104
u ATEVK1105.
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