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AVR-MUKpPOKOHTpONNEpPLI:

6onbLuOe B MaJZioM

Muxkpokormponnepet cepuu AT90S ¢hupmet Atmel (AVR-muKpokoHmporine-
pbl) MpU CBOUX CKPOMHbIX 8HEeUWHUX 2abapumax uMerom eecbMa HacbILeH-
HOe sHympeHHee codepxxaHue. Spkas unmocmpayusi — Mukpocxema
ATtiny15. 3mom MUKpOKOHMPOJITep, ebirycKkaemMbill 8 Kopriyce ¢ 8 ebteoda-
MU, MOMUMO pacuiupeHHo2o RISC-s0pa ¢ 32 peasucmpamu-akKymyrnsmopa-
MU, 0b6LedOUHEHHbIMU 8 pealicmposbili ¢halis, npozpamMmupyemoli 8 cucme-
me namsimu ripoepamm (1 kb FLASH) u namsmu daHHbix (64 6alima
EEPROM), codepxxum makxe 4-kaHarnbHbil 10-6umtsiti AL ¢ 803MOXHO-
cmbto pabombl 00HO20 KaHalla e OuchhepeHyuaribHOM pexxume ¢ OOrofHU-
meribHbIM yeurierHuem 26 06. Ocmaemcsi moribko 0obasums, 4mo & amol
“kpowuke” (tiny e nepesode ¢ aHanuUliCKO20 — KpOoWeYHbIl) ecmb 8HYMpeH-
Hutl eenepamop 1,6 MI'y co cxemot @AlNY, obecrieqyusarouyeli 8X00HYr Ya-
cmomy 01151 sHympeHHUX matimepos 25,6 MIy, aHanoz2oekll KoMiapamop
U Hacmpausaemasi cxema CIIEXEHUS 3a NUMarowuM HarpsixeHuem, obec-
neyusarowasi rnepesaryck MUKpOKOHMPOIIEpa Mpu CHUXEHUU HanpskeHUst
fiumaHus Huxe 3adaHHo20 ypoeHsi. Ha amom ¢hoHe 20-8b1800HOU MUKPO-
KoHmpornnep AT90S2313 ebiznssdum mpusuanbHol Mukpocxemoti. OOHako,
Ha 6asze AT90S2313 803MOXXHO nocmpoeHue 0o0Cmamo4HO LUPOKO20 CreK-
mpa uslenud. B npednazaemoli cmambe orucbieaemcsi ycmpoticmeo 660-
Oa aHarnoeoebIX U Yughposbix OaHHbIX 8 KOMITbIOMED C 803MOXHOCMbIO UX

omobpaxeHusi Ha XKKU.

nkpokoHTpornep AT90S2313

yao6HO ucnonsL3o0BaTth B NPUIO-

XeHusix, rae TpebyeTcs nepeaa-
BaTb MHGopmauuio no nopty RS-232.
ArnnapatHeimn UART, Bxogswmin B coctaB
MUWKPOKOHTpPOINepa, NonHOCTbIo peanu-
3yeT a1y dyHKLMI0, ocBOBOXAas pecyp-
cbl Npoueccopa. Npy NpaBunbHOM Bbi-
6ope yYacToThl MOXHO obecrneuntb
[OCTaToO4HO BLICOKYI0 CKOPOCTb Nepea-
un gaHHblX. Hanpumep, npu ncnone3o-
BaHMM KBapua ¢ yactorton 7,3728 MI'u,
CKOPOCTb Nnepefayn AaHHbIX MOXeT
ObITb yCTAHOBMNEHa B AnanasoHe ot 2,4
no 460 kbop.

OnuceiBaemMoe HYXe YCTPONCTBO Bbl-
nonHsieT yHkUMK cbopa aHanoroBbIX u
[OVCKPETHBIX CUrHAIOB U OTODpaXxaeT NH-
dopmaumio Ha andgaeuTHO-LUMOPOBOM
KugKokpucrtannumy4eckom vHaukartope.
YCTPONCTBO MOXET paboTarb aBTOHOMHO,
a Takke nepegasatb MHOPMaLWIO B KOM-
nbioTep yvepes nopt RS-232. MNMutanve
YCTPONCTBAa OCYLLECTBISIETCSA OT BHELLHE-
ro UCTOYHUKA HanpsbxkeHvem +5 B. lNo-
Tpebnaemoili TOK — He Gonee 10 MA.

B cocrtae ycTponcrea Bxogut 4-kaHanb-
HbI 10-pa3psigHeit ALIN (Bpems npeob-
pasoBaHusl 9 MKC Ha KaHan), ABYXCTpO4-
Hbil XKKW, a takxe nopt RS-232 co
ckopocTbio nepegayum go 230 kbog.

“AHanoroBbIe” XapaKTepUCTUKN YCTPOW-
CTBa onpeaensitoTes nernonbayemeim AL
— mukpocxemon AD7817. 31a mMmkpocxe-
Ma npeacTaensieT coboli YeTbipexKaHarb-
1114 21 anoro-LMghpoRoi NpeobpasoEaTent.
CO BCTRCE M TAKTGEHK 1ENEPATOROM K
WCTOMHMEOM ONOPHOM HanpsokeHuR 2.5 B
{pvc. 1). [nA noBLIweHka TepmocTabiune-
HOCTH BHYTPEHHEND MGTCHHHUEA ONoOpHOro
HAMPFBXEHIR MCNONBSYETEA CNeLVAansHEA
CXEMSA IEpMCI(UMIIEI ICELAM © BC| pCEI BT
1eprogarEom. Beixog epmoganesa
NOQKNICHEN K NATOMY K2 any ALIN, 1akmm
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neprioge naMepeHuin 1 Mc, MOXXHO CHUTaTb,
YTO U3MEPEHUsI C AOCTaTOHHON CTEMEHbIO
TOYHOCTM OTPaXaloT TeMMNepaTypy OKpy>Ka-
lowero Bo3gyxa B6nman MMKPOCXEMbI
AD7817. N3 cepBUCHBIX BO3MOXHOCTEW
MOXHO OTMETUTb TaKXe Hanuuve crieum-
anbHOro perucTpa Ans 3an1cu NoporoBoro
3HaueHWsi TeMneparyphbl, NPy NPEBbILLEHNN
KOTOPOro hOPMUPYETCSI CUrHamN Ha BbIBO-
A€ MVKPOCXEMBI.

NHTepdelic MMKpocxemMbl COBMECTUM C
vHTepdericom SPI, 10 ecTb cywecTBytoT
BbIBOALI: “BX0A4 AaHHbIX” (Din), “Bbixod gaH-
HbIX” (Dout) 1 “cuHxpommnyrnbesl” (SCLK).
Bxop RD/WR npeaHaaHadeH ans ynpasne-
HUA HanpaeneHneM nepejaqn gaHHbIX, a
no Bxogy CS ocyLiecTensieTcs BeiGop MUK-
pocxembl. B npunoxenwsix, rge nenonb3ay-
eTcAa Tonbko ogHa Mukpocxema AD7817,
BbIBOA CS MOXHO 3a3eMnutb. [1na ymeHb-
LUEHVs1 OGLLEro KonmyecTBa CBsI3el Mexay
ALMN 1 MYKPOKOHTPOMNEPOM AOMyCKaeTes
coeavHeHve BbiBoaoB Din v Dout.

ALMN nveet gBa pexvma pabotbl. Pe-
XUM onpepensercs ypoBHEM curHana
CONVST. AL pabotaet B pexume 1,
€CIM B MOMEHT OKOH4aHWs1 npeobpasosa-
Hus Ha BbiBoge 1 CONVST npucytcTByeTt
BbICOKMI YPOBEHb (“KO-
potkuii® CONVST).

R"EFIN

310 CTaHgapTHbIN pe-

AD7817 &

CHARGE
REDISTRIBUTION
DAC

»um paborel. B npuno-
KEHUSIX C KPUTUUHBIM
3Ha4eHneM noTpebns-
eMOM MOLLHOCTU WUC-
nonb3yeTcsl pexvm 2,
KOTOpbIV 3apgaeTtcs
HU3KUM YPOBHEM

O O

Ving SAMPLING CONVST B MOMEHT
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AGND DGND BUSY CTONVST

Puc. 1

30BaHUsl Nepexoavut B
aHeprocbeperawowui
pexum. Bosepar B ak-

06pa3om, KpOME HETHIPEX BHELLHMX aHaro-
roBbIX CcUrHarnoB, Mukpocxema AD7817 mo-
KET TaKKe UBMEPSITL TEMMNEPAaTYpy Kpuc-
Tanna. TO4HOCTb M3MepeHns TeMNeparypel
cocTaBnsieT

TUBHOE COCTOSIHME
npovcxoaut nocrne noaayn BbICOKOIro
ypoBHs H2a CONVST. B onuceiBaemom
ycTporicTBe Mukpocxema AD7817 pabo-
TaeT B pexume 1.
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“Tpetbsi XN3Hb" CXeMbl
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Puc. 3 AT90ISP koHTpornnepa

BpemeHHass guarpamma paboTbl
AD7817 npepcraBneHa Ha puc. 2.

B onvcbiBaemMoM yCTpOUCTBE Ans Y-
poLLEeHNs NporpaMMupoBaHNA UCMONb3Y-
€T1Cs pasgenbHoe NoaKNioYeHe BLIBOAOB
Din n Dout mykpocxembl AD7817 Kk MUK-
pokoHTponnepy. C KK nHavkatopom MUk-
POKOHTpOINep CBs3aH yepes 8-paspsg-
HYI0 LUMHY A@HHbIX, YTO TaKXe ynpoLyaeT
nporpaMmmMupoBaHve uHtepderica. UHtep-
deric RS-232 peannsoBaH no craHgapT-
HOWN cxeme Ha mukpocxeme ADM202.
30ecb MOXHO OTMETUTB, HTO MPU UCMOSb-
30BaHUN MHTEPMENCHON MUKPOCXEMbI
ADM3202 ¢ paclumpeHHBIM NUTaHnem (oT
3 po 6 B) yctporicTBo byaet pabotocro-
COBHO NPV NOHVKEHHOM MUTaHUK, TaK KaK
HanpsbkeHWe NMUTaHNSA MUKPOKOHTpOIne-
pa AT90S2313 Takke MOXeT COCTaBNATb
o1 2,7 no 6 B.

MpyHUMNManbHaa cxema ycTponcTea
cbopa n oTobpaxkeHVs AaHHBIX NPYBEae-
Ha Ha puc. 3. Bcnegctere orpaHnyeHHoro
umcna BeiBogos y AT90S2313, HekoTopble
VI3 1IMX MM | JBCHNDE Ha3uasee, s
PaGoTH © KK HIQMEATOPCM MCNONE3YET-
cA B-BHTHEIA HTepdetic {BeCt NopT B Muk-
AOKOHTPCNES), DOHAKD, TR KAK JAHHLIE
NnepefaliTes ToNEKG B OOHOM HANDABNE-
HIW, 420TE ERBOACE Nopra B ATAS2313
yipaunqe paboior ALIN. Ha KK moom-
KaTope oToEpaKASToA UAMEPEHHDE 3HaqeE-
He BXOaHar HEI'IpFl}KEHHFl, I'IEPEC‘-IMTE:]H-
HOE B BONETEL, HOME N KEHANA HAMEPEHLS5,
A 1AIE | eMIERAl YR ORDYHKAIOWES CRE-
Akl Bea kaioe-nEo Moauchiianmii CXeMel
MOM¥HO WCMONE30EATE MHAMKSTOPH OT 00-
HOCTROMHBIX HA & aHarmmecT 00 HeThIHEX-
cTpouHEX HA A0 zHakomect. B otmume ot
K vngmea opa, wis OOWeNnH G Makpo-
cxemon ALIT koo s3yeicH oy anpas-
nenHuil oBveH, notoMy ST HeoBxonmo
BEISpATE KHAN H3MEPEHHA M BRISATE -
I'IyJ'II:.C Ha4y[na npeaﬁpaaﬂsﬂng_

Bo ppems Ginazm pabol bl yo 1 poic |8
fkIna PELWEHA HebONbWAan TEXHUUBCEAS

npobnema. [leno B ToM, YTO HA Havanb-
HOM 3Tane yCTPOWCTBO B NPOW3BOIbHbIE
MOMEHTbI BpeMeHU “camornepesanycka-
nocw”. B pesynsrarte aHanusa npobnembl
BbISICHUINOCh, 4YTO Ha Bxod Reset mykpo-
KOHTpoOnnepa gencTBoBana HaBoAaKa,
NpUBOAVBLLAA K ero nepesanycky. B co-
OTBETCTBUM C TEXHUHECKUMY YCMOBUSIMU
Ha mukpocxemy AT90S2313, BoiBo Reset
MOXHO HVKyga He nogkntodate. OgHako,
KaK rnokasan 3KCrnepuMeHT, 3TO crpaBef-
TMBO AN uaeanbHOro criyyasl, Korga Lenm
NMUTaHus pasBedeHbl Ha nevaTHol nnare
OTAENbHBIMU CTIOSAIMU 1 BEGNM3U MUKPOKOH-
Tpornnepa HeT UCTOYHMKa UMMYNbLCOoB. B
JKM3HU TakK He ObIBaET, NO3TOMY GbUU NMpK-
MEeHeHbI CTaHAAPTHLIE MePbI: MEXJY BXO-
nom Reset n o6wLmM NpoBOAOM YCTaHOB-
NeH KepaMW4YecKui KoHAeHcaTop
HomuHanom 0,1 Mk®, a B uenb nutaHusi
nogxntodeH peavctop 10 kOwm. MNocne ato-
0 HUKaKux c60eB 3aMeueHo He Obino, UTo
TULLHWI pa3 NoATBEPANIIO UCTUHY: B LENW
cbpoca Hago UCNoNb30BaTh KOHAEHCATOP
(myvwe kepaMuYecki). BHeWwHWA Eng
OKOHYATENEHOM YOTPRORCTER NPUEEAEH HA
pwe. 4.

O IMCAHHAH CxemA ORATAINACH HAC O -

AT90S1200, koTOpHIN
nmeet Beero 1kb N3Y nporpamm u He oc-
HalLeH annapaTtHbiM NocneaoBaTebHbIM
noptom. NpoGrnema 3akntouanack B TOM,
YTO BMECTO YNOMsiHYTOro kabensi He 6o
NPEeANOXeHO HMKakoro nogobHoro ycr-
porictBa. Takum 06pa3om, BO3HUK aedu-
LMT, ¥ NOA HarnopoM 3aKa34MKOB, KOTOPbIM
HY>XEH HeJopOrov BHYTPUCXEMHBIN NPO-
rpammMartop, 3a KOpoTKoe BpeMsi Oblro
€034aHO YCTPOWCTBO, CXema KOTOpOro
npueBegeHa Ha puc. 5. MoxHo nerko 3a-
METUTb, YTO 3Ta CXema npeacraenser
co6oli ypesaHHylo npeabiayLLyto, HO ¢
pobaeneHnem pesncTopoB, 3alymiialo-
LLMX MUKPOKOHTPOMNEP OT HENPaBUITbHO-
ro NoAKMNIoYEHVsT K NPOorpaMmupyemon
nnarte. YBenvyeHHas B ABa pasa namsitb
nporpamMmm ¥ Hanvume annaparHoro noc-
negoBaTenbHOro nNopra Nno3Bornuno co-
37aTb Ka4ecTBEHHO HOBOe usgenve. An-
napaTtHasi peanvsauusi nHTepdelrica
obMeHa ¢ KOMMbIOTEPOM U TLLaTENbHO Ha-
CTPOEHHas BpeMeHHasi ayarpaMmMa oome-
Ha no SPI-nopty (Ha 4TO, NO Npaeae ro-
BOEH, Deil0 1100 O#EHD HEMEN0 G M
BREMEHN ) NOIEQNHNA YEEMUYKMTE CHO-
POCTE QBMEHA NG CRABHEHWHD © M3NEMNH-
e ATO0ISP e pocenMe pas. 2710 Cywe-

KO yAEHHOM, YTo Belna
WMCNCNb30BAHA BUIE B
ABYX NPHNOHKEHUAN.
Ko pa non pebosan ocs

NOBEICHTE TOYHOOTE
WBMEDEHIIA K KDOIHe-
CTEQ BXOAOHEIX KaHa-
NCE, NEULLNOCE BCENO
N SAMEHITE MKHK-
pocxemy ADTE1T Ha
ADTBEE, nOIOpay |1ak-
HEe BeINCNHEHS B KOR-
nyce SCIC-16, caHako
npepcTaenaeT coboh
12-pazpagHel il &-ka-
HaneHelll AL © Bpe-
rMeEHeM NpecBpazoea-
HMA & nMKrS HA KaHan.
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CTBEHHO MpU paboTe ¢ MUKpOCXemMamm,
ocHaLleHHbIMY BomnbLUION NaMATBIO NPo-
rpamm, Hanpumep ¢ ATmegai03, nveto-
wen N3Y o6bemom 128 kb.

Insi nporpammupoBanusi AVR-Mykpo-
KOHTPOINNEPOB MOXHO UCTONB30BaTh pas-
Hoobpa3sHble cpeacTea. Hanbonee naee-
cteH naketr AVR-Studio, 6ecnnaTtHo
pacnpocTtpaHsiembivi ompmon Atmel.

B cocTtaB naketa BXoguT TEKCTOBLIN
penakTop, KOMNUNATOp ¢ acceMbrepa n
cumynaTop. CMMynaTop BBINOMHEH C

ocobeHHol nwbo-
Bbl0: MOXHO pabo-
TaTe ¢ 6oNbWKM KO-
NMYyecTBOM
pa3Hoobpa3HbIX
OKOH M HacTpavBaTb
VHTEepPdENC Ha CBON
Bkyc. CTouT oTme-
TWTb, YTO Ansa pabo-
Thl C annapaTtHbIM
BHYTPUCXEMHBIM
amynaTopom ICE200
anst AVR-MVKPOKOHT-
ponnepos, Mcnorb-
3yeTcs Ta xe cpeaa,
uto, OesycrnoeHoO,
yaobHo. Npu 3anycke
nporpammbl AVR-
Studio nposepsieT
Bce COM-nopThl
KOMMblOTEPA W, B
cnyyae obHapyxe-
HVS1 Ha NIoGOM M3 HYX

NOAKITIOYEHHOTO 3MynsTopa, nepexoanT
B PEXMM annapaTtHol oTnagku.

Onsa AVR-MUKpOKOHTPONNEpPOB CyLle-
CTBYET MHOIO KOMMUNSITOPOB S13bIKOB
BbICOKOIO YPOBHS. BHYTpeHHss1 apxutek-
Typa AVR annapatHoO onTMMn3npoBaHa
ANA BLINONHEHUS NporpamMm, HanmcaH-
HbiX Ha A3blke C. OgHUM u3 Hanbonee
yOOOHbBIX NakeToB SIBMSIETCS KOMMUIIS-
Top C dwmpmel ImageCraft. Pupma npe-
AocTaensietT Ansi o3Hakomnexus: 6ec-
nnatHyw 30-gHEBHYK OEeMO-BEpCUio

komnunsitopa. lNpuaTHO, YTO B AEMO-
BEPCUU HET OrpaHnyeHusi Ha pasmep
KoAa, NO3TOMY MOXHO CO3AaBaTb Npo-
ekT nwboro pasmepa v gnsa nwbdoro
AVR-MUKpOKOHTpONnepa, BKo4asi Ho-
BUHKY pmpmbl Atmel — mukpocxemel ce-
pumn AT94, copepxawme sigpo AVR, pa-
borawwee Ha yactote go 40 MIy.
[emo-Bepcuio KOMNUNATopa AocTynHa
no agpecy: http://atmel.argussoft.ru/
download/software/mcu/
iccavrdem.zip.

B pesynerare komnunsiuym opmmpy-
toTCcA Aea dawna: oauH B oopmare COFF
ans nocnegytower ornagkm B AVR Studio,
a BTopon B popmarte HEX ans 3arpy3sku
B Nporpammarop, npuyem 3anporpaMmu-
poBaTb MUKPOCXEMY MOXHO MNPSIMO U3
cpeapbl ImageCraft.

Mporpamma ansi yctpoiictea c6opa u
oTobpaxeHust AaHHBIX HanMcaHa UMEHHO
C ucnonb3oBaHuem Cu-komnunsitopa
dvpmel ImageCraft. [inHa BeIXogHOTO
hex-charina coctaensier 1280 Gawr. Wc-
XOAHbIN TEKCT NPOrpaMmbl MOXHO CKauaTb
no agpecy www.platan.ru/shem/.

KoHcyneTauuio no npumeHenuio AVR-
MUWKPOKOHTPONNEPOB MOXHO NONy4nTb y
aBTOPOB cTaTbm No TenegoHy 216-5929
WU HanucaeB MUCbMO NO agpecy
korolev@argussoft.ru.

Hukonai Kopones,
Amutpuin Kopones,
korolev@argussoft.ru
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