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K cucremubIM pecypcam PSoC orHOCATCS CTe-
IyIOIINe JIEMEHTBI:
® JCTOYHHKH TAaKTOBBIX 4aCTOT;
® (10K (6J0KH) HAKAIIMBAIONIETO YMHOKH-
TeJs;
6JI0K JlelIMMaIuH;
kouTpoep I'C;
koHTpOIep USB;
cxeMbl copoca;

CXeMbI KOHTPOJIS HATIPSDKEHHS ITUTAHUS U M-
IYJIbCHOTO MOBBIIIAIOIIETO PETYJLTOPA Ha-
npsorerns (Switch Mode Pump);

® BHYTPEHHUII HCTOYHUK OIIOPHOTO HAIIPsSDKe-

HHS ¥ CEHCOP TeMIIepaTyphl;
® AHAJIOTOBBII MYJIbTUILIEKCOP.

B crcreMHBIe pecypchl MOSKHO BKJIIOUUTH TaK-
sKe (hII9II-TIAMATh, KOTOPast JOCTYIIHA I 3a-
IIMCU U3 IIPOrPaMMBI II0JIb30BATEILS.

Kparko HCTOYHHKH TaKTOBBIX 9aCTOT YIIOMH-
HAJIACh B IIEPBOIT CTaThe IIUKJIA, KOIZIA IILIA PeUb
0 HACTPOIKe CHCTeMHBIX PECyPCOB B Cpelie IPo-
extuposaHust PSoC Designer. Cefraac MbI pac-
CMOTPHM CTPYKTYpy 0J10Ka reHeparopos (puc. 1)
6oJ1ee TOIPOOHO.

I'1aBHBII BHy TpeHHMI reHeparop (IMO) siB-
JIseTcst 6a30BBIM HCTOYHUKOM TaKTOBOT'O CHT-
HaJIa II0YTH IS BCeX MPOYNX HCTOYHUKOB B CH-
creme PSoC. DToT reHepaTop co3zaeT olopHyIo
ygacroTy 24 MI'l, KoTOpast UCIONb3yeTcs Mpo-
quMH cxeMaMH. B HekoTopsIx ceprsix PSoC mme-
€TCs1 BO3MOJKHOCTB BBIOOPA PEKIMa PaOOTHI Te-
HepaTopa Ha NOHIDKeHHOU JacToTe — 6 MI'Ty
BMecTo 24 MI'. B Bepcusix mukpocxem PSoC,
IIpeHa3HAYeHHBIX UL PAOOTHI B PACIIIPEHHOM
TeMIIepaTypPHOM IUAaIa3oHe (UL TaK Ha3bIBae-
MOTO aBTOMOOMIBHOTO IIPIMEHEeHHS), 9aCTOTa
IJIaBHOTO reHeparopa cocrapiser 12 MI'. I'mas-
HBII reHepaTop sABJsteTcst RC-reHepaTopoM 1 ero
TOYHOCTb COCTaBIIsIET +2,5% 6e3 NpHMeHeHUs
BHEIITHUX KOMIIOHEHTOB. DTO HOCTHTAeTCs 3~
IPY3KOI KaIMOPOBOYHBIX 3HAYCHIIA B YIIPABIISIO-
uit peructp IMO_TR u3 otnenbHO o6mactu
I13Y (Supervisory ROM, SROM), koTopasi 1po-
IpaMMHUPYeTCsI Ha 3aBOJIe — M3TOTOBHTeJIE YMIIa.

lMpoexkTupoBaHue

Ha NporpaMMUpyeMbiX CUCTEMAX
Ha Kpuctanne PSoC Cypress.
YacTb 4. CuctemHbie pecypcbl PSoC

Mpoponxasa pacckas o NnporpaMMHUpyeMbIX cucTeMax Ha Kpuctasnie PSoC,
paccMOTPUM MMeloLUecs B HUX Bbifie/IeHHble CUCTEMHbIE€ pecypcCbl, KOTOpble
MOTYT MCMONb30BaTbCs Kak A obecneueHus paboTbl LU POBOM U aHANOroBOM
nepudepum, TaKk U ANna pacliMpeHUsa PyHKLUOHANbHOCTH.
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Puc. 1. CtpykTypa 6110Ka reHepatopos

3arpyska 9THX KaJIHOPOBOYHBIX 3HAUCHHI BbI-
HOJHSETCs KofoM B ¢aitie boot.asm, KOTOPBI
aBTOMATHIeCKY TeHePUPYeTCs IPU CO3[aHUH
npoexra B PSoC Designer. Eciu TpeGyercst 6016+
IIasi TOYHOCTH IJTABHOTO TeHepaTopa, TO B CHC-

teme PSoC npenmycMoTpeHa BO3MOSKHOCTD CHH-
XPOHM3AIUU €TI0 C TEHEPATOPOM, UCIIOJIb3YI0-
LM BHEIIHUI KBapIeBblii pe3oHaTop 32 768 I'ny
(ECO). I'maBHBIII reHepaTop Yepes MYIbTHUILICK-
COP CBA3BIBAETCS C OCHOBHOM IITMHOM TaKTOBOM
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CucremHas WwuHa

Puc. 2. Bnok HakannuBaioLero YMHOXHWTENA

gacroTsl cucteMbl (muaus SYSCLK). Biaropa-
PsI yKa3aHHOMY MYJIBTHILUIEKCOPY B Ka9eCTBE CH-
CTeMHOM JaCTOTBI MOKET BBICTYIATh CHUTHAJ
EXTCLK, nopaBaeMBIif ¢ KOHTAKTa MUKPOCXEMBL.
Cucremnas gacrora SYSCLK siBistercst onop-
Hott st gactoTel SYSCLKX2 (ynBoeHHast cuc-
TEeMHast), @ TaKKe JUIsl IeTuTesel, popMupyo-
1ux yactorbl CPUCLK (TakToBast yactoTa 1mpo-
neccoproro snpa), VC1 u VC2 (TakToBbIE
YaCTOTHI JIs1 IIA(POBBIX U AHATIOTOBBIX GJIOKOB),
VC3 (rakToBast yacToTa 17151 IIPPOBBIX 6II0KOB
1 OJIMH M3 UCTOYHUKOB IpepbiBanus). Kpome
Toro, gactota SYSCLK ucnoneayercst mys npu-
BSI3KU aCHHXPOHHBIX CHTHAJIOB, TOCTYHAIOIINX
C IOPTOB BBOJA-BBIBOMIA YUIM BO3HUKAIOIINX
B CHCTEME.

BryTpenHmii HEI3KOCKOPOCTHOI reHepaTop
(ILO) ucronpayercs: B KaueCTBe TAKTOBOTO CHI-
HaJIa IJIsl CTOPOYKeBOTO TaliMepa I TafiMepa pe-
skuMa «cHa» (dacrora SLEEP), a kpome Toro,
MOJKeT BBICTYIAaTh U KaK UCTOYHHUK JaCTOTHI
nist nupossix 6;10k0B (CLK32K). Teneparop
ILO roxe sBnsercs RC-reneparopom, co3maer
qacToTy 32 K[ 1 Takke KaIuOpyeTcs 3Hade-
HusMu 13 SROM, 0JHaKO TOYHOCTb €ro HITKE,
4YeM y [JIaBHOTO reHeparopa. Eciau Heo6xonu-
Ma 6osbIIas TOYHOCTD I yacToTel CLK32K,
to reHepatop ILO MoxeT ObITH OTKIJIIOUEH,
a st cosnanust CLK32K 6ynet ucrnonbp3oBaTh-
cst rereparop ECO.

BJI0K HaKAIUTMBAOILIET0 YMHOXKUTeJIA (puC. 2)
SIBJISIETCSI TIOTHOCTBIO AIIIAPaTHBIM CHCTEMHBIM
pecypcoMm, He TpeOyOIIIM KaKoro-1u60 KOH-
¢urypuposanus. Hammaue atoro 6y10ka B co-
cTaBe cucteMsl 3aBucuT oT cepunt PSoC; B He-
KOTOPBIX CePHUIX MOTYT IPHUCYTCTBOBATH 1B
He3aBUCUMBIX YMHOXHTeNS. [loCTyI K YMHO-
SKHUTEJTIO OCYIIeCTBIISeTCS Yepe3 PeTHCTpPhI, 0TO-
6pakeHHbIE Ha IIPOCTPAHCTBO PETHCTPOB BBO-
Ia-BBIBOJA IPOIIECCOPHOTO SIApa. YMHOXKHUTENb
MOJKeT paboTaTh B IBYX P&KHMaX — IIPOCTO YM-
HO’KeHMe 1 YMHOYKeHHe C HaKOTIEHHEM Pe3yJIb-
TaTa. B mepBoM ciyvae cpasy mocie 3ammcu
8-paspsimHoro sHadenus B peructp MULx_X umm
MULX_Y pesysbraT OyaeT HaxO[UThCS B Peru-
crpax MULx_DH n MULx_DL. Bo BTopom ciy-
qae QYHKIUS YMHOKEHUS ¢ HaKoIIeHneM 6y-
TIeT BBINTOJTHEHa IpH 3anuch B pernctp MACx_X

Aeuumarop in 1
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Puc. 3. Brok geunmauuu nepsoro Tuna
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+ ° - - )—
Il
h REG REG
. . . .
Fs Fs Fd Fd
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Puc. 4. ©unbtp Sinc?

mwix MACX_Y, a pe3ysbTaT OyIeT HaXO[UThCS
B perucrpax ACCx_DR(3-0).

HaxarmuiuBalomiye perucTpbsl MOTYT OBITh
cOporirens! 3anuceio B peructp MACx_CLO win
B peructp MACx_CLI.

1151 BBITIOJTHEHHSI yMHOKEHIS He TpeOyeTcs
BBOIUTH OXKUJAHIE CO CTOPOHBI IIPOIeccopa —
pesyIbTaT TOTOB Cpady ke IOCIIe 3aIlUCH OIle-
PaH/Ia B OIUH U3 BXOJHBIX PETUCTPOB YMHOMKHI-
TeJIs U JOCTYIIeH JULS UTeHHs CIIeTyIOIIeil HHCT-
PYKIIHH, BBIIOTHIEMOI IIPOIECCOPOM.

BI10K menManyy peTHasHadeH L alIapart-
HOII IoIepKKu pyHKIui 1rdpoBoit 06padoT-
KU CUTHAJIOB H HCIoNIb3yeTcs B PSoC s peanm-
3aIlMH JIeIbTa-CUTMa U HHKPEMEHTHPYIOIIEro
AIITT. Hammaue 31010 610Ka ¥ €10 THII 3aBUCAT
ot cepunt PSoC. Cy1iecTByIoT Ba BO3MOKHBIX
THIa 6JI0Ka JenrManuy. bIok mepBoro Tuma
(puc. 3) MO3BOJISET OCYIIIECTBUTH ONMHOTHOE I
IBOIHOE HHTETPHPOBAHIE BXOTHOTO JUCKPET-
Horo 1-6muTHoro curHaa. KonupoBaHHOMY 3Ha-

YEHUIO BXOJHOTO CUTHAJIA CTABUTCS B COOTBET-
CTBHE B3BeIlIeHHOE 3HaYeHNe — BXOJIHOH CUT-
HaJI, paBHBII eIUHUIIE, IMeeT BeC «+1», a cur-
HaJI, paBHBII HYJII0, — «—1». Takum o6pasom,
HHTeIpUpPOBaHUe CUTHAJIA IPEICTaBILIeT COO0I
CYMMMPOBAaHUIE BECOB 32 OIpe/ieIeHHbII Mepu-
on BpemeHu. Ha Ka>kjoM TakTe 9acTOTHI pabo-
ThI 6JI0Ka HHTETPaIbHOE 3HAYCHUE YBEIMINBA-
€TCsl MJIM YMEHDIITAeTCs Ha eJUHUILY B 3aBUCHU-
MOCTH OT CUTHaJIa Ha BXOJIe.

brox menumanuy nepBoro TUIA peanusyer
HHTErpUpPYIOIYI0 4acTh nudposoro Sinc’-
buIbTpa, SBIIAIOIIErOCs YaCThIO IeIbTa-CUTMa
AT (puc. 4). [uddepennupyromias 4acTb
B 9TOM CJTy4ae peaju3yeTcs MporpaMMHO.

BJIOK enManiy BTOPOTo THIIA (pPHC. 5) Ipef-
cTaBJIsIeT COOOM IONTHOIEHHBII allllapaTHBII
Sinc*-¢unprp.

Kontposurep I'C npencrasiser co6oit mpeo6-
pa3oBaTesIb U3 apajuleIbHON ITHHEI B ABYX-
IIPOBOJIHYIO IOC/IENOBATENbHYIO.
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[Jeuumarop tvn 2
17 Hakonnenve
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A0 17 t % = DIFF DIFF
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17 E 17| | BEG (17,bit) ¢ (17,bit) ’ Mux || 8 DB
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A1 3x17 o ! .
17 < (761 7 17| pcLk DCLK DIFF
1 : DCILK y ESULT
farh 1
(o1 HomnapaTopa)

Puc. 5. Bnok aeunmaumm BToporo tmna

Jly1s1 TOTo 4TOOBI YMEHBIINTD HATPY3KYy Ha
IIPOIIECCOP, 3TOT GJIOK OCYIIEeCTBILIET He00X0-
IuMyIo 6a30BYI0 IOALEPXKKY HpoTokoia I'C.
Koutposurep I'C mokeT HYHKIIMOHUPOBATH
B PeKHIMe BEIOMOTO, BE/IYIIIETO U B PeKUME C He-
CKOJILKUMH Be/lyIIMMU Ha IIHHe. B pesxume Be-
IYIIEro KOHTPOJLIEp HOJePKUBAET TAKTOBbIE
gactoThl 50, 100 1 400 xI'm. BzauMopeiicTBue
KOHTPOJLIEPA C IIPOLIECCOPOM OCYIIECTBIIAETCS
Yepe3 peruCTphl BBOJA-BbIBOMIA M ITPEPhIBAHUL.
ITocKoIBKY KOHTPOJLIEp peasln3yeT JIMIIb 6330~
BYIO IIOJIJIEP/KKY TIPOTOKOJIA, TIOTHAS Pean3a-
1151 GYHKINOHAIBHOCTH OCYIIECTBIISETCS CO
CTOPOHBI IPOIPAMMHOT0 06eCIIeUeHHUL.

B anmaparHO# peam3aIny KOHTPOJUIepa eCTh
HECKOJIPKO OTPaHUYeHHII:
® HeT alapaTHOTO CPABHEHUS afipeca, II0JTO-
MY B peKHMe BeJOMOT0 KaKJbII IOy YeH-
HBII 6aliT agpeca BBI3bIBAET IIPEPBIBAHUE,
a CpaBHEHHeE JI0JUKHO OCYIIECTBIIATHCS PO~
IPaMMHO;

HET aBTOMAaTHYeCKOTO MOATBEeP KIeHH IIPU-
eMa, TOCKOJIbKY ITPHHUMAaeMble U TlepefiaBae-
Mble aHHbIe He OydepusyoTcs.

Tt nHTepdeiica ¢ KOHTPOIUIEPOM UCIOIb-
3ytorcs 4etbipe peructpa. Peructp I'C_CFG
IIpeHa3Ha4YeH 1T KOH(MUTY palli KOHTPOJLIe-
pa — BBIOOpA peXXUMa PabOTHI, CKOPOCTHU H UC-
mosb3yeMbIx npeperannil. Peructp I'C_SCR
UCTIONB3YeTCs UL IIPaBJIeHNs IIepefiadeit, a Tak-
JKe 1711 KOHTPOJISA COCTOSTHMA IUHBIL. Peructp
I’C_DR wucmompayercst st mepemaBaeMbIX
n npuHEMaeMbIX TaHHBIX. 'C_MSCR saBusercs
PEerucTpoM yIpaBiIeHHs U CTaTyca IIpH paboTe
KOHTpOJUIEPA B PeKUMe Be[yIIero.

Birarogapst ToMy, 9T0 B OH6IMOTeKe MOIb30-
BaTeIbCKUX MOJTYJIEH IIPUCYTCTBYET HECKOJIBKO
IIPOTrPaMMHO-AIIAPATHBIX Pealn3alui KOH-
tpotepa I’C, He06XOIUMOCTb TOIOIHHUTENb-
HOTO IIPOrPAMMHPOBAHHS MOKET BOSHUKHYTh
JIMIIb B UCKTIOUUTEIbHBIX CIIydasX.

Konrponep USB ripricyTcrByeT Ha TaHHBII MO~
MEHT JIMIIb B OJHOM CeMeHCTBEe MHUKPOCXEeM
PSoC — CY8C24x94, a tarske B ynriax CY7C64215.
On peaymayer cienmdukanuo USB 2.0 s mos-
HOCcKopocTHbIX ycTpoiicts (Full-Speed) co cko-
pocTbio Iepenadn 12 Méwur/c.

B cocraB xonTpoiepa USB (puc. 6) BXoast
CJIelyIoIIne KOMIIOHEHTBI:
® II0JIHOCKOPOCTHOM IpHeMonepenaTduk USB;
aBTOMAT YIPaBJICHHS IIOCIeI0BaTeIbHBIM HH-~
tepceiicom (Serial Interface Engine, SIE);
256 6GaiiT BuIgeeHHoro crarudeckoro O3Y;
ap6urp namsitu PSoC (PMA);

CuctemHas WwuHa

PMA SRAM
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Puc. 6. Brok-cxema koHTponnepa USB

ITpuemorniepenaTInuK COIEP>KUT BCTPOCHHBII
PeryysTop HalpsDKeHUs IS CO3/IaHus HeoOX0-
IMMBIX [JISI IIIMHBI YPOBHE HALPSDKEHNUS, @ TaK-
K€ BCTPOCHHBI MOATATUBAIOIIUI PESUCTOP
1,5 xOM Ha tuHnu D+.

Astomar SIE armapaTHo OCyIIecTBIIsIeT e~
IYIOIue NefCTBUS:
® KOIMpPOBaHHUE IepefaBaeMbIX U IEKOHPOBa-

HHe IPHHIMAEMBbIX TaHHBIX;
® [IpoBepKa ajpeca;
® TeHepaIys COOTBETCTBYIOIINX KBUTHPYIOIINX
makeroB ACK/NAK/Stall;

IIpoBepKa 6e30MIMO0YHOCTH IPUHUMAEMBIX
MTaKeTOB;

ueHTHHUKANNS THIIA TPUHIMAEMBIX IT1aKe-
toB (SETUP, IN, OUT);

npeHTUUKAINS MapKepa Havana ¢peiima
SOF (Start-of -Frame) 1 mojcueT ux 4ncia;
3aIIVCh WJIN CIUTHIBAHUE TAHHBIX B BBIIEIEH-
Hott mamsatu USB B COOTBETCTBHU C YCTaHOB-
KaMH apOuTpa aMsTH.

Kpowme Toro, aBromar SIE renepupyer npeper-
BAaHUA UL 06pabOTKU B IIPOTrpaMMe CIIefyIo-
IIUX HeOOXOMMMBIX ISl peayli3aliy HHTepdeii-
ca USB co6prrmit:
® 3aI0JIHEeHNUe U CIUThIBaHMe OyepoB JaHHbIX

B BbIIesieHHOM naMatu USB;
® HACTPOMKH KaHAJIOB apOUTpa IIaMSTH;

e nekoimpoBaHue 3arpocos USB;
® IIpOBepKa M YCTAaHOBKA IPABIIBHBIX MapKe-
pos DATAO, DATAL.

Asromar SIE nmonmepskuBaeT 5 KOHETHBIX TO-
4yex USB — KoHeYHyI0 TOUKY yIpaBIeHHs C afl-
pecom 0, mogaepsxuBaroyio 3anpocsl SETUP,
IN 1 OUT, n 4eTpIpe KOHEIHBIX TOUKH C afpe-
camu 1-4, KOTOpbIe HOMIePKUBAIOT 3ar1pockl IN
u OUT pis TpaH3aKIu# Hepefadyd MacCUBOB
mauubIX (Bulk), npepsiBanuit (Interrupt) miu
M30XPOHHBIX TaHHBIX (Isochronous).

Beipenennas nmamsars USB mpencrasiser co-
6011 256 6AIIT CTaTUIECKO ITaMITH, OHAKO OHA
He JJOCTYITHA HAIIPAMYIO 1151 IIPOIIECCOPHOTO SIJi-
pa M8C. ITosryduTsb HOCTYH K HEHl MOYKHO TOJIb-
KO 4epe3 perucTpsl apburpa mamsartu PMA, ko-
TOPBII SIBJIsIETCSE NHTEPQEFICOM K JaHHOM aMsi-
TH 1 JBYX 6JIOKOB — mporeccopa M8C
n aBroMmara SIE. brox PMA mpenocTasisieT Bo-
ceMb KaHaJIOB JIJISl yIIpaBJIeHNs TaHHBIMU. Bce
9T KaHAJIbI MOTYT UCIOIL30BaThCs M8C, HO co
croponbl SIE 4eTbIpe KOHEYHBIX TOYKH C afpe-
caMu 1—4 5KecTKO CBSI3aHbI ¢ KaHaIaMu 1—4 6110~
ka PMA. Ha nporpammHoe obecriedeHre HaKIa-
IIBIBAETCSI 0053aHHOCTD CICIUTH 3 TeM, ITOOBI
OfIUH M TOT 7K KaHaJI He UCIIO0JIb30BAJICS OIHO~
BpemenHo 1 M8C, u SIE. Ecitir mpomieccopy Tpe-
6yeTcst HOTY4UTh JOCTYII K TOM 06JaCTH ITaMsi-
TH, KOTOpas B IAHHBIII MOMEHT HCIIOJIb3YeTCs
SIE, TO IOJKHBI HCIIOIb30BATLCA [IBA KaHATA,
HACTPOEHHbIE HAa O[MHAKOBBIE IMAIIa30HBI aJ-
pecos.

3amaga mporpammupoBanst nHTepgerica USB
ABJIAETCA IOCTATOYHO HETPUBHUATBLHOM U 3aCITy -
JKUBAET OT/JEJIbHOM CTaThH, II09TOMY JIydIlle BCe-
IO BOCIIOJIb30BAThCS IIPU Pa3pabOTKe FOTOBBIM
1 OTJI&)KeHHBIM MoLyJIeM u3 6ubmuorexu PSoC
Designer.

CxeMblI cOpoca IIpeHa3HaYeHBI 1)1 HHAIIHA-
JI3aHH KOH(UTIYPAIOHHBIX PETHCTPOB U IIPO-
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I[eccopa B HaJaJIbHBIE COCTOSIHUS. BO3MOKHEI

JeThIpe YCIOBHSL, IIPUBOJAIINE K cOPOCY:

® HaYaJIbHBIN COPOC IPH ITOf1ade HAIIPSDKEHMS
nuranus (Power-on-Reset, POR) mu6o npu
€ro IaJicHUH;

® cOpoc Ipu ofave CUrHajIa Ha KOHTakT XRES;

e c6Opoc oT croposkeBoro Taitmepa (WDR);

® BHYTPEHHUII COPOC, BOSHUKAIOLIHII IPH Ha~

JaJIbHOM 3arpy3Ke, ecIu 0OHapy KeHa OIIH6-

Ka ITeHUs (QIIIII-TIaMSATH.

C6poc POR npencrasisier co6oit Be pasziesib-
HBle CXeMBI — Hellpenu3nonHoro (Imprecise
POR, IPOR) u npenmsuorHoro copoca (Precision
POR, PPOR). Cxema IPOR nmeeT HEBBICOKYIO
TOYHOCTB, 1 €€ IIOPOT CPAbaTHIBAHHSI HAXOTUTCS
HIDKe 6oJiee TOYHOTO 1opora cxembl PPOR, ko-
TOPBII KaTUOPYeTCsl P Ha9aIbHOMU 3arpysKe.
DTO I03BOJISAET PA3NENUTh IPHINHY BOSHIKHO-
BeHus copoca POR n, Kak ciefcTBHe, HOTYIUTh
60s1ee OBICTPBIIT IIEpPeX0l K pabodeMy peXxumy
B CJIy4ae KPaTKOBPEMEHHOTO «IIPOCaKUBAHISD
IIUTAIONIETO HAIPSDKEHIS.

Brerauit copoc (External Reset) BosHukaer
IIPH [IOJja4e CUTHAJIa BBICOKOTO YPOBHSI Ha KOH-
takT XRES. DTOT KOHTaKT nMeeT BHyTpeHHUI
PE3HCTOP, IPUTATUBAIOIINI €T0 K 3eMJIe, [I09TO~
MY BHEIITHETO Pe3NCTOpa He TPeOyeTCsL.

Bo Bpemst meiictBust cxeM copoca POR wmiun
XRES riaBHbIi BHYTpeHHHI reHepatop IMO
BBIKJIIOUaeTCs UL cOeperxkeHnst oHepruu. Kpo-
Me TOro, pab0Ta 3THX cxeM cOpoca H3MeHseT 110~
Bezenue KoutaktoB P1[0] u P1[1], npenHasHa-
YeHHBIX JIJISI «ITPOIIUBKI» MUKpocxemsl PSoC.
TTocne BosHuKHOBeHUsE cOpoca POR u npumep-
HO Ha 8 MC II0CJIe OKOHYAHUSI eT0 NeHCTBHS Ha
KOHTAKT P1[0] BBImaeTCst BBICOKHII ypOBEHb Ha-
IpspKeHus, a KoHTakT P1[1] kondurypupyercs
KaK KOHTAaKT C Pe3UCTHBHOI ITOITSDKKOM K 3eMITe.
3arem koHTakT P1[0] emme Ha 8 Mc, TakKe Kak
u P1[1], koHurypupyercst Kak KOHTAKT C pesu-
CTHBHOU IOATSDKKOM K 3emite. ITocie 9TOrO 9TH
KOHTAKTBI IIePEBOJIATCS B BBICOKOMMIIETAHCHOE
cocrosinue. I1pu BogaukHOBeHUH cOpoca XRES
koHTakTel P1[0] 1 P1[1] mocie oxoHYaHus nexi-
CTBUSI 9TOTO curHaia Ha 200 MKc koHuUrypu-
PYIOTCS KaK KOHTAKTBI C Pe3UCTHBHOM ITONTSDK-
KOII K 3eMJIe. DTHU IOC/Ie0BATEILHOCTH HE0b-
XOJJMIMBI JULS TOTO, YTOOBI IIPOCUTHAIM3HPOBATH
nporpammaTopy PSoC, 4to oH MosKeT nepexsa-
THTb yIIPaBJIeHNe H OCYIIeCTBUTH IIPOIIUBKY
WK 9TeHue (ISII-TIaMATH.

C6poc ot croposkeBoro taiimepa (WDR) Bo3-
HUKAeT IIPH eTo HepernonHeHnH. CTOPOKeBOI
TaiMep MOJKeT OBbITH 3allyIlleH M0JIb30BaTeNeM
mipu cOpoce 6uta PORS B yrpasistioiiem peru-
crpe CPU_SCRO. OnHako Tak Kak 9T0T 6UT MO-
KeT OBITh YCTAaHOBJIEH TOJIBKO IIPH BO3HUKHO-
Bennu copoca POR unu WRES, T0 BO3MOXHO-
CTH OTKJIIOUHUTH CTOPOKEBOI TaliMep Mmocie
3alycKa He CymiecTByeT. s TOro 4ToOBI
He npoucxonuio copoca WDR, HeoOXonumo pe-
TYJLIPHO, He Peske OJHOTO pasa 3a JIBa Ieproza
vqactotsl CLK32K, cOpachiBath TaiiMep IIpH 110-
MOIIY 3aIIACH TI060T0 3HAUEHUS B PETUCTP
RES_WDT. Ilpu BosuukHOBeHHU cOpoca WDR
ollepaTHBHAs aMATh OYUIIAELTCS, ONHAKO 9TO

MOJKHO IIPeIOTBPATUTh, €CIIU YCTAHOBUTD OUT
IRAMDIS B perucrpe CPU_SCR1 — aTo npu-
BeJIeT K TOMY, 4TO IepBbIe 216 staeex O3Y co-
XPaHAT CBOU 3HAYEHMUS.

ITpu mo60M U3 BapHaHTOB COPOCA IIPOLIECCOP
IIPOXONUT Yepe3 IPOoLelyPy Ha4aIbHON HHUITH-
aJI3alnuu, KOTTIa BBITTOJHAETCS CIeIalbHast
dynxims SWBootReset, Haxonsimasicss B SROM.
DTa QyHKIMS IpoBepsieT KOHTPOJIBHYIO CYyM-
MY KaluOpOBOYHBIX 3HAUCHNUIT, 3aIINCaHHBIX
B SROM m, B cydae ee IpaBUIBHOCTU, HHU-
LNUAIU3UPYeT PerucTpsl npoueccopa u O3Y
HYJISIMH (TOJIBKO IIepBYIO CTPAHHITY IPH MHO-
TOCTPaHHYHON OPTaHU3aIUH IAMSITH) U IIepe-
XOIUT K MCIIOJHEHHUIO KOJIa II0JIb30BaTeIs, Ha-
yuHast ¢ agpeca 0000h Bo dumar-mamsitu. B cry-
yae HeIPaBHJIbHOH KOHTPOJIBHOH CYyMMBI
BBIIIOJIHAETCSI BHYTPEHHUI COPOC U yCTaHAB-
nuBaetcst 6ut IRESS B perucrpe CPU_SCRI,
CBHJETEIbCTBYIONINH, YTO IPOIecC Hadajh-
HOW MHUIMAJIU3AIUU BBIIOIHSAICSA HEOTHO-
kparHo. Oynkius SWBootReset MoxkeT ObITh
BBI3BaHA IPOIPAMMHO — JJISI 9TOTO HE06X0-
IMMO yCTaHOBHUTD B HyJIeBO€ 3HAUYEHHUeE pe-
TUCTP-aKKyMYJIATOP IPOIIECCOPA U BHIIIOJTHUTD
nHCTpYKIuio SSC.

Cxema KOHTPOJIs1 HanpspKeHyst maranust (Low
Voltage Detect, LVD) KoHTpoOIHpYyeT HalpspKe-
HHe Ha KoHTaKkTe Vdd 1 BbI3BIBaeT IIpephIBaHIe
IIPH €T0 IaJIeHUH HUDKe II0POTa, BEIOUPAaeMOro
none3oBateneM B peructpe VLT_CR. Kpome To-
T0, 9Ta JKe CXeMa MOJKeT BbI3bIBATH IIOHIKEHUE
TaKTOBOH YaCTOTHI IPOLlECCOpa IIPH HaleHUU
HaIpsDKeHus], ecu ycraHosien 6ut LVDTBEN.

BcTpoeHHBI UMITYIbCHBIH ITOBBIIIAFOIIMI
peryssaTop Hanpspkenus (Switch Mode Pump,
SMP) npenHasHadeH UL FeHepaIluy ITUTAIOLIe-
ro Hanpspkenus Vdd rmpu ucrionp3oBanun 6ara-
pefiHoro nutanus. [Ipu BKItoYeHn MEKpoOcxe-
MbI PSoC 1 10 Tex nop, 1oKa HanpsyKeHHe Ha
KOHTaKTe uTaHus Vdd He HOCTHUTHET OPOro-
Boro yposHs cxeMbl POR, Bce BHyTpeHHUE cxe-
MBI PSoC ynep;KuBaioTcs B BBIKIIOYEHHOM CO-
crosiHUH. MckmoueHnem sBisieTcst cxema SMP.
Tunuynas cXeMa IOBBIIIAOIIETO PEryIATOPa
mpefcTaBjleHa Ha puc. 7. [l ero peanusanuu
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Puc. 7. MNoBbiwatoLLui WMNyNbCHbINA Perynstop
HanpshKeHs

npoeKTupoBaHue

HeoOXOIUMBI TPU BHEIITHIX KOMIIOHEHTA — HH-~
IYKTHBHOCTD, IIOJ, ¥ KOHZIEHCATOP.

[Ipn 3amxHyTOM Kittode SMP amexTprudeckas
9Heprus HaKaIUIMBAeTCSA B MHJYKTUBHOCTH,
a P pa3MBIKAaHUU 3apsKaeT KOHJEHCATOP.
Knrou nepekimovaerca ¢ yacroroit 1,3 MI'n
(cxBaxkHOCTB 50%), G1aroaps 4eMy HaIIpspKe-
HIHe Ha KOHJICHCATOPe NOCTUTAeT HeOOXOMHMO-
ro ypoBHs, 3agarHoro B peructpe VLT _CR. [lan-
Hasl cXeMa I03BOJIsIeT IIOTyIUTh He0OXOnuMOe
HaIlpsDKeHUe ITUTAHUS OT OTHOM 6aTaper ¢ Ha-
npsbKeHneM He MeHee 1,1 B, onnako Harpysou-
HBII TOK HeBeJIUK — OT 10 MA IpH TUTaHUM OT
2 B mo 80-100 mA npu 4,5 B. [ToBpicuTsh 1po-
TYKTUBHOCTB 9TOTO PEryJITOPa MOKHO, HEMHO-
O YCJIOKHUB cxemy [4].

BHyTpenHmit ¢popMupoBaTeIb OIIOPHOTO Ha~-
nipspxenus Vbandgap (puc. 8) npencrasiser co-
6011 cXeMy, CO3/IAIOIIYIO OIIOPHOE HAIIPSUKEHHe
1,3 B 13 HampsKeHMs 3alIpeleHHOM 30HbI 10~
JyIpOBOJIHUKA, paBHOTO 1,2 B.
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Puc. 8. Dopmiposatesib OMOPHOro HanpskeHUst

Kpowme 6ycepa, popmupyroiero oropaoe Ha-
IPsDKEHHUE, 9TOT OJIOK COIEPIKUT H CXeMy BBIOOP-
KH-XpaHeHus, BbImoaHeHHyIo Ha KMOIT-ximo-
Yye U KOH/IEHCATOPE, YTO MO3BOJIAET UCIIONB30-
BaTh OIIOPHOE HAIPsUKEHHUE IIPU BHIKITIOYEHHOM
6ydepe. [ToMIMO OIIOPHOTO HAIIPSDKEHHS STOT
6710k popMupYyeT IPOIOPIIHOHATIBHOE TeMIIe-
parype HaIpsKeHHe, TO eCTb ABJIAETCS BCTPOeH-
HBIM CEHCOPOM TeMIIePaTypPhL. DTO HANIPsIKEHIe
u3MeHseTcd Ha 3 MB npu u3sMeHeHUM TemIrepa-
Typsl Ha 1 °C. JlaHHBIH TeMIIepaTypPHO-3aBHCU-
MBII1 BBIXOJ] 6JI0Ka IIOICOENHHEH K OHOMY H3
BXOJIOB aHAJIOr0BOTo 6y10Kka ASC21, 4TO 1103BO-
JIAeT B IIPOrpaMMe OTCIIEKUBATh H3MEHEHHs TeM-
neparypbl Kpucrajuia. OfHaKO TaK KaK 3TO TeM-
IepaTypHO-3aBUCHMOe HaIIpsDKeHHe GOpMHUpY-
€TCs1 OTHOCHTEJILHO TeMIIePaTyPhI aCOITIOTHOTO
HyJ1s1 (=273 °C), TO IPUCYTCTBYET NOCTATOTHO
60JIBIIIOE CMEIIeHNe Ha BBIXOJIE TeMIIepaTypHO-
IO CEHCOPa, IOCKOIBKY pabodas TeMIeparypa
PSoC maxopurcs B mpepenax ot —40 mo +85 °C
(+125 °C). [ToatoMy 1pu UCIOIb30BAHUU [TaH-
HOTO JIaTYMKa TpeOyeTcs: IPOU3BONUTH €ro Ka-
JOPOBKY.

JlomoHUTETbHBIN AHAOTOBBIH MYyJIbTH-
TJIeKCop (pHcC. 9) IPHUCYTCTBYET TOJIBKO B MHK-
pocxemax CY8C24x94, CY8C21x34, CY7C64215,
CY7C603xx 1 CYWUSB6953. OTOT CHCTEMHBIIX
pecypc IO3BOJIsIET MOAKIIOYATh BCe (JI60 oY~
TH BCe) KOHTAKTBI BBOJIA-BBIBOJId MHKPOCXEMBI
PSoC k BBIeTIeHHOT BHYTPeHHE! aHAJIOTOBOI
IIMHE, IPUYeM OIHOBPEMEHHO K Hell MOXKeT
OBITH IOJCOENMHEHO JTI000€ IUCIO KOHTAKTOB.
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Puc. 9. AHanorosbli My/bTUNNEKCOP

AHasIoroBas IIMHA MOYKET, B CBOIO 0YePe/b, HOJI-
COeMHATLCA K MHBEPTHPYIOIEMY MU K He HH-
BEPTHUPYIOIIEMY BXO/ly aHAJIOTOBOTO OJI0Ka TH-
ma CT. KoHTaKkThl BBOIA-BBIBOZIA MOTYT TaKKe
COeIUHATHCS C HAIpsDKeHueM nuranns Vdd.

bnaromaps Tomy, 4TO KII0YH, COTUHSIONIIE
KOHTAKTBI C aHAJIOTOBOM IIIUHOM, SABJIAIOTCS JIBY-
HAaIpaBJIeHHBIMH, Ha 6a3e 6JI0Ka aHAJIOTOBOTO
MYJIbTUILIEKCOPA MOKHO Pean30BaTh aHAJIO-
TOBBIN KOMMYTATOP CUTHAJIOB.

AHajorosas IIMHA MOKET HOAKIIOYATHCA
K YIIPaBJIieMOMY UCTOYHUKY TOKa, 4TO MOJKET
IIPUMEHATHCS, HaIIPHMep, TaM, Ije TpebyeTcs
u3MepeHye eMKOCTH.

[ITnpoxo ucroab3yeMoe Ha JAHHBIH MOMEHT
IIpUMeHeHHe 6I0Ka aHaJIOTOBOTO MYJIbTHILIEK-
Copa — pealn3anusa eMKOCTHBIX CeHCOPOB IIpH-
xocHOBeHUsI (TexHomorust CapSence). boiee mmo-
Ipo6HO NaHHAsl TEXHONOTHS Gy[eT paccMoTpe-
Ha B OJTHOM M3 CJIEAYIOIINX CTaTEM.

®JI31I-IIAMATD, TOMHIMO XPAHEHHsI COOCTBEH-
HO IIPOTPaMMBI, MOKET OBbITh HCIIOIb30BaHA LT
COXpaHeHNs KaKHX-JII00 ITapaMeTPOB, COCTOSTHIE
KOTOPBIX JJOJDKHO OBITh BOCCTAHOBJIEHO IIOCITIE
BKJIIOYEHUS TMTAaHUA. [IJ1s pean3anuy 3alnucu
BO (bIISII-ITaMATh MOKHO BOCIIOJIB30BAaThCS
6ubaroredHpIM MoztyieM omyssinun EEPROM,
JI00 TIPSMBIM BBI30BOM IIPOLIETYP /IS BBIION-
HEHUSI OYUCTKH U 3aIHCH 6JI0Ka, HAXOJSIIIXCS
B SROM. Bropoit BapuaHT MOXKeT 0OKa3aThcst 60-
JIee IIPEMITIOYTHTEIBHBIM, €CITH TPeOyeTcsl yMeHb-
IIUTH Pa3Mep IIPOrPaMMBI, HOCKOJIBKY MOZLYJIb
amysnua EEPROM mosBosisteT H3MeHSTB TOJb-
KO BbIOpaHHOE KOJIIIeCTBO 6ailT B O110Ke hiort-
IIaMSTH, HO LIEHOH IOCTaTOYHO OOJIBIINX 3aTpaT
O3Y u namaru nporpaMm. Vcosnb3ys BHI3OBLI
nporeznyp 13 SROM, MOKHO COKOHOMUTD 10 KH-
J06atiTa B 06BeMe Kofia IIporpaMMBL. BbI30B faH-
HBIX (QYHKIHUIT He IPeICTaBIIsIeT HUKAKHX CII0K-
Hocreit (JrrctuHr 1). [7is 9THX onepanuit Heo6-

XOJIMIMO PAacCIUTATh 3HAUCHMUS JUIMHbI IMITYIb-
coB nporpammuposanust (CLOCKyy,) # 04ucTku
(CLOCK},), a Taxske BemauHbl 3aziepkkn DELAY.
DTH mapaMeTpsl 3aBUCAT OT TeMIIepaTypHl,
OT 9aCTOTEI PaOOTHI IIPOLECCOPA U HHAUBULY -
QIBHBIX 0co6eHHOCTel ynma (puc. 10) 1 HyX-
HBI JUIS1 BBIOOPA ONTHMAJIbHBIX 3HAYeHUI IIPH
«IIPOLIMBKe» (DIISII-TIAMSITH, KOTOPAs BBIIIOJ-
HSeTCS UL IIPOJLIEHHNST CPOKA CITY>KOBI AMSTH
aroro Tumna. [Tapamerpst M, B u Mult MoyxHO 110~
JIy9UTh, BBI3BAB Haxo[sIIyiocs B SROM byHK-
IO YTeHNsT KTMOpOBOYHbIX Tabsu1y TableRead.
3HaueHHe TeMIIePaTyPbl MOXKHO IOJTY4IUTb OT
YIOMHUHABIIIETOCSI BCTPOCHHOTO JATYUKA, JIH60
3aJ1aB ero KOHCTaHTOI. B TaHHOM IpHMepe ULt
BBI30Ba GyHKIMI 13 SROM ncrombayercs Ma-
kpooupenenerune SSC_Action, 00bsBIeHHOE
B daitre m8ssc.inc.

Crenyer He 3a0BIBaTh O TOM, 4TO 110 YMOJI4a-
HUIO B IIPOeKTe, co3manHoM B PSoC Designer,
Bce OJIOKH (ISII-ITAMATH 3aIIHUIIIEHBI OT 3aIIHCH.
I[ToaToMy TOT 6JIOK, K KOTOPOMY IIPeJIIOJIaraeT-
€51 OCYIIECTBIIATD JOCTYII, HY’KHO OOBSIBUTD He-
3aIUIeHHBIM, Monuduiiposas ¢artt flashse-
curity.txt.

YTeHHe COXpPaHEHHBIX JaHHBIX OCYIIIeCTBII-
eTCsI HHCTPYKIUeH Tomx.

B 3aK/TIOYeHNe TUTATENIO IPeIaraeTcs CaMo-
CTOSITEJIBHO OIKCIePUMEHTHAPOBATD C OTIAN0Y~
HOM Tutatoit u3 kommuiekta CY3210-Miniprogl.
BospMHuTe 32 OCHOBY IPAMEPHI U3 IIPOIILIBIX CTa~
TeH U CIeJIafiTe JJIs TPEHUPOBKHU CIIENY IO
«IIpoeKT»: ucronb3yst moayas AIITT DELSIGS
(8-paspsiTHBII eJIbTa-CUTMA), PEATU3YITe B IIPO-
rpaMMe OIHGPOBKY 3HAYEHHS C HOTEHIIIOMET-
Pa 11 coXpaHeHye BO (ISII-IIAMST TeKYIIIEro 3Ha-
JeHUs1 IPU Ha)KaTHU Ha KHOIKY. McronbayiiTe
9TO COXPAaHeHHOe 3HaYeHHe B KauecTBe II0pPOro-
BOTO JUIS1 yIIPaBJIeHUST HHMKATOPaMI — HPH IIpe-
BBIIIICHHH II0POTa BKJIIOYAliTe CBETONNONBL. M

include «m8c.inc» ; part specific constants and macros
include «m8ssc.inc» ; part specific constants and macros

FLASH_BANK : equ 3 ; 6ank piamu-namsru
FLASH_BLOCK : equ 127 ; Homep Giioka B Garke
FLASH_ADDRESS : equ 0x7FCO ; anpec Hayaia JaHHOTO 6J10Ka

export Flash_Write_Block
Flash_Write_Block:

push A ; coxpansiem yKasaTelb Ha JJAHHbIE B CTEKe
call Calculate_ CLOCK_E

SHCIIOJIb3YeM OJIOK yMHOKHTEIS
mov A, [FCh] ; clock_e

mov reg[ MULO_X], A

mov A, [FDh] ; mapamerp Mult
mov reg[MULO_Y], A

mov A, reg[MULO_DL]

mov [FCh],A

mov A, regl MULO_DH]

saeieHue Ha 64

mov X, 5

10:

rc A

rrc [FCh] ; mapamerp CLOCK_w
dec X

jnc.10

pop A ;BOCCTaHABJIIBaeM yKa3aTelb Ha JAHHbIE B IAMATH
mov [FBh], A

MB8C_SetBank1

mov reg[FAh], FLASH_BANK ;BANK

MS8C_SetBank0

mov [FAh], FLASH_BLOCK ;BLOCK

mov [FEh], 180 ;napamerp DELAY
SSC_Action(FLASH_WRITE)

ret

5

export Flash_Erase_Block
Flash_Erase_Block:

call Calculate_ CLOCK_E

mov [FEh], 180 ;mapamerp DELAY
mov [FAh], FLASH_BLOCK
MB8C_SetBank1

mov reg[FAh], FLASH_BANK
MS8C_SetBank0
SSC_Action(FLASH_ERASE)

ret

Calculate_ CLOCK_E:

mov [bSSC_TABLE_Tableld], 3
SSC_Action(TABLE_READ)

SUCIIONb3YeM GJIOK YMHOKUTENIs

mov A, [FBh] ; mapamerp M

mov reg[MULO_X], A

mov reg[MULO_Y], 25 ;remneparypa

mov A, reg[ MULO_DH] ;pesysnbrar/256

rlc A ; ymuOKaem Ha 2

sub [FCh], A ; Bbranraem pesyibTar u3 napamerpa B

ret
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