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ITpodomwenue. Hauano 8 Ne 42006 n poe KTHU po BaHUe
Ha NporpaMMHUpyeMbIiX CUCTEMAX
Ha kpuctanne PSoC Cypress.
YacTb 3. AHanoroBas KoHUryprupyemas nepudepus
Mpopomkas pacckas o NporpaMMMUpyeMoii cucTeMe Ha kpuctanne PSoC Cypress,
paccMOTPUM KOH(HIYPUPYEMYIO aHANOrOBYIO NepH(EPHIo — KAIOHEBYIO 0CO-

Dmutpuin KUITOYEK 6eHHoCTb, Bbigensiowyio PSoC cpean npounx cucteM Ha KpUCTasie U MUKpO-
Dmitry.Kilochek@macrogroup.ru KOHTpPO//1epoB.
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BCTPOEHHBIN MOJIEM.

BonpIUHCTBO 9THX (QYHKIMI JOCTYIHBI TOMY, YTO aHAJIOTrOBYI0 Iepudepuio MoxkHO  Gosee GYHKIMOHAIBHO Pa3BUThIe OJIOKU ONU-
B BHJIe TOTOBBIX MOJyJIell B OMOIHOTeKe cpefibl  KOH(MUI'YpHUPOBATh BPYUHYIO, IEPeUeHb Peai-  HAKOBOM CTPYKTYPBI MPUCYTCTBYIOT B 29-11,
npoexruposanust PSoC Designer, octanbpHble  3yeMbIX QYHKIIHIT MOXKeT OBITh pacIiupeH ca-  27-if, 24-1t u 22-11 cepusix PSoC, 1oaToMy B jaH-
¢dupma Cypress oberraer 106aBUTh B OyyIleM.  MIM II0JIb30BaTeIEM. HOIT CTaThe OHM U OYIyT PacCMOTPEeHBI. ApXu-
OpHaxo 6J1arogapst JOCTATOYHO Pa3BUTOM CHC- ApPXHTEeKTypa aHaJIOTOBBIX 6JIOKOB MOJKET — TeKTypa dTHX CepHil HIeHTu4IHa (puc. 1), dak-
TeMe KOMMYTAaIlI BHYTPH KPUCTaJlIa, @ TAKKe  OBITh Pa3IMIHON B pa3HBIX ceprsix PSoC. Ham-  THYecKH pasHUIIA MeXXIy HEMH 3aKJII0TIAeTCs
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B KOJIMIECTBE aHAJIOTOBBIX OJIOKOB, a TAKKe 00b-

emax iamr-mamsita u O3Y.

Nudopmanuio 06 apXUTEKType aHaJIOTOBBIX
6JI0KOB € OTpaHUYEHHON PYHKI[MOHAIBHOC-
THIO, IPUCYTCTBYIOIINX B pyrux cepusix PSoC,
MO’KHO JIETKO TTOTTyIUTh U3 TEXHUYECKOTO OIIU-
canus [1].

B ykasaHHbIX CepHsX aHAJIOTOBbIE OJIOKH apXH-
TEKTYPHO pasfieJIeHbl Ha TpH TUMa (puc. 2, 6, 7).
ITepBsIit TUI — OJI0K, HOCTPOEHHBIN Ha 6a3e
OIIEPAIIIOHHOTO YCHIUTEIS C IPOrpaMMupye-
MO MaTpHIEil Pe3UCTOPOB B 0OPATHBIX CBA3SIX
(Continuous Time PSoC Block — CT). [Tsa npy-
THX ITOCTPOEHBI Ha 6a3e OIEPaIOHHOrO YCU-
JIUTENS. ¥ IIePEeKII0YaeMbIX KOHIEHCATOPOB
(Switched Capacitor PSoC Block — SC) — 6110~
xu tuna C u D.

AHaorossle 6I0KH ITIOCTPOEHBI Ha 6ase orre-
PAIMOHHBIX yCIIHTEIIEH. DTU YCHINTENN pado-
TAIOT C CATHAJIAMHU C Pa3MaxoM, PaBHbIM HaIIpsi-
skeHMIo nutanus (rail-to-rail) u umeror HeGOIBL-
1110€ HAIIPsDKEHHUE CMEIIIEHUS U YPOBEHb LITyMOB.
ITyTh IPOXOKIECHNUS CUTHAJIA BHYTPH 6JI0Ka OII-
penessieTcst BHy TPeHHUMH MYJIbTHILIEKCOPAMH,
KOTOpBIE YIIPABJLIOTCS TOCTYIIHBIMHU IIPOIIEC-
COpY KOH(HUIYPAIIMOHHBIMHI PETUCTPAMH.

Kask/plit aHaTOTOBBII GJIOK IMeeT TPH OCHOB-
HBIX BBIXOTHBIX IIIHHBIL:

1. Ananorosas BeixonHas mmuHa (ABUS), koro-
past sIBJsteTCst 001 i 1151 BCeX 6JI0KOB OIHO-
1o cTo611a. CUTHAJ ¢ aHAJIOTOBOI IITHBI MO-
JKeT OBITH BBIIAH BO BHEIITHUIT MUP Yepes Bbl-
XoziHOI 6y dep.

2. llluna kommaparopa (CBUS), kotopast siByisi-
ercst UQPOBOIT IINHOM U TAKXKe pasmesisieT-
s MeXy 6JI0KaMu OfTHOTO CTOJIOIIA.

3. JloxasnpHast BeixonHas muHa (OUT), koTopast
coenuHseT BJIOK C COCEMHUMU GIIOKAMIL.
brox CT (puc. 2) uMmeer aBe TONOTHUATENb-

Hble jokanbHble muHsl — GOUT u LOUT, cBa-

3aHHBIE ¢ PabOTOII 6JI0KA B PEKIMe yCHIICHUS/

MTOJABJIEHHS. DTHU IIHUHbI COETUHAIOTCS, COOT-

BeTCTBEHHO, ¢ Bxomamu GIN/LIN cocennero 6:10-

ka CT.

Braromapst IpUCy TCTBYIOLIEMY B cxeme 610~
xa CT mynprumrekcopy TestMux BO3MOKHO BbI-
IaBaTh 4epe3 aHAJIOTOBYIO0 BBIXOJHYIO LIHHY
ABUS Bo BHEIIHUIT MUP BHYTPEHHHUE OLIOPHbIE
nanpspkerns RefHi u RefLo, a Taxoke ananoro-
ByI0 «3eMmio» AGND. OTiM MyIbTHILIEKCOPOM,
a TaKKe TPUITEPOM-3AILEIIKOI Ha BBIXO/IE KOM-
maparopa u norpebseMoit 6JI0KOM MOIITHOC-
ThIO yrpasJsteT peructp ACBxxCR2.

3a BXOZIHBIE MYJIbTHIUIEKCOPBI HA HHBEPTHU-
pYIOIeM U HeMHBepTHpYIIeM Bxonax OY
(NMux 1 PMux cOOTBETCTBEHHO), a TAK)XKe 3a
MTOIKIJTIOYEHNE K IJI00aIbHOM aHaJIOTOBO IITH-
He ¥ IIHHEe KOMIIapaTopa OTBEeYaeT PerucTp
ACBxxCR1.

I[TonkIroueHre MaTPHIIBI PESUCTOPOB OIIpeie-
sstercst mypTuIDIeKcopamu RTopMux, RBotMux
u RTapMux u Gain (yIpaBiisiioTCsi perucTpoM
ACBxxCRO). brarogapst aToMy 610K MOXeT pa-
60TaTh KaK He NHBEPTUPYIOIIHII 1 KAK MHBEPTH-
PYIOIIHI YCHIINTENb ¢ IPOTPaMMUPYEMBIM KO-
addunuentom ycrenns (ot 0,062 1o 48), Kom-

npoeKTupoBaHue
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Puc. 2. AHanorosbii 610K C MaTpuLel pe3ncTopos

1apaTop ¢ IIPOrpaMMUPYEeMbIM OPOTOM, HHCT-
PYMEHTAIbHBII YCHIATENb (IPH 00beINHEHIH
IBYX 6JI0KOB). MaTpHIa pe3ucTOpOB IIpefiCTaB-
JseT co60i HONKITIOYEeHHBIE IOCIIeJOBATEeIbHO
pesucTopsl conporusirerneM 12,2 kOm.

bnox CT copepsKuT 10IOTHUTEILHBINA MajIo-
MOIIIHBII KOMIIAPATOP, COEIMHEHHDII C TEMH JKe
BXOJJAMHU 1 BBIXOJJAMH, YTO 1 OCHOBHOII OIIepa-
IUOHHBIN YCHINTENb. DTOT KOMIIAPATOP MOKET
HCTIIONB30BaThCS I (GOPMUPOBAHUS IUPPOBO-
TO CUTHAJIA CPABHEHUS B PeKUMAX IOHIKEHHO-
O IIOTpe6JIeHH s, KOIJJa OCHOBHOU yCHINTEIIb
BBbIKJIIOYeH. [l yIpaBiieHnsa MaJOMOITHBIM
KOMIIapaTOpOM, a TakKe 171 GOPMUPOBAHUS
CXeMbI HHCTPYMEHTAJILHOTO YCHIIUTEIIS U 0~
TIOJIHUTEJIBHOTO YIIPaBJIeH s MaTPHIEl pe3uc-
Topos ciryxut ACBxxCR3.

\'
q(t) —({("1
C
|
0 4;‘*’2

_ |= q/t =
I=VR <> = (glr2)*q=
U = hq = F¥CHV
R=1/(f*C)

TTpexie YeM MPHUCTYIATh K PACCMOTPEHHUIO aHa-
J70TOBBIX 610K0B SC, HAZIO CKa3aTh HECKOJIBKO CJIOB
0 paBoTe cxeM, IOCTPOEHHBIX Ha [ePeKII09aeMbIX
KoHpeHcaTopax. OCHOBHAsI Hiest TAKHX CXeM 3a-
KIJIIOYAETCSI B TOM, YTOOBI 3aMEHUTh PE3UCTOPHI
B OJIEKTPHYECKOI [N Ha 9KBUBAJICHTHbIE CXe-
MBI, COlepsKalliyie KOHICHCATOP U YIIPaBJIsieMble
KII09H (pHC. 3), IPH 3TOM HEIPEPHIBHBIII IIepe-
HOC 3apsifia 3aMeHsIeTCSI THCKPETHBIM.

B KkavecTBe IIpIMepa MOKHO IIPHBECTH 3aMe-
IIeHYe KIaCCHIeCKO CXeMbl HHBEPTUPYIOIIe-
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Puc. 3. Cxema 3ameLieHus, NOCTpoeHHast
Ha nepek/IioyaeMbix KOHAeHcaTopax

Puc. 4. Mpumep 3aMeLLeHUs KHBEPTUPYIOLLErO YCHUAUTENS!
Ha 6aze QY cxeMoi Ha nepex/ioyaeMblx KOHAEHCATOpax
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Puc. 5. [lnarpamma hopMMpOBaHNs HeNepeKpbIBAIOLLUXCS YacToT
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Puc. 6. Ananorosbii 610k Ha nepekioyaembix konaeHcaropax (tun C)
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Puc. 7. Ananorosbii 6710k Ha nepekioyaembix koHaeHcaropax (tun D)

ro ycuuTes Ha 6aze OY cxeMoil Ha IIepeKIIo-
JaeMbIX KOHJICHCATOPaX, PeaIH30BaHHOM B 6J10-
ke PSoC (puc. 4).

st paboTHI TAKUX CXeM TPeOYIOTCS YIIpaB-
JISIOIITYE YacTOTHI @1 U (2, KOTOPbIe KOHTPOJIH-
PYIOT IlepeHOC 3aps/a, TO 3apsKas KOHIEHCa-
TOP, TO Pa3psiKas €ro Yepe3 yIpasiisgemMble KO-
qu. TakuM 06pasoM, IIPOTEKAIOLINI TOK 3aBHCHT
OT eMKOCTH KOHJIEHCATOPA M OT YaCTOTHI IIepe-
KioueHns kmovei. Ha wactoTs! ¢1 1 @2 Hakia-
IIBIBAIOTCS YKECTKUE OrPAHIYIEH s — 3TH 4aCTO-
ThI He JIOJDKHBI IIePeKPBIBAaThCS BO N30eKaHHe
KOPOTKOTO 3aMBIKaHUS; YIPABJIAeMBIH KIIOY
JIOJDKEH YCIIeTh TIOJTHOCTBIO OTKPBITBCA, IPEK-
zie 9eM OyZIeT 3aKpBIT KIIOY, YIIPaBIsIeMBbIl IIPO-
THBOIIOJIOKHOM YaCTOTOM; KOH/IEHCATOP J0JI-
JKeH YCIIeBaTh ITOJHOCTBIO 3aPSUKAThCS U Pa3ps-
sKaTbest. JactoTsl @1 1 92 opmupyroTcs 1s
Ka)KIOTO CTOJI0IIa aHAJIOTOBBIX 0J10KOB (1 610K
CT u 2 6;10xa SC) u3 o611eit 1y1s cTosa611a BXO -
HOI1 TAKTOBOJ! YaCTOTBI, BEIOMPaeMolt pa3paboT-
quKOM (pHc. 5).

CxeMbI Ha ITepeKII0YaeMbIX KOHIEHCATOPAX
JTydIIe TIOAXOAAT UL HHTErPaTbHOTO UCIIOIHE-
HH, HOCKOJIBKY B KadecTBe KOHIEHCAaTOpa MO~
JKeT BLICTYTIaTh, HAIIPUMED, II03aTBOPHAS €M~
KOCTb TPaH3UCTOPA I eMKOCTD p-11-TIepeXofia.
K ToMy 5Ke, UL pabOTHI ATUX CXeM Ba’KHBI He
a6COTIOTHBIE 3HAUEHHS eMKOCTell KOHJIEHCATO~
POB, a OTHOIIeHHs MeXly HuMu. Tak Kak B pam-
KaX TeXHOJIOTHYECKOTO IPOIecca JIETKO IOy~
YHUTDb OJMHAKOBBIE 110 XapaKTePUCTUKAM dJIe-
MEHTBI, TO B Ka4eCTBe KOH/JEHCAaTOPa BBICTYIIaeT
MAaCCHB U3 OTHOTUITHBIX 3JIEMEHTOB C BO3MOK-
HOCTDBIO KOMMYTallui. EMKOCTb KasK/IOTO TaKO-
O eIMHIYHOTO 3JIEMEHTa B aHAJIOTOBOM OJIOKe
PSoC cocrasisier 80 hD.

Biok Ha mepexIr0YaeMbIX KOH/IEHCATOpax
(puc. 6, 7) cOmep)KUT 4eTbIpe KOHUTypUpye-
MBIX MaCCHBa KOHJI€HCATOPOB — MaCCUBDI
ACap, BCap, CCap u FCap. Maccussr ACap
u BCap npenHasHadeHBI Uit GOPMUPOBAHU
BXOfHBIX myTeit. Maccus CCap sABisieTcs BXOJI-
HBIM 11151 6710Ka THIa C ¥ BBIXOJHBIM JULS 6J10-
ka Tna D (B 9ToM cirydae oH CrysKut it op-
MHPOBAaHHUS 00paTHOI CBA3U NPH 00beIIHe-
Huu 6;10k0B C u D). YeTBepThlil MacCus,
maccuB FCap, npenHasHadeH 1151 GopMHIpoBa-
Hs1 00paTHOU CBSI3H. Biaronapst KOMMyTalum
Ka’KZIBIi U3 IIPUCYTCTBYIOUINX B AHAJIOTOBOM
6JI0Ke MacCHBOB MOJKeT IIPe/ICTABIIATh COOOI
KOHJIEHCATOP eMKOCTBIO OT 0 710 31 eIMHUIIBI.
Hcxnoyenuem sapiserca maccus FCap, em-
KOCTb KOTOPOTO MOJKET ObITh 16 1160 32 enu-
HUIIBL.

B SC-6110Ke IPUCYTCTBYET TAaKKe KOMIIapa-
TOP, KOTOPBIA KOHBEPTUPYET BBIXOJ, Ollepaliu-
OHHOTO YCHIUTEILSI (OTHOCHTEILHO YPOBHSI aHa-
JIOTOBOI «3eMJIH») B IIU(POBOIT CUTHAIL.

AHaJIoroBsIi1 670K Ha IIePeKII0YaeMbIX KOH~
JIeHCaTOPaX MO3BOJIAET PeaTn30BaTh JeIbTa-CHT-
ma AIIIT, AIIIT moceoBaTeIbHOTO PpUOITHKe -
Hus 1 uHTerpupytonuit AT, ITATT. O6benu-
HeHHe IBYX 610KkoB tuma C u D mossosser
peann3oBaTh IBYXIIOIIOCHBII OUKBaIPaTHBII

unprp.
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Puc. 9. Cxema LunHbI KOMNapaTopos

BHYTpeHHIME MyJIbTHILIEKCOPAMHU GJIOKOB,
KITIOYaMIl, HACTPOMKOI MacCHBOB KOH/IEHCATO-
POB U IIOTPeBIIAEMOI MOIITHOCTBIO YIIPABIISIOT
peructper ASCxxCR[0..3] u ASDxxCR[0..3]
mis 6;10koB C 1 D coorBercTBeHHO. [ BHIGO-
pa BXOJIa aHAIIOTOBOTO MOJYJISTOPA, IPUCYTCT-
Bylo1ero B 6oke tuma C, CIy)KaT perucTpol
AMD_CRO u AMD_CRI1.

V3MeHeHUS B KOH(DUTYPALHOHHBIX PETHCT-
Pax BBI3BIBAIOT HEIIOCPECTBEHHOE U3MEHEH e
Ha BBIXOZle aHAJIOr0BOTo 610Ka. M3-3a pasuu-
Bl MEK/Y TAKTOBOM IACTOTOI IPOIIECCOPHO-
T'O SIIPA U 9acTOTOI, Ha KOTOPOIi paboTaer GJIOK,
Ha BBIXOJIe MOTYT HaGIIOAThCS HCKKEHNU.

Ilyist TOro 4TOOBI 3TOTO He IIPOMCXOMIIO, HC-
II0JIb3YeTCsl MEXaHU3M CHHXPOHH3AIHH, 3a/lep-
KUBAIOIINI OIePAIHIO 3AIIICU O BOSHUKHOBE-
HIS BHYTPEHHETO CUTHAJIA (@ 1. YIIpaBsiercs aToT
Mexanusm 6urom SYNCEN B perucrpe ASY_CR.

BxomHBIe aHAJIOTOBBIE MYJIBTUILIEKCOPBI
(puc. 8) coenUHAIOT KOHTAKTHI MUKPOCXEMBI CO
CTOJIOIAMH aHAJIOTOBBIX GJIOKOB, a TOYHee ¢ 6110~
kamu tumna CT. OTH MyJIbTHILIEKCOPBI ITPEeICTaB-
ot coboit KMOIT-xitrouu, conpoTHBIeHIE
KOTOPBIX HaXomuTcs B paitoHe 2 KOM. Kak mpa-
BHJIO, B KA9eCTBE BXOJHBIX aHAJIOTOBBIX KOHTAK-
TOB BBICTYTIAIOT KOHTAKTHI TopTa P0. Kpome To-
T0, 4eThIpe KoHTaKTa nopta P2 (P2.0-P2.3) rak-

npoeKTupoBaHue

JKe MOTYT BBICTYIIaTh B Ka4eCTBE aHAJIOTOBBIX
BXOJ10B 1J1s1 6;10K0B SC B KpallHUX CTOJIOIAX.
HexoTopsle oTHeNbHBIE YHIBI (HapuUMep,
CY8C24794) umeroT MOMOIHUTEIbHbBIE aHAJIO-
rOBBIE IINHBI, 61arofiapst KOTOPBIM B KauecTBe
BXOJIa MOJKET BBICTYIIATh IIPAKTHIECKHU 0060
KOHTAKT MHKPOCXEMBL

KasK/IbIil aHAJIOTOBBII CTOJIOEIT IMeeT aHaI0-
rosyto muHy ABUS, K KOTOPOIt MOKeT OBITH
HOJKITIOYeH BBIXOJ] OHOTO U3 6JIOKOB. B cBOIO
Odepesib, aHaJIOTOBbIE LITUHEI CTOIOI0B 0—3 MO-
TyT OBITH IOIKIIOUEHEI Yepe3 yIpaBiisieMble Oy-
epsr k koHTaKTaM opra P0.3, P0.5, P0.4 1 P0.2
COOTBETCTBEHHO. YIIPaBIIIOTCS BXOTHBIE MYJIb-
turmrekcops! perucrpamu AMX_IN u ABF_CRO.
Peructp ABF_CRO ympaBiseT TaxKe BBIXOTHBI-
mu 6ydepamu.

KasK/plil aHATIOTOBBII CTONOEI] IMeeT BbIe-
JICHHYIO IIIIHY KOMIIapaTopoB (puc. 9), KoTo-
past MOKeT OBITh IIOIKIIOYEHA K BBIXOLY KOM-
IapaTopa OgHOTOo U3 6I0KOB cTOI6IA. BrIxon
IIZHBI KOMIIAPATOPOB MOXKET TIOICOEIHATHCS
K BXOZIaM IH(POBBIX OJIOKOB, MOYKET SBJLATHCS
HCTOYHUKOM IPePBIBaHMUS, TH60 HCTOTHUKOM
IaHHBIX UL 610Ka fienumanuy. COCTOSIHYe IITH-
HBI KOMIIapaToOpa MOKET OBITh TakKe OLEHEHO
mporeccopoM npu greHnn peructpa CMP_CRO.

CurHaj Ha IIZHe KOMIIapaTOPOB IIPeIBapHU-
TEJIBHO MOJKET OBITh COXPAHEH B CIEIUAIBHOM
perucrpe-3ameinke (Latch) — atum ynpasnser
peructp CMP_CRI1. IllnHa KoMImapatopoB MO~
KeT CTPOOMPOBATHCS BBIXOIOM OHOTO M3 IIU-
(poBBIX 6JI0KOB. DTa CBOICTBO UCIIOIB3YeTCS
17151 TOYHOTO KOHTPOJLA IIePHONia HHTETPUPOBa-
Hus B uHTerpupylomeM ALIIT. Berxon s
KOMIIAPaTOPOB MOKET OBITh MOTUGDHUIIPOBAH
WA CKOMOMHUPOBAH C JPYTOil IIXHO KOMITa-
PaTOPOB C IIOMOIIBIO CIIEIUAIbHOM TaOJIUIIbI
npeobpasosanusi (LUT). ITepedens yHKImiL,
peaqu3yeMBbIX 3TOH TabIHIell, IpUBeIeH Ha
puc. 10. Oynkmuio 3amaet peructp ALT_CRO.

IToMHMO IIOKa3aHHOI Ha PUC. 9 CXeMBI, IIIHA
CBUS MoxkeT OBITh IIOAKIIOYEHA K CXeMe YCKO-
putesist PyHKIUH IOCIeI0BATeIbHOTO IIPUOIII-
skeHus (puc. 11). Anroputm paboTsl perucrpa
HOCIIeOBaTeIbHOTO IpUOIIIDKeHUs (Successive
Approximation Register — SAR) npezcraBis-
eT co00il mpoIefypy IOUCKA TAaKOTO KOJa,
npu I po-aHAJIOrOBOM IIpe0Opa3oBaHUU KO-
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LUT x[3:0] Oh: 0000: FALSE
1h: 0001: A .AND.B
2h: 0010: A .AND.B
3h: 0011: A
4h: 0100: A .AND.B
5h: 0101: B
6h: 0110: A .XOR.B
7h: 0111: A.OR.B
8h: 1000: A .NOR.B
9h: 1001: A .XNOR.B
Ah:1010: B
Bh: 1011: A.OR.B
Ch: 1100: A
Dh: 1101: A.OR.B
Eh: 1110: A .NAND.B
Fh: 1111: TRUE

Puc. 10. DyHkuuK Tabamubl npeobpa3oBaHms Ha WiHe
KOMMaparopos
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NnpoeKTupoBaHHe

LLInHa paHHbIX aHanoroebix 6510K0B

Bnok Ha nepek/ito4aeMbiX KoHAeHcaTopax

DAC Peructp

W cMP Latchi—s] >
AHanorosbii CBUS
sxon PHITwm PHI2  Driver

uHa
DB [LlaHHbIX
Read
M8C
CPU
SAR
yCKOpHTENb

Puc. 11. AnnaparHbii yCKOPUTEb (hYHKLMK NOCEA0BATENBHOO NPUB/HIKEHNS

4 unn 2 aHanoroebIx cronbua 1 aHanorosblii cronbew
Vdd Vdd
RefHi B RefHi 8
Vban;é;[a“pi ’; 6 1 aHasoroeble gHanoroame
Vdd,/2 " 610KM ] LOKH
+
Rl
8,1K P R_AGND AGND
oo | 81K R (Vdd/2)
T ]
= P2[4] (sHewHu#
KOHJEHcaTo|
Vbandgap s 2 1 RefLo B
X1 (s ReflLo s aHanorosble
P2[6] U aHasorosble 6noku
6510K1
Vss
Vss

Puc. 12. NcTouHMK OnopHbIx HanpsiKeHWi

TOPOTO TIOJTyYeHHOE HaIPsUKeHNe HAMTy IIIIM
00pa3oM COOTBETCTBYET U3MepsieMoMy. s pe-
QJIM3AIUX 3TOTO AITOPUTMA TpeOyeTcst TpH 6110~
ka — [IAII, xommapaTop 1 IporpaMMHBIN WX
anmapaTHLIN aBTOMAT, OCYIIEeCTBIIAIOIINN 10~
uck. Ycxopurens ¢pynknuu SAR B PSoC npen-
CTaBJLIeT COO0I KOMIIPOMUCC MEK/Y IIOTHOCTBIO
IPOrPaMMHOM ¥ IIOJHOCTBIO aNNapaTHON
pean3anuAMu.

B xagectBe DAC B 9T011 CXeMe BBICTYIIaeT Mac-
CHB IlepeK/I09aeMbIX KoHleHcaTopos ACap,
a B kavecTBe perucrpa DAC — ympassmiormit
peructp ASxxxCRO. [l ynpaBieHus yckopu-
tesieM pyHkiu SAR ciryxur peructp ASY_CR,
KOTOPBIH OIIpefieNsgeT NIMHY KOMIIAPATOPOB,
K KOTOPOI IIOICOeNHEH JaHHBII OJIOK, KO-
YeCTBO MTEPAIMIl TOUCKA U MOJIAPHOCTH KOM-

maparopa. Pojib mporeccopa B JTaHHOM CIrydae
CBOIUTCS K BBIIIOJTHEHHIO OIIePAIlY YTeHNUS-3a~
nucy B peructp ASxxxCRO — Takas mocieno-
BAaTeJILHOCTD 3aIlycKaeT SAR-ycKopuTenp 1y
BBIIIOJTHEHNUS IIONCKA OYePeTHOT0 OHTA U MOf-
crporikn 3HaueHn# ACap u ASign. Hanpumep,
B KauecTBe TAKOI OIlePaI[y MOYKET BBICTYIIaTh
uncrpyknust OR reg[ ASxxxCRO0],0, koTopast 3a-
Iy CKaeT YCKOPHTeNb, HO CaMa He BJIUseT Ha CO-
IepKIMOe peructpa. Y ckoputenb GyHKiua SAR
npumensiercss B PSoC nnsa cospamms ITAIT
u AIIIT mocieoBaTeIbHOTO IPHOIKeHHS.
BJIOK MCTOYHUKA OIMOPHBIX HAIPSDKEHHI
(puc. 12) npennasHaueH s GOpMHUPOBAHUS
aHasIoroBoit «3emsi» (AGND), a Takke omop-
HbIx Hanpsokenuit RefHi u RefLo, koTopsre om-
PeeIOT IUAIIa30H aHaJIOTO-IIU(POBOTO H ITH-

¢bpo-ananorosoro npeo6paszosanuii. Bee atu
OIIOpHBIE HAIIPSDKEHHSI MOJBEIeHBI K KaXKIOMY
QHAJIOTOBOMY 6JIOKY. AHAJIOTOBAsI «3eMJISI» 10~
IIOJIHUTEIbHO OydepusyeTcst BHYyTPH KasKIOTO
6710Ka.

VI CTOYHIKOM ONOPHBIX HAIIPSDKEHHN YIIPaB-
nsier koHpurypanuonusii peructp ARF_CR.
B rabinune 1 mpuBeneHbl BO3MOYKHBIE BAPUAH-
THI OLIOPHBIX HanpspkeHuil. Hanpspkenne Vbg
(Vbandgap) dbopMupyercs crieriagbHbIM BHY -
TPEeHHUM OJIOKOM UCTOYHUKA CTAOMIN3UPOBAH-
HOTO HAIIPSDKEHUSI, OITUPAIOIIIMCS Ha IHPHUHY
3aIIpeleHHON 30HbI HOJTYIPOBOTHHKA. DTOT Ke
6710k popMupyeT NPONOPIHOHATIBHOE TeMIIe-
parype HallpsDKeHHUe, KOTOPOe MOKET OBITh HC-
II0JIb30BAHO /ISl H3MePEHHsI TeMITepaTyphbl. [laH-
HBII TeMIIePaTyPHBII JATINK HONKIIOUEH K Off-
HOMY M3 BXOJIOB aHajorosoro 6;1oxa ASC21,
OflHAKO 115 60JIee-MeHee TOYHOTO H3MepeHIs
TpebyeTcst KaTnOpPOBKa.

Kpome BbI60pa BAPHAHTOB OMOPHBIX HAIIPSI-
sxernit, peructp ARF_CR oTBeuaer u 3a BbIza-
BaeMYI0 HCTOYHIKOM MOIIHOCTB. IIpu aTOM
JIOJDKHO CTPOTO COOIIONATHCS YCIOBHE: YCTaHOB-
KH IIOTpe6IIs1eMOoil MOIIHOCTH JII060T0 U3 aHa-
JIOTOBBIX 6JIOKOB He JJOJDKHBI IIPEBBIIIATh YCTa-
HOBOK MOIIHOCTH HCTOYHHKA OIIOPHBIX HAIIpsi-
JKeHUH1. B Tabiuie 2 NpuBeeHbl BO3MOKHbIE
HACTPOUKU MOIITHOCTH HCTOYHHKA OIIOPHBIX Ha-
IPSDKEHHIL, @ B TabyIuIle 3 — BO3MOJKHBIE HACT-
POMIKH MOIITHOCTH JULT Ka3KIOTO OTIEIBHOTO aHa-
JIOTOBOTO 0JI0Ka.

B xadecTBe mpuMepa pabOThI C aHAIOTOBOI
nepudepureil BEIIOJIHAM O4epPeIHOM HeCI0XK-
HBII1 IIPOEKT Ha 6a3e JeMOIIIaThl U3 KOMILIEKTa
CY3210-MiniProgl. Ha aroit miare ycraHoBIeH
IOTEHIIMOMETD, IONKIIOUEHHBIN K KOHTAKTY
PO[1]. D10 nosBoiser mogasarh Ha Bxox PSoC
HAIIPsDKEHIE B IMANIa30HE OT «3EMJIH» JI0 HaIIpsi-

Ta6nuua 2. BoaMoskHble HACTPOMKM MOLLHOCTH MCTOUHMKA
OMOPHbIX HaNPSYKEHHH

Butbl PWR peructpos Bur HBE Motpebnsembiii
ACBxxCR2, ASCxxCR3, peructpa aHanorosbiM 6nokom
ASDxxCR3 ARF_CR" TOK, MKA

01h (low) 0 150
01h (low) 1 300
10h (medium) 0 600
10h (medium) 1 1200
11h (high) 0 2400
11h (high) 1 4800

Ta6nuua 3. Bo3aMoKHble HACTPOHKM MOLLHOCTH
LISl K&XKAO0TO OTAENbHOrO aHasoroBoro 6oka

Tab 1B . Butel PWR MowHocTtb
abnuuya 1. BoamoxHble BapuaHTbl ONOPHbIX HANPSXKEHUH peructpa | McTouHMKa onopHoro  Bnoku CT Bnoku SC
 CR HanpsxeHUs
AGND RefHi ReflLo 000b BCe BbIK/IOYEHO
REF[2:0] LIEERESHEE 001b HU3Kas BKJ/IIO4EHbI BbIK/TIOYEHbI
MCTOYHMK  HanpsbkeHWe MCTOUHHK HanpskeHHe UCTOMHHMK HanpseHue
010b cpeaHsst BKJ/IHOYEHDI BbIK/IIOUEHDI
000 Vdd/2 2,51,65B Vdd/2+Vbg 3,8;2,95B Vdd/2—Vbg 1,2,0,35B Vdd =5B; Vdd =3,3B 011b BbICOKaAS BK/IOYEHb BbIK/IOYEHD!
001 P2[4] P2[4]+P2[6] P2[4]-P2[6] BbibupatoTcs paspaboTtunkom 100b BCE BbIK/IOYEHO
010 Vdd/2 2,51,65B Vdd 5,0V 50;33B Vss 0,0;0,0B 5,0V System 101b HM3Kas BKJ/IIO4EHbI BK/IIOUEHbI
011 2xVbg 2,6B 3*Vbg 398B Vbg 1,3B Tonbko npu Vdd =5 B 110b cpeaHss BKJIIOYEHbI BKJIIOYEHbI
_ BbiGupaiotcs paspabotunkom 111b BbICOKast BKJTIOYEHbI BKJIHOYEHbI
100 2xVbg 26B 2xVbg+P2[6] 2xVbg—P2[6] P2[6]<Vdd—2,6
101 P2[4] P2[4]+Vbg P2[4]-Vbg Bbibupaiotcsi paspaboTnkom *) But HBE (High Bias Level) ysenuunsaet notpebasiemyio
110 Vbg 13B 2xVbg 268 Vss 0B MOLLIHOCTb BCETO aHaJIOrOBOrO MacCHBa BiBOE.
111 1,6xVbg 2,08 B 3,2xVbg 4,16 B Vss 0B Tonbko npu Vdd =5B
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Puc. 13. KoHdurypauus aHanoroBom yactv

skenust mutanust Vdd. Onudpyem curna ¢ mo-
TeHIIMOMETPa ¥ 0TOOPA3HM CTapIlue YeThIpe
6uTa oy YeHHOro IudpoBOro Koua Ha IMeIo-
IIMXCA Ha IJIaTe CBeTOMOAX.

Cospgagum HOBbI 1poekT [7, 8] B PSoC
Designer 1 B pe’KuMe BEIOOPa MOJLYJIel IT0JIb30-~
BareJst BbiOepem mpocrerniuit AIIT, saHuMa-
fomuit onuH 610k — SAR6. Kpome Toro, Ham
oTpeOyeTcst MOIYIIb IPOrPAMMHPYEMOTO YCH-~
smtenst PGA 11 Toro, 4To0BI IIepenaTh CUrHa
oT BXoiHOrO MyJsbTHIIeKkcopa Kk ALIIT. B pemax-
TOPeE CBsI3ell PACIIOI0KUM BHIOPaHHBIE MOMYJIH
B OJIHOM aHAJIOTOBOM CTOJIOIe. ABTOMAaTHIeC~
xu Moysib PGA pacrionoxurcst B 6;10ke CT, o~
CKOJIBKY Peajin30BaH Ha ero ocHose. Mozynb
SAR6 MOXHO pacHoOIOKUTh B OTHOM U3 JBYX
npyrux 61okoB SC. Coepunum Bxox PGA
C BXOJHBIM MYJbTHIUIEKCOPOM, KOTOPBII,
B CBOIO OYepesib, HACTPOUM Ha COeMHEHHe
c xorTaKTOM 1 mopta P0. Bxon SAR6 coegmanM
¢ BeixogoM PGA. Eciu 610ku SC u CT pacrmo-
JIOKEHBI PANOM, TO BXxozl SAR6 MokHO coenu-
HHTB ¢ BbIxozioM PGA Hampsamyio, MUHYs BbI-
IIeJIEHHYIO aHAJIOTOBYIO LIIUHY, B IPOTHBHOM
CIIydae IIPUJETCS ee UCIoNb30BaTh. Koaddu-
nueHT ycuinenus PGA BpiGepeM paBHBIM 1,
TO eCTh B IAHHOM CJIydae OH OyJeT BBICTYIIaTh
B pontu Oydepa-mioBropurens. Konduryparus
aHAJIOTOBOM YacTH IpeJcTaBleHa Ha puc. 13.
Konrakrel nopra P2, ynpasisionine cBeToAu0-
IlaMu, TiepeBefieM B PeKUM Strong.

Jlanee Heo6X0ONUMO 3aIaTh IJI0OATbHbIE Ia-
pamMeTphl TpoeKTa. HacrpouM onopHsle Hamps-
skeHus kak (Vdd/2)£(Vdd/2), ycranoBusB mapa-
MeTp Ref Mux B cOOTBETCTBYIOIIee 3HAUCHIIE.
Takum 06pa3oM, HallpsDKeHHe aHAJIOTOBOM
«3emnm» Oynet coctasiaTh Vdd/2, To ects 2,5 B
IIpH HAIIpsDKeHHUH nuTaHus 5 B. BerbepeM cpen-
HIOIO MOIITHOCTb aHAJIOTOBOTO MAacCHBa, yCTa-
HOBHB B Iapametpe Analog Power 3Hauerne SC
On/Ref Med. DTHM MBI OTpaHIYHM IIOTPEOIIS-
€MYI0 BCeM aHaJIOTOBBIM MaCCHBOM MOIIIHOCTD,
II09TOMY IIPH 3aITyCKe BBIOPAHHBIX HAMU MOJY~

NnpoeKTupoBaHUe

JIefl MOYKeM YCTaHOBUTH X MOITHOCTb MAaKCH-~
MYM B CpefiHee 3HaUeHre. BHyTpeHHsIs 9acToTa
monyns SAR6 moyKHA HaXOAUThCS B IXAIIA30-
He oT 33 o 333 k'L, m09TOMYy MaKcUMasbHas
YacTOTa TAKTUPOBAHUS OJI0KA He TOJDKHA IIpe-
BoImIath 1,33 MI'. Boibepem B kadecTBe BXOM-
HO 9acToThl curHai 250 kI, ycTaHOBUB fen-
TeJIM CUCTEMHOIT 9aCcTOTHI CIIEYIOIUM 00pa-
30oM: V1 =16 u V2 = 6. OcTtaBuM OCTaIbHbBIE
rio6anbHble MapaMeTpbl 6e3 H3MEeHEHHIT, cre-
HepupyeM [Ia6JIOH IIPOEKTa U MepeiiieM B pe-
TAKTOP MPOTPAMMEL

B penakTope HCXOMHBIX TEKCTOB IPOTPAMMBbI
orkpoeM (aiyr main.asm 1 J06aBUM B HETO BbI-
30BbI API-yHKIMIt 17151 3a1rycKa BBIOPAHHBIX
HaMmH 0JI0KOB. VI3MeHEeHHBIIT TEKCT IIPeICTaBIeH
B JIUCTHHTE.

include «m8c.inc»
include «<memory.inc»

; part specific constants and macros
; Constants & macros for SMM/LMM
; and Compiler

; PSoC API definitions for all User

s Modules

include «PSoCAPLinc»

export _main
_main:
; Insert your main assembly code here.

mov A, PGA_I_MEDPOWER ;ycraHOBKa MOIIHOCTH
call PGA_1_Start 33Ty CK MOJIYJIst

mov A, SAR6_I_MEDPOWER ;ycraHoBKa MOIITHOCTH
call SAR6_1_Start 33Ty CK MOJIYJIst

Jloop:

call SAR6_1_cGetSample smorydaeM 3Haderue oT ALITT

;B IIOTIOJIHUTEILHOM KOJie

;€CIIH Hy’KeH PesyJbTaT

;B 6€33HAKOBOM Bujie — 100aBseM
;CMeIleHHe.

;CIBUTAeM, YTOOBI IOy YUTH
;crapiiye 4 GuTa pesynbTaTa

sadd A, 32

rrc A

rrc A
mov reg[PRT2DR], A

jmp .loop

ITpu npaBUIBbHOM paboTe CBETONUOMNBI Ha
koHTakTax P2([3..0] 6yzyT oToOpaskarh JBOMY-
HBIEe KOJIBI OT —8 110 7. [ |
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