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3.1 BeedeHue

Jlornka cbpoca npegHasHaveHa Ans nNepeBofa MWKPOKOHTPOMnepa B UCXOOHOE COCTOSIHME C 3aBe4OMO W3BECTHbIMM
napameTtpamu paboTbl. ICTOYHMK cOpoca MUKPOKOHTpoMnepa MoxeT OblTb MOEHTUPULMPOBAH C MNOMOLLBbI BUTOB COCTOSIHUSA.
OcobeHHOCTM Nnormkn cbpoca No3BOMSAT CHU3UTL CTOMMOCTb YCTPOWCTBA M YBENUYUTL €ro Ha4eXHOCTb.

MUKpOKOHTpONnepbl CpefHero CeMeNCcTBa pasnuyaroT cneayolme Buabl copoca:

a) C6poc no BkntoveHuto nutaHusa (POR);

b) C6poc no curHany -MCLR B HopmanbHOM pexume paboTbl;
c) C6poc no curHany -MCLR B pexume SLEEP;

d) C6poc no nepenonHexHnio WDT B HOpManbHOM pexume;

e) CO6poc no cHwmkeHnio HanpsxeHns nutaHus (BOR);

f)  C6poc no ownbke naputeta (PER);

BonbLUINMHCTBO perncTpoB He U3MEHSATCS nocne noboro Buaa cobpoca, Ho nocne cbpoca no BkAoYeHuo nutaHma POR
OHW cofepxaT Heu3BecTHOe 3HadeHue. HekoTopble permcTpbl cOpackiBaloTCA B HayanbHOe cocTosiHue npu cbpocax POR,
BOR, -MCLR n WDT B HopMarnbHoM pexume, -MCLR B pexume SLEEP, PER.

BuT naputeta MoOXeT MCNONb30BaTLCA AN NPOBEPKM COAEPXUMOro NamsT! NporpaMm.

C6poc WDT B SLEEP pexvme paccmaTprBaeTcs Kak BO30OHOBNEHWe HopmarbHON paboThbl M Ha 3HaYeHne perncTpos
He BnusieT. butel -TO, -PD, -POR, -BOR u -PER npuHumaloT onpegeneHHble 3HA4YeHWst Npu pasnuyHbiXx Buaax cbpoca
(cm. Tabnumuy 3-2). lMporpammHoe obecneyeHne MOXeT MCnosnb3oBaTb 3TW OUTLI ANA AeTekTupoBaHus Buaa cbpoca
MUKpOKOHTponnepa. CocTosHne perucTpoB cneunansHo Ha3HaveHns nocrne cbpoca cmotpute B Tabnmue 3-4.

YnpolleHHas CTpyKTypHas cxema cbpoca nokasaHa Ha pucyHke 3-1. Ha 3Tom puCyHke npefcTaBneHbl BCe BO3MOXHbIE
BuAabl cbpoca. Ytobbl onpegenuTb Kakve Buabl cOpoca peanv3oBaHbl HA KOHKPETHOM MUKPOKOHTPOIfepe, BOCMNOMb3ynTech
TEXHUYECKOW JOKYMEHTaLMen Ha COOTBETCTBYIOLLMIA MUKPOKOHTPONIEP.

MpumeyaHue. lNoka MukpokoHTponnep PICmicro Haxogutcsi B COCTOAHUM cOpoca BHYTPEHHWUI TaKTOBLIA CUrHan
cooTBeTcTBYeT TakTy Q1 (Hayano umkna KomaHab!).

Bo Bcex HOBbIX MUKpokOHTponnepax Ha Bxode -MCLR ecTb BHyTpeHHWI unbTp, HE NPOMycKaloLlWMn KOpOTKMEe
umnynbecbl (cM. napametp 30 B pasgene "OnekTpuyeckme xapaktepuctuku'). Heobxogmmo otmetutb, 4to cbpoc WDT He
ynpasenseT BbiBogoM -MCLR.
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Puc. 3-1 O6Las CTpyKTypHasi cxema copoca MUKPOKOHTPOSINEPOB CPeHEro ceMencTBa

BknioueHne
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Mpumevanus:

1. 310 otgenebHbin RC reHepatop oT BbiBoga OSC1/CLKIN (He BHyTpeHHMI TakToBbIN RC reHepaTop).

2. Bnokn, obBeaeHHble MYHKTUPHOW NMUHWIA, OOCTYMHbI HE HA BCEX MUKPOKOHTpOrnepax. CMOTpUTE TEXHUYECKYHO
OOKYMEHTALMIO HA8 MUKPOKOHTPOMMeEp.

3. B HekoTopbIX MMKPOKOHTpOINEepax aTOT BbIBOA MOXET paboTaTb Kak BXOZ nopTa BBoAa/BbIBOAA.

4. B paHee Bbinyckaemblx MukpokoHTponnepax PWRT BkntoyeH, korga 6ut PWRTE B cnose koHdurypaumm
paBHsancsa '1' (B HacTosiLee BpeMs BbiNyCKaOTCSl MUKPOKOHTPOMMEpbI, B kOTOpbix pabota PWRT paspelueHa,
koraa PWRTE=0).

5. Bpemsa ygepxaHus MUKPOKOHTpPOIepa B COCTOsiHUKM cbpoca cmoTpuTe B Tabnuue 3-1.
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3.2 POR, PWRT, OST, BOR, PER

3.2.1 Copoc no Bknro4veHuro nutaHua POR

WHTerpmpoBaHHas cxema POR ypepxuBaeT MWKPOKOHTPOMMep B cocTtosHuM cbpoca, noka HanpsbkeHune Vpp He
pocturHeT Tpebyemoro ypoBHs. [nst BkntoyeHus cxembl POR Heobxoanmo coeanHuTb BbiBog, -MCLR ¢ Vpp 4epes pesucTtop
(cm. pucyHok 3-2), He Tpebys BHewHen RC Leno4vku, obbi4HO ncnonb3yemoin ansa copoca. MakcumaneHoe BpeMsi HapacTaHus
Vpp cMOTpuUTE B pasgene "AnekTpudeckne xapakrepuctukn" (napametpsl D003, D004).

Puc.3-2 BkntoyeHne BCTpoeHHOM cxeMbl POR

VDD

VDD
R

MCLR
PIC16CXXX

Mpymeyvanme 1. Ng HEKOTOPbIX MUKPOKOHTPOMEPOB NOAKITIOYEHNE pe3ncTopa He obs3aTenbHo.

Koraga MUWKpOKOHTpONnep nepexoauT B pexum HopMarnbHon paboTbl u3 coctosiHua cbpoca, paboune napameTpsbl
(HanpsikeHne nuTaHudA, 4acToTa, TemnepaTtypa M T.4.) AOMKHbI COOTBETCTBOBATb YKasaHHbIM B pasgene "Onekrpudeckue
xapaktepucTukn". Ecnn pabouve napameTpbl He YAOBNETBOPSAIOT TpeboBaHWAM, MUKPOKOHTPOMMEp AOSMKEH HaXxOAuTbCs B
cocTosiHuM cbpoca.

Ha pucyHke 3-3 nokasaHa cxema BHeluHero copoca POR npu MeaneHHOM HapacTaHun HanpsKeHust NuTaHus. BHewwHas
cxema cbpoca TpebyeTcs TONbKO, eCn CKOPOCTb HapacTaHWs HamnpsxXeHuss NuTaHnsa odeHb Mana. Auog D npegHasHadeH ans
ObICTPON paspsaaKM KOHAEHcATOPa NPU CHYXXKEHUW HaNPshKeHWS NUTaHms.

Puc. 3-3 Cxema BHeLLHero cbpoca no BKIHOYEHUIO NMUTaAHNSA
(Mpy MeaneHHOro HapacTaHUsl HaNPSHKEHWS MUTAHWUS)

VoD VDD
VDD
D R
L MCLR
C PIC16CXXX

Mpumeyanue. ConpoTtmeneHne peanctopa R pekomeHayeTcs BbioupaTte MeHblue 40kOMm, 4TOObI NageHne HanpshkeHus
Ha pesucTtope He npesbiwano 0.2B. bonbluee nageHne HanpsXKeHUss Ha pe3ncTope MOoXeT NpubnnanTb YpoBEHb curHana Ha
BbiBoAe -MCLR/Vpp kK MUHUMaNbHOMY V.
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3.2.2 Tanmep BKNOYeHuss nutaHua PWRT

Tanmep BKknOYeHMA NUTaHWa obecnevmBaeT 3afdepxKy B 72MC (HOMMHaNbHOE 3HayeHme) no curHany cxembl cbpoca
BkntoyeHuss nutaHnst POR unu cbpoca no cHwxeHuto HanpsixeHns nutaHua BOR (cM. napameTp 33 B pasgene "3Onekrpuyeckue
xapaktepuctukun"). Tanmep BKNOYEHUS nuTaHusa paboTaeT oT oTaenbHoro BHyTpeHHero RC reHepaTopa v yaepxuBaet
MUKPOKOHTpONMep B COCTOsiHUM cbpoca no aktueHomy curHany ot PWRT. 3agepxkka PWRT no3sonsieT AOCTUrHYTb
HanpspkeHuto Vpp HOMUHAINBHOIO 3HAYEHUS.

Butom -PWRTE B cnoBe KoHurypaumm moxHo BbikmounTe (-PWRTE=1) unn skntounts (-PWRTE=0) Tanmep
BKINtoYeHus nutanusa. Tanmep PWRT gomkeH ObiTe BKOYEH, €CNYM UCMOMNb3YeTCs COPOC NO CHUXEHWUIO HaNPshKEeHWSA NUTaHWS
BOR. B paHee Bbinyckaembix MmukpokoHTponnepax PWRT BkntoyeH, korga 6ut PWRTE B cnose koHdwurypaumm pasHancs '1'
(B HacTosILLEee BpeMs BblNMyCKaeTCs MUKPOKOHTpoOrnepsl, B koTopbix pabota PWRT paspelueHa, korga PWRTE=0).

Bpemsa 3agepxkn PWRT BapbupyeTcs B KaXOOM MWUKPOKOHTPOMNEpe M 3aBUCUT OT HanpskeHus nutaHusa Vpp,
Temnepartypbl U TEXHONOrMYyeckoro pasbpoca napameTpoB KpucTanna (CM. pasgen "OnekTpuyeckne xapakTepmucTukn®).

3.2.3 Tanmep 3anycka reHepaTopa OST

Tanmep 3anycka reHepatopa (OST) obecneunBaet 3agepxky B 1024 takta reHepaTtopa (Bxoa OSC1) nocne okoH4aHus
3agepxkm oT PWRT (ecnn oHa BkMOYeHa). OTO rapaHTMpyeT, 4TO 4acToTa KBapLeBOro/kepammyeckoro pesoHaTtopa
cTtabunuanposanacs.

3agepxka OST BkntovyaeTcst Tonbko B pexumax HS, XT u LP TaktoBoro reHepatopa nocrie copoca POR, BOR wunu
BbIX0[a MUKPOKOHTpornepa n3 pexuma SLEEP.

CyeTtumk OST nHKpeMeHTMpyeTcs no kaxaoMy umnynbcy co Bxoga OSC1/CLCIN nocne Toro, kak amnnutyaa curHana
JOCTUrHeT nopora BxogHoro Oydepa reHepatopa. 3agepxka OST rapaHTupyeT cTabunmsauumio 4acToTbl reHepatopa C
KBapLieBbIM/KEPAMUYECKM PE30HaTOPOM Mepes HayanoM BbIMOMIHEHWS MporpamMmbl  MUKPOKOHTponnepa. [OnuTenbHoCTb
3agepxkm OST 3aBUCUT OT HYacTOTbI pe3oHaTopa.

Ha pucyHke 3-4 noka3aH BpemeHHas guarpamma paboTtel cxeMbl Taimepa OST BmecTe co cxemon Tanmepa PWRT. Ons
HM3KOYACTOTHbIX PE30HaTOPOB ANMTENBHOCTL 3anycka MOXeT ObiTb AOCTaToYHO Gonblias. 3TO NPOMCXOAMT M3-3a TOro, YTO
BpeMms 3anycka reHepatopa Ha HWU3KOW 4YacToTe 3HaumTenbHO Gonblie 3agepxku Tavimepa PWRT. MHTepsan BpemeHu oT
MOMEHTa OKOH4YaHus cyeTa Tavmepa PWRT pgo Havyana reHepaumu TakTOBOro curHana HasblBaeTcs "MepTBas 3oHa". B
3MNEKTPUYECKNX Creundukaumnsx He CyLLeCTBYET MOHATUS MUHMMAarnbHasi/MakcumarnbHas OnuMTenbHOCTb "MepTBOM 30HbI"
(ToEADTIME).

Puc. 3-4 BpemeHHas guarpamma pabotbl Tanmepa PWRT u tTanimepa OST
Touka cbpoca POR vinu BOR

VDD /

lenepatop L

—», TOSC1 1a—

1 :-1——
MEPEMONHEHVE OST ! ,  TosT
MEPENONHEHVE PWRT : —™| =— TDEADTIME

:<-—> I

. TPWRT
BHYTPEHHWI CEPOC :

Tosc1 = WHTepsan Bpemenun ot cbpoca POR wnn BOR go obHapyxeHus Taimepom 3anycka reHepatopa (OST)
TaKTOBbIX MMMNYNbCOB.
Tost = 1024 Tosc
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3.2.4 NocnepoBaTenbLHOCTb yAEpPXKaHMA MUKPOKOHTpoOMepa B COCTOAHUM cOpoca

Mpu BKMOYEHUN NUTAHWS BbIMOMHAETCA CneayLwas nocneaoBaTenbHOCTb yaepKaHus MUKPOKOHTPOIiepa B COCTOSIHUM
cbpoca: obHapyxeH cbpoc POR, 3apgepxka PWRT (ecnu oHa paspelueHa), 3agepxkka OST (nocrne 3aBeplUeHUS 3a0epXKu
PWRT). MonHoe Bpemsi 3aep>XKn U3MEHSETCS B 3aBUCMMOCTU OT pexunma paboTbl TaKTOBOTrO reHepaTopa M CocTosiHus buTa
-PWRTE. Hanpumep, B pexume RC reHepatopa u npu -PWRTE=1 (tanmep PWRT BblknoveH) 3agepxka Oyner
oTcytcTBoBaTh. Ha pucyHkax 3-5, 3-6 u 3-7 nokasaHbl MOCnefoBaTenbHOCTU yaepXXaHUus MUKPOKOHTponfnepa B COCTOSHUM
cbpoca.

Ecnn curhan -MCLR ygepxuBaeTcs B HM3KOM YPOBHE AOCTaTOMHO AONrO (JOonblue BPEMEHW BCEX 3adepxek), nocne
nepexoga -MCLR B BbICOKMI ypOBEHb NMporpaMma HayHeT BbINOMHATLCA HEMEASEHHO (CM. PUCYHOK 3-7). OTO MoxeT bbiTb
Nnones3Ho Npv 04HOBPEMEHHOM 3anycke HECKOMNbKMX MUKPOKOHTPONNEPOB, paboTatoLLmx napannensHo.

Ecnn HanpsikeHVWe NMUTaHusi He COOTBETCTBYET crneundukaumnm areKTpUYecKkUX XapakTepUCTUK MOCe OKOHYaHWUs cyeTa
TanmepoB OST, PWRT (ecnu oHu BkNtoYeHbI), TO Ha BbiBoAe -MCLR/Vpp JOMKeH NpUCyTCTBOBaTb HU3KUI NOrMYECKUIA YPOBEHb
noka HanpsbkeHvue He gocturHeT Tpebyemoro ypoBHsi. Micnonb3oBaHue BHelwHel RC uenoykn anst popmmnpoBaHns cbpoca no
BKITHOYEHMWIO MUTaHNS JOCTATOMHO AN GonblUMHCTBA NpunoxeHun. Ha pucyHke 3-8 nokasaHa BpeMeHHas auarpamma cbpoca
MUKPOKOHTpOInepa npu MeafieHHOM HapacTaHUM HanpshXeHUs MUTaHns.

B tabnuue 3-1 npeacraBneHa ANMTENbLHOCTb 3a4EPXKKN CTapTa MUKPOKOHTPOMMepa B pas3nuyHbIX CUTyaLnsX.

Ta6bnuya 3-1 Bpems 3agep)Xku nNpuy pasnnyHblx Bugax copoca

Pexum C6poc POR Bbixopn U3 pexuma
reHepaTopa -PWRTE=0 -PWRTE=1 Copoc BOR SLEEP
XT, HS, LP 72mc + 1024 Tosc 1024 Tosc 72mc + 1024 Tosc 1024 Tosc
RC 72MC -0 72mc -

Mpumevanne 1. OnA MUKPOKOHTPONMNEpoM C BHyTpeHHem/BHewHem RC reHepaTopom Bpems 3anycka
OPUEHTMPOBOYHO paBHO 250MKC.

Puc. 3-5 BpemeHHas gnarpamma 3agepxkv npy BknoveHmn nutanmsa (-MCLR nogkntoyeH K Vop)

. TPWRF ;

MNEPEMNOJTHEHME PWRT

=TS

NEPEMONHEHWE OST

BHYTPEHHWM CEPOC

Puc. 3-6 BpemeHHas guarpaMmma 3agepxku npv BkntoveHuy nutanHus (-MCLR He nogkntoyeH k Vpp), cnydan 1

MCLR
POR I_l

. TPWRT !

NEPEMNONHEHWE PWRT :<—TOST—>:

NEPENONHEHWE OST

BHYTPEHHWW CEPOC
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Puc. 3-7 BpeMeHHas guarpaMmma 3agepxku npv BkntodeHuy nutanHus (-MCLR He nogkntoyeH k Vpp), ciyydan 2

VDD —:/ :
MCLR — e

POR

|- TPWRTF !

NEPEMONHEHUE PWRT | a— TOSTF—

NEPENONHEHWE OST

BHYTPEHHWW CEPOC

Puc. 3-8 BpeMeHHas guarpamma cbpoca npy MeaneHHoM HapactaHum HanpshxkeHust nutadus (-MCLR nogkntoyeH k Vpp)

: 5V
VDD ov v
MCR
POR | I
L TPWRT ¢
NEPENONHEHWE PWRT : : |
' — ' «— TosT
NEPENONHEHUE OST I l
BHYTPEHHWH CEPCC
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3.2.5 Copoc no cCHMXKEeHUIo HanpskeHus nutadua BOR

WHTerpmposaHHasa cxema BOR nepeBoanT MUKPOKOHTPOMMEp B COCTOSIHWE cOpoca, Koraa HanpskeHWe NMUTaHUS Huxe
YCTaHOBIEHHOTO YPOBHA BVpp, 4YTO rapaHTUpyeT npekpaLleHve BbINOMHEHNS MporpamMmel NMpy BbIXOAE HANpPshKeHWsA NUTaHus 3a
yCTaHOBIEHHbIE HOPMbl. COPOC MO CHUXKEHUIO HaMPSXXEHUS NMUTaHUS OBbIYHO MCMOMb3YeTCA B MPUIOXEHUSAX C NUTaHnem oT
CeTV NepeMeHHOro ToKa UM B YCTPOWCTBAX C NUTAHMEM OT akKyMynATOPHbIX 6aTapen, B KOTOPbIX BO3MOXHO KpaTKOBPEMEHHOE
YMEHbLUEHNE MUTAIOWEro HamnpshkeHWs HUWXKE MUHUMAnbHOMO HamnpshkeHWs MUTaHUMSA MUKPOKOHTpONfepa BCneacTsue
KOMMYyTauum Harpysku 60mbLUION MOLWHOCTU (HanpyMep B aBTOMOGUIbHBIX MPUNOXEHUSAX).

lMpumeyaHue. [lepen wucnonb3oBaHMEM COpoOCa MO CHWXKEHUIO HanpshkKeHus MuTaHus obssaTenbHO usyynte
3NEKTPUYECKNE XapaKTEPUCTUKM MUKPOKOHTPOINepa, YTobbl rapaHTUpOBaTh BbINOMHEHNE TPEOOBaHUI BaLLEro NPUIOXEHWS.

Butom BODEN B crose koHdwurypaumm MoxHo Bbikmiounte (BODEN = 0) unm Bkniounts (BODEN = 1) petektop
CHWXEeHUS HanpsXXeHus nutadua. Ecnn HanpskeHne Vpp onyckaeTtcs Hwke BVpp (Tunosoe 3HadveHue 4.0B, cm. napameTtp D005
B pasgene "OneKkTpuyeckne xapaktepuctukn') Ha Bpems bonblue(unu pasHoe) Teor (cM. napameTp 35, 100MKc), nponsonget
CcOpOC MO CHWKEHUIO HanpskeHWs nuTanus. Ecnv AnvTenbHOCTb CHWKEHUSI HanpshkeHWs NUTaHus Medblle Teor, COpoC
MWKPOKOHTpOsfiepa He NPON3onAeT.

Mpu nwbom Buge cbpoca (POR, -MCLR, WDT 1 T.4.) MUKPOKOHTPOMNEp HaxoAWTCA B COCTOsiHMM cbpoca, mnoka
HanpshkeHne Vpp He OyaeT Bbiwe BVpp. [locrne Hopmanmusaumn HanpskeHWs MUTaHWs MUKPOKOHTPOMMEep HaxoauTcs B
cocTosHun cbpoca eue 72mc (cm. napameTp 33, TrwrT). ECnn HanpsixxeHne nuTtanma Vpp ctano Huwke BVpp Bo Bpems paboThbl
Tanmepa no BKIIOYEHUIO MUTAHUA, MUKPOKOHTPOMNep BO3BpaLlaeTcs B coctosHme copoca BOR, a Tavimep mHuumanunsmpyetcs
3aHOBO (cM. pucyHok 3-9). Kaxablim nepexopn HanpshkeHus nutanus Vpp 4depes rpanuuy BVpp uHuumanusupyetr PWRT,
cosfgasas 3agepxky B 72mc. MNpu BrntoveHun cxembl copoca BOR Bcerga HyxHo Bknioyatb Tanvep PWRT.

Ecnn BODEN=1, TO Npu KaXXA0OM CHWXEHWUM HanpsbKeHUs nutaHus Huke BVpp MUKpokoHTponnep Gyaet nepexoauTs B
cocTosiHMe cbpoca, BKIYas 3aAepKKy BHyTPEHHero copoca npu BKIYEHUN NUTaHUS.

Puc. 3-9 Tunosble cutyauumn cbpoca BOR

BHYTpeHHuUiA T e————+

cBpoc 1 72 Mc
VDD
-____________W _____________ BVDD
| | 1
! ! |
BHyTpeHHuiA [ <72 mc "—>|—
c6poc MC T 72 M

BHyTpeHHuiA [ D

c6poc
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HekoTopble MUKPOKOHTPOMMEPbl HEe CoAepXaT MHTErpypoBaHHOM CxeMbl COPOCa MO CHWXEHWIO HanpsKeHus nutaHus
UNM BO3MOXHbI CUTyauun, korga napameTpbl cxembl cbpoca BOR He yaoBneTBopsioT TpeboBaHWsM npunoxeHus. B atom
cnyyae Heob6xoa4MMO MCMonb3oBaTh BHELLHIOK cxeMy cbpoca. Ha pucyHkax 3-10 u 3-11 npeactaBneHo ABa BapuaHTa BHELUHEN
CcxeMbl cbpoca Npu CHWKEHWUN HanpskeHusa NuTaHns. Beibop BHeLLHel cxembl cOpoca He0bX0AMMO BLIMOMHATE B COOTBETCTBUM
C TpebOoBaHNAMUN MPUNOXKEHWS.

Puc. 3-10 Cxema BHeLLHero cbpoca No CHWKEHWIO HaNpshkeHnst nuTanus (1 BapnaHT)

Mpumevanus:

1.

2.
3

VDD
T VDD
33k
Q1
10k MCLR
AN 40k PIC16CXXX

Ota cxema OypmeT cOpacbiBaTb MUKpOKOHTponnep, korga Vpp 6yger Hwke Vz + 0.7B,
roae Vz—HanpspkeHne ctabunusaumm ctabunutpona.

BHYyTpeHHsI cxema cbpoca Mo CHUKEHUIO HaMPSXKEHNs MMTaHUS LOIMKHA ObiThb BbIKITIOYEHa.
HomuHarnbl pe3aMcTopoB AOMKHBI ObITh BbIOpaHbI C y4ETOM THNa TPaH3NcTopa.

Puc. 3-11 Cxema BHeLUHero cbpoca No CHWKEHUIO HaNPshKeHWst NTaHus (2 BapnaHT)

Mpumevanus:

1.

wn

VDD
T VDD
R1
o}
MCLR
R2
40k PIC16C)O0X

Hepoporasa cxema cGpoca, HO MeHee ToyHasi Mo cpaBHeHWo ¢ 1 BapuaHTOM. TpaHaucTop Q1
3aKpbIBaETCS, KOrda HanpshkeHne NUTaHns HUXKe onpeaeneHHoro nopora.

Vdd « R =0.7
R1+R2
BHyTpeHHsI cxema cbpoca Mo CHVKEHWIO HanpshXeHNs NMTaHnsa JOoSmkHa ObITb BbIKMOYEHa.
HomuHanbl pe3ancTopoB AOMKHBI BbITb BbIOpaHbI C y4eTOM TUNa TpaH3ncTopa.
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3.3 CocmosiHue pecucmpoe u 6umoe nocsie cébpoca

Ta6bnuya 3-2 CoctosiHne HekoTopbix 6uToB pernctpos STATUS/PCON

-POR -BOR -TO -PD YcnoBue
0 X 1 1 C6poc No BKNOYEHUIO NUTaHKSA
0 X 0 X HepencteutenbHbii -TO, ecnn -POR=0
0 X X 0 HepewncteutensbHbii -PD, ecnn -POR=0
1 0 1 1 C6pocC MO CHYKEHWIO HAMPSHKEHUS MUTaHWS
1% 1% 0 1 C6poc ot WDT
1@ 1% 0 0 Bbixoa 13 pexuma SLEEP ot WDT
1) 1@ u u C6poc -MCLR npu HopMansHOM pexume paBoTh
1% 1 1 0 C6poc -MCLR B SLEEP pexuvme
OB6o3HaYeHMs: U = HE UBMEHSIETCS; X = HeonpeaeneHHoe 3Ha4YeHne
Mpumevanus:

1. He BCe MUKpOKOHTpOMepbl cogepxat cxemy copoca BOR.
2. OTn OuTbl ANS AaHHbIX YCNOBUI He naMeHsaTcs. OHM aomkHbl 6bITb ycTaHoBNeHs! B '1' nocne copoca POR, BOR.

Tabnuuya 3-3 CoctosiHue ocobbix perncTpoB nocre cépoca

Bua cbpoca quTq";é(OMaH‘q ;.?.Z'.I?Jg Pernctp PCON

C6poc No BKAKYEHWIO NUTAHUS 000h 0001 1xxx u--- -10x
Cbpoc no curHany -MCLR B HopManbHOM pexume 000h 000u uuuu u--- -uuu
C6poc no curHany -MCLR B SLEEP pexume 000h 0001 Ouuu u--- -uuu
C6poc ot WDT 000h 0000 luuu u--- -uuu
Bbixoa n3 pexxuma SLEEP ot WDT PC +1 uuuO0 Ouuu u--- -uuu
CBpoc N0 CHMKEHNIO HAaNPsKeHUst NUTaHUS 000h 0001 luuu u--- -uu0
Bbixoa 13 pexuma SLEEP oT npepbiBanuii PC + 17 uuul Ouuu u--- -uuu
O603HayeHust: - = He ucnonbayeTcs, YmTaeTcs kak '0'; u = He UBMEHSETCH; X = HE U3BECTHO.

MpymevaHus:
1. MNpu Bbixoge n3 pexuma SLEEP no BO3HMKHOBEHWIO npepbiBaHus, ecnu GIE=1, B cyeTunk komaHg PC
3arpyxaetcs Bektop npepbiBaHuii (0004h) nocne BbinonHeHus PC+1.
2. Ecnwn 6ut B pernctpe STATUS He peanunsoBaH, oH YynTaeTcs kak '0'.

Ta6nuya 3-4 CocTosiHVe pPerycTpoB creumanbHOro HasHayeHus nocne cbpoca

Bbixog u3 pexuma SLEEP

Peructp C6poc POR unun BOR C6poc -MCLR vnu WDT No npepbIBaHmio unm WDT
ADCAPL 0000 0000 0000 0000 uuuu uuuu
ADCAPH 0000 0000 0000 0000 uuuu uuuu
ADCONO 0000 00-0 0000 00-0 uuuu uu-u
ADCON1 0--- 0000 0--- 0000 u--- uuuu
ADRES XXXX XXXX uuuu uuuu uuuu uuuu
ADTMRL 0000 0000 0000 0000 uuuu uuuu
ADTMRH 0000 0000 0000 0000 uuuu uuuu
CCP1CON --00 0000 --uu uuuu --uu uuuu
CCP2CON 0000 0000 0000 0000 uuuu uuuu
CCPR1L XXXX XXXX uuuu uuuu uuuu uuuu
CCPR1H XXXX XXXX uuuu uuuu uuuu uuuu
CCPR2L XXXX XXXX uuuu uuuu uuuu uuuu
CCPR2H XXXX XXXX uuuu uuuu uuuu uuuu
CMCON 00-- 0000 00-- 0000 uu-- uuuu
EEADR XXXX XXXX uuuu uuuu uuuu uuuu
EECON"1 x--- x000 u--- u000 u--- uuuu
EECON2 - - -
EEDATA XXXX XXXX uuuu uuuu uuuu uuuu
FSR XXXX XXXX uuuu uuuu uuuu uuuu
GPIO - - XX XXXX --uu uuuu --uu uuuu

O603HayveHus: - = He Ncnonb3yeTcs, Yutaetcs Kak '0'; u = He M3MEHSETCS; X = HE M3BECTHO; q = 3aBWCUT OT YCIOBUWN.
MpymevaHus:

1. OpguH unn Heckonbko 6uToB INTCON, PIR1 u/vnun 6yayT nameHeHsl npu Boixoae 13 pexuma SLEEP.

2. Ecnm 6ut GIE=1 npu Bbixoge n3 pexuma SLEEP, B cuyeTumk komaHp OyaeT 3arpyxeH BEKTOp npepbiBaHWi
(0004h).

3. Cwmotpute B Tabnuue 3-3 coctoaHme 6utos peructpa STATUS.
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Ta6nuya 3-4 CocTosiHVE pPervcTpoB crneumanbHOro HasHayeHust nocne cbpoca (npogoskeHune)

Peructp C6poc POR unn BOR C6poc -MCLR unu WDT | BbIX0A u3 pexuma SLEEP
no npepbiBaHuio unu WDT
I2CADD 0000 0000 0000 0000 uuuu uuuu
I2CBUF XXXX XXXX uuuu uuuu uuuu uuuu
I2CCON 0000 0000 0000 0000 uuuu uuuu
I2CSTAT --00 0000 --00 0000 --uu uuuu
INDF - - -
INTCON 0000 000x 0000 000u uuuu uuuu'Y
LCDCON 00-0 0000 00-0 0000 uu-u uuuu
LCDDO00:LCDD15 XXXX XXXX uuuu uuuu uuuu uuuu
LCDPS ---- 0000 ---- 0000 ---- uuuu
LCDSE 1111 1111 1111 1111 uuuu uuuu
OPTION REG 1111 1111 1111 1111 uuuu uuuu
OSCCAL 0111 00-- uuuu uu- - uuuu uu- -
PCL 0000 0000 0000 0000 pPCc+ 1 @
PCLATH ---0 0000 ---0 0000 ---Uu uuuu
PCON ---- --0u ---- --Uuu ---- --uu
PIE1 0000 0000 0000 0000 uuuu uuuu
PIE2 ---- ---0 ---- ---0 ---- ---U
PIR1 0000 0000 0000 0000 uuuu uuuu
PIR2 ---- ---0 ---- ---0 ---- ---U
PORTA --0x 0000 --uu uuuu --uu uuuu
PORTB XXXX XXXX uuuu uuuu uuuu uuuu
PORTC XXXX XXXX uuuu uuuu uuuu uuuu
PORTD XXXX XXXX uuuu uuuu uuuu uuuu
PORTE ---- - XXX ---- -uuu ---- -uuu
PORTF 0000 0000 0000 0000 uuuu uuuu
PORTG 0000 0000 0000 0000 uuuu uuuu
PR2 1111 1111 1111 1111 1111 1111
PREFA 0000 0000 0000 0000 uuuu uuuu
PREFB 0000 0000 0000 0000 uuuu uuuu
RCSTA 0000 000x 0000 000x uuuu uuuu
RCREG 0000 0000 0000 0000 uuuu uuuu
SLPCON 0011 1111 0011 1111 uuuu uuuu
SPBRG 0000 0000 0000 0000 uuuu uuuu
SSPBUF XXXX XXXX uuuu uuuu uuuu uuuu
SSPCON 0000 0000 0000 0000 uuuu uuuu
SSPADD 0000 0000 0000 0000 uuuu uuuu
SSPSTAT 0000 0000 0000 0000 uuuu uuuu
STATUS 0001 1xxx 000g quuu'® uuug quuu®™
T1CON --00 0000 --uu uuuu --uu uuuu
T2CON - 000 0000 - 000 0000 -uuu uuuu
TMRO XXXX XXXX uuuu uuuu uuuu uuuu
TMR1L XXXX XXXX uuuu uuuu uuuu uuuu
TMR1H XXXX XXXX uuuu uuuu uuuu uuuu
TMR2 0000 0000 0000 0000 uuuu uuuu
TRIS
TRISA --11 1111 --11 1111 --uu uuuu
TRISB 1111 1111 1111 1111 uuuu uuuu
TRISC 1111 1111 1111 1111 uuuu uuuu
TRISD 1111 1111 1111 1111 uuuu uuuu
TRISE 0000 -111 0000 -111 uuuu -uuu
TRISF 1111 1111 1111 1111 uuuu uuuu
TRISG 1111 1111 1111 1111 uuuu uuuu
TXREG 0000 0000 0000 0000 uuuu uuuu
TXSTA 0000 -010 0000 -010 uuuu -uuu
VRCON 000- 0000 000- 0000 uuu- uuuu
W XXXX XXXX uuuu uuuu uuuu uuuu
O603HayveHus: - = He ncnonb3yeTcs, Yutaetcs Kak '0'; u = He M3MEHSETCS; X = HE M3BECTHO; q = 3aBWUCUT OT YCIOBUN.
Mpumevanus:

1. OguH unn Heckonbko 6uToB INTCON, PIR1 n/vnun 6yayT nameHeHsl npu Boixoge 3 pexuma SLEEP.

2. Ecnm 6ut GIE=1 npu Bbixoge m3 pexuma SLEEP, B cuyeTumk komaHnf OyaeT 3arpyxeH BEKTOp npepbiBaHWi
(0004h).

3. Cwmotpute B Tabnuue 3-3 coctosiHne 6utos peructpa STATUS.
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3.3.1 Pernctpbl PCON u STATUS

Peructp PCON copepxuT o 4 61toB, C MOMOLLIbIO KOTOPbIX MOXHO OnpedenvTb UCTOYHUK cOpoca MMKPOKOHTponnepa:
» Cb6poc no skntoveruto nutanus (POR);
e C6poc no curHany Ha BeiBoge -MCLR;
« C6poc no nepenonHeHuto ctopoxesoro Taimepa WDT;
* CO6poc no 06Hapy>XeHWI0 CHKEHUS HanpshxeHus nutaHns (BOR).

DS33023A

But -BOR nmeeT HeonpegeneHHoe 3HayeHne nocne copoca POR. MNonb3oBaTtens AomkeH NPOrpaMMHO YCTaHOBUTb OUT
-BOR B 1’ 1 npoBepATb €ro coctosiHue npu Bo3HMKaLWmMx copocax MuUkpokoHTponnepa. Env -BOR =0, To npousowwen cbpoc
no cHwxeHuio HanpsbkeHus nutanvus (BOR). but -BOR He ycTaHaBnuBaeTca B ‘1’ annapaTHO M MMeeT Henpefckasyemoe
3HayeHue, ecnu AeTEKTOP NOHWXEHHOTO HaNpsXXeHus nuTaHus BoikntovyeH (BODEN=0 B crioBe koHdurypaumm).
But -POR cbpacbiBaetca B ‘0O’ npyu BO3HMKHOBEHMM cOpoca MO BKMOYEHUIO NUTaHMs. [lonb3oBaTtenb OOrmKeH
NporpaMMHO yCTaHOBUTb 3TOT 6uT B ‘1’ nocne cbpoca no BkntoveHuto nutanus. Mpu nocnegytowmnx cbpocax, ecnm -POR=0, To
npou3soLuen copoc No BKITKOYEHUIO MUTaHNs (Mnun HanpskeHne Vpp CTano CAULLKOM HU3KUM).
But -PER cbpacbiBaetcs B ‘O° npu BO3HUKHOBEHMM cbpoca no owwmbke naputeta namatu. lNonb3osBatenb OOMKEH
nNporpamMMHO YCTaHOBUTb 3TOT 6uT B ‘“1’. but -PER cbpackiBaetcs B '0' nocne copoca POR.
MPEEN (paspelieHne cbpoca npu BO3HUKHOBEHMU ownbkn naputeta) otobpaxaeT coctosHne 6uta MPEEN B cnose
KoHdpurypauun. but MPEEN He nameHsieTcs npu niobom Buae copoca unm npepbiBaHUN.

MpumeuaHwme. MNpun BkNoveHun nutaHnsa 6ut -BOR nmeeT Henpeackasyemoe 3HayeHe U He OOIMKEH y4uTbiBaTbCs. but
-BOR npepgHasHayeH ona obHapyxeHusa nocneyowmx copocoB MMKPOKOHTPOMNMEpa MpU CHWKEHWUM HanpshKeHWs MUTaHUS.
CoctosHue buta -BOR Takke Henpefckadyemoe, ecnu paboTa AeTeKkTopa NOHMKEHHOTO HanpshkeHus 3abnokvpoBaHa B Gutax
KOHdpurypaumum npy nporpaMMmpoBaHun MyukpokoHTpornepa (BODEN=0).

Pernctp PCON

out 2:

out 1:

ouT 0:

R-u U-0 uU-0 uU-0 uU-0 R/W-0 R/W-0 R/W-0
[ MPEEN | - | - | - | - | -PER [ -POR | -BOR | [ R-ureHue 6ura
but 7 But 0 W — 3anuck 6uta
U — He peanu13oBaHo,
yntaetcs kak 0
—n — 3HayeHune nocne POR
—X — HEU3BECTHOE
3HayeHue nocne POR
ount 7: MPEEN: But coCcTosiHUS CXeMbl KOHTPONS naputeTa namsaTu

OTtobpaxaeT coctosHue 6uta MPEEN B cnose koHdurypaumm.

6uTbl 6-3:He peanusoBaHbI: ynTatoTcs kak '0'

-PER: ®nar cbpoca no owmnbke naputeTta namaTn

1 = cbpoca no owmnbke napuTeTa namaTy He GbINO

0 = npowusowen cbpoc no ownbke napuTeTa NamsAT! NPOrpaMM MUKPOKOHTpOrNepa npu Belbopke
KOMaHab! (NporpaMMHO AormkeH BbITh ycTaHoBneH B '1' nocne cbpoca POR wnu PER)

-POR: ®nar cbpoca no BKIYEHUIO NUTaAHNS

1 = cbpoca Mo BKIOYEHNIO NUTaHWS He Bbino

0 = npousoLuen copoc MUKPOKOHTPOIIIEpa NO BKMHOYEHWIO MUTaHUS (MPOrPaMMHO AOSKEH ObiTb
ycTaHoBneH B '1' anst obHapyxeHns copoca POR)

-BOR: ®nar cbpoca No CHUKEHWIO HAaNPsXKEHWS NUTaHUsE

1 = cbpoca No CHUKEHNIO HANPSHKEHNSA NMUTaHNS He BbINo

0 = npownsoLlen copoc MUKPOKOHTPOMMEpa MO CHUXKEHMWIO HANPSXKEHWS NUTaHNsA (NPOrpaMMHO OOMKEH
ObITb ycTaHoBNeH B '1' anst obHapyxeHusi copoca BOR)

MpuMeyaHue. B HeKOTOPbIX MUKPOKOHTPOMIEPaX He BCe BUThI peannsoBaHbl.
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DS33023A

Peructp STATUS cogepxut gsa 6uta (-TO u -PD), yuntbiBag KoTOpble COBMECTHO ¢ 6utamu pernctpa PCON
nonb3oBaTernb MOXET onpeaenuTb NpUYMHY cbpoca MUKPOKOHTpOnepa.

Pernctp STATUS

OuThI 6-5:

ouT 4:

out 3:

out 2:

out 1:

out 0:

MpumevaHne. dnar 3aema wuMeeT WHBEPCHOE 3HaYeHue.
JOMONHUTENBHOrO koa BToporo onepaHzaa. Mpwu BeinonHeHun komaHg casura (RRF, RLF) 6ut C 3arpyxaeTtcst ctTapumm munu
Mnagawum 6uToM caBMraemoro permcrpa.

R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
| RP | RPA | RPO | -TO | -PD | Z | bBC | € | |R=ureHuebura
But 7 But 0 W — 3anuck buta
U — He peanu3oBaHo,
ynTtaetcs kak 0
—n — 3HavyeHue nocne POR
—X — HEN3BECTHOE
3HaveHne nocne POR
out 7: IRP: BuT BbIGOpa 6aHka npy KOCBEHHOW agpecauni

1= 6ark 2, 3 (100h — 1FFh)
0 = 6ark 0, 1 (000h - OFFh)

RP1:RPO: buthl BbiGbopa 6aHka npu HenocpeacTBEHHOW agpecaunm
11 = 6aHk 3 (180h — 1FFh)
10 = 6aHk 2 (100h — 17Fh)
01 = 6aHk 1 (080h — OFFh)
00 = 6aHk 0 (000h — 07Fh)

-TO: dnar nepenonHeHNss CTOPOXXEBOro Tarmepa
1 = nocne POR unu BbinonHeHus komaHa CLRWDT, SLEEP
0 = nocne nepenonHerns WDT

-PD: ®nar BknoveHus nutaHms
1 = nocne POR vnu BbinonHeHnsa komaHasl CLRWDT
0 = nocne BbINonHeHUs komanasl SLEEP

Z: dnar HyneBoro pesynbTaTa
1 = HyneBoW pe3ynbTaT BbINOMHEHNSA apUdPMETUHECKON NN NOrMYeCcKon onepaunn
0 = He HyneBOW pe3ynbTaT BbINOMHEHUS apUdPMETUYECKOW UM NOTMYECKON onepauun

DC: ®nar gecatnyHoro nepeHoca/zaema (gns komang ADDWF, ADDWL, SUBWF, SUBWL), 3aem nmeet

WHBEPCHOE 3HaYeHune
1 = ObIn NepeHoc n3 Mmnaglero nonydanta
0 = He GbINo NnepeHoca U3 MnagLero nonyéanTa

C: ®nar nepeHoca/3aema (ona komaHg ADDWF, ADDWL, SUBWF, SUBWL), 3aem nmMeeT MHBEpCHoe

3HayYeHue
1 = 6bIN NepeHoc n3 ctapLuero buta
0 = He 6bINO NepeHoca un3 ctapLuero 6uta

BblunTaHme BbInonHseTcs nytem I'IpVI6aBJ'IeHI/IF|
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3.4 OmeembI Ha Yacmo 3adasaeMbie 80rpPoOChl

Ecnun Bbl He HalngeTe oTBeTa Ha Baw Bonpoc B 3TOM rmaBe pasgena, 3agante ero, HanMcas Ham MUCbMO MO agpecy
support@microchip.ru.

Bonpoc 1: Moe ycTponcTBO NOABEPrHYTO BO3AENCTBUIO SNEKTPOCTAaTUYECKNX Pa3psaaoB U CUMbHBIM 3NIEKTPOMArHUTHLIM
rnomexam mns-3a yero paboTaeT HeycTon4YMBO. YTO MOXHO caenatb?

Omeem 1:

EcnM  MUKPOKOHTpPOMNEpP He UMeeT WHTErpupoBaHHOM cxeMbl unbTpauMm nomex Ha BbiBoge -MCLR
(cm. npunoxeHne C), TO HeOBXxOOUMO NPEAYCMOTPETb BHELLHIOW CXemy unbTpaumMm KOPOTKUX MMMYNbCOB. OnuTensHOCTb
MMnynbca CrnocobHOro MpuBeCTM K COPOCY MUKPOKOHTpoOnnepa CMOTpUTe B pasfgene "OnekTpudeckue XapakTepucTukn"
napameTtp 35.

Bonpoc 2: Otnagun nporpamMy Ha MUKPOKOHTponnepe ¢ YO cTupaHuem namsatv, c6poc M BbINOMHEHUE NpOrpamMmbl
Npoucxoamno AoSmkHbIM obpasoM. Mpu mcnonb3oBaHuM OTP MWKpPOKOHTpOMnepa yCcTPoOMCTBO paboTaeT HeycTomymso. YTo
MOXeET ObITb NPUYMHOWM 3TOro?

Omeem 2:

Hanbonee yacTon NpM4MHON 3TOrO ABMSETCA OCTaBNEHHOE HE3aKPbITbIM OKHO AnA Y® cTupaHna naMmaTy nporpaMm npu
YCTaHOBKE MUKPOKOHTpOIMepa B YCTPOWCTBO. 3aMeYeHO, YTO PerncTpbl MamATu AaHHbIX, nocne cbpoca no BKIOYEHUIO
NUTaHWsA, CoAepXaT pasHble 3HAYeHWs Mpu BO3AENCTBUM (DOHOBOrO OCBELLEHMSA Ha KPUCTamnm M 3akpbiTbiM OKHOM Ansd Y&®
CTUpaHust namsATu. B GonblUMHCTBE crnyyYaeB perucTpbl creuuanbHOro M obllero HasHavyeHust He Obinn MHULMann3npoBaHbl
OOMKHbIM 06pa3om NporpaMmMon MUKPOKOHTpornepa nocne copoca.
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3.5 [JononHumenbHasi numepamypa

JononHutensHaa nutepatypa W NpuMepbl MPUMEHEHWS, CBSA3aHHble C 3TUM pasfenoMm AokymeHtauuw. [Npumepsl
NPUMEHEHNss He MOryT MCMONb30BaTbCA ONA BCEX MUKPOKOHTponnepoB cpegHero cemencrtsa (PIC16CXXX). Kak npasuno
npumepbl MPVMEHEHUs HanucaHbl AN KOHKPETHOW rpymnbl  MWKPOKOHTPOSNEPOB, HO MNPUHUMUMbLI  NPUMEPOB  MOTyT
MCMofb30BaTbCs, CAeNaB He3Ha4YMTeNbHblE M3MEHEHMS (C Y4EeTOM CyLLECTBYIOLLMX OrPaHNYEHWI).

[oKyMeHTbI, CBSI3aHHblE CO COPOCOM MUKpPOKOHTponnepos PICmicro MCU:

JokymeHT Howmep

Power-up Trouble Shooting ANG607
PelweHne npo6ne|v|, BO3HUMKaKOLWKMX NpU BKNOYEHUN NUTAHNA

Power-up Considerations AN522
PekomeHaaUmMmn No BKNOYEHUIO NMUTAHKSA
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YBaxaewmble rocnoaa!

OO0 «Mukpo-Huny» nocTaBnseT NOMHyo
HOMEHKNAaTYypy KOMMIEKTYIOLWMX PUPMBbI
Microchip Technology Inc
N OCYLLEeCTBNAET Ka4eCTBEHHYIO
TEXHUYECKYI0 NOALEPXKKY HAa PYCCKOM SA3bIKE.

C TexHn4yecknmm Bonpocamm Bbl moxeTe
obpawlaTbca rno agpecy
support@microchip.ru

[To Bonpocam rnoctaBoK KOMMIEKTYOLWKX Bbl
MOXeTe obpallaTbCs K HaM No TenegoHamMm:
(095) 963-9601
(095) 737-7545
n agpecy sales@microchip.ru

Ha caunte
www.microchip.ru
Bbl MOXeTe y3HaTb nocriegHne HOBOCTM
Halwen PUPMbl, HAUTU TEXHUYECKYIO
OOKYMeHTauu 1 nHgopmMauuo No Hann4vuko
KOMMNMNEKTYOLWMX Ha CKnage.




