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MWKPOKOHTPOJITEPBI U MUKPOMNMPOLECCOPbDI

[MPOrPAMMWPYEMDb
[MNITOOBPA3HOTO F
B MUKPOKOHTPOJIJI

EPAX

N TEHEPATOP
AlNPAXKEHWNA

PIC

KPUCTUHA AHXXEJIMKA CYMAT (KRISTINE ANGELICA SUMAGUE), Microchip Technology

B cmamee paccmampusaemcs 2eHepamop nusioob6pd3HO20 Hanpsxe-
HusA, exod0awulli 8 cocmas nepucepuliHoix Mooyneli MUKPOKOHMPOJIZIepos
PIC. Onuceieaemcs e2o npuHyun delicmaus, U NpusodAMCA npaKkmuyeckue npu-

Mepbl UCNhO0JIb308AHUA 8 CXeMdaXx.

Mnnoo6pasHblil CUTHaN HanpsXxe-
HVA WKWPOKO UCMONb3yeTCsA B pAfe
CXeM, Hanpumep B reHepatope pas-
BEPTKMW, Npu $OopMUPOBaHNUN OMOP-
HOTO HanpsXeHuA, ANA KOMNeHcaunm
HaK/OHa BbIXOAHOWN XapaKTepuUCTUKN
DC/DC-npeobpa3oBaTenein, paborTa-
IOWKNX B TOKOBOM pexume. 3aTyxato-
WMiA NMNOO6PA3HBIN CUTHAN MOMOXeT
npefoTBPaTUTbL cybrapmoHuyeckue
KonebaHua n KonebaHua, BO3HMKaLWMe
B8 DC/DC-npeobpa3oBatene npu Koo du-
LMeHTe 3anonHeHnn okono 50%.

KomnaHus Microchip seena nepuode-
PUAHBIN MOAYNb NPOrpPaMMUPyemMoro
reHepaTopa (PRG) B cBOM MUKPOKOHTPO-

nepbl cemelictaa PIC. leHepaTop PRG pabo-
TaeT aBTOHOMHO, He UCMOJb3yA pecypcbl
appa MK; npu 3Tom oH dopmMupyeT Hapac-
Talolee UM cnapatouiee nunoobpas-
HOe HanpsXXeHwue, a TakKe HanpsxeHune
TpeyronbHol ¢opmbl. 3anyck PRG dop-
MUPYETCA MO MHOTMM COOLITUAM, B T. 4.
no curHanam, NoAaBaeMbiM Ha BHeLLHMEe
BbiBOAbI MK.

Ha pucyHke 1 npuBegeH npuHumn
paboTbl reHepatopa PRG. OH perynupyet
3apag KoHaeHcaTopa. Kntou SW2 3ambl-
KaeTcsa, a Knoy SW3 pasmbikaeTca npu
3apAge KoHAeHcaTopa. [pn paspsage KoH-
feHcaTopa Kou SW2 pasomKHyT, a Kitoy
SW3 3aMKHYT.

TAKTUPOBAHME PRG

Ecnn TakTOBaA yacToTa reHepatopa
dbopmMupyeTCA BHEWHNM NCTOYHUKOM,
TaKTOBaA NocnefoBaTeNbHOCTb NofJaeTcA
Ha BbIBofbl PRGXR 1 F MvKpokoHTponnepa.
leHepaTop Tak»Ke TaKTUpyeTCA OT Ntoboro
nepudepuitHoro mogyns MK. YcTaHoBKM
reHepartopa npu HapacTaloLem MHeiHOM
HanpaAXeHnn OCyLeCcTBNAIOTCA B peru-
cTpe RTSS, a ycTaHOBKM Npu cnagatoLem
NINHENHOM HanpAXeHUn 3anncbiBaloT-
ca B peructp FTSS. Boibop nonapHoctn
NMMyNbca CUHXPOHU3aLUN — oTpULaTeNb-
HaAa (FPOL) nnn nonoxutenbHas (RPOL)
NONAPHOCTb OCYLLECTBNIACTCA B PerncTpe
CON1.
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Puc. 1. MpuHumn pa6oTbl reHepatopa PRG
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Kpome TOTO, BbIOMpaeTca ¢poHT
TaKTOBOro UMMNYNbCa, Ha KOTOPbIN pea-
rmpyet reHepatop: nepegHuii (REDG)
unn 3agHnn (FEDG) ¢poHT; BbIGUpa-
eTCA He TONIbKO GPOHT, HO U YPOBEHbD.
Bbi6bop nponucbiBaeTCcs B peructpe
CONO. B o6wwem cnyyae GpoHT MMMynb-
Ca NCNoJNib3yeTcs, KOrAa TakTUpoOBaHue
OCyLLEeCTBNAETCA OT UCTOYHUKA Nepuro-
LMYECKOro CMTHana, a peakuus Ha ypo-
BeHb 06bIYHO yCTaHaBNMBAETCHA, Koraa
NCTOYHUKOM TAaKTUPOBAHUA CNYXNT
noporoBoe ycTpOWCTBO, Hanpumep
KomnapaTtop. B KauecTBe NCTOYHUKOB
TakKTMpoBaHUA BbibupaloTca cnepyio-
wme nepudepuintibie mogynu MK: LUINM;
LLNM c 3axBaTOM/CpaBHEHMEM, KOMMNa-
paTop. BolbpaHHbIA MOLYNb JOMXKEH
6bITb NpeABapUTENIbHO CKOHPUIYpUpo-
BaH KakK UCTOYHUK TaKTOBOW nocneno-
BaTe/IbHOCTMW.

NCTOYHUKUN BXOAHOTO

HAMPAXXEHUA N BbIXOAHbIX TOKOB

BxogHoe HanpAXeHue reHepa-
Topa PRG urpaert ponb UCToYHUKa
OMOpPHOro HanpaxeHna. NCToOUHMKoM
BXOOHOTO HanpAXeHNAa MmoxeT 6bITb
BHEWHUN UCTOYHUK CUTHaNa. B atom
cnyyvae HanpseHne NopgaeTca Ha BblBO-
abl INO mnn IN1T MukpokoHTponne-
pa unn BHYTPEeHHU nepndepuninHbini
MoAynb. B Takom cnyyae MCTOYHMKOM
HanpsXeHua cnyxut 6ydpeprsnpoBaH-
HbI BbIXOoA BHyTpeHHero MOH opgHoro
n3 LIAT]. Bxogbl BCTpOEHHOro onepauu-
OHHOro ycmnnTena moryT nogknr4vatbca
k BbiBogam INO nnm IN. Takum ob6paszom,
OH MOXeT CNyXUTb 6ypepom AnA BHeL-
HEero NCTOYHMKa ONOPHOro HanpAeHnA.
BbI6Op MCTOUYHMKA OMOPHOrO Hanpsxe-
HuA ocywecTBnAeTtca B peructpe INS.

BbixogHon Tok PRG nporpammupyetca
B WMPOKNX Npefenax: MOXHO Bbl6paTb
[OCTaTOYHO 6OMbLIOE YMCIO NCTOUHNKOB
TOKa, YUTOObl YAOBNETBOPUTH TPEOOBAHUAM
K BeJIYMHE N CKOPOCTM HapacTaHusA. Bce
napameTpbl TOKOBOrO BbIXxOAa Nporpam-
MUPYIOTCA 3aMM1Cbio COOTBETCTBYIOLLMX GUT
B pernctpe CON2.

BblIBOP PEXKMMA

Bo3MOXHbI TpY pexrnma paboTbl reHe-
patopa PRG.

1. ®opmurpoBaHue NunoobpasHoro cnaga-
IOLLiero HanpsAXeHNs.

2. DopMupoBaHmMe NMI006Pa3HOro Hapac-
TaloLWero HanpAakeHuA.

3. TeHepupoBaHVe HanpAXeHUA TPeyrosb-
HOM GOpMbl — 1 HapacTaHue, n cnag
nmetoT nonoryio popmy.

PeXnmbl nporpammmpytoTca 3anncbio
cooTBeTCTBYOLWMX 61TOB B pernctp CONO.
Bo Bcex pexnmax ynpassieHne BbIXOAHbIM
CUrHaNOM OCYLLECTBAETCA BCTPOEHHbIMM
aHanorosbiMu Kntoyamm SW1, SW2 1 SW3.
Kntou SW1 cny>xut ana 6uicTporo pasps-
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=== OBpaTHas CBs3b 3aMkHyTa === O6paTHas CBA3b Pa3OMKHyTa

Puc. 2. CpepHee BbiXxoAHOE HanpAxeHue 6e3 06paTHOI CBA3M (MMHNA KPacHOTO LBETa) U ¢ 06paTHOI (BA3bIO

(cuHero uBeta)

[la BCTPOEHHOro KOHAEeHcaTopa, a Koy
SW2 1 SW3 nogkntoyatoT NPOTMBOMOSIONK-
Hble 06KNafKN KOHAEHcaTopa K NCTOYHM-
KaM BbITeKaloLLero uam BTeKaloLlero Toka.
Taknum o6paszom, kntoum SW2 n SW3 3aps-
XKaloT MW pa3pAXKaloT BCTPOEHHbIN
KOHAeHcaTop 1 GOPMUPYIOT HAKNOH
BbIXOAHOrO HanpAXeHUA. InntenbHoCTb
3aMblKaHWA KlOYe 3aBUCUT OT Napame-
TPOB BbIGPAHHOIO peXxXmma.

HauanbHbl 3apAan KOHAeHcaTopa
ycTaHaBNMBaeTCA pPaBHbIM BXOAHOMY
OMOPHOMY HanpPAXXeHMIo (CM. Bbllue), ypo-
BeHb KOTOPOro onpeaensaeT NonoXxeHue
N30JIHNW BbIXOAHOTO N1I006pasHoro
HanpsaxeHua PRG. B pexxmme HapacTalo-
Lwero NNoobpasHoOro HanpaXeHNa 3am-
KHYT Kntod SW2, a kntoy SW3 pasomMKHYT.
Mocne TOro Kak HanpAXeHune Ha BCTPO-
€HHOM KOHJeHcaTope JOCTUTHET 3afaH-
HOro 3HayeHus, Koy SW2 pasmbikaeTtcs,
1 3amblkaeTca knoy SW1, 6bicTpo pas-
pAxaa KoHgeHcaTop. Mo aHanornyHomy
npuHUmMny nponcxoaut GopmrmposaHme
cnajaroLero nuaoobpasHoro Hanpsaxe-
HUSA, HO B 3TOM CJly4yae pa3soOMKHYT Koy
SW2, a 3amKkHYT kntoy SW3. B pexunme
bopMMpoBaHNA TPEYronbHOro Hanps-
XKEeHMWA, Korga yepenyoTca NMHeNnHble
cnapbl M HapacTaHWA HanPAXKeHNA, KNy
SW1 noCcTOAHHO Pa3soOMKHYT, a Knoun
SW2 n SW3 nonepeMeHHO 3aMblKatloTcA
N pa3MbIKaloTCA.

B reHepaTtopax nogobHoro popa
OCHOBHafA TPYAHOCTb 3aKfiloyaeTcs
B HECMMMETPUYHOCTM KaHanoB. TexHo-
NOTrNYeCcKn HEBO3IMOXHO N3rOTOBUTL
abConoTHO NAEHTUYHbIE KaHaNbl — OHU
BCerga pasfinyaloTca, Hanpumep, cConpo-
TUBNIEHWEM MPOBOAHNKOB M KaHalloB
Knioye. HemsbexHble napasnTHble napa-
MeTpbl TakXe pa3nnyHbl. HeBO3MOXHO
cdopmMmpoBaTb OANHAKOBBIE NCTOUYHWKN
TOKa — AAaXke NP1 NCMNoNb30BaHUN CaMOol
CIOXKHOW TEXHONOI MM U3rOTOBJIEHNA TOKU
nmetoT Hebonblive pasnnuma. Bce 3tu

dneKTpPOHHble KOMMOHeHTbl N°4 2017

dakTopbl NPMBOAAT K Apendy cpefHero
HanpsaXeHUA, a ecIM aCMMMeTPUA KaHa-
NOB OAHOCTOPOHHSASA, TO FeHepaTop BXOANT
B HacblleHWe, 13-3a Yyero ¢opma curHana
NCKaXKaeTcA.

B MK 3Ta npo6nema peluaeTcs 3a cuet
BBeAeHMA obpaTHON cBA3N. Bbixop reHe-
patopa PRG «npuBA3biBaeTCA» K O[HOMY
13 BXOA0B KOMMapaTopa, a BbIXOA Komna-
paTopa KOMMYTUPYETCA C OB/HUM U3 BXO-
[0B CMHXPOHU3aLumn. Takum obpasom,
BbIXOAHOe HanpsaxeHne PRG ygepxunBa-
€TCA OKOJIO N30NIMHUW, N CpefiHee HanpsA-
KeHre NpakTUYeckn He M3MeHAETCA.

Ha pucyHke 2 noka3aHo cpefHee
BbIXOAHOE HanpseHne 6e3 o6paTHON
CBA3M (MMHUA KpacHOro LBeTa) U ¢ obpat-
HOW cBA3blo (CMHero uBeTa). leHepaTop
paboTaet B pexrme GOpMUPOBaHUA Tpey-
rofbHOTO BbIXOAHOIO HanpsxeHus. jonon-
HUTENIbHYI0 HECTAOUNBHOCTb BHEC/M
3a CYeT NPUHYAUTENBHOIO HarpeBa MUKPO-
cxembl. Kak BUAHO 13 pUCYHKa, reHepaTop
c obpaTHOI cBA3blo BefeT cebA ropasgo
cTabunbHee — ero cpegHee HanpsxeHune
NPaKTUYeCKkn He MeHAeTCA.

OAHOKPATHbI TAVMEP

B coctaB reHepatopa PRG onunoHanb-
HO BXOAWT OAHOKPaTHbIN Taimep (one-shot
timer). 9ToT Taimep 3agaeT MUHMMaNbHOe
Bpems pa3psaaa KoOHLeHcaTopa B pexnmax
dbopmrpoBaHMA NMNOo6pPa3HOro Hapac-
TaloLero U cnagatrowero HanpsaxeHusa
nmbo MUHMMaNbHOE BpeMA HapacTaHus
UnNn cnaja HanpaeHnAa npu reHepnpo-
BaHUW HaNPAXXeHUA TPeyronbHON Gopmbl.
B nepsom cnyyae ofHOKpaTHbIN Taimep
yaepKMBaeT 3aMKHYTbIM KJlo4 pa3paga
KoHpaeHcaTtopa SW1, no KpaliHen mepe,
B TeUYEeHMe OAHOKPaTHOro cpabaTtbiBaHNA —
Kak MUHUMYM 50 HC.

Mpn dopmupoBaHUM Tpeyrosb-
HOTO HanpAXeHUAa U Bpema NMHENHO
HapacTalLuero, n Bpems NMHENHo cna-
JaloLero HanpaXeHUA Takxe yaepxunea-
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Puc. 3. Cxema npumeHenua renepatopa PRG

I0TCA MUHUMaNbHbIMKY, MO KpariHe Mepe,
B TeYeHne ogHoOro nepuoga. Bo epemsa
OecTBMA OOHOKPATHOro Tammepa
BXOAbl CUHXPOHM3aLNN, YYBCTBUTESb-
Hble K GpPOHTaM TaKTOBbIX MMMNY/bCOB,
UTHOPUPYIOTCA, @ peakuna Ha ypOBHMU
CUTHaNOB CUMHXPOHM3aL MM NPUOCTaHaB-
nuBaeTCcA A0 KOHLa AeNCTBMA OJHOKpPaAT-
HOro Tanmepa. OQHOKpPaTHbIN Tanmep
WHULMaNn3npyeTca nyTemM yCTaHOBKM
6uTa OS B peructpe CONO.

NMPUJTOXKEHUA

leHepaTop PRG MOXHO TakXe ncnosib-
30BaTb A/1A yNpPaBneHUs pexxmmom pabo-
7ol DC/DC-npeobpasoBatensa. Cxema
ero NnprMMeHeHnA NoKasaHa Ha PUCyH-
ke 3. MNofo6HO TOMY, Kak nNpu ynpas-
neHun npeobpasoBaTenieM B pexume

MaKCUManbHOro TOKa MCMNonb3yeTcsA
Npon3BOAHaA TOKa HapacTaHuMA Apoc-
cend, B JaHHOWN cxeme Ana ynpasne-
HUA NPUMeHAETCA CUrHaN HapacTaHus
HanpsaxeHua. CurHan ownbku perynu-
poBaHMA No-npexHemy dopmupyeTcs
ycunutenem ownbku OPA. OfHako ecnu
OH MeHblle HapacTawlwero cnurHana
c Bbixoaa PRG, komnapatop C1 He nepe-
KnoyaeTca, u cunoson kntoy Q1 ocTa-
eTcsA oTKPbITbiM. OfHAaKO Kak TONbKO
CUrHan oWn6KN NPEBLICUT BEANUYNHY
nMnoo6pasHOro HamnpaXeHUs, Komna-
paTop nepekoYaeTCcs, U CUNOBOW KoY
Q1 DC/DC-npeobpa3zoBaTens 3akpbiBa-
etcA. Takum 06pa3om, B KOHTYp perynu-
poBaHuWA A06aBNAETCA KOPPEKTUPYIoLLas
rmbkaa obpaTHasa cBA3b NO NPON3BOAHOM
perynupyemoi BennumHbl. YactoTa cur-

Hana WM bopmupyetca reHepaTtopom
COG (cm. puc. 3).

Ewe ognH npumep ncnonb3oBaHmA
reHepaTtopa PRG noka3aH Ha pUCyH-
Ke 4. Ha 3TOT pa3 TpeyronbHbIA CUrHan
HanpAXeHNA NpuMeHAeTCA ANA ynpas-
NeHNA CpefHUM Hanpsa)KeHnem MoCcTo-
BoW cxemMbl. C moMolLbio KOMMNapaTopa
C1 aygnocurHan cpaBH1BaeTCA C BbIXOA-
HbIM HanpsAXXeHnem TpeyronbHon Gopmbl
PRG. Npux 3ToM Ha BbIxOfe KOMMapaTopa
bopMupyoTCA UMNYNbCHI, ANUTENBHOCTD
KOTOpPbIX MPOMNOPLUMOHaNbHA aMNan-
TyAe ayaunocurHana. B 3aBucnmoctn
OT MOAAPHOCTY CUTHANa OTKPbIBAOTCA
kntoun Q1 n Q4 nnu Q3 n Q2 gunaro-
Hanu mocta. QUAbTPbI HUXKHKX YacToOT
L1-C3 n L2-C4 ncnonb3yiotca ana yaane-
HUA HecyLen YacToThl. =
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Puc. 4. Ewe oauH npumep ucnonb3oBanus renepatopa PRG
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