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BBEIAEHME

Haub6onee BaxxHOIT 0COOEHHOCTHIO COBPEMEHHBIX
MOOWJIBHBIX YCTPOMCTB SIBJISIOTCS. X MacCcorabapuT-
HbI€ XapaKTePUCTUKU, BO3MOXHOCTh TPaHCIIOPTHU-
POBKM U obecrniedeHre paboTOCIIOCOOHOCTU ITPUbO-
POB HE3aBUCUMO OT (PM3UIECKOTO MECTOITOIOKEHUSI
noJb3oBaTelisi. MoOMIBbHOCTh TIpUOopa TpedyeT Ma-
JIorabapuTHBIX M HAAEKHBIX UCTOUHUKOB MUTAHUS,
KOTOPBIE MOIJIX OBI paboTaTh OT OOIIEro IEPBUIHOIO
WCTOYHMKA IIMTAaHUSI — aKKyMyJIsiTopa, Oarapeu, a
WHOTIA OT €AMHCTBEHHOTO HU3KOBOJIBTHOTO 3JIEeMEHTA
MMUTaHUS, OT KOTOPOIo HEOOXOIMMO 00eCIIeYnTh OoIee
BBICOKO€ HaMNpPSLKeHUE IUTAaHWS WM HamnpspKeHUe
WHOI MoJIsIpHOCTU. TpaauIIMOHHO IS UCTOYHUKOB
MMUTaHUS OaTapeHBIX YCTPOMCTB UCHOJIB3YIOTCS APOC-
ceapabie DC/DC-nipeobdpazoBarenu. st mpeomose-
HUSI HEKOTOPBIX OTpaHUYEHMI, TTPUCYIIINX BCTpanuBae-
MbIMU poccenbHbiMu DC/DC-mipeodpa3oBaTeiisiMm,
B MaJIONOTPEOISIONIMX U BEICOKOMHTETPUPOBAHHBIX
BJICKTPOHHBIX CUCTEMaxX CTajlud MPUMEHSITb MUKPO-
cxembl DC/DC-nipeobpa3oBareneii 0€3 MCIIOIb30Ba-
HUST WHAYKTUBHBIX 3JeMEHTOB. MYHKIMOHAJIBHO
OHU MOTYT BBIMOJHSTH T€ K& MpeoOpa3oBaHUs Ha-
MPSKEHUSI, 9YTO U IPOCCEIbHEIC, HO IIPY 3TOM UMEIOT
MIPEBOCXOAHBIC MacCcOradbapuUTHBIE XapaKTePUCTUKU,
Boicokmii KIT, coBMeCTUMBI C MHTErPaIbHOM TEXHO-
JIOTHE, He YICTIONb3YIOT JOPOrre KATYIIKY MHIYKTHUB-
HOCTH, OOECIIeUMBaIOT TaIbBAHUYECKYIO Pa3BSI3Ky
BXOIIHOM 1 BBIXOAHOI Lieru. KpoMe Toro, mpekpacHo
paboTaloT B C1a00TOYHBIX IIOPTATUBHBIX YCTPOIICTBAX
¢ OaTapeitHBIM MUTAaHUEM, TPEOYIOIINX HECKOJBKUX
HaIpsKeHU, TlIe MepBOCTeNIEHHOE 3HAaYeHUE MMeeT
KOMOMHALIMSI MajbIX rabapuTOB, MUKPOIIOTpPEOe-
aus, Beicokoro KII, He mpembsaBisieTcsT XKEeCTKUX
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TpeOGoBaHMI1 K KaUeCTBY CTAOMIN3aLIMU HATIPSIKEHUST
Jaxe mpr HeBbICOKMX (mo 100 MA) ToKax Harpy3ku [1].

1. CXEMOTEXHHKA

Tononorus 6azoBeix DC/DC-npeo6pa3zoBareieit
paccmoTtpeHa B [2]. I1pencraBiieHbI CXeMOTEXHUIECKHE
0COOEHHOCTH TIIpeoOpa3oBarelieii ¢ eIUHCTBEHHBIM
“JeralonuM” KOHIEHCATOPOM U WHBEPTUPYIOIIETO
MOBTOPUTES (MHBEPTOPA HAMIPSKEHMST ), 00J1adaI0IIX
rajlbBAaHU4ECKOM pa3BsI3KOM BXOMHOM 1 BbIXOTHOM 1ie-
Meii, 1 yaBOUTEIeM HaIlpsDKeHMsI, HO O3 rajlbBaHnde-
CKOJ pa3Bs3K1 BXOTHOM U BBIXOTHOM LIETIEI.

OnHako Ha MPaKTUKE 3a4acTylO YABOEHMSI HaIlpsi-
keHust HepoctaTouHo (https://pdfserv.maximintegrat-
ed.com/en/an/AN725.pdf). Harmpumep, B MOOMIBHOM
npruodope ¢ MMTaHuEM MUMPOBBIX MHTETPATBEHBIX CXEM
(C) oT emMHCTBEHHOTO TAJIbBAHUYECKOTO 3JIEMEHTA,
WMEIOIIETO HampsbkeHue nopsaka 1.5 B, ymBoeHus
HaIpsKeHUsT HEIOCTAaTOYHO, a KACKAIHO COEAMHSTh
YIABOUTEJIN HEIOITYCTUMO, TaK KaK y HUX HET raJibBaHu -
yecKoi pasBsa3ku. s momoOHbBIX 3a1a4 MPOM3BOAU-
testb MC Maxim Inc. BEIIMyCTHIT ceMeCTBO MUKPOCXEM
1151 mocTpoeHust nokiiatommnx DC/DC-npeodpaszo-
BaTeJieil ¢ KOMMYTalyei IByX “leTaionmx’ KOHAeH Ca-
TOpoB, HarmpuMmep MAX619, MO3BOISIONIX YTPOUTH
BoIxonmHOe HampsikeHue (http://www.gaw.ru/html.
cgi/txt/ic/Maxim/power/pwm/max619.htm).

Ha puc. la npeacraBieHa cxeMOTeXHMKa a3bl
napajuIeIbHOTO 3apsiia “JieTarolnnx”’ KOHAEHCATO-

pos C1 u C2 no HanpsxkeHus U, a Ha puc. 16 —cxe-
MOTexXHMKa (da3bl pa3psaa IMocaeaoBaTeIbHO COea-
HEHHBIX “JeTaommx”’ KOHAEHCATOPOB C BXOMHBIM
HanpsekeHueM. CxeMa KOMMYTallMM YCIOXHWIACD,
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Puc. 1. Yrpoutenb HanpsoKeHUS ¢ IByMs “JieTalolMMK”’ KOHIeHcaTopaMu: a — dasa 3apsna; 6 — dasa paspsina; CIUTONIHbIE
JIMHUM CO CTPEJIKOM — HalpaBJieHUe MPOTEKaHUsl TOKa NPU 3apsiae “JeTalolinx” KOHIeHCATOPOB, IITPUXOBbIE — TOK Iepe-

3apsiia.

TpebyeTcs ceMb Kitodeit S1...S7, ¢ TTOMOIIIbIO KOTO-
PBIX peaIU3yeTCs YTPOUTEIb HalPSIsKeHUST

UBbIX = UBX + UCl + UC2 = 3UBX'

CIITonrHoi TMHUEN co CTPEIKOil Ha pUCYHKe TTOKa-
3aHO HaIlpaBJIcHUE IIPOTEKaHWs TOKa IMpU 3apsiae
“jeraromux”’ KOHACHCATOPOB, a IIYHKTUPHOM JIMHU -
eil — ToKa mepe3apsia IocaeI0BaTeIbHO COSTMHEH-
HBIX KoHaeHcaTopoB C1, C2 Ha HaKOIUTEIbHBIN
koHaeHcaTtop C4 = C,,,,. YacTb BbIXOZHOTO Hampsi-
XKEHUs, perucTpupyemMoro peimreneM RI1R2, wuc-
MOJIb3YETCS KaK OTpullaTesibHasi 00paTHasl CBI3b LIS
CTaOMIN3aLIM BHIXOOHOIO HATIPSIKEHUSI.

CormacHO TexHWYecKo pokymeHtanmm WMC
MAX619 DC/DC-npeo6Gpa3oBaTesib € MOIKAYKOMN
3apsiaa MpenHa3HayeH ISl UCIIOJb30BaHUSI B MaJlO-
rabapuTHBIX TIOPTATUBHBIX CUCTEMAX C ABTOHOMHBIM
nutaHueM. PexkoMeHayemass BeJIWYMHA BHEIIHUX
“neraromux” KoHaeHcaTopoB C1 m C2 cocraBisieT
0.22 Mx®. DyrekTpomuTHdeckre KoHaeHcatopsl C,, =
= (C3 = C,,x = C4 =10 Mx®D craxxuBarOT OPOCKU TO-
Ka Ha Bxoge u Beixoge. MC MAX619 obGecrieunBaeT
CTaOMJIM3UPOBAHHOE BBLIXOOAHOE HaIpsiKeHue 5 B
(¢ IOMYCTUMBIM IMAITa30HOM OTKJIOHEeHUS +4%) npu
Harpy3ke 50 MA BO BceM Mana3oHe pabodux TeMIie-
paryp. [Inana3oH BXOXHBIX HaIpsiKEHUI COCTaBIISIET
ot 2.0 no 3.6 B (mBa snemeHnTta nutanust) ipu KIT
npeoGpaszoBaHusI He Xyxe 82%. BcTpoeHHbI reHepa-
TOp obecreunBaeT pabory Ha yactore 500 kI Bxom
Crapt/CTtOon MO3BOJISIET C MOMOIIBIO JOTMYECKOTO
CUTHaJja yIpaBsiTb paboToM ITpeoOpa3oBaTtes.

B Tex CJIydasx, Korga BOZHUKACT HEO0OXOINMMOCTh
HE TOJIBKO ITOBBICHMTb, HO 1 MHBCPTUPOBATH BbIXOIHOC

PAANOTEXHUKA 1 BJIEKTPOHUKA

HampspKeHue, Iejiecooopa3Ho wucrionb3oBath MC
MAXS868 (puc. 2a), roe ABa JIeTalOLIMX KOHASHCATO-

pa Cl u C2 KOMMYTUPYIOTCS IIECTBbIO KIIO9aMU
S1...S6.

Konrponnep ¢dopmupyer aBa mpoTuBO(da3HBIX
curnana @1, @2 ¢ yacroroii 450 k11 1 KOHTPOJIUPYE-
MO BPEMEHHOI 3aIepXKKOM, IMOJyYUBIIEH Ha3BaHUE
Dead Time (DT) — “mepTBO€ Bpems”.

Bo Bpems asbl 3apsina “neTaroliye” KOHIESHCATO-
pbI C1 n C2 coemrHeHBI MapajuleJIbHO 1 3apsKaloTCs OT
BXOJTHOTO UCTOYHUKA 10 HanpsikeHust U . [1pu daze
paspsnaa koHaeHcatopbl C1 1 C2 BKIIOYEHBI TTOCIIE-
JIoBaTrejbHO, (OPMUPYST HA BBIXOJE YABOCHHOE Ha-
npscxkeHue 2U . C y4eToM rajlbBaHU4eCcKoro pasjiesie-
HMSI BXOOHOI W BBIXOMHOM Liereli, K OOILLIeMY BbIBOLY
OBLI MTOAKJIIOYEH ITOJIOXKUTEIbHBIN BHIBOI BHIXOTHOM
LIeTIM, a OTPULIATENIbHBIN BBIBOI SIBJISICTCS] MOTSHIIM -
aJIbHBIM BBIXOJIOM IIpeoOpa30BaTesi C BBIXOMHBIM

HanpstxkeHueM U, = —2U.

BbIX BX*

ITpu BXOZHOM NOJIOXUTEIBHOM HanpsbkeHuu Uy, =
= +1.0...+5.5 B HanpszkeHre Ha BBIXOIE MOXKET pe-
ryaMpoBatbcs genuteneM R1IR2 no —2U,, nipu Bbl-
XOIOHOM TOKE 10 35 MA.

B UC MAX868 npuMeHeHa apXUTEKTypa yIpaBJie-
HUS C YaCTOTHO-UMITYJIbCHOM MOIYJISIUEIA Ha TIPUH-
LUITe pa3pelleHus/3apeTa padoThl BCTPOSHHOTO T'e-
Hepatopa 450 kI mpu crabuaus3alyd BBIXOTHOTO
HanpskeHusi. KITJ1 B 3HaUUTENbHOI CTEeIeHU 3aBU-
CUT OT BEJIMYMHBI U COOTHOIIEHUSI BXOTHOTO U BbI-
XOIHOTO HaIlpseKkeHu i u gocturaet 80%.

Ha puc. 26 moka3aHa cxeMa BKIIOYEHUSI MTHBEPTO-
pa ¢ monkauykoi 3apsama MAX868. CortacHO TEXHU-
Ne 3
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Puc. 2. MuBepTupytomuii yIiBOUTETb HAMIPSIKEHUSI C IByMs “JIETAIOIIMMK® KOHAEHCATOpaMU: a — (DYHKIIMOHAIbHASI CXEMa;

6 — cxema BKitoueHus1 MAX868; critoliiHast JMHMS CO CTPEJIKOM — TOK 3apsina [ 3ap» LUTPUXOBAsi — TOK paspsina /

YeCKOI TOKYMEHTALIMM PEKOMEHIYETCS B KayecTBe
“JreTarolInX”’ UCIIOJIb30BaTh KEpaMIUYECKIE KOHICHCA~
Topbl C1 = C2 = 0.22 MKD, a 111 CHIKEHUS BIUSHUSA
HUMITYJIbCHBIX TIOMEX Ha BXOJI€ Y BBIXOZE YCTAaHABJIMBATD
anekTpoauTndeckue KoHaeHcatopel Cy, = 1 Mx®D, a
C,.x = 10 Mx®D.

BbIX

2. CXEMOTEXHHNUYECKOE
MOJEJINPOBAHHUNE

JIJ1s1 CXeMOTEXHUYECKOTO MOACINPOBAHMS IIPE00-
pasoBateneii 6bl1a MCITob30oBaHa Imporpamma Elec-
tronics Workbench (EWB), a camo monenupoBaHue
BBITIOJIHEHO MO METONY, peaju3oBaHHOMY B [3].

Hnst monenupoBanuss DC/DC-npeobpasoBarens
C HaKauyKoM 3apsiaa ObLT UCOJIb30BaH A-KaHaJIbHbIM
MOSFET-tpan3ucrop IRFZ44N u3 o6ubanmorexm
Intrtnl ¢ mapaMmeTpaMu MO TEXHUYECKON TOKYMEH-
TaIluu:

— HampsikeHue cTok-uctok U, no 60 B,

— COIIPOTHBJICHUE KaHajla B OTKPBITOM COCTOSI-
Huu r,, = 28 MOM,

— MOpPOroBOe HaMpsKeHUe Ha 3aTBope 4 B,

— BpeMs 3aJep>XKKHM BKIIIoueHUs 12 Hc,

— BpeMs HapacTaHusa 60 Hc,

— BpeMsI 3aIepP>KKHU BBIKJIIOUEeHUS 44 HC,

— BpewMms criaga 45 He.

OnmHaKo HeOOXOONMO OBIJIO YTOUHUTH ITapaMeTPhI
oubaunoreuynoit monenu IRFZ44N tpaH3ucTopa npu
COBMECTHOI paboTe ¢ apaliBEpOM M COIMOCTaBUTh C
napamMeTpaMu TeXHUYECKOU NokymeHTanuu. Cxema

PAINMOTEXHUKA 1 DJIEKTPOHUKA

TOM 68 Ne 3

pasp*

IUJIST ICCIIENOBaHMSI KJIIOUEBBIX CBOMCTB TPaH3UCTOpA
MpUBeIeHa Ha puc. 3.

Hccaenyemsrii Tpanzuctop Q1 KoMMyTHUpYET TOK
ucrtouynnka rmuranusg V1 = 10 B u conporuBnenns
Harpy3ku R1 = 10 Om. B xauecTBe npaiiBepa Kio4ya
HCIIOJIb30BaH OMOIMOTEUHbI KOMITOHEHT V4 — Volt-
age-Controlled Voltage Source, obecrieunBaioONInit
MpeoOpa3oBaHUe JOTMYECKOTo CUTHAJIA YIpaBIeHUS
B TaKoe Xe HanpsikeHue (KoaduiueHT nmpeoopaso-
BaHus 1 V/V) Mexny 3aTBOPOM U UCTOKOM TpaH3U-
ctopa Q1, HO c ralbBAaHUYECKUM pa3aeeHueM Lierei
YIIpaBJIeHUs 1 KOMMYTAlIUN.

INepexmrouatenrs S1 mo3BosieT M3MEHITh (PYHK-
LIMOHAJIBHBIC BO3MOXHOCTU cXeMbl. [Ipu Tosoxke-
HUU “2" KHOMOYHOTrO nepekiodatess S1 (cm. puc. 3)
cxeMa KOH(pUTYpUpOBaHa IIJis UCCICAOBAHUS CTaTHU-
yecKuX xapakrepucTtuk kimoda. C y3ma V3 (Pull-up
resistor) Ha Bxon ApaiiBepa V4 nmogaeTcst BRICOKUIA JTO-
TMYEeCKUIl YpOBEHb, 00ECIIEYMBAIOIINI TOTHOE OT-
KpeiTHe TpaHnsuctopa Q1. [ageHne HanpsoKeHUS Ha
KaHajle OTKPBITOTO TPaH3UCTOPa KOHTPOIUPYETCS
BOJIETMETpOoM M 1.

IIpu nepexmoyenun S1 B mmonoxeHue “1” mps-
MOYTOJIbHbIE UMITYJIbChI C TeHepaTopa V2 aMILIUTY-
noii 5 B u yacroToit 1 MIT1 nmoctynaioT Ha ApaiiBep
V4, KoTophlii (pOopMUPYET TATHBAaHMYECCKN HE3aBUCH-
MoO€ HaIlpsDKeHUE, TIoJaBaeMoOe Ha BXO, 3aTBOP-UCTOK
kmoda Ql. AHajornyHbIiA ApaiiBep V5, MOIKITIOYEH-
HBII TTapaJIeIbHO BBIBOIAM CTOK-MCTOK TPaH3UCTOpa
QI1, raapbBaHMYECKM pa3BsI3bIBaeT U IIpeodpas3yeT Ha-
npsDKeHMe Ha KaHalle TpaH3MCTopa B TAKOE K€ Hallpsi-
XKE€H1Ee, HO OTHOCHUTEIBLHO OOIeil IIMHBI, MO3BOJISIS

2023
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Puc. 3. Cxema mig ucciienoBaHust KioueBbix cBoiictB MOSFET.

KOHTPOJIUPOBATh 3TO HAMpsKEHHE C IIOMOIIBIO OC-
nutorpada.

OcuuuiorpamMMma, IIpuBeAeHHAs Ha pUcC. 4, TO3BO-
JIIeT OLEHUTh BpeMSI 3alepXKU U IIUTEIbHOCTh
(GPOHTOB IPH TTePEKIIOUCHUN TPAH3UCTOPHOTO KITIO-
ya. [To umdpoBoii 1Kkage pernepoB ocuwuiorpada
U3MEpEeHHOE BpeMsl BKJIO4YeHUs ¢, ., = 10 HC U BBI-

BKJI
KJII04YeHust ¢, ., = 30 HC, 4TO comtacyeTcsi ¢ mapamer-
paMu TeXHUYECKOW NOKYMEHTAaLMM TpaH3UCTOpa C

YYETOM OCOOEHHOCTEN MCITOJIb3yeMOTO IpaiiBepa.

& Oscilloscope X

(6|

| 2
5

al |

T 2.3600 ms T2 2.3600 ms TZT1 29.2424 ns

VAl 3.5000 v A2 a.0000 v vavAl | -3.spee

VBl | 18.9201 nv B2 §. 4244 v VB2ABY 5. 4134
[ Time base Trigger Channel A — Channel B
0.05ps/div Bl edge @ x| ["5 viDiv El|[5 vioiv T]| Reduce |
Xpostion | 0.00 _ [=]| Level [0.00  [5] | ¥postion|2.00  [=]| ¥postion [0.00 2| Reverse |
JEE Bin | A | JEIEN A (B Ex | Ac|o|EE Aclo|EE save |

Puc. 4. CKpUHIIOT OCLMUIOTPAMMBI HAIPSDKEHMUST Ha
cToke: I — hopma HarpspkeHMs CTOK-MCTOK TPaH3MCTopa
QI; 2 — curHaJt reHepaTopa UMITYJIbCOB V2.

PAANOTEXHUKA 1 BJIEKTPOHUKA

HpI/I N3MEPCHUAX B CTATUYCCKOM PEXKMME, KOoTrga
MECXOY 3aTBOPOM M MCTOKOM ITOAACTCA ITOCTOAHHOC

HanpspkeHue U,, = +5 B, naneHue HanpsoKeHUsT Ha
OTKPBITOM TpaH3ucTOpe (BoJbTMETp M 1) cocTasisieT

U., =21 MB, uto nipu Toke B Harpyske I, = U, /R, =
=1 A COOTBETCTBYET COIIPOTUBJICHUIO KaHaja OT-

KpBITOTO TpaH3ucropa r,, = U, / 1, =0.021 Om. Ta-
KO€ 3HayeHMUE AOCTATOYHO XOPOIIO COOTBETCTBYET

napametpy 7, = 28 MOM U3 TEXHUYECKOUN TOKyMEH-
TalliM W TTOATBEPXKIAET I1eJIeCO00Pa3HOCTh BEIOOpA
tpan3ucropa IRFZ44N B kauecTBe KiIioya.

g uccnenoBaHus BEIOpaHa cxeMa rmpeodpa3oBa-
TeJIsl ¢ YIBOSHUEM BBIXOJHOTO HAMPSIXKEHUsI, B KOTO-
poii yciioBHBIe Kitouu 3ameHeHbl Ha MOSFET [2].
PesynbTupylomas cxemMa MOACIUPOBAHUS, IPUBE-
JIeHHAasI Ha pucC. 5, obecrieyrnBaeT KOMMYTALIIO TOKOB
3apsina/pa3psiaa “neratomiero” koHaeHcaTtopa Cl ximo-
yeBbIMU TpaH3ucTopammu Ql...Q4, ympaBisieMbIMU
npaiiBepamu V4...V7. CxemMa OOIOJIHEHA COOTBETCTBY-
IOIIUM BJIEKTPOHHBIM OOpamMjeHUEM U HEOOXOIM-
MBIMU 3]IEMEHTaMM KOHTPOJIs1. MUICTOYHMKOM BXOTHOTO
HATIpSKEHUST SIBJISIETCS OUOJIMOTEYHBIN KOMITOHEHT

Battery V1 ¢ Hanpsixenuem U, = 10 B. Beixon npe-
oOpa3oBaTeisl Harpy>keH Ha pe3UCTOp Harpy3ku R3 u
HaKOTIUTENIBLHBIN KoHaeHcaTtop C2.

[IpsimoyroabHBIE UMIYJIBCHL ¢ TeHepaTopa V2 mo-
CTyITalOT Ha (POpMHPOBATEIh MMITYJIBCOB YIIpaBlIe-
HUS KIodyaMu — jgorudeckue sneMeHTsl Ul, U2 u
2JIEMEHT BpeMeHHOI1 3amepxku R1C3. Ha Bwixome
normgeckmx 3ieMeHToB Ul, U2 dhopMupyroTcs nm-
Ne 3

TOM 68 2023
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Puc. 5. Cxema mist McciieoBaHusI peoOpa3oBaTelisi C HAKaYKOo 3apsiia B peXKMMe YIBOUTEJIsI HATIPSIKEHMSI.

NyJbChl yrpaBiaeHus Kaodamu @1, @2, coiBUHYThIE
no ¢dase Ha 180° u uMmeroIMe GJIOKUPYIOIINIA Bpe-
MeHHOiT nHTepBai DT mi1g 3alIUThl OT CKBO3HbBIX TO-
KoB. HeobOxommmoe BpeMms 3anepxkku DT obecrieun-
BaeTcs PEeTryJIUPOBKOIM ITOCTOSSHHOM BPEeMEHM lIeIu
R1C3. Curnanbe @1, D2 nocTynarT Ha HOTEHIINATb-
HbIe BXOAbI IpaiiBepoB V4...V6, KoTopble Ipeobpasy-
IOT JIOTUYECKMII CUTHAJI YIIPaBJICHUSI B TaJlbBaHUYEC-
CKM He3aBUCUMOE HaMpsLKeHUe, IToJaBaeMoe MEXKIy
3atBopoM 1 nctokoM MOSFET kmoueii.

Kmroun Q1, Q2, Q3 GdyHKIIMOHUPYIOT MPU ITOJI0-
>KUTETbHOM HAIPSIKEHUHW Ha CTOKE, ITO3TOMY B Kaue-
ctBe kmoueil Q1, Q2, Q3 nerecoodpa3HO UCIIOIb30-
Batb MOSFET c¢ n-xanamom tnna IRFZ44N, nna
VIIpaBJIeHUSI KOTOPBIMM WCIIOJIb3YIOTCSI JIpaiiBepbl
V4...V6 ¢ emTMHNYHBIM KO3DOUIIUEHTOM TIpeospaso-
BaHUs. TpaH3UCTOPHBIC KIIOYM OTIHPAIOTCS TPHU
rojaye MeXay 3aTBOPOM M MCTOKOM OTIHPAIOIIEro

HanpsikeHus (U, = +5 B), u 3anupatorcs npu rnoja-
ye BbIKJIovawuero Hanpstkenus (U, = 0 B).

A xmou Q4 B TaHHOM cXeMe BBITIOJTHSIET KOMMYTa-
LIMIO OTPULIATEJILHOTO HAIPSDKEHUSI, UTO TTIOTPeOoBao
ucrnojab3oBaTh KoMmiuieMeHTtapabeiii MOSFET ¢ p-ka-
HasioM. OmHAKO UTS HaZeKHOTO OTIMpPaHUsT TpaH3U-
cropa Q4 tuma IRFZ44N TpeOyercsi HampsoKeHUE

U,,, npesblaponiee —5 B, yTo morpedoBano He

TOJIBKO U3MEHUTH ITOJIIPHOCTD ITOAKITIOUESHUST Apaii-
Bepa V7, HO M YBEJIMUUTH €ro KO3(OUIIMEHT Ipeos-

pasosanus k, = U, /U, =2/1.
PAINMOTEXHUKA 1 DJIEKTPOHUKA

TOM 68 Ne 3

[1pu MonenpoBaHUY CieAyeT YIUTHIBATh HAIMIE
y MOSFET TexHo10r14eckoro Auonaa, CyleCTBYIO-
IIeTo BCeTIa KaK “TIapasuTHBIN” 3JIEeMEHT, KOTOPHI
LIYHTUPYET KaHajJ TpaH3UCTOpa U OTBETCTBEHEH 3a
HM3KO0€ COIIPOTHUBIICHUE KITI04Ya ITPY CMEHE ITOJISIPHO -
CTH HaIIPSKEHUST MEXIY CTOKOM U UCTOKOM. OnHaKo
JUIST UCCIIEAyeMOil cXeMbl oOpaTHasi MPOBOIMMOCTD
KJII0Ya HEeJIOIIyCTUMa, YTO IPUBOIUT K HEOOXOAUMO-
CTH ITOAKJTIOYCHMSI ITOCJIeIOBaTEIbHO ¢ KiitouaMu Q1,
Q4 nmomoaHWTEIILHBIX AMOOHBIX Kinoueir D1, D2,
onoxkupytomux MOSFET npu cMeHe MOJISIpPHOCTH.
YToOBI AUOMHbBIC KJIIOYM HE CIMIIKOM yBEINYUBAIN
KOMMYTAalIMOHHBIE MTOT€PU, HEOOXOIMMO HCITOIb30-
BaTh QUOIbI C MaJbIMU ToTepsaMu (muonsl IloTTkm).
Ha xmrouax Q2, Q3 mmpu padboTe He MPOUCXOOUT CMe-
HBI MOJSIPHOCTU HAIpPSDKEHUS U OHU HE TPeOyloT
O0JIOKMPOBKU JUOMAMMU.

[TocTossTHHYIO COCTaBIISIIOIIYIO BEIXOAHOTO HATIIPSI-
JKEHHMS Y TOKA BXOJTHOTO MCTOYHMKA KOHTPOJUPOBa-
JIX C IOMOIIbIO BoibkTMeTpa M3 u ammnepmerpa M2.
KoHTponb mepeMeHHOM COCTaBISIONISH BBITTOJTHSIIA
¢ moMo1bio ociuwuiorpada. Ho ocummtorpag mo-
XKET PEerucTprMpoOBaTh TOIBKO HAMNpPSKeHNE OTHOCHU-
TEJILHO OOIIIero BBbIBOJA, IIOTOMY JJIsI HAOIIOACHUS
BXOQHOI'O TOKA B TOKOBYIO IIellb MCTOUHMKA V1 ObLI
BKJIIOUEH IIpeoOpa3oBaTelb TOK-HaIpspkeHue V3
(Current Controlled Voltage Source), rpeo0pa3yo-
LM TOK B COOTBETCTBYIOLLIEE FaJIbBAaHUYECKU PA3BsI-

2023



310

(@)

&€ Oxcilloscope X

1

JI"—_J'JI\-_I\__J\--_..'_JI"—.L l__."‘-- N

D.0000 3 n
36 622T AV “
2. 0000 U “wa

T3 5621 M3
1.0%9% ¢
% 0000 v

i

Tree bare - 4 -

1.00v2) s RIS | % D ] 1
Xposker [ 000 s Tooo M | i ooo 4| (Vpska Trop A Beawes
| EUN) i nioe e | o/ HR o

BABEHKO wu np.

(6)

&8 oxilioscope X
g

b

~

o1 J ]

m G o000 = n T.4404 ne T
| 1149428 AV W | 166.2410 Av WO
T 0. 0000 v % 0.0000 v 13kt

v tate | Vigow Cravas A Crarasd b

|5 0 o7 Redas

1L.00p 2! che |Bén WA X 3 Yroe, L2 e,

| Epostin | 0.00 | e 000 o] |7 posten | 0.00 S Ypmece 200 Poven

| AW e | I AR e wio e

Puc. 6. CKpyHIIOT OCIIMJUIOrpaMMBI BXOIHOTO TOKa Ipu uHTepBaie 3agepxku DT 7, = 100 (a) n 10 He (6): / — BXOQHOI TOK;

2 — UMITYJIbChI TAKTOBOTO reHepaTopa.

3aHHOE HaMpsKeHYe ¢ KO3 @UILIMEeHTOM Ipeodpa3o-
Banusi k = U, /1, =1 B/A =10m.

JlaHHbBIE U3MEPUTEIBHBIX IIPUOOPOB (CM. puC. 5)
COOTBETCTBYIOT PEKUMY C JOCTATOUHO OOJIBIITUM TO-

KOM Harpy3ku [, = 341 MA nipu R3 = 50 Om. Beixon-
HOE HampspkeHue npu atom cocrasisuio U, . = 17.0 B.
ITpu ymeHblIeHUM TOKa Harpy3ku ao [, = 1...3 MA
BBIXOIHOE HanpsikeHue nocturano U, = 20 B ipu
BXOIHOM Hanpspkenuu U, = 10 B, T.e. ynBanBagocs.

PerympoBKa cxembl 3aKiTIodajiach B IEPBYIO O4e-
penb B BEIOOpe MHTepBasa 3agepxkku DT, mpn kotopom
WMITYJIbCBI CKBO3HOI'O TOKa 4epe3 KJIIOYM B MOMEHT
KOMMYTALIMM OTCYTCTBYIOT M BBITIOJIHSIETCS TalibBa-
HUYECKasl U3O0JSLMS BXOTHBIX M BBIXOOHBIX ILICIEi
npeoOpa3oBateisi. DTOT TPpolecC WITIOCTPUPYETCS
OCHMJLIOTpaMMaMM BXOTHOTO TOKA, IPUBEIEHHBIMU
Ha puc. 6. JIng BpeMeHHOI NPUBI3KU IIPUBEIECHBI U
UMITYJIbChI TAKTOBOIO TeHepaTopa V2.

I1o nornmueckomy nepenamy 1 — 0 TaKTOBOIo reHe-
partopa 3ambikaroTcs Kimoun Q1 1 Q2 u mpoucxoauT 3a-
psin “neratonnero” koHgeHcatopa Cl OT MCTOYHMKA
BxomHoro HampsokeHUS V1. Ha ocimmmorpamme “17

(cM. puc. 6a) BUIEH KOPOTKHUii (7, = 53 HC) UMITYJIbC
BXOJIHOTO TOKAa, aMILIMTY/Ia KOTOPOTO /. =12A.

BX max

ITo nornueckomy nepenaay 0 — 1 TaKTOBOTO re-
HepaTopa 3aMmbIKaloTcs Kiaoun Q3 u Q4, a “ieralo-
muii” KoHpeHcatop Cl moakmiodyaeTcsl MocjeaoBa-
TEJIbHO K BXOMHOMY UCTOYHUKY HarmpsokeHus V1. Ha
OCLIMJIJIOTpaMMe BXOMHOTO TOKa (popMHMpyeTcsl T0-
MOJTHUTEIBLHBIM UMIYJIbC TOKa (ocLuiorpaMmma “1”
Ha puc. 66), ¢ MeHblIel aMruTynoi I,, =4 Au c

GosbLIEel IINTETBHOCTRIO £, = 150 He.
IIpn HegocTaroyHOM BpeMeHw 3anepxku DT (7, =

= 10 HC) Ha 3TOT AOMOJHUTEIbHBI UMITYJIBC BXOMI-
HOTI0O TOKa HaKJIaIbIBAETCSI HEPETYJISIPHBINA UMITYIbC

PAANOTEXHUKA 1 BJIEKTPOHUKA

CKBO3HOTO TOKA, BBI3bIBAIOIINI (DIIYKTYalIMY aMILI-
Tyabl (cM. puc. 66). [Ipu yBeaudeHN BpeMEHU 3a-
nepxku 1o ¢, = 100 Hc cKBO3HOI HECTaOUIBHBII TOK
HMCY€e3aeT U OCTAETCsI CTAaOMIbHbBII UMITYJILC TOKA IIe-
pe3apsiiKi KOHIEHCAaTOPOB (CM. puc. 6a).

BpemenHEBIe guarpamMMbl paboThl IpeoOpa3oBa-
Tells TIpUBEAEHBbI HA puc. 7. BpeMst 3agepXKKu UM-
MOYJIbCOB #, B CXEME YMNpPaBJICHUSI KOMMYTAaTOpaMu

CBSI3aHO C MCKaXeHHeM (PPOHTOB WHTETPUPYIOLIEH
RC-nenoukoii R1C3 (puc. 76).

Jlormueckoe koMOMHMpPOBaHUE Ha 35ieMeHTax Ul,
U2 BxomHOro MMIIyibca (puc. 7a) M MMILyJIbca, 3a-
nepxaHHoro 1ociae RC-nenu (puc. 76), mo3BOJIMUIO
MOJIYYUTh UMMYIbChI yripaBieHuss @1, @2 ¢ BpeMeH-
Hoit 3agepxkoit DT (puc. 7B, 71). Bpems 3amepxxku
KOMMYTUPYIOLIMX WMIYJIbCOB COCTaBJSIO OKOJIO
t, =80 HC, YTO IOCTATOYHO Is1 OJIOKMPOBAHUS
CKBO3HBIX TOKOB Yepe3 KIIIOYH.

®dopma BXOIHOTO TOKa IIpeodpa3oBaTeis, Ipe-
CTaBJIecHHasl Ha pUC. 71, CONEPXUT KOPOTKUE M-
TYyJIBCHI TOKA, BO3HUKAIOIIE B MOMEHT 3apsiaa “je-
Tawllero” KonaeHcaropa. IlukoBoe 3HaueHUE BXO/I-

HOTo TOKa cocTaBisieT [/, ... = 80 A. [TocrosiHHas

COCTaBJIsIIONIas BXOMHOTO ToKa [, = 0.687 A, uame-
psiemasi amriepMeTrpoM M1, CylnIeCTBEHHO MeEHbIle
OpOCKOB TOKa U Ha JuarpaMMme IpakTUYecKH He 3a-
MeETHa.

ITynbcauimu BbixogHOTO HampsikeHuss AU,

=~ 200 mB (puc. 7e) cknanbpIBaloTcsl U3 yyactka “1”
SKCITIOHEHIIMAJIbHO HApacTalllIero HaIpsKeHUs,
CBSI3aHHOTO C 3apsiioM KoHaeHcatopa C2 B MOMEHT
TMOIKJTIOUEeHMs “JieTaroniero” KoHaeHcaTopa Cl K mc-
TOYHUKY BXOTHOTO HampstkeHus1 V1, u yyactka “2” —
paspsiza koHneHcaTopa C2 Ha CONMPOTUBIIEHUE Ha-
Tpy3ku R3.

Ne 3

TOM 68 2023



BE3JPOCCEJIbHBIN TMOBBLIIIAIOIIWN DC/DC-ITPEOBPA3OBATEJb

311

U B

LA
(a)

&}
AW AVAVAVTAWAWE
of VIV TP IV ][]
o M M
(ﬂ) [meax
[ r'i—Uf—m/\]\r\/2r\\ T~

LA NAR VAR N AN N EE Y

0 é ;l é é ll() 1I2 1, MKC

Puc. 7. BpeMeHHbIe fuarpaMMBbl: 2 — TaKTOBbIE UMITYJIbCHI reHepaTopa V2; 6 — HanpsikeHUe Ha KoHaeHcarope Cl; B, T — Ha-
NpsEKeHUe 3aep>KaHHoro uMiysbea Ha Beixoze JID Ul u U2 cooTBeTCTBEHHO; I — BXOIHOM TOK Ipeodpa3oBareisi; € — Hamnpsi-
XeHUe MyJbcalliii Ha BeIXozde IpeodpaszoBaTeis (“1” ygacTOK 93KCOHEHIIMAJIbHO HApacTaIOIIEro HaNpsixkeHUsI, “2” y4acToK

paspsina koHneHcartopa C2).

IIpy Hanmamke cxeMbl BaxKHO OBLIIO 0O0ECHEYUTH
JocraTouHoe BpeMs 3anepxkku DT ains 61okupoBa-
HMSI CKBO3HBIX TOKOB Yepe3 KIIIOUU.

3. PESVJIBTATbI MOAEJINPOBAHWA

HpM MOICINPOBAaHUU ITOCTOAHHBIE COCTABJIAIOIINEC

BBIXOIHOTIO TOKA [, . U HamnpspkeHus U, KOHTPO-
JiMpoBanuck npudopamu M3, M4, a hopma nysbcaruii
BBIXOIHOTO HaNpsbDKeHUs1 (PUKCHUpOBaJlaCh OCLIWJIIO-
rpacgom, Bxod KOTOPOTo ObLI BKIIIOUYEH B pexkume Alter-
native Current (03 MOCTOSIHHOI COCTaBJISIIOIIEH).
Tok Harpy3ku BapbUpoBajIcs BbLIODOPOM COOTBETCTBY-
IOIIETO COMPOTUBJICHUS Harpy3ku R3.

I'papukym 3aBUCUMOCTH BBIXOAHOTO HAIIPSIKEHUS

U, x= OT TOKa Harpy3ku [, (Harpy3ouHasl Xxapakre-
pucCTHKa) MpuBeAeHbI Ha puc. 8 (Kkpusble I/ 1 2). B uc-
clielyeMOM Juaria3oHe BbIXOAHBIX HaIpsiKeHWi

U rparKy MMEIOT JIMHEIHO ITafdalolInii XapaK-

BbIX=

Tep, KOTOPBI yIOOHO OMUCHIBATh BBIXOTHBIM 3KBU-

BAJICHTHBIM CONPOTUBIIEHUEM R, 4ACTO Ha3blBac-
MBIM JUHAMUYECKUM CONIPOTUBIEHUEM

AU,

j— BbIX
R = ‘_

Al

H

npu U,, = const [4],

PAAMOTEXHUKA N OJIEKTPOHUKA  ToM 68  Ne 3

3aBUCALIUM OT EMKOCTU “JIeTAIOLIEeT0” KOHIEHCATO-
pa Cl1 u gactoThl npeodpa3oBanus f. I[Ipu dactore

S =500kl'y u Cl = 0.5 mx® BenmnunHa R, =
=11.2 Om, anipu C1 = 1 Mk® nonyyatot R, = 9.0 Om.
I1py MasbIX BBIXOAHBIX TOKAX, XapAKTEPHbIX 151 pe-

U, B » BTKHZ[, %
4100
190
-1 80
170
0 100 200 300
1 , MA

BBIX=

Puc. 8. 3aBUCMMOCTb 3HEPreTUYECKUX XapaKTepHUCTUK

npeoOpas3oBarelid OT BHIXOAHOTO TOKa [yyy—: Upyy o TO-
CTOSIHHAsl COCTABJISIIOLIAsT BBIXOIHOTO HarpspkeHust <17
st C1 =0.5mMxD u “2” — st C1 = 1.0 mx®D; 3 — BBIXOM-

Hast MOLIHOCTb Py, ; 4 — KIT/.
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Puc. 9. 3aBUCUMOCTh BBIXOITHOI'O 3KBUBAJCHTHOIO CO-

MPOTUBJIEHUs R, OT eMKOCTH KoHaeHcaTopa Cl npu f=
=200 (1), 500 (2) u 1000 xI11 (3).

>KMMa XOJIOCTOTO XOZa, BBIXOJHOE HAMpsKEHUE J10-
CTUTaeT BeJIUUUHBI 19.8 B, T.e. mpakTUYeCcKu yIBOEH-
HOTO BXOIHOTO HATIPSIKEHMUS.

ITpu yBeIMyeHUM BBIXOMHOTO TOKA JIMHEIHO pac-
TE€T 1 BBIXOIHASI MOIIHOCTbL (CM. puc. 8, KpuBas 3).
KITJ mocturaer Mmakcumyma (cBoiie 90%) npu BbI-
xonmHoMm Toke /.. = 25...30 MA u manaet 1o 80% mipu
tokax 350...400 MA (puc. 8, KpuBas 4).

3aBUCHMOCTHA BBIXOTHOTO 3KBUBAJICHTHOTO CO-
NPOTUBJIEHUS R, , OT EMKOCTU “JIETAlOLIET0” KOH-
IeHcaTopa M 9acTOThl KOMMYTAIIMM TIPUBEACHBI Ha

puc. 9. BeimunHa R, CHUXXaeTcs MPU yBEJINYEHUN

PAANOTEXHUKA 1 BJIEKTPOHUKA

BABEHKO wu np.

eMKOCTH KoHaeHcaTtopa C1 1 4acTOThI KOMMYTallUN
/, M TIpU 1OCTAaTOYHO OOJIBIIION eMKOCTH KOHIEHCATO-
pa Cl 3KCIIOHEHIIMATbHO CTPEMUTCS K BEJIMYMHE

R, = 2...3 OM, 00OyCJIOBJIEHHOI HOTEPSIMU B KITIOYAX.

SAKJIIOYEHHUE

Paccmorpena Tomonorust 6a3oBbix y3inoB DC/DC-
npeoOpa3oBaresieii ¢ Hakaukoi 3apsiga. BeimoaHeHO
CXEMOTEXHMYECKOE MOJACIUPOBAHUE C KJIIOYaMK Ha
MOSFET. IIpoBeneHo ncciaenoBaHne OCHOBHBIX SHEP-
TeTUYECKMX XapaKTepuCcTUK. MakcumanbHbIi KIT/1 mo-
CTUTAeTCs MPU CPAaBHUTEIILHO HEOOJIBIIMX BBIXOTHBIX
Ttokax ~30...50 MA. BeIxomHOE 3KBUBaJIE€HTHOE CO-
MPOTUBJIEHUE, XapaKTEPU3YIOLLIEE HATPY30YHYIO XapaK-
TEpUCTUKY IpeoOpa3oBaTesi, yMEHbIIIAeTCS IIPU yBe-
JIMYEHUM €MKOCTHU “JIETAalOIIero” KOHAEHCATopa U 4a-
CTOTBI npeobpa3zoBaHusd 1 1pu emMkoctu 0.5...1.0 Mx®D
cHuKaeTcs 1o 2...3 OM, orpaHUYEHHOM TTOTEPSIMU B
MOSFET xirouax.

ABTOpBI 3asIBIISTIOT 00 OTCYTCTBMM KOH(MIMKTA
MHTEPECOB.
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