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CeMeHCTBO MMNYJIbCHbIX
ctabunusartopos
Simple Switcher LM315x

KomnaHus National Semiconductor xopowo ussectHa MHOrum paspaboruu-
KaM 3NeKTPOHHbIX ycTpoicTB. B yacTHocTH, B 06nacT npousBoacTBa KOMMNO-
HEHTOB N5l UMNYNbCHbIX UCTOYHUKOB NMUTAHUS OHA YBEPEHHO 3aHUMaET JIu-
Auvpytolwme no3uumun. B ctatbe npeacraBneHo onucaHue ee HOBoM paspabort-
KM — cepuu mukpocxeMm LM315x, npuHaanexxawmux cemerictsy Simple
Switcher, a Takxe cneynanbHo co3gaHHOM ANs NoaGopa KOMMNOHEHTOB U pac-

Anexcanap MAXJIUH yeTa cXeMbl UMMY/bCHOro cTabunusaropa HanpsXKeHUs NPOrpaMMHOM cpepfbl

Makcum JEHUCOB

O6Lee onucaHue

Hrak, cepus mukpocxem LM315x BKII049aeT
B ce6st 10 IITMIM-KOHTPOJUIEPOB OHIKAIOIINX
HMITYJIbCHBIX CTAOMIN3aTOPOB, PAOOTAIONIIX
IIpY BXOJIHOM HaIpsbKeHuH ot 4,5 1o 42 B. Mak-
CHMAJIbHBIN PabOYUIT TOK IJIsI 9TOTO TUIIA KOH-
Tpostepos — 12 A, a 9acTOTa KOMMYTalluy —
1o 1 MI'm. Criucok KOHTPOJLIEPOB, BXOJAIINX
B cocTas cepunt LM315x, mpuBesieH B Tabnutie.

VX 0CHOBHOE OT/INYHE OT APYTUX IIOJOOHBIX
paspaboTok — ato apxurekTypa Constant On-
Time u 3anmarenToBanublil pupmoit National
Semiconductor pesxum Emulated Ripple Mode
control. Biraroapst 5TM 0CO6€HHOCTSIM LIS MU~
KpocxeM cepun LM315x Heo6XOIUMO MUHU-
MaJIbHOE KOJIMYECTBO BHEIIHUX KOMIIOHEHTOB
IUIS TIOCTPOEHUSI IIOJIHOI[EHHOTO NCTOYHKKA IIH-
taHus. Heo6X0MMMO 106aBUTH TOJIBKO 2 MO~
HbIx TpaHsucropa MOSFET, mHAyKTHBHOCTD
1 KOHJIEHCATOPBI B IeMsAX nuTanus. Cxema Ta-
KOTO YCTPOCTBa IpUBeeHa Ha puc. 1. B ciry-
Jae HCIO0JIb30BAHMS HACTPABAEMOTO KOHTPOJI-
nepa LM3150 monazmo6uTcs enje 3 pesucropa.
ITpuMeHeHUE BHEITHUX TPAH3UCTOPOB O3B0~
JISIeT JOCTUIb GOIBIINX TOKOB HarpPy3KH, 4eM
IIPY HCIOJIb30BAHNH CTAOUIN3aTOPOB CO BCTPO-
€HHBIM TPAH3UCTOPOM, 1 GoJibIireil 9 deKTHB-

Tabnuua. XapakTepuctuki Mukpocxem cepun LM315x

Kontponnep HaE;:::g:::, B Hani:?:::e, B xom:‘yarcalll-.:::, Ky
LM3150 Perygrgyygmoe 0 Pe%?%?:a“
LM3151-2.5 2,5 42 250
LM3151-3.3 33 42 250
LM3151-5.0 5 42 250
LM3152-2.5 2,5 33 500
LM3152-3.3 33 37 500
LM3152-5.0 5 42 500
LM3153-2.5 2,5 16 750
LM3153-3.3 33 22 750
LM3153-5.0 5 88} 750

New Power Webench.
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Puc. 1. Cxema kontponnepa LM315x

HOCTH, 61aroapst BO3MOKHOCTSIM OITHMHE3a-
nun cxeMsl cpericrBamu New Power Webench.

Apxutektypa Constant On-Time

J71st Toro 4T065I pa3oOpaThcst B 0COOEHHOC-
TSX 9TO APXUTEKTYPbI, PACCMOTPUM CHaYasIa
paboTy OOBIMHOTO HOHIKAIIETO HMITYIbCHO-
0 CTaGHMIM3aTOPA HATIPSKEHISI Ha THCTEPesHC-

HOM KoMmaparope. Ero cxema nzobpasxeHa
Ha puc. 2.

YCcTpoiicTBO IpeCTaBIsieT co60il aBTOKOIe-
6aTeJIbHYIO CXeMY, BBIXOIHOM CUTHAJI KOTOPOH
uMeeT 3 BpeMeHHBIX ITapaMeTpa: Bpems Ton,
KOTJIa TPAaHSHUCTOP OTKPHIT; BpeMs Toff, korna
TPAH3UCTOP 3aKPBIT, M 94CTOTY KOMMYTALHH f.
Bce oTH TpH ITapaMeTpa ABILIOTCS QYHKIUSIMHE
BXOJHOTO Vin 1 BLIXOMHOTO Vout HaNPsIKeHUH,

Vino cynosoit Kackag,

L Komnaparop

FLHF|

Puc. 2. Cxema 06bluHOr0 MOHKXatoLLero UMnNybCHOro cra6wnmaTopa Hanps>XeHus Ha rMCTepe3MCcHOM Komnapartope
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BeJIMYUHBI HHAYKTUBHOCTH, S9KBUBAJICHTHOTO
HoCTIeioBaTenbHOro conpotusienus (ESR) kon-
IIeHCaTOPa, TUCTePe3rca KOMIIAPaToOpa, 3alePK-
KU pacrpocrpaneHus 1 koadduipenTta obpar-
HOM cBsA3U. IIpy 9TOM ISt Halle)KHON PabOTHI
KOMIIapaTopa Heo6xonuMo Bbicokoe ESR koH-
HeHcaropa. JIoIyCTHM, BBIXOJHOE HAIIPSDKEHHeE,
TUCTEePe3NC, 3a[iepKKa PacIIpOCTPAHEHHS U KO-
adduimeHT 06paTHOIM CBSI3M ABJISIOTCS BN~
YMHAMH IIOCTOSHHBIMIUL. B 9TOM CIryyae Heo6Xo-
IUMasi 9aCTOTa KOMMYyTanuu OyzeT obecriedeHa
BbI60OpOM HOMHHATA L mHAYKTHBHOCTH 1 ESR
KOHJIEHCATOPa C YIeTOM IIPE/IIoIaraeMoro BXOJ-
HOTO HanpspkeHus. Takum obpasoM, Vin ocra-
€TCs eIMHCTBEHHON IIePEMEHHON BEJIMIMHOM,
KOTOPast MOKET BIIHATH Ha 9aCTOTY KOMMYTa-
IIYIY, 9TO 3aCTABJLIET OTPAHNINBATh NUAIIA30H
IOIYCTHMBIX BXOJHBIX HAIIPSDKECHUIH.
Crabunusarop ¢ apxurektypoit Constant On-
Time nMeeT cxeMy, H300pakKeHHYIO Ha pHUC. 3.
JlaHHas cXeMa OTIMYAeTCs OT IpelbIIyIIeit
HaJITIUeM KIYIEero MyJIbTHBHOPATOpa B IIeIH
YIIpaBJIeHHS 3aTBOPOM TpaH3ucTopa. PpoHT UM-
IIyJIbCa OT KOMIIAPaTOpa 3aIyCKaeT XKy U
MYJIbTUBHOPATOP, U TPAH3UCTOP OTKPBIBACTCS.
Yepes Bpems Ton MyJIbTUBUOPATOP 3aKPBIBACT
TPAaH3UCTOP HE3aBHCUMO OT COCTOSIHIS KOMITa-
paropa B 3TOT MOMEHT. BpeMsI 3aliep)kKKH MyJIb-
THBHOPaTOpa 06PaTHO IPOIOPIIOHATIBHO Be-
JIMYHMHE BXOTHOTO HAIIPSDKEHNUS U He 3aBUCHT OT
Ipyrux napamerpos. CliejoBaTeIbHO, IIPU 0~
CTOSTHHOM BXO[[HOM HaIpsDKeHUH BpeMst 1o sIB-
JISIeTCSI IOCTOSIHHBIM M TAoKe He 3aBUCHT OT [Py~
TUX ITapaMeTpoB. OTa 0COOEHHOCTD U JaJa ap-
xutektype HazBaHme “‘Constant On-Time”.
BpeMs 3a[iep>KKH JKIYIIero MylIbTHBUOpAaTOpa
Ton MoxkeT OBITh U3MEHEHO IIOT60POM HOMU-
HaJla BHEIIHero pe3uctopa Ron. OH sBisteTcst
OJTHHM U3 OCHOBHBIX YaCTOTO3a/Ial0IINX JJIe-
MEHTOB B aBTOKOJIeOATeIbHOI CXeMe CTaOHIn-
3aTOPa, IO3TOMY 9aCTOTa KOMMYTAI[HU MOYKHO
PACCIUTATh COINIACHO CIeAyIomelt popMyre:

Fsw = Vout/(KxRon).

B aroit popmyrie Bce BeIMIMHBI HOCTOSH-
HBIe, T0aTOMY apxuTektypa Constant On-Time
II03BOJISIET JOCTHYb OTHOCHTEIBbHOM CTaOUIIb-
HOCTH YaCTOTBI KOMMYTAalluH B IIUPOKOM JIUa-
I1a30He BXOIHBIX HalpsDKeHUH. ['padux, mi-
JIIOCTPUPYIOUIUH 9Ty 3aBUCUMOCTD, II0Ka3aH
Ha puc. 4.
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Puc. 4. Tpadhmk 3aBUCHMOCTH BXOJHOTO HaNpsKeHHst
OT 4aCTOTbl KOMMYTaLMH

Komnaparop

]
HKAYLMA
MYy/bTH-

Bubparop

Puc. 3. Cxema crabunuaaropa c apxutektypoi Constant On-Time

Pe>xum Emulated Ripple Mode

Bce cTabMIN3aTOPBI HA THCTEPE3UCHOM KOM-
IapaTope UMeIOT OHY OCOOCHHOCTB: CaMa UX
apXUTEKTypa TpeOyeT HaJIUIHs ITyJIbCAL Uil BBI-
XOIHOTO HAIPSDKEHHS, I TOTO YTOOBI KOM-
IapaToOp MOT YBEPEHHO OIIPe/IeIATh BEPXHUI
U HIDKHUH IIOPOTOBbIE YPOBHU HAIIPsKEHU.
[Tynbcupylommii TOK Ha KaTyIIKe HHAYKTHB-
HOCTH CO3/IaeT IYJIbCUPYIOIIee HAIIPsKeH!e Ha
ESR koHzeHcaTOpa, KOTOpOE U IIOCTYIIaeT
B IeTIb OOPAaTHOM CBSI3H. DTa 0COOGEHHOCTD CO-
371a€T OTPAaHUYEHNS IIPY UCIIOTH30BAHIU TAKUX
cTabMIN3aTOPOB B YCTPOMCTBAX, KDHTHIHBIX
K popMe nuTaromero HanpspkeHus. I'padbuxy,
HWUTIOCTPUPYIOIIKe PabOTy CXeMbl, IOKa3aHbI
Ha puc. 5.

3anmaTeHTOBAaHHBIM KoMmaHueil National
Semiconductor pesxum Emulated Ripple Mode
HO3BOJISIET KOMIIAPATOPY, BXOJAIIEMY B COCTAB
KOHTpOJUIepoB cepun LM315%, cTabmiIbHO IIe-
PeKJII0YaThCs IIPH CBEPXHU3KOM YPOBHE IIyJIb-
CaIfyil BLIXOJTHOTO HATIPSLKEHHUA. DTO JIeSIaeT MU~
KpocxeMbl cepur LM315X IpUrofHbIMA 11
HPUMEHEHHs B YCTPOICTBAX, I7Ie TPE/IbsABIIAIOT-
Cs1 TIOBBIILICHHBIE TpeOoBaHUA K (popMe IUTaI0-

ton torr

Puc. 5. [pachnku, unnoctpupytoLyue paboty cxembl
cTabun3atopa Ha r1CTePEe3UCHOM KoMnaparope

11ero HanpspkeHus. CXema yCTpOMCTBa IT0Ka3a-
Ha Ha puc. 6.
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Puc. 6. Cxema ycTpolicTea, paboTatoLero B pexxume Emulated Ripple Mode
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Puc. 7. Mpachuku nynbcaumis: a) B obbiuHOM peskime; 6) B peskume Emulated Ripple Mode

braropaps pexxumy Emulated Ripple Mode
CTaHOBHUTCS BO3MOKHBIM IIPAMEHeHNe KOHIeHCa-
TopoB ¢ Hu3kuM ESR. B pesynprate aToro, kpome
YMeHBIIEHUS aMIUTATY/bI ITy/ICAIIAH BBIXOIHO-
TO HaIPsDKeHMs, MeHseTcs ¥ ux popMa — ¢ Tpe-
YTOJIBHOM Ha CHHYCOUJAIBHYIO0. DTO CUHYCOH-~
IalbHOE HAIIPsDKeHUe V0 IIOCTyIIaeT Ha BXOT, (+)
KoMIIapaTopa. s TOro 4To6k! ero IepekIode-
HUSI IPOUCXOIMIIN CTaOMIBHO, IIOPOrOBOE Ha-
IIpsDKeHHUe, IOCTYIAIoIIee Ha BXOJ, (—), MeHseT-
cs1 B mpoTuBoase ¢ Vo. [t 9TOro onopHoe Ha-
npspkeHne Vref cyMMUPYeTCst ¢ HallpsDKeHUEM,
CHATBIM C BHYTPEHHETO COITPOTUBIIEHHS OTKPBI-
TOTO KaHaJIa TpaH3uCcTOpa — Rj, KoTOpOe Haxo-
puTcs B mporuBodase ¢ HanmpsbkeHHeM Vo.
ITpu cpaBHeHHU KOMIIAPaTOPOM IPOTHBO]a3-
HBIX CHTHAJIOB JOCTHTAeTCs GOJIBIIAs HaexK-
HOCTB IIePeKJIIOYeHNI TPH MaJIOM yPOBHE ITyJIb-
Calyii BBIXOTHOTO HANPSDKeHUS. ['padyKH ITyIb-

National

caruit B 00bIMHOM pexkuMe 1 B pesknme Emulated
Ripple Mode nokasans! Ha puc. 7.

MporpammHoe obecneueHue
New Power Webench

KpoMme HOBOII ceprun KOHTPOJIIEPOB CeMeli-
crBa Simple Switcher kommanus National Semi-
conductor npencraBuiIa paspaboranxam Ton
71 0OHOBJIEHHYIO BEPCHIO CBOETO IIPOrPaMMHO-
ro nponykra New Power Webench.

JlaHHOE IpOrpaMMHOe 06eCIIedeH e CITyKUT
1151 pa3pabOTKH U KOMIUIEKCHOTO IIPOEKTHPO-
BAaHUS MMIYJIbCHOTO MCTOYHHMKA ITHTAHU.
B nporpamme New Power Webench peanuso-
BaHBI BCe HeOOXOHUMbIe DYHKIIUA IJIS OCT-
POEHUS UCTOYHUKA IUTAHHSI, ONTUMHU3AI UK
ero paboThl 1 10A60pa HEOOXOTUMBIX KOMIIO-
HEHTOB.
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ITporpamMma BBIIIOJIHEHA B BU/IE ITOIIIATOBOTO
unrepdeiica (puc. 8). CHavana pa3paboTInKy
HeoOXOIMMO BBECTH MCXO/IHbIE 3HAYEHH BXO]I-
HBIX ¥ BBIXO/IHBIX HaIIPsDKEHHI, TOKOB Harpys3-
KU ¥ TEIUIOBOTO pexkuMa paboTsl. [lasee cucre-
Ma cama IPeJJIoKUT Ha BBIOOP BO3MOKHBIE K HC-
I0JIb30BAHUIO KOHTPOJITIEPBI WU PETYILATOPbI
ot National Semiconductor, BbIieIsIsI peKOMEH -
IyeMble PeIIeHusI ¢ MAKCUMAaJIbHO BO3MOKHBIM
KTIIH. Ecit B kKauecTBe OCHOBHOTO 3JIEMEHTA UC-
TOYHMKA uTaHus BeiOpan [IIMIM-KoHTpOIIIep
6e3 HHTErPUPOBAHHBIX KIIOYEBBIX AJIEMEHTOB,
cucrema cama ropibeper u3 cBoeil 6aspl He0OX0-
mumble MOSFET-TpaH3UCTOPEI 1 ITPeIoCTaBUT
HECKOJIbKO BAPHAHTOB, 00JIETIMB T€M CaMbIM
PaspaboTINKy TOPOIT JOCTATOYHO CIIOKHYIO 3a-
Iady IO IPaBHIbHOMY I07I00PY KITIOYEBBIX e~
MeHTOB (puc. 9).

Takxe OIHOM U3 MHTEPECHBIX U ITOJIE3HBIX
ocobennocreit New Power Webench saBnsercs
BO3MOKHOCTb OIITHMU3AIMH IIOJTY4eHHOM CXe-
MBI € y9eTOM TpeOyeMbIX pazMepoB MeJaTHOL
mwiaTel ¥ KIIJI ncroynuka, KoTopas mo3BOJIAET

UMz TR

Powes Dissgolion Charl

4

Foot Print:
IEImmz s

Efficiancy:
[l 20%

Dectease Increase
! Tostpiint eficlsticy
£os .
3 Dplirire Circull
T
04 =~
A /‘\._
a
1 3 E 4 ]
Cptimrasion Factor
B ones f crs [ sara wirs | tra @ coura

™

e

Puc. 8. Mowarosbii untepdeiic New Power Webench

Puc. 9. BapuaHT nos6opa K/io4eBblx 3/1EMEHTOB
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B HaILIHOM (hopMe BpallleHHeM CIIeI[IaIbHO-
IO PeryIATOpa BEIOPATh COOTHOIICHIE MEKIY
KII]I u TpeGyeMoil IJIOMaIbIO [Ie9aTHO I1Ta-
ThI. 371eCh JKe MOKHO IIOCMOTPETh U CPABHUTENb-
Hble rpaduku 3apucumocreit KIIJT u paccensa-
€MO¥ MOIITHOCTH OT YaCTOTLI KOMMYTAIUH, Pa3-
MEepOB IIJIATHI U IPYTUX HapaMeTpPOB.

Ha cnenmyromem sTamne MOKHO CMOJIETHPO-
BaTh PabOTY CIIPOEKTHPOBAHHOTO NCTOYHHKA
IIUTaHMS M YBAETh (DOPMBI CUTHAJIOB B Pa3HBIX
toukax cxeMbl. Cpena New Power Webench

HI03BOJIAET CMOJIEINPOBATD U IIPOCYUTATH TEM-
HepaTyphl B KJIIOYEBBIX TOYKAX CXEMBbI, Ha TPaH-
3UCTOPAX, IMOMIAX, MHAYKTUBHOCTH U T. [I., 3 TaK-
JKe ITPOCYUTATH TeMIIePaTyPHbIE XapaKTePHCTH-
KU ITPH 06/TyBe CXeMBbI C Pa3HBIX HAIIPaBJICHHIL.

B saBepuienue pazpaborku New Power We-
bench cocrapser crmcok koMoHeHToB, Gerber-
ait, daitt pasBoOKU EIATHON IIAThI, CXEMY
U COIYTCTBYIOLIYIO IOKYMEHTAINIO, KOTOPbIe
MO’KHO Cpa3y 3arpy3uTh C CafiTa KOMIAaHUH
National Semiconductor. Tam ke MOKHO Cpagy

ocopmuTs on-line 3akas Ha IIPOU3BOACTBO IIPO-
TOTHIIA CIIPOEKTHPOBAHHOTO HUCTOYHHUKA IIHTA-
HUSL, OIUIATUTH €T0 U 0(OPMUTH TOCTABKY.
Takum o6pasom, National Semiconductor mpe-
IoCTaBIsIeT Pa3paboTInKaM BO3MOKHOCTD 10~
CTaTOYHO OBICTPO CIPOEKTHPOBATH MMITYIIbCHBIIT
HCTOYHHK [UTAHMUSL, IT0f06paTh BCe HeOOX0U-
MBI€ KOMITOHEHTBI, IIOATOTOBUTD JOKYMEHTALIHIO
U JIaKe 3aKa3aTh IPOTOTHIL Bee aT0 mo3Boster
CYILIECTBEHHO COKPATUTD BPeMsI paspabOTKH 1 yc-
KOPUTb BBIXOJ] TOTOBOTO n3fieust Ha poHOK. M
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