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FREEWHEEL CHARGE-PUMP CONTROLLED SINGLE-INDUCTOR MULTIPLE-OUTPUT DC-DC
CONVERTER
CWEE

AERGEE -~ HALETREHZIE TR S EMBARARE SEERZ EHLERBM A
%éﬁ%@%?&ﬁﬁ%@*%ﬁﬁﬂ%%%ﬁ&’ﬁﬁgﬂyﬁﬁﬁm%ﬁ*% XA ED—EE
R ZENRBEACSHBGLE > TARS TEAL GRS > Miw—EARME > #diE
T Gy B8 A R B 0 AR 4 H g (PCCM) 82 R i 4F B3 48 S (DCM) £A 48 48 4 2 1
BATEREBM - ARAZ AT IRIEFZEETR S T8 AR BRE AMERA BT o) AR AR
HERGERERES > BB/ EHB LRI EEZHRE -

This present invention disclose a freewheel charge-pump controlled single-inductor multiple-output
DC-DC converter. The single-inductor multiple-output (SIMO) DC-DC converter is comprising a single-
inductor multiple-output (SIMO) converting circuit and a controlling circuit. The SIMO converting circuit
is further including at least one charge-pump where a charge storage device is included. By means of the
charge storage function, in the state of pulse-frequency width modulation (PWM) switching, an added DC-
DC output can be derived. The present invention provides the freewheel charge-pump control technique
(FCPC) that leads the SIMO DC-DC converter to operate in the pseudo-continuous conduction mode
(PCCM) and discontinuous conduction mode (DCM) by time-multiplexing control. A better crossover

regulation and higher output current can be achieved.
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(R CREENIRR

[ZERE ]

[3is7Z0H458])  Freewheel charge-pump controlled single-inductor

multiple-output DC-DC converter

($32]

FRPRBE-EREFRENCEHERZERNENBRS  ZEERSEHH
ERERSFHEERSHHERSRERELHERAER  ZEERSHIEE
RHAERREEL—EENR  REFNRAFENRTEE  TERGEERS
HIYDIABARARS - I —EE RS - BEER T EASBE BRI - £
BEBEE(PCCM) BN EHBFEBER (DCM) IEAB L HIHE 1T E R - ANFEHT
CEEBERREHBEERSERHERSMETERTRIFMVBERBBAERERA
MEBRERGES  BIgmBEsE LK R -

(&1

This present invention disclose a freewheel charge-pump controlled
single-inductor multiple-output DC-DC converter. The single-inductor
multiple-output (SIMO) DC-DC converteriis comprising a single-inductor
multiple-output (SIMO) converting circuit and a controlling circuit. The SIMO
converting circuit is further including at least one charge-pump where a
charge storage device is included. By means of the charge storage function,
in the state of pulse-frequency width modulation (PWM) switching, an added
DC-DC output can be derived. The present invention provides the freewheel
charge-pump control technique (FCPC) that leads the SIMO DC-DC
converter to operate in the pseudo-continuous conduction mode (PCCM) and
discontinuous conduction mode (DCM) by time-multiplexing control. A better
crossover regulation and higher output current can be achieved.

1R #2H (25EF)
099140461 RHBHR A0202 1023270733-0
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[hxeAEE)] AEEREHCEERSERHET RS

[ZIERIAE]

[ Z$PH44%8])  Freewheel charge-pump controlled single-inductor

multiple-output DC-DC converter
[ B ]
[0001) AZHZERN-—EABEHREZHCEHERSERHBERERE B2

W —EEAEREBEFEUZHSBENEGCERN ERS RS

[ SeRiEdT )

[0002] PEEXMBEEFEMNORERRE AHETENURHEIRTREZ TS
e > BIANMEABAIBHHE (personal digital assistants, PDAs) - F
B BOESE  HRETFRHEVERKET L InEBENRAGRE
RREB VRS SRR ETF A E RS & ket g ke
HEEZ— - EREUHARMIENEE RUMAIGINEREHRER - &
BEHNERHERSUSRES - EREE TTEENAC - Bt B A R
sTEBEE/ XS HEFEBAEBRNERBHSMKBRETFH—K
HREK -

[0003)] “TERHERSHOERSD  RELANRREREFEN  FZ AW
FRE - R ERRBEAFBENR  ERNIRBEZGELERESR
 RFASEAEUBERBRAENEE  LHEERNERERBHRE
BB S - RN ERMNERORATZREN > EWAEBRRER - @
BERGEWE (dead zone) @ HERBEEREM A BRI RIERIERLR
EERXBIBE (crossover regulation)#fE -

B1H %18 H (JEREH)
099140461 T FHEE% A0202 1023270733-0
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[0004]

{0005]

099140461

1024£ 078 228 STIBRSEE

HREREBRHEHRNER - BERSH Y (single-inductor
multiple-output)MIZRBHENBESEEARE  FAXIER ' HERES
HHNEREBRENERIENESBRAE S REEHERESKRE
#X(single energizing cycle per swing period) BB EMLEFRIK
Efs{(multiple energizing cycle per swing period) » HFRIHELN
BEHEFITVS08869 - EEEHFIUS6075295 > FEHERREMT - BEF|EH
TLARER KRBT R - B EE RN ERATE R R HIER K
By MSEELARERE - HREENSERREER - NXEEHF
US72240858 E B E R E EHti(single-inductor dual-output, SIDO)
(B RER - XEBEEFUST256568 - UST432614 - chBIEFI/ABA5E
CN101083432#3B HE R L E B (single-inductor
multiple-output, SIMO)HJEREHER - MTRERLBERAIME
R DAGE BN AR I HI2eRE - BRBNE1E  EE 1Y - EHE
ERSEHHERTIRER10 > ERAEMSERMBNS,, (Freewheel
switch) - BARAS ) BER - ES, HERERY AHERLITE(S HER
BEV AHERLRE - - - &S, HERERV, AHERLTE) S ET
—BEB: - BARAS HiE - MBS BBEERLNE  BEEERY Gl
T — BN - ELBARES BB EERLKE - EEERY @ -
T A6 - BEmBIRS BEEERLKE  ELERY_EL L
EEZEHHER - %ﬁﬁlﬂ:ﬁ‘%%ﬁﬁﬂwﬁw‘ﬁaﬁ%ﬁﬁ’ﬁnﬁ% - BELE
BRI S EAHERAERAELAIME -

BWESIMOE#NERER CHEHBRBERAIEHIRIE > Dongsheng MARR
IEEE J. Solid-State Circuits, Vol.38, No.l, Jan. 2003&%%&7T"

A Pseudo-CCM/DCM SIMO Switching Converter With Freewheel

Switching” - EREIME2E - REREHERIBEEREFIBEN

B2H 18 H (SHRES)
H Y A0202 1023270733-0
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(pseudo-continuous conduction mode, PCCM) HE B HERA (
discontinuous conduction mode, DCM)IA#IAE{ %%
(time-multiplexing control )#{TERREE ; {EH 2B - HEBEEMR
RN GE PR () BB BARAS  DARS p i A R AR o\ BB S E i Lk (PCCM
SINO) - BEBLABSR KL » EH—EAIG ¢ GBARS TEE - Wt
BIRES BEMEEELKE  ELEEY GH > EEELAETRIE  ET
—fEfA6 ¢, - ASEEBIRS, BBETRLNE EEERY Bt #2%
SB3ME - ARHEERIE L - ERSRRNEN] BURFR  ME
PRESIdcth ¥ EE » B » %@E&%%%@?ﬁ%%@ﬂ&ﬁ&"ﬁ@%@%
R H Rt snymt ER - B2 EERRATIE - ERLREE
TEBRNEE  FHRETREEDNE  HREEEaRAEERSER
Hi(PCCM SIMO) BB Eig st B H sl L AR KRB EEE - T2 (F 8 B2
REGEV@BLERERBEAR » L—RERGHR -

G ESD
[0006] FEN EMEBBHEBEZHE  ARACHP—EHOHMBERE—ERER

[0007]

099140461

FEGCHEERSERBERBRS  DERENEERS ERHERE
MR E A B @AY - B AR T ETERNEE - FORE TRHE
HIR - FEEWRLHCEERZERHERBRSFROEERS B
ESRERAZHERATER  ZBEERIGHEMSRERGERBA
B3t o TR (V| ) A% ER B 142 1 P b UKy 2 B A 48 42 1) » DA A Y
WmENCER - DFIRE—MmLENZER(V, ) BB T E
BBV, ZEERSBMELENRBRERESS -

(H—BEERTHE  ERNEWMA B - REFEFB(S,) HE RS
(L)ATil R - 2B @BARA (S ) BT B (L) FREAIG Bk EE 2 - B @ BAR A

BIEH £ 18 H (BERES)
FYEH A0202 1023270733-0
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[0008]

[0009]

(00101

[0011]

[0012])

099140461

1024078 220 SERER

D#FHZMABRRESEEZERBNEER > ALK ERSEY
B AEEEMHM(S HEXFEERSHHE RS RERREEEEHEY
@18 (pseudo-continuous conduction mode, PCCM) BESEaFEmis
s (discontinuous conduction mode, DCM)) > ENE@mHEAREHEE
iy ZJEERSBHUE NS RER AR EFEEEEN(PCC) © MHE
KRR ZHERZHHERENERBEETEMATBE(DCM) -

D)—EEERYBHNS ) > SRERRZIEERTLHRSEERZM
RUBEZ@MAET R EBRHZERSE(L)RE  HNEEERL - 2%E
BaSEtBERRENENERNS2ZER

(3) —EHEHIEA - EENREE R RS S BRI (S ) -
D#EmABTGS < ENERETEREAZH N B — B ERiRE
FIWMBENN  ZREEFHEAE - SES - EIREHEERBLEE
(PWM1) ~ —E R (charge-pump) 25 "R E R AR EEE (PWM2) © H
o

A IRE RSB E (PWML) - BE— 8 —FHRI(S ) B ZBAB(S,)
RS ER LTI R R A P RIRZ SR —BARA (S| ) BRRXEE ZBARA(S,) - M EE
E i< BERE L EZE —BHE R

ZBEAR B ENFAFERE  ENRCFEEYRE-BANZMEESR
Pk » (REBERZE—IREEEFHBEE (PWM]) - 58 "R E RS
ZB_IREREAEKRE (PW2)  EXEWRFRERER - AUHE
“HEnnBEER B -S> ZEARVHES —E &R - AR
BENZEARFREAZBE _BHERGZE - AL LSRN -

2 IR TR R E (PWM2) » B3 — B =R (S,) 25 HBAR(S,)

BAH - £ 18 H (BEHESE)
xR A0202 1023270733-0
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[0013)

[0014]

[0015]

[0016)

[0017]

099140461

1025074 228 BEHER

 ASERLIEH BB B ERSZ AR AR = BB (S,) B UBARA(S,)
 ERERS(LHZE-—BHHERGRER - ARHZBERRARLE S EX
HEBARA (S ) BB - REWMAENN EBREELEFLE — BB

XN ZB-IREEERAZKE (PWM]) B2 T IRE TS EE (PWM2) - 7]
HEE4 5N ESEMSOFETATEE -

ARV AEHREHY ERSEHLEANREEH T EALEER
RixFIFi i (freewheel charge-pump control technique, FCPC) » &
B0 D4R L (LT @ L R (S0 » YR T S 1 8 T 0 2 B B S
BB - |

BEABYEL S R EAET RS EEES BRI
1% - BOUNATE > EXPEARB M BB EEAR - REHE
055 SIRATELIS TR A (PWN3) + LU 5 — B E R ©
R S AT - S B R 2 I T B S (PWMA) » L
PR A E B - |

REARTL BB Rk WA RN LRSS Bl E
#E FES—HERSHHERSRERE—DHEYR  HLERSH
T R I TS A0 — 0 A LU0 2 TR (V) A B ) S R B
AR UHRENERLERRZERN, V-V, EENEE
BEANERS > RPZEBESMHERSRER LS -

(H—HERTH  EENEWMAENRN - Ba @RS )R8
R (L) @ BEEBR (S ) KB R (L) (RGBS B2 © HAF R A0RTAT I

D)—SBERYIRERN(S ) REHEENZEERTHHESFTERL

BSH £ 18H (RERES)
# R A0202 1023270733-0
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[0018)

[0019]

(0020

[0021]

099140461

1024507 228 SEHER

M AUEZBAER R ERHNZERSZ(L)E  HNEEEREL -
FERUTREMERISNZMEBRNZEER
G)HEEEHLEFERE - @E RN/ 2E - S FEZENZEERITHG
RS HERYILEM (S ) - HPE— B2 GIEE A DU @ A B Hiin
ERERETERBRRBEE _ERIENRN X5 —EHHZEHE
HAE-SHIB—IERERBEE(PWM]) - —ERRE-EIERE

N

ﬁ

BIEE (PWM2) ; Hep -

25— IR R B (PVML) - BE—H—BIRN(S) E— B BIRN(S)
A E T LS B T A R — B (S, ) SRR BB (S,)
 HERAERG EEGHERE B E R, )

SAEE - BA—WHHERE  UNRERETAE—RARSHES
BB - AR — IR R TR (PN - BB S E
&%:ﬁ@%gﬁﬁﬁﬁwwm’éaﬁﬁ%ﬁ%ﬁmﬁﬁ»%uﬁaﬁ
~BHERRRLEE(, ) B 5 REHRETEAS— A6 -
R PR B G S B RS — WL VO B+ B I U

HEIRE R AREE (PVI2) - BE— BRI (S,) E—HIUBER(S,)
48 E L TR T AR 2 AT R S BB (S, ) SR TIBRA (S, )
 ERERE L HES WL ENRNEN  ANNSETRELE  §¥

BB (S,) BERS - A TV 2 R 8 W E

X B — IR B R E (PN ) 5228 IR AR (PYI2) - T

FH & 56435 %% %8 4 BEMSOFE TR #8 X -

REAZHCHE BN RE—EBERENREHCEERSERLERE
Hags > FEflanET - B H R B EE T EREEN S —ER I EIEE
HEGRIBSZMEK_MEMUE - HNREZ@EERRE - REHENEZIkE

B6H 18 H (SUERHESG)
K EEY? A0202 1023270733-0
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[0022)

[0023)

[0024]

1029E.077 220 BERER

BERBEIE(PWM3) - ALUZH S —ENERE LR A > JHgR
—EEAR - XAHENENIRE TR REEE (PWM4) - A LUZEHIE AT
E i i o

?_[:Pﬁfdi  IRABA AERRIEF CHERS EHNE RS S - KA
BE—ZETRES

(1) XAEPABFHREFHCEERSEGHE ﬁi@ﬁ%ﬁ‘l%"'mﬁtﬂ}”%ﬂ%‘!
HeEBEMR  TEIEEEHASNERZEERLN DENEERERT
BEEMEM—EERGL > FHAIBERENEERSERLEREHRSEE
T @AY - ERAREETERNSEG - FORE TRHEHEINER
HyFEIE -

(2) AHEPHBERSZERHERBFRSTHEHBO L RECEGTER &
Ik 18 5 B S e B e @ PR B AR - R B R S E R T o & T 48 0 —
EfiEL  FHERENEWMNEERERESRSEEEEE B
(pseudo-continuous conduction mode, PCCM) T - #5475 B% ZE36 N
HE B MR RBEREY MR FEHSREGENE L ERERBA
By BH B R PSR R

(B REHRA]

[0025]

099140461

BIBERBANEMCEERSERLERBRERK TER

FRERRES —EANRNCEERS EGHERBRE ~ER

BB REE2E < FARMZFIE 3 kS BRI EALE
BIBERRARACREWHREFHCEERSERHL E RS RSE —EE
ZBRLERER
BIEBRRAFACRENREHCEERSERHERBRSE — Tk
< N8 R FR s i e & B R LR TR AR R B

B|ITH £ 13H (RUREH)

K82 A0202 1023270733-0



[411210

1024F.078 228 HSILEERE

BEFRRARACREWRLEF CEERSERHEREBRSEE _HHEG)
ZERBERER
BIEFRRARAZA B R LI CEERSERHERGRSIE _HHE6
Z FARRE IS 5% K B L B FRAYAEGLE
FIEFRRARAC R ENREFNCEERSERMDENBRSEE _HiEH
ZIREm R AR E R ARHERBRCTER
BIERBEABR ABHRLEH  EERSERHERERESE %ﬁ‘@m
Z IR EFAS L ARG A ERRFRIZEFBEREE © DKk
BIOBEFRARAC REWREFNCHERSERMLERBRRE=Tk
Pl EBREEREH -

[(EiT=]
[0026] EHZHBIEREBARACABRREHCEERSERHEREBRSEE—

B0 B R EE - WEAT - AR AEHELHZETES
500 L 1 B R B 25 W T S P | BT B SR -
WA E T 22 B (V) IS R B B LR R TR A - SRS
SHMRHERG R ARIBE W E RS BBV, )
BB S22 BEE(Y, ) - BE—WIHE A5 2 BBV, ) BE B
B2 BIE(Y ) B - TR AE R BBV ) b -
TSRS -FHBEY /3 - BRBE— BN 2 BB (V)5 i
WHH1S2ZBE(Y, ) -

(0027] HEESHHEGHRER B2ERBRTH - S TEGIRIIN
(S )1 2REHEFIBALL - FESTAB R BR (V)RS EY -
T (DC-DC) By B — S LB v 1 51 2 BB (V, ) 0S5 — i H I 0 1 5202 %
B(V,)

E8H 4t 18 H (ZHRHES)
099140461 KB A0202 1023270733-0
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[0028)

[0029)

[0030]

[0031]

099140461

1024077 220 BERER

(DEBRTHL3  BENEAE T2 - (ReBTEBHR (S ) BRI (L)
FrABER - EEBAR (S ) R EREEE (L) (RELEBE B2 - BRI R 3%
HHETIRAB ARG & FIEHIBEFR (S, ) BASERE - e EEBAR (S ) LA
FIZBAEFR2EEEZERS(L)AHEER  WAHLERRRSHERS
(LBER - HRKSERS(LINERERFH —EX/NMIEREEA &
BB (S ) EXEERSHHERNAER | RFEEEFETBEN
(PCCM) AR EF BB (DCM) - BNEBHARBERSEER - ZEHERK
ZHmHE RS R ER | R FEEEHE@EEA(PCCY) © MEEER - &8
BERZBAHNEREGHRER B FETEHESEHEA(DCM) -

()2 BRYMRER(S )12 REEENZEERTHI3ESETERL
M ALEZMAERR 2 CERNZBERS(LIRE HREEERL -
SEERVEHMERKNGNEMERNSZFSER 25 ERYIZERM
(S )12 AR SR (pulse-frequency width modulation, PWM)
B TR - AR RIS 3R NI BASR 2 ABGL & B0 5% £ 428 1) 380 570 A
(S,)BAgERA -

(3)— AR | E BN R BRI RS S TR RN (S)
LS A B SR ER (Y )RR BRI R 1]
E—%AaE— IO LEFREE (P 141 - —BHEITRE KEH
RS (PVM2) 142 » B RIBUEL L 5 SRR HIAR 1 1 2 BAAR
BRI TIES, > MERHERIRIARG 6 - ¢ HERSAD
155 — R B0 482 56 8 (PWM 1) 141 B35 IR BB B0 428 (PWM2) 142 -

24— WK BLRE BB 46 (PWM1) 141 (REE 28— BARN (S ) B85 BB (S, )
MR A R B TR ¢ ROTEI R — BN (S ) BB
B (S, ) BASIA » LUSE A BV 28 B T 13 BB L E 8 —

BIH % 18 H (RERES)
KEE5R A0202 1023270733-0
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1024070 220 SEHSER

WMHERELS] B -WEERGSIESC BAHEAR Rx - HEd
EERRY,),  LTREZ\EENRKS2FEERBERHERE - MTEERR
Y ;

[0032] HEHFELT > RE—BHEELE(C) MR ERHFEEC,)THE
LERSWEESFHRE - (REENUE— KGR FRLE (PW1) 141
B BT | 5200 — IR ST (PWN2) 142 - WA
B (C ) ERS - LIS S BB 2R BE(Y) © Bt
—%  BEARETRAE—E 6 - FRERUENHERE(C)H
S A PR S22 0 AR i T -

(0033] BZE_IREREREE (PWM2)142 > BE— B =FR(S,) B — B
(S,)  CEHRZEWERIBHFIIAECL S B FRIEFHZKE=BM(S,)
 HEREEUBAR(S,)  BERERES (L BB WML EN] S VKER - Rk
HHAEERITRAE » EXEERM(S) Bl 0 HEWAERm2Z ERIE
HEBRTHDBBRLESIBE _BHERKIS2ZERV, ) - X &8Ik
i TR RS 1E (PWML ) 141 8228 — IR & 5 ER A 418 (PWM2) 142 » WHHE &
PSR E A BEMSOFETS M BRI FERK - TRAR - 54 BZERE
BERAFHHCERBERER  BEVERBRTUERAE T T
HZEERR °4

(00341 E523%%5 SE - 55 UE R 4 5 1 01 2 M 6 LA 9 2 o U SO . S 1
R TEE - REERE— BT ARE ¢ - ¢ 8¢ AR
% HHSHERYIREEN12 - B IEEEEEEEE (P 141 - B
R B S T (PWM2) 142 SR BB RTT 4 1 3 S B - WA
o7 (V) BE Y- B (DC-D0) % — BhE Vi1 512 B IR
(Vor) S48 “#HE VIR S22 T (V) : 885 B EBBEBE (L)

BI0H - 3£ 18 H (ZHRHAES)
099140461 # %P A0202 1023270733-0
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10Z%.07] 228 BERBR

B (BLER) > THERRENEEESHERENR] | - AREE
AREMALEHZEERSERLERNBRSBER THRAEBEERS RIZEH
e (freewheel charge-pump control technique, FCPC) - ZFEE G0
SEERGHRRZEER - BT Sori B o 6/ NE = 38 5 ba B By i B oh
HIRE -

[0035] HMRAREMER H MRAAERS - SEZHEAIREEE —IREEE

%ﬁ

BECE (PWM1) 141 8858 — IR A RAA B 2L E (PWM2) 14224 - BR S 2K
THUEMEERLT BREZMEBEARLT REHENE =G EER

BEE (PWM3) > AMEREZEERB L ROBEER  FE > JEER

BZEENR  RAHENENIRE TR FARIEE (PWM4) - ALZEHIZ Y

EERBAHIRER © FIL W UEE— D8 E 7 E S b RREE R -

(0036] FHSBBCERRARN L ABHREHL RERSERHERHRES
B 16 51 2 RS AT - AEFTT - RE—H RO FREBRS
L G B AR S — LA | 1 1 D — 3 W
B2 o B — LA | LA B R W (V) R B E

3 (DC-DC) My — B KT 1S 12 BB (V, ) B B s 1527
TV ) - BB RHSHEE L 2GEA BRI B (V) WREE
¥ - B (DC-DC) #9585 S LB Wi 1532 TR (V) 258 I LA B W0 1 54
ZBEV,,) -

[0037] AEHSI+  AEWREFCHERSEHHERBRS  RES—HEE
REMUEENERER H—THER]  ZEERSMHERELRER1R
R—WAEFM2ZER(V, AR ERIBHS ¢ ¢, - H

¢ FBGLEVRASE - ARG R EERRA 2R - @b B RANER L E G E
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