(57) Abstract: A DC/DC power converter is efficiently swtched to produce a
predet er m ned out put voltage across a |oad capac- itor as required by a
“load device. In particular, a capacitive and/or inductive elenent is
switched hejmeERNATIONARAPFEICGATIONGUSCISSEIENDER ZHEPATENT COQRERATION OREAXK (CH n t he
out put voltage. For a capacitive-only power converter, or charge punp,

¢ conparison of the out ut vol t age t 0 7@k Sher ence voltage efficiently

swi t ches(% Warly pert Orupaatioe ha L'TEJ,* ar ﬂlﬂlﬁﬁﬂlﬂﬂlﬂlﬂlﬂlﬂﬂlﬂ@lﬂ%ﬁﬂgﬂlﬂl S0,

'fﬁl
pover converter‘q'ﬁg? %‘\M t chi ng CRNMAE
synchronous gctgrlnfler Paﬂd t.oWthh to crarge thg}10 ﬂ?eg.aﬁ& bilefbon N§mpRde noOT e
' ' the o t
3 WO PR v

effi- cient t'ﬁ'r fﬁﬁ 13061 ?ESL: ﬁgﬂgﬁ'fe Pul se

predet erm n

01553 Al

(51) International Patent Classification’; HO2ZM 3/158 (74) Agents: REED, T., David et al.; The Procier & Gam-
‘ble Company, 5299 Spring Grove Avenue, Cincinnati, OH

(21) International Application Number: PCT/US00/17272 45217-1087 (US).

{22) International Filing Date: 23 June 2000 (23.06.2000) (81) Designated States (national): AE, AL, AM, AT, AT (util-
ity model), AU, AZ, BA, BB, BG, BR, BY, CA, CH, CN,

(25) Filing Langnage: English CR, CU, CZ, CZ (utility model), DE, DE (utility modcl),
DK, DK (utility model), DM, EE, EE (utility model), ES

(26) Publication Language: English FI, FI (utility model), GB, GD, GE, GH, GM, HR, HU, ID,

(30) Priority Data:
60/141,119 25 June 1999 (25.06.1999) US

(71) Applicant (for all designated States except US): THE
PROCTER & GAMBLE COMPANY [US/US]; One
Procter & Gamble Plaza, Cincinnati, OH 45202 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): NEBRIGIC, Dra-
gan, Danilo [YUMUS]; 4155 Mill Crest Drive, Indian
Springs, OH 45011 (US). GARTSTEIN, Vladimir
[US/US); 11187 Huntwick Place, Cincinnati, OH 45241
Us).

IL,IN, IS, JP, KE. KG, KP, KR, KZ, LC, LK, LR, LS, LT,
LU, LV, MA, MD, MG, MK, MN, MW, MX, NO,NZ, PL,
PT, RO, RU, 8D, SE, SG, S, SK, SK (utility model), SL,
T, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ,MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, [E,
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG,
CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:
With international search report.

[Continued on next page]

(54) Title: DYNAMICALLY-SWITCHED POWER CONVERTER

VOLTAIC
2 o
1IN
g HR4

(57) Abstract: A DC/DC power converter is efficiently switched to produce a predetermined output voltage across a load capac-
itor as required by a load device. In particular, a capacitive and/or inductive element is switched between a charge and discharge
state as required to maintain the output voltage. For a capacitive-only power converter, or charge pump, comparison of the output
= voltage to a reference voltage efficiently switches a fly capacitor between charging and discharging states. Also, power converter
™ based on switching of ar inductive element with a synchronous rectifier and switch to charge the load capacitor is made more effi-
cient by a hysteretic comparison of the output voltage to predetermined thresholds for stopping the Pulse Width Modulation (PWM)
modulation when the predetermined output voltage is achieved. The power converters illustrated are suitable for integrated circuit
implementation and may be combined with other elements of a battery to produce a more efficient battery, achieving longer service

life and output voltage stability.
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