1 SW TCHED CAPACI TOR REGULATOR FOR DRI VI NG H GH LOAD CURRENT AND METHOD
THEREOF Field of the Invention [0001] The present invention relates to
swi t ched capacitor converters for providing stable voltage sources for
sensitive applications. In particular, this invention relates to a

swi tched capacitor regulator for driving high |oad current and net hod

t hereof . Background of the Invention [0002] Switched capacitor converters
are often used as voltage regulators to provide stable voltage sources for
| ow vol tage applications. When used in electronic applications having
physi cal si z8 WEFSHERN 6AP A GIOR REGURAT QREQORMRIVINGHHIGRLOAPe of t en
i npl enent ed usi ng i nt egr SERRENEANDMEBHODETHERBOEXt er nal  capaci t ors.
[ 0003] However, such switched capacitor converters are di sadvant ageously
limted to providing |lowload currents for the | ow voltage applications.
Wth enmerging | ow voltage applications requiring higher load currents to

drive nore.demandi ng  applications, present day sw tched capacitor

converte&éel‘ngaﬁd‘i?ﬁgV“l}ﬁabl e to deliver the higher load currents required.
[ 0004] One such exanple of a | ow voltage application requiring higher |oad
currents is in the field of mniature hard disk drives. An exanple of which

is the |BM Mo9ptidiThe presSudhvarition a¢lates thswitbhdd skpaditovemvearters fgnmrewting | ow
vol t age devices,, havi ng controol li ng neans such_as processors power by the
ovi toh capact SaPIe CUPREREEES RGFIIRE SNERITCH REHPrG AR YPBod SR ves.
the switched gapaGitdhRH casRitdLlcktlatd? Fold@avidg hfohAbsPctRG# a8dmethvd Sierédrer . 2
[ 0005] An exanple of one inplenmentation of a prior art sw tched capacitor

converter is shown in FIG 1. The circuit architecture conprises a punping

Background of the Invention

[0002] Switched capacitor converters are often used as voltage regulators to
provide stable voltage sources for low voltage applications. When used in
electronic applications having physical size constraints, such switched capacitor
converters are often implemented using integrated circuits together with external

capacitors.

[0003] However, such switched capacitor converters are disadvantageously limited
to providing low load currents for the low voltage applications. With emerging low
voltage applications requiring higher load currents to drive more demanding
applications, present day switched capacitor converters are simply unable to deliver

the higher load currents required.

[0004] One such example of a low voltage application requiring higher load
currents is in the field of miniature hard disk drives. An example of which is the
IBM Microdrive. Such miniature hard disk drives are typically low voltage devices
having controlling means such as processors powered by the switch capacitor
converter provided. With such miniature hard disk drives, the switched capacitor

converter on board is also necessarily smaller.




capacitor 15, a load capacitor 17, two pairs of sem conductor sw tches (11,
14 & 12, 13) and a DC voltage source 22. The prior art switched capacitor
converter 10 operates on the principle of charge bal ance transfer. The two
pairs of sem conductor switches are configured to operate the prior art
swi tched capacitor converter 10 continuously alternating between a
charging stage and a di scharging stag [0006] In the charging stage, the
first pair of the sem conductor switches (11, 14) are closed, and the
second pair ([02p5]13n exanplperfedne dapfEmangatidneoDE@ pradrt agesveituhed ecap2@tdro t he

punpi ng capacitor 15. The pu capacitor .15 js further coupled in
series to thec?lbvﬁateﬁéi)ég‘?‘f’grlg%&glln t SCIEQ%@Fh%?}FWeC%%RﬁSFBraSPIgPBmg

charged. [000&lhakflof 11 dioag RE521t89 17198 paits T sbini@hnaBabs swicHeB®11, 14 &
sem conductor switches (11, '14) are opened, and the second pair of the

sem conduct or 13wi%) ehdg QA Foltagd)soarce 22¢c| Veautjor de-svagpéd eapatite qoamgriend 0
capacitor 15 fromthe vol.t a squr,ce 22. .The unpi n apacitor 1

remai ns coupl 88°FHt AR SaHm&%{_g%ciO?o?haﬁ? arll"mtcﬁi gg%{}grge?rﬁ%ﬁ?@hg?‘éf _noj
occurs, Wi th theicondRidSwWaRRECAE Yonfigurdl 36 Bpédicnte bfiof AR sWteReLCapasitdror

17, while the |oad capacitor 17 continues to provide current to the
attached appFémgrieohl cotfnuously ialiemating beevesata dhgrattestggnandandisdhareingr gi ng
st ages of thet erior art switched capacitor converter 10 regul ates the
desired vol taﬁ'é1 of the attached application. [0008] However, the prior art

swi t ched capacitor converter disadvantageously allows for only | ow | oad
currents to be drawn by the application. Increasing the ratings of the

punpi ng and | B288lc hpthei charaing sagg. |tgniirss paisiof it sqmyjgendugior switshe @4, 14)

di sadvant ageoysl sul A e Sk Galnsl
capacitors angl% %?1%8’0#13&}; %e@g@&;ﬁﬁ Qg E?)Zﬁe F’Bﬁﬁg\] cogi%gé &?err%‘?é% rrgerlé)efastoiwc}%s of
the prior art23w tiehpengiapaapdeitor ¢ SNVidketprImpingvagacesr Blihi faghpuoqiphg in

capaci tors and cascadi ng them by _having addjtional 3
P series to the loa?d capacrptor){l In thlsg stage, {)oth capacitors are charged.

[0007] In the discharging stage, the first pair of the semiconductor switches (11,
14) are opened, and the second pair of the semiconductor switches (12, 13) are
closed, de-coupling the pumping capacitor 15 from the DC voltage source 22. The
pumping capacitor 15 remains coupled to the load capacitor 17. In this stage,
discharging occurs, with the pumping capacitor 15 discharging to the load capacitor
17, while the load capacitor 17 continues to provide current to the attached
application. The continuous alternating charging and discharging stages of the
prior art switched capacitor converter 10 regulates the desired voltage of the

attached application.

[0008] However, the prior art switched capacitor converter disadvantageously
allows for only low load currents to be drawn by the application. Increasing the
ratings of the pumping and load capacitors to allow for higher load currents also
disadvantageously results in the increase of the physical size of the capacitors and

the overall architecture.

[0009] Other implementations of the prior art switched capacitor converter

involves adding pumping capacitors and cascading them by having additional




sem conductor switches to couple themtogether during the charging and

di schargi ng phases. However, this inplenentation di sadvantageously requires
the wuse of nore sem conductor switches and al so i ncreases the physical
size of the overall architecture. [0010] Therefore, a need exists for an

i nproved switched capacitor converter architecture having size constraints
for driving high |load currents for | ow3voltage applications. Summary of
the Invention [0011] The present invention seeks to provide a swtched
capaci tor regsémaicondfictor sitchengoht@iplé ademc twgeeidr sdufifi) kR4 chargingliangl y, in
one aspect, the present invention provides a switched capacitor requlator
for driving hAigaharging nhassse AHawevep dhig implepsniatign dBdyadageeBH) FIRITRY

punpi ng capaci,tobs nfvrd 98HicoRRRGhL MitcREGnA AN UfiRldabds BE pRYLLEANES: of IR
nhe regul at or

plurality of swtches are configured to place t Into a first
char gi ng st ageveralhdichittdterenat el y, a second charging stage. In the first
charging stage, the DC voltage source is coupled in series to the punping
capacitor which is further <coupled in series with the |oad capacitor such

that current {go@s) rherefirey Q! ded8%xiOY6LC 8 GRBFBRA §Vﬁ?0lﬁﬂ%ﬁ5]&t(ﬁ%%ﬂt&* and
the | oad capacitor 1n a first direction. In" the second chargi ng stage, the

DC vol t age soarchiedtsredmypigesizé porstraingsionidrivinghlegh poadpiumgntsafonbdw seltagei ch i s
further coupled.in.series with the |oad capacitor such that current from
the DC vol t agBPRISAHS: char ges the punping capacitor in a second direction
opposing the first direction and the |oad capacitor in the first direction.
[0013] In a second aspect, the present invention provides a nethod for
operating a sw tched capacitor regul ator having a punping capacitor, a

| oad capg@ci tor l.urality of switches. The plurality of switches are
confi gurg&"i%a's’loggge?wee%ﬂlpggul ator into a first charging stage and,
alternately, a second charging stage. The nethod conprises the steps of
(a) placing the recllul ator into the first charging, stage

[0011] The present invention seeks to provide a switched capacitor regulator for
driving high load currents.

[0012] Accordingly, in one aspect, the present invention provides a switched
capacitor regulator for driving high load currents from a DC voltage source
comprising a pumping capacitor, a load capacitor, and a plurality of switches. The
plurality of switches are configured to place the regulator into a first charging stage
and, alternately, a second charging stage. In the first charging stage, the DC
voltage source is coupled in series to the pumping capacitor which is further
coupled in series with the load capacitor such that current from the DC voltage
source charges the pumping capacitor and the load capacitor in a first direction. In
the second charging stage, the DC voltage source is coupled in series with the
pumping capacitor which is further coupled in series with the load capacitor such
that current from the DC voltage source charges the pumping capacitor in a second

direction opposing the first direction and the load capacitor in the first direction.

[0013] In a second aspect, the present invention provides a method for operating a
switched capacitor regulator having a pumping capacitor, a load capacitor, and a
plurality of switches. The plurality of switches are configured to place the
regulator into a first charging stage and, alternately, a second charging stage. The

method comprises the steps of (a) placing the regulator into the first charging stage



4 by coupling a DC voltage source to the punping capacitor which is further
coupled in series to the |oad capacitor and (b) placing the regulator into
t he second charging stage by coupling the DC voltage source to the punping
capacitor which is further <coupled in series to the |oad capacitor. In the
first charging stage, current fromthe DC voltage source charges the

punpi ng capacitor and the | oad capacitdr in a first direction. In the
second chargi ng stage, current fromthe DC voltage source charges the
punpi ng capacby oouplingarDG pplisgegpuseedortik plimgiog capacaomcwbiak i matier capkdi t or
inthe first direction. 014] .In a,third,aspect, the present invention
provides a swiht %@ﬂ%ﬁﬁﬁé&q caplm%am éh»pﬁacfr&%tgamgwml foghe Sesind Chieia o
froma DC vol Lgens esiptfieRIDU wilfige dotrcé & the piiphill capadiff AcISWi fufher a
third swtch, a fourth switch, a punping capacitor, and a |oad capacitor.

The DC vol t ageoupbesd ineseiies oabplaad capacitof.i krsthe dinst chargingestagesrpument fivapthei t or
via the first i t.ch. The vol ,age source is furthe oupled to econd
end of the pull 1B aEee Sk ra e TR fepeten A BT Pagtor i BriE ne
punpi ng capagjrb&@fonl. SIf Wid E’&*onﬁct!lﬁ(kjgﬂﬂ tstagd, thfredt 68 @k Dbevdipgd seapeci t or
via a third switch. The second end of the punping capacitor is further

coupl ed to thehdrgestheepumpingt ¢apaciterath empwppsiog sefendadirestiathardithe fpadThe
first swtch and the fourth.switch are closed and the second and third
switch are opg%éaﬁ?rénE)l?ea%répqlﬁégu%‘guI ator into a first charging stage. The
second and third switch are closed and the first and the fourth swtch are
opened to place the regulator into a second chargi ng stage. [0015] .

Accordi ngly, [9914] fmarthirdaaspeet the peessne sbmentipmpEAYIHeh apyWoiiehed scapagifert em

for driving pi 0 | Ltar : ol t age
sour ce.  and-arueiondof $HaE Elhiiond e AR TP FCk AR sob RO, BRling AP |
conpr ihses ahpsm?)ém gl secadasvitchy a thard svetthea fiaciht switchaa pummpimigwapaditoy, and a
switches. The plurality of switches are ¢onfigured to plac he regul at or
into a first KR4rgPAdtoEt dde Rharoliags é?‘Hﬁ?éﬁiP,ng“f‘% Ot meeﬁ&?éﬁ%awpgge. In

the first chapgiRgoSHaek firsh\&vildh. iHeBOSoRPLGErck 35 HPHUB! &Hipled to a second

end of the pumping capacitor via the second switch. The first end of the pumping
capacitor is further coupled to a first end of the load capacitor via a third switch.
The second end of the pumping capacitor is further coupled to the first end of the
load capacitor via a fourth switch. The first switch and the fourth switch are closed
and the second and third switch are opened to place the regulator into a first
charging stage. The second and third switch are closed and the first and the fourth

switch are opened to place the regulator into a second charging stage.

[0015] Accordingly, in a fourth aspect, the present invention provides a system for
driving high load currents, a switched capacitor regulator, DC voltage source, and a
low voltage application. the switched capacitor regulator comprises a pumping
capacitor, a load capacitor, and a plurality of switches. The plurality of switches
are configured to place the regulator into a first charging stage and, alternately, a
second charging stage. In the first charging stage, the DC voltage source is coupled
in series to the pumping capacitor which is further coupled in series with the load
capacitor such that current from the DC voltage source charges the pumping
capacitor and the load capacitor in a first direction. In the second charging stage,

the DC voltage source is coupled in series with the pumping capacitor which is




in series to the punping capacitor which is further coupled in series with
the I oad capacitor such that current fromthe DC voltage source charges

t he punping capacitor and the |load capacitor in a first direction. In the
second charging stage, the DC voltage source is coupled in series with the
punpi ng capacitor which is 5 further coupled in series with the |oad
capacitor such that current fromthe D& voltage source charges the punping
capacitor in a second direction opposing the first direction and the |oad
capaci tor in finehdridonplediinaetieowithBhe dbadespacitpt suzh thit durenDfimm tigsDL0016]
Enbodi nents of the present invention will now be nore fully descrlbﬁg by
way of exanpl ¥oltage yourcss dhaggrsdhe aumﬁ@goﬁammgn@fsemdcwreorﬂeefppow

illustrates aﬁ% rdﬁlé{:ﬁo dalrﬁ%@f@a& R{)jﬂ AhEikst ?%&ﬁ)ﬂed capacitor converter;

[0018] FIG 2 1l1lus tes & ity iagramof a sw tched capacitor

regul ator for driving higher |oad current in accordance to a preferred
enbodi nent; [0019] FIG 3 illustrates a bl ock diagram of a system having
the switched capacitor_ regulator in accordance to the preferred

enbodi meMrief Beseriptiop oletheIramings [ 0020] In the fol | owi ng descripti on,
details are provided to describe the preferred enbodinents of the
invention. It shall be apparent to one skilled in the art, however, that
t he enbodi men{@1epEniwdinas of e présthdutesiontwitleioal besmofsofuly describbédey
details may not be descri bed t | eng tﬁ 30 as naot tﬁgobscure the preferred
enbodi nent s. P‘@@?fFX%RPLFCWE]éI s5a¢s (odhe drayingsiobmdidhsed particularly in
mniature hard disk drives are often i npl emented using integrated circuits
together with external capacitors. Such switched capacitor regulators are
required to didod® EIGhdr illustrdtes ua cantis dimgramy ef anpriot aitnswitched| ¢apshipet cal

si ze.
converter;

[0018] FIG. 2 illustrates a circuit diagram of a switched capacitor regulator for

driving higher load current in accordance to a preferred embodiment;

[0019] FIG. 3 illustrates a block diagram of a system having the switched capacitor

regulator in accordance to the preferred embodiment.

Detailed Description

[0020] In the following description, details are provided to describe the preferred
embodiments of the invention. It shall be apparent to one skilled in the art,
however, that the embodiments may be practiced without such details. Some of
these details may not be described at length so as not to obscure the preferred

embodiments.

[0021] Switched capacitor regulators used particularly in miniature hard disk drives
are often implemented using integrated circuits together with external capacitors.
Such switched capacitor regulators are required to drive higher load currents and

yet maintain a small physical size.



6 [0022] Referring to FIG 2, a switched capacitor regulator 20 in
accordance with the present invention conprises a DC voltage source 22, a
plurality of switches 11, 12, 13, 14 a punping capacitor 25, and a | oad
capacitor 27. [0023] The swi tched capacitor regulator 20 may be i npl enent ed
in avariety of different |ow voltage applications. Referring to FIG 3, a
systemis shown having the switched c#&pacitor regulator 20 for a | ow

vol tage application, an exanple of the |ow voltage application being a
control i ng ngoag Refdrring do Fi@i 2Ataswitdteddagacitor refulater 2@ in p@ORdbncd Math
plurality of switches, 11, 12, 13, 14 pmy conpri se_sem conducfor. .sw {ches

i npl enent ed i Mehresent Bypaticampresgs ¢ QG vyltageiseurge aiaﬂ Plﬂlffaq’&f Oé%w%lﬁ&hn,
12, 13, 14, an Rf i e i pacitor regul ator 20
conti nuously §?1§$%£€?ﬁgﬁ§3%&‘§ﬁ&§9 i?&?§@E§$éiE§gg?gge and a second
charging stage. The plurality of switches are controlled |inearly when
connecting to_both, the firs chargin t age and t.he secand.chargi ng stage.
[0025] The switetod e Spitehith permeor i budh e HHLSFES i NeHFD e
circuit conf liguhéit10@-voltage MiplitaliéRIRAIHAE S REG! $ LOYRNEH dhowa Havingt end
of the punping capacitor 25 via a first swtch 11." The DC vol tage source
22 is furt her theowpiched capagitorsegdatdr 80 florar lowtwelipgapintigatierp asickanple 5f thea t he
second switch,12. [0026 lThﬁ fibrst end tarlﬁ t he seggr}d end. of ! ear@langl)(i ng
capaci tor 25 X8 VPHP§SarPlicaon bsipe; 3 contfoling mEans gf PR & MEIAweRnd 4% 27
via a third switeb 13 and a fourth switch 14 respectively. The second end

of the | oad capacitor 27 is grounded. [0027] A nethod of operating the
swi t ched capacitor regulator 20 conprises the steps of alternately

connecting be n-a first. charai tage, a o] r gl e. In
the first chaidg? g@f’ apg}‘él%th ((a)?fsigvrn!s}'g4 e%vl\n?t g?‘f ﬁ’ g“n?@’hg&f\gﬁr&t %@%0?%?%4 are
cl osed, whil eswhehssdaplenaied thanl ditepisted bRclin (10). SWetptivalify off sviaghenl1,The DC

vol tage source 22 is thus coupled in series to the punping capacitor 15 via
the first 12, 13, 14, are configured to operate the switched capacitor regulator 20

continuously alternating between a first charging stage and a second charging stage.
The plurality of switches are controlled linearly when connecting to both the first

charging stage and the second charging stage.

[0025] The switched capacitor regulator 20 essentially has an H bridge circuit
configuration. The DC voltage source 22 is coupled to a first end of the pumping
capacitor 25 via a first switch 11. The DC voltage source 22 is further coupled to a

second end of the pumping capacitor 25 via the second switch 12.

[0026] The first end and the second end of the pumping capacitor 25 are further
coupled to a first end of the load capacitor 27 via a third switch 13 and a fourth

switch 14 respectively. The second end of the load capacitor 27 is grounded.

[0027] A method of operating the switched capacitor regulator 20 comprises the
steps of alternately connecting between a first charging stage and a second charging
stage. In the first charging stage, the first switch 11 and the fourth switch 14 are
closed, while the second switch 12 and the third switch 13 are open. The DC
voltage source 22 is thus coupled in series to the pumping capacitor 15 via the first

switch 11. The pumping capacitor 25 is further coupled in series via the fourth



switch 11. The punping capacitor 25 is further coupled in series via the
fourth 7 switch 14 to the |load capacitor 27. In the first chargi ng stage,
current flows from the DC voltage source 22 and charges the punping
capacitor 25 and the |oad capacitor 27 in a first direction. [0028] In the
second charging state, the second swtch 12 and the third switch 13 are
closed, while the first switch 11 and tthe fourth switch 14 are cl osed. The
DC voltage source 22 is now coupled in series to the punping capacitor 25
via the secopwitshvl{ e theAdoad bepapiiemd T glrcthp dbtt dhargde btagd, watrbetrflomufrbmd in
series via the third switch 13 to the |oad capacitor 27. The punpin

capaci tor 25 the Réwsolsige wuigs 24 apd chpepdthe grmpye sHarie 22 an& the IQ?gposi ng

direction from a@ﬁ&rﬁintarf‘rs{&igeﬁion(:hargi ng stage. The | oad capacitor 27
continues to recelve curren romthe DC voltage source 22 in the sane

direction as in the first charging stage. In the second charging stage,
current flows fromthe DC vpltage source 22 and charges.the_ .punpi
capacitor 25 M98k ft eossa%cgﬂ&églpsrst% the,pesend Shigh 52%%1& @gﬁas%’?&cﬁ?wzs i s
charged in an j3n L [ i 3 LI TR/ DS
aRPHBRINALRE P first g\wﬁ%gﬁn@’gﬁ% BubliSwi@R]4CAPERLL  TH/DE

charged in t rrst direction. e swtc capaci tor regul ator
20 of the preseltigd sonecet 25 noweoupleiltintsenigs ethaqempihg cipacgbr 29 aggethend t he

second stage results.] h unpi ng capaci tor. 25 being .charged in osin
di rections, mﬁ?qoé‘dtSWétCBoléd%?lgg cﬁﬂg‘ﬁ‘@r ESI‘%@@%@P&@“@ Hb?%ﬁ’& Vilzhg{)eﬁe )
same di recti oghirdBRitt102Y 16 WRARIaH Vapcitor 27! Mg ?giéﬁag A&E@d‘@@@sii@ Ha®efert he

[

1
first charging stage and the second charging st . A higher |oad current
can thus be adeadeditpetbadQ voltagarsotirco 22tihen oppositgdirectiondionpthat pEthglfistor 20

f th ' i on, . di | v _be d f h DC
Vol 1 age. sour o8 B e TS el RaliloE Py Rnisy STk SRR IRBE 55

This advant ageRpai! urde20Uh thd\@nfeafiRetiby adin thd GrfdehRbig seaBATH telseddnd 0 be
greatly reduced as it acts mainly as a buffer in the present sw tched
capaci t or regghagsg stage, current flows from the DC voltage source 22 and charges the
| pumping capacitor 25 and the load capacitor 27, albeit the pumping capacitor 25 is
charged in an opposing second direction while the load capacitor 27 is charged in

the first direction.

[0029] In the switched capacitor regulator 20 of the present invention, the
switching between the first stage and the second stage results in the pumping
capacitor 25 being charged in opposing directions, while the load capacitor 27 is
always being charged in the same direction. The load capacitor 27 is thus being
charged in both the first charging stage and the second charging stage. A higher
load current can thus be advantageously drawn from the switched capacitor
regulator 20 of the present invention, as the current can directly be drawn from the
DC voltage source 22 and there is less reliance on the pumping capacitor 25. This
advantageously allows the capacity of the pumping capacitor 25 to be greatly

reduced as it acts mainly as a buffer in the present switched capacitor regulator 20.

[0030] It will be appreciated that although the embodiments have been described in
detail, various modifications and improvements can be made by a person skilled in

the art without departing from the scope of the present invention.



[0030] It wll be appreciated that although the enbodi nents have been
described in detail, various nodifications and i nprovenents can be nade by
a person skilled in the art without departing fromthe scope of the
present invention. 8 Clains 1. A switched capacitor regulator for driving
high load currents froma DC voltage source conprising: a punping
capacitor; a load capacitor; and a plw@ality of switches; the plurality of
swi tches being configured to place the regulator into a first charging
stage andClammhg¢ ernately, a second chargi ng stage; wherein in the first
chargi ng stage, the DC voltage source is coupled in series with the

punpi ng capacitor which is further coupled in series with the |oad

capaci t o suchy Lhatned b il LA 6; BE QA58 AHERs A 495C BRI g

capaci tor "and apacit in a rection; erein Tn the
second chaunge ngmptisigg, the DC vol tage source is coupled in series wth the
punpi ng capacitor which i,s further coupled in series with the | oad

capaci t or sucRPUIPHRE CARAFEHE from the DC vol tage source charges the punping

capacitor in %léﬁf@aﬁbgcitogjélﬁpti on opposing the first direction and the | oad
capacitor in the ti irection. 2. The switched capacitor regul ator of

claim 1, whereiplumhe qflswitahésty of switches conprises a first switch, a
second switch,, a third swi.tch and a fourth switch. 3.. The switched .
capaci tor regUiRRLG; O%Vg}%e%,g‘el%g?%t?%‘r‘?ﬁ@ p&e\%&‘ﬁ fegylatar ifp @ lrFtsC%aIngﬁ?pl ed
to a fi r%{ag@ggd,giteﬁﬁ@bgldrgg&d}ﬂ&@ } §t8de;via the first switch; wherein the
DC vol tage source is further coupled to a second end of the punping

capaci tor vi a wheeeis éx thedirsigharging wage.dhen DCheoltage sourenis eoupleddn perisiwith
capaci t Orthei Sur;xgirnfg Qg{)ac?tgy Qvlhlec% its %n%hefricgaf)leg 'i]rg se?{es with the load capacitor such that
current from the DC voltage source charges the pumping capacitor and the load capacitor

in a first direction; and
wherein in the second charging stage, the DC voltage source is coupled in series
with the pumping capacitor which is further coupled in series with the load capacitor such
that current from the DC voltage source charges the pumping capacitor in a second

direction opposing the first direction and the load capacitor in the first direction.

2. The switched capacitor regulator of claim 1, wherein the plurality of switches

comprises a first switch, a second switch, a third switch and a fourth switch.

3. The switched capacitor regulator of claim 2, wherein the DC voltage source is
coupled to a first end of the pumping capacitor via the first switch;

wherein the DC voltage source is further coupled to a second end of the pumping
capacitor via the second switch;

wherein the first end of the pumping capacitor is further coupled to a first end of
the load capacitor via a third switch; and

wherein the second end of the pumping capacitor is further coupled to the first end

of the load capacitor via a fourth switch.



the | oad capacitor via a third switch; and wherein the second end of the
punpi ng capacitor is further coupled to the first end of the |oad
capacitor via a fourth switch. 9 4. The swi tched capacitor regul ator of
claim3, wherein the first switch and the fourth swtch are closed and the
second and third switch are opened to place the regulator into a first
chargi ng stage; and wherein the second9and third switch are closed and the
first and the fourth switch are opened to place the regulator into a
second cHar gi e stvitcieed dapacitoredgubudor affclaime3, atlicngin ghesfivist obhiedh andphe fduoth

regul ator having a punping capacitor, a |oad capacitor, and lurality of
swi t ches ,Sth%arﬁmkesaﬁiagE thet Segwacf @rf{egutﬁeﬁmth@éﬁppﬁﬁa deyplage the r&e@a@’ﬁ doto a

regul at og.di RE9- ﬁl fit2{§§ta1fahargi ng stage and, alternately, a second charging
stage, the rreg gcf ohprising the steps: a. placing the regulator into the

first chargi ng/hstegthelsecamiigpld thrdswitch\and tlagel arslothe desttandtthe fquithpiwiteh
capacitor which is further coupled in series to the | oad capacitor; b.

pl aci ng PIEPERYLIOAIRSE eh{egu]?aﬁ)é ‘@86‘(?%9”@&5‘?@1%5%5%% by coupling the DC

vol tage source to the punping capacitor which is further coupled in series
to the load capacitor; wherein in the first charging stage, current from
t he DC vbl t agé melhod doraiperagiog atswatchedipgpanidoraaglatior baviega pumpingcagaattepaci t or

from 1 heaigsdasprclsd tn LR Se'iBhin el EXEhPO et B
di recti 0plae® BRSlepElatoh tith arfitt dﬁbfgeﬁgs.i;tgge A altbifateBad sepB@Bhiglg dtapel iR first
m o,

direction. 6. The nethod of cl ai wherein the plurality of sw tches
conpr i sesethodiqosprisimgtthhisteps: second switch, a third switch and a fourth

i\cl)mul};)fgd 38 ;' ]aIT ?g t B‘fe%%{] %g%lg ];eg%la?(i)rq]n% th\é\@i?srtecihgrgﬁr&%tg)g% ngéotuﬁﬁgg ABE Q/gmig%
source to the pumping capacitor which is further coupled in series to the load capacitor;

b. placing the regulator into the second charging stage by coupling the DC
voltage source to the pumping capacitor which is further coupled in series to the load
capacitor;

wherein in the first charging stage, current from the DC voltage source charges the
pumping capacitor and the load capacitor in a first direction; and

wherein in the second charging stage, current from the DC voltage source charges

the pumping capacitor in a second direction opposing the first direction and the load

capacitor in the first direction.

6. The method of claim 5, wherein the plurality of switches comprises a first switch, a

second switch, a third switch and a fourth switch.




t he punping capacitor via the first swtch; wherein the DC vol tage source
is further coupled to a second end of the punping capacitor via the second
switch; wherein the first end of the punping capacitor is further coupled
to a first end of the |oad capacitor via a third switch; and wherein the
second end of the punping capacitor is further coupled to the first end of
the | oad capacitor via a fourth switch108. The nethod of claim 7, wherein
the step a. further conprises the steps: al. closing the first switch and
t he four7h swirhe hietlividofadainDpewhdrgintthe DX ealtiuge Suiutce s enublddhe at fivist ehdsoti t ch.
9. The nethod of claim?7, wherein the step b. further conprises the steps:
b I. cl ofieiymnee caaeiry dthedHstamdiclhe third switch; and b2. opening the

first switch %Qgﬁxbﬁlefﬁé%*ﬁgg%‘@réxg%]ﬂn}lé OMblBNE S LBRRCLLOSS théguﬂnﬁ]@%r for

driving high load currents vol tage™ source conprising. a first
switch, aamettanda theisecdnd switchi rd switch, a fourth switch; a punping

capacitor; and.a |l oad capacjtor; wherein the DC vo]tage urce.is coupl ed
to a first en&’hS’Fe“%ﬁ}? %@Eﬁ‘i‘%ﬁpwﬁﬁ%‘{@m‘% CaRACUox ’ﬁgu#‘?r ug ttEﬁ;ﬁr%%ﬁe&g t he
DC vol t agg |RHERSeildt idh IiRIiRHPhee Lo a second end of the pumping

capacitor via the second switch; wherein the first end of the punping
capaci tor is fhetcirethecoomidechdtaf the pumping @aphcgbr istthshércmdpled pathictfost enda a

third switch; and wherein the, second end of the punping capacitor is
furt her 8%)&]&1%"31%Baﬁlﬁéquaré’t“ﬂgﬁa’mgf the | oad capacitor via a fourth
switch; wherein further wherein the first switch and the fourth switch are

cl osed and the
8. The method of claim 7, wherein the step a. further comprises the steps:

al. closing the first switch and the fourth switch; and
a2. opening the second switch and the third switch.

9. The method of claim 7, wherein the step b. further comprises the steps:
bl.  closing the second switch and the third switch; and

b2.  opening the first switch and the fourth switch.

10. A switched capacitor regulator for driving high load currents from a DC voltage
source comprising:

a first switch, a second switch, a third switch, a fourth switch;

a pumping capacitor; and

a load capacitor;

wherein the DC voltage source is coupled to a first end of the pumping capacitor
via the first switch;

wherein the DC voltage source is further coupled to a second end of the pumping
capacitor via the second switch;

wherein the first end of the pumping capacitor is further coupled to a first end of
the load capacitor via a third switch; and

wherein the second end of the pumping capacitor is further coupled to the first end
of the load capacitor via a fourth switch;

wherein further wherein the first switch and the fourth switch are closed and the

second and third switch are opened to place the regulator into a first charging stage; and



second and third switch are opened to place the regulator into a first
charging stage; and 11 wherein the second and third switch are cl osed and
the first and the fourth switch are opened to place the regulator into a
second chargi ng stage. 11. The switched capacitor regulator of claim 10,
wherein in the first charging stage, the DC voltage source is coupled to

t he punping capacitor which is furtheritoupled in series with the |oad
capacitor such that current fromthe DC voltage source charges the punping
capaci t or andwhhein tmdsecapbad: thirdiswitahfare slosai arglcthe dinst ahd th frargveivitched
capacitor regqul ator of claim 10, wherein.in.the second charging stage, the
DC vol ta ?gﬁ?ditg Hliceé%wgglg}qrr’fﬁg@rSF‘éoéld\ﬁhﬂ’gnﬁéa%?unpi ng capacitor which is
further coupled in series with the | oad capacitor such that current from
the DC voltage source charges the punping capacitor in an opposing second
di rect i ohl.andThewitekad esmpeitartregulater of hlairhj10s wheieineint the dirsticharging ylegem f or

driving Qi o] currents co | Sl,ng: . a swtched capaci reqgul at.aor; a
o vol ¢ aJie RGuRAEe® ShiEE LT rORTBL I UG Puaind SRl RETE hbs S ARe
capaci t Oerfe8 Ot tH 1060 FRFACHES such BERIRGt SRR OC; voltagé 06ece @pagtd e; and
a plurality of switches; the plurality of sw tches being configured to

pl ace t hewnpiggicapasitor sdthe Iqadicgpacitening fitst disectigs. and, alternately, a second
chargi ng stage; wherein in the first charging stage, the DC voltage source
is coupled in series with the punping capacitor which is further coupled

in serie$2w t Thé beittleddtapanacidzalatcweoldimdn, whetelntintthd scoond Elerdg vagé,age
source charges the punping ca[l)acj tor, and the load capacitor_ _in a fjrst
di r ect i ofte Brdvoliaes epwrcs is sompladimosegios mathythe pusaning canaggowhisdy 1 dgghetour ce
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charges the pumping capacitor in an opposing second direction and the load capacitor in

the first direction.

13. A system for driving high load currents comprising:

a switched capacitor regulator;

a DC voltage source; and

a low voltage application;

wherein the switched capacitor regulator comprises: a pumping capacitor; a

load capacitor; and a plurality of switches;

the plurality of switches being configured to place the regulator into a first charging

stage and, alternately, a second charging stage;

wherein in the first charging stage, the DC voltage source is coupled in series with
the pumping capacitor which is further coupled in series with the load capacitor such that
current from the DC voltage source charges the pumping capacitor and the load capacitor
in a first direction; and

wherein in the second charging stage, the DC voltage source is coupled in series
with the pumping capacitor which is further coupled in series with the load capacitor such
that current from the DC voltage source charges the pumping capacitor in a second

direction opposing the first direction and the load capacitor in the first direction.




that current fromthe DC vol tage source charges the punping capacitor in a
second direction opposing the first direction and the | oad capacitor in
the first direction. 12 14. The system of claim 13, wherein the plurality
of switches conprises a first switch, a second switch, a third switch and
a fourth swtch. 15. The system of claim 14, wherein the DC vol tage source
is coupled to a first end of the punpildg capacitor via the first swtch;
wherein the DC voltage source is further coupled to a second end of the

punpi ng 1¢apadgik @Yst¥dfloemS; MdreimtHeqiiralityesfawitchbecdnprises e fidst afvitche

punpi ng capacitor is further coupled to a first end of the |oad capacitor
via a t hiasecondispitieh, athirdwidteb ppd & FIre8i88- end of the punpi ng capacitor is
further coupled to the first end of the |oad capacitor via a fourth
switch. 16. The system of claim 15, wherein the first switch and the fourth
~swi tch ang. cl Ghedystandftchémsielc omdreamthetIIC vdltsgei Joatreds eowpehied fist gidaate t he
regulator_ into a firsg chargifng st gge; and wherein the second and third
switch afke RynaRiBg capRaitetda thefupt Sy he fourth switch are opened to place

Lhe regul at of it dn MSBENLGE A% BROCcoubled BHseBHR G O thE paiing3
wherein the | ow voltage applFcation conprises a controlling means for a
m ni at ur eafeeitor b e @eondeswitch;
wherein the first end of the pumping capacitor is further coupled to a first end of
the load capacitor via a third switch; and
wherein the second end of the pumping capacitor is further coupled to the first end

of the load capacitor via a fourth switch.

16.  The system of claim 15, wherein the first switch and the fourth switch are closed
and the second and third switch are opened to place the regulator into a first charging
stage; and

wherein the second and third switch are closed and the first and the fourth switch

are opened to place the regulator into a second charging stage.

17.  The system of claim 13 wherein the low voltage application comprises a controlling
means for a miniature hard disk drive.



