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STEP- DOAWN VOLTAGECONVERTER FI ELD OF THE | NVENTI ON
Aspects of the invention relate generally to

web@ard4eml vol t age converters, and nore part i BCI/a81095/026456
to electrical step-down voltage converters producing a
direct-current (DC) vo e from.an
al ternating-cu 'Q‘AW%@E‘EEQ@F%M@R age.
-BACKGROUND OF THE | NVENTI ON Vari ous
el ectrically-powered equi pmrent within an industri al
FIERI) epend upon any of a variety of AC

and/ t.a ower . re specif
cor RSt B b gittiop el R e B SeBRd ol ik cdhysriess and more

paﬂwulaa@e@ eldcRiab stbp-Mowaraitaes cfdh%i*télrg pfdauéﬁg\atheét-&@rem (DC)

Si DC% AC-oriented systens, however, often enpl oy
vo pmAG alisimatigesurrenidC) veliageordi IAG veltegeen 100 and

250 volts root-nean-square (VRVS). O her AC or DC

vol tages outside of these ranges may be enpl oyed as
BAEKIGROIONEVOF THRINGENTAON nst runent ati on, such as a

Coriolis floweter for neasuring.nmass fl ow and ot her

i nf oY #HAUS skcwﬁléié-pmvﬁ@ SIpRmsnt Jithin aindstiia)cgyiganment often

ALY |2y -
dep G o o 8RR P CaRFL DE VoI ERANBDEN R, MGk specifically, DC
orehtedtsysteiak tqmd\m utlhmm'ed:aeLveMdmm yoHagesntgpiceldpednigmediom 12 to 50

Voyéhfbié@gg TRG: %Jr?h sgfatregad e Of AC oicf:y%g d}é voltages,

soﬁfeﬁﬁiégk 1& M@éx@fﬁd Ad| 2% Ofv'ol@ E’odt-‘i’ﬂléa% A PVRING), t@tﬂ@r AC or DC

fromeit an AC or DC input voltage |s often used t
Vogag@toumdcamﬁthgs@ ramges Ay bereneployadosmesit Hmswenphdttist@rd

RS, S A B B e VB
infoRaGONNRIcEiniy AmBRSihL ﬂé/@m@%ﬂoﬂ@h‘b cMﬂdtﬁﬁ gﬁeﬂ/ &nb%y%l@@lcal

out put voltage VOUT is provided in he i nput
covmon@zgethat Nqpie adew DHEHoliageowsh an 142n%f8VD€a pagh eleetrical power

sof Al 4y RGP ST muft i SRR ERCHP I, o

volta@ess IThuefa dEEdywis vbiveRefapibie df@mcﬁ@mbﬁtaﬁnem faelddow DC
as a filter to hel p mai ntain the voltage Ievel seen by

ouip vakiagerfrosm efther a@ﬁ@ OhDE oaut vadtage ¢ o tocgrgpdyantage in

sul:ﬁ]aﬁgl?vf DRkt vol tage VI by providing add| ti onal
EUFT 8Nt on & ‘tenporary basis to the drain of the
svvn tAs; kinfplifisd nthemtaticldiagrimarndloné partionlat type ofistppidownl bﬁ‘gﬁck ”?
IS provided by an output cag{fcmor CB. The %
coaverfeﬁ@r wgulater Ipyreengly iy Bse 19y copveiing ol i z’oltage Vintoa

DAL YOS VS iSHbVRBd 8 Fig. 1. The input voltage Vi is asserted across an

input capacitor C4 coupled with a ground reference, and is coupled with the drain terminal

of an n-channel power field-effect transistor (FET) switch Q. The input capacitor Cy acts as
a filter to help maintain the voltage level seen by the drain of the switch Q in the presence of
changes in the input voltage Vi by providing additional current on a temporary basis to the
drain of the switch Q. Similar functionality for the output voltage Vour is provided by an
output capacitor Cg.

The gate of the switch Q is driven by a switch controller 2, which turns the switch Q
ON and OFF depending on the voltage level of the output voltage Vouyr compared to the

" desired or target output voltage Vour level. Some other measurable quantity at the output,

. such as current, may be employed by the switch controller 2 alternatively or additionally.
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ON and OFF depending on the voltage | evel of the

out put voltage VOUT conpared to the desired or target
Woop01849%l t age VOUT | evel . Some ot her measur abCBUS2005/026456

quantity at the output, such as current, my be

B By b o g S 2 ki ot
no%%ﬁyyabﬁld ?ﬁt‘é{n‘i’ﬁ’g &Rloks }abut b&%g%vv&%t &ae§1fa@lé 1@%1%1 {1 presence

nor frai nt ai ni ng t he out put vol t age
of idtiiges immbatk sher mbu@dl’ege IVm hvclmdﬂh@bed daverf by Herogésit ivoltage

bot the..in ut v e.VIN | evel d . | oa ri .
85 el SyiethE S8ies i o B OV ime By B R Jime of the
s“ﬁﬁ;hl@dml%%éﬂé&gﬁwﬁoafcy&ﬂae ARbididRy,andditheytk Bfmermvl&h Qs the
the swt ring one operation cycle. Accordi ngmms e

ratig)ef dhgtQN @m te thyf paripd. shhus.dty Wy ef anfyeofiagiumebes pf ten
f
fleRoh Gl BREbBe SISyl R oA sBl R e oupu

voliygd Vo@pﬁ apatisfactonf letéle swi t ch Q to mai nt ai n the
out put vol ta%e VQUT at a satisfactory. |evel

operlduingorsrationot dimcayverer i whepdhe $HEChQiY @N e}ep@wé\@urrent
sefféiﬁl'tﬁ ﬁWcﬁﬁgé Vi, QR éﬁ A0 d: 08 ah&'? A08 offhb switch Q,
roug dra %SOU ce term na e swtc

an@ thla)ngh tuln imolugtor hntd the oatpat valtagt ¥ duhe As laIrpsuﬂt of@lldcaripel current

fIq¥ig Hgﬁ%ﬁ@e Pt de e e'cter@ita Fre fétroré?ef&ngt&e Pihd Lo dopipally, the
ONQnﬁné HEe E@ftcﬂ-Q dy Rk 63 ltﬂe)’sm%cﬂ%og}bﬁér@e1sclfon§tli‘e§n§i’%§ ﬁl'% component

) as set by t he switch controller 2, is constrained
valhyes ol éhegndigpterdnand/the watpud £apahigor (Eagjsmhdhat Eheamitagh &1 across the

indfaliih a B8y it e N . U h e dieRE i frminal of the
in$IGS L EQRIRE:8 81 HelsbRRE terhiigal betHY sw@ichqﬁ retrﬁbﬁns Mﬁie%p& voltage

connected to the source termnal of the switch Q
Vinerhilerthe sieigeh @ heONapod theabmaiping/ermingl ofcthe inslustar L.k aighe output

el AR 5 L DR B, Bl B A e

sovflet@gEnalof tHeasvarh @ usds Ok dioddi D eebdrevorspibeiedlant figerefore not
source termnal of the switch Q causes the diode Dto

copduqtingeben the switgh Quis PN rrdicertes enadstt ofdhritieofs Rois copnested to
&Iﬂgdsvvltch Qis ON, since the anode 4 of the diode D
g8 ¢onnected to ground. When the switch Qis then

t ur N&tleiOHe, swiitek Q/mlthagmrﬁéﬁ QIEH, alssvdltage il digedse khelinductor L reverses
reverses polarity in der. to maintain the contipuity

oérfrlw Hboréw‘ef@tmﬁuemn%@P@ﬁl&ulkymf@a?gﬂeﬁtﬂéalmasa& ougt tl‘mafiuctorL
ke 3y
T ftog%t%ﬁié éilxgbééégé EAREs fRYBAS éﬁ%é/@itﬁcgﬂ% (ﬁftthé Eﬁdeﬁmﬂ@p below

e Dto drop ow groun
growndpadredetlyi fasvard-tidsengthe dedb D mtco)cmmimd’umt i ‘Bls, é’llactstpal energy stored

indlg Pereer . sraR it @ fep Rah Ml s urtent Birehrtfigdiode D and
thé hﬁiﬁ@toPL%‘ ehel &gputnvéuageov O‘ilgry o s‘bHFe ﬁ%&i{tm&en’ﬁﬁieh%@%hé@vﬂch

At sone point term ned SW tch
controller 2, the switch Q is once again turned ON and the above cycle repeats. Current

thus flows into the voltage output Vour when the switch Q is either ON or OFF.

One potential drawbaék of the step-down converter 1 of Fig. 1 is the large voltage
swing required from the switch controller 2 to drive the gate of the switch Q to turn the
switch Q ON and OFF. More specifically, to turn the switch Q ON and maintain that state,
the switch controller 2 must drive the gate to a voltage level higher than the input voltage

Vi, since the gate voltage must be above that of the source, which is close to the input
: 2
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controller 2, the switch Qis once again turned ON,
and the above cycle repeats. Current thus flows into

w0 b@7ot4bage out put VOUT when the switch Q i s BCT/H8200506456
or OFF. One potenti al drawback of the step-down

onver r.1 of F| s the | arge vol n
Voft ingdhs PR tT‘E:’ PW%%Q éag%lgfﬁv golg% must be near

gr&ﬁ?ﬂcf3 sﬁlEe HR&osk Flscclﬂ‘ngnttQ skl EJ‘@W%YﬂlﬁlﬁrﬂthcQﬂegﬁgde% Becoming
Moré specifically, to turn tthe switch
forvedrdtbaased aththat tehathes totthe fiyhadkodf th@nﬁnctbr br Whaenthe input voltage

Vir it e T R Radh e T Ruor e DR gu® Hilieedar the switch Q o
beahkgne drm;a}ia @k abétin d;ﬁ;sue@sy Wil OE R rai 9Laszfaﬁam@v51 “boost” circuit.
I nput vol t e\/N ring the ON state. To turn

H@W%W"l@ inputeolipge & v i 2 lagge Atigoltage m@ﬁ ogde@ @iﬁ a65 VRMS,

Wb et o Emy® BRI S REUBE, R b accurace
cohirdEoftihie gite vbhepelwiikantsviding dierehietivlat gervoltagd/eingt Biethe gate of
i nput voltage Vi is relatively |ow_DC voltage,

hugdseds af velis %PIC@IWereﬁP’é‘Eﬁe% redativel R Al greciF it C%eﬁ@niw the gwiteh
by way of a
co?gg [ %%@gﬁgg@'?gg% t‘Eé é\%g& oosﬁ&f‘egfsr cuit. However,
when the i nput voltage V Nis a large AC voltage on the
ﬁh translates to a maxi num DC
2 ; $Bet¥N375 VDC tinmely and accurate
Cont@éﬂere@f Elﬂ@ocﬂﬁfeﬁts\éﬁltﬁ sl idvendRSPMbHdeq ?éé)t-cﬁcﬁﬁ?{l(yuage
| arge vol age sW ngs at the gate of hundreds of vol
cohyqiter b1l genemtjng ae sutput edltage Vienyacimppt woltage.r €hé tordegegincludes a

R LB O o O A G BTN LR clctrically coupled

wigethRloatpuy voledpRON FRffis: s firfiQnB SRR terkINAR tifein the second
provi de a step-down voltage converter for generating

terpinaluis plgetrigally @chplefdr\mﬂn the quﬁmmh@get yéirst Tvuctos alesiricelly couples

des avi ecaond I
g S TR o Heisiat e P LolBRE. ARG HRRGbT Rafnetically
covbleB withethe Gt Uldue @k %E@@lcaﬂy cegilés the firdd @é&nﬁﬂlaﬂ of tidctifier with a
second term nals, wherein the second termnal is

volpgerefrersel yiled apmeighipgcentralier sauplad Wil thagetpuivaliage is
| y couples the first term nal of
o g&gé\ﬁ ccﬁh%?i esﬁﬁ{ghl nput vol tage. A second inductor

magnedditeddl ymbdodipleath andtadvaragekiof gie prélsﬂ:ﬂtin@éntlon will be realized by
electrically couples the first term nal_ of

theseskilkeddn thgj ngn\mmsalg%f th% f(&l‘)@ﬁ%detﬂaleﬁodesaﬂgtwne takem i
cofiffl ﬁ&}HVﬁ TROIMRLS ?mﬁaﬁﬁ%] ut put voltage is

con |gure to con tch. Addi ti onal
enbodi nents and advant ages of the present invention

%@#é ge realized by those skilled in the art upon
A 5 of the follow ng detail ed description, taken

i N oORd 44PEdtio? theWthidhiiol EnAEERMRAP ARG F518\W RBRverter for generating an

output voltage from an input voltage, comprising:

a switch comprising a first terminal and a second terminal, wherein the second
terminal of the switch is electrically coupled with the output voltage;

a rectifier comprising a first terminal and a second terminal, wherein the second
terminal of the rectifier is electrically coupled with the output voltage;

a first inductor electrically coupling the first terminal of the switch with the input

voltage;
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ASPECTS One aspect of the invention includes a

st ep-down voltage converter for generating an out put
woodoraga9s rom an i nput vol tage, conprising: a BOT/USIN05/026456

conprising a first termnal and a second termn nal

wherein the second term nal of the switch is )

el ed secerd induetoumigretishlihcouptedowith the st induetor, she second inductor

e G B GRIBE R nlad o Slo AL, 208 FSE0ATL: ana

e secon term na

i s e agitdhingeddnyrotl egaupitdwiitihthe atput i plitige \wal tagfguréed to control the
first inductor electrically coupling the first
SWiAni nal of .the SWI toh with the input voltage;a

secaidrel ‘tﬁé’ﬁrs gﬁ%{h)é sEQIHR! 1ﬁ&hc‘t\$rtegcﬁ B 111 esa&l inductance of

i nductor, the secon tor electrically cou
1.7 hellihensds. t er ni nal of the rectifier with a voItage

f t h trol dwith th
ot pUE A de s BaOR Bl B O e BRSSO W ¢ ch.
Pr efaeﬁl%pbébacittcti%léc'tﬁo%'ﬂy'cﬁﬂplﬁ{goche ﬂﬁﬁilt YDt enle WO Rlerence;

each conprise an inductance of 1.7 m|l I henries.
anfr ef erabl y, the step-down vol tage converter further

conpri ses;: citor.electric cou
oSSR et BRARTShBsE BEPLpRkubeE MRS
refeageel tor electrically coupling the output vol t age
wth the voItage reference. Preferably, the first
c apa‘%fpfe@ablbdh?) 1y gapagitergoanirisahe eanseitape of 82 stieiofasads.

Pr o SEblity, IS B5F0NN-SARAGIE AL, £OILHARS o120 picroferads

capacil m-Ccr or ar ads

r ef efrefegably,sroliaganrttreddeds gromblly, a nunber of turns of
the first inductor nd a ngnber.of turns of %he second

| ndURsera RIS 8T s o tBY LIt InCupioBRBH ABPRDCR pfgurns o the
seédx{d%gﬁ&%w risE QTRSd 12 first winding of a

transftor ner erein the second i nductor conprises a
s ec dirdferabiylithgfiot itdaetot campfises aefirst windingtud maransfolaer, wherein the

secpripauctpy papiset § scepnd W pbib Heuripria: bl Bherein th frst
infURESIARhY sechh®irndet afé%&ﬁlaeabaﬁda ¢die output vol tage
are positive direct-current

Preferably, the core is a ferrite core.

Preferably, the input voltage and the output voltage are positive direct-current
voltages;

the switch comprises an n-channel field-effect transistor, the first terminal of the
switch comprises a drain terminal of the FET, the second terminal of the switch comprises a
source terminal of the FET, and the switch controller controls the FET by way of a gate
terminal of the FET; and )

the rectifier comprises a diode, the first terminal of the rectifier comprises an anode
of the diode, and the second terminal of the rectifier comprises a cathode of the diode.

Preferably, the input voltage and the output voltage are negative DC voltages;

the switch comprises a p-channel field-effect transistor, the first terminal of the
switch comprises a drain terminal of the FET, the second terminal of the switch comprises a

source terminal of the FET, and the switch controller controls the FET by way of a gate
terminal of the FET; and



10

15

20

25

30

vol tages; the switch conprises an n-channel
field-effect transistor, the first term nal of the
WEMoToIB4e0Npri ses a drain term nal of the FET, PETES2005/026456
second ternmnal of the switch conprises a source
term nal .Qof the FET, and the switch caontroller
contthgrest lg%conmwsyawe girija?rgn%aé qwctbﬁerﬁﬁ@meep a cathode
of @diibde aﬁ@ ?{e' s{?b&{d CRARRI SBfe feclietmities 51'1 Eﬁéde of the diode.
term nal e rectifier conprises an anode of the
di odteferablly, theswitdordirodents nenfigired foecontrol the swrtch by turning the
co di ode. Preferably, the
iR 208 o P ayEan R ndratieRn

vol tage are negative DC

vol traeRably, fige SitdtCddnEONEY ik &S dirdt ©IRRR6] the switch based on the
field-effect transistor, the first termnal of the

ougpiit vekiageonpri ses a drain terninal of the FET, the

SCOG SR s U NSRRI 5B RS b on
cugreiif at Mhesodtpet vollthgddy way of a gate termi naI of the FET;

andthe rectifier conprises a diode, the first term naI
of tieferabby. ths mput £ e aétegﬁ%lﬁse@rr@?t IR valtesse ancbnd

e BSOSl il st

couplirgpthé iAgUinpdt valtage vtithothe filnss 1m;imctocrh by turning the

SVVItCh on.a st.antj al.| i odi . .

Pr efleFiERRy. t n@%écsrﬁm‘fg%ﬂela R B aptigire Fﬁ?oaﬁ?lé the; 4C input voltage
to%%étéﬁknﬁv@@é%ﬁa%'% fizsed on the output voltage.

Pr the switch controller is configured to

contthe butph*evqimgt: e pesite 126G oatputivoltage havingladowert pegnitude that the

vol tage. Preferably, the input voltage is an
ﬁrﬁ‘i@éﬁ%ﬁ@‘ﬁé’g]&ﬁer ent input voltage; and the step-down
vol teRrHHAN RS AT rebtifidalioh cROITPK |c§ﬁ§%\ B8d & convert the AC input voltage

rectification circuit coupling the AC input voltage
to wifirst nepetivei PGtvoltaghyendr . Preferably, the AC

rect flcatlo circuit convert the

| mpdb® EPRLGTeEs et RO Bl i RElo sk i that e
ﬁr@ﬂﬁe@bjﬁve\@tt\@gﬁgés a positive DC output voltage having

a |l ower magnitude that the first positive DC voltage.

Pr effsplgmbly. ap ptemnet ipdestigl ipsdrumsatation compripes th%ﬁﬁpﬂgwed/oltage
coh® rt:(I)nvert the AC input voltage to a first negative DC

vol'tage; and the output voltage is a negative DC

out [Ritfeyablyt, ageoriviisiffogvnaetéranaiprivegihi istepeddwiadoltabe converter.

.)

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a step-down voltage converter according to the prior art.

Fig. 2 is a block diagram of a step-down converter according to an embodiment of
the invention.

Fig. 3 is a schematic diagram of a step-down converter according to an embodiment
of the invention for generating a positive DC output voltage from a positive DC input
voltage.

Fig. 4 is timing diagram of the current through a first inductor and a second inductor,
the voltage at the drain of a switch, and the voltage at the anode of a diode, as implemented

in a particular embodiment of the step-down voltage converter of Fig. 3.
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first negative DC voltage. Preferably, an item of

i ndustrial instrunmentation conprises the step-down
waelwagasonverter. Preferably, a Coriolis fl oRMEUS2005/026456

conpri ses the step-down voltage converter. BRI EF

DESCRI PTI ON OF THE ,DRAWQI}lGS Fig. 1 is a block _ diagram .

of dgtelsAdehFmatin diagant M?H‘%?W%EWF&F%CCP@%@ an embodiment
O e P A0 R R ARG impu
voliage. 3 is a schematic di agram of a step-down converter

accqr.di 0.an enbodi t qof the inventi.on,f.or .
Gendiitnd RPISPiRG P E it OBV FG8! Figop&fther employing an
AP &t e EorXirduitiTvE ary Al idge: voftege. 4 1S tim ng di agram of
the current through a first inductor and a second
i nductor, the voltage at the drain of a swtch, and
' , as inplenmented in
pEP&IY BApTIAR GF H © doon vol ae

- convEg et agimplified Blobk giaghan of @stsgdewntvoliagh cgkaterdf00dor
st ep-down converter_according to an enbodi nent of the

SENARFERE PHANIPBY VOJBAR Mauk HgMbAiagak YOl aEDEMARCHIHNS, 1 angsgebodiment
of O EntRY @éﬁl\éﬁlﬂ \ He%ﬁﬂ@erfé? hbEaR1udeh ? sgﬁcl'l ¥ %ﬂ]@&ﬁﬁ% a first terminal
e step-do 0 1 g. urther

i agram of t wn converter
1 1€l aysecundaarnAalr Hel whiereat the sewind ¢erntindl A 4 dncodplddnpitih the output

ol t age. TAl LED PTI ON OF THE | NVENT| ON Fi 2 .
Vqueg%%vhpﬂ%r stieETgek by JrafvEen éftks@g-zaﬂy\?evﬂlgwﬂh the input
vof@t‘ragé’ TR waPOr & Bfst SRRRIAUDAITRO sWHEPHL] ¥ Qbﬁtﬁﬂfedw%% of a switch

m an "i nput vol tage V according to an enbodi nent
contrellérnv@rpinplad wditbe alitpyt valtage Yooy.elnt asiditicd) a iseasind dladictor 126

swit.ch 111 havi. afirs erm,nal 112 and.a second .
migdilifalyicounlf WiERE fie iRl g0 ARt by B fE? Rominal 115 ofa
re6tofER 189 wilhtdwdlfage adfbRube VIH, bvile a\ebdimd tdiginkll 12®tof the rectifier 117 is

term nal 112 of the switch 111 is electrically coupl ed

elegtti¢ally peuplag withvibe puiget ¥alidgbyYoway of a first inductor

coniart 57 bl fkha el St b RiaB bt fboown

voldsk EdrBstert] (D€ 8 @BHado budértsr 208 fornmpbeting alpbyitiee Yl eput voltage
with the first inductor 124 electrically couples a . )
Vurrfsam g ppsifimaPCringuioltage Yot aqeprding tpangnahpdimens| of dggeinvention.

e AR Po) Fpndt i SR B AT B R g o torminal

2 Molvhag tWOsBcond terminal 214 is.coupled with the output voltage Vour. The first

terminal 212 of the switch Q; is electrically coupled with the input voltage Vi by way of a
first inductor L;. The switch Q; is controlled by way of a switch controller 210 coupled
with the output voltage Vour. In addition, a second inductor L, magnetically coupled with
the first inductor L; electrically couples an anode 218 of a rectifier or diode D; with a
voltage reference, while a cathode 220 of the diode D; is electrically coupled with the
output voltage Vour.

More specifically regarding the particular example of the converter 200 of Fig. 3, the
switch Q; may be a FET, such as an n-channel power FET, having a drain terminal 212, a
source terminal 214, and a gate terminal 216. As is described in greater detail below, the
switch controller 210 controls the FET Q; by turning the FET Q; ON and OFF by way of
the gate 216. In one embodiment, the switch controller 10 turns the FET Q; ON and OFF

substantially periodically, based at least in part on the voltage level of the output voltage
6
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Fig. 3is a sinplified schematic diagramof a specific

exanpl e of the step-down voltage converter 100: a
woodovagaIronverter 200 for generating a positiREI/DR2005/026456

out put voltage VOUT froma positive DC input vol tage

VI N_accordi ng . to an_enbqdj nment f t he i nvention.
Vagn e phst e@b@ﬂlnwatstj@@watclwmeﬂ eyt | Y aAY ifgeRiox apagher T Baracteristic
Y8 GHPA schds 3dedt, RRGABA] IETFETG|. Rlthotetfhfle [ ®mbination of
© secong term r%aPHEM i's COUF})II edﬁv]\?[h the" out putIﬂSo tarlréemalono
out{@Tharadthesticsy sich hevoltageland Trreft, g be winpbdyeto centrol Q;. In

alpave piBodineliie P whes S SSmREsese ot St o pipalit fypetion
tra@itors (B %ﬁé‘yllw&gﬂayéd Bied b9 tieormpt e tokitdilat Bﬁ‘d out put

vol t age V n dition, a second inductor
mag d@tth@mrtlyulmb@hlmﬂmtqf Hige, auﬁrsttcapmt@tﬂoplemlcaﬂy couples the
C e | fi Jgr ar
f SEAE Vi B Re B RUR RBE B S g3 gy
coﬁf)leﬂh@ﬂﬂal r@ﬁ:ﬁan@& by $va§|cﬁ' atseceal dajéacﬁtw 0, eth vhd dmbdiment, the voltage
out put vol tage VOUTMore spemﬂc@d\/ regardln t he
refSEGICE éwfﬁlﬂn‘b Y& Y -e The Tixsh sanasioic + &d theecond Fa@mtgr Cr w18
enfflhy &b Bl Babalifios 15 el BN s Wl IECHANN L BLHREGS in order o
supjdit t}&md)lmgfghﬂ/ﬂ diéoth thalinfit Goltde Vg adé derouned voltage Vour, as well
gr eat er det bel ow, the switch _ cantroller 21}%@ .
as i FrpQyedhighy e@eﬁcmow TP RREUGHA implenesitatiqna g fisptreapacitor Cy,
hab¥% c‘ﬁ?%ﬂ%cet d¥©2981cFofarhls (png Whffe ﬂfé@@%nﬁ%@éam&ap e, fud 4 Satbacnance of
cont ler 10 turns the
120yldSt antial |y periodically, based at | east in part on

iRt ATGouFNEt i B B s b s TS g 105 st amd

se@SHt RRUINEE3F é‘%ﬁifbﬁﬁér%h@ﬁng Q@in% félcbrd 2225 b'tﬁ‘dlh AR f@h‘{té 86, about
to control the FET QL anot Rer exanpl e, a

wlmolmbofﬂia:tf itemindtctonstlp uLz @naffcamﬂe Closasi comprised: b qbenmatﬁa@le may be

%ﬁ rc{ ihe [ f mgglr%%n?otc%ee %g/tegegc;rg néfsg,f 1n§}18 &Jinp]gmegtatlon, the

nueEHEP OfRifisSof thelfifst Rlubiop D) afd fheRgiibeNof ﬂhﬁﬁ&if&h@ge‘éond inductor L,
(BJTs), may be enployed in_ lieu of the FET QL t

abgiiiihp seredadn 2l tabe. Siheriratiosdnai:hopessiianin aéﬂemaitlge embogiments,
alt{llllo ?l{a @?ﬁé o S%L%él"% elln\e/tg% d&%@l#%él‘é%ﬁlgﬁ%f % Jn@?x%r 200 operation.

Inout @mamylej tha gmuv&mj 3, eh«ﬂﬂﬁdvle(aﬁhhductmti@ bed7trmlliﬁwnes (mH).
reference by Wa%\}icﬂ a second a itor . one
enbotherRRsEation pd theronygreer 20P ds @ G u@%ﬂiﬁcftatepf e gwitch or FET

QlThﬁTefgv&l SRPARIE0 ks awth%frweﬁefﬁalﬁe%ﬁg JoNe Bt BE Sate 216

oye er capacitors to
suﬁfﬁmertt}yt aéxom: ﬂieemitaga:zalthes soaren? 1 dpeddch is theannilart voltage Vour, to turn

ort .t oth . th t val e

iRERetaa: olBes BT Haes Subeadnen Vo 2 JFle pgar the FET Q,
is leg r&pﬁrﬁf&ﬂh’e&&?)éqﬁkg k& ﬁle du‘f.’plﬁ RSt ‘%&Uiuﬁf electncal current flows from the

I mpl enentati on, the first capacitor Cl, ha

1np1ap@hag€aﬁmeﬂmu@2chﬂﬁwt ofcductod $.1,(thelraimpl 2 md tlhe sgwcoAty of the FET
Qu, c&p t‘:}ll%lotu ut \(;olt[]aagse \?OUT ag%%l rtegu t, electfncal energy is stored in the first inductor
L;, typically within the core 222 about which the first inductor L; is wound. Also, due to
the 1:1 magnetic coupling of the first inductor L; and the second inductor Ly, the voltage
V1 across the first inductor I.; equals the voltage Vi, across the second inductor L. Thus,

since the voltage across the first inductor L; is essentially the input voltage Vv minus the

output voltage Voyr, the voltage V4 at the anode 218 of the diode D; becomes —(Viy —
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120 nF. I n one enbodi nent, the first inductor L1 and

the second inductor L2 formfirst and second w ndi ngs
w@booa/o184esf or mer sharing a single core 222, sPCHUS®0H026456

ferrite core, about which both of the inductors L1, L2

are und. Cores conprised of other materials be
Vourpl ﬁﬁgﬁg% wih %@ﬁéﬁméﬁﬁ%%?mﬁdsw e e geoRouT, the anode
218! Pagd 7, Qi fRsd FRh R B AL cAodd B1%, %5&9%”% th@ldiddéThSto Bk reverse-
the frrst inductor L1 and the nurber of turns of the

bigsed.oand liendeinommondting o dhetefiare cassentially mo gudrertt foasi through the

seEpmbar e £ 8RR U o Eplpd el G Raanky is orsgum the core 222

wihitl di@inb lotrs BEbSs @B fét ihdirtsidriverter 200 operati on.
In one exanple, the inductors L1, L2 each have an

i ndulhan e sfitch contipliari2l @ fpme he(siifch QiHAFIbpbe weliaga Vo across the

r{er i.S- .t.he . e 0
e WD U8OSR BRI 8 S e curn
letdhethbEdriGing e drainsi 2@ fiteswiodht @Qosbodt thdiap@atottagd ¥y, Due to the
suff.i ci eqt |y above the vaoltage at the source 214,

mggetn couplingebebzss the 14 indyetoxsdur La.tthe volfage My: peress the second

D : . ;

indAS T S RS SRR ELpblyt the B IR, P08 Bl voltage Vi

acegs die seoomdimdoetbpli appoddchgethv@edativarnd tled @dputivoithge —Vour, at which
current flows fromthe input voltage.V , through th

vt o i Bromtes Topwaddiaie 4 Soiat e oleagine & Fpiopgpmall

volitage ffep dboss HR dib& BHUHRMo4GE t\&? Qer¥sddhe R iR lLlltli_s%L thus also

el ectrical energy is stored’in [

| he first 1 nductor
limipgst toad W quryithtih ¢lamping thoveltaze V migdhe dusin 212 offtbe fwitelt Q; at the sum

inductor .L1 s wound. 0.,.due.to . the, 1:1 netic .
of AT e Ve thE Pl i o G Ve YBRlnks & result o this
clarhpids! éiferéyz;?]re{ribﬁsly Qlotaia thd-dora o2 $$ tHeBddckdrs 1L, | AN @bINered in the

L1 equal s the voltage VL2 across the second inductor

forrp of Tiwent thypnglethesecopd|indugéorderand she tieds Dn ¢q thepgtnt veltage Vour.

[ S | a : N tage V. m nus out Qu
A SRR ek caffMln 520 RSk hRAS0l W SUREHL, ana e
prébelsl B rBfjednRlc OWBSthe( tHBEWMERD) is ONNe (G leBrreit fldwvs fA6m the converter
cat hode 220 coupled with the output voltage VOUT, the

209ewardzhg oyiprt wj@eXovs | ess than that at the cathode |
220, pigap ﬁiu‘gé?%h%%‘ ?’?’g’g%ﬁgﬂ%’ Hﬁ?c?tiﬁlﬁn‘?&i?@%#%gefoﬁﬂgof an electrical

hence®noncon or e, “essen y na curre
cubleonls ; thaoughghe fike imkctond.; knd b ctaentll; whidugh tieeseswnd @lductor L,

QL is ON, and_ el ectrj cal er, is stored in_the_core )
acgordingp agpagtifiag st pﬁﬂmg%nﬁlﬁ@- Al ﬁiea odags ¥p af the drain

21%@'@;@% t {&da HOVbeNEl at%ﬂgaﬁd&e@q sto?alﬁ%i%%efb@mg the same

e voltage VL1 across the first in
tithepomekara elyatillusgaied. &mthat ¢emptle,tthe mpivealiage VingisfSOrviPE, the

| ectric cur evel h riving . the drain 212
ouG Y erar o VRSB helon Tt SDOVDEASESorhy B flupi voltage Vour
is 4D SHAR YOS AoGR RS kRgi I, ke aph BB &t a8 aledpacitance of 22
L2, the voltage VLZ across the second
uF, the second capacitor C, is 120 pF, and the inductors L, L, each exhibit an inductance of
1.7 mH. In addition, the switch Q; is an n-channel power FET, part number STD5SNMS50,
and the diode D; is a MURS160.
The timing diagram of Fig. 4 depicts the typically periodic nature in which the
converter 200 operates. For a time ton during which the switch Q; is ON, the current Iy ;

through the first inductor L; inpreases essentially linearly from a level I to a higher level I,.

During that same time period, the diode D; is reverse-biased, and thus essentially no current
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i nductor L2 matches the voltage Vn across the first

i nductor L1. As a result, the voltage VL2 across the
w@emonl4prduct or L2 approaches the negative of P€TES2005/026456

out put voltage - VOUT at which point the diode D1

becones_ f orwar d- bi ased ag&éconducti ng. lgno

flompdhroneh yhessegpnd ipdustalee: dhlsp. the vakage aﬁh@é@l@%ﬁ pfge switch
\Vi I

QR oot 78 i spieh Q) BEHE O b S ORI VP & %he anode

218modlithre mae bf ist-H¥ nswiVioo1), @desstnbdfdeeas]unn &t otHeewiorq:suthe voltages Vi,
volta

Vbs,@fﬁa)sgﬁ)ﬁ\{ Lg: nd t 62 agx% tC(i)l}# gt @} vgﬂlet:h&?ram voltage Vp offset

hi e?‘ﬂia?ﬂ%ﬁé xn&fe%ﬁggé v bga EncCRll e &%eg{ i b8itdordpgt ors L1,
is delivered in tﬁ f orm of current t hrough the

s e c olfus equalitst erthfr;vglmes Ne1. W10 @eropa the dndugtore Ln,rlut and the relative

oI tage a h
o B ok R IR %P b s OB Y g gyt e
swifaB QQrio OFFS Dlﬁlﬂg&ﬁ@&ifﬁcﬂm QVWOEFhite thg vaw the Aiddd D Scobliicting, the
or OFF, current flows fromthe converter 200 toward

anpdrvedtags Ma i slampgd at/tbepeiRyt valtage Vieny I8k therainaipliage Yo offset
f I l.

hi S??iea!ﬁltthf %Jdtehmrogrg%agv I3 g@ﬁ 1{1@‘?’("@1@% ftlteaﬁraﬁl \%‘Haéé §8'is clamped

at (:‘raqurJremel)J_é& deberthedabbve ABoovinkd the switch QL% @EE, ahei burrgent in the

par icul ar od| f the inventio Al S0, e
ﬁf\%‘P ]i/ljs ste{l Yo%eéﬁ’ nr’fv%ffig%PmF% i therseprdindyrior ipgecreases
suygéﬁm? IMeRy htaﬁl B0 %ug %@c&l‘fsténlﬂ %o eggi%le} ﬁ%&g ¢ st&¥ad inductor

sane me period are al so l'ustrat
Lyexanpl e, the |nput vol tage VI N is 50 VDC, the output

vol ta VOUT .i s VDC, .an he | ad not shown )
o VR e B EE & 4 wRLorpt level I s

ap o%ﬁnht@l%jyosmﬁmﬁ;bsf Zﬁ%ﬁl@'ﬂ% 1@@%&&6@%@1&%%&&& zﬁimA Since
as a capacitance o , the second capacitor C2

thel o@rant [11 drgughhtheiindiigtardn ond the qiprestibh thepiglbihe inductor Lz are

o REH BT Sl el Vo ks arbtiRg S e g B8 s 12

VOCPAE0l) + 80@nMIREhel §ftchldoatrbiled 219 ﬂﬁ@wtaﬁh@d to%ﬂ: Easedr on the
depi cts the typically periodic nature in which

cogwpanertivalues obthe prdugioss L1, Eor thy telprance efithe lrradr’rglmrmn to
Vahgtg%rgs}/ﬂlotrﬂ‘f ou rrtlc\%ga (t)[grg slgdjn{)ﬂlg{]fadoflrslnear oga%h o]f B?gd 4, N 1s about 5

mikfsedonkdd (1S, ahile qjﬂfifs dbewtel s |hS.. Sﬁdé thegzowagd a@mmndmmor Lis
period, the diode D1 is_reverse-bjased, and t
eqe%@e h(§ikdt). constartrviolags Yovastess tar it trrslactgbéo%rmg ton of Vix-Vour

56%%;’& tzzgi)‘@l)s%s ViR ﬂé%g%%gtﬁn%%]yta:h b gy r‘rﬂi aéxﬁﬁxtdgfﬁf the

he S emal ns at ue to t
volPagdo ¥t el theasedondhimdwetbt h;gdalriﬂg taf.vF dfhé&/ can edd 2AL8hof accounting for

tOl‘ItF %ee@%r?%greqxsg%af'gf& ‘Péf\@!twsiaé %?LQN 1 %]le_szf)c L2 dé}gfaer_ll d)F course, with a
dlff&‘éﬂtcéo%queiﬂ]fyn of %15?{{6 gée]%éal’ ~ahd 6 prqu\Jvolt ge T8 cYYff%ﬂ:n% B&io of oy

drain voltage V hi gher than t anode vol t age
to Yoar byputdhlgkelmbeianmlemeited by phet switdht cagroNer|2N0,

Given the various embodiments of the converter 200 disclosed herein, a wide range

of positive DC voltages may be employed as the input voltage Vi in order to produce a
lower-magnitude positive DC output voltage Vour. As mentioned above, the various
components employed, such as the inductors Ly, Ly, the capacitors C;, C,, the diode Dy, the
switch Q;, and the switch controller 210, determine in part the limits of the input and output

voltages Vv, Vour allowed for a particular embodiment of the invention.
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This equality of the voltages Vn, VL2 across the

i nductors L1, L2, and the relative offset of VI
whedree9g he drain voltage VD and the anode voPCHUS2005026456

hold true when the switch QL is OFF. During the swtch

QL OFF time toFF, with the di ode D1 conducting, the

anodelistiict adpeantageiod vetieuspatbodimeivobibe gonverist 20Q)desvdbad above

. - Wth.the drai. ffset. higher th h
is e, D3 PR Nuhe B0 Me AR AR s ATk SURRp R o and OFF
the\sQlitcBQR. WihdeIhe kAFBET 4831 thd/swibhQYisQdlipled dascilie®aht beghut

above. Al so, since the swwtch Q is OFF, the current

volfage t\ywr£ the ypltageafdhogate 216 is requyeadtp anqve ondy betwigpn the output

w5 FURSRES 0 DIELSEGFH LA LTS 101y
be wivdnagestanddrdFadilyravaitatls elesteaio dompoientsy thekshy simplifying the
T TR AN
be ¥1iL&1 thREndr AWBTicAidhé @rﬁfﬂokﬁ&%’ne lor #10ré eRBOGIMARD TR dprte?]eéit

Since the curtent IL 1 through the inductor L1 an
invenftarent | L2 through the inductor L2 are provided at

e PP eaed By T sep SRy 5ndhe Tpliagi Gopyerter 3 according
to didthe? BRILSMIncHR of BBtHwItiSH. SARVRM Mgt 5, thOBbARHet 300, which operates

. FFbased on the conponent val ues of "the inductors L1,
in 4 manndy@nalopeysstndeatof thermenverted 206 idasprided abovet is configured to convert

o nf G Moyt Dol SRy p e G Pee B Bbut votage Vour

WhileGh6 e€ tHedt®n{ptbints Whihk @ ohrfer 260 albthe cdbvdier 360,166 as the
the voltage across an inductor L is equal to L(oﬁ/dt ,

indycterras bntthe eotedge. apd thepapssitarh £11¢x, ste tha siee.¢rfewimodifications

d t | - \/L. = - =
RIS el S TR0 NERN 5P o ERNEF o
corwelterd® iV als#iteb s whichés s pehathel powedt BET kthd paitizglak ekdmple of

cof -V QUT --12 V, . thus .accounting for, toFF being.
Figa ppA 8% SRy llt%ldéé araip fergangl éhg cg@%%wﬂb ihe ﬁﬁsg inductor Ly, a
1 O . r i i f r .
sob ehfith I LEERBIed Nin BloBut Wilahedy it &l e terminal 3(5. A
swiBthTgonaroter 1€k, epdratiag inc sifniltmofhishion tofhEt eitthe dwltchkkedngrofier 210 of

[ I db h itch troll 210, G t .
el B S B S S L5 S0 5T e e
corltRNIEE B0 el Gy ﬁl@@@ﬁle‘ifoh@%b%ftth%’/gat?@m%Wﬁ %hé‘iﬁ%plﬁ‘i/oltage Vour

enpl oyed as the input voltage ~order to produce a
and oleev voltsgniveeopetté theswitbICQauthpssimpdifying the\deSigii-of theSwitch

t d abov t he variqus components enpl oyed, such
congioler, &1 comier & o BB steBSPR tors 1, @, {he
di oBge EdnvettBe3CONATGE. I Mso BRRAENE dRdke 5 haCR3tal ikl ©Fminal 318 and
210, determine in part the limts of the input and

a sepgn tarmimsl 838 e Buyta the nogative palarisnetithedapw apd pripstivaliages Vi,
Vo A U P95, e e
opptlRY the orientation of the diode D; of the converter 200. Operation of the converter
300 is analogous to that described above in conjunction with the converter 200 of Fig. 3,
with the polarity of all voltages and currents essentially inverted.

A further embodiment of a voltage converter 400 according to an embodiment of the
invention for converting an AC input voltage Vv to a DC output voltage Voyr is presented
in Fig. 6. In addition to the components described above in conjunction with the converter

100 of Fig. 2, an AC rectification circuit 430 for converting the AC input voltage Vg to a
10
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is the limted voltage swng of the gate 216 of the

swwtch QL required to turn ON and OFF the switch QL.
w@revceiddbe source 214 of the switch QL is coupP@dUS2005/026456

directly to the output voltage VOUT, the voltage of

the gate 216 is required to ve only between the
D yplitae upable dydhsramaindry of theaifltgE ambt i§ ytiligrdhtq generate the
| A t ). . .
B R P S L
Vihes sdapired, i ACtentgti¢cationaasiig3 bmay e cenfigurbd to convert the AC

ingiel@ee Fays 2ln EiPle It s Biten BEREP SRR bR dorisret to a lowes-
mEHRuY DToRP@ Wiltaf®@VE,LPPREY BEtHeToRTertdd 20D LEFRNS. In another
invention. Simlar advantages _may also be realized b

emhodithet, if eInegafveddn wetmue volgee Vauit oy eieded.tthe Afoeptéfication circuit

' of the | [ LR, F 5. .1he
oA g AL S oo ek il gy phffys ot
wihiblain @fe itdptereanmirn ie suRRQuales conetdad al@wer-Bagnitude negative DC

configur ed to.convert a negative DC input voltage

ouipuijvatiegedy ouidt theegavertda 0B ehEig ve DC out put vol t age
VOUTRyhi 00
and PR Seyanl ol ORP B orPhak 1 e ARG Phorg other

entbvdirnartee®dpasded wikten clsgaopd aff the Gilventiay aerpesdible. Farexample,
.8 few nodificatjions are utilized tq process the .

diffirgat Al EnpeT ﬁﬁla%geaswl%@ab? r&VO_fve&l%eﬁeraﬁﬂY%n_ g, thus

po@ibﬁrfm&i@aﬁ{gqﬂy 864 8 copffdnkt AlRWMotHeR tHa thydds Sbiﬁéal@_ disclosed
p- channel power FET in the particul ar exanple of Fig.

hefein THertlsan) tefdrer@Rs tonpésitifesand ndgative viodinge pelhriBds2ire proyided for

ith the first inductor L1. .a.source terimnal 4

re B SO IO BOET OF (R JB 0 TP g e Biferent voltage

refefidlidAchdR® - InhdRMidiC Boapttent therarddi@ctrio My &duplal thily Aot
simlar fashion to that of the switch controller 210

nepéssatily beslirgetlyt mteromecicd i pléraativeentpdimastito nAlsb, aspects of one

Wit ch vi.a the.gafe. 316, T wi.tch controller 310
eSS e B B e B Ryile 5 Ea i s Rt father
inPldniatitationl bage pyédet ianehtinf dhuy,Gliik the pRseitanRREbA WSS been

the switch Q, thus sinplifying the design of the
degeritied An thsrroptskt ef spegificcomedineenty, sudbiasciiptions agg provided for
. A J nv, . | . .
GAEEh B8 o A P VR flnel Tt roblspope Bt B8 LR Boion i
deliatiwet paly B2ibe fel@wvihg cld@s.negat i ve polarity of the

I nput and out put voltages V, VOUT the first term na

318 is the cathode, while the second term nal 320 is

t he anode, opposite the orientation of the diode Dl of

the converter 200. Operation of the converter 300 is

anal ogous to that described above in conjunction wth

the converter 200 of Fig. 3, with the polarity of al

vol tages and currents essentially inverted.
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A further enbodi nent of a voltage converter 400

according to an enbodi nent of the invention for
weewvetd4dhg an AC i nput voltage VIN to a DC ouP@UuUS2005/026456

voltage VOUT is presented in Fig. 6. In addition to

t he conponents descri bed above in conjunction with the
ClAMNM8rter 100 of Fig. 2, an ACrectification circuit

430 for converting the AC input voltage V to aDC

vol t age usabl e by the remai nder of the voltage
Waany elatmed 400 is uti I i zed to generate the desi red DC

out put vo| tage Vi ne enbodi nent in whic

1.posi4 sige- qgelbmlfea% cwertﬁg@ 0019 gprerptang Ay e&puttwétam\fouﬂ from
430 may be configured to convert
antﬁéﬁ (Ql'ltﬁgé{}%%%ﬁlgﬂ&h VINto a first positive DC
vol taas;:atchv@iuil l:)h:olmmsiﬂmﬁtsetemnhmbﬂtl 8larkda second terminal (114),

e GeonbsTBInaE 1 91 URE e SR AbrAoupleA Sith th output

vdlegatvyg);bC output voltage VOUT is needed, the AC
rectrfication circuit 430 may be confi gured to convert
t he a€ciifigui 1 Volongyising & Brshtefrningt (1d8yand asechdl teninirad €1,20),

mhlc in on on | ntI onve ed
wiegedd e s siiaf 0N B iR e ek 0T B th the
outp@ volteg Yje)rter 300 of Fig. 5. Wile several

enbodlnen s of the invention have been di scussed

h e r ea ﬁrst bdneter ¥ dliceisivaldy ervpbnp Hesfagt wimmah(1l Rpofthe pwitch (111)

are possible. For exanple, different
W theﬁ Oﬁoéetgpd@ | evel s may be involved in

al t ef gabnd/Bdecoodi26y Magnetichlly caipbal With tﬂd\@ﬂsﬁmﬁhﬁlr (cme) the
use of conponent val ues ot her than those s
segpuscindacder (8pkslectricalin qpupling Sedrdieayngld1p ftthwcaﬁ@r (117) with

a{,}ﬁ%gu %ﬂggf) larities are provided for reference

od| ments of the invention my
utild smuaun;g doneroat (110) ¢apkedrvettethe natpug veitdper® out)rand configured

addi ti on, nents that are electrically coupled may
tor?@?“ﬂé@%%‘glé‘ﬁ}nﬁglbe directly interconnected in

alternative enbodi nents. Al so, aspects of one

enbodi mrent may be conbined with those of alternative
2.enbCHhiersert- éomvchmtcenferter KEN) ofiplaame nwhenetm:he difrsttitmctor (124)

sent nventl S, Whilet nti.on
oS Betnd ISEPT B30 HFhinuitin e pCeRnEn gt 7 pifhent
enbodi nents, such descriptions are provided for
illustration and not limtation. Accordingly, the
3.pr opBre e foltige Cpn'eqmm(lo%@énhamﬂu fusthdecamprisiep:

onI Y, P Pékga@?%%&ég ele/cgpi)ad@ C°881|1|%A$1F r}puif 178163gef(§)'11\16} mtah the voltage

regﬁ&@é@tg Gar@n out put vol tage (VOUJT) from an input
voltagegg nprising:. a swtch (111) conpri sing

firsk sep@mch@apawtqr;@z)) clegidcadlysoupling the opipyhvoltage ayith the voltage
reference (128).

4. The step-down voltage converter (100) of claim 3, wherein the first capacitor (C;)

comprises a capacitance of 22 microfarads.

5. The step-down voltage converter (100) of claim 3, wherein the second capacitor (C,)

comprises a capacitance of 120 microfarads.
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wherein the second termnal (114) of the switch ( 111)
is electrically coupled with the output voltage

W@ Y0U0)849% rectifier (117) conprising a first PEF/DH08$/026456
(118) and a second term nal (120) wherei n the second

term nal (120) of the rectifier 117) js electrjcall
6. coupthectaRr 49y ﬁ@ta@etcaﬁrer%ﬂ% ef rlxa/@rr WL%rernr thg poltage reference

12dustahqa(124) electrically coupling the first
(tggrmgng{j(lla of the switch (111) with the input
voltage (MIN) ; a second inductor (126) magnetically

7. RST8] Veltast EPIeale §TUR3 65 1 WheTFinrRummber of tums of the

firb@hMIAH (184)lab)a MImBeRSf (iBhd b the Eeo()ill& Tdudiok 1 z’%i ‘é@in‘pﬁg@a ratio of
reference (128); and a switching controller

I:boupl ed with the output vol tage (VOUT) d conflgured to
control the switch (11 1). 2. The step-down voltage
converter (100) of claim1l, wherein the first inductor

8. ( 124)heats-ddven esie@e dohvdtee {100) 6L28Im e,awheremrtné 'fm ifuctor (124)
i nductance of 1.7 mllihenries. 3. The st

cowrlﬁesgeeﬁebw&%@f g @@@fomr,cw%ﬁr?mihe retqra%@riuctor (126) comprises a

segogﬁ%l_:nﬁfé@?)ﬁ él?el t];‘]érfs t a e %; %@ﬁrﬂﬁ&%{gbﬁ@ Ph)’and the second

indwet@r(@Pe)erdé WBBJ)d alamm aaoﬁae(@@h)d capacitor (C)
el ectrically coupling the output voltage with the
vol tage reference (128). 4. The step-down voltage
9, CONVAeld &ovgip%lt%p cBhirt® Br00VBLEIGIH 8t®ﬁerfainrtﬁ& core (222) is a ferrite

capacl tO rrses a capaci tance of

~com.crofarads. 5. The step-down vol tage converter (100)

of claim3, wherein the second capacitor (C2)
conprises a capacitance of 120 m crofarads. 6. The

105t eprHQW)- IRt M%g@‘éﬁﬁ@érie@(l@}@@&laﬁﬁ 1CWRérEInl, Wherein
the voltage reference éb&t i 5 ground. The
QxlEp

ste ﬁhfd it vadtage (¥mg end/ ut YoggedvV oo’r)eérmqsﬁlvm@r@it-nurrent
(Dﬁf er of turns of the first inductor (124) and a
J §88f turns of the second inductor (126) conprise

a 1 ahé swiedh @11) ccﬁnprfd&@aﬁh%ﬁaﬂ&%emcéff@gﬁammqn (Qy), the first
(100) of claiml, wherein the first inductor
ter@@mlr(il LDt 4hg switeh (ML heromeprises adeainissnmahey]2) aﬁ@p&?ﬂ? (Qu), the
seé&r% t2fH gg% Hbdolﬁﬁé) gwft&lzﬁ)l I)C%r 8§37 sGuirce terminal (214) of the FET
(Q1), and the switch controller (110) controls the FET (Q;) by way of a gate terminal (216)
of the FET (Q;); and
wherein the rectifier (117) comprises a diode (D), the first terminal (118) of the

rectifier (117) comprises an anode (218) of the diode (D), and the second terminal (120) of
the rectifier (117) comprises a cathode (220) of the diode (D).

11.  The step-down voltage converter (100) of claim 1, wherein:
the input voltage (Vi) and the output voltage (Vour) are negative DC voltages;
the switch (111) eomprises a p-channel field-effect transistor (FET) (Qy), the first
terminal (112) of the switch (111) comprises a drain ten’ninal (312) of the FET (Qy), the
second terminal (114) of the switch (111) comprises a source terminal (314) of the FET
(Q,), and the switch controller (110) controls the FET (Q,) by way of a gate terminal (316)

. of the FET (Qy); and
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second wi nding of the transforner, and wherein the

first inductor (124) and the second inductor (126) are
wowwnidisout a core (222). 9. The step-down voPCEHYS2005/026456

converter (100) of claim@8, wherein the core (222) is

00yt TRH oA LrOmPiRGS A Dvo Heaye: VRS AR of the
re%tg%)r ‘é%ﬂl@ Whm gﬁké@%@aﬁc}é@@ | S)fo%hé’c%ﬂé Y8, SdrREEscoHA t@Rinal (120) of

e swtch 11) nprises an
therectifiem@ I17)‘ ¢ahptiset he anocier(ah&)l dtthtr dl@éE(lDz)( Ql), the
first termnal ( 112) of the switch ( 111) conprises a
drain termnal (212) of the FET (Ql), the second

xer nfhéaéte;(-déxﬂﬂilo etcBﬁvéi'Wr '%()f &lhih lcﬁzﬁ%irﬁtﬁﬁ, sWitch controller
source term nal 14 of the and the switch

(1¢&ris eonfigured tome)mbthﬁtswaﬂch (kIHe bE Elrn{ng@e pyitehagl LoF omand off

16) of the FET (Ql); and wherein the
Surg%éﬁaﬁlsfedra‘?g’ﬁﬁ/’f' conpri ses a diode (D1), the first

termnal (118) of the rectifier (117) conprises an
anode (218) of the diode and the second term nal

13 1zoljheo$en— Wi ¥eltage; copverter @&)a Sfpiain ds wherehy the gwitely ogntroller
08 et mhe a0 R BRI R PR Yagy

(Vm and the output voltage (VOUT) are negative DC
vol t

h i tch 11 h
SN eeﬂﬁ?ibéqulg ?fg %§t0 yer{e‘t)é}lézog n‘%gf)alsngsi ‘éfhgqeflg gg‘gf}tﬁl’il geptroller
(1 g%’)]f% %%ni?éur&hﬁ) &Yﬁﬁ)?ﬁﬁe (w1199 Bt 8% (.%I‘I@{l@’%'ﬁhé %tﬂhﬂ%ltage

of " the , the second term nal
(Mob®). swi t ch (111) corrprl ses a source term nal (314) of
the FET (@), and the switch controller (110) controls
the FET (@) by way of a gate termnal (316) of the

1FET LHke Zp) ARSI Ret ohiéter € Bf@lram(l 11¥heleRAPr i ses a

di ode theflrst term na 8 of the rectifier
( 11ty nlp@hmltaeeé\’aq) cmmdwena(t@w)m@lﬁt Ao inpuyeltggsz pnd

22 ?m?ljlg gtgé S gn Otgéér%ogx%lsstér](ﬁ Bé)higlrtg Lhe rp(%%% | ggfzxfe lﬁgg’uon circuit

(430 rRugRNENtHe X ¢ agfit OOIMApRiEH the ﬁlﬂ@ﬂdmforqlzn)m 1, wherein
the switch controller (110) is configured to control

the switch ( 111) by turni ng the switch ( 111) on and

10 ﬁiébs%cpa@&ﬁ’v@{a#%%gé}le&’ ? é)? of &1% he h&hmaown

vol tage converter \/\7ner ern’the
sw tthé Acbrettifitdton cfrtdid 4303 1mmﬁggnededc¢mectcthé AGl inplievoltage to a
switch (111) based, on the output voltage (VOUT) -
first positive DC voltage; and
the output voltage (Vour) is a positive DC output voltage having a lower magnitude

that the first positive DC voltage.

17.  The step-down voltage converter (100) of claim 15, wherein:

the AC rectification circuit (430) is configured to convert the AC input voltage to a
first negative DC voltage; and

the output voltage (Vour) is a negative DC output voltage having a lower magnitude

that the first negative DC voltage.

18.  Anitem of industrial instrumentation comprising the step-down voltage converter

(100) of claim 1.
14



14. The step-down vol tage converter ( 100) of claim1,
wherein the switch controller ( 110) is configured to
wW@onwrn498 he switch (111) based on a current aPCT/li82005/026456
out put voltage (VOUT). 15. The step-down voltage
converter (100) of claim11, wherein: the input voltage
(VN is an alternating current (AC) input voltage;
192nd 4 (8riSHi&RoAMMEr Lok ﬁgiﬁ H@\Km G % cfoH{lértk?"(IOO) of claim 1.
conprises an AC recti |ca i on rCU|t coupli ng
the AC input voltage with the flrst |nductor (124).
16. The step-down voltage converter (100) of claim 15,
wherein: the ACrectification circuit (430) is
configured to convert the AC input voltage to a first
positive DC vol tage; and the output voltage (VOUT) is
a positive DC output voltage having a | ower magnitude
that the first positive DC voltage. 17. The step-down
vol tage converter ( 100) of claim 15, wherein: the AC
rectification circuit (430) is configured to convert
the AC input voltage to a first negative DC voltage;
and the output voltage (VOUT) is a negative DC out put
vol tage having a | ower magnitude that the first
negative DC voltage. 18. An itemof industria
i nstrunentation conprising the step-down vol tage
converter (100) of claim1l.9. A Coriolis flowneter
conprising the step-down voltage converter ( 100) of
claim1.
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