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OF THE | NVENTI ON Aspects of the invention relate generally to electrical
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vol tage converters producing a direct-current (DC) voltage from an
alternating-current (AC) voltage or a DC voltage. BACKGROUND OF THE
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voltages. Thus, a step-down converter capable of producing a substantially fixed low DC

20  output voltage from either an AC or DC input voltage is often used to great advantage in
such an environment. |
A simplified schematic diagram of one particular type of step-down, or “buck,”
converter or regulator 1 currently in use for converting a positive DC input voltage Vi to a
DC output voltage Vour is provided in Fig. 1. The input voltage Vi is asserted across an
25  input capacitor Ca 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
30  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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such as current, may be enployed by the switch controller 2 alternatively
or additionally. 1 WD 2007/018498 PCT/ US2005/ 026456 By turning the switch
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in the i n¥ucwhile thewwitcle Q isNanddhe Igmasmmg\ltqrslmal aﬁﬁmend@@rdsls@mtheentput
through t e VouT, At sone

h
poi nt det E&Fﬁgﬁedmﬂi theEeAge\ﬁsghn g%tﬂﬁ?%ﬁt cft C}dﬁ;%t(g[lv%i CP%% %ngplgﬁét thggal n
t urned O\ko@Mehﬁﬁap&QM@swmi © chefReMcSdiodIDItE bk reveidéshifded\\end thérefdrd Aot

vol t aé;e og;n%tdamyaﬂl'l when the switch Qis either ON or OFF,
g, when the switch Q is ON, since the anode 4 of the diode D 1s connected to
ground.
When the switch Q is then turned OFF, the voltage V| across the inductor L reverses
polarity in order to maintain the continuity of the electrical current through the inductor L.
That “flyback” in voltage causes the voltage at the cathode 3 of the diode D to drop below

25  ground, thereby forward-biasing the diode D into conduction. Thus, electrical energy stored
in the inductor L while the switch Q is ON is transferred as current through the diode D and
the inductor L to the output voltage Vour. At some point determined by the switch -
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.

30 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



30 One potential drawback of the step-down converter 1 of Fig. 1 is the
| arge voltage swing required fromthe switch controller 2 to drive the
gate of tweeewwig48sQ to turn the switch Q ON and OFF. Womass@soedsseal |y,
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speci al i Zogndssasa vplaiypicaHp semies a relafifalaramplex tinpuif fgsgrioohessyichal |y,
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for generating an output "'voltage Troman rnput voltage. The converter
includes a 15 switch having first and second term nals, wherein the second
t erm nal é el ectrical | 1pled with the output voltage. A rectifier has
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coupl ed wi th tgn QU pUinnali@aCor the bidsdl ihRANER BforelELiEL R8N oRGIPI o5t he
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invention will be realized by those skilled in the art upon perusal of the
f ol | owi ngtetminal isetectiecadly icpunleh withdheoutpnt valiees.uAdirstandudterteledtdcalyconplanyi ng

draw ngs. th% ?irs'%%eprlrzn%eﬁ of the switch with the input voltage. A second inductor magnetically

coupled with the first inductor electrically couples the first terminal of the rectifier with a
20  voltage reference. Also, a switching controller coupled with the output voltage is
configured to control the switch.

Additional embodiments and advantages of the present invention will be realized by
those skilled in the art upon perusal of the following detailed description, taken in
conjunction with the accompanying drawings.

25
ASPECTS

One aspect of the invention includes a step-down voltage converter for generating an
output voltage from an input voltage, comprising:

a switch comprising a first terminal and a second terminal, wherein the second

30 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;



One aspect of the invention includes a step-down voltage converter for
generating an output voltage froman input voltage, conprising: a switch
conpri si Myoaodvms49st er mi nal and a second term nal, wher ecm/ush@sseasnd 30
termnal of the switch is electrically coupled with the output voltage; a
rectifier conprising a first term nal and a second term nal, wherein the
second term nasecml ﬁmfblct@m&ghbmaﬂb’sioéplé‘éwihdm figst instuptoadhovbechnd mﬁugm put
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electrically coupling the first termnal of the rectifier with a vol tage
r ef er ence$Ws a switching controller coupled with the output voltage and
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second i nduct or” each“tonprise an i nductance o enries.
Pr ef er abl 1/7m1ﬂﬂd1mr1e$) down vol tage converter further conprises: a first

capacitor electric cou e i nput vo e with the voltage
ref erence; angﬁﬁﬁ7 %@8ﬁ%‘%§§5%ﬂ?8?0 ‘@9?? T SPRSESF i ng t he out put
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conprises a capacitance of 22 m'crofarads. " Preferably, the second

capaci t orambnpri ses a capaci tance of 120 microfarads. Preferably, voltage
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Pref erabl yferbhi®. first inductor conprises a first w nd| ng of a transforner,
wherein the. second inductor conprises a second w nding of the transforner
and wher ei n t hBreferably, thefisicrpacitan aomprdses acepryitppenrii2grmigrefarndand about a

core. 20 Pref ehallint BE SOL8 daciol SHLAS 010 BRE! 13 ey gl nout

vol tage and the ou re p05| ive curreént ages,
Preferably, Voltage reference is ground.

15 Preferably, a number of turns of the first inductor and a number of turns of the
second inductor comprise a ratio of 1:1.

Preferably, the first inductor comprises a first winding of a transformer, wherein the
second inductor comprises a second winding of the transformer, and wherein the first
inductor and the second inductor are wound about a core.

20 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

25  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;

30 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



the switch conprises an n-channel field-effect transistor, the first
termnal of the switch conprises a drain termnal of the FET, the second
term nal wb 2067018488t ch conprises a 25 source term nal @CTiuseoosAIg45@nd t he
switch controller controls the FET by way of a gate term nal of the FET;
and the rectifier conprises a djode, the first termnal of the rectifier
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conpr i sess‘%lt“%s%lﬁn(‘flé)%f%"r‘%’?faﬁgﬁlfl}bf’erf%écagﬁ’r, and the switch controller controls
the FEBT by waypRlergblgahe switeh BdiiallePfs dohfgied to sifrot tHQwARA HhSkEAOBe

PCT/ US2005/ 026456 the rectifier conprises a diode, the first term nal of

t he rect i futput vobiape.i ses a cathode of the diode, and the second terninal of

the rectifier ri:;Ses_an..ang f ' efarabl. the switch
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and of f s¢irshantthabltpupesitagdi cal ly. 5 Preferably, the switch controller is
configured to control the switch based on the output voltage. Preferably,

the switch conPrebirplly, the g vpliagedsian altepaiinegiurieRingys Yaiees28dd on a
curre at the L vMP{r o ﬁ%ﬁ’i i . i

al terfrgati ng cutthqg{ne?%lionpu &lgagftc glg\fae?gegn LJ%C(% s?tlS gg% ?o%&gilﬁgﬁlﬁg&gc@%nverter
further ceoupiingéds AG idutvelthgd withthedirstcindaort coupling the AC i nput

voltage with the first inductar. Preferably, the AC rectificatjon circuit
i s configured PiEfaahivehe Mgecﬁécqtmm%ﬁ é@égmfeé t%‘“‘?li“fe&tLﬁég pyevabiese

vol t age; @n&jﬁ%pﬁom@ %%%@gﬁdi s a positive DC output voltage having a
| oner magni tude that the 15 first positive DC voltage. Preferably, the AC

rectification theroutiut vokagedsfipgsitivel DCooutriweltaget leyink Jompumagoitudegbat the a
first. negative.DC yoltage; and the output voltage is a negative DC out put
vol ta]gsg h Vfﬂﬁlquﬁﬁevpﬁﬁﬁegni tude that the first negative DC vol tage.

Preferably, the AC rectification circuit is configured to convert the AC input voltage

to a first negative DC voltage; and
the output voltage is a negative DC output voltage having a lower magnitude that the
first negative DC voltage.
20 Preferably, an item of industrial instrumentation comprises the step-down voltage
converter.

Preferably, a Coriolis flowmeter comprises the step-down voltage converter.

BRIEF DESCRIPTION OF THE DRAWINGS

25 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
30  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.

5



20 Preferably, an itemof industrial instrunmentation conprises the
step-down voltage «converter. Preferably, a Coriolis flowreter conprises
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speci fic exanple of the step-down
electrically coupled with the output voltage Vour.

Fig. 3 is a simplified schematic diagram of a specific example of the step-down
voltage converter 100: a voltage converter 200 for generating a po‘sitive DC output voltage
20 Vour from a positive DC input voltage Vi according to an embodiment of the invention.
The converter 200 includes a switch Q; having a first terminal 212 and a second terminal
214, wherein the second 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
25  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
30  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



vol tage converter 100: a voltage converter 200 for generating a positive DC
out put voltage 20 VOUT froma positive DC input voltage Vier according to
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control (@S LO|TRMO%S bighinaeRc i eRe partighipimplgipentaten, dhefist eapagitor Ci,
conponent : | d 'fépe%i : | , : ed
inlieu o ast %%IQ:%%%%) bf%i gl:i%b ar éﬁ@,@ﬁ%l@ﬁ%é%%ﬁ?ag&%@%g%?éa %tl 0 (g?/g
3, a first2GkpPacitor Cl electrically couples the input voltage VINwith

the vgol tage reference, while.t Qu t voltage VOUI. is electricall

coupl B 15t nelt ergindiney: ey Fartbagdo i e seriaceet £y kst dha
embodi MendecohMindRhdsAHR tra(n@fo%@f‘ﬁﬁrih% ag;[ﬂgl'}lﬁf‘a)re 092, Qudh asldRerfilelcdte, GBHACI t OF

Cl and the second capacitor C2 are 10 enpl oyed as filter capacitors to help

suppl y shwhichthethmeitthe snduciosd Lt lip eenwowske dsorehcanpiésed of othsuppatarialstthay bol t age

| | f bot,h t i t | t VI dth { | t VQOU! [ 1
he o ernbubied i Btk srReo RE R oM R BycddEn Kbt in 0¥ i netitlan, B “THe
first capaghb&lof@lms oh@s fRstGARRerianed thf marberot hahabels sédohd iMdiictd I,he

second capacitor C2 has a capacitance of 120 F. ) )
20  about the core form a 1:1 ratio. Other ratios may be possible in alternative embodiments,

although a 1:1 ratio is assumed in the following discussion of the converter 200 operation.
In one example, the inductors L;, L, each have an inductance of 1.7 millihenries (mH).
The operation of the converter 200 is dependent upon the state of the switch or FET
Q1. The switch controller 210 turns ON the FET Q By raising the voltage of the gate 216
25  sufficiently above the voltage at the source 214, which is the output voltage Voyur, to turn
ON the switch Q;. When the FET Q; is ON, the voltage Vp at the drain 212 of the FET Q;
is also approximately equal to the output voltage Vour, and electrical current flows from the
input voltage Vi, through the first inductor L, the drain 212 and the source 214 of the FET
Q1, to the output voltage Vour. As a result, electrical energy is stored in the first inductor
30 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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15 I n one enbodinment, the first inductor L1 and the second inductor L2 form
first and second wi ndings of a transfornmer sharing a single core 222, such
as a ferrwoeocmneqsabout which both of the inductors LPCTIR2@5m26886Nd.
Cores conprised of ot her materials may be inplenented in other enbodinents
of the invention. Als jn one i mentati on, the nunber_of turns of t he
first i ndh’@vé Hhierefora, with hﬁﬁ?ﬁ@ﬂ%gfemgé Biththe owgroyRltags Yeet ¢he 1dso
about t he) po(& g@"\ﬂ‘ éléss%hdi]] ahhtQt t}gJ&ﬁ{odEQEDOc%uE‘iﬁg 1RE1iBESH ’RJlﬁ‘eI'eOer e- _
alternative enbodi nents although a 1:1 ratio IS assurredln ol | owi ng
di scussi obiagdd, ambhmmnccmdum o]Eiwtr@fDreonssentﬁailycrmeclmeahﬁb‘a$ thrmgh theuct or s

L1, L2 each a d t an II|h nrie he.operati o

t he conveft 8?35%(9 {6§ %@ﬁ@é Wl%ﬁ’o(ﬁ ltsf@h ec Ca‘fﬁ‘ier’%%\lst I(He% IPT%E e&z The
swi t chs Cofhile bhu@ént FkRsttifongh N fileintidofd,. by rai sing the vol tage of the
gate 216 25 sufficient]y above the voltage at the source 214, which is the

out put vol t age Wenthe swit¢hgontrolet hid) @msttb%S\@ICh QheHF: the vekageYLiasr@nithe he

vol t age V| h QX y. equal to
A R A S L B R R gy G
vol t age VleNel tﬁm@u@mgtthedfam 312 bt etvitch Q1 abdweatheirpubviageand. Die tsaidr ce

214 of the FET. QL,_ to the output voltage VOUT. As a result, electrical
ener gy |sn@g@ﬁt@&opal%bewwheﬂwaa@%w%or%thLza theypltags Yie agrasnithe sependcor e 222

about i glffcluE%FLé hfafidhed B g%ﬁt dc? st I%!dﬁ or ﬁ €Al 9 red Egeth% V%lt%e]g‘? etic

coupllng Irst in ucto 4 the secon | nduct or
VL1 acr osscrbisehé second imbhator dp apﬁroemta ltiee ndpativiod i theg eutphibvatage s&’otﬁ] e.tt %ithn d

i nduct or ince th vol e across.the first. inducto S
essenti al P@lnnl;s%ﬂ%ﬁ %PEHS@ ﬁéﬁig%ﬁ&lsan@rf@nd%mguﬁgwng 4 L
vol tage Vi, h%ﬁo@d}@&%@éﬁd@bltﬂﬁ@vglt&g%evglackﬁg%%ﬁsnﬁ%&br 1 %Qa@sy 018498
PCTI U82005/0 645 . erefore, with the cathode 220 coupled wth the

out put  volimége to/Ndyr, ﬂhm clamdeg 2 18 ltegd Vagethvﬂmls 212 o thetsawitch iatat dte subhe

th d - biased, apd h .
noncontiuct g 1o P thes: B bS5 MimitRo i Tart GFe Vi1 Saiihr Mg HRERET tecond
i nduct or a&nmigl BndrPe pfodusly sgreaﬁq@%lcomﬁimﬁé nldG&brsar (r}eLgi,é defiveb@hethel N

the core 222 whilé current flows through the first inductor L1. When the

switch c ofqrnmfl cgrrentthpugh thessepord dbetonl Qumdibe diadednto rtlnea@épwmoltager Hsm t he

el et r1 caf TE0p Pele STEHEE FREH SReblnfAThE i SR bERBih R o

above t hepioBgydtis mpkitage Wetier EPLéQ;V\thtQ]QS ORGNOFT chﬁféupﬂbwgfrbﬁmeeamtd@@r two
inductors L1, L2. the voltage VL2 across the second 10 i nductor L2 matches

the vefl t ag®0 fomyardthe syt weltageréauri nduct or L1. As a result, the volt age VL2
Fig. 4 illustrates, by way of a simplified timing diagram, waveforms of an electrical

current I; through the first inductor L; and a current I, through the second inductor L,
according to a particular embodiment of the invention. Also, the voltage Vp at the drain
212 of the switch Q, and the voltage V4 at the anode 218 of the diode D; during the same
25  time period are also illustrated. In this example, the input voltage Vv is 50 VDC, the
output voltage Vour is 12 VDC, and the load (not shown) driven by the output voltage Vour
is 40 ohms (2). Also in this specific example, the first capacitor C; has a capacitance of 22
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,
30  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
8



across the second inductor L2 approaches the negative of the output voltage
VOUT, at which point the diode D1 becones forward-biased and conducti ng.

| gnor i ng wotgpiasddBy smal |l vol tage drop across the di o#eTDB2005h20480! t age
VL1 across the first inductor LI is thus also linted to -VOUT, thus

cl anpi ng the voltage VD at .the drain 212 of the_sw tch at the sum 15 of
the i nputflQws thaguehhasesend ﬂwéw@ﬂt[@ué %Fl"tea‘@%tag‘%ﬁmaﬁheéiram‘%laofﬂ\%im As a

resul t onHeréwc%tga%gww g&%el%ﬁfeh l%ey%gfsw &k nQ VTOEQ%EPQ%Q’[ %@ 2n8de the

i nductors Ivered 1n the current t second
i nduct or 21IB alfitte tliwled)lasie(\[ﬂh —t\Cbutrhels dascmmbd valitada od@dTvordd, tﬂwvcﬂtag&rVgld of

tinme, the, switch contral onc urns t he
process i $LAEHEL ]éedmdwg{sﬁér %WS gyt tagg@ QUW’(%\I t}@fgam Vl?ﬁt'f‘%%gDP‘lﬁg% from
t he C@”V%gﬁér tha?@th%%o&&%/@fa@e'vgl yQHé D%e\b@tﬁealﬁﬁut%ltﬁ eﬂNg- 4 illustrates,

by way of a si n&slfle timn agram waveforns of an electrical current
| LI through théhisieguality nﬂﬂ:@tvoha&eﬁ dVJaz as:msséhﬂmﬂu@onstlnohg land He rslativad

i nduct or rdi.n artl cuI od| nt of e, i.nventi.o Al so,
the vort atlieetBf T Rt B BB YNGR i RS a0t Bs Vr b DR R s % e
anode 218switcht QpistdIReDRingtheistgich 08 GRINMBmME 3] With BRI di6dk Bf fordlustng, the
illustrated. In this exanple, the input voltage VINis 50 VDC, the out put

vol t age \agteveltage \/pe, claghped a1dhq FHBUT(odege Nomh)Wdfh tb@ﬁra@yvqlw@e &t qffaet

capacy or Mierhi 2 0Ny diBtke VA Y eV SR € B IBLe VS clinhidl,
and the i#dWal ©NVoul), as Béscabahatexwhi Bildo, since tiRuatirhCh 190FF;LthE citdentl iA the

addition, .the switch. Q is an n-chann power, FET, part nunber STD5NM60O, 30
and the dfisaEdaptor L is pssialiy acrorwils %%&eaﬁ ig ghestrcond mdgctonladerreasss t he

typical | r i me
LN duri g o R B A S eV R e R S Ponip ol
i nductor Ll increases essentially linearly froma level Il to a higher

| evel ng that arret doeDI' re -.bi ased,
an\é thus esseniﬂ 'gF Pﬁmﬁﬁ a WP%%@GQP%%%F%@A%z? wﬁﬂ%é;@@%ﬁ%‘?z | ;‘5 | ows
through t {8, s8Ry 556G &?rnA@'vﬂﬁle thBowalhags lé/@qut 1sta96ut@'5@'rﬂA2 5 Rf

the switch™ QL renmi ns at a due to the switch @ being ON, and the
vol t age \/bheatlrrtmtelmﬂhudeh t1261®dn¢t01t heandl thel eubantils thioughithe iwduciyr Lamedescri bed

are equal PRYAEOANEE T yorhe oo B valinde ol N B P O SRR T2 han
t he anodeypal)y mQyA 30 thke malswﬁcmoﬂtfwler DPVAJ M {(ﬁ%d badddicn tggual ity
of the voltages, VLi, VL2 across the inductors L1, L2, the relative
20  component values of the inductors L;, L, the tolerance of the load bemg driven to
variations in the output voltage Vour, and other factors. In the case of Fig. 4, toy is about 5
microseconds (1S), while torpr is about 15 pS. Since the voltage across an inductor L is
equal to L(di/dt), a constant voltage Vi, across the first inductor L; during ton of Vin-Vour
= (50 VDC) — (12 VDC) = 38 VDC is approximately three times the magnitude of the
25  voltage V1, across the second inductor L, during torr of —Vouyr =—12 V, thus accounting for
torr being approximately three times as long as ton in this particular case. Of course, with a
different combination of input voltage Vv and output voltage Vour, a different ratio of ton
to topr would likely be implemented by the switch controller 210.
Given the various embodiments of the converter 200 disclosed herein, a wide range
30  ofpositive DC voltages may be employed as the input voltage Vyy 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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of fset of VIN between the drain voltage VD and t he anode voltage VA, hold
true when the switch @Q is OFF. During the switch QL OFF tine tOFF, with
t he di odewDRoemmsusg8t i ng, the anode voltage VA is cl anpedTats2eosmass put
vol tage VouT. Wth the drain voltage VD offset 10 hi gher than the anode
vol tage VA by the input voltage VIN, the drain voltage VD is clanped at
(VIN + VolUT), 4adistiegadivingageadionsouydmbodisienis of theeconweteri20Qdesgibef Bbotehe

current i.n,the . first inductor, L1, i ssentiallw zero jle e ent in
Che soconmt Mniistyiothgt FREeiernd 2LERR0 L & Fhen P brg NS CUFF T e
to const aRd switdht @UESindME s861c0 254 bhthe SRR, NS dirdetly td fheldutgune _
particul ar enbodinent illustrated in Fig. t he upper current level 12 is

. 4
appr oxi m¥ekrge Baor e voliagpef thepte 21Ails rauied fogneve enly betvreen deutputi s about

250 .S th : 0 i or 112
throush AL s Lok tiasbiEhARd UE AR il FEgae AoRY ol

aver age berdrieah bylelahdatedadity-tvilable-eldctrbniedtoipopdits, MDDy $infplibyif@the= 300
mA. The switch @lontr,o | er éiﬁg agj &%ts t oN aﬂrg t oFF based on_the 20
conponentdeigh geeSHitchcoptielifa 24s Ong or popre phidesedypniagss. of otheis: Nakalspei ng
driven t L@t WakE ; M, rs. In the
case of %ieégﬂ%?@%ﬂd‘\lm?rsé@tl)%%ﬁ@%%lwg rn)éés)%%egﬁgg (S) ’bo\%ﬁ% 1{3§ ?ﬁt{h&%?ésé&gbout 15 S
Si nce t hénwentibmge across an inductor L is equal to L(di/dt), a constant

| t VL1 agy the first inductor L1 during t f VI NV = (50 VDC
V0130000 - SR Gt ey S B fPelirect B ol NS PR Do ibezs
vol tage Y& 2n@RéQeshddiBe@FMOinkaidal Qhotd il lfr{g;. ?%trhe by @fer 3@’@}\!'%1&1 opezat¥s

thus accounting for tOFF being approximately three tinmes as long as toNin
t hi s par tih e eaneranaingods tctbar efahe ounvarter 20§ debentedtabowvertis exatfigoredab comyaut

vol tage VLN and .Qutput voltage .VOUT. a different ratiQ-of toN.to . .toFF
woul 4 11 Retgint Py wine ondr iheeBiEMserdle Bedume Veiedaotrnr i ous
enbodi menyEil®mokte thOeBpdRAts2AIChcionttREGB0hal ehdconFeMérdDOr AR R0 of
positive DC voltages may be enpl oyed as the input voltage VIN in order to

proddée anduciiebs.dagiictcate2do 804 the samaciteist Gu C21a5¢ thegemyGuiew medifisationsned
b , t j t i 1 2, th
e t orte YRIZeEYS iR ERAE RALRy €O, G ot B Vo S'elice LD 00?01 T

210, det ephverer OO par switdheQd, iwhidisis @fp-¢Hagnélposier ART i0 thepsrticla exa@@ke ofl N,
VOUT all owed for a &ﬁr ticul ar enbodi nent. of the inventiaon. 9 WO 2007/018498
PCT/ US20853-02 6Wsewitkh §adp¢lides axdrouiempypalsrl 2 eappled svitvihe frstnpdustos it e
converter b o i,m vol i . t:he \gate 216
of "t e oarEEh RE 2 RELoRRRY Gtk Tnd Afpl AIGEEVESH bADE oM 18 A

20  switch controller 310, operating in a similar fashion to that of the switch controller 210 of

the converter 200, controls the operation of the switch Q, via the gate 316. The switch
controller 310 need only move the voltage of the gate 316 between the output voltage Vour
and a few volts lower to operate the switch Q,, thus simplifying the design of the switch
controller 310 compared to some prior art converters. ‘

25 The converter 300 of Fig. 5 also includes a diode D, having a first terminal 318 and
a second terminal 320. Due to the negative polarity of the input and output voltages Vi,
Vour, the first terminal 318 is the cathode, while the second terminal 320 is the anode,
opposite 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,

30 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



the switch Q. Since the source 214 of the switch Q is coupled directly to
the output voltage VoUT, the voltage of the gate 216 is required to nove
only bet weerroatmasoat put 5 voltage VOUT and a few volts Rcghseosozaper at e
the switch QL. Thus, the gate 216 of Q may be driven by standard,

readi |l y-avail abl e el ectroni c conponents, thereby sinplifying the design of
the sw t cRCWHiep sable by e remaingder ofdhevelfage ﬁ@%@r@aéﬁﬁtsa{j@?g trecaersts e may

al so be i i i i Walok : i ts
of “the pr ot PRoBuNdHake JRBL AT ORI TIC SRR IR,
anot her v¥btaigecqirdetht &C 8@0ifiagtoor dicng 430 aarist doefigered s coertt thé AChe

i tion. S in Fig. .5 th t 0 whi.ch t i
anal 0gousiP3l THEE® S 1iRb RV TR A0 e ST TILREY ABOVE CopLeridp PORPER o
convery  mapEdRkiE oﬁl@\ﬁt At WQlut B9 Svayt If thd W Shvarté RN s FREY. tiHdRothegat i ve DC

out put vol tage VoUT il e nost of "the conponents of the converter 200 and
the conveembedigeny ifamsigative PReoutputivieliags Vour is needed, thereC castification, citgnit t he

capaci tor 1 et sane, .a iflcations . are utilized,.to

o bcess t ey B ol RaB R A MARP I n 08 sy Ratlla nE RO Ror ¢ ne
conver t er wil ih sn@idpleinehtafiBn isMubsdyubslyecdmvetianioel lopenaiaghinde feghtihe DC
particul ar exanple of Fi g 5. The switch i ncl udes a grai n termnal 312
coupl ed wP¥tRUkvdtage Vepr vigde ewrverter 309 ofddgiree terninal 314 coupled with the
out puty vol t ageyGJL Q6 ] p i r 310,
oper a{q ng in a sim F‘é%gﬁeé‘gl ong?ttcs)%?F?aegﬂ%eflﬁt%ﬁgaﬁéwg%gﬁmggﬁgggl?{&erl{’%Edle of the
convert er eddbfdimen3tenodmpdsbal witkinahe scvpobf thednsaitiva rdFosgibte. thue egahple316.

The switch _controll 310 need only nmove the voltage of the gate 316

bet ween t HEEER _anﬁﬁ_ﬁﬁavggtawlsmbglmbwﬁwif@ ¢ SRoSEERE BU he

Swi t ch @Fogsiwmaiazah% fnei g of b&ng&-?engoaleés dh& B b8 sgﬁei@itcm {h@@o 0
conpared to sone prior art converters. 25 The converter 300 © 1g. 5 also
i ncl udes berdinod@rtber, hefeiencesdo fpositive amdt migative 8dl&gamdlarities aegnavidet furnal 320.

Due tp. the _.negatiye larity,of. the input and output.vol t.ages, Vr N, VOUT,
Che 11F st ERr R -40g ofter eEOTTINGRL DR o B L BEARr GiEPIEhAT 1880 i 5 f he
anode,  OpPAsAdify sdhenR 1€ RIdtbRoRipoh&fs HaPAl elkufallly RBuMeMNHRY hef 200.
Qperation of the converter 300 is analogous to that described above in

conj unct i vevessiatily bendirastpvaterconngOs! infalipingtivegsmb@timgitsh Al$re agrsetsrafiope of  al |
vol t ages an urrents, essential Ly jnverted. A further enbodi nent of a

Vol tage. cEHpRREhCHiD b EEEPr Ry b X h S mr b e R o ol o1
conver t i NinEbmAKali U (NOpreade invledtidr) BnldGvailé hétpryseht dgent\aUlhs beerdr esent ed
in Fi In addition to the conponents descri bed above in conjunction

. 6. 1n ad . ) | a .
wi t h f(h_e dosaniad iavthe qqexsof mpegifioembadiments cweh Heseaiptions aip Peayided480 f or
converti nﬁlurs@ﬁid%%n'd%!r'fim\ftgjci&?ggcégrg{nh& fhe proper scope of the present invention is

delimited only by the following claims.
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10 WO 2007/ 018498 PCTI US2005/ 026456 DC vol tage usabl e by the remai nder of
the voltage converter 400 is utilized to generate the desired DC out put

vol tage VOUT. In one enbodinment in which a positive DC output voltage VOUT
is required, the ACrectification circuit 430 may be configured to convert
the AC i MUtV %%ge VIN to a first positive DC voItaﬁ@WUgﬁPﬁﬁmﬁﬁy t hen be
converted to a |l ower 5 nmagnitude DC out put voltage VOUT by way of the
convertergéfghﬂi Fig. 3. In another enbodinent, if a negative DC out put
vol t age V! s needed, the ACrectification circuit 430 may be configured
to convert the AC input voltage VINto a first negative DC voltage, which
in one ing%fnentatlgn'is subsequently converted to a | ower-nagnitude
negative DERLERTeAIY] t age Your via the converter 300 of Fig. 5. 10 Wile
several enbodi rﬁpﬂ&@d&f\m baeagb RYBREEO( Odfb%ﬁg&@féﬂng b GMPRED IR @1y Midher
enbodi nents enconpassed within the scope of the invention are possible. For
exanpl e, fmumﬂéﬁéﬁ@eA@ménﬁﬁmﬁﬂvé1tage | evel s may be involved in alternative
enbodi nent s c nent es ot her
than t hose. speditiighri) Ml JELEAN BRubit 1R SRRl A 0% 105 T ve
and negat imeraintheagengadraiindl (Est) af ®ie pwish det) i electiallyetwipRacAhant yutp@nd

ot her enbod nents %f the invention nmay utilize a different voltage
referenciﬁ@ In addition, conponents that are electrically coupled

may not necessakddkr P9 Zgwnﬁsﬁsmg a‘f'i}%ﬁléﬁﬁﬂél%ﬁsf?qna A b@Joh@Eé?a&ﬂdvgz@fbodi ments.

Al so, aspects of one odiment be combi nhed with those o ternative
enbodilfentveher Q)n theeattoadftmllrﬁé £120) nﬁﬂhe restifiert (il 6higs elfectting@lyprospledtwithribent i on.
Thus, mhlle 1vo §§§ i nvention has been 20 described in the context of
speC|f|c enﬁ’dlneﬁ OIg?rch descriptions are provided for illustration and

not limtati ona fAﬁICiﬁxILdtdilgliM) eleb@icgiiyopepligobp Ersdferiniirl (repefthe swivaniion i s
delimted o 'é y the follomﬁng clainms. 11 WO 2007/018498 PCT/ U52005/ 026456
CLAI M5 Whatith eHP&TWﬂ@ FEVmE. A step-down vol tage converter (100) for

generating an QUERMH lmuo@@ms Mgm&lcéxw&pféd ihl 1HPHEst fﬂahaalgsq 24 VN,

conprising: a switch (111) conhprising first termnal (1 and a second
term nal (stdohf 1ndume(@651elbttecaibfmnnhrtghﬁﬁrsaterr(lmml18))‘ ofttherestifierdhl 7) ith) i s

electrlcallOhagﬂgkrmme(ﬁg)thg out put

a switching controller (110) coupled with the output voltage (Vour) and configured

to control the switch (111).

200 2. The step-down voltage converter (100) of claim 1, wherein the first inductor (124)

and the second inductor (126) each comprise an inductance of 1.7 millihenries.

3. The step-down voltage converter (100) of claim 1 or 2, further comprising:
a first capacitor (C)) electrically coupling the input voltage (Vin) with the voltage
25 reference (128); and
a second capacitor (C,) electrically coupling the output voltage with the voltage

reference (128).

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

30  comprises a capacitance of 22 microfarads.

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

comprises a capacitance of 120 microfarads.
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voltage (your); a rectifier (117) conprising a first termnal (118) and a
second termnal (120), 10 wherein the second termnal (120) of the
rectifier (117) is electrically coupled with the output voltage (your); a
first indu WYIB#P el ectrically coupling the first tePEI/HSA00YRIEBY of the
switch (111) wth the input voltage (VWrN); a second inductor (126)
magneti cal |ty co f ] C 2 second i nduct or
(126) eIeckrlcaﬁﬁégg%ﬁ%%ﬁﬁéﬂﬁﬁébﬁﬁbgﬂﬂ§®(%gﬁéé% %%@3dppl“ﬁngE@ |?“ar (117)
with a voldtagecer(¢i®riegoend. 128); and a switching controller (110) coupl ed
with the output voltage (VOUT) and configured to control the switch (111).
20 1 The step-down voltage converter (100) of claiml, wherein the first

i nductor (%24) Fﬁ@Qeﬁ L6wa o5end cbmHert(%O)(ok%@ P& LANRY | nBereAf hsheetance of
1.7 mllihenries. The step-down voltage converter (100) of claiml or 2,
f urt her > cofprs @lthmﬁlshmﬂi‘q{@rt(l pae e nembgraif yurey e‘dhﬁe@amd indgcsorpl! 2fgFomipeise nput
vol t age (Vlllt the voltage 25 reference (128); and a second capacitor
(C2) el ect i cal y coupling the output voltage with the voltage reference
(128). 4. The step-down vol tage converter (100) of cla|n13 wherein the
first capa itor 30 conprises a aci tance of rofarads. 5. The
st ep- down ol taaé %)‘?198?”3 é?'%i@@}veﬁfr @6@ Oﬁfﬂ?}y PR RS a‘t’h@”ﬁ‘@&‘ot B''thpaci t or
(C2) conprids@s: @26 ARAMEENCRsOf indRQ ofh GhFATRHASYheledn WO s2QR /i QL8498

PCT/ US2005/ 026456 6. The step-down Vol tage converter (100) of any preceding
cl ai m lhhetleithcamisont seaged windfrarad thedrapafpgyeri andgrhsurid theZfirstihdicsr ¢ 24down

vol tage co erein a nunber of 5 turns
of the f|r§¥ﬁﬁg °°§&983%§ 9§§M39&8%$ bBQt +ﬁégbns of the second inductor
(126) conprise aratio of I :1 . 8. The st ep-down vol tage converter (100)

OF ey Pregedi g, Lo haLeln. e Rl e Loducler (1o com seza, T o
second w ngigg of the transformer, and wherein the first inductor (124)
15
10. The step-down voltage converter (100) of any preceding claim, wherein:
the input voltage (Vin) and the output voltage (Vour) are positive direct-current
(DC) voltages;
the switch (111) comprises an n-channel field-effect transistor (FET) (Qy), the first
20 terminal (112) of the switch (111) comprises a drain terminal (212) of the FET (Qy), the
second terminal (114) of the switch (111) comprises a source terminal (214) of the FET
(Q1). and the switch controller (110) controls the FET (Qy) by way of a gate terminal (216)
of the FET (Qy); and

wherein the rectifier (117) comprises a diode (Dy), the first terminal (118) of the

25 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).
I The step-down voltage converter (100) of any preceding claim, wherein:
the input voltage (V\n) and the output voltage (Vour) are negative DC voltages;
30 the switch (111) comprises a p-channel field-effect transistor (FET) (Q-), the first

terminal (112) of the switch (111) comprises a drain terminal (312) of the FET (Q»), the
second terminal (114) of the switch (111) comprises a source terminal (314) of the FET
(Q»). and the switch controlier (110) controls the FET (Q-) by way of a gate terminal (316)
of'the FET (Q,); and



and the second inductor (126) are wound about a core (222). 9. The step-down
vol tage converter (100) of claim8, wherein the core (222) is a ferrite
core. 15 10. The step-dovvn vol tage converter (100) of an recedi n claim
wherei n: t B PHpUE*¥ol t age (VIN) and the output vol t ageP %V@&W"%e 'positive
direct-current (DC) voltages; the swtché 1 1) conprises an n-channel
field-effect trdwsﬁlleth@rfeqﬂﬁEﬂ'M 17 Qompris¢rer dipgesDy), 26 fireirteinrind! ({181 2) thef t he
switch (I C0 ses n n | f_t T econd
term nal (1%4 fieg Pqnihcom %FC{] hodﬁ% %he%%]dg@ﬁ’ asnggfreecsee% “e(’(rt%”}fat'( goff? of

the FET ( @h9 recadis (11h7E)cSrwptnﬁ:baﬁ@uﬁttdemoabf(hw%)de(:loﬂtroI s the FET (Q,) by way
ofa gate termnal (216) of the FET (Q); and wherein the rectifier (117)
conprises a diode (DI), the first termnal (118) of the 25 rectifier (117)

conpri ses an. anofg s(e%%anoltﬁg@coqbgg?(ﬂd@) )Sfa ?rﬁ%ct‘:mﬁg §ﬁﬁt@ﬂ%e§§h§ﬂe@ttch 120) of

the rectifier (117) conprises a cathode ( t hé diode (D
st ep- down v@hh@i@e(b‘@mﬁeqovégurédlmpnml tmwlphéblddlbmt}llotnalthnS\W@ér(ei lriontahda |nput

vol t age (VI vol tage (your) are negative DC voltages; 30
the switch ( ?U%ggntahl rngéqDéJamy -channel field-effect transistor (FLT) (@),

the first termnal (112) of the svvitch(l | 1) conprises a drain termnal
(312) of the FET. (@), the second ter (114) .of the switch (111
conprises a - sour ¥ Segrdfivia WOltE%el%’j‘V?fferflwg Y p(f@ﬁ'”g SRHN 4 T e(?W‘tC')‘

control | er &)hlré—lm (Pl@@tsfdahﬁ JrB R tré IR svdeh WY ) BhR 4 9A kIR SiRFTVORge(316)  oOf
the FETO(Q); 13" VWO 20%)71018498 PCT/ US2005/ 026456 herein the rectifier(

117) corrprl(é/em)a diode (D2), the first termnal (118) of the rectifier (117)
conprises a cathode (318) of the diode (D2), and the second term nal (120)
of the rectifier (1 17) conprises an anode (320) of the diode (D). 5 12.
The st ep- down vdlrlteagse mmmettttﬁco(ﬂé}&)(mt)) am\y;pmeeid'g algim,l»aidﬁeinMEsmicm the
switch control éo c}s]conf uredg cgntrg the switch ( 1) by
turning t he 84! ee:h” fsw)on 'rs t copirel Ry pgtcant ilapesy ﬁéraiCHHF'Eé‘FﬁYr‘O”?E’gt The

st ep- down v\@ht\a&g(e%g nverter (100) of any preceding claim wherein the switch
10 corltroller ( O ) is configured to control the switch ( 111) based on
t he out put vol tage

I3 The step-down voltage converter (100) of any preceding claim, wherein:
the input voltage (Vi) is an alternating current (AC) input voltage; and
the step-down voltage converter (100) further comprises an AC rectification circuit

(430) coupling the AC input voltage with the first inductor (124).

16. 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 positive DC voltage; and

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

than 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
30 first negative DC voltage; and
the output voltage (Vour) is a negative DC output voltage having a lower magnitude

than the first negative DC voltage.

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

(100) of claim 1.
14



(Voul) 14. The step-down vol tage converter (100) of any preceding claim
wherein the switch controller ( I 10) is configured to control the switch
(I'11) baswd2o0m/mEsearrent at the output 15 voltage (VouPLT/UB2005Dk&s56

st ep-down vol tage converter (100) of any preceding claim wherein: the
input voltage (VIN) is an alternating current (AC) input voltage; and the
st ep-down voltage converter (100) further conprises an AC rectification
circuit 29 (4 ] f tor
(124). 160 The T Elontih el Pl aa ap ol A0 UG T
AC rectification circuit (430) is conflgured to convert the AC input
voltage to a first positive DC voltage; and 25 the output voltage (VouT)
is a positive DC output voltage having a | ower nagnitude than the first
positive DC voltage. 17. The step-down voltage converter (100) of claim 15,
wherein: the ACrectification circuit (430) is configured to convert the AC
i nput voltage to a 30 first negative DC vol tage; and the output voltage
(VouT) is a negative DC output voltage having a | ower magni tude than the
first negative DC voltage. 18. An itemof industrial instrunmentation
conprising the step-down voltage converter (100) of claim1. 14 WO

2007/ 018498 PCT/ US2005/ 026456 19. A Coriolis flowreter conprising the

st ep-down vol tage converter (100) of claim1l. 15

15
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