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TITLE OF THE INVENTION

POWER SUPPLY

RELATED APPLICATION INFORMATION

[0001] This application claims the benefit of U.S. Provisional Application Ser. No.
61/229,217, filed on July 28, 2009, hereby incorporated by reference as if set forth fully

herein.

BACKGROUND OF THE INVENTION
Field of the Invention

[0002] The field of the invention generally relates to power supplies and, more
specifically, to a versatile DC output power supply.

Background of the Related Art

[0003] There are two main classes of power supply or converter: (1) AC to DC, and
(2) DC to DC. An AC to DC power supply generally converts AC line voltage as its input
to a DC output voltage and is found, for example, in applications such as home audio
amplifiers. It can generally be implemented as either a linear or switching power supply.
A DC to DC power supply converts from one existing DC voltage to another, for
example from a battery, to another higher or lower voltage level. It is typically
implemented with a switching power supply. For general use, DC to DC power supplies

convert voltages and also provide isolation between input and output.



specifically, to a versatile DC output power supply. Background of the

Rel ated Art [0003] There are two main classes of power supply or converter:
(1) AC towDGpriandi762) DC to DC. An AC to DC power suppl ycgamseosialoh3sszonvert s
AC line voltage as its input to a DC output voltage and is found, for
exanpl e, in applications such as honme audio anplifiers. It can generally be
I npl emented as either a |inear or switching power supply. A DC to DC power
supply converts from one existing DC voltage to another, for exanple froma
battery, to another higher or |ower voltage level. It is typically

I npl emented with a switching power supply. For general use, DC to DC power
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discontinuous and so large storage capacitors are needed in order to provide a smooth
voltage for the amplifier. Even so, the DC supply still has an appreciable irregularity
(the ripple voltage) superimposed upon the DC which can manifest as an audible hum
and buzz at the amplifier output unless considerable care is taken with the amplifier

design and layout.

[0006] While the design of such a power supply is relatively simple and the EMI
emissions relatively low, the transformer is large, heavy and very expensive. The
storage capacitors are also large and expensive. Thus the overall bulk of this power
supply approach precludes its use on lightweight, low profile designs. The power losses
in the power supply are relatively low, with an overall efficiency generally found in the
85-90% range.

[0007] An alternative to using linear power supplies is to employ a switched-mode
power conversion technique. In this technique, the line voltage is first of all rectified and
smoothed at full line voltage. This allows the storage capacitor to be smaller as
compared to the linear power supply, and also less expensive. The resulting high

voltage DC signal is then converted to a lower voltage by chopping it at a very high
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[ 0006] Whi | e the design of such a power supply is relatively sinple and the
EM emssions relatively low, the transforner is |arge, heavy and very
expensi vewOBha/|arosage capacitors are al so | arge and expemdise@o/033%8% t he
overall bulk of this power supply approach precludes its use on

i ghtweight, |ow profile designs. The power |osses in the power supply are
relatively low, with an overall efficiency generally found in the 85-90%
range. [0007] An alternative to using |inear power supplies is to enploy a
swi t ched- node power conversion technique. In this technique, the |ine
voltage is first of all rectified and snmoothed at full line voltage. This
al l owﬁréqhenéymSeger&woﬁmZ Eﬁl(ﬁﬂi%—'ﬂf@'dr@du@aﬁ@(@@ﬁ%t%@;n’(ahﬂ/hldhﬁ@ar power
supply, and al so | ess expensive e resulting high voltage DC signal is

then demsirmed dovato suewerwitaggehmyugiha ppiaigransiemmer. \Becauseghe WO

R T ki

t hr ouge mushBhaller st ipraeonvadeioatsihddn @ore sapphy Howesnthe AS om gher
than with a |inear Rower supply, the transformer can be much smaller than

in a doR@ERUt s oft ﬁé%ﬁnsfﬁfm’f 9§l§‘ﬂbh§ls t-pouseetiiieditn ©biin g Rad BrStHE Reut put
d h f t
St de Qb ddificd LARSHOLIER' o0 ARSI Bk fthH i 8 iABLADAWDES A MR

age’capacitors, er- ones In a
| i nearexpovee of spgh ¥ .poNeraxaplyl is aof exdercial powemehpmyrgphgrall‘y LeedewtpEmwerla power
suppl enerally used to power a | aptop conputer. [0008] One penalty to be
pai d | PRiC® floach is that, in order to retain efficiency, the chopping
of the DC produces high frequency AC with a discontinuous, square
waveshape. Such a waveshape generates high | evels of very high frequencies
whi ch [00@8]at e Onerranady tabeqdid &qthm\ayprioacbﬁs Mrioe)r(jﬁl\ﬂlo)retaj)areéﬁqjenqyesi gn,
Iayout and screenin e re uire 0 reduc se enl ssions
ncseptaBERoPFRE ! A BELRreclRFR G bty Ao v & AR BRI R 5B ve
renoveghvishhpe! Sued & watkdtipd g"@»éraw%dn?mms bf m hlgEreﬁEQDéﬁ@e@Wr@

magnetic conponents that add to the cost_and bul he supply. The
ef fi ciregigle taataussughia fﬁeweiqydatqrgere@@etﬁl\éI)ocaf@‘uk@es;@m yamtgrandt ypical ly

lies i h t
R T L
converitgoueaty bon@@heptsv@so sepplty benémdwedlzﬁSs@atsmnfp@ﬁehe ifmetandasutplitso be
| oner. However, the conplexities inherent in the design of a sw tching

power Ilgggﬂehug@g G182 @@ﬁgﬁﬂ%P@WIp?n?BtsttH@t add [y heserpt @bAluk ehthecRbst s and
resul try fﬁc%hgy‘g %ﬁo”ghliﬁeor%ilcgﬁpyad% Bfb ellhgg%%} b[bat’ We(f%,”yq%%r'n RNBD-

supplles rger in size
90% range. Overall, the size and weight of the switched-mode power supply can be

reduced considerably compared to a conventional linear power supply and the basic
component cost can also be lower. However, the complexities inherent in the design of
a switching power supply can add considerably to the design and certification costs and

result in a time to market of many months.

[0009] In sum, linear power supplies tend to be larger in size and profile, relatively
costly, and heavy. They are advantageous in terms of efficiency and low EMI.
Switching power supplies tend to be smaller and weigh less. Due to higher frequency
operation, the transformers and capacitors of a switching power supply tend to be
smaller than with a linear power supply. However, switching power supplies can be less

efficient than linear power supplies, and produce significantly more EMI which requires
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over each cycle of the current. Transformers may be used to step-up or step-down the

voltage levels at various points in a three-phase power network. A three-phase rectifier
bridge commonly includes six diodes, with two diodes used for each branch of the
three-phases.

[0011] While three-phase power supply systems have some benefits, they are also
subject to certain drawbacks or limitations. For example, a minimum of three
conductors or power lines is generally required, as well as three sets of circuitry for
level-shifting (with transformers) and rectifying each branch. Also, while ripple is
reduced over a single-phase power supply, the ripple is still substantial and in general

requires storage capacitors to bring down to an acceptable level.
[0012] A need exists for a power supply or converter that can be made small,

lightweight and reasonably inexpensive, with minimal EMI. A need further exists for

such a power supply that avoids the complexities and complications of a switching
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[ 0012] A need exists for a power supply or converter that can be nade snall

| i ght wei ght and reasonably i nexpensive, with mniml EM. A need further

exi sts fowo=oohiaizpower supply that avoi ds the conpl exi PCeEaISand/043582
conplications of a switching WD 2011/017176PCT/ US2010/ 043582 power supply.
A further need exists for a power supply that can reduce the need for |arge
conponents and thus be nade snmall in size and profile and |i ghtwei ght.
SUMVARY OF THE | NVENTI ON [ 0013] I n one aspect, a power supply is provided in
whi ch one or nore input waveforns are shaped or otherw se sel ected so that
t he out put waveformrequires mnimal snoothing for generation of a DC

out pUtpo\O@f%Uﬁ . A QHrHrAeear sliigty 1610a Qaﬁle@éuﬁﬂy%é’ﬂwwﬂi@l@b?zhe AcB@v&r supply
is provided having one or nore input waveforns are shaped or otherw se

sel ectl@gemanaponasis andghyss beimrRAL $Malin pizelaad wr@fltermﬁgmweighwhe nature of
the input waveforns is shaped or selected so that the transfornmed waveform
requires no or mniml snoothing for generation of a DC output waveform

SUMMARY OF THE INVENTION

[0013] In one aspect, a power supply is provided in which one or more input
waveforms are shaped or otherwise selected so that the output waveform requires

minimal smoothing for generation of a DC output waveform.

[0014] According to one or more embodiments, a power supply is provided having
one or more input waveforms are shaped or otherwise selected prior to being provided
to an isolating transformer. The nature of the input waveforms is shaped or selected so
that the transformed waveform requires no or minimal smoothing for generation of a DC

output waveform.

[0015] The power supply may comprise a waveform generator, a level conversion
stage for stepping the voltage level up (or down), a rectification stage, and a signal
combiner. The waveform generator may generate complementary waveforms, such
that after each of the complementary waveforms is rectified and combined their sum will
be constant, thus requiring no or minimal smoothing for generation of a DC output

waveform.

[0016] In one embodiment, a DC output power supply comprises a waveform
generator, at least one transformer, a rectification stage, and a signal combiner. The
waveform generator may generate complementary waveforms, such that after each of
the complementary waveforms is rectified and combined their sum will be constant.

The complementary waveforms are preferably identical but are 90-degrees out of phase
from one another, although in other embodiments the waveforms may have a different

relationship. The complementary waveforms are applied to a pair of transformers or a
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[ 0015] The power supply may conprise a waveform generator, a |eve

conversion stage for stepping the voltage |evel up (or down), a

rectifi cawoenigtiatye, and a signal conbiner. The wavef or RCEaIser1anedssIRY
generate conpl enentary wavefornms, such that after each of the conplenentary
waveforns is rectified and conbined their sumw | be constant, thus
requiring no or mninmal snoothing for generation of a DC output waveform

[ 0016] I n one enbodi ment, a DC out put power supply conprises a waveform
generator, at |east one transforner, a rectification stage, and a signal
conbi ner. The waveform generator may generate conpl enentary waveforns, such

that afrige tr_%lﬁlé’fd)rmfermtﬁ SEYHEPARIRIRERGY. Wheeh AP bfhé @&instdreféraaee conmbi ned

their sumw be constant. The conpl enentary waveforns are preferably
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outputs of the transforners are provided to the rectification stage, which

out putc@ngtaphDC getnuésigngl-ed signals. The rectified signals have the

property that when added together, their sumis constant. The rectified
signals are provided to the signal conbiner, which suns the signals and
pr odud@81Z conkt eartaibéntddiments, greabutpl®0diiddenisaronitorad emioddd oaick 40 thée

out put vol tage_is nonitored and fed back to the input side of the power
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[0018] In other embodiments, a switched-capacitor technique is used to adjust
(e.g., step up) the voltage level of the complementary waveforms, instead of
transformer(s). In other respects, the power supply operates in a similar fashion.

[0019] Embodiments as described herein may result in one or more advantages,
including being smaller, lighter, thinner and/or less expensive than a conventional power
supply, with fewer large components, while retaining high efficiency. The power supply
can be designed so as to produce minimal or insignificant EMI. Because the power
supply can be simpler to design and manufacture, it can be brought to market more
quickly, thus resulting in a faster product design cycle.

[0020] Further embodiments, alternatives and variations are also described herein
or illustrated in the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a conceptual block diagram of a DC output power supply as

disclosed herein, using one or more transformers for signal level conversion.
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[0021]FIG 1 is a conceptual block diagramof a DC output power supply as
di scl osed herein, using one or nore transforners for signal |evel

convereozsy FIG. 3 is a set of waveform diagrams illustrating operation of the power

supply shown in FIG. 1, in accordance with another example.

[0024] FIG. 4 is a block diagram showing components of an embodiment of a
voltage-controlled DC output power supply as disclosed in accordance with the
conceptual block diagram of FIG. 1.

[0025] FIG. 5 is a block diagram showing components of an embodiment of a
current-controlled DC output power supply as disclosed in accordance with the
conceptual block diagram of FIG. 1.

[0026] FIG. 6 is a block diagram illustrating one example of a signal generator as

may be used in connection with various embodiments as disclosed herein.

[0027] FIG. 7 is a schematic diagram showing an embodiment of a power supply

using a similar technique to FIG. 1, but implemented with switched capacitor circuits.

[0028] FIG. 8 is a conceptual block diagram of a DC output power supply as

disclosed herein.

[0029] FIG. 9 is a block diagram illustrating a second example of a signal generator

as may be used in connection with various embodiments as disclosed herein.

[0030] FIG. 10 is a waveform diagram illustrating an example of a pair of frequency

modulated signals as may be output by a signal generator.



WO 2011/ 017176PCT/ US2010/ 043582 [0022] FIG 2 is a set of waveform di agrans
Il lustrating operation of the power supply shown in FIG 1, in accordance
wi th one wRanla717p0023] FIG 3 is a set of waveform di agcans2eloioudss? ati ng
operation of the power supply shown in FIG 1, in accordance w th another
exanple. [0024]FIG 4 is a block diagram show ng conponents of an

enbodi nent of a voltage-controlled DC out put power supply as disclosed in
accordance with the conceptual block diagramof FIG 1. [0025]FIG 5 is a
bl ock di agram showi ng conmponents of an enbodi nent of a current-controlled
DC out put power supply as disclosed in accordance with the conceptual bl ock

di agr 3009{] Fl Gr1ds. {NAREFANE are dchemndtlcfibgdinddbPapbtionséfr RDIOgowae exanpl e
of a signal generator as
supply operating in accordance with the principles of FIG. 1, using different input

waveforms in each case.

[0032] FIG. 12 is a schematic diagram of a portion of a DC power supply having
amplifiers configured as integrators.

[0033] FIG. 13 is a diagram of waveforms as may be used in connection with a DC
power supply having transconductance amplifiers with an integrator characteristic.

[0034] FIG. 14 is a schematic diagram of a portion of a DC power supply employing

feedforward techniques to linearize the power amplifiers.

[0035] FIG. 15 is a schematic diagram of a portion of a DC power supply employing
both feedforward and feedback techniques.

[0036] FIG. 16 is a schematic diagram of another embodiment of a DC power
supply employing both feedforward and feedback techniques.

[0037] FIG. 17 is a schematic diagram of an embodiment using switched capacitor

circuits to form a multi-stage power converter.

[0038] FIG. 18 is a schematic diagram showing a switched capacitor power supply

having a combination of positive and inverting boosters circuits.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0039] According to one or more embodiments, a power supply is provided having

one or more input waveforms are shaped or otherwise selected prior to being provided
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may be used in connection with various enbodi nents as discl osed herein.
[0027]FIG 7 is a schematic diagram show ng an enbodi nent of a power supply
usi ng a swoibavoireehni que to FIG 1, but inplenmented w PRTAKRI10I0€IHS2
capacitor circuits. [0028]FIG 8 is a conceptual block diagramof a DC

out put power supply as disclosed herein. [0029]FIG 9 is a block diagram
illustrating a second exanple of a signal generator as may be used in
connection with various enbodi mnents as disclosed herein. [0030]FIG 10 is a
waveform diagramillustrating an exanple of a pair of frequency nodul ated
signals as may be output by a signal generator.

to an isolating transformer. The nature of the input waveforms is shaped, selected or
otherwise generated so that the transformed waveform requires minimal rectification

and/or smoothing for generation of a DC output waveform.

[0040] FIG. 8 is a conceptual block diagram of a power supply 800 as disclosed
herein. In FIG. 8, a signal source (waveform) generator 805 generates a pair of
complementary waveform signals 823, 824. The complementary waveform signals 823,
824 are selected so as to provide a constant DC output level after being coupled
through a level conversion stage 830 to an output (rectification) stage 840 whereupon
the level-converted signals are rectified and combined, while minimizing storage/
smoothing capacitor requirements in the output stage 840. The complementary
waveform signals 823, 824 are preferably of a type as described later herein. The
complementary waveform signals 823, 824 are respectively stepped up or down via
blocks 835, 836, which may be embodied as one or more transformers or switching
capacitor networks, for example, as further detailed herein. The level conversion stage
830 provides signals 837, 838 to the output stage 840. Signal 837 from the first level
conversion block 835 is provided to a first rectifier block 860 of the output stage 840.
Signal 839 from the second level conversion block 836 is provided to a second rectifier
block 861 of the output stage 840. Each of the rectifier blocks 860, 861 may be
embodied as, e.g., a full-wave rectifier bridge. The rectified output signals 866, 867 of
the rectifier blocks 860, 861 are waveforms that are complementary in nature such that,
when summed together, the result is a constant DC level. To this end, rectified output
signals 866, 867 are provided to a signal combiner 870, which sums or otherwise
combines the rectified output signals 866, 867 and provides a DC output signal 885 that
is substantially constant in nature, generally without the need for storage/smoothing

capacitors.

[0041] FIG. 1 is a conceptual block diagram of a DC output power supply 100 as

disclosed herein, based on the general principles of FIG. 8, and using one or more
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WO 2011/ 017176PCT/ US2010/ 043582 [0031] FIGS. 11A and 11B are schematic

di agrans of a portion of a DC power supply operating in accordance with the
princi pl esoab1in@761, using different input waveforns i RCEASROIOASISS2
[0032]FIG 12 is a schematic diagramof a portion of a DC power supply
having anplifiers configured as integrators. [0033]FIG 13 is a di agram of
wavefornms as may be used in connection with a DC power supply having
transconductance anplifiers with an integrator characteristic. [0034] FI G
14 is a schematic diagramof a portion of a DC power supply enpl oying

feedf orward techniques to linearize the power anplifiers. [0035]FIG 15 is

a schermisfeinflrd WradiyRdl (v eohieRidH. As BRoRAWRFISURPA ¥ighEPEYHcBY
(waveform) generator 105 generates a pair of complementary waveform signals Vi1,
VN2 over signal lines 123, 124. The complementary waveform signals Vin1, Vine are
selected so as to provide a constant DC output level after being coupled through a
transformer stage 130 to an output stage 140 whereupon they are rectified and
combined, while minimizing storage/ smoothing capacitor requirements in the output
stage 140. The complementary waveform signals Vin1, Vinz are preferably of a type as
described later herein. The complementary waveform signals Vin1, Vinz are coupled
through transformer stage 130 and, more specifically, through respective transformers
135, 136 of transformer stage 130 to the output stage 140. The transformers 135, 136
may be step-up or step-down in nature, and are preferably identical in characteristics,
assuming that the amplitude of the complementary waveform signals Vi1, Vinz is the
same. Transformers 135, 136 may be physically embodied as a single transformer with
separate windings for the input signals 123, 124 and for output signals 137, 138 but
sharing the same magnetic core(s), or else they may be physically embodied as two

physically separate transformers.

[0042] The transformer stage 130 provides signals 137, 138 to the output stage
140. Signal 137 from the secondary output of transformer 135 is provided to a first
rectifier block 160 of the output stage 140. Signal 139 from the secondary output of
transformer 136 is provided to a second rectifier block 161 of the output stage 140.
Each of the rectifier blocks 160, 161 may be embodied as, e.g., a full-wave rectifier
bridge. The rectified output signals 166, 167 of the rectifier blocks 160, 161 may be
periodic waveforms that are complementary in nature such that, when summed
together, the result is a constant DC level. To this end, rectified output signals 166, 167
are provided to a signal combiner 170, which sums the rectified output signals 166, 167
and provides a DC output signal 185 that is substantially constant in nature, generally
without the need for storage/smoothing capacitors. In practice, small amounts of ripple

may occur, which can be smoothed out with relatively small smoothing capacitor(s) (not
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both feedf orward and feedback techniques. [0036]FIG 16 is a schematic

di agram of anot her enbodi nrent of a DC power supply enploying both

f eedf or waw 2andb1fedback techni ques. [0037]FIG 17 i s aPs€thiso@bioe3sdr agr am
of an enbodi nent using switched capacitor circuits to forma multi-stage
power converter. [0038]FIG 18 is a schematic di agram show ng a sw tched
capaci tor power supply having a conbination of positive and inverting
boosters circuits. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS

[ 0039] According to one or nore enbodi nents, a power supply is provided
havi ng one or nore input waveforns are shaped or otherw se selected prior

t o beighgwpi) @¥Atd88Yy be provided in any convenient location, such as at the outputs of
rectifier blocks 160, 161 and/or after the signal combiner 170.

[0043] The characteristics of the generated waveforms Viy1, Vin2 are selected to be
periodic waveforms so that, after the signals are transformed, rectified, and combined
(e.g., added), the resulting output signal 185 is a constant DC level. Preferably,
waveforms V\n1, Vine are identical in shape but offset from one another by 90 degrees.
Also, the waveforms are preferably generally smooth, lacking lack spikes or other
features that could be undesirable from an EMI perspective. Examples of suitable
waveforms for signals Vin1, Vine are shown in FIG. 1, and also illustrated in greater detail
in FIG. 2. In FIG. 2, graphs 2A and 2B show waveforms Vv and V)nz, respectively
(represented as waveforms 203, 204 in FIG. 2), each of which constitutes an alternating
non-inverted/inverted raised cosine waveform, but phase offset from one another by 90
degrees. After full-wave rectification, the resulting waveforms 213, 214 are illustrated in
graphs 2C and 2D, which relate to waveforms V\n1, Vin2 respectively. Waveforms 213,
214 are sinusoidal waveforms offset from one another by 90 degrees, i.e., have the
relationship of sine and cosine, reflecting the phase offset of original waveforms V1,
Vine. When added together, rectified waveforms 213, 214 result in an output waveform
220 having a constant DC output level, as shown in graph 2E. In other words, the
rectification and summing of waveforms Vs, Vin2 results in a constant DC output level,
generally without the need for large storage/smoothing capacitors as would normally be

required in conventional switching power supplies.

[0044] Besides the waveforms 203, 204 illustrated in graphs 2A and 2B of FIG. 2,
other waveforms can also be used and provide a similar end result. FIG. 3 illustrates a
second example of complementary periodic waveforms selected to provide a constant
DC output level after rectification and summing. In FIG. 3, graphs 3A and 3B depict
waveforms Vi1 and Vg, respectively (represented as waveforms 303, 304 in FIG. 3),

each of which constitutes a triangle waveform having alternating non-inverted/inverted
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WO 2011/ 017176PCT/ US2010/ 043582 to an isolating transfornmer. The nature of
the i nput waveforns i s shaped, selected or otherw se generated so that the
transf or &0 20mvafosm requires mninmal rectificati on andPor/Gspmolissy f or
generation of a DC output waveform [0040]FIG 8 is a conceptual bl ock

di agram of a power supply 800 as disclosed herein. In FIG 8, a signal
source (waveform generator 805 generates a pair of conplenentary waveform
signals 823, 824. The conpl enentary waveform signals 823, 824 are sel ected
so as to provide a constant DC output |evel after being coupled through a

| evel conversion stage 830 to an output (rectification) stage 840 whereupon

the | eygh &WQI’/é@%Lﬁ'pﬁ@@é%ﬁ@éﬁrérﬂCddé ét@&héf@)[/ oorHughess. mhet RIlltaNEN zi ng
st or age/ sm)oth ng capacitor requirenents in the output stage 840. The

conpl éﬁ@tﬁtcatlg?n waedesuling wavafemsn31 3,894 areshovet @rg‘gpps 6{3 and gple whkch

eeposBEbRIEVRBRES iy U5 PR FERD Sedir it 33 S b §f?‘en§L§. ed
A TR i e ool Sﬁgittf%‘;“a”?é@p?ﬂ?’f o6s 5! gnal s

837, &189re’s. rake@ingghe roeagefisabol &iginall waaiorpe Mint h¥ingi Véien ades

conver, I iR3n ide r i Bl I f the
out puttég%ag@ r%ﬁtﬁ‘ S a\ﬁaPH@8§1§f gﬁ't %Jltl;gceﬁ]%utﬁgbgv b%@ﬁ@e%(%%ﬁﬁsﬁ %ck 836 is
pr ovi dedstant &G eutpod |evet,tasf srexwrblnograpB GE . oBetdnes eongictified MgmrBMILEé%dH of

the r ct|f er bl ocks 8 be e di ed as, wave
oot | e the Same aas Sasia, P tharrdng and afiga aocteisss! Bairigndul R wasss heer
bl ocksa@molﬁagé GtRe WRM PE IR \X/Jé'\?éfoﬁ'ﬁ %1(3%8&%@%@?.& IrI‘VGI?égtrﬁ t%Ch that,
when sumred together, the result 1s a constant | evel Is end
recti fseedn@qutlinedsn/@vﬁmn 868, agd vicarverpa. othedheaeatlfmagnalandcﬂmnmmg 8f70,

whi ch su LW se onbl nes ctified output signal 66, 867 and
b ovi SAVEToEs Juetive SIS ggonetalt G oulbh feked: ey BoRERT AR gl i o,
gener 3ot [4rye & e/*sﬂ?h@oﬂﬁ@gi cé@émﬁir@'é@%tﬁﬂﬂ@hﬂbﬂ&%é@@@ﬁirécpfnscor{v@ﬂﬂé&ﬂ G 1
is a conceptual Dblock diagramof a DC output power supply 100 as discl osed
her ei BWitshsgdo@¥eEn $UPRljeder al principles of FIG 8, and using one or nore
WO 2011/ 017176PCT/ US2010/ 043582 transformers for signal |evel conversion.
As shown in FIG 1, a signal source (waveform generator 105 generates a

pair qbo4synpl eBegutIasyhmeéwrmsa‘ogmh SVINb Bhowh W2 Figee R sidgBadther nes 123,
124. The corrpl enentary waveformsignals Vim ViN2 are selected so as to

provi (VV@TRBisEalh e beed aspie!l-| BIRIPTaRY. eYavsipiigs VoupY wa 2t selagiedzor
transf RInkFe tgats\?\l%ﬁ tHétQaerﬁ’ t%'hs%ﬁ%ﬂbn%r%%ll%e‘#é%ﬁﬁ%% iedechfieqrect ified

and c nimzing storage/ snoot capatitor requirements in
t he owtguetforstsagee dglﬁpleﬂﬁentar(yrtplcamncﬂhgr swuchethat the3/| cg;rmbes agdded togétﬁeranoe

eSS PO St AT el e PSR e o™

speci frbgatihg in fdtineg Q/d\/%ﬁﬂﬁ%tth‘é?aFé SRARATER T AdBre IHenGhat RASigrer stage

130 to the output stage 140. The transforners 135, may be step-up o
st ep- étope and parvatwe arxedlh@serrpr@ é}eab‘rawng@@me and cuwa(c:wrar ddkewiset thes,

assum _ng.t hat anm I emen wayef n Vim Vi N2
3"t neSid VarelaR P PSRy SRR SRR Bl R SRR g e
t r ansfaperRiting “pbsiiegaasd %e/gdﬂﬁbﬂ%vé§bré RRntiBAUA s‘ﬁlagééliufﬁ invéted ks ame f or
out put signals 137, 138 but sharing the sanme nagnetic core(s), or else they

may b@nemesi dale W%@f@ﬂﬂ@@”ﬁ%ﬁ FBOWR Y Figs Rya meatdhe phave Sfitesias .
Where such rectified waveforms are identical but offset from one another by 90
degrees, the symmetrical nature of the rectified waveforms means that the rise in one
rectified waveform will exactly match the fall in the other rectified waveform, thus
leading to a constant combined output level.
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[ 0042] The transforner stage 130 provides signals 137, 138 to the output
stage 140. Signal 137 fromthe secondary output of transfornmer 135 is
provi ded wo 2a11faires rectifier block 160 of the output stragasie0o4Bsynal 139
fromthe secondary output of transforner 136 is provided to a second
rectifier block 161 of the output stage 140. Each of the rectifier blocks
160, 161 nay be enbodied as, e.qg., a full-wave rectifier bridge. The
rectified output signals 166, 167 of the rectifier blocks 160, 161 may be
periodi c waveforns that are conplenentary in nature such that, when sumed
together, the result is a constant DC Il evel. To this end, rectified output
Sl gnf'i|f[_604§]6, 1faddiforPfHedRsbVied nforé icaR@lieX AR EfRRPnsIcEh alvbibelused®r Vg,
rectified output signals 166, 167 and provi des a DC out put signal 185 that
i s substarfteragXamnpiensearavefarmaiMur eVing 81 e COMErisad of atrmenbrreaf difgrent
stora hj itors. | ractice, small anounts of ripple may
occur%gmlggﬁgcéﬁglggﬂ%ﬁ@érﬁg e(r)h&e\[i)\,i th relatively small snoothing
capacitor(s) (not WD 2011/017176PCT/ US2010/ 043582 shown) that may be
provi ded in any convenient |ocation, such as at the outputs of rectifier
bl ockd0844, 16%%@87”@( canyeisiamiecEnigHas desathekabavemaydiaprties to either

char a LSt wav - r - e
pori odRogE ok BarrBht bR iBRRE R, Moot et oXor el e T ERb S M ferey,
and cdwbeined (e.g., added), the resulting output signal 185 is a constant
DC | evel . Preferably, wavefornms VINL3 VIN2 are identical in shape but

of fset fromone another by 90 degrees. Al so, the waveforns are preferably

gener ibbmf]snvoﬂe. 4 %%bmklo@@aﬁpéﬂﬁﬁig%&ﬁd@fenwaf Hf @nddirheRObi &1 be

undesirabl’e froman EM perspective. es of sultable waveforns for
si gnalvsltagedcantvbid BiCeogthoivpowar suighly #00zasddiatlosed in astardarck withdheat er

detail_in_Fl 2. ln FIG 2A and 2 f d Vi N2,
e s e eneptyl bRk e oI cs s RawahSusy 300 in e bE'ShBed bit=Pea: o
const idoWé?%o@Fbeaédi&f é‘@bibwteﬁﬁrbrib"yvﬁf bﬁt‘é’rﬁﬁ\ﬁéﬂﬁe‘?%oﬁﬁéesﬁﬁbkﬁ%bmiﬁe%‘ﬂ%éﬂ m
but phase offset from one anot her b{aﬁgo degrees. After full-wave

rect i fin &&Gi dn2 signel gerenatortpgergraiassa pag of zempigraentary wevatose siangsaphs

215 9141 EfereBh A ddc LR SRk PRl RE e Rl MEs e

i.e., pevieuslihelesetioed forshipamd Vai, re.anthegase shapee bl eeldctl sdiasphase of f set
of original waveforns VINL3 Vi N2. Wien added together, rectified waveforns
213, PlavideaganstantdyC uipsitafigabeing sruped HEQHalY adransiimeltstege deehiad

| evel , i rﬁgﬁb r i £ | d summi ng
of vvavae E&nﬁ&%ﬁlg h%l rlég’ru n{tés}y%\é‘?f%ﬁgﬁég’gﬁ{gj@’oﬁ%ﬁe Fﬁgygﬁa tg%ner ally

wi t howbltage cortedlldcbamipifigre(\ Ay 4de Mdridobdjusts thepaplitads ohshevaalefonosmal |y

be required,i ventional ,sw,tchi ng power suppljes. [0044]Besi des the
vaver S84, SEAbRTId, S0 fSRHnaGk gPepibed Famh D Sitor 2909 26 ie

vavef 9&&dhfcksetlse trhSifie? @90aN[ sBhRYEfBodintrts! @itk drtUbd anfpifer 315
illustrates a second exanple of conplenentary periodic waveforns sel ected
t o pr ovaylbe amitiedt ashmapdeedivgeik patb\id1 arid senseeampfifierad9®bn and summing. I n

FIG 3, graphs 3A and 3B depict wavefornms Vimand Vi N2, respectively
(represented as waveforns 303, 304 in FIG 3), each of which constitutes a

tri angb@49yVef PhevBrRGE BobtrdIRINEh b rOI%: dutpefst the/driveiud€@djusted pair of
complementary waveform signals Vy1 and V), to linear amplifiers 430, 431,
respectively, as reflected by waveforms 423, 424 in the overlay graphs shown in FIG. 4,
depicting an example similar to the waveforms used in the like example of FIG. 1 and
FIG. 2. The power inputs of linear amplifiers 430, 431 are connected to power supply
rails +V and -V, and they output amplified signals 432, 433 that essentially span from

rail to rail (subject to minor losses from the amplifiers 430, 431). The voltage
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WO 2011/ 017176PCT/ US2010/ 043582 tri angul ar waves, but phase offset from one
anot her by 90 degrees. After full-wave rectification, the resulting

wavef or mrewBk811/@1%W6ar e shown in graphs 3C and 3D, whi chPcelust@otasssayef or ms
VINL, VIN2 respectively. Rectified waveforns 313, 314 are both positive
triangl e waveforns having symmetrical shape, offset from one another by 90
degrees, reflecting the phase offset of original waveforns VINL3 VI N2. Wen
added together, rectified waveforns 313, 314 result in an out put waveform
320 having a constant DC output |evel, as shown in graph 3E. Because
rectified waveforms 313, 314 have the sane |inear slope for the rising and

falli Qﬂal’f)é&téméll&% Afsidrizgs 482 aaBiforloneaSrefofri@xbaldle bre ?(éﬂ'eb%ncﬁve‘i’lﬁ? first
rectified waveform 313 matches the rise in voltage of the second rectified

wavef @rapiesi440 and 4dldeepistisg wamelierms Wp1 re@@lt\(wZ)craspwtlvghd Ilb@tfﬁiecblno? IG.

wit hodk TEIRE G whle tEHbEos bR AR mE SuBEaPHE i §ls B3 32 0V 1
be reqyi & VR, CTheadrieapahdiyi dmmnmghém@@ér@uﬁblf Med. ar{oOOﬁZ]aB@sefmezsed e
waveforms for VINL3 VIN2 shown in Fig 2 and 3, other waveforns can be

used &Ye{aY Oramsetts and ¢43WQQB'PB’HWGV?WI”‘9\)PN’@%’ 924 eesectvelyr A@e@ﬁaﬂ' B¢ ed
such tdaah R gfa Hﬁaﬁ‘éé Qfﬂ%h?“arﬁi”&hé 4 r\{kﬁﬁé( Q%LJrfn%@fijBnd VE% fbﬁgﬂé fied
er such t e a

wavef orns arec engntary to one dno ey can
t oget rpmnrtldtmarr@sanhplelane&hemmemm DCalteweating Buahtedeared nominvesied nadedde

eri odi c. wavef or i reC|fle waveforns that are trical in
hat uréosmcwav% v p%éngup% i bl el or pReaRoter iy S8 § hary
falling ewﬁﬂé'tﬁélé i rtq]lél%ﬁ%awsrrﬁ@w %h@qﬂpmwtﬁé%m%@

pr ef er agl y symmetri ca elr mdpoint, such that their alternating
'posi tsquere wades heglagla/eonsi&alvtematn\@ ctdeentlooanespnn@mg;ie tioes timierpasiadeaf theom
one anoth anpl e e . above

o TR e Fardd Sh BB BT cPBSiER bRt surTerl o B dich I B8 o e

anot h¢Tmé>Fer9@d dediceiffertéd PaisydEBsink G velatlike i vdlkRRerwaldrbiras thavef or ns
nmeans that the rise in one rectified waveformw || exactly match the fall

i n t heugentwavetormsilpd angve? @renidartigs! beteffsey from ane ensthentbyd¥hdegregsout put
| evel . WD 2011/ 017176PCT/ US2010/ 043582 [0046] 1 n addition to the above,
nore conpl ex waveforns can al so be used for VINL, ViN2. For exanple, the

wav ef §oosovI NlThé/buaaumy tHEefico ipears@dplfierat 30usizeupled tdithé eriatry handingi cs,
and/ or nmay vary over ti [ 0047] The power conversion techni ques descrlbed

above W'rﬁiétr%fﬁfpfr@@ ‘E’% ewhﬁwt%lqgﬁswo%lﬂr}%@n&{g@ﬂ466\)\%9°'§Q‘§9| Pes.
Mor e ded atikesly SHRERY ©F a¥etoH8 T nsRsHhdr W3k efnd'§E&dary windings of

transformers 435, 436 are coupled to an output stage 440, which receives the
transformer output signals 437, 438 from the transformers 435, 436. The transformers
435, 436 may be step-up or step-down in nature, and are preferably identical in
characteristics, assuming that the amplitude of the complementary waveform signals
Vp1 and Vp2 is the same. Transformers 435, 436 may be physically embodied as a
single transformer with separate windings for the input signals 432, 433 and for the
output signals 437, 438, but sharing the same magnetic core(s), or else they may be
physically embodied as two separate transformers. Transformers 435, 436 are
preferably designed to have low leakage inductance.

[0051] The output stage 450 preferably comprises a pair of rectifier blocks 460, 461
that may be embodied as, e.g., full-wave rectifier bridges. Signal 437 from the
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[0048]FIG 4 is a bl ock diagram show ng conponents of an enbodi nent of a
vol tage-control | ed DC out put power supply 400 as discl osed in accordance

wi th the woregptizertk bl ock di agram of FIG 1. The power ®SOpalspod0@Bssany be
supplied by a | ocal power source such as a battery, or by an external power
source such as a line source. In FIG 4, a signal generator 405 generates a
pair of conplenentary waveformsignals 412, 413, preferably periodic in

nat ure, and which generally have the characteristics previously described
for VINIL and ViN2 - i.e., they are shaped or selected so as to provide a
constant DC out put after being coupled through a transformer stage,

recti fSeedn@ay AP starhnsTdnerrad i ROVIaed toVaRE1ettiferaatis460 &f tHel3 are
provided to a vg%&g&g@ controlled anplifier (VGA) 415, which adjusts the

anpl i udeutcitage Al #8 95T dhe sagondary subis & trapsiermes 4688 dk Pravi¢ed ed

enodinerieeott oBrhnsd v 46 PP 08 458" MRl BT Do R
f eedbagd rpay bedshibadidd senegy. caplii-vaes rd@bier bA8GS] The redlificasutpansigahlised

anplifier 415 outputs the anplitude-adjusted pair of congl enmentary waveform
Si gnal0§ the reciifiar Rioclss ¢80 fl%are,arhmlspaﬁe,soar 1C W@Y,efot”é@ﬁ gt argel y, as

refle f i i >

topi cq P ShetBAE PR aRrd Srich #5, pch sEnTiied \Ghe REARIE IP ARl

FI G lewsid Telthis énd, The optpass of rqmtifisr bibcks A6@y 4@thpta fied taxyeltsd), in42tiealse

connected to power supply rails +V and -V, .and th out put amplified
e thsiins TRt b DR YahE hPreross e AR RN e e s TRUEINEP i nor

?quf’HmB'Bftﬁﬁtr i§ sfBStantidih) cordisntvifl HAGR, E‘ﬂarallx without the need
of S|8na s 432, 433

| ossepd 'b%gBJ-t*%
2011/ 017176PCT/7US2010/ 043582 characteristics for one

wavef domsteragessmoatning edpaaitossl Impractice,zsmalt aplosint4or rippde MEY ¢etepi whichg

wavef qr Vpl and Vp2) .respectivel illustrated in EI.G 4. | he case
whor o e SepBie e R b shosliihe BBSe ISt Sk h3EmES: v m
and WH&pro_Wd%dQﬁrah?deDéhi@ﬁt Rebtient suthadRst tﬁ_éicﬁ}_tﬂ)@t?; dIrectmibr @l&kym%oar €
reflected in overlay graphs 442 and 443 (depicting waveforns !pi_and |p2)

P ! \
r espeditilvand/or agrogaitne)@adeid. f Therapdapflis4hos suppliediwith grepnstant RGe vol t age
wavef qr 2 for this particular exanple are characterized by
al ter%&@nﬁ%@@?ﬁ “and non-inverted raised cosine waves (with Vpl and Vp2
being identical but offset fromone another by 90 degrees), while the
corresgondi ng current waveforns !pi and |Ip2 take the formof square waves
havi _ncj @5¢onst Eﬁﬁstﬁ%@i f?ﬁdaa%maérhe RQVideshdagenge ?H‘&“ﬁ@r t90eVvhigR; od of the
non- i QR aVBAEE ; caald - )
corr e%‘éﬁ%ﬁaﬁf@@f@gﬁ?fﬂgﬁﬁe” o%m%? Ft%"#\&eé%?&gﬁ%%éd] ral s?\eés s%gaﬁ g&e%%a ees. Li ke
t he vaonagkedvargiibens]5,tveicio um fientadywsiethee amplijudeaofdnpyd2vavrefornaedd 2cal but

ffset f ther by 90.d . [0 t of t irst li
| 185013015 02 SUABoF e Eeh TR S A4 on taIiegter MenOkor mer 45,
The oy mlit siindiA@55RSPBE rhéliﬂf’a’#ﬂﬁe@ﬁpb'cbh§tran{’f\?'élt:-!gg;er eoupl ed to the primary

w ndi ng of a second transfornmer 436. The secon y w ndi ngs of transforners
435, 436 are coupled to an output stage 440, which receives the transforner

out pu Lgnal s 437... 43 romthe transforners 5. 436 he transforners
255! 1oB58' EoPBauighp e Pobie) SubRR"UN R Femee N sietar to RS ETPRY

I dent 18l ofi MGE harRsHtexanlé OFheRSBBThHG Wiaifotrhe4a0p4 13 tike the shBfe of

conpl ement ary waveform mg/nal s Vpl and Vp2 is the sane. Transfornmers 435,

436 Wriﬁéicpai%ﬂ@tglﬂg SWV@H{Q moadnyerted &iped @0$iF‘QN\éﬁV@|Sr%#Chvﬁ9ciHU§,t@iédéi’ﬂ e
wa! WS LoAN A8BHEIE! SNALSediing ABR b o el BRI SRR e 457,
438, sharing € sane magne?l C s?:oree(s , Or el'se they may be physically

enbodistrdil@stottihoses shawatie gtapisi©O) 2B and 2B ohEfGr verssprédushdxpiinegr ef er abl y
designed to have | ow | eakage i nductance. [0051] The out put stage 450

pr ef eM¥BEAE 6RPHIKIVE{ORRS 1gf4}%@Iqefmgrsh@pgcgérla;wlam\gqveform with

alternating inverted/non-inverted triangle waves such as illustrated in graphs 3A and 3B

of FIG. 3, the resulting rectified and combined waveforms will be similar to those shown
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that may be enbodied as, e.g., full-wave rectifier bridges. Signal 437 from
the WD 2011/017176PCT/ US2010/ 043582 secondary out put of transfornmer 435 is
provi ded wo 2a11faires rectifier block 460 of the output sragasasoo4Bsynal 439
fromthe secondary output of transforner 436 is provided to a second
rectifier block 461 of the output stage 450. Each of the rectifier blocks
460, 461 may be enbodied as, e.g., a full-wave rectifier bridge. The
rectified output signals of the rectifier blocks 460, 461 are, in this

case, periodic waveforns that are conplenentary in nature such that, when
summed together, the result is a constant DC |l evel. To this end, the

out putjs tgpéprfsem,i 3D hdBPekEIG S, astlido pF&vibiS( e&?%é&ﬁrAé WitheFIGES, 8yt hat
the rectfified output signals therefromare additively conbi ned, thereby
provi Gguitgblg mUoglin yaveiorngaanay s ushaet inckidingweadaioras|withcmwdidéharmomeas ur e,

gener al | v .\ St / I it ; i ce,
a1 i BRGend Be0RE, Vil ShRARR AR S g SRR M Ik floRet

r el at isygbly 400klaySEB0It [ A¢oasRAC D(D@Lﬁ?).lt éinnsl 4%86)%)0réﬁtﬁ1l¥ meyuikeg moovi ded in
any conveni ent |ocation, such as at the outputs of rectifier blocks 460,
461 arfiRrapeLseetingeapU@re:70. The | oad 470 is thus supplied with a
constant DC out put supply signal. [0052]1f desired, feedback nay be

provi ded via sense anplifier 490, which sanples the DC out put signal 485
and pfo054les aFil5 mgebloekdiegranmsstymeing tconvminendgeotambthef emtbodirpéntfofer 415,

which in turn adjusts the anplitude of input wavef ar 41 413 so as to be
o § mstomver SuPPRCSGT eancoialioe Wit SeiSeneabappioach o ElGain Linike tas Behen: out
si gnal idH @i . 53] i on
ot OT nSuBBly gTRICHR, WK 81D lteRje-eoAUIBLANE ol Bpbly, FAEOS i aRéd

FI G B cireentecoairplled Diheuput pewien pupplwebOek dnrfrd G4 H2 eleents ékeeledhoxx hepe of

11 s tebeBh A el R CAT on G ely Bl LR RGBT D anc
comi s VPR SUD Hich| abeeE basubQIddIOFa 1669 oW BURRDSRPas 8D and 2E

of FlI 2, as previousiy explal ned. ere the input waveforns 412, 413 take
t he sth@iiensforyiamexertal Rewer SPrEcaBUan 28 8 dnasource. i Mgnadgenertonde t ed

L anelolates, sHely hbErishaa SR 32050 kel Berde S oun
WO 20 hbtire7 aré RETEHIGE08R 1P H3AB8 2ne characteristics previously described for Viys and
VN2 — that is, they are shaped or selected so as to provide a constant DC output after
being coupled through a transformer stage, rectified and combined. The
complementary waveform signals 512, 513 are provided to a voltage controlled amplifier
(VCA) 515, which adjusts the amplitude of the waveforms signals 512, 513 based upon
feedback received from the DC output signal 585 via feedback sense amplifier 590. In
some embodiments, voltage controlled amplifier 515 may be omitted, as may feedback
path 591 and sense amplifier 590.

[0055] The voltage controlled amplifier 515 outputs the amplitude-adjusted pair of
complementary waveform signals Vin1 and V2 to linear transconductance amplifiers
530, 531, respectively, as reflected by waveforms 523, 524 in the overlay graphs shown
in FIG. 5, depicting an example similar to the waveforms used in the like example of
FIG. 1 and FIG. 2. Transconductance amplifiers 530, 531 output a current proportional

to their input voltage, and thus may be viewed as voltage-controlled current sources.
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in graphs 30, 3D and 3E of FIG 3, as also previously explained. As with
FIG 1, any suitable periodic waveforns may be used, including waveforns
wi t h nul twpl2e1tarreni cs or which alternate over tine. WeCh/Useémwaliss2

wavef ornms as described herein, the power supply 400 may result in a
constant DC out put signal 485 theoretically requiring no storage/ snoothing
capacitors. [0054]FIG 5 is a block diagram show ng conponents of another
enbodi ment of a power supply 500 in accordance with the general approach of
FIG 1. Unlike the power supply of FIG 4, which is a voltage-controlled DC
out put power supply, FIG 5 illustrates a current-controlled DC out put
power 'Ifﬁépéﬁébt%@ﬁanéébrﬁl@tarﬁ}e éﬂhgﬂﬁ&%%ﬁggﬂ thaxheahaverasa 1y 5agal ogous
in function to the simlarl el ed elenents 4xx in FIG 4. The power
suppl geremtaepy the Sugéfad)g@newéorsm)ﬁ)mllb@e Bgsentiady gonperied taouirert such as a

goner Rt gflafist ShA% AR MR SRH SR s o BBt eERa € 219 s 15,
pref erdaim&rwtr@@m picessing Eiduhay resdt wdwvedn igse N ghdragerishies.cilasact eri stics
previously described for Vimand ViN2 - that is, they are shag/ed or

Sel ectENSben@ucarce AmA e 4 a5H A6 QOBneaiepLp Bawes EUBBITgIE SYpA-Vhr ough
t f
o gnalDeRi gt aBafed Sifbls 1o 5380 SRBIdiRtrs 55, SRITTRERINERL “ElCy Bis,

whi ch cmdracsetssttcbefoasrghallsm &B3tdre reﬁet&é@nrrrevesnlay@ﬂa@ﬁmﬁ) &iB5dbhsed upon

f eedback received fro out put . Si 585 vi ck sens

apl | RGPICHH WAV RICEBIRAD b RSP ALIRSGEC Y ALSERE Vo IS ARAE FPSF VPR may e
om ttede .rﬁﬁa|@9e¥ne?ﬁ@9%}éf@%§aé§éar%d.nsg°f ?ﬁ’s app) ]m £ \ﬁ,%oanci ?&25%@6

vol tage control l'ed anplifier 515 outputs the anplitude-adjus pair of
conpl mmesaonydmg\x/@ftagmcbagﬁmer@tws 1of algnnam 482 t483 anegeflectedris cyaday geants

| f 1 [ b f 523, 524
The. ovde S0 B (TRP irstRa o e VR SLYPal Rl VUi PPay T8 ¢ he
wav ef gré@hélgw 54y 1520 édd<§4@>%ﬁ€1ébﬁreﬂf whlEormsapd aht$p2 Zor thispstiendsct ance

anplifiers 530, 531 output a current proportional to their i nput vol t age,
and ttﬁ%@f’ﬂm@afﬁécb@r@mi&g byodlteqpetindinveded éndoign-iverted tiaised cosing waves

5311 SRR ?ﬁé‘“&é%ﬁ*@?ﬁéﬁ@@m&ﬁ%ﬁﬁ@a e BRerey S0 SRERRTBb I bE 205

w | kerespendinglvojtage merefaths Wp € andasg2 mwehelfcmn of s@uarblvaaiveshaaamg as
di scussed bel ow,. this nmay have advantages for downstream processing and may

r esul CONRIAEY BRSHKE W@FaSE‘P\/PO'EFﬁ%P%Rﬁ”éQ fosthectéme eeiofof Hae BRBUYIHRErasRY i fi er s

ampl | REBCLTAFay 2E ShsILPRYE v WBRede b oI D Mt iR eRll Brine

char acm\m’rtainaused‘m&m graaks. Lz, thB3Birene waetfaenisdg 1iamdopr theyvaltagphs 540

and 54 ictin or nB 2). respectiyv, stratedln FI G
51 R Vih e e ST enErel JUA oSO T S orEeL i S dERESS, g1 aphs
523, 524 for Vimand Vi N2. The correspondi ng vol tage characteristics of
signals 432, 433 are reflected in overlay graphs 542 and 543 (depicting
wavef d0086]Vp1 &hel ovfRit of &xptitst irapsgondastare dvpkfarbI0rismogpgohte ta0, 541,
542 and. 543, .the current, wavef or Lpi,and. 1pn2 . for this particul ar. exanple
are cmaryarhdBe S TRl ePReBRE PanerBatmd oidie shoui BANSeeuiiatE ne
waves aﬁﬁpltﬂ@r Stell |§166uﬂ>léa tO e primdenivircihg BEE setbr@trahsRimeRs3anatizer by 90
degrees), while the corresg)ondl n vol t age waveforns Vpl and Vp2 take the

form @BCQQ@%ﬁyéN'ﬂﬁW@§ F&RAne r@f‘etf% $bando Q&P@lﬂ@)@d \B@Iaf‘élyépld:t(ﬁ‘t@@% péRdWAEht o
the tigeDEr bt o g ANl PRI AS8G GRS RaHEIbiRer S84 GoRSt AR

negat i Vé Vol t age correspon |ng e’ peri o he T hv raf sed

cosi neramgfrmers 586, 536 neay hee stepaay of stepeddwwn irngturg Zand e prefdrably wavef or ns
Vpl and Vp2 are i dentjcal’ but offset from one another by 90 degreées.

[0056]'%'0611%3@@9{'!%%0% B8 UMiNGINGE BHuaTPHIEE QIriie iNGosing H6oN Sé%%pl ed to
the prgq n r second

tr anscondcar e hs Porefsas SUEHRTR oyl MnosdBd sl s hi £ g
secondlranlsmmfemm'rtbrsé}%ateT\lmdg@sdndaTQ/ianhsligngts 582, t538resfcoiomtines o5pbit 536 are
coupled to an out put stage 540, which receives the transforner output
signals 537, 538 fromthe transforners 535, 536. The transforners 535, 536
may be step-up or step-down in nat_u-e, and are preferably identical in
characteristics, assumng that the anplltude of the incom ng signals 532,
533 is the sane. Transforners 535, 536 may be physically enbodied as a
single transfornmer with separate wi ndings for the input signals 532, 533
and for the out put



WO 2011/ 017176PCT/ US2010/ 043582 signal s 537, 538, but sharing the sane
magnetic core(s), or else they may be physically enbodied as two separate
t ransf or w02011JA066] The out put stage 550 preferably conpcirasgola/opss?r of
rectifier blocks 560, 561 that nmay be enbodied as, e.g., full-wave
rectifier bridges. Signal 537 fromthe secondary output of transforner 535
is provided to a first rectifier block 560 of the output stage 550. Signal
539 fromthe secondary output of transformer 536 is provided to a second
rectifier block 561 of the output stage 550. Each of the rectifier blocks
560, 561 may be enbodied as, e.g., a full-wave rectifier bridge. The

recti félﬁfbl@@BP%B@'tﬁﬂ%hérlﬂ%tHé"@aﬂh@%béh&fe &re@isobs8e 1A LmaiBe pmé.&m

case, periodic waveforms at are conplenentary in nature such that,
sum*re@nﬂbﬁgié@d\és twolsepaEialtransiormeranst ant DC | evel . To this end, the
outputs of rectifier blocks 560, 561 are tied in parallel toget her so t hat
the rectified output signals therefromare additively conbined, thereby

provi q0os7]e  DCTheoptiut stegenb50 Breferly compLibss antairedfl rgcisrdiceks 560, Batur e,
generally without the need for storage/snoothing capacitors. In pr acti ce,

Sl | IROAY SeAmPoRiBr @snag-duliaveeciercarindss. sigoeredl bom et h
| at ided i
iy coneRtI Ao o UNSREE Epiofbel Ry s TSI Mool B0 BPUR Voo, "

561 amditput shage5501 Bégria &G 95mim tﬁ'éleed:@miarﬁmmut df trassfonmelr 1536 mptdvidaed

b ovi d6a sAce bahetris Hirod 5€] 8656 ol csibus ABo L ahLoERS serlitr PHGKRO%ss
and p%"l'rﬁﬁfb@é&ﬁbédﬁ@é afseeggb?mﬁwa{?@keétmeveh mngTﬁe%étﬂﬂéoeéht?UPélgﬁél%r 515,
which in turn adjusts th tude of 1 nput vef or ns as to be

a sui toditherdatifier blfocks 6he, 56‘aas&:mm¢metcaae,e|oemmll¢ hagetormsdhatta®. In this
be maintained, at a constant

t t put | ,.585 I
evel contemedima ks SPE st wFR sy bl NG, i b e A RiAR e
anpl i fiewds To3his &l tRBUBILES Bf AtifibPbloBRs 580! 561 Bfe i@ inbHRaRél tbgEmiRE ¥o bUt
far enough so that the anplifiers remain in the I'inear region of operation

and ddhatdhedectﬁleo“mépubﬂslgaglé therelioat Rre adgitively isenpringd ttoer@bynrovigindat t he

1048 L S IBLER ALEHE AB n CE ynp o

resi stfanste)aded/srabothires cayaditors. mn préetit@gmalbacioants cfaipmé mayb@ccmadhich
ensure that if the input voltage drop sogé’for instance, with a battery as

the i 90t %%P@@Fd QU erth Tetativglypsmnal st @anapapw»(npbm\@/r\wethﬁt BEYst ant .
be provided in any convenient location, such as at the outputs of rectifier blocks 560,

561 and/or across the load 570. The load 570 is thus supplied with a constant DC
output supply signal.

[0058] If desired, feedback may be provided via sense amplifier 590, which
samples the DC output signal 585 and provides a voltage feedback signal to voltage-
controlled amplifier 515, which in turn adjusts the amplitude of input waveforms 512,
513 so as to be a suitable level for the transconductance amplifiers 530, 531. In this
manner, the DC output signal 585 may be maintained at a constant voltage level. The
feedback loop is preferably designed so that transconductance amplifiers 530, 531
operate close to the rails for maximum efficiency, but far enough so that the amplifiers
remain in the linear region of operation and do not clip. The voltage feedback loop is

helpful to ensuring that the voltage level remains relatively constant even if the
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[ 0059] Operation of the power supply 500 is generally simlar to the power
supply 500 of FIG 1, treating the output signals 123, 124 of waveform
gener at orw0QB11287r76l ati ng to current. \Were the input waeefuseoms/0$3682 513
take the shape of periodic alternating inverted/ non-inverted raised cosine
waves such as illustrated in graphs 2A and 2B of FIG 2, the resulting
rectified and conbi ned waveforns will be simlar to those shown in graphs
20, 2D and 2E of FIG 2, as previously explained. Wiere the input waveforns
512, 513 take the shape of triangular waveforns with alternating

inverted/ non-inverted triangle waves such as illustrated in graphs 3A and

3B of chhfactéristicB® ks Wdd @dg.! ﬁﬂééiét@ﬁc@‘ﬂh&@é’@b%@r waee T \96 |ty efeblib Bk

simlar to those shown in graphs 30, 3D and 3E of FIG 3, as also
previ ¢a@sl3jsekplusedda ensgradhal iHhe input witagedroapKfer ptanrsd, wittes batens my

over - e el o bR et il ForP Rl R RN ot o e Sty

500 may result in a constant DC output signal 585 theoretically requiring
no staorage/ snpothing capacitors. [0060] Anot her enbodi ment of a power
suppl Y0028 ng @ﬁeéﬁtp@rﬁdgﬁ@é’“ﬁﬁpppiyéo S reNgEHYRRIMIlpE taseREWeT SEPGY, 11A
and 1 dfrFlbhqs?reﬁffrzqrﬂ‘leeéutpﬂ%i%jn_g@’LZ?@HZWI?.V@\&WW@% RtHOVEY aSUPPI Y I's
shown, Tor purpbses sinplrcrty; the'circuitry 1n 8ach case woul d be
dupl i calaédg to caoept. eivherd ehepinpoawavsiodms oo, 5348 take thHeeshmpeeof genmuiy. Thus,

the transfornmer 1148 shown in FIG 6 11A woul d correspon onceptual ly to
Lt ans FUBTAINGIVEHg NP TPadetaiga G5 E BEYER UCR Ao SPPBR A econd
tr ansfpigas of PIC 5 RAB I8 dtin P rddtRBa fa?mﬁftﬁb’meiﬁéd Wekdef¥id \Qill_tt% é'i_h\il'a'r?(gﬂwds%

de p f l'y. Likew se,

conplete the primary si ortion of the power supply. ecause
only tshewmonegraghgpCy 2bi ancli2krof FIG02, aspravioysly explainsidde/Vheredlidyei iopeld i n

FIGS. 11A.and : [ it .th i |.d Iy b
V0 201 G18 st R 68 $haBY Pl e P Tor TR MR SN 1y ar
shown,infefed?iditvertetrifhge wa ks diRGtad llestrdted i GlapHy 3A anbl3B oPFIG. 3.

di odes D1-D4 of output stage 550). [0061] The genéral approach in FIGS. 11A

and 11e resuliingrgatifod angwomipined wavgfarpsewillhessighlar Fehese shommsin@raphs 1148

has a gi Wi_ndj iy i, Adi n -

o062 Tookt ARSREREAE & RR Ustnilsl britfhell, A B1G" o edfdias 1106
periodic waveforms may be used, including waveforms with multiple harmonics or which
alternate over time. With suitable waveforms as described herein, the power supply
500 may result in a constant DC output signal 585 theoretically requiring no storage/

smoothing capacitors.

[0060] Another embodiment of a power supply, using an alternative amplifier
arrangement, is shown in FIGS. 11A and 11B. In these examples, only half of the
primary side power supply is shown, for purposes of simplicity; the circuitry in each case
would be duplicated to complete the primary side portion of the power supply. Thus, the
transformer 1148 shown in FIG. 11A would correspond conceptually to transformer 135
(T1) in FIG. 1, while a second set of circuitry and second transformer corresponding to
transformer 136 (T2) would be utilized to complete the primary side portion of the power
supply. Likewise, because only the power supply circuitry 1102 on the primary side is
depicted in FIGS. 11A and 11B, the circuitry on the secondary side would generally be
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generate out put wavefornms 1112 and 1113, respectively, depicted in the
acconpanyi ng super posed graphs proxi mate the vol tage sources 1105, 1106.
Wavef or rew020P/Emd61113 general |y equate to the positivecCarus20eyaissye

hal f-cycl es, respectively, of the periodic waveformshown in FIG 2A. The
first voltage source 1105 generates a waveform 1112 corresponding to the
non-inverted rai sed cosine waves in FIG 2A, while the second voltage
source 1106 generates a waveform correspondi ng the inverted rai sed cosine
waves in FIG 2A;, but these waves are shown as positive instead of negative
because they are applied to the inverted side of the dual-primary

t ransfemidd ofl A4iBthdBriddderranepad shb@v’hsfd?réﬁ%rmdl@% FSGOVWQS FRAsERIsMER1 he
conpl ementary waveform two simlar vol tage sources woul d be provided to

gener & dn v ed drersdiodes ELpDA Oy RW St@ge pol)-ti ve and negative hal f-cycles,

ly, | arl
Dhanc g0V BLY" ¢ Fhe bBfiePfbBd R ETCE, AN 118 i oty ZBA RIS 0 ' 7Y L
t he wavediviersesignfFh&Sce, 2arsishnd. 1 1U8GEY dFamiylobevdneirp wirdidd 1246 bli 8vo
constitutes a series of non-inverted rai sed cosi ne waves, ichinthis

exanplREimay RaEES Jfiftdet from one another by 180 degrees. Vol tage sources
1105, 1106 are provided as inputs to linear anplifiers 1120, 1121
respectively, which in turn feed field-effect transistors (FETs) 1130,

1131. [6B62] of Lbekihg firstiasd tho exmsmoﬂﬂlm 1i1$\ vohage seurcee 1d06, 6108 he pri mary
wi ndi ngs 147 t he transf 4 hes urce of each is al so
ConneGRDETAlS QRRIIRTIES 11 h BRI Sor SRtV e et Fiee T8 1R aPcamBRn YN
1120, <kbeinRA drapheRAGENHRHIdIRRE SERES | A3, SH1eks WhiSioRRd dikbiandV so,
the centertap T of the transfor 1149 and ‘power supply

2011/ d17 Bmalmméwmaoﬂﬂwasd ofegatipe haifeysles 1EBpettivay, alfetheonnect ed

0 f
bat t ereE00 gy vafRian SECRBE FICo AR oThe Bsb ik mrr e 1105 eneie®S dhe; st or
1130 (vmef@*mmm WicbFregpdhdihg & tﬂelﬁénmrﬁeﬁ%%e‘éjtwswﬂel@évém FI®aes Rerild or m

a push-pull anplifier providing a defined current output defined by the
vol t adle mo@md)vodﬁagpla@rcqﬂﬂ%wler algspywaripge£orrespoadiog thesveried curr ent

wav ef r f5ar. d ndary

w ndi A oR RS a L MG 2L EE e el SR R e aiReR RS & T1n.
[ 0065]rie@aawbec@un=fe wwyare@tp@he@ |tt§3th?hémiveﬂe@%|d€ & thé Wivaipyinfairg tadsfoamer
advant a%e in that single-polarity power transistor devices can be utilized,

and t Hd*&r iR the e tréaﬁfoﬁ@e[lH?%@IhQWnéﬂﬁr‘@%'@Sd ¢ EPBHAPIRERtary

waveform, two similar voltage sources would be provided to generate waveforms
corresponding to the positive and negative half-cycles, respectively, of the periodic
waveform shown in FIG. 2B, and are similarly phase-offset from the waveforms of
voltage generators 1105, 1106 just like the waveforms of FIGS. 2A and 2B.

[0063] Each of waveforms 1112, 1113 constitutes a series of non-inverted raised
cosine waves, which in this example are phase offset from one another by 180 degrees.
Voltage sources 1105, 1106 are provided as inputs to linear amplifiers 1120, 1121
respectively, which in turn feed field-effect transistors (FETs) 1130, 1131. Each of the
transistors 1130, 1131 is connected to one of the primary windings 1147 of the
transformer 1148, and the source of each is also connected to the non-inverting input of
the respective signal amplifier 1120, 1121 and to respective current sense resistors

1116 and 1117. Also, the centertap 1149 of the transformer 1149 and power supply
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[ 0066] For optimal performance, the transistors 1130, 1131 m ght be
configured according to conventional nethods to conduct a pernanent

gui escentwounrienti7sn order to inprove linearity and speedTafS201e9g38%5e at

| ower output current |evels. However, such a quiescent current may decrease
the overall efficiency of the power supply. The slightly nodified
operational arrangenent shown in FIG 11B may reduce the anount of

qui escent current. The basic structure of FIG 11Bis simlar to FIG 11A
but the waveforns supplied by the signal generators 1105, 1106 are nodified
to inprove linearity and speed of response at |ow output current |evels

whi | e ifuis B ahitgifiery1 fRE 1ea9 Gark topvet Rkl tof $ésdrafCyowdhsushd 1 0PNghich
peri odic waveforms 1197, 1198 shown beneath the nmain driving waveforns
1112, mMayveompEsSe Ui, tausRIiIaseRfraticsigs\ar OiRer DC e s@sECf a conmon- node
wavef orm added to both halves of the push-pull anplifier sinultaneously.
Thi s common- node wavef orm causes the transistors 1130, 1131 to conduct

qui esqeoé4]cur r Aniplifiet Y120 abd trahbitarei Ion(Qheieng ethreespiefiel i1ve1ramidn wavef or m
1112, 1113 apgroaches zero; at all other periods outside of the conduction

per i odrangister khxli Qdktegeten forin 8 PusheP Wi ekfienmroviging & gaied awdenicur r ent

cause : i r [ i J L shortl
- 2avsAR ddieR Y Bk ohag w01 Bl adisligR Shatfbey L 1685h8, 20°t o
oper at1d,06t Hilre cederdiwaydfonmms are fdidstbdranséormerhiel 400 andithemdppear oretite i n each
hal f of the outpyt s e (on the secondary sid cance|l s out i

L r ansREFRBIAY IMBOG 5 fob BacIGRaHBRARS PHich & ans (G Showit RSt § Bk f or er
secondary wi ndi ngs 1146. [0067] The period during which the common node

wavef orm causes t he trar]si stors 1130, 1131 to conduct can be vari ed f.r om
t he ef@@@lle shbveome configeraiansiche deviceanfdriGyd 1poney pradde dnedvantage in

qui escent .current .can be significantly reduc C red to the continuous
condudnodBTen SRurR B Sen Sdins rrthe faibanEne e aiager ko & s
and FlgeunipdiAr and gtdihdpsterericed. ey be characterized as |inear
transconductance anplifiers wwth a nomnally flat frequency response, such

that they accurately reproduce the conplenmentary waveforns fed to their

ot Tgodbt, SoPBL SRR ARRAGRL IR, PR LSSl e S

per f orag@orEng to conventional methods to conduct a permanent quiescent current in order to
improve linearity and speed of response at lower output current levels. However, such
a quiescent current may decrease the overall efficiency of the power supply. The
slightly modified operational arrangement shown in FIG. 11B may reduce the amount of
quiescent current. The basic structure of FIG. 11B is similar to FIG. 11A, but the
waveforms supplied by the signal generators 1105, 1106 are modified to improve
linearity and speed of response at low output current levels while minimizing any
decrease in overall efficiency. The additional periodic waveforms 1197, 1198 shown
beneath the main driving waveforms 1112, 1113 are amplitude-magnified views in each
case of a common-mode waveform added to both halves of the push-pull amplifier
simultaneously. This common-mode waveform causes the transistors 1130, 1131 to
conduct quiescent current only around the region where the respective main waveform
1112, 1113 approaches zero; at all other periods outside of the conduction period the
transistors 1130, 1131 are biased OFF. The common-mode current causes the

transistors 1130, 1131 to enter their conduction region shortly in advance of when they
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[0069] I n the case of the particular conplenentary waveforns shown in FIGS.
2A and 2B, this constraint can be rel axed by appropriate nodification of

t he conplwoentianyireavef orns such that the anplifiers mapcChaSseanfduifer ed as
integrators. The closed | oop response of an integrator generally falls at
6dB/ octave with increasing frequency, allowng an anplifier with a | ower
open-1 oop bandwi dth to be enployed. [0070] One exanple of an anplifier
configuration that may be used with this approach is shown in FIG 12. In
this enbodiment, as with the design in FIGS. 11A and 11B, only half of the
primary side power supply is illustrated corresponding to the circuitry

associzé egquitddtodiseraie, thiws ﬁéd@@ﬂgotruﬁ?-bﬁ d.sﬁértwnt hTideo@Aidn Rbdeetir@nsin t he
transfornmer 1248 in this exanple has a si ng e secondary wi ndi n]%f1246 but
€

two préiagamaliefiae eytout stage (@ thersecendamy si h@amweeutsloﬁlpwaas merry 1202

ot rcut 19 AR $0,806E abFapitAral e BBt et i YaoR e Bl M it vy
woul d 1gageral | y conprise bridge circuitry simlar to that of half the

out put stage of FIG 1 or FIG 5, for instance. In this exanple, a pair of
vol t age sources 1205, 1206 generate output waveforns 1212 and 1213,

Sour cd00dBL 58 EEHER duink 1K SRETEGAAmBHBMAS ISR B RISERE .
to |ind@0, andl itd cemduct 220 bel\%ibdkerpetbelexahmle ghawnedn mlemrﬂrﬂe?pth(eRB) and

1271 (R4 whi | e anpl flers 1220, 1221 in turn fee
L s eS8k Powe PR Sy 16 15e Gt eeRt il S sk o6 ighath ssticed dpmpased

Conne%@r‘?eEQnt‘im%u%fcan%c%rﬁ pR&y W ndings 1247 of the transformer 1248, and

the source of each Is also connected respectively to current sense
resistors 1216 and 1217 and to respective integrating capacitors 1272 (d)

(ro) - 10de01ct L TRE BOue alilifier plpiaoRsnis SxmureBia fpor abr SR A e er
suppl v 1'327%336@39’3? niyhe EharastekiZzéa. as]%%lar ARSEOTIREAREE AR pRfiGreRdAtRae pover

supply 1207, which may conpri se, ., a series of batteries or other DC
power Nostinally ﬂqto‘mnuelnﬁycﬁgwqtseoﬁuch Haekaceusaialheenraduemthesensi ng

resi st c | i ors
1272 (AP ARER TR B b by 58 SRR ™ 965 R MR drca < o
provi éU3oidHl abtdlgot typicaie requieegs aighr g@intbamawidthqapadcttfiors tie ahpifidrsldr 3
forces the voltage across resistors 1216 (Rl) and 1217 (R2) and hence the
cur r ePPUTHB REFOITPANSE-st or s 1230 (QL) and 1231 (@) to be the integral of

t he vol tages output by signal generators 1205 and 1206, i.e., of voltages
1212 and 1213. In order for that current to match the desired shape, the
vol t ade069vef oimihelkzs2 airide bam&umrmoamlemetbrymvd}efmmes shdvre ireRIG A 2A of

f 3, depi cted Fl 2A f th I t
L) SRRABE Bk Sk T S s SeRICo ot GRS -
11A)  Queveféraid QQCF?N\%‘Emé)éﬁ*n%hﬂé}%'rﬁa?b@'c‘%nﬁ%@ﬁ@%ﬁé@{rﬁb@@c”Th@rcld@belbebm 1212
and for waveform 1213. Because waveform 1213 is applied to the negative

wi ndi mgspdnsehef afuiategratargeyetalyrisiis ahedB/oztse witle incaeasingfreqsboen as

posit 'aYIgw'lnrb NS lialrjnpefn‘ler with a lower open-loop bandwidth to be employed.

[0070] One example of an amplifier configuration that may be used with this
approach is shown in FIG. 12. In this embodiment, as with the design in FIGS. 11A and
11B, only half of the primary side power supply is illustrated corresponding to the
circuitry associated with one of two transformers. As with the earlier designs, the
transformer 1248 in this example has a single secondary winding 1246 but two primary

windings 1247. As before, only the power supply circuitry 1202 on the primary side is
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WO 2011/ 017176PCT/ US2010/ 043582 [0072] An alternative integrator
configuration may be constructed by dispensing with capacitors 1273 and
1274 (C wocdo02n7amd repl aci ng current sensing resistor #CIABB01@0d358217 (R
and R2) with inductors. The current through the inductors in this case
woul d be the integral of the voltage across them [0073] The use of an
integrator for the power anplifier sections is not restricted to these
particul ar exanples. In the nore generalized version of the power supply
circuit of FIG 5, anplifiers 530 and 531 may be configured as
transconductance anplifiers with an integrator characteristic, fed with

nodi fipicted hakie aV&fcRitRBoh hedsasohdairy YRIEEDPTHIB halR 3f ﬁf@pﬁrﬁéryﬁﬁaéﬂ in FIG
5. The nodified waveforns for this purpose are shown as wavefornms 1312,

1313 iGiCHitng, wagd %ﬁﬁl’@'ytm@dﬂq l@lrlqigmélf,cwmowmlleé todhatfal el the ovitput stape

oo e T e Th P SRV Bl B Y,

descrlqbed as a seq Si'ne or

wavef gemehste R@tputwesteddrnad 122 apdd 2013, esupectysly edegisted ih thé-bESompanging 2B,
the wavefornms 1312, 1313 and the resulti ng i_nt egrated waveforns 1303, 1304
0

are |&é@a@h%a'loﬁ'rﬁa@htﬁﬁéfoﬁageﬁﬁaw%ﬁ%ﬁ2\9 mhereltaHistafeioltapeseucase goal of
| ow gy C?Qées??%/"ﬁng |?rféé'r nﬁ%lﬁ@ sb?zéO’Hf 21' é&n%‘hh %Y@s){s?torsf P70

exanpl e by enplo orvvard ues earl ze t
anpl i f(R8) andTk2i74 (aép,rwlajwamhﬂdzr‘sumow 2@1 ||mtu1‘=h(feedﬂeIdF@’fecs |tnapb|sdnr8y, t he

i i 4 Fl 4 f th
ot B 500 D81 5 B O PR B 0 abEa A pr o ceo
corregp wn§m9§ h<24<7td7%e h@hgfo%eP h9490éﬁ?d tHSUrEE ®F eQth I éﬁsollA in order
to make a co e anplifier; and then, in turn, the entire set of

cir cuuopnpeohedlrasa@@velyot@ @wrﬂnt@aneel rewstprww@andé 2daraﬂobtmenesaeqtl\@ gnal for
tif L d d f th

F G ISR RO (Gl b7 e badh Shndion SRR Se R o m

an_anpla7Bi (%)%hdwmﬁlﬁrré%éﬁilvég/zlThé:béhteﬂtéﬁ\ A 2|49t0f\{\hé krahSfriner 2249 and

gui escent current. The out put of transistor 1430 (Ql) is connected to
one ofPOMEs SHPPIYENPULE Qf(ﬂnﬁ@ié’leb‘f 182@utd 2 panenganpecteshisx @ Faparate PeVERBURRIY

tr ansfyopgel L8 b EIG 3 LLALS oft D6 ofh@YDESodHB/ sitea! | s pover

[0071] In operation, feedback from the current sensing resistors 1216 (R1) and
1217 (R2) is accomplished by means of capacitors 1272 (C1) and 1273 (C2), with
resistors 1273 (R5) and 1274 (R6) included to provide DC stability. The integrator
action of capacitors 1272 and 1273 forces the voltage across resistors 1216 (R1) and
1217 (R2) and hence the current through transistors 1230 (Q1) and 1231 (Q2) to be the
integral of the voltages output by signal generators 1205 and 1206, i.e., of voltages
1212 and 1213. In order for that current to match the desired shape, the voltage
waveforms 1212 and 1213 are selected to be the differentials of waveform 203
depicted in FIG. 2A (or waveform 204 for the complementary section of the primary side
power supply circuitry), again (similar to FIG. 11A) only taking every other half-cycle
from waveform 203 for waveform 1212 and for waveform 1213. Because waveform
1213 is applied to the negative winding of the dual-primary transformer 1248, the waves

are shown as positive in nature.
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anplifiers 1420 and 1421, and is al so connected to a center tap of the
transfornmer (simlar to the DC source signal connected to the centertap of
transformeo 20048706 FI G 11A). [0075] Anplifier 1421, tr aoTitstaw/013581 (Q2)
and resistor 1417 (R2) forma | ow power error correction anplifier A2 which
anplifies and scales the difference between the input voltage to Al (out put
from signal generator 1405) and the output voltage across resistor 1416
(R1). A scaled version of this difference voltage is converted to a current
through transistor 1431 (@) to add to the current fromtransistor 1430
(QL). This is acconplished in part using differencer 1418, which receives

the vapozme Si Aﬁéﬁltefﬁét%\'iﬁﬂetb?él@r sonfigiRatd¥may\de comstruidd b%%ébe’h‘@ﬁthm tage

signal” at the node between the source of transistor 1430 ( and the sense
resi stwin gapesitor § 27 xapd i12ré(CAandePpaod ceplagingLusent 8€0$ina resisiosht to t he

From dgPr N PEREIRE G ity Rk Mg o ML RIS HERHEREEEIn R oLt put

from aaBkidued balthe aftdgtdier efeovsitarjepddrossthed. can be a | ower power
anplifier than amplifier Al and can al so have a nuch small er qui escent

power dissipation. [0076] The out put 1432 of transistor pair 1430, 1431 may
be fe ne L Walal ; Si-m ; G

1a AT ® T he M35 of SpTRRUralb B S pBluef shifer BEtRins & nBh [ a0 nect
t 0 t héhedehpartipuiamexgmplaeedi iInghefmortesgdneralidear versionas the ppivér stipply Clieaitsi gnal
ener at 1405 and jts c erpart be configured to generate signals
2 D HE. by eI aotbs Sh b oS 4 s ORROHPaRR AR An

al t er R@td %ﬁ’iﬁ Q%r‘é%rrtgwafrﬁﬁgfigﬂid’}@éﬂ\AFFtthSGinibSr\‘/o%gé Wavetdratss didcddG 14 1s to

t
apply both teedforward and feedback techniques as 1 n the arrangenent shown
i n t hevarehodisn®ad aod SZUHGhond indsIGai& hTie Godified waeeforms don this IBPRSE mré-l G,

d ' h ifier of ; d
of i ABHD TONUREITS Gar 483 Bl S Fbe sk sGes shayshs i BidEitnd 1o
the otii3es, habd r@dulfifieaf@viegrsibn.f TRe ntddifddawaldformd 1B19en 318 nidkBe @

conplete anplifier; and then, in turn, the entire set of circuitry would
agai n dgscdogd P8 &t IRAUSHCH 0D BiNgeon ¢S WBN ekt the singvaicosiae wawfpfmcat i on

and c ' ' ' ofp L r I

! S b Bl Ead b eaet sikier AL PRI 2ARAS LR EIat s 19 30 m
an anpl318iard thle rebiltihg petef cates wasefornts 303, 1A804kare ivéritital PvsHapeztsuito

qui escent current. Anplifier 1521, transistor 1531 (@) and inpedance

el enemNags PSELEOM NgRA0NEN power correction anplifier. Another inpedance
el ement 1572 (Z2) forns a feedback path fromthe output of anplifier 1520

toits inverting input, and inpedance el enent 1571 (Z1) connects the

i nver {00D4] npuThefgoahpi Ioiv erieddetd pow et kleain @beldatsoefutiillad sm sthar wb30 ( QL)

and inpedance el ement 151 4). | he relationship Z274 = 71 i s
ant 1 s Toea TR Y EPIM et orivas s ep8ungange the Powecarel %18d from
the oUWt B pSrfacR i iiLSfrERA RYIENa4S r_%fmbl'&ﬁ’ty?ﬂféé%tﬁtr} ha92 SRolhaREIGE Or S
1530 (Ql) and 1531 (). Thus, anplifier stage Al can be operated at low to
zero ddi exyraspondarte ene side ohtivei pawerefmplifiesof y1G. 11A; a second set of similar
components would be provided corresponding to the other half of the power amplifier of
FIG. 11A in order to make a complete amplifier; and then, in turn, the entire set of
circuitry would again be duplicated to provide the complementary signal for rectification
and combination on the other side of the power supply. In FIG. 14, amplifier 1420,
transistor 1430 (Q1) and resistor 1416 (R1) form an amplifier A1 which performs as in
FIG. 11A, but with low to zero quiescent current. The output 1432 of transistor 1430
(Q1) is connected to one of the primary windings of a dual-primary transformer (similar

to transformer 1148 shown in FIG. 11A). A DC power source 1407 supplies power to
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[0078] Furthernore, if inpedance el enent 1572 (Z2) is chosen as a capacitor,
| npedance el enent 1516 (Z4) chosen to be an inductor, and inpedance

el enent s W20 1/001Zy and 1517 (Z3) are resistors, then treThsR@eoesseyuati on
can be satisfied whilst the output current is the integral of the input
voltage V1 from signal generator 1505, allow ng the waveforns shown in FIG
12 to be used. [0079] O her conbinations of inpedance el enents Z1-Z4 may

al so be used to achieve simlar results, and the inpedance el enents need
not be unitary circuit elenments but may be networks of elenments. For

I nstance, inpedance elenent 1572 (Z2) may be a capacitor, inpedance

el emerimdifiéls 1440 aAdSa2heang WThisBaonABctld thesEsiter tap)\¢f thaRafistdtmeri Mpedance
el enent 1516 (Z4) a resistor, and inpedance el enent 1517 (Z3) a parallel

conbi raiMmilan tethe BSI sausee sigiat apanreated to the eerderiapl ohfrensiosaer héd &l EIGr ns
shown 1i )FI G 12 as inputs. As another exanple, inpedance elenent 1572 (Z2)
may be a’capacitor, inpedance elenent 1571 (Z1) a resistor, inpedance

el enent 1516 (Z4) WO 2011/017176PCT/ US2010/043582 may al so be a resistor,
and iEBedance el enent 1517 (Z3) may_be a capacitor. In this case, the

I
devi cd0@ER d usERlifier | hplLiransienot el EROWNG Fesister 141ARS) opMHelovs i t abl e

wavef offer error correction amplifier A2 which amplifies and scales the difference between
the input voltage to A1 (output from signal generator 1405) and the output voltage
across resistor 1416 (R1). A scaled version of this difference voltage is converted to a
current through transistor 1431 (Q2) to add to the current from transistor 1430 (Q1).
This is accomplished in part using differencer 1418, which receives the voltage signal
from voltage source 1405 (V1) and subtracts the voltage signal at the node between the
source of transistor 1430 (Q1) and the sense resistor 1416 (R1). Amplifier A2 therefore
adds a correction current to the output that compensates for errors in A1. The
correction current required from amplifier A2 is generally considerably smaller than the
current output from amplifier A1, and therefore amplifier A2 can be a lower power
amplifier than amplifier A1 and can also have a much smaller quiescent power

dissipation.

[0076] The output 1432 of transistor pair 1430, 1431 may be fed to one of the
primary windings of a transformer, similar to FIG. 11A. Another similarly configured
feedforward amplifier, would be connected to the other primary winding of the
transformer, as in FIG. 11A. The signal generators (1405 and its counterpart) may be
configured to generate signals similar to FIG. 11A or other embodiments as disclosed

herein.

[0077] An alternative to using feedforward correction as illustrated in FIG. 14 is to
apply both feedforward and feedback techniques as in the arrangement shown in the
embodiment of FIG. 15. As with FIG. 14, the circuitry 1502 in FIG. 15 corresponds to

one side of the power amplifier of FIG. 11A; a second set of similar components would
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[ 0080] A further alternative is to conbine an inpedance elenent for Z3 with
a filter on the input to the non-inverting input termnal of anplifier

1521. Theworangfier7ef uncti on of the correction anplifier PAZ/USoUb0@4E850 be
altered by the addition of feedback elenents 1675 (Z5) and 1676 (Z6) as
shown in FIG 16. For exanple, inpedance elenment 1675 (Z5) may be a
resistor, and inpedance elenent 1676 (Z6) nay be a capacitor. The transfer
function of anplifier A2 may be nodified to nmake inpedance el ement 1617
(Z3) appear like a different type of inpedance elenent; for exanple, it may
be desired to inplenent inpedance el enment 1617 (Z3) as a resistor, thus

avoi dic@@re‘éE@n@fco the 6thet h¥k of HRITBENeREMPIMIEFITIE. @1 AR Hrddbtbmaké aOt her
respects, is identical to FIG 15, and conponents 16xx in FIG 16

gener &omplef@rareelpfmﬁdamdatheﬁem tura L sine set@fn@wéatru wouskagain b|e| agplicsted

Feedbit 0P e BambREfe KN 0B o RRE BaL i sBRRUIAARA FLEE B Re
r espeef ti@pewpastipsiyl & FEQWES, aiﬁplhﬂe‘rH@IZOCtmhslllUr611580I‘(Q11) hmm |mrp@dan@él cabl e
to other power agﬂllfl er and related designs as well a

bl ock %ﬁragmahétfh JigraneBakiarért WhIch:Le BT asuipdr (3. 7"66 PHt yéhé@wto
accor%%gg}@skgntl&ﬁr Do 18 1tﬂ?§n ?‘%83‘1’%22 ﬁ ;ﬁ%géngé Genfent.

il
i mpl ene h sw hed capaci e power s may, as wWith the
ot her 1(5><Iar(ﬁ8¢fordeadnwlpeul/elneoﬂfeotlorbarrmupm i Acbther mnmeﬁmicemiemens 0672¢Z3)uch

as a atter , ext r s rce uch as a.Jine source. In FIG
55 2 Vaves Biaedack B ot s ouphE O el R B varpgl s ad cnal
gener %géaar?é)éaeme‘nt 1%‘7r16(24?)66nﬁed2§‘tﬁe erﬁtﬁ'[goihﬁﬂﬁ‘@fte?rhﬁluﬁ@‘ﬂ@z@rt@tﬁﬁ%abs

706, 716, which are prefera pertodic in ture, and generall ave
char adeéwvesn trapsistasia30s(Qy/1 )dawldmue@l@ncerelamunt 6 (AN I therratatlosshlphey V\D

2011/ Q1731 76PCT/JIUS201 / 4 82 I { '
const S92 GLERIR SANS o daeng TaDBR MEeRbis™ Rty delnk CeBflestioR
Exanplties oQfpus %QHeH@f&ﬁl@UrBi/ t%"eeslﬁﬁ@‘f\’fheaéurp@{t's W‘o@ugﬁ'tﬁaﬂsﬂﬁéﬂs”ﬂmo (7Q1) and

i nverted/ non-inverted rai sed cosine signal waveforns 707 and

(corr éé&ir{@?ag Theswavetitemstage Adl earvios opatated gt mmé@rp\quc%@@rrenhg to

one exanmpl enentary periodic waveform signals 706, 716 may
opti oﬁal I y§ eu%:bgf\'/ﬁggﬁr@)'t o a voltage controlled anplifier (VCA) (not shown)

for adjusting the anplitude of the waveforns signals 706, 716, based upon a
f eedback_si gnal éalso not .shown) received fro DC out put signal 785.
di

[ 0083][M{&F or nfYiteranoreot ”T‘Qe%@'ﬂﬁﬁ glemnand 157&@8&%&5‘&3&&9@ 2RPPAGIICEr s 731

and impedance element 1516 (Z4) chosen to be an inductor, and impedance elements 1571
(£1) and 1517 (Z3) are resistors, then the balance equation can be satisfied whilst the
output current is the integral of the input voltage V1 from signal generator 1505,
allowing the waveforms shown in FIG. 12 to be used.

[0079] Other combinations of impedance elements Z1-Z4 may also be used to
achieve similar results, and the impedance elements need not be unitary circuit
elements but may be networks of elements. For instance, impedance element 1572
(Z2) may be a capacitor, impedance element 1571 (Z1) a series combination of resistor
and capacitor, impedance element 1516 (Z4) a resistor, and impedance element 1517
(£3) a parallel combination of resistor and capacitor. This could also use the waveforms
shown in FIG. 12 as inputs. As another example, impedance element 1572 (Z2) may

be a capacitor, impedance element 1571 (Z1) a resistor, impedance element 1516 (Z4)
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751, while waveformsignal 716 is provided to transconductance anplifiers
741 and 761. Transconductance anplifiers 731, 741, 751 and 761 output a
current pwoporttdiiortal to their input voltage, and thus ne¢ThS2000¥8562 as

vol tage-control |l ed current sources. The effect of transconductance
anplifiers 731 and 741 is that waveform signals 706, 716 will be
essentially converted to current waveforns 735, 745 of simlar shape. The
ef fect of transconductance anplifiers 751 and 761 is that waveform signals
706, 716 will be essentially converted to current wavefornms 755, 765 of
simlar shape but inverted in nature, due to the fact that waveform signals

706, M8y arsB BeoH PE&stok CariditnpetieRicki lmERPYS 7 P£3)irhapseaneusdcroeeipmp i fiers
751 and 761. As with the FlI 5 enbodi nent, converting to a current-driven

wavef Gasentg deviee eedmsadee ifput wixsimsshow? stEKsi Hh aiethensuiedlg t in

i npro é}eggkﬁgharacteristics. The transconductance anplifiers 731, 741,
751, an ray be of simlar configuration to those previously descri bed.
[ 0084] For the exanple illustrated in FIG 7, the current characteristics of
signals 735 and 745 naﬁgbe_characterized by alternatin

i nver H8@8Mon- i v BIrthes altainadive (v sRMRREN WQQ@W@'@@%F‘EW 2\ Grifer of
deqr och) e Ao {9 B e Sormitay S arBiner APOOhPMELNER | s
and 745 teoerattion amelifierud? eowd\edso ba\altegediby thres ddditiop of feadback @léragets WO

2011/ 0 76PCT/ 0,.0Q43582 cor.r ondi to the time period of t

o Tbab 5 Py J5d5068) ms Shiayedn F1Ra B0 Ror Rame, MPeda06t Sigpent 1675
corre j i i f i i e s. Like
The cIPOLAEDE 8 réaibioh i ASIACBloIbREN! MRS AL M) BBk EASIAr MK e

i dent itesmisferdunciidreedt arh plifiar dxizmay dichenodiiedo rdekg sesedagios élamient 16hé (£3) r ent

and voltage char ter#&ti d 765,are in
én

) .of i | 75 d f
o anapoRgE gl ' BarEhL & be Ot iRbe oS Rienl; BE RxAMBIS iEmal tBl 4 805 and
765 f ginpldmhéntampeBbacaBle e tCTRITaZRs as Zzetbsistor kit &y Bv3iding use of a reactive

non-inverted/inverted rai sed cosine waves (Wth the current waveforns of

si gnaleserment as,hpakansesi elgmenbndi Ealn piner sespasts,thlom!6re idendicaklo M. 98,
degre , i j I 0, | af | i s 755
and 7600 saltihorferSJeERIL 68 OG0 ¥k SBRESUHE KR B rbRG R T
correspardh FgGLI 05t he tine period of the non-inverted rai sed cosine waves,
and constant negative voltage corresponding to the tinme period of the
inverted raised cosine waves. Like the current waveforns for signals 755

and 7 he | j r ther b

90 deZ?%%L]. [ g%ﬁ@?%e' w%ﬁ@%ﬁfdsmgfd ts?rgﬂg(?:%%@?&%ﬁggg&rp&lwuafeﬁgiusg L) T

and 7@&drrectore sexdinnoougsl feal/et lveen desarlbed aret ostkatetl vatmmespent © 4 patticofaer ate to
t d the i t | t I I d id level - d

out puiansF e ighgonapraor, ¥k sraapp et i ok PansT sty Fetend st ci pi oo

of , e.d@signd &h@wele- boost switched capacitor circuit. The output of the

first transconductive anplifier 731 is coupled to a capacitor 732 whose
other end is coupled to the input power supply rail 789. The

n-a RapRE cabG R bl e GiBF b EFphar g st St O W 2
(appr gnerdl elotoftriekamin tHehrndigiss b IH&céﬁbe?)tlhai\dﬁégréﬁﬂ&ﬁFI@(B, si gnal 737.

Di ode 734 serves to rectify the stepped up (or down) signal 737. In a
si mi | Anpleanperded witheswitehaghearariieranphne ppwies surply mapdesy @ith4he oftRipl ed to

Capo e s el be SERRESHY Lokl SRL Slntlhih b3 £RHRGLHL © (e
capacidyarsextéhal Poversdurdes ishdasiasineisaueck. dindl€s 77 43wavididrrigénéfdof or m

swi tched capacitor circuits that step up (or down)_the input signal |evel,
t hus COBMMSING iR Fis S¥BMPED R/R7I e&sngnglreé)@erm? 768, Ay generates a pair of

complementary waveform signals 706, 716, which are preferably periodic in nature, and

generally have the characteristics previously described for Vi1 and VN2 — that is, they
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WO 2011/ 017176PCT/ US2010/ 043582 767. Rectifying di odes 744, 754 and 764
serve to rectify the stepped up (or down) signals 747, 757 and 767,
respect i WweDp11/m7t7e sanme nanner as rectifying di ode 73#CTaiSat1iowne3s8nD
stepped up (or down) signal 737. The additive conbination of the rectified
signals derived fromlevel-converted signals 737 and 757 is, for the
exanple illustrated in FIG 7, simlar to waveform 213 in FIG 2. The
additive conmbination of the rectified signals derived fromlevel -converted
signals 747 and 767 is, for this same exanple, simlar to waveform 214 in
FIG 2 - that is, a 90-degree offset version of the same waveform as

gener redhBjed be Sél@@téd ¥& 2§ WPrd\ade Q%Oﬁa\fstdn‘?gc BU&)@It %ft@ﬂ@élﬁgdé\!?él%‘i*téd om

| evel -converted S|g |s 737 and 757. As noted earlier, the additive
conbi riaelifted &7d gemeinedng=xaraplgn@f suah M@VéfomﬁisQrér&hODO a% gﬁg@dlp@\ugrnatlng

evel MASRANERERS P80 ool SioRy A ertfta 707 ST RereSBRIRO QLT 1 &
a st eppedfopn 6ighalkondn ab¥736g88bectBely, bacondm§meaekarabley Joast ant in
nature, generally w thout the need for storage/ snpot hj ng@capam tors. In

pract .C@mplgmntarw@uﬁ% waveTorm SIgNAS, 7 @.clike Maniapkiopally PEoidetiiaout wit h
relati .\Sﬂ!a %Bﬁ%r{)llé&? i)nﬁ bE Qlﬁé\ﬁ%)ﬁ% gd}%g Prﬁ;luﬂf Apd 1n any

convenlen I"ocat1 on oss 0 I's thereby
suppl ivealeforins sugoallssmﬁw 1BQoa$&q)upor$ afpegbackgsighal (Blse riaishopimd secalesd gn

al so nsures t hat Ee, culr_éqeé‘nt taken fromthe supply 789 is substantially
ri ppl ihe Deneuipyisigna FIG 7 illustrates a single stage of voltage
st ep- up, but the sane principle can be applied to a nmulti-stage step-up
converter. [0087]1In one aspect, FIG 7 shows a voltage booster using
capaci[0083] t ha¥Vayetorimigignal E0aigl re’osid&getodlfarisoonsductam:ﬂ eriphtiers| 43 1dandl i ng

e oo AR R T GBS A% g
enbodizgant Tﬂins’f:b@duétﬁnb@a 2{9#1@?997311 far1t tren aﬁdam @utp@@@iﬁulr:rlehﬂpl:d&rtldr?al

vol t age waveforns V1 and may be identical to those of
si mi | 4@ thejr ingueroliage, 20d tanarrvajme vweedcaﬁrp@mg&@omtgﬂl@ﬁwrmﬁouweme 17

e AL AR R AR TR FRRRL S ST d 7ok
716 will be essentially converted to current waveforms 735, 745 of similar shape. The
effect of transconductance amplifiers 751 and 761 is that waveform signals 706, 716 will
be essentially converted to current waveforms 755, 765 of similar shape but inverted in
nature, due to the fact that waveform signals 706, 716 are coupled to the inverting
inputs of transconductance amplifiers 751 and 761. As with the FIG. 5 embodiment,
converting to a current-driven waveform may have advantages for downstream
processing and may result in improved EMI characteristics. The transconductance
amplifiers 731, 741, 751, and 761 may be of similar configuration to those previously
described.

[0084] For the example illustrated in FIG. 7, the current characteristics of signals
735 and 745 may be characterized by alternating inverted/non-inverted raised cosine
waves (with the current waveforms of signals 735 and 745 being identical but offset
from one another by 90 degrees), while the corresponding voltage waveforms relating to

signals 735 and 745 generally are square waves having a constant positive voltage
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(or stepped-down) DC signal 1795 is provided in FIG 17. Using the sane
principles of FIG 7, an additional output capacitor 1772' has been added
to the ciwounti/oiartd charge capacitors 1732', 1742', 175PCTArsdo10/észs2 ar e
periodically charged via diodes 1732', 1733', 1743', 1744', 1752', 1753',
1762', and 1763" in a simlar manner as the other charge capacitors (1732,
1742, 1752, and 1762) via sim/lar diode/capacitor configurations shown in
FIG 7. No further power anplifier stages are required, although such may
optionally be used, and the output and input ripple of the device is stil
very |l ow. The voltage across the transconductance anplifier outputs renmains
a SQURLA¥PYRdINgIo thé hm’é' &noﬁ oftfe rdM-iAVERéed Pa@&)bbélh@rwalfestﬁd cohstht | |

can be operated with high efficiency. [0088] The techni que used for positive
boost inggatike vpltaga eerrespanding eghetinae @eniod @ theiinyertee raised cosingrwavkse an

of or s B et BB G RESRITES 135 5RG 725, e Rpdditub bl 8¢ ical
vol t ageit offget iemssriEEanétiiet BRDOdegrakml Smmlt maomr}fer&rmm&ﬂtlag@an conbi ne a
t wo- st age boost onto one_set of 6power anp |ers t he same can be done with

posi t|01}‘@r%?ﬁ@lr'$tl$\$é?ft$|'9{@|%56§138957 5Fﬂ‘r@'n\1@t¢%fr9”b%%ﬁlﬁt73@ AhgtramlBHaviNRg a
POVET -3 1R }Shéﬁ‘atcpaﬁ%tuggWﬁu@ﬁ%ls%é’%ncﬁ’?éb% tfméé‘?ar‘nﬁl\é%!a%%% dMAP5LiEiSed b%e
circuits. e top of the cIrcui o n-inverting
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capacitors 1836, 856 and 1866 are peri odicall a di odes
1837, sU836; wagday hamgaa cQrEBant paie udGge mnespaeelngrtoatheutlme periochahide t o

the ch 1832 8 1862... but th it

pol ar Ry USSR ETSHA BRnE i esnand kalb ataDBv e ro1eg e, srtasbolPRac e
negat itivee PEMED of tHethver®ed pa&ecvebé.agava%% |aKke BRScpHMUlaAORsd I fsighfald. | n
this manner, the power suppl %/qrmay provi de both a positive output voltage

1885 J® anchéemttheaokiage wave Megrreligerfican buheffselritoraenednothaidy 90
2011/Q%é#;gPCT/U82010/043582 [0089]FIG 6 is a sinplified block diagram
i1 lustT&Thg one exanple of a signal generator 600 as may be used in
connection with various enbodi nrents as di scl osed herein, for generatlng a
mavefornlhavinghalternatlng i nverted/ non-inverted ralsed cosine wave

shown [PP8H G Bhe PHEPULS ghERNSeRKIUSIICETDPIABIS dorpf# b/ and £B14re @§6h dal

f f
havi ngCuRaeRB il Henix diecRhint: byek Bigiate W Sss G akuirfie RS
sumervobage |eMet and rpeowde mdévelicdriverted rautput@h@he tozal TXD asputorstatd)C 608 t hat
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si ne %‘éeolﬁbGﬂ@a" th8Yist tﬁar?éébh&ubtﬂieoaﬁnbﬁ’né?aﬁéﬁsls dHupledoBe 9@&51:&6?'789 vﬂf&‘é‘ ded
to an analog i nverter 604, which outputs a phase i nverted version of
of f setotisgmandusweeupieshial theomowli RAweresop ket WesEh Bne)tradsmrwucwCemmpU@r

offe ne waye a67and' rt DC of f set ne i gnal 609 ma
ot | oA St oS OHaraE Eab B 2 iFla PanRBb o dutii M Byd| dfdboitd® ™
ad'ussﬁ-@] stss | b Lihd irea s 68Bedrei ng t he
sajma (I)?JFéut S fsrloglgb gdbfr?)r(lf)ﬂr?? demr?;ﬁq)f ?E?srég%‘SI ééog %\rﬁﬂ%ng gf ?&s)et gl ne

waves S'Qﬂ'?é§§7s @'9@%a3ﬁn&elﬁVQSet§ﬁ'@@UfYttbe@ﬁ@ﬁﬁ‘i’d@@lé@r doyyigignal 737t He & nput
Si gnals 6072600 (SRS B2l L FEIALES AebuaeR oM PUIS GLg s 613

swi tching be ween t em eac Sine’wave rom anplifier 606

r eachezpatisors 01 2p F8R .anati762) re§pédmeel'§/a530h offehidhait dohple@l tbethaamtfgmrt he
per anplifier 605 reaches |ts | ower_peak. The result is an_out SI gnal

621 t AP TPl 7906 Chcionodd, 585K 167, dpeantivel U EoRIGIOTSZdR
bor no62and A SRIAEAURRPHS 7568 168 forfty Givficndl] EdbRiBRBRLAIS t'hafléﬂeg' on

bet ween non-inverte invérted ral sed cosine wav as IllTustrate

t he owpplor dgdvni) the=inBut 6ignpDIRYBI, Ass rasuingtiedével-qoaveryd Bignatsed 5, Sgamer at e
a 90 degree phase-shifted version of output signal 621. The signal
generator 600 may conprise a second sinusoidal waveform generator 622
having an output 623 in the form of P si ne wave havi ng peaks at Vs. Signal
623 is an inverted version of si gn% 603; thus, signal 623 may al so be
generated by nerely inverting signal 603. The sine wave signal 623 is
coupled as an input to a sumrer 630. The other input of the sumer 630 is a
DC i nput



WO 2011/ 017176PCT/ US2010/ 043582 signal 608 that is at a fixed |l evel of -Vs.
The resulting signal 627 is a DC offset version of sine wave signal 623,
havi ng pesi0biativgen ground and -Vs. The DC of f set si ne PGENUS26100m¥E82 627 | S
split into two paths, with one path being provided to an anal og i nverter
624, which outputs a phase-inverted version of DC offset sine wave signal
627 with peaks between ground and +Vs. The DC offset sine wave signal 627
and inverted DC of fset sine wave signal 629 may optionally be provided to a
pair of anplifiers 625, 626 for gain adjustnent, if desired, with the gain
of both amplifiers 625, 626 being the same. The outputs 632, 633 fromthe

anmpl i faggr S?@éﬁyiné%ﬁ)o%se?mmf% 7@4 @én)@&b&éctif@hﬁé%tegﬂeﬁtlﬂﬁ%dﬁddwmespeCt to
one another, simlar to the input si gnal s 627, "629. tch 640 al ternates

bet wesignalg 4T s/ BBandd§7 cxspestivelyhnige sempedanneeas eaifying giodeh&3%i ne wave

from : ifiger § h i 48t hea i i - time
that (REILEESERPROME G BRI SRR 137, (The BB o itBn LT i foehMiE | e
resul tsigrial@detvdditonslegsiatorfrbttetitagnais 787 naideEo Digt W eRe @xampie llnyeateed”

rai sed cosine wave and an "inverted" raised cosine wave ever%q; hal f - cycl e,

wi th a1 EWgof rsitlahty wavelopatdlekin flen 2 nhe additiye gomkinatios ofthe seelifiedsi ne
Waves qi i ) : i I : : ut puts
521 by UEeRd Bl R e AbRnale 7P g 7o s, [T RISk R epih 1 P
t r ansfsimitartobesedomo a4 is Pl ¥ —etiabid, eed-deghesalfizeedefsreoithe[F2082] | n

racti cal _applications, the output signal(s rom.t he signal generator 600
my bAVAMEIOTh P8 Gaheip ety iie S04EN e ORI of feEhtie S PlY Gervecd W Brove. any
resi du@e%n@eﬂ@@eg%;é 78t aRBY 57€ AAGERTdRMr, IherhERtiRE chfblrifionignal
generator 600. In addition, various bias current adjustnments and ot her
i npl emenvedorinm? tidaad | 4nay tomnstatdIC sigral tBvel; t o t echni ques wel | known in

the art. [0093] Ot her techniques nay alternatively be used to generate
periodic alternating waveforns. For exanple, digital synthesis can be used

to geneogér si Thligroywestabiaintpall Pur e e ARNiIAEH BRI RPN ed BE@INEVEY to one
such inplenmentation’illustrated in FIG 9, a waveform generator 900 stores
wavef CoRVEded signats §3€.al47 dbmhang €1 ngether e endossultds . stepped-up (or

down) DC signal 785 that is substantially constant in nature, generally without the need

for storage/smoothing capacitors. In practice, small amounts of ripple may occur, which

can be smoothed out with relatively small smoothing capacitor(s) 772 that may be

provided in any convenient location, such as across the load 770. The load 770 is

thereby supplied with a constant DC output supply signal. The four-phase design also

ensures that the current taken from the supply 789 is substantially ripple free.

The example of FIG. 7 illustrates a single stage of voltage step-up, but the same

principle can be applied to a multi-stage step-up converter.

[0087] In one aspect, FIG. 7 shows a voltage booster using capacitors that
provides a single stage of boost, approximately doubling the supply voltage Vsupply.
This approach can be extended by the addition of further rectifiers and capacitors as
shown, for example, in the embodiment of FIG. 17 to produce a further stage of boost.
In FIG. 17, voltage waveforms V1 and V2 may be identical to those of FIG. 7 (i.e.,
similar to waveforms 707 and 717). The components labeled 17xx in FIG. 17 generally

correspond to their counterparts labeled 7xx in FIG. 7. In addition, a second stepped-up
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WO 2011/ 017176PCT/ US2010/ 043582 a read-only nmenory (ROV) or ot her

non-vol atil e nmenory storage), and reads it out in appropriate sequence
under corwoabliafi7e6m cr o-control l er, m cro-sequencer, fipaTitS2aatEsEsmachi ne,
or other controller. The digital data nay be provided to a pair of

di gital -toanal og converters (DACs) 910, 911, one for each waveform That
is, the first DAC 910 outputs a first converted waveform 914, and the
second DAC 911 outputs a second converted waveform 915 that is identical to
but 90 degrees offset fromthe first converted waveform 914, as previously
described. The converted waveforns 914, 915 are provided to filters 920,

921 f qér steppedidadyn) DS 1799tPplovidilinand. 931 Wag e !a'ér‘ﬁ@ p#ﬁwci;ﬂ@élbf

signals Vimand ViN2 in the transformer-based power sSupply enbodinments

di scl ¢36d7har @ddltlopabgunpuhcwaféhoré%adwaﬁeb@@ addedtwieiEuieanashaege

vl CPRPRET e 4R 2eet 1762 ¥ nP TR erdf WP dgtds 0702 © ©

non- i N\7eGt, eld433i15ad’ qmnamvagwhaatndhm@ regimil@vhanséyagigrcsthbed, and
illustrated in FIG Such _a wavef or m generator may be particularly

sui t alPhargeeanagiiges (Wéft?t ﬁ@ézaﬂ)ﬁz g Jofia piRdlar Qiede/earacieler suppl y
desig A-h | tes by the
ot at 1o T e P o R o Sl IR S e diE o within
a coi laltbbugh lsash rﬁ'dyeopnﬂrmuy b@fus&amabddbreautp@melnapmnﬁme obttendeliceisved to
beavv?. formthﬁél ternatln inverted and non-inverted raised cosine
waves. FrEM oMe ?%ﬁoﬁé *h% aB%C%ﬂéi#’@ HELMP ier %ﬁéem@y“%%e

addi t isp paﬂi m@vée&@mﬂhnﬂenﬁm@mh@m@n a%blﬁu@F%ijR?rP)egﬂl BEloperited wigspect
to the first magnet, on the sane axle therewith, but within a second coil
of wi high eiclenaye fromthe first coil of wires. Two permanent nagnets
preferably have the sanme size and physical characteristics, as do the two
coils of wires, which may be laterally offset from one another along the

| engt oods]t he 'ﬁﬁé Cechniguat LSEY fr goRRivRddSIBY akellREERAsPiH FIS D¥n@ny can

sui tabl e nmeans, including notorized techni ques, wi nd power, or other neans.
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[ 0095]IMties saitnkey Pptheit thselﬁpdalyoocst gapplytappecdstecdn someiret & Wed- stdyegbodst
voltage to a | ower DC vol tage, the high-frequency AC waveform produced from

a rel NQeng st ghrower ﬁ@@“ﬁﬁssm%ﬂ? &anibe done wEReopitiveaadsinyeties to a
| ower b\b%feﬁ‘geF‘i@r%'@? %egeﬁ’i%tlg'afa?rﬁ%ﬂovﬁﬁ@%@&ﬁ&éﬁ@pﬁ’mh%Scdrjnbfr\%fléﬁt ed in
esi g
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extra magneti c conponéents are reqwred terlng The elimnation of
the odmtpnjed éﬁ&xggeeraeﬂqmorr@spnnd &mthedt d:ourﬁemaot:s latheled xxemé&hsi Yeldiltering

d d t .g. hi
upp! y V4 B pie” R Y Syeftn SRR AGT % sFeue BBl appb offiaghfes6 Bt
capacifigagcfefRYioaRall g @HaFRA Vi drcftﬂ;#?%??nm 8'385“841751| 1 8480ﬂB§7f 1858, W%?
transforner stage or otherw se. Such slig rip be caused

i nducteadicEB6&inea similar mamnner serhe eharging %ﬁg‘@'tofﬁ $%2 e fl §§2talﬁ‘§t1

capaci q 0 watt
pover SRR BRI RhSud? HahB AR ko Rie MRU! VB sPRS SALR: ée%ﬁﬁtﬁ?é si ze
capac lr:teglanee power gopblywﬂpmtwo&agéhelgadtm@ss batbut egpkasitol d878. dortment i onal
swte rr?aane?*Wtehre Sgwgr g/upply may provide both a positive output voltage 1885 and a

negative output voltage 1896 in the same device.
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[ 0097] Anot her techni que that may be enpl oyed for reducing any residual
ripple at the output is to use a | ow dropout (LDO |inear regulator. An LDO
i near reyol2atiom7general |y may i nclude a power FET di sposEWS2eo9¢3s8es Wt h
the output signal. A differential anplifier controls the power FET in such
a way as to maintain a snmall DC voltage di fference between the input and
out put of the LDO linear regulator. The voltage difference i s maintained at
a val ue higher than the peak to peak ripple voltage at the output of the
rectifying circuit. The LDO linear regulator is configured to reject the
ripple voltage and prevent it appearing at its output, by means of a

fil ter[()0@!’)]nCe Ff@ 8 RS QWéI|f|eM\¢BI8<9<1d4£a§ﬂa?ﬂﬂ@B%ﬁh@%ﬂé@x@ﬂ%@%félsﬁgﬂﬁ vol tage

is generally expected to quite small in the enbodi nents descri bed and
il ustge@eéator@@ af mavnbew@ednrm@anne@twl with varigus ambegimentsfasrdiselased ng or

the. st M SBrERS e el bRR AN 2l bieR b i B for T BB s B, "
the owiduels, Ad shewi irsFiBI 6,itharignal genprateri GO0 tatyiwnebrideca ﬁrmsmds@wl Sone
power supply enbodi nents as disclosed herein may be bhuilt using

t r ans VEMARTEN JERREEOT GQhBRWhEBNOURY! G inelhe fPahohasHI¢ waaﬁ@atvmsasp@ﬁhs
SI gni fy %@E)'r%aé %g%\{eﬁ%ﬁéﬂ%@ s c%:uéf‘efogérs gﬁ%ﬁg‘f@% SUHRRLY 6?69%%%p8rs For

exanpl e ower supp i0 system a pair
toroi ulaxbuttafam\esfsommrﬁmarys aBCQuispdt sigaslbGipiradid ated &ked [Evel of 8VzeThéhe

result i O\A/er nor e act than a vent.i onal svm t ched
pover TeHHNG SEnalPRY i iR oragreTpa0sa P LR erreh By g BRgkSiescr | bed
her ei i §erﬁ‘§rt drid%r‘ic?q‘V%O TR drRkgshetlade éigwfhemﬂr Wtb%wogjétthélmy al so
be use ch | arger DC-to-DC conversion lcations, 1nth watts

or | arvg&rom patopEing pddvided L0 eh anamgneredeappld, vasichliositduis adphaseenveney have

significantl
9 version o¥

DC offset sine wave signal 607 with peaks between ground and -Vs. The
DC offset sine wave signal 607 and inverted DC offset sine wave signal 609 may
optionally be provided to a pair of amplifiers 605, 606 for gain adjustment, if desired,
with the gain of both amplifiers 605, 606 being the same. The outputs 612, 613 from
the amplifiers 605, 606 are DC offset sine waves, phase-shifted with respect to one
another, similar to the input signals 607, 609. Switch 620 alternates between outputs
612 and 613, switching between them each time the sine wave from the lower amplifier
606 reaches its top peak, which is the same time that the sine wave from the upper
amplifier 605 reaches its lower peak. The result is an output signal 621 that alternates
between a “non-inverted” raised cosine wave and an “inverted” raised cosine wave
every half-cycle, with a smooth transition between non-inverted and inverted raised

cosine waves, as illustrated by the output V1 in FIG. 6.

[0090] A similar technique may be used to generate a 90 degree phase-shifted
version of output signal 621. The signal generator 600 may comprise a second
sinusoidal waveform generator 622 having an output 623 in the form of a sine wave
having peaks at £Vs. Signal 623 is an inverted version of signal 603; thus, signal 623
may also be generated by merely inverting signal 603. The sine wave signal 623 is

coupled as an input to a summer 630. The other input of the summer 630 is a DC input
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reduced EM as conpared with a conventional sw tched power supply. Were
the voltage waveforns appear as in FIG 2, i.e., periodic

i nvert ed/wornvivmermwed rai sed cosi ne waves, the correspordirig2ensisat
waveformis a square-wave, which is | ess desirable froman EM standpoint.
The enbodi nent of FIG 5 overcones those issues by transformng the

i nverted/ non-inverted raised cosine waves to current waveforns before being
sent to the transformer stage. The relatively snooth current waveformin
this enbodinment mtigates EM concerns. Wiile the correspondi ng voltage
wavef orm becones a square-wave, the electrostatic em ssions created by the
vol t ageyrfell 8B ahHEY @t @l fikeBasidlofL¥s SiThel rdsaind @gﬁ'ial B2Y lis BB off8et version

el ectromagnetic em ssions that woul d be created froma current square-wave.
WO 201 s0EMFersionatidld diadarsBeakobetyean ground ande VEM TheelRereffsed sing t he

nat ur V5 TRANET PR ST EES HAnid o8 bV Ioh B8 oer or e i ¢
i s possidite 62a, iunidtheutpuedal pRasdinelrfeeioldrsion DFID@ Bifsst $iNe wWawergighil@27ng t he

frequency of the conplenmentary waveforns with respect to tine. This type of
nodul AYtToReItsUPRIWESN LEOURG aBR ¢MS: al e Bperaitsinevavasignad fd( andiinyeiedr ence

to b i: . i . i
ol | TS ot FHE weleltiotfal GRAR ol BptRSHIBE brov a5 PRl M R s 2oe
wavef @26 foagaineadiusthreamt piédesiced; with thergiomof both ardplifierp $25d 626 dethgghel n

nature. An a e of. _an_illustration of e f f uency- nodul at ed
Conp| SAENR af IS FRIRKD PG, G EOTLER AT s 4D, A28 pee DEOTRT SO RAY Sy ar
exanplp a8 PHEROWAR rédpdd? t&eﬁala?ggnlmg siMifab td ﬂﬁadiﬂEMt %pré% 6@»7%29:. @qﬂtcﬂh the

wavel engt hs of waveforns 1030, exaggerated In 10 nerely for
pur po$dd alfernatiegdetweenoutduis 622 and3 3% syitehingi beteeentthemaashdimeithelesi gns

d techni b d i ti wth the t f t 130,
430 0PSO e Gl BIRBGE PR IRpsFedibiominatk WNERLs e Sarik R ihatme
parti ghé ainet wans frofiie WsseEr GngTHEr B25 ¢EASRSS iBFloWetipeakt Thehesdesd agd _
application. For exanple, the transfornmers may enploy bifilar w ndings, in

whi cg quiretysignel O 14hat aliarpaiesretweer e ‘a0e-inveried daisederdsite Wevepadiss ng
\ oakag DVBHAG s BIRE WaneBry W e SrubRB Fals fon BEwidfaley 1,

t he prinverted andlinvected daisgdwosie waves; @aXiladtiated opitha@edtpudi,di FiBy6al so
reduce | eakage i nductance significantly. [0103]1In terns of transforner
shapes and configurations, the transforner(s) may be toroidal, or else may

be pl (Wit WAl W ndi ' ti oyl wprofil g as
vol | 308U vt Tof e cubh e e2ind B TR U | SaR BE MK Ridle WISICUMLP

wi ndi rige transiogimea-bssed pewal sbhpplyeamibodimentsadisdiosadinereio. cores, as general ly
described for exanple in U S. Patent 4,665,357 to Herbert, incorporated

herein by reference as if set forth fully herein. Yet another possibility
is toeedad ong Sactié® dophesidisTeie BlifplREGhaREFPHRaNY signal generator 600

may be run through a small capacitor or high-frequency filter to remove any residual DC
component that may be inadvertently created in the signal generator 600. In addition,
various bias current adjustments and other implementation details may be added

according to techniques well known in the art.

[0093] Other techniques may alternatively be used to generate periodic alternating
waveforms. For example, digital synthesis can be used to generate similar waveforms
to those described above. According to one such implementation illustrated in FIG. 9, a

waveform generator 900 stores waveform data in digital form in a lookup table 905 (e.g.,
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WO 2011/ 017176PCT/ US2010/ 043582 wi ndings (as a tw sted pair or coaxi al
pair) in a hollowed out groove in the sidewall of a toroidally-shaped
magnet i ¢ worelmitrttesquar ed- of f edges, as general | y desciChas2dion43szanpl e in
U S. Patent 4,210,859 to Meretsky et al, incorporated herein by reference
as if set forth fully herein. In this exanple, the other transforner
primary/ secondary winding is repeatedly wapped around the magnetic core,
simlar to a conventional toroidal transformer, but with the

pri mary/ secondary wi nding being a twisted pair of coaxial pair. Doing this
provi des magnetic field that are orthogonal and do not interact, and

provi %@ad%l?%@ﬁo@"(ﬁ@&ll) de Biidrhon Vi 5tile @9éraBriadtorade)! #d HeutrieBdeRt
transforners to share the same nagnetic core. [0104]OF course, other

t r ansfapprRpriale Seguenemyneerseorie®l Q?BIWIEFSUCOT[IM%] MiRfo1seREENERpinije atade gns

and t [:que ' ereLn. Lt h. di f.feren: . [ power
put SR 2 e B o TRR RS o HEE e b oYt 6 B8 o dRBRRr, " ha
is firaplalezpeoresereds (DAES) DNEUY1 Dorlecioe bable vaivefdrai. nBhatdsvieetfiest DACOMRC
out put | evel. Wiere an AC |line power supply is used, the line AC voltage is
first QUERYE @ gt enysrisguvaveiorn §4vand a@%smno\/ﬁﬁﬁef?iheumim%ﬁo@r sion
proce i ; relat i %fﬁ i unli ke the
SWi tcﬁ% %%%Q%S/&Rﬁngﬁégﬁ!é%&etnﬂ%al& tfIVE\Itt/a\?Q]?CJ oe:gr%g%%ggéétor Eriq%(ﬁgsrtocess has
very loowersehaveformadl 4 dy peumusly desgibednil$hcacuhveded|vemtafomesg Béd | @15

interference . is, n an s .. The wavef or al t hou S and with
vor v e PERrided 16 filerd B20; BT forenagitia: Tooner BRI S0 AR0) W AR y i gh
effici ; i i ;

v 1 CIagBes FRH Sahal Vi, SR09ST 4R rhibRNel DAthd BoRErNAY BRfogiments, s
her ei Wisddogedheyeirf.r equency AC wavef orm produced fromthe high voltage DCis

again transforned to a | ower voltage through one or nore snall
transforners. However, the particular design potentially avoids the need

for sqgogge cappsthbPEmbodiraémet 8 rbtdeized hiethanidd agRefftbresintiaein prirkasieon.
Both the input and the output of the converter can theoretically be made

free ftp&hul gynamamay be vgepite greekate aamaveiorn bavingrthe phgrraterdstissmionent s

o o g R AT PSR TR R A A0 sl
conpr elgosbed drid itlestrated deFeGa2 ] Buchduwasefdrmeyehrdatonaiayciompartiedidrly a

swit Chsiuﬁgblseufgp anrger-wattage applications of the inventive power supply designs disclosed
herein. A hub dynamo generator generally operates by the rotation of a permanent
magnet on an axle, with the magnet disposed within a coil of wires. The output of a hub
dynamo generator has been observed to be a waveform that has alternating inverted
and non-inverted raised cosine waves. Complementary waveforms may be generated,
for example, by the addition of a second permanent magnet oriented perpendicularly
with respect to the first magnet, on the same axle therewith, but within a second coil of
wires separate from the first coil of wires. Two permanent magnets preferably have the
same size and physical characteristics, as do the two coils of wires, which may be
laterally offset from one another along the length of the axle. Rotation of the axle may
be accomplished by any suitable means, including motorized techniques, wind power,
or other means. More generally, appropriate waveforms can be generated using a
rotary AC power generator having a coil of wires in relative rotational motion with

respect to one or more magnetic fields.
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[0107] The el im nation of the output storage capacitors brings a further
benefit. A power supply according to enbodi nents as di sclosed herein can
respond raipi2dilitea control signal and so can be enpl opeu/is2018/0435812
tracki ng power supply for efficient, high quality, |ow noise and | ow EM
audi o power anplifiers. Where a DC supply is already available, either from
batteries or froman external power supply, then the input rectification
and storage can be dispensed with and the power supply can then be nade
with an extrenmely low profile due to the elimnation of the output storage
capacitors. [0108] The approach leads to an efficient supply, as there are
no or mniml |osses associated wwth EM reduction and no power device
dynam c switching | osses to contend with, and so the efficiency in practice
can X003 gowVhene dvg PawerBddRPIyfis used/tmgom\feét 8 relatively migrs DG yaltageithienat i on

ot ont 10581 PB, RiteqsT e BRdrddiengk ¢ Welvblort poldfie BohPh (Bl FidH ot
conpanettage® DT svlitceledinrordeaspéep] tyansféyiddy {the Iowerariitage th@wgh chengd y

designs as described and illustrated herein may find use in a wde variety
of appnPr€aamahiansiREnats skFhaeriillgstaigddedhe M@F‘@%ﬁ@@ﬂ%@?@rﬁ%%ﬂ%j prment
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avi oni Cs, equi pnent POWer CONnversion, power
and scst@nge[cﬁmd:]d)m to amamils trw’oot]hutmolttage ﬁopﬂ\hertramﬁcmmerbwftlet teccording to

the e odlnent descrlbed Qv nd part cuI ut| It for exanple,
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and/ or thinner wer supply, that can | ess expensi ve,

components are required for filtering. The ellmlnatlon of the output storage requirement

and elimination of comprehensive filtering may reduce size and cost as compared to,

e.g., a conventional switching supply.

[0096] As noted previously, in practice some small output capacitance may be
required to reduce any residual ripple from the transformer stage or otherwise. Such
slight ripple may be caused by inductance inherent in the amplifier stages. Itis
expected that a capacitance of approximately 300 to 600 nF would be adequate for a 50
Watt power supply operating with periodic waveforms of 25 Kilohertz. This size
capacitance is significantly smaller than that needed for a conventional switched power

supply.

[0097] Another technique that may be employed for reducing any residual ripple at
the output is to use a low dropout (LDO) linear regulator. An LDO linear regulator
generally may include a power FET disposed in series with the output signal. A
differential amplifier controls the power FET in such a way as to maintain a small DC
voltage difference between the input and output of the LDO linear regulator. The voltage
difference is maintained at a value higher than the peak to peak ripple voltage at the
output of the rectifying circuit. The LDO linear regulator is configured to reject the ripple

voltage and prevent it appearing at its output, by means of a filter. Since the residual
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WO 2011/ 017176PCT/ US2010/ 043582 highly efficient, and with fewer ngjor
conponents, while being relatively benign fromthe standpoint of EM.
Because twe 2poviri7supply can be sinpler to design and pPoxSe10i08358an be
brought to market nore quickly, thus resulting in a faster product design
cycle. Anong other things, the | ow em ssions reduce the tine and cost for
certification. The sinple design process, |ow conponent costs and | ow
certifications costs result in a considerable cost saving over existing
power supply approaches. Also, the low profile, |ow cost and wei ght, and
very |l ow em ssions allow the use of the inventive power supply in |locations

Wi thi R Ié’%lté‘deelstdé%bré]fyeé@@ctéd & 16 ey sHidifih &e enivddiméhts!desetibéd and

SWi tched nmode power [B designs. [0112] For portable battery operated
pr oduditustratetehewin, @k PO Insgp aegulatoy iene optien fer redocivgoriahiminagling heesent | y

ai st r {BPPBT TG iGN I oot and SPel S BE"CL pu

Wi t howaphbieoruhet m%ylcﬁh@evu@@bé@sesmablreatoewacv@rm@n@bumdnaﬁutmblﬁtsugmﬁcmwant ages
over conventignal approaches. [0114]1n various enbodi nents, a | ow cost,

li ght \ﬁé’f"ﬁﬂ?m'%'ﬂg the gHiciencyol at ed, fast respondi ng DC out put power conver t er
I's provided having a very low input and output ripple and very | ow EM
em ssions. The power converter generally requires very little output
st or ade0esjpaci Spmenpbveer sugplyembopinertstasdisclosed hetemvnpayotbe beilt using
[ ' ocess is also npl er _t han conventlonal

confi ur t|o s. The_desi
Svi t R e (5e HRSBIATTIRES Mirveie TRCRAPReNBrPTE B8l Al hough i
may h%Y #P@é?ﬁl ifipakt heoVePhll eI t bMaP@ fe’i@ctﬂﬁftﬁ%ﬂ* midehiel 7
enbodi egc?ll n tf\h/I (E,)oncept al fow It t@érge app w de ?/ar |deh§%b/ of Sower
conv er2000f altgsiwer suipphysfor an audio system, a pair of tor0|dal transformers may be

used, each approximately 1” in size. The result is power supply that is more compact

than a conventional switched power supply of similar wattage.

[0099] The power supply designs described herein are not limited to power ranges
of a few hundred Watts, but may also be used for much larger DC-to-DC conversion

applications, in the Kilowatts or larger.

[0100] Embodiments of a power supply as disclosed herein may have significantly
reduced EMI as compared with a conventional switched power supply. Where the
voltage waveforms appear as in FIG. 2, i.e., periodic inverted/non-inverted raised cosine
waves, the corresponding current waveform is a square-wave, which is less desirable
from an EMI standpoint. The embodiment of FIG. 5 overcomes those issues by
transforming the inverted/non-inverted raised cosine waves to current waveforms before
being sent to the transformer stage. The relatively smooth current waveform in this
embodiment mitigates EMI concerns. While the corresponding voltage waveform
becomes a square-wave, the electrostatic emissions created by the voltage square
wave are easier to shield and deal with than the electromagnetic emissions that would

be created from a current square-wave.
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[ 0115] Certai n enbodi nents descri bed herein generate a DC out put signal by
the conbination of two rectified signals having certain characteristics.
However, wbeosizntel76pri nci pl es may be extended to confi geCaitisons/osst ng
three or nore signals that are rectified and additively conbi ned, provided
t hat adequate waveforns are selected. [0116]Wiile preferred enbodi nents of
the invention have been described herein, many variations are possible
which remain within the concept and scope of the invention. Such variations
woul d becone clear to one of ordinary skill in the art after inspection of
t he specification and the drawings. The invention therefore is not to be

o571 (1 SRR U A eélen y R cssamechei T Chl i VO
can be very low due to the low ripple nature of the preferred input and output voltage
and current waveforms, it is possible to further reduce the effective EMI emissions by
modulating the frequency of the complementary waveforms with respect to time. This
type of modulation would cause the spectral components of the residual interference to
be spread over a wider spectral bandwidth, thus reducing the average amplitude of the
interference at any given frequency. The modulating waveform can be either periodic or
random (including pseudo-random) in nature. An example of an illustration of a set of
frequency-modulated complementary waveforms 1030, 1031 is shown in FIG. 10. This
particular example is based on chirp modulation, with the deviation over time in the
wavelengths of waveforms 1030, 1031 exaggerated in FIG. 10 merely for purposes of

illustration.

[0102] A variety of different transformer designs and techniques may be used in
connection with the transformer stage (130, 430 or 530) of the various power supply
embodiments described herein. The particular transformer design may be chosen
according to the desired application. For example, the transformers may employ bifilar
windings, in which the primary and secondary wires are twisted together before being
wound around the magnetic core, which may have the effect of reducing leakage
inductance. Alternatively, coaxial windings may be used, in which the primary and
secondary wires are coaxially combined, which may also reduce leakage inductance
significantly.

[0103] In terms of transformer shapes and configurations, the transformer(s) may be
toroidal, or else may be planar (with spiral windings) to achieve a particularly low profile
as well as potentially simpler manufacturing. Another option is to use a winding through
a series of hollow cube-shaped magnetic cores, as generally described for example in
U.S. Patent 4,665,357 to Herbert, incorporated herein by reference as if set forth fully

herein. Yet another possibility is to embed one of the transformer primary/ secondary
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What is clainmed is: 1. A power supply, conprising: a waveform generator

outputting a first waveform and a second waveform a first

rectifi cawoenibnirgge coupled to said first waveform saiPATUSRGIN/043582
rectification bridge outputting a first rectified signal; a second
rectification bridge coupled to said second waveform said second
rectification bridge outputting a second rectified signal; and a DC
out put signal formed by continuously additively conbining said first
rectified signal and said second rectified signal. 2. The power

supply of claim1, further conprising a level conversion circuit interposed

bet wegingingd éé‘@‘é%ﬁ!ﬁé@j ﬁgmﬁr%@klaﬂﬁﬁlrﬁlﬁ'éjhélldvﬁéd @Oﬂgr@@@@ﬂﬁitﬁeeﬁhé%bﬁ afFgon
bridges, said |evel conversion sig utputting level -shifted versions of

aﬁ. d ftorroyiallar@awldo'nagm@tmcu’ewth squared | edges, pewganesalpigsceibedifal m 2,
out putte g i B'5 REBRE 2 oSt el Bttt RER, BEBuuetedls Y [ e 2bon o

sai d fif §§tfor\t\lﬁl‘ﬂﬂlfy0’fél‘e|naﬂd thisseeemsle  tharsher ti@nsforheubrirnag/ sateng&gond out put
corresponding to said | evel-shifted version of said second waveform

4. Thevipeiners §$Rﬁﬂt?d|MﬂNr@P8¢%330U%@eéﬂﬁgBﬁlil(dc@f‘es similasde PrGuENBNdr i dge
conpri (Gionat trfan%ﬁ}rgwfe‘r” ﬂ>ut"WM?tHeeﬁr’iHnB ?ﬂaﬂf rgd Being) eftvﬁ@f‘eﬂ']&aur of

rectifrcation e conprises a s con Ier 5. The
power coapial paof Ddlraag thig providesemags eticl filevtbat ar@tmﬁmgaml and doi notduotepadtses a
fi h i f

rst Jr’%l prowdegvl\ﬁct:r%aggd %ﬁ CléensnyI : l|'IsI égsgrl{taﬁg\t/v%lt\?/g 5‘é§e dJen%t out put

transformers to share the same magnetic core.
[0104] Of course, other transformer designs may also be utilized.

[0105] The power supply designs and techniques described herein may be used with
different types of power inputs, including a local battery power supply or else a line
supply that is first converted to an input DC level before being converted to a DC output
level. Where an AC line power supply is used, the line AC voltage is first rectified to
produce a high voltage DC. While the DC-DC conversion process may then be carried
out at relatively high frequencies, unlike the switched-mode power converter, the AC
waveform used for this process has very low levels of radio frequency components and
so electromagnetic interference is not an issue. The AC waveform, although smooth
and with very low EMI, is used in such a way that the supply still retains very high

efficiency, typically as good as, or better than, a conventional switched-mode supply.

[0106] According to certain embodiments as described herein, the high frequency
AC waveform produced from the high voltage DC is again transformed to a lower
voltage through one or more small transformers. However, the particular design
potentially avoids the need for storage capacitors to smooth the output voltage after
rectification. Both the input and the output of the converter can theoretically be made

free from ripple at all output levels and so no extra magnetic components are required
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WO 2011/ 017176PCT/ US2010/ 043582 corresponding to said | evel -shifted version
of said first waveform and a second pair of switched capacitor circuits
out put ti /yo=aildh1seond out put correspondi ng to said | evelCTAlseéwed3s8er si on
of said second waveform 6. The power supply of claimb5, wherein
said first rectification bridge conprises a first pair of rectifiers
connected respectively between said first pair of swi tched capacitor
circuits and said DC output signal, and wherein said second rectification
bri dge conprises a second pair of rectifiers connected respectively between
sai d second pair of switched capacitor circuits and said DC output signal,

wher eifgr filkgingat TiRdeliminagas bf de é@i'p@t Elorade Fé?qlrre@rﬁ%tsa?féloé]ﬁmﬁétlén of diodes is
connected to said DC output signal. power supply of claim1,

wher eicempiehensive ﬂ&ﬁrmggemrallyvae@mﬂsmszeaaaﬁ CQahmm@@r egirfosa switeling ng

peri o%i ﬁgﬁlequence of non-inverted and inverted waves, said first and second
wavef o being identical but offset fromone another by 90 degrees.

8. The power supply of claim®6, wherein the first and second waveforns each
conprise an alternating periodic sequence of non-inverted and inverted

r ai sed0t@& neTh@ebnination of the oufmpia Sbe@G? capppitgrsdrringsa turther ReBe®; M\ t he

f t t fiied and
ndd t NSy SEER ackHE g LT FE A HisERsbd Herélh icBh r3SHOR PR 1O EF, T1 e

| evel cbotrolsagdal[l(hcbsm pat bei gnployedvatseoiast fagking ipoaver supplyl fer efficient, high. The
e o ot i it e
2011/ Qa8 Cgﬁﬂ@%%ﬁlb%‘ﬂ%ﬁégor from ’E?rﬂ_g'l SRRy r@p@wn fHe bat M 1,

wherein said first recti Si gna said seco ectified signal
conpr ireetifwatios iand steragedam I@mdlspeneedr\mtbfa]ndwhee;mmsuwlyycan then be made

with an extremely low profile due to the elimination of the output storage capacitors.

[0108] The approach leads to an efficient supply, as there are no or minimal losses
associated with EMI reduction and no power device dynamic switching losses to
contend with, and so the efficiency in practice can exceed 90%.

[0109] The mode of driving the transformers, the elimination of switching artifacts
and the simplicity of the control architecture may significantly simplify the design
process and shorten the time to market compared to a switched-mode supply.

[0110] The inventive power supply designs as described and illustrated herein may
find use in a wide variety of applications, including audio devices, portable electronic
equipment (e.g., laptops, cellular phones or wireless devices, etc.), military, avionics,

medical equipment, solar power conversion, power distribution, and so on.

[0111] In various embodiments, a power supply built according to the embodiments
described above may find particular utility, for example, in the automobile industry as an
on-vehicle power supply for an audio amplifier. Embodiments as described herein may

result in a smaller, lighter and/or thinner power supply, that can be less expensive,
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12. The power supply of claim1, wherein said waveform generator conprises
a rotary AC power generator having a coil of wires in relative rotational
notion wWiwb 20a9pers to one or nore nagnetic fields. PCT/UB3010A435820e 1
supply, conprising: a waveform generator outputting a first waveformand a
second waveform a first transformer receiving said first waveform as an

I nput; a second transforner receiving said second wavef orm as an i nput;

a first rectification bridge coupled to an output of said first
transforner, said first rectification bridge outputting a first rectified
si gnal ; a second rectification bridge coupled to an output of said

Secon%gﬁl?@ﬁfdiédﬁénd &ﬁthd’e%ﬁﬂ'l’éiDl%rf&%péméiﬂé I wnné)beﬂgeremﬂwewtserf@q frofreiend
rectified signal; out put signal formed by continuously

addi t |S\17@ﬂ(iDQt@irﬁflErMth@%LtSefthﬁsﬂOWchﬁulpplye@rsb@ﬁm'lp|§htp design saddaradvesstii fi ed
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non- i Wﬁotﬁ%dtmdh|hg§eﬂhte€!dwréihlsgﬁbns¢§dlﬂl§e iMMVieRe ahai cbst fardertifivétionc ame
wav ef orrrs eing identical but offset from one angther by 90 degrees.

15. TIRMB (SRaSIG PRIGPSS1 10w Gampanentesisae aeﬂtlﬂf:@tﬂorrs&qstw etltdNghal and
sal d 3epQid 41586 thEt é&bi@g Bgﬁ# eﬁ&;@ béxﬁera?@?;(ﬁ# %@PY@a‘éﬁfg r)%I é'léW Y@fﬁ&f orm

respect 1vely supp arm urt er c rrprl 'sing a
f eedbdok cssgaraxﬂ webighity e f/eqrﬂbmrdls%nswllpm thei iggeadf, thprimxendied powves augply
wavefori’n %?nera %

ocations within a vehicle that presently are very difficult to fulfill with switched-mode

power supply designs.

[0112] For portable battery operated products, the low profile capability offers form

factors that are presently difficult to achieve.

[0113] For more generalized, heavy duty power distribution applications, the ability to
produce a ripple free output without the use of large energy storage components has

distinct advantages over conventional approaches.

[0114] In various embodiments, a low cost, lightweight, efficient, isolated, fast
responding DC output power converter is provided having a very low input and output
ripple and very low EMI emissions. The power converter generally requires very little
output storage capacity and so can be implemented in very low profile configurations.
The design process is also simpler than a conventional switched-mode converter
resulting in a quicker design process. Although it may have beneficial use for audio
amplifiers, the general principles embodied in the concept allow it to be applied in a

wide variety of power conversion applications.

[0115] Certain embodiments described herein generate a DC output signal by the

combination of two rectified signals having certain characteristics. However, the same
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WO 2011/ 017176PCT/ US2010/ 043582 17. The power supply of claim 13,
wherei n said wavef orm generator conprises a signal generator having output
si gnal s cwopbadituéa vol t age-controlled anplifier. PCTAB2010/0¢35pDWET
supply of claim 13, further conprising a first anplifier for anplifying
said first periodic waveform positioned before said first transforner, and
a second anplifier for anplifying said second periodi c wavef orm positioned

bef ore said second transforner. 19. The power supply of claim 18,
wherein said first anplifier and said second anplifier are transconductance
anplifiers. 20. The power supply of claim 13, wherein said first

tr anSfﬁPTnEFEﬂe@ﬁﬁy%ﬁ é'xtéﬁ@@d‘% béﬁlg;‘-ifrﬁtrdﬁ%f h&Ag three G HGHR Stth& ere.
21. The power supply claim 13, wherein saldflrst rectification bridge

i s a frechfiegaand a@@tlvelv(@pn&wm,umpwged thatrageasiete wRveIMsAredeLctethd wher ei n
said second rectification bridge is a full-wave rectifier conprising a
second set of four diodes. 22. A method for power conversion,
conprife11§} Wrdensetdnigtberdbbdinsdntebf eenialengombesed besh dedcibetchomdh,
alternating waveform rectifying the first and second alternating wavef or s
to gereardt \éaré?tfqnlsﬁrelpé’éﬁibﬁ\é’ 'Cé"i rgAAin YR In theeee@rt éB@lSPPI@%IOH%aI

respe t |

addi tﬁ@"‘ﬁ Conbi nl\ﬁagrlastlgpéwcfurld;?erect |c1cf Soln%n%‘{lﬂfb n%Y%g@ seco a}r(tgatl fied
si gnalinspection of the specification and the drawmgs The invention therefore is not to be

restricted except within the spirit and scope of any appended claims.
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23. The nethod of claim 22, further conprising the step of converting the
first and second alternating waveforns to a stepped-up or stepped down

| evel priwo2do/mewsi fying them WO 2011/ 017176PCT/ US20P0T0436H8243582 24.
The net hod of claim 23, wherein the step of converting the first and second
alternating waveforns to said stepped-up or stepped down | evel conprises
receiving said first alternating waveformat a first transfornmer and
outputting a first |level-converted alternating waveformtherefrom and
receiving said second alternating waveformat a second transfornmer and
outputting a second | evel -converted waveformtherefrom 25. The

met hod of claim 24, wherein the stegLaimgecti fying the |evel-converted
first and second alternating waveforns to generate said first rectified
signal and said second rectified signal respectively conprises applying
sai d fj A | -converted alternating waveformto a first full-wave
recti%&éég?éﬁﬁgﬁ rate said first rectified signal, and applying said second
| evel -converted alternating waveformto a second full-wave rectifier to
generate said second rectified signal. 26. The nethod of claim 23,
wher ei n saild st ébPOVets¥RRY+ §AGPTHRAT i rst and second al ternating wavef or s
to said st 5 I i I i d first

al t ornat g BavEP T T ra0; POy o Rt o 378 AR ol Warofiny ¢

out put ti ng aefirkt rextifitagtiosl bricdgeseoupded &b seidrfasi wgvelaraf saithfirstrdctifigatipnng sai d

second alternatin vef or. 0. a second pair of switched capacitor circuits
out pugﬁ%ﬁﬁ %‘t%létEB é‘%@\/@cﬁ[@%‘ﬁiﬂgﬂazd. al ternating waveform 27. The
met hod of ¢ ddbndlecifitatioA brtRBROUHAICENRISEBoNA el bR abld Sodrct i fi er's

between said first pair of swtc capacitor circuits and said DC out put
si gnalrectfication drigge loaitputing bisswondmeotifieskdigndli asd | evel - convert ed

alternatin vef.orm. a couplin second ir, of rectifier et ween said
Socond pai 2 BB SUPh iR afRer b bofn iy SR ey erSing ssld e SRR,

per f orsiridhantesid sécatd @ietiféd Spyndl.second | evel -converted al ternating
waveform WO 2011/ 017176PCT/ US2010/ 043582 28. The nethod of claim

22, wherein the first and second alternating waveforns each conprise an
al ternating, periqdi - rt i , iSakd
first and %e‘conﬁ%l f%"?éniaéluimyag@%%ﬁnﬁﬁﬁ‘gﬁrﬁéﬂ}@gﬂﬁ %g&%ggm‘é@ﬁ&m r%(')tm one
anot heritelyos2d isktgeeassaid waveform generator and said first and second rectification

bridges, said level conversion signal outputting level-shifted versions of said first and

second waveforms.

3. The power supply of claim 2, wherein said level conversion circuit
comprises a first transformer outputting said first output corresponding to said level-
shifted version of said first waveform, and a second transformer outputting said second

output corresponding to said level-shifted version of said second waveform.
4. The power supply of claim 3, wherein said first rectification bridge
comprises a first full-wave rectifier, said wherein said second rectification bridge

comprises a second full-wave rectifier.

5. The power supply of claim 2, wherein said level conversion circuit

comprises a first pair of switched capacitor circuits outputting said first output
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29. The nethod of claim 28, wherein the first and second al ternating
wavef ornms each conprise an alternating periodi c sequence of non-inverted

and i nverweadoriAilged cosi ne waves. 30. The net hodPpofr/uska@ion3zs?
wherein said first rectified signal and said second rectified signal
conprise a cosine waveform and sine waveformrespectively. 31. The

nmet hod of claim 22, wherein the first and second alternating waveforns are
selected so that after being rectified and additively conbined, their
additive conmbination creates a constant voltage |level for said DC output
signal, w thout significant ripple. 32. The nethod of claim 31,

wher eidarieBBoR@Rg taRhidVielEraafte@ VetsidrPbf Sat dirédwArEiouh, sidaakcosd parerat ed
Wi t hout a storage capacitor 33. The nethod of claim 22, wherein

sai d fswilchedcappaifar aiguita vetrsrting seidseicand esind corespaagingdo wattbieyein ar e
gener ' r Qt enerator having a coil of wires in
rel at %bg%rﬁéégg’gra%clS%icg%%%cﬁh%wwgﬁ@{%@pect to one or nore magnetic fields.
6. The power supply of claim 5, wherein said first rectification bridge
comprises a first pair of rectifiers connected respectively between said first pair of
switched capacitor circuits and said DC output signal, and wherein said second
rectification bridge comprises a second pair of rectifiers connected respectively between
said second pair of switched capacitor circuits and said DC output signal, wherein the
cathode of each of said first pair and second pair of diodes is connected to said DC
output signal.

7. The power supply of claim 1, wherein the first and second waveforms
each comprise an alternating periodic sequence of non-inverted and inverted waves,
said first and second waveforms being identical but offset from one another by 90
degrees.

8. The power supply of claim 6, wherein the first and second waveforms
each comprise an alternating periodic sequence of non-inverted and inverted raised

cosine waves.
9. The power supply of claim 1, wherein the first and second waveforms are
selected so that after being rectified and additively combined, their additive combination

creates a constant voltage level for said DC output signal, without significant ripple.

10.  The power supply of claim 9, wherein the constant voltage level for said
DC output signal is generated without a storage capacitor.
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11.  The power supply of claim 1, wherein said first rectified signal and said

second rectified signal comprise a cosine waveform and sine waveform respectively.

12.  The power supply of claim 1, wherein said waveform generator comprises
a rotary AC power generator having a coil of wires in relative rotational motion with

respect to one or more magnetic fields.

13. A power supply, comprising:

a waveform generator outputting a first waveform and a second waveform;

a first transformer receiving said first waveform as an input;

a second transformer receiving said second waveform as an input;

a first rectification bridge coupled to an output of said first transformer, said first
rectification bridge outputting a first rectified signal;

a second rectification bridge coupled to an output of said second transformer,
said second rectification bridge outputting a second rectified signal; and

a DC output signal formed by continuously additively combining said first rectified

signal and said second rectified signal.

14.  The power supply of claim 13, wherein the first and second waveforms
each comprise an alternating periodic sequence of non-inverted and inverted raised
cosine waves, said first and second waveforms being identical but offset from one

another by 90 degrees.

15.  The power supply of claim 14, wherein said first rectified signal and said

second rectified signal comprise a cosine waveform and sine waveform respectively.

16.  The power supply of claim 13, further comprising a feedback signal

derived from said DC output signal, provided to said waveform generator.
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17.  The power supply of claim 13, wherein said waveform generator
comprises a signal generator having output signals coupled to a voltage-controlled

amplifier.

18.  The power supply of claim 13, further comprising a first amplifier for
amplifying said first periodic waveform positioned before said first transformer, and a
second amplifier for amplifying said second periodic waveform positioned before said

second transformer.

19.  The power supply of claim 18, wherein said first amplifier and said second

amplifier are transconductance amplifiers.

20. The power supply of claim 13, wherein said first transformer and said

second transformer share a common magnetic core.

21.  The power supply of claim 13, wherein said first rectification bridge is a
full-wave rectifier comprising a first set of four diodes, and wherein said second

rectification bridge is a full-wave rectifier comprising a second set of four diodes.

22. A method for power conversion, comprising:

generating a first alternating waveform and a second alternating waveform,;

rectifying the first and second alternating waveforms to generate a first rectified
signal and a second rectified signal respectively; and

forming a DC output signal by continuously additively combining said first
rectified signal and said second rectified signal.

23. The method of claim 22, further comprising the step of converting the first
and second alternating waveforms to a stepped-up or stepped down level prior to

rectifying them.
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24.  The method of claim 23, wherein the step of converting the first and
second alternating waveforms to said stepped-up or stepped down level comprises
receiving said first alternating waveform at a first transformer and outputting a first level-
converted alternating waveform therefrom, and receiving said second alternating
waveform at a second transformer and outputting a second level-converted waveform

therefrom.

25. The method of claim 24, wherein the step of rectifying the level-converted
first and second alternating waveforms to generate said first rectified signal and said
second rectified signal respectively comprises applying said first level-converted
alternating waveform to a first full-wave rectifier to generate said first rectified signal,
and applying said second level-converted alternating waveform to a second full-wave
rectifier to generate said second rectified signal.

26. The method of claim 23, wherein said step of converting the first and
second alternating waveforms to said stepped-up or stepped down level comprises
applying said first alternating waveform to a first pair of switched capacitor circuits
outputting a first level-converted alternating waveform, and applying said second
alternating waveform to a second pair of switched capacitor circuits outputting a second

level-converted alternating waveform.

27. The method of claim 26, further comprising coupling a first pair of rectifiers
between said first pair of switched capacitor circuits and said DC output signal to
perform the rectification of said first level-converted alternating waveform, and coupling
a second pair of rectifiers between said second pair of switched capacitor circuits and
said DC output signal to perform the rectification of said second level-converted

alternating waveform.
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28. The method of claim 22, wherein the first and second alternating
waveforms each comprise an alternating periodic sequence of non-inverted and
inverted waves, said first and second alternating waveforms being identical but offset

from one another by 90 degrees.

29. The method of claim 28, wherein the first and second alternating
waveforms each comprise an alternating periodic sequence of non-inverted and

inverted raised cosine waves.

30. The method of claim 29, wherein said first rectified signal and said second

rectified signal comprise a cosine waveform and sine waveform respectively.

31.  The method of claim 22, wherein the first and second alternating
waveforms are selected so that after being rectified and additively combined, their
additive combination creates a constant voltage level for said DC output signal, without
significant ripple.

32. The method of claim 31, wherein the constant voltage level for said DC
output signal is generated without a storage capacitor.

33. The method of claim 22, wherein said first alternating waveform and said

second alternating waveform are generated using a rotary AC power generator having a

coil of wires in relative rotational motion with respect to one or more magnetic fields.
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