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[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.



[ 0002] The field of the invention generally relates to power supplies and,
nore specifically, to a versatile DC out put power supply. Background of the
Rel at ed AvD 2p0I@A31{76here are two mai n cl asses of power sepplus2@0/0e3z8YeErt er:
(1) ACto DC, and (2) DCto DC. An AC to DC power supply generally converts
AC line voltage as its input to a DC output voltage and is found, for
exanpl e, in applications such as hone audio anplifiers. It can generally be
i npl emented as either a linear 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 eBoogd W EBmnGMVEbHIPORBNRAYRS c&“@?ﬁiﬁnal%w@eélﬁfdﬁtidéﬁme rah8foReepover
suppl i es convert voltages and al so provide isolation between input and

out putrectifign aud smeothingsoTAuS2ZeRaciMss drldjtpnekitanpndents aepnenlyitbized
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filtering and screening to prevent electro-nmagnetic interference (EM). The
derran@qwﬂf?fer\ﬁé?ass@ﬁltp@rpréﬁgnﬁﬁ@ﬁpeIQ&§V\4't§H'ngd)CélV%fr9é#9@HG%r ance of switching
power supplies.

[0005] Conventional linear power supplies, used for instance in home audio
amplifiers, use a large, heavy, expensive transformer to convert a low frequency, high-
voltage AC line supply to a lower voltage suitable for the amplifier or other application.
The high-voltage AC line supply is first dropped down to a lower AC voltage, and then
the lower AC voltage waveform is rectified to DC. However, the rectified voltage is
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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[ 0005] Conventional |inear power supplies, used for instance in home audio
anplifiers, use a |large, heavy, expensive transforner to convert a | ow

f requencywohoglmivobt age AC line supply to a | ower vol t ageTaiseaialbokzsst or t he
anplifier or other application. The high-voltage AC line supply is first
dropped down to a | ower AC voltage, and then the | ower AC voltage waveform
is rectified to DC. However, the rectified voltage is discontinuous and so
| arge storage capacitors are needed in order to provide a snooth voltage
for the anplifier. Even so, the DC supply still has an appreciable
irregularity (the ripple voltage) superinposed upon the DC which can

mani f egdquencpseveidltend W e pRisly—ab griquasTah IAC sltpRidERwal Whlchsis
considerabl e care is taken with the anplifier design and | ayout.
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vol t agxamplé of stichof pawerrseippiyfis @t externapowbedupply igehkerdliynesedabtonyeer arhi s
allo t he storage capacitor to be smaller as conpared to the |inear power
suppl Y2PIORFOMUEET- ess expensi ve. The resul ting high vol tage DC signal is
then converted to a | ower voltage by chopping it at a very high WD

2011/ 017176PCT/ US2010/ 043582 frequency-several tens of kHz typically-to

pr odud@08d] AC Cuemenady dmbe peid ohthisappraash és thed, idowdet o retaiowsiciendy, age

through a, small transforner. Because the operating.freguency is nuch higher
than e AraPRnG gL Db Belissr §IOH RousHiby2RG Mt & BincoR B, sefa'er (nan
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| i near, - . ch r [:S , power
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frequency components also need to be removed or isolated from the input and output
lines, requiring extra magnetic components that add to the cost and bulk of the supply.
The efficiency, although theoretically capable of being very high, typically lies in the 80-
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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[ 0008] One penalty to be paid in this approach is that, in order to retain
efficiency, the chopping of the DC produces high frequency ACwth a

di scont i rmousi1/aguar e waveshape. Such a waveshape gener aceaishéigh4isevel s of
very high frequencies which radiate to cause radio frequency interference
(EM ). Careful design, |ayout and screening are required to reduce these
em ssions to an acceptable limt. The swtching frequency conponents al so
need to be renoved or isolated fromthe input and output |ines, requiring
extra magnetic conponents that add to the cost and bul k of the supply. The
efficiency, although theoretically capable of being very high, typically

li es icardfIefil¥ngO4ti@ s@e8ringOSWitdHing bBReP sapplfdttareed | Shind?e dofflex,

sw t ched- node power supply can be reduced consi derably conpared to a
convemeeding contige gircpiweandse@peryswitehindheevass c Toeypairelongenta design ando be
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supplies tend to be larger in size and profile, relatively costly, and
heavy .isstesyetativgdadit ageous in terns of efficiency and | ow EM. Switching
power supplies tend to be smaller and weigh | ess. Due to higher frequency
operation, the transforners and capacitors of a switching power supply tend
to be [6080] er Lérgerpbiver suppliesamapanize thrppiphaskipesverrgenevatiart) wigchpiswer

supplies can be less efficient than |inear power supp|lies, and produce
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conpl ex, needing control circuitry an wer sw tching devices. "They take
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offset by one-third of a cycle from the other two waveforms). This staggering of
waveforms allows energy to be continuously provided to the load(s), with a reduced but
nonetheless substantial ripple. As a result, a constant amount of power is transferred
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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[ 0010] Lar ger power supplies may utilize three-phase power generation, which
is an alternative power supply technique to the ones thus far described. In
a t hree-pNazeligyst7zem three power |lines carry three alt@cmaiseong/oeissr ents of
t he sanme frequency but different phases, which reach their instantaneous
peak values at different tinmes. The current waveforns are offset by 120
degrees fromone another (that is, each current is offset by one-third of a
cycle fromthe other two waveforns). This staggering of waveforns all ows
energy to be continuously provided to the load(s), with a reduced but
nonet hel ess substantial ripple. As a result, a constant anount of power is

tr anSfp@We?%u?bS/r @Wﬁéﬂﬁ‘ée@l @IIS’[&H'@!’ &Eb%ﬁ%upﬂ&@ﬁéﬁﬁﬂ@d@c%e heedged to
st ep-up or he voltage levels at various points in a three-phase

power |af§9\wmp0%rtt$lﬂ@@ifm¥€ab@ mada smakin Bize@fe pofeomd lightweigiés si x di odes,
with two diodes used for each branch of the three-phases. [0011] Wile
t hr ee- phase power supply systens have sone benefits, they are al so subject

to certain drawbacks or | iSUMMARYOFFHE EYEENITEONa m ni num of three
conductors or power lines is generally required, as well as three sets of
ci rcuitry for | evel -shifting (wth transfornmers) and rectifyi ng each

branc &?{éq&% upply, the
rippl |s stl I %@%a%b&?i alpbglﬁé%ﬂﬁﬁlgg r(g\lhd(?deg]lu\?ﬁ*g@ storage ca agl tors to
bri ng whosefornos are s%mmrdt@hrbtbehmselsele[omm% thatelee oatpud wavietormargouives suppl y
or converter thath fn be made soga[é htWEI t and reasonably
mexpé’ﬂ'@i”(}%' SMPRANG 'R RENCE andEPY ‘r'tt‘N%Y @UT'sts for such a power
supply that avoids the conplexities and conplications of a switching WO
2011/ 017176PCT/ US2010/ 043582 power supply. A further need exists for a
pover [0pHl y tAacording toeshecer mee agév@dimenﬂsaag@mmrspopwsyravided hasinge nmade
small I 6 &S MBuPhBlLiofmE e shabbdR: B
put waveforms are's ed'or Dtherwise 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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SUMMARY COF 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 puwowaugfior’m requi res m ni mal snoot hi ng for generariusr010/04353DC

out put waveform [0014] According to one or nore enbodi nents, a power supply
I s provided having one or nore input waveforns are shaped or otherw se

sel ected prior to being provided to an isolating transformer. The nature of
the input waveforns is shaped or selected so that the transformed waveform
requires no or mninmal snoothing for generation of a DC output waveform
[0015] The power supply may conprise a waveform generator, a |eve

conversidia traha@emie? Wltﬁtﬁ{b@ré@ wiRgingsl tﬁ&eoutgugl ofuRe t@hsfErs afe
rectification stage, and si gnal conbi ner. The wavef orm generat or nay

gener drevigedio mﬁemcaﬁgetm%tﬁgenwhlcﬁmpwtm paif perechfied sighalhellt® ﬁ?ﬂtélﬁ@ ntary

rogqut S 8ot Hid hokrOdeCPiPhacHsh o Bl sy g BRSRIF e veliTies: m
[ 0016]s||gha¢$1@re3 lgtetotthe &idial ebiribiierp@niih SUPPthe Signals srSp@dvegskor m
gener at or east one transformer, a rectification stage, and a signal

conbi r?@F‘SfaFﬁQQ/\ﬁU@NéﬁMnQénerator may generate conpl ementary waveforns, such
that after each of the conplenentary waveforns is rectified and conbi ned
their sumw || be constant.

[0017] In certain embodiments, the output voltage is monitored and fed back to the

input side of the power supply, which adjusts the amplitude or other characteristics of
the complementary waveform signals prior to being applied to the transformer(s).

[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.



The conpl enentary waveforns are preferably identical but are 90-degrees out
of phase from one another, although in other enbodi nents the waveforns nmay
have a diwbenarnti7r7el ati onshi p. The conpl ement ary wavef oPog/ise@oapisBt ed to a
pair of transfornmers or a WO 2011/017176PCT/ US2010/ 043582 singl e
transfornmer with separate w ndings. The outputs of the transforners are
provided to the rectification stage, which outputs a pair of rectified
signals. The rectified signals have the property that when added together,
their sumis constant. The rectified signals are provided to the signal
conbi ner, which suns the signals and produces a constant DC output signal.

[ 0017][b02Zer t aF G el sardr Bavdibmm eiddrdinsViMlstadingl soetatibr of Bé suwkrf ed back
to the input side of the power supply, which adjusts the anplitude or other

I
char acueplysshaye MF@é,@bm@d@ﬂﬁﬁwﬁmmm@i gnals prior to being
applied to the transforner(s). [0018]1n other enbodi nents, a
sw t ched-capacitor technique is used to adjust (e.g., step up) the voltage

| evel [0023]he cPI®! BrENbEr Of WaNEOON Magranstitesiraihgtapuiatien oethe)owdm ot her
respects, the power supply operates in a simlar fashion. [0019] Enbodi nents

as deSEPPeIhavet & il Grely i asegrdanee yib asnotherexafeRignt ages,

[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.



i ncluding being smaller, lighter, thinner and/or |ess expensive than a
conventional power supply, with fewer | arge conponents, while retaining

hi gh ef fiwoDentyo17ifie power supply can be desi gned so asPCo/Use@do¢issi ni ma
or insignificant EM. Because the power supply can be sinpler to design and
manuf acture, it can be brought to market nore quickly, thus resulting in a
faster product design cycle. [0020] Further enbodi nents, alternatives and
variations are al so described herein or illustrated in the acconpanyi ng
figures. BRI EF DESCRI PTION OF THE DRAW NGS [0021]FIG 1 is a conceptual

bl ock di agram of a DC out put power supply as disclosed herein, using one or

nor e 809 or Ne[GS f PTA ah@naB arvsdheauticadigg@ins oM¥portion of a DC power
2011/ 017176PCT/ US2010/ 043582 [0022] FIG 2 is a set of waveform di agrans

i | | uststgplyrepespingin aecastiangrewib e 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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supply shown in FIG 1, in accordance with one exanple. [0023]FIG 3 is a
set of waveformdiagrans illustrating operation of the power supply shown
in FIG Iwoiniizacosdance with anot her exanpl e. [0024] Fl BCTAS2G10A4358DCK

di agram showi ng conponents of an enbodi nent of a voltage-controlled DC

out put power supply as disclosed in accordance with the conceptual bl ock
diagramof FIG 1. [0025]FIG 5 is a block diagram show ng conponents of an
enbodi ment of a current-controlled DC out put power supply as disclosed in
accordance with the conceptual block diagramof FIG 1. [0026]FIG 6 is a
bl ock diagramillustrating one exanple of a signal generator as may be used

i n conpentis@BtiMg trankRiineHs TRERRMIEEIT!Re #foLd WeiieRsrats BehabBd, 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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[0027]FIG 7 is a schematic di agram showi ng an enbodi nent of a power supply
using a simlar technique to FIG 1, but inplemented with sw tched
capaci t orwoizotitgs [ 0028]FIG 8 is a conceptual bl ock @#cagrsamoofssaz DC
out put power supply as disclosed herein. [0029]FIG 9 is a block diagram
Il lustrating a second exanple of a signal generator as may be used in
connection wth various enbodi nents as disclosed herein. [0O030]FIG 10 is a
wavef orm diagramillustrating an exanple of a pair of frequency nodul ated
signals as may be output by a signal generator.

transformers for signal level conversion. As shown in FIG. 1, a signal source

(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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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.

shown) that may 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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[0035]FIG 15 is a schematic diagramof a portion of a DC power supply
enpl oyi ng both feedforward and feedback techniques. [0036]FIG 16 is a
schemat i cwoOiagriam7eéf anot her enbodi ment of a DC power swpplus2@opkisgt ng bot h
feedf orward and feedback techniques. [0037]FIG 17 is a schematic diagram
of an enbodi nent using swi tched capacitor circuits to forma nulti-stage
power converter. [0038]FIG 18 is a schematic diagram showi 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

triangular waves, but phase offset from one another by 90 degrees. After full-wave

rectification, the resulting waveforms 313, 314 are shown in graphs 3C and 3D, which

relate to waveforms V\n1, Ving respectively. Rectified waveforms 313, 314 are both

positive triangle waveforms having symmetrical shape, offset from one another by 90

degrees, reflecting the phase offset of original waveforms VN1, Vine. When added

together, rectified waveforms 313, 314 result in an output waveform 320 having a

constant DC output level, as shown in graph 3E. Because rectified waveforms 313, 314

have the same linear slope for the rising and falling portions of the triangular waves, the

fall in voltage of the first rectified waveform 313 matches the rise in voltage of the

second rectified waveform 314, and vice versa. Thus, the rectification and summing of

waveforms V\n1, Ving 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.

[0045] Besides the waveforms for VN1, Vin2 shown in Figs. 2 and 3, other
waveforms can be used as well. Preferably, waveforms Vi1, Vin2 are selected or
generated such that after transformation and full-wave rectification, the rectified
waveforms are complementary to one another such that they can be added together to
result in a constant DC level. Such waveforms may include periodic waveforms
resulting in rectified waveforms that are symmetrical in nature, such that their rising
slope and curvature are the same as their falling slope and curvature. Likewise, the
rectified waveforms are preferably symmetrical about their midpoint, such that their
alternating “positive” and “negative” waves are identical in shape but inverted from one
another. The waveform examples shown in Figs. 2 and 3 meet the above criteria.
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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[ 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
to bei ng woavildadi76é WO 2011/ 017176PCT/ US2010/ 043582 t 0 amCIraiskavioniss2
transforner. The nature of the input waveforns is shaped, selected or

ot herw se generated so that the transfornmed waveformrequires m ninal
rectification and/or snoothing for generation of a DC output waveform
[0040] FIG 8 is a conceptual bl ock diagramof a power supply 800 as

di scl osed herein. In FIG 8, a signal source (waveform generator 805
generates a pair of conplenentary waveform signals 823, 824. The

conpl qoBHERr y Wdﬁl%m&!%&/es%re%%ﬂnpﬂéﬁm@%ﬁﬁﬁ%%a?pal% bleQugRidons Y5, 2
const ant output |evel after being coupled t hrough a | evel conversion

st age \880 ey exanple pie waaioims ?s/am Y mya@%cemrm@péambereofdlﬁerent
| evel f| ed and conbined, while mnimzin
TEPMURICECAnGloP AP BeP e g

st orag req Girements in the out put stage 840. The
conpl ement ary wavef orm si gnal s 823, 824 are preferably of a type as

described | ater herein. The conpl enentary waveform signals 823, 824 are
resped®944d y sTB%ﬁ@WeuﬁOBYeré&mte@h'&'QH% RSCIE 2B Mapi ke RRIES %ﬂﬂ%dl ed

o furofagdBr %uFr %ﬁé@e%ﬂﬂe&cw&% AR x4 g@s"%éga%scifﬂéd futHep

as fur etal erein conversion s rovi des S|gnals
837, 8@Beiho the output stage 840. Signal 837 fron1the first |evel
conversion block 835 is provided to a first rectifier block 860 of the

out put stage 840. Signal 839 fromthe second | evel conversion block 836 is

pr ovi 3964 P 2 pREME 4 BRickidiggrak Qr%ﬂmﬁﬁb o?rﬁpdr{é‘?mtéJHf QHTer’rﬁidt‘ﬂﬁeﬁtAf& a Each of

the r ctl i er blocks 860, 861 may b odi'ed as, e. -wave
rect i fiolag&icodyelledrb& Oletput powelr eupmuﬂoguayms@ose@m Mrdanmewmthébeu fier
bl ocks_ 860 e vvavefo are n nat ur e, such that,
when SenngetEbgeBh Gttty e Trd howshSTariy 2By bp sLBhiedpY 4dRed
recti fioRbr@urid sedriashoaBesy, o%ffbl/ @ extersali risdufceSs @itpds & ainBigoRFca 70,

whi ch suns or otherw se conbines the rectified output signals 866, 867 and
provi de§1G. S signglgerergien 4disgenarates & paiiles camplementacy weyvatorn signalsur e,

o"a are v P bl ARE: P R R e B R R b R b s
her ei preliegsid mcmﬂs@d gﬁr\ﬂ,maéndnvmaa i emegfarélsﬁapéd oagdletsddigo @geoor nore
provide a constant DC output after being coupled through a transformer stage, rectified
and combined. The complementary waveform signals 412, 413 are provided to a
voltage controlled amplifier (VCA) 415, which adjusts the amplitude of the waveforms
signals 412, 413 based upon feedback received from the DC output signal 485 via
feedback sense amplifier 490. In some embodiments, voltage controlled amplifier 415

may be omitted, as may feedback path 491 and sense amplifier 490.

[0049] The voltage controlled amplifier 415 outputs the amplitude-adjusted 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 transforners for signal |evel conversion.
As shown in FIG 1, a signal source (waveforn) generator 105 generates a
pai r of cwopbamant7ary waveformsignals Vim Vi N2 over siPGgmAiS2010/0¢3582123,

124. The conpl ementary waveformsignals Vim ViN2 are selected so as to
provi de a constant DC output |evel after being coupled through a
transforner stage 130 to an output stage 140 whereupon they are rectified
and conbi ned, while mnim zing storage/ snoothing capacitor requirenents in
t he out put stage 140. The conplenentary waveformsignals Vim ViN2 are
preferably of a type as described [ater herein. The conpl ementary waveform

si gnalchaMdieris c%'%f%rgﬁ]afFéMBiZ e433 for On@hwaverorh @k glé b?é)ﬁéﬂb%féoalﬁ(bve'ﬁlﬁye
specifically, throu respective transformers 13 36 of transforner stage

130 t @rapks 641@ gogd 4§t1a@@pm09 wRveTermmY p b aneréo2)Isspady el yjliusgatadip- e . or
2seunng ARG PR B et R DB oRER eRPSer ab i BRSSP vi e

i's theygaamd Vilkamstaomispoadin cua@nmmmtm.es@ampy HOVPD efe asfletted Mgl e
transfornmer with separate w ndjngs for the input suognals 123, 124 and for

out pUIOVETN SraphEst4? and A ISRIHIG W REOEE | RNGHRE; ee%caxf@y Asrcaf bR t hey
may b Hyfﬁinqgalr% chEe U Hd 4ﬂ%§g1‘6°4£§‘¥§é%lté%nal g@@@% tﬁ{i) th{?efbﬁt is

[0042] trarnstorner st age provi des si out put
st age ph#icul&i @rmhpIéiﬂ?efmeradidfmzemby)ahimnyltingnrpxﬂrterdfartd amaim/rerrmd raged s

ded. t tif | k 160 th t put st | 139
P o (Rene AN VE E andofa PaiRgredtiisa puboiast Sk Pagrbther Biadnd
recti fde%?eé&)o\ﬁlhllé% %rréik%rﬁﬁﬂd’éﬁrréﬁﬁﬂ@ve%fé@ns EACAn@ipd fb‘i‘(ertﬁé%rfrh 6fr bl ocks

160, 16I nay be enbodi ed wave rectlfler brid

recti fsqaarenwapes hawggaa sorisgant p@?tmﬂ curl'mwtm@crtenspoedlngltmtfk@tlmqoermofrthgz be
peri odi ¢ vvavrz$ (ﬁ hat. are corrg& qay |n,[naturest \M} h sunmed
t oget RENINVRECT Bgeq CPYINS VS 4R EhEs @l ppdatie ciren e%?&reSP%i"P At put
Si gnaltﬁnelﬁénodéﬁr@r.ﬁv@ﬁéﬂk@l@@ld tOsife WARAl 1GRETHeSItahEOnvaVdTbfifis SHES the
rectified output signals 166, 167 and provides a DC output signal 185 that

i s sutesirent wavelpresret and IpA anaidardicaljeufeatiset yrom o @nothes byskhdegrees.
st orage/ snoot hi ng capacitors. In practice, small amounts of ripple may
occur, which can be snmoothed out with relatively small snoot hi ng

capaCI[oom]S) (Toé outiat 201 T liréd?Grh piFRD U004 3o8Bletitoung prifredry maiydihg
provi ded in any convenient |ocation, such as at the outputs of rectifier

bl ock 1 Bis! HRSTEROPTA S5 18P LRS! Y perasiebingar ammiter 543 Fpiepled to
char agh&ptiftdry Hifding BF a4RBhEUEMsAHRI U385 MdseddrdarfivindifigSst ed to be

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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periodi c waveforns so that, after the signals are transforned, rectified,
and conbined (e.g., added), the resulting output signal 185 is a constant
DC | evel .wBnefiematsby, waveforns VINL3 VIN2 are identi calPCrrusgiapesssut

of fset from one another by 90 degrees. Al so, the waveforns are preferably
general ly snooth, |acking |ack spikes or other features that could be
undesirable froman EM perspective. Exanples of suitable waveforns for
signals VINLI3 VIN2 are shown in FIG 1, and also illustrated in greater
detail in FIG 2. In FIG 2, graphs 2A and 2B show wavefornms Vi mand Vi N2,
respectively (represented as waveforns 203, 204 in FIG 2), each of which

const isedbR&a rbuﬂb@t%fﬂﬁédswm%mg?ﬁb\ﬂdéd ey arffrSthebRiicraslo 056 M Bf Wy ef or m
but phase offset fromone another Dy 90 degrees. After full-wave

rect | faudRutistage ¢80, Signal ¥dAgrama e éewctzam outut of transforaner #abedsl prqvn@edaphs

%‘isa”ia%%ec%crﬁat&fﬁé.riﬁfcﬁ%”%fﬁf BPoLp? ¥, GRSy Sl BE
, deavaay e érﬁb@due@rashe@ Oé fll-wavensctifies brigge r Fheeettifles 6lﬁtpup§19ﬁ§|80f fset

of or |2>_9L| nal waveforns VINL3 Vi N2. \Wen added together, rectifled waveforns
213, ine agiifier blocks 460t Hoit avev@ﬂaﬁ ﬁ?‘?@»@@‘%ﬂ'%ya&e@ﬂﬁ@t’faﬁﬁ ampC out put
level . I

of vvave rlérr'i@%‘/?“kﬁ@1 %%@Q}Sé&ﬁ"’g \?Ihgg cons an?d%@ebm%t%éuﬁgégﬂ%ngg%etr Iy
wi t houevel hd ontbiscerfdyithé autprits bbrexgiéiésbiockh#60, 4&than tied togethewinlsariesisoal | y

be required in.conventjonal sw tchin suppl i es 0044] Besi des the
vaver dratshosattso by S ale dieieiog: AEha v SH DR akd. HeiEby gy e &

wavef GaRugRi s 485 tHSE¢ sﬁBQtaPnﬁQ% Raft |H‘Hai‘uree§gnét%5ﬁ |v&|tho'ﬁ|t the |3e
illustrates a second exanpl e of enentary peri vefornms sel ected
t o pr doi steragedemeotiing mpamhopmt In erasticefsreall amouints efaippde rraa)do@nmfrwh@h I n

FIG 3, hs 3A an d ic far Vi mand. Vi ect

(r opr SoBHecaaR T ReFRA o i T8 B mef iRy PePRaT gk SRR EE M es o
t ri an@eepriRieeban @ng%dnﬂgn isht RIcA8bh NELICROAT Attherdussilts bf eeétiiér bWeks 460,

2011/ 017176PCT/ US2010/ 043582 triangul ar waves, but phase offset from one
anot hé&b1Bndior aergee e 10adt4A0. 1 Tihe loggh47 G ischis isuBpli with igecanséantt@g

wav ef re shown in graphs 30 and 3D, which relate to waveforns
VI N1, %@%ﬁ?ﬁ%ﬁ@el y. Rectified wavefornms 313, 314 are both positive
triangl e wavefornms having symretrical shape, offset fromone another by 90
degrees reflecting the phase offset of original waveforns VINL3 VIN2. Wen

added [P @%Jt her If dleétf?‘ij,ffﬁéab@\%{ﬂ/@%r%p@ﬂ?ed@i@ S?B%%u ?‘fnﬁ"ﬁe'éﬁg%d@”fb'ﬁh wavef orm

?ggt r%l\égggwavﬁggrr@ﬂé%ﬂ%g ﬁl waaﬁ& Edqu%srrae% ar a%R'é%ﬂ%l tcﬁg ?éieeng and

fal | i mgpnpoli¢d emspliﬁer 41, whicanytraradjeste the attmellmmﬂel ofnmpuwodla\mjermsﬁ 44Be first
et ey BB Ty RA3e ot ekt eriaiiers o3 Bh A EShRNlg ot 1o
vavef oyt \didHal 4‘$5N3a¥ Bethhintdiledat 8ohafint Woit&yd Rykl | evel , generally

w t hout the heed f arge storage/ snoothing capacitors as would normally
be required in conventional swtching power supplies. [0045] Besides the

wav ef f or |N1 shaown vef orms_ can be
leeq 100531 7 Epgfalioliting Ralr sPRRhUoe S el g PP TuiEtar oo
such tipatofafigen tFansGaipiat weereahe ihpltl wavesfernieat 2f 4 thtdkenhetshapeest i f i ed
waveforns are conplenmentary to one anot her such that they can be added
t oget Reriogis altespating invartedinondnventssl raised cosine waveseush s ittestratadiinide

. ; -
Dot oA REIG A e a8 HU AR IR0 Rab Ut o TS oot 11

fal | i gmparapehoses sioonwm at gr@hsu(keﬂﬁ)wd 2thef FES12 fasastewusfyosxainee.
preferabll}/e symetrical about their mdpoint, such that their alternating

posi tWhere BRdNPWeyAYGTOEMS dddedT alaks t&@rﬁﬁe@ﬁlf’f IHARHBHVBYRTOIMAS ¥fted from
one a T f ve
B R A L A S I T S N A
anot hef Ag. 90theagselting retidieslyandetombmledneaavefernsd wilhiee seitarfto déubseastedven s
means that the rise in one rectified waveformw || exactly match the fall
in the other rectified waveform thus |leading to a constant conbi ned out put
| evel .
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WD 2011/ 017176PCT/ US2010/ 043582 [0046] I n addition to the above, nore
conpl ex waveforns can al so be used for VINL, Vi N2. For exanple, the

wavef or mewOl2bhl/01VA762 may be conpri sed of a nunber of di PCEruSat10l0a358DNI CS,
and/ or may vary over tinme. [0047] The power conversion techni ques descri bed
above may be applied to either voltage or current based power supplies.
More detail ed exanples are described further herein. [O0048]FIG 4 is a

bl ock di agram showi ng conponents of an enbodi mrent of a voltage-controlled
DC out put power supply 400 as disclosed in accordance with the conceptual
bl ock diagramof FIG 1. The power supply 400 may be supplied by a | ocal

pover s @k :§@C$D%$1d38@@¥ FRSY3, £ alBy p?é\n@efélg"eﬂélalrw\/el\s SAMrEIE. Sughyas a
line solurce. In 4, a signal generator enerates a pair of

conpl @wﬁablgr@ermwavefﬁosmgmaass baygedmnsludmgewevafl@rmswth owitle haraeniee, and

Vine PR el oo Bubiing 9V RT S Eigcle W oRiie A Sed RERGAC AR Ebaltpl o™

out pUtsu@btymod)malygesmum gdohStaauDC autbuesighar 483 trdoagitcally eeglifingthoand
conbi ned. The conpl ementary waveform signals 412, 413 are provided to a

vol ta@éor@GQHVGPPBW%ﬁ%WQ”iO& (VGA) 415, which adjusts the anplitude of the
wavefornms signals 412, 413 based upon feedback received fromthe DC out put
signal 485 via f eedback sense anplifier 490. In sonme enbodi ments, voltage
contr §00®4] anpFIG.i%is ablckayadraroshdwiad,coasgporents etahatbkr patbbd#ﬁéntam‘da sense

ol | 9 SPRY AP BacCostanas e G DS hANGRBEAL FAial < LB 3h POMRS. ¢ 0
I | near f f e
g e 1, 8 St aes b sl g, st

t he wavefreenicontretied DG betouit bewexk supply 56X0. ANEIG1 Saaenmeres lahelqathoxypaner
I nputs_of

D el L o s MR BRSPS P e

ergvaaeétesgpbW 300 miEN] 8§ befdrebEBUPPIRSEEBY aflb&aNpodReravbtdd s fdhsadtg0, 431).
battery, or by an external power source such as a line source. A signal generator 505
generates a pair of complementary waveform signals 512, 513, preferably periodic in
nature, and which generally have the characteristics previously described for V|y1 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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WD 2011/ 017176PCT/ US2010/ 043582 characteristics of signals 432, 433 for one
waveform exanple are reflected in overlay graphs 440 and 441 (depicting
wavef or mewopd11zma7¥p2) respectively, illustrated in Fl GeC#F/useeroohisszase
where the initial generated waveforns appear as in graphs 423, 424 for Vim
and Vi N2. The correspondi ng current characteristics of Vpl and Vp2 are
reflected in overlay graphs 442 and 443 (depicting waveforns !pi and |p2)
respectively. As can be seen from graphs 440, 441, 442 and 443, the voltage
waveforms Vpl and Vp2 for this particular exanple are characterized by
alternating inverted and non-inverted rai sed cosine waves (wth Vpl and Vp2

bei ng THEesd S af trBHEcéHdlﬁ:@énd‘er@rﬁ’pFPﬁl#s%@t Bgﬂ iPha? he&lR@aueRshs 54D, 53t he

correspondi ng current wavef or nms 2 take the formof square waves

havi ngeaerane barihe signa ge@efﬁh@rr@@ﬁp wdbhae @gwﬁmllmgowertte@tq cwsepleri od of the
Cor el BLHla BRae A s Py pE AR oAy Pave SV BEoRE Yaves. i ke

t he vcdot/\ar@@rewvgffd@faasmgtdm R resUlt wesreinasatier BN eatie?istice THenti cal but
of fset from one anot her by 90 degr ees. [0050] The output of the first |inear

ampl | £1380ARLGlaNeR ARPUSTS 53 &3 rarﬁwnﬁpmtﬁ@oa\ferasumws&aﬂﬁ rn@ibrifer 435.
The Olétnﬂt)’(#utgut érﬂ@h@&fgg |%Or m%s%%'tﬂwﬁgdr@geg%ggé B%p*rﬁg chPrehPe primary

wi ndi ng secon r ary w ndrngs of transforners
435, 4BarauteristiimsgoesighalsebB) BBA dre sefarted 40oveva\chrapbs &id0eend 541 t r ansf or mer

235 48P RRG0 Bevelispis B! aaupepLasBRaIN ol rINERIFaLed ThIGr's ek GPaBRyere .
| dent itg@inifid) ;?%%3 H&Ydié aﬁééé’rrﬂsnlﬂ Q/ggﬁs 5bs S‘f@\‘drt\Hﬁ'LrarﬁH V¥N}2eThe

conpl enent ar orm signal s Vpl and the sane ranstornmers 435,
436 nmepriespphging valthge ehbratditeristias of signatg 432, rdaﬂifsa@rneﬁecmdtlh oyeplay graphs

4z, o2 AR AR Ra R e v Up?) FespBeuldE. AP SRRy Can 1

enbodiggpias 5401055€ BARER swrtﬁé%r’f%hswavéwamfsq?mm 183 %r tﬁﬁsta'wtléulﬁF eferably
desi gned to have low | eakage i nductance. [0051] The output stage 450

pr ef erexBmple arpeharestetizediy Aternaiing nverted lapgkprepaertad 1aispe CoRRE Waves

Sg?i?g@ﬂqf}‘@]beﬁp%g% B%W)gougg@gcgal b5 bl o driddSittnat B78b dégfedd) OMhidithe VO

corresponding voltage waveforms Vp1 and Vp2 take the form of square waves having a
constant positive voltage corresponding to the time period of the non-inverted raised
cosine waves, and constant negative voltage corresponding to the time period of the
inverted raised cosine waves. Like the current waveforms Ip1 and Ip2, the voltage
waveforms Vp1 and Vp2 are identical but offset from one another by 90 degrees.

[0056] The output of the first transconductance amplifier 530 is coupled to the
primary winding of a first transformer 535. The output of the second transconductance
amplifier 531 is coupled to the primary winding of a second transformer 536. The
secondary windings of transformers 535, 536 are coupled to an output stage 540, which
receives the transformer output signals 537, 538 from the transformers 535, 536. The
transformers 535, 536 may be step-up or step-down in nature, and are preferably
identical in characteristics, assuming that the amplitude of the incoming signals 532,
533 is the same. Transformers 535, 536 may be physically embodied as a single

transformer with separate windings for the input signals 532, 533 and for the output
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secondary output of transfornmer 435 is provided to a first rectifier block
460 of the output stage 450. Signal 439 fromthe secondary output of

transf or w0 2d8@1756pr ovi ded to a second rectifier bl ockPé®awsedionmssput put
stage 450. Each of the rectifier blocks 460, 461 nmay be enbodied as, e.g.,
a full-wave rectifier bridge. The rectified output signals of the rectifier
bl ocks 460, 461 are, in this case, periodic waveforns that are

conpl ementary in nature such that, when summed together, the result is a
constant DC |evel. To this end, the outputs of rectifier blocks 460, 461
are tied together in series so that the rectified output signals therefrom

are a;iﬁt%r{dlé/SBY mm%ﬁarlﬁ@ﬁ@%m@rrﬁé{gﬁét%cﬂe@@ SUEIBEth&Y B9 befSiBydidaly 1S

subst ially constant in nature, generally wt hout the need for

st or agEnkxeies ﬁsﬁgowpaﬁatedwsfqrmqﬁsactu ce, small amounts of ripple may
occur, which can be snmoothed out wth relatively small snoot hing
capacitor(s) (not shown) that may be provided in any convenient |ocation,

such 40057] t heTheoptgus sedge 550 | feferadw oompridéda phirlofaediifisr AeE@s500, 5811 oad
470. The load 470 is thus sup t@”I ed with a constant DC outf)ut supply si gnal .
r

[ 0052118t raY Decmbedied e & Grall Ve oG HRIONAGESS SHIgBAR TPMRes00. whi ch

| t | t
Vol t age® biGary iR trastler 15 B pfoRfiey hol5Tre: KBlifdtifodP5608F he AN 1
i nput Omﬁfsﬂlaig‘ﬁﬁ 5802 SlghlEB 580 femm tthoe becmdetr;abumdt@rf tr'ehefdrmmeé%asrprovﬁd@i S
430, I t t 48 t
donst A E soPnaecIa] B0tk Bts] Bearilphtsiads S0 Bttt e sorerdeaka BoaT
gener gl inal BElciiod ek b, BOUES (31RBLY dBRePbrBLS: The rE@t"flé%}X&ﬂEh?&gWé'I%re the

i nput waveforns 412, 413't the shape of perTodic alternating
i nver tofdecastifiav blocks 568] §&Hatmsn ﬂeswasesp@"m wavelormstthat ¢ i n graphs 2A

N T T

expl aij@gd. TWBSedd)ehé BRtPUtYBY RICBIFiEBDIbERs 560356 Rlke ﬁé@lrﬁﬂﬁ'@’@ﬁeﬂbgétﬁeﬁ%m ar
waveforms with alternating inverted/ non-inverted tri angbe waves such as

i || ustthatitbe reetifipdapuipubsigaals therefonFate additively cosrnined.igeredytarovidingsmd

So12) GG PR RIES £%5)thatlE s3bMenfbiy fotdantinndie. olfteraily withoyt the need

previ dosstpragepsrabotthg éapaditors. Ferprattucarsmalmambh% @Mpmdmaw@cmfrowmhrmy
be used, including waveforns with nultip har nonj cs or which alternate

over tARDE HPRINEE QUiNYED (Riativebt ﬁ@a%mf&mg@@&aﬁ@rﬁ)dnot PROWOMBAL B@Ypl y
400 Mgy, & ?Hj'eh ih %H?rncﬁ)ﬂ(}éﬁi%ﬂi Io'BQtBHt%g:fg Wbso‘lﬁéut%flﬁ%& e?%'lddks%%u' ring

no storage g capacitors I ock di agram showi ng
conporbéritandibr across de mabldaliOrehite ttn‘ada570 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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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 output power
supply, B~vQ208/a1F176strates a current-control |l ed DC out peCTs2E0/0835pp| y 500.
In FIG 5, elenments |abel ed 5xx are generally anal ogous in function to the
simlarly | abeled elenents 4xx in FIG 4. The power supply 500 may, as
before, be supplied by a | ocal power source such as a battery, or by an
external power source such as a |ine source. A signal generator 505
generates a pair of conplenentary waveform signals 512, 513, preferably
periodic in nature, and which generally have the characteristics previously
descr idhaehdteristidsorane I04dVe g., it Adsistancé NR)ct@dtes DVaPameorvVarlgecleedbask as to
provi de a constant DC output after bei ngf coupl ed through a transfornmer

st age Caneil$Q Peagednd epsuis ied. if thednpeinynli@gertirapy (feainstanca, svidrabstten2, 513

! | APt AT E AR oREg8 Lk Bln Bl St edcic Tobeived

fromthe DC out put signal 585 via feedback sense anplifier 590. In sone
enbodi nents, voltage controlled anplifier 515 may be omtted, as ma

f eedbd@®5Yat h Speraiied afdhe PoxepsisHPProOMhis 9gnenaly] siiday i fthﬁgféo%%frﬁ%)(y ed

anpl i TRy u - Li - Al j wavef or m
o onaRprHIE. 31 bBRl erodhl LoHER B, JouT iAo opRERIG TR 8L,

r espectliatieg yo cagenef Weere thebiypuaweal efomns B2, 55 34aken thehehapeeol pariagi@phs

shown in FIG 5, depictin n exanple . simlar to the waveforns used in the
e GHBFADOdRY e e G IR S0 SRS BED SR €8 IMRIACed 6t o685 2453
out pU?n@ 2B bf £ ﬂrtHQ(Péét%lfl“?ﬁ@hétﬂeH heldr cdriBiHEd \O\PAV\{\S?&%nS Wb SiHfIaFY tHRe

viewed as vol tage-controlled current sources. . .
2011/ GhovnePQTras22@O2D4BEB2E THi& |6f Reas prdviausinexplaihecdt dibereatiel inpiuter s 530,

531 is that th r 51 51 ener at ed t he.signal .generator 505
will PR P BT ang Shopd S BRI R S he i A9 Shape. Ao
di scussRGtPhGWinviehied tiBNgIBaYA 3Rt ROREsTALdd9 WRGIHLIMaPHBEE6FF I, 3nd May
result in even better EM characteristics. The transconductance anplifiers

530, 4B3a regultinmracdiied andsopieed waygformsavildersmilagto thosarsinowin ipgraphs

anpl i fy i |-s - . B35, 5 e CULTen:

chor adGLpRIBERgFG. 38 A BRI BESoBC A FIG AT SBlabie 540
and 54kriodepietvefognmevavaf ios 0Bed phcladihg wayefoaap adthi maltiple hadmmiicsibedhion FI G
5 1in the case where the initial generated vva\,/eforms,apgear as in graphs

523, SMemaie overiimed Witksuitahle waraiedpdAaidegcieed RgeitHAR KOWS iS§PPYs of
si gnal ar ' - : W&iing
wewer P O 1A P o0 taB ey (G BB o el Ao fTBeg! ' 68,
542 amthdatBingtdapaciionrsent waveforns !pi and Ip2 for this particul ar exanple
are characterized by alternating inverted and non-inverted rai sed cosine

waves (with I'pi and |Ip2 being identical but offset fromone another by 90

degr €060 | Anbiter eURHABALHNE pYREF 80SpINAYSIAG RtalldPlatiidarpridrake the

form of square waves having a constant positive voltage corresponding to

t he tiamangemend, isfshoe indrlGShvidA @t 1 4B s dal thessi exanpleesoniymalfadtize ant
negative vol t@q?e correspondi n(ﬁNtof the tine eri@d .toftht he iugverted rai sed
cosi n@RATESIITPRECT HEPRIY 15 K Rha%PB'Ppr?Ee?;S’F SUNRIGY 2 te AU Ve or s
Vpl argb @ BealuplicgteattoGamplete kfpiRtar s Qﬁﬂioﬂﬂﬂttﬁépp%r 80pgIgamers,; the

[ 0056] The out put of the first transconductance anplifier 530 is coupled to
t he prrafgfgymarddidgghewnaintilest! 16y wadldsorespang compeptyatiyta tr@msf@ﬁéersg%@nd

trans e.amlifl IS.: .Coupl I i.ndl

scoond 11 e o MB sk g™ s RGPS\t b retis iy sErBeuBHy B B3 v e
coupl echnisforaterdBepdR) stoatEbé4filizedhiccdompled thespriraryt sida poetioresf thetgower
signals 537, 538 fromthe transforners 535, 536. The transformers 535, 536
may bSUBPHp-LikCWiEes PREAURSHNY NG BPYFESURRY CEFetY 10 AbING RIHBADI Tde IS n
chara it Sb & S 1 t | it I ! i | $,532,
533 | QoS AFRIGEC eI fF g EReGp o HEScRandaly S WeLREa SR Be
single transformer with separate wi ndings for the input signals 532, 533
and for the out put
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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 fbesed®ut RAIE tHd Briddes citduif s shBiinf FdtTexRh@a&sinTi6. 1365]redtifer 160 [HM )8
case, periodic wavefornms that” are conplenentary in nature such that, when
sumre®r i géehefie.t aiedes Ul-D4iof aytpdrsdagmbo0C | evel . To this end, the

out pu rectifi 0 r i L. ha r so that
t he rﬁ?ﬁ]i ed Eh% 8%@ e@ll%ﬁéfosa%tﬁﬂgréérgoﬂﬂg‘réado:gwﬁ g;e%@\lp!:o?n%bﬁg@tpﬁﬁ her eby
provi dinngifier BEsigHt REhces itemaforhiy 11a8thdssa singid satdrrlary wiediag an4eibut nap ur e,
general |y without the_need for storage/snoothing capacitors. In practice,
smal | PARRANMVENGINGEi1ddiY'e may occur, which can be snoothed out with
relatively small snopothing capacitor(s) (not shown) that nay be provided in
any conveni ent |ocation, such as at the outputs of rectifier blocks 560,
561 anj@o62] acr besskihd éirdt@htheséKamplecofl Fi&d 13A) vokagdssureepdl1i0ed1 W6 h a

t ant t put I i | . [0Q58]If ired, feed k be .
o ovi dsers Aemdonaimlpres 11 2300 YR Freoeshiay dericed dioaeoa gRarngss
and prRpbARssed gfrjgbﬁ@9?0>a‘ir%§€&)ngfémﬂgge§foufr&svmé@}@ﬁfo@@r\f\/bv%ﬁéﬂsagnlzlédcﬁr 515,

which in turn adjusts the anpli i nput waveforns 512, 513 so as to be
a sui t1diBeganevally ¢quate e the positvmdond negativehplfichClessrespectiEsy,. ofithet hi s

. DC i 5 i nt ai ned |
"ever Perhlt iR $hobls R 16y 2Rer i PotERIE 0 TEe Fh10B SHRBERES niet ance
anpl i fRIeSorpP91122drreBsdidifg % afendititveptedarialsedf @sinewbidereFIG. 2 neyie but

far enough so that the anplifiers remain in the |linear region of operation
and ddéhesecend yoltageesauire 4d061gaserrier a wayeipameoriesnopndingdhe invengdt hat t he

vol t age._Lgvel. r i (1S I NG en if -

2011/ caredcEeF B asees Shli BRI ALs FEBon i Beslive inggead of

resi stregatye beoslisethey areeippliedto théinvaged krrdbiathk diahpahsey rangeshet o
ensure that, if the inE_ut vol tage drops (for instance, with a battery as

the inpde- f(ﬁﬁrtﬁ%ﬁ?c@% appiorpgt tS@@W&F@@nwati|ngrteer§pmmf@maﬂt%| y constant.
[Sggglgb@%?&lrﬁ,QWo@cimﬁlglev&% soUtRES WonliPbd Brolfied & {¥nstaf halefoPmshe power
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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500 of FIG 1, treating the output signals 123, 124 of waveform generator
105 as relating to current. Were the i nput waveforns 512, 513 take the
shape of wenrpuadiici7al t ernating i nverted/ non-inverted rai PEU/USOEI00E3BAYES
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 FIG 3, the resulting rectified and conbi ned waveforns will be

si m | ahp(ite of BRFAIfIEROIMDO, N 121 a8 ToRRect?l taRfsearafe fdver Suppy 1803 Awhich
previously explained. As with FIG 1, any suitable periodic wavefornms my
be usé@ay CoPPHSe RIwa/E ese batieriemar othgrddGanowaiisesreg. which alternate
over time. Wth suitable waveforns as descri bed herein, the power supply
500 may result in a constant DC output signal 585 theoretically requiring
no st qoogdy snmeidifieg! t2Pand trensistdro0Y @tdieng aitcnpidier 1021 angower
supply, using an alternative anplifier arrangenent, is shown in FIGS. 11A

and 11i8nsisior hbxke(Qdrgeter frm a nyshrowrampiasnrawdindss defitesherretiopl v i s

shown, - fo Gl [y A VA Ir1Gal .| d be
dupl 1 5 ARRARATNBLofipE Wetdhms PRI L el o RO, "Thus,
t he t rd@st orheecurtdrt8valedonms ard-e@. totdahsiaraiat 1cldiO; aad dineh appeapoutdld y t o
transfornmer 135 (/Ti), J |G 1, while a second, set, of circuitr second
{r ansreeRRTaoF PALSUHIAR T Foeticalin by i ORGBN ceBe (iohsaows IS 208t o
conplete the primary side portion of the power supply. Likew se, because
only the power supply circuitry 1102 on the primary side is depicted in

FI GS. [006%]and Migme leontigurations \thedevioe afddondafAymey ¢eovidelnd aglyastagd n be

WO ZOJﬂ%/tOl? 73}%[/.&82010/,{0435&%2 C]jor. ned of  hal .Bz?tcge %rtbdqﬁ. Ci rc]:tuitr% as
shown, 19T NAR ALY HOVEEI@NSSI QGRS §3TLPe PRI qGRANIPEHhivVE VEltagey tal
di odegpenipYiaPbn@Yroutid-péfaghcedl) . [ 0061] The general approach in FIGS. 11A
and 11B is to enploy a push-pull anplifier design; hence, transformer 1148

has a single secondary wi nding 1146 but two primary w ndi ngs 1147.

[ 0062] ing £j - I - vol r - , 1106
gener 0888, pubo bRl o B, hetaisord S, DRt B oA e
acconpRoygrdity salpemertiedaomeitgispo@onaatiea bbemanéitag deseamnt casredilintordéd 6.
Wavefornms 1112 and 1113 generally equate to the positive and negative

hal f - dyeree lineasibeand geegd Od’)festﬂ‘?é‘sﬁgéti'QiM‘PrcOL\’/%avte@HF@ﬁté%ﬁ{ﬁ- Hewsaver, sueh The
first wval: m]aipd% e di to the
non- i r?v rl%g%t}?@rggﬁco inec'g%%éeg‘tel ﬁlﬁ?%@ﬁgﬁc&}ﬂ]ﬁ@@?ﬁ%ggggﬁ "voltage
sour cealigiibngelifedad s atong \eefangentat seepondifG. t hB may eesded theiaseourdasi ne

in FI 2A; b t h . as. it | hst f ti
L2 e b BSSE LR PGPS SRS U DR e "
tr a”vaPJ\)%rrﬁslé‘@ppI#éﬁrb)l {he sﬁ@%@élnbl‘e%ﬁé{ P05 1@603re§ﬂ8&\fﬂ?3d & f8pRiENg the

conpl enentary waveform two simlar voltage sources would be provided to
gener dineanky\afcspaccolnesppoasel ahigw outphtcyosnttlevels avidlerraipémizing aay f - cycl es,

e el PR TR ) B R e U T
t he waepkatmhedhaln dfing vaaBfbral. 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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[ 0063] Each of waveforns 1112, 1113 constitutes a series of non-inverted
rai sed cosine waves, which in this exanple are phase offset from one

anot her byoX80/degsees. Vol tage sources 1105, 1106 are pcoaisSded/ 0assst nput s
to linear anplifiers 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 wi ndings 1147 of the transforner
1148, and the source of each is also connected to the non-inverting input
of the respective signal anplifier 1120, 1121 and to respective current
sense resistors 1116 and 1117. Al so, the centertap 1149 of the transforner

1149 apé reQuiRid BUsErite, WQ%Uc%7tb?rﬁBﬁ’Hlé!8ﬁ%¥p/ﬂ4e?é&%mdFPMbéleQiurr@lﬁPir1 fiers

1120, 1121 are connected to a separate power supply 1107, which may
conpr iegeh halfpf the ouitryt stags (afathesacesdary sdekeamelhowien tbwuaaéformer

{ransr'doprenh S odeg Rof Bhodian EbRlout ot Hid oot echnlBR leifps, " ™

defi ned4eurrent out put defined by the voltage waveforns 1112, 1113 applied
by sources 1105 and 1106. The current waveforns are fed to transforner
1149, and then appear on the secondary wi ndi ng 1146 for rectification by

the Ogbﬂw]ﬂ G@ﬁﬁk@%d%uﬂﬁ@ WJQC 1t afi ﬁion %Bﬂéﬂiﬁfma 9 ﬂh%UtF didfRy the

devi c may pr age I'n that S|ng e-polarity power
t r ansi1gt30r 1d131/|tcmeend1m1 che hé varieceflomahd exhenplie skiewnolln dys snararerpineuni pol ar
and ground-referenced.

average power loss due to the quiescent current can be significantly reduced compared

to the continuous conduction case.

[0068] The power amplifier arrangements depicted in FIG. 5 and FIGS. 11A and
11B generally may be characterized as linear transconductance amplifiers with a
nominally flat frequency response, such that they accurately reproduce the
complementary waveforms fed to their inputs. The complementary waveforms are non-
sinusoidal and so typically require a high gain-bandwidth product from the amplifiers for

optimum performance.

[0069] In the case of the particular complementary waveforms shown in FIGS. 2A
and 2B, this constraint can be relaxed by appropriate modification of the complementary
waveforms such that the amplifiers may be configured as integrators. The closed loop
response of an integrator generally falls at 6dB/octave with increasing frequency,
allowing an amplifier 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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[ 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 q8oittad 2vhite RIRYCIRERFESS thd Se@RIZ?) bideftbi Hi®REY of FH@prcw\@Ir;I sigaal
peri odi c waveforms 1197, '1198 shown beneath the main drivi ng wavef orms

1112, circutryareuldigeneralyecarepfine budpe; Cisquitry ﬁlr@liﬂfﬁo é@@t@féwlfdhewm

wavef d f

Thi e BIGLIHEI, Bokp ii¥tentaE Bl eataR. P bl & gl Syl AR TAR,

qui eseRikratgrougmit mveyomﬁs)madz tahe 12481 @él;pdcﬁf/@lytdi@plét@@ﬂﬁ@he wecarapanyimyef orm
1112, 1113 approaches zero; at all other gerlods out si de of the conduction

per i o@reamRs proyigate theyoltege sourees 1205, JR8 e J NerqutPHisOfMOHABR SRBERESC ur r ent

oS G285 156837 BrfVided {heat BB TSA, {25 fesRERREY, M RbRM SO LT Y
(r)]gle][ atéRB)ﬁgdgZWedFdi),nghﬂeJamrrr;])d{hehrgimmrsecoﬂizﬁm in ﬂ'drageedrﬁecénlge@ffmtﬁl Ol’jr;ausiswst hei n each
P s AEETer 1950, 8a15 gt leninasi SR 240, 25154 coRtscien PR st or mer
S€eCongyar d@ﬁﬂ.ﬂg§ 13234'%1‘tlﬁé’%ﬁk%*ﬂﬁ]ePQthdarﬁ’difHé“Qod’i’Bé%‘F‘eb@ﬁ’|sCQI§HD“ mode

waveform c he transistors 1130, 31 to conduct can be varied from
t he exanpeetedirespectivelyt toi curreniisense mmst@r&fl ate apdvier! 7| aysktodespedivehe

t i f duced t
ConaudPar PasEPactRe! S GOl St 162 EPIEF PR i B PP s
and F1G33 (RbAanad 217%'RRB%)rﬂéé@édtMeWHWH@céfhéftaﬁt1QT‘497<ﬂ¢h@$rahswér 1249 and
transconductance anplifiers with nom nally flat frequency response, such

t hat HIPNEr ScORYANRYEE of@m@d@t%wm bHpereneaneciediave Sepaale BEWEDSHPRY T
et ol S AR KA 5 B oSl AR B ofleh SRttt oor
per f or mance.
[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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[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
associfgdez] W t An@merfitiveViRtegf B8P LeRfGRITatior i ayl B chMGrRBEd bedishRpis , the
transforner 1248 in this exanple has a single secondary w nding 1246 but
two pmitheegpagitats hgs3 and 127AdCleanst €2) and yeplpeingsisiens 8pRSINg cesisignd ry 1202

oi oo B9 O (A8 BELofe £y AtbaPGN The R rpid e REPLELE RN o5 )

woul d cgepeavailld Yeahamitegral br tripeoltigecatrbsy ttignmi | ar 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,

cour a2 g0l THBUSEE sl bfaeF P TRERNER R ARSE B B B B 1007 e
to |i ieese panicufar examphsx), InliB2 moresgereravaddyversioa ofdise powes sLRFH diiedjt and
1271 (R ile. | fi 20, 1221 jn't feed field-eff .

(T ans G Fi3 B penifertiag ancbsdf ek Gpnidiised PierScarelaaage armiters
connecigdak hié a(t;ﬂ‘cﬁa*ﬂé‘ RFiHR Y WithdhodFied 2bKa %M@f&rﬁ%ﬁﬁfﬁ%é@& 1248, and

t he source of I's also connected respectively to curre sense
resi stwanefdrpis528dnd 224 shadvit i Irlés Pe cthey enadifieshwavéiogms dprabis purpoge a2pe (Gl )

d 1274 (02), h_aof [ j | ed, b .eSi st 1273 (R5 d 1275
(Ro) - BbSunctd walelormad A12nt 313 I F I b5 oo el InEs ARPWia o e e
supp! y1308p4864 eésuMify bftéeihfegkdféh. TRE adifed ARANERIRE 1322 13€B R A} Be POVeT
supply 1207, which may conprise, e.g., a series of batteries or other DC

power desgriked as @oSEUERCE 9§ SitE @TcositRWBNES Withhihe $ige Quicosine waveipig

resi stQrs. : [ LS LhtOrs
1272 CAp RaRed AN Ba dEpdet Bide AR R3S A&l oS B e TR 183 1
provi dg1BGrgi thiei restilying Titegratée Waaefrmact 308) 1804capadeéitivas inlshzabedngt 1273
forces the voltage across resistors 1216 (Rl) and 1217 (R2) and hence the
cur r eNagRAiFEhTTOMLRE 30ether1230 (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 age07divef ol he ghalaf lendyuiedrd ipewse ideainedutcbalbe behfelfiled fire otherivedys, of
wav ef (%r m 203 . , , , .

or example by employing feedforward techniques to linearize the power amplifiers.

This approach is illustrated in FIG. 14. For simplicity, the circuitry 1402 shown in FIG.

14 corresponds to one side of the power amplifier of FIG. 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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depicted in FIG 2A (or waveform 204 for the conpl enentary section of the
primary side power supply circuitry), again (simlar to FIG 11A) only

t aki ng ewsoypoattheriehal f-cycl e from waveform 203 for wavetCorusedansand f or
wavef orm 1213. Because waveform 1213 is applied to the negative w nding of
the dual -primary transformer 1248, the waves are shown as positive in
nature. WD 2011/017176PCT/ US2010/ 043582 [0072] An al ternative integrator
configuration nmay be constructed by dispensing with capacitors 1273 and
1274 (A and 02) and replacing current sensing resistors 1216 and 1217 (Rl
and R2) with inductors. The current through the inductors in this case

woul d dpeplifides 1 2@ahal142f | bhE iy Blsbadpnaelcdsd 4 anter tp0dthéhangsintdr an
integrator for the power anplifier sections is not restricted to these

par t i daindler & HiepPessouree signahoernepiee iafhezeentedag pdHansiormer pdie of slppl y
Ci rCU|1t1 gf FIG 5, anplifiers 530 and 531 may be configured as
transconductance anplifiers with an integrator characteristic, fed with
nodi fied vol tage waveforns in place of waveforns 523 and 524 shown in FIG
5. The nodified waveforns for this iugcs)ose are shown as vvavef ornms 1312,

1313 i[A0FIc 1Ampffier B2 hdransister 145e23hang resistanldt 6(R2) fesnza '01‘804
resul tdb r&rfdt ool /ARG %H(S)ﬁ’ﬂer KQQNHW%H&%%H@%%@ tﬁéjcﬁf‘é erende bERY

descri as a sequence sSine or cosline waves sine or c05|ne
wavef dnenirpeit ngltagwmr Aéddoatput frerresugnarfge?mrbtomyldbé) aﬁd thve bbhtpkt GSltagsA and 2B,

h f d h | f 3, 1304
e RSty é‘ﬂ:@pé%ﬁ (Sra08 verade o s Atsrd G itliage. & coDvaTaRe Bon) of
| ow ql&u%‘ﬁ?ﬂ{roﬁgr;{/"iﬁf]ag .;sﬁirn] @qwalcﬁzd%%fadhs tfﬁélbmrbhfeﬁoﬂnrtréﬂsm%r \@ys &%ﬁpr

exanpl e by enp eedf or techniques to linearize the po
anpl i flires ks. acooneplishpd daphrtiusing diffetermeed 41 8, Whigh redeivesithevaitagecsigpal t he

1402 sh 14 d
Sl 1o vhteds 0GR 1400 W o LRIreER BB RIGRe el R ok PaR BT 8 i ded
cor r espRH Gigcrérﬁ’s@tbﬁmi}@?m hahd tmé séfie RS 8T8 (R1ETARDIIfRIA2 ﬂrﬂe‘hefdae or der

to make a conplete anpli and then, in turn, the entire set of
ci r cuiadds ageTectiggasuirans telthe peiaubihat sopirevsatest reererpinevenThey si gnal for

rectifi

Fo DR R cffEn Rl Ra R aibisRe AR 10 Bhosi Mg e BRFfE BFipRE RiRlet O,
an angurrenebutut Wohtampéfiéroh trearedtheneforéanplifier ARtcanibieha lowertgowat o

qui escent _current. The output 1432 of transistor 1430 (Ql) is connected to
one ofammalebm%@rynpuﬁ@fd%ggd&anaal%maav?)a.wq@smaﬁ@quﬁ%@nt(ngn ar to
”a”Sfo%s@éno%MB shown in FIG 11A). A DC power source 1407 supplies power
to

[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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WO 2011/ 017176PCT/ US2010/ 043582 anplifiers 1420 and 1421, and is al so
connected to a center tap of the transforner (simlar to the DC source

si gnal comoeoti@d7t76 the centertap of transformer 1148 oPCEIUS2010049582

[ 0075] Anpl i fier 1421, transistor 1431 (@) and resistor 1417 (R2) forma

| ow power error correction anplifier A2 which anplifies and scal es the

di fference between the input voltage to Al (output from signal generator
1405) and the output voltage across resistor 1416 (Rl). A scal ed version of
this difference voltage is converted to a current through transistor 1431
(@) to add to the current fromtransistor 1430 (Ql). This is acconplished

i N pardorréshsd @ {HeeoPRE BRIF b i pORECAMDRLE TG heAvRldrd&etosharak from
vol t age source 1405 (V1) and subtracts t he vol tage signal at the node

bet me@@mm@tes%npl@‘@roand thems s tush, theamnticespt aheirauitey wenlkeagain |b§tduph@am@h
R1
fzor%ené é\h §$m@ @itB@fs.&Eﬂ%Zro@B c‘i’."f.é?t{f%r{nﬁ’@%wrfnr?%g‘h rHP% @H%Pé‘ﬂdet at

anpl i fdf@hie %wéﬁsl@;ﬁlﬁr ah F]GCO@Sardﬁlliﬂbe)BZSﬂﬁthBtdrh@BOt(Uﬁ)@udnm@bdeuteﬂu'f from
anplifier Al, and therefore anplifier wer I er

e BHTER 631N ZAI 0689 Aaw o eV BIMRSCTEIAGR  04 A Rt WORGPW 0
1 1 DR QiccONAI A OUAIMIr 1487, BIndE@PS 55! Q0oanG rhfefand gLy e Ted

to one i mary w ndi ngs o rans or mer I'm | a

Anot hdib1Fi (ZBD ﬁorhya dmzmbogmredrrbehmﬁ ampifier. a#md)thér enpedancectlemendhBEZ(£2) t o

t he ot her di n the sf n Fl 11A. The signal
genera(?r(‘irr‘% (& %%@]%é(n(@q 9‘ét|pH<EiP€ Rﬁ{verb ?@otﬁ’f Sg'UP’%g\nﬂdn@létnéF‘ te signals
simi | %Pbeaﬁé&ele%tqrwq &m? cSARAYS MR It eRtthddhpet f}ﬁ&ﬁpmrevazo tbQRe Aboe,
alternative to using fee ward correction as IlTustrated in FIG 14 is to
appl y bedveert UedS*stomd@Oa(ﬁbn )famldtrwdanee letérgeristSb (44 )t anetharre@rtugeaimpt shown

inth odi t. of .Fl 15, | e Gi.rcu ry
15 cortelhaitzds austaidngh offhb i rahistaroeTehiereY b anceliedBama e
of si Ahé altRARDABANMOFMEAWIthe sum of the currents through transistors 1530 (Q1) and

1531 (Q2). Thus, amplifier stage A1 can be operated at low to zero quiescent current

for maximum efficiency.

[0078] Furthermore, if impedance element 1572 (Z2) is chosen as a capacitor,
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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WO 2011/ 017176PCT/ US2010/ 043582 correspond to the other half of the power
anplifier of FIG 11A in order to nake a conplete anplifier; and then, in
turn, thewemwivma7set of circuitry would again be dupli caCedscaopuiss? de t he
conpl ementary signal for rectification and conbi nation on the other side of
the power supply. In FIG 15, anplifier 1520, transistor 1530 (Ql) and

i npedance el enent 1516 (Z4) forman anplifier Al which perforns as in FIG
11A, but with low to zero quiescent current. Anplifier 1521, transistor
1531 (@) and inpedance el enment 1517 (Z3) forma | ow power correction
anplifier. Another inpedance el enent 1572 (Z2) fornms a feedback path from
the ouhaphiseibeaaPédistorrankbtbddanckelémeRt 1510 (ZDRHAY barfcapasdanfeingd ement
1571 (ZY) connects the inverting input of anplifier 1520 to the node

bet we@®aser hesdevices cangdosedns i wavsierarcshewr irehtG.161s qradher suitapiee

rel at ivg) %rpnszzm = Z17Z3 is satisfied, then distortion in transistor 1530
(QL) na‘:\I}Febe cancel led fromthe output current fornmed by the sum of the
currents through transistors 1530 (Ql) and 1531 (@). Thus, anplifier stage
Al can _be operated at |low to zero qui escent current for nmaxi_nmum efficiency.

[ 0078][808Qher nd} Birther altamatixeg detreirbine akimpedance; alempps s Zkwith @dhissi t or |
o Do ceHgRB3ne AR (v inG IRRTeiindCoriimbRfh ARt THEraIRECRRREn 1 o,

can befdzd cefreetbnrnbpifiertAZ couldmaiso baralterdd by thehadditibre gf fdedback leéermnepigt
volta om,si ener at or, 5, .allow n he wavef or shq in FIG
15 ¢ B IZBh N6 EEhar ShOMBIRETGonE. Eor PrRtME (BPEY EREH PETAAD Bay
al so ! e I i i need
ot bzt B 8ePa MY Caril MparCEBlen 1076 170 12V SEALFARRIBIEThE,
i nst ankamsfeérfpectioncef anhplifientA2 82y bg TRyifiegytoreake rapeddnoerelemeptdaht ¢Z3)

si stor ,and capacitor, .inpedance

| i noi i f
o1 oneoreat Bke S rdeRElbE e BaN AN SRSt BE e om I RESdsHen o TR0 1

conbi %biéhﬁ'erﬂfinfgéﬁbﬁé@éle?ﬁ%tcﬁplﬂzfs?%s alRisste0 Wit ASQindiBel drea maeater ns
shown in FIG 12 as inputs. As another exanple, inpedance elenment 1572 (Z2)
my be&lemeapasinpedancepiaaeot 181 éntmethesrasgerty, RGr d§iis idanticahiodnds,

el ene%%d%pér?e@ts 16xx in FIG. 16 generally correspond to their counterpart components

15xx in FIG. 15.

[0081] Although the feedforward error correction and feedforward plus feedback

correction techniques have been described and illustrated with respect to a particular
power amplifier configuration, they are applicable to other power amplifier and related
designs as well.

[0082] FIG. 7 is a block diagram showing an embodiment of a power supply 700 in
general accordance with the principles of the conceptual diagram of FIG. 8,
implemented with switched-capacitors. The power supply 700 may, as with the other
examples described herein, be supplied by a local power source such as a battery, or
by an external power source such as a line source. In FIG. 7, a waveform generator
comprising, in this example, a pair of signal generators 705, 715, 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 may al so be a resistor, and inpedance

el ement 1517 (Z3) may be a capacitor. In this case, the device could use

t he i nputwoeavefarms shown in FIG 11A, or other suitabl @Crasediononess2 [ 0080] A
further alternative is to conbine an i npedance el enent for Z3 wth a filter
on the input to the non-inverting input termnal of anmplifier 1521. The
transfer function of the correction anplifier A2 could al so be altered by
the addition of feedback el enents 1675 (Z5) and 1676 (Z6) as shown in FIG
16. For exanple, inpedance elenment 1675 (Z5) may be a resistor, and

i npedance el enent 1676 (Z6) nmay be a capacitor. The transfer function of

anmpl i fdr@%hé@ed%v s@l%ct’ébdé,cﬁ b§‘i’o b?b\l@é‘ﬁ doﬁ@%‘ﬁ'ﬂl@o@i[ﬁ%ﬂbr ﬂ)@lihtz; |é¥el)shapRear
like a different t npedance el enent; for exanp may be desi red

t]? |W;§B@ttft§¢taﬁdwp@fﬂéhi@§| &mﬁesp@wcflq FRVEHIMS ar@ssfwmas paugdla\adiemat@guase 3
FIG 1
s | adfdforf R ARey TREIRNIGHE PRSP e PreouisEpBFYS o

corr e&mxwoﬁmsghelsrmmam gnpaespsaivenasterdidy o dre Exémplk). Theo81] Al t hough
the feedforward error correction and feedf orward plus feedback correction

t echniCQUNCAVERN, BEROGIEFValRM Signaly 70t 41 BaYWARANALS BE POYIBed (har t i cul ar
. cul
B SPIRag ChRoRATSHPHAS, (VOh SRSk ERRURRL o Billele SOFE, Rean  ©

errbodlwaamfomlis sigpalsef06s T pl paseupon gdeediad ckasigoaldalsoenatishowinh eeqeivexti pl es

of th ept ual agra FIG 8, inplenented with swtched-capacitors.
The p q@%@ W?Hbs'gﬁ9m§é with the other exanples described herein, be

supplied by a | ocal power source such as a battery, or by an external power
source such as a line source. In FIG 7, a waveform generator conprising,
in thi[GO&&]arrpl Wavafqrai sigoal ‘é@@rsawrog@edrtattmcanmctan@e agptitierst £%1 anghai r  of
conpl '

COTP! S AE LIRS SaRoEP T dfioeb BB BB S PR R

ViNi - aed . Virbhscohbagtahge atiiftifiers 731, 741, 751 and 761 output a current proportional
to their input voltage, and thus may be viewed as voltage-controlled current sources.
The effect of transconductance amplifiers 731 and 741 is that waveform signals 706,
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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WD 2011/ 017176PCT/ US2010/ 043582 are shaped or selected so as to provide a
constant DC output after being level-shifted, rectified and conbi ned.

Exanpl es wb 28udhi7wavef orns are shown as peri odi c al t er n®CiIrng$2010/043582

i nverted/ non-inverted rai sed cosi ne signal waveforns 707 and 717
(corresponding to waveform signals 706 and 716 respectively, according to
one exanple). The conplenentary periodic waveformsignals 706, 716 may
optionally be provided to a voltage controlled anplifier (VGA) (not shown)
for adjusting the anplitude of the waveforns signals 706, 716, based upon a
f eedback signal (also not shown) received fromthe DC out put signal 785.

[ 0083]0%%@%%@&6% tirfGdriodP6TaMb HRM-ihPeltE @ PG SEi BUSiha WA/ c3TRhd IcoRstant 31
and 751, ile waveformsignal 716 is provided to transconductance

anpl i fegayve yoltagricomasponding toth@udne pesod hithe inveged 3aised £Losinpsyavesd 761

i cvod B F UG AR RR Sidric 778 B, e PR waiighmy SrétentEal

t r ans ¢pindefséiaine® crepandther By 98 Wegnses/ 43iniarlyhede v@veitamna wlggal s 706, 716
will be essentially converted to current wavefornms 735, 745 _of simlar

shape CNERCIRASHES 0T S9N A3 SREUESRTESNRRK] frPBY 59788 /Ber b {49.s ThHat the

wayv ef ' VTR L Al ;
waver SHifent istabicties 61 Sigfbld TR AT TRR bANY RARUE hED pedriiacieied by ¢ o,
t hat \séheaiading rorginzkbaedObyeriEtbraiscsl casind aaves (Wiie thergemreéntingavefpuhs obf

t ransconduc ce ifiers 751 and 761. As with the FlI 5 enbodi nent,
ooy eSS 785 2R g HRRInG iderbicah U TRek TRa) R RBOLHT v S0 4SoTRER) URe! 1 eam
pr ocesgd Ik e f MR i gt

P oo Gereaso i UBRIE waleldPONBINGID SRR P bha et sorEilly are

conf i gguaré waves hatingea porstanidsitiviesaltagecthrrgsposdingdo the dimexpeniddof the
illustrated in FI.G 7, the current cha\r§afteristic§ of signals 735t g@d 745
may bdOCRRY LR FTFed CBYNEIN RS ar GO REF PEATINGHYS A0 CUPPINEY 08P ne
waves tiwd pBribd6f fiéf iheditedPaisé@eaBinewaiegnalike HEDc@Rsht Kidy diGinidfdrdegHdls al

but offset from one another by 90 degrees), while the correspondi ng voltage

wavef dPPaNtkreR,ithg vobiage yeaeirmssargridentmml fuhetfsatifioraoaeanedher adeés havi ng
a con%te%péesoosi tive voltage WD 2011/ 017176PCT/ US2010/ 043582

[0085] The outputs of transconductance amplifiers 731, 741, 751 and 761 are each
coupled to a similar network of components that operate to step up (or down) the input
voltage level and provide a level-converted output to the load 770 as a constant DC
source signal 785, using principles of, e.g., a charge-boost switched capacitor circuit.
The output of the first transconductive amplifier 731 is coupled to a capacitor 732 whose
other end is coupled to the input power supply rail 789. The transconductance amplifier
731 serves to periodically charge capacitor 732 in a manner causing the level of applied
signal to be stepped up (approximately doubled), thus resulting in a level-converted
signal 737. Diode 734 serves to rectify the stepped up (or down) signal 737. In a
similar manner, transconductance amplifiers 741, 751 and 761 are coupled to
capacitors 742, 752 and 762, respectively, each of which is coupled to the input power
supply rail 789 via diodes 743, 753 and 763, respectively. The capacitors 742, 752 and
762 and associated diodes 743, 753 and 763 form switched capacitor circuits that step

up (or down) the input signal level, thus resulting in level-converted signals 745, 75 and
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corresponding to the tine period of the non-inverted rai sed cosine waves,
and constant negative voltage corresponding to the tinme period of the

i nverted wai2eadi1cosi ne waves. Like the current wavef or meCrams2&iogmsss 735
and 745, the voltage waveforns are identical but offset from one another by
90 degrees. Simlarly, the current and voltage characteristics of signals
755 and 765 are inverted fromsignals 735 and 745. Thus, the current
characteristics of signals 755 and 765 for this exanple nay be
characterized by alternating non-inverted/inverted rai sed cosine waves
(with the current waveforns of signals 755 and 765 being identical but

of f set76f7r e @MENg S 749, 734 SROTE6£8Lrvedi rbetify Re SRIppRENN@ErdWH! t age
waveforms relating to signals 755 and 765 generally are square waves havi ng

a consignals géi 154 ang Jb7 atpspestivelyporie sgmeomaneer asreeqidring diaste 73k

non- i A i 05l st apt n j i

Cor BB o SR ER L s b e 737 e AN L EREb Lol S MR atle. L e
the cuwigrend deaved fPonslelorcarivenausighids I8@ afiS757 iReforahé agampey itistratedar e

i dentical but offset from one another hy 90 degrees. [0085] The outputs of

t r ansddhtfact oFiedaaivarelers 2131in Fg 2. 78 agdditive combinadionipfdbe ppadietdo a
simlar - NG riehal p | nput
vol ta%égﬁ%/ggﬁ\gendéﬁgﬁggip gle a | é@gﬁ‘q%@éﬁ%?@é‘%ﬁﬁt f#gh%%;ennféglggéryb@? as a
const amhilddCosmavefernsi2ddah FI852 —ubahig, prddrdegreeofise! versipn ofathersange- boost
sw tched capacitor circuit, The output of the first transconductive

ol | TR o 9enBtasPaBYe 2OBLRE RIS GhissTon NGB RPTEACRI ed 1o
the | nNacBAVEHed YRplals 757 bnd 937, Tenbieanssiidurd aasey@BBinbiidion &i1 serves
to periodically charge capacitor 732 1n a nmanner causing the |evel of

appl i exhvsifened 213 abd Zdap @ecbnstaritdppsigiattavel.y doubl ed), thus resulting in
a |l evel -converted signal 737. Diode 734 serves to rectify the stepped up
(or down) signal 737. In a simlar manner, transconductance anplifiers 741,

751 angdo86yl ar TheHuRl eshbiRirkpaIRPLY OF the/ fettifid® dighals d&died Romasvélvel y, each
of which i's coupled 'to the input _E)ower supply rail 789 via diodes 743, 753

and 769nvedepsignalel 37, e 764 sasi (@f togpiiier, frepenthespdds ariieprebtPdoed

di ode , n f.or e Ci i i (or
donny SRR SN apg Maud s LN Gty R L bEH el I buBE o §
745, Tor stochddlrA0a ity cdpadiors. Up20rbetifd Entall dmountiestrigplé ngaydoculeswhigh, 754
and 764 serve to rectlfﬁbthe,stepped up (or down) signals 747, 757 and 767,
rtes ped@mkg Z’mopﬁeﬂﬁsﬂé’ﬂ reﬂ@iﬁ’ﬁéf S':ﬂi_g” ﬁ@@ hﬁl_g)g ﬁ@pagg_zrés 37542 tlh@EaHtj;%Ee t ot e
st epp ; i i rectifie
si gnal%goﬂg?l \%8 fplgrﬁ/%dé\%@ﬁ 8%ﬁnérstue§ agi grﬁ%%és{ﬁ]?g@ ar?ga75 ||§, df or Itghe
e)(;grr{)!tleeriebymppﬂ?qbdﬂthraf Ed;rﬁétaﬁt Dt@!(?tjtp%trsmlw\?igaébﬂ'_ tneZ‘de:c-plmasRi dbsilgn aldee o
addi tive conpi ion o e rectjifie i s derived from|evel -converte
o gnal<boyiEp DRk A then Iy he.srprbk R s ey P8RS RT or m 214 1 n
FIG e dfithpleof FAGIP-IRYHES; 8Tiihd sMRIsSHAbItahe Hheh-BB By MR &LpRdN as
generated by the additive conbination of rectified signals derived from

| evel friveipie Ceaal bsiapmiied (g 3mMeltiestage stepsupoboderten | i er, the additive

conmbi nati on of waveforns 213 and 214 is a constant DC signal |evel.

[0086] Thus, by conmbining all four of the rectified signals derived from

| evel {og@rver t plorsd 885¢&, FRY.7 ddows ﬁ@Bltégd.b?)@Etér%ﬁde@dpacﬁtbﬁs g result is
a stepped-up (or down) DC signal 785 that is substantially constant in

nat ur ®royjdas adingle wtagrok beesd, srFaxinttelyidnuilag she sURPINyotagaMsuepy: | n
practi | I pp! - Ie, J s d.out with
el ac 107 pPEREen R frdhob B8R fie SBYLBAB juetldh RRUGAR G GERRLAR o oy
convehemin, feredangsie, iaLhé easbaiimensof RS .| 17ad préducd befutthadstzge of obber eby

supplied with a constant DC out put S%F ly signal . The four-phase design
al 50 dRElPed/: YPOEARIPTERY T ANGHZ dnbe IeTigabio/Nose of E1G Adtant f al I y
ripplg; I i i ; ge
<t p- GBS ARGHATPOF o TI7E Thel et SR RISy PP R0 T
convercoerespp0d 8y tHar coneterpaetstlabdied.7xX is kt@Bs7 alrvatditige, deestrmd stepprd-up
capacitors that
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provi des a single stage of boost, approximtely doubling the supply voltage
Vsupply. This approach can be extended by the addition of further

rectifi erwoand/mapaci t ors as shown, for exanple, in thepPersdimpmissnf FI G
17 to produce a further stage of boost. In FIG 17, voltage waveforns V1
and V2 may be identical to those of FIG 7 (i.e., simlar to waveforns 707
and 717). The conponents |abeled 17xx in FIG 17 generally correspond to
their counterparts labeled 7xx in FIG 7. In addition, a second stepped-up
WO 2011/ 017176PCT/ US2010/ 043582 (or stepped-down) DC signal 1795 is
provided in FIG 17. Using the same principles of FIG 7, an additi onal

out put(oﬁ@t@gpea%wmt?c sitl B298 iIRPRRIHELINING. Ai7T QWihg tRNgamBarBRIgIéPaLi tors
1732', 1742", 1752" and 1762' are periodically charged via diodes 1732',
1733' Fl®743an addifipnal autpat capaater 1772'97as begrjaddedto the eircsithndchatgener as

t he ot r c it ' 1742 )\ i, gLbar

di ode/crca%g@}?(ﬁ%gdﬁ% gur@??oé{iggﬁg\zm%énp%ﬂ@é‘)lf{\%@%&t% Z?e 'bQS\%r%grrm ifier
st ages| 736¢ 17dgui17ad;, 1Fi5Rhorga’, sIFel’, g Pred’ enalsindildremeses asihé dther out put
and input ripple of the device is still very |ow The voltage across the

f d
t r ans CHAEAR CARWIOETE 132, ¥ 48ul fRr INdehEi Dy i sigypa diodpacapacderwi th FI G 7,

so th rak: I fieref -Fl I ; e i gh

o 11 o SRgCr R BRS RRND F IR, 7 NS (uhe? polWer SRE: SREEE B0 Ul B0t at e
i n Fl @Bhouglasdch mayaoptiorsatly e wsseld and tpe odtpe aad inpwtenippdel op theedeviopid y by
changing the polarity of the rectifiers and referencing the charging
oot P ehEnentight, Dhmuthdas adss e abSeandblaiat SpEMar PUpS e et hat
the dugl,aRORale SAPRIM FABPT7086 the 8leraf HhhdIRieR of MG STRSRAI BAPBE oPRFReQMRtHS et
of pomlégr aarrpli?’l er s,I t he sane cano%e ?@?@ W th posi tlg@e and io(rﬁ)vertelang
boost éigh effic@ncy8 is a schematic di agram showi ng a power supply with a
conbi nation of positive and inverting boosters circuits. Here, the top half
of the circuit, i.e., a non-inverting power section 1802, is generally
equi v3bes8] t 0 The tédhnidlid usdd frGosiite b@ﬁ&ishﬁ%@@ ilusteRtéd HOFIBREY afd AR dan
section 1803 has been added. Thus, in FIG 18, conponents | abel ed 18xx
gener &l$q/be oFee $p OrRAUCE amiEiverted (M SEPPY hyagranging ihe pelarty®f the | n

1545, eGRERS R0 BRGNS B bSO R RS b 80 FiAE QP4 BASH A hRuddES, .
1848, 148% sarh858ay b the dodl B8 supplg epprddch caraotmbirieoa thie-stdtd 9o aed

capacitors 1832, 1842, 1852 and 1862, but with opgosi te polarity although
usi ng AR 088t PhRRWeWaTR R gs thestprp cap Le deng with pesiixeiand iIp¥eidiNgsuppl y
out pu g 896851 f b vith BB binati power
suppl ;bo\ré%etr%r g\'/lébIz@ll)%%ﬁegérB%E%te [ égﬁﬁ@tﬁlﬂg& é’g%r él@t?ﬁswgﬁg a neglgta ?Igﬁ

out putof pokitiag@ntidagerting tloestamseirdaits. cldera/h & @il h &1 ¢l IheRITLESRE.] /43582

0089].FIG. 6 i inplified block diagr illustrati. I f
<1 gnal MRS PR saelat |08 ereiyYiteatprce Him i OB o SBe G ment o
as_di soYeriRd pbiePslppl) MeclBNABOYINAG tReNANRIE. MR 616! & dibditbnts

inverted/ non-inverted rai sed cosine waves. As shown I n FI G 6, the signal
gener dakeled 08xnggnemity dosrespond ta thedl eaisderpairtsvabeled i/ixxge frdtat odin 602 havi ng

o gnaimiisits Bowsr SEAY IET 1Rpd: AEHE Red Balrcibls ThntieredthgBbaRd he-
sumer 88Gire perioBieal PRHBrgHdNaldiGRS 1481, 1isssat 847 fig4s] 168Vl 85, 19¢y, The

resulting signal 607 is a DC offset version of sine wave signal 603, having
peaks a6t 1#EnNG sigi@r arannevdo thmehaging ¢aracitorsn 83842 daak a971862, spl i t
into t | L; Lde og, W r.. §04,
uni oh S5 BT bestk ROIHR SRt By g, Bk SRRl Bl RERR LR MR RS T 607
W th peglktvépbweesugplo wito@nadltaye.18BBeacross output capacitor 1876. In this

manner, the power supply may provide both a positive output voltage 1885 and a

negative output voltage 1896 in the same device.
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DC of fset sine wave signal 607 and inverted DC offset sine wave signal 609
may optionally be provided to a pair of anplifiers 605, 606 for gain

adj ust rerw9 20fr/desisred, with the gain of both anplifier #C605201608582i ng t he
sane. The outputs 612, 613 fromthe anplifiers 605 606 are DC offset sine
waves, phase-shifted with respect to one another, simlar to the input
signals 607, 609. Switch 620 alternates between outputs 612 and 613,

swi tching between them each tine the sine wave fromthe |ower anplifier 606
reaches its top peak, which is the same tine that the sine wave fromthe
upper anplifier 605 reaches its |ower peak. The result is an output signal
621 thobsgy t er PRS e ishebingfficd blé@@dibﬁ?@ﬁﬁlﬁ@'ﬁrafiﬁg oRd S@pidle oravigrdld an
"inverted" raised cosine wave every half-cycle, with a smooth transition
bet we@¢ngeator A0Q esaaayhe Usaddn ceanectionewitle yarioes aambedimentsias distlpag@d by

2 ‘o0 s heeRefior gt ORAH i ol Bingh PO AR B rigadfsk 80 =t ©

gener ataes6 Ak swyws MPIG S& the %@r@ngeﬁémwmmmw gartsaiuzoida? 2
having an output 623 in the formof a sine wave having peaks at Vs. Signal
623 i vauelory eene@terh Qs baving ag Q4Haut &kin thﬁl]‘@fmﬁférﬁﬂ‘e E@Se@@y'% ReAKSe
gener af /b - [\ JAvVeL L i i : [ E9Ra ]

doupt S EYs Y ERSRC v B GBa 0SS ERRDIGESS af b 818 AiAef pIOS THBIES , | 4
DC i npaput\WdtiRe $amdist IridPEHE DE2ip0! §i§AaID&ihgihéd atcd 8xedhkevel of AVs.aThexed

| evel of -Vs.. Th sul ti signal. 627 iis a DC off ver sion of sine wave
o1 onalSBAUS PR 0P SR DG BISEE SR i 8oV 5 0 GOBE DTS BESES ne. vave
si gnalpdfgdenh ?go:ifﬂd hnd B4R, ti Pétdiset ‘é‘lnﬁ%@v”@s@%%@ﬁls‘%li!PFr%'t\]QS%gttrgﬁc,]?get

anal og inver 624, which outputs a phase-inverted version of D
si ne wetheorg gatil be&ng prvitegémRs apatogeioredencod vamdh evtputThepaGednyeried si ne

i | d.r d DC 1 SI i | 629 i |1
be. pr et danof BEBfietshis wah el P78y b WeieBntiBund Bl e The "' 1Y
desi 1 a3 ofsthsihb ey igesl 60 A REHEITIO oB28: sifaGdiel Sgndlibogsaay. The

outputs 632, 633 fromthe anplifiers 625, 626 are DC offset sine waves,
phas e-optipaledbairrovides ea toairef amepldiess Aev, 64 farigain adjustieentnjglesipdnal s

627, - it 2 t i i ng
ot we i 84 87 Bt AnbfidiE end. BEE Yeh feihe T8 AlisnERiz, B3 LMY, o
its taive praKifiewd03) 006 drecDCaTRet siMe Wials, bhassishiftedavieh fespact tteongper
anplifier 625 reaches its |ower peak. The result is an output signal 641

that ANCHIGIasEYIaH& {ehPH! SiABALS 6i/e 0080 SWiiENsee0 abeinaiesiRewesRPHRUS
" nvergiedynd 84 §%Q~ifc‘§mﬁ+ad;§et‘<>@e‘é% tﬁéﬁ{ YadlihethE sthe Wald fr%n?fﬂéolf)p/& 'é?r;tﬁi'fi%F on
ustrated by

bet ween non-inverte inverted ral sed cosSine waves, as |
t he owOpueaves its D edk, WHOY 1 thegstrhe timeothiap thessif ivaredrd@athewppbe used as

i t siqgnal | Ni d Vi N2 i he_t - d
enbodiAAINET BPSCPRuHEp FoloWen Pepod AR Aol o Dulp dgiaa her el ikeates pu
si gnaldebweérh @MbASnveriftflraBeR 08I wHRD aA@unbhvieradt Pisew Boding Ve

i
capacitor or high-frequency filter to renove any residual DC conponent that
may bevienabgliécydat with @rsraoeith transition bétyesn nmievertted apoOnventechthised on,

e ool i a5 Dl bR BB IR Fi: €hearr. o o et te Y e

[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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[ 0093] O her techniques may alternatively be used to generate periodic

al ternating waveforns. For exanple, digital synthesis can be used to

gener at e WoniAn7wvavef orms to those descri bed above. Aceordisegowessehe such
inpl ementation illustrated in FIG 9, a waveform generator 900 stores
waveformdata in digital formin a | ookup table 905 (e.g., WO

2011/ 017176PCT/ US2010/ 043582 a read-only nenory (ROM or other non-volatile
menory storage), and reads it out in appropriate sequence under control of
a mcro-controller, mcro-sequencer, finite state machi ne, or other
controller. The digital data may be provided to a pair of digital-toanal og
convergigiah 60BAGED is 2t @ fix@Ylevans -Ver TﬁéCrESM\mﬁgfsgirfﬁl 620had aiC offget Yérsin DAC
910 outputs a first converted waveform 914, and the second DAC 911 outputs
a sec®iGincowgee sigMahbR3favin®peaknbetweseni grennd @ad -Vs. pile B efispt s of f set

from fi: ; . , a5 Vi . r he
convertEs TR S MRS bAER, ki ot R REY B G556 43 8fs100

snoot hnvegter B24eWhidh o@tpliiid phaSé-imveited3iersiy dTOC BEfdeiosine Meive §%';m1£2:~7 Vim
and ViN2 in the transforner-based power supply enbodi ments discl osed

her ei with] RRRJEH efwseRQrownd aar ifR: sThaDGplvetane Wave sianaib24ane:iayeed
siml %Ct; 'oﬁsQ{}éiH&'v{-H\/%. éi@né\ dﬂ%g%@ﬁﬁﬁ%a@ﬁr&% egﬁ’% %gﬂ%f%trﬁplﬁ'ie\r‘%igg orm

havi ng the characteristics of nver non-inve rai sed
cosi né&2bafor gainhadjustenant b€ dasipeds wituthieygaie of botheain phfiers i025( 626 degdy the FI G

o qosA-1 B ORI B2 G ram NiecmRDiase Pub. Be%are DinISeIcuss HAYeS scl osed
her ei 8 R RARP YRR G bAE _aaﬁﬂféﬁ%imasa p&fhg;it iﬁﬁupyigh%@tqg @bo rsvﬁtc(;?

per mmnent magnet on an axle, wt e magnet spose In a coi
wi r es .640mitennatpatbetivean butpuly A3A@ g, swichingsbaiwean dhemraast tiroe ilee a

waveformt hat ;has, al t ernati i rted and non-inverted raised cosi

o es ST AT O S fofeh arifier REG reahynts RPdieaky B disife 38y ik dra

addi t'tl@é‘s@fe @aﬁ@ﬁr@ﬁﬂth@%ﬁﬁﬁr‘%”r‘ﬁplﬂ@%% réa ¢y i@loﬁ@r%@ﬂ! %!ea*elletW T espect
to the first nagnet, on the same axle therewith, but within a second coil

of wm@ptgéﬂm”raé Ifthahelieraatesratween @ ‘opnvinyeried” Taisega0siIfewa verag et
R e e R e L

| engt indrtedandiiverteRebged @ositle Wwavesdsdllustsatde bg oo aptius Medn IFYGaey
sui tabl e neans, including notorized techni ques, w nd power, or other neans.

More general ly, appropriate waveforns can be generated using a rotary AC

Feape 00T Ot odetEhioualisdatind'ed findyhe 6554 Pl TAG I L ForoAe kY,
[ 0095]tMé émestohmeptrased poper pupplywseidodimentsdisclosadmeraint vel y hi gh DC

voltage to a | ower DC voltage, the high-frequency AC waveform produced from
a relatively high voltage DC source is, in one aspect, transforned to a

| over [g@d2120€ [ 5rakatal AppIiCAtdHY, Shes OBt &i@_ﬁ\_ﬁﬁé)&’f’r@?ﬁrtﬁegﬁ@ﬁbl genbtdtrsgo@t ed in

the various enbodi nents described herein. esig power supply may
make innaypbesumltirough aveinall tapacitos or high-fraquencyt filteade rerapee iengresidoaldnGot h

the output voltage fromthe transforners after the trans d_si.gnals are
oot | feBporedt tReey RS netaeRRE i Bie hadidnsr &8s RObr T p20ERR

t heor efarieas bjaseurr@fiadiig®ehtPand bieremplengéntator BetailbeNg) Be adidetihat no
extra magnetic conponents are required tfor filtering. The elimnation of

t he o@CHAFdiRg & tegaNicLgsi WRlhie W HUthEI 3t nati on of conprehensive filtering
may reduce size and cost as conpared to, e.g., a conventional swtching

supply.
[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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[ 0096] As noted previously, in practice sonme snmall output capacitance may be
required to reduce any residual ripple fromthe transforner stage or

ot herwi sewo3oan1si7eght ri ppl e may be caused by i nduct aneeTiush@ommisst n t he
anplifier stages. It is expected that a capacitance of approximately 300 to
600 nF woul d be adequate for a 50 Watt power supply operating with periodic
wavefornms of 25 Kilohertz. This size capacitance is significantly smaller
than that needed for a conventional sw tched power supply. [0097] Anot her
techni que that may be enpl oyed for reducing any residual ripple at the
output is to use a |low dropout (LDO Ilinear regulator. An LDO |inear

regul gf RiadasHig hadrhor M?_@k Beer qoPOYBALIE RlebEPSB Rt d) Nas@ Fe RS blihint he
output signal. A differential anplifier control’s the power FET in such a
way afppeoprdtesenrnercs Hader ot bf adgeict-Eorlreer eminsoweaHenesy, finieistaded

2 vl Mo et st o PHpahdlay o2 0 SR Blee! G BRE oh BRI BT [re ™

recti fanafgy corvericks (DREs)-BID) 9 NE@nerfogshelh WavetorannThaus atletfibstt BA€E10 he
ripple voltage and prevent it appeari ng at its outgr;ut by nmeans of a
filt eroutitits@direheonvesieduuavaipm &1 4 eng ihepeaondsPdLoP bhouts AFSCcaNYol t age

s ge%%h%gg%wsfarﬁ#g ﬂ%ﬁliglﬂfe‘hﬂcél%'t{ut o &é@;‘?eé’é"BﬂQét%?Q%ﬁﬁs‘%“ bed and

illustrate erein, an I near regulator 1°5 one option reduci ng or
el i m manveded havetsndd¥d, ad peveushudeguaribedatTihegcanveeted i anadfonmgs Oihé, Oed f or
the smal | smot hi C citor that may otfherw se be desirab 0 have at
Lhe od®RroviiRd iolters Bty Bod o spoetiiie ohpere” driows e athgst fasoas sore
pPover \SURRISYinBOPAGhABN, S A% U)\s i BREFahstbEhEr-BRYedSoldbl Slipphy eRtbddiBent

t ransformer sl.nSTh.e e trall'ﬁsfor rrlaN?s may %e made ov? p§%f?l e %@:&3 t hus ng?s

si gni fdisciesdd/héngpact t he overal | size of the power supply el ectronics. For

exanple, for a 200 Watt power supply for an audio system a pair of
toroidal transforners may be used, each approximately 1" in size. The

resul 70094JPoVeln StHBPEMNDoARhehtS, AR6®ricedPREdhani ganerivesHiland prvdipiehed
power supply of simlar wattage. [0099] The power suptﬁlyhdem gns descri bed
ec

her ei #0 &riuthdynameimayybe osed e genaraie & waveform having aracteristics of
alternating inverted and non-inverted raised cosine waves that have been previously

described, and illustrated in FIG. 2. Such a waveform generator may be particularly
suitable for larger-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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of a few hundred Watts, but may al so be used for nuch | arger DC-to-DC
conversion applications, in the Kilowatts or larger. [0100] Enbodi nents of a
power suppbyormidizscl osed herein may have significantlyPpcedise@d/oEdB2 as
conpared with a conventional sw tched power supply. Were the voltage
waveforns appear as in FIG 2, i.e., periodic inverted/non-inverted raised
cosi ne waves, the corresponding current waveformis a square-wave, which is
| ess desirable froman EM standpoint. The enbodi ment of FIG 5 overcones
those issues by transform ng the inverted/ non-inverted rai sed cosine waves
to current waveforns before being sent to the transfornmer stage. The
relatively snooth current waveformin this enbodi nent mtigates EM
concerns. Wile the correspondi ng vol tage wavef orm becones_a S(1uar e-wave,

t he ell8@93lost a¥Vhere the ppWAE SupRiki®USe tq eenvest @ sglativeludigh Revwltage tedsi er

cr ear 461 B B0, e MahifhueEy A GV SRR TbLEoREAM RBeby Rl Sl © °°

[ 0101 ]vblthge muh sblecEd) inasredsticed tkahstfcbrenetmca idvest votahedhiughGreCor

conversion can be very low due to the lowripple nature of the preferred

i nput M3@I& %D@'bﬁ@”%fgrmﬁﬁs%a%UHﬁ@ﬁﬁed\Aﬁ\ﬂéﬁP M?‘H%US p[ntqoglrﬁgg@,q;qsgrllp@df urt her
reduc

compl QST af e e o UBpL ARy ol eBbbiho Vb R ol voul d
cause stdragepapcitdrsdo spwut tise oﬂtmjlheolrtmgn ftaed therttearrsﬂ’cmmseafteotrte spread

over a Wi r spect r al ban t hus . r educi av |itude of the
e er R ST SR g SR ed Batb e e sod e cn LUK e REEsoMvtas 1 her
per i odigh tﬁéoweﬁpglgﬂb 'nﬁ*é“dé’ﬁ‘éé‘%% Abpie-diandniur BvaI3! 46 that AB EXtaThlagnefc an
illustration o set of frequency-nodul ated conplementary waveforns 1030,
1031 icomgomnents araneawred formﬂtarlngar“fhe:elnramamam;btfm ostpbas@dagm renumqment

nodul atlo ; W th t ﬁe devi.ation guer tine cgjr g ? of q/feform;
1030, HH& ”@QQ@%}%P FgeTEepsie i E?”HEr’B?X/r? 5 %?%89 S35P%5 PRUDRF 1o

[ 0102]efy vardoptv¥ntdndlishitthmiatsuppinsf or ner desi gns and techni ques may be used
in connection with the transforner stage (130, 430 or 530) of the various
power supply enbodi nents described herein. The particul ar transformner

dest U1od D EBSHEN BESRAANS, Hirdihe 5N FROIARRL BB g™ & "

trans s nay e

secondadyired teeedaice dnyiretieldal agsie iem lred taesfoampgstagert ciiewisk.t Bactagnet i c
core, which may have the effect of reducing. | eakage i nductance.

Al ter r%lghVé(PRJe %é&? SRUSRHAY oy eo'@hﬁ in fhe amPtlierHades-i g y and

nductAREg R FapaocE dﬁa&%ﬁsﬁ ARcly GBI, Honl BEAUER E3KPA%0
conf i gMattpoores ,su'pplg apaam'igmnrtbrp(esbdrmya\km‘orms 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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toroidal, or else may be planar (with spiral w ndings) to achieve a
particularly low profile as well as potentially sinpler manufacturing.
Anot her owpODI20n1/G181760 use a W ndi ng through a series of Irorlusawiowzssshaped
magneti c cores, as generally described for exanple in U S. Patent 4,665, 357
to Herbert, incorporated herein by reference as if set forth fully herein.
Yet anot her possibility is to enbed one of the transforner primry/
secondary WO 2011/ 017176PCT/ US2010/ 043582 wi ndings (as a tw sted pair or
coaxial pair) in a hollowed out groove in the sidewall of a
toroi dal | y-shaped magnetic core with squared-off edges, as generally
descr irRpk eltageXiaeinerally dkpactddpicehd qdite Smhalla the eMboaim&its’iestlibed and

i ncor porated herein béareference as if set forth fully herein. In this

exanplilustrated berein, an BRSK lnass regilpiaais pne eptod sonreauangmy dlisinaingithed! v

wr apped... . h ot 1. core. .Sjm t r.oi dal

trans? %?'ﬁé&%&_\?mhﬁﬂﬁﬁét&gi%ﬂé@@é@é}g&régmggﬁ%gﬁg”%mb%gsted pair of
coaxi dappaitdr-thBoinag dthésviss beidderabregoeidve dtitled dutpial waicuteighitgomgl and do
not interact, and provides increased energy density. This design allows two
i ndep&SRAYHOMITRG IDEHEIENCY0 share the sane magnetic core. [0104] Of course,
ot her transforner designs may also be utilized. [0105] The power supply

desi gns and techni ques described herein may be used with different types of

power [0098it s, Bacleupbwer sudpbcambodimenty gsodieclosenb peseimmag/ Ise baill usieg suppl y
that is first converted to ap input D%&I)eve beforﬁ ber{ﬁﬁl% converted to a DC
out putt WP LLRASTOMIRES « THRSAEANSIEMEEREIRYSRE B1are; Iew ratle 3 USHIOtAC vol t age i s
first goatifd (o {¥[oT- AT P Y. i ; Vv i on

I R A e e e AR A S S R
swi t ¢ 288-\Wattepqyvearesu pphynfoe eheaudio hystad, wepaif of toreidaldranafotnhérs maybess has

very | ow |l evels of radi J.equency, co nents and s | ect romagnetic

ot or 18P EEH 3ofiseRteR LU M e T RO LR B BpRBuBRE ErbBReaAbet
very ligan BMonvegtioR dwitdhed pbwar appl/Bitsir g wattide, still retains very high
efficiency, typically as good as, or better than, a conventional

swi t ched- node supply. [0106] According to certain enbodi nents as descri bed

he e Hapdd, . 9 B SPEN ARTR B A ) 1B lp g 1

again sf or e

t r ansfodanfenshurtdrae Veatts, thue niy also Weausede®r grudghdbegyriBCity-CHY ebdgersion need
for storage capacitors to snmooth the output voltage after rectification.
Bot h taRRlIEaaNs. Ahineritovwatiser 1aegert he converter can theoretical ly be made

free fromripple at all output |levels and so no extra nagnetic conponents
are required WO 2011/017176PCT/ US2010/ 043582
[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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for filtering. The elimnation of the output storage requirenent and
elimnation of conprehensive filtering generally reduces size and cost
conpar ed wo 2a118m7t76hi ng supply. [0107] The el i m nati on ofPCrhs2aubgsss2 st or age
capacitors brings a further benefit. A power supply according to

enbodi nents as disclosed herein can respond rapidly to a control signal and
so can be enployed as a fast tracking power supply for efficient, high
quality, Iow noise and | ow EM audi o power anplifiers. Wiere a DC supply is
al ready available, either frombatteries or froman external power supply,
then the input rectification and storage can be dispensed wth and the

pover [640H Y ARRoUdIEthePEMIBEReMitéd bythE YbsETRIYmeBP6ODTLBCHRVERIdHe

el im nati on of the output storag capacitors. [0108] The approach leads to

an ef fcapikenveryupwidue tadhe hew sipgleenatgreof theraigrradbivsutand ootauivetage t h EM

reductj i - ' ] i I . (th, and
ot narr AR AR, A0 B Ss B R Bt e £055 Fre ERUGENSFRHR Y] g The
t r ansfresd®@atng tHeefreduarioyasfiton compiavnestarp waaetoringalish rsspetchd trinapThigi ty of

the control architecture may significantly si nFﬁlel f%ﬁt he desji gn process and

shor t d¥PP§ AkModxiatiop WRHR sauze thraprertia camprinepkeef t deSIgugbn?ﬂrfqr@nqe)IOrhe

. ; . . . . find
use 1 SeSBaUR P HAY: o BT hLRFR G e Aferegb A B FRY ' "
el ect rinterfereemel giraytgiven Fequéeagt. die, modulatihgwavedores cam beigitbee periodiciores,

e ) oMbty avionles o imdl ol SO PR M arrsfl & R ElaBSTYPLELPD: POVer
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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[0111] I n various enbodi nents, a power supply built according to the

enbodi nents descri bed above may find particular utility, for exanple, in

t he aut omubi2ba/diimdastry as an on-vehi cl e power supply f@cTas2@0013582
anplifier. Enbodinments as described herein may result in a smaller, lighter
and/ or thinner power supply, that can be | ess expensive, WO

2011/ 017176PCT/ US2010/ 043582 highly efficient, and with fewer major
conponents, while being relatively benign fromthe standpoint of EM.
Because the power supply can be sinpler to design and produce, it can be
brought to market nore quickly, thus resulting in a faster product design

cycl e.wiRamBs (8% awidtéd bgﬁr ortcngﬂapwéi?ﬁhseﬁh@l!tﬁNécﬁQUlC@obbé ik tﬁ@sﬁéﬂraﬁ@% for
certification. The sinple design process, |ow conponent costs and

cert i ftoroidalyrahapestrsageetia orewith &wed@fbm@e&@§tgem¢7allygdeﬁﬂélbe@>forst i ng

Very Y LEPE PERRE e 2 et P FE e hEpri i RreiSy WS A T ons
Wi t hi nf getverih @lig Hdrain. phekirexayn@ie etheasthiedirdhdiotrhér primbinyl/ setbnadri/h

swi t ched- node power supply designs. [0112] For portable battery oper at ed
pr odudtigdingre rergatedyryeeredgapng hﬁ f@ﬁ%?*éﬁ eIt de & Qorﬁ‘é(?”’é@'éa pr esently

di ffi &%p] ,,ﬁﬁ%

di st rﬁ @Eq%ﬁraggﬂrﬁ\égt?%%%bﬁe r| y tgrag)ro Lee a B@iﬁ ﬁ/\‘r\%t%rdg out put

wi t houbakiaépais.e Dafing ﬁngprcﬁmﬂsgmaghehagelddba’pmrmgml dndtdlonmt itevaecif ages
over conventJ onal gaches ]1 n var.iou odi.nents, a,l ow cost,

i ght \aed pV| ggfmqugg epgr(gyaq ity Jdys design a ows o independent

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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respondi ng DC out put power converter is provided having a very |ow input
and output ripple and very |low EM em ssions. The power converter generally
requi res wergildirt’ee out put storage capacity and so canPb@/tSeqloanistt ed in
very low profile configurations. The design process is also sinpler than a
conventional sw tched-node converter resulting in a quicker design process.
Al t hough it may have beneficial use for audio anplifiers, the general
principles enbodied in the concept allowit to be applied in a wide variety
of power conversion applications. [0115] Certain enbodi ments descri bed
herein generate a DC output signal by the conbination of two rectified

si gnalsr flefingd TS &hihatiBAIREEHUPUL SBrad® &) ffemdrit@rkPdTmninBfibmef pl es may
be extended to configurations having three or nore signals that are

rect i foostprahensivelfitenng gerenaby redlicesraize ded Copbtornpaddos awiefiogns are
sel ectsglg Iy[ 0116] Whi l e preferred enbodi nents of the invention have been
descri 8 herein, many variations are possible which remain within the
concept and scope of the invention. Such variations would beconme clear to
one of ordinary skill in the art after inspection of the specification and

the dl@¥Fgs. THeeliminasion Qe Ruirs sieraps GaeeCIYSEEINgss furbesBengiierd wi t hin
the spidndr PRIy UREIAG 3R RARBARGLERETed herein can respond rapidly to a
control signal and so can be employed as a fast tracking power supply for efficient, high
quality, low noise and low EMI audio power amplifiers. Where a DC supply is already
available, either from batteries or from an external power supply, then the input
rectification and storage can be dispensed with and the power supply can 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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WO 2011/ 017176PCT/ US2010/ 043582 CLAI M5 What is clainmed is: 1. A power
supply, conprising: a waveform generator outputting a first waveformand a
second waweforim17176 a first rectification bridge coupCedscaosaisd2 first
waveform said first rectification bridge outputting a first rectified

si gnal ; 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 | evel conversion

Ci I CUiHighI{lefldRafeand QlitheeWep méjbr\/\%/rﬁbéﬁéﬁtgG\K)ﬁl'le?lb@lhg&@Fétlf:‘/éllycbécrilgﬁ;¥roﬁfﬂﬂ*|e
second rectlflcatlon bri dges, said |evel conversion signal outputting

| evel Séandnodet of &MI. oBecasisesthpdavarsupalydcarbe simplay i design and produce, it
can be brought to market more quickly, thus resulting in a faster product design cycle.

Among other things, the low emissions reduce the time and cost for certification. The
simple design process, low component costs and low certifications costs result in a
considerable cost saving over existing power supply approaches. Also, the low profile,
low cost and weight, and very low emissions allow the use of the inventive power supply
in locations 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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3. The power supply of claim2, wherein said |evel conversion circuit
conprises a first transforner outputting said first output corresponding to
sai d | evavohititiedever si on of said first waveform and &Csasemd/oszsanst or mer
outputting said second out put corresponding to said | evel-shifted version
of said second waveform 4. The power supply of claim 3, wherein
said first rectification bridge conprises a first full-wave rectifier, said
wherein said second rectification bridge conprises a second full-wave
rectifier. 5. The power supply of claim2, wherein said |eve
conversion circuit conprises a first pair of swtched capacitor circuits

out pUtﬁrin@E)lé@Mé%fber SkteRYEP cor\%@@&ﬂdﬁ@ﬂ:ﬁﬁ@B%é%%ﬁé{%’é?ﬁ@ﬁ&hﬁfﬁrées pondi ng

to said | evel version of said first waveform and a second pair of
swi t clieetiftegpried a@dltl\telvmmmn@htmgwﬂed@h@taﬁdﬁwét%wavgmrmtare@eiﬁ%nd| ng to
said level -shifted version of said second waveform 6. The power
supply of claim5, wherein said first rectification bridge conprises a

first [p#d6] of Wreletgréfetretl empbogieierts begeiplenedry hhed peen desttbdd heteimpai r  of
switched capacitor circuits and said DC out put signal, and wherein said

second?BEYAT3tioRsi a5 NOSE bl Whishpieraia Withis theneps&Pt aBe seare of tha s connect ed
respe AT Wi r C and
sai d %&}%ﬁllf)}éuﬁl |a§fl€’)\/\ﬂgﬁlerelcgl)Bg (grﬂ%aqtl%rdt@’(‘ﬂ eacﬁﬁ%ﬁﬁgpgl g{ r@ré@w&glﬁr and
secondngpmctionfof me)slpesciﬁtmmm:btmohraww:gs dTixCinvenporn treergfoae is notto be 7. The
power su of claim1, wherein the first and second wavef orms each
correr%%tP'ge?%a‘F)EC@Pﬁ&’ﬂt tpthsemirdand EYAPRREKEARIMSd and i nverted
waves, said first and second waveforns being |dent|cal but offset from one
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 raised cosine waves.
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9. The power supply of claim1, wherein the first and second waveforns are
sel ected so that after being rectified and additively conbined, their
addi ti ve worhiwmmari7en creates a constant voltage |evel f@ecTaszdoDGBseut put

signal, wi thout significant ripple. 10. The power supply of claim9,
wherein the constant voltage |level for said DC output signal is generated
W t hout a storage capacitor. WD 2011/017176PCT/ US2010/ 043582 11.

The power supply of claiml1l, wherein said first rectified signal and said
second rectified signal conprise a cosine waveform and si ne waveform
respectively. 12. The power supply of claim1l, wherein said waveform
generator conprises a rotary AC powerAgagerator having a coil of wires in
relative rotational notion with respect to one or nore nagnetic fields.

13. A power supply, conprising: a waveform generator outputting a first

wav ef . cond waveform a first transformer receiving said first
wav ef %ﬁ%gg%&%mﬁﬁdgt; a second transforner receiving said second waveform

as an input;

1. A power supply, comprising:

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

a first rectification bridge coupled to said first waveform, said first 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 output signal formed by continuously additively combining said first rectified

signal and said second rectified signal.

2. The power supply of claim 1, further comprising a level conversion circuit
interposed between said 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

-42 -



a first rectification bridge coupled to an output of said first

transfornmer, said first rectification bridge outputting a first rectified
signal; wo20t136ond rectification bridge coupled to &oTast@oi4382 sai d
second transfornmer, 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
si gnal . 14. The power supply of claim 13, wherein the first and

second waveforns each conprise an alternating periodic sequence of
non-inverted and inverted rai sed cosine waves, said first and second

wavef %ﬁ%sb@hdﬁﬁg't@%@b I@@él Sitte®LERRSN bF SATH 9IRS \AORIFORR, 40 9@eE68d PaF of
15. The power supply of claim 14, wherein said first rectified signal and

sai d swdiehad m@@acrtorecurcyltg@atptﬁmq)sa@@e@oadguwtmmsaowlaldo§awblemk7_ef orm
respe%%hcye?l \é%{gﬁonqogrs.a\',dége@éﬁqwg*?%@ supply of claim13, further conprising a

f eedbac output signal, provided to said
wavef orm generator. WO 2011/017176PCT/ US2010/ 043582 17. The power
supply of claim_.13, wherein said waveform generator conprises gnal

generat or Kavi nd NELRQMEr SRPAPECIaT 5 w@ef%néa%f%g%d@@ﬁtﬂqrbbm%ﬁ arrpl ifier.

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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18. The power supply of claim 13, further conprising a first anplifier for
anplifying said first periodic waveform positioned before said first
transf or rw0,20amd7&6second anplifier for anplifying sai dPseasnaopessBndi C
wavef orm posi ti oned before 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 transformer and said second transformer share a comon
magneti c core. 21. The power supply of claim 13, wherein said first
rectification bridge is a full-wave rectifier conprising a first set of

four diodesq. anorhéw\/@ernslﬁﬂmdoﬁagmd m@tréuﬁls@ﬂin@ﬂréunmég%ZQrﬁa| anf Wald¢ wave
rectifier conprising a second set of four diodes . A nethod for

pover se6anerestiied signalcosintiige a cogjen sayefaiy and sinet wayefermaespretivalyef or m
and a second alternating waveform rectifying the first and second
alternating waveforns to generate a first rectified signal and a second

rectified sizgnalThegspestsupllyof @atin 1, wherdinrsaid@atefofmagénenatos conmprisby
continuously additively conbining said first rectified signal and said
second 1O&YAG @Qw@r@ﬁaerator having @SCO”‘IQTé’WF%St Rggladive cotatipnabmotion wigr

conpricgk ttt@%néto‘?ﬁ)n&{? rﬁQ@H@tréflé]Qst he first and second al ter nati ng
vvavefor a Stepped-up”or stepped down level prior to rectifying them
WD 2011/ 017176PCT/ USZOlO/ 043582
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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24. The nethod of claim 23, wherein the step of converting the first and
second alternating waveforns to said stepped-up or stepped down | evel
conpri seswpeodiuirig said first alternating waveform at &Cfriussa10f08385f or ner
and outputting a first |evel-converted alternating waveformtherefrom and
receiving said second alternating waveformat a second transfornmer and
outputting a second | evel -converted waveform therefrom 25. The

nmet hod of claim 24, wherein the step of rectifying the | evel -converted
first and second alternating waveforns to generate said first rectified
signal and said second rectified signal respectively conprises applying
sai d first {7evelTrHeonoest Kol bREIBM 1BIwWHBKSH QBIA WavéfofhIdenetatbl - wave
rectifier to generate said first rectified signal, and applying said second
| evel COBIRFBESEdsignalcgensaraioy haxingf@ vt $9aals sounteditala veltage-edialieder to
gener%%ﬁﬂﬁ%¥d second rectified signal. 26. The nethod of claim 23,
wherein'sard step of converting the first and second al ternating wavef orns
to said stepped-up or stepped down | evel conprises applying said first
alternating waveformto a first pair of swi tched capacitor circuits

out putting 18-fi ris¥e pewe SltRPrﬁX/@f@'g'lﬂn 4P Birigr CRETRREG B1IFRt 2amlifighMryi ng sai d
Secon%{n%lﬁﬁﬁ@%%’id‘ﬂrg\"’?é@é@fz RRiéh e@Sgp&é’d’b%mﬁ’é saiy ﬁlﬁpﬁgn%ﬂﬂ&,%ﬂ?#' reuits

out putti'ng a”secon conver ernati ng wavetrorm The
met hodecdbnd lamptifid6forfampl Hgng caithsesonugoeradit iageforim peditiqrasd before saiti fi er s
bet ween sai g_ fifst Eai r of swtched capacitor circuits and said DC out put

si gnalSeeand dang e rectification of said first |evel-converted
alternating waveform and coupling a second pair of rectifiers between said
second pair of switched capacitor circuits and said DC output signal to

per f or m t hd 9 ectlilfe pewersupplly otclding d 8owtierain shicciinst ampétieradndsaidtsecgnd

wavef or m i WO 2911/ 0170i#7qgaPCT/ US2010/ 043582 28. The nethod of claim
22, vﬁ@?@l " ERe AT CEHAE" P er nat i ng waveforns each conprise an

alternating periodic sequence of non-inverted and inverted waves, said
first and second alternating waveforns being identical but offset from one
anot her by 280 dddiegewer supply obgainTH@, wherrid seid ishiransfermanhan@saic he fir st

and s i {se an alternating periodic
seque%%gggq ﬂjﬁhﬁ@ﬁ‘%?ﬁ%ﬁ%ﬁw nvneﬁfag&eﬁg@ééd COSi ne waves. 30. The
met hod of claim?29, wherein said first rectified signal and said second
rectified signal_conprise a cosine waveform and sine waveformrespectively.
217 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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31. The nethod of claim 22, wherein the first and second alternating
waveforns are selected so that after being rectified and additively
conbi ned,woheiwvoladdi ti ve conbi nati on creates a const ant peolusage/ohzssel f or

said DC output signal, without significant ripple. 32. The nethod of
claim 31, wherein the constant voltage |level for said DC output signal is
generated w thout a storage capacitor. 33. The nethod of claim 22,

wherein said first alternating waveform and said second alternating
wavef orm are generated using a rotary AC power generator having a coil of
wires in relative rotational notion wth respect to one or nore magnetic

fields. 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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