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Technical field This invention relates to a self-oscillating nodulator, -
conpri si nyoasmssvp@r at or and a power 5 anplification stagePcanBmusse w dt h
nodul ati on, and higher order oscillating | oops comprising first feedback
means and first forward nmeans securing stahle oscillating conditions. The
invention also relates to a switching power 10 conversion system such as
DC-AC (e.g. audio anplification), DC-DC or AC-AC conversion systens or any
conbi nati on of the ab%¥®CR@NIZEEe@OEBR%¥LEDn@SQLLhAEIONnNﬂDHL%¥ORThe

i nventi on may advant ageously be used for |nproved power conversion in any
system in particular 15 precision DC AC conversion systens such as high

ef ficiency audio anplification. Technical background The pul se width
nndulﬁpor is a centrakheteagntiefid 20 any power conversion system Most

swi tching power copyerters are base | s h l.at.L: P as
means to control ef&%&?eﬁpv€8%v8PS|on betgv\éengd%{?gBf %%%élgkl%% | Vm@

typi cal power wodvéeter, meprnomdksidg a PYNp2Sattodukbator, Pavwewr tchlng power
conversi on Stageo1achibtebn 2052 OBt KOh S8V ShaM, ARGk iak, syl em of
this type is cr US Bate 4724396 and by M. Attwood |n
Jour nal  of thehAESerN@vdexgggc:Léla84298é90pﬁomm@¢mpm fHasta tesnyecht
shortcom ngs alganwebhakrewart @tharar thead® BBk ndueth®lthescillating

i npl enentation of the carrier generation. This limts the system bandw dth
and conpl i cat 6RdesiGRS Al so, a stable and robust control system design
is difficult. The invention also relates to a switching power

10 conversion system, such as DC-AC (e.g. audio
amplification), DC-DC or AC-AC conversion systems or any
combination of the above mentioned comprising such a
modulator. The invention may advantageously be used for
improved power conversion in any system, in particular

15 precision DC-AC conversion systems such as high

efficiency audio amplification.

Technical background

The pulse width modulator is a central element of
20 any power conversion system. Most switching power
converters are based on Pulse Width Modulation (PWM) as
means to control efficient conversion between domains (DC
or AC).
A typical power converter may include a PWM
25 modulator, a switching power conversion stage, a filter
and a control system. A prior art system of this type is
described in US Patent. No. 4724396 and by Mr. Attwood in
Journal of the AES, Nov. 1983. p. 842-853. However, PWM
has a range of shortcomings also well known to the art,
30 mainly due to the implementation of the carrier
generation. This limits the system bandwidth and
complicates design. Also, a stable and robust control
system design is difficult.
In order to overcome these drawbacks, a controlled

35 oscillating modulator (COM) was introduced in the



In order to overcone these drawbacks, a controlled 35 oscillating

nodul ator (COVM was introduced in the WO 03/ 055060 PCT/1B02/05412 2

appl i cantwe o3s®smat i onal patent application PCT/ DK97/002eT/1BIs4th scl osed
nodul ator elimnates the need of a carrier generator, wth a range of
advant ages, described in detail in said docunent. 5 A problemwth this
technique is that it can only synthesize s2andard two | evel nodul ation -
hence gi ving disadvantages, concerning .the efficiency of, the anplifier.

Anot her probl efSH SE&8 T T Pt EHarfet ! SAHHs telstfl ti channel
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synchroni zi ng #fsEcitedtimgeionil atorsaisl derwsarmrnal clock is given in US
patent no. &S 6,297,693 -ophRend RS 1PT 10 s HdcIRYRTEM Lan o0 Vi €OoupE i 5814

sawmooth or a triangular signal shape as synchronization signal .
el i minating posHHigRi%s i M IOk d‘i*Odo‘%]g”’!fFaE‘l@ as DGR IFBRIAL i on
signal s. Furt herinddrie gaes tem cam ony yclhéxéEm‘chQLrérzcgz aTﬂTD@M; b1 10 SN,
external clock |eadin (Lﬂ? 20 hi.gher conpl exity en i enenting an
external cl ock genebfrg%t ST BT %yt é‘ﬁ\g Its"uccfjflr%.ér}e u‘fy*?‘?%fm%%ﬁ‘f}éd
to PSCPWM systeemsn(ldasi désaridiedudiappiplcdhiesd ntidrenatd ciidl at jped ent
appl i catiop, Pcyog@%(t%qjssi)rlf B’%Ard%tcig%{arﬁ{%nc tq_je 25er}ch AL 'ralltgirorllss, not
present at t he OL{t put,_ ana sal . nmoaul ator can er_ Yy no__ e_ used.
Cbj ects of thewhivdhtiidd Asswsradiingigrmasivistjient wfoduwtd nveddimn is to 30
provide a superiQh JIRAIARBHIREIVY GUE Hih $Md CRINS RO RNV b
systens that overcones fundarnent al o _ .
art system for synchronizing an ogcillating modulator to
an external clock is given in US patent no. US 6,297,693.
15 This prior art system can only comprise a sawtooth or a
triangular signal shape as synchronization signal
eliminating possibilities to use COM modulator signals as
synchronization signals. Furthermore the system can only
synchronize a modulator to an external clock leading to
20 higher complexity when implementing an external clock
generator.
In multilevel sgystems such as, but not limited to
PSCPWM systems (as described in applicants international
patent application PCT/DK98/00133), the first harmonic of
25 the carrier is not present at the output, and said COM

modulator can thereby not be used.

Objects of the invention

Accordingly, an object of the invention is to
30 provide a superior modulation technigque in switching
power conversion systems that overcomes fundamental

problems related to conventional techniques.

Summary of the invention

35 These objects are achieved by a novel synchronized

controlled oscillating modulator (SCOM) of the type



problens related to conventional techniques. Summary of the invention 35
These objects are achieved by a novel synchronized controlled oscillating
nodul at orw9G@EJo60f the type WO 03/ 055060 PCT/ |1 B02/ 05412 PgTBO/5ereed
above, having synchroni zi ng nmeans connected to said COM nodul ator. The

i nvention provides significant advantages in perfornmance, topol ogical
sinplification, inproved 5 robustness, stabslity and efficiency conpared to
prior art. The invention provides synchronizatjion between a signal source
and a singl e COMYFIRRSE APVFE a FHimE | SXPCTHIOREE D AR D r IR X Ehal
source or between @& ddM plad@dddr of COM nodul ators in order to overcone
prior art problens _related to COM md‘uéc%: ors bein desynchroni zed. The

COM nodul ators can Ao PhdE BF et O EETS, and
f eedback. 15 Therimedurors zatopmrl ongians]l Gannplsief iara teddrer nahpsotede as

synchroni zati o | er.e.t.he ext | - SQur ce r.abl y | not
necessari | ygber}fﬁL%{%g{negsu%r#abs%ﬁlat -a%%?%sflf?]lusoeﬁid%% aés]?“g‘f%f‘jt‘?&a%) <e¢lrr1a(?u'tlt vel y,
t he nodul at or @atpri ses several COM 20 nodul ators, and the synchroni zi ng

means are arranged gt VBRR TG PO SY Iy AR, 4 e P36 d i op

nodul at or signal is _used as synchronization’signal. In this case, the SCOM
ai s to conbi néiFe ladiriHiGRy S b tHAIICOFVEBHARPN AN 3 Rl Wt Ages

of nulti-Ilevel JAWdoMAGETHI b dritl S ediepti IMBdurdlse vodat ion in
general power canversion systenms is _provided tha i.npl enents multiple
level puls rroﬁudstaél&tﬁ gﬁ%léso : W%ﬁ'@éat%dﬁ rﬂfci% tggt%‘{ﬁr%‘?/W? iy noi se
energy and enhandi mroblems related to COM modulators being
desynchronized.
The COM modulators can comprise voltage or current
measurement means, and feedback.

15 The synchronization means can use an external source
as synchronization signal, where the external source can
preferably but not necessarily be a triangular-, square-
or sinusoidal signal.

Alternatively, the modulator comprises several COM

20 modulators, and the synchronizing means are arranged
between the COM systems, so that the oscillation
modulator signal is used as synchronization signal. In
this case, the SCOM aims to combine the advantages of the

COM technology with the advantages of multi-level PWM.

According to this embodiment, pulse modulation in
general power conversion systems is provided that
implements multiple level pulse modulated signals - hence
reducing the output switching noise energy and enhancing

35 the possibilities for control system implementation.

The SCOM modulator according to the invention is

very suitable in all types of precision DC-AC conversion



35 the possibilities for control systeminplenentation. The SCOM nodul at or
according to the invention is very suitable in all types of precision

DC- AC corweresiossecd\O 03/ 055060 PCT/ 1 B02/ 05412 4 appl i cati @a3/IB&2/@4k 0
anplification and notor or electrodynam c transducer drive applications.
The SCOM can advant ageously be used in precision voltage or current
controlled DC-AC conversion as e.g. 5 powgr anplifiers for audio use. The
power anplification stage can conprise an output filter, and the second

f eedback nmeansapphidtdenobe asoamect eanp bl hhcaut put andorrsardosdut put filter.
This permts ' [ V, e s fed 10 back in
t he feedback ﬁg%%éééi %#éﬁgécgg%§§%%9§¥ ?%gégr%$§%g§§E$%?grred enbodi nent s
of the present |nvéﬁb¢oﬁCQMI¢anbédY@@¥%%?OH%%%r?%eﬂs?ﬂ %ﬁepF%FFﬁﬁPﬁg, Wwith
reference to {J5¢ %Peegﬁﬂeﬁta%ﬁgﬁolfég pDd-it| ushirateson psiergart
controlled oscilla modul at based on vol tage feedback. Fig. 2
illustrates a PPYSF %?Plégh?F%I 86 ¥4CiPI 98T ng nodul ati on system conpri si ng
current 20 feedbackhe Fp@weia hinbUsttabeson btagk daagcampoisa spdabapok
according to a f rst e dj nt of th i i 4. i Llustrates a

bl ock di agram b 5?% I%@g t ﬁnﬁufg?orgagg%gg%ngg %Eagggcgﬁ h %%odlnent of
the 25 |nventloomnécgedStolhnsouapes frbar daadeoihprentat aeronThE St he
synchroni zati o n 3 I e rtheRs fed
enbodi nent of ?ﬁgﬁfﬁﬁv%n¥§%%tfE?Tg%é%eg gfnghéokgggégﬁngggo%%wlnndulators
30 Fig. 710 useektes bhei AipeéheakaPrbh- of the active

Brief description of the drawings

Preferred embodiments of the present invention will

be further described in the following, with reference to
15 the appended drawings.

Fig. 1 illustrates a prior art controlled
oscillating modulator based on voltage feedback.

Fig. 2 illustrates a prior art controlled
oscillating modulation system comprising current

20 feedback.

Fig. 3 illustrates a block diagram of a modulator
according to a first embodiment of the invention.

Fig. 4 illustrates a block diagram of a 3-level
modulator according to a second embodiment of the

25 invention.

Fig. 5 illustrates a hardware implementation of the
synchronization means in fig 3 and 4.

Fig. 6 illustrates a further embodiment of the
invention for active synchronization of COM modulators.

30 Fig. 7 illustrates an implementation of the active
synchronization in fig 6.

Fig. 8 illustrates a power conversion system with
two COM modulators, synchronized according to the
invention.

35 Fig 9 illustrates the open loop gain of the system
in Fig. 8.



synchroni zation in fig 6. Fig. 8 illustrates a power conversion systemwth
two COM nodul ators, synchronized according to the invention. 35 Fig 9

i Il ustratwe oiossoepen | oop gain of the system in Fig. 8 WOTOBI0BIRG0
PCT/ 1 B02/ 05412 5 Fig. 10 illustrates an inplenentation of a
synchroni zati on according to the invention in a PSCPWM nodul at or
structure. Fig. 11 illustrates a pluralitysof N (where Nis an 5 integer)
COM nodul at ors synchroni zed by an additional synchronization signal. Fig.
12 illustrates a plEiality oilnstvnese ani smphemeREagery ebvRnodul at or s
synchroni zed by, t el &, £08PPE Mo 88 9R8! o dRe Dehathedodeser kpbsonwaf the
preferred enbod¥nents In the follow ng detail ed description of the
preferred enboBPHeh2EOTt RETEEMFBdul ators can be Vol tage Controlled
Cscillating Mdul ateig. (iigil)uasrdeserabptiuralibyt bé Hppvheant Nsis an

i nt ernati onal tent applicati.o PCT/ DK97/ 00497 _qr e , | ed
Oscil l ating I\/g%’fﬁ%?ﬁfsg{z% ‘Bo%lf%%ma%s%¥F%{éﬁo¥1§2?§eb§;%h g‘gﬁ%gé&ggi sh
pat ent applLcgﬁym@?mbnhzappbhcaignalno. 0003342-3, both hereby
i ncorporated by re nc con L OF e LSing a
nodul at or accordin€£§b ng??%@gg?%?é?rgdﬁgﬁgég?ﬁg%§kog]Sﬁgg%Fnyeﬁfigﬁ IS
shown in fig. ButapersyEP¥nnedupriess aynpbuenisedgby2thgigoRPFEPrs{Stem
with a feedback;blogk 3 and a forward block 4. The power stage 2 can
conprise 25 one or a plurality of half-bridges, preferably a full- bridge
conprising%wo hal f-bridges. The feedback bl ock

Detailed description of the preferred embodiments

In the following detailed description of the
preferred embodiments, the COM modulators can be Voltage
Controlled Oscillating Modulators (fig 1) as described in

15 the applicant’s international patent application
PCT/DK97/00497 or Current Controlled Oscillating
Modulators (fig 2) as described in the applicants Swedish
patent application with application no. 0003342-3, both
hereby incorporated by reference.

20 A power conversion system comprising a modulator
according to a first preferred embodiment of the
invention is shown in fig. 3. The system comprises a
power stage 2, a control system with a feedback block 3
and a forward block 4. The power stage 2 can comprise

25 one or a plurality of half-bridges, preferably a full-
bridge comprising two half-bridges. The feedback block
and the forward block constitute an oscillating modulator
5. An external signal source 1, also referred to as an
oscillating signal generator block, is connected to a

30 synchronization block 6 in the modulator 5.

The synchronization of the modulator 5 is obtained
by adding the Osc Signal from the source 1 to the
modulating signal. The synchronization signal can be
based on a voltage signal or a current signal depending

35 on the type of modulator (voltage based feedback or
current based feedback). The Osc Signal can be a

sinusoidal signal or any other oscillating signal with

v



and the forward bl ock constitute an oscillating nodulator 5. An external
signal source 1, also referred to as an oscillating signal generator

bl ock, iswomassted to a 30 synchronization block 6 in thecrgsw/esor 5. The
synchroni zation of the nodulator 5 is obtained by adding the Osc Signal
fromthe source 1 to the nodulating signal. The synchronization signal can
be based on a voltage signal or a current gsignal depending 35 on the type
of nodul ator (voltage based feedback or current based feedback). The Gsc
Si gnal can be vhesfnegoeday sfghhk wanaag adeher swsErhiagi AgcgrgREY &Ffh 64

WO 03/ 055060 PEE’&@Q&’@gélégnéthﬁi&Eﬁgueaga pbatherwantedn dhedaswitchi ng
frequency and is used for énchron|2|ng sai d nndub tor wth said Gsc
signal of the €68n&lgRAl thenBest SAE BLoBRNE 2A1IEEC i&ckr&ferred enbodi nent

of tﬂe invegthon i sp 5e§%ﬁﬂﬂpkefékged4embba&aehmooECNh&deN&hO&snl@s 11 are
synchroni ze one synchroni zi ng signal m a nchr.oni,zatio | ock 12.
%H?Bﬁi%ét%&ﬂ' évgwgﬁrgaﬁWBeEégsgﬁdui%t%rs doroha 8-s

Agai n, thef%yn . on a vol fade signal or a
current signakydepebdiagdobyt baet ppacbiromdihgt sigfed| fagm based 10

f eedback or ‘curfent.based teedhackl. ;The,buo, OOMEDLYLRH0ES.135¢ sdgs! gned to

oscillate at ' _ same frequency, but a variation in the swtching
frequency can bégskilnicaat b¢ bypseleonsgnvRi-6ADLaEieRafe s @ FHLBFhe use of

two CCNI”DdU|aEQ%%aiodeﬁénﬁﬁngs0ﬁp9%§iQ&%etQf”&k@uﬁaﬁb&eW@blﬁa@@|@b@bd Each
side of a |oad Is supplied with its own 2-1eyel COM nodul ator 10, 11,
whi ch eachlGr e£89APRESNPEeGULTREL! PRSEhAPRORPEDF the carrier will ideally

be 20 elininated aghesswoheovoaddulbeorepuatresidgrdlgniesl itaverscadlate at

almost the same frequency, but a variation in the
switching frequency can be eliminated by the
synchronization means.

15 By the use of two COM modulators 10, 11 it is
possible to make a 3-level modulator. Each side of a load
13 is supplied with its own 2-level COM modulator 10, 11,
which each are synchronized.

The first harmonic of the carrier will ideally be

20 eliminated across the load. The input signal is inverted
by an inverter 14 preceding the second COM 11, in order
to be able to make a differential audio signal on the
output. The spectral characteristics resemble those of
the NBDD modulation. The NBDD can be seen from “Audio

25 power amplifier techniques with energy efficient power
conversion”, Ph.D Thesis by Karsten Nielsen.

The use of said 3-level modulation can
advantageously be used for driving a pulse modulated
transducer directly without any output filtering of the

30 PWM signal thus reducing eddy current losses in the
transducer 6 compared to a 2-level modulation.

Fig 5 shows an example of a realization of the
synchronizing means in figs 3 and 4. The synchronization
means are implemented as a circuit of two series

35 registances éA, RB connected to each end of a parallel
circuit consisting of a resistor ROSC and a capacitor

COSC.



by an inverter 14 preceding the second COM 11, in order to be able to nake
a differential audio signal on the output. The spectral characteristics
resenbl e wbas®sh0 t he NBDD nodul ati on. The NBDD can be s@ea/mBoxomi2Audi o 25
power anplifier techniques with energy efficient power conversion”, Ph.D
Thesis by Karsten N el sen. The use of said 3-level nodul ation can

advant ageousl y be used for driving a pul seynodul ated transducer directly

w t hout any output filtering of the 30 PWM signal thus reducing eddy
current | osses in the theansduckrtibieonpavedkta am2l}edePlibadeatighdFig 5

shows an exanple of;a4rea3! Lgatéom Rbatleosyrsheonyzing geRNsoaALAtes 3 and
4. The synchronization neans are inplenmented as a, circuit of_ tw series 35

resi stances A t®REeehhbetedatotkachdend Bahl parafitrdecEielrt consisting
of a resistor RSG8R6va €ARAELY Obne BBG Y031 065060 BON/ hBAa186412 7 By

the use of this networ smal | |ityde signal -is_ad
modul at or Por cFHy PReS hobufatorY ?@ng%ig|3T%1%taF gggaggdggﬁ%%EM
anpl i tude si gnalthfergueneyueidbgr ebytbaewantadpidial ErgqoencpMaodaritors 5

can be synchronjz by addi smal | anplitude signal wth the frequency
of the. mantedo#dgge.¥?§ag%ﬁ%§gfo each of the nodulators. The val ues of
the resistances andTbapueltessofahhberedesbpntrasdans £RBASKEPFEJCEEr 86n in

a trade-of f beguegn iﬁgdh%gi99e999§1§¥80 £eBbaathon apgddsobrhapkbgeta
i nfluence either of the dul ators negatively. A furthengref

, red
enbodi mentl®of baBiraverefoRyRrshreRsGAtALFREY BOANBAVEREs aﬁ@gﬁﬁﬁnﬁgtive
synchroni zati og; +a¥st 8/ £ae pbbalAtBgsSyaghtonezati on of COM nodul ators. 15

The active SynChronkz%&Egﬂeglg%éfégrggng%kggimgﬂ 8% he invention is
shown in Fig. 6 and illustrates an active synchronization
system for obtaining synchronization of COM modulators.

15 The active synchronization block 15 comprises one or a
plurality active high pass filters.

Fig. 7 gives an example of the active
synchronization block 15 in fig 6, implemented as two
active high pass filters 16, 17. One high pass filter 16

20 sums a first high pass filtered COM modulator signal at
node 18 to a second COM modulator signal at node 19 and
thereby synchronizes the second COM modulator with the
first. The optimal synchronization will be obtained if
also a second high pass filter 17 sums a high pass

25 filtered second modulator signal at node 19 to the first
modulator signal at node 18.

A power conversion system with two COM modulators,
synchronized according to the invention, is shown in Fig.
8. Two lag-blocks Bl, B2 are inserted in the forward path

30 contributing to a higher loop gain at low frequencies.
There is not any high power filtering applied to the
system but the load, preferably an electro-dynamic
transducer, will act as an inductive load obtaining some
filtering of the PWM signal. Thereby the output filter

35 can be eliminated and efficiency increased. Each power
stage 20, 21 can comprise one or a plurality of half-

bridges, and preferably comprise a single half-bridge.



plurality active high pass filters. Fig. 7 gives an exanple of the active
synchroni zation block 15 in fig 6, inplenented as two active high pass
filters 1Wp 0¥P550@ne high pass filter 16 20 suns a first hipgh/ipexes4fa | tered
COM nodul ator signal at node 18 to a second COM nodul at or signal at node
19 and thereby synchronizes the second COM nodul ator with the first. The
opti mal synchronization wll be obtained i§g also a second high pass filter
17 suns a high pass 25 filtered second nodul ator signal at node 19 to the
first nodul ator sifnalomdn rase ]gﬂaer ponethe e o ST e wh e ERAW? COM

modul at ors, )éB%lr nized,ac é’gétjde £2 t%&eléﬁy@ngélona i showyin Fig. 8.

Two | ag- bl ocks 2 are ins forward path 30 contrlbutlng to a

hi gher | oop gdirecueniayy 3% expmeretgst e het Pz ndt atgP High “ovRPEE i | tering
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PWM si gnal 2 Tt@%ﬁ%h(—?lﬁﬁﬁwnq i3 e B Bt tf"nja?réd dha ST ency
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al f- bridges efera (i bri dge. WO 03/ 055060
PCT/ | BO2/ 05412 %Cﬁg‘ﬁtel%e"ﬁq_r% gar n olgH%he sys?&elén%fll n FI? 8 is shown in
?ngHg X?esgést emTise dﬂsssigaedotimuia Bwi a chi ger¢nietpbntyl oYe hpBfbxi mat el y
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phase is -180 controlled oscillation., The system

shown in E0g-.ré&seudline %@pﬁ%l@o‘?h%uﬁﬁ%?%s@?cﬁ‘gl%%’r%% %]ﬂﬂalﬂjr@?o?t Bh*
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PWM signal with high_ frequenc ectr te
those of the NBB@“n%d@%%?‘g%?PB%?]zp?lW%gf%vﬁﬁa%ﬁﬁ SiiSticsidR.1esemling

If the modulators in the system shown in Fig. 9 are

completely synchronized, there will be a differential

15 output of zero magnitude at idle. This is caused by the
signal at idle on one terminal 22 of the load is egual to
the signal on the other terminal 23 of the load obtaining
a differential signal of zero magnitude.

The synchronization can be obtained by

20 synchronization means as shown in fig 5, as a
synchronization network comprising an R, C or RC circuit.
The R, C or RC circuit being connected to the comparator
in the forward path. The synchronization can also be
obtained as in fig 6 and 7, as an active network

25 comprising high pass active filter networks.

Furthermore the modulation depth can be controlled
by limiting the amplitude of the input signal at the
input signal node 24, achieving lower ripple currents.

Fig. 10 shows an SCOM according to the invention

30 implemented in multilevel PWM comprising a PSCPWM
modulator structure and a MECC(N,M) control system where
N,M are integers. MECC(N,M) is described in the
applicant’s international patent application
PCT/DK97/00497, hereby incorporated by reference. The

35 system comprises one or a plurality of feedback paths and
low pass filtering of the output PWM signal 25, 26. With
the SCOM system comprising a PSCPWM modulator it is



efficient nodul ati on conpared to nodul ation topologies wth a differential
two | evel PWM output signal. If the nodulators in the system shown in Fig.
9 are cowploaigdogo synchroni zed, there will be a differentiPall/IB&/@utput of
zero magnitude at idle. This is caused by the signal at idle on one
termnal 22 of the load is equal to the signal on the other term nal 23 of
the load obtaining a differential signal of zero nagnitude. The

synchroni zati on can be obtained by 20 synchronization nmeans as shown in
fig 5, as a owdhiloke zat i drtast workukohpreeshg(BerR ti@prtwe keYelft. The
R, C or RC circui i g#_oém%pz; t.on O af AL udict heofmemanddgat h.
The synchroni zngﬁ%lngg%lﬂ' so be @g}ét‘gﬁlﬁugs in fjifg % and§r7, as an active

network 25 corfsfiReRRPEF PP paRe ERVe fF3tRrPREto? kIS #irthernore the
nodul ation depidinsansde coatseld eghubyl iy df ngal heban@yésuder ofathe input
signal at the input signal_node 24, achieving |lower ripple curre _Fig.
10 shows aR SCR?\W%EC%‘? A To 1heSPIRENT TN~ &?%T%ﬁan@%% %% %m?‘é??‘evel
PWM conpri si ngowi RECPVIutpatd at or 1 stpoes Livke and. abMEOT( A, Mleontevelsyst em
where N Mare,integers. M N S i bed | i '

i nt er nati onal B%?]%%?tekéab%l ?%%%%Mﬁcﬁ %ﬁg%%ﬁgggﬁﬂﬁ%?g%yﬁ?%o?%%érlgttgreudjyby

ref erence. Thec@bnsysthede conppdsestonen okha ehiparity of feedback paths and

low pass filtering of the outpgt B-signal 28, iR6eqd¥f NocbienSEMasY¥sEEM
conprising a PSCPWM nodutator 1t 1s WD 03/ 055060 P 41| B02/ 05412 9 ggim bl e
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frequency of the wanted idle switching frequency. The
synchronization means can be any one of those described
15 above.
In Fig. 12, N (where N is an integer) COM modulators
are synchronized by their common COM signals. The common
COM synchronization signal can be any signal shape with
the frequency of the wanted idle switching frequency. The
20 synchronization means can be any one of those described
above.
The SCOM modulator can be implemented in any given
AC-AC, DC-DC, AC-DC or DC-AC power conversion system, in
particular a high precision DC-AC audio power conversion
25 | system where the power stage elements operates in either

“on” or "off"” state.



bridge structure it is possible toobtain_a multi-level (nore than two

| evel s) nodul ator, w thout high frequency conmon node conponents on the
out put. Iwofi@ssbé) N (where N is an integer) SCOM nodul at ®C3/IBA05Are
synchroni zed by an additional synchronization signal. This synchronization
signal can be any signal shape but preferably triangular, square or
sinusoidal with a frequency of the wantedgidle swtching frequency. The
synchroni zati on neans can be any one of those described 15 above. In Fig.
12, N (where N is an integer) COM nodul &LéA&S are synchroni zed by their
comon COM signals. The common COM synchroni zation signal can be any

signal shape with the frequency of the wante |d| e swi_.tching frequency.
The 20 synchroni zatli-on Ae&YRLEPHE Sy B %ﬁoﬁgd above. The

SCOM nmodul at oA fHeor rrmc@r@mt@dqg Ne@Meghty &he A@m&ommSmmmn

DC- AC power conversion syste articul ar. a high cjsio A dio
power convérsﬂf&ﬂﬁiuﬁ? ésmvah r'e a[rhcg %@T srfjazgln%lq%err%lr;] st%peé:a'ltj'gzs %1535“
either "on" Qion:rm‘d‘tecsttaj esa D @3 GeSD6tRET/ | BO2/ 05412 10 CLAIMS 1. A
synchroni zed controlled oscillation nodulator, conprising at |east one

controlled oscillation 5 nodul ator (5; 10 and synchroni zing nmeans (1, 6;
12; 15) connected 2.0. FainbddO¥tasdHeR ling o diltatior ISR Hi;hefo

cIa|n11 wher ei H?& Q0 24 NELHBANSe £ AP SES1 Pi: DS 1o DN si gna
10 generator (ﬁ%égg% jn[gé]lator accordlng to claim1, synchronized by

anot her STOM rarhf=Z&te?T cobprising any oscillating nodulator signal with
the frequency of the wanted idle

3. A modulator according to claim 1, synchronized
by another SCOM modulator comprising any oscillating
modulator signal with the frequency of the wanted idle

15 switching frequency.

4. A modulator according to claim 1, comprising a
second COM modulator (11), said synchronizing means being
20 connected between forward paths of said COM modulators
(10, 11) and arranged to synchronize the COM modulators

(10, 11) with each other.

5. A modulator according to claim 3 or 4, wherein
25 said synchronization means comprise a circuit consisting

of R, RC or C components.

6. A modulator according to claim 5, wherein saild
synchronizing means comprise:
30 a first and a second series resistances (Ra, Rs),
a parallel resistor (Rosc), and
a parallel capacitor (Cogsc) .
wherein said first series resistance is connected to
a first end of the parallel capacitor and parallel
35 resistor, and said second series resistance is connected
to a second end of the parallel capacitor and parallel

resistor, and



15 switching frequency. 4. A nodul ator according to claim1, conprising a
second COM nodul ator (11), said synchronizing neans being 20 connected
bet ween fwowafssop@t hs of said COM nodul ators (10, 11) andPamriBogyesdiz o
synchroni ze the COM nodul ators (10, 11) with each other. 5. A nodul ator
according to claim3 or 4, wherein 25 said synchronization neans conprise
a circuit consisting of R RC or C conpongnts. 6. A nodul ator according to
claimb5, wherein said synchronizing neans conprise: 30 a first and a
second series resistharedn ERAJ BB st andarsgicosid reeiissor (REEICeATTF
paral | el Capa%'oﬁq?kc(t%%tt) o Wherel sl df idiet Renies rasistenceds
connected to a'first enc?(?f the parallel capacitor and parallel 35

resi stor, andmssivdadedor®sRadtds’alesi stance is connected to a second end
of the parallel capacitor and parallel resistor, and WO 03/ 055060

PCT/ 1 B02/ 05412 11 wherein said first and.second ser.ies, resistapces .are
connected Po a conpar at ér MAFURE FoART F 5’t9h%& Cé‘z?@'ﬁ] m?gfuﬁdt g;r}le%selq{
respectively. ifi sAradtdrai-art iaoc oretinmeg (165 )clcinpi3i s oy adiered n

sai d- synchroni zat i an- neans, (1 C IS GtV i j erably

i ncludi ng at 1€dst*ore pri-'feg%‘(rp‘—’lassY %deﬁ%ﬁ%ﬁ.l%%ﬂ%%égc%%i ng to
claim1l, exterfddddyy. an additional SCOM nodul ator driven in a full-bridge
configuration to achieve a three-level pulse output. 9. A nodul ator
according to claim8, inplenented 15 in a PSCPWM system w thout. common
mode hi ghlfrequencyt- spdetieduledifty iFsiRqreHES +Q e a1t de I%n%?ﬂ%iﬁ.

an additional SCOM modulator driven in a full-bridge

configuration to achieve a three-level pulse output.

9. A modulator according to claim 8, implemented
15 in a PSCPWM system, without common mode high frequency

spectral contributions in the three level output.

10. A modulator according to any of the preceding
20 claims, implemented in a multi-loop MECC (N, M) control
system for enhanced noise suppression, where N and M are
integers representing the number of local and global
control loops respectively.
11. A modulator according to claim 1, comprising N
25 (COM modulators synchronized by an additional
synchronization signal or by a common COM signal of said

COM modulators.

12. A modulator according to any of the preceding
30 claims, further comprising limiter means to control the

PWM modulation depth.

13. A modulator according to any of the preceding
claims implemented in a general power conversion system,

35 in particular in DC-AC audio power conversion systems.



10. A nodul ator according to any of the preceding 20 clains, inplenented
inamlti-loop MECC(N,M control system for enhanced noi se suppression,
where N awo o¥os3060 | nt egers representing the nunber of | oealr/mBebSgi20bal
control |oops respectively. 11. A nodul ator according to claim1,
conprising N 25 COM nodul ators synchroni zed by an additi onal
synchroni zation signal or by a common COWsignal of said COM nodul ators.
12. A nodul ator according to any of the preceding 30 clainms, further
conprising |inter 1meand todudatoa ackerdPWy froda@nat iadn tdep ity ecegiing
modul ator “accondi;ng, t 9, A0y (Of 41 PLecedidi il d TiamRAled. iTba
general power ¢conversion system 35 1n particualar in DC AC audi o power
conver si on systierst 0 03/ 055060 PCT/|1B02/ 05412 12 14. A nodul ator
according to any of the preceding clainms, used to drive an el ectrodynan c
transducer load directly. 5 15. A nodul at.or accordi ng tq any_ of O{hﬁa
precedi ng Scl ai ms, $ai dACOMIIRHF GFL Mty aﬁlycé%p ft 65" T pGher
anpl i fication gtages, and @ qmrgaidae feadhamioricomg adaptreshtat @chi @ve
condi tions forpo%roenl;[ ra?rlqalleidfiocsactl:'Llolnats!toange,atan% Ry %deeéﬁm@egeé&%nfdop 10

adapted to achieve conditions for controlled oscillation

at a predetermined frequency.
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