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MODULATOR Technical field This invention relates to a self-oscillating

. modul at oWO 03/65/860 si ng a conparator and a_power 5 anplifi ceatTnBuiesage for
pul se wi dt h nodul ati on, and higher order oscillating |oops conprising first
feedback neans and first forward neans securing stable 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 rENCRONIZEDcCONBRELIERt CBHEHLATHPN HMOMYISMTEIR a

nodul ator. The invention may advantageously be used for inproved power
conversion in any system in particular 15 precision DC AC conversion
systens such as high efficiency audio anplification. Technical background
The pul se wi dth nodwatons ks areengral el ement of 20 any power conversion
system Mst switchiTigpowerconverters are based_on Pul se Wdth Mdul ation
(PW) as neans to cCHREF ol NeERFEPBNEELBRGEr SP0A 5%&?%%3% or AC).

A typical powerns@nveEde; a@atpwgmgeaacemyh%éte@d%@t QF pcwes t chi ng power
conversion stage, a filter and a control _system pri art systemof this

;
type is de§cr|W}@%%eﬁ¥a9%foﬁ7ﬁﬁé% Hﬁétﬁy“mdu%&tt%d 3 Jour nal
of the AES, Novpidi8s. o:pde184as§§31at@m%vebopev\ybm@&asa.rfgarme:sﬁ S £ ngs

al so well known to th % i nl ue to the 1nple &} i on of t he,
carrier gener dtFHH° stHFRY t 5OF TR éy@F@ﬁFbﬁﬁﬂﬁF gﬁﬁi Yt
design. Al so, a-&idbtromeid robust control systemdesign is d| ff| cult.

The invention alsc 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 basgsed 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. 1383. p. 842-853. However, PWM
has a range of shortcomings also well known to the art,
30 mainly due to the implementaticn c¢f the carrier
generation. This limits the system bandwidth and
complicates design. Also, a stable and robust contreol
system design is difficult.
In order to overcome these drawbacks, a contreolled
35 oscillating modulator (COM) was introduced in the



in order to overcone these drawbacks, a controlled 35 oscillating rpydyghabey
(COM was introduced in the 20 JUN 2006 WO 03/ 055060 PCT/|B02/ 05412 2

appl|cantV¢q6iM#a%@atlonal patent application PCT/DK97/004$ETHEB§WQE§CIosed
nodul at or mhates the need of a carrier generator, with a range of

advant ages, described in detail in said docunent. 5 A problemwth this
technique is that it can only synthesize sgﬁndard two | evel nodul ation -
hence gi ving disadvantages concerning the ficiency of the anplifier.

Anot her problenappl5eantnsnuhtEx@hQa@@hlsp&t%m& 1dﬁtiﬁmtl channel audio

anplifiers, the 0 to s wil e .oscil thﬂ freguency
vari ati ons, Fgﬁygkbq @Qgéé QFlgnnﬁFgéﬁgi HPLaFstorti on
conmponent s mnthmaeﬁhefaadcarbaadwgémhragomn|mutham:rangenmfcmdsanth99912|ng

an oscillatingT%gggl§£8d 9 d%@a?itﬁkn% 1%'%%% ﬁb [ven in US patent no. US

6, 297, 693. 15 IS"prror art systémcan onI Ise a samtooth or a
triangul ar $i gnal shapplablsmnwhthnmha8|mﬂcQMQQMe i ithaatingeaossnbylities

to use COM modulat 598?‘Eﬁaﬁ8ar§yfﬁ%pggg%§t ‘m%’éi@a%’l Py 1&‘%(:54? %P{[]Jgn%o 20

system can only sync%ronlze a nodu to an externa
hi gher conpl exi dysafieantapkensancrgrancesber sdlf iclisuicy gmﬁetﬂm oamplbfier.

multil evel systens s I d;to e bed
in applicants |ntern§§?8ﬁgf Bg%?@%?‘&% %gaﬁﬁoﬁ“@%%P%¥§§¥§%§§§§é@éﬁg ?ﬁégt
har noni ¢ of 25 @fﬁem‘éétil@hané?»eﬂloﬁuéﬁé’séﬁlplatflﬁﬁ@fomhﬁltos%m'bl%%l@lngl

nmodul ator €an theseby Bk Q@lwsﬁﬁvecbh%ﬁﬁiaﬁﬁckh%féﬁﬁﬂﬂdf"bé?f&%ﬁbﬂ§|y, an

obj ect of the |nvent|on is to 30 provide._a superior. nodul ation technique in
switching powethESRVEESE oR2EFS éﬁﬁematiuéﬁéﬂ@@n@qu&w&aﬁmrﬁ%ﬂhng

distortion components within the audic bandwidth. A prior
art system for synchronizing an oscillating modulator to
an external clock is given in US patent no. US 6,297,683.
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 modulatoer to an external clock leading to
20 higher complexity when implementing an external clock
generator.
In multilevel systems such as, but not limited to
PSCPWM systems (as described in applicants internaticnal
patent application PCT/DKS98/00132), the first harmonic of
25 the carrier is not present at the cutput, and said COM

modulator can thereby not be used.

Objects of the invention

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

problems related to conventional technigues.

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. Sunmary of the inventi Ofb 2006
These objects are achieved by a novel synchronized controlled oscillating
nodul at or W@XAdsoef the type 20 JUN 2006 WO 03/ 055060 PCT/ IrBQ2ABODdL22 3
menti oned above, having synchroni zi ng means connected to said COM

nodul ator. The invention provides significant advantages in perfornmance,

t opol ogi cal sinplification, inproved 5 robustness, stability and efficiency
conpared to prior art. The invention provides synchronizati on between a
signal source amlnaicsnﬁgl ebCOW|, mhdwiagosyochaopliwialg myearnd COMhevded ator s
and a signal sourcge Shu F‘B&ﬁggt? 10 plurality of COM nodul ators in order to
overcome prior ~art problenms re ated to COM nodul at ors bei ng

desynchroni zed. The DI Abdaraieonsreavidespeisaifciasge stvankaens in

Teasurement moapersapfaheedbackorL8:the syRphienatian ¥2a use an

external source as sync where the external source can
preferably But ﬁ@buﬁ@é@ggar BEpbheisvt ﬁmngéﬁfamen@ﬁwpweél T S it
signal . Alternaijyely, the nodul ator conprises several COM 20 nodul ators,
and the synchroni zing neans are arranged between the COM systens, so t hat
the oscillation nodbiatsRVERGAGH P§°H§Q§Sa§y§fﬁélﬂfﬁrﬁaztdtqrbrp%ti‘gﬁ%m 21n

this case, the S(Mai ssutecCcanhi Bes Wﬁlédl‘@m aeeR 1eft diher O 1esdmolpgy
wi th the advant ages_of i-level P Acco dln to th| enbodi nment, pul se
nodul ation in %gn(é?lﬂl m‘ga’v\i?t%ﬁvépgl S‘ns%?@fié Y42 =i npl ement s
mul tiple | avel pubsel fodubat edusingdallatorbenge oxfi%ﬂ:uﬁjcﬂg:\kehﬁ:cﬁmé potior
sw tching noi se, ener oy, 20d.eniRNCLAY: o com modulators being

desynchronized.

The COM modulators can comprise voltage or current

measurement means, and fsedback.

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 poseibilities 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 rm%hg%gi
according to the invention is very suitable in all types of precision N
conver si onw@@3,/d4dbk2006 WO 03/ 055060 PCT/ |1 B02/ 05412 4 appliﬁ@ﬁhﬁﬁﬁ&ﬁ§ audi o
anplification and notor or electrodynam c transducer drive applications.
The SCOM can advant ageously be used in precision voltage or current
controll ed DC-AC conversion as e.g. 5 power anplifiers for audio use. The
-power anplification stage can conprise an 6utput filter, and the second

f eedback means J¢an ithan hes £LONNESI Sk 8N o4t Puh bhAMeRILE eutput filter.
This permts a first filtering of the voltage before it is fed 10 back in
the feedback p&UECTHAEMAEE T PARSGRT tFHel ¥R aHPRYICPESPEEred enbodi ment s
of the present 'nVer’I‘Hé)rBGV@I\II|caz§)eacfl"\b'éﬁ$&:|§:ec§l@§3§!19§du‘sgdt he Leklawirg, wth
reference to 15_the appended drawings. Fig. 1 illustrates a prior art

control led os@ONRIHFPITHILRD: PRSP BIFYNERe FEBYBEERON Rifge 8-

illustratessa @fcjw@rr ainfplciomnided | £sh- osedid atde@g nodul ation system conpri si ng

current 20 feedbac }553%873illé$t{ates,a bl ock di agram of ,a nodul at or

according to a first Tt Lt HER TRt T 39S BRY. CATPFIESt A&t &3 R ek

di agram of a 3-fliavelr, raxdultieorseacsod diagibhacla seanpdcanbadenehi of the 25

invention. Fig. 5 illustrates a hardware inplementation_of the ,

Gynehr oni zat | R RESREEL R o5 e o R e BbP ot atkar, s

enbodi nent of teemiitreventiiomet of i bicerimy syhictienreat age ok OO rid ulsatfeds.
10 back in the feedback path.

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
ogcillating modulation system comprising current

20 feedback.

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

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

25 invention.

Fig. 5 illustrates a hardware implementation of the
gsynchronization 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 cf the active
gsynchronization in fig 6.

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

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



30 Fig. 7 illustrates an inplenentation of the active synchronizati %J'iﬂgm%
fig G Fig. 8 illustrates a power conversion systemwith two COM _

modul at or swoeymsshéoni zed according to the invention. 35 Fipg19Eehhisss r at es
the open |l oop gain of the system in Fig. 8 20 JUN 2006 WD 03/ 055060
PCT/1B02/ 05412 5 Fig. 10 illustrates an inplenentation of a synchronization
according to the invention in a PSCPWM nodgl ator structure. Fig. 11
illustrates a plurality of N (where Nis an 5 integer) COM nodul ators
synchroni zed by an addj.tiionalllsymcdtoni zatigrl ehgnabtibngofld illustrates a

plurality of N (where N.is an integer dul at ors.synchrgni y their
Comon COM s GHATE=CRY T T i A D o0t TRESBEAPE: Aed oot ont <
In the foll ow mpdidtaaidredstdascruyd i on of the preferred enbodi nents, the COM
nodul at ors can be Val.tag [ [ | | at fig 1) as
described in 15 thgIl 'plelllcan %%%\%er%%i%%‘g‘{é%%fgﬁggagp%@g feogq ¥s aH
PCT/ DK97/ 00897 ignt e@zr)eifOMComdwl 4 teek Osei ¢ latdmyzefibbivl atorslditiigpn2)l as

described in t Canhs: Syvedi pat ent application with application no.
0003342- 3, bot %%’nﬁ%&ér&lgbr%%r%oy por agi%gbdl by reference. 20 A power conversion
syst em conpri si ng aFisdulla orllugterteeng Rl wrdl ity pEeNerwbgrenbodienent of
the invention jig oW doy iy Re SYstEM.COIPEI 89S tBeiROWRIMRHAGEM2, A
cont rol systenﬁwﬁth a feedbacklﬁlock 3 "and a formardﬁblogﬁ 4. The power
stage 2 can cofpersds. |

10
Detailed description of the preferred embodiments

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

15 the applicant’s international patent application
PCT/DKS7/00497 or Current Controlied 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
cscillating signal generator block, is connected to a

30 synchronization block 6 in the modulator 5.

The synchrcnization of the modulatcr 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 cother oscillating signal with

v A



25 one or a plurality of half-bridges, preferably a full- bridge CO”BBH?NQQM
two hal f-bridges. The feedback block and the forward bl ock constitute an
oscil | ati ngomwodsdoas or 5. An external signal source 1, al sopdphsfaigfi,t0 as
an oscillating signal generator block, is connected to a 30 sync ronlzatlon
block 6 in the nodul ator 5. The synchronlzatlon of the nmodulator 5 is
obt ai ned by adding the Dec Signal fron1the6§ource 1 to the nodulating
signal. The synchroni zati on signal can be ased on a voltage signal or a

current signal gependiffedsyonrt et MBﬁt@H redel akare dhaald agehased f&@dback
or current based feedback). The Deg naI an be_a sinusaqidal a
any ot her osci |}aty$g sf@ﬁaﬁyﬂFPHOPFZ?G J@Nléoﬁ@dWé §FDQ§G§BEﬁEW§(%ﬁ?/05412

6 the frequenqylgﬁalh@fmanéedsbdgggﬁa&tgbnegatﬁ@@pengyﬂanﬂ is used for
synchroni zi ng sai d @gdulator mnt? g W% %I6%f e Csc i gna
generating biock 1. ‘A S8t9Hd Bré 5FF8 & 883W§ﬁt TS %ﬁPl%S 5
shown in fig 4ghaherent fbgCOM, meterat ows TOM ﬂrﬂ:c“alrlatcs;mcﬂm onizegk-dby one
synchroni zi ng SI thé gég Bgygghr néﬁrbﬁgggk #%?alxggéh the

synchronlzatlon S|gna]i1:L ase Oor a current
si gnal depenmlﬂwmmhrmalzgpeonfbhodhlaﬁorAgamhLagQEbwyarhMbﬁxﬁaﬁmmm or

current based f £Tkéa ng @&BeSK%% dUE?EQ@ %r%.s' c%ﬂé IIate at

al nost the sane # equency, a varla ion the guency can
be elimnated byig @?pehdéngzanlbhenéﬁpg Oi5ﬁB¢Uﬂm§qnuaYﬂlﬁaﬂﬁ(h@#ed

2 load 13'7s SumRlRd e T e an 2 L evar Bt adul ator 10 1t o O
The two COM modulators are designed to 050111ate at

almost the same frequency, but a variation in the
switching fregquency 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 ig supplied with its own 2-level COM modulatcr 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 audic 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 gignal 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 resistances éA, RB connected to each end of a parallel
circuit consisting of a resistor ROSC and a capacitor
CosC.



whi ch each are synchroni zed. The first harnonic of the carrier wll ggﬂjly
be 20 elimnated across the load. The input signal is inverted by aft 006
i nverter 1¥WQe¥EEHONg the second COM 11, in order to be ablreTiiBon®E a
differential audio signal on the output. The spectral characteristics
resenbl e those of the NBDD nodul ati on. The NBDD can be seen from "Audi o 25
power anplifier techniques with energy efficient power conversion", Ph.D
Thesis by Karsten N el sen. The use of said 3-1evel nodul ation can

advant ageousl y be usegf e digeviofg thipursewiodulatscal I ramsticede det gnblly

wi t hout any out ein f dohe S ' rrent
| osses in %/he ?rans u%:ieﬁt 6%5% ar eg%@lu wéﬁﬁl Qj\}%{c ré%u?%%?%@k n'g?gggx%ﬁgm an
exanpl e of a rebbi zacidnasck ﬁhethsymdﬁaﬁnsmakirﬁﬁ@ﬁﬁﬁmﬂ&i@sgmahnd 4. The
synchroni zati ong OBAAS 3T ggx e RiRd o a;?l'dlﬁéizﬁ}pfof"@oﬁ%éﬁélééors

resi stances FA, RB conn ach end of "a para clircult consisting
of a resistdr REBC BRd sarn@@ga%ilﬁ@ﬁ hposddizy FUNTODE ampbiYedsosbonal

PCT/ 1 B02/ 05412 %1tﬁ>’thﬁef&'~%%_u%fncﬁh %%%Wéﬁtaeé@éieaf@é U stgnalchs
added to the COM nodul ator _florcing the COM nodul ator to OSCI| ate at the

added smal | anpPft §8E€ FPgHdRtEEequency. Thereby one or a plurality of COM

nodul ators 5 can be @ﬁ@c%qlﬁie%e@fb)&h%d%@gs%aﬁmﬂé 2P| dd pisle: sbBdatanWhth
t he frequency of the wanted |d%§ eagenc to each of th nD ul ators. The
p&&tors

val ues of the re8FsraARES L¥d b $E inyed dr i BREVERT | ed
person in adradevehl b@bﬂe%@’nch(iohﬁwalﬁgogpthdléwrmz@I@tﬁl angh aehcbavi ng

to influence eLtphgr, of -the Mdu3LoLs"eda Rldry.

A further preferred embodiment of the invention is
shown in Fig. 6 and i1llustrates an active synchronization
gystem 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 bleock 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 medulator signal at
node 18 to a second COM modulator signal at node 12 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, BZ 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 lcad, preferably an electro-dynamic
transducer, will act as an inductive lecad 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.



A further preferred enbodi nent of the inventionis shown in Fig. 6 %@g'V 0
illustrates an active synchronization systemfor obtaining synchroni o6
of COM nodwibaz@ssuse 15 The active synchroni zation bl ock 15 cpppfizghsspne or a
plurality active high pass filters. Fig. 7 gives an exanple of the active
synchroni zation block 15 in fig 6, inplemented as two active high pass
filters 16, 17. One high pass filter 16 20 guns a first high pass filtered
COM nodul ator signal at node 18 to a second COM nodul at or signal at node 19

and thereby SynChrQﬂhéeépéﬁel§§§Oﬁglﬁxﬁ$ﬂnghéab9%tﬁhtﬁnt@%g'“9“%3 e
opti mal synchronlzatlon wll be obtained. if ao a second high pass filter

17 sums a hi gh padsDs ?rl?%?eﬁy%%%%nﬂsnﬁﬂﬁFﬁPﬁ £Pgnal ¥t Y 99 to the
first nodul at @reghghedy abf N@gerdLi mA @DWes 2 ERAYET aitoB2sksizeha tdhdro COM

nodul ators, synchroni zed, accordi ng.to_t | nyention, sho in Fig

Two | ag- bl ocks “BFP BF 4t e*?n e¢€ %g?na?hgh?k &5?8“58?% g %gﬁQMﬂqrmfﬁ% a
hi gher |oopsga@égﬁeésmvébeqﬂ@ﬂ@gea codtesel ed netlamytﬁbgh owsersyfdddrer i ng
applied to the C§§ten1 t th el ectro-dynani.c

refer
transducer, et e %glngu%% oﬁﬁpﬁgf ﬁuggﬁgssﬁl I 9 he
melsignal. Thetm%woﬂﬂmanmu@pﬂhlmltmer335kﬁanbaadwhdnhnated and efficiency

i ncreased. Each po S a _pl i of half-
bri dges, and prefemg@?y cggg?%se sfng F%fg gﬁlQEZg ﬁﬁNeéodg ‘
03/ 055060 PCT/ E8@@{a0b44t8 hihk fﬁp@@um@p gaeﬂtra& chergyttemhsitrid:a‘ g. 8is

shown in H e ] I
apprOX|nat% y %ﬁgﬁ%géf%§é3§% %Eq§ eggﬁgﬂéﬁ?oggagg%gngg8b§§§%ﬂ a%a?%%fe

frequency the gfdseient 18odel deppresompprafntagmadesntion s@resladiss i on.
The system with a differential two level PWM output signal.

If the modulators in the system shown in Fig. ¢ 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 locad is equal to
the signal on the cther terminal 23 of the load obtaining
a differential signal of zero magnitude.

The synchronization can be obtained by

20 egynchronization 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 contrelled
by limiting the amplitude of the input signal at the
input signal node 24, achieving lower ripple currents.

Fig. 10 shows an SCOM accerding 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/DKE7/00457, hereby incorporated by reference. The

35 system comprises cne 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



shown in Fig. 8 will. be capable of suppressing noise and distorti \C/’@'MNU%Q
t he 325kHz bandwi dth. The systemoutput is a differential 3-1evel

si gnal w W® $/¢R060r equency spectral characteristics 10 resechiBomossizose of

t he NBDD nodul ati on obtaining a nore efficient nodul ation conpared to

nmodul ation topologies wth a differential two | evel PWM output signal. If
the nodul ators in the systemshown in Fig. § are conpletely synchronized,
there will be a differential 15 output of zero magnitude at idle. This is

caused by the pesghhleatoi dbsasn snauiléinlgyiel2Amsfre didrpaddvd slewbs) t o
the signal on {hg,eLhet tEE@‘f@%b%% Qf thBg! %ﬁ%ho%aécﬁié}ﬂzy acc%ﬁcﬁz?rrgé?&é al

signal of zero magnitudé synchroni zati on C¢an be obtai'ned E?Yn
synchr oni zat i OPCHRARSTNES §ﬁoﬁhe| ﬁu’FP@tS Eggha Posiatc irt@dez ad T ok fhet wor k

conprising an aam]_grﬁ?ﬁegcoﬁér BYi | IEBﬁlBtyCoQV HBG fCiGldde Dei g £onpected to
ath
the conparator i'n the forward ga The Synchroni_zati on. can al so be

obt ai ned a8 i rPPPYGT65BAEE727as? CQ@PFQ‘EeﬁeF\M@r pedd -bgiisiaas gt i# ghtibhss

active filter petagekstrubdi-her aoLe bBQsﬂB@bﬂ ald gbtdapt b Gﬁﬂtbﬁ—lfé?&’él ol led
by limting th heln
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frequency of the wanted idle switching frequency. The
synchronization means can be any cone 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 freguency. The
20 sgynchronization 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.



9 possible to obtain a nulti-level (nore than two |evels) nodul at of, un 2006
preferably w thout high frequency common node conponents on the out put.
Each power stage 27, 28 conprises one or a plurality of half-bridges. If
each 5 power stage 27, 28 conprises two half-bridges in a full- bridge
structure it is possible to obtain a nulti-level (nore than two |evels)
nodul at or, w thout high frequency common fpde conponents on the output. In
fig 11, N (where Nis an integer) SCOM nodul ators 10 are synchroni zed by an
addi tional synchronization signal. Thi sCE}iEEroni zation signal can be any
signal shape but preferably triangular, square or sinusoidal with a
frequency of the wanted idle switching frequency. The synchronization neans
can be any one of those desgn¢hedniisdaponerclael gscidlaMifomhere N is an

i nteger) COM I chr,oni zed by their common COM signals. The
common CImﬂsgﬁ% rgégégfigéﬁg?%%gﬁécan be any signal shape with the
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state. 29 JUN 2006 10 CLAIMS 1. A synchroni zed controlled oscillation

nodul at or, corff?P?%}heCBSat 2P€ast one control | ed oscillation nodul ator (COW

(5; 10) hawing a poweicistagez{zy @88nbi gher eorder, 1@3Ciddratddi@:d 0OPSsaid
conpri si ng a'fééﬁtmé g g98¥ bl ock (3)

2. A modulatcr according to claim 1, wherein the
synchronizing means comprises an oscillation signal

15 generatoxr {(1).

3. A modulatcr according to claim 1, synchronized
by another synchronized controlled oscillation modulator
comprising any oscillating modulator signal with the

20 frequency of the wanted idle switching freguency.

4. A modulator according to claim 1, comprising a
second COM modulator (11}, said synchronizing means being
connected between forward paths of said COM modulators

25 (10, 11) and arranged tc synchronize the COM modulators
(10, 11) with each other.

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

30 of R, RC or C components.

6. A modulator according to claim 5, wherein said
synchronizing means comprise:
a first and a second series resistances (Ra, Rg),
35 a parallel resistor (Rose), and
a parallel capacitor ({Cosc).

wherein said first series resgsistance is connected to



and a first forward block (4) securing stable oscillating COﬂdItIOQ§dUﬁQam
10 synchronizing neans (1, 6; 12;:-15) connected to said COM nodul ator.
nodul at or according to claim1, wher ei n t he synchroni zi ng neans conprlses
an oscillation signal 15 generator (1). 3. A nodulator according to claim1,
synchroni zed by another synchronized controlled oscillation nodul ator
conprising any oscillating nodul ator signa*lmﬁth the 20 frequency of the
wanted idle switching frequency. 4. A nodul ator according to claim1,
conprising a §E£ﬂm§tCﬁﬁﬁn@ﬂuthéQpaféllelsaaﬁasynohramkzmﬁgxﬁEBﬂB bei ng
connect ed between, forward ators 25 (.20,

arranged to syrcHoriZze K %iiﬁn%%ﬁ?% o??rlfforefif iF?ﬂ%ﬁ§£a% A
nodul at or accardliangsdcond admd 3obrtde pheatlel sapdo&}tmhramd Zed ot 01 gfieans
conprise a CIFCUII consisting 30 of R, RC or C conmponents. 6. A nodul ator
according to %9 Mﬁ%?%in said synchronizing nmeans conprise: a first
and a secohd serl es;uheesa:st&sm ﬁi\tﬁst Fal)ld 86cangasaklieb resiistwEmddosoe ,

and a parall eI capagi t CS%)S&% 85:” ﬁatﬁﬁf kg%a?ﬁr F%schr Sﬂ sfance is

connected to end of ara capaci tor and

par al | el resnm&dulawwmiE&ﬂ&b@@t@@bYserles re5|stance is connected to a
second end of the parallel capacitor and parallel resistor, and 5 wherein
said first and second series resistances are connected to a conparator in
the forward path of7 eackH TasHilaioF 3e3peeingety. c¥aim Aogyl &t omhessdidi ng

to claimggor & ; ¢8h&ronization means (15) comprise an active
circuit, preferably including at least ocne high pass

filter.

B. A meodulator according to claim 1, extended by
15 an additional SCOM modulator driven in a full-bridge

configuration to achieve a three-level pulse ocutput.

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

20 spectral contributions in the three level output.

10. A modulator accerding to any ¢f the preceding
claims, implemented in a multi-loop MECC(N,M) control
system for enhanced ncise suppression, where N and M are

25 integers representing the number of local and global

control loops respectively.

11. A modulator according teo claim 1, comprising N
COM modulators synchronized by an additional
30 synchronizaticn signal or by a common COM gignal cof said
COM modulators.

12. A medulator according to any of the preceding
claims, further comprising limiter means to centrel the

35 PWM modulation depth.



10 said synchronization means (15) conprise.an active circuit, prefepghhyoos
including at | east one high pass fifter. 8. A nodul ator accordl ng to claim
1, extended by 15 an additional SCOM nodul ator driven in a full-bridge
tonfiguration to achieve a three-level pulse output. 9. A nodul ator
according to claim8, inplenented in a PSCPWM system w thout comon node
hi gh frequency 20 spectral contributions 45 the three level output. 10. A
nodul at or according to any of the preceding clainms, inplenented in a

nul ti-1oop MECC(N, Nj3.comt rntdaumnsdzemdmrctnﬁ@nm@danpi sE Shﬁplp&&ﬁe@ring\l\here N
and M are 25 ICSJE ers r resent%ng?t %Peﬁ WI oca naré ng obal control

| oops respecti 3 THut At Ac?o FgVefarm 1’ r%h é’[n 007
nodul at or s syrn(rhrgmntzie:dﬂtwr axnalﬁtdm@omdil@OpeyﬂrhconVEa’su@m aygrt&lmsnr by a
common COM signal of said COM nodul ators. 12. A nodul ator according to any
of the preceding clains, further conprising limter neans to control the
35 PWM nodstil ati on dept hA 20N 2RO d0rdB3rg A aoaloy apbr thecpreiceging any of
the preceding t g o] t in
part cular i n AL ali Boner Sonar orne oy o R £ Y SR Rl
accordi ng to amreagftltvhe preceding cl ains, used to drive an el ectrodynam c
transducer load directly. 15. A nodul ator according to any of the preceding

10 cl ains, said COM nodul at or conprising a conparator, a power anplification
st age, and a negat iWve f &edissiklatosp a%ﬁi%t@a@hﬁ’e@é EBRAPrEGRs ingr

control | edposciild@td 0z EOMrRISLEBEMbPChPBIHEASYa comparator, a
power amplification stage, and a negative feedback loop
adapted to achieve conditions for controlled oscillation

‘at a predetermined frequency.



