| 16 Nov 7005 APPARATUS FOR ELECTRI C TO ACOUSTI C CONVERSI ON Technical field
The present invention relates to an apparatus for electric to acoustic
conversion, conprising a nodulator, an anplifying swi tching stage and

el ectric-acoustic 5 conversion nmeans. The invention, may advantagF$Ha)%ﬂ?e
used for inproved power conversion in audioqreproduction. Technica
background Conventi onal audi o power conversion systens are 10 based on three
basi c el enents, a power supply generating DC voltage, an anplifier being
fed by the power supphyrarAaNUSaFSREBKECTRICt Transdousr IieioryrfBRS M h an
anplified audio signal fromthe anplifier. Such a prior art system is
illustrated in Figure 1. In prior art, both linear and 15 high efficiency
.swi tched power Tempinifdagr & javidl power supply sol utions are known. In general
the elenents in the.audi li f.i cat] chai e.consi t hree

di stinctly differengéwéﬁgﬁ%n & éﬁﬁﬁﬁggﬁﬁ%ép é@“%%éﬂs %ﬁegﬁﬁggéﬁﬁg 2?%
typically 20 cedmsthad e caliwss iandaurmmwsiors conpnpséngnt at hedudeftplet e
system converti ropy, <f 2: TR st 1 u exanpl e,
power anplifi eraglgéar gie elrﬂﬁo{gmfg%ﬁﬁeéfhf%? gl‘l veé%/%crllegﬁg %?8@%%? speakers
by audio 25 amenvEITSloramisase uldrs IR theakerys AAv_RNVagreus lvedesti ve
and reactive | fRRIANGH- GRANAGIRY dudSs ddletdfon aiPl bihep baprbaukandhe in
order to be a conpetitive and wuseful anplifier. Such design Criteria
significantly conplicates the anplifier design. Al so the | oudspeaker 30

driver is generaldnnidesi ghetkdropes driven by various types of anplifiers.
This flexibiliTy Wil T€éad to nore conplex inplenentation than actually
1 S B oS

needed. Mechani cal | oY G LT Systems are

10 based on three basic elements, a power supply generating

DC voltage, an amplifier being fed by the power supply,
and a speaker or transducer being fed with an amplified
audio signal from the amplifier. Such a prior art system
is illustrated in Figure 1. In prior art, both linear and

15 high efficiency switched power amplifiers and power
supply solutlions are known.

In general, the elements in the audio amplification
chain are considered as three digtinctly different
elements and designed as such. The elements are typically

20 connected by cables and connectors to implement the
complete system converting energy from mains to the
acoustic output.

As an example, power amplifiers are generally
designed to drive various types of speakers by audio

25 amplifier manufacturers. The speakers have various
resistive and reactive impedance characteristics that the
amplifier has to handle in order to be a competitive and
useful amplifier. Such design criteria significantly
complicates the amplifier design. Also the loudspeaker

30 driver is generally designed tec be driven by various
types of amplifiers. This flexibility will lead to a more
complex implementation than actually needed.

Mechanically, a general audio power conversion
system is implemented by three distinct mechanical

35 elements, i.e. that are connected by cable and



systemis inplenmented by three distinct mechanical 35 elenents, i.e. that
are connected by cable and 16 NOV 2005 2 connectors. Each nechani cal

el enent has its own nechanical structure to handl e heat devel opnment in the
system The cooling requirenents of class A and AB anplifierslpwh ghsare
common in the prior art anplifier 5 designs nmakes it necessary to separate
the conponents from each other, and especi zil ly fromthe transducer. A high
efficiency class D anplifier is therefore preferable in such designs. In

Pat ent U86243]f17c23rﬁia&%d.?é .ﬂtEQégt @dcaami:%n edzé&eh@ﬁqlﬁse@:&%' Jowh physi cal
integration of an.anplifjer _and_a transducer is shown. .The npst, restrictive
part Jof a O asSSBEAAGH ortFUCtHRE bt PAPCERI PEA Ve KTHTRC 1 19RdeiT o

i ncreased out putystiampedeneecobl ¢hgl eadeitempacsepthanddan@ aind kg 15

| oudspeaker, caqnpl-ex-and_ expensive_control syst due to _the 180-degree
phase | ag and talgrprlejb%/lepo?én lﬁ%\ﬂjygﬁﬁ g?rﬁlﬂ?ﬁ §/1 g?‘% t fre 10t aa}rtsy@s“%pglrﬁplegr
bandwi dth | bni tatsiignss bethes| ntt hecéssamy dt paskpafrattie thestaampanteiys t he

f eedback pa.th’fr%‘?ﬁ“ééél‘?aé&ﬂéi@s hﬂdtgga%&!t%ﬁ '%%H‘Q;lhfeo {A5Rhidan 20 and
i nternodul ation, 1 ncreased vol Une an I ght due to arge sl ze and heavy
filter conponemtiglarefpeakéngydaeass Daanpyhidetadisothatraf e Husliedable
renoved with potenhigl adsegkdown as a result, which also leads to the use
an effi.ciency conprom sing Zobel network. Al factors 25 |leading to a

non-ef ficient, costli Raiemy nd8s24htdyy (Fuhbl- Lntesgeaded somldtfdsie system

Prior art systemmddiddidern hovhpassaduiptbgbbbtienh Jm Hf deipitiriobt aldy a
danpi ng of the PWM h Lg;h frequenc%/, spectral conponents on the out put
termnal s and @ék”é# SR chBl B2°FRat woul d ot herwise |ead to high |evels of

EM (El ectro Magnetlte Imdet feeeoedtive part of a Class D amplifier is
the cutput filter. This filter leads to increased output
impedance which leads to poorer handling of the

15 loudspeaker, complex and expensive control systems due to
the 180-degree phase lag and thereby potentially un-
stability of the total system, bandwidth limitations both
in the forward path of the system and in the feedback
path, non-linearities in the filter leading to distortiocn

20 and intermodulatiocon, increased volume and weight due to
large size and heavy filter components and peaking due to
a high Q factor when the load is removed with potential
breakdown as a result, which also leads to the use an
efficiency compromising Zobhel network. All factors

25 leading to a non-efficient, costly, voluminous, heavy,
non-linear and non-stable system.

Prior art systems include a low pass cutput filter
in order to obtain damping of the PWM high frequency
spectral components on the output terminals and speaker

30 cables that would otherwise lead to high levels of EMI
(Electro Magnetic Interference).

Only wvery low power systems can cbtain allowable EMI
characterigtics from the speaker cables without
filtering. Such filter less class D amplification is

35 shown in US 6262632. However, the solution requires
complex signal processing, and does not mention physical

integration of amplifier and transducer,



Only very | ow power systens can obtain allowable EM characteristics from

t he speaker cables wthout filtering. Such filter less class D

anplification is 35 showm in US 6262632. However, the sol ution ﬁz i res

conpl ex signal processing, and does not nention physical integrat SrilB

anplifier and transducer. 16 NOV 2005 3 The | ow pass output filter has al so

been introduced in order to be able to reduge the power |osses in the

transducer contributed by the high frequency switching currents. This would

potentially cause ovErhehtwngasf thepBtt Eansduchbeswatlschibeskdowt msivred

result. The voige-cpilyif,antragiti ppalegliget EA=dyRE,C 1 ddAnsducend s

produced by conductorsrthat %ave diane%grs nugﬁ %arger than the penetration

depth of the cubFEREOREST  HRNEHIPERFAGDYr BhBehéyh FRPEUCEANs 396 tWhiew DC 10

resistance but @yhb&ie AC TI8SESHSNTE, pWRLARLIEMRYI 88uBIbvePesRS R dhehe

swi tching frequency. Furthernpre the magnetic structure of the transducer

is not optiéizé%??%#dWFQEIW%%ﬂu@ﬁ%@kéﬁwgeﬁﬁsaléﬁﬁP g-to severe high

frequency | osses in the vappett€iBt {iHchuteadibicrner all caudico BMplnifd cati on

e o R PR T R

Fundanent al | vy, ' i ned n="Cappla

dedi cati ng t he micdnresget echanntical bynandatbynnéapthi ki niecomutrhent at

el ectrical and chanical . 20 | ement at i.on, Lects of iavent i on

Afcoidingléb a %$%fifﬁﬁéﬁﬁfgékgﬁiggggigvgﬁ%fgﬁg%gﬁtEobﬁrégﬁﬁéﬂggugfficifnf

el ectric ac OUsss 1 £t o r & shBnrspiseanthat whviehc amas fasndemént a

probl ens relat gégqg?wﬁgéig@g{cﬂgﬁgrfﬁgabggkgation and transducer
ectrical dedi t he [

t echni ques by e catiron o i erent el enents.
Furthermore the magnetic structure of the transducer

is not optimized for high frequency currents leading to
severe high frequency losses in the magnetic structure.

15 General audio amplificaticn is neither electrically
nor mechanically optimal from any perspective.
Fundamentally, there is much to be gained in a given
.application by dedicating the elements electronically and
by new thinking on the electrical and mechanical

20 implementation.

Objects of the invention

Accordingly, a primary object of the invention is to
provide an efficient electric to acoustic power
25 conversion system that overcomes fundamental problems
related to conventional power amplification and
trangducer technigues by electrical dedication of the
different elements.
A second cobject is to provide a system with superior
30 total efficiency, superior audio performance
characteristics in terms of improved linearity,
significantly improved dynamic range and sound
performance level combined with very low Electro Magnetic
Interference.
35 A third object of the invention is to provide an
intelligent mechanical soluticn which much simplifies the

mechanical implementation of the complete audio power



A second object is to provide a systemw th superior 30 total efficiency,
superior audio performance characteristics in terns of inproved linearity,
significantly inproved dynam c range and sound perfornance | evel conbined
with very low El ectro Magnetic Interference. 35 A third ObjeCt]ﬁmH%Q@E
invention is to provide an intelligent mechanical solution whic

simplifies the mechanical inplenmentation of, the conplete audio power 16 NOV
2005 A conversion chain and reduces devel opnent costs and inproves

robust ness of thenvessibhnghsystemi Sudmeey deviEhepmarentdaytd abiiese and

ot her objects are achieved. b n_apparatus__descr.i bed_as a Pul se Mdul at ed
Tr ansducer (PMﬁéﬁﬁgY%% rﬁpﬁ%tﬁﬁﬁ?igﬁeghﬁyrﬁéyigﬁqgﬂﬁxéiﬁHTon, wherein the
el ectric-acoustic conversion neans are connected directly to the sw tching
stage, and are @grranged fo.fonyert a.10 pulse train fromthe switching stage
into audio maves—ﬁﬁ—gfhe—draphfagﬂfﬁ%—ghe transducer, and wherein the
nmodul at or, ®he swi t chiege saadectinert bl eohgersonchigved &ve amtaapeatadis

mechani cal |y angd, eleetrhcally b Qbey-8ReLaERORSL N foe P eipMr IC UGG AbI €
directly to a mains 15 power supply or directly to rectified mains. The PMI

desi gns can be iRE dBERT APBE@ HYfV¥eYehf lnhtegoatdsn  AChHEHE DT PN s

characterized hy)daviDg-aBoRkri8UPBh¥eY8lbaTReAha e SURRIEIEY tBiGR=ctly
respectively. The H@C categorles havi ng two additi onal sub-cagggorles naned

g
20 singl e stageAndEwBY St oL eharagter FPRd2BT & AmMARSEC i Xt ages
conpri sed WOt hipulde PMistfuchutee Allitthenpossiblee irgal iadaliconmais RIWM
generators Int

. tg? Ac%.a ng DrgoPg/lT can_con I se,one_ar rlel':!_rnalti};[ey of hal f -
bri dges. 25 Acc i b S% TS OT%?|Bﬁ,n$ﬂ8 Ednv 3%5?,
modulator, the switching stage and the conversion means
are integrated mechanically and electrically in one
operational unit, being connectable directly to a mains

15 power supply or directly to rectified mainsg.

The PMT designs can be divided into 2 different
categories. AC and DC PMT’'s characterized by having an AC
supply voltage or a DC supply voltage respectively. The
AC categories having two additional sub-categories named

20 single stage and two-stage characterized by the number of
power stages comprised within the PMT structure.

211 the possible realizations of PWM generators in the AC
and DC PMT can comprise one or a plurality of half-
bridges.

25 According to this solution, the conventional,
separate power supply is in some categories of the PMT's
practically eliminated by the implementation of a Pulse
Modulated Transducer {(PMT). The mechanical integration
provides for elimination of transfer of the amplified

30 signal through cables and connectors, and thus an
improved audio conversion with reduced EMI is obtained.

A requirement for the mechanical integration in
medium to high power applications is a high efficiency
conversion stage requiring a switching operation to

35 realize a cool and compact power processing section.

If switching technology like PWM or PDM were to be
comprised in a conventional amplifier, filtering would be



separate power supply is in sone categories of the PMI's practically
elimnated by the inplenentation of a Pul se Mbdul ated Transducer (PMI). The
mechani cal integration provides for elimnation of transfer of t i
anplified 30 signal through cables and connectors, and thus an i dQ@g
audi o conversion with reduced EM is obtained. A requirenent for the
mechani cal integration in nmediumto high power applications is a high

ef ficiency conversion stage requiring a switching operation to 35 realize a
cool and conpactegdukrtproesssing secaidhe sfigswilt thiatgceecksol ogy |ike PW

or PDMwere to e, coaprigedy Eh@ EQQXEQI:' ggghegrrplﬂof 'f%%d ft'Het ehiNG: d be

16 NOV 2005 5 needed to generate audi o si gnal can be transferred
in the speaker Wab¥estrasnf ehgonab §hﬁtéﬁﬁﬁgpeﬁﬁﬁgecﬁbéﬁﬁ wPddg mcthdoe

| oudspeaker cabl@ssoukd QQtuBScc@?éébPéele@él%”@@%@ﬁ""%@l‘cﬁ‘fﬁ' £ EM
woul d be the 5 Tresult. rior ar been focused on cable transm ssion,

there has béen FRSWhY- t%SePFﬁPﬁaﬁétth@S PeenefPARYSEA CReCaRPIE fi er except

for very | ow paweinsmpptisat i enéranﬂaéomegﬁsmowaputtof ehtenrdes gnse
According to tgﬁ_lnventlon, Bﬂ? E is transferred 10 as a high voltage
t

pul se train, HisetrdyLler @%?Eh?ﬁSEEFaSQrtBEFNe aRSHi§der. By
this el ectri calappld egt Bbhonanfolseppasseofitplier ENQties Geguiohed, but
i nstead the inherent qyal ties, of, the.transducer

e_used .for _acc |.i shing
filtering of the pul8e°t¥atRahd 18° obt% ?%?hﬁnhlEﬁgrngFFcﬁgngganS%@%rEJ1
El ect r o- dydfim s ransdeiceveltage patseattginndieti derattiypifocaim shiet chi ng

frequenci es a%i%i@pggggsrtgapxegewg{%gahésg WBg/l tEEF R9wer Stage

m nim ze high frequenc e potenti roblen1nent|oned
above is 20 fumitrIraptenpraet Feabrayet helnechagi dal rramlé@eaim &ritof

el ectroni cs and fd:ansguceL - s MRerkdeaqghs110:iLBPLEMBRL Rransducer are used
for accomplishing filtering of the pulse train and
15 obtaining higher efficiency. Electro-dynamic transducers
are partially inductive at typical switching freguencies
and the transducer can be optimized with the power stage
to minimize high frequency losses.
Sclving the potential EMI problem mentioned above is
20 further made practical by the mechanical integration of
electronics and transducer. The idea is -to implement a
highly efficient power section internally in the
transducer as a module that is integrated in the system,
electronically and mechanically. The mechanical
25 implementaticn will along with area reduction of which
the radiation takes place from, both on the power section
and the control loops, contribute to a strong reduction
cf the EMI.
The PMT saves material for packaging, cooling of
30 amplifier and power supply. Also, as mentioned above,
cabling and connecting cof elements is eliminated.
Subseguently, the mechanical stability and robustness of
the audio power conversion chain can be significantly
improved,
35 Total dedication of amplifier section and transducer
improves performance with much less error generating

comporients.



hi ghly efficient power section internally in the transducer as a nodul e
that is integrated in the system electronically and nechanically. The
mechani cal 25 inplenmentation will along with area reduction of which the
radi ation takes place from both on the power section and the coptplgs

| oops, contribute to a strong reduction of the EM. The PMI saves materi al
for packaging, cooling of 30 anplifier and power supply. Al so, as nentioned

above, cabling and connecting of elements i$ elimnated. Subsequently, the
mechani cal st abi i typapfle LODUSHAERS R orf "ec@i&c&e@@n%@@i@ﬂeﬁ?é&” can
be significantly _inproved otal dedication fler section and

transducer inpt¥¥Rs %é??@?hﬁﬁ@ebWQQW @ﬁﬂ@ﬂ%ﬁﬁi%ﬁﬁkﬂl@eﬁ@$a@?ﬁgcatEd

conponents. 1 6g =009t 61 sPebL{/¢6L1sCRRENSR! | Aih TAdUN OYeS KaBehe
i npl enented (MFB, M croggone based equall zation) in the dedicated system

It is obvious eSYTPEBRSRRPPEmMERt EBSP FEs &P Sttt oh $9FEREPMT core

el ectroni c gection. ﬁr&@&e@bnoayazéﬁr@maeﬁrbéo%ﬁmmMécﬁ%}bytltl@elb@gal
i npl enent ati on of ower con&eéﬁyon i nside the P |d§a is the
i

i dea of ultimat&™ BLﬁW%ﬁF?BﬁOBeP etﬁ@%ﬁﬁwﬁ?Qﬁﬁﬁ%}?Rw&ﬂs%%ﬁvEPE
el ements in the audTnerEmToﬂﬁealma (i 73] ﬁdéﬂubﬂumMﬁimmnumﬁédD@asyshen1is

10 conpletely i e I r I nechanically in the t ansdu
such that the hgéfg%g%eg?g ﬁke aS% % ateén??anéyﬁéé?lgme%gn e rlven
directly fron1t®@dﬁmirﬁprQQuGtiahtehﬁatlv&bptgpweﬂ]b@mmnnswqmtagetemnmsher

adva”taQGOQ%)feééﬂéfeié %héﬁtégﬁaﬂgﬁliWéﬁ%f@éé%a?*{?djéééﬁéﬂ%&é%e9eﬁﬁt'”9

fromrectified mal age e source | nput anal og or
digital type, iBheohheeE@dCEDd ﬁﬁéhPWWQMMHh&MHQﬂHSX§teﬂnr the Pulse

Mcdulated Transducer - can be driven directly from the AC
mains or alternatively by a DC input wvoltage. Ancther
advantagecus feature is that the amplifier will never

15 «clip if operating from rectified mains voltage.

The source input which may be of the analog or
digital type, is connected to the PMT unit directly. The
concept is a paradigm in audio power conversion and new
to the art.

20 By using class D or PWM switching technology it is
possible to aveid the heat related problems that would
occur if an integration of the components of conventional
technology were to be attempted.

A further advantageocus embodiment of the invention

25 is to use a three-level (Class BD type) PWM wave
generated by either carrier means or by a Controlled
Ogcillation Modulator, e.g. according to WO 98/19391.
2nother preferred embodiment is to modulate the three-
level PWM signal with a Synchronized Controlled

30 Oscillation Modulator, as described in the applicant’s
Swedish patent applicatiocn No. 0104401-5, hereby
incorporated by reference. As described in Audio
Amplifier Techniques With Energy Efficient Power
Convergion, Ph.D Thesis, DTU 1998, NBDD ox NBDS types

35 have very appealing high freguency characteristics that
will be advantageous when driving a transducer directly.

Both methods have zerc HF components at idle meaning that



concept is a paradigmin audi o power conversion and new to the art. 20 By
using class D or PWWswitching technology it is possible to avoid the heat
rel ated problenms that would occur if an integration of the conponents of
conventional technology were to be attenpted. A further advantagequsy 2035
enbodi ment of the invention 25 is to use a three-|evel (d ass BD type)
wave generated by either carrier nmeans or By a Controlled Oscillation
Modul ator, e.g. according to WD 98/19391. Another preferred enbodi nent is
to nodul ate theldirlerssdevedl WA signadrnieh aoﬁpnnhhbai wed 1Chet raardeedit30

Cscill ation Mdu escri i n a wedi_sh pat ent
appl i cation No%e(f%)?{él%q&gag &feb@md%}rl]%%%l%%?a g %QQ e?hrgncge%ﬁsl descri bed
in Audi o Anpl infider] afeidmi wiies JWtIJfDCEmceeﬁg:ylﬁpieccenreﬁbmewm@oavwmn Ph. D

Thesis, DTU 199g, ﬁ]'\iBt%é’ H@Pﬁr £308s) 35, haye %68&%1@998?1' &H&e@églh wredency

characteristics vant ageous_when drivin transducer
directly. BotM<iet s hiRel & atwr Hhicowpbhehiisratordl @nﬂﬁzfa@bﬁ@ltrhitul% NOV

2005 7 thelo%,%%q{r nler £oPPR t 0
nodul ati on. Further ﬁﬁ#@fﬁ%‘ifa&ﬁ%%h}?ee evelggmér?)gntggl EE%%F]"Qe?lntsrcg)gf{Jce

ri ppl e current SAWHP LD A tHﬁ@lbr%péﬁPoh@ﬂet 6OBReiRpdteat i on i ndex
M where 5 Ml ¢ Bhesdidob & Gald &t Vb!lifféf@ﬁ@i@leoﬁﬂbt{toﬁhgh@lf uld zcaenk

oL ude ot Vel NSl Lhe B Stef red So modul pLot WL also Ly
zero at itbe. aSaihtidyeeud e;\keltkrmcml\ll"ﬂtssp@tEﬁ therefore 10 advantageous in
control i wpl ement ati e S HOLTBHAPT HE (ransdtoert bATEescRIE orFagts tthe.
phase of the f@mmmﬂrrmnmtrﬁltimplementatlon. Since only the transducer
voice-coil effects the phase of the forward path of the
audio chain there is plenty of phase margin in order to
15 keep an inherently stable system. Therefore there is no
longer need for phase lead and lag compensation in the
feedback path as is done in the applicant’s patent
US 62976982, entitled “Pulse Modulation power amplifier
with enhanced cascade control method”, hereby
20 incorporated by reference.

Preferably the feedback path can be implemented as a
voltage division and low-pass filtering of the output PWM
signal of the PWM generator.

Preferably, the switching electronics is implemented

25 on a substrate with e.g. die wire bonding techniques,
said substrate utilizing the transducer itself for
cooling. It is especially the transducer magnetic
structure that has significant thermal capacity. This
arrangement secures low temperature operation of the

30 power processing element and a minimal volume to minimize

the resulting volume of the PMT.

Brief description of the drawings

The preferred embodiment of the present invention
35 will be further described in the following, with

reference to the appended drawings.



audio chain there is plenty of phase margin in order to 15 keep an

i nherently stable system Therefore there is no |onger need for phase |ead
and | ag conpensation in the feedback path as is done in the applicant's
patent US 6297692, entitled "Pul se Modul ati on power anplifier }{\%t h gnhanced
cascade control method", hereby 20 incorporated by reference. P 1Y [Wﬁy t he
f eedback path can be inplenented as a voIt%\ﬁ/I di vi sion and | ow pass
filtering of the output PWM signal of the generator. Preferably, the

swi t chi ng el ectroni cgibsrenpl enBREed p: _ana@ftS%%Jélat@om}éﬁsfoﬂ-sggeew re
bondi ng techni ques, . said suybstrat e&ﬁ ilizing the transducer_itse|lt for
cooling. It is ¥specFBFfy HAETLPLTs FIEETEgndthe PG LY UPRLY hat RRaBOVET

significant thegmplicapackhy. thei $1carrangeaRmi s ectiesihestrt enper at ure
operation of the 30 power péﬂ%ESSi n% el ement %nd a mniml volune to
mnimze the resul t1hg Vol BFSt Re PBRFL Brite FYFESTH i TR 31 €h@ dr awi ngs
The preferréd epibpslioeht inteyhatpoesertft a posrtn gupdby W& | cbesg&ubt her

described in th i.n Wi_t ference . t he e i n
NV 2005 8 Fi QTR 1 BRGuE™ Br L3P e Bowd WSt er oo ST ARt M PCPATaS
di stinct el enereachthehpoweFustppiyoreheoppresirgnpin fowrpandtiheer as

el ectro-dynam caﬂ§,ag§ggge51agbgﬁr% 15h0ws yPnHiPpr art system conprising a
5 physical integration of a power supply, a class D anplifier and a
transducer without anygdedi datheist BwEFdsmagach odt FerBT IR tdel ny etem

conprising 13n opiPHE £i hEARLCRS in@RYdOhentha%S RAampli-fderayeatdl JFhgupe 3
shows a schematic of a prior art system 10 where a non-optim zed transducer
is driven direc®fy BFRET2PA GEREr SP6RKEFe Lo &icer cabl es.

Figure 4 shows a schematic view of a pulse modulated
transducer according to a preferred embodiment of the
invention.

15 Figure 5 shows a Single stage AC PMT which is a
possible realization of the PMT in Figure 4.

Figure 6 Shows a possible implementation of the Two
stage AC PMT comprising a dedicated single ended power
supply, a dedicated PWM generator implemented as a full-

20 bridge power stage and a dedicated electro-dynamic
transducer.

Figure 7 Shows a two stage AC PMT comprising a
dedicated PWM generator implemented as a half-bridge
power stage. Furthermore comprising a dedicated electro-

25 dynamic transducer and a dedicated single ended power
supply feeding the PWM generator.

Figure 8 Shows a possible implementation of a DC
PMT. The DC PMT comprising a dedicated dual/balanced
ended power supply, a dedicated PWM generator implemented

30 as a half-bridge power stage and a dedicated electro-
dyvnamic transducer.

Figure 9 showsg another possible implementation of a
DC PMT. The DC PMT comprises & dedicated single ended
power supply, a dedicated PWM generator implemented as a

35 two half-bridge power stage and a dedicated electro-

dynamic transducer.



Figure 4 shows a schematic view of a pul se nodul ated transducer according
to a preferred enbodi nent of the invention. 15 Figure 5 shows a Single
stage AC PMI which is a possible realization of the PMI in Figure 4. Figure
6 Shows a possible inplenmentation of the Two stage AC PMI colrlrngiDéiiWé a

dedi cated single ended power supply, a dedicated PWM generator inplenented
as a full 20 bridge power stage and a dedi cajed el ectro-dynam c transducer.
Figure 7 Shows a two stage AC PMI conprising a dedicated PWM gener at or

i npl emented as a hal Figrregal fbaer $tegenrRyr tihvpedore e onpriri @featro-

dedi cat ed electaggg%6%¥ggghgdheggs H%%%d?g%é%‘¥¥gé§§Qngi”gle ended power

supply feeding t generator. Figure hows a possi bl e i npl enent ati on
of a DC PMI. The DC PMI conprising a dedi cated dual / bal anced ended power

supply, a dedi cpted; PVl gener-aben dnplfe e o33 35 Anltfmdni dge power
stage and a deditca = ) . ure Shows anot her
possi bl e i npl enent at FORCBEMACIBCVRRN. OFfhe BElprm Moshmtsst Traeiated.
single ended pewebrapgl ¥o andedibedeenffWdrgenes diraferdibeneat ed as a 35

t wo half-bridge.ggmer,sﬁa e.angﬁa dedica%&%helectro- dynam c_transducer. NOV

9 Figure 10 Shbows“FhE2 ﬁguﬂni 8Yafic & o i PEVES RS @ FARsTcer

pl aced in a cl osedlbaxntBét ahl edsdesdk ploreerefion prefer red swbodhient 5 A

schemati c vieM/gf a EE?S tedcgﬁggsgyceh i 3according to an enbodi nent
| i e

of the invention fs® Iugg%ggé% F Y Bt 8 o power conversion can be

i npl erent edlG n a si nGéeecrahveorsadh staderZedsemboliimentdi risctihaf riome t he

rectified mainsy3quiator may be analog or digital and of PWM or PDM type

in general. A “Controlled Oscilliation modulator” can

preferably produce the pulse waveform as described in the

applicant’s patent number US 6362702 or a synchronized

15  Controlled Oscillation Modulator preferably producing a
3-level (Class BD type) PWM pulse waveform or a digital
DPWM modulator in general producing such a signal. This
implementation will lead to lower losses in the voice-
coil and magnetic strxucture of the electro-dynamic

20 transducer. The modulating signal will be based on the
gource input 4 (analog or digital) and possibly also
processed feedback information. Many feedback principles
are viable in the PMT topology, examples are: voltage,
current, mctiocnal feedback from transducer and microphcne

25 feedback. Individuals skilled in the art of transducer
compensation will find that many methods can be
successfully applied in the PMT topolcogy. Even control
systems based on those used in class A, B and AB are
viable since the output filter has been eliminated and

30 the resulting phase lag on the cutput of the PWM
generator will be approximately ¢ degrees. This is of
great importance since a controcl system with wide
bandwidth and resulting wide band noise suppression can
be comprised in the design.

35 The single stage AC PMT is shown in Figure 5, as an
embodiment of the invention. A single pulse modulated

gswitching power conversion stage is used for the



To CGeneral to all preferred enbodinents is that the nodulator nmay he anal og
or digital and of PMMor PDMtype in general. A "Controlled Gscillation
nodul ator” can preferably produce the pul se waveform as described in the
applicant's patent nunber US 6362702 or a synchroni zed 15 CO”EE?”\I @)5
Gscillation Mdul ator preferably producing a 3-1evel (d ass 11D g PVW
pul se waveformor a digital PWJV nodul ator in general producing such a
signal. This inplenentation will lead to | dfer |osses in the voice- coi

and magnetic st ; ehect.1.0- ' - rﬁﬂi@ r nmodul ati ng
signal wll be §§35E§%8%h298?o§§cgﬁgﬁgﬁﬁigkf5%%?%9 or g%gi?giggand possi bl y
al so processednPEBdBhER PAVBENALDHAL Famy ifnse dbe I i PEEs> - afBevi abl e

in the PMI topolagycteyanphed 2keaMUrAgs reQURS 81  t Dt pDALLE agdRaGK f rom
transducer and m crophone 25 feedback. Individuals skilled in_the art of

transducer conPBEASEt i BANGRI FREi HESLERG TR et Hews Mot et edutEassEuFEY
applied in tshe IPMETIJop@heg%owgygaag@ntirsoIshmtmmﬁmprbflﬂ@gé;sug@e in
class A, B and AP are V|$ | e _since igﬁﬁf t pu fllterﬁgss_b en ellnhgi%ed
and 30 the resuPEPnGepRESLiras B hicddtpIC%Ie e PURIGORGT 4B WALF-he
approxi mat el y Obdeggees. TRBi sMTSiat ergizent damednrinciesidiwevantontrol system
wth w de bandmﬁdigtand resul ting wi de band noi se suppression can be

conprised in t h&®d |§ﬁp'35 The single stage AC PMI is shown in Figure 5, as
an enbodi ment of thBurhbhentdenaiAssioiglae pusfse raod Wndicei menk t #hengl power

conver si on jf agey§ sebagd fOL At Beot, 6 NOL,2005, 10, shpver sion {1omLAG bl ns

to a high quality pu | power sign driving the transducer 5.
The inductive woad i3.dinvehidi Fasely aby Athenpnitt Al nig poakrifsedglky aence

the designationgs; Rl §8;Npdul at gdsTHAFFANCE! 1R, (PMBpacii&POYET skage is
shown as two hal f-bridges but ) ,
resulting rectified mains signal directly drives a H-
bridge 15 with power switches 16 that are intelligently
15 controlled by a modulator 17. The switching technology is
of PWM type, resulting in very low heat generation. The
pulse modulated power signal 17 generated by the
switching stage drives the electro-dynamic transducer 19.
The transducer 19 is schematically represented by an
20 electrical equivalent, comprising an inductance 21 and a
resistance 22, with an additional reactive part 23
representing the mechanics.

The modulator 17 is connected to a low-voltage audio
gource 25, which may be digital or analogue, and

25 medulates this scurce signal to control the H-bridge
switching stage 15. The modulator 17 preferably comprises
a complete control system, and is the provided with a
plurality of feedback signals 26 from the transducer,
such as voltage, current, audio reproduction signals,

30  etc.

In the illustrated example, the socurce 25 is
isolated from the medulator 17 by optical means 27, to
gecure galvanic isolation of the system. This elegantly
secures galvanic isolation of the complete audioc power

35 conversion chain.
The switching stage 15 can be implemented on an

aluminum substrate with die wire bonding, and the



can be realized as a half-bridge or a plurality of half- bridges. The PMI
interface can conprise galvanic isolation. Further details of a preferred
enbodi ment are also 10 illustrated in Figure 5 showing a PMI as one
integrated wunit 11. In this case, an AC input 12 is rectified)pyppggdi ode
bridge 13 and buffered by a capacitor 14. The resulting rectified malns
signal directly drives a H bridge 15 with .power switches 16 that are
intelligently 15 controlled by a nodulator "17. The switching technology is
of PWM type, residdtrird maser cHow headd genermidantidhetrpukseenidul at ed
power si gnal lzli;%%ng{ ated by the switching stage drives the el ectro-dynamc
transducer 19. & trnsducer 19 is schenati cally represented by an 20

el ectrical equival efMhe comppls mysoen ndudiianees 23 anamaticadiiygt ance 22,

with an additi r-eact | r e i aani . Th
nodul ator 17 i %’q@lgnlnlgjtceteédvct%oéoyﬁtnoe\%\fsavlol%%%3%%‘50%9 é%ﬁy%ﬁggéﬂ \%ﬁlﬁéﬁ ?{ra‘y be
digital or analtegws hd128 tmsoulcteesd tthichawirae Bhydabreocovpileali tihe

H bridge swtehy Dﬁ@ 114k gngéJj_L f - Lses a
: L eﬁ%ﬁd-smf e pr o%%@ﬁ%?ﬁﬁa&aﬁ%ﬁﬁ?tﬂsggf f eedback

R
conplete control systém a _
signal s 26 fromtrHeRgTdRsHuEdouts mREnRt 10| 2 agle, atdrrent, audio

reproduction signal g0 338t emddnitded |dustHated gyanpleshbhe $AUEEE, 28 1S
i solated fromthe nodul ator 17 by optical nmeans 27, to secure galvanic

i sol ation of tRe 3§yt &MC FEGSelégdnt] Wi 1t ROWaF vERPEYs6fati on of the
conpl et e audi 0 ip@WRIratial GENUHSIFMT Wahictdhe. SThé chbhgrstagelsdcaanbbe
et od on, 20, lu pum subetrate v Ul e uipe bond: pg,and. e, 16 Nov
PMT PWM generator power stage preferably can be
implemented as two half-bridges but alsc can be
implemented as a single half-bridge or as a plurality of
15 half-bridges. The galvanic isolation can be obtained in
the Power supply or within the interface of the PMT.
The DC PMT is shown in Figure 7 as a single ended
version fed by a DC power supply placed externally to the
PMT. The power supply can feed one or a plurality of
200 PMT’s. The PMT power stage can comprise one or a
plurality of half-bridges. A small capacitor can be
inserted over the power stage supply terminals in order
to meet the ripple requirements. Galvanic isolation can
be introduced in the Power supply or in the interface of
25 the PMT.
Ancother embodiment of the DC PMT is shown in Figure
9 as described above comprising a FPMT Power stage
consisting of two half-bridges. The power supply can
preferably be single ended and feed ocne or a plurality of
30 PMT’s. A small capacitor can also be inserted over the
power stage terminals in order to meet the ripple
regquirements.
Galvanic isolation can be introduced in the Power
supply or in the interface of the PMT. The galvanic
35 1solation in the interface can preferably be introduced

by optical means or by inserting a signal-transformer.



cooling. The exanple systemin Figure 5 dramatically sinplifies the general
audi o power conversion chain in 5 terns of electronic and nechani cal

har dwar e conpl exity. The conpl ete audi o power conversion chaiT im%lmge

i npl enented wi thout nagnetic's at all. Another enbodi nent of R A& Ml is
shown in Figure 6 as a two stage AC PMI where a power supply is 10
integrated in the PMI structure. The power supply can be realized as a
single or a dual supply. Furthernore, the PRT PWM gener at or power stage

preferably can Bg; ié‘?é AEP 6doas hwe hahis W‘Edg%%lbég'c?ﬂs&fcﬁ‘i‘ h let
i npl emented as a é?ng é§haIf§bfi§§e or@%slg 6Iurality:5 15 hal?- ?p%d%s?
The gal vani c i seR@tP oPC¢RH RENBBL&LAEd Chdinthe Power supply or within the

interface of the PMirhe THhel PXnPMike18R9WA kA E.ﬂ'l@url:%m?eﬁss@?i ok, ended
version fed by a DC power suppL¥ pl aced externally to the = The power

supply can feedPbRkeBROAY pPEr aPFEY TR DY PRFLSAITHSIMT Povy SRagee
conpri se ong origclptadattiysebrhebl-bridges. A small capacitor can he
inserted over the power stage supply ternmpals.i rder to et the ripple
requirenents. Galvaﬁﬁ% ?E%?gtF8ng§§%C058nkﬁ?r§d§%e qqg%?ﬂ?Xiﬁhﬁs%%hﬁ?y or
in the interfacehefel@btitbedPMEmiAnatrhesdenbadicilentvcifcd heodC &M i s shown
in Figure 9 as_described above caonpr.isin PMTI _Power_ st age . consisting of
two hal f-bri dge%?e rea%fox\eges %Sll'?ncéinSuﬁgeglelragbltg/ﬁebecos cEnug eoxésndg%rrgln%gfeed
one or a pluralithy opi88-MilsarA swakbreapaeint drencdnins s dlbeckenserhtasd over

the power jgfage,l e;éé”?& ét&@nogggfcg%f”%ﬁé Eﬂ%x@n&p'ﬁ {r‘ﬁaﬂ”éér?&‘['t?ﬁéérs at
Gal vani c isolatron can be rntroduced in the Power supply or 1n e
interface of theh®MwiThelipal fasIwedsyi.sErafesably tthe enndiciergsgrn be

preferably be ipisoeced-eBYopt bealoBBans £e5 1b:HSel il o &ust 9N@&tns on
-transformer. the voice-coil and at the same time lowering the
impedance of the voice-coil. This implies lower supply
15 +voltage for the power stage in order to obtain the same
output power. Therefore the PMT can also be used in low
voltage applications such as battery-powered systems
without comprising a boost stage. The low supply voltage
will imply even lower losses in the power stage and in
20  the transducer voice-coil and magnetic structure.

Furthermore the magnetic structure cf the
electromagnetic transducer, comprising bottom plate,
magnet, top plate and center pole, or parts of said
magnetic structure, can be implemented such that an ocuter

25 layer is added to the magnetic structure. This layer can
have a lower resistance at the switching frequency than
the magnetic structure so that losses in the magnetic
structure are reduced at the switching frequency.

Furthermore the magnetic structure can comprise

30 ferrite materials in order to reduce high frequency
losses in the magnetic system.

Since the output filter is eliminated problems due
to peaking with fatal brezkdown as a result is eliminated
and the need for a zobel network in order to be able to

35 damp the filter peaking is no longer present. This leads

to a more efficient and stable system.



16 NOV 2005 12 This elegantly secures galvanic isolation of the conplete
audi o power conversion chain. The galvanic isolation in the Power supply can
preferably be obtained by optical neans or by the use of 5 isolated
transformers. In order to overcone the high frequency | osses inb Nihdild

el ectro-dynam c transducer the voice coil can preferably be designed such
that the conductors formng the voice-coili@are no nore than ten tines

t hi cker than 10 the penetration depth of the current in the conductors at
the switching frequ heped g abt Het ABCEBRIUERDEENESN e Chtamihct ur ed out

of copper foil eatdidlg feVBswdHr BBafNththguygiiceifpleliatnd &r tfie sane tine
| owering the |eng>ed,ance of the voice- cil,llfﬂ Thi s i |I§S | ower, su MS
vol tage for t hEPmEr Atadel 35F o7 dRFPL O 0BY afiiet hie &fe = dRifR .
Therefore the RMe cartmls e DecalsedThis| 9iwey ot hagrwHp peheatdtens sipetrias
battery-powgred systens i t.hout ¢ rising_a boos tage. The | ow supply
voltage wll i @Jﬁ%ﬁﬁ,mo%‘? Lﬁf%%‘ggge?ﬁelf hgo%%?&sgggg%fné}iaﬁszg t he
transducer voi cearlaifieand negnEing sthroctpue. £1Fuetheltwer extttear-magnet i ¢
structure of theqolgelyomgnatic, (Lansgueer. coUPLLS 16.0oLtom:plal e,

e, or ' par of Sard

magnet, top plate and center po magnefl ¢ structure, can
be inpl ement ed it athatnarcaoutlee fe8utager is added to the nmagnetic

structure. This |aygs, Gan -Rave a1 PWeL L eg| éﬂ@xplgge%ohﬁ%%‘@st &Y NG,

frequency than the magnetic structure so that ses I n the magnetic
structure afPe riguirsddicar a¥reriitledi Ag fieglentyageuPMRecmsy & Hedmigneti c

structure can GRIRIA S8 pp3Q, f&Igdh fe ”@—Ee&éﬁlr?ei:[‘n?rﬂﬁ'lttiﬁl%e%%dﬂ gh
frequency 1losses in thé magnetic system Since The output filfer is
el i ni nated pr o Hife fqlbgfﬂbeald??l‘@ew thePat af Per eaREEMY EYSESFRSAY s

elimnated comprise means for gain shifting in order to cbtain an
improved system when it comes to efficiency, dynamic
15 range and EMI as described in the applicant’s Swedish
patent application No. 0104403-1 entitled “Attenuation
control for digital power converter”, hereby incorporated
by reference.

The PWM generator can preferably be adapted to the

20 electro-dynamic transducer characteristics as shown in
Figure 10, in order to chtain further electrical
integration. The transducer should be driven by a pulse
signal with a freguency as high as possible in order to
drive the transducer in an efficient way. The above limit

25 for the switching frequency is the efficiency of the PWM
generator power stage and EMI.

It is clear that the skilled person may find
modifications of the above described preferred
embodiments, and such medifications should be considered

30 as included in the scope of the appended claims. For
example, the details regarding the switching stage design
and feedback control should be regarded as an example
only.

The PMT concept is general and independent upon

35 application (may be anything from a few hundred mW to a
10kW high power transducer). As such the PMT can be

advantageously used in applications as consumer audio,



and the need for a zobel network in order to be able to 35 danp the filter
peaking is no longer present. This leads to a nore efficient and stable
system 16 NOV 2005 13 Furthernore, the output inpedance of the PWV
generator is |lower than the output inpedance of an equivalent class D
anplifier due to the elimnation of the output filter. This gives the PW
generator superior 5 handling of the Ioudspﬁgker conpared to the class d
anplifier including an output filter. The inter- nodul ation, distortion,
wei ght, vol ume gnsl bantwhglt haulh Bt aki-ops , CABLRE of edUeEtha IFMIrdhersoner al |
herei n shown enbodi ts, of the 10 invention except the AC single stage PMI
can be fed by POHErS StPBI §OUSPaBRELBFCRAN | SO NG FHrPH P b put

vol tages for theppoieibbd apge, atiieocapplobagyshem can conprise neans for

gain shifting in order t btain _an. ipproye stemwhen jt conmes to
efficiency, dynanicqﬁgzﬁﬂﬁgén%%ﬂr% Yaggaégégﬁgéﬁ FY S ¥hnt® € s@di sh
pat ent appl bcataomniNo. 504408 - Andnsublvedfékt eAuahirere -weontaaiitor di gital
power converter® by 1 r e aref er ) ator can
preferably be 53‘%?§%Ft%y%£%8 gg£g§e§??§¥a§§a§iggggéns ﬁggﬁﬁk ggﬁ%teristics
as shown in Figueetd0, PND ander drovebt avnmbdnshendelesct.r iz aligiitahratpwn.

The transducer should be.drinep bysanpul seccsigiskawith did raiangy a5 &i oh

as possible in order to drive the transducer 1n an efficient” way. above

limt 25 for tHee shie Afhgceregabhepdi shenBMaf pi anandynteir iaree FAMC e at or

DOWEV_StaQQOaHQ$§ﬂ4-oﬂttﬁﬁs¢éf§ﬁ31“§%o&@§s§h§'E@Ql&e%ﬁgﬁ>ﬁﬁ¥ fddided
nodi fications of the above descrlbedwgreferred enmbodi nents, and such

nodi fications sHet Bbet tohst 8788 BYTasYFheFubRBYIPA e SUBpETTH e
appended cl ai merthf®rwould virtually automate active loudspeaker design.



exanple, the details regarding the switching stage design and feedback
control should be regarded as an exanple only. The PMI concept is general
and i ndependent upon 35 application (may be anything froma few hundred mnA
to a 10kW hi gh power transducer) . As such the PMI can he advadfafigédigsl y
used in applications as consuner audio, 14 professional audio, Car-Fi,
Mobile Term nals and other portable |ow pgwer equipnment. PMI is universally
applicable in audio applications. The PMI naturally facilitates system
design, e.g. of 5 active speakers and subwoofers. A three-way active
speaker system would conprise a bass, ni LAY and tweeter PMI unit driven
by mains and e.g. a digital input source. The only visible electronics in
the systemwould be the PCB controlling the PMI''s and interface functions.
10 Some of this sigrial pRoceRsiaFg tesulfeTalces Ve tingl a8ed 5o ST Akt el | i gent

PMI system havigg, t:5 <M} SR 2601 §.ntoT Rt WO Watke, I Icbaiplry sauigonat e active
| oudspeaker design. 16 NOV 2005 15 CLAIMS 1. An apparatus for converting an

audi o signal from & sw@Ee (25) (Lt o fardmedna¢és ndc apdi dvRlg Ca Skdaalat or

(17), for nodul atingsaingh1audiiosissnalchingn skaple fixisng c@mptrqfsiimg swege (15)
conprising PWM swi tching t c% ol ogy,_for "anplifyi ul ate

ng a np ydi o
si gnal suppl i e§"GHiRe Y dRF EFBdELYE: cgugPFB @5ﬁ9e?§%6ﬁ means
(19) connect ed stignalheuppitichi Myt age, mdudaged,t anconvert a pul se

Wherei n sal d of ect 6 EGTST ¢ RHIBro SH AEans B o adh Hor ety B o o
pul se train w ttheutswdmcrslegarsdtage, arranged to convert a pulse
modulated pulse train (18) from the switching stage into
audic waves,
wherein said electro-acoustic conversion means are
driven directly by said pulse train without any separate
filtering, and
wherein the mecdulator {(17), the switching stage (15)
and the conversion means (19} are integrated mechanically
and electrically in one operational unit, being
connectable directly to a mains power supply (12) or

directly Lo mains.

Z. An appafatus according to claim 1, comprising a
feedback loop supplying said modulator with feedback
signals (26) from the conversion means.

3. An apparatus according to claim 1, wherein said
pulse train (18) is a multi-level signal, preferably a
three level signal.

4, An apparatus according to claim 1, wherein said
electro-magnetic conversion means has a magnetic
structure comprising two layers cf material, where a
first, outer laver has a lower electrical resistance at

the' switching fregquency than a second, inner layer.



filtering, and wherein the nodulator (17), the switching stage (15) and the
conversion neans (19) are integrated nechanically and electrically in one
operational unit, being connectable directly to a mains power supqumepﬁhﬁor
directly to nmains. 2. An apparatus according to claim1, conprising a
f eedback | oop supplying said nodulator with feedback signals (26) fromthe
conversion nmeans. 3. An apparatus accordinggto claim1l, wherein said pulse
train (18) is a multi-level signal, preferably a three level signal. 4. An
apparatus according to claim1l, wherein said electro-nmagnetic conversion
means has a magneti &. st Ructagipe reamsr i2sicngdtivg tayeny of theeprakgdmhere a
first, outer |ayer. has I r.e r.gal I cecat..:Lhesyswi.t.chi ng
frequency than%é%ég%dngaﬁﬁgga'algggbékgg ﬁé%ﬁféggglngEaiﬁ g%%??%?us
accordi ng to ampgofettilte qunecedilng mekaisnsompidseisn farmigremasesindgt ure of
said el ectro- magnetic conversion neans conprises ferrite materials. 6. An
apparatus according to any of the preceding clains, conprising isolation
(27) of the input t&.secdne appaglagiisonceordiagPMp. any Ad sppapaecgsdasgordi ng
to any of the pnegedi ngon)aisThg WASHEHN LG RGWRL: REACERBLRAT B! SELLORI CS 15
i npl emented on a substrateée, said substrate utilizing the “transducer itself
for cooling. 8ismiagppar &fudhecEMTding to any of the preceding clains,
adapted to be driven by an AC power supply (12) placed either externally or
internally to the ?MI. 9. An apparat us accordin% to any of the preceding

I

: y P
clai ms, adapted to He driAVeRPEBR A IBE FGROFdagplty pracld tbFt REFCEREBFnal |y

or internally tQalifg,' Mherein the power processing electronics is
implemented con a substrate, said substrate utilizing the
transducer itself for cooling.

8. An apparatus according to any of the preceding
claims, adapted to be driven by an AC power supply (12)
pliaced either externally or internally to the PMT.

9. An apparatus according to any of the preceding
claims, adapted to be driven by>a DC power supply placed
elther externally or internally to the PMT.



