WO 02/ 093973 PCT/ 1 B02/ 01668 1 APPARATUS FOR ELECTRI C TO ACQUSTI C

CONVERSI ON  Technical field The present invention relates to an apparatus
for el ecwpioe/0p378cousti c conversion, conprising a nodul atPGT/IB02411668
anplifying switching stage and el ectric-acoustic 5 conversion neans. The

i nvention, may advantageously be used forlinproved power conversion in
audi o reproduction. Technical background Conventi onal audi o power
conversion systens are 10 based on three basic el enents, a gomer suppl y
generating DC vol t 2yBRPARATESIOR | BREGERRG TRIAGYUTHEC o y, and a
speaker or transducer being fed with an anplified audio signal fromthe
anplifier. Such rior art. system is illustrated in Figure 1. In prior
art, both li n@ﬁgm—ﬁfééseffi ci ency switched power anplifiers and power
supply sol utions argh&knwaserntn igerertalon tred seleerrend sl mddeeratuds ofor
anplification _-chain are consjder ee distinctly dif ment s
and desi gned aeslescﬁéc]ﬂl.&ﬁioe ae({bzln%ﬁtcgdcfﬁgf Egll)}é’pllc%}i’l IC3$/Cg lcéo;ér%”l ctgegﬁcgcg}hc% %l:’s and
connect ors t o ampraneiy ite swididliote siademub ettt arewst¥¢ om mai ns

to the acqustdg AMDHn RS SRRIR RO AP ddjBips appesal |y
designed to drive various types of speakers by audio 25 anplifjer

manuf act ur er s.USAE e SKEEORL @MY SRS 9T V& ST et R Hpkfance
characteristics that the anplifier has to handle in order to be a

conpetitive ang usef ﬁl 1aggl i fi er Such design criteria significantly
conplicates t ] a FgH= Al so the | oudspeaker 30 driver is
general | y desi gned Gomvesntdirdnedn amdivardones: doppess-sgforamptatfamey sarelhi s
flexibility w t : i Jpl e [

needed. I\/l%éharﬁ&Jcsa%cﬁj‘/é,jﬂ aﬁb%r%%lgj [ ong%lv\t;eértpcao veré:ﬂl: osﬁlbés%{%é?rn?%fé@idg
i npl ement ed byPQ i atisst iac tampdcid deing 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 solutions are known.

In general, the elements in the audio amplification
chain are considered as three distinctly 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 to 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
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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 distortion

20 and intermodulation, 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 Zobel 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 output 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 very low power systems can obtain allowable EMI
characteristics 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.
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is not optimized for high frequency currents leading to

severe high frequency losses in the magnetic structure.

15 General audio amplification 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
transducer techniques by electrical dedication of the
different elements.
A second object 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 solution which much simplifies the

mechanical implementation of the complete audio power



significantly inproved dynam c range and sound perfornmance |evel conbi ned
with very low El ectro Magnetic Interference. 35 A third object of the

i nvent i orwD20289p% ovi de an intelligent nechani cal sol uti @TaBRéaR668UCh
sinplifies the nechanical inplenentation of the conplete audio power WO
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and inproves robustness of the resulting gystem Sunmary of the invention
5 These and ot her objects are achj eved by an apparatus described as a
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operational unit, being connectable directly to a mains

15 power supply or directly to rectified mains.

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.

All 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 reguirement 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



30 signal through cables and connectors, and thus an inproved audio
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15 obtaining higher efficiency. Electro-dynamic transducers
are partially inductive at typical switching frequencies
and the transducer can be optimized with the power stage
to minimize high frequency losses.
Solving 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 implementation 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
of the EMI.
The PMT saves material for packaging, cooling of
30 amplifier and power supply. Also, as mentioned above,
cabling and connecting of elements is eliminated.
Subsequently, 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

components.
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conventi onal ogy were to be attenpte
malns or alternatively by a DC input voltage. Another

advantageous 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 avoid the heat related problems that would
occur if an integration of the components of conventional
technology were to be attempted.

A further advantageous 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
Oscillation Modulator, e.g. according to WO 98/19391.
Another 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 application No. 0104401-5, hereby
incorporated by reference. As described in Audio
Amplifier Techniques With Energy Efficient Power
Conversion, Ph.D Thegis, DTU 1998, NBDD oxr NBDS types

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

Both methods have zero HF components at idle meaning that
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reference. 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 6297692, 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.
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5 shows a ngl e stage IS a possible realization e PMr
in Figure 4. FRW¥irecBeShbos avpbssPHREST niflehent ati on of the Two stage AC

PMI'" conprising a deﬁﬁg@f@dz;sm@d@ ENEletbRONEE vBMPPLY , a dpded Cad @l VB4

enerator i Ienent as a full
g P ansgucer 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 gtage 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 compriging a dedicated dual/balanced
ended power supply, a dedicated PWM generator implemented

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

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

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

dynamic transducer.



20 bridge power stage and a dedicated el ectro-dynam c transducer. Figure 7
Shows a two stage AC PMI conprising a dedicated PWM generator inplenented
as a hal fwbroegig®73 power stage. Furthernore conprising a dedirdnexudes ectro
25 dynam c transducer and a dedi cated single ended power supply feeding
the PWM generator. Figure 8 Shows a possible inplenentation of a DC PMI.
The DC PMI conprising a dedi cated dual /bal anced ended power suppl y, a

dedi cat ed PWM generator inplenented 30 as a half ri ower e and a
dedi cat ed el ectro- g'P rEhERIcEre Fr %ﬁgaﬁ‘gt%r ]?) TPl e

i npl enent at i ondpxﬁaralc DG-aMidudée PG EM mnaomme@ sedi cat ed singl e ended
power supply, a dedi cated PWM generator inplenented as a 35 two hal f-bridge
power stage and a dedi cated el ectro- dynam c transducer. WO 02/093973

PCT/ 1 BO2/ 01668De@aﬂegi|r®a©r@rbmntdzé & npee £ ¢ mpedl agroleodimant el ect r o-

dynam c transducer pl i 0 e X r a
preferred gnnbodl menz? e%n_ﬂ%%v?%\?vgo uﬁ%ﬂi@ﬂ%ﬁ?a?ﬁ%h%?%ﬁéﬁu%er 1
according to a@C@@m@mQ‘rﬁ@ %ﬁ eReod ipeRt | oh ke IPYeREI@RedSin Figure 4.
The power convelsi@h-£ady ben #Ipheaent ethé np&né:t r@éﬁv@@@ﬂ@ﬁsb@ﬂ séage 2,
swi t chi ng dlrecBL fro the rectifjed mains 3. Ceneral to ahl greferred
enbodi ments i st m?rh"ee nbdut af bR yC‘B%V%]ﬁ%Jr% % A9 of t aPVAhGHRT PWM or
PDMdtype in gjerteé@tlyff &@nﬁm@lfedtﬁtecﬂlmim Iodul ator" can preferably
produce the pul se vef orm crib e nunber
US 636270 or a sy\r,@ eol?ﬁl 2 ed %?%o% eF lfread |1J6€1§I\%du?19?%r%r ef erably
producing a 3mbéubhtdClmsy 1BD aly@bygnm Ms@hm@do@fn BWMaodi GP¥ at yPPVW
modul ator in 9eh é@ﬁef’aﬁpd% AoRtEd Pedi @8 110 Sn hoRheneaLatbon Wil

| ead to | ower es in the voice-
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
PWM modulator in general producing such a signal. This
implementation will lead to lower losses in the voice-
coil and magnetic structure of the electro-dynamic

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

25 feedback. Individuals skilled in the art of transducer
compensation will find that many methods can be
successfully applied in the PMT topology. 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 output of the PWM
generator will be approximately 0 degrees. This is of
great importance since a control 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 gsingle pulse modulated

switching power conversion stage is used for the



coil and magnetic structure of the electro-dynam c 20 transducer. The

nodul ating signal will be based on the source input 4 (analog or digital)
and possiwby2abe3 processed feedback information. Many f®@€whBe}#01p68 nci pl es
are viable in the PMI topol ogy, exanples are: voltage, current, notional

f eedback fromtransducer and m crophone 25 feedback. Individuals skilled in
the art of transducer conpensation wll fiond that many met hods can be
successfully applied in the PMT t opol ogy. Even control systens based on
those used in $PHELRTALOB Hph AS° é‘i‘ée‘-n%q':fbl% Rigfe T4 BUtIASF i | ter has

been el i m nat egbaiwk 364 tﬁtﬁnéle%héﬂiﬂg PhBasend agl@rtﬁah%cm&th ofTide PW

i hoe a cont r oI SyarBrT w T3 vi S Dot TiHE it Postlt 1T wi e barth Ho! se
suppressi on catade, dmenwestﬂcéldesmajee@rgn- Bbl Shecsiunlg G tTagen A dMT | s

shown in FLOUr gy, aspan o D1 O A YA Al ARSI

nodul at ed chi'ng po conve I on age i's used tor

PCT/ | BO2/ meeacarﬂxmm@mﬁezm I cﬁnh@wm:sd% @ H ghlujtpal 1y Plllwelf-
modul at ed powes,sigial sird g frhiee 44808 dUGeTcSnp iR %aﬂld%@ﬁié’e load is

driven directly by the swtching power stage, hence the designation -
Pul se Mbdul at elFTFansRicer 5 (PMI). The powerstage is shown as two

hal f - bri dges but ardreer eﬁﬂam—m; ast a fp&éfekwameanwochmﬁnﬂ alrtd w]ﬁo hal f -

bri dges. P erfa ds al vani soI at i on. Furt

details of a p]rhglf%%]eadt r% sgl?cg%ln%(f‘ CW 3% atdd 1 €Tﬁ”@;ure 5
showi ng a PMI w@asitonEl i nIreg;rkaltsed:a&Eu tarl IAC | impi slibalsie r@tﬁfiad]dw a2 is
rectified by g

resulting rect |#%§%&?@%§g&gﬁ&%%%&ﬁves %e 15 WI t h power

switches 16 t Hegs@kelnntesatiifeind ynaipss ca)mnaﬂl | a5ty rﬁami\r%ﬁ Gt H7. The
switching techiol @9y 1% 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
source 25, which may be digital or analogue, and

25 modulates this source 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 source 25 is
isolated from the modulator 17 by optical means 27, to
secure galvanic isolation of the system. This elegantly
secures galvanic isolation of the complete audio power

35 conversion chain.

The switching stage 15 can be implemented on an

aluminum substrate with die wire bonding, and the



of PW\Mtype, resulting in very |ow heat generation. The pul se nodul ated
power signal 17 generated by the sw tching stage drives the

el ectr o- dyoanioe3dry ansducer 19. The transducer 19 is schenRCIraBd2/o1668
represented by an 20 electrical equivalent, conprising an inductance 21
and a resistance 22, with an additional reactive part 23 representing the
mechani cs. The nodul ator 17 is connected tta a | owvoltage audio source 25,
whi ch may be digital or anal ogue, and 25 nodul ates, this source signal to
control the H3# %@@t%vﬁ%%itﬁ'gjﬁ StrpfEe s e TR FRRI At T Ut Wi fittabl y
conprises a caigl@ig. control system and is the provided with a plurality

of feedback signals_26 from.the transducer, su s vaoltage, current,
audi o reproduct i on SFyrafAPR) sysEey i %relgiuﬁeu r‘ﬁ?aé'@q"éf Ye, the source

25 i's isol at edirigloifiide tivsatarall Guliopdwat aeansc2hn tahaigecur e

gal vani ¢ igol ald n. ofc the, sustem Y S Ehegantly nSeaues aalyaliGy .

i sol ation of the conplete audio power COnVEr sion chai n. e Swi“t chi ng
stage 15 can UBéhe mybrepviesitee crushi arpows wrdarura stisst rehasl mivtihl dike wire

bondi ng, and the, Q02 093743 BT/ BRed 01668 ol substrate uses the

transducer magnetic structure for cooli rﬁlzg.1 The exanpl e systemin Figure 5
dramatically si npAdqtdes t afditd S e P o riDR dinifitguFe 5

ternms of el ecftgqgng G amb Wimlpmr‘,ﬂw&e a{l_(lfﬂllv@(isﬁ%pﬂij‘]_ei_§0ﬁp| ete audio
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PMI' where a powesrlisigplas is dihgle egr &t ethdin sl BMI Biruletmmace , THeagower
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implemented as two half-bridges but also 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
20 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.
Another embodiment of the DC PMT is shown in Figure
9 asg described above comprising a PMT Power stage
consisting of two half-bridges. The power supply can
preferably be gingle ended and feed one 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
requirements.
Galvanic isolation can be introduced in the Power
supply or in the interface of the PMT. The galvanic
35 isolation in the interface can preferably be introduced

by optical means or by inserting a signal-transformer.



i npl enented as two hal f-bridges but also can be inplenented as a single
hal f-bridge or as a plurality of 15 half-bridges. The gal vanic isol ation
can be obweaieIrh the Power supply or within the interf®C#/1B862/t1b6e8 PM.
The DC PMI is shown in Figure 7 as a single ended version fed by a DC power
supply placed externally to the PMI. The power supply can feed one or a
plurality of 20 PMI"s. The PMI power stage2can conprise one or a plurality

of half-bridges. A small capacitor can be inserted over the power stage
supply term naisis PlRIRRELY cSorsEes VAR ® FSRLA t'rjech‘%rf?’;s kél‘?ﬁi’?ﬁ]ce ¢

i solation can aleid st Ceshdrd 1ten Rgmrn suppl y or in the interface of 25
t he PMI. Anot her e od| %t of the ure 9 _as

ho
descri bed above co loﬁ éLd]e tsrt ‘r’ﬁi ESal ng cﬁlyf e
hal f -bri dges. Pﬁﬁmfﬂy ﬁmﬁapcwtmd prefartiial beeasinghe endee ame feled one

or a pluralgi tylgglgﬁo Cfl\érr&d&ﬁMé capaci tor can also be inserted over the

pover stage t eFm Ral s i n or to neet the ripple requirements. Galvanic
i sol ation can be i ntr cwiitsse Yo QrRrqEewerthes dpigly orequendie I9Rsas dde of the

PMI. The gal vaii e 3BdS@) adiodmid thgd it aake G\%‘ld@é ef&rablan be
i ntroduced by optical rreans or by |nsert| ng ac’%? gna ransf or
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t hi cker than ene ratton d e current conductors at
the v01ce 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 of the
electromagnetic transducer, comprising bottom plate,
magnet, top plate and center pole, or parts of said
magnetic structure, can be implemented such that an outer

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 breakdown 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.



the switching frequency. Preferably the conductors can be manufactured out
of copper foil obtaining fewer turns on the voice-coil and at the sane
time | owewporg/o93ses i npedance of the voice-coil. This inpli @STBNANGESUPP! Y
15 voltage for the power stage in order to obtain the sane output power.
Therefore the PMI can also be used in I ow voltage applications such as
battery-powered systens without conprising a boost stage. The | ow supply
voltage wll inply_even |ower |losses in the power stage_and_in 20 the
transducer voi ce-cowr’%ﬁ%r%]@%ét‘%@esw%&%rjem e(ﬁrﬁ?%e?%o?’%etﬁ‘gﬂmgneti c
structure of tdenewitect rosmbomett cthaanside cer;pconprpedagebovfoanpl at e,
magnet, top pl : n e ; S i net | ugkure,
can be inpl enen %d@arlsl%% t%%s‘gﬁb o%?%lggé% a?llgér ?CZ g%%g%g?ﬁi?ﬁgfﬁggﬁéti C
structure. Thish¢ agepetantihege. aThbedives| srantd sgeraEaart ERPAELOT

frequency tshamahliei ABANEt i Ke SIEHUGEYELKSS tbAbatOSSES tRet BEapBOREtic
structure are redupf at . the switchin frequgnf]e/. Furt hernore the nmagnetic
¥ tn-ord

structure can TBAPFFERF HBCHEP17Y e et eFPYF s ef ¢ o1 FEBtce hi gh
frequency | osaedulatide, nagsedteisy st veiglitt nceollnee cah@ubahdviéthi s

elimnated probl ens_due to_peaking.with fatal breakdown as a result is
el i mnated angllflh%athje%%sf%?gzb"%of)%ﬁiu%e?erk in order to be able to 35 danp
the filter peaking Feriioetooger ptiskareiThiovmagsbodbmanierefethéci ent

and st abl ys 6 t e hg,, 04t put
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equi val ent cl aRRWEY PR Y eparryel € 00f ekl YoF Hed i BRlbiPlEheUbBtput filter.
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reduced. 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 obtain further electrical
integration. The transducer should be driven by a pulse
signal with a frequency 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 modifications 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 asg consumer audio,



Furthernore, all herein shown enbodi nents of the 10 invention except the AC
single stage PMI can be fed by a power supply capable of delivering

mul ti pl e WOtop93973/0l t ages for the power stage, the controlPCIYBORITHESAN
conprise means for gain shifting in order to obtain an inproved system
when it comes to efficiency, dynam c 15 range and EM as described in the
applicant's Swedish patent application N4 0104403-1 entitled "Attenuation

control for digital power. conyerter" er inc orate by .reference.
The PWM gener a@%?g%%%cf}?ae]f e?’%%“r?/’ béala"dgjpt gbgg]?loﬂ? ﬁ]égr%bn% %c?ﬁ%-%%%%fﬁ c
transducer chapectaEristios mewaehovauipmerri gupPMT 105 umivedeally obtain

further electr] ] rati : 99%? shoul d be driven by a pul se
signal with a %x?@iqluée%%ga@ h%g%%g;%%ism . iejc(}l{la&rﬁ order to _drive the
transducer in an effheiRME meurahey afndel 1iaies B/ dmm RSt chithg of

frequency iss tek@tle\‘;é!%)@é!@é/ré’faﬁcﬁ‘esmoﬂ@f‘@.r@&%hﬁ@é‘%a?tégﬁiﬁ@d EM. It
is clear that the skilled person éna%/l find nodificatipns of the_above
a

descri bed pref SEFEFT IS HEPEL D aREERE M d 3T Tat THHSARABUFE be

consi dered 30 @sedtet upter wmit hdtr Seopebpfmahes appendeg. chadgit&Drinput
exanple, the details reggardi the.switching stage desi e Kk
control shoul ds%%r?%ga f%gga%l%igyn\ﬂ%l%fe%n ?/r.gl elﬁwﬁgoﬁggg?&igggg%er al
and i ndependenite upon BB apphicallong (tey BET anyand ninfeohaaef ewnhuhered myv
to a 10kWphi S : BV a0, bge agduvahgageously
used in a\;%)l i gé;?rfe%‘rfgf a%ﬂﬁ%n%%i a%é?%féygv%‘%%gg,g?s, BT 6037 b16es 14
prof essi onal aifli®, aTaFniFel L Mot PMEr FYEFB 2AVGL A hekS PRt @BP eCPBHW pover
equi pment .  PMITHh Sg Wb YES SA +ua BPP| h6abher & Na@tlh® BORLESabkOASdedben PMI
naturally facilitates systemdesign, e.g. of 5 active speakers and
subwoofers. A three-way active



speaker system woul d conprise a bass, mdrange and tweeter PMI unit driven
by mains and e.g. a digital input source. The only visible electronics in
t he syst ewpwe0dx#73 be t he PCB controlling the PMI"s and i ntPETfIBE#01668NCt | ONS.
10 Sonme of this signal processing could also be included into an
intelligent PMI system having its own DSP core. This would virtually
automate active | oudspeaker design. WO 024693973 PCT/ |1 B02/ 01668 15 CLAI M5
1. An apparatus for converting an audi o Si gl[nal froma source (25) into
audi 0 waves, conprising 5 a nodul ator (£#MPor nodul ating said audio
signal, an anplifying swtching stage (15), for anplifying a nodul ated
audi o signal supplied fromthe dul at or, and el.ectric-acoustic _conversion
means (19) connect €d to % i‘?é)%a\l/ﬁ%kiﬁ 5t Yergtrlrr%gaerﬁ atuo(:?lc%ns\ifL 1't“—’%)la pul se
train 10 (18) flranmd heowewde cltiTlg isttageaudiito veudisn waves;isdeg ei n sai d
el ectro-acqustic conversi ans;\ar ri irectd v Dy .sp d Se train
w t hout an;? separ at% féﬂ%%ﬁg{h%gn’.defv%%rnlé(%/(ﬁﬁt%elr%gdéu%lat oaréc?iﬂ ;ﬁ%he !
switching stage (15)n a®lddy e sohiv@risiortimgms(i(9) me Imeghatng @
mechani cal |y ang,elecd rdufld YeidhONesaReratd ondim Wid .md@ing: sonnadd abl e
directly to a mains power, supply (12) or di ,recgtﬂ%ﬂié ins. 20 2‘% (ﬂnw
appar at us accor di ng®%F e TRy M HE L ert s TP % th
the switching siagevitchifidi gz hi ghrdneglienccdrogsss.a uliee appaimt us
according .to cJaim sai.d 25 swi.tching stage .(15) ¢o i.sihg PWM switching
t echnol ogy 41.?5% éf)%r %ssvéstccc}?ﬂ?%gg(t%g%%arférﬁ fu&clo%‘%‘&sé.%g a feedback
| oop suppl yi ng sai dvimockiratseidieledsenirokig2e) cdromoiepuleans izt es
from the conversi o, ARS:c 3P 5 4l @RRAAAL U AL AP Cack) Ahddrattber i n
filtering, and
wherein the modulator (17), the switching stage (15)
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 to mains.

20 2. An apparatus according to claim 1, wherein the
transducer is optimized with the switching stage to

minimize high frequency losses.

3. An apparatus according to claim 1, said
25 switching stage (15) comprising PWM switching technology.

4. An apparatus according to claim 1, comprising a
feedback loop supplying said modulator with feedback (26)

from output variables from the conversion means.

30
5. An apparatus according to claim 1, wherein said
pulse train (18) is a multi-level signal, preferably a
three level signal.
35 6. An apparatus according to claim 1, wherein said

electro-magnetic conversion means has a magnetic

structure comprising two layers of material, where a



pul se train (18) is a multi-level signal, preferably a three |evel signal.
35 6. An apparatus according to claiml, wherein said electro-nmagnetic
conver si oworeamy7has a nagnetic structure conprising twoPCagBo201663
material, where a WD 02/093973 PCT/1B02/01668 16 first, outer |ayer has a
| ower el ectrical resistance than a second, inner |ayer, and has a
t hi ckness much snmaller than the thicknesdéf the inner layer. 5 7. An
appar at us accor di to.any of th recedin | ai.ns, erein i
structure of sz’d 'Ie%lftreo%/ %ﬁ? S dnvers] oeﬁle tarnlscacon%ersi%%tga#%{?%%ﬁ
materials. 8. Amsappat atimeaccoydng amwd dme of theknevedingh Sgekler ms,
further comprising dyqeatalds Wi Ngonduglors,ydnal have a

that i's less t

di anet er/t hi ckness an ten tines‘greater than the
penetration depth of a current through the conductors at the frequency of

the pul se smodul at ed, si gfialapddrufineRPA AT ACEEF BNERS Hi&bddtag
wherein said conductors are manufactured of copper éoil, 10, An appar at us
according to &P URSt HERSEdedt P9 15 a?‘?fﬁ“}c%glroﬁ)rc? iFRLGE SOHEEF O (27) of
the input to sefdgiierid sadatdraicd ridwenPMomddisefn Bppaitad usattecoaldng to
any of the preceding clains, wherein the power processing electronics is
25 inplenmented on a substrate, said substrate utilizing the transducer
itself for cooling.8.12. 2n agparstus aceording to amy of the preceding

cl ai ms, a%pte&éﬂnéel%ﬁf@&%%ﬁl very SHRR ¥ {113): c Bophacech £ t her

externally or interna to the 137 An apparatus according to any of
the preceding tldtikave Riprate e M irhvete byak OC pbi? Sl ¥°Pl aced
ei ther externaliye®rgiddsnalhan tithd heerMiradfon depth of a current
through the conductorg at the frequency of the pulse
modulated signal.
15
9. An apparatus according to claim 8, wherein said

conductors are manufactured of copper foil.

10. An apparatus according to any of the preceding
20 claims, comprising isolation (27) of the input to secure
isolation of the PMT.

11. An apparatus according to any of the preceding
claims, wherein the power processing electronics is
25 implemented on a substrate, saild substrate utilizing the

transducer itself for cooling.

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

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

35



