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WO 2006/059956 PCT/SG2005/000406 A POWER MULTIPLIER
APPARATUS AND METHOD Field Of The Invention The present
invention relates to a power multiplier apparatus and method, and 5 in

pRGisiakasssgh an apparatus for use in Class D digital amplifigfg§ysG2005/000406

. Background Of The Invention Currently, the typical maximum output

power that can be derived from a convgntional Class D digital amplifier is
about 100 Wafts to 200 Watfts into a4 1o Ohms load. There is a limitation

on this maxinupowibrtmeVeFIYERCAPS ARRIFGAINNS HESEG the

amplifiers. It is desirable to keep the size of the integrated circuits used to
make the amplifiers small to facilitate compact product design, but at the
shiekl tDig hbdrarenéilsn demand for higher output power, which is

iall ' r Cl digital amplifiers due to their -15 hi
o R e R e AR A g and
pOPEFiAURDREFABPRRRA2EHE foretsedniCiagsdh digitpbamapliffetee
apparatus is increased by restricting the range of the 20 signal applied to

ulse width modulator stage, applying the output of a first switching
S ﬁ%%ﬁ%@%ﬁ%ﬁ‘ Pthe apparatus and applying a switched

pOterdilyto mﬁjrthﬁr_:@luﬁllmkmﬁ/&ﬁhe agnﬁmtps?@w@e GasUBSIansiAG from a
u ! Signal.. CC | tQ afyr of t vention

e e e e B R W b dng. =
aQivoselanditipliBetoitrel brritrsionrpartipkfisrastayenandtiputisbeeitchiago the
SERERCEPRNBEIAD I8RO W IHakiDligr sgoageﬂraagﬁb ﬁ%ezfigvf@%f 5 the

sta erein

: p )
Haieer MntpRersp ke sthsirmpliisretammalariaditdsosampact
quiplitdiedasigh, said anthéfiearatagmbeingeornafakledmfaifosatgner output

%Wétr which is especially desirable for Class D digital amplifiers' due to their
high efficiency.

Summary of the Invention
In general, the invention provides a power multiplier apparatus and method in
which the power of the apparatus is increased by restricting the range of the
signal applied to a pulse width modulator stage, applying the output of a first
switching stage to an output terminal of the apparatus and applying a switched

potential to a further output of the apparatus to create a substantially
undistorted output signal.

According to a first aspect of the invention there is provided a power multiplier
apparatus for an amplifier comprising:

a power multiplier control stage;

an amplifier stage; and

a first switching stage connectable to said power multiplier control stage;
said amplifier stage being connectable to said power multiplier control stage;
wherein said power multiplier apparatus has a first output terminal and a second
output terminal, said amplifier stage being connectable to said second output
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WO 2006/059956 PCT/SG20051000406 2 terminal for driving a load
connectable between said first and second output terminals; and wherein
said first switching stage is connectable to said first output terminal to

QR /easteghable DC voltage level to said first output termipal/8G2005/000406
According to a second aspect of the invention there is provided a method

of amplifying power output from a digital amplifier system having a first
output terminal and a second output terminal, the method comprising the

FERRRN RPRIYIREEE I TORSELR:BIR MG BUH RlRr FRERIF A9 Ooutput

producing one or more signals in said power multiplier control stage;
CERTBRg 3 amplifier stage using one or more of said one or more

signalsptierdirg said siesbrdvitetipng termginabvisoaaistaibirlifier séageirst output
Ili i witching st using one or more signals from said 15
R R e R R e S e

one or more switchable DC voltage levels from a plurality of voltage

lavekrafRdarP ¥ NG RRIG NS PLIRE ASlSHEH YoUR0R Ievsiiigysaithitabd of

output terminal for producing a substantially undistorted waveform across

FTBRYEYSE AMHRECRIR bAREeA Slisdfal-aaplifiet syRteBudRIiRs i, output
Betefild sorips cecdribe Diswyitegs Mesfeechéiaddresaptiminues Hasp ik
now bead?f%ibg%’iﬁor t,(hel s%lg%o; iIIusérragiw%rl]goP%l, Wit% rg:fgenpe to the
foIIowinS Vg S8 iR |gu%’v¥ is'8 ScRETh&RE B0 8 gl%tgram of a
convertfodaBies ®atigitieasigsidleincaifiunatomuiglier dstm! stage;
schemafiGifeiit dirUAPRLA AR IGHHPLAN9IR R RSE L€ Dne or more
embodiment of the invention;
signals;

driving said second output terminal via said ampilifier stage;

controliing a first switching stage using one or more signals from said
power multiplier control stage; and

selecting in said first switching stage one or more switchable DC voltage
levels from a plurality of voltage levels; and

applying said one or more selected voltage levels to said first output
terminal for producing a substantially undistorted waveform across a load
connectable between said first and second output terminals.

Brief Description of the Drawings

Preferred features of the invention will now be described, for the sake of
illustration only, with reference to the following F.igures in which:

Figure 1 is.a schematic block diagram of a conventional Class D digital amplifier
configuration;

Figure 2 is a schematic circuit diagram of an amplifier according to a preferred
embodiment of the invention;

Figure 3 is a waveform of an output signal at node 2 in the circuit of Figure 2;
Figure 4 is a waveform of a signal at node 1 in the circuit of Figure 2;



10

15

20

25

30

Figure 3 is a waveform of an output signal at node 2 in the circuit of Figure
2; 3o Figure 4 is a waveform of a signal at node | in the circuit of Figure 2;
WO 2006/059956 PCT/SG2005/000406 3 Figure 5 is a waveform of a

S dreseedy across the load in the circuit of Figure 2 and apwaNeiaseh&tfsos
a signal from a conventional bridge-tied load (BTL) amplifier; Figure 6 is a

representation of the waveforms across the load, at node 2 and at 5 node
1 in the circuit of Figure 2; Figure 7 is a schematic circuit diagram of an

FMRIES Rea Ao ARG A BleUE mBOCE AT KB VRRlRy
Figure 8 is a waveform of an output signal at node 2 in the circuit of Figure
T3 AePO P A IET A & BIHIAT R denY RRtRe Rl Resiger i inec B TL)
Htplifiee 10 is a representation of the waveforms across the load, at

2 and_at node l.in the circuit of Fi 7; Fi 11 h '
e B A ARG B s A DrRIeRcPL AR =
dgfatie ﬁ]%ﬂﬂ@)ﬁf@'@@f&@fs a:schematic representation of the pulse width
m&fl}#@*ﬁg_%'%Bﬁleméti?:%i%iP&?Q&QFﬁ%%’QH%QﬁE;i‘?’i@%ﬁ&&%@%’%%%er

modulator in the circuit of Figure “11; Figure 13'is a schematiC circuit

RERfRIFRDEEIPaRTPRN PR IaVRNteRNother preferred embodiment of the

I FVUITECR iSA0NER Ji8rie B B1RBE SR SRATIPSIONBEIePIS R IWEH bt Figure 7;
odula%ed s%E]al ffor DC_20 'moqlljalfted vthages from the pulse widt

HIHIFGH iR VBRI - RIGRE . NBRR e A1 ek e it

digpyrand Ofisa epEfetaiiooaityetogetonthecrpseftiead fmbodovet aid

tQ?riBM@W‘%@g&iﬁdﬁ%f&ﬁﬁ&aﬁmema“C circuit diagram of a further

preferred embodi t of the invéntion operating in analogue mode. 25
Figure 11 is a schematic circuit diagram of an amplifier according to another

preferred embodiment of the invention;

Figure 12 is a schematic representation of the pulse width modulated signal for
DC modulated voltages from the pulse width modulator in the circu'i’c of Figure
11;

Figure 13 is a schematic circuit diagram of an amplifier according to another
preferred embodiment of the invention;

Figure 14 schematic representation of the pulse width modulated signal for DC
modulated voltages from the pulse width modulator in the circuit of Figure 13;
Figure 15 is a schematic circuit diagram of an amplifier according to yet another
preferred embodiment of the invention; and

Figure 16 is a schematic circuit diagram of a further preferred embodiment of
the invention operating in analogue mode.

Detailed Description of Preferred Embodiments
Figure 1 shows a block diagram of a conventional Class D digital amplifier
system driving a speaker load, in a single channel within a BTL configuration.

The system comprises a pulse width modulator integrated circuit 4, a power
stage driver integrated circuit 5, and a MOSFET H-bridge stage 6 driving a load
7. The digital audio input signal is fed to the pulse width modulator circuit 4 and



10

15

20

25

30

Detailed Description of Preferred Embodiments Figure 1 shows a block
diagram of a conventional Class D digital amplifier system driving a
speaker load, in a single channel within a BTL configuration. 30 The
NERITE6Iarises a pulse width modulator integrated circuit deaga2608/000406
stage driver integrated circuit 5, and a MOSFET H-bridge stage 6 driving a
load 7. The digital audio input signal ig fed to the pulse width modulator
circuit 4 and WO 2006/059956 PCT/SG2005/000406 4 the pulse width

?ﬂ%@%ﬂﬂ?ﬁ%é&ﬂﬁ%dr ghﬁ)%@tﬂﬁﬁ%ﬂi%@éwatwmmﬂ&d%lﬁor circuit 4
apphe

d to the power st er 5. The_ out f ower stagg driv
5 9BB 50 10T STRR D B it H Ui DBt e st o
dheceank MUSFRE by digttalerhutrsigrial turthdrisestta oiaEidure 1 to

produce the maximum undistorted output to the load 7 (V,, volts
peak-to-peak) may be denoted as A. In this configuration, the main

Minitapiealonnimivde.ar foweidialuarstiriopaivist Hndmsteeamibiigre 1 to
Aomestage Vel IndsteRddpisdtilysHatraa BYHgcrecasdingipeak)

Irst preterred embodiment of the_invention and com

rise

ek e deoRiRs e 10, B8 ARHTRK SRR e, B0 UE AL BdRRTPU
Haeria oaweldsbiesiagelly capabliteof e $EEdssapeMaveniC 5.
inductor L1, a capacitor C1, and a load 20. The pulse width modulator

stage 12, the power driver stage 13, and the two power 15 MOSFETs M1
WWEommmmpllawtsquwdﬁegs%t@rﬁf@? piglaeer aekagineatafdthe

%h? %]n%odérrﬁé?%@éj 1% HGe PRSI WIIRFIQRESGS 9008 SQ1WRIRY stage

e sl amplitude by, for example, 3 and checks t%%level of

ﬂhé, smmbﬁ tw@%ﬁmqglﬁfab\ﬁfﬁs%vﬂ%h?s%ﬂfﬁ% %\éﬁ{ SRGRule S Power
diaeHERYtAIgNeIAN qa@u@wq_nal @b@ﬁa@itamohflahdvb|utawlﬂ@ro“ﬂum®ulse

the maxi eak to- dlstorted output for a syppl e
tWéjg?leEﬂi#jrﬂ et ﬁq W Ch pP&Vé'%{bf#g%u%%ayi%vﬁté {ﬁg ti)(o power
theOBHETs NMZa\;(d 25 frthealevohplifiaestageal exceeds A, the multiway
switch 11 will switch to ground

In the system of Figure 2, the digital audio input signal 30 is applied to the
power multiplier control stage 10 which multiplies the signal amplitude by, for
example, 3 and checks the level of the signal. [f the signal is below A, which is
the peak amplitude of the digital input signal in a conventional Class D amplifier
which will produce the maximum peak-to-peak undistorted output for a supply
voltage Vg, the switching stage 11 which is preferably a multiway switch will

select the vo!tage 1/2 V.

If the leve! of the signal exceeds A, the multiway switch 11 will switch to ground
(GND) and a level A will be subtracted from the result of the input signal
multiplied by 3. If the level exceeds 2A, the switch 11 will select the voltage -1/2
Ve and a level 2A will be subtracted from the result of the signal multiplied by 3.
In both cases, this result will be sent to the pulse width modulator stage 12
which is preferably a PWM processor IC. Thus the amplitude of the input to the'
PWM processor IC 12 is always kept below A so that no overflow will occur and

the signal remains within the linear working range of the system.
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(GND) and a level A will be subtracted from the result of the input signal
multiplied by 3. If the level exceeds 2A, the switch 11 will select the
voltage -1/2 Vcc and a level 2A will be subtracted from the result of the

sigh adgudtigléed by 3. In both cases, this result will be sent t@ e @seo00406
width modulator stage 12 30 which is preferably a PWM processor IC.

Thus the amplitude of the input to the PWM processor IC 12 is always

kept below A so that no overflow will occur and the signal remains within

the linear working range of the system. WO 2006/059956
PCT/SG2005/000406 5 The multiplied signal is applied to the pulse width
mbauRibirliedosisoauiseapnlisth of hripuireduidie Mnduanidiariedese a

apgtiest AdBeROMERMEY BUBRORNES: SSHRUARLIININS PRASWERRRKtage
}\ag input signal 30, if the level of the signal exceeds -A or -2A, the

titiway Switch 11 will switch to V., or 3/2 V,C respectively. Also, -A or
-2A will be subtracted from the result of the signal multiplied by 3 and this

re il t r e v
SR 18 2 AR RS Yk 0 Rt FeSine
RFeRY8 pived supdiy e . ipmetidnitattnd tweiemich Tty Ma 201d ¥R Veo
it$e@9@6@?€éﬁ,d ftttaﬁ&,ﬁ,rsrﬁeref @A&l@iﬁﬂ@@cgerbgﬂacaéwlﬁaﬁﬁ%@f #te%dﬁ Gf?%%igignal
0 one side of the capacitor C1 at a node 2 and also to one terminal o
PR e e et Aetic Br B e oo, The
digital outputs from the power multiplier control 10 are applied to the

itchi t ich,i led 1o f yolt r A
R 8 AR e ko 9 n v
SHBlahiReSEigfearsRES @ ROURESRPHEYermiNee ibpatien pbifer wRIMSHSFETs
qantepldIMRLe aBAHbeise IR iedrsokagedeYss imanekad to theeSeepd sider is
of th% Ioa\d 20 at a,node 1. The inductor L1 and the capacitor C1 .
coupled to one side of the capacitor C1 at a node 2 and also to one terminal of
the load 20. The other side of the capacitor C1 is connected to ground. The
digital outputs from the power multiplier control 10 are applied to the switching
stage 11 which is also coupled fo a range of voltage sources Ve, 3/2Vee, 1/2Vce,

ground and —1/2V.

The switching stage 11 selects one of the voltage sources as determined by the
power multiplier control unit 10 and the selected voltage level is applied to the
second side of the load 20 at a node 1. The inductor L1 and the capacitor C1
form a low pass filter.

Figure 3 'shows a plot of the signal at node 2 of the circuit of Figure 2 if a
sinusoidal input signal of amplitude A is applied as the audio input signal 30.

Figure 4 shows a plot of the corresponding signal at Node 1. Figure 5 shows a
plot of the corresponding overall signal across the load 20 in the system of
Figure 2 and a waveform of a signal from a conventional bridge-tied load (BTL)
amplifier. Figure 6 shows the signal at node 1, node 2 and across the load 20
in one plot using the system of Figure 2.
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form a low pass filter. 25 Figure 3 shows a plot of the signal at node 2 of

the circuit of Figure 2 if a sinusoidal input signal of amplitude A is applied
as the audio input signal 30. Figure 4 shows a plot of the corresponding
sasbabdede 1. Figure 5 shows a plot of the corresponding@ygtalbos 000406
signal across the load 20 in the system of 30 Figure 2 and a waveform of

a signal from a conventional bridge-tiegd load (BTL) amplifier. Figure 6
shows the signal at node 1, node 2 and across the load 20 in one plot

using the system of Figure 2. WO 2006/059956 PCT/SG2005/000406 6

?\s shown in Eigure 5, using the system of Figure 2, a peak amplitude of
\5\PEEMR I FEES S S R VR ST G oIS SyRSBh BT BT 1-5Vee

shawhiendd gureohip avbit toaepeatvantflitabsyetaid @ istrchipwasthdv@ing Higure

j { ircui .nt f b ing t
RN S5 IS LB LI o

Zipgiigniashielé sewes frimiernas o aeideraly ssing dhensystpmsifotiguire 2, the
o dowesd tfh'@yi%éhﬁ%é@éa%ﬁw&@ﬂﬁig?@%;ﬁmegE%[eg@%@wo&n a

Power, Po = R yX 10 Power Multiplier Output Power, Px - R (2 C
APOEDUEBL WERD SRR Rk WorittdTiStaGe PRtk is shown in the
inzhdemtmiedeaking a digital signal processor, the system of Figure 2 may

be implemented readily by use of

2
Original Output Power, Po =.%.
2
Power Multiplier Output Power, Py = %{_
3
_ 5 V)
R
OV
4 R
=225P,

As the power multiplier control stage 10 may be implemented using a digital
signal processor, the system of Figure 2 may be implemented readily by use of
an appropriate algorithm. [t may also be possible and desirable to include the
power multiplier control stage 10 within the PWM processor 12 as this will
reduce the number of integrated circuits required.

Although the input signal 30 has been described and illustrated as being a pure
sine wave, any form of input signal may be used.

An alternative embodiment of a system according to a further preferred
embodiment of the invention is shown in Figure 7. The circuit of Figure 7 is
identical to that shown in Figure 2 with the exception that the number of
sWitched voltages has been reduced to 3, that is, t0 ~1/2 V¢, 1/2 Ve and 3/2 V.
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15 an appropriate algorithm. It may also be possible and desirable to
include the power multiplier control stage 10 within the PWM processor 12
as this will reduce the number of integrated circuits required. Although the

I E@gNaba0 has been described and illustrated as being app4i€c 2R os
wave, any form of input signal may be used. An alternative embodiment of

a system according to a further preferred embodiment of the invention is
shown in Figure 7. The circuit of Figure 7 is identical to that shown in

ﬁwws isthR A GeRiQInAL dhe 5&%}%9 téﬁe%%m&ﬁ ¥QJ§%9?§ Ritftiplies

been reduced to 3, that is, to -1/2 V

ﬁéem@w@*@w‘é@mgmme '?Vﬂ ﬂ’fé%ﬁ%f&héﬁmﬂ Eignabiy belaw A,
aawemnww@vmmrohﬁtag@@& mgltr@ltagetw vayiosmabbye'a &g first side

ks the leyel f the SI aI IS b the ultiwva it
{ﬁﬁ se?e helf/tcr\?a ﬂli\&]e ) 861?88 ‘%?¥rr°‘éx|'§°§{j H1 wil
Zi)vttbthﬁlleﬂﬁ Ev’fc&heﬁstlghalmeehma ﬂﬁesmahhﬂw@dlﬁmmﬂmlr@ult of the

U Rutligiet By R SRR REN w%{’blc? §é’ﬁ’ﬁé‘i¥?ﬁ’ &1868&&89 s

sighal multiplied by 5 and this resu tW|II be senttot rocessor IC
12. Similarly, for the negative side, if the level exceeds -A, the multiwvay

wﬁﬁlarl)l wﬂﬁﬁglﬁﬁgﬁﬁw@lmefaf?evav@négé:ﬁéwl%tm%%ﬁﬁmtﬂt@wch 11
e n IS result wi e senttio the_ '

s rshae ol T e oo e, SRR AP fanesul of the

thigsystenitipid¢ddyré @ntiahismasoitadiinpissignaltbé Wit pdecAssor IC 12.

applied as the digital audio input signal 30. 15 Figure 9 shows a plot of
the corresponding signal at Node | in the system of Figure 7 and Figure

Toatisvi shewrgAaplat mbdbe sianfd 2tanedecro s the Rysderodstifigure 7 if a
syBlasmiQAiapie didR-are BRbidRiEIaULabbREPWS REUEBRAIPIAIRE But signal

embodiment of the present invention which differs from the embodiments
“igures 2 and 7 in that the MOSFET drive

Figure 9 shows a plot of the corresponding signal at Node 1 in the system of
Figure 7 and Figure 10 shows the signal at node 1, node 2 and across the load
20 of the system of figure 7 in one plot.

Figure 11 shows a further preferred embodiment of the present invention which
differs from the embodiments of Figures 2 and 7 in that the MOSFET drive
involves a full bridge, whereas for the first described embodiment shown in
Figure 2, it can be seen that only half an H-Bridge is used. The embodiment of
Figure 11 also has fewer steps of switching voltages, than the embodiment of
Figure 2.

In the system of Figure 11, the digital input signal 30 is applied to the power
multiplier control stage 10 where it is multiplied and sampled. As in the system
of Figure 2, the amplitude of the signal level is checked and adjusted aé
required to keep the level within the working range of the PWM processor 12.
The multiplied output signal is appﬁed to the PWM processor 12, the width
modulated pulses from which are then applied to the input of the power driver
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involves a full bridge, whereas for the first described embodiment shown

in Figure 2, it can be seen that only half an H-Bridge is used. The
embodiment of Figure 11 also has fewer steps of switching voltages, than
e smmandisaent of 25 Figure 2. In the system of Figure 11, terdigitab/000406
input signal 30 is applied to the power multiplier control stage 10 where it

is multiplied and sampled. As in the system of Figure 2, the amplitude of
the signal level is checked and adjusted as 30 required to keep the level

wishin e Wpﬁéarltsmen%mﬁwﬁm%@éo(;@ﬁ@é Jq?elkl]Tép wRiftphpgliRdrbt the
| | (0] rocessor , mne wi SEeSs
D R B0 E, A B et 1 SR RO SRS RS
RODEHERRSE ETHBQLD H102048Marmtagheal BoWhe euplyty ¢ooim ghisind, the
_ : ot . .
oo b and e RORAGHBLEY 0 SaMiaintn f While e e
it sefiest tasrpinatind paprsitensplyanecadigiotaiming Fuihaibird SR gtaete 2-
:Phi@%?Q?Eietmﬂ?sﬁﬁ@lﬂﬁtlgéfr@%_rtﬁtirffé&f_éawi?t§@:'h t@l @%@%@tm fétﬁzipl}lr_ Vg 10
erminal Q1 capacitor ana a first ter al o e lo at.nqQde Z., e
O T AN PSS ME A0 M5 coar o ARG tioRRof an
douctdr Th2e thacsierphe tiepmini oanechidd is comnected to adpatiem2al The
picn e ; Com :
S0 A4 4 B REGORARTRA WO SpREci 8 SRR e
geoond. tBrainal sééehis furthpidamezieddataey ibonhetiba eyviphinguinit 14 at

thsganalChifigUBthad %n@@@l&ﬁpﬂ@%@% \Qlkagmigniis tutheswitehing and
unit 14 are -1/2V,0.and 312Vcc, The swﬂchg&q operation is controlled by 0
f

thle Yrowd P BIHHEPEaBe 3t P FRNGFERMPYF PRy R L MHERIBRAHRPS 10

principles are the same as the 15 embodiment of Figure 2, but in the

TR SR D ot U ROl AR eHaf B the

3 e load to the si e connected to

etz dinesidtthigureThopidn /bieaersfigrsatissliof tigeisgh! the Bavugitages of
iish 44 Ry, canrafing ihe winia PhdhRAuEse WidisRRdUWateR side of the H-
Bridge connected to the 3-way switch 14. The DC voltages are applied through
the 3-way switch 14 by controlling the width of the pulse width-modulated
(PWM) signal applied.from the power driver stage 13 to M3 and M4 through the
low pass filter formed by L2 and C2. The PWM signals for producing these DC
voltages are shown in Figure 12.

A further alternative preferred embodiment bf the invention is shown in Figure
13. In this embodiment, the input signal 30 is applied to the power multiplier
control 10 the output of which is applied to the pulse width modulator 12. The
pulse width modulated pulses therefrom are applied to the power driver stage
13 and the outputs of this stage control MOSFETs M1 and M2 connected in
series across the supply. The junction of the MOSFETs M1 and M2 is
connected to the first terminal of an inductor L1, the second terminal of which is
connected to a first terminal of a load 20 and a first terminal of a capacitor C1 to
form node 2. The control outputs from the power muiltiplier control stage 10 are

applied to a pulse width modulated signal generator stage 15 which provides
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(PWM) signal applied from the power driver stage 13 to M3 and M4
through the 20 low pass filter formed by L2 and C2. The PWM signals for
producing these DC voltages are shown in Figure 12. A further alternative

predevr@dembodiment of the invention is shown in Figure 13pdfi#ti%005/000406
embodiment, the input signal 30 is applied to the power multiplier 25

control 10 the output of which is applieg to the pulse width modulator 12.
The pulse width modulated pulses therefrom are applied to the power

deiyelaiag @3 ang e oRuss Md@?@%ﬂ@%ﬁowgbﬁ%ﬁﬁ%r%%ted in
M2 connected in series across the S}{fﬂ The junction of the MOSFETSs

MEETESPRIY RN BUPRNES P10 et | SPaAUREIRAGT HHe MO SESIRMS
termdiived i3f ouinkcbdieddccarinsctediasd &f sirténahinédof 2, iheds20caddarriistl of

t%&ﬂi‘éﬂ%%% 59%8‘%8'% ﬂ% tté)mf\ &Og%%?achc Nk %' f4'B déﬁrj]ég@ﬁ\ﬁgt ofa

power multiplier control stage 10°are ap fo a pu se Wi

sigaﬁﬁgéné%mmw@é 15 herseaprdiateinale (b aBbG8aare both connected
A& L+554005/000406 9 outputs to drive a further pair of MOSFETs M3

M4 which are connected in series between supplies 3/2V,, and -1/2
V,G. The junction of the MOSFETs M3 and M4 is connected to a first

;emrtﬁeedmbammmrﬁ@me EGGGWMﬁlﬁ@ft?dambN@ibé Bccoum@éﬁo’az Ve,
i r apagci
R e R e e NI T A R e T Sl

ground. In the embodiment of Figure 13, the switching among the DC

V@'&%@?&o?—%\(ﬁfbug{\@ e 1% YaSs YifteaBhiéd MGG 0INaE! BIEcBHRARE the
by a PWM Signal 1 nerator 15 through the low pass filter formed by

LYidhpEbey WAk §ianab YH@CWﬂﬁ?&%‘@WVM\%@rQEWQﬁ is as shown

below in Flgure 14. Figure 14 shows the pulse width modulated signals

Iled and 15 respe tem of Figur
va 5L 1;Pwnch‘lar\{\'éjsv’\ﬂlfaa es el'al(%%al Hé%\?\% Cﬁ;l‘ é‘ E\‘/lgltaB% 'ef? { %%Hd M4
uisseeotiielistor MBterueh&dpore 13 for the various switching voltages.

To obtain the switching voltage of —1/2V, the upper transistor M3 is turned off
and the lower fransistor M4 is turned on.

To obtain the ground condition, the upper transistor M3 is turned on for 1/3 of
the cycle whilst the lower transistor M4 is turned off and then M3 is turned off
whilst M4 is turned on for the remaining 2/3 of the cycle.

To obtain the switching voltage 1/2V¢., M3 is switched on for half of the cycle
whilst M4 is switched off and then for the remaining half of the cycle M3 is
turned off whilst M4 is turned on.

To obtain the switching voltage Ve, M3 is turned on for 2/3 of the cycle whilst
M4 is turned off and M4 is then turned on for the remaining 1/3 of the cycle
whilst M3 is turned off.
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and the lower transistor M4 is turned on. 20 To obtain the ground
condition, the upper transistor M3 is turned on for 1/3 of the cycle whilst
the lower transistor M4 is turned off and then M3 is turned off whilst M4 is

WiHeshonsiogsthe remaining 2/3 of the cycle. To obtain the swieh005/000406
voltage 1/2V00, M3 is switched on for half of the cycle 25 whilst M4 is

switched off and then for the remainingjalf of the cycle M3 is turned off
whilst M4 is turned on. To obtain the switching voltage V,,, M3 is turned on

for 2Ghefithe ¥Rl Mdds Bmed %%%Médsoﬁhen&tw% AARHBE for
remainin 1/3 of the cycle 30 whilst ﬁ/l3 is turned off. WO 20061059956

40680 To obtain the switching voltage 3/2V00, M3 is
turned on and M4 is turned off for the duration of the cycle. A further

S& ﬁﬁgr IefeQOd"HeQ% therlan{a n E |s“§\r/1é) “A”;é: ! 5%%5WAFb%re 15. A
WitC Ing ower Py IS u or switching amon t
voldighing A@Wﬁ@m@nnﬁlﬂ@w@@ thoe amtﬂhm@eammsﬁlgmwtrevelt@ges

cﬂeqmﬂ@egst@mteﬁdﬁéegLﬂﬁedamﬁeaé*b@ {ﬁgeé;@wmetv@ Yorkiked and

range of the PWM processor 12. The digital audio input signal 30 is

a%%ﬁé@%%ﬂ&%ﬁﬁdﬂdﬂ%@cﬁ?ﬁréﬁ‘é%&@m Hsereriaomfereardhg PWM

tlped@nﬁﬁnheg omwtd@rtbeelﬁnslmao dfndnespuisepypiisa mlﬁ@iﬁrﬁfﬁ@ﬁ)her
12. ulse h modulate s fr the lse WI
o S e e R s e TR SiTohds Hieh Gppted o

MIGSFEEE Waﬂblmochllﬂﬂmasmg&ﬁéonﬁmsmdsa witibsrachoksdat e utsgxpivom the
Thadungian %Hlﬁ%9§é§ SR, gﬂal:é'ﬂ‘&da'\q»% ‘Zi“r%?tﬁféqé 3 ﬂgﬁmh

terminal of an inductor L1 and the sec rminal o e inductor ™1 Is

corvRceralh of MASERT ﬁaqim!a’teaﬁa%it@n@Maﬁ@m@eférﬂnme@f@r@aa the
ZQJbbx;ormwaqdﬁo%oﬁf& MEtENOSFRIPHER SEIHE ROWBREMIENESEHRRIERId to a

e 10 re lied swit h|n ode power su 16 to switch the
t% o ?ﬂ@rg@JS&W n]'le se%ong rr%ﬁ\\é/\l of the In uc%or L1 is
connected fo a first terminal of a capacitor C1 and a first terminal of a load 20 to
form node 2.

The switching outputs of the power multiplier control stage 10 are applied to a
switching mode power supply 16 to switch the output voltages thereof between
=112V, ground, 1/2V¢. and 3/2V.

The output voltages of the switching mode power supply 16 are applied to the
second terminal of the load 20 to form node 1 and the second terminal of the
capacitor C1 is connected to ground. Further outputs voltages V1, V2 and V3
from the switching mode power supply 16 shown in Figure 15 are other voltages
supplied to other devices within the equipment, for example, a microcontroller.

As the power multiplier control stage 10 may be implemented using a digital
signal processor, the systems of Figures 2, 7, 11, 13, and 15 may be

implemented readily by use of an appropriate conventional control algorithm.
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20 -1/2V,,, ground, 1/2Vc, and 3/2V.. The output voltages of the switching
mode power supply 16 are applied to the second terminal of the load 20
to form node 1 and the second terminal of the capacitor Cl is connected

tQvarajepesdotyther outputs voltages V1, V2 and V3 25 from the-gwéssi&ehosos
mode power supply 16 shown in Figure 15 are other voltages supplied to

other devices within the equipment, fory¢xample, a microcontroller. As the
power multiplier control stage 10 may be implemented using a digital

sEgatProsansatatbe ayaiams Airefawes dmbokilmdat andnkd pRasshe iR0ention

implemented readily. by use of an opriate conventiona| control .
ST W% oIR8 0% 0GB BiiFe AEBodiments of
ilftigeges?a furttier 15 efad-etbewtticinverk of the pligéeintrindentidihe system of

e s e B o
FRIHE FETRERI MR RISV hradyliehing stiAgr 28 haviRg airie| siaarep. 2

iﬁpuhézrancbaffmet@én%e.a&v@éap% a@aggggtﬁgl%@ﬁﬁal GEIOMRET i}x‘élmvork
S e urther erra e , a lgal and a resistive potentia
oo o R R R8s v G g verse
eqliitfdepaio tiethevarselitéth23yaii bé therapapifier 22gEhRE@mpdimofurther
Sﬁ@:‘?f&ée%@%@%é%% SRR IR A IFE dppawer multiplier control

stage. 10 In the system of Figure 16, the analogue nput signal 19 is
applied to the negative input of the Class D analogue .amplifier 23 which

has ﬂqga‘j‘:@@ék@v@f -F;?@J?@a’i@g L{ﬁ@@ﬁbﬁi@ﬂé& Mﬂﬁ @tglﬁéiﬁ)_pgee E)ngl%d to the
com atar st erein. It IS compare t urall )

B EIRGS e s B Arroa el S W et o
vohegersipgie-\nedit \&ighial tHE dsnadacatpplitagéo2tha senappretometigd 25
e o R SRR RS PG VIR R AR IO fRpositve

iVeliRaR SteRPty iR ARBSRHNMAAEEMHHRP O ERlge/Vithin the comparator

stage 25 a serially connected chain of six resistors R1 to R6 is connected
between Vref and —Vref to provide the plurality of DC voltages. The junction of
resistors R3 and R4 is connected to ground. Also within the comparator stage
25 are four comparators. The analogue input signal 19 is applied to one input
of each comparator and the other input of each comparator is connected to a
junction in the chain of resistors R1 to R8, the junctions being between R1 and
R2, R2 and R3, R4 and R5 and R5 and R6. Preferably, resistors R1 to R6 are
equal in resistive value. Thus the signal is compared with voltages + 1/3Vref
and £ 2/3Vref.

The outputs of the comparators are coupled to the further stage 26 which may
comprise a control circuit to control The switching stage 24. The outputs of the
stage 26 are coupled to the switching stage 24.

The output of the switching stage 24 is coupled to a first (positive) terminal of
the load 27 and also to resistor R9 of the potential divider formed by resistors
R9 and R10. The junction between R9 and R10 is coupled to a first (positive)
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25 are four comparators. The analogue input signal 19 is applied to one
input 20 of each comparator and the other input of each comparator is
connected to a junction in the chain of resistors R1 to R6, the junctions

haingdaetueen R1 and R2, R2 and R3, R4 and R5 and R5 anrd/R62005/000406
Preferably, resistors R1 to R6 are equal in resistive value. Thus the signal
is compared with voltages 1/3Vref and 213Vref. 25 The outputs of the
comparators are coupled to the further stage 26 which may comprise a

£ORtehcBeYitdoasy @ Eml@@d@faﬁgaﬁmez% The euiprteohithe S1aRE0 is

26 are co Ied to the |tch|n 24. 30 The output of the .switc
S IR Ao L L BLL R 4Rt O ORTSA A5 i G 3o
pysistosrR@ cbthéofhteotimudividie OtassdbgnalsigterenRifien@R10. The
junction between R9 and RIO is coupled to a first (positive) WO
2006/059956 PCT/SG2005/000406 12 terminal of the Class D analogue
HnipefieystemTeicrignes Enieasep vy dtagsitetite FlassrBLrapifier 23 need

BHIpUOTIhe %ﬁﬁenaf(ﬂegm)daw@mam‘d@@ g7 s memeted teethetal

output of the Clas nalogu lifi n th ) stem o Lre 16
H{EP %WV‘BH t\6° %@%fg g%% ?}Fé}%@e 8L Bh yrbe one ﬁnrd of thput
tveirigtaf aljpef wiltgiye awmgjlmdxthecbtﬁuteutmf tbtslcaindistorted output
voltage is Vcc, then Vref is chosen such that an input swing of Vref will
give an undistorted output of Vcc. to If the positive excursion of the
ihébmpretivpamisReaidhndneominsaiges! tppredsialaws 1/3 Vref,

B asieshat Bealem%%ﬁé&t&?mﬂé?ﬁwﬂm@ &P AP 3 Wiy eiakhsutput
m% s%s the sw% e 24{7 95"\;/30 Z:fn ou Vccl which ¢ Vool
YRR SPAF 01 ST D N S, Bk e SN AN APt

mbimmammmeﬂtﬂ&m the junction of R1 and R2 produces an
output which sets the switching stage 24 to give an output of Vcc2 which

is equal to 213 Vcc.
If the positive excursion exceeds 2/3 Vref, then the comparator connected to the

junction of R1 and R2 produces an output which sets the swﬂchmg stage 24 to
give an output of Vcc2 which is equal to 2/3 Vce.

If the negative excursion of the incoming signal 19 exceeds the level -1/3 Vref,
then the comparator connected at the junction of R4 and R5 will give an output
which the stage 26 will use to set the switching stage 24 to give an output of -
Vee1 which corresponds to -1/3Vec.

If the negative excursion exceeds -2/3 Vref, then the comparator connected to
the junction of R5 and R6 produces an output which sets the switching stage 24
to give an output of -Vcc2 which is equal to -2Vcet.

The waveforms at the first (positive) and second (negative) terminals of the load
27 are also shown in Figure 16. In the embodiment of Figure 16, the Class D
amplifier 23 can achieve a higher output power than the amplifier alone was
designed to produce. As in the embodiments of Figures 2 to 15, it is possible to
produce higher output power than conventional amplifier designs without
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If the negative excursion of the incoming signal 19 exceeds the level -1/3
Vref; 20 then the comparator connected at the junction of R4 and R5 will
give an output which the stage 26 will use to set the switching stage 24 to
Fine2a0sas8mst of - Vecl which corresponds to -1/3Vcc. If the pegadseos/ooo406
excursion exceeds -2/3 Vref, then the comparator connected to 25 the
junction of R5 and R6 produces an output which sets the switching stage

24 to give an output of -Vcc2 which is equal to -2Vccl. The waveforms at
thedéssitRp sy op ragesapened(ie gaé vamtarmainalste fihaiiRadine’ g &lsatput
sho%vn !dq Fi ure 136' Inl thVe @mbodiment of Figure 16, the Class D 30
aDmpl?ﬁer AR acHiBve'? a|‘8ﬁ'er output power than the amplifier alone

was designed to produce. As in the embodiments of Figures 2 to 15, it is
Ressiie; it RH e NGhE FQULRIE PRYEIIBAR GPRYEHRRRALAMRITIRE positive
designs without WO 2006/059956 PCTISG2005/000406 13 increasin

. asing =

HREVEIRAGE Hspiidest thanaiRglfe BPE §radutietrignanry shabihisisweion is
atubtiawtds fpply theltageit Adging jeneticn hetveen resisiats Baod RaGsignal
conn to,the itive. S.terminal of the.Class D analogue amplifier 23,

t g%glﬁg{:nrrg Ie\;éleaﬁﬁﬁsh?hgrﬁc |o(n?si§N ﬁ;’?ﬂgtrg{gﬁéaﬁ%rﬂ/ ﬁ@']ﬁpi%’ g%r?rgﬁf\e%ea‘rgehﬁer
tRat the resulting level of the signal output from the amplifier 23 is within

the linear working range of the amplifier 23. 10 Various modifications to

the embodiments of the present invention described above may be made.
PR RETPRILEREP RS I SRR R SR MR @ s tipPEFPHeRRIEgR described
satiwstéute) foe thasteabbue skaupls|tbthiegctheporentioandambemia steps can

SCl [ ticular embodiments, many variations are

e Rl SR R TSI s poer

réesiibedtiahqave 3l diegapabctiemanbegimentis, Joepy sbtalionseatomossible
Mfewh tRe I¢bope of the claims, as will be clear to the skilled reader, without

departing from the spirit and scope of the invention.



10

15

20

25

30

Claims: 1. A power multiplier system for an amplifier comprising: a power
multiplier control stage; an amplifier stage; and 5 a first switching stage
connectable to said power multiplier control stage; said amplifier stage MCSLLP
being connectable to said power multiplier control stage; wherein said

power multiplier system has a first outpyy terminal and a second output
terminal, said amplifier stage being connectable to said second output

Clahwed for driving a load connectable between said first and second 10

utput ferminals: and wherein said first switching stage .is connectable to

i r s POVHBL G 2 S50y & e U SR v 1o sal
first output tearpioaielaltiplipowentmuligizigs;system according to claim 1,
wherein said am%Iifie[. .corgt%rises: %pulse width modulator stage

connectable tgnsa%]%g\'ﬁér mgﬁi’pﬂgr control stage, a power driver stage

connectable te §estl puitzhingltiape dularecitide t2faihdenwsscondiplier control
iChing. Stage ¢ table to sai S _ o
g e S B e o R el
sagaywheealrcoaitbptysts butiiipker syistéms thasdesticsdmiputbterminal and a
ey inlier . m2
R B YR SO OG0 coconc
stigotdacmjrauddr drivine@doadutophectsite helvesaisgiddicshiand second

i ' C 30 switching stage comprises at least two
HERRaE

s connectable in series. MCSLLF
wherein said first switching stage is connectable to said first

output terminal to apply a switchable DC voltage level to said first output

terminal.

2, A power multiplier system according to claim 1, wherein said amplifier
comprises:

a pulse width modulator stage connectable to said power multiplier
control stage,

a power driver stage connectable to said pulse width modulator stage;
and

a second switching stage connectable to said power driver stage;
wherein said second switching stage is connectable to said second output
terminal for driving a load connectable between said first and second output

terminals.

3. A power multiplier system according to claim 2, further comprising a low

pass filter connectable between said second switching stage and ground.

4. A power multiplier system according to claim 2, wherein said second

switching stage comprises at least two MOSFETs connectable in series.
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15 5. A power multiplier system according to claim 2, wherein said first

switching stage comprises a selector for selecting one or more of a

number of predetermined DC voltage levels to be applied to said first MCSLLP
output terminal. 5 6. A power multiplier system according to claim 2,

wherein said power multiplier control stage comprises a multiplier, a

subtractor and a comparator. 7. A power multiplier system according to

gaim 2 fggiar aommsirng wstbifasvdieiiaostaetroniamiadie daiaaekt

power driver stage and said first switching 10 stage to provide a number

SPURHIEBIRISCIBIRIRE R A IRF Ui Piree ISGHRE RBRMARANDRPORIcR Myenber of
irelodiehingasDOey Sy @ MNeINSIBR!ISH SISO S8RPffS IBtlatBIrinal.

wherein said third switching stage comprises at least twvo MOSFETS
connectable in series. 15 9. A power multiplier system according to claim

B, whergipsadn fiiaitighaickyrtestogecondimyiseslaineasivnng «fi sqidlsewer
width modulated signal generator, and a switching, mode power supply.
TR LT bR PG ORI APL SR AN S mparator.
amplifier stage comprises a Class D analogue amplifier having a first

input and a second,. input and a gain. 11. A power myltiplier system . . .
L orahg e SR A Rp A e BB il ombrising a tird
switobatglséatpesai fiestt aide ttofssaapamplifithivansthgeing disdidiiiah sadiching
corresponding,to the inyerse of sai in.of said amplifier. 12. A.method of
R O R S e P LR R s A O ot
teminabthmingg latickafisstewitahnitgus teegeninal, the method 30 comprising

the steps of: applying an input signal to a power multiplier control stage;

IMCSLLP 16 producing one or more signals in said power multiplier
ontrol Atageer multiplier system according to claim 7, wherein said third

switching stage comprises at least two MOSFETs connectable in series.

9. A power multiplier system according to claim 2, wherein said first
switching stage comprises at least one of: a pulse width modulated signal

generator, and a switching mode power supply.

10. A power multiplier system according to claim 1, wherein said amplifier
stage comprises a Class D analogue amplifier having a first input and a second

input and a gain.

11. A power multiplier system according to claim 10, further comprising a
potential divider connectable to said first input of said amplifier, and having a

division ratio corresponding to the inverse of said gain of said amplifier.

12. A method of amplifying power output from a digital amplifier system
having a first output terminal and a second output terminal, the method
comprising the steps of:

applying an input signal to a power multiplier control stage;
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controlling an amplifier stage using one or more of said one or more
signals; driving said second output terminal via said amplifier stage; 5
controlling a first switching stage using one or more signals from said MCSLLP
power multiplier control stage; and selecting in said first switching stage
one or more switchable DC voltage levgis from a plurality of voltage
levels; and applying said one or more selected voltage levels to said first

10 outfoiiBmPbIY BFeHBFRSIghavFaRia PR sertRslidrasiedNstage;

across a load connectable between said first and second output

termineSN 8! INGr RN BRI §1Rg tSIRRCTE, QFHBRIRM Aheaie s or more

eiNepding the amplifier stage comprises controlling a pulse width

modulating stag,e_usicré%_one 15 or more of said one or more sigfnals to
B A

produce a traift theaerat QYiRitderanrphastdmalissstage;
driving said segsnebhivigpat fiestrsnalotongstses dréiig saicoseraadigupldtfrom

terrginal via a if(ﬁ:lﬁnd swiffflin'%sta.ge sing said train of width modulated
Eﬁf ROVE I UAREIHEYHEL S ?\% &'®aim 13, further comprising filtering

in a low pass détectaglitraiaid fivatiswitabitudastageutsesfromesaddsiivithable DC
switching st rior to, applying said train of pulses to said first output
B A R e D B LW ereim the step of

driving said sexqupidinguspid tEmenorainoreaidsetanhddteigehlagedsagesaid first
compri driving at least two_MQSEETs connectable in series. 16, A
ORGSR e S LR R oo = toae
80rvdtthblg betyeeorspiisbstalad hegamt autpdrieohaalsmber of
predetermined DC voltage levels to be applied to said second output

terminal. ICSLLP 17

13. A method according to claim 12, wherein the step of controlling the

amplifier stage comprises controlling a pulse width modulating stage using one
or more of said one or more signals to produce a train of width modulated
pulses; and

wherein the step of driving said second output terminal comprises driving said
second output terminal via a second switching stage using said train of width
modulated pulses.

14. A method according to claim 13, further comprising filtering in a low pass
filter said train of width modulated pulse from said first switching stage prior to

applying said train of pulses to said first output terminal.

15. A method according to claim 13, wherein the step of driving said second
output terminal in said second switching stage comprises driving at least two
MOSFETs connectable in series.

16. A method according to claim 13, wherein the step of selecting in said first
switching stage comprises selecting one or more of a number of predetermined
DC voltage levels to be applied to said second output terminal.
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17. A method according to claim 13, wherein the step of producing one or
more signals in said power multiplier control stage comprises: multiplying

said input signal by a predetermined factor; comparing said input signal MCSLLP

with a predetermined reference value and if 5 said input signal exceeds
said reference value, reducing said inpytysignal for maintaining the signal
applied to said pulse width modulator within a working range of said

mpdulator aiid dlelesBiiiiig el RrMIagasyen sensleg bEpriph&ats distor
switching stage dependent on the amplitude of said input signal. 10 18. A

RSB ARSI R 10 RRXNGT TBUHIPIRS (UMl SIRg S MRS € number of
switchahlgitiplyivigltegia leyeisdigsalbiirstratuetaimemtdbrorgh the first
switching stage using a third switching stage connectable tQ said power .
driver. SEIBBAIRASAIFRR U, SRR A 3o TS F TR RS S dEAE RS RN an
claididBuirdigneiresaiskaie pait pefeidingeavaliebesdat sajdsteddlsput signal for
comprises using at least two MOSFETs conneciable in series. .20. A .
O e B R B! e PULRR Rk OPOaUIRG THTLlnce wprking
fiesigawtthaid stadelatid and or more voltages to be applied to said first
output terminal comprises generati ulse width modulated.signal., , .
g SRR ARG B R AN KR Bl P tcning
lagavitbpsaidenidth the rampbhtdsl etidajdsmidysignahnultiplier control

stage. 25 21. A method according to claim 20, further comprising driving a

third switching stage using said plurality of pulses to apply a selected
viditageAeveittodsant firdingutputladmidafvithanoampgsifiggeredding a number

][8%0&?{% 6 %@9&81@%@&%@%%%‘?& FAg SEﬁp fté%ﬁg?(?n%ﬁgmﬁ@ﬁrst
irst switching stage sarfd one or more voltages to be applied to's Irst
suitobingretage comgrasdsicheilitiyng siaghiconmecalpeve ssippiywer driver
%trgrg%cgn%s gé%dﬂ%%w&%mﬂtg&%éq be applied to said first output

19. A method according to claim 18, wherein said step of providing a number

of said levels comprises using at least two MOSFETs connectable in series.

20. A method according to claim 13, wherein said step of selecting in said
first switching stage said one or more voltages to be applied to said first output
terminal comprises generating a pulse width modulated signal having a plurality
of pulses each pulse having a width associated therewith, said width being

controlled by said power multiplier control stage.

21. A method according to claim 20, further comprising driving a third
switching stage using said plurality of pulses to apply a selected voltage level to
said first output terminal via a low pass filter.

22. A method according to claim 13, wherein said step of selecting in said
first switching stage said one or more voltages to be applied to said first output
terminal comprises switching a switching mode power supply to produce a

predetermined voltage to be applied to said first output terminal, said voltage
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MCSLLP 18 being determined by said one or more signals from said
power multiplier control stage. 23. A method according to claim 13,
wherein said step of driving said second 5 output terminal comprises MCSLLP
applying said input signal to a negative input of said amplifier stage,
applying a DC voltage from the output gfgthe switching stage via a
potential divider to the positive input of the amplifier stage such that the

peipdldetdhe AR bies StneRs N AaPdig s IeAr YAl khag EXE8 B R&i@ontrol
amplifier. 10 24. A method according to claim 12, wherein the step o

StB8Ecing one or more signals in said power multiplier control stage
comprises comparing said input signal with a predetermined reference
value and, if said t signal exceeds said reference value, d

inpu eterminin
orfe Brstiine a&ﬁ%&r‘&d%&?%‘ tYHF%%ﬁH‘fﬁ%’Ps%ﬁ&n‘Prﬁgj’%Yé@% said second
dependentmmalisoaipplitelappyiebteaithmpwigialio A negihvek input of said
according to claim 24, wherein sajd amplifier stage has g gain, said .
AR REs BaIEaG o FoNAG 08 Aar ot Gy tafing arage via
ar potergiabdividsigoals paisitbte profutasftthéimgnpdifivT stingeadiectu it tieeoutput
%lfl ut 20 frlc%mrse%ia(lj fir§t r%vg}'hchin hst?]g? to g)rovi%(enanratrgenuoafted .ﬁi nal lifier
AlehuiEs Bi/eaﬁ HRoant cof‘sréf\é%dﬂ mE?O fhvéoga'mgofa G| amsp i mr@t%ge ‘
and s_ubtracting said attenuated signal from said input signal to maintain
108, SRl 4Ry 881 s R S5 AR LS YRR B Ring one or
more signals in said power multiplier control stage comprises
comparing said input signal with a predetermined reference value and, if
said input signal exceeds said reference value, determining said one or more
control signals to control said first switching stage dependent on the amplitude

of the input signal.

25. A method according to claim 24, wherein said amplifier stage has a gain,
said method further comprising controlling said amplifier stage using said one or
more control signals, said step of controlling comprising attenuating the output
from said first switching stage to provide an attenuated signal attenuated by an
amount corresponding to the gain of said amplifier stage and subtracting said
attenuated signal from said input signal to maintain the signal output from said

amplifier stage within its working range.



