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A PONER MULTI PLI ERAPPARATUS AND METHOD Field OF The

I nvention The present invention relates to a power
woriobioposer appar at us and net hod, and in partiBCl/862005/000406

such an apparatus for use in Cass D digital

anplifiers. Background O Thg? I nvention Currently, the

typi cal maximum out put power that can be derived from

a conven ital a lifier is about 100

Vat st ATENER O AR IER ABRARRUS ANRuME THO

[imtation on this maximum output power due to the

sem conductors used in the anplifiers. It is desirable
Fieltd QEdhe nvesition of the integrated circuits used to

th I1f|er spmall to facilitate co act

T Bfkret® i3 ien SRteS B Ao e Etltier aprerals and ethod, and
in gher@ddar ichag afaatw%rds@vmroxawlma '[tar SphfeR! | Y

desirabl e for ICéﬁ@:}a)ss D digital arrplfl ggtothelr

hi gh efficiency. Summary of the Invent| on In general,

[tipli t
B G YRR tBR over of t e appar atie. (5
Cmmtgasmé bypncaismmhung dulsutr po@er othat rtﬁérﬁlb@”@ibnved from a
dtC? p[lPJIse wi dt h _nodul at or sta apgg t he
CO&‘EEB{E ngliClassily sigitahampifiagissaked 1Q0 t@ﬁij) ) Watts into a 4
OhkBEMbaa! fPEeFeh?? o lt@rﬂrtéﬁdf? oﬁn@\lsa?rﬁ%%ﬁ\ﬂ% Ju ttuggtg\ﬁ%r due to the

potential to a output o e appara
semicanduciorsubsedrinithe Iaynpmrdxrst dt tsedesivdipettoske@pathe size of the

B, fise o s dhe comalierss ST i faniiie | Gmpact

pr@@ufiﬁfdéélgﬂ bt BOYRS sHhHet filki ﬁ*ier@oigtél% o%rﬁé’ﬁd @ higher output
amplifier stage; and a first swtching s

poysiTnwdtchbise espe@lallyi dgemlerfor Glass & dq:ma:l eohplrfreesgelLJe 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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said anplifier stage being connectable to said power
mul tiplier control stage; wherein said power
woriosioposer apparatus has a first output tern Pel/SEds/800406
second output termnal, said anplifier stage being
connectable to said second ogtputterninal for driving
a | oad connectabl e between said first and second
out put term nals; and wherein said first swtching
teapingh forsdeyRe er dead conpestable peiweerssejslifirsteand secone output
tefRinkYs; angW tchable DC voltage level to said first
output termnal. According to a second aspect of the
i nvevitérein tshat dirsts smmtomngesltagerr:st Podn@établmltd) Lsamgﬁrst output
outgut fr anmplifier st.em havi n
tefPRE] ol cufchabie hniledBuptiogaid Histaurmyiaminal
the nmet hod conprising the steps of: applying an input
signal to a power nultiplier control stage; producing
Acpocdiog taoe sespydazspech of dhe npmnmonnthare ps |pmv1dedta ohethod of

orh i UL BB, AT STl By B 8t outout
teaminpliand ergecoal wtpuﬁwrﬂlriﬁmhéfm@ﬂhoﬁtcﬂﬁﬁpnéiﬁgttl'ié’%{é Qof
a first switching stage using one or nore signals

sai APPSRy aﬁunwfpfﬁig@ai echPeWer muktpbier apatrelettagei ng | n

vol tPigd"ihg 2! IERR SiPRR IR bWt Frdifier S0RNE! Hioe

applepntrglliagi an craplifiernstage seding 2@ ¥pPlrh@@e of @¢fl BnkOor more
said first output termnal for producing a
Si tantially undi storted waveform across a | oad

Cor oo 3SEDRE DU ol i FRis BFAMRCE B o1 oo

f eatcontrelliog a Hirst aw&omlngrstagdalusmglvohe de sarebsignalsoffom said
ratl on only, with reference to the

p%rm@fﬂlberﬁogﬁl i§ 398 @fch: Figure 1 is a schematic
bl O%Ele:é'g?g TRBaR] fifst SHURERMG 886 oHedSSmbBrdsWitbRhble DC voltage
Ievels 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 Figures 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;
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configuration; Figure 2 is a schematic circuit diagram
of an anplifier according to a preferred enbodi nent of

wao b@oiospeemnt i on; Figure 3 is a waveform of an oORECPSG2005/000406
signal at node 2 in the circuit of Figure 2; Figure 4
is a waveformof a signal at;node 1 in the circuit of
Figure 2;Figure 5 is a waveform of a signal present

.across the lpad in the circuit of Figure 2 and a .
Figfoct 5raiae 8} frfa SIONA H{e&e@t)ﬁ@;@w%ﬂmebm Bgecifquif

. I r; ¥ 1 --
FIgRE? i P Aol A i » G variBRa R alea Al ETL)
anmplifienie circuit of Figure 2; Figure 7 is a schematic

.circuit diagramof an.anplifjer accordjng to a, further
Fiieis v PO PHER T 475 Piolofe ome e ae agnpde 3 and at
nodeVEInothe difcuftidf Figurgt2;si gnal at node 2 in the circuit

of Figure 7, Figure 9 is a waveformof a signal at

Figisee/ i a ACheneatic eiseuit diegramqiesn amplifiequacsotdingdoa further

i .ef orms across the | oad, at
pr%%@@%ﬁﬁhc%&ﬁ&“%éﬁ%ﬁv%ﬁé circuit of Figure 7;
Figure 8 B d Wavefornmsstemetiput @i%r@'ll bt néd@ariathetiradit of Figure 7;
canplifier according to another preferred enbodi ment” of
Figuie 9 isvawevetlermmfgusignabat sode 4 dnéhmcireuit ebrigseatat i on

. t.he. i [ d

Rl et T R

at obd&iigiarthe Lircuftiof figuré¥;i s a schematic circuit di agram
.of an anplifier, according to gnother preferred

Fighfotlh [ehechamelie CresHRDEAM of g arBPller aaserring do another

préRAeBSAbadinfhtdf e hupntish, Wi dth modul ated signal for
DC nodu 0

ated voltages fromthe pul se wi dth nodul at or
Figuret tikisa@ schematid reprgsertialiGn ofthpipelséwidth mosichetedtsignal for

D(.Zhﬂ;ﬁi@étegiv% E\S{ans rforr‘%1 {heagﬁllsiefv{/icel{h modulator i tkg c¥rectu.it 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
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preferred enbodi nent of the invention; and Figure 16

is a schematic circuit diagramof a further preferred
wepdvemsayent of the invention operating in anal PQUEG2005/000406

node. Detailed Description of Preferred Enbodi nents

Figure 1 shows a block diagram of a conventional C ass

D digital anplifier systemdriving a speaker |oad, in

a single channel within a BTL confi atiqp. The .
thespulsenvidinpiadueated sigal euiUu torhs PRISSWiRH @@5& taggr circuit 4
is Qhﬁl?éﬂ M&@oﬁ@ﬁ%fag%‘e é‘tg\t‘f‘eggge' ‘g‘?\r rdl)l\ﬁ;‘tlbﬁg bgﬂ?éj péMa.iS 'é'tége5dr|ver 5
drideg thaMQSBED H-rbpdge stagead which irdturio drives jphe l@@dvﬂ dt h

nodul ator circuit 4 andthe pul se wi dth nodul at ed
signal output fromthe pulse width nodulator circuit 4

S I t itabli Sigh¥Ein 3h temt GlUFigire 1 to
Th'te hgégg&@gg?gge%$w$5 ollﬁﬁigeslbt he nl\/DS?:ES"?/g bri dg lg@re

prmw@etr@ meixghuimnundisterted; ausput teethedgad 77 ( \Tdaéfoﬁédleak~t0 peak)

B 34458 o 52 LA SR, A BAEN bt

poWéfP id dad td tlﬁé/p@wtép haadiitpapabilitg@f thappwee stm;ecmmme 5.
A. In this configuration, the main limtation on the

out put power is due to the power handling capability

Fl@jretfe?ll&qmés ey %g\f%ﬂ;éc}’cfcfrdllng t?) ﬁlrgtugleef@rréa 'éi'ﬁﬁéﬁhﬁe?ﬂ f the

stem accordi n eferred enbodi nent
|n\td1ﬁ|ohrwm1bbmpraed apoper anﬁtlmlqmmmtrohntagqoﬂﬁ) ea swilching stage

1133%?9?@%“3&;35%33 TGS o) S5t S 12 g pover
t
MES, oa}sw '\4%/2 i se vv| ﬁ]’é r%\gécﬁé\' capant ePfoa@ é@ qfh(é pulse

ulator stage 12,
wigthwenodinlatoer siszgagéZ J1the grawerndriven strgeert 3b/CcBRE‘Itbe MlNO power

Mé%&#@ &ﬂr %H@W@(ﬂn u@?@ggﬁsg%nsf g(re}alsyggelmsogppl i ed

to the power nultiplier control stage 10 which
mul tiplies the signal anplitude by, for exanple,
Incdtheckystemeof &airec?, theedigitghaudio puhsignajnil is @p@é!ﬁ%o the

p%qedng\uﬁl%leg cggﬁgpg‘%éga{q’lvﬁ LT l%(l%ﬁé%eﬂ"g gilgﬁ'@‘ ahiPiitide by, for

example, 3 and checks the level of the signal. lf 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 Ve, the switching stage 11 which is preferably a multiway switch will
select the voltage 1/2 V.

If the level 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
V. 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 thel
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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which wi Il produce the maxi num peak-to- peak
undi storted output for a supply voltage Vcc, the
WEM0b0598¢ st age 11 which is preferably a nul t PEGEYG2005/000406
switch will select the voltage 1/2 Vcc. If the |evel
of the signal exceeds A, the5 mul tiway switch 11 wil|
swtch to ground (G\ND) and a level Awll be
subtracted fromthe result of the input signal
multiplied by 3. If the | evel exceeds 2A, the swtch
1 wish s el h t
The: m‘(‘fltkﬁl %@ﬁélc %pmfr%‘lgmﬁ')tgﬁ]e efﬂeléﬁl\@i‘aﬂ?'?ﬁ%&lgf‘o\fe{% & produce a

tralrubf widlthedodhylated polsbs whicteaesthehtdppliedsolthe \Uotvler deiver stage
sent to the pulse width nodul ator stage 12 which is

13preferably a PWM processor IC. Thus the anplitude of

the input to the PWM processor I1C 12 is always kept

bel ow A so that no overflow will occur and the signal
Simdady,for ihe ragative pa’ake@frthmmau‘ngignahgé dfthe Hevel of the signal

e@@{mﬁggﬁ | 5 %t itﬁ l?lglltma%dglg\gfcg 6}5 }NHF t%h ?o \PU|§re3/2 Vee
reé!}ééiﬁlbegodkﬂls’ﬂ edh pyl-3Aswiibé RudtractdiefronPBhé §8silP of ke signal

ower driver stage 13. Simlarly, for the negative
mlyﬂté@ll@doby 8rand Hmfesylfgwﬁlbeaent ite thenBVWiherocessame 12.

signal exceeds - A or -2A the Miultiway Switch 11 w ||

switch to Vcc or 3/2 Vcc respectively. Also, -A or -2A

Thai pbwbe dsivier raag@dla‘ drived lige t@BUMOSKFETHEVSI @fdﬂMz WhICh are
9\}mdglledb and this result will be sent to th
Copy IR REEESGHCTPES ??C’Wﬁﬁéuﬁl?%\/ccdﬁhﬁhiunﬁ"a@@ i"? o V@SFETS

M1 BRdtwe .&/%ﬁ@%@dlmfa# M;Pﬁmeﬂf s ofd r{é@@vfgb%f L1 is

across a power supp e Ju
colpIsEEBsond sirledoMbei G panrlore@ﬂ eat & node 2 am atsoctoadnd teeminal of

tns 65,281 e attier w% dhithe Saodeter S dimecst fround. The
didiell Buldhts Fforhfe! RAferdBultipher %H%Inﬁj QF@%%gﬁé}Fto the switching

capacitor C 1 1s connected to grou
stage plivdhich imalsheopipiest torairangs d:fevoltaga strces)Vacr, 8/2V e, 112V,

o R 02Ut ange of vol ¢ age. sour ces VOC 3 2vec,

1/ 2VCC, ground and -1/2V CC.
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 amplifude 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 sighal 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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The switching stage 11 selects one of the voltage

sources as determ ned by the power nultiplier control
wao6/03095and t he sel ected voltage | evel is appPCEEG2005/000406

the second side of the load 20 at a node 1. The

i nductor L 1 and the capacitgr Cl forma | ow 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 anplitude A is applied as the audio input

r

A%ZEB\% n%”@fl%(ljrb%‘ Lf‘snﬂ_g? oy %@nﬁ%ﬂglggffe ?b? &%ﬂ{%ﬁB%‘abQﬁ1 5V
is @ashieyeg asicompared & B ennyaatlomirsysmmhﬂ theaybé@howmlmfngure

f f f
1 WA % maeRo el of Vo i TR iiing HBe same, iearated
ciRuith avpoteasedn#h téimdeflBover, rlﬂﬂﬁsﬁgé}ﬂg s%fé?ﬁ%ftiﬂ'l ure 2, the

|l oad 20 in one plot using the systemof Fi'gure 2
owpelpPOWer mayube imcreased by fier %W@i@. &25=|t|gwset® pawer from a

AR5, 8t AU hSy 30 SR 57 PRI 5 shR i e

caMfljlatiDr& IpaW. anpl i tude of Vcc is achieved, using the
same integrated circuits in both cases. In terns of

po syst em of |gureV?2 t he out put
pomn%ﬁél éﬁﬁgoéi%ed by, fo exarrp‘ﬁé 2.25 tinmes the
povver froma conventional systemof the type shown in
this. is shown ilg the ggl cul ati ons bel ow.
=X

d
%‘?V&?')IMP Blieput Welpg R ¥2,Power Ml tiplier
OJtput Power , Pc =--R(Vv)R

Gy
R
oV
4R
=2.25P,

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. It may also be possible and desirable to include the
power muliiplier 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 ﬁumber of
sWitched voltages has been reduced to 3, that is, to -1/2 V¢, 1/2 Vo and 3/2 V.
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4 R = 2.25P As the power nultiplier control stage 10
may be inplenented using a digital signal processor,

w0 bwe®y®sem of Figure 2 may be inpl enent ed realPlT/yGIP5/000406
use of an appropriate algorithm It may al so be

possi bl e and desirable to ingclude the power nultiplier
control stage 10 within the PWM processor 12 as this
will reduce the nunber of integrated circuit

In g @mbkediment RbFigirene thﬁmﬁwgr @Hﬁqphgbcqa\ratgolb%eae 10 multiplies
the IRt A BIS ahd LRBERS fife PGt B Somil St N AghaS below A
the mrhlgiti\'way- iswvitoh 13_ w;ﬁ&:eimtat?ﬁonodiagg 1tVZ) Vg, faubé h@phed to a first side
er 0 e e nven In ., .
of Bhé e 50 iﬂﬂﬁecieefsﬂpfﬁm&spah%ceﬁc{ss& SRy Switer 1 wil

smﬁﬂ&ﬁ"‘ﬂ@) 11?% 9ur@t the'bfe! MRS IACRL s@itr CFH?@& ;Fd?ﬁ tHéW@%&lt of the

switc vol t ages has been reduce
sngrtal mulﬂpl\mi:by B/amdvibis mesalt3vik besent to th&ePWqu‘onesﬁordC 12.
Figure 7, the power nultiplier control stage 10
mul tiplies the input signal by 5 and checks the |evel

Slﬁflaﬂfl‘efo‘#'tﬂ@@lepainf'e BhR, § BedbviBekeay -4, maemGHde\@Mntch 11

switch sel ect the voltage 1/2 Vcc to be
withsglacédhe yoliage B&2 Vai apdoAt Wil be subtracteps fromethieenasult of the

sl AR s R L AB 1B el 2

fromthe result of the signal nultiplied by 5 and this
result will be sent to the PWM processor IC 12. )
Figiinigi § a5hoyvs advlot Ré the gignal atsnere 2 of ’tﬂﬁeSY%ﬁﬁ’l obfigwes’ if a

oI SISt M adyel S DG igfodlona

30signal nmultiplied by 5 and this result w II be sent to
the PWM processor |IC 12. Figure 8 shows a plot of the
signal at node 2 of the systemof Figure 7 if a

u j t n [ I
PSPt Ao ) 1 NP e stom o
Figliret 7 ahthﬁguneo‘rO ebpeadhagignajmbahode 1N<mbde]2 andtaoeoss the load

20sc¥fs t%grgyg{em 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 as
required to keep the level within the working range of the PWM processor 12.
The multiplied output signal is applied 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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Figure 7 and Figure 10 shows the signal at node 1,
node 2 and across the load 20 of the systemof figure
W@ 2000/089986 pl ot . Figure 11 shows a further prefRCT/862005/000406
enbodi ment of the present invention which differs from
the enbodi ments of Figures Z;and 7 in that the MOSFET
drive involves a full bridge, whereas for the first
descri bed enbodi nt S gure it can be se

F
stageatl SonlengHtouss, r%rtpﬁgé’falﬂg 1§eés Wﬁ% aén’e@tﬁrgn@a@“%ﬁ fo the
M(?EQE‘T% ﬂ/ﬂq ﬁbgj«@aéref slgel_apyl%e%g%osmr@%tl'M@s\twsmsand M4.

an the e ment o ure e system of
M‘Fagdrl\éZ ate cbheechegﬁ in series@otoss tineghoveer suppyppiccdd ground, the

t 10 vvh it
ot iR 4ok K inefioad U he e SARRAGEmIT oF wiigh e, cgnnected
to st t@ihd06f Sdpdditer €108a4 4 ﬁﬁé@'teﬂn%nﬁhé‘ﬂh%dlo@ﬂcbo at node 2.
ad usted as required to keep t level with he

PhETargd aid Mﬁeam/wppn@@f@glsmr saries an@smneu sHpRiY Ve to

o TR RO A i A B TR o or

inddigor D.’QUtheD%ebdmﬁ Mhaldbf VicH RO€odrectddl@o WapRYlSr C2. The
fromthis stage 13, as wel| as bei ng applied to the

othgnsirminale ofnfenpapagiters (b aggpCReare: sonnested torground. The
selolE Erini ﬁ@ &M% M%rt%r ea@g%@?grts a?ﬂﬂ|8{3§ 'é“w&%m(gﬁamt 14 at

across t power sSsu roun
nodei 8g Takeothieo vartdgetmpuis ﬂo tmdnesvmmmg:l uh&rm reae -of/2Ve and

ich.is connected to g fi t of ca cltor Cl
3/ 5hs” Thie GRoHIRY BpAEatopys CRBUPUEE bY Sha pofien SHBiSie Stags 10.
MOSFETs M3 and M4 are connected in series across the
supply Vcc to ground. The junction between M3 and M4

| Ini thec system cof ngLatefﬂ’i,stthe ewatkirg minciples nahecthe dame as the

t.he sec termn of ,which is .con ted
SRS o Rt & Aih ) LG iRbRtEE re 1 YRERE S ges of
GmDe 1¢2>w§féhack/ctc%rermémdeﬂbq\lé@@qn@f ﬂh%flﬁ”baétb tRé dide of the H-
further connected to an input of the switching unit 14

Brigigeneannegted fethe wawwteah; &4i & @Ct\@ltaﬁésmtamilﬂ@ through
4 [ 2\c h

b 5By 245, Sonaiog’ Ry b 1188 Sy moguiaed

(PWM) signal applied from the power driver stage 13 to M3 and M4 through the

low pass filter formed by 1.2 and C2. The PWM signals for producing these DC

voltages are shown in Figure 12.

A further alternative preferred embodiment 6f 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 ffom the power multiplier control stage 10 are
applied to a pulse width modulated signal generator stage 15 which provides
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In the systemof Figure 11, the working principles are

the sane as the enbodi nent of Figure 2, but in the
w@omvbiospes@t i on of Figure 11 the DC vol t ages of P@AMEG2004/800406

Vcc and Vcc are provided to Node 1 of the load to the

si de of the HBridge connect to the 3-way switch 14.

The DC vol tages are applied through the 3-way switch

14 by controlling the width_ of
oufite ko ROHEI s usthat Al oLMGISE Ee M aRdivid whists ape fepnested in

sefiiy PEwaerR Sinpics PP, 8052 et SRy LireRoh A RERFOSFETS s
angridd iz cognedteddoRCfinsd keraieal airam inbueiorili?, Hiegysecorilterminal of

f.urt her al rn [ referred e nt ,of the .
whigh sieusied 90 Sl fari s Potsh Cond Bragsdnrdgiminal o a
lodd'20 wmﬁn ALl e séc&wpdelrmﬂwé@of 0a RRNED dRIpctPLbMiected
control 10 the output of which is applied to the pul se

to@resl. nodul ator 12. The pul se wi dth nodul ated pul ses
therefromare applied to the power driver stage 13 and
the outputs of this stage control MOSFETs ML and M2

In ﬂw@ﬁwo@dnent sﬁFigwe a8y thesswituhisg/ aflong theeDCuwitbges -0P Vec,
is connected to the first

Gm@r ﬂﬁ2n\é13°’o\(cc‘aﬁn¢ .%%é/peﬁo Noge 1 gee pravisias byat WM Signal

which is connected to a first termnal of a | oad 20
and a first termnal of a capacitor C 1 to form node
Géheratoe 1&dhtowgh the lowt paésriﬂtertfbnnqmbhyﬂ.%ahd 02, bgrcontrolling the

e. 10 are i to a . W dt
wislBeriBe VA Siske iR B &5 StedGoaiBi A Figihe 1)
provi desoutputs to drive a further pair of MOSFETs M

and M4 which are connected in series between supplies
F@Jr@v&é shows the ndse Widh jmeditaied signalkse appibxEte M8 and M4

redEeelfly AR ST oe 5t ol e QUL Sy PunBphdses ot

term nal of a capacitor C2 and a second termn nal of a
|l oad 20 to formnode 1. The second termnals of C1

Toaplfairpthe switehing a@itage ©of o (4 gr Bendppariranadsterdyblisnired off
f. El anong the DC voltages -1/2
n@ctg,g l%tréﬁgs@?ﬂi&@?ﬁ%@gw 2 Vcc to Node 1 are
provi ded by a PWM Si gnal
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 V¢, 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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Generator 15 through the |ow pass filter formed by L2

and C2, by controlling the width of the PWM signal,
waoki06k599s6 as shown bel ow in Figure 14. Fi gure RAT/SGZHNS/000406

the pul se width nodul ated signals applied to M3 and M4

respectively the system of F1i gure 13 for the various

switching voltages. To obtain the swtching vol tage of

-1/ 2V t he upper tra M3 is turned of f and

@%?'8\%:? fghg\pivqﬂagmg/mctfﬁ\ﬂ%@dt%mﬁ d op kst Midnisttuened off for
thgrdg,y FoMflitd 3@(}3 the upper transistor M3 is turned on

for 1/3 of the cycle whilst the |lower transistor M is

turned off and then M3 is turned off whilst M4 is

d h 2.3 of. th
A SHREET, itel8tl eBReHET e Phine Tieiieh ReSHSVE in Cawe 93 A
S\ﬂ/ﬁ’éhlﬁ?'l\ﬂodé F*d%@rCSGbﬁlyV‘@' uﬁd Mf} évﬁtéﬁ\ﬁ‘lq ‘é'ﬁ%hg?ftﬁe 4 voltages.

then tor theremalnlng I f of the c turned
Anirt thehsyslemvaf Figurard be(ﬁmpmbd©@ﬁéh®| snsmal éwelqulilgcked and

Y858 Y5l Bl PGB R R PRBYGh orgpe P
prbb&ssmmm nThe Cﬁ%l&“éUdldﬁWﬂ[ﬂ}t@lQth ista |eUStoté”p6Wér multiplier
To obtain e swtching voltage 3/2VCC I's

CW@hé@gsﬂ Oawhermitiis multinlied and thedpultinbied Qﬂmqtéﬁthﬁn apdied to

th@éb%lls WiC width H@lﬁ%’[})‘é%ﬁ%g% Ldeﬁ?‘?%?ée'W@% %ﬁétﬁd&ﬁlggéiﬁgm the
pulse ;ws@d rpodulmmt sfagegmrmegaptdhed% ?ﬂoﬁmeﬁ'lveﬁﬁt?ge t1|Bewhich
oS ahanie ot MEEFET trenalitons Dbt Mdiconnaatap o merips gross the
sdﬁpy’“ Whég@%l R MRIKbNthe WFI‘Ff tiMi RN Mﬁg%ﬁfg% lsé%omrén;g?fed to a

t al I nput signal 30 1s ap
firstuterminal eof &mmmdlmtosﬂ.figand@hevlsecend ttermlnavldfitbéiladuand L1 is

oA AT b B  Sober P AT A bl et 20 o

foRdlne@e 4 rom the pul se wi dth nodul ator stage 12 are
applied to a power driver stage 13 which drives a pair
of MOSFET transistors ML and M2 connected in series

TI%CEWE&iBS%utputs of the power multiplier control stage 10 are applied to a
switching mode power supply 16 to switch the output voltages thereof between
“'1/2Vcc, ground, 1/2Vcc and 3/2Vcc.

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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supply. The junction of the MOSFET transistors M1 and

M2 is connected to a first termnal of an inductor L 1
wanwevsmwscecond term nal of the inductor L 1 iBCT/SG2005/000406

connected to a first termnal of a capacitor Cl and a

first termnal of a load 20 0 form node 2. The

SVVI tching outputs of the power nultiplier control

1 dt tch
FigfE0 ol tiated BE riiter, Srelaibd SabORutEzn o BBk eRt jipntion
wéiRingirPURg, aﬂdl@é(@rﬁﬁ@’e %ﬁVﬁCrs iheoRtthdiuio Yﬁ’étélfﬁﬁédlﬁ{ents of
the swi tchi nﬁél o 1{)ov\/er sup 16 are applied to the

Figutesnd ¢ er1ﬂ1 Ehéé/h‘@'ad"OZb in dhe gligital onede. ahbletgystem of
Fiéﬁl‘éﬂﬁ%lﬁ A %gust%%a‘?%%éh@ﬂ% 2913 h%\élﬁg ﬁr%%ﬁ?o%ﬁ/e ) input
artcha amﬁnd r(negatmedenmiwar switgiphy sﬂat‘hgesﬁgvm cbmﬂargtﬂr%té@e 25, a
t t t o, ot her . .devi ces
fufthér REheR StA0H 25 Bxioagl 27 APt Poteal dddphaetwork
foRAYE rof'i‘é'éltsﬂo?é R@rar‘iﬂ’ Pﬁr()oha\ﬁﬁg%edl@@ld?ﬁﬁétl c{dﬁgléﬂfﬁt i inverse
the systems o

usi ng Igital si r océssor,
ofFif@ugem Ef thie ammnﬁer 23nd The ncaypheatonstage@bednd the further

eGP iatad 2 1S ou S RL R SRR “pr et crrea

enbodi nent of the present invention working in the

anal ogue node_which is in contrast to the embodi nents
Inotherpygiees op Figure1 16, the anplaguevinp siengl 1A ishepplied to the

T ' :
o gl e B S A 4 DTSy G o o,
Thenmmalegud inmecsigdal ﬂ@gw iale) dpplied , toa s dorhpareiteit 8Rje 25
arator s a further interface stage

W%e'rh'tl‘%gg”@?r%d‘"éﬂ % é’é‘i"@@‘%@f b6t witagss ehtaings, from™a positive
vdﬂ%b%hgﬁf VOV iR An8'a ﬁ@%ﬁfwﬁ\ﬁé’%ﬂt nﬁl‘gre!fa\(élﬂ?wgthgaclorqnparator

di VI si rati o equivalent to the erse
stage tZ'\ﬁeaawiallyl emmegted Mauom]bammremsbraw 26 R@dst lvennected

urt h | st a form [tiplier, .
octiied frel B s VFeh i RV the Py BEPT v@tadest T junction of
re8REBIORE ahBRY iStamdctdd tb Hrodmd.i N’sd @/lthﬂ\ethrée&ﬁhbéﬁator stage

i nput of the (ass D anal ogue anplifier 23 which has a
2yyafenfasi 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 R6, 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 R2 and R10 is coupled to a first (positive)
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The anal ogue input signal 19 is also applied to the

conparator stage 25 wherein it is conpared with a
webwsakiosey of DC vol t ages obtai ned from a posiBCWEG2005/000406

vol tage supply Vref and a negative vol tage supply

-Vref. Wthin the conparatog,stage 25 a serially

connected chaln of six reS|s%ors Rl to R6 i s connected

Vref t d f .
DI Aage i RSy hanrBausremaliar £ Fod slteHprutal of R10 s
coﬁﬁé‘&@@ﬁ?%rb@n&r otHedoutPus 8f e Qé&lnﬁdT &égaméz ?érﬁﬂn&téﬁllge load

are four conparators. The anal ogue 1 npu nal

27iis cappected todhe patpud piithe Classch ana?qm@amphﬁm 3-he
ot her input of each conparator is connected to a
junction in the chain of resistors RL to R6, the

In IH@Q?ét@ﬁﬁobE éﬁu@e ket Ybﬁﬁ@u;ﬁﬁly%ﬁa& to e @)@bs‘@ arﬁﬂhf@é]d% need
R5 and R5 and R6. Pr resistors

onlyglgl ong thisgi et fhe total l%ltp%M@,"ngé sy{iRGhal lf1 §h6efsfﬁfsr éae total
un s'i&’té@'oﬂﬁ&?lsvol g}a ggu{vl}%d tt%ﬁ”;‘({]r%? is Eﬂﬁsé’Hts‘&%sth%@ an input

e conparators urther stage
swiig oh+iref wilhgive @ tmchstottedloutpmt(nf + Yax.contr oI The
swi tching stage 24. The outputs of the stage 26 are

coupled to the switching stage 24. The output of the

If @\M E}&é}hf@ Qba&%r%f kife %dn%ﬁa digna 19 b&&eéd@ﬁié Ié(/%) 1/3 Vref,

the oad 27 and al s6 to resistor
thepvtl‘tmcmmlpamtor dennéadeded tlm; jurstiontairR2 ROdERY \Amiglvem output

W’t'%g 'I?ot\elg) ?tt m%eg%Rg%t?qﬂﬁ \eﬁté@gs? Slﬂ%% égf)?e%gfﬁip%ﬂqtgput Veet
which cdftesdily tof #80keal of R10 is connected to ground.

The output of the second (negative) termnal of the
| oad 27 |s connected to the output of the Cass D

lftﬂggi e aéélf) %édsd'ZaSSF% anpltﬁg‘c%ﬁnﬂ:eggfﬁr% ﬁelc§é&eto the

heed
juriptioonsf Rihiandl B2 ;Irbéud:esﬁ ah cutpytuvhieh|sedsythesswitching fstage 24 to

.therefore, e tot. undi st or, out put voltage is
giMgeRN Of‘m Wyéiczi”%h'gfﬁb%@ﬂ”%ll}ei#/??@f’ an i nput swing of
Vref will give an undistorted output of Vcc. If the

ositive excursion of the incom ng signal 19 exceeds
If &eenep@a;tme axqirsipafof the incoming signal 19 exceeds the Ievel -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 -
Vce1 which corresponds to -1/3Vcee.

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 -2Vcef.

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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then the conparator connected at the junction of R2
and R3 will give an output which, via the stage 26,

W@ 21406/059966 swi t chi ng stage 24 to gi ve an out put PGDEG2005/000406
whi ch corresponds to 1/3Vcc. If the positive excursion
exceeds 2/3 Vref, then the ggnparator connected to the
junction of R 1 and R2 produces an out put which sets

. the sw tchi st age,. 24,t ive an output of Vcc2 which
ingrg8sifans WIBE auaied fo fisd aHayier 6 ByRrafurs ihs same output
powgeianewer a0pplyhdlegeeeds the level -1/3 Vref, then

t he conparator connected at the junction of R4 and R5

will give an output which the stage 26 will use to set

i i bV, u - Vec -
R e L R
terxioal of tbig @baseﬁﬂ&n—a%@e\/amb}iﬁém thb%ig)mmﬁweitamlthis junction is
nnect tq the junction of RS and R6 produces a .
uBiaBEe fiRm e driudt Fanabievehsnghat hge esbins e e signal
- . I « - . e
oo ARORIREINE RTINS lhfar R T8 o he ampier
23(negative) terminals of the load 27 are al so shown in
Figure 16. In the enbodi nent of Figure 16, the Cass D
anplifier 23 can achieve a higher output power than

VdrivesampUificagong! te e beepndhite tbft ePprRE6RE indhitibA ddribed
enbodi ments of Figures 2 to 15, it is possible to

abgveduey be giesle. ofiPp exappld otheracmpauents andimethod steps can
[ r n .
bRl of s o g ;s fholort i AEnton hge been
desorileed atboxel asing ;saxﬁpblag \cohbbadimentss mlaayj;j\lm@ibﬁﬁ are possible
Jbetween resisiqrs and R1Q is connecte o the .
Wil 1S Vieoper 3 Hi climnesciilsS sTerTaico e skl meager, without
de%%rtirfd“ﬁoﬁl! @eadpilitysd s@cfpé&?t%eﬂiH tig) 1s subtracted
romthe 1 nput signal l'evel so that the resulting
| evel of the signal output fromthe anplifier 23 is
within the |inear working range of the anplifier 23.

Various nodifications to the enbodi nents of the
present invention described
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above may be made. For exanple, other conponents and

nmet hod steps can be added or substituted for those
W@bwee3993hus, al t hough the invention has been PEBSGL0&000406

above using particul ar enbodi nents, nany vari ations

are possible within the scopg of the clains, as wll

be clear to the skilled reader, w thout departing from
Clt.he spirit and scope of the invention.Clainms: 1. A

POWr nultiplier apparatus for an anplifier

1. CONAI pSwéuRipRerappatdtlis firifY ampifidrdongprageg: an
anplifier stage; and a first switching stage

connect aBIRowas rultioligborntrohstadssl i er control st age:
said a”pghfdn‘?f)lf ggq(_peédag connectabl e to said power
rol

mul tiplier Cont wherei n said power
mul ti pI | erfirstppeitciting stage eorfriectable it paid peven maltipdied cantrol
second out Lifier sta

|
stgien sac, AP Ieus B eRHATIRLS Safrp e FuRRIRP ponao!
staye; mréiﬁ%ﬁfbé%? nhﬂﬁﬁ‘ﬁﬁ‘%p%@fﬁu& 'h%l%ta %@oéﬁﬁﬂ'@é’rmmal and a

output termnas wherein said first switchin
sesond)euipsit tarmieak aaideam@h&q' glage besingoannectalde i sald second

oot HEPeSs B AR byt Sl Bt socon

ougnR e&hiAgst gngl aim1, wherein said anplifier
conpri ses: pul se wi dt h nodul at or stage connect abl e

to said w@éemrﬁm fipFtisavitcoBia stiage & eepnediapleversait fitedr
o EmiRANETA B i Ribfe BY RiledelalTB T AT -
termminzler stage; wherein said second switching stage is
connectabl e to said second out put
2. A power multiplier apparatus 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

ferminals.

3. A power multiplier apparatus according to claim 2, further comprising a
low pass filter connectable between said second switching stage and ground.

4, A power multiplier apparatus according to claim 2 or claim 3, wherein
said second switching stage comprises at least two MOSFETs connectable in

series.
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termnal for driving a | oad connectabl e between said

first and second output termnals. 3. A power
woriosioposer appar at us according to claim 2, fupP€te62005/000406

conprising a |l ow pass filter connectabl e between said

second switching stage and ggound. 4. A power

mul tiplier apparatus accordi ng to claim2 or claim 3,

Ty e b e

wh@r'é‘h' Jid Bfst BRMBhADUtagE @@ﬁﬁjrié@staoséiédtopﬂﬁ sefedting d”ﬁ?e 8r more
4, wherein said first switching stage corrprl ses

of gmmberroffmedgf@mmq%@%\r@tage levels tobe@pplind de safd first output
terfﬁlﬁgft erm ned DC voltage levels to be applied to said
I'rst output termnal. 6. A power nultiplier apparatus
according to any one of clains 2 to 5, wherein said

power multipljer contr stage, conpri ses a Ltiplier,
6. 5 dopPulet BIIRIAr GBI AEGHAING pouer RGBS 515

h{%?@iﬂ%%&'?o%? R rfﬂ%rtc%ﬂ%gs S%@ Hmsis¥is® it égle§ a subtractor

urthe risi tching stage nnect a
antia scann@amimer driver stage and said f| rst swtching

stage to provide a nunber of sw tchable DC voltage

| evel s to said first output term nal through the first

7.SW YCHObWEr ﬁﬁﬁﬁﬂﬁer §p9€rd@@%&cd§ﬂd‘iﬁg 19 418 oA BRERAMS 2 to 6,
according t | ai m wherein said third swtching

fu@m%rgmmpmmng getblrdtswﬁ@am stage poBRegiablesiorraid @lﬂv@rldﬂver

stff BT sall sy SRHnTHAde e ion BRAF Ry B SPREHRRIe g
voith g Vel s Sirst quipsieteninilia thvodgh ahe firstispiighing stage

generator. 10. A power nultiplier apparatus according
to any one of claims 2 to 9, wherein said first

g.SW Eb\ﬂ% ﬁﬁ@ﬂﬁle? QEBE@% a@cﬁr‘ﬂl%w &an‘f“?dﬁlh%%@rsald third

supp I'I'er aratus’accor
swatichingnstagé cbhmr;seewémasj two MOSFETSs connectable in series.

9. A power multiplier apparatus according to any one of claims 2 to 8,
wherein said first switching stage comprises a pulse width modulated signal
generator.

10. A power multiplier apparatus according to any one of claims 2 to 9,
wherein said first switching stage comprises a switching mode power supply.

11. A power multiplier apparatus according to any one of the preceding
claims, wherein said amplifier stage comprises a Class D analogue amplifier
having a first input and a second input and a gain.

12. A power multiplier apparatus according to claim 11, wherein said power
multiplier control stage comprises a comparator stage and an interface stage.
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clainms, wherein said anplifier stage conprises a C ass

D anal ogue anplifier having a first input and a second
w0 pensasd a gain. 12. A power nultiplier appaP@l/s62005/000406

according to claim 11, wherein said power nultiplier

control stage conprises a cqgparator stage and an

interface stage.13. A power nultiplier appar at us

accqording to claim 11 or cl ai

furt C i
135 o B SRR BPP AR SPGIRIG o GBIy 1 10 B A Tugher
coﬁ?{irgle RS Iﬁ)bl drfifal d%r%ﬁh@@ta%l@td’ 5SS hst lﬁbhpof said amplmer

ng to the inverse of said gain of sa
andrh@lvirfg adivigion ratiosotrespaidiagit e invgrysooksaid @tapuof said
'?n1a digital anplifier systemhaving a first output
any% 'M-nal and a second out put term nal, the nethod
conprising the steps of: applying an input signal to a
power multiplier control stage; prod u0|n? one_or nore

14si ghemethod shamphbyig PaWeE %ﬂ%ifroebamjt ampiier system
haggg dé Rist 'oﬂgptﬁ%ﬁmlal éh@% s%‘g‘aﬂa dtﬁb@tgte %a?fthg‘?ﬁ&thpu t

one or nore riving sard secon
cotrtprmngﬁihevstapsmfd arrpl ifier stage; controlling a first

SW t chj sta us one_ or ignals fromsaid
onaPPIITG P IaHt SR OR Ran el el SeBin sai ¢
firshodydihg B'n@gorsrhéi%es@ﬁﬁls% SERS Soveit Wﬂﬁ‘iﬁb?cmml stage
voltage levels froma plurality of voltage |evels; nd
appb9n’flrgllli§g|aﬂ1 ampliiger at@@@ usisigeiedr rnore eaide@rm er mpre
aid first output termnal for producing a
Sst antially undi storted wavef orm across a | oad

connect aljrigifpsaie e cend dutputsérnaingl siaaid applifiet stage;
termnals. 15. A nethod_according to claim 14, wherein

the step controfingrafirst ﬁy'tPWQQﬂ%ﬂ@ ppigg %‘tea@rem@é?rﬁlg"@é%fmm
saFaO;S‘é\K/&l 4 I%rgBhf?Sl Y4ty fppdul ating stage using one
nore of 'sald one or-nbre signals to produce a train
of wi dt h sebetfingtindaid 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.

15. A method according to claim 14, 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.

16. A method according to claim 15, 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.
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pul ses; and wherein the step of driving said second
output term nal conprises driving said second out put
W@ egoaismbe via a second switching stage using SECHSG0@5/M00406

of width nodul ated pulses. 16. A nethod according to
clai m 15, further conpr|3|ng filtering in a | ow pass
filter said train of width nndulated pul se from said
first switching stage prior to applying said train of

pul ses to said first output termnal.17. A nethod

172CCA Hetibd Qcédrﬁir@ fhoci8im €5 @ Bk 1eeh&eth iHéestéb%‘? deling

driving sald second output termnal 1n said second

saonmdr@Jtpu‘a@emaﬂmm seigissahondisvgtching stage aomeprigesriridng at
met hod according to any
leq?:ﬁg M@%ﬁ?’? a‘i‘n}ejrr\xl\ﬁ% X'n the step of selecting

i n said first svvi tchi ng stage conprises selecting one

nore of a nunber of predeterm ned DC_voltage | evels
18’5 o Hemgfhnd aacerdingsioprieedmal elgipsid Stterth. yereinghe gtep of
selfEHgh SRS BMitcing Mol CobriEe iy bfioH mare of a
nusdient of predeterningd DErvattagedevels tabe applipdits esid second output
mu| t| plying said input signal by a predetern ned
terf%l@?or conparing said input signal with a
predeterm' ned reference value and if said input signal
exceeds said reference value, reducing said input
19si ghemetind aacondingrionanyt ere of gialins 45Pi 64 whersia ihe step of

o R LB S o O LR e B

to emutiplgingssaid nﬁpwtsstigme/MbMEhprfwesémgﬁedé@ﬁodent on the
anpl i tude, of said input signal. 20. A nethod accordi n%
to &ﬁmnﬁﬂ@go?a'émuﬁs'a@ it 1@preqﬁﬂe%@neeaﬁ§%rﬁ@mawea d if

Stirdidealy I I
sl FHLESDARSRITRE o et iicerl o JodHElrih i MR shyrd? for
maihtaiEng she glganai kippted o szmtilpu@;sesw:;:gb ncadiuatar adithén Bavorking
range of said modulator; and

determining one or more control signals to control said first switching

stage dependent on the amplitude of said input signal.

20. A method according to any one of claims 15 to 19, further comprising
providing a number of switchable DC voltage levels to said first output terminal
through the first switching stage using a third switching stage connectable to
said power driver stage and said first switching stage.

21. A method according to claim 20, wherein said step of providing a number

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

22. A method according to any one of claims 15 to 21, 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
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said power driver stage and said first swtching
stage. 21. A nethod according to claim 20, wherein

W@ 200d/05998p of providing a nunber of said | evel BCT/SG2005/000406
conprises using at |east two MOSFETs connectable in
series. 22. A nmethod accordi;gg to any one of clains 15
to 2 1, wherein said step of selecting in said first

nalfia  BhPeEY o Pt SrcTT R B oV P dapr Reet therewith, said
wigBesiAg icBatralled by e aid gb\werrﬁﬂmimbeeoﬁﬂr@lrabgéw ng a
pluralrty of pulses each pul se having a wdth

associated therewith, said wi dth being control | ed by

oa5al Gy Q‘{%‘rf]\géq g%ﬂgﬁ%rg @2(’:!8?13 ?hl’urﬂe‘?%gmp%?él ggAgHﬁhp%dthlrd

accor er conprisin

switchind] stagé¢ cisingosait aderality mfg)lssaesjtompply&bl defectbdmaltags level to
t p.appl sel.ected volta vel to said first output

Sagcgﬁﬁ?ﬁg{p@itqnynp ViR iy P%St{gfe 24. A nethod according
to any one of clainms 15 to 23, wherein said step of
selecting in said first swtching stage said one or

24mor A neithed)escording:taapny dad of oladmb d S5itor23, vehergin said step of
er.m.n cCOMPI IS a.swtch de ower. .
sel bR e ETBLERECH Pt SRl AP geRess B b8 appied to
safPfitst edigue terdhidlal cordprices witching & mtchlﬁ@hﬁbd@bé\ﬂéﬁsu%r)ly to
bei ng determ ned by said one or_ nore signals from sai

predues a predetsrminedowitaast todrengepliepsto sai f?rf&!ﬂ[a‘é’fd@fmm% said
4
vl o8 B RLSeRig L6F 538 3 BmotbSIRED, At BB oot
coaiamblsbagput signal to a negative input of said
anplifier stage, applying a DC voltage fromthe output
of the switching stage via a potential divider to the

2500siA Mé%l?d')dﬂ Ee&oﬁaqu ?)eaﬁ‘VBhéfo'f Blaimb %L, %é\%ﬁq 588 step of

out put 0 e anp I er” st age remnal ns wthin a |[Inear
drwingks'saig seanige ootpuidetmimaptompedses applymgneait daput SIgnal to a

or din a of, _cl ai 14 t 5. Where
205 5104 o} Sall HPlfie Ynbhos g P Vol Tomanerutput of
thané,mbﬁhgesta Ol 8lpotd B dRATENtD 38 pesHivaind@ stahd amplifier
i nput signal with a predeterm ned reference val ue and,
stage such that the output of the amplifier stage remains within a linear worklng

range of said amplifier.

26. . A method according to any one of claims 14 to 25, wherein the step of
producing 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.

27. A method according to claim 26, 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



said input signal exceeds said reference val ue,

determ ning said one or nore control signals to
weemwbnstoseai d first switching stage dependent PCI/SGBE05/000406

anplitude of the input signal. 27. A nmethod according

to claim26, wherein said agplifier stage has a gain,

said nethod further conprising controlling said

a i fier stage using.sai.d one or.nore caontrol . .
amp Rk aressnaditE o ediid 8 er Rl Siges ShtiGUbtracting said
atteHUREY 3IgnRUfrbRes A implit digants andinfdin e Sighbcoutpat Foaysaid

to provide an attenuated signal attenuated by ananount
amplifiersipgawithin EDWORENGsAMIDf said anplifier stage and

subtracting said attenuated signal fromsaid input

signal to maintain the signal output fromsaid

anplifier stage within its working range.



