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An Amplifier Apparatus and Method Field of the

I nvention The present invention relates generally to
w@pooapdspd i er system and nethod for anplifyi ngP@I/SG2005/000286

signal, for use, for exanple in an audio anplifier

circuit. Background of the Invention Environnental

consi derations are becom ng an increasingly inportant

desi gn paraneter for product devel opnents. For

anplifier designs, considerable research has been

directed towards high efficiency anplifiers which have

| ess energy | ogs AMMiflEH AN al®PRhQ IR oEXi St t hat

perfor m at a hi gher efficiency than conventional C ass
mplifiers. Exanples of such anplifiers are O ass D,
FIElctpﬁ\ﬁ‘ﬁ lBvgntionl ass H anplifiers. Such anplifiers
require smal |l er heat sinks than conventional C ass B

The Sff%érft' fﬁ(/émtldnef?é‘lbfésn@eh@rallw QBt 8h éﬂﬂﬁhﬂ@?r%s‘f@rﬁpéﬁé method for
cts. d ass anplifier having a fixed

amplify ingeer gﬂgpalwé:f L@@pfﬂrpxamﬁ)@ nHEoRLdip eaplifieeirauh
effici ency is 78.5% when it is driven to saturation by

actual practice the efficiency
2% L)

Environmental considerations are becoming an increasingly important design
parameter for product deVelopments. For amplifier designs, considerable research
has heen directed towards high efficiency amplifiers which have less energy loss and-
various topologies exist that perforfn at a higher efficiency than conventional Class B
amplifiers. Examples of such amplifiers are Class D, Class G and Class H
amplifiers. Such amplifiers require smaller heat sinks than conventional Class B
amplifiers, resulting in lighfer and more compact products.

For a Class B. amplifier having a fixed primary power supply, the theoretical
maximum efficiency is 78.5% when it is 'driven to saturation by a sine wave, but in
actual practice the efficiency does not exceed 70%.

The basic concept of conventional Class D amplifiers is to convert the input signal'
into a Pulse Width Modulated (PWM) signal and to recover the analog output signal
through a low pass. filter before delivering the signal to the load. A theoretical
éfﬁciency of 100% may be achievable with conventional Class D amplifiers and, in
practice, over 90% efficiencies have been achieved using Class D Digital Amplifiers.
Disadvantages of Class D amplifiers are the EMI issues which arise from the high
level switching of the PW'M signal.. Furthermore, the typical requirement of the
output low pass filter adds costs to the implementation of Class D ampllifi'érs. At the
same time, this output low pass filtér also affects the output characteristics of the
amplifier as a fixed load impedance of, for example, 6 ohms has to be assumed
during its design. This is not, however the case for typical Ioudspeaker loads. In
typical loudspeaker systems, when connected to a load which may range from 2
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The basic concept of conventional Class D anplifiers

is to convert the input signal into a Pulse Wdth
wobadloztsedl (PWWM) signal and to recover the anaP@mSG2005/000286

out put signal through a | ow pass filter before

delivering the signal to the load. A theoretical

efficiency of 100% nay be achi evable with conventi onal

Class D anplifiers and, in practice, over 90%

efficiencies have been achi eved using Class D Digital

Amplifiers. Di sadvantages o Class Danplifiers are

‘ohmtsrtﬁ s%h“e te?%uc%ﬁ Eq ?p'lo%?lcﬁd% 5@8htlﬁhout?t:i?l:haractenstlcs will

SWtc nal ther nor e typi cal
devratecfmmémetﬂrg@tfdam@n out put | ow pass filter adds costs
to the inplenentation of Class D anplifiers. At' the
hi f f fL2GL SAi
Con?ﬁ'ﬂ%nta "@{as%ha(_?a%weﬂlﬂérsl %n@?aﬁt@h echh'ilee qln gﬁeugséfg&%ﬁo(l%% than
condeotadnalrﬁﬁeslaﬁcmpﬁf;er‘s@ry sviahijigehe @Wﬂmulpaly lewella different fixed

ssuned d its de This,is ver, t 0
evof L PRSP oiheute| BURp At Polts. SRt S ek 1 el 100%
eﬁlcieﬁbﬁﬁmﬂb@ra@w@e@nby |Nbfﬂ@dibl|¢g)m©hmbetra)f&'1xbdqsbwml slfpply levels
lndefl@i; ragge from 2ohns to sonme tens of ohns for t

|
REPLST, oSBT UL AR BaYe pshe dgedi bl Ul & &ong the
d,ffetér@@hbﬂsw VORAGEY, tHRSHiRRreat@IBeBE IpPraltifd ass G

fiers generally achieve higher efficiencies than

: convent| onal Class B anplifiers by swtchi n% t he power
Conggriong! ClagsH gmpﬂ|fersev§ientﬂ1eflhg<tgoﬁ|gnal to control the power supply and

vary the power supply by Pulse Width Modulatlon (PWM) to form an envelope over
the output signal. Although a very high efﬁcnency may be achieved in such

o ampllflers such as theoretloally up to 100%, the transient response of conventional
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Class H ampllflers may be poor and the bandwidth may be extremely limited due to
the slow response of the power supply. Moreover, EMI issues will be a major

concern in such amplifiers.
Summary of the Invention

In general terms, the invention provides an amplifier apparatus and method in which

the voltage signal Ievel in an amplifier is reduced by applying a voltage at various

fixed levels to a first side of a load, obtaining a difference signal derived‘by

subtracting a proportion of the voltage applied to the load from the input signal. and
applying the difference signal to the other side of the Ioad through the amplifier This-
results in the reconstruction of the signal across the load. The voltage swing
obtainable across the load is greater than the output voltage swing obtamable from
the amplifier alone, thus the efficiency of the amplifier apparatus and power handling

capacity of the apparatus are improved.

Accordmg to a first aspect of the invention, there is prowded amplifier apparatus

comprising:

an amplifier;



| evel s to have the power supply closer to the output
signal. In theory, 100% efficiency nay be achi eved by
w0 pwsezesphg t he nunber of fixed power supply |BYBEEG2005/000286
indefinitely. However, as several devices have to be
used to switch anong the different supply voltages,
this will create | osses in practice. Conventi onal
Class Hanplifiers use the input signal to control the
power supply and vary the p %rer supply by Pul se Wdth
Modul ation (PW) to form an “envel ope over the out put
si gr@lmpawftohoqghedabler‘ty the gimpifier ti esraparsgn rwoming signal with
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H anplifiers may be poor and the bandw dth may be
exarsyitdhingd steigeedontusllabte biyethsl owpueSPans eodlipdri®r to select a

' Il b
vol B Lo RORE piRT AR ANEr ol a WPy of ne | nvent i on

In general ternms, the i‘'nvention prOV|des an anplifier

ap@aertamsmrfdr rﬁmibh@dtrrhgt fhtd?nh QHetlhﬁorYtﬁ'lgt a%aﬁlagpetcén%@é of the
ifier is reduced vol t age at

|
Se'e?/isﬁu \(ﬂ}?ng I2¥e] teeheiaprfied 4o fth‘? é@acg ’f@@r@wde arogufput signal of the

subtelt@t ning a difference signal deri ved by

the ampliﬁer being arranged to receive the output signal of the subtractor and to

. amplify the ou_tput sighal to be applied to a second side of the load.

The amplifier may comiprise a differential ah’nplifier. B
The amplifier may include the subtractor.

The amplifier may be.a linear amplifier.

“In one embodiment, the amplifier has a gain associated therewith, and the
percentage of the selected voltage subtracted by . the subtractor is lnversely

proportlonal to the galn of the ampllfler

In one 'embediment, the input signal varies between a first potential and a second

potential, the reference potentials being obtainable from one or more supplies ha'vihg : l

“a range of or between the first and second‘p‘otentials of the input signal.

The Ioad may comprise a IoUdspeaker system.

Accordmg to a second aspect of the invention, there is provrded an audio system'

: comprlsmg amphfrer apparatus accordmg to the first aspect of the invention.

Accordlng to a third aspect of the mventnon there is provided a method for amphfylng 4
a srgnal in an amplifier apparatus, the method compnsmg the steps of: '

comparing, in a comparator, an lncommg srgnalrwith a -number of reference
potentials, the comparator having an output; |
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subtracting a proportion of the voltage applied to the
| oad fromthe input signal, and applying the

walpdobeesace signal to the other side of the | oB@I/SG2005/000286
through the anplifier. This results in the
reconstruction of the signal across the |oad. The
vol tage swi ng obtainable across the load is greater
than the output voltage swi ng obtainable fromthe
anplifier alone, thus the efficiency of the anplifier
apparatus and power handl [ nq capacity of the apparatus

are inproved. According a first aspect of the
i n%ﬁ@ti% in enaviiching ﬁ?a@@» aé@'taaﬁﬂe\rerlé@ beppRp!pdute one side of a

'Oadfﬁ‘%w' 1 st3Be &p&rﬁFall@bf‘e%'é%&ﬁut%QH? %ﬁ@a?atbp

er’to c are an |
nurrber of reference potentials, the conparator haV| ndg
arsubitasting faorsviheciicaging a@ﬁab@nper@bhmeeowhe ﬁ@leote voltage
t pu t val.t a

el Bipaleq P ing RERER Ol 3B ui PRS0
subtracting fromthe incom ng signal a percentageof
t hecsmn@ciredn eohilifige thewvetput sighel aftpkisedtreotarhe | oad
to provide an output signal of the subtractor;

amplifying the output signal of the subtractor; and

a'ppvlying the amplified signal t'o a second side of the load.

The step of amplifying the signal may éomprise amplifying the signal 'using a

differential amplifier.

The Step of amplifying the signal may compnse ampllfylng the signal using a linear

amplifier.

In one embodiment, thé amplifier has a gain associated therewith', and the step of

subtracting the percentage of the selected voltage comprises subtracting a

- percentage which is inversely proportional to the gain of the amplifier.

- In-one embodiment, the input signal varies between. a first pdtential and a second

potential, and the method further comprises obtaining the reference potenﬁéls from
one or more supplies having a range of or between the first and secohd potentials of

the input signal.
Brief Description of the Drawings

Preferred features of the invention will now be desc‘ribed,'forlthe sake of illustration

only, with reference to the following Figures in which:
Figure 1 is a schematic circuit diagram of a conventional Class B amplifier;

Figure 2 is a schematic circuit diagram of an amplifier aécofding to a preferred

embodiment of the invention;
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the anplifier being arranged to receive the output
signal of the subtractor and to anplify the output
WG e@nak2she® be applied to a second side of the POHSG2005@00286
anplifier may conprise a differential anplifier. The
anplifier may include the subtractor. The anplifier
may be a linear anplifier. In one enbodi nent, the
anplifier has a gain associated therewith, and the
per cent age of the sel ected voltage subtracted by the
subtractor is inversely proportional to the gain of
the anplifier. In one enbodi ment, the input signa
varies between a first potential and a seco )
Filgech: i of @ rRderena ancBBucRuld Infe tal RS A o

fromone or nore supplies having a range of or between

. Figrm\@ £ r sis ancvareond’ peigeat abhadeot int tree timquiit ofdtigural 2 for a sine .

he |.oad may.conpris | qudspeaker stem According
to a sec&’ﬁ&gzﬂ"s%ggtgr@fQ‘?WéqY%%‘ﬂW%W,ﬁé‘ﬁ@% i s provided
an audi o system-conprising anplifier apparatus .
Fi%@r@cﬂ di ng 4 wavBRrin 654 skmpest nafe B iretHensteniti afrigure 2 for a sine
. Acc

ording to a third aspect of the inventjon, there is
' provi dedVaVentivb §'9nét sztﬁlﬁﬁm%ﬁwn in lﬂguré 3,7

; F-'iguré 6  is agraph of the efficiency against normalised power for the.amplifier of

'Figure 2 compared with a conventional Class B afnpliﬁer;

Figure 7 is a g}aph of power loss against 'normaliséd output power forlthe
' amplifier of Figure 2 compared with a conventional Class B amplifier;
Figure 8 is a schematic circuit diagram | according to a further preferred
| embodiment of the invention; . ' '
Figure 9. ' is awaveform of a signal at node 1in the cirbuit ‘ofﬂFiguré 8 %or'f,a'sine'
wave input signél; o s
Figure 10 is a waveform of a signal at node 3 in the éjrcuit of Figure 8 for a sine’
wave input signal; ' |

Figure 11 is a graph of the efficiehcy against normalised power for the amplifier of
.Figu‘re‘ 8 compared with a conventional Class B amplifier; .

| Figure 12 | is a graph of power loss agains.t‘ normalised ‘output power for the

amplifier of Figure 8 compared With a conventional Class B amplifier;

Figure 13 is a graph of the éfficiency against normalised power for the amplifiers.
of Figures 2 and 8 compared with a conventional Class B émpliﬁer;and

Figure 14 . is a graph -of power loss against normalised output power for the
amplifiers of Figures 2 and 8 compared with a conventional Class B

- amplifier.
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Descriptipnoef Beefarredip

a signal in an anplifier apparatus, the nethod
conprising the steps of: conparing, in a conparator,
w@poosizxsné ng signal with a nunmber of referencePCT/SG2005/000286
potentials, the conparator having an output; sel ecti ng,
in a swtching stage, a voltage level to be applied to
one side of a |load, the switching stage being
control |l able by the output of the conparator;
subtracting fromthe incom@g signal a percentage of
t he sel ected voltagg | evel to be applied to the | oad
digngats of a subtractor;
receiving, in an anplifier, the output si gnal of the

Figuré Wbéﬂo'ws Qrcrrcé‘lggla‘gfré/rrréﬁ at &ﬁhv%Hfl égsnél arﬂéhffef?e An input signal

subtract or plying t | ed si
10 is eephﬂﬂjbeﬁ\mmrwhé anddbe paihleveurmmtcbémanall c»ffayu aamptrfimr 12 which

oo SFSHDY OB BB R0l 6y FRSBRL S o avang r

outpusi SIgBAI R efFORPih S8 @T@hﬂlélyurﬂﬂierh@orﬁp@élﬁb Wd rres@tors 14 15
linear anplifier. In one enbodi nent, the a fier ha

connectgd i salderpEy thg qutytalithe ampiifiet he te geqy The jUﬂCtIOﬂ 16 of
the wRIRIIAGH g {418 d&%ﬁearébqe%@ ebgﬁvéerwaff%frﬁé LAffier 12, the

onprises subtract
two resrstors 14, 15 deflnlng the gam of the amplifier 12. The amplifier- 12 is

'powered by twin power supplies having power supply voltages which are fixed at Ve
- and -V respectively. Thus, the output signal from the amplifier 12 will vary-within

the range —Vcc to +VCC

Assuming that there is no clipping, if the peak amplitude of the input signal 10is Vref,“
giving a corresponding peak output of Ve, the gain of the amplifier 12 may be

o % . . ‘ ' . ' :
denoted by G, = ;“ . The theoretical efficiency of such an amplifier 12 based on a
‘ " . ' ) ‘

. ' 7. ' .
sinusoidal input of amplitude Vo may be denoted as f;/" and the power loss as

ce

) r/ V2

7;;{ 0 2;{ , where Ris a resistive load.
An amplifier circuit 18 according to a first preferred‘embodiment of the present
ihverjtion is shown in Figure 2. In this embodiment, the ampiifier circuit 18 comprises
an input signal 19, a comparator 20, a control circuit 21, a multi-way switch 22 and.a
differential amplifier 23. The input signal 19 is applied \ria a resistor R7 to the
negative input of the differential ampllifier 23. A resistor R8 is connected between the
outpuf of the differential amplifier 23 at node 3 and the negative input of the

o differential amplifier 23. The input signal 19 is also applied to the input of the

25

comparator 20. The outbut terminals of the cdmparator 20 are connected to the
multi-way SW|tch 22 and the output of the multi-way switch is connected at a node 1
to the positive terminal of a loudspeaker 24 and also to'a potentlal drvrder compnsmg‘

two resistors R9 and R10 connected in series between node 1 and ground. The
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percentage which is inversely proportional to the gain
of the anplifier. In one enbodinent, the input signa
wo 20060%25het ween a first potential and a secondPCT/SG2005/000286

potential, and the method further conprises obtaining

the reference potentials fromone or nore supplies

havi ng a range of or between the first and second
potentials of the input signal. Brief Description of

the Draw ngs Preferred fea}ures of the invention wll

now be described, for the sake of illustration only,

* junctioni (ade @) ef ErceesissorshaO ot RIviingomepiee o the phsitve input of the

oo [ 1 i.$.a schematic circuit diagramof a
d'ﬁeregg%\%ﬁ?lﬁ'gﬁgp’,‘d ass B anplifier; Figure 2 is a
schematic circuit diagramof an anplifier according to

The campa%a‘terr Redcembacisrére inplit ltsimai n‘@ewtthoﬂﬁ'eFiegéfe@]cé Véitages -
wayef,or n_input.sjgnal, in the formaof a sine
213V e Y ot gt ot AP AT S B e BHERS orn e B2 133, R4,

' R5 and R® WitHie Whé compar&tgrF 202 Pt&Eradsi Ne wave input signal

of the type shown in Figure 3;"'Figure 5 is a waveform

of a sjgnal_at node 3 in the circuit of Figure 2 for a
R1=R7s"1%%éf8%5?%@ut signal of the type shown in Figure 3;

Veet =Vee ! 3

Veez =2 X Veer

R8/R7= Gv

R10/(Re+R10)= 1/Gv .

Also, ,Qrefl corresponds to the peak amplitude of the input signal 19.

When the amplitude of the input signal 19 is below |V,/3], the ground potential is
applied to node 1 at the positive terminal of the load 24. When the input signal 19
amplitude exceeds the reference voltages, a corresponding signal is sent to the
control circuit 21 to indicate the level of the input signal 19. Via the multi-way switch
22, the control circuit 20 then switches on the appropriate DC voltage, at -V, -Veet,

14

cc
’

Veer OF Viep respectively, to the positive terminal of the load 24, where |V, = 3

27,
V.0 3”] and V. refers to the peak output voltage, which is also the power
supply voltage of a conventional Class B amplifier delivering the same output power

as the embodiment of the present invention illustrated in Figure 2.

Figure 3 shows an input waveform 19 comprising a sinusoidal waveform, the peak
amplitude of which is equal to the maximum voltage present ih fhe comparator 20,
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Figure 6 is a graph of the efficiency against

normal i sed power for the anplifier of Figure 2
w@ovpaexsge Wi t h a conventional C ass B anplifi ePCT/EG205/@00286

7 is a graph of power |oss against nornalised output

power for the anplifier of Figure 2 conpared with a

conventional Class B anplifier; Figure 8 is a

schematic circuit diagramadcording to a further

Wheh %ﬁ@rw%f&ﬂb%@“m@% 9f nhiery élv5¢rmgo¢wa| I.Ewuasfeaﬁ\fdnmd@ Viet 5 1S

wavef orm of a signhal at nodé inthe circuit o
appfegupetls fcgmr@r@tohemmaeesﬂeﬁp@@ wWaygialm mEisguyEing othes sipusoidal

wavg?tyrﬁ{ \Wllggpg)f a?‘a?‘fh% sﬁﬁ’fe 8RR 2ot tﬂeﬁ&i% %"grs?rBWn leFI?ure 4,

wave | nput sign igure 11

graph of the effl CI ency agai nst normalised power for
Thet grin e Hiftererntfal lammwﬂer 83 o rpesardsudlt thak I@blnv eYiol/ gl and its

poufir 303 BPhas pELAVBLANIE Frbmr T iR e PRl G RRoled to

the H@hﬁr@m&wmaﬂheobmputbda o¢wh1\b'c&nt11a9rlfd f|>@dal53$ sBecting appropriate
ifier ef f.i

val%éalnglEe ﬁgﬁl#&?ﬁ E@d %\@10 flg:fg(f ﬁ%%éwﬂtw%rlg&tegfc %e differential

amplifier 23. This amplitude may be selected to be 1/Gv of the supplied DC voltage
to the load. As the DC voltages are fixed at -Vcc2, -Vee1, GND , Vee1 and Veez,
the signal to the positive input of the differential amplifier 23 will be correspondingly ~
2/3 Vref, -1/3 Vref, GND, +#1/3 Vref and +2/3 Vref. :

The input signal 19 is fed to the negative input of the differential amplifier 23 through
resistor R7. The difference between the positive input and the negative input of the
differential amplifier 23 is amplified and fed to the negative terminal, Node 3, of the
load, as shown in Figure 5. The differential amplifier 23 essentially compensates for
the difference between the signal fed to the positive terminal of the load and the
desired signal. Thus, the overall signal as seen by the load will be equivalent to the

input signal amplified by a gain of Gv.

On the positive side of the load 24, which is essentially switching among several DC
voltage levels, the efficiency is theoretically 100%. On the negative side of the load,
a conventional Class B amplifier design may be used for the differential amplifier 23.

~ The efficiency of such a differential amplifier will be the same as a conventional

Class B amplifier. However, since the supplied voltage is +Veo/3 and —V¢/3, the

“overall efficiency of the amplifier circuit of Figure 2 as compared to a conventional

Class B amplifier delivering the same output power, may be seen to be significantly

higher. The efficiency and power loss calculations are described as follows.

It is propbsed that amplifiers embodying the present invention are to be named the
Class p Amplifier because of the resultant shape of the curve when the graph of

Efficiency against Output Power is plotted (as shown in Figure 6 described below).
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of Figures 2 and 8 conpared with a conventional C ass

B anplifier; and Figure 14 is a graph of power | oss

wag@snstsocor mal i sed out put power for the anpl i PCESE6200$/000286

Figures 2 and 8 conpared with a conventional Cass B
anplifier.Description of Preferred Enbodi nents Figure
1 shows a circuit diagramof a conventional C ass B
anplifier. An input signal 1® is applied between
ground and the positive input termnal of an anplifier
12 which has a gain of Gv. Negative feedback is
applied to the anplifier 12 by dividing the output

SynshalRéfintiemmsf rom in a potential divider conprising two

resistors 14, 15 connected in series fromthe out put
of the l.ifier 12 to ground. The junction 16 of the
t wo res%ﬁ%?%oﬂk 15 is connected to the negative
termnal of the anplifier 12, the two resistors 14, 15

def i ni ngthg j E gygp-' Ler~12. ~,The lifier
€
® 12 S powerI e%&ggp?%é| gc\)/ver i’éé%’ﬁlcé S%g\/lb'ﬁ‘ﬁﬁ wer
supply voltages which are fixed at Vcc and - VGG
g1 respect EffeigncyToiuStagehteohOlRet 1, SAeipRfierf rom t he
anplifier 12 will vary within the range - VCG to +VCG
Assum ng that there is no clipping, if the peak
€2 anpl i t ubiagnayhef Staget2 ef Qlaak 1 Amplifigref
€3 Efficiency of Stage 3 of Class u Amplifier
f. Frequency
I Current
Pin Input power
Pout | Output power
Potelino+  Total input power for positive side of Stage 2 of Class x Amplifier
Piotal-in-2- Total input power for negative side of Stage 2 of Class u Amplifier
P total-in-3+ Total input power for positive side of Stage 3 of Class & Amplifier
P tolal-in-3- Total input power for negative side of Stage 3 of Class 4 Amplifier
Pavedn Average input power
P ave-out . Average output power (same for both Class B and 4 inthis
application)
Pave-in-8 Average input power of normal Class B Amplifier

Pavedn-1 _Avera'ge input power of Stage 1 of Class u Amplifier
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giving a correspondi ng peak output of VGG the gain of
the anplifier 12 may be g denoted by Gl, =-- . The
wao b@enexspcal efficiency of such an anplifier 1PCTH&EHEU5/000286
on a V ref pV sinusoidal input of anplitude VO may be
denoted as - - and the power loss as - gcogo _ _ v ol
wnere R js a resistive |oagd. pR 2R An anplifier

circuit 18 accordi
Pave@ﬁsﬂ; he

a first preferred rrbodi ment

Y@@@ﬁtpqw‘ﬁfg%%ﬁi 8t Stege JR6 pssna Hh ol In this

enmbodi nent, the anplifier circuit 18 conpri ses an

Pac Lt sm&%&ﬁjﬁ%@q&ﬁ@@gﬁ 220 Cid L AARRAng] foui t 2

2 a miltr-

Pave-loss-z
Pave-in~3

P ave-loss-3

R

Vee

Vcc1

Vccz

Amplifier

Vref

Average power |loss of Stage 2 of Class x Amplifier

' Average input power of Stage 3 of Class x Amplifier

Average power loss of Stage 3 of Class p Amplifier

Impedance, assumed resistive for this case
time

Moment (or the time) that V¢ is switched on
Moment (or the time) that Ve is switched on

Period

- Qutput voltage

Amplitude of output voltage (=|V5ut|)

Peak output voltage, which is also the supply voltage for a normal

Class B Amplifier

First stage output voltage to positive side of load for Class x Amplifier

Second stage output voltage to positive side of load for Class u

Reference voltage, which corresponds to the peak input voltage to give

the peak output voltage at Ve

Angular frequency (= 2xf)
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di fferenti al
applied via a resistor
wa@lrdober2ed i al

bet ween the output of the differenti al

anplifier 23. The input signal
to the negative input of the
anplifier 23. Aresistor R8 is cPCNeGL008000286

19 is

anplifier 23 at

node 3 and the negative input of the differential

anplifier 23. The input signal

19 is also applied to

the i nput of the conparatori20. The output termnals

f : .
In thg ﬁaﬁ%ﬁat@%@&/ofh@ b €

the oufput o

i?@{lﬁgﬁg @q%q??ﬁ@fe@{& te\die with the

nmu y swtchis

DC \eitagecvéithing betsse -1Vio ke, BOE) t Ve ol fivhal anst the negative

side @g#&ff&%ﬁ%& Lol fout

ors

WO res

%ﬂ%r%gﬁi%nélrhelliﬂe%\éi J8E a supply voltage

connected in

of +\&grares-\het VilenloaddR isltaged tgbeuesistivEhej uncti on (node 2)
of the resistors RO and R 10 is connected to the
t of the different.i

The Rl Salb Ml ng hesl e AL SFARG AR EI ' Lo O e

reference voltages - 2/3Vref,
Outpt2i@itageef , which are fixedy=ne

+1/3 Vref and
R2, R3, R4,

-1/ 3Vvref,
shastors R

R5 and R6 within the comparator 20. Preferably, R
1=R2=R3=R4=R5=R6 R8/ R7= Gv R 10/ (R9+R10)= 1/ Gv

Current,

Input power,
Output power,

Average input power for 1 period,

Average output power for 1 period,

Efficiency,

y Ve
R
Pin - Vch — T’CCV(M
R
]Joul = T/outI = VOW
R

1 T
‘Pave-in = }: 6[ indt

P

ave—out

P

ave-oul

P

ave-in

£ =

For both an amplifier of the type illustrated in Figure 2 (hereinafter referred to as a

Class u amplifier) and a conventional Class B Amplifier:



Al so, |Vref| corresponds to the peak anplitude of the
i nput signal 19. When the anplitude of the input
WG r@emk259® is below | Vref/ 3|, the ground pot entCEEG2095/000286
applied to node 1 at the positive termnal of the |oad
24. When the input signal 19 anplitude exceeds the
reference voltages, a corresponding signal is sent to
the control circuit 2 1 t'6 indicate the | evel of the
input signal 19. Via the multi-way switch 22, the
control circuit 20 then svvltches on the appropriate DC
vol tage, at - Vcc2 , -Veci 1%Wegi, or Vec2
Averaggeﬁgﬁﬁtplovxedry, to the RBaesiH J final of the Ioad 24,
re \ , and Vcc refers to the peak output voltage,
vvh| ch is also the power supgl% uoltza of a
conventional Cass B anpli¥ V& verl ng the sane -
out put power as the enbodi rrent° of the present
invention illustrated in Fi yyr coszﬁitﬂl‘ﬂre 3 shows an
i nput wavef orm 19 conpri si Ngx: ; SI nusoi dal wavef orm
the peak anplitude of which is equal to the maxi num
vol tage present in the conpdfoagpr,zgmwdeﬁ t he waveform
of Figure 3, namely a sinusoraal 2eput of anplitude
Vref , is applied to the conpar at of 204mgrstepped
wavef orm resenbl i ng the si ﬁuezq[dafé—\w mw | |
appear at the positive ter ® he 'l oad, as shown
in Figure 4. The gain of the/differenti al anplifi er 23
is chosen such that | Gv| —13]'c|/|Vref| and its



power supply voltages are +Vcc i and - Vcci . A
proportion of the DC voltage applied to the load from
woewe/0259¢ he anpl i tude of which may be fixed bRCT/SG2005/000286

sel ecting appropriate values for the resistors RO and

R10, is fed to the positive input of the differential

anplifier 23. This anplitude_nmay be selected to be

1/ Gv of the supplied DCvoIf‘%ge to the load. As the DC

vol tages are fixed at -Vcc2, -Vcd , GN\D, Vccl and

Vcc2, the signal to the positive input of the

differential _anplifier 23 will be correspondingly - :
For aganygrifonalGlasgBAmplfler+1/3 vref and +2/3 Vref. The

input signal 19 is fed to the negative input of the

differential anplifier 23 through resistor R7. The

di fference between the positive input and the negative

input of the differential anplifier 23 is anmplified
AveragRiinpetirewet he negative tgrm nal2 3Mogb 3, of the |oad,

as shown in Figure 5. Th adJ}frf—ﬁ@r“"l:(rSlﬁﬁdénplifi er 23

1 [ y conpensates for the dPfference between the
(for é?%ﬁ%ﬁ%bj to the positive terninalof the |oad and

the desired signal. Thus, the g\/?é’éoaljrsﬁ.li?dﬁgg as seen

10 by the load will be equival ent t@Rthé T ngut signal

anplified by a gain of Gv. On the positive side,of the

| oad 24, which is essentially swh h'tﬁg)[gg&r_@szver al

DC ‘TR 27 T

2N
-2 [cosZ—1]
27R 2

2Vl

7R

— P ave—oul

20  Average efficiency, €p

ave~in

2
A
2R 2V V,

ce

_ 7y
4v..

25
. Average power loss, P P

ave-loss=1 — * ave-in-1

220V, _V_Oz_
7R 2R

P

ave—-out

For a Class u Amplifier - Stage 1: For sinusoidal output voltage |Vo|<|Veccil:

30



voltage levels, the efficiency is theoretically 100%
On the negative side of the | oad, a conventional C ass
w®@2@aptishé er desi gn nmay be used for the differpet/862005000286
anplifier 23. The efficiency of such a differentia
anplifier wll be the same as a conventional C ass B
anplifier. However, since tqg supplied voltage is
+Voc/ 3 and - Vcc/ 3, the overall efficiency of the
Forghis| stage of eperation, tife Fogud eoferdial winpasepplisal ® the positive side

j O d.ass Lifler | i yering the same.
of thETAEN o4 0 sl BBEh Y St A BnbPiper Piragnal to the
load’B¢ abfHa cegative sivheltheoswft | oss cal cul ations are
described as follows. It is proposed that anplifiers
enbodyi ng the present invention are to be nanmed the
Class mAmplifier because of the resultant shape of
the curve when the graph of Efficiency against Qutput
Power is.plotted (as shown in Figuye6 described
S ThUBe?WQ%MPOH@M nitions Effdici TE[‘I’C%VCIA{IOEB Efficiency of
normal (conventional) Class B AnpliTier e i Efficiency
of Stage 1 of Class mAnplifier e 2 Efficiency of
Stage 2 of Cass mAmplifier 3 Efficiency of Stage 3
of Class m Amplifier
= ZVCCVO ..V - VL’C‘

37R * el T

10

Efficiency, 8§ = i
4Vcc1
_ 3a¥,
4V,
Comparing the above with a conventional Class B Amplifier, during this stage of
operation,
15
& 37 e g
&y, AV, Al
=& =3&
Average power loss, Potosst = Py — P

ave—out .
- 2
AR

37R 2R



10

20

Frequency Current P 1 | nput power Pout Qutput power
Ptotai-in-2+ Total input power for positive side of
wE@ge29of Class m Anplifier Ptotai-in-2- ToteCT/SGO5/000286
power for negative side of Stage 2 of Cass m
Amplifier P(otai-m3+ Total input power for positive
side of Stage 3 of A ass mAmplifier Ptoiai-in-3-
Total input power for negaygve side of Stage 3 of
Class mAnplifier aavvee--in Average input power
Pave- out Average out put power (sane for both Cass B
and min this application) Pave-in-B Average i nput
power of normal Class B Anplifier Pave-in-1 Average in
put power of Stage 1 of Class m AnplifierPave-ioss-1

ClassA \,ize&\%’cf]pelifPe()rV@trélgleOZS:Sch)rfsi%tugg%ajf%{lt;%ta\?oﬁtarge cl1'[£[\(§1r<(vccgl:

For this stag'e,Ait is necessary to determine the time t4, when Veu=Vee, which is the

moment that V¢ is switched on.

Output voltage, V.. =V,sinot
—\/ : . .2
At t4, Vour=Veet, = T/Cd = Vo Sln-}——tl
7
—2—7[-t1 =sin™ Ve
T v,
a
1 =—Z—sin‘1—If— -(1)
2 37, :

For positive side, total input power for % period,

.
YV V- sinot
Pfaral—in-2+ = 0 t
|
T
s Vo 2x
=£—‘—9—1—-—°—_[sm——tdt
fh
VM T
3R 27
s VT 2T .
LT 2y

67R I

r
- cosz—;—a‘],‘]1



Pave-in-2 Average input power of Stage 2 of Cass m
Anplifier Pave-ioss-2 Average power |oss of Stage 2 of
w@b@s®2259ANpl i fier Pave-in-3 Average input poweCT/862005/000286

Stage 3 of Cass mAnplifier Pave-ioss-3 Average power
| oss of Stage 3 of Cass mAnplifier R |Inpedance,
assuned resistive for this caset tinet i Mnent (or
the tine) that Vcci is switched o n t2 Monent (or the
tine) that V2 is switched o n T6Period VOU CQutput

Vi (=] V OU|) V cc
Péﬂjtb@ %ﬁ}/%e‘f%’tgﬁm \trv%M‘or Bé)te?%g supply vol tage.
for a norrral Class B Arrﬁlryf/ Mtcm First stage
out put vol tage tR), posi &lﬁﬁé—sﬂ-e]'%—eﬂ |l oad for Class m
Anplifier V O& Second stageloutput voltage to
positive side of load for Cdass m

;4
RAXTEN
b T
T
V;“;O ;[—cosz—z‘];}
VC6CT;02T 2)
T
. Average input power, P = Potatin-s ;Roml—m 24
4
2V T
Vo (14 0052y
37R T
| 50 37R
Efficiency, £ =55 X

oWV, (1+cos 2Z1,)
T

3zl

. 2z
4v (1 + cos?tl)

Comparing the above with a conventional Class B Ampilifier,

&, 3zV, y 47,

[

7V,

2
f5 a4y (1+ cos:;itl)



Amplifier V ref Reference voltage, which corresponds
to the peak input voltage to give the peak out put

wo odobaeps9@t Vcc w Angul ar frequency (= 2pf )| nP€T18G2005/000286
cal cul ations bel ow, the positive side of the |oad 24
refers to the side with the DC vol tage sw tching
between - Vccl , -Vcc2 , GN\D, +Vccl and +Vcc2 and the
negative side of the load 24 is connected to the
differential anplifier 23 with a supply voltage of
+Vccl and -Vccl . The load ff is taken to be resistive.
The follow ng cal cul ations are based on sinusoi dal
i nputs. Qut put voﬁiag&_AZCLuL VOsin wt Current, |nput
power, Qutput powey, @( el |nput power for 1 period,
Aver age out put power 1Tp riod, Efficiency,

Averagé power Ioss, P

ave-loss=2

=P

ave=in-2

- P

. ave~oul

AN 27 v,?
ce 1+c _ o
3R FeesTh) =T

Class 1 Amplifier Stage 3: For sinusoidal output voltage |Veez|<|Vo|<|Vee|:

From Equation (1) above,
' T Vcc
. ' t = ——sin™
At the time 12, when Vout=Vees, 27 3V,

the momient that Ve is switched on, is given as follows:
10 |4

out

=V, sin ot

2z

=>7V —VO Sln'—T——l‘Z

ce2

For the positive side of the load 24, the total input power for % period may be
15 denoted as follows:



For both an anplifier of the type illustrated in
Figure 2 (hereinafter referred to as a Class m
wa@epbiotises ) and a conventional C ass B PCT/SG2005/000286
Amplifier: Average output power, For a conventi onal
Cass B Anplifier: Average input power , (for 1/ 2
period, T/2) -1Jo 2 Averageigefficiency, Average power
| oss, For a Class Anplifier - Stage 1. For sinusoi dal
out put voltage |VO|<|V,cclFor_this stage of operation,
the ground potenti, i 11 be suppld to the positive
side of the Ilpggiua}sﬂ%kaf_tdﬂnw” st ferenti al
anplifier 281's"suyppl yRng the;sigffal to the |oad 24 at
t he negative side thereof. Thus, average input power,
Ef ficiency, Conparyng ‘Ihezyabovefwyﬁot“ inaﬂct venti onal
Class B Anplifi eF,'—é‘uT %?Wfé_sfétzé oF ‘Oper ati on,

T

o

1chlr/v() T EE_ [ VccﬁVO I_ 'COS-Z—EZ 4
5 = leos Tl 4= tlees o
V,T 27 2w n
= BZZR V. (cos?t, —cos—]—1—t2)+Vccz(cos 7 t,)}
s ' V°TV ' Mt +oos2‘§—z )
BUt Vccz = 2]: cel ! . })total—irz—3+ = _Q,Ei cel (COS? 1 T 2
v,V..T 2r 2
=0« (cos——1, +COS—1,)
R
10
H | VCA:VOT
For the negative side of the load 24, from equation (2), P toins = r
i Ptotal—-in-3+ + Ptoml-in—B-
Average total input power, Py = 7
4
4 Vv V.T. . 2m 27 V. V,T
= X0l rcos 2t + cos Tty )]+ —2——}
15 T 6R eos 70 T 6aR
AN 2 2z
=200 (14 cos=—t, +COS—1,)
37R ( T T
2
: R
Efficiency, g, = 4. 3m

38}

2
R 2V, V,(1+ Cos%?zl + cos —;~z‘2)

37V,

B 2r 2
4ar, (1+ cos—Ft1 + cos—T—z‘z)
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15

20

Averag e pr ower loss, ' ,I - pl ave-oClass m
Amplifier Stage 2: For sinusoidal output voltage |Vccl
WO 2jovor2spa/cc2 | For this stage, it i s necessarPgr/s62005/000286
determne the tine t-i, when Vout=Vccl , which is the
noment that Vooi is switched on. Qutput voltage, Vout=

VOsin w For positive side, {gpt al i nput power for %

period, For the negative side,” total input power for
period, -(2) Averaqge input power, Efficiency,
Conparing the above with a conventional C ass B
Anmplifier, Average power |oss, Class mAnmplifier Stage
3 : For sinusoidal output voltage |Vcc2|<| Vo|<|VCc |:

Comparing the above with a conventional Class B Amplifier,

.8_3 — 37Z-V0 x 4Vcc
2r 2
€s 4V (1+cos—t, +cos—t,) 7y
T T
& 3
oo 27 27
£s (L+cos—1, +cos—1,)
T T
Average pOWGr IOSS’ Pave—loss—B = Pave—z‘n—3 _‘Pave—-out
2PV, 27 27 1%
=20 (14 cos——t, +COS——1,) ==
T T 2R

Figure 6 shows a graph of Efficiency against Normalized Output Power for the
amplifier circuit of Figure 2, and, for comparison, a graph of Efficiency against
Normalized Output Power for a conventional Class B amplifier. The graphs shown
are for amplifiers operating at maximum output power with a sinusoidal input, without
clipping, normalized to 1.

Figure 7 shows a graph of Power Loss in the amplifier of Figure 2 against
Normalized Output Power and, for comparison, a graph of Power Loss in a
conventional Class B amplifier against Normalized Output Power. As with Figure 6,
the graphs shown are for amplifiers operating at maximum output power with a
sinusoidal input, without clipping, normalized to 1.

Figure 8 shows an alternative preferred embodiment of a Class p Amplifier according
to the present invention. The same reference numerals as those used in respect of
the embodiment of Figure 2 have been used to denote identical components.



10

15

20

25

From Equation (1) above, At the tinme t2l when Vout
Vco2 the nonent that Vc02 is switched on, is given as

WO 2006020596 For the positive side of the | oad 24PCT/B&2005/000286
total input power for VA period may be denoted as

fol | ows: 2005/ 000286 18 But : - For the negative side
of the |load 24, from equat ben (2), Average total input
Ef fi ci enc nparing the above with a

The GURYE SIPHRAD PSS i wiﬁ‘ﬁma" ﬂ%ffhat)SW@r agleiggsner theodiference
bemﬁbi%&r\%cﬁ WHIOVS the 9RRRLL Qtfep@‘eftwgér?ﬁ%]‘ﬂtsa&?{%séwnohlng upit 22, is

rmal1zed Qut put Power fier circult
Veo/Fingihie ecirguit ah figufe B arentparl @ valtagesgpuipht f@ftthpfOﬁtthen@rymnal at

nod9iofSthe load 24 wil therefore be -4Veer, -2Vees, GND, 2Veer and 4Vecy

accordingly.

~ The resistor values in the circuit of Figure 8 are chosen as follows:

Ro/(Ri+Rz+Ra) = Re/(Re+Rs+Rs) = 1/5
(Re+R3)/(Ri+Rz+Ra) = (Re*+Rs)/(Ru+Rs+Rs) = 3/5
Vee1=Vee/b

R8/R7=Gy

R1 o)(R9+R10)=1/GV

Figure 9 shows the waveform at the positive terminal (node 1) of the load 24 of the

circuit of Figure 8.

Figure 10 shows the signal at node 3 of the‘ negative terminal of the circuit of Figure
8.

In the embodiment of Figure 8, on the negative side of the load 24, the differential
amplifier, instead of giving a half swing (as shown in Figure 5), gives a full swing as
shown in Figure 10.

Figure 11 shows a graph of Efficiency against Normalized Output Power for the
amplifier of Figure 8, and, for comparison, a graph of Efficiency against Normalized
Output Power for a conventional Class B amplifier. The graphs shown are for the
ampln‘lers operating at maximum output power with a sinusoidal 1nput without
chppmg normalized to 1. '

Figure 12 shows a graph Power Loss in the amplifier of Figure 8 against Normalized
Output Power and, for comparison, a graph of Power Loss in a conventional Class B
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Nor mal i zed Qut put Power for a conventional Cass B

anplifier. The graphs shown are for anplifiers
wWop@rAaisng at maxi num out put power with a si nuBCI/8G2005/000286

i nput, without clipping, normalized to 1. Figure 7

shows a graph of Power Loss in the anplifier of Figure

2 against Normalized Qutput Power and, for conparison,

a graph of Power Loss in a conventional Cl ass B

anpl i fi er against Normalizedll Qutput Power. As with

am plifign meakist Nohmaﬂﬂ@pbﬁtm,hme&lr ead Wthain‘ghré Hel the gra hs shown
THm out put. power with a sinusoid

are AP 15 RBGHETES PO BIAE ST ol Poed” vonE SrgRRel laput, withou
C|,p§|hg\f@r,ag||@dt@r11at|ve preferred enbodi nent of a Cass m
ifier according to the present invention. The sane

r ef grence numer al aggs t hose used in respect of the

FigWrpioashayt @ sraih gliERICENG4 peebekNoBeliredOdwnbPewer for each of
the bffINtiE Gadf MQGH@%@QH@ 8TARY, ‘?d)rré‘di'ﬁﬁar?s}b‘ﬁ"‘”é éeraalﬁfo?%fﬁmgndysagamst

identical to that shown I'n méure , erence

Norb”@l"?@ Qudputvewer foftd evnvestienst Glebs @gem@tiﬁ@. Hétevgrephs shown
o R0 LB LR 1ot B VBB Sy gy i

chp;pmgunprmehzteeirtm1nal at node 1 of the | oad 24 will
therefore be -4Vccl , -2Vccl , GND, 2Vccl and 4Vccl

Fig6 ¢ ShAL % graph Power Loss in the amplifiers of Figures 2 and 8 against
Normalized Output Power and, for comparison, a graph of Power Loss in Wa
conventional Class B amplifier against Normalized Output Power. As with Figure 13,
the 'gréphs shown are for the amplifiers operating at maximum output power with a

sinusoidal input, without clipping normalized to 1.

Although in terms of efficiency and power loss, the performance of the embodiment
of Figure 8 is not as good as that of Figure 2, an advantage of the embodiment of
Fig‘ure 8 is that a differential amplifier having lower output voltage and also a lower
output power may be used. If the maximum output voltage of the differential amplifier
23 is 12V, then the overall output voltage to the load 24 will be 60V.

The efficiency and power loss calculations for the embodiment of Figure 8 are

described as follows.

As before, a conventional Class B amplifier with a supply voltage of V.. and capable
of delivering a maximum output voltage of amplitude V is used as comparison. The
symbols used have been kept the same, except for Veeq, which is changed to Ved/5.

Output voltage, V., =V, sinwot
Vi
Average output power, P =l

ave-ou!
2R



The resistor values in the circuit of Figure 8 are
chosen as follows: R3/(R *R 2+R3) = R4/ (R4+R5+R6) =
WA L®6ORBZMR3) / (R +R2+R3) = (R4+R5)/ ( RA+R5+R6) =PQGI/5G2005/000286
Vcci =Vee/ 5 R8/ R7=Gv R 10/ (R9+R10)=1/G v Figure 9 shows
the waveform at the positive termnal (node 1) of the
| oad 24 of the circuit of Figure 8. Figure 10 shows
the signal at node 3 of the “egative term nal of the
Clasbri WmplifierStage1 gFot sinuseidathadpoensitade Vokive B, on
the negative side of the | oad 24, the di fferenti al
vi ng swing (as shown in

¢ Ofgﬁgﬁit@%ﬁ Oa?ﬂ?é‘ f%g%ugwpﬁéefﬁ@' ¥Hblam SHRPs iR Beygpsitive side

oftﬁwwdezumme\/\@n te6 aftferdhtidl drhSitRp |
cg? n? |zed QJt ul? Power orl th eﬁlam%flsgﬁpgy@ it sng%al to the
loach g at th ﬁrﬁ'%wer%ograph of Efficiency agai nst

Nor rral i zed

5
Average input power, P = 2VeVs
7R
.
= M— . T/ = _tc
57Z'R ecl 5
Efficiency, g = Vs
4Vm
_ 37V,
4y

cc

10 Comparing the above with a conventional Class B Amplifier, during this stage of

operation,
' & _ 5, 4V s
&, AV, 7rT’
= & =5¢,
15 Average power (OSS' Pave—loss—l = Pave~in—l - Pave—out

WV W
"~ 57:R 2R
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Qut put Power for a conventional Class B anplifier. The
graphs shown are for the anplifiers operating at
woraoos/eesOut put power with a sinusoidal input,P@I/sGz05/000286

clipping normalized to 1. Figure 12 shows a graph

Power Loss in the anplifier of Figure 8 against

Nor mal i zed Qut put Power an%, for conparison, a graph

of Power Loss in a conventional C ass Banplifier
ClasagaiAmsplifier Stader2dF Qusimusoidalautppsveltade (Vg olkI3Veer|

the graphs shown are for anplifiers operating at

Xi,mum out put powe ith a sjnusoidal inpyt, wthout .

For (iR Fo R a7 260 % Bote MR 18 Mo HRE ool aph Waten i the
momEhf ihatt ®3G Vs agacmss oMor mal i zed Qut put Power for each of

the anplifiers of Figures 2 and 8 and, for conpari son,

a graph of Efficiency_against Normalized Qutput Power
OUtpf‘B\%'%pQ@onventi onal O &ss=B.8Aflifier. The graphs shown

are for anplifiers operating at maxi num out put power

yt hy,a sinusoidal input, wthout e¢lipping nornmalized
Al t“M(f“tlywﬁ—W gure 14 shows a:ngphVMM\%{JitlLoss in the

anplifiers of Figures 2 and 8 agai‘nst Nornmalized

Qut put Power and, for comparison,”a graph of Power

Loss in a conventi onal (:Iﬁs:@na i fi er against
Nor mal i zed Qut put Power. W th i’ggre 13,
By o
1 - \
2 SV,

For the positive side of the load 24, the total input power for 4 period is:



the graphs shown are for the anplifiers operating at
maxi mum out put power with a sinusoidal input, wthout
w@baiopp223g6 normal i zed to 1. Although in terns 0PCT/SG2005/000286
efficiency and power | oss, the performance of the
enbodi nent of Figure 8 is not as good as that of
Figure 2 , an advantage of the enbodi nent of Figure 8
is that a differential anplifier having | ower out put
voltage and also a | ower oubput power may be used. |f
t he maxi num out put voI tage of the differential
anplifier 23 is 12V, then the overal |l output voltage
to the load 24 w | b Vedtysinmy cefficiency and power
| oss cal cul at i“6i%*f o or; theRenbogl ment of Figure 8 are
descri bed as follows.” As before, a conventional C ass
B anplifier with a su I —voltage of Vco and capabl e
of delivering a maxi mmu} %iﬂ aql tage of anplitude
Vcc is used as conpari gon. g synbol s used have been
kept the sanme, except for “Vcoi , whi ch is changed to
Vcc/ 5. Qut put voltagéﬂ Youl =\VOsi 2w Average out put
power, O ass m Anpl i fief Sf@ée cqs qFon si nusoi dal out put
5 vol tage | VO| <| Vccl | }Er tEIS stage of operation,
the ground potenti al= pplied to the positive
si de

For the negative side of the load 24, the total input power for % period is:

V.4V, sinat

z
4.1
= ccl’ 0 i
P tal=in—2- J. t
0

fo

R

10 _ V.aVo
R
If Jo T 2
—[-cos—
SR 2 T
- VccVO'T
1078

. 27
sin —tdt

o-_._,»l'ﬂ

T
t1d

(4)

P

total—in—2+

P

. Trotal-in=2+

15  Average input power, Boeina =

BN+

3 o)
=20 1 000s 2
SR T

20



of the load 24. Thus, only the differential anplifier
23 is supplying the signal to the |oad 24 at the
woewaneases si de t hereof. Average input power, PCT/SG2005/000286
Ef fici ency, Conparing the above with a conventi onal
Cass B Anplifier, during this stage of operation,
Aver age power |oss,Cass mAmlifier Stage 2. For
si nusoi dal out put voltage |Vccl | <|Vo|<|3Vccl | For
this stage, it is necessary to determne the tinme ti
when Vout =Vccl , which is the nonent that Vccl is
swi tched on. Qutput voltage, Vout= VOsin wt (3) For
the positive side of tpa | oad 24, the total input
power for 1/4per|od; i-s—Eor-the n fl\m si de of the
Efficlepgd 24, the total inpdR p (]Tp ods&eyiod is: (4)
Aver age input power, Effi G erf§§9 rrpﬁrl’ng t he above
with a conventional Cass Bspplifier,

2r
4V, (1+2cos ?r,)

5
Comparing the above with a conventional Class B Amplifier,
& 5aV, y 4v. .
- 2
5 4y (1+2c0s2%s) o
T
52 3
& 2
1+ 2cos—}—t1)
10 Average power IOSS, Pave—Io:s-z = Pave—z’n—z - Pave—out ‘
2
T 002y T
57R T 2R

‘Class u Amplifier Stage 3: For sinusoidal output voltage [3Vcc1]<|Vo|<|Vcc|

r . ."
From (3), t, =—-sin" —%
®) Yon T sp,
The time t,, when Vo=V, the moment that 3Ve is switched on, is given as

15  follows.



Aver age power |oss, Class mAnplifier Stage 3: For
si nusoi dal out put voltage |3Vccl | <|VO|<|Vcc| From

W@ 3)os/0T4506 t i e t 2, when Vot =Vc02, the nonent tPEI/SGM08000286
is switched on, is given as follows. For the positive
side of the load 24, the total input power for %
period is: But v For the negative side of the |oad 24,
from equation (4), Average total input power,
Efficiency, Conparing the agove with a conventi onal
Cass B Anplifier, Average“power |oss, As nentioned
above, it | ng,r:eﬁocme&it that anplifiers enbodying the
present invention are,to be named the O ass m
Amplifier gegau&efcgﬁn%e resul tant shape of the
cur vewhen the“graph off Efficiency against Output Power
is plotted 6as shovvn31vn Figure 6). Fromthe graph of
Fi gure 6, |1—-1A4I=I81rbe—§even that for a ass manplifier
i mpl enent | ngT3 stages’'%of operation, during a proposed
typi cal operationzat 1/3?Vto 1/ 3 of the maxi mum out put
power, an effltel%grcwnof—#oout 62% to 75% may be
achi eved. This

5
For the posiﬁve side of the load 24, the total input power for ¥4 period is:
Z
2V, V sma)t 4v,, V sin cot
'Ptotnl—m-3+ = J' 1 j l
4 ty
r .
7 4
_ by js‘ 27 g 4 el jsmzfzdz
LT R
10 ,
=M£[ co S.Q_ﬂ-l‘]t Ml[_c gzz_z]lz
R 2z T. R 2z T
T 2
V“’VT{ sgﬁt —cos2Z ¢ )+ —————I“J (co iy .}
7R T T 7R T
V. V. Vel 27 2
BUt W Vccl = 5 ’ })toml—in—3+ = ——57[—}%_(008?[1 +COS_-,ZT—t2)
o , ‘ v.v,T
15  For the negative side of the load 24, from equation (4), Potoines- =

107R



is typically 1.5 tinmes nore efficient than

conventional Class B anplifiers. The difference in the
wa@edosat2spower | oss between the C ass m anpl i f i BCT/86GZH05/000286

the conventional Class B anplifier is evident fromthe

graph of Power Loss agai nst Qutput Power shown in

Figure 7. During an operatign at 1/8 to 1/3 of maxi num

out put power, the power | o< of the O ass m anplifier

may be seen to be less than 1/3 of that of a

conventional Class B Amplifier. For the whole range of

out put . .power . the maxi num power | o of the Class m
AVH&%E&F\ 'gp\é\ﬁﬁ?/wﬁre seen Ea@:nbc;&é%‘%#ﬁj-ztﬁﬂﬁ%ﬁ of that of

a conventional Class B Anplifier. 3f nore stages of

operation are used for the C ass nfanplifier, higher

efficiencies may be achi eved. , one_,or noye,

preferred enbodi nents of theﬁi{/ e @':gaﬁ y;.wS&ﬁizd)eygﬂa—ﬁ}

anplifier circuit that achi efesS@bnsi dérably gfeat erlO7R

efficiency than a conventi onaV,J/l sz B lifienr

Anot her advantage of one or=@§e—<gf et e +e‘rﬁ966}"r’re>nts

of the invention is that errors generated in the

switching circuit may be substantially elimnated as

the differential anplifier will apply the errors to

t he opposite side of the
Efficiency, e J%zx 7R

2 27
2 V(1 + 2c:c>s—T-—1.‘1 + 2COS~FZ‘2)

57V,

2
4Vcc(l+200$—2—71z‘1 +2003—7rt2)
T T

Comparing the above with a conventional Class B Amplifier,

&, 57V, ' ar,,
—_— x
c 2 4
7B 4Ifm(1+2cosz—nt1+2cos—ﬂ—t2) o
T T
& 5
= 5 5
€2 (1-i~2c:os£t1 +2co‘s—7—z-t2)
T T
A\/erage pOWer lOSS* Pave—la:s—a = Pave—in—3 - })ave—out
2 2 2 vy
=LI{9(1+2005—7rtl + 2005—”5) -
7R T T 2R

As mentioned above, it is proposed that amplifiers embodying the present invention

are to be named the Class u Amplifier because of the resultant shape of the curve
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| oad 24, thereby canceling themout.d ains: 1.
Anpl i fier apparatus conprising: an anplifier; a
W@ ovparAbO©r connectable to the anplifier to coPQES@05000286
incom ng signal with a nunber of reference potential s,
the conparator having an output; a swtching stage
control | abl e by the out put %% the conparator to sel ect
a voltage level to be appli to one side of a |oad;
wheim theagregbtof &ffidensioagaiost Quiput Rgwer ismioted (ascehimwyin Figure 6).

Bk LR AR 098 01 bR S, A7 b8 TSAaL Gpmentng

3 stdtgoss ublopaedtn, dmmgaapdnbbb@d BRiEH éﬁéréﬁ&?%ttﬁ8 to 1/3 of the
recei ve the output signal of the subtractor and

maxin PytRu@oBerpan eficany of @bpet B3P toeth%anay @@oamneved This
is tﬁdl&ﬁlyqf5 tifRs!RaR of olentatfﬁ@h' bhEntRRBAEHNS Qﬁfb‘ﬂﬁgt‘sng to

clalm 1, wherein the anpl |f|er conpri ses
differential amplifier. 3 Anplifier égparatus
Thex diftsrenary it & 1astyal pavercioas rheiweew’ﬁlé@ lass hie amplifier and the

con@rermlonal Class B amplifier is evident from the graph of Power Loss against
Output Power shown in Figure 7. During an operation at 1/8 to 1/3 of maximum
output power, the power loss of the Class x amplifier may be seen to be less than
1/3 of that of a conventional Class B Amplifier. For the whole range of output power,

the maximum power loss of the Class x4 Amplifier may be seen to be less than half

of that of a conventional Class B Amplifier.

If more stages of operation are used for the Class ux amplifier, higher efficiencies

may be achieved.

In summary, one or more preferred embodiments of the invention may provide an
amplifier circuit that achieves considerably greater efficiency than a conventional
Class B amplifier. Another advantage of one or more preferred embodiments of the
invention is that errors generated in the switching circuit may be substantially
eliminated as the differential amplifier will apply the errors to the opposite side of the
foad 24, thereby canceling them out.



i ncludes the subtractor. 4 . Anplifier apparatus
according to any one of the preceding clains, wherein
wo bwoamsbé fier is a linear anplifier. 5. AnpliPCESEG2005/000286
apparatus according to any one of the preceding
clainms, wherein the anplifier has a gain associ ated
therewi th, and wherein theéﬁercentage of the selected
vol tage subtracted by the btractor is inversely
proportional to the gain of the anplifier. 6.
Anplifier apparatus according to any one of the
precedi ng clainms, wherein the input signal varies
Claipet ween a fir st potentlal and a second potential, the
ref erencepotential s being obtainable fromone or nore

1. SURBbIiRS dpputdtds 8o ﬂg«% of or between the first and
second potentials o g i nput signal. 7. Anplifier

appar at us accor di ng to any one of the preceding
cla agplitidierein the | oad conprises a | oudspeaker
system 8 . An audio system conprising anplifier

a%o%rﬂbé!%té‘rc@&{r@c%lé 12 ﬁ%yarﬁb‘lﬁle?fto EBRpBFESS Hdd8hing signal with
cl ai s. . d for anplifying a S|gnal in an

a nu@ﬁ—gr pf reégre@pp@pmngsgls theecorep@i@Eor having an output;
a switching stage controllable by the output of the comparator to select a

voltage level to be applied to one side of a load; and

a subtractor for subtracting from the incoming signal a percentage of the
selected voltage level to be applied to the load to provide an output signal of the

subtractor;

the amplifier being arranged to receive the output signal of the subtractor and to
amplify the output signal to be applied to a second side of the load.

2. Amplifier apparatus according to claim 1, wherein the amplifier comprises a
differential amplifier. |

3. Amplifier apparatus according to claim 1 or claim 2, wherein the amplifier

includes the subtractor,

4. Amplifier apparatus according to any one of the preceding claims, wherein the

amplifier is a linear amplifier.

5. Amplifier apparatus according to any one of the preceding claims, wherein the
amplifier has a gain associated therewith, and wherein the percentage of the
selected voltage subtracted by the subtractor is inversely proportional to the gain of

the amplifier.

6. Amplifier apparatus according to any one of the preceding claims, wherein the

input signal varies between a first potential and a second potential, the reference



conprising the steps of: conparing, in a conparator,
an incomng signal with a nunber of reference
w@oioentissd s, the conparator having an out put; PCT/SG2005/000286

selecting, in a switching stage, a voltage |evel to be
applied to one side of a |oad, the swi tching stage
bei ng controll able by the output of the conparator;
subtracting fromthe inconm3lg signal a percentage of
the selected voltage level to be applied to the | oad
to provide an output signal of a subtractor;
receiving, in an anplifier, the output signal of the

potestigds baivgorhtaiampla frgmnone tremota puplies draalingod ratge of or between

suybtractor; .an Lying the. lified signal to a
the fE%{@&ﬁjosegPag p%ftg'?tﬂgigf%tg&%&‘g.& rglPrhE\t hod according to
claim9, wherein the step of anplifying the signal
7. covmplifee epaamtu s wicogdifpetosingroale afshagreceadiid elreng iveierein the
amplifier. 11. A nmethqd according to claim9 , wherein
Ioadgﬁ%p§§%%aé@u%qkp§,§ ®The signal conprises anplifying
the signal using a linear anplifier. 12. A nethod
8. achoaddingsisteraroonomssing agipéiiersaharatus sccotingito anhene of the

Lifi h
precgmglcralir%g. as a

9. A method for amplifying a signal in an amplifier apparatus, the method

comprising the steps of:

~ comparing, in a comparator, an incoming signal with a number of reference

potentials, the comparator having an output;

selecting, in a switching stage, a voltage level to be applied to one side of a

load, the switching stage being controliable by the output of the comparator;

subtracting from the incoming signal a percentage-of the selected voltage
level to be applied to the load to provide an output signal of a subtractor,;

receiving, in an amplifier, the output signal of the subtractor;
amplifying the output signal of the subtractor; and
applying the amplified signal to a second side of the load.

10. A method according to claim 9, wherein the step of amplifying the signal

comprises amplifying the signal using a differential amplifier.

11. A method according to claim 8, wherein the step of amplifying the signal

comprises amplifying the signal using a linear amplifier.

12. A method according to any one of claims 9 to 11, wherein the amplifier has a

gain associated therewith, and wherein the step of subtracting the percentage of the



gain associated therewith, and wherein the step of
subtracting the percentage of thesel ected voltage
W@ oIvp/022586 subtracting a percentage which i s i POESCHI§000286

proportional to the gain of the anplifier. 13 . A

met hod according to any one of clains 9 to 12, wherein
the input signal varies betyeen a first potential and

a second potential, the method further conprising

obtai ning the reference potentials fromone or nore
suppl i es having a range of or between the first and

seco tenti al f t [ [ W .
selected vno?tagg c%%ﬂplrfasess s%btragt?né gppuetrcesnltggglwhlch is inversely proportional

to the gain of the amplifier.

13. A method aocording to any one of claims 9 to 12, wherein the input signal
varies between a first potential and a second potential, the method further
comprising obtaining the reference potentials from one or more supplies having a

range of or between the first and second potentials of the input signal.



