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WO 2006/022596 PCT/562005/000286 1 An Amplifier Apparatus and

Method Field of the Invention The present invention relates generally to

an amplifier system and method for amplifying a signal, for use, for
exsmplesieansaudio amplifier circuit. 5 Background of the Invegtina,i0s/000286
Environmental considerations are becoming an increasingly important

design parameter for product developments. For amplifier designs,
considerable research has been directed towards high efficiency

amplifiers which have less energy foss and various topologies exist that
perform at a higher efficiency than conyentional Class B 10 amplifiers.

Examples of such amplifie epjg,;gapat%agg &g Glass H amplifiers.
[ t

Such amplifiers require smaller heat sinks than conventonal Class B

ﬁyﬂ:!gﬂ erﬁwlﬁiﬁggn Iigh.ter and more compact products: For a C[ass B,
amplifier having a fixed primary power supply, the theoretical maximum

78.5% when it is driven to saturation by a sine wave, but in

ficiency i
TRe- S5P BT BYER AR SRR GPBTUhO? cREcBU, Tremaskdomhed for
ofmptifyviend sigilaClfm s Beafoptifienspis fo somueiibtben it sigoal into a
Pulse Width Modulated (PWM) signal and to recover the analog output

Bigiad rolraigh thddwveasiofilter before delivering the signal to the load. A
theoretical efficiency of 100% may be achievable with conventional Class

Endiaplifigit Rnsbrisi i IS Car OIS P §TTIIe RIS AaN B PO bortant  design

aé:giev e%l— c3'=,in O%Iaiqué)vlé)ii%i)tal plifiers. Djsadvantages of Class D
BAmplitiers a e EMT S TEERRIRN SA5ETBINThE RS 1srasiiftehin gesearch
e Pasmvrisrated Puardniores firkengicanrétieientsch bbthdossignerigwoss and
vawsufiltepadgesasis: wabpdmmlaaentalne Alflast Prmplilisrs. A6 1% ass B
g,arél% time, rTEns ou}gut(lg pakis filt r,alrso affect? the outr%ut characteristics

ot the 25 anipIter 58 & fixett ﬁlﬁﬁiﬁ%&aﬁéﬁ §'88F drarfies 6 HAg Halgss H
aypiigesuriedh ampliﬁe‘rs require smaller heat sinks than conventional Class B
amplifiers, resulting in lighter 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 signa!‘
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.
Digadvantages of Class D'ampliﬁers are the EMI issues which arise from the high
level switching of the PWM signal.. Furthermore, the typical requirement of the
output low pass filter adds costs to the implementation of Class D ampiifi'érs. Af 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, howevef, the caée for typical loudspeaker loads. In
typical loudspeaker systéms, when connected to a load which maAy range from 2
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during its design. This is not, however, the case for typical loudspeaker

loads. In typical loudspeaker systems, when connected to a load which

may range from 2 WO 2006/022596 PCT/SG2005/000286 2 ohms to

S| ('][g 32951; ohms for typical loudspeakers, the output characteristics will

deviate Hrom the target design. Conventional. Class G amplifiers SEMAYER(05/000286
achieve higher efficiencies than conventional Class B amplifiers by

switching the power supply level at different fixed 5 levels to have the

power supply closer to the output signal, In theory, 100% efficiency may

be achieved by increasing the number of fixed power supply levels

indefinitely. However, as several devices?have to be used to switch among

dhesdifferenestipplyofoirgesidniy b creadr fsses 4 Hagiaut characteristics will

CFon e?tion%lCIass H §m lifiers use,the input signal to control the power
sea/ﬂ)%ﬁ/ A 6\9%?9% ep dsr supply by Pulse Width Modulation '(PWM)
to form an envelope over. the output signal. Although a very high

nermignalayHasschiéveanmpliineh aaphfiely, sachiegsthdiybacakyffigiencies than
cHI0MhhRairensiant raananesob FANNRAIRN ah Slassdr éﬁefgl'gﬂ?g&émycﬁﬁerem fixed

oor and the bandwidth may be extremely limited due to the slow

IP¥8[SonSe BV e PBWRP WEp PRy AR d0RR T Bl tB8ues it belgnalajét fgory, 100%

- gificienty imaydheamyHitews Burmorysiidghe veniBsr bORRSIGENEISsupply levels

.the invention provides an amplifier apparatys and method in which the

'Q/%?tfgaee lrg’i‘gna &R Fh PCart Iﬁf@i (Zé;\éaﬁ%gaaﬁfﬁ ABpRysedoltaivideh among the
ditieisns sfivetylgvslgesa fivst willerebéel et asbimipiagtxdifference signal

derived by 20 subtracting a proportion of the voltage applied to the load

deavetito iUt isigod. anchiapryiag the Hfaranssignabintharthsd s upply and
of the load throuhﬂib L%eb??l{fler. This resaults in the reconstruction of the .

VGG ACARAIR RERBAG PYre Ay Wit BliaRa e Heoles eI gadsvelope over
theeatepthasigialoutpiitivoliglgesswing dhitinalffeisady may be achieved in such
amplifiers, such as theoretically up to 100%, the transient response of conventional
Class H amplifiers 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 level 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 load 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 obtainable from
the amplifier alone, thus the efficiency of the amplifier apparatus and power handling
capacity of the apparatus are imprbved..

According to a first aspect of the invention, there is provided amplifier apparatus
comprising:

an amplifier;
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the amplifier alone, thus the efficiency of the amplifier apparatus and

power handling 25 capacity of the apparatus are improved.. According to

a first aspect of the invention, there is provided amplifier apparatus

cowgpisimgr2sas amplifier; WO 2006/022596 PCT/SG2005/0003%6r/8:3005/000286

comparator connectable to the amplifier to compare an incoming signal

with a number of reference potentials; the comparator having an output; a

switching .stage controllable by the output of the comparator to select 2

voltage level to be applied to one side of a load; and 5 a subtractor for

subtracting from the incoming signal a p&rcentage of the selected voltage

level t@ b@”appfﬁd"tommawwf@Wmnfw%&%%ﬁhﬁcoming% signal vith
the

CUohadtor s ey T BotRur SaP TS EHAS it b8 Eocond side

subtractor and to amplify the output sig 0 be

of the «1.0. lifier, m omprjse a differential amplifier, The '
ampnfige)r%&’%mi’r@%é%egzﬁé’%ﬁ% r@%%&r.rqwﬁn%ﬂ& Ria{iBezampasgtor to select a

Ylipasde vl ciRBiRfirreanalsidampiifieadhaana gain associated

therewith, and the percentage of the selected. voltage subtracted by the
subtra@tet Eramiersiely sUbtprofagtiinal tthéhéngainied tg@%n@ifﬂférc'é'h%b% of the
ﬁr@t@wﬁm@ngggqaei\,rm%swg ﬂgﬁst n a first potential and a second
Dotential, the reference poterllj'}?als be(?r?é\goqb glfjr?é%lgr 'fﬁeoﬂ% B Rigrgignal of the
supﬁf:egrhaving a range of or between the first and second, potentials of

the input signal. The load may comprise a loudspeaker system. 20
he ARhliptobsisecamangsseta of tedvinventinrtpthesigin P vide & @hadio and fo

asyslgyrthe output signal to be applied to a second side of the load.
The amplifier may comprise a differential amplifier,
The amplifier may include the subtractor.

The amplifier may be a linear amplifier.

In one embodiment, the amplifier has a gain associated therewith, and ’fhe
percentage. of the selected voltage subtracted by the subtractor is inversely
proportional to the gain of the amplifier.

In one embodiment, the input signal varies between a first potential and a second
potential, the reference potentials being obtainable from one or more supplies having
a range of or between the first and second potentials of the input signal.

The load may comprise a loudspeaker system.

According to a second aspect of the invention, thers is provided an audio system
comprising amplifier apparatus according to the first aspect of the invention,

According to a third aspect of the invention, there s provided a method for amplifying
a signal in an amplifier apparatus, the method comprising the steps of:

comparing, in a comparator, an incoming signal-with g -number of reference
potentials, the comparator having an output;
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comprising amplifier apparatus according to the first aspect of the

invention. According to a third aspect of the invention, there is provided a
method for amplifying a signal in an amplifier apparatus, the method
CORPLIGIEIEL 3B, Steps of. comparing, in a comparator, an incon}m&@ag&mmz%
with a number of reference 25 potentials, the comparator having an

output; WO 2006/022596 PCTISG2005/000286 4 selecting, in a switching
stage, a voltage level to be applied to one side of a load, the switching

stage being controllable 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‘%ignal of a subtractor; 5 receiving,

in an aifisHieg, the atpitedignalaskihe wilstgadire| somiplifping idieto wipikide of a
wanalef 4 ' ' ified 3| ide
A s e P R T
signal ysi . dif i lifier. 10 The step of amplifying the signa

oo T o G0 CSNG ek ABTET Freted votage
Sl daraerPing Eniprilepsde projdie assodinté ditnelakishsubimddbe step

of subtracting the percentage of the selected voltage comprises

subtraksthedy ingp & eentaye ifidrich dsoimpet sty propoidienatigctbe gain of the
amplifier, 15 In one embodiment, the input signal varies between, a first
potentimhpiigirgsaeandppotemiialonme hemeibedfyther comprises

obtaining the reference potentials from one or more supplies having a

range iR Ie e SEstigRg sscand hoientials: %ettg%t' put signal.

Brief Description of the Drawings 20 Preferred features e invention
il @%b&dswkﬁﬁf?gf%éh%@ﬁ“éﬁr%fay”“c%{%é'ﬁsne amplifying the signal using a

differential amplifier.

The step of amplifying the signal may comprise amplifying the signal using a linear
amplifier.

“In ane embodiment, the 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 pc}tenﬁal and a second
patentiat, and the method further comprises obtaining the reference potentials from
one or more supplies having a range of or between the first and second poténtials of
the input signal.

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 @ schematic circuit diagram of a conventional Class B amplifier;

Figure 2 is a schematic circuit diagram of an amplifier a(:cording to a preferred
embodiment of the invention;
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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 according to a preferred
emepglisgenisef the invention; WO 2006/022596 PCT/SG2005/909286:2 000286
Figure 3 is a waveform of an input signal in the form of a sine wave;

Figure 4 is a waveform of a signal at node | in the circuit of Figure 2 for a

sine wave input signal of the type shown in Figure 3; Figure 5 Ise

waveform of a signal at node 3 in the circuit of Figure 2 for a sine 5 wave
Input signal of the type shown in Figure 3; Figure 6 is a graph of the

efficiency against normalised power for tlge amplifier of Figure 2

ared with a conve tlon Class ifier; ure 7is a h of

S, ot S RS AToBL O T SOer o S e B re 2
compared with a conventional Class B ampllfler 10 Figure 8 is a
schiBHi&tt circlHitdREioT BRI & fiRtisel ﬁ‘ré\“@rfé@”@rﬁﬁgtﬁ‘ﬁﬁ%ﬁtfef a sine

the invention; RigurdnPus sigvaveftrmtpfassigraliafipde 8jn the circuit of
Figure 8 for a sine wave input signal; Figure 10 is a waveform of a signal

atfigae3 in this einouitesbiigore &@@raaasinedé@wmre GRSl UORIFEr a sine
11is agraph Qvébgiﬁg c]\é'a&qm:s %‘5 Wer r the amplifier
na

of Figure 8 compare a convent ass aqmrﬁ er Figure 12 is

ph f power, Iossa nst ormal sed o ver for the a |fer
gIf%’gure88 covrlrvﬁp? r%Dwf?ﬁa cony qotlg aﬂaﬂ%\& FBPWSH R u‘%@T@“ﬂer of

is .a graph of tﬁ'@@ﬁl@léﬁﬁwamNétfhéﬁﬁaﬂge@p@lf@amrﬁmﬁfphﬁers of

Figures 2 and 8 compared with a conventional Class B amplifier; and
Figure 7 is & graph of power loss against normalised output power for the

amplifier of Figure 2 compared with a conventiohal Class B amplifier;

Figure 8 is a schematic circuit diagram according to "a ‘further preferred
‘ embodiment of the invention;

Figure 9 is a waveform of a signal at node 1 in the circuit of Figure 8 for a sine

wave input signal;

Figure 10 s a waveform' of a signal at node 3 in the circuit of Figure 8 for a sine
wave input signal;

Figure 11 is a graph of the efficiency against nermalised power for the amplifier of
Figure 8 compared with a conventional Class B amplifier;

Figure 12 is a graph of power loss against normalised output power for the
amplifier of Figure 8 compared with a conventional Class B amplifier;

Figure 13 is a graph of the efficiency 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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. amplifier circuit 18 accor

ARG

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. WO 2006/022596 PCT/SG2005/000286 6 Description of

Pr@@m@ﬁ,@@gb@dlments Figure 1 shows a circuit dlggram _of A b CT/SG2005/000286
conventional Class B amplifier. An input signal 10 is applied between

ground and the positive input terminal of an amplifier 12 which has a gain
of Gv. Negative feedback is applied to the amplifier 12 by dividing the 5

output signal therefrom in' a potential divider comprising two resistors 14,
15 connected in series from the outputtof the amplifier 12 to ground. The

Reschiqrtid6 of Hrefove tesistesdikdkife IS connected to the negative
terminal of the amplifier 12, the two resistors 14, 15 defining the gain of

rheiempliierd 2. dikaieanliien 424 RRWRIBH WY %oe\{%? rh%%%p%\ensinput signal
va Qwer su gl voltages which are fixed at Vc, 1 and - ,

reési)%%éi}%\%. %YFS,rﬁ%%’ﬂ&)ﬁ?gia}%Pﬁﬁ'HY%'@%Eﬂﬁ@ﬁimﬂmUﬁﬁﬁiﬁZ which
hie af@@é a7 ddvio Nvgaf_imséemh_@thei tgrieets mﬁam}m;fgéﬂh@ R%?(Kividing the

it 1 iy ref, .giving a corresponding peak "
%ﬁ%Qut 0 v?[ﬁ%g@f?gﬁ&”%;@%%ﬁ% g&}rénea% %Oem%ﬂé) r(}vb?/ sisiprs 14, 15
G?Hé)eﬂ%r&i%%ﬁ’%?fé%ﬂé’gﬂo@'&&éﬁcaﬁwmﬁqm@@rma \Thed juation 16 of
tsinusoidalstypstief, aBEitodasiQ@dnayihe @mﬁ@@téﬁﬁﬁgr%?tﬂ%daﬁﬁnﬁer 12, the
noe

lass.as 4414 -2\ 10 77, here R is a resistive |oad, rcR' 2 .
t@BW@_%,LQé?_S 54 leh éri‘ﬁgltpc? afirst 8%% redEsS divhent Begremplifier- 12 s
PEYELEA DinbiktRAVIS sHRlem Fgnes R tisisopmivodienty iehamplifer at Vo
aiiGuit,] B-epBRNSRS ARLBPHeSINALLS; Asomral.eireuit ..
tr?el.»amu-'&ifyg?gngpfgﬁch PUBPHSiGRs A SOFPRALL A RSO A FIUSAE ithin

Assuming that there is no clipping, if the peak amplitude of the-input éignal 4018 Viey,
giving a Co'rresponding‘,peak output of Vg, the gain ‘of the amplifier 12 may bé

denoted by G, = »f;ﬁc- The theoretical efficiency of such an amplifier 12 based on a
ref ‘

sinusoidal ihput of amplitude Vo, may be denoted as o and the power loss as
4II.

ce

R 3R where R is a resistive load.

An ampiiﬁer‘circuit 18 according to a first preferred embodiment of the present
invention is shown in Figure 2. In this embodiment, the amplifier circuit 18 comprises
an input signal 19, a comparator 20, a control circuit 21, a multi-way switch 22 and.a

‘diff.erentia! amplifier 23. The input signal 19 Is a.pplied‘\)ia a resistor R7 to the

negative input of the differential amplifier 23. A resistor RS is connected between the
outpuf of the differential amplifier 23 at node 3 and t‘he negative input of the
differgntiaf amp‘ﬁ'ﬁer 23, The input signal 19 is also applied to the input of the
comparato_r 20. The output terminals of the comparator 20 are connected to the
multi-way switch 22 and the output of the multi-way switch is connectéd at a node 1
to the positive términai of a loudspeaker 24 and also to'a potential divider comprising
two resistors R9 and R10 connected in series between node 1 and ground. The
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20 differential amplifier 23. The input signal 19 is applied via a resistor R7

to the negative input of the differential amplifier 23. A resistor R8 is

connected between the output of the differential amplifier 23 at node 3

anddaheosregatiwe input of the differential amplifier 23, The inp%éﬁ%@oﬁooozs(,

is also applied to the input of the comparator 20. The output terminals o

the comparator 20 are connected to the 25 multi-way, switch 22 and the

output of the multi-way switch is connected at a node | to the positive

terminal of a loudspeaker 24 and also to a. potential divider comprising

two resistors R9 and R10 connected ifh 'series, between node 1 and
jugrandnKHEAMD LE0BHZRSORPET SERR0E/AA028E 15 iH@%@éWkoﬂ% Aot the
d,ﬁéﬂé}g,g@éﬁt&fﬁéﬁgénd RIO is connected to the positive input of the

differential ampllfler 23. The comparator 20 compares the input signal 19
-1/3Vret, +1/3 Vref and +2/3 Vref,

it e volta /3Vref
™ ngrt%q; |xe yres (5?§F$%i URsi9Ral B rythridreafatemceheoltages -

whi
2 ¥Ympdratde261 Rréferably ﬂﬂ%&%wéﬁﬁea@)y\@&svﬁﬁquqg 3, R4,

- R HeLRe RART MBI RIRHRY RIS JGY Also, JVretl corresponds to

the peak amplitude of the input signal 19. When the amplitude of the input

Rplg&aJngQ.@b%lgwﬂ%rerBl the ground potential is applied to node 1 at
the positive terminal of the load 24, When the input signal 19 amplitude

excqfadfgthe reference voltages, a corresponding signal is sent to the 15
'ijontrfﬂ 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

VCﬁp:p?db ate DC voltage, at -Vcc2, -Veel, V111 or V1,2 respectively, to the
positive terminal of the load 24, where IV,,, 1=1 3

R8/R7= Gv

R10/(R8+R10)= 1/Gv
Also, |Vrei| corresponds to the pea'k amplitude of the input signal 19.

When the amplltude of the input signal 19 is below [Viet/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 mdlcate the level of the input signal 19. Via the multi-way switch
22, the control crrcu:t 20 then switches on the appropriate DC vol‘cage at —Veea, ~Veet,

Vet OF Veea respecttve{y, to the positive terminal of the load 24 where |V, |5 —= Ve = |
) ce 3 4

[V "’} and Ve, refers to the peak output voltage, which is also the power

ce2

supply voltage of a conventional Class B amplifier delivering the same ou’tput 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 in the comparator 20,
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2V r 2 1=1 3 and Vca refers to the peak output voltage, which is also the
power supply voltage of a conventional Class B amplifier delivering the

same output power 20 as the embodiment of the present invention
illwratr @b ssegure 2. Figure 3 shows an input waveform 19 co@pEeHgsRooase
sinusoidal waveform, the peak amplitude of which is equal to the

maximum voltage present in the comparator 20, WO 2006/022596
PCT/SG2005/000286 8 When the wav%form of Figure 3, namely a

idal input of litude V,ef , i lied to the ca tor 20, _
YU AURYGIANTeSb Bl the SGL0RA WAVER IV IdpBeal e . 1

mkﬁ% terrtiimaFofrtberéberd 285 shoveppediguestorihegaimoiibethe sinusoidal
iioseialanplier: 28 i POsaLUER AN TR CUYIRIANA R Pe 4
power supply voltages are +V,.t and -V,,,. A proportion of the DC voltage

ieg: to I litude of whic be fixed by = .
e o 8 U VR T BN TR e e
(ROYRU SRR iR sifE & Mial 3aehplifier ArPRRTtanslittidelfayoiege applied to
Sﬁéew@aﬁiﬁ@l’ﬂ?wﬂaﬂé\%ﬁ\i}h%mmv ?@%%N@K&Qly@ytg%f&ég ; ﬁ?@&_ﬁr@%wmpriate

e ixe - -\Ve cl and Vcc2, 10 the signal to ‘
t ell{%%s%sﬁ%gag Si%ﬁegﬁzf%?gnﬁg@iﬁ%pﬁﬁ%gozg\f/iff%%t‘(‘f(?n‘@gBbﬁaﬂ@flﬁerem'a{
Franlifier, 23/3 \visfaoNibidenmy ke apldctort3tyhef. 1 Mveointbet Signtitd DB voltags
f:askﬁ@ tbeq?fgat'm% imt\ljvwfa@t@sdéﬁ@r@@@_ ' _!aamt@@@?,ftﬁ%éw Qb'{gb r @(ﬁ,jﬁttio%nd Veez,
. The ence hetwee ositive i and the negative input of ‘

e i e R T R reH e Aot ke cermmmancingly -
REdes, of thEreh (ebE), 49/Shéehand-igudeBetThe differential amplifier 23

essentially compensates for the difference between the signal fed to the
positiveuterigrinbll 6fistfed dadrentktheivddsiretisigradiifdraatithe oyarall 23 through
signabeR seambyihedaad Ballhe SHIVRIRANL 05 gnal.amplif

ain of Gv, On the positive side of the'loa 4,t %ﬁ?&ﬁ%&%@ﬂ%ﬁ@ﬂt of the

by.a
gﬁ%%ﬂjfal mﬁaeée%;éi%l%@ﬁﬁed 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 equival'ent to the
input signal amplified by a gain of Gv. |

pn the positive side of the load 24, which is eséentially switching among several DC
voltage levels, the efficiency is theoretically 100%. On the negative side of the load,
a conventional Class B amplifier desigh 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 +V/3 .and -Ve/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.

Itis proposed that amplifiers embodying the present invention are to be named the
Class n 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).



10

15

20

20 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
wibeofse sssge as a conventional Class B amplifier. Howevei;cgj)g&gogg%mz%
supplied voltage is +V0J3 and -V,d3, the overall efficiency of the amplifier
circuit of Figure 2 as compared to a conventional 25 Class B amplifier
delivering the same output power, may be seen to be significantly higher.
The efficiency and power loss calculatiorts are described as follows. It is
proposed that amplifiers embodying the present invention are to be
named the Class / Amplifier because of the resultant shape of the curve
\ENeb e Dgfapiti oh = fficiency against Output Power is plotted (as shown in
Figure 6 described below). WO 2006/022596 PCT/SG2005/000286 9
Symbol Definitigag. s &fficiency Hg Efficiency of normal (conventional)
Class B Amplifier 5 et Efficiency of Stage 1 of Class u Amplifier 62
Cgﬁfficiency of %?g.e 2 of Class p Amplifier 63 Efficiency of Stage 3 of

ass ,u Ampritier oF EYeQUEHEA! CaneitienaiciapeBodmelifiPout Output
power Ptotat-m-2+ Total input power for positive side of Stage 2 of Class
& Amplifier Péigiancy- afsitagaguopOlees far Aegsitike side of Stage 2 of
Class /v Amplifier Ptotal-In.3+ Total input power for positive side of Stage

gof Class A Amplifies, 1ot g{%@ —Q;Bf‘?t‘,lggiaunRH—,t wer for negative side

of Stage 3 of Class a’ Amplifier Pave-in'Averag Iﬁ'it power

€3 ~ Efficiency qf Stage 3 of Class u Amplifier
f. Frequency

! Current

P Input power

Pout Output power

Piotal-in-2+ Total input power for positive side of Stage 2 of Class u Amplifier
Potal-in-2- Total input power for negative side of Stage 2 of Class z Amplifier

P otel-in-a+ Total input power for positive side of Stage 3 of Class x Amplifier

Piotal-in-a- Total input power for negative side of Stage 3 of Class u Amplifier
Pavein Average input power

P ave-out Average output power (same for both Class B and 4 inthis
application)

Pave.in-B Average input power of hormél Class B Amplifier

Pave-n-1 Average input power of Stage 1 of Class U Ampliﬁer
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Pave-out Average output power (same for both Class B and p in this
application) Pave.m-s Average input power of normal Class B Amplifier 20
Pave-In-t Average input power of Stage 1 of Class p Amplifier WO
2006/8108028k CT/SG2005/000286 10 Pave-loss-1 Average Wd?o%% 1000286
of Stage 1 of Class p Amplifier Pave-In-2 Average input power of.Stage 2

of Class A Amplifier Pave-loss-2 Average power loss of Stage 2 of Class

A Amplifier Pave-U,-3 Average input pawer of Stage 3 of Class k

Aqplifier 5 PaverassPoiver189e Rayesdoss: ofSlage &rﬂéz{%@ss P

Amplifier R Impedance, assumed resistive for this case t time t1 Moment

r the time) that VOO1 is switched t2 Mo t (or the time) that V,e2 is
o on TOFREME VSN B b AAHAGE OB RrbIN Aotput
voltage (=IVoafi) VCC Peak output voltage, which is also the supply
VoltsereZor a NYFFASE CRNR IPRT R Ifieoe WES sk st hanpditertput voltage
to positive side of load for Class A Amplifier Vee2 Second stage output
Valtage to positve gidiemitpad éooCiags Amplidier VrehiRgference
voltage, which corresponds to the peak input voltage to give the peak

PlpLLYOa0R (R 20, ABGYIBY iUV A &) W RAGE/022596

PCT/5G2005/000

R lmpedance, assumed resistive for this case

t time

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

to Moment (or the time) that Ve is switched on

T Period

Vout -Output voltage

Vo Amplitude of output voltage (=[Vou|)

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

Class B Amplifier

Vet First stage output voItage to positive side of load for Class x Amplifier
Veeo Second stage output voltage to positive side of load for Class U
Amplifier

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

the peak output voltage at V.

© - Angular frequency (= 2rf)



11 In the calculations below, the positive side of the load 24 refers to the

side with the DC voltage switching between - V,,,, -V~.2, GND, +V01 ,

and +Vco2 and the negative side of the load 24 is connected to the

diffecenti@bzsdplifier 23 with a supply voltage of +Vcot and -V, f-1 88108 00256

R is taken to be resistive. 5 The following calculations are based on

sinusoidal inputs. Output voltage, V.. =Vo sinzvr Current, V. R cV cVour

Input power, P =L I= R Output power, pQ,,, 0, =Y04" R 10 Average

input power for | period, P6VG_,.~ f Plo?t1T Average output power for |

PehBICBRHEA NI PEIREL e RAEMRSHR of Pre lbabaiesfersde Barsids with the

BWplifierosf thet dhpe iasirasad im_E«igulveog Gtmimvttﬁrer@deﬁecgzta@sme negative
: iep) | [ mplifier:

I L et TR

paf’\épcb%m_i TR The load R is taken to be resistive.

The following calculations are based on sinusoidal inputs.

Output voltage, Ve =V, sinwt
Current, | I= Vou
R
Input power, P, =pr]=%
¢ R
V 2
Output power, B,=V, I=—0%_
Qu oul R
, 17
Average input power for 1 period, P =7 J' At
0
1 T
Average output power for 1 period, Pt = 7 j'}-jtm,dr
' 0
Efficiency, g = Toeca
F

ave~in

For both an amplifier of the type illustrated in Figure 2 (hereinafter referred to as a
Class x amplifier) and a conventional Class B Amplifier:



1 Jioz sinewtdt TRo _r_" cos2wt)dt TR 10 z [t- 2w 1 2TR sin2cot]o Vo
l4rtr --sin]Ja2TR 2w T V2 2R WO 2006/022596 PCT/SG2005/000286
13 For a conventional Class B Amplifier: r Average input power, 2 2 V V5

pave-toki32ded OueR cct (for 1/2 period, T/2) T (10 =TF |l os
ccT2TR (2g)[-cos T]o ‘[cosz 2-1] _2Tca~0nR 20 Average Hb:l[ﬂb&zm(m“
efficiency, Sa 'out

12

UV
/—\Verage OUTDU’C powers Pave—out = ?6{ —dt
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pave-fn dO2 x nR 2R 2VeVo rV 4Tas 25 Average power loss,
'~ave-loss-| - Pave-fn-1 Pare-out 7rP, 2R For a Class p Amplifier - Stage
1: For sinusoidal output voltage IVol<IV,01l: 30 WO 2006/022596

P& SfeafQay900286 14 For this stage of operation, the groupglgg(tﬁmg%mz%

will be supplied to the positive side of the load 24. Thus, only the
differential amplifier 23 is supplying the signal to the load 24 at the

negative side thereof. 5 Thus, average

7rR 2Vc,Vo V1. 37rR 3 Efficiency, s _

{

put power, P 2Ic1Vo Pave-M-1 -
Tea'y 4b Cel 10 3;ria 4VCe

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

stage of
For a conventional Class B Amplifier:

Average input power , p

(for ¥2 period, T/2)

Average efficiency,

. Average power loss, P

ave=-loss =1

ave-in-B

=P

T
2%V V5
— out ccz't
TJ R
T
2V 7 2t
< ) sin——dt
TR oj ST

20V, T 27 %
TR sk

2N 1
2V .V,

7R

P

ave—in~1 ~ 4 aye-out

.V, 7
7R 2R

Fora Class 2 Amplifier - Stage 1: For sinusoidal output voltage [Vo|<|Veerl:



operation, 15 e, 3)ra 4T Ce x-=3 eB 4f 7WTp st = 3eB Average power
loss, Pave-loes-f -Pve-In-i - Pave-aut _2V 0_ T02 37rR 2R WO
2006/022596 PCT/SG2005/000286 15 Class i Amplifier Stage 2: For

siQUs9ifial,gutput voltage IV,c,I<1Vol<IV,02[: For this stage, it is necess
to determine the time t1, when Vout=VOA,;, which is the 5 mom(éT/tSfﬁmPS/%m(

V,,1 is switched on. Output voltage, =Tosinwt At t1, Vout=Vccl,=>Tc =
Vcsin-to 27C -tisin-1Vecl TV O T , T"=-t-(1} 27,-FO 10 For

gsm e S|ge totgl iné) %gower for 1/4 erlod a

this stade ot operation, the ground poten‘ual will be supplied to the positive side
of the load 24. Thus, only the differential amplifier 23 is supplying the signal to the
load 24 at the negative side thereof

10

5 Thus, average input power, P = ZVMJ/
i 7R
4
:M.. ’ i V C = Vcc
3R cel 3
Efficiency, 5 = vy
4V
_ 3x¥,
4

ce

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

operation,
15
& 3 W,
&y AV, 7k,
= & =3¢,
Average A -
g power iOSS' Pave~[o:s-l - 'Pave—-l'n-—l - sze-—aut

2

AR
37R 2R
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18

20

_"(Taa,tVosinrotwal-l.-2+~R r T"IT/427rRJsinTtdt TCCOT
[[COS2"t]4 3R 27r T 1"T oT It 67rR cos Tta 20 WO 2006/022596
PCT/SG20051000286 16 For the negative side, total input power for 1/4

PG F90d/0224d¢ Vsinwt pomr-rrz-s-J R T =V ~T 44sin T tdt QMG 0851000286
27T 53R 2g-cos T tjo = Vel QT -(2) --------------------- 6irR Average Input

power, p s Poor-+rz-2+ +Pomr -z+

18

Class u Amplifier Sfége 2: For sinusoidal output voltage |Veet|<[Vol<{Vecal:

For this stag'e,'It is necessary to determine the fime t;, when Veu=Vee, Which is the
moment that V¢ is switched on.

Output voltage, Vo =V, sinat

. : 9
Atts, Vou=Veet, =V, =V, sin "t
| T

27 . aF
L4 =sin 1-—~f‘
T 7,

For positive side, total input power for % period,

T
Ty o
P VoV, sinat ”
total=in=2+ R
4

T

- a
= —I—-“& fsin -Z-E tdt
R ; T

7 kN
el —Z—[—-cosz—n-~z‘],‘1
3R 2m r -
Ry 2 .
:Mcgsitl
67R T



ave-irz-aT 4 10 =2 V" (1+cos2~t) 32rRT T o = 2R x 3nR Efficiency, e2
z2VV\VO (1+cos 2x ti} T _3nTO 2 4V,(1+cos T tj) 15 Comparing the
above with a conventional Class B Amplifier, ez 3~rf0 4l ze x sB

ATVEOGhisos Kk t) itTO T WO 2006/022596 PCT/SG2005/000286 17_sz 3
e (I+ cosiztl) T Average power loss, . 'Pave-lox-2 = 'Pave-inz-gg-Tf)sv(\?:z-%)a 00286
2Vaalo (I+Cos27rtt)-Vz
16
For the negative side, total input power for V% period,
r
ER AR
Roml-—in-—?.— = J‘}ii%%t
0
z
7 4
= Leal Jsin-—z—ztdt
> T
Vre o . o2zt
5 3R E;[—cos——-t]o
V.Vl
— o ee 2
671R @
. Average input power, P = Potateinr4 + Plotat-in-2s
ave—in-— ' T
4
, V.V, 2z
10 . | =_§‘7;R”9‘(1+°°5?t1)
| 4 v, 37R
Efficiency, £y =

2V, F,(1+cos %?zl)

3z,

. 2w
4v._. (1 + cos?t,)

15
Comparing the above with a conventional Class B Amplifier,

£,

3n¥, 4,
X
7
3 4V_(1+ cos ———? t)

ce

7V,




3,fR T 2R 5 Class u Amplifier Stage 3: For sinusoidal output voltage
IV112i<tVo!<IVcci: From Equation (1) above, t7=Ts+, -,VK At the time t2,
when Vogt=Vcr2, 22r 3T o the moment that Vo2 is switched on, is given
aswollmwez2350sV,a, =Tpsincot Vca2 =Vpsin Tt2 Ttz =sin-'v =

T sin-t 2V" 2n Vo For the positive side of the load 24, the totalﬁiggﬁg;(}ég%g}oz%
for 1/4 period may be 15 denoted as follows: WO 2006/022596
PCT/SG2005/000286 18 (T ,V,,sinmta 4VczVosinota T =ToiTO
fsin2'ttdt+T 2V0 4 fsin2ntdt R, TR, TVV TITV VT 2Trr 2[cos T 64
=RO002T[-cosTt]"+R 5J70T 27r {1\§~0(Cos t, -cos-T t2)+Vc2(COS T

t2T , 5

' 2
2 (1+cos fj—iz—tj)

Averagé power loss, P P

ave-loss=2 — L gyg-inmg T P ave~out

2.V, 2 v,
= e— Y I+ i .—._..Q._.
37R 1+ cos T 4 2R

Class x Amplifier Stage 3: For sinusoidal output voltage Veoa|<[Vo|<[Vee:

Frorh Equation (1) above,
T . F

cc

= ———gin ™

Atthe time to, when Vou=Vee, 27 3P,

the momient that Vee, s switched on, is given as follows:

10 V.

o =V, sinax

=V =V, Sin%ztz

7 . a V.
——f, =sin £ .

r

» ay _gf—f:
For the positive side of the load 24, the total input power for Y4 period may be
15 denoted as follows:



But Vc2 = 2T oc! P,r(-m-0+ _27CR V" (cos Tt,+cosTtz) M2 o0t2)

(cos 2~tl +cosr 6TrRTT 10 VC4V T For the negative side of the load

24, from equation (2), P.r-,"-3- = 6TrR Average total input power, +4 4

T W 206/8: VOT } 15T {67&R [(cosTtl +cos T tc)]+ 6e

(1+cos 2|: té E-?--Ecﬁgs 2;rt2) 3TrRT T Efficiency, 6 Vol x 3wR ' ZR}S\S/) 2005/000286
o(1+cos Tt+cos T t2) 3TrVo 2n 2w 4TH(1-+ -cosTtl+cos T t2) WO
2006/022596 PCT/SG2005/000286 194gomparing the above with a
conventional Class B Amplifier, e2 =32 04V e E 4V"(1+cos . t,+cos T t2)

ZVo 592 36B (1+ cos T tl+cos Tt2) ¢

V. Vosinat = %V ,V,sinwt
Raml~in—3+ = j R d L+ .‘ :

h

dt

T

AR 2
=I-—J—°—j‘ 2”tdr+r“2V° [sin-‘ﬁtdt
T R T

4 f

4 2
:I.““_C_J_/Q_l[_cosiz.[}:z I/cczV "-’I""’[“"COS 2 Z]"z
5 R 2z T R 2z
I g tc0s Xt —c0s 2 :zz
=5z {V.. (cos?tl cos 7 t,)+V,.,(cos T )}

VoIl 27 2
But "V, =2V, - Foweinose = '?‘;)I_Rp;cz (Cos?tx +COS-I-:—Z‘2)
.7 2r 2w
Ll (cos——t, +COs——t
e A
10
f H ' Vccr OT
For the negative side of the load 24, from equation (2), Potoins- = =
Average total input power, Py = Ltz ;})’0’“"‘"*3‘
4 |
4 Vv T 2z V. v,T
=— w” [(cos Tt +cos t)+ —=£——}
15 T{syzku T TN e
2
= e e (14 092 t, +cos=— ﬁt}
37R T r
2
Efficiency, o =0 37R
> 2R

9
27,V (1+cos%7‘zzl +cos%t2)

ce’ ©

3V,

2r 2
47, (1+cos -—T«tl +cos ?z‘z)
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Average power loss, Pave-l ors-3 = Pcn e-in-1 - Pn"e-out 2Y"1-0 (1+cos2
ti +cos-tz)-V-Z 3~R T T 2R Figure 6 shows a graph of Efficiency against
Normalized Output Power for the 10 amplifier circuit of Figure 2, and, for
cowpasisanzegraph of Efficiency against Normalized Output B;?Wg{;{&fsﬁ}oozs p
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# graph of Power Loss in the
amplifier of Figure 2 against 15 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

[ ' Jo]e] lized tg 1. Fi 8 sh It ti
o N e AL VBN ARG 20 o the present

invention. The same reference numerals as those used in respect of the
embodiment of Figure 2 have been used téfenote identicatéomponents.
WO 2006/022596 PCT/SGZ)O5L@@CQQ§§OﬂIh§ngQ@; ﬁﬁhowg in Figure 8
is identical to that shown in Figure 2, the diffetence Befig that VO , which
is the voltage step between inputs on the switching unit 22, is VO /5 in the
circuit of Figure 8 and the DG voltages oufput to the positive terminal at
node | of the load 24 will thegefog&tgg -i;ﬂthltccl, -2¥ecl, GND, 2v001 and
4V~Gi 5 accordingly. The resist

r values il the giredit of Figure 8 are
chosen as follows: R31(Rj+R2+R3) = R4/(R4+R5+Re) = 1/5

(RERE(FIwRDeRS) = (R4*R5)/(RA#R5+Re) = 3/5

ave~in-3 ave-out
21V 2 2, P2
=220 (11 cos i +cosZ 9
- s——1,) ——L
3YZR T 1 T 2) 2R

Figure & 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.
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Vcci=Vece/5 10 R8/R7=Gv RIO/(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
theyeirgbitdoigure 15 8. In the embodiment of Figure 8, on t 85000286
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 againspiNormalized Output Power for the

m@mﬁiﬁﬁﬁm#dgiw?@ur%néluéoirdgg%gﬁ'fbs% taﬁﬂf%’h QfE ﬁICIeE%IQ gcﬂz"? erence

Norm ﬁ Out Power for a conventional C ass er

§raphe's 1 YA BRfeT B REARRY éﬁ'ﬁH%tﬁ'ﬁ@ siisiTWE 22, is
Mttrﬁarsthasmat piptigutAcutd clipgiy votiegadizedia o FigwestRehowhal at

aqraph BowRr lass mtmfam@}@@r@fdégu{@ & oSt NAMAZLd 224 4y

gcuct(g)rlét Qwer and, for comparison, a graph of Powef Loss in'a
convenrﬁ%%al Class B WC 2006/022596 PCT/SG2005/000286 21
iﬁnpllfler against Normalized Output Power. As with Figure 11, the graphs
BWF SRS Y8IHam Prifiers shd ity Werb axmeireeurifgiowsr with a
sinusoidal input, without clipping normalized to 1. Figure 13 shows a
Bedph ot |EMB@%§RNOTH1/§Ilzed Output Power for each of 5 the
amplifiers of Figures 2 and 8 and, for comparison, a graph of Efficiency
eRpdiRsY (RicatRzbd GutRal (Fawds Be)e=cBAventional Class B amplifier.
The graphs shown are for amplifiers operating at maximum output power
Wéth=sifisoidal input, without clipping normalized to 1.

R8/R7=Gy
R10/(R8+R10)=1/Gy

Figure © 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 cireuit 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 8), gives a full swing as
shown in Figure 10.

Figure 11 shows a graph of Efficiency against Normalized Qutput Power for the
amplifier of Figure 8, and, for comparison, a graph of Efficlency against Normalized
Output Power for a conventional Class B amplifier, The graphs shown aré for the
amplifiers operating at maximum output power with a sinusoidal mput without
chppmg narmalized 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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Figure 14 shows a graph Power Loss in the amplifiers of Figures 2 and 8
against 10 Normalized Output Power and, for comparison, a graph of

Power Loss in a conventional Class B amplifier against Normalized

O ( As with Figure 13, the graphs shown are for the amplifiers
o;g?;%ior%?gyt%ggximum output power with a sinusoidal Input, wlljt%yff _2005/000286
clipping normalized to 1. Although In terms of efficiency and power loss,

the performance of the embodiment 15 of Figure 8 is not as good as that

of Figure 2, an advantage of the embocgqnent of Figure 8 is that a

dj tial amplifier having | r qutput voltage and also a lower output
S L R e i Bt GO AEh Pt iickemaspne snonn
affpfiFfer riigrenp ettnataerowdraliroutpipuy piage izesinadoldzwithe without
68y pifipe efficignsyand power loss calculations for the embodiment of

Figure 8 are 20 described as follows. As before, a conventional Class B

ifi ' .capable of delivering a |
o oo Aoy S Nl T T D eror ach o

VBB 185 HAVE BER? REF EHRNdaie cCammasisn, 2, oraphicti Fftitiangedgainst
tblvouizeOGiptpidttage, fdr, & dnsinen A5l AVREAGE AHHRILPOYYRY, rapiy shown

2 %JiBZaWQiﬁ'QQ @9&%@%@ zﬁ %M%ﬁ ?g%b%\?e ré«(%}%? §%¥i@@§ﬁgﬁ%&, without

S %e 1: For sinusoidal output voltage IVole
océ% HOACTAE &%%%1potential will be supplied to the positive side of the

load 24. Thus, only the differential amplifier 23 is supplying the signal to
thE YiSad*28NaMhe Meeeltiveo sifelpet doft 5 AaveptifierintUE ipovesr 2pafi 8 Tag ainst

Nerirelized IR 2pM 1 PoWer and, for comparison, a graph of Power Loss in a
conveljtional Class B amplifier against Normalized Output Power. As with Figure 13,

the graphs 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
Figure 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 Ve Is used as comparison. The
symbols used have been kept the same, except for Ve, which is changed to Ved/5.

=V, sinwt

oul

Qutput voltage, v

2

Average output power, Bt = Vs
2R
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15

s =5 Efficiency, s _nra Orr 5rcra = 4V,, 10 Comparing the above with a
conventional Class B Amplifier, during this stage of operation, S, 5gV 417

x =5 s8 4Ve. 7z-T70 61 = 56B 15 Average power loss, _ Fnve-fatr-t -
PRyg-3dob48z04d 2V ,V V02 5iR 2R WO 2006/022596

PCT/$G2005/000286 23 Class u Amplifier Stage 2: For sinusGidAf odtpu 086
voltage JVcctj<IVol<13Vccil For this stage, it is necessary to determine

the time t1 when Vout=V,,1, which is the tgnoment that Vc,1 is switched
o, Quiputveligae, To,, = Teo sinmt 5 ATt1, Vout=Vocl, Vcct = V O sin. 7
it 3171 LIRMRITEf piafie 1: Forsinusoidal outpys valtree telsbéitive

side of the load 24, the total input power for 1% period is:
For this stage of operation, the ground potential will be supplied to the positive side

of the load 24. Thus, only the differential amplifier 23 is supplying the signal to the
load 24 at the negative side thereof.

Average input power, Py = e
- 7Z‘R
7
SIFR ecl 5
Efficiency, 6 = vy
AV e
_ oty
4V

ec

Comparing the above with a conventional Class B Ampl.ifier', during this stage of
operation,

57V, y 4V,

El
£

B 4Vcc ”Vo
=& =38,
Average power lo =
g p l SS' Pavc-lo:s-l - Pave—in-l - ‘P(we—aug
2
27, 7,

o S, A

S7R 2R



10

10 WO 2006/022596 PCT/SG2005/000286 24 T 49y v sin cot
Poral-in-2+ _J R--ratT2VRY oIT T RJsintdt r, 2i"Vo T 2;r SR
2n[--(Nos Tt)l4 _ 77, 2Tt 57rR cos T tf For the negative side of the load

24y theotglaHaput power for % period is: T =(T' 60 sin ryt ~olaf-in-2- 1 R r
10=R J4sintdt 0T _T'oT"[-cos 5R2zT VVUT BsGasnse

23
Class u Amplifier Stage 2: For sinusoidal output voltage [Veet|<|Vo|<]|3Vees]

For this stage, it is necessary to determine the time t1 when Vou=Veq, Which is the

moment that Ve Is switched on.

Output voltage, Vouw =Vysinar
At ty, VourrVeet, 2
1 Vout™Vaet =V, =V,sin ~—7r-t1
T
.g.]E.tz — Si -1 .}.;..99.[_
T Y
T/Y
fy=-—sinTh =& e 3
"an sy, ©

For the positive side of the load 24, the total input power for Vi period is:
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1078 oral-fn-2+ + eoml-In-2+ 15 Average input power, Paur-in2 - T 4
2Va~VO0 /1+2cos"el) SirR ° T 20 WO 2006/022596 PCT/SG2005/000286
25 Vol 5nrR Efficiency, s2 x 2R 2VV,V0(1+2cos IT t,) T 5irvV0

ANy Ji8e9sdVit!) 5T Comparing the above with a conventional Class B

Amplifier, 2 57ri 0 4Vn, ~T X sg 4T~,(1+2cos : t,) VO e2 5 63 (TE3L5E00286

Tt,) 10 Average power loss, Pve-m"-2 = Pnve-tn-2 - Pnve-out 2 = 2V. VO
(1+2cos 27 te) VO 5gR T 2R Class p Amplifier Stage 3: For sinusoidal
output voltage 13V0.91<jVoj<jV0.4

24

total-in-2+ —

P

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

’:d

I

4.4V, sin VesPosinax |
tatal-m—Z- J‘

0

(4)

P

e = fO1Al =2+

+ P,
Average input power, Breinz = T
4

total—in—24

_ V.Y,
“=(1+2cos—
SR( cosTr)



From (3), t1 =-sin 1 a Ir 51' The time t2, when Volt=V,,2, the moment that

3V,., is switched on, is given as 15 follows, WO 2006/022596
PCT/SG2005/000286 26 Vu =Vsinwt 31", =V.sin Tt. 27rtz =sin-' 3T=

7' Wb Tfos/é25395 sin-, 3V" 2ir 5Ta 5 For the positive side of thel%%%éﬁ‘ﬂﬂsmoozss
the total input power for 1/4 period is: T V sin of P ote-m-3+ J = smt
ytdt+4J4VodtRR tzT 2V T'sin27rtdt+4t'V4sinT2.ztdt TR f

Rf, 2102V T'T2;ry4V7~,ip T 27r 25

- . = Vs N SnR
fficiency, 27 %R
Y 2R oy v+ 2008251
. T
_ 5av,
47, (1 + 2008 2F
. (42005 70)
Comparing the above with a conventional Class B Amplifier,
& ___ 5af, 4y,
2
% 4y (+2c0s2Zs) o
T
S5
€2 (1+2c0s 2%
1+ cos—%——tl)
10 A\/efage power loss, Pave—fa::—z = Pave~in—2 - Pave—aue‘
21V, 27 v,
=Ze 0 (14 2005204 ) - L0
e T

‘Class x4 Amplifier Stage 3: For sinusoidal output voltage [3Vce4|<|Vol<|Vecl

.
From (3), A =L e

2 5V,
The time t;, when Vou=Vee, the moment that 3V is switched on, is given as

15  follows.



-[-cost]+ -[-cos-t] R2n'T.R22r T _VV,VT 2,7 2r 2T ~0,T oT 2rr 7rR
{cos-t1l-cosTtz)+ 7rR (cos T t But TV,, T" Patnl-in-3+-T " r (c O st,+ co S 2t

2) 55e T T 15 For the negative side of the load 24, from equation V'VT
(4)wBamRkgsvd 07rR WO 2006/022596 PCT/SG2005/000286 izaﬁ%;ezo Age o
total input power, p Po i-re- +P,0,e,-i ove-in-3 _ T 4 4TVTl'e

VCeVoT (Cos -t~ +cos-t, T 57LR )+ ) T 107rR 'VVVCe 2r 5 = (1+2cos
t1+2cos27;t2) 5rR T Efficiency, 6aT,, 2 X 5rR 2R 2T" VO (1+2cos T

t,(+2cos Tt,) 57rfp 4V,,(1+2cos 2-t, +2cos 2t2) T T 10 Comparing the

above with a conventional Class B Amgtifier, 57rVo

V.

out

=V, sin wt

. 2w
= SVccl = VO Sln?tz

- .
2y, =sin” £
0
T . 43V,
{, =—35in ——
2 5V,
5
Forthe posifive side of the load 24, the total input power for VZ period is:
JMV sin at 4V V sin a;t
]Dtotal—in-3+ = J. l d I
4
T .
= Vealo j in 27 1p + Falo j' in 27 1z
LT R . T
10 WV, T o . AV, T o I
=l b [ os ]2 +—EL 0 [_cos 1]}
R 2 .o R 2n T
= VC“VT{ 27 =1, —cos2Z. t 2 )+ ealls T(cos—%ztﬁ}
7R T 7R I -
v, ‘ V. v.,T 27 27
BUt ! r/ccl ZT ! v ‘Ptolnl—x'n—3+ = ?Y‘IZ%_‘(COS?rI +COS?fZ)
. . ' V. V,T
15  Forthe negative side of the load 24, from equation (4), P =

total «in=-3~ 107IR



4T eL x "B 4TLe(1+2cos T t1+2cos 27r t2) r'Vo eZ 5 eB (1+2cos 2T el
+2cos 2T t2) Average power loss, PVe_eS_3 =FYe_ _,-PVe_o0 15
VVD(+2Cos2irt +2cos2~-t2) -VV 57rR T i T 2R As mentioned above, it is
preypsed/ihabamplifiers embodying the present invention are I’%ﬂg(;zoosmoozss
named the Class T Amplifier because of the resultant shape of the curve
WO 2006/022596 PCT/SG2005/000286 28 when the graph of Efficiency
against Output Power is plotted (as sh%v{vn in Figure 6). From the graph of
Figure 6, it will be seen that for a Class p. amplifier implementing 3
stages of operation, during a proposed typical operation at 1/8 to 1/3 of
the ma output power, an efﬁmenc}g of abougj62% to 75% may be
SHE EO%L Qe %Cf r%ally 1.5 fimes m onventional
Class B amplifiers. The difference in the actual pewer loss between the
Class u amplifier and the conventional Class B a‘f’mplifier is evident from
the graph of Power Loss against Output£ayershows,in Figure,/. Dupmg
an operation at 1/8 to 1/3 of maximum optb@gg—\ﬂfé}s'gw 1d©%érjloé ‘b‘f‘cﬁ"“}
the Class ,u amplifier may be seen to beqlps,s than 10 1/3 of that
conventional Class B Amplifier. For the® sfande ot autptp t,Xhe
maximum power loss of the Class u Amplifier may be seen to be Iéss than
half of that of a conventional Class B Amplifier. If more stages of
operation are used for the Class P amplifier, higher efficiencies may be
gefdeMed. 15 In summary, one dﬂa more preferred émbodiments of the
invention may provide an &

7R , 27
”Ifccfo(l+2cos?tl +ZCOS?22)

S5nV,

. 2 2
4V, (1+2cos ?ﬂtl +2cos —thz}

Comparing the above with a conventional Class B Ampilifier,

£, S, AT

€g

47, 1+ 200825 1, 4200525 1) o
T T

£ 5

2w 2r
(1+2 cos?t +2cos— - —t,)

Average pO\Ner .|OSS, Pave—lo:s~3 = ane-—in—3 - 'Ptrve~out
W, Ve 27 2\ Vg
=—i0 (1+’)cos——r +2008221,) —
5nR T T 2 2R

As mentioned above, it is proposed that amplifiers embodying the present invention
are to be named the Class x Amplifier because of the resultant shape of the curve
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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
switchisag/&isesyt may be substantially eIiminat_ed as the dlffereggq.ll
amplifier will apply the errors to the opposite side of the 20 Ioa_d_ 24,
thereby canceling them out. MCSLLP 29 CLAIMS 1. An _ampllfle.r. system
comprising: an amplifier; a comparator ggnnectable to said amplifier to

' ing: Sl j bet,of refere tentials, said
E“’m“mifi‘f?ﬁﬁﬁ‘é?‘é“%%%ﬁgﬁ%ﬁv%m R S84 BRRRbleng s i Foure 6)
oui%%‘[ 5‘?5%%”%09185%5% dis¥lebesspiltige TevelGirbe appiiediferomelementing

e DPURRCIAY b PHaRte ORI SIORAIIN LIRS 11 of the

id selected voltage level to’be a load ) ‘
E’?’é%%"‘é@aﬂf%%ﬁﬁio&éﬁa| il %‘\éﬁi v ABPUSd antoliBer Favdarrahigeed. This

t&ﬁé@&%\/éafdtm@m@wgmﬂi@e@amsmmmnamm@mam_@aier@.utput
signal to be applied to a second side of said load. 2. An amplifier system
abeordifier ep whaim thevdmtveinmsaid aoplifiestaagn SWRireres COMIKISE@r and the

iferenti fier 3. An amplifier system according to claim 1, wherein
gdeggv gﬁq{a I %T@]%?Sdéiag“ ﬁ'éﬁd?ra%%be{?fl% KSR Ry terh aebrmsg against
15 ¥iRith lowrictaRwsaid Biawiidr islutingzanawppliigsn SatAigaoPifEL! maximum
SYSIA geearcing $6 oIk et Rad ARRKTRLAs AR ASR0B2IRY, than
therewith, and wherein said percentage of said selected voltage

173 & that oPa conventional Class B Amplifier. For the whole range of output power,
the maximum power loss of the Class x Amplifier may be seen to be less than half

of that of a conventional Class B Amplifier.

G2005/000286

If more stages of operation are used for the Class x 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
load 24, thereby canceling them out,



subtracted by said subtractor is inversely proportional to said gain of said
amplifier. 6. An amplifier system according to claim 1, wherein said MCSLLP
incoming signal varies between a first potential and a second potential,

said reference potentials being obtainable from one or more supplies

having a range of or between said figt and second potentials of said input

signal. 7. An amplifier system according to claim 1, wherein said load

comprises a MCSLLP 30 loudspeaker system. 8. An audio system

%ﬁlﬁfléing the amplifier system of claim 1. 9. A method for amplifying a

signal in an amplifier system comprising: comparing in a comparator an

W%ﬂgﬂagﬁﬂgpgbgg&%mg}%?f reference potentials, said comparator

having ah output; selecting in & switching stage a voltage level to be
appliedifieone side of a load, said switching stage being controllable by

saigouiPatbPEsaitcamBaAiary syiiastingdsarpataidinsesinsgsisanalia

percentage of said selected voltage level to be applied to said load to
WV RIBUTRPST P UE SO DR actsid FerdARiah &Y BB B4id
auiplitisigh slaefesedtissl ivhetoy sard oy sesdio uipubsiginal ©f saitt a
subtractor; applying said amplifi ignal to a second side of said
gaggfé.e%?fn{%dﬁ]eo%@éggrtg)lnogn oC gir??d S,S’é\]ﬁ]agrein the step of amplifying
gaidtdigntalr &wmpiris@_@iamfmfy_i ﬁgiééiitdi@igh@I sigha) a rfferataie ahmlifier.
1dieCrS08iBRSLRIE0LHIBS BN BRI S NS %F%Qi@é%’ﬁ‘%'ﬂibﬂﬂgs%g?}@ of

signal comprises amplifying said signal using a linear amplifier. 12."A
AP EREIH PR 4G ORIAPO PRIRE IR BERAdMISARRIY h&3I4 galiput signal of
asRPSIMRECtBEERItD sanslifyheiaio Bpia sigpaptsublERiRg thaaprisaniage

g{de of said load.

2. An amplifier system according to claim 1, wherein said amplifier and
subtractor comprise a differential amplifier.

3. An amplifier system according to claim 1, wherein said amplifier includes
said subtractor.

4. An amplifier system according to claim 1, wherein said amplifier is a linear

amplifier.

5. An amplifier system according to claim 1, wherein said amplifier has a gain
associated therewith, and wherein said percentage of said selected voltage
subtracted by said subtractor is inversely proportional to said gain of said
amplifier.

6. An amplifier system according to claim 1, wherein said incoming signal
varies between a first potential and a second potential, said reference
potentials being obtainable from one or more supplies having a range of or
between said first and second potentials of said input signal.

7. An amplifier system according to claim 1, wherein said load comprises a



‘said selected voltage comprises subtracting a percentage which is

inversely proportional to said gain of said amplifier. 13. A method

according to claim 9, wherein said incoming signal varies between a firStCSLLP
potential and a second potential, the method further comprising obtaining

said reference potentials from one or more supplies having a range of or
between said first and second poteriffals of said input signal.

loudspeaker system.
8. An audio system comprising the amplifier system of claim 1.

9. A method for amplifying a signal in an amplifier system comprising:
comparing in a comparator an incoming signal with a number of reference
potentials, said comparator having an output;

selecting in a switching stage a voltage level to be applied to one side of a
load, said switching stage being controllable by said output of said comparator;
subtracting from said incoming signal a percentage of said selected voltage
level to be applied to said load to provide an output signal of a subtractor;
receiving in an amplifier said output signal of said subtractor;

amplifying said output signal of said subtractor; and

applying said amplified signal to a second side of said load.

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

comprises amplifying said signal using a differential amplifier.

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

comprises amplifying said signal using a linear amplifier.

12. A method according to claim 9, wherein said amplifier has a gain
associated therewith, and wherein said step of subtracting the percentage of
said selected voltage comprises subtracting a percentage which is inversely

proportional to said gain of said amplifier.

13. A method according to claim 9, wherein said incoming signal varies
between a first potential and a sec.zond potential, the method further
comprising obtaining said reference potentials from one or more supplies
having a range of or between said first and second potentials of said input

signal.



