WO 2006/043907 PCT/SG2005/000363 i-An Amplifier Apparatus and
Method Field of the Invention The present invention relates generally to

an amplifier apparatus and method and more particularly to such an
sppavatusand method suitable for use in the field of high fidetitgGaocimoosss
amplifiers. Background of the Invention High quality sound systems

require amplifiers which produce go%d sound quality. Sound quality is not
something that may easily be measured and an amplifier which may have
good physical characténsfca sliftbrasppanat:Sraad dhethvesponse at both

Io%@;HWg};]ef ﬁggﬁﬁgﬁzs low phase shift and low distortion, may not

necessarily produce good quality sound. The reason for this appears to
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applying. pver aﬁ ative feedback. For audio applications, it is believed
thﬁ?ﬁ‘ﬁ%lﬁ%ﬁ&g ?ﬁg&t‘f’é&%@\% ﬁ{gy have desirable characteristics that
are good for sound. However, amplifiers without feedback usually do not

hagg d‘ggagf{ﬁgm%mﬂmctenstlcs such as total harmonic distortion
, (THg}]measurements when compared to alelflers that utilise feedback.
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appears to be due to errors or distortions which are not obvious from studying
the amplifier's physical characteristics. These distortions may be reduced by
applying overall negative feedback.

For audio applications, it is believed that amplifiers without feedback may have
desirable characteristics that are good for sound. However, amplifiers without
feedback usually do not have good measurement characteristics, such as total
harmonic distortion (THD) measurements, when compared to amplifiers that
utilise feedback.

There is therefore a need for amplifiers which have improved measurement
characteristics and therefore improved performance, irrespective of whether or
not feedback is applied.

Summary of the Invention
In general terms, the invention provides an amplifier apparatus and method in

which errors in two or more amplifiers in the apparatus are cancelled by
subtraction.



2 According to a first aspect of the invention there is provided an amplifier
apparatus comprising: a first amplifier arranged to receive an input signal;

a second amplifier arranged to receive a proportion of said input signal,

swid eeossdoamplifier having an output signal; and a first poteotiachivislenses
arranged to receive said output signal of said second amplifier and to

feed a proportion of said output signal to?said first amplifier; wherein said

first amplifier is arranged to subtract said proportion of said output signal

of éaaasdisntPar firetareRts A6 MpuinyeMiPRo thrRsauSe RICYiftefeABeamPplifier

sigapharafldishieohyiggid first amplifier. The amplifier apparatus may
further comprise %s?con%ﬁotential diviﬁer arranged to geceiv? said input
\ig

signal and feed SAF HBBYNTOR BARERFIDRCEER AN RYI§'98Rbnd
amplifier. The ampéfiend@papéifies aragrigethéy cecaprse arthiadtiootentiald input

avigerarangedainacaapisaibinny AR Ak ead A groportion of said

input'signal to said first amplifier. Preferably, said proportion of said input

signal received ByfiEsiPetetish AivipanaraNapprtiraseds 5ot ertpig Signal of
propgeiescehaaithpigiRaldesed eskhyasgidbiiisiomamdiiarorefesadnyl anichid first
first amgflifier has an output and said apparatus further comprises a
resfie"&fement connected between the output of said first amplifier and
ground, said _res_iétm”eiele_ﬁ_ﬁéﬁﬁﬁeﬁﬁgﬂf@ﬁg_@@%@mmﬁaﬁ tieportion
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amplifiers each have a negative input _and an output and said apparatus

furtAsleranap S bamrelifebisy Skhikst 2eaiigEted between the

negative input of the second amplifier and ground, and WO 2006/043907
PC %Ggr%%ﬁ le(r)oggg’aratus may further comprise a second potential divider
arranged to receive said input signal and feed said proportion of said input

signal to said second ampilifier.

The amplifier apparatué may further comprise a third potential divider arranged
to receive said input signal and feed a proportion of said input signal to said first

amplifier.

Preferably, said proportion of said input signal received by said second amplifier
is approximately 50% of the proportion of said signal received by said first
amplifier.

Preferably, said first amplifier has an output and said apparatus further
comprises a resistive element connected between the output of said first
amplifier and ground, said resistive element being arranged to reduce variation

in the loadinngf said first amplifier.

In one embodiment, said first and second amplifiers each have a negative input
and an output and said apparatus further comprises a first resistive element

connected between the negative input of the second amplifier and ground, and



3 a second resistive element connected between the output of the second
amplifier and the negative input of the second amplifier to set the gain of
the second amplifier by feedback. The amplifier apparatus may further
dvoofse3ehird resistive element connected between the nEgasv2IR{HeA363
of the first amplifier and the junction of the resistors forming the first
potential divider, and a fourth resistive efement connected between the
output of the first amplifier and the negative input of the first amplifier to

sefttregRd ofegistivest ARTpRIEraPRESIBR cRe G riea mytest opfg the second
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said second amplifiers haye substantially identical errors generated
the?%ﬂ??gaﬁa‘gwérshgjﬁﬁ%ﬁﬁ tantially cancelled by the error generated in

said second amplifier being subtracted from said error generated in said
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substantially equal resistive components. Said resistive components ma
be FgRestaeiSiBhY IhIBEaeaative dnel RbEntEr 25aplifghphfdpe Junction of
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have an associated gajn, sajd gaip,associated with each of said.firs
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comprise a first resistive component and a second resistive component,
each of said first and second_ resistive components having an associated

reshishist and srrePbe SMplfissmAkds AR LG st resistive

component to said resistance associated with said second resistive
compaonent being such that,the amplit f gs' J(% j éi é .
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PCiissttasroc08eemted therein, said errors being substantially cancelled by
the error generated in said second amplifier being subtracted from said error

generated in said first amplifier.

Preferably, said second potential divider comprises two substantially equal
resistive components. Said resistive components may be high precision

components.

In one embodiment, said amplifier apparatus has an overall gain, and said first
and second amplifiers each have an associated gain, said gain associated with
each of said first and second amplifiers being approximately twice the overall

gain of said amplifier apparatus.

In that embodiment, said first potential divider may comprise a first resistive
component and a second resistive component, each of said first and second
resistive components having an associated resistance, the ratio of said
resistance associated with said first resistive component to said resistance
associated with said second resistive component being such that the amplitude

of said signal at a junction of said first and second resistive components is



substantially equal to the amplitude of said input signal to said second
amplifier divided by the gain of said second amplifier. In that case, said

first amplifier may have an output, and the sum of the associated
r&ePsteeEE80T said first and second resistive components of saidstinsts/ooozes
potential divider may be substantially equal to a resistive load applied to
said output of said first amplifier. Advantdgeously, said proportion of said

input signal received by said second amplifier is approximately 50%.
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corfipisddththagmptifiErsappacatrsidefipdfisabove. According to a third

aspect of the invention there is provided a method of amplifying a signal
comprising: applying an input signal to a first amplifier; applying a

proPoitish ersaibmpUirsiyRamrEigssoerdhayp|dierounid, seadriarplifiert the

hawisgoameutnet siaRabBplying s iy natentia! dYider saithBHIRLs of said
sigpal of said. second amplifier; appl in%aproportion of said output signal
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of said output ofigmielfosamptifeand amplifier from said input signal to

produce a difference signal amplifiable by said first amplifier. The method

may further comprise applying said input signal to a second potential
dividrastag rB8if remertiopueigaial Eppictiorasartevednt said second
amaiifigifibeis amnplieadaysaotsecond potential divider. WO 2006/043907
PCT/SG2005/000363 S The method may further comprise applying said

input signal to a third potential divider, and applying a proportion of said
inpbiestjhiattd sadshevranplifiect there is provided an audio amplifier system

comprising the amplifier apparatus defined above.

According to a third aspect qf the invention there is provided a method of
amplifying a signal comprising:

applying an input signal to a first amplifier;

applying a proportion of said input signal to a second amplifier,
said second amplifier having an output signal

applying to a first potential divider said output signal of said
second amplifier;

applying a proportion of said output signal to said first amplifier;
and
| subtracting in said first amplifier said proportion of said output
signal of said second amplifier from said input signal to produce a difference
signal amplifiable by said first amplifier.

The method may further comprise applying said input signal to a second
potential divider, said proportion of said input signal applied to said second
amplifier being applied by said second potential divider.



through said third potential divider. Preferably, said proportion of said

input signal received by said second amplifier is approximately 50% of

said signal applied to said first amplifier through said third potential
dWadersT43eomethod may further comprise reducing variatiorPEnthe2(9aeing3

of said first amplifier using a resistive element connected between the

output of said first amplifier and ground. Preferably, said first and second
amplifiers each have a negative input and an “output and said method _
furthBF CBRPR ERYRieP G SST BRP YD RE iR B! @Ak potential
appliettiby corineptnng firshigsistive emst beiwesinihecegrliviesinpeiplifier
of the ond. lifier. and ground, and a second resistive element

betvﬂ\?ééﬁ hégﬁgﬁréé’f’ %ﬁé} ?egLonr'\ ea'{'mplifier and the negative input of the
second amplifier. The method may further comprise setting the gain of the
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between the negative input of the firs ifier and the junction of the _
resiSGRPIGR R S RreCbath R RliaBPSAT A T8 5 T b SRR dRtepgh said
betinderptitertiatpiniogéthe first amplifier and the negative input of the first
amplifier. Preferably, said first and second amplifiers are substantially
identical, and said second potential divider comprises two substantially
equBrPeBRinGS EEwn PothaitsonmEssdedidng yaitptioprisphederdingief said first

inpuhsitingl (&rrich seaefcbasnitiier camRsiaes 2RRNARA aRPIIRIENsaid first
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pct 80203636 Preferably, said amplifier apparatus has an

overall gain, and said first and second amplifiers each have an
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second amplifiers su att ain a

secom@Hnifieraics ﬁﬁaaeﬁirﬁaiggftm@nﬁé%/éeétir@iwe gain of the second
amplifier by feedback applied by connecting a first resistive element between
the negative input of the second ampilifier and ground, and a second resistive
element between the output of the second amplifier and the negative input of

the second amplifier.

The method may further comprise setting the gain of the first amplifier by
feedback applied by connecting a third resistive element between the negati\)e
input of the first amplifier and the junction of the resistors forming the first
potential divider, and a fourth resistive element between the output of the first
amplifier and the negative input of the first amplifier.

Preferably, said first and second amplifiers are substantially identical, and said
second potential divider comprises two substantially equal resistive
components, said step of applying a proportion of said input signal to said
second amplifier comprises applying approximately 50% of said input signal to

said second amplifier.



of said amplifier apparatus. Preferably, said first potential divider
comprises a first resistive component and a second resistive component,
each of said first and second resistive components having an associated

regisiappesdie method further comprising selecting said resistivga200s/000363
components such that the ratio of said resistance associated with said

first resistive component to said resistance associated with said second
resistive component is such that the amplitude of said signal at a junction
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resisftanc s of jfaid first arﬁ.jf second resistive components of said first
potgnﬁa1 VIR 8RR&(] IS'aIIy equal to said applied load. Preferably, said
first and said second amplifiers have substantially identical errors
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L said second amplifier.

Preferably, said first amplifier has an output, said method further comprising the
step of applying a resistive load to said output of said first amplifier such that the
sum of the associated resistances of said first and second resistive components
of said first potential divider is substantially equal to said applied load.

Preferably, said first and said second amplifiers have substantially identical
errors generated therein, the method further comprising substantially cancelling
said errors by subtracting said error generated in said second amplifier from
said error generated in said first amplifier.

Features described in relation to one aspect of the invention may also be
applicable to another aspect of the invention.

Brief Description of the Drawings
Preferred features of the invention will now be described, for the sake of

illustration only, with reference to the accompanying drawings, of which:



Figure 2b is a graph showing the frequéncy response of an amplifier taken
at the output of amplifier 10 in the circuit of Figure 1; Figure 3a is a further
graph showing the phase shift of an amplifier circuit taken at the output of

JppifierA0in the circuit of Figure 1; Figure 3b is a further ggapR&nRYHIS3
the phase shift of an amplifier taken at the output of amplifier 10 in the

circuit of Figure 1; Figure 4a is a spectrum plot of the output signal the
amplifier 20 in the circuit of Figure 1 with an input of 1kHz; Figure 4b is a

spesigure plpt oEthemutipwisigndldbeaampliieaddlifdhercitwitcdrdiiguie dne

with an iraput 0 ]Tkt z; Figure 5 is a schematic circuit diagram of an
embodiment of the inveniion; . : -
amplifier circuit according to a' second embodiment of the invention;

Fighieuwsega ischerapticmaing disjirmnushay easipifies cfrenieauddriiagoy!
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diagram of an amplifier circuit according to a fourth embodiment of the

invergiis: ZhiP BiglRRNesROYISeHEM TRILRREH HERIEH OF an ARRliliRstaken at
circthig actout sfgatopdifféitt Oemivedsinarit of Figurevention. Description of
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amplifieenEnubad ammiifes 20dn)thecciiedibosddawd dmplifier (X2) 20. Both
amplifigrs SRuedwirgdngrapinswieg wegridb ey eralhsiame ABKER at the

ampli ier?f re id?ntical they will have és_imilar errors E generated during

the ATRIABRTERS KLY HiRe&ifgutRr SA9NEe dperating conditions, such as
the Eignme gapply ywitzigen sdohefitiEud ugita gégantthseamelifiad 26 pettendecuit of

are,% nlied tahatha Iglielr%&o and 20. WO 2006/043907
PCT/SG20051000363 8 In the'system of Figure 1, the incoming signal

vi,; iigappiedse arrerwairiqippiifie output signal the amplifier 10'in tge circuit of
Figure 1 with an input of 1kHz;

Figure 5 is a schematic circuit diagram of an amplifier circuit according to a

second embodiment of the invention;

Figure 6 is a schematic circuit diagram of an amplifier circuit according to a third
-~ embodiment of the invention;

Figure 7 is a schematic circuit diagram of an ampilifier circuit according to a

fourth embodiment of the invention; and

Figure 8 is a schematic circuit diagram of an amplifier circuit according to a fifth

embodiment of the invention.

Description of Preferred Embodiments

Figure 1 shows an amplifier circuit according to one embodiment of the
invention. The circuit comprises two identical amplifiers, a main amplifier (X1)
10 and a second amplifier (X2) 20. Both amplifiers have twice the gain Gy
required of the overall system. As the amplifiers are identical, they will have
similar errors E generated during the amplification process. Ideally, the same
operating conditions, such as the same supply voltage, same input voltage and

same load impedance are applied to both amplifiers 10 and 20.



1) and is then applied to the positive input of the main amplifier 10. The
incoming signal is also applied to a first end of a first resistor R1, the other
end of the first resistor Rl being connected to a first end of a second
re€ISep/R20The other end of the second resistor R2 is connBCTE-2008190363
system ground. The junction of the first and second resistors R1 and R2
which form a potential divider is connected to the positive input of the

second amplifier 20. The  negative input of the second amplifier 20.is ]
col e G S HUSS b (B BCI TR s B R PR Bt (poin
amiplified 20 theormedied, tat thpoputsBjve thedirstfettd efgrthindpifstdd. The
R .Of (rq: xasistor, | opnected irst end of
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cofhtadistoregistemRjt deping TRanestedicoptiesthant fefeeehne sesister R2.
R3raabR4r whichisieranbnoinidstds Fanieciachiatbe eG4t Sound.

of the main. amplifier 10, The output of the main amplifier 10 is connected
ME R R AR ey
asdivislavds aplidicien whible qasstive lopdtiod tesigtbmwneleaneilits 20. The -
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loadis connected to the system ground. The voltage across
coPSHRITeE o Butput of the amplifier circuit. The first and second resistors
Rl and R2 are preferably identical and the signal at a point 5, which is the

R SRR o S e
voftbgéhitt penister WhidhesatheoengueidhththsdoestsmmiBfiezigg dsmisetad to a

bys = V. = V2o ergE.i r .
A Y ey eSS B BRI ey a1
connected to system ground.

The junction of the third and fourth resistors R3 and R4, which is termed point 4,
is connected to the negative input 9 of the main amplifier 10. The output of the
main amplifier 10 is connected to one end of a load, which may be, for example,
another amplifier such as a power amplifier in which case the load is a resistive
element to ground, or another element such as a loud speaker. The other end
of the load is connected to the system ground. The voltage across the load
constitutes the output of the amplifier circuit.

The first and second resistors R1 and R2 are preferably identical and the signal
at a point 5, which is the positive input of the second amplifier 20, will be half
the input signal at point 1. Thus, if

R1= R2 then
V5 = “Vl = %V S—

The voltage at point 3, which is the output of the second amplifier 20, is given
by: 4
V3 =2xGy (V5 -V2)+E where E is the error generated by X2



2xGv('/aVi,-0 )+E Substituteeq(l) =2xGv(/%Vjn )+ E =G.,xV;, + EV3 =
GvVi"+E --------- (2) The third and fourth resistors R3 and R4 are
preferably high precision resistors and the values are related as follows:
RéoboRB4soA 2 X Gv Further, if R3+R4=Rload, so that both mrlifesscbose3
and 20 are equally loaded, this is the optimal condition but is not essential
for the invention to work. Ideally, this load condition should be

implemented for optimal results. However, the present invention will still
work evefl i efdid/deviation from this load corftitishifutBrasdkage at the
output ér;(edao(t?yal jllqugr formed by the third and fourth resistors R3
and R4, is given by: R4 V4 = -------- XxV3 R3+R41x(Gv V]l +E)
Substit B et \2)"3hd eq (3) 2 X GV Vi E V4 = cwer + <n <cnememamemeen (4)

2 2@y WO 20063043907 PCT/SG2005/000363 10 This voltage-\4-4s—— (2)
applied to the negative input of the main amplifier 10 at a point 9 and the

voltage at point 9 may be denoted as follows: V;n E V9 = ----- + -
The third and fourth resistors R3 and R4 are preferably high precision resistors

and the values are related as follows:

R4 1
e = e (3)

Further, if R3+R4=Rload, so that both amplifiers 10 and 20 are equally loaded,
this is the optimal condition but is not essential for the invention to work. Ideally,
this load condition should be implemented for optimal results. However, the

present invention will still work even if there is deviation from this load condition.

The voltage at the output of the potential divider formed by the third and fourth

resistors R3 and R4, is given by:

R4
V4 = oo x V3
R3 + R4
1
I x (Gv Vi + E) Substitute eq (2) and eq (3)
2 X GV
Vin E
V4 = oo e e )

2 2Gy



2 2Gv The positive input of the main amplifier 10 at point 8 is connected to
the input of the system at point 1. Therefore the voltage at point 8 may be
denoted by: V8 = Vin --------=------ (6) The voltage at the output of the main
amptifierdaet point 6 may given by: V6 = 2xGv(V8 - V9)+E #tcguaiiansosss
(6) and (5) are substituted in the above equation for V8 and V9

respectively, then: Vin E V6 = 2 x Gv [Vif0- ( ------ + -eee- )1+ E 22Gv Vin

E = 2xGv(Vin --- - ----- ]+E 22GVvVINE=2xGV [ ------ - _—-)+EZ2
2Gv =GvVin-E+E V6 =Gv Vin -- - ----mmemmmeeen (7) It will be seen that

the error E generated during amplification is cancelled out leaving the
output of the amplifier circuit Vo" i at point 7 as: WO 20061043907

PC 8RYHIBPRICYIR e BROFHY AN BHERAEIR & Bl d8MRURRN1Sraha
abouerdquativtississletgeusteiow ol mthibale vty apresamtation, the

errors generated in the amplifier 10 and in the amplifier 20 are made
distinct by naming them Ef'and EZrespectively. It is also shown that, in

this embodimen¥$1=R2+s a condition for the output level of -beth--——--- (5)
amplifiers 10 and 20 to be the sapqs, and consequently for the errors from

The positive input of the main amplifier 10 at point 8 is connected to the input of
the system at point 1. Therefore the voltage at point 8 may be denoted by:
Vg = Vin e ()]

The voltage at the output of the main amplifier 10 at point 6 may given by:
V6 = 2xGy(V8 — V9)+E

If Equations (6) and (5) are substituted in the above equation for V8 and Vg

respectively, then:

. Vin E
V6 = 2xGy[Vim ~( ~— t ) 1 +E
2 2Gy
Vin E
= 2XGy[Vih - —m - e ] +E
2 2Gy
Vin E
= 2XOy[ o - e ] +E
2 2Gy

V= GyVin e (7)

It will be seen that the error E generated during amplification is cancelled out
leaving the output of the amplifier circuit Vo at point 7 as;:



both amplifiers 10 and 20 to be the same. In general, the input to amplifier
20 should be half the magnitude of the input to amplifier 10. The signal at
a point 5, which is the positive input of the second amplifier 20 RZ R +RZ
b Yisleetod be the attenuation of the potential divider formeginGHIgs 000363
resistors R1 and R2,ieA,=R. R, +R2 Then V5= Al1V,n Let G be the gain
of the individual amplifiers (not the whol&tsystem), then V3 = G(V5 - V2) +
E2 Substitute eq(1) V3 = A,GVin + E2 ------------- (2) where E2 is error
generated in se¥and amplifiéy 26 and V2=0. The voltage at the output of
the potential divider formed by the third and fourth resistors R3 and R4,
may be given by: VM1 = R4 V3 R3+R4 Let A2 be the attenuation of the
po%rmﬁétpmw ROPRRECAP RIS TRRIBRAYFETHRIPTIRAS REhoUL I3 P Fp
TheneyidativABN3eMaiZA0BE 4736 RAEISeR H0HE 03Bl 20Thigl violierge
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A2AlsGShinwnARE?2IR this-eniBpdithentolftigRatithe cungditivoffaidhagidiput level of
amplifies hBIREROHH ShMaY REsE VR Simd/ B CUNS gk Bl &5 Elrom

is the error generated in the first amplifier i ]
both amplifiers 10 and 20 to be the same. In general, the input to amplifier 20

should be half the magnitude of the input to amplifier 10.

The signal at a point 5, which is the positive input of the second amplifier 20

V=,
R, +R,
Let A1 be the attenuation of the potential divider formed by the resistors R1 and
R2,ie 4 =—2__.
R, +R,
Then V5 = A1Vm (1 )

Let G be the gain of the individual amplifiers (not the whole system), then
Vs = G(Vs— Vo) + E> Substitute eq(1)

Va = AGVip + E3 (2)
where E; is error generated in second amplifier 20 and V>=0.

The voltage at the output of the potential divider formed by the third and fourth
resistors R3 and R4, may be given by:

— R4
‘R +R,

Let A; be the 'attenuaﬁqn of the potential divider formed by the resistors R3 and

. R
R4, ie 4, = z +4R :
3 4

Then V4 = A2V3




10, so V6 = G(Vin -A2A1GVin-A2E2) + E1 = G(1 -A2A,G)Vin-A2GE2 +

E9 For the error terms to cancel out, -A2GE2 + El = 0O If the errors
generated in both amplifiers 10 and 20 are the same, that is, E, _ E2,

thed Jode(d432G) = 0 A,= In order to have the same errors freiaaQthy s /000363
amplifiers 10 and 20, that is, E,=E2, the operating conditions of both
amplifiers 10 and 20 should be the same;,One consideration is that the
output level from both amplifiers 10 and 20 should be the same for the

OpeThiiNgRagelitians é@;bl%me semesganoe theythavedthepaanep(fieimand a

are |den cal. Thus, one eck is,to ett e ut the first
amBP |erté ﬁ)ngqtﬁal to?tt?‘ﬁe rfqéf ys%%on e %Nﬁ'hus V3 =V6
A,GXéin V::Ehﬁ@@/mz%%)wn A2GE2 +E1, from Eqf2)-and-Eqt4)-As(3)
the-pagnitade af the st ﬁu%@f%é(%%m%‘igi'ﬁ@”ﬂﬁ thapilie %9'5@%\/% by:

output signal, ignoring the error terms, AlIGVin = G(1 -A2A1G)V
= G/swo20ebk0aYeb? %CTJ‘@‘E?E%@S/&OB‘%@’%QWF}W@ {ReAyst proplifier

ThigGmyalies that for this embodiment, R, = R2 is a necessary condition for

bot(} ampLﬂPéNS hg\vg\ %{ﬁgtlvg ngg game output level and therefore

sam errors

= G(1 - AAG)Vin — AGE> + E4 4)
For the error terms to cancel out,
-AGE, +E4=0

If the errors generated in both amplifiers 10 and 20 are the same, that is, E4 =
Ez, then
E«(1-AG)=0

4 =L

G
In order to have the same errors from both amplifiers 10 and 20, that is, E4=E,,
the operating conditions of both amplifiers 10 and 20 should be the same. One
consideration is that the output level from both amplifiers 10 and 20 should be

the same for the operating conditions to be the same, since they have the same

gain and are identical.

Thus, one way to check is to set the output of the first amplifier 10 equal to the
output of the second amplifier 20. Thus,

V3= Vs
A1GVip + E2= G(1 = AAG)Vin - AZQEZ +E4, from Eq(2) and Eq(4)

As the magnitude of the errors are very much smaller than the amplified output
signal, ignoring the error terms,
A1 GVm G(1 hd AZA"G)Vm

As 4, -1



However, it should be noted that the system embodying the present
invention should still work even if there is slight deviation from this
condition, that is, R1 is not equal to R2. In such a condition, the error will
ke)highsisgithe output. This has been verified by simulationcldsicdddnso2s3
and A. =G, from Eq(4), V6 = G(1- A AG)V;"-A,GE2 +E,=G(1 - 11 G)V.
-1 GE, + E, =GVi"-E2+E, 1) If the errgss are equal and cancel each

other, Vb =Yill L G If we let the gain of the overall system be Gv (as was
PrEvipugla, thep G, =2 And V6 = GvVin Thus, the output is an amplified
version of the input signal with a gain of G,, without error. Figure 2ais a
grgp_lg $howing the frequency response of an amplifier circuit taken at the
output df amplifier 20 in the circuit of Figure 1, which gives a bandwidth at
the -3db point of 1.373 MHz. As the amplifiers 10 and 20 are identical and
operating under similar.conditioy: e Hi it
COTURIETLAF B St SR el Ermbaasi g o e, for bof

20064133200 PETYSEROIGHINBESATS Pigars B 2GRNSR thE o™

frequUenGy: resprBsE YerRasanifignitrkepsainihenisgyihgfiamphiisst Grivention
the cwcwt'p Figure 1 according tg ane embodir?ent tﬁxf theneirﬁg r‘ﬁ_:\at i« R1is
ineBAtishsAh Vg S BENGIR AP LTS I5HRRRT LeThE 36D pomﬁ’ iguré
3anis: aqliab Smwingube plkasditbiil tiscsrampiifioe digher wikbs sttt This
output of amplifier,20 in the _circuit of Figure 1. A phase deviation of -5.252
e e RO o SR

1
Using 4, :% and 4, = from Eq(4),

V, = G(l— dy 4,GYV,, — 4,GE, + E,

11 1
=G(l—— -G, ——GE, +E
( G2 ) 2 1

G
= —(Z-;—Vm -E, +E,
If the errors are equal and cancel each other,
VG = EVM
2

. G
If we let the gain of the overall system be Gy (as was previously), then G, ==

And V6 = vain

Thus, the output is an amplified version of the input signal with a gain of Gy,

without error.

Figure 2a is a graph showing the frequency response of an amplifier circuit
taken at the output of amplifier 20 in the circuit of Figure 1, which gives a
bandwidth at the -3db point of 1.373 MHz. As the amplifiers 10 and 20 are
identical and operating under similar conditions, the amplifier 20 alone may be

considered to be a standard amplifier not embodying the invention.



Figure 3b is a graph showing the phase shift of an amplifier taken at the
output of amplifier 10 in the circuit of Figure 1. A phase deviation of
-2.082 degrees at 100kHz is shown. It may be noted that 20kHz is the

tyypicabsrppesslimit for audio frequency. Figure 4a is a spectrupg-piai 083406363
output signal the amplifier 20 in the circuit of Figure 1 with an input of

1kHz and Figure 4b is a spectrum plot ofsthe output signal the amplifier
10 in the circuit of Figure 1 with an input of 1 kHz. Figures 4a and ' 4b
shdvgmergbclearlyrapehisiprovetbat fire ot tianesptiosdisfoatioantPHe) talen at

shounikinese fiaurgs, IFEFQWB!EFJ{%G’:@ “QS&%&H@ 93%%53/19\88@\ment

that of an[?pllfler 10'is 0.036 The numerical values will vary according
to ﬁféhﬁ@i@?@\%I'@éﬁ’?BP'Pr@"&ﬁM’&@u@rPWSW@@ shéwsaMbinplifs &f&ﬂomi

accordlng to a second embodiment of the |nvent|on The circuit comprises

g__lden ical. ampl|f|e s maln {ihmp Eler (X and aé ond arrmalﬁen at the
X2)'2d

(?th anﬁ)rlafpers RAVE fwite 8sgeaf’n eqlﬂrgp FHE GVerd

syscte‘mu’w@‘thm[alrﬂphf%}sratbad@mmhb&f@gumI have phaslardevisitoR of -5.252
ge%@@é@ dyipedine @naplifisation process. Ideally, the same operating

conditions, such as the same supply voltage, same input voltage and
same load impedance are applied to both amplifiers 10 and 20. WO

ZOWQ@SBTSFAC&@G@@WE@QB@%H&HBM sysiemamblfiguiekbntethe output
inco n I|ed first poin, ( |nt 1 is th
to e LG R B A R 10: P s g i oress

apptiddCatiadt #esinto the positive input of the second amplifier 20. The

negative input of the second amplifier 20 is connected, at a point 2, to the
system ground. The output of the second amplifier 20 is connected, at a

poiktBY P BRCIRE BAN BF ! LRGP FUPRAR I dPEAASt THRIHRRCY-

resistor R3 being connected to a first end of a second resistor R4. The

$eG906e7d o &-RR60R SRY SIS b AUBSST B 2 PRI A BB circuit of
Figure 1 with an input of 1kHz and Figure 4b is a spectrum plot of the output
signal the amplifier 10 in the circuit of Figure 1 with an input of 1kHz.

Figures 4a and 4b show more clearly the improvement in total harmonic
distortion (THD). As shown in these figures, the THD+Noise from amplifier 20
is 0.9415% and that of amplifier 10 is 0.0367%. The numerical values will vary

according to the input level set for the simulation.

Figure 5 shows an amplifier circuit according to a second embodirent of the
invention. The circuit comprises two identical amplifiers, a main amplifier (X1)
10 and a second amplifier (X2) 20. Both amplifiers have twice the gain Gy
required of the overall system. As the amplifiers are identical, they will have
similar errors E generated during the amplification process. Ideally, the same
operating conditions, such as the same supply voltage, same input voltage and
same load impedance are applied to both amplifiers 10 and 20.



The junction of the first and second resistors R3 and R4, which is termed
point 4, is connected to the negative input 9 of the main amplifier 10. The
output of the main amplifier 10 is connected to one end of a load, which

RALhRiRbpexample, another amplifier such as a power amplifigt-inwhich. -
case the load is a resistive element to ground, or another element such

as a loud speaker. The other end of thetload is connected to the system
ground. The voltage across the load constitutes the output of the amplifier
cirdnithg sgstporalibiy ofetive thiedcuitwhiFigeigraid/this sppliedsothdlrst point (point
desgrige AR AARACEIANNEBSIO buine IRl Hiflerens henghe
removal from the cir%ﬁit of Figureg50l the p%%ntlfa(l}ﬂ dél[w 8'rnfoglr}rﬁf?ah %'ly r The

and" B HIeF) s e iRRAE birt el evglréo thp oasitie, inputief the second

Errdondnﬁmnwf Fﬂ'gyrﬁe@éiﬂ@ﬂﬂp@ﬂoﬁmﬂ&yféé&@@H{ﬁ%ﬁ@mﬁ@éﬁ%@&%? at a
e the, itude of the input to amplifier 10. In this embodiment, an
inp%}'?{{}ll’? |§%§Ir}é§ ?%‘%%rﬁh’ﬁ‘e&]r 10 and the same input but at half the

magnitude, V1 /2, is applied to amplifier 20. These inputs may be from a

soutee ofysit 8 Rl Roarcendioa RigitAkg:-ARa %‘;ﬁoiﬁ?@’?&tﬂ first end
to obtain the above configuration. Figure 6 sHows ah amp?llﬁer

being use
cir(c,%i? ﬁé%%?%ﬁﬁ%%%#& SHBb &N IBE tHEstirraisies R3TPringregnnected to a
coffiiptised biia isentichtesisplifiens, TReaseconaliéed 0f e R a8KEISE80PRA s

amplifi . ifiers have twice the gain Gv WO
Z(q%%l;é%??ﬁgéé)%}é%ﬁgg%@g}&%% 16 required of the overall system. As

the amplifiers are identical, they will have similar errors E generated

during faecasinbfieatiansPERReSScAHaAbLILRS SRBSPRICINIFORLIANS point
sugh iasC'E)hel:1 s&m; su&gl voltage, same input voltage and same load
impedafd g aSHRile { W8M8W&§&&S@Q@.QWQH@§@eﬂW output of
FidbeersaihempliffaingOsignedris epptiet toreefissidoeing (Baint whienehis, be, for
then ' ial divider forme two resistors, R5 and R6. The .
i e e e O i e v =

of TERSHYSiIR IEMpItiée goouk enansithesislsnretvanieh 4s Rolocdrsmstieer toThe

resiiter end of the load is connected to the system ground. The voltage across
the load constitutes the output of the amplifier circuit.

The operation of the circuit of Figure 5 is the same as that~described above in
connection with Figure 1, the only difference being the removal from the circuit
of Figure 5 of the potential divider formed by R1 and R2 which is present in the
circuit of Figure 1. However, for the embodiment of Figure 5 to work optimally,
the input to amplifier 20 should be half the magnitude of the input to amplifier
10. In this embodiment, an input Vi, is applied to amplifier 10 and the same
input but at half the magnitude, Viy/2, is applied to amplifier 20. These inputs
may be from a source, such as a digital source with a Digital-to-Analogue
converter being used to obtain the above configuration.

Figure 6 shows an amplifier circuit according to a third embodiment of the
invention. The circuit comprises two identical amplifiers, a main amplifier (X1)
10 and a second ampilifier (X2) 20. Both amplifiers have twice the gain Gy



R5 is connected to the system ground. The input signal is app‘lied to that
end of resistor R5 which is not connected to resistor R6. The incoming
signal is also applied to a first end of a further resistor R1, the other end

olbeogsisiar R1 being connected to a first end of another rggistQt,R2/000363
The other end of the resistor R2 is connected to the system ground. The

junction (point 5) of the resistors R1 anddR2 which form a potential divider
is connected to the positive input of the second amplifier 20. The negative
inptecpftt: sktendargilifiest2t. isAsrthe chey ldieas paiati@eitidhie yestewill have

r I t t
o e e e R oAEH D, DRI g gome
apPREIAINEhepEEiens, Fist 3% the aRTpRAMAIY YRBAgE RATOR the o@inge and
amgHifiey [Rdsrepeaiediral=pRRIntS. Hetthanfisttiend waadigher resistor

R3, the other end of the further resistor R3 being connected to a first end
of another resistor R4. The second end of the resistor R4 is connected to
sydtetheysysiad: PhEigutetRritef theoradigterg RBisuag iidd ichizHirst texmieghoint 1)

PoiRh 4 iiS1HARANGSIREHIQ, RS RRGAIM EIIRI- FGHBE TRl sRs' 854 Re.

output of the main amplifier 10 is connected to one end of a liogggj, which
e o RSERARPIE S P AISHIRLH S R TSR AR B R PR of
Casﬁdhﬂdmadﬂﬁlﬁiéﬁs'[S,ti\?lﬁrt]melemgﬁtfrtisﬁtﬁﬂ% Wh'}aﬁqmﬂit@@ﬁm@ﬁ{&ﬂ@resistor
as gJlaud speaker. .The other end of t 0O 2006/043907 .

P DR P I aROTaie Sk gRRlid tpfaet end o
voltagistacidssmhishdad admestitecisdtie mstistaroRthe Hraplifieming sigrBids also
opexsiRty 95 theiRF o FoRIRR IS ESSRNIRNY 1he SaME aRithRkhe resistor R1

described above in connection with Figure 1, the onl}[eéjifference being the
a

dBE0Y iRAMEEREUR & EighRNE of fRnther FrsistriaRdividdiereiprigany of the
resististoRR 2l GBinettiad is tios piesent groiedirchiteofuRigioie (bditBE of the
EL‘}%‘%%;%%P&%Q%E‘% &n@ ?gﬁ!%dp‘&eanq}gl'%ﬁ S A e 3R G R b ositive
input of the second amplifier 20. The negative input of the second amplifier 20

is connected, at a point 2, to the system ground.

The values of R1, R2, R5 and R6 are selected such that the voltage applied to
the positive input (point 5) of the amplifier 20 is half that applied to the positive
input of the amplifier 10.

The output of the second amplifier 20 is connected, at a point 3, to the first end
of a further resistor R3, the other end of the further resistor R3 being connected
to a first end of another resistor R4. The second end of the resistor R4 is
connected to system ground.

The junction of the resistors R3 and R4, which is termed point 4, is connected to
the negative input 9 of the main amplifier 10. The output of the main amplifier
10 is connected to one end of a load, which may be, for example, another
amplifier such as a power amplifier in which case the load is a resistive element

to ground, or another element such as a loud speaker. The other end of the



applied to amplifier 20. As with the circuit of Figure 5, these inputs may be
from a source, such as a digital source with a Digital-to-Analogue
converter being used to obtain the above configuration. Figure 7 shows

WAMRNfiss sircuit according to a fourth embodiment of the F?ﬁéﬁ%@sﬂdﬁ?&

circuit comprises two identical amplifiers, a main amplifier (X1) 10 and a
second amplifier (X2) 20. Both amplifiers;have twice the gain Gv required
of the overall system. As the amplifiers are identical, they will have similar

eIt igepshatededurinoite apapificajionmiocesheldashydhadsaseethe load
operating conditions, such as the lZ{;{ame,sup ly voltage, same input

voltagstiigs areubsl S ARSI ¥ied to both amplifiers 10 and

20. In the system of Figure 7, the incoming signal V;,, is applied to a first

o P P PSS oLl oo

resrOYERID, sRBNGEHanenih T gvssifst thespidy fifweitg beikiiepHEandp the
endipfi $#99gdreesigion RAthEhe ailiareri afdhrasans resisiorRR5sand R6

d to th t d.. Thej ti int 5) of the first and ,
oot o e e R o AV
theapodizivédrpuplifethéGecontharsaiifieigut Thiatduafiteeimagrifude Vin/2, is
Se%?ﬂ}%@&‘w'giﬁb%%' BONREGiRg 4 RIRQIRA FQdRe sSYMEINBORNHaT B@dfmm

output of the second amplifier 20 is connected, at a point 3, to the first end
of & tRAFESISHSNFRS, TEiBHRbISEHEFB YHIE tRird Péiaider\RaIYmIRFoNverter being

conpeetes dptaiv¥ie) AWR/C399UrRoh/ SG200S/000363 18 first end of a
fourth resistor R4. The second end of the fourth resistor R4 is connected

to system ground. The junction of the third and fourth resistors R3 and R4,
whiclgisetefrsbdwoian Aniplfienneuted aedeedirgdtive faptb oeoipdimeih of the

amplifiefidR. Hie Uyt ebthsrisaainamelfier s aarreclemhimonaRng: (x1)

of a load Road, which may be, for example, another amplifier such ﬁ\s a .
pov@@r%ﬁ?ﬁpﬂfﬁ‘%ﬂ'\ﬁm&’fﬁ?é A oth amplifiers have twice the gain Gy

required of the overall system. As the amplifiers are identical, they will have
similar errors E generated during the amplification process. Ideally, the same
operating conditions, such as the same supply voltage, same input voltage and

same load impedance are applied to both amplifiers 10 and 20.

In the system of Figure 7, the incoming signal Vi, is applied to a first point (point
1) and is then applied to the positive input of the main amplifier 10. The
incoming signal is also applied to a first end of a first resistor R1, the other end
of the first resistor R1 being connected to a first end of a second resistor R2.
The other end of the second resistor R2 is connected to the system ground.
The junction (point 5) of the first and second resistors R1 and R2 which form a
potential divider is connected to the positive input of the second amplifier 20.
The negative.input of the second amplifier 20 is connected, at a point 2, to the
system ground.

The output of the second amplifier 20 is connected, at a point 3, to the first end
of a third resistor R3, the other end of the third resistor R3 being connected to a



Road is a resistive element to ground, or another element such as a loud
speaker. The other end of the load Rbad is connected to the system
ground. The voltage across the load Rooad constitutes the output of the

ampbwroeionit. A further resistor R7 is connected across thecauwpbé@foosess
the amplifier 10 and the system ground, in parallel with the load Rooad.

The loading on the amplifier 10 will deperd on the load Rooad the user
connects to the amplifier system and therefore the resistor R7 is included

to rétiicenthef vaf@titn resthieroRdralllbadsappliddstaitbe $ystentiif réaistor R4 s

. o ) o be
exagapiss e gg}g] Alipp is for a pre am_pllfler_, the load Rbad may
another amplifier, whic%} may have a typical input impedance of between

10K ohms to 47K ohms. If the resistor R7, having_ a typical value of 1K
ohrMaguadtied dhthannliel aYithiodARFEsREFH PV LIHAUIeh e 19ALaThoint 4,

ifior 10 i i i istor R7 in parallel with

RoCA Ay T TS VEEb o ZERE LRI Herl B Output of the
narmﬁi@r?wliﬁﬂlﬂﬂ\ﬁed:ohmedﬁ@f)@mmw ibthe lmadtl Rgs awhiPimay be, for
imnsdanse ok Aok M, fRg Ei]éﬂ‘é%ﬁﬁ%‘é?‘%ni&?ﬂgmswﬁitc%e 198d ihe Toad

has_an input impedance of 47k ohms. At the same time, the resistance

vallRPest eGSR Hemenly e HOUBsReRNRbEN ¢ B0EshrAYchnds a loud
arospe:lzd ofnescahdhahtherlgrs LerOENSIEOEdhReARWPHehA0s006 8 round.

ifi lose to each ather. Thus, the cjrcuit of Figure 7is o
B b e e e
resftBiriRer iR litsotarigested athesspibetotpof W2 EOGI0AGI0T and the
PCyser0alaR0303a A dhRitiratgLiigure 7 is essentially the same as

that described above in connection with Figure 1. Figure 8 shows an
amplifier circuit according to a fifth embodiment of the invention. The

circlitecharpiniges tthe weplital tinpiifidepenmaintaaRfieRX 1A Qs cBnnects

Se%%@@%ﬂﬁééé@t@r%‘ gr?cmh%rpe%ﬁg r&Q%\é%iE‘t\ggpF{%esqgci:ri]uggd to reduce the
variation in the overall load applied to the system. If, for example, the
implementation is for a pre-amplifier, the load Riaq may be another amplifier,
which may have a typical input impedance of between 10K ohms to 47K ohms.
If the resistor R7, having a typical value of 1K ohms, is added in parallel with
Ricad, @s shown in Figure 7, the load of amplifier 10 is the effective resistance of
resistor R7 in parallel with Rieaq (R7//Rieag). Thus, the range of load conditions
will then be narrower, as:
R7//Ricas=1k//10k=909 ohms, if the load has an input impedance of 10k ohms
and
R7//Rigaq=1k//47k=979 ohms, if the load has an input impedance of 47k ohms.
At the same time, the resistance value of resistors R3 + R4 may be set between
around 909 ohms and around 979 ohms so that the load conditions for the
ampilifier 10 and the amplifier 20 are close to each other.

Thus, the circuit of Figure 7 is identical to that of Figure 1 with the exception of
the addition of the further resistor R7 to the circuit of Figure 7. The operation of



required of the overall system. As the amplifiers are identical, they will

have similar errors E generated during the amplification process. Ideally,

the same operating conditions, such as the same supply voltage, same
woutoveliege’and same load impedance are applied to bothramplifiersibess3
and 20. In the system of Figure 8, the incoming signal V1 is applied to a

first point (point 1) and is then applied t¥the positive input of the main
amplifier 10. The incoming signal is also applied to a first end of a first
reéhstorireujtthe dtigerend infapeentialiesiBrRTdamgtiehdesEies 2hrte in
enghphRERFPAAHENRIY R2. The other end of the second resistor R2 is
connected to the system ground. The junction (point 5) of the first and
second resistors Rl and R2 which form a potential divider is connected to
theFpesiive shwofdheasediied amplifiexc2@rdiie twegafifie iapbpdittent of the

SCERARATIPIIEL R ABRRTIED: 31,8 RAEal SHIAUACLOM B Whpiiier (x1)

further re3|stors and er en |ch IS not connected

to KB enthieeAaeCME aPpiEier feehdOThSety InRifrmhREnfice the gain Gy
copnaaied & resiiosRP @éﬁt@ﬁﬂem@dtﬁétaﬁqgnﬁ@m Hie aivpiidar 26eyowill have

tro| th f th | 20 dback. The qutput of
o G 8T 50 e oS S U QR85 G o same
thipegstsigrd@Bditmathecterd tfetisa third upsistupiR@ b eingednpeicvoliage and
a st endof iR esiiap ?@Jﬁeb%%ﬁqmp%ﬁg@ﬁwsn@gﬁh resistor

R41s connected to system ground. The junction of the third and fourth
resistors R3 and R4, which is termed point 4, is connected to a further

refsﬁ%%%’sémafm@r@rmfﬂfs/wh&diﬂﬁwgmgaataqnt@ ébﬂl@&)@@@f&rﬁﬁw& (point
of the main a ier urther resistor R10.is 2006/043

PC{}/ g%%b?@:? i é%nhgcf’etf BeivEEn %he}/y;[gaart?\%nmapu%??% 10, The
arripliﬁenin@ sigdathie aistpapplieddoanipifientohrdlisiressstes Edntiest iger end
93'& gﬁ@ﬁrmeﬁfé%rl&bx 'xmée&%ba% fifde dRlussrE s resisitNer R,

0 and RI1 are preferably selected that the gains of the

am-Bﬁﬁe‘Pg‘fé ahe %tﬁ?e%&%f’aﬁﬁ%m%§§aﬁ1&°”“e°ted to the system ground.

The junction (point 5) of the first and second resistors R1 and R2 which form a
‘potential divider is connected to the positive input of the second amplifier 20.
The negative input of the second amplifier 20 is connected, at a point 2, to the
junction of two further resistors R8 and R9. The other end of R8 which is not
connected to R8 is taken to the system ground. The end of resistor R8 not
connected to resistor R9 is connected to the output the amplifier 20, to control

the gain of the amplifier 20 by applying feedback.

The output of the second amplifier 20 is connected, at a point 3, to the first end
of a third resistor R3, the other end of the third resistor R3 being connected to a
first end of a fourth resistor R4. The second end of the fourth resistor R4 is

connected to system ground.

The junction of the third and fourth resistors R3 and R4, which is termed point 4,
is connected to a further resistor R11, the other end of which is connected to

the negative input 9 of the main amplifier 10. A further resistor R10 is



The output of the main amplifier 10 is connected to one end of a load,

which may be, for example, another amplifier such as a power amplifier in
which case the load is a resistive element to ground, or another element
sworas/esbourd speaker. The other end of the load is connected A 596/000363
system ground. The voltage across the load constitutes the output of the
amplifier circuit. Thus, the circuit of Figuze 8 is identical to that of Figure 1

with the exception of the addition of the further resistors RB to R11 to the
ciregnoestrilhetveahtheopesative ofbbtoiiheitaofHitrrd 7 sanddbertidyt of the

theafagmfeasitiak desgiiies] APRURRLLANDEIIBN 1L FIgReL: P! tilying

feedback is applied to both amplifiers 10 and 20 to con ain of the
amﬁﬁ?é}%‘?‘ﬁ’hiﬁ%ﬁ@'%ﬂr@@nﬁﬁﬁ'&%@n@%f@e Rlerish ﬁnb% Br@\RRferably
an sefyalifdthay shengdmyvbichetbenbiiehyidthdasmnifieantbsaienisy theRame.
that of conventional amplifiers with reduced phase shift and minimal

distortion as the distorting errors generated by the individual amplifiers in
theldifcaitars ehthemedroamaliiieatpliicenreenad RO exedidthéa load, which

simulatigs e obiaidhe fiines SypifdahayeLdid 'E)BW@%S@@%%VM& case

applied internally. However, embodiments of the present invention may

be G5pIRAS 15 ARG S itR RICkesibeicRNOEBlgEeRiaRiciBRS loud
to tieekebodiiments@f ¢hd pfebenioatdastieshdesedbedtrbsyeenayand. The

m r and method steps.can. be.added
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described above using particular embodiments, many variations are

posgible tMéMil;biﬁt%ﬁ@;iﬁlﬁf@%‘?@@iﬂ@{ &S gﬂﬁ't ke ﬁ@?{ﬁtq _Wﬁﬁgﬁ&cepﬁon of
reager, witnou art rom tne spirit and scope o e ny n.

s A o e RS Ba iR R ld dBr s TG ldire 7. The
amppifistiarafcbe @ro@ﬁedxfe_‘igumpm isigrealeatisthgdhd smméifias Anangestribed
10 IGGGINEIR REMRHIRN WifAEYINEL 1, except that feedback is applied to both

amplifiers 10 and 20 to control the gain of the amplifiers.

Thus, one or more embodiments of the invention may provide an amplifier
system in which the bandwidth is significantly greater than that of conventional
amplifiers with reduced phase shift and minimal distortion as the distorting

errors generated by the individual ampilifiers in the circuit are cancelled out.

The amplifiers 10 and 20 used in the simulation to obtain the figures quoted
above did not have feedback applied internally. However, embodiments of the
present invention may be applied to amplifiers with or without feedback. .

Various modifications to the embodiments of the present invention described
above may be made. For example, other components and method steps can
be added or substituted for those above. Thus, although the invention has been
described above using particular embodiments, many variations are possible
within the scope of the claims, as will be clear to the skilled reader, without
departing from the spirit and scope of the invention.
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5 signal, said second amplifier having an output signal; and a first
potential divider arranged to receive said output signal of said second

amplifier and to feed a proportion of said output signal to said first MCSLLP

amplifier; wherein said first amplifier is arranged to subtract said
proportion io of said output signal of saddl second amplifier from said input
signal to produce a difference signal amplifiable by said first amplifier. 2.
Shaimpifier apparatus according to claim 1, further comprising a second

otentigal djyvi r ecej id input signal and feed said
g'ropor?onné%!fgﬁﬁgﬁgg?@éniﬁﬁog ga?é second amplifier. 3. An amplifier
apparatus acéofiigroplifien @yangedricowpeisma@n ittt sigtaltial divider
arranged to recej id. ] : Sl f rl said :
signal to s_aideﬁ:rgs%lgﬁg%(gg%%ﬁ%a plﬁi?%%%% SP%%@#%?}%%%’& nput
signal3saidaenesdiapriperibaviigsidonntsignaliensved by said

second amplitief st ARRERHEI YR Cah 2 Yok RIFBLEHE AigUdRIaNslgnal of
received by said first amplifier. 25 5. An amplifier apparatus accordingto
ﬁﬁ@&?@@ﬂ@i‘@‘&éﬂéﬂ?@dﬁifﬁ?? ARERRIATE AT B seih iR I9igngh to said first
gmgpﬁégid apparatus further comprising a resistive element connected
between the output of said first amplifier and ground, said resistive

element beingAAEPIGepid FEsiRBDUIRIIS A ARG 618 Sy LERSAsRigsproportion
arifiesuBL B styn AnepLfisd QBBQ@WWMOSQWHB&%‘?%%I to produce a -

preceding claims, wherein said first and second amplifiers each have a
HifpransssianahanRlifreiie by seiddigi@mlifiedpparatus further

comprising a first resistive element connected between the negative input

of the second amplifier and ground, and a second o
2. An amplifier apparatus according to claim 1, further comprising a second

potential divider arranged to receive said input signal and feed said proportion
of said input signal to said second amplifier.

3. An amplifier apparatus according to claim 2, further comprising a third
potential divider arranged to receive said input signal and feed a proportion of

said input signal to said first amplifier.

4, An amplifier apparatus according to claim 3, wherein said proportion of
said input signal received by said second amplifier is approximately 50% of the
proportion of said signal received by said first amplifier.

5. An amplifier apparatus according to any one of the preceding claims,
wherein said first amplifier has an output, said apparatus further comprising a
resistive element connected between the output of said first amplifier and
ground, said resistive element being arranged to reduce variation in the loading
of said first amplifier.

6. An amplifier apparatus according to any one of the preceding claims,

wherein said first and second amplifiers each have a negative input and an
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resistive element connected between the output of the second amplifier

and the negative input of the second amplifier to set the gain of the

second amplifier by 5 feedback. 7. An amplifier apparatus according to pmcsLLp
claim 6, further comprising a third resistive element connected between

the negative input of the first amplifier &% the junction of the resistors

forming the first potential divider, and a fourth to resistive element
cutwigictsalbappecattisciodhmutafntipeisirsg anfipifiezsisiivthelamagnticennpated

Bl drtarliatie s e A AldOsd L BTHES by (et & Bona
amplifier apparatus according to any one of the preceding claims, 'is

vasistvie shaurtast andneeddaiwsfietbautpiistditialseicemiicah@ifidnand the

S 0 U N v

&ergbaglrs being substantially cancelled by the error generated in said
second 20 amplifier being subtracted from said error generated in said
first am&ifier. 10. An amplifier apparatus according to any one of claims 2

fo 9, wher8iPSHRS SRRHAytaRGaIdingder eaifibAs éerthes sebapdisiagya third
%ﬂi@@%ﬁ%rﬁ%HHB@&E&-_t?e‘iv@éer‘.\ﬂwéfﬂe'&%r\éﬂﬁgiﬁtk!ﬁ REcHISt %%Sﬂiﬁer and

any one of the preceding claims, wherein said amplifier apparatus has an

Hridngian, oA ihes s sioraferswestoe drspirriantatrivges and a fourth
PSSIRRRIQYHREht A KBbRRSSORiRIEH tNENLBRs: O SR AFLBLANSRECIRE the

amplifiers being a pro_ximatel)(_ twice the overall gain of said 30 amplifier
AppafyR Mt the st emplifianipisrtthpmaine the drafrmeldiamby 1,
vebarsigieaid first potential divider comprises a first resistive component
and a second resistive component, each of said first and second resistive
components having an associated

8. An amplifier apparatus according to any one of the preceding claims,
wherein said first and second amplifiers are substantially identical.

9. An amplifier apparatus according to claim 8, wherein said first and said
second amplifiers have substantially identical errors generated therein, said
errors being substantially cancelled by the error generated in said second

amplifier being subtracted from said error generated in said first amplifier.

10.  An amplifier apparatus according to any one of claims 2 to 9, wherein
said second potential divider comprises two substantially equal resistive
components.

11. An amplifier apparatus according to any one of the preceding claims,
wherein said amplifier apparatus has an overall gain, and said first and second
amplifiers each have an associated gain, said gain associated with each of said
first and second amplifiers being approximately twice the overall gain of said

amplifier apparatus.
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resistance, the ratio of said resistance associated with said first resistive 5
component to said resistance associated with said second resistive
component being such that the amplitude of said signal at a junction of MCSLLP
said first and second resistive components is substantially equal to the
amplitude of said input signal to said sé¢ond amplifier divided by the gain
of said second amplifier. 10 13. An amplifier apparatus according to claim
12, whéeanapididic snapifisr asasrdingdtpataiamd Wiveneiretheaidrfirst thetential

' ' id- firs esisti ts of
o oh e a0 e ol e AN B P AT Sporent,
rachiafmajstifitt snd sescnd phikstive cormporehtsl lddnepiifyiassacaged
%&l&?&ﬁ&@itr@%@%@m@&%&% Haﬁﬁb"wﬁ{ ; %%"P(}Qpr sistiy
proportion of said input signal to a second amplifier, said second amplifier

RaMRgReNbinmaiditrristapp RRsasaiRd thanidl steded safdstivepaomponent

Blong! QUi af theesrdi e Hiela RDGIAY 4t B RRLEOR of §€ffg AP second

signal to said first amplifier; and subtracting in said first amplifier sal
FR8IsEMPOROBRRARED LR &S YRsHaN bR baRrRAYEE bp dnenammBébudenekarid ippit signal
Ronnbtedyas R HieENRR PBystna AMmBlfiahiedaksaif dirs mmplifier.

15. A method according to claim 14, further comprising applying said input
signal to a second potential divider, said proportion of said input signal

appliedhfopailimecappAatbiigcatna ArPEs v aiginsand RRERB mplifier
divider. 30 MCSLLP 24 16. A method according to claim 15, further
BEMBRSHIPEb A ESEFIRGGE SighaPtéhs AePpiriadiceeinirrseand said first

aRE¥ B A FeBRIIRN rApihiod! SIanm APstpistlriamitier Qi antially
said third potential divider. ) L ,
equal to aresistive load applied to said output of said first amplifier.

14. A method of amplifying a signal comprising:

applying an input signal to a first amplifier;

applying a proportion of said input signal to a second amplifier,
said second amplifier having an output signal;

applying to a first potential divider said output signal of said
second amplifier;

applying a proportion of said output signal to said first amplifier;
and

subtracting in said first amplifier said proportion of said output
signal of said second amplifier from said input signal to produce a difference
signal amplifiable by said first amplifier.

15. A method according to claim 14, further comprising applying said input
signal to a second potential divider, said proportion of said input signal applied
to said second amplifier being applied by said second potential divider.
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5 17. A method according to claim 16, wherein said proportion of said
input signal received by said second amplifier is approximately 50% of

said signal applied to said first amplifier through said third potential MCSLLP

divider. 18. A method according to any one of claims 14 to 17, further
comprising io reducing variation in the |&ading of said first amplifier using
a resistive element connected between the output of said first amplifier

and grdumethedAaccetidinpdecokaimglty anyheneomgdasing labtyl®y said input
reif.said firs ifi tive i .

e A A AT BB e

torgaifichirby douul e K ppigids dig dbind gty tiatidividistive element

between the negative input of the second amplifier and ground, and a

second resistive element between the output of the second amplifier and

thé nedativethgsliaocandisgdoraieanm jifievh2oeho saithethpdriicsorfisrjddnput
i3 LS e Aaprising, sating he. 0RIn, oL IR fIRLAMIMEs i i

%a%ﬁ%ic%f a%t_ﬁgfﬁconnectﬁng at ﬁ?%reggﬁée%%gﬁ%%t bgt\f\?e%#r?%lg signal

aeghaddmprid sretamptitienhfievghgaiskthirt notestiglaidisietors

forming the first potential divider, and a fourth resistive element between

the out&)ut of the first amplifier and the negative input of the first amplifier.
48.21. A methed aeeerding te any ene ef elaims 15 te 46, fwthernremarising

Hiezh it 98rRRE RIARIEISAR S P SARtRLY KRpHfat HIAPaifIifRdelement

potential divider comprises two substantially equal resistive components,
CaRNGEIs S PRI E ROIRBI A8t AUP ighane SERYBScond

amplifier comprises applying 30 approximately 50% of said input signal to
said second amplifier. MCSLLP 25 22. A method according to any one o

f
didims AmsthedassRIMRgiP ANpIAS ARt hir 1B seemigamiddiat and
SRS iRBFOBAGHTIANE'S £EGHHINRVIA AR ARFYUHABEEHIRIRalBnethod

method further comprising arranging said first and second amplifiers such

fishpecempasRscRating, ireagri of sarismepad@mplifier by feedback applied
by connecting a first resistive element between the negative input of the second

amplifier and ground, and a second resistive element between the output of the

second amplifier and the negative input of the second ampilifier.

20. A method according to claim 19, further comprising setting the gain of the
first amplifier by feedback applied by connecting a third resistive element
between the negative input of the first amplifier and the junction of the resistors
forming the first potential divider, and a fourth resistive element between the

output of the first amplifier and the negative input of the first amplifier.

21. A method according to any one of claims 15 to 20, wherein said first and
second amplifiers are substantially identical, and said second potential divider
comprises two substantially equal resistive components, said step of applying a
proportion of said input signal to said second amplifier comprises applying

approximately 50% of said input signal to said second amplifier.
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5 second amplifiers is approximately twice the overall gain of said
amplifier apparatus. 23. A method according to any one of claims 14 to
22, wherein said first potential divider comprises a first resistive
component and a second resistive 10 component, each of said first and
second resistive components having arnzassociated resistance, the
method further comprising selecting said resistive components such that
@2 ratié ohsthidd esistadorgdssaciatee: witlslaaitsfit4t toedistivearein maid @mplifier
| [ W [ [ [

e A S FRES on have
secossbasistiveaionibemeatsad fuitberizinp deingl 2ordreg g saiditref and

| 1l t ) P ¢ . cni
o S R IR b s R AE St
wheooth saidlifiests 20apppiXienatety dwicatthe, eetiathgiiodfisaidamplifier
%%?%ﬁﬁw the step of applying a resistive load to said output of said first
amplifier such that the sum of the associated resistances of said first and
second resistive components of said first potential divider is substantially
oqual tosaidanplicd Lol 2® 2o A MERIMARLOIANY 59 2R¥ QR Laid first
claims 14 to 24, wherein said first and said second amplifiers have
setendindalividesmrapssessyiisd resigtye kompeschicnerrsrrend resistive
RSB SUaEIP B Sl CAe el BRIk TRToRY S RIS REn RithHBan

generated in said second amplifier from said error generated in said first
asftiatedgesistance, the method further comprising selecting said resistive

components such that the ratio of said resistance associated with said first

MCSLLP

resistive component to said resistance associated with said second resistive
component is such that the amplitude of said signal at a junction of said first and
second resistive components is substantially equal to the amplitude of said
input signal to said second amplifier divided by the gain of éaid second

amplifier.

24. A method according to any one of claims 14 to 23, wherein said first
amplifier has an output, said method further comprising the step of applying a
resistive load to said output of said first amplifier such that the sum of the
associated resistances of said first and second resistive components of said
first potential divider is substantially equal to said applied load.

25. A method according to any one of claims 14 to 24, wherein said first and
said second amplifiers have substantially identical errors generated therein, the
method further comprising substantially cancelling said errors by subtracting
said error generated in said second amplifier from said error generated in said

first amplifier.



