; ~e3e] ZA6BT?1 21 AVPLI FI ER Cl RCUI T EMPLOYI NG FLOATI NG ERROR CANCELLATI ON 5
FIELD OF THE | NVENTION 2 ~ APR 2002 The present invention relates
generally to the field of anplifiers, and 10 nore particularly to a
high-fidelity, error-canceling, audio anplifier circuit. ND OF THE
I NVENTI ON Any nusic | over or sound engitheer can appreC|ate gﬁﬁt%@ #tance
of "I 5 20 25 having a good audio anplifier in any high-fidelity stereo

ST ey o S e e A

qual ity. Having good phys aracteristics owever, does n

necessarily lead to produci ng sound of good quality. While sound qguadsiss*y i s
not as easily measurable or quantifiable Iike the physical characteristics,
it is a wellknown fact that an anplifier with good physical characterlstlcs

still y diN lity due apparentlyto erro wmu“ Iu m
di st or!?iongfé ?F‘jrgq%o ggmly‘\gbservabl e from studying them l“ ”“ "Il l
physi cal char acterl stics. The reasons for this phenomenon and t he+gsmdatit i ons
for it, however, are not fully understood at this point. See, e g., US
Patent No. 4,809 336 a No. 5. 467, 400. e are different
Lypes of hi gh- ffhsﬂr?iﬁ'ﬂﬁwmi% tidts gnstaly do thaield 8t Emiifiats 2nd po

types can be broad ere d as having, either 2 ~ APR Oa2 2
Vi ¢t usperpaeile. s iguAeBy. Sfencabodling atblepuiblfist Cradt  r ansi st or
based anplifiers, many of them enploy an overall negative-feedback (NFB)
topol ogy which is a well known schene to those skilled in the art. Each of
t hese types has advant ages and di sadvant ages. For instance, it is 5

generdOy known that the transistor-based anplifiers enploying NFB topol ogy
have good 8hy5| cal characteristics when conpared to the vacuum tube

transi st orBACIKHGRQUNHNsO¥Fe THE UNVENTdOMpI i fi ers have nuch worse tot al
harmoni ¢ distortion (THD) and narrower frequency range, for exanple. On the
ot her hand, nmany peopl e believe that the vacuumtube anplifiers still 10
deliver better sound quality. Simlarly, sone of the well-designed

transi stor basedinpmpusi¢ ioves onsoahd enghmderecan apptdutattHBet ipsortamcehele
poor er physi cal characterlstlcs but are still touted as producing hi gher

g;ﬁlsg t gf schevdsg a\gobe audmvcamghfm inaany thigtp4idslityt sterde syERn.opPIgemnd as t he

15 amplifier typically has good physical characteristics, i.e., good frequency
response, low distortion, etc. and/or delivers good sound quality. Having
good physical characteristics, however, does not necessarily lead to
producing sound of good quality. While sound quality is not as easily
measurable or quantifiable like the physical characteristics, it is a well-
20 known fact that an amplifier with good physical characteristics still may not
yield good sound quality due apparently to errors or distortions which are
not easily observable from studying the amplifier’s physical characteristics.
The reasons for this phenomenon and the solutions for it, however, are not
fully understood at this point. See, e.g., U.S. Patent No. 4,809,336 and U.S.

25 Patent No. 5,467,400.
There are different types of high-fidelity amplifiers in the market. But

most notably, the types can be broadly differentiated as having either



15 the poorer sound quality, the exact cause and nature of sound
degradation are still not fully understood. And although the understandi ng
inregard to the phenonenon of sound quality versus physical 2 4 APR 2002
characteristics is inconplete, it is clear that the ideal is to have an
-anplifier which has good physical charasteristics and still delivers good
sound quality. However, the 20 industry has had difficulty devel oping an
anplifier which neets both crijeria. OBJECTS OF THE | NVENTION 25 It is

t her ef ore VABUYE tggpsd}r §°R'Q ﬂ?&sgﬁ‘{'c?ﬂ\%’a‘iaéntr?%s' F%rngry‘%Véf‘é'éﬁ%‘t he
shortcom ngs stated, above and_in particular to provide an 2 4 APR 2002 3
anpl i fier gﬁaﬁegiatm ief$ pay @f thesh iempiew %9&?@&"%@%95?9?%‘% E€NFBMd good
sound quality. It is another object of the present invention to provide an
anplifier &PRAGY Whick s @aweliknppeschame to iheseuskitiethdn dhe oo i Bach of e
transistors without 5 unduly affecting performance. SUMMARY OF THE

| NVENTI ON iftesendypeeshas aduastegem @ﬁglwgaﬂ‘gantﬁ@ew odwdrnépstance, it is
error-cancel l ation technique eradicates errors and other inperfections in
t he si ghal generallys knewmnthadt ther transisior-based enplifiers employing INRBng a
circuit which cancels out the errors and the inperfections at the speaker

| oad. Thi s topolagy bapbigdosdpmsitdl whayactétistisi when tdoenparedkiertheeraduuah  whi ch
is connected to a signal 15 ground under conventional anplifier designs.
The pref er tusb trahsidtorsntSarhe texpepsiee eacuumviaibei amplifiers ihage mocle&orse
anplifiers, buffer, main power, and error suspension anplifiers. The buffer
or refer engstaph@imonierdistortion HDpahd ﬁagmwerafr@t’de‘ricgrrawgbhforréiamplle. near
unity gain. The main function of the buffer anplifier is to provide a

reference Zh fHgdower hanbdemgthdoplé beligietHal the vadiurhitgbelamplifierdvetim power
anplifier X2 is an inverting power anplifier w thout NFB, and whose nain

functipm | gefve Eétvertd&un@@mitﬁi Shaflarly! kenfy 6PtheSwedesighedafihbisteit X3 is
a noninverting power anplifier whose function is anplify the isolated error

y
s gnal and phged! gitiiflefs tAch Odo ARIeBHpMy Aot REES y 164V Ndoree ¢ hat

the error can anceled out at t peaker term na 2002 4

Th f | £ [ : ' i i tiall
dent fcal - PLVPRE inan el AR e S GIER SRS hibfief SRR o7 e
negative i QBHEdQ.f the power amplifier which anplifies and inverts

While it would be easy to point to the NFB topology as the cause of

15 the poorer sound quality, the exact cause and nature of sound degradation
are still not fully understood. And although the understanding in regard to

the phenomenon of sound quality versus physical characteristics is
incomplete, it is clear that the ideal is to have an amplifier which has good
physical characteristics and still delivers good sound quality. However, the

20 industry has had difficulty developing an amplifier which meets both criteria.

OBJECTS OF THE INVENTION

25 It is therefore the object of the present invention to generailly

overcome the shortcomings stated above and in particular to provide an



the, signal to yield the inverted main signal. Due to the relatively |large
gain 5 (in the order of 10 tines for a typical audio anplifier)) sone
errors will be introduced in the output. Since the output of %@ Aﬁ?%&Z
inverted i mage of the output of X1, a mx of the two signals Wt
essentially cancel each other out |eavigg only the error signal. However,
since the anplitude of the original or the reference signal, the output

fromX1l, will he mych snp]ler, {ha he 1 |ified signal fromthe output
of X2, thea%ﬁ'ﬂﬁ@'taﬂg'choy'ﬁgéi B%@J" E9°&WS§P%Q actrpsticse apdogeedyval ues
for the resistors Rl and R2. The isolated error signal is then fed to the
posi tive i SpURASUAlie non inverting error suspension anplifier. Due to the
anpl i tude normalization process, the isolated error signal will not have
the sane anpl it lidis arothge obipadrofdhe| prespet inventioncte prayide am amplifient put of
X2. Hence, the error suspension anplifier X3 is used to anplify the

i sol at ed erirenit whickican sitilize eithenvacyurartube griolitlrsiatet tiangistopsiwitbiouk2. Thi s
anplified isolated error signal, or sinply "error-canceling signal", is
then f el t andulycaffecting petiermdnaeat i ng terminal", of a speaker and the
anplified signal fromthe power anplifier X2 is fed to the 20 other
termnal of the speaker. Although this signal from X2 carries with it the
error, it is offset or canceled out at the terminal, as both termnals wll
carry the sane error potential. Hence, the potential difference between
termnals will yield an output signal which is proportional to the signal

potential SUMMARYYOE'THE IRWVENTIGNAPR 2002 5 BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a block diagramillustrating the preferred enbodi nent of

the 5 present anplifier circuit. FIG 2 is a sanple output signals for
anplifiers X1 and X2. FIG 3a is the resulting isolated error signal from

mXingighe out Pthesiashin dvdien ZompfElAg Hhel HIoatihGe ofid:rieanaabh i on

signal resulting yi ng the ted errdr signa romF G 3a.

from Fra oD RAURRCRLAS Bhd WihofimbafiooRAE, MUIT SRS 488 A6 07
the ci rcu THBRNG dihotb{offd, SfEeRn ey oy bHVRGR Alet iR R on
process, = peolFROHRA e FbBERo R Fperdhodtly B8, b RERVEERPINRE L0,
' nvention. partly by ‘floating’ the speaker terminal which is connected to a signal
15 ground under conventional amplifier designs.
The preferred embodiment of the present invention utilizes three
amplifiers, buffer, main power, and error suspension amplifiers. The buffer
or reference amplifier X1 is a small signal amplifier with unity or near unity
gain. The main function of the buffer amplifier is to provide a reference
20 signal to be used to isolate the error signal. The main power amplifier X2 is
an inverting power amplifier without NFB, and whose main function is
amplify the audio signal. The error suspension amplifier X3 is a non-
inverting power amplifier whose function is amplify the isolated error signal

and to provide the error potential to the speaker terminal so that the error

25 can be canceled out at the speaker terminal.



20 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Ceneral ly, the present invention
enploying the floating error cancellation technique eradicates errors and
other inperfections in the signal such as THD and ot her digsi PR g03.

of fsets, etc., by having a circuit 25 which cancels out the errors and the
Jdnperfections at the speaker |oad. Thisyis acconplished partly by
"floating' the speaker term nal which is connected 2 ~ APR 2002 s to a
signal ground under conventional anplifier designs. Hence, instead of

havi ng the usualTh§ J&fRrepee eampdifier t BEOVidesat @ nEPTepneRersigeaini WAIChhds t he
“error potential' which essentially cancels out the error at the speaker
ternminal . Bubstantiofyidentical tg the inceming aupip sigaal.t dheireferenogisignaldsa bl ock
diagramillustrating the preferred enbodi nent of the present invention. As
can be seeifed ito tive negativainputefdbe pgwer amplfierayhigheamplitien @nd isvgdsat e
function are used. The buffer or reference anplifier X1, 10, is a snall

si gnal anplthe isignaite yielththe inyertadanainnsigpalyaDuie tohbermalativelynlargegain t he
buffer 10 anplifier 10 is to provide a reference signal to be used to

i sol at e5t hdinetheoordeir pidl0 tiMee foriantypmat rausiip [anplifier)Xondd )eriars awilli beer t i ng
power anplifier wi thout the NFB, and whose main function is anmplify the
audi o si gnamtrodueadeinrthe calsyte r8inoe theeplipiut eof XBjs a0 inverted image rofehéi ng
power anplifier whose function is to anplify the isolated error signal and

to provi de dufisutedfr)or, d ip@f ehé twd sighdid avili psabetiallyecandell esoh bt dute error
can be canceled out at the speaker termnal. Referring further to FIG 1,

the audi 0 364MAg onfy B &iBF sighal HEwBYEF, X%y 116 émPMﬂl;deJ&,thwa:irigm& Br

connected to the input of anplifier X1 at the poin and to the ground.

The negati \{Re irBféitbnde YigdlP!thé | Altpdt! frofn JONNKML BE dich OsrhBfetid dha! @
resistor R3. The anplifier X1 outputs a reference signal at point 2 which

o fod ' Sro A . = '
s 1€ 1 gadérﬁ lffe*aes@@%ggf;o‘efﬁ %@flﬁéﬁp& & XROHY a?nr%?{tl ddliapg %rﬁf‘a‘iv?lbwg&i on

f eedback topaol ogy. a reference a ler, no anp

occurs. Th%lirﬁbggféle&}n m?ﬁébglgilge%ﬁo%b%g@&@wl Lh§ peut put i npedance is

|l ow. 25 Sti erring e reference signal at the output 2 of
anplifier X1 is S hall ‘ i (- ATV \ _si gnal
fo'be 2 4 apr TS BOIEY e oS @pn 18 13 A Bositve MBUERL e R0 he
negative input..l16 of th L1 fier 2 via,the resistaor .
poa t1ve | Mg gftor, Bsgitus (et e, Bhe earmer e Hosrgizgiign
anplifier X2 is connected to the ou 2, 0f t amplifier.X1l via,the
eei stor s RIoS 100 maeted Sronsiand! Bl nos Rewe el iHme SrBhitde 2§ hels at
poi nt The output 4 of X2 which carrje lified inverted main
D anal 15+ koo T, aMEiiad Sigal & 41 aulouh o 32, daances e IRy SuSPeTRPED i s
one of the twg . termnals for the speaker 14 Note. that the output 4 of X2
Goes not f PISRE K3 & upd e GRS T SRI2(ES! gHOKSIOAL fodMeldulia P Of cedback
topol ogy is not used in the nain [i_ower anplifier X2. 10 The m x of the
out put of éﬂﬂﬂq|fer§P§h¢<RUtﬁ'He°fr)é2-eré‘iﬁ:emrﬂgﬁ@“?o'a?ﬁﬂi BHEr 8langht Olosimalpl i fi ers
X2, the inverted main signal, at point 5 yields isolated error signal which
is fed to t'egopeanceling sigpait, is then fedto atewningl e ftnatingdapninel’erob@, 30.
The negative input 11 of X3 is tied to a ground. The output 6 of the
anplifier xpeaker anddbeamplifiachsigpat fnoth the power anplifier tX iss fedhtethe
20 other terminal of the speaker. Although this signal from X2 carries with it the

error, it is offset or canceled out at the terminal, as both terminals will carry

the same error potential. Hence, the potential difference between terminals

will yield an output signal which is proportional to the signal potential

without the error.

25



15 14 to provide the error-canceling signal. Now through the use of the
graphs presented in FIGS. 2 through 4, the process by which the circuit
descri bed above cancels the error in the anplified signal w I2 4b@Rd§0§5ri bed
in greater detail. For illustration purposes, the sanple signals used in
FIGS. 2 and 3 will be a sinple sinusoidal wave. 20 FIG 2 shows a sinple

si nusoi dal wave 40 representing the audi o signal V1, and which al so
represents the reference signal, the output fromthe anplifier X1 of the
circuit fromFIG 1, since X1 is a unity gain anplifier. This signal 40 is
fed to the negative input 16 of the power anplifier X2 which anplifies and
inverts thBFH%{szESG PIION rQFi'ﬁH@PtQBAI\MI Si gnal 42 as also 25 shown in
FIG 2. Due to the relatively large gain (in the order of 10 tinmes for a
typical audio anplifier), sone errors will be introduced to the output

si gnal , 2 k ApR zooz a but which may or may not be easily observable. In
ei t her case (whEtGet is abdlankrdiagiasn diustrating|tbe qrefested entbodimentot the rcuit' s
ability to cancel the error signal is unaffected. Since the output 4 of X2
is an isveptesént amydifief cirbgit.out put 2 of X1, a mix of the two signals wll
essentially cancel each other out 5 leaving only the error signal. However,
since the anpli FIEe2 i atsaenphs iogtputisignals for amplificesXd andyXal . the out put 2
fromXl, will be nuch snmaller than the anplified signal fromthe output 4
of X2, the anpl FIGLA%S iStife ROSuTEhdG d66latid eridp|sigrse! s mikih Qhér&ﬂFUt val ues
for the resistors RL and R2. For exanple, given a gain of 10 for the power
anmpl i fier ganalshsf pREULS 10 for Rl and R2 can be selected as 1 Chm and 9
Ohns, respectively. Wth the proper values for RL and R2 chosen, the m x of
t he two out put sgd i i yale' b jrcuit
in FIG 1. A sam'gé??o?g?ée ﬂ?ﬁ:gﬁc@[agﬁglsﬁg@?ggﬁlp ?ﬁﬂé%ram’ merx% of the

referqr&:e éb%é&eﬁ%r%@ﬁlﬂéﬁ{kﬁ'ﬁi n signal 42 is shown in FIG 3a. 15 The

i solated error signal en 0 the positive input 17 of the
o Vet 09 I o KRSk AN PRl et B R o bl e R SRl e
por tant FOMCE- L Shet e b SERa! iRttt L oBH e hangleal i 1

be used to 20 c el .out the,error_signal,_framthe nmain si | . .Henge, the
error suspensi OER%.”%,llﬁjptrgie%eisgmﬂg&gqr@l%ﬁ{)ﬁ]ef\{pr{qug Pg'staaQﬁ"ee?'FW' si gnal
to match the error signal fromthe output 4 of X2. This.anplified |solated
error oi gridf, & Gitiation: yhese B8, clste@onhgueiignine. ammitcAEANT BipdesS: I
termnal 13) the "floating termnal") of the speaker 14. A sanple

er r or -1@anckeaweney tiatedss resulting 25 fromthe anplification of the
isolated error signal 44 is shown in FIG 3h. Note that signals 42 and 44
have substanti aF|CgSi §anbbcandshrpciudg o sletailad: schematigreirguitodiagsant ¢ r ue
that sonme distortion will be introduced during the anplification process in
the error $ustsating oneavgy pf ineplexentingitbe presemdnyeifiangi bl e because

20 DETAILED DESCRIPTION OF THE INVENTION

Generally, the present invention employing the floating error-
cancellation technique eradicates errors and other imperfections in the
signal such as THD and other distortions, offsets, etc., by having a circuit

25  which cancels out the errors and the imperfections at the speaker load. This

is accomplished partly by ‘floating’ the speaker terminal which is connected



the isolated error signal 44 is relatively small. The anplified signal from
the power anplifier X2 is fed to the termnal 5 12 of the speaker. Although
this signal carries with it the error, it is offset or canceled apty t he
term nal because terminal 13 will carry the errorcanceling signal 44, and
therefore, a potential substantially idgntical to the error potential found
inthe main signal. Wiile it is true that the errorcanceling signal 44 wll
not be conpletely identical to the error si gi_nal found 10 in the main signal
(as menti ote@ sigdalegrounddinger iconyertional anaglitieyidasigrisor Henaeoinsteash oés.
Hence, the potential difference between termnals 12 and 13 wll yield an
out put si ghavingsthehustal grqunsh potendishl thes flopting i spesikepdedninahihas theut t he
error, as showmn in FIG 3C Although here it was shown that the signal

i nver si on Versorl potantimitp Mihitte dedsentially mencefsovastt thepkirbr eat, thehispleaker t he
preferred nethod, it should be clear that the signal inversion may be
acconpl i shéernipakh di fferent anplifier, e.g., the reference anplifier. O
course, the circuit would still need to provide a neans for providing a
non-i nvgrted relMorenspesifically, . referencey ist enadehitevEIG. hit swhizhbys = bk

provi di ng another reference anplifier. O course, 20 a nunber of other

vari at i ons dpitftaie litistratieg AR PréfetredT@@mbpHRAG ofcthegstebentin¥Bhion.0 Agncel
out various types of errors or distortions. Wile the above exanpl e showed

a case whetgnlde sebhdh teddRgtar! fiieh aMplfisialeRnrpefonhiity 8 siadrats he

present circuit can correct, for instance, frequency-related errors as

1. F f ' j Bh{alii i '
we or m%rﬁtdﬁfi t‘ﬂie buftr é@()e?é?gﬁé? iah?éllflér XePHESRM %rﬁaf":?l'g?l%gm ng

signal to e out put np er X1. For exanp

amplified %hgigi?\br %i}ﬁturﬁl&eopﬁe%?tUrﬂg’gbgmmﬁi%ﬂéfm{] LR %9%510

shows an inperfect frequéncy respon “Treguencl es.
nave 0% REUMRE A8 RV EleE rafbrdfite Sidndl 19 BB ey, Bofg reembf il ey
Y2105, 30 SR R o S SR 7 ) P P SR e
shal | be. probPUEleRFe, Adoviosd 0 RQHR ARPUN: haiuo signd afne 11 2 ¢
XL poi nt SOk SUShPRIAN eelliE: S Sths Ao RYEIY pOWer aMlfesvaged " ana
R2 can be set as follows:, . Qv X2 R2 GvX ere, G- xi s the voltage
gai n of X1TKdiog-tscho iaénﬁlﬁﬁ%ﬁl_'ﬁaljéeﬁaﬁﬂ% S'ﬂﬁ\gl[faa”d 1o prowdge tne error
15 potential to the speaker terminal so that the error can be canceled out at the
speaker terminal.
Referring further to FIG. 1, the audio signal to be amplified is
represented by V1, 15, which is connected to the input of amplifier X1 at the
point 1 and to the ground. The negative input 7 of amplifier X1 is connected
20 to the ground via resistor R3. The amplifier X1 outputs a reference signal at
point 2 which is fed back to the negative input 7 at point 8 providing a
negative feedback topology. Because X1 is a reference amplifier, no
amplification occurs. The signal at the output 2 is pristine and the output
impedance is low.

25 Still referring to FIG. 1, the reference signal at the output 2 of amplifier

X1 is essentially the same as the signal V1, which is the signal to be



If G-X1 is set to 1, thenit follows that ( 1 ) Rl= R~ G X2. 20 The
signal at point 5is fed to the positive input 17 of X3, where the voltage
‘gain of X3, G X3, follows the following formula: Rl1 + R2 25 (2) GvX3= R2
Now t he out put of X2, point 4, and the output of X3, point 62 hrmncwect ed
to the speaker termnals. Assunme now that the original signal, V1, fromthe
2 4 APR 2002 11 buffer anmplifier X1 is V1 = f(t). The output signal, V2, at

t he out put_2 1-is then V2 = f(t).sinc .S a small.si | amplifier
Tty BRMedindhg seidiEncd sianalis pghes Sad e e Bebaive bRy Bt o « ne
out put signal,.. i ng.the for a I ven, above, the signal, V4, at the
out put 4 qu%fled’N?@,@?glqgmr@g,@ r%.aihg&qw:lnguhgpf&pkgds fiediga, o+ f
(2t) + b* f (3t) &+ c* f t)+. ... +y* (zt) + do offset + noise 10 where
a* f (2t) grogndf The: 9utPU£ﬁ O}ﬂmmpﬁ@r&? is gopnegtsck i Hies owtputgrefcthe
di stortions Fﬁ‘x sinplicity) the slgurious sif?na!s after the GvX2* f (t) term
can be gr AIpRUfieing1cun e resisters Ry and R2oefiestingan mixrat the seepaddiveul a can
be 15 rewitten as }3) v4=-CQvX2* f(t)+error 20 By using the well-known
Super p8si tQWRUPBIghEISH RE Poimteb.siTheapulput gophX2swhigh caeieshthe empdifiedt ed as
the following: (4) VS = V2* Rl + V4* R2 RI+R2 R1+R2 25 Substituting (1) and
(3) into (inyege@imagin signal iml fedfto thg loadin this oase & §poakerent pointR2,R1 + R2
R + R R* G X2 f (t) - RR* Ov X2* f (t) R2 - + error* 30 RL+R2 RI1+R2
2 ~ APR 20&Jichi?s Rpe-ofdne two teimimals for the speaker 14. Note that the output 4
of X2 does not feed back to the negative input 16 of X2, Hence, negative
feedback topology is not used in the main power amplifier X2.
10 The mix of the output of amplifiers X1, the reference signal, and the
output of amplifiers X2, the inverted main signal, at point 5 yields isolated
error signal which is fed to the positive input 17 of the error suspension
amplifier X3, 30. The negative input 11 of X3 is tied to a ground. The output
6 of the amplifier X3 is connected to the second terminal 13 of the speaker
15 14 to provide the error-canceling signal.
Now through the use of the graphs presented in FIGS. 2 through 4,
the process by which the circuit described above cancels the error in the
amplified signal will be described in greater detail. For illustration purposes,
the sample signals used in FIGS. 2 and 3 will be a simple sinusoidal wave.
20 FIG. 2 shows a simple sinusoidal wave 40 representing the audio
signal V1, and which also represents the reference signal, the output from
the amplifier X1 of the circuit from FIG. 1, since X1 is a unity gain amplifier.
This signal 40 is fed to the negative input 16 of the power amplifier X2 which
amplifies and inverts the signal to yield the inverted main signal 42 as also
25 shown in FIG. 2. Due to the relatively large gain (in the order of 10 times for

a typical audio amplifier), some errors will be introduced to the output signal,



The signal at point 6, V6, is given by the followwng: 5 (5 V6 =error* R2
* G X3 Rl + R2 Substituting (2) into (5) yields, 10 V6 = error* R2 * R
+ R2 RL + R2 R2 = error 15 The signal applied across the speakery tA@F '@f{l
I-s then given by the followng: |load = signal at point 4 - signal a n%? nt
6 =V4-V6 -- GvX2* f(t)+error-error 20 -g GvX2* f (t) Therefore, the
termnals at the speaker carries a signal proportional to the original
signal V1 without, any error ! The advant ages,of th resen lifjer
circuit ar\gl&%&&‘éﬁm t?f,mﬁlﬂé‘é’rtugg %SﬁNIQQSP&ay%d"HPE'P%??%iwﬁ%eértb%rs, and
good anplifier .25 characteristjcs. Because.the current circuit does not
utilize NF@er'SFRR/WV%mﬁI Pk Peht Pr?ﬁ’r"éﬁr@ﬁ%ﬁﬁoﬁéwﬁ’ai&ﬁ?f‘?érﬂ?n&"toﬁe error
suspension anplifier may be solid state aor tybe anplifiers, without unduly
af fecting SHIN3)ds unaffapted. Pincsqtie; p¥Rut 6r@s)2£t'stﬁnr Kyertedsimage: of dh@r oduce
qual ity sound 2 4 APR 2002 13 simlar to that found in tube anplifiers

wi t hout sa®utRutd abXina mykf the twe signals will essendially\raneel; eactnethies autear

that the above description is sufficient for any one of ordinary skilled in
t he artS5t o leauMirg gnly theceraresignak elowenee sinasntheaarpplitedaiafdae original or
schematic is provided in FIGS. 5a, 5b, and 5c as a way of show ng one of

t he many wiye refecemgee: signal,i theenuipod 2 fromb X1, mill dree muaih. siadler ttihan thée | nes
marked "a", "b", and "c" in FIG 5a connect to their respective lines in

FI GS. 5b amnhgifiedasighahfroim the cetpkibd 6fdX2,i theFaraplitides areendrmadlizednby mar ked
the sanme in FIG 5c. Cearly, this figure is provided 10 here for

i | ustrati gimplyrqatectingothbypropedvalsesdor thetresidtars Rl AhdiR2.t he scope of the
present invention to this particular inplenentation. The present invention

may be enbodi ed For exahmple sgieen & gaih @f 1 for tHeopdweeamplifieyaX2 e ydlaespi rit
or essential characteristics thereof. The presently discl osed enbodi nents
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proper values for R1 and R2 chosen, the mix of the two outputs yields an
isolated error signal at point 5 in the circuit in FIG. 1. A sample isolated error
signal 44 resulting from the mix of the reference signal 40 and inverted main
signal 42 is shown in FIG. 3a.

15 The isolated error signal is then fed to the positive input 17 of the
non-inverting error suspension amplifier 30. Due to the amplitude
normalization process, the isolated error signal will not have the same
amplitude as the error in the amplified signal at the output 4. It is important
to set the amplitude the same as the isolated error signal will be used to

20 cancel out the error signal from the main signal. Hence, the error
suspension amplifier X3 is used to amplify the isolated error signal to match
the error signal from the output 4 of X2. This amplified isolated error signal,
or simply “error-canceling signal”, is then fed to the terminal 13, the “floating
terminal”, of the speaker 14. A sample error-canceling signal 46 resulting

25 from the ampilification of the isolated error signal 44 is shown in FiG. 3b.

Note that signals 42 and 44 have substantially identical shape. Although it



i ndi cated by the appended clains and all changes which come within the
nmeani ng and range of equivalency of the clains are, therefore, to be
enbraced therein. 2 ; r~rz Zooz 14 CLAIMS | Caim 1 1. An audio
amplifier circuit conmprising: 2 a reference anplifier for recelviPRg208h

A ncom ng signal and outputting 3 a refegence signal substantially identical
to said incomng signal; 4 an inverting main anplifier connected to said
ref erence anpl ifierZ) 5 said main anplifier inverting and anplifying said
reference 4% g thabmome fistorliane vl clae ainpodprced dwing dhguemplificalionnver t ed
main signal; 7 a nmeans for normalizing said reference signal and said

i nverted mirace@sssinghgl errgr suspeasionfanplifieli Xy thisi willteg nepligible berevsace
signal and said 10 inverted main signal and outputting an isolated error

si gnal ; andha isclategherer sigopled#d isorelatively sin@ll. f or recei vi ng and anplifying
said 12 isolated error signal and outputting an error-canceling signal; 13
wher ei n sai d er ridre amplitied signal tromi thespaee amplifien X2 infed ter thiertermafala 14

| oad and said inverted main signal is delivered to a second term nal of

sai d 155] od@ efutbe speakeanplthough this signiall caries withrinthe srrogritisl eftsedr by
said 16 anplified error-canceling signal. 1 2. The audio anplifier circuit

as recitedcancéleal out aththeeiterminall Hezadsestarninalpadkaill card. tHéeeraodi 0
anplifier circuit as recited in daim1l wherein said neans 2 for

nor mal i zi ngapestg Signa 445 taref theesford, d potehtieisubstantiatly idératicalds dhe
anplifier circuit as recited in Claim1l1 wherein said neans 2 for m xing

conpri ses graft pSentiah f&ired ﬁn!tﬁesﬁfair?%%gnal.z WIRRI2180Fud Sthht The lélFoUdi O
anplifier circuit as recited in Caim3 wherein said nmeans 2 for m xi ng

faf 3451l ot I é&ﬁbn%&ly%tfc%! t¢ ﬂ%&e%aggﬁérrfoépai xi ng.
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1 6. The audio ar’%l igfnl er circuit as recited iIn aim 1l wherein at | east one
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Although here it was shown that the signal inversion was
15 accomplished by the main power amplifier, which is the preferred method, it
should be clear that the signal inversion may be accomplished by a different
amplifier, e.g., the reference amplifier. Of course, the circuit would still need
to provide a means for providing a non-inverted reference signal. One way
to achieve this is by simply providing another reference amplifier. Of course,
20 a number of other variations and means are possible.
The present circuit is able to cancel out various types of errors or
distortions. While the above example showed a case where the error did
not affect the frequency of the signal, the present circuit can correct, for
instance, frequency-related etrors as well. For example, the flat line 50 in

25 FIG. 4 represents the incoming signal to be amplified, the output of amplifier

X1. For example, the amplified signal 52 at the output 4 of amplifier X2



6 m xing said nornmalized reference signal and said normalized 7 inverted
main signal to yield an isolated error signal; 8 normalizing said isolated
error signal to yield an error-canceling 9 signal; and 10 proyigdi pg i d
inverted main signal to a first term?m of a load; and 11 provi él ng said
error-canceling signal to a second terMinal of a |oad, 12 such that any
error in the inverted main signal is canceled out by said 13

er r or - cansfdws @rs irgpeifectlfréqudiney mespmbeast teeihigher dregjuanocies. witdreei n sai d
|l oad is a speaker. 1 10. A nethod of anplifying an audi o signal wthout
errors corgsultkignigolRedrarvordsiggalab4 eingr emopcangslialg si?hat 86} tials, )haagual to
sai d audi o signal; 2 4 APR 2002 16 3456 7 89 10 11 12 13 1 providing
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inverted formof said reference signal; anplifying said reference signal to

yi el d a ngherrdfd signar ibugs89 said inverted reference signal and said
mai n signal; mxing Said normalized inverted reference signal and said
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(1) Rl=R2*G, X2.
20
The signal at point 5 is fed to the positive input 17 of X3, where the voltage
gain of X3, Gy X3, follows the following formula:
R1+R2
25 (2 GyX3=
(2 v R2

Now the output of X2, point 4, and the output of X3, point 6, are connected to

the speaker terminals. Assume now that the original signal, V1, from the



JWhJJJHKmLLL6EMVMNCNNN} xsni d_Zca] c”] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV] caV] ca] caV] ca] ca] caV] ca

" NNNNNNPPS0oSS+T8T; TOWZZ! 7/ Z;

Z=7Z] MNcNNN} xsni d_Zca] c”] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c] Zalj éaﬁ*c%g? ca] ca]
.ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]l ca] cal qa] ca] c aUl c

a: S abeF&$10%Z& ()-M %0%& ()-"10%Z& (

vigﬁi () bhiteBRelter 35 Sl 3?5&3%9@%@%9\%%%&%% 268 %bis,.

18(;,}2 g‘ 8 “}e%llg% é)s r@ial%g)d'%&(#‘)‘a'gsl‘%og @”%é"fg{ #@f’gg‘gd%\( \?9 6)? dEYNC
MLO% & () 0% & ( S, 10% & "109% & S 10% F'10% &

SAEVNG & T 8192105110 2oefimet tag g 18 o aiias i @nad SWonsidg ) - |

"10% & ~bC109B& 09 S %3& -$° 1098 10/ 10/ 10/:S
10% &' (§) % &%%Wes fg%':?(&’gms}' ‘bo/ﬁ& Out (éf)x? QRVERL () -

1098& X4~dEb UB&
y ()re(presente as }oqlows O-

Vi== Gy X2* f(t)+a* f(2t)+ b* f(3t) + c* f(41)+....
+y* f(zt) + dc offset + noise

10 where a* f(2t) + b* f(3t) + c* f(41) + y* f(z21)
represents harmonic distortions
For simplicity, the spurious signals after the G, X2* f(¢) term can be

grouped and called “error” or “error signal”. The above formula can be

15 rewritten as

(3) V4=- G, X2% f(t) + error

20 By using the well-known Superposition Principle, the signal at point 5, V5,

can be represented as the following:

R1 + Va4 R2

(4) V5=V2«*
R1+R2 R1+R2

25  Substituting (1) and (3) into (4) yields,

RI*f(1)-R2*Gy X2+ (1) . R2
R1+R2 Ri+R2

V5=

- R2%Gy X2% f(1) — R2+ Gy X2+ f(1) + errork ————
30 R1+R2 Rl+R2
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R1+R2

The signal at point 6, V6, is given by the following:

R2
5 V6 =error+ *Gy X3
®) ot TR OV
Substituting (2) into (5) yields,
V6 = error# R2 * Ri+R2
+ R2 R2
= error

The signal applied across the speaker terminal is then given by the

following:
S s = Signal at point 4 - signal at point 6
=V4-V6

=- GyX2* f(t) + error — error

=- Gy X2* f(t)

Therefore, the terminals at the speaker carries a signal proportional to the
original signal V1 without any error |

The advantages of the present amplifier circuit are versatility,
absence of NFB related distortions and errors, and good amplifier
characteristics. Because the current circuit does not utilize NFB for power
amplification, the main power amplifier and the error suspension amplifier
may be solid state or tube amplifiers without unduly affecting the

performance. In addition, present circuit is able to produce quality sound
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one of ordinary skilled in the art to make and use the present invention, a
5 detailed circuit schematic is provided in FIGS. 5a, 5b, and 5¢c as a way of
showing one of the many ways the present invention can be implemented.
Note that the lines marked “a”, “b”", and “c” in FIG. 5a connect to their
respective lines in FIGS. 5b and 5c, and the line marked “d” in FIG. 5b
connects to one marked the same in FIG. 5¢. Clearly, this figure is provided
10 here for illustration purposes only, and is not intended to limit the scope of
the present invention to this particular implementation.

The present invention may be embodied in other specific forms
without departing from the spirit or essential characteristics thereof. The
presently disclosed embodiments are, therefore, to be considered in all

15 respects as illustrative and not restrictive, the scope of the invention being
indicated by the appended claims and all changes which come within the
meaning and range of equivalency of the claims are, therefore, to be

embraced therein.
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1 1. An audio amplifier circuit comprising:
2 a reference ampilifier for receiving an incoming signal and outputting
3 a reference signal substantially identical to said incoming signal;
4 an inverting main amplifier connected to said reference amplifier,
5 said main amplifier inverting and amplifying said reference signal from said
6 reference amplifier and outputting an inverted main signal;
7 a means for normalizing said reference signal and said inverted main
8 signal;
9 a means for mixing said normalized reference signal and said
10 inverted main signal and outputting an isolated error signal; and
11 an error suspension amplifier for receiving and amplifying said
12 isolated error signal and outputting an error-canceling signal;
13 wherein said error-canceling signal is delivered to one terminal of a
14 load and said inverted main signal is delivered to a second terminal of said
15 load such that any error in said main signal is canceled out by said
16 amplified error-canceling signal.
1 2 The audio amplifier circuit as recited in Claim 1 wherein said load is a
2 speaker.
1 3. The audio amplifier circuit as recited in Claim 1 wherein said means

2 for normalizing comprises a set of resistors in series.
1 4. The audio amplifier circuit as recited in Claim 1 wherein said means

2 for mixing comprises a set of resistors in series.
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2 for mixing comprises the set of resistors in series used for said means for

3 mixing.
1 6. The audio amplifier circuit as recited in Claim 1 wherein at least one
2 of said reference amplifier, main power amplifier, or error suspension
3 ampilifier is a tube amplifier.
1 7. The audio amplifier circuit as recited in Claim 1 wherein at least one
2 of said reference amplifier, main power amplifier, or error suspension
3 amplifier is solid-state amplifier.
1 8. A method of amplifying an audio signal without errors comprising:
2 providing a reference signal substantially equal to said audio signal;
3 amplifying and inverting said reference signal to yield inverted main
4 signal;
5 normalizing said reference signal and said inverted main signal;
6 mixing said normalized reference signal and said normalized
7 inverted main signal to yield an isolated error signal;
8 normalizing said isolated error signal to yield an error-canceling
9 signal; and
10 providing said inverted main signal to a first terminal of a load; and
11 providing said error-canceling signal to a second terminal of a load,
12 such that any error in the inverted main signal is canceled out by said
13 error-canceling signal.
1 9. The method as recited in claim 8 wherein said load is a speaker.

1 10. A method of amplifying an audio signal without errors comprising:

2 providing a reference signal substantially equal to said audio signal,
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10 providing said main signal to a first terminal of a load; and
11 providing said error-canceling signal to a second terminal of a load,
12 such that any error in the main signal is canceled out by said error-

183 canceling signal.

1 11. The method as recited in claim 10 wherein said load is a speaker.



