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> 1ON°  The present invention rel ates general to.th | Aed .
arrpl ifiers, and nore particularly to a high-fi d%z_r q% QCeI i ng,

audi o anplifier circuit. 10 BACKGROUND CF THE | NVI IO\I Any nusi'c | over or
sound engi neer can appreciate the inportance of havi nggeg ﬁ d| o]
anplifier in any high-fidelity stereo s§/stem A good

typi cally has good physical characteristics, i.e., good frequency response,

low di stortion, etc. and/AMPUSFIER' CIBOUWITS EMPLOVINGY./ Having good

physi cal characteristi CRLOATMNG .ERRORNCANCEEIATION/! ead to producing
sound of good quality. Wile sound quality is not as edsily nmneasurable or

guantifiable like the physical characteristics, it is a well 20 known fact
that an anplifier with good physical characteristics still rrammnot yield
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teristics.
The reasons for this phenonenon and the solutions for itsisowever, are not
fully understood at this point. See, e.g., U S. Patent No. 4,809, 336 and
US 25 Patent No. 5,467,400. There are different types of high-fidelity
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differentiated as ving elt
more particularly to a high-fidelity, error-canceling, audio amplifier circuit.
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BACKGROUND OF THE INVENTION

Any music lover or sound engineer can appreciate the importance of
having a good audio amplifier in any high-fidelity stereo system. A good
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
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M?cuumtubes or solid state devices such as transistors. For the

~transistor- based anplifiers, many of them enploy an overall
negati ve-f eedback (NFB) topology which is a well known schenme to those
skilled in the art. Each of these types has advantages and di sadvant ages.
For instance, it is 5 generally known that the transistor-based anplifiers
enpl oyi ng NFB t opol ogy have good physi €al characteristics when conpared to
t he vacuum tube transistors. Sone expensive vacuum tube anplifiers have
much wor se vdoouad tubesnomsslidd state deviess (sUidR) asitrdnsistore Wi or fthie gragBizYor- ange,
for exanple. On the other hand, many people believe that the vacuum tube
anplifiers tsdddd arhplifier] mahylfthem anploy v aléetall: ndgdtiviefebiibagiotRFB) t he
wel | - desi gned transi stor- based anplifiers which do not enploy the NFB

t opol ogy hagpokeRich 18 ¥sweRlknohar aefiéthb Ibithsse BKilledrin théidd. Eaghed as
produci ng higher quality sounds. Wiile it would be easy to point to the
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and nature of sound degradation™ are still not y under st ood. And
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On the other hand, many people believe that the vacuum tube amplifiers still

10  deliver better sound quality. Similarly, some of the well-designed transistor-
based amplifiers which do not employ the NFB topology have poorer
physical characteristics, but are still touted as producing higher quality
sounds.

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 generally

overcome the shortcomings stated above and in particular to provide an



|fier circuit which yields both good physical characteristics and good
sound quality. It is another object of the present invention to provide an
anplifier circuit which can utilize either vacuumtube or solid state
transistors without 5 unduly affecting performnce. SUWARY OF THE
I'NVENTI ON 10 The present invention enploying the floating
error-cancel lation technique eradicated errors and other inperfections in
the signal such as THD and other distortions, offsets, etc., by having a

ci rcuit whigrhpkfgrceifcuiowhicht hieldy betrs gaod ;brliyfsmamﬂfa‘r@@tten@m ahdtgwo@peaker
| oad. This is accorrpl ished partly by "floating' the speaker term nal which

i s connect egbund gudlitgnal 15 ground under conventional anplifier designs.
The preferred enbodi ment of the present invention utilizes three

anplifiers, buffiefs aABihar RB)ESL ofaih‘é Brdseht m&w PpasWded fanchmmplifise buf fer
or reference anplifier X1 is a small signal anplifier with unity or near

unity gai rblrc-ﬁhﬁvvﬁf&h %aﬁ%%é%“lh@? vh&ﬂn’ﬁ%ﬁéroraémih' Sty trhﬁsnél‘éré)wmo@? a
reference 20 signal to be used to isolate the error signal. The main power

anplifier Xhdily a cﬂl bitbifameyrer anplifier w thout NFB, and whose nmain
function is lﬁyp ﬁ? E 1o signal. The error suspension amplifier X3 is

a non- inverting pomer anpllfler whose function is anplify the isol ated
error signal and to provide the error potential to the speaker term nal so
that the error 25 can be canceled out at the speaker termnal. 4 The
reference anplifier provides a reference signal which is substantially

| denti cal té’uWAH\FO&”Gﬂi’é‘diWEN%N The reference signal is

10 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 which cancels out
the errors and the imperfections at the speaker load. This is accomplished
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.



fed to the negative input of the power anplifier which amplifies and
inverts 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), some errors will be introduced in the output. Since the output
of X2 is an inverted image of the output of X1, a mx of the two signals
wi Il essentially cancel each other out 4leaving only the error signal.
However, since the anplitude of the original or the reference signal, the

output from X1, Tid | reféremuéh adipiifieer pidvided e idfershidlel fdigealisivamigh fisom the

out put of X2, the anplitudes are nornmalized by sinply selecting the proper

val ues for JumetdrRill§idemiddl ta b Réomihg audiR) sighel. eTherrefdrenéd sighdl lien fed
to the positive input of the non- inverting error suspension anplifier. Due

to the arrplfb&ttd&h@we@ghbéaﬁwnof tRE QST ahbﬁfiérsﬂh%_egn@gﬁég aﬁ'ti?ﬁ@értw'h” not
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the reference signal, the output from X1, will be much smaller than the

10 amplified signal from the output of X2, the amplitudes are normalized by

simply selecting the proper values for the resistors R1 and R2.

The isolated error signal is then fed to the positive input of the non-
inverting error suspension amplifier. Due to the amplitude normalization
process, the isolated error signal will not have the same amplitude as the

15 error in the amplified signal at the output of X2. Hence, the error suspension
amplifier X3 is used to amplify the isolated error signal to match the error
signal from the output of X2. This amplified isolated error signal, or simply
“error-canceling signal”, is then fed to a terminal, the “floating terminal”, of a
speaker and the amplified signal from the power amplifier X2 is fed to the

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



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 frommxing the
output signals of FIG 2. FIG 3b is a the error-cancellation signal
resulting fromanplifying the 10 isolated error signal fromFI G 3a. FIG
3c is the resulting output signal at the |oad by feeding the signal from
FIG 3b and the main signal fromthe anplifier X2 to the |oad term nals.
FIG 4 illustrates the sanple signals at the various points of the circuit
for a situation where the distortion during the anplification process is

15 frequen@BRIEF DESCRIEBON 20 ITHENDRAWINGSIde a detail ed schematic
circuit diagram illustrating one way of inplenenting the present

i nvention. 20 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Ceneral |y, the present
i nvention enploying the floating error- cancell ation technique eradicates
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signals of FIG. 2.

FIG. 3b is a the error-cancellation signal resulting from amplifying the
10 isolated error signal from FIG. 3a.

FIG. 3c is the resulting output signal at the load by feeding the signal

from FIG. 3b and the main signal from the amplifier X2 to the load terminals.
FIG. 4 illustrates the sample signals at the various points of the circuit
for a situation where the distortion during the amplification process is
15 frequency related.
FIGS. 5a, 5b, and 5c¢ include a detailed schematic circuit diagram

illustrating one way of implementing the present invention.

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



5 More specifically, reference is nmade to FIG 1 which is a block diagram
I.llustrating the preferred enbodi nent of the present invention. As can be
seen in the diagram three anplifiers each performng a separate function
are used. The buffer or reference anmplifier X1, 10, is a small signal
anplifier with unity or near unity gain. The main function of the buffer 10
anplifier 10 is to provide a reference 8ignal to be used to isolate the
error signal. The main power anplifier X2, 20, is an inverting power

amplifier twid bigntl gRRINYAFhdertbnvBABENATRAMplifistcdddignd. s Humeb| fnstéde ohudi o
signal. The error suspension anplifier X3, 30, is a non-inverting power

anplifier W&y the'euaPYrédnd pAsmidlf Yhd h@aiiﬁ?'@ééﬁke‘?rtbﬂhirﬁlm tleed to
provide the error 15 potential to the speaker fermnal so that the error

can be canoglgfl itbntdl Wiich SEerially SR - ourefy ke étutﬁeh%rpeﬁl‘k_el:' G 1,

the audio signal to be anplified is “"represented by V1, 15, which is

connected @ hipgli nput of anplifier X1 at the point 1 and to the ground.
The negative 1nput 7 of anplifier X1 is connected 20 to the ground via

resi st OEaRB' Thmafso'sgbbmeaﬂsl, PéfEFB#cgt ﬁ’sprrﬁfa&é 3C IS g”%’hicﬂ is PRIl Whi ch

s fed ck to e negative 1 nput olnt 8 providing a negative
ocour s, ThaIB9 R IEREFHA S prkferthd ERBIEERTECBEIS pRsenl puchlBh; ASSL 2" ¢
anpl i 11 er D P& el RO dpfhn anieeaBIRERCBERT PRl Sl o7 gna
| nput 16 of URRST ST of Necpungpor (ATerae Halfer o B RSB PRTRL | hput
9 of the X2ar}18|if¥ére\9vitf10w%ty or near unity gain. The main function of the buffer
10 amplifier 10 is to provide a reference signal to be used to isolate the error
signal. The main power amplifier X2, 20, is an inverting power amplifier
without the NFB, and whose main function is amplify the audio signal. The
error suspension amplifier X3, 30, is a non-inverting power amplifier whose
function is to amplify the isolated error signal and to provide the 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



ground. The output 4 of the anplifier X2 is connected to the output 2 of
the anplifier X1 via the resistors RL and R2 effecting a mx of the
respective 5 output signals at point 5 The output 4 of X2 which carries
the anplified inverted main signal is fed to the load, in this case a
speaker, at point 12, which is one of the two tern1na|s for the speaker
14. Note that the output 4 of X2 does fhot feed back to the negative input
16 of X2. Hence, negative feedback topology is not used in the nain power

anplifier @nﬂﬁf%dTHEhéﬁeﬁeﬁéndehﬁ gRaltiptHerie, fadtd featisgatiVe ibpet T@betgmCe
signal, and t output of anplifiers X2, the inverted main signal, at

point 5 vyi edrAplifiet {28 12ed viatthe Qb sistdl RY. vhe@bsitusefr%httgaottth@ Xoisitiddv® 4 nput 17
of the error suspension anplifier X3, 30. The negative input 11 of X3 is

tied to a greund. ThBOUBGtUBE the &hplif ROMS icbhAECtEd tothe VISR 2@ tige t he
second termnal 13 of the speaker 15 14 to provide the error-canceling
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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 16 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,



but which may or may not be easily observable. In either case (whether the
error is observable or not), the present circuit's ability to cancel the
error signal is unaffected. Since the output 4 of X2 is an inverted image
of the output 2 of X1, a mx of the two signals will essentially cancel
each other out 5 IeaV|ng only the error _signal. However, since the
anplitude of the original or the ref er@nce signal, the output 2 from X1
will be much smaller than the anplified signal from the out put 4 of X2,
the anpl it usldswhicle may ormayeatbt e essilywbsesalbdet imgithdvecase pehethar dies f or
the resistors RL and R2. For exanple, given a gain of 10 for the power

ampl i fier >éror Reobsdvable &P nbt)l ti paeskriRcicait shabiigl &scadcelsthe ererand 9
Ohns, respectively. Wth the proper values for RL and R2 chosen, the m X

of the two Q?ﬁélu‘saméf@ctbﬁ aBindeStedd@Pub ur 6fr X3iignal irvertedi iMade ioh thée
circuit in G 1. A sanple isolated error signal 44 resulting fromthe

m x of the gigpar 2e¢X1SadARl of4he 2R i mﬂeéﬁﬁrﬂlall?bgﬁ@él ¢eZh StheP@uR i n
FIG 3a. 15 The isolated error signal is then o the positive input 17

of the s5nNONshAKEIIHINhEEFBF siHHAPCABWRVeA B dd tr@araemu@é%fttﬁe ORgir@leyi t ude
normal i zati on process, the isolated error signal wll not have™the same
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i nportant to set itude the sane as’'the 1solated error signal wll
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to mitch tief LObomid Rl piopgmalnss?wmtreé.s?& aflfip anpl i 1 ed i sol ated

error signa Or - cance €n fed to the
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I sol at q% SoP R ﬁb c%% t')éS se Q&‘% e;sn1 'ah% a‘?"ng ‘9 Ohms, respectively. With the
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 siénal 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 amplification of the isolated error signal 44 is shown in FIG. 3b.

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



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

9 is true that sonme distortion will be introduced during the anplification
process in the error suspension anplifier X3, this will be negligible
because the isolated error signal 44 is relatively small. The anplified

signal fromthe power anplifier X2 is fed to the termnal 5 12 of the
speaker. Although this signal carries wbth it the error, it is offset or
cancel ed out at the term nal because termnal 13 will carry the error-

cancel i ng skofaé that somte tdistordai avill ab@oinedlused Sdligtheakimplifidandn cal to
the error potential found in the main signal. Wiile 1t is true that the

error- cangsbt8ss i $iedérrédsydpensiodt arpliffs s, ehrl willl b‘tﬁﬂbbﬁ?iblé ®cthaserror
signal found 10 in the main signal (as nmentioned above), the difference is

negl i gi bl e fharisoldated grrgﬁi@ﬁgpi@; idRIaRiely Bmanot enti al difference between

termnals 12 and 13 w yi el d an output signal 48 which is proportional

to the signal pofl%‘ﬁhﬂilifieWsId?ﬁWrohhﬂle%d\&éﬁ aplifdIoNg id féd"_tblqheat@(rjmmatl hough

here it was shown that the signal 1 nversion was 15 acconplished by the
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10 in the main signal (as mentioned above), the difference is negligible for
audio purposes. Hence, the potential difference between terminals 12 and
13 will yield an output signal 48 which is proportional to the signal potential
without the error, as shown in FIG. 3C.
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 errors 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



i nstance, frequency-related errors as well. For exanple, the flat line 50
in 25 FIG 4 represents the incomng signal to be anplified, the output of
anplifier Xl. For exanple, the anplified signal 52 at the output 4 of
anplifier X2 10 shows an inperfect frequency response at the higher
frequencies. The resulting isolated error signal 54 and error-canceling
signal 56, thus, have the shape as sholh in the figure. The result at the
term nal, however, yields an error-free signal output 58. 5 Although the
descri pti orshgwseanabpaafact fraduency erdspbnse oatethef higher nfséquersdied.| ethén t he
art to make and use the present invention, a nore formal description of
the princi peealtingiibblaest ehek Isigral lﬂmdhd@ird”r&faﬂcéllﬂg sagrnmxsayfthuarnw@li ng
further details. As explained above, the output signal of X2, point 4, and

out put 10 trb@PApe Qs Qﬁbwrpmmbf%uréifﬂ’h@ré%itbhmhnlﬁhla'ﬁtiilwéi?era idd@s nt 5.
The val ues of and R2 can be set as follows: R1 Gy X2 X1 where

G is the Vé;{éﬁ,ggfrgglsrbr;mo&p g GVX2 is the voltage gain of X2 15 If GvX1
is set to 1, thenit follows that (1) Rl= R2*GuX2. 20 The signal at point

Sis fed to the oy thﬁe' awé&.paancawé@abmsn@ sufiRiefR!ibP8Re dIrdindy X3, O/
X3, follows the follow ng formula
skilled in the art to make and use the present invention, a more formal
description of the principles utilized shall be provided herein as a way of
providing further details.
As explained above, the output signal of X2, point 4, and output
10  signal of X1, point 2, are mixed through R1 and R2 at point 5. The values of
R1 and R2 can be set as follows:

Rl GyX2
R2  GyXI

where G, is the voltage gain of X1 and G X2 is
the voltage gain of X2

15
If G, X1 is setto 1, then it follows that
(1) R1=R2*G, X2.
20
The signal at point 5 is fed to the positive input 17 of X3, where the voltage
gain of X3, GVXB, follows the following formula:
R1+ R2
25 (2 GyX3=——
(2) v Ro

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



25 (2) v X3 =RL + RR R2 Now the output of X2, point 4, and the output
of X3, point 6, are connected to the speaker term nals. Assune now that
the original signal, V1, fromthe 11 buffer anplifier X1 is V1 = f(t). The
out put signal, V2, at the output 2 of X1 is then V2 = f(t) since X1 is a
smal | signal amplifier with unity gain and so the input signal can be
assurmed to be equal to the output signall Now, using the formulas given
above, the signal, V4, at the output 4 of X2 can be 5 represented as

fol | ows: VéusteParagiifier Ki)is 122 f(h). (BHe outtplt signaBVz, 4t e butplit RYof. X1 is +y* f
(zt) + dc offset + Inloirsel?LO V\/ne(r)e a* cf) ?Zt?bg b* f (St% Li{pg’* f (4t)|s+ y* f

(zt) repreapepAt\® Qevql)r@ﬁéét X1 8t BinlafNigidl’ arhpMidr with Munity fais Ridl §81$hé1 gnal s
after the GvX2* f (t) termcan be grouped and called “"error™ or "error

si gnal ". Thepabsyal BATBerasAinde to b sQMIith!tRe o@ffpdt?s)i?he/éh?quf_dsﬁﬁ +

error 20 By using the well-known Superposition Princip t he signal at

poi nt 5, Vihe BARURR GRBRCEEEIE RS SIghEI Okl GRS ot Yoof X#2tailod i+ R2
R1+R2 R1+R2 25 Substituting (1) and™(3) into (4) yields, V5 = Rl* t (t) -

R2* QX285 T fobledéhted a8 iows:
V4=G, X2 f(t)+ax f(2t)+ b* f(3t) + c* f(41)+....
+y* f(zt)+ dc offset + noise

10 where a* f(2t)+ b* f(3t)+ c* f(4t) + y* f(zt)
represents harmonic distortions

For simplicity, the spurious signals after the G, X2* f(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 R2

(4) V5=V2*———+ V4 —
R1+R2 R1+R2

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

_ RI*f() = R2*Gy X2* f (1) + error*

V5 e
R1+ R2 R1+ R2

_ R2+Gy X2+ f(t) - R2* G\, X2* f(¢) + error*
50 R1+ R2 Ri+R2



R1+R2 R1+R2 R2*GvX2* f (t) - R2* Qv X2* f(t) RR _ + error* 30 RL + R R1L +
R2 12 R2 = error* RI+tR2 The signal at point 6, V6, is given by the
following: 5 (5 V6 =error* RR * Gv X3 RIL1+R2 Substituting (2) into (5)
yields, 10 V6 = error* R2 * RL+ R2 R + R2 R2 = error 15 The signal
applied across the speaker termnal is then given by the follow ng: Sload
= signal at point 4 - signal at point 612= V4- V6 = QuX2* f (t) + error-
error 20 =GvX2* f(t) Therefore, the termnals at the speaker carries a
signal proportional to the origepal signal V1 without any error ! The
advant ages of the presenermfﬁ‘lmci rcuit are versatility, absence of
NFB rel ated distortions and erftbfd*4and good anplifier

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

R2
5 5 V6 =errorx——*G,, X3
®) R1+R2 7V

Substituting (2) into (5) yields,

R2 . R1+ R2
R1+R2 R2

10 V6 =error*
= error

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

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

=Gy X2* f(t)+error —error
20 = vaz*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

25 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



25 characteristics. Because the current circuit does not utilize NFB for
power anplification, the main power anplifier and the error suspension
anplifier may be solid state or tube anplifiers without unduly affecting
the performance. In addition, present circuit is able to produce quality
sound 13 simlar to that found in tube_anplifiers wthout sacrificing the
physi cal characteristics. Wile it shoﬂjad clear that the above description
is sufficient for any one of ordinary skilled in the art to make and use

t he present simmieentd dmat fourtsl drettabbedmpiifiersi witholak neddrificing mhevplagsicalin Fl GS.
5a, 5b, and 5c as a way of show ng one of the many ways the present

i nventi on cehataeterigticenented. Note that the lines narked "a", "b", and "c
in FIG ba connect to their respective lines in FIGS. 5b and 5c¢c, and the

line marked "d" Whikel iBshbbid cleanahaistHeoabowe Riskaptidres saffikidm ot @ny5c.
Clearly, this figure is provided 10 here for illustration purposes only,

and is not bnéestdrdinady kkillet ihhthe stPRemMRke drith uBE ah8NBrebBME MveAtioh Oat hi s
particular inplenentation. The present invention may be enbodied in other
speci fi i f oHERileW diReitt schepRtic BOroviIdt IREFIEE. 184, 8Y, ARFSRlasth way of
characteristics thereof. The presently disclosed enbodi ments are,

t her ef ore, i j I t; iadnl it ot
restricti ve,gﬁ?‘ﬁg]gggg%ecﬁg'?i&ﬁléeﬂyi ﬁ\%ﬁ%ﬁ%ﬁ%ﬁéﬁvﬁl !ncgﬁgbglgﬁq{ﬁg@gg%gnded
cl ai ms and Rl'o#e tctﬁ%tnc 1iKBS Gha AUE «4 t“B",”artu?e"c” W%G”gjaaggnbg&g?o Qi'\e'g 4

equi val ency 0 ains are, theréfore, to be ‘enbrac erein.
CLAI M5 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.



| Cdaim 1 1. An audio anplifier circuit conprising: 2 a reference
anplifier for receiving an incomng signal and outputting 3 a reference
signal substantially identical to said incomng signal; 4 an inverting nain
anplifier connected to said reference anplifier, 5 sai d main anplifier
inverting and anplifying said reference signal fromsaid 6 reference
anplifier and outputting an inverted naih signal; 7 a neans for nornalizing
said reference signal and said inverted main 8 S|gnal; 9 a nmeans for

m xi ng sai ChAMNESi zed reference signal and said 10 inverted nmain signal
and outputting an isolated error signal; and 11 an error suspension
anplifier for receiving and anplifying said 12 isolated error signal and
outputting an error-canceling signal; 13 wherein said error-canceling
signal is qetihiwgred to one termnal of a 14 load and said inverted main
signal is delivered to a second termnal of said 15 |oad such that any
error in said main signal is canceled out by said 16 anplified
error-canceling signal. 1 2. The audio anplifier circuit as recited in

G ai m 1qwhey ein mlaqdjoaﬂq liffercircli Jd 3. The audio anplifier circuit
as reC|ted in daiml PEI n sal rreans % for normalizing conprises a set

of resistors in gsgy peﬁ.fcela,ﬂp%fq}e}oﬁv&é?\nﬁarﬂd ric%ﬁnﬁba @Haﬁl :?rfd i;ﬂthﬁrggs N

Cl ai m 1 wherein sal means m Xi ngconpri ses

seri es. 315 a ref8rentRSsighal QutRital Sherftidaf t baRSint&Mirdgdighd); @ al m 3 wherein

sai d nean

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.



2 for mxing conprises the set of resistors in series used for said nmeans
for 3 mxing. 1 6. The audio anplifier circuit as recited in Caiml
wherein at |east one 2 of said reference anplifier, main power anplifier,
or error suspension 3 anplifier is a tube anplifier. 1 7. The audio
anplifier circuit as recited in Claiml1 wherein at |east one 2 of said
reference anplifier, main power anplifildr, or error suspension 3 anplifier
is solid-state anplifier. 1 8. A nethod of anplifying an audi o signal

Wi t hout 1errgrs crHBaLGbp@idechoufti oretiteafligrGare hbepdin g tmaanal |y

equal to said audio signal; 3 anplifying and inverting said reference
signal b0 Vbehfixing\WmSise®ihe set ofirStors In el LiZdd 9orssaid mehAs gBEe
signal and said inverted nain signal; 6 mxing said normalized reference

signal gnd rﬁﬁ(iirg;.nor malized 7 inverted main signal to yield an isolated
error signal; normal izing said isolated error signal to yield an

error-cqancejing g é?&ﬁﬁérﬁplﬁ%‘i‘ cHBUR RVItBY if BIginh \VREhERAn RIS ! to a
first termnal of a load; an 11 providing sald error-canceling signal to
a secongd t L hal 0 P : Lor,. i € b VETE mai n
si gnal ?s ?gn%céﬁeaa%h%c%y%sﬁhgéalﬁﬁr%@%E%@%‘?Iﬁ%& Solrg%gFP S.Ldﬂ).&[ﬁﬁlcggrret hod

as reci éed Arﬂ Iﬁle?ii%quw@%lrrﬁﬁlﬁie aid load is a speaker. 1 10. A nethod of
anplifyrng AP A" 4l gnal "W thout errors conprising: 2 providing a

referenge sj gnalpubshidthpifer FdtR'as' Rcidl dh e 1sWHBAin dteast 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 providihg 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;



3 providing an inverted reference signal, said inverted reference signal 4

being an inverted formof said reference signal; 5 anplifying said
reference signal to yield a main signal; 6 normalizing said inverted
reference signal and said main signal; 7 mxing said normalized inverted
reference signal and said 8 normalized main signal to yield isolated error
signal; 9 normalizing said isolated errtf&F signal to yield error-canceling
signal; 10 providing said nain signal to a first termnal of a |oad; and

11 providi ng saigto@idkiiRy aﬁw&tédﬂ&fé@ealsiérpa@sﬁeqem(s&rr@@e?@#.c&_&@duoad,

12 such that any error  in the main signal is cancel ed out by sai

error- 13

cancel i B9 Yeidtan idvdred 11 BEEABTefsteh&E kighdl;! N ¢l ai m 10 wherein said | oad

is a speaker.

5
6

o © oo N

11
12
13

amplifying said reference signal to yield a main signal;

normalizing said inverted reference signal and said main signal;

mixing said normalized inverted reference signal and said
normalized main signal to yield isolated error signal;

normalizing said isolated error signal to yield error-canceling signal;

providing said main signal to a first terminal of a load; and

providing said error-canceling signal to a second terminal of a load,

such that any error in the main signal is canceled out by said error-
canceling signal.

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



