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AMPLIFIER AND SIGNAL FILTER

CROSS REFERENCE TO RELATED
APPLICATIONS

Priority is claimed to U.S. Provisional Application 61,249,
989, filed Cct. 8, 2009, entitled “SIGNAL FILTER AND
AMPLIFIER™, which is incorporated by reference.

BACKGROUND

A variety of amplifier circuits are known. However, ultra
high fidelity and/or performance amplifiers are often quite
complex. There is a need for simplified ultra high fdelity
and/or performance amplificr architectures. Furthermore, to
provide transparent amplification of high resolution input
signals there is a demand for amplifier circuits providing high
signal 1o noise ratios. Bxisting amplilier circuits do not pro-
vide signal to noise ratios matching the quality of high reso-
lution input signals.

SUMMARY

A signal filter circuit, an amplifier circuit, combinations
thereof and methods for configuring and vsing the same are
provided herein. Embodiments of the amphfier circuit may
provide precise reproduction and amplification of input sig-
nals, using a schematic that is less complex than many high-
performance amplifier schematics. The amplifier may bebuilt
entirely with discrete components or an integrated circuit
may be configured to provide some or all of the modules
included in the amplifier. An amplifier schematic may be
simulated in software, and example embodiments provided
herein may provide a starting schematic, component types,
and component values for simulation and further configura-
tion. Additional aspects and embodiments are described
below:.

BRIEF DESCRIFTION OF THE DRAWINCGS

The foregoing and other features of the present disclosure
will become muore fully apparent from the accompanying
drawings. These draowings depicl several embudiments in
accordance with the disclosure and are not to be considered
limiting of its scope. [n the drawings:

FIG. 1 is ablock diggram illustrating example components
of a signal filter circuit:

FIC3. 2 1llustrates an input signal and a main component and
distortion components of the input signal,

FIG. 3 illustrates an example input signal and an output
signal comprising a filtered version of the input signal,

FIG. 4 illustrates @ spectnun view of an example input
signal,

FICi. § illustrates a spectrum view of an example main
component and distortion components of an oulpul signal ;

FIG. 6 is a circuit schematic diagram illustrating an
example circuit according to the general design provided in
FIG. 1,

FIG. 7 is a circuit schematic diagram illustrating an
example circmit according to the schematic of F1G. 6;

FIG. 8 is a circuil schemalic diagram illusiraling an
example notch filter;

FIG. 9 is a circunt schematic diagram illusirating an
example notch (lier;

FIG. 10 illustrates relative phases of various example sig-
nals:
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2

FIG. 11 illustrates the effect of a notch filter on input
signals of various frequencies,

FIG. 12 is a block diagram illustrating an example ampli-
fier circuit;

FIG. 13 is a circuit schematic diagram illustrating an
example detailed amplifier circuit with unbalanced input fil-
1&r network;

FIGS. 14A, 14B, 14C AND 14D arc circuit schematic
diagrams, each providing exaniple subcomponents of adriver
stage,

FIGS. 154, 158, 15C, 15D and 15E are circuit schemalic
diagrams, cach providing cxample subcomponents of a con-
stant current module;

FIG. 16 is a circuit schematic diagram illustrating an
example Vollage Amplilier Stage (VAS),

FIG. 17A is a circnit schematic diagran illustrating an
example Complementary Feedback Pair (CFP) with filters
module;

FIG. 17B is a circuil schemalic diagram illusirating an
example CFP with filters module and cascode transistor bias
module;

FIG. 18 is a circuit schematic diagram illustrating an
example power transistors module;

FIG. 1% 1s a circuit schematic diagram illustrating an
example power transistors module;

FIG. 20 is a circuit schematic diagram illustrating an
example detailed amplifier cireuit with unbalanced input fil-
ter network;

FIG. 21 illustrates an cxample simulation of gain. shown
by the gain curve, and phase ditterence, shown by the phasa
curve;

FIG. 22A illustrates a spectrum view of an output signal
from an amplitier circuit;

FIG. 22B illusirales a spectrum view ol an output signal
from an amplificr cirouit;

FIG. 22C illustrates a spectrum view of an output signal
{rom an amplilier circuit ;

FIG. 13 is a circuit schematic diagram illustrating an
example detailed amplifier circwit with unbalanced mput fil-
ler network;

FIG. 24 1s a circuit schematic diagram illustrating an
example detailed amplifier circuit configured as a non-invert-
g input amplilier with unbalanced nput filter network;

FIG. 25 is a block diagram illustrating a signal conversion
module;

FIG. 26 is a circuit schematic diagram illustrating an
example detailed amplifier circunt with balanced input filter
netwaork:

FIG. 274 is a circwil schematic diagram illustrating an
example detailed amplifier circunt with balanced input filter
network configured with an inverting input;

FIG. 27B 15 a circuit schematic diagram illustrating, an
example amplifier circuit with balanced input filter network
configured with a non-inverting input;

FIG. 28 is a circuil schemaltic diagram illustrating an
example detailed amplifier circuit with balanced input filter
network and without the use ot an integrated circuit as used in
FIG. 26,

FIG. 29 is a circuit schematic diagram illustrating two
amplifiers configured in a bridged mode;

FIG. 30 is a circuil schematic diagram illustrating an
example amplifier circuit which is detailed embodiment of
the amplifier circuit illustrated in FI1G. 28;

FIG. 31 is a circuil schematic diagram illustrating an
example detailed amplifier circunt with balanced input filter
network configured as a preamplifier; and
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FI1G. 32 18 as a block diagram illustrating an example pro-
cess for configuring an amplifier; all arranged in accordance
with at least some embodinents of the present disclosure,

DETAILED DESCRIFTION

In the following detailed description, reference is made to
the accompanying drawings, whicli form a part hereof. In the
drawings, similar symbols typically identify similar compo-
nents, unless context dictates otherwise. The illustrative
embodiments described in the detailed description., drawings.
and claims arc not meant to be limiting. Other cinbodiments
may be utilized, and other changes may be made, witliout
departing from the spirit or scope of the subject matter pre-
scnted here. It will be readily understood that the aspects of
the present disclosure, as generally described herein, and
illustrated in the drawings, may be arranged, substitned.
combined, and designed in a wide varicty of different con-
figurations, all of which are explicitly contemplated and made
part of this disclosure.

FIG. 1 is a block diagram illustrating an cxample signal
filter circut 100, Signal filter circuit 100 may perform selec-
tive signal restoration. Circuit 100 may comprise a plurality
of medules including, for example, a notch filter 102, abuffer

amplifier 103, a phase correction module 104, a buffer amph- 2

fier 105, a buffer amplifier 106, a mixer amplifier 107, and a
reference voltage 108, Each of the modules may be config-
ured according to a module schematic as discussed herein.
Furthermore, each of the modules may comprise one or more
components such as resistors, capacitors, transistors, inte-
grated cirenits, and various other electronic components dis-
cussed herein or as may be apparent to those of skill inthe art
in light of this disclosurc. In gencral, a circuit according to
FI(r. 1 may remove distortion components from an input
signal W produce a “clean’ vutput signal, as described below.

In FIG. 1, an input signal 101, comprising a main compo-
nent with some distortion, may he introduced to the notch
[ilter 102 and the buller amplilier 106. The main compenent
may comprise, for cxample, a constant frequency sinusoidal
wavetorm, such as main component 201 in FLG. 2. The notch
[ilter 102 lilters (the input signal 101 10 produce a (illered
signal 111 that reduces the amplitude of the main component
201. Butter amplifier 103 may then amplity the filtered sig-
nal. producing amplilied lered signal 112, Phase correction
module 104 may then adjust the amplified filtered signal to
produce a restared signal 113, with a same or opposite phase
as the input signal 101. Buller amplifier 105 may then amplily
the restored signal 113, producing amplified restored signal
114. Mixer amplifier 107 produces output signal 121 by per-
lorming, s operation witly the amplified restored signal 114
and the output 120 of the buffer amplifier 106. Mixer ampli-
fier 107 may utilize reterence voltage signal 122 tfrom refer-
ence voltage module 108 1o cancel any residval Direct Cur-
rent (DC) voltage component from the output signal 121.

A circuit 100 allows tor creating an output signal 121
which is a4 “cleaner” version ol a main compuenent 201 (as
illustrated in FIG. 2} of the input signal 101, by removing
distortion components 202 with ditferent frequencies from
the inpul signal 101. The circuil 100 may isvlate distorlion
component(s) 202 of input signal 101, and remove the distor-
tion componentis) 202 from the input signal 101, to produce
an vulpul signal 121.

The cireuit 100 may comprise an isolahon stage, a process-
ing stage, and a removal stage. In embodiments according to
FIG. 1, the isolalion stage comprises a nolch lter 102, (he
processing stage comprises the phase correction module 104
and one or more buffer amplifiers such as 105, and the

4]
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removal stage comprises a mixer amplifier 107 and voltage
reference 108. However, other embodiments may be config-
ured differently. For example. the notch filter 102 may be
replaced by other means for isolating distortion compo-
nent(s), such as an appropriately configured set of coils and
filters, in some embodiments. The processing stage may be
configured to produce isolated distortion component(s)
which are in-phase with the distortion component(s) 202 of
the input signal 101, or which arc in opposite phase from the
distortion component(s) 202 of the input signal 101. The
mixer amplifier 107 may be configured as differential ampli-
fier when the distortion component(s) produced by the pro-
cessing stage are in-phase with the distortion component(s)
202 of the input signal 101; however the mixer amplifier 107
may be configured as a smmning amplificr when the distor-
ton component(s) produced by the processing stage are in
opposite phase from the distortion component(s) 202 of the
input signal 101,

In FIG. 1, the solation stage, processing stage, and
removal stage are directly coupled using wire connections.
However, the stages may be coupled inductively or otherwise
wirelessly 1n some embodiments. It will be appreciated that
such possible variations in connections/couplings may apply
1o all of the connections/couplings herein.

For example. FIG. 2 illustrates a main component 201 and
a distortion component 202. The combination of signals 201
and 202 may produce aninput signal such as 101, also labeled
as V{input). FI(r. 3 illustrates an example nipnt signal 101
comprising a combination of signals 201 and 202 from FIG,
2. A circuit 100 may be used to extract an output signal 121
{also labeled Viout)) trom the input signal 101, Output signal
121 is a filtered version of the input signal 101, conmprising the
main component 201 of the input signal 101,

FIG. 4 illustrates a spectrum view of an example input
signal comesponding 1o input sigmal 101, FIG. 4 shows a
spectrum view of main component 201 and distortion com-
ponent 202 illustrated in FIGr. 2. FIGr. & shows a spectrim
view of an example oulpul signal corresponding 0 culput
signal 121, FIG. 5 shows a spectrum view of an oxample main
component 501 ot output signal 121 and distortion compo-
nents $02-506 ol vutput signal 121. Comparing FIG. 4 and
FIG. 5,1t can be seen that the main component 501 has a same
frequency as main component 201 from FIG. 4, and the
distortion components 502-506 are yreatly diminished in an
output signal such as shown in FIG. § as compared with a
distortion component in an nput signal such as FIG. 4.

It can be seen [rom FIG. 5 that while the magmitude of
distortion is dinnmshed, additional distortion frequencies
may he introduced. In other words, FI(. § includes f or more
separate distortion components while the input signal profiled
n FIG. 4 ncludes only one distortion component. The addi-
tional distortion components shawn in FIGi. 8 may be caused
by the various modules illustrated in FIG, 1. Technigues [or
minimizing the extent of additional distortion components
may he emploved im connection with the emhodiments dis-
closed herein. Such lechniques may include designing a cir-
cuit comprising a plurality of modules, at least some of the
madules according to FICr. 1. Processes tor designing a cir-
cuilaceording (o FIG, 1. may comprise selecling component
types and component values for various modules described
herein. For example, a vanety of resistor, capacitor, and inte-
grated circuil lypes are available. Modules and component
types may be selected for a variety of operating environments,
for example, if temperature variations are expected, conpo-
nents with high stability vver a range ol lemperatures may be
selected. Also, components may be selected for low noise and
low distortion in some embodiments.
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FIG. 6 is a cireunt schematic diagram illusirating an
example circuit 00 according te the general design provided
in FIG, 1. Maodules of the circuit schematic in IF1G. 6 corre-
sponding to modules illustrated in FIG. 1 are indicated using,
boxes with dashed borders and identifiers corresponding to
[IG. 1. Input signal 101 and output signal 121 are also shown
in FIG. 6. A power supply 601 is also shown. In FIG. 6,
example input signal 101 is obtzined by mixing a main cci-
poncnt {signal passing through R2 in F1G. é) with a distortion
comiponent {noise passing through R1 in FIG. 6). Mixer
amplifier 106 s illustrated as a differential amplifier in FIG. 6,

TIG. 7 is a circuit schematic for an example circuit 700
according to the schematic of FIG. 6, in which detailed values
are provided for the various elements of the schematic. The
detailed values of FIG. 7 are provided as examples only and a
wide range of other values may be used.

A circuit such as 700 may be optimized for particular input
signal 101 frequencics. For examiple the valucs of the various
components of the notch filter 102 may be selected fo match
amain component of an input signal 101. In FIG. 7. the notch
filter 102 15 designed for an input signal frequency of 1220
Hz. FIGS. 8 and 9 and cotresponding description, below,
explain how notch filter 102 values may be selected in some
cmbodiments.

Once notch filter 102 component values are selected, val- 2

ues of various other components of a circuit 700 may he
sclected based on the notch filter 102 values, and also option-
ally based on an identified trequency of a distortion compo-
nent 202 of the input signal 101.

Components Ré and R7 form a portion of a butfer amplitier
103 which may also include integrated circuit 11 and/or
equivalent components, R6 and R7 determine the gain of the
butter amplificr 103. Ré and R7 may be combined into a
single variahle resistor in some embodiments. In general the
ligher the ratio oI R7 10 RS, (he larger the gain ol the buller
amplificr 103 is. Buffer amplifier 103 gain may compensare
tor input signal voltage loss due to the notch filter 102. Butter
amplilier 103 may outpul a signal 112 which may be an
amplificd version of signal 111.

Components R8 and (4 are components of an example
phase correction moedule 104, Phase correction module 104
may be configured to produce a phase shift in a distortion
component of signal 112 coming tfrom the buffer amplifier
103, so that ihe phase ol 1he distortion componen! in resiored
signal 113 output from the phase correction module 104 is the
same as the phase ot the distortion component 202 of the input
signal 101. FIG. 10 illustrates relative phases of example
signals 202, 112, and 113. The phase correction module 104
may convert signal 112 into signal 113. 8ignal 113 15 in phase
with signal 202, as shown. In other embodiments, the phase
correction module 104 may convert signal 112 into a signal
113 which is 1 opposite phase with signal 202.

The specific circuit 700 may comprise values or R$ and
C4 contigured for a specific distortion component 202 fre-
quency ofinput signal 101. Here, the values of R and ("4 are
conligured for a distortion compenent frequency ol 3500 He.
Distortion component frequency may for example be mea-
sured with a spectrum analvzer, e.g., as shown in FIG. 4. In
some embodiments, distortion component [requencies may
be measured by spectrum analysis of an input signal 101,
Once a distortion component frequency 15 known, values for
components B8 and C4 may be selected accordingly, for
example based on a phase slufi that may be determined
according to FIG. 11. With reference to F1G. 11, a process
may be performed comprising identifying a distorlion com-
ponent 202 frequency. vsing the identified distortion compo-
nent 202 frequency to determine a phase shift from a phase
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curve, and compensating for the phase sluft by adjusting
values of one or more components (e.g.. R8 and C4)in a
circuit such as F1G. 1.

FIG. 11 illustrates the effect of a notch filter on input
signals of various frequencies. The gain curve shows that ata
selected frequency (such as 1220 [Iz in the illustrated
example, which may correspond to a main component 201),
signal gain drops precipitously. Otherwise, gain is relatively
constant across other frequencics, with some gain drop in the
band around the selected frequency. Therefore, with refer-
ence to FIG. 11, a process may be performed comprising
identifying a distortion component 202 frequency, using the
identified distortion component 202 frequency to determine a
gain drop from a gain curve, and compensating for the gain
drop by adjusting the gain of one or more butfer amplificr(s)
in a circuit such as FIG. 1.

The phase curve shows that the notch filter produces a 180
degree phasc shift of signals at the selected frequency. The
phase shuft is related fo the gain drop. As a resulr, the phase
shift is more significant in a band around a selected frequency.,
and the phase shift drops as signal frequency increases above
or decreases below the selected frequency. The phase correc-
tion module 104 may be configured to cancel the illustrated
phase shift for distortion component signals of lower or
higher frequency than the selected frequency. as described
above.

Referring back to FIG. 7, components U2 and U3 arc
components ot butter amplifiers 105 and 106, respectively. Tn
circuit 700, the gains at U2 and U3 may be unitary (i.e.. no
gain). and U2 and U3 may be non-inverting amplifiers. How-
ever, as stated above, other gain values and/or inverting
amplifiers may be used in specific embodiments.

Where buffer amplifiers 103, 105, and 106 arc non-invert-
ing, a ditferential amplifier may be nsed at 107, as shown in
FIG. 1. This achieves a cancelation of the distortion compu-
nents of signals 120 and 114 entering the mixer amplitier 107,
However, in some embaodiments, any of amplitiers 103, 108,
and 106 may be conligured as inverling ampliliers. [fany vne
of amplifiers 103, 105, and 106 is configured as an inverting
amplifier, mixer amplifier 107 may be configured as a sum-
ming amplifier in order o achieve cancelation of distortion
components. Other combinations of inverting and non-invert-
ing amplifiers, and ditterential and sumnung amplifiers
wliich alse achieve cancelation ol dislurtion compunents are
possible in particular embodiments.

Components RY-K12 and M are components of mixer
amplilier 107 conlipured as dilferential aniplifier. In circuit
700, R9 and R10 have identical values, and R11 and R12 have
identical values. The gain of the mixer amplitier 107 is deter-
mined by the ratic o[R11 o R9. Mixer amplifier 107 outputs
the difference of input signals 114 and 120. Here, the ratios of
RIT to R% is one, corresponding to a unitary gain. Other
embodiments may apply a gain by changing the ratic o[R11
to R9.

Component R12 in circuit 700 15 coupled to an adjustable
relerence vollage module 108. Values of the various compuo-
nents associated with adjustable reference voltage module
108 may be modified to produce a desired 1X reference
voltage. The DC relerence vollage can then be used by mixer
amplifier 107 to cancel a DC voltage component from output
signal 121. In some embodiments, US can be replaced by a
dedicated adjustable relerence vollage integraled circuil.

FIGS. 8 and 9 are circuit schematic diagrams illustrating
example noftch filters as may be used in some embodiments.
In general, a notch [ilter may comprise a [ilter that passes all
frequencies except those 11 a stop-band centered on a center
frequency. It should be noted that the specific values provided
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in FIGS. 8 and 9 are examples only and the disclosure 18 not
limited to the illustrated values.

In FIG. § the relationship between the resistors R1 10 RS
and the formula for computing the center frequency F of the
stop-band is given in the equation below. The value of resistor
R3 changes the attenwation and the quality Q of the filter.
Oplimally the value of R3 is equal o the value ol R1,

1
el

Ry=Ry, Ry=Rs. Ry=

l
tE —
2aRVC Gy

In FIG. 9 the relationship between the resistors R1 to R3
and the capacitors C1 to C3, and the formula for computing
the center requency F of the stop-band, is given in the equa-
tion below. The valve of variable resistor RV changes the
attenuation and the quality () of the filter.

1
Ri=Ff. R3=zfi
O =07, =10
1
F_l‘rler|

In some embodiments. a signal filter circuit 100 as
described herein may be vsed as a signal source for an ampli-
lier circuil, for example, an amplifier circuil as described
herein. The signal filter cireurt 100 may provide a low-distor-
tion signal source that can be vsed to test, configure, and
oplimize the amplilier ¢ircuil.

FI1G. 12 is a block diagram illustrating an example amph-
fier circuit 1000. Amplifier circuit 1000 may tor example
comprise a plurality of moedules including, [or example, an
mput signal unerface 1001, an mpur filter network module
1002, a drver stage 1003, a VAS 1008, a power transistors
module 1014, a zobel network and filters module 1015, an
output signal interface 1016, and a feedback network module
1017, Tt will be appreciated by those ot'skill in the art thateach
of the driver stage 1003, the VAS 1008 and the power Lran-
sistors module 1014 are examples of amplification stages, and
theretore these elenents may be referred to generally herein
as amplification stages. The term “driver stage™ as used herein
refers 10 an amplification stage which may also be understood
as an input stage. Furthermore, it can be seen m F1G. 12 and
FIG. 18 that each amplilication stage 1003, 1008, and 1014
comprises at least one Complementary Feedbacl: Pair (CFP),
namely CFP module 1005, CEFP with filters 1011, and the first
and second CFP described below wilth reference 1o FIG. 18,
respectively. In some embodiments an input filter network
module 1002 may comprise two nput filter networks, such as,
a first input filter network and a second input filter network.
Furthermore, a feedback network module 1017 may com-
prise two feedback networks, such as, a first feedback net-
work and a second feedback network, as disclosed herein. In
some embodiments an output signal interface 1016 may com-
prise a speaker interface,

Driver stage 1003 may for example comprise a current
mirror module 1004, CFP module 1005, inverting and non-
inverting inputs 1006, and constant current module 1007,
VAS 1008 may compris¢ a reference voltage module 1009,
enhanced cascode module with filters module 1010, CFP with
filters 1011, output transistor bias module 1012, and constant
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current module 1013, As with FIG. 1, each of the modules
may be configured accarding o a module schematic as dis-
cussed herein. Furthermore, each of the modules may ¢om-
prise one or more components such as resistors, capacitors,
transistors, integrated circuits, and various other electronic
components discussed herein or as may be apparent to those
of skill in the art in light of this disclosure,

In FIG. 12, input signal 1051 may cuter the amiplitier 1000
at the input signal interface 1001. Input signal interface 1001
may pass input signals 1051, such as, analog balanced or
unbalanced, and digital siguals, 0 the inpul lilter network
module 1402. Input filter network module 1002 may also be
connected to a constant reference voltage, such as, signal
ground 1052, Input filter network module 1002 may output a
liltered signal 1053 with removed Direct Current {DC) voli-
age component. Filiered signal 1053 may be input to the
driver stage 1003. Driver stage 1003 may also be connected to
a constant reference voltage, such as, signal ground 1054 and
power supply 1055, Driver slage 1003 may outpul an ampli-
fied and distortion compensated signal 1056, Amplified and
distortion compensated signal 1056 may be input to the VAS
1008. VAS 1008 may alsc be connected to a power supply
1057 and a constant reference voltage, such as, power ground
(PG)1058. VAS 1008 may output an amplified signal 1089 A
VAS output may be connectable 10 one or more of a power
transistors module 1014, a zobel network and filters module
1015, and an output signal intertace 10186, In the illustrated
embodiment, signal 1059 may be input to the power transis-
tors module 1014. Power transistors module 1014 may also
he connected to a power supply 1060, Power transistors mod-
ule 1014 may omput a signal 1062 to the zobel network and
filters module 1015, and a signal 1061 to a feedback network
madule 1017, Feedback network module 1017 may also be
comected 10 a constant relerence vollage, such as, signal
ground 1067, Feedback network module 1017 further passes
the adjusted feedback signal 1066 to the driver stage 1003,
Zobel network and [lters module 1015 may outpul signal
1063 to output signal interface 1016, Zobel network and
filters module 1015 may alse be connected to a constant
relerence vollage, such as, power ground (PG) 1064. Also
output signal wterface 1016 may be connected to a constant
reference voltage, such as, power ground (PG) 1065, An
cutput signal inlerface 1016 may comprise o speaker prolec-
ton module (not shown). A speaker may be connected to the
output signal interface 1016 to convert the output thereof to
sound.

In some embodiments, input filter nerwork module 1002
may comprise & high-pass filter and a low pass filter. The high
pass [ilter may be conligured w block DC (¢ Hz) signal
components, while allowing other frequencies to pass with
low or no attenuation. "The low pass filter may be configured
1w allow lower [requency ranges o pass bul altenuates certain
high-range frequencies. The combination of the high and low
pass filters forms a band pass filter with a handwidth which
attenuates all frequencies outside a desired [requency range
for the amplifier. The desired frequency response of the
amplifier, i.e. the gain and phase of the output signal, may he
conligured lor example by selecting component values for the
high and low pass filters. The frequency response of an ampli-
fier designed according to the block diagram of FIG. 12 may
also be allected by component values corresponding W any of
the varous modules described herein.

In some embodiments, amplifier 1000 may be configured
lo produce an vulpul signal 1063 which is an amplified ver-
sion of an input signal 10581, with low distortion. Low distor-
ton may be achieved via a variety of the modules, their
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components and configuration aspects of amplifiers accord-
ing to FIG. 12, examples and aspects of which are discussed
in further detail below.

I some embodiments, an amplifier 1000 may be config-
ured for constant gain withina large bandwidth and enhanced
amplification hnearity. Amplifier 1000 may also be uncondi-
tionally stable, as will be appreciated from the variocus
examples and data provided herein—for example, see the
simulation of gain and phasc diffcrence illustrated in F1G. 21,
which may be achieved by some embodiments of the ampli-
fier. The term “unconditional stability™ is a technical term
understood by those of skill in the art which refers to the
ability of a circuit to not self-oscillate or otherwise misbehave
when amplifying a signal. A large bandwidth may for
cxamplc comprisc a bandwidth that is about 100 kI Iz wide or
wider. For example, a bandwidth from 10 Hz-100 kHz is
considered to be a large bandwidth. An enhanced amplifica-
tion lincarity may comprisc amplification linearity that is
ligher than what would be otherwise achieved without the
use of the various components described herein as erhancing
amplification lincarity. Constant gain within a large band-
width and enhanced amplification linearity may result in low
distortion of the output signal, such as, 1062. A combination
of an enhanced cascode module comprising a CFI* module, as

described herein in conmection with some embodiments, may 2

contribute to preducing constant gain within a large hand-
width and enhanced amplification lincarity. Furthermore, the
use of a CFP module in a driver stage may also contribute to
producing constant gain within a large bandwidth and
enhanced amplification lincarity in some embodiments. The
use ot a CFP module (or CFP contiguration, as described
herein) in place of a transistor may also contribute to praduc-
ing constant gain within a large bandwidth, and increasing
amplification linearity. FIG. 13, F1(7. 23, FIG. 24, and FIG. 28
provide examples in which a CFP module 1005 comprising
two CFP configurations is used in a driver stage, and a CFP
maodule with filters 1011 is also embedded 1n an enhanced
cascode module with fillers module 1010, In yeneral, any
transistor component illustrated hercin may be replaced by a
CFP as appropriate, as will be appreciated by those of skill in
the artl.

Described embodiments according to FIG. 12 comprise
amplifiers with vnbalanced mput filter network modules,
such as exemplified in FIG. 13, FIG. 23, FIG. 24, und ampli-
fiers with balanced put filter network modules, such as
illustrated in FI1G. 26, FIG. 27A, FIG, 278 and FlGn 28,
Amplifiers with an unbalanced input filter network modules
may accept unbalanced input signals, and may be configured
as either inverting or non-inverting configurations, as illus-
trated in FIG. 13 and FIG. 24, respectively, Accordingly, an
nput filter network module 1002 with an unbalanced topol-
ogy toutes an input signal to one or the ather of the inverting
and non-inverting, inputs ofa driver stage 1003, Furthermore,
amplitiers with a balanced input filter networlks module may
be configured to accept either abalanced input signal {FI1(3. 26
and FIG. 18), or an unbalanced input signal in either inverling
or non-inverting configurations, as illustrated in FIG. 27A
and FI(i. 27B, respectively. Accordingly, an input filter net-
work moedule 1002 with a balanced topulegy routes an inpul
signal to both the inverting and non-inverting inputs of a
driver stage 1003. Moreover, the differences between ampli-
liers wilh balanced and unbalanced designs may comprise
differences inhow a driver stage module 1003, the input filter
network module 1002, and the feedback network module
1017 are conligured and connected with each other, as dis-
cussed herein. A block diagram for converting between
unbalanced and balanced signals is illustrated in F1G. 25.
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Furtherimore, embodiments comprising an amplifier with a
balanced input filter network may produce lower distortion
and/or noise than embodiments comprising an amphfier with
an vnbalanced input filter nerwork.

Two amplifier circuits designed according to the block
diagram of FIG. 12 may be connected in a bridged mode, to
provide a higher output power, as illustrated in FIG. 29 and
discussed herein. When two amplifiers are connected in a
bridged mode, one of them may work as an inverting ampli-
fier and the other one as a non-inverting amplifier.

Moreover, an amplifier circuit designed according to the
block diagram of FIG. 12 may be configurable as a preampli-
fier, in which case the power transistor module 1014 is
optional. When the power transistor module 1014 is not
present in the preamplificr circuit, such as illustrated in TFIG.
31, output signal 1059 from the VAS 1008 may be connected
directly to the output 1062 and feedback 1061. An amplifier
circuit may be configurable for use in onc or more of a
preamplifier or powet amplifier circuit for example by includ-
ing a switch or other mechanism not requiring special tools,
which allows the circvit to switch between power amplifier
and preamplifier modes. Furthenmore, when the power tran-
sistor module 1014 is present in the preamplifier circuit, low
or medium power transistors may be vsed in the power tran-
sistor module. A preamplifier may comprise any of the
aspects of the various amplifier circuits disclosed herein. A
preamplifier may generally vse lower power supply voltages
and currents, and may produce lower output power signals
than a power amplifier.

In some cmbodiments in which the amplificr circuit 1000 is
configured as a preamplitier, the output signal intertace 1016
may be configured to ourput a signal 1063 of high impedance,
An output signal 1063 of high impedance may be used as an
input signal tor another module, such as, another amiplifier
wliich may optionally also be configured according 10 FIG.
12.

In some embodiments, amplitier circuits as described
herein may be combined with other modules as will be appre-
ciated by thosc of skill in the art, whether such other modules
are known or may be developed. Example other modules
include speakers, surtound sound processors, oplical signal
conversion modules, Digital to Analog (I/A) and Analog to
Igrtal (13/A) conversion moadules, High efinition Multime-
dia Interface (HDMI) modules, and Universal Serial Bus
{USB) modules.

FL(i. 13 1s a circuit schematic diagram illustrating an
example detailed ampli Ger circoit 1300 according the general
layout of FIG. 12. Amplifier 1300 is configured as an invert-
ing amplifier comprising an unbalanced input filter network
medule and accepling an unbalanced inpul signal as
described below. Modules ofthe circuit schematic in FIG. 13
corresponding to modules illustrated in F1G. 12 are indicated
using boxes with dashed borders and identifiers correspond-
ing to FIG. 12. Several modules of FIG. 13 are discussed
below, and additional modules are discussed in further detail
in connection with subsequent lgures.

Input signal interface 1001 may include one or more of a
signal filter as 1llustrated in FI1(. 1. a signal converter module
as described with relerence (o FIG. 25, a volune control,
automatic gain control (AGC), or preamplifier. A preamplifier
may comprise an amplifier schematic similar to amplifier
L000. In some embodiments, two circuils according 1o sche-
matics such as FIG. 12 may be combined, wherein a first
circuit serves as a preamplifier and a second circuit serves as
a power amplifier.

The unbalanced input filter network module of amplifier
circuit 1300 may comprise a first input filter network 1002A,



US 8,466,744 B2

11

and optionally a second input filter network, not shown in
FIG. L3. The first input filer network 1002A may expose a
first input, for example, the top wire connecting 10024 with
1001, that is confipured to couple to an input sipnal directly or
through the input signal interface 1001, a second input, for
example, the bottom wire connecting 10024 with 1001, that
is connected to a constant reference voltage, such as ground
1052, and an output providing an output signal 1053 and
which is connceted to the nverting input of the driver stage
1003, such as the base of transistor Q3. In some embodi-
ments, the non-inverting input of the driver stage 1003, such
as the base of transistor Q4. may be connected to a constant
reference voltage, such as, the signal ground. Accordingly, a
second input filier network may be a wire connecting the
non-inverting input of the driver stage 1003, such as the basc
of transistor (34, to a constant reference voliage, such as, the
signal ground.

The teedback network module of amplificr 1300 may com-
prise a first feedback network 1017 A, and optionally a second
feedback network, not shown in FIG. 13, The first feedback
network 1017A may expose an input that 1s connected to the
feedback 1061, and an output that is connected to the non-
inverting input of the driver stage 1003, such as the base of
transistor Q3. In some embodiments, the second feedback

network may be implemented as a wire connecting the non- 2

inverting input of the driver stage 1003, such as the base of
transistor Q4, to a constant reference voltage, such as, the
signal ground.

In some embodiments, a first input filter nerwork 10024
may comprisc a high-pass filter and a Jow pass filter. The high
pass filter may comprise tor example components C1, R 1, and
R2. The low pass filter may comprise for example compo-
nents R2, C2. R3, and R4.

In some embodiments, a first teedhack network 1017A
may comprnse one ur more {eedback (lers made [rom com-
poncnts such as C3 and RS, The ratio of RS to R2 may
detarmine or atherwise aftect the gain of the amplitier. Feed-
back 1061 comprises the output signal 1062. Cutput signal
1062 of an inverting amplificr schematics, such as F1G. 13,
may include an inverted and amplified version ot the input
signal plus any distortion componeni(s). Quipul signal 1062
of a non-inverting amplifier schematics, such as FIG. 24, may
include a non-invetted and amplified version of the input
signal plus any distortion component(s). First leedback net-
work 1017 A adjusts the feedback 1061 coming from output
1062, and outputs the adjusted feedback 1066. The adjusted
leedback 1066 combines witly 1053, uliimately canceling,
distortion components from the output 1062 and/or 1063
from the amplifier.

In general, eferring o FIG, 12, an input Oler network
module 1002 as well as the various other filters described
herein. such as the filter defined in FI{x. 13 hy R3 and ("2. the
lilter defined in FIG. 13 by R13 and CS. the filier defined in
FIG. 13 by R15 and Cé, and the filter defined in FIG. 13 by
R22and ("12, may comprise a resistor inseries with a capaci-
tor. This conliguration allows for less phase shill variation of
the output signal at the output 1062 and/or 1063 of the ampli-
fier, across input signal frequency ranges that may be encoun-
tered by lhe amplifier. In some embodiments, a feedback
network module 1017 may also include a resistor in series
with the filter capacitor, such as, C3 in F1G. 13. A resistor in
series wilh a capacilor may be referred (0 herein as a Series
Resistor Capacitor (SRC) filter, or a “custom filter”. In addi-
tion to F1G. 13, SR filters are illustrated forexample in: FIG.
24 by R3 and C2, and C13 and R23; FIG. 28 by C2 and one or
morte of R3, R24 and R25: FIGS. 16-17 by C% and R13
internal to the CFP with filters 1011 and by the filter formed
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by C6 and R15 mtemal to the enhanced cascode with filters
module 1010; FIG. 18 by filters in the power transistor mod-
ule 1014, such as the filters defined by C200 and 8200, and
C201 and 8201; FIG. 19 by the filters defined by C100 and
R100, and C101 and R101. It will be appreciated with the
benefit of thus disclosure that SRC filters may allow improved
control over the gain and phase of signals by providing a
custom frequency response that allows for less phase shift
variation of the signal at the output 1062 and/or 1063 of the
amplifier across input signal frequency ranges that may be
encountered by the amplifier. Furthermore. FIG. 13, FIG. 19,
FIG. 23, TIG. 24, and FIG. 28 provide cxamples in which a
CFP miodule 1005 is used in each amplification stage, includ-
ing driver stage 1003, VAS 1008. and power transistor module
1014. TIGS. 16-17 illustrate a CIP* with filters 1011 compris-
ing internal filters which are embedded in an enhanced cas-
code module with filters module 1010. The filters for the CFP
module 1005 within the driver stage 1003, such as the input
filter network 1002 and feedback network 1017, are external
filters. As illustrated in FIGS. 21-22, with the amplifier circuit
described herein it is possible to achicve ultra low distortion
by using CFP modules or CFP pairs combined with custom
internal or external filters across every amplification stage.

In FIG. 13, a power transistors module 1014 may be con-
figured to provide mereased current in an output signal 1062,
The illustrated configuration comprises two complementary
MOSFET transistors in an emitter follower configuration,
one MOSFET tor each polarity of the output signal. However,
alternative configurations comprising for example bipolar
transistors, “quasi-complementary™  transistor configura-
tions, or other combnations ot transistors may he used in
seme embodiments. The power transistors module 1014
directly atfects the output power of the amplifier by supplying
current to the outputs 1062 and/or 1063, Additional power
Iransistors may be used in 1014, e.¢.. in paralle]l with Q12 and
Q13 to supply additional current in some ecmbodiments, such
as illustrated 1n FIG. 18,

In some embodiments, ransistors may be used in parallel
in any of the modules listed in FIG. 12, When transistors are
used in parallel the total noise induced by the transistors is
reduced while (olal power is increased.

In some embodiments a constant reference voltage, such
as, the signal ground (5(7) may be connected to another
constant relerence voltage, such as, the power ground (PG) a1
the power supply 1060. Also, power supphes 1055, 1057 and
L1060 (as illustrated 10 FIG. 12) may be connected to each
other in scime embodiments. In F1G. 13, power supply 1057
may be a filtered version of power supply 1060. Power supply
1087 may serve as hoth power supply 1057 and power supply
1055 illusirated in FIG. 12.

A zobel network and flters module 1015 may be included
in some embodiments. "The zobel network and filters module
1015 may improve [requency response of the amplifier 1300,
The zobel network and filters module 1015 may furthermore
improve stahility of the amplifier 1300 1n respcmse to changes
of speaker impedance, €.g., when a speaker is connected or
disconnected to output 1063 during operation of the amplifier.
‘The zohel network and filters module 1015 may also attenuate
noise that may enter the amplifier al an outpul signal interface
1016, e.g.. when spealer wires act as an antenna to pick up
ambient electromagnetic noise, by preventing such noise
{rom combining with feedback 1061. In some embodiments,
R21, L1, C12, and R22 may in part serve as a low-pass filter
to prevent high frequency noise from entering the amphitier.
The zobel network and fillers module 1015 may also include
a capacitor (not shown) removing any DC voltage from out-
put signal 1063.
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FIGS. 14A, 14B, 14C, and 14D are circvit schematic dia-
grams, €ach providing example sub-madules of a driver stage
such as 1003. The examples of FIGS. 14A-14D illustrate
unbalanced inverting driver stages, however unbalanced non-
inverting and/or balanced configurations are also possible, as
discussed in connection with FIG. 24 and FIG. 28 respec-
tively. FIGS. 14A-14D demonstrate that muliiple driver stage
configurations arc possible, and embodiments need not be
limited to any particular configuration. FIGS. 14A-14D pro-
vide a power supply 1035, current mirror modules 1004.A and
1004B, inverting nputs 1006A coupled 0 input 1053 and
adjusted fcedback 1066, and non-inverting inputs 1006B
coupled to a constant reference voltage, such as, signal
ground (SG). In some embodiments the non-inverting inputs
10068 of unbalanced inverling driver slages may be con-
nocted to a second input filter network, such as., 1002B in FIG.
24 _Examples from FIGS. 14A-14D illustrate an embodiment
wherein the second input filter network configured o connect
o the non-inverting inputs 1006B is a wire. FIGS. 14A and
14D comprise a CFP module 1005 A which s a closer view of
CFP module as shown in FIG. 13, while FIGS. 14B-14C
provide CFP modules 10058 and 1005C, respectively, as
additional example configurations for a driver stage., Further-

mote, FIG. 14D provides altemative example configurations 2

for mirror module 10048 and constant current module
1007B. In some embodiments, transistors Q12 and (13 form-
ing current mirror modnles 1004 A may each have an emitter
degeneration resistor, such as R28 and R2% illustrated in FIG,
28

A CFP module may comprise two CFP contigurations.
FIGS. 14A and 14D illustrate two example CFP configura-
tions comprising bipolar transistors. A first CFP configura-
tion comprises primary transistor (J1. secondary transistor
(3. biusing resislur Ré and emiller degeneration resistor RS,
A second CFP configuration comprises primary bipolar tran-
sistors 2, secondary transistors (4, biasing resistor R7, and
emilier degeneration resisior R9. A secondary transistor, such
as QL. is driven by the current coming from a primary tran-
sistor, such as ()3, and passing through the biasing resistor,
such as Ré. The emilter degeneration resistor, sucl as R8 and
R9 may be optional. In CFP with filters 1011 illusirated in
FIG. 17A, the emitter degeneration resistor 15 not present,
while in & similar embodiment shown in FIG. 28, the emitter
degeneration resistor, suchas R22, 1s present. Furthermore, in
some embodiments the collector of a secondary transistor
may be connected direcily w the emitler of a primary transis-
tot, while in other embodiments a resistor component may be
in comnected hetween the collector of a secondary transistor
and the emitter ol a primary transistor, as illustrated herein.

lnsome embodiments, primary transistors are complenien-
tary with secondary transistors. Primary transistors may
either be ol type Nepative-Positive-Negative (NPN). such as
Q3 or Q4, or may be of type Positive-Negative-Positive
(PNP). such as, Q5 of CFP with filters 1011 mFI(G. 174, The
secondary ransisiors may either be of type PNP, such as Q1
or Q2, or may be of type NPN, such as, 6 of CFP with filters
1017 in FIG. 17 AL

In FIG. 14B example CFF module 1{M5B combines pri-
mary Field Effect Transistors {FET) with secondary bipolar
transistors. ln FIG. 14B, a first CEFP configuration comprises
FET device (321, bipolar transistor (31, biasing resisior R30,
and emitter degeneration resistor R32, and a second CFP
configuration comprises FET device (322, bipolar transistor
Q2. biasing resistor R31, and emilter degeneralion resisior
R33. FET devices Q3 and Q4 may be of type “N™, while
transistors Q1 and Q2 may be of tvpe PNP.
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In FIG. 14C example CFP module 1005C combines FETs
in kot CFP configurations. A first CFP configuration con-
prses primary FET device Q21, secondary I'CT device 23,
and emirter degeneration resistor R83, and a second CFP
configuration comprises primary FET device (322, secondary
FET device 24, and emitter degeneration resistor R54, All
FET devices in 1005C may for example be of type "N If the
schematic for the amplifier were upturned, the FET devices
may for example be of type “P™, as described below in con-
nection with FIG. 23. When employing FET devices the
biasing resistor is optional.

FIG. 14D illustrates an cxample simplified current mirror
module 10048 which may be used in some embodiments. In
FIG. 14D {212 and (113 are replaced with resistors R50 and
R51. In alicmative embodiments, RS0 may be replaced with
a wire (instead of a resistor).

FIG. 14D illustrates an example simplified constant current
module 10073 which may be used some ecmbodiments. Con-
stant current module 1007B may for example comprise a
single resistor R52. without the other componenis illustrated
in constant current module 10074 in FIGS. 14A-14C.

In FIGS. 14 A-14D, the value of resistors R8. B9, R32, R33,
R53 and R54 may be adjusted tc ensure that the amplifier
output signal 1063 has a desired DC output voltage, such as
Zero,

In some embodiments, a CFP configuration may comprise
Wwo or more transistors, as illustrated in cach of FIGS. 14A-
141}, However, a transistor may be replaced i some embaodi-
ments with a CFP configuration. Therefore, CFP configura-
tions may be cibedded within CFP configurations, to any
extent as desired tor particular embodiments. Conversely, a
CFP configuration can be replaced by a transistor. For
example, CFP configuration such as the onc from FIG. 14A
comprising 1, Q3, and Ré, may be replaced by a single
ransistor ol Lype “NPN".

Constant cwrent module LOMO7A in FIG. 14A may com-
prise a resistor R10, while constant current module 10074 in
FIG. 14B may comprises a resisior R34, The values of resis-
tors R10 and R34 may be adjusted to provide an optimal
constant current in the driver stage. Similarly, valves of resis-
lors R55 and R52in FIGS. 14C and 14D, respectively, may be
adjusted to provide an optimal constant current in the driver
stage.

A schematic such illustrated in FIGS. 13 and 20 may com-
prise a driver stage according 1o FIGS. 14A-14D without
requiring schematic modifications of the other modules ot the
schematic layout, For example, a same schematic [or VAS
1008 may be used with any of FIGS. 14A-14D. However,
components of the schematic of F1GS. 13 and 20 may change
in value, in some embodiments, in response w a change from
one of the schematics of FIGS. 14A-14D to another of the
schematics of FIGS. 14 A-141). For example, modules 1002,
1007, 1010, 1011, 1015, ancd 1017 may comprise components
that may be changed in value in response to a use of the driver
stage of F1(. 14A ws_ FIG. 148, 1407, or 141).

FIGS. 15A, 15B, 15C, 15D, and 15E provide example
circuit schematic diagrams for a constant current module
1007 FIGS. 154, 158K, 15C, 1512, and 15K demonstrate that
multiple conslant curent module conligurations are possible,
and embodiments need not be limited to any particular con-
figuration. While F1GS. 14A. 14B, and 14C illustrate a mod-
ule 1007 A with two FET compoenents (111 and Q10 conlig-
ured as shown, and FIG. 14D illustrates a module 1007B with
asingle resistor RS2 as shown, FIG. 15A comprises a module
L007C with just ene FET (10, FIG. 15B comprises 4 module
1007D with a depletion mode MOSFET Q20, FIG. 15C com-
prises a module 1007E with two bipolar transistors 330 and
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(31 configured as shown, FIG. 15D comprises a module
1007F with one bipclar transistor Q32 biased by resistor R57
and two diodes D1 and D2, and FIG. 15E comprises 2 module
1007G with three bipolar transistors 33, Q34 and Q35 con-
figured as shown. Module 107G is an extended version of
module 1007E in which bipolar transistor (31 is replaced by
4 CFP comprising bipolar wransisiors 34, 38, and resistor
component RS9, Preterably, the basc-cmitter biasing voltage
of Q33 is higher than the base-emitter biasing voltage ot (35,
In FIGS. 15A-15E, resistor components R40, R41, R42, R43,
R56, R57, R58, and R60, and diedes D1 and D2 may be
sclected to accomunodate theillustrated contigurations to pro-
vide a constant current to the driver stage.

FIG. 16 is a circuit schematic diagram illustrating a closer
view ol a VAS 1008 as shown in FIG. 13, As stated abuve,
VAS 1008 may comprisc a reference voltage module 1009,
illustrated in FIG. 16 as 10094, enhanced cascode module
with filters module 1000, output transistor bias module 1012,
and constanl current module 1013, VAS 1008 may receive a
signal 1056, and may be connected to a power supply 1057
and a constant reference voltage, such as, power ground (PG)
1058, VAS 1008 may output a signal 1059,

Enhanced cascode module with filters module 1010 may

comptise a top fransistor Q7 and an embedded CFP with 2

filters 1011, wherein the CFP is used in place of a bottom
transistor thereby enhancing, amplification lincarity of the
enhanced cascode with filters module 1010. The top transistor
may be biased by a reference voltage module 10094, and
wherein the bottom CFP with filters 1011 may comprisc a
filter, such as C5 and RL3, to improve the stability of the
amplifier,

FIG. 17A is a circuit schematic diagram illustrating a
closer view ot a CFP with filters 1011. CFP with filters 1011
may comprise 4 SRC [requency compensativn [ilier formed
for example by C5 and R13. It will be appreciated with the
henetit of FIG. 17A that the SRC filter provides custom
[requency response for the CFP with filiers 1011 contribuling
to the unconditional stability of the CFP with filters 1011 and
the VAR 100%. Also, additional trequency compensation fil-
ters may be implemenied by C4 and R11, and C6 and R15
providing custom frequency response for the enhanced cas-
code with filters module 1010 and contributing to uncondi-
tional stability othe VAS 1008. The [requency compensalion
filters may be configured a number of ways. The illustrated
frequency compensation filtets comprise single pole filters,
but configurations with two or more poles are alse possible,
The combination of the multiple frequency compensation
filters produces an effect that may he similar in some respects
o multiple pole Nlters. The [requency compensaticn (lters
may attenuate signal gain more at higher frequencies than at
lower frequencies. In general, one tunction of the various
[ilters associated with the amplilier 1000 (including the fre-
quency compensation filter) may attenuate the gain of the
amplifier at higher trequencies and ensure that when the
amplilier LO00 produces a zain equal to or less than zero dB,
the phase difference between the output and input signals is
less than 180 degrees. For example. FI(i. 21 illustrates an
example simulation ol gain, shown by the gain curve, and
phase difference. shown by the phase curve, which may be
achieved by some embodunents of the amplifier, e.g.,
embodiments corresponding (o circuil 1800, illustrated in
FIG. 20, It will be appreciated that the filters within the VAS
1008 contribute fo unconditional stability of the VAS 1008,
and leading o enhanced amplilication linearity, improved
frequency response of the amplifier and vltra low distottion.
The filters may also serve other tunctions as described herein,
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and the various other modules with thewr components may
also contribute in some respects ta the functions provided by
the filters.

In some embodiments, CFP with filters 1011 comprises a
primary bipolar transistor Q5 and a secondary bipolar tran-
sistor 6, as shown. Configurations comprising multiple
transistors may produce enhanced gain linearity, resulring in
lower distortion output signals 1063. In some embodiments,
FET or MOSIET transistors may be utilized in place of
bipolar transistors, in the CFP with filters 1011, CEFP module
L1005, and/or any other module or sub-module of the amplifier
1000 and driver stage 1003,

Enhanced cascode with filters module 1010 may be con-
figured with or without resistor R15 and capacitor C6. IFR15
and Cé arc removed, a value of C5 may be increased to
frequency compensate the signal produced by the VAS mod-
ule 1008. Increasing the value of C5 may overload the CFP
with filters 1011 and/or driver stage 1003, Including R15 and
Cé may allow for more optimal frequency compensation in
some embodiments. An optimal ratio range of Cé 1o C5 may
produce lowest distortion in the amplifier 1300 and create the
best stability in case of signal clipping. FIG. 20 illustrates one
embodiment of an optimized value for C6 and C5. In some
embodiments, optimized values for C6 may comprise up to
150 picoFarad, and optimized values for C8 may comprise up
10 3 nane Farad.

In FIG. 16, reference voltage module 1009A may be con-
figured a variety of'ways. Reference voltage module 10094, 15
configured as a constant reference voltage module, The illus-
trated configuration may bias the trausistor Q7 by providing
for exaniple a 3.6 volt reterence voltage to the base ot tran-
sistor 7. Embodiments of module 1009 A mav be configured
to provide any constant reference voltage. LEDs such as
I.ED1 and T.ED2 may serve as voltage regulation diades.
Zener divdes, voliage regulation inteyrated or discrele ¢ir-
cuits can also be used in some cmbodiments. A filter may also
he included as described above.

Resistorcomponent R11 and R12 may alsu serve as current
sources for the reference voltage module 1009A and constant
cutrent module 1013, respectively. R11 and R12 aresimilar to
the current module 10078 in FIG. 14D, In some embodi-
ments, each of R11 or R12 may be replaced by other types of
constant current modules, as discussed in conjunction with
FIGS. 14-15. InFIG. 17B resistor compunent R11 from FIG.
17A has been replaced by a constant current source (VRCS)
as Mustrated in FIG. 15C, and comprising bipolar transistors
Q42 and Q43, and resistor components R72 and R73.

FIG. 17B illustrates an example circuit schematic diagram
showing a closer view of a reterence voltage module 1009,
Musirated in FIG. 17B as 1009B, as may be [ound in some
embodiments. Reference voltage module 1009B is config-
ured as a dynamic reference voltage module. Retference volt-
age module 10098 comprises o CFP conliguration compris-
ing a primary transistor (40, secondary transistor (M1,
hasing resistor R71. and emitter degeneration resistor R70.
Preferably, (he base-emiller biasing vollage ol Q7 is higher
than the base-emitter biasing voltage of (Q41. As illustrated in
FICr. 178, providing a constant current source ¥VRCS tor the
relerence vollage medule 10098 may provide a conslant cur-
rent through the CFP configuration, which will provide a
same biasing voltage for transistor Q7 for a large range of
power supply vollages 1057, The biasing vollage may be
changed by changing the current through the current source
VRCE. or by modifying the value of one or more of R70
and/or R71. Furthermore, FIG. 17B alse illustrates an
example CEP configuration with filters 1011B that may have
an emitter degeneration resistor, such as R22.
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In some embodiments, as illustrated m FIG. 16, an output
transistor bias module 1012 may be configured to create a
voltage drop across diodes D3 and DM, An optional capacitor
C7 allows Alternating Current (AC) to bypass the diodes D3
and D4. such that a constant bias is produced. In some
embodiments dicdes D3 and D4 can be replaced by a resistor
or a combination of transistor and resistors. Transistor bias
module 1012, may also comprise resistors R17,.R18 10 adjust
current of output 1059 as desired for particular embodiments.
Output transistor bias module 1012 may be configured in a
variety of differemt ways and this disclosure is not limited to
usc of an output transistor bias medule 1012 configured as
shown. Some output transistor bias module embodiments
may for example include output signal short-circuir protec-
tion for output 1059, 1062 and/or 1063, as may be imple-
mented by certain transistor confignrations, and femperatore
overload protections which may for example turn off or
reduce bias in responsc to high temperatures or high output
current in ouipnt 1059, 1062 and/or 1063,

In some embodiments. a constant current module 1013
may provide a sclected constant current in the VAS 1008, The
current may be selected for example by selecting particular
values for the various components of the module 1013. Mod-
ule 1013 may also provide the function of a variable resistor,

which automatically varies to ensure constant current in the 2

branch of the circuit comprising Q6, Q7. D4, D3, Q8. and
R16. Constant current module 1013 15 illustrated in FIG. 16
with a configuration according to FIGr. 158, however constant
current module 1013 may be configured for example accord-
ing to any of FIGS. 15A-15E, described above.

FI(3. 18 is a circuit schematic diageam illustrating an
example power transistors module. FIG. 18 shows a power
transistor module 1014B that combines bipolar transistors
with MOSFET power transistors. Power transistor module
1014B may receive signal 1059 via inpul(s) as illustrated.
Inputs 1059 may be coupled with bipolar transistor(s),
defined by components of the power transistor module 10148
as described below. Bipolar transisturs may be coupled with
MOSFET power transistors, defined by components of the
power transistor module 10148 as described below. MOS-
FET power lransisiors may be coupled with power supply
inputs 1060, and may be covpled with a power transistors
ontput 1062, Output 1062 may be coupled with feedback
1061, as Jdescribed with reference 0 FIG. 12, and with zobel
network and filters configured for example as 1015B. Zobel
network and filters 10158 may be coupled with a power
eround 1064 and an output interface 1016, as described
herein.

FICi. 18 comprises four bipolar transistors, grouped in two
CFP conligurations with custom [ilers. A Orst CEFP eomprises
a first transistor Q200 of type NPN, a second transistor 3202
of tvpe PNP, hiasing resistors 8204 and R208, and hasa SR(”
[ilter comiprising C200 and R200. A second CFP comprises a
first transistor (3201 of type PNP, a second transistor (203 of
type NPN, hiasing resistors R205 and 8209, and has a SR(”
[ilter comprising C201 and 8201, In the emitter of Q2( and
Q201 there are two symmetrical groups of emitter degenera-
tion resistors with Alters. A first group comprises 8202, 8206
and C202. A second group comprises 8203, 8207 and C203.
The four bipolar wransistors (3200, (3201, Q202 and Q203
(also reterred to as the two CFP configurations) may add an
exlra gain o the signal 1059, and (he accompanying (iliers
help in adjusting the frequency response of the signal 1059 in
asimilar way as the other filters from the VAS do.

FIG. 18 comprises mulliple MOSFET power (ransisiors
Q204, (206, Q205 and Q207. The MOSFET power transis-
tors may be configured in two groups, a group for each polar-
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ity of the output signal, wherem the MOSFET power transis-
tors within each group are configured in parallel with cne
another. For example, a first grovp may comprise Q204 and
Q206 1 parallel, and a second group may comprise (3205 and
Q207 in parallel. This arrangement increases the amount of
current going to the output interface 1016, Note that [1G. 13
illustrates a power transistor module with two power transis-
ors, while power transistor module 1014B comprises four
power transistors. In gencral, a power transistor module may
comprise any number of power trausistors.

FIG. 18 comprises diodes D200 and D201, and resistors
R211, 8210, 8212 and 8213. The diodes and resistors may be
configured to bias the MOSFETs (Q204, ()206, Q208 and
Q207. with one resistor for each MOSFET. The diodes and
resistors may also serve in part as an additional output tran-
sistor bias module 1012. In some embodiments, the diodes
can be replaced with other mechanisms configured tobias the
MOSFLTs, including for cxample protection circuits. As
described above, bias elements may be configured in a variety
of different ways and this disclosure is not limited 1o use of
any particular mechamsm. Some bias embodiments include
short-circuit protection and/or temperature overload protec-
tions which may for example tum off or reduce bias in
response to high temperatures or agh output current.

FIG. 18 comprises a zobel network and filters 1015B con-
figured with elements $218 and C204, in addition to the
elements of the zobel network with filters illustrated in FIG.
13. The SRC filter tormed by R218& and C2{4 allow for
additional adjustments of signal phase, and in some emhodi-
ments may also improve the *low pass filter behavior” of the
zobel network and filters 10158, and prevent high frequency
neise from entering the amplifier.

FIG. 19 is a circuit schematic diagram illustrating an
example power transistors module. FIG. 19 illustrates an
example power transistor module 1014C that includes bipolar
power transistors {1104 and (105, instead of the MOSFETs
as illustrated 11 FIGr. 18. Power transistor module 10140 may
receive signal 105% via inpul(s) as illusirted. Inputs 1059
may be coupled with bipolar transistoris ), defined by compo-
nents of the power transistor module 1014 as described
below. Bipolar transistors may be coupled with bipolar power
transistors Q104 and Q105. Bipolar power transistors Q104
and (105 may be coupled with power supply inputs 1060,
and may be coupled with a power transistors output 1062,
Output 1062 may be coupled with feedback 1061, as
described with reference o FIGr, 12, and with zobel network
and filters configored [or example as 10015C. Zobel network
and filters 1015C may be coupled with a power ground 1064
and an output interface 10168, as described herein.

FIG. 19 comprises multiple bipolar transistors, Q100,
Q101, Q102 and Q103. The Mipolar transistors and surrovnd-
ing components have the same functions as the equivalent
components illustrated in FIG. 18,

The bipolar ransistors may be configured to couple with
hpolar power transistors (104 and Q105 as shown. In some
embodiments., additional bipolar power ransistors may be
configured in paralle] to those illustrated in FIG. 19.

In embodiments according to FI(r. 19, the hiasing of the
bipolar power transistors (104 and Q105 may be slightly
different from the biasing circuitry illustrated in FIG. 18. The
biasing of Q104 is determined by the values of component
resislors R110, R112 and R115, and the biasing of Q105 is
deternmined by the values of component resistors R111, R113
and R116. Furthermore, winle in F1G. 18, D200 may be
conligured lo directly connect w0 D201 witheul connecling Lo
the horizontal wire passing between D200 and D201 (which
is also the output wire), m FIG. 19 R115 may be configured to



US 8,466,744 B2

19
connect to R116 and forther to the output wire. The same
applies for D102 and D103, As described above, bias ele-
ments may be configured in a vanety of dilferent ways and
tlus disclosure is not limited to vse of any particular mecha-
nism.

In some embadiments, Q104 and (105 may be medium
power transistors, W conligure the schematic of FIG, 19 as a
preamplificr with a high impedance outpur. Zobel network
with filters 1015C shows a simpler variant of a zobel network
1015, and may be used with both preamplifier and power
amplilier oulputs.

FIG. 20 is a circuit schematic diagram illustrating an
example detailed amplifier circuit 1800 along with example
values for the various components as well as specific compo-
nent (ypes associated with manufacturer component names.
The illustrated values and component types arc cxamples
only and it will be appreciated that the disclosure teaches any
values and component types that may replace those shown.
Also, several manulacturers may provide equivalent compo-
nent types suitable for use with some embodiments. Compo-
nent type selection may be based on availability of simulation
data as well as electrical, thermal, and power characteristics
and/or other desired properties. FIGS, 21 and 22 show simu-

lation results for the circvit 1800 with component values as 2

shown. Insome embodiments, a circuit such as circuit 1800 or
any of the circuits described herein may be provided as a data
file for simulating and further modifying a circuit. The data
file may be provided to a software program for simulating and
configuring electrical circuits, or may be suppliad along with
such a software program. Circuit 1800 may be customized
through simulations for desired frequency response and/or
specitic applications.

InFIG. 20, optimized operational current values may com-
prise. for example. 1.6 to 2 milli ampetres through each of the
emitters/collectors of (1 and Q2, and approximately 0.5 mil-
liamps or slightly over through each of the collectors/emitters
of (93 and (4, wlich optimized current may be adjusted by
changing a value of R10. The current at R10 may for example
be between 4.2 to 5 milli amperes. Depending on the maxi-
mum desired output voltage at 1059, optinnzed operational
current values may torther comprise, tor example, between 8
to 20 milli amperes through each of the collectoremitier of
Q6 and emutter/collector Q7, diodes DM and D3, collector/
enutter of (8, and resistor R16, which optimized current may
be adjusted by changing a value o R16.

FIGS. 22A, 22B, and 22C show spectrum views of an
output signal 1063 ot ahout 30 volts and about 26 dB, respec-
tively, [rom an amplifier circuit 1800, In FIG, 224, the input
signal 1051 frequency was 1 kHz. The produced output signal
1063 comprises a main component 2001 and several small
distortion compoenents 2002, The main compenent 2001
shows a voltage of about 26 dB, while the largest distortion
component from 2002 shows a voltage ot about 141 dB. The
dilference in vollage is therelore about 167 dB for a 1 kHe
inpur, while the output signal 1063 total Liarmonic distortion
i5 (.000001%, which can be classified as ultra low distortion.
Distorlion components 2002 would be even lower for inpul
frequencies below 1 kHz, and the difference between 2001
and 2002 would therefore be even higher.

In FIG. 22B, (he input signal 1051 [requency was 10 kHe,
The produced output signal 1063 comprises a main compo-
nent 2101 and several small distortion components 2102, The
main component 2101 shows a voltage ol aboul 26 dB, while
the largest distorbion component from 2102 shows a voltage
of about =124 dB. The difference in voltage is therefore about
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150 dB for a 10 kHz input, while the output signal 1063 total
harmonic distortion is 0:000053%, which can be classified as
ulira low distortion.

In FIG. 22C, the input signal 1051 frequency was 20 kHez.
The produced output signal 1063 comprises a main compo-
nent 2201 and several small distortion components 2202. The
main component 2201 shows a vollage ol abow 20 dB., while
the largest distortion component from 2202 shows a voltage
of about —~111 dB. The difference in voltage is therefore about
137 dB for a 20 kHz input, while the output signal 1063 total
harmoenic distortion is 0.000020%, which can be ¢lassilied as
ultra low distortion.

A circuit such as 1800 is well suited for audio applications
and for the transparent amplification of high resolution input
signals. A high-resolution input signal, as defined herein,
includes any signal of 24 bit or higher resolution. Transparent
amplification, as the term 13 vsed here, refers to reproduction
and amplification of input signals at signal 1o noise ratios of
125 dB or higher. As mentioned above, (he circuil simulations
for cireuit 1800 show that distortion for an output signal of 30
volt is less than 3x107°%, or 0.00003%, corresponding to a
signal to noise ratio of around 135 dB, in the audible range of
about 20 Hz to 20 kHz, which can be classified as ulira low
distortion. Also, a 30 volt output signal ¢an provide over 50
watts Root Mean Square (RMS) to an § olun speaker, and over
100 watts RMS to a 4 ohm speaker. While such a power level
15 sutficient tor many spealker configurations, the circuit 1800
may produce even more power, e.g.. cver 1000 watts foran 8
ohm speaker, by increasing power supply voltages for power
supplies 1085, 10587, and 1060, and input signal 1051 voltage.
The constant current modules 1013 and 1007 will automati-
cally adjust the circuit 1800 to adapt to the increased power
supply and/or input signal voltage levels,

While the amplifier circuits disclused herein are therelore
demonstrably suited for audio applications in some embodi-
ments, the disclosed amplifier circuits are not Limited to audio
applications. The amplifiers disclosed herein may be used
with any frequency range. In some cmbodiments amplifiers
disclosed herein may be used in connection with frequencies
above the audible range, such as lor example the Radio Fre-
quency (RF} range for radio communications. In some
embodiments, amplifiers according to flhus disclosure may
comprise precision ampliliers adapled lfor input signals ol a
different nature than audio signals, for example input signals
associated with scientific or medical applications.

FIG. 23 is a circuit schematic diagram illustrating an
exampledetailed amplifier circuit. The circuit of FIG. 23 is an
example alternative configuration of an amplifier circuit
according to this disclosure. Furthermore, moduoles inFIG. 23
with like identifiers to modules disclosed in connection with
FICr. 12 illustrate example alternative configurations tor such
medules according o this disclosure. In FIG. 23, transistors
in the driver stage 1003 and VAS module 1008 are replaced
with complementary versions. PNP transistors are replaced
with NPN (ransistors, and vice-versa, Transistor identifiers in
FIG. 23 correspond to identifiers from FIG. 13, with the
addition of “A™. For example, transistor Q1A in FI{r. 23 is a
lransistor of lype NPN corresponding (o transistor Q1 in FIG.
13, of type PNP.

FIG. 24 15 a circuit schematic diagram illustrating an
example detailed amplifier circuit 1302 comprising an unbal-
anced input filter network module, accepting an unbalanced
input signal and being configured as an non-inverting ampli-
fier. The circuit o FIG. 24 is an example allemalive conligu-
ration of an amplifier circwit according to this disclosure.
Furthermore, modules in FIG. 24 with Like identifiers to mod-
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ules disclosed 1 connection with FIG. 12 illustrate example
alternative configurations for such modules according to this
disclosure,

InFIG. 24, driver stage 1003 is configured as a non-invert-
ing driver stage. This may be accomplished for example by
rotating the schematic of the driver stage 1003, as illustrated
in FIG. 13, 180 degrees around a vertical axis, so that, while
the adjusted feedback 1066 still connects to Q3 via a first
feedback network 1017A, as shown in TIG. 24, the input
signal 1053 connects to the non-inverted input at Q4 via a
second input filter network 1002B in FIG. 24, instead of the
inverting inputat Q3 in FIG. 13. [Towever, Q3 still connects to
a first input filter network 1002A, comprising R23 and C13,
which connects 10 a constant reference voltage, such as. the
ground, instead of the input signal. In some cmbodiments,
such as the amplifier 1302, a second feedback nerwork 1s
metged with the second input filter network 1002B. wherein
the second feedback network and the second input filter net-
work are configured such that a same component or set of
components (e.g.. the components of 1002B) serves as both
the second feedback network and the second input filter net-
work. The ratio RS to R23 may determine or otherwise affect
the gain of the amplifier. Alternatively, embodiments may he
configured without a second feedback network.

Due to asymmetrical design constraints of the driver stage 2

1003, determined by the point from which the output signal
1056 15 collected, the impedance of the inverting input may be
ditterent trom the impedance of the non-inverting input.
Accordingly, the components values of the varicus filter net-
works may vary from an inverting amplifier, such as the
amplifier 1300 trom FIG. 13, to a non-inverting amplifier,
such as the amplifier 1302 fiom FIG. 24.

FIG. 25 illustratcs a block diagram of a signal converter
moadula 3001 which may convert an unbalanced signal 1051 A
0 a balanced signal 1051B, or perlorm the opposite. A bal-
anced signal may comprise two identical signals in opposite
phase to each other, while an unbalanced signal may comprise
a single signal. Various options lor configuring the signal
converter module 3001 will be appreciated by thosc of skill in
the art.

A circuil, such as illustrated in FIG. 25 may be part ol an
input signal interface 1001. An input signal interface 1001
may be configured to couple with one or more of the first and
second input [ilter networks, discussed below with reference
to FIG. 26. In some embodiments, the input signal mterface
may bhe configurable tor example via a passive or active
swilch or computer controlled logic, 1o output a balanced
signal via a first signal output and a second signal cutput to
operate the amplifier circuit in halanced mode. The nput
signal interface may be configurable w output an vnbalanced
signal via the first signal output and to connect the second
signal output to a constant reterence voltage or ground to
operate the amplifier circuit in vnbalanced inverting mode,
The input signal interface may be configurable to output an
unhalanced signal via the second signal output and to connect
the first signal oulpul w a constanl relerence vollage or
ground to operate the amplifier circuit in unbalanced non-
inverting mode.

FIGS. 26-28 illustrale example amplifiers with a balanced
inpur filier network 3100, 3204, 3300, and 3400, respectively,
designed according to the block diagram showan in F1G. 12
Ampliliers 3100 and 3400 accepl a balanced signal 1051B as
input, Amplifier 3200 and 3300 accept an unbalanced signal
1051A as mput. Amplitier 3200 is an inverting amplifier,
while 3300 is a non-inverting amplilier.

Modules in FIG. 26 and FIG. 28 with like identifiers to
modules disclosed in connection with FIG. 12 illustrate
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example alternative configurations for such modules accord-
ing 1o this disclosure. Furthermore, the circuit schematic
310010 TIG. 26 also comprises component 1080 which sym-
bolizes an tegrated circuit (IC) that may comprise a set of
the modules from FIG. 12, such as, driver stage 1003, VAS
1008, power transistors 1014, and power supply 1057, and
also connections between these modules, such as 1086 and
1059. 1C 1080 has connection pins for inverting 10064 and
non-inverting 1006D inputs, constant reference voltage, such
as, power ground 1058, power supply 1060 and output signal
1062

Morcover, FIG. 26 and TIG. 28 may show two cquivalent
circuits. In some embodiments, the schematic of IC 1080 may
comprise patts of the schematic of amplifier circuit 3400,
such as, the schematic of driver stage 1003, VAS 1008, power
wansistors 1014, and power supply 1057, and also connec-
tions between these modules, such as 1056 and 1059, In some
embodinicnts, the IC may comprise onc or morc of' the power
rransistors module: the zobel network and filters module; the
tirst feedback network: the second feedback network: the first
input filter network; the second input filter network; the out-
put signal interface; and an input signal interface.

A balanced input filter network 1002, may comprise a first
input filter nerwork and a second input filter network that are
merged o a single input filter network, as shown. Amphfi-
ers with a balanced input filter network, such as. illustrated in
FIGS. 26-28 cxhibit two inputs for the input signal, such as,
an input IN_A of the first input filter network, and an input
IN_B of the second input filter network connecting via the
balanced input filter network 1002C to the inverting and
non-inverting inputs  1006A and 10068, respectively.
Accordingly, while for an amplifier with an unbalanced input
filter network the unbalanced input signal 1051 A is passed to
only one of the inverting or non-inverting inputs ot the TC
LO80 ur driver stage 1003, for an amplifier with a balanced
input tilter network the balanced input signal 1051B is passed
to both the inverting or non-inverting inputs ot'the 1C 1080 or
driver stage 1003, In addition, both the inverting and non-
inverting inputs 1006A and 1006B may also connect to a
feedback network: inverting mput 10064 may connect to a
lirst feedback network 1017 A which brings (e signal from
the output, and non-inverting input 1006B may connect to a
second Teedback network 10175 which connects to a con-
stant relerence voliage, such as, the signal ground. Note that
here, the term “feedback network™ 1s used loosely for element
10178, because 10178 does not actually receive a Teedback
{rom the output, but rather uses a constant relerence vollage,
such as, ground as a reference signal.

In some emhbodiments, an output of the first feedback net-
work may be coupled 10 the inverting input of the driver stage
and the output of the first input filter network, while an input
of the first feedhack network may hecoupled to at least one of
the VAS output, the power transistors module, the zobel net-
work and filters module, and the output signal interface. An
output ot the secand teedhack network may he coupled to the
non-inverting input of the driver stage and the outpul of the
second input filter network, while an input of the second
feedback network may be coupled to a constant reterence
vollage or ground.

In some embodiments, a balanced input filter networl
1002, such as 1llustrated in FIGS. 26-28, may have a ditter-
ent schemaltic than an wbalanced ller network 10024, as
shown, A balanced input filter network 1002C may comprise
acombination ot a firstinput filter network and a second input
[ilter network. An inpul of the (irst input [ilter network may be
configured to couple to one or more of an wput signal, a
constant reference voltage, ground, and a first output of a
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input signal interface. Meanwhile, an input of the second
input filter network may be configured to couple to one or
more of an input signal, a constant reference voltage, ground,
and a second ovtput of an nput signal interface. An output of
the first input filter network may be configured to couple to
the mverting input of the driver stage and to the ovrput of the
first feedback network, while an output of the second filter
input network may be configured to couple 10 the non-invert-
ing input of the driver stage and to the output of a sccond
feedback networlk.

A balanced input filter network 1002C may comprise a
high-pass filter and a low pass filter. The high pass filter may
comiprise for example components R1,C1. R2, C15 and R23.
The low pass filter may comprise for example components
R2, R23, R24, R25, C2, and R3, wherein C2 and onc or more
of R2, R3, R23, R24 and R2S form a SRC filter that is part of
the external filter of the driver stage 1003. Furthenmore, it
may be desirable in some embodiments that capacitor C1,
resistor R2 and R24 have sinnilar or identical parameters with
capacitor C15, resistor R23 and R25, respectively. The term
parameter refers to component value, temperature coefficient,
and other electrical, magnetic and thermal parameters. The
ratio RS/(R2+R24), and the ration of R26/R23+R25) may
determine or otherwise affect the gain of the amplifier.

In some embodiments, the schematic of the first feedback 2

network 1017 A at the inverting input 1006.A may be identical
to the schematic of the second feedback network 1017B at the
non-inverting input 10068, Furthermore, it may be desirable
in some embodiments that capacitor C3 and resistor RS have
similar or identical parameters as capacitor CL3, and resistor
R26, respectively.

FIG. 27A and FIG. 27B illustrate example amplifiers 3200
and 3300 with balanced input filter networks, which arc con-
figurad to accept an unbalanced input signal 1051 A instead of
abalanced signal 1051B. Example amplifiers 3200 and 3300
have been designed identical to amiplifier 3100, with the dif-
terence in how the tnput signal 10514 is connected {couplad)
to the inputs IN_A and IN_B of the balanced input (iler
network, Amplifier 3100 may be configured to operate in
balanced mode when a first polarity of a balanced input signal
is coupled W an input ol e lirst input filier network, and
when a second polarity of the balanced input signal is coupled
to an input of the second nput filter networlk, as discussed
above. Amplilier 3200 may be conligured 1o operale ininverl-
ing vnbalanced mode by connecting an vnbalanced input
signal 1051A to the input IN_A of the first input filter net-
work, and by connecting the input IN_B of the second input
filter network 10 a constant reference voltage, such as, the
signal ground 1052, Amplifier 3300 may be configured to
operale in non-inverting unbalanced mode by connecting the
input signal 1051.A to the mput IN_B of the second input filter
network, and by connecting the input IN_A of the first input
[ilter network 0 & constant reference vollage, such as, the
signal ground 1052, Thus, as can be understood with refer-
ence to F1(i. 27, one aor more of the driver stage, the VAS, the
power Lusistors module, the zobel network and (llers mod-
ule. the output signal interface, the first and second feedback
networks, and the first and second input filter networks may
be conligured W operate with both balanced and unbalanced
inpur signals without requiring change to their respective
schematics or component values. Furthermore, an amplitier
circuil may conlain a switch in the input interface, allowing
for switching between modes comprising vnbalanced mode,
mnverting unbalanced mode, and non-inverting unbalanced
maode,

F1G. 28 shows an amplifier circuit 3400 that 1s equivalent
to the example amplifier 3100 illustrated in FIG. 26. [llus-
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wrated amplifier 3400 accepts as input a balanced sipnal
LOS1IB, but can be adapted 10 accept an unbalanced signal
10514, by connecting one of the inverting IN_A or non-
mvertng IN_B inputs to a constant reference voltage, such as,
the signal ground. as explained in conjunction with FIG. 274
and FIG. 27D, Furthermore, amphfier circuit 3400 exhibits
some example configurations for the driver stage 1003 and
VAS 1008, and zobel network and filters 1015B. Transistors
Q12 and (13 forming current mirror modules 1004 A (TIG.
L4 A)ymay each hiave a resistor in the emitter, such as R28 and
R29. The voltage reference module 1009 (FIG. 16) within the
VAS 1008 biasing transistor (37 has becn confignred with a
zener diode or an integrated circuit, which may provide 4V
reference voltage 1o the base of transistor Q7. The CFP con-
figuration 10118 (T1G. 14B) within the VAS 1008 may have
an emitter degeneration resistor, such as R22. Zobel network
and filters 1015B may comprise an additional low-pass filter,
such as, C14 and R27.

FIG. 29 illustrates two amplifier schematics 3501 and
3502, that may be similar to schematic 3100, and which are
connected in a bridged mode. Both amplificrs 3501 and 3502
receive as mput a same input signal 1051B, yet the signal
input to amplifier 3501 is in opposite phase than the signal
nput to amplifier 3502, Namely, output point “A” of the input
signal 1051B is connected to input IN_A of amplifier 3501
and to input IN_B of amplifier 3502, and cutput point “B™ of
the input signal 1051B is connected to input IN_B of ampli-
fier 3501 and to input IN_A ot amiplifier 3502. Moreover, the
output signal interface 1016 is connected between the outputs
ofthe two amplificrs in bridged mode, such as 3501 and 3502,
Accordingly, the ouput power of two amplifiers in bridged
mode may be 4 times the power of each amplifier when run
individually.

FIG. 30 is a circuit schematic diagram illustrating an
example amplilier circuil 3600 which is an example detailed
cmbodiment of the amplificr circuit 3100 illustrated in FIG.
28. FIG. 30 includes examiple values tor the various compo-
nents as well as specilic component 1ypes associaled wilh
manutacturer component names, as will be understood by
those of skill in the art. The illustrated values and component
lypes are examples only and it will be appreciated that the
disclosure teaches any values and component types that may
replace those shown. Also, several manufacturers may pro-
vide equivalent compunent types suitable for use with some
embodiments. Component type selection may be based on
availability of simulation data as well as electrical, thermal,
and power characienistics and/or other desired properties,
Circuit 3600 may be customized through simulations for
desired trequency response and/ar specific applications, as
described in connection with circuit 1800 illusirated in FIG.
20.

FIG. 31 is a circuit schematic diagram 1llustrating an
exampleamplifier circuit 3700 conligured a5 a preaanplifier. It
will be appreciated that the preamplifier configurations
according to FI(i. 31 may generallv comprise many ot the
elements illustrated herein in conneclion with power ampli-
fier configurations, for example, as illustrated in FIG. 12
and/or FI(r. 28. Ditterences hetween amplifier circuit 3700
and amplifier circuit 3400 [rem FIG. 28 may include the
presence of the power transistor module, which is not present
in amplifier circuit 3700, and a different configuration of the
zobel network and f{ilters 1015C in amplilier circuit 3700
versus zobel network and filters 1015B in amplifier circuit
3400. Amphfier circuit 3700 may comprise a Zobel network
and [ilters 1015C, which is similar 1o the zobel network and
filters illustrated in FIGn, 19, In some embodiments, the above
described differences may be the only differences, and all the
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other modules of amplifier 3700 may have a same schematic
and component values as the corresponding modules of
amplifier 3400, In some embodiments, an amplifier circvit
may be configured or configurable to switch between con-
figurations such as 3700 and 3400,

In TIG. 31 the output 1059 from the VAS may connect
directly to the feedback 1061 and to the zobel nerwork and
filters 1015C. The output interface 1016B of amplifier circuit
3700 may have higher impedance than the output interface
1016 of amplifier circuit 3400.

FIG. 32 is a block diagram illustrating an example process
for contiguring an amplificr. An amplificr may for example be
configured for a desired gain, frequency response, and distor-
tion level. The process may corprise, for example, a “select
desired output power' block 2501, a “determine minimum
power supply™ block 2502, a “select modules and compo-
nents” block 2503. an “*adjust reference voltage” block 2504,
an “adjust operating current” block 2505, an “adjust output
D}C voltage™ block 2506, an “adjust filters” block 2507, and a
“simulate” block 2508, The blocks 2501-2508 are illustrated
as performed sequentially, however it will be appreciated that
certain blocks may be omitted or rearranged in some embodi-
ments. Also, a dotted arrow from block 2508 wo blocks 2507,
2505, and 2503 indicates various example iterative processes
mvolving repeating certain blocks as described below.

In a “select desired cutput power” block 2501, a desired
output power may be sclected for an output such as 1063. For
example, where an amplifier is to be used as an andio ampli-
fier coupled to one or more speakers, an output power level
may correspond to a maximum power for the spealkers.

In a “determine minitnum power supply” block 2502, the
output power selected in block 2501 and an impedance of
speakers to be driven by the amplifier may be used to deter-
mine the minimum power and voltage needed by an amplitier
circuil. Fur example minimum power supplies [or power sup-
plics 1055, 1057, and 1060 supplicd to a driver stage 1003, a
VAS 1008, and/or a power transistars module 1014 may be
determined.

In a “select modules and components’™ block 2503, an
overall amplifier schematic may be selected, the averall sche-
malic comprising 4 sel of modules including vne or more of
modules 1001-1016. Furthermore, n selecting modules
1001-1016, desired modules schematics as well as values for
component resistors, capacilors, coils, ransistors, diodes,
and LEDs may be selected.

In an ““adjust reterence voltage™ block 2504, a reference
vollage o be supplied w the amphifier via a reference vollage
meodule such as 1009 may be adjusted. For example, in
embodiments comprising | .ElJs in a voltage module THW,
the number and choice of LEDs, such as LED ¢olor choice,
may determine reference voltage, LEDs produce littlle noise
and so are desirable in some emhodiments. In some embadi-
ments, zener dicdes may be used. or an integrated or discrete
circuit may be configured to produce a desired reference
voltage.

In an “adjust vperaling current”™ block 2503, current levels
in various modules such as a driver stage 1003, a VAS 1008,
and a power transistors module 1014 may he adjusted as
described herein. For example, an appropriate resistor may be
selected to adjust current in the driver stage 1003 and the VAS
1008, and an output transistor bias module 1012 may be
conligured o adjust cwrent in the power transistors module
1014.

In an “adjust output DC volrage™ block 2506, components
wilhin the driver stage 1003, for example values o R8 and R9
in FIG. 13, as well as reference voltages and operating cur-
rent, described above. may be adjusted to produce a desired
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DC woltage at an output such ag 1063. Adjusting components
within the driver stage 1003 may be performed as a primary
operation, with adjusiment of reference voltages and/or oper-
ating current performed as a secondary operationif necessary.
In many audio application embodiments, desired DC voltage
atan output such as 1063 may be zero. In embodiments where
both the transistors and corresponding resistor components
from the driver stage 1003 (FIG. 13) arc matched in pairs,
such as Q3. QL and Q13 marched with Q4, Q2 and (12,
respectively. and RS, Ré matched with R9, R7, respectively,
the oulpul DC vellage may be cluse or equal 1o zero. Addi-
tionally, adjusting the value of one of resistor components,
such as, R8 or R may vield an output DC voltage close or
equal to zero. In some embodiments one of R or R9 may be
replaced by a variable resistor (trimmer). In some embodi-
ments, an additional capacitor may be added, for example in
series along a wire carrying an output such as 1062, to block
DC signal components while allowing AC signal components
lo pass through.

In an “adjst filters™ block 2507, the circuit comprising the
selected modules may then be fine-tuned by adjusting the
filter components such as filters in modules 1002, 1005,1010,
1011, 1015, and 1017, as described above. The various filters
associated with amplifier circuits disclosed herein modify
frequency response of the circuits. These filters may attenvate
the gain of the amphifier at lngher frequencies and ensure that
when the amplifier produces a gain equal to or less than zero
dB. the phase difference between the output and input signals
i5 less than 180 degrees.

In some embodiments, block 2507 may comprise testing
the frequency response of the circuit with input signals. The
frequency range of input signals supplied to the circuit for
testing may be selected. Tn some embodiments, the input
signal [requency range nmiay comprise Or example any inpul
frequencics from below audible frequencics (e.g.. 1 Hz) to
input trequencies at and above those at which the amiplifier
has o zero dB gain. Al an input [fequency al which the ampli-
fier hias a zero dB gain, output signals may be measured to
determine whether a phase ditference between the cutput and
nput signals is less an 180 degrees, as described above.

Furthermore, frequencies above the audible range may be
inspected to determine if the amplifier produces gain pealks.
For example, in some embodiments, [requencies above the
audible range may be nspected to ensvre gains and phases of
output signals produced by the amplifier decrease monotoni-
cally, Gain curves with non-monolonic gain peaks may be
considered undesirable as they may cause undesired oscilla-
tions of the amplifier. It such gain peaks are found, filter
adjustment may be recommended amd/or performed.

In a “simulate™ block 2508, the amplifier may be tested
using a range ot input frequencies to determine distortion
caused by the amplifer. In some embodiments, bock 2508
may comprise supplying input siguals to an amplifier via a
signal filter circuit as described herem (FICr. 1). The signal
[ilter circuil may be used 1o provide low-dislertion inpul
signals. Without a “clean” or low distortion input signal. it is
difficult to fine-tune an amplifier for minimum distortion.
This is especially true when an amplifier preduces distortion
levels comparable to, or below. that of distortion levels in an
input signal used to test the amplifier. Amplifiers according to
this disclosure may preduce very low distortion. In some
embodiments, amplifiers according to thus disclosure may
produce distortion levels lower than distortions produced by
many comunercially available signal generalors. A signal {il-
ter circwt may provide a cost effective approach to testing
amplifier circuits using low-distortion input signals.
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InFIG. 32, any of blocks 2501-2507 may be repeated after
simulate block 2508. For example, a first iterative process
may comprise returmning one or more times to block 2507 via
2551 to identify filter values corresponding to low output
signal 1063 noise and distortion levels, better frequency
response, and/or better amplifier stability.

A second iterative process may comprise returming one or
more times to hlock 2505 via 25852, to find optimal operating
current corresponding to low output signal 1063 noisc and
distortion levels within a targeted frequency response band.
For each iteration according to 2552, subsequent steps 2506-
2508 may also be performed, as well as subscquent itera-
tion(s) according to 2551,

A third iterative process may comprise returning one or
morc times to block 2503 via 2553, to sclect different mod-
ules and their components for an amplifier circuit configura-
tion. for example, to optimize performance of the circuit as
described herein, Various types and brands of transistors and
diodes, and varous reference voltage levels, may also be
interchanged and tested for their effect on outpur distortion
and frequency response. For cach iteration according to 2553,
subsequent steps 2504-2508 may also be performed, as well
as subsequent iteration(s) according to 2551 and 2552.

Any of the processes deseribed herein may be performed at

least in part by a computer in some embodiments. For 2

example, an amplifier circuit may be modeled using software,
including for cxample its operating current, power supply
voltage, and values for filter components for a desired fre-
quency response, cutput signal noise and distortion levels,
The modeled circuit may be tested using simulated input
trequencies, and simulated outputs may be produced. along
with graphs such as FIGS. 21-22 and other visualizations of
circuit behavior. Appropriately configured software may pro-
vide for user interaction via a display and input device(s),
allowing the user (o reconligure the circuit by recon(iguring
the circuit schematic. module schematics such as a driver
stage 1003 schematic or VAS 1008 schematic, and/or values
of ¢ircuil components.

Furthermore, any or all of the various modules and their
components disclosed herein may be provided in an inte-
graled circuil in some embodiments. For example, an inte-
grated circuit may be arranged to compnse one or more of a
driver stage 1003 and a VAS 1008. An integrated circuit may
be mono-channe! or multi-channel. In addition, an imegraied
circuit may provide other modules for use in conjunction with
an amplifier circuit, as will be appreciated by those of skill in
the art, whether such other modoles are known or as may he
developed. Example other modules include surround sound
processors, optical signal conversion modules, 1Xgital to
Analog (DYA)Y and Analow 1o Digital (DVA) conversion mod-
ules, High Definition Multimedia laterface (HDMI} modules,
and [Iniversal Serial Bus (1JSB) modules.

In some embodiments, an inteprated circuil may be con-
figured with one or more output pins configured for nse with
a power transistors module such as 1014 that is external to the
integrated circuil. The integrated circuil may or may nol also
include an intemal power transistors module. The one or more
output pins may allow comhining the integrated circuit with
any type ol external power lransisiors module, as may be
advantageous for providing a desired voliage and current
{power) of an output signal such as 1063. An integrated circuit
comprising oulpul pins conligured lor use with an extlemal
power transistors module may be vsed in both preamplifier
configurations and power amplhfier configurations of any
desired oulpul signal vollage and currenl (power).

ln some embodiments, an integrated circuit may be used to
provide a first configuration for an amplifier circuit or portion
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of an amplifier circuit, comprising a first set of component
values, e.g., the values illustrated in FIG. 20 or FIG. 30. An
integrated circuil may comprise one or more power supply
pins, one or more constant reference voltage pins, such as,
ground pins, one or mote input pins, one or niore ocutput pins,
one or more control pins, and one or more altemative module!
component pins. Power supply pins may connect the inte-
gratcd circuit to a power supply such as 1055, 1057, and/or
L060. Constant reference voltage pins, such as, ground pins
may connect the integrated circuit to a constant reference
voltage, such as, power ground 1064 and/or 1058, and option-
ally also to another constant reference voltage, such as, signal
ground 1054 and/or 1052. In some embodiments, the power
ground and signal ground may be connected together at the
power supply 1060 illustrated in FIG. 12. Input and cutpul
pins may connect the integrated circuit to an input signal 1051
and/or provide outpur signals such as 1089, 1062, and/or
1063, Control pins may connect the integrated circuit to a
device conligured lo control the integrated circuil for example
by selecting between modules and components in the first
configuoration and one or more modules and components as
may be available via alternative module/component pins as
discussed below.,

One or more altermative modules and components may be
coupled with the alternative module/component pins of the
ntegrated circuit. The alternative modules and components
may provide altermnative component values and/or module
schematics for certain pans of the first configuration. The first
configuration may be modified, for example by a vser oper-
ating a device configured to interact with the integrated circuit
via the control pins, to replace a portion of the first configu-
ration with an altemative configuration by activating an
appropriate set of alternative module/component pins.

In principle, any of the modules or components disclosed
herein may be exposed through alternative moedule/compo-
nent pins, as desired for particular applications. In some
embodiments, filters such as the filter defined by 6 and R15
in FIG. 13. components of constant current modules respon-
sible for operating currents {such as R10 from FIG. 13), and
a reference voltage module such as 1009 may be beneficially
exposed via alternative module/component pins.

In conclusion, a signal filter circuit, an amphfier circuit
with halanced or unbalanced input filter networks, combina-
tions thereof and methods for configuring and vsing the same
are provided herein.

Devices, processes, and articles of manufacture according
10 the present disclosure may be vnderstood by those within
the art to be implemented by a wide range of hardware,
software, firmware, or virtually any combination thereot.
Furthenmore, those having skill in the art will recognize that
additional modules or components such as a system unit
housing, a video display device, a memory such as volatile
and non-volatile memory, processars such as micraproces-
surs and digital signal processors, computational enlities such
as operating systems, drivers, graphical user interfaces, and
applications programs, one or more interaction devices, such
asamouse, touch pad. ot touch screen, and/or control systems
including feedback loops and control melors may be coupled
to and vsed in connection with some embodiments. There-
fore, the teaclungs of this disclosure are not liumited to the
particular examples disclosed, bul should be undersioed 1o
comprise the full breadth and scope of the appended claims,
and equivalents thereof.
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The invention clalimed is:
1. An amplifier circuit with enhanced amplification linear-
ily, comprising:
a driver stage exposing at least an inverting input and a
non-inverting input;
wherein the driver stage comprises a Complenientary
Feedback Pair (CFP) at the nwerting input and a CFP
at the non-inverting input;
wherein the driver stage further comprises one or more
of a current mirror module, and a constant current
module,;
whercin the inverting input is configured to couple with
a first input filter network and with a first feedback
network: and
wherein the non-inverling input is conligured (o couple
with a sccond input filter network and with a sccond
feedback network; and
a Voltage Amplifier Stage (VAS) coupled to the driver
slage, the VAS comprising a dilferent CFP medule
which is not shared with the drver stage and the VAS
exposing at least one VAS ontput;
wherein the at least one VAS output is configured to
couple 1o one or more of a power transistors module,

a zobel network and filters module, and an output 2

signal interface; and

whercin the amplifier circuit is configurable for vse in one

or more of a preamplitier or power amplifier cirenit,
2. The amplifier circuit of claim 1, wherein one or more of
the driver stage, the VAS, the power transistors module, the
zobel network and filters module, the output signal intertace,
the first and second feedback networks, and the first and
second input filter networks are configured to operate with
hoth balanced and unhalanced input signals without requnring,
change 10 their respective schematics or component values.
3. The amplifier circuit of claim 1, further comprising;
the first input filter network wherein:
an inpul of the first input liler network is conligured 10
couple to one or more of an input signal. a constant
teference voltage. and a first cutput of an input signal
interizee; and
an output of the first input filter network is configured to
couple to the inverting input ot the driver stage and to
e culput ol e (it feedback network; and the sec-
ond input filter network wherein:
an input of the second input filter network is configured
Lo couple Lo one or more of aninpul signal, a constant
reference voltage, and a second output of an input
signal interface; and
an culput of the second flter input network is configured
to couple to the non-inverting input of the driver stage
and ta the output of the second teedback networlk.
4, The amplifier ¢ircoil of ¢laim 3, wherein the (irst input
filter network and the second input filter network are coupled
to each other to provide an input filter network with halanced
topology.
£. The amplifier circuit of claim 4, wherein:
the amplifier circuit is configured to operate in halanced
mode when a licst polarity of @ balanced inpul signal is
coupled to the input of the first input filter networls, and
when a second polarity of the balanced input signal is
coupled (v the inpul of the second input filter network;

the amplifier circuit is configured to opetate in inverting
unbalanced mode when an unbalanced mput signal is
coupled (v an inpul of (he lirst inpul lilter network, and
when the constant reference voltage is covpled to an
mnput of the second input filter network;
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the amplifier circvit is configured to operate in non-invert-
ing unbalanced made when an unbalanced input signal
15 coupled to an input o the second input filter network,
and when the constant reference voltage 15 coupled to an
input of the first input filter network.

6. The amplifier circuit of claim 3. further comprising an
mnput signal interface conligured w0 outpul a halanced or
unbalanced signal, whercin the input signal interface is
coupled to one or more of the first and second input filter

o )
networks, and wherein;

the inpul signal interface is conligured o culput the bal-
anced signal via a first signal output and a sccond signal
autput to operate the amplifier circuit in balanced mode;

the input signal interface is configured to output the unbal-
anced signal via the lirstsignal culput and 1o connect the
sccond signal output to the constant reference voltage to
operate the amplifier circvit in unbalanced inverting
mode: and

the inpul signal interface is conligured o culpul the unbal-

anced signal via the second signal cutput and to connect
the first signal output to the constant reference voltage to
opetate the amplifier circuit in unbalanced non-inverting,
mede.

7. The amplifier circuit of claim 1, further comprising:

the power transistors module coupled to the VAS,
the zobel network and filters module coupled to one or
more of the VAS and power transistors module; and

the output signal interface coupled to at least one of the
VAS, power transistors module, and the zobel network
and filters module.

8. The amplifier circuit of claim 7, turther comprising:

the first feedback network, wherein:

an output ot the first teedback network is coupled to the
inverting input of the driver stage and the output of the
first input filter network; and

an input of the first feedback network is coupled to at
least one of the VAS ouvtput, the power transistors
module. the zobel network and filters module, and the
output signal intertace; and

the second feedback network, wherein:

an output of the second feedback network is coupled to
the non-inverting input ol the driver stage and the
output of the second input filter network; and

an input of the second teedback network is coupled to a
constant reference voltuge,

9, The amplifier circuit of claim 1, further comprising:

the first and second teedhack networks; and

the first and second input filler networks;

wherein the second feedback network and the second input

filter network are merged such that a same component or
sel of components serves as both the second feedback
network and the second input filter networls,

10. The amplifier circuit of claim Y, wherein the amplifier
circuil is conligured o vperie in an inverling unbalanced
mode, wherein an unbalanced input signal is coupled to an
input ot the first input flter network, and wherein the second
input filter network and (he second feedback network are
configured to directly couple the non-inverting input of the
driver stage to the constant reference voltage.

11. The amplilier circuit ol ¢laim 9, wherein (he amplifier
ciremt is configured to operate in a non-mverting uvnbalanced
mode, wherein an unbalanced input signal is coupled to an
input of the second input filter network, and wherein a con-
stant reference voltage is coupled to an input of the first input
filter network.
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12. The amplifier circuit of claim 1, wherein the VAS
further comprises one or more of an cutput bias module to
bigs a transistor output, and a constant corrent module,

13. The amplifier circuit of <laim 1, wherein the VAS
comiprises an enhanced cascode module with filters, and
wherein the enhanced cascode module with filters comprises
a transistor and the CFP module, wherein the CFP module in
the enhanced cascode module is configured to enhance ampli-
fication linearity of the enhanced cascode module, wherein
the transistor is biased by a reference voltage module, and
wherein the CFP module in the enhanced cascode module
compriscs a filter to improve the stability of the amplificr.

14. The amplifier circuit of claim 13, wherein the refarence
voltage module comprises eithet a constant reference voltage
medule or a dynamic relerence vollage module.

18. The amplifier circuit of claim 14, wherein the reference
voltage module comprises the dynamic reference voltage
module and wherein the dynamic reference vollage module
comprises a CFPR.

16. The amplifier circuit of claim 1, wherein the driver
stage and the VAS are implemented within an integrated
cireurt {IC).

17. "The amplifier circuit of claim 16, wherein the 1C
eXposes one or more of:

a power supply pin;

a ground pin;

input pinfs) comprising one or more of:

a driver stage inverting input pin; and
a driver stage non-inverting input pin,

an output pin.

18. The amplifier circuit of claim 16, wherein the IC further
comprises one or more of:

the power transistors module;

the zobel network and filters module;

the first feedback network:

the second feedback network;

the first input filter network;

the second input filter network;

the output signal interface; and

an input signal interface,

19. The amplifier circuit of claim 1, further comprising at
least one custom SRC filter internal or external to each of the
driver stage and VAS amplification stages, wherein each of
the driver stage and VAS amplification stages has at least one
separate custom SRC filter, and wherein each of the custom
SRC filters is configured to produce a custom frequency
response 1o unconditionally stabilize each of the CFPs and
amplification stages,

20, An amplifier cirewt with enhanced amplification lin-
earity and unconditional stability. wherein the amplifier cir-
cuit is configurable for use in one or more of a preamplifier or
power amplifier circuit, comprising;

a plurality of amplification stages, wlherein:

ar least onc of theamplification stages comprises a driver

stage exposing at least an inverting input and a non-

inverting input, wherein:

the driver stage compriscs a Complementary Teed-
back Pair {CFP) module including a CEP at the
inverting input and a CFP at the non-inverting
input,

the verting input is coupled with a first input filter
network and with a first feedback network;
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the non-inverting input is coupled with a second input
filter network and with a second feedback network,
wherein:
the first and the second input filier networks com-
prise external filters, each external filter com-
prising a resistor in series with a capacitor to
form & series resistor and capacitor (SRC) filier,
wherein the input filter network SRC filters are
configured as at least single pole filters providing
a custom frequency response to the driver stage;
at least one of the amplification stages comprises a Volt-
age Amplifier Stage (VAS)coupled to the driver stage,
wherein the VAS exposes at least one VAS output, and
wherein 1he VAS comprises:
a CFP with filter, wherein:
the filter in the CFP wath filter comprises at least a
resislor in series wilth a capacitor (o form a VAS
Series Resistor Capacitor (SRC) filter;
the VAS SR filter is connected to the CFP;
the VAS SRC [ilier stabilizes the CFP in the VAS
and defines the frequency response of the VAS;
and
the VAS SRC filter 15 configured as at least a single
pole filter providing custom frequency response;
wherein the at least one VAS output is connectable to
one or more of a power transistors module, a zobel
network and filters module, and an output sipgnal
interface;
whierein the CFPs in each of the driver stage and VAS
enhance amplification linearity of the driver stage and
VAS and

at least one custom SRC filter internal or external to each of
the driver stage and VAS amplification stages, wherein
each of the driver stage and VAS has at least one separate
custom SRC filter, and wherein each of the custom SRC
filters is configured to produce a custom frequency
response 1o unconditionally stabilize each of the CFPs
and amplification stages.

21. The amplifier circuit of claim 20, wherein the CFP with
filters in the VAS is embedded within an enhanced cascode
moedule with filters that comprises:

a transistor biased by a reference voltage module; and

afilter internal to the enhanced cascode module with filters

configured to stabilize the enhanced cascode module
with filters and to define a frequency response of the
VAS,

22. The amphfier circuit of claim 20, wherem the CTT in
each amplification stage s a different CFP which 1 not shared
with the other amplification stages.

23. The amplifier circuit of claim 20, wherein the second
feedback network and the second input filter network are
merged such that a same component or set of components
serves as both the second feedback nerwork and the second
input filter network.

24. The amplifier circuit of claim 23, wherein the second
input filter network and the sccond feedback network are
configured to directly couple the non-inverting input of the
driver stage to the constant reference voltage.

28, The amplificr circuit of claim 20, whercin the first and
second input filter networks in the driver stage are coupled to
each other to provide an input filter network with balanced

topology.



