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Architecture and Technology 

   
 

The basic architecture of superLinear  amplifiers with mixed Feed-Back and Feed-Forward Error and 
Distortion Correction is reported in figure 1 below. The main functional blocks are shown: 

 the main power amplifier (MPA), which provides the signal power to the load and defines the 
temperament of the overall amplifier;   

 the auxiliary amplifier (AuxA), which has the role to generate and apply into the load loop a perfect 
anti-phase copy of the already low MPA distortion in order to fully cancel it and to achieve extremely 
high  distortion performance of the overall power amplifier; 

 within the AuxA block, two inner blocks are also shown: the distortion extractor (EA), which senses and 
extract the error-distortion components of MPA and the anti-phase  error injector (AEI), which has the 
function to fine tune and align the anti-phase MPA distortion copy in order reach the highest possible 
levels of MPA distortion cancellation. 

 

MPA. In the main power amplifier (MPA) which provides the signal power to the load, only negative 
feedback is employed, in its standard or in its balanced (BEF) form (see ref. [1] and [2]), which when 
appropriately applied can ensure the achievement of most of the design objective:  

 
 very good gain stability, both in magnitude and phase, from DC to above 200kHz;  
 low offset voltage and offset voltage drift; 
 wide signal bandwidth with low gain and phase variations in the entire audio bandwidth;  
 high and symmetrical positive and negative Slew-Rate and wide Power Bandwidth (PBW); 
 high level of audio signal transparency and integrity; 
 fairly good THD and IMD distortion performance, which are better than 0.02% and 0.001%, 

respectively, in the entire audio bandwidth.  
 

AuxA. The auxiliary amplifier (AuxA) shown in Figure 1, is introduced into the superLinear 
architecture with the specific mission to virtually cancel the residual distortion of the main power amplifier, 
by utilizing a unique and very effective (patented) implementation of Black’s Feed-Forward Error 
Correction principle (see ref. [3], [4]and [5]).  
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AuxA: the error and distortion extractor block.  The error and distortion extraction is accomplished 
by means of a (usually passive) network whose role is to sense-detect the error and distortion component 
Vdist at the output of the main amplifier, and to separate it from the audio signal component Vo-sign. This 
task is carried out accurately in a very wide frequency bandwidth.  

 

 
 

 
 
 
 
 
 
 
 
 
 

     

 
 
 

   
 
 
 
 
 
 

 
 
 
 
 
 

 

AuxA: the anti-phase error injector (AEI).  The anti-phase  error injector (AEI) has the function to 
generate a fine-tuned and aligned anti-phase copy of the MPA distortion so as to reach the highest possible 
level of MPA distortion cancellation ratio.  With a good alignment, a distortion performance improvement up 
to 40-50 dB (i.e. 100-300 times) can be actually  achieved. In fact the measured worst case THD and 
IMD performance after the application of feed-forward distortion cancellation, is better than 
0.0005% and 0.0001%, respectively.  

Fig. 1. Basic architecture of  the Feed‐Forward superLinear power amplifiers. 

The main power amplifier (MPA) is designed to provide maximum sonic transparency. 
It operates in class AB and exploits standard feed-back and/or balanced error 

feed-back (BEF) distortion correction to achieve high levels of signal transparency 
(wideband and high speed) and to reduce distortion residue to less than 0.02% in the 

whole audio frequency band and at all power levels. MPA voltage gain = A.  

Wideband ferrite-core toroidal transformer 
(5Hz-10MHz) for distortion cancellation  

The auxiliary amplifier (AuxA) corrects the residual error of the main 
power amplifier by means of a (patented) feed-forward error 

correction technique, the heart of which is a small output transformer 
with magnetic flux cancellation [size: 20(H) x 30 (D) mm]. It 

operates in class A and is able to cut all residual distortion components 
of the main power amplifier by a factor of 300 (50 dB) in a frequency 
range extending from 10 Hz up to 100kHz.  AuxA voltage gain = ‐1. 
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The feed-forward distortion cancellation mechanism. The basic flow of operations behind FFEC  
technique can be better understood if we refer to the simplified but more detailed schematic diagram of 
Figure 2. The output voltage of the main amplifier is given by Vo=Vo-sign+Vdist  and contains the wanted  
amplified input voltage Vo-sign=AVin-sign , where A is the voltage gain of the main power amplifier (MPA), 
plus its undesired  but  unavoidable  distortion contribution Vdist.  
 
The superior and unique characteristic of the superLinear  amplifier is that this distortion 
contribution is fully cancelled before reaching the loudspeaker system.   

This result is achieved by means of the auxiliary feed-forward error correction path, which has been 
introduced,  as depicted in Figure 2, inside the superLinear amplifier architecture, alongside the main signal 
path and consists of the error extraction block (EE)  and the anti-phase error injector block (AEI).  

 

 

 

 

 

 

The distortion component Vdist  is first detected and then separated from the main audio signal AVin-sign by 
the Error Extractor block implemented with a single wideband (with unity gain frequency fU=80MHz) low-
noise and low-distortion op-amp (Ua). This operation is accomplished by attenuating  Vo by a factor exactly 
equal to A10 (fine-tuned via trimmer R4 in figure 2), i.e. the dc gain of MPA, and then comparing the output 
voltage Vo/A10  with the reference input voltage Vin-sign. The key feature of this simple EA solution is that 
when the frequency response of the low pass filter in the Error Extractor block of Figure 2 in calibrated to 
perfectly match the frequency response of the cascade of MPA and the attenuator of the error extractor 
block, the output of this comparison process is exactly equal to the fraction -Vdist/A10  of  the MPA 
distortion. 
It is therefore enough to amplify this fraction by a wide bandwidth (say at least 1MHz, i.e. 50 times higher 
than 20kHz) signal voltage amplifier  with gain equal to A10 and we achieve at the output of EE block a 
perfect and inverted copy of MPA distortion contribution, i.e. Va=ԟVdist, as shown in figure 2.  
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Fig. 2. Simplified circuit diagram of the superLinear power amplifier. 
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The role of the AEI block is then to invert the sign of Va and process it in order to produce a corrective 
distortion copy V’’dist  which is perfectly aligned (in amplitude and phase) with its main and original 
distortion companion V'dist which  leaves the equalizer block together with the main power audio signal. At 
this joint the two distortion components, i.e. V'dist coming from the main signal path and its anti-phase copy 
V’’dist coming from the corresponding feed-forward path, turn up in series into the load loop and combine 
to fully cancel each other before reaching the load. What is more,  in virtue of the circuit topology, the 
effectiveness of this cancellation mechanism is completely independent of the actual value of 
the load (loudspeaker) impedance.  

The residual level  of the actual distortion that reaches the loudspeaker, i.e. Vo-dist= V’dist ԟ V’’dist , depends 
on the quality of the alignment of the feed-forward path, which has to be very good from low 
frequency up to 100kHz at least if we want to cancel (i.e. to reduce by more than 40 dB) all most significant 
and disturbing harmonics and intermodulation products produced by the main power amplifier.  

Unfortunately our problems are not finished here with the cancellation of the distortion due to the main 
power amplifier. The high degree of cancellation of all distortion components of the MPA we can achieve 
with the feed-forward error correction technique, must be necessarily accompanied by a correspondingly 
high degree of linearity and distortion performance of the entire correction circuit (the auxiliary amplifier) in 
all operating conditions, at all audio frequencies and output power levels. 

This is not an easy task, since the auxiliary amplifier, with its feed-forward error correction (FFEC) engine, 
operates in a very hostile context, since it is called to provide extremely low yet very accurate corrective 
voltages on top of the very high signal voltage Vo and, most of all, to sustain at its output the very high load 
current Io without unwelcome consequences and interferences.     

In such contexts very powerful intermodulation mechanisms, difficult to counteract, are usually 
activated, which can compromise the effectiveness of the amplifier distortion performance improvement  
process. In the worst case, the distortion performance of the overall corrected  amplifier ends up being even 
worse than the main power amplifier itself.  

The FFEC solution adopted in the superLinear amplifier  intrinsically offers the very high level of linearity 
and distortion performance needed to ensure really outstanding distortion performance of the overall 
amplifier at all frequencies and power levels, as well as in all operating conditions. 

The heart of this solution is the successful combination (shown in Figure 2) of the high-performance 
class A operated power op-amp (Ub) with the three winding wideband error-coupling 
transformer T1 (with a small-size ferrite core) appropriately inserted into the main feedback loop of the 
anti-phase error injector amplifier. In such a way the magnetic flux produced in the ferrite core by the 
load current Io  (which circulates in one of the secondary windings of T1 as well) can be completely 
cancelled and the main and very harmful low frequency intermodulation mechanisms usually associated 
with the use of magnetic transformers are virtually neutralized. This unique main flux cancellation feature 
allows to employ small-size cores (external diameter and height less than 30mm and 20mm, respectively), 
made from special high-permeability ferrites, for implementing very wide bandwidth transformers (from 5Hz 
to more than 10MHz), which can be effectively incorporated also in very high-power audio amplifier (with up 
to 40A peak of rated output current).  

The final results are as follows: 

 a THD distortion performance of the entire FFEC circuit path better than 0.00005% (i.e. 0.5ppm) can 
be stably achieved; 

 the distortion performance of the overall amplifier fully depends on the actual level of the MPA distortion  
cancellation ratio achieved by the Feed-Forward Error Correction topology; 
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 the distortion performance of the overall FFEC corrected  amplifier are extremely good with measured 
THD and IMD lower than 0.0005% and 0.0001%, respectively,  at all frequencies and output power 
levels with a measurement bandwidth of MBW=80kHz. 
 

Main simulated performances 
 

 

 

 

 

 

 

 

 

 

-80 dB @ 20  kHz 

Output Voltage 

Input voltage residue after 
error extraction 

Open loop gain 

Closed loop gain 

30 dB excess-gain @ 20  kHz

Fig. 3. Frequency response of the main power amplifier (magnitude and phase): 
A. Closed loop bandwidth is more than 300kHz 
B. Closed loop phase lag is less than 5 degrees up to 70kHz 

Fig. 4. Input signal residue is typically lower than 70 dB from 20 Hz to 30 kHz. This means 
a residue always lower than 10 mVrms at the maximum output voltage of 30 Vrms. 

<5° @ 70kHz 
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Fig. 5. Distortion rejection ratio (ρ) in superLinear power pmplifiers is more than 
50 dB (= 300) from 20 Hz to 100 kHz, and more than 30 dB up to 300 kHz 

Fig. 6. Simulated typical frequency spectrum of the superLinear amplifier at 120 W into 8Ω. 
Fundamental frequency Fo=20 kHz.  
(a):  Frequency spectrum of the output voltage before FFEC correction    
(b):  Frequency spectrum of the output voltage after FFEC correction 

(a) output of the main amplifier 
(i.e. before FFEC correction) 
THD (16 harmonics)=0.02% 

(b) output of the overall FFEC amplifier 
(i.e. after FFEC correction) 
THD (16 harmonics)=0.0002% 

-50 dB  

Distortion rejection ratio (ρ) 

Typical Distortion Rejection Ratio of  the Feed‐Forward path in superLinear Amplifiers 
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Fig. 7. Simulated distortion residue of the superLinear amplifier at 120 W into 8Ω. 
Fundamental frequency Fo=20 kHz. Post‐process:  a 20kHz Notch Filter followed by a 100kHz, 
5th degree, Low‐Pass filter (both with ideal op‐amps) .  
 

(a):  Main power amplifier (before FFEC correction). Peak of distortion residue: ԟ3.1mV  
(b):  Overall Amplifier (after FFEC correction). Peak of distortion residue: +36μV 

(a)  (b) 

ԟ3.1mV(peak) 

(a) 

(b)

36μV(peak)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


