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1. The issue of musicality in high-fidelity 
 

Origin of the study: 

− Essentially subjective, as related to the problems of listening and 
appreciation of the musicality of High Fidelity equipment 

− No correlation between measurements and musicality (e.g. 300B 
SET tube amplifier with 4% distortion at 8 Watts) 

− Superiority of tube amplifiers in high end installations: 

− Prestige installations 

− Pro audio 

− Recording studios 

− Manufacturing of thermionic tubes started again worldwide 
(China, Russia, USA, etc…) 

− The problem of Wires 

− Loudspeaker, Interconnect, Power (!) 

− Measurement provides no indication 

− Existence of  $2000/meter wires 

− A whole set of “audiophile” recipes to improve quality 

− Components, tube bases, wiring, power filtering 

− Without any scientific rationale 
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2. The classic theories : parameters affecting musicality 
 

− components 

− wire                  Team of  “L’Audiophile” magazine, Jean Hiraga 

− power 

− Transitory Intermodulation Distortion (TID, Matti Otala) 

 

 

− thermic distortion (Gérard Perrot) 

 

 
 
 

 

− Interface Micro-Discharges (IMD) Pierre Johannet 1996 

   - non very significant with music signals 

   - significant in the IMD conjecture 
 
 

Solutions: 
- constant power on output transistors (cascade, etc…) 
- non injection of DC offsets in input stage (Perrot patents) 
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3. Classic wire theory 

 

 
 
 

        Electric   field 

   Magnetic field 

 
    Characteristic impedance 

 
     Propagation velocity 

There is no influence whatsoever of the 
propagation velocity on the sonic rendition 
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 Resistance and skin effect 

 
 

In AC, current is concentrated on the periphery of the conductor: this is 
known as skin effect or Kelvin effect 

 

Silver 

Copper 

Gold 

Aluminum 

Iron 

Lead 

 

Conclusion: conductor in individually 

insulated wires of diameter < 0.5mm 

(enameled wire) 
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Cable behavior vs. frequency 

 
 

 

 

 

1   Using precious metals like solid silver or even gold is not 
necessary as they bring no benefit compared to copper  

2   Large area conductors lead to strengthening of bass-midbass 

3   Problems of cable musicality = f (c) !!! 
 

 
skin effect influence 

      As 

The behavior of a conductor as a function of frequency only 
depends of its linear resistance (i.e. resistance per unit of length) 
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The origin of the conjecture 
 

− the memory phenomenon 

− common phenomenon 
− amplifiers (thermal distortion) 
− cables (memory of insulators) 

− capacitor ranking 
− air 
− Teflon 
− polypropylene - polystyrene 
− polyester - polycarbonate 
− aluminum electrolytic 
− tantalum electrolytic 
− ceramic 

 design of “memory effect-less” cable 

− the problem of the power cord 

− use of a “memory less” cord an a power supply:  
spectacular results 

− adjustable compensation capacitor on an amplifier 

− c:  saturation compensation 
capacitor, plastic adjustable 

 catastrophic results 

− conclusion: c behaves as a 
micro-discharge generator in 
the feedback loop 
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4. The theory of Interface Micro-Discharges 

• Theory 

Conjecture: Existence of Micro-Discharges at the conductor-insulation 
interface  

− in the presence of a variable signal 

− even for low voltages (mV) 
 

 
 
 

conductor 

Variable 
voltage insulator

ground

conductor 

insulator

Micro-discharges
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Additional conjecture: charge concentration at the interface between two 
insulators 

 

 
 
 

A charge concentration may be trapped at the interface between two 
insulators (one of which can be air): this is called Maxwell-Wagner effect 

Partially explains the influence of antistatic products:  

− PHEMASTAT 

− CREAM-ELECTRET (P. BELT) 

− MUSIC-PLUS 

− etc… 
 

insulator #2 (air…) 

charge 
concentration 

insulator #1 
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• Attempt at modeling 

 
 

C1 = capacitance of insulating layers directly in contact with the conductor 

C2 = capacitance conductor-ground (excluding C1, note C1 >>C2) 

E   = spark gap representing the micro-discharge 

 

insulator

conductor
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Voltage across C1 
 
 
 
 
     relaxation 
     oscillations 
 
 
 
 
 
 
Current 
 in conductor 
 
 
 
 
 
 
 
 
 
 
 
Current 
in conductor 
(blow-up) 
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• Measurement 
 
 

 

 

CD CD player 

T1, T2 insulation transformers 

BC wire protected against micro-discharges 

R1, R2  Load resistors (inductive) 

C1, C2 air gap capacitors 

P summing point 

O oscilloscope 
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1) in phase signal transmitted by protected wire 

 

2) opposite signal transmitted by the “bad” cable 

 

3) signal after summation 

 

 

 

Note: Very high sensitivity to shock and vibration 
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A: initial signal in the 
absence of music 
signal (the first peak 
is a recurring 
parasite used for 
synchronization) 
 
 
 
 
 
 
 
 
 
 
 
 
B: signal in presence 
of a music signal 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F: use of a protected 
cable instead of the 
twisted cable: all 
trace of peak has 
disappeared, even in 
presence of music 
signal 
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1. Interpretation of the previous experience 

Additional investigation has shown that we are in the presence of electrostatic 
discharges 

 

rotating CD = electrostatic generator 

Solution: conductor or semiconductor record clamp 

 

2. Estimated characteristics 

 

 

− rising time 

− peak 
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Sensitivity to shocks –  
 
Cf. TRIBOELECTRICITY 
phenomenons 

Mechanical shocks 
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• Summary - Validation 

 

Identikit 

− signal correlated pulse train  

− individual impulses have less than 1 mV level with less than 1us 
duration (<-80dB) 

− very vibration sensitive (e.g. transformers) 

Interaction mode 

− direct action on signal current 

− capacitive or electromagnetic radiation on nearby circuits (in close 
vicinity), which explains the local influence of power supply 
wire… 

− add in quadratic fashion (corona effect) 

Subjective aspects (High-Fidelity) 

− the most sensitive phenomenon is the increase in perceived 
background noise 

− loss of vibraton in dying signal or even in sustained notes 

− alteration of silence 

 

Experience shows that the micro-discharges have a major 
responsibility in degrading the musicality of an audio installation 

 

* 

* 

* 
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5. The main sources of Micro-discharges 
 

1. all intervals between conductors and insulation with a voltage 
across them + the intervals insulation – air 

2. same, when submitted to vibration originated by 

− loudspeakers 

− motors 

− transformers 

− phono cartridges 

3. external sources 

− power supply (and related perturbation elements) 

− electromagnetic environment (cell phones, etc…) 
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The micro-discharges explain the totality of the observations of the audiophile 
community left without explanation: 

− the variable performance of audio installations over time 
(temperature, humidity) 

− the “superblack” action 

− the uncontrolled proliferation of cables 

− the “sound” of printed circuits 

− the influence of components (capacitors,…) 

− the “aging” and “breaking in” of cables 

− the “anti signals” semiconductor treatments 

− the Litz wire 

− the “end correction” of wires 

− the benefit of Teflon or Polypropylene 

− the warm up time of amplifiers 

− the experiments in polarization of wires or screens 

− the local influence of power cords and very short length cables 

− crazy power supplies over 1 Farad 

− the influence of MDI-less Supercapacitors 

− the benefit of battery power supplies 

− the power plug orientation 

− the disastrous performance of loudspeaker crossovers located 
inside the loudspeaker boxes 

− the influence of small capacitors on the loudspeaker terminals 

− the relationship with the phenomena of memory in the insulation 

− the Transitory Intermodulation Distortion (TID) 

− the performance of amplifiers (bandwidth, distortion) 

− the dampening and screening of transformers 

− the applications of antistatic products 

− the influence of magnets… 
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6. The MDI pollution mechanisms 

 

 

 

1. Microdischarges occur at the conductor-insulation interface 

2. A part of the MDI related energy disturbs currents 

3. A part of the MDI creates a HF electromagnetic wave 

4. This wave is detected by the rectifiers present in the circuits: 

− Soldered joints 

− Contacts 

− Non linear elements, junctions 
 

 

AF       MDI        HF wave       rectifier 
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The MDI pollution mechanisms  

 

 

A.C. 

transformer

interconnect 

P. S.
heatsinks

Loudspeaker 
cable 

Loudspeaker  

Main micro-discharge sources: transformers, loudspeakers, ac supply 

Micro-discharges on cables and components 

Direction of MDI pollution 
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7. Principle of  protection against MDI 
 

 
 

 

− semiconductor screen       

− creates local equipotential  prevents microdischarge production 

− absorbs those which may have been produced or could be 
collected by the conductor 

 
 

semiconductor 

insulation 

conductor 

 

 

ground 
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8. The Solutions 
 

• AC supply 

    orientation of the AC plug   !   disconnect the earth pin 

 

 

 

 

 

• earthing policy 

 
− cut earth correction on sources 

− keep earth correction on amplifier 
(maybe with earth inductor or resistor) 

− use ferrite tores 
 

         wrong orientation                                                         right orientation 
 
live conductor on the transformer                    neutral wire on the transformer 
outside surface:                                                 outside: 
MDI radiation                                                    no MDI radiation 

LS 

Amplifier 
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• AC filters 

 

general diagram      

  
 

 

Problems: inductors or resistors may generate more MDI than they absorb – 
the MDI wave may get beyond the inductors 

 

• insulation transformers 

 

may be passed by MDI 

 EDF [Electricité de France] patent 
 

equipment 

equipment 
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• protecting wires against MDI 

 

(EDF patent) 

 

• protecting loudspeakers and loudspeaker drivers 

 

 

Note: moving the crossover outside of  the loudspeaker box is very favorable 
(MDI sensitivity to vibration) 

 

endcap 
sleeve 

insulated conductors 
(0.5mm enameled wire)

Semi-conductor 

moving coil treatment 

treated cables 

MDI filter                                                     (EDF patent)

Crossover protected against vibration and MDI 
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•  Protecting transformers 
 

 

 

• DC power supplies 

example: power supply circuit 

 

MDI are progressively absorbed by RC circuits 

 

Remark: as the MDI add in quadratic fashion, a very large capacitance is 
needed 

 audiophile power supplies with more than 1 F 

 

A.C. line 

insulating box 

Absorbing material 
- vibration 
- microwave 
 
(EDF patent) 
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• protecting circuits 
 

 

 

• principles to be followed 

- move MDI sources away (e.g transformers) 

- implement MDI filters on the transformer-circuit links (ferrite tores, etc…) 

- interconnect circuits with MDI protected wire 

- avoid vibration sources (transformers, loudspeaker vicinity) 

 

 
 

MDI absorbing 
material 
 

 (EDF patent) 

As MDI are not easily measurable (at this time), the ear remains the 
most sensitive detector: an evaluation of its effect must be made after 
each modification 
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9. Applications and developments 
 

− High Fidelity 

− cables 
− loudspeakers 
− signal interconnects 
− digital interconnects 
− video interconnects 
− AC cords 

− design and protection of circuits 

− loudspeaker drivers moving coils 

− power supply circuits – transformers 
 licensing of the “MDI cable” patent 

− Metrology 

−  captor protection 
 e.g. Rogowski coil  

−  measuring amplifiers 

−  data processing (?) 

− Project for a commercial service: high quality power supply with 
guaranteed stability and distortion 

− Power up to 150W: Hi-Fi sources 

− Power up to 400W: amplifiers, home theater 
 

 
 
 
with   “EDF certification”    for installed equipment 

 
 

distribution 
panel 
circuit 
breaker 

Amplifiers, home theater 

hi-fi sources: 
tuner, cd, 
turntable osc. 

d<0.5%
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METHOD FOR MAKING A CONDUCTOR, 
OR ELECTRIC CIRCUIT BALANCED IN 

RADIOELECTRIC INTERFERENCE SUCH 
AS MICRO-DISCHARGE AND 

CORRESPONDING CONDUCTOR OR 
CIRCUIT 

The present invention relates to a manufacturing process 

5 

2 
frequency, at the center of the conductor, and increases at the 
periphery, as shown in FIG. lb. 

For this phenomenon, the depth of penetration Il in meters 
is given by the relation: 

b- � - � ;;;;;y 
(1) 

of an electrical conductor or circuit compensated for radio 
interferences such as micro-discharges, and an electrical 
conductor or circuit obtained by this process. 

10 relation in which: 

In the field of processing of electrical signals then their 
storage or their transformation into sensory phenomena 
directly perceived by human physiological receptors, 
numerous works have been carried out up to the present in 15 
order to maintain, indeed improve, the signal to noise ratio 
after each transformation, due to the processing, with the 
object of improving the reproduction and therefore the 
perception of these sensory phenomena. 

Such concern is not moreover specific to the single field 20 
of sensory phenomena, such as the reproduction of sounds, 
but appears also in the much wider field of electronic signals 
creation, their transmission, their storage and their use by 
electronic or electrical transducers specially adapted to this 
purpose. 25 

With regard more particularly to the field of creation, 
processing, storage and then reproduction of the sound in 
high fidelity technology, particularly, the HiFi field, some 
particularly well informed audiophile listeners, noted and 
reported, from 1970, that they could detect perceptible 30 
variations in tone between HiFi systems according to the 
nature of the power amplifier-loud speaker or acoustic 
enclosures connection cables. 

p designates the resistivity of the conductor in Qxm; 

,uo=4JtlO-7 designates the vacuum permeability; 

f designates the frequency of the transmitted signal in Hz. 
Taking account of this phenomenon, because of the reduc-

tion of the actual conduction surface of the conductor, it is 
possible to define a cut-off frequency fc associated with a 
conductor radius r of specified nature: 

relation in which: 

k=1.9 10852 

r designates the conductor radius, 

p and ,uo having been defined previously. 

(2) 

The maximum radius of the conductor for a maximum 
frequency to transmit fc is given by: 

r=K) m.lc 'flo 
(3) 

Some did not hesitate, moreover, to note still more 
perceptible differences in musical quality, in their opinion, at 
the time of changing the modulation cables connecting, for 
example, a source such as a disc player, a microgroove disc 

35 Thus, for copper, fc=20 kHz, r=0.623 mm, i.e. <jJ=2r=1.25 
mm is obtained. The depths of penetration are given by: 

or a tuner at the input of the power amplifier, or even of the 
pre-amplifier. 

Quick studies conducted by recognized physicists, 40 
demonstrated, rightly, that the resistance in ohms of the most 
resistive of these wires or connection cables was very 
inferior to the impedance of loud speakers or acoustic 
enclosures, all the more so to the input impedance of 
amplifiers or pre-amplifiers, and that, consequently, such 45 
variability displayed above all a subjective character. 

A more complete study, based on the theory of electrical 
lines, allowed taking into account the whole of the localized 
or distributed characteristics likely to affect the transmission 
and therefore the reproduction of these signals, i.e. in fact to 50 
the whole of the signals generated from a source or radiated 
in the radio space. 

For an amplifier-loud speaker connection, the equivalent 
diagram can be reduced, as shown in FIG. la, to; 

a capacitance C between conductors, a function of the 55 
geometric size of the cables and the nature of the 
electrical insulations; 

fHz Omm 

10 20.6 
100 6.52 

1000 2.06 
10 kHz 0.65 

100 kHz 0.206 

These results show that this depth varies a great deal as a 
function of the frequency of the transmitted signal, to be 
precise in the audiofrequency range. Consequently, it is 
recommended as far as HiFi technology is concerned to 
make modulation connections by means of a conductor with 
a strand diameter less than 6/10 mm, the connection between 
the amplifier and acoustic enclosures being made by means 
of strands of 5/10 to 6/10 mm placed in parallel in order to 
obtain cables with a cross section between 1.5 and 3 mm

2
, 

as a function of the length, each strand being individually 
insulated. The only real effect of any use of cables with a 
greater cross section is a poorer attenuation of the signals at 
low frequencies and therefore a relative " raising" effect of 

an inductance L divided into two components L/2, cor
responding to the magnetic field produced by the 
current flowing in the conductors; 60 these latter. 

an internal impedance Zi, for each conductor comprising 
a resistive part and an inductive part due to the skin 
effect, on the surface of the conductors, and to a 
proximity effect of these latter. 

As regards the skin effect or Kelvin effect, it is recalled 65 
that this phenomenon is characterized by the fact that in 
alternating current, the current density reduces, with the 

Besides the aforesaid phenomena, in particular as far as 
the amplifier-acoustic enclosure connection cables are 
concerned, these latter can be subjected, as shown in FIG. 
1e, to a proximity effect. This effect only appears during 
transmission of periodic or pseudo-periodic signals, at high 
frequencies, the currents flowing in the parallel return con
ductors having the effect of minimizing the emitted mag-
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netic flux. An approximate calculation enables an impedance 
coefficient value of the transmission cables to be established 
at high frequencies, greater than 10 kHz in the audio
frequency field, taking account of both the skin effect and 
the proximity effect, for two parallel conductors of circular 5 
cross section of diameter <jJ and the central axes of which are 
distant by D .  This impedance coefficient, expressed in Qlm, 
establishes the relation: 

(4) 10 

In this relation, K, p and Il are the parameters defined 
previously in the context of the skin effect phenomenon, Pm 15 
represents the perimeter of each conductor. The product 
Pmxll represents the useful cross section presented to the 
current and the term 

4 
connection cables, can apparently be ascribed to the skin 
effect alone, or even the proximity effect. 

Additional investigations then caused M. JOHANNET to 
take into account moreover the phenomena usually consid
ered as " accessory" , but nevertheless very real, such as: 

the phenomenon of contacts between strands, the case of 
non insulated multi-strand conductors, 

the phenomenon of memory in the insulations of cables, 
a phenomenon in essence very complex. 

The phenomenon of contacts between non insulated 
strands, as shown in FIG. Ie, causes the appearance of 
inter-strand current trickles, as well as intra-strand current 
trickles, the inter strand current trickles being subjected to 
non linear intra -strand resistances, in particular for low level 
signals. This phenomenon is accentuated in the presence of 
oxides at the interface of the strands, which explains the 
advantage of the use of copper or de-oxygenated materials. 
The solution consisting in using individually insulated 
strands, of diameter less than 6/10 mm, in order to combat 
the skin effect, has been proposed and is currently used. (1 _ � ql) 2 D2 

20 However, this solution introduces a difficulty connected to 
the very complex aforesaid phenomenon, relative to the 
phenomenon of memory in the insulations and at the level of 
the metal-insulation and insulation-air interfaces. 

The phenomenon of memory of the insulations is known represents the proximity effect contribution. This contribu
tion is however negligible as soon as D» <jJ. 25 and has been particularly studied by Jacques CURIE at the 

end of the 19 th century. It can be highlighted following the 
pulse discharge of an electrical capacitor charged to a 
starting electrical voltage V, by the more or less rapid return 

The previous relation (4) is essential, for it enables it to be 
established, contrary to unconvincing conclusions or 
practices, that conductors having a same ohmic resistance 
and a same <jJ/D ratio have an absolutely identical behavior 
according to the transmitted signal frequency. Consequently, 30 
the choice of the nature of the constituent metal of the 
conductors, copper, gold, silver, aluminum, provided that 
the ohmic resistance and the <jJ/D ratio characteristics are 
satisfactory, is not able to have any influence on the cable 
behavior as a function of the transmitted signal frequency. 35 

The theory of lines applied to the acoustic enclosure 
cables, each cable component being modeled by a transfer 
function r of characteristic impedance Zc=v(Z/Y), where Z 
represents the series impedance of the conductor, with 
Z=Zi+jLw, j="'-1 and w=2Jtf, Y=jCw parallel admittance, 40 
and of propagation constant y="'ZY enables the amplifier
acoustic enclosure function to be established, as is shown in 
FIG. ld, in the form 

Zc chyl+ -zshyl 
(5) 45 

where z designates the complex impedance of the acoustic 
enclosure, I designating the length of the line, i.e. of the 50 
connection. For frequencies in the audio field and for a 
connection length I less than 10 meters, ch yl .. l and sh yl .. yl, 
the relation (5) is simplified to: 

Z 1+1-
z 

(6) 55 

of the voltage, to the capacitor terminals, at a fraction of the 
starting voltage V. The hypotheses allowing this phenom
enon to be explained require, either the complete non 
release, during the discharge, of the free electrons or ions 
which have penetrated, during the charge, into the interior of 
the insulating dielectric material of the capacitor, or an 
" inertia" of the molecules of the capacitor insulation, the 
polar axis of which is moved at the time of the charge but 
does not totally recover its initial position at the time of 
discharge, or again a combination of these hypotheses. 

A proposed solution to reduce this phenomenon has 
consisted in polarizing the cable insulations by means of an 
external electrical voltage, applied to the insulation by 
means of a high resistance. Such solutions, applied to the 
amplifier-acoustic enclosure connection cable, PTT polar
ized cable, and to the polarized FLATLINE cable, have seen 
their level of result accepted in the audiophile circle and 
constitute a reference within the AF.D.E.R.S., the French 
Association for the D evelopment of Recording and Sound 
Reproduction, 6, rue Myrha, 75018 Paris. 

This acceptable and accepted solution has not however 
allowed the physical nature of this undesirable phenomenon 
to be established. With regard to the HP PTT polarized 
cables, the very low resultant capacitance, some 10 pFlm , 
does not seem to be of the type to cause such a phenomenon. 
Similarly, for the FLATLINE modulation cable, its width not 
exceeding 1.2 mm cannot really pose a problem in relation 
to the skin effect, whereas the insulation used, TEFLON, 
polytetrafluorethylene, is one of the best electrical 
insulations, although not perfect. 

Besides the aforementioned solutions, an existing 
with Z expressed in Qlm, z in Q, and I in meters. The theory 
of lines shows therefore that in principle: 

any amplifier-acoustic enclosure connection cable is 
assimilable to its own impedance; 

the capacitance of this cable is negligible. 

60 solution, that consisting in using an enameled cable, had 
gained the attention of interested parties. In particular, these 
cables, used in tube amplifier output transformers have 
always demonstrated an excellent behavior, without appre
ciable reaction from well-informed audiophiles. They con-

Taking account of the previous analysis, the only phenom
enon likely to induce a perceptible variation in the sound 
quality of HiFi systems, as a function of the nature of the 

65 sist of a copper conductor of some tenths of a millimeter or 
more, covered with a layer of enamel with a polyurethane 
varnish base, in one or several layers. 



US 6,438,250 Bl 
5 6 

Company. This test appeared justified, insofar as such a 
professional quality capacitor using a dielectric material of 
the first order, TEFLON, was bound, by means of careful 
adjustment, to give superior results. 

Against all expectation, the sound from the amplifier thus 
equipped is clearly degraded with an ob vious degradation of 
the tonal quality, a sensation of mixing of the sounds, 
tending to a disappointing result. 

A third counter check test was then carried out, this test 

As regards amplifier-loud speaker connection cables of 
enameled wires, each cable is constituted from two inde
pendent separate conductors, each conductor being consti
tuted from 8 to 16 basic strands of 5/10 mm twisted 
enameled wire, to make a cross section of 1.57 to 3 .14 mm

2
, 5 

as a function of the length of the connection. In order to 
reduce to the maximum the skin and proximity effects, each 
basic wire is undifferentiated in the twist, and, consequently, 
occupies successively in the twist all the positions in the 
overall conductor cross section. The connection of the cable 10 consisting in replacing the adjustable TEFLON capacitor 

with an adjustable air capacitor, without insulation between 
electrodes. The effect was immediate with disappearance of 
the degradation of the tonal quality of the amplifier. An 
adjustment of this new capacitor to a value of the order of 

to a connection pin is carried out to professional quality by 
means of a tin bath at 600° C. which volatizes the enamel 
and tins the copper. A polarization can be made by means of 
an additional strand or by one of the strands not subjected to 
the signal to be transmitted. 

As regards the modulation cable, the most immediate 
solution consists simply in connecting core and ground of 
the connectors by two enameled wires of 5/10 mm. In order 
to limit the capacitance of the cable, a tight twisting of the 
two enameled wires can be made, an optimum twisting with 
pitch close to 1 cm pitch being the only one conceivable. A 
significant improvement of this type of modulation cable can 
consist, as shown in FIG. If, in inserting a 1/1 transformer 
at the output of the modulation source and a ferrite core on 
the cable before the input on the amplifier. These measures 
allow the very disrupted common mode signals to be defini
tively blocked, signals passing simultaneously in the two 
conductors, when these signals stem from sources such as 
tuners or optical disc (CD ) players for example. The afore
mentioned measures and improvements allow excellent 
results to be obtained equaling, indeed surpassing, 
appreciably, those obtained by means of HP PTT and 
FLA1LINE polarized cables. 

The physical nature of the improvement thus made, apart 
from the blocking of the common mode signals, did not 
always however immediately appear. For this reason, M. 
JOHANNET was led to pursue again his investigations 
starting from a particularly simple 2x1 W amplification 
circuit, the diagram of which is given in FIG. 19. This 
amplifier drawing published in the Audiophile journal 
No.32, in France, March 1995, concerns an amplifier with 
integrated circuit and transistors, conceived originally so as 
to attenuate thermal distortion, considered in professional 
circles as the original sin of semi-conductor amplifiers. 

With regard to the problem of transmission of electrical 
signals, the sole object of these investigations, this amplifier 
can be reduced to the diagram of FIG. lh. The 1000Q 
circuit, adjustable capacitance from 5 to 100 pF, allows the 
operation of the operational amplifier AOP to be stabilized. 
This circuit is not essential because the operational amplifier 
AOP, with a gain of 9 .2, is intrinsically stable for this value 
of gain, but has been added because of the saturation effects 

15 3 0  pF enabled the regaining of, not only the excellent sound 
of the original amplifier to be regained, but also of an out of 
the ordinary capacity of this latter to withstand the signal 
limiting peaks as well as the subjective impression of a 
signal transmitted and amplified by an amplifier with a 

20 power at least equal to an effective 20 to 30 W. 
The disastrous subjective tonal behavior of an electrical 

circuit or conductor, with on the face of it a capacitance of 
negligible value, 3 0  pF, and yet equipped with one of the 
better dielectric insulators currently used, cannot in any case 

25 be attributed to one of the phenomena mentioned previously 
in the description. 

These investigations then led M. JOHANNET to attribute 
the unsatisfactory behavior of the insulation/conductor inter
face of the electrical circuits, such as particularly the 

30 capacitors, to the existence of dipolar molecules, adsorbed 
oxygen, at this insulation/conductor interface, as well as 
electrical micro-discharges at the conductor-insulating mol
ecules interface likely to cause interference radiation gen
erating radio interferences. Justification of such a discovery 

35 will be given later in the description. 
The object of the present invention is a manufacturing 

process of a conductor or electrical circuit compensated for 
radio interferences caused particularly by electrical micro
discharges, of which the surface of this electrical conductor 

40 or this circuit or more generally the conductor-insulation 
interface is inevitably the seat. 

Another object of the present invention is to use an 
electrical conductor or circuit compensated for radio inter
ferences caused particularly by electrical micro-discharges 

45 present on the surface of this electrical conductor or this 
circuit, such micro-discharges on these compensated con
ductors or circuits being markedly attenuated or eliminated. 

Another object of the present invention is to use conduc
tors or electrical circuits likely to be used for the transmis-

50 sion and/or the processing of analogue or digital signals in 
technical fields as varied as domestic electrical or electronic 

in the amplifiers. Indeed, on a musical transient, the 
saturation, i.e. the limiting transient peak, does not matter to 
the audience. But this saturation is likely to disrupt the 
amplifier internal circuit, this latter being then incapable, 55 
because of " indiscrimination" , of processing correctly the 
possibly weak signals which can follow this disruption. The 
adjustment of the value of C is carried out experimentally. 

equipment, HiFi and instrumentation and metrology equip
ment. 

The manufacturing process of an electrical conductor or 
of a circuit compensated for radio interferences generated 
particularly by electrical micro-discharge phenomena 
present on this electrical conductor or this circuit under 
voltage, the object of the present invention, is remarkable in 
that it consists in making, on the external bare or insulation 
coated surface of this conductor or this circuit, an applica
tion of a semi-conductor coating material, this semi-
conductor material having a resisitivity coefficient value 
allowing at the same time the external surface of the 
electrical conductor or circuit to maintain a constant local 

At the time of a first test, during these investigations, the 
value accepted by M. JOHANNET was 47 pF, the capacitor 60 
used being a fixed polystyrene capacitor. The subjective 
results to the listener were good, any feeling of high level 
peak limiting having disappeared, but the sound appeared, to 
the senses of the well-informed audiophiles, " lifeless" , i.e. 
without finish. 65 static value, close to that of the conductor, and to absorb all 

the random electrical discharge currents caused by these 
interference phenomena. 

A second test was then carried out by means of an 
adjustable TEFLON capacitor, marketed by the PHILIPS 
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covered almost immediately with a monomolecular layer of 
adsorbed oxygen. It is shown that, besides the air molecules, 
other molecules can be found in contact with the conducting 
surfaces, molecules such as nitrogen, carbon dioxide, CO2, 

The process and the electrical circuit, the objects of the 
invention, find application not only in the field of HiFi 
electronic equipment construction but also in home 
automation, in instrumentation, metrology and the transmis
sion of digital signals. 5 or water vapor H20. 

They will be better understood by reading the description 
below and observing the diagrams in which besides FIGS. 
la to lh of the prior art: 

FIG. 2a shows diagrammatically the architecture of a 
variable capacitor with dielectric insulation; 10 

FIGS. 2b to 2d show the behavior of bipolar molecules 
always present at the insulating dielectric material! 
conductor interface of an electrical circuit or of a conductor 
or cable subjected to an electrical voltage from a given 
electrical or electronic signal; 

FIG. 2e shows an equivalent diagram of the capacitive 15 

coupling existing between two linear parallel conductors of 
circular cross section; 

However, amongst these molecules, two at least may be 
subjected to a polarization effect under the effect of an 
electrical field: the oxygen and the water vapor. 

The aforementioned molecules, in contact with the 
capacitor electrodes, i.e. with the metal surfaces of the 
movable sectors and fixed sectors, then polarize under the 
effect of the voltage applied on these electrodes and, of 
course, change polarity with a certain delay. The aforemen
tioned molecules are subjected in fact to a cut over and 
finally to a relocation under the effect of an opposite voltage, 
which of course is produced frequently with audio signals 
transmitted from musical sounds. 

Such a process explains the particularly harmful effect of 
the adjustable capacitor with polytetrafiuorethylene previ
ously mentioned. Indeed, the introduction of a delay in a 

FIG. 3a shows an illustrative diagram of the implemen
tation of the process which is the object of the present 
invention; 

FIG. 3b shows in an illustrative way a first variant of 
implementing the process which is the object of the present 
invention; 

20 counter reaction loop, i.e. in the 100D corrector circuit, 
adjustable capacitance 5-100 pF shown in FIG. lh, is likely 
to lead to clearly audible disruptions at the output of the 
amplifier. 

FIG. 3c shows in an illustrative way a second variant of 
implementing the process which is the object of the inven- 25 
tion in the case where the semi-conductor material used is in 
liquid or gel form after packaging; 

FIG. 3d shows a particular embodiment of the process 
which is the object of the invention in the case where the 
liquid or gel semi-conductor material has ferromagnetic 30 
properties like ferrofiuids; 

FIGS. 4a, 4b and 4c show, as a perspective view and as 
a sectional view along a longitudinal plane of symmetry, a 
conductor or circuit obtained by implementing the process 
according to the invention 

FIGS. 5a and 5b show modeling diagrams of the electrical 
micro-discharge phenomenon at the insulating metal inter
face of an electrical conductor; 

35 

It is also shown that the aforementioned interference 
polarization phenomena is associated with micro-discharges 
at the surface of these conductors, these micro-discharges 
only being able to worsen the phenomenon because of the 
radio interference radiated beforehand or at the time of the 
creation of this type of interface micro-discharges. This 
phenomenon of micro-discharges will be described later in 
the description. 

A first objection to the previous argument could consist in 
pointing out that the molecules of oxygen and water vapor 
in particular are also present in an air capacitor. 

In fact, in the case of an air capacitor, the electric field at 
the surface of the conductor, i.e. the surfaces of the movable 
sectors SM and the fixed sectors SF, is much weaker in view 
of the absence of dielectric material, this field, in the known 
way, being on the contrary multiplied by the value of the FIGS. 5c to 5f show timing diagrams of these micro

discharge phenomena; 
FIG. 6a shows a view of an electronic circuit previously 

coated with insulation on its bare conducting parts, pack
aged in a liquid semi-conductor material, according to the 
object of the present invention; 

40 relative permittivity of the dielectric relative to the air, in the 
case of a capacitor with added dielectric material. In fact, 
and because of the very high quality of the polytetrafiuor
ethylene dielectric material, the electric field at the surface 

FIG. 6b shows a section view of a high frequency loud 45 
speaker with magnetic confinement of the semi-conductor 
material provided with ferromagnetic properties. 

of the conductor, i.e. the fixed and movable sectors, is much 
more significant than in the case of the air capacitor. 
Moreover, considering the fact that the insulation does not 
disrupt the molecules, the adsorption phenomenon is 
permanent, these molecules enjoying thus a greater mobility 
and the delays introduced because of the counter reaction 
loop are then very weak, which explains the almost perfect 
behavior of the air capacitor. 

Prior to the description of the manufacturing process of a 
conductor or electrical circuit compensated for radio inter
ferences according to the object of the present invention, 50 
theoretical justification of the observations and discoveries 
made by the inventor, M. JOHANNET, will be given in 
connection with FIGS. 2a to 2e. 

In the case of an electrical conductor such as a cable 
covered with an insulating layer where the insulation 
adheres weakly, the same phenomenon can be observed and 

55 will be described in connection with FIGS. 2b to 2d. 
This justification is based on the investigations conducted 

on the amplifier shown in FIG. 19 and in FIG. lh, as well as 
mentioned previously in the description. 

By reference to FIG. 2a, in the first place it is recalled that 
an adjustable TEFLON (polytetrafiuorethylene) capacitor is 
constituted from a stack of alternately fixed and movable 
sectors, designated on the aforementioned FIG. respectively 60 
by SF and SM respectively. A TEFLON insulating sheet FI 
is inserted between each successive sector. 

In the aforementioned figures, has been shown in section, 
along a longitudinal plane of symmetry of the aforemen
tioned cable, the central conductor C in for example copper, 
and the insulating layer I, the insulation being able for 
example to be a layer of material such as PTFE or PVc. 

As shown in FIG. 2b, the aforementioned dipolar mol
ecules MD are present at the surface of the conductor C and 
the adsorption phenomenon is as it were frozen or at least 
reduced due to the fact of the presence of the insulating layer 

In fact, contrary to a generally accepted view, the surfaces 
both insulating and conducting are not bare but covered with 
layers of adsorbed or adherent air molecules. 

More exactly, the metal surfaces of the fixed sectors SF 
and of the movable sectors SM exposed to the air become 

65 I. The adsorbed dipolar molecules cannot in any case be 
evacuated from the surface layer of the conductor C for the 
very reason of the presence of the insulation I. 
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As shown in FIG. 2c, under the effect of an electrical 
voltage present during the transmission of a signal such as 
an audio signal for example, the dipolar molecules MD are 
subjected to a polarization field existing between the elec
trical conductor C and the insulation I and are subjected, 5 
then, to a relocation or to an orientation directly connected 
to their position and to the instantaneous polarity of the 
transmitted signal. 

During the change of polarity of the transmitted signal, as 
shown in FIG. 2d, the dipolar molecules MD return to a 10 
different position in order to balance the electrostatic forces 
generated by the polarization field existing between the 
conductor C and the insulating material I, this process being 
associated with the micro-discharges. 

Due to the fact that the aforementioned changes in posi
tion or orientation are produced with a certain inertia, even 15 

very weak, this inertia causes a certain delay in the propa
gation conditions of the transmitted audio signal, this delay 
causing a very audible echo effect. 

The aforementioned justification appears of course essen
tially qualitative. However, it is indicated that the contact 20 
phenomena between conductors and insulations with addi
tion of polarizable molecules are still very little known. As 
an indicative example, it is recalled that a phenomenon well 
studied and known for about a hundred years as the Branly 
effect, has not, to this day, received definitive explanation 25 
whereas it is known with certainty that it concerns contact 
phenomena between initially insulated metal strands. 

A modeling at the macroscopic level of the aforemen
tioned phenomenon can be made as shown in FIG. 2e, for a 
connection cable formed by two parallel cylindrical 30 
conductors, CA and CB for example, this connection cable 
being able to correspond to the modulation cable previously 
mentioned in the description. 

In the model shown in FIG. 2e is shown that: 

Co represents the equivalent capacitance at the metal- 35 
insulation interface; 

C1 represents the capacitance between conductors due to 
their proximity; 

10 
nection cable constituting a modulation cable between a 
source constituted by an optical disc player and the 1 W 
amplifier shown in FIGS. 19 and lh. 

This measure has consisted, on the one hand: 
in using 5/10 mm enameled wires, one wire per 

conductor, because of the quality of the enameled wires 
previously mentioned in the description, the nature of 
this component being likely, according to the previous 
investigations, to reduce to the maximum the value of 
the capacitance Co, and, on the other hand, 

in reducing as much as possible the influence of the terms 
C2+2C1, i.e. the capacitive coupling existing inherent 
to the bifilar nature of the connection. 

This second measure consisted in spacing the conductors 
from the neighboring grounds and to space out to the 
maximum the constituent return conductors of the connec
tion. In fact, the connection thus constituted has consisted of 
two 5-10 mm enameled wires, spaced out by about 1 to 2 
cm, over a length of 50 cm, the length of the connection 
between the optical disc player source and the amplifier. 

The result obtained met expectations, the signal repro
duced by the amplifier and by the loud speakers or acoustic 
enclosures, all things equal in other respects, having 
appeared with unprecedented cleanness and naturalness. 

Such a result allows the theoretical justification previ-
0usly mentioned in the description to be validated and 
remains of course a breadboard model allowing the hypoth
esis of the particularly staggering harmfulness of the 
memory effects with regard to cables to be validated, in 
particular for modulation cables. Indeed, for such cables the 
capacitances put into play are noteworthy because the volt-
ages transmitted are relatively high, fractions of volts, 
whereas the input or output impedances are not negligible, 
of the order of kQ. 

In the case of amplifier-loud speaker, acoustic enclosure 
connection cables, this same memory effect is likely to 
appear between two strands in contact, a local potential 
difference which excites this memory effect being able to 
exist, this memory effect phenomenon being able further-C2 represents the conductor-ground capacitance, i.e. the 

capacitance of each conductor insulated relative to its 
environment in the installation. 

40 more to be complicated with a skin effect phenomenon by 
putting multiple conductors in parallel. 

For a voltage E applied between the conductors CA and 
CB, the derived current has the expression: 

£/2 1=_/,---------'--_/ ,------
(7) 45 

The previous investigations have turned out to be 
extremely invaluable for the understanding of the behavior 
of modulation cables and amplifier-loudspeaker connection 
cables used particularly in HiFi equipment. 

In particular, a quite critical point for the musical quality 
of connection cables has been revealed, that of the presence 
of gaseous dipolar molecules subjected to electrical fields 
existing between conductors and insulations, and which can 

--+ -:---c_----;;-_ jCow jw(C2 +2C)) 

In the model proposed in FIG. 2e, it is pointed out that the 
capacitance Co, the capacitance due to the metal-insulation 
interface, represents in fact the imperfect capacitance sub
ject to the orientation and movement phenomenon of the 
dipolar molecules described previously in the description in 
connection with FIGS. 2b to 2d. 

Considering the previous analysis, it then seemed timely, 
according to a particularly remarkable aspect of the obser
vations and discoveries led by the inventor, M. JOHANNET, 
to reduce the influence of this capacitance Co, which can of 
course have an uncontrolled and harmful influence on the 
musical quality, i.e. on the transmission qualities of the 
signal from the corresponding connection cables. 

In a first accepted solution, the recommended measure has 
consisted in reducing as much as possible the influence of 
the aforementioned capacitance Co. 

The reduction of this influence has consisted of two 
complementary measures, applied to the making of a con-

50 be the medium for micro-discharges. 

55 

Such an observation explains the very satisfactory behav
ior of the enameled cable insofar as enameling at high 
temperature is likely to eliminate any trace of adsorbed 
dipolar molecules. 

However, taking account of the very small thickness of 
insulation used to constitute the enameling, dipolar mol
ecules are likely to adhere to the surface of the insulation, i.e. 
of the enamel, and are therefore likely also to disrupt the 
signal transmitted to the extent that these same dipolar 

60 molecules are also subjected to the electrical field generated 
by this signal. 

Taking account of this observation, a new measure and a 
new test have consisted in passing over the aforementioned 
enameled wire conductors, constituting the connection by 

65 bifilar lines previously mentioned in the description, an 
anti-static type product likely to eliminate at least tempo
rarily the accumulation of these dipolar molecules at the 
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surface of the varnish, in order to totally validate the 
previously ventured hypothesis. 

12 
invention consists in making, on the external surface of a 
conductor lor a circuit, an application of a coating of a 
semi-conductor material 2. This semi-conductor material 
has a resistivity coefficient value enabling at the same time 

The result obtained is then immediate and the 
improvement, although subjective, is spectacular. This 
improvement carries particularly into the field of low reg
ister sustained frequencies the loss of which seems to persist 
very far while the register of moderate or medium frequen
cies then gains in coherence. 

5 the external surface of the electrical conductor 1 or the 

As a non-restrictive example, it is shown that anti-static 
products used with success were the following: 10 

PHEMASTAT, marketed by the PHEM Company S.A., 1 
avenue Georges Clemence au, 93 420 Villepinte, 
France; 

ANTlSTATIK 100, marketed by the KONTAKT CHE-
MIE Company; 

15 
STATIJELT, marketed by the JELT Company, 112 Bou

levard de Verdun 92400 Courbevoie, France; 
GRAPHIT 33, marketed by the KONTAKT CHEMIE 

Company. 
Regarding this latter anti-static product, it has been shown 

that the tests have been carried out following the deposit of 20 

a graphite conducting layer, followed by wiping, the layer 
having to remain very thin. 

circuit to be maintained at a constant value of static electrical 
potential close to that of the conductor 1 and all of the 
random electrical discharge currents caused by the interfer-
ence phenomena to be absorbed. As a purely illustrative 
example, as shown in FIG. 3a, it is shown that the conductor 
1, a cylindrical copper wire for example, can to advantage be 
subjected to a translation D ep and simultaneously to a 
rotation Rot movement relative to its axis vis-a-vis a spray
ing system with an aerosol or pulverulent product, shown 
symbolically by a tank and a nozzle, controlled manually or 
in an automated manner. 

Of course, in such an embodiment, it is shown that the 
speed of moving or of passing the conductor in front of the 
nozzle as well as the speed of rotation are calculated in a 
manner adapted in a way to constitute an approximately 
homogeneous sleeve 2 some ,um thick, covering the whole 
of the conductor 1. 

Regarding the semi-conductor material used, it is pointed 
out that the notion of semi-conductor is taken in terms 
relative to a non metallic body which imperfectly conducts 

The experiment showed that applications of the afore
mentioned anti-static products can be spaced but that it is 
preferable to replace them for sustained listening. 

The processing of the constituent cables and conductors 
25 electricity and the resistivity of which decreases when the 

temperature increases. This definition corresponds to the 
definition of the semi-conductor such as given by the Grand 
D ictionnaire LAROUSSE, 1982 Edition, page 9 478. 

of these connection cables such as modulation cables or 
amplifier/loud speaker connection cables for HiFi equip
ment is effective however over a limited time, this time 
being a function of the temperature and the ambient humid- 30 
ity and being able to reach some hours. However, this 
operating method enables all the investigations, observa
tions and discoveries carried out by the inventor, M.l0-
HANNET to be validated. 

Of course, the operating method, in order to carry out the 
application on the external surface of the conductor 1 or the 
circuit of the coating of semi -conductor material 2, is not 
limited to spraying. On the contrary as shown in FIG. 3b for 
example, other operations may be used such as the dipping 
of the conductor 1 or the circuit in stage a) of the afore-

35 mentioned FIG. 3b in a bath of semi-conductor material for A manufacturing process of a conductor or an electrical 
circuit compensated for radio interferences generated in 
particular by the electrical micro-discharge phenomena 
according to the object of the present invention and allowing 
permanent results to be obtained approximately identical to 
those obtained though a treatment by means of an anti-static 40 
product will be now described in connection with FIG. 3a 
and following. 

In a general way, it is shown that the phenomena of 
dipolar molecule polarization and micro-discharges existing 
at the insulation/conductor interface of electrical cables or at 45 
the enamel/conductor interface, i.e. insulation-air of an 
enameled conductor, can of course be highlighted at the 
level of circuits, which are only a different assembly of 
conductors arranged within the context of one or several 
specified functions. 50 

To this end, it is shown that the process which is the object 
of the present invention can consequently be used, not only 
in a way to manufacture conductors or electrical connection 
cables allowing the transmission of signals such as audio 
signals or others, but also in the context of the manufacture 55 
of electrical circuits compensated for radio interference 
generated in particular by these phenomena of electrical 
micro-discharges and/or of dipolar molecule polarization. 

example, just as the immersion of the electrical conductor 1 
or the circuit in this same bath of semi-conductor material in 
order, preferably, to achieve an impregnation of the external 
surface of the conductor 1, the immersion time being defined 
in a way so that the constituent molecules of the semi
conductor product in bath form can themselves be adsorbed 
at the level of the conducting surface of the conductor 1. 

Moreover, and as shown in FIG. 3a, it is understood that 
other operations such as the projection of a pulverulent 
liquid or of an aerosol constituent of the semi-conductor 
material can be used. 

In all cases, as shown at point b) of FIG. 3b, each 
operation is preferably followed by a stabilization operation 
of the semi-conductor material. 

The semi-conductor material sleeve 2 thus obtained after 
the stabilization operation can be liquid or solid, or if the 
need arises in gel form. 

As shown in an illustrative way in FIG. 3b, when the 
semi -conductor material 2, after the stabilization operation, 
is solid or in gel form, the aforementioned stabilization 
operation can consist of a controlled drying operation. 

As a function of the nature and of the semi-conductor 
product used, the drying can be carried out, following the 
application of a layer of semi -conductor material 2 or if the 
need arises two layers or several layers of semi-conductor 
material, in the open air, i.e. at ambient temperature, for a 
period of two hours between each application, or, on the 
contrary, in order to accelerate the process, in a controlled 
atmosphere, i.e. in an oven, the conductor 1 fitted with its 

As a non-restrictive example, it is shown that the process, 
which is the object of the present invention, will be 60 
described for the general purpose, in the context of the 
manufacture of an electrical conductor compensated for 
radio interferences, the notion of conductor covering, as 
mentioned previously, the notion of a circuit for the reasons 
indicated. 65 sleeve or layer of semi-conductor material 2 being placed in 

a heated enclosure for example at a temperature of the order 
of 60° for one hour. 

As shown in FIG. 3a for example, as a non-restrictive 
example, the process which is the object of the present 
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More particular examples of embodiments of implemen
tation of the process, the object of the present invention, will 

14 
ing parts of the conductor conveying the signal or with 
the insulating varnish which covers these conducting 
parts. 

Physical measurements made on the connection cables 
be now given below for the case of a specific semi-conductor 
product. The embodiment method described below has been 
carried out with a varnish type semi -conductor product, 
marketed by the VON ROLL ISOLA Company with the 
reference 8001, this product being commercially distributed 

5 treated in this way have shown that the semi-conductor 
material layer had a resistivity coefficient p between 0.1 
Qxm and 100 Qxm. The resistance of the semi-conductor 
material layer associated with the semi-conductor varnish by the UDD -FIM Company in France. As an alternative 

example, there is a coating miscible in water, with an 
intrinsic polymer conductor base, polypyrrol, manufactured 

10 
and marketed in the Netherlands by the D SM Company, 
compare the Industries et Technique journal, No 761 bis 
published in France. As an additional alternative, colloidal 
graphite can be used, distributed by the KF-Electronique 
Company in France. 

had a value between 10
3 

and 105Q. 
The previous new investigations and observations carried 

out by the inventor, M. JOHANNET, have then led this latter 
to carry out an implementation of the process, the object of 
the present invention, starting with totally liquid semi
conductor materials, i.e. taking the previous definition given 

The operating method has consisted in covering the 15 

modulation cables constituted for example by an untwisted 
5/10 mm enameled wire, each return conductor being coated 
with a layer of this varnish of the order of some ,urn. The 
conductors spaced by a distance of about 1 cm in order to 
make a connection between the source and the amplifier in 20 
the experimental conditions shown in FIG. 2e, have enabled 
then a very noticeable, immediate and lasting improvement 

in the description, in order particularly to satisfy the condi
tion relative to the almost perfect, intimate contact. 

In a first approach, the accepted liquids were electrolyte 
liquids. 

A particularly advantageous accepted solution consisted 
in using water with sodium chloride NaCl added dissolved 
in a way to obtain adapted resistivity coefficient values. 

As a non-restrictive example, the concentration and the 
resistivity coefficient corresponding to the solutions used 
were the following: of the transmission of the signals delivered by the source to 

be obtained. 
A similar operation has been carried out with regard to the 

connection cables between the amplifier output and the loud 
speakers or acoustic enclosures. The connection cables were 
constituted by 5/10 mm twisted enameled wire conductors, 
which have been subjected to a similar spraying in order to 
constitute a layer of some microns thick. 

The application of such a layer of semi-conductor 
material, in the form of a varnish, has then given a particu
larly spectacular result, characterized by an almost complete 
disappearance of the subjective background noise. 

The combination of the modulation cables treated in this 
way and the connection cables between the amplifier and the 
loud speakers, these cables consisting of enameled wire 
conductors, impregnated with semi-conductor varnish in the 
previously mentioned conditions, is particularly impressive. 

Although of a subjective nature, it is shown that the 
perception is then characterized by a particularly remarkable 
impression of softness of the sounds, of absence of distortion 
and of background noise, of analysis of the micro-signals 
without loss of coherence of the transmitted signal. From the 
perceptual point of view, it is shown that the experienced 
perception is that of the discovery of a different content of 
the storage medium played by the source. 

25 

30 

35 

Concentration 
Nael gil pQxm 

0.6 9.1772 
5 1.2005 

10 0.6285 
20 0.3349 
28 0.2441 

The law giving the value of the resistivity coefficient p of 
the solution as a function of its salinity S, establishes the 
relation: 

p�5.3676 S-0.927 at the temperature of 20° C. (8) 

40 In this relation, the salinity is expressed III gil and the 
resistivity in Qxm. 

Successive experiments have shown that the optimum 
resistivity of the solution in order to obtain a maximum 
absorption effect of the aforementioned radio interference, is 

45 set at the level of the value p=lxQxm to a strength of almost 
10. 

The aforesaid implementation of the process, which is the 
object of the invention, has however demonstrated that in 
order to increase the life span of the treatment made to the 

50 
connection cables, modulation cables and amplifier
loudspeaker connection cables, it was preferable to observe 
the precautions below: 

In these conditions and in a particularly advantageous 
embodiment of the process, the object of the present 
invention, the saline solution used can be constituted by the 
physiological salt solution controlled to 9 gil. The optimum 
resistivity coefficient of the solution is then p=0.7 Qxm. 

According to an embodiment variant, the saline solution 
can be constituted by a solution of potassium chloride KCl 
with the concentration 11 gil. This saline solution has the perfect mixing of the product by means of a palette mixer 

for example; 

application of a first thin layer possibly diluted with 
alcohol; 

application of a second layer after drying the first layer, 
i.e. at least half an hour after application of the first 
layer. 

The quality of the results obtained can, after consideration 
and successive study, be attributed to: 

the research for an optimum resistivity of the semi
conductor material layer applied on the electrical 
conductor, 

the research for an intimate, almost perfect contact 
between the semi-conductor material with the conduct-

55 advantage of a same ionic mobility for the positive and 
negative ions. In every case, the saline solution is preferably 
with a pH equal to 7. Moreover, anti-bacterial and anti-algae 
stabilizing products can be added. 

In such a case, when the semi-conductor material used 
60 after the stabilization operation is liquid or in gel form as the 

need arises, the process which is the object of the invention 
can be implemented in the manner below, which will be 
described in connection with FIG. 3c . The operating method 
enabling the implementation of the process, the object of the 

65 present invention, will be described on the basis of this 
figure in the case of the making of an amplifier-loud speaker 
connection cable for example. 
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In such a case, the conductor 1 can to advantage be made 
in the form of 8 strands of 5/10 mm enameled copper wire, 
such as the enameled wire referenced ST2.NG marketed in 
France by the LE GUIPAGE MODERNE Company. These 
strands are twisted in pairs in order to correct the skin and 5 

proximity effects, as previously mentioned in the descrip
tion. 

The semi-conductor material solution being available in 
the form of physiological salt solution for example, the 
stabilization operation can consist, as shown in FIG. 3c, in 10 

carrying out in the first place an operation consisting in 
encapsulating the conductor 1 or electrical circuit in a 
definitive sealed enclosure 3. This operation of sheathing is 
shown at the point a) of FIG. 3, the sealed enclosure 3 being 
able to consist, as a non-restrictive example in a 4/7 mm 15 
polyethylene tube. 

The aforementioned stage a) of sheathing can then be to 
advantage followed by a stage b) of shaping, shown at the 
point b) in FIG. 3c, a stage in which the assembly is 
configured into a U shape for example, the ends of the 20 

conductor 1 passing beyond the ends of the sealed enclosure 
3. 

16 
is the object of the present invention, such as described in 
connection with FIG. 3c, has enabled excellent listening 
results to be obtained, the listening quality and the tone 
being superior to those obtained with the projection of a 
semi-conductor varnish previously mentioned in the 
description when the resistivity qualities of this semi-
conductor varnish are at their optimum value. 

The process which is the object of the present invention 
is not restricted, when the semi-conductor material after the 
stabilization stage is liquid, to the embodiment method 
described with FIG. 3c. Indeed, as it will now be explained 
in connection with FIG. 3d, when this semi-conductor 
material after the stabilization operation is liquid or in gel 
form, this stabilization operation can consist to advantage of 
adding to the semi-conductor material an element having 
ferromagnetic properties in order to generate a ferromag
netic compound having semi-conductor material properties. 
In FIG. 3d, has been shown this stage of implementation of 
the process in an illustrative way by a mixing operation by 
means of a palette mixer of a liquid semi-conductor material, 
called MSC, and a ferromagnetic material in the form of a 
pulverulent in order to make a corresponding material, either 
liquid or in gel form. 

As shown additionally in FIG. 3d, the ferromagnetic 
The actual shaping stage b) is then followed by a filling 

stage c) , shown at the point c) in FIG. 3c, of the interstice 
made between the conductor 1 and the sealed enclosure 3 by 
means of the saline solution. In FIG. 3c, at its point c) , it is 
shown that the filling is shown in an illustrative way by 
means of a tank or pipette as a non-restrictive example. It is 
pointed out however that in order to eliminate the appear
ance of air bubbles in the saline solution contained in the 
sealed enclosure 3, in an advantageous way, such a filling 
can be made, preferably, by means of a suction operation. 

25 
compound having semi-conductor material properties 
obtained following the aforementioned mixing operation, is 
then applied onto the conductor C in order to constitute for 
example a layer or sleeve shown dotted in FIG. 3d, and the 
assembly, in particular the sleeve 2 of semi-conductor mate-

30 
rial constituted by the ferromagnetic compound having 
properties of semi-conductor material, is then subjected to a 
permanent or maintained magnetic field, illustrated by the 

---;. 

reference marked B in FIG. 3d, in order to ensure the 
confinement of the ferromagnetic compound having the 
properties of semi-conductor material on the external sur
face of the conductor 1 or the electrical circuit. 

The process which is the object of the present invention, 
in the embodiment method described in connection with 
FIG. 3d, finds a particularly advantageous application in the 

The filling stage c) is then itself followed by a stage d) , 
shown at the point d) of FIG. 3c, constituting a sealing of the 
ends. Preferably, the waterproof sealing appropriate to the 35 

definitive sealed enclosure can be made by means of a 
silicon adhesive intended to seal the ends of the sealed 
enclosure 3, the ends of the conductors 1 passing through the 
sealing made in this way, the whole being covered by a 
fitting or thermo-retractable sleeve placed on each end in 
order to protect the sealing. For a perfect sealing, it is 
conceivable to surround the end of the tube and the con
ductor with a polytetrafiuorethylene strip of ribbon covered 
with a thin layer of silicon joint, the whole being held by a 
thermo-retractable sleeve. In an advantageous way, the 
sealing of the ends can be made on tubes or self-fusible 
thermoplastic material covers, by means of a heating jaw 
clamp. 

40 field of high fidelity for radio interferences compensation of 
the loud speakers themselves, and not now of the connection 
between amplifiers and loud speakers and acoustic 
enclosures, as will be described later in the description. 

A more detailed description of electrical circuits or cables 
45 compensated for radio interference generated in particular 

by electrical micro-discharge phenomena present on the 
external surface of these circuits or electrical cables, when 
those are supplied with electrical voltage, will now be given 
in connection with FIGS. 4a to 4c, these circuits or electrical The same process can be applied for the manufacture of 

modulation cables. In such a case, it is pointed out however 
that the conductor 1 is a simple 5/10 mm enameled wire, 
while the sealed enclosure 3 is constituted by a 3/6 mm 
polyethylene tube or by any equivalent tube. This embodi
ment method is not restrictive and it can be conceived, for 
each constituent conductor of the modulation connection 
cable, to use two twisted enameled wires in order to con
stitute each conductor 1 of the connection. 

It is pointed out in particular that, besides the intrinsic 
quality accepted in enameled wires for the constitution of 
the connections of modulation cables, already mentioned in 
the description, the presence of the enamel enables a pro
tection of the copper conductor from any attack by the saline 
solution to be ensured, which enables the transmission 
quality properties to be retained in an approximately per
manent way. 

The use of modulation cables and amplifier-loud speaker 
connection cables obtained according to the process, which 

50 cables being of course obtained by implementation of the 
previously described process. 

As shown for example in FIG. 4a, the conductor or 
electrical circuit 1 comprises, on its external surface, a 
coating 2 of semi-conductor material, the notion of semi-

55 conductor material having been previously defined within 
the context of the description of the process which is the 
object of the present invention. 

In a general way, it is pointed out that the semi-conductor 
material 2 forms a sleeve covering the electrical conductor 

60 1 or, at the very least, a layer covering an electrical circuit, 
as will be described later in the description. The semi
conductor material has a resistivity coefficient value 
enabling at the same time the external surface of this 
electrical circuit or electrical conductor to be maintained at 

65 a static electrical potential with a constant local value, near 
that of the circuit or of the conductor 1, and the whole of the 
random electrical discharge currents caused by the afore-
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In the particular case of copper, an oxidation process starts 
to occur, which slows down after some hours. 

mentioned interference phenomena to be absorbed. The 
semi-conductor material can be solid, or liquid or in gel 
form, and can consist for example of a thin layer of some ,um 
deposited by vaporization of the semi-conductor varnish 
reference 8001, marketed by the VON ROLL ISOLA Com
pany. 

Preferably, but in a non-restrictive way, the assembly can 

Consequently, there always exists a layer of one or two 
molecules depth of adsorbed gas such as oxygen, nitrogen or 

5 carbon dioxide gas, or even water vapor, complicated by a 
phenomenon of oxidation commencement. 

be sheathed by a thin protective sheath 3, which enables a 
protection of the semi-conductor material layer and the 
assembly in this way constituted to be ensured. In a general 
way, it is pointed out that the conductor 1 can be constituted 
by a copper electrical wire, enameled or not, of appropriate 
cross section. 

The application of an electrical potential during the trans
mission of a signal by means of such a conductor C, 

10 produces on this conductor and in particular at the 
conductor/insulation interface a set of discharge phenomena 
called interface micro-discharges. 

In an embodiment variant such as shown in FIG. 4b, the 
electrical conductor 1 can be constituted by several strands 15 

of enameled twisted copper wires, the central core carrying 
the reference 1 and the enamel the reference 10, as shown in 
FIG. 4b. 

Such a phenomenon can be linked with the phenomenon 
known under the name of crown effect on high voltage lines, 
although the orders of magnitude of the voltages in play are 
very different. 

In the case of interface micro-discharges, these occur for 
extremely low voltages, of the order of ,uV, and only appear 

In every case, the protection sheath 3 can be added in 
order to protect the assembly. 

Finally, in the case where the semi-conductor material is 
a saline solution for example, such as physiological salt 
solution, this electrical circuit compensated for radio inter
ferences which is the object of the present invention, as 
shown in section along a longitudinal section plane on FIG. 
4c, can comprise to advantage the sealed enclosure 3 con
stituted by a polyethylene tube for example. The sealed 
enclosure 3 partially contains the electrical circuit or con
ductor 1, which is constituted, either by an enameled 5/10 
mm twisted electrical wire, or by a single enameled 5/10 mm 
wire for example. In this way, a major part of the electrical 
circuit 1, or electrical conductor 1, is immersed in the liquid 

20 immediately close to the conductor C, i.e. to its external 
surface. It is understood in particular that, although the 
voltages involved at the level of the unevennesses and rough 
patches of the aforementioned external surface are some ,uV, 
these potential differences, added to the roughness or the 

25 granulometry distances of the order of ,um, are likely to 
generate significant local electrical fields, of the order of 
several volts per meter. 

Consequently, the phenomenon of interface micro
discharges are also linked to the Branly effect previously 

30 mentioned in the description. 

or gel form semi-conductor material, only the ends intended 
to make the connections not being immersed in the afore-
mentioned semi-conductor material. 35 

Furthermore, as will be observed in FIG. 4c, connection 
terminals 4 outside the sealed enclosure 3 are interconnected 

An analysis of the interface micro-discharges phenom
enon from the crown effect can be made by reference to the 
published study by Claude GARY and Marcel MOREAU 
relative to this crown effect, in a work entitled "L' effet de 
couronne en tension alternative" (" The crown effect in 
alternating voltage" ) published in the Librairies Eyrolle, in 
Paris, France, in 1976. 

to the major part of the immersed electrical circuit. 

As shown in FIG. 4c, the connection terminals 4 can to 
advantage be constituted by a sealing 40 ensuring the sealed 
closing of the sealed enclosure 3 at each of its ends, this 
sealing 40 being made for example by a silicon mastic. The 
assembly can be covered with thermo-retractable sleeves 41, 

Some elements of this study can be taken up and applied 

40 
to the interface micro-discharges phenomenon. 

a connection contact or connection terminal of the banana 45 
plug type 42 for example being interconnected to the con
ductor 1, the connection pin 42 being preferably taken and 
held by the thermo-retractable sleeve 41. Such a method of 
manufacture enables modulation cables or amplifier-loud 
speaker connection cables of specified standard length to be 50 
made having a good stability in weather and transmission 
conditions for electrical signals of the first order. 

A justification for the implementation of the process, 
which is the object of the present invention, and of the 
results obtained by means of the structure of the electrical 55 
cables and circuits compensated for radio interferences as 
previously described with FIGS. 4 a  to 4c, will now be given 
relative to the phenomenon of random micro-discharges 
likely to be produced at the surface of any electrical con
ductor not compensated according to the process which is 60 
the object of the present invention. 

In the case of a cylindrical electrical conductor C, shown 
in FIG. Sa, this electrical conductor being supposed bare, 
such a newly manufactured conductor is almost instanta
neously covered with one or several layers of air but more 65 

particularly with oxygen, which has a particular avidity for 
metals, except gold. 

For a cylindrical conductor of radius r applied with an 
electrical potential V, the electrical field at the surface of this 
latter confirms the relation: 

V E = -D r · lnr 

(9) 

The value of the field expressed by this relation is in Vim, 
D represents the distance of the conductor C to the neigh
boring conductors or the reference potential, r represents the 
distance relative to the surface of the conductor, In desig
nates the Naperian log. 

It is understood of course that the local value of the 
electrical field can be increased by the spike effect when 
unevennesses are present on the conductor. This is precisely 
the case of filings enabling the Branly effect to be observed, 
the industrial conductors coming from dies being of course 
always secured in profusion with this type of unevenness on 
their lateral surface. 

On the molecular scale, this field can of course be locally 
very significant. 

For an unevenness simply modeled in the shape of a half 
ellipse as shown in FIG. Sa) on the right part, relative to the 
surface of the conductor shown vertical, the value of the 
field is written: 
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c I ax(c I h)2 
Em" = Eo arg . th . (c la) - cia 

(10) 

In this relation: 
c represents the distance of the focus of the ellipse to the 

surface of the conductor C, 

5 

a represents the distance of the top of the ellipse, i.e. the 
unevenness relative to the surface of this same conduc- 10 
tor C, 

h represents the transverse half dimension of the ellipse. 
The more pointed the ellipsoid, therefore the unevenness, 

the smaller the ratio cia and the more significant the multi
plying factor of the value of the field generated near to the 15 
unevenness relative to the value of the field Eo near the 
surface of the conductor C. 

20 
R represents the internal resistance of the interface; 
C1 represents the capacitance of the first insulating layers 

immediately in contact with the conductor. It concerns 
therefore the air in the case of a bare conductor or the 
applied insulation on an insulated conductor; 

e is a spark gap which short circuits the capacitance C1 as 
soon as the voltage at the terminals of C1 passes a given 
threshold value and initiate the relaxation phenomenon; 

C2 represents the capacitance of the conductor C relative 
to the ground, i.e. to the reference potential or to the 
earth. 

The assembly C1 +e conveys the micro-discharge phe
nomenon to the interface, insulating conductor C. In any 
hypothesis there exists in fact numerous couples C1 +e 
connected in series or in parallel, corresponding to the 
electron jumps going from the simple relocation to the 
micro-breakdown itself, called by physicists by the global 
term " partial discharge" . 

As a non-restrictive example, it is pointed out that for 
c/a=0.7 and c!h=3 , Ema.,/EO =37.7. 

Whereas in the classical crown effect, discharges of 
different types appear at the top of these unevennesses as a 
function of the value of the applied voltage and of the 
polarity of the signal, these discharges being of the 
Townsend avalanche type, positive discharges, Trichel 
pulses for pulse currents with relaxation frequencies of 1 to 
100 kHz for example, in the case of interface micro
discharges on the contrary, these discharges no longer occur 
in the surrounding air but in the thin insulating layer in 
contact with the conductor, i.e. its peripheral surface. 

A numerical simulation supplies nevertheless very sig-
20 nificant results shown in FIGS. 5c to 5f 

As shown in FIG. 5c, for a source voltage E(t) constituted 
by a pure sinusoidal voltage of frequency 1 kHz, the voltage 
at the terminals of the capacitor C1 in the presence of the 
spark gap e is represented in FIG. 5c for a supposed 

25 breakdown voltage twice as great in positive signals as in 
negative signals. 

The current in the whole of the circuit as shown in FIG. 
5d appears globally little affected by the successive break
downs caused by the spark gap e. 

An enlarged view in FIG. 5e and FIG. 5f of a respectively 
positive and negative crest of the current shown in FIG. 5b, 
demonstrates the disruptions of this current by the micro
discharge s, the fre quency of the disruptions appe aring high
est for the negative crest although the amplitude of these 

Following the manufacturing method of the electrical 
cable used, i.e. extrusion, bonding, polymerization at the die 30 
outlet, some gaseous molecules can for example be trapped 
between the insulating material and the conductor C itself. 
Furthermore, on the molecular scale, the manufacturing 
unevennesses on the peripheral surface of the conductor C 
are significant. 35 disruptions appears less. In the case of bare conductors, there always exists one or 
two, indeed several, layers of adsorbed molecules, as men
tioned previously. For the non precious metals, particularly 
copper, an oxidation of its surface layer almost always 
occurs. 

It is therefore in these molecular layers, in immediate 40 

contact with the conductor C, adsorbed ambient gas or 
dielectric when the dielectric perfectly adheres, that the 
phenomenon of interface micro-discharges occurs as a func
tion of the local dielectric field and of the insulating metal 
structure of the considered interface. 45 

Although the physical phenomena brought into play are 
still very little known, a modeling of these interface micro
discharge phenomena will be proposed in connection with 
FIG. 5b and FIGS. 5c to 5f 

These micro-discharge phenomena leading to an audible 50 
degradation of the signal, as related previously following the 
works and observations mentioned in the description, these 
lead to disruptions in the audio frequency spectrum between 
20 Hz and 20 kHz. 

The aforementioned modeling, as represented in FIG. 5b, 
enables, from FIGS. 5d to 5f, the interpretations below 
relative to the results obtained to be provided: 

the disruptions connected to the micro-discharges appear 
in the form of a pulse series with locally constant 
frequency. Their recurrence frequency is likely to fall 
into the audio frequency spectrum; 

the micro-discharges appear individually very short and 
are not able for this reason to be truly detected with a 
standard equipment, only the aforementioned recur
rence frequency being able to be perceptible; 

this recurrence frequency varies as a function of the 
following parameters: 

internal resistance of the discharge circuit 

breakdown threshold 

signal polarity 
value of the breakdown capacitances C1 

value of the ground capacitances C2 
Such an observation implies, in the case of straight front 

rapid discharges, that these must appear in a recurrent form 
with a recurrence period in the audio frequency band. This 

55 i.e. following the set of physical and geometrical parameters 
of the metal/insulation interface. 

is the case for example of Trichel pulses in the case of the 
crown effect. 

In the case of interface micro-discharges, it is then pos- 60 
sible to model the structure of the interface by means of the 
diagram shown in FIG. 5b. This modeling is shown in 
connection with FIG. 5a and the symbols used in FIG. 5b for 
this modeling represent: 

E(t) , a voltage source, i.e. eventually a voltage induced on 65 
the cable, either by the signal to transmit, or by an 
external radio interference; 

for a pure sinusoidal signal and of constant amplitude, all 
the micro-discharges result at the most in one, if the 
need arises, two additional lines in the audio frequency 
spectrum, these additional lines being most often bur
ied in the noise. It is no longer the same for a musical 
signal for which the frequency spectrum is wide and is 
permanently modified with the appearance of addi
tional lines strongly correlated with the signal. Such 
additional lines appear then in a quite perceptible way, 
i.e. audible, whereas they remain however very difficult 
to detect by classical measurements; 



US 6,438,250 Bl 
21 

with each micro-discharge, i.e. each micro-breakdown or 
during return to the previous state, can in all likelihood 

22 
An investigation in this sense has been led by the inventor, 

M. JOHANNET, on the basis of the 1 W amplifier described 
in FIGS. 1, Ig and Ih. 

A first investigation consisted in verifying the previous 

be associated a delay comparable to that mentioned 
previously in the description relative to the polarization 
of the dipolar molecules, this delay causing additional 
complex phenomena although not modifying the spec
trum of additional lines emitted; 

for a spectrum of lines with a recurrence period 1:, the 
Laplace transform applied to this latter is of the form 
1/1-exp(-1:p), which results in a continuous spectrum+ 
lines spectrum group similar to that of an open trans
mission line, which enables boiling down to the case of 
delay or echos phenomena offending many times where 
musical quality is concerned; 

5 hypothesis at the level of electronic circuits in general. In 
order to simplify the verification procedure, it consisted in 
applying on the whole of the circuit, this circuit being made 
in the form of experimental wiring without any particular 
precaution, an anti-static fluid layer such as mentioned 

10 previously in the description, the PHEMASTAT. The layer 
of anti-static material was applied in the upper surface and 
the lower surface of the printed circuit, an in particular on 
the whole of the components, and in particular on the bare 

the voltage interferences generated by the interface micro- 15 
discharges are very abrupt and therefore very quickly 
attenuated. For this reason, they only have a local but 
undoubted influence by radiation or capacitive 
induction, but have on the contrary a global influence 

or insulated conductor parts. 
Following such a treatment, and all things equal in other 

respects, i.e. the modulation cables and the amplifier/loud 
speaker (acoustic enclosure) connection cables having been 
maintained in their embodiment form according to the object 
of the present invention, the global result of subjective on the intensity of the current flowing in the conductor 

C. 20 listening showed itself particularly astounding. 

However, it is necessary to note the existence of a 
particular mode of propagation at the aforementioned 
conductor/insulation interface in an insulated cable, this 
mode of propagation corresponding to a particular solution 
of the Maxwell equations. The propagation according to this 25 
mode of propagation of radiation generated by the interface 
micro-discharges in a standard insulated conductor C can 
therefore be excluded. 

The problem of micro-discharges at the conductor/ 
insulation interface having been illustrated by means of the 30 
modeling proposed in FIG. 5b and the simulation repre
sented in FIGS. 5c to Sf, the accepted solution for imple
menting the process which is the object of the present 
invention and the manufacture of cables compensated for 
corresponding radio interferences, enabling them to be pro
tected from these micro-discharge phenomena as well as 35 

from insulation memory phenomena connected to the ori
entation of the dipolar molecules, appears then justified for 
the reasons below. 

The layer of semi-conductor material, according to the 
process which is the object of the present invention, enables 40 
these micro-discharges creating a local conductor/ 
immediate environment equi-potentiality to be avoided. 

At the subjective analysis level of the results obtained, it 
is essential to quote: 

the disappearance of any impression of subjective distor
tion; 

a sensation of considerable increase of the dynamics of 
listening, this increase having been brought to the fore 
by the overall maintenance of the clarity of listening 
whatever the level of the signal transmitted by the 
amplifier; 

the total disappearance of perceived background noise 
whereas, paradoxically, the actual background noise of 
the recording studio, present at the level of the signal 
delivered by the source, remains very obviously 
present; 

the presence of tone details appropriate to the instruments, 
which had never been able to be revealed to the listener 
to by means of normal circuits; 

the clarity and precision of the rhythm or tempo in perfect 
coherence with the melody. 

Besides the previous investigation, it is pointed out also 
that the replacement of the supply cable from the source 
constituted by a trade optical disc player through a FLAT
LINE type cable covered with a layer of GRAPHITE 33 

Conceiving a screen such as an electrical conductor 
screen at the potential of the conductor similar to a shield 
would only postpone the problem because micro-discharges 
would appear themselves at the surface of this screen. 

The recommended solution, according to the object of the 
present invention, consisting in fact in using a semi
conductor screen is justified as far as this semi-conductor 
screen IS: 

45 again improved the listening result. A decisive improvement 
has finally been obtained by replacing the mains supply 
cable by a cable provided with conductors compensated for 
radio interferences, according to the object of the present 
invention. Indeed, it was able to be observed, during use of 

sufficiently conductive to create an effective static equi
potentiality, and 

sufficiently resistant to cancel the currents likely to be 
caused by the previously described interface micro
discharges. These currents are the transverse or longi
tudinal propagation currents in the conductor C. 

50 the standard supply cables, that the micro-discharges 
phenomenon, and the degradation of the musical quality, 
appearing in a much more significant way when, as a 
function of the direction of the mains power point, the 
external windings of the supply transformers are connected 

55 to the phase conductor rather than the neutral conductor. 

It is understood in the clearest way that the aforemen
tioned semi-conductor screen must be in perfect contact with 
the conductor C or, more generally, with the insulation such 
as the enamel layer covering the conductor to protect insofar 60 
as remaining vacuoles or surface irregularities would only 
aggravate the problem. 

The phenomenon of interface micro-discharges previ
ously analyzed is not restricted only to cables constituted by 
conductor wires, but appears also to occur at the level of 65 
electronic circuits in the more general sense of the term of 
these latter. 

This observation followed by the aforementioned decisive 
improvement during use of compensated conductors replac
ing the supply cable thus provides an additional confirma-
tion of the validity of the phenomenon of micro-discharges. 

It is therefore obvious that the phenomena highlighted 
previously in the description concern in fact all signal 
processing electronic circuits, and in particular not only the 
amplifier circuits in HiFi systems, but also supply cables 
conveying the current from the mains. 

In a general way and in a way to obtain a permanence of 
the desired compensation of radio interference on any elec
tronic circuit, one solution can consist in depositing a layer 
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of semi-conductor material such as a layer of graphite by 
means of the GRAPHIT 33 material as described previously 

24 
tions which are stopped by the screen constituted by the 
aforementioned sealed enclosure 3, but also from internal 
radio disruptions constituted by the interface micro-
discharges, which enables a processing of the input signal to 
be obtained approximately exempt form every interference. 

It is understood furthermore that because of the greater 
calorific capacitance of the semi-conductor material 2 in gel 
form or liquid form than that of air, the problems of cooling 
are totally resolved, in particular for low power circuits such 

in the description. This deposit of a layer of semi-conductor 
material in the form of graphite can be made by spraying the 
previously described GRAPHIT 33 product or an equivalent 5 

product such as the KF-BLINDOTUB applied by the 
aerosol spray on the transformer windings such as supply 
transformers and cabling wires connecting the supply to the 
circuits. 

However, as will be described in connection with FIG. 6a 
for example, it is pointed out that a packaging particularly 
advantageous for any electronic circuit can consist in pro
viding a sealed enclosure, carrying reference 3, constituted 

10 
as electronic or digital processing circuits. 

As an advantageous example of such electrical or elec
tronic circuits, the applications of such embodiments to 
electronic components already encapsulated, such as poten
tiometers in particular, is pointed out. 

for example by a metal box coated or not in the interior with 
a layer of protective material such as a layer of polyurethane 
for example. This enclosure 3 is provided in a way to 
partially contain the electrical or electronic circuit to 
package, as well as the semi-conductor material 2 wherein 

Another particularly advantageous embodiment method 
15 with a specific packaging of an electric circuit more par

ticularly used in HiFi installations, will now be described in 
connection with FIG. 6b. 

a major part of the electrical or electronic circuit is 
immersed. It is pointed out, as a non-restrictive example, 20 

that in this case, the semi-conductor material 2 can to 
advantage be made by a gel of appropriate resistivity, as 
mentioned previously in the description, where the need 
arises by a saline solution in the conditions mentioned 
previously in the description. In such a case, and in order to 25 

ensure an anti-corrosion protection of the whole of the 
electronic circuit or, at the very least, the major part of it 
which is immersed in the semi-conductor material 2, it is 
pointed out that the electronic circuit, as shown in FIG. 6a, 
can be globally coated to advantage with a protective film, 30 

carrying the reference 10, against corrosion and electrolysis 
phenomena. 

In such a case, it is understood for example that, when the 
electronic circuit is formed by a printed circuit board CI 
provided with appropriate electrical conductors in order to 35 

ensure the electrical connections and the aforementioned 

W hen the electrical circuit is constituted by the coil BO 
constituted by conductors 1 of a membrane loud speaker, 
such as an acoustic enclosure tweeter, the notion of tweeter 
designating any high frequency loud speaker, the electrical 
circuit according to the object of the present invention 
includes, as shown in the aforementioned FIG. 6b, placed 
between the polar parts PP and the core CO of a permanent 
magnet, the aforementioned electrical coil BO formed by a 
multiple winding of enameled electrical wire for example, 
this coil BO being wound in the base of the membrane M of 
the loud speaker. In its mean position or neutral position, the 
coil surrounds the core CO of the permanent magnet. 
Moreover, as shown in the aforementioned FIG. 6b, a 
semi-conductor material 2 having ferromagnetic properties 
is placed between the polar parts and the core CO in a way 
that this semi -conductor material 2, provided with ferromag-

electronic circuit functions, the conductors 1 and the com
ponents placed on the opposite surface of the integrated 
circuit CI playing the role of conductors on the surfaces of 
which the micro-discharges phenomenon occurs. The whole 
is then coated with a protective layer 10, this protective layer 
10 being able to consist of the application of two or three 
thin layers of polyurethane spaced out in time for a perfect 
successive drying of each deposited layer. 

netic properties, ensures the total immersion of the coil BO 
in its mean position. The semi-conductor material 2 is then 
subjected to the permanent magnetic confinement field in the 
space defined by the polar parts PP and by the core CO of 
the permanent magnet. It is recalled of course that the polar 
parts PP are connected by a magnetic circuit CM in the 

40 standard way. 
In a particular embodiment method, it is pointed out that 

the semi-conductor material 2 having ferromagnetic prop
erties was constituted by a mixture of 

Of course, the connection terminals T l' T 2' T 3' T'4 and T'1' 45 

T' 2' T 3 respectively, are externally provided to the sealed 
enclosure 3, these terminals such as supply terminals of the 
electronic circuit and input and output terminals of the signal 

70 to 90% by weight of FERROFLUIDE, and of 

3 0  to 10% by weight of a slightly electrical conducting 
miscible pulverulent material. 

The pulverulent material being pulverulent graphite mixed 
in the proportions indicated relative to the FERROFLUIDE. to process being interconnected to the major part of the 

immersed electronic circuit. It is understood of course that 
the connections can be protected in the same way as the 
electronic circuit itself in order to constitute the major part 
of the immersed electronic circuit, only the parts external to 
the sealed passage, supporting the connection terminals, not 
being of course coated with the anti-corrosion protection 
layer. 

Moreover, the sealed metallic enclosure 3 can be provided 
with a terminal enabling this sealed enclosure 3 to connect 
to a reference potential such as the ground of the whole of 
a more complex device. This terminal carries the reference 
30 in FIG. 6a. The input and output terminals carry the 
references T1 and T4, respectively T' 1 to T' 3 in a non
restrictive way. 

Thus, the processing module, when the sealed enclosure 

50 
Perceptible results have been obtained, the semi-conductor 
material 2 having ferromagnetic properties in this way 
obtained having been packaged in a way to have a resisi
tivity coefficient p between 0.1 Qxm and 10 Qxm. 

Finally, in all the cases where an encapsulation of the 

55 electrical or electronic circuit cannot be made, very good 
results have been obtained by spraying on the electrical 
enameled wire conductor a graphite aerosol, such as the 
GRAPHIT 33 mentioned previously, and by proceeding 
with a careful wiping of the excess product. This is the case 

60 
in particular for: 

transformers and their connecting networks; 
bundles of cables intended for the supply; 
loud speaker movable coils wherein the FERROFLUIDE 

is not used; 
3 constitutes an electrical screen and if the need arises a 65 

magnetic screen of mumetal for example, it is totally 
protected, not only from external electrical or radio disrup-

in general, all non-encapsulable insulated conductors. 
As a general conclusion, it will be pointed out that the 

insulation/conductor interface micro-discharge phenomena 
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appear strongly associated with the memory phenomena of 
the insulations. 

In fact, the musical signals, i.e. the electronic signals at 
the audio frequencies, conveyed in the form of voltage in the 
conductors, cause micro-discharges at the conductor/ 
insulation interfaces. 

By interface micro-discharges, it is necessary to under
stand the whole of the phenomena below: 

changing orientation of the insulating molecules in con
tact or near to the conductors, this phenomenon not 
being appreciably different from the phenomenon of 
orientation or displacement of the dipolar molecules, 
such as been highlighted with regard to the memory of 
insulations; 

jumping electrons, either by discharge, or by tunnel effect; 

partial discharge in the metal-insulation or insulation
insulation interstices; 

crown micro-effect around the conducting peaks which 
always exist in the molecular scale on the surface of 
conductor materials. 

It will be noted that the whole of the micro-discharges 
phenomena occur even for very weak signals, for 
example those stemming from a movable coil cell. 

26 
absence of distortion, the listening at low level is approxi
mately the same as the listening at high level, the tonal 
planes being globally conserved as well as the stereo image 
enabling a listener to localize, at least perceptually, the 

5 different musical instruments generating the signals trans
mitted to the recording. 

The test carried out in the laboratory by the inventor, M. 
JOHANNET, from a commercial optical disc player source 
with the PHILIPS trade mark, of entirely standard model, 

10 associated with an amplifier such as described in connection 
with FIGS. Ig and Ih and associated with mono-channel 
acoustic enclosures of entirely any quality, has enabled 
globally a hearing of a quality such that the mediocre quality 
of acoustic enclosures was itself concealed. 

For a more exact definition of the parameters of listening 
15 and of subjective dynamic qualities, subjective balance and 

stereophonic image, one should usefully refer to the journal 
"Prestige Audio Video" , No. 15, September 1996, edited and 
published in France by the publishing company P.Y. 
Editions, Service Re daction Publicite , 5 boulevard Ney, 

20 75018 Paris. 
W hat is claimed is: 

These micro-discharges are probably polarized, i.e. that 25 

they occur in a more distinct way for a polarity of the signal 
than for the reverse polarity. This observation leads to 
highlight a phenomenon of rectification of the global inter
ference signal, which is added to the useful signal and 
produces an apparently audible distortion despite the weak- 30 
ness of the phenomenon. 

1. An electrical circuit compensated for radio interference 
generated by electrical micro-discharge phenomena present 
on an external surface of said circuit when said circuit is 
supplied with an electrical voltage, comprising a semi
conductor material coating on said external surface, said 
semi -conductor material coating having a resistivity coeffi-
cient value between 0.1 Qxm and 100 Qxm, whereby said 
external surface of the electrical circuit is maintained at a 
constant static electrical potential value close to that of the 
circuit while substantially all of the random electrical dis
charge currents caused by said interference phenomena is 
absorbed, said semiconductor material being one of a liquid 
and a gel, and said circuit further comprising: 

While the triggering of the micro-discharges at the time of 
the appearance of a voltage, i.e. a signal to transmit, is in all 
likelihood immediate, the same as in the Branly effect, the 
return under the effect of a reverse voltage can take place 35 
with a delay, which produces the effect of memory dragging 
or distortion experienced in the listening. 

Finally, the complete processing of an installation, such as 
a HiFi system for example, and in particular supply cables 
for the whole of the elements constituting it, give entirely 40 
surprising results at the level of the subjective listener, the 
results, of subjective listening, being able to be analyzed in 

total absence of distortion even at levels bordering on the 
limiting peak; 

complete separation of the tonal planes; 

appearance of completely undreamed of tonal 
information, giving an impression of listening live; 

45 

a sealed enclosure partially containing said electrical 
circuit and said semi-conductor material in which a 
major part of the electrical circuit is immersed; and 

terminal connections external to the sealed enclosure and 
interconnected to said major part of the immersed 
electrical circuit. 

2. An electrical circuit according to claim 1, wherein said 
major part of the electrical circuit immersed in said semi
conductor material further comprises an anti -corrosion elec
trically insulating protective film. 

3. An electrical circuit according to claim 2, wherein said 
semi -conductor material is a saline solution having a resis
tivity coefficient between 0.1 Qxm and 10 Qxm. 

4. An electrical circuit compensated for radio interference 
generated by electrical micro-discharge phenomena present appearance of nuances in the low register, not perceived 

previously; 

complete disappearance of background noise, only the 
useful signal being heard. 

The last aforementioned point is certainly the most spec
tacular because the most immediate. It can be attributed to 
the fact that the background noise, although present, occurs 
in a form of white noise totally uncorrelated with the signal 
to transmit, the ear not then having any difficulty in sepa
rating the useful signal from the background noise. 

50 on an external surface of said circuit when said circuit is 
supplied with an electrical voltage, comprising a semi
conductor material coating on said external surface, said 
semi -conductor material coating having a resistivity coeffi
cient value between 0.1 Qxm and 100 Qxm, whereby said 

55 external surface of the electrical circuit is maintained at a 
constant static electrical potential value close to that of the 
circuit while substantially all of the random electrical dis
charge currents caused by said interference phenomena is 

Another characteristic of the aforementioned subjective 
results concerns the overall retention of the physiology of 60 
the sounds transmitted by means of the signal, insofar as the 
subjective balance of the different frequency bands making 
up the low pitch, medium low, medium, medium high and 
high pitched signal transmitted on the 20 Hz to 20 kHz band 
appeared particularly remarkable. 

Likewise, as regards the dynamics of the listening, it is 
pointed out that, in obvious connection with the total 

65 

absorbed, said circuit further comprising: 

an electrically conducting sealed enclosure, said sealed 
enclosure including a terminal connection whereby, 
during operation, said sealed enclosure is set to a 
reference electrical potential, and including a plurality 
of sealed passages for respective input-output termi-
nals; 

a processing module housed in said enclosure and inter
connected by interconnection wires to said input-output 
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terminals, said processing module and interconnection 
wires being covered with an inert electrically insulating 
film; and 

a semi -conductor material filling said sealed enclosure 
and surrounding said processing module. 

5. An electrical circuit according to claim 4, wherein said 
semi -conductor material is solid. 

6. An electrical circuit according to claim 4, wherein said 
semi-conductor material is one of a liquid and a gel. 

5 

7. An electrical circuit according to claim 4, wherein said 10 

semi-conductor material is in gel form. 
8. An electrical circuit compensated for radio interference 

generated by electrical micro-discharge phenomena present 

28 
an electrical coil located between the polar parts and the 

core of the permanent magnet, and formed by a mul
tiple enameled electrical wire coil, wound on the base 
of said membrane, said coil having a mid position 
surrounding said core of the permanent magnet; and 

a semi-conductor material having ferromagnetic 
properties, disposed between said polar parts and said 
coil, to provide total immersion of said coil in said mid 
position, whereby said material is subjected to a per
manent confining magnetic field between the polar 
parts and the core of the permanent magnet. 

9. An electrical circuit according to claim 8, wherein said 
semi-conductor material having ferromagnetic properties 
comprises a mixture of: 

70 to 90% by weight of FERROFLUIDE 

3 0  to 10% by weight of a pulverulent miscible material, 
weakly electrically conducting, said mixture having a 
resistivity coefficient between 0.1 Qxm and 10 Qxm. 

10. An electrical circuit according to claim 8, wherein said 
semi -conductor material is solid. 

11. An electrical circuit according to claim 8, wherein said 
semi-conductor material is one of a liquid and a gel. 

on an external surface of said circuit when said circuit is 
supplied with an electrical voltage, comprising a semi - 15 

conductor material coating on said external surface, said 
semi-conductor material coating having a resistivity coeffi
cient value between 0.1 Qxm and 100 Qxm, whereby said 
external surface of the electrical circuit is maintained at a 
constant static electrical potential value close to that of the 20 

circuit while substantially all of the random electrical dis
charge currents caused by said interference phenomena is 
absorbed, said circuit further comprising a high frequency 
membrane loud speaker including: 

12. An electrical circuit according to claim 8, wherein said 

25 semi-conductor material is in gel form. 
a membrane; 

a permanent magnet having polar parts and a core; * * * * * 
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