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DIGITAL METHOD AND DEVICE FOR
TRANSMISSION WITH REDUCED
CROSSTALK

CROSS REFERENCE TO RELATED
APPLICATIONS

This is the U.S. National Phase of PCT/EP2004/002382,
filed Feb. 18, 2004, which in turn claims priority to French
Application No. 03/02814, filed Mar. 6, 2003, both of which
are incorporated herein in their entirety by reference.

FIELD OF THE INVENTION

The invention relates to a digital method and a digital
device for transmission with reduced crosstalk through inter-
connections used for sending a plurality of signals, such as the
ones made with flat multiconductor cables, or with the tracks
of a printed circuit board, or inside an integrated circuit.

The French patent application number 0302814 of 6 Mar.
2003, entitled “Procédé et dispositif numériques pour la
transmission avec une faible diaphonie” is incorporated by
reference.

PRIOR ART

Let us consider the theoretical problem of an interconnec-
tion with n transmission conductors placed close to a refer-
ence conductor. Let us number these conductors from O to n,
where 0 is the “reference conductor” which will be used as a
reference for measuring voltages, and which is often called
the ground conductor.

We define any point along an interconnection of length L.
with a real curvilinear abscissa z, the interconnection extend-
ing from z=0 to z=L.

Any integer j greater than or equal to 1 and less than or
equal to n corresponds to the number of a transmission con-
ductor of the interconnection, that is to say to a conductor
other than the reference conductor. This integer may therefore
be used as an index in order to define, for each transmission
conductor, two electrical variables, i.e. one current and one
voltage. Ata given abscissa z along the cable, we define in this
manner the current i, flowing in the transmission conductor,
and the voltage v, between the transmission conductor and the
reference conductor. These n currents and these n voltages are
respectively called natural currents and natural voltages. The
wording “natural electrical variable” will indiscriminately
designate a natural current or a natural voltage.

The vocabulary and the definitions which we will use are
those of the French patent application number 0300064 of 6
Jan. 2003, entitled “Procédé et dispositif pour la transmission
avec une faible diaphonie”, and of the international applica-
tion number PCT/EP03/15036 of 24 Dec. 2003, entitled
“Method and device for transmission with reduced
crosstalk”. In particular, the following definitions and word-
ings are concerned:

“multiconductor transmission line”,

“per-unit-length inductance matrix™ or “L. matrix”,
“per-unit-length resistance matrix” or “R matrix”,
“per-unit-length capacitance matrix” or “C matrix”,
“per-unit-length conductance matrix” or “G matrix”,
“uniform multiconductor transmission line”,
“column-vector I of the natural currents iy, . . .
“column-vector V of the natural voltages vy, . . .
“telegrapher’s equations”,

“modal current”,

“modal voltage”,
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2
“column-vector I, of the modal currents i,,,, . . ., 155,
“column-vector V,,of the modal voltages V,,,, ..., V,,”,

“transition matrix from modal voltages to natural voltages™ or

“S matrix”,

“transition matrix from modal currents to natural currents” or

“T matrix”,

“modal electrical variable”,

“transition matrix from modal electrical variables to natural
electrical variables”,

“characteristic impedance matrix” or “Z . matrix”,

“propagation constant” for a mode.

The prior art applicable to this application includes: the
prior art presented in the above-mentioned French patent
application no. 0300064 and international application no.
PCT/EP03/15036, and the invention described in them.

The invention presented in the above-mentioned French
patent application no. 0300064 and international application
no. PCT/EP03/15036 indeed allows reducing crosstalk effi-
ciently, and is applicable to both analog signals and digital
signals. However,
for combining in a transmitting circuit the m input signals,

according to linear combinations defined by a transition

matrix from modal electrical variables to natural electrical
variables, in orderto obtain at the output of the transmitting
circuit the generation of modal electrical variables, and
for combining in a receiving circuits, the input of which is
connected to the n transmission conductors, the signals
present on the transmission conductors, according to linear
combinations defined by the inverse of the transition
matrix from modal electrical variables to natural electrical
variables, so as to obtain at the output of the receiving
circuit m output signals each corresponding to one of the
transmission channels, each output signal being propor-
tional to a single modal electrical variable, these applica-
tions only mention, as examples, analog devices. This
approach may in some cases, especially when the number
of transmission channels is large, require the implementa-
tion of analog circuits comprising a large number of com-
ponents in order to obtain all the linear combinations.

DESCRIPTION OF THE INVENTION

The purpose of the method of the invention is the transmis-
sion with reduced crosstalk through interconnections with
two or more transmission conductors, without the limitations
of known techniques.

The invention is about a method for transmitting through
an interconnection with n transmission conductors and a ref-
erence conductor, n being an integer greater than or equal to
2, the method providing, in a known frequency band, m
transmission channels each corresponding to a signal to be
sent from the input of at least one transmitting circuit to the
output of at least one receiving circuit, where m is an integer
greater than or equal to 2 and less than or equal to n, the
method comprising the steps of:

modeling the interconnection, taking into account the

lumped impedances seen by the interconnection and
caused by the circuits connected to the interconnection
elsewhere than at the ends of the interconnection, as a
multiconductor transmission line having uniform elec-
trical characteristics over its length for the known fre-
quency band;

determining, for the multiconductor transmission line and

the known frequency band, the characteristic impedance
matrix and a transition matrix from modal electrical
variables to natural electrical variables;
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placing at at least one end of the interconnection, a termi-
nation circuit having an impedance matrix approximat-
ing the characteristic impedance matrix;
combining the m input signals in one of the transmitting
circuits, according to linear combinations defined by the
transition matrix from modal electrical variables to natu-
ral electrical variables, using a digital processing and a
conversion of the digital signals produced by the digital
processing into n analog signals, so as to obtain at the
output of said one of the transmitting circuits, output
being connected to the n transmission conductors, the
generation of modal electrical variables, each being pro-
portional to a single signal among the input signals; and

combining in one of the receiving circuits, the input of
which is connected to the n transmission conductors, the
analog signals present on the transmission conductors,
according to linear combinations defined by the inverse
of the transition matrix from modal electrical variables
to natural electrical variables, using a conversion of the
n analog signals into digital signals and a digital pro-
cessing of the digital signals produced by the conver-
sion, so as to obtain at the output of said one of the
receiving circuits m output signals each corresponding
to one of the transmission channels, each output signal
being proportional to a single modal electrical variable
among the modal electrical variables.

The person skilled in the art fully understands the prin-
ciples implemented by the invention. As in the above-men-
tioned French patent application no. 0300064 and interna-
tional application no. PCT/EP03/15036, it uses a
superposition of waves being each composed of a single
modal electric variable corresponding to a channel, because
the properties of these waves, produced with a suitable con-
version in one of the transmitting circuits and used with an
inverse conversion in one of the receiving circuits, enable
transmission without crosstalk between the channels.

As in the above-mentioned French patent application no.
0300064 and international application no. PCT/EP03/15036,
and for the same reasons, according to the method of the
invention we may:

either arrange at one end only of the interconnection, a

termination circuit with an impedance matrix near the
characteristic impedance matrix,

or arrange at both ends of the interconnection, a termina-

tion circuit with an impedance matrix near the charac-
teristic impedance matrix.

As in the above-mentioned French patent application no.
0300064 and international application no. PCT/EP03/15036,
in order that this principle results in the desired characteris-
tics, it is important that the interconnection behaves like a
multiconductor transmission line uniform over its length,
because a lack of homogeneity such as a variation of the
characteristic impedance matrix with respect to Z may pro-
duce detrimental couplings between the channels, that is to
say, crosstalk.

In some cases, in order to take into account the lumped
impedances seen by the interconnection and caused by the
circuits connected to it elsewhere than at its ends, the designer
need only observe that they are not present or that they may be
ignored. In other cases, in order to take into account the
lumped impedances seen by the interconnection and caused
by the circuits connected to it elsewhere than at its ends, the
designer must quantitatively consider these lumped imped-
ances to obtain a multiconductor transmission line having
sufficiently uniform electrical characteristics over its length.
For instance, the interconnection could see a receiving circuit
as a capacitance matrix adding to its own capacitance matrix:
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this lumped capacitance could therefore be offset by a suit-
ably proportioned local modification of the geometrical char-
acteristics of the interconnection in the vicinity of the con-
nection point. As a second example, capacitance matrices
localized at connection points regularly spaced along the
interconnection could be taken into account to obtain a pre-
scribed average per-unit-length capacitance matrix relevant
up to a given maximum frequency, by using suitably propor-
tioned transmission conductors.

According to the invention, the linear combinations real-
ized in a transmitting circuit and the linear combinations
realized in a receiving circuit are implemented by a digital
processing. Such an implementation is not described in the
above-mentioned French patent application no. 0300064 nor
in the international application no. PCT/EP03/15036.

According to the invention, the signals to be sent may be
analog signals or digital signals.

In the case where the transmission channels are used to
send digital signals, the digital signals applied to the input of
a transmitting circuit may for instance be directly used as an
input for the digital processing performed by the transmitting
circuit, and, in the same way, the digital signals resulting from
the digital processing performed by a receiving circuit may
for instance be directly applied to the output of the receiving
circuit.

In the case where the transmission channels are used to
send analog signals, the analog signals applied to the input of
a transmitting circuit must be converted into digital signals
prior to being used as an input for the digital processing
performed by the transmitting circuit, and, in the same way,
the digital signals resulting from the digital processing per-
formed by a receiving circuit must be converted into analog
signals prior to being applied to the output of the receiving
circuit.

According to the invention, the modal electrical variables
generated by a transmitting circuit are each proportional to a
single signal among the input signals. Since m signals must be
sent, there are at least m modal electrical variables. According
to the method of the invention, it is possible, in particular, to
obtain the generation of m modal electrical variables at the
output of a transmitting circuit. This may be the most eco-
nomical procedure. However, it is also conceivable, when m
is less than n, that more than m modal electrical variables are
generated for the m input signals.

According to the method of the invention, the number m of
transmission channels between any one of the transmitting
circuits and any one of the receiving circuits may be equal to
the number n of transmission conductors. This method is
preferred because it is generally the most economical. How-
ever, it is also conceivable to use a number n of transmission
conductors, greater than the number m of channels.

According to the method of the invention, the electrical
variables may be either all voltages or all electric currents.

According to the method of the invention, conductors and
dielectrics may be used such that the section of the intercon-
nection in a plane orthogonal to the direction of propagation
does not change, except for a scale factor, over the greatest
part of the length of the interconnection, in the vicinity of the
transmission conductors. The person skilled in the art knows
that this condition indeed allows maintaining practically uni-
form electrical characteristics over the length of the intercon-
nection.

Note that, in many possible cases, as the person skilled in
the art knows, we can consider that, when computing the
matrices Z, S and T of the multiconductor transmission line,
the losses are negligible in some frequency bands, for
instance for frequencies greater than 100 kHz, and that in this



US 7,477,069 B2

5

case, the characteristic impedance matrix is real and fre-
quency-independent, and the matrices S and T chosen may be
real and frequency-independent. However, in the case of
interconnections inside integrated circuits (on-chip intercon-
nects) we note that, because of the small cross-section of the
conductors, this result might be obtained only at much higher
frequencies, for instance at frequencies higher than 1 GHz.

The person skilled in the art knows, for instance, from a
computation based on the geometry of the conductors and
insulators, on the conductivity of the conductors and on the
permittivity and the losses of the insulators, how to determine
the natural matrices L, R, C and G of a multiconductor trans-
mission line, as a function of frequency. The person skilled in
the art also knows how to measure these matrices. It is there-
fore clear that it is possible to accurately determine the char-
acteristic impedance matrix of the multiconductor transmis-
sion line in any frequency interval, up to the maximum
frequency for which the transmission line theory is appli-
cable. This maximum frequency depends on the cross dimen-
sions of the interconnection, and the person skilled in the art
knows that it corresponds to the appearance of the first non-
evanescent propagation modes other than the quasi-TEM
modes. In this same frequency interval, it is obviously also
possible to determine a “transition matrix from modal volt-
ages to natural voltages” S and/or a “transition matrix from
modal currents to natural currents” T, as a function of fre-
quency, so as to define modal voltages and/or modal currents.

The characteristic impedance matrix and a suitable choice
of the matrices S and/or T may therefore be determined, for
instance, in two distinct contexts: firstly when the intercon-
nection has been chosen and the method of the invention must
be applied to the interconnection by adapting the other parts
of a device implementing this method, secondly when the
parts of a device implementing this method, other than the
interconnection, have been defined beforehand, and an appro-
priate interconnection should be designed.

According to the invention, the digital processing per-
formed in a transmitting circuit and/or the digital processing
performed in a receiving circuit may for instance be defined
by a circuit, which may be a circuit defined by a wiring or a
circuit defined by a program, as in a programmable logic
device.

According to the invention, the digital processing per-
formed in a transmitting circuit and/or the digital processing
performed in a receiving circuit may be defined by a program,
which may for instance be the program of a microcontroller or
of a digital signal processor.

A device for proportioning the circuits used in a method of
the invention is described in the next sentence. A device for
proportioning the circuits used in a method for transmitting
through an interconnection with n transmission conductors
and a reference conductor, n being an integer greater than or
equal to 2, the method providing, in a known frequency band,
m transmission channels each corresponding to a signal to be
sent from the input of at least one transmitting circuit to the
output of at least one receiving circuit, where m is an integer
greater than or equal to 2 and less than or equal to n, may
comprise:

means for modeling the interconnection, taking into

account the lumped impedances seen by the intercon-
nection and caused by the circuits connected to the inter-
connection elsewhere than at the ends of the intercon-
nection, as a multiconductor transmission line having
uniform electrical characteristics over its length for the
known frequency band;

means for determining, for the multiconductor transmis-

sion line and the known frequency band, the character-
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6

istic impedance matrix and a transition matrix from
modal electrical variables to natural electrical variables;

means for proportioning a termination circuit having an
impedance matrix approximating the characteristic
impedance matrix;

means for proportioning one of the transmitting circuits

which combines the m input signals, according to linear
combinations defined by the transition matrix from
modal electrical variables to natural electrical variables,
using a digital processing and a conversion of the digital
signals produced by the digital processing into n analog
signals, so as to obtain at the output of said one of the
transmitting circuits, output being connected to the n
transmission conductors, the generation of modal elec-
trical variables, each being proportional to a single sig-
nal among the input signals; and

means for proportioning one of the receiving circuits, the

input of which is connected to the n transmission con-
ductors, which combines the analog signals present on
the transmission conductors, according to linear combi-
nations defined by the inverse of the transition matrix
from modal electrical variables to natural electrical vari-
ables, using a conversion of the n analog signals into
digital signals and a digital processing of the digital
signals produced by the conversion, so as to obtain at the
output of said one of the receiving circuits in output
signals each corresponding to one of the transmission
channels, each output signal being proportional to a
single modal electrical variable among the modal elec-
trical variables.

The device for proportioning the circuits used in a method
of'the invention may be such that the means for modeling the
interconnection comprise means for measuring and/or for
computing the real electrical characteristics of the intercon-
nection, based on the relative layout of the transmission con-
ductors and the reference conductor, and on the characteris-
tics of the dielectrics surrounding them.

The device for proportioning the circuits used in a method
of'the invention may be such that the means for modeling the
interconnection comprise:

means for calculating one or more error coefficients for

variance between the actual electrical characteristics of
the interconnection and the desired characteristics, for
the known frequency band; and

means for optimizing the relative position of the transmis-

sion conductors by minimizing the error coefficient or
coefficients.

For instance, in the case where the digital processing per-
formed in a transmitting circuit and/or the digital processing
performed in a receiving circuit are defined by the program of
a programmable logic device or by the program of a digital
signal processor, the device for proportioning the circuits
used in a method of the invention could automatically gener-
ate a part or the whole of such a program.

The device for proportioning the circuits used in a method
of'the invention may be such that the means for proportioning
one of the transmitting circuits and the means for proportion-
ing one of the receiving circuits take into account the errors
related to sampling, quantization and any approximations
used to define the digital processing of the transmitting cir-
cuits and of the receiving circuits.

The person skilled in the art fully understands that the
digital processing tasks mentioned above are not intended to
exactly correspond to an ideal analog characteristic such as
the realization of linear combinations defined by the transi-
tion matrix from modal electrical variables to natural electri-
cal variables or its inverse, but are rather intended to provide
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an approximation sufficiently close to an ideal analog char-
acteristic. The analysis of errors related to sampling, quanti-
zation and approximations is therefore very pertinent.

A device for implementing the method of the invention is
described in the next sentence. A device for transmission
providing, in a known frequency band, m transmission chan-
nels each corresponding to a signal to be sent from the input
of at least one transmitting circuit to the output of at least one
receiving circuit, where m is an integer greater than or equal
to 2, comprises:

an interconnection with n transmission conductors and a

reference conductor, n being an integer greater than or
equal to m, the interconnection being proportioned in
such a way that the interconnection may, taking into
account the lumped impedances seen by the intercon-
nection and caused by the circuits connected to the inter-
connection elsewhere than at the ends of the intercon-
nection, be modeled as a multiconductor transmission
line having uniform electrical characteristics over its
length for the known frequency band;

one or two termination circuits, each arranged at one end of

the interconnection and each having, in the known fre-
quency band, an impedance matrix approximating the
characteristic impedance matrix of the multiconductor
transmission line, the termination circuits, if there are
several termination circuits, being each arranged at a
different end of the interconnection;

at least one of the transmitting circuits for combining the m

input signals, according to linear combinations defined
by a transition matrix from modal electrical variables to
natural electrical variables, using a digital processing
and a conversion of the digital signals produced by the
digital processing into n analog signals, in order to
obtain at the output of said one of the transmitting cir-
cuits, output being connected to the n transmission con-
ductors, the generation of modal electrical variables,
each being proportional to a single signal among the
input signals; and

at least one of the receiving circuits, the input of which is

connected to the n transmission conductors, for combin-
ing the analog signals present on the transmission con-
ductors, according to linear combinations defined by the
inverse of the transition matrix from modal electrical
variables to natural electrical variables, using a conver-
sion of the n analog signals into digital signals and a
digital processing of the digital signals produced by the
conversion, so as to obtain at the output of said one of the
receiving circuits m output signals each corresponding
to one of the transmission channels, each output signal
being proportional to a single modal electrical variable
among the modal electrical variables.

Note that, as mentioned above, a device for implementing
the method of the invention may:

either comprise only at one end of the interconnection, a

termination circuit with an impedance matrix near the
characteristic impedance matrix,

or comprise at both ends of the interconnection, a termina-

tion circuit with an impedance matrix near the charac-
teristic impedance matrix.

In a device for implementing the method of the invention,
it is possible to obtain the generation of m modal electrical
variables at the output of a transmitting circuit.

In a device for implementing the method of the invention,
it is possible that the number m of transmission channels
between any one of the transmitting circuits and any one of
the receiving circuits is equal to the number n of transmission
conductors.
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In the case where m=n, each mode has a corresponding
transmission channel. Let X, be the column-vector of the n
input signals X;,, . . ., X, of a transmitting circuit, and let X,
be the column-vector of the n output signals x,,,, . . . , x,,,of a
receiving circuit. These signals may for instance be voltages
or currents. According to the invention, at a given frequency,
there is a proportionality between each modal voltage pro-
duced by a transmitting circuit and the input signal of the
corresponding channel. Using a suitable numbering of the
input signals, we may therefore write:

Vodiag (o, . .., @)X (1)
where V,, is the column-vector of the modal voltages pro-
duced by the transmitting circuit, and diag (¢, . . ., @, is the
diagonal matrix of the non-zero proportionality coefficients
a,. The dimensions of each of these coefficients depend upon
the dimensions of the input signals; if for instance these input
signals are voltages, the coefficients o, will be dimensionless.
Therefore, we see that the transmitting circuit must produce,
on each conductor, at its point of connection to the intercon-
nection, the natural voltages ofthe column-vector V given by:

@

Moreover, given that, for each channel, a receiving circuit
produces at its output, a signal practically proportional to the
modal voltage corresponding to the channel, we may, with a
suitable numbering of the output signals, write that:

Xo=diag,(B1 - - - B)Var

V=Sdiag,(a,,...,q)X;

3

whereV,,is the column-vector of the modal voltages received
by the receiving circuit, and diag, (84, . . ., B,,) is the diagonal
matrix of the non-zero proportionality coefficients f3,. The
dimensions of these coefficients depend upon the dimensions
of the output signals: if for instance the output signals are
currents, 3, will have the dimensions of admittance. We see
that the receiving circuit must read the set of conductors, to
obtain the modal voltages. Therefore, if, at the connection
point of the receiving circuit to the interconnection, the col-
umn-vector of the natural voltages is V, the output signals are
given by:

X,=diag, (P, . .. 4

Giventhat, according to the invention, the waves propagate
on the interconnection as they would in a uniform multicon-
ductor transmission line, without significant reflection at the
ends, it is possible, using equations (1) and (3), to clarify how
the transmission of signals takes place. Between a transmit-
ting circuit and a receiving circuit whose connection points to
the interconnection show a difference of curvilinear abscissa
AL, for any integer i between 1 and n included, we obtain:

®

RISV

- V1ALl
Xo=0Be Xri

where v, is a propagation constant for the mode 1.
According to (2), this transmitting circuit must produce,
for any one of'its output terminals i, the linear combination of
the signals of the input channels using the coefficients of the
i-th line-vector of the matrix obtained by multiplying each
column j of the matrix S by a coeflicient c.;. According to (4),
the receiving circuit mentioned above must produce, for any
one of its output channels i, the linear combination of the
voltages at its input terminals using the coefficients of the i-th
line-vector of the matrix S™' multiplied by the coefficient f,.
Such linear combinations, the coefficients of which may be
complex and frequency-dependent, may be realized using an
appropriate digital processing implementing techniques well
known to specialists in digital signal processing. Thus, in the
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most general case, the equations (2) and (4) may each be
viewed as the definition of n linear circuits each having n
inputs and one output, the output of such a linear circuit being
the sum of n elementary filters each having one input and one
output. Each of these elementary filters is defined by a coet-
ficient that may depend on the frequency. This coefficient is
the transfer function of the elementary filter. Specialists know
that they may use conventional techniques for designing digi-
tal filters to obtain a suitable approximation of such an analog
transfer function. For instance, the specialist may, after hav-
ing defined a sampling frequency, calculate the coefficients of
a finite impulse response filter and choose a structure for
realizing this filter. Each of the linear circuits mentioned
above may then for instance be realized by summing the
outputs of the elementary filters designed in this manner.

A device for implementing the method of the invention
may be such that the electrical variables are either all voltages
or all electric currents, and the two formulations are in fact
equivalent. Instead of equations (1) to (4), note that we could

also have written, for a transmitting circuit
Ldiag,(ay, .., a)X; (6
I=Tdiag,(ay, .. ., 0,)X; M

where I, ,is the column-vector of the modal currents produced
by the transmitting circuit, I is the column-vector of the cor-
responding natural currents, and diag, (o, . . . , «,) is the
diagonal matrix of the non-zero proportionality coefficients
o, and, for a receiving circuit

Xo=diag, B - - - » B)as ®

Ko=diag, By, - -, BT ©
where [, ,is the column-vector of the modal currents received
by the receiving circuit, I is the column-vector of the corre-
sponding natural currents, and diag,(p,, . . . , p,) is the
diagonal matrix of the non-zero proportionality coefficients
[, The proportionality coefficients appearing in equations (1)
to (5) are obviously not the same as the ones appearing in
equations (6) to (9).

In a device for implementing the method of the invention,
it is possible that the section of the interconnection in a plane
orthogonal to the direction of propagation does not change,
except for a scale factor, over the greatest part of the length of
the interconnection, in the vicinity of the transmission con-
ductors.

A device for implementing the method of the invention
may preferentially be such that the known frequency band
contains frequencies between 100 kHz and 100 GHz.

We have already mentioned that it is often possible, for
instance at frequencies greater than 100 kHz, to obtain real
and frequency-independent matrices Z ., S and T. In this case,
it is clear for the person skilled in the art that a termination
circuit having, in the known frequency band, an impedance
matrix approximating the characteristic impedance matrix,
could for instance be made of a network of resistors, and the
computations needed to proportion this network are not dif-
ficult.

A device for implementing the method of the invention
may be such that the termination circuit(s) is(are) made up of
a network of resistors.

Termination circuits made of a network of resistors are
however not at all a characteristic of the invention. By way of
example, designers may, in order to limit the power consumed
by a signal present at the terminals of termination circuits,
choose to allow these terminals to be effective only in a
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relevant interval of frequency, for instance by including suit-
able reactive circuit elements in the termination circuits.
Another example is that termination circuits could include
active circuit elements.

Inthe case where real and frequency-independent matrices
Zc, S and T are considered, and where the chosen coefficients
o, and f3, of the equations (1) to (9) are real and frequency-
independent, it is also clear for the person skilled in the art that
the elementary filters defined above for the realization of the
linear combinations to be used in the transmitting circuits and
in the receiving circuits each have a transfer function equal to
a frequency-independent real number. These elementary fil-
ters then each correspond to a mere gain in the digital pro-
cessing structure.

In the case where it may be useful to take losses into
account when determining the matrices Z ., this matrix is not
real and frequency-independent any longer, and it becomes
necessary to synthesize the termination circuits, using meth-
ods well known to the persons skilled in the art. Termination
circuits synthesized in this manner include reactive circuit
elements.

In the case where it may be useful to take losses into
account when determining the matrices S and T, it is likely
that these matrices are not real and frequency-independent
any longer. The elementary filters defined above for the real-
ization of the linear combinations to be used in the transmit-
ting circuits and in the receiving circuits each have a transfer
function which is a priori no longer equal to a frequency-
independent real number. It therefore becomes necessary to
synthesize these elementary filters using any of the many
methods known to specialists, with a suitable approximation,
as mentioned above. This approximation may for instance be
based on minimizing error, for instance using a conventional
method such as the least-squared error design.

According to the invention, it is specified that it must be
possible to model the interconnection as a multiconductor
transmission line having uniform electrical characteristics
over its length for the known frequency band, taking into
account the lumped impedances seen by the interconnection
and caused by the circuits connected to it elsewhere than at its
ends. In order to take these lumped impedances into account
by merely stating that they are not present or that they may be
ignored, these circuits must be such that they do not disturb
the propagation along the multiconductor transmission line.
The person skilled in the art sees that this result can for
instance be obtained by:

using transmitting circuits and/or receiving circuits con-

nected in series with the conductors of the interconnec-
tion, and showing a low series impedance,

using transmitting circuits and/or receiving circuits con-

nected in parallel with the conductors of the intercon-
nection, and showing a high parallel impedance.

A device for implementing the method of the invention
may therefore be such that the transmitting circuit(s) and the
receiving circuit(s) are connected in parallel with the inter-
connection, and such that the interconnection sees a high
impedance in the connections of the transmitting circuit(s)
and of the receiving circuit(s). In this case, the designer may
well consider that the transmitting circuit operates as a cur-
rent source, and use equation (7). Alternatively, the designer
may use the voltage angle and apply equation (2) considering
that:

if the device for implementing the method of the invention

is such that only one end of the interconnection is con-
nected to a termination circuit with an impedance matrix
near the characteristic impedance matrix, then the other
end is connected to the transmitting circuit having a high
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impedance, consequently the output of the transmitting
circuit sees an impedance matrix near Z ., and therefore

s 0 )X

if the device for implementing the method of the invention
is such that both ends of the interconnection are con-
nected to a termination circuit with an impedance matrix
near the characteristic impedance matrix, then the out-
put of the transmitting circuit sees an impedance matrix
near 7-/2, and therefore

I=27.71S diag,(ay, . . .

=718 diag,(a, . . . (10)

> ) X7 an

The designer shall of course keep in mind that diag,
(0, ..., a,)does not mean the same thing in equation (7) and
in equations (2), (10) and (11).

However, the connection of the transmitting circuits and/or
the receiving circuits in parallel with the interconnection is
not at all a characteristic of the invention. According to the
invention, the transmitting circuit(s) and/or the receiving cir-
cuit(s) may be connected in series with the interconnection, in
which case they must generally show a low series impedance
to the interconnection, in order not to disturb the propagation
of waves along the interconnection.

According to the prior art, the person skilled in the art
knows that the crosstalk in an interconnection having parallel
conductors is low at low frequencies, and that it strongly
depends both on the frequency and on the length of the inter-
connection. These properties usually limit the maximum
length of the interconnection and its maximum frequency of
operation. A device of the invention, in which we observe that
the crosstalk that can be calculated, depends little on the
frequency and the length of the interconnection, does away
with these limitations.

The prior art required, for obtaining very low crosstalk on
interconnections, that they have a complex three-dimensional
structure, that they contain for instance a twisted pair for each
channel, or a screen for each channel. According to the inven-
tion, reduced crosstalk may be obtained merely by using an
interconnection with parallel conductors, hence cutting down
cost and size.

Finally, we note that according to the prior art, the desired
propagation of a signal on a single conductor corresponds to
the propagation of several modes, at different propagation
velocities, causing a modal dispersion well known to special-
ists. In the time domain, this modal dispersion distorts the
signals. According to the invention, each signal is propagated
using a single mode. There is therefore no modal dispersion,
which increases the passband of the interconnection and the
maximum length it may have.

Thus, according to the invention, in a transmission channel
i, only one propagation constant y, plays a part in the propa-
gation of signals, as expressed by the equation (5). However,
the propagation constants applicable to the different trans-
mission channels may be different, leading to different phase
velocities, and therefore to different propagation times
between a given transmitting circuit and a given receiving
circuit, for the different channels. However, this characteristic
of the interconnection may be offset in an apparatus of the
invention, because it may be designed to delay, in a transmit-
ting circuit and/or in a receiving circuit, the signals of the
transmission channels providing the fastest propagation, in
such a way that the propagation times between the input of a
transmitting circuit and the output of a receiving circuit
approach the same value. We note that implementing such
delays requires frequency-dependent proportionality coeffi-
cients o, and/or f;, because the transfer function of a pure
delay is an exponential function having an imaginary argu-
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ment proportional to the frequency. The implementation of
such delays is not difficult. For instance, delays equal to the
sampling period multiplied by a whole number are easily
obtained in a digital processing. For instance, arbitrary delays
may also be introduced using well known analog delay cir-
cuits.

A device for implementing the method of the invention
may therefore implement, in at least one of the transmitting
circuits and/or one of the receiving circuits, different delays
for the different transmission channels.

When the losses of the interconnection are negligible, the
phase velocities associated with the propagation constants of
the different transmission channels do not depend on the
frequency, and the propagation along the interconnection pro-
duces delays in the different channels, without distortion of
the propagated signals. This does not hold when the losses are
not negligible. In this case, in a transmission channel i, a
propagation constant y, may correspond to a frequency-de-
pendent phase velocity and a frequency-dependent attenua-
tion constant, resulting in phase and amplitude distortions
described by the equation (5), which are referred to as distor-
tions caused by propagation. In a device for implementing the
method of the invention, the distortions may be reduced using
an equalization reducing the effects of the distortions caused
by propagation, implemented in the digital processing of at
least one of the transmitting circuits and/or one of the receiv-
ing circuits, on one or more transmission channels. This type
of processing is well known to specialists, and is for instance
commonly used in modems. We note that implementing such
an equalization requires frequency-dependent proportional-
ity coefficients o, and/or f3,, because the transfer function
corresponding to the ideal equalization of a transmission
channel i is an exponential function whose argument depends
onvy;.

Specialists know that it is commonplace to use adaptive
algorithms for implementing this type of processing in receiv-
ers for data transmission.

A device for implementing the method of the invention
may therefore implement, in at least one of the receiving
circuits, a digital processing including an adaptive equaliza-
tion for one or more transmission channels. In this case, the
proportionality coefficients 3, are frequency-dependent and
are adapted to minimize the distortion observed in the trans-
mission channel.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages and characteristics will appear more
clearly from the following description of particular embodi-
ments of the invention, given by way of non-limiting
examples, with reference to the accompanying drawings in
which:

FIG. 1 shows a first and a second embodiment of the
invention;

FIG. 2 shows the transmitting circuit of the first embodi-
ment of the invention;

FIG. 3 shows the receiving circuit of the first embodiment
of the invention;

FIG. 4 shows the transmitting circuit ofthe second embodi-
ment of the invention;
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FIG. 5 shows the receiving circuit of the second embodi-
ment of the invention;

FIG. 6 shows a third embodiment of the invention (best
mode).

DETAILED DESCRIPTION OF SOME
EMBODIMENTS

First Embodiment

As a first example of a device for implementing the method
of the invention, given by way of non-limiting example, we
have represented in FIG. 1 a device of the invention compris-
ing an interconnection (1) having four parallel transmission
conductors and a reference conductor. The transmission con-
ductors numbered 1, 2, 3 and 4 (this numbering is not shown
in FIG. 1) may be the conductors of a flat cable fitted with a
screen (or shielding), this screen being used as reference
conductor. In FIG. 1, only one end of the interconnection is
connected to a termination circuit (4) presenting an imped-
ance matrix approximating the characteristic impedance
matrix in a known frequency band. The transmitting circuit
(5) receives at its input the signals of the four channels of the
source (2), and its four output terminals are connected to the
conductors of the interconnection, this transmitting circuit
producing modal voltages on these conductors, each modal
voltage being proportional to the signal of a different channel.
The receiving circuit (6) has its input terminals connected to
the conductors of the interconnection, this receiving circuit
(6) producing four signals at its output terminals connected to
the destination (3), each signal being proportional to one of
the modal voltages appearing on these conductors. Thus, the
signals of the four channels of the source (2) are sent to the
four channels of the destination (3), without noticeable
crosstalk.

Note that, in the device of FIG. 1, the receiving circuit (6)
must be such that its connection in parallel with the termina-
tion circuit (4) does not significantly alter the values of the
impedance matrix connected to the end of the line. The
receiving circuit (6) must therefore present a high impedance
to the interconnection (1), such that the interconnection (1)
indeed sees at this end an impedance matrix nearing that of
the termination circuit (4).

Note that, in the device of FIG. 1, the transmitting circuit
(5) can on the contrary show any impedance to the intercon-
nection (1), because no incident wave can reach the end of the
interconnection (1) to which the transmitting circuit (5) is
connected. For that very reason, there is no termination circuit
connected to this end of the interconnection.

In the first example of a device for implementing the
method of the invention, the signals sent from the source (2)
to the destination (3) are digital signals. Taking into account
the characteristics resulting from the proportioning of the
interconnection and the spectrum of these signals, the
designer has established that the losses could be ignored, and
consequently considered real and frequency-independent
matrices for Z., S and T. The termination circuit (4) has
therefore been designed as a simple network of 10 resistors.

FIG. 2 shows a schematic diagram of the transmitting
circuit (5) which implements the linear combinations speci-
fied by the equation (2) with real and frequency-independent
proportionality coefficients a.,. The input (51) of the transmit-
ting circuit has four input nodes (511), (512), (513) and (514),
one for each of the four transmission channels. The digital
processing corresponding to the equation (2) applied to the
input signals is performed in a structure (53) made of four
linear circuits (531), (532), (533) and (534) each having four
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inputs and one output. The output of each linear circuit is the
sum of the outputs of four elementary filters with one input
and one output, each merely corresponding to gain block
because each has a transfer function equal to a frequency-
independent real constant. The digital signals processed in
this manner are converted into four analog signals in a con-
version unit (54) made up of four digital-to-analog converters
(541), (542), (543) and (544), each having its output con-
nected to one of the four terminals (551), (552), (553) and
(554) of the output (55) of the transmitting circuit. The gains
of the elementary filters are such that the modal voltages
appearing on the four transmission conductors are each pro-
portional to only one of the four signals applied to the input
(51).

The structure (53) performing the digital processing is
implemented here with a digital signal processor program.
The structure (53) therefore does not correspond to hardware
elements, whereas the conversion unit (54) and the output
(55) exist physically.

FIG. 3 shows a schematic diagram of the receiving circuit
(6) which implements the linear combinations specified by
the equation (4) with real and frequency-independent propor-
tionality coefficients f3,. The input (61) of the receiving circuit
has four input terminals (611), (612), (613) and (614), one for
each of'the four transmission conductors. The analog signals
appearing on these input terminals are converted into four
digital signals in a conversion unit (62) made up of four
analog-to-digital converters (621), (622), (623) and (624).
The digital processing corresponding to the equation (4)
applied to the signals converted in this manner is performed in
a structure (63) made up of four linear circuits (631), (632),
(633) and (634) each having four inputs and one output. The
output of each linear circuit is the sum of the outputs of four
elementary filters with one input and one output, each merely
corresponding to a gain block because each has a transfer
function equal to a frequency-independent real constant. The
digital signals processed in this manner are applied to the four
output nodes (651), (652), (653) and (654) of the output (65)
of'the receiving circuit. The gains of the elementary filters are
such that the signals at these four output nodes are each
proportional to only one of the four modal voltages appearing
on the four transmission conductors.

The structure (63) performing the digital processing is
implemented here with a digital signal processor program.
The structure (63) therefore does not correspond to hardware
elements, whereas the conversion unit (62) and the input (61)
exist physically.

Second Embodiment

Our second example of a device for implementing the
method of the invention, given by way of non-limiting
example, also corresponds to the device represented in FIG. 1.
This device of the invention comprises an interconnection (1)
and a termination circuit (4) which are identical to the ones of
the first example of a device for implementing the method of
the invention.

The transmitting circuit (5) receives at its input the signals
of the four channels of the source (2), and its four output
terminals are connected to the conductors of the interconnec-
tion, this transmitting circuit producing modal voltages on
these conductors, each modal voltage being proportional to
the signal of a different channel. The receiving circuit (6) has
its input terminals connected to the conductors of the inter-
connection, this receiving circuit (6) producing four signals at
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its output terminals connected to the destination (3), each
signal being proportional to one of the modal voltages appear-
ing on these conductors.

In this second example of a device for implementing the
method of the invention, the signals sent by the source (2) to
the destination (3) are analog signals. Taking into account the
characteristics resulting from the proportioning of the inter-
connection and the spectrum of these signals, the designer has
established that the losses may be ignored, and consequently
used real and frequency-independent matrices for Z, S and
T. The termination circuit (4) has therefore been designed as
a simple network of 10 resistors.

FIG. 4 shows a schematic diagram of the transmitting
circuit (5) which implements the linear combinations speci-
fied by the equation (2) with real and frequency-independent
proportionality coefficients . The input (51) of the transmit-
ting circuit has four input terminals (511), (512), (513) and
(514), one for each of the four transmission channels. The
analog signals appearing on these input terminals are con-
verted into four digital signals in a conversion unit (52) made
up of four analog-to-digital converters (521), (522), (523) and
(524). The digital processing corresponding to the equation
(2) applied to the input signals converted in this manner is
performed in a structure (53) made up of four linear circuits
(531), (532), (533) and (534), each having four inputs and one
output. The output of each linear circuit is the sum of the
outputs of four elementary filters with one input and one
output, each merely corresponding to gain block because
each has a transfer function equal to a frequency-independent
real constant. The digital signals processed in this manner are
converted into four analog signals in a conversion unit (54)
made up of four digital-to-analog converters (541), (542),
(543) and (544), each having its output connected to one of
the four terminals (551), (552), (553) and (554) of the output
(55) of the transmitting circuit. The gains of the elementary
filters are such that the modal voltages appearing on the four
transmission conductors are each proportional to only one of
the four signals applied to the input (51).

FIG. 5 shows a schematic diagram of the receiving circuit
(6) which implements the linear combinations specified by
the equation (4) with real and frequency-independent propor-
tionality coefficients f3,. The input (61) of the receiving circuit
has four input terminals (611), (612), (613) and (614), one for
each of the four transmission conductors. The analog signals
appearing on these input terminals are converted into four
digital signals in a conversion unit (62) made up of four
analog-to-digital converters (621), (622), (623) and (624).
The digital processing corresponding to the equation (4)
applied to the signals converted in this manner is performed in
a structure (63) made up of four linear circuits (631), (632),
(633) and (634) each having four inputs and one output. The
output of each linear circuit is the sum of the outputs of four
elementary filters with one input and one output, each merely
corresponding to a gain block because each has a transfer
function equal to a frequency-independent real constant. The
digital signals processed in this manner are converted into
four analog signals in a conversion unit (64) made up of four
digital-to-analog converters (641), (642), (643) and (644),
each having its output connected to one of the four terminals
(651), (652), (653) and (654) of the output (65) of the receiv-
ing circuit. The gains of the elementary filters are such that the
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signals at these four output nodes are each proportional to
only one of the four modal voltages appearing on the four
transmission conductors.

Third Embodiment (Best Mode)

As a third example of a device for implementing the
method of the invention, given by way of non-limiting
example and best mode of carrying out the invention, we have
represented in FIG. 6 a device of the invention, comprising an
interconnection (1) having four parallel transmission conduc-
tors, and a reference conductor. The interconnection is con-
nected at each end to a termination circuit (4). Two transmit-
ting circuits (5) placed at two different abscissa z, receive at
their inputs the signals from the four channels of each of the
two sources (2), these transmitting circuits (5) producing,
when they are active, modal voltages, each being proportional
to the signal of one channel. Note that this is a data bus
architecture, and that the signals needed to obtain the active
state of at most one transmitting circuit at a given time are not
shown in FIG. 6. The three receiving circuits (6) placed at
three different abscissa z, have their input terminals con-
nected to the conductors of the interconnection, each of these
receiving circuits (6) producing output signals being each
proportional to a different modal voltage, at its output termi-
nals connected to the destination (3). Thus, the signals of the
four channels of a source (2), connected to an active trans-
mitting circuit (5), are sent to the four channels of the desti-
nations (3) without noticeable crosstalk.

Note that, in the device of FIG. 6, the transmitting circuits
(5) and the receiving circuit (6), being connected in parallel
with the interconnection (1), must present a high impedance
to the interconnection (1), in order not to disturb the propa-
gation of waves along the interconnection (1) in a detrimental
way, and in order not to produce undesirable reflections at the
ends of the interconnection (1). In the device of FIG. 6, both
termination circuits (4) are necessary because waves coming
from the interconnection (1) may be incident on both ends.

INDICATIONS ON INDUSTRIAL
APPLICATIONS

According to the invention, it is possible to built into one or
several items intended to be interconnected, for instance inte-
grated circuits, a said transmitting circuit and/or a said receiv-
ing circuit, to be used for interconnections having predeter-
mined characteristics, for instance a required drawing of the
section of the interconnection orthogonal to the direction of
propagation, for an implementation on an external layer of a
printed circuit board using a substrate of epoxy-bonded fiber-
glass of specified permittivity. The designer integrating such
items need only create an interconnection of any length and of
said predetermined characteristics, and the termination cir-
cuits, in order to obtain a device of the invention. It is clear
that this approach would be interesting for instance for items
intended to be connected to a data bus, e.g. microprocessors
or memories, or for instance for circuit boards intended to be
connected to a backplane comprising the conductors of the
interconnection.

According to the invention, the digital processing per-
formed in at least one transmitting circuit and/or the digital
processing performed in at least one receiving circuit may be
defined by a program.

According to the invention, it is therefore possible to built
into one or several items intended to be interconnected, for
instance integrated circuits, a said transmitting circuit and/or
a said receiving circuit, the digital processing of which may
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be programmed to accommodate any interconnection having
a given maximum number of conductors, using a suitable
proportioning of the program. The designer integrating such
items would only have to proportion and create the intercon-
nection, write the digital processing program, and create the
termination circuits in order to obtain an apparatus of the
invention. This approach is clearly more flexible than the
previous one.

The invention is particularly suitable for cases where the
transmission channels are used to send digital signals. In fact,
in this case, a residual crosstalk coupling factor is acceptable,
but the bandwidth to take into account is often very wide.
According to the invention, this result is easily obtained in an
inexpensive way, because it is compatible with the use of
resistors of average accuracy.

As shown with the third embodiment, the invention is
appropriate for an implementation wherein the interconnec-
tion is operated as a data bus.

The invention is particularly suitable for its implementa-
tion with microstrip structures and stripline structures, for
instance on printed circuit boards. It is particularly beneficial
to printed circuit boards comprising a wide band analog cir-
cuitry or fast digital circuits.

The invention is particularly suitable for reducing crosstalk
in the internal interconnections of integrated circuits.

The invention is applicable in manufacturing computers
that contain a large number of long interconnections for very
fast signals.

The invention is also particularly suitable for reducing
crosstalk in flat multiconductor cables. Flat cables used in a
device of the invention could be used to send fast signals over
long distances, for instance in applications such as local area
networks and telecommunications.

The invention claimed is:

1. A method for transmitting through an interconnection
with n transmission conductors and a reference conductor, n
being an integer greater than or equal to 2, the method pro-
viding, in a known frequency band, m transmission channels
each corresponding to a signal to be sent from the input of at
least one transmitting circuit to the output of at least one
receiving circuit, where m is an integer greater than or equal
to 2 and less than or equal to n, the method comprising the
steps of:

modeling the interconnection, taking into account the

lumped impedances seen by the interconnection and
caused by the circuits connected to the interconnection
elsewhere than at the ends of the interconnection, as a
multiconductor transmission line having uniform elec-
trical characteristics over its length for the known fre-
quency band;

determining, for the multiconductor transmission line and

the known frequency band, the characteristic impedance
matrix and a transition matrix from modal electrical
variables to natural electrical variables;

placing at at least one end of the interconnection, a termi-

nation circuit having an impedance matrix approximat-
ing the characteristic impedance matrix;

combining the m input signals in one of the transmitting

circuits, according to linear combinations defined by the
transition matrix from modal electrical variables to natu-
ral electrical variables, using a digital processing and a
conversion of the digital signals produced by the digital
processing into n analog signals, so as to obtain at the
output of said one of the transmitting circuits, output
being connected to the n transmission conductors, the
generation of modal electrical variables, each being pro-
portional to a single signal among the input signals; and
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combining in one of the receiving circuits, the input of
which is connected to the n transmission conductors, the
analog signals present on the transmission conductors,
according to linear combinations defined by the inverse
of the transition matrix from modal electrical variables
to natural electrical variables, using a conversion of the
n analog signals into digital signals and a digital pro-
cessing of the digital signals produced by the conver-
sion, so as to obtain at the output of said one of the
receiving circuits m output signals each corresponding
to one of the transmission channels, each output signal
being proportional to a single modal electrical variable
among the modal electrical variables.
2. A device for proportioning the circuits used in a method
for transmitting through an interconnection with n transmis-
sion conductors and a reference conductor, n being an integer
greater than or equal to the method providing, in a known
frequency band, m transmission channels each corresponding
to a signal to be sent from the input of at least one transmitting
circuit to the output of at least one receiving circuit, where m
is an integer greater than or equal to and less than or equal to
n, the device comprising:
means for modeling the interconnection, taking into
account the lumped impedances seen by the intercon-
nection and caused by the circuits connected to the inter-
connection elsewhere than at the ends of the intercon-
nection, as a multiconductor transmission line having
uniform electrical characteristics over its length for the
known frequency band;
means for determining, for the multiconductor transmis-
sion line and the known frequency band, the character-
istic impedance matrix and a transition matrix from
modal electrical variables to natural electrical variables;

means for proportioning a termination circuit having an
impedance matrix approximating the characteristic
impedance matrix;

means for proportioning one of the transmitting circuits

which combines the m input signals, according to linear
combinations defined by the transition matrix from
modal electrical variables to natural electrical variables,
using a digital processing and a conversion of the digital
signals produced by the digital processing into n analog
signals, so as to obtain at the output of said one of the
transmitting circuits, output being connected to the n
transmission conductors, the generation of modal elec-
trical variables; each being proportional to a single sig-
nal among the input signals; and

means for proportioning one of the receiving circuits, the

input of which is connected to the n transmission con-
ductors, which combines the analog signals present on
the transmission conductors, according to linear combi-
nations defined by the inverse of the transition matrix
from modal electrical variables to natural electrical vari-
ables, using a conversion of the n analog signals into
digital signals and a digital processing of the digital
signals produced by the conversion, so as to obtain at the
output of said one of the receiving circuits m output
signals each corresponding to one of the transmission
channels, each output signal being proportional to a
single modal electrical variable among the modal elec-
trical variables.

3. The device of claim 2, wherein the means for modeling
the interconnection comprise means for measuring and/or for
computing the real electrical characteristics of the intercon-
nection, based on the relative layout of the transmission con-
ductors and the reference conductor, and on the characteris-
tics of the dielectrics surrounding them.
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4. The device of claim 2, wherein the means for modeling
the interconnection comprise:

means for calculating one or more error coefficients for

variance between the actual electrical characteristics of
the interconnection end the desired characteristics, for
the known frequency band; and

means for optimizing the relative position of the transmis-

sion conductors by minimizing the error coefficient or
coefficients.

5. The device claim 2, wherein the means for proportioning
one of the transmitting circuits and the means for proportion-
ing one of the receiving circuits take into account the errors
related to sampling, quantization and any approximations
used to define the digital processing of the transmitting cir-
cuits and of the receiving circuits.

6. A device for transmission providing, in a known fre-
quency band, m transmission channels each corresponding to
a signal to be sent from the input of at least one transmitting
circuit to the output of at least one receiving circuit, where m
is an integer greater than or equal to 2, the device comprising:

an interconnection with n transmission conductors and a

reference conductor, n being an integer greater than or
equal to m, the interconnection being proportioned in
such a way that the interconnection may, taking into
account the lumped impedances seen by the intercon-
nection and caused by the circuits connected to the inter-
connection elsewhere than at the ends of the intercon-
nection, be modeled as a multiconductor transmission
line having uniform electrical characteristics over its
length for the known frequency band;

one or two termination circuits, each arranged at one end of

the interconnection and each having, in the known fre-
quency band, an impedance matrix approximating the
characteristic impedance matrix of the multiconductor
transmission line, the termination circuits, if there are
several termination circuits, being each arranged at a
different end of the interconnection;

at least one of the transmitting circuits for combining the m

input signals, according to linear combinations defined
by a transition matrix from modal electrical variables to
natural electrical variables, using a digital processing
and a conversion of the digital signals produced by the
digital processing into n analog signals, in order to
obtain at the output of said one of the transmitting cir-
cuits, output being connected to the n transmission con-
ductors, the generation of modal electrical variables,
each being proportional to a single signal among the
input signals; and

at least one of the receiving circuits, the input of which is

connected to the n transmission conductors, for combin-
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ing the analog signals present on the transmission con-
ductors, according to linear combinations defined by the
inverse of the transition matrix from modal electrical
variables to natural electrical variables, using a conver-
sion of the n analog signals into digital signals and a
digital processing of the digital signals produced by the
conversion, so as to obtain at the output of said one of the
receiving circuits m output signals each corresponding
to one of the transmission channels, each output signal
being proportional to a single modal electrical variable
among the modal electrical variables.

7. The device of claim 6, wherein the generation of m
modal electrical variables is obtained at the output of a trans-
mitting circuit.

8. The device of claim 6, wherein the number m of trans-
mission channels between any one of the transmitting circuits
and any one of the receiving circuits is equal to the number n
of transmission conductors.

9. The device of claim 6, wherein the section of the inter-
connection in a plane orthogonal to the direction of propaga-
tion does not change, except for a scale factor, over the great-
est part of the length of the interconnection, in the vicinity of
the transmission conductors.

10. The device of claim 6, wherein the termination
circuit(s) is(are) made up of a network of resistors.

11. The device of claim 6, wherein the transmitting
circuit(s) and the receiving circuit(s) are connected in parallel
with the interconnection, and wherein the interconnection
sees a high impedance in the connections of the transmitting
circuit(s) and of the receiving circuit(s).

12. The device of claim 6, wherein, in at least one of the
transmitting circuits and/or one of the receiving circuits, dif-
ferent delays are implemented for the different transmission
channels.

13. The device of claim 6, wherein an equalization reduc-
ing the effects of the distortions caused by propagation is
implemented in the digital processing of at least one of the
transmitting circuits and/or one of the receiving circuits, on
one or more transmission channels.

14. The device of claim 6, wherein a digital processing
including an adaptive equalization for one or more transmis-
sion channels is implemented in at least one of the receiving
circuits.

15. The device of claim 6, wherein the digital processing
performed in at least one transmitting circuit and/or the digi-
tal processing performed in at least one receiving circuit is
defined by a program.

16. The device of claim 6, wherein the interconnection is
operated as a data bus.
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