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the L-polybinary signal before or after it is generated, with at least one band-stop filter having a pre-defined center frequency, /., and
O a pre-defined bandwidth, 4, thereby isolating /; of the baseband signal.
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A device and method for generating a polybinary signal

Field of invention

The present invention relates to tele and/or data communication, in particular a method
and a device for generating a polybinary signal used in tele and/or data

communication.

Background of invention

Polybinary modulation formats were proposed originally in the 60s by A. Lender to
overcome the bandwidth limitation of copper-based transmission media. Polybinary
modulation formats are also known as partial response modulation formats. Polybinary
modulations provide an increment of the number of levels of the original digital signal
by introducing controlled amounts of inter symbol interference (ISI). The simplest
polybinary modulation, known as duobinary, correlates a symbol with its predecessor;
for example if the original signal is binary (two levels), the duobinary modulated signal
will present three levels.

Moreover Lender patented the standard technique for m-levels polybinary modulation
and demodulation; this standard technique, also referred as digital, includes digital
electronic components such as shift registers, flip-flops, and arithmetic adder and
modulo two gates.

Furthermore in the 70s, L. |. Bluestein designed a universal polybinary modem based
on Lender digital technique.

Variants of the 5 and 7 polybinary signals can be generated analogically by applying a
low-pass filter (LPF) to the binary or multilevel input signal. The LPF affects the rise
and fall time of each symbol according to the previous ones; this relation between
symbols can be used to shape an input of a non-return-to-zero (NRZ) signal into an
output duobinary or 4-level polybinary signal.

Given the bit rate, Br [Gbps] of the input NRZ signal, each symbol period or duration is
given by T=1/Br[s] and the spectrum of each symbol is a sync function of period
f,=1/T. In the time domain, the sampling points of a signal are usually chosen in the
middle of symbol period, where the signal is flat, if jitter and other impairments are
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neglected. At the receiver, sampling points can be used as decision points for
assigning values to the detected symbols. Unfortunately the three or four sampling
points of the output analog polybinary signal are significantly deteriorated by the filter;
by the other hand the transition points, located at the beginning and the end of each
symbol period, are less affected by the filter. By shifting the decision points from the
sampling to the transition ones, the output signal becomes a 5 or 7-level partial
response or polybinary variant from a duobinary or 4-level polybinary respectively. The
main advantage of this analogical method is that it doesn’t require any synchronization
of the input signal; however the output multilevel signal presents higher distortion
respect their digital generated counterparts.

The LPFs are usually Bessel filters because of their maximally flat group delay
characteristic. The current state-of-the-art of the analog polybinary modulation formats
includes an experimental demonstration of a 5-levels polybinary from a binary input
signal and a 7-levels duobinary from a 4-pulse amplitude modulated (4 PAM) input
signal. Simulation results have shown that an ideal Bessel LPF can modulate a binary
signal into 7-levels and 9-levels polybinary by properly selecting the order and cut-off
frequency of the filter. However, one problem with the current state-of-the art is that if
the modulator applies the digital technique, it requires synchronization with the input
signal otherwise if it applies the analog technique, it introduces signal distortion, which
limits the performance of the system. Accordingly, there is a need for a more efficient
way to generate a polybinary signal.

Summary of invention

The present disclosure relates in a first aspect to efficiently generating a polybinary
signal. In order to overcome the problems with the current state-of-the art, a method for
generating an L-level polybinary signal is provided. The method comprises the steps of:
providing a baseband signal with a spectrum defined by a pre-defined frequency
period, fp; filtering the baseband signal using a low-pass filter, the low-pass filter having
a pre-defined cut-off frequency, f.,, and a pre-defined polynomial order, n. The low-
pass filter thereby provides attenuation for each symbol of the baseband signal
dependent on the previous symbol(s). In this manner, the L-polybinary signal is
generated. The method further comprises the step of filtering the L-polybinary signal,
before or after it is generated, with at least one band-stop filter having a pre-defined
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center frequency, f,, and a pre-defined bandwidth, A, thereby isolating f»of the
baseband signal.

As can be understood from the herein disclosed method, the idea is to replicate the
spectrum of the generated polybinary signal using a low-pass filter in cascade with one

or more band-stop filters.

The low-pass filter introduces the relation between symbols in the baseband signal as
with the standard analog method.

A baseband signal or low-pass signal is a signal that has spectral magnitude that is
nonzero only for frequencies in the proximity of the origin and negligible elsewhere (for
example, a sound waveform can be considered as a baseband signal, whereas a radio
signal or any other modulated signal is not). Accordingly, a baseband signal may also
be an electric signal and/or a digital signal.

The at least one band-stop filter is used for reproducing the frequency period of the
generated polybinary signal. As described in relation to the herein disclosed method,
the at least one band-stop filter is configured for isolating f» of the baseband signal.
The isolation of femay in most embodiments be a focused isolation, defined by the
characteristics of the band-stop filter. By applying a band stop filter as here defined, the
frequency period of the baseband signal, is prevented from being spread outside the
pass-band of the low-pass filter. In comparison to the standard analogue method,
where only a single low-pass filter is used to generate the polybinary signal, a higher
order filter would need to be used to achieve the same isolation of frbecause the
isolation provided by the filter is spread over the entire rejected band.

As a consequence, the order of the low-pass filter, n, according to the present
invention, may then be relaxed. That is, in comparison to a standard analogue method,
the selectivity requirement of n may be much lower than what is required by
conventional methods with a single low-pass filter.

Several advantages are provided by relaxing the order n. This will be described in the
following.
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The present disclosure provides two alternative schemes of polybinary modulation to
the current state-of-the art. Regardless of the scheme, the present invention provides
for a method for generating a polybinary signal without the need of synchronizing the
modulator to the input signal, thereby overcoming one of the problems with the
traditional methods of generating a polybinary signal.

The first scheme, which in the following is referred to as “scheme A” uses one band-
stop filter, only. The second scheme, which in the following is referred to as “scheme B”
uses more than one band-stop filters.

Because of the linearity of analog filters, both schemes are symmetric and the position
of the low-pass filter and the at least one band-stop filter does not affect the modulation
performance. The two may be in cascade. Accordingly, the order of the LPF and the
BSF can be such that the LPF is before the BSF, or the BSF can be before the LPF. As
long as the two types of filters are cascaded, a polybinary signal can be made without
the need of synchronizing the modulator to the input signal.

Scheme A is used only for generating the variant of 5 and 7 levels polybinary signals
as the standard analog technique, whereas scheme B can be used to generate any L-
level polybinary signal as the digital technique. Thus, in contrast to scheme A and the
current state-of-the art, scheme B provides an analog solution for generating all
desirable L-level polybinary signals.

Scheme A and B are both improvements of the traditional analog scheme with a Bessel
LPF in that the signals are generated more easily and provide higher spectral efficiency
than the current state-of-the art technique. Further, scheme A and B also reduces
signal distortion in comparison to the current state-of-the-art. The effects as described
here are provided by the band-stop filter according to the invention.

In one embodiment, the present method is operable in a communication system, such

as a telecommunication system.

In a second aspect of the invention, there is provided a device for generating an L-level
polybinary signal from a baseband signal with a spectrum defined by a pre-defined
frequency period, fp, comprising: a low-pass filter configured for filtering the baseband
signal, the low-pass filter having a pre-defined cut-off frequency, f.,, and a pre-defined
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polynomial order, n. The low-pass filter thereby provides attenuation for each symbol of
the baseband signal dependent on the previous symbol(s). In this manner, the L-
polybinary signal is generated. and the devive further comprises at least one band-stop
filter configured for filtering the L-polybinary signal, before or after it is generated, the at
least one band-stop filter having a pre-defined center frequency, £, and a pre-defined

bandwidth, A, such that it isolates f» of the baseband signal.

As here disclosed, the present device is able to be manufactured with low cost
elements, thereby providing a low cost solution for generating an L-level polybinary
signal.

In one embodiment, the present device is configured for being integrated into a

communication system, such as a telecommunication system.

Thus, in a further aspect the invention relates to a telecommunication system

integrating the method and device as here disclosed.

Description of drawings

Fig. 1 shows an embodiment of method according to the present invention,
represented by a schematic, here referred to as scheme A.

Fig. 2 shows an embodiment of method according to the present invention,
represented by a schematic, here referred to as scheme B.

Fig. 3 shows the normalized spectrum of the input PRBS binary signal (red), of a
digitally generated 4-level polybinary signal (green) and the transfer function of scheme
A designed for 7-level polybinary variant. Both signals are at 10 Gbps.

Fig. 4 shows the normalized eye diagram of a 4-levels polybinary signal at 10 Gbps for
a signal generated by the digital technique.

Fig. 5 shows the eye diagram of a 7-levels polybinary signal at 10 Gbps and modulated
by scheme A.
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Fig. 6 shows the normalized spectrum of input PRBS binary signal (red), of a digitally
generated 7-level polybinary signal (green) and the transfer function of scheme B
designed for 7-level polybinary. Both signals are at 10 Gbps.

Fig. 7 shows the normalized eye diagram of a 7-levels polybinary signal at 10 Gbps, for
a signal generated by the method according to the present invention, here referred to
as scheme B.

Fig. 8 shows the eye diagram of a 7-levels polybinary signal at 10 Gbps and generated
by scheme B.

Fig. 9 shows a lumped elements implementation example of scheme A for 5-levels
polybinary at 10 Gbps.

Fig. 10 shows a lumped elements implementation example of scheme A for 7-levels
polybinary at 10 Gbps

Fig. 11 shows the S21 curves and eye diagrams of scheme A for 5-levels and 7-levels
polybinary signals.

Fig. 12 shows a lumped elements implementation example of scheme B for 5-levels
polybinary at 10 Gbps.

Fig. 13 shows a lumped elements implementation example of scheme B for 7-levels

polybinary at 10 Gbps.

Fig. 14 shows a lumped elements implementation example of scheme B for 9-levels
polybinary at 10 Gbps.

Fig. 15 shows the S21 curves and eye diagrams of scheme B for 5-levels, 7-levels and

9-levels polybinary signals

Fig. 16 shows the eye diagrams of 5 and 7-levels polybinary signals at 10 Gbps and
generated with the standard analogue technique and scheme A.
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Fig. 17 shows the eye diagrams of 4, 5, 6, 7, 8, 9, 10 and 11-levels polybinary signals
at 10 Gbps and generated with scheme B.

Fig. 18 shows eye diagrams of 5 and 7-levels polybinary signals generated with the
standard analogue technique and scheme A as in Fig. 16. The parameters are here

shown as a function of the frequency period, fs,0f the input signal.

Fig. 19 shows eye diagrams of 4, 5, 6, 7, 8, 9, 10 and 11-levels polybinary signals
generated with scheme B as in Fig. 17. The parameters are here shown as a function

of the frequency period, f5,0f the input signal.

Fig. 20 shows eye diagrams of NRZ, duobinary and 4-level polybinary signals
generated by digital electronics. The grey dots are the sampling points and the red
points the transition ones.

Detailed description of the invention

The present disclosure relates in a first aspect to a method for generating a polybinary
signal, and in a second aspect to a device for generating a polybinary signal. Both the

method and the device are related to the idea of using one or more band-stop filters. In
the following, features that relate to both the method and the device are described.

Low-pass filter

In one embodiment of the invention, the low-pass filter is a Bessel filter. A Bessel filter
has a phase lag that is directly proportional to the frequency. In other words, a Bessel
filter is a linear phase filter. A linear phase filter can be approximated using the so-
called Thompson approximation as this approximation has a phase function that
approximates a linear-phase function. Thus, a Bessel filter is also called a Thompson
filter. In a Bessel filter, or a Thompson filter, Bessel polynomials are used in obtaining
the filter coefficients. The polynomial of order L and coefficients c¢,that also defines the
polybinary signal may be expressed as:

— VviL-1
Pr = Zn=0 Cnak—na

where the input signal with axis correlated to the previous input signal.
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In a preferred embodiment of the present invention, the low-pass filter is applied
analogically to said signal. This may for example be done using an analogue device.
Applying the filter analogically has the advantage that synchronization, or rather
correlation, of the modulation signal and the input signal is not required.

In another preferred embodiment of the present invention, the low-pass filter is
implemented by an analogue device and/or an integrated circuit such as an ASIC. By
applying an analogue filtering, it may be said that the filtering is performed and defined
in the frequency domain.

It is well-known that polybinary signals may be generated analogically, for example
using an analogue device. Generating polybinary signals analogically provides for low
complexity filtering, real time processing and great flexibility of an analogue device.
Nevertheless, it is also well-known that the state-of-the art analogue polybinary signal
generation is achieved on the cost of signal distortion, in particular for high level
polybinary signal generation, since signal distortion increases with the number of
levels. However, because the present invention uses one or more band-stop filters, it is
possible to decrease the order of the low-pass filters, thereby decreasing the signal
distortion. Accordingly, by the present invention, low signal distortion is possible to be
achieved with an analogue device for generating polybinary signals.

Filter transfer functions are normally derived as low-pass functions. Frequency
transformations are then used to transform the low-pass functions into either high-pass,
band-pass, or band-reject transfer functions. For a low-pass filter, the cutoff frequency
of the filter is denoted f.,. Depending on the type of filter, it is not necessarily the

-3 dB cutoff frequency. However, in embodiments of the present invention, the cut-off
frequency is the -3 dB cut-off frequency.

In a preferred embodiment, the cut-off frequency of the low-pass filter is less than 25%
of the frequency period, more preferably less than 20% or less than 16% than the
frequency period. In other embodiments, the cut-off frequency of the low-pass filter is
less than 11% of the frequency period.

Band-stop filter
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In one embodiment of the present invention, the band-stop filter is a Bessel filter of
order 1. As previously described, because the present invention uses one or more
band-stop filters, it is possible to decrease the order of the low-pass filters, thereby
decreasing the signal distortion.

In one embodiment of the present invention, the band-stop filter is applied analogically
to said signal. This may for example be done using an analogue device.

In a second embodiment of the present invention, the band-stop filter is applied in a
frequency domain of said signal. This may for example be done using an analogue
device. Applying the band-stop filter analogically provides the possibility for a purely
analogue device, whereby a low cost device is able to be obtained.

In a preferred embodiment of the present invention, the bandwidth of the band-stop
filter is identical to or less than 10% of the frequency period, such as less than 9% of
the frequency period, such as less than 8% of the frequency period, such as less than
7% of the frequency period, such as less than 6% of the frequency period, such as less
than 5% of the frequency period. Stated differently, the bandwidth of band-stop filter
may be between 5% and 10% of the frequency period.

In embodiments of the present invention, the bandwidth as described herein is the -3
dB bandwidth.

Input and output signal

In one embodiment of the invention, the baseband signal comprises a random binary
sequence. More particular, the baseband signal may be a pseudo random binary
sequence (PRBS), where the input signal with aias previously defined, is comprised of
zeroes and ones. The zeroes and ones are examples of symbols in a digital baseband
signal. On and off states in an electric signal may be considered symbols of an electric
baseband signal.

In another embodiment of the invention, the baseband signal is transmitted and/or
coded as a non-return-to-zero (NRZ) signal. Given the bit rate, Br [Gbps], of the input
NRZ signal, each symbol period or duration is given by T=1/Br[s] and the spectrum of
each symbol is a sync function of period fo=1/T.
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S-parameters describe the input-output relationship between ports (or terminals) in an
electrical system. For instance, if two ports, then S12 represents the power transferred
from Port 2 to Port 1. S21 represents the power transferred from Port 1 to Port 2.

Scheme A

Scheme A relates to the method and/or device according to the present invention,
where there is one band-stop filter, only. Using scheme A allows reducing the
polynomial order of the low-pass-filter in comparison to the standard scheme where
only a Bessel filter is used.

According to the present invention, using the A scheme, allows for example for
generation of a 5-level polybinary signal using Bessel low-pass filter of order 3. The
state-of-the art analogue method, where only a Bessel filter is used, i.e. without a band-
stop filter, uses in comparison for the generation of a 5-level polybinary signal with a
similar quality, a Bessel filter of order 4. Thus, in comparison to the state-of-the art
analogue method, the present invention uses a Bessel filter one order less than what is
conventionally required. Thereby is provided a method and device achieving a less
distorted signal in comparison with the state-of the art method.

The order of the low-pass filter compared to the state-of-the art analog method is
significantly reduced when generating a 7-level polybinary signal. Similarly to the 5-
level polybinary signal, using the A scheme according to the present invention, allows
for example also for generation of a 7-level polybinary signal using Bessel low-pass
filter of order 3. The state-of-the art analogue method, where only a Bessel filter, i.e.
without a band-stop filter uses in comparison for the generation of a 7-level polybinary
signal with a similar quality, a Bessel filter of order 8. Thus, in comparison to the state-
of-the art analogue method, the present invention uses a Bessel filter four orders less
than what is conventionally required. Thereby is provided a method and device
achieving a significantly less distorted signal in comparison with the state-of the art
method.

In one embodiment of the present invention, the LPF is set to the same 1., of the
standard scheme reported in the literature: 17-22% of fp for 5 levels and 12-15% for 7-
level polybinary.
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In another embodiment of the present invention, the optimal bandwidth of the band-
stop filter is independent of the L-level polybinary signal. Thus, scheme A provides for
a very flexible design of for example an analogue device.

In a preferred embodiment of the present invention, the single band-stop filter has a
center frequency, £, defined by f.=2f-/(L-1). In particular f, may equal f-/2 for 5 and f+/3
for 7-level polybinary, which correspond to the frequency period of generated 3 and 4-
level polybinary signals respectively.Selecting the center frequency as here specified,
may allow for optimal signal generation.

Scheme B

Scheme B relates to the method and/or device according to the present invention,
where there is more than one band-stop filter. Accordingly, the at least one band-stop
filter is a plurality of band-stop filters, defined as N, selected such that N band stop
filters are in a cascade, wherein Nis N=L-2.

Using scheme B allows for the low-pass-filter to be Bessel low-pass-filter with the pre-
defined polynomial order of order 1. The LPF may have an optimal f., ranging between
4-10% of fp, depending on the number of levels L. As already disclosed, scheme B can
be used to generate any L-level polybinary signal, and as now disclosed, by using a
Bessel low-pass-filter with the pre-defined polynomial order of order 1. Thus, in
comparison to scheme A, scheme B provides for a method and device achieving a
significantly less distorted signal.

In a preferred embodiment of the present invention, the bandwidth of each of said
band-stop filters is dependent of the L-level polybinary signal, and selected such that
there is a linear relationship between L and A.

Each of said band-stop filters may be identified with an integer, k, such that the center
frequency, f,, of the K" band-stop filter is located at a frequency defined by f.=kfs/(L-1);
where f,=f/(L-1) is the frequency period of a generated L-level polybinary signal.
Selecting the center frequency as here specified, may allow for optimal signal

generation.

Device
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As has already been disclosed, the device may be an analogue device.

In one embodiment of the present invention, the device is a printed circuit board,
wherein the circuit board comprises: an input port configured for being connected to the
baseband signal; and an output port configured for being connected to a transmitting

medium.

According to the device as disclosed herein, the device may be able to operate with
scheme A or scheme B. More particular, the device may be configured to perform the
method according the first aspect of the invention.

In scheme A, the circuit board may further comprise a maximum of 5 lumped elements,
wherein the lumped elements are 3 capacitors and 2 inductors or 2 capacitors and 3

inductors.

In scheme B, the circuit board may further comprise a maximum of 2N+1 lumped
elements, wherein the lumped elements are: N+1 capacitors and N inductors or N
capacitors s and N+1 conductors.

Example 1 — Scheme A

Fig. 1 shows an embodiment of method according to the present invention,
represented by a schematic, referred to scheme A. Fig. 1 shows a method for
generating an L-level polybinary signal. There is a baseband signal a(t) with a
spectrum defined by a pre-defined frequency period, 5. As the state-of-the art analog
method, a Bessel LPF filters the high frequency components of the input signal;
although in scheme A the presence of a single BSF provides a higher and more
localized isolation at the frequency /2 or fo/3 (5 or 7 levels). The output signal, p(t), is
the L-level polybinary signal.

Example 2 — Scheme B

Fig. 2 shows an embodiment of method according to the present invention,
represented by a schematic, referred to scheme B. Fig. 2 shows a method for
generating an L-level polybinary signal. There is a baseband signal a(t) with a
spectrum defined by a pre-defined frequency period, f.. A first order LPF provides
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attenuation to the high frequency components of the input signal; whereafter a plurality
of BSFs provide a higher and more localized isolation at the frequencies nfp/(L-1),
where n=1, 2,..., L-2. The output signal, p(?), is the L-level polybinary signal.

Example 3 — Scheme A

Fig. 3 shows the normalized spectrum of the input PRBS binary signal at 10 Gbps
(red). The blue curve is the S21 of scheme A designed for 7-levels polybinary
modulation at 10 Gbps. When scheme A is applied to the input signal, the 7 levels
output resembles the spectrum of a 4-levels polybinary signal, which is reported in
green. The BSF of scheme A is centred at 3.33 GHz, which corresponds to the period
of the 4-levels polybinary signal.

Example 4 — Scheme A

Fig. 4 shows the normalized eye diagram of a 4-levels polybinary signal at 10 Gbps
and generated by the digital technique. The 4 levels at the sampling and the 7 levels at
the transition points are marked in grey and red respectively.

Example 5 — Scheme A

Fig. 5 shows the eye diagram of a 7-levels polybinary signal at 10 Gbps and modulated
by scheme A; the signal resembles a deteriorated 4-levels polybinary, where the 7
levels marked in orange correspond to its transition points.

Example 6 — Scheme B

Fig. 6 shows the normalized spectrum of input PRBS binary signal at 10 Gbps (red).
The blue curve is the S21 of scheme B designed for 7-levels polybinary modulation at
10 Gbps. Moreover is shown in green the spectrum of a 7-levels polybinary signal
modulated by the digital technique. When scheme B is applied to the input signal, the
spectrum of the output signal resembles the 7-levels polybinary one.

Example 7 — Scheme B

Fig. 7 shows the normalized eye diagram of a 7-levels polybinary signal at 10 Gbps
and generated by the digital technique; the 7 levels at the sampling points are marked

in red.
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Example 8 — Scheme B

Fig. 8 shows the eye diagram of a 7-levels polybinary signal at 10 Gbps and generated
by scheme B; the 7 levels at the sampling points are marked in orange.

Example 9 — Device that implements scheme A

Fig. 9 shows a lumped elements implementation example of scheme A for 5-levels
polybinary at 10 Gbps. The LPF includes two shunt capacitors and a series inductor,
while the BPF is implemented as a shunt LC series.

Example 10 — Device that implements scheme A

Fig. 10 shows a lumped elements implementation example of scheme A for 7-levels
polybinary at 10 Gbps. The LPF includes two shunt capacitors and a series inductor,
while the BPF is implemented as a shunt LC series.

Example 11 — Scheme A

Fig. 11 shows the S21 curves and eye diagrams of scheme A for 5-levels (blue) and 7-
levels (red) polybinary signals.

Example 12 — Device that implements scheme B

Fig. 12 shows a lumped elements implementation example of scheme B for 5-levels
polybinary at 10 Gbps. The LPF is implemented as single shunt capacitors and the 3
BPFs in cascade as series LC parallel.

Example 13 — Device that implements scheme B

Fig. 13 shows a lumped elements implementation example of scheme B for 7-levels
polybinary at 10 Gbps. The LPF is implemented as single shunt capacitors and the 5
BPFs in cascade as series LC parallel.

Example 14 — Device that implements scheme B

Fig. 14 shows a lumped elements implementation example of scheme B for 9-levels
polybinary at 10 Gbps. The LPF is implemented as single shunt capacitors and the 7
BPFs in cascade as series LC parallel.
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Example 15 — Scheme B

Fig. 15 shows the S21 curves and eye diagrams of scheme B for 5-levels (red), 7-
levels (blue) and 9-levels (green) polybinary signals.

Example 16 — Scheme A in comparison to a method using a single LPF

Fig. 16 and Fig. 18 show the eye diagrams of 5 and 7-levels polybinary signals
generated with the standard analogue technique and scheme A. The specifications of
the LPF and BSF are reported in the third and fourth columns respectively.

Example 17 — Scheme B

Fig. 17 and Fig. 19 show in the second column the eye diagrams of 4, 5,6, 7, 8, 9, 10
and 11-levels polybinary signals generated with scheme B. The specifications of the
LPF and BSFs are reported in the third and fourth columns respectively.

Example 18 — Sampling points and transition points

Fig. 20 shows the eye diagrams of an NRZ, duobinary and 4-level polybinary signals
generated by digital electronics. In the diagram the sampling point, in the middle of the
symbol period, are marked with grey dots. Moreover the transition points, in the middle
of the transition between adjacent symbols, are marked with red dots.
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Claims

1. A method for generating an L-level polybinary signal, comprising the steps of:

10

15

20

25

30

35

- providing a baseband signal with a spectrum defined by a pre-defined
frequency period, fp;

- filtering the baseband signal using a low-pass filter, the low-pass filter
having a pre-defined cut-off frequency, f..,, and a pre-defined polynomial
order, n, thereby providing an attenuation for each symbol in the
baseband signal dependent on the previous symbol(s) therein, whereby
the L-polybinary signal is generated; and

- filtering the L-polybinary signal, before or after it is generated, with at
least one band-stop filter having a pre-defined center frequency, f., and
a pre-defined bandwidth, A, thereby isolating frof the baseband signal.

. The method according to claim 1, wherein the baseband signal comprises a

random binary sequence.

. The method according to any of the preceding claims, wherein the baseband

signal is transmitted as a non-return-to-zero signal.

. The method according to any of the preceding claims, wherein the low-pass

filter is a Bessel filter.

. The method according to any of the preceding claims, wherein the at least one

band-stop filter is a Bessel filter of order 1.

. The method according to any of the preceding claims, wherein the low-pass

filter and/or the band-stop filter is applied analogically to the baseband signal.

. The method according to any of the preceding claims, wherein the cut-off

frequency and/or the bandwidth is/are the -3 dB cut-off frequency and/or the -3
dB bandwidth.

. The method according to any of the preceding claims, wherein the bandwidth of

the at least one band-stop filter is identical to or less than 10% of the frequency
period, such as less than 9% of the frequency period, such as less than 8% of
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the frequency period, such as less than 7% of the frequency period, such as
less than 6% of the frequency period, such as less than 5% of the frequency
period.

The method according to any of the preceding claims, wherein the bandwidth of
the at least one band-stop filter is between 5% and 10% of the frequency
period.

The method according to any of the claims 1-9, wherein the at least one band-

stop filter is a single band-stop filter, and wherein the low-pass-filter is a Bessel
low-pass filter with the pre-defined polynomial order of less than 4, such as an

order of 3.

. The method according to claim 10, wherein the cut-off frequency of the low-

pass filter is less than 20% of the frequency period.

The method according to any of the claims 10-11, wherein the bandwidth of
band-stop filter is independent of the L-level polybinary signal.

The method according to any of the claims 10-12, wherein the single band-stop
filter has a center frequency, £, defined by f.=2fs/(L-1).

The method according to any of the claims 1-9, wherein the at least one band-
stop filter is a plurality of band-stop filters, defined as N, selected such that N
band-stop filters are in a cascade, wherein Nis N=L-2.

The method according to claim 14, wherein said low-pass-filter is a Bessel low-
pass filter with the pre-defined polynomial order of order 1.

The method according to any of the claims 14-15, wherein the bandwidth of
each of said band-stop filters is dependent of the L-level polybinary signal, and
selected such that there is a linear relationship between L and A.

The method according to any of the claims 14-16, wherein each of said band-
stop filters is identified with an integer, k, such that the center frequency, f., of
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the K" band-stop filter is located at a frequency defined by f.=kf~/(L-1).

18. A device for generating an L-level polybinary signal from a baseband signal with
a spectrum defined by a pre-defined frequency period, f», comprising:

- alow-pass filter configured for filtering the baseband signal, the low-
pass filter having a pre-defined cut-off frequency, f.,, and a pre-defined
polynomial order, n, thereby providing an attenuation for each symbol of
the baseband signal dependent on the previous symbol(s) therein,
whereby the L-polybinary signal is generated; and

- at least one band-stop filter configured for filtering the L-polybinary
signal, before or after it is generated, the at least one band-stop filter
having a pre-defined center frequency, f;, and a pre-defined bandwidth,
A, such that it isolates frof the baseband signal.

19. The device according to claim 18, wherein the low-pass filter is a Bessel filter.

20. The device according to any of the claims 18-19, wherein the at least one band-
stop filter is a Bessel filter of order 1.

21. The device according to any of the claims 18-20, wherein the device is an
analogue device and/or an integrated circuit, such as an ASIC.

22. The device according to any of the claims 18-21, wherein the bandwidth of the
band-stop filter is identical or less than 10% of the frequency period, such as
less than 9% of the frequency period, such as less than 8% of the frequency
period, such as less than 7% of the frequency period, such as less than 6% of
the frequency period, such as less than 5% of the frequency period.

23. The device according to any of the claims 18-22, wherein the bandwidth of
band-stop filter is between 5% and 10% of the frequency period.

24. The device according to any of the claims 18-23, wherein the at least one band-
stop filter is a single band-stop filter, and wherein the low-pass-filter is a Bessel
low-pass filter with the pre-defined polynomial order of less than 4, such as an
order of 3.
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The device according to any of the claims 18-24, wherein the cut-off frequency
of the low-pass filter is less than 20% of the frequency period.

The device according to any of the claims 18-25, wherein the bandwidth of
band-stop filter is independent of the L-level polybinary signal.

The device according to any of the claims 18-26, wherein the single band-stop
filter has a center frequency, f., defined by f.=2f/(L-1).

The device according to any of the claims 18-23, wherein the at least one band-
stop filter is a plurality of band-stop filters, defined as N, selected such that N
band stop filters are in a cascade, wherein Nis N=L-2.

The device according to claims 28, wherein the low-pass-filter is a Bessel low-
pass filter with the pre-defined polynomial order of order 1.

The device according to any of the claims 28-29, wherein the bandwidth of each
of the band-stop filters is dependent of the L-level polybinary signal, and
selected such that there is a linear relationship between L and A.

The device according to any of the claims 28-30, wherein each of the band-stop
filters is identified with an integer, k, such that the center frequency, f., of the K"
band-stop filter is located at a frequency defined by f.=kfs/(L-1).

The device according to any of the claims 18-31, wherein the device is a printed
circuit board, wherein the circuit board comprises:
- an input port configured for being connected to the baseband signal;
and
- an output port configured for being connected to a transmitting medium.

The device according to claim 32, wherein the circuit board further comprises a
maximum of 5 lumped elements, wherein the lumped elements are 3 capacitors

and 2 inductors or 2 capacitors and 3 inductors.

The device according to claim 32, wherein the circuit board further comprises a
maximum of 2N+1 lumped elements, wherein N corresponds to the plurality of
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band-stop filters and wherein the lumped elements are: N+1 capacitors and N

inductors or N capacitors s and N+1 inductors.

35. The device according to any of the claims 18-34, wherein the device is
configured to perform the method according to any of the claims 1-18.
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