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(57) ABSTRACT

An integrated circuit may include: a first transmission line;
a second transmission line; a first compensator circuit suit-
able for generating a first compensation signal by delaying
and differentiating a signal transferred through the second
transmission line; a second compensator circuit suitable for
generating a second compensation signal by delaying and
differentiating a signal transferred through the first trans-
mission line; a first receiver circuit suitable for receiving the
signal transferred through the first transmission line, and
compensating for the signal transferred through the first
transmission line using the first compensation signal; and a
second receiver circuit suitable for receiving the signal
transferred through the second transmission line, and com-
pensating for the signal transferred through the second
transmission line using the second compensation signal.

9 Claims, 7 Drawing Sheets
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INTEGRATED CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. § 119 to
Korean Patent Application No. 10-2018-0036138, filed on
Mar. 28, 2018, which is incorporated herein by reference in
its entirety.

BACKGROUND

1. Field

The present invention relates to an improved integrated
circuit and a method of operating the same.

2. Discussion of the Related Art

A multi-channel parallel interface is frequently used
because it allows high-speed communication. However,
inductive and capacitive coupling between adjacent chan-
nels may cause far-end crosstalk (FEXT).

FIG. 1 illustrates that signals are transmitted and received
through two lines 101 and 102 adjacent to each other in an
integrated circuit 100. Referring to FIG. 1, signals are
transmitted from a transmitting terminal 110 to a receiving
terminal 120 through the lines 101 and 102. In FIG. 1,
‘FEXT1’ represents far-end crosstalk from the line 101 to
the line 102, and ‘FEXT2’ represents far-end crosstalk from
the line 102 to the line 101.

FIG. 2 illustrates far-end crosstalk between the lines 101
and 102 in the integrated circuit 100 of FIG. 1. For example,
FIG. 2 illustrates voltages of the receiving terminals 120 of
the lines 101 and 102. Noise may be generated at the
receiving terminal 120 of the line 102 by a signal transmitted
to the line 101. In this case, the line 101 is an aggressor, and
the line 102 is a victim. Referring to FIG. 2, in periods 201
and 202, the voltage level of the receiving terminal 120 of
the line 101 is changed and, as a result, noise may occur in
the line 102. That is, noise may be generated by the cross
talk FEXT1 in the line 102.

Since the noise caused by the crosstalk between the
adjacent lines disturbs high-speed communication, there is a
demand for a technique capable of removing crosstalk.

SUMMARY

Various embodiments are directed to a technology capable
of effectively removing crosstalk between adjacent trans-
mission lines.

In an embodiment, an integrated circuit may include: a
first transmission line; a second transmission line; a first
compensator circuit suitable for generating a first compen-
sation signal by delaying and differentiating a signal trans-
ferred through the second transmission line; a second com-
pensator circuit suitable for generating a second
compensation signal by delaying and differentiating a signal
transferred through the first transmission line; a first receiver
circuit suitable for receiving the signal transferred through
the first transmission line, and compensating for the signal
transferred through the first transmission line using the first
compensation signal; and a second receiver circuit suitable
for receiving the signal transferred through the second
transmission line, and compensating for the signal trans-
ferred through the second transmission line using the second
compensation signal.
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The first compensator circuit may have a delay value
which corresponds to ([delay value of far-end crosstalk from
the second transmission line to the first transmission line]-
[delay value of the first transmission line]), and the second
compensator circuit may have a delay value which corre-
sponds to ([delay value of far-end crosstalk from the first
transmission line to the second transmission line]-[delay
value of the second transmission line]).

In an embodiment, a method for operating an integrated
circuit may include: generating a first compensation signal
by delaying and differentiating a signal transferred through
a second transmission line; generating a second compensa-
tion signal by delaying and differentiating a signal trans-
ferred through a first transmission line; receiving the signal
transferred through the first transmission line, and compen-
sating for the signal transferred through the first transmis-
sion line using the first compensation signal; and receiving
the signal transferred through the second transmission line,
and compensating for the signal transferred through the
second transmission line using the second compensation
signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating an integrated circuit
including lines according to the prior art.

FIG. 2 illustrates far-end crosstalk between lines in an
integrated circuit according to the prior art.

FIG. 3 is a diagram illustrating an integrated circuit in
accordance with an embodiment of the present invention.

FIG. 4 is a timing diagram illustrating an operation of an
integrated circuit in accordance with an embodiment of the
present invention.

FIG. 5 is a timing diagram illustrating an operation of an
integrated circuit in consideration of a mismatch between
flight times for transferring a signal and crosstalk in accor-
dance with an embodiment of the present invention.

FIG. 6 is a diagram illustrating an integrated circuit in
accordance with another embodiment of the present inven-
tion.

FIG. 7 is a circuit diagram illustrating a first differentiator
circuit in accordance with an embodiment of the present
invention.

FIG. 8 is a circuit diagram illustrating a first receiver
circuit in accordance with an embodiment of the present
invention.

FIG. 9 is a timing diagram illustrating an operation of an
integrated circuit in accordance with an embodiment of the
present invention.

DETAILED DESCRIPTION

Various embodiments will be described below in more
detail with reference to the accompanying drawings. The
present invention may, however, be embodied in different
forms and thus is not limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure is thorough and complete and fully conveys the
scope of the present invention to those skilled in the art.
Throughout the disclosure, like reference numerals refer to
like parts throughout the various figures and embodiments of
the present invention. Also, throughout the specification,
reference to “an embodiment,” “another embodiment,” or
the like is not necessarily to only one embodiment, and
different references to any such phrase are not necessarily to
the same embodiment(s).
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FIG. 3 is a diagram illustrating an integrated circuit 300
in accordance with an embodiment.

Referring to FIG. 3, the integrated circuit 300 may include
first and second transmitters 311 and 312, first and second
transmission lines 301 and 302, first and second differen-
tiator circuits 331 and 332, and first and second receiver
circuits 321 and 322.

The first transmitter 311 may transmit a signal through the
first transmission line 301, and the second transmitter 312
may transmit a signal through the second transmission line
302. In FIG. 3, ‘FEXT1’ represents far-end crosstalk which
is caused at a receiving terminal of the second transmission
line 302 by the signal transmitted through the first transmis-
sion line 301, and ‘FEXT?2’ represents far-end crosstalk
which is caused at a receiving terminal of the first transmis-
sion line 301 by the signal transmitted through the second
transmission line 302. Furthermore, “THRU1” indicates that
the signal transmitted by the first transmitter 311 has passed
through the first transmission line 301, and ‘THRU?2’ indi-
cates that the signal transmitted by the second transmitter
312 has passed through the second transmission line 302.

The first differentiator circuit 331 may generate a first
compensation signal XTC1 by differentiating the signal
THRU2 transmitted through the second transmission line
302. The second differentiator circuit 332 may generate a
second compensation signal XTC2 by differentiating the
signal THRU1 transmitted through the first transmission line
301.

The first receiver circuit 321 may receive the signal
THRUI1 of the first transmission line 301, and compensate
for the signal THRU1 using the first compensation signal
XTC1. The first receiver circuit 321 may add up the signal
THRUI1 and the first compensation signal XTC1, in order to
cancel the crosstalk FEXT2 which occurred in the signal
THRU1. ‘RCV1’ may represent the signal received by the
first receiver circuit 321.

The second receiver circuit 322 may receive the signal
THRU?2 of the second transmission line 302, and compen-
sate for the signal THRU2 using the second compensation
signal XTC2. The second receiver circuit 322 may add up
the signal THRU2 and the second compensation signal
XTC2, in order to cancel the crosstalk FEXT1 which
occurred in the signal THRU2. ‘RCV2’ may represent the
signal received by the second receiver circuit 322.

FIG. 4 is a timing diagram illustrating an operation of an
integrated circuit in accordance with an embodiment, for
example, the operation of the integrated circuit 300 in FIG.
3.

For example, FIG. 4 illustrates a situation in which the
signal THRU1 is transmitted to the first transmission line
301, and the signal THRU2 of the second transmission line
302 is influenced by the signal THRU1 to occur the crosstalk
FEXT1.

Referring to FIG. 4, when the voltage level of the signal
THRUT1 of the first transmission line 301 rises and falls, the
far-end crosstalk FEXT1 occurs to generate noise in the
signal THRU2 of the second transmission line 302.

The second differentiator circuit 332 may generate the
second compensation signal XTC2 by differentiating the
signal THRU1. The second compensation signal XTC2 may
have the opposite polarity to the far-end crosstalk FEXT1.

Since the second receiver circuit 322 receives the signal
THRU2 and performs the process of adding up the signal
THRU2 and the second compensation signal XTC2, the
far-end crosstalk FEXT1 may be removed from the received
signal RCV2.
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The operation of FIG. 4 is based on the supposition that
a flight time required for transferring the signal THRU1
through the first transmission line 301 is equal to a flight
time required for transfer of the far-end crosstalk FEXT1. In
reality, however, a timing mismatch may occur because the
flight time required for transferring the signal THRU1
through the first transmission line 301 is shorter than the
flight time for transfer of the far-end crosstalk FEXT1.

FIG. 5 illustrates an operation in the same situation as
FIG. 4, but reflects the mismatch between the flight time
required for transferring the signal THRU1 to the first
transmission line 301 and the flight time for transfer of the
far-end crosstalk FEXT1.

Referring to FIG. 5, when the voltage level of the signal
THRUT1 of the first transmission line 301 rises and falls, the
far-end crosstalk FEXT1 occurs to generate noise in the
signal THRU2 of the second transmission line 302. How-
ever, the timing of the noise generated in the far-end
crosstalk FEXT1 and the signal THRU2 may lag behind the
timing of the signal THRU1, due to the difference in flight
time between the signal THRU1 and the far-end cross talk
FEXTI.

The second differentiator circuit 332 may generate the
second compensation signal XTC2 by differentiating the
signal THRU1 of the first transmission line 301. A timing
mismatch may be present between the second compensation
signal XTC2 and the noise of the signal THRU2 of the
second transmission line 302.

The second receiver circuit 322 may receive the signal
THRU2 and perform a process of adding up the signal
THRU2 and the second compensation signal XTC2. How-
ever, the far-end crosstalk FEXT1 may not be normally
removed from the signal RCV2 received by the second
receiver circuit 322, due to the timing mismatch between the
second compensation signal XTC2 and the noise present in
the signal THRU2.

FIG. 6 is a diagram of an integrated circuit 600 in
accordance with another embodiment.

Referring to FIG. 6, the integrated circuit 600 may include
first and second transmitters 311 and 312, first and second
transmission lines 301 and 302, first and second compen-
sator circuits 610 and 620, and first and second receiver
circuits 321 and 322. In the embodiment of FIG. 6, the first
and second differentiator circuits 331 and 332 of FIG. 3 may
be replaced with the first and second compensator circuits
610 and 620.

The first compensator circuit 610 may generate the first
compensation signal XTC1 by delaying and differentiating
the signal THRU2 of the second transmission line 302. The
first compensator circuit 610 may be different from the first
differentiator circuit 331 of FIG. 3 in that the first compen-
sator circuit 610 does not simply differentiate the signal
THRU2, but delays and differentiates the signal THRU2.
The first compensator circuit 610 may have a delay value
which approximately corresponds to ([delay value of far-end
crosstalk FEXT2 from second transmission line 302 to first
transmission line 301]-[delay value of first transmission line
301]). The delay operation of the first compensator circuit
610 may compensate for a mismatch between the flight time
of the signal THRU2 and the flight time of the far-end
crosstalk FEXT2.

The first compensator circuit 610 may include a first delay
circuit 611 and a first differentiator circuit 612. The first
delay circuit 611 may have a delay value which approxi-
mately corresponds to ([delay value of far-end crosstalk
FEXT2 from second transmission line 302 to first transmis-
sion line 301]-[delay value of first transmission line 301]-
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[delay value of first differentiator circuit 612]). For example,
FIG. 6 illustrates that the first differentiator circuit 612 is
positioned at the rear of the first delay circuit 611. However,
the first delay circuit 611 may be positioned at the rear of the
first differentiator circuit 612.

The second compensator circuit 620 may generate the
second compensation signal XTC2 by delaying and differ-
entiating the signal THRU1 of the first transmission line
301. The second compensator circuit 620 may be different
from the second differentiator circuit 332 of FIG. 3 in that
the second compensator circuit 620 does not simply differ-
entiate the signal THRU1 but delays and differentiates the
signal THRU1. The second compensator circuit 620 may
have a delay value which approximately corresponds to
([delay value of far-end crosstalk FEXT1 from first trans-
mission line 301 to second transmission line 302]-[delay
value of second transmission line 302]). The delay operation
of the second compensator circuit 620 may compensate for
a mismatch between the flight time of the signal THRU1 and
the flight time of the far-end crosstalk FEXT1.

The second compensator circuit 620 may include a second
delay circuit 621 and a second differentiator circuit 622. The
second delay circuit 621 may have a delay value which
approximately corresponds to ([delay value of far-end cross-
talk FEXT1 from first transmission line 301 to second
transmission line 302]—[delay value of second transmission
line 302]—[delay value of second differentiator circuit 622]).
For example, FIG. 6 illustrates that the second differentiator
circuit 622 is positioned at the rear of the second delay
circuit 621. However, the second delay circuit 621 may be
positioned at the rear of the second differentiator circuit 622.

Since the first and second transmission lines 301 and 302
have the same length and characteristics, the delay value of
the first compensator circuit 610 may be equal to the delay
value of the second compensator circuit 620.

Now, the delay value, which the first and second com-
pensator circuits 610 and 620 have, will be described.

Assuming that a transfer function of the first and second
transmission lines 301 and 302 is a low pass filter, the
transfer function of the channels 301 and 302 may be
expressed as Equation 1 below.

H B [Equation 1]
O e

Since the crosstalks FEXT1 and FEXT2 can be repre-
sented as differentiated values of the signals transmitted to
the transmission lines 301 and 302, a transfer function of the
crosstalks FEXT1 and FEXT2 may be expressed as Equa-
tion 2 below.

ST
L+s/pen

Hpgxr(s) = —stHep(s) = [Equation 2]

In Equation 2, T represents forward coupling strength
which increases as the distance d between the lines (or
channels) 301 and 302 is reduced.

Since the transfer functions of the lines 301 and 302 and
the crosstalks FEXT1 and FEXT2 are known, the delay
value of the lines 301 and 302 may be expressed as Equation
3, and the delay value of the crosstalks FEXT1 and FEXT2
may be expressed as Equation 4.
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Dep(w) = [Equation 3]
dcn (@) d i 1
- =——|[-t B |
do =zl (o) =
wegl 1+ —
cH
Drgxr(w) = [Equation 4]
dOpexr(w)  d 1 R
— =" E(—tan (Tw) —tan (—wCH )) =
T 1
v * w?
WCH 1+ —
wen

A difference T, between the delay value Dz {w) of the
crosstalks FEXT1 and FEXT2 and the delay value D ()
of the transmission lines 301 and 302 may be expressed as
Equation 5 below.

tion 5
T4 = Dpgxr(©) — Dep(w) = oo [Equation 5]

The difference T, of Equation 5 may correspond to a delay
value which the first and second compensator circuits 610
and 620 need to have.

The first differentiator circuit 612 within the first com-
pensator circuit 610 and the second differentiator circuit 622
within the second compensator circuit 620 also inevitably
have delay values. Hereafter, the delay value of the first and
second differentiator circuits 612 and 622 and the delay
value of the first and second delay circuits 611 and 621 will
be described.

FIG. 7 is a circuit diagram illustrating a first differentiator
circuit in accordance with an embodiment, for example, the
first differentiator circuit 612 of FIG. 6. The second differ-
entiator circuit 622 may also have the same configuration as
FIG. 6.

Referring to FIG. 7, the first differentiator circuit 612 may
include a capacitor 710 coupled between an input terminal
IN and an output terminal OUT and a resistor 720 coupled
between the output terminal OUT and a ground terminal.
The input terminal IN may be coupled to an output terminal
of the first delay circuit 611. The first compensation signal
XTC1 may be outputted from the output terminal OUT.
R 7c; may represent a resistance value of the resistor 720,
and C,~ may represent capacitance of the capacitor 710.

The first differentiator circuit 612 configured in the form
of an RC high pass filter may have a delay value D, which
is expressed as Equation 6 below.

RxrcCxre [Equation 6]

- 2 2 2
L+ RypcCxrew

_ O (w) _
dew

Dy (w) =

The delay value which the first and second compensator
circuits 610 and 620 need to have is the difference T, of
Equation 5. The delay value of the first and second differ-
entiator circuits 612 and 622 is the delay value D, of
Equation 6. Therefore, the first and second delay circuits 611
and 612 need to have a delay value of (T ~D,,), and the
delay value may be expressed as Equation 7 below.

T RxrcCxre [Equation 7]

2,2 2 2
1+ 72w 1+ Rpe Cyrew?

Ty - Dy =
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The first and second delay circuits 611 and 612 may be
designed to have the delay value of Equation 7. Alterna-
tively, a variety of delays such as an RC delay and inverter
delay may be applied as the delay method of the first and
second delay circuits 611 and 612.

When the first and second differentiator circuits 612 and
622 are designed to have the same delay value as the delay
value T, which the first and second compensator circuits 610
and 620 need to have, the first and second delay circuits 611
and 621 may be omitted from the first and second compen-
sator circuits 610 and 620. For example, when the product
of'the capacitance C,, and the resistance value R, of the
first and second differentiator circuits 621 and 622 is equal
to the forward coupling strength T (R y7-*Cy7-=T), the first
and second delay circuits 611 and 612 may be omitted
because Equation 7 becomes zero.

FIG. 8 is a circuit diagram illustrating a first receiver
circuit in accordance with an embodiment, for example, the
first receiver circuit 321 of FIG. 6. The second receiver
circuit 322 of FIG. 6 may also have the same configuration
as FIG. 8.

Referring to FIG. 8, the first receiver circuit 321 may
include first and second receivers 810 and 820.

The first receiver 810 may receive the signal THRU1
transferred through the first transmission line 301 and drive
the signal RCV1 in response to the signal THRU1.

The second receiver 820 may receive the first compen-
sation signal XTC1 and drive the signal RCV1 in response
to the first compensation signal XTC1.

Finally, the signal THRU1 and the first compensation
signal XTC1 may be added up by the first and second
receivers 810 and 820, thereby generating the signal RCV1.
The first and second receivers 810 and 820 may have gains
which are differentially adjusted depending on the strength
of the crosstalk FEXT2.

FIG. 9 is a timing diagram illustrating an operation of an
integrated circuit in accordance with an embodiment, for
example, the operation of the integrated circuit 600 in FIG.
6.

For example, FIG. 9 shows that, when the voltage level of
the signal THRUT1 of the first transmission line 301 rises and
falls, the far-end crosstalk FEXT1 occurs to generate noise
in the signal THRU2 of the second transmission line 302.
The timing of the noise generated in the far-end crosstalk
FEXT1 and the signal THRU?2 may lag behind the timing of
the signal THRUI1, due to the difference in flight time
between the signal THRU1 and the far-end cross talk
FEXT1.

The second compensator circuit 620 may generate the
second compensation signal XTC2 by delaying and differ-
entiating the signal THRU1 of the first transmission line
301. Thus, the timing of the second compensation signal
XTC2 and the timing of the noise generated in the signal
THRU2 may be matched with each other through the delay
operation of the second compensator circuit 620.

Since the second receiver circuit 322 receives the signal
THRU2 and performs the process of adding up the signal
THRU?2 of the second transmission line 302 and the second
compensation signal XTC2, the far-end crosstalk FEXT1
may be removed from the received signal RCV2.

Comparing FIG. 9 and FIG. 5, the noise caused by the
far-end crosstalk FEXT1 in the signal THRU2 may be
reliably removed through the delay operation of the second
compensator circuit 620.

In accordance with embodiments of the present invention,
the integrated circuit may effectively remove crosstalk
between adjacent lines.
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Although various embodiments have been described and
illustrated, it will be apparent to those skilled in the art that
various changes and modifications may be made without
departing from the spirit and scope of the invention as
defined in the following claims.

What is claimed is:

1. An integrated circuit comprising:

a first transmission line;

a second transmission line;

a first compensator circuit suitable for generating a first
compensation signal by delaying and differentiating a
signal transferred through the second transmission line;

a second compensator circuit suitable for generating a
second compensation signal by delaying and differen-
tiating a signal transferred through the first transmis-
sion line;

a first receiver circuit suitable for receiving the signal
transferred through the first transmission line, and
compensating for the signal transferred through the first
transmission line using the first compensation signal;
and

a second receiver circuit suitable for receiving the signal
transferred through the second transmission line, and
compensating for the signal transferred through the
second transmission line using the second compensa-
tion signal,

wherein the first compensator circuit has a delay value
which corresponds to ([delay value of far-end crosstalk
from the second transmission line to the first transmis-
sion line]-[delay value of the first transmission line]),
and

the second compensator circuit has a delay value which
corresponds to ([delay value of far-end crosstalk from
the first transmission line to the second transmission
line]-[delay value of the second transmission line]).

2. The integrated circuit of claim 1, wherein the first
receiver circuit comprises:

a first receiver suitable for driving a first output line in
response to the signal transferred through the first
transmission line; and

a second receiver suitable for driving the first output line
in response to the first compensation signal, and

wherein the second receiver circuit comprises:

a third receiver suitable for driving a second output line in
response to the signal transferred through the second
transmission line; and

a fourth receiver suitable for driving the second output
line in response to the second compensation signal.

3. The integrated circuit of claim 1, wherein the first
compensator circuit comprises:

a first delay circuit suitable for delaying the signal trans-

ferred through the second transmission line; and

a first differentiator circuit suitable for generating the first
compensation signal by differentiating the signal
delayed by the first delay circuit, and

wherein the second compensator circuit comprises:

a second delay circuit suitable for delaying the signal
transferred through the first transmission line; and

a second differentiator circuit suitable for generating the
second compensation signal by differentiating the sig-
nal delayed by the second delay circuit.

4. The integrated circuit of claim 3, wherein the first delay
circuit has a delay value which corresponds to ([delay value
of far-end crosstalk from the second transmission line to the
first transmission line]-[delay value of the first transmission
line]-[delay value of the first differentiator circuit]), and
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the second delay circuit has a delay value which approxi-
mately corresponds to ([delay value of far-end crosstalk
from the first transmission line to the second transmis-
sion line]-[delay value of the second transmission
line]-[delay value of the second differentiator circuit]).

5. The integrated circuit of claim 1, wherein the first
compensator circuit comprises:

a first differentiator circuit suitable for differentiating the
signal transferred through the second transmission line;
and

a first delay circuit suitable for generating the first com-
pensation signal by delaying the signal differentiated by
the first differentiator circuit, and

wherein the second compensator circuit comprises:

a second differentiator circuit suitable for differentiating
the signal transferred through the first transmission
line; and

a second delay circuit suitable for generating the second
compensation signal by delaying the signal differenti-
ated by the second differentiator circuit.

6. The integrated circuit of claim 5, wherein the first delay
circuit has a delay value which corresponds to ([delay value
of far-end crosstalk from the second transmission line to the
first transmission line]-[delay value of the first transmission
line]-[delay value of the first differentiator circuit]), and

wherein the second delay circuit has a delay value which
approximately corresponds to ([delay value of far-end
crosstalk from the first transmission line to the second
transmission line]-[delay value of the second transmis-
sion line]-[delay value of the second differentiator
circuit]).

7. The integrated circuit of claim 1, wherein the first
compensator circuit comprises:

a first capacitor coupled between an input terminal and an

output terminal of the first compensator circuit; and

a first resistor coupled between a ground terminal and the
output terminal of the first compensator circuit, and

wherein the second compensator circuit comprises:
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a second capacitor coupled between an input terminal and
an output terminal of the second compensator circuit;
and

a second resistor coupled between a ground terminal and
the output terminal of the second compensator circuit.

8. The integrated circuit of claim 7, wherein a product of

a capacitance value of the first capacitor and a resistance
value of the first resistor corresponds to forward coupling
strength between the first and second transmission lines, and

a product of a capacitance value of the second capacitor
and a resistance value of the second resistor corre-
sponds to the forward coupling strength between the
first and second transmission lines.

9. A method for operating an integrated circuit, compris-

ing:

generating a first compensation signal by delaying and
differentiating a signal transferred through a second
transmission line;

generating a second compensation signal by delaying and
differentiating a signal transferred through a first trans-
mission line;

receiving the signal transferred through the first transmis-
sion line, and compensating for the signal transferred
through the first transmission line using the first com-
pensation signal; and

receiving the signal transferred through the second trans-
mission line, and compensating for the signal trans-
ferred through the second transmission line using the
second compensation signal,

wherein a delay value of the generating of the first
compensation signal corresponds to ([delay value of
far-end crosstalk from the second transmission line to
the first transmission line]-[delay value of the first
transmission line]), and

a delay value of the generating of the second compensa-
tion signal corresponds to ([delay value of far-end
crosstalk from the first transmission line to the second
transmission line]-[delay value of the second transmis-
sion line]).



