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Description

BACKGROUND OF THE INVENTION

1) Field of the Invention

[0001] The present invention relates to a data receiver
which includes equalizers, receives data signals, and
performs waveform shaping of the data signals with the
equalizers. In addition, the present invention also relates
to an equalizer adapter used in the data receiver for
adapting the equalizers.

2) Description of the Related Art

[0002] When loss in a transmission line is great in
transmission of data signals between LSIs, between el-
ements or circuit blocks in a chip, between circuit boards,
or between chassis, the data signals are deformed.
Therefore, in such cases, adaptive equalizers are used.
The adaptive equalizers detect deformation in data sig-
nals received by a receiver, and perform waveform shap-
ing of the data signals into appropriate waveforms.
[0003] FIG. 18 is a diagram illustrating an example of
a configuration of a data receiver. In FIG. 18, LSI (Large
Scale Integration) chips 141 and 142 are indicated. The
LSI chip 141 includes transmission circuits 141a to 141d,
and the LSI chip 142 includes a data receiver constituted
by reception circuits 142a to 142d and equalizer adapters
143a to 143d. The transmission circuits 141a to 141d
and the reception circuits 142a to 142d are point-to-point
connected through transmission lines, respectively. In
addition, in FIG. 18, the dotted frames indicate the bound-
aries of clock domains. That is, the circuits indicated in
each of the dotted frames operate in synchronization with
each other.
[0004] The reception circuits 142a to 142d respectively
receive data signals DT0 to DT3 through the transmission
lines, and respectively comprise equalizers (not shown).
The equalizer adapters 143a to 143d each receive from
the reception circuits 142a to 142d N-bit data, and control
the equalization coefficients EQ0 to EQ3 of the equaliz-
ers so as to correct deformation of the signals.
[0005] That is, the waveforms of the data signals DT0
to DT3 are shaped while controlling the equalization co-
efficients EQ0 to EQ3 of the equalizers in the reception
circuits 142a to 142d by using the equalizer adapters
143a to 143d, respectively. Thereby, for example, the
reception circuits 142a to 142d can correctly decide the
values represented by the data signals DT0 to DT3 to be
0 or 1.
[0006] Further, in a wireless communication system
(which is disclosed, for example, in Japanese Unexam-
ined Patent Publication No. 7-66739), equalizers for com-
pensating for intersymbol interference occurring in a dig-
ital communication system and deterioration caused by
noise are arranged in two stages preceding reception
circuits.

[0007] However, when equalizer adapters are respec-
tively arranged in correspondence with the reception cir-
cuits, the size of the circuitry and power consumption
increase.
[0008] A demodulator with a single tap weight control-
ler controlling the multipliers of a plurality of equalizers
receiving synchronized A/D outputs is shown in US
4975927 (Yoshida/NEC). Further background on parallel
equalizers can be read in US 5353312 (Cupo/AT&T) and
US 2004/037354 (Jayaraman/Qualcomm). US 6363129
(Broadcom) uses a deskew memory (36 in figure 2) to
align signal samples input to a decoder.

SUMMARY OF THE INVENTION

[0009] The present invention is made in view of the
above problems and concerns a data receiver including
a plurality of equalizers and having reduced circuit size
and reduced power consumption.
[0010] According to the present invention, a data re-
ceiver in which waveforms of data signals are shaped is
provided as specified in claim 1.
[0011] Other objects, features and advantages of the
present invention will become apparent from the follow-
ing description when taken in conjunction with the ac-
companying drawings which illustrate preferred embod-
iments of the present invention by way of example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

FIG. 1 is a diagram illustrating an outline of an ex-
emplary construction of a data receiver according to
the present invention.
FIG. 2 is a diagram illustrating an example of a sys-
tem in which a data receiver according to a first em-
bodiment of the present invention is used.
FIG. 3 is a diagram for explaining operations of wave-
form shaping realized by using an equalizer adapter.
FIG. 4 is a diagram illustrating a circuit configuration
of the data receiver according to the first embodi-
ment.
FIG. 5 is a diagram illustrating a circuit configuration
of a reception circuit in the data receiver of FIG. 4.
FIG. 6 is a diagram illustrating unit pulse responses
of an equalizer and a transmission line.
FIG. 7 is a diagram illustrating a circuit configuration
of an adaptive-equalization calculation circuit in the
data receiver according to the first embodiment.
FIG. 8 is a diagram illustrating a circuit configuration
of an adaptive-equalization control circuit in the data
receiver according to the first embodiment.
FIG. 9 is a diagram illustrating a circuit configuration
of one of FIFO circuits in the data receiver according
to the first embodiment.
FIG. 10 is a timing diagram of operations of the FIFO
circuit of FIG. 9.
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FIG. 11 is a diagram illustrating a circuit configuration
of a data receiver according to a second embodiment
of the present invention.
FIG. 12 is a diagram illustrating timings of a data-
valid signal and a data element transferred for cal-
culation of equalization coefficients in the data re-
ceiver of FIG. 11.
FIG. 13 is a circuit diagram of one of registers in the
data receiver according to the second embodiment.
FIG. 14 is a timing diagram of operations of the reg-
ister of FIG. 13.
FIG. 15 is a diagram of a circuit for generating a data-
valid signal and data for calculation of equalization
coefficients, in one of reception circuits in the data
receiver according to the second embodiment.
FIG. 16 is a timing diagram of operations of the re-
ception circuit of FIG. 15.
FIG. 17 is a diagram illustrating a circuit configuration
of a data receiver according to a third embodiment
of the present invention.
FIG. 18 is a diagram illustrating an example of a con-
figuration of a data receiver.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] Preferred embodiments of the present invention
will be explained below with reference to the accompa-
nying drawings, wherein like reference numbers refer to
like elements throughout.

Basic Construction of the Present Invention

[0014] FIG. 1 is a diagram illustrating an outline of an
exemplary construction of a data receiver according to
the present invention. The example illustrated in FIG. 1
includes an LSI chip 1 on which the data receiver accord-
ing to the present invention is formed, and an LSI chip 4
on which transmission circuits 5a to 5d are formed. The
data receiver in the LSI chip 1 comprises reception cir-
cuits 2a to 2d and an equalizer adapter 3. The reception
circuits 2a to 2d in the LSI chip 1 and the transmission
circuits 5a to 5d in the LSI chip 4 are point-to-point con-
nected through transmission lines, respectively.
[0015] The reception circuits 2a to 2d receive data sig-
nals from the transmission circuits 5a to 5d through the
transmission lines, respectively. Each of the reception
circuits 2a to 2d comprises an equalizer which performs
waveform shaping of the data signal which the reception
circuit receives.
[0016] An equalizer adapter (e.g., the equalizer adapt-
er 3 illustrated in FIG. 1) is provided for all or every pre-
determined number of ones of the reception circuits 2a
to 2d, where the predetermined number is two or greater.
Each equalizer adapter calculates equalization coeffi-
cients for waveform shaping by the equalizers in the cor-
responding ones of the reception circuits 2a to 2d, and
outputs the calculated equalization coefficients to the cor-
responding ones of the reception circuits 2a to 2d.

[0017] In the example illustrated in FIG. 1, the equalizer
adapter 3 is provided for all the reception circuits 2a to
2d. Alternatively, it is possible to provide an equalizer
adapter for every predetermined number of ones of the
reception circuits 2a to 2d, where the predetermined
number is two or greater. For example, an equalizer
adapter may be provided for the reception circuits 2a and
2b, and another equalizer adapter may be provided for
the reception circuits 2c and 2d.
[0018] Since an equalizer adapter is provided for all or
every predetermined number of ones of the reception
circuits 2a to 2d for calculating the equalization coeffi-
cients for the equalizers in the corresponding ones of the
reception circuits 2a to 2d, and the predetermined
number is two or greater, it is possible to reduce the size
of the circuitry and the power consumption.

First Embodiment

[0019] Hereinbelow, the first embodiment of the
present invention is explained in detail with reference to
FIGS. 2 to 10.
[0020] FIG. 2 is a diagram illustrating a communication
device as an example of a system in which a data receiver
according to a first embodiment of the present invention
is used. The communication device of FIG. 2 performs
predetermined operations including conversion from op-
tical signals into electric signals and conversion from
electric signals into optical signals.
[0021] As illustrated in FIG. 2, the communication de-
vice comprises a backboard 11 and circuit boards 12 to
14. The circuit boards 12 to 14 are mounted on the back-
board 11 so that circuit boards 12 to 14 can communicate
with each other through the backboard 11.
[0022] An LSI chip 12a on which a plurality of trans-
mission circuits are formed is mounted on the circuit
board 12, and an LSI chip 13a on which a plurality of
reception circuits and an equalizer adapter are formed
is mounted on the circuit board 13. The transmission cir-
cuits on the LSI chip 12a and the reception circuits on
the LSI chip 13a are point-to-point connected through
transmission lines arranged in the backboard 11.
[0023] The reception circuits on the LSI chip 13a re-
ceive data signals from the transmission circuits on the
LSI chip 12a. The equalizer adapter on the LSI chip 13a
receives from the reception circuits the data signals the
waveforms of which are to be shaped, and controls the
equalization coefficients of the equalizers.
[0024] As described above, the data receiver accord-
ing to the first embodiment is arranged in such a manner
that a single equalizer adapter can control the equalizers
in the reception circuits, and the reception circuits can
correctly decide the data represented by the data signals.
Although only one equalizer adapter is provided for all
the reception circuits in the above construction, alterna-
tively, it is possible to provide an equalizer adapter for
every predetermined number of ones of the reception
circuits, where the predetermined number is two or great-
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er.
[0025] Next, the operations of waveform shaping per-
formed by using the equalizer adapter are explained be-
low.
[0026] FIG. 3 is a diagram for explaining operations of
waveform shaping performed by using an equalizer
adapter. In FIG. 3, a transmission circuit 21, a transmis-
sion line 22, a reception circuit 23 (which comprises an
equalizer 23a and a data-decision circuit 23b), and an
equalizer adapter 24 are indicated. The transmission cir-
cuit 21 transmits data signals through the transmission
line 22, the reception circuit 23 receives the data signals,
and the equalizer adapter 24 controls the waveform
shaping in the reception circuit 23. The data-decision cir-
cuit 23b in the reception circuit 23 decides the values
represented by the received data signals to be 0 or 1 (or
-1 or 1) . When the system of FIG. 3 is compared with
the communication device of FIG. 2, the transmission
circuit 21 corresponds to one of the transmission circuits
on the LSI chip 12a, the reception circuit 23 corresponds
to one of the reception circuits on the LSI chip 13a, the
transmission line 22 corresponds to one of the transmis-
sion lines in the backboard 11, and the equalizer adapter
24 corresponds to the equalizer adapter on the LSI chip
13a.
[0027] In addition, in FIG. 3, the data signals outputted
through the transmission line 22 at the temperature of 20
°C exhibit the eye pattern W11, and the data signals out-
putted from the equalizer 23a in the reception circuit 23
at the temperature of 20°C exhibit the eye pattern W12.
The eye patterns W11 and W12 show that the amplitudes
of the data signals reduced after the transmission through
the transmission line 22 are recovered by the equalizer
23a and the equalizer adapter 24 at the temperature of
20°C.
[0028] Further, in FIG. 3, the data signals outputted
through the transmission line 22 at the temperature of 85
°C exhibit the eye pattern W13, and the data signals out-
putted from the equalizer 23a in the reception circuit 23
at the temperature of 85°C exhibit the eye pattern W14.
The eye patterns W13 and W14 show that the amplitudes
of the data signals reduced after the transmission through
the transmission line 22 are recovered by the equalizer
23a and the equalizer adapter 24 at the temperature of
85°C. Comparison of the eye patterns W11 and W13
shows that the amplitudes of the data signals are further
reduced by the transmission when the temperature is
higher. However, comparison of the eye patterns W12
and W14 shows that the amplitudes of the data signals
reduced by the transmission at the temperature of 85°C
can be recovered similarly to the recovery at the temper-
ature of 20°C.
[0029] As indicated above, even when the data signals
are deformed by the transmission through the transmis-
sion line 22, the waveforms of the data signals can be
shaped by the equalizer 23a and the equalizer adapter
24. Therefore, the data-decision circuit 23b in the recep-
tion circuit 23 can correctly decide the values represented

by the data signals.
[0030] Next, a circuit configuration of the data receiver
according to the first embodiment is explained below.
[0031] FIG. 4 is a diagram illustrating a circuit config-
uration of the data receiver according to the first embod-
iment. The data receiver of FIG. 4 comprises reception
circuits 32a to 32d, FIFO circuits 33a to 33d, and an
equalizer adapter 34. The FIFO circuits are first-in first-
out type memories. In addition, in FIG. 4, the dotted
frames 31a to 31d and 37 indicate the boundaries of clock
domains. That is, the circuits indicated in each of the
dotted frames 31a to 31d and 37 operate asynchronously
with the circuits in the other dotted frames. When the
data receiver of FIG. 4 is compared with the communi-
cation device of FIG. 2, the reception circuits 32a to 32d
correspond to the reception circuits on the LSI chip 13a,
and the equalizer adapter 34 corresponds to the equal-
izer adapter on the LSI chip 13a. In addition, in the case
where the data receiver of FIG. 4 is realized in the con-
struction of FIG. 2, the reception circuits 32a to 32d cor-
responding to the reception circuits on the LSI chip 13a
are point-to-point connected to the transmission circuits
on the LSI chip 12a through the transmission lines in the
backboard 11.
[0032] The reception circuits 32a to 32d receive data
signals DT0 to DT3 through transmission lines, respec-
tively. The equalizer adapter 34 comprises an adaptive-
equalization control circuit 35 and an adaptive-equaliza-
tion calculation circuit 36.
[0033] The reception circuits 32a to 32d comprise
equalizers (not shown), respectively. The equalizer
adapter 34 receives predetermined data from the recep-
tion circuits 32a to 32d, calculates the equalization coef-
ficients for the equalizers on the basis of the predeter-
mined data so that the equalizers can appropriately per-
form waveform shaping of the data signals DT0 to DT3.
Then, the equalizer adapter 34 supplies the calculated
equalization coefficients to the corresponding reception
circuits 32a to 32d.
[0034] Since the single equalizer adapter 34 is provid-
ed for the reception circuits 32a to 32d, and the reception
circuits 32a to 32d independently receive and process
the data signals DT0 to DT3, the operation timings of the
reception circuits 32a to 32d are different. Although the
frequencies of the operation clock signals of the reception
circuits 32a to 32d are identical, the phases of the oper-
ation clock signals are different. Therefore, in order to
enable transfer of data between the single equalizer
adapter 34 and all the reception circuits 32a to 32d, it is
necessary to synchronize the data with the operation tim-
ings of the equalizer adapter 34. Thus, according to the
first embodiment, the FIFO circuits 33a to 33d are pro-
vided for the reception circuits 32a to 32d, respectively.
When the reception circuits 32a to 32d write data in the
FIFO circuits 33a to 33d, and the equalizer adapter 34
reads the data from the FIFO circuits 33a to 33d, the data
can be transferred from the reception circuits 32a to 32d
to the equalizer adapter 34.
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[0035] The reception circuits 32a to 32d output clock
signals ARX CLK0 to ARX-CLK3 to the FIFO circuits 33a
to 33d. Since the reception circuits 32a to 32d operate
independently, the phases of the clock signals
ARX_CLK0 to ARX_CLK3 are different although the fre-
quencies of the clock signals ARX_CLK0 to ARX_CLK3
are identical. In addition, the reception circuits 32a to 32d
output to the FIFO circuits 33a to 33d data elements of
M-bit data sequences ARX_DT0 to ARX_DT3 needed
for calculation of equalization coefficients for the equal-
izers, in synchronization with the clock signals
ARX_CLK0 to ARX CLK3, respectively. Further, the re-
ception circuits 32a to 32d receive equalization coeffi-
cient sets EQ0 to EQ3 from the adaptive-equalization
calculation circuit 36. The equalizers in the reception cir-
cuits 32a to 32d perform waveform shaping of the data
signals DT0 to DT3 on the basis of the equalization co-
efficient sets EQ0 to EQ3, respectively, so that the data
represented by the data signals DT0 to DT3 can be cor-
rectly decided.
[0036] A clock signal ADP_CLKA, which is generated
by the equalizer adapter 34, is supplied to the FIFO cir-
cuits 33a to 33d. The FIFO circuits 33a to 33d respec-
tively output in succession the data elements of the M-
bit data sequences ARX DT0 to ARX_DT3 which have
been written by the reception circuits 32a to 32d and
stored in the FIFO circuits 33a to 33d, as data elements
of M-bit data sequences ADP_DT0 to ADP DT3 (for cal-
culation of the equalization coefficients) to the adaptive-
equalization calculation circuit 36 in synchronization with
the clock signal ADP_CLKA. In addition, start signals
FIFO_START0 to FIFO_START3 are inputted into the
FIFO circuits 33a to 33d, respectively. When the start
signals FIFO_STARTO to FIFO_START3 are inputted
into the FIFO circuits 33a to 33d, the FIFO circuits 33a
to 33d start their operation. Further, threshold signals
READ_TH0 to READ_TH3, which respectively indicate
threshold numbers of data elements of the data sequenc-
es ARX_DT0 to ARX_DT3, are inputted into the FIFO
circuits 33a to 33d, respectively. In each of the FIFO cir-
cuits 33a to 33d, when the number of data elements of
one of the data sequences ARX_DT0 to ARX_DT3 which
have been written in the FIFO circuit reaches the thresh-
old number of data elements of the one of the data se-
quences ARX_DT0 to ARX DT3 which is indicated by
one of the threshold signals READ_TH0 to READ_TH3
corresponding to the FIFO circuit, the FIFO circuit outputs
to the adaptive-equalization control circuit 35 one of
ready signals FIFO READY0 to FIFO_READY3 corre-
sponding to the FIFO circuit. Each of the ready signals
FIFO_READY0 to FIFO_READY3 indicates that an op-
eration of reading out data from one of the FIFO circuits
33a to 33d corresponding to the ready signal is possible.
Furthermore, enable signals FIFO_READ_EN0 to
FIFO_READ_EN3 are inputted into the FIFO circuits 33a
to 33d, respectively. In each of the FIFO circuits 33a to
33d, when one of the enable signals FIFO_READ_EN0
to FIFO_READ_EN3 corresponding to the FIFO circuit

is inputted into the FIFO circuit, the FIFO circuit outputs,
to the adaptive-equalization calculation circuit 36, data
elements of one of the data sequences ARX_DT0 to
ARX_DT3 (as data elements of one of the data sequenc-
es ADP_DT0 to ADP_DT3 for calculation of the equali-
zation coefficients) which have been written in the FIFO
circuit, in the order in which the data elements have been
written in the FIFO circuit. The threshold signals
READ_TH0 to READ_TH3 are outputted from, for exam-
ple, a control device such as a central processing unit
(CPU).
[0037] A start signal START and enable signals
ADP_RX_EN0 to ADP_RX_EN3 are inputted into the
adaptive-equalization control circuit 35 in the equalizer
adapter 34. When the start signal START is inputted into
the adaptive-equalization control circuit 35, the adaptive-
equalization control circuit 35 outputs one or more of the
start signals FIFO_START0 to FIFO_START3 to one or
more of the FIFO circuits 33a to 33d which should be
activated, according to the enable signals ADP_RX_EN0
to ADP_RX_EN3, respectively. Since it is unnecessary
to activate one or more of the FIFO circuits 33a to 33d
in some applications, the FIFO circuits 33a to 33d can
be selectively activated in accordance with the
FIFO_START0 to FIFO_START3. In addition, the ready
signals FIFO_READY0 to FIFO_READY3 are inputted
from the FIFO circuits 33a to 33d into the adaptive-equal-
ization control circuit 35. When the adaptive-equalization
control circuit 35 receives each of the ready signals
FIFO_READYO to FIFO_READY3 from the FIFO circuits
33a to 33d, the adaptive-equalization control circuit 35
outputs one of the enable signals FIFO_READ_EN0 to
FIFO_READ_EN3 corresponding to the received ready
signal, to one of the FIFO circuits 33a to 33d which out-
puts the received ready signal. Further, when the start
signal START is inputted into the adaptive-equalization
control circuit 35, the adaptive-equalization control circuit
35 outputs an enable signal ADP_EN to the adaptive-
equalization calculation circuit 36 for activating the adap-
tive-equalization calculation circuit 36. The start signal
START and the enable signals ADP_RX_EN0 to
ADP_RX_EN3 are outputted from, for example, a control
device such as a central processing unit (CPU).
[0038] The adaptive-equalization calculation circuit 36
is activated when the adaptive-equalization calculation
circuit 36 receives the enable signal ADP_EN from the
adaptive-equalization control circuit 35. In addition, a
clock signal ADP_CLKB is supplied to the adaptive-
equalization calculation circuit 36, which operates in syn-
chronization with the clock signal ADP_CLKB. The fre-
quency of the clock signal ADP_CLKB is an integer mul-
tiple of the frequency of the clock signals ARX_CLK0 to
ARX CLK3, where the integer is equal to the number of
the reception circuits. Since the number of the reception
circuits 32a to 32d is four in the example of FIG. 4, the
frequency of the clock signal ADP_CLKB is four times
the frequency of the clock signals ARX_CLK0 to
ARX_CLK3.
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[0039] The adaptive-equalization calculation circuit 36
reads out and receives data elements of the data se-
quences ADP_DT0 to ADP_DT3 from the FIFO circuits
33a to 33d, and calculates the equalization coefficient
sets EQ0 to EQ3 on the basis of the data elements of
the data sequences ADP_DT0 to ADP_DT3 so that the
equalizers in the reception circuits 32a to 32d can perform
waveform shaping of the data signals DT0 to DT3. The
adaptive-equalization calculation circuit 36 supplies the
calculated equalization coefficient sets EQ0 to EQ3 to
the reception circuits 32a to 32d.
[0040] Hereinbelow, an example of the reception cir-
cuit 32a in the data receiver of FIG. 4 is explained in detail.
[0041] FIG. 5 is a diagram illustrating a circuit config-
uration of the reception circuit 32a. As illustrated in FIG.
5, the reception circuit 32a comprises an equalizer 41,
an analog-to-digital converter (ADC) 42, a data-decision
circuit 43, and a demultiplexer 44. The equalizer 41 com-
prises a buffer 41a, a first differentiator 41b, a second
differentiator 41c, variable-gain amplifiers 41d to 41f, and
an adder 41g.
[0042] The first differentiator 41b enhances variations
in signals by differentiating the signals once, and the sec-
ond differentiator 41c further enhances the variations in
the signals by differentiating the signals twice.
[0043] The data signal DT0 is inputted from a trans-
mission line into the buffer 41a, the first differentiator 41b,
and the second differentiator 41c, so that variations in
the data signal DT0 are enhanced by the first differenti-
ator 41b and the second differentiator 41c. Then, the out-
puts of the buffer 41a, the first differentiator 41b, and the
second differentiator 41c are inputted into the variable-
gain amplifiers 41d to 41f, respectively. In addition, the
equalization coefficients A0 to A2 constituting the equal-
ization coefficient set EQ0, which are outputted from the
adaptive-equalization calculation circuit 36 illustrated in
FIG. 4, are supplied to the variable-gain amplifiers 41d
to 41f, respectively.
[0044] The variable-gain amplifiers 41d to 41f control
the degrees of enhancement of the variations in the data
signals outputted from the buffer 41a, the first differenti-
ator 41b, and the second differentiator 41c by controlling
the variable gains of the variable-gain amplifiers 41d to
41f according to the equalization coefficients A0 to A2,
and the outputs of the variable-gain amplifiers 41d to 41f
are supplied to the adder 41g. The adder 41g adds the
outputs of the variable-gain amplifiers 41d to 41f, so that
the amplitude of the data signal DT0 is recovered. Thus,
the equalizer 41 can perform waveform shaping of the
data signal DT0 according to the equalization coefficients
A0 to A2.
[0045] The ADC 42 performs analog-to-digital conver-
sion of the waveform-shaped data signal outputted from
the equalizer 41. The data-decision circuit 43 decides
the values represented by the waveform-shaped data
signal to be 1 or -1 (or 1 or 0). The demultiplexer 44
demultiplexes (i.e., performs serial-to-parallel conver-
sion of) the signal outputted from the data-decision circuit

43. The data y0 outputted from the ADC 42 and the par-
allel data Demux_Data0 outputted from the demultiplex-
er 44 constitute the aforementioned data sequence
ARX_DT0 for calculation of the equalization coefficients.
[0046] Further, each of the reception circuits 32b to
32d has a similar construction and functions to those of
the reception circuit 32a.
[0047] Next, the unit pulse response of the equalizer
41 is explained below.
[0048] FIG. 6 is a diagram illustrating unit pulse re-
sponses of equalizer 41 and the transmission line. In FIG.
6, the waveform W21 indicates the unit pulse response
of the equalizer 41, and the waveform W22 indicates the
unit pulse response of the transmission line.
[0049] The waveform W22 in FIG. 6 shows that the
unit pulse response of the transmission line does not rap-
idly rise. Therefore, the amount of intersymbol-interfer-
ence (ISI) components is large. On the other hand, the
waveform W21 in FIG. 6 shows that the unit pulse re-
sponse of the equalizer 41 rapidly rises. Therefore, the
amount of intersymbol-interference (ISI) components is
small. That is, the waveform of the data signal is shaped
by the equalizer 41.
[0050] Hereinbelow, an example of the adaptive-
equalization calculation circuit 36 in the data receiver of
FIG. 4 is explained in detail.
[0051] FIG. 7 is a diagram illustrating a circuit config-
uration of the adaptive-equalization calculation circuit 36
in the data receiver of FIG. 4. The adaptive-equalization
calculation circuit 36 illustrated in FIG. 7 comprises a
counter 51, selectors 52 to 54, an amplifier 55, a sub-
tractor 56, a convolution calculator 57, multipliers 58 to
60, variable-gain amplifiers 61 to 63, an ssp (step-size
parameter) controller 64, and integrators 65 to 67. In ad-
dition, a matrix unit 68 is connected to the convolution
calculator 57. The selector 54, the amplifier 55, the sub-
tractor 56, the convolution calculator 57, the multipliers
58 to 60, the variable-gain amplifiers 61 to 63, the inte-
grators 65 to 67, and the matrix unit 68 respectively have
similar constructions to the corresponding elements in
the conventional equalizer adapters.
[0052] An enable signal ADP_EN outputted from the
adaptive-equalization control circuit 35 illustrated in FIG.
4 is inputted into the counter 51. When the enable signal
ADP_EN is inputted into the counter 51, the counter 51
starts counting in synchronization with the clock signal
ADP_CLKB, and outputs the counted value to the selec-
tors 52 and 53.
[0053] The aforementioned data y0 outputted from the
reception circuit 32a illustrated in FIG. 5 is inputted into
the selector 52. In addition, data y1 to y3 are inputted
into the selector 52, where the data y1 to y3 are respec-
tively outputted from the reception circuits 32b to 32d in
a similar manner to the manner in which the data y0 is
outputted from the reception circuit 32a. The selector 52
selects one of the data y0 to y3 according to the counted
value outputted from the counter 51, and the output of
the selector 52 is supplied to the subtractor 56.

9 10 



EP 1 703 687 B1

7

5

10

15

20

25

30

35

40

45

50

55

[0054] Further, the aforementioned data
Demux_Data0 outputted from the reception circuit 32a
illustrated in FIG. 5 is inputted into the selector 53. In
addition, data Demux_Data1 to Demux_Data3 are input-
ted into the selector 53, where the data Demux_Data1
to Demux_Data3 are respectively outputted from the re-
ception circuits 32b to 32d in a similar manner to the
manner in which the data Demux_Data0 is outputted
from the reception circuit 32a. The selector 53 selects
one of the data Demux Data0 to Demux_Data3 according
to the counted value outputted from the counter 51. As
mentioned before, the data y0 and the data Demux Data0
constitute the aforementioned data sequence ADP_ DT0
(for calculation of the equalization coefficients). Similarly,
the data y1 and the data Demux_Data1 constitute the
aforementioned data sequence ADP_DT1, the data y2
and the data Demux_Data2 constitute the aforemen-
tioned data sequence ADP_DT2, and the data y3 and
the data Demux Data3 constitute the aforementioned da-
ta sequence ADP_DT3.
[0055] As described above, the data y0 to y3 are in-
putted into the selector 52, the data Demux_Data0 to
Demux_Data3 are inputted into the selector 53, and the
data y0 to y3 and Demux_Data0 to Demux_Data3 are
outputted from the reception circuits 32a to 32d. There-
fore, the counter 51 is required to increase the count so
that the data y0 to y3 are selected by and outputted from
the selector 52 in turn, and the data Demux_Data0 to
Demux_Data3 are selected by and outputted from the
selector 53 in turn. In the example of FIG. 7, the counter
51 is 2-bit counter, and repeatedly outputs to the selec-
tors 52 and 53 the values of 0 to 3 in turn. As mentioned
before, the frequency of the clock signal ADP_CLKB is
four times the frequency of the clock signals ARX_CLK0
to ARX_CLK3. Therefore, during each cycle of the clock
signals ARX_CLK0 to ARX_CLK3, the counter 52 selects
and outputs the data y0 to y3 in turn, and the selector 53
selects and outputs the data Demux_Data0 to
Demux_Data3 in turn.
[0056] The selector 54 selects one bit of the one of the
data Demux_Data0 to Demux_Data3 outputted from the
selector 53, and outputs data representing the selected
bit to the amplifier 55. The amplifier 55 amplifies the data
outputted from the selector 54 by a predetermined factor,
and outputs the amplified data d to the subtractor 56.
[0057] The data y0 to y3 indicate the amplitudes of the
data signals inputted into the data-decision circuits in the
reception circuits 32a to 32d, respectively, and the data
d outputted from the amplifier 55 indicates an expected
value of the data signal inputted into the data-decision
circuit in one of the reception circuits 32a to 32d corre-
sponding to the one of the data Demux_Data0 to
Demux_Data3 outputted from the selector 53. Therefore,
the subtractor 56 obtains a difference between the am-
plitude of the data signal inputted into the data-decision
circuit in each of the reception circuits 32a to 32d and an
expected value of the amplitude of the data signal input-
ted into the data-decision circuit, and outputs the differ-

ence as an amplitude error e to the multipliers 58 to 60.
[0058] The matrix unit 68 stores data of unit pulse ma-
trixes in which characteristics of the transmission lines
and characteristics of the buffer 41a, the first differenti-
ator 41b, and the second differentiator 41c (constituting
the equalizer) in each of the reception circuits 32a to 32d
are reflected. Although the matrix unit 68 is arranged out-
side the adaptive-equalization calculation circuit 36 in
FIG. 7, alternatively, the matrix unit 68 may be arranged
in the adaptive-equalization calculation circuit 36.
[0059] The convolution calculator 57 calculates con-
volution of the data Demux_Data0 to Demux_Data3 out-
putted from the selector 53 and the unit pulse matrixes
stored in the matrix unit 68, and outputs input amplitudes
F0 to F2, which are expected values of the amplitudes
of the signals inputted into the variable-gain amplifiers
41d to 41f in each of the reception circuits 32a to 32d.
[0060] The multipliers 58 to 60 calculate values of cor-
relation between the input amplitudes F0 to F2 outputted
from the convolution calculator 57 and the amplitude er-
ror e outputted from the subtractor 56. The gains of the
variable-gain amplifiers 41d to 41f in the equalizers in
the reception circuits 32a to 32d are determined on the
basis of the values of correlation calculated by the mul-
tipliers 58 to 60. Since the input amplitudes F0 to F2 are
expected values of the amplitudes of the signals inputted
into the variable-gain amplifiers 41d to 41f, alternatively,
it is possible to convert the amplitudes of the signals in-
putted into variable-gain amplifiers 41d to 41f into digital
form, and directly input digitized amplitudes into the mul-
tipliers 58 to 60.
[0061] The variable-gain amplifiers 61 to 63 amplify
the above values of correlation outputted from the mul-
tipliers 58 to 60, with variable gains, and output the am-
plified values to the integrators 65 to 67. The gains of the
variable-gain amplifiers 61 to 63 (i.e., ssp’s) are control-
led by the ssp controller 64. The variable gains of the
variable-gain amplifiers 61 to 63 determine the conver-
gence time constant of the adaptive equalization loop,
which is a step-size parameter (ssp). The integrators 65
to 67 accumulate the signals outputted from the variable-
gain amplifiers 61 to 63, and output the equalization co-
efficients A0 to A2.
[0062] The influence of local errors produced by noise
occurring in the reception circuits 32a to 32d or other can
be reduced when the signals outputted from the variable-
gain amplifiers 61 to 63 are averaged under the control
of the ssp controller 64. Since the number of the reception
circuits 32a to 32d is four in this example, for example,
the ssp controller 64 can reduce each of the gains of the
variable-gain amplifiers 61 to 63 to one-fourth, and the
integrators 65 to 67 can accumulate four successive val-
ues of each of the signals outputted from the variable-
gain amplifiers 61 to 63. Thus, it is possible to average
the equalization coefficients to be supplied to each of the
reception circuits 32a to 32d.
[0063] Alternatively, it is possible to supply the equal-
ization coefficients to the reception circuits 32a to 32d

11 12 



EP 1 703 687 B1

8

5

10

15

20

25

30

35

40

45

50

55

without averaging the equalization coefficients. In this
case, the ssp controller 64 is not required to reduce the
gains of the variable-gain amplifiers 61 to 63 to one-
fourth, and the integrators 65 to 67 are required to accu-
mulate successive values of the signals, and are required
to output the equalization coefficients A0 to A2. In this
case, the convergence rates of the equalization coeffi-
cients are four times greater than the convergence rates
in the case where the equalization coefficients are aver-
aged.
[0064] Hereinbelow, an example of the adaptive-
equalization control circuit 35 is explained in detail.
[0065] FIG. 8 is a diagram illustrating a circuit config-
uration of the adaptive-equalization control circuit 35. The
adaptive-equalization control circuit 35 of FIG. 8 com-
prises AND circuits 71 to 74 and 79 to 83 and NAND
circuits 75 to 78, where one of two input terminals of each
of the NAND circuits 75 to 78 is an inverted input terminal.
[0066] The aforementioned start signal START is in-
putted into the first input terminals of the AND circuits 71
to 74, and the aforementioned enable signals
ADP_RX_EN0 to ADP_RX_EN3 are inputted into the
second input terminals of the AND circuits 71 to 74, re-
spectively. When the start signal START is at the high
level, the AND circuits 71 to 74 output to the FIFO circuits
33a to 33d the aforementioned start signals
FIFO_START0 to FIFO_START3 according to the ena-
ble signals ADP_RX_EN0 to ADP_RX_EN3, respective-
ly. Thus, one or more of the FIFO circuits 33a to 33d
which are to be activated are selected.
[0067] The aforementioned enable signals
ADP_RX_EN0 to ADP_RX_EN3 are respectively input-
ted into the non-inverted input terminals of the NAND
circuits 75 to 78, and the aforementioned ready signals
FIFO_READYO to FIFO_READY3, which are outputted
from the FIFO circuits 33a to 33d, are respectively input-
ted into the inverted input terminals of the NAND circuits
75 to 78. The outputs of the NAND circuits 75 to 78 are
inputted into the AND circuit 79. When the enable signals
ADP_RX_EN0 to ADP_RX_EN3 and the ready signals
FIFO_READY0 to FIFO_READY3 are at the high level,
the AND circuit 79 outputs the aforementioned enable
signal ADP_EN, which is at the high level. Thus, the
adaptive-equalization calculation circuit 36 is activated.
[0068] The above enable signal ADP_EN is inputted
into the first input terminals of the AND circuits 80 to 83,
and the ready signals FIFO_READYO to FIFO_READY3
are inputted into the second input terminals of the AND
circuits 80 to 83, respectively. When the enable signal
ADP_EN and the ready signals FIFO_READYO to
FIFO_READY3 are at the high level, the AND circuits 80
to 83 output to the FIFO circuits 33a to 33d the enable
signals FIFO_READ_EN0 to FIFO_READ_EN3, which
are at the high level. Then, the FIFO circuits 33a to 33d
output to the adaptive-equalization calculation circuit 36
data elements of the data sequences ADP_DT0 to
ADP_DT3 (for calculation of the equalization coeffi-
cients) which have been stored in the FIFO circuits 33a

to 33d.
[0069] Hereinbelow, examples of the FIFO circuits 33a
to 33d are explained in detail.
[0070] FIG. 9 is a diagram illustrating a circuit config-
uration of the FIFO circuit 33a in the data receiver of FIG.
4. The FIFO circuit 33a of FIG. 9 comprises a register
91, flip-flop circuits (FFs) 92, 95, and 97, a write counter
(WRT CNTR) 93, a comparator (CMP) 94, an AND circuit
96, and a read counter (READ CNTR) 98.
[0071] Although not shown in FIG. 9, the aforemen-
tioned clock signal ARX_CLK0 is supplied to the flip-flop
circuit 92. Therefore, the flip-flop circuit 92 outputs the
aforementioned start signal FIFO_START0 to the write
counter 93 in synchronization with the clock signal
ARX_CLK0.
[0072] Although not shown in FIG. 9, the clock signal
ARX_CLK0 is also supplied to the write counter 93, and
the start signal FIFO_START0 is inputted from the flip-
flop circuit 92 into the write counter 93. When the start
signal FIFO_STARTO is inputted into the write counter
93, the write counter 93 starts counting on the basis of
the clock signal ARX_CLK0, and generates values of a
write address WRT AD, which are outputted to the reg-
ister 91 and the comparator 94.
[0073] Data elements of the aforementioned data se-
quence ARX_DT0 (for calculation of the equalization co-
efficients) which are outputted from the reception circuit
32a are inputted into the register 91. The register 91
stores the respective data elements of the data sequence
ARX_DT0 on the basis of the write address WRT AD.
[0074] The aforementioned threshold signal
READ_TH0 and the values of the write address WRT AD
(which are outputted from the write counter 93) are in-
putted into the comparator 94. The comparator 94 com-
pares the value indicated by the threshold signal
READ_TH0 and each value of the write address
WRT_AD, and outputs a predetermined signal to the flip-
flop circuit 97 when the increase in the value of the write
address WRT_AD is equal to or greater the value indi-
cated by the threshold signal READ_TH0.
[0075] Although not shown in FIG. 9, the clock signal
ARX CLK0 is further applied to the flip-flop circuit 95. The
flip-flop circuit 95 outputs to the AND circuit 96 the signal
outputted from the flip-flop circuit 92, in synchronization
with the clock signal ARX_CLK0. The AND circuit 96 re-
ceives the signal outputted from the flip-flop circuit 92,
as well as the signal outputted from the flip-flop circuit 95.
[0076] The signal outputted from the comparator 94
and the signal outputted from the AND circuit 96 are in-
putted into the flip-flop circuit 97. In addition, although
not shown in FIG. 9, the aforementioned clock signal
ADP_CLKA, which is generated in the equalizer adapter
34, is supplied to the flip-flop circuit 97. The flip-flop circuit
97 outputs the signal outputted from the comparator 94,
as the aforementioned ready signal FIFO_READYO in
synchronization with the clock signal ADP CLKA. That
is, when the number of data elements of the data se-
quence ARX_DT0 (for calculation of the equalization co-
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efficients) which are stored in the register 91 becomes
equal to or greater than the number indicated by the
threshold signal READ_TH0, the flip-flop circuit 97 out-
puts the ready signal FIFO_READY0 to the adaptive-
equalization control circuit 35 in synchronization with the
clock signal ADP_CLKA. When the level of the start sig-
nal FIFO_START0 inputted into the flip-flop circuit 92 be-
comes low, the flip-flop circuit 97 resets the ready signal
FIFO_READY0, which is outputted from the flip-flop cir-
cuit 97.
[0077] Although not shown in FIG. 9, the clock signal
ADP_CLKA is also supplied to the read counter 98. In
addition, the enable signal FIFO_READ_EN0 outputted
from the adaptive-equalization control circuit 35 is input-
ted into the read counter 98. When the enable signal
FIFO_READ_EN0 is inputted into the read counter 98,
the read counter 98 starts counting on the basis of the
clock signal ADP_CLKA, and generates values of a read
address READ_AD, which are outputted to the register
91. The register 91 outputs data elements of the data
sequence ARX_DT0 which have been stored in the reg-
ister 91, as data elements of the data sequence
ADP_DT0 for calculation of the equalization coefficients,
on the basis of the values of the read address READ_AD.
[0078] As explained above, the flip-flop circuits 92 and
95 and the write counter 93 operate in synchronization
with the clock signal ARX_CLK0, which is outputted from
the reception circuit 32a. In addition, the flip-flop circuit
97 and the read counter 98 operate in synchronization
with the clock signal ADP_CLKA. Therefore, the recep-
tion circuit 32a can write data elements of the data se-
quence ARX_DT0 for calculation of the equalization co-
efficients, in synchronization with the clock signal
ARX_CLK0, and the equalizer adapter 34 can read out
data elements of the data sequence ADP_DT0 for cal-
culation of the equalization coefficients, in synchroniza-
tion with the clock signal ADP_CLKA, which is generated
by the equalizer adapter 34.
[0079] Similarly, the reception circuits 32b to 32d,
which have similar circuit configurations to the reception
circuit 32a, can write data elements of the data sequenc-
es ARX_DT1 to ARX_DT3 (for calculation of the equal-
ization coefficients), in synchronization with the clock sig-
nals ARX_CLK1 to ARX_CLK3, respectively, and the
equalizer adapter 34 can read out data elements of the
data sequences ADP_DT1 to ADP DT3 (for calculation
of the equalization coefficients), in synchronization with
the clock signal ADP_CLKA, which is generated by the
equalizer adapter 34.
[0080] Since the differences in the clock timing can be
absorbed by use of the FIFO circuits 33a to 33d as ex-
plained above, it is possible to calculate the equalization
coefficient sets EQ0 to EQ3 by using the equalizer adapt-
er 34, the number of which is smaller than the number
of the reception circuits 32a to 32d.
[0081] Next, operations of the FIFO circuit 33a are ex-
plained below with reference to FIG. 10, which is a timing
diagram of the operations of the FIFO circuit 33a of FIG.

9. In FIG. 10, examples of timings of the clock signal
ARX_CLK0 and data elements of the data sequence
ARX_DT0 (which are outputted from the reception circuit
32a), the start signal FIFO_START0 (outputted from the
adaptive-equalization control circuit 35), the clock signal
ADP_CLKA and the enable signal FIFO_READ_EN0
(which are generated in the equalizer adapter 34), and
the values of the write address WRT AD, the values of
the read address READ_AD, the ready signal
FIFO_READY0, and data elements of the data sequence
ADP_DT0 (which are generated in the FIFO circuit 33a)
are indicated. In the example of FIG. 9, it is assumed that
a threshold signal READ_TH0 indicating the threshold
value of two is inputted into the FIFO circuit 33a.
[0082] The reception circuit 32a outputs data elements
of the data sequence ARX_DT0 (for calculation of the
equalization coefficients) in synchronization with the
clock signal ARX_CLK0 as indicated in FIG. 10.
[0083] When the start signal FIFO_START0 is output-
ted from the adaptive-equalization control circuit 35 as
indicated in FIG. 10, the write counter 93 in the FIFO
circuit 33a outputs values of the write address WRT AD
in synchronization with the clock signal ARX_CLK0.
[0084] Since the threshold signal READ_TH0 indi-
cates the threshold value of two, when two data elements
of the data sequence ADP_DT0 (for calculation of the
equalization coefficients) are newly stored in the register
91 (i.e., when the value of the write address WRT_AD
increases by two), the FIFO circuit 33a outputs the ready
signal FIFO_READY0 in synchronization with the clock
signal ADP CLKA.
[0085] When the adaptive-equalization control circuit
35 receives the ready signal FIFO READY0 from the
FIFO circuit 33a, the adaptive-equalization control circuit
35 outputs the enable signal FIFO_READ_EN0 as indi-
cated in FIG. 10. When the FIFO circuit 33a receives the
enable signal FIFO_READ_ENO from the adaptive-
equalization control circuit 35, the FIFO circuit 33a gen-
erates the read address READ AD as indicated in FIG.
10, and outputs data elements of the data sequence
ADP_DT0 (for calculation of the equalization coeffi-
cients).
[0086] Thus, data elements of the data sequence
ARX_DT0 are written in the FIFO circuit 33a, and are
thereafter read out as data elements of the data se-
quence ADP_DT0 for calculation of the equalization co-
efficients.
[0087] Hereinbelow, the operations of the data receiv-
er of FIG. 4 are explained.
[0088] First, the adaptive-equalization control circuit
35 instructs the FIFO circuits 33a to 33d and the adaptive-
equalization calculation circuit 36 to operate. The FIFO
circuits 33a to 33d are provided for absorbing the differ-
ences between the timings of the reception circuits 32a
to 32d, and the adaptive-equalization control circuit 35
or adaptive-equalization calculation circuit 36. Data ele-
ments of the data sequence ARX_DT0 to ARX DT3 for
calculation of the equalization coefficients (which realize
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adaptive equalization in the reception circuits 32a to 32d)
are once written in the FIFO circuits 33a to 33d, and there-
after respective data elements of each of the data se-
quences ARX_DT0 to ARX_DT3 (as data elements of
the data sequences ADP_DT0 to ADP_DT3) are read
out in succession by the adaptive-equalization calcula-
tion circuit 36. The adaptive-equalization calculation cir-
cuit 36 calculates the equalization coefficient sets EQ0
to EQ3 for the equalizers in the reception circuits 32a to
32d by using the data elements of the data sequences
ADP_DT0 to ADP_DT3.
[0089] Incidentally, in the case where the adaptive-
equalization calculation circuit 36 performs calculation
for the adaptive equalization without averaging data in
each of the data sequences ADP_DT0 to ADP_DT3, the
amount of data processed by the adaptive-equalization
calculation circuit 36 is four times larger than the amount
of data processed by each of the equalizer adapters 143a
to 143d in the configuration of FIG. 18.
[0090] On the other hand, in the case where data in
each of the data sequences ADP_DT0 to ADP_DT3 are
averaged, it is possible to reduce the influence of local
errors produced by noise occurring in the reception cir-
cuits 32a to 32d or other causes, and increase the con-
vergence precision of the adaptive equalization loop. For
example, the processing for averaging data in each of
the data sequences ADP_DT0 to ADP_DT3 can be re-
alized by reducing the time constant of the adaptive
equalization loop to one-fourth. That is, when the values
of the ssp’s in the adaptive-equalization calculation circuit
36 of FIG. 7 are reduced to one-fourth, the convergence
precision of the adaptive equalization loop can be in-
creased without making the convergence rate smaller
than the convergence rates of the conventional equalizer
adapters.
[0091] Further, it is possible to perform the calculation
of the equalization coefficients so as to increase the con-
vergence rate immediately after the calculation for adap-
tive equalization is started, and increase the conver-
gence precision after a tendency toward convergence of
the equalization coefficients of the equalizers in the re-
ception circuits 32a to 32d appears. The calculation in
this manner can be realized by an operation of the ssp
controller 64 illustrated in FIG. 7. The ssp controller 64
can monitor the outputs of the integrators 65 to 67, and
control the ssp’s according to the outputs of the integra-
tors 65 to 67.
[0092] As explained above, since, according to the first
embodiment, the single equalizer adapter 34 is provided
for calculating the equalization coefficients for the equal-
izers in all the reception circuits 32a to 32d, it is possible
to reduce the size of the circuitry and the power con-
sumption.
[0093] In addition, in the case where the equalization
coefficients are not averaged, the convergence rate of
the equalization coefficients is n times increased, and
the convergence time is n times reduced. However, the
convergence precision of the equalization coefficients

can be increased by averaging the equalization coeffi-
cients.
[0094] Alternatively, it is possible to provide an equal-
izer adapter for every predetermined number of ones of
the reception circuits 32a to 32d, where the predeter-
mined number is two or greater. For example, an equal-
izer adapter may be provided for the reception circuits
32a and 32b, and another equalizer adapter may be pro-
vided for the reception circuits 32c and 32d. Even in this
case, it is possible to make the circuit size and the power
consumption small compared with the case where an
equalizer adapter is provided for each of the reception
circuits 32a to 32d.

Second Embodiment

[0095] Hereinbelow, the second embodiment of the
present invention is explained in detail with reference to
FIGS. 11 to 16.
[0096] FIG. 11 is a diagram illustrating a circuit config-
uration of a data receiver according to the second em-
bodiment. The data receiver of FIG. 11 comprises recep-
tion circuits 102a to 102d, registers 103a to 103d, and
an equalizer adapter 104. In addition, in FIG. 11, the dot-
ted frames 101a to 101d and 105 indicate the boundaries
of clock domains. That is, the circuits indicated in each
of the dotted frames 101a to 101d and 105 operate asyn-
chronously with the circuits in the other dotted frames.
When the data receiver of FIG. 11 is compared with the
communication device of FIG. 2, the reception circuits
102a to 102d correspond to the reception circuits on the
LSI chip 13a, and the equalizer adapter 104 corresponds
to the equalizer adapter on the LSI chip 13a. In addition,
in the case where the data receiver of FIG. 11 is realized
in the construction of FIG. 2, the reception circuits 102a
to 102d corresponding to the reception circuits on the
LSI chip 13a are point-to-point connected to the trans-
mission circuits on the LSI chip 12a through the trans-
mission lines in the backboard 11.
[0097] The reception circuits 102a to 102d respectively
receive data signals DT0 to DT3 through transmission
lines, and respectively comprise equalizers (not shown).
The equalizer adapter 104 receives predetermined data
from the reception circuits 102a to 102d, and calculates
the equalization coefficients for the equalizers on the ba-
sis of the predetermined data so that the equalizers can
appropriately perform waveform shaping of the data sig-
nals DT0 to DT3. Then, the equalizer adapter 104 sup-
plies the calculated equalization coefficients to the cor-
responding reception circuits 102a to 102d. In addition,
each of the reception circuits 102a to 102d has a circuit
configuration similar to the configuration of FIG. 5.
[0098] Since the single equalizer adapter 104 is pro-
vided for the reception circuits 102a to 102d, and the
reception circuits 102a to 102d independently receive
and process the data signals DT0 to DT3, the operation
timings of the reception circuits 102a to 102d are differ-
ent. Although the frequencies of the operation clock sig-

17 18 



EP 1 703 687 B1

11

5

10

15

20

25

30

35

40

45

50

55

nals of the reception circuits 102a to 102d are identical,
the phases of the operation clock signals are different.
Therefore, in order to enable transfer of data between
the single equalizer adapter 104 and all the reception
circuits 102a to 102d, it is necessary to synchronize the
operation timings of the reception circuits 102a to 102d
and the equalizer adapter 104. Therefore, according to
the second embodiment, the registers 103a to 103d are
provided for the reception circuits 102a to 102d, respec-
tively. Thus, when the reception circuits 102a to 102d
write the data in the registers 103a to 103d, and the equal-
izer adapter 104 reads the data from the registers 103a
to 103d, the data can be transferred from the reception
circuits 102a to 102d to the equalizer adapter 104.
[0099] The reception circuits 102a to 102d output to
the registers 103a to 103d data elements of M-bit data
sequences ARX_DT0 to ARX_DT3 needed for calcula-
tion of equalization coefficients for the equalizers, and
receive equalization coefficient sets EQ0 to EQ3 from
the equalizer adapter 104. The equalizers in the recep-
tion circuits 102a to 102d perform waveform shaping of
the data signals DT0 to DT3 on the basis of the equali-
zation coefficient sets EQ0 to EQ3 so that the data rep-
resented by the data signals DT0 to DT3 can be correctly
decided. In addition, the reception circuits 102a to 102d
output to the registers 103a to 103d data-valid signals
ARX_DT_EN0 to ARX_DT_EN3 indicating the valid pe-
riods of data elements of the data sequences ARX_DT0
to ARX_DT3, respectively.
[0100] FIG. 12 is a diagram illustrating timings of a da-
ta-valid signal and a data element transferred for calcu-
lation of the equalization coefficients in the data receiver
of FIG. 11. In FIG. 12, the reference W31 indicates a
waveform of the data-valid signal ARX_DT_EN0, and the
reference W32 indicates the timings of data elements of
the data sequence ARX_DT0 for use in calculation of the
equalization coefficients. That is, the data-valid signal
ARX_DT_EN0 with the waveform W31 indicates one of
periods in which data elements of the data sequence
ARX_DT0 are valid. Although not shown, the data-valid
signals ARX_DT_EN1 to ARX_DT_EN3 indicate periods
in which data elements of the data sequences ARX_DT1
to ARX_DT3 are valid, respectively, in similar manners
to the data-valid signals ARX_DT_EN0.
[0101] Referring back to FIG. 11, a clock signal
ADP_CLKA, which synchronizes with the operation tim-
ing of the equalizer adapter 104, is inputted into the reg-
isters 103a to 103d. The registers 103a to 103d output
to the equalizer adapter 104 data elements of the M-bit
data sequences ARX_DT0 to ARX DT3 (which have
been written by the reception circuits 102a to 102d and
are temporarily stored in the registers 103a to 103d) as
data elements of M-bit data sequence ADP_DT0 to
ADP_DT3, in synchronization with the rising edges or
the falling edges of the clock signal ADP_CLKA.
[0102] The equalizer adapter 104 has a circuit config-
uration similar to the configuration of FIG. 7, and calcu-
lates equalization coefficient sets EQ0 to EQ3.

[0103] Specifically, when the equalizer adapter 104 re-
ceives a start signal START, the equalizer adapter 104
starts operation. A clock signal ADP_CLKB is supplied
to the equalizer adapter 104, and the equalizer adapter
104 operates in synchronization with the clock signal
ADP_CLKB. The equalizer adapter 104 reads out from
the registers 103a to 103d data elements of the data se-
quences ADP_DT0 to ADP_DT3 for calculation of the
equalization coefficients, and calculates the equalization
coefficient sets EQ0 to EQ3 on the basis of the data el-
ements of the data sequences ADP_DT0 to ADP_DT3
so that the equalizers in the reception circuits 102a to
102d can perform waveform shaping of the data signals
DT0 to DT3. The equalizer adapter 104 supplies the cal-
culated equalization coefficient sets EQ0 to EQ3 to the
reception circuits 102a to 102d.
[0104] Hereinbelow, the registers 103a to 103d are ex-
plained in detail.
[0105] FIG. 13 is a circuit diagram of the register 103a
in the data receiver of FIG. 11. The register illustrated in
FIG. 13 comprises flip-flop circuits (FFs) 111 to 114, a
logic circuit 115, and a selector 116.
[0106] A selector clock signal SEL_CLK, which is out-
putted from the selector 116, is supplied to the flip-flop
circuit 111, and data elements of the data sequence
ARX_DT0, which are outputted from the reception circuit
102a, are supplied to the flip-flop circuit 111. The flip-flop
circuit 111 outputs data elements of the data sequence
ARX DT0 to the flip-flop circuit 112 in synchronization
with the selector clock signal SEL_CLK. The clock signal
ADP_CLKA is supplied to the flip-flop circuits 112 to 114,
which operate in synchronization with the clock signal
ADP_CLKA.
[0107] The data-valid signal ARX_DT_EN0, which is
outputted from the reception circuit 102a, is supplied to
the flip-flop circuits 113 and 114. The input terminal
through which clock signal ADP_CLKA is supplied to the
flip-flop circuit 114 is an inverted input terminal. The flip-
flop circuit 113 outputs the state of the data-valid signal
ARX_DT_EN0 to the logic circuit 115 in synchronization
with a rising edge of the clock signal ADP_CLKA, and
the flip-flop circuit 114 outputs the state of the data-valid
signal ARX_DT_EN0 to the logic circuit 115 in synchro-
nization with a falling edge of the clock signal ADP CLKA.
[0108] The logic circuit 115 outputs to the selector 116
a signal at the high or low level according to the outputs
of the flip-flop circuits 113 and 114. Specifically, the logic
circuit 115 outputs a signal at the low level only when the
output of the flip-flop circuit 113 is at the high level. Oth-
erwise, the output of the logic circuit 115 is at the high
level.
[0109] The clock signal ADP_CLKA is further inputted
into the selector 116 through both of inverted and non-
inverted input terminals of the selector 116. The selector
116 outputs the clock signal ADP_CLKA or the inversion
of the clock signal ADP_CLKA as the selector clock signal
SEL_CLK to the flip-flop circuit 111. For example, the
selector 116 is arranged to output the clock signal
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ADP_CLKA as the selector clock signal SEL_CLK when
the output of the logic circuit 115 is at the low level, and
output the inversion of the clock signal ADP_CLKA as
the selector clock signal SEL_CLK when the output of
the logic circuit 115 is at the high level.
[0110] That is, the register 103a outputs each data el-
ement of the data sequence ADP_DT0 (for calculation
of the equalization coefficients) in synchronization with
a rising edge of the clock signal ADP CLKA at which the
data-valid signal ARX_DT_EN0 is outputted (i.e., at
which the data-valid signal ARX_DT_EN0 is at the high
level). Similarly, the registers 103b to 103d respectively
output data elements of the data sequences ADP_DT1
to ADP DT3 (for calculation of the equalization coeffi-
cients) in synchronization with the rising edges of the
clock signal ADP_CLKA.
[0111] The operations of the register 103a of FIG. 13
are explained below with reference to FIG. 14, which is
a timing diagram of the operations of the register of FIG.
13. In FIG. 14, examples of timings of the data-valid signal
ARX_DT_EN0 and data elements of the data sequence
ARX_DT0 (which are outputted from the reception circuit
102a) are indicated. In addition, examples of timings of
the clock signal ADP_CLKA, the selector clock signal
SEL_CLK, and data elements of the data sequence
ADP_DT0 are also indicated for the case where the data
elements of the data sequence ARX_DT0 are inputted
in synchronization with the falling edges of the clock sig-
nal ADP_CLKA, and for the case where the data ele-
ments of the data sequence ARX_DT0 are inputted in
synchronization with the rising edges of the clock signal
ADP_CLKA.
[0112] As indicated in FIG. 14, the register 103a de-
tects a rising edge or a falling edge of the clock signal
ADP_CLKA at which each data element of the data se-
quence ARX_DT0 (for calculation of the equalization co-
efficients) is valid, on the basis of the data-valid signal
ARX DT EN0, and outputs the data element of the data
sequence ARX DT0, in synchronization with the detected
edge of the clock signal ADP_CLKA.
[0113] Next, generation of data elements of the data
sequence ARX_DT0 and the data-valid signal
ARX_DT_EN0 in the reception circuit 102a is explained
below.
[0114] FIG. 15 is a diagram of an example of a circuit
arranged in the reception circuit 102a for generating the
data-valid signal ARX_DT_EN0 and data elements of the
data sequence ARX_DT0. The reception circuit of FIG.
15 comprises flip-flop circuits (FFs) 121 to 123 and 125
and an OR circuit 124.
[0115] A clock signal ARX CLK0 and data elements of
a data sequence RX_DT0 received through a transmis-
sion line are inputted into the flip-flop circuit 121, and the
flip-flop circuit 121 outputs the data elements of the data
sequence RX_DT0 as data elements of the data se-
quence ARX_DT0 for calculation of the equalization co-
efficients, in synchronization with the clock signal
ARX_CLK0.

[0116] The flip-flop circuit 122 divides the frequency of
a clock signal RX_CLKA0, and outputs the frequency-
divided clock signal as a clock signal RX_CLKB0. The
flip-flop circuit 123 divides the frequency of the clock sig-
nal RX CLKBO, and outputs the frequency-divided clock
signal as the clock signal ARX_CLK0. The OR circuit 124
receives the clock signal ARX_CLK0 from the flip-flop
circuit 123 and the clock signal RX_CLKB0 from the flip-
flop circuit 122, and outputs a logical sum of the clock
signal ARX_CLK0 and the clock signal RX_CLKB0 to the
flip-flop circuit 125. The flip-flop circuit 125 operates in
synchronization with the clock signal RX_CLKA0, and
outputs the output of the OR circuit 124 as the data-valid
signal ARX_DT_EN0.
[0117] The reception circuit 102a has a function of a
demultiplexer. That is, the reception circuit 102a receives
the data signal DT0, which is transmitted through a trans-
mission line and carries data in serial form, converts the
serial data into an N-bit parallel form, and outputs the N-
bit parallel data. For example, in the case where the data
signal DT0 carries 10-Gbps serial data, and N is 32, the
reception circuit 102a receives the data signal DT0 by
receiving, for example, a 5-GHz clock signal from an ex-
ternal PLL, and utilizing the rising and falling edges of
the clock signal. Thereafter, the reception circuit 102a
divides the frequency of the 5-GHz clock signal, converts
the serial data carried by the data signal DT0 into a 32-
bit parallel form, and outputs the 32-bit parallel data at
the transmission rate of 312.5 Mbps (=10/32 GHz). In the
construction of FIG. 15, the ratios of the frequencies of
the three clock signals are
RX_CLKA0:RX_CLKB0:ARX_CLK0=1:0.5:0.25. Thus,
the data elements of the data sequence ARX_DT0 to be
used in calculation of the equalization coefficients for
adaptive equalization are outputted in synchronization
with the clock signal ARX_CLK0. The data-valid signal
ARX_DT_EN0, which indicates valid periods of the data
elements of the data sequence ARX_DT0, can be pro-
duced by synchronizing a logical sum of the clock signal
ARX_CLK0 and the clock signal RX CLKBO (from which
the clock signal ARX_CLK0 is produced) with the clock
signal RX_CLKA0 (from which the clock signal
ARX_CLKB0 is produced).
[0118] The operations of the reception circuit 102a of
FIG. 15 are explained below with reference to FIG. 16,
which is a timing diagram of the operations of the recep-
tion circuit of FIG. 15. In FIG. 16, timings of the clock
signal RX_CLKA0, the clock signal RX CLKBO, the clock
signal ARX_CLK0, the data-valid signal ARX_DT_EN0,
the data elements of the data sequence RX_DT0, and
data elements of the data sequence ARX_DT0 are indi-
cated, where the delays occurring in the respective circuit
elements are reflected in the timings indicated in FIG. 16.
[0119] As indicated in FIG. 16, the clock signal
RX_CLKB0 is generated by dividing the frequency of the
clock signal RX_CLKB0 by two, the clock signal ARX
CLK0 is generated by dividing the frequency of the clock
signal RX_CLKB0 by two, and the data-valid signal
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ARX_DT_EN0 is generated by synchronizing a logical
sum of the clock signal ARX CLK0 and the clock signal
RX_CLKB0 with the clock signal RX_CLKAO. Thus, the
data-valid signal ARX_DT_EN0 can indicate the periods
in which the data elements of the data sequence
ARX_DT0, which are outputted from the flip-flop circuit
121, are valid.
[0120] As explained above, according to the second
embodiment of the present invention, the single equalizer
adapter 104 is provided for calculating the equalization
coefficients for the equalizers in all the reception circuits
102a to 102d, it is possible to reduce the size of the cir-
cuitry and the power consumption.
[0121] In addition, according to the second embodi-
ment, the reception circuits 102a to 102d are arranged
to output data-valid signals ARX_DT_EN0 to
ARX_DT_EN3 indicating the valid periods of data ele-
ments of the data sequences ARX_DT0 to ARX_DT3,
respectively, and the equalizer adapter 104 reads out the
data elements of the data sequences ARX_DT0 to
ARX_DT3 which are latched while the data-valid signals
ARX_DT_EN0 to ARX_DT_EN3 are outputted, respec-
tively. Therefore, it is possible to realize clock changeo-
ver without a storage device such as a FIFO circuit. Thus,
the size of the circuitry and the power consumption can
be further reduced.
[0122] Alternatively, it is possible to provide an equal-
izer adapter for every predetermined number of ones of
the reception circuits 102a to 102d, where the predeter-
mined number is two or greater. For example, an equal-
izer adapter may be provided for the reception circuits
102a and 102b, and another equalizer adapter may be
provided for the reception circuits 102c and 102d. Even
in this case, it is possible to make the circuit size and the
power consumption small compared with the case where
an equalizer adapter is provided for each of the reception
circuits 102a to 102d.

Third Embodiment

[0123] Hereinbelow, the third embodiment of the
present invention is explained in detail with reference to
FIG. 17.
[0124] FIG. 17 is a diagram illustrating a circuit config-
uration of a data receiver according to the third embod-
iment of the present invention. The data receiver of FIG.
17 comprises reception circuits 132a to 132d and an
equalizer adapter 133. In addition, in FIG. 17, the dotted
frames 131a to 131d indicate the boundaries of clock
domains. That is, the circuits indicated in each of the
dotted frames 131a to 131d operate asynchronously with
the circuits in the other dotted frames. When the data
receiver of FIG. 17 is compared with the communication
device of FIG. 2, the reception circuits 132a to 132d cor-
respond to the reception circuits on the LSI chip 13a, and
the equalizer adapter 133 corresponds to the equalizer
adapter on the LSI chip 13a. In addition, in the case where
the data receiver of FIG. 17 is realized in the construction

of FIG. 2, the reception circuits 132a to 132d correspond-
ing to the reception circuits on the LSI chip 13a are point-
to-point connected to the transmission circuits on the LSI
chip 12a through the transmission lines in the backboard
11.
[0125] The reception circuits 132a to 132d respectively
comprise equalizers as illustrated in FIG. 5. The equalizer
adapter 133 comprises an adaptive-equalization calcu-
lation circuit similar to the adaptive-equalization calcula-
tion circuit 36 illustrated in FIG. 7. In the data receiver of
FIG. 17, the equalizer adapter 133 receives data ele-
ments of M-bit data sequence ARX_DT0 (for calculation
of equalization coefficients for the equalizers) in synchro-
nization with a clock signal ARX_CLK0, which is output-
ted from the reception circuit 132a, and calculates the
equalization coefficient set EQ0 for the equalizer in the
reception circuit 132a. Although the equalizer adapter
133 is arranged in correspondence with the reception
circuit 132a in the example of FIG. 17, alternatively, the
equalizer adapter 133 may be arranged in correspond-
ence with any other one of the reception circuits 132b to
132d.
[0126] For example, in the case where transmission
lines connecting the reception circuits 132a to 132d and
corresponding transmission circuits are arranged in an
identical backboard such as the backboard 11 in the con-
struction of FIG. 2, it is possible to consider that the data
signals DT0 to DT3 are similarly deformed during trans-
mission through the transmission lines, connectors
(which connect the transmission lines and the circuit
boards 12 and 13), etc. to the reception circuits 132a to
132d. Therefore, it is possible to supply the equalization
coefficient set EQ0 calculated by the equalizer adapter
133, to the reception circuits 132b to 132d as well as the
reception circuit 132a for waveform shaping of the data
signals DT0 to DT3. Thus, according to the third embod-
iment, the equalizer adapter 133 calculates the equali-
zation coefficient set EQ0 on the basis of only one of the
data signals DT0 to DT3, and supplies the calculated
equalization coefficient set EQ0 to all the reception cir-
cuits 132a to 132d. Thereby, the size of the circuitry and
the power consumption can be reduced.
[0127] Alternatively, it is possible to provide an equal-
izer adapter for every predetermined number of ones of
the reception circuits 132a to 132d, where the predeter-
mined number is two or greater. For example, an equal-
izer adapter may be provided for the reception circuits
132a and 132b, and another equalizer adapter may be
provided for the reception circuits 132c and 132d. Even
in this case, it is possible to make the circuit size and the
power consumption small compared with the case where
an equalizer adapter is provided for each of the reception
circuits 132a to 132d.
[0128] Further, the data receiver according to each of
the first and second embodiments can be modified in
such a manner that the equalizer adapter 34 or 104 cal-
culates the equalization coefficient sets EQ0 to EQ3 on
the basis of only one of the data signals DT0 to DT3, and
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supplies the calculated equalization coefficient sets EQ0
to EQ3 to all the reception circuits 32a to 32d, or 102a
to 102d.
[0129] As explained above, according to the present
invention, an equalizer adapter is provided for all or every
predetermined number of ones of a plurality of reception
circuits for calculating the equalization coefficients for
equalizers in the plurality of reception circuits, and the
predetermined number is two or greater. Thereby, the
size of the circuitry and the power consumption can be
reduced.
[0130] The foregoing is considered as illustrative only
of the principle of the present invention. Further, since
numerous modifications and changes will readily occur
to those skilled in the art, it is not desired to limit the
invention to the exact construction and applications
shown and described, and accordingly, all suitable mod-
ifications and equivalents may be regarded as falling
within the scope of the invention in the appended claims
and their equivalents.

Claims

1. A data receiver configured to shape waveforms of a
plurality of data signals , comprising:

a plurality of reception circuits (32; 102; 132)
each of which is operable to receive a data signal
through a transmission line, and includes an
equalizer (41) having a function of performing
waveform shaping of the data signal; and
a timing absorption unit (33; 103) operable to
synchronize the data with respect to the time at
which each reception circuit outputs data need-
ed for calculation of the equalization coefficients
for the equalizer, and the time at which an equal-
izer adapter receives the data;
wherein each reception circuit (32; 102; 132) is
configured to output the data
characterized in that the data receiver further
comprises an equalizer adapter (34; 104; 133)
which is arranged in correspondence with all or
a predetermined number of the plurality of re-
ception circuits, and is operable to receive the
data from the reception circuits (32; 102; 132)
and to calculate equalization coefficients for the
equalizer in each of the plurality of reception cir-
cuits corresponding to the equalizer adapter, the
predetermined number being two or greater;
and in that the timing absorption unit (33; 103)
is configured to output to the equalizer adapter
(34; 104; 133) a ready signal (FIFO_READYi)
indicative of the possibility of reading out data
from said timing absorption unit (33; 103) and
to activate the equalizer adapter (34; 104; 133)
when the number of elements of the data written
in the timing absorption unit (33; 103) reaches

a threshold number (READ_THi).

2. A data receiver according to claim 1, wherein the
timing absorption unit is realized by a first-in first-out
type storage device (33a-d).

3. A data receiver according to claim 1, wherein the
plurality of reception circuits (102) is further operable
to output a valid-period signal which indicates a valid
period of a signal representing the data, and the
equalizer adapter (104) is configured to receive the
data when the valid-period signal is output.

4. A data receiver according to any preceding claim,
wherein the equalizer adapter (34; 104; 134) is con-
figured to average the equalization coefficients be-
fore outputting the equalization coefficients.

5. A data receiver according to claim 4, wherein the
equalizer adapter (34; 104; 134) is operable to obtain
a predetermined number of successive values of
each of the equalization coefficients, and to average
the predetermined number of successive values by
dividing the predetermined number of successive
values by the predetermined number, and summing
the predetermined number of successive values,
and the predetermined number is the number of the
plurality of reception circuits (32; 102; 132).

6. A data receiver according to any preceding claim,
wherein the equalization coefficients calculated by
the equalizer adapter (34) are adapted for one of the
group of reception circuits corresponding to the
equalizer adapter, and the equalizer adapter is con-
figured to output the equalization coefficients to the
reception circuits in the group other than the said
one reception circuit.

Patentansprüche

1. Datenempfänger konfiguriert zum Formen von Wel-
lenformen einer Vielzahl von Datensignalen, umfas-
send:

eine Vielzahl von Empfangsschaltungen (32;
102; 132), welche jeweils betreibbar sind zum
Empfangen eines Datensignals über eine Über-
tragungsleitung, und einen Entzerrer (41) mit ei-
ner Funktion des Durchführens von Wellenform-
formen des Datensignals aufweisen; und
eine Timingabsorptionseinheit (33; 103), wel-
che betreibbar ist zum Synchronisieren der Da-
ten mit Bezug auf die Zeit zu welcher jede Emp-
fangsschaltung Daten, benötigt zur Berechnung
der Entzerrungskoeffizienten für den Entzerrer,
ausgibt, und der Zeit bei welcher ein Entzer-
reradapter die Daten empfängt;
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wobei jede Empfangsschaltung (32; 102; 132)
konfiguriert ist zum Ausgebender Daten;
dadurch gekennzeichnet, dass der Daten-
empfänger ferner umfasst einen Entzerreradap-
ter (34; 104; 133), welche angeordnet ist in
Übereinstimmung mit allen oder einer vorbe-
stimmten Zahl der Vielzahl von Empfangsschal-
tungen, und betreibbar ist zum Empfangen der
Daten von den Empfangsschaltungen (32; 102;
132) und zum Berechnen von Entzerrungskoef-
fizienten für den Entzerrer in jeder der Vielzahl
von Empfangsschaltungen entsprechend dem
Entzerreradapter, wobei die vorbestimmte Zahl
zwei oder größer ist, und dadurch, dass die Ti-
mingabsorptionseinheit (33; 103) konfiguriert ist
zum Ausgeben an den Entzerreradapter (34;
104; 133) eines Bereit-Signals (FIFO_READYi),
das anzeigend ist für die Möglichkeit des Aus-
lesens von Daten aus der Timingabsorptions-
einheit (33; 103) und zum Aktivieren des Ent-
zerreradapters (34; 104; 133), wenn die Zahl
von Elementen der Daten, geschrieben in die
Timingabsorptionseinheit (33; 103), eine vorbe-
stimmte Schwellwertzahl (READY_TRi) er-
reicht.

2. Datenempfänger nach Anspruch 1, wobei die Timin-
gabsorptionseinheit realisiert wird mittels einer First-
In-First-Out-Typ-Speichereinrichtung (33a-d).

3. Datenempfänger nach Anspruch 1, wobei die Viel-
zahl von Empfangsschaltungen (102) ferner betreib-
bar sind zum Ausgeben eines gültige-Periode-Sig-
nals, welches eine gültige Periode eines Signals, die
Daten repräsentierend, anzeigt, und der Entzer-
reradapter (104) konfiguriert ist zum Empfangen der
Daten, wenn das gültige-Periode-Signal ausgege-
ben wird.

4. Datenempfänger nach einem der vorangegangenen
Ansprüche, wobei der Entzerreradapter (34; 104;
134) konfiguriert ist zum Mitteln der Entzerrerkoeffi-
zienten vor dem Ausgeben der Entzerrerkoeffizien-
ten.

5. Datenempfänger nach Anspruch 4, wobei der Ent-
zerreradapter (34; 104; 134) konfiguriert ist zum Er-
langen einer vorbestimmten Zahl aufeinanderfol-
gender Werte von jedem der Entzerrerkoeffizienten,
und zum Mitteln der vorbestimmten Zahl von aufei-
nanderfolgenden Werten durch Teilen der vorbe-
stimmten Zahl von aufeinanderfolgenden Werten
durch die vorbestimmte Zahl, und aufsummieren der
vorbestimmen Zahl von aufeinanderfolgenden Wer-
ten, und die vorbestimme Zahl die Zahl der Vielzahl
von Empfangsschaltungen (32; 102; 132) ist.

6. Datenempfänger nach einem der vorangegangenen

Ansprüche wobei die Entzerrerkoeffizienten, be-
rechnet durch den Entzerreradapter (34), angepasst
sind für eine der Gruppe von Empfangsschaltungen,
entsprechend dem Entzerreradapter, und der Ent-
zerreradapter konfiguriert ist zum Ausgeben der Ent-
zerrerkoeffizienten an die Empfangsschaltungen in
der Gruppe außer der einen Empfangsschaltung.

Revendications

1. Récepteur de données configuré pour conformer
des formes d’ondes d’une pluralité de signaux de
données comprenant :

une pluralité de circuits de réception (32; 102;
132) chacun d’entre eux pouvant être actionné
pour recevoir un signal de données par l’inter-
médiaire d’une ligne de transmission, et com-
portant un égaliseur (41) ayant une fonction
d’exécution de conformation de forme d’onde
du signal de données ; et
une unité d’absorption de cadencement (33;
103) pouvant être actionnée pour synchroniser
les données par rapport au temps auquel cha-
que circuit de réception délivre en sortie les don-
nées nécessaires pour le calcul des coefficients
d’égalisation pour l’égaliseur, et par rapport au
temps auquel un adaptateur égaliseur reçoit les
données ;
dans lequel chaque circuit de réception (32; 102;
132) est configuré pour délivrer les données en
sortie
caractérisé en ce que le récepteur de données
comprend en outre un adaptateur égaliseur (34;
104; 133) qui est agencé en correspondance
avec la totalité ou avec un nombre prédéterminé
de circuits de la pluralité de circuits de réception,
et peut être actionné pour recevoir les données
depuis les circuits de réception (32; 102; 132)
et pour calculer les coefficients d’égalisation
pour l’égaliseur dans chaque circuit de la plura-
lité de circuits de réception correspondant à
l’adaptateur égaliseur, le nombre prédéterminé
étant supérieur ou égal à deux ; et en ce que
l’unité d’absorption de cadencement (33; 103)
est configurée pour délivrer en sortie à l’adap-
tateur égaliseur (34; 104; 133) un signal prêt (FI-
FO-READYi) représentatif de la possibilité de
lire des données à partir de ladite unité d’ab-
sorption de cadencement (33; 103) et pour ac-
tiver l’adaptateur égaliseur (34; 104; 133) lors-
que le nombre d’éléments des données écrites
dans l’unité d’absorption de cadencement (33;
103) atteint un nombre de seuil (READ_THi).

2. Récepteur de données selon la revendication 1,
dans lequel l’unité d’absorption de cadencement est
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réalisée par un dispositif de mémorisation de type
premier entré premier sorti (33a à d).

3. Récepteur de données selon la revendication 1,
dans lequel la pluralité de circuits de réception (102)
peut être actionnée en outre pour délivrer en sortie
un signal de période valide qui indique une période
valide d’un signal représentant les données, et
l’adaptateur égaliseur (104) est configuré pour rece-
voir les données lorsque le signal de période valide
est délivré en sortie.

4. Récepteur de données selon l’une quelconque des
revendications précédentes, dans lequel l’adapta-
teur égaliseur (34; 104; 134) est configuré pour
moyenner les coefficients d’égalisation avant de dé-
livrer en sortie les coefficients d’égalisation.

5. Récepteur de données selon la revendication 4,
dans lequel l’adaptateur égaliseur (34; 104; 134)
peut être actionné pour obtenir un nombre prédéter-
miné de valeurs successives de chacun des coeffi-
cients d’égalisation, et pour moyenner le nombre
prédéterminé de valeurs successives en divisant le
nombre prédéterminé de valeurs successives par le
nombre prédéterminé, et en faisant la somme du
nombre prédéterminé de valeurs successives, et le
nombre prédéterminé est le nombre de circuits de
la pluralité de circuits de réception (32; 102; 132).

6. Récepteur de données selon l’une quelconque des
revendications précédentes, dans lequel les coeffi-
cients d’égalisation calculés par l’adaptateur égali-
seur (34) sont adaptés pour un circuit du groupe de
circuits de réception correspondant à l’adaptateur
égaliseur et l’adaptateur égaliseur est configuré pour
délivrer en sortie les coefficients d’égalisation aux
circuits de réception dans l’autre groupe que ledit
premier circuit de réception.
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