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& (57) Abstract: A parallel decision feedback equalizer for stable equalization of high speed data is provided. The parallel decision
B feedback equalizer includes: a first parallel threshold decision element having at least two parallel threshold decision elements each
@ having a different threshold value; a first multiplexer for multiplexing data from the first parallel threshold decision element based on
& asecond output from a second multiplexer; a first D flip-flop for delaying a first output from the first multiplexer by a unit data clock
O pulse; a second parallel threshold decision element having a third delay unit and at least two parallel threshold decision elements

each having a different threshold value; the second multiplexer for multiplexing data from the second parallel threshold decision
element based on a delayed output from the first D flip-flop; and a second D flip-flop for delaying the second output from the second
multiplexer by the unit data clock pulse.
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Description

PARALLEL DECISION FEEDBACK EQUALIZER FOR STABLE

[6]
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EQUALIZATION OF HIGH SPEED DATA
Technical Field

The present invention relates to a parallel decision feedback equalizer; and, more
particularly, to a parallel decision feedback equalizer for equalizing high speed data in

stable based on data synchronization.

Background Art

Fig. 1 is a circuit diagram of a conventional parallel decision feedback equalizer.

First, fb is a bit rate of input data, UO is a first threshold of a present bit when a
previous bit is ‘0’, U1 is a second threshold of the present bit when the previous bit is
‘1°, clk/2 is a clock signal having a half of a clock rate of the input data.

As shown in Fig. 1, the conventional parallel decision feedback equalizer includes
two parallel channels 101, 110 which are parallel. Two parallel channels are used to
reduce a bit rate of decisions in each channel by a factor of two. Since a bit outputted
from one parallel channel should be used to select decision of the other parallel
channel’ next bit, both parallel channels have to be coupled crosswise.

The first channel 101 includes two parallel threshold decision elements 102 and 104
having different thresholds U0 and U1 respectively and transmitting their outputs to a
multiplexer 103, the multiplexer 103 transmitting output data to a first D flip-flop 105,
and the D flip-flop 105 outputting the delayed output data.

The second channel 110 includes two parallel threshold decision elements 112 and
114 having different thresholds UO and U] respectively and transmitting their outputs to
a multiplexer 113, the multiplexer 113 transmitting output data to a second D flip-flop
115, and the second D flip-flop 115 outputting the delayed output data.

The first channel 101 is operated in response to the clock signal clk/2 and the
second channel 110 is operated in response to an out-of-phase of the clock signal

clie/2

. Thus, the two parallel channels demultiplex the input data 1:2.

A threshold of the next bit is decided based on output data from the multiplexer of
one parallel channel which controls selection of the multiplexer of the other parallel
channel. As a result, demultiplexed and equalized data is outputted from the each
parallel channel.

As describe above, the conventional parallel decision feedback equalizer has
parallel structure for doubling processing rate. The conventional parallel decision
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feedback equalizer has characteristics that a first output of the multiplexer of one
parallel channel controls selection of the multiplexer of the other parallel channel and a
second output of the multiplexer of the other parallel channel controls selection of the
multiplexer of the one parallel channel. Therefore, there is problem that unstable
operations can occur because the input data are processed asynchronously.

Disclosure of Invention
Technical Problem

It is, therefore, an object of the present invention to provide a parallel decision
feedback equalizer for equalizing high speed data in stable base on data syn-
chronization.

Technical Solution

In accordance with one aspect of the present invention, there is provided a parallel
decision feedback equalizer for stable equalization of high speed data, including: a first
parallel threshold decision element having at least two parallel threshold decision
elements each having a different threshold value; a first multiplexer for multiplexing
data from the first parallel threshold decision element based on a second output from a
second multiplexer, to thereby generate a first multiplexed signal; a first D flip-flop for
delaying a first output from the first multiplexer by a unit data clock pulse; a second
parallel threshold decision element having a third delay unit and at least two parallel
threshold decision elements each having a different threshold value; the second
multiplexer for multiplexing data from the second parallel threshold decision element
based on a delayed output from the first D flip-flop; and a second D flip-flop for
delaying the second output from the second multiplexer by the unit data clock pulse.

Advantageous Effects

According to the present invention, stable operation can be performed through
including a flip-flop in feedback loop synchronized at clock signal.

In the present invention, a signal distortion of high speed data can be compensated
using the parallel decision feedback equalizer. That is, the high speed data can be
equalized stably based on data synchronization.

Brief Description of the Drawings
The above and other objects and features of the present invention will become
apparent from the following description of the preferred embodiments given in

conjunction with the accompanying drawings, in which:
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Fig. 1 is a circuit diagram of a conventional parallel decision feedback equalizer;

Fig. 2 is a circuit diagram illustrating a parallel decision feedback equalizer in
accordance with a first embodiment of the present invention;

Fig. 3 shows a timing diagram of the parallel decision feedback equalizer in
accordance with the present invention; and

Fig. 4 is a circuit diagram illustrating a parallel decision feedback equalizer in

accordance with a second embodiment of the present invention.

Best Mode for Carrying Out the Invention

Other objects and aspects of the invention will become apparent from the following
description of the embodiments with reference to the accompanying drawings, which is
set forth hereinafter.

The present invention relates to a decision feedback equalizer to compensate
distortion for high speed data in an optical fiber. The present invention can improve in-
stability of the conventional parallel decision feedback equalizer.

Fig. 2 shows a circuit diagram illustrating a parallel decision feedback equalizer for
equalizing high speed data in stable in accordance with a first embodiment of the
present invention.

As shown in Fig. 2, the parallel decision feedback equalizer includes a first parallel
threshold decision element 201, a first multiplexer 202, a first D flip-flop 203, a second
parallel threshold decision element 216, a second multiplexer 212 and a second D flip-
flop 213.

The first parallel threshold decision element 201 having parallel two threshold
decision elements (TDE) 2011, 2012, receives input data 200 and transmits output to
the first multiplexer 202.

The first multiplexer 202 receives data transmitted from the first parallel threshold
decision element 201 to generate a first multiplexed signal and transmits the first
multiplexed signal to the first D flip-flop 203 based on a control signal (SEL).

The first D flip-flop 203 outputs a first output signal 204 which controls selection of
the second multiplexer 212.

The second parallel threshold decision element 216 includes a delay unit 215 which
delays the input data by one bit and outputs the delayed input data to two threshold
decision elements (TDE) 2111 and 2112, and the threshold decision elements (TDE)
2111 and 2112 receive the delayed input data 200 and transmit output to the second
multiplexer 212.

The second multiplexer 212 receives the delayed data transmitted from the second
parallel threshold decision element 211 to generate a second multiplexed signal and
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transmits the second multiplexed signal to the second D flip-flop 213. The output from
the second multiplexer 212 controls selection of the first multiplexer 202.

The second D flip-flop 213 outputs a second output signal 214.

In addition, the first parallel threshold decision element 201 and the second parallel
threshold decision element 211 are operated based on the same in-phase clock signal
clk/2 .

Fig. 3 shows a timing diagram of the parallel decision feedback equalizer in
accordance with the present invention.

Referring to Fig. 3, the second parallel threshold decision element 216 outputs the
delayed data which is delayed by one bit from the input data of the first parallel
threshold decision element 201. Since the parallel threshold decision elements 201,

211 are operated based on the same clock signal which is half rate of the input data, the
input data are demultiplexed by 1:2.

In addition, since the output of the first flip-flop 203 is one bit delayed data
compared with the second parallel threshold decision element 216, the first flip-flop
203 decides one bit later data based on selection control of the second multiplexer 212.

Moreover, since the output of the second multiplexer 212 is one bit delayed data
compared with the first parallel threshold decision element 201, the second multiplexer
212 decides one bit later data based on selection control of the first multiplexer 202.

Therefore, since output of the first flip-flop 203 controls selection of the second
multiplexer 212 synchronously, outputs of the first multiplexer 202 and the second
multiplexer 212 are synchronized to the clock signal. Thus, stable parallel decision
feedback equalizing performed.

Fig. 4 is a circuit diagram illustrating parallel decision feedback equalizer for
equalizing high speed data in stable in accordance with a second embodiment of the
present invention.

As shown in Fig. 4, the parallel decision feedback equalizer includes a first parallel
threshold decision element 401, a first multiplexer 402, a first D flip-flop 403, a second
parallel threshold decision element 416, a second multiplexer 412 and a second D flip-
flop 413.

The first parallel threshold decision element 401 having parallel two threshold
decision elements (TDE) 4011 and 4012, receives input data 400 and transmits output
to the first multiplexer 402.

The first multiplexer 402 receives data transmitted from the first parallel threshold
decision element 401 to generate a first multiplexed signal and transmits the
multiplexed signal to the first D flip-flop 403 based on a control signal.

The first D flip-flop 403 outputs a first output signal 404 which controls selection of
a second multiplexer 412.
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The second parallel threshold decision element 416 includes two parallel threshold
decision elements (TDE) 4111 and 4112 which receives the input data 400 and
transmits output to each delay unit 417 and 418, and the two delay units 417 and 418
delay outputs from the two threshold decision elements TDE 4111 and 4112 by one bit
and outputs the delayed data to the second multiplexer 412.

The second multiplexer 412 receives the delayed data to generate a second
multiplexed signal and transmits the second multiplexed signal to the second D flip-
flop 413. The output of the second multiplexer 412 controls selection of the first
multiplexer 402.

Then, the second D flip-flop 413 outputs a second output signal 414.

In addition, the first parallel threshold decision elements 401 is operated based on a
half of the clock signal clk/2 and the parallel two threshold decision elements 4111,
4112 are operated based on out-of-phase clock signal

clli/’2

The present application contains subject matter related to Korean patent application
No. 2004-0107264, filed with the Korean Intellectual property Office on December 16,
2004, the entire contents of which is incorporated herein by reference.

While the present invention has been described with respect to certain preferred em-
bodiments, it will be apparent to those skilled in the art that various changes and modi-
fications may be made without departing from the scope of the invention as defined in

the following claims.
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Claims
[1] Parallel decision feedback equalizer for stable equalization of high speed data,
comprising:

a first parallel threshold decision means having at least two parallel threshold
decision elements each having a different threshold value;

a first multiplexing means for multiplexing data from the first parallel threshold
decision means based on a second output from a second multiplexing means, to
thereby generate a first multiplexed signal;

a first delaying means for delaying a first output from the first multiplexing
means by a unit data clock pulse;

a second parallel threshold decision means having a third delaying means and at
least two parallel threshold decision elements each having a different threshold
value;

the second multiplexing means for multiplexing data from the second parallel
threshold decision means based on a delayed output from the first data delaying
means; and

a second data delaying means for delaying the second output from the second
multiplexing means by the unit data clock pulse.

[2] The parallel decision feedback equalizer as recited in claim 1, wherein the third
delaying means located in front of the two threshold decision elements, and
outputs the delayed input data to each of the threshold decision elements.

[3] The parallel decision feedback equalizer as recited in claim 2, wherein the
second parallel threshold decision means receives an in-phase clock signal as the
same as the first parallel threshold decision means.

[4] The parallel decision feedback equalizer as recited in claim 2, wherein the third
delaying means delays the input data by one bit of the input data.

[5] The parallel decision feedback equalizer as recited in claim 1, wherein the third
delaying means located at output ports of each threshold decision element.

[6] The parallel decision feedback equalizer as recited in claim 4, wherein the
second parallel threshold decision means receives an out-of-phase clock signal of

the first parallel threshold decision means.
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