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An eye monitor for evaluating a binary input signal of a
transmission link and for recognizing the edges of an eye
diagram of the input signal is described. A decision circuit
is provided Which is directly connected to an integrator. The
input signal and a variable threshold are provided to the
decision circuit. An output signal of the integrator is used to

recognize the edges of the eye diagram.
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EYE MONITOR

[0009] According to FIG. 1, this output signal of the
EXOR circuit 13 is integrated by an integrator 14 Which

[0001]

BACKGROUND OF THE INVENTION

provides an output signal Ueye.

The invention is based on a priority application EP

[0010] As the output signal Uincorr of the second decision
circuit 12 probably becomes incorrect at the edges of the eye
diagram, the output signal or the EXOR circuit 13 probably

01 440 248.1 Which is hereby incorporated by reference.
[0002]

The invention relates to an eye monitor for evalu

ating a binary input signal of a transmission link and for

recognizing the edges of an eye diagram of the input signal.
The invention also relates to a corresponding receiver and to
a corresponding method.

[0003]

Such an eye monitor is knoWn from H. BueloW et

al., “Adaption of an electronic PMD mitigator by maXimi
Zation of the eye opening”, 26th European Conference on

Optical Communication, Sept. 3-7, 2000, Munich, Germany,
Proceedings, Volume 3, pages 209-210.
SUMMARY OF THE INVENTION

becomes “1” at these edges. This has the consequence that

the output signal Ueye of the integrator 14 increases at the
edges of the eye diagram. Due to this change of the output
signal Ueye, it is possible to recogniZe and characteriZe the
edges of the eye diagram and to calculate a so-called eye

opening.
[0011] It has to be added that the tWo decision circuits 11,
12 are provided With a clocking signal C Which corresponds
to the bit rate of the input signal Uin, Wherein the eye
monitor 10 as described above and as disclosed in the cited
prior art document Works With a bit rate of up to 10 Gbit/s.

[0012] The described eye monitor of FIG. 1 has the
disadvantage that the EXOR circuit 13 is not able to folloW

[0004] FIG. 1 shoWs a schematic block diagram of an eye
monitor 10 as described in the above prior art document. The
eye monitor 10 may be comprised in a receiver of an optical
transmission system. The eye monitor 10 receives a binary

bit rates above 10 Gbit/s. As a consequence, the eye monitor
10 cannot be used for a bit rate of eg 40 Gbit/s.

input signal Uin of a transmission link comprising noise.
Due to the noise, the received bits of the input signal Uin
may be incorrect Which is usually described With the help of

[0013] It is an object of the invention to provide an eye
monitor Which alloWs to recogniZe and characteriZe the
edges of the eye diagram at bit rates Which are greater than

a so-called eye diagram.

10 Gbit/s, eg at a bit rate of 40 Gbit/s.

[0005] FIG. 2 shoWs a schematic eye diagram as
described in the above prior art document. In FIG. 2, the
input signal Uin is depicted over the time t. In the upper part

[0014] According to the invention, this object is solved by

of FIG. 2, the input signal Uin is a binary “1” and in the
loWer part, the input signal Uin is a binary “0”. FIG. 2 also

an eye monitor for evaluating a binary input signal of a
transmission link and for recogniZing the edges of an eye

diagram of the input signal, comprising a decision circuit

shoWs a threshold Uthr. If this threshold Uthr is about in the
middle of the eye diagram, then it may be used to decide
Whether the input signal Uin is a binary “1” or a binary “0”.

Which is directly connected to an integrator, Wherein the
input signal and a variable threshold are provided to the
decision circuit and Wherein an output signal of the integra
tor is used to recogniZe the edges of the eye diagram.

[0006] According to FIG. 1, the input signal Uin is

[0015]

forWarded to a ?rst decision circuit 11 Which is provided

an EXOR circuit. Any bit rate restriction due to the EXOR
circuit is therefore overcome. As a result, the eye monitor of
the invention has the advantage that it can be used for bit
rates Which are greater than 10 Gbit/s, eg at a bit rate of 40

With an optimum threshold Uopt. This optimum threshold
Uopt is located about in the middle of the eye diagram as
described above. The ?rst decision circuit 11 is therefore
used to recover the received bits of the input signal Uin by
deciding Whether a binary “1” or a binary “0” Was received.

These recovered bits are provided by the ?rst decision

The eye monitor of the invention does not comprise

Gbit/s. This advantage is reached Without any further elec
trical circuits or the like.

circuit 11 as an output signal Uout.

[0016] In an advantageous embodiment of the invention,
the output signal provides at least one second value if the

[0007] According to FIG. 1, the input signal Uin is also

variable threshold is in an upper and/or a loWer part of the
eye diagram. This second value may then be used to

forWarded to a second decision ciruit 12 Which is provided
With a variable threshold Uvar. If the variable threshold Uvar
is about in the middle of the eye diagram, then the decision
of the second decision circuit 12 is probably correct. The

characteriZe the eye diagram of the input signal and in
particular the edges of the eye diagram. In a further particu

varibale threshold Uvar is permanently increased and

lar embodiment, an eye opening is evaluated based on the
second value.

decreased. If the variable threshold is at one of the edges of
the eye diagram, then the decisions of the second decision
circuit 12 probably become incorrect. All decisions of the

[0017] Further embodiments as Well as further advantages
of the invention are outlined in the folloWing description of

second decision circuit 12 are provided as an output signal
Uincorr.

[0008] According to FIG. 1, the output signal Uout of the
?rst decision circuit 11 and the output signal Uincorr of the
second decision circuit 12 are provided to an EXOR circuit

the folloWing ?gures.
[0018] FIG. 3 shoWs a schematic block diagram of an
embodiment of an eye monitor according to the invention,
and FIG. 4 shoWs a schematic diagram of an output signal

provided by the eye monitor of FIG. 3.

13. If both output signal Uout and Uincorr are identical, then
the output signal of the EXOR circuit 13 is “0”. HoWever,
in any other case, i.e. if the tWo output signals Uout and
Uincorr are not identical, the output signal of the EXOR

[0019] FIG. 3 shoWs an eye monitor 30 according to the
invention. The eye monitor 30 is similar to the eye monitor

circuit 13 is “1“.

?gures.

10 of FIG. 1. Therefore, corresponding circuits and signals
have the same reference numerals and abbreviations in both
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[0020] The difference between the eye monitor 30 of FIG.
3 and the eye monitor 10 of FIG. 1 is the fact that the eye
montor 30 of FIG. 3 does not comprise the EXOR circuit 13
of the eye monitor 10 of FIG. 1. Instead, the second decision
circuit 12 is directly connected to the integrator 14 so that
the output signal Uincorr of the second decision circuit 12 is

directly forWarded into the integrator 14.

smaller in the sense of a smaller distance betWeen the upper

and the loWer edge of the eye diagram. This becomes
apparent in the output signal UeyeneW of the eye monitor 30
of FIG. 3 in that the output signal UeyeneW becomes more
?at and the eye opening EO becomes smaller.

[0028] HoWever, if the quality of the transmission is very
good, then the output signal UeyeneW becomes more sharp

[0021] The integrator 14 then integrates this output signal

in the sense of a binary course With the consequence that the

Uincorr and provides an output signal UeyeneW as shoWn in
FIG. 4.

eye opening EO becomes greater.

[0022] As described, the varibale threshold Uvar is per
manently increased and decreased.
[0023] If the varibale threshold Uvar is about in the middle
of the eye diagram, then the output signal Uincorr is
probably correct. Based on the assumption that the number

1. Eye monitor for evaluating a binary input signal of a
transmission link and for recogniZing the edges of an eye

diagram of the input signal, comprising a decision circuit
Which is directly connected to an integrator, Wherein the
input signal and a variable threshold are provided to the
decision circuit and Wherein an output signal of the integra
tor is used to recogniZe the edges of the eye diagram.

of binary “1”-s and binary “0”-s of the succeeding bits of the
input signal Uin is almost the same, the integrator 14
provides an output signal UeyeneW Which as about Zero.
This value is depicted With reference numeral 31 in FIG. 4.

provides a ?rst value if the variable threshold is about in the

[0024] If the variable threshold value Uvar is eg in the
upper part of the eye diagram, then it is probable that the
second decision signal 12 decides a bit of the input signal

provides at least one second value if the variable threshold
is in an upper and/or a loWer part of the eye diagram.
4. Eye monitor of claim 3 Wherein the second value is

Uin to be a binary “0” Whereas it is actually a binary “1”. As

used to characteriZe the eye diagram of the input signal and
in particular the edges of the eye diagram.

a consequence, the number of bits Which are decided to be

“0”-s becomes greater than the number of decided “1”-s.
This results in an increase of the output signal UeyeneW of
the integrator 14. This increase is depicted With reference
numeral 32 in FIG. 4.

[0025] If the variable threshold value Uvar is in the loWer
part of the eye diagram, then the situation changes into the
opposite. This leads to a decrease of the output signal
UeyeneW Which is depicted With reference numeral 33 in
FIG. 4.

[0026] According to FIG. 4, tWo threshold values Ut1 and
Ut2 are provided Which are symmetrical to Zero. From the

crosspoints of the output signal UeyeneW With these thresh
old values Ut1, Ut2, an eye opening EO may be evaluated.

This eye opening characteriZes the eye diagram of the input
signal Uin and in particular the edges of this eye diagram.
[0027] If the quality of the transmission becomes Worse,
then the eye diagram of the input signal Uin becomes

2. Eye monitor of claim 1 Wherein the output signal
middle of the eye diagram.
3. Eye monitor of claim 1 Wherein the output signal

5. Eye monitor of claim 4 Wherein an eye opening is
evaluated based on the second value.
6. Receiver of a transmission system comprising an eye

monitor for evaluating a binary input signal of a transmis
sion link and for recogniZing the edges of an eye diagram of
the input signal, the eye monitor comprising a decision
circuit Which is directly connected to an integrator, Wherein
the input signal and a variable threshold are provided to the
decision circuit and Wherein an output signal of the integra
tor is used to recogniZe the edges of the eye diagram.
7. Method of evaluating a binary input signal of a trans
mission link and of recogniZing the edges of an eye diagram
of the input signal, Wherein a decision circuit is directly
connected to an integrator, and comprising the steps of
providing the input signal and a variable threshold to the
decision circuit and using an output signal of the integrator
to recogniZe the edges of the eye diagram.
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