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OPTOELECTRONIC DEVICE FOR DIFFERENTIAL PHOTORECEPTION,
WITH AUTOMATIC COMPENSATION OF PHASE AND AMPLITUDE
IMBALANCES

The present invention relates to optoelectronics, and in particular to
optoelectronic devices that offer at least a photoreception function or

constitute photoreceivers.

BACKGROUND ART

As it is known by a person skilled in the art, in some technical
domains, such as optical communication, differential signaling can be an
efficient way of carrying information data with a better immunity to a certain
number of parasitic signals. The information data is recovered by realizing a
subtraction of two complementary signals, that need to be kept well balanced
in phase and amplitude until the subtraction is realized.

In the case of optical communications, these two complementary
signals are typically generated by an optical component from one or several
input optical signals. Then, an optoelectronic device may be used, which
typically comprises a photodetection means arranged for converting the first
and second complementary optical signals into first and second
complementary currents, and a processing means typically arranged for
processing the first and second complementary currents to output a voltage
that is proportional to the difference between the first and second
complementary currents. Optionally, instead of only one output voltage, two
complementary output voltages can be generated, if a differential signaling at
the output is further required.

SUMMARY
The above-mentioned optoelectronic devices may be of two types. A

first type comprises the so called balanced photoreceivers, whose
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photodetection means typically comprises a balanced photodetector
composed of two photodiodes which are connected in such a way that they
output a single-ended current which is proportional to the difference between
the two complementary input optical signals, and whose processing means
comprises a trans-impedance amplifier, having an input connected to the two
photodiodes’ common output, and providing a single-ended output voltage,
and optionally a complementary output voltage if a differential signaling at the
output is further required.

A second type typically comprises the so called differential
photoreceivers, whose photodetection means comprises two independent and
identical photodiodes, and whose processing means comprises a differential
trans-impedance amplifier having first and second inputs connected
respectively to the outputs of the photodiodes and providing a single-ended
output voltage which is proportional to the difference between the two
complementary input currents, and optionally a second complementary output
voltage if differential signaling at the output is further required.

However, the components that are combined to produce these
optoelectronic devices and the fabrication processes of these components
and optoelectronic devices often introduce imperfections causing imbalances
between the two complementary signals before they are subtracted, thus
degrading the reception performance.

Since typically no imbalance compensation can be realized by these
optoelectronic devices, specific and demanding characteristics may be
required for the components and fabrication processes involving the
compenents in which differential signaling is used (for instance from the
optical demodulator outputs that provide the two complementary optical
signals to the photodetection means of the photoreceiver). This may iead to
costly components and fabrication processes. Furthermore, whatever the
quality of the components and fabrication processes, the optoelectronic
devices may have remaining imperfections and possible characteristic shifts
during their lifetime, and therefore the ultimate performance benefit that
should bring the differential detection may become hard to achieve.

Some embodiments of this invention aim at enabling automatic
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compensation of amplitude and phase imbalances into optoelectronic devices

comprising a photodetection means arranged for converting first and second

complementary optical signals into first and second complementary currents,
and a processing means arranged for processing the first and second
complementary currents to output at least a first output voltage (and optionally

a second complementary output voltage if a differential signaling at the output

is further required).

For this purpose, the processing means of such optoelectronic
devices may comprise:

- a conversion means arranged for separately converting the first and
second complementary currents into first and second operating voltages,

- a balancing means arranged for balancing phase and amplitude of the first
and second operating voltages, and

- a differential amplification means arranged for applying a subtraction
function to the first and second operating voltages with balanced phase and
amplitude to produce at least the first output voltage, said ouput voltage
being proportional to a difference between the first and second operating
voltages with balanced phase and amplitude (and optionally the second
complementary output voltage).

The optoelectronic device according to the invention may' include
additional characteristics considered separately or combined, and notably:

- its conversion means may comprise first and second independent trans-
impedance amplification means arranged for converting respectively the
first and second complementary currents into the first and second operating
voltages;

- its balancing means may comprise i} first and second independent phase
and amplitude adjustment means arranged for adjusting respectively the
phase and amplitude of the first and second operating voltages as a
function of control signals (currents or voltages), and ii) a phase and
amplitude error detector arranged for comparing the phases and
amplitudes of the first and second operating voltages with balanced phase
and amplitude, outputted by the first and second independent phase and
amplitude adjustment means, to determine phase and amplitude
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imbalances, and for producing the control signals (currents or voltages)

representative of phase and amplitude adjustments to be carried out by the

first and second independent phase and amplitude adjustment means to
compensate for the determined phase and amplitude imbalances;

» each of the first and second independent phase and amplitude
adjustment means may comprise a variable delay means arranged for
adjusting the phase, and a variable gain means arranged for adjusting
the amplitude;

> the phase and amplitude error detector may comprise a phase
comparator comprising an XOR means arranged for applying an XOR
logical function to the first and second operating voltages with balanced
phase and amplitude, and an amplitude comparator comprising a peak
detector and a differential amplifier arranged for comparing the
amplitudes of the first and second operating voltages with balanced
phase and amplitude;

- its photodetection means may comprise first and second independent
photodiodes arranged for converting respectively the first and second
complementary optical signals into the first and second complementary
curents;

- it may constitute a differential photoreceiver.

BRIEF DESCRIPTION OF THE DRAWING

Other features and advantages of the invention will become apparent

on examining the detailed specifications hereafter and the appended drawing,
wherein the unique figure schematically and functionally illustrates an optical
demodulator connected to an example of embodiment of an optoelectronic

device according to embodiments of the invention.
The appended drawing may serve not only to complete the invention,

but also to contribute to its definition, if need be.

DETAILED DESCRIPTION

Embodiments of the invention aim at providing an optoelectronic
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device OD capable of automatically compensating for amplitude and phase
imbalances.

In the following description, it will be considered, as example, that the
optoelectronic device OD is a differential photoreceiver. But, the
optoelectronic device OD could be also a device offering several functions
and notably photoreception. |

As illustrated in the unique figure, an optoelectronic device OD,
according to the invention, comprises at least a photodetection means PDM
and a processing means PM.

The photodetection means PDM comprises first and second inputs
which may be connected respectively to first and second outputs of an optical
demodulator DM. The optical demodulator DM is arranged for demodulating
each input optical signal it receives on its input to produce first DS1 and
second DS2 optical complementary signals that it outputs onto its first and
second outputs.

The photodetection means PDM may be arranged for converting the
first DS1 and second DS2 complementary optical signals (respectively
received on its first and second inputs) into first C1 and second C2
complementary currents.

For instance, and as illustrated in the unique figure, the
photodetection means PDM may comprise first PD1 and second PD2
independent and {preferably) identical photodiodes PD1 and PD2. Herein, the
term "independent" is to be understood to refer to the fact that the two
photodiodes PD1 and PD2 are not coupled together.

These first PD1 and second PD2 photodiodes are arranged for
converting respectively the first SD1 and second SD2 complementary optical
signals into the first C1 and second C2 complementary currents.

The photodetection means PDM may further comprise further typical
ancillary components, such as biasing and decoupling networks, which
themselves may comprise capacitors and resistors.

The processing means PM may be an electronic circuit or an
integrated component. It is arranged for processing the first C1 and second
C2 complementary currents (outputted by the photodetection means PDM) to
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output at least a first output voltage V1, and optionally a second
complementary output voltage V2 if a differential signaling at the output is
further required.

For instance, the second output voltage V2, complementary to the
first output voltage V1, is equal to the opposite of this first output voltage V1
(i.e. V2 =-V1).

More precisely, according to some embodiments of the invention and
as illustrated in the unique figure, the processing means PM may comprise a
conversion means CM, a balancing means BM and a differential amplification
means DAM.

The conversion means CM may comprises first and second inputs
that are respectively connected to the outputs of the photodetection means
PDM to be fed respectively with the first C1 and second C2 complementary
currents, It is arranged for separately converting the received first C1 and
second C2 complementary currents into first SV1 and second SV2 operating
voltages that it outputs respectively on first and second outputs. Herein, the
terms “operating voltage” are to be understood to refer to voltage having
values comprised into an interval which is adapted for a normal operation of
the means that receive such voltage at respective input(s) thereof.

For instance, and as illustrated in the unique figure, the conversion
means CM may comprise first TA1 and second TAZ2 independent and
preferably identical trans-impedance amplification means which are arranged
for converting respectively the first C1 and second C2 complementary
currents into the first SV1 and second SV2 operating voltages. For instance,
each trans-impedance amplification means TA1, TA2 is a single-ended trans-
impedance amplifier.

The conversion means CM may comprise additional processing
means downstream the two trans-impedance amplification means TA1 and
TAZ to further optimize the signals, and notably a balancing means BM.

This balancing means BM comprises first and second inputs that are
respectively connected to the first and second outputs of the conversion
means CM to be fed respectively with the first SV1 and second SV2 operating
voltages. It is arranged for balancing the phase and amplitude of these first
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SV1 and second SV2 operating voltages.

For instance, and as illustrated in the unique figure, the balancing
means BM may comprise first PAA1 and second PAA2 independent and
preferably identical phase and amplitude adjustment means and a phase and
amplitude error detector ED.

The first phase and amplitude adjustment means PAA1 has a first
input connected to the first output of the conversion means CM to be fed with
the first operating voltage SV1, and a second input connected to a first output
of the phase and amplitude error detector ED to be fed with a first control
signal (current or voltage) CC1. The second phase and amplitude adjustment
means PAA2 has a first input connected to the second output of the
conversion means CM to be fed with the second operating voltage SV2, and a
second input connected to a second output of the phase and amplitude error
detector ED to be fed with a second control signal (current or voltage) CC2.

These first PAA1 and second PAA2 phase and amplitude adjustment
means are arranged for adjusting respectively the phase and amplitude of the
first SV1 and second SV2 operating voltages as a function of the first CC1
and second CC2 control signals (currents or voltages) and comprise
respectively outputs to output first SV1' and second SV2' operating voltages
with adjusted phase and amplitude.

For instance, each of the first PAA1 and second PAA2 phase and
amplitude adjustment means may comprise a variable delay means, which is
arranged for adjusting the phase of the first SV1 or second SV2 operating
voltage, and a variable gain means, which is arranged for adjusting the
amplitude of the first SV1 or second SV2 operating voltage.

Herein the terms "variable delay means" are to be understood to refer
to an electronic component that is capable of modifying the delay it introduces
onto a signal as a function of a control signal (current or voltage). Such a
variable delay means can be implemented by means of a so-called “selector”
in charge of selecting among several delayed versions of the input signai
depending on a control signal (current or voltage), for instance. Moreover,
herein the terms "variable gain means" are to be understood to refer to an

electronic component that is capable of modifying its gain as a function of a
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control signal (current or voltage). Such a variable gain means can be
implemented by means of the well known Gilbert cell, for instance.

The phase and amplitude error detector ED comprises first and
second inputs, connected respectively to the outputs of the first PAA1 and
second PAA2 phase and amplitude adjustment means, and first and second
outputs, connected respectively to the second inputs of the first PAA1 and
second PAA2 phase and amplitude adjustment means. The phase and
amplitude error detector ED is notably arranged for comparing the phases and
amplitudes of the first SV1' and second SV2' operating voltages with balanced
phase and amplitude, that are outputted respectively by the first and second
outputs of the first PAA1 and second PAA2 phase and amplitude adjustment
means, in order to determine possible phase and amplitude imbalances
therebetween. The phase and amplitude error detector ED is also arranged
for producing the first CC1 and second CC2 control signals (currents or
voltages) that are intended respectively to control the operation of the first
PAA1 and second PAA2 phase and amplitude adjustment means and which
are representative of phase and amplitude adjustments to be carried out by
these first PAA1 and second PAA2 phase and amplitude adjustment means
to compensate for the determined phase and amplitude imbalances between
the first SV1' and second SV2' operating voltages with balanced phase and
amplitude they respectively output.

For instance, the phase and amplitude error detector ED may
comprise a phase comparator and an amplitude comparator. Said phase
comparator may comprise an XOR (exclusive OR) means arranged for
applying an XOR logical function to the first SV1' and second SV2' operating
voltages with balanced phase and amplitude. Herein the terms "XOR means”
are to be understood to refer to an electronic component capable of outputting
a signal representative of the result of a XOR logical function applied on two
input signals. The phase comparator may further comprise some low pass
filter(s) with some usual processing means after the XOR means in order to
finally generate a suitable signal {(voltage or current), that is proportional or at
least representative in some way of the phase difference between the first
SV1'and second SV2' operating voitages.
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The amplitude comparator may comprise a peak detector and a
differential amplifier arranged for comparing the respective amplitudes of the
first SV1' and second SV2' operating voltages with balanced phase and
amplitude. The amplitude comparator may comprise capacitor(s) and
diode(s), to create a signal which is proportional or at least representative in
some way of the amplitude of each first SV1' and second SV2' operating
voltages, a differential amplifier for comparing said first SV1' and second SV2'
operating voltages, and possibly further known processing means to generate
a suitable amplitude error signal.

So, the balancing means BM acts as an automatic feedback loop
capable of compensating for amplitude and phase imbalances between the
first SV1 and second SV2 operating voltages.

The differential amplification means DAM comprises first and second
-inputs that are respectively connected to the first and second outputs of the
balancing means BM (i.e. the ones of the first PAA1 and second PAA2 phase
and amplitude adjustment means) to be fed respectively with the first SV1'
and second SV2' operating voltages with balanced phase and amplitude.

This differential amplification means DAM is arranged for applying a
subtraction function to the first SV1' and second SV2' operating voltages with
balanced phase and amplitude in order to produce the first output voltage V1
that is proportional to the difference between the first SV1' and second SV2'
operating voltages with balanced phase and amplitude, and optionally a
second complementary output voltage V2 if a differential signaling at the

output is further required.

The invention offers several advantages amongst which the following
are in particular worth mentioning:
- simplification and cost reduction of differential detection,
- a powerful solution to efficiently implement differential detection without
requiring a balanced photodetector,
- an improvement of the components and fabrication tolerances and
therefore a cost reduction.
The invention is not limited to the embodiments of optoelectronic
device described above, only as examples, but it encompasses all alternative
embodiments which may be considered by one skilled in the art within the
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CLAIMS

1. Optoelectronic device (OD) comprising a )
photodetection means (PDM) amranged for converting first and second
complementary optical signals into first and second complementary currents,
and a processing means (PM) arranged for processing said first and second
complementary currents to output at least a first output voltage (V1), wherein
said processing means (PM) comprises i) a conversion means (CM) arranged
for separately converting said first and second complementary currents into
first and second operating voltages, ii) a balancing means (BM) arranged for
balancing phase and amplitude of said first and second operating voltages,
and iii) a differential amplification means (DAM) amranged for applying a
subtraction function to said first and second operating voltages with balanced
phase and amplitude to produce at least said first output voltage (V1), which is
proportional to the difference between said first and second operating voltages
with balanced phase and amplitude; wherein said operating voltage is a
voltage having a value comprised within normal operation voltage values and
wherein balancing phase and amplitude of an operating voltage comprises
adjusting respectively a phase and an amplitude of said voltage as a function
of a respective control signal.

2. Optoelectronic device according to claim 1, wherein said conversion
means (CM) comprises first (TA1) and second (TA2) independent trans-
impedance amplification means arranged for converting respectively said first
and second complementary currents into said first and second complementary
operating voltages.

3. Optoelectronic device according to any one of claims 1 and 2,
wherein said balancing means (BM) comprises i) first (PAA1) and second
(PAA2) independent phase and amplitude adjustment means arranged for
adjusting respectively the phase and amplitude of said first and second
operating voltages as a function of control signals, and ii) a phase and
amplitude error detector (ED) arranged for comparing respective phases of
said first and second operating voltages with the balanced phase and
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respective amplitude of said first and second operating voltages with the
balanced amplitude, outputted by said first (PAA1) and second (PAAZ)
independent phase and amplitude adjustment means, to detemine phase and
amplitude imbalances, and for producing said control signals representative of
phase and amplitude adjustments to be carried out by said first (PAA1) and
second (PAA2) independent phase and amplitude adjustment means to
compensate for said determined phase and amplitude imbalances.

4. Optoelectronic device according to claim 3, wherein each of said first
(PAA1) and second (PAA2) independent phase and amplitude adjustment
means comprises a variable delay means arranged for adjusting said phase,
and a variable gain means arranged for adjusting said amplitude.

5. Optoelectronic device according to one of claims 3 and 4, wherein
said phase and amplitude error detector (ED) comprises a phase comparator
comprising an XOR means arranged for applying an XOR logical function to
said first and second operating voltages with balanced phase and amplitude,
and an amplitude comparator comprising a peak detector and a differential
amplifier arranged for comparing the amplitudes of said first and second
operating voltages with balanced phase and amplitude.

6. Optoelectronic device according to any one of claims 1 to 5, wherein
said photodetection means (PDM) comprises first (PD1) and second (PD2)
independent photodiodes (PD1, PD2) arranged for converting respectively
said first and second complementary optical signals into said first and second
currents.

7. Optoelectronic device according to any one of claims 1 to 6, wherein
said differential amplification means (DAM) is arranged for outputting a second
output voltage (V2) which is complementary of said first output voltage (V1).

8. Optoelectronic device according to any one of claims 1 to 7, wherein
it constitutes a differential photoreceiver.




