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A MEDIA CONVERTER AND A SYSTEM FOR CONVERTING A PACKET-BASED DATA STREAM INTO
A SERIAL DATA STREAM AND VICE VERSA

Field of the Invention

Generally, the present invention relates to the field of data processing and more particu-
larly to network technologies, in which a data stream provided in packets according to a
specified protocol is to be converted into a serial data stream and vice versa, as may be
required, for instance in the signal conversion between a twisted pair technology, such
as Ethernet technologies, and fibre optic systems.

Nowadays, the availability of extremely compact and sophisticated integrated circuits has
significantly fueled the application of these devices, for instance in the form of micro-
processors, microcomputers, control units, and the like, for a huge variety of applications.
Typically, the increased employment of electronic control and computing devices is as-
sociated with an increased requirement of data exchange, wherein a moderately high
data rate in combination with high data integrity and low cost with respect to material
consumption and installation of corresponding networks is necessary. For example, the
so-called twisted pair technique, such as the Ethernet technology, is a widely used
mechanism for data exchange between remote stations, wherein the distance between
the individual stations significantly depends on the type of transmission medium used.
For instance, a copper based cable connection may not allow high-speed data traffic
over long distances without undue effort With respect to signal recovering and error cor-
rection encoding. Thus, data transfer via optical fibres is of high interest, since optical
fibres can carry Ethemet signals for considerably longer distances compared to copper
media. In order to comply with various demands of the different transmission media,
such as copper-based twisted pair cables and optical fibres, several low cost muiti-
function single chip media converters may be available that provide 10 Mbps signal con-
version between twisted pair and fibre optic Ethernet technologies. However, a typical
problem associated with implementing a high bandwidth optical fibre network resides in
the high cost of fibre alignment and maintenance. This may mainly be due to the moder-
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ately small diameter of glass optical fibres that are frequently used in network applica-
tions due to the reduced optical losses. However, due to the cost and maintenance spe-
cific disadvantages of glass optical fibres, much effort has been invested to use different
materials, such as plastic optical fibres (POF) for network applications.

The core of step index plastic optical fibres is made of an inexpensive material, such as
poly-methyl-metha acrylate (PMMA), which is surrounded by an inexpensive lower index
material, such as a fluorine containing polymer, while the core material has a diameter of
more than 0.98 mm, thereby significantly reducing the problems for interconnecting and
coupling various fibre segments compared to glass optical fibres. Due to the significantly
higher signal attenuation compared to glass optical fibres, the plastic optical fibres, how-
ever, are presently limited to applications in which the signal transfer medium is used for
short distances only. Thus, in typical conventional applications, an optical link based on
plastic optical fibres is restricted to a maximum distance of 200m, thereby significantly
reducing the applicability of fibre optical network connections.

It is therefore an object of the present invention to provide an enhanced technique that
enables a signal conversion between network technologies using a packet- based data
stream into an appropriate serial data stream and vice versa that may be used for optical
transfer media, wherein an enhanced bit error rate performance is obtained.

Generally, the present invention is directed at a technique that enables the mutual con-

version of a data stream organized in packets and a serial data stream. The same tech-

nique allows to reduce bit error rate (BER) and provides for the possibility of using plastic

optical fibres having a length of more than 200 m, thereby overcoming the limitations of

conventional media converters used for interfacing between twisted pair Ethernet tech-
nologies and fibre optical connections.

According to one aspect of the present invention, a media converter is provided and
comprises a first interface configured to receive and provide a first type of data stream
based on data packets, and a second interface configured to receive and provide a sec-
ond type of data stream based on a continuous serial bit stream. Moreover, the media
converter comprises a signal processor connected to the first and second interfaces that
is configured to convert the first type of data stream into the second type of data stream,
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and vice versa, on the basis of a block encoding/decoding algorithm and a line encod-
ing/decoding algorithm.

Thus, the media converter according to the present invention is based on block coding
and line coding techniques, which allow a bi-directional signal conversion of a packet
based data stream into a proprietary protocol based continuous serial data stream, which
may provide the potential for converting the asynchronous 10baseT Ethernet full duplex
signal into an isochronous propriety signal of a specified coding scheme. In one direc-
tion the media converter according to the present invention may receive the packet-
based data stream from respective copper-based media, such as unshielded twisted pair
cables, and may provide the generated isochronous data stream to any appropriate data
transfer medium, such as an optical transmission channel comprising a plastic optical
fibre of increased length or a glass optical fibre of increased length. In the other direc-
tion, the media converter according to the present invention may receive the isochronous
signal, which may then be converted back into a packet-based data stream in corre-
spondence with the rules of the respective standard of the packet based data stream.
Hereby, the block encoding/decoding and line encoding/decoding techniques provide the
potential for an enhanced performance with respect to a reduced bit error rate, thereby
compensating for any increased signal losses that may occur in the optical fibres of in-
creased length. Additionally, the continuous transmission provided by the media con-
verter and the characteristics of the proprietary protocol, according to the present inven-
tion, enables a highly effective synchronization of data at the receiver end, which may
also significantly contribute to an overall performance increase.

In one preferred embodiment, the second type of data stream represents an NRZ (non-
return to zero) encoded bit stream. Thus, by using a balanced NRZ-encoding signifi-
cantly reduces the bandwidth required on the transmission channel, for instance com-
pared to a standard 10baseT Manchester encoding. Consequently, the data rate per
optical fibre may be increased, thereby facilitating high-density data traffic in cost efficient
optical transmission media.

In a further preferred embodiment, the signal processor comprises a block encod-
ing/decoding section operating on the basis of a forward error correction algorithm. Due
to the efficient error correction mechanism implemented in the media converter accord-
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ing to the present invention, data loss during the transmission may efficiently be com-
pensated for, thereby significantly reducing repeated transmission of data packets and
thus contributing to an increased power budget of the network system. Moreover, in
combination with certain inner properties of the forward error correction algorithm, such
as the monitoring of error probability, feedback information may efficiently be provided for
a further enhancement of the link performance.

In a further preferred embodiment, the signal processor comprises a line encod-
ing/decoding section operating on the basis of an 8bit/10bit conversion algorithm. Due to
the 8bit/10bit line encoding/decoding algorithm, any problems associated with DC-
balance may be overcome or at least significantly reduced, while the provision of an
overhead of two bits per eight bit symbol may allow to add representative special mark-
ers for monitoring the conversion procedure.

According to a further embodiment, the signal processor further comprises a transmitter
unit including a line encoder, a block encoder and a serializer, and further comprises a
receiver unit including a deserializer, a block decoder and a line decoder. By providing
the receiver unit and the transmitter unit as corresponding functional blocks as specified
above, a high degree of design flexibility is provided, as the receiver units and the trans-
mitter unit may be realized as separate physical entities or may be integrated in a com-
mon physical block, for instance in a field programmable gate array, an ASIC (application
specific IC) or in any other appropriate form, such as printed wiring boards, and the like.
Hereby, the design of the individual components of the transmitter unit and/or receiver
unit may also be provided in any appropriate form so as to comply with design criteria.
For example, the line encoder/decoder may be implemented in a field programmable
gate array by means of a commercial IP core, while in other embodiments a dedicated
ASIC may be provided for this purpose. Similarly, other components of the receiver unit
and the transmitter unit may be provided as reconfigurable components or in the form of
dedicated ASICs.

According to a further embodiment, the signal processor further comprises a clock gen-
eration unit connected to the transmitter unit and the receiver unit. In this way, the clock
generation unit may provide any reference clock signals used in the various components
of the media converter, such as the reading or encoding and decoding operations per-
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formed therein. Moreover, the clock generation unit may provide, on the basis of a mas-
ter clock signal, a time reference for the transfer of data via the first and second inter-

faces.

in another illustrative embodiment, the media converter comprises, in addition to the
clock generation unit or as an alternative thereto, a clock input that is configured to re-
ceive an extemal clock signal for operating the transmitter unit and the receiver unit.
Consequently, the time synchronization with the data streams transferred via the first and
second interfaces may be based on an extemal source, thereby reducing complexity of
the media converter in terms of compensation of a timing mismatch between the data
streams and an internal reference clock.

In a further advantageous embodiment, the signal processor further comprises a data
recovering unit connected to the second interface to receive a serial bit stream and con-
figured to identify individual bits in the serial bit stream. Thus, the data recovering unit
enables the media converter to extract the data from the incoming serial data stream and
to move the extracted data into a separate clock domain, thereby significantly increasing
data integrity, which may have been compromised during the preceding transfer in an
optical fibre medium.

According to a preferred embodiment, the data recovering unit is a digital unit operating
on the basis of an over-sampling technique. By providing the data recovering unit as a
completely digital unit, any data bits may reliably be detected in the serial data stream.
The value of a specific bit under consideration may be detected by means of a plurality of
sampling time points, while standard digital components, such as flip-fiops, a shift regis-
ter, and the like, may be used in creating corresponding time domains for the respective
sampling times and detecting the corresponding logic value at the respective time do-
main. Hereby, the input data bits may be identified in the serial data stream, while any
clock signal used for transmitting the serial data stream may not be recovered.

In a further preferred embodiment, the data recovering unit comprises a majority voter
mechanism for determining a value of a data bit received via the second interface. Con-
sequently, two or more values obtained from respective time domains, each representing
a specific point in time for sampling the serial data stream, may be used in determining
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the value of a data bit of the serial data stream. Therefore, an enhanced robustness with
respect to noise, such as possible spurious spikes being present on the incoming data
analogue signal, may be achieved.

in one illustrative embodiment, the majority voter mechanism is based on at least three
sampling time domains, thereby providing a high degree of immunity with respect to any
interference signals included in the serial data stream.

In a further illustrative embodiment, the data recovering unit comprises a phase locked
loop circuit for extracting data bits and for recovering a clock signal from the serial bit
stream. Consequently, well-established integrated circuits and components may be
used for identifying respective digital values of the incoming bit stream, wherein simulta-
neously the corresponding clock signal may be obtained, which may be advantageous in
the further synchronization of the recovered data bits with respect to block decoding and
line decoding operations.

In a further advantageous embodiment, the signal processor further comprises a pad
data unit connected to the first interface and configured to add specified symbois to the
first type of data stream during silence phases in the first type of data stream. That is,
the pad data unit is configured to provide predefined symbols during any gaps, also re-
ferred to as interframe gaps, between respective data packets in the first data stream.
Since the media converter according to the present invention provides, at the second
interface, a serial data stream at a substantially constant bit rate, irrespective of the data
traffic at the first interface, which is typically provided in the form of bursts and with silent
phases for extended time periods, the pad data unit may provide for specified symbols
during the interframe gaps, thereby subtantially avoiding undue modulation during these
interframe gaps at a receiver output side.

In a further embodiment, the first interface comprises a media independent interface in-
cluding a transmitting section and a receiving section, wherein the receiving section is
configured to receive a first continuous clock signal for a nibble-based data reception and
wherein the transmitting section is configured to operate with a second continuous clock
signal for a nibble-based data transmission. Consequently, well-established interface
technologies may be used so as to receive and transmit the packet based data stream,
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such as Ethemet frames, wherein the medium independent interface may support frame
formats such as IEEE802.3 and Ethemet.

In a further embodiment, the transmitter unit is configured to provide a continuous trans-
mission at an output of the serializer. Consequently, a substantially continuous data
stream may be provided to the serializer in order to finally provide the continuous serial
data bit stream.

In a further preferred embodiment, the transmitter unit further comprises an output FIFO
(first-in first-out memory) connected between the block encoder and the serializer and
further comprises an idle generator connected to an input of the line encoder and con-
nected to a control output of the output FIFO. Hereby, the idle generator is configured to
supply a specified idle symbol to the input of the line encoder on the basis of a prede-
fined status of the control output. Thus, an efficient feedback mechanism is provided
from the output FIFO of the transmitter unit to the input of the line encoder, thereby ena-
bling the insertion of specified idle symbols into the bit stream, when the output FIFO
may indicate that a desired minimum of symbols may no longer be available in the output
FIFO. With this feedback mechanism, the serializer connected to the output of the out-
put FIFO may be supplied with a substantially continuous symbol stream, wherein the
respective idle symbols are inserted whenever respective data symbols within a data
packet may not be available for line and block encoding. Moreover, the specified idle
symbols may readily be identified and may thus be distinguished from data symbols on a
receiver side during decoding.

In a further advantageous embodiment, the transmitter unit further comprises an at-
tached synchronization marker (ASM) generator that is configured to insert one or more
predefined synchronization symbols into a data stream provided by the line encoder.
Hence, on the basis of the one or more predefined synchronization symbols a corre-
sponding data block may be marked and may highly efficiently be identified during the
decoding process at a receiver side, such as the receiver unit. Consequently, an effi-
cient block synchronization mechanism may be provided by introducing the predefined
synchronization symbols in a symbol block provided by the block encoder.



WO 2007/039119 PCT/EP2006/009162

In one illustrative embodiment, the block encoder comprises a Reed-Solomon encoding
scheme. In this way, well-established encoding algorithms may be used, which provide
for a high data integrity and restoration capability, wherein in some embodiments, the
Reed-Solomon encoder may be implemented by means of a commercial IP-core. In
other embodiments, the Reed-Solomon algorithm or any other appropriate forward error
correction encoding scheme may be mapped in an ASIC. Reed-Solomon codes are usu-
ally referred to as (n, k) codes where n is the total number of symbols in a code block
and k is the number of actual information or data symbols. The encoder is configured to
generate systematic code blocks, wherein the complete code block is built from the k
data symbols after which follow (n-k) check symbols, thereby guaranteeing an error cor-
rection capability for a number of symbol errors within a symbol block that is given by
T=(n-k)/2, wherein a symbol error may contain any number of bit errors.

In a further embodiment, the transmitter unit further comprises an input FIFO that is con-
nected to receive data symbols via the first interface, and wherein the transmit unit fur-
ther comprises an intermediate FIFO that is connected between the line encoder and the
block encoder. Consequently, appropriate buffer means are provided so as to efficiently
allow the transmitter unit to receive data packets at the input FIFO and provide the line-
encoded symbols to the block encoder, wherein the intermediate FIFO is configured to
provide for the required overhead, which is necessary for accommodating the specific
redundancy, ie. the adding of the check symbols, created by the block encoder.

In a further preferred embodiment, a symbol width of the input FIFO of the transmitter
unit is selected so as to provide at least one extra bit for distinguishing data symbols re-
ceived from the first interface and idle symbols received from the idle generator. Conse-
quently, based on the at least one extra bit, the symbols stored in the input FIFO may be
indicated as data or idle symbols, which may allow the line encoder receiving the sym-
bols from the input FIFO to appropriately encode the symbols so as to maintain the rec-
ognizability of data symbols and idle symbols.

In a further embodiment, the intermediate FIFO of the transmitter unit has a capacity of
at least the number of check symbols and synchronization symbols generated by the
ASM generator and the block encoder.
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In a further advantageous embodiment, the block decoder in the receiver unit comprises
a Reed-Solomon decoder. As previously explained with reference to the block encoder,
the Reed-Solomon decoder includes a highly efficient error correction mechanism so as
to restore data contained within a respective encoded symbol block, wherein any number
of bit errors within a maximum number of faulty symbols as specified above may reliably
be compensated for. Consequently, a moderately high bit error rate during the transmis-
sion may be tolerated and thus may allow the employment of less sophisticated trans-
mission media, such as plastic optical fibres having a distance of more than 200 m, and
the like. In some embodiments, the Reed-Solomon encoder may be implemented in the
form of a reconfigurable FPGA (field programmable gate array), while in other embodi-
ments, a dedicated ASIC may be provided to include a Reed-Solomon mechanism, or
any other appropriate error correction mechanism.

In a further embodiment, the deserializer in the receiver unit comprises a shift register for
parallelizing incoming serial data into symbols having a width that corresponds to the
input width of the line decoder. In this way, well-established digital circuits may be used
for converting the serial data into a parallel symbol with a required symbol width.

in still another illustrative embodiment, the receiver unit further comprises a block syn-
chronization unit configured to identify an attached synchronization marker (ASM) sym-
bol and also comprises a synchronization state machine for performing a synchronization
procedure. Thus, the media converter comprises an efficient means for identifying a
symbol block within the serial data so that the incoming serial data may efficiently be iSO-
lated into respective symbol blocks as required for the block decoding operation.

In one embodiment, the synchronization state machine comprises an acquisition state for
identifying a predefined number of ASM symbols. In this way, the receiver unit may effi-
ciently monitor the incoming serial data with respect to any ASM symbols in order to es-
tablish and maintain a high degree of synchronism with a remote block encoder, without
actually gathering data bits as the synchronization status of the incoming data stream is
still not ascertained. Hence, the acquisition state or phase enables efficient detection of
ASM symbols, whenever synchronization is lost or not yet established.
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In a further embodiment, the synchronization state machine further comprises a tracking
state for gathering a predefined number of symbols according to an input block length of
the block decoder. Hence, the required number of symbols may efficiently be selected
and then provided to the block decoder.

In a further advantageous embodiment, the synchronization state machine further com-
prises an error state detection mechanism that is initiated when no ASM symbol is identi-
fied after the predefined number of symbols has been collected. In this way, appropriate
measures may be taken when the ASM symbols, typically provided within the serial data
stream for identifying respective symbol blocks, are not identified. For example, in some
embodiments, the synchronization state machine may further collect subsequent sym-
bols until again the required number of symbols is reached, even if an ASM symbol is not
detected between two subsequent symbol blocks. Hereby, each subsequent symbol
block collected without the identification of corresponding ASM symbols may be evalu-
ated as an increased level of “synchronization loss”. At a certain level, the synchroniza-
tion state machine may transit into the acquisition state so as to again identify ASM sym-
bols and “lock” into the data stream prior to gathering further symbols from the incoming

data stream.

In a further embodiment, the receiver unit further comprises a block FIFO connected be-
tween the block synchronization unit and the block decoder for storing the predefined
number of symbols received from the block synchronization unit. Consequently, the
block encoder may operate on the basis of a complete symbol block as required.

In a further illustrative embodiment, the line decoder in the receiver unit comprises a con-
trol output to indicate whether or not a decoded symbol is an actual data symbol. Con-
sequently, the respective symbols may appropriately be handled during the further proc-
essing so as to remove or maintain certain symbols, depending on their status indicated
by the control output of the line decoder.

In a further embodiment, the receiver unit further comprises an interframe gap control
unit and an interframe gap control FIFO that is connected so as to receive decoded sym-
bols from the line decoder. Thus, the interframe gap control FIFO may receive the de-
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coded symbols and may be manipulated in accordance with a specific strategy imple-
mented in the interframe gap control unit.

In a further illustrative embodiment, the interframe gap control unit is configured to re-
move non-data symbols included in a block of data symbols and to pass all other sym-
bols prior to storing symbols in the output FIFO. Consequently, any non-desired sym-
bols, such as incorrectly detected special words, idle-symbols, and the like, may effi-
ciently be removed.

Preferably, the interframe gap control unit is configured to remove any non-data symbols
except for symbols representing an interframe gap of the data stream of the first type.
Consequently, the output FIFO may contain only data symbols and symbols representing
an interframe gap of an original packet-based data stream in accordance with specific
data transfer protocols, such as the Ethernet protocol.

In a further preferred embodiment, the interframe gap control unit is further configured to
add and/remove symbols from the output FIFO that represent an interframe gap of the
data stream of the first type for compensating a timing mismatch between the second
type of data stream and an operating frequency of the receiver unit. Consequently, the
media converter according to the present invention has implemented efficient means for
compensating any inevitable slight mismatch between transmitter and receiver clocks,
which méy finally result in a FIFO overflow, when the receiver clock is slower, or an un-
derflow when the receiver clock is faster, by adding or removing corresponding inter-
frame gap symbols from the output FIFO, in case an underflow or overflow of the FIFO is
predicted. For this purpose, the number of symbols in the output FIFO of the receiver
unit may be monitored with respect to appropriate threshold values in order to predict an
overflow or an underflow situation. Once an overflow or underflow situation is predicted,
an appropriate number of interframe gap symbols may be removed from or added to the
output FIFO, thereby adapting the silence phases in the packet-based data stream ac-
cording to the timing mismatch between receiver and transmitter.

According to a further aspect of the present invention, a bi-directional signal conversion
system comprises a media converter as is described above or as will be described in the
following detailed description. Moreover, the system comprises a first physical layer de-
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vice configured to receive and provide a first type of data stream in the form of electric
signals, and a second physical layer device configured to receive and to provide the sec-
ond type of data stream in the form of optical signals.

Consequently, an efficient data conversion system is provided, which enables to convert
data, received from or to be provided to an optical system, with an enhanced bit error
rate performance, thereby providing for the potential of optical networks spanning dis-
tances that are increased compared to conventional optical networks.

In one illustrative embodiment, the second physical layer device comprises an optical
transmitter device and an optical receiver device that is connected to an optical fibre.

In one advantageous embodiment, the optical fibre comprises a core made of plastic
material. As previously explained, the reduced performance of the plastic material may
efficiently be compensated for by the media converter having the enhanced bit error rate
performance.

In a further embodiment, a length of the optical fibre is more than 200m, thereby over-
coming the limitations of conventional data conversion systems mediating between elec-
trical and optical environments.

In still another illustrative embodiment, the optical receiver device and the optical trans-
mitter device have an operating wavelength in the range of 200 nm — 650 nm. Thus,
these devices are well suited for operation in combination with plastic optical fibres.

in other embodiments, the optical fibre comprises a glass material core, wherein in some
embodiments a length thereof is more than 400 m or even more than 2 km. Similarly, as
in the case of plastic optical fibres, also for glass optical fibres the enhanced perform-
ance of the media converter allows to tolerate enhanced bit error rates in the transmis-
sion channel, so that increased distances may be spanned by the optical fibre.

According to a further aspect of the present invention a method of converting packet
based data into serial data and vice versa is provided. The method comprises:
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receiving an incoming packet-based data stream and converting it into a continuous se-
rial output data stream on the basis of line encoding and block encoding, and

receiving an incoming continuous data stream and converting it into a packet-based out-
put data stream on the basis of block decoding and line decoding.

As previously explained, the method may enable an efficient data exchange between
packet based transmission channels and optical transmission channels, since a high bit
error rate tolerance may be achieved.

Further advantageous embodiments, objects and features are described in the appended
claims and in the following detailed description, which refers to the attached drawings, in
which:

Fig 1a is a block diagram schematically illustrating a signal conversion system in accor-
dance with one illustrative embodiment of the present invention, in which asynchronous
signals from twisted pair cables may be converted into isochronous signals provided to

an optical link;

Fig 1b schematically shows a block diagram of a media converter according to one illus-
trative embodiment, wherein various components are illustrated including the relevant
signal flow, the input/output connections and the interfaces for communication with ex-
ternal devices;

Fig 1¢ schematically illustrates the configuration of a transmitter unit (TXU) of the media
converter as shown in Fig 1b;

Fig 1d schematically shows a timing diagram, illustrating how a sequence of input data is
modified at the output of the TXU according to one illustrative embodiment, wherein idle-
symbols are added to data symbols, and ASM symbols and check data symbols are aiso
added to the initial idle and data symbols;
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Fig 1e schematically shows a timing diagram for local clock signals and enable signals
for an over-sampling procedure used for data recovery in accordance with one illustrative
embodiment;

Fig 1f schematically shows a block diagram of a receiver unit (RXU) in the media con-

verter as shown in Fig 1b;

Fig 1g represents a block diagram for illustrating a state machine in the receiver unit for
synchronizing encoded blocks, wherein the states may include acquisition and tracking
states as well as error handling steps in accordance with one illustrative embodiment;

and

Figs 2a to 2d represent flow diagrams illustrating the handling of underflow/overflow pre-
diction and interframe gap modulation according to one illustrative embodiment of the

present invention.

With reference to the accompanying drawings the technique of signal conversion in ac-
cordance with the present invention will now be described in more detail.

Fig 1a schematically shows a block diagram of a signal conversion system 190 compris-
ing a first physical layer device 191, which may represent a 10baseT physical layer for
an integral link to and from a network channel, such as an unshielded twisted pair cable
192. Moreover, the system 190 further comprises a second physical layer device 193
that is configured to provide optical signals to an optical transmission channel 194, such
as a plastic optical fibre, glass optical fibre, and the like. As previously explained, the
optical transmission channel 194, when provided in the form of a plastic optical fibre,
may have a length of more than 200 m due to the enhanced bit error rate (BER) per-
formance of a media converter 100 that is connected between the first physical layer de-
vice 191 and the second physical layer device 193. The media converter 100 comprises
a first interface 180, which may be provided in the form of a media independent interface
(Mll) and a second serial interface 170. Moreover, the media converter 100 comprises a
signal processor 101 that is configured to convert a packet-based data stream into a con-
tinuous serial data stream and vice versa on the basis of block encoding and line encod-
ing techniques. In the system 190, the various components 191, 100 and 193 may be
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implemented on different platforms so as to enhance design flexibility. For instance, the
first physical layer device 191, such as a 10baseT device, may be implemented in a
commercial device, while the signal processor 100 may be provided in the form of a
FPGA or any other éppropriate dedicated circuit configuration and the second physical
layer device 193 may be implemented on a custom board.

During operation of the system 190, data traffic on the transmission channel 192, ie. an
unshielded twisted pair cable, may be converted in appropriate electrical signals, which
may be accessed by the media converter 100 via the first interface 180. Similarly, data
traffic on the optical transmission channel 194 may be converted into appropriate electri-
cal signals in the second physical layer device 193, for instance by means of photodi-
odes, and these electrical signals may be accessed by the signal processor 101 via the
interface 170. Similarly, any signals generated in the signal processor 101 may be pro-
vided to the first and second physical layer devices 191 and 193 via the interfaces 180
and 170. For instance, the media converter 100 may be configured to transform asyn-
chronous Ethemet signals used in the transmission channel 192 into corresponding elec-
trical isochronous signals that are converted into equivalent optical signals, for istance by
means of led devices, and destined for the optical transmission channel 194. Hereby, the
second data stream, ie. the data stream transferred via the second interface 170 is a
continuous serial data stream, irrespective of the data traffic in the transmission channel
192, wherein the signal processor 101 is configured to perform the line encod-
ing/decoding and block encoding/decoding processes so as to provide for enhanced per-
formance with respect to bit error rate, thereby enabling to overcome the limitations of
conventional systems so that plastic optical fibres may be operated on the basis of wave-
length range of 400 nm — 650 nm with a length of the transmission channel 194 up to
400 m. In case a longer distance is required, respective glass optical fibores may be
used, wherein respective components in the second physical layer device 193 may be
configured so as to operate at a wavelength in the range of 850 nm — 1600 nm and es-
pecially around centre wavelengths of 850 nm, 1300 nm and 1550 nm. Hereby, glass
optical fibres with a length of more than 2 km may be used in the optical transmission
channel 194.

Fig 1b schematically shows a block diagram of the media converter 100 of Fig 1a. The
media converter 100 may comprise the first interface 180 and the second interface 170,
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any power circuitry, in-out connectors and other hardware components which may not be
relevant for the actual signal conversion and which are therefore not illustrated in Fig 1b.
The signal processor 101 as illustrated in Fig 1b may further comprise a clock generation
unit (CGU) 130, a data recovering unit (DRU) 140, a pad data unit (PDU) 1580, a transmit-
ter unit (TXU) 110 and a receiver unit (RXU) 120.

The clock generation unit 130 may comprise a master clock source 131 operating at a
specified frequency, such as 54.55 MHz, wherein this clock signal may be used as timing
reference for most of the signal processing steps, like data writing and reading into stor-
age means and encoding/decoding operations performed in the transmitter unit 110 and
the receiver unit 120, as will be described later on. Moreover, the clock generation unit
130 may provide a clock signal SERCLK that may be used for the serial synchronous
signals carried by the second interface 170. Moreover, a further clock signal, for in-
stance eight times faster than SERCLK, may be synthesized by the clock generation unit
130, wherein this signal may be used in the data recovery unit 140 to recover the serial
synchronous signal by means of an over-sampling technique, as will be described in
more detail later on. Thus, four types of reference clocks may be used in the signal
processor 101:

a TX-CLK and an RX-CLK clock signal of 2.5 MHz, generated by the first physical layer
device 191, wherein the clock signals may be used as timing reference for the transfer of
data in nibble format between the device 191 and signal processor 101 via the interface
180;

the oscillator clock as provided by the master clock oscillator 131, which may operate at
54.55 MHz;

SERCLK as the reference clock for the serial synchronous signal conveyed by the inter-
face 170;

SERCLKXx8, ie. the reference for the data recovery by means of the data recovering unit
140.



WO 2007/039119 PCT/EP2006/009162
17

The media converter 100 is configured so as to transmit at the serial interface 170 serial
data at a constant bit rate irrespective of the packet-based data traffic at the interface
180, which typically receives the data in bursts separated by silent periods, which are
also referred to as interframe gaps. Moreover, in order to achieve the desired enhanced
performance with respect to bit error rate an overhead is applied to each incoming data
so as to provide respective redundancy for appropriate line encoding and bit error correc-
tion mechanisms. For example, when a 10 Mbit/s bit rate is considered in the first physi-
cal layer device 191, the overhead may be as follows:

1.25 for line encoding, for instance incoming 8-bit symbols are converted into 10-bit sym-
bols,

1.0667 for a forward error correction block coding, which may for instance be realized by
a Reed-Solomon (1023, 959) code,

1.00391 for adding synchronization symbols to the transmitted data, when for instance
four special characters, referred to as K28.5, are added so as to be able to retrieve the

encoded blocks at the receiver end.

Thus, in the example specified above, the resulting total overhead is therefore equal to
1.338 so that the bit rate at the serial interface 170 is selected to be equal or greater than
13.38 Mbit per second. In some embodiments, the actual bit rate at the interface 170 is
selected greater than the minimum value of the 13.38 Mbit per second for the above-
specified overhead so that input data rates may be accepted at the interface 180 that are
slightly greater than 10 Mbits per second according to the Ethernet specification.

In one advantageous embodiment, the clock generation unit 130 is configured to gener-
ate the clock reference for the synchronous signal by frequency synthesis of the master
clock source 131, which may be provided integrally with the components of the signal
processor 101, for instance on an FPGA board. The resulting data bit rate may be equal
to 13.64 Mbits per second, which is a value 2% greater than the required minimum rate
for the above-specified overhead. It should be appreciated that other clock rates may be
used, when for instance other encoding and decoding strategies with a different amount

of overhead are used.
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In other embodiments, the clock generation unit 130 may be omitted and a correspond-
ing clock input may be used so as to receive a clock signal from an external source. For
instance, the signal SERCLK may be used as an external clock signal.

The first interface or MIl 180 connects to the signal processor 101 and is configured to
receive and transmit data frames, wherein in one illustrative embodiment, the interface
180 supports frame formats of the IEEE802.3 and Ethernet standards. The carrier sense
(CRS) and collision signals (COL) may not be used internally, since the media converter
100 operates in a full duplex mode. Similarly, the signal MDIO of the MIl may not be
connected, as no configuration and monitoring of the external device 191 may be re-
quired. The initialization of the first physical layer device 191, which occurs after 32 con-
secutive logic ones on the MDIO port is ensured by a corresponding pull up circuitry (not
shown) within the media converter 100. The digital data received from the physical layer
device 191 are transferred to the signal processor 101 over a 4-bit wide data path, which
is indicated as signal RXD (3:0). The digital signals processed by the signal processor
101 are returned to the device 191 over a second 4-bit wide data path indicated as TXD
(3:0). Moreover, as previously explained, two continuous clocks, RX-CLK and TX-CLK
are signals for the signal processor 101 and provide a timing reference for the transfer of
data between device 191 and the signal processor 101.

A description of the interface terminals of the interface 180 along with their correspond-
ing use in the signal processor 101 and the type of signal carried by the respective pins
is described in the following table:

Signal Type Description

Continuous clock that provides the timing reference for the transfer of RX-DV,

RX-CLK RX-ER, and RXD signals from the Ethernet device 191. The frequency of RX-

CLK is equal to 2.5 MHz.

RX-DV ' sending the recovered nibbles on RXD to the signal processor 101.
For each RX-CLK period in which RX-DV is asserted, RXD transfers four bits of
RXD(3:0) 1 recovered data from the device 191 to the signal processor 101. RXDI[0] is the

least significant bit.

Driven by the external device 191, it is asserted to indicate that the device 191 is
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RX-ER

TX-CLK

TX-EN

TXD(3:0)

COL

CRS

MDIO

1[e]

Asserted for one or more interface clock cycles, it indicates that an error (any
error that can be detected by the device 191) was detected in the frame pres-
ently being transferred. It may be neglected in the present invention.

It is the continuous clock that provides the timing reference for the transfer of the
TX-EN, TX-ER and TXD signals form the signal processor 101 to a device 191.
The operating frequency is 2.5 MHz.

It indicates that the application is presenting nibbles on the interface 170 for
transmission. It is asserted with the first nibble and remains asserted while all
the nibbles to be transmitted are provided to interface 180.

For each TX-CLK period in which TX-EN is asserted, TXD will contain the data
transferred by the signal processor 101 to the Ethemnet device 191. TXD([0] is the
least significant bit. When TX-EN is de-asserted, the data presented on TXD[3:0]
should be ignored.

It is asserted by the device 191 upon detection of a collision of the medium, and
remains asserted while the collision condition persists. It is ignored when operat-
ing in full-duplex mode as in the present invention.

The device 191 shall ensure that CRS remains asserted throughout the duration
of a collision condition. It is ignored in case of a full-duplex operation as in the
present invention.

MDIO is a bidirectional signal between the device 191 and the signal processor
101. Itis used to transfer control information and status between the device 191

and the signal processor 101.

During operation of the media converter 100 when receiving packet-based data via the
interface 180, the incoming packet-based data stream may be received by the transmit-
ter unit 110 via the pad data unit 150, which may insert any specified characters during
silence phases, ie. during interframe gaps of the received packet-based data stream.
The insertion of interframe gap symbols during silence phases facilitates to maintain a
substantially continuous serial data stream, in combination with further time gap filling
techniques, as will be discussed later on, thereby significantly reducing an undue signal
modulation at the receiver side. The transmitter unit 110 comprises a line encoder 111,
a block encoder 112 and a serializer 113. Thus, the data received at the transmitter unit
110, which may include any interframe gap symbols provided by the pad data unit 150, is
encoded with a specified overhead, as is for instance specified above, and is then serial-
ized and output as a continuous serial data stream via the interface 170. Similarly, when
the media converter 100 operates so as to receive serial data via the interface 170, the
respective data are correspondingly recovered by the data recovery unit 140 and are fed
to the receiver unit 120, in which a deserializer 123 parallelises the serial data stream
and provides the parallel symbols to a block decoder 122 and subsequently to a line en-
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coder 121 so as to provide the respective data symbols as a packet-based data stream
to the interface 180.

Fig 1c schematically shows a block diagram of the transmitter unit 110 according to one
illustrative embodiment in more detail. The unit 110 comprises an input FIFO (first-in
first-out memory) 114, the output of which is connected to the line encoder 111, which in
turn is connected to an intermediate FIFO 115 that is connected to the block encoder
112. An output FIFO 116 is provided at the output of the block encoder 112 and supplies
encoded symbols to the serializer 113. Moreover, an idle generator 117 is provided,
which is connected to the line encoder 111 so as to provide idle symbols when a corre-
sponding feedback signal on a feedback line 119 from the output FIFO 116 indicates a
possible underflow of the FIFO 116. Moreover, the transmitter unit 110 comprises an
ASM generator 118, which is configured to provide one or more ASM (attached synchro-
nization marker) symbols that may be identified on a receiver side so as to allow the
identification of respective forward error corrected symbol blocks.

During operation of the transmitter unit 110, the unit 110 performs the line encoding,
such as an 8-bit/10-bit encoding, forward error correction encoding and a serialization of
the incoming packet-based Ethernet frames, while simultaneously ensuring a continuous
transmission of data bits at the output of the serializer 113. Moreover, the transmitter
unit 110 performs the synchronization of the symbol blocks provided by the encoder 112
by means of specific ASM symbols provided by the generator 118. A continuous trans-
mission of data at the serializer 113 may be obtained by means of the feedback signal
provided by the output FIFO 116, that is, whenever the number of symbols in the output
FIFO 116 is below a given threshold the input of the line encoder 111 receives a special
symbol, denoted as K23.7, from the idle generator 117, which may also be referred to as
idle symbol. Thus, in combination with the provision of interframe gap symbols, given by
the pad data unit during silence phases, and real data, coming from the interface 180, a
continuous stream of symbols is achieved.

The synchronization of the encoded symbol blocks may be achieved by, for instance,
inserting, as ASM symbols, four special symbols of the line code, such as K28.5 accord-
ing to the 8-bit/10-bit coding.
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In one preferred embodiment, the line encoder 111 is implemented in the form of a
commercial IP core based on the full code set proposed by A X Widmer and P A Fra-
naszek in “A DC balanced partitioned block 8B/10B transmission code” published in IBM
Journal Research Development vol 27, no 5. In other embodiments, an 88/10B encoder
may be mapped into a dedicated ASIC. The code specifies the encoding of an 8-bit byte
(256 unique data symbols) and additional twelve special or (K) characters into a 10-bit
symbol. The characteristics of the code scheme are appropriate for high speed local
area networks, computer links or any serial data links. The code scheme is DC bal-
anced, which is particularly advantageous for active gain, threshold setting and equaliza-
tion of optical receivers. The code ensures a limited run length, that is, no more than five
consecutive ones or zeros are generated, and a fixed density of transitions in the signal,
which permits clock recovery from the data stream. The special (K) characters are use-
ful as packet delimiters. A subset of these characters, referred to as commas, are
unique in that their bit pattern never occurs in a string of serialized data symbols and
hence can be used to determine symbol boundaries at the receiving end. For example,
in the present invention the special symbol K28.5 is used for this purpose. The combina-
tion of these features allows the receiving end of an encoded 8B/10B data stream to ex-
tract the bit rate clock, to determine symbol and frame boundaries and to detect most
transmission errors. These characteristics are obtained with a comparatively low over-
head of 25%, which compares to for example a 100% overhead in a Manchester code.

The block encoder 112, which provides for a further redundancy on the basis of symbol
blocks, is in one preferred embodiment implemented by means of a Reed-Solomon
commercial IP core. In other embodiments, the block encoder 112 may be mapped in a
dedicated ASIC.

Reed-Solomon codes are usually referred to as (n, k) codes where n is the total number
of symbols in a code block and k is the number of information or data symbols. The
Reed-Solomon core generates systematic code blocks, where the complete code block
is formed by the k information symbols foliowed by the (n-k) check symbols. The maxi-
mum number of symbol errors in a block that may reliably be corrected is T=(n-k)/2,
wherein a symbol error may contain any number of bit errors. In one illustrative em-
bodiment, the selected code is a Reed-Solomon (1023, 959) code with a correction ca-
pability equal to 32. This code is appropriate in combination with the 88/10B encoder
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111 generating 10-bit symbols, which are compatible with the above Reed-Solomon

code.

The input FIFO 114 is in one embodiment an asynchronous type having a symbol width
of nine and a depth of sixteen symbols. Hereby, data are written at 1.25 MHz, that is,
half of the RX-CLK clock frequency of 2.5 MHz, as the input data are provided as nibbles
that are converted to bytes. Moreover, the FIFO 114 is read with the master clock fre-
quency provided by the master clock source 131 (cf Fig 1b). The FIFO 114 accepts data
to be transmitted at its output from the interface 180, ie. couple of Ethernet nibbles, or
from the idle generator 117, when the corresponding feedback signal on the line 119
from the output FIFO 116 indicates the necessity for an idle symbol so as to guarantee a
continuous data transmission. In the preferred embodiment, the symbol width of the
FIFO 114 is set to 9, where the most significant bit is used as a K input for the 88/108
encoder 111 so as to distinguish between idie transmission symbols and true data sym-
bols. The FIFO 114 is read each time it contains data. The symbol read out from the
FIFO 114 is processed by the line encoder 111, which then outputs the corresponding
10-bit symbol. The line encoder 111 is fully synchronous to the master clock source 131,
that is, at each rising edge of the master clock an 8-bit input symbol is sampled and
transformed into the 10-bit output symbol.

Any coded symbols are stored immediately after generation in the intermediate FIFO
115, which is provided so as to separate the line encoder 111 and the block encoder
112, since the latter one needs to add a specified number of check symbols to the input
information symbols, that is real data symbols plus idle symbols. For the above-specified
Reed-Solomon encoder algorithm 68 symbols, ie. 64 check symbols and 4 AFM sym-
bols, may be added. In one advantageous embodiment, the depth of the intermediate
FIFO 115 is set to 128. In other embodiments, any other depth greater than the mini-
mum depth of 68 may be used.

The intermediate FIFO 115 may be read in the following way. Once the first data symbol
has been written and the block encoder 112 is available, the AFM generator 118 sends
to the block encoder 112 the required number of AFM symbols, which in the present ex-
ample are 4 AFM symbols. These symbols are K28.5 symbols that are transmitted in
bypass mode and which pass straight through to the output with the inner latency of the
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selected IP core of the encoder 112. These AFM symbols have no effect on the gener-
ated check symbols. After the transfer of the AFM symbols, each written data symbol is
passed to the block encoder 112, which automatically moves a delayed version of the
symbol to the output and keeps a copy thereof internally for the check symbol genera-
tion. Once all information symbols, that is, for the above-specified case, the 959 informa-
tion symbols are read, the block encoder 112 generates the 64 check symbols which are
subsequently written to the output FIFO 116. The block encoder 112 is fully synchro-
nous to the master clock, that is, at each rising edge of the master clock the input sym-
bols are sampled and converted into the output symbols. A “ready for first data” output
signal (not shown) is asserted high after the last check symbol sampling. A master clock
cycle later, the “ready for first data” is de-asserted and the block encoder 112 is ready to
accept the first data of a new block, which is read from the intermediate FIFO 115.

The output FIFO 116 is an asynchronous FIFO, wherein the write clock domain is in the
master clock domain and the read clock domain is based on the signal clock SERCLK.
In the embodiment shown, the output FIFO 116 may never be empty due to the feedback
mechanism illustrated in the form of the feedback line 119, that inserts idle symbols in
the previous blocks, whenever the number of symbols is under a certain threshold.

The serializer 113 may be provided in the present example as a 10-bit shift register for
providing the serial data at the output of the transmit unit 110, wherein for example the
most significant bit may be output first. Moreover, the transmitter unit is configured to
perform a pop operation during operation at each tenth clock cycle of SERCLK to ensure
a continuous serial transmission from the serializer 113.

Thus, incoming data symbols in the form of packets, which may comprise for instance
D, ..., Dk data symbols received by the input FIFO 114, are correspondingly line en-
coded by the encoder 111 and correspondingly encoded by the block encoder 112 by
adding corresponding ASM symbols generated by the ASM generator 118 and any
check symbols provided by the encoder 112, wherein depending on the feedback signal
on the feedback line 119 delivered by the output FIFO 116 corresponding idle symbols
provided by the generator 117 may be inserted, if required.
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Fig 1d schematically shows in the upper part a packet of data symbols D, ... Dk ob-
tained, for instance, according to an Ethemet protocol wherein the lower portion of Fig 1d
schematically illustrates a corresponding encoded block as delivered by the encoder 112
including in this example four ASM symbols followed by K data symbols with intermedi-
ate idle symbols, which have been inserted so as to maintain a proper timing with re-
spect to the incoming data packet, thereby ensuring a continuous data traffic at the serial
interface 170. Moreover, a plurality of check symbols are provided, in the present exam-
ple 64 check symbols, Denecki. .. Deneckss, Which contain information required for error cor-
rection during the decoding phase. For example, for the above-specified Reed-Solomon
encoder a sequence of 959 input symbols, ie. data symbols and idle symbols is con-
verted into the symbol sequence as shown in Fig 1d. The corresponding symbol se-
quence is then converted into a serial bit data stream by the serializer 113 and output by
the second interface 170.

For a data conversion in the opposite direction, a serial data stream may be received by
the second interface 170 and may be supplied to the data recovering unit 140 (cf Fig 1b).
The data recovering unit 140 is configured to extract data from the incoming serial data
stream and to move the extracted data bit into a separate clock domain. In one preferred
embodiment, the data recovery unit 140 is completely digital and has implemented
therein an oversampling technique.

During operation of the data recovering unit 140 incoming input data may be recovered
without recovering the clock signal, on the basis of which the data stream received has
been transmitted. It should be appreciated that in other embodiments the clock signal
and the data bits may be recovered by means of a PLL technique.

In one embodiment using a fully digital configuration, a clock reference signal is used by
the data recovering unit 140 which is based on the nominal frequency of the data stream
being decoded, which may be for instance 13.64 MHz, and is multiplied by a factor of 8,
while it should be appreciated that other values may also be used. A shift register (not
shown) may be used to divide the local frequency by 8, thereby creating eight enable
signals each one shifted in phase with respect to the other by 1/8 of the bit period, i.e.
the eight enable signals have a phase difference of 45 degrees.
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Fig 1e schematically shows corresponding enable signals EN-A, ... EN-H with respect to
data signals and the initial local clock signal. The enable signals EN-A, ... EN-H are
used to sample the incoming data signal, thereby defining eight different time domains
within each bit period of the incoming bit stream, as may be seen from Fig 1e. Thus,
each time domain represents a single sample point for evaluating the bit value of the in-
coming data bits.

A matrix of 64 flip-flops (not shown) may be provided in the data recovering unit 140 in
order to move the eight samples at the same time domain so that they can be analyzed
for determining the value of the incoming data bit. The data recovering unit 140 is further
configured to detect the time domain at which each transition from a “0"to“1"ora“1"to
“0” occurs. The corresponding time domain is that time domain that first identifies the
respective value change in the incoming data. In one embodiment, the time domain lo-
cated a half bit period ahead, in the present example four time domains ahead, may then
be chosen as the sampling domain, since it may be assumed that this time domain is
located next to the centre of the received bit. In one preferred embodiment, an en-
hanced tolerance to noise is provided by means of a majority voter implemented in the
data recovering unit 140. Thus, in one embodiment, not only the centre time domain
may be used for assessing the bit value of the currently detected bit, but the three central
sample points or time domains may be considered and the decision may be based on
the majority of coinciding bit values at the respective three sampling points. Thus, en-
hanced immunity with respect to possible spurious spikes that may be present in the in-
coming analogue data signal may be achieved. It should be appreciated that due to un-
avoidable inaccuracies in the frequency used in the transmitter and the clock signal used
in the data recovering unit 140, the corresponding eight or more or less enable signals
(cf Fig 1e) may either be slightly faster or slightly siower than the incoming data stream.
As will be described later on in more detail, particular attention is given in the media con-
verter 100 so as to enhance the tolerance of the system to this frequency mismatch and
to provide means for countering the jitter affecting the clock and the input data signal. As
explained previously, the media converter 100 is designed to be used in applications
such as POF links having a length of 200 m and even more, in which high bit error rates
and cycle to cycle jitter of approximately 30% of the bit period may be encountered. A
corresponding compensation mechanism will be explained with reference to the function
of the receiver unit 120.
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Fig 1f schematically shows a block diagram of the receiver unit 120 according to one
illustrative embodiment. In this embodiment additionally to the line decoder 121, the
block decoder 122 and the deserializer 123, the unit may further comprise a block syn-
chronization unit 128, and input FIFO 126 provided between the block synchronization
unit 128 and the block decoder 122, and an interframe gap control FIFO 125 provided at
the output of the line decoder 121. Moreover, an interframe gap control unit 127 is pro-
vided, which is operatively connected to the block decoder 122 and the output of the in-
terframe gap control FIFO 125. Finally, an output FIFO 124 is connected with its input to
the interframe gap control FIFO 125 and the interframe gap control unit 127.

During operation, the deserializer 123 receives from the data recovering unit 140 the se-
rial data that have to be converted into corresponding data packets in accordance with
the respective protocol. For example, the Ethemnet frames embedded into the serial data
received by the deserializer 123 have to be provided at the output of the receiver unit
120, wherein each incoming Ethernet frame has to be recovered at the output without
any inner breaks, whereas the interframe gaps between frames has to be more or less
modified, without shortening the any interframe gap below 9.6 microseconds in order to
correspond to the Ethernet standard. Thus, the receiver unit 120 decodes the incoming
serial data stream, thereby removing any ASM and idle symbols, such as the K28.5 and
K23.7, check symbols used for the forward error correction and also implements an effi-
cient algorithm for the interframe gap modulation so as to compensate for any timing
mismatches between the receiver and the transmitter, as previously indicated.

The deserializer 123, which may be provided as a shift register for parallelizing the in-
coming data to corresponding 10-bit symbol, provides the same to the block synchroni-
zation unit 128 which may be configured to compare the incoming symbol with the prede-
fined ASM sequence, as is previously described with reference to Fig 1f. The positive
identification of the predefined ASM symbol(s) may be considered as the starting point
for the synchronization procedure.

Fig 1g schematically shows a corresponding synchronization state machine 160, which
may be implemented in the block synchronization unit 128. The state machine 160 may
comprise an acquisition phase or state 161, which may be entered at power on of the
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system or after completely losing the synchronization. During acquisition in the state 161
data are not transferred to the following blocks, ie. the input FIFO 126 but the corre-
sponding data may be discarded. As may be seen from Fig 1g, during the acquisition
phase 161, the state machine 160 may wait for identifying a first group of four ASM sym-
bols, referred to as ASMO and may do so for a plurality of ASM symbols groups depend-
ing on the synchronization scheme used during the block decoding. In the present case,
the synchronization scheme is based on the identification of five subsequently groups
ASMO, ASM1,...ASM4, as is explained with reference to Fig 1d, where each group is
composed by four ASM symbols.. Thus, in one preferred embodiment, the acquisition
phase 161 is left and a tracking state 162 is entered upon the detection of five consecu-
tive groups of ASM symbols. For example, for a worst case bit error rate of 10° the
probability that this acquisition procedure fails and must be repeated is equal to 14%,
while the probability for incorrectly transiting from the acquisition phase 161 to the track-
ing state 162 is approximately 10™. In other embodiments, the number of required iden-
tified groups of ASM symbols may be less than 5, thereby providing a lower failure prob-
ability while increasing the probability for an incorrect transition from the acquisition
phase 161 to the tracking state 162.

In the tracking state 162 typically a new group of four ASM symbols appears after 1023
10-bit symbols for the above specified encoding algorithm. If the required number of four
ASM symbols may not correctly be detected after receipt of the 1023 symbols, the state
machine 160 may transit into a corresponding error state 163, indicated as ERR1, in
which the following 1023 symbols may also be considered as valid data symboils. If the
correct number of ASM symbols is detected after the preceding 1023 symbols, the state
machine 160 may again return to the tracking state 162. Otherwise, the state machine
160 may remain in the error state 163, wherein in one embodiment, a higher “error level”
is then assumed. In one embodiment, the state machine 160 may move from one error
state to a higher order error state, and while reaching the uppermost error state, such as
the error state ERR16 in Fig 1g, it may be decided that the synchronization is completely
lost and the state machine 160 transits into the initial state in the acquisition phase 161.
For a worst case bit error rate of 102, the probability for wrongly leaving the tracking
state 162 is approximately 102, It should be appreciated, however, that in other em-
bodiments this probability may be differently selected by using a different number of total

error states.
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Again referring to Fig 1f, during the tracking state the ASM symbols are removed and the
valid symbols are written into the input FIFO 126. In this way, the symbols are parallel-
ized correctly and each encoded block to be decoded by the block decoder 122 is cor-
rectly isolated. The block encoder 122 may be provided in one illustrative embodiment in
the form of a Reed-Solomon IP commercial core, as is also explained with reference to
the transmit unit 110. The Reed-Solomon decoder samples the symbols and attempts to
correct any errors on the basis of the corresponding check symbols. As previously ex-
plained, the maximum number of symbol errors in a block that can be guaranteed to be
corrected by the Reed-Solomon algorithm is 32 for the Reed-Solomon (1023, 959) con-
figuration. Hereby, each symbol error may contain any number of bit errors. As already
explained with reference to the transmitter unit 110, the block decoder 122 may be im-
plemented in the form of a field programmable gate array or in a dedicated ASIC.

Since the block decoder 122 may not operate in a continuous way due to the processing
delay for the selected Reed-Solomon (1023, 959) code, a corresponding block is stored
in the intermediate FIFO 126 and is supplied to the block encoder 122 once it is available
for the processing of new input data. At each cycle of the master clock 131, the block
decoder 122 pops one symbol at a time until all symbols of a block are internally proc-
essed. After a given latency the check symbols are removed and a corrected version of
the 959 information data symbols is generated, which are now ready for output. The
outputs are also synchronized with the master clock source 131 and are passed to the
line decoder 121, which is configured to decode the line decoded symbols, ie. in the pre-
sent embodiment, the 10-bit symbols into the appropriate 8-bit symbols or characters.
As previously explained, the line decoder 121 may be implemented in the form of a field
programmable gate array by a commercial IP core based on the full 8B/10B code set, as
is also explained with reference to the line encoder 111. In other embodiments, the de-
coder 121 may be mapped in a dedicated ASIC. Moreover, the line decoder 121 is con-
figured to add the corresponding redundancy information, ie. the K(special character of
the 8B/10B code)-output information, so as to distinguish between real data symbols and
special characters. The corresponding decoded symbols or characters and the respec-
tive K-outputs, which are fully synchronized to the master clock source 131, are then
written into the interframe gap control FIFO 125, which therefore contains real data sym-
bols, idle symbols, interframe gap symbols, or other special characters, which may be
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obtained from an erroneous detection of incoming data, while the ASM symbols have
already been removed. In one preferred embodiment, the receiver unit 120 is configured
to pass all data except for idle symbols (K23.7) to the output FIFO 124. In other em-
bodiments any interframe gap symbols and real data symbols only are allowed, while idle
symbols and wrongly detected special characters are stopped.

As previously explained, slight frequency mismatches between a receiver and a transmit-
ter may have to be considered and also corresponding silent gaps between internet
packets have to be, in principle, maintained while excessive extension or shortening of
the corresponding gaps according to the Ethemet protocol has to be avoided. Since the
block decoder 121 processes the data block-wise a first mechanism was introduced in-
volving the pad data unit 150 (cf Fig 1b) in the transmit unit 110, so as to insert inter-
frame gap symbols (K27.7 according to the 8B/10B code) during interframe gaps accord-
ing to the Ethernet protocol. Although transmitting symbols also during a silence phase
in the packet-based data stream may stress the media converter 100, in the absence of
the pad data unit 150 a silent gap restored at the receiver unit 120 could be highly differ-
ent from the original one and also a certain time gap might be inserted into an Ethernet
frame, thereby “breaking” the corresponding Ethernet frame. Moreover, as previously
mentioned, owing to the inevitable slight mismatch between the transmitter and receiver
clocks, the continuous flow of idle symbols, interframe gap symbols and real data sym-
bols may result in a overflow of the FIFO 124, in case the receiver clock is slower, or un-
derflow in case the receiver clock is faster.

For compensating overflow and underflow situations, the interframe gap control unit 127
(cf Fig 1f) is provided and has implemented a dedicated algorithm for modulating the in-
terframe gap by adding or removing interframe gap symbols from the output FIFO 124,
when an underflow or an overflow situation is predicted.

In one embodiment, the prediction is performed after writing a first block of decoded
symbols received from the interframe gap control FIFO 125 into the output FIFO 124
without further control activity and an overflow or underflow detection is estimated or
predicted on the basis of the first block.
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Fig 2a illustrates a flow diagram for determining appropriate threshold values for indicat-
ing an overflow or underflow situation. In step 201, a symbol is retrieved from the inter-
frame gap control FIFO 125 and is assessed whether or not it is an idle symbol in step
202. When the symbol read from the FIFO 125 is an idle symbol, the flow returns to step
201 and retrieves another symbol from the FIFO 125. If in step 202 the symbol is not an
idle symbol, the corresponding symbol is pushed into the output FIFO 124 in step 203.
In step 204 it is assessed whether or not the second block is started. If so, appropriate
threshold values for an overflow situation thH and an underflow situation thL are selected
in step 205. If in step 204 the start of the second block is not detected, the process flow
returns to step 201. Thus, at the beginning of each of the blocks following the very first
block the number of words in the output FIFO 124 may be compared to the thresholds
thH and thL, wherein an underflow situation is predicted if the number of symbols is less
than thL, while an overflow situation is predicted if the number of symbols is higher than
thH.

Fig 2b shows a flow diagram for estimating whether or not an overflow or underflow
situation may be expected. In step 206, the interframe gap control FIFO 125 is retrieved
and it is assessed in step 207 whether or not the corresponding symbol is an idle sym-
bol. If so, the process flow returns to step 206. If no idie symbol is detected in step 207,
the respective symbol is pushed into the output FIFO 124 in step 208 and in step 209 itis
assessed whether or not a new block start signal is received from the block encoder 122.
When no block start occurs in step 209, the flow returns to step 206. On the other hand,
if a block start is detected in step 209, it is assessed whether the number of symbols in
the output FIFO 124 is higher than the overflow threshold thH in step 210. If so, a num-
ber NH=thH-number of words, is calculated in step 211, which is then used in a corre-
sponding overflow handling routine. When in step 210 the number of words in the output
FIFO 124 is less than the overflow threshold the flow advances to step 212, in which the
number of words is compared to the underflow threshold thL and the process flow re-
turns to step 206, when the words is within a valid range. When in step 212 the number
of words is below the threshold thL, the process flow advances to step 213, in which a
corresponding number NL=number of words-thL is calculated, which may then be used
for the handling of the underflow situation.
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In the underflow situation, as soon as interframe gap symbols are fed from the interframe
gap control FIFO 125, the reading is disabled by the interframe gap control unit 127 and
additional interframe gap symbols generated by the control unit 127 are written to com-
pensate for the difference between the detected number of words and the corresponding
underflow threshold. In case an overflow situation is predicted, as soon as interframe
gap symbols are fetched from the FIFO 125, a predefined number of interframe gap
symbols, such as twelve interframe gap symbols, are generated by the control unit 127
and pushed into the output FIFO 124 in order to ensure the minimum interframe gap, for
instance 9.6 microseconds for an Ethernet frame. The following interframe gap symbols
are deleted from the interframe gap control FIFO 125 and not pushed into the output
FIFO 124.

Fig 2c illustrates a flow diagram for handling an underflow situation according to the
above strategy. In step 214 the interframe gap control FIFO 125 is retrieved and the cor-
responding symbol is assessed in step 216. When the symbol is assessed to be a data
symbol, it is pushed into the output FIFO 124 in step 215. If in step 216 the symbol is
assessed to be not a data symbol, in step 217 it is determined whether or not the symbol
represents an interframe gap symbol. If it is not assessed as an interframe gap symbol,
it is pushed into the output FIFO 124. If in step 217 the symbol is identified as an inter-
frame gap symbol, in step 218 NL interframe gap symbols are pushed into the output
FIFO 124, thereby efficiently avoiding any FIFO underflow.

Fig 2d illustrates a flow diagram for handling overflow situation, as described above. In
steps 219, 220 and 221, symbols are retrieved from the FIFO 125 and assessed with
respect to data or interframe gap symbols and in case of a data symbol, it is pushed into
the output FIFO 124 in step 228. That is, the steps 219, 220, 221 and 228 correspond to
the steps 214, 216, 217 and 215 of the flow diagram of Fig 2c. If in step 221 the symbol
is assessed to be an interframe gap symbol, the process flow advances to step 222, in
which a required minimum number of interframe gap symbols is written into the output
FIFO 124, which may be for instance twelve interframe gap symbols. Then, in step 223
the interframe gap control FIFO 125 is read and the corresponding symbols are as-
sessed with respect to data or interframe gap symbols in steps 224 and 225, respec-
tively. If in step 225 the symbol is assessed to be an interframe gap symbol, the flow
advances to step 226, in which it is assessed whether a magnitude of overflow, ie. the
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previously determined number NH is equal to 0. If so, the overflow handling routine is
completed. If not, the corresponding overflow handling number is decremented in step
227 and the process flow retums to step 223 for reading the interframe gap control FIFO

125.

Consequently, an efficient mechanism is provided so as to establish a continuous serial
data flow on the one side while providing a packet-based data flow on the other side with
high bit error rate tolerance, while providing a mechanism for effectively preventing over-
flow and underflow of the FIFOs.

With respect to the FIFOs, the output FIFO 124 may be an asynchronous FIFO wherein
the write clock domain is based on the system master clock source 131 while the read
clock domain is based on signal TX-CLK (cf Fig 1b). The depth of the output FIFO is
chosen to store at least two block encoder/decoder blocks. Since only real data symbols
are transmitted by the first interface 180, which is therefore silent in the time slot occu-
pied by interframe gap symbols, the receiver unit is further configured to remove inter-
frame gap symbols after any pop operations. The interframe gap control FIFO 125 is a
synchronous FIFO working on the master clock domain having a depth for storing sym-
bols from the line decoder 121 when the reading is disabled, that is, in an underflow
situation. The depth may be selected on the basis of a maximum tolerated frequency
mismatch between the receiver and transmitter clock frequencies. In one preferred em-
bodiment, a depth of 64 symbols may be chosen, while in other embodiments a different
depth may be used. Thus, in one embodiment, the input FIFO 126 may be a synchro-
nous FIFO having a symbol width of 10 bits and a depth of 1024 symbols. The inter-
frame gap control FIFO 125 may be a synchronous FIFO having a symbol width of 9 bits
and a depth of 64 symbols. The output FIFO 124 may be an asynchronous FIFO having
a symbol width of 9 bits and a depth of 2048 symbols.
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CLAIMS

A media converter comprising:

a first interface configured to receive and provide a first type of data stream based
on data packets,

a second interface configured to receive and provide a second type of data
stream based on a continuous serial bit stream,

a signal processor, which comprises a transmitter unit including a line encoder,
connected to the first and second interfaces and configured to convert said first
type of data stream into said second type of data stream and vice versa on the
basis of a block encoding/decoding algorithm and a line encoding/decoding
algorithm,

wherein

said signal processor comprises a pad data unit connected to said first Interface
and configured to add specified symbols to said first type of data stream during
silence phases in said first type of data stream, and

said transmitter comprises an idle generator connected to an input of said line
encoder

said idle generator being configured to supply a specified idle symbol to the input
of said idle encoder.

The media converter of claim 1, wherein said second type of data stream
represents a NRZ (non-retumn to zero) encoded bit stream.

The media converter of claim 1 or 2, wherein said signal processor comprises a
block encoding/decoding section operating on the basis of a forward error

correction algorithm.
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The media converter of any of claims 1 to 3, wherein said signal processor

comprises a line encoding/decoding section operating on the basis of an 8 bit/10
bit conversion algorithm or other n bit/m bit line encoding.

The media converter of any of claims 1 to 4, wherein said signal processor further
comprises a receiver unit including a deserializer, a block decoder and a line
decoder and wherein said transmitter unit further comprises a block encoder and
a serializer.

The media converter of claim 5, wherein said signal processor further comprises a
clock generation unit connected to said transmitter unit and said receiver unit.

The media converter of claim 5, further comprising a clock input configured to
receive an extemal clock signal for operating said transmitter unit and said
receiver unit.

The media converter of claim 5, wherein said signal processor further comprises a
data recovering unit connected to said second interface to receive a serial bit
stream and configured to identify individual bits in said serial bit stream.

The media converter of claim 8, wherein said data recovering unit is a digital unit
operating on the basis of an over-sampling technique.

The media converter of claim 9, wherein said data recovering unit comprises a
majority voter mechanism for determining a value of a data bit received via said
second interface.

The media converter of claim 10, wherein said majority voter mechanism is based
on at least three sample time domains. _

The media converter of claim 8, wherein said data recovering unit comprises a
phase locked loop circuit for extracting data bits and a clock signal from said serial
bit stream.
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The media converter of any of claims 1 to 12, wherein said first interface

comprises a media independent interface including a transmitter section and a
receiver section, said receiver section configured to receive a first continuous
clock signal for a nibble based data reception, said transmitter section configured
to be operated with a second continuous clock signal for a nibble based data
transmission.

The media converter of claim 5, wherein said transmitter unit is configured to
provide a continuous transmission at an output of said serializer.

The media converter of claim 14, wherein said transmitter unit further comprises

an output FIFO connected between said block encoder and said serializer and

wherein

said idle generator is further connected to a control output of said output FIFO,
and

said idle generator supplies said specified idle symbol on the basis of a
predefined status of said control output.

The media converter of claim 5, wherein said transmitter unit further comprises an
attached synchronization marker (ASM) generator configured to insert one or
more predefined synchronization symbols into a data stream provided by said line
encoder.

The media converter of claim 5, wherein said block encoder comprises a Reed-
Solomon encoding scheme or any other forward error correction technique.

The media converter of any of claims 5 to 17, wherein said transmitter unit further
comprises an input FIFO connected to receive data symbols via said first
interface, and an intermediate FIFO connected between said line encoder and
said block encoder.

The media converter of claim 15 and 18, wherein said input FIFO is connected to
receive symbols from said idle generator.
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The media converter of claim 19, wherein a symbol width of said input FIFO is
selected to provide at least one extra bit for distinguishing data symbols received
from said first interface and idle symbols received from said idle generator.

The media converter of 20, wherein said line encoder comprises a control input
for receiving said at least one extra bit and is configured to encode said data
symbols and said symbols on the basis of said received extra bit.

The media converter of claim 18, wherein said intermediate FIFO has a capacity
of at least the number of check symbols and synchronization symbols generated
by the ASM generator and said block encoder.

The media converter of any of claims 5 to 22, wherein said block decoder in said
receiver unit comprises a Reed-Solomon decoder or other forward error correction
decoder.

The media converter of any of claims 5 to 23, wherein said deserializer comprises
a shift register for parallelising incoming serial data into symbols having a width
corresponding to the input width of said line decoder.

The media converter of claim 24, wherein said receiver unit further comprises a
block synchronization unit configured to identify an attached synchronization
marker symbol and a synchronization state machine for performing a
synchronization procedure upon identification of an attached synchronization
marker symbol.

The media converter of 25, wherein said synchronization state machine
comprises an acquisition state for identifying a predefined number of attached
synchronization marker symbols.

The media converter of claim 26, wherein said synchronization state machine
further comprises a tracking state for gathering a predefined number of symbols
according to an input block length of said block decoder.
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The media converter of claim 27, wherein said synchronization state machine

further comprises an error state detection mechanism that is initiated when no
attached synchronization marker symbol is identified after gathering said
predefined number of symbols.

The media converter of claim 28, wherein said receiver unit further comprises a
block FIFO connected between said block synchronization unit and said block
decoder for storing said predefined number of symbols received from said block
synchronization unit.

The media converter of any of claims 5 to 29, wherein said line decoder
comprises a control output to indicate whether or not a decoded symbol is a real

data symbol.

The media converter of claim 30, wherein said receiver unit further comprises
packet gap control FIFO connected to receive decoded symbols from said line
decoder.

The media converter of claim 31, wherein said receiver unit further comprises an
output FIFO connected to said packet gap control FIFO and a packet gap control
unit.

The media converter of claim 32, wherein said packet gap control unit is
configured to remove specific non-data symbols included in a group of data
symbols forming a data packet and to pass all other symbols prior to storing
symbols in said output FIFO.

The media converter of claim 33, wherein said packet gap control unit is further
configured to remove any non-data symbols except for symbols representing an
inter frame gap of said data stream of the first type.

The media converter of any of claims 32 to 34, wherein said packet gap control
unit is further configured to add and/or remove symbols from said output FIFO
that represent én inter frame gap of said data stream of the first type for
compensating a timing mismatch between the second type of data stream and an
operating frequency of the receiver unit.
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A bi-directional signal conversion system comprising:
a media converter according to any of claim 1 to 35,

a first physical layer device configured to receive and provide said first type of
data stream in the form of electric signals,

a second physical layer device configured to receive and provide said second
type of data stream in the form of optical signals.

The bi-directional signal conversion system of claim 36, wherein said second
physical layer device comprises an optical transmitter device and an optical
receiver device connected to an optical fibre.

The bi-directional signal conversion system of claim 37, wherein said optical fibre
comprises a core made of plastic material.

The bi-directional signal converéion system of claim 38, wherein said optical
receiver device and said optical transmitter device have an operating wavelength
in the range of 400 nm to 650 nm.

The bi-directional signal conversion system of claim 39, wherein said optical fibre
comprises a glass material core.

The bi-directional signal conversion system of claim 40, wherein said optical
receiver device and said optical transmitter device have an operating wavelength
in the range of 800 nm to 1600 nm

A method of converting packet based data into serial data
and vice versa, the method comprising:

receiving an incoming packet-based data stream and converting it into a
continuous serial output data stream on the basis of line encoding and block
encoding, and
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47.
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receiving an incoming continuous data stream and converting it into a packet-
based output data stream on the basis of block decoding and line decoding.

The method of claim 42, wherein said line encoding comprises providing a
specified amount of redundancy for enhancing a bit error rate tolerance.

The method of any of claims 42 or 43, wherein said block encoding comprises
providing a predefined amount of redundancy for block synchronization and
forward error correction.

The method of claim 44, wherein said predefined redundancy is 13.8% or more.

The method of any of claims 42 to 45, further comprising modulating an interframe
gap time of said packet-based output data stream so as to compensate for a
frequency mismatch between said incoming serial data stream and said line and
block decoding. \

The method of claim 46, wherein modulating of an interframe gap time comprises
adding or removing interframe gap symbols from decoded symbols on the basis of
a FIFO contents, said FIFO being used for decoding said incoming serial data
stream.
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