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Preferably, one of the optical signals is a base- band signal, the other
optical signal being a sub-car- This invention relates to an optical
transmission  rier multiplexed signal. system, and in particular to a
system which provides    Advantageously, each of the electrical signals is
for transmission of synchronous digital data over a   5   passed through a
respective filter positioned up- continuously variable range of clock
frequencies.    stream of the optical transmitter. Each of the filters As
optical fibre transmission systems increasing-  may be a 3rd order
Butterworth low-pass filter. Con- ly find applications in local area
networks (LANs) and  veniently, said one optical signal corresponds to the
in-building environments, techniques to Improve the  first electrical
signal, and a modulator Is positioned network flexibility are increasingly
being sought after  10  between the filterfor the second electrical signal
and by system planners. One such Improvement would be   the optical
transmitter. In this case, the system may to connect a number of different
types of terminal  further comprise an oscillator for supplying a carrier
equipment, such as telephones, fax machines, com-  frequency to the
modulator, the modulator using co- puters etc., to the same transmission
line, which   herent FSK to modulate the second electrical signals would
result in a simpler and cheaper network. Addi-  is  onto the carrier.
tionally, such a system would be easier to maintain,    In a preferred
embodiment, the clock signals and and be physically smaller at the desk.
Potentially, a  the data signals are provided by an externally-clok-
single, optical terminal could provide ports for many  ked data set
providing clock signals over the range different types of office equipment.
100kHz to 2.5mHz. A positive step towards this goalis a transmission   20
The optical transmission system defined above system which transports clock
and data over a range  may be combined with an optical receiver system, the
of data rates, without the need to change any of the  optical receiver
system including an optical receiver system  parameters. Known synchronous
optical       for converting the first and second optical signals re-
transmission systems, however, generally operate at  calved from the
optical transmission system into third one specific data rate, since clock
recovery from the   25  and fourth electrical signals corresponding
thereto. transmitted data stream is usually required to regen-   This
combination may further comprise means erate the data Itself. Thus, a
standard synchronous  for retiming the fourth electrical signal with
respect to transmission system requires a narrow band-pass fil-  the third
electrical signal. Conveniently, a D-type flip- ter to extract the
component at the clock frequency.  flop constitutes the means for retiming
the fourth However, a system operating at a different rate,  30  electrical
signals with respect to the third electrical would require a different
band-pass filter to extract a  signal. clock component from the transmitted
signal. Each       Advantageously, the combination further com-
conventional synchronous system is, therefore, re-   prises respective
filters positioned in respective par- stricted to operate at one data rate
only.           allel paths from the optical receiver to the flip-flop, The
problem preventing variable rate transmis-  35  each filter being effective
tofilterouta respective one sion systems originates through the requirement
for a  of the third and fourth electrical signals. fixed narrowbandpass
(high Q) filterto extracta com-    Preferably, the filter for the third
electrical signal ponentatthe clockfrequencyfrom the data. Although   Is a
3rd order Butterworth low-pass filter, and the fil- phase locked loops can
be used to track the frequen-  ter for the fourth electrical signal is a
4th order But- cy of the Incoming signal, they are limited to a narrow   40
terworth bandpass filter. A demodulator may be posi- spread of data rates
by their tracking range.       tioned between the filter for the fourth
electrical sig- Known optical transmission/receiver systems are  nal and
the flip-flop. described in DE-A1 -3 010 822, DE-A1-3 517 925, US-
Advantageously, the third electrical signal is ap- A-4 061 577 and US-A-4
713 841.                      plied to the clock Input of the D-type
flip-flop, and the The present invention provides an optical trans-  45
output signal of the demodulator is applied to the data mission system
comprising an optical transmitter for  Input of the flip-flop. Thus, the
output signal of the de- launching optical signals into an optical fibre,
and  modulatorconstitutes a demodulated fourth electrical drive means for
driving the optical transmitter inde-  signal, so that the output from the
flip-flop corre- pendently with first and second electrical signals, the
sponds to the retimed demodulated fourth electrical drive means being such
that the optical transmitter  so  signal which has a well-defined phase
relationship to transmits first and second optical signals corre-    the
third electrical signal. sponding to the firstand second electrical
signals, the  The invention also provides an optical receiver first and
second optical signals being transmitted si-  system comprising an optical
receiverforreceiving in- multaneously but independently, wherein the first
dependently transmitted first and second optical sig- electrical signals
are clock signals, and the second   55   nals from an optical fibre, the
optical receiver being electrical signals are aata signals, characterided
in  effective to convert the first and second optical sig- that the first
and second electrical signals are in sep-  nals into first and second
electrical signals corre- arate regions of the RF spectrum.
sponding to the first and second optical signals, 2 



3                   EP 0 463 051 B1                  4 wherein the first
electrical signals are clock signals  ported independently. The filters 5
and 7 limit the fre- and the second electrical signals are data signals,
quency content of the modulated transmitted optical characterised in that
the first and second electrical  signal, which leads to a reduction in the
sideband sig- signals are in separate regions of the RF spectrum,  nal and
hence helps prevent crosstalk. and in that means are provided for retiming
the sec-   5  The receiver (see Fig. 2) includes an optical re- ond
electrical signal with respectto the first electrical  ceiver 10 which
converts optical signals carried by signal.
the optical fibre into electrical signals on a line 11. The invention also
provides a method of transmit-  These electrical signals are amplified by a
National ting clock signals and data signals over an optical fi-  LM733
amplifier 12. The outputof the amplifier is fed, bre, the method comprising
the step of driving an opt-  10  in parallel, to a 3rd order Butterworth
low-pass filter ical transmitter independently with first and second  13
rated at 3 MHz, and to a 4th order Butterworth electrical signals, the
first electrical signals being  band-pass filter 14 having a pass range of
from 5 clock signals and the second electrical signals being  MHz to 11
MHz. The filter 13 extracts the clock sig- data signals, whereby the
optical transmitter trans-  nals, and the filter 14 extracts the carrier
modulated mits simultaneously but independently first and see-  15  by the
data signals. The extracted clock signals are ond optical signals
corresponding to the first and sec-  amplified by a National LM733
amplifier 15 whose ond electrical signals, characterised in that the first
output is fed to one input of a D-type flip-flop 16. The and second
electrical signals are in separate regions  extracted carrier/data signals
are passed to a Philips of the RF spectrum.
NE564 demodulator 17 which extracts the data sig- Preferably, one of the
optical signals is launched   20   nals from the carrier and feeds them to
the other input as a baseband signal, the other optical signal being  of
the flip-flop 16. The flip-flop 16 synchronises the launched in the form of
a sub-carrier multiplexed sig-  clock and data signals at its outputs 18.
nal.                                                    By modulating the
carrier with the data signals, An optical fibre transmission system
constructed  and transmitting the clock signals as a baseband sig- in
accordance with the invention will now be descri-  25   nal, the two types
of signal are transported indepen- bed in greater detail, by way of
example, with refer-  dently. Consequently, there Is no requirementfor nar-
ence to the accompanying drawings, in which:-       row band-pass filters
for extracting the clock compo- Fig. 1 is a schematic circuit diagram
showing the  nents at different operating rates, so that the system
transmitter of the system;                       described above provides
simultaneous clock and Fig. 2 is a schematic circuit diagram showing the
30   data transport at variable transmission rates. receiver of the system;
and                          Fig. 3 is a graph showing the optical
sensitivity Fig. 3 is a graph showing the sensitivity of the  (which Is a
measure of the received optical power) system at various data rates.
against data rate. For each data rate, the received Referring to the
drawings, Fig. 1 shows the trans-  optical power is adjusted to obtain a
bit error rate mitter of the optical fibre transmission system, the   35
(BER) of 1 x [err]. The graph shows a generally con- transmitter including
an LED 1 for launching optical  stant system sensitivity of -42 dBm up to a
data rate signals into an optical fibre (not shown). The optical  of about
1Mb/s. At higher data rates, a roll-off In sen- transmission system
operates at 850nm and has a      sitivity occurs as a result of a
combination of perfor- power reduction of 3dB at 18MHz. The LED   Is driven
mance - limiting factors, a rapid deterioration occur- byclock signals (via
an input line 2) and by modulated   40  Ing after the data rate reaches
about 2 Mb/s. data signals (via an input line 3), the clock signals and
The performance - limiting factors referred to the data signals being in
separate regions of the RF  above are:- spectrum. The clock signals and the
data signals are provided by an externally-clocked data test set pro-  a)
Crosstalk viding clock signals and non return to zero (NRZ) data  45
signals as a pseudo random bit sequence (PRBS)          As the transmitted
data rate is increased, the over the range 100kHz to 2.5MHz. The clock
signals    bandwidths of the baseband and modulated signals are fed to the
line 2 from an input line 4 via a 3rd order  Increase. At some rate, they
will have bandwidths that Butterworth low-pass filter 5 rated at 3 MHz. The
data  begin to overlap. It will then be impossible to separate signals are
fed to the line 3 from a data input line 6   50  the two channels, without
observing some degree of via a 3rd order Butterworth low-pass filter 7
rated at  interference between them. This interference mani- 3 MHz and a
Philips NE 564 modulator 8. The modu-   fests itself as jitter, and causes
system errors. Cross- lator 8 uses coherent frequency shift keying (coher-
talk is reduced by the use of the low pass filters 5 and ent FSK) to
modulate the data signals onto a carrier  7. of frequency 7.35 MHz which is
input to the modulator  55 by an oscillator 9. Thus, by modulating the data
sig-  b) Modulated bandwidth 



nals onto the carrier, and transmitting the clock sig- nals as a baseband
signal, clock and data are trans-    Using FSK for modulation, the ratio
[err] (where [err] 3    5                   EP0463051B1
6 is the frequency deviation and r is the data rate) Is a  eventually
Imposes a restriction on the maximum useful parameter when discussing the
bandwidth and  data rate r, due to r being too high a percentage [err]
powerspectral density (psd) of the modulated signal.  This is an inherent
limitation of the system. For low values of [err] (e.g. 0.3), the FSK psd
has a peak at the carrier frequency [err] with smooth roll-off.   5   f)
Carrier/frequency The bandwidth is of the order of 2r. As [err] increases,
the bandwidth extends beyond 2r, and the psd dis-
Amajorsourceofimpairmentasthe transmission plays two peaks at the deviated
frequencies [err] and  rate Is Increased is the interference between the
[err].                                             baseband and carrier
signals. By pre-filtering the transmitted signals, these   10  The
modulation Index of the carrier signal is, rates are attenuated on the band
edge of the filter.  therefore, chosen to yield optimum error performance
This leads to a reduced sensitivity at higher rates,  at the approximate
maximum rate. Thus, if T Is the with a roll-off related to the filters 5
and 7 in the trans-  period of the modulating signal, Wc is the carrier
fre- mitter, as well as to the filters 13 and 14 used to sep-  quency, and
Wd is the single-sided frequency devia- arate the channels in the receiver.
15  tion, it can be shown that the minimum probability of an error occurs
when: c) Phase relationship
2WdT = 3n/2, assuming that WcT>> 1 and Wc>>Wd Because the clock is not
recovered from the     For a system operating at maximum rate of 2Mb/s, a
same signal as the data, but is transported indepen-  20  frequency
deviation, [err] of approximately 750 kHz is dently, it will suffer delays
through the various filters  the theoretical optimum. To maintain the
validity of and recovery processes from those experienced by   the
assumption that [err], the optimum carrier the data, and this relative
delay varies as the data rate  frequency for 2Mb/s operation is in the
region of 7.5 is changed. Clock edges occuring too soon ortoo late  MHz,
this leading to the choice of 7.35 MHz for the relative to the centre of
the data 'eye' will result on a   25  carrier frequency in the system
described above. sensitivity penalty, if set up and hold times of any re-
The major contributor to the system limitation is timing element are not
met.                        the crosstalk between the channels. The
crosstalk A technique, such as automatically inverting the  from the
baseband channel (clock) to the carrier clock, could be used to overcome
this problem. Thus,  channel, has a slightly greater effect than that from
when one edge of the clock is too close to the data  30  the carrier
channel to the baseband channel, prob- cross-over, inverting the clock
shifts its phase, by n  ably because the clock harmonics in the region of
the radians, towards the centre of the data 'eye'. Either  carrier
frequency are of larger amplitude than that of inverted or non-inverted
clock should ensure no no-  the modulated signal at the clock frequency.
ticeable errors due to poor relative phase of the data  The
modulation/demodulation process operates and clock.
35  successfully at data rates beyond 2 Mb/s. For exam- The penalty paid in
using higher order filters with  ple, a bit error rate less than 1 x [err]
is achieved at a steeper roll-offs to limit or recover the channels, is the
data rate of 2.2 Mb/s, when the received optical power effect on the group
delay of the filters; a higher order  Is -34 dBm. filter having, in
general, a larger peak In the group de-  The system shown in Figs. 1 and 2
is a simplex lay, where the filter begins to roll-off. This leads to  40
system which could be used in an information - pro- large variations in the
phase difference of the data  viding service. In this case, a single
transmitterwould and clock at the re-timing D-type flip flop 16.    service
a plurality of receivers via a passive optical network (PON).
Alternatively, where duplex opera- d) Linearity
tion is required, transceivers would be coupled to a 45   PON, each
transceiver being consituted by a combin- It is essential that, once the
two signals are com-  ation of the transmitter of Fig. 1 and the receiver
of bined, the transmission system is linear, until after the  Fig. 2.
signals are split in the receiver. This avoids interfer-  The system
described above could be modified ence between the two channels, due to
changes in   in a number of ways. For example, the data signals their
frequency spectra caused by non-linearities.  50  could be the baseband
signal, and the clock signals The optical transmitter and receiver are
designed to  could be modulated onto the carrier. The 'clock on be linear,
to have no noticeable affect on the transmit-  carrier system exhibits
similar characteristics to ted spectrum.
the 'data on carrier system, the overall sensitivity be- 



ing -38dBm. In addition to the crosstalk between e) Modulation/demodulation
55  channels, however, the modulation/demodulation process limits the
system performance. This is be- The abilities of the modulator 8 and the
demodu-  cause of the nature of the spectrum of a clock signal, lator 17 to
transmit and recoverthe modulating signal  and that of a signal when
modulated by the clock. 4    7                   EP 0 463 051 B1
8 Thus, the clock information is mainly contained in a    transmits first
and second optical signals corre- single frequency at the clock rate; and,
when this is   sponding to the first and second electrical sig- used to
modulate the carrier, the bandwidth of the      nals, the first and second
optical signals being modulated signal is wider than in the case of data
transmitted simultaneously but independently, modulating the carrier. Clock
Information is then lost   5  wherein the first electrical signals are
clock sig- when the carrier channel band-pass filter 14 attenu-    nals,
and the second electrical signals are data ates Important components of the
modulated signal,      signals, characterised in that the first and second
resulting in reduced sensitivity. In order to achieve   electrical signals
are in separate regions of the similar performance to the 'data on carrier'
technl-    RF spectrum. que, the 'clock on carrier' system would require a
10 higher carrierfrequency, and a wider band-pass filter  2. A system as
claimed in claim 1, wherein one of in the receiving circuitry, leading to
overall wider sys-  the optical signals is a baseband signal, the other tem
bandwidth.                                         optical signal being a
sub-carrier multiplexed sig- Although FSK is the prefered modulation
techni-      nal. que, other methods of sub-carrier multiplexing (fre-  15
quency division multiplexing) could be used Instead.  3. Asystem as claimed
In claim 1 or claim 2, where- Moreover, the technique of sub-carrier
multiplexing     in each of the electrical signals is passed through could
be extended to provide LAN users with a series    a respective filter (5,
7) positioned upstream of of flexible networks, using the same transmission
the optical transmitter (1). system, by transmitting the signals from
various   20 items of office equipment on differentcarrierfrequen-  4. A
system as claimed in claim 3, wherein each of cles. The use of optical
fibre in the LAN, and In the in-  the filters (5, 7) Is a 3rd order
Butterworth low- building environment, can thus be made more eco-
pass filter nomical. It will be apparent that the system described   25  5.
A system as claimed In either of claims 3 and 4 above enables simultaneous
transport of clock and       when appendantto claim 2, wherein said one
opt- data signals at variable rates of transmission. This is  ical signal
corresponds to the first electrical sig- particularly advantageous In LANs
which exploit the     nal, and a modulator (8) is positioned between
potentially enormous bandwidth of an optical fibre      the filter (7) for
the second electrical signal and transmission system. Thus, using the
system descri-  30  the optical transmitter (1). bed above, many different
signals from different sources could each be assigned a carrier frequency,
6. A system as claimed In claim 5, further compris- and transported through
the same optical fibre. At the  ing an oscillator (9) for supplying a
carrier fre- receiver, various filters could pick off the desired car-
quency to the modulator (8), the modulator using riers, which would undergo
a demodulation process,  35  coherent FSK to modulate the second electrical
to provide the user with the associated data signal.    signals onto the
carrier. The system could also be used to provide an upgrad- ing facility,
allowing extra transmission capacity to be  7. A system as claimed in any
one of claims 1 to 6, provided, without the need to change an existing
wherein an 850nm LED constitutes the optical transmission network.
40      transmitter (1). Faster electro-optic devices will, in general be
re- quired for the variable rate system described above,  8. A system as
claimed In any one of claims 1 to 7, as compared to the electro-optic
devices used in con-   wherein the clock signals and the data signals are
ventional systems operating at the maximum data         provided by an
externally-clocked data set pro- rate of the variable system. As demand for
suitable  45  viding clock signals and NRZ PRBS data signals electro-optic
devices for LANs increased, so the cost   over the range 100kHz to 2.5mHz.
penalty for the extra speed should reduce, meaning greater network
flexibility at little extra cost.    9. An optical transmission system in
combination with an optical receiver system, the optical trans- 50
mission system being as claimed in any one of 



Claims                                                  claims 1 to 8, and
the optical receiver system in- cluding an optical receiver (10) for
converting the 1. An optical transmission system comprising an
first and second optical signals received from the optical transmitter (1)
for launching optical sig-  optical transmission system into third and
fourth nals into an optical fibre, and drive means (2, 3)  55  electrical
signals corresponding thereto. for driving the optical transmitter
independently with first and second electrical signals, the drive  10.
Acombination asclaimed in claim 9 whenappen- means being such that the
optical transmitter  .    dant to claim 8, further comprising means for re-
5    7                    EP0463051 B1                     8 Thus, the
clock information is mainly contained in a     transmits first and second
optical signals corre- single frequency at the clock rate; and, when this
is    sponding to the first and second electrical sig- used to modulate the
carrier, the bandwidth of the       nals, the first and second optical
signals being modulated signal Is wider than in the case of data
transmitted simultaneously but independently, modulating the carrier. Clock
information is then lost   5  wherein the first electrical signals are
clock sig- when the carrier channel band-pass filter 14 attenu-     nals,
and the second electrical signals are data ates important components of the
modulated signal,       signals, characterised in that the first-and-second
resulting in reduced sensitivity. In order to achieve    electrical signals
are in separate regions of the similar performance to the 'data on carrier
techni-      RF spectrum. que, the 'clock on carrier' system would require
a   10 highercarrierfrequency, and a wider band-pass filter  2. A system as
claimed in claim 1, wherein one of in the receiving circuitry, leading to
overall wider sys-  the optical signals Is a baseband signal, the other
tern bandwidth.                                          optical signal
being a sub-carrier multiplexed sig- Although FSK is the prefered
modulation techni-       nal. que, other methods of sub-carrier
multiplexing (fre-  15 quency division multiplexing) could be used instead.
3. Asystem as claimed in claim 1 or claim 2, where- Moreover, the technique
of sub-carrier multiplexing     In each of the electrical signals is passed
through could be extended to provide LAN users with a series     a
respective filter (5, 7) positioned upstream of of flexible networks, using
the same transmission        the optical transmitter (1). system, by
transmitting the signals from various   20 items of office equipment on
differentcarrierfrequen-  4. A system as claimed in claim 3, wherein each
of cies. The use of optical fibre in the LAN, and in the in-  the filters
(5, 7) is a 3rd order Butterworth low- building environment, can thus be
made more eco-         pass filter. nomical. It will be apparent that the
system described   25   5. A system as claimed in either of claims 3 and 4
above enables simultaneous transport of clock and        when appendantto
claim 2, wherein said one opt- data signals at variable rates of
transmission. This is  ical signal corresponds to the first electrical sig-
particularly advantageous in LANs which exploit the      nal, and a
modulator (8) Is positioned between potentially enormous bandwidth of an
optical fibre       the filter (7) for the second electrical signal and
transmission system. Thus, using the system descri-   30  the optical
transmitter (1). bed above, many different signals from different sources
could each be assigned a carrier frequency,  6. A system as claimed in
claim 5, further compris- and transported through the same optical fibre.
At the   Ing an oscillator (9) for supplying a carrier fre- receiver,
various filters could pick off the desired car-  quency to the modulator
(8), the modulator using riers, which would undergo a demodulation process,
35   coherent FSK to modulate the second electrical to provide the user
with the associated data signal.     signals onto the carrier. The system
could also be used to provide an upgrad- ing facility, allowing extra
transmission capacity to be  7. A system as claimed in any one of claims 1
to 6, provided, without the need to change an existing         wherein an
850nm LED constitutes the optical transmission network.
40       transmitter (1). Faster electro-optic devices will, in general be
re- quired for the variable rate system described above,  8. A system as
claimed in any one of claims 1 to 7, as compared to the electro-optic
devices used in con-    wherein the clock signals and the data signals are
ventional systems operating at the maximum data          provided by an
externally-clocked data set pro- rate of the variable system. As demand for
suitable  45  viding clock signals and NRZ PRBS data signals electro-optic
devices for LANs increased, so the cost    over the range 100kHz to 2.5mHz.
penalty for the extra speed should reduce, meaning 



greater network flexibility at little extra cost.    9. An optical
transmission system in combination with an optical receiver system, the
optical trans- 50      mission system being as claimed in any one of Claims
claims 1 to 8, and the optical receiver system in- cluding an optical
receiver (10) for converting the 1. An optical transmission system
comprising an          first and second optical signals received from the
optical transmitter (1) for launching optical sig-   optical transmission
system into third and fourth nals into an optical fibre, and drive means
(2, 3)  55  electrical signals corresponding thereto. for driving the
optical transmitter independently with first and second electrical signals,
the drive  10. A combination as claimed in claim 9 when appen- means being
such that the optical transmitter        dant to claim 8, further
comprising means for re- 5    9                    EP 0 463 051 B1
10 timing the fourth electrical signal with respect to  19. A system as
claimed in claim 18, further compris- the third electrical signal.
ing respective filters (13, 14) positioned in re- spective parallel paths
from the optical receiver 11. A combination as climed in claim 10, wherein
a      (10a to the flip-flop (16), each filter being effec- D-type
flip-flop (16) constitutes the meansfor re-   5  tive to filter out a
respective one of the first and timing the fourth electrical signal with
respect to   second electrical signals. the third electrical signal. 20. A
system as claimed in claim 19, wherein the fil- 12. A combination as
claimed in claim 11, further
ter(13)forthefirstelectricalsignalisathirdorder comprising respective
filters (13, 14) positioned   10  Butterworth low-pass filter, and the
filter (14) for In respective parallel paths from the optical re-     the
second electrical signal is a fourth order But- ceiver (10) to the
flip-flop (16), each filter being  terworth bandpass filter. effective to
filter out a respective one of the third and fourth electrical signals.
21. A system as claimed in claim 19, wherein a de- 15      modulator (17)
is positioned between the filter 13. A combination as claimed in claim 12,
wherein        (14) for the second electrical signal and the flip- the
filter (13) for the third electrical signal is a 3rd  flop (16). order
Butterworth low-pass filter, and the filter (14) for the fourth electrical
signal is a 4th order  22. A system as claimed in any one of claims 18 to
Butterworth band-pass filter.                20       20, further
comprising an amplifier (12) posi- tioned downstream of the optical
receiver (10) 14. A combination as claimed in claim 13, wherein a      and
upstream of the parallel filters (13, 14). demodulator (17) is positioned
between the filter (14) for the fourth electrical signal and the flip-  23.
A method of transmitting clock signals and data flop (16).
25       signals over an optical fibre, the method compris- ing the step of
driving an optical transmitter(1) in- 15. A combination as claimed in claim
14, wherein        dependently with first and second electrical sig- the
third electrical signal is applied to the clock in-  nals, the first
electrical signals being clock sig- put of the D-type flip-flop (16), and
the outputsig-  nals and the second electrical signals being data nal of
the demodulator (17) is applied to the data  30  signals, whereby the
optical transmitter trans- input of the flip-flop.
mits simultaneously but independently first and second optical signals
corresponding to the first 16. A combination as claimed in any one of
claims 12     and second electrical signals, characterised in to 15,
further comprising an amplifier (12) posi-    that the first and second
electrical signals are in tioned downstream of the optical receiver (10)
35   separate regions of the RF spectrum. and upstream of the parallel
filters (13, 14). 24. A method as claimed In claim 23, wherein one of 17.
An optical receiver system comprising an optical     the optical signals is
launched as a baseband sig- receiver for receiving Independently
transmitted       nal, the other optical signal being launched in the first
and second optical signals from an optical fi-  40  form of a sub-carrier
multiplexed signal. bre, the optical receiver being effective to convert
the first and second optical signals into first and second electrical
signals corresponding to the    Patentansprflche first and second optical
signals, wherein the first 



electrical signals are clock signals and the sec-   45   1. Optisches
Obertragungssystem mit einem opti- ond electrical signals are data signals,
character-   schen Sender(1) zum Einleiten optlacherSignale ised In that
the first and second electrical signals  in eine optiache Faser, sowle
einer Ansteuerein- are in separate regions of the RF spectrum, and
richtung (2, 3) zum unabhAngigen Ansteuern des in that means are provided
for retiming the sec.      optischen Senders mit ersten und zwelten elek-
ond electrical signal with respect to the first elec-  50  trischen
Signalen, wobei dieAnsteuereinrichtung trical signal.
so ausgelegt ist, dall der optische Sender ent- sprechend den ersten und
zweiten elektrischen 18. A system as claimed in claim 17, wherein a D-ty-
Signalen erste und zweite optische Signale sen- pe flip-flop (16)
constitutes the means for retim-    det, wobei die ersten und zweiten
optischen Si- ing the second electrical signal with respectto the   55
gnale gleichzeitig, jedoch unabhAngig voneinan- first electrical signal,
thereby synchronising the    der gesendetwerden, und wobei die ersten elek-
clock and data signals.                               trischen Signale
Taktsignale und die zweiten elektrlschen Signale Datensignale sind, 6    11
EP 0 463 051B1                 12 dadurch gekonnzelchnet, dag
Ausrichten des vierten elektrischen Signals be- die ersten und zwelten
elektrischen Signal. In un-  zflglich des dritten elektrischen Signals.
terschledlichen Bereichen des Frequenzspek- trums liegen.
11. Kombination nach Anspruch 10, 5      In der ein D-artiges Flipflop (18)
die Einrichtung 2. System nach Anspruch 1,                            zum
erneuten zeitlichen Ausrichten des vierten In dem eines deroptischen
Signal. ein Signal im    elektrischen Signals in bezug auf das dritte elek-
Grundband und das andere optische Signal ein      trische Signal bildet.
gemultiplextes Signal auf elnem Untertriger ist. 10  12. Kombinatlon nach
Anspruch 11, 3. System nach Anspruch I oder2,                      die
aul~erdem Filter (13, 14) aufweist, die Jeweils beo dem jedes elektrlsche
Signal durch oinen ent-  in jeweiligen parallelen Wegen vom optischen
sprechenden, dem optischen Sender (1) vorge-       Empfanger (10) zum
Flipflop (16) angebracht schalteten Filter (5, 7) geleitet wird.
sind, wobel die Filter so wirken, dag jeder eines 15      der dritten und
vierten elektrlschen Signale her- 4. System nach Anspruch 3,
ausfiltert. in dem jeder der Filter (5, 7) eln Butterworth- Tiefpassfilter
dritter Ordnung lst.            13. Kombination nach Anspruch 12, bei der
der Filter (13) fOr das dritte elektrische Si- 5. System nach Anspruch 3
oder 4, sowelt ale sich   20  gnal ein Butterworth-Tiefpassfilter dritter
Ordnung z..-'   auf Anspruch 2 zurOckbezlehen,                    ist, und
bel der der Filter (14) fOr das vierte elektri- in dem das eine optische
Signal dom ersten elek-  sche Signal ein Butterworth-Bandpassfiltervierter
trischen Signal entspricht, und in dem zwlschen    Ordnung ist. dem Filter
(7) f Or das zweite elektrische Signals und dem optischen Sender (1) ein
Modulator (8)  25  14. Kombination nach Anspruch 13, angeordnet lat.
bei der zwischen dem Filter (14) ffir das vierte elektrische Signal und dem
Flilpflop (16) ein De- 6. System nach Anspruch 5,
modulator (17) angebracht ist. das auSerdem einen Oszillator (9) aufweist,
um dem Modulator (8) eine TrAgerfrequenz zuzufOh-  3o   1. Kombination nach
Anspruch 14, ren, wobel der Modulator zur Aufmodulation des    in der das
dritte elektrische Signal dem Taktein- zweiten elektrischen Signals auf den
Tragereine    gang des D-artigen Flipflops zugefuhrt wird und koharentb
Frequenzumtastung verwendet.            in der das Ausgangssignal des
Demodulators (17) dem Dateneingang des Flipflops zugefuhrt 7. System nach
einem der Ansprflche I bis 6,  35      wird. in dem elne 850nm-LED den
optischen Sender (1) bildet.                                    16.
Kombination nach elnem der Ansprflche 12 bis 15, 8. System nach einem der
Ansprflche I bis 7,          die au~erdem einen Verstarker(12) aufweist,
der in dem die Taktsignale und die Datensignale  40   dem optischen
Empfanger (10) nachgeschaltet durch einen extern getakteten Datensatz
gelie-     und den parallelen Filtern (13, 14) vorgeschaltet 



fort werden, der Taktsignale und NRZ-Datensi-     ist. gnale
pseudozufalliger Bitfolgen im Bereich zwi- schen 100 kHz und 2,5 MHz
liefert.             17. Optisches Empfangersystem  mit elnem opti- 45
schen Empfinger zum unabhangigen Empfan- 9. Optisches Obertragungsaystem In
Verbindung         gen ibertragenerersterund zweiteroptischerSi- mit
einemoptischen Empfangssystem, wobel das       gnale von einer optischen
Faser, wobel der opti- optische Obertragungssystem einemderAnsprG-
sche Empfanger so wirkt, daB er die ersten und che I bis 8 entspricht, und
wobei das optische    zweiten optischen Signals in orate und zweite
Empfangsaystem enen optischen Empflnger  50       eloktrlsche Signals
entsprechend den ersten und (10) zur Umwandlung des ersten und deszweiten
zweitn optischen Signalen umwandelt, wobei optischen Signals, das vom
optischen Obertra-      die ersten elektrischen Signal. Taktsignale und
gungssystem empfangen wurde, in entsprechen-       die zweiten elektrischen
Signal. Datensignale de dritte und vierte elektrische Signale, aufweist.
sind, 56      dadurch gekennzeichnet, daB 10. Die Kombination nach Anspruch
9, soweit dieser    die ersten und zweiten elektrischen Signal. in un- sich
auf Anspruch 8 zurfckbezieht,                terschiedlichen Bereichen des
Frequenzspek- mit einer Einrichtung zum erneuten zeitichen      trums
liegen und daB sine Einrichtung vorgese- 7 *1 I!Ii! -  l 1111111111 11
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zeitlichen Ausrichten des  Revondications zweiten elektrischen Signals In
bezug auf das er- ste elektrlsche Signal.                       1. Systeme
de transmission optique comprenant un 6mstteur opttque (1) pour introduire
des signaux 10 System nach Anspruch 17,                  6       dans une
fibre optique et des moyens de In dem sin D-artiges Fltpflop (16) die
Einrichtung  commando (2,3) pour commander l'6metteur op- K     zur
erneuten zeitlichen Ausrichtung des zweiten  tique, de facon Independante,
avec des premiers elektrischen Signals in bezug auf das erste elek-  et
seconds signaux 6lectriques, les moyens de trische Signal bildet, wodurch
Takt- und Datensi-  commando 6tant tels quo l'emetteur optique en- gnale
synchronisiert werden.             *o      vole des premier et second
signaux optiques correspondant aux premiers et seconds signaux 19. System
nach Anspruch 18, -lectriques, les premier et second signaux opti- des
auSerdem Filter (13, 14) aufweist, diejeweils  ques tant 6mis
simultanement, mais d'une ma- Injewelligen parallelen Wegen zwischen dem
op-   niere tnd6pendante, les premiers signaux electri- tischen Empfinger
(10) und dem Flipflop (16) an-  15  ques eant des signaux d'horloge et les
seconds gebracht sind, wobel die Filter so wirken, dag je-  signaux
electriques 6tant des signaux de don- der sines der erston und zweibtn
eleitrlschen Si-  n6es, caract6risa en ce quo les premiers et se- gnale
herausfiltert.                             conds signaux 6lectriques sont
situ6s dans des zones s6parees du spectre HF. 20. System nach Anspruch 19,
20 in dom der Filter (13) ffrdas erste elektrische Si-  2. Systeme solon la
revendication 1, dans lequel gnal etn Buttbrworth-Tiefpassfilter dritter
Ord-  l'un des signaux optiques est un signal dans la nung und
derFllter(14)firdaszwelbtelektrische    bande de base, IPautre signal
optique dtant un si- Signal etn Butterworth-Bandpassfilter vierter    gnal
multiplex6 de sous-porteuse. Ordnung ist.                             25 3.
Systeme solon Is revendication I ou 2, dans le- 21. System nach Anspruch
19,                         quel chacun des signaux dlectriques traverse un
in dem zwischen dem Filter (14) fOr das zwelte   filtre respectif (5,7)
disposi en amont de l'emet- elektrische Signal und dem Flipflop (16) sin
De-  tour optique (1). modulator (17) angebracht ist.           30 4.
Systeme solon la revendication 3, dans lequel 22. System nach elnem der
Ansprfiche 18 bis 20,      chacun des filtres (5,7) est un filtre passe-bas
das augerdem eonen Verstarker (12) aufweist,     Butterworth du 3-ime
ordre. derdem optischen Empflnger (10) nachgeschal- tot und den parallelen
Filtern (13,14) vorgeschal-  35  5. Systeme solon lune ou l'autre des
revendica- tet bst                                          tions 3 et4,
consid6ree comme dependante de la revendtcation 2, dans lequel ledit un
signal opti- 



23. Verfahren zur Obertragung von Taktsignalen und   quo correspond au
premier signal 6lectrique, et Datensignalen fiber eine optische Faser, mit
dem  un modulateur (8) est dispose entre Is filtre (7) Schritt des
Ansteuerns eines optlachen Senders  40  pour la second signal 6lectrique et
l'emetteur op- (1) unabhfngig durch erste und zweite elektri-   tique (1).
sche Signals, wobei die ersten elektrischen Si- gnals Taktsignale und die
zweiten elektrlschen  6. Systeme solon Ia revendication 5, comportant on
Signals Datensignale sind, wodurch der optische  outre un oscillateur (9)
pour envoyer une fr6- Sender erste und zweite optische Signals gleich-  45
quence porteuse au modulateur (8), le modula- zeitig, jedoch unabhangig
voneinander entspre-   tour utilbsant une modulation FSK coh6rente pour
chend den ersten und zweiten elektrischen Si-    moduler la porteuse par
les seconds signaux op- gnalen aussendet,
tiques. dadurch gekennzeichnet, daB das erste und das zweite elektrische
Signal In un-  50  7. Systbme solon l'une quelconque des revendica-
terschiedlichen Bereichen des Frequenzspek-      tions I A 6, dans lequel
une diode LED A 850 nm trums liegen.
constitue l'emetteur optique (1). 24. Verfahren nach Anspruch 23,
8. Systbme solon lNune quelconque des revendica- in dam eines der optischen
Signals als ein Signal  55  tions I a 7, dans lequel les signaux d'horloge
et im Basisband und des andere optische Signal in   les signaux de donnees
sont formes par un en- Form sines gemultiplexten Signals in elnem Un-
semble de donnees commandees de fagon ca- tertrager singeleltet werden.
denc6ede l'exterleur, qulfournissentdes signaux 8 I I!lIIII!   lIJ 11111 SI
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etdes signauxde donn6es NRZ PRBS,    17. Systeme de reception optique
comprenant un re- dans la gamme de 100 kHz A 2,5 miHz.              cepteur
optique servant A recevoir des premier et second signaux optiques transmis
de fagon inde- 9. Systeme de transmission optique en combinai-
pendante, en provenance d'une fibre optique, Is son avec un systeme de
r6ception optique, Is   6  r6cepteur optique 6tant apte A convertir les
pre- systeme de transmission optique 6tant tel quo re-  mier et second
signaux optiques on des premiers vendlqu6 dans l'une quelconque des
revendica-     et seconds signaux 6lectriques correspondant tions I A 8, et
le systeme de r6ception optique   aux premier et second signaux optiques,
les pre- comprenant un rscepteur optique (10) pour         miers signaux
6lectriques etant des signaux convertir les premier et second signaux
optiques,  i1  d'horloge et les seconds electriques etant des si- regus de
la part du systeme de transmission op-   gnaux de donn6es, caracterise en
ce quo les pre- tique, en des troisieme et quatribme signaux      miers et
seconds signaux electriques sont situes 6lectriques qul leur correspondent.
dans des regions s6parees du spectre HF, et en ce quo des moyens sont
prevus pour resynchro- 10. Combinaison solon la revendication 9, conside-
15  niser to second signal 6lectnique par rapport au rMe comme dbpendante
de la revendication 8,       premier signal 6lectrique. comprenant en outre
des moyens pour effectuer la resynchronisation du quatrieme signal electri-
1& Systeme selon la revendication 17, dans lequel quo par rapport au
troisibme signal 6lectrique.   une bascule bistabledetype D (16) constitue
des 20      moyens pour resynchroniser le second signal J)  11. Combinaison
solon la revendlcation 10, dans la-   6lectrique par rapport au premier
signal electrl- quetle une bascule blstable de type D (16) cons-  quo, ce
qui permet une synchronisation des si- titue les moyens de
resynchronisation du quatrit-  gnaux d'horloge et des signaux de donn6es.
me signal 6loctrique par rapport au trohiseme si- gnal electrique.
25  19. Systeme solon la revendlcation 18, comprenant on outre des filtres
(13,14) dIsposhs dans des 12. Combinaison solon la revendicatlon 11,
comprs-   traejts parallbles respectifs ailant du r6copteur nant en outre
des filtres respectifs (13,14) dispo-  optique (10) a la bascule bistable
(16), chaque fit- ses dans des trajets parallbles respectifs s'eten-  tre
btant A mbme de sbparer par filtrage l'un res- dant du rbcepteur optique
(10) A la bascule bis-  3o  pectif des premier et second signaux
electriques. table (16), chaque filtre agissant de manibre A fil- trer l'un
respectif des troisibme et quatribme si-  20. Syst~me solon la
revendication 19, dans lequel to gnaux optiques.
filtre (13) pour le premier signal 6lectrique eat un filtre passe-bas
Butterworth du troisibme ordre, 



13. Combinaison solon la revendication 12, dans Ia-  35  et le filtre (14)
pour Is second signal electrique quelle le filtre (13) pour le troisieme
signal elec-  eat un filtre basse-bande Butterworth du quatrib- trique eat
un filtre passe-bas Butterworth du 3-  me ordre. eme ordre, et Is filtre
(14) pour le quatrieme sl- gnal 6lectrique eat un filtre passe-bande But-
21. Systeme salon la revendication 19, dans loquel terworth du 4-Ame ordre.
40      un d6modulateur (17) eat disposb entre Is filtre (14) pour Io
second signal 6lectrique et la bascule 14. Combinaison solon la
revendication 13, dans la-  bistable (16). quelle un d6modulateur (17) est
dispos6 entre le filtre (14) pour le quatrieme signal 6lectrique et  22.
Systeme solon l'une quelconque des revendica- la bascule bistable (16).
45      tions 18 A 20, comprenant en outre un amplifica- teur (12) dispos6
en aval du rhceptour optique 15. CombInaison selon la revendication 14,
dens la-  (10) et en amont des filtres paralleles (13,14). quelle le
troisibme signal 6lectrique eat appliqu6 a l'entr6e de signaux d'horloge de
la bascule bis-  23. Pro13 d6 de transmission de signaux d'horloge et table
de type D (16), et le signal de sortie du d6-  so  de signaux de donn6es
par l'intermbdiaire d'une modulateur (17) eat appliqu6 A l'entr6b de don-
fibre optique, ce procid6 comprenant l'btape n6es de la bascule bistable.
consistant A commanderun dmetteuroptique (1), d'une maniere indbpendante,
avec des premiers 16 Combinalson solon l'une quelconque des reven-     et
seconds signaux 6lectriques, les premiers si- dlcations 12 A 15, comprenant
en outre un ampli-  ss  gnaux electriques btant des signaux d'horloge et
ficateur (12) disposh en aval du recepteur opti-  les seconds signaux
blectriques btant des si- quo (10) et en amont des filtres parallbles
gnaux de donn6es, grAce A quol l'metteur opti- (13,14).
quo bmet almultanbment, mats d'une maniere in- 9 I       111  IIIN   IIII
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premiers et seconds signaux optiques correspondant aux premiers et seconds
signaux 6lectriques, caracthris6 en ce quo les premiers et seconds signaux
electriques sont si- tu6s dans des r6gions s6parees du spectre HF.   5 24.
Procbd6 selon la revendication 23, salon lequel l'un des signaux optiques
est 6mis en tant quo si- gnal dans la bands de base, I'autre signal optique
etant6missous laforme d'un signal multiplex6 de  io sous-porteuse. 15 20 25
30 35 40 45 50 55    


