WD 98/ 04057 PCT/ GB97/ 01958
TELECOVMUNI CATI ONS SYSTEM SI MULTANEQUSLY RECEI VI NG .AND MODULATI NG AN

OPTI CAL SI GNAL The present invention relates to optical comrunications
systenms, 5 ternmnals for use in systems, to optical links including such
termnals, to G@“M and radio distribution points and bas cﬁlré’ﬁﬁﬁiﬁsand
In particular, but not exclusively, to radio and m crowave systems

i ncluding cellular radio systens, including,such links. It is known that
one of the principal problens that nust be Lddressed 10 before opti cal
fibre networks can be extended fromtrunk networks to the local loop is the
cost and conplexity of the renote termnals. These term nals need to be
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i nvol ved are typ‘lcﬁ,glnl ysukﬁmt“{%e hundreds of Mz to tens of GHz range. There
Is also interest I n 3 I'gher frquencies, for exanple for radar. \Wile,
strictly speaking, tHEds knenye tbat enelof ithe oringipal Arebleros ¢hasr mpey by addmasedis

the mllinet {& PevSfe Qﬁ’t'ﬂ,ql fibre networks can be extended from trunk networks to the local
loop is the cost and complexity of the remote terminals. These terminals need to
be able to both receive and transmit optical signals. Most solutions to this problem
use lasers as optical transmitters but this necessitates the use of control circuitry
which increases the cost, complexity and electrical power consumption of the
15 terminals.

A similar problem, although with a slightly different application, exists for
optical fibre feeds to antennas for cellular and other radio and microwave systems
where the cost and power consumption of terminal equipment used to supply
signals to remote antennas are important factors. “Antenna remoting” as it is

20 known is of particu!af interest for cellular and satellite systems. The frequencies
involved are typically in the hundreds of Mhz to tens of GHz range. There is also
interest in yet higher frquencies, for example for radar. While, strictly speaking,
this range extends into what is more properly known as the millimetre wave band,
throughout this specification the expression "radio or microwave ” has been used

25 loosely to cover this wider range. Thus, unless the context clearly requires
otherwise, the term should be read in a broad way to include the millimetre wave
band.

Embodiments of the present invention seek to solve, at least in part, these
problems.

30 In the paper by Frigo et al, “A wavelength division muitiplexed passive
network with cost-shared components”, {EEE Photonics Technology Letters, 1994,
volume 6, pp. 1365 - 1367, it is proposed that subscriber terminals in a passive

optical network (PON) each be provided with an optical modulator in place of the
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office through the modulator. The relevant subscribar uses the modulator to
modulate the time-slice of light received from the shared laser. The up-and-down-
stream signals can be separated at the central office by time partitioning,
10 wavelength, sub-carrier frequency, format, modulation depth, gating, coding, etc.
The preferred separation technigue involves the use of radioc frequency sub-carrier
modulating the downstream (from the central office) data. As described, half of
the packet of light in each ONU’s laser timeslot is modulated at the central office,
the other half is modulated at the ONU to provide the upstream data link. The
15 same RF sub-carrier frequency is used for the up and down stream signals. Use of
the technique for the transmission of video on demand signals is described. The
nature of the modulator used in the ONU is not revealed.
Wood et al describe, in “Bidirectional fibre-optical transmission using a
multiple-quantum-well (MQW) modulator/detector”, Electronics Letters, 1986,
.20 volume 22, pp. 528 - 529, a bidirectional optical fibre transmission system in
which one end of the fibre link has an MQW modulator in place of the more
conventional laser and detector pair. At the other end of the single-fibre was a
laser, and a beam-splitter was used to divert the return optical signal to an
avalanche photodiode receiver. To send data from the MQW modulator to the
25 laser site, the laser was operated quasi-CW and the modulator, which included a
gold mirrar and was operated in reflection mode, used to intensity modulate the
reflected light. In the opposite direction the laser was directly modulated and the
MQW modulator was used as a photodetector. While no changes were made to
the optical system to achieve reversal of the direction of information flow, it was
30 necessary both to re-arrange the electrical drive components and to modify the DC
biases of the laser and of the MQW device. It was thus not possible to have a
fully duplex operation (i.e. simultaneous transmission in both directions). Half-

duplex operation would have required some electrical switching and bias
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achieve reversal of the direction of information flow, it was
explained that the transmit mode and the receive mode can be remotely switched
by control circuitry which can adjust the dc electrical bias with a switching time
limited by the associated electronics. Separate experiments were performed to
determine the optimum performance of the device as a modulator and as a
15 photodetector. In the modulator assessment, different bias levels were used
depending upon the type of performance required. Optimum bias levels of 2.0 and
.2.93 volts were found. It was aiso explained that, in order to maintain high
suboctave and multioctave spurious-free dynamic range modulator performance
over temperature, active modulator bias control was required. In the detector
20 experiments, the device was biased at 7.0 \}olts. There is no hint or suggestion
that the device could provide both funtions simuitaneously. Thus, again it is clear
that full duplex operation was not possible.

The present inventors have discovered that it is possible to provide good
performance over both transmission directions in an optical link in which-an optical
25 modulator is used both as a modulator and as a detector even when the modulator
is subject to the same DC operating conditions in both operational modes. That is,
as distinct from the above-identified teachings, systems according to the present
invention do not need complex electrical bias control. Indeed, for very many
commonly available modulators, perfectly acceptable system performance can be

30 achieved with no bias at all, that is with zero bias.
The fact that a single bias level can be used for transmission in both
directions makes possible full duplex operation - that is, simultaneous transmission

in both directions. Of course, the invention aiso has application to systems which



30 necessary both to re-arrange the electrical drive conponents and to
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experinments were perfornmed. to . . ,
P comng)umca?mg%etween a first node and one or mare further nodes in an optical

communications system, the method comprising;

10 i) receiving at the first node, an optical signal transmitted from a first
further node over an optical fibre link;

it) detecting, at the first node, the optical signal using an electro-optic

device and producing thereby an electrical signal representing information carried
by the optical signal; and

15 iii}  imposing, using said electro-optic device, an information-carrying
modulation onto the received optical signal and feeding the thus modulated optical
signal into an optical fibre link to transmit it to a second further node; wherein stép
ii and step iii are carried out with the electro-optic device subject to the same DC
operating conditions. Preferably said first further node and said second further

20 node are a single node. Preferably the DC bias voltage applied is zero - that is no
DC bias at all is applied. Preferably; the electrical signal is an RF or microwave
signal.

According to a second aspect of the invention there is provided an

antenna installation for a radio or microwave transmission system, the installation

25 comprising: antenna means for transmission and reception of radio-frequency or
microwave signals; optical input and optical output ports; an optical modulator
arranged in the optical path between the optical input port and the output port and
operatively connected to the antenna means and arranged in use to receive RF or
microwave signals therefrom and to impose a corresponding modulating onto light

30 received via said input port and which passes to said output port; and optical
detection means arranged in use to receive optical signals via said input port and

operatively connected to the antenna means so that RF or microwave modulation
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Further preferably the terminal is sited remotely from a base station or
10 central office from which it receives optical signals carrying an RF or microwave
component.

According to a third aspect of the invention there is provided an optical
communications network featuring a remote terminal characterised in that said
terminal comprises an electro-optic device that

15 {iy  detects an incoming optical signal from a first portion of the optical
communications network whilst simultaneously

il modulating said incoming optical signal, said optical signal being
transmitted to a further portion of the optical communications network.

Preferably thé optical signals are analogue signals. In addition it is

20 preferred that the optical communications network uses a frequency division
multiplexing system.

According to a fourth aspect of the invention there is provided a method
of operating an optical communications network, the method being characterised
in that an optical signal is respectively received and modulated simultaneously by

25 controlling a single electro-optic device.

The invention will now be described, by way of example only, with
reference to the following drawings in which:

Figure 1 is a schematic depiction of an optical communications network featuring a
terminal according to the invention and a remote antenna;

30 Figure 2 is a schematic depiction of an optical communications network featuring a
terminal according to the invention;
Figure 3a is a schematic cross section of an electro-absorption modulator suitabfe

for use in a terminal according to the invention;
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4 are not, or are not run, full duplex. The advantages of sinplicity,
conpact ness and | ow cost of term nal equipnent, which all follom/fron1the
invention, are all equally useful in systens run half-dupl ex,

I ng-pong Itinme-division nultiplex) systens. Again, for th
Pns?aﬁTa?ionummthﬁ7can be runpmﬁt%oug electrigal blas qwﬁﬁ%&ﬂpgﬁ%te
termnal, the fact that no | ocal power supply is needed |s a trenendous
benefit. This is especially true in the figld of antenna renoti ng.
Accordingly, in a first aspect t he present invention provides a met hod of
communi cat i ng de .and_one or es in an
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intermodulation with respect to bias voltage;
10 Figure 6 is a schematic depiction of an optical communications network featuring a
plurality of terminals according to the invention;
Figure 7 is a schematic depiction of an optical communications network featuring a
terminal according to the invention and two modems;
Figure 8 is a schematic depiction of an experimental transmission system in which
15 an EA modulator is used at the remote terminal;
Figure 9 shows schematically two network configurations using EA modulators at
network nodes;
Figure 10 shows the uplink and downlink bit error rates (BER) versus received
optical power for the system of Figure 8; .
20 Figure 11 shows BER against Eb / No for the system of Figure 8;
Figure 12 shows the RF spectra of the downlink commposite signal, comprising
QPSK data and satellite TV signals, for the Figure 8 system;
Figure 13 shows schematically an experimental system in which EA modulators
are used in a single fibre , bi-directional optical bus dieivering 120 Mbit/s QPSK
25 channels;
Figure 14 shows BER against Eb / No for the Figure 13 system;
Figure 15 shows the RF electrical spectra obtained at the output of EAM 2 of
Figure 13;
Figure 16 shows BER against the reverse bias of EAM2;
30 Figure 17 shows schematically a pico cell system according to the invention;
Figure 18 is a map of the site of an outdoor demonstration of the passive picocell

showing downlink power levels against distance; and



20 node are a single node. Preferably the DC bias voltage applied is zero
- that is no DC bias at all is applied. Preferably, the electrical signal
is an RF or microwave signal. According to a second aspect of the invention
there is provided an antenna installation for a radio or m crowave .
transm ssi on gﬁ@%&g@,;he installation. 25 conprising: antenn;cﬁnammmﬂmyj
transm ssion a gption of radio-frequency or m crowave signals; optical
i nput and optical output ports; an optical nodul ator arranged in the
optical path between the optical input port7and t he output port and
operatively connected to the antenna neans and arranged in use to receive

RF or mi crowave FigugiNabssHowe efdHemattsliyt thel BRRGE cantedll 6fficH Undi & pidBeeN It 4 ng
onto light 30 received Yia said input port and which passes to said output
port: and opti cRICEEBERIBR neans arranged in use to receive optical
signals via said input port and operatively connected to the antenna neans
so that RF or m crowaye nodul ati on Y\D 98/ 04057 . . .
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5 of the terminal will be termed ‘downstream’ and the network path from the
electrical contacts 5 to the optical output 7 will be termed ‘upstream’. The fine
lines indicate an optical fibre transmission path and the arrows on the fine lines
10 indicate the direction of signal propagation along the optical fibre transmission
path. The thicker lines indicate an electrical transmission path.

An analogue optical signal, consisting of a plurality of frequency division
multiplexed {FDM) data streams, is introduced into the optical fibre 3 at the optical
input 2 by the optical transmitter 1. The terminal 4 includes an electro-absorption

15 modulator (EAM), a schematic example of which is shown, for illustrative purposes
only, in Figure 3. The EAM comprises three main layers of semiconductor material.
The outermost semiconductor layers 12 and 14 enable electrical contacts to be
mounted to the EAM in order that bias voltages and electrical data signals might be
applied to the device. The active central layer 13 is either a layer of bulk

20 semiconductor material or multi-quantum-well (MQW) material, which, as is well
known, is formed from many interleaved layers of different semiconductor
materials. In order to receive and modulate optical signals transmitted at a given
wavelength it is necessary to choose suitable semiconductor materials for use in
the central layer of the EAM. A combination of II-V materials are often chosen,

25 for example gallium arsenide (GaAs), indium phosphide {(InP), indium gallium
arsenide phosphide (InGaAsP), etc. as these have bandgap energies which are
appropriate for the wavelengths used in optical communications systems.

An example of an EAM with an active central layer formed from a single
semiconductor layer is found in CK Sun et al, “High Spurious Free Dynamic Range

30 Fiber Link Using a Semiconductor Electroabsorption Modulator”, Electronics
Letters, 1995, 31, pp 902-203. In the case cited the central layer is 350nm of
undoped InGaAsP, which had a bandgap equivalent wavelength of approximately
1.24pum.



electrically unbiased in operation. Additionally it is preferred that the
nodul ator is an el ectro-absorption nodul ator. Further preferably the
terminal is sited renotely froma base station or 10 central office from
which it receives optical signals carrying an RF or m crowave conponent.
According to a third aspect of the invention there is provil,% gmgg%i:cal
comuni cat i oWQ W9O#®dr k featuring a rendte ternminal characterised I n that
said term nal conprises an electro-optic device that 1 5 (1)
detects an incoming optical signal froma8first portion of the optical
communi cations network whil st sinultaneously {ii) nodul ating said incom ng
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According to a fourth aspect of the invention ere Is provided a nethod of
operating an &peh edevienpanirs toand imEurppeandiakent ERSB-hE3IAWI bei ng characteri sed
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si mul taneously by 25 contr ing a sing ctro-optic devi ce.
i nvention w | M@dwnpdulaterse bbblidherthandeidtiof may dapichieved withWQW rasheartbate t o

the fol | ow ngpgiaydvies. ivnilhivGiR:is underway in various research groups to increase the
saturation threshold ( and the damage threshold) of MQW modulators, these
considerations may affect choice between the use of bulk and MQW modulators in

10 different applications of this invention.

It will be understood that subject to the above proviso either a suitable
bulk EAM or a suitable MQW EAM may be used in the embodiments discussed
below. The following discussion relates to the MQW EAM described above, but
the principles of the operation of the MQW EAM are the same as for a bulk EAM.

15 When an optical signal, transmitted at an appropriate optical wavelength,
arrives at the EAM, a proportion of all its frequency components is absorbed within
the active central layer 13 generating an electrical signal at the electrical contacts
5. The large arrows in Figure 3a show the transmission of the optical signal
through the active central layer of the EAM. In Figure 3b optical signal 24 is an

20 example of an incoming optical signal. It comprises an optical carrier frequency
24a and identical sidebands 24b, the sidebands containing the information that is
conveyed by the optical signal. Typically the optical carrier frequency will have a
frequency of hundreds of gigahertz, the sidebands will have a width of tens or
hundreds of megahertz and the centre of the sidebands will be separated from the

25 carrier frequency by a few gigahertz.

The optical signhal is partially detected within the EAM and an electrical
data signal 25 with a substantially similar frequency spectrum to that of one of the
sidebands 24b is generated within the EAM and passes through the electrical
contacts 5. Electrical data signal 26 is applied to the electrical contacts S and

30 causes the modulation of the carrier frequency 24a. Figure 3¢ shows electrical
data sibnals 25 and 26, as present at the electrical contacts of the terminal.

The modulation of the carrier frequency 24a by the electrical data signal

26 gives rise to sidebands 27a. Sidebands 27a have identical frequency spectra,



Figure 1 is a schematic depiction of an optical comunications network
featuring a term nal according to the invention and a renote antenna; 30
Figure 2 is a schematic depiction of an optical comuni cations network
featuring a term nal according to the invention;, Figure 3a is a schematic
cross section of an el ectro-absorption nodul ator suitabl e fopcpgfeisiess -
terninal accorPf the invention; - PCT/GB97/01958 WD 98/ 04057 6 Figure
3b is a schematic depiction of a typical input optical data signal; Figure
3c is a schematic depiction of the electrical data signals present at the
el ectrical contacts of a termnal according to the invention; Figure 3d is
a schemati c depiadidhosre ddotia stiyspartially Glmbifaritto apé ifeallend@tspeStrgn alf ;eldrtridal @ate 4
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e oS Tp W ARR e B P e ST SRR S SRR
depi cti on of @mnfrepidncabambwhithiiciatdrdadiateciowwbe krefamicy of g @orrier frequency 24a

and the frequency band of sidebands 24b such that the two sets of sidebands do

not overlap each other. Figure 3d shows, schematically, the arrangement of

output optical signal 27 comprising sidebands 27a and sidebands 27b.

With regard to Figure 1, electrical data signal 25 passes into the antenna 6

10 from which a radio signal{ which might be a microwave signall 28, carrying
substantially the same information as electrical data signal 25, is radiated. The
antenna will also receive radio signals { which again may be microwave ) 29,
within a suitable range of frequencies, which will constitute electrical data signal
26. Electrical data signal 26 will, at the electrical contacts, modulate the carrier

15 frequency 24a of the received optical signal.

A terminal operating in such a manner can be used in a cellular radio
communications network. For example, an optical signal containing data within
the frequency band 925 MHz to 933 MHz is transmitted by the optical transmitter
1. The signal contains 320 channels, each consuming approximately 25 kHz of

20 bandwidth. This signal is detected within the EAM and generates an electrical
data signal 25 that is transmitted as a radio signal 28 by the antenna 6. The data
contained within the radio signal is substantially the same as the data contained
within the optical signal. Cellular telephones receive the radio signal and use
filtering means to extract the 25 kHz channel applicable to the individual cellular

25 telephone. The cellular telephone transmits a signal occupying a 25 kHz frequency
band, the signal being contained within the frequency band 880 MHz to 888 MHz.
The antenna 6 receives a radio data signal 29 contained within the frequency band
880 MHz to 888 MHz which is the combination of the transmission of all the
cellular telephones communicating with the communications network via the said

30 antenna. The antenna converts said received radio data signal 29 into an electrical
data signal 28 which is used to modulate the optical carrier frequency 24a of the

transmitted optical signal to create an optical signal 27 that contains data in both
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agai nst di st anp&formatce of the EAM., Figure 4 shows the variation in fibre to fibre

transmission with bias voltage 15 in a suitable EAM with an MQW active central
layer which has a composition as described above. The first derivative of this
transmission function with respect to bias voltage 16 influences the upstream loss,
the second derivative of this transmission function with respect to bias voltage 17
influences the upstream-downstream mixing and the third derivative of this
transmission function with respect to bias voltage 18 influences the distortion of
the upstream signal. Figure 5 shows typical RF insertion loss characteristics for
the downstream link 19 and the upstream link 20 as the bias voltage is altered,
using a 4mW DFB laser with a wavelength of 1560nm as the transmitter. The
upstream and downstream losses can be made equal at a reverse bias of -1.4V,
not needed obviously, and the insertion loss of =42dB for this case is comparable
with the insertion loss of the laser-detector modules used (without a modulator) of
39dB. Figure 5 also shows the ratio of the upstream carrier to the third order
intermodulation 21, which is influenced by the third derivative of the modulator
transmission function 18, The maxima in 21, observed for bias voltages between -
0.9V and -2.0V broadly correspond to the minima in 18. It can be observed that
for the EAM used in this example the effects of upstream distortion (influenced by
18) are more significant than the effects of upstream-downstream mixing
{influenced by 17}, therefore it is advantageous in this example to control the
maodulator bias voltage in order to minimise distortion of the upstream signal. It
will be understood that if a different EAM were to be used, there would be a
different transmission characteristic with respect to bias voltage 15 and this will
lead to differing derivatives of that function with respect to bias voltage (16, 17
and 18). The nature of these derivatives will determine which of them will have

the greatest effect on the performance of the terminal and thus which derivative
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7 Figure 19 shows schematically the central control office and a picocell

of a picocell installation. Figure 1 shows an optical conmunications
network including a termnal 4 5 according to the invention. The convention

that wil.k be u ' he followi ng analysis is that the netwog, om
AR s reilyeg s

the optical in O the electrical contacts 5 of the term

termed ' downstream and the network path frpogmthe electrical contacts 5 to
the optical output 7 will be ternmed 'upstreami. The fine lines indicate an
optical fibre transm ssion path and the arrows on the fine |lines 10

i ndi cate the di sBeyld b @ﬂtrgfqgh\a\f VRvigdhatiasvoiieah dort ddimab terEunal pREiprenance

transm ssi on patv{;herél'bg,arsmoﬁg@r,sltb BESppliedi cate an el ectrical transm ssion
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2gessef

di vision nultiplexed { r bR a"F'QW%PPWEﬁJ@éH"’?’h? dor Helivgpng sadio

fibre 3 at the %@nhféa#roﬂnnﬂl’éen?rap)’oc%ﬁ&\ QPUhER) rimhetas BhbhdY sites hAE (b HeBR! 4
i ncl udes an el ectro-absorption 15 nodul ator (EAM, a schematic exarrpl e of

which is show, reagnised. umae'?wrbw%@e%cwy th%errw‘eus@"?s's maYePeter fixed

conpri ses t hr ee s MackaR4e lcdrdidss SEMne Bk HEtwIrk sTBSLR M thal samBNBrintifI ey BBRY. By
sem conductor layers 12 and 14 enable electrical contacts to be nobunted t

the EAM i n or defaking: ussiefdhe Bish Rgadwidthy lew dess sheractedistics &f opticplfigre. ik h'%'é

frequency and signal processing functions can be performed centrally and the
‘signals can then be transported over the optical network directly at the carrier
10 frequency. The remote sites then become very simple, requiring only
optoelectronic conversion, filtering and linear amplification. This shifting of the
complex functionality away from the remote site allows cheap, reliable, small and
lightweight radio access points with low power consumption to be deployed. Ease
of installation coupled with low maintenance provide compelling arguments for this
15 type of system architecture. The main telecommunications application area for this
type of system is short range and high capacity wireless systems where the
advantages of small, cheap and low power transceiver units give the greatest
benefit.
Although the generic radio fibre system architecture described in the
20 preceding paragraph leads to low power consumption and low component count in
the radio access point, it would be even more desirable to have zero power
consumption. This entirely passive radio access point would make installation very
straightforward, and give excellent reliability leading to virtually maintenance-free
operation. In this example we show that an electroabsorption madulator may be
25 wused as the single component in such a radio access point, requiring no amplifters
or power supply to function effectively as a passive transceiver for small-sized
cells (picocells).
As described above, the EAM can act as a photodetector for the
downstream path, and as a modulator for the remaining downstream light for the
30 upstream path. The feasibility of a full duplex link using a frequency division
duplex (FDD) arrangement, showing that both detection and modulation functions
can be enacted simultaneously, has been described above. In this example we

show that this device will also operate satisfactorily without dc bias for short



applied to the device. The active central layer 13 is either a |ayer of
bulk 20 sem conductor material or multi-quantumwell MW material,
which, as is well known, is forned frommany interleaved | ayers of

di fferent sem conductor materials. In order to receive and nodul ate opti cal

signals transmtted at a given wavelength it is necessary gﬁ%%)’ﬁﬁ :
suitabT e senWwooal4STor nmaterials for use in the central - EAM A

conbination of I1l1-V materials are often chosen, 25 for exarrpl e gallium
arseni de (GaAs), indium phosphide (InP),'2ndium gallium arsenide
phosphi de (I nGaAsP), etc. as these have bandgap energies which are

appropriate f %nﬁﬁm%&ﬁ]lﬁp%@ssmﬁﬂs ' rh 9’% 'a%lte&@r@mrﬂu@&hll ey, 9”96- AN
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El ectronics Letters 1995, , the case cited the central
layer is 350nn¥obfme;AelSHREter W&As’fmg'%\ﬁff&? Hdaom (AHaueth as Ul bglsear beiow,
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barriers of InGased At present, these future high capacity radio systems are still in the
research phase. For this work, therefore, the passive transceiver concept was
demonstrated using a commercial 2.4 GHz spread spectrum radio LAN providing
10 wireless Ethernet at a raw data rate of 3 Mbps. At this data rate , mobile video
access was feasible and was achieved, and access to the Internet was obviously
no problem.
The electroabsorption modulator used in this experiment was designed and
fabricated in-house and consisted of a multiple quantum well absorption layer in a
15 low capacitance buried heterostructure arrangement, as described by Moodie et al
in J Lightwave Tech, Vol.14, No.9, pp 2035 - 2043, 1996. The InGaAsP/InP
material system was used for operation around a wavelength of 1550 nm. The
chip, with a length of 370 um, was mounted in a high frequency package with
fibre pigtails, and had a total fibre to fibre loss of only 5dB at zero bias. The 3 dBe
20 bandwidth of the packaged device when operated as a modulator was 14 GHz,
although for this experiment we only require a narrowband response around 2.5
GHz.
Figure 8 shows the experimental layout in schematic form. The radio
modems consisted of a BreezeNet (TM) Access Point {AP} at the central office and
25 a BreezeNet (TM) Station Adaptor (SA) for connection to the laptop computer
located in the picocell. These modems operate in the IMS band (2.4 - 2.48 GHz)
and use frequency hopping spread spectrum 10 provide good immunity to sources
of interference. The system provides half duplex transmission, although, as
described above, the optical link is not limited to this arrangement. The AP had
30 twin antennas for spatial diversity, which could be detached very simply to allow
connection to the optical link.
For the downstream path, the RF output from the AP was connected to a

commercial analogue laser. The optical signal from this laser was passed thorugh



(bandgap wavel ength [err]1.100 [err]m. Further details describing the
construction of such a device can be found in European Patent EP-B-143000.
5 Currently, higher saturation thresholds are available with bulk
rat her than MQW nodul ators, but higher bandw dths may be achi eved with MW
rat her than bul k devices. Wiile work is underway in vari ouspCEaBel9s&r-oups
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nodul at or s,
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Results

The picocell used in this experiment was an office with dimensions of 6m
x 3.5m. The antenna for the passive radio access point { which was fed with the
RF output of the modulator) consisted of a simple microstrip patch design with a
gain of 8 dBi. This was a bow-tie design with a beam width of around 70 degrees.
The SA was configured to use one antenna for the transmit direction (2 dBi
omnidirectional) and a separate antenna for the receive direction (8 dBi microstrip
patch). This arrangement had the combined benefits of providing a better power
balance for the link {see below) and also limited the transmit power to below 20
dBm to ensure compliance with EIRP requirements in Europe for radio LAN
systems.

Before connecting the radio system, power budget measurements were
performed using a signal source and analyser at a frequency of 2.5 GHz. Table 1
shows the rf power levels at the important points throughout this system, when
the antennas were spaced 6m apart. At this spacing, the free space path loss was
50 dB, which is 6 dB less than calculated when no reflections are assumed. The
optical link RF loss for the downstream path (laser to electroabsorption modulatar)
was 40 dB, which was only 5 dB worse than the loss measured when the
photodiode was used in place of the EAM. The upstream (electroabsorption
modulator to photodiode ) optical link RF loss was 35 dB. A balanced optical link
loss can be achieved if the EAM is biased appropriately, but for passive operation

at this wavelength the downstream link loss is higher than the upstream loss since



25 carrier frequency by a few gigahertz. The optical signal is partially
detected.wthin the EAM and an el ectrical data signal 25 with a
substantially simlar frequency spectrumto that of one of the sidebands
24b is generated within the EAM and passes through the electrical contacts
5. Electrical data signal 26 is applied to the electrical contacts §ssand 30
causes™the moMOPS#M¥h of the carrier frequency 24a. Figure BSETERGTMSSS -

el ectrical data signals 25 and 26, as preggnt at the el ectrical contacts of
the term nal. The nodul ation of the carrier frequency 24a by the electrical
data signal 26 gives rise to sidebands 27a. Sidebands 27a have identi cal
frequency spedbe BAM is npCaT efiiSiRND IGBAEAEr OB ANZEDG Pias. \domsiverathe pwerall radio-
substanti al | y ¢5id7: . J A ! | gnal
6. The: opti ealrarutliphil batelisAp R/ pRP RIS FbER b baitlld BLITT.
gener at ed by tesuitngfdehoasing rthe fapptepriatgr antennaf gainy derneachpdirectien BANDe §Ad in

si debands 27b, ' | s',@e;@@q% Si debands
27a occupy a éa‘%ﬁ?’éﬁ‘ﬁ%?@? I@Eﬁgéaﬂvgﬁ@%%ﬁ F’%g@%rgg?gtée to thes rg'a‘ijency of the
carrier frefuency 24a and the frequency band of sidebands 24b such that the

two sets of 3'|pgﬁﬁarrd's—dﬂ—rmrmwﬁcu TigiTeT m SStoss
schematicall . _the arrangenent of €

Downstream power, dBm | +17 2 |-23 9 -156 2 -66- - 63
Upstream power, dBm -58 € {-23 & -31 € +19 & + 17

Table 1. rf power levels throughout the system {see Figure 17)

The radio system was connected to the optical link and connection was
made to a local Ethernet network. Full rate transmission was possible with the
10 passive radio access point antenna located an a wall at one end of the office, and
the SA antenna free to roam within the picocell. The receiver sensitivity of the
BreezeNet (TM) radio modems was -64 dBm for operation at the full rate of 3
Mbps, -72 dBm for operation at 2 Mbps and -82 dBm for the lowest rate of 1
Mbps. From table 1, it can be seen that the power requirements for 3 Mbps are
16 easily satisfied within the picocell. Range calculations based on an (upstream-
limited) receiver power of 758 dBm and the receiver sensitivies given above
suggest that (unobstructed) cell sizes of approximately 12 m {3 Mbps), 30 m (2
Mbps} and 95 m {1 Mbps) are achievable with this system. Assuming that we
operate at a data rate of 1 Mbit per second, the total available margin is 99dB for
20 each direction based on the transmit power of +17dBm and a receiver sensitivity
of -82dBm. The remaining margin in the picocell is therefore 19dB (downlink)} and
24dB {uplink). If we make the simplistic assumption that the path loss varies as
the square of distance {free-space propagation} then this margin transiates into a
range of 27 metres for the downlink and 48 metres for the uplink.
25
The radio system chosen for this work to demonstrate the ‘passive
picocell’ concept is well suited for the purpose due to its half duplex, frequency
hopping spread spectrum design, which means that only one frequency carrier is
present at any one time. Operating the EAM at zero bias results in non-linear

30 operation, especially in the upstream path, which would introduce intermodulation -



out put optical signal 27 conprising sidebands 27a and si debands 27b. Wth
regard to Figure 1, electrical data signal 25 passes into the antenna 6 10
fromwhich a radio signal ( which mght be a m crowave signal) 28 carrying
substantially the sane information as electrical data signal IS

radi at ed~ The will also receive radio signals ( whic &ﬁ?‘f be
m cr onwave ) ZQ%V\A i%n a suitable range of frequencies, whi chl} FinisH
constitute electrical data signal 26. Electyg cal data signal 26 will, at
the el ectrical cont acts, nodulate the carrier 15 frequency 24a of the
recei ved opti cal gnal A term nal operating in such a manner can be used
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transmtted a radi o sjignal 28 he antenna 6. The data contai ned
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within the opti pedsitsy @oéd a dofdrl deliadr deft eqUatiies: beaGhdedt the baddistitish Wrats and
use filtering neans to _extract the 25 kHz channel applicable to the
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si gnal occupyi niineer Pdgirsbiat kére GppNRlybiba Bl that passivedsEratidAi JogidCaMtRl adsbviaist hi n
t he frequency b The ant%gbgmre eives a radio data

signal 29 conta e%f(ampfwo%@ﬁ‘ﬁ@&ﬁeh NHAh - sYcg asgBosA-gesrAiPehin s
t he conbi nat 1®nERB-0416878a0%IE Bs usyd. Of aI | the cel I uI ar tel ephones
conmmuni cating with thf-eorct?nmuw)ocs%gignger{\]oer;[s\t,\lgtrlrlfg the concept abe(fj\md this work, the
optical link length was initially only 30m, although much greater lengths will be
feasible. The major consideration in this case is optical loss, which affects the
upstream path especially. Every 1 dB of optical loss translates into 4 dB of
15 upstream electrical loss, which means that the 6dB of power margin at 3 Mbps for
the 6 m picocell equates to a 1.5 dB margin in optical loss. Assuming a fibre loss
of 0.2 dB/km this gives an optical link length of 7.5 km. For 1 Mbps operation in
the 6 m picocell, an optical link length of 30 km will be possible. Figure shows
the trade off between optical link length and radio link length for each system data
20 rate based on this assumption of fibre loss.

The ultimate cost of the EAM transceiver will determine whether this type
of system is deployed on a large scale. The present device is expensive to
package, mainly due to the labour intensive fibre pigtailing process. Integrated
mode transformers, which allow passive positioning of the fibre pigtail, should

25 reduce packaging cost significantly. Suitable mode transformers are described in
W095/23445. Further reductions will be possible using a reflection modulator,
which only needs one pigtail attachment. Particularly interesting reflection
modulators are described in W091/19219.

Several options are available to improve the signal-to-noise ratio at the

30 receiver and therefore increase the radio range. Some of the potential
improvements that can be made are given below together with an estimate of their
general practicality and effectiveness.

DOWNLINK



30 antenna. The antenna converts said received radio data signal 29 into an
el ectrical data signal 26 which is used to nodul ate the optical carrier
frequency 24a of the transmtted optical signal to create an optical signa
27 that contains data in both WO 98/ 04057

PCT/ GB97/ 01958 10 the 880-888- Mz frequency band and the 925-933 Miz
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received at the optical detector 8. It is, possible to extract
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for
one could use another electro-absorption modulator, but lithium niobate has the

10 advantage that large bandwidth, low insertion loss devices are relatively easy to
come by. With a high launch power one would need to consider the problem of
saturation in the electro-absorption modulator in the picocell. One could use either
modulators using bulk absorption layers, such as those available from NEC, or one
could use MQW devices with high saturation powers - for example those using

15 barriers made of indium aluminium arsenide with wells of indium gallium arsenside

phosphide.

M Effici |
As an alternative to the use of an external modulator and high power
20 source, one could continue to have.direct modulation of the laser but use a more
efficient device than that used in our experiments to date. It should be possible to
get a signal to noise ratio increase of 10dB, a range increase factor of 3.2,
Higher RE.T it P
With direct modulation of the laser, this is limited by the damage threshold
25 of the laser, but even so could give a 3dB signal-to-noise ratio increase, or a range
increase factor of 1.4. Clearly, the use of an external modulator would permit a

higher RF power level to be transmitted.

Ontical Amplificati
30 The limiting factor here is saturation of the electro-absorption modulator.
Also, optical amplification, achieved through the use of a fibre amplifier or a semi-

conductor amplifier, would add complexity. Nevertheless, if used, one could



15 the downstream link 19 and the upstreamlink 20 as the bias voltage is
altered, using a 4mMW DFB | aser with a wavel ength of 1560nm as the
transmtter. The upstream and downstream | osses can be made equal at a
reverse bias of -1.4V, not needed obviously, and the insertion |oss of
err]42dB for e is conparable with the insertion |os :
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shows the ratio of the upstreamcarrier to she third order internodul ation
21, which is influenced by the third derivative of the nodul ator

transm ssion function 18. The maxina in 21, observed for bias voltages
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observed that fe@getddyt EAM used in this exanple the effects of upstream
distortion (influenced by 25 18) are nore significant than the effects of
upstr.eam downstream m xing (influenced by 17). therefore it is

advant ageous in exanple to control the nodul ator bias voltage in order
to minimse distortion of the upstreamsignal. It will be understood that

if a-differen? EAM were to be used, there would be a different transnission
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and 18). The nathflaurghed watical gignahlayql washedpwnlink tor HHmWY. vWFthh'éfPOme Vgt |
have the greategh eRpérfthdntQitas Béhdelet BrHTBMEBoObrobitfatibRl MHaddarfN ShibAtks ¥ ch

derivative WO 98/ 04057
PCT/ GCB97/ 01958 remote terminal were used. The results are shown in Figure 18. As can be seen,

17
|

10 the furthest separation used was 75 metres, at which the power level at the

remote terminal was -78dBm.

Higher A Gai he El Al ion Modul
Here the question is how does one want to trade directionality for gain.

15 Obviously it is possible to use a highly directional antenna, for example antennas
with gains of 18dB are available, but they are typically very bulky and have very
narrow beam widths. In experiments to date we have used an antenna which is

no larger than a packet of cigarettes, which has an 8dB gain and a 70° beam
width. One could, at the price of extreme directionality, get a 10dB increase in

20 signal-to-noise ratio, that is a range increase factdr of 3.2,

UPLINK
More Efficient Photo-D
By using a more efficient photo-detector one could obtain a 6dB increase

25 in signal-to-noise ratio which is a range increase factor of 2.

Higher Optical P
As indicated above, by using a more efficient laser or an external

modulator or optical amplification one could increase the optical power on the

30 downlink and hence on the uplink, but this is limited by the saturation threshold of
the electro-absorption modulator. Nevertheless, one could obtain an effective 6dB

increase in signal-to-noise ratio, a range increase factor of 2.



11 shoul d be controlled by varying the bias voltage for optiml term nal
performance where a bias voltage is to be applied. The advantages of using
anal ogue optical networks for delivering radio signals froma central

| ocation to many renote antenna sites has | ong been 5 recogni sed. In a

t el ecommuni cations context, these radio signals may be for, g.r

accesS, cor dVOSFoM? npbi | e net works, but the sanme principl es apply

maki ng use of the hi gh bandw dt h, | ow | oig characteristics of optlcal
fibre, all high frequency and signal proc&ssing functions can be perforned
centrally and the signals can then be transported over the optical network
directly at tﬂmm&ehgngm&m equency. The rem)te SI tes then becone very
sinple, requiring nly .o tronic, .con rS|on i nea

Sl £ cat fon | Thi < TEHPEREGRT L WelRe R vosBlrelhey PhibiERne
renote site atdroplexityhweytd becherabded, bLBrthllslcoaIdd)d mgiirbmed dfot exardple by custrgs
points with | nsunpti.o epl oy nst.al | ati.on
coupled with f')')'lvv\fpt ?T\Bgfél tgﬁgrn?:{;}% %?/e éeesccrz'g?rag'glqwg)g pg}eg%%%@ 95# %tteﬁ"a 'V?ng type
of system & cén taputa]ramprﬂee pighen filere ecro ansemicariductos lwplampﬂfleqncmneabe‘ or

thi's type of SUShEr e Uik ARAOSTAN holluORyE IR0 tnollahe P SharhRL S, Ve ©

t he advantages 0 small scelver unit

gr eat est benefatip, orMd tahougiaretalaefzgaweqﬂaﬂr adio fibre systemarchitecture
described.in the 20 preceding paragraph |leads to | ow power consunption and
| ow conponent count in the radio access point, it would be even nore

desirabl e to B&fre-Amplifiqatiorr

10 In fact the RF system in the BreezeNet is highly optimised. There is thus
little scope for improvement. Any improvement would come at the cost of
potentially significant extra complexity. The limit on maximum allowed radiated

power may also be significant here,

15 High A Gai he Station Ad

Again, this is a trade off between directionality and gain, in addition, the

limits on the maximum allowed radiated power are relevant here. Probably no
increase can be obtained.

It can be seen that although some of these options are simple to

20 implemeht, they give substantial improvement to the radio range of the system. A

radio range of between 1 and 200 metres should be possible therefore without

resorting to expensive or impractical measures.

Improved performance in the systems depicted in Figures 1 and 2 may be

25 achieved if the transmitter 1 comprises two lasers, laser 1 and laser2, emitting
light at different wavelengthsiuand A2 respectively, where A1 <42 (e.g. A1 =1.3n

and A2 = 1,55u). The idea being that light from laser 1 is used to carry the
downlink signal, while light from laser 2 is used to carry the uplink signal. Light
from laser 1 is modulated at the transmitter 1 and is detected at the modulator 4.

30 A1 can be chosen to be suffuciently short that only a negligible amount of light at
this wavelegth emerges from the optical output port of the modulator even when

the modulator is unbiased. This leads to an improved downlink RF insertion loss

at low reverse bias voltages ( including the unbiased casel over that shown in



consunption. This entirely passive radi o access point would nake
installation very straightforward, and give excellent reliability |eading
to virtually maintenance-free operation. In this exanple we show t hat an

el ectroabsorption nodul ator may be 25 wused as the single conponent in such

a radi o_accesswooi nt _requiring no anplifiers or power suppl o 4 ON
& T S s

effectively as fve transceiver for small-sized cells (picoce
descri bed above, the EAM can act as a photqgdetector for the downstream
path, and as a nodul ator for the remai ni ng downstream light for the 30

upstream path. The feasibility of a full duplex |Ijnk usin r.equenc

di vi si on dupl exFigee: LoPhEemHase 2 '8 et "lt’H’gtatﬁh‘f Haﬂsé?'gg'i ?0& :%ﬂ}?dula¥ed
modul ation funchd GRSmédUltbR SPHeasblifk Bidhalan detseted, abate hrewedssWavbigth
above. In this exaggl e we show that this device w I,

. _also operate
satisfactorily ¥ CRORE Fheses s 2% & mMexigize both Q‘S)"’M&S%"s inseftion loss and the

PCT/ (B97/ 01958 &ﬁink%@ﬂﬁér tPincnrbliglia etibadi o systens. In this architecture,
acity

o PLEoCel | s ey a0 B e D o B Al 4 el SR
rates of 10 Mdi bwig@b ti®EifultaRedus\pPésénte BelgetAd] 8igntib 2brrepaiding| te thé uplixek or
SRR e SAVNCC R RN KN T

- mixing can only arise through non-linearites in the modulator’'s modulation versus
voltage and detection versus voltage charateristics. At the modulator, the

10 downlink electrical signal is typically sevgral tens of dBs weaker than the applied
uplink electrical signal. Consequently,uplink - downlink mixing is a more serious
probiem in the downlink than in the uplink. Wavelegth A1 may be chosen such
that the variation of photodetection responsivity at A1 with voltage in the
modulator is minimal. therefore, the downlink signas will suffer minimal distortion

15 due to the applied uplink signal. the two wavelength approach should thus reduce
uplink- downlink mixing in the downlink. While this approach has been described
with reference only to the early Figures of this application, those skilled in the art
will realise that it can be appiled to most of the embodiments / applications of the
present invention.

20 For many situations capacity on the downlink is much more important than
capacity on the uplink, e.g. for remote video access or other muitimedia
applications. Conversely, there are other applications, for example like remote
video surveillance, where only a small downlink capacity is required, but a
significant uplink capacity is important. The precise nature of the application may

25 therefore determine the choices made from the above list of options

Additionally, the terminal of the present invention can be used in
communication networks in a further configuration. Figure 2 shows the electrical
contacts 5 connected to an electrical output interface 10 and an electrical input
interface 11 via bandpass filters 9a and 9b, The bandpass fiiters are chosen such

30 that electrical data signal 25 is present at the electrical output interface 10
substantially free from inter-mixing with electrical data signal 26 and that electrical
data signal 26 is present at the electrical output interface 11 substantially free

from inter-mixing with electrical data signal 25. For example, in a cable television



station, stadium plaza, etc.) applications where |arger volunes / areas
must be servred. At present, these future high capacity radio systens are
still in the research phase. For this work, therefore, the passive

transcei ver concept was denonstrated using a commercial 2.4 Gd—lz spread -
spectrumradio LAN providing 1 0 wreless Ethernet at a raw data rate -o
I\/Eps. At thi V92 Tate , nobile video access was feasibl e BHHEREL1ISE

achi eved, and access to the Internet was viously no problem The

el ectroabsorption nodul ator used in this ‘experinent was desi gned and
fabricated in-house and consisted of a nultiple quantumwell absorption

| ayer in a 1 Slistilygionapetvorianukergior p eplutalitye b stefevistonr eignals aargetramsmittas

described by MaafsGesth F\j‘llchirjl Ehejfrngh{:aneTﬁf Ramz Q! 603)4 ,P/II-HOan%’ cdtRrof Y3Ra

2043, 1996. The | nGaAs NP materi al system was use or operation ar'%und a
wavel engt h of Egansmited Hestssmwithintthe dreuengylarde BHD- PO kiiz) theksndrasst ed
in a high fregpgpey RMC | | i ' hﬂgzd akafilre to
fibre | oss of onl %Sdﬁé’_ g?ﬁgte‘rg%ﬁ.sg?rgfsaw%Hpey@‘raglsléé%‘ﬁaﬂgan ngta %f h?ée'ahz _
packaged de®i Mhilghakowiverwbsiantiallyaalhsignalatwithingbe TangeHQ MMz hoBHIO MHz.t hi s

experiment we sy, W{:Jrﬁipﬂssnﬁfé’r@wmqefeg§ ?‘%{—%ﬁ‘?‘ﬁ%‘ggpgg&é bg?g'%r 160 gure 8

shows the experinental |ayout in schematic _ adi o nodens consi st ed
of a BreezeNeto @nye 20Q¢ kkdz whilstralloyviap)substantialy ol isianals wittin the range OO0 &Hz

BreezeNet ( TMro Sioat ki) ARl Gh s()lﬁé‘)si{t.ug{iorﬁ;oﬁr?#&} bOBodsihid 16 dlsﬁ%ﬁs?gwﬁgfmgt 2r8

| ocated in the picocell. These nodens operate in the IMs ban
GHz) and use fi&EFarRrTilRRS M. riipPepftinndramhate charmeterigics af dbe rmouninieationsy t o
sources 10 network or equipment connected to the interfaces 10 and 11.
The electrical interfaces may be connected to a wide range of suitable
equipment, including a pair of antennas, a further optical transmitter and receiver,
an electrical transmitter and receiver (in order to transmit signals across a LAN in a
building or a number of rooms) or customer premises equipment (CPE) such as a
15 set-top box for broadcast cable television services or interactive multimedia
services e.g. video on demand. This list is not exhaustive and should not be
interpreted as a limitation to the scope of the invention. For many of these
applications, such as for example set top boxes or other CPE, there will be a ready
power supply and hence there may be advantage in using a powered rather than
20 passive terminal. ' |
It is possible for a plurality of terminals to be connected in series, as
depicted in Figure 6. '
The above description has been solely concerned with analogue signals.
in order to transmit digital signals it is necessary to use modems with the optical
25 transmitter and receiver at the head-end and with the electrical interfaces at the
remote terminal(s). A modem is a modulator-demadulator, which enables digital
signals to be modulated as analogue signals, without loosing any significant part of
the information carried by the digital signals, transmitted over an analogue
communications network and then demodulated, re-constituting the original digital
30 signal. Figure 7 shows an optical communications network which is configured
with two modems in order that digital signals may be transmitted.
An electrical digital data stream, from, for exampie a LAN, enters modem

22 through modem input 30a and is modulated into an analogue electrical data



of interference. The system provides half duplex transm ssion, although,

as descri bed above, the optical link is not limted to this arrangenent.
The AP had 30 tw n antennas for spatial diversity, which could be detached
very sinply to allow connection to the optical |ink. For the downstream

path, the RF omthe AP was connected to a conmerci al Do -

| aser. The op%@gﬁg%nal fromthis | aser was passed thorughr V\lp) 98/ 04057
PCT/ GB97/ 01958 13 a pol arisation controllepq(PC) and across the optical

link to the EAM |l ocated in the renote picocell. In this direction, the EAM:
acts as a photodi ode, and the resulting RF power _was then radi ated into
free-space usi nijream Wih &enwbstaptisiiessf iptarmatiens d The analeayst esicabiaatsaieams

For the upstreamaititansinfiteed bod tRUbpticaPibrk M byAnd Spticad irdh&RittePt O ablefid
space to the antenna connected to the EAM These RF signals_ then nodul ate

the residual op¥ithig the 54 aenesatingansenalagye sifghiahdategtieamngd 3t he plertrisaint

back to the cenddntdctofd, i WRicRVRissds@nrBidH Gahddasilted R P Thé GABtAdl Ritpurar €
detected using a conmerci al Ehotodlode, d are then input to the receiver

bart .of the RP.INMERACE d9aRnd BhekE WHBEOMPHRTE ZiMherfodre ABRoRYs clerkicaly dats

m crowave | i nksstreBRS14l démodulated in order to substantially recreate the original digital data
stream. The substantially recreated digital data stream is then output via modem
output 31b to, for example, a second LAN.

A digital data stream from the second LAN that enters modem 23 through

10 modem input 31a is modulated into an analogue electrical data stream 26 with no
substantial loss of information which then passes, via the electrical input interface
11 and bandpass filter 2b, to the electrical contacts 5. Incoming optical carrier
24a is then modulated by the EAM to create analogue optical data stream 273,
which is transmitted along the optical fibre 3 to the optical receiver 8. The

16 analogue optical data stream is converted into the electrical domain and fed to
modem 22, which demodulates the signal in order to substantially recreate the

- digital data stream from the second LAN, which is then outputted via modem
~output 30b. Again, under certain circumstances, one or both of the bandpass
fitters 9a, 9b may be omitted.

20 The frequency at which analogue data signals can be modulated is limited
by the lower value of the laser modulation bandwidth or the modulation or
detection bandwidthof the EAM. In the example discussed above the modulation
bandwidth of the laser was ~6 GHz and the detection and modulation bandwidth of
the EAM was =14 GHz, so in this case the maximum transmission performance of

25 the network is limited by the modulation bandwidth of the laser. f modems are
used in order to transmit digital signals then the modulation speed of the modem
will be the limiting factor for the system, unless it is greater than the lowest
modulation speed of either the laser or the modulator.

| The maximum distance over which optical signals can be transmitted and

30 detected is limited by the attenuation of the signals by the optical fibre. For the
DFB laser described above, with an output power of 4mW, the maximum distance
between the optical transmitter 1 and the optical receiver 8 was found to be

approximately 50 kilometres. Thus if the above laser were to be used in a simple



The picocell used in this experinment was an office with dinmensions of 6m x
3.5m The antenna for the passive radi o access point ( which was fed with
the 15 RF output of the nodul ator) consisted of a sinple mcrostrip patch
design with a gain of 8 dBi. This was a bowtie design with a beam w dth of
around_70 degrees. The SA was configured to use one antenna_ for the -
transmt di r ¥QPMO2 dBi omi di rectlonal) and a separate FRFRTOBTR  he
receive direction (8 dBi mcrostrip patc Thi s arrangenent had the

conbi ned benefits of providing a better r 20 balance for the link (see
below) and also |imted the transmt power to below 20 dBmto ensure

conpl i ance w hétvidrkRPsuchoas treserib FiguresEdrande2 f te re&daite) térAlihat \eatildnse sited or e

connecting the radio measur e s were perfornmed using
a signal sour Egprg’rﬁ'ﬁ’aéﬁiga&s@p"ﬁf'eﬁ f?"r"bg'g? hﬁ? YUY 5 maxf?ﬂf"pt'i"%ss'%%oms
the rf power Hisvarkcs @uld be exmuieblawtth pihe ndse  bh opticgh cambplifibriss eithert Etme when

t he ant ennas ed 6m apart hi.s, spa e ac at h
| oss was 50 d\é@'%%ﬂ&ﬂﬁ%r "Efé 18 tge ! ‘éetr'l °(f:§ ¢ gfaq%‘%?gn Tfryl'o requect?'fgg' § are
assuned. The epwecadurte mouldFobdasiy aiso tilnreabevhs tmadmumpatrdns(iissper disance

el ectroabsorptab\ﬁge%qg*%t or) was 40 dB, which was only 5 dB worse than the
| oss neasured 0 photodi ode was used in place of the EAM The
upstream (el ectr oaBJontidri exampted whitthomaktes yskeatf odriadeof) the pitemativesi sek oBE | 0ss

was 35 dB.. A Q%\?en%ﬁlgmgﬁtb'e%%&rlbegk | oss can be achieved if the EAMis
bi ased appropri at el or passive operation at this wavel ength the

downstream link loss is higher than the upstream| oss since
10 Example 2
The experimental optical configuration is shown in Figure 8. A single, low
insertion-foss, EA modulator modqle is used at the remote terminal. A practical
low cost/low power system would most likely use EA modulators at each terminal
- thereby eliminating entirely the need for analogue laser transmitters. Figure 9
15 shows twa possible network configurations which use only EA modulator
transceivers. In Figure 9a, several point-to-point links share a common CW laser
optical (high) power source. In each link, a remote transceiver, EAM#2, is
connected to a transmitter, EAM#1, and receiver, EAM#3. In Figure 9b, a number
of EA transceivers share an optical bus powered at the ends by two CW lasers {i.e.
20 all transceivers share the same RF spectrumi. |
In our experiment, a 120MB/s QPSK modem signal, up-converted to
1.347GHz, is combined with the down-converted TV channels from one
polarisation of the Astra (TM) group of satellites. The combined signal is then
applied to a commercial analogue DFB laser module, which emits an optical power
25 of +6dBm at A=1.56um. After transmission over 25km of step-index fibre, the
optical signal is detected in the remote EA modulator transceiver. A further
120MB/s modem signal, centred at 140MHz, is applied to the modulator via a
duplexer/multiplexer and impressed on the optical signal for the return path to a
commercial photodetector receiver module. The RF multiplexers used to isolate
30 the two paths were fabricated from complimentary bandpass/bandstop microstrip
filters of the type described by Wenzel {in IEEE Trans. Microw Theory & Tech.,
1968, MTT-16, 147-157] together with 5th order complimentary lowpass/highpass

lumped filters {see Mathei. G.L, et al, "Microwave filters, impedance matching
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14 the EAMis not an efficient photodetector at zero bias. However, the
overall radio- fibre link (taking the radio link | oss into account) was
nore or | ess balanced, as a result of choosing the appropriate antenna gain

for each.di re%ggﬂo‘% the SA. In fact, in the total link theréﬂ&ﬁ?‘ﬁd’lf‘s%m:
d ' :

| oss was 80dB B upstream 5 Point _ B
C E Downstream powergz dBm +17[ err] -23[err]
-15[err] -65[err] - 63 Upstream power, dBm -58[err]

-23[err] -31ferr +19[ e + 17 Tabl power | evels

t hr oughout t he™ g L?r?’?%%‘é’p#ﬁ‘%ﬁ ﬂécti TM%G"P%H@ %§§?’(§W'%?W§@PB@ b the
optical |ink amsk Gamne@hhsqmww&maa path.a | ocal Ethernet network. Full rate
transm ssi on was pos%i ble with the 10 Fas& ve radi o gcdrciess ﬁm nt .antenna

|l ocated on a wal | at |‘gn@ogyiRtoppias yeas et intially forminjuns ard, prdac intermodulation | o5y

within the picacglel upnmhwbrﬂesmermsmbuss \thé meeefncslhesear@aaeé\le;&cma% fibeeli 0
nodens was -64 dBm f or operation_at ull rate_of m f or

t he
operation at? 2 '9§6p¥as {eFSagmng Bnf P af‘ﬁ‘lé"ﬂsemes"r 414Be "&f the [Egﬁﬁec"ﬁagm"f“ﬁbl e

1, it can be seeRsumpliontviids ROWRY. NWHeHesE FRNEGVAIBK RF ibPtoRicss Marieaas Iye

satisfied within the, pi cocell Raneclcula s based on an (upstrea
linited) receivayarpghille We-Wayenyisal 8?15d 'W&@%q%rvagg‘ﬁgﬁh (W ?/‘étﬁ;agt)ove

loss to the fourth power. Consequently, it is the uplink whlch defnnes the
maximum link length/insertion loss.

10 Bit error ratio (BER) measurements were performed initially on the two
data streams without the video signals present, using two methods: In the first
method, the optical insertion loss was varied using an optical attenuator at point A
in Fig. 8. Electrical gain was then adjusted to maintain a constant input signal to
the modem demodulator. In the second method, optical insertion loss was kept

15 constant and a variable noise source was inserted before the demodulator to
stimulate different bit energy/noise ratio.

Figure 10 shows measured BER for both links plotted as functions of
received optical power, with RF input levels of OdBm. The minimum received
power for a BER of 10 in the uplink is -27dBm for this modulation depth and it

20 can be seen that the sensitivities for the two links differ by 7.4dB, the uplink being
more sensitive (but suffering twice the effects of fibre attenuation). It may be
shown that this difference is equal to the optical insertion loss of the EA modulator
plus half the difference in the (zero fibre length) RF insertion losses. BER against
Ew/N, is plotted in Figure 11, together with the back-to-back (electrical)

25 measurement for the modem. These curves clearly demonstrate that there is no
power penalty associated with the use of an analogue EA transceiver for this
configuration (the uplink shows a small improvement).

Finally, BER measurements were made of the QPSK signals with the Astra
FM TV signals present. The composite RF spectrum applied to the laser

30 transmitter is shown in Figure 12. The modem QPSK signal is evident at
1.347GHz. Also noticeable are the digital TV channels in the Astra signal between
1.75GHz and 2GHz. The electroabsorption modulator bias voltage was increased

to -3.65V and the QPSK signal reduced to -5dBm in order to ensure minimum



suggest that (unobstructed) cell sizes of approximately 12 m (3 Mips), 30 m
(2 Mips) and 95 m (1 Mops) are achievable with this system Assum ng that
we operate at a data rate of 1 Miit per second, the total available nmargin
i's 99dB for 20 each direction based on the transnmt power of + 1 7dBm and a
receiver sensitivity of -82dBm The remaining margin in the_ picocell 'is

t herefore 19¥9 link) and 24dB (uplink). If we make theP & f“fsf’c
assunption that the path loss varies as the square of distance (free space
propagation) then this margin translates into a range of 27 netres for the
downl i nk and 48 netres for the uplink. 25 The radi o system chosen for this
wor k t o denonistarterence thetwesndbe veriqiscignalst ' Eveo mitphisiredugett IRFneiwes deviebra t he

purpose due tged & soMmalfcduilic%a ik BAHERGY HRPRISRE, %p.rtm% §.§ﬁ“%£r¥i”h§$§e‘ gn,

whi ch neans that only one frequency carrier is present ny one tine.
Qper at i ng t hedegragation ethe DY aigndlesul ts in non-Ii near 30 oper at i on,
especially in the upstream path, which would introduce internodul ation
WO 98/ 04057

PCT/ GB97/ 0BosExap®plgiBst ortion in nulti-carrier systems such as GSM | f
passi ve operation VgiEgafipk 7 %%hb%d tﬁmﬁé@ink;le@l&?ma@éo%{m rod(i14br [E2SW)

woul d be sufficient to nove "’[08. i near t he nodul ati on
char act eri st i eanpreyeediihecFiapdtPaLol RtV btat#‘tt?‘ﬁhfel@ a low cost device to deliver

high data rate channels together with multi-channel FM and digital TV. In this
example, we present the use of EA modulators for single fibre, bi-directional optical
10 bus topology operation, delivering 120 Mb/s QPSK channels. The optical bus is
powered by two CW lasers, thereby avoiding the use of expensive high speed
lasers. Potentially, the cost of the CW laser sources would be shared among users
located at the access nodes. Furthermore, since all nodes are connected in series,
the bus has to afford a certain degree of resilience. The EAM is an ideal candidate
15 | for this application: a power failure at one node {Bbias=0 volt), woula leave the
EAM to operate in a virtually transparent optical state, therefore leaving the rest of
the network in tact.
Experiment: Figure 13 shows the experimental setup. Two EA modulators
{EAM1 and EAM2) were used as transceivers to share a common optical bus
20 powered at the ends by two CW optical sources (DFB 1 and DFB Zi. The launched
optical powers were +6dBm (A1= 1560 nm) and +4dBm {(A2= 1550 nm)
respectively at EAM1 and EAM2 input ports. Polarisation controllers (PC n° 1,2,3)
were tuned so as to ensure TM mode operation of both EA modulators.
For the data path, two 120 Mb/s QPSK data channels were used: the first
25 modem signal was up-converted to a centre frequency of 1.347 GHz {channel 1),
and a further modem signal was centred at 140 MHz (channel 2). EAM!1
modulated A1 with channel 1 {-3dBm RF drive power} and detected simuitaneously
channel 2 from EAM2 at A2. After transmission over 25 km step index fibre,
simultaneous detection of channel at A1 and modulation of channel 2 {-3dBm input
30 RF power) at A2 is performed by EAM2 via a duplexer/multiplexer. The RF
multiplexers are identical to those described in Example 2, providing >80dB

rejection between channel 1 and channe! 2 at each node.



acceptabl e. Since the EAM photocurrent is around 1 mA, the total dc power 5
requirenment is only 1 mW and can therefore be satisfied by a snall battery
or possibly even a solar cell or cells located at or adjacent the base
station or its antenna. Furthernore, it would be possible to redesign the

EAM to aperate in a linear reginme at zero applied bias so th :
operation coul A¥Q¥WMPSThe achi eved. For exanpl e, MW nodul at o?];saggﬁ\ﬁ%}r%ﬁgn

in-built bias, such as those described in Ly EP-B-0416879, could be used.
For the purposes of denonstrating the concept behind this work, the optical
link length was initially only 30m although nuch greater |lengths will be

feasi bl e. The mmj or chh8nyeEs EUNIHHM distprijos of skeraceivesPEK|signglss the fpepator

affects the upshigadmaead Bele@Post al 19/14\F\WRE Wik L8B3 8BvOoRLhdcalel) 385 ERMINSA@L €S
into 4 dB of 15 upstreamelectrical |oss, which neans that the 6dB of

power margin at E8Mdpht these piagese the prticaLipsertion ipss iss 1248 apdi 18R fer FAM And n

optical |oss. AsamYd RGpéctivel! erHeOsisctAtal G2/ (689, thEiSdiy BFe 13 0Whi @3l gd | Nk
| ength of 7.5 km eration in the 6 mpicocell, an optical |ink

For 1 Mops o t 0i cocel ]
length of 30 Rt ibjeEAMISP AR, Fng f4c8 fgtie opes terlasriash  THRuPesiaprical
optical |ink | epgier 8stburptlbdof tHRKEAMBGIE3 16431 thBRG AN SAEBAdhdkegdnédtl, Rhe
based on this assunption of fibre loss. The ultimte cost of the EAM

transcei ver wi| Elegiical 3plificayen Was afiHsedspRs WM @ined CPRSIILTIgRAL ipvEhinge
| arge scal e: ThendmeasnideARYLIERr -S5HANFivdly| & nbiRs kAg tedi@bidey/tedt! Cetl Rad he
| abour intensive fjbre {)i gtailing process. Integrated node transfornmers,

whi ch al | ow pas$F$EtoResiorT BRReease emeats Yassus E/lie &y enetgy/aise ra8o).  educe
packagi ng cost si gni f Resait layid dBdLésidH: Figupsl @ 4tshons fthé AR¥aburad BERESFVdsHEThd N

back to back measurement was performed using the output of the first up-
converter at 1.34 GHz back to the down-converter {(dots}. Error free transmission
was observed on this link. However, for reverse biases less than -3.68V on
EAM?2, a power penalty can be observed. In Figure 16, we plot the measured BER

15 at EAM2 output (channel 1} versus Vb2 for a given Eb/No ratio (Eb/No was
haintained at 18 dB). In both curves, there is a sudden break point which occurs
at Vbp=-3.68V. For Ivb2l< lpr l, the responsivity gradient of the DC
characteristics is higher than for IVb2|> IVbp!| nd the measured BER is suddenly
significantly degraded. Further evidence of the signal degradation is shown in

20 Figure 16 which shows the RF spectra obtained at EAM2 output on channel 1 for
two sets of biases.

For Vb2 > -3.64V, distortion can be observed on the received signal. We
believe this distortion is due to the cumulation of two effects: the presence of the
8th and 9th harmonics of channel 2 generated by the sudden gradiant non-

25 linearity, and the presence of a counter propagating optical signal which resuit in
an increase of EAM2 photocurrent. This was confirmed as, when either DFB2 or
channel 2 were turned off, the observed RF spectra changed from Figure 15a to
Figure 15b.

Finally, to further characterise EA modulators concatenation in a bus

30 architecture, we changed the setup so that we could investigate the alteration of a
data stream travelling through an EA modulator. In the new setup, EAM 1 was
used to modulate channel 2 only. Both channels were then recovered at EAM2

after transmission over 25 km of fibre, using the same RF multiplexers, the same



W95/ 23445. Further reductions will be possible using a reflection

nodul at or; which only needs one pigtail attachnment. Particularly
interesting reflection nmodul ators are described in W91/19219. Several
options are available to inprove the signal-to-noise ratio at the 30
receiver and therefore increase the radi o range. Some of the potenti al

i nprovenent s VMOM05R be made are given bel ow t oget her with PER/GBITPMEE ¢ of
their general practicality and effectivenggs. DOMLINK WO 98/ 04057

PCT/ GB97/ 01958 16 External Modul ator Rather than applying the nodul ation
directly to the |aser source, it would be possible to use an external _
modul at or suchorficablapgrisapigas. rAndkgeringthehbiztea redestanto cirtcaitfee peffhinsarceWat gi ve

a signal to nohgHeved!dsOshd¥l GRERUAS 18DOHbWATe B ich, 5 M@%'egauﬁ,ew%éhapsge
i ncrease factor of 10 - the reason belng that |asers capable or being
nodul at ed wi t hbslieved to by gue 40 loptigah hptryoniicsvgengrased ahBAMA saridf transpested: omer
nmodul ator is ugedibkdle | aser is only required to operate CWand one coul d
I aunch, for exanple, 50 mWat the head end. Instead of using a |ithium

ni obat e nod® at or orfYScBIMIsALRD: aWst muRect| tis menaltys de peisenpean dvithatfortheut

l'i t hi um ni obat gpthisatidn€f the system. For instance, the choice of a higher carrier frequency
for channel 2 would have been more suitabe for this application (1.1 GHz rather
that 140 Mhz). Also, bias optimisation of Vb1 would have helped reducing this
penalty. There is however a limit on bias tuning which results from the

- 10 compromise between good photodetection and high modulation efficiency of the

EA modulator.

As those skilled in the art will appreciate, the present invention is of
widespread application.

15 Code Division Multiplexing {e.g. Code Division Duplexing), in which a different
code is used for each direction of communication could usefully be used with at
least the passive { and biased) picocell and microcell embodiments of this
invention. CDM would also readily permit multiple base stations or remote nodes
to be served by a single fibre.

20
Currently, EA modulators typically have fairly low saturation thresholds ( or low
power handling abilities). By using a ( passive ) splitter ( eg an optical fibre coupler)
to split the output from the central control station, it would be possible to share a
single powerul optical source between several modulators. Clearly, the moulators

25 could all be located close together, perhaps to cover a single microcell , or they

could be grouped in clusters or spread out over a wide area. The invention

Ind Applicati
Offices
30
The wireless office has long been the holy grail for data communications
managers, mainly because the cost and complexity of re-cabling due to office

moves can be very high. Users too appreciate the benefits of cable-free working -



10 advantage that |arge bandw dth, |ow insertion | oss devices are
relatively easy to cone by. Wth a high | aunch power one would need to
consi der the problemof saturation in the el ectro-absorption nodulator in
the picocell. One could use either nodul ators using bul k absorption |ayers,
such as_those avail able from NEC, or one could use MQW devi C?&/Wl@isgﬁ
saturati on pov¥PIMEL example those using 1 5 barriers madée of | ndium
al um nium arsenide with wells of indium gaHi um ar sensi de phosphi de. More
Efficient Laser As an alternative to the use of an external nodul ator and
hi gh power 20 source, one could continue to have direct nodul ation of the

| aser but use arpaseemebiityprshbo gosibhtly cétde spaghiettyteworry abgpt. e do&artunatals t o

1008, a range | pereadet Fanch Hof ohOBEbresQlrdkes Hstiint BSE P eflea,
nmodul ati on of ttheir |widespreadhisse iirs the wifficed abyoughethikaim gtarting &g nhledg2®s the t he
o Dot coue RN (el 240 Ol e el kBB
woul d per mi t 5a HIPERAN RRNdaddr whigh avill use kansmissioniat thed] Ghept wilairovide much
Anplification 3Qgnher data ratkf&hhd BrdseRO s?&ﬁ@ngrarma ECis! Sxpatted’ Hat Uashf will®e
el ectro-absorption nodulator. Al'so, optical anpli fsl cation, achieved through
the use of a fi'BreNakip(lew jag @ resultofstbailarge prachas teogensiefsidi by Be widp @repragnse
conplexity.- Neyefdidiahiward. | fwiteigsh vBRE E&rnbnications in the office is also very
attractive. Cordless PBX systems based on standards such as DECT ( Digitally
10 enhanced cordless telecommunications) allow a high degree of mobility because of
the built-in roaming capabilities. Cellular radio systems such as DCS1800 can also
be used to provide voice communications within an office environment at charging
rates close to those of a fixed line.
A true wireless office will use a combination of cellular and cordiess
15 telephony and wireless LAN systems. Each of these systems requires its own
radio base unit which must be planned carefully for optimum positiona nd power.
In contrast, the passive picocell system should be able to provide all of these
services from a single unpowered radio base unit. Once the fibre infrastructure is
in place, then the passive picocell radio base units can be connected when and
20 where they are required. This will give an enormous advantage in terms of
flexibility and ease of use. The future-proofed aspect of these radio base units is

also a very powerful selling point.

Warel . | Retail
25

Wireless LAN systems are already finding a niche markst for warehousing
applications hwere the absence of trailing cables is clearly an important
consideration. This is therefore an ideal application for the passive picocell, which
is able to offer a future proofed service that can be integrated with any additional

30 requirements for voice communications. In the retail sector, the flexibility offered
by wireless systems is beginning to be appreciated. For example, electronic point
of sale equipment can be moved around easily when the store layout changes.

Again, the passive picocell is in a good position to provide this wireless
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17 expect a 6dB increase in signal-to-noise ratio, which equates to a range
i ncrease factor of 2. Exanple An erbiumdoped optical fibre anplifier was
used at the head end to boost the |aunched optical signal |evel on the
downlink to 1 5mNW Wth this power |evel an experinent was / an

out door prop&ﬁdﬁﬁdﬁ7 The same antennas and renote terninal re used. The
results are shown in Figure 18. As can be seen, 10 the furthest separation
used was 75 netres, at which the power | ggel at the renote term nal was
-78dBm Hi gher Antenna Gain at t he El ectro- Absorption Modul ator Here the
question is howd trade dir nal i ]h
Obviously it ?@"56%"5"61"%”? 8" %tégrét?ﬁ OIS oY %}e t'ffﬁé’l' W?éﬁﬁ haP%F %KYl e
ant ennas w t hcqidesatioh. 18dB are avail able, but they are typically very
bul ky and have very narrow beamw dths. In experinents to date we have used
an antenna which is no |arger than a packet of cigarettes, which has an 8dB

gain and a 70Aigari Commrsasdt h. One could, at the price of extrene
directicnmﬂéty, get a 10dB increase in 20 signal-to-noise ratio, that is a
range increase factor of 3.2. UPLINK

An airport concourse is 2 good example of a present day picocell - a small
hotspot of high demand. The full service and future proofed capabilities of the
passive picocell are again ideally suited to this application. In the near future,
airport authorities are considering the use of radio tagging in an attempt to

10 ‘shepherd’ travellers through airports and improve security. The ‘passive picocell’
may also have a role to play here, where this new radio system can be added to
the others delivered by the radio base units. .

One of the most attractive applications is in cellular radio, especially for

picocellular and microcellular schemes. Conventional cellular radio base stations

15 include tuned RF power amplifiers which restrict the wavlengths which can be
handled by each base station. Allocation of new wavelengths to move capacity
requires the replacement/ addition of amplifiers etc., which is obviously relatively
slow and expensive to achieve. In addition, such base stations have fairly
significant power consumption, which means that generally a mains power supply

20 must be provided, with back-up batteries to cover power outtages. The combined
effect of these limitations is that the minimum volume and weight for such base
stations are relatively high -- severely limiting the sites at which base stations can
be placed.

Although known radio-by-fibre alternatives to this conventional 'approach

25 potentially overcome the fixed wavelength problem and significantly lower the
minimum volume and weight required for a base station, there is still the problem
of providing a power supply and back-up batteries.

The invention enables base station power consumption to be reduced
considerably and in many cases eliminated completely. Thus, it becomes possible

30 to reduce still further the minimum size and volume required for a base station.
With the consequent greater freedom to site base stations, new architectures

become possible. It becomes more interesting to consider capacity on demand



More Efficient Photo-Detector By using a nore efficient photo-detector one
could obtain a 6dB increase 25 in signal-to-noise ratio which is a range
i ncrease factor of 2. Higher Optical Power As indicated above, by using a
nore efficient |aser or an external nodul ator or optical anplification one

coul d increaseyihg ”a,rp, fical power on the 30 downlink and hencq,cq)bggl,)@,,ss
uplink, but thisTs Timted by the saturation threshold of th

el ectro-absorption nodul ator. Neverthel ess, one could obtain an ef fective
6dB i ncrease in signal-to-noise ratio, a ré’ﬁge increase factor of 2.
W)98/ 04057 PCT/ GB97/01958 18 Optical Pre-Anplification The limting fact or

here woul d be sSaichitettbreg --Ofhdrb @apatdly Qs @t Ene IRV trlé' Sbdrdt QRRUE S dudd \M%H,l,

i ncreased but this,. c%uld be m nim sed, for exa usi ng an optica

det ector of thep‘ﬁ??!@ A58 StAF oS AGCArding: to (e ﬁﬁ&“é‘rﬂ' mﬁw@@ve' td@mam vely, 5

an optical anplifier RadivbiefatiohdEsh B pRVRREWVGANEMFS QdpatifS&dring Hebk bbfdds
coul d be |ncludeg n the uplink path. This could give a 10dB’increase in
si gnal -t o- noi se" '&b jGragly %’ rﬁ‘ﬁ@é’el $hifched do fopmrarcigk orsbusinesge districts for the

Pre- Anpl i fi cat i ®8in working hours. Sports stadia or other entertainment facilities can be provided
with capacity as and when needed. The sports stadium is a good example of an
outdoor application requiring high capacity. It is also a good example to illustrate
the concept of dynamic capacity allocation, or capacity on demand, which is made
possible by the passive picocell system. A typical sports stadium is used for major

10 events for a few percent of the time at most. Conventional systems would need
to provide fully equipped base stations to cater for peak demand which ties up
valuable resources. The passive picocell system is capable of switching capacity
to where it is needed on a dynamic basis. So when the football game is on, the
passive picocell base units are connected to sufficient network capacity to cater

15 for the half-time peak demand, and when the ground stands empty, the same
network capacity can be used for other locations.

This capacity on demand concept can be used on a larger scale, for
example in and around a major city. During the day, the capacity could be diverted
into the city and in the evening the same capacity could be sperad across the

20 suburbs - in other words the capacity can follow the people. This type of scheme
can uniquely meet the demands of high localised capacity at an economical cost.
Even with the distribution range of the various non-optimised examples, it
becomes possible to switch capacity between quite widely distributed sites.
Again, the use of optical amplification, particularly in the return path fromi the base

25 station ( to avoid saturation of the modulator) is an easy way to extend the range
of these systems without the need to move away from the passive base station
approach. In these applications the expensive, bulky and relatively sensitive RF

equipment can be sited at a central office in a benign environment.

30 In addition, the invention permits a single base station to serve several
systems ( GSM, DECT, etc). Using FDM, it is possible to use one base station to
serve, for example a combination of GSM , which uses frequencies around

800mhz, DECT, which operates around 1900 Mhz and current radio LAN systems



10 In fact the RF systemin the BreezeNet is highly optim sed.
There is thus little scope for inprovenent. Any inprovenent woul d cone at
the cost of potentially significant extra conplexity. The limt on maxi mum
al l owed radi ated power nmay al so be significant here. 15 Hi gh Antenna Gain

at the Station Adapter Again, this is a trade off between dj grrﬁgﬁ,xgmgglty
and gdain, i nwOR80#Sdn, the limts on the maxi num all owed radi ated power are
rel evant here. Probably no increase can be obtained. It can be seen that

al t hough sone of these options are sinpleao 20 inplenent, they give
substantial inprovenent to the radio range of the system A radi o range of

between 1 and 200 netres d ssi bl e theref rtlng to
expensi ve or PCREPHNY PEeENd ?gggﬁ‘r’eg Al tﬁ{)ereoﬁ}%'lf' %’Ff‘iﬁ’!‘ﬁﬁ'heéje cFrﬁ'e h°é’t'§§§’t B
depicted in Frhgner &5 the amzla 2tariay abd radiatedClinora el dvelr [feect spataTohiyes GISM
conprises two

d 2 t t diff
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wavel egt h. energes from
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shown in
10 combined for onward transmission . This is shown schematically in Figure 19. The

central control station on the left of the Figure shows a variety of radio modems
and includes ones for emerging standars. The picocell, which couid be an office or
a street or airport terminal , shows a range of terminals ail of which should be able
to operat simultaneously without inter--system inferference.

15 Qutdoor Applications
Eixed Radio A

Fixed radio access, also known as wireless local loop, is seen as an

economical way of providing service, especially for other licensed operators trying
to take market share from an incumbent operator. From a BT perspective, this is

20 an attractive option for joint venture companies. The passive picocell system
could be used in this type of application as long as the range was not too great.
An architecture whereby fibre extends to the radio distribution point {DP) would
see radio base units mounted on street poles with a range of up to 200m, the
range predicted for the passive picocell with further optimisation. This

25 arrangement would remove the need for dropwires into customers’ premises, and
would also avoid problems caused by using active electronics in hostile
environments. These radio DPs could also act as base stations for cordless or
cellular systems at the same time, a major bonus that could wing the economics in
favour of this technique.

30 Fibre to the home is often referred to as the ultimate objective for a truly
broadband access netowrk, and is likely to be the access medium of choiée in the
long term. The passive picocell has an important role to play in this architecture

too. Once the fibre is installed in the home, the passive picocell base unit could be
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19 Figure 5. Light fromlaser 2 is not nodulated at the transmtter 2. It
is nmodul ated at the nodulator4 and the uplink signal is detected at the
receiver 8. Wavelegth [err]2 can be chosen so as to maxi m ze both the
downlink RF insertion loss and the uplink carrier to internmpgglcgiotowss ati o.
5 UpIWW”&vaI ink mxing can arise in the nodulator in a full

dupl ex systemowi ng to the simnultaneous presence of electrical signals
correponding to the uplink and downlink siyhals. as these signals are
frequency dupl exed, uplink- downlink m xing can only arise through

non-|inearites yséd td1Bvdidd ik @RbingTOTHIE & £104HYVE Hdiable Ubjcatife.aMHe BASE GAit ON
versus voltage charateristics. At the nodulator, the 10 downlink

el ectrical sigFapd; Be (ifstalied) v, taeaphy for example tpRgiMRe HilElest HRAMTPYRICatOps i ed
uplink el ectri grloughdiif@e hdaddisequent |y, uplink - downlink mxing is a nore
serious problemin the downlink than in the uplink. Wavelegth [err]1l may be
chosen such that the variation of photodetection responsivity at [err]1

w t h. vol t agesi nikfageygodul ator is mnimal. therefore, the downlink signas
will suffer mnimal distortion 15 due to the applied uplink signal. the
two wavel engt h approach should thus reduce uplink- downlink mxing in the

downl i nk. Wi | e t hi smufpéenaah sherambess skase deplegedvat anr &lepim@nRgingNlate t® t he

early Figures %fatistf!/] i'd?\e %ggcl:itiyc éni1aonrc]-1’ orE b:glfu arsrt(eit\llvlorell(g. i'ﬂ’netscre1 esygtca%ls have a typical
range of a few hundred metres and are used in dense urban environments where

10 the base stations are below roof height. They radiate low power levels and a
typical coverage area would be a city street. To avoid handover problems for fast
moving mobiles, they will be used in a hierarchical arrangement with ‘umbrella’
macrocells which are designed to cover for this eventuality. The prospect of a
small, fightweight, low-cost and unpowered base station is obviously attractive for

15 this application, This is especially true since the cost of renting building space for
the base site is expensive and getting more so as building owners begfn to realise

their value to cellular operators.

| The outdoor passive picocell example had a range of 75 metres, , even
with a non-optimised set-up. With such a range applications to provide effective

20 radio coverage in radio “black spots” are perfectly feasible. Passive picocell base
stations can be provided at all the necessary points in a high rise office district {
such as are typically found in the financial districts of major cities) or in road or rail
tunnels. This approach seems particularli/ suitable as a means of providing
localised radio coverage on the platforms of underground railway stations. Clearly

25 for office blocks, shopping complexes and the like, the picocellular approach

according to the invention is attractive.
Temperature sensitivity

Present evices are sensitive to temperature. For indoor applications this is not
important, but it is a serious concern for outdoor applications. Currently preferred

30 solutions involve the optical source , which can either be broadband (so that
changes to the EAM operating wavelength fall within the source bandwidth) or
made to track the EAM operating wavelength using a control loop { which would

be simple to implement in the looped versions of the passive picocell.



will realise that it can be appiled to nost of the enbodi nents /
applications of the present invention. 20 For many situations
capacity on the downlink is much nore inportant than capacity on the
uplink, e.g. for renote video access or other nultinedia applications.
Conversely, there are other applications, for exanple |ike [J€0
~surveiTl ance WO M®B7only a smal | downl i nk capacity is requi%’oﬂsg
significant uplink capacity is inportant. The precise nature of the
application may 25 therefore determine t3% choices made fromthe above
list of options Additionally, the term nal of the present invention can be
used in conmunication networks in a further configuration. Figure 2 shows
the electrical contacts 5 connected to an electrical output interface 10
and an el ect r ile #lacegfuthei FAM f Kowould 1bwbessmm)&ss ahi dsyeymetda Fahty Bbrot The
bandpass il { Gigké: (FBOSEMAGH MOde bRl EGhbldRle dith n?é)gnﬁ"thl%éaée?
present at the electric out put interface tant| free from

i nter-m xi ng Wadylatipa iy aghisyed dsttaning glmmomat@n&wmw é’Vé@VWDGhﬂ’ refeactivei gnal
26 is presegt ,ﬁexté}ethelrﬁ&tgmrlwaﬁn.n%wb .;a%@r b&GRert L .%e@%@@tdeai la¥ fJﬂee from

inter-mxing with electric data signa For exanple, In a ca
t el evi si on pegk.oBugiy @sdevice, whose asymmetry is due to its two reflectors havmg

PCT/ GB97/ 01958,,1‘?9,3,;{%3;,5&,}9”&5 ORogbYRLKs Whehi&iignd Pl urality of television
signals are transmtted

As indicated at the start of this specification, the invention in various

10 aspects is applicable to radio and microwave systems having frequencies in the
hundreds of MHz to millimetre wave bands. For example the invention is
applicable to the HIPERLAN standardwhich will use 5.5 Ghz, as well as to 60 Ghz

raio LANs ( e.g. 120 Mbit/s). The invention ca n equally be applied to phased array

and other radars , for example to feed antennas on military and other aircraft. In

15 addition, as will be clear from the above description, the invention in some aspects

is applicable to much lower frequencies, e.g. baseband.



downstream wi t hi n t he fregquency tange 10 MHz to 600 ;
are transmtted upstrea%\é\ﬁsﬁe@%b&gﬁ gfeiency range 10THISZSHEE<H-HAStBEEN
bandpass filter 9a wll ially all signa]s beIREpLAQEm/I-Iz or
above 600 M4z 5 whil st al WMEEB tially all signars-w ge
10 Mz to 600 mIa ass filter 9b will rejcIveB97/01958 -
substanti al | y naI s bel ow 100 kHz or above 200 kHz whilst allow ng
substantially all signals within the range,100 kHz to 200 kHz. Cearly in
sone situations it may be possible to dispense with the filter 9a or filter
9b, dependi ng upon the characteristics of the communications 10 network or
equi pnent connected to the interfaces 1CLlAMS11. The el ectrical interfaces
may be connected to a wi de range of suitable equipnment, including a pair of
antennas, a further optical transmtter and receiver, an electrical
transmtter and.recedwsethfd of mmunitnirmrmaértaﬁi'sgmadsaad:possr moreAfgriher a

bui 1ding or a ek ook 8Bl hibHS Rl U AERCHRIRY!  (CPE) such as

a l5 set-top box Fevi‘sion serV|c i nteractive
mul t.i nedi a s&rvices é g regeidieg abthedfinstinode, ihl@ttbalﬁgnabtrmm@kmmgt ia/tirstind

shoul d not be internk ﬁé g%r%ﬁ ?tll_‘él%h kon to the scope of the invention.
For many of these app as for exanple set top boxes or other

CPE, there will be aiilr ea@}eqmmeat thepiirist/ neded theapkical hignal yaing #e elgalrensptige i n
using a powver e%e\rn@é Qﬁ&s % glnGQha'Qﬁ? aM}!éc?rﬁdE\ Q@I\al rhbrek%'ntﬂasiﬁf gtrénoEarﬁed

plurality of termn nected 1n seri cted In Figure 6
The above deschbihé¢ optidehsighabeandsol el y concer ned with anal ogue signals.

10 iii)  imposing, using said electro-optic device, an information-carrying
modulation onto the received optical signal and feeding the thus modulated opticai
signal into an optical fibre link to transmit it to a second further nade; wherein step
ii and step iii are carried out with the electro-optic device subject to the same DC
operating conditions. o

15
2, A method as claimed in claim 1, wherein step ii and step iii are carried out

simultaneously.

3. A method as in claim 1 or claim 2, wherein said first further node and said

20 second further node are a single node.

4, A method as claimed in any one of claims 1 to 3, wherein the eiectro-optic

device is an etectro-absorption modulator.

25 5. A method as claimed in any one of the preceding claims, wherein said

electrical signal is an RF or microwave signal.

6. A method as claimed in claim 5, wherein the electrical signal is applied to
an antenna.

30
7. A method as claimed in any one of the preceding clairﬁs, wherein in step iii

said information- carrying modutation is an RF or microwave signal .

* C L M s *



In order to transmt digital signals it is necessary to use nodens with the

optical 25 transmtter—and T Teceiver at the head-end & t N
el ectrical int erfacesTﬁg t}eléﬁiéﬁ latcglr mnal (s). A S}'S%-iéﬁ ﬁf‘S BEE
nodul at or - denodul at or, n@ igital signals {Q ; '

anal ogue signal s, withc{ w]m significant part of . ' tion
carri®d by MRIBAMENTt al Ji ﬁ}ﬂfr‘e %ﬁﬁfoﬂ{sﬁm

mtted over an anal o onmuni cati ons
network and then denodul ated, re-constituting the original digital 30
signal. Figure 7 shows an optical commurdaati ons network which is
configured wwth two nodens in order that digital signals may be
transmtted. JAn elgctrjcal digital data stream .fr faor exanple a .LAN,
enters m)demBQZ thgé?fd o%%g'%%?eﬁgﬂtc %Z" é{‘hh(?rﬁ' %%FS%%@W%? "qgﬁ'ga%e{f ogue
el ectrical dab&F or Midodale4igbal provided from an antenna.

PCT/ GB97/ 01958 21 streamw th no substantial |oss of information. The

anal ogue optical data stream24a is transmtted along the optical fibre 3
by the opticdl traAsnethbdrasliclaicetdotdainwB tdsi depehdenEAl deirre Batwhegeiarthe

anal ogue ele | cal 1 t e ectrical nt.a I ch
passes t hr Sughiebf apeBkFo b I hRenE! of i 5 conSturclity £ 5bde Arnebe 1
and thence to the nodem 23 where the anal ogue el ectrical data streamis
denodul at ed i, ord |all te. . o] di_gjital data
Stream The dobat ark (oY RE ARl dny B4 BP SelrdTh B of iheicle FlanfR D, |
nmodem steo iii are carried out in a radio or microwave base station or distribution point.

10 11, A method as claimed in claim 10 , wherein the base station, in use,

supports the GSM and DECT systems.

12. A terminal for use in an optical communications network, the terminal
comprising; an optical modulator having an optical input port, an optical output
15 port and electrical contacts for the application of electrical control signals at the
modulator; the terminal having:
an optical input port for connection to the optical network to receive an
optical input from the network and to feed it to the input port of the moduiator;
_ an optical output port for connection to the optical network to pass optical
20 signals from the output port of the modulator into the network;
electrical input means connected to the electrical contacts of the
moduiator to permit the -application of electrical input signals to the modulator to
cause an optical input received at the input port of the modulator to be output
from the output port of the modulator carrying a modulation imposed by the
25 modulator; and
electrical output means connected to the electrical contacts of the
modulator to output an electrical signal produced by the modulator as the result of
the receipt by the modulator ot an optical input signal at the input optical port of
the modulator.
30
13. A terminal as in claim 12, further comprising a power supply to bias the
modulator at a level at which the interference between electrical input signals to

the modulator and electrical signals produced by the modulator as the result of the
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output 31b to, for exanple, _a second LAN_ A digital _ ) om t he
second LAN that enters nodem 23 through 10 nodem ijnplg SHEETIH$ASTBEEN 3t ed

into an anal ogue el ectri caffhi i th no lsubst pebj gded 0ss qf
i nformati on which then passjﬁﬁﬁﬂﬁﬁﬁ@ri cal i el ~and
bandpass fil t&F o the 4l acts 5. Incom ng optT/EBY7/08¥5811 er

24a is then nodulated by the EAMto create anal ogue optical data stream
27a, which is transmtted al ong the opticaésfibre 3 to the optical receiver
8. The 15 anal ogue optical data streamiS converted into the electrical
domain and fed to nodem 22, which denodul ates the signal in order to

subst anti al | y rreceipabye thehmoduistiot af anl @ptica timpea sighaloan thiaénmse optical lpaM, ofthiec h
is then outputted u\{ita”rmnc,l'g%ioe%t put 30b. Again, under certain circunstances,
one or both of Tﬁ% %gnapass % ters 9a, 9b nmay be omtted. 20 The
frequency at whi ch anal ogue data signals can be nodulated is |imted by the

| ower val ue of e |l gs i dw dt h or . i or
detection bandV\}t‘gt ho? ﬁ{g’ﬂ%ﬂ%}% éﬂf ﬁgﬁgqu%'\ﬂnﬁ%’ew%frg'h{}ggreggfggt)%bggé}ﬁ%ts of the
nmodul ati on b&ndwimdingl afe chrnectesieto \aas aftennd, 6a Guthern domimenidatiarst nemvaak,d a
nmodul ati on bandw EAM =14. I this case the maxi num
transm ssi on p%%tr"bngﬁ%%&%ﬁ 35 tpﬁgr %éﬁ‘\)\%grg%qﬁ@ﬂ‘leh% ted by the nodul ation
bandwi dth of the laser. If nodens are used in order to transmt digital
signals then t nmodyl ai | e f _&he. Y hg | L mtLng . tor
for the systemh%tjnl es%s?%rlf" (Pr}lé%g%r'ggingrdt E@ﬁﬁgmﬁ\c’ﬁv\%s‘f\'pﬁs@uﬁgt'Jingé\&’ét%gé%l%gf
ei t her the | aseateasfo-atiserptiod eioditt@ror. The naxi num di st ance over which opti cal
signals can4ge transmtted and

16. A terminal is in any of claims 12 to 15, wherein the terminal is sited

remotely from a base station or central office.

17. An optical communications network featuring a remote terminal
15 characterised in that said terminal comprises an electro-optic device that
{i) detects an incoming optical signal from a first portion of the optical
communications network whilst simuitaneously
{iil madulating said incoming optical signal, said optical signal being
transmitted to a further portion of the optical communications network.
20
18. An optical communications network according to claim 17, in that the

optical signals are analogue signals.

19. An optical communications network according to claims 17 or 18, in that
25 the optical communications network uses a frequency division multiplexing

system.

20. An optical communications network comprising a terminal as claimed in
any of claims 12 to 16.

30
21. An optical communications network comprising a plurality of terminals, as

claimed in any of claims 12 to 16, connected in series.
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30 detected is limted by tha_aLLenual—l—en—e#—{—heW i cal
fibre. For the DFB | aser descri bed above EBD BﬁEM[T\N t he
I;m Thus

maxi mum di st ance between the opt _and RERLABEDI cal }ecei ver
8 was found to be approxi rrately “7
to be used in a sinple V\098/

I f the apove—taser were
PCT/ GB97/ 013980t wor k, such as those in Figures 1 and BfTKt;%’mPgsrmfe
term nal could be sited approxi mately 25 kilometres fromthe base station.
Thi s maxi mum transm ssion di stance coul #6e extended wi th the use of
optical anmplifiers, either fibre or sem conductor, to increase the | evel of
the optical gbgnal o dbifod2¢ oBbrating! gm%auéan cea,wmcsﬁwsceetmm dnobvdaps! ¥
al so increase the maxi numtransm Ssion di stance and hence range. A further
exanpl e, whi EpingERaIcigEsedyin thal anenticaf signab 'Saweﬁmaeivww'\@étanéuvocbm% will
now be descr |sman;&s,y@@£g;,ln%mggE%@ggg&ﬁg@&i@&e&gt ical configuration is
shown in Figure 8. single, lowinsertion-loss, EA nodulator module is
used at the renote ter mnal. A practical |ow cost/ | ow power system woul d
most |ikely yse EAATRGNLAMM-Swale StfbdtBhPoebr aasm%s&hycoﬂgnmnaatl ng

entirely the need for analogue |laser transmtters ure
an optical modulator having an optical input port, an optical output port

and electrical contacts for the application of electrical control signals to the
modulator;
first antenna means for the reception of free space transmissions of radio
10 frquency or microwave signals;
second antenna means for the free space transmission of radio frequency
or microwave signals;
an optical input port for connection to an optical fibre feed to receive an
aptical input and to feed it to the input port of the modulator;
15 an optical output port for connection to an output optical fibre to pass
thereto optical signals from the output port of the modulator;
wherein said first antenna means is operatively connected to the electrical
contacts of the modulator to. permit the application of radio frequency or
microwave signals received by the first antenna means to the electrical contacts of
20 the modulator to cause an optical iﬁput received at the input port of the modulator
to be output from the output port of the modulator carrying a modulation imposed
by the modulator; and wherein the second antenna means is operatively connected
to the electrical contacts of the modulator to output a radio frequency or
microwave signal produced by modulator as the result of the receipt by the

25 modulator of an optical input signal at the optical input port of the modulator.

24. A base station as claimed in claim 23, wherein the first and second

antenna means are provided by a single antenna.

30 25. A base station as claimed in claim 23 or claim 24, wherein the optical
input port and optical output port of the modulator are common, the modulator

being arranged to operate in a reflection mode.
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1 5 shows two possibl e network configurations Wwhi ch tor
transceivers. In Figure 9a, sevepalshRRiiiBelrepREcAt | iTHIS SHIEET HAS BEENYDN CW

| aser optical (high) power source) , a}renotRERUAGEBCei vef .
EAM#2, is connected to a transmtiulllrmﬂ,' F re Fi gur e
9b, a nurber ofybfdipansceivers s t bus powered s: by
~two CW/l asers E“r’.e. all transceivers share the sanme RF spectrun{ﬁﬁg

our experinent, a 120MB/s QPSK nodem si gglfl up-converted to 1.347GHz, is
conbined with the down-converted TV channels from one pol arisatian of t he
Astra (TM group of satellites. The conmbined signal is then applied to a
conmer ci al analfhgue ADBBel station v cigireed whamh oreriof sclaimso@8 itoals, pgherein2the of
+6dBm at [err] o l,SSd ) f re,
the optical si naf"ﬁ eatcnl(?1 e(?tn["ar]’t% e&}e)%fgxéka%o%%og‘tgg t‘8 ?‘é‘{n@g‘gﬁv‘*fé"?n
further 120|\/B/ts>nrmjemtg |agalme opsisnal fikwel feed avaOWHich dpticalsiginals vt gintuse. pass
nmodul ator via g4 q%’l‘ﬁl&é‘w’/ mul tipl exer and inpressed on the optical signal
for the return path to 'a commercial photodetector receiver nodule. The RF
mul ti-pl exer$ used to isolate 30 the two paths were fabricated from

conpl i mentary pandpas a filt t riped by
Venvel | (in | LR Tr aacDety neour Thaianed i shy o' e et 230 6 B ERLED
together with fﬂltihaldnmlatvdﬁph|elmmab§0rbmmmséwmoghpass | unped filters (see
Mathei. G L, et al, "Mcrowave filters, inpedancé matching

28. A base station according to any one of claims 23 to 27, wherein the
10 optical input and output ports of the base station are operatively connected to
optical fibre respectively to receive an optical input therefrom and to output an

optical signal thereto.

29, A base station as claimed in claim 28, wherein the optical fibre feed is

15 operatively connected to a source of optical signals, the source being configured
- to provide optical signals, which optical signals are detectable by the modulator
and include an RF or microwave component which is suitable for radiation by said

seond antenna means.

20 30. A base station as claimed in claim 29, wherein the source of opticél_
signals provides said optical signals at a first wavelength , A1, and also provides an
optical carrier having a wavelength A2 which the modulator can modulate, A1

being shorter than A2.

25 31. A base station as claimed in any one of claims 28 to 30, wherein the base
station provides RF or microwave signals for at least two systems , e.g for at least
two of DECT, GSM and a radio LAN.

32. An antenna installation for a radio transmission system, the installation
30 comprising: antenna means for transmission and reception of radio-frequency
signals; optical input and optical output ports; an optical modulator arranged in the
optical path between the optical input port and the output port and operatively

connected to the antenna means and arranged in use to receive RF signals

AR



WD 98/ 04057 PCT/ GB97/ 01958
23 networ ks and coupling structurg "She 4 : s
rejection of the uplink signal |n
set initially for mninmm3rd order U
{V[err]=0.98V). At this bias, the rtlorﬁos Waloly
fibre J5 | 0ss WOMONYTss[err] = 43dB and Ioss[err] = 41dB an}ﬁé%wsg
el ectrical power consunption was <1 nW \Wereas the downlink RF insertion
| oss varies as the square of the one-way38ptical |oss, the uplink RF | oss
varies as the one-way optical loss to the fourth power. Consequently, it

i s the uplinkenshdfedin dRd itd ffipddeca EBXKedPaRtihg ModuRifg Bhtd BgHtireOdivddosis . sald)
Bit error ratjo (BER) neasurenents were perforned initially on the two data

streans wi t holfPUt REMAWeYhE gpREFeEs 37 e%a@nf’”tpﬂg PR 20D RHERoMRtectoR TRENS | st

nmet hod, the Opfrargal \hnﬁﬁr td QBcdivaS Sptieit HgHalsCJiaUSdidOnpud et idndl opdratdranat or
at point Ain Fig . Electrical gain was then adjusted to naintain, a

const ant |nqu°’§ie§'ﬁ5I to; the; HUeRRIBRARR 50 d0FtaRD Mmoduistion Presept iRy spid: prsiFal
optical inser tighds lstpupled sukfPiaid SnteansSindans el whichdt isabke ratRiteé® sour ce was
i nserted before the denodulator to stinulate different bit energy/noise
rati o. Figure 10 shows neasured BER for both |inks plotted as functions of
recei ved optigal poaRlinstaliatibn BE .hrwwn 3B V@hérenf thetdennbh@esisntdmiprises cei ved

power for a BER of 1 Of[errt |n t H%L.I nk is -27dBm for._ this nodul ation

depth and it %89'°@3inP Jeretien 9nd FRSMIEHON he two | i nks
differ by 7.4dB, the uplink bei ng

10 34. An installation as claimed in claim 32, wherein the antenna means

comprises at least two antennas.

35. An installation as claimed in claim 34, wherein different antennas are .
provided for reception and for transmission.

158
36. An installation as claimed in any one of claims 32 to 35, wherein the

modulator is an electro-absorption modulator.

37. An installation as claimed in any of claims 32 to 36, wherein the terminal
20 is sited remotely from a base station or central office from which it receives, in
use, radio frequency signals over an optical fibre linking the terminal to the base
station or office, which radio frequency signals are subsequently radiated from the

antenna means of the terminal.

25 38. A cellular radio system comprisin a plurality of antenna installations as

claimed in any one of claims 32 to 37,

39. A cellular radio system comprising:
a first plurality of base stations according to any one of claims 23 to 31;

30 a second plurality of base stations according to any one of claims 23 to
31;

the first and second plurality serving distinct geographical areas;

R

A O AV



f

O

nore sensitive (but suffering tvm—ce-“t‘h‘(,f"f"r”e(ﬁ_é_é_f—fi br Lienuation) Lt
may be shown that this di fference %S%&%ﬁmpt | cT‘ﬁ-llslsﬂEETms BEEN

t he EA nodul ator plus half the dlf (zero fli bre REPIXCED RF
i nsertion | osses. BER agai nst Ef errﬂlmg 0
| asur enent em

tted i gUlc . e e
t oget her..wi th % /Pa, k-to-back (ele P,
These curves clearly denonstrate that there is no power penalty assocl ated
with the use of an anal ogue EA transceivef_for this configuration (the
uplink shows a small inprovenent). FinallyS BER neasurenents were nade of
the QPSK signals with the Astra FM TV signals present. The conposite RF
spectrum appl i ed t optidat sbarse meats irtdhm'lfg’rhr‘n' Toﬁt‘cail ?ca&hﬂ\yéﬁrﬁtol:iagﬂlrnﬁeahg 10 Thfa
nodem SK' si, ' vi dent at o noticeable are the digita
V- channel s | rivBRte RBPTHeF Ty fongls e 5o ophesigatit oGre. The

el ectroabsor ption rraduktagronp bt ase mcxlnbﬁga:tmsmremhleﬁﬁﬁ@pbw the . PpEYaldddidihe
WO 98/ 04057

SK I d er t en
BT a0l 005 aaTe ineepd A Ry BEUR IR calt st eheslbhal s BN  h ¢ hi s
reduced RF Power | ewedecomd BeoRs 1di aver br witse @pticat iibde iinksoed Bupdhp le Q:bﬂéal25km
wi th no signi fdaﬁ?eptanxltﬁé l?erSos%sq 9 gaftréq%gnct:yosnlgrQa s-gc\)/ sséndgsecond p?ural':l)%ync;q base

stations; and

switching means selectively to switch said carrier between the first and
second group of fibre links and hence between said first and second plurality of
10 base stations;
wherein the optical source means is shared between the first and second
plurality of base stations by switching between said first and second group of fibre
links in accordance with the actual or predicted level of demand on the relevant
plurality of base stations.
15
40, A system as claimed in claim 39, wherein the first plurality of base
stations serves one or more sites or geographical areas where the relevant cellular
radio traffic levels tend to be at a maximum at a first time of day, and wherein the
second plurality of base stations serves one or more sites or geographical areas
20 where the relevant cellular radio traffic levels tend to be at a maximum at a second

time of day different from said first time of day.

25
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In Exanple 2 we showed how a single el ectroabsorption nodul ator (EAM can
be used in a "star" type of network architecture as a | ow cost device to

deliver high data rate channels together with nmulti-channel FM and digital
TV. In this exanple, we present the use of EA nodulators for single fibre,

bi - di reeti onal i 10 bus topol ogy operation, deliveri W QPSK
channel s. The Vgg??'lé@ bus is powered by two CWI| asers, thereby avoli isﬁg t he
use of expensive high speed |asers. Potentially, the cost of the CWI aser
sources woul d be shared anpbng users Iocatﬁqﬁat t he access nodes.
Furthernore, since all nodes are connected Tn series, the bus has to afford
a certain degree of resilience. The EAMis an ideal candidate 15 for this
application: a power failure at one noge' billas:O volt), would | eave the
EAMto operate in a virtually transpgr ntI@p i*cal state, therefore |eaving
the rest of the nédiwork in tact, Egp8rinent: Figure 13 3 e
experinental sety . («;BB s (EAML and EAMR) were ed as

DRI/l B Q_ powered at t ends by two

transceivers to '---m

CWoptical sourcegs (DFB apd DFB 21. The | aunjched opti cal wer I e
+6dBm ([err]1 = and +4dBm ([err]2={ 1550 nm) re ﬁ@?
EAML and EAM2 i nput ports. Polarisation contrdllers [PC r ,2,3) were
s. For the data
6nodem si gnal

tuned so as to ensure TM node operation bot h
path, two 120 Mo/s QPSK data channel s were jused:
was up-converted to a centre frequency of§.347 1), and a

further nodem signal was centred at 140 Iz (chdnnel 2). EAM nodul ated
[err]1 with channel 1 (-3dBm RF drive power]l_gndldetected sinmultaneously

10
BPF L—d~

BPF |
o

ob/
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channel 2 fromEAM2 at [err]2. After transm ssion over 25 km step i ndex
fibre, simultaneous detection of channel at [err]1 and nodul ati on of

channel 2 (-3dBminput 30 RF power) at [err]2 is performed by EAM2 via a
dupl exer/multiplexer. The RF nultiplexers are identical to those described
in Exanpl e 2,‘6@$é@$%pg > 80dB rejection between channel 1 ape/edvones 2 at
each node. 4057 '

PCT/ GB97/ 01958 25 To ensure mnimumdi stortion of the recei ved QPSK
signal s, the nodul ator biases were set tg h@l = -2.14V and Vb2= -3.68V
respectively for EAML and EAM2. At these 6|ases, the optical insertion |oss
is 12dB and 10dB for EAML and EAM2 respectively. The electrical insertion

| oss, excluding fibre loss, was 42 dB 5 for the link EAML to EAM2, fand 44
dB in the opposite direction. The DC el ectrical power consunpt i t he
EAMs was |ess than 1 mW At each access node, the electrical abp i cation
was adjusted so as to maintain a constant signal | | into the nod

denodul ator (-35 dBm). Finally, a noise and interfgggnce test §& used
to perform BER neasurenments vels Eb/ No (bit energyAnoi se ratfh).

Resul ts and di scussion: Fi gur 84\shows the neasur e@QBER curves. Thgback

to back neasurenent was perfornmed\using the output ;@ the firstgup- 8
converter at 1.34 GHz back to t down- converter ( s). Error & [vu
transm ssi on r -
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was observed on this |link. However, for reverse biases |l ess than -3.68V on
EAM2, a power penalty can be observed. In Figure 16, we plot the neasured
BER 15 at EAM2 output (channel 1) versus Vb2 for a given Eb/No ratio
(Eb/ No was maintained at 18 dB). In both curves, there is a sudden break
poi Nt whi~ch 0OCG&y giidbs7Vbp=-3. 68V.  For [err]Vb2[err]< [err] VRpharlniolde:
responsivity gradient of the DC characteristics is higher than or'?err]VbZ
[err]> [err]Vbp [err] nd the neasured BER i s suddenly significantly
degraded. Further evidence of the signal dation is shown in 20 Figure
16 which shows the RF spectra obtained at out put on channel 1 for two
sets of biases. For Vb2 > -3.64V, distortion can be observed on the
received signal. W believe this distortion is due to the cunulation of two
effects: the presence of the 8th and 9th harnonics of channel 2 generated
by the sudden gradiant non- 25 linearity, and the presence of a counter
propagating optical signal which result in an increase of EAM2
photocurrent. This was confirned as, when either DFB2 or channel 2 were
turned off, the observed RF spectra chafﬁﬁﬂbf omFigure 1 5a to Figure 1
5b. Finally, to further characterise EA 'Ators concatenation in a bus
30 architecture, we chaqged the_setup so_that we could investigate the

alteration of a gara sTrMMRPYLATER FIRRETQFIBRETRANSMISSION . In the new
setup, EAM 1 was used t CHARAGTERIBERNEIS)2 only. Both channels were then

vered EAMR _af eSS - - RF
recovered o EAMafter i’ﬁ&?@ﬁgﬁ%gg)%@% FIBRETRANSIHSSoN2™

SECOND DERIVATIVE OF FIBRE TO FIBRE TRANSMISSION
CHARACTERISTIC (17)

——— —— THIRD DERIVATIVE OF FIBRE TO FIBRE TRANSMISSION
CHARACTERISTIC (18)

—— - —————— ——
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WD 98/ 04057 -

PCT/ (B97/ 01958 26 optical |aser sources, and keeping the biases constant.
Error free performance was achi eved as shown in Figure 16. However, there
is a2 dB penalty which i's believed to be due to optical harnonics
generated at ofidbkyt r ansported over the fibre. 5 BeS/cBo7/01958 -
optim sation: expect this penalty to disappear with further optim sation
of the system For instance, the choice of a higher carrier frequency for
channel 2 woul d have been nore suitabe foao%?is application (1.1 GHz rather
that 140 Mhz). Al so, bias optimsation of woul d have hel ped reduci ng
this penalty. There is however a limt on bias tuning which results from
the 10 conprom se between good phot odetecti on and hi gh nodul ati on
efficiency of the EA nodulator. As those skilled in the art wll

appreci ate, the present invention is of w despread application. 15 Code
Division Multiplexing (e.g. Code Division Duplexing), in which a different
code is used for each direction of comrunication could usefully be used
with.at | east the passive ( and biased) picocell and m crocell enbodinents
of this invention. CDM woul d al so readil]:ﬁg%m’t mul ti pl e base stations or
renote nodes to be served by a single fi e

—e———e————e—DOWNLINK RF INSERTION LOSS (19)
--0—+=—0-——-0—UPLINK RF INSERTION LOSS (20)
—0=——~0——<0--UPLINK CARRIER TO INTERMODULATION

LOSS (21)
80
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/ -160

& \\<>"—°r’4a\\cf'45£\tt -
210’/0/0 \0‘\0\ dao
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o
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20 Currently, EA nodulators typically have fairly | ow saturation threshol ds
( or low power handling abilities). By using a ( passive ) splitter ( eg an
optical fibre coupler) to split the output fromthe central contro

station, it would be possible to share a single powerul optical source

bet ween -sever alyggaspt ors. Cearly, the noulators 25 coul dpgf/bpéésgcal ed
cl ose together, perhaps to cover a single mcrocell , or they could be
grouped in clusters or spread out over a wi de area. The invention |ndoor
Applications Ofices 30 The wirel ess of f§5 has | ong been the holy grail

for data communications managers, mainly because the cost and conpl exity of
re-cabling due to office noves can be very high. Users too appreciate the
benefits of cable-free working - WD 98/ 04057

PCT/ GB97/ 01958 27 greater nmobility and no unsightly cable spaghetti to
worry about. Unfortunately, the | ow performance and hi gh cost of present

W rel ess systens have prevented their w despread use in the office although
this is starting to change as the technolo matures. In a few years tine
Wi rel-ess systens based on the 7%?%
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5 HI PERLAN standard ( which will use transm ssion at 5.2 Ghz) wll provide
much hi gher data rates than present systens and it is expected that costs
will be reasonably |ow as a result of the |arge nmarket engendered by the
wi de acceptance of this standard. Wreless voice communications in the

of fice i al soywsdgiqgbtracti ve. Cordl ess PBX systens based Oﬂcﬂhﬁ?ﬂﬁ%ﬁs :
such as DECT ( Digitally 10 enhanced cordl ess tel econmunications) allow a
hi gh degree of nobility because of the built-in roam ng capabilities.

Cel lul ar radi o systens such as DCS 1800n§%q6also be used to provide voice
communi cations within an office enwronneht™at charging rates close to
those of a fixed line. Atrue wrefess office wll a conbi nation of
cellular and cordless 15 tel ephony d wireless L systens. Each of these
systens requires its own radio fase unit which nust}be planned carefully
for optimum positiona nd power .| =ve picocell system
shoul d be able to provide all ofy hese services from a]si ngl e unpowered
radi o base unit. Once the fibre i pfrastr@@@WEBs in pllace, then the
passive picocell radio base units}jcan be connected wherf and 20 where they
are required. This will give an enornpus adjyantage t1n terns of flexibility
and ease of use. The future-proofedaspect off These radi o base units is

al so a very powerful selling point. ehousj and Retailing 25 Wrel ess
LAN systens are already finding a nichp mark¢t for warehousing applications

hwere the absence of trailing cabl es™sqcl an i nportant
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consideration. This is therefore an ideal application for the passive

pi cocell, which is able to offer a future proofed service that can be
integrated with any additional 30 requirenents for voice conmunications.
In the retail sector, the flexibility offered by wirel ess systens is

begi nni Ry to bggRigiRsi ated. For exanple, electronic point opcfHékProiess -
equi pnent can be noved around easily when the store | ayout changes. Again,
t he passive picocell is in a good position to provide this wreless WO
98/ 04057 7/16 PCT/ GB97/ 01958 28
connectivity within an |ntegrated|5 tem wh éTfuture Jgoflng i s perhaps
the key consideration. Airport Cb urses 5 ai rportsdoncourse is a good
exanpl e of a present day picocell - smal | hapspot of Ig gh demand. The
full service and future proofed capgbiliti eg=e s pi cocell are
again ideally suited to this applicgtion. § e, airport
authorities are considering the use jof rad attenpt to 10
"shepherd' travellers through airporjts and i The ' passive
pi coeell' may al so have a role to pljay here, new radi o system

can be added to the others deIivEr??gty t he raq;'_Pe(S?se units.
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One of the nost attractive applications is in cellular radio, especially
for picocellular and mcrocellular schenes. Conventional cellular radio
base stations 15 include tuned RF power anplifiers which restrict the
wavl engt hs whi ch can be handl ed by each base station. Allocation of new
wavel engt hs tQ opye gapacity requires the replacement/ addi tdeqizrdbn19ss
anplifiers etc., I'ch is obviously relatively slow and expensive to
achieve. In addition, such base stations have fairly significant power
consunption, which neans that generally 6/ ins power supply 20 nust be-
provi ded, with back-up batteries to cove ggmer outtages. The conbi ned
effect of these [imtations is that the m ni num vol unme and wei ght for such
base stations are relatively high -- severely limting the sites at which
base stations can be placed. Al though known radio-by-fibre alternatives to
thi s.conventional approach 25 potentially overcone the fixed wavel ength
probl em and significantly |ower the m ni num vol unme and wéi ght Nequired for
supply and

a base station, there is stil probl em of providing a power
back-up batteries. The invepfion eMabl es base station power congunption to
be reduced considerably andfin many \cases elimnated ¢dqpl etely.}] Thus, it
becones possible 30 to reduce still] further theZ&ggni size ar{d vol une
required for a base g§ati ome e conseguent g freedomto site
base stations, new a i tdctlur es bedone possi bl el 1t bécones norle
interesting to consi &r city on |demand
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WD 98/ 04057 PCT/ GB97/ 01958
29 architectures -- where capacity is switched, by the central office,
around between passive base stations according to the actual or expected

| evel of demand. Railway stations can be provided with extra capacity
during peak peg,i %“yg;i ch capacity can then be switched to coppREss r:
busi ness di strir“?:(?s or the 5 main working hours. Sports stad?a or %/?hsesf
entertainment facilities can be provided with capacity as and when needed.
The sports stadiumis a good exanpl e of ggoutdoor application requiring
hi gh capacity. It is also a good exanple to illustrate the concept of
dynam c capacity allocation, or capacity on,demand, which is nade possible
by the passive picocell system A typi#d _sﬂ(ét.s stadiumis used for major

10 events for a few,percent of the tinme~at nost. Conventional systens
woul d need to provi dg ful |y equl pped base stations to cater for j:ak demand

which ties up valuabl g resources. The passive picocell systemis |capabl e of
switching capacity t87where it is needed on a d m c basis. So en the
football ganme is on, tthe paski ve picocell base uni are connectgd to
sufficient network cd4pacity t®& cater 15 for the haN-tine peak demand, and
when the ground sg@énds enpty, e same network capacl{y can be uded for

ot her | ocati ons. i.§-capacity dermand concept can used on g | arger
scal e, for exanpl &ind4and around major city. During tye day, the capacity
could be diverted@ngg the city arml in the evening the me capagity could
be sperad across E}e :

32 .30 28 268 24 22 .20 -18
OPTICAL POWER dBm
KEY:
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Fig.11.
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20 suburbs - in other words the capacity can follow the people. This type
of schenme can uniquely neet the demands of high |localised capacity at an
econonmi cal cost. Even with the distribution range of the various

non-optim sed exanples, it beconmes possible to switch capacity between.
quite widely distributed sites. Again, the use of optical ameTIGHRITEISHN,
particularly WO PIUOF7at ur n path fromthe base 25 station ( to avoid
saturation of the nodulator) is an easy way to extend the range of these
systens without the need to nove away frqupriehe passive base station
approach. In these applications the expensive, bulky and relatively
sensitive RF equipment can be sited at a central office in a benign

envi ronnment. 30 I n addition, the i nventl on permts a single base
station to serve se =

—Using FDM it I|sp
possible to usePne pl e a COﬁbInatI(NDOf GSM
, Which uses frejuye E*=h operates aroundq 900
Mz and current o & @853 \\O 98/ 04057 30|
operating around® I f all i e CcOonbi ned, carridd’ @
optically over frl-lu to the base station and ZEpPpted fromthere ov%*ree
space, only a G&/Iul;nndset will respond to the v signals since thg }Blgenna
and i nput stage%a‘re 477 i

- o
=
o
-
.ﬁ===4"2;3==i_

. __ - N
Al = 1z
- —
Ry 2
L 1 2

[na]
©
o s
™
pa
E
< ) N
N
cxE X
LR 0
: to 7 13
S <8< 3
o 2.°9 N
3 Ly
1 I I L . ' : ©
w
W _ e
IIQ% g
=5 @
-

SUBSTITUTE SHEET (RULE 26)



hi ghly frequency selective and will therefore reject the DECT and radi o LAN
5 signals. Simlarly, the relevant receivers for the radio LAN and for
DECT will respond only to their signals. The cental control station
contains the radi o nodens connected to their respective networks. These
nodems provide dhgogadi o signals transmtted to the radi o bsecyrigefeiesach
radi o nbdemis assoclated wth a particular system for exanple, GSM

DECT, or radio LAN and their signals are 10 conbined for onward

transm ssion . This is shown schemati cal I,H h@ Figure 19. The central
control station on the left of the Figure { ws a variety of radi o nodens
and includes ones for energi st andars. The pi cogel I, which could be an —_
office or a street or aifixo er m nal 8. 2 ﬂ-‘ange of termnals_a

whi ch shoul d be ablze gt B- B@rtssi nul ta i nter--syst Eo*"
interference. 15 &Gt dé)b é% i 'EOAccess Fi xed raﬁgo
%as an econoi&ca OE

W
Q peci al lgg for ot her pper at or s trylélg o] take
perspectivemq [

| ncunbent oper at Qs

access, al so known
provi di ng servi ce,
mar ket share fron1§¥
an attractive optio
system coul d be us
not too great. An ar

hitecture vvhby fibre extends$
di stribution pom,g_

hdi 0 base units

wi th a range of 00p the je predicted for|the pasgive I
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woul d al so avoid probl ens caused by using active electronics in hostile
environments. These radio DPs could al so act as base stations for cordless
or cellular systens at the sane tine, a nmgjor bonus that could w ng the
econonmi cs in favour of this technique. 30 Fibre to the hone is
often reterredw(?),id;?ghe ultimate objective for a truly broagpaaReneiesss-
netowk, and is Tikely to be the access nediumof choice in the long term
The passive picocell has an inportant role to play in this architecture
too. Once the fibre is installed in the gg?ﬁ% t he passive picocell base
unit could be PCT/ GB97/ 01958 WO 98/ 04 1 used to avoid further
cabling. This is clearly a desirable opip tqwq‘ The base unit could be
installed in the r0ﬂ}2for exanple to qi Wi rel'ess conmuni cati ons

t hroughout the hone.” 5 M crocells Mcrocellular systens are being gepl oyed
at an ever-increasifyggarate to satisfy the capcity demand on cel |l ul gr
networ ks. These systeng have a tygical range of a few hundred netrg¢s and
are used in dense W40 envi ronmen ere 10 the base stations aje bel ow
roof -hei ght. They radi gte | ow power | s and a
10791
1076+
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10-84
1094
L
5 10 15 20 25
KEY: Eb/No (dB)

* BACK TO BACK MEASUREMENTS

+ CHANNEL 1 TRANSMISSION OVER 25 Km OF FIBRE
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a4 CHANNEL 1 TRANSMISSION FROM DFB1 THROUGH
EAM 1, OVER 25 Km OF FIBRE AND DETECTED AT EAM 2

Fig.16.
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typi cal coverage area would be a city street. To avoid handover probl ens

for fast noving nobiles, they will be used in a hierarchical arrangenent
with "unbrella macrocells which are designed to cover for this
eventuality. The prospect of a small, |ightweight, |ow cost and unpowered

base station i Sy@budess! y attractive for 15 this applicati Ofper Iﬁ%ﬁmﬁé& X
especially true since the cost of renting building space for the base Site

i s expensive and getting nore so as building owers begin to realise their
value to cellular operators. The outdoor passive picocell exanple had a
range of 75 netres, , even with a non-optﬁhﬂsed set-up. Wth such a range
applications to provide effective 20 radio coverage in radio "black spots”
are perfectly feasible. Passive picocell base stations can be provi ded at
all the necessary points in a high rise office district ( such as are
typically found in the financial districts of major cities) or in road or
rail tunnels. This approach seens partﬁglgags suitabl e as a neans of

b Ao

provi di ng | ocalised radi verage on t rms of underground rail way
statirons. Clearly 25 for fi sh - ogp! exes and the like,

t he picocel lul ar approach a Fﬂ% ﬁ%9?§ﬁ¥%p 8@? 8916 HB“ atacti ve.
Tenperature sensitivity Pr t levices are sen3|t|ve to tenperature. For

i ndoor applications this is not |inportant, t is a serious concern for
out door applications. Currently[preferred 3 utions invol ve the optical

source , which can either be brgadband (so
operating wavel ength fall wthir
EAM oper ati ng wavel engt h using 4

hanges to the EAM
\ malde to track the

CENTRE 1350 GHz —__SPAN 400 MHz
RES BW 1 MHz SWP 1.20 sec
VBW 1 KHz
Vb2=-3.68V

(b)

REF -29.7dBm ATTEN 10 dB

hp
5 dB/
CENTRE1850GHz  SPAN 400 Mz
RES BW 1 MHz SWP 1.20 sec

VBW 1 kHz
Vb2=2V
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be sinple to inplenent in the | ooped versions of the passive picocell.

WD 98/ 04057 PCT/ GB97/ 01958
32 In place of the EAM, it would be possi ble to use an asymmetric Fabry
Perot nodul ator ( for exanple one made fromindi um phosphide or the Iike).
In this ease, RRgled@dbds0n i s achieved by tuning the nodul at or pegjoEbenss V- by
vaying the refractive 5 index of the material within the FP cavity) between
a resonance peak and off - peak. Such a device, whose asymetry is due to
its two reflectors having different refl eM416ities, would be used in
reflection. As indicated at t he invention
in various 10 aspects is apgdlicable to radio_and m syst ens havi ng
frequencies in the hundreds ¢f MHz to mlli ba@@ls For exanpl e
the invention is applicable tjo 'ae HI RERLAN s H-'vvl | I} use 5.5 Chz,
as well as to 60 Ghz raio LA ~e.g. 2 rIvertlon can

equal ly be applied.to phased]array and“ot he g @% efarfpl e to feed
antennas on mlitary and ot hdr grcraft In[1l %ﬂdltlon,lca wijl I be cl ear
fromthe above description, tfhezFnvention il spect i 4 dpplicable to
much | ower frequencies, e.g. fbaséband.
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33 CLAI M5 1. A nmet hod of communi cating between a first node and one or
nore further 5 nodes in an optical comunications system the nethod
conprising; i) receiving at the first node, an optical signal transmtted
from a first further node over an optical fibre link; ii) detecting, at
the first node tB@ ptical signal using an el ectro- absor Pt pENCRPIIesEL OF
and produci ng Wﬁeg ‘8’3 an electrical signal representing. 10 information
carried by the optical signal; and iii) inposing, using said

el ectro-absorption nodulator, an informaygpig carrying nodul ation onto the
recei ved optical signal and feeding the thus nodul ated optical signal into
an optical fibre link to transmt it to a second further node; wherein step
ii and step iii are carried out with the el ectro-absorption 15 nodul ator
subject to the same DC operating conditions. 2. A nmethod as clainmed in
claim1l1, wherein step ii and step iii are carried out sinultaneously. 20

3. A nethod as in claiml or cfim2, wherein said first further node
and said second further node are a s ngle node. 4. A et hod as cl ai ned
in any one of the preceding clai rrs,@herq},rg{ahjked.gectmcal signal is an RF
or microwave signal. 25 w S @
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5. A nmethod as clainmed in claim4, wherein the electrical signal is

applied to an antenna. 6. A nethod as clainmed in any one of the
preceding clains, wherein in step iii 30 said information- carrying

nodul ation is an RF or mcrowave signal 7. A nmet hod as cl ai ned in cI ai m
6, wherein sai ¢, &leQgsgat i on-carrying signal is an RF or m cr guavgoes

provi ded fron1aﬁ$antenna 34 8. A net hod as cl ai ned |g clalm
dependent on claimb5, wherein the antenna of claim5 and the antenna of
claim7 are constituted by a single ante 9. A nethod as clainmed in
any one of clainms 4 to 8, wherein step il and 5 step iii are carried out in
a radio or mcrowave base_station or distribution point. 10 A met hod as
claimed in claim 9 , wherein the base station, in use, supports he GSM
and DECT systens. 1 0 1]. Aterminal for use in a ;ptica
communi cati ons network, fjhe term pa aopr i si ng;[ raml elgt r o- absorjpti on
nodul at or having an opti gal input dhoopdqn opti dqdl ¢dtpygt port ard

el ectrical contacts for fhe appliCaichiE el ectini Qnt rol si gnal s at
the nodul ator; the term pal having: an optical imnpot—s ot for cgrinection to

the optical network to rpceive an 1 5 optical input fromthe nqﬂ rk and to

feed it to the input porf of the nodul ator; C)
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an optical output port for connectlon to t he opt|cal netmork tO‘pas&“
optical signals fromthe output portiof the:nodulator -into the ne_th‘rk'
efectrical input nmeans connected  to the electrical cont act's of the

modul ator to pernit the application of elagtrical input signals to the

nodul ator to 20 cause an optical input received at the input port of the
nmodul ator to be output from the output port of the nodulator carrying a
nodul ati on i nposed by the nodul ator; electrical output neans connected to
‘the electrical contacts of the nDduIatotthwgutput an el ectrical signal
produced by the nodul ator as the result of 25 the receipt by the nodul ator
-of an optical input signal at the input optical port of the nodulator; and
further conpnising A ROV {s&mh,ymfcgﬁ %@gtvt,g% g @Jo%rarf?im)%. {Jre,\(.,g Cﬁgnl ch.
the interference between e?ectrlca_ I nput signals to dalator ap .
el ectri cal 5 singdes & @ oplmﬁéaomymtdmtinndtst/atem. the nteheoct eembtlsm@ t he rece| pt

by the nodul ator of, an opt.i.cal naI at .the. h or
t he nmodul ator is 38 m T sedt tqé)%rs't NoCK:. F%r%“ﬁ% s'%\ anéﬁ‘étterﬂa TR‘ v?ngrrsél n
the electri cdd;rtlcérntdiietca/ea‘antolpacﬁle‘rm nak; are connect ed to an antenna, a

further cormunl cat i.ons networ k gem or I tem of custoner prem ses
equi pnent .- u) detecting, 'at the irst node the optical signal using an electro-

L]

_ absorptlon modulator and producing thereby an electrical signal representing.
10 information carried by the optical sngnal and
iii) lmposmg, using said electro- absorptlon modulator an information-
carrying modulation onto the received optical signal and feeding the thus
modulated optical signal into an optical fibre link to transmit it to a second further
node; wherein step ii and step iii are carried out with the electro-ebscrption

15 modulator subject to the same DC operating conditions.

2. A method as claimed in claim 1, whérein step ii and step iii are carried out

simuitaneously.

20 3. A method as in claim 1 or claim 2, wheretn said first further node and said

second further node are a single node.

4. A method. as claimed in any one of the preceding claims, wherein said

electrical signal is an RF or microwave signal.

25
5. A method as claimed in claim 4, wherein the electrical signal is applied to
an antenna.
6. A methoa as claimed in any one of the preceding claims, wherein in step iii

30 said information- carrying modulation is an RF or microwave signal .

7. A method as claimed in claim 6, wherein said information-carrying signal is

an RF or microwave signal provided from an antenna.

* [ L M H *
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13. An optical comunications rnetwork @ includes :a’ Tefote! tefinal
characterised in that said termnal conplises an el ecty o- abserptlon -”- :
nodul at-or that (i) detects an incorii ng” optical ‘signal froma fit'st =
portion of the optical 5 comunications mgtwork whilst simultaneously (ii)
nodul ating said incoming optical signal, said optical si gnal bei ng
“transmitted to a further portion-of the optical communications network. 14.
An opti cal ccﬁn‘runl AtMHALD RSt dlaineda bt slaim ngy asodepearant ars claimebeivhersie the

optical commypyGaly cﬂ‘r@alﬂleé WRE Kn&' SRR nfa 0F SRR Yretlobs SR8y Bw télrpdpf)éh@q o
system 1 5. An optical communications network conprisi urali ?y of
termnals, as clained |n claim1l or 1 2, connected in series. 5 16.

A radio or mé:rOWaVQ ﬁ—% d Qéj clalmecg)o %%Sg{qecafse(f %’t ath(}‘&# v Iefsflbgg(?ar and

el ectro-absorpti on no havi'ng a

out put pors aep il a?etcurrcealomdmtaaadius d‘r@ﬂiuctdvea\@mdslecsaéﬁdmordnstelbemrﬁ beiat.
control signals to the nodulator; first antenna neans for the reception of
free space transnmissions of radio 20 frquency or mcrowave signals; second

antenna nmeansid.or tdienéthee @@ﬁm@ﬂaﬂﬁsmaﬁﬁgn Hher@fli thel bEGIRAOTin use,
‘m crowave signals; an ogtlcal ut port for connection to an optical fibre

feed to receiSHEPRHS Bt B Ma”‘hBﬁP #vatees.-feed it to the input port of the
modul at or; 25 an optical output port for connection to an out put
opti cal fibre to pass thereto optical signals fromthe output port of the
~nmodul atori0o 11, A terminal for use in an optical communications network, the terminal

comprising; an electro-absorbtion modulator having an optical input port, an optical
output port and electrical contacts for the application of electrical control signals at
the modulator; the terminal having:
an optical input port for connection to the optical network to réceive an
15 optical input from the network and to feed it to the input port of the_ modulator;
an optical output port for connection to the optical network to pass optical
signals from the output port of the modulator into the network; ' _
electrical input means connected to the electrical cdntacts of the
modulator to permit the applic_étio,n of electrical input signa-ls to the mod_ulatbr- to
20 cause an obtic’al input .received' at the input port of the modulator to be output
from the output port of the modulator carrying a modulation imposed by the
modulator; ' |
electrical output means connected to the electrical contacts of the
modulator to odt’p'ut an electrical signél produced by the modulator as thé result of
25 the ;gpeip_t by the modulator of an optical input signal at the. input optical port of
the mbdulator; and further comprising a power supply to bias the modulator at a
level at whif:h the interference between electrical input signals to the modulator
and electrical sign.als produced by the modulator as the re__sulf of the receipt by the
modulator of an optical input signal at the inbUt optical port of the modulator is

30 minimised.
12. A terminal as in claim'11, wherein the electrical contacts of the terminal

are connected to an antenna, a further communications network, a modem or an

item of customer premises equipment.

)RR A

AMENDED SHEET



. 04/09/98 17:26 i‘\users\patents\wcrd\25223wo.doc . . - .-
fherein said first antenna means is operatively connected to:the elieGt-Fi cal
contacts of the nodul ator to pernit the japplication of. radio:freduéncysor
i crowave signals received by.the first "antenna neans t'o thé el ect’rical
contacts of 30 the nodulator to cause anggptical input received at the

I nput port of the nodulator to be output fromthe output port of the

nodul at or carrying a nodul ati on i nposed by the nodul ator; and wherein the
second antenna means i s operatively connected to the electrical contacts of
t he nodul at oryd 0 oy pu adi r y 36_ i er owav igna .
produced by r%o%l'ul atLﬁ%r{ro ggﬁ%zﬂe_cyrogjsrfwrﬁg%f&\%he%tévggf p?n%&{sh\ggngaﬁpgﬁ o#erg\‘m%n
opti cal i nputchgiagrexisedtin thes sajst fecmlnal cpuprigesrdn eéctrrebswdtibmbodulatorithat A
base station as clainmed in claim 16, vvhergi.n tlhfe fi ot andﬁsec?nd 5
antenna means are 3‘) oviGLF By NS RGP LRGP AEEE Y™ 2 Tirsh RPReed 8t She SRtical
cl.ai med i n5 clcatrimuri€ativns Hetivbik WiilstwirauRakeduby optical input port and
optical output port of the nodul ator are common, the nodul ator being
arranged to oper at éilli n BEFWING FRignINgBRNENG potigalgsignal. gakh optisalasivns being
claimed in anungRRt&d 1Fh dirtler bPtidol the MRREESMIIRIARbAL ALtvidiRUt POt and
optical output port of the base station are common to permt connection to
a single optical fibre feed over which optical signals will, in use, pass

.

14. An optical communications network according to claim 13, wherein the
10 optical communications network uses a frequency division multiplexing system.
15. An optical communications network: comprising a plurality" of terminals, as

claimed in claim 11 or 12, connected in series.

15 16. A radio or microwave distribution point or base station corhprising:

- an eIe_ctroQabéorption modulator having an optical input port, an o'ptical
output pbrt and electrical contacts for the application of electrical control signals to
the modulator; | '

first antenna means for the reception of free space transmissions of radio .
20 frquency or microwave signals; ' | '
second antenna means for the free space transmission of ra'dio.freque'ncy
or microwave signals; '
an optical input port for conne.ction to ‘an optical fibre feed to recei\)e an
optic_:_al_inbut anci to feed it to the input port of the modulator; |
25 . an optical output port for connection to an output optical fibre to pass
thereto optical signals from the output port of the m_odulatorﬁ
wherein said first antenna means is operatively connected to the electrical
contacts of the modulator to permit the applicatibn of radio frequency or
microwave signals received by the first antenna means to the electrical contacts of
30 the modulator to cause an optical input received at the input port of the modulator
to be output from the output port of the modulator carryingl a rﬁodulation imposed
by the modulator; and wherein the second antenna means is operatively cohnected

to the electrical contacts of the modulator to output a radio frequency or
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-directionally. 15 20. A base station as clainmed in any:one:of; tl.di ns

1 6 to 19, wherein the optical nodulator:is:an electro. ahsorption?*:;
podul ator. 21. A base station according to any one of cldins 1'% tY 20,
wherein the 20 optical input and out put ts of the base station are
operatively connected to optical fibre respectively to receive an opti cal
i-nput therefromand to output-an optical signal thereto, and wherein the
optical fi brenicsowper atgnaklpyodiaedeby edodi@amrsarurtlﬁe ref;ulopifi tl rédeiprabyg, thikhe

source being configured to. .provide.o h optical signals
are detect agl'Bo%%,a’i%ﬁ(??ﬁﬂ&ﬂf'g?ld?p‘g "Faﬂtluéf f}bee"%% pHF Pog 0(%&1"%%{% :
conponent which is suitable for radiation by said second antenna neans. 22.
A base sfation as claimed i n claim 21, wherein the source of optical
signals pr ovides sdt Paspt st@ken s"’lsgﬁ!fl"@e%tm aclgimy shB. werbeneim gherfiret rand, sexodd

al so provi desan@éhr%qne%tar@aamﬁa%& be'a L BehApuavel ength [err] 2 which the.

nodul at or- can nodul ate, [err] el ng shorter t n[err]?2. 37 23. A
base station as clained in claim 21 or 22, vvhereln t he base statlon

provides RF ofg m Croaye Lk ddhedtin/ «:Ef%?nt S 3R CTP whSreth 1S oBfical

| east two of
input port and optlc_al output port of the modulator are common, the modulator

being arranged to operate in a reflection mode.
10 |
19. A-base station as claimed in any one of claims 16 to 18, wherein the
~ optical input port and optical output port of the base station are common to permit
connection to a single optical fibre feed over which optical signals wull in use, pass
bi- dlrectlonally
15 _
20. A base statlon as claimed in any one of claims 16 to 19, wherem the

optical modulator is an electro absorptlon modulator.

21. A base station according to any one of claims 16 to 20, wherein the

20 optical input and output ports of the base station are operatively connected to
optical fibre respectlvely to receive an -optical input therefrom and to output an

~ optical 5|gnal thereto, and wherein the optical fibre is operatively connected to a
source df_ optical signais, the source being configured to provide_optical signals,
which optical signals are detectable by the modulator and include an RF or

25 microwave component which is suitable for radiation by said second .antenna

means.

22. A base station as claimed in claim 21, wherein the source of optical
signals provides said optical signals at a first wavelength ,'A1, and also provides an
30 optibal carrier having a wavelength A2 which the modulator can modulate, A1

being shorter than A2.
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DECT, GSM and a radio LAN. 5 24. ‘An antehna installation for la (édtb

transm ssion system the installation cofprising: antenna neans fory;
t.ransni ssion and reception of radio-frequency signhals; optical |nr5ut ahd
optical output ports; an el ectro-absor pti ogznodul ator arranged in the
optical path between the optical input port and the output port and
_operatively connected to the antenna-nmeans and arranged in use to recei.ve
RF 10 signal 83¢ her &f baan stadion s Agised n clrime? b oard2 Agwinechin ahé rt@sonstta)tion

l'i ght recei veg i S g out por L
and. opt i cal rtc’\é'c 53?1# ?r%}g%y\é/a{r?%n e%‘gqﬁy\ﬂggeafp?vl\@% %g\sd% cai @ eaf’tt ° Bt a
-sai d i nput poDECAnGShdpendtirgdiby.Adannected to the antenna neans so that RF
-modul ati on present -in said optical S|gnals i s coupled out to said antenna

means fromwhich it is then radi ated.” 15 25. An instal latfon as in claim
24, wherei 5 t g, ant AANEBRA InEAHIoh SR A radid At hsAISFOHN By WaIE s ey A afioH
bot h reception and transm ssion. 26. An installation as clainmed in claim

24, wherein tA¥MARTBIINANASAASMRENS dORTFAsEYsHeN | Wik reqapFioRnekiadis-fregmency
An installatigg.as, %bﬁ&éﬁgp?@ aﬁﬁ%ﬂﬂca?@utﬂmeﬁgﬂgél ggfélgét%‘%bl nstt%}r &fﬁor

. provided for réception an or transm'ssion 1% on
cl ai med i n angrrangedoh tbé aptisal ath beRVeennther ativat ineutponilaati dhe iosit@mn port and

o o6t 0 205" bl S AP LAk, Bome Aol TR PSP 1R a1 BB0Y rtéon
or centr al10of §igoas therafrol afd td imppceiavesresbBnding modulating onto light received via
said input port and which passes, to said output port; and optical detection tneané
arranged in use to receive optical signals via said'input'port and operatively
connected to the antenna means so that RF modulation present in said optlcal
signals is coupled out to said antenna means from which it.is then radiated.
15 _ _
25. An installation as in claim 24, wherein the antenna means comprises a

‘single antenna which serves for both reception and transmission.

26. . An installation as claimed in claim 24, wherein the antenna means

20 corhprises at least two antennas.

27. _ An installation as claimed in claim '26, wherein different antennas are

provided for reception and for transmission.

25 28. i An installation as claimed in any one of clalms 24 to 27, wherein the

_modulator is an electro-absorption modulator.

29. An installation as claimed in any of claims 24 to 28, wherein the te'rmin.al

is sited remotely from a base station or central office from which it receives, in B
30 use, radio -frequenéy signals over an optical fibre linking the terminal to the base

station or office, which radio frequency:signal.s are subsequehtly radiated fro_m the

antenna means of the terminal.
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30 use, radio frequency signals over ‘an optical fibre I|nk| ng the term naI
to the base station or office, which radio frequency signals -are R

subsequent Iy radiated fromthe antenna nmeans of the term nal . 38 30 _
A cellular radio system conprisin a pluraggty of antenna installations as
claimed in any one of clai ms 24 to 29. 31. A cellular radio system

conprising: 5 urali of ‘base statrons according to any
one of clai mssq 6t %”'aé rg‘gleo%&t?ﬂ"u‘?%%/’i’rﬁl” & PhuRlRY QfagnteARa él?%@llag'l’ﬂﬁ <'=tso
~any one of clakifedlf dhQ o#d;oftdMimbkidssio 29d second plurality serving distinct
geogr aphi cal areas; optical source neans including an optical carrier

generator and neans to 1 0 inpose radio frequency signals onto said

optical carri a fi re optical fibre links to supply
the opti cal cﬁ ri er'&é:%@a'g'ragr}bos%geerﬁ f equency signal's*fo said first

‘plurality &f base s fitstphsalita ceféxaeetdtagmaracoérdmgetooanynmeeofo@arrrtsal6 to laBe
and_the i d radio fre

to said second pl ursPregraopiEe of bsTE F BRI A S b CoHi S HedAgs 1o
sel ecti veI y tzxa switch said carrier between the fi rst and
the first and second plurality servrng distinct geographical areas;
optical source means rncludmg an optical carrier generator and means to
10 impose radio frequency signals onto sard optrcal carrier;
a fr_rst group of one or more optrcal fibre links to supply the optical carrier
and the imposed radio frequency signals to said first plurality of base stations;'
'a second group of one or more_optieal fibre links to supply the optical
carrier and the imposed radio frequency signals to said second plurality of base
15 stations; and | . |
switching means selectively to switch said carrier between the first and
second' group of fibre links and hence between said first and second plurality of _.
base stations; |
wherein the optical source means is shared between the first and second
20 plurality of base stations by switching between said first and second group of fibre
links in accordance with the actual or predicted level of demand on the relevant

plurality of base stations.

32. A system as claimed in claim 31, wherein the first plurality of base
25 statiggs serves one or more sites or geographical .areas where the relevant cellular -
radio t'.raffic levels tend to be at a maximum at a first time 6f day, and v_vherein the
“second plurality of base stations serves one or more sites or geographical areas
where the relevant cellular radio traffic levels tend to be at a maximum at a second
time of day different from said first time of day.
30
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second grou;c')? of fibre links and hence between said first and secgr%05570'0
plurality of base stations; wherein the optical source neans is shar?f S |
between the first and second 20 plurality of base stations by switchi f

bet ween said first and second group of fibre links in n“:“»s h the
Wy,'s

actual or pred| CtﬁtTV6| of Q]Iv% rel Svant |sz| gh;allty
S

stations. ORERLY Y ORGANIZATION 0 1 1 he i

tem as C al rTEIg'EIhm BButéa st
plurality QNTbﬁﬁ&n%ﬁALsipﬁic%ﬁ)ﬁ %HQ§H@6'9NBER TREPATEN? CORPERLABNAREATR pCT)

ar eas tr-af-e—tevets—tend—to—be

maxi num é‘?) Integagtione) P 'f“"r%"“b"r“"&':‘;\y, ;md or 619 IntpraatignskRybligation Nymbest ¢ ,a?‘wﬁbgilmﬂ
stationg seHM&¥le or nore sites or ﬁb (S Ebna A BRIV ISE © f?bgrmfa&llﬁyagtslss)
n e of

cellul arltradio-traffic levels tend t e ammxlmimat a seg
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N Abstract

A method of operating an optical communications network whereby a terminal in said optical communications network can
simultaneously receive and modulate an optical signal. The terminal includes an optical modulator which is controlled by varying the
bias voltage applied to it.




