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RECEI'XER This invention relates to honodyne optical- coherent receivers
i dh dre phase insensitive. Coherent optijcal systems using an optical
| okak\_ 15 oscillator (OLO at the recei er can give receiver sen t|V|ty ‘

apphoaghi ng the quantumlinit. The actugiS-sérsightvik i depents b _
modul gt i on format and the receiver type. A heterodyne receiver Jgg 8

I gnal- and OLO are set to have a constant difference 20 fzzg &§ 6
(IF), offer 3 dB worse sensitivity than a honodyne receiver with the sane
nodul ation format. A heterodyne receiver requires that the LO and signal
are synchroni sed in-frequency bent not in phase: all possible relative
phases "are expl ored over each peri.od of the IF. 25 The recei ver needs
sufficient bandwidth tc deal with the IF wi th nodul ati on si debands on each
side. For w deband data signals high IF frequencies are required (e.qg.
approaching 1 GHz for 565 Mit/s), and so very w deband special receivers
are required. On the .other hand, 30 honodyne receivers of fer higher
senS|t|V|ty,'and provide the data signal at baseband. Consequently,

receiv rs al ready devel oped for dir et | yst éms can be used. These
woul d eraIIy have Iomer noi se nt het erodyne receiver;
i n coherent operation, shot noise |inited operation would then be

advant ages, the OLO nee€ ase
t he OLO andcoinerengnaieceivéns quhdcht are phaset Haisercoitairent product is

zero and no modul ati Qi faRee st 86805y sORLCHsiRRASE, IRk NG hasca 1

15 oscillater (OLO) at the receiver can give réceiver

achi eved with | ower %qd§°¥‘§$%ntt§}qe¥g I?ed(’yd"af °%Y%Cehl°r6%tgln‘flar‘1h§ signal ; ije

sensitivity approaching the quantum limit. The actual
sensitivity-depends'upcn the moduiation format ané the
‘receiver type. A heterodyne receiver, in which the
signal and OLO are set to have a constant difference

.20 frequehcy (IF), offer 3 dB worse sensitivity then &
hcmodyﬁe receiver with the same mocdulaticn format. A
heterodyne receiver requires that the LO and signal are
.synchronised in frequency but nct in phase: all p5ssible'
relative phases are explored overzeéch period of the IF.

25__ The receiver needs.sufficient;béndwiéth t§ deal with the Qﬁg
IF with modulation sidebands on each side. For wideband .
data signals high IF frequencies are required (e.g.
approaching 1 GHz for 565 Mbit/s), and so very wideband
special receivers are required. On the other hand,

30 homodyne receivers offer higher sensitivity, and provide
the da;a-sighal at baseband. 'Consequently,-receivers
already developed for direct detection systems can be
used. ThHese would generally have lower noise than the
eguivalent heterodyne receiver; in coherent operation,

35 shot noise limited operation would then e achieved with
lower OLO powers. However, in order to achieve these
advantages, the OLO needs to be phase locked to the
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beendenonstrated, but it requires a device with fast 5 phase respgy
in the optical feedback |oop.. Mreover, transient disturbances to th
tgansni ssion path coul d cause |arge phase devi.ation, and the phase
synchroni sation coul d be knocked out of lotk?2 tn fact, the phase |en

an gp«,f'l cal fibri;mddmMRy Vsi 1iive tRelBLo gxdctnel sPerivrBaki e, and
the growing interest in fihres as sensars of tengerature, acousti.c
vibration etc. MAHRTEES PHERLEPOEKTOPHOTR hi PFORREL bES a2858udPdanf
practical syst amdui=Dish Ngai (bé hdepeesed! | Opehéabnphéseelbskihg hpsovi ded -
a receiver for .nmodul ated o tié:%é i nalg including a,nultipori. optical

O (4

fibre coupler g?%%ﬂ] SRS Yo i tt o??qg*rﬁﬁi%hd?%bcﬁnﬁhﬁgtgasbptLcal
si gnal s aBe apphask arsspansacimethe nppt i palk t feédbhck hlaopocaMopeoikkat or
opti cal signal : ' , e quepgy he
nodul at ed opti ctgatgslligk;ﬁatlaq%is%%p %Qgeihag?e%}getﬁggéiﬁ% I%ﬁrgggﬁ)f c?ﬁé&coupl er
gi ve separate ARYRR Axgrirhasetdeyiatiereranditheyphasated to the optical

phase differ encg hat i8N 4 ¢ ormebih Bd el | BRSIt x84 IO SPd1b8R. | 08l fact,

oscillator signal, neans for 25 i ndi vidual | y_denodul ati ng t he out put
signals and medi¥ RIRHMIH Y h AR PRt P et BEE pht YPERaPEnSThEVEetm
“nul tiportl'd as dixrsk il e tlefbhaeton, candlwenbaving gtoveagt igteppst and 3
output ports widh ener §MH£$%§OU€Ied frogleach |€$uttgort.%o gl t he 30
out put- ports. JETdtt STTHE ThVERTR TR W/ nd% Bt dies¥t PhRERPt h
reference to thtaccdpaptimpdrrivasgslockedhledp -wil . ndt i beust rabestan
optiical receiV%ﬁuf%hé%iicé¥§¥§éﬂé . modul ated anplitude shift keyed signals
enploying a 3 x 3 fibre optic coupler,

According to the present invention there is

i5 prcvided a receiver for modulated optical signals
' including a multipert optical fibre coupler arrangement
to one input port of which the modulatec optical signals
are applied and to another input port of which a local
oscillator optical signal of substantially the same
20 optical frequency as the modulated optical signal is
applied whereby the output ports of the coupler give
separate output signals that are differentially related
to the optical phase difference between the modulated
input signal and the local oscillator signal, means for
(L 25 individually demodulating the output signals and means
for combining the demodulated output signals.
' The term "multiport" as used herein defines a
coupler having at least 3 input and 3 output ports with
~energy being coupled from each input port to all the
30 output ports.

Embodiments of the invention will now be
described with reference to the accompanying drawings, in
which:-

Fig. 1 illustrates an optical receiver for

35 digitally modulated amplitude shift keyed signals
employing a 3 x 3 fibre optic coupler,



3- Fi g- 2 illustrates an optical receiver for digitally nodul ated

litude shift keyed signals enploying a 4 X 4 fibre opti.c coupler matrix,

3 illustrates an alternative arrang $ent to 5 that shown in Fig. 2

bt ai ni ng quadr ature channel outputs fromthe 4 x ‘4 coupler matrix, -

i | lustrates aFigptiZadllleneiaters faos osbgiéail:ye@@ﬂuéﬁt £6r '“'\:'
S

fefenti agl‘%lgggge %@dﬁla&%ﬁe%ﬁlﬁ Ald rﬁ%wl%&S II bre optic

oupl/er, '8 G8nodul at or for
n the EBRAPYANTIoR H & 44f14hﬁfet PG FrRRPES !smtmmx: n Fig. 1 the

inconing digitally nmpdyl, ataeqlqmgtcxfﬂte%ff&ﬂt&weﬁméiv&eyﬁﬁaﬁéeﬁe#&) 8' gnal
IS cougled | fibre 15 optic coup

t t
optica Iocﬁﬂ gs@SPV d gpéhaﬁ<ﬁ°§nﬂ£ﬁ%ﬂﬂ%%ﬂI€P§¢%F%%§% 6@%?@&1 frequency

as the nodubatpdtsi gma:lm (thhe4d|:a‘ fercamé‘xraﬁw being defined as is
coupled into a secon ii nplit d;ﬂrt of .the offset coupler. The third input

port is not used. A Wﬁﬁﬁﬂﬁﬁ ?ﬁﬁtﬁﬁ%ﬁfﬁﬁra L fusing
t oget her thdeglsamgyemmd@eamptdl,cdlﬁﬁdreaﬁclﬂw tpieEPUni g keyed] ust the

coupling ung&énggtsl ggb%\g%%% faec_ls g‘? f%ﬂ{éj%eptfz}cbre I S equal ‘If%adl stributed

at the three thi's It
provi dé8 a phase SthﬂgG 2511l@ﬁt£a3eﬂu§\d§&axfﬁanéwdﬁmmﬁmxnmsrfﬁmropt|caI

power appl i gdet 9naR¥eORe celRig 'Ehlgqgorqperty is a function of the symmetry
of the device, and sg it_Is stable and robust. Wwen two unmodul ated waves

of mean power P 30 IBn@hPLATIRSTSMSRt SNAWR g Rie thridee i impeenimes, the,
intensity nagdyieaedyshnoBalatai prildaneanmpiliiuice aiit keyea W

(A.S.K.) signal is coupled into one port of a 3 x 3 fibre
15 optic coupler 10. An optical local oscillator signal of
substantially the same optical frequency as the nodulated

signal (the difference frequency being defined as
‘offset
coupler. The third input port is not used. A 3 x 3

) is coupled into a second input port of the

2C coupler is made by twisting and fusing together three
single'node optical fibres, and then pulling tc adjust
the coupling until optical power fed to one input fibre
is equally distributed at the three outputs .. A property
of this type of coupler is that it provides a phase shift
25 o‘ 120° between the three cutputs for optical power :
applled to any one input. This property is a function of ~
the symmetry of the device, and so it is stable and |
robust. '
| When two unmodulated waves of mean power P51g
30 and PLO are input to two of the three input arms, the

intensity modulated signals at the three outputs are

[%L/ PSig Pro ©os (zTrfoffset)
! l | . o
!§’ /psig Pro cos (2TWE ... + 120°)
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5 " i.e. three si'gnals at the difference frequency foffset nutually phaséd
at intervals of 1200. |If now Psig is anplitude nodulated (ASK) with a

si gnal of bandw dth B, each of 't hese outpytg-yﬁll be nodul ated (sanpled){b
the data signal. Wth foffset greater than'B, the 10 output of each pqrt
woul d" be a het erodyne | F ASK signal requiring bandwi dth greater than 2B.
However, using the coupj ey r cy can pe,s8PywWithin B and the
signal can still be regévéreﬁﬁgasLQf%?éngarﬁg°%§%¢hiﬁeé§§ th foffset set
to some | ow frequency (o2 the 15 order of B/10) the output from one
channel woul d appear as a sanpled data signal as shown in figure 2. This
has the di sadvantage of varying in anplitu and sign,- and_of _goi ng through
zero tw &e eve‘r'frpgi'}}’ifcﬁ sﬁ%@%ﬁ%ra,t 'ni??l %ﬁgﬁﬁﬁ?gcﬁu?ﬁ%ﬁmﬁnﬁﬁagedfabt1200,
three sanpl es mftweacty Ahasémhist bintereabsabfabbe®. of Idhhok B érgmre t han.
one can be zer,0 at y time. lf.the.t e. 0y t pL.Qp .

conbi ned, the%ﬁﬂ%ﬁéiR%QéFTﬁgéﬁé?gﬁ tgégflcg%?%i%gg§8?g?e§?i%é aggﬁﬁhto
Fig. 1, the tIB,eceah puf sthdse heutpups ewi hi ebéecrodulatedvidanples) by

phot odet ectorg,11 as e r ngi onal L {1 ' he ree

phot odet ect or %c})luét ;a)du%ésacasrleé%gl [ g@dp%/lg -%-%ﬁf%?éﬁg?égﬁégﬁ%}ﬁgﬂdgf eé?gr_s 12a- 12c
and the ndsul toukput grhl sach eeexktmeauld Poram hateargryral IBuPLBE: siPgAdl .
Recei ver bandwdi; FelivetanSaon! yrédt &bt taR02B, Or g8kevekhaisBnghenee
Pl NFET baseband Todul €s can_be used. The offset_frequency. is i nt.ai ned at
a positive V%HQR?R*ﬁSI%RFt?éﬁs?ﬁeféﬁ%F?FFﬁrcéﬂapﬁssﬁﬁywbghAE ggﬁﬁpe&.elf DC
coypli ng coul dsihLmtyeskiipfbeetecovbtedange poHslt nue Badenpgatined.

t hrough zero frequency 35 ith no pepalty, The of uencgy Comes
uncritical because thelﬁhﬁﬁe¥$ﬂﬁsetsgﬁgltg 3?5 gaéq%ggéu%hggrﬁgfiéﬁgfor
denodul atizon, carikef refjuBNLY) stlabi busptt ofirom one channel would appear

as a sarppled data signal as shown in figure 2. This has

the disadvantage of varying in amplitd&e'and sign, and of
going thfough zero twice every period. However, with
channels mutually phased at 1200, three samples of each
20 data bit are available, of which no more than one can be
zero at any time. If the three outputs are appropriately
combined, the data can be reconstructed.
Accordingly referring again to Fig. 1, the three
_ outputs of the coupler.are fed to individual
25 photodetectors lla-llc. After conventional amplification
the three photodetector outputs are applied to individual
envelope detectors l2a-l12c and the resulting signals are
summed to form the digital output signal.
Receiver bandwidth required is only slightly
30 greater than B, hence PINFET baseband modules can be
used. The offset frequency is maintained at a positive
value only so that the amplifier chains may be AC
coupled. If DC coupling could be employed, foffset
could range positive and negative through zero frequency
35 with no penalty. The offset frequency becomes uncritical
because the three phase samples give adequate information
for demodulation, and frequency stabilisation



nts for the LO |l aser are greatly reduced. These Significant

advanka are not gained free, but at the expense of receiver sensitivity.
An N1 f(quadr ature) phase insensitive receiver mould have the sanme 5
sens\ti'Wity as a heterodyne receiver (3-dB penalty). Inthis systemtherg

th I f the_non-ideal phase characteristics »
g? ?he g xe%éa) ﬁj ég?ﬂé%&cﬁ%%éég g?s?ﬁegﬁepgﬁﬁﬁgﬁgsre nggbtaiﬁ§s§ q%ﬁ
robust, pra(ﬁliqmif:mﬂrretr advaytages thee votygaeégedr éseé) bubaaebahe receiver
nodul es. ‘3%15%5$?VQPUPé§§1@ﬁ$Pt qu A?pgﬁg S?%h%d%gq id ntica
proces ing pat or

si gnal expect ed senstfivi eFrof rate
(BER) of 10Ph Qﬁﬁi%ﬂﬁ%ﬂﬁﬁﬁﬂ%ﬁ)%EF¢%YQI-WQUEQ EﬁV€|Qhe+Saﬂe PLO 3

hc tAS \2 derfiQRiAN &L a hélero%?ﬁ@rrgggﬁng kBBdB pe§¥§%@ﬁ‘noﬁ§e

bandw dt h af er ecualisation Q ud rate
anplifier g SERT there 1s a further 1 8 dB penalty because of 2

K density a&h@uﬂdﬁkﬂdﬂﬁxwpﬁdkéiﬁﬁafacteﬁﬁbecégfafCtEEaBQQ : d?tggtor
doed of 11 GHTEs = Bt SRR there Perplbiet ccobrsophei Rac
osci |l I at or @E@Wsﬁ4yp§aQEnqﬁaunqhexbmw ayéasnrtHSttbﬁlyreqqemﬁysof which is
controlleed @&é@band receiver modules.
With an ideal 3 x 3 coupler WIuh equal power
Spllt and identical signal processing paths, the expected T
sensitivity for a bit error rate (BEK) of 10 -2 can be S‘/
shown tc be

‘b
n

e - 2
Pgig = ¢ Q2 Bn_(iza + 2 i

" 2 Po
20 o '

6 for BEkK = 16

System noise banaw1dth after

PLO)'

\O

where Q

n
eCuGl sation 0.5 Baud rate, Hz

i = Equivalent amplifier noise spectral
25 a 2 </
density at photodetector (A“/Hz)
e = electronic charge
N\ = detector quantum efficiency
A = optical wavelength
h = Planck's constant
30 c = Speed of light _
PLO = Total LO power to three photodetectors
i
| | . |
- The local oscillator (LO) signal is generated by i
a laser 13 the frequency of which is controlled by =
35 ' '

feedback loop. One of the photodetector channels feeds a
filter 14 and a frequency discriminator 15. The
discriminator is adjusted to set the laser to the offset
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f eedback Ioop.,Ché of the photodetector channels feeds a filter 14 and a
frequency discrimnator 15. :The discrimnator is adjusted to set the |ast
$0 the offset . -6- frequency required. _Agtgnperature conpensation cont |
16 &g included to ensure receiver stability.” A polarisation adjuster 17fis} (-
aligg i ncl udedf¥eIRRRCY| BPEuEBAflect RoRCMPENPLNE S SOBPENStAOICAPIItECL The

anbﬂrt of 5 ttsfiQQF§B£Md§&f&eteh??!érQdcbﬁgbﬁiskagilskgﬂa|AtO allfr/AC
coupling in the anplifiers_i.s.s e.q. i.ch Is ry s

conpared to t?@}%g¥f%gf°?r§ﬂagﬁgaF £7régeF38? FBFT§§Rg395n§ . Gég% a nore
conpl ex coupleonséctiionr £xom phevidseguadr aher eocpaenel sTher amount of
denodul ati on } i | ' coupler, structur 0,us four, 2x2
couplergéto f%?%ﬁgeﬁgﬁ'QggﬁggrgﬁﬁPngé_?ﬁekﬁgKirﬁﬁu%gﬁgagpﬁgigglf% gﬁg

i nput port ofcewplimguincthel ampihfiens LsOsmsildnak.ge 2R¥Happwbpchatis

i nput port ofydbe ghhel LBRAHLreQUPLECEtne TR ber ' t ports 2.5 are
not used. TH% ?%ur out put %pfts greecgupﬁégbtg F%%gykgggl Pl NFET recei ver
nmodul es 21a-21d. The B| 8eEeivar 80FpAfE FignalReushbIr acB¥er CRB@IISXs

(21a,” 21b andcaﬁﬁleﬁlstfeéaagéiuelp}oeeaeeghﬁdrheueecahaahblgff@&tput ports
of one output_coupler are then subtracted g ' gge from anot her %22a, 22b)
al-a

to proviHe tWETRAMAELPR thafReYR 1Br Fd8no BnCOYRIETAFLINGENERL Wi |
bal ance out a2y weés chbut. Ox2nebeplefbetbwioghaanak4sicenplerr aaraediant i ng

I n- phase and gu ure information are then comhined,.e.qg. by squaring and
adding the si i ASk SLSeyE ' 06 "BopPled 5 0B TREENCBPEseo8, ot 1REL
AlNLer nat i vel ycouplex fgndgthadladdi agghad goadhet eppropgnalte winputppovitde
slightly bett Sehsidiyjt % i ve p d n ri on the
out put . A modi T o e D PR, POMbEed. T pRERe s FRENdRphe bR

15 are not used. The four output ports are coupled to

inéividual PINFET receiver modules 2la-2ld. The
electrical outputs from the two receiver modules (Zla,
21b and 21c, 214 respectively) connected to each pair of
output ports of one outpu£ coupler are then subtracted
20 one from another (22a, 22b) to provide two gquadrature
channels for demodulation. This arrangement will balance
out any optical L.O. noise. The two channel signals
representing in-phase and quadraturé information are then
compined, e.g. by squaring and adding the signals (23) to
- 25 give a phase insensitive output. Alternatively,
' rectifying and addiﬁg the quadrature signals will provide
slightly better sensitivity but would give a phase
. dependent ripple on the output.
A modification to the arrangement of Fig. 2 is
30 to use two balanced optical receivers as shown in Fig. 3
in place of the two pairs of receivers of Fig. 2. This
would have a sensitivity nearly equal to that of a
heterodyne receiver and require a minimum number of
electrical components. o
35 For differential phase shift keyed (DPSK) _
signals the arrangements of Fig. 4 can be utilised. The
digitally modulated optical signal is applied to one



to use two bal anced optical receivers as shown in Fig. 3in place of
pairs of receivers of Fig. 2. This would have a sensitivity nearly
.tlo that of a heterodyne receiver and requite a n1n|nun1nunber of
_ rlcal conponents. 35 . For-df fTerenti al phase shift keyed g
PSK)/ si gnakig hhepa,&rtawemem Qfodiﬂgar44®86hd3€twé|1.16€d51§'ﬂ31di§|ta'|y A
at ed optlcil g 5;5’81% Q@b [;O) orI of a 3x3 coupler e
40 and the L2FP §ie§ e |aslfs é’d’rtto' a eCotrTH"’f) r®° tl'h’estW?Yduﬁf)‘?t i s not
used. The ouffhet ositpual € ignalisnding cilmd:l\yldimm edie’(dd‘aedll(;t}laﬂdlaurpl i fied.
Each signal t oy dugl . | &t o4 d the three
denodul at ed E?Sngﬁglérgg \séum"re C?‘%l oK S gneq?s woul. nor 1y be
denodul &t ed demhdudrsednd 4Zanilds) @ndithetthresl derodubatedcyigh&)sgr eat er
than the bit jrat gunbadn (230N | bk YLk vwédm:q%ﬁhsu MEeCycl es of the

I nternmedi ate 10 frequency, and by using a sinple depodul ator of the type
shown in Fi gdel‘}otiﬁéaFchérsr h?rt%ﬁ° e FEndts 3t 1apelpboirrediate as a

ref erence fOErbH&eﬂ&@‘Ddlﬂmt igrieatfer Rhairtrentvdt tratdhe shenabatn be
denodul ated | s Egl gé K.adrect path to a lier 5 and via a
Bt

ti
one bit 15 rgPaliad CoR A series Ot THhe (hterpatiats
" strea-; l@ppeareqatantbre rRamict i |mr@1tqnm1mplﬁemts@dtdbam@lnlaflonetaype pl ace

against a "r nge' c@n S S an there is

a penalty of gfégcﬁg %‘?«dg%? %aitggg vqm%tﬁé%s% al gh ot?hv\é;r%i%é%“% iagwha)fl>Cﬁ QS '
however, derr&ndgsaddem@ulr@t@fqa%efqrocﬂm demedisl ateheh n@gf ctireier. Wth ..
DPSK, Carri ep,kogkkn;ics n%&%q%%m%owa&%&uméeét{@agbﬁ%chwsver W/

be coded so that a 1 is transmttied by shifting the phase of e carrier by
rradi ans rel &t £¥8eFs PRENCHS ifePYttad {&F tHer P4 pY’e%%u%nﬁl ®Piperiod and

as 0 by1so ppageoahickllakelsat itée the multipXer 51. The demodulated

it stream appears at the ﬁultloller outputt. Because

democulation takes place against a "reference" as

contaminated with noise as is the signal, there is

g oM

penalty of some 1 dB compared with straightforward PSK,

20 which, however, demands a demodulator phase locked to the
sending carrier. With DPSK, carrier lccking is not
necéssary. The input bit stream must however be codeé so
that a 1 is transmitted by shifting the phase of the
carrier by W radians relative to the carrier phase in the

25 previous bit period and as O by no phase shift relative W,
to the previous bit period, or by some eguivalent
strategqgy. '

With the 3x3 "Homodyne" system of Fig. 4 each

bit periocd will contain only a small fraction of an IF

30 cycle, the IF being typically one fiftieth of the bit
rate. However, delay line demodulators as shown in Fig.
5 can be incorporated in each of the three channels and
three partial data signals will then be recovered at the
channel outputs. It can be shown that the summation of

35 these three partial data streams gives an output which is
the desired demodulated data stream.



‘o t i i i i ' Wth the 3x3
; he previous bit period, or by some equivalent strategy.

Eﬁbhndyge" sys?enmoPpFig” 4 each bit period will contain only a snallh
fraction of an IF 30 cycle, the IF being t%plcally one fiftieth of the

| i ~shiown in Fig.” 5 can be
e- However, delay |line denodul ators as shown in _ _
'rﬁ;ajporat ed Eﬁﬂﬂ\;'of the three channels and three partial data signa

hown that the
i1l then be necovered zt éé’@i‘;&arﬂfg PQ#& can be s
2Lnnat|on of 35 .these tﬁ?ee partia lp't%rea Eﬂ%%g $HIBEBUt which is
the desired déRSdH 3 AL kRmopticagl awws:eu;uer arrakgemest ver

for nodul at ed tepioneali npgngcrd o W ieh apg!l ﬁdéﬁéecro éﬁ@lja‘faisb%ﬁ%ﬁé’f | er

he no
arrangenent t n RUt; ROr of which t
are apered a% e %p§ﬁ0t eFQ#1 fR aRathes inpuh et wisich | at becapt i ca

ed opt i cal
e batr e s d i AL
e ol SPE at arfg%u%g 3151%/) Hosuladed) (PPt iqrk rﬁalgmtlclas phase

tput signals't
S:Jf 1|‘Oer encg bePREéheﬂhUhm'sblyattb@ mp@mtsmﬁajs JH tie dAfle0s§iJd at or

s Conbl B no: Lhe T Ae oo Bet SAGREIR e e h%l%e@“etnti' na'e.sq%?adteéggﬁ. g
enoadu
Igrcfgrgéglaﬁgéeghetﬁgt“caéoebﬁéﬁ ﬁsfée3ﬁ&ceohmum9en-the mod A &gl ver

accordi ng to thaut 2ighenreknqt lagedqgng %%'c’l@.l@?;%%s s(i% r| SeS an cer{We| ope

glefaue(r:nt Ilo\r/]\hgfgil]r?d%%’ec‘iﬁftfyogﬁgf’gl‘lia ipgr kbe PusPUA pllglnalllst yanra}f nbeihs:oupl ers

ar¥dnged to pfevicdenainidgmehei denadlbbedMButputOWiBHES <.
2, A receiver according to claim 1 wherein the

ik courler is a 3x3 coupler.
3. A receiver according to claim 2 wherein the
democdulating means comprises an envelope detection means
for each output signal.
4, A receiver according to claim 1 wherein the

20 coupler is formed from a Plurality of 2x2 couplers
arranged to provide a 4x4 matrix and the matrix outputs
are combined in pairs to give two channels in which the

~ output éignals are in'quadrature phase relationship, the
receiver further including means for demodulating and
U .45 combining the quadrature signals. .

5. A receiver according to claim 2 wherein the
demodulating means for each output signal comprlses a
direct path to which the output signal is applied, a
delay means to which the output signal is applied, séid

30 means having a delay equal to one bit period of a
digitally modulated input signal, and means for
multiplying the delayed signal by the direct path signal.
6. A receiver according to any Preceding claim
wherein the local oscillator signal is generated by a

35 laser under control of a feedback signal derived from one

- of the couplerloutputs.

* c L M 1 *



are_conbined in.pairs to give two channels in which the output S| gnalls are
i n/quadhat ure phase rel ationship, the receiver further incl-uding neans for
H@N
rd

ali'ng and 25 - conbining the quadrature signals. 5. . Areceiver g
‘to claim2 wherein the denodul-at®? my means for each output signal. .-
a girect paph fdeediRied) ddordiiniiesi ddimi 5 Wetéed, tRedel ay A
s to/ which the output signal is applied, satd 30 nmeans having a del ay*”
onelBFRIpESCId1GEOF i IRt R LT hptieIrgAsY , ©AR8Skeans

for multiplyifpomt kheddpryied Isifyrajudneyt ef diie€cho@al fited gopgnab, saia A

recei ver accqQrding to a recedi ng .cl al mwherein the.l ocal osci]|ator

signal is gé%é?gf"g&cgyo?é ¢ eéls‘?ég luens ertl?:%rhtfkb? %?’n%wi‘églab%ik{éiagnal '

deri ved & r onmodalet ithme applplest tutthe sreddilvdd 1dptiilddl 1s1gdd411111111111 *

C L M S * dulat rgﬁ.ﬁ' ding to claim1l
wherein the Pc')cal osc_ﬁ Irg?:c??{?sﬁrg_nfa? has ua.na oésdt ica ?ﬁqﬁiﬁég%ffset from

the optical Pubgtentyadln & ARRATKRAA Hifinl TeSerence requBhgy &f PEet being
less than thejbandy dihla of dheri%ys. MAUARLS W apd | fcbdmpd hpihgeel ved

optical signal. 8 - A recei'ver for nodul ated optical signals

substanti al | $¥8¥1i@8&cribed with reference to Fig. 1 or Figs. 2 and 3 or
Figs. 4;and 5 of the acconpanyi ng draw ngs. 10 :
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