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cotiflofEhhaded@uency shift keying (CPFSK). In particular, RZ-DPSK has shown
promising performance in transmission due to a 3 dB reduction in optical signal to noise
ratio (OSNR) requirement and more robustness to cross-phase modulation (XPM).

However, in particular for high speed and high spectral efficiency wavelength
division multiplexing (WDM) systems, the limited dispersion tolerance, as well as the
limited robustness against an inter-symbol-interference (ISl) effect arising from tight
optical filtering, still remain as disadvantages of RZ-DPSK as a modulation format.

A need therefore exists to provide a modulation format and technique which seek
to address at least one of the above mentioned disadvantages.
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In accordance with a second aspect of the present invention there is provided
a method of pre-coding an input data stream for generation of an optical MSK
modulated signal, the method comprising coding the input data stream utilising an
exclusive-OR (EXOR) gate; separating the coded data stream into an even bits
sequence and an odd bits sequence; and applying a substantially 1-bit delay to the
even bits sequence.

In accordance with a third aspect of the present invention there is provided a
method of decoding an optical MSK modulated signal, the method comprising
inputting the optical MSK modulated signal into a substantially 1-bit delay
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The second optical signal may be approximated as a substantially dual mode
optical field.

The respective bit sequences may comprise pre-coded bit sequences
generated from an input data stream, and the structure further comprises an
exclusive-OR (EXOR) gate for pre-coding the input data stream; a seperator for
separating the pre-coded data stream into an even bits sequence and an odd bits
sequence; a further delay element for applying a substantially 1-bit delay fo the even
bits sequence; and wherein the phase modulation in the first and second arms is
applied according to the even bits and odd bits sequences respectively.

In accordance with a fifth aspect of the present invention there is provided an
encoder structure for pre-coding an input data stream for generation of an optical
MSK modulated signal, the structure comprising an exclusive-OR (EXOR) gate for
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Enbodi nents of the invention will be better understood
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art fromthe followng witten description, by way of
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Fig. 1(a) shows the configuration of a high-speed optical minimum shift keying
(MSK) transmitter 100.

Fig. 1(b) shows an encoder structure.

Fig. 2 (a) shows a receiver configuration for optical MSK detection.

Fig. 2 (b) shows another receiver configuration for optical MSK detection.

Fig. 2 (c) shows details of the balanced receiver in the receiver configurations in
Figs. 2(a) and (b).

Fig. 3 shows the bit stream illustrations for the optical MSK generation and
detection.

Fig. 4(a) shows the optical spectrum of the optical MSK signal and the spectrum
of the RZ-DPSK signal.



Fig. 2 (c) shows details of the bal anced receiver in

the receiver configurations in Figs. 2(a) and (b).
WO-2@s/0883hows the bit streamillustrati ons forP€TeG2006/000023

optical MSK generation and detection. Fig. 4(a) shows

the optical spectrumof the optical MSK signal and the

spectrum of the RZ-DPSK sigfal.Fig. 4(b) and (c) show

the spectra and eye patterns fromthe two output ports

of giglaly) tan&i ?d) @Mow meesfpfegtrr@aﬁi &fe Jiﬁféﬁ%qidm/@wb)tw@ﬁu’@ut ports of a

receiver for the optic ed Si I
1- %W%waﬂeﬁurmertrﬁ%p% Qf@rreE%J‘rﬁ?r L%PPWQQ@'%’EB%W?% signal
(THis @6y dalldofbr thﬂqbcélvw&ohﬁgmditbnraswiowﬁ fin Gigurei 0@ . aldtarue if the
nf| Fig. 5 shows the

redeiyel Py BoR SO d B I S ureti o of

resiFijiad stowpeahesisimulbiad eEmppenisg pebaltywesra titrectiopt of crsidual

. VBK - DPS 0 )
skt o Spepisencheiteh e S Rttt TR Ul oty and
R@@@M(ﬁg%amnecyblemﬁlrﬂnats of fiber Iaunching power for

Cyc ' a%%w‘é%%yéﬁe%b&ﬁgﬁ%é Ity ¢ ng[?ﬁr%ﬁ'gﬁ%g?{zggggfnchmg
p°%°m qompadsny 'Det("%fedwemivab SKi RZeRSHy 58k elubocyd® and RZ-

:g &2 g{le)tfgﬁnéiégher order side nodes, when the
vent | ulse train i s used for si nusoj d

we digt i) ishowpthe am'rn\,@@qumcg shift kayjnad KGO it SXR eﬂﬁe of the
hldl‘fef Sﬂ)‘é?QIGM niddied twitedth@ @dnvehfishaR SR GsettEM is'TREe for sinusoidal
tical signal is used for sinusoidal weighting in

ingdn o M$Kgs. 8 (a)-(c) show the resultant eye
pat tFey. 1B (1t shewbaharteeg (fr@cﬁlﬁnktﬁ%hiftkéying) tékayan ideal dual mode

terf t d.1- del

onkifl Slenel o el e feberd P agu ety of o

r eceHigee (h)efe) sHoay mptresmlbnﬂ\@lé patteuns &t adakingedhteceiwbien-bit delay
PR SAERS) 1 SRE R MG lr S35 B8  reapepion o
regeives fortbe abiﬁo,al MSKambdulated signalf wher ttercoinvesttionali @8R pfilse train

dut I df

s B pbndiefEptba Bk 07 T 211 o hart

100Gig. |9 skawsathiengpwer rasnaliiasfa fyaelionzafi spgotsal afniensyfor optical
M% %uﬂﬁf‘oﬁﬁﬁ qso%eautwa,c@y% BoREloteosd @rpbycrgeor di ng

Fig. 10 shows a flowchart 1000 illustrating a method of generating an optical
minimum shift keying (MSK) modulated signal according to the example
embodiment.

Fig. 11 shows a flowchart 1100 illustrating a method of encoding an input
data stream for generation of an optical MSK modulated signal according to the
example embodiment.

Fig. 12 shows a flowchart 1200 illustrating a method of decoding an optical
MSK modulated signal, according to the example embodiment.

DETAILED DESCRIPTION

Fig. 1(a) shows the configuration of a high-speed optical minimum shift keying
(MSK) transmitter 100 in the example embodiment. A first Mach-Zehnder modulator 102
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according to the exanple enbodinment. Fig. 12 shows a
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A data stream, in the configuration shown in Fig. 1(b) from a pseudo-random
binary sequence (PRBS) source 124, is first pre-coded using an exclusive-OR (EXOR)
gate 126, including a 1 bit duration feedback loop 127, and is then separated by a 1:2
electrical demultiplexer 128 (functioning as a serial to parallel converter) to form the
even bits and odd bits sequences 120, 122 for driving MZM3 116 and MZM2 114 (see
Fig. 1(a)) respectively. Before the even bits sequence 120 is used to modulate MZM2
114, it is delayed by a 1-bit duration (At=Ty), in order to synchronize with the CS-RZ
pulses in the arm 108, indicated at numeral 130 in Fig. 1(a).



If an exact 1-bit-delay can not be achieved in the arm
108, e.g. due to fabrication and process accuracy
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bit stream 3 of the data

31gfa¢ ¢he resaiveregnfi gtgp@onfz%)o( 2% (qqejﬁg 2), ’ﬁwe de?ec?edc &gneﬂ %12 being

identical to the original data stream 300.

Returning now to Fig. 1(a), the CS-RZ pulse train from the modulator MZM1 102
output can be approximated by a dual mode optical field

- z B
E(t)— {ejCZIr(fo+B/4)t+ej27r(fo 3/4)1} E, ejZl!fo cos : ; 1)



1(b)), whereas "C' illustrates the denultipl exed odd
bits sequence 304 after the 1:2 electrical
waeleowalosispd exer 128 (see Fig. 1(b)). "D' ill ustPprer/e62006r@00023
demul ti pl exed even bits sequence 306 with one bit
delay after the 1:2 electrical demultiplexer 128 (see
Fig. 1(b)). "E" shows the phase 308 and frequency 310
of the transmtted optical MSK signal output fromthe

NBKNHQ’QLH% A Me JiRal éﬁﬁerFﬁ&xueﬂ&ya)a)md E i83hé Yopticdr field amplltude

I lustrates the detected signal 312 at the receiv
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300. Returning nowto Fig. 1(a), the CS-RZ pulse train

fromthe nodul ator MZML 102 out put can be approxi mat ed
by ?lihéHJtHe Ulll)-ﬂen@cm 'palaé tiairelsdinfiftt intocthe- MSK Linuthdater 1106 iand is

se;?qrgqeg IH‘E {vf?gérrrﬁsg 28“@{‘[@3 r%”l%g]f&xl% ﬁetsgb‘je l%efﬁg%@ one bit
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de@ﬂbelﬁﬁﬂt‘r{) rofp ?Iixen% ?QI%W gzgi rlrégrré‘u Saond%? Faaé&] PEQ Bit %)%yn%ﬁllomze

the pudses, assdescphead abuve. THmeopVSﬁ( firedldhd tl'@tawm 1083&anre expressed as
separated into the two arns 108, 110. In the arm 108,
the pul ses are del ayed one bit [At—l\/B) and phase
nodul ated by the even sequen Wit daa it/ 5y at e
B/ 2), V\IhlE;,};'(fh:F seliT Ie@@éL e briginal data

stream and are grl so del ayed 0 synchroni ze the

pul ses, as desc i bed above. |caI filed of the
arm 108 can be ézééedz"dg" p})aff) v{7( 2) where )
Tb=1/B is bit @rtlon and a taeven | Vp is the

bit value(s) and is 1 or O within the bit duration.
The optical field of the arm 110 can be expressed as
(3) whber B=fi/H is utmrationadlﬂdea,ph@ﬂaesem I tisdinelbitivalge(shand is 1 or
resi dual phase. _In Equ. (2), fO is nmuch |arger than B,
0 withirf th,egrtﬂuratlmvva\%mﬂc@ i é'd@éweeﬁiﬁ‘rggscaQ beSrEESAY
where Nis a large integer and 0O< <2p. If f is
adjusted to nmake such that the two arns 108, 110 have

hal f phlase fere $;-AEnil ongd abg,yo, afteB \ jza,0
coﬁmﬁi Tt égo}ete?’cca?l‘f“ijzds of tﬁ L g, , 119,
t he outp of the MS | at or 106 ecomss (4)

where ¢ is the tunable phase shift and & is the residual phase. In Equ. (2), fo is

much larger than B, so f/B>>1. However, one can express 2afy/B=2Nn+¢J , where Nis a

large integer and 0<& <2x. If ¢ is adjusted to make &-¢=n/2 such that the two arms

108, 110 have half = phase difference, as mentioned above, after combining the optical
fields of the two arms 108, 110, the output of the MSK modulator 106 becomes

O=3 L g orrmsigni2 ol 28 ) pinacatiny L g pr2mit o ZB | jrau
oul 2 2 in 2

(4)

where f, is the optical carrier frequency, E;, is the optical field amplitude, and aqq



where fO is the optical carrier frequency, Eln is the
optical field anplitude, and aoddand aeven are the bit

wo 200608382k or O within their bit durations, PCT/SG2006/000023
corresponding to the odd bits and even bits sequences
122, 120 respectively. The real part of the optical
field Eout (t) gives which s the sane as the
mat hemat i cal expression of a MSK signal in digital

aniQe;ﬂ:,néﬂé ﬁ’n@tﬂlt%}ue@f‘&‘ FRRAIA gweﬁ%ﬁ(du?atl%é tcbbrespon&lng té-fhe-odd bits

an al so be expressed as where the plus or ninus
PP Rilsseaugnsasi 22, ézgé%ﬁPFFt}VEIé(nd aeven(t-Th) having the
S anghOfeaPPaPsi the optical fishd BSSHWive8i n the tine interval
KTbh t (k+1)Tb respectively, where k. s_an intege 5B
Equ (6 sHavsek ?@Emi’hﬁ\} Eﬁ&cakr VEK s +9§ma:bs(hfaﬁt)&)st——tlc/zos(ﬂ (1))

const'ant arfpl it ude sl

an

ts phase cHangés continu
and linearly within the time interval kTb t (k+1)Tb ®)

Wit BhnSs Qipée sérﬁé | Rlhe r}nﬁherﬁé‘tﬁél Bidreddich 6 FSR I’elgnal E digital

i nstant e. , as shown in curve 308 in Fig.
COmmUQICQﬂ'%‘pe variation corresponds to a frequency Shl ft

keyicafs I?%Lh‘a?,éfgéﬁ EyRaLT GEdY. 1) thn Qlso bBRxpreSSHeRCY

nodul at he same pattern as the original

data 300 bef f [ [ p0| nt Ain
Fig. 1#)® éxpEJ hﬂ'aga %Baa E 799””’@9; o}}
correspond td a y°s |ftc°sc§flr gy B/ 4, (6)

respectivel yg, so Eqizl.B 3 can be al so expressed as

Eoul (t) =B SRt P9 - O 5] Bt)ej 2pf o / 2. In

the MSK receiver 200, as shown in Fig. 2 (a),

out pieref henplusher otimist $ige CPIesPoDA tQ)ﬁodt(Hea"{gl aeze@(ﬁdafﬂﬁvw the

sal&%%rr %B;ﬁf‘sqe Bit vPIués Within RS ﬁlté?’&b?'k %%ZISJ#F% N{c%pigcgwely, where k

arge i nteger and
is anlintegeed to make d -f = 2 such that the two arnms 108,
110 have half p phasedifference, as nentioned above,
and droeflng t he high freiﬁency OFtlca| carrier ter
Equ Equ7y )tﬁé‘@ﬂﬁé@atﬂ%pp(@' SK gigngl Bps 3 constagt %(nP"tudP t?"d its

ph)ase Qha'i}geg%ntm-ﬁoasly and linearly within the time interval kT,<'t <(k+1)T, with a
slope variation at each bit transmission instant e.g. 314, as shown in curve 308 in Fig. 3
“E”. This slope variation corresponds to a frequency shift keying, and the bit pattern b(t)
of the frequency modulation 310 has the same pattern as the original data 300 before

differential encoding at point A in Fig. 1(b). Within kT, <t<(k+1I,, b=1 or O
correspond to a frequency shift of B/4 or —B/4, respectively, so Equ. (3) can be also
expressed as E_,(t)=E,, exp(j[b(t)—O.S]ﬂBt)eﬂ”f°’ /2 . In the MSK receiver 200, as

shown in Fig. 2 (a), the output from the constructive port of the DI 202 can be expressed
as
Epoer () = Ein [ jby-oshmr |, ilbe-1,)-0.5lB—T3)+jg-r2hT }efzrfor (7)
ec 4

Express again 2afyB=2Nz+5 , where N is a large integer and 0<6 <2z. If ¢ is
adjusted to make &-¢=n/2 such that the two arms 108, 110 have half = phase



) j pl 2J g By substituting "0" or "1" into b(t) and
b(t-Tb) , Equ. (8) shows that the denodul ated bit

W@ 20004858302 has the sane pattern as the origi neCT/862006/000023
stream 300, as shown in Fig. 3. The above theoretical
derivation assunes the CS-RZ pulse train fromthe
modul ator MZML 102 (Fig. 1(49) is ideal dual node,
where hi gher order side nodes are ignored. This
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I eved using an optical bandpass filter. Driving
Eqmbq@mﬁnh a drive swing | ess than 2Vp can al so
m nimze the higher order side nodes. However, it was
found that the higher order side nodes do not affect
the generati onEIng(t)t_hﬁ ok  MBKIgPgRal)setind rather  (8)
hel ped to achi eve BYetter tol erance agai nst fi ber
di spor suRALaAS! Oonclrl e it ol Cdrl, basrb) SEd@sgr)l Beshvd hat the
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shb@ifFig.s3. nodul ator 102 (MZML) is drlven by a 10 7/ 4
GHz clock signal 104 and outputs a 10.7/2 GHz CS-RzZ
pul se train. The 10.7 Go/s MSK nodul ator 106 is
f abmheaémﬁeu&bm@tiﬁl@dﬂhbﬁmbaswmast thgr @SHRA pudsehireinofigm the

m@é@orﬁ\éﬁ i 3 Ogg@é r ﬁ%\)ﬁ risgid%glr r%o&c—{'\l%e{g g%ger%rgg? §|<§Ee modes are
|g|®esp1hr'l'atserelduaes thet dudy oyt foorh §7%rtd 5@%e andbrarsbe aehirueddyyistng an
opﬁéaﬁ pa]sgzﬁltiéiﬁ)nv% IQZQ]h 10d2 \Qﬁr‘i @ &fve]&vlij %s@ql{]éw b{ gan also

ul ators d 1
mmm@ @eéugher ouster Bigle anagieh ¢ keevsr, Ih\fi@ﬁﬁ%nQVﬁt thmhle*pﬁnogsder side

mtﬁ%@%o@ﬁ% afldle tI%JPQﬁ’érat@cn Bﬁ“ﬁe'\@ﬁcmgkaglél{al 184 teihet helped to

tica gnal ate was use
achiue @ bptiei thlerare? agé'ﬂStlftS’ebf"SP?féloﬂ/BRd 76 CAREH F1ecH: g desdibed

in ﬁ%ﬁ@gé{g[bé@\prrpare 125 in Fig. 1(a) and 258 in Fig.
2(b)), since differential encoding PRBS generated by

pol ynom al gives identical PRBS but with an offset.
Fi g.with Edtérebcd thugye apahtapr &peamentapsdtanl tosgepednstatefexample

5 B e O A g o
angeqpits) oF | @7/24GHy CS-RE mpdd taih. TpedDI7uBbLIASK moduator 106 is
fa ?rﬁ:t %3%’56@-@ Lgﬂ@fb”d InthV a{i%\gﬁe]cla%&e Y. gbxhﬁ??g:j)lg ‘Hgt% ﬁé?grnocr) zero
(N&) tetalfrokbiiesRiRiBE seurca 24 wits o Wcmd\dangthkﬁr?é e]) is lseparated into the
oddPidsGibla VBK it 3BRlencS bPHRBSMEA 2501 RF Rt Uit YalD8 10.7/2 Gbis in

each stream 122, 120. The modulators 114 MZM2 and 116 MZM3 are driven by a
voltage of around 2V,, which is about 9V. The output of the MSK modulator 106 is a 10.7
Gb/s optical MSK signal. No EXOR gate was used in the experimental set-up of the
MSK transmitter and receiver (compare 125 in Fig. 1(a) and 258 in Fig. 2(b)), since
differential encoding PRBS generated by polynomial gives identical PRBS but with an
offset.

Fig. 4 shows the eye patterns and optical spectra of the generated optical MSK
signal, and the optical spectrum for RZ-DPSK is also shown for comparison. As seen in
Fig. 4(a), the optical spectrum 400 of the optical MSK signal is narrower than the



spectral efficiency, |arger dispersion tolerance and

to reduce the crosstal k fromthe nei ghbouring channels
wanwensss2d SI ef fect arising fromtight optical PCT/SG2006/000023

filtering. Fig. 4(b) and (c) show that the outputs

fromthe two output ports of the DI 202 have simlar

optical spectra 406, 408, when the receiver

configuration 200 in Fig. 2(a) is used. The outputs
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show the eye patterns 41
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% or the CS-RZ pul se generation is |ess
RZRB; K?‘Qﬁa Ieadl ng to a reduced intensity in higher
order si de nodes. The eye patterns 410, 412, 414 in
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reckdleni(listy thenrpegives woniifuratios 200asastoeniis figurs Zﬂe)l) vanglnin Fig. 4(b)
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ersion an Téar effects was eval uat ed
mastespEreeeye pdticots 491|0e413rrr}61’r irainig- 4epulit relatively ﬂ@rﬁ?&(#Q% ghpoth the
eygl‘std@\gy@ﬂg&gnﬁ@ér@ formats. Large dispersion tolerance
against potenti al changes in its residual dynanic
di spersion is highly desirable to facilitate a cost

ef f ?ﬁtthélf ?olllobvm@ @eéétgllbdaMnﬁét‘lébﬁflﬁf|tlﬁ§3t::ﬂérlaétbtl§ms between optical
gar i cul ar

ié)aaﬁ dwo @};@g aﬂmcg% Ipllggonr %trnqg’tsoﬁzéb%s%kéo /S d&y cycle) and RZ-

OOK (50% duty cycle) formats is described, using a commercial software,

VPltransmissionmaker. The tolerance against fiber dispersion and nonlinear effects was
evaluated and compared, which are important aspects for comparison of advanced data
formats. Large dispersion tolerance against potential changes in its residual dynamic
dispersion is highly desirable to facilitate a cost effective link design and system
installation, particularly at high line rates of 40 Gbit/s or beyond. Good nonlinearity
tolerance allows signal transmitted over longer distance without introducing significant
impairments.



tol erance allows signal transmtted over | onger
di stance w thout introducing significant
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tol erances of the different data formats, signa
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OQPSK were considered. The first techni que was usi ng

conventional CS-RZ pul ses as shown i i .
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To evaluate the tolerance against fiber nonlinear effect, single channel
transmission. over an 8x80 km transmission link with different data formats was
simulated, again for optical MSK, RZ-DPSK (50% duty cycle) and RZ-OOK (50% duty
cycle). Each span consisted of 80 km SMF and corresponding DCF to make full
dispersion compensation. Two stages erbium doped fiber amplifiers (EDFAs) were used
to compensate for the total fiber loss in each span, and were placed before and after the
DCF. In the simulation, the launch power into the DCF was fixed at -6 dBm, while the



cycl e). Each span consisted of 80 km SMF and
correspondi ng DCF to nmake full dispersion
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Fig. 9 shows a crosstalk comparison between the optical MSK, RZ-DPSK and
RZ-OOK formats. More particularly, Fig. 9 shows the power penalty as a function of
spectral efficiency for optical MSK with conventional CSRZ pulse train (curve 900), for
optical MSK with ideal dual mode (curve 902), for RZ-DPSK (curve 904), and for RZ-
OOK (curve 906). As will be appreciated, a lower power penalty with larger spectral



Fig. 6). It is believed that this negative penalty
m ght be due to the nodulation on the chirp. Fig. 9
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Rz- DPSK and RZ-OOK formats. More particularly, Fig. 9
shows the power penalty as a function of spectral
efficiency for optical MK Wttt h conventional CSRz
pul se train (curve 900), for optical MSK with i deal

effﬁ&i&hby r@ﬁ.%férﬁeur ¥Rc O3 ,autmss nﬁ?e lag&lﬁmeds:w be paelééd lnﬁ;ﬂﬂhe Ilmlted
e apprec
SPBSEL BTN o UF ERTE] SERCIAy P TaPE PERLACS oah be SEER from

Figaroe trey dptical MSH) fembtsi genan‘dted/\ﬁslmg)bcﬂh chaentbdrsal 0S-R2 pulses (curve

Qogﬂ%ﬁ\ gidlegl:-og]c:olt heplléllg‘ens1 tglgrﬁ%gé‘(fzg n%PYI r@e}ﬁéptcgmsgak clglghacteristics
cofnparadFvith RE-DFtE'd@ (mypte 86d) dvﬁN?Z@@iﬁt(@lr\gieﬁ@G)aaedj thesoptigal MSK
t 0 p e f 0 [ i
us% |Iae& cﬁh;ég@dggﬂﬂhse@@%e ?’(%)2\? e}g(b@tg tt%{% rb%(g:)tr %rgg'\%lgajir k&%@ctenstlcs
ammradidlne_smf@mat% conpared with RZ-DPSK (curve 904) and
RZ- OOK (curve 906), and the optical MSK using ideal
dual node pul ses (curve 902I) exhi bits the best

cr oSig. alO0cshomigr adlowehast 1820 Aksirajing|a mefogeoft gangeatisg an optical
mibintlim 39t ﬁ@ﬁ’ﬂ@(l\ﬂsk)' @M&f‘eﬂé@ s@ﬁ&]%cbérhiﬁﬁté EHe' éi@ | @hbment. At

of generatin mnlrrumsg%g; earr%éh E‘
SteRolPa diPt PRSI @r%v%U%nloﬁe'a wﬁ'ﬁ@g gdf fghel having
a focie fregudddydo genkidtsta émhelcﬁllppﬁséﬁéahet@nménot (@$2RZ) second
Rt PRty el s Beegod frfied “BnalRelda® & ¥ and a fourt
optielusignale- inea ofi réCSerZ?nd;@.“,tsadomp_tarmafes_siegl_imlly. At step etn06, a
subfiaony G e By 88 st oy B bgdh s pBbIS n e
seserbarch suchntha spshese difeyenctbetiteep tiONGt aml sadosd ambs sl x¥2. At

1- bt t del i li.ed . f t .
st dobe oiife Fediaiah BiFRee b tad A6 ol iacBid PR bogreing o
repexdiee dltfséq:me&ra:ee Atesteye 401, Hige thidsstndafndrtis eigoald faammthe fgst and

sRpdd ambre oo LMK MR IS BRRL | o4 T

gecond accor pective bit
sequences. ﬁu step 1010 t he thlrd and fourth signals

fror‘plg:ﬁ%b(&ﬁé Sam/v&% 'WO@ IIU§’(F$¥H§ th}g@%f'éﬁk@dlh&%n input

optic si gna

data siterar for peoeration @ftamopiep! MSK{hedilieed e51@Rl i af§oming to the

e>da eRBbaintdnt. e@t”%tfe@ﬁ 1@@ nlﬁéﬁﬁrblﬂr!:la@éf s8R bratoddakutilising an
ul ated_si % accor exampl e enbodi nent

ewusy@e% 1E89 )tq%e./htp%rtepdﬁpa gler@srﬁqdédaaéa glgay Is separated
intétar é@érﬂitsﬁééq@éh‘béléh& enQRd(B¥@Rquende AtAtes1 108, hldibstantially

1 I)It glel‘%y is appqleg to teaevsétnrb?t%@ehﬁe Seepar at ed

Fig. 12 shows a flowchart 1200 illustrating a method of decoding an optical
MSK modulated signal, according to the example embodiment. At step 1202, the
optical MSK modulated signal is input into a substantially 1-bit delay interferometer
(DI). At step 1004, balanced receivers are utilised for detecting output signals at a
first and a second output ports of the DI.

The optical MSK signal generation and detection in the example embodiments



into an even bits sequence and an odd bits sequence.
At step 1106, a substantially 1-bit delay is applied

W eooblgssesen bits sequence. Fig. 12 shows a flPombaz0n6/000023
1200 illustrating a nethod of decoding an optical MK
nodul at ed signal, according to the exanpl e enbodi nent.
At step 1202, the optical MSK nodul ated signal is
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of the invention as broadly described. The present
enbodi nents are, therefore, to be considered in al
respects to be illustrative and not restrictive. CLAI M5
1. A nmethod of generating an optical mninmmshift
keyi ng (MSK) nodul ated signal, the nethod conprising:
anplitude nodulating a first optical signal utilising
a clock signal having a clock frequency to generate a
carrier suppressed return-to-zero (CS-RZ) second
optical signal; splitting the second optical signa
into a third and a fourth optical signals in a first
arm and a second armrespectively; applying a
substantially 1-bit time delay in the first arm and
appl yi ng a phase shift in the second arm such that a -
phase difference between the first and second



arms is p 12 ; applying phase nodul ation in the first

and second arns according to respective bit sequences;
w@naeogaské ni ng the third and fourth signals frecm/sGmos/000023

first and second arns into the optical MSK nodul at ed

signal. 2. The nethod as clainmed in claim1, wherein

the second optical signal h# a nodul ation frequency

of substantially twi ce the clock frequency. 3. The
cLA%ineod as claimed in clains 1 or 2, wherein the second

opti cal can be a roxwrated as._a substantial l

duall- modd %}?fﬂ%’anfqeé’P Ring. anebticat am&g“c?fﬁ%ea g (MSK)
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nmodul at ed signal, the nethod conprising: coding the
armsisut / Yat a stream utilising an excl usi ve- OR ( EXOR)
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dence and an odd bits sequence; and applying a

re%q%g\(eilﬁl{fsg]qeycqs e delay to the even bits sequence.
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cl aidm 6, Theénethod takecldinelids ciaimebisbalt whéiejn the second optical
signal can be approximated as a substantially dual mode optical field.

4. The method as claimed in claim 3, wherein the respective bit
sequences comprise pre-coded bit sequences generated from an input data stream,
and the method further comprises pre-coding the input data stream utilising an
exclusive-OR (EXOR) gate, separating the pre-coded data stream into an even bits
sequence and an odd bits sequence, applying a substantially 1-bit delay to the even
bits sequence, and applying the phase modulation in the first and second arms
according to the even bits and odd bits sequences respectively.

5. A method of pre-coding an input data stream for generation of an
optical MSK modulated signal, the method comprising:

coding the input data stream utilising an exclusive-OR (EXOR) gate;

separating the coded data stream into an even bits sequence and an odd bits
sequence; and

applying a substantially 1-bit delay to the even bits sequence.

6. A method of decoding an optical MSK modulated signal, the method
comprising:



p/ 2 phase shift between arns of the DI, and wherein

t he decoded optical signal is the output fromthe
whadoangses r ecei ver. 8. The nethod as cl ai med i PCT/EG200%/000023

6, wherein the DI has a substantially zero phase shift

between arnms of the DI and the nmethod further

conprises inputting an outpgdt fromthe bal anced

receiver into an EXOR gate, wherein the decoded
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first and second arms respectively according to respective bit sequences; and

a combiner for combining the third and fourth signals from the first and
second arms into the optical MSK modulated signal.

10. The transmitter as claimed in claim 9, wherein the second optical
signal has a modulation frequency of substantially twice the clock frequency.

11. The transmitter as claimed in claims 9 or 10, wherein the second
optical signal can be approximated as a substantially dual mode optical field.

12. The transmitter as claimed in any one of claims 9 to 11, wherein the
respective bit sequences comprise pre-coded bit sequences generated from an
input data stream, and the structure further comprises:

an exclusive-OR (EXOR) gate for pre-coding the input data stream;

a seperator for separating the pre-coded data stream into an even bits
sequence and an odd bits sequence;



sequence and an odd bits sequence;a further del ay
el ement for applying a substantially 1-bit delay to
wWa bweessses bi ts sequence; and wherein the phasePCT/SG2006/000023
nodul ation in the first and second arns is applied
according to the even bits and odd bits sequences
respectively. 13. An encodef8structure for pre-coding
an input data streamfor generation of an optical MK
modyl raest delga@bmeht@r Qb}ﬂ%‘lﬁb W RS RIMBAlyS1-BE deRY to the even bits
excl usive-OR (EXOR) gate for coding the input data
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recel ving the op ated signal at an I nput
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the DI. 16. The structure as clained in clai'm 15,

SOHHe?® - n the DI has a substantially p/2 phase shift
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a ?gceéefc‘;r ?dg”?”,t'ﬁ%e%t ructure as claimed in claim 15,
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a balanced receiver for detecting output signals at a first and a second output
ports of the DI.

16. The structure as claimed in claim 15, wherein the DI has a
substantially n/2 phase shift between arms of the DI, and wherein the decoded
optical signal is the output from the balanced receiver.

17. The structure as claimed in claim 15, wherein the DI has a
substantially zero phase shift between arms of the DI, and the structure further
comprises an EXOR gate coupled to an output from the balanced receiver, wherein
the decoded optical signal is the output from the EXOR gate.



