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Performance of Manchester-Coded Payload in an
Optical FSK Labeling Scheme

Jianfeng Zhang, Nan Chi, Pablo V. Holm-Nielsen, Christophe Peucheret, and Palle Jepfmsaber, IEEE

IP packets

Abstract—The modulation crosstalk between combined fre-
qguency-shift keying (FSK) and intensity modulation (IM) in an :
optical label-switching network is analyzed both theoretically : pe“;‘:;m :
and experimentally. A comparison between the performance : fopﬁca" |abelled
of nonreturn-to-zero (NRZ) and Manchester-coded payload is : Label Payload: pazket
made. It is shown that Manchester coding of the payload helps to : | Pt el ;
suppress the crosstalk introduced into the optical FSK label, thus ‘Ingress edge node

achieving better network performance than NRZ coding.  TTTTTTTUTIIIIIIIIIIIIIIIII

Transmission link

Index Terms—Crosstalk, modulation coding, optical frequency- : discriminator
shift keying (FSK), optical label switching. : ZSA&?O—Q—
) I Packel 5
+|_forwarding and routing : EDFA
|. INTRODUCTION : :

Routing node

LL-OPTICAL label switching implements the packet e
routing and forwarding functions of multiprotocol label
switching directly in the optical layer, which is a promisind:'g‘ L
technology for the next-generation networks. Several optical
labeling methods have been proposed [1], and optical figackets are processed in an adaptation layer that encapsulates
quency-shift keying (FSK) labeling is regarded as a feasibigiyload with the corresponding label data. The high-speed pay-
solution [2], [3]. load data is transmitted by IM, while the moderate-speed label
In the FSK labeling scheme [2], the label information is imdata is transmitted on the same lightwave by optical FSK mod-
pressed upon the optical frequency of a light signal through FSffation. Thus, an optically labeled packet can be generated. At
modulation, while the payload information is added on the lighfn intermediate routing node, the label can be extracted using
intensity through intensity modulation (IM). In this way, an oppptical FSK demodulation. Based on the detected label, core
tically labeled packet is formed. routers can perform the routing and forwarding functions. The
However, it has been shown that IM of the payload intrqpbustness of such an FSK labeling scheme in a label-swapping
duces crosstalk to the FSK label, resulting in intensity fluctugode has already been demonstrated [2], [6].
tion of the detected label signal [4]. Therefore, the network scal-The optical field of a labeled packet can be described as
ability is greatly limited. In this letter, we propose and demon-
strate the use of the Manchester-coding technique to reduce such t
modulation crosstalk. Manchester coding has been employediin;) = £\ /1 + mP(t) exp | i | wot + Awy / L(t)dt | |.
certain network applications instead of commonly used nonre- 2
turn-to-zero (NRZ) coding [5]. - 1)
In Section Il, a theoretical analysis is carried out to investigaigere, £, represents the field amplitud®(#) the payload data,
the modulation crosstalk, and the effect of modulation format ¢f(4) the label datay, the optical frequencyiw, the frequency
the payload on the label detection is analyzed. In Section Ill, viation value, andn the IM depth. BothP(¢) and L(t) are

experimentally investigate the labeling performance in the pregssumed to have square elementary data waveforms varying in
ence of Manchester-coded (MC) payload. In Section IV, sutthe range of {1, 1].

Transmission link in an optical FSK label-switching network.

marizing conclusions are given. At the receiving node, the payload information can be per-
fectly detected using a photodiode, while an optical FSK dis-
[I. THEORETICAL ANALYSIS criminator is employed to perform FSK/amplitude-shift keying

Fig. 1 illustrates a transmission link in an optical FSK labe

Eonversion to detect the label. A Mach—Zehnder interferometer
switching network. Atingress edge nodes, internet protocol (|

lier or the edge of an optical bandpass filter can be used to
perform the frequency discriminating function. We reasonably
assume that the transfer function of the discriminating filter is
Manuscript received March 21, 2003; revised May 6, 2003. This work wa€ar around the carrier frequency and can be written
supported by the European Commission under the STOLAS (Switching Tech-
nologies for Optically Labeled Signals) project. — _
The authors are with Research Center COM, Technical University of Den- T(w) 1+ k(w wo) )
mark, 2800 Kgs., Lyngby, Denmark (e-mail: jz@com.dtu.dk). ) .
Digital Object Identifier 10.1109/LPT.2003.815350 wherek determines the slope of the filter edge.
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Thus, the discriminated output field becomes
E'(t)=E(t) - zk% [X (t) exp(—iwgt)] - 3) 501

According to (1)—(3), the optical intensity of the detected label
can be derived, which is approximately given by

Manchester-coded payload

SNR of Label (dB)

Y (t) =Yo (1 +mP(t)) (1 + nL(t)) (4) 10 NRZ-coded payioad
Where n = kAwf 00 5‘) 1'0 1‘5 2’0 2’5
(1+k2 A2wp ) Extinction Ratio of Payload (dB)
! “ (@
andn determines the extinction ratio (ER) of the discriminated
output. In the derivation, we assume that the payload bandwidth 40 /
is much smaller than the frequency deviation induced by FSK, 5 P Manchester-coded payload
thus, the payload(t) is not affected by the frequency discrim- Eﬁ 01
inator. 3]
Assuming 50% mark-density random data, we have é ® NRZ-coded payload
Zcoded payioad
104
E(P(t)) = E(L(t)) = 0. Q)
0 T T T T T T
The autocorrelation function df (¢) is then given by S tostpayoat iratotatat ety
b
R(t,t+7) =E (Y)Y (t +1)) ®
=Y2(1+n2E(LL(t+ T Fig. 2. SNR performance of label in the presence of NRZ/MC payloads.
o (1+n"E(L(t)L(t + 7))
+m?E (P(t)P(t + 7)) . o
+m2n?E (PPt + 1)) The PSD in the NRZ case is given by
-2 ﬂ
XE (L(t)L(t +7))). (6) Plw) = T( ( )22 ) ©)
2
chqrdmg to (6), t_he power spectral density (PSD) of the d'?\?hile the PSD in Manchester case is given by
criminated output is given by
sin? (2L)
S(w) =Yg [8(w) + n®Ly(w) + m* Py(w) Plw)=T——75+ (10)

(<F)°
+m2n2Lp(w) ® Pp(w)] @ 4

whereT represents the period of bit sequence.
whereL,(w) and P, (w) represent the PSD of the label and the Through (8)-(10), we compare the performance of the MC

payload, respectively. As indicated by (7), the IM of the pa>§a load and the NRZ payloads and plot the results in Fig. 2. In
load induces two crosstalk components that stem from specig|cylation of Fig. 2(a), the ratio of payload bit rate to label bit
overlap with the label in the spectrum, hence degrading the labgle s set to be 16. It shows that the SNR of the label is strongly
receiving performance. _ _ degraded by a high-modulation-depth NRZ payload. Therefore,
To evaluate the modulation crosstalk, we define a signal-tgje ER has to be kept at low value to ensure acceptable label
noise ratio (SNR) parameter according to detection. On the other hand, the SNR value is improved more

wi than 20 dB through Manchester coding, hence, overcoming the

J Ly(w)dw limitations on ER. Such an SNR improvement is also observed

SNR = — 0 (8) for other bit-rate ratios, and it is even enhanced at a lower label
m? [ [(l)QPp(w) +Ly(w)® pp(w):| dw bitrate, as indicated in Fig. 2(b). In the calculations for Fig. 2(b),
ot the ER of payload is set to 20 dB while the FSK discriminator

wherew; is the effective bandwidth of the label receiver. performs an ideal operation, e.g.~ 1.

Equation (8) indicates that the overlap area between the pay-
load and label spectrum is important in determining the SNR
value. Therefore, we could encode the payload and the labeln order to investigate the performance of combined FSK and
in different formats in order to decrease the overlap area, thiv in an optical labeling scheme, we have experimentally set
achieving a high SNR. up an optical link, as shown in Fig. 3.

Manchester coding presents one possible solution. Comparedwo pseudorandom pattern generators were used to generate
with NRZ, Manchester coding employs the transition edges tiee payload and label information. A directly modulated
carry the information and pushes much spectral power into tlistributed feedback (DFB) laser integrated with an elec-
high frequency region. Therefore, an MC payload will havioabsorption (EA) modulator performed the optical FSK
much less spectral overlap with the label, hence, improving theodulation [4]. Direct modulation of the DFB laser generates
SNR at the label receiver. the 622-Mb/s optical FSK signal combined with residual IM.

Ill. EXPERIMENTAL RESULTS
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Fig.5. BER performance of the extracted label in the presence of MC payload.
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Fig. 6. RF power spectrum of extracted label in the presence of (a) NRZ
payload and (b) MC payload with 13-dB ER.

25 ps/div e 500 psidi
(c) MC payload with 13dB ER (d) detected label L .
chester payload, the label can be distinguished by nearly 20 dB,
Fig. 4. Eye diagrams of extracted label in the presence of NRZ/MC payloathus allowing much better receiver performance. However, com-
pared with the conventional NRZ signal format, both FSK mod-
ulation and Manchester coding broaden the signal spectrum to

Hoy\(/jevelr,”\?y driving tf:je _ﬁ'?‘ VgtSthTe mverteq label datatl,tth ome extent. Therefore, more stringent dispersion requirements
residua IS removed. 1he one spacing was Set 1o Qg e imposed on the transmission link.

20 GHz. The payload information is then added through a
dual-electrode Mach—Zehnder modulator operating at 10 Gb/s.
This modulator exhibits nearly chirp-free performance through
the push—pull configuration. At the receiver node, the labeledThe modulation crosstalk between the label and the payload
signal was split using a 3-dB optical coupler. The signal ipresents a limitation to the FSK/IM label-switched network. We
one arm was directly detected by a photodiode and, thus, theve theoretically shown that such a limitation can be over-
optical payload was converted into the electrical domain. In tkeme by adopting the Manchester-coding technique. The exper-
other arm, a Fabry—Pérot (FP) filter with 20-GHz full-widthimental results also confirm the theoretical analysis.
at half-maximum bandwidth was used to achieve the FSK
demodulation. The FP filter exhibits a high contrast ratio when REFERENCES
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