OSA / OFC/NFOEC 2010
OMJ1.pdf

Real-time Detection of a 40 Gbps Intradyne Chamm#ie
Presence of Multiple Received WDM Channels

L. E. Nelson, S. L. Woodward, P. D. Magill
AT&T Labs — Research, 200 Laurel Avenue South, Istioln, NJ 07748
"lenelson@research.att.com
S. Foo, M. Moyer, and M. O'Sullivan
Nortel, 3500 Carling Avenue, Ottawa, Ontario, CaadPH8E9

Abstract: We characterize a single-ended intradyne recaveerformance when multiple
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is recovered from 16 interfering channels with s 2dB OSNR penalty at 1XiBER.
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1. Introduction

Carriers have long recognized the advantages ohfiggirable optical networks. The ability to remigtrearrange
wavelength connections enables a network to meettreffic demands quickly and efficiently. Recanfrable
Optical Add/Drop Multiplexers (ROADMS) are alreadydely deployed in large optical networks, as tipeymit

each wavelength channel to be routed independtmtiygh a node. Wavelengths intended to termiwétten the

node are routed to a demultiplexer that filtershea@avelength and then sends the resulting signaint@ptical
receiver. A “colorless” drop path has the advaaetdmt any wavelength can be routed to any receivéthen the
drop path is not colorless, a transponder canndtibed to an arbitrary wavelength without manuabrmection,
regardless of whether or not the transponder’s iaseinable. A colored drop path makes it lesspcal to deploy
transponders in anticipation of need, as well ashipits applications such as bandwidth-on-demand &M

protection against transponder failures. Unfortelya reconfigurable optical demultiplexers, whetkenstructed
of tunable filters or wavelength-selective switclf@sSS), are far more expensive than fixed demelkiets, which
are typically constructed of waveguide grating epsitand optical interleavers [1].

Optical demultiplexing, however, is not strictlyogssary when coherent reception is used. In tB8s18 great deal
of research focused on using coherent heterodytectin to separate transmitted WDM signals atrdeeiver

(see, for example, [2-3]). The wavelength of iaestris selected by tuning a local oscillator (L@ diltering the

resulting signal electronically. Heterodyne detsttoffered the advantage of reducing interfereraethe LO-

signal product could be placed at an intermediedguency (IF) to minimize interference from othdacnels.

Unfortunately, minimizing the amount of interferenat the IF also limits the spectral efficiencytloé system, as
the wavelengths must be sufficiently spaced sodhbtone channel has an optical frequendygf o + IF.

Recently coherent detection has enjoyed a resuegenpopularity, largely due to the developmenths digital
demodulation process for both heterodyne [4] atichdyne reception. [5] Unlike heterodyne detettintradyne
detection does not use an IF, but downconvertsetbeived signal to baseband. The interferenckisnband is not
due to the LO beating with other channels (thosengiproducts are out-of-band) but is due to eddhe channels
mixing with itself. Although balanced detection canppress this interference [2], balanced receiaeesmore
complicated and costly than single-ended receiveirs. this work we describe the performance of a B
intradyne single-ended receiver that is presentétl the signal-under-test and up to sixteen adjps#bBDM
channels. Although this technique might not e@atdtection of one channel in the presence ofutéfband, it
could still be used to significantly reduce the t@mof tunable components required in a colorlessudtiplexer.

2. Experimental Demonstration

We demonstrate the practicality of using coheregiection to distinguish between multiple wavelengftiannels
impinging on a receiver. Our WDM signals were matkd at 40-Gbps using dual-polarization, quadeapirase-
shift-keying (DP-QPSK) with a% -1 PRBS and separated by 50 GHz. The signal uedérat 193.40 THz) was
generated and received using two production-graoleeNeDC40G transceivers, previously describefbln The
coherent receiver uses four single-ended (not bathndetectors to receive the four signal companémt are
orthogonal in optical phase and polarization. Tlgnals are digitized and then processed in read-timing a
custom ASIC. As shown in Figure 1, the odd andchewéerfering signals were separately modulatedh wGbps
DP-QPSK, transmitted through decorrelating fibewl ahen combined with the signal channel in a W3&ise
loading (to vary the channels’ optical signal-tdseoratio (OSNR)) was provided by the filtered aifrgd
spontaneous emission from an optical amplifieAWWAS was used to select which channels would réecheceiver
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input of tunable transceiver #2. From one to staamchannels were transmitted through the WSBetadceiver,
and as can be seen from the optical spectrum sliowime inset of Fig. 1, the channels had equal powEhe
interfering channels were placed on either sidia@fsignal under test.
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Figure 1: Experimental set-up. Inset: Optical spectrum at
receiver with 17 channels.

Equation 1 provides a simplified formula of thegaif the signal to the noise and interferencénatreceiver:

S/(N + I ) =~ PLO Psignal /(ION rec'r + PLO PASE + ,7(PLO + EMPm) + y EMPm Pm) (1)
m=1, m=1,

whereS, Nandl are the electricadignal, noise and interference power at each ofdheiver’'s photodioded/ is
the total number of channels at the receifeg, P, andPase are the optical power in the LO, the wavelength
channel, and the amplified spontaneous emissiothénsignal channel, respectively. We referzt®,, as the
combined-channel power at the receiver, Rgghaas the signal poweN, is the receiver noisgy accounts for
coupling lossyy translates the shot noise and includes both cogigihd bandwidth factors, whijeaccounts for the
modulation of each channel spreading its spectitarms that would be due to the LO beating withittierfering
channels or interfering channels mixing with otbkannels are assumed to be outside the electranidwidth of
the circuit.

We characterized three modes of operation for tmabined-channel power levekR,) at the receiver as the
number of channels! presented to the receiver increases: Pgh)a kept constant, such thaP, will increase with

M, assuming the interferers have equal power tsitheal; (2)=P, kept constant; or (Fsignaadjusted for optimum
performance (i.e. minimum bit-error-ratio, BER)WhenPs;yq is kept fixed and additional channels are preskente
to the receiver, the dominant impairment is dueaoh interfering channel beating with its@lP(,P,,).

3. Results

When Py, is kept constantsg.a drops as interferers are added, and there isdtential for both receiver noise
and interference noise to contribute to the penalBor this case of constaBP,, we investigated the relative
importance of the receiver noise and interfereraisenby measuring the receiver's OSNR sensitiviith wnly the
signal-under-test for decreasiRgg,a, as shown in Fig. 2, where we define the OSNR Ipenalative to the OSNR
sensitivity at -14dBm signal power. These resutts @verlaid with the OSNR penalties determined frBER
curves taken with constalP,, as the number of interferers was increased. Eiguindicates that receiver noise
becomes the primary source of impairment as thebeurof interferers presented to the receiver irsgsafor
constant combined-channel powgP(). Figure 2 also includes data taken on a siolgénel at powers above -14
dBm. At power levels above -10 dBm the penalfyrimarily due to signal-signal beat noise.

We investigated how the optimal signal power atréeeiver varies with the number of interfering mhels. Fig. 3
presents the measured BER vs. received power faougachannel counts. At each channel count theived
OSNR was adjusted first so that the BER was10° for a combined power after the VOA of -9dBm. Théer
received power was varied and BER’s were meastimin Eqn. 1, we expect the optimal power to theiker to
occur when the interference caused by the inteidechannels is equal to the fixed noise from sainecdependent

of M. Assuming equal powers of all the channels at tleiver, the optimal power actually decreases as the
number of interfering channels increases, andbiest to attenuate the combined-channel powereainfsut to the
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receiver, as shown in Fig. 4. Equation 1 predic& the optimal combined-channel power should mmeeasyM |,
and optimal signal power should decrease @M1/Indeed, Fig. 4 shows that a/l/ curve referenced to -14dBm
for M = 1 is a very good fit of the measured optimsignal power.
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Figure 4. Comparison of optimal signal power (Psigna) after
receiver VOA with power at receiver when signal is held
constant, or combined power is held constant. The BER
curves in Fig. 5 correspond to the blue squares.

Figure 5 shows BER curves taken with the combirtemhoel power optimized for odd from 1 to 17. From these
it can be seen that the OSNR penalty at BER=ith M=17 is less than 2 dB. Figure 6 shows the OSNRilies
derived from BER curves for the three cases ottimabined-channel power at the receiver, and for 6t
interfering WDM channels. The OSNR penalty in pinesence of 16 interferers is less than 2dB whesitgmnal
power is optimized, which is 1dB less than for ¢canscombined channel power. For the case whersigmnal
power is held constant, the larger penalty is dueterferer-interferer beat noise Msincreases.

Figure 3: The BER vs. the combined power after the VOA.
For each channel count the noise loading was set to give a
BER = 10" at -9dBm combined power after the VOA.
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Figure 6: OSNR penalties, referenced to 1x10° BER for the
three cases of the combined-channel power at the receiver,
for O to 16 interfering WDM channels.

Figure 5: BER curves for the signal-under-test with O to 16
interferers (M =1 to 17) for the case of optimal signal power.

4, Conclusion

A single-ended intradyne coherent receiver with-ti@ae digital signal processing has been usedeteat, without
optical demultiplexing, a single 40Gb/s dual-pdation QPSK channel from 17 WDM channels with kss 2dB
OSNR penalty at 1xIDBER. This result illustrates that coherent reemvcould be used in a reconfigurable
network to significantly reduce the number of tueatbmponents required in a colorless demultiplexer
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