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Fig. 2. Simulated BER for conventional DQPSK receiver based on DI-BD, afdg. 3. Simulated BER-equivalent-factor as a function of frequency offset.
the proposed DQPSK receiver based on FD-DD. The corresponding noise-free
demodulated eye diagrams at output of receiver are also shown.

of the detected quadratures, measured using brute-force error
counting with a sufcient number of transmitted symbols to en-
sure reliable results. The BER is plotted as a function of optical
signal-to-noise ratio (OSNR) (0.1-nm noise bandwidth) for the
conventional DQPSK receiver based on delay-interferometer
and balanced detection (henceforth called DI-BD), and the
proposed DQPSK receiver based on frequency discriminator
filtering and direct detection (henceforth called FD-DD). Note
that in the DI-BD receiver, an additional optiddter is needed

to suppress ASE noise (and/or adjacent channel crosstalk
in wavelength-division-multiplexing systems) since the DI
filters have a periodic frequency response; a second-order
super-Gaussiarfilter with 85-GHz bandwidth is used for
this purpose in the simulations as in [6] for comparison. IRg. 4. Simulated BER-equivalent-factor as a function of chromatic disper-
the FD-DD receiver, no additional opticéiltering is neces- >'°™
sary since the frequency discriminatfiters are themselves

sufficiently narrow bandpaséilters. The receiver electrical 1he tolerance to chromatic dispersion is a key issue for high-

bandwidth is 0.75 S, modeled asfiae-pole Bessefilter, for  gyaeq systems. In Fig. 4, we plot the simulated BER-equivalent
both DI-BD and FD-DD receivers. The noise-free demodulated! 5 tor in decibels versus chromatic dispersion. In this case,
eye diagrams at the output of corresponding receivers @@ rp.pp receiver shows a substantial factoraf: advantage
shown in the inset of Fig. 2. As m|g_h_t t_)e expected,_ the F_D'Daler DI-BD. For example, the FD-DD receiver shows a 2-dB
scheme shows &3-dB OSNR sensitivity penalty since direCtyenaty at.400 ps/inm, while the conventional DI-BD receiver
detection is employed. This penalty may be acceptable a8 hes the same penalty at orig00 ps/nm. The noise-free
trade-off for the lower complexity receiver structure, especiallyemodulated eye diagrams are shown in the inset of Fig. 4 for
in cost-sensitive applications such as Ethernet. Moreover, t&?mparison at 150 ps/nm; the DI-BD demodulated eye shows
FD-DD receiver provides some performance advantages dfere distortion and eye closure, while the FD-DD demodu-

othgr key system aspe_cts as discussed bel(_)W' ... lated eye is clearly less distorted by the dispersion.
Fig. 3 shows simulation results for assessing the sensitivity to

frequency offsets. While we simulate a true BER, Fig. 3 plots I1l. EXPERIMENT

the BER-equivalen@-factor in decibel units, i.e., 20 LogX). | 4 preliminary experimental demonstration of the proposed
The OSNR is adjusted independently to be 14 and 17.3 dB i§psk demodulator, we measured the demodulated eye dia-
DI-BD and FD-DD, respectively, to set the baselipat 10.5 dB ?rams for a 20-Gb/s (10 Gsymbol/s) system. The DQPSK mod-
for both schemes at zero frequency offset (a reasonable baseliRgor is based on a nested Ma@ehnder modulator architec-

Q for transmission systems employing forward-error correggre in lithium niobate, and is spdigid to have a bandwidth of
tion). As demonstrated in Fig. 3, the DQPSK receiver based giGHz. The measured DQPSK eye diagram at output of modu-
FD-DD shows a better tolerance to frequency offsets compaiagbr is shown in Fig. 5(a). At the receiver, we used an optical
with DI-BD scheme. The noise-free demodulated eye diagramsectrum analyzer (OSA) operating irfiker mode to realize

are also shown in Fig. 3 for a frequency offset of 500 MHz. the required narrow opticdilter. Thefilter bandwidth is set by
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for demodulating the complementary signal quadrature. Note
that even though the experimental optical discrimindiiter
bandwidth of 6 GHz is not optimum for the 10-Gs/s symbol rate
of our DQPSK transmitter, the measured demodulated eyes are
clearly wide open, thus demonstrating the proposed DQPSK de-
modulation concept.

IV. CONCLUSION

A novel low complexity DQPSK demodulator based on
FD-DD is proposed and analyzed via Monte Carlo simulations.
Measurements of demodulated eye diagrams at 20 Gb/s further
demonstrate the DQPSK demodulation concept.

While the new FD-DD receiver scheme requires a higher
OSNR to achieve an equivalent BER compared with the con-
ventional DI-BD scheme, it is less sensitive to nonoptimum
frequency offsets, and shows a factor 2of better tolerance
to chromatic dispersion. These latter performance advantages,
taken together with the lower complexity receiver structure,
may offer a promising alternative for cost-sensitive applications
such as future 100G Ethernet transport, or in applications where

Fig.5. (a) Measured 20-Gb/s (10 Gsymbol/s) DQPSK eye diagram at outpuigg§ N R sensitivity is not the major driver.

DQPSK modulator; (b) frequency response for 0.04 nré GHz) OSA optical

filter employed as DQPSK demodulator; (c) demodulated eye back-to-back; and

(d) after transmission through 40 km of standard single-nfilme (SMF).
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