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Receiver Optimization for 40-Gb/s
Optical Duobinary Signal

Xueyan Zheng, Fenghai Liu, and Palle Jeppesen

Abstract—The optimized optical receiver for a 40-Gb/s optical sensitivity can be improved greatly. Furthermore, the dispersion

duobinary signal is investigated by simulation. It is found, that tolerance of the optical duobinary signal is still kept high.
by optimizing the optical filter and the electrical filter in the re-

ceiver, the sensitivity of the optical duobinary can be improved
greatly; meanwhile, the high dispersion tolerance nature of the op-
tical duobinary signal will not be degraded.

Index Terms—intersymbol interference, optical duobinary. Fig. 1 shows the simulation model in our work. A 40-Gbit/s
optical duobinary transmitter is constituted by a precoder, a
fifth-order Bessel-electrical filter with a quart of bandwidth of

|. INTRODUCTION bit rate, and Mach—Zehnder (M—Z) modulator, which works
IGH SPECTRAL efficiency modulation formats, such a&t the bottom of its transfer function [1]. In the receiver, it
optical duobinary or phase-shaped binary transmissiéittludes an optical preamplifier, a third-order Bessel optical
[1] and carrier suppressed return-to-zero signal [2] are Vefﬂiel’, an O/E converter, and a fifth-order Bessel electronic
effective ways to improve the capacity of a wavelength-divisidiiter. In our model, an ideal erbium-doped fiber amplifiers
multiplexing (WDM) system, which is limited mainly by (EDFA) with noise figure (NF) of 4 dB and saturated output
the bandwidth of optical amplifiers. Furthermore, an opticglower of —4 dBm is used as the optical preamplifier. The
duobinary signal exhibits high tolerance of dispersion becau#eer is only used to add dispersion to the signal. The length
of w-phase shifts occurring in the middle of each “space” bit§f the pseudo random bit sequence (PRBS) is 128 bit. Noise
which can remain the energy in the “mark” bit longer dués treated as a Guassian distribution and the ISI effect is also
to the interference [1]. Up to now, the spectral efficiency dken into account [6]. We use a photodiode with a responsivity
0.6 bit/s/Hz on a single polarization state has been achiewdfd? = 1.0 A/W at a wavelength of 1550 nm. The thermal
using the optical duobinary format [3]. Though an ordinaroise is10~1* A/Hz'/2.
binary receiver can still be used for an optical duobinary signal,
the sensitivity of an optical duobinary signal will be degraded
compared to the binary singal, because of the waveform distor-

tion caused by the electrical filter with bandwidth of a quarter It should be pointed out in our model, since the receiver with
of a bit rate during the duobinary generation procession [4]. Agh optical preamplifier is used, the thermal noise in the receiver
extra external modulator Working under a Sl|ght mOdUlatiOﬁas a much lower impact on the Signa| than the beat noise be-
index can be used to improve the sensitivity of the opticg@heen signal and ASE, and between ASE and ASE.
duobinary signal, meanwhile, the dispersion tolerance is stiIIFig. 2(a) shows the back-to-back sensitivity of a 40-Gbit/s
high [5]. However, this method will increase the cost of thgrdinary binary signal versus the bandwidth of the electrical
transmitter. In this letter, in a 40-Gb/s duobinary system, it fiter in the optical receiver, when the optical filters with dif-
shown by numerical simulation, the sensitivity of the opticgkrent bandwidth are used. We can see from Fig. 2(a), that the
duobinary signal can be improved greatly when the optimizeghtimum bandwidth of the electrical filter is about 8. ®it rate
optical receiver is used. A more narrow optical filter than in th@hen different optical filters are used. This is because beat noise
binary system can be used before the optical/electrical (O/fdtween ASE and ASE, and between ASE and signal are dom-
converter because of the narrowed spectrum. Consequenflyting factors in the receiver. A more narrow electrical filter
more amplified spontaneous emission (ASE) can be filtered obin reduce more beat noise within the bandwidth of the signal,
meanwhile, intersymbol-interference reduced ISI on “spacghough the ISI effect is also increased, the sensitivity can still
bits can be reduced by the more narrow optical filter due to t@ improved. Even though an optical filter with a wider band-
m-phase shifts in the middle of each “space” bits. Therefore, thgdth is used, the beat noise can also reduced effectively by an
electrical filter. The optimum receiver bandwidth is & &®f bit

rate.
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Fig. 1. Simulation model. M—Z modulator. Variable attenutor (VOA). Optical filter (OF). Electrical filter (EF).
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We can also see from Fig. 2(b) that a narrow optical filter
can improve sensitivity effectively. There are two reasons for
(b) the sensitivity enhancement. First, when a more narrow optical
Fig. 2. Back-to-back sensitivity of 40 Ghit/s optical binary (a) and duobinarfjlter is used, the ISI effect will be less than that when a narrow
(b) signal versus the bandwidth of the electrical filter when optical filters wita|actrical filter is used. As we know, there afq)hase shifts in
different bandwidth are used. the middle of each “space” bits, which helps to keep the power
on “space” bit to be zero and improve the dispersion tolerance.
maximum (FWHM) is used before the PD. Under this case, ASE fact, the power level in the middle of “space” bits is also
noise is reduced greatly. not changed after a more narrow optical filter because of the
As can be seen from Fig. 2(b), the optimum electrical band-phase shifts. Consequently, no ISl is added to “space” bits
width is around X bit rate and it is different from the resultsafter a narrow optical filter. Of course, it causes ISI on “mark”
in Fig. 2(a), which has the optimum bandwidth of 8.6it rate. bits. However, when the optical signal is converted into an elec-
This is because the two electrical filters with the bandwidth afical signal, ther phase-shift in “space” bits disappears, and
a quarter of a bit rate are used in the transmitter to generateusing a narrow electrical filter will increase ISl in “space” bits.
optical duobinary signal [1], which causes a small ripple (ISI) in Fig. 3(a) and (b) shows the optical waveform of the duobinary
the “space” bits of the optical duobinary signal. The small rippkignal output from optical filters with bandwidths of 100 and 40
is at a frequency of 40 GHz. If an electrical filter with narronGHz, respectively. Fig. 3(c) shows the waveform of an electrical
bandwidth is used, though it can reduce the in-band noise, gignal when an optical filter with a bandwidth of 100 GHz and
sensitivity will be degraded more by the increased ISI from botin electrical filter with bandwidth of 0:6 bit rate are used in
“space” and “mark” bits. The ISl in “space” is more serious duthe receiver.
to the small ripple with high frequency components. So, the op-Comparing Fig. 3(a) with Fig. 3(b), we can find that the op-
timum bandwidth of an electrical filter in the receiver shouldical filter can reduce the amplitude of the smallripple in “space”
be wider, considering the practical situation, an electrical filtdyits, but it does not change the power in the middle of each

Bandwidth of electrical filter (bit rate)
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- 281 ! The dispersion tolerance is the most important factor for the
[ —ir==OF: 100 GHz . . . . . .
g 2ok —orisicn: optical duobinary signal. Fig. 4 shows that dispersion tolerance,
m 7 e oFi0ons when different optical filters are used before the O/E converter,
2 30 the bandwidth of the electrical filter isxL bit rate. It can be
- 3 A . . .
> . “\ seen from Fig. 4 that the dispersion tolerance becomes worse
T 31 when the bandwidth of optical filter with 30 GHz is used. This
s ; is because the signal will have a more serious IS after dispersion
o 32 F is added to it and the more narrow optical filter can improve it
it [ ome e further. So, considering dispersion, the optimum bandwidth of
-33 o L i the optical filter is around 40 GHz.
: e P
34 L i
-50 0 50 100 150 200 250 IV. CONCLUSION

Disperison (ps/nm) The optimized optical receiver for a 40-Gb/s optical duobi-

Fig. 4. The sensitivity of optical duobinary signal versus the dispersion unde@ry signal is studied numerically. Itis found that both the opti-
optical filter. The bandwidth of the electrical filter is<lbit rate. mized bandwidth of the optical filter before the O/E and band-
width of the electrical filter after the O/E is around 40 GHz.
“space” bit, which can help to improve the sensitivity. It catunder the optimum conditions, the sensitivity of optical duobi-
be seen from Fig. 3(c), because there israghase shifts in an nary signal can be improved greatly. Furthermore, the disper-
electrical domain, the power in the middle of “space” bits wilkion tolerance is still kept large enough. Our results are very
be increased and the sensitivity will be degraded. useful for designing the optimum optical duobinary transmis-
The second reason for the sensitivity improvement is that tbimn system.
optical bandwidth of the optical duobinary signal is only half of
the bandwidth of the optical binary signal, however, the elec-
trical bandwidth of the received duobinary is the same to a bi-
nary signal. So, a more narrow optical filter can be used in an op{l D: Penninckx, M. Chbat, L. Pierre, and J. P. Thiery, “The phase-shaped
ical duobinary svstem than in an ordinary binary svstem. Con- binary transmission (_PSB_T)_. a new technique to transmit far beyond
tical duobinary sy . ) y y y > : the chromatic dispersion limit/EEE Photon. Technol. Leftvol. 9, pp.
sequently, more ASE noise can be filtered out and it is more ef-  612-614, Sept. 1998.

fective to use an optical filter than an electrical filter. Compared [2] Y-Miyamoto, A. Hirano, K. Yonenaga, A. Sano, H. Toba, K. Murata, and
O. Mitomi, “320 Gbit/s(8 x 40 Gbit/s) WDM transmission over 367-km

to an ordinary b!nary signal, not only the beat noise between ¢ q.dispersion-flattened line with 120-km repeater spacing using car-
ASE and ASE will become smaller, but the beat noise between  rirer-suppressed return-to-zer pulse format,” presented at the OAA99.

ASE and signal will also be smaller for the optical duobinary [3] T- Ono and Y. Yano, “Key technologies for terabit/second WDM sys-
tems with high spectral efficiency of over 1 bit/HAEEE J. Quantum

signal, if.a.m. optimizeq optica_ll filter is used in thg receiver. SO, Ejectron, vol. 34, pp. 20802088, Nov. 1998.
the sensitivity of duobinary signal enhancement is due to the re{4] A.J. Price, L. Pierre, R. Uhel, and V. Havard, “210 km Repeaterless 10
duced noise and ISI on “space” bits. As seen from Fig. Z(b) the Gb/s Transmission Experiment Through Nondispersion-Shifted Fiber
L . . S ’ Using Partial R Sch EE Photon. Technol. Lettvol. 7,
optimized bandwidth of the optical filter is 30 GHz, and the cor- pg_'n1921§_r$21ejﬁg,nlsgeg5_c eme oton. Technol. Leitvo
responding highest sensitivity is abou83.5 dBm. The sensi- [5] D. Penninckx, “Enhanced-phase-shpaed binary transmissitegtron.
tivity is aboutl dB better than an ordinary 40-Gb/s binary signal __ Lett., vol. 36, no. 5, pp. 478-480, 2000. .
. | . ith a bandwidth of 8.®i [6] C.J.Andersonand J. A. Lyle, “Technique for evaluating system perfor-
using a normal receiver with a bandwidth ot 8.@it rate, as mance using in numerical simulations exhibiting intersymbol inter-

shown in Fig. 2(a). ference,"Electron. Lett, vol. 30, no. 1, pp. 71-72, 1994.
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