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Multichannel Bidirectional Transmission
Using a WDM MUX/DMUX Pair and
Unidirectional In-Line Amplifiers

Shien-Kuei Liaw, Keang-Po Haylember, IEEE Chinlon Lin, Fellow, IEEE and Sien Chi

Abstract—We propose a repeated bidirectional WDM trans- T W
mission system using cascaded WDM MUX/DMUX pairs as |
narrow-bandpass filters and reflection attenuators. Fiber span !

is increased by inserting unidirectional EDFA’s between WDM

MUX/DMUX pair as in-line amplifiers. A three-channel hybrid ]
system with one 10-Gb/s and two 2.5-Gb/s channels is also Y NV |
demonstrated in the 1550-nm region for transmission over 150
km of dispersion-shifted fiber. Negligible power penalty due to
back reflection was observed.
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Index Terms—RBidirectional transmission, four-wave mixing,
optical fiber amplifier, wavelength-division multiplexing.
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I. INTRODUCTION ]  WDM WDM =
MUX/DMUX . MUX/DMUX
AVELENGTH-division-multiplexing (WDM) is essen- > - eora
tial for realizing high-capacity lightwave transmission BTWP: Bidirectional Transmission WDM MUX/DUX Pair

and flexible optical networks [1]-[2]. Compared with unidiig. 1. A proposed multichannel in-line amplified bidirectional transmission
rectional transmission, bidirectional transmission over a singigtem using a cascaded WDM MUX/DMUX pair. MZ MOD: Ti:LiNBO
fiber reduces the required number of fibers. The feasib”ity%ﬂ‘ach—Zehnder external modulators; DSF: dispersion-shifted fiber.
bidirectional optical amplification has been reported recently
[3]-[6]. Previous schemes include the use of bidirectionadctional EDFA’s were inserted between WDM MUX/DMUX
erbium-doped fiber amplifiers (EDFA’s) without isolators [3]pairs as in-line amplifiers to increase the fiber span. To reduce
optical circulators with separate amplification of the signatsost, one pump laser may be shared by several EDFA’s [10].
[4]; 3-dB couplers to separate the signals before and afi&djacent channel spacing is doubled by selecting the odd-
amplification [5]; subsidiary erbium-doped fiber in an EDFAhannel signals in the forward direction and the even-channel
[6]; and repeaterless bidirectional transmission [7]-[8]. Orggnals in the opposite direction. The channel assignment
important problem in bidirectional transmission is that theould, for example, be based on the ITU proposal of 200-
system degrades seriously by back reflections from proces&#sz (1.6-nm) spacing. Identical WDM MUX/DMUX pairs
such as stimulated Brillouin scattering (SBS) [9] and Rayleighay be employed in both ends of the fiber link to launch or
backscattering. In this letter, we propose an in-line amplieceive each optical channel.
fied bidirectional WDM transmission system using cascaded
WDM multiplexer/demultiplexer (MUX/DMUX) pairs as nar-
row bandpass filters and reflection attenuators. An eight-
wavelength system is shown, for example, in Fig. 1. EachThe experimental setup in Fig. 2 is used to demonstrate a
WDM channel can transmit signals in either direction. Unidithree-channel bidirectional WDM transmission system, based
on the general idea shown in Fig. 1. A hybrid 10- and 2.5-Gb/s
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Fig. 2. Experimental setup for a three-channel bidirectional WDM-47.5dBm
transmission. VA: variable optical attenuator; NBPF: narrow-bandpass filter; 1.5480am | .5530am [.00nm/D |.5530an
OCA/OCB: optical circulators A/B.

Fig. 3. Optical spectrum of the forward-transmission after WDM2.

Mach-Zehnder (MZ) external modulators for the forward

and the backward directions, respectively. In this experiment, 107 i

instead of using a WDM MUX/DMUX pair at both ends, two

polarization-independent three-port optical circulators are used 108 L w/ adj. ch

to launch the amplified signals from port 1 into the fiber link

and to receive the signals coming from ports 2 to 3. The optical

signals are transmitted through 2 75 km of dispersion- 109 L

shifted fiber (DSF). The DSF's used in the experiment have x

D = 2.7 ps/kmnm and zero dispersion wavelengths,) ety |

ranging from 1557.0 to 1566.2 nm. The average attenuation of

these dispersion-shifted fibers were about 0.3 dB/km. Beside 10t L

ports 3-5, the other ports between the MUX/DMUX pair were

disconnected. In this bidirectional transmission configuration, 1072 |

high-signal power levels for both directions did not occur

at any point along the fiber link (i.e., small products of 10'1320 + : : 6
optical power). Also, the phase matching condition could not 2 e opt;:, pow;(zam) 7

easily happen between these opposite propagating signals. , _ , _
Thus, four-wavelength mixing (FWM) was not observed ifj%. & BER stesol he 6 obis st s o o ecelved ptal
this experiment. The WDM MUX/DMUX pair, based on a

multilayer interference filter, have the characteristics of 200-

Ghz channel spacing, full-width at half-maximum (FWHMYor X2 and A, in the backward direction, respectively. The
bandwidth of 0.6 nm, and insertion loss of about 3.0 dB. Alstioise figure (NF) of the bidirectional transmission WDM
the minimum isolation between channels>80 dB and the MUX/DMUX pair (BTWP) is about 3.3-dB higher than that of
back reflection effect is less thar45 dB. The MUX/DMUX those EDFA’s £4.0 dB in the 1550-nm band @, = —10
pair functions as a narrow-bandpass filter to select the desidin) inside the BTWP. The measured NF Jat, A3, and
signal, reject the amplifier noise and block the reflected signals were 7.4, 7.1, and 7.5 dB, respectively, for the BTWP. It
from the opposite direction. All the connectors used here haigemainly due to the high-insertion loss characteristic of the
return loss< —45 dB. The signal af\s; is amplified by an WDM DMUX. In the forward direction, the back-reflection of
EDFA located between the third channel of the MUX/DMUXamplified signals(A and A,) are only about 15 dB down
pair, while the reflected signals, and A, are blocked twice and are not negligible when compared wit3. However,
by the MUX/DMUX pair. Instead of using a DMUX, a 0.6-using a 90/10 fiber coupler for monitoring, Fig. 3 shows
nm narrow-bandpass filter, connected to port 3 of opticat no crosstalk from\, and )\, is observed after WDM2.
circulator B, is used to filter out the backward reflectiorhe signal-to-noise ratio (SNR) of; is better than 35 dB.
Signals, which is mainly caused by the imperfeCt isolation (Pfig 4 shows the bit-error-rate (BER) performance)\@fas a
optical circulator B from ports 1 to 3. The 10-Gb/s signaynction of received optical power with/without, and A, as

As is detected by a high-sensitivity receiver, and the BER igjjacent wavelengths. The result shows that the adjacent count
measured. The configuration is symmetrical for the baCkwaﬁ%pagating channels of, and A do not degrade the system

direction transmission. performance ahs;. Here, we show only the BER performance
of the 10-Gb/s signal ak3 because it is located between the
IIl. RESULTS AND DISCUSSION two 2.5-Gb/s signals of the counter-propagating direction and

At the common port of WDML, the signal levels ard1.0 is supposed to have the largest crosstalk effect among these
dBm for A3z in the forward direction, andt-9.0 and+9.5 three channels. However, negligible system power penalties of
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less than 0.3 dB and no error floor are observed. The 0.3-dB
degradation might be induced from cross-phase modulation
or other fiber nonlinearity effects, and this topic is currentlym
under study.
(2]
V. SUMMARY

We have proposed an eight-channel in-line amplified bidit3]
rectional WDM transmission system using cascaded BTWP’s
as narrow bandpass filters and reflection attenuators. Unlikg
repeaterless transission, fiber span of this proposed config-
uration could be increased by locating EDFA’s inside the
BTWP’ as in-line amplifiers. We also have demonstrated &
three-channel hybrid bidirectional transmission system in the
1550-nm region over 150 km of DSF. In our experiment, by
using the WDM MUX/DMUX pair as narrow-bandpass filters [€]
and reflection attenuators, the back reflection effects were
negligible since the BER degradation of the central channel
(10 Gb/s) is less than 0.3 dB for the bidirectional trans{7]
mission when compared with single-channel, unidirectional
transmission.

(8]
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