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Simultaneous OTDM Demultiplexing and Detection
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Abstract—A traveling-wave electroabsorption modulator is addressed. The electrical extinction ratio (defined as the ratio
used to simultaneously demultiplex and electrically detect a single petween the responsivity at high reverse bias and zero bias) has
10-Gb/s channel from a 20-Gbrs optical time-division multiplexed 4 pe high enough to prevent absorption of the undropped chan-
data stream while transmitting the other channel in an optically . .
transparent manner. A bit-error-rate penalty of 0.5 dB and nels that_ would _mterfere_Wlth the qfoppe‘_’ channel. If a new
an error floor were observed for the dropped channel due to Channel IS to be |nserted n the a.Va"a.ble b|t Slot a.fter a Channel
residual absorption of the other channel. Error-free operation is dropped, it is also important to have a high optical extinction
was achieved for the transparent channel. ratio to prevent interference between the dropped channel and

Index Terms—Demultiplexing, electroabsorption, optical fiber the channel to be inserted.
communication, optical switches, photodetectors, traveling wave  To date, only the ability of an EA modulator to drop a channel
devices. without detection has been demonstrated [6]. In this paper, we
demonstrate for the first time the use of an EA modulator to
I. INTRODUCTION simultaneously demultiplex and detect the desired channel from

. an OTDM data stream while transmitting the other channel in
E LECTROABSORPTION (EA) modulators are suited toyn gptically transparent manner.

optical time-division-multiplexing (OTDM) network ap-
plications as their nonlinear transfer function permits narrow op- II. PRINCIPLE OF OPERATION
tical switching windows with large extinction ratios. Recently,
there have been several demonstrations of key processing fed'® EA modulator used for the OTDM drop and detect

tures required in OTDM systems, such as optical short pul@gplication is a 2.5:m-wide 300xm-long device with trav-
generation [1], optical demultiplexing [2], [3], optical regenera(_almg—wave electrodes as described in reference [7]. The 3-dB

tion [4], [5] and drop and insert multiplexing [6] using EA mogandwidth was about 10 GHz when operated as a modulator

ulators. The ability to drop a single channel from a high-spej @ reverse bias of3 V and as a photodetector a6 V (the
OTDM data stream is significant at a network node since off@veling-wave electrode is terminated in G The maximum
tical demultiplexing is performed while still transmitting the>tatic optical and electrical extinction ratios are 40 dB and
other channels in an optically transparent manner for furth@® dB. respectively, while the fiber-to-fiber insertion loss is
processing. This has the advantage of optical power consertd- - B , o
tion in contrast to standard optical demultiplexing (for example, F19- 1 shows the operation principle of the EA modulator for
using an EA modulator) in which the other channels are Su?J_multaneous dro_p and detegtlon_. The traveling-wave modulator
pressed [2]. It is also desirable to perform the demultiplexirlg & four-port device; the optical input and output are shown as
(or channel drop) and optical-to-electrical (O/E) conversion P01t 1 and 3, respectively. The EA modulator is biased at a high
multaneously using a single device in order to reduce the c&8YErse bias and a 10-GHz driving signal is applied to port 2
and complexity of the node. EA modulators are ideal for thi4Sing @ high power amplifier. When the RF drive signal swings
application since they can be used as optical switches and pRgg2tive, the EA modulator is in the high absorption state and
todetectors due to their absorptive characteristic. any optical signal passing through the modulator is absorbed
In consideration of the use of an EA modulator in OTDMNM converted to photocurrent. On the other hand, when the RF
drop and detect applications, several crosstalk issues need t5'82! swings positive, the EA modulator switches to high op-
tical transparency with low absorption. Port 4 functions as the
10-Gb/s optical pulse detector. The output at this port consists of
Manuscript received January 28, 2000; revised February 18, 2000. This wiRotogenerated carriers (if data “1” is present) as well as the at-
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Fig. 1. Operation of the OTDM drop and detect experiment. Ports 1 and 3 a

the optical input and output, respectively. Electrical RF drive is applied to p0|(d)
2 while port 4 acts as the 10-Gb/s pulse detector.

photodetector, the output impedance of the high-power RF ar .

plifier at port 2 acts as the termination. Since our drive amplifi%rig. 3. Eye diagrams. (2) The 20-Gbls OTDM data stream input to the EA

had a low-frequency cutoff of about 10 MHz, this limited oUpoqylator at port 1. (b) Optical transparency gating of the EA modulator aligned

experiment to a pseudorandom bit stream 0f-21. to channel 2. (c) The 10-Gb/s channel 2 transmitted in an optically transparent
manner at port 3. (d) Simultaneously demultiplexed and O/E converted 10-Gb/s
channel 1 at port 4.

lll. EXPERIMENTAL SET-UP AND RESULTS o o o ] )
shown in Fig. 3(d). Sufficient eye opening is achieved with

The experimental setup for the 20-Gb/s OTDM simultaneowusost of the noise due to the residual absorption of channel 2.
channel drop and detect is shown in Fig. 2. An EA modulator Fig. 4 shows the BER measurements at 10 and 20 Gb/s, where
harmonically driven at 10 GHz was used to generate 11-ff®e average received power was determined at the input of the
pulses at 1555 nm. The 10-Gb/s data was encoded onto tiptical preamplifier to the EA modulator for all measurements.
10-GHz pulse train by a LiNb© modulator. The 10-Gb/s Single-channel 10-Gb/s BER measurements were performed in
RZ data was then passively multiplexed (with 20 bits adrder to determine the photodetection performance of the EA
delay between channels) to generate a 20-Gb/s OTDM datadulator by blocking one of the arms of the optical multi-
stream [Fig. 3(a)]. The 20-Gb/s signal of about 5 dBm wagsexer. The reference line is when port 2 was terminated &1 50
coupled into the drop and detect EA modulator using an opticahd port 4 was as illustrated in Fig. 1 (the modulator was biased
preamplifier followed by a 0.6-nm bandwidth optical filter. Aat—5 V). A receiver sensitivity of-31 dBm for a BER of 10
polarization controller was used at the input of the modulatand a slight error floor is observed. It was determined that the
for best operation. Fig. 3(b) shows the optical gating performedror floor was due to the high-frequency limitations of the EA
by the modulator at a bias 6f5 V with the 10-GHz drive modulator at this bias; at a bias-eb V, error-free operation and
signal (10 V,,) aligned to channel 2 for optical transparencyan improved sensitivity of-34 dBm was achieved (not shown).
Fig. 3(c) shows the optical output at port 3, where channel 2i&ext, the 50€2 termination at port 2 was replaced by the driving
transmitted, while channel 1 has been completely removed. Tdraplifier with the RF signal applied to the EA modulator at a
optically transparent channel 2 was then amplified before beib@s of —5 V. A negative penalty of 1 dB and error-free oper-
detected at a commercial 10-Gb/s receiver. The simultaneouation is observed. This improvement-ab V is simply due to
dropped and detected 10-Gb/s NRZ converted channel 1the higher reverse bias obtained from the negative swing of the
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window and a shorter detection window, which would be ideal
for simultaneous demultiplexing and detection of a single
channel from a four-channel 40-Gb/s OTDM data stream.

IV. CONCLUSION

In summary, we have demonstrated that a single com-
ponent, the traveling-wave EA modulator, can be used to
simultaneously demultiplex and detect a single channel from
a bit-interleaved data stream, leaving the other channel unaf-
fected. An error floor was incurred for the dropped channel
due to residual absorption of the error-free transparent channel.
We believe that this technique has the potential to realize a
compact, high-speed full demultiplexing receiver (optical-serial
to electrical-parallel conversion) by integrating a series of EA
modulators on a single chip.

Fig. 4. BER curves for 10-Gh/s (triangles) and 20-Gb/s (circles)
demultiplexing. The filled and open symbols correspond to the detected
channel 1 and transparent channel 2, respectively.
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ration was observed due to the high noise figure and imperfect
output impedance of the driving amplifier.

20-Gb/s BER measurements were then performed with the
EA modulator operated as a simultaneous demultiplexer andll
O/E converter at a bias of5 V. The optically transparent
channel 2 operated error-free with a 20-Gb/s sensitivity of
—33.5 dBm and a 10-Gb/s sensitivity (when channel 1 was(2]
blocked) of—36.5 dBm (not shown). This result indicates the
good optical extinction of the modulator as verified in the eye [3]
diagram [Fig. 3(c)]. On the other hand, the simultaneously
dropped and detected channel 1 exhibited a 20-Gb/s sensitivity
of —28.5 dBm and an error floor. From the single-channel [4]
10-Gb/s sensitivity of—32 dBm, one can expect a 20-Gb/s
sensitivity of —29 dBm for the same channel if there is no g
penalty. However, our measurements indicate that there is a
power penalty of 0.5 dB and an error floor, which we attribute 6]
to the crosstalk from the residual absorption of channel 2. We
believe that this penalty can be reduced with an EA modulator
with sufficient bandwidth when operated as a photodetector a;
lower reverse biases. This would not only decrease the residu F]
absorption, but also allow for a longer optical transparency
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