|EEE LEOS Annual M eeting (LEOS 2003), I nvited Talk
Tucson, Arizona, October 26-30, 2003, vol. 1, pp. 380-381

All-Optical Signal Processing for over-100-Gb/s Optical-TDM Networks

Y oshiyasu Ueno

Department of Electronic Engi neering, University of Hectro-Communications
1-5-1 Chofugaoka, Chofu, Tokyo 182-8585, Japan, email: y.ueno@ieee.org

Abstract:  Recent semiconductor-based utrafast signal processing results are reviewed. After
resuts regarding demultiplexing, 3R gating, and related topics are introduced, several scaling
rules that could govern the SOAsin such gating modes are given.

1. Current OTDM Component Technology

Thelarge and ultrafast opticd nonlinearity of millimeter-gze semiconductor optical amplifiers (SOAS) has
led to the study of several types of gate functions at ultrahigh bit-rates beyond 40 Gl/s. Among these functiors,
optical demultiplexing has been the most successfully demonstrated with 336 Gh/s RZ signals [1]. The
dow-recovery-induced phenomena that accompany the utrafast nonlinear response inside each SOA do not
slow down the gating speed, because their effects on the opticd signals are dramati cally removed by an optical
interferometer incorporated in each U trafast gate sructure (e.g, SMZ, TOAD, PD-SMZ, UNI, or DISC).

Degpite the use of optical interference, their stability will not be a problem in the building of network
systems. Integrated gates have shown excellent stebility. Evenwhen ultrafast gati ng with large extinctionratios
is requred in long terms the optical interference will precisdy be stabilized with low-cost slow
optoelectronicsinside each gate module (Fig. 1) [2].

One gate function that has dtracted condderabl e attention from both OTDM and 40-Gb/s researchers is
optical 3R gating. Its noise-tolerant, jitter-tolerant regenerative properties have been observed experi mentally
with 40- to 80-Gh/s signals by severa research teams (Fg. 2) [3-6]. 3R regenerative geting with 160-Gh/s
signalsiscurrently a particularly attractive research goal .

All-optical wavelength conversion for cross-connecting OTDM sgnds has also been demonstrated with
ore of the above gate structures. To date, error-free wavelength conversion of 168-Gb/s signals has been
reported [7]. Importantly, al-opticd gates in the wavedength-conversion mode as well as those in the
3R-gating mode, are driven with ultrafast-linerate RZ signals in good contrast to those gates in the
demultiplexing mode. The experimental demonstrati on of 168-Gh/s conversion, consequently, is considered a
milestone d ong the way to 160-Gb/s 3R gati ng.

2. Possible Scaling Rules for nonlinear SOAs in the Ultrahigh-Frequency Gating Mode

The modeling and designs of SOAs for amplification purpaoses have been well established in the past
decade. In contrast, those for ultrafast gating reman on-going subjects Severd types of straightforward
scding rules that could govern such SOAs were proposed only recently, where the gating mechanism was
modeled as simply as possible for deriving such rules. The simplest gating mode, i.e., the ‘periodical’ gating
mode as is used in demul tiplexi ng, was assumed there aswell. Systematically measured data in the frequency
range from 40 through 160 GHz have been reasonably representati ve of two of these scaling rules; the driving
force for the gating, i.e., the magnitude of the nonlinear responseinan SOA, followstherule
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where fis the gating frequency and |, isthe injection current to the SOA (Fg. 3) [8].

3. Saling Rulesfor 160-Gl/s optical-3R Gating

Because all-optical gates inthe 3R-gating mode are driven by linerate random signals, the slow recovery
time constant of SOASs inside these gates must be of the order of the hit separation (6 ps for 160-Gh/s gating).
Two dternaive research directions for accelerating the SOA recovery have attracted attention. Recent results
from sub-band-trang tion nanostructures suggest that |ess-than-one- picosecond-recovery SOAs will appear in
the future [9, 10]. For conventional SOAs, a remarkable accderation of the recovery time has been reported,
where the SOA is pumped with a specifically designed light [11, 12]. We shou d emphasi ze, however, that the
tolerance of optical 3R gating toinput timingjitter will belost if the SOA recovery is accel erated to that of the
fiber nonlinearity. Thus, the SOA recovery time isclearly an i mportant gate-ded gn subject.

For the optical 3R gating mode, no scaling rule has been established. The experimentally observed 3R
properties (noise suppression and jitter tol erance) have been numeri cally demonstrated only very recently using
thelatest 3R gating model (Fg. 4) [13]. A possible frequency-scaling rule derived from the lates model will be
presented at the tdk. Scaling rules that can be derived from such modeling will be hdpfu for drawing
roadmaps for various types of on-going research aimed at 160-Gh/s sgnding in the near future, and towards

hi gher bi t-rates beyond that.
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Fig. 1: Interference control scheme Fig. 2 Optica 3R gating with 84-Gbis

demondrated in the 16:1 168-Gb/s demultiplexing [2]. pseudorandom signals, observed with stresk camera[4].
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Fig. 3: Observed scaling rul esin the SOA's nonlinear Fig. 4: Calculated noise-suppression property
responsein the frequency range from 42 to 168 GHz [§]. from the latest 3R gating model [13].
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