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Abstract: We experimentally demonstrate a 2-stage continuously tunable optical tapped-delay-

line in which N+M pump lasers produce NxM number of taps. A 3x2-taps optical correlator is

implemented to search multiple patterns among 20-Gbuad QPSK signals using nonlinearities and

coherent comb source.

OCIS codes: (070.4340) Nonlinear optical signal processing, (060.4370) Nonlinear optics, fibers.
1. Introduction
Tapped-delay-lines are a fundamental building block for many data signal processing functions, including
correlation, equalization, filtering, and almost any element that provides a transfer function [1]. Moreover, it may be
beneficial to enable an optical tapped-delay-line (OTDL) so that: (i) certain functions may be performed natively on
optical data streams, and (ii) there exists the potential for optical functions to be performed at a very high rate [2].
There have been several reports on different ways to achieve an optical tapped-delay-line [2-5]. One technique to
achieve a continuously tunable OTDL is the use of chromatic dispersion as well as wavelength conversion and
mixing [3,5] In this approach, an input data stream experiences a transfer function, and a set of wavelength pumps
is used such that each wavelength acts as one of the taps in the OTDL.
A key challenge of this OTDL approach is that the number of taps is limited to the number of pump wavelengths,
and yet there are applications for which there might be a need for a fairly large number of taps. In such a scenario,
the large number of needed pumps may make this approach impractical. Therefore, a laudable goal would be to
enable a large number of taps with a fewer number of pump lasers.
In this paper, we experimentally demonstrate a 2-stage continuously tunable OTDL in which N+M pump lasers
produce NxM number of taps. A 3x2-taps OTDL correlator is implemented to search multiple patterns among 20-
Gbuad QPSK symbols using nonlinearities and coherent comb source.
2. Concept
Fig. 1(a) depicts the generic form of a proposed tunable N x M-taps OTDL. The structure composed of two
cascades OTDL with N and M number of taps respectively. For this structure, the relation between the input signal
x(t) and the output z(t) is determined by z(t) = X' X750t ¢ijx(t — iT — jv) where ¢;; = a;b;, representing an
OTDL with N x M number of taps. By choosing appropriate values for the delays, for instance,T = T; and T = NTs,
the output function can be simplified as z(t) = Y¥XM h,x(t — kT,) where Ts denotes one symbol time interval.
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Fig. 1. (a) Generic block diagram of an OTDL with NXM number of taps. (b) The principle of operation of the proposed OTDL.
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The principal of operation of our proposed OTDL is shown in Fig.1(b). N fingers from an optical comb source are
selected and modulated using an 1/Q modulator. These signals travel through a chromatic dispersive element at
various speeds incurring a different time delay (T). The delayed signals with another set of fingers (a;) which are
passed through the phase/amplitude filter multiplexed together in a PPLN-1 waveguide and by injecting M pump
lasers, M replicas are generated. The M replicas are delayed relatively (z) and with the M lasers (b;) which are
passed through another phase/amplitude filter are multiplexed together in PPLN-2 to generate the output signal z(t).
The proposed method can be used to implement a NxM-taps optical correlator. To find the specific pattern on the
stream, the values of stream{A, B, C, D} are mapped onto the four QPSK symbols. Then, the optical signal is
multiplied with the conjugate of the target pattern to achieve the correlation output. For instance, to identify the
appearance of a six-length pattern [BDCABD] in a long stream of optical QPSK symbols, a 3x2-taps OTDL might
be used in which the correlator weights are set to the phase conjugate of the target pattern [B*D*C*A*B*D*].

3. Experimental Setup

The experimental setup for 3x2-taps OTDL is illustrated in Fig. 2. A flat and broad spectrum 20-GHz frequency
comb can be produced using the method of [6]. A SLM phase/amplitude filter is used to select and write complex
weights on comb fingers (a;) and separate them into two paths. For each path, three comb fingers with a spacing of
1.92 nm are selected. A nested Mach-Zehnder modulator generates the 40-Gbit/s optical QPSK data on comb
fingers. The signals sent through a ~650 m DCF to introduce one symbol-time relative delay between the two
adjacent signals. The delayed signals with comb fingers are multiplexed together and with two injected pumps
produce two replicas in PPLN-1. The two replicas and pumps are sent to another SLM to adjust appropriate phases
on the pumps (b;). They are all with another pump are injected to PPLN-2 to create the correlator output signal.
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Fig. 2. (a) Experimental setup. DCF: Dispersion compensating fiber, SLM: Spatial light modulator, (b) Optical spectra of PPLN-1, PPLN-2.

4. Results and Discussion

Figure 3(a) shows the 3x2taps correlator result for the specific pattern of [BDCABD]. All output symbols in all four
corner points of the 1Q-plane can be detected as the target pattern with 0°, 90°, 180°, and 90° rotations, separately
[6]. Analyzing the upper right corner of the constellation yields the location of the matched patterns in a 4096 QPSK
symbol stream shown as the correlator peaks in Fig. 3(a). Figure 3(b) shows the similar results for [BCDAAB].
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Fig. 3. Experimental results for 3X2-taps OTDL correlator. (a) Target pattern [B D C A B D]. (b) Target pattern [B C D A A B].
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