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Introduction

WDM networks will benefit from all-optical wavelength converters in order to increase the flexibility and
capacity of the network. Consequently, the development of effective and practical wavelength converters
has attracted considerable attention. The requirements of practical converters will be system dependent
but nevertheless high-speed operation combined with the ability to convert over a wide wavelength range
as well as to the same wavelength will be very important features. One of the most promising conversion
techniques uses cross-phase modulation in semiconductor optical amplifiers (SOAs), where conversion at
bit rates up to 40 Gbit/s has been reported in both Michelson and Mach-Zehnder interferometers [1,2].
However, conversion to the same wavelength is inherently not possible with a Michelson interferometer
since the original signal and the converted signal are coupled out at the same output. Mach-Zehnder
interferometers allow conversion to the same wavelength but only in a counter-directional propagation
scheme, which is not attractive due to a limited speed potential as well as carrier redistribution effects
causing jitter [3]. In a newly developed all-active dual-order mode (DOMO) Mach-Zehnder
interferometer, conversion to the same wavelength is possible in a co-directional propagation scheme
since the original input signal is suppressed in the device itself [4]. Furthermore, as the input signal is
suppressed in the DOMO, filter-less operation is possible clearly a very important feature in cases, where
a tuneable output wavelength is required.

Here, we assess the conversion capability of a DOMO Mach-Zehnder interferometer both for
conversion to the same wavelength and different combinations of the signal and CW wavelength. The
good performance in the entire EDFA window at 10 Gbit/s demonstrates that the DOMO converter is an
attractive device for future all-optical wavelength conversion. Additionally, we demonstrate, for the first
time, wavelength conversion at 20 Gbit/s with a high input signal suppression ratio.

Device description and principle of operation

As mentioned above, the big advantage of the DOMO compared to standard SOA-based interferometers
is that the original signal is suppressed in the device allowing conversion to the same wavelength in the
co-directional coupling scheme. This is achieved by using mode splitting/combining multi-mode
interference (MMI) couplers at the input and output of the interferometer arms of the converter, as shown
in Fig. 1 (a detailed description of the device and structure is given in [5]).
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Fig. 1. Schematic of an all-active dual-order mode (DOMO) Mach-Zehnder converter incorporating MMI
couplers at the input and output of the interferometer arms. The active waveguides in the interferometer arms
are designed to sustain two lateral modes, whereas all other active waveguides are single-mode.
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The operation of the device is as follows: the input signal light is coupled (with 3 dB loss) into the
first-order mode by the input MMI, while the CW light is losslessly coupled into the fundamental mode.
After traversing the SOA in the interferometer arm, the signal and CW light is decoupled in the output
MMI (identical to the input MMI). Consequently, the signal light is absorbed in an unpumped waveguide,
whereas, the converted signal is guided to the output of the converter.

Results and discussion

The good performance of the DOMO converter at 10 Gbit/s is illustrated in Fig. 2 showing the converted
eye diagram for conversion from 1545 nm to 1550 nm (Fig. 2.a) and the corresponding spectrum at the
output of the DOMO measured in 0.1 nm (Fig. 2.b). As seen, a very clear and open eye diagram is
obtained indicating potential for high-speed operation. The corresponding output spectrum, shown in
Fig. 2.b, demonstrates an input signal suppression ratio (ISSR) and optical signal-to-noise ratio (OSNR)
of ~25 dB and ~38 dB, respectively. '
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Fig. 2. (a): converted eye-diagram from 1545 nm to 1550 nm at 10 Gbit/s. (b): corresponding spectrum at the
output of the converter measured in 0.1 nm showing an input signal suppression ratio (ISSR) of ~25 dB and
an optical signal-to-noise ratio (OSNR) of ~38 dB.

Seen from a system perspective, it is very important that the all-optical wavelength converter is able
to perform conversion for different signal and CW wavelengths, e.g., when used in a WDM cross-connect
or as a wavelength adapter between different networks. But also conversion to the same wavelength can
be required in several applications, a possibility the DOMO inherently is able to accommodate. The
capability of the DOMO as a wavelength transparent device is demonstrated in Fig. 3. Fig. 3.a shows the
pre-amplified penalty at 10 Gbit/s versus various combinations of the signal and CW wavelength, while
Fig. 3.b shows the corresponding OSNR.
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Fig. 3. (a): pre-amplified penalty versus various combinations of the signal and CW wavelengths, at
10 Gbit/s. (b) : corresponding optical signal-to-noise ratio (OSNR).
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As demonstrated in Fig. 3.a, nearly wavelength-independent conversion is achieved in the case with
unequal signal and CW wavelengths, with a resulting pre-amplified penalty between ~1 and ~2 dB. Note
that the OSNR is above 30 dB in all cases. Furthermore, the measured ISSR values were typically ~20-
25 dB. We emphasize that the bias currents to the device were kept constant in the measurements, and the
only parameters adjusted were the optical input powers. Clearly, this is a very important feature for
practical use of all-optical wavelength converters. As seen in Fig. 3.a, conversion to the same wavelength
results in a pre-amplified penalty between ~3 and ~4 dB. The excess penalty of ~2 dB, as compared to
conversion to different wavelengths, is explained by the ISSR values (~20-25 dB), which are not quite
high enough to ensure operation without degradation due to interferometric cross-talk when the input and
output wavelengths are rigorously matched. We emphasize, however, that the observed excess penalty is
nearly constant as a function of wavelength, indicating that the operation of the mode splitting/combining
MMI couplers is essentially wavelength-independent in the range examined.
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Fig. 4. (a): converted eye-diagram from 1555 nm to 1550 nm at 20 Gbit/s (RZ input signal format). (b):

corresponding spectrum at the output of the converter measured in 0.1 nm showing an input signal
suppression ratio (ISSR) of ~27 dB and an optical signal-to-noise ratio (OSNR) of ~30 dB.

The high-speed potential of the DOMO Mach-Zehnder converter is illustrated in Fig. 4, showing the
converted eye diagram (1555 to 1550 nm conversion) at 20 Gbit/s with an RZ input signal (Fig. 4.a) and
the corresponding spectrum at the output of the converter (Fig. 4.b). As seen, a clear and open converted
eye diagram is obtained, with an OSNR of ~30 dB and an ISSR of ~27 dB, showing that a high ISSR
indeed is possible even at bit rates well beyond 10 Gbit/s.

Summary

The conversion capability of a new all-active DOMO Mach-Zehnder interferometer has been assessed
experimentally at 10 Gbit/s in a co-directional propagation scheme. For signal and CW wavelengths
covering the entire EDFA window the converter showed almost wavelength-independent performance,
with a high signal-to-noise ratio of the converted signals. Additionally, conversion to the same
wavelength, with nearly constant, low excess penalty, was achieved in the wavelength range 1535-
1560 nm. A clear and open eye diagram was also obtained at 20 Gbit/s, together with a high input signal
suppression ratio, demonstrating that the DOMO converter is an attractive device concept for all-optical
wavelength conversion at high bit rates.
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