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Abstract— The feasibility of a complete all-optical
message encoding, error detection and correction system
based in the (7,4) Hamming code is demonstrated. The
message encoding and error detector are composed of
all-optical logical gates.

I. INTRODUCTION

In recent years, as communication network
requirements increase, several all-optical logic
components has been implemented or proposed,
including “and”, “not” and “XOR” gates, in the hope to
reduce or eliminate the numerous and slow electrical to
optical (EO) and optical to electrical (OE) conversions.
These basic logic operations are essential in the
implementation of high-hierarchy network elements,
such as routers or switches, and elementary tasks, such
as error detection and correction.

This paper presents the simulation of the (7,4)
Hamming code, including the message encoding, double
bit error detection and single bit error correction
capable all-optical logical circuits. The analyzed scheme
is composed of all-optical logical gates and signal
regenerators based on Mach-Zehnder interferometer
configurations.

II. THE (7,4) HAMMING CODE AND THE
ALL-OPTICAL IMPLEMENTATION

The (7,4) Hamming code [1], including the message
encoding, and the syndrome checker and correcting
circuit can be implemented using logical circuit cores [2]
based in the XOR, “and” and “not” gates, buffering
operation and feedback loops, as the syndrome detector
shown in Figure 1.
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Fig. 1. Logical circuit for (7,4) Hamming code syndrome checker:
two XOR gates, buffering and the feedback loops are needed.

The all-optical implementation of the (7,4) Hamming
code presented here is based on the 40 Gbit/s all-optical
XOR gate presented by Webb [3], but used at
only 10 Gbit/s, due to the presence of feedback
loops. They make the system very sensitive to any
perturbation introduced by the XOR gates. In fact,
even at the 10 Gbit/s speed, the XOR gates needed
extra stabilization provided by two signal regenerators
attached at the output of each gate. The combination
of a XOR gate and a signal regenerator is called
a regenerative-XOR gate. Figure 2 shows the main
components used in the all-optical implementation:
two all-optical XOR gates and two all-optical signal
regenerators, both components are implemented using
a Mach-Zehnder interferometer configuration. These
components where tuned independently, choosing the
appropriate SOAs lengths, injection currents, cavity
lengths, etc., needed to perform their different tasks. As
in a real implementation, the component tuning was not
an easy task, given all the different elements involved.

III. THE RESULTS

The simulations where performed using the Optical
System Simulator (OSS) developed at the Arizona
Center for Mathematical Sciences (ACMS), University
of Arizona [4]. This simulation tool provides a
common platform for the analysis and design of
both isolated optical devices and of complex optical
systems. The structure of the simulator is modular,
and the simulated system is constructed by assembling
different components, such as the semiconductor optical
amplifiers (SOAs), passive cavities, Y-junctions, and
all the optical components needed to implement the
all-optical (7,4) Hamming code scheme.

Figure 3 shows the simulation result for the all-optical
(7,4) Hamming code syndrome checker tuned to operate
at 10 Gbit/s for a 240 THz (1.25 µm) input signal.
The pulse width for the input signal and clock is
4 ps, with a peak power of 1 mW. The SOAs are
assumed to be 300 µm long devices based on a
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(c) Optical circuit for the (7,4) Hamming code syndrome checker using regenerative-XOR gates

Fig. 2. Basic sub-systems used in the (7,4) Hamming code syndrome checker all-optical simulation: the XOR gates and the signal regenerators
are combined into new regenerative-XOR gate elements.
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Fig. 3. (7,4) Hamming code syndrome checker simulation: the table shows the syndrome values for the word 1001111, and the graph shows
the input word with an aggregated noise (y) and the simulated values of the D2 register. The latter contains a non-zero value at the end of the
7 bit received word, indicating an error. After that, a sequence of “1” input values is fed into the syndrome checker to verify stability.

In0.94Ga0.006P0.525As0.475 6 nm wide quantum wells,
with In0.9Ga0.1P0.78As0.22 30 nm wide barriers, and
InP cladding. As can be seen, the syndrome checker
reproduces the expected output with some fluctuations
due to the simulated input variations and the non-linear
effects in the system. The scheme was simulated for
100 ns, and even though fluctuations were always
present, the output was stable for constant (all ’1’ input
sequence) as well as random input sequences. However,
it should be noted that the systems by itself tend to be
unstable, and only through proper parameter adjustments
and the addition of the regeneration elements, is it
possible to obtain a stable regime.
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