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Fig. 3. Measured eye diagrams of 10 Gb/s NRZ optical signal and amplitude histograms at fixed timing phase ¢.
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III. SIGNAL QUALITY MONITORING CIRCUIT USING
OPTOELECTRICAL SAMPLING

The optical signal quality monitoring circuit consists of an
OE sampling module, an internal clock source, an electrical
pulse generator, an O/E converter, and a signal processing cir-
cuit as shown in Fig. 2. OE sampling means optical gating with
electrical pulses. The repetition rate of the electrical pulses is
approximately 100 MHz or I GHz. An EA modulator is used
as the OE sampling module. The EA modulator and electrical
pulse generator are relatively small and simple compared to con-
ventional optical sampling components or electrical high-speed
sampling modules. In the conventional electrical sampling case,
the O/E converter bandwidth should be wider than that of the
signal bit rate. On the other hand, in the OE sampling method,
the signal is optically sampled at a repetition rate lower than
the signal bit rate. Therefore, the O/E converter bandwidth is
narrower than the signal bit rate. The signal processing circuit
analyzes the sampled signal to determine the Q-factor at fixed
timing phase #(Q). and estimates the BER.

Using the aforementioned technique, we constructed an
optical signal quality monitoring prototype. A polarization-in-
dependent EA modulator with a 40-GHz bandwidth was used
to achieve polarization-independent operation. Time resolution
is less than 24 ps when the OE sampling repetition rate is
100 MHz, which is suitable for 10 Gb/s optical signals. The
time resolution can range up to 8 ps when the OE sampling
repetition rate is 1 GHz. In this case. the signal bit rate can
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pared to the electrical sampling case, and it is possible to mea-
sure exact waveforms without ringing of wide-bandwidth O/E
converters. At the signal processing circuit, the sampled signal
is calculated and the Q factor at fixed timing t (Q;) is estimated
[15]. The graphical user interface of our prototype is shown in
Fig. 3.

IV. EXPERIMENT AND DISCUSSION
A. Q¢ Monitoring

Parameter @, is estimated from the open eye diagrams cap-
tured by the asynchronous sampling aforementioned. An ex-
ample of the eye diagrams, the amplitude histograms at fixed
timing phase ¢, and @4 are shown in Fig. 3. Parameter ) is de-
fined by

Q= =1l 20)
01+ 0o
where 1; and o; are the mean and standard deviations of the
mark (i = 1) and space (i = 0) level distributions of the ampli-
tude histograms, respectively. The midpoint of the timing phase
between the two white lines in Fig. 3 is ¢ and the sampling points
between the two white lines are used in the estimation.

Fig. 4 shows the asynchronous eye diagrams when the
detuning of sampling frequency & f is 6 kHz. Both the 10-Gb/s
NRZ (left figures) and RZ (right figures) optical signal (40 ps
pulse width) are measured. The eye diagrams at the top of
Fig. 4 represent when the total number of sampling points
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