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Off-level Sampling Method for Bias Stabilization of an
Electro-Optic Mach-Zehnder Modulator
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ABSTRACT

A new method for stabilizing the bias of an Electro-Optic Mach-Zehnder modulator has been developed to
maximize the switching extinction ratio in burst mode packet traffic. By sampling and minimizing the off-level
output power of the modulator, a high extinction optical gate switch in obtain regardless of the variation of the
packet traffic density.

Indexing terms : EO modulator, Bias Stabilization, Burst mode traffic

Mach-Zehnder(EO-MZ) modulators can be as gate

I. Introduction switches because commercially available versions
of them have already been produced which
Optical packet switches have been actively operate at up to 10 Gb/s that have low chirp and
researched because of their potentials in the future low noise characteristics.
all-optical networks'?. To build such a system, Several drift mechanisms are present in EO-MZ
several key modules including a high-speed multi- modulators  under operational conditions. The
wavelength laser source and a high-speed wave- conventional method of bias stabilization for
length selector, have to be incorporated'*”. The optical modulator, which utilizes dithering signal
optical gate switch is a key component in such and lock-in detection, is unsuitable for applying
functional modules. Semiconductor ~ Optical the optical modulator as an optical gate under
Amplifier(SOA) has been considered for that burst mode, because it has a disadvantage that an
purpose because of its optical amplification error signal extracted for controlling bias voltage
property and a monolithic integration possibility varies depending on the traffic characteristic of
with other devices'®. While, the Electro-optic the output optical signal[(’]. Another conventional
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method of bias stabilization is to compare the
effective DC component of the electrical input
signal with that of the optical output signal and
then adjust bias so as for the electrical input
signal and the optical output signal to have the
same traffic characteristic. This method s
applicable to the burst mode traffic characteristic
because it is possible to obtain an optical output
modulated identically with the electrical signal as
inputted by using the difference between the
reference voltage of the electrical signal and the
voltage of the optical output as an error signal. It
is, however, also unsuitable for applying the
optical modulator as an optical gate under burst
mode, because it has a disadvantage that it is
subject to the instability of the circuit components
to be caused by the peripheral temperature,
humidity and stresses etc. owing to its use of
error signals proportional to the absolute value of
the DC voltage.

I. Off-level Sampling Method for
Bias Stabilization of an Electro-
Optic Mach-Zehnder Modulator

Conventional bias stabilization methods for
modulator includes a DC-drift and a thermal drift
etc. Therefore a method for stabilizing the
operating point is required, whether the modulator
is used as an external modulator or as an optical
gate switch. Phase sensitive detection(PSD) using
a small dithering signal and locking amplifier has
been used to control the operating point in
light-wave transmission systems because of its
stable and small signal detection characteristics.
However, the method is useful for both uniform
and scrambled data traffic because the error signal
in the PSD method depends on the traffic

densitym

. This dependence is coming from the
fact that the magnitude of the optical harmonics
induced by the input dithering signal are different
at off-output and on-output levels due to the
sinusoidal  transmission characteristics of the
EO-MZ modulator. While in the optical networks,

the traffic characteristics are burst. So a new

method is

maximum switching extinction ratio even though

stabilization required to  obtain
the traffic density is varies with time.

In this paper, we propose and demonstrate a
new bias stabilization method for EO-MZ
modulators, with the aim of using the modulator
as an optical gate switch in optical packet
switching systems.

2.1 Basic idea of the proposed method

The basic idea of the proposed method is to
sample only the off-level output power in the
modulated output data streams and minimize its
value level by feedback control. it is possible to
maintain maximum switching extinction ratio
regardless the variations in traffic density. This is
because the off-level output power is not a
function of the traffic density. To sample the
off-level power selectively, the sampling trigger
signal should be generated first. Fig. 1 shows a
timing diagram for the generation of the off-level
sampling trigger source from the electrical input
data and the system clock. When the electrical
input data is logically low, then the optical output
should be in the off-state as shown in Fig. 1 if
the maximum switching extinction is desired. The
off-level sampling trigger source can be generated

High

Low
DATA(E)

ot
DATA(O)

DATA(E)

DATA &CLK
(Trigger signal)

%4

DATA(E) : electrical input data, DATA(O): optical output data,
CLK : system clock.

Fig. 1 Timing diagram for the generation of the sampling
trigger source.
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from the data information. For this, the input data
is inverted first using ECL logic device, then by
performing an AND operation between the system
clock and /DATA, sampling trigger source can be
generated as shown in Fig.1. The sampling trigger
source will be used in the sample and hold (S &
H) device to detect the off-level output power at
the rising edge of the trigger source, which will
be described in detail later.

Although the proposed method requires a high
speed electrical logic processing, it may not be
applicable to high bit-rate systems more than a
few Gb/s. In the optical packet switching systems,
however, the data repetition is not so high, which
means the optical gating or other optical packet
processing is normally performed in the unit of
packet. For examples, it is only about 20 Mb/s
for the 10 Gb/s bit-rate if we assume that one
packet is consisted of about 57 ~ 64 bytes such
as the ATM cell format. Therefore, the proposed
method is applicable to optical packet switching

and processing systems.

2.2 Experimental set-up

Fig. 2 shows the experimental set-up for
demonstrating the proposed stabilization method.
A CW DFB LD with 0 dBm output power at
1548.25 nm is used as the light source. An
LiNbO; EO-MZ modulator is used as the gate
switch and its switching time is less than 150
psec. The half-wave voltage of the RF and the
bias ports is 3.7 V and 6 V, respectively. The
extinction ratio at DC and the insertion loss are
measured to be ~ 27 dB and 4.5 dB, respectively,
with TM polarized light. 10 % of the optical
output is tapped and converted to an electrical
signal by photodetector(PD) for feedback bias
control. To driver the EO-MZ modulator, a fast
TTL device with a switching time of 3~5 nsec is
used to improve the low frequency response
ranging from DC to 100 Mbfs. The bias
stabilization circuit includes an external bias
control unit to induce a bias voltage perturbation
for the test purpose. Fig. 3 is a scheme diagram
of the fabricated bias stabilization circuit.
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Fig. 2 Experimental set-up for the demonstration.

Fig. 3 Assembly of experimental set-up

2.3 Design of the bias stabilization
circuit

Fig. 4 is a schematic diagram of the fabricated
bias stabilization circuit. It is mainly composed of
the off-level sampling trigger source generator,
S&H device having tracking band of 250 Mb/s
(AD9100), a low-pass filter, and an 8-bit micro-
processor. The S & H device samples the off-
level output voltage from the PD at the rising
edge of the trigger and holds the value until it is
updated by the next sampling trigger signal. The

Data
(Optical) l

Sampling Sample LPF ADGC
Data . Viies
—>»  Trigger & & & DAC
Electrical, 3 = ey >
{ rical) Generator Hold AMP CPu —

CLK  —>

LPF : Low-Pass Filter, ADC : Analog-to-Digital Converter,

CPU : Central Processing Unit,

DAC : Digital-to-Analog Converter. DATA(O) means the
modulated optical output after O/E conversion.

Fig. 4 Block diagram of the proposed bias stabilization
circuit
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bias voltage is there maintained as the last value
for the duration of the on-state. The lowpass filter
rejects the high frequency components from the S
& H and the circuit. The sampled signal is then
processed by the 8-bit microprocessor after
analogue-to-digital  conversion(ADC) to check
whether it is a minimum or not. The off-level of
the output optical signal is minimized as shown
in the process of Fig. 5.
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Fig. 6 Principle of the off-level detection

2.4 Off-level minimization

The minimization procedure is as follows ;
Since the MZ modulator generally works periodi-
cally with respect to increase and decrease of the
bias voltage(up or down), in order to minimize
the off-level, it is required to know the output
value of the off-level and the variable direction of
the bias voltage to minimize the output value.
They can be known by checking the slope of the
modulation signal curve with respect to the bias
voltage in the current output value, which slope
can be traced by applying the step input voltage
to the output optical signal continuously. This
signal is converted from digital-to-analogue to
supply a stable DC bias voltage to the optical
modulator. The minimization procedure is as
follows ; The processor adds(or subtracts) a small
perturbation 4V  to(from) the bias port via
digital-to-analog conversion(DAC) and it compares

the resulting off-level output with the previous
one. If the new one is smaller, then it continues
adding(subtracting) 4V to the bias port because it
is not the minimum and the tracking direction is
correct. In contrast, if it is larger than the
previous voltage, it changes the sign so that it
subtracts(or adds) AV because it is not a correct
tracking direction and the state is already beyond
the minimum point. By repeating the above
procedure continuously, the maximum switching
extinction can be maintained with some off-level
power fluctuation determined by the ratio between
the feedback control voltage step AV and the
half-wave voltage of the bias port. To obtain a
switching extinction of > 20 dB, the AV from
the transmission curve is calculated to be smaller
than 1.2 V when the half-wave voltage of the
bias port is 6 V. In the experiment,4 V was
designed to be 150 mV so as to minimize the

extinction ratio fluctuation as much as possible.

2.5 Programming algorithm

Fig. 6 shows a flow of the programming
algorithm for Fig. 5. Assuming that the output
value of the first currently input signal at the bias
voltage of Vp=Vg is Ta, and that the output value

Ta : Current Signal (Ve=V,)
Ty : Ty + AV (V,+4Y)

T s, Th+AV

Down count mode UP count mode
(rising) (falling)

idi inirni i N
Holding of the minimized operation point DC biasto M7,

Modulator

Fig. 6 Program flow for minimized off-level holding
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of the second input signal at Ta+AV where the
step input voltage of +AV(up count) is applied to
the bias voltage is Tp, if Ta > Ts, the off-level
lies in the -V, interval and the bias voltage is
kept in the up count direction, and if Ta < Tg,
the off-level is in the +V, interval and the
feedback bias voltage is converted to the down
count direction. similarly, if the step input voltage
+A is applied continuously and the output value
is decreased, the direction of the step input
voltage is maintained continuously as before, and
if the output value is increased reversely, the
direction of the step input voltage is converted,
and thereby the bias voltage can reach the
minimum operation point. When the value of the
modulated voltage +V, reach the maximum value,
a pilot operation is required for it to return to the
minimum operation point.

. Performance test result

Fig. 7 shows a example of the measured
extinction ratio according to the time when
“.1010..” non-return-zero(NRZ) data with 25 Mby/s
clock is applied to the EO-MZ modulator. The
extinction ratio is calculated as formula (1) by

measuring on-level (P%) and off-level ( P*gf%)

voltages from the modulated output using a 20
Gb/s digital sampling oscilloscope(HP 83480A).

off

Extinctionratio(dB) = 10log —5: M
out

As shown in Fig. 5, the external perturbation
with a time varying voltage due to the electronic
circuit instability and the environment effects such
as ambient temperature stress etc. is applied to
the bias voltage during the time interval indicated
by arrows. We incorporated an external perturba-
tion in the circuit to add or subtract some
artificial perturbation voltage to the feedback
signal for the stabilization test purpose. The
extinction ratio of the modulator is stabilized at ~

25 dB under normal operation with a deviation of
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5dB. A rather large fluctuation may comes from
the input polarization and the circuit noise. When
the external perturbations is applied to the bias
port during the time interval as shown by arrows,
the switching extinction becomes worse, but it has
been recovered within several seconds. The
system response is determined by the cut-off
frequency of the lowpass filter in Fig. 4. The 3
dB cutoff frequency in the experiment is 10 Hz.
By adjusting the passband towards the high
frequencies, the speed of response could be
increased. Several experiments according to the
data patterns and system clocks up to 100 Mby/s
have been carried out with similar results.
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External perturbation is applied to bias voltage during time interval

indicated by arrows.

Fig. 7 Measurement of the switching extinction ratio with time

IV. Conclusion

We have proposed and demonstrated a new
bias stabilization method to enable EO-MZ
modulators to be used as optical gate switches in
burst mode traffic systems. The basic idea of
the proposed method is to sample only the off-
level output power in the modulated output data
streams and minimize its value level by a
feedback control. By sampling and minimizing the
oft-level output power of the modulator, it works
as a high extinction optical gate switch regardless
of the variation of the packet traffic density. The
method  is

especially useful in Wavelength

Division Multiplexing(WDM) based optical packet
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switching and processing systems, the high-speed
wavelength light source, the optical buffer and the
high-speed optical signal link at 100 Gb/s or
higher that are required for the high-speed

multi-wavelength conversion.
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