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Improving the Behavior of an Electro-Optic Modulator
by Controlling Its Temperature
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Abstract– The purpose of this paper is to present the improvement of the stability of an electro-optic modulator obtained
from its temperature control. A digital system based on PSOC microcontroller and a small power amplifier has been
developed. The behavior of the modulator can be observed by the way of its nonlinear properties. Thanks to the improved
thermal stability, it is possible to reduce significantly the drift of the electro-optic modulator.

Keywords– Electro-optic modulator, linear behavior, second harmonic detection, temperature control, digital PID controller.

1 Introduction

Optical telecommunication systems at high data rate
require external modulation. An electro-optic modula-
tor (EOM) is used for modulating the intensity of the
laser beam according to the logical levels of the digital
data. A good transmission is obtained in case of a wide
open eye pattern, and the modulator must be biased for
a linear operation. Unfortunately electro-optic modula-
tors are not perfectly stable and the optimum bias point
changes during the working time. In case of electro-
optic polymer based devices the drift can be dramatic
[1]. A first step in the complete control of the bias point
is presented in this paper.

In this study a commercial electro-optic modulator
made of lithium niobate material (LiNbO3) has been
used (ref. MX-LN-10 from Photline Company). This
kind of modulator is much more stable than electro-
optic polymer based devices. Nevertheless its thermal
drift can be observed in a long-run time interval. Hence
the efficiency of the control can be tested for this
kind of modulator. The technique developed here can
also be applied to the electro-optic polymer material
modulators whose optical bias point highly depends
on temperature [2, 3].

2 The Electro-Optic Modulator

Properties

2.1 Behavior of the EOM

An electro-optic modulator is characterized by its
static transfer function, which is the optical output
power as a function of the voltage applied to the
electrodes. The measurement is performed from a 7 Hz
electrical triangle signal applied to the biasing electrode
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Figure 1. Transfer function of the electro-optic modulator. The
average value of the signal is indicated by the horizontal line.

of the modulator. This frequency is low enough for
considering that the transfer function corresponds to
the static case. The resulting curve shown in Figure 1
presents the signal detected at the output of the modu-
lator as a function of the slowly varying voltage applied
to the DC electrode. The transfer function presents a
sinusoidal behavior. The best linear behavior of the
modulator is obtained at its half-transparency bias
points such as A or B (see Figure 1).

2.2 Determination of the Non-Linearity

During the working time of the modulator there is
a drift of the transfer function toward left or right on
Figure 1. If the modulator has been initially biased
with a constant DC voltage the effect of the drift will
be a change of the bias point position on the transfer
function and so a worst position according to the linear
behavior of the modulator. The bias point is no longer
at the optimal point.
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Figure 2. Block diagram of the measurement unit for estimating the
non linearity of the modulator (NLI).

In order to check the linearity of the modulator
a modulation of the optical beam going through the
modulator is performed by the way of a sine voltage
function, at a frequency f0, applied to the DC electrode.
If the modulator has a non linear behavior, high har-
monic components will appear in the detected optical
signal. For a bias point in the middle of the transfer
function, harmonics may appear if the modulating sig-
nal is not small, but only with odd components. If the
bias point is not in the middle of the transfer function
the modulated signal is no longer symmetric and, in
this case, there will be even components.

The quality criterion of the linearity of the modulator
has to be based on the second harmonic component
detection. But knowing the amplitude of the second
harmonic of the modulated signal by itself is not
enough for our method because there is no information
about the direction of the bias point drift which is
in fact given by the phase of the second harmonic
signal. A simple solution for detecting the phase is to
build a phase comparator based on a multiplier with
a reference square signal at 2 f0 and a low pass filter
giving the average value of the output of the multiplier
which is an image of phase of the second harmonic
signal.

The block diagram of the measurement unit is shown
in Figure 2: the modulated signal is detected by a pho-
todetector, the electrical signal goes through a bandpass
filter centered at 2 f0, then there is the multiplier by
"0" and "1" and the lowpass filter. At the output of the
measurement unit, the signal is an algebraic estimation
of the non linearity, it is called the Non-Linear-Indicator
and noted NLI. This measurement unit is organized
around a PSOC microcontroller from Cypress (ref.
CY8C29466). The circuit is used for generating the
modulating signal at f0 = 500 Hz, the square signal at
2 f0 = 1 kHz and for performing the bandpass filtering
which is based on switching capacitor technique. The
quality factor of the filter is about Q ≈ 29.4. The
multiplier is a DG201 integrated circuit.

For determining the behavior of the modulator, its
initial bias point is finely tuned in order to cancel the
amplitude of the second harmonic, which is observed
on a spectrum analyzer. A DC bias voltage is so applied
to the modulator, and it is kept constant. Then the evo-
lution of the second harmonic indicator NLI is recorded
as shown in Figure 3. Without any temperature control
there is clearly a drift of the transfer function leading to
a non optimal bias point and a degradation of the non
linearity. The next step is to control the temperature of
the modulator, and to determine its influence on the
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Figure 3. Evolution of the second harmonic component, without
controlling the temperature of the modulator.
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Figure 4. Electro-optic modulator (EOM), associated with a thermis-
tor sensor (Th) and three Peltier modules (P1, P2 and P3).

behavior of the modulator.

3 The Temperature Control Unit

3.1 Experimental Setup
The experimental temperature control system is pre-

sented in Figure 4. The modulator is placed on a copper
plate which stands on the upper side of three small
Peltier modules connected in series and equally spaced
along this plate. A second copper plate is placed on the
bottom side of the Peltier modules. The temperature
is tuned according to the sign and the intensity of
the current going through these modules. A thermistor
sensor is placed under the modulator between two of
the Peltier modules; it is a part of a Wheatstone bridge
followed by an instrumentation amplifier for measuring
the temperature. The control unit board is designed
around another similar PSOC microcontroller carrying
a digital PID and achieving the data link with the
computer. The electronic board performs the measure-
ment of temperature, the digital control and gives an
analog output driving a small power amplifier LM675T
producing up to ±1.5 A into the Peltier modules. The
overall block diagram of the complete control system is
presented in Figure 5.

3.2 Implementation of the PID Controller
In order to characterize the complete system, a cur-

rent of 15 mA is applied to the Peltier modules. The
evolution of the temperature as a function of time is
shown in Figure 6. According to the step response,
the system can be considered as being of first order
with delay. By applying the Zigler-Nichols method
[4, 5], it is possible to determine the parameters of the
controller as presented in Table I. The equation of the
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Figure 5. Overall block diagram of the electronic control unit.
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Figure 6. Evolution of the temperature of the EOM by applying a
15 mA driving current.

PID controller is given by [6]:

u (t) = Kp

[
e (t) +

1
TI

∫ t

0
e (τ) dτ + TD

de (t)
dt

]
. (1)

In case of digital technique, the PID is implemented in
the microcontroller, as in (2) considering the sampling
time T0 which is 30 ms in this experiment and the
discrete time k = 0, 1, . . . , t/T0 [6, 7]:

u (k) =Kp

[
e (k) +

T0

TI

k

∑
i=0

e (i − 1) +

TD
T0

[e (k)− e (k − 1)]
]

. (2)

3.3 Temperature Control Efficiency
A software has been developed in order to tune the

temperature and the PID controller parameters. The
working temperature of the modulator is recorded as a
function of time for further processing. The Graphical
User Interface (GUI) is shown in Figure 7. By using the
PID parameters previously determined (see Table I), it
is possible to observe the behavior of the system which
is shown in Figure 8. The starting point was at room
temperature of 17.4 ◦C, and the set point was 25 ◦C. The

Table I
Parameters of the PID Controller.

PID Parameters valueparameters

KP 3.5
TI 40
TD 10

 
Figure 7. GUI of the control software.
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Figure 8. Evolution of the temperature with active PID Control.

observed overshoot is 0.25 ◦C, the settling time is 115 s,
and the steady-state error is 0.05 ◦C.

Such results are rather good for tuning and con-
trolling the modulator temperature. The control unit
should be able to follow the changing of the room
temperature and to keep constant the modulator tem-
perature.

4 Temperature Effect Investigations

4.1 Influence of the temperature on the EOM Bias
Point

The first experiment has been conducted in order to
prove the influence of the temperature on the optimal
modulator bias point. Some temperature changes by
steps of 5 ◦C have been applied to the modulator and
the corresponding non linearity has been recorded as
shown in Figure 9. Temperature and bias point drift
are clearly correlated. But when the temperature is
decreased by 5 ◦C to 25 ◦C for the second time, the non
linear indicator NLI does not return to the previous
level. There are obviously other physical effects leading
to the natural drift of the transfer function.
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Figure 9. Temperature variations applied to the modulator by using
the control unit (a) and the corresponding non-linearity criterion NLI
(b).

 
0.4

0.3

0.2

0.1

0.0

-0.1

N
LI

 (V
)

70006000500040003000200010000
Time (s)

(a)

 
0.4

0.3

0.2

0.1

0.0

-0.1

N
LI

 (V
)

70006000500040003000200010000
Time (s)

(b)

 
Figure 10. Evolution of the non-linearity without temperature
control (a), and by controlling the temperature (b).

4.2 Behavior of the EOM with Temperature Control

The second experiment is a study of the efficiency
of the temperature control unit on the modulator be-
havior. The drift of the bias point is presented without
controlling the temperature (see Figure 10a) and in case
of temperature control (see Figure 10b). The measure-

ments have been conducted on the same day with quite
similar room conditions. For an experimental duration
of 7000 s and from the average slopes of the curves, it
can be found that the NLI value has been reduced by
25% by stabilizing the temperature.

It can be supposed that the reduction of the drift
depends on the working conditions and, among them,
the evolution of the room temperature. Comparing
Figures 3 and 10a we can see that different drift values
can be obtained, and so we can suppose that the
temperature control effects could be different. Further
investigations have to be performed.

Obviously the drift of the bias point depends not
only on the temperature parameter but also on other
physical effects. A complete control is required for a
better compensation of the modulator transfer function
drift effects.

5 Conclusion

In this paper it has been shown that controlling the
temperature of an electro-optic modulator improves its
behavior: the effects of the transfer function drift in
terms of non linearity can be reduced at least by 25 %.
The work has been conducted with a lithium niobate
modulator but it can be applied to modulators made
of electro-optic polymer that are known as less stable.
As there are different physical effects leading to the
drift, direct control of the bias point should be achieved
simultaneously with the temperature control.
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