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(57) Abrégée/Abstract:

A method and a device for measuring the half wave voltage of a Mach-Zehnder type optical modulator accurately and without
depending on the bias variation of an optical modulator. The method of measuring the half wave voltage of the Mach-Zehnder type
optical modulator comprising the steps of applying a high-frequency AC signhal 34 and a monitoring low-frequency AC signhal 35 In
a superimposed manner to a Mach-Zehnder type optical modulator 1, or applying the both respectively to separately constituted
electrodes, and observing the low-speed response of an output light from the optical modulator 1, wherein the half-wave voltage at
a frequency to be measured of the Mach-Zehnder type optical modulator 1 iIs measured by using the voltage amplitude of the high-
frequency AC signal 34 when the intensity change of an out put light by the monitoring low-frequency AC signal 35 Is almost zero
with the voltage amplitude of the high-frequency AC signal 34 kept variable.
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METHOD AND DEVICE FOR MEASURING HALF-WAVE VOLTAGE OF

P ——— T —— P ———

MACH-ZEHNDER TYPE OPTICAL MODULATOR

A e e S —— e ——— i e S e T i T e e B s B e B . ———— e e ———

A method and a device for measuring the half-wave voltage of a
Mach-Zehnder type optical modulator accurately and without depending on
the bias variation of an optical modulator. The method of measuring the
half-wave voltage of the Mach-Zehnder type optical modulator comprising the
steps of applying a high-frequency AC signal 34 and a monitoring
low-frequency AC signal 35 1n a supernmposed manner to a Mach-Zehnder
type optical modulator 1, or applying the both respectively to separately
constituted electrodes, and observing the low-speed response of an output
light from the optical modulator 1, wherein the half-wave voltage at a
frequency to be measured of the Mach-Zehnder type optical modulator 1 is
measured by using the voltage amplitude of the high-frequency AC signal 34
when the intensity change of an out put light by the monitoring low-frequency
AC signal 35 1s almost zero with the voltage amplitude of the high-frequency

AC signal 34 kept vaniable.
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MACH-ZEHNDER TYPE OPTICAL MODULATOR
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(1) Field of the Invention:

Present invention relates to method and device for measuring
half-wave voltage (AC half-wave voltage) of a Mach-Zehnder type optical
modulator (hereinafter refer to as MZ type optical modulator), especially a
method and a device for measuring the half-wave voltage at high frequency of
a MZ type optical modulator, which corresponds to high frequency modulation

used 1n high-speed and high-capacity optical fiber communications.

(2) Related art statement:

An optical modulator is the primary element, which is used in
transmitting parts of optical communications, especially, in recent high-speed
and high-capacity optical communication, MZ type optical modulator, which is
made by using LiNbOs (LN) is used in huge range with its features such as
high-speed, wide wavelength band, and low-chirp.

As shown 1n figure 1, MZ type optical modulator 1 is composed of light
guide 2 which 1s for guiding light waves, on the substrate that has an
electro-optical effect , and the electrodes (not shown) which is for applying
high-speed modulation signal of micro wave band to said light waves, and so
on. The principle of MZ type optical modulator’s operation is that the input

light from one end of the light guide 2 is divided on the way and because the
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lights pass 1nside the substrate of which the refractive index has changed
dependent on the amount of electronic signal voltage which applied from
signal source, speed difference occurs between mutual divided lights, and as
the two divaided lights converge, phase difference occurs, and the combined
output light shows an intensity change which respond to said electronic
signal.

The figure 2 shows the change of output light (I) in relation to the
change of input voltage (V) of signal source 3 which is applied to MZ type
optical modulator 1, and generally, as the input voltage V increases, light
output I draw a curve that vibrates as a sine wave in certain range. As in
figure 2, an input voltage range between minimum point and maximum point
of the light output is called half-wave voltage Vi, and when ON/OFF
switching control using optical modulator in optical communication is handled,
the value V; 1s important to determine the voltage of electronic signal which is
applied to optical modulator.

Even when the same optical modulator is used, half-wave voltage
changes according to the electronic signal frequency which is applied to optical
modulator, and also, as optical communication become high-speed and
high-capacity recently, drive frequency of optical modulator has also become
high, so it 1s required to measure accurate half-wave voltage at 10GHz or
higher frequency.

To measure half-wave voltage, there are several methods such as
figure 3 which shows the way to observe the light output directly (prior
example 1), or as the figure 5 shown in United States Patent No.6204954

which is a method using the average power of output light (prior example 2).
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In the prior example 1, as shown 1n figure 3, light from laser source 4
enters to MZ type optical modulator 1, and at the same time, the voltage
which superimposed bias voltage from bias DC power 32 to high-frequency AC
signal 31 by using bias T 33 i1s applied to MZ type optical modulator 1. Then
the light from MZ type optical modulator 1 is detected by using high-speed
photo detector 51, and by observing the detected power on sampling
oscilloscope 52, half-wave voltage 1s measured.

The method for measuring by prior example 1 is that when the
relation between input voltage V and output light I (V-I characteristic) of MZ
type optical modulator 1 1s like graph A in figure 4, if bias voltage Vg is
superimposed to high-frequency AC signal which has peak-peak voltage
amplitude value Vp-p and input voltage as graph B is applied to MZ type
optical modulator 1, output light becomes hike graph C, and the wave form of
graph C 1s observed directly on sampling oscilloscope 52.

As carrying this direct observation, by adjusting the voltage value of
Vpop and VB to make peak-peak amplitude of graph C maximum and
measuring Vpp at its peak, halt-wave voltage V of MZ type optical modulator
1 will be determined (Vi=Vp-p).

However, with the method of measuring by prior example 1, it is hard
to observe an accurate light waveform (graph C in figure 4) at high-frequency
over 10GHz, because of the problem with frequency characteristics of light
recelving system such as high-speed photo detector 51. Therefore, it cannot
measure half-wave voltage precisely.

On the other hand, in the prior example 2, as shown in figure 5, the

voltage of high-frequency AC signal 31 superposed with bias voltage from DC
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power 32 by bias T 33, 1s applied to the MZ type optical modulator 1 which the
laser 1s passing through. Then 1t is comprised to diverge the light from MZ
type optical modulator 1 at light coupler 53, to detect one light by light power
meter 54 and another light by photo detector 55, and to introduce the detected
power of the photo detector to spectrum analyzer 56.

The method of measuring by the prior example 2 is that when
relationship between input voltage V and light output I (V-I characteristics) of
MZ type optical modulator 1 shows the pattern like graph A in figure 6, after
adjusting the bias voltage Vg to the input voltage showing peak volume in
graph A of V-I characteristic (bias point adjustment), it is carried out to
measure average power volume of light output (graph C1) in the case (graph
B1) of superposing high-frequency AC signal which has peak-peak voltage
amplitude volume V-, to bias voltage Vg, light output volume (graph C2) in
not adding high-frequency AC signal (only bias voltage Vg, graph B2), and V,
of high-frequency AC signal. Then by using that the V-I characteristic
becomes to sine function, it 1s possible to find out half-wave voltage Vy of MZ
type optical modulator.

Handling with the method of measuring by the prior example 2, it is
able to measure an accurate half-wave voltage at high-frequency, but the bias
point adjustment for MZ type optical modulator is necessary and there is a
problem that an accurate half-wave voltage measurement is difficult when
there 1s a fluctuation in output light because of the bias point variation.

Also, there are many parameters to use for half-wave voltage calculation so
the calculation is becoming cumbersome and complicated.

Present invention solves these problems and offers a method and
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device for measuring that is able to measure half-wave voltage of MZ type
optical modulator accurately at high-frequency, does not depend on the bias
point variation of the optical modulator, and in which the parameters for

calculation are simple.

SUMMARY OF THE INVENTION

In order to solve the problems above, in one aspect of the invention a
method for measuring half-wave voltage of Mach-Zehnder type optical
modulator 1s characterized 1n that it comprises the step of applying a
high-frequency AC signal of a frequency under test and a monitoring
low-frequency AC signal in a superimposed manner to a Mach-Zehnder type
optical modulator, or applying the both respectively to 1its separately
constituted electrodes, and the step of observing the low-speed response of an
output light from the optical modulator, wherein the half-wave voltage at a
frequency under test to be measured of the Mach-Zehnder type optical
modulator 1s measured by using the voltage amplitude of said high-frequency
AC signal when the intensity change of an out put light by said monitoring
low-frequency AC signal is almost zero with the voltage amplitude of said
high-frequency AC signal kept variable.

In another aspect of the invention, the method for measuring
half-wave voltage of the Mach-Zehnder type optical modulator 1is
characterized in that, in the method for measuring half-wave voltage of the
Mach-Zehnder type optical modulator, when the intensity change of an out

put light by said monitoring low-frequency AC signal 1s almost zero, the
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relationship between the peak-peak voltage amplitude value V., of the
voltage amplitude of said high-frequency AC signal and the half-wave voltage
value Vi of Mach-Zehnder type optical modulator satisfies this relational
exXpression.

Jo(mV,-o/(2V)=0 1Jo is Bessel function at 0 order}

In a further embodiment of the invention, the method of measuring
half-wave voltage of the Mach-Zehnder type optical modulator 1is
characterized in that, in the method for measuring half-wave voltage of the
Mach-Zehnder type optical modulator, in the case of setting a minimum value
of the peak-peak voltage amplitude value of the voltage amplitude of said
high-frequency AC signal when the intensity change of an output light by said
monitoring low-frequency AC signal 1s almost zero, as Vp-pmin , the half-wave
voltage value V; of Mach-Zehnder type optical modulator satisfies this
relational expression.

TV p-pmin/(2V)=2.405

In another embodiment a device of measuring half-wave voltage of the

Mach-Zehnder type optical modulator 1s characterized in that the device

makes 1t possible to measure half-wave voltage of the Mach-Zehnder type
optical modulator, by using one of the methods for measuring half-wave

voltage of the Mach-Zehnder type optical modulator as described herein.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 1s a diagrammatic illustration of Mach-Zehnder type optical

modulator.
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Figure 2 1s a graph, which shows V-1 characteristic of Mach-Zehnder
type optical modulator.

Figure 3 1s a diagrammatic illustration, which shows the method for
measuring of the prior example 1.

Figure 4 1s a graph, which shows several relations such as V-1
characteristic in using the method for measuring of the prior example 1.

Figure 5 is a diagrammatic illustration, which shows the method for
measuring of the prior example 2.

Figure 6 1s a graph, which shows several relations such as V-I
characteristic in using the method for measuring of the prior example 2.

Figure 7 1s a diagrammatic illustration, which shows the method for
measuring of the present invention.

Figure 8 1s a graph, which shows a state change 1in a low-speed
response of output light 1n using the measuring method of present invention.

Figure 9 1s a diagrammatic illustration, which shows an experiment
example of present invention.

Figure 10 is a graph, which shows the characteristics of electrical and
optical response ot MZ type optical modulator in the case of using present

invention’s measurements.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the present invention will be concretely described with
preferred examples, but the scope of the present invention i1s not restricted to

these preferred examples.
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In the present invention, as shown i1n figure 7, after applying a
high-frequency AC signal 34 and a monitoring low-frequency AC signal 351n a
superimposed manner to MZ type optical modulator 1, or as shown in figure 9,
after applying the both respectively to separately constituted electrodes (in
concrete terms, RF signal electrode and bias port earth electrode), by
observing the low-speed response ( the change related to low-frequency AC
signal 35) of an output light from the optical modulator 1 by photo detector 57
and oscilloscope 58, and adjusting the voltage amphitude of the high-frequency
AC signal 34 in accordance with this observation of the waveform, i1t makes
possible to measure the half-wave voltage of MZ type optical modulator 1.

With the present invention, there is no need to adjust or control bias
points, which cause a problem for measuring of MZ type optical modulator,
and in addition, it becomes possible to measure accurate half-wave voltage
very easlly.

The measurement principle of the present invention will be described
1n the following sentences.

If a phase change by high-frequency AC signal 34 1s $1 and a phase
change by low-frequency AC signal 35 is 2, then an output light of M-Z type
optical modulator 1 can be indicated as formula 1. Ip represents the maximum
value of output light, V-, means the peak-peak voltage amplitude value of
high-frequency AC signal 34, f is the frequency of the high-frequency AC
signal 34 which 1s frequency under test, V; means the half-wave voltage of MZ

type optical modulator 1 at frequency f under test.
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Formula 1
= '{9'[1 +c0s(D, + O, )
y A |
a¥, e
q)l —— 2)2’ sin(2rgﬂ)

In the next place, the low-speed response I' of output light I is
equivalent to take time average of high-frequency AC signal (frequency ), and

enables to be expressed as formula 2.

Formula 2 14 I.
r=f Io —29-[l+cos(¢,-+¢,)]dt
; . . .
=fj‘:”-:—;-[l+oos®, cos P, —sin P, si'nfb,]d! . 2

Moreover, after expansion into series, formula 2 turns to formula 3.

Formula 3

1:--n=0

~ In this regard, €n = {2 n«0
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From formula 3, the low-speed response I' of output light of MZ type
optical modulator can be expressed in product of constant term, Bessel
function at 0 order, and cosine function. At this point, the amount expressed
as Bessel function is the change 1n output light caused by high-frequency AC
signal 34, and the amount expressed as cosine function is the change in output
light caused by low-frequency AC signal 35.

Now, if high-frequency AC signal 34 with voltage V,, which makes a
number of terms of Bessel function 0 1s input, the second term of formula 3
becomes 0, and though any low-frequency AC signal 35 1s input, low-speed
response [’ of output light becomes Io/2 which is fixed output light. Figure 8 (b)
shows this situation.

In other words, as changing continuously the voltage amplitude of
high-frequency AC signal 34, which puts in MZ type optical modulator 1, in
observing low-speed response of output light from MZ type optical modulator
1 by oscilloscope 58, when a state of the output light that is changing by the
effect of low-frequency AC signal as figure 8 (a) becomes constant as shown in
ficure 8 (b), measuring voltage Vpp of high-frequency AC signal 34 which is
input in MZ type optical modulator 1 makes possible to calculate the
half-wave voltage Vy at frequency under test .

The relationship between V-, and Vy; in the case which the low-speed
response I’ of output light becomes constant can be derived from the condition
which make Bessel function’s term of formula 3 O, that 1s

Jo(rrVyp-p/(2V)=0 (Jo is Bessel function at O order) .

However, because there are several conditions in that Bessel function

at 0 order becomes 0, normally for minimizing necessary signal voltage, by

10



CA 02456914 2004-02-09

using the peak-peak voltage amplitude value Vypmin When output light
becomes minimum at first, , half-wave voltage value Vj 1s calculated from the
relation nVppmin/(2V1)=2.405 .

One example of experiments on the present invention is shown in
figure 9 and figure 10.

1.55pm laser light from laser light source is entered to MZ type LN
optical modulator 11 with adjusting the condition of polarized wave by passing
polarized wave controller 42.

High-frequency AC signal at frequency f under test and monitoring
low-frequency AC signal i1s entered in a superimposed manner to LN optical
modulator 11. An 1input of high-frequency AC signal 1s that high-frequency
micro wave from high-frequency signal generator 34-1, in changing the
voltage amplitude value of said micro wave by high-frequency amplifier 34-2 ,
i1s entered to high-frequency RF port of LN optical modulator 11. An input of
low-frequency AC signal 1s that 1 kHz sine wave from low-frequency signal
generator .35-1 1s entered to BIAS port of LN optical modulator 11. By setting
voltage amplitude of low-frequency AC signal for more than double the
half-wave voltage, the amplitude value of output light will be the maximum at
any time, so the observation become easy and 1t makes possible to measure 1n
much higher precision.

The output light from LN optical modulator 11 1s detected by photo
detector 57 and the detector signal is observed by oscilloscope 58.

The measurements results of the present invention are that for each

frequency under test were 1GHz, 5GHz, 10GHz, half-wave voltage were 4.9V,

5.7V, 6.4V.

11
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Figure 10 i1s a graph that compares the characteristics of electrical and
optical response of LN optical modulator 11 by using half-wave voltage of
these measurement results, with measurements of characteristics of electrical
and optical response of LN optical modulator 11 by using a light component
analyzer. According to this graph, both results match very closely, and
although the measurement of present invention i1s much simplified compared
to usual way, the results catch characteristics of LN optical modulator 11
appropriately, which means that the measurement accuracy of the present
1nvention is extremely fine.

Furthermore, the method and device of present invention are able to
automate, for instance, it 1s able to make up to increase voltage amplitude Vy-p
of high-frequency AC signal from 0 automatically, store a value of V., at the
point when fluctuation range of low-speed response I’ of output light become
within a set value ( The more the set value is near 0, the more measurement
result becomes accurate. But it 1s difficult to make i1t 0 because of the effect of
measurement error, so it 1s desirable to set the value for carrying out effective
measurements as usage of measurement results), and calculate half-wave
voltage Vi by using the value of Vyp 1n operational equipment which set up
separately. Then, by carrying out same method of measuring with changing
the frequency under test sequentially, it is possible to measure half-wave

voltage over any frequency band automatically.

INDUSTRIAL APPLICABILITY

According to the present invention, only by measuring the minimum

12
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value Vp-pmin Of the voltage amplitude of the high-frequency AC signal when
the intensity change of an output light related to the momnitoring
low-frequency AC signal is almost zero, and substituting it for the formula
Vp-pmin/(2V)=2.405, half-wave voltage Vi of Mach-Zehnder type optical
modulator can be measured easily.

In addition, if frequency under test is high frequency, because there 1s
no need to observe high-frequency waveform directly, accurate measurement
is possible, and at the same time, because this 1s not a measuring method
which depend on a bias point, there is no need to adjust bias point, and there
is no effect from bias point variation of optical modulator.

Furthermore, only Vpomin 18 needed as a parameter to calculate
half-wave voltage Vi, therefore it is possible to offer extremely etfective
method and device for measuring half-wave voltage of Mach-Zehnder type

optical modulator.

13



st aml Na s Geesecan WY w0 o L - \ ae = SR T T L T A T L Py . € SRCCI L S, [ P L Do,

CA 02456914 2010-11-10

CLAIMS

1. A method for measuring a half-wave voltage of a Mach-Zehnder type optical
modulator, the modulator comprising separately constituted electrodes, the method comprising

the steps of:

applying a high-frequency AC signal of a frequency under test and a monitoring low-
frequency AC signal in a superimposed manner to one electrode of the Mach-Zehnder
type optical modulator, or applying the two signals respectively to the separately

constituted electrodes; and
obtaining a low-speed response of an output light from the optical modulator,

wherein a half-wave voltage at the frequency under test to be measured of the
Mach-Zehnder type optical modulator is measured by using a voltage amplitude of
sald high-frequency AC signal when an intensity change of an output light
assoclated with said monitoring low-frequency AC signal is almost zero and the

voltage amplitude of said high-frequency AC signal is kept variable.

2. The method for measuring a half-wave voltage of the Mach-Zehnder type
optical modulator as claimed in claim 1, wherein when the intensity change of the

output light associated with said monitoring low-frequency AC signal is almost zero,

the relationship between the peak-peak voltage amplitude value Vp.p of the voltage

amplitude of said high-frequency AC signal and the half-wave voltage value V of

Mach-Zehnder type optical modulator satisfies this relational expression,

Jo(MV, p /(2V)) =0 {Jy is Bessel function at 0 order?}.

14
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The method for measuring a half-wave voltage of the Mach-Zehnder type optical
modulator as claimed in claim 1, wherein in the case of setting a minimum value of the peak-
peak voltage amplitude value of the voltage amplitude of said high-frequency AC signal

when the intensity change of the output light associated with said monitoring low-frequency

AC signal 1s almost zero, as Vy pmin , the half-wave voltage value Vp of Mach-

Zehnder type optical modulator satisfies this relational expression,

an.pmln /(2VH) = 2.405.

A device for measuring a half-wave voltage of a Mach-Zehnder type optical modulator,
the device being configured to measure the half-wave voltage of the Mach-Zehnder type optical
modulator in accordance with the method as claimed in any one of claims 1 to 3, the device

comprising;
means for applying the high-frequency AC signal of the frequency under test,
means for applying the monitoring low-frequency AC signal, and

means for obtaining the low-speed response of the output light from the optical

modulator.

15
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Fig.1
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Fig.2
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Fig.3
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Fig.6 (Prior Art)
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Fig.7
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Fig.8
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