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Precise chirp parameter
measurement of asymmetric
Mach-Zehnder modulators
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Abstract: For precise chirp parameter control, we investigated x-
cut LiNbO3 single-drive asymmetric Mach-Zehnder modulators with
extinction-ratio adjustable active Y-branch structures, which can en-
hance on-off extinction ratio. The chirp parameter of the modulated
output was precisely measured by using high extinction ratio operation.
Experimental results show that it is possible to fabricate modulators
with desired chirp parameters.
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1 Introduction

A chirp parameter is one of the most important parameters of optical mod-
ulators. In general, the chirp is defined by a ratio of amplitude and phase
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modulation. Amplitude modulation causes temporal frequency variation of
the modulated signal, unavoidable in many cases. The chirp parameter α is
given by

α =
dφ

dt

/ (
1
E

dE

dt

)
(1)

where E and φ are the amplitude and phase of modulated optical electric
field, respectively [1]. Chirp parameters of z-cut LiNbO3 (LN) Mach-Zehnder
modulators (MZMs) are typically 0.7 and those of x-cut ones are much smaller
(< 0.1) [2].

It is frequently useful to control the chirp parameter. For example, a
certain amount of chirp is desirable for long distance transmissions with dis-
persive fibers, and also for optical comb generations [3]. While, advanced
format modulation such as quadrature amplitude modulation (QAM) re-
quires to reduce the chirp parameters as small as possible. It is reported that
using z-cut LN dual-drive modulators, we can adjust the chirp parameter
to an intended value by tuning mutual amplitudes and phases of two input
modulating signals. On the other hand, for x-cut one, control of the chirp
is rather difficult since it is usually designed single-drive operation. The in-
troduction of the control method of the chirp parameter is quite important
for x-cut modulators, because x-cut single-drive modulators have the smaller
effect of DC drift and required simpler operation systems as contrasted with
z-cut dual-drive modulators. As shown in Fig. 1, we investigated a modu-
lator structure with asymmetry to obtain a certain chirp parameter with an
x-cut single-drive modulator.

A variety of methods has been reported to measure the chirp param-
eter [4], however, for precise chirp measurement, a use of extinction-ratio

Fig. 1. Asymmetric MZM

Fig. 2. Active Y-branch asymmetric MZM
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(ER) adjustable modulator is required [5]. We have already reported an
ER adjustable MZM using active Y-branch [6]. For the precise chirp mea-
surement, it is suitable to use a similar structure of the device, as shown in
Fig. 2.

2 Principle of chirp parameter measurement

We consider an output lightwave from an MZM driven by a sinusoidal mod-
ulating RF signal. The output electric field can be described by

Eout =
Einejω0t

2

∞∑
n=−∞

ejnωmt
[
Jn(A1)ejφB1

(
1 +

η

2

)
+ Jn(A2)ejφB2

(
1 − η

2

)]

(2)

where Einejω0t is the input lightwave with a frequency ω0, ωm is frequency of
the RF signal. φB1 and φB2 are the phase retardations by DC bias. Jn is the
first-kind n-th order Bessel’s function, and η indicates the optical amplitude
imbalance of the MZ interferometer. After two lightwaves traveled through
two different arms of the interferometer, the induced phase changes of the
upper and the lower arms are given by A1 sin(ωmt) + φB1 and A2 sin(ωmt) +
φB2, respectively, where A1 and A2 are amplitudes of electrooptically induced
phase change [5]. Considering the asymmetry of push-pull modulation, we
can indicate A1 = A+αA and A2 = −A+αA, where A and αA are balanced
and unbalanced components of the induced phase changes, respectively. From
Eq. (1), the chirp parameter α is approximated by α0 [4].

α0 ≡ αA

A
=

A1 + A2

A1 − A2
. (3)

For the ideal push-pull modulator, αA and therefore α0 will be zero.
When the modulator is driven at a bias condition of the minimum trans-

mission point (φB1 − φB2 = π), the condition to suppress E0 (amplitude of
the zero-th order component in Eq. (3)) to be zero is given by

η =
2[−J0(A + αA) + J0(A − αA)]

J0(A + αA) + J0(A − αA)
(4)

in addition to the trivial case (αA = η = 0) [4]. Under the condition, the
ratio of amplitudes of the first- and second-order sidebands, E1 and E2,
respectively, is described by

E2

E1
= α0

[
A − 2

J2(A)
J1(A)

+ A
J2(A)
J0(A)

]
. (5)

Thus, the ratio of E1 and E2 is proportional to the chirp parameter α0. To
derive the chirp parameter, the parameters E1, E2 and A under the double
sideband suppressed carrier (DSB-SC) operation are necessary to be mea-
sured experimentally. The spectrum modulated by the single-drive one is
symmetric, i.e., upper and lower sideband components have the same ampli-
tudes, while for the dual-drive modulators, skew between the phases of two
driving signals causes asymmetry of the modulated spectrum. The higher
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order harmonics of electrical signal source also make the spectrum asymme-
try, so that we should use a pure modulating signal without harmonics. The
induced phase change A can be calculated from

∣∣∣∣ E1

E00

∣∣∣∣ ≈ |J1(A)| (6)

where E00 is an amplitude of a zero-th order component without modulation.
By measuring E1 and E00 from the optical spectra with and without modu-
lation, we obtain A from Eq. (6). Thus, by observing the optical spectrum
with DSB-SC operation, contrasted with the one of no modulation, under
this condition, we can estimate the chirp parameter from Eq. (5).

3 Device fabrications

To produce an asymmetry on the induced amplitude and phase of the device,
we give a displacement, or shift s, between center axes of the electrode and
the waveguide interferometer. We fabricated three modulators of different
s from the same wafer; s = 0 μm (as symmetric case), 2 μm, and 4μm (as
asymmetric cases).

We used an x-cut LN wafer as substrate and fabricated Ti-diffused opti-
cal waveguides. Ti stripes (width: 6 μm, thickness: 90 nm) with waveguide
pattern (separation: 23μm) were deposited on the −x surface and diffused
at 970◦C for 20 hour with a wet-O2 gas flow. As an optical buffer layer, we
deposited SiO2 (thickness: 1 μm) on the LN wafer. MZ signal electrodes
(coplanar waveguide, width: 7μm, gap: 25μm, effective length: 26 mm)
and active Y-branch electrodes (effective length: 1.3mm) were fabricated by
electroplating gold (thickness: 20μm). The half wave voltages of fabricated
modulators were around 3.8 V, and electrical 6-dB bandwidths (S21) were
around 15 GHz.

4 Precise measurement of chirp parameter

To measure the chirp parameter, we generated optical modulated signals
at DSB-SC operation. Figure 3 shows the experimental setup. The input
lightwave wavelength was 1550 nm and the output power was 0 dBm. We
used polarization controller to adjust the polarization to TE mode to input
the modulator. To suppress the polarization crosstalk, we put a polarizer on

Fig. 3. Experimental setup
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output side of the modulator. The modulator was driven by an RF signal
(22.8 dBm, 10.5 GHz), and applied DC bias was set at the bottom point
of modulation curve. To suppress the higher order harmonics of electrical
signal source, we inserted an electrical band-pass filter. By adjusting the
applied voltage to the active Y-branch, the carrier component (zero-th order
sideband) of the measured optical spectrum was suppressed to the minimum
value.

The optical spectra with the three modulators of different s were shown
in Fig. 4. In each case, the carrier component was suppressed to less than
−65 dBm by applied voltage to the active Y-branch to minimize the ER.
On the other hand, the suppressions of second-order sidebands were differ-
ent with depending on s. We could confirm the electrode shift caused the
chirp. Figure 5 summarizes the relation between the electrode shift and
the calculated chirp parameters from applying the observed parameters to
Eq. (5), compared with the theoretical value from a simulation by the beam
propagation method. The measured values were accorded with simulated
line, although there was a little error. If we assume 1 μm misalignment in
patterning process, two lines show good agreement.

Fig. 4. Measured optical spectra for different shifts

Fig. 5. Measured and calculated chirp parameters. The
narrow line is obtained by the least-squares
method
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5 Conclusion

We proposed x-cut LN asymmetric modulators with an active Y-branch,
and precisely measured their chirp parameters. The measured chirp param-
eters were well accorded with the designed values from the simulation. Al-
though there is small difference between a designed and a measured values
attributable to the unavoidable fabrication error, we can conclude that it is
possible to build an x-cut LN modulator of intended chirp parameter. In
case we need to reproduce a chirp parameter with a tolerance less than 0.02,
better processing system will be required. The accurate setting of the chirp
parameter with the proposed precise measurement technique is capable for
huge capacity optical transmission, microwave signal generation and sensing
systems.
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