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Tailoring the Electrooptic Response and Improving
the Performance of Integrated LiNbO3
Modulators by Domain Engineering
Davide Janner, Michele Belmonte, and Valerio Pruneri

Abstract—Domain inversion (DI) is applied to traveling-wave
integrated electrooptic (EO) LiNbO3 modulators to achieve predefined EO frequency response and improved performance with
respect to standard single-domain (not domain-inverted) counterparts, including lower driving voltages and larger modulation
bandwidths. In particular, when an appropriate poling (DI) is
performed along the interaction length, two novel configurations
are envisaged. 1) An apodised longitudinal poling profile is used in
non-velocity-matched (NVM) modulators to achieve a desired EO
response, such as amplitude modulation with intrinsic third-order
Bessel-type optical filtering for duobinary transmission. 2) Twosection longitudinal poling is used to counteract the detrimental
microwave loss effect in VM modulators and to increase the
bandwidth to driving voltage ratio, achieving a value up to 50%
larger than that of single-domain (unpoled) structure.
Index Terms—Domain-inverted LiNbO3 , electrooptic (EO)
modulator, integrated optics.

I. I NTRODUCTION

W

ITH THE increasing demand for broadband communication, optical networks play a crucial role as the
primary carrier of the data stream. In this context, high-speed
optical modulators are essential for optical transmission
systems, and external LiNbO3 modulators are still extremely
effective [1], in particular, for long haul and metro applications,
as it is shown by their recent increasing commercial demand.
LiNbO3 with respect to semiconductor-based modulators market share could even become larger if performance, integration,
and cost effectiveness further improve.
The basic scheme for an interferometric Mach–Zehnder
amplitude modulator in a single-domain crystal produces a
frequency response which has a cardinal sine shape and a
limited bandwidth inversely proportional to the length [1]. Both
these features have drawbacks in the picture of actual needs for
broadband modulation because of the restriction of the band-
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width and because the ripples in the electrooptic (EO) response
may negatively affect some transmission formats, e.g., duobinary. A great increase in the EO bandwidth can be achieved
with velocity-matched (VM) modulators in which the geometry
of the modulator and of the electrodes is arranged so that the velocities of the modulating electrical and optical waves are very
close [1], [2]. In this case, the limit on the EO bandwidth is set
by the microwave loss dependency on modulation frequency:
the higher the frequency, the larger the microwave loss and the
shorter the effective interaction length (smaller efficiency). A
figure of merit relevant for a modulator is the ratio (BW/Vπ )
between its EO bandwidth (BW) and switching voltage (Vπ ).
In the design, it is also critical to consider the constraint on the
modulator length given by the package dimension requirement
as well as the tradeoff between BW and Vπ (the larger the
length, the lower Vπ , but the smaller BW).
Domain inversion (DI) in ferroelectrics, such as LiNbO3 ,
produces a sign reversal of the second-order nonlinear optical
properties, including the nonlinear optical coefficient and EO
coefficient [3]. It has thus been widely exploited in all-optical
processes, e.g., quasi-phase-matched second harmonic generation [4], [5], optical parametric oscillation [6], and wavelengthdivision multiplexing wavelength conversion [7]. So far, its use
in EOs, where one of the interacting fields is at low frequency or
a microwave, has been mostly limited to quasi-VM (QVM) devices using periodic structures to produce narrow-band modulation at high frequency [8], [9]. More recently, DI has been used
to produce large bandwidth and low driving voltage modulation
[10]–[12], a desired chirp value for the output EO-modulated
optical wave [13], and to realize single-side-band modulators
[14]. When DI (also called poling) is used in a periodic fashion,
it allows centering the EO frequency response of interest by
simply changing the periodicity of the poling. In this case, a
QVM condition is reached, and the center of the cardinal sine
is shifted from DC of the single-domain (unpoled) modulator to
the desired frequency, while its shape remains qualitatively the
same. In the attempt of keeping the advantages of periodically
poled modulators while broadening the bandwidth, multiperiod
structures, which are constituted by a sequence of different
periodically poled zones, have been employed with promising
results [15]. DI optimization was inspired by previous work on
phase reversal electrodes in single-domain structures [16], [17],
which are carried out to produce an adjustable QVM, thus
allowing selection of the desired maximum phase change at the
frequency of interest by tuning the driving voltage [18], [19].

0733-8724/$25.00 © 2007 IEEE

JANNER et al.: TAILORING EO RESPONSE AND IMPROVING THE PERFORMANCE OF LiNbO3 MODULATORS

In this paper, we propose DI configurations to either tailor
the EO response to a predefined shape or increase the BW/Vπ
ratio. We will focus on the use of DI for changing the EO
spatial distribution along the interaction length of a travelingwave modulator. Two types of DI modulators are proposed.
1) An apodised longitudinal poling profile is used in nonVM (NVM) modulators to achieve a desired EO response.
2) Longitudinal poling is used in VM modulators to counteract
the effect of microwave loss on bandwidth. In the former case,
by using an apodisation technique that is similar to that of
fiber Bragg gratings, we demonstrate the possibility to induce
a predefined EO frequency response, and as an example, we
report the synthesis of a third-order Bessel-type modulation
without the need of any additional electrical filter, which is
suitable for duobinary transmission [20]. In the latter case, we
propose a simple technique for flattening the EO frequency
response, which is similar to what is done for wavelengthdependent optical gain in Er-doped fiber amplifier (EDFA). The
response is worsened more at lower frequency by inverting the
sign of the EO interaction at the modulator end. In this way, we
achieve BW/Vπ figure of merits which are up to 50% higher
than those in single-domain structures. The structure of this
paper is as follows: In Section II, we will outline some basic
concepts to analyze the novel proposed designs presented in
Section III. In Section IV, some conclusions will be drawn.

II. B ACKGROUND
In order to present our results, we summarize the main principles and equations of a traveling-wave z-cut LiNbO3 modulator, with straight electrodes perfectly impedance-matched,
50/50 power splitting [1], [2], and perfect symmetry of the
electrical and electrooptical parts between the two arms. In such
a modulator, the traveling microwave voltage amplitude along
the arms can be written as
V (x) = V0 sin(km · δ · x − 2πfm t0 )

(1)

where V0 is the amplitude of the wave, km = 2πnm /λm is
the microwave wavenumber, δ = 1 − nopt /nm is the relative
mismatch between the refractive index of the microwave (nm )
and optical (nopt ) waves, fm is the microwave frequency
corresponding to the wavenumber km , and t0 accounts for an
initial phase mismatch between optical and microwave fields.
Driven by the microwave, the phase change experienced by the
optical wave at the end of the modulator can be written as
L
−

∆φ(fm ) =

2π n3opt Γ
r · p(x)
λ 2 G

0
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electrodes, and Γ is the overlap integral between the optical and
microwave electric fields defined as [21]

E · |Eo |2 dS
G
 m
(3)
Γ=
V0
|Eo |2 dS
with Em and Eo being the microwave and optical fields, and the
integration domain being a plane transversal to the modulator
propagation direction. The function p(x) in (2) is the poling
profile and accounts for changes in the EO response along the
modulator due to LiNbO3 DI. This function may have two
discrete values, either +1 or −1. For example, for unpoled (not
inverted) modulators, the function p(x) = +1 and is constant
over the entire length. From (2), we may derive the switching
voltage (Vπ ) corresponding to a phase change of π over the
interaction length (L) when a theoretical zero optical output
occurs, namely
Vπ =

(2)

where L is the length of the arms of the modulator itself, λ
is the optical wavelength, r is the EO coefficient (in our case
for LiNbO3 , r = r33 ), G is the spatial gap between the two

(4)

This expression shows the inverse dependence on the length
of the modulator. Since it is a critical parameter in real systems
because of the limitations on the driver voltage output with
increasing frequency, the design of the device should also
account for lowering this value.
Besides, in a real modulator, one of the main limitations
to the modulation bandwidth is represented by the microwave
losses along the electrodes. For this reason, we also include
in our analysis these losses which can be computed using a
finite-element-method (FEM) program [18]. If we account for
the microwave losses, the driving voltage expression may be
rewritten as
V (x, t) = V0 · e−α(fm )·x · ej(km ·δ·x−2πfm t0 ) .

(5)

Now reconsidering (2) and including microwave propagation
loss, the EO response for a single-domain (unpoled) modulator,
p(x) = 1 everywhere, can be defined as the normalized quantity


 sinh2 αL + sin2



 ∆φ(f ) 
2
− αL



2
=e
m(f ) = 


∆φ(0)
αL 2
+ ξL
2
2

ξL
2
2




(6)

where ξ = 2πfm (nm − nopt )/c0 , with c0 being the speed of
light in vacuum. If we neglect the losses in (6), we obtain the
sinc behavior of the most classical modulator having m(f ) =
sinc(ξL/2), as shown in Fig. 1. In this case, the bandwidth can
be estimated as
BW =

·V0 sin[km · δ · x − 2πfm t0 ]dx

λ·G
.
2n3opt L · r · Γ

1.4 · c
π(nm − nopt )L

(7)

which shows that, in first approximation, BW depends on the
inverse of the length of the modulator arm and on the index
mismatch between the electrical and optical waves. Considering
(4) and (7), we see a tradeoff between a large bandwidth and a
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Fig. 1. Comparison between NVM (blue line) and VM modulators (red
line). In the case of VM modulator, ∆n = 0.06 is reported to appreciate the
difference with NVM modulator. The ideal VM case (∆n = 0) would produce
a constant normalized response of one over an infinite range.

low switching voltage due to their inverse dependence on L.
A solution to this problem is represented by the reduction
of the index mismatch, which results in an increase of the
bandwidth without any change in the switching voltage Vπ .
For this reason, the solution of VM [1], [18] is the most
popular to significantly increase the bandwidth. In Fig. 1, the
normalized response for a VM modulator having a small index
mismatch (∆n = 0.06) is reported in order to be compared to
the sinc response of an NVM modulator. The response of VM
modulators depends much more on the microwave losses than
the NVM ones, and the introduction of buffer dielectric layers
under the electrodes, to obtain the VM condition, may increase
Vπ since the coupling between electrical and optical fields
[Γ in (4)] is usually lowered.
In order to achieve modulation at higher frequencies without
employing VM modulators, QVM via periodic DI engineering
may be used. In this case, the poling profile p(x) is periodic,
and the EO response has still a sinc behavior, but is centered at
a specific frequency directly correlated to the period, as shown
in Fig. 2(a). This solution gives the possibility to modulate at
high frequency, but it undergoes the same limitations about
bandwidth and switching voltage to which it is subjected to
the unpoled modulator. Moreover the bandwidth can turn out
to be small for some application purposes. In order to broaden
the bandwidth in such tailored response modulators, multiperiod structures have also been proposed [15]–[17] in which
different periodic poling profiles are placed in an appropriate
sequence resulting in an overall bandwidth increase, as shown
in Fig. 2(b). In this case, the modulator is usually longer, and
an increase in the switching voltage is produced. The extension
of this concept of domain engineering to completely aperiodic
structure in NVM modulators can lead to design precise EO
response modulators.

Fig. 2. Normalized EO response of QVM modulators for (a) periodically
poled LiNbO3 centered at 6 GHz and (b) multiperiod sequence of periodically
poled domains.

A. Precise EO Response Modulator
Let us consider the following identity:
+∞
P (f ) =
p(x) · e−j2πf x dx
−∞

+∞
+∞
=
p(x) · cos(2πf x) − j
p(x) · sin(2πf x)
−∞

in which the imaginary part is very similar to (2), provided that
we extend the integration domain to infinity and introduce a
rectangular window function to account for the finiteness of
the poled region. Now, identity 8 allows us to write the phase
change in (2) (assuming without loss of generality t0 = 0) in
terms of the Fourier transform of the poling function as
∆φ (t0 ) =

III. P ROPOSED D OMAIN -I NVERTED M ODULATOR D ESIGNS
By applying the EO response tailoring concept through
engineering of the different sign EO domains, we propose
two innovative structures in NVM and VM configurations,
respectively.

(8)

−∞



2π n3opt Γ
r V0 · Im F [p(x)] · ej2πf t0
λ 2 G

(9)

in which the constants have the same meaning as in (2), and the
symbol F denotes the Fourier transform of the window p(x)
function. Thus, the response of the modulator can be obtained
numerically via a simple fast Fourier transform (FFT) of the
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poling function, and the relationship between the modulation
frequency and the computed frequency of the FFT is given by
km · δ = 2πf → fm =

c
c
l, ∆f =
N · T · ∆n
N · T · ∆n
(10)

where N is the number of discrete samples into which the
poling function p(x) is divided, T is the width of one sample, l is an integer number ranging from 0 to N −1, ∆n =
nm − nopt is the index mismatch as previously defined, and
∆f is the frequency step. We also note that electrical losses
of the modulating wave may be included in the computation
by the substitution p(x) → e−αx p(x) in (9). Where otherwise
√
not stated, we assume the loss parameter α(f ) = k f with
k = 0.51 (cm · GHz)−1/2 , which is a typical value and may
be computed by well-known methods [18]. In our case, we
obtained the constant k by fitting the experimental results of
a typical modulator up to 40 GHz using FEM techniques. The
advantage of this formulation of the modulator response as in
(9) is that a straightforward inversion could be obtained by the
simple relation:


h(x) = Re F −1 [∆φ0 (f )]

(11)

where F −1 is the inverse Fourier transform, and ∆φ0 (f ) is the
desired frequency response of the modulator. Thus, we may
recover a continuous poling function from a desired frequency
response. Also in this case, an FFT algorithm can be employed,
and with analogous consideration as in the direct case, the
following relationships can be obtained:
T =

c
N · ∆f · ∆n

L = NT =

c
∆f · ∆n

Fig. 3. Desired EO response for a third-order Bessel filtering modulator with
a −6-dB cutoff frequency of 6 GHz.

(12)

where T is the spatial step into which the poling function h(x)
is sampled, N is the number of discrete samples considered,
∆f is the step in frequency, ∆n is the index mismatch, and L
is the total length of the modulator. The function h(x) in (11)
is a continuous function assuming different values from −1 to
+1. Thus, in order to recover the apodised poling profile p(x),
which assumes only two discrete values (−1 or +1), we must
provide an algorithm to quantize the continuous function h(x)
analogously to the apodisation technique used in fiber Bragg
grating design. Let us divide the h(x) into a large number
of sections of length Ls and consider also the target poling
function p(x) that is composed by equally spaced subdomains,
each of size Ls /N , where N > 1 is an integer. If we compute
the mean value hi of h(x) on the ith section, the translation of
that mean value in terms of the poling function p(x) is obtained
by letting the mean value of p(x) on that section coincide
with hi . For example, if we assume for a single section that
hi = −0.4, this means that 30% of the subdomains defined
by the square wave p(x) in that section must be set to +1,
and the other 70% of the poling subdomains must be set to
−1, so that 0.31 + 0.7 · (−1) = −0.4. The mean value hi of
the continuous function h(x) is easily reported to the poling
function p(x) in this way by simply imposing a length L−
p =
=
0.3L
to
+1.
0.7Ls of the section to −1 and a length L+
s
p

Fig. 4. Reconstructed poling function h(x) which produces the desired Bessel
filter response.

This approximation is valid since we assumed that the section
length Ls is much smaller compared to the coherence length
of the microwave (λm /2∆n, about 750 µm at 10 GHz), and
the phase modulation in this case has an almost linear response
with no sensitivity on the order of the subdomains of p(x) in the
single section. The size of the section length Ls , in principle,
is arbitrary. Two important features have to be guaranteed:
The poling function h(x) needs to be sufficiently smooth [i.e.,
h(x) variation over Ls is small], and the structure needs to be
practically realizable. For example, Ls can be set at 50–70 µm
(minimum domain size is in the range of 10 µm), small to
appreciate any variation of h(x) over it and still sufficiently
large for the DI to be realized with high yield.
To illustrate the potential of this technique, we report here, as
an example, a modulator having an EO response of a third-order
Bessel filter with a −6-dB cutoff frequency of 6 GHz. This kind
of filter is very useful in the duobinary format transmissions,
where the tails of the typical cardinal sine response of normal
modulators have negative effects, and an electrical filter is
usually needed to cut them off [20]. Starting from the desired
EO response reported in Fig. 3 and applying the inverse Fourier
transform algorithm of (11), we obtain the continuous poling
profile h(x), as reported in Fig. 4. The poling function here
is plotted against a normalized length L = ∆n · L · ∆f /c = 1
since, in this first stage of the design, we neglect the microwave
losses and assume that the EO response does not depend on
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Fig. 6. Continuous poling function (black solid) and reconstructed discrete
valued profile function (blue line).

Fig. 5. Comparison of the (a) different poling functions and their (b) EO
response for the following: 1) ideal case (Vπ = 99 V · cm) or truncated to
2) the first lobe (Vπ = 30 V · cm); (c) two-third of the first lobe (Vπ =
21 V · cm); (d) one-half of the first lobe (Vπ = 18.6 V · cm); (e) one-third
of the first lobe (Vπ = 20.1 V · cm). The inset plots the phase response of the
modulator comprising one lobe truncating the poling function as in (b).

the length by keeping the product ∆n · L constant. In such a
way, we can consider the length L and the index mismatch ∆n
design parameters to be decided a posteriori depending on the
EO response and including the microwave losses. By observing
the recovered poling function in Fig. 4, we note that the longest
part of it is nearly zero, almost not influencing the modulation
of the phase. Moreover, the average of the function h(x) over
the domain can be used to estimate Vπ = 99 V · cm, which is
extremely large. Thus, from these considerations, we can argue
that the last part of the poling function, which is nearly zero,
could be disregarded in the modulator design and dropped.
To address this point in Fig. 5(a) and (b), we report the
comparison of the ideal and some poling functions obtained by
truncation of the ideal one and their respective EO responses.
We note that the switching voltage is inversely proportional to
the area under the poling curve, and moreover, the more truncated the poling function, the worse the EO response (ripples).
In Fig. 5(b), we may also note that the closest response to the
ideal case of the third-order Bessel filter is the function truncated at the first lobe, which is differentiating its response from
the ideal one only by negligible ripples at higher frequencies.
Moreover, this profile has a much lower Vπ = 30 V · cm. In the
inset of Fig. 5(b), we plot also the phase response of the onelobe modulator for the sake of completeness.
Once the single-lobe function is chosen as our poling function, we may account for electrical losses. If we compare the

EO responses with and without microwave loss, for a constant
∆n · L, we note that they depend on the device length. Indeed,
with respect to the ideal (no microwave loss) √
EO response, the
behavior that accounts for the loss (α = 0.49 f dB/cm) for a
modulator of length L = 45 mm and ∆n = 1.32 remains qualitatively the same, with the exception of the cutoff frequency
that, from the 6-GHz ideal case, is reduced to about 5.25 GHz.
However, the 6-GHz bandwidth could be achieved by initially
designing the ideal structure (no losses) having a larger cutoff
frequency, so that after accounting for microwave loss, the EO
response becomes the desired one.
The final apodised poling profile p(x) for the designed
Bessel-type modulator with a cutoff frequency at −6 dB of
6 GHz is reported in Fig. 6 and compared with the continuous
poling function h(x). Such a modulator has a switching voltage
of 6.6 V.
The proposed design is for a modulator that can be used
for a 10-Gb/s transmission. The common approach consists
of third-order Bessel-type electrical filtering of a standard
10-Gb/s modulator, which results in a typical driving voltage
of about 5 V. Note that, in comparison, the driving voltage in
our case is slightly higher, but could be reduced by increasing
the transverse overlap (Γ) which, in the case of classical
modulators, would not be possible because the VM condition
imposes severe geometrical constraints.
The DI engineering procedure for precise EO response
design is straightforward, requiring only simple numerical operations as an inverse Fourier transform and a small number of
empirical tries providing precise results. No particular geometry of the electrodes is required, considering only straight lines,
thus avoiding curvatures which cause reflections or the modification of the Γ coefficients, effects that can induce different
phase changes in the two branches of the modulator producing
residual chirp. Moreover, the possibility of tailoring the desired
EO response and integrating optical filtering makes this technique appealing for the design of commercial modulators.
B. Flat Response Wide Bandwidth Modulator
In order to widen the bandwidth of EO modulators, the
VM approach is very attractive because of the large bandwidth
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Fig. 7. Schematics of phase change during propagation in a modulator
with two sections with (A) normal and (B) inverted EO coefficients. Low
frequency response is indicated in red (dashed) and high frequency in black
(dash-dotted).

achievable. It is clear that the approach proposed above to tailor
the EO response to a predefined shape is not applicable to VM
modulators: The periodic or aperiodic DI for such type of modulators has no appreciable results since its real effectiveness is
strictly connected to the presence of index mismatch. Indeed,
in the VM case, microwave losses become more important than
EO spatial distribution in the computation of the EO frequency
response (see (2) with δ = 0).
The different attenuation of microwave field with frequency
suggests a different DI engineering approach to improve the
VM modulator response. The linear response of phase change
with length and the fact that higher frequency microwave fields
interact with the optical wave over a distance shorter than that of
lower frequency fields can be exploited to flatten the response of
a VM modulator. Indeed, if we consider a modulator with a first
noninverted zone A and a second inverted zone B, as illustrated
schematically in Fig. 7, the result of the discontinuity in r (in
combination with phase–velocity matching) is that the device
operates in three successive zones along the modulator length.
In the upstream zone, desirable phase modulation of the optical
wave is induced for all microwave frequencies in the bandwidth
of the device. In the middle zone, desirable phase modulation is
induced for frequencies in the upper part of the bandwidth, but
phase modulation in the lower frequencies becomes excessive.
At last, in the downstream zone, there is no significant phase
modulation at higher frequencies, but the excess modulation
at lower frequencies is reduced by the fact that phase modulation has opposite sign with respect to the upstream and
middle zones.
In this way, the overall phase change of the modulated optical
wave can be equalized by properly choosing the lengths A and
B. The obtained flattening in the EO response is conceptually
similar to the gain flattening operated in EDFA, in which the
higher gain is sacrificed in some zones of the spectrum in order
to obtain a flat response.
Now, let us consider the proposed DI geometry for a modulator of length L constituted by two parts of length A and B, respectively (L = A + B), where the first one is not inverted and
the second one is inverted. Moreover, let us set the frequency
to which the response is flattened to f−3 dB , which will be
the cutoff frequency of our modulator. Now, we can determine
the length of the modulator to be inverted by imposing that

Fig. 8. Comparison of frequency EO response between the proposed modulator (blue) and other two single-domain (unpoled) modulators having the same
bandwidth (green) or the same driving voltage (red).

Fig. 9. Switching voltages of the three modulators compared in Fig. 8.

the total phase change at f−3 dB is 3 dB lower than the DC
one, namely
√
2
· K · (A − B)
2
A
= K e−α0 x · sin(km,−3 dB · δ · x − 2πf−3 dB t)dx
0

L
+ −K

e−α0 x · sin(km,−3 dB · δ · x − 2πf−3 dB t)dx

A

(13)
where √
we considered the DC phase change to be linear, the
factor 2/2 accounts for the 3-dB lowering with respect to
DC, the minus sign multiplying B accounts for the negative
phase change, α0 = α(fm = f−3 dB ) is the value of the loss at
the cutoff frequency, and K indicates the other constants which
can be taken out of the integral in (2). Now, (13) can be further
simplified by considering a perfect VM (δ = 0), and it can be
rewritten as
√
2
1
· (2A − L) =
[1 − 2e−α0 A − e−α0 L ]
(14)
2
α0
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Fig. 10. Phase response for the proposed modulator.

which is a transcendental equation and can be solved numerically with standard techniques. The solution obtained for A
will provide an approximate value around which further optimization can be done.
We compare the results of a modulator having a total length
of L = 60 mm, an index mismatch of δ = 0.05, a bandwidth
of 30 GHz, and a switching voltage of Vπ = 4.3 V with the
calculated length of A = 47 mm with two traditional modulators: one having the same bandwidth and the other having
the same switching voltage. As shown in Figs. 8 and 9, the
designed modulator has a switching voltage that is 20% lower
for equal bandwidth and a bandwidth that is 50% larger for
equal voltage. Moreover, the phase response of the modulator
has small absolute variation with respect to frequency due to
the VM configuration (see Fig. 10).
Thus, in the proposed design, the improvement of BW/Vπ
figure of merit has been significantly increased at the expense
of a longer modulator length, which can be acceptable for
those applications not requiring high integration and where
performances are more important than the overall length, as for
example in aerospace and defense.
IV. C ONCLUSION
We have engineered DI in both NVM and VM integrated
EO modulators to demonstrate tailoring of EO response and
improvement of BW/Vπ figure of merit. In the NVM case,
we have demonstrated the possibility to obtain a precise EO
frequency response using an apodised DI and corresponding
EO coefficient distributions. This technique has allowed the
design of a modulator with third-order Bessel-type filtering,
which is integrated at optical level, making it useful for duobinary transmitters without the need of any additional electronic
components. In the VM case, we have used DI to counteract
EO bandwidth limits associated to microwave propagation loss.
In fact, we have obtained the flattening of the EO frequency
response by making a simple DI, which, in turn, reduces EO
efficiency more at low than at high frequencies. However, if
we let the interaction length to increase, BW/Vπ can be larger
(up to 50%) than that achievable in single-domain (unpoled)
modulators.
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