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Abstract—We present the design and fabrication of a novel In this work, we propose an electrode-free lithium nieba

electric field optical sensor in LiNbQ;. The design is based on a electric field sensor that can measure fields up to 20nMV
waveguide near cutoff, centered on a few microns dé domain  The novel design leverage on a combination of an optical

inverted region. Electric fields as high as 20 MV/mcan be waveguide near or below cutoff and domain inversion.
measured thanks to the electrode-free surface geome
Il. DEVICE DESIGN

The scheme of the proposed device is sketched in fi§y. 1.

. INTRODUCTION proton exchange (PE) y-propagating waveguide in z-cut
LiNbO; is designed to be near cutoff at the working
wavelength X=1550 nm) and centered in a domain inverted

role in various scientific and technical areas, egfigcin the region. The waveguide has a width ofué and a depth of 4

power industry and in the electromagnetic compatibility“'.?r" wher_eéhe vg[rtlcal fpr(;)f(l)lf wgs assulmetql to b(fe aajisgwtm |
(EMC) measurements. Conventional electric field nseterV/!h a@n index step of U.UL. LUn apphcation of an externa
normally use conductive parts, which can interfere with th&'€ctric field parallel to the z axis of the devidee refractive
field to be measured. and are \;ery sensitive tarel@agnetic index in the central inverted domain will decrease whileirthe
noise. Moreover, frequency bandwidth limitation and(50- the external domains W.'I.l Increase. Th_us, the 'F‘de_x @.ﬁ% ]
characteristic impedance in the case of RF waveguitsose changeAn, between positive and negative domains is given by:
limits the scope of applicability of such technologyedfto- 3

optic (EO) devices present several advantages compared An, :2dﬂ'_er E, 1)
their electronic counterparts such as noise immunitg t b o 3

feasibility of electrode-free operation, and consequetttty . . ) . .
possibility of operating even in harsh or dangerous. whereE is the intensity of the externa!ly applied elec'trlc
environments. field, ne=2.14 and33=30.8 pm/V are respectively the refractive

indices and the electro-optic coefficient along thexis.
So far, several configurations of EO sensors have bednmiting the external field below the coercive field liNbOs
proposed, mostly based on waveguide interferometersr[1] @along z-axis (E= 21.4 MV/m), from eq. (1) we estimate that
bulk polarization/phase rotation in a piezoelectric etyf2]. we are able to induce index changes/Aui, =6.5-1C° for
This second approach is based on polarization or phasggectric fields of 20 MV/m.

Electric field sensor, Electrode-less sensing, lithium niobate

In the last few years, the need for intense electrontiggne
field sensing technology has widely increased playing ealrit

measurements which require interrogation systems ttet ar _ Negative _

rather expensive to implement and may present long-term -7 domains "~

s'gability issues. On the contrary, Wave_zguide bas_edossens & Tea
directly translate the electric field value into an ogitipower 1 ‘ b, 1
variation, thus simplifying the interrogation system and L%

potentially lowering the costs. In this context, Maath#der z . 2 -

f ! WV Optical - Positive .
|nterferom_eters are employed for their sensitivity. idoer, waveguide domain LiNbOs
they require additional metal electrodes and contrdieding

to work properly. To overcome some limitations, schemes - X o . o
without any conductive parts based on ferroelectric gotih Figure 1. Scheme of cutoff electric field sensor. Optical egwide is

the two interferometer arms have been proposed [3]. centered in the domain inverted region.

Alternative designs are based on Bragg grating in LiNBED
or cutoff modulators with dummy electrode structure Fgld
intensities measurable with the aforementioned approaches
typically below the fields present in some installaiolike
electric plants or railways electric network where vboyky
sensors need to be employed [6].

In order to find the optimal configuration, we studied with a
BPM simulation software the behavior of the sensor under
variation of the width of the central poled region @&, 10,

15, 20 um). In fig. 2 we report the optical power in the
waveguide mode after a fixed propagation length L=10 mm
against the external electric field applied. From e¢hesults we
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see that the best sensitivity is obtained for a pofiegjon
width Wp,=10pum.
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Figure 2. Transmitted power vs. external electric field at®rmm
propagation for different poling region widths.

In fig. 3 we plot the evolution of the optical powertire
waveguide along the propagation. Those simulations sugg
that sensors may be optimized for a specific elefiteid range
by reducing the overall length to target for very ineefisld
while increasing it for weaker fields. To further impeothe
sensitivity and allow the sensor to work in reflectiomalti-
layer dielectric mirror could be deposited on one face.

AC operation of the device can be achieved by using
waveguide below cutoff for which the positive or negative
electric field would increase or decrease respectivhby
transmitted power. In this case the poling length and rpatte
could be optimized to improve the linearity and dynamigean
of the response.
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Figure 3. Evolution of the optical field along propagatiomedition for
different values of index change induced by extestextric field.
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[ll.  FABRICATION

The device was fabricated starting from the domain
inversion by electric field poling. To this aim a Juf-thick
layer of resist AZ4533 was spun on the z- face and wext$ as
an insulator layer after patterning and baking at 140tCL
hour. The inverted domains were then revealed via diffedenti
etching in hydrofluoric acid for alignment purposes. Tinalf
difference between z+ and z- domains was around 90 nm. Fig.
4 shows the poled domains and illustrates the positioheof t
waveguides in their center. According to our simulatighe
etching step is not affecting the optical mode even in the
presence of the external electric field. Waveguidekmaas
aligned with the center of the inverted regions and a 200-nm
thick aluminum mask layer was deposited by lift-offtteique.
Waveguides were fabricated by 30 minutes PE in molten
benzoic acid with a subsequent annealing step of 11 hours at
360°C. The aluminum mask was then removed and the sample
was diced and the faces were end polished.

Preliminary measurements confirm the simulation results
and the possibility to measure electric fields as higl2@s
MV/m. More details on the characterization and resuilisbe

e%rtesented at the Conference.
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Figure 4. Domain inverted regions revealed by HF differdrgtahing and
position of the optical waveguides.
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