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Abstract: We fabricated an etched grating filter on a Ti-diffused
waveguide in LiNbO3 using inductively coupled plasma etching with
C4F8/Ar as an etching gas, which has an etching rate of 85.1 nm/min.
The etched grating filter had a reflectivity of 35% and a bandwidth of
0.02 nm. Maximum reflectivity was obtained when the electric field of
an incident beam was perpendicular to the grating.
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1 Introduction

LiNbO3 (LN) is an attractive material with a high electro-optic coefficient
and a low optical propagation loss. It has been used to develop various
applications, such as a high-speed optical modulator, an optical sensor, a
microwave filter, and a millimeter-wave generator. Additionally, new and
improved characteristics of LN-based devices can be created by applying an
etched structure to an LN substrate.

An etched ridge waveguide in an optical modulator controls the velocity
mismatch between the optical wave and the modulating signal and concen-
trates the electric field on the waveguide, resulting in a large modulation
bandwidth and a low driving voltage [1]. Also, the photonic crystal structure
etched on the LN substrate produces the novel characteristics of a wavelength
conversion or a spatial switch [2]. Etching LN substrates with a high degree
of selectivity and some minor roughness on the surface are essential for good
performance of the LN-based devices.

An optical filter with a periodical refractive index can be formed on an
LN surface using a holographic technique with a laser that is a photorefrac-
tive grating [3]. However, its induced index change is unstable and can be
restored by the passage of a high-power laser. We have developed an optical
filter with an etched grating structure using electron-beam (EB) lithography
and dry etching. The etched filters can be designed during EB lithography,
and different band filters can be easily placed on a same surface. Our recip-
rocating optical modulator [4], which consists of an LN phase modulator and
two fiber Bragg gratings (FBGs) as filters, can be constructed monolithically
on an LN chip by replacing the FBGs with etched filters. It is important
to prepare the precise periodical pattern on the LN surface and to use dry
etching with a high degree of etching selectivity for etching the LN surface
deeply. In this paper, we describe the characteristics of an optical grating
filter that was fabricated using inductively coupled plasma (ICP) dry etching
on an LN surface.

2 Fabrication of the etched optical grating filter on LN

Figure 1 shows the fabrication of an etched optical grating filter on LN.
We prepared a z-cut and mirror finished 2.9-cm-long LN wafer with 10-µm-
wide Ti-diffused optical waveguides. First, to prevent the LN surface from
becoming charged during EB lithography, we coated a 10-nm-thick Ti film
by surface sputtering. Then, an EB resist was formed on it, and a grating
pattern was written on the resist by EB exposure. The period of the grating
(between a line and a space) was 352 nm, which corresponds to half the optical
wavelength of 1550 nm in LN with a refractive index of 2.2. The patterns
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Fig. 1. Fabrication of etched grating filter on Ti-diffused
waveguide in LN. Resist pattern of grating was
formed using EB lithography, and LN was etched
using ICP dry etching with C4F8/Ar gas mixture.

were created during several tens of repetitions of lithography, and about
three thousand gratings were written during each repetition. In total, about
seventy-four thousand gratings spanned the length of 2.6-cm waveguides.
Then, we etched the Ti film and LN substrate using reactive ion etching
(RIE) and ICP etching, respectively. Finally, we removed the resist and
Ti film using RIE. Fluorocarbons, such as CF4 and CHF3, are generally
used as etching gasses for LN etching [5], but the etching rate of LN is lower
than ≈ 100 nm/min, due to the deposition of lithium fluoride (LiF) or carbon
precipitates on the etched surface during the process [6]. We used a C4F8/Ar
gas mixture for the etching [7, 8]. The Ar gas was mixed into the etching
gas in order to remove these precipitates. Furthermore, fluorocarbons with a
high composition of carbon (C4F8) reduce the concentration of the fluorine-
radical present during etching, and as a result, the resist-etching rate can be
kept low. An LN etching rate of 85.1 nm/min and a selective etching rate of
the LN to the resist mask of 1.57:1 were obtained.

3 Characterization of the optical grating filter etched on LN

Figure 2 shows an atomic force micrograph image of the ICP-etched grating
on an LN surface. The distance between the bottom and top of the grating
was 176 nm, which was a good match for the design. The depth of the grating
was about 8 nm, and the roughness of the etched surface was minimal.

We measured the transmission characteristics of the Ti-diffused waveg-
uide with the etched grating on it. Figure 3 (a) shows that the transparency
of the emission depended on the wavelength of the incident light, and the
inset shows the measurement setup. We used a tunable laser diode whose
resolution is 0.001 nm. A laser beam was coupled to the waveguide by a
polarization-maintaining fiber, and the transmitted light was guided into the
spectrum analyzer through a single-mode fiber. The polarization of the inci-
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Fig. 2. Atomic force micrograph image of etched grating
filter. Scanning area is 3 × 3µm.

Fig. 3. (a) Transparency of waveguide with grating de-
pendent on wavelength of incident light. Inset de-
picts measurement setup. (b) Calculated trans-
mission for 1-D periodical model.

dent light was maintained in direction A, as shown in the inset of fig. 3(a).
Its electric field was perpendicular to the grating (TE mode). A UV curing
resin, with a refractive index of 1.6, was inserted between the fiber and the
LN. The insertion loss was 3 dB, and the ripple in Fig 3(a) was due to the
reflection at the edge of the LN wafer. A decrease of 2 dB in transmitted
power was obtained at the wavelength of 1548.62 nm, and it corresponded to
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a reflectivity of 35%. The reflection bandwidth was 0.02 nm. From the fit-
ting of the calculation using the one-dimensional periodical model, as shown
in Fig. 3 (b), we determined that the equivalent refractive index difference
between the LN layer (n=2.2) and the etched layer was as small as −10−5.

Fig. 4. Transparency depends on polarization of incident
light. Zero and 90 degrees indicate directions of
A and B, respectively, in the inset of Fig. 3 (a).

Figure 4 shows that the transparency of the emission depended on the
polarization of the incident light. The direction of polarization was rotated
every 30 degrees. When the direction of the electric field was parallel to the
grating (direction B), a reflection was not observed. A larger reflectivity and
a wider reflection band can be obtained using a deeper grating. In future
work, we will improve EB lithography for a thicker resist mask and ICP dry
etching for higher selectivity.

4 Conclusion

We fabricated an etched optical grating filter on an LN surface with optical
waveguides using ICP dry etching with C4F8/Ar as the etching gas. Etching
rate of 85.1 nm/min. and selective etching rate of the LN to the resist mask
of 1.57:1 were obtained. The resist pattern of the seventy-four thousand
gratings was formed by several tens of repetitions of EB lithography. The
grating filter had a reflectivity of 35% and a reflection bandwidth of 0.02 nm,
and deeper etching would produce greater reflectivity. We determined that
the reflectivity depends on the polarization of the incident beam. ICP dry
etching with high etching rate and high selectivity is essential in various
applications of LN.
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