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The production of optical waveguides by ion implantation: the case of rutile
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With the purpose of developing optoelectronic devices, optical waveguides have been produced by ion implantation in many solids. The
implantation process creates a damaged layer near the end of the ion trajectories, with a consequent reduction of density and index of
refraction. This produces an optical barrier at a depth of a few microns, depending on the type of ion and its energy. The barrier and the
surface constitute a planar waveguide. Rutile @It€tragonal structure) single crystals were implanted with 7 MeV carbon ions using the
Instituto de fisica 3 MV Pelletron Accelerator, in the (100) and (001) directions, and Poly Allyl Diglycol Carbonate (PADC) as detection
material. The waveguides were observed using the coupled prism technique, which indicated differences in the waveguides produced for
different directions due to crystal anisotropy.
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En un gran imero de élidos se han producido gas de ond@pticas por implantadn de iones, con el pragito de desarrollar dispositivos
opto-electonicos. La implantaéin produce una capa confiss en la estructura, reduciendo la densidadindice de refracéin. Esto da
lugar a una barreraptica a una profundidad de algunos rdimietros, dependiendo del tipo de ion y su efeerdg.a barrera y la superficie
forman una gia de onda. Se produjeronigs de onda planas en rutilo (Ti@on estructura tetragonal) por implantatide iones de carbono

de 7 MeV con el Acelerador Pelletron del Instituto dei€a de 3 MeV, en las direcciones (100) y (001), usando policarbonato allil diglicol
(PADC) como material detector. Lasigs de onda producidas fueron observadas usandeiéch de prisma acoplado, y se observaron
diferencias debidas a la anisotraple los cristales.

Descriptores: Guias de ond#&pticas; implantaéin de iones; rutilo.

PACS: 42.82; 41.75

1. Introduction ion energy, can be calculated using the code SRIM [2], which
is based on a good understanding of the mechanisms of pas-
Waveguides in optical materials are a promising way to helgage of ions through matter. Most of the structural damage
couple electric and optical signals in opto-electronic de<s produced near the end of the ion’s path, producing a dis-
vices. Many types of waveguide have been produced in thesgrdered region with reduced density and consequently a zone
materials, including YAG (yttrium-aluminum garnet), YVO of reduced refraction index which constitutes an optical bar-
(yttrium-vanadium oxide), LiNb@), quartz and others [1]. rier. One can choose the depth at which the barrier appears
One way of producing waveguides in some of these matepy adjusting the ion energy. If a thick barrier is required,
rials is by implanting ions from a particle accelerator. Whenjmplantations at several nearby energies can produce the ef-
this technique is used, parameters such as purity of the iofect. The waveguide is formed between the polished sample
species, beam energy (and thus penetration of the ions), ar@rface and the barrier.
fluence (quantity ofions implanted) can be strictly controlled,  carbon ion implantation has been used to produce waveg-
giving clean, homogeneous and reproducible results. uides in some materials. The barrier thickness produced is
Single crystal rutile (TiQ) is transparent and birefrin-  |arger than with protons or He ions, making the barrier more
gent. Ithas a very high refraction index (ordinary and extraoreffective. Also, C ions produce more damage, so less fluence
dinary refractive indices 2.5837 and 2.8725 respectively fOIiS required to form the barrier. On the other hand, some dam-
632.8 nm light) and is used for special optical applications gge is produced in the guide region, producing absorption and
such as polarizers. Its crystal structure is tetragonal with latscattering of the light. Some of this damage can be reduced
tice parametera= 0.459 nm and= 0.296 nm. The purpose annealing the sample. lons heavier than C produce consider-

of this work is to investigate whether optical waveguides carpply more damage, and it is to be determined whether they
be produced in rutile by ion implantation, and determine theyenerate useful effects.

conditions.

When energetic ions penetrate a sample, they travel a dis-
tance (in our case a fewm) which depends on their ini- 2. Experiment
tial kinetic energy. Along this path they deposit their energy
mainly through two processes: ionization and structural damSingle crystal 1&10 mm rutile samples with polished faces
age. The amount and location of the ionization and damageormal to the (100) and (001) directions were purchased from
produced, as a function of type of ion, type of absorber, andMRI Corporation. The structure was verified by observing
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FIGURE 3. Geometry of the prism coupling method used to ob-
serve the waveguides.

7% 300

i by A el ! T

FIGURE 1. Rutile single crystal blocking pattern obtained with 2 & 2507
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FIGURE 4. Reflected intensitys effective refractive index curve
obtained from an unimplanted rutile crystal, using 632.8 nm light.
The step corresponds to the ordinary refractive index (2.5837). No
waveguide is observed.

rutile, a special high refractive index prism was required.
A laser beam is coupled to the waveguide (Metricon Model
2010 analyzer in the TE mode) with the geometry shown in
Fig. 3. The reflected light (632.8 nm) intensity is recorded
backscattered blocking patterns using 2 MeV He ions fronfS the incoming angle is varied. When the angle is such that
the Instituto de Bica 3 MV 9SDH-2 Pelletron accelera- llght enters the waveguide, a minimum is produced for each
tor. The blocking patterns were recorded using NucleaPropagation mode. An effective refractive index can be cal-
Track Methodology [3,4], on CR39 polycarbonate sheetsculated for each mode.
(Pershor@) which were later chemically etched with 6N
KOH solution at 60C + 1°C, during 6 hours to reveal the
particle tracks. Examples of the (100) and (001) blocking3. Results and discussion
patterns obtained are shown in Figs. 1 and 2. The crystal
planes are easily identified. Figures 4 and 5 show the reflected light intensity as a func-

The samples were implanted with 7 MeV*Cions from  tion of effective refractive index for the (001) sample (optical
the Pelletron accelerator, rastered over the whole surface &xis), before and after implantation. In the unimplanted case
produce planar waveguides. They were tiltédd8ring im-  (Fig. 4), the drop in intensity corresponds to the critical an-
plantation to avoid channeling. The corresponding SRIM calgle and there is no guide. The implanted sample (Fig. 5)
culation indicates the production of an asymmetrical damshows up to ten minima after the initial drop, indicating the
aged region with a maximum at a depth of 3;4® and an  presence of a waveguide, each minimum corresponding to a
average width of 0.32 nm. The fluence was 1.0*> cm—2 propagation mode within the waveguide. When the sample
(1 x 10* m~2), which would produce 0.61 displacements was rotated around the 001 axis the same light intensity pat-
per atom at the damage maximum. tern was observed.

The optical properties were studied using the coupled Figure 6 shows the pattern obtained for the sample im-
prism technique [5,6]. Due to the high refractive index of planted in the (100) direction. The minima are an indication

l

FIGURE 2. Blocking pattern in the (001) direction.
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FIGURE 5. Reflected intensitys effective refractive index curve
from a rutile crystal implanted with & 10 cm™2 7 MeV C
ions in the (001) direction. The minima correspond to the differ-
ent modes of propagation in the waveguide.
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FIGURE 6. Reflected intensitys effective refractive index curve
from a rutile crystal implanted in the (100) direction.
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FIGURE 7. Reflected intensitys effective refractive index curve

from a rutile crystal implanted in the (100) direction, when the crys-
tal was rotated perpendicular to the (100) direction.

useful range (Fig. 7). They would correspond to the extraor-
dinary index. (2.8725), whereas in the previous cases the
ordinary index (2.5837) is relevant. Due to the crystal bire-

fringence, the ordinary ray is guided in one direction and the
extraordinary ray in the perpendicular direction.

4. Conclusions

Planar optical waveguides were produced in rutile single
crystals by 7 MeV C ion implantation in different crys-
tallographic directions, (001) and (100), at a fluence of
1x10" m~2. The prism coupling method was used to an-
alyze the waveguide modes. In the (100) case the ordinary
index gives rise to the wave propagation in one direction and
the extraordinary index to propagation in the perpendicular
direction.
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