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Planar waveguides produced by implanting Si and C ions in rutile
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Planar waveguides were generated in samples of rutile crystal Bjtbombarding with two types of ion: silicon and carbon. Rutile is used
because of its anisotropic properties, particularly its birefringence. The guide is generated due to damage caused by the ions in the cryste
which change its index of refraction. Three parameters were used: the implantation ion energy, the implantation fluence, and the orientation
of the crystallographic planes. The refractive index profile of the irradiated sample was calculated and together with the value of the optical
barrier the comparison was made between the different waveguides generated.
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1. Introduction ions, and determinate if the increase of mass of the ion allows
wider optical barriers keeping the optical characteristics, be-

lon implantation has been used extensively to generate plang[des analyze the effect of the anisotropy of the crystal in the

optical waveguides in crystals [1,2], as part of the developwaveguide generated.

ment of miniature optical and optoelectronic devices. Here we report on the production of waveguides in ru-

Implanting ions from a particle accelerator is a usefulyje single crystals (Ti@, an anisotropic and high refraction
method for producing waveguides. The nuclear stopping ofngex material with tetragonal crystal structure). A compari-
the ions in the implantation process creates a damaged laygpn, js made of conditions for producing waveguides with two

in the crystal near the end of the ion trajectories, with a conynhes of jons: carbon and silicon. Also is noticed the effects
sequent reduction of material density and index of refracys tow different fluences of implantation.

tion. This produces an optical barrier at a depth determined

mostly by electronic stopping, and which can be controlled

by the mass, charge and energy of the ion [3]. The amoun .

of implanted ions and the thickness of the barrier determiné' Qeneratlon and measurements of waveg-

the effectiveness of the produced optical barrier. The planar ~ uides

waveguide is formed between the optical barrier and the crys-

tal surface. Oriented (001) and (100) polished single rutile crystals were
Single crystal rutile TiO,) is transparent in the visible purchased from MTI Corporation. The structure was ver-

spectrum and is birefringent. It has a very high refraction indfied by observing backscattered blocking patterns using 2

dex (ordinary and extraordinary refractive indices are 2.583MeV He ions (Not showed). They were implanted with either

and 2.8725 respectively for 632.8 nm light) and is used for” MeV Cions or 12 MeV Siions using the 9SDH-2 Pelletron

special optical applications, such as polarizers. lIts crystaccelerator. The implanted faces were til&dto the per-

structure is tetragonal with lattice parameters a = 0.459 nnpendicular to the beam to avoid channeling effects. The ion

and ¢ =0.296 nm. beam (with a typical current of 200 nA) was scanned over
Most waveguides in crystals have been produced by imthe wholel x 1 cm surface of the crystal. The energies were

planting H or He ions. Heavier ions allow wider optical Selected such that the ion ranges in both cases were compa-

barriers and require less ion fluence for comparable result§able, as determined with the SRIM [7,8] code. Fluences of

Waveguides with C implantation have been produced beford x 10'* cm~? and1 x 10'® cm~2 were applied for both ions.

in rutile [4] and other crystals [5,6]. Yet, the increase of the  The produced optical waveguides were measured using a

damage in the crystal due by the increase of the mass of thdetricon 2010/M prism coupler, at a wavelength of 632.8 nm

ion may result detrimental for the confinement of the lightin the dark line mode. A Transversal Electric (TE) light beam

into the waveguide [1]. The purpose of this work is to com-is directed onto a prism coupled to the surface to be studied

pare resulting waveguides formed by implanting C and Sand is totally reflected onto a detector.
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Inside the Metricon the sample coupled to the prism is
rotated to vary in angle of incidence of the light source un- 06
til the critical angle is attained, and light enters the sample. Si
As the sample is rotated further, a series of dark values are 03
observed in the detector, corresponding to the different prop-

04 1
agation modes in the waveguide [9-10]. =
A high refraction index prism is required, since rutile is 0.3
highly refractive; in the present case a GaP prism with a re-
fraction index of 3.314 at 632.8 nm was used. ok c
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3. Waveguide analysis Bt : 5 3 A

Target Depth [um]
An example of the refractive index variation obtained in these
conditions from a sample implanted in the (100) direction is™'GVRE 2. Calculated plots of dpa vs depth, for a fluence of
the Fig. 1, with the waveguide produced for the extraordinary1 x 107 e, 7 MeV C ions and 12 MeV Si ions implanted

L . . in rutile.
ray (crystal’s larger refractive index direction).

The distribution of the damage produced by the ion beam
in the target may best be described by the number of diSZ,
placements per atom (dpa) vs depth. The number of dpa, that

is the average number of displacements a target atom undefne result of the calculation is an index profile as shown in
goes subject to a given ion fluence, can be obtained from thpig_ 3 for the same case as that of Fig. 2. Here we are defin-
SRIM code [7]. In general, the maximum dpa lies slightly jng the height B as a measure of the barrier effectiveness and
below the ion projected range, and it is distributed along thgnerefore the usefulness of the waveguide. The height B is the
path length as depicted in Fig. 2, which is a calculated plogjifference of values of the refractive index between the min-
of dpa vs depth, for a fluence 60'° cm=2, 7 MeV Cions  jmum value of the optical barrier and the region of minimum
and 12 MeV Siions implanted in TiO The waveguide is €X-  ignic damage in the substrate.
pected to be formed in the region between the maximum dpa  previous research results [2,12] convinced that the “well
and the surface, the maximum acting as an optical barrier. pjys parrier” confined waveguide has better light confinement
Refraction index contours were obtained experimentallyeffect than “barrier” confined because it could avoid the tun-
for each of the implantation parameters studied. These datgeling effect. The B height synthesizes this information.
were analyzed using the code WGII [11], adjusting the cal- The two used directions has different atomic densities due
culation parameters to obtain the best fit to the propagatioto the anisotropic crystal lattice. In the (100) direction the
modes. atomic density is larger and hence the dpa is largest, which
results in a better optical barrier. The ordinary ray in the di-
rection (100) has a upper B value than the direction (001),

Results and Discussion
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FIGURE 1. An example of the index variation obtained from a
rutile sample implanted in the (100) direction, with a waveguide Target depth [um]

produced for the extraordinary ray. FIGURE 3. Index profile obtained from the code WGII for the same

cases as those in Fig. 2.
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The observed differences in the B value gains suggest that
TaBLE |. B values of four waveguides in the orientation with the the solely increase of one of the waveguide generation param-
larger optical barrier. eters may not lead to a significant improvement of the light
confinement. Thus, the combined effect of the implantation

=2 1 1
lon Fluence [cm?] Orientation B value parameters variation would result better for the B value opti-
C 1% 10 100 0.018 mization.
c 1% 10 100 0.025
si 1 % 10 100 0.032 i
i ) 5. Conclusions
si 1% 10 100 0.039

In the planar waveguides generated by ion implantation, sub-
in spite of that they have the same refractive index. Unforstrate anisotropy, fluence, implantation energy and ion mass
tunately this noticed effect over the dpa is not possible tare control parameters that significantly affect the confine-
confirm with the SRIM Computation since is not allowed to ment of ||ght In generaL Si imp]antation produces better re-
specify the implantation direction in the software. sults than C implantation (in the B value and hence in the con-

The optical barriers are better defined in the orientatiofinement of light) especially in the extraordinary ray (100).
(100) in the extraordinary ray, the values for those optical  of g the cases, the best is the extraordinary ray in the
barriers are shown in Table . (100) direction with a Siion and a fluence bk 105 cm2.

The waveguides generated with both types of ions showfhjs peing the case in which there was a higher refractive in-
an increase in their B value by increasing the fluence (segey in the crystal, the heavier ion was used and, the higher

Table I), however the B value for Siimproves only a 2¥87 flyence was applied. However, this was not true for the best

for this effect are; the larger amount of colour centres caused

by the increasing of the ion mass [5], and the change in the

dpa distribution by changing the fluence and energy of théAcknowledgements
ion implantation.
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