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ABSTRACT

As a well-known technique for material modificatjoron implantation has become an effective
method to fabricate waveguide in optical glassdse @uiding structures can be accurately controlled
by the adjustment of the species, energies anddkr of the implanted ions. In the present work, we
review the results of up-to-date research on thidation, characterization and applications of the
ion-implanted waveguides in various optical glas§éw® ion-implanted glass waveguides have shown
good guiding performance as well as properties wibpect to the bulks, suggesting promising

potential for many aspects of photonics.
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1. INTRODUCTION

Optical waveguide is one of the basic componants i
integrated optics and optoelectronics (Townsendl.,
1994; Cheret al., 2007a; Nolteet al., 2003). It is defined
as the high-refractive-index media surrounded hy-lo
index regions (Chen, 2009; Wasgal., 2009; Zhact al.,
2011). The guiding structure can confine light
propagation in one Dimensional (1D) planar waveguid
and in two Dimensional (2D) channel or ridge
waveguide (Zhanget al., 2010). As the most

volumes of the order of several microns, by whioh t
optical density can reach very high levels evetoat
power pumpings, often resulting in a lower thredhaid
a higher gain (Chest al., 2009; Vezenot al., 2005).
In addition, if the physical shapes and correlatextial
profiles have suitable dimensions, 2D waveguideshea
easily connected with optical fibers with a highupting
efficiency for construction of integrated photonic
systems (Murphy, 1999).

Common requirements on material for integrated
optics are as follows. (i) The materials can bézeti to

fundamental and integral part of integrated optics fabricate high-quality optical waveguides. (ii) Qne

circuits, the optical waveguide is of great impoda in
modern optical communication. Moreover,
properties of substrate materials in
configurations can be considerably improved retatiy
those of the corresponding bulk materials. For extam

waveguide cost of both the material

same substrate material, as many components with

some different features as possible can be producei)l.Tie

and its corresponding
processing is low, which largely determines the
usefulness of integrated optical devices. Optitasges,

compared with the substrate materials, waveguidewhich can well meet these needs, are desirableriaiate

structures can confine the light propagation witkinall

for the fabrication of compact waveguide devices.
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Compared with the optical crystals and semicondscto
and polymers, optical glass waveguides have owstgn
advantages, especially in the economic consideratio

Optical waveguides have been fabricated in various

glass substrates using various techniques sucloras i
exchange (Veasewt al., 1999; Righiniet al., 2001;
Svecovaet al., 2008), femtosecond laser inscription
(Psailaet al., 2007; Valleet al., 2005; Mairajet al.,
2002), sol-gel (Najafet al., 1998) and ion implantation
(Okur and Townsend, 1997; Suehal., 2005). Among
these techniques, ion implantation possesses otieeof

1.2. lon Implantation Technique

lon implantation is one of the most important
techniques for modifying materials surface prosrti
and it has been proven to be an effective method to
fabricate waveguides, owing to its superior
controllability and reproducibility. Compared witither
techniques such as ion exchange and metal ion in
diffusion, ion implantation is not limited to theufe
temperature of substrate materials. In the resesezn of
ion-implanted waveguides, accelerators are morenoft
used because they offer high energies of specific

most advantageous characteristics, that is, thee wid jmplanted ions at acceptable doses. The implamtes, i

applicability of materials (Chert al., 2007a). It has
been applied to produce versatile guiding deviages i
more than 100 materials, since the first protonkamfed
waveguide in fused silica was reported
(Townsend et al., 1994). Moreover, ion implantation
allows accurate control of both dopant compositoml
penetration depth through the choice of the spexidsthe
energy of the ions (Jaque and Chen, 2009gKdh, 1995).
Townsendet al. (1994) presented the first overview
of the ion-implanted waveguides in insulating miader

normally with positive charges, are extracted oot
the sources, experiencing acceleration and masgiene
selection and bombarded into the target materigls b

in 1968 beam scanning technique, by which uniform irradiati

is ensured over the sample surface (Céteal., 2007a).
The ion implanted waveguide technique is sortetivto
different strategies named light-ion implantationda
heavy-ion implantation, according to the mass of
implanted ions. The ions used in the light-ion
implantation are protons or Helium ions, howevege t

Chenet al. (2007a) summarized the progress of the sameions used in the heavy one usually afe @ and Cu.
research topics between 1994 to 2006. Chen (2008) he light-ion implantation requires higher dosenthiae
reviewed the development of 2D waveguide productionheavy-ion implantation to form waveguide structures

in insulating materials by ion implantation. Howeve
owing to the research field is highly active, théeeve
been in recent years a large number of achievenients

In some materials, fluence of only *f0ions/cnf
magnitude is sufficient for the heavy-ion implanted
waveguide formation.

this area that make necessary and updated review During implantation processes, the losses of gwid
summarizing them. In this work, we have focused onions include two different kinds of physical mecisams

photonic guing structures in optical glasses preduay
ion implantation, giving a state-of-the-art summanfy
the field. The main content in the review is adofwb.

Section 2 described the basic methods used for th

fabrication and characterization of ion-implanted
waveguides. Section 3 summarized the recent restilts
optical waveguides in various optical glasses falrhg
ion implantation and their properties. Section 4
introduced the main applications related ion-imfdan
waveguides in optical area.

1.1. Fabrication and I nvestigation M ethods

We will describe the fabrication and investigation
methods of ion-implanted waveguides. For detadsmes
important aspects of ion implantation
mechanisms and processing, refractive
reconstruction method (reflectivity calculation imed),

called nuclear energy deposition and electroniagne
deposition. Those energy depositions would cause th
distortion of the substrate material near the serfa

&egion and induce the variation of refractive ind&the

end of the ion range, an optical barrier with atieély
low refractive index compared with the substrate is
formed by the nuclear energy deposition. Meanwhile,
refractive index would increase or be slightly dised
between the air and the optical barrier, which &inty
decided by electronic energy deposition. The prapiag
light would be well confined by air and optical bar in
optical waveguide. Therefore, we can control the io
species, energies, doses and post-annealing tnesttoe
fabricate valuable waveguides.

The 1D planar waveguide could be fabricated by

such asdirect ion implantation, since it only needs entire
indeximplantation of the bulk surface. For 2D channel

waveguides, we can make use of mask-assisted ion-

waveguide coupling techniques (prism-coupling and implantation to form surface structures. Not toeldbe
end-face coupling methods), annealing treatments an generality, helium-implanted Nd:CBN optical-stripe

loss measurement methods will be discussed.
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waveguide is discussed here as an example.
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Fig. 1. (Color online) Schematic of the stripe waveguidarifaation process in a Nd:CBN crystal. The inset shttve microscope
image of the stripe waveguide cross section (dat@ireed from Taret al., 2009)

Figure 1 shows the schematic plot of the mask-assistanthours at temperatures ranging from 200-500°C inesom
ion implantation for the channel waveguide fabimat atmosphere (air, nitrogen and so on) or vacuum
in neodymium-doped calcium barium niobate crystals. conditions, depending on the substrate properties.
the process, triple-energy helium ions are implgringo Moreover, the rapid thermal annealing can reduee th
the sample surface containing a series of straightinduced defects and avoid unwanted diffusion of the
photoresist stripes. Owing to the blocking effettttoe implanted ions at the same time. For laser anngalin
photoresist mask stripes, the incident He ions ttocisa laser energy may be confined to the surface layer b
ridged barrier wall buried inside the substratenfiog using strongly absorbed radiation, resulting inaloc
stripe waveguides in Nd:CBN (Tae al., 2009). In heating which can remove intrinsic defects and é¢edu
addition, if the implantation induces index increaof crystalline regrowth or solid phase epitaxy.

irradiated regions, channel waveguides can bedater . .
by one-step ion implantation with standard lithqxran 1.4. Waveguide Coupling Methods

some materials, such as LiNp(Chenet al., 2007b). The basic investigations of waveguides are to
evaluate the confinement of light and measure the

1.3. Thermal Treatment effective refractive index of the guided modes. The
High energy ion implantation can form waveguide corresponding methods are end-face coupling arsinpri
in many optical materials, but meanwhile produceistp  coupling, respectively.
defects or color centers by electronic excitatiomd a . .
nuclear collisions, which will unavoidably increase 1.5. Prism Coupling Method
propagation loss in the waveguide due to absorption The well-known prism-coupling method is used to
scattering effects. Thermal annealing is a means ofmeasure the effective refractive indices of thedgdi
altering the residual effects of densificationcaigs flow modes. During the prism-coupling measurement, er las
and anisotropic deformation in the implanted layer, beam strikes the base of a rutile prism, whichraught
improving the electro-optic or non-linear optic pesties into contact with the samples. A silicon photo d&ieis
(Johnsonet al., 1996). Conventional furnace annealing used to detect the intensity of the reflected lighin the
(Gumennik et al., 2005), rapid thermal annealing prism bottom. The prism, waveguide and photo detect
(Feusteret al., 1994) and laser annealing (Townsend and are mounted on a rotary table so that the incidegie
Olivares,1997) are most commonly used to improve the of the laser beam could be adjusted. When the agton

optical performance of all the ion-implanted wavielgs
fabricated by the technique of ion implantatiordueing
both the frequency of color centers and propagdtiss.
In the case of conventional furnace annealing itneat,
samples are annealed for a few tens of minutesveral

///// Science Publications

condition is satisfied, the laser beam would beptexl
into the waveguide region and a lack of reflectigthtl
would result in a dip. Combining with the prismreetive
index and the dark-mode spectra, the effectiveactiie
indices of the guided modes could be calculated.
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Fig. 2. (Color online) Schematics of the refractive-indesofples of the ion-implanted waveguides: (a) bartigpe and (b)
enhanced-well + barrier-type

1.6. End-Face Coupling M ethod particularly successful for ion-implanted wavegusidin
this method, we firstly choose a conceivable fuorcfior

the index profile characterized by a set of paranset
which is constructed from two half Gaussians. sdon
the mode indices of this hypothetical profile are
calculated by RCM. Thirdly, we compare these
) L . theoretical mode index values with the experimental
and another microscope objective Igns col_lect_shgm ones obtained from dark-mode spectroscopy (soetalle
from the output facet of the waveguide, which isged m-lines). Lastly, keep changing the parameterslter a
onto a CCD camera. the index profile shape until the theoretical mauttices
1.7. Refractive | ndex Distribution match the experimental ones within a satisfactorgre

) ) ) ) ~ The final profile is therefore assumed to approxaha
~ Optical waveguides are defined as high-refractive- gepict the refractive index distribution in the \eauide.
index material surrounded by low-index layer. The As shown inFig. 2, refractive index distributions of
refractive index distribution is very important for ion-implanted waveguides usually are divided inim t

inve_stigating the characteristics Qf optical wa\jdg_a. It categories: barrier-type and enhanced-well+ batyige
decides the waveguide properties such as guide mOdFﬁdex profiles. The well-known distribution is the

and the nonlinear properties. To study the properef “optical-barrier’-confined one, which was first pased

waveguides, the refractive index distribution wobkl a by Townsendst al. (1994). The optical barrier could be

basic problem. The related investigation will pei h It of the d frered b
theory instruction for optical waveguide devicesviqy € result of the damage sufiered as a consequeroe
nuclear stopping of the implanted ions at the ehthe

to the direct measurement of the refractive index | ‘ '
distribution is quite complicated, many methods enav tracks. The light can be confined between the basand

been developed to reconstruct the refractive indexthe sample surface (air). The typical “enhanced-wel
distribution, including the inverse Wentzel-Kramers barrier-type” distribution contains an enhanced| wath
Brillouin (White and Heidrich, 1976), the paraméged @ positive index change in the waveguide region @md
index profile reconstruction (Fluct al., 1993) and the optical barrier with a negative index change at the
Reflectivity Calculation Method (RCM) (Chandler and boundaries of the waveguide and the substrate. This
Lama, 1986). The RCM based on the effective rafract means the waveguide is confined not only by thexad
indices of the guided modes has been proven to be&nhanced well but also by the optical barrier.

A conventional end-face coupling optical system is
carried out to record the near-field intensity msttion.
During the measurement, a light beam, either fatige
microscopic lenses or directly output from a fiber,
coupled into the waveguide to excite the guided esod

///// Science Publications 4 Pl
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Fig. 3. Schematic of the set-up for the moving fiber pradmhnique (data obtained fromdtial., 2005)
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Fig. 4. Schematic of the experimental setup for loss nreasent through back-reflection method

1.8. Waveguide L oss M easurement compute the measured loss.

The propagation loss is one of the most critical 1.10. Back-Reflection M ethod
parameters for evaluating the guiding properties of
waveguides. It could be measured based on theiogupl
techniques mentioned earlier. The attenuation of io . . o ' ;
implanted waveguides is mainly caused by absorption Sh‘?W” in Fig. 4. In this method, the !njected light is
surface scattering, refractive index profiles and gacet ~ divided into two beams by a beam splitter. Onehefn
polishing quality. A number of methods have beeniS Monitored by a detector (PM1). A cylindrical $en
developed to measure the waveguide propagation losCouples the light into the waveguide. A microscope
including moving fiber probe techniques (Waetgal., _object|ve lens cou.ples the light qut of the wavdguind
2007), back-reflection methods (Rampahial., 2002)  images the near-field mode profile onto anotheecter
and Fabry-Perot resonance methods (Regener an(PM2). The sample is mounted on a six-dimensional

The back-reflection method is suitable for
measuring the propagation loss of planar wavegues

Sohler, 1985). stage to achieve the maximum coupling efficiency
) ) ) between the injected light and the fundamental nufde
1.9. Moving Fiber Probe Technique the planar waveguide. According to the given foranul

The moving fiber probe technique bases on the(Rampon_iet al., 2002) and the measured parameters, the
prism-coupling system. The schematic set-up is shiow  Propagation loss can be calculated.
Fig. 3. Whe_n a laser beam excites a particular waveguidelllll Fabry-Perot Resonance Method
mode, a fiber probe scans down the length of the
propagation streak to measure the scattered ligim f In Fig. 5, the laser beam is end-face coupled to the
the surface of the waveguide. The detected ligenisity channel waveguide resonator, which is placed imalls
is plotted as a function of the propagation distans crystal oven. The near-field intensity distributiof the
computer code based on least-squares theory istased transmitted light is recorded by a detector.

///// Science Publications 5 Pl
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Fig. 5. Schematic of the experimental setup for loss nreasent through Fabry-Perot resonance method

optical glasses is ion exchange, in which waveguate
fabricated by the exchange of specific ions betwien

substrate and the ambient chemical liquid (Che®820
Ramaswamy and Srivastava, 1988). However, ion
implantation has been successfully utilized to nfacture
guiding structures in a wide range of optical gtass

1.13. Silicate Glass

' "3 Due to the high solubility for rare-earth ions and
- j good chemical stability, silicate glasses are drogl
candidates for waveguide amplifiers and lasersn&tla
and channel waveguides in silicate glasses hava bee
fabricated by the conventional exchange 6f/Ka” or
Ag’/Na" ions.

Kakarantzagt al. (2003) reported the fabrication of
standard optical barrier-type waveguides in siéicat
glasses by implanting helium ions at a fluence b#%
ions/cnf in 1992. In this case, the low-index barrier is
the only confinement for the waveguide, which ddgsa
the waveguide quality (Townsemtlal., 1994). In detail,
the longitudinal width of the barrier normally isnall,
which results in the obvious leakage of the lighergy
through the barrier into the substrate regions thue
Fig. 6. Near-field intensity distribution of quazi-T&Emode of  optical tunneling effects. This phenomenon is obsio

the channel waveguide in Ybdoped silicate glasses for all barrier-confined waveguides, particularlyhen
(data obtained from Liet al., 2012a) the barrier layers are very thin (Chen al., 2007a).

) ) ) ) Nevertheless, multiple-energy ion implantations are
Simultaneously, a fraction of the transmitted isign necessary to solve the problem, which can broaden t
could be measured by a photodiode as a functidgheof 5/ rier. Therefore, the tunneling effect can be
crystal temperature (Regener and Sohler, 1985)edBas considerably reduced, resulting in a better comfiewt
on the experimental results and the standard fanthé of the light modes. Liuet al. (2012a) have obtained
channel waveguide propagation loss can be evaluated monomode optical planar and channel waveguides in

; Yb**-doped silicate glasses by (450+500+550) keV
1.12. Optical Glasses helium ion implantation at the doses of (2+2¢R)*°

Various optical glasses including silicates, jons/cnf. After the triple-energy Heimplantation, the
phosphates, tellurites and chalcogenides are pétésts  optical barrier is broadened to 0.2 pm, which imp
for doping of various rare earth ions, such aS"YBr'*  the guiding propertiesFigure 6 shows the three-
and Nd, showing excellent laser performances and Dimensional (3D) near-field intensity distributiar the
practical applications in optical communication. eTh TEy, mode of the channel waveguide. As one can see, the
most common method for waveguide formation in light is indeed confined both in the vertical amdthe

///// Science Publications 6 &
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lateral direction. On the other hand, the refraciivdex proton implantation at the end of ions track or raigs
of waveguides, especially for the heavy ion-impdaint from the vicinity of the damage peak. As daew, the
cases, might first experience a positive chang¢hen  radius of H ion is much smaller than that of Nian, so
main region of the incident ion’s trajectory, formgian the structure of the silicate glass becomes relaxeidthe
enhanced index well, which confines the guidedtligh  volume turns large in the terminal region. Therefor
a non-leaky manner. Wargjal. (2007) have reported on both the physical density and the refractive inteuce
the fabrication and charac%lerization of low-losanalr  reasonably and the optical barrier is formed.
and stripe waveguides in a Naloped glass by 6.0 MeV
oxygen-ion implantation at a dose of 1¥1@ns/cni.  1.14. Phosphate Glass
The planar Waveguiqles in the ¥iloped silicate glasses Owing to the rapid development of both optical
have also been fabricated by 4.0 Me¥/ @nd 6.0 MeV  communication and series high power laser devises u
O™ ion implantation, respectively (Liet al., 2012b; a5 the laser driven Inertia Confined Fusion (ICF),
2012C) Recently, Liet al. (2013) have also reported the phosphate g|a55e5, especia”>§+ﬂfb3+' Nd3+ and Yﬁ*’_
low-dose  carbon-implanted planar waveguides indoped phosphate glasses have received more and more
Er/Yb® co-doped silicate glasses. All of the above attentions. Among a variety of Erdoped materials,
results show that a refractive index enhanced reg® phosphate glass has been proven to be one of tee mo
well as an optical barrier have been created dfter  promising hosts for the high concentration dopif§G*
heavy ion-implantation processing. ions. Nd*-doped phosphate glass is one of the excellent
Owing to the complex compositions and disordered|aser materials and has been extensively usedhfor t
structures, the mechanism of waveguide formation injgser output at 1.06gm. Yb**-doped phosphate glasses
silicate glasses is usually complicated. The pasiti exhibit high emission cross-section, broad absompti
change of refractive index in the waveguide regitty ~ and emission band and long fluorescence lifetime (1
be due to the compaction effect during the proedss ms), making them particularly attractive to genenaitra
implantation, which is usually accompanied by an short pulses and tunable laser sources. The most
increase in physical density in the corresponde@an  common method for waveguide fabrication in phosphat
(Townsendet al., 1994; Cheret al., 2007a; Wangt al., glasses is the process of ion exchange, where @kl
2007). Moreover, Liet al. (2012b; 2012c) have thought, in the glass are exchanged for ions with larger
the non-bridging oxygens induced by the implantatio polarizability, thus causing an increase in theaetive
irradiation in the waveguide region may also cath® index near the glass surface (Veasayal., 2000).
formation of the enhanced well, which is due tofds&  Alternatively, ion implantation has become one loé t
that the ionic refractivity of non-bridging oxygeris promising techniques to produce waveguides in
larger than that of bridging oxygens in the oxidsges.  phosphate glasses.
However, it should be noted that no positive index Earlier work on the ion-implanted waveguides in
change was observed in Kakaranteaal. (2003) work.  phosphate glasses was done by Céteal. (2002). They
Further experimental investigations are required fo reported the planar waveguides formation if"/¥ib**
greater understanding. The optical barrier couldti®e  co-doped phosphate glasses by the implantatiomebf
result of damage suffered as a consequence of ther Si*ions, respectively. It was found that the refrasti
nuclear stopping of the implanted ions at the ehthe indices in the waveguide and the barrier regionseha
tracks, where decreases in both physical density anconsiderable negative changes after the ion
refractive index. The view on the optical barriastbeen  implantations. By combining Heion implantation and
accepted by more and more researchers (Towrgahd  Ar* sputtering etching, Taet al. (2007) fabricated ridge
1994; Cheret al., 2007a; Wangt al., 2007; Jiangt al.,  waveguides in Bf/Yb®* co-doped phosphate glasses. Its
2000). Liu et al. (2012d) have recently reported the optical characterization showed that there is elittl
characterization of planar waveguides in*¥oped  refractive index change in the guiding region and a
silicate glasses fabricated by double-energy protonbarrier with a lower refractive index at the endiof
implantation at a total dose of 3Xf0ions/cni and  range. Recently, Liet al. (2011; 2012e) investigated the
pointed out implanting ions how to get along witlet  optical properties of helium-implanted waveguides i
components of the substrate. The work introducesath Nd** and YB*-doped phosphate glasses, respectively. In
exchange between proton and"Nens. As a result, Na  the study, the refractive indices in the waveguidd the
ion is replaced by Hion during the reaction of ion barrier regions were reduced by 0.005 and 0.119dif
exchange and then occupies the void that was cénsed -doped phosphate glasses, while in *‘Y#ioped

////A Science Publications 7 Pl
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phosphate glasses, these index decrease in the twoptical losses of less than 1 dB/cm can be used in

regions were 0.007 and 0.050, respectively.

integrated optics. Therefore, ion implantation is a

As one can see, all above-mentioned results showpractical method for effective waveguide formation
the ion-implanted phosphate glass waveguides werdused silica comparable with other techniques. @win

typical barrier-confined. The propagation losseswth
waveguides usually are high, because of the relgtiv

to the compaction under the influence of the nuclea
and electronic damage, the refractive index offtised

poor confinement of the light inside the waveguide silica has a positive change to some extent, fogmin

region. In order to obtain acceptable guiding proes
of the waveguides in N and YB*-doped phosphate
glasses formed by triple-energy helium implantation
Liu et al. (2011; 2012e) carried out continuous
annealing treatments in atmosphere. They foundthieat
refractive indices in the waveguide regions, toywar
degrees, rise with each annealing treatment, owing
recovery of damages.
values of helium-implanted N8 and YbB*-doped

index-enhanced wells, which means fine confinement
of the light inside the waveguides and hence low
propagation losses.

1.16. Telurite Glass

Tellurite glass is proposed as a promising candida
for the fabrication of active integrated opticatccits

Furthermore, the attenuatiorbecause of their high rare-earth solubility andgdar

stimulated emission cross sections (Ztebwal., 2010).

phosphate glass waveguides could be considerablEspecially, Ef-doped tellurite glass is suitable for gain-

reduced to be ~2.06 and 1.52 dB/cm after the tHermaflattened optical

treatments, respectively.
1.15. Fused Silica Glass

Fused silica (quartz) is a high purity synthetic
amorphous silicon dioxide with only two elements
(Si0,). It has a number of excellent properties tha
include near zero thermal expansion,
transparency from the UV to the near IR, good cleami
inertness, low dielectric constant and
Moreover, the refractive index of fused silica isryw

low cost.

amplifiers in Wavelength-Division
Multiplexer (WDM) applications due to their broad
emission bandwidth around the 1.55 micron wavelengt
and low phonon energy.

Berneschiet al. (2007) reported the formation of
channel waveguide in Erdoped tellurite glasses by 1.5

 MeV N* ion implantation at dose of 1xfOions/cnf,
excellent With @ 75um thick and 24um gap silicon stripe mask.

Since the nitrogen ion implantation induced positiv
refractive index changes, one-step implantatiorh veit
rectangular mask can produce the channel waveguide.

close to that of the commercial fibers, making it a The 2D stripe waveguide in Erdoped tellurite glasses
attractive substrate material for integrated optics Was also fabricated by Khamhal. (2009). It was found

applications (Harrgt al., 2006).

Schineller et al. (1968) reported the first ion-
implanted planar waveguides in fused silica by gssin
proton implantation. By combining B or Li ion
implantation and lithographic technique, Kersttnal.
(1991) studied the first ion-implanted channel

that the implanted layer exhibited a decrease ef th
refractive index with respect to the virgin bullags and

a barrier with a lower refractive index was buitt at the

end of the ion track. Therefore, the light can bafined

in vertical direction. Moreover, with the blockiraffect

of the photoresist stripes at the wedged edges, the

waveguides in 1976. Since then, numerous researcherincident nitrogen ions experience different perteira

have investigated the waveguides formed in fuskchsi

depth inside the Bt-doped tellurite glass, creating semi-

and analyzed their properties. Two representativeclosed barrier walls with trapezoidal-shaped sestio

examples are as following. Wamtjal. (2004) reported
on planar waveguides in fused silica by 3.0 MeVgety
ion implantation at the dose of 1X%0ions/cni and
attenuation coefficient of 0.14 dB/cm was obtairied
the thermal treated samples. Leeeh al. (1996)
investigated channel waveguides in fused silicalpced
by MeV Si, P or Ge ion implantation, in which the
propagation losses were only of 0.1 to 0.2 dB/crthat
telecommunication wavelength of 1.3 and 5. As
mentioned above, one of most important characiesist
for ion-implanted fused silica waveguides is lovgdo

These special barrier walls constructed a low cotifra
index well, which confines the light in horizontal
direction around the implanted region (Chen, 2008).

1.17. Other Glasses

The ion-implanted waveguides were also fabricated
in some other glasses, such as germanate, filtdr an
chalcogenide glasses. Shephetrrdl. (1994) reported on
the first Tm-doped germanate glass waveguides formed
by He et al. (1998) implantation at energy of 2.9 MeV
and dose of 1xT® ions/cnf at liquid-nitrogen

Previous studies have shown that the waveguide withtemperature. Heand H ions at different energies and

////i Science Publications 8
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doses were used to make optical waveguides irr filte Open Research Fund of State Key Laboratory of ieans
glasses by Okur and Townsend (1997). Recently, QiuOptics and Photonics, Chinese Academy of Sciences.
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