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Some optical properties of waveguides made by high energy ion implantation in fused
silica

J. Albert, B. Malo, D. C. Johnson, K. O. Hill

Communications Research Centre, P.O.Box 11490, Station H, Ottawa CANADA K2H 8S2
(613-990-7690)

J. L. Brebner, Y. B. Trudeau, G. Kajrys

Groupe des Couches Minces, Université de Montréal, Montréal (Qué) CANADA H3C 3J7

It is known that implantation of dopants in amorphous silica increases the refractive
index, and therefore may lead to the formation of an optical waveguide'. The ion implantation
is usually carried out at energies of a few hundred keV, yielding waveguides with losses of the
order of 1 dB/cm. In this work, we used much higher energies (3 and 5 MeV) to implant
Germanium in pure synthetic fused silica?. The objective is to obtain a planar waveguide which
would resemble the core of a standard Ge-doped single mode optical fiber, and to study the
photosensitive effects which have been observed in these fibers®. We have already shown that
these waveguides are very photosensitive to ultraviolet light from a KrF excimer laser’. The new
results reported here concern annealing experiments, controlled bleaching, and
photoluminescence of these samples.

At the energies used, the implanted
layer is one um thick and lies between 2 al
and 3 um below the surface. The first result N virgin substrate
is that implantation increases significantly T T T 3 MeV/L0el3 onsiom3
the absorption in the UV spectral region?
(Figure 1). The absorption can be resolved
into three main bands centered respectively
near 244 nm, 212 nm and beyond 190 nm.
Upon exposure of the implanted layer to
individual 100 mJ pulses from a KrF
excimer laser (operating at 249 nm), the t 22 274 316
244 nm band is gradually bleached, and the AVELETOTH o
absorption eventually disappears totally. Figure 1 ~Absorbance spectrum of pure,
Figure 2 shows the measured absorbance implanted, and heated implanted silica
after each one of a series of individual laser
pulses (solid lines) and also after a prolonged exposure (two minutes at SO pps, dashed line).
Another method for restoring transparency in the UV spectral region is to heat the samples to
1200°C which is slightly above the annealing temperature of silica (Figure 1).

For implantation doses of 10" ions/cm? and higher, a refractive index increase of the
order of 1% is measured. The implantation induced refractive index decreases back to near its
original value with both UV bleaching and thermal annealing. It will be of interest to determine
if the index change can be correlated with the gradual absorption change observed with shot-by-
shot bleaching.

Finally, we measured the fluorescence of the implanted samples under various conditions.
The 249 nm KrF excimer laser operating at 2 Hz for 5 pulses was used to pump the samples in
the fluorescence measurements. Some of the first results are shown in Figure 3. We see that the
bleaching changes the fluorescence spectrum drastically, with the "blue" (470 nm) band
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disappearing completely while the "red" (640 nm) band is still strong. The initial spectrum
(dotted line) is typical of implanted fused silica. Bleaching eliminates the blue band but the red
one remains, in spite of the fact that the absorption at 249 nm has been reduced significantly
(continuous line). A possible explanation would be that bleaching changes the state of the glass
to one where two-photon absorption becomes significarit; two 249 nm photons (at 5 eV each)
together bring the energy above the SiO, bandgap (9 eV).

010 y - - 0.60

before ------ after

ABSORBANCE (arb. units)
LUMINESCENCE (arb. units)

S
=3
-3
ot
~

0.05 .
225 235

. 0.00 —
265 275 390 450 630 690

510 570
WAVELENGTH (nm)

245 255
WAVELENGTH (nm)

Figure 2 Shot by shot bleaching of 244 nm Figure 3 Fluorescence of sample before and
band and total bleaching after long exposure  after UV bleaching

The strong photosensitivity observed in these samples is believed to be due to the large
number of defects created during the relatively high energy implantation. The 212 nm band is
associated with the E’ defect of silica, generally held responsible for the photosensitivity in Ge-
doped fibers. One problem for integrated optics use of this phenomenon is that along with strong
photosensitivity, the high ion energy causes some structural damage in the glass, leading to high
waveguide losses. But since the photosensitivity is currently much larger than useful values in
fibers®, there is room for a trade-off which would reduce the losses to acceptable levels while
maintaining a sufficient index change; especially if the implantation is not used to define the
waveguide but rather to modify an existing one, to form a grating for instance.
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STRAIN INDUCED OPTICAL WAVEGUIDING AND
POLARIZATION CONVERSION IN FERROELECTRIC SUBSTRATES

0. Eknoyan, H.F. Taylor, Z. Tang, V.P. Swenson and J.M. Marx
Department of Electrical Engineering
Texas A8&M University
College Station, TX 77843
(409) 845-7441

A localized increase in the refractive index of ferroelectric crystals
has been accomplished by the use of static strain induced from a surface
film. The technique does not require alteration of substrate composition
by diffusion or ion exchange1_3. Optical waveguides have been produced by
this method in LiNb03, LiTaO3 and BaTiOa. This represents the first
formation of waveguides in BaTiO3, which is ideally suited for making
compact low-voltage polarization control guided-wave devices and optical
filters due to its large re, electrooptic coefficient.

To produce an index increase, a thick film of 8102 is deposited on the
substrate surface at an elevated temperature then cooled to room
temperature and patterned. The static strain resulting from the large
thermal expansion mismatch between the substrate and film causes a
localized index increase in the crystal beneath regions from which the SiO2
is removed, as in Fig. 1-a, via the strain optic effect. The resultant
change in the index of refraction is related to the strain-optic,
piezoelectric, and electrooptic properties of the substrate4. Figure 1-a
shows calculated strain (or strain-induced index change) contours
referenced to the value of strain at the surface of the substrate in the
center of the etched channel window. In initial waveguides investigations,
films ~ 3 um thick were deposited by e-beam evaporation on substrates that
were maintained at ~ 300°C during deposition. Using photolithography,
straight channel patterns were then delineated by reactive ion etching.

Optical guiding was observed for both TE and TM polarizations using
end-fire coupling at 0.633 um wavelength in LiNbO3 and LiTaOB, and at 0.83
um in BaTiO3. Near field patterns for TE polarization in a single mode
waveguide in LiNbO3 are shown in Fig 1-b. Propagation losses of 0.8 dB/cm
and 0.9 dB/cm for TE and TM polarizations, respectively, were measured by
sampling the surface scattered 1light from the waveguides on LiNbO3.
Electrooptic polarization modulation was investigated in a strain induced

straight channel waveguide formed on LiNb03. By passing the waveguide
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output through a linear polarizer, a modulation depth of 92% was obtained,

and a value of 0.3 was calculated for the electrical/optical field overlap
factor. Polarization conversion has been demonstrated in Zn diffused
LiTaO3 waveguides using a spatially periodic strain-inducing film to obtain
TE-TM phase matching. A maximum value of 88% was observed for the
conversion efficiency which, as expected, was highly wavelength selective.
In conclusion, optical channel waveguides have been produced in
LiNbOa, Li’I‘aO3 and BaTiO3 crystals utilizing a strain induced 1index
increase, and electrooptic modulation has been demonstrated in strain
induced waveguides. Losses of less than 1 dB/cm have been measured in each
polarization in LiNbOa. The fabrication procedure is quite simple, and the
waveguides can be deleted by etching away the S'102 film. The 1zethod may be
applicable to other materials in which waveguide formation is difficult.
Furthermore, polarization conversion has been demonstrated in LiTaO3 using

a spatially periodic strain inducing film.

References
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Fig.1. Strain-induced optical waveguides. (a) Calculated constant strain
contours drawn normalized relative to the value at the surface of the
substrate in the center of the channel. (b) Near-field pattern for TE
polarization of a single mode LiNbO3 waveguide, upper trace |is
transverse scan with horiz. scale of 10 um/div and lower trace is
depth scan with horiz. scale of 5 um/div.
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Ion-exchanged glaés wavéguides with improved coupling to semiconductor

lasers

Janet Lehr Jackel and Shiqing Hu
Bell Communications Research
Red Bank, NJ 07701

Introduction: Ion exchanged glass waveguide
components can perform many functions needed in
optical communications, but will find a use in
communications networks only if insertion losses are
low enough. Exchanged guides have been made with
low optical propagation loss, and channel guides with
excellent coupling to optical fiber have been made.!")
In some cases, however, we require direct coupling to
semiconductor lasers, which have much smaller mode
size than fibers. A small mode size also serves to
minimize losses in waveguide bends.

We show here that exchanged guides with a large
enough An and small enough mode size can have low
laser-to-guide coupling loss. The usual single-step
exchange is of limited use: guides with large An can
be made, but sideways diffusion creates guides which
are considerably wider than they are deep. Using an
alternative two-step process?! we are able to improve
the mode shape and obtain better coupling to lasers.

Waveguide fabrication: Substrates are BK7 glass,
an optical quality glass containing sufficient sodium
ions to be useful in ion exchange. Low-loss guides
can be formed in BK7 using either silver-sodium or
potassium-sodium exchange. For our purposes, only
silver-sodium exchange is useful, since the maximum
index change available with K*~Na* exchange is less
than 0.01, too small for laser-compatible guides. In
addition, silver exchanged guides are nearly
polarization independent, unlike potassium-exchanged
guides where stress induced birefringence can be
large.¥

In order to optimize laser-to-guide coupling it is
necessary to match the laser mode as nearly as
possible. We have used a buried heterostructure
laser,’ operating at A = 1.52 um, with a mode
approximately 1.5 -2.0 um wide and deep. The output
beam spreads with an angle of ~25° in both horizontal
and vertical directions. To match this output, we
require a similar sized mode, and a guide with the
equivalent of a step index increase of ~0.06 - 0.07.
We can achicve index increases of this size using
silver-sodium exchange in a mixture of
NaNO,, KNO,, and AgNO; in the ratio 1 Mole : 1

Mole : x Moles, with x ranging from 5 to 20. Both
maximum index change and diffusion coefficient
depend on melt composition. Our initial
measurements have been made with exchange in a
melt having x = 5, although higher silver
concentrations may give better results.

Guides were made using either the usual single-step or
a two-step exchange. Single-step exchanged guides
were made using an aluminum mask with openings
3-15 ym wide and exchange times of 2, 3, and 4
hours. For the two-step process, a planar exchanged
guide is made, and then a mask consisting of 3-15um
wide aluminum lines is used as mask against back
diffusion of sodium. Because of diffusion under the
mask, guides made with the single-step exchange are
always wider than the mask opening which defines
them, while guides made using a two-step exchange
are narrower than the mask. After exchange, guides
were polished and the losses were measured using the
semiconductor laser as input.

Loss measurements: For laser to guide coupling, the
laser is brought nearly into contact with the end of the
guide, and the output face of the guide is imaged onto
a detector using a microscope objective with a large
enough numerical aperture (NA = 0.57) to capture all
the light from the laser. Losses for direct laser
coupling to a guide made using single step exchange
are shown in Fig. 1, for samples exchanged 2, 3, and 4
hours. Guides exchanged for 4 hours are double-
moded; coupling into the fundamental mode is shown.
All other guides are single moded. Measured loss
includes coupling, propagation through ~3 cm of
guide, and Fresnel loss of ~.18 dB at both input and
output.

Our coupling of 25-50% is considerably better than
the 10% typical of butt-coupling to single mode fibers,
and compares well with the 70% coupling recently
achieved with lensed fiber. However, the most
efficient coupling was obtained only in guides having
two modes. This is the result of diffusion under the
mask which makes the guide wider than it is deep.

Two-step exchange can offer an improvement over
single-step exchange for two reasons. First, since the




Integrated Photonics Research

9

original exchange which introduces silver ions into the
substrate is made without a mask, we avoid the
limiting of surface index!®! and guide depth!®! which
occurs when there is a finite mask opening. Second,
the reverse exchange which defines the channel guides
creates a guiding region narrower than the mask
which protects the exchanged surface. Thus, the
inevitable side diffusion becomes an asset.

Fig. 2 shows laser-to-guide coupling loss for a two-
step exchanged guide with an original exchange time
of 2 hours and a back-exchange time of 30 minutes.
Comparison with guides made using a 2 hour single-
step exchange (also shown in Fig. 2) demonstrates the
substantial advantage of the two-step exchange; the
best two-step guides have 4 dB less loss than the best
single-step guides. Measurements are in progress to
evaluate the effect of the two step process in guides
with longer initial exchange times.

Discussion: The use of guides with high An makes
efficient coupling to lasers possible, and the use of a
two-step  exchange process allows further
improvement of the match between laser and guide
modes. Low-loss thermal tapering from the laser-
compatible to the fiber-compatible mode sizes is
feasible; our preliminary results show that thermal
annealing of the guides described above can produce
guides with less than 1.3 dB fiber-to-guide coupling
loss, including reflection and propagation losses.
Thus, use of a two-step exchange followed by thermal
tapering of the guides should make it possible to
couple from laser to device to fiber with no greater
loss than direct coupling to an unlensed fiber.
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Fig. 1 Laser-to-waveguide coupling losses, for
single-step exchanged guides: exchanged O 4
hours, A 3 hours, and ¢ 2 hours.
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Fig. 2 Laser-to-waveguide coupling losses
comparing 2 hour single-step ( ¢ ) and two-step (
A ) exchange with 2 hour planar exchange and 30
minute back-exchange.
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Linear and Nonlinear Optical Properties of Annealed Proton Exchanged Lithium Niobate
Waveguides

M. L. Bortz and M. M. Fejer

Edward L. Ginzton Laboratory, Stanford University, Stanford, CA 94305
(415) 725-2160

Annealed proton exchange (APE) is an important technique for the fabrication of waveguides in
LiNbO; for electrooptic and nonlinear optical applications. Unannealed proton exchanged (PE)
waveguides have step-like refractive index profiles and large extraordinary refractive index
changes, but suffer from reduced electrooptic and nonlinear coefficients. Post-exchange annealing
is necessary to produce single mode waveguides that exhibit electrooptic and nonlinear optical
properties comparable to bulk LiNbO; and low insertion loss in fiber optic applications.! While the
PE process is well-characterized, quantitative modeling of APE waveguides is much less well
developed. In this paper we present measurements of the effective mode indices and fundamental
mode profiles for APE waveguides subjected to a variety of exchange and annealing conditions in
both x- and z-cut substrates, along with empirical models for the concentration-dependent diffusion
coefficient and dispersion that allow accurate calculation of the refractive index profile for APE
waveguides as a function of exchange depth and anneal time for wavelengths between 0.4 and 1.1
pum. The reduction of the nonlinear susceptibility in PE waveguides, measured by a reflected
second harmonic generation technique, is also discussed.

Analysis of the APE process is complicated by both concentration-dependent diffusion and a
refractive index change that has been reported to be highly nonlinear with proton concentration.23
To study these properties, planar waveguides were fabricated by exchange in pure benzoic acid to
various depths d, in z-cut substrates, and annealing at 333°C for times #,. The resulting refractive
index profiles were determined at 458 nm using prism coupling and IWKB analysis. The 1/e
depths d,; and the surface index change An, of the annealed waveguides normalized to d, and An,,
respectively, are plotted vs the normalized anneal time T = #,/de2 in Fig. 1. For long 7 the depth
increased as VT, as would be expected for linear diffusion with a diffusion coefficient Dy = 0.55
um2/hr. For short times, a description based on linear diffusion is clearly inadequate. We found
that the data in Fig. 1 can be accurately predicted with a concentration dependent diffusion
coefficient given by D(C) = Dy[a + (1 - a)exp(—bC)], where C is the concentration normalized to
the initial concentration after PE, and the best fit is obtained with @ = 0.1 and b = 12. The results
obtained by numerical solution of the diffusion equation with this diffusion coefficient and an
initial step profile characteristic of the exchange process are shown as a solid line in Fig. 1. These
results are obtaineded under the assumption that the change in the refractive index is proportional to
the proton concentration at least up to 70% of the surface concentration after exchange, i.e.
An, =1.06A4n,C for C < 0.7. This assumption is supported by the constant area under the
refractive index profile with annealing over this range of concentrations, and by the success of the
model in predicting the modal properties over a broad range of processing conditions.4 These
measurements were repeated in x-cut substrates, with essentially similar results, indicating that the
diffusion is isotropic within the resolution of the measurements. Note that the diffusion coefficient
is a decreasing function of concentration, a trend opposite that obtained in explaining the step-
profile characteristic of PE by an interdiffusion model.? As it is difficult to assign any microscopic
significance to a diffusion coefficient used to describe transport in a two phase mixture,
corresponding to 0.12 < x < 0.55 for HxLi;.x\NbOs, it is not clear how to compare these results.

Two further tests were performed to verify the accuracy of the model at A = 0.458 um. The
observed effective mode indices for a variety of few-mode APE waveguides were compared with
modal dispersion curves calculated using the index profiles determined by the model, and were
found to be in good agreement. Also, fundamental mode intensity profiles were imaged and
compared with numerical solutions of the scalar wave equation for index profiles derived from the
model, and again found to be in good agreement.
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Knowledge of the dispersion in the surface refractive index is necessary to design waveguides
at wavelengths other than A = 0.458 pm. We characterized both a PE and an APE waveguide at
wavelengths between 0.4 and 1.1 um. Dispersion in An for the two waveguides along with single
pole Sellmeier fits are shown in Fig. 2. The ratio of the index changes for the two waveguides is
nearly independent of wavelength, indicating that to a good approximation the dispersion is
constant during the annealing process. The dispersion data contained in Fig. 2 may be used to scale
the refractive index profiles determined from the diffusion model to wavelengths other than 458
nm.

For efficient nonlinear devices, tightly confined modes are desirable, suggesting the use of PE
waveguides. However, we observed extremely low conversion efficiency in PE waveguide
frequency doublers, suggesting a severe reduction in the nonlinear coeffcient d33. A quantitative
measurement of the effect of PE on d33 is therefore necessary for the design of optimized nonlinear
devices. The difficulty in this measurement is in eliminating the contribution of the LiNbO3
substrate to the total second harmonic power, as this bulk contribution could be large compared to
that of the thin layer of PE material. To address this problem, we focused the 1.06 um output of a
Q-switched Nd:YAG laser on the surface of a PE x-cut substrate, and measured the angle
dependence of the power of the backward propagating 532 nm radiation generated at the interface.
By fitting the resulting data to the theoretical expression for a nonlinear slab on a nonlinear
substrate, it was possible to put an upper bound on d33 in the PE film of 1% of the bulk value.
This result disagrees with three previously published studies,> which report a reduction of d33 in
PE waveguides to approxiamately 50% of the bulk value, but is consistent with the extremely low
conversion efficiency we observed in PE waveguide frequency doublers. The source of the
discrepancy between this and prior measurements is not clear.

ith the results for the concentration dependence for the refractive indices and the two
independent components of the diffusivity tensor, it is possible to model the fabrication of APE
channel waveguides. Comparison of these calculations with experimental observations will be
given. Measurements of the recovery of d33 with annealing will be presented, and the implications
of the results for the efficiency of APE waveguide nonlinear devices will be discussed.
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Fig. 1. Normalized index change and waveguide depth Fi8- 2. Dispersion in PE and APE waveguides.
versus the square root of the normalized anneal time.

The dashed line and curve are the predictions of linear

diffusion theory with D, = 0.55 um?/h. The solid curves

are the results of the nonlinear diffusion model described

in the text.
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All-optical switching is of growing interest. However, complete all-optical switching in
materials such as semiconductors has proved difficult. If the ronlinear index of refraction is

utilized, there is also strong two photon absorption (TPA).[1] It has been shown that the typical

soliton solutions are not valid in the presence of TPA.[2] Therefore traditional soliton switching is
degraded. However we present a new coupled mode analysis which incorporates TPA and find

exact solutions for which complete switching can occur. Using a coupled-mode analysis (3] in
which gain is used to offset the nonlinear loss due to TPA, we derive the set of equations for
nonlinear directional couplers.

. 1 n,Q 2 2
iap+ 5By + 22 (la,17 + 1g51%) q, + g,
i B 2 2
=inQ-3% dy-iz (lq,1% + lq,l ) ay 1)
. 1 n,o, 2 2
iy, + 5B, Gy + 2(;0 (Iqll +I‘lzI )‘h"““h

i . 2 2
=ind2—3"% qzn"lg (Iqll + | g, )‘h 2

where [, is the dispersion parameter of the propagation medium, n, is the nonlinear index of

refraction, B is the TPA coefficient, v, is the small signal gain, Y, is the gain dispersion and «
is the coupling parameter for the directional coupler. The subscripts z and t refer to
differentiation with respect to space and time, respectively. We have also assumed equal self- and
cross-phase modulation. The effects of the TPA are balanced by a gain medium, for which we
have assumed a Lorentzian line shape. We have obtained exact solutions for Egs. (1) and (2)
given by 3]

q, @Y = L (sin@ e'*? _ cos@ 710 e_i"z)q (z,) 3)
NP
q,(zt) = :}-5 (sin® ¢'*% 4 cosf ¢ 1® e'im‘)q (z,1) 4)

where q (z.t) = q, [sech (@t)])"*™M &/ ®? 214 9 and ¢ are determined by the initial
conditions.
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When the light is input solely into one waveguide it will transfer to the other waveguide at a
distance L= 2— as shown in Fig. 1. However for equal input intensities into both waveguides
K

the output depends upon the relative phases between the input pulses.

The expressions for q,, @, R and Q in terms of physical parameters will be presented and

we will evaluate these parameters for various waveguides and present some possible experimental
conditions for their realization.
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Dual-frequency laser sources are very promising for nonlinear
fiber optics [1,2]. Recently {2} we have suggested an ultra long
distance nonlinear fiber optic data transmission using dual-frequ-
ency laser sources. Such a transmission has all the advantages of
the soliton transmission: dispersive compensation of nonlinear
effects; stability against perturbations of the fiber parameters

(dispersion, mode area, etc.) along the fiber length; stability of
data streams in a chain of lumped amplifiers; potential for multi-
-channel wavelength division multiplexing (WDM). Here we show that

a WDM data transmission system employving dual-frequency laser
sources is more stable against interchannel interference in
comparison with a conventional soliton system.

We consider the dual-frequency and soliton 10,000 km-long trans-
mission svstems both operating at 4 GBits/sec rate in each WDM
channel. The maximum pulse duration in a soliton system is limited
by the soliton interaction within each channel, and for 4 GBits/s
rate the maximum duration (FWHM) is 50 psec. In our dimensionless
units the intensity of 50 ps solitons is 19.4. Like in a soliton
WDM syvstem [ 3], adjacent WDM channel pulses in a dual-frequency
system interact in a lumped amplifier chain like in a lossless
fiber, as long as a collision length is two or more times the
amplifier spacing. The main advantage of the dual-frequency
syvstems is that the adjacent pulses have opposite phases (2]. It
is this feature that allows to use the pulses (we will call them
as beat pulses) with energy about 1.5 less than that of the soli-
ton syvstem. The input intensity of beat pulses is 6.25 and durati-
on of 125 psec., During the propagation through the fiber an isola-
ted beat pulse evolves into a soliton with “70 psec duration and
intensity of ~ 9.

In WDM systems, the main errors can arise due to cross-phase
modulation when adjacent WDM channel pulses overlap at the fiber
input {3,4]}. At the fiber output this results in a temporal shift
of the pulses from their initial position. Figure shows this situ-
ation for the cases of soliton (A) and duwal-frequency B) svstems.
The pulse shift 1s proportional to the pulse intensities at the
fiber input, so the pulse shift in the dual-frequency svstem is
about three times less than that in the soliton system. The soli-
ton pulse shifts on more than 125 psec and appears in the adjacent
time slot, while the beat pulse remains in its time slot.

Another kind of temporal shift of pulses can arise from collisi-
ons among adjacent WDM channel pulses within the fiber [3,4].
Again, this effect is proportional to the pulse intensity, and in
a dual-frequency system one can expect the shifts at least
two-times less than such shifts in a soliton syvstem.

Note also that because of the lower energy of the beat pulses,
the errors caused by Gordon-Haus [5] and electrostrictional [6]
offects should be also less in the dual-frequency systems in
comparison with the soliton data transmission systems.
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Figure. Numerical simulations of temporal shift of pulses at the

fiber output caused by cross-phase modulation effect in WDM system.
‘'he pulse overlaps at the fiber input with an a?jacent WDM channel
pulse (not shown) spectrally separated by 1 cm . Fiber length
10,000 km, dispersion D=1 ps/nm/km. (A)- the soliton system, (B)-
the dual-frequency system.
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Soliton communication lines are promising for high bit rate data
transmission on long distancesl. Smith and Mollenauer
experimentally discovered the effect of soliton pulse long-range
interactionz. We have -explained the long-range interaction of
solitons by electrostrictional excitation of radial acoustic modes

of fiber and their subsequent influence on solitons3’4.

We have
also shown that the excitation of the acoustic waves results in a
considerable timing jitter of solitons and can limit the bit rate
and distance of data transmission in soliton communication liness.

However this effect requires a more detailed quantitative

approach because of its significance for soliton communication

lines. PreviouslyD we have taken into account only the
electrostrictional excitation of radial acoustic modes ROm for
which there is only radial component of displacement vector. That

component does not depend on the angular coordinate. We show now
that depending on light polarization state another group of
acoustic waves can be exited. That are the mixed torsional-radial
modes TR2m and their displacement vector is varying sinusoidally
as 2¢. Spontaneous scattering of light on this group of modes was

experimentally observed in single mode fiber by Shelby et. al.. We
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demonstrate that both groups of acoustic modes ROm and TR2m are
exited for linear light polarization. Only ROm modes are exited
for circular polarization state and the efficiency of their
excitation does not depend on light polarization state