Lithuanian Journal of Physics, Vol. 59, No. 4, pp. 201-210 (2019)
© Lietuvos moksly akademija, 2019

MOCVD DEPOSITION OF ZINC AND BISMUTH
CHALCOGENIDES FILMS ON THE SURFACE OF SILICA OPTICAL
FIBRES

P. Kuznetsov ?, G. Yakushcheva ?, E. Savelyev ?, V. Yapaskurt *®, V. Shcherbakov *°,

A. Temiryasev?, L. Zakharov?, V. Jitov %, and D. Sudas *¢

* Kotel'nikov Institute of Radio Engineering and Electronics (Fryazino Branch), Russian Academy of Sciences,
1 Vvedenskogo sq., Fryazino, 14119 Moscow Region, Russia
® Department of Petrology, Geological Faculty, Moscow State University, Leninskie Gory, 119991 Moscow, Russia
< Peter the Great St. Petersburg Polytechnic University, 195251 Saint Peterburg, Russia
Email: pik218@ire216.msk.su

Received 8 July 2019; accepted 14 October 2019

Metal organic chemical vapour deposition (MOCVD) technology is adapted for the deposition of thin zinc and
bismuth chalcogenides films on the surface of silica optical fibres with short tapered sections. Growth runs were car-
ried out in a special tubular quartz reactor at atmospheric pressure of hydrogen at 425°C temperature using ZnEt,,
BiMe,, Et,Te and i-Pro_Se as organometallic precursors. During the deposition of chalcogenides, the transmittance
spectra of the fibre were recorded in regular short time intervals. In the transmittance spectra of the fibre with a ta-
pered section coated by ZnSe and ZnTe, lossy mode resonances (LMR) were observed at a diameter of the tapered
waist below 30 um. After the deposition of very thin Bi,Te, and Bi,Se, island films on the tapered waist with a diame-
ter about 10 ym optical fibres were built into erbium fibre ring lasers. A pulsed generation mode was achieved in some
of lasers due to resonator Q-factor modulation. These results can be applied for the design of LMR fibre sensors and
passively Q-switch pulsed fibre lasers.
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1. Introduction

When transmitting optical radiation through
optical fibres, it is important to isolate the light
passing through the fibre core from the influence
of the external environment. However, in some
cases it is necessary to increase this interaction,
in particular for sensory needs and the creation
of laser elements based on saturable absorbers.
One can solve this problem by creating a tapered
part of the optical fibre and depositing thin films
of semiconductor materials on its surface. Coat-
ing of the tapered fibre by a thin film of the ma-
terial with a positive real part of the permittivity

higher in magnitude than both the imaginary part
of permittivity and the permittivity of the sur-
rounding medium leads to the appearance of lossy
modes propagating in the film along the wave-
guide. The number of lossy modes increases with
increasing the film thickness. A coupling between
a waveguide mode and a specific lossy mode of
a thin film at a particular value of film thickness
leads to attenuation dips in the transmission spec-
tra (LMR) []. The coupling requires overlap-
ping of mode fields and matching of mode phases,
namely, equality of the real part of propagation
constants of the lossy mode and the waveguide
mode. Usually indium, tin and titanium oxides,
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their solid solutions and a number of polymers are
used as coatings for LMR. This series of materials
satisfies the conditions of LMR realization: they
have the permittivity with sufficiently large real
and insignificant, but not equal to zero, imaginary
parts. However, their refractive index, a high value
of which is one of the main factors for obtaining
high sensitivity sensors based on LMR, does not
exceed a value of 2.1 in a spectral range of 1.0-
2.2 ym. To the best of our knowledge, such materi-
als as ZnSe and ZnTe with higher values of the real
part of permittivity, which even at a wavelength of
2.2 ym are about 2.44 and 2.71, respectively [H],
have not been used for this purpose. Zinc selenide
and zinc telluride crystallize in a sphalerite-type
cubic lattice, the band gap of which at room tem-
perature is 2.7 and 2.2 eV, respectively [E]. ZnSe
has conductivity of an electronic type, and ZnTe
has a hole-type conductivity. Due to the ability of
in situ recording of the optical transmittance spec-
tra during the deposition of semiconductor films
by MOCVD on tapered silica fibres [E], it is pos-
sible to control the spectral position, shape, depth
and width of the LMR line.

The saturation of optical absorption with in-
creasing intensity of incident radiation in a wide
spectral range, and a very fast relaxation, when
removing the excitation discovered recently [ﬁ,
H], is a unique property of thin films of topo-
logical insulators such as Bi_Se, and Bi, Te,, which
can be widely used in quantum optics and lasers.
Narrow-band chalcogenides of bismuth Bi Se,
(0.3 eV) [% and Bi,Te, (data varies from 0.13 to
0.21 eV) [|LQ] have rhombohedral crystal lattices.
In these semiconductors, the quintuple blocks of
Ch-Bi-Ch-Bi-Bi (Ch is selenium or tellurium)
are interconnected by weak van der Waals bonds.
In most cases, the deposited Bi Se, films have an
electronic type of conductivity, and Bi Te, has
a hole-type conductivity.

To date, a large number of papers are devoted
to Bi,Se, and Bi, Te, as saturable absorbers (SA) for
creating pulsed fibre lasers. Such lasers can be di-
vided into two types. The first type is lasers with
passive mode locking, which are realized when it
is necessary to obtain short-pulse (7 < 1 ps) ra-
diation. The second type is the lasers operating
on the basis of passive Q-switching, which give
high energy pulses with long enough duration
(in the range of several microseconds). To inte-

grate SA materials into a fibre laser system several
schemes are implemented. The simplest approach
is to apply a thin film of SA on the face of the fi-
bre [], however, this results in a relatively low
damage threshold. Another approach is to place
the SA material on the surface of the partially pol-
ished fibre (the so-called D-shape fibre) [].
In this case the damage threshold increases sig-
nificantly, since only the evanescent field inter-
acts with SA, and an increase of the interaction
length results in a strong nonlinear response. But
an asymmetric design of such a device causes un-
wanted polarization losses, which can be avoided
by reducing the interaction length or using the ta-
pered fibres []. According to the method of fab-
rication, the latter are divided into fused fibre ta-
pers [] and chemically etched fibre tapers [@].
In this paper, we used the MOCVD technique
to precipitate zinc and bismuth chalcogenides on
chemically etched fibre tapers. During the depo-
sition of the coating, the transmittance spectra
of the tapers were recorded in regular short time
intervals. As a result, we managed to implement
first LMRs using thin ZnSe and ZnTe films and to
fabricate a pulsed ring erbium laser with passive
Q-switching (Q-switch) using Bi, Te, films.

2. Materials and methods

2.1. Manufacturing of short fibre tapers

The fabrication of a silica taper with a chalco-
genide coating was conducted in several stages.
First, the protecting polymer coating was un-
covered on the section of a silica fibre SMF28
of a length of 2-10 mm and then the fibre was
mounted on the board with a fluoroplastic cov-
ering. For fibre etching we used a non-toxic so-
lution NH,F + (NH,),SO, + H,O [I]]. The bare
section of the fibre was immersed for 3 h in 1 ml
of the freshly prepared solution; the hydrophobic
surface of the fluoroplastic did not allow the so-
lution to extend. The selected molar ratios of
NH,F:(NH,),SO,:H,O etchant at 22°C temperature
provided an etching rate of 0.4 ym/min and after
3 h the fibre diameter decreased to about 50 ym.
Then we removed the protective coating from
75 mm sections of the fibre on both sides of the ta-
per. We immersed again a 20 mm part of the fibre
with a taper in the centre into the etching solution
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and continued etching to the required diameter of
the tapered waist (10-40 ym). An optical image of
the taper prepared for precipitating chalcogenides
is presented in Fig. [l

Fig. 1. An optical image of one taper before the depo-
sition of chalcogenide.

2.2. Deposition of chalcogenides

For the deposition of zinc and bismuth chalcoge-
nides on the surface of tapers, a special tubular
quartz reactor heated by a resistance furnace was
manufactured. A sketch of the reactor is shown in
Fig. .

Trimethylbismuth (BiMe,), diethylzinc (ZnEt ),
diethyltellurium (Et,Te) and diisopropylselenium
(iPro,Se) were used, respectively, as bismuth, zinc,
tellurium and selenium organometallic sources,
whose purity was certified by electronic grade.
BiMe,, ZnEt, Et,Te and iPro,Se bubblers were
held at -15, 10, 25 and 27°C, respectively. The total
hydrogen flow was equal to 0.8 and 0.5 /min dur-
ing the deposition of zinc and bismuth chalcoge-
nides films, respectively. The films of ZnSe, ZnTe,
Bi,Te, and Bi,Se, were deposited at the same tem-
perature of 425°C. A relatively high temperature
and a large excess of chalcogen during the depo-

sition of bismuth chalcogenides by MOCVD
(up to 40 in the case of Bi,Se,) are necessary in
order to realize films with Bi,Se,, Bi,Te, stoichi-
ometry and to avoid the deposition of numerous
phases of the homologous series nBi,«mBi Se, and
nBi emBi Te,, where n and m are integers @, @].

An installation of small-diameter tapers into
the reactor and their sealing is a technically dif-
ficult task that we managed to solve. The outer
pigtails of the fibre were connected to the trans-
mittance spectrum recording circuit schemati-
cally shown in Fig. . During the film deposi-
tion, the transmittance spectra of the taper were
recorded in a range of 1-1.65 ym wavelength in
regular time intervals using a NIRQUEST-512
spectrometer controlled by the OceanOpticsView
software. In these experiments a halogen lamp
served as a light source. The transmittance coef-
ficient was determined normalizing the spectrum
of transmitting light to that of an uncoated taper
(prior to any film deposition).

2.3. Methods of post-growth study of coatings

To determine the stoichiometry of the deposited
films, we used an energy dispersive X-ray spec-
trometer (EDX) X-MaxN, which was fitted with
an electron microscope. Analysis was performed
with the program INCA, Oxford Instruments. To
standardize and optimize the profiles of the emis-
sion lines of characteristic radiation the following
standards were used: crystals ZnS (Zn-La), Bi_Se,
(Bi-Ma and Se-La) and PbTe (Te-La). The mea-
surement of the standards and the analysis of

Fig. 2. A sketch of the reactor with in situ transmittance registra-
tion equipment used in this work for the deposition of zinc and
bismuth chalcogenides on tapered fibres.
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the samples were performed under identical con-
ditions at an accelerating voltage of 10 kV and an
electron probe current of 1.4 nA.

The surfaces of as-grown films were studied
using a scanning electron microscope Jeol JSM-
6480LV with a tungsten thermionic cathode or on
an atomic force microscope SmartSPM, AIST-NT?7.
Film thicknesses were defined by AFM micros-
copy using a scratch. Raman scattering spectros-
copy was carried out at room temperature using
a Micro-Raman spectrometer XPloRA (Horiba
Scientific) excited with a solid state green laser
(A = 532 nm) in the backscattering configura-
tion. The signal was collected through a 100x
objective lens and dispersed by the 1800 g/mm
grating under a triple subtractive mode with
a spectra resolution of ~1 cm™. The lowest avail-
able frequency was 50 cm™. The laser power and
accumulation time of recording were varied from
0.3 to 3 mW and from 20 to 200 s, respectively.

3. Results

3.1. Lossy mode resonances at the deposition of
ZnSe and ZnTe films on the tapered fibre

We carried out series of experiments on the de-
position of ZnTe and ZnSe films on the ta-
pered fibres with different diameters from 10 to
40 um. The curves in Fig. H(a) show a change in
the transmittance of the tapered fibre (the diame-
ter of the taper (d) is 15.5 ym and the length (J)
2.5 mm) at two different wavelengths (1400 and
1565 nm) versus the ZnSe film deposition dura-
tion. The change of the ZnSe film thickness during
its deposition is also shown on the top of a hori-
zontal scale.

The current film thickness was calculated
by multiplying the average deposition rate by
the precipitation process time. The deposition
rate was determined using the final film thickness
according to the AFM data and the duration of
its deposition. Three resonance dips in the trans-
mittance, which correspond to different orders of
LMR, are clearly seen in both curves. The thick-
nesses of the ZnSe coatings at which resonance
dips at a wavelength of 1400 nm occur are 35, 85,
and 185 nm, respectively. It is seen in Fig. @(a)
that in a certain range of the film thickness near
LMRs of the first and second order, the transmit-

(a) ZnTe thickness (nm)

Transmittance (%)

Run duration (s)

ZnTe thickness (nm)

Transmittance (%)

Run duration (s)

Fig. 3. Optical transmittance of tapered fibres ver-
sus the deposition duration of ZnSe and ZnTe films
on their surfaces. Curves 1 and 2 correspond to
wavelengths of 1400 and 1565 nm. The taper para-
meters are d = 15.5 ym, [ = 2.5 mm and d = 23.2 ym,
I = 3.8 mm for (a) and (b), respectively.

tance is close to zero. This suggests that the diame-
ter of the taper (d = 15.5 ym) is smaller than it is
necessary to observe narrow resonances of these
orders. Figure H(b) shows a change in the trans-
mittance of the tapered fibre with d = 23.2 ym
and / = 3.8 mm with the ZnTe film deposition
duration at two wavelengths. The transmittance
at the deepest point of the first resonance dip is
0.75 and 0.5 for 1400 nm and 1565 nm, respec-
tively. Figure @ shows the transformation of trans-
mittance spectra for a short ZnTe film deposition
duration when the first resonance is developing.
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Transmittance (%)

Wavelength (nm)

Fig. 4. Transmittance spectra transformation for
a short ZnTe film deposition duration when the first
resonance is developing. The tapered waist is 3.8 mm
in length and the tapered waist diameter is 23.2 ym.

The minimum of the transmittance in the reso-
nance dip decreases sharply from 0.93 to 0.53
with 13 s deposition time, and the minimum of
the resonance dip shifts from 1210 to 1570 nm.
The width of the resonance dip increases from 65
to 136 nm. According to the post-growth calcula-
tion, the film deposition rate equals 0.56 nm/s and
the increment of the coating thickness during this
duration was only 7.2 nm. The study of the opti-
cal transmittance spectra of a series of tapers with
tapered sections of 5 mm in length and different
diameters showed that a diameter of about 21 ym
provided a narrow resonance dip at a wavelength
of 1565 nm, corresponding to the first-order LMR,
with transmittance not equal to zero.

Figure E shows the AFM images of square
2x2 pym?* ZnSe and ZnTe film surfaces with a thick-
ness of 80 and 260 nm, respectively. In both images
there are a lot of grains with a marked triangular
shape. The roughness of the coatings is character-
ized by rms values of 2.9 and 10.6 nm, respective-
ly. These values are more than two orders of mag-
nitude smaller than the wavelengths of the excited
resonances and, in our opinion, the roughness
does not affect the shape of resonances.

In the Raman spectrum of the ZnSe film there
is a peak around 253 cm™ due to the LO mode.
In the Raman spectrum of the ZnTe film there is
a peak around 200 cm™ and three intense LO-
phonon replicas against the background of a wide
PL emission. These spectra are not shown in this
paper. The EDX spectra show that the examined

Fig. 5. AFM images of (a) the surface of the ZnSe
film with a thickness of 80 nm and (b) the surface of
the ZnTe film with a thickness of 240 nm.

samples contain not only Zn, Se or Te, but also Si,
O and sometimes Ge elements. The last three ele-
ments come from silica fibre.

The in situ transmittance spectra allowed us
not only to control the deposition of ZnSe and
ZnTe films on the tapered fibre, but also to find
the temperature regimes of their complete decom-
position by hydrogen, in order to reuse the same
tapered fibre in our research. At 530°C temperature
a sufficiently rapid removal of both ZnSe and ZnTe
takes place.
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3.2. Deposition of Bi,Te,and Bi,Se, films on
the chemical tapered fibre

During the deposition of Bi Se, and Bi,Te, films,
the quintuple block is bounded to the substrate
by weak van der Waals bonds. Therefore, to form
thin continuous films, it is necessary to neutralize
the free bonds on the substrate surface. For this,
a number of approaches are used; in particular,
a two-stage process of low-temperature nuclea-
tion [] and deposition of buffer layers of vari-
ous selenides, including ZnSe [] and ZnTe [].
As we noted above in Section 2, the low tempera-
ture MOCVD deposition of Bi Se, and Bi,Te, films
leads to the formation of numerous phases with
other stoichiometries. We did not deposit bufter
layers of zinc chalcogenides to suppress the free
bonds of the fibre surface, since their deposition
leads to appearing of lossy modes and the mani-
festation of resonance phenomena. In addition,
the island films can be used as SA in pulsed
ring fibre lasers, which is one of the objectives
of this study. As expected, the AFM investiga-
tion confirmed an island character of bismuth
chalcogenide coatings deposited on the tapered
fibre.

The EDX analysis of the composition of thick
coatings confirmed the Bi,Te, and Bi Se, stoichi-
ometry of the deposited films. For thin island
films, this stoichiometry was confirmed by Raman
spectroscopy. The Raman spectra of the Bi, Te, and
Bi,Se, islands showed peaks at wavenumbers of
58,99, 132 cm™and 71, 131, 173 cm™}, respective-
ly, which are slightly lower than those of active lat-
tice vibrations Al B and A’ ,ina few quintuple
Bi,Te, and Bi,Se, materials [@g].

3.2.1. In situ transmittance spectra at the deposition
of Bi,Se, and Bi,Te, coating on the tapered fibre

Two series of transmittance spectra recorded
during the deposition of the Bi,Se, coating on
the tapered fibres with a waist length of 5.2 mm
and diameters of 8.6 and 13.2 ym are shown
in Fig. E(a—b), respectively. Since the concept
of thickness is not applicable to noncontinu-
ous films with islands, we used the duration of
the deposition process as a parameter character-
izing the volume of deposited material on the ta-
per surface, the current value of which is indi-

cated by numbers on the top right of the curves.
Both growth processes were carried out at 425°C
temperature and a Se/Bi ratio in the vapour phase
of 40. In the transmittance spectra of the fibre
with a taper diameter of 8.6 ym (Fig. H(a)), one
can see some chaotic beats, but the transmittance
is almost constant in a range of 1170-1650 nm.
After 8 s of the deposition, when the transmit-
tance was less than 10%, the deposition process
was stopped. The transmittance spectra of Bi_Se,
deposited on the taper with a diameter of 13.2 ym
have a different character (Fig. H(b)). In a range of
4-11 s the transmittance spectra show a monoto-
nous decrease of transmittance with increasing
wavelength, the rate of which increases with time.
Starting from the 13th second of the deposition,
the transmittance does not change, and as can be
seen from Fig. E(b), the spectra corresponding to
the deposition times from 13 to 15 s completely
coincide.

Figure E(c, d) shows a series of transmittance
spectra in the formation of Bi Te, coating on
the tapered fibres with taper waist diameters of
10 pm (c) and 13.2 ym (d), with slightly differ-
ent waist lengths, 4.7 and 5 mm, respectively. In
the taper with a diameter of 10 ym, the transmit-
tance drops sharply to almost zero during the first
2 s of deposition. The drop in transmittance in
the long-wavelength part of the spectrum takes
place only on the curves lower than those shown
in Fig. H(c). According to AFM, this coating is
not continuous, the average height of the islands
is 2.8 nm, and therefore the average rate of their
deposition is 1.4 nm/s. When Bi,Te, is deposited
on the fibre taper with a diameter of 14.3 um,
an increase in the transmittance in the short-
wavelength region of the spectrum is observed;
however, unlike the deposition of Bi,Se, films on
a similar taper (Fig. H(b)), at the final deposition
stage the transmittance spectra did not coincide.
The in situ control of the transmittance of tapers
with Bi,Te, and Bi_Se, coatings at 425°C deposi-
tion temperature showed a steady increase in
transmission in the entire spectral range when
we stopped the supply of reagents. This is due to
the decomposition of bismuth chalcogenides by
hydrogen. If it is necessary to reuse the tapered
fibre for research purposes, bismuth chalcoge-
nides can be completely removed in hydrogen
at 480°C.
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Fig. 6. Transmittance spectra during the deposition of Bi Se, (a, b) and Bi,Te, (c, d) on the tapered fibre. Waist
lengths and diameters of tapers are equal to: (a) 5.3 mm, 8.6 ym; (b) 5.2 mm, 13.2 ym; (c) 4.7 mm, 10.0 ym;
(d) 5.0 mm, 14.3 ym. The numbers in the top of curves show the film deposition duration in seconds.

3.2.2. Q-switched fibre lasers with Bi,Te,coating as
a saturable absorber

Thin coatings of Bi,Te, and Bi,Se, were deposited
on series of tapers with a diameter from 10.5 to
15 um to test as passive Q-switchers in a ring cav-
ity of erbium fibre lasers. According to the AFM
study, most of realized coatings are island films,
on which bismuth chalcogenide islands occupy
a small part of the taper surface. Figure [ﬂ(a) shows
an AFM image of the Bi,Te, film on the taper with
a waist length of 2.5 mm and a waist diameter of
14.8 ym with 70.3% transmittance at a wavelength
of 1.56 ym. Islands of an average height of 5 nm oc-
cupy no more than 20% of the surface of the taper.
An increase in the density of the islands leads to
a sharp decrease in transmittance. Thus, for the ta-
per with a waist length of 3.0 mm and a diameter
of 12.3 ym, and the surface, almost completely cov-

ered by the islands with an average height of 11 nm
(Fig. (b)), the transmission was only 2.3%.

A set of the tapers with transmittance in a range
of 70-90% at a wavelength of 1.56 yum were built in
the ring cavity of erbium fibre lasers and tested as
passive Q-switchers. As a pump source of the la-
sers a fibre-coupled laser diode with a wavelength
of 980 nm and an output power up to 300 mW
was used. In the tested five tapers with the Bi Se,
coating Q-swiching was not observed. The laser
pulse generation was observed only on one taper
with a waist diameter of 10.5 ym and a length of
4 mm covered by a very thin Bi, Te, coating. The ta-
per transmittance was about 78% at a wavelength
of 1.56 ym. This laser starts to operate in the CW
mode at a pump power of 30 mW. At pump pow-
ers from 34 to 40 mW, pulses with a kHz repeti-
tion rate appear (see Fig. [, upper), which manifest
the effect of the deposited SA layer.
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Fig. 7. AFM images of Bi,Se, (a) and Bi,Te, (b) surfaces on the tapered waist of the fibre. Waist diameters of

tapers are equal to (a) 8.6 ym and (b) 12.3 ym.

The Q-switching in lasers with the thicker ta-
pers arose after pouring the tapers with Bi,Te,
films by polymer coating (polydimethylsiloxane
elastomer, the refractive index of which is 1.40
at 20°C temperature). For example, for the taper
with a waist diameter of 13.0 ym and / = 4 mm,
the transmittance fell from 90 to 48% after pour-
ing the polymer. The laser started to operate in
the CW mode at a pump power of 40 mW and
the Q-switching was realised at pump powers of
48 to 107 mW. The pulse train at 100 mW pump
power is shown in Fig. E (bottom curve). The emer-
gence of Q-switching can be explained by an in-

(@) Pump =34 mW

Intensity (a.u.)

—
o
~

Pump = 100 mW

Intensity (a.u.)

crease of the energy density of the evanescent field
of the laser radiation passing through the core of
the fibre, and, as a consequence, the strengthening
of its interaction with the SA film.

4. Conclusions

We have deposited zinc and bismuth chalcoge-
nides on the tapered section of the silica fibre
by MOCVD for the first time. For fabrication of
the fibre tapers chemical wet etching based on
a nontoxic solution of NH F + (NH,),SO, + H,O
was applied. The film deposition on the tapered

Pulse duration = 23.8 us Repetition rate = 14.0 kHz

Pulse duration = 7.0 ys Repetition rate = 22.3 kHz

Time (us)

Fig. 8. The pulse train of the tapered fibre: with Bi Te, coating (upper)
and double Bi,Te,. polydimethylsiloxane elastomer coating (below).
The parameters of tapers are given in the text.
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fibres was carried out in a special tubular quartz
reactor with registration of the transmittance
spectra in real time.

The experimental results show that in the trans-
mittance spectra of the fibre tapers of a diameter
lower than 30 ym, covered by thin (30-200 nm)
ZnSe and ZnTe films with high refractive indexes,
narrow dips associated with the LMR phenome-
non appear under certain conditions.

Ultrathin bismuth chalcogenide layers with
a transmittance of 70-90% at a wavelength of
1.56 um were deposited on the tapered fibres of
diameters from 10.5 to 15 ym. The BiSe, and
Bi,Te, stoichiometry of the coatings deposited
at 425°C is confirmed by EDX and Raman spec-
troscopy. The fibre tapers with deposited bismuth
chalcogenide films were tested as SA in the erbi-
um fibre ring laser. Pulse generation was obtained
using a fibre taper with a diameter of 10.5 nm cov-
ered by an island Bi,Te, coating. However, a nar-
row range of the power of pump laser radiation,
for which this generation was observed, points out
that the diameter of the taper has to be further re-
duced. It was found that a polymer coating on top
of the deposited films makes it possible to realize
Q-switchers on the tapered fibre up to 15 ym in
diameter. It is of interest to examine the possibility
of using two-layer Bi,Te,-ZnTe and Bi,Te,-ZnSe
heterostructures as SA. The MOCVD method al-
lows us to deposit these heterostructures in a sin-
gle technological cycle.
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