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Abstract. The investigations of the two-layer waveguide integral-optic structures are carried out:
diffuse waveguide — active nanosized gradient layer CGS with exponential and parabolic distribu-
tion of the refractive index profile. Waveguide parameters of the received structures and their change
at the photoinduced change of the refractive index of the active layer CGS were determined.
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IHTETPAJIBHO-OIITNYHI XBWJIEBOJHI CTPYKTYPU 3 HAHOPO3MIPHUM AKTUBHMM
ITAPOM HA OCHOBI XAJIbKOI'EHITHUX CKJIOIIOAIBHUX HAITIBITPOBIIHUKIB (XCH)

I. T. Iopeam, I. I. Caxaaom, H. II. Ilapxans, I. I. ITonoeuu

Anorania. I[IpoBeneHO mOCHIIKEHHS IBOIIAPOBMX XBWICBONHMX IHTEIPaJbHO-ONTUIHUX
CTPYKTYp: IN(Y3iiTHII XBUIEBOA — aKTUBHUI HaHOpOo3MipHUIA rpamieHTHU map XCH i3 exc-
NOHEHLIAJIbHUM Ta MapaboJivHUM PO3NOAiIOM Mpodill0 MOKa3HMKA 3aJOMJICHHS. BU3HaueHO
XBIJICBOIHI MapaMeTpH OTPUMAaHMX CTPYKTYP Ta ix 3MiHM mpu (DOTOIHIYKOBaHIl 3MiHi ITOKa3HMKA
3aJI0MJICHHS aKTHBHOTO 1mapy XCH.

KunrouoBi ciioBa: XBUJIeBOIM, TPAdiEHTHU 111ap, XaJbKOTEHIIHi CKJIOIIOAiOHI HaliBIPOBITHUKM,
mpodiab MoKa3HUKa 3aJI0MJIEHHS

WHTETPAJIbHO-ONITUYECKUE BOJJHOBOJHBIE CTPYKTYPbI C HAHOPASMEPHBIM
AKTUBHBIM CJIOEM HA BA3E XAJIbKOTEHMJIHBIX CTEKJIOOBPA3HBIX
MMOJIYIIPOBOJTHUKOB (XCIT)

I. T. Iopsam, H. H. Caxaasow, H. I1. Illapxans, H. H. ITonosuu

Annortamus. [IpoBeneHbl McCaeNOBaHNS IBYXCIOMHBIX BOJHOBOIHBIX MHTETPAIbHO-OINTHYEC-
KUX CTPYKTYp: Iu(pDy3HBII BOTHOBOI — aKTUBHBIN HaHOPa3MepHbIi rpanueHTHbIN caoit XCII ¢
AKCMOHEHIIMAIbHBIM U TTapabOoIMYECKUM pacipeaeieHueM npodus oKa3areis MpeoMIeHNs.
OrnpenesieHbl BOJTHOBOAHBIE MapaMeTPhl MTOJIYUYEHHBIX CTPYKTYP M MX U3MEHEHUs MpU (DOTOMHIY-
LIMPOBAaHHOM M3MEHEHMU T10Ka3aTesl mpesoMieHus akTuBHoro ciost XCII.

KioueBbie cjioBa: BOJIHOBO/bI, Fpa,E[I/ICHTHbIﬁ CHOﬁ, XAJIbKOTCHHUIHDBIC CT€KJ'IOO6p33HbIC I10J1y-
IIPOBOOHUKMH, HpO(I)I/IJ'Ib IToKa3aTeJrA IPEJIOMIICHUA
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Introduction

Integral-optic waveguide structures are widely
used as light-controled optic switches and other
elements of integral optic [1-4], and lately, due to
the mass-dimentional characteristics [5-7], main-
tainalility, simplicity and reliability of construction,
as far as the total optic tract is realized as the inte-
gral-optic scheme on the single substrate [2, 7, 8],
they found a wide application as of optical, chemi-
cal and biochemical sensors [7-10].

The most investigated class of materials, char-
acteristic of the photoinduced change of the optical
parameters (refractive index and the position of the
absorption edge), is chalcogenide glassy semicon-
ductors (CGS) [11-13]. In such materials depending
on the composition, illumination can cause the shift
of the transmission edge either into the long-wave
spectrum region (photodarkening), or in the direc-
tion of the short waves (photoenlightening) [14-16].
Simultaneously the essential change of the refractive
index value is observed in the range of percent units.
Nowadays, there rich experimental material is accu-
mulated which shows that in the course of lightening
of the CGS layers by light in the spectral region of
the edge of their own absorption a number of CGS
shows the effect of the reversible or non-reversible
change of their optical parameters [14-17].

The main disadvantage of the usage of CGS or
other materials which possess the photostimulated
change of the optical parameters during the creation
of elements of the integral-optic waveguide systems,
is that they should have simultaneously good wave-
guide and light-sensitive properties [6, 8, 19-22].
But these characteristics are opposite to each other
and cannot have high values for the separate wave-
length because light-sensitivity is proportional, and
waveguide characteristics are inversely proportional
to the light absorbtion in the medium [6-8]. That’s
why to solve this problem, we proposed to use mul-
tilayer planar waveguide structures, in particular
the glass diffusion waveguide, which has insignifi-
cant loss in the visible spectrum region and gradi-
ent nanosized film on the basis of CGS, which pos-
sesses the significant changes of the refractive index
n and the absorbtion coeficient o at the relatively
insignificant optical excitement.

Methods of the exsperiment

For the purpose of the complex investigation of
devices on the base of the thin-film waveguides the
setup was developed which permits to investigate the
excitement processes of the waveguide regime, the
mode composition, to determine the optical losses
and on the base of the determined angles of the input
of radiation into the waveguide layer, to calculate the
refractive index of the waveguide being investigated.
The received information about the waveguide is suf-
ficient for the calculation of such parameters: disperse
characteristics, the effective width of the waveguide
layer and the coefficient of the localization in it.

The measurement of the waveguide characteris-
tics was carried out at the selective excitement of the
defined waveguide modes. As the input-output ele-
ments, microprisms from GaP were used, and the
angles of the radiation input into the waveguide, at
which optical modes are exited, are measured with
the help of the geniometer G-5. The received in-
formation was used for calcution of the main wave-
guide structures parameters.

It is known [23], that in the thin-film dielectric
waveguides the losses, connected with the absorb-
tion of the optical energy by the material of the
waveguide layer are dominant, and the losses, the
mechanism of which is caused by the dispersion of
the radiation on the optical inhomogeneities and
on waveguide-substrate and waveguide-air inter-
faces. The experimental device permits to measure
the total optical losses (1.1) and losses on dispersion
(1.2) for each excited mode. Total optical losses are
calculated according to the equation:

anzmlg Ui-U, [dB/cm], (1.1)
X U,-U,

where x, — the distance between two positions of
the output prism, where the output signal is mea-
sured (Fig. 1.1); U, — the value of the output signal
at the point A; U, — the value of the output signal at
the point B; U, — voltage of the background.

The losses, connected due to the dispersion of
energy, are determined with the help of equation:

_ &(uj [dB/em].
U4 - Ub

where x, — the distance between the two positions
of the fiber-optic probe (fig. 1); U, and U, — the
values of the output signal, determined at the points
C and D , respectively. The relative error of the
measurement of the optical losses is 5%.

(1.2)
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Fig. 1. The measurement scheme of the optical losses in
the waveguide structure: 1 — substrate; 2 — waveguide
layer; 3 — input prism; 4 — fiber-optic probe; 5 — output
prism

The result and discussion

The investigation of the structure of the diffusion
waveguide with exponential distribution of the profile
of the refractive index was carried out (diffusion of Ag
into the glass with refractive index 1.516) — active
nanosized gradient layer CGS (GeS,— As,S) with
exponential and parabolic distribution of the refrac-
tive index profile (Fig. 2).

The calculation of the field distribution in two-
layered waveguide optical structures was carried out
using the proposed and developed software, the al-
gorithm of which is based on the method of strati-
fication [24].

The stratification method liesin the replacement
of the known gradient distribution of the refractive
index by a multilayer structure in which the number
of layers and refractive index of each layer are se-
lected in a such way to better approximate the initial
profile (Fig. 3). In this method, first they find the
solution of the scalar wave equation in the middle
of each layer, and then these solutions are joined to-
gether on the interfaces.

The result of the calculation of the electric field
component are given in the fig. 4—6. The calculated
values of the energy localization coefficient in the
waveguide are given in the Table 1.

The gradient film CGS was deposited using the
method of discrete thermal evaporation bye indepe-
dent input of the initial components from the separate
bunkers into the common evaporator [25]. Moreover,
the feed rate of the supply of each substance changed
in the course of the growth of the film, and the law
of the rate changes for supplying of the substances
was determined by the refractive index profile of the
received inhomogeneous structures [26], and the
thickness of the film d = 100 nm was chosen so that
in waveguide regime was not exited in it.
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Fig. 2. Waveguide optical structures of the diffusion
waveguide with exsponential distribution of the refractive
index profile — active nanosized gradient layer CGS with
exponential a) and parabolic b) distribution of the refrac-
tive index profile: the diffusion waveguide thickness CGS :
a =1 um,; the gradient layer thickness CGS: d = 100 nm;
the substrate rafractive index — n, = 1.45; the wave-
guide refractive index— n = 1.516; refractive index of

the gradient layer CGS — n, = 2.05, n, =2.4; air
refractive index — n, = 1; A =0.63 um ‘
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Fig. 3. The schematic representation of the stratification
method

As a radiation sourse, He-Ne laser was used
(power — 8 mW and the wavelength A=0.63 um),
the radiation of which was input into the investigat-
ed system and was output from it by prism elements.
Radiation losses, propagating through a waveguide
structure, were measured by the light dispersion
with the help of the quartz fiber probe.
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Fig. 4. Distribution of the electrical component of the
field in the diffusion waveguide
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Fig. 5. Distribution of the electrical component of the
field in the diffusion waveguide — gradient layer CGS with
exponential distribution of the refractive index profile (a)
and the diffusion waveguide — photoinduced gradient layer
CGS with exponential distrbution of the refractive index

profile (b)

Consecutive excitement of the three modes
of the diffusion waveguide (Table 2) was experi-
mentally determined on the working wavelength
(A=0.63 um).

Three modes were observed at exponential pro-
file of the refractive index of the gradient film CGS
(Ge-As-S composition) (Fig. 5) (TE, TE and TE,).

The optical losses in the given system increase be-
cause the exponential profile of the refractive index
increases the difference An on the waveguide — air
interface. In the case of the parabolic refractive in-
dex profile of the gradient film (GeS,),(As,S)), three
modes (TE, TE, and TE,) also appear (Fig. 6), but
in this case, unlike the previous one, a decrease of
optic losses concerning the diffusion waveguide was
determined experimentally what is obviously caused
by the increase of energy lokalization.
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Fig. 6. Distribution of the electrical component of the
field in the diffusion waveguide — gradient layer CGS with
parabolic distribution of the refractive index profile (a) and
the diffusion waveguide — photoinduced gradient layer CGS
with parabolic distrbution of the refractive index profile (b)

Analyzing the received results of calculations
(Table 1, Fig. 4—6) and experimental investigations
(Table 2), we can make the conclusion that the us-
age of the active nanosized layer CGS with gradient
distribution of the refractive index as a cover layer
provides the possibility to significantly influence
the waveguide parameters. Thus, the construction
(Fig 2, a) with the regulated sensitivity at the ex-
pense of the photoinduced changes in the active
nanosized layer CGS, may be successfully used in
the integral-optic sensor systems which are used for
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Table 1

The values of the localization energy coefficient in the
waveguide.

Waveguide optic strcture m=0 | m=1 | m=2
Diffusion waveguide 0,731 0,54 | 0,36
Diffusion waveguide — gradi-
ent layer CGS with exponential
distribution of the refractive inex 0,35 10,241 0,07
profile
Diffusion waveguide — photoin-
duced gradient layer CGS with
exponential distribution of the 0.3910,28 1 0,17
refractive inex profile
Diffusion waveguide — gradi-
ent layer CGS with parabolic
distribution of the refractive inex 0,83 10,69 0,23
profile
Diffusion waveguide — pho-
toinduced gradient layer CGS
with parabolic distribution of the 0,89 | 0,78 | 0,56
refractive inex profile

Table 2

The main, experimentally established (ascertained),
parameters of the system diffusion waveguide —

gradient ayer CGS.

The profile of the | The mode K
CGS film refrac- | composi- N P | K/K
. . . of |dB/em |V 2

tion coefficient tion

TE, 1.529 | 7.33 |1.047
Exponetial TE, 1.526 | 9.17 |1.301
TE, 1.5253 | 12.87 | 1.609
TE, 1.5255 | 2.99 |0.427
Parabolic TE, 1.5231 | 3.04 |0.431
TE, 1.5217 | 3.79 |0.474

Where: N .. — the effective refraction coeficient of the
waveguide system; K, — the optic losses in the system
diffusion waveguide — CGS layer; K, — optic losses in
the diffusion waveguide .

investigation of the bio-objects with high refractive
index and absorption bands in the near IR spectrum
region. Another construction (Fig. 2,b), due to
small losses and high values of the localization co-
efficient, may be used in the integral-optic schemes
as the fully optic switches and directed branchers of
the optical signals.
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