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The summary

In this paper the opportunities acoustoelectronic phenomena use for new generation sensors
creation which correspond to requirements of essential increase their metrological characteris-
tics and intellectualization are considered.

The achieved results sensors constructed on a basis of acoustoelectronic effects having place
at surface acoustic waves propagation researches and development are analyzed.

The results the new construction perspective principles researches of such sensors class are
given. The constructive-technological decisions of some physical sensors and gas sensors are
described. The possible development application fields are specified and the basic characteris-
tics of some sensors are resulted.
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AHHOTALIUA

COCTOSIHUE U NEPCIEKTUBLI CEHCOPHOI DJEKTPOHUKU
HA OCHOBE AKYCTODRJEKTPOHHLIX ABJIEHUI

. U. Jlenux

B cTatbe ¢ mo3uiiuu HEOOXOAMMOCTH CO3/IAHUSI HOBOT'O MTOKOJIEHUSI CEHCOPOB, OTBEUAOIIUX
TpeOOBAHUSAM CYHIECTBEHHOTO MOBBIIICHUS UX METPOJOTUUECKUX XaPAKTEPUCTUK U UHTEIIJIEK-
TyaJn3alun, PACCMOTPEHBI BO3MOKHOCTH MCITOJIb30BAHUS IS 3TOU LEIN aKYCTOJJIEKTPOH-
HBIX SIBJICHUH.

I[Ipoananu3npoBaHbl TOCTUTHYTHIE PE3yIbTAThl UCCIEIOBAHUN U pa3pabOTOK CEHCOPOB,
MTOCTPOCHHBIX HA OCHOBE aKYCTOANEKTPOHHBIX 3((HEKTOB UMEIOIITHUX MECTO ITPH PACITPOCTPaHE-
HUU ITOBEPXHOCTHBIX AKYCTUUECKHUX BOJIH.

IIpuBeneHsl pe3ynbTaThl UCCIEIOBAHUNA HOBBIX MEPCHEKTUBHBIX MPUHIMUIIOB MTOCTPOECHUS
TaKOro Kjacca ceHCOpOoB. OnucaHbl KOHCTPYKTUBHO-TEXHOJIOTUUECKHE PELIEHUST HEKOTOPBIX
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CCHCOPOB (1)I/I3I/ILI€‘CKI/IX BCJIMYHH U CCHCOPOB I'a3a. VYka3aHbl BO3MOXKHBIE 00J1aCTH IIPUMCHCHUA
pa3pa60TOK N IIPUBOAATCA OCHOBHBIC TCXHHUYCCKHUC XaPAKTCPUCTUKHN HCKOTOPBIX CCHCOPOB.

KuroueBble c/10Ba: aKyCTO2JIEKTPOHHBIE SIBJICHUSI, TOBEPXHOCTHBIE aKYCTUYECKUE BOJIHBI,
CEHCOP, TUIECHOYHBIE CTPYKTYPbI, a1COpOITHs.

AHoTauis

CTAH I IEPCNIEKTUBU CEHCOPHOI EJIEKTPOHIKU
HA OCHOBI AKYCTOEJIIEKTPOHHUX SIBULL]

. 1. Jenix

V cTaTTi 3 MO3UIIil HEOOX1THOCTI CTBOPEHHS HOBOT'O ITOKOJIIHHS CEHCOPIB, 110 BIATIOBIAAIOTH
BUMOTAaM ICTOTHOTO MIABUIIEHHS iX METPOJIOTTUYHUX XapaKTEPUCTHK 1 IHTEIIEKTyaIi3allii, po3r-
JISSTHYT1 MOKJIMBOCTI BUKOPUCTAHHS JIJTS 11i€1 METH aKYCTOCIIEKTPOHHUX SIBUIII.

[TpoaHamizoBaHO JTOCATHYTI Pe3yabTaTH AOCIIIKEHb 1 pO3p0OOK CEHCOPIB, MOOYIOBAHUX
Ha OCHOBI aKyCTOEJIEKTPOHHUX e(DEKTiB, 1110 MAaIOTh MICIIE IPH MOITUPEHHI MTOBEPXHEBUX aKYC-
TUYHUX XBUIIb.

[TpuBeneHO pe3yabTaTH TOCTIKEHbh HOBUX TIEPCIIEKTUBHUX MIPUHITUIIIB TTOOY/T0BH CEHCOPIB
Takoro kiaacy. OnucaHo KOHCTPYKTUBHO-TEXHOJIOTIYHI PIIIEHHS AEIKUX CEHCOPIB (hI3UUHHUX
BEJIMYHMH 1 CEHCOPIB ra3y. 3a3Ha4Ye€HO MOJKIIMBI 00J1aCTl 3aCTOCYBAHHS PO3POOOK 1 TPUBOISATHCS
OCHOBHI TEXHIUHI XapaKTEePUCTUKH JICTKUX CEHCOPIB.

KuoueBi cjioBa: aKyCTOCICKTPOHHI SIBUIIA, TOBEPXHEBO aKyCTUYHI XBUJIi, CEHCOP, IUTIBKOBI
CTPYKTYpH, aACOpOIIis

Introduction

Sensors are basic elements of informational-measuring systems in any branch of science, engi-
neering and production and they determine their metrological, operational and economic characteris-
tics. It has predetermined intensive works development on perfection of sensors constructed on the
basis of traditional principles and creation of essentially new microelectronic sensors using a new
functional materials and structurally technological solutions integrated with microprocessor engineer-
ing. The evidence to that is the capital expenditureinvestments prompt growth for these works and
volume of sales increase in the world sensorics and measuring systems market for the latest years.

In such developed countries as USA, Great Britain, Japan, Germany, for example, these works are
carried on not only by the largest firms such as Honeywell, Motorola, Foxboro/ICT, Transamerica
Inc., Sensor (USA), Simens, Wika (Germany), Druck (Great Britain), Kistler Instrumentation (Swit-
zerland), Hitachi Itd, Shibaura Electrics, Kyoto Ceramic, Riken Keiki (Japan), Onera, Jumo Regula-
tion (France) etc., but also within the frameworks of state programs.

Such an intensive development of works on sensorics has induced USA, Japan and countries of
Western Europe to create in 1981 the International Coordination Committee on Sensors and Actua-
tors. In the Western Europe the community of the manufacturers of sensors (Arbeits-gemeinschaft
Messwertaufnehmer, AMA) — Germany, Commision Industrie — Administration pour la Mesure,
C.ILA.M.E. — France, and also Eurosensor, combining efforts of many countries is created. The inter-
national structure IEEE Sensors was formed. Information exchange on sensorics is realized through
organizing international conferences and publication of journals.
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The principal research directions were determined:

— sensors’ metrological characteristics improvement;

— sensors’ intellectualization problem solution.

The analysis show, that in spite of available opportunities for sensors based on traditional princi-
ples and materials improvement, e.g. on semiconductors, the problem cardinal solution — is the cre-
ation of new generation sensor — intellectual sensors. It lays on the ways of using their new construc-
tion principles and new functional materials. One of the most perspective ways of a sensorics’ prob-
lem solution is the use of acoustoelectronic phenomena which are realized especially at surface acous-
tic waves (SAW) propagation. Sensors of such type have metrological characteristics owing to their
frequency type output signal and to functional materials usage. They are distinguished by their speed
response and by their compatibility with microprocessor technique which ensures their intellectuali-
zation and “on — line “operation regime. It is necessary to note the opportunities of variety on func-
tional purpose of acoustoelectronics sensors at a high degree of unification on the constructive —
technological solutions. Their opportunities and advantages can be easily integrated with advantages
of the other directions of functional microelectronics — molecular (Langmuir — Blodgett method ),
optoelectronics, acoustooptics etc. It is important also, that for manufacturing acoustoelectronics sen-
sors on SAW, having planar structure, the well fulfilled technology of manufacturing of semiconduc-
tor devices and integrated circuits (IC) can be used. The application of group technology provides
high repeatability the sensor characteristics and their low cost.

Acoustoelectronic sensors construction principles

It is necessary to notice, that on metrological sensor characteristics the technical requirements now
have come nearer to limiting values. For example, for pressure sensors being most claimed on market,
the range of liquids and gases measured pressures is limited by physical conditions of their existence
and makes from 107'° up to 10'° Pa. And the range medium sensor measured temperatures spread
from cryogenic up to values in liquid-metal circuit nuclearenergetic installations. The requirements on
measurement accuracy depending on measured pressure are various and make from 0,05 % up to
5,0 % for the range of 10* — 10° Pa and 1 — 10 % in the field of vacuum systems and high
pressure. Thus in many cases the increased requirements for the operational characteristics —
radiation resistance, fire- and explosion safety, extended range of working temperatures, long-
term characteristics stability, reliability are presented.

The principle of acoustoelectronic sensor action made on SAW is based on thermodynamic inter-
relation of electrical, magnetic, thermal and other parameters of SAW propagation in medium and
opportunity of medium physical properties monitoring and, hence, SAW characteristics by means of
the external influences of various physical and chemical nature application: thermal, electrical, mag-
netic fields and mechanical forces.

The sensitivity SAW — structure to influence of one or the other type is determined also by
parameters SAW Euro medium, properties of contacting medium, SAW propagation direction in a
crystal and features of a design. In SAW-elements tenso, — termo, — electroelastic interactions are
used more often. A measure sensitivity interaction is the steepness sensitivity dependence of electro-
physical medium properties and SAW propagation on size of the appropriate applied physical fields.

The classical structure acoustoelectronics sensor based on SAW does not differ from elements based on
SAW of radioelectronic or radio engineering purpose, that also is the positive moment. It is a substrate —
soundconductor made of piezoelectric material with putted on a working surface by one ( resonator struc-
ture) or two (delay line — DL), located on some distance from each other interdigital converters (IDC).

In the widest class of sensor based on SAW — mechanical substitutes — for reception basic in-
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formative parameters tenselastic interactions are used. The significant amount of works is devoted to
researches of tenseffect — the change of the SAW characteristics owing to mechanical deformations
soundconductor [1-7]. The common expression for SAW velocity relative change V, received at the
interactions analysis, within the limits of used assumptions is fair at external influences of a various
physical nature and, hence, is applicable at consideration of various physical quantity sensor. The
consideration of this effect is important too because of in the majority of converters of other physical
substitutes as the basic or parasitic effects also act tenselastic interactions.

The SAW converters, developed to the present time, on the action principle can be divided into
three basic groups: with the use running SAW ; on the basis SAW standing; with addition of several
SAW. A basic converters element with running SAW is the acoustic path such as delay line on SAW.
The influence of external mechanical influences at soundconductor deformation results in the propa-
gation running SAW characteristics change, in particular, of its phase speed V, and also to dis-
tance change | centre to centre IDC, that entails change a phase attack mr and SAW temporary
delay ¢ at its propagation from IDC input to output .

The converter with standing SAW represents the acoustic resonator, in which standing SAW is
raised. Such devices often name as converters with the resonator on SAW. The external influences
cause change of SAW speed V and (at soundconductor deformation) geometrical sizes of the resona-
tor that results in change of its resonant frequency.

The principle the converter with addition SAW action is based on interaction (interference) of
several (usually two) SAW on a soundconductor surface, owing to what them often name as interfer-
ence converters. The output signal of such converters is a consequence of change of a phase or ampli-
tude (or simultaneous change of a phase and amplitude) one of interaction running SAW under influ-
ence of external influences, for example, soundconductor deformation. The complexity interference
converter output signal elimination and processing complicates in the near future its use as mass,
therefore basic attention is given to the first two types of converters.

Irrespective of a soundconductor material the phase attack magnitude 1 at SAW propaga-
tion with phase speed V and frequency f between two soundconductor points, located on dis-
tance 1, is defined as [8]:

/
=wt=2nf—
v fv’ (1)

l
where -7 = v SAW temporary delay.

The deformation of a substrate as a result of influence on it of mechanical forces owing to tenselas-
tic interaction results in change of SAW propagation speed AV and simultaneously — distances [/
between considered points. The total relative change of SAW phase attack at action of mechanical
forces is defined by the ratio [9]:

A Al A A
v [V V>

where S — deformation in a direction of SAW propagation .

In mathematical model for tenselastic interactions size account [9] change of speed at SAW prop-
agation in deformed media connects with change of modules of elasticity at action of deformation and
density of the deformed substance, SAW propagation in media with mechanical pressure according to
the modified movement equations, and also is caused by effects of thickness film change at deforma-
tion action for SAW- converters on the basis of layered structures.
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The external influences of a various physical nature result in speed change AV of SAW propagation
and also the length Al of its trajectory. The control of external influences size, for example tenselastic
interactions, can be carried out, as follows from the equations (1) and (2), just on time of a delay or
SAW phase attack or by transformation of these quantities to some other.

In the most part of the mentioned above works the application of monocrystals as sensor soundcon-
ductor, for example piezoquartz SiO, of various sections was investigated. However such approach is
connected with restriction of achievable values of the basic parameters of a sensor. It is connected first
of all with monocrystal properties anisotropy shown in the fact that such soundconductor deforma-
tions do not give a pure mode of elastic fluctuations, in this case Rayleigh SAW. It complicates, in
particular, task solution of definition of a useful signal appropriate physical quantities measured. Be-
sides owing to electromechanical bond factor small values kp the sensor high sensitivity and dynamic
range values is not provided. In this connection we investigated tenseffect in converters on SAW base
with piezoceramic soundconductor.

Piezoceramic materials have the best parameters compared with monocrystals on electromechan-
ical bond factor kp and mechanical quality Q_. For example, piezoceramic of PCT system has value kp
up to 0,5, and the quality of the best marks achieves 1500. And kp of piezoquarts depending on crystal-
lographic section makes about 0,08 — 0,12. In polycrystalline materials there are no losses connected
with a deviation of an acoustic beam and diffraction.

We developed and investigated the pressure sensor with tenssensitive converter based on SAW as
consol fixed piezoceramic (PC) plate.

Piezoceramic plate 20x7 mm size as consol attached in a wall of the sensor case, and the opposite
edge was exposed to loading transmitted through a rod from a pressure source (fig. 1).

Iy

Fig.1. Block diagram of tenssensitive converter on SAW:
1 — ceramic plates; 2 — IDC

The plate thickness was determined by requirements of sensitivity, dynamic range and mechanical
durability. In our case the plate thickness was 1 mm. On a working surface two IDC, which as distinct
from known designs of converters of the same purpose formed AFC of the narrow-band filter
with the central frequency f =10 MHz. The output IDC was resembling down with a step 3,
where A — is the length of a wave corresponding f. Such IDC design has a number of advantages
in comparison with analogues — are provided achievement of optimum value of IDC impedance and
sufficient selectivity of a useful signal at high element based on SAW as a whole manufacturability.
The filter based on SAW generated thus was used in the measuring circuit as a set of frequency
element in a circuit of feedback of the broadband amplifier.

The working frequency of an element based on SAW was selected proceeding from conditions of
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efficiency of signal processing at use of the generating circuit in one mode condition and also simplifica-
tion of the requirements on technology (accuracy) IDC manufacturing . Higher working frequencies
require the appropriate reduction IDC electrodes width and distance between them, i.e. the increases the
technological requirements level and at the same time result in increase element on SAW with piezoce-
ramic soundconductor brought in losses. The plate end was pasted in a rigid wall of the case epoxy glue
with components providing suppression of parasitic acoustic signals. The dynamic range is determined
by size of mechanical quality concrete piezoceramic having for the various marks value from 680 for
PZT-2 of Murata firm (Japan) up to 4500 for I[IKP-53 of Rostov -on-Don Institute of physics (Russia).

Tenseffect was estimated on change of the central frequency f of the SAW- filter Af=f-f (f —
running value of frequency) depending on loading size on the free consol edge of attached PC plate
with IDC structure using generating circuit.

During experimental researches it was determined, that from the point of view of transformation
efficiency and a ratio signal / noise improvement the optimum IDC arrangement from console at-
tached place (fig. 2) is defined by expression:

M =Wni/4. 3)

where [ — distance from the IDC center up to a attached place;

W — IDC aperture ;

n — simple odd number;

A — wave length on the frequency of acoustic synchronism.

On the same distance from a point of the loading application the second IDC should be settle down.
It is explained to that the parasitic acoustic signals, being reflected from acoustic inhomogeneity in-
cluding console attached places with a phase A/4 are mutually compensated. Besides forming narrow-
band AFC of an element on SAW it is necessary to use IDC designs, giving SAW front maximum flat
on amplitude.

The design mechanical part provides an opportunity loading amount transformation on a sensitive
element providing a plate deformation at optimum distance from a limit of its durability.

It is important to note also one more advantage of the given converter, namely, opportunity to
operate its sensitivity by a simple way — by geometrical sizes change and form of the PC plate.

In a fig. 2 the diagram frequency change sensor output signal dependence on pressure is given.

Af, KHz &
30
20
10 |

1 2 3 4 FH
Fig. 2 Frequency dependence of sensors output signal on loading.

It is not difficult to see, that on a basis of tenseffect with tenssensitive element on SAW use it is
possible to construct not only pressure sensors, but also linear and angular moving, temperature and
other physical quantities sensors, using in them trivial converters of the appropriate quantities in me-
chanical loading.
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Considered above curve-kind deformations is most often used because of more simple interrela-
tions between mechanical influence and output parameters of an electrical sensor. It at the given stage
of researches simplifies examination of the physical mechanism and gives faster practical result. How-
ever it at all does not mean, that other kinds of deformations: the compression, stretching, spinning,
shift and combined, also resulting to change of constant elasticity o and denseness i of the material,
owing to what the acoustic wave speed propagation varies, has no prospect.

The researches in this direction can expand the range sensors constructed on this principle achiev-
able parameters values, and also the area of their application.

The other perspective principle physical quantities sensors construction which we offered is the use
the angular dependence SAW phase speed phenomenon in monocrystal piezoelectric [10]. In this
case SAW excitation and the detecting is carried out by noncontact method applied for the first
time by A.G. Sokolinsiy [11]in a DL with adjustable time of a delay.

The noncontact converter (NCC) represents a pair IDC, putted by a thin-film method on dielectric
substrate, for example, sintered quartz. The SAW excitation and reception during measurements is
carried out by an alternating electrical field penetrating through a gap between IDC and a working
surface of a investigated piezoelectric plate (fig. 3).

Fig. 3. The NCC scheme .
1 — piezoelectric soundconductor, 2 — dielectric plate with IDC, 3 — IDC

The V definition is based on interrelation V and excitation frequency that express by a ratio:
V=21f,, “

where A — SAW length.

As for equidistant IDC A = 2t, where t — IDC step (period of electrode sets), at t = const the f,
change can be connected only with V change and, hence, V value can be received by f, measurement
and by it division by factor K =1/ A, i.e.:

V=f/K )

As in anisotropic piezoelectric, in particular SiO, ST — and Y sections the essential angular de-
pendence SAW phase speed (fig. 4) takes place, anyone disordered orientation IDC system with a
constant electrodes step in relation to crystallographic axis results in converter output signal frequen-
cy change.

The large linear diagram part for SiO, and dependence steepness stimulated development of idea
this effect use for creation physical substitute sensors. In such sensor the mutual orientation IDC input
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and output systems can change by various kinds of influence — angular and linear moving , pressure,
temperature and, thus, can be created the sensor of the appropriate substitutes and purposes.

V, M/s

3600
3500
3400
3300

3200 |

3100

10 30 50 70 90 6,°C
Fig. 4. Angular dependence SAW propagation phase speed in quartz.
1 — ST-section, 2 — Y-section.

The investigations of efficiency dependence of noncontact transformation on gap size between a
IDC plane and piezoelectric working surface for task geometrically shown in fig. 5 were carried out.

2 X 3

/
1 4

Fig. 5. Geometry SAW noncontact excitation task.
1 — piezoelectric half-space, 2 — dielectric plate, 3 — IDC electrodes , 4 — electromagnetic field lines of force.

The expression for transformation relative efficiency dependence on normalized section size is
received as:

E, = (1 - tgkh)(1+etgkh) , (6)
where k — wave count;
h — gap size;

¢ — relative piezomaterial dielectric constant.
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This principle may be considered as basic for a new class physical substitutes sensors and directed
acoustoelectronic apparatus creation.

On this principle the angle rotation, linear moving and pressure sensors are developed [12-16].

Such sensors can be used:

—1in a complex of the automated equipment of various kinds of manufacture;

—1in a robotics;

— in motor industry;

— as the separate device of measuring engineering and instrument making.

The rough development communication systems and data processing with Infra-Red (IR) radiation
application raises urgency the sensor researches, directed on IR radiation sensors perfection . With
reference to IR sensors it concerns first of all increase of such important parameters as sensitivity,
selectivity on a spectral range, speed of response, and also opportunity sensor intellectualization by
coupling them with microprocessor engineering and minimization mass and size parameters.

Is known, for example, a temperature sensor design [16], containing a piezoelectric plate and inter-
digital resonant structure (resonator on SAW). However it has low sensitivity heat sources to IR-
radiation too.

We developed IR sensor on the basis of layered structure the semiconductor — piezoelectric in
which the effect of semiconductor selective photosensitivity and the speed SAW propagation change
under influence of temperature on a piezoelectric soundconductor plate is used. The combination of
optical and temperature properties of semi-conductor and piezoelectric materials in uniform structure
has allowed to create a highly effective IR-sensor. In fig. 6 the design of a sensor is schematically
shown.

The sensor contains a piezoelectric plate made of a transparent for IR-radiation material in the
wave lengths region of A = 3,0 + 5,0 microns and having a large frequency temperature factor, on
which the interdigital resonant structure is located, and on a plate surface in the region of an interdig-
ital resonant structure and acoustic channel arrangement the layer of a semi-conductor material sensi-
tive to IR-radiation in wave lengths range A = 3,0 + 5,0 microns is putted.

The sensor piezoelectric plate 2 (fig. 6) is made of lithium niobate LiNbO,, turned under the angle
128°YX-section of material transparent for IR-radiation in a range of wave lengths of A = 0,4 + 5,0
microns and having a large frequency temperature factor of (FTF) equal 69x10¢ Hz/ °C, interdigital
resonant structure 3 and thin layer of a photosensitive semiconductor material 1. As the last india
antimonide (InSb) was used. Depending on resonant structure working frequency, thickness material
sensitive in a wave lengths region A = 3,0 + 5,0 microns to IR- radiation putted on a region of interdig-
ital resonant structure and the acoustic channel can be various.

The sensor works as follows. At electrical signal injection at IDC 2 (fig. 7) in soundconductor
piezoelectric the SAW are excited and are extended in both site of IDC, are reflected from reflectors 3,
forming a resonant cavity.

At the certain ratio the resonant cavity sizes and working frequency determined by distance be-
tween IDC electrodes and SAW speed propagation in a piezoelectric soundconductor material and
also owing to piezoeffect reversibility the electrical resonance takes place. The sensor IDC outputs 2
are connected with the amplifier feedback circuit 5, forming the generator on SAW, which output is
connected through the filter of the lower frequencies 6 with the registrar (fig. 7).

Temperature stability SAW-resonator characteristics are determined mainly by piezomaterial tem-
perature stability.

In the absence IR radiation the resonator has resonant frequency given by its elements constructive
sizes and the medium temperature. At IR radiations source switching the InSb layer, putted on sound-
conductor with interdigital structure, absorbs IR beams and warms up it changing thus propagation
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SAW speed amount. To change SAW speed it is enough to warm up only superficial soundconductor
layer with thickness to approximately equal of an acoustic wave length A, in which the basic part
SAW energy is concentrated. Thus sensor high sensitivity to temperature and small inertia especially
necessary in case of parameters pulse IR-sources measurement is provided.

hv

Fig. 6. Acoustoelectronic IR radiation sensor.
1 — film InSb; 2 — piezoelectric soundconductor; 3 — interdigital resonant structure.

L7

Fig. 7. Acoustoelectronic IR- radiation sensor.
1 — piezoelectric soundconductor (LiNbO3); 2,3 — SAW resonator structure;
4 — InSb film; 5 — amplifier; 6 — LFF.

Strictly speaking, in such structure the double temperature influence on SAW propagation condi-
tions — linear soundconducting material widening and SAW speed change by the way an acoustic
impedance change take place. In [16] the total these effects influence is analyzed and the following
expression for frequency change is received

A%
Af ~—20 _(y —y AT
\f T (Vo =Vou )AT (7)
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where V — the initial SAW propagation speed;

V, — SAW speed changed wing to temperature influence;

Y.» V..o — temperature factors before and after temperature influence accordingly;

AT — temperature increase from its value correspond to V.

However for one input SAW resonator, that takes place in our case, the soundconductor widening
can be neglected.

The SAW speed change, thus, results in SAW resonator resonant frequency appropriate changing,
that is the sensor output signal depending on IR radiation intensity. THE SAW resonator is included in
the generator circuit, as it is described above. Such circuit for processing signals with variable fre-
quency has a number of known advantages.

The sensor sensitivity comes to 5142 Hz/ °C, the top limit of temperature measurement is deter-
mined mainly by the sound conductor material temperature characteristics, that’s why it is high enough,
because of the piezoelectric plate LiNbO3 Curie point is equal 1200 °C.

The sensor is made by methods of group thin-film technology, that causes high repeatability of its
parameters, manufacturability and low cost price.

The sensor is used with success in the measuring purposes, in particular, in the equipment with
KGT type lamps, having radiation spectrum in a range A = 3,0 , 4,0 microns.

The stated above principle IR acoustoelectronics sensor construction is effective enough also be-
cause it gives the possibility this class sensor expansion by a layered structures components combina-
tion. Selecting semiconductor and piezoelectric materials with the appropriate electrophysical param-
eters and photosensitivity properties it is possible to create sensors with the given on a spectral range
characteristics. It is possible also to create structure from several layers of photosensitive semiconduc-
tors with different width of the forbidden zone. Thus, however, it is necessary to mean restrictions of
the acoustic plan not to create a condition useful SAW signal strong suppression or Rayleigh SAW
transformation in to the other waves types having, for example, dispersion.

The acoustoelectronic sensors feature and major advantage is that on the basis of the base struc-
ture — IDC on piezoelectric soundconductor not only physical substrates sensors, but also gas sensors
can be created. Two approaches can be realized here at least.

In the first of them the adsorptive sensitivity to gases of the soundconductor piezoelectric — con-
verter itself is used, made for example of some piezoceramic marks.

In the second case on a working soundconductor surface on the way of SAW propagation the layer
adsorptive sensitive material is putted [17-20].

The physico-chemical processes layered adsorptive structures with gas medium interactions influ-
ence the SAW propagation conditions, that is adequately reflected in the SAW-element output signal
parameters.

Such principle gas sensors construction is rather productive, especially in a combination to meth-
ods of molecular electronics. The last allows thanks to receptor properties of film structures made by
Lengmuir-Blodgett method to solve a problem sensor sensitivity and selectivity and the element on
SAW with frequency kind output signal is rather easy to intellectualize sensor by coupling it with the
MiCroprocessor.

Externally rather simple principle such type gas sensor construction has attracted attention of many
developers. However it has some “reeves ‘ because of which the experimental results of the different
authors not always coordinate among themselves and theoretical accounts.

By many authors it is accepted, that the phase SAW Rayleigh propagation speed relative change,
that is equivalent to frequency element on SAW relative change, which is caused by a film thickness
h, agrees [21] as a first approximation is defined by expression:
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AV _ wkhp, {Vi {4(1—Q}Uf +U§] -V’ (U} +U; —Uf]} )
Vv 40 v, >
where V— SAW speed;

Q — energy flow of not disturbed wave in the direction of the wave vector per unit of width,
perpendicular to sagittal area;

V, — SAW shift speed in a film material of;

V, — SAW longitudinal speed in film material;

U,, U,, U, — displacement components on a free surface for not disturbed wave;

p, — film material density;

k — wave number.

The analysis (8) shows, that J1V/V caused by a film, has a sign which depends mainly on a
ratio of wave shift speed in the film material to the speed of the not disturbed Rayleigh wave in
soundconductor. It not to the full corresponds to a physical picture having a place at SAW passage in
layered structure. Generally SAW-response parameters depend on:

— sorption film acoustic properties and electrophysical parameters, which can change in adsorp-
tion-desorption process;

— material soundconductor and film acoustic characteristics ratio;

— frequency working range;

— films geometrical sizes;

— medium pressure;

— film temperatures.

The adsorption process can be accompanied by significant thermal effect, as, for example, at ad-
sorption of ammonia on zeolite, that itself can cause SAW speed change owing to sound conductor
heat.

The only acoustic effects can influence the results, for example, connected with geometrical sizes
and wave length ratio, the film and soundconductor acoustic characteristics of which may vary at
adsorption. It can result in that that the parameters of the SAW-response will change not from, for
example, sorption film bulk or elastic constants change, but owing to one waves type in another trans-
formation effect, in particular Rayleigh SAW in Lamb’s waves, which have another properties. The
Lamb’s waves, having a place at kh ™ 1, differ, for example, by dispersion, that’s why change of
chosen for SAW -response frequency or phase output parameter measurements will appear not ade-
quate to Rayleigh SAW frequency change, that can result in not absolutely correct interpretation of the
received results.

The situation is possible, when the wave speed shift in a film becomes greater the speed in sound-
conductor and then the phase speed is increased and when it achieve the amount of volumetric shift
speed in soundconductor arises its deepening in soundconductor. The consequence — the essential
decrease the adsorption-desorption on a soundconductor surface processes influence efficiency on of
the SAW response parameters .

In the other cases owing to interaction of a film with chemical components of controllable medium
the SAW speed in it decreases so, that the situation of a “‘slow” wave on “fast” soundconductor creates
and then the acoustic field is focused in a film. Channaled thus wave is slow than Rayleigh wave on a
free soundconductor surface, and it is the less, the more the ratio film width L to its thickness h and at
L/h =15.6 [22] it becomes essential dispersion. Thus V will depends on f and to eliminate f or V
dependence on change during measurements the gas concentration controllable component becomes
problematic.

56



Ya. I. Lepikh

Thus for evaluation of the results of sorption film on a SAW —lement soundconductor surface
interaction with gas components it is necessary to ensure stable existence SAW of the certain type
with known properties Rayleigh SAW best of all during all measurement cycle.

The experimental researches we carried out on classical structure of an element based on resonator
type SAW with soundconductors made of piezoquarts and piezoceramic [23]. Sorption films were
putted by a Langmuir- Blodgett method. As a material of a sorption film the new functional material
Germanium complex compound (GCC) with oxyethylidendiphosphon acid was used [24]. In fig. 8 the
adsorption-desorption kinetics in GCC films at ammonia and benzol vapours influence is shown. It is
necessary to notice, that the given data are received without heating at desorption stage, that is essen-
tially important at creation intellectualized sensors.
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’ n molecules evacuation -1
3 ..
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1
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_h 5
T T T -
0 5 10 15 ts

Fig. 8. Kinetics of the adsorption-desorption process in GCC films.
I — in ammonia vapour (10 %); 2 — in benzol vapour (50 %).

We investigated also the sensor selectivity increase method by the layered structures such as “sand-
wich” [25] formation, in which one layer plays a role of a molecular sieve, and another shows a high
degree of solubility to certain gas component, than the double selectivity is reached.

Conclusion

The above mentioned review of acoustoelectron phenomena and the author results of researches,
on the basis of which the sensors can be created, reflects a part of most investigated and most perspec-
tive, in the author opinion of them. This developing class of sensors in a sufficient measure corre-
sponds to the modern demands showed to the new generation sensors — the essential increase of
metrological characteristics parameters and intellectualization with work in real time scale.
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