Ya. I. Lepikh

AKYCTOEJIEKTPOHHI CEHCOPH

ACOUSTOELECTRONIC SENSORS

UDC 621.37/39:534

THE STATE AND PROSPECTS OF THE SENSOR ELECTRONICS
BASED ON ACOUSTOELECTRONIC PHENOMENA

Ya. I. Lepikh

Odessa National I.I. Mechnikov University, 65026688k, 2, str. Dvoryanskaya, Ukraine, ph/fax.
+38 (0482) -23-34-61, E-mail: ndl_lepikh@mail.ru

Thesummary

In this paper the opportunities acoustoelectromienomena use for new generation sensors creatiarn wh
correspond to requirements of essential increasg thetrological characteristics and intellectuatian are
considered.

The achieved results sensors constructed on adfest®ustoelectronic effects having place at serfcoustic
waves propagation researches and development ayzead.

The results the new construction perspective pplasi researches of such sensors class are given. Th
constructive-technological decisions of some phalskensors and gas sensors are described. Theblpossi
development application fields are specified ardithsic characteristics of some sensors are rdsulte
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COCTOSTHME Y TEPCIIEKTUBBI CEHCOPHOM DJEKTPOHUKHA HA
OCHOBE AKYCTORJIEKTPOHHBIX AABJIEHUI

. U. Jlennx

B cratbe ¢ mo3uuMM HEOOXOAWMOCTH CO3AAaHWSI HOBOI'O IMOKOJIEHHUSI CEHCOPOB, OTBEYAIOLIMX TPeOOBaHUIM
CYILIECTBEHHOIO TMOBBILIEHUS! WX METPOJIOTMUECKUX XapaKTepUCTHK W HWHTEJUIeKTyalM3alMd , paccMOTPEHBI
BO3MO>KHOCTH MCTIOJIb30BaHMA [T 3TOM LIEJTM aKyCTO3JIEKTPOH-HBIX SIBJICHUH.

[Ipoananu3upoBaHbl JOCTUTHYTbIE Pe3yJbTaThl HCCIEAOBAaHMH M pPa3pabOTOK CEHCOPOB, MOCTPOCHHBIX Ha
OCHOBE aKyCTO3JEKTPOHHBIX 3PPEKTOB MMEIOUIMX MECTO MPH PACHPOCTPAHEHUH MOBEPXHOCTHBIX aKyCTHYECKHUX
BOJIH.

IlpuBeneHsl pe3ynapTaTbl HMCCIEIOBAaHWI HOBBIX TMEPCMEKTHBHBIX MPHHLMIIOB MOCTPOEHUS TaKOro Kjacca
ceHcopoB. OnucaHbl KOHCTPYKTUBHO-TEXHOJIOTHYECKHE PELICHUS HEKOTOPbIX
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CEHCOPOB (PU3UUECKUX BEJIMUMH U CEHCOPOB ras3a. ¥ Ka3aHbl BO3MOXKHBIE 00JIACTH MPUMEHEHUS pa3paboToK U
MPUBOJATCS OCHOBHBIE TEXHUYECKHE XapaKTePUCTUKH HEKOTOPBIX CEHCOPOB.
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KiroueBble ci10Ba. aKyCTO3JIEKTPOHHBIE SIBIEHUS, MOBEPXHOCTHbIE aKyCTMYECKHE BOJIHBI, CEHCOD,
TUIEHOYHBIE CTPYKTYPHI, ancopOuusi.

AHoTanis

CTAH I IEPCOEKTABU CEHCOPHOI EJIEKTPOHIKHA HA
OCHOBI AKYCTOEJIEKTPOHHUX sIBUIIL

S 1L Jlemix

VY crarTi 3 no3uuii HeoOXiTHOCTI CTBOPEHHST HOBOTO IMOKOJIIHHS CEHCOpIB, IO BiIMOBIIalOTh BUMOTaM
ICTOTHOTO MIJBUIIEHHA iX METPOJIOTIYHMX XapaKTepUCTHK 1 IHTeJleKTyaslizalii, po3rJITHyTi MOXIIHUBOCTI
BUKOPHUCTAHHS JJIS Li€] METH aKyCTOSIeKTPOHHUX SBHILIL.

[IpoanamizoBaHO AOCATHYTI pe3ynbTaTH AOCTIKEHb 1 POo3poOOK ceHcopiB, MOOyAOBaHMX Ha OCHOBI
aKyCTOEJIEKTPOHHHUX e(heKTiB, 1110 MalOTh MiCIle MPH NMOIIUPEHHI MOBEPXHEBUX aKyCTUYHHUX XBHJIb.

[lpuBeneHo pe3ynbTaTH AOCTIPKEHb HOBHUX TEPCTEKTUBHUX MPUHLMIIB TMOOYJIOBH CEHCOPIB TAaKOTO
knacy. OnMUcaHoO KOHCTPYKTHBHO-TEXHOJIOTIUHI PIllICHHS JIEAKUX CEHCOPiB (i3MYHUX BEJIMYHH i CEHCOPIB
razy. 3a3Ha4eHO MOXJUIMBI 00JacTi 3acToCyBaHHA po3poOOK 1 TPUBOMAATHCS OCHOBHI TeXHIYHI
XapaKTePUCTUKH JESIKUX CEHCOPIB.

KutroueBi cjioBa: aKkyCTOEJNIEKTPOHHI SIBHLIA, TOBEPXHEBO aKyCTHUHI XBHWJIi, CEHCOP, TUIIBKOBI CTPYKTYPH,
aacopOouis

I ntroduction

Sensors are basic elements of informational-meagsystems in any branch of science, engineeridg an
production and they determine their metrologicaperational and economic characteristics. It has
predetermined intensive works development on peoie@f sensors constructed on the basis of tauli
principles and creation of essentially new microgtic sensors using a new functional materiald an
structurally technological solutions integratedhmmicroprocessor engineering. The evidence toithdte
capital expenditureinvestments prompt growth farsthworks and volume of sales increase in the world
sensorics and measuring systems market for thet kaars.

In such developed countries as USA, Great Britlapan, Germany, for example, these works are darrie
on not only by the largest firms such as Honeywdlbtorola, Foxboro/ICT, Transamerica Inc., Sensor
(USA), Simens, Wika (Germany), Druck (Great BriJailistler Instrumentation (Switzerland), Hitackd |
Shibaura Electrics, Kyoto Ceramic, Riken Keiki (@ap Onera, Jumo Regulation (France) etc., but also
within the frameworks of state programs.

Such an intensive development of works on sensbassinduced USA, Japan and countries of Western
Europe to create in 1981 the International CootthnaCommittee on Sensors and Actuators. In thetgves
Europe the community of the manufacturers of sengarbeits-gemeinschaft Messwertaufnehmer, AMA)
— Germany, Commision Industrie — Administration pda Mesure, C.LA.M.E. — France, and also
Eurosensor, combining efforts of many countriesrsated. The international structure IEEE Sensas w
formed. Information exchange on sensorics is redlithrough organizing international conferences and
publication of journals.

The principal research directions were determined:
- sensors' metrological characteristics improvement;
- sensors' intellectualization problem solution.
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The analysis show, that in spite of available opputies for sensors based on traditional prina@ed
materials improvement, e.g. on semiconductors,pitedblem cardinal solution — is the creation of new
generation sensor — intellectual sensors. It layshe ways of using their new construction prinespand
new functional materials. One of the most perspecivays of a sensorics' problem solution is the afse
acoustoelectronic phenomena which are realizedcedlyeat surface acoustic waves (SAW) propagation.
Sensors of such type have metrological charadtristving to their frequency type output signal @aad
functional materials usage. They are distinguisbyedheir speed response and by their compatibwiti
microprocessor technique which ensures their gtalali-zation and "on — line "operation regimeisit
necessary to note the opportunities of variety wrctional purpose of acoustoelectronics sensosstagh
degree of unification on the constructive — tecbgalal solutions. Their opportunities and advansacgn
be easily integrated with advantages of the othections of functional microelectronics — moleaula
(Langmuir — Blodgett method ), optoelectronics, @stooptics etc. It is important also, that for
manufacturing acoustoelectronics sensors on SAWn@alanar structure, the well fulfilled technologf
manufacturing of semiconductor devices and integraircuits (IC) can be used. The application augr
technology provides high repeatability the sens@aracteristics and their low cost.

Acoustoelectronic sensor s construction principles

It is necessary to notice, that on metrologicaksemharacteristics the technical requirements have
come nearer to limiting values. For example, fasgure sensors being most claimed on market, tige i@t
liquids and gases measured pressures is limitgahpsical conditions of their existence and makemfi.0
% yp to 16° Pa. And the range medium sensor measured temperapiresd from cryogenic up to values in
liquid-metal circuit nuclearenergetic installatioi$e requirements on measurement accuracy demeodin
measured pressure are various and make from 0,05 %5,0 % for the range of 16— 1 Pa and 1 — 10
% in the field of vacuum systems and high presslingis in many cases the increased requirementtidor
operational characteristics — radiation resistarfice; and explosion safety, extended range of gk
temperatures, long-term characteristics stabil@ability are presented.

The principle of acoustoelectronic sensor actiolenan SAW is based on thermodynamic interrelation
of electrical, magnetic, thermal and other paramsetd SAW propagation in medium and opportunity of
medium physical properties monitoring and, henéd/NSharacteristics by means of the external infagsn
of various physical and chemical nature applicatibrermal, electrical, magnetic fields and mechalnic
forces.

The sensitivity SAW — structure to influence of amethe other type is determined also by parameters
SAW Euro medium, properties of contacting mediudm\\Spropagation direction in a crystal and features
a design. In SAW-elements tenso, — termo, — eletdstic interactions are used more often. A measure
sensitivity interaction is the steepness sensjtidépendence of electro-physical medium propeidies
SAW propagation on size of the appropriate appiegsical fields.

The classical structure acoustoelectronics serssedon SAW does not differ from elements based on
SAW of radioelectronic or radio engineering purpdbat also is the positive moment. It is a sulbstra:
soundconductor made of piezoelectric material wiitied on a working surface by one ( resonatorctira)
or two (delay line — DL), located on some distafroen each other interdigital converters (IDC).

In the widest class of sensor based on SAW — mécalssubstitutes — for reception basic informative
parameters tenselastic interactions are used.ighidéicant amount of works is devoted to researdabfes
tenseffect — the change of the SAW characteristici®ig to mechanical deformations soundconductof][1-
The common expression for SAW velocity relativerd@V, received at the interactions analysis, withie
limits of used assumptions is fair at externaluafices of a various physical nature and, henegplcable
at consideration of various physical quantity sentbe consideration of this effect is importard tiecause
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of in the majority of converters of other physisabstitutes as the basic or parasitic effectsadso
tenselastic interactions.
The SAW converters, developed to the present tomehe action principle can be divided into thresib
groups: with the use running SAW ; on the basis S#tahding; with addition of several SAW. A basic
converters element with running SAW is the acougtith such as delay line on SAW. The influence of
external mechanical influences at soundconductborai@tion results in the propagation running SAW
characteristics change, in particular, of its prgssed V, and also to distance change | centrerttrec|DC,
that entails change a phase attac&and SAW temporary delaly at its propagation from IDC input to output

The converter with standing SAW represents the staowesonator, in which standing SAW is raised.
Such devices often name as converters with thenagsoon SAW. The external influences cause chaihge
SAW speed V and (at soundconductor deformationjng#acal sizes of the resonator that results imgka
of its resonant frequency.

The principle the converter with addition SAW aatis based on interaction (interference) of several
(usually two) SAW on a soundconductor surface, gwmwhat them often name as interference conwerter
The output signal of such converters is a consemieh change of a phase or amplitude (or simultasieo
change of a phase and amplitude) one of interactioning SAW under influence of external influendes
example, soundconductor deformation. The compleariigrference converter output signal elimination a
processing complicates in the near future its ssenass, therefore basic attention is given to itisé tivo
types of converters.

Irrespective of a soundconductor material the pladtsek magnituder at SAW propagation with phase
speed V and frequency f between two soundcondpciots, located on distance |, is defined as [8]:

y/=(oT =?nfy | (1)

/

where -7 -V — saw temporary delay.

The deformation of a substrate as a result of émite on it of mechanical forces owing to tensatas-t
interaction results in change of SAW propagatioaespAV and simultaneously — distanggd between
considered points. The total relative change of SptWse attack at action of mechanical forces isieéfoy
the ratio [9]:

Ay Al AL s Av
y~l V~ V' @

where S — deformation in a direction of SAW propaga.

In mathematical model for tenselastic interactisize account [9] change of speed at SAW propagation
in deformed media connects with change of moduledasticity at action of deformation and densifytre
deformed substance, SAW propagation in media wigtthanical pressure according to the modified
movement equations, and also is caused by efféttsciness film change at deformation action féWw®%
converters on the basis of layered structures.

The external influences of a various physical ramesult in speed change AV of SAW propagation and
also the length Al of its trajectory. The contrdl external influences size, for example tenselastic
interactions, can be carried out, as follows fréva €quations (1) and (2), just on time of a delaAW
phase attack or by transformation of these quastith some other.
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In the most part of the mentioned above works phieation of monocrystals as sensor soundconductor
for example piezoquartz SjOf various sections was investigated. However sygroach is
connected with restriction of achievable valueshefbasic parameters of a sensor. It is connectdf all
with monocrystal properties anisotropy shown infém that such soundconductor deformations dajivet
a pure mode of elastic fluctuations, in this casgl®gh SAW. It complicates, in particular, taskusion of
definition of a useful signal appropriate physigakntities measured. Besides owing to electromécdlan
bond factor small values, khe sensor high sensitivity and dynamic
range values is not provided. In this connectioninvestigated tenseffect in converters on SAW haitle
piezoceramic soundconductor.

Piezoceramic materials have the best parameterparech with monocrystals on electromechanical bond
factor k, and mechanical quality Q For example, piezoceramic of PCT system has vglue to 0,5, and
the quality of the best marks achieves 1500. Aofliezoquarts depending on crystal-
lographic section makes about 0,08 — 0,12. In pgbtelline materials there are no losses connegittda
deviation of an acoustic beam and diffraction.

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

Piezoceramic plate 20x7 mm size as consol attarhadwall of the sensor case, and the opposite edge
was exposed to loading transmitted through a rah fa pressure source (fig. 1).

Fig.1. Block diagram of tenssensitive convertelS#w: 1
— ceramic plates; 2 — IDC

The plate thickness was determined by requiremehtsensitivity, dynamic range and mechanical
durability. In our case the plate thickness wasm. i®n a working surface two IDC, which as distifroim
known designs of converters of the same purposeddrA FC of the narrow-band filter with the central
frequency f = 10 MHz. The output IDC was resembtilogvn with a step 3,
where X — is the length of a wave correspondingdiSIDC design has a number of advantages
in comparison with analogues — are provided acheré of optimum value of IDC impedance and
sufficient selectivity of a useful signal at higlement based on SAW as a whole manufacturabilihe T
filter based on SAW generated thus was used inmréasuring circuit as a set of frequency elemerd in
circuit of feedback of the broadband amplifier.

The working frequency of an element based on SAW sedected proceeding from conditions of efficiency
of signal processing at use of the generating tincwne mode condition and also simplificationtio®
requirements on technology (accuracy) IDC manufawu Higher working frequencies require the
appropriate reduction IDC electrodes width andatiseé between them, i.e. the increases the techioalog
requirements level and at the same time resuitarease element on SAW with piezoceramic
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soundconductor brought in losses. The plate endpasi®d in a rigid wall of the case epoxy glue with
components providing suppression of parasitic atmaignals. The dynamic range is determined by efz
mechanical quality concrete piezoceramic havinghervarious marks value from 680 for PZT-2 of Mara
firm (Japan) up to 4500 faIKP-53 of Rostov -on-Don Institute of physics (Russia)
Tenseffect was estimated on change of the cemtrgLiéncy § of the SAW- filter Af=f-f, (— running
value of frequency) depending on loading size am filee consol edge of attached PC plate with IDC
structure using generating circuit.
During experimental researches it was determinbdi from the point of view of transformation
efficiency and a ratio signal / noise improvemdra optimum IDC arrangement from console attachadepl
(fig. 2) is defined by expression:

X [=WnX/4, (3

wherel— distance from the IDC center up to a attachedegyld/ —

IDC aperture ; n — simple odd number;

X — wave length on the frequency of acoustic syootam.

On the same distance from a point of the loadingiegtion the second IDC should be settle dowis It
explained to that the parasitic acoustic signatnd reflected from acoustic inhomogeneity incligdin
console attached places with a phase X/4 are nytt@anpensated. Besides forming narrowband A FC of
an element on SAW it is necessary to use IDC desmgming SAW front maximum flat on amplitude.

The design mechanical part provides an opportuoéging amount transformation on a sensitive elémen
providing a plate deformation at optimum distarmoen a limit of its durability.

It is important to note also one more advantagéefgiven converter, namely, opportunity to opertste
sensitivity by a simple way — by geometrical sizhange and form of the PC plate.

In a fig. 2 the diagram frequency change sensqruigignal dependence on pressure is given.

AC KHz f
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It is not difficult to see, that on a basis of teffisct with tenssensitive element on SAW use fiassible
to construct not only pressure sensors, but afsmatiand angular moving, temperature and otherigalys
guantities sensors, using in them trivial convertdrthe appropriate quantities in mechanical logdi
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Considered above curve-kind deformations is mosgtnotised because of more simple interrelations
between mechanical influence and output parameaitran electrical sensor. It at the given stage of
researches simplifies examination of the physioattmanism and gives faster practical result. Howeévar
all does not mean, that other kinds of deformaticth® compression, stretching, spinning, shift and
combined, also resulting to change of constantieigsc; and denseness n of the material, owing to what
the acoustic wave speed propagation varies, hasospect.

The researches in this direction can expand thgeraensors constructed on this principle achievable
parameters values, and also the area of theircapioln.

The other perspective principle physical quantisessors construction which we offered is the bse t
angular dependence SAW phase speed phenomenonniocrystal piezoelectric [10]. In this case SAW
excitation and the detecting is carried out by omact method applied for the first time by A .@k8linsiy
[11] in a DL with adjustable time of a delay.

The noncontact converter (NCC) represents a pat, Iputted by a thin-film method on dielectric
substrate, for example, sintered quartz. The SAWtaon and reception during measurements is erri
out by an alternating electrical field penetratihgough a gap between IDC and a working surface of
investigated piezoelectric plate (fig. 3).
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Fig. 3. The NCC scheme . 1 — piezoelectric soundaotor, 2 — dielectric
plate with IDC, 3 — IDC

The V definition is based on interrelation V anaieation frequency that express by a ratio:
V=11/o, 4)

where A — SAW length.

As for equidistant IDC A = 2t, where t — IDC stgge(iod of electrode sets), at t = const g@hiinge can
be connected only with V change and, hence, V vahre be received by fme as ure me nt and by it
division by factor K =1 /A, i.e.:

V » fiK (5)

As in anisotropic piezoelectric, in particular $IST — and Y sections the essential angular depeeden
SAW phase speed (fig. 4) takes place, anyone diseddorientation IDC system with a constant eleteso
step in relation to crystallographic axis resuttgonverter output signal frequency change.

The large linear diagram part for Si@nd dependence steepness stimulated developmédeanthis
effect use for creation physical substitute sendorsuch sensor the mutual orientation IDC input
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and output systems can change by various kindsflaehce — angular and linear moving , pressurapgrature
and, thus, can be created the sensor of the apuepubstitutes and purposes.

V. M/
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Fig. 4. Angular dependence SAW propagation phasedsjn quartz. 1 —
ST-section, 2 — Y-section.

The investigations of efficiency dependence of woact transformation on gap size between a IDC
plane and piezoelectric working surface for taskngetrically shown in fig. 5 were carried out.
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Fig. 5. Geometry SAW noncontact excitation taskzpelectric half-space, 2 —

dielectric plate, 3 — IDC electrodes , 4 — electagmetic field lines of force.

y
depe
ndence on normalized section size is received as:

rel (1 - tgkh )(1 + stgkh ), (6)
E
where k — wave count; h

— gap size;
e — relative piezomaterial dielectric constant.
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This principle may be considered as basic for a o&ss physical substitutes sensors and directed
acoustoelectronic apparatus creation.

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

sensors can be used:

- in a complex of the automated equipment of varlands of manufacture;

- in arobotics;

- in motor industry;

- as the separate device of measuring engineeringhatrdment making.

The rough development communication systems and gedcessing with Infra-Red (IR) radiation
application raises urgency the sensor researchrestat on IR radiation sensors perfection . Wiference
to IR sensors it concerns first of all increasesoth important parameters as sensitivity, selégton a
spectral range, speed of response, and also opggrgensor intellectualization by coupling themtiwi
microprocessor engineering and minimization masissire parameters.

Is known, for example, a temperature sensor ddaigjy containing a piezoelectric plate and inteitdig
resonant structure (resonator on SAW). Howeveastlbw sensitivity heat sources to IRradiation too.

We developed IR sensor on the basis of layeredtameithe semiconductor — piezoelectric in whioh th
effect of semiconductor selective photosensitigityl the speed SAW propagation change under influehc
temperature on a piezoelectric soundconductor pdatesed. The combination of optical and tempeeatur
properties of semi-conductor and piezoelectric maltein uniform structure has allowed to createighly
effective IR-sensor. In fig. 6 the design of a gens schematically shown.

The sensor contains a piezoelectric plate made toaresparent for IR-radiation material in the wave
lengths region of A = 3,& 5,0 microns and having a large frequency tempegaiactor, on which the
interdigital resonant structure is located, andaoplate surface in the region of an interdigitedoreant
structure and acoustic channel arrangement the ¢diylesemi-conductor material sensitive to IR-adidn in
wave lengths range A = 3:05,0 microns is putted.

The sensor piezoelectric plate 2 (fig. 6) is mafiétiium niobate LiNbQ, turned under the angle 128
YX-section of material transparent for IR-radiationa range of wave lengths of A = 4%,0 microns and
having a large frequency temperature factor of jFadual 69x10 Hz/ °C, interdigital resonant structure 3
and thin layer of a photosensitive semiconductotene 1. As the last india antimonide (InSb) waeadt
Depending on resonant structure working frequetidgkness material sensitive in a wave lengthsoredi
= 3,0 5,0 microns to IR- radiation putted on a regionirgérdigital resonant structure and the acoustic
channel can be various.

The sensor works as follows. At electrical signajection at IDC 2 (fig. 7) in soundconductor
piezoelectric the SAW are excited and are extendedabth site of IDC, are reflected from reflect@s
forming a resonant cavity.

At the certain ratio the resonant cavity sizes &odking frequency determined by distance betweed ID
electrodes and SAW speed propagation in a piezoelesoundconductor material and also owing to
piezoeffect reversibility the electrical resonataiees place. The sensor IDC outputs 2 are connagstedhe
amplifier feedback circuit 5, forming the generator SAW, which output is connected through thefitbf
the lower frequencies 6 with the registrar (fig. 7)

Temperature stability SAW-resonator characterisagiesdetermined mainly by piezomaterial temperature
stability.

In the absence IR radiation the resonator has ag$drequency given by its elements constructizvessi
and the medium temperature. At IR radiations soswegching the InSb layer, putted on sound-conducto
with interdigital structure, absorbs IR beams amams up it changing thus propagation

SAW speed amount. To change SAW speed it is entuglarm up only superficial soundconductor layer
with thickness to approximately equal of an acaustve length 4 in which the basic part SAW energy is
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concentrated. Thus sensor high sensitivity to teatpee and small inertia especially necessary se a

parameters pulse IR-sources measurement is provided
1

VA
_// ®b; 2 —
{4

Fig. 7. Acoustoelectronic IR- radiation sensor. Ipiezoelectric soundconductor
(LINbO3); 2,3 — SAW resonator structure; 4 — In8inf 5 — amplifier; 6 —
LFF.

piezoelectric

Strictly speaking, in such structure the doubleperature influence on SAW propagation conditions —
linear soundconducting material widening and SAWeshbchange by the way an acoustic impedance change
take place. In [16] the total these effects influeelis analyzed and the following expression foquiency
change is received

vv
vovy - (Yim-You)AT )

V+V

o1
where \y — the initial SAW propagation speed,;

V; — SAW speed changed wing to temperature influence;

Yin Yous — temperature factors before and after tempezatifluence accordingly; AT —

temperature increase from its value correspondyto V

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

The SAW speed change, thus, results in SAW resonesonant frequency appropriate changing, that is
the sensor output signal depending on IR radiatitansity. THE SAW resonator is included in the gertor
circuit, as it is described above. Such circuitgoocessing signals with variable frequency hasralrer of
known advantages.

The sensor sensitivity comes to 5142 P2/ the top limit of temperature measurement is rdgteed
mainly by the sound conductor material temperathaacteristics, that's why it is high enough, beeaof
the piezoelectric plate LiINbO3 Curie point is equaR00 T.

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

10
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The sensor is used with success in the measuripgpges, in particular, in the equipment with KGpdy
lamps, having radiation spectrum in a range A =, 2,0 microns.

The stated above principle IR acoustoelectronios@econstruction is effective enough also because
gives the possibility this class sensor expansia layered structures components combination.céete
semiconductor and piezoelectric materials with thepropriate electrophysical parameters and
photosensitivity properties it is possible to cees¢nsors with the given on a spectral range deaistes. It
is possible also to create structure from sevengrs of photosensitive semiconductors with difiesidth
of the forbidden zone. Thus, however, it is neagsamean restrictions of the acoustic plan natreate a
condition useful SAW signal strong suppression ayl&gh SAW transformation in to the other wavegsety
having, for example, dispersion.

The acoustoelectronic sensors feature and majanaalge is that on the basis of the base structure —
IDC on piezoelectric soundconductor not only phgkisubstrates sensors, but also gas sensors can be
created. Two approaches can be realized heresat lea

In the first of them the adsorptive sensitivitygases of the soundconductor piezoelectric — coawert
itself is used, made for example of some piezocieramarks.

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

The physico-chemical processes layered adsorgiivetgres with gas medium interactions influenae th
SAW propagation conditions, that is adequatelyedéid in the SAW-element output signal parameters.

Such principle gas sensors construction is rathedystive, especially in a combination to methoéls o
molecular electronics. The last allows thanks weptor properties of film structures made by Lenigmu
Blodgett method to solve a problem sensor sensitiahd selectivity and the element on SAW with
frequency kind output signal is rather easy tollettéualize sensor by coupling it with the micropessor.

Externally rather simple principle such type gassse construction has attracted attention of many
developers. However it has some "reeves " becdushiioh the experimental results of the differeathors
not always coordinate among themselves and thealetccounts.

By many authors it is accepted, that the phase $sleigh propagation speed relative change, that is
equivalent to frequency element on SAW relativengfea which is caused by a film thickness h, ag[2&k
as a first approximation is defined by expression:

AV _ cokhp, | 5 | , 2y r2 2 |
/70 {VH_ [4{1—?}@ +U2}V [UF+U; -U; ]} ®)

it

where V — SAW speed,

Q — energy flow of not disturbed wave in the dii@ctof the wave vector per unit of width, perpendac to
sagittal area;

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

Vi — SAW longitudinal speed in film material;

U,, U,, U; — displacement components on a free surface fodisturbed wave;

p, — film material density;

k — wave number.

The analysis (8) shows, thAtV/V caused by a film, has a sign which dependsipain a ratio of wave shift
speed in the film material to the speed of thedisturbed Rayleigh wave in soundconductor. It wothe full
corresponds to a physical picture having a placg”dW passage in layered structure. Generally SA¥paorse
parameters depend on:

- sorption film acoustic properties and electrophgisgarameters, which can change in adsorption-géear

process,

- material soundconductor and film acoustic charé&sttes ratio;

11
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- frequency working range;

- films geometrical sizes;

- medium pressure;

- film temperatures.

The adsorption process can be accompanied by is@mifthermal effect, as, for example, at adsonptd
ammonia on zeolite, that itself can cause SAW spbadge owing to sound conductor heat.

The only acoustic effects can influence the resfittsexample, connected with geometrical sizes \aade
length ratio, the film and soundconductor acoushiaracteristics of which may vary at adsorptioralt result in
that that the parameters of the SAW-response Wwadinge not from, for example, sorption film bulk elastic
constants change, but owing to one waves type athan transformation effect, in particular Raylef§AW in
Lamb's waves, which have another properties. Theblsawaves, having a place at kh ~ 1, differ, f@neple, by
dispersion, that's why change of chosen for SAVEpoase frequency or phase output parameter measuiem
will appear not adequate to Rayleigh SAW frequemtyange, that can result in not absolutely correct
interpretation of the received results.

The situation is possible, when the wave speed ishd film becomes greater the speed in soundwctod
and then the phase speed is increased and whahidiza the amount of volumetric shift speed in slmamductor
arises its deepening in soundconductor. The coesegu— the essential decrease the adsorption-diesogm a
soundconductor surface processes influence eftigien of the SAW response parameters .

In the other cases owing to interaction of a filmhwehemical components of controllable medium S#dV
speed in it decreases so, that the situation sfoav" wave on "fast" soundconductor creates and the acoustic
field is focused in a film. Channaled thus wavsl@v than Rayleigh wave on a free soundconductdase, and
it is the less, the more the ratio film width L its thickness h and at L/h =15.6 [22] it becomeserSal
dispersion. Thus V will depends on f and to elinénfor V dependence on change during measurerttentgas
concentration controllable component becomes pnadatie.

Thus for evaluation of the results of sorption fiim a SAW -lement soundconductor surface interaciiibh
gas components it is necessary to ensure stalsterze SAW of the certain type with known properiayleigh
SAW best of all during all measurement cycle.

The experimental researches we carried out onickstructure of an element based on resonata 84W
with soundconductors made of piezoquarts and péraouc [23]. Sorption films were putted by a Langmu
Blodgett method. As a material of a sorption filne thew functional material Germanium complex conmgou
(GCC) with oxyethylidendiphosphon acid was used.[B¥fig. 8 the adsorption-desorption kineticsSG&C films
at ammonia and benzol vapours influence is shotvis hecessary to notice, that the given data eceived
without heating at desorption stage, that is esdnimportant at creation intellectualized serssor

I “’A i 5 Beginning of ammoma
’ 7 molecules evacuation -1

Beginmng of benzol
S/ molecules evacuation - 2

T T -
0 5 10 15 ts
Fig. 8. Kinetics of the adsorption-desorption psca GCC films. 1 — in
ammonia vapour (10 %); 2 — in benzol vapour (50 %).
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We investigated also the sensor selectivity inaraasthod by the layered structures such as "sahthiz&]
formation, in which one layer plays a role of a ewllar sieve, and another shows a high degreelubibty to
certain gas component, than the double seleciwityached.

Conclusion

The above mentioned review of acoustoelectron pnena and the author results of researches, oraglie b
of which the sensors can be created, reflects aghamost investigated and most perspective, in&tator
opinion of them. This developing class of sensara isufficient measure corresponds to the modenmadds
showed to the new generation sensors — the edsemtiaase of metrological characteristics paransetand
intellectualization with work in real time scale.
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