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ADDRESS TO READER

Sensors are the basic elements of information and test systems in any branch of science, technology
and production and determine their metrological, operating and economic characteristics. This prede-
termined the intensive progress in research to improve sensors based on traditional principles and to
design principally new microelectronic sensors applying mew principles, functional materials and
construction-technological decisions, integrated with microprocessor equipment. The branch of mi-
crosystem technologies (MST) is developed intensively, interacting with this branch and supplement-
ing it. Microelectronic sensitive and executive elements grounding on usage of different physical
principles — mechanics, acousto- and optoelectronics, thermal physics, chemistry, biology and on
application of the third dimension (3D systems) are created on this base.

The proof of it is the swift increase of investments to these works and raise of sale amount at world
market of sensorics and measuring systems, which approaches to hondred milliards of US dollars
during the latest years.

In the well-developed countries, e.g. USA, Great Britain, Japan, Germany, these works are carried
out not only by the large-scale companies such as Honeywell, Motorola, Foxboro/ICT, Transamerica
Inc., Sensor IBM (USA), Simens, Wika (Germany), Druck (Great Britain), Kinstler Instrumentation
(Switzerland), Hitachi Ltd, Shibaura Electrics, Kyoto Ceramic, Riken Keiki (Japan), Onega, Jumo
Regulation (France) and the other, but within the frames of governmental programs.

The noted place in this important scientific and technological direction is occupied by scientific
and research works of Ukrainian specialists.

The international conferences and the periodicals of the corresponding type promote the successful
development of investigations in sensorics.

Proceeding from the undoubted actuality and usefulness to exchange scientific and technical infor-
mation promoting to extend scientific research and to introduce the design, Odessa I.I. Mechnikov
National University approved and registered at the State Committee of Ukraine the International Sci-
entific and Technical Journal “Sensor Electronics and Microsystems Technologies” and [ am please
to introduce the first issue to the reader attention.

The journal is directed to observe the different aspects of sensorics and MST, to inform systemat-
ically the readers about international scientific conferences, to elucidate the activities of international
organizations to decide scientific problems and applied tasks of microsystem technologies and senso-
rics and will provide the development of this important scientific and technological direction. Inter-
vals of the journal — four issues during a year.

We invite scientists and engineers for the fruitful cooperation.

Editor-in-Chief,
Doctor in Phys. — Math. Sciences,
Full Professor, Honoured Scientist of Ukraine V. A. Smyntyna
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Summary

ACTIVE ULTRASOUND EFFECTS AND THEIR FUTURE USAGE
IN SENSOR ELECTRONICS

Olikh Ja. M., Olikh O.Ya.

In given paper various phenomena of ultrasound influence on physical characteristics of dislocation
crystals of A B, type (CdS, ZnS, Cd Hg, Te)and of dislocation-free crystals (Ge, Si) are systematized;
results for light emitting structures (GaAs, GaAlAs, GaP) are given; possibilities of the active ultrasound use
in microelectronics device technology are analyzed.

Separately dynamic effects (in-situ) are considered. Possible mechanisms of sound induced effects and
their applications are discussed. New technological techniques such as ultrasound processing,
thermoacoustic efect annealing, ultrasound induced doping and so on find an industrial application. A
considered aspect of physical and technological effects of ultrasound in semiconductors is proposed for
further usage in Sensor electronics:

Key words: semiconductors, ultrasound, active ultrasound, crystal defects, sensor electronics.

AHHOTALIUA

IDOPEKTBI AKTUBHOI'O YJIbTPA3ZBYKA U IIEPCIIEKTHUBA
UX IPUMEHEHUS BCEHCOPHOM DJIEKTPOHUKE

S1. M. Onux, O. 5. Omux

B paGote cuctemaTuznpoBaHbl pazHOOOpa3HbIe sIBJICHUSA U A (PEKTHI YIBTPa3BYKOBOTO BO3IECH-
CTBUS Ha (U3NYECKME XAPAKTEPUCTUKHU JUCIOKALMOHHBIX KPUCTAIOB, THHAa A B . (CdS, ZnS,
Cd Hg, Te), n 6e3aucnokannonusix — Ge, Si; IPUBOAATCS PE3yJILTATHI LIS MOJITYIPOBOJHUKOBBIX
cBeronziayyaromux cTpykryp (GaAs, GaAlAs, GaP); npoananu3upoBaHbl BO3MOXHOCTH UCIIOJI30-
BaHUs aKTUBHOIO YynbTpa3ByKa (Y3) B TEXHOJIOIMH MHUKPOIIEKTPOHHBIX TPUOOPOB (TEPMOaKyCTH-
YECKUM OTKUT Ne(PEKTOB, aKyCTOCTUMYJIMPOBAHOE JIETHPOBAHUE METOJOM HMMIUIAHTAIIMH HMOHOB
npuMeceit). OTaeapHO paccMaTpPUBAIOTCS TMHAMU4ecKue 3 PeKThI (In-situ), KOTOPHIE MPOSIBISIOTCS
JIUIIL BO BpeMs Bo3aeicTBHS Y 3. O0CyKAat0TCsS BOBMOXHBIE MEXaHU3MbI TAKHX aKyCTOCTUMYJIHPO-
BaHHBIX d(PPEKTOB U WX MPUMEHEHHE. PacCMOTpEeHHBIN CEKTP HU3NYECKUX M TEXHOJOTHUECKUX
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Abstract

ANALYSIS OF AGEING MECHANISMS OF GAS MIS SENSORS
WITH Pd (Cu,Pd) GATE

V.G. Litovchenko, A.A. Efremov

In general form the macroscopic theory of chemical gas MIS sensor with catalytic gate is presented. The
theory is used for explanation of both ageing process and mechanisms of sensor parameters stabilization. The
classification of microscopic mechanisms of dominating ageing processes is given. The results of calculations
and computer modeling are compared with experimental data. This allows us to identify the nature of ageing
in some concrete cases and to recommend the methods for suppression or slowing-down of MIS gas-sensor
ageing. One of the most effective methods is the doping of Pd surface gate with copper atoms, accompanied
by the creation of specific Cu-Pd structural configurations. In particular, configuration consisting of separated
island-like fragments with different doping degree is found to be the most effective in contrast to stochastically
uniform Cu atoms distribution along the surface of the catalytic gate electrode.

Key-words: Chemical sensors, MIS —device, ageing mechanisms, catalytic Pd gate, textured Cu, Pd surface
alloy.

AHAJIN3 MEXAHI3MOB CTAPEHHS MITI CEHCOPOB
C Pd (Cu_Pd) 3ATBOPOM

B. I JIutoBuenko, A. A. Eppemos

B 061eM Bujie n3n0xKeHa MaKpOCKOIIMYECKasi TEOPHsI Ta30BOT0 CEHCOpa € KaTaTUTUYECKHUM 3aTBOPOM,
KOTOpasi IPUMEHEHA /7151 00BICHEHUS MPOIIECCOB CTAPECHUS M MEXaHW3MOB CTA0OMIN3alliY TApaMETPOB
cerHcopa. Jlana kmaccuukamus MUKPO-MEXaHU3MOB JTOMUHUPYIOIIUX MPOIECCOB CTapEHUS.
PesynbTarhl pacueToB U KOMITBIOTEPHOTO MOJICITMPOBAHUS COIIOCTABIISIOTCS C IKCIIEPUMEHTATBLHBIMU
JTAHHBIMH, YTO IMO3BOJSCT HJACHTHPUIIMPOBATH MPUPOAY CTAPEHHS B KOHKPETHBIX CIIydasx H
PEKOMEHJIOBaTh METOJBI CIACPKUBAHUS WM TOPMOXKEHHS mporeccoB ctapeHus MJII1-razoBbix
cerHcopoB. Oguum u3 Hanbosiee 3P(PEKTUBHBIX METOJOB SIBISETCS JIETUPOBAHUE MOBEPXHOCTH
MaJUIaAUEBOr0 3JIEKTPOJa aTOMaMU MEAHU, YTO CONPOBOXKAAETCS CO3JaHHEM OIpEaeICHHBIX
cTpyKTYpHBIX KoHpurypauuid Cu-Pd. B yactHocTH, Hanbomnee 3ppexTrBHOM OKazanack KOHPUTyparus,
COCTOSIIAs W3 OTICIBHBIX ()ParMEHTOB OCTPOBKOBOTO THIIA C PA3IUYHON CTCTICHBIO JICTUPOBAHUS
Meb0 (B MPOTHUBOIMOJI0KHOCTh PABHOMEPHO-CIyYallHOMY paclpeieeHHI0 aTOMOB MeAH 110
MOBEPXHOCTH KaTaJIMTUYECKOT0 3JIEKTPOAA).

Kurouesble ciioBa: Xumuueckue cencopbl, M I-miprOopbl, MeEXaHU3MbI CTapeHUs], KaTaTUTHYE CKUIA
Pd snekrpon, Tekcrypuposanbiii Cu,Pd moOBEpXHOCTHBIN CILIaB.
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3¢ ¢pexToB Y3 B NOITYNPOBOAHUKAX MPEIOKEH JUISl MOCIEIYIOIIEro ux ucrnonb3oBanus B CeHcop-
HOH DJIEKTPOHUKE.

KiroueBble c10Ba: OIyNPOBOAHUKH, YIBTPA3BYK, AKTUBHBIN YIBTPa3ByK, KPUCTAJUIMYECKHUE JIe-
(eKThI, cCeHCOpHas AJIEKTPOHUKA.

AHoTAaNisA

E®EKTU AKTUBHOT'O VJIbTPA3ZBYKY TA HEPCIIEKTUBA
iX BUKOPUCTAHHSA B CEHCOPHIN EJIEKTPOHIIII

SI. M. Omix, O. f. Onix

B po6ori cucremMaTn30BaHO Pi3HOMaHITHI ABUIIA Ta €PEKTH yAbTPa3BYKOBOI Aii Ha (Pi3uuHi, Xapak-
TEPUCTUKHU JUCIIOKaliiHuX kpuctanis tuny A, B, (CdS, ZnS, Cd Hg, Te) Ta 6esnucnokauiiinux (Ge,
Si); HaBOAATHCS pe3yNbTaTH JUIsl HAMiBIPOBITHUKOBUX CBITIIOBUIPOMIHIOIOYUX CTPYKTYp (GaAs,
GaAlAs, GaP); npoananizoBaHO MOKITUBOCTI BUKOPUCTAHHS aKTUBHOTO YIBTPa3BYKy (Y3) B TeXHO-
J0Tii MIKPOETIEKTPOHHUX MPUIIaAiB (mepmoakycmuunuii 8ionan 0egekmis, akycmocmumynbo8aHe
Jle2y8aHHs METOJIOM IMITJIAHTAllli 10HIB 1OMIIIOK). Po3rsaarotees AuHaMivyHi eexTu (in-situ), ki mpo-
SABJISIOTHCA JUILe i yac aii ¥Y3. OO0roBoprorTHCS MOXIIMBI MEXaH13MU TaKUX aKyCTOCTUMYJIbOBAHUX
edekTiB Ta iX 3acTocyBaHHs. PO3mIsAHyTHI ceKTp QI3UYHMX Ta TEXHOJIOT YHUX e(peKTiB Y3 B Ha-
MiBIIPOBITHUKAX 3aIIPOIIOHOBAHO JUIsl HACTYITHOT'O iX BUKOPUCTAHHS B CEHCOPHIH €JIeKTPOHILL.

KurouoBi c10Ba: HamiBNpOBIAHUKHY, YIBTPA3ByK, aKTUBHUHN yJIBTPa3BYK, KPUCTANIUHI AePEKTH,
CEHCOpHA EJIEKTPOHIKA.
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ELECTRONIC PROCESSES IN ACOUSTORESISTIVE SENSORS

Ev. L. Garshka, R. Giriuniene

Vilnius University, Laboratory of Physical Acoustics, Faculty of Physics,
Sauletekio 9, 01513 Vilnius, LITHUANIA,
Phone:+3702 33 60 83, E-mail:ramute.giriuniene@ff.vu.It

Abstract

The analysis of electronic processes in acoustoresistive sensors is presented in the paper. The
change of electrical resistance under the action of the high frequency acoustic wave (AW) is
called an acoustoresistive effect (ARE). In difference of the acoustoelectric effect the phenom-
ena of ARE is not galvanic. The ARE is observed in semiconductors: Ge, Si, CdS, CdSe etc.
and in layered structures: piezoelectric and semiconductor. The analysis of experimental data is
based on the crystal and its energetic levels modulation; the reason of this phenomena is piezo-
effect and deformation potential. In the paper the main attention is given to piezosemiconduc-
tors and to the layered piezoelectric-semiconductor structures. Some basic mechanisms of
acoustoresistive effect are presented. The acoustoresistive effect in the high photosensitive sem-
iconductors is accounted. In these materials the ARE is determined(caused) by modulation of
the trapping and recombination levels in the band gap. The model with one recombination level
was discussed in works of Y. V. Gulyaev et theoretically. and negative ARE is provided. The
ARE is caused by the charge carriers ejection induced by AW. The strong positive ARE, as provided in
model with two recombination levels, is observed experimentally. In this case the ARE is caused by the
acoustic damping of photoconductivity. The strongest ARE is observed in layered structures with thin films
where the resistance of film under the action of AW changes twice. In the layered structures the reason of the
ARE is the change of (1) intercrystalline barriers and (2) surface electrokinetic process conditions by the
propagating AW. Both the positive and the negative ARE is observed. The new type sensors on the base of
acoustoresistive effect are created.

Key words: gas sensors, acoustoelectric interaction, acoustoresistive effect, the modulation of energy
levels.

AHHOTAIHA

AJIEKTPOHHBIE ITPOLHECCBI BCEHCOPAX HA OCHOBE AKYCTOPE3UCTUBHOI'O
IDPEKTA

P. I'upronene, OB.-JI. T'apuika

B nocnegnee Bpems co3iaHbl psii CEHCOPOB, 0COOEHHO ra30BbIX, C UCIOJIb30BAHUEM aKyCTOPE3H-
ctuBHOTO 3¢ dekra (APD). B crarhe o0cyxaaroTcs pazinunbie GU3NIECCKHE MEXaHU3MbI, TPUBOIS-
1[Me K U3MEHEHHUIO 3JIEKTPUUECKOTO COMPOTUBIICHHUS BEIECTBA B NMPUCYTCTBUM BbICOKOYACTOTHOM
aKyCTOJIEKTpUYECKOI BOJIHBL. B OGosee monmyssipHbIX ceHCOpax JaHHOE SIBJICHUE UCIIONIb3YEeTCs Yepe3
MosiBJIeHue BTOpUYHBIX 3¢ dexToB. Paccmorpeno nposiienne APD B o0beMe U Ha MOBEPXHOCTH
BEIIeCTBAa. B MOIyMpOBOAHUKOBBIX KPUCTAJUIAX TPU MOIYJISIMH JIEKTPOHHBIX YPOBHEH BOJTHOU
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BO3HMKAaeT OCBOOOXKJI€HUE, “BBITAIKMBAHUE HOCUTENEH Toka M3 ypoBHel 3axBarta. IIpu Goiee
CJI0KHOW MOJEJIN JIEKTPOHHBIX YPOBHEN MOKET MIPOSBIIATHCS 3a1€PKKA HOCUTENIEH HAa ATUX YPOB-
HiAX. OTMeuaeTcst, YTO 3HAYUTEIbHOE U3MEHEHHE COTIPOTUBIICHUS BO3HUKAET B CEHCUOMIM3UPOBaH-
HBIX KpUCTasiaXx (POTONpPOBOJHUKOB BCIIEACTBHE aKyCTUYECKOIo rameHust GoTonpoBoAUMOCTH. B
HEKOTOPOH IpyIe KPUCTAIIOB € “OAHUM’ YPOBHEM BO3HUKAET YMEHBILIEHUE CONIPOTUBIIEHUS KPHC-
TaJjula-oTpuLarenbHblii APO; Bo BTropoi rpynne — ¢ “IByMs’” YpOBHSIMU — BO3HUKAET 3HAUYUTEIb-
Hasl NI0JIOKUTEIIbHAS aKyCTOPE3UCTUBHOCTD.

B nacrosiee BpeMs 00JbLINI HHTEpPEC IPECTABIISAIOT CEHCOPHI C IPUMEHEHUEM SIBJICHUH B TOH-
KHX CIIOSIX WJIM Ha moBepxHocTU. KapTrHa akycTOpe3ucTUBHOCTH 31iech Oosiee ciioxkHasl. Peanuso-
BaTb APD Ha 0CHOBE BBIIIIE PACCMOTPEHHBIX SIBJICHU B3aMMOJICHCTBHS Ye€pe3 YPOBHU 3axBaTa TPy/I-
HO M3-32 0YEHb Pa3BUTON CUCTEMBI YPOBHEHN. BBIACHEHO, UTO B IOJMKPUCTAININYECKUX TOHKUX CIIO-
ax mpeBanupyeT APD BcrencTBue HEIMHEHHOTO BO3MYIIECHHUS OapbepHOU AJIEKTPONPOBOTHOCTH
IIPY aKyCTHUYECKON MOYJISLIUY BBICOTHI OapbepoB. HenmHeitHoCTh BoJIbTaMIIEPHOM XapaKTepUCTUKH
MPUBOAUT K MOCTOSHHON J00aBKE K KOHLIEHTPALUMU TYHHEJIUPYIOUIMX HOCHUTEJEH, ompeaensieMon
1yOMHOM MOYISLIUY, T.€. ”UHTEHCUBHOCTBIO BOJIHBI. B Takol Mozaenu nposiBiasieTcss oTpulaTe/ibHas
aKyCTOPE3UCTUBHOCTb.

Hpyras monens APD Ha MOBEpXHOCTU OCHOBAaHAa HapylIeHHEM aJCOPOLIMOHHOTO paBHOBE-
CHS C OKpY’)KalIled ra3oBO Cpeaod Npu MOAYJIMPOBAHHOM IOBEPXHOCTHOM IOTEHIHAJE.
WccnenoBanus mokasanu, YTO JUJIs U3TOTOBJICHUS CEHCOPOB BEChbMa MOAXOIAIIMMU SIBISIOTCS
cinou kaccurepura (SnO,), B KOTOPBIX BO3MOXKHA PEalM3alys KaK IOJOKHUTEIbHOM, TaK U OT-
pULIaTEeIbHON aKyCTOPE3UCTUBHOCTHU; TaHHOE OOCTOSITENLCTBO OMpPENEsIeTCs CO3JaHHeEM IO-
BEPXHOCTU WJIM JOHOPHOTO, MJIM aKIENTOPHOIO XapakTepa MpH aJcopOLUM ra3a pa3auyHOIo
XMMHMYECKOTO COCTaBa.

KuroueBble ci1oBa: CEHCOPBI Ta30B, aKyCTOPE3UCTUBHBIN 3D PeKT, MORyIALUs 3IEKTPOHHBIX
YPOBHEH.
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OPTICAL AND OPTOELECTRONIC
AND RADIATION SENSORS

UDC 681.586.5

SIGNAL RELAXATION IN IMAGE SENSOR BASED
ON NONIDEAL HETEROJUNCTIONS

V. A. Smyntyna, V. A.Borschak, A. P. Balaban

I. I. Mechnikov Odessa National University, 2 Dvoryanskaya St., 65026 Odessa, Ukraine,
E-mail:borschak va@mail.ru

AHHOTAINSA

PEJIAKCALIMA CUT'HAJIA B CEHCOPE U30OBPAKEHUSA HA OCHOBE
HEUJAEAJIBHOI'O I'ETEPOIIEPEXOJA

B. A. CmpiateiHa, B. A. bopmak, A. I1. banaGan

HccnenoBaHbl MpoIecChl pellakcaliid HEPaBHOBECHOTO 3apsijia B OapbepHOU 00JIacTH He-
uaeaibHOro rerepornepexona. CeHCOp Ha OCHOBE TAaKOro reTeporepexoja Aake Mpu KOMHAT-
HOW TeMIIepaType MOXET JOCTATOYHO JOJTr0 XPaHUTh CKPBITOC M300pa)KeHUE, TAK KaK OHO
c(hopMHpPOBAaHO HEPABHOBECHBIM 3apsI0OM, 3aXBaUYCHHBIM Ha IJIyOOKHE JOBYIIKH B 00JIaCTH
MPOCTPAHCTBEHHOI'O 3apsjia, TJIe UMEETCS 3HAYMTEIIbHBIM PEKOMOWHAIMOHHBIN Oapbep.

HccnenoBanue penakcaliy CUTHAJIA TOCE BBIKJIIOUCHHUS BO30YKIAIOMIETO CBETa OBLIO BBI-
MOJIHEHO B YETHIPEX TOYKaxX CEHCOopa. YCTAaHOBIICHO, YTO B Pa3HbIX TOYKAX CHTHaJ yOBIBaeT ¢
OJIHUM M TEM JK€ XapaKTepPHbIM BPEMEHEM pejaKCalllH, OJHAKO CHJIBHO OTJIMYaeTcs Mo abco-
JIOTHOHM BeJIWYUHE. DTO CBUACTEIBCTBYET O TOM, YTO HEOJHOPOJHOCTh CeHCOpa Mo (OTOUYB-
CTBUTEJIBLHOCTH BbI3BaHA CYIIECTBEHHBIM M3MEHCHUEM BJIOJIb MMOBEPXHOCTH KOHIICHTPAIUH JIO-
BYIICYHBIX I[EHTPOB C OJHMMH U TEMH K€ NapaMeTpaMH, ONPEICIISIIONIMMH BEPOSTHOCTh TEp-
MHYECKOTO BBIOpOCa.

AHoTauis
PEJIAKCAILISA CUTHAJIY B CEHCOPI 306PAXKEHHS
HA BA3I HEIJIEAJIBHOT'O TETEPOIIEPEXO/Y
B. A. Cmuntuna, B. A. bopmak, A. Il. banaban

JlocnipKeHO MPOIeCH perakcallii HepIBHOBXKHOTO 3apsAny B Oap’e€pHid 001acTi HeileadTbHOTO
reteponepexona. Cencop Ha 0a3l Takoro rereporepexoay HaBiThb NPU KIMHATHIN TeMmmepaTypi
MOXK€ JIOCUTbh JIOBrO 30epiraTh CXOBaHE 300pa)K€HHs, TOMY 110 BOHO C()OPMOBAHO HEPIBHOBAruM
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3apsA0M, 3aXOIJICHMM Ha MIMOOKI MAacTKU B 0OJACTI MPOCTOPOBOTO 3apsily, € MAe€TbCs 3HAYHUN
pexkombOiHauiiiHuii 6ap’ep. JocniykeHHs penakcalii cCUrHaixy miclis BUMUKaHHS 30yJIMBOrO
cBiTJIa OyJIO BUKOHAHO B YOTHPHOX TOUYKAX CEHCOpA. YCTAHOBIJIEHO, L0 B PI3HUX TOYKAX CHTHAJ
yOyBae 3 TUM CaMUM XapaKTE€pHUM 4YacoOM pejakcalii, 0JJHaK CUJbHO BIAPI3HAETHCS IO
abcomtoTHIN BenuuuHi. Lle cBiqUUTH MpO Te, 110 HEOJHOPIJIHICTh CeHcopa Mo (HOTOUYTIUBOCTI
BUKJIMKaHA ICTOTHOIO 3MIHOIO Y3JIOBXK IMOBEPXHI KOHIIEHTpALil MaCTKOBUX LIEHTPIB 3 TUMH CaMUMHU
napamMeTpaMmH, 110 BU3HAYalOTh IMOBIPHICTh TEPMIYHOTO BUKHUIY.



AKYCTOEJIEKTPOHHI CEHCOPHA

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, 65026 Odessa, 2, str. Dvoryanskaya, Ukraine,
ph/fax. +38 (0482) -23-34-61, E-mail: ndl lepikh@mail.ru

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.

Key words: acoustic phenomena, surface acoustic waves, sensor, film structures, adsorption.

AHHOTALIUA

COCTOSIHUE M NEPCIHEKTHUBbLI CEHCOPHOWM 2JIEKTPOHUKH
HA OCHOBE AKYCTOXJEKTPOHHBIX SABJIEHUHA

. U. Jlennx

B crarthe ¢ mo3unun HEOOXOAMMOCTH CO3/IaHUS HOBOTO MOKOJICHHUS CEHCOPOB, OTBEYAOIINX
TpeOOBaHUSIM CYIIECTBEHHOTO MOBBIIMICHUSI UX METPOJOTHUYECKUX XapPaKTEPUCTUK M MHTEJJICK-
TyaJu3alui, PaCCMOTPEHBI BO3MOKHOCTH HCIIOJb30BAHUSA JUISL ATOW LEJIM aKyCTOXJIEKTPOH-
HBIX SIBJICHHUH.

[Ipoananu3upoBaHbl NOCTUTHYTHIE PE3yJbTAThl UCCIEIOBAHUN U pa3pabOTOK CEHCOPOB,
MOCTPOCHHBIX HAa OCHOBE aKyCTOAJIEKTPOHHBIX 2P()EKTOB UMEIOIMMNX MECTO MPHU PacIpoCTpaHe-
HHUU TOBEPXHOCTHBIX aKyCTHUYECKUX BOJIH.

[IpuBeneHsl pe3ynbTaThl HCCIAEAOBAHUI HOBBIX EPCIIEKTUBHBIX MPUHIUIIOB TOCTPOCHUS TAKOTO
KJ1acca ceHCOpoB. OnucaHbl KOHCTPYKTUBHO-TEXHOJOTHUECKUE PEIICHUSI HEKOTOPBIX CEHCOPOB (Pu-
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SUYCCKHUX BCJIIMYHUH U CCHCOPOB rasa. VYkazaHbl BO3MOXKHBIE 00JIACTH IMPUMCHCHU A pa3pa60TOK n
OpUBOIAATCA OCHOBHBIC TCXHUYCCKNUEC XapPaKTCPUCTUKU HCKOTOPBIX CCHCOPOB.

KarwudeBble c10Ba: aKyCTO3JEKTPOHHBIE SIBJICHUS, IOBEPXHOCTHBIE aKyCTUUECKHUE BOJIHBI,
CEHCOp, IUICHOYHBIE CTPYKTYpPbI, aacopOLus.

AHoOTANiA

CTAH 1 IEPCHEKTUBU CEHCOPHOI EJJEKTPOHIKHA
HA OCHOBI AKYCTOEJIEKTPOHHUX SIBUII]

s 1. Jlemix

VY crarTti 3 mo3uIlii HeOOX1AHOCTI CTBOPEHHS HOBOTO MOKOJIHHSA CEHCOPIB, IO BiJMOBIIAIOThH
BUMOI'aM ICTOTHOTO MiJBULICHHS iX METPOJIOTIUHUX XapaKTEPHUCTHUK 1 1HTeJeKTyali3allii, po3r-
JSTHYT1 MOKJIMBOCTI BUKOPHUCTAHHS JJIA Ii€] METH aKyCTOEJIEKTPOHHMUX SIBUIIL.

[IpoananizoBaHO JOCATHYTI pe3yJbTaTH NOCHIIKEHb 1 pO3p00OK CEeHCOpiB, MOOYIOBAHUX
Ha OCHOBI aKyCTOEJIEKTPOHHUX €(EKTiB, 10 MAIOTh MiClle NMPHU MOIIKUPEHHI MOBEPXHEBUX aKyC-
TUYHUX XBHIIb.

[IpuBeneHo pe3yabTaTH AOCTIPKEHb HOBUX MEPCIEKTHUBHUX MPUHLHUIIB MOOYAOBH CEHCOpIB
Takoro kjacy. ONMUCaHO KOHCTPYKTHBHO-TEXHOJOTIUHI PIMIEHHS NESIKUX CEHCOpPiB (Pi3MUHHX
BEJIMYMH 1 CEHCOpPIB raszy. 3a3HaueHO MOXKJIMBI 00JIacTi 3aCTOCYBaHHS PO3POOOK 1 MPHUBOIATHCS
OCHOBHI T€XHIUHI XapaKTEPUCTHUKU JIEIKUX CEHCOPIB.

KuroueBi cjioBa: aKycTOECNEKTPOHHI SBUINA, TOBEPXHEBO aKyCTHYHI XBWJIi, CEHCOP, MJIIBKOBI
CTPYKTYpH, aacopOiris
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ELECTROCHEMICAL TONGUE FOR FISH FRESHNESS EVALUATION

L. Campanella, T. Gatta, M. Tomassetti

Department of Chemistry, University “La Sapienza”, P.le A. Moro, 5,
00185 Rome, Italy, Phone: +39 06 49913744, Fax: +39 06 49913725
e-mail:luigi.campanella@uniromal.it;tania.gatta@tiscalinet.it; mauro.tomassetti@uniromal.it

Summary

The fish products are sources of high biological value proteins, of several salts, vitamins so
being a valid alternative way to animal foods; fish is rich of essential polynsatured fat acids as
preventing factors of some diseases as ateriosclerosis and heart ache.

The aim of research was to yield a new mean for the fish freshness monitoring basing on the
modification suffered by fish after his death.

As monitored signals of the proposed “electrochemical tongue” we assumed common index
as such as hypoxanthine or phenols concentration, both measured using proper biosensors and
other ones such as redox potential, pH, and the antioxidant capacity measured by an enzymatic
amperometric biosensor or by cyclic voltammetry. Considering the simplicity of the proposed
analysis, the handiness and portability of the instrumental tools used for the electrochemical
tongue so permitting in situ determinations and overall the reliability of the system, verified by
the comparison with other traditional methods, it seems reasonable to assign a future to the
present proposal.

All the signals have allowed us to define the safety ranges and the limit values both by simple
analysis and by low cost sensors.

Keywords: fish; freshness; biosensors; electrochemical tongue.
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MATEPIAJIN JJ14 CEHCOPIB
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SILICON MICROCRYSTALS WITH HIGH PIEZORESISTANCE
AT CRYOGENIC TEMPERATURES FOR SENSORS APPLICATION

A. A. Druzhinin, I. I. Maryamova, O. P. Kutrakov, I. V. Pavlovsky

Lviv Polytechnic National University, Sci. — Research Center “Crystal”,
1 Kotlarevsky Str., Lviv, 79013, Ukraine,
phone: +38 0322 721632, e-mail: druzh@polynet.lviv.ua

The summary

The studies of piezoresistance of boron doped p-type silicon whiskers with [111] crystallographic
orientation mounted on the spring elements, fabricated of the invar alloy, were carried out in the wide
ranges of strains € = £1.26x107 rel. units and temperatures 4.2—300 K. The measurements were car-
ried out in a helium cryostat. There were investigated silicon whiskers with different types of boron
doping: 1) heavily doped crystals with metallic conductivity; 2) in the vicinity of metal-insulator
transition (MIT) from the metallic side of MIT and 3) in the vicinity of MIT from the insulating side of
MIT. Resistance vs. strain (tensile and compressive) dependences at fixed temperatures: 4.2 K, 77 K
and 300 K for Si were measured fo whiskers, mounted on in the tempereture range 4.2-300 K for the
heavily doped silicon whiskers in the whole temperature range. The classic piezoresistance was ob-
served. Non-classic piezoresistance at helium temperatures was revealed In Si whiskers with definite
boron concentration in the vicinity of MIT. Gauge factor of Si whiskers with boron concentration
presencefrom the insulating side of MIT achieves at 4.2 K the magnitude GF, , =~10000 at compres-
sive strain and GF, ,, 28000 at the tensile strain. Obtained characteristics of p-type Si whiskers mount-
ed on the spring elements allowed to forecast the performance of piezoresistive mechanical sensors
characteristics on their basis. The possibility of construction of the mechanical parameters sensors
(strain gages, pressure sensors etc.) of two types was shown: sensors based on heavily doped p-type Si
whiskers for the wide temperature range 4.2-300 K and high-sensitive sensors based on Si crystals
with boron concentration in the vicinity of MIT for control and signaling systems at cryogenic temper-
atures.

Key words: piezoresistance, silicon, whiskers, cryogenic temperatures, mechanical sensors.



AHHOTAIHA

MUKPOKPUCTAJLJIbI KPEMHUS C BBICOKUM IIBE3OCOINIPOTUBJIEHUEM ITPU
KPUOI'EHHBIX TEMIIEPATYPAX IJISI IPUMEHEHMUSA B CEHCOPAX

A. A. pyxunun, . U. Mapsesamosa, A. II. Kyrpakos, 1. B. IlaBnoBckuii

IIpoBeneHbl uccae0BaHUs MbE30CONPOTUBICHUS HUTEBUAHBIX KpucTamioB (HK) kpemuus
p-Tuna ¢ Kpucramuiorpapuyeckoil opuentauuen [111], rerupoBaHHbIXx 60pOM, Ha YHpyrux sJje-
MEHTaX U3 MHBAapHOTO CIUIaBa B HIMPOKOM AMamna3oHe aedopmarmid €=+1,26x107 oTH. ea. u Tem-
nepatyp 4,2-300 K. U3mepenust npoBoawinch B reaueBoM kpuoctate. Mccenenosanuce HK kpewm-
HUS C Pa3JIMYHOM KOHLIeHTpanued Oopa: 1) CHIIBHO JIErMpOBAaHHbBIE KPUCTAJUIBI ¢ METaJlJIM4ec-
KOH MPOBOJUMOCTHIO; 2) BOMM3M mepexona Metami-uzondarop (IIMU) ¢ meramnuueckoit ctopo-
Hbl; 3) BOmu3u [IMU ¢ uzonupyromeil croponsl. Onpenensiinch 3aBUCUMOCTH OTHOCUTEIBHOTO
u3meHenus conporusiaeHus HK p-Si, 3akpennennsix Ha Oankax M3 MHBapa, oT Aedpopmanuu
pacTshkeHHsa U cxatus npu gukcupoBaHHbIX Temmeparypax: 4,2 K, 77 K u 300 K, a Taxxe Tem-
nepaTrypHble 3aBUCUMOCTH KO3 (UIIMEHTa TEH304YBCTBUTEIBHOCTH 3THX KPHUCTAJUIOB B JHarna-
3oHe Temnepatyp 4,2-300 K. B cunbno nerupoBanubix HK p-Si Bo Bcém amanazone temmeparyp
Habmrofancs kinaccuueckuil nbezope3uctuBHbIi 3pdext. B HK Si ¢ xoHuentpauueit 6opa B6am-
3M Iepexojia MeTaJI-U30JITOP NP T'eIUEeBBIX TeMIlepaTypax OOHApyKEHO HEKJIACCHYECKOE Ibe-
3oconpoTtuBiieHne. Bennunna kospduumnenta tenzouysctButenabHoctTd B HK Si ¢ xoHnenTpa-
nueil 6opa, cooTBeTcTBYOIIEH M3onupyromieit cropone [IMU, npu 4,2 K nocturana 3HaueHuit
K,,=10000 npu nedopmauun cxarus u K,, 28000 npu nepopmaumu pacrsokenus. IloayueH-
Hble xapaktepucTuku HK kpemHus p-tuna, 3aKperui€HHbIX Ha YNPYTHUX 3JEMEHTaxX, IMO3BOJISIOT
IIPOTHO3UPOBATh XAPAKTEPUCTUKU MbE30PE3UCTUBHBIX CEHCOPOB MEXAHMUYECKUX BEIMYMH Ha MX
ocHoBe. [lokazaHa BO3MOXHOCTb CO3/1aHMS Ha OCHOBE ATUX KPUCTAIJIOB CEHCOPOB MEXaHHUYEC-
KHMX BeIM4YuH (Aegopmanuu, JaBiIeHUS M JAp.) ABYX THUIIOB: JUIsl IIMPOKOIO JUana3oHa TemIiepa-
Typ 4,2-300 K Ha ocHoBe cunbHO jerupoBaHHblXx HK Si p-Tuna u BbICOKOUYBCTBUTENBHBIX CEH-
COpPOB Ha OCHOBE KPHUCTAJUIOB KPEMHHUsI ¢ KOHLeHTpauued 6opa BOim3u [IMU s cucrem KoH-
TPOJIA M CUTHAJIW3alUU NPU KPUOTEHHBIX TEMIEpaTypax.

KnoueBble cjoBa: MMbE30CONPOTUBIICHHE, KpCMHI/Iﬁ, HUTCBUJIHLIC KPUCTAJJIbI, KPUOTCHHBIC
TEMIICPATYpPbl, CCHCOPbI MCXaHUYCCKHNX BCIWYHUH.

AHoTAaNisA

MIKPOKPUCTAJIN KPEMHIIO 3 BUCOKHUM II’€30011OPOM IIPU
KPIOTEHHUX TEMIIEPATYPAX JJISA 3ACTOCYBAHHSA B CEHCOPAX

A. O. Ipyxunin, I. I. Map’smoBa, O. I1. Kyrpakos, 1. B. [1aBnoBchKHii

IIpoBeneno nocnimkeHHs 1’ €300no0py HUTKonoaio0Hux kpucraiiB (HK) kpemHito p-tumy 3 kpucta-
norpagiyHoro opieHrauiero [111], reroBanux 60pom, Ha IPY>KHUX €JIEMEHTAX 3 IHBAPHOIO CIUIABY B
HMIMPOKOMY Jiamna3oHi nedopmariidi €=+1,26x10~ Bign. ox. i remneparyp 4,2-300 K. BumiproBanHs
MIPOBOJIMIIUCH B resrieBoMy kpiocrari. JlocnimkyBanucs HK kpemHiro 3 pi3HOIO KOHIIEHTparlli€to 6opy: 1)
CHUJIBHO JIETOBAH1 KPUCTAJIM 3 METAJIEBOIO MPOBIIHICTIO; 2) MoOIu3y nepexoay Metain-aienekrpuk (IIM/1)
3 MeTaneBoro 6oky; 3) mobausy IIM/] 3 gienextpuynoro 6oky. Buznaganucs 3anexHoCTi BITHOCHOL
3minm onopy HK p-Si, 3akpiruienux Ha 6anikax 3 iHBapy, BiJl Aeopmalrtii po3Tsry i CTUCKY IpH (ikcoBa-
Hux Temneparypax: 4,2 K, 77 K1300 K, a Takox TemneparypHi 3a1eKHOCTI KoedilieHTa TEH309y TJIH-
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BOCTI IIUX KpUCTaJIiB y Aiama3oHi temnepatyp 4,2-300 K. B cunpHo neroBanux HK p-Si y Bcbomy
JiaraszoHi TeMIeparyp crocTepirascs KinacuuHuil n’e3opesuctuBHuil egext. B HK Si 3 konnenrpa-
1iero 60py nolyn3y mepexoay MeTal-i30J9Top MpH TelieBUX Temreparypax OyB BUABICHUN HEKJa-
cuyHMi 11’ e3001ip. BennunHa koedinienrta renzouymBocti B HK Si 3 koHLeHTpariero 0opy, 1110 BiAIo-
Bizae yienekrpuyHomy 60ky ITM/L, npu 4,2 K nocsirana suadens K, , ~—10000 npu nepopmartii crucky
1K, ,, 28000 npu nepopmauii posrsry. Orpumani xapakrepuctukn HK kpeMHIr0 p-THily, 3aKpiieHuX
Ha MPYKHUX €JIEMEHTAaXx, J03BOJISIOTh MPOrHO3YBaTH XapaKTEPUCTUKU I1"€30PE3UCTUBHUX CEHCOPIB
MeXaHIYHHUX BEJIMYHMH Ha X 0CHOBI. [IoKa3aHO MOXIIMBICTH CTBOPEHHS Ha OCHOBI IIUX KPUCTAJIIB CEH-
COpIB MEXaHIYHKUX BEJIMYUH (JedopMaltii, THCKY Ta iH.) JBOX THIIIB: ISl IIUPOKOTO Jiara3oHy TeMIepa-
Typ 4,2-300 K Ha ocHoBi cuibHO Jieroanux HK Si p-Tury 1 BUCOKOUYTIMBHUX CEHCOPIB HA OCHOBI
KPHUCTAaJIIB KPEMHIIO 3 KOHIIEHTpaLieto 6opy nmobnuzy IIM/] aist cucteM KOHTPOJIIO 1 CUTHAI3alil npu

KpiOFCHHI/IX TeMIICpaTypax.

KirouoBi ciioBa: 1’ e3001mip, KpeMHii, HUTKOMOI0HI KpUCTaJIU, KPIOTEHH] TeMIIepaTypu, CEHCOPH
MEXaHIYHHUX BEJINYHH.
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SYNTHESIS OF MIXED STRUCTURE GAS-SENSITIVE MATERIALS,
DOPED with AG

V. V. Petrov!, N. K. Plugotarenco', T. N. Nazarova', N. F. Kopilova!, A. N. Korolev',
A. T. Kazakov?
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Annotation

The synthesis description of thin oxide gas-sensitive films from the tetraethocsisilan, tin
chloride (IV) and silver nitrate solution, doped with Ag is presented. It is shown that sol-gel
technique allows producing materials for gas sensors with high sensitive characteristics.

Keywords: thin film, doping, property

AHHOTAINSA

O®OPMUPOBAHUE TOHKHUX IN'30YYBCTBUTEJBHbBIX OKCUJIHBIX IIJIEHOK
CMEIIAHHOI'O COCTABA, JEI'NPOBAHHBIX CEPEBPOM

B. B. Ilerpos, H. K. Ilnyrorapenko, T. H. Hazaposa, H. ®. Konsuiosa, A. H. Kopozes,
A. T. Ka3zakos

HpI/IBCI[CHO OIMHMCaHHUC MMPOLECCCOB (I)OpMI/IpOBaHI/IH TOHKHUX I'a309yYBCTBUTCIIbHBIX OKCHUAHBIX I1JIC-
HOK CMCHIAHHOI'O COCTaBa, JICTUPOBAHHBIX cepe6p0M H3 pacTBOpa TCTPAdTOKCUCHIIaHA, XJIOpUAa
0OJIOBa (IV) U HUTpaTa cepe6pa. HOKa3aHO, 4TO NMPUEMBI 30JIb-T'CJIb-TCXHOJIOTHUU IMO3BOJISAIOT IMOJIY-
4aTbhb MaTCpualibl JJId CO3JaHUA XUMHUYCCKUX CCHCOPOB, 06nanaloumx BBICOKHMMHU I'a309yYBCTBHUTCIIb-
HBIMHM CBOMCTBaMH.

KiroueBble cj10Ba: TOHKAS IJICHKA, JICTUPOBAHUC, CBOMCTBA
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