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PaccmoTpeHbl ycnoBuss GOpPMUPOBAHUSA CTPYKTYP YYBCTBUTEJIbHbIX 3/IEMEHTOB C 3afaHHbIMMU
3N1eKTpopU3NYeCKUMMn CBOMCTBAMMU NPU CO3AAHUU NJIEHOYHbIX Npeob6pa3oBaTenen. UccnepoBaHo
nonyvyeHne maTepuanoB C 3aAaHHbIMM CBOMCTBAMM M TOHKMUX MMJIEHOK XaJiIbKOreHuaoB
3/lIeMeHTOB MepBOW Trpynnbl C BOCNpPOU3BEAEHMEM MapamMeTpoB COeAUHEHUN WCXOLHOrOo
MaTtepuana Ha nJieHke. TexHoJ/lorus co3faHus MJeHOYHbIX Npeob6pa3oBaTeseil C 3afAaHHbIMU
XapaKTepucTukamu coBMmecTuma C ApYyruMmu npoleccamm MUKpPO3INeKTPOHUKKN U obecnevynBaeTt
KOHCTPYKTUBHYIO U TEXHOJIOrMYECKYI0 COBMECTUMOCTb 3/1eMeHTOB npeo6pasoBaTtesien.
Conditions for the formation of structures of sensitive elements with given electrophysical
properties for creating film transducers are considered. The obtaining of materials with
predetermined properties and thin films of chalcogenides of the elements of the first group with
the reproduction of the parameters of the compounds of the starting material on the film was
studied. The technology of creating film transducers with specified characteristics is compatible
with other processes of microelectronics and provides constructive and technological
compatibility of the elements of transducers.

eXHOJIOTUU HeOpraHUYeCKUX BelleCTB 3aHHU-
MaloT 3HauHTe/lbHOEe MeCTO B COBPeMeHHOH
IIPOMBIIIIEHHOCTH U SIBISIOTCS OCHOBOM 3JIe-
MeHTHOM 6a3bl 3/IeKTPOHHOM TeXHUKU. CBOMCTBA

3/IeMEeHTOB, KOTOpbIe 3aBUCST OT CBOMCTB MaTepHa-
JI0B, 13 KOTOPBIX OHU HM3rOTOBJIEHHI [1, 2].

IOOEKTUBHOCTb TEPMO3JIEKTPUYECKOIO

MaTepHaJIOB ¥ TOHKHX IJICHOK Ha UX OCHOBe $op-
MHPYIOTCS Ha CTaJAHH II0JIy4eHHUS U YIPABICHUS
HX XapaKTepUCTHKaMHU. [Ipu U3rOTOBIeHUU UyB-
CTBUTE/IbHBIX 3JIeMeHTOB IIpeobpa3oBaTesiel BaK-
HOe 3Ha4YeHHe HMMeeT IIOJy4eHHe COeJHHeHUU
XaJIbKOTeHHU/IOB 3JIeMeHTOB [1ePBOM IPYIIIEI 3a4aH-
HOIO COCTaBa C 3aJlaHHBIMH CBOKMCTBAMHM M IIJIEHOK
Ha X OCHOBEe C BOCIIPOM3BOJAHUMBIMH CBOMCTBAMH.
XapaKTepUCTUKHU IIJIEHOUHBIX IIpeobpa3oBarTenen
OIlpefleNs0TCS IIapaMeTpaMHU UYBCTBUTEIbHBIX

NMPEOBPA3OBATE/IS1 SHEPTUN

3HA4YKTe/JbHBIM HHTEpeC K COeJHHEeHHUIM Ha OCHOBe
XaJ/IbKOT@HU OB 3JIeMeHTOB [1ePBOM I'PYIIIb BEI3BAH
IIUPOKHM CIIEKTPOM HX KaK ysKe pea/IM30BaHHOIO
Ha IIpaKTHKe, TaK U IIOTeHI[Ha/bHOIO0 KUCII0b30Ba-
HHS B PA3JIMYHBIX 06/1aCTSIX HAyKH U IIPOMBIIIIEH-
HOCTH. Xa/IbKOTeHHIBl 3JIeMeHTOB [IePBOH IPYIIIIBI
HCIONAb3YIOTCSA B reTepolepexonax COMTHEYHBIX
371eMeHTOB, B MAarHUTHBIX yCTPOMCTBAX 3aMHUCH
MHPOPMALIMHK, & UX HAHOYACTHUILIBL IIePCIIeKTHBHBL

CeBepo-KaBKa3CKWIN rOpHO-METaNNYPruiecknii MHCTUTYT (FOCYAapCTBEHHbINA TEXHONOTMYeCKniA yHuBepeuTeT) / North-Caucasian Institute of Mining
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NANOTECHNOLOGY

JlJIsI CO3laHHUS KBAHTOBBIX TOUEK B IIepecTpanBae-
MBIX IOy IIPOBOAHUKOBBIX Ja3epax. Bo3MOXHO UX
HCII0/NIb30BaHHe B UHTepbepeHLIMOHHOM OINTHKE,
B KayecTBe 3 PeKTHUBHBIX MeMOPAaHHBIX MaTepHa-
JIOB, B IIOTeHIIMOMETPHUYECKUX JaTYUKaAX, HOHO-
CeJIeKTHBHBIX CEHCOpaX AJIS Pa3/IMYHBIX METOMOB
aHalu3a.

CymecTBeHHAas 3aBUCHMOCTb CBOMCTB OT CTe-
IIeHU HeCTeXHOMETPHUYHOCTH, HAaJTHUUYHe CTPYK-
TYPHBIX $a30BEIX [IePEX00B, COIPOBOXKAAMIIHXCS
CKauKooOpa3sHbIM H3MeHeHHeM XapaKTepUCTHK,
I103BOJISIIOT IPHUMEHSTh 3T MaTepHalbl /15 pas-
JUYHOTO pojia JAaTUYMKOB, IIepeKkIodaTened, 3e-
MEHTOB IIaMSTH. B CBSI3K C 3TUM 0CO6YI0 aKTyalb-
HOCTB TprobpeTraeT pa3paboTKa TeXHOIOT UM IO~
YeHHUS COeJHHeHUM XaJbKOTeHH 0B 37IeMeHTOB
IIepBOU IPYIIIHI C 33JaHHBIMH CBOMCTBAMHM U TOH-
KHX IIJIEHOK Ha HX OCHOBe C BOCIIPOM3BOJUMBIMHU
XapaKTepHUCTHKAMHU, 00eclieYrBAIOMINX BO3MOXK-
HOCTh GOPMHUPOBAHUS CTPYKTYp C TpebyeMHEIM
HabopoM 3/1eKTPOPU3HUECKHUX [TapaMeTpoB. Takas

CTPYKTypa IpeAcTaBisieT cO60M YIOPSIAOUEHHYIO

COBOKYIIHOCTbD CJIO€B, HAHECeHHBIX Ha IO JIOXKKY.
IIpu co3maHuM npeobpasoBaTesner K MaTepHa-

JaM IPenbsBISIOTCS BBICOKHE TpebOBaHHUS, KOTO-

prle JUKTYIOTCH 3KCIIYAaTAallUOHHBIMU IIapaMe-

TPaMH FOTOBBIX IPU60POB (3, 4]. BEIXOLHBIE XapaK-

TEPUCTUKHU IIpeobpa3zoBaTesiedl ompenesoTCs

XapaKTepHUCTHKAMU YYBCTBUTEIbHBIX 3JIEMEHTOB,

KOTOpBIE CYIIeCTBEHHO 3aBHUCST OT CBOKCTB CIIIaBOB

WU COeIMHEeHHUH, U3 KOTOPEIX OHH HU3TOTOBJIEHBI.
K maTtepuanam ans mpeobpasoBaTese NpeabsiB-

NAI0TCS Clefytoure TpeboBaHUSA:

* TepMmo3/IC cIIJIaBOB (coemMHEHUM) NOMKHA OBITH
DOCTATOYHO OONBLION, HENPEepPbIBHON U OJHO-
3HAa4YHOMU QyHKIHEeH TeMIIepaTypsl, MAaKCUMaJIbHO
6JIM3KOM K IMHENHOH;

* CIJIABBI IOJIKHBI OBITH KOPPO3HUKHO-YCTOMYHUBBIMHU
Y CTOMKKMMHU IIPH 3KCIIJIyaTalliu Ha BO3AYXe;

* B IIpOLiecce 3KCIUIyaTallMH CIIABHI JOKHBL COXpa-
HATH CBOIO TePMO3/IeKTPHUYLCKYIO XapaKTePUCTUKY
HeHU3MeHHOH U ObITh JOCTATOUHO IIPOUHBIMH.

echnologies of inorganic

substances occupy a sig-

nificant place in modern
industry and are the basis of the
element base of electronic tech-
nology. Properties of materials
and thin films on their basis are
formed at the stage of obtain-
ing and controlling their char-
acteristics. In the manufacture
of sensor elements of transduc-
ers, it is important to obtain
compounds of chalcogenides of
elements of the first group of a
given composition with speci-
fied features and films based on
them with reproducible proper-
ties. The characteristics of film
transducers are determined by
the parameters of the sensitive
elements, which depend on the
properties of their materials [1,
2].

EFFICIENCY OF
THERMOELECTRIC ENERGY
TRANSDUCER

Considerable interest in com-
pounds based on chalcogenides

of elements of the first group is
caused by a wide range of them
both already realized in prac-
tice and potential use in vari-
ous fields of science and indus-
try. Chalcogenides of the ele-
ments of the first group are used
in heterojunctions of solar cells,
in magnetic information record-
ing devices, and their nanopar-
ticles are promising for creating
quantum dots in tunable semi-
conductor lasers. It is possible to
use them in interference optics, as
effective membrane materials, in
potentiometric sensors, ion-selec-
tive sensors for various analytical
methods.

The essential dependence
of properties on the degree of
non-stoichiometry, the pres-
ence of structural phase tran-
sitions, accompanied by a spas-
modic change in character-
istics, allow the use of these
materials for various kinds of
sensors, switches, memory ele-
ments. In this connection, the
development of technologies for

the preparation of chalcogenide
compounds of elements of the
first group with predetermined
properties and thin films based
on them with reproducible char-
acteristics acquires the possibil-
ity of forming structures with
the required set of electrophysi-
cal parameters. Such a structure
is an ordered set of layers depos-
ited on the substrate.

When creating transducers,
high requirements are imposed
on materials, which are dictated
by the operational parameters of
the instruments (3, 4]. The out-
put characteristics of the trans-
ducers are determined by the
characteristics of the sensitive
elements, which depend signif-
icantly on the properties of the
alloys or compounds.

The following requirements
are imposed on materials for
transducers:

« thermo EMF of alloys (com-
pounds) should be suffi-
ciently large, continuous and
unambiguous function of
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JddexTHUBHOCTD Hpeobpa3oBaTens 3aBUCUT
OT 3/IeKTPOPH3UUECKHUX CBONCTB IIPHUMEHIEeMBIX
MmaTtepuanoB: TepMoI/C (o), 3TeKTPOIPOBOLHO-
cTu (0), TeronpoBogHocTH (Y). Hanbosee BaskHOM
SIBJISIeTCSI BBICOKASI TePMO3JIeKTpHUUecKasi oOpoT-
HOCTb, OT KOTOPOM B 6OJIBIIMHCTBE CIy4YaeB 3aBU-
CHUT BO3MOXHOCTb IIPUMEeHEeHHU I MaTepHaaa IIpu
co3gaHUU npeobpasoBarenell. IMeHHO BeJIUYHU-
HON TepMO3JIeKTPHUYECKOHN JOOPOTHOCTH OIpese-
nsgeTcs 3pPeRTUBHOCTL TePMO3JTEKTPUYELCKOIO
npeobpa3oBaTesns SHEPruH.

[IprMeHeHHe XaJIbKOIeHU/I0B 3IeMeHTOB IIep-
BOM TPYyIIIBl [03BOJASeT AOCTHUYDL TpebyeMbIX
TepPMO3JeKTPHUUEeCKHUX [IapaMeTpPOB MaTepHa-
JIOB U MAaKCHMAaJbHOM TePMO3IeKTPHUUYECKOH
DO06POTHOCTH.

BrIpaskeHHe [JIs1 TEPMO3JIeKTPHUUIeCKOM J0OpoT-
HOCTHU MOSKHO 3aIlHCaTh B ClefyIolleM BHJE:
Z=f (W, B;, 1), Tme B - XUMHUYECKUH [TOTEHI[HA;
r - bakTop paccessHus; P, - 6e3pa3MepHBIN Iapa-
MeTp, KOTOPBII 3aBHUCHUT 0T 3P PeKTUBHOM MacCCHI,
GOHOHHOH COCTaBASIOIIEN TEIJIONPOBOAHOCTH,
MOABHUKHOCTH HOCHUTeJeH 3apsifa U TeMIIepaTypel
BbIOpaHHOIO MaTepHaJa.

Ilnst kaskmoro P, cymecTByeT |, IPHU KOTOPOM
TepMO3JIeKTpHUYecKas LoOpOTHOCTh LOCTUTrAaeT MaK-
CHMAaJIbHOTO 3HAa4YeHHSs, TO eCTh IIPHU OIIpefiesieH-
HOM KOHLIEHTPALIUH HOCHUTeNeH 3aps/ia MOI'yT OBITH
OOCTUTHYTHl MaKCHUMaJbHbIE [JISI JAHHOTO MaTe-
puana 3HaueHU S NOOPOTHOCTHU. [l ZOCTUKEHU
ONITHMAJIbHOMN KOHLIeHTPALIMHU HOCHUTeJeH 3apsiaa
MOXXHO HCIIOJNB30BaTh IIPHMeCHBle MaTepHabl

C O HO- UK MHOTOLOJKMHHBEIM CIIEKTPOM HOCHTe-
new 3apsifia, napabonryecKMMU 30HAMU, SKBUBA-
TeHTHBIMH 3KCTPEeMyMaMH U CTeIIeHHOH 3aBHCH-
MOCTBHIO BpeMEeHH peJlaKCalliHM HOCHTe/IeH 3apsasa
OT SHePIUHU C II0Ka3aTejleM CTelleHH T [5-7].

IIpy PUKCHPOBAHHOMU TeMIIlepaType 3HaueHUe
Z 3aBUCHT OT U3MeHEeHHS YPOBHS XHUMHUUYECKOIO
MOoTeHIIHala, IOABHUKHOCTU HOCHTeJIeH 3apsaja,
5¢pbeKTUBHON MacChl U paKTopa paccessHHUSI T,
omnpepensieMOro MeXaHHU3MOM pacCessHUS HOCHUTe-
Jel 3apsja.

ITapaMeTphl BellleCTBa, OT KOTOPBIX 3aBHCHUT
3pdekTUBHOCTb NpeobpasoBaHus Z(a, g, ), ompe-
HesiI0TCsl KOHLleHTpaljier CBO6OAHBIX HOCUTeIeH
3apaga. KoHLeHTpalMIo HOCHUTe/IeH O pefe/sioT
1o 3HauyeHHUI0 TepmMoI[C, yUUTHIBAsg paccesHue
Ha aKYCTHYeCKUX KoaeGaHUSIX aTOMOB KPHUCTA-
JINYECKON PeLIeTKH, & TAKKe I10 3HAYEHU M L.

IlepcneKTUBHBEIMU MaTepHalaMHU C XOPOIIUMH
TepMO3JIeKTPUUYeCKHMHU CBOMCTBAMMU /151 TEPMO-
371eKTPHYeCKHUX YCTPOMCTB U MUKPOTepMOIIpe-
obpasoBaTesnell SIBISIOTCS XalbKOTEHUBl MeoH
u cepebpa. Hanndue HeCKOJIBKUX 06/1acTell TOMO-
TeHHOCTH, IIOJIUMOPOHU3M U M3MeHeHHe TeMIle-
paTyp nmoaluMopPOHEIX INpeBpallleHUN coefHHe-
HHUM Xa/IbKOTEHHU/I0B 3/IeMeHTOB IePBOK T'PYIIIBL
B 3aBHCHMOCTH OT OTKJIOHeHHH OT CTeXHOMeTPHH
YKa3bIBAIOT HA CHJbHYIO CBA3b 371eKTpodHu3uYe-
CKHX CBOMCTB M COCTaBa. XapaKTep 3aBUCHUMOCTH
CBOMCTB KOPPeKTHpYyeTCsl H3MeHeHHeM KPUCTal-
JTOXMMHYeCKOM CTPYKTYPhl U XapaKTepa XUMHUe-
CKOM CBSI3H.

temperature that is as close as

possible to linear;

« alloys must be corrosion-resis-
tant and resistant to airborne
operation;

+ during operation, alloys should
maintain their thermoelectric
characteristic unchanged and
be durable enough.

The efficiency of the trans-
ducer depends on the electro-
physical properties of the mate-
rials used: thermo EMF (),
electrical conductivity (o), ther-
mal conductivity (x). The most
important is the high thermo-
electric figure of merit, from
which in most cases depends the
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possibility of using the material
in the creation of transducers. It
is the value of the thermoelec-
tric figure of merit that deter-
mines the efficiency of the ther-
moelectric energy transducer.

The use of chalcogenides of
the elements of the first group
allows achieving the required
thermoelectric parameters of
materials and maximum ther-
moelectric figure of merit.

The expression for the ther-
moelectric figure of merit has
the following form: Z = f (p*,
B, 1), where p* is the chemi-
cal potential; r is the scatter-
ing factor; B, is a dimensionless

parameter that depends on the
effective mass, the phonon com-
ponent of the thermal conduc-
tivity, the mobility of the charge
carriers, and the temperature of
the selected material.

For each B,, there exists p* at
which the thermoelectric figure
of merit reaches its maximum
value, that is, at a certain con-
centration of charge carriers,
the maximum Q-values for a
given material can be achieved.
To achieve the optimum con-
centration of charge carriers,
one can use impurity materi-
als with a single- or multi-val-
ley spectrum of charge carriers,
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CO3AHME NEHOYHBIX MPEOBPA30BATEJIEN
C3AAAHHbLIMU XAPAKTEPUCTUKAMU

CyIecTBYIOT OIlpefle/leHHBIe TPYAHOCTH IIOJIyde-
HHS TaKHX COeJUHEHHM C 3apaHee 3aJaHHBIMHU
371eKTPOPU3HNIeCKUMHU CBOMCTBAaMU. C OLHOM CTO-
POHBI, 3TO CBS3aHO C JOCTATOYHO BBICOKUMHU TeM-
rmepaTypaMH pocTa MaTepHaJiOB, YTO IIPUBOLUT
K CO3/IaHUIO OOJIBIION KOHIIEHTPAIIUH COOCTBEHHBIX
dedpexToB. C 4Pyror CTOPOHBI, OHU UMEIOT TeHeH-
LIMI0 K CAMOKOMIIEHCALIUHU JePeKTOB, YTO OCJIOXK-
HseT II0JIyyeHHe MAaTepHaJjioB C HY>KHBIMH 3JIeK-
TPOPU3HMUYECKHMMU XapaKTepucTUuKamu. Ciaenyer
OTMEeTHUTb TaKKe TPYAHOCTD I[IOJIy4eHH S COeJUHe-
HHS HeobX0mMMOro COCTaBa KM3-3a JIeTY4eCTH U Cob-
CTBeHHOH AePeKTHOCTHU XaIbKOIeHOB.

YYUTHIBasl BhIIIENIPHUBeJeHHbIe 00CTOSTENb-
CTBa, CHHTE3 UCXOLHBIX COeJHUHEeHUN [IPOBOAUTCS
HeIoCpeACTBEHHBIM CIIJIaBJIeHHEM KOMIIOHEHTOB
[0/, BAKYYMOM B 3aIlasiHHBIX KBapLieBbIX aMIIy-
nax. Ilepen McHonb30BaHHUEeM aMIIy/Ibl TPaBAT,
NPOMBIBAIOT JUCTUJIUPOBAHHON BOJOMN U CIIHUP-
TOM. AMIIyna, 3arpy’KeHHas MIHUXTOHU COOTBETCT-
BYIOIero cocTaBa, OTKaYMBaeTCsd A0 AaBJIeHHUS
1,33-1072 [1a u 3aTeM 3allaMBaeTCsa. 3aTeM ee [IoMe-
IIAOT B [1eYb U HaIrpeBaloT [0 TeMIIepaTypEl, IIpe-
BBIIIAIONIEHN TeMIIepaTypy IJaBJIeHHUS CHUHTe3HU-
pyeMoro coefMHeHHM I Ha HeCKOJIBKO IeCSITKOB I'pa-
nycoB. Harpes Mpou3BOOUTCS MeJJIEHHO, C 4aco-
BBIMHU BBIJEPKKaMHU IIPU TeMIlepaTypax Havaja
PeaKL MU MeXAy MCXOAHBIMU KOMIIOHEHTaMH.
ITocne cMHTe3a OCYILECTB/ISIeTCSI TOMOTeHH3alus
OT>KHUIOM B 3aIIastHHBIX aMITyJIaX.

AHaNM3 HaJIUYUS OCTATOYHBIX IIPUMeCeH II0Ka-
3bIBa€eT, YTO CUHTE3UPOBAHHbIE KPUCTAIBI UMEIOT
KOHIIeHTPal M0 npuMecel <10 atom/cm?3, Torga
KaK KOHI[@HTPALIUs HOCUTeNIeH 3aps/ia COCTaBIseT
1018-102! cm3, DTO IIO3BOJISIET CUUTATh, UTO OCTATOY-
Hble IPUMeCH He BIUSIOT Ha pU3HUeCcKUe CBOMCTBA
10Ty YeHHBIX COeJUHEeHH .

BaskHEHNIIUMHU 3aJaYaMU [IPU CO3LAHUU MPHU-
GOPHBIX CTPYKTYP Ha OCHOBE XaJIbKOI€HHU/IOB 3JIe-
MEHTOB IIePBOM TPYIIBl SBISIETCS MOJYUYeHHe
MaTepHaioB C BRICOKUMHU 3eKTPOOU3UUECKUMU
CBOMCTBAMHU U pa3paboTKa TEXHOJOTHYECKOIO
peskrMa HaHeCeHHUs, I03BOJISIOIIET0 BOCIIPOHU3BO-
IUTH 3TH CBOKCTBA Ha IIJIeHKe.

[Ipy CO3MAHUU TOHKOIIJIEHOUYHBIX ITpeobpa3soBa-
TeJeH K TPYAHOCTSM CHHTe3a MaTepHUasoB C Heob-
XOOMMBIMHM CBOMCTBAMH H06aBAAIOTCA ClIenHupHrUe-
ckue mpobiemsbl, CBI3aHHBIE C BOCIIPOM3BeleHUEM
IapaMeTpPOB COeIMHEHHUHN HCXOJHOTr0 MaTepHasia
B IIJIEHOYHOMN CTPYKType. B 3aBUCHMOCTH OT TeX-
HOJIOTHUYeCKOT0 peskMMa HaHeCeHHUS] TePMOIJIeK-
TPUUYeCKHe CBOMCTBA IOJYUYeHHBIX TOHKHUX IIJe-
HOK CHJIBHO MEHSIIOTCSI M MOTYT 3HAYHTEIbHO OT/IH-
YaThCs OT CBOMCTB MCIIApsieMOro MaTtepuaia. [lpu
IIOBBIIIEHHBIX TEMIIEPATypax JIeTy4ecTh UX COCTaB-
JISIOMKUX OTAHMYAETCS CTOJb CUJIBHO, YTO XUMHU-
YeCKHH COCTAB I1apa U MJIEeHKHU He COBIAaer
C XUMHYeCKHUM COCTABOM HMCIIapsieMOro BelllecTBa.
TPYOHOCTH IONyYeHHUs IJIEHOK CBSI3aHbI C TEM, UTO
IIPU UCIIAPEHUHU IIPOUCXOIUT pasfeeHHue CoeuHe-
HUS Ha OTHe/bHble KOMIIOHEHTHI, UCIIAPSIONUIHeCs
C Pa3TUYHBIMH CKOPOCTSIMH.

parabolic bands, equivalent
extrema and a power-law depen-
dence of the charge carrier
relaxation time on energy with
exponentr [5-7].

At a fixed temperature, the
value of Z depends on the change
in the chemical potential level,
the mobility of the charge carri-
ers, the effective mass, and the
scattering factor r determined
by the scattering mechanism of
the charge carriers.

The parameters of the sub-
stance, on which the trans-
formation efficiency Z(a, o, ¥)
depends, are determined by the
concentration of free charge

carriers. The carrier concen-
tration is determined from the
value of the thermo EMF, taking
into account the scattering by
acoustic vibrations of the atoms
of the crystal lattice, and also
from the values of p*.
Perspective materials with
good thermoelectric proper-
ties for thermoelectric devices
and micro-thermotransduc-
ers are chalcogenides of copper
and silver. The presence of sev-
eral regions of homogeneity,
polymorphism, and tempera-
ture changes of polymorphic
transformations of the com-
pounds of the chalcogenides of

the elements of the first group,
depending on deviations from
stoichiometry, indicate a strong
relationship between the elec-
trophysical properties and com-
position. The nature of the
dependence of properties is cor-
rected by the change in the crys-
tal-chemical structure and the
nature of the chemical bond.

CREATING FILM TRANSDUCERS
WITH SPECIFIED
CHARACTERISTICS

There are certain difficulties in
obtaining such compounds with
predetermined electrophysi-
cal properties. On the one hand,
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Bribop mMeTona I10JIyUYeHU I TOHKKX IIJIEHOK 3aBU-
CHUT OT UX Ha3HauyeHHUS U eT0 COBMeCTUMOCTH C APy-
TUMH TEXHOJOTMYeCKHMHU ONepalUusIMHU MHUKPO-
3JIeKTPOHHOM TeXHOJIOTUH. [l obecriedeHU S BOC-
IIPOKU3BOAHUMOCTHU 3/J1eKTPOOU3NUECKHX CBOKCTB
TOHKHUX IJIEHOK MEeTOJl OCa>XKJeHHU s JO/IKeH I103BO-
JISITH [TOIy4aTh IIJIEHKH MCXOJHOI'0 COCTaBa.

JI71sl IoJlydeHHU I TOHKHUX IIJIEHOK XaJIbKOTeHU 0B
MenH U cepebpa MCXOJHOTO COCTaBa IPUMEHSIETCS
OIHUCKpPeTHOe HCIapeHHe B BakyyMe. IIpu 3ToM
MeToJe BellleCTBO MCIAPseTCd MIHOBEHHO U Lle/IH-
KOM, TaK 4TO B IPOCTPAHCTBe HaJ UCIapUTeIeM
IPUCYTCTBYIOT B Tapoo6pa3Hol pa3e KOMIIOHEHTEI
CoeUHEHHUS B TOM >Ke COOTHOIIEHHM, B KakoM
OHH COJep>XKaTcsl B UCXOAHOM MaTepHalle, I03TOMY
COCTaB IJIEHKH BelllecTBa, KOHAEHCHPYIOLerocs
Ha IoAJIokKe, 6ymeT 630K K COCTaBY HCXOLHOTO
MaTepHrasa. [lolydeHHBble IIJIEHKH IPOXOAAT TeM-
InepaTypHYyo 006paboTKy B BaKyyMe HeIIOCPeJCT-
BeHHO [10CJIe HAaIlblJIeH U S1.

MexaHH4YeCKHe U NPOYHOCTHBIE CBOKMCTBA IIJIe-
HOUYHBIX IIpeobpa3oBaresiell OpeaeIsoTCs IOII0XK-
KoM, [TpaBHUIBHO BEIOpAHHBIN MaTePHA MOLJIOKKH
[103BOJISIeT IIOBBICUTD YCTOMYHUBOCTD CTPYKTYPhI K BO3-
JeHCTBUIO Pa3HOPOJHBIX JOIIOTHUTE/IbHBIX HAaIPY30K
Y BHEITHUX BO3[IeICTBYIOMUX GaKTOPOB.

B mpouecce U3roToBaeHUs npeobpasoBarenen
IIO/IJIOKKA AOKHA OBITH TEXHOJIOTUYECKHU COBMeE-
CTHMa KaK C IIPOLIeCCOM ITOIy4eHH s, TaK U C MaTe-
pHaIoM IJIeHKH IIpU obecrieueHUH MUHUMAIbHOU
Pa3sHHUIIBI TeMIIepaTyPHBIX KO3QPUIIEeHTOB THHe-
HOT'O pacIIMpeHHs U CXOACTBE UX TeMIIepaTyPHBIX

3aBHCHUMOCTEH. B KauecTBe HOIJI0XKKH A IIJIEHOY-
HBIX IIpeobpa3oBaTenel HEOOXOOUMO IIPUMEHSTH
MaTepHalbl, HMeIOIlKe MaJible [IOTEPH, XOPOILIHe
BaKyyMHBIe CBOMCTBa, TeEPMOCTOMKOCTb. Hampumep,
MO>KHO MCII0/Ib30BaTh IOJIMAMUHBIE [IJIEHKK, KOTO-
pBble MONy4aloT LeHTPUYTrupoBaHUEM C MIOC/IeYI0-
mer UMHAM3alKell B BaKyyMe Ha IIOJIMPOBAaHHOM
[I0BEPXHOCTH OPOH3BI, CAy’Kalled B AaJlbHEHIIeM
OCHOBaHHEeM /IS HAIlblJIEHUSI TEPMOYyBCTBUTE/Ib-
HBIX 3JIEMEHTOB.

CylmecTBeHHOe BIMSIHHe Ha XapaKkTep TOHKOH
IJIEHKHU OKAa3bIBAIOT YHCTOTA IIOJJIOKKHU U ee 0bpa-
6orka. TmartenbHas HpeLBapUTelbHAS OYKUCTKA
IIOKPBIBAE€MOI IIOBEPXHOCTH HMeeT UYPe3BbIYANHO
Ba)KHOe 3HAUYeHUe /IS [10J1yYeHH I BBICOKOKadeCTBeH-
HBIX U IIPOYHBIX IIJIEHOK. 3arpsi3HeHH I MEeHSIOT YCJI0-
BHS KOHAEHCAllMH HAaHOCKMMOI0 MaTepHasa, B 4acT-
HOCTH, U3MEHSeTCs CTeIleHb HOABUXXHOCTH aTOMOB
Ha II0BEPXHOCTH IIOJJIOKKH, U B pe3yabTaTe 3TOro
HapyllaeTcs CTPYKTypa IIJIeHKH.

B mpouecce popMHUPOBAHHUS TOHKHX IIJIEHOK
HCIIapeHHEeM B BaKyyMe MaTepHa HUCIIApSeMOro
BellleCTBa B3aUMOJEHCTBYET C aTMOChepoi 0CTaTou-
HBIX T'a30B, IIPUYeM MaKCHUMaJbHOe B3aUMOJENCT-
BHe, BIMIONee HAa CBOMCTBA IIJIEHOK, IIPOUCXOAUT
Ha [I0BEPXHOCTH IOJJI0XKKHU. [Io3TOMY /11 CHHKe-
HUS KOHLIEHTPAIlUU IIPUMeceH B IIpoliecce oca-
SKIEeHUS IIIEHOK HeoOX0AMMO YBEeTUYUTh CKOPOCTh
KOHIEeHCAI[UH.

B kayecTBe 3aIMUTHBIX CJI0eB NIPUMEHSIOT-
Csl IIJIEHKU MOHOOKCHJA KPeMHUS, KOTOPBHU
obramaeT XOPOMIHUMH [LHU3IeKTPUUYECKUMHU

this is due to sufficiently high
growth temperatures of materi-
als, which leads to the creation of
a large concentration of intrinsic
defects. On the other hand, they
tend to self-compensate of defects,
which complicates the production
of materials with the required
electrophysical characteristics. It
should also be noted that it is dif-
ficult to obtain a compound of the
required composition due to vola-
tility and intrinsic defectiveness
of chalcogens.

Given the above circum-
stances, the synthesis of the
starting compounds is car-
ried out by direct fusion of the
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components under vacuum in
sealed quartz ampoules. Before
use, the ampoules are etched,
washed with distilled water and
alcohol. The ampoule loaded
with a blend of the appropri-
ate composition is pumped to a
pressure of 1.33-1072 Pa and then
sealed. Then it is placed into
an oven and heated to a tem-
perature exceeding the melt-
ing point of the synthesized
compound by several tens of
degrees. Heating is carried out
slowly, with hourly exposures
at the temperatures of reac-
tion initiation of the initial
components. After synthesis,

homogenization is carried
out by annealing in sealed
ampoules.

Analysis of the presence of
residual impurities shows that
the synthesized crystals have
an impurity concentration of
<107 atom/cm?3, while the carrier
concentration is 10¥-10%! cm™.
This allows us to assume that
the residual impurities do not
affect the physical properties of
the compounds obtained.

The most important tasks in
creating instrumental struc-
tures based on chalcogen-
ides of the first group are to
obtain materials with high
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XapaKTepUCTUKAMHM, MeXaHUYeCKOU IIPOYHOCTHIO
Y HAaHOCHUTCH IYTeM HMCIIapeHHusA B BaKyyme. Ilpu
3TOM Ha I0JJI03kKKe 06pa3yoTcsi MeXaHHUUYeCKH IIPo-
YHBIe [VIEHKH, YCTOMYKBbIe K BHEIIHUM BO3/IeHCT-
BYIOLIUM paKTOpaM.

3AK/MIOYEHUE

BaskHeHIIeHn 3ajavyel NNPH CO3JaHUHU TOHKOILIe-
HOYHBIX ITpeobpa3oBaTesen SIBISETCS IONydYeHHe
MaTepHaJIoB C XOPOUIMMU TepPMO3JIeKTpPUUeCKHUMHU
CBOHCTBaMHU, BbI6Op U 0TpaboTKa TexHoOJIOrHYe-
CKOTO pe>kMMa HaHeCeHHU s IJIeHKH, [103BoJIsIol e
BOCIIPOM3BOJUTH 3TH CBOHCTBA B ee CTPYKTYpe.
[IpaBUIBHO BHIOPAaHHBIM MaTepHUasl MOAJIOXKHU
MOBBIIIAET YCTOMYHNBOCTD K BO3JEHCTBHUIO Pa3HOPOL-
HBIX JOIIOJIHUTEIbHBIX HAaTPY30K. McIonp30BaHue
CIIJIABOB [aeT BO3MOXHOCTb IIOJIYYUTh TEepMO-
3JIeKTpUUecKHe IIapaMeTPbl MaTepHaoB, COOTHO-
IIeHHe KOTOPHIX IIPUBOLHUT K LOCTHKEHHIO MaK-
CUMyMa TepMO3JIeKTPHUUYeCKOH 50 PeKTUBHOCTH.
[IprMeHeHUe IVIEHOK IIPU CO3aHUU ITpeobpa3oBa-
TeJlel MO3BOJISIeT YIYYIIHUThb [IapaMeTPhl U Xapak-
TePUCTUKU MPUOOPOB U3MEPUTETBHON TeXHUKH,
TepMO3/71eKTPUUeCKUX HN3MepHUTe/NbHBIX YyCTPOHCTB.
I[I1eHOUYHAs TeXHOJOTHUS OaeT BO3MOXKHOCTD

BBIIIOJIHHUTDB 3JI€EMEHTBI Hpeo6pasoBaTene171 KOH-
CTPYKTHBHO B TEXHOJIOTHY€CKHX COBMECTHMBIMH.
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HAHOTEXHONOrMun

electrophysical properties and to
develop a deposition mode that
allows reproducing these proper-
ties on a film.

When creating thin-film
transducers, the specific prob-
lems associated with the repro-
duction of the parameters of the
compounds of the initial mate-
rial in the film structure are
added to the difficulties of syn-
thesizing materials with the
necessary properties. Depending
on the mode of deposition, the
thermoelectric properties of the
resulting thin films vary greatly
and can significantly differ
from the properties of the evapo-
rated material. At elevated tem-
peratures, the volatility of their
components differs so much
that the chemical composition
of the vapor and the film does
not coincide with the chemi-
cal composition of the evapo-
rated substance. Difficulties in
obtaining films are due to the
fact that during evaporation,
the compound separates into
separate components, evaporat-
ing at different rates.

The choice of the method for
obtaining thin films depends
on their purpose and its com-
patibility with other processes
of microelectronic technology.
To ensure the reproducibility of
the electrophysical properties
of thin films, the deposition
method should allow the prep-
aration of films of the initial
composition.

To obtain thin films of cop-
per and silver chalcogenides of
the initial composition, discrete
evaporation in vacuum is used.
In this method, the substance
evaporates instantly and com-
pletely, so thatin the space above
the evaporator the components
of the compound are present in
the same ratio as they are con-
tained in the initial material, so
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that the composition of the film
that condenses on the substrate
will be close to the composition
of the starting material. The
films obtained undergo thermal
treatment in a vacuum immedi-
ately after the deposition.

The mechanical and strength
properties of film transducers
are determined by the substrate.
Correctly selected substrate
material allows to increase
the stability of the structure
to the effect of heterogeneous
additional loads and external
factors.

In the process of manufactur-
ing transducers, the substrate
must be technologically com-
patible with both the production
process and the film material,
while ensuring a minimum dif-
ference in the temperature coef-
ficients of linear expansion and
the similarity of their temper-
ature dependences. As a sub-
strate for film converters, it is
necessary to use materials that
have small losses, good vacuum
properties, heat resistance. For
example, it is expedient to use
polyamide films, which are
obtained by centrifugation fol-
lowed by imidization in vac-
uum on a polished bronze sur-
face serving as a further base
for deposition the heat-sensitive
elements.

The purity of the substrate
and its processing make a sig-
nificant impact on the nature
of the thin film. Thorough pre-
cleaning of the coated surface is
extremely important for obtain-
ing high-quality and durable
films. Pollution changes the
condensation conditions of the
deposited material, in partic-
ular, the degree of mobility of
atoms on the surface of the sub-
strate changes, and as a result,
the structure of the film is
disrupted.

During the formation of thin
films by evaporation in vac-
uum, the material of the evap-
orated substance interacts with
the atmosphere of the resid-
ual gases, and the maximum
interaction affecting the prop-
erties of the films occurring
on the surface of the substrate.
Therefore, in order to reduce the
impurity concentration during
the deposition of films, it is nec-
essary to increase the condensa-
tion rate.

As protective layers, films
of silicon monoxide are used,
which has good dielectric char-
acteristics, mechanical strength
and is deposited by evaporation
in a vacuum. At the same time,
mechanically strong films that
are resistant to external influ-
encing factors are formed on the
substrate.

CONCLUSION

The most important task in the
development of thin-film trans-
ducers is the obtaining of mate-
rials with good thermoelectric
properties, selection and test-
ing of the technological mode
of film deposition, allowing to
reproduce these properties in its
structure. The correctly selected
substrate material increases the
resistance to the effects of dis-
similar additional loads. The
use of alloys makes it possible
to obtain thermoelectric param-
eters of materials, the ratio of
which leads to the maximum
thermoelectric efficiency. The
use of films in the creation of
transducers makes it possi-
ble to improve the parameters
and characteristics of measur-
ing instruments, thermoelec-
tric measuring devices. The film
technology allows to perform the
elements of the transducers in a
constructive and technologically
compatible manner. |



