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CBOWICTBA MOBEPXHOCTHBIX AKYCTHYECKHX BOJIH
B MOHOKPHUCTAJILTAX KYBUYECKOH CUHI'OHUHA

Koaemxo B.M., Bapkamun B.B., [Toasinkosa E.B.

The transition to micro— and nano-sized structures results in broading the list of materials used in
MEMS developing. In the presented work on the unified basis the properties of surface acoustic waves in
more than 60 isotropic cubic materials with different functional properties (metals, dielectrics,
semiconductors, piezoelectrics, magnetostrictive stuffs, superconductors) are studied. Semiconducting
materials GaAs, Si, InSb are interesting from the point of view of developing integral sensory microsystems
including sensing, executive and processor units. The single-crystal strontium titanate SrTiO3 is
characterized by high acoustic nonlinearity and is perspective for low-noise devices with superconducting
metallization of SAW structures. Iron ittrium granatum Y3Fe5015 (IIG) has a low elastic anisotropy.
The strong magnetostriction, appropriute IIG, allows to use it in devices, based on interaction of SAW
with spin waves.

On the basis of research of algebraic properties of a SAW phase velocity as function of effective
material constants the new approach to definition of sensitivity coefficients of SAW phase velocity to
quasistatic volumetric effects on waveguide was developed, founded on the introducing of a tensor W of
partial derivatives of a SAW phase velocity on elastic modules of in crystallophysical coordinate system.
Generally W has no more than 15 independent components, which can be defined experimentally or
theoretically from partial sensitivity coefficients of SAW phase velocity to components of deformations,
mechanical stresses, temperature and orientation dependencies of SAW phase velocity. This approach
allows to compare properties of a number of materials and to state the task of designing of a material
with the preset properties under its atomic or molecular characteristics. This approach is suitable for
study of SAW in microscopic objects such as grain borders, doubles and microcracks.

In case of a bicomponent SAW mode the analytical expressions for a non-zero components of W are
established and the coefficients of deformation and temperature sensitivity for a number of cubic crystals
are determined. Is snown, that the values a component W are determined by a factor of an anisotropy of
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anisotropy. The introducing of the indicated tensor allows to link value of sensitivity of a SAW phase
velocity directly to the characteristics of interatomic forces in a crystal. The indicated connection explicitly

1 L .
a materiall) = and parameter @ = ——. At h> 2,5 determining is the relation to a factor of an

is discussed.

Is investigated orientation relations of a phase velocity and factors of deformation sensitivity at
longitudinal and lateral deformations for base planes of Si, InSb, Gads, 1IG, SrTiO3. These crystals can

be arranged on values of a SAW phase velocity values as V.

< Vote < Vpe <V <V, for all

InSb SrTiQ3

investigated SAW directions. The indicated orderliness has no a place for orientation dependencies of

strain effect.

[lepexon kK MEKpO- 1 HAHO-Pa3MEPHEIM CTPYKTY-
PaM IPHBOOHT K PacIUHMpPEHHIO CIIHCKAa MATEPHAIIORB,
KOTOpBIE MOXHO HCHONE30BaTh NpH pa3paboTke HO-
BBIX TANOB MOMC, BlUnIo9aroIpX 3J1€MEHTH], TpPaIH-
[MOHHO OTHOCSMHECK K QYHKIHOHATEHOHN 3JeKTpo-
HEKE. 3TO OTHOCHTCS M K HCIOIB30BAHMIO «(YMHBIX»
MaTepHAIOB B aKyCTONIEKTPOHKKe. B nannoii pabore
MBI PACCMOTPHM C 3TOH TOYKH 3peHHUS AePOpPMAIHOH-
HYK0 9yBCTBHTEIBHOCTE ¢a3osoi ckopocty [IAB B
3BYKOIIPOBOJIAX M3 MAaTEPHATOB KyOH9eCKOH CHHIOHIH
M M30TPOIHBIX. JTOT KIACC MarepHaloB, XapaKTepH-
3y¥ONMHCS JOCTATOYHO ITHPOKHM CHEKTPOM (YHKIH-
OHAITBHBIX CBOMCTB (IOTYIIPOBOIHHUKOBEIC, HEE3037ICK-
TPHYECKHE, MAaI'HATOCTPUKIHNOHHEIE, CBEPXIIPOBOIA-
[I¥c), B TO JKe BpeMs Hanbosee NpocT 51 aHa/m3a, a
MaTepHALHBIE KOHCTAHTH! 3THX CPEX AOCTATOIHO H3Y-
9EHEI.

IToxrynposoxuukoBsle MaTepuaisl (GaAs, Si,
InSb) ocobenHo mETEpECHB! C TOYKH 3pEeHMA pa3-
pabOTKH MHTEIPAaIbHBIX CEHCOPHBIX MHKPOCXEM,
BKIOYAIOMMX YYBCTBHTEIBHBIE M IPONECCOPHEIE
snemMerThl. IIpe303neKTpHUECKIe CBOMCTBA KpHC-
tarnoB A™BY no3BoisfioT He MCHONB30BaTh Cle-
IHaNBHEIX IbE30aKTHBHEIX CIOEB JIIA BO30Oyxxue-
Hua [IAB. KpoMme yka3aHHBIX BBIIIE TPEX MaTepH-
aj0B, HMcclenoBaHa Ae(opManWOHHAS YYBCTBH-
TEeIBHOCTH ($a30BOH cxopoctH [IAB B MoHOKpHC-
TAIMYIECKHX TUTaHaTe cTpoHuma SrTi0, u xene-
sourrpreBom rpanate Y, Fe O, OKUL). Hepsrii
XapaKTepH3yercs BBICOKOH aKycTH4ecKoi#l Helu-
HEHHOCTEIO, a BTOPOH — OYCHb HH3KOM aHN30TPOITH-
eil yopyrux csoicts. CHitbHas MarHHTOCTPHKIHA,
ceoiictBennax JKUI, 11o3Bosiser MCIOB30BATH €I'0 B
upudopax, OCHOBaHHEIX Ha B3ammozehcTrsax [1AB
CO CIIMHOBEIMY BONHaM¥. B 1o e Bpems THTaHar
CTPOHUIA NEPCIEKTHBEH JUIA pa3paboTKU MasiouryMs-
mux [TAB-ycTpolicTB, HOCKONBKY MOXET CIXYKHTE B
KagecTBe IOAJOXKKY IIPH IOTYyYCHHH BEICOKOKade-
CTBEHHBIX IVIEHOK BEICOKOTEMIICPATyPHBIX CBEPXIIPO-
BOITHHKOB, KOTOpPEIE MOTYT OBITh UCIIOJIB30BAHEI B Ka-
gyectee MeTasmsauvm [ IAB-ctpyxryp. OdeBrmaHo, yTo
BO BCEX 3THX IPHMCHCHHAX 3HaHue XedopMarHoH-
Hoii yyBcTBHTENEHOCTH [TAB-CTpyKTYp BeckMa cymie-
creeno. Ilosromy ocHoBHOM 3amadeit manuoM paboTEl
ABIIETCA MMEHHO HCCIeaoBanue TeH303hdekra B
ITAB-ctpykrypax.

Axycrraeckoe noie [IAB npencrasmser coboii
TIEPHOIHYIECKOE KOIIEKTUBHOE NBIDKEHUE aTOMOB Cpe-
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B, KOTOPOE B CIIy9ac IOIIPH3YIOMUXCS CPE COIPO-
BOXK/IAETCA IOSBICHUEM OCLHILIHPYIONIEr0 MaKpOCKO-
IHYECKOro 3JICKTPOMArHUTHOTO IO ¥ MOXYIHpPYeT
BCE (PH3UKO-XPMHUYECKHE IIPOLECCH B IPHIIOBEPXHO-
CTHOH o6acTH cpensl Ha aToMapHOM ypoBHE. B cBoxo
odYepesb, YIaCTHE aTOMOB Cpelsl B JIOOBIX du3mko-
XMMHIECKHX IIPOLeccaX, IPHBOIAMIX K H3MCHEHHIO
FIX TPAcKTOpHii BOIM3H IOBEPXHOCTH, OTPAXKACTCA HA
xapaxrepucrukax nons ITAB, cocpenorogensoro B
a10# obmactu. Takum 0Opa3oM, BCIENCTBHE CaMOit
upupoxsl 1ok 1IAB, B Hem maTErpHpyeTcs mudop-
MallHg 0 TEMIIeparype, Ae(opMarmsx, MEXaHHICCKHX
HaNpsOKCHUAX Y CHUIOBBIX BO3ACHCTBHAX Ha IIOBEpPX-
HOCTbH, YCKOPSHHH, JABICHUH, NEKTPHICCKOM U Mar-
HUTHOM NOJIX, afcopOumuu 1 abcopOuvm xmumMyrgec-
KHX BEIIECTB, pPaclpeAelIeHNH dEKTPUIECKIX 3apsi-
JOB M IPYTHX (H3HKO-XHMIIECKHX BEIAYMHAX, CBI-
3aHHBIX C MIEPEHOCOM SHEPIMH, HMITY;IbCa, MOMCHTA
HUMITY)THCa, BEIECTBA M 3aps/ia B IIPHIIOBEPXHO CTHOMH
obsacTy Tena.

OnHoHM M3 BaXHEHIHUX XapaKTCPHUCTHK HOJA
[TAB, onpenensiomeil pacnpeneieHde IHEPrHH
IIAB B nmpocrpaHcTBe, sBIierca ee (azosas cko-
poCTE V| B HAarpYXEHHOM COCTOAHHH 3BYKOIPOBO-
Ja Kak (YHKIOHA €ro apaMeTpoB. [ BEIIHCIEHUS
V. Hcnomne3yercs MeTol 3GQeKTUBHEIX MaTepHaTs-
HBIX KOHCTAHT, 3aBHCAIMUEC OT TEMICPATYPHl, KBa-
3HCTAaTHIECKHX JepOopManmil U 3TCKTPUIECKOTO
NOoJI1 B 3BYKONpPOBOJE. B mpexanonoxennu, 9ro xa-
pakTepHBIH MacmTal H3MeHeHHA 3P PexkTHBHBIX
MaTEpHAIBLHEIX KOHCTAHT B HAIPaBJICHHH 110 HOp-
MaJM K HOBEPXHOCTH 3BYKOIPOBOJA HAMHOIO IIpe-
BocxoxuT anuHy [IAB, nmna xpucTannoB KpucTai-
70B KyOmdeckol CHHIOHMM €O cnaGemM mbe303¢dex-
TOM 3aBHCHMOCTH 3¢ PEKTHBHEIX MOXynIel yupyro-
CTH OT NAapaMEeTPOB HAIPy)KeHHA B JHHEHHOM IpH-
OIMKEHNN ONpEHeNACTCS COOTHONMICHHUAMHY:

Citt (@, T) = Cyu(T)+8 1 (2, T) +
+Cit (DU (@) + Com(TIT (@) +

+Cyklmn(T)ﬁm (al)’

rae ﬁj_ — KBa3UCTAaTHYECKHE CMEIIEHUSA TOYEK
Cpensl, NOABIAIOIIHECT B pe3y;IbTaTe BHENIHETro
posaeHcTBHA, T — abcomoTHAs Temmeparty-
pa, t:,(al,T ) — COOTBETCTBYIOLUH TEH30P KBa3HUCTa-
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tersop pepopmanit, Cyp(T) ¥ Cipmn(T) — Moxymn
JIPYTOCTH BTOPOTO M TPETHETO MOpAIKA Marepuasia,

H3MEPEHHEBIC ITPH NOCTOAHHOM 3JICKTPHICCKOM II0JIC.

Temnepatryprast 3aBHCHMOCTH XapaKTE€PHCTUK
[IAB B xy6mdeckuX MOHOKPHCTAILIAX OIpeENeI-
eTcH TEMIIEPaTypHOH 3aBHCHMOCTBI0 MaTepHaib-
HBIX MOXyJeH M miIoTHOCTH. Pa3oBas CKOpPOCTh
ITAB V, onpenensiercs xak HesBHas @XHKIII/D{ KBa-
3ACTAaTHYECKUX I'PAajHECHTOB CMEIEHNH, TeMIepa-
TypHl ¥ OpHEHTaun# pabodell NOBEpXHOCTH KpHUC-
TaLIa, 3a0aBaeMoit yrinamu Dittepa A,u,0:

Ve =VaU,, T, A 1 ,0).

IIpu mcuonszoanuu [IAB-crpyxryp B Kade-
¢TBe CeHCOpHEIX aneMerToB MOMC ocHOBHOE 3Ha-
YEHHE MMEET NPaBHABLHEIH BEIOOD MaTepHaIOB M
[ApaMEeTPOB 3BYKOIPOBOJA ¢ TOUKM 3PEHUA Xapak-
TEPHCTHK YyBCTBHTEIBHOCTH ()a30BOH CKOPOCTH
[IAB x BHEmHMM Bo3acHcTBHAM. 1IpH 3TOM 9acto
0Ka3hIBAETCS, 9TO B OOJBMMHCTBE CIYYacB BEIH-
9ypHa K03 $HINEHTOB TyBCTBUTEIBHOCTH OLIPEe-
JAeTcs MapaMeTpaMH IIOMJIOKKH, a CIOM OKa3blBa-
0T MOAYJIMPYIOINEe BIMAHYE, BEJINYHHA KOTOPO-
r0 ONpeneNnsieTca ¥X TOMIMHOH. B 31O cBA3H nns
aHamm3a gyBcTBHTENsEHOCTH [TAB-cTpykTyp Ccyme-
CTBCHHOE 3HAYCHHE HMEET OIpENENeHHe BKIaaa
NIOLTOXKHA B 9yBCTBHTEIBHOCTE K TOMY YJIM HHO-
My BO3JCHCTIBUIO.

Jins 06BCMHBIX KBa3HOJXHOPOXHBIX M KBa3HCTa-
THYECKHX BO3icHCTBHH (a3osais ckopocts IIAB B
HOJIOKKE MOXKET PacCMATPHBATLCA KaK TEPMONH-
HaMudecKas QYyHKIHA COCTOSHHS HPHIIOBEPXHOC-
THOro €;104 MarepHana 3BYKOIIpOBOAa TOIIIUHOH
B Heckombko AnuH [1AB. Ee momusiét nuddepen-
IMaT €CTh
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rae CXYD ¢ coOTBETCTBYIOLIMMHA TEH30PHBIMH HHIECK-
CaM¥l — MOIY:TH YIPYTOCTH MaTepHasa IOUIOXKKH B
KpucTarodusngeckoii cucreme koopaunat, K — xo-
3¢ $punnreHT 06BEMHOI0 pacmupeHus MaTepHasa

) Fez)

—(XYZ
3ByKonpoBona,%:y > L,y ~ — TEH30PHIIPAaJHCHTOB

CTaTAIeCKUX XepOpManyH ¥ CTAaTHICCKHX MEXaHH9ec-
KHX HalIPsOKEHHH COOTBETCTBEHHO B KPHCTAIUIO(QH3H-
YECKOH CHCTEME, ¥ — IUIOTHOCTh MaTtepHama, W —
TEH30p YacCTHBIX IIPOM3BONHBIX (a30BOH CxopocTH
ITIAB 1o MoxyIsaM yIpYTOCTH, IPUBEACHHEIX K KPHC-
Taurogu3ngeckol cucTeMe:

XYZ l a I/
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B obmeMm caygae W umeer He Oonee 15 Heszasu-
CHMEIX KOMIIOHEHT, KOTOPBIC MOXXHO OIPEHENUTH
IKCIEPUMEHTANBHO MM TCOPETHYECKH IO IIapIy-
ATLHBIM K03 UIHEHTAM 9yBCTBHTEIBHOCTH (a-
30B0# ckopoctm IIAB x  koMioHeH-
FA12) 7 Z)

b4 mr

TaM U, , TeMueparype 1 OpHEHTallHOH-

HOH 3aBHcHMOCTH ¢a3oBoH ckopocty IIAB, umu
AHATHTAYECKOMY YPaBHEHHWIO Ui (a3oBoil ckopo-
ct ITAB. B mpumenennn x MOMC umenHo aHa-
JHTHYIECKUH IOIXO0J MMeeT OLpEldEICHHEIE Mepce-
MeKTHBEI, MIOCKOJIbKY HO3BOJISAET JIOKAaNH30BaTh
onpenenaeHue V, , CIenas ero UpAroHbM K u3yde-
HHI0O MAKpPOOOBEKTOB THIIA I'PaHHU 3€peH, ABOI-
HAKOB H CKOPOCTH MHKpPOTPEIIHH, OIpeleiaeMoi
V.- KpoMe Toro, sTor moaxon mnosBosi4eT IpoBec-
TH CpaBHEHHE CBOMCTB MHOTHMX MAaTEpHAiOB H IO-
CTABHTH 3a/a9y ONTHMAaTBHOro BEIOOpa MIIH KOH-
CTPYMpPOBaHUA MaTepyaja ¢ 3apaHee 3aHaHHBIMU
CBOHMCTBAME IO €r0 aTOMHO-MOJIEKYJLIPHEIM Xa-
PaKTEpHACTHKAM.

B caygae paneesckodt Mmoxmsl I1AB, xorza 3By-
KONPOBOA NOABEPraeTcs BO3NCHCTBHIO TOJIBKO
JMAroHaJIbHBIX rpagucHTOB cMemeHua
l?lyl,ﬁz’z,ﬁ;ﬁ, cxopocts 1IAB s opuenTanui 38y-
korpoeoxa (001)<100>, (110)<001>, (001)<110>,
(110) <110> kpucrawios KyOHIecKoH CHHIOHHH 3a-
BHCHT TOIBKO 0T 3¢ dexrnBrex Moxyned C ., C ...,
Cla13 Capigr Casagr €33 - ZU1A 3BYKOIIPOBOZOB OPHEHTA-
an {001} <100> HopMznpOBaHHLnTi kBaapar ¢azosoit

Py

C
55
HCHTHI YYBCTBHTEIIBHOCTH

ckopoctu [IABV = H HOpMHPOBaHHBIE K03 Pu-
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C, W C, W G,
V aCllll’ V aC3333 ’ V aC1133’
Gy OV Cy OV Gy OV
V aCBlB, V aC3131’ V aCl}Bl’

OIpENENAIOTCA JBYM HapaMeTpaMu: Koddouimen-
TOM AaHH30TPOUMK MaTepHala 3BYKOIPOBO-

= s a=-AL
man= ¢ . HmapamerpoM® =~ ¢ Brum 1poana-
11 12

TU3HpOBaHbI cBoMcTBa Gotee 60 MaTepraioB KyOw-
9eCKOH CHHTOHHH Y U30TPOIHEIX M IOy ICHEI 3HAYCHUS
HOPMHPOBAHHEIX KBaIpaTa CKOPOCTH H €€ IPOM3BOIHEIX
10 MOIY/ISIM YTIPYTOCTH. 3HAYCHISA HOCIICAHMX ITPENTaB-
0T CO00# HEOOXOIMMYIO OCHOBY OlpElEIICHN BIkA-
HMA BHCUIHEX BO3ACHCTBHMH pasinanol ¢u3udeckoi
npaposl Ha dazosyro ckopocts HIAB. Hecnenosanneie
MAaTCpHAIB] B COBOKYIIHOCTH JAXOT KOCTATOYHO IIOJHOE
HpECTABIIEHHE O BEJIMYMHAX, XapakTepusyromux [IAB
B 3ByKorposoaax opaeHTarmm (001)<100>. nanaszox
IPEeACTaBIICHHBIX 3HAYCHUH K03 HIHEHTa aHH30TPO-
maw 0.236 (Na+9.392 (Li), nuarnason 3uaqeHui napa-
Merpa a 1.017 (Na)18.606 (Nb). [nara3on u3MeHCHUS
1 cocranaer 0.19333 (Li)10.98001 (RbC), a Besrann

Cu V. 01198(RBCI) +1.56642(Li);
V aCllll
Cs V. 044562 (TICT) +1.44315(Li;
V aC1331
G V) 08327(Ph) +—0.00137(RBC):
V aCllJ?)
G 5 57743(Li) + ~0.03987 (RBCI);
V aC’1313
S IV 001076 (KT) +1.16414 (Li);
V aC3113
Su V01045 (RECI)+1.34543 (L),
V aC3333
Bo Bcex ciyqasx
14 >0, oV >0, oV <0,
aCuu aC1331 aC'3311
W o o o
acma aC3113 aC3333

Ormerim, 910 ipy h>2.5 onpenensiomeit sBiser-
CS 3ABHCHMOCTH HOPMHPOBAHHEIX IIPOH3BOJIHEIX (azo-
Bo# ckopoctH [TAB 110 MOIYAM yripyrocTH OT K03¢-
duoventa apupzorpormy. [Ipy 6M3KMX 3Ha9eHMAX h
OIM3KH ¥ BESIYMHEI HOPMHPOBAHHBIX NPOU3BOIHBIX.
C pocrom h pacryr 1 abco:OTHEIE BEIIMIMHEI ITOCHE-
maux. B o ke Bpems upn ¢ukcuposaHHOM k03¢ du-
MACHTE AHA30TPOIMA A0COFOTHEIE BETHINHEI HOPMI-
POBaHHBIX IPOM3BONHEIX C1a00 3aBHCAT OT a.

3 TepMOIMHAMIYICCKHX HEPABEHCTB CIICXYET, 9T0
C,>0, 1/2C <C,<C,,. Torna mis nepeMeHHEIX a, h
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morrysaeM: n>2/a; a>1/n; 0<A<a’. llepBoe ycimoke
OrpaHUIHBAET CHAU3Y BEIMIMHEI IIPOU3BOIHEIX Haso-
Boii ckopocth [TAB 1o Moy yipyroctd. Ecomi me-
JKATOMHOE B3aHNMOICHCTBHE ONPEIEISCTCA TOIBKO LCH-
TPATEHEIMH CHIIAMH, TO CIPABEUIUBO COOTHOIICHHE
Kommu C = C,, . Torna A=a’- -1,n=2/a-1. Taxm
o0pasom, yciaoBre h=2/a orpaHM4YHBAcT BIFAHHE He-
HEeHTPaNbHBIX B3aRMONEHCTBHI Ha ko3¢ duImer any-
30TpoIin. B 10 e BpeMs KpHMCTaLIEL ¢ KO3 grmes-
ToM arm3oTpormH 1N<0,2 HenssecTHEL. [lo3ToMy ava-
nazons! 0,2<n<10, 1<a<10 3amovaror B cede nocra-
TOYHO LPEACTABHTECIIFHBIA K1ace KyOHdeCKOH KpHCTAT
JOB.

Ha puc.1 moxasaHo pacupejieleHue HCCaeno-
BAaHHBIX MaTepHAJIOB B IIOCKOCTH (a,n). Crom-
Hasl JMHUA COOTBETCTBYET IPEACIBHOMY 3HAYCHHN
a=2/rm. BuHo, 9T0 H3yYCHHEIC MATCPHAsIL] KOHLCH
TpupyIoTcs B o0macT 2<an<7. B To xe BpeMa nu
npordo3upoBanus xapakrepuctuk [IAB-ycr-
pOVCTB Ha OCHOBE HOBEIX MAaTE€pHANOB BaXHO 3a-
paHee 3HATh 3HAYCHHE NApIMATBHBIX K03bduun-
€HTOB YYBCTBHTCIHFHOCTH K PasIWIHBIM BO3jcH-
crBEsM. B cBsA3W ¢ 3TUM OBUIM pacCUMTaHB! BEH-
YHHE HOPMHPOBAHHBIX JAaCTHBIX LPOM3BOIHEX
¢azoBoii ckopoctd [1AB no Moxysmsim ynpyroctd
B 3aBHCHMOCTH OT a ¥ h B ninamazonax 0<n<l12, 2
n<a<10, npexcrasienusie Ha prc.2. B nuanazone n>3
3aBHCHMOCTY YKA3aHHEIX BENHYUH OT a IIPH (HKCH-
poBarHOM h 10BoMBHO cr1abEl. C BRICOKOH TOYHOCTEI
HX MOXKHO HPEICTaBUTh KaK

Cs 0.120M + 0.020(e™ %2 —1),
V aC1331
L OV _ 0.1267M + 0.0362(e™**7™ ~1y;

V dC3113

L IV | ~0.253n-0.0704(e ¥ ~1);
V 0Cy,

G IV _ 0.1267an + 0.02816a(e ****¢™ —1);
V acllll

G IV 1267an - 0.0701a(e "™ ~1);
V aC3333

G OV __ ~0.2517an + 0.2202a(e™****“™ —1);
v aC'113)3

OTH BBIPaXXCHHA MOXXHO HCIOIH30BaTh N1
BEITHCIICHYS LIapIHATBHEIX KO3 HIIHEHTOB TyBCTBY-
TemsHocTH dazosoit ckopoctu [IAB DCV11, DCV22,
DCV33 x xommorenTaM TeH3opa pedopmanuii h |,
h,,, h,, m SCV11, SCV33 K COOTBETCTBYIOIMM KOM-
TIOHEHTaM TE€H30pa CTAINYECKUX HaNpsDKECHUH, a Tak-
xke TCV. Hexoropsie U3 pacCUHTaHHEIX TaKuM 00pa-
30M BEIM9HH IpecTaBiensl B Tabmrme 1. Pexopaasm
[0 BEJIHYMHE AcHOPMALMOHHOH YYBCTBMTEIEHOCTH
thazoBoii ckopocta [1AB sB:1€TCA CBEpXTIpOBOAATIAN
xepamuka YBa Cu O, _, 970 cBA3aHO ¢ HONBIINM 3Ha-
qeHneM KO3 PHIMEHTa aKyCTHISCKON HEeIHHEHHOC-



T 3T0ro Marepuana ~100. B rabmmne 2 npencrasie-
HBl BETYVICTICHHEIE 3HAYEHNS HapUyadbHEIX Xo3¢du-
IMCHTOB IyBCTBHTEIFHOCTH KO BCEM KOMHIOHEHTaM
TeR30pa AeOpMalH ¥ BEKTOpa CTaTH9deCKyX Bpalle-

HHH R, =le..k[7. . RCVi, i=1,2,3, B 3aBHCHMOCTH OT
: 2 El Js

NIOPHCTOCTH 3TOF0 MaTcpraia.

0 2 4 6 8 10
1 A ] A 1 i I 1 1 PO |
10" — 10
AgCH
Nb
8 - AgBr -~ 8
Kl

Puc. 1.

Beeneune upon3poansix $azoBoH CKOpPOCTH
[IAB mo MonynsMm ynpyrocru o3BOJIA€T HENOC-
PEICTBEHHO CBA3ATH BEJIMYHHY TyBCTBHTEIBHOCTH
daszosoit ckopoctH IIAB ¢ xapakTepucTHKaMH
MEXaTOMHBIX cHI. I1oCKONEKY BENXMIHHEI HOpMU-
pOBAHHEIX 9acTHBIX IIPOW3BOHBIX
R = _eiijj.k

2 ONpECIIAIOTCA B OCHOBHOM BEIHYH-
Hod ko3pduurcHTa anm3orpounn h, To ompexne-
LHOMMM s HEX (axropoM OyXyT BEIMIRHEI TEX
XapaKTEPHUCTHK MEXAaTOMHEIX CHII, KOTOpEIE OIpe-
IEIAI0T ¥ BEHYHHY 1. B coeammenuix piaga ANB%

( 3TO B IIEPBYIO OYepPe/b CTCICHh HOHHOCTH CBS3eH
f HPY 3TOM CJICIYET YIUTHIBATh, 9T0 3aBHCHMOCTE 1)
orf * pacmajacTcs Ha e BeTer. B jmanasone 020.654
Koatbfbnnneﬁ'r AHHU30TPOIHH MOHOTOHHO PacTeT ¢ Po-
CTOM MOHHOCTH, IIPHHUMASA 3HAYCHHA B AHANA30HE
1.65¥2.3. B mnanasosne wonnocreit 0.65%0.785 cko-
POCTH POCTA PE3KO YBEIMYHBACTCS, JOCTHIAs OYCHb
fomsrmx BesramH, a 3aadenne £=0.785 apisercs kpu-
tHueckuM. Ipy 3TOM 3HaYeHWH HOHHOCTH K03GdH-
IMEHT aHW3OTPOIHH CTaHOBHTCA GeckoHedHo O0IIb-
I¥M, 9TO TPAKTYETCA KaK HEYCTOHIHBOCTh COOTBET-
crByromel pemerky. B nuarasone 0.78531.0 xoad-
$buOreHT aHI30TPOXIHY OBICTPO axaet oT OecKoHed-

HEBIX 3HA9EHWH 10 Ky (312 BETBH COOTBETCTBYET LIC-
JOYHOTIONIHEM coenwrenusM). [t kpucTanios
M O A Br, AgCl 3HAYCHNE HOHHOCTH KOTOPEIX O3~
KO K KpHTquCKOMy, KO3 PHIMEHT aHK30TponIY OC-
TaeTcsd KOHCYHBIM M HEOONBIMM Yo Bemwamre. W3
PacCMOTpPEHHA ONHCAHHBIX 3aBHCHUMOCTEH Cilenyer,
970 HanO0TEIIHMH 3HAYCHAAMI HOPMHPOBAaHHEIX Ya-
CTHBIX NMPOM3BOAHBIX (a3zoBoil cxopocty [IAB no
MOJIYJISIM YIIPYTOCTH 0071aaf0T KPHCTAIUTEI CO CTEIle-
HBIO HOBHOCTH, 6:1u3K0M K kpurngeckoi (f9=0.785).
B paccmarpusaemoM psny A, B, K HAM oTHOCATCS
ramorennsl mequ Cul,CuBr, CuCl (h=3, 6, 12) coot-
BETCTBEHHO, coenunenns A, B, ZnTe, b ZnSe, CdTe,
CdS, CdSe (h=2.05,2.3,2.26,2.39,2.7, 2.8, coorBeT-
CTBEHHO).
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JIns KOBAIEHTHEIX KPACTAIOB C PENICTKOH THIA
ammasa (£=0) xoodduunenT aHU30TPOINH H, CIIETO-
BaTeNbHO, BETHIHHEI HOPMUPOBAHHBIX 9aCTHEIX TIPO-
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1,4

E
1.2
1,0 —
0.8 -1

0,6 —

C56w3118

6.4 —

0,2 —

0,0 —

-0,5 — -3

-1,0 —

55w1518

-1,5 —
-2,0 —

-2,5 —

-3,0

Tabnuna 2
IMapnuansuasie xo3¢gdurmentsi gyscTBRTEN HOCTH (Pa3oBoi ckopocrd [IAB mrs opuenTanmu
{001}<100> 3ByxONpOBOAOB M3 MaTepHANOB KyOMIecKOH CHHIOHMH

Marepu- | DCV11 DCV22 DCV33 S-(131V121, S_(131V323, T_(STV,1
an 10 m/H 10 mMm/H 10 K
Si -1,511 -0,882 -0,647 0,886 0,309 -2,956
Ge -1,661 -1218 -0,791 1,090 0,405 -3,887
GaAs -1,55 -1,232 -0,742 1,274 0,512 -5,291
Si02(xwr) 1,57 1,491 2,117 1,953 0,425 8,565
ZnSe 2,075 1,011 -5,738
KBr 9,995 0,298 -4.700
KCl 8,170 0,268 -7,031
Csl 8,698 0916 -49,382
K1 13,444 0,334 -6,957
Poly-Si 1,013 0,202 -2,342
NaCl -2,936 0,100 -1,744 4,332 0,486 -1,328
NaF -2,633 0,081 -1,472 1,999 0,262 -11,921
CsBr 7,684 0,998 -46,618
Tabmana 3

Hapupansusie koaddrumenTs ayscTBATeIbHOCTH (asosoii ckopocty [IAB B kepammaeckom YBa,Cu,O, B
3aBHCHMOCTH OT IIOPHCTOCTH N

dazoBasi CKOPOCTS, IHopucrocTe

K03 PpuIHeHTHI n=0.18 n=0.056 n=0.0

YYBCTBHTCJIABLHOCTH
VoM 2281.8 2613.7 2727.1
DCV -17.23 -31.12 -34.86
DCV_ 9.95 -17.96 20.12
DCV,, -16.47 -29.41 -32.87
DCV,_, x10? -0.75 275 -3.57
DCV_ -0.11 + 0.35 -0.44
DCV x102 -3.28 -0.12 -0.15
RCV x107 -0.13 -0.14 -0.14
RCV, x102 0.16 -0.14 -0.14
RCV,, x10° -0.10 -0.11 0.12
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m3BoXHEIX (pasosoli ckopocru 1IAB, onpenensiercs
CTENCHBI0 METAUIHYHOCTY CBA3EH, KOTOPYIO MOXHO
XapaKTepH30BaTh IMABHHIM KBAHTOBBIM 9HCIIOM NI Ba-
NeHTHOH 000JI09KH aTOMOB, 00pa3yIoIHX KpPHCTAILL.
C poctoM n k03GGHIMEHT aHA30TPOIIMY PACTET, ITO
CBA33HO C YBETHYSHHEM MCTAIDTH3AIHY CBS3H, I103TO-
MY PacTyT M BEIHYHHE HOPMHPOBAaHHBIX YaCTHBIX
upou3BogHEIX ¢asoBoi ckopocty IIAB mo Moxymim
yapyrocta B paxy (C, -SiC, Si, Ge, a-Sn).

N3BecTHO 3aKOHOMEPHOE YMEHBIICHWE K03¢hdu-
IHEATA AHA30TPOITHH C POCTOM CTEIICHM HeICHTPasIh-
HOCTH MEXATOMHBIX CHJI CBA3H I BCEX HCCIIEJOBaH-
HBIX KPHCTAIUIOB C PCIIETKAMK THIIA aTMa3a ¥ cdare-
mata. COOTBETCTBEHHO 111 TAKHX KPACTAIDIOB HOJDK-
H0 HaOMIOIATEHCS 3AKOHOMEPHOE YBeNdeH e abcomoT-
HBIX 3HAYCHHH HOPMHPOBAHHEIX YaCTHBIX IIPOM3IBOX-
meix azosoit ckopocty [IAB c ymensmennem xoBa-
JEHTHOCTA CBA3€H 3a CYET pOCTa MX HOHHOCTH WIH
METATUTIYHOCTH BCJIEACTBHE OCHa0IeHNA HELEHTPAb-
HBIX CHUI.

a-1001}, 6 - {110}, » - (1IN 2 S6; 1 -V, 2 - K, ,3 - ki,
Puc.3.

Ha puc. 3-4 npencrapnens! OpHeHTALHOHHEIE 3a-
paceEMOCTH $a30Boil cxopocT M k03¢ unreHTOB
nepopmarronsoi gyscreuTersroctd (K1) dasosoit
cxopoctd [IAB B mockocTAX pacupocTpaHeHHs
{110}, {001}, {111} xpHCTAILTOB AHTUMOHKIA HHIUA
H XETe30MTTPUEBOrO rpagara cooTBeTCTBERHO. Ko-
spdrmperTH HegopMaNEOHHONH IYBCTBHTENEHOCTH

PACCYMTEHIBAIIICE 1A CIIy4aeB IIPOKOIBHOIO H I01le-
PEYHOro [0 OTHOMIEHWIO X HanpasieHuio 11AB narpy-
JKCHMA 3BYKOIPOBOAA B KOHPHUIYpalHy KOHCOIH, KO-
TOpasd MCIOIB3YeTcAd B CEHCOPaX MEXaHMYECKHX Be-
JIMIVMH ¥ aKkTIoa10poB ¢ korTposieM Ha ITAB. Iipen-
CTAaBJICHHBIC JAHHBIC CBHACTEILCTBYIOT O TOM, YTO
KIY o6magaror coOOCTBEHHEIME 3KCTPEMyMaMH, He
CBOAAIMMHECA K IKCTpeMyMaM (pa3oBOH CKOpOCTH
[1AB, ¥ no3TomMy HHGOPMAMOHHO Gollee EMKH, 9eM

O \
AU

Fé 389 357 4+ o ‘ 2
.

v, e

Lap>

.\@ ”///A (Hiod
Ve 3 dr § 5 397 -~ a { 4 "y

AHOD>

Vg R A T B

a) {001} WA; 6) {110} MT; ®) (1IN} WAr; I -
TAB; 2 - K/T‘I"; 3~ K, ¢azorasn cxopocTs

Puc 4.

BEI9HCICHHEIC OPUCHTAOHHBIC 3aBHCHMOCTH Y
JIPM TIPOJOIBHBIX (Y, ) M IOIEPEIHEIX (Y, ) nepopma-
MASX JUIS 5 KPUCTAUIOB I0KA3aHH Ha pHc. 5-7. Oge-
BHJIHO Ka9eCTBCHHOE OLJMYIHE OPHCHTALMOHNON 3a-
BHCHAMOCTH TeH303¢eKra B 3ByKOIIPOBOLAX M3 THTA-
HaTa CTPOHIMA OT COOTBCTCTBYIOIIMX KPHBEIX JUIA
KpEMHHA, apCeHU/a TALTAA M aHTUMOHUIA HHIIHA,
BEChbMa MeXAy co00# CXOTHEIX. DTO pa3adyue
CBOMCTB 0COOCHHO nposBiseTcs B rockocta {110}.
Jlns InSb, GaAs, XU, Si mmeem ny, > 0,2 B>2 5<0
:0: 4,0 S1Ti0, v, <0 B COMBIMAACTBE HAIPaB;ICHHH
3TOH IUTOCKOCTH. DKCTPEMATBHEIE 3HAYCHUA Y| A
InSb, GaAs, , Si qocTHraxTCcs B BEIOKOCHMMETPHY-
HBIX HAlIPABJICHUAX PacIPOCTPAaHEHHMA, B TO BpeMs KaK
maa SrTiO, B mnockoctsx {110} u {001} sr0 mponc-
XOImUT NpH 8=54° 1 26° COOTBETCTBEHHO, a aGCOIIOT-
HEIH 9KCTPEMYM g JOCTHTaeT 2.6, 9TO IPEBOCXOMUT
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BCE M3BCCTHEIE B JINTEPAType JAaHHEIE IO MOHOKPHC-
Ta)aM ¥ IpuOIMKaeTes K PEeKOPIHOMY 3HAYEHUIO
gI,:3.1 IUTaBJICHOTO KBapya. Takas Goipmas BETHIn-
Ha TeH303¢dexTa B THTAHATE CTPOHLIA 00BACHAETCA
OoJsree BEICOKMM 3HaYCHHMEM K03(pPHumeHnTa aKycru-
9eCKOHM HEIHHEHHOCTH 3TOro MarcpHala 1o cpasHe-
HHIO C IPYTHMH.

OpreHTanoHHaA 3aBHCUMOCTE TeH303¢dexra B
JKUI" ropaspo crabee, 9eM BO BCEeX IPYrMX HCCAENO-
BaHHBIX MaTepHalaX, 910 CBA3aHO B IEPBYIO OYEpEIb
CO 3HadYeHHEeM K0dGHIHEHTa aHH30TPOIIMH 3TOT0
maTepuana, pasHsIM 0.967, 9410 BecsMa ymsko K 1.

Tenszosddekr B InSb, GaAs B oxpecTHOCTH
ocell CHMMETPHH IPOSBIAETCH CHIBHEE, YeM B Si.
3aMeTUM, 9TO H3 OIPEAENICHHS 3aBHCUMOCTH £(q)
CIEAYET, 9TO €€ IKCTPEMYMBI COOTBETCTBYIOT TEM
HalpaBleHHAM pacnpocTtpaHeHuAa 11AB, mid xoro-
PHIX HalpapieHHE IPYNIOBOH CKOPOCTH 1IPH Je-
topmupoBaHuy He MeHseTcA. M3 npexcraBieHHBIX
OAHHBIX CJIEAYET, 4TO TaKUX HalpapieHHH B Ipym-
ne kpucrawios InSb, GaAs, Si Gonrime, 9eM B KpH-
cramax SrTi0, m XKUI', a caMu 3KcTpeMansHbIE
HarnpasJeHud TOBOIBHO OIIM3KH.

OTMeTHM, 9TO HCCIENOBAHHEIC KPHCTAIILI
MOXXHO YHOPSIOYMTE IO 3HaYeHvsM a3oBoH cKo-
poctu I1AB:

VInSb< VGaAs<VKCl/1T<V SrTi03<VSi

IpUYeM 3Ta YIOPSAOOYCHHOCTD CIPaBEIIMBa LA
BCEX HCCIENOBaHHBIX HanpaBienud [1AB. Hecmor-
ps Ha TO, 4TO CKOpocTh I1AB BxomuT B 3HaMeHa-
TEJE olpenesieHus o3¢ dmnenTos xedopManmon-
HOHM 9YBCTBHTEIBHOCTH, YKa3aHHAA YNOpANOYEH-
HOCTH HE NPOABICT ceOs B OpHEHTANMOHHEIX 3a-
BHCHMOCTAX TeH303(dekTa. 310 eme pa3 moguep-
KHMBa€T CAMOCTOATEIBHYIO 3HAYMMOCTh HCCIENOBaA-
HHSA TIOCHEIHMX.
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JUCHEPCHOHHBIE 3ABUCHMOCTH NOBEPXHOCTHBIX
AKYCTHYECKHX BOJIH B CTPYKTVYPE LiNbO,/a:C

Konemxo B.M., bapxamnu B.B., IIayruno A.A.

From the point of view the microelectromechanics the surface acoustic waves (SAW) in multilayer structures
consisting of a crystalline substrate and several parallel plate functional layers of different thickness from
crystalline, polycrystallic, nanostructured or amorphous materials. One of the most perspective material of a
SAW substrate is the single-crystal lithium niobate having a high electromechanical coefficient and used in
different passive and active devices of an acoustoelectronics from filters up to nonlinear circuits of memory and
SAW sensors. The single crystal of a niobate of lithium is, alongside with crystal, one of the most studied
acoustic crystal, for which all material constants of the second and third orders are known. At the same time
there is in many respects obscure a SAW deformation sensitivity in this crystal, and also range of possible
control of SAW the characteristics by means of the introducing in a LINbO3-acoustic line of different functional
layers. In the present study these problems are clarified on an example of a layer of nanostructured carbon
mateial containing, in particular, the ordered set carbon nanotubes.

For calculus of a SAW phase velocity in multilayer SAW structure the algorithm, founded on a method of
effective material constants dependent on temperature, quasistatic deformations and electrical field in an
acoustic waveguide in Lagrangian coordinates and taking into account linear and non-linear effects of an
electric polarization, elasticity, piezoactivity, and electrostriction is offered. The material parameters of a
layer of a carbon material were determined by a method of an effective elastic medium. At present paper the
composite layer with carbon nanotuber of the cylindrical form is esteemed. Nanotube diameter is 10 nm, length
is peer to depth of a composite a:C layer. The composite matrix was modelled by a material with parameters of
amorphous carbon.

The relation of a SAW phase velocity in LINbO3/a:C structures from a SAW propagation direction for
substrates X-, Y- and Z-cut LINbO3, from a thickness of a:C, from the contents and orientation of nanotubes
layer was studied. Is established, that the relation of SAW phase velocity from the thickness of a carbonic layer
has non-linear nature. In Z-directions on X- and Y- cuts and on X- on a Z-cut the sharp reduction of SAW
velocity is watched at increase of depth of a carbonic layer, that results in qualitative rearrangement of relations
with replacement of maxima on minima. It allows to suspect a sharp response of the data of directions to
exposures. The introducing nanotubes in a material of a layer allows to execute control of a SAW phase velocity
ina broad band. The linear dependence of SAW speed from nanotube concentration in a layer is watched. With
increase angle the relation gains essential nonlinearity, that causes a sharp response of investigated frame to
exposures. At defined values of parameters the construction low-dispersion laminated SAW structures is possible.

Thus, the conducted researches have shown prospects of usage of nanostructured carbon material stuff for
new acoustoelectronic devices on the basis of LINbO3.

C TOUKHM 3pEHMA MUKPOINEKTPOMEXAHUKH OCO-  JIMYECKOIO, MONAKPHCTATHICCKOTO HiIH aMopd-
0kl HETEpEC MPENCTABIGIIOT IIOBEPXHOCTHEIE aKy- HOro marepuana. OIHAM M3 HanOOJEe NEPCIICKTHB-
craeckie BOMHEI (JIAB) B MHOrOCTOHHEIX CTPYK-  HBIX MATEPHAIOB IIOJNOXKH SBIACTCA MOHOKpPHC-
Typax, COCTOAUIMX M3 KPHCTAINMYECKOH MOMIOXK-  TAUIAIeCKHH HroGaT JIuTHA, 061a7ar0Mu# BEICO-
K ¥ HECKOJIBKAX IUTIOCKONAPATIENEHEX GYHKIH- KHM KOIPPHIMEHTOM 3IEKTPOMEXaHUICCKOR CBA-
OHATBHBIX CNIOEB PAa3IMYHOM TOMIMHEI M3 KPHCTAN-  3H M MCHONB3yeMBIH II03TOMY B CaMbIX Pa3HBIX I1ac-
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