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BBEAEH14E

B nacroaulee BpeMrI ocrpo crolrr npo6JleMa rro-
ryqeHtrq BbIcoKoKatIecrBeHHbIx AIrSreKTptrqecKID(
nJreHoK, o6ragaroqtrx yAoBJIerBOpI,ITenbHbIMI{ On-
TFrecKtrMtr tr greKTpurIecKEME cBoficrBaMtr, AJL II3-

AeJrtrfi MEKpOOJTeKTPOHUKtr.

Eolruofi lrHTepec [peAcraBntror [JIeHKrr Ha oc-
uone gnofinblx cucreM. BaprrponaHlreM cocraBa [I
TexrroJrortrqecKExpexuMoB ocaxAeHtr BO3MOXHO C

Aocf,aroqnoft ro.lrocrblo u BocnpolrSBoAlrMocrbK)
go6rtrca rpe6yerr,ux enexrpo$ll3[rrlecKr/D( xaPaK-
Teptrcrl'IK. Xopoluuura [epcneKTlrBaur o6nagarot
ulenxu clrcreMrl HfO2--orcun P3M, TaK KaK E3Becr-
Ho, qro ry6uvecrax crpyKTypa AtroKcIIAa raOHEc
Moxer 6rrtr cra6uJIE3I,IpoBaHa Ao6aBKaM[ oKcIrAoB
P3M [1].3ra Qasa flBr.aercfl nan6olee repMllqecKu
yctoftvurofi.

I-{eru gannoft pa6orsl - ucc'fieAoBanue Susuuec-
Klrx csoficrB ToHKID( AEgneKrPIl.recKEx nJIeHoK
gnofinofi crrcreMbl HfO2-Nd2O3.

METOII4KA 3KCIEPITMEHTA

fiuererrpusecKtre TIJIeHKtr cucreMbl HfO2-Nd2O3
rlonyqarE oJIeKTpoHHO-JIrreBbIM IrC[apeHEeM B Ba-

KyyMe Ha sreKJlflHnrrx, canSnpoBblx rI KBapIIeBbIx
rroAJroxKax. flpu groM ocaxgeHze [PoBoAIInIr oA-
HOBpeMeHHO Ha IOEJTOXKIT AJL IICCJIeAOBaHtrt OII-
TlrrlecKtrx cnoftctn [JIeHoK L Ha rloAnoxKll, rAe

QoprvrupoaaJrrrcL cTpyKrypbl r!r[a MeTaJTJI-AtrsreK-
TprrK-Meraraa (M[M) u uetaan-AlroneKTplrK-ro-
JryflpoBogHnx (MIII). Ocax<Aeur're BeJItr no orrrr-
liiurnuu rexHoJrormecKl,IM pextrMaM Arrs rronyqe-
laas. Hatrrryqruux uapaMerPoB [JIeHoK 12, 3]. B
KAIIESTBE EJIEKTPOAOB ECNOJIb3OBIUIII AJIK)MtrHIIEBbIE

9JIEKTPOOII3IIIIECK}IE }I OfITUIIECKI{E CBOIICTBA
AIIS JTEKTPTIIIE CKIIX IIJIEHOK CTICTEMbI HfO2-Nd2O3
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Hcclegoranrr cnoftcrsa A[gfieKTp[trecKl{x mIeHoK cllgreMbl HfO2-Nd2O3, [oryqeHHblx sneKTpoHHo-qy-
qeBbrM r.rcflapeHr{eM B BaKyyMe. I,Iryueno BJrr{flHlre cocraBa ua elexrpoQl{3l{qecKlte csoftcrsa nnexox. I4g

nonrr-$apaAubrx xapaKTepr{crr{K paccq[TaHbr flapaMerpbl ITJIeHKI,r [r rPaH[IIIbI pa3Aena noJIy[poBoAHuK-

Ar{gneKTpr{K. Irlsyrerule Bnrutanufl TeMrreparypbl tr 3JleKTprrqecKoro troJlfl [oKa3aJIo BbIcoKyIo repM[qec-
xyro cra6ulsHocrb rureHoK cr{sreMbr HfO2-Nd2O3. YcraxorneHo BJII{tHtre Pa3nuqHblx rexHoJromtlecKrrx
nosgeficrruri Ha onr[qecKr{e xapaKTepr{crr{Kr{ [JreHoK. floxasaHa nepcneKTlrBHocrb rlpuMeHeHlrfl AaHHbtx
IIJIEHOK B KAI{ECTBE AIISNEKIPI{KA TOHKOIJIEHOqHbIX SNEKTPONIOMI'IHECqEHTHbIX CTPYKTYP rl TEPMOCf,A-

6nlrHux KoHAeHcaropoB.

IIJIeHKU, flOryqaeMble TepMFIecKtrM trCflapeHrleM B

BaK)ryMe 5 x lO-s fla. [rt trccJregoBaHus ortTrqecKnx
[ocTorHIIbIx AI{9JIeKTpIHeCK[X [JreHOK CITCTeMbI

HfO2-Nd2O3 6rrnu cQopurponaHbl crpyKrypbl npo-
3PalrHarl IoAJIOXKLT-IJIeHKa AE9neKrptrKa.

Euxocru E AEgJIeKTpI{qecKtre rroreprr [3MepgJIu c
noMorrlbro upu6opon E7-8, E7-11. Onruqecxue rc-
cJreAoBaHtrfl npoBoAtrnll Ha yHEBepcaJIbHoM c[eKT-
prurbHo-BbIrmcJIIITeJIbHoM KoMnJIeKce KCBy-23.

PE3YJIbTATbI I4 T4X OECTXAEHUE
Pesynrratu EcclreAoBaxufi csoftcTB [JIeHoK cIIc-

TeMbI HfO2-Nd2O3 pa3JltrrlHoro cocraBa npeAcraB-
neHbr B ra6n. 1. 3ru gannsre rloryqeHbl ycpeAHeHII-
eM pe3yJrbraroB tr3Mepenufi xaparteplrcrtrK crpyK-

Ta6nnug 1. [nenexrpurlecKl{e csoftcrBa nJIeHoK Ha ocHo-
Be cucreMbl HfO2-Nd2O3
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T,Voclco

Pnc- 1. Bonrr-Qapagurte xapaKrepl{crl{xtt M[fl-crpyx-
ryp Ha ocHoBe cusreMbl HfO2-Nd2O3 (25 uac. Vo) (l -no
TIIB; 2, 3 - uocae TIIB c orpl{IIarenLHLIM Ir uoJloxu-
TeJrbHLrM HalpflxeHl{eM Ha 3aTBOpe cooTBeTcTBeggo u
orxnra; 4 - u6ear,rl,tas xapaxrepnctura).

Typ Ha urecr[ [oAJroxKil( (ua xaxgofi noAJIoxKe
cQopMnpoBaHo ro 120 M[M-crpyKTyp).

Kax nugno las Ta6JI. 1, uonyrernble [JIeHKtr o6ra-
AilroT BblcoKofi AuSneKlpEqecKoft npoIIEIIaeMogrbIo,
MAJIbIM 3HATIEHEEM TAHTEHCA YI'JIA AIT9NEKIPruECKD(
floTepb, BLIcoKofi greKlplNecKofi npo.rHocrbK) Ir
TepM[qecKoft cTa6[rbHocrbro. Teprr.roo6pa6orra
rpu 300oC B Krrcnopogcogepxalqelt arrraocQepe ro3-
BOJrrrJra ynyqruETb u cta6sililsl{poBaTb oJIeKTpoo[-
3tr.IecKue flapaMerpbl tIJIeHoK. flrtenrs clrcreMbl
HfO2-Nd2O3 rIocJIo orxtrra o6lagarot srrcoxofi .rac-
TOTHOTI CTa6urbHocrbro xapaKTepllcrlrK B Alra[a3o-
se 1 xfq-l MIq. flpuneAeHHble AaHHbIe cBnAereJrb-
cTByK)T, tITo nJIeHKII cEcTeMbI HfO2-Nd2O3 [epc[eK-
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Prc. 2. Cnexrp flpoflycKaur{r A[greKTpuqecrofi nresru
cr{caeMbr HfO2-Nd2O3 (25 uac. Vo).

TtrBHbI AJL UOTyTIeHU' TepMOCTa6EJrbHbIX
TOHKOrrJreHOqrrbrx KoHAeHcaToPoB. cJreEyer, oAHa-
Ko, orMertrTb, rrro TeMfleparypurrft roeQQErItreHT
AUoJIeKTp[IqecKoft [poHrrrlaeMocTrr B rrJreHKix crc-
TeMbr HfO2-Nd2O3 6onrrue, rreM B HfO2.

flo nponegenubrM BbrcoKoqacrornbrM BoJrbr-+a-
paAHbrM u Sapa4-ceKyHAHbIM E3MepeHrsM paccwl-
TaHLr Ha[prxenre [JrocKrD( 3oH (UrB), e$Sexrunnax
rJloTHocrb 3aptAa B AIIoJIeKTpnre (Qpe\, e$Qerrnn-
Hoe BpeMr xn3ulr Hocr{TeJrefi 3aprga (tr), eueprerr-
rrecKar [JrorHosrb [oBepxHocruurx cosroznufi (N55)
Ha rpaHrrqe pa3AeJra noJrynpoBoAHnK-AtrgneKTprrK

3JI EKTPO O I43 I4I{ECKPIE I4 O ITTI4I{ ECKI,IE CB O I4CTB A
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Ta6lrqa 2. 9nerrpoQu3uqecKne csor:rcrsa M[Il-crpyxryp Ha ocHoBe rrneHoK ArroJreKTplrKa HfO2-Nd2O3 (25 uac. Vo)

Ycronnx [o TfIB u TO TIIB I6es TO TIIB II6ee TO TIIB I uocre TO TIIB II nocre TO

Upg,B -1 - 1.3 -1.27 -1.15 -0.94

QpB,Knlcu2 43.7 x 10r8 5.7 x 10-E 5.5 x 1018 5.5 x 10-8 4.1 x l0-8

lucrepesuc, B 0.6 0.3 0.2 0.25 0.2

N55, eB-l/cu 6.2 x 101I 6.5 x 1012 4.1x 1012 8.5 x 10rl 5.5 x l0rr

, MKC 1.04 3.9 0.92 2.2 1.8

flpnuevanue. I - or:puqareaLuoe HanprxeH[e cMeuleHr{r Ha 3arBope, II - noroxurearuoe (cu. rercr).
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Ta6nuqa 3. 3ae[cuMosrb onrnvecKux napaMerpoB nne-
HoK cI{cTeMbI HfO2-Nd2O3 oT CogIsBa

Ta6rm{a 4. Bruxnue pa3rrlrlnblx rexHororuqecKl{x Bo3-

AeficrBllfi Ha orITI{rIecKI're [apaMerpbl [JIeHoK cllc, eMbI

HfO2-Nd2O3 (25 v.ac.7o)

rro MeroAEKe [4]. flolyleHHble pe3ynbrarbl rIPIrBe-

[errLr B ra6t.2.

[m onpege Jteufrtt BKJraAa pa3J[rrlHb-DilvrexaHr3MoB

B E3MepeHHbrfi nonep)aroclr{bli 3apq MAn-crpyKry-
pbr uogBepraJrtrcb Bo3gefiqturo reMfleparypbl tr gJIeK-

rpu.recroro flors - TepMorIoneBbIM BO3neftcTBIreM

(TIIB), qro ro3Bortrno olleHarb noABmKIrbIft 3aPq tr
eFo yqacEre B o6pasoBaruu [oBepxHocrHoro saprIa

CYXAPEB u qp.

B uonyupoBoAHrrKe. TrIB nponoAtrnl{ c HarPeBoM Eo
200'C B TeqeHEe I v npx [oJroxc[TeJIbHoM tr orpurla-
TeJrbrroM HaIIPffKeH![flX CMe[IeHtrS Ha 3arBope C Ha-
rIDq)KeHHOCTbIO SJIeKTpIrqeCKOrO TIOJL B Arla[a3oHe
tb4-1os B/cu.

Ha pnc. 1 npunegena rE[EtIHac nonrt-Qapagnar
xapaKrePncrrKa M[n-g[pyKTypbl c ArroJIeKTpEKoM
cEcreMbr HfO2-Nd2O3(25 uac. Vo).

Kax rngno rr3 ptrc. 1, noone TIIB ygelsurlt eM-
Kocrb cHtr)Kaerc, na 5:77o.3to ssreHre, Bo3Mox-
Ho, o6ycJloBneHo [PoqeccoM BLIropaHEs "KaHaroB
ToKa" - flacrKoB AIIoneKTpIIKa, o6raAaro[$D( IIo-
BbrrrreHHofi [poBoAIrMocrLIo, a raKx(e AooKEcJIeHII-
eM BOCCTaHOBJTeHHbIX [pr.I HanbIneHEIr aroMoB P3M.
B pesynrtare yBernquBaercfl. cra6unbHocrb AtreJIe-
KTprrKa E cHlrxaerct AEcflepctr gJIeKTpOQtr3Eqec-

KEX XaPaKTepI{CTUK IIO nOBepXHOCTI,I [JIaCrrlHbI.
flog6npaa pexlrMbl TnB, Moxno E3MeHrrh loBePx-
Hocrrryro nJrorHocrb 3aprAa B Ana[a3oHe l25%o.

Ilccnegosann cfleKrpzulbuble 3aBlrczMocrn rosS-
Qrqnerra [porrycKaHtr AlroneKTplrvecKnx rrnenoK.
Turur.rHas cneKrpaulbHilfl 3aBrclrMocrb rrptrBeAeHa Ha
puic. 2. OrrrnqecKue llocrorHHble paccqrrblBrlJrE no
MeroAr{Ke [5]. Pesylrrarbl pacrlera orrlruecKlD( IIa-
paMerpoB cBeAeHbI B Ta6n. 3.

Kax nugno ng ta6n. 3, llccrregonaHnble IJIeHKE
o6ragaror xopourefi npo3PatlHocrblo E cPaBHurenb-
HO BbTCOKtrM UOKa3areJIeM [PeJIOMJIeHITq B BtrAtrMOM

[ua[a3oHe.
flo cnoru rluTerpanbHsItvr csoftcrsaM TIJIeHKtr cI{-

creMbl HfO2-Nd2O3 Morlt 6srrr ucnolbsoBaHbl, Ha-
IIpuMep, B KallecrBe AIrgneKTPIrKa TOHKOJTJIeHOqHbIX

erexrpomoMlrueclleHTlrblx crpyKryp (TII9JIC). Au-
eneKTpruecKne rIJreHKtr s Tn3[C AoJrxHbI [Merb
xopouylo yctofr.runocrr u cra6unbHocrb onr[qec-
Kux xapaKTeptrcrrrK x aosgeficrnuro BJIaM, TeM[ePa-
Typbr n Ap., tar KaK ToJIbKo gna cra6ultr3allnu [apa-
MeTpoB ycTpoficrBa TeMnepaTypa orxtrra cocraBrfl-
er nopsAKa 500"C.

finz accaegoBaHE I Brtut tuvlg rePMrtlecKoro Bo3-
geficrsra Ha rrapaMerpbl [JIeIroK o6pasqrt orxl[ra-
ntr Ha Bo3AyXe tr B BaKyyl\,re._oclaro'nroe AaBneHEe B

KaMepe cosraBJrrJro 5 x 10-s fla. filr R3yqeHu, Bra-
rocrofrrocu [ccJIeAyeMbIe onrlrtlecKtre noKpblTtr
Kr{rrsruJrr B BoAe B TetIeHrIe 1 q. flocle o6pa6otxn
o6pasqor roBTopHo usMeprln cneKTpaJlbuufi ro-
eQ$uqrenr rlporrycKaufra fr PacctIETbIBaJrtr o[TIr-
uecKrre [ocrornHble. Perylrtarbr rIpI{BeAeHbr B

ta6n.4.
Kax nzgno Ir3 corlocraBJreHlu AaHHrrx ta6n. 3 n 4,

BJItr HEe reprtloo6pa6orxn (TO), nporegennofi na
Bosnyxe u B BaKyylre rrpr pannofi TeMreparyPe' Ha

o[TEvecKEe csoftctaa nJIeHoK rtpaKTllqecKE paB-
Ho3HarrHo. TexnororuqecKlre oosgeficrnn, He rlpn-
BOAflT K CyIqeCTBeHHOMy E3MeHeHEIO OrITtIqeCKtrX

lapaMerpoB rIJIeHoK. I4cxnro'reune cocraBJlter
npoqecc KtrIlrqeHlrff, B pe3ynbTaTe KOTOpOTO yMeHb-
ruaercc Alrcrrepctrff rloKa3areJlfl rlpenoMneHus. OA-
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Puc. 3. Boarr-eprocrnas (1) r{ Bonbr-3aprflosas (2) xa-
paKTep[cnrK[ TorrKorrJreHoqHLlx eJIeKIpoJIIoMr{Hec-
rIeHTHbrx cTpyKTyp.

HaKO An' [JreHOK, nOEBepraBrUtrXCt IOBTOpHOMy
on<xry (npr 500'C) nocne KtrrtrtreHns, trpexHze
3HatIeH[S OnTUqeCKtrX [apiIMeTpOB BOCgraHaBJrrrBa-

I JMCbI rrTO yKa3brBaeT Ha BbrcoKyro cra6[nbHocrb
rJreHoK crrcreMEr Hfo2-Nd2o3.

flpu ucnonb3oBaHtrlr rureHoK crrc"TeMbr HfO2-
Nd2O3 (25 uac.7o\ 6wnu cQoprr,rrponaHbr ronKorure-
Honrrbre gneKTPonpMEHecqerffHbre c"TpyKTypbr
(TII9JIC) TEra MeraJrn-AtreneKTpuK-norynpoBog-
HtrK-ArreJrerffprrK-MeraJrJr (MIIIIM). Boaur-npro-

l48l

cTHaf, rr Bonbr-3aprAoBzlrr xapaKTeptrcTllKtr TaKtrx
crpyKTyp npr{BeAerrbr Ha pnc. 3. flolyvennrre
TngJIC rrMeror Hu3Koe noporoBoe Harrpf,xeHtre,
BbrcoKylo f,pKocrb E 3naqr,rremnrrri ganac oJIeKTpE-
qecxoft [poqHocru. flpuuenenue rurenoK cucreMbr
HfO2-Nd2O3 B KatrecrBe AEoneKrpuqecKnx cJroeB
TI3JIC [o3BoJruJro curr3r{Tb noporoBoe Ha[pflKe-
laue s 1.5-2 pa3a rro cpaBHenrrro c TIISJIC, B Koro-
pblx TpaAIIqI{OHHO IIcIIoJIb3yeTCs, HaflptrMep, Y2O3
uru Al2O3, npmeM ocoK4exrre ArrgJreKTptrqecKtrx
cJIOeB IIPOBOAITJIII MeTOAOM, COBMeCTIMbIM C OCaX-
AeHtreM c,[o, [oryrpoBogunKa - cynrQuga qr.ruKa.

3AKIIOIIEHT4E

finererrpnqecKue nJreHKE Ha ocnoBe cr{creMbr
HfO2-Nd2O3 o6aagarot xoporrrEM coqeraHEeM AE-
gfleKTptrtlecKtrx, gIeKTp[qecKEX V OIITETIeCKEX
cBoftcrB, rrro AeJIaer Ex rrepcneKTlrBHbrMu [JIr nony-
qeutr TepMocra6zJrbHbrx KouAeHcaropoB, a raKx(e
An, upzMenenus. B ycrpoftcruax oro6paxernr un-
Qoprr.raqru.
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