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CYIIEPUOHHBLIE ITPOBO/IHUKHU

1833 r.- @apaneii mpoBET U3MEPEHUS IIPOBOJIMMOCTH TBEPABIX COJICH Ha OCHOBE
cynbbuaa cepedpa

1926 r. - @peHKeab MPEIIOKUIT MEXK]I0y3€IbHbIC KATUOHBI M KATHOHHBIC
BaKaHCUU KaK MEXaHHU3M HOHHBIX TPAHCIOPTHBIX MPOIIECCOB B TBEPABIX TEIIAX.

«Co0OcTBeHHBbIE Te()eKThI»
- «aedexTsl o Openkento». HUTparThl 1e104HBIX METAIIJIOB U TAJIOTeHUABI cepedpa .
-«aHTU(PpEeHKETEBCKUE NEe(PEKTh) - AHUOHHBIEC BAKAHCUU U MEXKJI0Y3€JIbHbIE aHUOHBI. DTOPUIBI

HIEJI0OYHO3EMEIBHBIX IIEMEHTOB .
-«aedektsl [HIoTTKr»- paBHOBECHBIM yX0/1a KATHOHOB U aHMOHOB U3 00bEMa KpUCTasIa Ha

MMOBEPXHOCTH, l1lenouHOramoniHpIe KPUCTAIIIBI.

«IIpuMecHas pa3ynopsiio4eHHOCTh)
Bo3uukHoBeHUE 1eheKTOB 00YCIOBICHO HEOOXOIUMOCTBI0 KOMIICHCAITMH H30BITOYHOTO 3apsia
COJIEpIKAINXCS B HUX MHOBAJICHTHBIX IIPUMECEH.

YCII0OBHO K CYITEPHOHHBIM ITPOBOJHUKAM OTHOCSATCS COCAWHEHMS C YAEIbHOM
mpoBOANMOCTHIO Bhitie 10° Om ™t ev ' 1 HU3KUMU SHeprusivu akTuBanuu E < 0.4 3B

XV KoHdepeHuua "Mpobnembl pU3nKn TBEPAOro TeNa U BbICOKUX AaBneHuin", 16-26 ceHTabpsa 2016r.



MOTUBALUA

- Mesoscopic fast ion conduction
in nanometre-scale
10° planar heterostructures
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®ropua naHtaHa LaF,

LaF; uMeer cTpyKTypy THCOHUTA. TPUTOHAIBHYIO

CAMMETPHUIO C MMPOCTPAHCTBEHHOM I'PYIIION
[IpoBogumocTs LakF,

P3cl a=7.1835A, b= 7.1835A,
c= 7.3504A, a=90°, =90°, y=120° .
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®dTopuna ctpoHuumsa SrF,

SrF, meeT cTpyKTypy dnoopura-
rpaHeLeHTPMpOBaHHaA Kybuyeckas

[TocTosHHas peméTku a=5.80 A
peleTKa NPOCTPaHCTBEHHaA rpynna
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CuHUue LIapbl — aTOMbl CTPOHLMS, 3neKTpW-IeCKaﬂ npoBOoAMMOCTb KPWUCTaNNa SrF2 .

KpacHble — aToMbl pTOpa
Ballmann W., Gorlich P., Hauk W., Mothes H.

Physica status solidi (a), Vol.2, Ne1 — p.157-170. (1970)



JdKCnepuMeHTaNbHble MeTOAUKN

YCcTaHOBKA MOJIEKYJISIPHO-ITYYEBOU
AIUTAKCUU
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Onpepnenenne DC-npoBoanmoctu n3 AC- usmepeHuu
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Bbibop maTtepmnana nognoxKku

Tpanutmonnsie Si, CaF,— He moxxomar s _
AIEKTPUYECKUX U3MEPEHUIM 10"

Curania — amopQHbI€ IUICHKH 107

Jletikocanup Al,O,- monmukpucrammyeckme
MgO (100) a=4,2 A —
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T. FO. Beprentses, E. FO. Koponesa, A. I. banmukos, H. C. Cokonos, A. I. Uubucos
Il DJIIEKTPOXUMUA, 2013, mom 49, Ne 8, c. 872-877



Mnéunka LaF, Ha MgO(100)

LaF, na MgO(100):  (2242-1) =~ 13%
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« TpuroHanbHas cTpyKtypa LaF3 ¢ npocTpaHCTBEHHO rpynnom
P3cl1, Kak U ansa 06 bEMHOIo BewecTsa

XV KoHdepeHuma "Mpobnembl pU3MKKN TBEPAOrO TENA U BbICOKUX AaBneHunin", 16-26 ceHTabps 2016r.



Kpucrannuueckas ctpykrypa cnoés LaF,/SrF,

LaF,ma SIF,: (o= —1) ~10%

CrLaFg

* Bce cnoM reTepoCTpPyKTYpbl ABAAIOTCA MOHOKPUCTANIMYECKUMU

* Y pa3HbIX C/I0EB reTepOCTPYKTYPbl COXPAHAETCA CBOA KPUCTaINMYecKasn
CTPYKTYpa
* Cnoii SrF, pactér B Kybuueckoii pase

XV KoHdepeHuua "Mpobnembl GU3NKKN TBEPAOTO TeNa U BbICOKUX AaBneHnin", 16-26 ceHtabpa 2016r.



BanaHue TonwmHbI cnoA
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In ultrathin film of oxide ion conductor the conductivity of epitaxial YSZ (ZrO, + 10%Y,0,) thin film increased about 150
times when thickness decreased from 60 to 15 nm and attributed to the residual stress caused by misfit in crystal lattice of

film and substrate.
Kosacki I., Rouleau C.M., Becher P.F. Bentley J., Lowndes D.H. 2004. Electrochem. Solid-State Lett. 7 A459, 2005. Solid

State lon. 176 1319
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MopaenbHbIN Pac4yéT NPoBOAUMOCTU
reTepoCTPYKTYpbI

YpasHeHue llyaccoHa-bonbumaHa:
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CONCLUSION

The use of multilayer structures allowed us to increase the conductivity

of the thin films by three orders of magnitude compared with LaF; films at room
temperature (~3-10° S/cm).

The conductivity of LaF;/SrF, multilayers showed a strong nonlinear increase (~100
times) when the interfacial spacing was decreased to 25 nm.

A further decrease of the interfacial spacing to 5 nm reduced the conductivity, probably
because of the overlap of the interfacial layers and the influence of film roughness.

The dependence of the conductivity of layered structures on the thickness has been
analysed in the framework of a theoretical approach describing a redistribution of
charge carriers on the interface due to different chemical potentials. For large
interfacial spacing (down to 50 nm) the qualitative description of conductivity
growth has been obtained.

However, one can envision out additional mechanisms of interface conductivity growth.
These mechanisms have probably contributed along with interface strain due to
lattice mismatch between LaF; and SrF, and/or formation of a very thin solid-
solution layer on the interface having higher conductivity.

T.Vergentev, A.Banshchikov, A.Filimonov, E.Koroleva, N.Sokolov, M.C.Wurz,
«Longitudinal conductivity of LaF,/SrF, multilayer heterostructures»,
Science and Technology of Advanced Materials, in press



