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Ha aO-p Metbp MoppaHoB, NpeacTtaBeHM 3a yyacTMe B KOHKYPC 3a 3aeMaHe Ha
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Hayku (EnekTpoHHM cBOMCTBA HAa HAHOPA3MEPHU TBHKOC/IOMHN CUCTEMM), 3a HY>KOUTE
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17. Generation of terahertz radiation via the transverse thermoelectric effect

Petar Yordanov, Tim Priessnitz, Min-Jae Kim, Georg Cristiani, Gennady Logvenov,
Bernhard Keimer, Stefan Kaiser

Adv. Mater. 35, 2305622 (2023).

Terahertz (THz) radiation is a powerful tool with widespread applications ranging from
imaging, sensing, and broadband communications to spectroscopy and nonlinear
control of materials. Future progress in THz technology depends on the development of
efficient, structurally simple THz emitters that can be implemented in advanced
miniaturized devices. Here, it is shown how the natural electronic anisotropy of layered
conducting transition metal oxides enables the generation of intense terahertz radiation
via the transverse thermoelectric effect. In thin films grown on off-cut substrates,
femtosecond laser pulses generate ultrafast out-of-plane temperature gradients, which
in turn launch in-plane thermoelectric currents, thus allowing efficient emission of the
resulting THz field out of the film structure. This scheme is demonstrated in experiments
on thin films of the layered metals PdCoO;, and La1.sSro.16CuQ4, and model calculations
that elucidate the influence of the material parameters on the intensity and spectral
characteristics of the emitted THz field are presented. Due to its simplicity, the method
opens up a promising avenue for the development of highly versatile THz sources and
integrable emitter elements.

M3nbuBaHeTo B TepaxepuoBaTa YeCTOTHa 061acT € MOLLEeH MHCTPYMEHT C MHOXKECTBO
npunoxeHns kato obpa3Ha pguarHoctmka, 6e3KOoHTakTHa pgedekTockonua, 6bp3a
KOMYHMKaLWA C NpejaBaHe Ha roJIEMU MacuBU OT AlaHHU, CNEKTPOCKONNA U n3cneaBaHe
Ha HeNIMHENHW ABNeHnA. bbaewmaT nporpec Ha Te3un BCe OLLLe pa3BMBaLLM Ce MeToam U
TEXHONOMMM 3aBUCKM [0 ronAMa cTeneH oOT pas3paboTtkata M BbBEXAAHETO B
ekcnnoaTauma Ha epeKTUBHU, 4OCTAaTbYHO MOLLHM EMUTEPU Ha TEPaxepLIOBO NbYEHME,
peanusnpaHu Ha 6asaTa Ha AB/MIEHMA C HUCKA CTEMEH Ha C/IOXKHOCT, U MNO3BONABALLM
MUHUATIOPM3aLNA U MHTETPUPaAHE B E1IEKTPOHHUTE CXEMM HA KOMMNAaKTHM ycTponcTtea. C
HaCTOSALLOTO U3C/eaBaHe ce Noka3ea Kak ecTecTBeHaTa aHM30TPONKMA B €/IEKTPOHHUTE
CBOICTBA Ha HAKOW CNOECTN OKCUOM Ha NPexoaHMUTe MeTanm No3BossABa reHepMpaHe Ha



WHTEH3NBHO TEPaxXepPLOBO NbYEHME MOCPEACTBOM HanpeyeH TEPMOENEKTPUUEH edeEKT.
MeToabT ce ocbLlecTBABA Ype3 061buBaHe ¢ GEMTOCEKYHAEH Na3epPeH Ny/Cc Ha TbHBK
HaHopa3MmepeH o¢unM oT aHm3oTponeH MetaneH okcua PdCoO,, oTnoXXeH BbpPXy
BUUMHANHa TMOBbPXHMHA Ha KpuUcTasHa MoA/ioXKKa Mno3BofABalia HakK/TOHEHO
HapacTBaHe Ha ¢unma nog brb/ CAPAMO HOpMasnaTa KbM NOBbPXHOCTTA Ha obpaseLa.
HaBnunsamkn B cedeHuneto (onebenuHarta) Ha ¢punma, nalzepHUAT Nync npeamsBUKBa
ynTpabbp3 TemnepaTypeH rpagvieHT, KOeTO BOAW [0 MosABaTa Ha TeEPMOEeNeKTPU4YHO
HanpeXXeHne M TOK B MMOCKOCTTa Ha ¢wunma (HanpedeH TepMoenekTpuueH edekT).
[Mony4yeHMAT TOKOB Mync, OT CBOA CTpaHa, BOAM A0 reHepuMpaHeTo U M3NbYBaAHETO Ha
TepaxepuoBO eNeKTPpoOMarHUTHoO nb4yeHmne ot obpaseua. MeToabT € AEMOHCTPUPaH B
TbHKM dMUnMm OT aBa pasnmyHm matepmana - PdCoO; n Laq.g4Sre.16CuQ,4. 3B BPLLEHN Ca
M MOAENHW WN3YUCNEHMA, KOWUTO [aBaT fACHOTa 3a ponATta Ha napaMeTpuTe Ha
n3cneaBaHuTe Matepuann BbpxXy UHTEH3UTETa U CNekTpanHUTEe XapakTepUCTUKU Ha
reHepMpaHoTO TepaxepuoBO NbyeHWe. Huckata cTteneH Ha CNOXHOCT Ha MeToaa,
nossonaBa paspaboTkaTta Ha TepaxepuoBM eMUTepun c paszHoobpasHa CTpykTypa u
MOLLLHOCT, KaKTO W TAXHaTa WHTerpauua B KOMMAaKTHM YCTPOMCTBA C pPas/iMuHu
NPUIOXeHUA.

16. Tuning the thermoelectric properties of transition-metal oxide thin films and
superlattices on the quantum scale (Review paper)

Benjamin Geisler, Petar Yordanov, Markus Ernst Gruner, Bernhard Keimer, Rossitza
Pentcheva

Phys. Status Solidi B, 2100270 (2021).

Combining advanced growth and characterization techniques with state-of-the art first-
principles simulations in the frameworks of density functional theory and Boltzmann
transport theory, recent advances in the field of transition metal oxide films and
superlattices (SLs) as thermoelectric materials are discussed, with particular focus on a
selection of quantum-scale approaches to tune their thermoelectric performance.
Specifically, PdCoO, films grown on regular and miscut substrates have enabled
experimental confirmation of the large predicted out-of-plane Seebeck coefficient of this
anisotropic material and also reveal the necessity of a Hubbard-U parameter on the Co
3d states. Furthermore, oxygen diffusion and incorporation from the SrTiOs; (001)
substrate lead to a significantenhancement of the high-temperature Seebeck coefficient
in LaNiOs/LaAlOs; (001) SLs. Next, it is shown how n- and p-type materials can be
achieved either by exploiting interface polarity in a LaNiOs/LaAlO; (001) SL or using
epitaxial strain to shift orbital-dependent transport resonances across the Fermi levelin
(LaNiOg)s/(LaAlO;z)s (001) SLs. Moreover, confinement- and strain-induced metal to-
insulator transitions induce high Seebeck coefficients and power factors in short period



(LaNiOs3)s/(LaAlO3); (001) and (SrX0Os)s/(SrTiOs3): (001) SLs (X=V, Cr, Mn). Finally, a relation
between the topologically nontrivial Chern insulating behavior and enhanced
thermoelectric response in (EuO)./(Mg0O); (001) SLs is established. The article concludes
with a discussion of challenges and future topics of research in oxide thermoelectrics.

KoMO6UHMpankn  eKcnepuMeHTanHM U TeopeTUYHM  MeToaM  3a  CUHTES,
oxapakTepusmpaHe, MOAENHO OnuMcaHue W CcuMynnpaHe Ha oyHOaMeHTanHuTe
MexaHM3MU NPOTUYAaLLN Ha KBAHTOBO HMBO, B HACTOALLMSA TPYA ca NpeacTaBeHN HAKOMKO
0606L1eHV noaxoaa npu gu3anHa Ha HOBU TEPMOENEKTPUUYHN MaTepuani, U B YaCcTHOCT,
HaHopasMepHN GUIMU N CBPBXPELLETKN OT OKCUAM Ha NPEexoaHuUTe MeTasnu.

PdCo0O, e cveanHeHne ¢ genadpocumTHa crioecta CTPyKTypa U NnpeactaBuTen Ha MHOro
pAObK Knac OT aHU3O0TPOMHM OKCMAW C W3K/IHUYUTENTHO BMCOKA eflekTpuyecka
NpPoOBOAMMOCT yCropeaHa Ha nsrpaxaallimre coeBe, CpaBHMMa C Ta3n Ha Han-gobpuTte
eneMeHTHn npoBogHuum kato Al u  Au. 3a [OeTausiHOTO UM3y4vaBaHeE Ha
TepMoenekTpuuHute ceonictBa Ha PdCoO,, ca npunoxeHnm Habop OT cTpaTterum
BkitouBawm: 1. Teopua Ha dyHKUMOHana Ha nnbTHocTTa (DFT) n TpaHcnopTHaTa Teopusa
Ha bonumaH, KOUTO MporHo3Mpaxa HaAN4YMeTo Ha CWUAHO M3paseHa amMbunonapHa
NpocTpaHCTBEHa aHu3oTponus B koeduumeHTa Ha 3umbek, pocturawia S,,/S. =
20/—200 uV /K. 2. Cuntes Ha PdCoO, nonnkpucTanHa ¢asa ¢ U3KIHOUMTENTHO BUCOKA
umMcToTa M MNonyvYaBaHeToO Ha HaHOpa3MepHU enuTakcmanHm GUAMKM Ha NOAMOXKKMK C
pasnuMyHa WHKAMHaUMA, KOWTO [MO3BO/MXa EKCMepUMEHTaNHOTO onpegensaHe Ha
KoeduumneHTa Ha 3unbek B rnaBHMUTE KpUcTanorpadckmn HanpaeneHus. 3. HanpaeeHoTo
CpaBHEHWE C MOJlyYeHUTe eKCNepuMeHTanHM AaHHW, noka3axa HeobxogmMMocTTa oT
BbBEX/JaHe Ha Masnka Kopekuua B KynoOHOBOTO B3aMMOAENCTBME MeXOY eNeKTPOHUTE
npuHagnexatm Ha Co 3d cbeToAaHMA, KaTo 6e BbBegeH Xbvbapg napametvpoT U = 2 V.

lMpeactaBeHa e W cTpaterna 3a edPeKTMBHO KOHTPO/MpaHe U YyBeIn4veHue Ha
KoedpumumnmeHTa Ha 3unbek (CbOTBETHO Ha ePeKTUBHOCTTa Ha npeobpasyBaHe) B TbHKU
CNoeBe M3pacTHaTU Ha MOAMOXKM C MOHHA MOABMXXHOCT Ha KMCNopoga npu BUCOKM
TeMnepartypu, kato Hanpumep SrTiOs n LaTiOs. MexaHM3MBT BKIOYBa reHepupaHe Ha
Manbk 6pon cBob6ogHWM p-HOCUTENW KaTo pe3ynTtaT oT o6paTMMO MHKOpNopuMpaHe Ha
aTOMeH KMUCNopon B KpUCcTanHu aedpektn — BakaHUumM Ha NoanioXkkarta, KOUMTo OT CBOA
CTpaHa ca crnocobHu ga reHepupaTt U3K/IHYNTENHO BUCOK KOePUUMEHT Ha 3nmnbek (S =
1200 — 1600 uV /K) noBnuaBaLL, CUIHO TEPMOENEKTPUYHUTE CBOMCTBA HA ThbHKMA UM,
Cuctemata ¢ounM-nog/iokka ce ornmcBa C napasnenieH enekTpuveH mMopesn, Kato ce
B3eMaT npeasua pgebennHute, koepumumeHtute Ha 3umbek, M enekTpuyeckara
NPOBOAMMOCT Ha MHAMBUAYaNHUTE MaTepuann. PasrnegaH e KOHKpPETEH cny4val Ha
cepbxpewetkm oT LaNiOs/LaAlO; (001) otnoxkeHu Bbpxy SrTiO; nognoxku,
XapakTtepuampall, ce C gpacTuyHa npoMaHa Ha koedpuumeHta Ha 3umbek oT S =
—30uV/K po S = +70 uV /K Bcnepcteue BAMAHWETO Ha NogoxkaTa Npy TeMnepartypu
T>700K.

B otpenHa TeopeTudHa pa3pa60TKa ce pasrnexpga Bb3MOXHOCTTA 3a CUHTE3 Ha
TbHKOC/TIOMHN CUCTEMU C KOHTPOJ/IMpaHa npoMAHa B Xapaktepa Ha HOCuUtenure,
CbOTBETHO N- Nnn p-tnn, N3MON3BanNKn MNONMAPHOCTUTE 06pa3yBaLLI,VI Ceé Ha rpaHmnumnTe Ha
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cBpbxpeweTkn ot LaNiOz/LaAlO; (001), nnn upes KOHTPOA Ha aepopMaumoHHaTa cuna
Ha NOANOXKMTE BbPXYy enutakcmanHo mapactHatm cepbxpewuetkm (LaNiOs;)s/(LaAlOs),
(001) n nHayumpala npoMaHa B €N1EKTPOHHUTE PE€30HAHCHU CbCTOAHUA OKOMO HUBOTO
Ha ®epMu. MHTepecHN ca N Bb3MOXXHOCTUTE 3a peannampaHe Ha Npexod OT MeTasiHO
KbM M30/1MpaLLO CbCTOAHME, NPUAPYKEHO C reHepupaHe Ha roneMun KoepuumeHTn Ha
3unbek n koednuneHTN Ha NpeobpasyBaHe KaTo CNeacTBME OT CUIHO OrpaHu4vaBaLLmMTe
noTeHuMann cb3gafeHU B CBPbXPELLETKUTE C KpaTka NepmMognyHOCT, KaTo HanpuMep
(LaNiOgz)s/(LaAlOs)s (001) 1 (SrX03)s/(SrTiO3): (001) (X=V, Cr, Mn).

OT ¢yHOaMeHTanHoO M NpakTUYecko 3HaudeHne, Cepuo3eH WHTepec npeacTaBnABaT
CbeANHEHMATa MOKa3BalUW TOMOMOTMYHU €/1IEKTPOHHU CbCTOAHMA, KaTo HanpuMep
HeTpMBManHKW YepH un3onaTtopu, WHOMKMpPALLM  CEepuMo3eH MoTeHumMan 3a
BMCOKOE(hEKTMBHO TEPMOENEKTPUYHO npeobpasyBaHe. PasrnegaHa e KOHKpeTHa
ceBpbxpeweTtka - (Eu0)./(Mg0O)s (001), kaTo ca M3YUCIEHN U NpPeaCcTaBEHN OCHOBHUTE
TEPMOENEKTPUYHN XapaKTEPUCTUKU.

B 3akntoueHne ce pasnckBaT Hacoku 3a 6bAellM TEOPETUYHM U eKChepUMeHTanHu
n3cnegBaHus B ob6nactra Ha TEPMOENEKTPUUYHUTE ABNeHMA Ha 6a3aTa Ha KOMMIEKCHUTE
OKCUAW, BKAKOYUTENIHO BbB3MOXXHOCTTA 3a CUHTE3 Ha MaTepuanus C HeTpUBUaIHK
TOMOMOTMYHM (POHOHHM CBCTOAHMA KaTo akTop 3a KOHTPO/A Ha TepManHara
NpPoOBOAMMOCT.

15. High-temperature electrical and thermal transport properties of polycrystalline
PdCoO.

P. Yordanov, A. S. Gibbs, P. Kaya, S. Bette, W. Xie, X. Xiao, A. Weidenkaff, H. Takagi, and
B. Keimer

Phys. Rev. Materials 5, 015404 (2021).

The layered delafossite PdCo0O; has been predicted to be one of very few materials with
a thermopower that is highly anisotropic and switches sign between different
crystallographic directions. These properties are of interest for various applications, but
have been difficult to verify because sufficiently large crystals have not been available.
We report measurements of the high-temperature electrical resistivity, thermal
conductivity, and thermopower of phase-pure PdCoO, powder compacts prepared by a
highly Pd-efficient synthesis route. While the electronic transport of the polycrystalline
samples is dominated by that of the Pd planes, the thermopower exhibits a well-defined
deviation from the in-plane character attemperatures above 600 K, which is indicative of
opposing trends in the Seebeck coefficients within and perpendicular to the delafossite
layers. The experimental data are consistently described by a combination of effective-



medium models based on the main axes transport quantities. The results support the
predicted ambipolar thermopower anisotropy in PdCoO..

PdCoO; e cbeanHeHne cbC crioecta KpucTanHa CTpPykTypa OT CEMEeWCTBOTO Ha
nenadocntnte, CbCTaBeHO OT peayBalun ce BucokonposogAawm ™MetanHu (Pd) un
nzonmpawm (Co-0O) paBHUHU. Peayntatmte OT HAKO/IKO TEOPETUYHU M eKCNepUMeHTanHu
pa3paboTkm nHAMKMpaT CUNHO n3paseHa ambunonAapHa NPoOCTpaHCTBEHA aHM30TPOoNKuA
B TepMoenekTpunyHmute ceonctea Ha PACo0O,. B yacTHOCT - koedpnuneHTbT Ha 3nnbek B
HarnpaBneHMe ycrnopeaHo Ha cnoesete (ab paBHMHU) € ManbkK MO CTOMHOCT U
NOMOXXUTENEH MO 3HaK, A4OKATO B HamnpasneHWe nNeprneHanKynapHO Ha paBHUHUTE (MO
ocTa c), koedpumumeHTa Ha 3unbek e 3HaA4YNUTENHO NO-BMCOK (0kono 10 NMbTM) U NoKa3ea
oTpuuaTeneH 3Hak. [logobHa cunHO n3paseHa aHM30TPOMNKUA, CbYeTaHa C NpoMAHa Ha
nonapwuTeTa, e NoTeHUManHo NpMI0>XKMMa B MHOXXECTBO GYHKLMOHANHMN YCTPOMCTBA, HO
eKMepuMeHTasIHOTO M Aoka3BaHe ocTaBa TpyAHO, TbW KaTO AOCTaTb4YyHO rosieMm
MOHOKpPWUCTanu No3BosiABaLLN MPEeLn3HN N3MepBaHUA NO rNaBHUTE KpucTanorpadckm
OoCn BCe olwe He ca cuHTesupaHu. B HacToAwata pabota ca W3BbPLUEHU
BMCOKOTEMMNEepaTypPHN M3MEPBAHMA Ha e/IeKTPMYECKOTO CbMNPOTUBEHWE, TepManHara
npoBoANMOCT, U koeduumeHTa Ha 3unbek Ha nonumkpucTanHu obpasum ot PdCoO,,
CUHTE3NpaHM No MeTo NOo3BoMABALL NO/lydaBaHETO Ha ¢al3a C MHOMo BMCOKa YMCTOTa.
OuakBaHO, pe3ynTaTnuTe OTHaCALLM Ce [0 eNeKTPUYeCKMTe CBOMCTBA Ca AOMUHUPAHM OT
BMCOKOMNpPOBOANMUTE ab-MeTanHM paBHUHU B LLenA TeMnepaTtypeH ananas3oH, AoKaTo
koedumumeHTa Ha 3unbek nokasesa fobpe n3paleHa aHoManumsa ¢ Mmakcumym npu 600 K.
MonyyeHnte [aHHM W HanpaBeHWUTe MOAE/THU W3UYUCEHUA, MNOAKPENAT Hanb/AHO
[oceralHnTe TeOPeTUYHM N YaCTUYHN eKCNepuMeHTaHW pel3ynTat 3a HanM4YmMeTo Ha
CUMHO aHK30TponeH n ambunonspeH koebunumeHT Ha 3unbek B PdCoO.,.

14. Atomic-scale Considerations on LaNiOs;-La,CuO, Heterostructures: Interface -
thermoelectricity Relationship (Conference Proceedings)

Pinar Kaya, Y Eren Suyolcu, Federico Baiutti, Petar Yordanov, Georg Christiani, Friederike
Wrobel, Eva Benckiser, Bernhard Keimer, Hanns-Ulrich Habermeier, Giuliano Gregori,
Gennady Logvenov, Peter van Aken, Joachim Maier

Microscopy and Microanalysis 26, 2626 (2020).

It is well-known that the electrical transport along interfaces and boundaries can be
modified by several orders of magnitudes, and various examples such as LaAlOs/SrTiO;
and La,CuOs-based interfaces, were extensively studied. Moreover, oxygen
stoichiometry and exchange dynamics play an important role as well. Hence, the
utilization of interface engineering and linking it with defect chemistry can be a powerful
tool to tailor the electrical transport properties of oxides. In this study, by means of the
atomic-layer-by-layer oxide molecular beam epitaxy technique, we designed oxide
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heterostructures consisting of tetragonal K,NiF,-type La,CuQO, (LCO) and perovskite type
LaNiO; (LNO) layers with different thicknesses to assess the heterostructure-
thermoelectric property-relationship.

We observed the dependency of transport properties on the individual layer thickness,
interface intermixing, and oxygen exchange dynamics in LCO layers that occurs at high
temperatures. In particular, as the thickness of the individual layers was reduced, the
o(T) decreased and the sign of the S(T) changed, revealing the contribution of the
individual layers, where the possible interfacial contributions cannot be ruled out. High-
resolution scanning transmission electron microscopy (HR-STEM) investigations
showed that a substitutional solid solution of La(CuNi)O, was formed, when the
thickness of the constituent layers was decreased. Moreover, in such LNO-LCO
heterostructures with relatively thick LNO and LCO layers (8 u.c. and 6 u.c. thick) the
thermoelectric properties are determined by the more conducting LNO layers and can
be described by the parallel slab model.

EnektpnuecknaT TpaHcnopT B 06/1acTTa Ha rpaHULUTE MexXay pasnnyHUTe Matepuanm
MOXe Ja MnpeTbpnu A[pacTUYHM U3MEHEHUA, KaTo HanpuMmep B Cay4auTe Ha
nutepdencute LaAlOs/SrTiO; u LaCuO4, 3a KOUTO € W3BEeCTHOo, 4e TouHaTa
CTEXMOMETPUA Ha KUcnopoda M HeroeaTa AMHaMuka ca OT peluaBallo 3Ha4eHMe.
CnepoBaTenHo, npeuusHata cenekuma Ha Matepuanu obpasyBalin rpaHUYHUTE
NOBBPXHOCTU, N U3y4aBaHETO UM OT rfiegHa Tovka Ha xMMmaATa Ha aedektoobpasyBaHe,
npencTaBnABaT MOLLEH MHCTPYMEHT NPW NPOEKTUPAHETO Ha KOMMNEKCHU CTPYKTYpU C
yyacTMETO Ha OKCUAM Ha npexoaHuTe meTanu. C noMoLuTa Ha MeToda Ha MOJEKYNAPHA
ennTakcua, ca CUHTE3NpPaHN XETEPOCTPYKTYPU CBCTOALLM Ce OT C/IOEBE OT TETparoHasieH
KoNiFs-tvn La;,CuOs n MetaneH nepoBckut LaNiO; ¢ Bapupawa aebenunHa, ¢ uen
yCTaHOBABaHE Ha B3aMMOBpPbB3KaTa MeXay apxuTektypaTa Ha CTPYKTYPUTE U TEXHUTE
TEPMOENEKTPUYHM CBOWCTBA. YCTAaHOBEHW Ca 3aBUCUMOCTUTE Ha TPaHCMNOPTHUTE
cBOMCTBa KaTo GyHKUMA OT AebennHmnte Ha nHaMBMAyasiHUTE CNoeBe, CMeCBaHeTO Ha
OBaTa MaTepuana B OKO/IHOCTTA Ha UWHTepdelncuTe, U AnMHaMmkata Ha OBMeH Ha
kmcnopoga B La,CuO, npu BMCOKM TemnepaTypu. B yacTHoCT, Npu HamanaABaHe Ha
nebenviHuTe Ha narpaxgawmnTe cnoeese, ce Habngasa HamaneHve Ha NPoOBOAMMOCTTA
o(T) cbnpoBOAEHO CbC CMAHA Ha 3Haka Ha koeduumeHTa Ha 3umbek S(T), koeTo
pa3kpuBa NpMHOCAa Ha MHAWMBUAYANHUTE C/IOEBE B XETEPOCTPYKTYpaTa U/nnme cBbp3aHo
c edekT c yyacTneto Ha MHTepdencute. Pesyntatute oT M3BbPLUEHATaA CKaHMpaLla
TPaHCMUCMOHHA €efIEKTPOHHa MUKPOCKOMMA MNoka3BaT 3HauuTesnIHO obpa3yBaHe Ha
TBbpA pa3tBop oT Lax(CuNi)Os npn obpasuute ¢ Mankm aebenmHun Ha cnoesete. B
c/y4dan Korato C/0eBeTe He CblLUEeCTBEHO peayunpanu, Hanp. npu LaNiO; - La,CuO,4 ¢
nebenuHu ot cboTBETHO 8 1 6 eleMeHTapHU KNEeTKM, TEPMOENEKTPUYHNTE CBOWCTBA Ce
onpegenAT oT Matepuana C MNo-Bucoka enektpuyecka nposogammocT - LaNiOs, un
XeTepoCTpyKTypata B HeMHaTa LAN0CT MOXe Ja ce onuuie ¢ Moden Ha napanenHo
CBbp3BaHe.



13. Large thermopower anisotropy in PdCoO. thin films (Editors’ Suggestion)

P. Yordanov, W. Sigle, P. Kaya, M. E. Gruner, R. Pentcheva, B. Keimer, and H.-U.
Habermeier

Phys. Rev. Materials 3, 085403 (2019).

Motivated by recent theoretical studies predicting a large thermopower anisotropy in the
layered delafossite PdCo0O,, we have used pulsed laser deposition to synthesize thin
films on (0001)-oriented and offcut Al,O; substrates. By combining transport
measurements on films with different offcut angles, tensor rotation relations, and an
iterative fit procedure for the transport parameters, we have determined the resistivity
and the thermopower along the main crystallographic axes in the temperature range
300-815 K. The data reveal a small positive Seebeck coefficient along the delafossite
planes and a large negative Seebeck coefficient perpendicular to the planes, in excellent
agreement with density functional calculations in the presence of moderate Coulomb
correlations. The methodology introduced here is generally applicable for
measurements of the thermoelectric properties of materials with highly anisotropic
electronic structures.

MoTnBMpPaHO OT TEOPETUYHM pa3paboTky NoKa3BaLLm CUIHO N3pa3eHa NPOCTPaHCTBEHA
aHn30TponuA B TepMoenekTpuvHmte ceonctea Ha PdCoO, — cbegmHeHWe cbeC cnoecTta
nenapocuTHa CTpyKTypa, B HACTOALLETO U3C/eaBaHE ca CUHTE3MPaHW TbHKN GUAMU OT
PdCoO, BbpXy C-OpUEHTUPAHM, KAKTO M BbPXYy HEMPABUIHO OPUEHTUPAHM BULMHANHN
candumpenmn Al,Oz; noanoxKn no3sonAeallm onpeaensaHe Ha koeduumeHTa Ha 3unbek no
rnaBHUTe Kpuctanorpadckm HanpaeneHms. Ypes koMbMHaumsa oT U3MepPBaHNA Ha TbHKN
dunMmn, HapacTHaTM Ha NOANOXKN C pa3/IMYHa MHKNMHAaUWA, T.e. 3a4aBallm pasnmyueH
Brb/1 Ha HapacTBaHe CMNpAMO HopManata KbM paBHMHata Ha o6paseua, 6saxa
onpeaeneHn enekTpmMUYeckoTo cbnpoTmBneHne n koepuumeHTta Ha 3umbek 3a PdCoO,
CbTBETHO 3a (ab) paBHUHUTE — AUPEKTHO, 1 N0 OcTa (C) — MHOMPEKTHO, B TeMnepaTypHuA
nHtepean 300-815 K. [JaHHUTe nokasBaT UIKIKOUUTENHO 00OpPO cbriacyBaHe Mexay
eKCcrnepuMeHTanHUTe U TeopeTuyHuTe pesyntatm nosnydeHm 3a PdCoO,. Han-gobpo
CpaBHEHME € MOJ/ly4eHO B pPexXmMM Ha cpaBHUTENHO cnabo eneKTPOH-eneKkTPoH
B3aMMogencTeme (@800K: S, /S, ~ 20/—200 uV /K). PaspaboTeHaTa B HACcTOALLOTO
n3cnegpaHe npouegypa 3a onpenensHe Ha koebuumeHta Ha 3umbek MO rnaBHUTE
Kpuctanorpapckm ocu oT TbHKM enutakcmanHn éunmMm Moxe ga 6bae npuniaraHa 3a
Apyrv nogo6HW Matepuanm, Nnpm KOUTO AOCTaTb4YHO rosieMM MOHOKPUCTaAM He MoraT aa
6baat cMHTE3NPaHU, N CHOTBETHO NPELM3HM N3MepPBaHMA Ha KoedunumeHTa Ha 3nmnbek
He ca Bb3MOXKHMU.

12. High-Temperature Thermoelectricity in LaNiO; - La,CuO, Heterostructures



Pinar Kaya, Giuliano Gregori, Federico Baiutti, Petar Yordanov, Y. Eren Suyolcu, Georg
Cristiani, Friederike Wrobel, Eva Benckiser, Bernhard Keimer, Peter A. van Aken, Hanns-
Ulrich Habermeier, Gennady Logvenov, Joachim Maier

ACS Applied Materials & Interfaces, acsami.8b02153 (2018).

Transition metal oxides exhibit a high potential for application in the field of electronic
devices, energy storage, and energy conversion. The ability of building these types of
materials by atomic layer-by-layer techniques provides a possibility to design novel
systems with favored functionalities. In this study, by means of the atomic layer-by layer
oxide molecular beam epitaxy technique, we desighed oxide heterostructures consisting
of tetragonal K;NiFs;-type insulating La,CuO, (LCO) and perovskite-type conductive
metallic LaNiO; (LNO) layers with different thicknesses to assess the heterostructure-
thermoelectric property relationship at high temperatures. We observed that the
transport properties depend on the constituent layer thickness, interface intermixing,
and oxygen-exchange dynamics in the LCO layers, which occurs at high temperatures.
As the thickness of the individual layers was reduced, the electrical conductivity
decreased and the sign of the Seebeck coefficient changed, revealing the contribution of
the individual layers where possible interfacial contributions cannot be ruled out. High-
resolution scanning transmission electron microscopy investigations showed that a
substitutional solid solution of Lay(CuNi)O, was formed when the thickness of the
constituent layers was decreased.

KomMnnekcHUTe okcmam Ha NpexogHMTe MeTanu npuTtexxasaT NoTeHUMan 3a npunoxeHuna
B Pa3/IMYHN eNeKTPOHHM YCTPOMCTBa N cucTteMmn 3a npeobpasyBaHe MU CbxpaHeHMe Ha
eHeprna. CbBpeMeHHNUTE METOAM 38 CUHTE3 Ha TbHKU punMm ¢ gebennHu ot nopagbka
Ha egHa eneMeHTapHa CTPYKTypHa KfieTka 40 e4HOaTOMEH C/IoM OTKpMBaT Bb3MOXXHOCTH
3a OM3alH Ha HOBW MaTepuanu CbC CBOWCTBA M XapaKTEPUCTUKW OTroBapALin Ha
npegBapuTenHo 3ajafgeHn u3mckBaHmA. B HacToAweTo m3cnenBaHe, 4pe3 aTOMHO
NOC/IOMHO eNNUTaKCKanHo oT/iaraHe, ca CUHTE3MPaHN XeTePOCTPYKTYPU OT TeTparoHarsneH
KoNiF4-tvn nsonupauy La,CuQO4 1 MeTaneH nepoBckut LaNiO; ¢ Bapupalla nebennHa Ha
cnoeBete. Llenta Ha u3cnenBaHeTo € ga ce YCTaHOBAT 3aBUCMMOCTUTE CBbP3BaLLM
apxuTekTypaTa Ha obpas3eua C HEroOBUTE TEPMOENIEKTPUYHM CBOWCTBA B YC/I0BMA Ha
BUCOKM TemnepaTypu. HanpaBeHuTe mM3MepBaHUA nokas3BaT, 4ve rnaBHuUTe dakTopwm
onpegenAlwn TpaHCNOPTHMUTE CBOWCTBA Ha cucTtemata ca pgebennHata Ha
narpaxgawmnTte cnoese, andysnata Ha €NEMEHTU U TOUHUA XMMUYECKM CHCTaB Ha
rpaHuMuata Mexay [ABaTa Martepuana, Kkato OT 0cobeHO 3HadeHue BbB
BMCOKOTEMMNepaTypHUA gmanasoH e guHaMukaTa Ha kucnopoga. lNpun pegyumpaHe Ha
nebenvHuTe Ha cnoeseTe, ce HabnogaBa HaManeHue Ha eneKkTpuyeckaTa NPoOBOAMMOCT
CbMNpPOBOAEHO CbC CMAHA Ha 3Haka Ha kKoedbumumeHTa Ha 3mmbek, KOETO pas3KpuBa
npuHoOCa Ha MHAMBUAYyaNHUTE MaTepuany n3rpaxaallm XxeTepocTpyKTypaTta 1 BepOATHO
rpaHmyeH (MHTepdenc) edbekt. Peayntatute oT NpoBEAEHOTO CKaHMPALLO €1EKTPOHHO
MUKPOCKOMNCKO n3cneneaHe nokaspaTt o6pa3yBaHeTo Ha TBbpA pa3TBop oT La(CuNi)O,
npu obpasum ¢ Manku nebennHm Ha narpakaalLlnTte cnoese.



11. Phosphide-Tetrahedrite AgsGeP..: Thermoelectric Performance of a Long-
Forgotten Silver-Cluster Compound

Jurgen Nuss, Ulrich Wedig, Wenjie Xie, Petar Yordanov, Jan Bruin, Ralph Hubner, Anke
Weidenkaff, and Hidenori Takagi

Chem. Mater. 29, 6956-6965, (2017).

The air-stable phosphide, AgcGei P12, was synthesized from its elements in gram
amounts. As its structure is closely related to high-performance thermoelectric
tetrahedrites (Agsl1GesGesP12 = CusSSb,CusSq2), we studied temperature dependent
single-crystal X-ray diffraction experiments, quantum chemical calculations, and
thermoelectric transport properties of spark plasma sintered and pristine, single
crystalline samples, in order to give a comprehensive picture of its thermoelectric
performance and its origin. The semiconducting character of this material is reflected in
band structure calculations. Measurements of the thermal diffusivity exhibit a very low
thermal conductivity, k < 1 Wm~t K~1, whichis closeto a phonon glass-like behavior,
and has its origin in a strong local bonding asymmetry, induced by strong bonding of the
phosphorus-germanium (Ge*") covalent framework and weak bonding of lone-pair
electrons (Ge?'). This chemical bond hierarchy creates a pronounced anisotropic
behavior of the silver atoms leading to low-frequency vibrations and thermal damping.
Combining this with a moderate electrical resistivity (o ~ 15 mf2cm) and a high Seebeck
coefficient (S ~ 380 uVK™) results in a remarkably high figure of merit (zT) of about 0.6 at
700 K. These results demonstrate that AgsGeoP12 is one of the best thermoelectric
phosphides and a promising new platform for the future development of
thermoelectrics.

CoveanHeHnmneto AgsGeoP12 NpeacTaBsnaea pochua, ctabuneH npun nanaraHe Ha Bb3ayX,
M B HACTOSALLETO M3C/eABaHE € CUHTE3MPAHO YCMNELLIHO OT CbCTaBHUTE My €/IEMEHTU B
MaKpOCKOMMUYHN KonudecTBa. TbM KaTo HeroeaTa CTpykTypa e nogobHa Ha
BMCOKOE(PEKTUBHUTE TeTpaxegpugHu TEPMOENEKTPMLN (Ags[1GesGesP12 =
CueSShsCusS12), wn3cnenBaHeTo ce ¢okycupa BbpXy AeTaW/HOTO M3ACHABaHEe Ha
HEroeuTe TEPMOESIEKTPUYHM cBoKcTBa. [lpoBedeHM ca pPEHTreHOCTPYKTYpeEH
onbpakumoHeH aHanuma, BK/I. TemrepaTtypHa 3aBMCUMMOCT, KBaHTOBO-XMMUYHU
TEOPETUYHM WUBUUCIEHMA, W NBAHO TEPMOENEKTPUYHO oOXxapakTepusnpaHe -
€eNeKTPMYECcKo CbnpoTMBneHne, kKoeduumeHT Ha 3unbek, 1 TepmManHa NpPoBOAMMOCT.
M3nonseaHn ca HeobpaboTeHU MOHOKPUCTaNHU 06pa3Lu, KakTo U KOMAaKTHM Tabnetu
NPUTOTBEHU UpPE3 e/IEKTPUYUHA NNa3MeHa AeH3udukaums. NpoBegeHNUTe TEOPETUYHU U
eKCcrnepuMeHTanHun uacnegBaHma nokaseaT, Ye CbeAMHEHMETO € MOJYNPOBOAHMUK, U
npuTeXxaBa MHOrO HUCKa TepMmanHa nposogumocT k < 1Wm 1 K~! — croiHocTt
Cbu3MepmMa CbC CbeamHeHusa nokaspawm GOoHOHHa amopdmsauma. B KOHKpeTHuMA



cnyyan, CbCTOAHMETO C HMUCKa TepMasHa NPOBOAMMOCT Ce AOb/KM Ha NnokanHa
acuMeTpua Ha CcBbp3BaHe Bb3HWKBALLA MeXAy CUIHO cBbp3aHute P - (Ge*) B
KoBa/nieHTHa Mpexka n cnaboTo cBbp3BaHe Ha HEKOMMpPECUpPaHN eNeKTPOHHU OBOMNKMN
npuHagnexawiy Ha (Ge?*). Tasu repapxma nNpu cunata Ha BPb3KUTE Nopaxkaa CUMHO
n3paseHa aHNU30TPONMSA B NOBEAEHNETO Ha Ag aTOMU, N CbOTBETHO, HNCKaA YECTOTa Ha
TpenTeHe Bb3npenaTcTBalia ePeKTMBHOTO pPa3nNpoCcTpaHeHWe Ha TOM/MHHA eHeprus.
CbueTaHMeTo OT Te3n CBOWCTBA, U OTUMTANKM CPaBHUTENHO HUCKOTO enekTpu4vecko
cbnpotueneHuve (o ~ 15 mfcm), c koedpuumeHT Ha 3umnbek (S ~ 380 uV K1), otpexnaa
cbeanHeHmneto AgsGeqoP:. KaTo moTeHUManHO BUCOKO edeKTMBEH TepMoOenekTpuyeH
MaTepuan n nnatdopma 3a 6baewin paspabotku. MIHankaTopsT 3a npeobpasysalla
edpektnBHOCT (zT), 3a AgsGe1oP12, AocTMra ctomHocT oT okono 0.6 npu Temnepartypa oT
700 K.

10. Perovskite substrates boost the thermopower of cobaltate thin films at high
temperatures

P. Yordanov, P. Wochner, S. Ibrahimkutty, C. Dietl, F. Wrobel, R. Felici, G. Gregori, J.
Maier, B. Keimer, and H.-U. Habermeier

Appl. Phys. Lett. 110, 253101 (2017).

Transition metal oxides are promising candidates for thermoelectric applications,
because they are stable at high temperature and because strong electronic correlations
can generate large Seebeck coefficients, but their thermoelectric power factors are
limited by the low electrical conductivity. We report transport measurements on
Ca;Co40s films on various perovskite substrates and show that reversible incorporation
of oxygen into SrTiO; and LaAlO; substrates activates a parallel conduction channel for
p-type carriers, greatly enhancing the thermoelectric performance of the film-substrate
system at temperatures above 450° C. Thin-film structures that take advantage of both
electronic correlations and the high oxygen mobility of transition metal oxides thus open
up new perspectives for thermopower generation at high temperature.

KomMnnekcHUTe okcuam Ha npexogHnTe MeTanum ca kfiac CbeANHEeHMA C BUCOK NoTeHuman
npu paspabotkata Ha epeKTUBHU TepMOEeNekTpuuyHK npeobpasyBaTenu, Tbh KaTo
nputexaBaT BWCOKa TepMUYHA YCTOMYMBOCT U CUMHUTE EeNeKTPOH-eNeKTPOH
B3aMMOAENCTBMA ca NpeanocTaBka 3a roneMm CToOMHOCTU Ha koeduumeHTa Ha 3nnbek.
Ot gpyra cTpaHa, OCHOBEH HeAOoCTaTbK MPW rofisiMa 4YacT OT KOMMAEKCHUTE OKCuaum
npencTensaBa CPaBHUTE/THO BUCOKOTO €1€KTPUYECKO CBMNPOTUB/IEHME, KOETO IMMUTMPA
reHepMpaHeTo Ha rosieMm MOLLHOCTM M CBHOTBETHO HegocTaTbyHa npobpasysallata
epekTMBHOCT. B HacToAauwlaTa pabota ce uacneapaTt enUTakCManHM TbHKU GUAMU OT
cbeanHenmeto CaszCos0s HapacTHaTM Ha PpasuUYHM  KPUCTaZIHU  MOA/T0XKKM.
HanpaBeHWTe enekTpuyHM U TepMOEeNekTpPU4YHM W3MepBaHWUA Moka3BaT aHOMasIHO
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BMCOK koeduumeHT Ha 3umbek, CbMpPOBOAEH C BK/JAHOYBAHETO Ha A0MbAHUTENEH
npoBogALl MexaHn3bM B noanoxkute SrTiO; n LaAlO; npmn TeMnepaTtypu HageuMLLaBaLim
T~450°C. YcTaHOBEHO €, Ye TO3WN AOMb/AHUTENEH MEeXaHU3bM ce OAb/MKK Ha o6paTuM
npoLuec Ha MHKOPNopUupaHe Ha KUCMopoaHM aToMK B KpuctanHute aedektu Ha SrTiO; n
LaAlO3z, BoaeLl a0 ocBob6oOXaAaBaHe Ha ManbK 6pon NOABUXKHWU P-HOCUTENN CNOCOBHM aa
reHepupar U3KIKUYNTENHO BUCOK KoeduumeHT Ha 3nmbek. Pe3yntaTHMUAT MOLLHOCTEH
dakTop Ha cuctemata GUIM-NoaAM0XKKa YyBCTBUTE/NHO HAABULLIABA Te3U Ha OTAENHUTE U
KOMMOHEHTU 1 MOXe [a A0BeAe A0 Cb3/aBaHEeTo Ha TepMoerniekTpudeH npeobpasyBaTten
c Bncoka epeKTMBHOCT.

9. An alternative composite approach to tailor the thermoelectric performance in
SiAlLON and SiC

Pinar Kaya, Giuliano Gregori, Petar Yordanov, Erhan Ayas, Hanns-Ulrich Habermeier,
Joachim Maier, Servet Turan

Journal of the European Ceramic Society 37 3367-3373 (2017).

The thermoelectric properties of SIAlLON and SiC based composites prepared by adding
TiCN (5and 10vol.%) as a particulate or as a segregated three-dimensional network were
investigated. Although the volume fraction of the TICN phase was the same in both kinds
of SiAlON-based composites, the one containing the segregated three-dimensional
network exhibited larger power factor and higher figure of merit than the particle-
reinforced composite. Such an enhancement was not observed in SiC. This outcome
highlights the importance of the microstructure design and indicates that the segregated
network approach may be an effective method to tailor the thermoelectric properties of
composite systems.

M3cnepBaHu ca TepMOenekTpnU4YHMTE CBOMCTBA Ha KOMNO3UTHUTE cucteMu SIALION u SiC
¢ no6aBeHn cboTBeTHO 51 10 06eMHU % TiICN. KoMno3nTtuTte ca pasaoeneHu B ABe rpynu,
Kato B nbpBaTa pobaeeHoTo cbeamHeHue TiICN e pasnpeneneHo pPaBHOMEPHO B
obpas3uunte, gokarto B apyrua cnyvam TiCN o6pasyBa TpumamMepHa Mpexxa obrpaxaaila
6asoBaTta ¢dasa. B cnyuaa Ha SiAION:TiCN, koMmno3mtute obpasyBalin TpumMaMepHa
Mpexka nokaseaT 3Ha4YnTeNHO No-BMCOK GpaKTop Ha TepMOeNneKTpuyHo npeobpal3yBaHe B
cpaBHeHue ¢ Te3un ¢ paBHoMepHOo pasnpegeneH TiICN. TakbB epekT He ce Habnogaea B
npu SiC:TiCN komMno3ntute. Pe3yntaTbT NokaseBa 3HA4YeHUETO HA MUKPOCTPYKTYPHUSA
ON3alH 3a CUHTEe3a Ha TEepPMOENEeKTPUYHM MaTepuanm U CAOXKHM KOMMO3UTU C
noaobpeHn XxapakTepUCTUKU.
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8. Far-infrared and dc magnetotransport of CaMnO;-CaRuO; superlattices

P. Yordanov, A. V. Boris, J. W. Freeland, J. J. Kavich, J. Chakhalian, H. N. Lee, and B.
Keimer

Phys. Rev. B 84, 045108 (2011).

We report temperature- and magnetic-field-dependent measurements of the dc
resistivity and the far-infrared reflectivity (FIR) (photon energies hw = 50-700 cm™?) of
superlattices comprising ten consecutive unit cells of the antiferromagnetic insulator
CaMnOQO;, and four to ten unit cells of the correlated paramagnetic metal CaRuQOs;. Below
the Neel temperature of CaMnQs, the dc resistivity exhibits a logarithmic divergence
upon cooling, which is associated with a large negative, isotropic magnetoresistance.
The (w — 0) extrapolation of the resistivity extracted from the FIR reflectivity, on the other
hand, shows a much weaker temperature and field dependence. We attribute this
behavior to scattering of itinerant charge carriers in CaRuO; from sparse, spatially
isolated magnetic defects at the CaMnQO;-CaRuO; interfaces. This field-tunable
“transport bottleneck” effect may prove useful for functional metal-oxide devices.

B HacToAwaTa paboTa ca nscneaBaHu enekTpnYeckoTo CbNPOTUB/IEHME N OTPaXKEHNETO
B MHppayepseHaTa criekTpanHa obnact (hw = 50-700 cm™1), B npucbcTBMe Ha
MarHUTHO MoJjie, Ha CBPBXPELIETKN cbcToAlM ce oT 10 enemMeHTapHW KNETKM OT
aHTudepomarHntHma unzonatop CaMnOs; m ot 4 po 10 eneMeHTapHU KNeTku OT
napamarHmtHua metan CaRuOs. Mpu TeMnepaTypym nog toukata Ha aHTUGepoOMarHMTHUA
npexon Ha CaMnO; (Tyee; = 125 K), ce HabniogaBa norapMtMmMyo HapacTBaHe Ha
€N1eKTPMYECKOTO CbMPOTUB/IEHME CBMNPOBOAEHO C MoABaTta Ha CWU/EH HeratuBeH
N30TpOoNeH MarHuTope3ncTmeeH edpekT. [JaHHUTe ca CpaBHEHM CbC CBNPOTUBNEHNETO
nofly4eHo OT MHpPaYvYepBEeHUTE CrekTpu npu ekTpanonaumsata (w — 0), nokaseallo
MHOro no-cnabm 3aBMCUMOCTM KaTo ¢YHKUMA Ha TemnepaTypata W cunata Ha
MarHMTHOTO nosne. flonemMnTe pasnuku Mexxay AaHHUTE OT M3MEPBAHETO C MOCTOAHEH
TOK, M Te3n MOoNy4vyeHU OT WMHPpauyepBeHUTE CMeKTpu, MoraT ga ce 06ACHAT C
B3anuMoaencTemeTo Ha cBoboaHM HocuTenm ot metanHma CaRuO; c nedpekTHU MarHUTHU
LLeHTPOBE pa3MnosioXKeHU Ha rpaHuuaTa mexxay asata marepmana CaMnO;-CaRuOs;. Tvi
KaTo HabrogaBaHMA MarHUTopecucTMBeH edekT 3aBUCU CUAHO OT 6pos  Ha
eneMeHTapHuTe kKneTtkm ot MmetanHua CaRuOs; n3nonseaHu B cBpbxpelueTkara (no-
MankumAatT M 6pon Npegms3BMKBa MO-CUMEH MarHUTOPEe3NCTUBeH edekT), KakTo un oT
cunaTa Ha NPUAOXKEHOTO BBHLUHO MarHMTHO None, Te3n 3aBMcuMocCTM Bmxa Mornuv ga
nocnyxat npu pazpaboTkaTta Ha pasnmMyHn GyHKLMOHANHM YCTPOMCTBA.

7. Charge transport and magnetization profile at the interface between the
correlated metal CaRuO; and the antiferromagnetic insulator CaMnO;
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J. W. Freeland, J. Chakhalian, A. V. Boris, J.-M. Tonnerre, J. J. Kavich, P. Yordanov, S.
Grenier, P. Zschack, E. Karapetrova, P. Popovich, H. N. Lee, and B. Keimer

Phys.Rev. B 81, 094414 (2010).

A combination of spectroscopic probes was used to develop a detailed experimental
description of the transport and magnetic properties of superlattices composed of the
paramagnetic metal CaRuO; and the antiferromagnetic insulator CaMnQs;. The charge-
carrier density and Ru valence state in the superlattices are not significantly different
from those of bulk CaRuOs;. The small charge transfer across the interface implied by
these observations confirms predictions derived from density-functional calculations.
However, a ferromagnetic polarization due to canted Mn spins penetrates 3-4 unit cells
into CaMnQg;, far exceeding the corresponding predictions. The discrepancy may
indicate the formation of magnetic polarons at the interface.

KomMbunHauma ot cnekTpoCKONCKU MeToAn e NpuioxXeHa KbM CBPbXPELLETKN CbCTOALLN
ce ot napamarHutHua Mmetan CaRuO; n aHTudepomarHmuTHuAa nzonatop CaMnOs, ¢ uen
LETaNNIHO onuMcaHne Ha TeXHUTe TPaHCMOPTHM M MarHWTHU cBolcTBa. [lpoBeneHuTe
n3cnegBaHmA nokaseaT cnegHute pesyntatu: 1. TabTHocTTa Ha cBo6OAHMUTE
€NEeKTPOHHMU HOCUTENM U BaneHTHOTo cbcToAHMe Ha Ru B CaRuO; cnoeBe Ha
CBpbXpeLleTkata He Ce pasfiMyaBa CbLLUECTBEHO OT TE3M XapakTepHM 3a 06eMHU
obpaszeun. 2. Habnogasa ce npepasnpeneneHne Ha enektpoHn ot CaRuO; KbM
CaMnO;, c KoeTo ce NOTBbPXKAABAT pe3ynTatute OT TEOPETUYHM U3UYMNCIEHNA 3a Tasun
KoMbuHauma oT Matepuanu, n3BbpLleHn Ha 6aszaTa Ha TeopuATa Ha PyHKLMOHaNa Ha
nnbTHocTTa (DFT). YcTaHoBeHaTa abnb6o4ynHa Ha NpoHUKBaHE Ha efiekTpoHuTe B CaMnO;
e OoT nopAgbka Ha 3-4 eneMeHTapHU KIETKU, KOETO € 3Ha4yuTenHo Mo-rosismMo oT
0O4YaKBaHOTO, U MHAMKMpPa obpal3yBaHEeTO Ha MarHUTHU MOAAPOHU Ha rpaHuLaTa Mexay
hBaTa maTepmana.

6. Ferromagnetism and lattice distortions in the perovskite YTiO;

W. Knafo, C. Meingast, A.V. Boris, P. Popovich, N.N. Kovaleva, P. Yordanov, A. Maljuk,
R.K. Kremer, H. v. Lohneysen and B. Keimer

Phys.Rev. B 79, 054431 (2009).

The thermodynamic properties of the ferromagnetic perovskite YTiO; are investigated by
thermal expansion, magnetostriction, specific-heat, and magnetization measurements.
The low-temperature spin-wave contribution to the specific heat, as well as an Arrott plot
of the magnetization in the vicinity of the Curie temperature T, = 27K, is consistent with
a three-dimensional Heisenberg model of ferromagnetism. However, a magnetic
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contribution to the thermal expansion persists well above T;, which contrasts with
typical three-dimensional Heisenberg ferromagnets, as shown by a comparison with the
corresponding model system EuS. The pressure dependences of T, and of the
spontaneous moment Mg are extracted using thermodynamic relationships. They
indicate that ferromagnetism is strengthened by uniaxial pressures plla and is
weakened by uniaxial pressures p |l b, c and hydrostatic pressure. Our results show that
the distortion along the a and b axes is further increased by the magnetic transition,
confirming that ferromagnetism is favored by a large GdFeOs-type distortion. The c-axis
results, however, do not fit into this simple picture, which may be explained by an
additional magnetoelastic effect, possibly related to a Jahn-Teller distortion.

MN3cnepgBaHu ca TepMoguMHaMUYHUTE CBOMCTBA Ha dpepomMarHUTHUA nepoBckUT YTiO;
nocpeacTBOM N3MepPBaHWA Ha TepManHo pasLMpeHne, MarHMTOCTPUKLKMA, cneumndnyeH
TOM/IMHEH KanaumTeT, M MarHetusauma. [MpUHOCBT Ha CMNMHOBUTE BbB/HUM KbM
crneunmdnYHMa TOMNIMHEH KanauMTeT B HUCKOTEMMepPaTypHUA gumana3oH, KakTo M Ha
MarHeTM3auumaTa B OKO/THOCTTa Ha TemnepaTtypata Ha Kiopu T, = 27K, cboTBeTCTBaT Ha
TpumnamepeH XanseHbepros moaen 3a pepomarHetnama. OT gpyra ctpaHa, MarHmMTHaTa
KOMMOHEHTa B TEPMasiHOTO pasllMpeHWe ce 3anas3Ba npu Temnepatypu MHOro no-
BNCOKM OT T, KOETO NMPOTUBOPEYUM Ha TUMNYHUA TPUM3MepeH Moaen. Pesyntatute ca
cpaBHeHW ¢ MogenHaTa cucteMa EuS. 3aBucumoctTta Ha T M MArHUTHUA MOMEHT Mg OoT
HanAraHeTo noka3BaT, 4Ye @epoMarHUTHOTO CbCTOAHME ce cTabunusupa upes
npunaraHe Ha akCuasiHO HanAraHe Mo HanpaeneHumeto p |l a, n otcnabea upes
npunaraHe no HanpaeneHuata p |l b,c, KakTo U NpU XMAPOCTaTUYHO HanAraHe.
Pesyntatute KkopecnoHgmMpaT ¢ MeXaHU3bM NpPU KOUTO CTPYKTYypHUTE aedopmaumm no
ocute a n b HapacTBaT ¢ npexoga BbB $epOMarHMTHO CbCTOAHME, N CBOTBETHO, CU/THO
n3pazeHata GdFeOs-Tvn gedopmauua ro ctrabunmsupa. Pesynrtatute nony4vyeHu no
HanpaBneHWe ¢, He Ce BNMCBAT HaMb/IHO B TO3M MOAES, KaTo HECBHOTBETCTBMETO MOXKE
[a ce Ab/IKM Ha NPUHOC Ha gonbaHuTenHa gedopmauma ot Tuna AH-Tenep.

5. Dipole-active optical phonons in YTiOs: Ellipsometry study and lattice-dynamics
calculations

N. N. Kovaleva, A. V. Boris, L. Capogna, J. L. Gavartin, P. Popovich, P. Yordanov, A. Maljuk,
A. M. Stoneham, and B. Keimer

Phys.Rev. B79, 045114 (2009).

The anisotropic complex dielectric response was accurately extracted from
spectroscopic ellipsometry measurements at phonon frequencies for the three principal
crystallographic directions of an orthorhombic (Punm) YTiO3 single crystal. We identify all
25 infrared-active phonon modes allowed by symmetry 7B+, 9B2,, and 9Bs;, polarized
along the c, b, and a axes, respectively. From a classical dispersion analysis of the

14



complex dielectric functions £(w) and their inverses —1/&(w), we define the resonant
frequencies, widths, and oscillator strengths of the transverse-optical (TO) and
longitudinal-optical phonon modes. We calculate eigenfrequencies and eigenvectors of
B1u, B2y, and Bs, normal modes and suggest assignments of the TO phonon modes
observed in our ellipsometry spectra by comparing their frequencies and oscillator
strengths with those resulting from the present lattice-dynamics study. Based on these
assignments, we estimate dynamical effective charges of the atoms in the YTiO; lattice.
We find that in general, the dynamical effective charges in YTiO; lattice are typical for a
family of perovskite oxides. By contrast to a ferroelectric BaTiO3;, the dynamical effective
charge of oxygen related to a displacement along the c axis does not show the
anomalously large value. At the same time, the dynamical effective charges of Y and ab
plane oxygen exhibit anisotropy, indicating a strong hybridization along the a axis.

M3non3Bamkn MeToga Ha CMEKTPOCKOMNWYHaA enuncoMeTpua, € yCTaHOBEHAa
KoMniekcHaTa agnenekTpuuHa GyHKumMa Ha opTopoMOBunUHMA (Poam) YTiO3 B AMana3oHa Ha
GOHOHHMTE YECTOTM MO BCUYUKUTE TPWU TNaBHU Kpuctanorpadckm HanpaBieHuUs.
NoeHTndumumpaHn ca BcuUukn 25 mHbpayepBeHO-akTUBHU (CUMETPUMHO MNO3BOJIEHU
7B1y, 9Bay, 1 9Bs,) POHOHHM Mopa, ¢ nmonApu3auma CbOTBETHO Mo ocute ¢, b, n a.
M3xoxxparikn oT knacu4veckuns gucrnepceH aHanus 3a dpyHkunmte §(w) n —1/&(w), ca
onpegeneHy CboTBETHO PE30OHAHCHUTE YECTOTHU, LUMPUHUTE, N cUlaTa Ha ocuunaTopumTte
Ha Hanpe4HuTe (TO) n HagnbXxHUTe (LO) onTUYHN doHOHU. N3uncneHn ca cobcTBeHUTE
UeCTOTU M BEKTOPU Ha B4y, Bay, 1 Bay HOpManHu moga, n e HanpaeeHo cboTHacAHe Ha TO
MOOOBETE KbM CbOTBETHWUTE TpenTeHWA B KpucTanHaTta peweTtka. OnpeneneHn ca um
OnHaMmnuHnTe edekTMBHM 3apagum B pelwetkata Ha YTiOs;, nokasBawm TUMUYHU
CTOMHOCTM 3a CEeMEMCTBOTO Ha MNEepoBCKUTHUTE oKkcugn. B cpaBHeHne c
dpepoenekTpnuHmna MaTtepuan BaTiOs, guHaMnuHMAT epekTMBEH 3apag Ha KMcnopoaa
CBbp3aH C OTMECTBAHETO My MO OCTa C, He NMoka3Ba aHOMasjHO rosisMa CTOMHOCT. B
CbLLOTO BpeMe, ANHAMUYHUAT edekTuBeH 3apag Ha Y, M TO3M Ha KuMcnopoga B
paBHMHaTa ab, nNokasBaT aHW30TPOMNWA, KOATO MHAOMKMpa cunHa xubpuamsauma B
HanpaBneHue a.

4. Evidence for Two Separate Energy Gaps in Underdoped High Temperature Cuprate
Superconductors from Broadband Infrared Ellipsometry

Li Yu, D. Munzar, A.V. Boris, P. Yordanov, J. Chaloupka, Th. Wolf, C.T. Lin, B. Keimer and
C. Bernhard

Phys.Rev.Lett. 100, 177004 (2008).

We present broadband infrared ellipsometry measurements of the c-axis conductivity of
underdoped RBa.Cus0O; (R=Y, Nd, and La) single crystals. Our data show that separate
energy scales are underlying the redistributions of spectral weight due to the normal
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state pseudogap and the superconducting gap. Furthermore, they provide evidence that
these gaps do not share the same electronic states and do not merge on the overdoped
side. Accordingly, our data are suggestive of a two-gap scenario with a pseudogap that is
likely extrinsic with respect to superconductivity.

lMpeactaBeHu ca AeTannHU eNMNCOMETPUYHMN U3MEPBaAHUA HA ONTUYHATa NPOBOAMMOCT
B WHdpadvepBeHMA AuanasoH Ha MOHOKPUCTaAM OT BUCOKOTEMMepaTypHUTE
cBpbxnpoBogHmum RBa>CuzO; (R=Y, Nd, and La) no kpuctanorpadpcko HanpaBneHue c.
Mony4yeHnTe gaHHM ACHO MokasBaT, Ye ABa pPas3/IMYHKU MexaHu3Ma ca OTrOBOPHM 3a
npepasnpeneneHneTo Ha CnekTpasnHua CUrHan npu nceppo-eHepreTtnyHata 6apuepa
CblUecTByBalla B HOpPManHO CbCTOAHWE, U CbLUMHCKaTa eHepreTuyHaTa 6Gapwuepa
Bb3HMKBAlLLa MNpW npexoda OT HOPManHO KbM CBPbBbXMNPOBOAALLO CbCTOAHME. B
LOMNb/HEHWE Cce [oKa3Ba, Ye Bb3HMKBAHETO Ha NceBao-eHepreTnyHaTa 6apuepa 1 Ha
CbLUMHCKaTa CBPBbXNPOBOAALLA eHepreTuyHaTa 6apmepa ce ocbLLEeCBABA OT €/IEKTPOHM
OT KOPEHHO PasfIMYHN MO eHeprma CbCToAHMA. 1o TO3M HauumH, pe3yntatuTte OT
n3cneaBaHeTo OTXBBPAAT XMMoTe3umTe, Ye Bb3HWKBAHETO Ha MNceBAO-eHepreTuyHara
6apurepa e cBbp3aHa c Npexoaa KbM CBPbXNPOBOAALLOTO CbCTOAHME.

3. Optical response of ferromagnetic YTiO; studied by spectral ellipsometry

N. N. Kovaleva, A. V. Boris, P. Yordanov, A. Maljuk, E. Bricher, J. Strempfer, M. Konuma,
I. Zegkinoglou, C. Bernhard, A. M. Stoneham and B. Keimer

Phys.Rev. B 76, 155125 (2007).

We have studied the temperature dependence of spectroscopic ellipsometry spectra of
an electrically insulating, nearly stoichiometric YTiO; single crystal with ferromagnetic
Curie temperature T, = 30 K. The optical response exhibits a weak but noticeable
anisotropy. Using a classical dispersion analysis, we identify three low-energy optical
bands at 2.0, 2.9, and 3.7 eV. Although the optical conductivity spectra are only weakly
temperature dependent below 300 K, we are able to distinguish high- and low-
temperature regimes with a distinct crossover point around 100 K. The low-temperature
regime in the optical response coincides with the temperature range in which significant
deviations from a Curie-Weiss mean-field behavior are observed in the magnetization.
Using an analysis based on a simple superexchange model, the spectral weight
rearrangement can be attributed to intersite dl-lalj1 - dizd}’ optical transitions. In
particular, Kramers-Kronig consistent changes in optical spectra around 2.9 eV can be
associated with the high-spin-state T, optical transition. This indicates that other
mechanisms, such as weakly dipole-allowed p-d transitions and/or exciton-polaron
excitations, can contribute significantly to the optical band at 2 eV. The recorded optical
spectral weight gain of the 2.9 eV optical band is significantly suppressed and
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anisotropic, which we associate with complex spin-orbit lattice phenomena near the
ferromagnetic ordering temperature in YTiOs.

[MpoBegeHO e enuncoMeTpuMyYHO CNEeKTPOCKOMCKO M3crnefBaHe Ha MOHOKpPUCTasneH
obpazeu o1 YTiOs - n3onupaly, ¢epomarHmteH Matepman c temnepatypa Ha Kropu T, =
30 K. OnTn4HmMAT oTroBop nokasea cnaba, Ho gobpe gedpmnHMpaHa aHM3oTponuma. Ypes
N3BBbPLUEHUAT ANCMEPCUMOHEH aHanu3 ca MAeHTUPUUMpPaHU TPU HUCKOEHEPTUMHU
ONMTUYHWM 30HM pasnonoxeHu npu 2.0, 2.9, n 3.7 eV. Bbnpekn, ye cnekrtpute Ha
onTuU4YHaTa NpPoBOAMMOCT ca cnabo TemnepaTypHO 3aBUCUMU, ACHO Ce pasnuuasaT
BMCOKO- M HUCKOTEMNEPATYpPEH pPeXXuMU Cc TeMnepartypa Ha npomsaHa okono 100 K.
HuckoTeMnepaTypHUAT pPeXnM Ha ONTUYHMA OTroOBOP CbBMNaga C TemrnepaTypHuUA
OnanasoH B KOMTO ce HabntogaBaTt 3HAUMTETHM OTKNOHEHMA OT 3akoHa Ha Kropu-Baiic B
OaHHUTe 3a MarHeTuzaumAaTa. MI3BbpLUEHWAT aHanmM3, OCHOBaBall, Ce Ha MoAen Ha
cynep-o6MeH, NOKa3Ba, Ye NpepasnpenesieHneTo Ha CNeKTpanHMA CUrHan ce ob/kKn Ha
onTuUUHM Npexoan Mexay di di — dfd) cbCToAHMA. B 4aCTHOCT, NPOMEHNTE B CNIEKTpUTE
0k0no 2.9 eV Morart ga 6baaTt acoumMmpaHm ¢ Npexon BbB BUCOKO CIMHOBO CbCToAHME Ty,
PesyntatbT € HAMKaUMA 3a ApyrM MexaHM3Mn, Kato HanpmuMep cnabouHTEH3NBHN p-d
npexoan wu/mnn obpadyBaHe Ha EKCUTOHHO-MOAAPOHHM CBHCTOAHUA OOMUHMPALLU
onTu4yHaTa 30Ha pasnonoXeHa npu 2 eV. HabntogaBaHOTO HapacTBaHe Ha crekTpasieH
curHan B onTM4YHUTE cnekTpun npm 2.9 eV e aHN30TPONHO 1 oTcnabea 3HaYMUTE/THO, KOETO
MoXe fa 6bae CBbP3aHO CbC CMIOXKHU B3aMMOAENCTBMA MexXay CMMHOBM U opbutanHm
MOMEHTW C TPENTEHMATA Ha KpMUCTasiHaTa peLleTka OKoNo TeMnepaTyparta Ha npexoga
KbM depomMarHmTHo cbeTosaHme B YTiOs;.

2. lon beam synthesis of Mg,Si
E. Goranova, B. Amov, M. Baleva, E. Trifonova, P. Yordanov

J. Materials Science 39, 1857-1859 (2004).

The semiconducting metalsilicides and Mg,Siin particular have been extensively studied
in the last few years because of the following reasons: the materials have the potential
to be successfully integrated in the optoelectronic silicon technology, the materials are
nontoxic and the constituting elements are found in a large amount in nature, and lastly
the formation of nanocrystals in a particular matrix offers the possibility of
semiconducting structures with new properties. The compound Mg,Si has, similar to Si,
a cubic structure with a larger lattice parameter. The lattice mismatch for the Mg,Si (111)
face on the Si (111) face is 1.9%. Due to the comparatively small lattice mismatch high
quality epitaxial growth of Mg,Si onto monocrystalline silicon appears to be possible.
However thin film formation is difficult because of the low condensation and high vapor
pressure of Mg and that is why thin film preparation and studies are scarce. The very low
condensation coefficient of magnesium as well as the limited Mg,Si films thickness due
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to the barrier behavior of Mg,Si can be overcome using the ion-beam synthesis (IBS)
method, reported in this paper. The samples were prepared by IBS, followed by rapid
thermal annealing (RTA). Experimental transmission IR spectra indicate unambiguously
the presence of the Mg,Si phase in all samples.

MonynpoBogHMUMTE OT TUMA Ha MeTanHUTe CUANLNAN (TECHO30HHM NONYNPOBOAHNLN),
kaTto Mg,Si, ca 06eKT Ha MHOXECTBO M3CcnefBaHMA Mopagn HAKOAKO MpuunHu: 1.
CbeaonHeHnaTa nMmaT noteHuMan 3a MHTeErpupaHe B ONTOENEKTPOHHMU YCTPOMCTBA Ha
6azarta Ha Si. 2. MeTanHUTE CUNULNAN HE Ca TOKCUYHMU, U Ca U3FPaAEHN OT efieMeHTH
cpewawm ce B roneMn konudectea. 3. opMupaHeTo Ha HaHOKpUCTanHKU obpasuun
NO3BO/IABA CMHTE3a Ha NO/TYNPOBOAHMKOBW CTPYKTYPU C HOBM cBoKcTBa. CbeaANHEHNETO
Mg,Si nputexxaBa nopgobHa Ha Si KybuuHa CTpyKTypa, CbC CpPaBHUTE/IHO Masnko
HeCcbOTBETCTBME B NapaMeTpuTe Ha KpucTanHaTta pewetka Mg,Si(111)/Si(111) ot okono
1.9%. MNMopagn cxoncTBOTO B NapaMeTpuTe Ha pelleTkara, MPUHLMMHO € Bb3MOXXHO U
enuTakcuanHo HapacTBaHe Ha Mg,Si GnnMM c BUCOKO KaueCTBO BbPXy MOHOKPUCTaNHN
Sinoano>Xkun. B KOHKpPEeTHUAT ciy4van Ha Mg,Si, HapacTBaHeTO Ha TbHKU GUIMM OT ra3oea
das3a e TpyaHO nopaawn xapaktepHute 3a Mg cnaba KoHAeH3auuA M BUCOKO MapHO
HanAaraHe. B HacToALLETO n3cnenBaHe e NpeacTaBeH ycnelleH CUMHTE3 Ha TbHKN QUMK
oT Mg,Si Bbpxy Si noano>XKkm upe3 Metoda Ha MOHHa MMNNaHTaumsa ¢ nocnegeallo 6bvp3o
TEPMUYHO OTrpsiBaHe, KOETO NPeoaoNaBa TEXHONOTMYHUTE TPYAHOCTU CBbP3aHM ¢ Mg
npu wn3non3BaHe Ha KOHBEHUMOHanHM Metogu. [lpoBedeHOTO CNEKTPOCKOMUYHO
n3cneaBaHe B peXKnMM Ha nponyckaHe B nHopayepseHaTa obnacTt gokassa HannM4neTo
Ha Mg,Si BbB BcUUKku o6pasum.

1. Influence of grain size on the optical conductivity of B-FeSi. layers
M. Baleva, E. Goranova, V. Darakchieva, S. Kossionides, M. Kokkosis, P. Jordanov

Vacuum 69, 425-429 (2003).

Monophase B-FeSi, layers, fabricated using ion beam synthesis with high implantation
doses followed by rapid thermal annealing are studied. The structure of the films was
analyzed by Rutherford backscattering, X-ray diffraction and atomic force microscopy.
The average grain sizes of the layers, formed under different annealing regimes were
determined. The room temperature reflectance and transmittance spectra were
measured in the range from 0.2 to 1.3 eV. The spectra were analyzed in terms of a
multilayered structure. The dispersion of the optical constants was calculated using a
generalized matrix method, accounting for the surface and interface roughness. From
the optical constants dispersions, the effective optical conductivity and thatin the grains
were estimated. The grain sizes were found to influence the optical conductivity.
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MNa3cnepBaHn ca ¢ounmm ot MoHodaseH P-FeSi, cUHTe3MpaHM nocpeacTBOM MOHHA
MMMIaHTaumMa ¢ BUCOKM 031 1 nocnensalo 6bp3o TepMmyHo oTrpABaHe. CTykTyparta
Ha nonydyeHunTe obpasum e aHanmanpaHa ¢ PboepdopaoBo pasceriBaHe, peHTreHOBa
ondpakuma M atoMHO-CU/IoBa MUKPOCKONMA. YCTaHOBEH € CpeaHuAT pa3Mep Ha
KpUCTanmntnTe marpaxkgalim cnoe.sete kaTto QyHKUMA OT YC/OBMATA Ha OTrpsABaHe.
MN3MepeHn ca cnekTpuTe B pe>KMM Ha oTpakeHne U npornyckaHe B agnanasoHa 0.2 - 1.3
eV, kaTo gucnepcuaTa Ha ONTUYHUTE KOHCTAHTM € NonlydeHa no metoaa Ha o6obLeHnTe
MaTpUUM 3@ MHOFOC/IMHW CUCTEMM, OTUMTAWMKM MO TO3M HAUMH XapakKTepHUTe 3a
MOBBPXHOCTTA U MHTepdencuTe rpanaBuHU nNpum cuctemute odunm-noagnoxka. Ot
AucnepcuaTa Ha ONTUYHUTE KOHCTaHTUM € MoJlyyeHa oueHKka 3a epekTMBHaTa ONTUYHa
NPoOBOAMMOCT M ONTUYHaATaA NPOBOAMMOCT 3a KpucTanutute. YcCTaHOBEHa € W
B3aMMOBpb3KaTa Mexxay onTM4yHaTa NPOBOAMMOCT U pa3Mepa Ha KpuctanmutmTe.
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