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M.B. Aesdees, FO.H. IIpowun, M.I'. Xycaunos, C.JI. Iapesckui

AnHoTanus

Paccvorpeno BimsHue BHEmIHEro cjaboro MarHUTHOrO moJid Ha 3dgerT bau3octu B OU-
msenke deppomarauTHb MeTas/ceepxnposonrauk (FM/S). ITokazano, uro, Kak u B Ciydae
6e3 MArHUTHOrO I0Jis, 3aBUCUMOCTh KPUTUIECKOi Temmneparypbr FM /S-kontakra T, oT TOMI-
muabl FM-c10s HOCUT KaueCTBEHHO Pa3/IMYHbINA XapaKTep MPU U3MEHEHUH IIapaMeTPOB, XapakK-
TepU3yIOMNUX KOHTAKT: BBIXO/T Ha TIJIATO, 3aTYXAIOMIIE OCIIU/IISIIINN, BO3BPATHAS CBEPXIIPOBOIN-
MOCTb, [T€PUOUYIECKU-BO3BPATHASA CBEPXIIPOBOAUMOCTD. BHeIIHee MarHuTHOE TI0J1e TIPUBOIAT
K yMeHbIieauio T, U K M3MEHEHUIO I'PAHUIL IEPEX0/Ia B HOPMAIbHOE COCTOSHUE IIPU BOZHUKHO-
BEHMM BO3BPATHOI CBEPXIIPOBOINMOCTH.

CoBpemenHasi HAHOTEXHOJIOIHS TTO3BOJISIET CO3/]aBATH TOHKOILIEHOYHBIE MHOTOCION-
HbIE CTPYKTYDPbl U3 MATEPUAJIOB, ODJAJAIONIMX PA3TUIHBIMU CBOWCTBAMHU, COYETAHHE
KOTOPBIX B €CTECTBEHHOMN TIPUPO/IE YACTO JazKe HeBO3MOKHO. QcoObIif MHTEpEC MPe/ICTaB-
JISIFOT TETePOCTPYKTYPHI CBEPXIPOBOIHNUK /heppOMArHETHK, TIOCKOIBKY COCYIIECTBOBA-
HUE CUHTJIETHO! CBEpXIMPOBOAUMOCTH U (hepPOMATHUTHOTO YIOPSTOUYEHUsST B 00 bEMHBIX
obpasmnax TpyaaoocyinecTBuMo. OIHAKO B CJIOMCTHIX CTPYKTYPax 0Jaromapst TOMY, UTO
KYTEPOBCKUE APl MOT'YT MPOHUKATH B (hbePPOMATHUTHBIN CII0H HA HEKOTOPYIO TIyOuHYy
(rak HasbiBaeMoMy 3dbderry 6Ju30CTH), TAKOE COCYIIECTBOBAHIE CTAHOBUTCH BO3MOXK-
HbiM. OKa3a/I0Ch, YTO YKA3aHHBIE NCKYCCTBEHHBIE MHOTOCJIONHBIE CPEIBI MOTYT UMETh
COBEPIIEHHO HOBbIE (DPU3MIECKUE CBOWCTBA, KOTOPHIMU MOYKHO YIPABJIATH B TITHPOKUX
npeJiesiaX, MeHsist mapaMeTphbl CTpyKTyphl [1]. B HacTosiimeit pabore paccMOTPEHO BIIHSI-
HP€e BHEIIHEero cJIadoro MarHUTHOTO MoJid Ha 3¢ derT ban3ocTn B OumieHke gpeppomar-
HATHBI MeTan/ceepxuposoauk (FM/S).

[Ipexze Bcero ormerum mapamerpbl, xapakrepusyomue FM/S-rerepocrpykrypy.
S-c0it xapakTepu3yeTcst AByMs MapaMeTpamMu pa3MepHOCTH [IJIMHBIL: JIJINHON KOT€PEeHT-
HOCTH &g W JJIMHON CBOOOIHOTO MpObEera 3JeKTPOHOB MpoBoauMocTu lg. Ias FM-caos
HapALY C JIByMs aHAJIOIMYHBbIMU HapamerpaMu {; u |y HeOOXOAMMO BBECTH elle JJIHHY
CIIMHOBOM 2KecTKOCTH af = vf/2] (vf — CKOPOCTH 3MEKTPOHOB mposoauMocta FM-cios
ma moBepxuoctn @epmu, I — adpdexTuBHOE OOMEHHOE MATHUTHOE TOJe, JeHCTBYIONee
HA CIIUH 3JIEKTPOHOB MPOBOJIMMOCTH CO CTOPOHBI JIOKAJIM30BAHHBIX CITUHOB (peppoMarie-
tuKa). J[JIMHa COUHOBOM YKECTKOCTHU OTPEJIE/ISeT XapaKTepHYyIO ITUHY MOIY/IAINN 3JIEK-
TPOHHOI CIHUHOBO# TJIOTHOCTH B (DEPPOMATHUTHOM MeTajiie OJarogapsi pa3IBUIKKE
bepMU-NIOBEPXHOCTH /TSl SJEKTPOHOB MPOBOJAMMOCTH C PA3TUIHON OpueHTaIneil Crim-
na [2, 3]. K stum napamerpam ciejyer n06aBUTb ellle JBe I€OMETPUYECKUE JIJIUHbL:
TOJIIIMHBI CBEPXTPOBOAAIIEro dy W hbeppoMaruuTHOrO dy ciaoes. Bo BHermmem MaramT-
HOM TI0JIe€ TOOABJISIETCS €I1e OJINH TapaMeTp — JJINHA TPOHUKHOBEHUS MATHUTHOTO TTOJIsI
B cepxmpoBomHuK A. Cobereernno FM/S-konrtakT xapakrepusyercss Ko3bhumeHTom
MPO3PAYHOCTH, KOTOPBIA MOMKET TPUHUMATH TPOU3BOJbHBIE 3HAYEHUs] B 3aBUCUMOCTH



DOPEKT BJIM30OCTU B HAHOCTPYKTVPE... 43

Puc. 1. FM/S-crpykrypa BO BHemHem MarauTHOM nose Hy

OT yCJIOBMiT TIPUTOTORJIEHNS KOHTaKTa. Bremennnle mapameTpnr &, ls, &f, lp, afp, A
1 kK03 HUIUEHT MPO3PAYHOCTH JIOMYCKAIOT HECKOJIHKO KAUYECTBEHHO PA3JINYIHBIX BapU-
AHTOB 3aBUCHMOCTH TEMIIEPATYPbl CBEPXIPOBOJsiiero nepexona FM/S-konrakra jjis
pa3HBIX 3HAUeHHH TommuHbl deppomarauTaoro cnog Tq(dy) [1].

Paccmorpum cuctemy m3 HAJIOXKEHHBIX JAPYT HA Apyra (heppOMarHUTHONW MeTasIn-
JeCKON TJIEHKN W CBEPXTPOBOJAIIEH TIJIEHKN, TOJNIMNHBI KOTOPHIX PaBHEI df W d, co-
oTBeTCcTBEHHO. [lyCcTh paccmarpuBaeMasi CHCTEMa HAXOIUTCS B OJHOPOIHOM BHEITHEM
marauTaoM nosie Hy, nanpassiennom o miaenok (puc. 1). Bysem cuurars, yro Hy
MAJIO [0 CPABHEHUIO C BEJUIUHON 0OMEHHOTO moJisi [, TaK 9TO OHO HE MEHsIeT MArHUT-
ayio crpykrypy FM-cnosa. Ing paccMarpuBaeMoro miIoCKOTO KOHTAKTa B MPOCTEHIemM
CJIydae MOYKHO CIYMTATh, 9TO CBEPXIPOBOAANIMil napamerp nopsiaka (I1IT) 3asucut To/1Db-
Ko or x. /Jl1a paccmarpuBaemoil cncreMsl A 3> dg, df, TaK 9TO MArHUTHOE TOJE Ha
MPOTSIKEHNN KOHTAKTA MOYKHO CYUTATH OJHOPOIHBIM. BeKTOpHBIH oTeHImaa A BHEI-
HEro MarHUTHOrO MOJid B KyJOHOBCKOI Kamubposke (div A = 0) B paccmarpusaemoit
reomerpuu Oyner umers Bug A(0,0, A(z)), npuuem A(x) = Hox + Hody . Anantusnas
KoHcTaHTa B A(x) BRIOpaHa TakuM obpasoM, 4roObl ipr Hy = (0 BEKTOPHBIH MOTEHIIN-
an ObuUT paBen Hy/0 Ha BHemrHeidl rpanurne FM-cnoa. B cayuae rpsasnoro mpemena [,
Iy < &, & semmunna IITT A(z) ompenensiercs depe3 dyuknmo Y3amens F(z,w) [4]:

A(x) =27V (z)N(2)T Re Y F(x,w), (1)

w>0

rae V(z) — noreHnmas crnapmBaTesnbHOro B3anMozeiicTeusi, N(x) — MIOTHOCTH COCTO-
auuii na nosepxuoctu ®epmu, T — remmeparypa. Cymmuposanue B (1) mpoucxomur
o MarybapoBCKUM 9acTOTaM w C OTpaHUYeHmeM Mo mebaeBcKoil dactore wp. Kpo-
Me TOro, 371ech u Huxke h = kp = up = 1. Ypasuenud mis yskiun Y3sagens ais
paccmarpuBaemoii cucrembl B S- 1 FM-ob1actax uMeor Bu/I:

1 02 2ie\>
*iDs @4’ <T> A (LL‘) Fs (1’7"‘})*A5 (LL‘), (2)
_ 7o Lp (O (2 2A2 V|| F )=As(z) =0 (3)
w+1 —5Ds @—l— — (x r(r,w) =Ag(x)=0.

3aece Dy, Dy — xoapdrmmentsr mnddys3nn 31eKTPOHOB mpoBomumocTn B S- nm FM-
cnoax. Ormernwm, uto Dy naa pasanvasrx FM-caoeB cTaHOBHTCA KOMTIJIEKCHBIM, 3aBH-
cnut ot I w BpeMenn cBOOOTHOTO Tpobera Ty 3JIEKTPOHOB MpoBoanMocTH B FM-cioe, ¥To
IPUBOAHUT OO K BOJTHOBOMY, MHOO K AnhPYy3HOHHOMY THUIIAM JIBUKEHNST KBA3HIACTHIIL.
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Puc. 2. BaBucumocTsb npusenenHoil Temmeparypst nepexona t = 1. /Tes OT mpUBEAEHHOH TO-
muHbl FM-cios df/af LIS FM/S—KOHTaKTa B Pa3/IUYHBIX MATHATHBIX noax h = Ho/H,

t T T T T T T T T T
i d=0625E,
1=025¢ |
a,=005¢&,

21":f =3

0r H g

0E

04

0.3

0z - i

0l - B

] 1 1 I 1 1 1 I 1 1

o 1 2 3 4 L
df/af
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Puc. 4. BosspaTHO-nepuoamveckas CBepXnpoBoauMocTb FM/S-koHTakTa B PasamIHBIX TO-
nax h

Hms mpocrorsr mbl monaraem, uro B FM-cmoe IIIT Ay =0. K ypasuenusam (2), (3)
csieyer 100aBUTH TPAHUYHbIE ycjaoBus [5]:

an O5Vs -
dr 4D, (Fs (+0,w) — Fy (=0,w)), npu z = +0, @
F
JIJIsT BHYTPEHHEH TPAHUIIBI, a HA CBOOOIHBIX TDAHUIIAX:
OF .,
— =0 .
Ox (6)

3aech 0, 05 — K03 DUIHEHTD IPO3PAYHOCTH KOHTAKTA CO CTOPOHbL S- 1 F-merasuia,
Vs, Uy — CKOPOCTH 3/J€KTPOHOB IpoBoauMocTu Ha mnosepxuocrax Pepmu B S- u FM-
cnosix. OTmeTnM, 9To rpaHndHbe yeiaoBust (4), (5) yUNTHIBAIOT COOTHOIIIEHHE JIETAIh-
HOro Hajamca, OCHOBAHHOE Ha PABEHCTBE YHCJIA MEPEXOJ0B 3JIEKTPOHOB TTPOBOINMOCTH
u3 S-ciost 8 FM-coroit m ob6pato [6].

BekropHblil moTeHInan BHYTPH IUeHKH OyzmeT ciabo meHATbe (A > dg, df), Tak
aro A?(x) B ypasnenusx (2), (3) MOXKHO ycpeaHuTh 110 TOIMEE ienku. Torga pere-
HUE MOYKHO MCKATh B OJHOMOJOBOM PEKMME, CITPABEJINBOCTH KOTOPOTO ObIIa TIOKA3AHA
B paborax [7-9]:

Fy = Cycos (ks (z — ds)) ,

Fy = Cycos (kg (z +dy)) - (7)
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Puc. 5. Yvenbimenne ¢ n m3MeHeHWE T'PAHUI] MEPEXOAa B HOPMATbHOE COCTOSHUE MPU BO3-

FM/S—KOHTaKTa BO BHENTHEM MATrHUTHOM TI0JIe

HUKHOBEHUN BOBBpaTHOI‘/JI CBEPXTIPOBOANMOCTH

(o

Torma u3 ypaBaenmit

6).

(

(2), (3) ¢ ygerom rparngnbix ycnosuit (4), (5) u ycnous camocorsmacosanus (1) moiy-

2)
Periere B Takom Bujie yKe y9UTHIBACT IPAHUIHOE YCIOBHUE

)

9

(

%)
0 , (8)

(z
3¢
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+ 1242
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Puc. 6. To xe, aTo Ha puc. b, ansa os = 3 (cM. TEKCT)

Bmecy ¥(z) — quramma-yuxnus, nsy = Nyvs/Nyvg, h = Ho/H., H. — kputudeckoe
more S-crost mpu T = 0, (x2),(v7) — cpemmme 3navenns > wa Tommunax S- u FM-
cioeB, & — anwHa KorepentHoct S-cyost mpu 1 = 0.

Ha puc. 2 npencrapiensl 3aBUCHMOCTH ¢ OT NPHUBEAEHHONW TOMMMHBI F-cnos s
pa3MMYHBIX 3HAYeHMi BHemHero nons h. Kak BuaHO M3 pucyHKa, Jaxke JTOCTATOTHOE
cmaboe mosie CyIecTBEeHHO n3MeHAeT rpaduk 3aBUCHUMOCTH t OT Tommuuabl FM-cmos, Tak
YTO, HAYAHASA ¢ HEKOTOPOTO 3HAMEHWS N, CTAHOBUTCA BO3MOYKHBIM BO3HUKHOBEHHUE «BO3-
BPATHO# CBEPXMPOBOIMMOCTH». Kak W B ciydae 6€3 MATHWUTHOTO TOJIST, 3aBUCUMOCTD
or Tommuabl FM-CI051 HOCHT Ka4eCTBEHHO PA3JWYHBIA XapakTep TP W3MEHEHWH Ta-
paMerpoB, XapaKTepU3yoIIUX KOHTAKT: BbIXOJ HA IJIATO (pUC. 2), 3aTyXarolue OCIUJI-
Jguuu (puc. 3), BO3BpaTHAs CBEPXIIPOBOAUMOCTL (puUC. 2), NEPUOAUIECKU-BO3BPATHAS
CBEpXIpOoBOAUMOCTD (puc. 4). B wacTHOCTH, 3aBUCHMOCTH OCOOEHHO UyBCTBUTENHHA K
M3MEHEHNI0 KO3 MUIMEHTOB MPO3PAYHOCTH. Y BEJINYEHNe MATHUTHOTO TIOJIS TIPUBOIAT
K YMEHBITIEHUIO { W K M3MEHEHMIO MPAHWIL TEPEeX01a B HOPMAILHOE COCTOSTHUE TIPU BO3-
HUKHOBEHUM BO3BPATHON cBepxuposoaumoctu (cMm. puc. 5-6).

B 3akmo4enune ciegyer OTMETHTD, 9TO Jazke Caaboe MArHUTHOE IOJe CYIIEeCTBEHHO

usMensier Tpancuoprabie csoiicrsa FM /S-konrakra.

Pa6ora wactuuno nogaepxkana POOU (npoekt Ne 05-02-16369).
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Summary

M.V. Avdeev, M.G. Khusainov, Yu.N. Proshin, S.L. Tsarevskii. The proximity effect in
a ferromagnetic metal /superconductor nanostructure on a low magnetic field.

The influence of a low magnetic field on the proximity effect in a ferromagnetic
metal /superconductor (FM/S) bilayer is considered. The critical superconducting temperature
Te(dg, Ho) of the FM/S-contact is calculated as a function of FM-layer thickness dy.
Both in cases with and without the magnetic field Ho, the function Tc(ds, Ho) is shown
to have qualitatively different character for various parameters of the FM/S-contact:
attainment on plateau, damped oscillations, reentrant superconductivity, periodically-reentrant
superconductivity. The magnetic field decreases T, and changes a reentrant superconductivity
limits.
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