
272

.i'HH 
UPPNR CRIT]CAL }.'IHLD CF'

FILIYIS A){D ]-A\tnm

ULTRA'MII N SUPERCONDU TI I'ru

SUPEM{DUCTOffi

A.A.Golubov and V"V"Iiorin ')

Insti tute of Sol id State Plqysics, Acadeqy of Sciences of
L42AY2 Ctrernogolovka, Moscow Distr. , USR

" ) Hoscow steel ancl Alloys Institute, Moscou/, IJSSR

the [mR,

Introductlon

Physlcal propertles of disordered conductors have recently been lntep-
slvely studied [t]. rccoraing to the c]asslcal BCS theory of superconductlvlty
the crltlcal tanperature does not depend upor, tlre ela.stlc impurlty concentra-
tion [2]. However ln strongly dtsordered conductors when t]p mean free path is
of order of atcrnlc dlstsnce electron-electron lnteractlon (ffiI) effects ccnn

to be essentlal leading to suppresslon of superconductlvlty ln low dirrcnslonal
superconductors. Thln filrns and layered superconductors {ls} are the e><arnples

of such systetns. Ihe interest-concernlng l5 ls stlrmrlated also by the dlscove-

ry of hlgir T" oxides whlch have lapred structure.
The subJect of the present study ls theoretlcar lnvesilgatton of teryera-

ture dependence of the upper critlcal field HO ln thln disordered ftlrns and

layered superconductors when eFT )> I (t - the nean free tiue). The problern of
Ho calculation ln low dimenslonal sc rras discusseci previously in ref.[3], tn
which the EEI ln the Cooper clannel has not been taken lnto account. Meanwhile

at T < T^ the EI is of rnore ccnrplicated nature due to mlxlng of the Cooperc
and dtffuslon cbarurels [+]. We study t]e case of weak dlsorder ta]ing account

of the EEI effects boti in the diffuslon clnnnel (dynamlcally screened Coulcmb

interactlon) and ln the Cooper ctnnnel-

Results and Dlsscusslon

To calculate Ha, we use the llnear lntegral equation for t}te order paru-

meter which ts valid for all tanperatures:

a(r)

where Gfi(r,r' ) - Green function of norrral rnetat.

j -tr( r,r)a( r )c;( r,r)drl (1)

Here we consider orbi tal.

=lAlTr
(l)

effect only neglecting paramgnetlc one (i.e. assunlng H (( \= &t1\). The
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kernel of eq. (l ) rny be calcr-rlated by neans of dlagrannatlc teclnrlcs, nEI

being included ln the flrst order of the perturbatlon tlreory. Calculatlqrs
Iead to the npdlfled lrakt - De Gennes eqtntton for Hrr:

(21

(*trere 
"H-t = DrclP../c for rngnetlc field ln perpendicular dlroctim ond Tr-t =

D(eHd/c)2/6 tor parallel field: D = vaf3 - the diffuslon coeffloient). The

functlons OCouI *d O*O deternine the coruectlons due to EEI in the diffusi-
on and Cooper ctnnnels, respectively, and depend upon the partioular oloctron
speotra. ldor we ore to the cases of thln fllm and IS.

Thin fitm. let us conslder a fllm wlth thtckness d (( t* = (DAfi)n.

(3a)

(3b)

Calculattrg the qmntltlu" ocoul and Or*O we como to the eqr:atlon for Hrr(T):

vshere cI = t 
h(er/P), for ffiu >) ar/P

L ln(znlrn) , for gr/p )) ffi\H >) I

Here P = Ro fto = Wpoald (Rtr is sheet resistance of the fttm, Ro = 1t/(2e)2
is the qr:arrtum rnit of reslstanse). In lerge fielcls zr{fr' < I we }ave o = 0.

The flrst term ln the rfght hand slde of eq. (3a) corresponds to the EEI

ln the diffusion chan:nel, the seccrid term - to the contributlon of the cooper

channel and 1s essentlal prodtled 2rfPr' >> I only, 1.e. at tdrperatures T" - T
(( T". The seoond and t,l-e third terms in ttre left hand slde of eq.(3a) cbter
mine T" of a film, which colnsides with the result of ref.[S]:

T^phf 
^t"'tjr*l #t"t+1 ,

coc
The parcmeters p end I -- D/25tlcd2 determine character of the tenperature

dependence of Hn. The rmln effect of EEI on H* in the Cooper clsru:el ranl-
fests in qrowing of the slope of the dependence HCZ(T) at T - Tc. EEI in tlre
diffusion ctnnnel does not affect the slope near T" but for large enougph p it

(4)
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tnBy lead to a poslttve currature of the dependence HCZ(T) when the temperature
decreases.

In ultrathln fllms the EEI contrlbutlon tn the diffuslon channel pre-
valls. In Fig.l curwes Ho vs T takrng ar,count thts eontrlbutlon only are g1-
ven for F nunber of rmlues of the parameter p F = O (a) - tjte lihkl-De Gennes

unlversal curve, p = O.l (b). 0.2 (c), 0.3 (d). O.4 (e) and O.S (f)). lve have

used the relatlon I = Cpa, where the constant C ls determined by the tatertal
pararetere hI, Tlf. and the tpical rralue C r 103 Has tal<en).

L'qJHed Slrperconductor. Iayered netals usually conslst of netalllc layers
separated. by tllerectrlc layers wltlr thlclcress appro<1mtely of several A. Be-
lorr the perpendlcular to the latrcrs H* ts dlseussed.

rf probablllty of electrqn hopplng betuesr rayers ls not very hlgh then
the FenV surface takes form'of a goffered cyllnder:

tp - rF = rF( p' - pp) + tVcos(prd), (b)

nhere p,g - electron mcrnenturn projection in layer plane. v, ancl Ro - the Ferml
\relocrw and momentum ln thls directton, p1 -.the electron urcrnentun ln the
porperdrcular d.irectlon, il - the distance b€tween layors, l/e, - sall goffe-
rlng paraneter.

rbe calculation proce&:re is analogous to the one in the previous chap-
ter. the fact ttat $I (( e, and the value of d ls of ttre atcxnic scale rakos the
forlouirg condltlon \xalial: wd^F * Vrr (( l. As a result the EEI contrlbution
in the dlffusion clnnnel is the sane as tn a fllm of thlclmesg d.

In calculeting of OCoop let us conslder the limit d >) \.= gtlWd^f tll
*O t rt 

are the coherence lengths nonml anit parallel to the Iayers respective-
1y). sehave !r a, !1 , i.o. tho limit of Josephsun coupling between layers
holds. In this case,ue obtain:

**up=[ffi"t- rl
1=HJ.

{6a}
BpOata

f tt+ , f,or 1 (( Vgt<( ffiH,
where q,= I "1

L ln(2rflT*) , for 1 (( ffis (( aAr
{6b }

frF can seo frm eq.(6) that depentlirg on the relatiorrs between perannters

Vl, urro 2rftr* different regines occur for the tenperature dependence of Har.
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Concllrslong

It 1s shown that mI below T" leads to constderable devtatlons of HC2(T)

dependencles for thln fllns ancl Is from the predlctlons of ttre lhki - De

Gennes ttreory. The naln qualltatlve feature ls the presence of the upuiard cur*
vature tn HO(T) curves at low teryeratures whlch is due to the suppresslon of
the dynamlcally screened Coulwrb lnteractlon wlth magnettc field qrowth. llore-
over, el.ectron-electron interactlon in the Cooper charnel glves rlse to the

lncrease of ttle HC'(T) curve slope near T" witlr the increase of the sheet re-
slstance of a flIn p.

bgerlrentally the upward cunature in HO(T) dependencles ln fllms end

l.S (for magnetic fleld perpendicular to the layers) was observed (see refs.

[ffi]). For rnking quantitatlve corryarlson of the t]reory wlth these &te nartl
llmiting and possibly spln-orbit cor:plirg should be taken lnto account.
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