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COMWENTS O THE ROL® OF DISLOCATIONS TN SUPERCONDUCTCRS
By
E.B.PER’E&‘:‘ 3@5‘311,% I.RPra‘b‘tﬁ and V‘yimﬁ

It 18 well known thet plastic deformation often causes ‘significant
changes in T¢ and drestie changes in Hg_. Such effects have been related
by scme {nvestigators to the "fllementary” nature of suporoonfucting nsto«
rialg. mnéelss?ohn(l) first puggested (1935) thet hard superconfuctore
are inhomogencous and consist of intercbrmectod suparconducting filaments
separsted by volumes of noxmal materisl. Shay end m::&hef(a) puggested
that dislooetions msy be the dofeets that egh s the filaments in herd
superconductors. Hauser and Buehl@r(m deteruined the effect of plastic
deformation on gingle and polyerystalline semples of niobium a.nﬁ rhaniun.
They showed that, in genersl, the oriticel field necesse m ‘ransforn
the final supercomdueting material into novmal mamrié., e fﬂ.nureased by
plegtie deformation. Alsc, they cleariy demonstiated theyh the &imenaionw
less resistance term, R/B s (vhere B, 18 the msiatamaa at room tempers
sture end k 15 the corresponddng vra:me Just sbove T ) far yheniun single
exrystals wulé. be markedly increased by plastie Mmtion; & strain of
47 per cent produeed a tenfold inecresse. T, was radsed from 1,8 %o
2.1°K by the plestic deformation.

In a subseqguent paper, Bmg:‘aru) ahmd that deformsd rhenfum
single erystals behaved anisotropically., He selected cylindriesl ery~
stels in vwhich the active slip plane made sn angle of epproximately 30°
with the epecimen axis, With these;, he neasured the trensition fleld
strength st a mmber of cwrrent levels and strains., By verylng the
ddrection of the mgplied megnetic £ield, he was sble to ghow that the
supercondueting characteristics of the Qeformed rhenium were merkedly

%Imgmic Materisls Reseswrch Divieion, Lewrende Redistion leboratory,
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anisotropic. At & given aaorent the transglition fleld was found 1o be

e minlmam whon the fleld was yerpe‘nd:mul.ér 4o the ective alip plane.
Heuser concluded thaet the anisctropie superconducting properties were
due to the nommiform dislocation distribution, end that the role played
by the dislogabions was that of superconducting fllsments. Aunother
Anterpretation of these observetlons in possible. ,

Some evidence ¢ incousistent with the interpretation that dislo-
cations sct as pupercontiueting “pilpes. For exsmple, s;pecifie heat
weasurenents of Vst}aw ) have shown thet even at high f£ields the majority
of the volume is still in the mperconfucting state. The volume freotiom
of materisl near the core of dislocations is much too small to ectouat
for the learge volum fraction of V&a in the superconducting state,

Bosed upon knowledge of the smmmm of &islocetions, the general
nature of their distribution in deformed eryetals, and thelr gmfpemity
to react with dmpurdity atoms, the suthors of this letter suppest that the
role of disloecstiong usy be a secondary one.

Dislosations producs mejor distortions im cryetal latbites, end in
deformad materisl théy form tangled networks with muerous’ junctions.
Such networks tend to ascetter electyrons ap they nmove through the lattice
of the material in the normal state, We would also expect similer scotter-
ing to aceur vhen the materiel wae in the supereonfusting stete, However,
it is well estublished that when dislogaticns sre present, the pupereon-
dueting eurrent at a glven field 1s grestly inoressed. Conversely, et a
given current, the superconducting state i steble at higher flelds., If
disloontions commot logicelly be considered to be supsroondusting pipes,
sow and why 4o they effect supereouductivity?

¥e believe thet the dislocations aot &3 seevengors for the foter-
stitial impwrity etoms thet ere known to have deleterions effects on
superconductivity., This concopt 1s supported by the rheanium single ary-
stal work of ﬁa:.:aerw) (vhose interpretation, however, was based upon the
thought thet ddslocationk act a8 superconducting pipes). A reansiysis of
his rosults showed thet dislocatioe do not sid superconduetivity but,
instead, they tend to destrey it. Supporting this vicw, Mgs. 2 end 3 of
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the Heuser paper, show Clearly that with o aurrent of 2.0 amperes end

at o field strongth of 40 gouss, supercomdustivity no lonper exisbed in
the direction pareliel to the siip plane, vhereas in the &ﬁmeaigﬂ of

the speedmen sxds (30° to the eldp plane), the crystel wes #till ironely
“gger@cmmeting(q . The role of dislocations is particularly clesy for
hexegona). yheniwm orystals, wherein aislocahiioh networks tend to e o
sllel $o the single slip plene.

More than a decade ago it wes pwedicted that dlslcestions in body-
centered cubie metals wowld ach a8 "sinks” for interstitiel fupurity
atcms(ﬂ . The proof of this has been repeatedly demonstrated experinen-
tally {e.g., zsae‘aaferénea 8). It hes also been shown thad impurities
introduced by ennceling jn 2 3;00:* vasuu have 8 deleferious affect ou the
supercondudting properties of nicblumt erd x'henium(3> « Thua, an alteynate
explanation of Heuser's rhenlum singls erystels remite is thet &inlo-

- cationg aet as sesvengers rather than &8 superconduebing pipes. This
nay be deduced from the results of Hmuser and Buehler 3)4 whioch show
that the ’1‘ for rhenium is inersesed by straining and yoom temperature
aging, i%xeir studles of the effevts of contamingltion ﬂ.ur:lng snneeling
clearly ebowed that lmpurities markedly lover the ’i‘a for this material,

The authors of this letter duggest, thoreford, thet the izmportent
roles pleyed by dislocations in supsreonductars are those of electron
seattering (rather then soting se puperconducting pipes) and seavenging.
The asbility of dislosaticons to purify the neighboring matordsl by
ettracting and cepturing dissolved impwrity stoms way woll sgvount for
the marked euhoncement of superconducting properties produced by plastic
straining, This concept should be gepsrally applicsble to ell supercon-
ducting materisls thet ore deleteriously effected by trsce mmounts of
interstitinl dmpuritles.
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