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Bot h AI -_ and' Pi I t ru Icture skupoecomilicto r:, i ith niea rIY o pt i 11ir::

cit I 'i I It CMerC?'' tu Ires; r 11 ee epaZIred IS i t h1: ranee. ( of !,ra ii 1i , 7es d own to

bec Coherenice lelllth . In M compounds hioth ci it icail currit det-ist iutS

b i'1 ie dswere obta i ned du1e to very 1 ar ,, cri t ical fields ans ~from
ai cohi an-void mlicros truc tu re. (7ri t i c ICur rent dat a aIt I ols e'kli s d

st ra t ed thait ra inl llolunar I es are not ,i Tivar abh Iv, eff i c er ci inn i m

s t es xt rem lv enhanced_ current dens itices were miea su red on lv ri, supr-

Jo~di) toys)S 1 woecro(ss - sect ionla I areaIs werel' made1 s in i Lir in s i :e to

oi r vt ex . No i ncroa-C inl cr it i cai tempera ttre, ii C oul d be

r ,( te t" 1o red u ced 1era in 1S i Ze CS a%.s f (IunId . w R bv C e: s t . I inI11 roper

t I es )t BI compoundI.s wereO shown1 to be SUperli or to those Of the Al5 I,

bth 1 \ 1 an~d BI compound11,S the revers il leI propert i es; were idepenen t

i, icro st uc tutre H ow ev er, ai s t ro1 ' ef feCt of 1' MIcot 11uC tur on i' r)re1versC1

s traT. p ropeor t i es w as fou nd ,Th le Importancc of impirl i t i es, part i at I air 1I\

Ix t, inl t heo rowth Of 11iijo -cri it i Ca I - t ('111 L'%rIt IIIlre III("' ineco d I C ty 0 I'S ,I

de:~os rte and hypoth es s Iere p~ropotSed to exp 1:i in the. ro I. of, t!,.est

t em rauresuperIconidictors were alIsoinetete
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B. .1 FMIP I V 1:

The oh iect ives of the I 97, -1982 Ws ~os A)Rpo~

briefly Stated, were:

1 . To investigate the mechani-sm of critical -currn'ft

density, .J ,enhancement in ultrafine-gr ai ned high-

T siverconductors.
c

2. To investigate the preparaition of ul traf'ine-graincxd

microstructures in A15 and Ri superconductors.

3.To determine thle effect on crit ical temperature I

of variations i n grIa inT size in A15 an1d RI1SLlI sue rn-

d11C tors

4. To corrulate mechanical load properties and mic:ro-

structures.

In addition, a :,eneralI obJect ive w.,s to try to advance tlic un-

derstanding of high-f superconductors . Results obtained with this
C

latter obJective in mind, which) do niot fall under the specif ic headi n, S

listed above, are summarized in Sect ion 4.5 undler the genleral head in o-'

"Other Topics."* In each case more deOtailed disusio Can beC foun! J1

the publicationIs which are listed in Section .

4



4. ACCOMPLISJINFNTS

S1 !'he Enhancement of J c

In this progzram, much of the research was focussed on the in-

vestiation of the effect on J stemming from the formation of ultrafine-c
grained microstructures. Since Microstructure can also influence the

upper critical field (Ot ), which can in turn exert a strong influence on

'I the effect of microstructure on this parameter was also studied.
c
There are two classes of materials which contain most of the known high-1

superconductors, namely the AlS and BI structure compounds. All of the

experimental work in this program involved these two classes of supercon-

d1cto rs. The A15 structure materials studied included %'bhGe, Nb 'a,

NiA.\l. Nb.Sn, V_3Si, and '_(Si-C). The BI compounds studied were N and

Nb (C-N) .

4.1.1 Chemical Vapor Deposited (CVD) Nb3Ge

The current-carrying capacities of CVD single-phase NblGe films

and also films containing second-phase (Nb sGe 3) particles dispersed in the

Al. matrix were investigated. By growing films of thicknesses varying in

the 1 0a to 10' range and multilayered films, the A15 grain size and the

NbsGe, particle size and dispersion could he controlled. For NbGe._ mr-

ticle sizes of the order of d = 100 : - i.e., approaching the coherence

length of Nb Ge at 4.2K -- effective flux pinning and very high ., 's

~ 1P' ,Aps/m" at 20T and 4.2K) were obtained. In single-phase Nb Ce,

effective flux pinning was not observed even for very small grain sizes,

of the order of 300 X, obtained in the thinnest films and layers. Subse-

quent specific heat measurements indicated 'hat this result !,Ms a conse-

quence of near-surface and near- interface disorder and did not permit

valid conclusions to be drawn on the strength of pinning on grain boun-

daris in these films.

S



-4. 1.2 Laser and E IeCtron-eam AnnealIed NVe and bS

Cr it ic a I current enh anTcement (up to S ~ a ~exe n .

(several p1ml 'K CAT) NbGe filIms wh ich had beenpledlar-nel .

was concluded that the .J enhancement was caused beY flu\ p )nni it 11 1 1-

c ip itat ed second -phase Nh GO- part icl1es in a sma Ifrac tior o, t 1:

unFMC Ited porti On Of the film. M llctron1 beam anlnellinl' Was t)usexece

to produce a similar effect in a larger volume friction of, the sa-''

and to make the I -enhancement technical ly sign i f ica nt . Thec yarl srr be

Nuclear C enter (Kf Ki c-beam anneailinog fac ill tv (IB..\ wasa o. J~ z
na telvI pulIs ed elIec tron beam annealI i ng of Nbf_(e showed nio improvemets' (1

it.It was apparently not possible to achieve the. ncctsarv obytIo

of beam energy,, and pulse length to nucleate an o pt imuam -numbecr and rize of

second-phase particles. The enhancement of .1 i n beaim melted aind resolid

ified samples throuo h the 'Formation ofanaI fi-' Pi:JrtaCie

also did not occur due to mchanical daage of S:IMPIes t sc4 .2.1).

Transmission electron microscopy (TUM) demonstrated, boseCver, that

ul trafine-grained micros tructures; can be obtained bY cba anneal ir-

This finding prompted a studyv of the effect of e.-beam pu 1 se anneali, - :

a more stable Al,; suerconductor represented by Nb!.)Sn lavers i Vbub

strates. Mechanical damage was redulcd but no0t eliTminated, so,-0a the

I -enhancement was not attained in Nb,,Sn as well. It was concluded ta

an upgrade of tle PFBA fai '*ou ld be necessairy to solve theda e

p roblIem .

4.1.3 Sputtered Films on Heated Substrates

NbN and Nb (C-N) films were Sputtered onto boated su!bstirat.,

held at temperatures from 450 to 1000'C, These films hihhave the. B1i

structure were deposi ted in thicknesses ranging from7- - 3,00 .- to several

tim's and with grain sizes from -80 .A to several, Lm's whilemaniiu

T 's close to the bulk value (- l5K) . In everv case, T0rerd ss

of substrate or growth temperature the films; had col urmnair r n

case of films, grown at relatively l ow temperatures (< 1500YC) there we no'

voids between grains which extended complJ)etely throu31h the film. Ini1ti-

ally it was speculated that these voids formed only in films thinner- than

6



' 11N data showed t hat they ar~e rpreS('nt in films ais

thIIicKZI s 2 0or 3 mu.m Bot h thle s iz2e of the- hra inrs and the s ize(- of the

o i d ecome l arg4er as t he t hi ckneOSS i S i nIC r-Ca s d In theab re

other iMpe(rfcCt i ons, reduc ing the gra in S i Ze ha:3d 0n) a V 7 i n i1:1:11 fLe IF'CCO

c:ri t ical-cuirrent dens ity. Films with grain sizes (colu;:n diamete-rs'

n cv raI ' i crons down to a f ew hundred an,, ro"'s 1i I ha

sci ft- f'i e I J1 s of the order of 3; x I o5' \mm A) muc C ~ M4 he L I C-

tedIJ - x 1() .\.rpscm) wa s, howevevr , ob)seCrIved in7 f ilIsI s i th1 grain 1
s izes of < 101) -k. In this case the v'oids were comparabile to the: cohcrencr

l eng t h. Vo pea k inr thle (glIobalI flIux p inn ing force F I vs11 depenldence,
p

sas observed . Extremel v high self -f ield .1 'swere measured in VbN film
C

which were fabricated into mi crob~ridges us ing photol i thograpic and sput

Itee etching , techniques . In the smllest NhN microbridge measuredl, which

h ad a1 cross - sect iona I area of -3500) nm I1 42,zr id a

> 13 - \m 0Aps,.'cm i'h is is the highest Current dens it', reported! for n

super~conductor. The reason for this verY high .1c is not enti reclear

however it must he in Some way due to constraLints plcdOn the Mot ion of

vortices by the smallest dimens ions of the m-icroblridge since the area Gf

the !-icrob~ridg4e is approximately the size of a vortex.

In addition to having high critical-current densities in self

and :,ow magnetic f ieid s, N.\bN films were pre,,a red which stil ant : .

h i gh1, ' 's in fields of 2)O Wec and higher. Th1is SwaJs due0 toth enhanced',

uppe:- cri t ical f ields ohtained in these fils Inee amon. the M'c

sign ficant resul ts obta ined during the course of th i S 04ra as the

roiw'!h of NiON films having tipper Critical fields ma-,ch oreat er than th

theorectical lv calculated maximum ll1 for a hulk -like sunerconductor. The

fi tl17 showing maximum H! 40OP, of up to - -430 kWe (extra:polated1 to 0

have the ab"ove-men ti oned colIumn -void m i crost ruc t ure w it h 1iat era il Column

3 imenrsi ons - 80 . , andi void dimens ions -20 .. . (Pue to ai misreading of

the prel iminary data ai slight ly higher ma i mum Hf c'(0) valune of --00 Wec

wais initially reported in the JTuly 1982 Semiannual Report.) Other NIA

fi lms with grain sizes of -200 A or larger have maximum H12 '( 's 250

to 3100 Wie which is consistent with the theory for hulk11 silp)er ondu1ct ors

7

i4



11s I C 1 71i t h Co li1iiiir - xe 0 1' i 1> 17 a I so 1 ' sot ra p i i. it h

t, hf 4 I m sr fic c , Ii nerpn I,' 1 t the Iac 1 th
c -

a 1TZCe- SUPeCoi-idu,,Ct i V i t V' (1 nTRIci t inc aIt t !A I f: 1e o 7 A~

rroo3 is th 11 -v o i 1 o f t he obIer-%.e 11 1 Owc,

< c tI :It Ir-apl rc t I i

oC :1'0 -11o . I I' tO a c t

ti tI I

71T' 1 *l It\ r ' kt 0"T 1 1-1 1)t0

I'ti' I d t,:: 1 n 1turc ra1C Pa I C ov I- i

K < JI K er " o!) a tI; ned Ithi reuo :oopet rit i ori 1- 0 c

!)I p1 p 2P~ t t T 'P :e' 1-<i te Vt 0 .~e Ui1P T oIc

I ~ d taIc i Ii

41 . \ Nh,' Fi Ims Crvsta II i :evd fro he .XorphnoItus St t t.

Fv szpu t t er in,, n i oh jam inT an armzon -n i!'C' tmse -.' e! It

lat voe l ,ow su)s t ra to0 t ompera' tures; and sma 11to root -s,:1T

i OnX N- ra. NIrPou N-\ fis wo re dcnos i te C' nT" t 1, . :

trem a t ow hundrod anostroms to 000111 ' Afttera:n:1.c a li n ' ;c

tomporaturo of - (', 0 C( these. film's crvotailled in-to t h c 1 'ren

Were SuIporcodIKICting WiOs of S V17 to0 1 6K. h 7re st .l

deposited on sapphire substraites, have 0' 11iaxed o : 1is t~,.a -

s1 i::s of -P 300 as i nd i cat ed he tra nsm is s ion c(t.crc n -u 4 ~c a'
M ore detailed discussion of the 'YTi\ daita is li\ el Ile I Ci 11-. (W

lb1 C C Ur rent di ens it i o s of the se f i I m s wo re !foond to 0 :10 c i

~ x (0 .\mp/cm (at 4.2K and zero fieold) h1 m o

cant Ily higher thian the - 5 x 1I \r ')nn/CT v2le -a I ur c'! i1

having an average grain si Ze of > 1 um . VIhe 4 I eutS in7 1 toC'e

are thus similar to the data on NhN fi Im hayi i nm the 00111101 l:Q \ 0 ,,

microstructulre, discussed above. This ini icat ionI that 'i ~tin b'oindl C's

mae not always he eff icient pinnin' s;ites, as S usualI I Vd ,SIMUd . can beC

understood if, as proposed hv ere't.rai n boundary pi nil ilig iS dil to

8
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c , t .!

.. .. --. -" - " '" --: -. - -.-- -- " -- .-- .. .--} r ,: ) -) ---.- - --- ,-- --

" r\-ta 1'" . za , ; " ' t i il . " h t e i e B ' [ : , ! s t~r tre .FV I'J, ],t
-
. } ,

... ..... . . . . ..,

t. .. C 1 3..... .< ., I C ........

t.oitd on heatei! st "straite.. Suck. tfiIns were obtiined! -v. '.-tn .

ssta:tes to tht :. -in :n., . poss ibl i V e - . t hatt:t won: -t ;' ,7.

t], rstal 11za t on ot tnt aosireo . B1. structure. I .. tdc>-., . .:

l! ,of the films had a colu mn-void microstructure,.VI~owt-vert, J.v,.

n< of 2,oth the colu;:.ns and the voids increased wi th acrc.s,. in.

n.ss. Therefore, o; 1 v films of - S 0(0 .- and less exTib ted ve ;!' .

t:-, -I 1 Calu .s reported alove In thicker filis hoth te .': ::s ,0

" zte su~f Ic I et lv large that no enhancement cffLc t< s,,0c .

\nother thin film method which wais used to prcpat :, traftu

r idn,1 zicrostructurcs was the controlled crystall izat ion of B1 \N f'ro:

the amorphous state. With this method there was no dependence of graiT

size on film thickness. The grain dimensions were determined prjm:irjlY

hy the annealing temperature and time. A IN study of amorphous films

depos ited on cither so pphire or niohium substrates produc ed the following

resi Its: Fi Ims on sapphi re, crystal Ii zed at w.1300t, were eq i axed and had

9
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avraigeC grinT - i 0 2 o 5 1 Io ? VV [xr, il tht- !-i 1 !7s tile"t t!

ions ,ot, noy 11St i Ze ITi f ITi 1 whJ j Ch S~ 11 s:jg

duct .n Irpr s SSent i a I I . compl etc crI-stl 1 1 za t i on1 waS ~ti a I

ooooc. In the lat ter case , the M icroStruIctare Anvrorsste I''

axti gora is 11 o(1% ve r w it h a I a1ro 1, a\C r a1gcv2 gra ; 1 sze

d ICa t ior, ot he :pr t a nc c of the ss raIte Ma 1te L I' w os t1 3 1 c

0 1-%. "2 on oi th i' ibiu s ubst* rae S. AlI th t"! 1r

c o'Oi t iP ll t Xe \ oIil Sa 1n i r. , t hesev - 7fi I h slo~ c (

o t l avwg 0 arte CofI , thle 0%unihi '( I' 10

:IlkcatCd the, abilitv of a subIstraite maeilto Si IT I [7:

rV < , cres .. ro%,th of the X-rav amorphous %hN .>uch effect c:u d o

.'r~~i 71 '!the ne< Ihest in .thors e-\) Lro CJa 1c . ... T hr to

> Tros eph son Kdev ice appl i CaT i or s . lbherefore fulr t ncr aflhlca 1 i fli

des of, lm'rcna rel b)y t h i s meoth)od w i I Icon t irue

1: _-PFea7 AnnealIed- M)3(_

Sor i i i ted success i aI prepazrinrg u rat ne-gra r cc!a iCrO t T !C - I
tires twas obt a ined 1,Y puilse - innca iing t cchn i jue . The mco u ue52

e-emanneailed Vh-Ce f il I er ob C - 0-Serve-d u1S i n') bo0th1 "I"1 nJ [7.

transmi sion electron !ni c ro scop y IlI .Pl enerove

for film melt ing, were found to depend st rouz I e on thle nal "' ! th

substrate, with films o n %*b 7eto 0 1 A t - 4100. lor enfz i I : r 1 lI C

only slightl zillaove the iieltil threCshold were less dam v

h I ow-o0ff , etc . than those annea led at high J hs !> o: :n,!

beC investigated fur the r. The melted laYer was foulnd to reo difeto

an uit raf ine-g ra ined micros tructuore with an averageo rinSz ofT 2

43,thus comparable to the coherence length in Nlb.Ke. In situ annecal-

ing in the microscope permitted oneC to dlirect l% observe- thle grow1th Of

these microg ra cnS and to prove 1,y electron diffract ion that .the ul t!af i ne-

grinmed phase was an Al15. Fl iMinat ion of' film cracking bev prehecati Pig(if

specimens would make c-beam annealingc ain ideal tool for inetutIathe

correlation between the grain, size( and 'i nbaI flux P)inning force. thle

use of heated stage in the ITBA apparatus, however, Made it iI~II)OS ut!C t li

attain F pvalues necessary for meltin(g. Further modification anid

10



''1~~~ I!,-~ ic r

t I'l I C t 11, c

,I t ji I 't i 'I I I a "O-,a~ntv't
-

. T. t r m t 7iL

t: t not e 1ianced I I t::a . ott, n1 , OC Iro-IC I-. t-h(

'ri i Ii. 'C Oucto r In a lin it edI., t t-,s p i t T

• " :, , ! ' ! It '. -, exper iment ,il veri f i ~ti m o 5: t h tst. VdL'a. .Z L, .

.c -cn T1 t i c,.Y :he patent claimed that dramatic i:Creos.s in C
.1:: oh,:,:-:,,. VI15 and B] structure cor:nounds ',,: ore ch-i e.y d V: .' , ,: 5

1i1, t* r .. , I r ' :C to li .0 . A theoretical e,, o7, " .

* i::- ,:i< ~::o v i rd tl-.ev sere Judged not hel ied 1l xpriao ,to .

,cr: ':d ,ar ' this -ro, ram confirmed the 'al di tv of th-is iud4ment.

he, 's : ' ils .shich had grain sizes of lo f or less a'rre four., to

: ., s,. or < t 1 l lower than those of films ,-i in.: , -,or rar ins.

C,0 ess, c, th'Crc was no evidence obti ned in this Trora,: ini c ti14 any

ontn.,to:, nT t o: f due to reduced agrain si zc in hIz.- t pvn 1 1 tcrcon-

o0: ors .

4 1 Co rr I at ion of Mlechanical ILoad Prore rt i es and i co t r'c toI:re

The :nechan ica 1 load properties of (7I) NCe ind spa't t (.rc ";

fI ' ,7 - . measured. The measurement was done IV s i-.1 t no n v a I

t. rpendicular magnetic field, and uniaxial tensile stai: to

sanpi. he behavior of the Nbe was found to be cual ;at:velv sim ii

to tI it o% b 1-,Sn . The Nbh;,e showed a ree rs i b c critical corre. t sti

e P, C n t" h i ch inc rea s ed ,i th i ncreas ig magnet i c field and con i',irl'(A!

to ' n s scal i nI law. The Nh\ on the other hand showed no n'ers

,!epenence on strain in all fields measured up to 22T .\lthough it had

no irn"lrenee on the reversible strain properties, the microstructure of

the MA was found to have an effect on the irreversible properties.

lrrevr ;ible degradation of current with strain occurs in a material aIs

the result of the superconductor beginning to break up. This was observe,:

at a treater strain level in a thin ultrafine-gra ined film compared to a

11



th icker f i I i hav i no~ Iaricr g ra in11S. InT t he (2 t 1 TI fi ir t I'rta

hle J del, i'adat i oi ini t he Nh.% deuaS ted l Oll llistCl'x I ( I' C' a: ;J I I I T. -
c

s ic s tra in ot f) .0. F Irrev er s i l)e d eg rad at i on of :1 i1 I ar f i las ail 1 i olh i ua.

,IiJ flot hce in tinIlt I a11 ju lt ri is c t s i C t -II std ra o', n -

dU''rada t 1 ol at Ia dc 1,Com0e I ait tud tn th ui Id pa o *

11io 01amin sillst rmt cs , these resal Its 1) 1 i C ulteC tha)t th ~
vaILi o fo r V\b\ isJ dt -rmjied ocY t he ". JC IIi 1" o f t h u ~ e t!i -

I I va ti I C )! i s th h Ii inu- st !rei ;tIli Q I -C f r !1%, ,T( ICo,,!lct r T tC

4.1 Oher opics-

Oth t'r mesul t s oh t a neL c ii a th c ncr:; I c e for't I -

IIerStZIIIJ 11 n z o hi -'1- - per-condliC tolmS a OI- itCS, I- ( i ' ' IM. 2

t>cc:t ionls.

4. S I Sa i -- izt i on1 of HI 1h - -1 PhasusC

Both of the high -I sapecconiac tors ( N> Cc: and c. h i

primaril Ivsied in this program ta o~tai n data Onincotaam

require some stabilizat ion in c hain i sl Oikch perm i ts th a ii r ol It an ol t

r< I 0000Ct) temlIpera-;tures , a a0 Ji inl s;alng 101 c rearuanaiI ;i Ia K

of thc genieral importance of anldvrs tand in zh h-F nt:stb .srr

ductor formation, a significant leveul of effort i n *thi S p r, 1% i eX -

pended to try to i en t ifv the -ercha ism sinv oxl ved in thu, lowt mraae

growth of these compounds. I n both cases, \pncnimienta 1 data i ni icrci

the neest f inicorporat ing som'.e iInpilmi tv In1s::.. I \v1 no

fi Im daring the growth process . I t was; hvpothcs i zeud tha!t in ti( ocu fa

Nb-Oe , the oxygen presfnt near the film-sal strate ncuestdizs

the Nh-(c near the substrate fi Im interface. Chum icaf Iiralysos( sh1ot, thul

ats the film thickness increas es, the oxv:,en lel cci.cress.Iosc the

Nb 3 c cent inues to grow wi th or without oxvg en inl ai meta:Ist :111 cCo m. vi i :I

"homo-epi taxin 1" process . Th e T of the Ci Im near the i nt cr2 1-e 1 C

because of the oxygen presence. Thlle T af- the( metasta>It le>.l 51: has!-
c

little or no oxygen has a very hi gh cri tical tueipritliic aof, or 1Licher.

Ini t he case of NlN it was p roposed tI ha t h is compound, whenprearda

12



I ow t emera tures ,is actna 1 I Y aI S t.Al IC p-Seud-biry wi th thI)e sta I)i I i i n

rz pu r it r ox v'l'ri kcaIrbo I, or hoth) i n-Or I)orat el i JutO the P, I't rueC toIre

A\I thoughl comp lete e.Xpvr imenta I ver i f icat ions of the abhove oxygei1

ta 1Ii I i --At i On hVpot he SLS i are s t ill lack ino, the neced for hay jnL oxvgei.

p resent dunr ng the groiwthI of Nb-(e is no 'IWenera 11 Iv acec tecd. 11n ani

aittempt to determine whether oxyg en pl ays some role in t h - r'owih o f t hr

other hich- I A17 sueodcos 1SrsOft 'nAl

compolinds wer1e szputtrdith prseies oxgn lIof t h e InF V-ue Alm
which, had the A-1 compos it ion, were found to have -1 's close to the maxi -

mum r-rported va lie !'or each of the compounds. Th-e most anteres ti ng aspc-ct

o f t he( F data, however, Was the finding of very high T 's in A-ric:h

.1 e.AR 3fils wos avrge c ompos it i ons were far7 rem oved( from

ldcei 5 '1 s toichiometrv. These results were seen in both -hr st-able

Nlb-'n and V-~i) and unstale (Nbf('e, Nh Ca, and Nh Al) compoundS. TheUs<

&lata i mp IY t ha t a mec hanT i sin ( or meehan i sms I mus t be ope ra t i ng th ic h caus 4e s

thfe - owth ot' a I- AlS phaise i n an envi -ronment i n whi Ch the Iveraoc A 'B

ratio is > 3. A possible mechanism was proposed which involves ,in inter-

meod iate A-ox ide reacting, with the R element to form: :hc Ab co'B eudc

adif!'ulSion reaction.

.5.' AC Losses -Fxpeimental

The ac losses in in -situ Cu -Nb-Sn and Cu -V Gzie "". os i Z c onduc -

t ors were determined and found to be verev high, approaching- those of' ulk

supeconuctos .Analys is of results indicated that conductors conta a1-

ing low volume fract ions of superconductor and those havin- -shortfi-

ments would have relatively lower ac losses. The po~si~ilitv of ir.-sit~l

fi la7rents decoupling in very strong magnetic fieldis, :ind the effect o.

twist ing na losses, have also been inveost igated . tW i Sting1 wa1S foun1Tjd

to b)c rather ineffective. Pecoiipl ing by proximity-ef feet q1uench ingz was

oos erved.

no I~ . AC Losses -- Theory

The ac loss in a multifilament superconducting wire for small ac,

fields superimposed on a constant bias field was treated theoretically.

13



This work extended prey ious t re-atment s to etI0111 omp " al fll Irig of

f ie his lip to theL fielId tor f!u I I pellet rat lu. hec t-ll I t, Cotit r i 1nntt~ to,

Ian uud Cr,,,t andI i IOf ex per i ment Iand 1 I Iwe In TIo ra-;1-!te C ro-(d i C e 0i

losses. F[nd cit ec ts on the I cs ,t's i n s:hort fI ]atil int, arY super1conruhiet

were also studl i ed

4 . I Ii it ra son-ic- At t vnu-at ionl in, r; u iar -1,' i Iq ins

So!:e, of the NhN\ filIms prepalredli l t hi r io

tOr rnuI superconductors; as nd i Calted tpe thecror

ttore, ye 1 reT-I I hnra state res i st i it i es , anld nie :,It i ve res i s tan~ :I t:

Fhe C~ p n oSS t, L: usng It r,!ni a 11CJt tenual'It oh) As a ell tO 00. 1

t-'itL' granla-r supe.rconductii1tv waIs investi 4ltcd n1CTIiiitItI

Pr of. M. levy vt the ? In i ve rsi te vt fi s (-onTs in a) t M!; Twankjee * (11$ Cv i 2

ait teUnuit t on o: su:rtfa ce a c oulSt i C el p )rop~aga t i on i n ths i li ms als. "ounld

indeed to) he! nmL' t for' th'( jatrodc i)" ng st ti. h r

tr1,ealt ment 11S ing 1 t he Ko SteCrlit 1 it I.Ieule S v orit (sI- a ,,t i\r t tx T;i i

a sem11i qtuan11t i tat jyC explanla t ionl of the data .

4.S . S Pseudo-Ri na ry V-S i -C !rn heM 1 SpU ft ter1 ng alnd I in :11 1a Iant ta

BalSeCd onI emIp ir i Cal da ta A TaLt i rig MO ee CC1a Jr \o ltme t 0 t heree

is rea S On to e I i eVe0 thIMt CQ r t a i 111, peuido-i n1av ry A 15 Com JPound s 1-n i h tha

a igher T than the binary -Compound. An exampl e of this seemed to 1have

been found a fell years Ic . o of over 20lK was reported tor' a

V 3(Si-C) pseudo-hi nary however, thi s was . erindependent I collf~ntQ

An a t tem1pt walS madeC to0 cOnf irill t hat r esult i t h is 1)ro51 m he7 1 spo t t t'1ing

,a ser ies of V-Si f i Itns wi th a wide range of V'S i rat ios. Tf hs

carbon was implanted so that there was a Gaussia;n- I ikec depth- prof i It Of

carbon concentration. 'Ihlis- produced a twide varietyv of V-Si-C composit ions

encompassing those reported in the literature as hailng T, c er

20K. All of the films were then nnneailed at tillratiesu to I(), C 1.

Al though there was ev id enc e that carbhon ;. incorporalted into the *\.IS

structure, nIo I 'S grea'ter than that of VKS i (]I- .]K) wevre found . A 71 11 s i s
ci

of the films nd icated , however, the prese(-nce of sig nificalnt I cvei s of

oxygen in the filIms . For this t'ear'ot these resul ts cannot lie 'ons iltitedI

14



.is f i Iiit i ve onl the suh ec t of CnaI dIs i I the. V -- iC iseuo- a I iv

Comound s .A uisefu I and1' somewhat une\cx tL' resu I t from, t h is i, on. .

*.~.22 n ed n te jlitix~nceo~oxe ro the loi% t e::.:r'~ I '

~roNt .ot st a 1 IC A\ In cio!r uc as IK I .dh Lt IC I a t i d t -

effect ol oxvi~ Cf oil the I o%% tenpenaltr' o'(rlmat in ofI 0! ;1 th nnh

comrpolilds . Th is worh I cod ill, to t'he conlcepft of I ow- te (nerat:10 nt1

Vi,'l theO form't ionI Of inTIteCrmled ia te pha:1Ses was d i S cllsseld C *t 1

6.. N ew, iVi PpO S i t i onl-An le iI t ica~ I ac i'i 1
!he h est i n_ house pk'li Cenlter has Coil.n ~itt ed ;ts5-If th purc Ki'

at .icost to Al(ISR) of a new l eoi o-uae cl-c.

n tenew% i~stinhu - (p rogrami which will focus ,I, th. i~ I c

t io OTOf TMteOr i ZlIS fo r .I os cphson JcV i CC appIi icat i ons . Pur iiin I T IC (2 co ce-

tIla I '!eS ifu11s we're deCVeIOpeCd an71 Va r io 01: e ndors ' evl laiteOd. conlcentlo: 1Il

os t ituIIted theII fa C i Ii te wil ha IzIve thIIe o(m)t i on o f C 1no s i t n., f lo: s he

e i ther:'I,"11 r, Iort i o;u or1 vafeto Sputte ri n1 C Ihe n- to m inles'es o f

te I c inls wil be hey elc t ron, dffr'ac t i oil XI' ad \ulloer . OtUt he, Caipa i -

lit 2 % i I wI i nc Ide pl asma ox i da t i on an rd anneia I i n't, . I ) 1 L ie IverY h

'luSt runieu11t S SAR ihe r is C1 scheulIed f or uol yi9,S
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