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Although thin r.uperi-ov.;U>.ctiiis\ f 11'.ir. hive b-.-cn f.is?,-
E'.-stf ' for u-.o it; switch I:'-? electric. ' .! po\-vr , v i r tua l ly
r.n e .-•;•• r!'-.-.-. u.il v.u'r. has been reported. Cur icescnt
resi-:irv!: ir. /i -. t \r.z I."- fair. £ ilf... :.tfi t .'!-'. '. by applyLi..;; a
ti-r.l r\:y -e ci rujm'LU field pel j-.-ad Lcular to liie plane
of the i ' i ln. Fhort sactir:-.-; of ivlobiira filmf, carrying
npproxlu.ilely half of their c r i t i c a l current, were
switched c^:'-.lft.clv into the normal stave upon appli-
cation of ;»^--'-d fieldr. as lew as 0.02 T (200 r.auss) .
The fi.cl.-l pulse, bar. a ri.se Line ant1, length of order
10 1I30C, bur switch in;.; vns nurc rapid. It is sliom
tint ih.-> -• i r,p. Undo of the- field, and not i t s rise, tiir.e,
dusc the. :.'..-it.cli:--.i;. Recovery timer,, upon r._- \ovins the.
current: murca, w r e al :•.."> of order 10 Visec.

Tr.-'. u: •? o£ supcrri'iic^H.-torr. for swi rtti-i-f. h.ic. bean
a nt\bjc'.-.l of j;ri.-at ir.lor.--st in recent yMV:.. Gen-
era l ! -.. , the- diffcruac-.- bciv-i:n tht- zero rc:,':.to.i\ci
EniiCrfoaJuccinc. s ta le aad c'uc rc-r, is t ivo nor.; -.1 Etatc
providi- the y-rt-.icijilc of operation, and -..my r.et'r.ods;
of r.u! tchlv-.j: kcf.:t-ca thc.-.e s ta tes have been trie;'.
(healir"., c.vjin-: ic f ield, curr:-nt). Kulk si:;-"'rcmi-
durtor-., 1 n c "I v.A i • v-, ta;iiu-. art- usually cn::.-.

; J.:-rod for
hjt-.li pov^r applicnri.--.nr., wlierrns tbin f i ! :r: have
hv-i\\ pric.arjly ri-'n.-rvo-i tor lavi powar tn.^licalions
(Jo:;c:fhr;oa junctions ar.i cryotron--). Ko'-v.vc-r thin
fiJ'.-i i.upe.rcc'ndv.crinj; svitchen have advnntajc-s for
covlalti hii'.'r, povcr applications,^- although l i t t l e
oiporir.eiital work has been published. This paper
rrportn preliminary resul ts in thin r.iobiun fi]::-.r-
svritc!:-'d by applying a far.t pulse: of cagnctic field
pen.auricular to the ft In. Tr,c idea i s lV.;'.t tb--
pulse-;! field creates a uniform nir.nipatlon al.1-.13
Uii: length of the- £il;j vhich heats i t to a tt-pr-raturo
above i t s t rans i t ion temperature Tc-

ITie problcn witii bulk superconductors, staMli^cd
vith a norinal metal, i s that lon& lengthr. are required
to achieve sufficient r tmlstai tc ' Dr high voltr.gf;
apiilicatioar.. Additionally, I'UP. thermal recovery tiiiie
is very poor due to the larpe volume tn surfac-:- r a t i o .
On th-?. othr-r hand, thin Iilr.:s wiLiiout metallic s tn-
bi l ivers r:;uibit very hip,h resistance per unit length
as veil as ey.cellc-nt thermal contact to the liquid
heliivn cool.-nt, rar.uttin" in thermal a tcbi l i2at ioa and
extremely fast recovery viv.e. Tne thc-rnal relaxation
tine is TT = Cv RAd, whc:.o Cv i s the f Lltp.'s specific
heat per unit volume ('\iO.12 joules/cm^-F; for :;b),
RA dr. the specific Kapitr.a boundary resistance
(%0.2 cn2-K/uv.tt for I.Ti), and d i s the £il» thickness
C^jl r.icron in our samples). Hence T -^ fy 1.1\ ;iser.

I'ovev ' r , because there is no al ternat ive path
(fiirt-u^.h the n e t a l l i c s tab i l i se r ) for the current if a
t -tion of the supercoiuluctor prematurely becomes
n< . r.al, hot spots in ;i thin filra switch mu;-t b^ avoided
and are the ciajor prohlen. In nany applicat ions, fair,
i s avoided if a sufficiently lot^o. t ract ion of the
superconductor is swltclu--.! quickly to reduce the
current. In a superconducting fai^t currcr.t l i - n i f r ,
for er.r.-.ple, th i s umnr occur within several nicro-
seconds, so very fast and unifann switching is required.
Trie following reports on preliminary Kxpe.riv...".its
designed to derer:-ine the feas ib i l i ty of such p. svirch.
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11M» samples of niohlu:n WL-re sputtered or evap-
orated onto sapphire, quart;: or i;l.i.is suh'Jtratei to a
thirV.ue:-.;; of nhtuil 1 i.".lr run. I'liotoros lul vaf- ajiplled
and the sa"!ple exposed thr.-u-,h a pattern c(ii".i--tiiij of
a s t r ip 0.26 inm wide, 1.15 <-;-. lt».H", ,in;l vit ' i v.irju.is
voU.'.r.e probe:; (see Yiy, • \) . After t t chi:-.,-> , the r-asap] o
is rinsed and leads are 'attached. Tae ca".r.fi:fio:i:; to
the cnnsitant current source nnd shunt resi-Lor .ire
sti 'ip lines to reduce their lnduj-tap.ee while conn cable
is used for the volt:;:_,e proles.
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Figure 1. The rxp--:rinrntal setup. The co-.utaiit
current source supplies the sample with current 1-
sonic of i.iu'ch I s in consutaLod into the shunt r>•"-.:.<-.tor
upon switching. Tlic- rjag.net is pulsed by discharging
ccipacitor C with a gated SCR. The sar.ple voltaped V
ara measured on coax l i n e s .

Lov: inductance coi ls are placed synra*Lrjcaily
above and below the filet to provide a uniform i.v\-\n.?tic
field perpendicular to the. sanplc. Strip line;.; are
also used to connect the ia;\?,net to the pulse ::upply—n
capacitor discharged thrnujjh a Rated SCR. Up to 100
Amps corresponding to 0.2 T are available wiLit a rise
ti-ie of 7psec . Longer ris.c t ines, and cor i.espc :di.\ii.,Vy
lover fields arc obtained by placing rocr.i te.-.-.per-'-ure
inductor;; in scrico with the r.'.nr,r,>rt. The. shunt re-
s i s to rs vere also low inductance to ass is t ia the rapid
coir.;.iutat ton of the current . V,o delays due to the
cryostat lead;; have been observed.

Figure 2 show-.; the sequence of events (re; r:.-",'-
at "-30 ]]•/. during an e::pi-rir-.eat). A short ti-.u- .-.:"'.. r a
constant current 1-j- is applied to the supercondu ;:.>r,
the magnet current T>. i s pulsed, switching the
superconductor ii\to the non-al state sad co':i:.tufating
sone of the current into the room ter.perature shu.'.t
r e s i s t o r . A voltage V i s seen across the sample v.-.itl.l
the current IT i s turned off.
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Vnv n i r i ' . ' i i t a TT of a b o u t one Ii.il f t h e c r i t i c a l
D , r v , , , i , p u i r . r d f i e l d s :I:I r.ir.il! ,TI 0 . 0 2 T (2011 f.nu-.n)
a n . s u f f i c i e n t t o i-..iii:.e i;wit.:h Iny • Th i;; lr. conr. !il '-r~
n M y M - V I I. • r t h a n t h e c r i t i c a l f l c l i l f o r n U'h I un
( r , . i w r . , l ' . i lo;- , . i i . . . - . ) ar.'l i s in i i . i r t . i i i l In-oi-.ir..; t h e r ."al V
f i e l d r..'.;:•-c-:\ t h e uo;;t f>[ a p r a c t i c a l ::\:\ *_ch.

I n lu'doi" I n c'.'it:ihl Ir.li If eddy c u r r e n t lu-atlnf1, war.
respfMi.-.ib l e , flit? rilii i. M:>:I n n y . n e t l c f i e l d f o r s w i t c h i n g

'V;IL-. r.e.ir.ML'v:! v h i l e V,-> I y i vif, i t r . r l r - e t i r . ' . S i n c e t h e
r i s e - l i i . ' - . T a r e f,r ,- .Uer t han T- r, i t r h e u l d be t h e
iupi.it p ' V : r vh.l.eh d v t e i ;•! •.:..-:-, the. :;wi Jrl.ir;.-. p o i n t . 1'ur
cd-.'.y ci.ii [,::it h e a t i u ; - . , t h e power i s H''/ •;••' r.o t h a t li
s h o u l d In- p r o p o r t i o n a l t o T . l lo^ -Vi - r , t h e s v l t c l i i n ; '
t i t l e ! i r . f o u n d t o be- c o n s t a n t f o r T b e t w e e n 7 am!
40 -I I.-, pc , i n c o n p l o t e 0 i s.'.:;rerT.ieiit v l l h eddy c u r r e n t
h e a t i n r , . l a f a c t MM •_ U in;; occurr. in t l . r ; . f i f - ld?; of
slra.il.-:r !'•! ::o , co t i f i r;i i :i;'. r h . i t i t If. th:.: v.^-j'.ult mle t>f
tl in f i e l d ;-.:i;l n o t i t r . t l v e c'.ep.-nrfci-.co \.-!rlx!i riurjr-
awltch;- . i ; - . .

Ar».-.'.l-.f.r Ci>',i-::luyio;i 1:-. t h a t t h e K ; ! j n c t l c f I.-li!
pcno . t r . i i i-s tlio. f l i r a on a t ime :.:c»1.c: r.liort t :o: \ ; .ar . i ! t o
V Vlsec. nciicrv.'ir.r_- t ' l ' .-rc v n u l d be a h u l l d « ; i of f l u . : a t
t h e f i l rv et!;',os due to t he l a r t ; c den:ap,i'-"'!-i ;-.a t i cm f a c t o r
of t h i n fi 'ir.u; i n a j>-. '-J... ;K! i r u " av f i e l d and cwLtchLr.;-
o h o a i d occ-'a:' cit lrH.'L-r */a] i:v:- of ap]il-i(i.! f i ( ?1d . Tiii; ;
f l u i d a n p H f in : l l.-.u would he r . i m i l a r t,-> a t y p o I
si :pe rcoi: . ' !uct •:••." uxli i h i I ini1, t h e !'*• i L.r-ner e f f ec t : i n t U a t i c
f i e l d - . .
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JTi-vIoui; s t u d i e s f>{ perpend i.!
rater-, in thin f i lm; are not dln-c-i
sauplc:;. Tliey used typ-- 1 superc:
s t a t i c fifldi; so tha t a flux flow
uelori.iined; then the fli'r. p.-nelra
to ar>,ree with theory . In tin- prcv
t i v i t y cannot even be est l - i t e j .
pen?lrat lull ttK.es found in the i.-r
(T.. 10 (I!.or- 100 iif.ec) are s i n i l a r
t i r e vc:f|u i re-.l for our e:\pla-.i i l! ' j : .
advai:Lar,i:au>; on. the one h.n.J to b
penetrat. inn t ine and amplify the
apparently require.:, a Kuperc.ov.duc
s t a t e conductivity—vli1c.li i s a di
in a switch.

Our e a r l i e r d iscuss ion of ha
that the f ie ld nus'_ be switched a
Vir.ure 3 show.- .v.i or.ciJ lo:..co;'e t.r
current pulse .-:iul sa:up!e vorta^e*
tii::e na-,-.::.!!red i s 3l lSeC, which 1 r.
sec r i s 1 t ine of the nsj'.netir- fie
to V.ncn: vhe.ther the film in swlti-
thermal projiaj'.ation fro::i A clnr.lc
i s b:':.iu:.e thermal propagation ir
switc'.i the much louyer lemtths o!
necessary for p r a c t i c a l np;>l ic.it i!
fu:-.:T.. O.ie i nd i ca t i on of therna?]
from n cc-nivirison of s.-inplc voltii
t i ne to tb.r.vp.ally propagate a no-
til1; vol.I.•••<-,« prol.^er: (^ 0.1 ri c",) . ;
ind ica tes a propagat ion ve loc i ty!
i.'hlcb i s the order of the sou-ad
i s compatible, with thermal propa
i t i s sometimes found tha t only
(see Fij; . 1 ) ; t h i s could occur b|
i s halted at the vo l t age probes |
necessar i ly vrider. j

I

il.'.r flu:-: penetiat ion
: :y applicaM,- to our
i r'.e.- iorj in \.l\ h

-orduetiviry coultl he

.ie.n Viiti':; vere r-io-.:n
;i-nt care the C'lvduc-

vJouy studio:'.

to the p e n e t r a t i o n
V.-,ile i t vo^.-l be

ve a r.lc-~-.-i- fl-..:-:
! p; . l icd f i e l d , t h i s
• or v i t h lui'.her normal
j. t i r. c t d i s yi ci van I M ;• e

spot.'-, c l e a r l y shown

:CC- o f tie:- ::i.'<;'iK!'
The fastest rise

co~ par able to the- 7 |!
id. It is important
ijnc, unifnnlv or by

i. • „ J

v.-n.K spot. ' This
not fast c-iipiit"-,h to

ms before a he, spot
prepa^at inn cm:;

:;c rise tin.-: with the
nnl boundary bctveen
A 3 ;.' sec ri so t ir.j
of 5 x 10'' cn/sec
;peed. Such a velocity
;atien. In addition,
• nc section switches

.-here the filr.i is

i ~r 1
/ •

\

V

LLJ L.L_
0.5 msec/division

Figurc 2. The. sequence of events during an experiment; Fit-.urc 3. Ttie nagnet current
they are repeated at about 30 Hz. Shortly after the .vpan-.led time scale, shos-ir
earaple current Ij. if turned on, the ni i^nct is pulsed «-.,,j tchiuc, point,
causing the saniple to r.vitch into the. normal state and
Bhow a voltaic V. Thcre.iftcr If i s turned off reLurnins
the system to the ori;;nal s ta te .

! vision
and sair.pl c vol.taf.n en
Z r i se times and the



Vf.vtiioi- tuaaaurc!i.K'.iit.s on longe r ....nple;s without
volt;'...- proben nn- u"ci-:;^vry to s v t t l u t h i s quon t lou .
V.evv-•(•;•, I'Vi-n i f t h e r e i s noit-uKifori:' i.u'Ud; In.-, in
thfv^ •! Unr. , the nuch x.-iik-r fili:i-; iu-coi-.ii.iry Cor a
liucictlcal d e v i c e should sw'.li-h nnro un! CCLTUV. This i s
b«cnu.;c the r..->n-rn If orr ; i t U :: in the id;;.-- w i l l V..- .1
cn;-.:;!i •rn'.'ly ^ n l . l e r f r a c t i o n of the- flV.:i v l d l h .

FLtvil ly , tlitf recovery tlmi- has been rvasurcr l .
Fif,iiv.-: -'i c!t ;-.ci-.\str.T!..-.:-. the U-i-'iiiil^in.-; fur.t.-:'L of turning,
Che c u r r e n t I T o f f , a h n r t l y a f t e r swi rch•MU;, a u a a l l c c

C l ' i 1 'n th <-p,o I*-! d i n >_t 1.01 1" 1 J Lin.! 1

th<--- 11 11 i n , : u I L U L M H - V I i \ c v l vlii.
"•ip-ii. 1 H u t i t h i r c i o 1 r u l , x . t t in C 1

 u n " -
ii-u c In i ' n , 1 b J o T c - In Ll r L x i p1 I 1
r tv r <_ cu 1 it oC I'I it 10 is u » ' ih U H M I J
tir i ' f s U m I r c li_- 111II11 r i 1 •• c u f i t
CliI tli tUri l t , I I ' I I 1 th if one 1 t t Lin
1! ni or M i n H 11 LI c u ' i n t i in c 1 tc ivold
\ if I I t r j t i i n t < ] 0 V c h i t i u r V n

o h ' - i ' , c c i < " i r t n t v i t h t h c i l c u i - i t ' j - I I F j

n u c h t ) * r t ) t n n c 3 " 1 ) U u t o i s T i [ " ' n _ i t i 11" -

1 i I' I I I I

\/

JL__L _

lu one of tlic b r - tu - r n iob lua rili.ii;, the nornal
s t a t e r « r . t s t l v l t y , p . ; , v.ir,% 12 x lO-f'JJctn anJ il-.c;
c r i t t c ; i l cuL-imu tliMii:lly .1 M B '>• 2.S y. lOfj A/rr.2 .
Whilo J^ IK jiuff.tcii.-at for Nwtt.chini; ;ifpl l e n t Ions,
Pj; i s too Eitnall.^- Riiutti'.rin,-1, nit i l j i in onto n ro'jri
tccpo.rati-.re aubr- t ra te |ico«'.\ict-.d switch inf. in u fi.!:.i
with f\; ^J'IO >: 10~h f'em iiml .ifproxi !•;:•. i,: I y tin-. :;a:.v-
J c . In tliv fu turo we lmpo to JtivL-r.f l ^a tc i.'bN in an
at t e r ip t to inc-ri'nKu f\, to ' 1- 300 j i "cn , .

Tlic nuthors 'woultl Vikr- to aclinov,-1..od;-1o R. T.
In p I i t h fo n i ' i n f t in 1 plos'innri'-'for-convLdL-r-iM

riF the pi-o;;r.-:M. Thu help of
uvjj" i-.i't-ally ;Kppfi'ci.-.Li_-J.

\ u l 1
 n t % Tru 11 '
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Figure ': . l;r>cov;a-y tine r.tiulics are .-."coripli shod hy
uotng a f.mrtil nogativn d.e. oEfset to the sample.
After T-j. is reduced a negative voll.ir.c-. lev'.Hi.-a?. or. the
sanplt- m a i l i t rerovers i tn superconduct ivir.y.

W have not nado a compj.eto invof-.tif-.-ntion of
materials nor prcpar.iti.or condition*. In the otio
saaple o.r Nb̂ Gc- ni'.a:;ured, awiLchlng was obsp.rved in
pulr.cd fU-ltlr, of obout 2 V: gauss; however, i t vaa
er ra t i c , and showed the clinractcristi.es of thoraal.
propucatlcm^ with a rir.c ttrae of SO )ir;nc. The as
samples an well a:: the mont successful niobium samples
were made in a magnetron r.putturlna systea.5
Several niobium filran evaporated on glass shoved no
switching up to their c r i t i c a l current, although or.e
evaporated on sapphire produced clean switching.


