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Mulliple routes for vortex depinning in amorphous thin filim superconductors
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We present. sinmlations of vorlex dypamics in amorphous Lwo-dimensional Lhin film supereondnctors,
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nsing

a new exnel melhad Lo evalnate long 1ange interactions belween vortices. We find thal, Uie onsel of vorlex

molion is dominaled by flamentary chaniels of Jow.

are slable in a wide range of hins current.,

resistanee, each step corresponding Lo o different, paltern of M'\mf nlary Mow,

dependence of the depinning curvent. and cmrent vollage charaeteristics. Om

recenl. experiments

T.INTRONUCGTION

The problem of depinning in disordered Lype-T1
supercanductois driven by an externnl cnrrend. has
alliac el mueh allention Inlely, hotly experimentally
{1, 2] and theorelie ally [}
Lion Lakes

The onsel of vortex ma-
plce Throngh “chiannels™ of Now (Y. In
(MD) =inmlations [1],

the onset. of flow ocems al a single Lhieshold foree

Al the maleenln dynaimics
(eritien cment)) abave which the voltage inerenses
cantinansly and nonlinestly, This Lype of Hehavior
was observed inomost of Che experiments [ How-
ever, reeenl experiments by Hellergeist ef al 2]
i amomphons Lhin filine, show a stiong histo y de-
privdence of the thieshold foree and abeapl rises of
the voltage with steps in Che dillforentinl jesisbanee
We have ddane pealislic M) simnidations of amo phons

thin s that. tepradiuea Lhis hehavion [I]

2. MONDET,

The previous MU simlations of [3] were in 2D
sysbems with shori-ranga vorlex-vartex interaclions
A shorl ranpe 21 palenlinl corresponds Lo Lhe inler-
actions of 31) vorlices considered as tigid rods Iow.
ever,in 2D Lhin films (Tike the ones of [2]) the vortex-
vorlex interactions are Lealy long-range [5], willi a

novmalized vorlbex-vorlex intetnelion cnergy:

Hio(ri) = Ha (74,) == N () (1)

where 1y and Ny are Uhe Stinve and Neoamann Tne-
Lioms, 1especlively, angd Ti; = |ri - ;] is Lhe distanee
helwaen Lhe ith and jLh vertex, normalized Lo Lhe
ellective 21Y pencliation depth, A = DN/,

with g —

The en.

ety is normalized by Py = 2/ A.

on amarphons Mos;(lagq Lhin lilns

There ave nltiple patberns of filamentary Now which

As a conscequence, Lhere are muliliple steps in Lhe diflorentinl

This resulls in a strong hislory
resulls are in agrecment. with

hl2e

vartex nand a pinning conler ia 17, p () = —Ae (/307

The pinning inleraction palentinl between s

[3], with a, e pinning, inkeracbion range. "The nen -

malized equation of motion for Lhe ith vortex s,

r - -
- - D Vilhu(ry) - D Vil (i)
ifi k
[ O ()
a9
= (5. 4%).
A0 Py, wilh e -

lickl perpendicular to the

normalized Lo

‘I‘()/?/{/p], Lhe
systaem is 13, and the Hax

where V4 Time is

T = magnel e
New vesislivity s pp =2 B, /1. 'The foree on the
vorlices mrizes fram Lhe applied cunrent density J

= I ox Fhad ATy, with 2|3 We Lake |4,
Lhus, Bl The vollage tesponse (vor Lex spred) from

]

aned

Lhe ol vorlex is Lhen V4

nlifie).

vorfex-vopleyx

= dy, /dl (narmalized (o
The sununations over 7 and & represent e
and vorlex-impurily inleraclions, re-
specltively A new method Lo simmlale a ayslbem wilh
periodic haundary conditions and long-range inter
acbions iz nsed [1] To conneel our simuladions (o
Lhe experiments of {2] we adopl. parameter values
apprapiate for Lheir saunple of amorphons Maog; ooy,
The denglh seales are: A 2 U980 the mean infer-
vorlex distanee ag = (_'I’n/l?)'/2 = 1.03.10 :‘/\, anel
Lhe pinning range iz Laken as Lhe coharence lenglh,
pfrd = 28410 A,

ll,, Zoag oF A

o This places us in the 1enime
From Lthe value of Lhe eritical enrrent,

densgily, we estimabe Lhe ]ﬁnning‘ strengh from ol

- 10 2\/—,./71", where

1/02 and Ny, e lhr' (]!‘ll‘=l(lf of vorlices and

leetive pinning Lheory A
. =

mming cenlers respeclively . We Gake 1 S, = 5 oaned
- . ] T

tcan res Tue (—’l\]

LS

T




we simnlate o systom of size 1,2
,vn =

The pesitions of Lthe pinning centers ara disbribobed

=001 x0.01, giving
100 vorlices and N, = B00 pinning eonters,
randomly. Each sinmilalion was starled with o Jif-

ferenl randaom initial confignration of vortices.

For 2D long-range vortex |1'()(r‘.n(,i:|],< . ()],
Lhe shear modulus is Cagd = BPq/8npgA, and Lhe
compression modulus is Cyyd = 287 /pgk(1 1 Ak).
Thewelore, in thin filns clasticity is nan-local al all
length seales, and Lhe vortex lallice is incompiassible;
CII(" = 0) = co. Since Cge € Chy, the inleraclion
favors an overall uniform Jdensity whiles haing nual-
fecled by deformalions such asfilamentary fow,

3. NESULTS

We now discuss onr simulalion resalls, Fig, |
shows 7 TV curves oblained for dilTerent. initial condi-
Lions bul Lhe same distribution of pinning sites, The
vollage (V) is Lhe normalized voltage per vortex, For
hie Lo

the many melastable minimn of Lhis slrongly disor-

small forees Lhere is n pinned vorlex slale,

deverd syslem, Lhere are many possible pinned stales,
By inreasing 17
stable fixed points (pinned siates) shrinks uolil they

Lhe hasin of alliaction of Lthe leas

hecomn unslable, sequentinlly. When Uhe last pinned
stale becomes nustable the vorlices move, This arga-
menl Ieacds Lo a unieque, well defined threshold foree,
However, il. is possible Lo have, for Lthe same I, a
coexistence of fixed poinls (pinued shales) aned al-
Liactors corresponding Lo moving vorlices,  In Lhis
caze Lhere is na well defined Lhieshald Toree and the
IV enrveshanld he history dependent. ane hysterelie.
Fig. 1 indeed shows Lhal there are mulliple raules
[m1 the ansel of wallage, For ench route, there are
dillerent seemiences of abropt smps to stales wilh o
linent vollage-current, dependence with o small slope,
This hehavior elosely tesewhles e expetiments on
I in Rel I)I) W
have Jonked al The vortex dyopanmies in ench of The
<tepsin dV/dT 0 We find Lhal, there e flow channels,

which correspond Lo ane-dimensianal paths, Le. Lhe

amorphons Mog; Cleg, (zre Fig.

Mow i lamentary., Strikingly, the only eoffiet of in-
erensing I is Lo inerease Lhe apeed of Lhe vortices in-
sitle the channels, while Lhe stinctire of the ehanmnel
anrd pinned vorlices 1emaing slable in a wide 1eqion
of I, tesulling in a linent vollage,  Facl individ-
nal channel hins periodie motion with period piven
by (e incompressilie nalme of Lhe vorley sysbem
ns T = (g = 1) 2t ag /o with v — (V) When
increnzing 7)ol a given mament the channel stie-
Lure hevcomes nnstable and the system swilches Lo

a dilferent. allraclor characterized by a new spnlio-
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Figme It Simulated IV (Toreec-velocily) characloris-
Lics for inctensing, hins cutrent. Jusels: full IV eurves

(npper) and the corresponding noise (lower).

Lemporal channel struclure, which is again stable in
a range af 7. "This resulls in Lhe sudden jumps in
the TV curve helween different. linear regimes, 1 ona
assumes Lhal in alarge sample Chere are 1, widely
sepiuated channels, each step in Lhe diffaential 10-

“ e (”0/,’11) ,?/ [4]

This gives 1.y, 22 180 for Lhe lowesl sleps in [2], with

sislance is then given by dV/d] ~

a Lypieal distanee helween channels of 22 80ag.

4. CONCLUSIONS

We repraduen Lhe histary dependanl struetora of
sudden jumps and steps in dV/d] as observed in 2],
They me a consequence of Cog € (7. the non-
loeal elasticity, sned Lhe nnmerons melastable pinned

states of Lhis disordared syslem,
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