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Supercurrent peaks in planar high-temperature superconducting Josephson junctions
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We investigate the current-voltagB/) characteristics of planar high-temperature superconducting Joseph-
son junctions in the physically relevant overdamped limit. We show that the nonuniform bias current distri-
bution induced by the planar geometry leads to unexpected modifications bf ttiearacteristic, including a
resonancelike supercurrent peak that moves with applied magnetic field. We show that these are not resonance
effects, but are due to a dynamical instability in the supercurrent distribution. All of the several bias distribu-
tions investigated result in the field-dependent supercurrent peaks.

[. INTRODUCTION our conclusions are characteristic of any bias distribution
that concentrates current at the junction edges. Section VI
Many high-temperature superconductétTSC) Joseph- summarizes the main results of the paper.
son junctions are fabricated with a geometry very close to
planar, where the electrodes and the Josephson barrier lie. LONG JOSEPHSON JUNCTIONS AND NONUNIFORM
exactly or approximately in the same plane. Grain bouridary CURRENT BIAS
and focused electron bednjunctions are exactly planar,
while artificial barrier step-edddunctions are very close to
this geometry. In many HTSC systems, planar geometry e
fects have been discovered to induce modified critical-stat
behaviof and geometrical flux-entry barrietsin a planar
Josephson junction, the geometry of the junction influence
the current-voltagel{) characteristics when the critical cur-
rent becomes large enough that transport currents contribu
significantly to the magnetic field at the junctigthe long
junction limit). This in turn affects such fundamental infor-
mation as the critical current density and its dependence o
crystallographic orientation.
In this paper we report an additional unexpected effec
that the known nonuniform current distribution in the elec-
trodes of planar Josephson junctions introduces unusu

magnetic-field-dependent features into thMecharacteristic, ts. The di ion in the fi indicates the di
such as excess supercurrent and resonancelike structure. T pyrents. e dimension in the figure indicates the direc-
Ion in which this planar junction is largéor long. The

occurs even in the overdamped limit characteristic of HTS it ial ; hat d i h . d i
junctions. This effect will alter the true resonance structure”’ erential equation that describes the position- and time-

that appears away from the overdamped limit, and hence Wiﬁiepetr}dent pzatie gan bﬁ derﬁlﬂ_com?lnlng Maxwell's di
affect the derivation of microscopic properties from super-equa lons and h€ Josepnson relations. In many cases, and in

current resonances. We show that this is caused by an inte] articular in HTSC junctions, only one of these dimensions

esting transition, in a narrow region of bias current, betweer’® large with respect. to\,. Even in th's. situation, .the
two qualitatively different dissipative states. We find theCOUpled electrodynamic and superconducting properties can

structure of the transition to be very similar to the transitionP€ Summarized in a simple differential equation for only a

between superconducting and dissipative states that occurs/§tV 9eometries: in other instances a full three-dimensional

the (lowe) critical current analysis of the electric and magnetic fields must be made.

In Sec. Il, we introduce the problem and describe the!o‘lth,Ough the planar. geometry of Eig. 1is not one fqr Whi.Ch
focus of the paper. Section Il describes the particular limit-& differential equation can be written exactly, it differs in

ing case of edge-biased junctions, where the bias current I3 ly minor ways_from the overlap geometry for which the
concentrated entirely at the two junction ends. Here we dedifferential equatioh

velop semianalytic results that explain the new features ob- —sine=g—(X) )
served. Section IV discusses a qualitative description of the Pxx LR

dynamics in terms of vortex motion. Section V analyzesdescribes the space and time dependence of the phase differ-
other, more general, bias current distributions, showing thaénce¢. Herex is the position along the junction length nor-

Figure 1 shows a typical planar geometry Josephson junc-
ft_ion. The barrier(indicated in grayis in the same plane as
e thin-film electrodes. This geometry is very uncommon in
ow-T¢ junctions where the electrodes and barrier are most
gften deposited sequentially as a trilayer, resulting in a
stacked configuration. However it is a natural configuration
Lgr many types of highFc junctions, where, for instance, the
arrier may be formed by a crystalline grain boundary in an
otherwise continuous thin filhThe length scale that deter-
ines whether the dimensions in directions perpendicular to
e transport current should be considered large or small is
tthe Josephson penetration depth When one of these di-
mensions is larger than;, the superconducting phase dif-
(Ijlqarence across the junction depends on position in that direc-
tion due to magnetic fields generated by the transport
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FIG. 1. Schematic view of a typical planar Josephson-junction
geometry. The region is shaded gray. Transport cuffigns in the & E ) )
plane of the film, and magnetic fie(#l) is applied perpendicular to 0 0.1 0.2 0.3 0.4 0.5
the film plane. The parameterindicates the long dimension of the CURRENT
barrier. The planar geometry results in a nonuniform bias current
distribution in the electrode@ndicated at left, leading to resonan- FIG. 2. Numerically-simulated current-voltagl/) characteris-
celike features in thév characteristic. tic for edge-based planar Josephson junction for applied magnetic

fields ofh=0, 0.4, and 1. Note the field-dependent structure in the
malized to ;, t is the time in units ofi/2e AR, , andj(X) IV indicated by the arrows. The inset shows bias current at which

represents the bias current density distribution in the elecis structure occurs to depend linearly on applied field.

trode normalized to the junction critical current density. The . . L . .
boundary conditions at the junction edges agg=h along the J_unctlon. _T_h|s is nymencally equivalent to phe-
=4mH o\ Ny /®,. Equation (1) is valid for the over- nomenologically mixing in-line and overlap boundary

damped limit of negligible junction capacitance applicable toconditions.

mosFHTSC junctic?nsg. J P PP The underdampedequivalent of Eq.(2) has been dis-
Because the superconducting electrodes are generally thifi!SS€d extensively in the context of inline junctidrtow-

films of thickness comparable to the London penetrationever’ th‘?o"efdamped'm't lrepre_sented by Eq(2) has. re-

depth, and widths much wider tha,_ , the current flow in ceived little attention. This is in part due to the I|m|ted_

them is nonuniform(as indicated schematically in Fig). 1A prospect for applications before the advent of HTSC materi-

configuration with current concentrated near the edges of th Is. In Sec. lll we discuss/ che_lra_cteristics d(_eriv_ed fro‘.“ Eq.
film and depleted near the center is kndvtm minimize the 2). We find that the characteristics are qualitatively different

energy, although the exact form has not been expressdfP™ the underdamped limit. In Sec. IV, we show that more
analytically® It has long been known that such nonuniform P ysically realistic current distribution also display these fea-

electrode bias current can reduce the zero-field junction crititureS, and argue that origin of the features is explained by the

cal currentl® It has also recently been shofwthat the simplified distribution discussed in Sec. Ill.
magnetic-field dependence of the measured critical current as

well as the shape of thi/ characteristic are modified by a ll. IV STRUCTURE IN EDGE-BIASED JUNCTIONS
nonuniform bias.

First we consider the limiting case where the bias current
is concentrated entirely at the junction end$x)= &(x Figure 2 shows the numerically simulated characteris-
+112)il/2+ 8(x—1/2)il /2, wherei=1/J.A and I=L/\; is  tics resulting from Eq(2) for applied magnetic fields df
the normalized junction length. We find that this current dis-=0, 0.4, and 1.0. The normalized junction length is20,
tribution reproduces the features found in the more compliand the voltage is averaged over 5000 normalized time units
cated bias distributions of Sec. IV, and can be easily anaafter waiting an “equilibration” time of 1000 time units.
lyzed. Since both sig(x) and ¢,(x) are continuous Two distinct features are observed. The first is a decrease in
functions, integrating Eq(1) from —1/2 to —1/2+¢ gives the critical current in applied magnetic field. This effect is

A. Voltage and supercurrent features

o (—1124+e)— @ (—1/2)=—il/2, or ¢, (—1/2+&)=h  well known and can be shoWranalytically to obeyi(h)
—il/2 after substituting the boundary condition. A similar =21"Y2—h)=i,(0)—2h/l for I>1 (hereic(0)=0.2 for
analysis at the other end of the junction givegl/2—¢)  |=20). However, there is additional structure in théin the

=h-+il/2. The interior region can then be described by dissipative state aanother characteristic current.,. The

inset to Fig. 2 shows thait;,(h)~i.(0)+2h/I. We have

L verified that this behavior occurs even tor 5. This struc-

Ory—SINE= 0y ex(— ”2): h-— !”2, (2)  ture has been previously reporfddr a different nonuniform
ox(+1/12)=h+il/2 bias distribution, but its origin was not identified.

This feature is made clearer in Fig. 3, which shows the
since the bias current is zero in the interior. Equaiidnis  total time-average supercurrent as a function of bias current
identical to that derived for the overdamped in-linefor h=0 andh=1 along with the short-junction resistively
geometnf although here it describes an overlap geometryshunted-junction(RSJ behaviof (dashed ling The h=0
junction with nonuniform bias current. It can clearly be ex- curve generally follows RSJ behavior, apart from excess cur-
tended to the case where a fraction of the bias current isent and subtle oscillatory structure. Here the supercurrent
concentrated at the edges, and the rest uniformly distributecarried by the junction increases with bias current belgw
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BIAS CURRENT FIG. 4. The local time-averaged supercurrent as a function of

osition x along the junction foh=1 andi=0.28 (c<i<icy).

FIG. 3. Total time-averaged supercurrent as a function of biag . . :
. upercurrent is concentrated at the left edge of the junction.
current forh=0 and h=1. The dashed line shows the short- P 9 J

junction RSJ behavior. The supercurrent becomes approximately
field independent foii >i.,(h), but still differs from the short- appears across the junction. If one were to ignore the voltage
junction (RSJ behavior. drop and time-dependent properties of the junction for
i.(h)<i<ig(h), the same line of reasoning would predict
After the critical current is exceeded and the junction is inthat the supercurrent carried neas —1/2 would continue to
the dissipitative state, the supercurrent decreases with inncrease with bias current until it reached a critical configu-
creasing bias current as the normal current increases. Howation identical to that at.(h) nearx= +1/2. This would be
ever, forh=1 the supercurrent carried by the junction in- the second instability, and would occur &{0)+[i.(0)
creases eveabovethe critical currentic(h=1)=0.1in a —j (h)]=i,(0)+2h/l because the field-induced Meissner
way similar toi <ic. Only fori>ic, does the supercurrent currents are of opposite sign but equal magnitude at the two
continually decrease. The sharp drop in supercurreit,as  ends. This is consistent with the data of Figs. 2 and 3.
similar to that atic, suggesting a similar instability. Al- However, the junction isiot superconducting in this cur-
though the structure in these curves resembles resonance gént range. In particular, the phase distribution is time depen-
fects in underdamped junctiof&we show here that they are gent, and a voltage appears across the junction at all posi-
due to dynamical instabilities. tions. Even so, we find that the supercurrent and phase
distribution atx= —1/2 closely resembles the end ofaper-

B. Analysis conductingiunction at each instant in time. In the rest of this
section, we present a detailed analysis of the transition in
?unction properties at.,(h) in order to understand this mix-
from an instability atx=+1/2, andi,(h) from one atx= tyre of dynamic and pseudostatic configurations in the junc-

. e . ; tion.

—1/2. 1t is well known that the critical current(h) is asso- . . . .
ciated with a transition from a static, nondissipative state to a To mves’qgate thes_e effects, we spatially resolve the junc-
time-dependent, dissipative state. We have founditpgh)  1oN dynamics. The time-average voltage does not indicate
represents a transition betweewo differentwell-defined ~ SPatially resolved junction dynamics as it is spatially uni-
dissipative states. This transition can be attributed to a dyform. However, the time-average supercuriigfix) has no
namical instability in the supercurrent distribution concen-such limitations. This allows us to identify the regions of the
trated at the junction end= —1/2. Despite the time-average junction that dominantly contribute to the supercurrent and
voltage drop along the entire junction for(h) <i<ig(h), hence control thdV characteristic. As junction properties
this region of the junction behaves approximately as the enéPr i <i; have been extensively analyzetwe concentrate
of a long junction in thesuperconductingtate in this current on the region ;<i<i, and thei, transition.
range, while the rest of the junction shows usual dissipative Figure 4 shows thdime average (x) for i <i<ic,.
behavior. Although oscillatory structure is observed throughout the

A qualitative description is straightforward. For zero-biasjunction length, the supercurrent is clearly concentrated near
current, the applied field induces a circulating “Meissner” x=—1/2. The nonzero voltage across the junction indicates
shielding current, positive at=+1/2 and negative ak= that the phase differencg(x) increases in time throug;
—1/2. The behavior for increasing bias current is well =v(t), and in particular passes continuously through many
known® the bias current adds to thipositive Meissner su- multiples of 27 at all points along the junction. This corre-
percurrent ak=+1/2, while it cancels thénegativé Meiss-  sponds to a supercurrent oscillating between positive and
ner current ax=—1/2. At i.(h), the supercurrent carried negative valueis=sin(e(x,t))]. Small values of2"(x) in-
nearx=—1/2 has increased from itgegativeé i =0 value to  dicate nearly sinusoidal supercurrent oscillations, and corre-
a value near zero, and the supercurrent near-1/2 has  sponding time linearp(t). i2'(x)~1 implies thate(t)
reached its maximum value. Beyond this point the phasenust be very nonsinusoidal, almost steplike, witfumping
distribution becomes time-dependent and a nonzero voltagguickly between approximately time-independent values.

The behavior described in the previous section result
from instabilities at the two junction edgesi.(h) arises
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Equation(5) can be integrated with respect toto obtain
ox= —y2(K—cosg). The integration constant is found to be

time /

/ K=1 by the conditionp,— 0 for ¢—0 in the interior of the
junction. The maximum current, found by minimizirg, at
the junction edge, is easily seen to occur §gdr—1/2)= .
Thenig(h)=21"1(2+h)=i,(h=0)+2h/l is obtained by
substituting the boundary conditiop,(—1/2)=h—il/2, as
/ observed in Fig. 2. The above equation §gralso predicts a
. value for the phase at the end of the junction using the
boundary conditionp,(—1/2)=h—il/2. This corresponds to
. o(—1/2)=2.24=0.717 for i=0.28 andh=1. This com-
pares favorably to that shown in Fig. 5, demonstrating that
the static phase configuration near the junction end is in fact
very similar to that found in @superconductingemi-infinite
POSITION junction. The junction approximately incorporates the static

FIG. 5. The phase differenag(x,t) at equally spaced time in- solutlon atx=—1/2, while EV'V'”Q.S‘V” approximately linear
tervals(h=1 andi=0.2§i:<i<ics]). ¢(x,t) is approximately t'me, dependencev(x,t)wvs e(x)",s e(X_)%O) to t_he phasg
static for extended time intervals at the left edge of the junction, andliStribution over the rest of the junction. The interpolation
leads to excess supercurrent carried here. between these two solutions occurs in a complicated way

that we have not attempted to describe, but which does not

. . o . seem to strongly influence our conclusions.
This is explicitly demonstrated in Fig. 5, which shows the i.,(h) can then be associated with a loss of the approxi-

phase difference(x) at equally spaced time intervals. The  ately static phase distribution &t —1/2. Figure 3 shows

range extends from the left end of the junction to the centef4; this is also associated with an abrupt decrease in the
(—1/2tox=0). The phasg¢and hence supercurrgnlistribu-  gsercurrent carried by the junction, and corresponding volt-
tion is approximatelystatic (¢;~0) for extended periods of 4ge (or normal currentincrease. Aboveé.,, the total time-
time near the junction edge, while it has an approximately;yerage supercurrent has approximately the same bias cur-
uniform time dependence for more than~4\, from the  ent dependence as fhe=0. The reason for this can be seen
junction edge. Our numerical calculations indicate that this, Fig. 6, which shows®{x) for bias current =0.4 and
behavior is preserved for alkic,. Aboveic, the supercur- oy p— g andh=1. Both show that the local contributions
rent distribution is characteristically different, as shown in 0o, supercurrent are dominated by a narrow region of
Fig. 6. V\f/ehdls;:]usshtk}lds regime further after establishing thethe junction. This region is exactly at the junction center for
naturr]e ort ke t resd 0 cdurrerg?. — e . h=0, and slightly off-center foh=1 at this bias current. It
The weak time dependenceig{x) nearx=—1/2 permits 05 from the center to the edgeids decreased, but its

a static analysis to be approximately applied. The phase dignane and hence contribution to the supercurrent is remark-
tribution shown near the junction edge in Fig. 5 fer0.28 ably independent of applied field.

>i. is in fact very like the static solution for a semi-infinite
junction for that current: decaying approximately exponen-

tially away from the edge while meeting the boundary con- IV. VORTEX DYNAMICS
ditions. In this regiong(x) satisfies Eqg.(2) with ¢;=~0.

axt)/ m

o

In many situations the dynamics of long Josephson junc-
tions can be qualitatively understood in terms of the nucle-

1 . ; . ation and motion of Josephson vortices. This is a particularly
useful approach in underdamped junctions, where the phase
08 . and current distributions that define vortices are of limited

spatial extent and hence well separated. As can be seen in
Fig. 5, the 2r phase change representing a Josephson vortex
at the fields and currents discussed here doetsoccur
abruptly as in underdamped junctions, but rather gradually in
an almost linear dependence of phase on position.
Nevertheless, an interpretation based on the motion of
isolated vortices can qualitatively represent the data. This
vortex interpretation is difficult to quantitatively substantiate
for the reasons discussed above, and should be used with
caution. The instabilities discussed in Sec. Ill can be viewed
as vortex nucleation at the junction edges, and subsequent
vortex motion toward the junction center. In zero magnetic
FIG. 6. Local time-averaged supercurrent as a function of posifi€ld, the critical current represents nucleation or depinning
tion x along the junction foi = 0.4 and magnetic fields ¢f=0 and ~ Of @ vortex atx= +1/2 and an antivortexopposite circula-
h=1 [i>ie(h)]. The shape of the dominant supercurrent contri-tion) atx=—1/2. The transport current causes these to flow
bution in the junction interior is independent of field, and leads tooppositely toward the junction center where they annihilate.
the field independence of th¥ characteristic foi >i.,(h). This symmetry enforces the zero-field condition of no net

POSITION
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magnetic flux in the junction. Figure 6 shows the time-
average supercurrent for this process: the “bump” occurs at
the annihilation point.

For nonzero applied field, the situation is more compli-
cated. The two instabilities,(h) andi.(h), respectively,
represent vortex and antivortex nucleation-depinning.igor
<i<ig, avortex nucleates at= +1/2 and flows across the
junction to annihilate ak=—1/2 with a nucleating antivor-
tex. Figure 5 indicates that the phasexat—1/2 has a very
nonuniform time dependence, characteristic of the annihila-
tion process. Foi>i.,(h), our analysis of the time and
space dependence of the junction phase suggests that a vor- . .
tex first nucleates at= +1/2, followed later by antivortex 0 02 04 06 08 i 12 14
nucleation atx=—1/2. Both subsequently flow toward the BIAS CURRENT
junction center at the same velocity. Their annihilation point
is off-center due to their different starting times. Figure 6 FIG. 7. The supercurrent as a function of bias current for the
shows the resulting time-average supercurrent distribution.mixed” distribution in an applied fieldh=1, junction lengthl
The supercurrent bump is again at odf-centej annihila- =20. Each_cu_rve |_s offset by 0.0_5 units of supercur_rer_n. The verti-
tion point. cal arrows indicaté.,(h=1) predicted py the.anaIyS|s. in the text.

The field independence of this featufdiscussed at the ~=1 corresponds to complete edge bias; 0 is the uniform cur-
end of Sec. Il B, and the subsequent field independence of &Mt distribution. Dashed lines are for=0.
the IV char_ac_tenstlc f0">'?2(h)' can_be qualitatively UN- at the ends to the remainder of the current which is distrib-
derstood within the vortex interpretation: as long as annihi-

lation occurs in the junction interior, the annihilation rocessmed uniformly over the length of the junctionA=1 cor-
o ! ' o pro responds to the complete edge bias, whiteO describes the
should be similar and hence produce a similar contribution t

the net time-average supercurrent Uniform bias. Figure 7 shows the time-average supercurrent
: for variousA (offset for clarity) in an applied fielch=1 (1/2

of heo). The dotted lines indicate the correspondimg O
V. GENERALIZATIONS supercurrent. It should be compared to Fig. 3, which presents
the A=1 (edge-biascase in detail. A second critical current
_ . _ (icp) is observed in the calculatdd& curves for allA+0,

As discussed in Sec. I, the planar geometry typical ofgnq jts dependence on field remains roughly linear. Al-
high-Tc junctions results in a bias-current distribution that is toygh the features become broad for smalinore uniform
not precisely equivalent to the edge-biagsgmmetric, in-  pias distribution, they remain easily recognizable.
line) configuration that was used in Secs. Il and IV. A more The vertical arrows in Fig. 7 indicata,(h=1) deter-
physical distribution will have current distributed throughout \3ined from an analysis similar to that of Sec. 11l B. When
the junction, with some fraction peaked at the edges. In thing. (5) is integrated with respect tp for the “mixed” bias

section we investigate three bias distributions which morgyistribution. and evaluated at the junction end using the
closely approximate the actual current distribution in a pla'boundary conditions in Eq2), one finds

nar junction. All show a resonancelike feature, indicating
that it is a general property of nonuniform bias, and not (i®l/2=h)%/2=[1—(i™?]¥?+i™arcsini™—iMp,— CcoSp,
unique to a particular distribution. C : S

The first distribution investigated here is a superpositionfgr a sz_am|-|nf|n|te Junct|onmwh_ere Stp= for largex. Here
of the in-line (edge-biasedand overlap(uniform) distribu- ! :.'A IS the edge cqrrent, =i(1-A)is the cqmponent of
tions. It been successfully used in studies of the sthtind u_nlform_blas, andpe _|s_nt1he phase at _the junction edge. We
dynamic propertiéé of underdamped, long trilayer junc- find '¢e(|.c).=w—arcs!n|c , SO that critical values of current
tions. Although it interpolates between the edge-bias an@'® implicitly determined by
gggce)rm distributions, it always has a discontinuity at the (i§|/2ih)2/2:[1—(i2’)2]1’2+irc”arcsinig‘—ig‘w. 3)

Various analytical expressions have been used which corEquation(3) evaluated using the- givesi.(h) for varyingA
centrate current at the edges while retaining a smooth curreiitat corresponds to within a few percent of those determined
distribution® We investigate two of these. The fftaises a  from the data of Fig. 7. Using- in Eq. (3) predicts ani,
parametery to characterize the crossover from edge-bias tdndicated by the vertical arrows of Fig. 7. F&=0.4 these
uniform bias ad/l,= (/I sinhy)cosh(2x/); largery gives  closely correspond to the point at which the supercurrent
larger edge current, wity=0 corresponding to a uniform decreases for the second tirfad hence the threshold for a
current distribution. The secotfti(*square root”) distribu-  second increase in normal currenin correspondence with
tion, 1=(lo/m)(12/4—x?)~ Y2 is derived from the macro- the perspective of Sec. IlI, this is due to an instability in the
scopic electrostatics of the superconducting thin film, anghase distribution at the junction end. The agreement is not
has no adjustable parameters. as good forA<<0.4: as the bias current distribution becomes

To describe the linear superposition of in-lifedge-  more uniform, we may expect that the junction edges act less
biased and overlap(uniform) distributions, we define a fac- independently from the junction interior, leading to differ-
tor A as the ratio of the fraction of current in tl#functions  ences with the simple theory.

SUPERCURRENT

A. Other bias-current distributions
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FIG. 8. Supercurrent as a function of bias current for the cosh
distribution in an applied fieldh=1, junction lengthl =20. Each
curve is offset by 0.05 units of supercurrent. Largeoncentrates
current at the edges:=0 corresponds to a uniform current distri-
bution. Dashed lines are fdr=0.

FIG. 10. i, (h) for all bias distributions. Curves are offset by
0.05 units for clarity. The dashed line for each distribution is the
Sec. lll resulti»(h)/i(0)=1+h/2.

field for all bias distributiongoffset for clarity investigated

. . ._here. All are roughly linear in field, with slopes approximat-
Flg.ure 8 shows the S|mulat(?‘d sur?,ercqrre.nt asa funct|0||nng that found in Sec. Ill for the edge-bias case.

of bias current for the “cosh” distribution I/I,

_ . . I The results of this section show that the supercurrent fea-
= (v/] smhy)cosh.(Zyxll) discussed above at an applleq field tures reported here exist for several different bias distribu-
h=1 and for various values of the edge concentration pa

rametery (offset for clarity. Clear supercurrent features are tions that concentrate current at the junction edges. Further,
observed for ally values, although the supercurrent nothe dependence of, on applied field approximately follows

longer has an abrupt decrease. The features become less |h§ edge-bias analysis of Sec. lifo(h)/ic(0)=1-+h/2 for

tinct as the distribution becomes more uniform. =20.
Figure 9 shows the simulated supercurrent as a func-
tion of bias current for the square-root distributidn B. Excess current
=(lo/m)(1%/4—x?) "2 for applied magnetic fields=1, 3, Many experimental long junction measurements show an

and 6. Again a clear supercurrent peak is observed: withexcess current,” i.e., extrapolation of the linedrigh biag
increasing field the peak becomes broader, and the corregection of thdV curve to positive values of current. This is
sponding bias current for peak supercurrent increases.  observed in zero as well as nonzero applied field. Excess
For these more general bias current distributions, weurrent can readily be incorporated into the resistively-
somewhat arbitrarily define.,(h) as the bias current at shunted junction(RSJ form of the IV curves for over-
which the supercurrent peak is observed. This is consistefamped Josephson juncti8risy shifting thel V curve along
with our Sec. Il analySiS of the edge—bias case due to th%e current axis. The RSJ expression then becomes
abrupt drop in supercurrent &f,(h), and can be clearly — 7= )Z—1, wherey is the time-averaged voltage nor-
identified for the more genera}I bias distribu';ions. Figurg 10malized to the junctiom.R, , i is the bias current normalized
shows the dependence of thig(h) on applied magnetic g the junction critical current, arigs is the normalized “ex-
cess current.” This model fits our calculated zero-field edge-
bias (A=1)IV curves quite well. Below~10 no excess
current is present. Excess current developsl fefl0, satu-
rating at a value around 55% fbr-25. Here we have fit the

0.2

Lo IV curves out to a voltage five times the apparkfR,, a

g common experimental criterion.

2 ’ VI. CONCLUSIONS

w

% We have shown that resonancelike features arising in the
0.05

IV characteristics of nonuniformly biased overdamped pla-
nar Josephson junctions in a magnetic field are in fact due to
dynamical instabilities in the phase distribution. Tihefea-
tures are caused by a transition between two well-defined
dissipative states, and occur at a critical bias currgnthat
increases linearly with magnetic field. These states can be
FIG. 9. Supercurrent as a function of bias current in variouscharacterized by the behavior of the junction at its ends: for
applied fieldsh for the square-root distribution, junction length & region of bias curren{,<i<i, the junction is in the dis-
=20. sipative state, but one of the ends very accurately retains the

0 0.5 1 1.5 2 25 3 35 4
BIAS CURRENT
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phase and supercurrent distribution of the superconductindecrease from the junction ends, thefeatures also become
state. This configuration is unstable fori.,, and the dis- broader and less well-defined. However, they remain clearly
sipation abruptly increases, with a corresponding decrease identifiable, centered at values of bias current that depend
supercurrent, to values found for the zero-field characteristidinearly on applied magnetic field. We attribute this to a
A qualitative interpretation in terms of vortex motion shows common origin of these features, indicating that our analysis

consistency with this model. _ carries over to more general bias current distributions.
These results are of particular importance to high-

junctions, which are often fabricated in a planar geometry
and hence susceptible to nonuniform bias current distribu-
tions. The extreme case of complete edge-bias results in
well-defined magnetic-field-dependent features. As the bias The work was supported by the NSF MRSEC program
current distribution is modified to incorporate a more gradualAward No. DMR-96-32537.
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