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We have corrected a problem in our computational code The critical current, normal-state resistance, and charac-
that determined the normal-state resistance. In general, weristic voltage appear in Fig. 11. One can see the metal-
find a reduction ofR, when the correlations are large and insulator transition clearly in thi, curve. Within the metal,
there is more than one plane in the barrier. The reduction ofhe critical current has an exponential dependence) gg;

R, affects four figures from the original paper, and affectswithin the insulator it has a different exponential depen-
the conjecture about “intrinsic pinholes.” dence. In the transition region, it decreases most sharply. The

We discovered that our calculations had not fully con-résistance shows the expected behavior as well. One can
verged for the interacting density of states and self energy fofl€arly see the metal-insulator transition as the region where
small frequencies. This created numerical errors in the cal® conductivity changes its functional dependence sharply.
culation of the resistance via the Kubo formula. The error VO, however, that the characteristic voltage is severely af-

has now been corrected and all resistances recalculated. TFeCteq by thg correlations. It hgs an initial decre.ase', as seen
error does not affect the superconducting properties at alP’ thinner junctions, as we introduce scattering into the

since they were calculated with a different imaginar -axismetal’ but the behavior may change at the metal-insulator
code y ginary transition, and be converted into an upturn, but it is difficult

We show a corrected plot of the Josephson critical Cuﬁtgrg:uge the accuracy of our results wigg becomes too
rent, the normal-state resistanBg, and the characteristic  \ve symmarize the corrected characteristic voltage data as
voltagel R, for the single plane and two-plane barriers. Thefo|iows. The characteristic voltage is limited in the metallic
plots are on a semilogarithmic scale. The main difference isegime by the bulk critical current of the superconductor
in the characteristic voltageR, in Fig. 4(c). The optimiza-  multiplied by the junction resistance for a clean barfite

tion now occurs at the ballistic metal limit &§ —0, where  so-called “planar contact” limit This value is approxi-

the I ;R, product approaches the product of the bulk criticalmately 1.37\/e, which is about 8% smaller than the
current times the Sharvin resistance, which is Ot287 Ambegaokar-Baratoff result for an insulating barrier. As the
=1.45\/e. As Uk increases, the characteristic voltage de-
creases and becomes flat as expected by the Ambegaokar-

N _oY

Baratoff limit. The results for the two-plane barrier are modi- § 18—3
fied significantly. The reduction d{R, is more dramatic for & o107
moderate scattering, and as we move into an insulating bar- “Q 10:2
rier, we also reproduce the Ambegaokar-Baratoff result, and -2 10
the unphysical increase witl ¢ has disappeared. ‘E 104

Next we show the corrected figure for the moderately > 10°
thick barrier(with N,=5). The critical current, normal-state o 10?2 | -
resistance, and characteristic voltage are plotted in Fig. 9 for o 10" b -
N,=5 (diamond. The characteristic voltage has interesting @ 10° e

behavior. Starting at a value about 20% less than the L
Ambegaokar-Baratoff limit in the metallic regime, the volt- 2l () 1
age initially decreases with correlation strength, then has a
rapid increase starting at the metal-insulator transition, reach-
ing a maximum near the Ambegaokar-Baratoff resufi to f S T
the values ofUgx that we can safely determine thgR, 0 5 10 15 20
produc). Junctions in this correlated regime do see an en- Interaction strength Ugy
hancement of the characteristic voltage on the insulating side FIG. 4. (a) Critical current,(b) normal-state resistance, atm)
of the metal-msulator_ transmon,_ but the_enhance_ment_ IS aéharacteristic voltage of the Josephson junctions as a function of the
most On|¥ 20_39 %,h'gh_er than in the thin tunneI. Jun,Ct'ons'Falicov-KimbaII interaction within the barrier. The circular symbols
The _th'Ck barrl_er junctiom, =20 h"?‘s the most significant ¢ forN,=1 and the squares are fbi,=2. Note how the critical
corrections. We find that the calculations become untrustworgrrent decreases and the junction resistance increases as expected,
thy whenUgx becomes too large. We show results up toand how the characteristic voltage does not depend too strongly on
Uk =6, butitis possible thé R, product is too large there, the correlation strength. The dependence on correlation strength for
due to an overestimate of the critical currépt as can be the bilayer junction is stronger than for the thin junction. The
inferred by the slight upturn in the, data in panela). dashed line ir(c) is the Ambegaokar-Baratoff prediction.
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FIG. 12. Characteristic voltage plotted versus the inverse of the
effective thickness of the barrier on a log-log plot. Using the corre-
lation length extracted from the fit, allows us to plot the character-
istic voltage against a measure of the Thouless endtgy
=2mkgTE2/NZ. Such a plot should show scaling behavior, accord-
ing to the quasiclassical theory; we find this to be approximately
true for the metallic junctions Yrx=2, circles; andUgx=4,
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FIG. 9. (a) Critical current,(b) normal-state resistance, afg)

characteristic voltage of thd,=5 (diamond junction. The metal- ! F ‘ :
insulator transition can be seen in the critical curf@htand (more squarey but the correlated insulating barrier has a different depen-
easily in the resistancéb), as the regions where the slope of the dence on the barrier thickness. Note the start of the crossover in the

curves changes most dramatically. In the strongly correlated insuRn from tunneling-like behavior, where it increases exponentially
lating regime, we find the exponential decay of the curr@mid with thlckness, to a I|_near-scallng regime, as expected in the bulk
increase of the resistanchas a different slope than in the corre- ~Ohmic-transport” limit.

lated metal regime. The characteristic voltagehas complex be-
havior: it first decreases in the metallic regime, then has a rapi
increase starting at the metal-insulator transifite Ambegaokar-
Baratoff prediction is the dashed line

gorrelations increasé, decreases to be much below the bulk
critical current of the junction, an&,, increases. The char-
acteristic voltage has a rich behavior. For the thin junction
(Np,=1) it is maximized in the ballistic metal regime, is
depressed as scattering is introduced, and becomes constant
for the insulator. As the thickness increasesNgp=2, we
continue to see the initial depression, but it is stronger here,
and then is followed by the constant value again in the insu-
10-13 ] lator. For barrier thicknesses on the order of the correlation
1077 ‘ . . . R length (N,=5), the behavior is more complex. The voltage
initially decreases with correlation strength, then has a rapid
rise at the metal-insulator transition; we believe it will
achieve a maximal value for some large valudJgf; but we
cannot push our calculations beyondgx=10. The
Ambegaokar-Baratoff picture does not hold here,lgR,
depends on the bulk insulating gap in this regime. Finally, in
the thick junction regime N,=20), the characteristic volt-
/ ] age has an interesting dependence on the correlation
1072 strength. It also shows the depression as scattering is intro-
] duced, and it appears to have a turn-over to increase once the
metal-insulator transition is passed, but we are unable to
push our calculations beyond-x=6 here. Note that the
characteristic voltage must decrease when the correlated in-
sulator is made thick enough, because the critical current
decreases exponentially with the thickness, but the resistance

the thick junction behaves much like the bulk material. The metal—WIII grow only linearly with the thickness as one enters the

insulator transition can be clearly seen in the critical current and iUk “Ohmic scaling” region. The conclusion that can be

the resistance, as the regions where the slope of the curves chandd@Wwn from this is that one requires a careful tuning of the

most dramatically. In the strongly correlated insulating regime, wethickness of the barrier, the proximity to the metal-insulator
find what appears to be an upturn of th&k}, product, but it is transition, and the operating temperature to optimize the
difficult for us to estimate the error in tHe =6 data point. For properties of a junction.

larger Ug¢ values, we are unable to find accurate results for our In the corrected Fig. 12, we plot the characteristic voltage
calculations. The dashed line is the Ambegaokar-Baratoff predicin units of A/e) versus the ratio of the barrier coherence

tion. length (determined from the fit of the critical current and
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FIG. 11. (a) Critical current,(b) normal-state resistance, afaj
characteristic voltage of thid,= 20 (triangle junctions. Note how
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equivalent to the Thouless lengtto the barrier thickness. previously. There is now a smooth crossover from an expo-
The results for metallic junctiontl-x=2,4 are essentially nential increase to a more linear scaling, which is expected in
unchanged. The correlated-insulator results, =6, how-  the bulk “Ohmic scaling” regime.

ever, show different behavior, remaining flat for a wider In conclusion, we have found the main effect of the cor-
range of thicknesses and then starting to turn over at théected values for the resistances to produce results for the
thickest junction we can perform the calculationNag= 20. characteristic voltage that are more physical. We no longer

One may wish to conclude from Fig. 12 that correlated insu@'e able to say whether a thick correlated insulator will de-

lating barriers are superior to metallic barriers since the paY€loP the appearance of “intrinsic pinholes” because we can-
ot perform calculations for too thick junctions. Our results

rameteré, /N, can be reduced to much smaller values thango indicate promise in moderately thick junctions with bar-
in the metallic cases before the characteristic voltage be- P Aely Juncti :
rs tuned close to the metal-insulator transition, but it does

L i
comes reduced. But such a view is erroneous, beca_use tﬁ%t seem like the enhancement in switching speed would be
significantly smaller values of,, for the insulating barriers more than 20—30 %

means that the barrier thicknesses where the characteristic

voltage starts to decrease are indeed smaller for the corre- we are grateful to the Office of Naval Research for fund-
lated insulator. We are no longer able to say what happengg under Grant No. N00014-99-1-0328. Real-axis analytic
for much thicker junctions. Whilé R, may decrease faster continuation calculations were partially supported by the Na-
than expected, and create the “intrinsic pinhole” effect dis-tional Computational Science Alliance under Grant No.
cussed in our original paper, we no longer have sufficienDMR990007N (utilizing the NCSA SGI/CRAY ORIGIN
evidence to support that scenario. In the inset, the resistan@900 and were partially supported by a grant of HPC time
shows a less dramatic dependence on thickness than sefeam the Arctic Region Supercomputer Center.

099901-3



