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« Standard » High Tc Josephson junctions

N Complex materials ...

(a) bicrystal GBJ ) (b) step-edge GBJ
pot), GB o1 0o1]  GBs
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(c) step-edee SNS (d) ramp-edge

Au, Ag [007] barrier

N Alternative technology

m Grain boundary junctions

Special substrates

Design constraints

Lack of reproducibility

m Ramp junctions

-

Ton irradiation

Kahlmann et al & Katz et al APL'98




Disorder in High Tc Superconductors

N Defect in d,, ,superconductor > depairing

YBa,Cu;0,

N Local control of the disorder

K Nanoscale engineering (&)

30K<T<90K Super/Normal/Super Josephson junction



Proximity effect based Josephson Junctions

K Phase coherence through normal metal : Josephson coupling
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Fabrication of High Tc nano-Junctions

N Control the defect density through ion irradiation
N two-steps strategy :
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R(T) measurements

20nm slit

Au pads

SC channel
Width 1 to Bum

N. Bergeal et al, APL 2005
JAP 2007
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I(V) characteristics

Overdamped JJ
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N RSJ behavior
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N Flux flow behavior

N Resistance Rn ranging from 200mQ to a few Q



Fraunhofer pattern I_(B)

N Phase control by the vector potential Josephson length A;
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Shapiro Steps

N Phase controlled by microwaves

op 2eV
A r

483 5979 GHz/V

N Almost ideal Bessel functions

N. Bergeal, JAP 2007
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I (T) measurements

Ic (HA)

3 1013 at/cm2

N De Gennes-Werthamer
model of proximity effect
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Major characteristics and reproducibility
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Clues for reproducibility and reliability

N. Bergeal et al, APL 2005

K Low dispersion in IcRn (<10%)

K Self-shunted junctions

K High values of Jc (a few 10* A/cm?)
K Excellent thermal cycling and aging

K Embedded junctions

K No annealing of the junctions

K In-situ Gold protected YBCO films
K All dry process
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Reproducibility ... can we do better ?

Résistance ()

Température (K)

K Ic very sensitive to temperature

K Spread in Tc' increases with ©




Where does the spread come from ?

K Tc' is the critical parameter
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Slit width limitation ...

M. Sirena et al, JAP 2007
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K Spread is dominated by slit width dispersion ... very low !




Choosing the energy ...
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K ATc' 3 times smaller

M. Sirena et al, APL 2007
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Annealing ... increases homogeneity

R Increases homogeneity ? YES Tinchev et al

K Increases Ic Rn product ? YES
R Long term stability ? YES

80 °C

F{I'IOI'I'I'I (Q)

From 10 to 3600

M. Sirena et al, APL 2007




Simulations ... and experiments
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M. Sirena et al, APL 2007

R Vacancies - intertitials annealing
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« No-interface » Josephson Junctions

K Strength of the coupling

Y
Low interface resistance — ]
\ S -‘HH '\n. N
Fermi Velocities match | . _ |_#D
. SN
\ g 27K, T
(ONC] L @0 e .RH_LT
SC | .o Normal SC
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L .... (O] PPN Q@ e @0

N Beyond De Gennes's approximation

No true interface
Self-consistent calculation of the local gap
Calculating the Josephson critical temperature

Calculating Ic(T) for all temperatures



Modeling the junction
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R « Ideal proximity system »
K Perfect Fermi velocities match

K Long range Proximity Effect

SRIM simulations
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Quasi-classical approach of the proximity effect

N Usadel equations parametrized in 0 { G=cos®  Quasiparticles

F=sinb Pairs

Homogeneous SC Depairing I g
#D(X) &6 . .
@X; —w,SING. +A(x)cosf )}z (X)sing, cosd)=0
®,=nkgT(2n+1) Matsubara frequencies Limits conditions tan ¢9N e

Wy

N Self-consistant gap equation

N

A(X) = 422K T Y siné,

o0

A(x) profil along the junction

In the limit of vanishing current



Computing the Josephson coupling temperature

NA,

i

1.0y

0.8

0.6

0.4

0.2

0.0

89K
—@- 88K
—@- 87K
—@- 86K

—@- 84K
—0- 82K

—€- 80K

—0- 74K

S E 40K

60K

|
-400

|
-200/ 0 200 400

X (nm)

N. Bergeal et al, submitted to PRL

15

-

lux-flow
regime

Normal
T; regime

TCc'

I I

dose* 10 S at/cm 2




Computing the critical current density

N Usadel equations parametrized in 0 { G=cos®  Quasiparticles

F=sin0 Pairs

Homogeneous SC Depairing I,
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Comparison with eperiments

N Quantitative results for the critical current of our Josephson junctions

\
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N With NO adjustable parameters
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Changing the junctions parameters

N Importance of the slit size and irradiation doses

%107 le(T)

14} o

4 different doses

12

10

3 different slit sizes

Ic(A)
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, , optimize Josephson junctions
K Simulate various

Y K Specific tfemperatures
N slit size > critical currents

K film thickness K Reduce spread (identify
K irradiation dose, ... important parameters)




Deeper look in the low temperature regime

N Want to reach high critical current s lower temperature

K Strong anharmonicity develops ...

Current-phase relationship
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Conclusions

K High Tc Josephson nano-Junctions : a promissing path

R Possible optimization of characteristics

K Proximity effect based Josephson Junctions

K Applications are on their way (SQUIDs, RSFQ, THz detection ...)

Thank you |

JnJ : Bergeal & al, APL 87, 102502 (2005),
JAP 102, 083903 (2007)

Squids : Bergeal & al, APL 89, 112515 (2006)
APL 90, 136102 (2007)

Optimization : J. Lesueur & al,
TEEE Trans Appl Sup 17, 963 (2007)
M. Sirena & al, JAP 101, 123925 (2007)
M. Sirena & al, APL 91, 142506 (2007)
M. Sirena & al, APL 91, 262508 (2007)







DC SQUIDs with nanojunctions

N. Bergeal et al, APL 2006

Geometry #1

10um* 10um

W ~ Bum
L =32 pH

Do for'
B~0.08 G

Geometry #2
6um>* 6um
W ~ 2um
L =17 pH

Do for'
B~0.3 G

KIc(B) modulation
K Cosinus fit with a period 0.08 G

® expérience
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SQUID modulations
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SQUID characteristics

N. Bergeal, APL 2006 ; APL 2007
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SQUID for « Mr SQUID »




RSFQ T Flip-Flop
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K Design D. Crété (Thales)
K Kim et al (2002) 100 GHz @ 12K
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