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Outline

■ Motivation for TaxN based Josephson Junctions

■ Advantages of using TaxN as a barrier material

■ Quality of sputtered TaxN and implications for use in a

microfabrication process

■ Fabrication of TaxN Josephson Junctions

■ Device fabrication and process flow

■ Characterization of TaxN based Josephson Junctions

■ Scaling with junction size

■ Changes in characteristics as a function of stoichiometry and barrier

thickness

■ Summary and Outlook
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Motivation

• Go beyond current superconducting electronics (SCE)
technology in order to enable devices for scalable, low
power, high-performance computing

• Demonstrate avenue for ambient temperature, tunable
technology to address a variety of applications

• Understand and optimize thin film growth for wafer
scale fabrication of junctions

• Develop next-generation technology (beyond Moore)
based on nitrides for alternative technologies
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Motivation

• Can TaxN offer advantages over AlOx
barriers? 

• Thermal stability — can use optimized
dielectric, potential for 3D scaling

• Barrier properties can be tuned — self
shunting, may be less susceptible to
electronic defects

➢ Explore Nb/TaxN/Nb SNS JJs grown at
ambient temperature on Si02/Si substrates
(for future scaling)

J.

Tunable Resistance
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Motivation

AFM: smooth

Height 100.0 rim

2.5 rim

XRD: disordered

41t

irwo-the1tal(004

• High quality films and JJs previously demonstrated on crystalline substrates
and/or with high temperature growth

• Single TaxN films on Si02/Si substrates are smooth, single phase and have
tunable electronic properties
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Fabrication of TaxN Josephson Junctions

Nb
Ta N
Nb
Si02

Si wafer

Nb
Ta N
Nb
S i Q2

Si wafer

Nb

Nb
SiO 2

Si wafer

Nb
_ aN
Nb
Si02

Si wafer

Sandia
National
Laboratories

a) Trilayer of (200 nm) / TaxN (15 nm) / (200 nm)

is DC sputter deposited. The Nb has Tc of N 8.5K.

b) Mesa etch to the bottom electrode (with Al etch

), defining device area.

c) Metal 1 etched down to the bottom oxide, defining pad

locations.

d) SiL, deposited over the metal stack.

e) CMP flattening of the oxide.

f) etch to expose mesa top.

g) Metal 2 ( ) is deposited.

h) Metal 2 is patterned.
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Fabrication of TaxN Josephson Junctions Sandia
National
Laboratories

• The process has been developed for 150mm sized wafers, leading to uniform thin
film and junction properties across the wafer

• The junctions characterized in this

study range from 4 p.m to 10 p.m in

diameter (circular junction area)

• Barrier thicknesses of 10 nm, 15 nm,

and 20 nm chosen to study effects on
TaxN junction properties

• TaxN stoichiometry has been varied through the use of different N flow rates

(10 sccm — 14 sccm) in 15 sccm of Ar during the TaxN growth

7
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Characterization of TaxN based Josephson Junctions

• Barriers of the same thickness clearly
indicate a dependence of lc and Rn of
the JJ

• lc decreases with higher N
concentration in TaxN (less metallic,
more insulating)

• Rn increases with higher N
concentration

• A clear display of tunability of TaxN

barriers based on stoichiometry
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Characterization of TaxN based Josephson Junctions
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lc and Rn scale with junction size, while lcRn product
remains fairly stable for all junction sizes.
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Characterization of TaxN based Josephson Junctions
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Characterization of TaxN based Josephson Junctions
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10 p.m JJ

15 nm TaN barrier

13 sccm N

Fraunhofer pattern detectable in magnetic field as
expected for Josephson Junctions
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Characterization of TaxN based Josephson Junctions

• Room temperature resistance
scales with junction size

• Junction resistance does not
scale monotonically with the N

content of the TaxN barrier

• This suggests interfacial layers
due to Nb affinity to excess N in

barrier, creating a serial
resista nce

• STEM/EDS cross-sectional
imaging and SIMS will provide
further insight

Re
si

st
an

ce
 (
O
h
m
)
 

1.2

i

0.8

0.6

0.4

0.2

Room temperature resistance

•
•
•

1 0 sccm
1 1 sccm

5 A

v
1 2 sccm
1 3 scur

• 1 4 sccm

A

•

.

•

A

!
•

Sandia
National
Laboratories

2 4 6 8 1 0 1 2

Junction size (um)

Nb
laiN Interfacial layers

Nb Si02

Si wafer
12

mwolak@sandia.gov



Summary and Outlook Sandia
National
Laboratories

• TaxN based Josephson Junctions offer promising alternative for next-
generation SCE

• Junction behavior can be tuned with barrier thickness and stoichiometry

• Deposition at ambient temperature with thermally stable barriers

• lc of 1 mA and above can be achieved with lcFln products reaching 0.35 mV

• Improve On by fine tuning TaxN growth conditions

• Analyze N distribution near interface using STEM/EDS cross-sectional
imaging and SIMS depth profiling

• In future studies, junctions of less than 4 p.m will be investigated

• Stacked multi-junction architectures have been fabricated and will be
characterized soon

13

mwolak@sandia.gov



Thank you for your attention!

• The SNL team:

M. D. Henry, R. Lewis, S. Howell,

S. Wolfley, L. Brunke and N. A.

Missert

• This research is supported by the

Office of the Director of National

Intelligence (ODNI), Intelligence

Advanced Research Projects

Activity (IARPA)

• The authors thank M. Manheimer

and D. S. Holmes for their support

Sandia
National
Laboratories

„

'T..801 -„;:411111181/Sic--

-

arbiti1/21041

_

lingwoul

numl

: '' "Immoow .

NH 1111 1111 
MI1111 1111 111111

1110 1111 11.1.1 1 
II 1111 !MOH 

1111 111 1111 11 'Cl.
±:"."1111 1111 11

silem

Office of the Director of National Intelligence

IARPA
BE THE FUTURE 14


