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Background NP

Quantum suppression of superconductivity
(quantum phase slips)
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Phase slips Nic?
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Coherent Quantum Phase slips  ~<?
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Dualitiy Wi
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Duality devices Wi
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Phase Slip (R-T) i

PHYSICAL REVIEW B 77, 054508 (2008)
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TA model & MQT model Wi

J.S. Langer and V. Ambegaokar, Phys. Rev. 164, 498
(1967); D.E. McCumber and B. 1. Halperin, Phys. Rev. B

1, 1054 (1970). LAMH theory
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Experimental details NP

« Niobium Nitride (NbN), Niobium Titanium
Nitride(NbTiN),

Titanium Nitride(TiN)
Molybdenum Nitride (MoN)
MgO (100) substrate
3C-SiC/Si (100) substrate
- DC reactive magnetron
sputtering method

 Reactive lon Etching HSQ resist ~30nm _
« d=2-10 nm, L =250-1000nm \ o

Nano wire =
« w=10-300nm /

« R(T), R(H), I-V measurement .

or SIC
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Nitride nanowire (NbN) NiEP

Epitaxial NoNnanowire
| atticelype | Lattice Constants (nm) |

MgO NaCl-cubic 0.439
3C-SIC NaCl-cubic 0.421
NbN NaCl-cubic 0.436
NbTiN NaCl-cubic 0.440

Lattice mismatch

__ Qmgo — AnbN U _ Gsic —
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AnbN N

1 o/ =-N 7 %

Lattice mismatch between NbN and 3C-SiC/Si is smaller.
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Sample preparation &P
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Nitride nanowire (NbN) NicP

Using four-probe method to eliminate the
contact resistance.

AB.

L=900 nm
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Size dependence NP
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QPS fitting
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TAPS fitting (I-V & R-T Curve) Nic?
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Switching Current
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Estimation of Cross over for SIT

based on QPS model
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PS & Inductance energy :E . ,E,

According the theory Quantum phase slip is dependent on sheet

resistance.
But it remains unclear whether the characteristics of the QPS

depend on disorder
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Phase diagram of S-I transition
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To realize CQPS Wi

Required property of Material
« High degree of disorder

« homogeneous system

« Oxide or Nitride

Phase slips energy(Es)
« Close to Sl transition
* narrow wires
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S-l transition for 2D NP

NbN thin films
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BKT transition (NbTiN films) NiEP
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Phase slips ring in Mantic field
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Phase slips ring in Mantic field nic?
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MoRu and MoRuN films e
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Integrated monolithic QPS devices </
(All Nitride SC)

QPS NbN, NbTiN, TiN, MoRuN
—CQPS

Read out
NbN-SFQ

CPW resonator TIN
MW of Single Photon level
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Summary nicp

We investigated the transport properties of
superconducting NbTiN SNW’s in a wide range of RN/L using
four-probe method to eliminate the contact resistance.

The characteristic with resistive tail below Tc for SNWs with
high values of can be well explained by the QPS theory.

The analysis based on the model for the SNW which is being
dual element upto Josephson junction, suggests that the
separation of the superconducting and insulator phases
may be controlled by the ratio of QPS amplitude energy E¢
and inductive energy of SNWE, .

For the present NbTiN series, we observed that SIT may
occur at 0.2 <E_/E, <0.5.
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