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Considered as a quantum phase of matter, a metal is defined by finite ohmic dissipation
in the limit that the temperature, T → 0. The one clear theoretical paradigm of a metallic
phase is the Drude metal of weakly interacting quasiparticles in weak disorder. On the other
hand, there have been, for many years, experimental indications of various forms of anoma-
lous metallic phases, with behaviors that are not remotely consistent with a simple Drude
description. In particular, there has recently been considerable interest in an anomalous
metallic phase that appears in the neighborhood of an apparent quantum superconductor
to metal transition in 2D systems tuned by varying a number of different quantum tuning
parameters.[2] Such systems show clear signs that the dominant charge carrying excitations
are locally superconducting collective modes, so the major issue is whether their failure to
condense into a true superconducting groundstate as T → 0 is intrinsic or extrinsic. However,
there have also been lingering uncertainties concerning the correct interpretation of these ob-
servations as they typically involve delicate electronic states and very low temperatures, and
thus there have been persistent concerns about non-equilibrium effects and contamination
by unanticipated external noise.[1]

In this context, there are considerable advantages to tuning such a quantum transition in a
system made of high temperature superconducting elements so that the intrinsic temperature
scales and the scales of critical currents are large. (For this purpose, the fact that they are
d-wave superconductors, or that the mechanism is unconventional are irrelevant details.)
Such a study has been undertaken by Yang et al a paper that recently appeared on the
arXiv. They have studied a large area (roughly 1 mm × 1 mm) 12 nm thick film of the
cuprate high temperature YBCO patterned into an effective Josephson junction array by
etching an array of order 108 holes, each with approximately a 70nm diameter with a mean
center-to-center spacing of approximately 100nm. By ion bombardment, this system can
be continuously tuned from a globally superconducting phase to a globally insulating one.
Importantly, there is an intermediate regime in this evolution in which metallic behavior –
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Fig. 2. Superconductor to anomalous metal phase transition. (A) Arrhenius plot of all the 
anomalous metallic state films and superconducting films. (B) Arrhenius plot of longitudinal 

resistance (   ) down to 50 mK with and without filters of an anomalous metallic state film. 
Inset: I-V curve of the anomalous metallic state film. The good linearity below 100 nA indicates 
the measurements is within ohmic region. (C) Arrhenius plot of Hall resistance (   ) and 

longitudinal resistance (   ) of a represented anomalous metallic state film. The Hall resistance 
(   ) goes to zero at around 50 K. Inset: Hall resistance (   ) of a represented anomalous 
metallic state film. (D) Giant positive magneto-resistance of a represented anomalous metallic 
state film. 
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Fig. 1. Superconductor-anomalous metal-insulator transition in nanopore modulated YBCO thin 
films. (A) Artistic representation of the fabricating process of nanopore modulated YBCO thin 
films by reactive ion etching patterned by AAO. (see Methods for details) (B) SEM image of 
etched nanopore YBCO films with remained AAO pattern. (C) Artistic representation of etched 
nanopore YBCO films: the gray halos represent the weakened part given by the ion bombardment 
and etching, blue triangle regions represent the SC islands. Cooper pairs are exhibited by purple 
sphere pairs. (D) Temperature dependence of resistance for the etched nanopore YBCO films with 
different etching time. The nanopore YBCO films undergo QPT with different normal sheet 
resistance by tuning the etching time. Four representative nanopore YBCO films marked as 
superconducting (SC) state film, anomalous metallic (AM) state film, transitional (TS) state film 
and insulating (INS) state film are shown in black curves. 

Figure 1: Two figures from the title article. 1) The left figure shows the log of the resistivity
vs T for various b. The black line labeled AM corresponds to b = bc. The black line labeled
TS corresponds to b = bc2. 2) The same curves in the SC and AM regimes (b ≤ bc2) plotted
vs 1/T to exhibit the low temperature saturation of the resistivity in the AM metal regime.

i.e. a resistivity that appears to approach a finite value as T → 0 – is observed. Specifically,
designating the degree to which the device has been subjected to ion bombardment as b,
the device exhibits a finite T superconducting transition for the SC regime, 0 ≤ b < bc,
exhibits a resistivity that is a decreasing function of decreasing T that appears to approach
a non-zero limit as T → 0 in an anomalous metal (AM) regime, bc < b < bc2, and finally
enters a regime where the resistivity can even be non-monotonic, but where it appears to be
diverging as T → 0 in the insulating (I) regime, bc2 < b.

In many ways, the behavior of this system is similar to that of a host of other 2D systems.
However, there are a number of aspects of the results that are notable:

• 1) As advertised, the characteristic temperature scales are relatively large. At b = 0,
Tc ≈ 75K, and the resistivity curves in all but the most insulating regime begin to
drop below their “normal state” value below an onset temperature of order Tc(b =
0). Most importantly for present purposes, in the AM regime, the resistivity at low
T is sufficiently weakly T dependent that it can be reasonably approximated as T
independent below temperatures as high as 5K. (This is a 10 to 100 times higher
temperature scale than that which characterizes most of the other systems that have
been studied in this context.[2])

• 2) Magneto-resistance oscillations with period corresponding to a superconducting flux
quantum per hole have been observed in all three regimes. This directly establishes
the existence of locally coherent charge 2e collective modes (superconducting fluctu-

2



ations) and their significance for charge transport. Needless to say, the temperature
dependence of these oscillations is different in the three regimes: they increase steeply
in magnitude with decreasing T in the SC regime, decrease (albeit not so strongly) in
the I regime, and are only weakly T dependent at low T in the AM regime.

• 3) The high temperature scale that characterizes the SC fluctuations in the AM regime
can also be seen quite vividly in the T dependence of the hall resistivity, ρxy, which
plummets from its normal state value to become immeasurably small below approxi-
mately 50K. A similarly of high T scale characterizes the positive magneto-resistance
in the AM metal regime.

The fact that the temperature scales involved are so much larger than in other systems
that have been studied in this context does not, of course, make the results proof against
some of the possible extrinsic effects that could produce spurious results. These have been
addressed directly as well as is currently possible, both by carefully studying the dependence
of the measured resistivity on the current (to verify that the I −V curves are linear) and by
varying the degree to which external noise is excluded by performing experiments with and
without an RC filter. By all these tests, the results seem robust.

The present results greatly enhance the strength of the evidence of the existence of a
stable phase of matter in which there are substantial local superconducting correlations, but
in which quantum fluctuations remain sufficiently strong that the system fails to condense
into a globally phase coherent SC groundstate. If true, this conclusion is of fundamental
importance for our understanding of quantum materials.
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