
Observation of ZBCP Above TC at Au/Y1Ba2Cu3O7−δ

Heterostructure with a Nano Hole: A Possible Evidence
for the Cooper Pairs above TC

N. Ghosh · S. Samanta · B. Ghosh

Abstract Fabrication of a nanojunction by making a nano-
hole on PMMA layer deposited in between Au and Y1Ba2

Cu3O7−δ (YBCO) films is reported. We have measured the
current-voltage characteristics across Au/YBCO nanojunc-
tion at different temperatures and studied Andreev Reflec-
tion (AR) phenomena. The presence of Zero Bias Conduc-
tance Peak (ZBCP) due to AR, which is considered to be the
well-known feature of d-wave superconductors, has been
noticed at temperatures below and above the transition tem-
perature (TC ∼ 87 K) up to 130 K. The result obtained indi-
cates the possible- existence of the phase-incoherent Cooper
pairs above TC for Au/YBCO.
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In the venture to understand high-TC superconductivity in
cuprates, the most challenging issue is the nature of pseu-
dogap in the electronic excitation spectra [1–4]. The pseu-
dogap appears at a temperature T < T ∗, the characteristic
temperature, which is significantly higher than the super-
conducting transition temperature TC . There are experimen-
tal evidences by NMR [5], Angle-resolved photoemission
(ARPES) [6–8], Specific heat [9], Electron-tunneling spec-
troscopy [10], and STM [11] for a gap-like structure in elec-
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tronic excitation spectra. However, the physical nature of
pseudogap and its origin is still an open problem. In order to
explore the relationship between the pseudogap and the su-
perconducting gap other experiments, which can directly re-
spond to the existence of Cooper pairs should be performed.
In this context, Andreev Reflection (AR) at normal metal
and superconductor junction can be mentioned. AR is an in-
teresting phenomenon where the conductance of a normal
metal-superconductor (NM-SC) junction is enhanced below
the superconducting transition temperature (TC ) [12]. Oc-
currence of AR above TC for a NM-SC junction can be con-
sidered as a sign of existence of phase-incoherent Cooper
pairs at that range of temperature. When the SC is a d-wave
superconductor, the Zero Bias Conductance Peak (ZBCP)
appears due to AR as a signature of d-wave symmetry of
the order parameters (Δ) [13].

In this paper, we report an innovative technique to fab-
ricate a nanojunction between normal metal Gold (Au) and
high-TC superconductor Y1Ba2Cu3O7−δ (YBCO) through
a nanohole made on an intermediate insulating polymer
(PMMA) layer. The conductance variation is recorded at
various temperatures for the Au/YBCO nano-junction. We
have noticed the presence of Zero Bias Conductance Peak
(ZBCP) due to AR above and below the TC . This is a clear
signature for d-wave superconductivity [13] and existence
of Cooper pairs in YBCO at T > TC , which has not been
reported yet using a nanofabricated junction. In the follow-
ing, we describe the fabrication, experimental details, and
discuss the impact of the observations.

The used YBCO films are 230 nm thick and grown
on sapphire substrate with CeO2 buffer layer [14]. The
high resolution transmission electron microscopy (HRTEM)
shows that the growth direction of YBCO films is tilted
with respect to the crystallographic c-axis (see Fig. 1). The
recorded transport profile of YBCO is shown in Fig. 2. The

mailto:ghosh.nilotpal@gmail.com


Fig. 1 (a) Digitally recorded HRTEM image of the sapphire, sub-
strate, the CeO2 intermediate film, and the YBCO layer. The thickness
of the YBCO layer is about 230 nm. (b) Digitally recorded HRTEM
lattice image of the YBCO layer. Beam direction parallel to the crys-
tallographic [100] axis. The big arrow indicates the growth direction

Fig. 2 Data of resistance (R) vs. temperature (T ) for the YBCO film.
The temperature where the deviation from linearity occurs is indicated
as T ∗ by an arrow. The dotted line is the result of linear fit. The inset
shows the R vs. T data magnified for lower temperature range with
TC = 87 K

temperature dependence of resistance for YBCO film is no
longer linear and goes to lower values around 132 K before
the actual superconducting transition, which is considered
as T ∗, the characteristic temperature. The superconducting

Fig. 3 The representative current (I ) vs. voltage (V ) plot for
Au/YBCO at 4 K, which shows nonlinearity. Inset (a) The schematic
diagram of Au/YBCO heterostructure sample with the hole in the in-
termediate PMMA layer. Inset (b) The numerically calculated conduc-
tance (dI/dV ) vs. voltage (V ) plot for Au/YBCO at 4 K. The arrow
shows the presence of ZBCP over the parabolic background

transition appears to occur at 87 K (see the inset of Fig. 2).
A 200 nm thick PMMA (350 K, 5 %) layer has been de-
posited on YBCO by spincoating with 6000 rpm followed
by a heat treatment for 2 minutes at 180 ◦C. Electron beam
lithography is used to make a hole of 100 nm diameter on in-
sulating PMMA polymer. The beam current used for writing
is 11 pA and applied voltage is 30 kV; around 150 nm thick
Au film is deposited on PMMA by the thermal evaporation
technique covering the hole area. It is likely that a thin layer
of PMMA may remain in between Au and YBCO, resulting
in a tunnel barrier at isolated patches. Thus, the contact is
expected to have inhomogeneities. The schematic diagram
of Au/YBCO heterostructure is displayed in the inset (a) of
Fig. 3. Electrical contacts are made on the top Au electrode
and the bottom YBCO. The current-voltage measurement is
performed using Keithly 2400 source meter in a Cryomech
Pulsed tube Close Cycle Refrigerator between 4–300 K. The
temperature constancy is maintained by Oxford ITC 503S
temperature controller.

A representative plot of current (I ) vs. voltage (V ) mea-
surement at 4 K for Au/YBCO is reproduced in Fig. 3. The
nanocontact to the film has been made by e-beam lithogra-
phy and lift-off. The I–V curve shows existence of a gap
like region for V ∼ 20 meV. The observed nonlinear I vs.
V data in the subgap (<20 meV) region at 4 K is signature
of AR, which is more evident with the presence of ZBCP.
To study this regime, we numerically obtained conductance
(dI/dV ) vs. voltage (V ) plot (see inset (b) of Fig. 3). The
parabolic back ground in the conductance plot, on which
the ZBCP is formed, is caused by the tunneling barrier. We
have performed similar measurements at different constant



Fig. 4 The normalized conductance ((dI/dV )/(dI/dV )N ) vs. volt-
age (V ) plots at different constant temperatures. The scale is for
T = 300 K and plots at other temperatures are shifted vertically for
clarity. The normalization is done by dividing the conductance with
the value of dI/dV at V = −40 mV. The arrow shows the position of
ZBCP

temperatures below and above TC . In Fig. 4, the normal-
ized dI/dV vs. V has been plotted at various constant tem-
peratures in the range of 4–300 K. It is clearly noticed that
ZBCP shows up until 130 K and beyond that it disappears.
Presence of ZBCP is a well-known feature for d-wave su-
perconductors like YBCO as reported earlier [13]. There is
no hysteresis found in both forward and reverse swing di-
rections of applied voltage, which discards the possibility of
occurrence of ZBCP from contact heating. It is to be noticed
that the growth direction of YBCO film is tilted by some
angle with respect to the c-axis. This growth direction actu-
ally controls the junction direction. Hence, when tunneling
current flows across the Au/YBCO nanojunction, the quasi-
particles do tunnel along c-axis and also along ab-plane.
Hence, the observed ZBCP can then be attributed as a re-
sult of ab-plane tunneling controlled by junction geometry.
In addition, there is the possibility of surface defects (such
as atomic steps) at the junction interface of Au/YBCO and
ab-plane tunneling may also occur by the surface steps [15].
We have evaluated the height of ZBCP as the excess nor-
malized conductance Δ(dI/dV )/(dI/dV )N at zero bias
(V ∼ 0 mV) with respect to the parabolic back ground.
As temperature increases, the Δ(dI/dV )/(dI/dV )N is ob-
served to decrease and it become minimum around 130 K
after which it disappears (see Fig. 5). Since the TC for the
used YBCO film is around 87 K (Fig. 1), the existence of
ZBCP up to 130 K indicates the occurrence of AR as well
as presence of Cooper pairs above superconducting transi-
tion temperature. It is also reasonable because in optimally
doped YBCO the temperature region, where the pseudogap

Fig. 5 The excess normalized conductance Δ(dI/dV )/(dI/dV )N
at zero bias (V ∼ 0 mV) is plotted with temperature (T ). The
Δ(dI/dV )/(dI/dV )N is calculated with respect to the parabolic
background which is considered to be the height of ZBCP. The inset
shows the variation of Δ(dI/dV )/(dI/dV )N at zero bias (V ∼ 0 mV)
with T in logarithmic scale. The symbols are experimental points and
the solid line is the guide for eyes

can be seen, is relatively short with T ∗ = 132 K. The pseu-
dogap manifests in resistive measurements of YBCO as a
deviation from linearity in the direction of lower values for
T ≤ T ∗ 15. For the optimally doped sample, this deviation
usually occurs for a narrow range TC < T < T ∗.

The origin of ZBCP can also be explained in terms of
Anderson–Applebaum (A–A) theory for Kondo type scat-
tering from magnetic impurities at the barrier of high-TC

based junction where the height of ZBCP decreases loga-
rithmically with increase of temperature [16]. In contrast,
the inset of Fig. 5 shows that Δ(dI/dV )/(dI/dV )N does
not decrease logarithmically as temperature increases for
Au/YBCO, which supports the fact that ZBCP is originated
from AR. At temperatures below TC , the excess conduc-
tance near zero bias for NM-SC nanocontacts can be ex-
plained by the conservation of charge for the quasiparticles
with energy |ε| < Δ due to AR. It is also related to creation
of Cooper pairs at the NM-SC interface at T < TC , which
should be the in condensed state. Recently, proposed theory
by Choi et al. claims that the excess conductance due to AR
is possible to see also at T > TC because of existence of
preformed phase-incoherent Cooper pairs in cuprates [18].
Hence, it can be inferred that our observation of presence
of ZBCP above TC unambiguously proves the occurrence
of AR and existence of phase-incoherent preformed Cop-
per pairs at Au/YBCO nanojunction. Similar observation
of excess current due to AR has been reported by Dy-
achenko et al. in Ag/Bi1.6Pb0.4Sr1.8Ca2.2Cu3O10 (Bi2223)
where they suggested the presence of condensed state of
Cooper pairs at temperatures below and above TC [19]. The



stability of Cooper pairs and formation of the pseudogap at

temperatures significantly higher than TC can be explained

in terms of the model of local pairs [17].

In conclusion, we have described the fabrication of

Au/YBCO nanojunction through a nano-hole made on an

intermediate PMMA layer by electron beam lithography.

The current-voltage characteristics have been measured at

different constant temperatures above and below TC in or-

der to study AR. We have observed the presence of ZBCP at

T < TC and at TC < T < T ∗ which is a confirmed signature

of d-wave superconductor like YBCO. We have inferred

that the occurrence of ZBCP is due to AR, which indicates

the presence of preformed phase-incoherent Cooper pairs at

Au/YBCO nano-junction above TC .
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