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Normal-state 1/f noise in YBa2Cu, O, 5/PrBa~Cu, 07 g superlattices
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The experimental results of the normal-state 1/f resistance fluctuation of YBa2Cu307 —Q/

PrBa2Cu307 z (YBCO/PrBCO) superlattice samples with a two-unit-cell-thick YBCO layer in one

period are reported. The noise power spectral densities at room temperature are 2 to 4 orders of magni-

tude lower than in YBCO single crystals and thin films. They are the lowest ones reported to our

knowledge in the YBCO system. The results imply that the contribution of the interplane conduction

processes or the dimension effect might be important to the 1/f noise level.

High-level 1/f noise power is one of the abnormal
properties in the normal state of high-T, cuprates. It has
been studied by many groups in various sample forms. '

For the YBazCu307 & (YBCO) system, 1/f noise has
been investigated in bulk samples, epitaxial films, and sin-
gle crystals. ' The 1/f noise in these samples has
different levels and even in a YBCO single crystal the
noise level is still about five orders of magnitude larger
than in clean metallic samples. In our earlier study, in
order to investigate the relation of 1/f noise and micros-
tructure in the YBCO system, we measured the normal-
state 1/f noise in a YBa2Cu307 &/PrBa2Cu307
(YBCO/PrBCO) superlattice with a seven-unit-cell-thick
(about 8.4 nm) YBCO layer and a three-unit-cell-thick
(about 3.6 nm) PrBCO layer in one period. The study
showed that the noise power of the superlattice is about
two orders of magnitude lower than that of the YBCO
thin films, close to the reported noise level in YBCO sin-
gle crystals. Furthermore, there are some models in
which the dimension effect is important to the noise lev-
el."'" All this encourages us to continue the study of
1/f noise in YBCO/PrBCO superlattices with a thinner
YBCO layer. In this paper we present our measurements
of 1/f noise in YBCO/PrBCO superlattices with a two-
unit-cell-thick YBCO layer in one period. Our results
show a tremendous decrease in the 1/f noise power in
the superlattice sample with an ultrathin YBCO layer.

The superlattice samples were grown by laser ablation
onto single-crystal Zr(Y)Oz substrates under the condi-
tions that are appropriate for YBCO thin films with T,
about 90 K. Layers of PrBCO and YBCO were deposited
alternately with a total thickness of about 150—250 nm.
X-ray difFraction measurement showed that the c axis is
oriented perpendicular to the substrate surface and satel-
lite peaks were clearly observed. We denote the samples
by M!N, where M(X) is the number of units cells along
the c axis in the YBCO (PrBCO) layer per superlattice
period. The 1/f noise of superlattice samples 2/2, 2/6,
and 2/8 has been studied.

The 1/f noise spectra were measured from 1 to 100 Hz
by standard four-terminal techniques. ' Four gold leads
were attached by silver paste to silver contacts deposited
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FIG. 1. Temperature dependence of resistivity in the super-
lattice samples 2/2, 2/6, and 2/8.

on the surface of the samples after a careful cleaning by
ion beams. The area between the rniddle two voltage
contacts is about 1.5 mm . The voltage signal was dc
filtered, passed through a PAR 1900 low-noise transform-
er and a PAR 113 preamplifier, and was detected by a HP
35665A spectrum analyzer to obtain noise power spectra.

The typical temperature dependence of the resistivity
in the superlattice samples 2/2, 2/6, 2/8 measured by the
four-terminal method is shown in Fig. 1. The 2/2 sample
has the midpoint transition temperature T, ' = 58 K and
the onset transition temperature T,'""'=83 K, and above

T, ""' the resistivity increases linearly with temperature.
These results are consistent with those reported by other
groups. ' For the 2/6 sample, T, ' =33 K and

T,'""'=67 K; above T,'""' the resistivity decreases with
increasing temperature. The 2/8 sample is nonsupercon-
ducting and its resistivity decreases when temperature in-
creases. From the above results, it can be seen that, un-
der the conditions of our laser ablation, when the thick-
ness of the Pr layers is increased, the transport properties
of the samples change. This may result from
modification of the YBCO layers by partial substitution
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of Pr for Y, the less sharp border between YBCO and
PrBCO layers, or charge transfer. ' ' The details will
be published elsewhere. ' So the 1/f noise in the super-
lattice samples with thicker Pr layers might not reflect
the behavior of the ultrathin YBCO film. However, the
1/f noise measurement in this sample may be a help to
establish the reliability of the noise measurement of the
2/2 sample.

The normalized noise power spectral densities (PSD's)
S~/V of the 2/2, 2/6, and 2/8 samples at room temper-
ature are shown in Fig. 2, in which Sv/V ~f ~, and y
is about 1.1, within the range of 1/f noise. ' The PSD
increases as the thickness of the Pr layers increases.

In Fig. 3, we plot the PSD (Sv) of sample 2/2 as a
function of the square of the dc voltage (V ) over it. The
linear behavior indicates that the noise we measured re-
sults from conductance fluctuation, and the heating effect
is negligible.

The 10-Hz normalized PSD's of the 2/2 sample in a
temperature range of 100 to 300 K are shown in Fig. 4.
The noise level varies weakly with temperature.

Since the ratio of the sample thickness to its length is
extremely small, only about 10, and the voltage con-
tacts, near the middle of the sample, are far away from
the current contacts at the edge, the YBCO and PrBCO
layers in the superlattice can be considered electrically
parallel connected. ' If we assume the Y layers and Pr
layers are independent parallel noise sources, because the
conductivity of the Pr layers is at least two orders of
magnitude lower than that of the Y layers, the 1/f noise
of the superlattice is dominated by the Y layers.

The 1/f noise power of a material is usually expressed
by the empirical formula of Hooge, Kleinpenning, and
Vandamme S~(f)=aV /(n Af ), where n is the carrier
density, 0 is the sample volume, and the dimensionless
constant a has a value of the order of 10 —10 in clean
metals. ' The reported experimental data displayed
high 1/f noise level in high-temperature superconduc-
tors, indicated by a very large a value when compared
with metals: 10 —10 for YBCO bulk samples' and
10 —10 in YBCO single crystals. For YBCO thin film,
the u value is of order 10 —10 . ' The YBCO/PrBCO
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FIG. 3. Noise power spectral density Sv (at 10 Hz} of the 2/2
sample at room temperature as a function of the square of the
dc voltage (V ) over the sample. The linear relation means that
the voltage fluctuation results from the fluctuation of the con-
ductance and the heating effect is negligible.

superlattice 7/3 had an a value of 10 . The lowest a
value in the YBCO system, reported by Liu et al. in fine-
quality YBCO thin films, is about 14.

The n value can be evaluated from the Hall number per
unit-cell volume V/(RHe). For YBCO in the fully oxy-
genated state, V/(RHe ) is close to 1, or
n =5.75 X 10 '/cm . For the superlattice YBCO/
PrBCO, Matsuda et al. have found that, in 1/1, 1/2,
and 1/4 samples in temperature range of 100 to 300 K,
V/(RHe)=0. 5 —1.2, or n =(2.8 —6)X10 '/cm . Affront
et al. ' studied 8/8, 3/3, 2/2, and 1/1 samples and ob-
tained n values of (4—10)X 10 '/cm . In the study of the
1/f noise of single-crystal YBCO, Song et al. s chose
n =2 X 10 '/cm . We selected the n value to be
2.8 X 10 '/cm in the YBCO/PrBCO superlattice 7/3.

For the 2/6 and 2/8 samples, as we mentioned above,
the 1/f noise behavior cannot be regarded simply as that
of the YBCO layer and it is dificult to chose the n and Q
values in the formula of Hooge, Kleinpenning, and Van-
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FICx. 2. 1/f noise power spectra of the 2/2, 2/6, and 2/8
samples at room temperature.

FICx. 4. Normalized noise power spectral densities of sample
2/2 at different temperatures.
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damme, so we only estimate the a value of the 2/2 sam-
ple here. If we choose n =5.75 X 10 '/cm, the a value at
room temperature will be 1.4. If we consider the charge-
transfer effect and the T, depression in the sample, and
choose n =2X10 '/cm, then the estimated a value of
the samples will be 0.5. This result is the lowest one re-
ported in the normal state of the YBCO system to our
knowledge, only two orders of magnitude greater than in
metal films and semiconductors. '

Liu et al. have studied the normal-state 1/f noise in
YBCO films as a function of oxygen content x, and found
that the normalized noise power has a sharp minimum at
x =6.5. They attribute this behavior to vacancy creation
in the Cu-0 chains and suggest that the chains are the
primary source of resistance fluctuations. Their model
can also explain the significantly lower normal-state 1/f
noise magnitude in T12Ba2CaCu208 films. Our 2/2 sam-
ple, as mentioned above, was prepared under the condi-
tions for oxygen-rich YBCO and, furthermore, a study on
the thermoelectric power (TEP) of the same sample'
shows that the TEP has a slightly positive slope
dS(T)/dT, like that in oxygen-rich YBCO samples. ' '
All this suggests that the Cu-0 chains in the YBCO lay-
ers of our sample are most likely fully oxygen occupied.
Moreover, according to the Cu-0 chain model, merely re-
ducing the thickness of the Y layer cannot cause obvious
decrease of the noise level. So vacancy creation in the
Cu-0 chains might not be the main reason for the
tremendous decrease in noise level in the 2/2 sample.

In order to explain the abnormally large 1/f noise in
YBCO and ErBa2Cu307 s (ErBCO) bulk samples, Testa
et t2l. ' proposed a possible model that the noise comes
from the large anisotropy of conduction in copper oxide
and a reduced number of charge carriers involved in the
interplane conduction process causes an enhanced contri-

bution to the noise. In our 2/2 superlattice, the ultrathin
Y layer reduces the contribution of the interplane con-
duction processes to the noise; this might be one of the
reasons that its 1/f noise level is much lower than in
YBCO thin films and superlattices with thicker YBCO
layers.

In their study of the 1/f noise in InO, Cohen,
Ovadhayu, and Rokni found that high noise level
occurs in materials near the metal-insulator transition re-
gion. With the percolation picture of variable-range hop-
ping in the Mott regime, Feng, Pichard, and Zeng' '" es-
timated the a value due to moving impurities to be
(gz/a ), where a is the lattice constant, which is of the
order of a few angstroms, and gz is a percolation correla-
tion length, which can be much greater than the lattice
constant. When the thickness of the sample is reduced to
less than g~, a-(g /a ) and, as a result, the noise level
will decrease tremendously. Since the YBCO material is
close to a metal-insulator transition by virtue of correla-
tion, ' '" this dimension effect might be one of the possi-
ble reasons for the very low noise level in the 2/2 sample.

In summary, we have studied the normal-state 1/f
noise in YBCO/PrBCO superlattices with an only two-
unit-cell-thick YBCO layer in one period. The noise level
we obtained is the lowest one in the YBCO system to our
knowledge. Possible mechanisms were discussed. It
might be helpful to understand the origin of the high 1/f
noise level in high-T, oxide superconductors.
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