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Size effect of 1f noise in the normal state of YBgaCu30,_
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The 1F noise power spectral density in the normal state of two series of,@&®,_ s samples—
microbridges of width 4—20@m and ultrathin films of thickness 2.4—-10.8 nm—are measured at temperatures
from 80 to 300 K. Two characteristic lengths—one in tie plane with a magnitude of about 1@m and
another along the axis with a magnitude of about 4@m — are discovered. The noise level decreases sharply
below the characteristic lengths. The lowest noise level observed is in the range of that of normal metals. The
experimental data can be described reasonably well by the Dutta-Horn thermally activated model. Some
possible mechanisms are also discussed.

Abnormally high levels of 1f/ noise in the normal state of sample size variation in theb plane. To obtain sample size
high-T, superconductorHTSC) have been observéd®  variation along the axis, ultrathin films of YBCO in a sand-
The question as to whether this is an intrinsic property ofwich form were prepared o100 SrTiO; substrates using
HTSC, however, still needs to be answered experimentallfthe same deposition technique. In order to lessen lattice mis-
The 1f noise power spectral densitPSD S(f) is empiri-  match and to protect the ultrathin YBCO layer, a 20-nm-

cally described by Hooge's formula: thick layer of PrBCO was grown first, followed by the
YBCO layer, and finally by another 20-nm-thick layer of
Sy(f)=V2 Y , (1) PrBCO on the top. The substrate temperature was kept at
f*nQ) 785 °C, optimized for the YBCO layers. The thickness of the

YBCO layers was 2.4 nnp2 unit cells(U.C)], 3.6 nm(3
U.C), 4.8 nm(4 U.C), 6.0 nm(5 U.C), 8.4 nm(7 U.C),
and 10.8 nm(9 U.C). Details of the sample preparation tech-

whereV is the dc voltage across the samptethe charge
carrier density, and) the sample volume« is typically
between 0.8 and 1.4, angis the specific Hooge parameter . .
that characterizes the noise level of the system being medldues have been pubhsheq eIsng‘ére. .
sured. y is typically between 10°—10"! in metals and The spectra of the 1/noise in the voltage fluctuation
about 103 in semiconductors. YBEWO, 5 (YBCO) has ~ Were measured between 1 and 100 Hz using a standard four-
an abnormally largey value: 16— 10’ for bulk and 16 probe dc technique. Four gold wires were cold-pressed with
— 10* for thin films and single crystals, which is more than 4 indium to silver pads, which were evaporated onto the
orders of magnitude larger than thevalue of metals. Re- Samples through a mechanical mask. The voltage signal was
cently, however, low noise levels have been reported ific filtered by a large capacitance, passing through a
HTSC samples of small sizes. Lietal. found that a PAR1900 low-noise transformer and a PAR113 preamplifier,
YBCO/PrBaCu,0,_5 (PrBCO superlattice sample with and was finally received by an HP35665A spectrum ana-

YBCO layers of 2-unit-cells thickness yieldedyavalue of  lyzer, which generated the noise power spectra.
1.41° Scoutenet al, measuringy value for a 2um wide The temperature dependence of the resistances of all mi-
YBCO microbridge, reported a value close to that ofoObridgeS shows standaR+T behavior like that of bulk
meta|S]_-1 Dong et al. also observed that film size greaﬂy in- YBCO films. The resistance decreases “nearly with decreas-
fluenced the noise levét. These reports motivated us to sys- INg temperature at all temperatures. The superconducting
tematica”y Study the size dependence of hbise in the transition temperature is about 90 K. For the ultrathin ﬁlmS,
normal state of YBCO. We studied samples of various size§he temperature dependence of the normalized resistance is
both in theab plane and along the axis. The results show Shown in Fig. 1. The zero-resistance temperatiitg, de-
that the noise level decreases as the sample size is reduc&#eases from 81 Kin a 9-U.C.-thick YBCO film to 16 K'in a
The characteristic length for noise reduction in #teplane  2-U.C.-thick film. It can be seen that at temperaftig there
differs from that along the axis. The experimental data are iS @ maximum in the resistance-versus-temperature curves
also compared with the Dutta-Horn thermally activatedfor films with YBCO layers thinner than 6.0 nitd U.C).
model. Some possible explanations are presented at the ef@ie resistance increases with decreasing temperature above
of this paper. T, for these films, while the resistance changes only slightly
The microbridges were prepared by first depositing aand metallically for films with thicker YBCO layers. Below
high-quality, c-axis-oriented YBCO thin film of 200 nm T/,, resistivity decreases quickly with decreasing tempera-
thickness onto 4100 SrTiO; substrate using pulsed laser ture for all films, indicating that although, is quite low in
ablation. Then microbridges of width 4, 10, 20, 50, 100, andilms with thinner YBCO layers, the onset of the supercon-
200 um and a typical length-to-width ratio of 2.5-to-1 were ducting transition occurs at comparable temperatures for all
patterned using standard photolithography. This allowedilm thicknesses.
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FIG. 1. The temperature dependence of resistance in PrBCO/ 1g2 || | ) ) A | -
YBCO/PrBCO sample. The thickness of YBCO layer is given near 80 120 160 200 240 280 320
curve. All the data are normalized by each sample’s resistance at T(K)

300 K.
FIG. 2. The parametey of three microbridges with width of 4,

We have found that all samples produce cléafi spectra 20, and 50um as a function of temperature.

in the frequency range 1-100 Hz at temperatures from 80 tyyers can be considered as having parallel electric connec-
300 K, with the exponentr ranging from 0.8 to 1.3. The tions. If we assume that the YBCO and PrBCO layers are
noise spectr®,(f) always scale with/?, indicating that the  relatively independent, the noise PSD of the whole film can
measured noise spectra result solely from the fluctuation dhe estimated using a simplified parallel-noise-source model.
conductance, and self-heating due to the current flow is neg- The 1f noise spectra can be expressed in terms of voltage
ligible. The charge carrier density can be estimated from (v) fluctuation, resistancéR) fluctuation or conductance
the Hall numbeRR, . For YBCO, n is approximately 1 per (G=1/R) fluctuation as follows:

cell, or ~5.75x 10?* cm™ 3.2 Affonte et al. studied YBCO/

PrBCO superlattice samples and obtainednaralue of (4 Sy SR S¢ kK

—10)x 10?* cm 3.2 In their study of 1f noise in YBCO vV R a2 F @
single crystals, Songt al. chosen=2x 10" cm 3. In our

work, we selected to be 5.75 10?* cm™ 2 for microbridges ~ wherek is a constant equal te/nQ) in Hooge's formula.

and 2.0< 10?*cm 2 for ultrathin films with consideration for Assuming that there are two independent parallel noise
charge transfer and reduction ifi, in the sandwich sources, then

samples®1°|n fact, the values of chosen above do not

affect the noise level of the samples. 105 | |
The parameteny for three microbridges as a function of

temperature is shown in Fig. 2. The values)oflecrease as 10¢ | ° _

the sample width decreaseg.is about 10 for the 4um o ®° -

microbridge, 4 orders of magnitude lower than for the 10° - ° -

50-um microbridge. They value decreases slightly with de- ®

creasing temperature, which is consistent with previously re- 10* - ° ¢ 7

ported results>*? In Fig. 3, we ploty value at room tem- 1

perature as a function of microbridge width. Scou¢¢ml.'s vt e I

data, represented by two triangle symbols, are also presentet 100 | L |

for comparison. The square symbol shows thealue of a o

bulk YBCO film. The values ofy for the three larger micro- 107 | -

bridges are on the order of 36 10%, the same as for the bulk a

YBCO film. As the sample width decreases, however,the 102 - , .

value decreases rapidly. It seems that there is a characteristic

length on the order of £xm. When the width of a micro- 10° - 7

bridge is less than this characteristic length, the noise level 104 , , |

drops from an abnormally high level of 36 10%, as in bulk 1 10 100 1000 10000

films, to 10 2 in the 2-um microbridge, falling within the d(um)

range ofy for normal metals.

The ratio of thickness to length for the PrBCO/YBCO/  FiG. 3. The room-temperature noise levelas a function of
PrBCO sandwich samples is about £0Since the two volt-  microbridge width. The data of Scoutest al. (triangles and the
age contacts are near the middle of the samples and far awa@yesent authorgcircles are shown together. The square point
from the current contacts at the edge, the YBCO and PrBCGhows they value of a bulk YBCO thin film.
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FIG. 4. The temperature dependence pfin five PrBCO/ thickness (nm )
¥228/Ei$0 samples. The thickness shown in the plot is that of FIG. 5. The noise levey as a function of thickness of YBCO
yer. layer in PrBCO/YBCO/PrBCO samples at room temperature.
Se, k4 Se, k, value we obtained in the 2-U.C. YBCO film here. The dif-
TRy and o T 3 ference probably arises from the difference in structure.
g2 f gz f i probably !
1 2 Liu's superlattice films are about 150—250 nm thick and are

where the indices 1 and 2 correspond to the YBCO angomposed of many YBCO layers. According to E4), as

PrBCO layers, respectively. ThefIoise PSD of the whole 10ng as a few layers of YBCO grow well, the noise level of
film is the whole film will be mainly determined by them.

In their paper, Scouteet al!! applied the Dutta-Horn

K, G2+ k,G2 \/2 f[hermally activated mod# to a_nalyzg the ¥/ noise source
S/(f)=—2 2727 (4  inthe normal state of YBCO microbridges. They believe that

(G1+G,)? f 1/f noise arises from thermally activated processes with a
broad distribution of activation energies with respeckd
7S >t and that the noise is caused by hopping and reordering of
our case, we geréG1<10 and ki /k;=10 __100- basal plane oxygen vacancies. The characteristic feature is
Therefore,S,(f)~k,V*/f. In other words, the ¥/ noise of 4t the,(T) values increase with increasing temperature, as
the whole sample is determined mainly by the YBCO layer,q50 observed in this work. We will further compare our
and the PrBCO layers provide only mechanical prOteCt'O’bxperimental value of the frequency exponefiT) with the

for the YBCO layer. thermally activated model.
_ In Fig. 4, we plot the temperature dependenceyafor Under certain conditions, Duttet al?* deduced the fol-
five ultrathin films. Except for the film with a 4-U.C. YBCO lowing relation fore(T):

layer, all values ofy increase with increasing T. This behav-
ior is consistent with that of microbridges and with other 1
works 12 The nonmonotonic behavior of the sample with a a=1
4-U.C. YBCO layer may be caused by a high-angle grain
boundary in the sample. A peak in the noise level at aboutvhere w=27f, and the attempt time constan is deter-
150 K is consistent with a peak reported in Ref. 11. In themined by the nature of the fluctuation center, with values
range of 80—300 K, the noise level drops as the thickness adround 10'*—10"13 s. Figure @a) is a plot of Ir§(f) as a
the YBCO layer decreases. function of temperature for a 2@m microbridge and a
The room-temperature value of as a function of the 2-U.C. YBCO film. The two solid lines are polynomial fits to
thickness of the YBCO layer is shown in Fig. 5. The noisetwo sets of experimental data represented by circles and tri-
level is on the order of T0in the two thicker films. As the angles. The temperature dependencerdé shown in Fig.
YBCO thickness decreases to 2.4 hU.C), the y value  6(b). The lines in the figure are calculated using E).with
decreases to 16- 107, about 3—4 orders of magnitude lower 7,=10"**s. Our experimental data for most samples fit Eq.
than that in the thicker films. Along the axis, the charac- (5) reasonably well, similar to the behavior of the 2-U.C.
teristic length below which fluctuations decrease rapidly isYBCO film. There are, however, a few samples, for example
on the order of 1&nm, which is far less than that in teo ~ the 20.um microbridge, showing some deviation, although
plane. In the study of f/noise in 2/2 YBCO/PrBCO super- their y—vs—T dependence is not abnormal. Thé tbise is
lattice, Liu et al. reported ay value of 1.4:° less than the usually very sensitive to sample’s strain fields, structure de-

If the thickness of a YBCO layer is about%0m, as that in

JINSy(w,T)
anT

1], 5

" In(wm)
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h e 120 %0 FIG. 6. A comparison between
Dutta-Horn’s thermally activated
a2l Zuntocte {5 i Aa zunteels 1 model and the data in this work.
. 4 S S (@) A plot of InS(f) as a function
0%oF =— X A 1'% of temperature. The solid lines are
a3 s B Ay, 4+ as e .
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e PO . 080 ~g o ® . % % om YBCO/PrBCO samplgs (b) The
sl . '20um Lo * . temperature dependence oft
oss| Zum 075 value. The solid lines are calcu-
(a) (b) lated from Dutta-Horn relation
-36 1 L . . . . a0 030l . . . ' . — 0.60 Eq. (5) using the fitting results of
80 120 160 200 240 280 320 80 120 180 200 240 280 320 .
T(K) T(K) INSAf) in (a).

fects, and oxygen content. It is also inevitable that data fithumber of dimensions the lattice constant, angj, the per-

ting should have some errors. This is mostly because theolation correlation length, which can be much greater than
measuredS,(T) is disperse, causing different fitting results the lattice constana. For our sandwich films, the thinnest
in the measured temperature range. This kind of error, howwas 2 U.C. YBCO layer can be regarded as a quasi-two-
ever, is not large enough to account for the difference bedimensional plane because the thickness of the YBCO layer
tween the predicted behavifcalculated using Eq5)] and is less tharg,. As a result, there will be a sharp drop in the

the experimental results, and consequently the reason of t¥ise level. In order to explain the abnormally high fibise
deviation is not very clear. level in bulk YBCO samples, Testd al. proposed a possible

To obtain an expression for thefhoise in HTSC, Song model in which the noise comes from the conduction process
et al. proposed a metal-insulator-metsIM ) model* éased along thec axis and the low density of charge carriers in that
on tHe existence of many defects in HTSC — sueh as planacliirection results in a large fluctuatidrin our work, decreas-
faults, line defects, and twin boundaries — they suggeste g thel thickness of YBC|O Iﬁyers Ie.s_slene?.the nlumber of
that the energy barriers resulting from abundant defect uG, planes. Consequently, the possibility of interplane cou-

should cause fluctuations in the number of charge carrier ling was reduced, which may have led to the clear drop in

: . . he noise level.
which would lead to an abnormally high level off Iioise. In clonclu\gion we have prepared two kinds of YBCO

They used percolation theory to estimate the noise in YBCQjims with various sizes in thab plane and along the axis.
when L>¢, wherelL is the sample’s length and is the  The 1f noise PSD's for the normal state of the films has

percolation correlation length, which is usually thezgveragq)een measured. It seems as if there are two characteristic
distance between defects, ranging fronf 16 10" xm**In lengths relating to fluctuation in these two directions. The

their work, the theoretical results fit the experimental data.p5racteristic length is on the order of'1Gm in the ab
reasonably well. Our results with microbridges can probably,;5ne and 19nm along thec axis. When the sample size is

be explained by this model. In our case, when a sample iggg than the characteristic length, the noise level drops sig-
large enough, the> ¢ condition is met, and the fluctuations pificanty. We have also compared our experimental data
caused by defects are much larger than the sample’s intrinsigis the Dutta-Horn thermally activated model. Th&T)
neise. Therefore, the ﬂ/noi_se level of samples with large 44 «(T) dependence for most samples can be described
widths is as abnormally high as norm<al films. When theyeasonably well by this model. The results reported here im-
width is reduced to the order of 36m, L<¢, and the MIM ply that the intrinsic 1f noise level in normal states of HTSC

model _is no longer suitable _for our fiIr_ns. For these sample_smay not be abnormally high and the interplane conduction
the noise level decreases in proportion to the reduction IBrocess does contribute to thef Hoise.

sample size, which is in turn proportional to the number of

MIM junctions in the sample. The measured fluctuations in a This work has been supported by the Natural Science

small microbridge are therefore much closer to the intrinsicFoundation of the People’s Republic of China through Grant

behavior of YBCO material. No. 19734001 and also by the National Center for R & D on
Fenget al. used a percolation model of Mott variable- Superconductivity of the People’s Republic of China. The

range hopping to estimate thef Iiioise caused by moving authors are very grateful to Professor Y. Hu for her critical

impurities?*?* They obtainedy=(£,/a)P, whereD is the  reading of this paper.
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