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The noise of YBa$usO, --x and T12Ba2Cr2Cu3010-X thin films in the frequency range from 
0.5 Hz to 100 kHz was studied. In the normal state, it was found that l/‘noise 
dominated, with a magnitude strongly dependent on temperature. In the superconducting 
state, the noise was only observable at frequencies below 5 Hz with our present setup. 
Equilibrium thermal fluctuation noise was not observed in these films. 

Noise in conductors has attracted much attention for 
more than half a century.lm5 It has been found that l/f 
noise often dominates at low frequency when a current is 
applied to the conductor. Recently, l/fnoise was observed 
in high-temperature superconductors (HTS) by several 
groups. &lo The exact nature of the l/fnoise has not been 
well understood. Several mechanisms have been estab- 
lished in normal conductors, such as the scattering of car- 
riers whose relaxation time has a wide distribution due to 
defect- motion-induced conductance fluctuation.4 Several 
other origins of l/f noise have also been considered.5 

Besides fundamental interests, noise affects the perfor- 
mance of electronic devices. Recently, it has been found 
that superconducting films can be used as infrared detec- 
tors.“‘12 For infrared detectors, the most widely used fig 
ure of merit is the detectivity D*, and the noise-equivalent 
power (NEP). These two parameters are related to each 
other and to the intrinsic noise voltage generated in the 
detector. In this communication, we present some recent 
measurements of the noise properties of several HTS films. 
Attempts will be made to correlate the noise properties to 
the superconducting characteristics of the samples. 

In normal conductors, the noise spectrum can be ex- 
pressed well by the following empirical formula2: 

&U)/R2=&4fVV2= (y/N) (l/f% (1) 

where S,(f) and S,(f) are the power spectral density 
voltage and voltage fluctuations at frequency J; respec- 
tively. R and Vare the resistance and the voltage across the 
sample, N is the total number of charge carriers, while y 
and a are dimensionless constants. The value of CL is close 
to 1 for most metals at 1owJ: For metals, the value of y is 
between 10 - ’ - 10 - ‘. For HTS materials, the range of 
values for y has been reported’-” to be from lo3 to 106. 
Obviously, small y is desirable. 

We performed a careful measurement of S,(f) in 
high-quality-laser deposited Y-Ba-Cu-0 (YBCO) thin 
films. As a comparison, we also used a sputtered Tl-Ba-Ca- 
Cu-0 (TBCCO) film in this study. Table I summarizes the 
electrical properties and the dimensions of the films. The 
sample preparation and patterning procedures of these 
films have been described previously.13-‘* The YBCO films 

were laser- deposited at 620 “C, while the TBCCO film was 
sputtered and then annealed in Tl vapor. Sample C was 
high-temperative treated (900 “C) to investigate its effect 
on y. 

Typically, the sample was mounted in a dewar with a 
temperature resolution of 0.05 K. Electrical noise-power 
spectrum was then measured by a standard 4-probe tech- 
nique. 0.5 ,um-thick silver pads were evaporated on the 
superconducting films for ohmic contacts. The contact re- 
sistance was - 1 fl which is about 1000 times smaller than 
that of the sample at room temperature. Therefore the 
noise generated at the contacts can be neglected. 

Noise measurements between 0.5 Hz and 100 kHz 
were performed by measuring the voltage fluctuation under 
battery-generated dc current through the sample, with a 
large resistance (at least 100 times the sample resistance) 
in series to minimize contact noise. The voltage signal was 
sent through a low-noise preamplifler (SRS SR560) with a 
tunable bandpass filter from dc to 1 MHz. The amplified 
voltage signal was detected by a lock-in amplifier (SRS 
SR510) in the noise mode. 

The noise spectrum was studied in order to understand 
its origin. Figure 1 shows sv(f) for sample A in the nor- 
mal (300 K) and superconducting (6 K) states. The bias 
current was 0.67 mA. In the normal state, it can be seen 
that s&f) follows l/j In the superconducting state, the 
noise was too small to be seen at frequencies greater than 5 
Hz with our present experimental setup. At f< 5 Hz, a 
small noise voltage can be seen above the background elec- 
tronic noise. This low-frequency voltage fluctuation was 
possibly due to the telegraph noise or generation- 
recombination noise. I6 However, Ferrari et al. I6 recently 
showed that the magnetic flux noise in the superconducting 
state had a l/f spectrum also. 

Figure 2 shows Sv2(f) for the same sample as a func- 
tion of temperature at a bias current of 0.67 mA. The 
dotted line shows the resistance of this sample. Figure 3 
shows the temperature dependence of normalized excess 
noise spectra fidV. Two interesting features can be ob- 
served: ( 1) The noise decreases abruptly at Tc No sharp 
peak corresponding to equilibrium thermal fluctuation 
noise can be observed around T, contrary to reports by 
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TABLE I. Sample data. All samples are 87 pm wide by 3 mm long. 

Sample Type 
p (30’3 K) Thickness 

T,(R=O) (ma cm) (nm) 

A YBCO/MgG 80 K 0.57 170 
B YBCO/MgG 86 K 0.52 220 
C YBCO/MgG 70 K 0.87 130 
D TBCCO/SrTi03 82 K 0.54 150 

other groups.8-11 (2) From Fig. 3, it can be seen that the 
value of y/N is independent of temperature in the normal 
state. Using Hall resistance measurements, the carrier con- 
centration n was found to be proportional to T for high- 
quality Y-Ba-Cu-0 material. 17P’8 Therefore, the values of y 
should also be proportional to the temperature in the nor- 
mal state. These features are common to all films studied. 

Based on these experimental results, we can evaluate 
the value of y in Eq. ( 1). In the normal state, the exponent 
a is - 1, and l/f noise dominates. The carrier concentra- 
tion n can be calculated from the resisitivity p using the 
following formula 

l/p=ne2r/m* (2) 

where r is the relaxation time of the carrier and m* is the 
hole effective mass. The resistivity in the ab plane for single 
crystal YBCO was measured to be 0.5 ma cm at 300 
K’S21 which agrees with that of our in-situ films. Hall 
effect measurements give n in the range 1-10~ 102’ 
cm - 3, 22-24 while the value obtained by setting the hole 
concentration equal to the concentration of Cu3 + ions is 
6 x 102’ cm - 3.25 

Using the value of 5 X 102’ cm - 3, N can be evaluated 
and y can therefore be calculated using Eq. ( 1). The re- 
sults are summarized in Table II. It can be seen that the 
values of y are at least 102-lo3 times smaller than that 
observed by Testa et a1.8 and Maeda et al9 but agree with 
the results reported by Lee et al., lo taking into account the 
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FIG. 1. Frequency dependence of the noise power spectral density for 
sample A, at a bias current of 0.67 mA. 0 300 K, 0 6 K. The dashed 
curve represents the background electronic noise level. 
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FIG. 2. Temperature dependence of the square root of the noise power 
spectral density at a chopping frequency of 830 Hz. (sample A). The 
dashed line is the temperature dependence of the resisitivity plotted with 
arbitrary units. Both results were measured at a bias current of 0.67 mA. 

different values of n used. However, the values of y are still 
3-7 orders of magnitude larger than that in conventional 
metals. 

Some general trends can be observed from the results 
in Table II. Sample B is a high-quality in situ film  and yet 
it has the largest y among the YBCO films. Sample C is a 
laser-deposited film  which we deliberately anneal at high 
temperature (900 “C). The y value is slightly smaller even 
though T, is lower. Among the YBCO films, it seems that 
thinner ones tend to have smaller y. Finally, the TBCCO 
film  has the largest y. The TBCCO films in general are 
noisier than the YBCO films, even though the T, is 
higher.26 This fact may be important in considering prac- 
tical electronic applications. 

The above observations are in general agreement with 
the view that high-quality epitaxial films have less noise.16 
This conclusion was also reached by comparing the noise 
voltage between granular and epitaxial films.27 Moreover, 
it was confirmed that higher-quality films do not exhibit 
the so-called”equilibrium thermal fluctuation noise,” 
which peaks at Tc.28 

$I- 0.16 t 
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FIG. 3. +Sy (830 Hz)/V2 vs temperature for sample A. 
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TABLE II. Summary of results at 300 K. All samples biased at 0.67 mA. 

Sample 
Frequency SV 

(Hz) (pV2/Hz) Y 

A 10 0.6 2200 
830 0.008 2400 

B 10 0.4 4600 
830 0.0045 3900 

C 10 2.4 1 250 
830 0.03 1 250 

D 10 1.7 14 700 

In conclusion, noise properties were investigated in 
HTS films. It was found that l/f noise dominated in the 
normal state, and telegraphlike generation-recombination 
noise was observed in the superconducting state. At 
T  > T, the noise power is 3-7 orders of magnitude larger 
than that in normal metals. However, there is some weak 
evidence that thinner films are less noisy. 

This research was supported by the National Science 
Foundation. 
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