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Low Frequency Noise in Josephson Junctions
John Clarke and Gilbert Hawkins+
Department of Physics, University of California, Berkeley, and

Inorganic Materials Research Division, Lawrence Berkeley Laboratory,
.Berkeley, California 94720

We have measured the low~frequency power spectrum of voltage fluctua-
tioﬁs in shunted Josephson tunnel junctions biased with a constant current
I greater than the junction critical current Ic. We find that the frequency
dependence of the power spectrum is very nearly 1/f and that the amplitude
of the'spe;trum is quantitatively predicted by a suitable modification of
the semi-empirical formula of Clarke and Voss.1

Our samples consisted of Nb—NbOx—Pb Josephson tunnel junctions deposi- .
ted on glass slides. In order to avoid hysteresis in the current-voltage
characteristic, thé junctions were shunted to a resistance of approximately
7o) by a strip of copper predeposited on the substrate. Thus for a critical
current of lmA, the hysteresis parameter2 Bc=2'n‘ICRZC/¢o was about 0.2. (C 1is
the junction capacitance, about 200pF, and ¢°is the flux quantum.) The glass
slide was mounted'in thermal contact Qith a copper block suspended iﬁ a vac-
uum can surrounded by liquid helium. The thermal time-constant of tﬁe
biock was chosen to be approximately 15 minutes, so that the'effecté of tem-
perature fluctﬁations and drifts in the helium bath were small at the low-
est frequencies measured (5X10—3Hz). Electrical connections to the junc-
tions were made with 50U insulated Nb leads.

A_carefullyﬂstabilized and filtered current greater than Ic biased the
sample junction at a non-zero voltage. Voltage leads from the sample were
connected in series with a standard resistor RS (~10’29) and a supercon-
ducting coil coupled to a SQUID magnetometer. The voltage resolution of
our.system was typlcally 10—12V//E; at frequencies above 1 Hz; below 1lHz,

the noise power spectrum of the voltmeter was approximately 1/f. Fluctua-
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tions about the mean yoltage across the tunnel junction were detected by
the SQUID in a feedback mode, amplified by room temperature electronics,
and analyzed by a PDP-11 computer to obtain the power spectra. Data points

for the nolse power spectrum SV(f) are plotted against frequency in Fig. 1

: Nb-NbOy - Pb
-20F T =42K
I = 34ma
Ry, = 00050
Rs = OOIS.Q.
dl./dT= 0.8ma/Kj
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iog VZ(f) (volts®/Hz)

o3l BACKGROUND
- I

o .
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Fig. 1. Noise spectra for three values of bias current.

for ﬁhrée values of bias current I. The junction critical current of this
sample was 3.4mA at the femperature of the experiment, 4.2K, and the meas-
ured value of dIc/dT was 0.8mA/K. The junction resistance.RJ and standard
resistance Ry were 5m! and 10mQ respectively. There are two important'fea-_
tures shown in Fig. 1. First, at low frequencies the spectra obey the pow-
er law f—a, Qhere 0.9<0<1.15. Second, at any given frequency, the magni-
tude of the Spectra decreases as the bilas current T is increased.

We believe that the obServed 1/f noise arises from equilibrium tempera-
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ture fluctuations in the junctiops themselves, These fluctuations modulate
the‘critiéal current, which in turn modulates the voltage across the junc-
tion at constant current bias. Hence, according to this interpretation,'the
voltage fluctuations are predicted to be given by 6V=(dIc/dT)(3V/BIc)IGT.

‘For an ideal shunted junctions with zero capacitance (Bc=0), the Stewart-

McCumber2 model relates the voltage V across a junction to the current flow-

ing fhrough it via the equation V=R(12—I¢2)1/2 for I>Ic. Thus, we find
oV ) R |
(. = _ (1)
]
et ramyiat?

which decreases as I.increases, thus explaining qualitatively the decrease
of the noise_épectrum-with'increasing bias current. |

The semi~empirical model of Clarke and Voss1 may be modified to ac-
count for the voltage fluctuations in a Josephson junction. We find

2 2 .2
(dIc/dT) (BV/BIC)IkBT
[3+21n(ll/22)]cvf

S(f) = . ) (2)

The lengths ll and 22 are the widths of the niobium and lead films: since

llel, 1n(21/22) may.be neglected. Cv,is the heat capacity of the "active
volume" of the jgnétion which we take to be the area of the junction times
the sum of the Ginzburg-Landau coherence lengths in the lead»and niobium,
(Fluctuations in temperature,and thereforebin pair condensation amplitude,
that occur at a distance from'thé barrier greater than a coherence length
arevnot expected to affect the critical current.) If wé combinevKs. (1)
and (2) and insért the measured values of R, I, Ic, (dIC/dT), T; and the
values of Cv calculated from measured values in the literature, we can esti-
mate S(f). The resultant spectra for the three bias currents used are

shown as dashed lines in Fig. 1. The agreement between the measured spec~-

tra and the predictions of the semi-empirical model ig excellent. In par-

ticular, the spectra scale with bias current in the predicted manner.
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We encountered one san}pie Junction which exhibited an anqmalous tem~
perature dépendence of the criticai current. As' the temperature was lower-
ed below 2.5K, Ic rose to a maximum at 2,0K and then decreased as the tem-
perature was further reduced. Thus, at the turning ﬁoint, tﬁe coupling
term (dIc/dT) vanished. When the temperature of the junction was near thié
turning point, the observed l/f noise decreased to é value below the noise
of the voltmeter. This result demonstrates that junctions with a suffi-
ciently small temperature depéndenqe of critical current have very little
1/f noise.
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