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STOCHASTIC RESONANCE IN A BISTABLE SQUID LOOP

A. Hibbs
Quantum Magnetics, Inc.. Sun Diego, CA, USA

E. W. Jacobs, J. Bekkedahl, A. Bulsara
Nuvy Command. Control and Ocean Surveilance Center, Sun Dicgo. CA_USA

F. Moss
University of Miscourt at St. Louis, MO, USA

ABSTRACT

Stochastic Rexonance (SR) s the name given to a statistical nonlinear phenomenon
whereby a weuk or subthreshold coherent function can be amplitied by random forces,
of noise. within the system. 1t was finst advanced in the carly 1980y as g possible
explination tor the observed periodicities 1n the recurrences of the Farth's Iee Ages!.?
The tust publication ot g modern theory* ™ fed to an experiment? und a flurey of
tuither theoretical activity® ™ aninternational conference!™ and w review!!' . in this
paper, we deseribe d demonstration experiment wherein SR is exhibited m g supercon-
ducting quantam interterence device (SQUID) Here SR s viewed as a noisy antorma-
ton transmissen process [eis entirely appropriate. theretore, to ook tor this dynam-
s wadely used sensitive detector an this example, a detector ot weak magnet
trelds Using a modern, minature, thin 1 SQUID' . we hope this demonstiation will
stunulate turifier research and development of SR in applied supercondictivies

INTRODUCTION

We have demonstrated Stochasiue Reonancet ina bastable SQUID [oop. as w tirs
stepoan stimulating pterest i possible apphcanions using superconductiny devices  We

begm wath an equation goverming the magnetic tlux trapped within an o SQUID loop!?
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b s the normalized flox externally imposed on the Toop. & = £ 20 the

quantam, Loand C sie the Joop imductiunce and junction capadttance respectinveisand -

{. TR, the unction resistince Fhe parameter which deternimes the <hagpe ot the
potential governmg the dyvnamics of f)y 3 = 27 b where 1o the unctea ot
cab cutrent o our expenment, the external tlux & was composed ot Do penendic and
stochastie components
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DESCRIPTION OF THE EXPERIMENTAL APPARATUS

In order to experimentally observe the bistable dynamics, one must measure the
trapped flux ¢(r). This requires a second SQUID, either mounted coaxially with the
loop of the first SQUID, or coupled to it with a superconducting transformer's. We
chose the latter configuration. The primary SQUID was a thin film device mounted on
a single chip with integrally mounted, superconducting transformer primaries supplied
by Quantum Magnetics. This is a thin film SQUID with primary and secondary windings
coupled to the SQUID all evaporated on a single silicon chip. The Quantum Design DC
SQUID chip is shown in Fig. 1. It is the first commercially available and the most sen-
sitive all-thin-film DC SQUID sensor. The junctions, located in the central region ot
the chip, are made in the state-of-the-art niobium trilayer technology on silicon and are
part of two two identical loops connected in parallel, each coupled to an input coil.
This unique "double balanced” design reduces coupling between the input and modulation

Fig. 1. The Quantum Design DC SQUID. The rectangles around the edges are
bond pads for electrical connections. The left and right spiral coils couple the
input signal to the SQUID loops. The upper and lower coils are used for a
500 kHz AC flux modulation used for noise reduction. The current and volt-
age leads appear as a cross but are not connected in the middle. The two
Josephson junctions are located at the lower left and upper right of the cross
but near the center. The size of the chip shown is 5 x 3 mm.

coils to negligible levels while giving high mutual inductance with the SQUID.

The secondary, or measuring, SQUID was a standard BTl model!®, which was cou-
pled to the primary SQUID with a completely superconducting transformer. A sche-
matic diagram of the experimental setup is shown in Fig. 2. This apparatus was
mounted inside a superconducting Nb shield and mounted near the bottom of a liquid
helium dewar. The apparatus was operated at a temperature of 4.2 9K in boiling liquid
helium. No further external magnetic shielding was employed. )
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Fig. 2. Schemuatic of the bistable SQUID experiment showing the Quantum
Magnetics chip and the BTT measuning SQUID coupled with a superconducting
transformer  Noise and signal voltages supplied by the external electronics
were transtormed into externat maeneve tluxin the coil C1.

EXAMPLE ENPERIMENTAL RESULTS

In our expeniment. 3 = 20 and 4,0 = 054 values which guaranteed that the
potential was hintebie Eaperimenis were pertformed at two signal frequencies, 17.6 Hz
and 100 Hz with signal peak voltages ot 650 mV-pk and 475 mV-pk respectively. The
noise. or stochastic. component was supplied by a standard noise generator and the
notse voltage vaned over the range from 100 to 1500 mV-rms. (1.0 V was equivalent to
0 14, of applied external flux ) The power spectra of &) were measured and aver-
aged in the usual way at the output ot the BT SQUID electronics, and the vignal-to-
noise ratios (SNRs were determined trom the measured and time averaged power
spectra of the output of the BT electronies using 4 conventional definition. The results
of this experiment are shown in Fig 3 where the circles represent the results tor the
low signal frequency and the squares tor the high trequency.

At edch frequenoy. data were collected tor two different signal strengths For each
data set, a clear maxvimum i the SNR - the tanuhiar signature of SR - was obsereved
The maxima in the SNR occur at g noe voltage of =700 mV which is equivafent to an
rms fluctuation ot G074 within which a coherent signal equivalent o 0.02374,, peak at
17.6 Hz was cauly detectable This clearhy demanstrates that bistable SQUIDs . used in
combination with SR, can be usetul i detecting weak, coherent magnetic signals buried
i external nosse. o apphicenion o conaderahle importance.

Work supported by the 118 Otice o1 Naval Research grant NOOQIS-91- /1979 and
by Quantum Mugeneuos, Ing
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Fig. 3. The SNR versus rms noise voltage for the bistable SQUID experiment,
with f, = 17.6 Hz, v, = 650 mV-rms (filled circles) and v, = 237 mV (open
circles); and f, = 100 Hz, v, = 475 mV (filled squares) and v, = 237 mV
(open squares). For these data 1.0 V = 0.1&, at the coil Cl.
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