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Flicker noise in YBa ,Cuz0,_s bicrystal grain boundary junctions in weak
magnetic fields
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Department of Physics and Astronomy, Northeastern University, Boston, Masschusetts 02115

R. Seed and C. Vittoria
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(Received 10 April 1995; accepted for publication 5 July 1995

Flicker noise inc-axis oriented long YBCO bicrystal grain boundary junctions was characterized as

a function of temperature, biasing conditions, and magnetic field applied perpendicularatebthe
plane over a wide range of temperatures from 15 K to over 70 K. Aperiodic variations, as a function
of magnetic field, were observed in both the junction voltaifgs,and the flicker noise magnitude
under constant current bias as the magnetic field was scanned from 0 to 8 G. The noise magnitudes
were found to peak at the minima 9f;. Analyses of the field dependencies of the magnitudes and
the functional form of the voltage noise power spectra show that the noise did not arise from
thermally activated flux motion. Based on the dependencies of the noise power spectra on the bias
current and the dynamic resistance of the junction, we conclude that the noise originates from the
fluctuations of the critical current of the devices most likely due to trapping of carriers or defect
motion within the grain boundary. @995 American Institute of Physics.

Flicker noise in YBCO thin films and bicrystal Similar MF in the voltage noise power spectra across the
junctions~*presents serious limitations in the low-frequencyjunctions were also observed. The low-frequency noise was
applications of highFs superconducting quantum interfer- characterized with the device under constant current bias.
ence device$SQUIDS. In this article we report experimen- Typical voltage noise power specti@,(f), varied as H”
tal results on 1/ noise in YBCO bicrystal grain boundary wherey= 1.15. Most interestingly, the noise power spectra
junctions as a function of temperature, biasing conditionsyere found to peak at the minima ¥f; as shown in Fig. 2.
and applied magnetic field. Here we show the detailed variations 8§ (curve A and

High quality c-axis oriented YBCO thin films were de- S,(100 H2 (curve B for B, between 5 and 6 G.
posited on SrTi@ bicrystal substrates by laser ablation. The Recent studies of MF and noise in hi@h- supercon-
ab-plane misorientation across the junction was 36.8°. Mi-ducting thin films suggested that the phenomenon originates
crobridges, ranging from 1@.m to 50 um, were patterned from the simultaneous presence of flux flow and metastably
using a standard photolithographic technique and EDTApinned vorticed Aperiodic variations of critical current with
etch. The critical temperature of the junctions at zero fieldfield are expected for Josephson junctions with disorder,
was about 90.3 K with a transition region0.6 K. Typical  which leads to spatial fluctuations in the critical current den-
|-V characteristics can be well fitted to the resistivelysity along the grain boundary. In long junctions the disorder
shunted junctiofRSJ model withJ: around 18 Acm™2at  can be viewed as a pinning potential for fluxons that pen-
T=25.4 K under zero field condition.

Field dependencies of the device characteristics were in-
vestigated with the magnetic fielB,, applied perpendicular 100 ———7— e LA S s B
to the a—b plane of the highF film. Strong aperiodic de- L i
pendencies of the junction voltagé;, onB, were observed
with the junction biased with a constant current aBg
slowly varying from 0 6 8 G asshown in Fig. 1. This pattern
can be viewed as a magneto-“fingerprintIF) of the junc-
tion disorder unique to each sampigCurves A and B rep-
resentV; measured for two different scans of the field sepa-
rated by over an hour. A vertical shift is artificially
introduced in the plots for comparison. In general, we found
that the pattern remains unchanged as long as the devices
were kept in low temperatures and small fields. Patterns and
critical currents were strongly altered if fields 80 G were B, (Gauss)
applied, most likely due to trapped flux.

Vj (Arbitrary Units)

FIG. 1. Junction voltage VB, at| =2 mA andT=19.6 K. Curves A and B
Y represent two sets of data collected at times separated by at least 1 hr in
Electronic mail: ensurya@hkpu01.polyu.edu.hk between.
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FIG. 4. Current dependencies 8§ (100 H2 at 34.7 K(circle) and 54.7 K

FIG. 2. Comparison between field dependencies of junction volsmgear
P P J ( 8 (triangle at B,=200 G.

and Sy (100 H2 (circle) at1=2 mA andT=19.55 K. Lines A and B are
guides to the eye.

frequency noise originated from thermally activated flux mo-
etrate the junction due to the presence of both the externdton. one would expect to see a slope of one in Fig. 3. In-
field and applied currents. The pinning of a single fluxonstead, we do not observe any dependencies between the two
within the junction area is still expected to set the dominaniParameters. In addition, thermally activated fluxons produc-
field scale for modulation of the voltage. The junction area ighd critical current fluctuation noise would cause the spec-
the length(40 um in the present casdimes the magnetic trum to deviate noticeably from a power lawand should
thickness which is approximately twice tiab penetration fesult in large variations iry as the pinning energy distribu-

depth, i.e.~0.5 um, predicting a field scale of about 1.0 G, tion varied with the applied field.This is in contrast to the
quite consistent with the observations. voltage noise power spectra which always exhibit a power

Although MF were observed in the f¥ noise, this law and, while the noise increased by nearly two orders of
doesn't imply that flux motion is ultimately responsible for Magnitudes whe, varied from 5.2 t0 5.5 G, no detectable
the noise. Low-frequency noise arising from critical currentchanges iny were observed. Thus our experimental data
fluctuations can occur due to carrier trapping, defect motionStrongly indicate that thermally activated flux motion is not
or flux motion within or close to the junction. Our analysis 'ésponsible for the observed flicker noise in bicrystal grain
show that the voltage noise power spectral density arisin§oundary junctions, at least not well beldi .

from critical current fluctuation noise can be expressed as  Typical results on current dependencies of thieridise
measured aB, = 200 G are shown in Fig. 4, where we have

r2(12R2—V?) r2v3 (9 V,)? plotted the voltage noise power spectra T6+34.7 K and
Sv(f)= I7R2 Sic(f)+ RZ\ 9B, Sa(f), 54.7 K, in which the solid and dashed lines are guides to the

eye. The magnitudes of the voltage noise power spectra were
found to increase witH initially but decrease at largg,
wherer is the dynamic resistance, amt}, is the junction  similar to Kawasaki's' observation for critical current fluc-
resistance in the RSJ model. The second term in (ER. tuations. In addition, the voltage noise power spectra exhibit,
arises from field fluctuations due to flux motion in the vicin- within experimenta| scatter, art dependence as shown in
ity of the junction. In Fig. 3 we plottedS, vs Fig. 5. From Eq.(1), R, is of the order of 0.1Q and is
[V;/(dV;/dB,)]?, in whichS,=S,/r2. If the observed low-
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FIG. 3. Lod S, (15 H2] vs (V;dV,;/dB,)? at T=24.9 K andl =2 mA.

1308

Appl. Phys. Lett., Vol. 67, No. 9, 28 August 1995

FIG.5. Lod Sy (15 H2)] vs log(r) atT=24.9 K andl =2 mA fitted to a line
of slope=2.
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relatively insensitive to the applied fieldjs kept constant at The authors acknowledge the support of National Sci-
2 mA, andV; typically varied between I®® and 10°® V.  ence Foundation Grant No. ECS-9102396.
Thereforel 2R2>V2 and S(f) o r? for flicker noise domi-
nated critical current fluctuations. Thus our results are con-
sistent with critical current fluctuations.

In conclusion, we have conducted detailed experimental'M. Kawasaki, P. Chaudhari, and A. Gupta, Phys. Rev. L&ff. 1065
studies of flicker noise in YBCO bicrystal grain boundary 2(1993- , .
. . . . S. Jiang, P. Hallemeier, C. Surya, and J. M. Phillips, IEEE Trans. Electron
junctions in low magnetic fields. We observed magneto- DevicesED-41, 2123(1994).
fingerprints in both the junction voltage and the low- 3a. H. Miklich, J. Clarke, M. S. Colclough, and K. Char, Appl. Phys. Lett.
frequency noise due to the modulation with field of fluxon 460, 1899(1992.
pinning within the junction. However, while flux motion af- (Zl'ggg“k'B““er’ W. Yang, and D. P. Butler, Appl. Phys. Le60, 246
fects the magnitude of the measured noise power spectra, #e g Nowak, N. E. Israeloff, and A. M. Goldman, Phys. Revid 10047
is not the underlying cause for flicker noise in the devices at (1994.
low temperature. Our experimental results show that flicker®F. Yu, N. E. Israeloff, A. M. Goldman, and R. Bojko, Phys. Rev. L68&.

L . ) ) = o 2535(1992.
noise in YBCO bicrystal junctions originates from critical 7C.W. Hagan, R. P. Griessen, and E. Salomons, Physita7C199(1989.

current fluctuations most likely due to carrier trapping Or sy chandrasekhar, O. T. Valls, and A. M. Goldman, Phys. Rev. Zdit.
motion of defect$in the junction region. 1079(1993.

Appl. Phys. Lett., Vol. 67, No. 9, 28 August 1995 Surya et al. 1309

81:22:80 G20z Atenuer g0



