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Abstract—Bicrystal grain boundary (GB) Josephson junctions limited by the extended bicrystal GB across the substrate [7],
and rf-SQUID’s were made of 200 nm thick PLD YBCO films [9]. The quality of the substrate GB as well as the film quality

on bi-crystal SrTiO 3 substrates. The junction characteristics were ; ST ; ;
studied to investigate optimal parameters in the rf-SQUID layout across the GB is also very critical in the use of this type of JJ in

designs and the limits imposed by the technology. Thé, of 3to 8 "-SQUID's. This is due to the need to control junction param-
um wide test junctions scaled with the junction widths, showing eters through the fabrication process to obtain proper operation
clear linear RSJ-like I-V characteristics at 77 K. All the junc-  of the rf-SQUID’s, such as for the devices in this work [7].
tions showed hysteretic RCSJ-like behavior at very low temper- £qr determining the limits and characteristics of such devices

atures. Classical Josephson flux motion type (long junction) non- - . - - . -
linearity in I-V curves of all the junctions was also observed at and to find their optimal designs made using the bi-crystal GB

lower temperatures with systematic dependence on the junction t€chnology, better understanding of the characteristics of the
widths. Measurements of the magnetic field dependence of the.  used GB JJ’s is also very essential.
of the junctions resulted in junction width dependent well-defined In this study, we first present results of our investigation

Fraunhofer-pattern like characteristics. The obtained characteris- et ; ; ,
tics of the junctions led to feasible criteria for the rf-SQUID layouts on the characteristics of the fabricated bicrystal GB JJ's on

with desired device characteristics. Rf-SQUID's were made using Pi-Crystal SrTiQ substrates. The junction width, magnetic
designs for optimal performance at 77 K while avoiding large su- field, and temperature dependencies of the junction parameters
perconducting weak links across the substrate GB. Devices with were investigated. Based on above results, we made bi-crystal
low noise characteristics and junction field sensitivities proper for gpg rf-SQUID magnetometers and gradiometers using layout

operation in environmental background magnetic fields were ob- : . : . . .
tained. A nonsystematic spread of optimal working temperature of designs to obtain low noise devices with background magnetic

the SQUID’s were also observed which is associated to the spreadfield sensitivities proper for use in systems such as for NDE,
of the junction parameters caused by the defects at the GB of sub- unshielded MCG, and SQUID microscopy [8]. The temperature
strates. dependencies of the characteristics and the field sensitivity of
Index Terms—Bicrystal, Josephson junction, magnetic field, the junctions and the resulting SQUID’s are discussed.
noise, rf-SQUID.
[I. SAMPLE PREPARATION AND CHARACTERIZATION SETUP

I. INTRODUCTION Bicrystal GB junctions and rf-SQUID’s were made on sym-

-CRYSTAL substrates have been widely used irr]netrlc 36.8 angled bicrystal SrTi@ substrates. The samples

bi-crystal grain boundary (GB) Josephson junction (J%}ere made of 200 nm thick Y-Ba-Cu-O films deposited using

based devices such as SQUID's [1][4]. The straightforwa djlsed laser deposition technique. The device patterns were de-

fabrication of high?, superconducting GB JJ's using thinveloped using conventional photolithography technique and low

films across the bicrystal substrate GB's [3], [4] makes thfzsnergy IBE process [10]. A Helium dewar based characteriza-

technologies very attractive among other fabrication technolo2" setup with a two layen-metal magnetic shield and a tem-

: A ) : o fzrature stability of better than 0.1 K was used to characterize
gies. This typ_e of JJ has been widely used in fabrication o samples. Temperatures above 5 K were obtained by ele-
ggtsig;ges ;Igjt)? }ir;r?itgxitr?rt]ﬁgd d(e;s?gizr([)zs]s, Ezle— %ﬁ??;}?&gﬂggﬁng the samples abqve the liquid helium level u'sing.the stabi-
the applications of the bicrystal GB JJ's in rf-SQUID’s aré'zed temperaturegrad_lentlnthe dewar [10].Thejunct|on_s were

characterized by making contacts of gold wire bonds directly
onto the surface of the films resulting in contact resistances in
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Fig. 1. IV Curves of an array of one 8m, two 5um, and two 8um wide
GB junctions on a bicrystal SrTiQsubstrate at 7 K.

I1l. B1-CRYSTAL JUNCTION CHARACTERISTICS

A. I-V Characteristic

All the junctions showed resistively-capacitively-shuntec
junction (RCSJ) type behavior with hysterefieV curves at
low temperatures. Thé—V characteristics of 3im to 8 um
wide junctions on one chip are shown in Fig. 1. The critica
current density,/.., of the junctions ranged within about 20—-40
kA/cm? at 7 K decreasing as the geometrical junction width 1.5 410 -0
W, decreased. The sheet resistapge,of the junctions at 7 K,
ranged within ab.OUt 48-95 k- increasing with decrease CncFi . 2. Temperature dependencele¥” curve and the correspondind’/dT
W. The hysteretic underdamped (nonzero Steward-’\/'ccumlaﬁgé 8m wide junction on bicrystal SrTiQsubstrate.
parameters.) behavior of the junctions increased as the tem-
perature decreased below about 40 K, resulting.iof about
2.3-2.5at 7 K. The associated values ofthe= 4wel.CR?/h
of the junctions led to junction capacitances within the ran
of 5 to 8.5F/cn? which is about two times less than typica
reported values [11]-[13]. As shown in Fig. IV curves of

dv/dl @)

similar I.Ry (or J.pyn) values for the junctions on one chip.

£i@eRN of the 3, 5, and &m wide junctions was measured to
e about 14, 6, and 28, respectively, leading td.R in the

range of 1.8-2.1 mV at 7 K. This is in the range and slightly

the junctions showed nonlinear behavior with deviation frofgher than the reported values for this type of the junctions

the simple RSJ-model at low temperatures. This is associated [41- The measurediy of most of our bicrystal GB junc-

with the Josephson flux motion effect happening in junél_onsshowed slighttemperature dependence decreasing by max-

tions with widths of about 4 times larger than the JosepthHum of about 5-10%, as the temperature increased from 7 K

penetration depth); = (h/dmeJouo(2X + d))*5[14]. The © theirZ..
calculated);, of the junctions at 7 K resulted ifi//\; of | ne obtained values for thé. andpy of our samples are

about 2, 4, and 7.8 for the 3, 5, angiB wide junctions respec- close and slightly better than the typical reported values [11],

tively. The W/, values were obtained using the geometricaf3]: [16]- While the/, of the junctions made on one chip de-
dimensions of the junctions. The obtain&d/\; ratios are creased as the’ decreased, a systematic change offiheas

about the reported values for these types of the junctions Wﬂﬂt obse_rved. T_héc _raFios decreased further than th_e junction
similar junction widths [13], [15]. As shown in the figure width ratios, which is interpreted to be due to the side defects

the nonlinearity in the/—V curves became prominent as th&" slight nonuniformity 01_‘ the barrier being more effecti\_/e for
junction widths increased to gm resulting in W/, well smalleriV[16]. We associate the defects at our GB junctions to

above 4 [14]. The junctions showed clear linear RSJ tie the optically observable imperfection of the substrate GB'’s de-

characteristics at temperatures higher than about 35 K, SOth,'Orat'ng the film growth at the junctions.
and 70 K for the 3, 5, and 8m wide junctions respectively,
corresponding to approximal&/\; <~ 2 in our samples.
The I-V characteristics versus temperature of then® wide The applied magnetic field3,, dependence of th&. of the
junction and its corresponding dynamic resistance are showrjunctions was used to investigate the physical structural depen-
Fig. 2. ThedV/dI versus temperature of the samples was useént characteristics of the junctions. Investigations of the depen-
to determine the clear RSJ-like behavior. dence of the maximum Josephson current onAQe provide

The normal resistancd?y, of the junctions also scaled in-useful means to make evident spatial variatiod pgince these
versely with thel, or width of the junctions, leading to almostare reflected in peculiar features of thevs. B, patterns. The

B. Magnetic Field Dependence
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Fig. 4. Asymetric multi-junction rf-SQUID gradiometer and magnetometer
layout designs on bicrystal substrates.

Fig. 3. Magnetic field dependence &f of 3-8 xm wide GB junctions on

bicrystal SrTiQ substrates. The classical field dependence of ihésinc

function) is shown for the &m wide junction. of fluxons along the GB [6], [7], [9]. We present results on

monolayer bi-crystal substrate rf-SQUID layouts for optimal

. . . i k h ic fiel liqui
1. versusB, of the junctions revealed a well-defined Fraungperatlon under background earth magnetic field at liquid

hofer-pattern like behavior scaled with tlig of the junctions _nitrogen temperature while also avoiding large GB weak links
showing proportionality to junction widths. The field depen'—n the pattems.
dence of th_e[c of three junctions at7_ K |s_sh0v_vn in Fig. 3. Thep Rf-SQUID Gradiometer and Magnetometer Designs
measured field dependence of the junctions is very close to the ) ] o ]
calculated results from the classical field dependence for uni--@yout designs based on asymmetric multi-junction struc-
form current through the junctions as shown for thegwide 33 (Ures for r-SQUID magnetometers and gradiometers on
in Fig. 3. The measured dependence of the field periaf, of bi-crystal substrate_:s are shpwn in Fig. 4. The gradlomgter
the junctions, versud” showed1 /W2 dependence [17]-[19]. layout has th_ree jgnctl(_)ns in parallel across the GB with
This is mainly associated with the effect of the field focusinf'® smaller middle junction as the determining JJ. The same
factor of the film areas of the patterns, as also verified and pre¢f€Sign concept is used for the magnetometer design with
ously reported for some of our SEJ's [19]. While thé3, ofthe WO Parallel junctions containing one determining JJ and a
junctions scaled with /W2 for a magnetic penetration depthvider dummy junction. SQUID’s were made with about 0.8
A ~ 300 nm, it was larger than the expected values [17]—[19],_t8 1 pm wide narrow junction, and 2—4m Vylde Fiummy_
systematic and detailed study of which is in progress. The sitfactions, resulting up to 4/1 asymmetric junction width ratios.
function type form of the field dependence of theand its deep The basics of the _rf-SQUID_magnetometer des!gn are similar
modulation shown in Fig. 3 indicate an almost uniform currefi the well-established typical dc-SQUID desgns [21, [5],
distribution through the areas of the junctions. Thedepen- (6] The magnetometers had a washer area of 7 rfBnmm
dence of!. of our 3 to 5um wide junctions showed approx-diameter), 20Q:m long slit, and 5q:m diameter loop leading
imate short junction behavior down to liquid helium temperd® inductance,L, of about 180 pH. The gradiometers had
ture lower than the reported values for similar type of the jundy@sher areas of 1.7 m"n(l._5 mm diameter), 1.5 mm baseline,
tions [13], [18]. The 8um wide junction showed a clear shortt MM long slit, and 7um diameter loop leading to inductance
junction characteristic at 35 K and above. Similar field depeflf 290 PH. As shown in the figure, the washer areas of both
dence versus temperature was obtained for all the junctions wiisigns are modified to minimize the length of the slits while

a slight change of tha By, associated with temperature deper@voiding major reduction of the coupling coefficient of the used
dence of the\ [19], [20]. conventionall — C tank circuits of the SQUIDS.

B. Experimental Results

IV. BI-CRYSTAL GB RF-SQUIDs AND THE CHARACTERISTICS . .
The noise spectra of a magnetometer and a gradiometer at

Rf-SQUID magnetometers and gradiometers were made thieir optimal operating temperatures are shown in Fig. 5. The
symmetric 36.8 angled bicrystal SrTi@ substrates. While 1/f type noise of the devices was measured to increase as the
the Bi-crystal substrates offer very simple fabrication for theemperature was decreased. This increase of the low frequency
mono-layer device structures, the layout designs for typicabise is interpreted to be due to the increask of the junctions
rf-SQUID’s on them are limited by the extension of the graiand its associated fluctuations. The optimal working tempera-
boundary (GB) across the substrate [9], [10]. The extended @Be of the SQUID’s were scattered from abev20 K to about
creates unwanted large superconducting weak links such agirof the films while the amplitude of the flux-voltage transfer
the washer areas of the conventional thin film planar rf-SQUIlfnction, V,-,,,, of some devices were too small to allow the
magnetometer and gradiometer layout designs [9], [10]. Largeise spectra measurements at any temperature by resulting very
superconducting weak links across the GB are known to bénigth white noise levels [7]. Based on theversus temperature
source for thel / f type noise in the devices due to the motioand the effective width of our junctions, with the consideration
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Fig. 5. Noise spectra of bicrystal GB magnetometer and gradiometer design
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obtaining low noise devices with optimal working temperature
close to 77 K proper for operation under background earth
magnetic field. While the layouts resulted in devices with

noise characteristics and junction field sensitivities proper
for practical applications such as NDE, unshielded MCG,
and rf-SQUID microscopes, a relatively large spread of the
optimal working temperature for the arrays of the SQUID’s

were obtained on various chips. This is interpreted to be mainly
due to the defects of the substrate GB’s leading to variation of
the I. of the junctions of the devices. Further work for better

control of the optimal working temperature of the devices

through fabrication process is in progress.
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of the A ~ 300 nm, an approximate optimal working tempera-
ture range close to 77 K was expected for our devices. This was

based on optimal rf-SQUID parametgy = 2xLI./®, = 1
for the used layouts and the expecfedor the smaller and pre-
sumably the working junction of the SQUID’s. The observe

spread and deviation of the optimal working temperature of our[4]

devices was mainly interpreted to be due to the spreadsof
1-V characterizations of arrays of 3 to 25 seriair@ and 5um
wide junctions showed an spreadlpfparameter of up to about
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