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ABSTRACT

High-temperature superconductors (HTS) are a special class of materials that exhibit zero
electrical resistance and perfect diamagnetism at relatively high temperatures, typically above the
boiling point of liquid nitrogen (77 K). One of the most extensively researched HTS materials is
YBa>Cu3O7x (YBCO), which is known for its remarkable superconducting properties. However,
practical applications of YBCO have major challenges: (i) for bulk superconductors, the sharp
decline in critical current density (J¢) in the presence of external magnetic fields, and (ii) for thin
film devices such as Josephson junctions, the low values of characteristic voltage (which is the
product of critical current I. and normal state resistance Rn) also known as IcR, product. In order
to address the first issue, artificial pinning centers are introduced in the YBCO matrix to improve
flux pinning and slow down the reduction of J.. For the second challenge, step edge Josephson
junctions emerge as a preferred fabrication method due to their flexibility in junction positioning
and relatively simple fabrication process. Through precise control of fabrication parameters, key
device characteristics such as I, Ry, and IR, product can be optimized. Additionally,
implementing multiple junctions in an array configuration enhances the overall IcR, product,
presenting a promising pathway for advancing superconducting device performance.

In order to investigate the effect of the magnetic nature of nano additive flux pinning, magnetic
NiO nanoparticles are introduced as artificial pinning centers in the bulk YBCO matrix. YBCO
and its nanocomposite samples (YBCO-NiO) are synthesized by adding magnetic NiO
nanoparticles utilizing the solid state reaction method. X-ray diffraction of the nanocomposite
samples confirmed that all retained the orthorhombic structure of YBCO. The NiO nanoparticles
display ferromagnetic behavior with a saturation magnetization of approximately 0.85 emu/g,
remanence around 0.057 emu/g, and a coercive field of about 89 Oe. The critical temperature (T¢)
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1s 91 K for pure YBCO, and its value changes to 90 K for the YBCO- 0.1 wt% NiO and 87 K for
the YBCO- 0.2 wt% NiO nanocomposites. Magnetization vs. applied magnetic field loops at 20 K
and 60 K show a larger hysteresis loop for the YBCO- 0.1 wt% NiO nanocomposite compared to
pure YBCO, indicating stronger pinning. By using Bean’s critical state model on the hysteresis
data, critical current density (Jc) is determined. The improvement factor (f) in J¢, calculated for
applied fields up to 5 T and all temperatures, is found to be greater than 1, confirming the
enhancement in pinning for the YBCO- NiO nanocomposite sample. In the case of magnetic nano
additives, two mechanisms improve the pinning: first, the incorporation of nanoparticles
introduces structural defects in YBCO matrix, and second, additional pinning is achieved through
magnetic interaction with vortices. At higher applied fields, however, the inter-vortex magnetic
interactions weaken, and the enhanced pinning is predominantly due to structural defects
introduced in YBCO due to the presence of NiO.

However, YBCO step edge Josephson junctions on SrTiOz (STO) substrates are fabricated and
characterized for superconducting device applications, and the resistively shunted junction (RSJ)
model fitting is done using PSCAN2 software. A well defined step with a height of 450 nm and a
step angle of 18° created on the STO substrate using photolithography followed by ion beam
etching. A microbridge of 100 um length and 10 um width is fabricated across the YBCO deposited
step edge STO substrate and characterized by resistance vs. temperature and current vs. voltage
measurements. Parameters such as critical temperature, T, critical currents, Ic, and normal state
resistance (R,) are measured at different temperatures. Resistively shunted junction (RSJ) model
fitting using PSCAN2 reveals the overdamped behavior of the junction, which is attributed to the
presence of normal conducting channels in the microbridge, leading to additional rounding in the

experimental data.

vi



A systematic investigation of the impact of YBCO film thickness (t) relative to the substrate step
height (h) on the junction parameters as Ic, Ry, and IcR, product of the YBCO step edge Josephson
junction is analyzed. A step edge on STO substrates is fabricated, such as the step height (h) is 450
nm. YBCO films, with thicknesses tuned via controlling the laser shots, are deposited on the step
edged STO substrate. Atomic force microscopy confirmed t/h ratios of ~ 0.4, 0.7, and 1.2. YBCO
microbridges ~ 100 x 10 um? are fabricated across the step edge, and electrical measurements
yielded critical temperatures of around 82, 85, and 88 K, respectively. The IR, products, at 70 K,
are 2.06, 2.76, and 0.43 mV for respective t/h ratios of 0.4, 0.7 and 1.2. Fitting the critical current
Ic vs. reduced temperature (1-T/T.) indicates that the junctions behave as a superconductor-normal
metal-superconductor (SNS) type. These results highlight the critical influence of the t/h ratio on
junction performance, offering a pathway to optimize the YBCO based Josephson junctions.

Achieving the higher value of characteristic voltage, IcRn, is possible by fabricating an array of
junctions. An array of four junctions is designed using CleWin5 software and fabricated an array
of four junctions on YBCO film deposited on a 5 x 5 mm? step edge etched STO substrate by
second-level lithography and ion beam milling process. Electrical measurements of individual
junctions, namely J1, J2, J3, and J4, show nearly identical values of critical currents I and normal
state resistances Rn, confirming the quality and uniformity of the fabricated junctions. At 70 K, a
single junction possessed an I. of ~530 pA and R, of 5 Q, while arrays of two, three, and four
junctions showed progressively increasing R, values of 7, 9.7, and 12.5 Q, with I values of ~510,
500, and 490 pA, respectively. Notably, the IcR, product for single and four junctions are ~ 2.7
and 6 mV increasing with the number of junctions, demonstrating the feasibility of this approach

for enhancing device performance.
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I AT SAfTaTeTe (HTS), UaTeif o7 Uep eIy 9 & ST sarehd Sod M| W, 3R WR avel
ATSCISH & FqieD (77 K) | SR L gl TR 3R quf gfcrejarehrar 9efid e 81 §7 HTS
yerelf § YBayCuz 07—y (YBCO) TeRT 3TTereh 3TedaT fohdT T uaref 8, il 37011 Ip¥ Afcrrretds
ferQTaTaTY o folq ST ST 81 B1ifeh, YBCO o ATd8TRey SFHAN H s THRT glfcrl &: (i) FHfY
aifcraTete o foly, aTe’l Juehid &Fl bt IURRIRT H iftie gRT oFed (J,) § o FRTEE, 3R (ii)
STRIBET STFeMT H IR, TUFHeT BT T 71 Ugel Je P 8eT dR & folg, YBCO Afeaa 7 A
fOfeRT il T STreT ST & cTfep Ferend AT & R foham ST b 3R J, Y AT bt T febam it
| TR YAl b 1Y, TCT TSt SR Sierer garaT fFHfor fafer & w9 § IR &, Fifes g
SiereTT ehl ReeIfeT T efellet & 4 e er 311R Tueiehe |t o Tifshar &t gfarer st 81 fmior
qRATdT T AT AT & ATeH W, T UG fAwarall S I, R, 3R IR, TUFHer T
SFPICT fepaT ST |l 81 3 STCTNTh, Ueb 2RI AU A 9§-5iahe bl &I < & P | R,
Ut T JQTT ST &, i1 JURDSIIST SUSBRUI & HET DT AT TG P foTq T STTeITSTTeh JRT
O[T R &

T AT Ut b DI TIHT b Folad AT UR T T &bt STl ehjl b foq, e YBCO Afcard
5 i TR ol b BT H GabiF NiO J-Iepull Bl SST 7T 81 YBCO 3iR g¥eh AAepuifie T
(YBCO-NIO) T 3IF-37a%erT 3Affehar fafer & gaehlr NiO =HIpull bl Sirgdr Axifte febarm 7l
U et ¥ gf¥ T fop ) AT 7 STeIRIfReres TRET T 971 @M NiO Sl = T 0.85
emu/g BT AJH Fradbed, TRTHT 0.057 emu/g BT JFARTE Gabed 3R T 89 Oe BT HIRIET &
2T, ST §7ehT A TeqarehId Mapicr T ST 81 YBCO, 91 K T Shifcies qTus (T,) ST &, SHafdh
0.1 Wt.% “FIPIFIIRIE o feTT I8 90 K 3R 0.2 wt.% & folg 87 K 81 0.2 wt. % T H T, H el
fiRTgE NiO SH1epull o TepfAd 81 T S2ITcll 81 20 K 3R 60 K TR Gahig & & farog Irarebed UTer
ST &, T YBCO-0.1 wt% NiO I IINTE & foTg Siferear arer, §& YBCO & o H SITaT &,
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ST fUfT T Hebel ST 81 5 T e & AHT ATHHMI R J, H GER BIRD (f) b A AT 1T 7T, ey
YBCO “HIFaIfTe H U & GerR bt gfe et &1 Gaehiy =11 ATl , U el S8eR a1 & &
g fepaTfafey el el &: Ugetl, S-Iepull T IuRRIfer J HReIcHeb SIY Ieu~ & &; 3R gAY,
JeR (vortices) P TRl YD1 37cT:fepaT b Hem A 3ffcifeh TR UTH I 81 8Tellfch, Joar gaehiy
&A1 7 HeR-3IeT: fohaT eIk 81 ST 8, oy ffehT g Sarese ari R iR 8l S 2l
YBCO U T IRIHRI Siae @l SrTiO3 (STO) Aedeed W (IR fdar 1 & 3R srferarera
SBR[ AT b folY IeFepT URTEIUT fhaT 7T 81 STO Fedee UR 450 AHICR bl IrelTg 3R 18°
UfRRT §IRT fasarm 1M YBCO fHfar 29 Uof STO IAkIee 0R 100 ATSHhIHICR 4T 3iR 10 ATgehiHIey
TIST ATSEISIST TR BT TRT 311R IFBT URIST0T YR G AT 31R &RT a1+ e A1df b
qrez J forar M AR aro WR wifded draEe (T,) 3fR Hifded oRT (1) SRY aREmT |Jm )
PSCAN2 T IUINT IR gY URRIED ®F I 2iC a1 Sier (RSJ) Hiset Bl e I Siarer o
S-S S8R TUY §31T, ST HIGShITSIoT H AT dTeleh diell i SURIRT & BRUT 2T, fach
PR YIRTHD 3Tehs! & 31 TS 31l

YBCO fihes il AIeTg (t) 3R TeASe U H5aTS (h) &b ST & FeeT T FafReere ez foham .im
g, 3R YBCO U Tl SR Sigrerd & URAT ST I, R, 3R IR, UFheT IR b TTd T
ferersor fépar TRIT 81 YBCO ftheH, et HICTS @l ofoR iTe & H1e™ A e foham 1am e aet
gereelT 7 t/h SIUTAT BT GfE BT, ST ST 0.4, 0.7 3R 1.2, 3R pifcre TTIHH 82, 85, 37K 88 K
81 70 K W, IR, TUFheT, SHT: th U 0.4, 0.7 3R 1.2 & foTT 2.06, 2.76 31 0.43 mV &l |,
3R ATHM (1-T/T,) & S & G DY fohe B F Tg Fobdl AT & b ST U srferiTerar—

AH ET- JAfTaTeid (SNS) TbR & B H FIER DR &l T YRV t/h SFUT b Siere Y& 1R

HECqqUT T9TE T ISR B &, ST YBCO SATETRT STIABAT S T 3FpieTe b Bl Tep A
e R &l
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I,R,,, T IS HT UTH BRAT, ST bl Teh SGAT FIhR AT &1 TR ST T Ueh I CleWinb
AR N fSSige & T8 3R YBCO 3T 0 T STO e W el forefumhr ofik
QAT Tifshar o ATes A A fpar T SiererEr J1, J2, J3 3R J4 & e Ao 9 I, IR R, &
SR T AT UTH 8, SiY T SierermiT &b 0reT iR TehRoudT &t i ahvalT 81 faey w5 4, 70 K

TR U Udhel SIFT H THRT 530 pA @ I, 31k 5 Q & R, UTRIT R, ST€fdh &1, i 3R IR Siareir dhr

ST b R, HIF L 7, 9.7 3R 12.5 Q R |, F $HT: SFTHT 510, 500, 31R 490 pA ol &I+
S 1Y 91T I8 & fob Uebet BIR TR Sigrerl & ford IR, Ul $hHST: SRTHT 2.7 mV 3R 6 mV 2,
SIT STt T T d - & AT Il Tl T8 GBIV JYDBRUT & ST Pl IR a1 o fofg Ueh
PTET RURTCT ATfeT Biett 2l
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