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ABSTRACT

High temperature superconductors-based Josephson junctions have brought a new revolution

in the field of superconducting electronics as they can be operated at temperatures that are
achievable with single-stage cryocoolers or liquid nitrogen, which is very economical as
compared to liquid helium or helium-based multistage cryocoolers. YBaxCuzO7.x (YBCO) is
the most suitable high temperature superconductor because of its high critical temperature (92
K) and ease of preparation. There are various ways through which Josephson junctions based
on high temperature superconductors are fabricated; among them, step edge junctions are
preferred because of their ease of fabrication and flexibility of placing them anywhere on the
substrate, which makes it feasible to make high density array of Josephson junctions. However,
the IcR, product (also called the characteristic voltage) of the step edge junctions is low, and
techniques are required to improve their IR, product.

In the present work, the step edge Josephson junctions are fabricated on MgO (100) substrates
using the standard photolithography and ion beam etching techniques, while the
superconducting film is deposited using the pulsed laser deposition (PLD) technique. In order
to tune the properties of step edge Josephson junctions, the effect of step angle and the width
of the microbridge is studied. The step angle is varied by varying the direction of the ion beam
falling relative to the substrate, which is done by placing the substrate at different orientations
with respect to the ion beam. The step angle is varied from 10° to 35° and the microbridge
width and length are kept as 10 um and 100 um respectively. It is found that as the step angle
increases, the critical current (I¢) of the junction drops while its normal state resistance (Rn)
rises. The overall IcR, product is found to be increasing with an increase in the step angle at all
temperatures from 68 K to 77 K. For the 35° step angle junction, the IR, value is obtained to
be 0.34 mV at 77 K. For lower step angle junctions, the superconductor grain to grain coupling

exhibits more superconductor-normal-superconductor (SNS) type behavior, but as the step



angle increases, the superconductor-insulator-superconductor (SIS) type behavior becomes
apparent. For studying the effect of microbridge width on the transport properties, the
microbridge width is varied from 20 um to 2 um while keeping the step angle fixed as ~ 19°
and the microbridge length as 100 um. A decrease in the critical current (I¢) and an increase in
the normal state resistance (Rn) of the step edge junctions are observed with a decrease in the
width of the microbridge, while the IcRn product increases with a reduction in the microbridge
width. The critical current density value is found to be maximum for the 2 pum wide junction.
The behavior of all the junctions is superconductor-normal metal-superconductor (SNS) type.
The IcRn product for the junction with a 2 pm wide microbridge is obtained as 0.4 mV at 77 K.
When the step angle is taken to be ~ 35° and the microbridge width to be 2 pm the IR, product

of the step edge Josephson junction is found to be ~ 0.52 mV.

In order to understand the exact nature of the step edge Josephson junction, the I-V
characteristics of the step edge Josephson junctions are simulated using the resistively
capacitively shunted junction (RCSJ) model and compared with experimental results of step
edge junction with step angle of ~ 35°, and microbridge width of 2 um. When the [-V curves
are simulated using the RCSJ model considering a single junction forming at the step edge, the
simulated data does not fit with experimental data. However, when the I-V curves are simulated
using the RCSJ model considering two Josephson junctions connected in series, the simulated
data fits well with the experimental data. Comparison of the simulated curves with the
experimental curves at different temperatures indicates that the noise factor increases with

increasing temperature.

Another possible method to enhance the I.R, product of the junction is to induce oxygen
vacancies in the junction area, which is achieved here by irradiating the junction area with
Argon (Ar) ions for various time intervals varying from 1 min to 6 min. The junction has a step
angle of ~ 35°, and a microbridge width of 2 pm. It is found that with the increase in the
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exposure time of Ar ion irradiation, the value of I decreases, and the R, value increases. The
value of I~ 70 pA and R, value of ~ 9.4 Q have been observed at 77 K after irradiating for 4

min so that the IcR, product of the junction is achieved to be ~ 0.66 mV at 77 K.

Finally, a DC Superconducting Quantum Interference Devie (SQUID) is fabricated on STO
(100) substrate using step edge Josephson junctions. SQUID has two parallel step edge
Josephson junctions with a microbridge width of 2 um and length of 50 um and a loop area of
20 x 50 pm?>. The electrical transport properties, such as R-T and I-V, and voltage-flux
characteristics are studied. Furthermore, it is observed that with the increasing number of
thermal cycles, the critical temperature of the device decreases, and the wettability of the device
increases. In order to increase the stability of the device, passivation of the device is done using
the S1813 photoresist layer. It is found that the passivated device becomes water repellent, its
contact angle is 108° and does not deteriorate with long time exposure to moisture. The
transport properties of the passivated device are found to remain unaffected as compared to the
bare device, which makes the passivation technique effective for the operation of YBCO based
devices using liquid nitrogen cryostats. The voltage-flux characteristics of the passivated
SQUID are observed for a magnetic field of amplitude 6 x 107 T. The period of one modulation

corresponds to a magnetic field of 1.2 x 107 T. The sensitivity of the SQUID is ~ 10" THz !,
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R
I ATH Sfcrarded] TR TR ShA®ha- e A ffadied gadei-ed & & U Udh

TS Hifa @ <& 3, Fifer 3% T AoEEl R Eiferd fasar S gehdr § S udd-aRon
HRAGER T R g o gRT WK fHT 1 Tehd &, off dvd giferad a1 giferd-3enfd
TG HTAGHR DI g1 B 31fer ferad gidT 8 | 3= wifded ara| (92 K) 3R &9

&1 Ufehar T ST & BRI, YBa Cuz 07 (YBCO) T SUGad 3 AT SHfdarde g
I AU HfdETadh] IR SR SIRHE- SaRH §-H & &8 deid 6, forH *J T
SIaRI B UTATHSHT & ST &, FRifds 39 ST 3R 8Ial & IR §9 JaRec W Hol off

R 5T ST Thdl 51 ST STRABE SiaRHl BT I T alell IR0 §H1 THT Bl
ST g | §Tclifds, }T TSl SIa=] &7 IcRn OFHA (SR fawi fava dieest ot 81 S1rar 8)
HH BIA1 8 3R U T & o ST ddb-ip| B HTaRISHdl giall ¢

3T MYBT H, MgO (100) FaRE TR WY TS ST Siae o1 fafor fomar mar g, for
AP BIRITARTE! SR S A el db-iel 1 Suan fbar T &, Siafd
Sifararere fther o Widd oR F&Y (PLD) deh-ie GRT SR 74T B 1 U U S E
SR & Tl T FHTII PR o fo KU HI0T 3R AZhIfeiel Bt ST &b UHTAT BT
31ea foha 1 § 1 U BIv b FEfRd B & forT oira o\ & R &1 o= &1 siaen
T, fo geRee @1 fafret fezmsii § Id o Ured fdan Tm U S ol 10° 9 35°
% Scal TT, Sidic HIShIfeS &l arels 3R daTs I HH: 10 um 3R 100 pm T
7| T U1 T fh WU B0 §g P 1Y, SR P pifded URT (1) Tl & STafe Sbl

TR ST URRIY (R, ) Tgal &1 T amaam, (68 K 77 K) WR IR, TOFHA | gig

S TS| 35° 1Y BV T SIaRM & fTT IR, T A 77 K TR 0.34 mV U g3l HH LY

DI 91 SRl F, Sffdarde I sifdarae SU- g, e sifderdes- amH-
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3ifdere (SNS) UbR 1 HagR UGRId Hdl &, Siafd I 1 HIU IR Fg, SHfcrareie-
BT - HfaaTed (SIS) IR UefRld & Idl g1 HZhifss & diels & fagygd
TRaE O TR THTE BT LT TR F O, STDT IS BT 20 ym A 2 pm I Faall
T, Safs Y S0 ~19° 3R ARHIES Pt dals 100 um @ T | T8 gram 77 b
PSS BI ASTE HH P Y Hifdd URT (I ) ged! & 3R T TRIT Ul (R,)

g6l ©, SIaid IR, %A Sedl g1 2 um AISTS aTd Sia- & foIU wifde 4RI O-@ &1

A S Ut gof | gt SiaRM sifdeinesd- qHRI dres- sifadre® (SNS) UbR &

UTT Q1 2 um HIEshITsel dTdd SR & felT IcRn UM 77 K TR 0.4 mV UK §3{TI Sd
WY BIUN ~35° 3R TSI ASTS 2 um T 715, Al IcRn TOMEBE ~0.52 mV T g

LU TS TREHI SR D1 Ildh UPpid bl g0 & [T, 39 1-V 01 BT UfaRiei-enfar
T SR (RCSJ) AISH BT IUART HPp B0 fohdT 7T 3R 3 35° WY PHI0T 3R,
2 um ATZHISS TST8 aTdl SiaRT & JRARTIeTe IROTHT & g &1 715 | 51§ RCS) Arsd #
dHad Ueh SiaRT= T 7T, A1 SR Sl WNTdS sl I Hd gl Wil dfds oid Hisd
H T TRBH SaRM §ae # g A T, F SHRA Sl R TN STl 33! TRE
Ad @MU i Aol W SR 3R TR [-V ashl &1 ga-T o Ul 9adl &, [

X9 HRSP, AIHH Fg-1 & 1Y T&dT 8|

SIHRM & IR, TOFHA DI 3R dgM & foIw te 3= Tuifaa fafy sfavm &3 & sifaitem
Rfeqai HY ser g, S fs g My & 1 fire T 6 e 9 & fafvs vy siavmell & fau
STARI & BT ST (Ar) ST & A1 fafa O dxs Ut fosan e &1 4 fire o fafdor
F G, 77 KR, Ic ~70 pA 3R Rn ~9.4 0 UT g1, ORI IR, UHHA ~0.66 mV T ¢

Tt
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3fdd:, U UHIQR URT SHfAIdh HicH BT I (SQUID) &I STO (100) e W

WU TS SIRBE SiaeHl BT UGN e SH™T 11§ SQUID H & MR LY T
SR SR €, ! AEehifest TSt 2 pm, TaTs 50 um 3R G &5 20 x 50 pm?
21 9% faggd aRas Tureml, S R-T, I-V, 3R dlecol-Taa faRIarsi &1 sfea faar
TN | 3P ST, s AT <51 3 T1, T & Hifad aroaH § RTae &t 78 3R 9!
RRAT H g 351 I Bt FRRAT 981 & o, 3V 51813 UHI- TRy W ¥ FAfesy
o T | T T FRfspTaa oo Sret ufeRieht & 71, foraepT Sueh Sivr 108° T 3R I8
Tt & T TG b AU T X6+ IR U WR1E 81 g1l FAfssa e & a1g +ft 93 & aRkagH
ol B DI g Tel o@ 141, R Hobd fHedr g 6 YBCO snemid I3 & Rl
AgSIoN R # e @ & o g8 Mishy 31 Bt d-iie yHTEt B
AT SQUID & dieeST-TaAa TUTYHT BT ST 6 x 1077 T GaDHIT & W faar T
TP TIgad A 1.2 x 1077 T gadi &7 & 3= At 39 SQUID T HdgA=iTerd ~

107 THZz™/2 T g3 |
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