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Vortex pendrationintype |l supercondudiivity exhibitsarich vaiety phenomenaand patentia goplications Epedidly, sudiesto
duddate vortex dates and vartex dynamicswould be the mogt impartant issuesin order to condder pradticdl gpplications Our
sudesinroduce apinning oanter in adar-sheped pettem aswell ssasedtord defett in a Paomentshapad plae Weare dbleto
induce the symmery bresking in a Supercondudiar disk with infinite degress o freedom in symmetries We found good
agreamants bawen theordlicd predidions and expaimantd imeges of vartices in vaious different mesosoopic shgpes o
MogGey thinfilms cosarved by using ascanning SQUID microsoope We are ddeto regard our sample as being mesosoopic
evanif anadud szeisinthescded micomeaer becausethe pendraion dgathisextrardy dongated inour vary thinfilm This
mekesit possbletotrest our sample asadefacto mesosoopic Lparconductor because physicsinvalved isidenticd withthetina

reel mesosoopic superconduding system

Beddes we plan to consruat new vedtar scanning SQUID micrasoopy to achieve the high senditivity and the high soetid

resoluion by usngour vector SQUID sena.

Inwhet falows weexplanthecontantsof thethesishy Summeaizing esch chepte.



Chapter 1 providesalxidf infrodudion tothehistory and besic proparties of Spercondudtivity. We dso presant thefundamentd
theordticd framenork far describing the phenomendiogical praparties of supercondudiivity such asthe London theary and the
Ginzourg-Landau theary. Wewould liketo givethe bed ¢ conogpis of supercondudting Josgphsonjundtionand SQUID sssor.

Chapter 2 presants the novd vortex dates on a regular concave decagon as a de fado mesosoopic sydem, which were
invedigeted nat only by theoreticd GL calaulaions but dso by expaimentd dudieswith ascanning SQUID miarosoope We
suooeded in fabricating highly-homogeneous amarphousness MogGey films Acoording to our sydtaretic sudies on
charadteridic festures of mesosoopic percondudiors wesummanize: (1) Thevartex ddributioninadar platetendsto areone
o five symmelric axes with thet of the Sar geomery. (2) We reveded thet a sSngeshdl configuration gopears a around the
geomdricd canter uniil thevortiaity incresses up to L=5. (3) Thegopearancedf inner varticesd uddeted the geometricd influence
of thevartex pattem by pushing outer varticestoweard thesurrounding regime of thetar so asto cooupy theindde o fivevartioes
(4) In order to areste novd vartex configurations; weintentiondlly introducad an atifidd pin & the canter of the dar dlate The
vartex pinned a theartifidd defect forassitsneighbarsto stinthevertex aressuniil five varticesarefully oooupied by fivevortioes
Thiswill causetwo different disributions on vortex configuration with thesamevartiaty L = (1, 2, 5). Wefound thet en atificad
pinwas comhined with avortex or a.comer boundary to work as a gete hinder for vortices far dlowing ather vartex under the
interaction of adjecant vortices The resuts show thet we Sicoseded in dataining nove vortex datesin the gar-shegped pattern by
inrodudnganatifiad pina thecarte.

Chapter 3desibesthat asedtor defect causesthegeometrical symmetry bregking inasuperconductar disk withinfinitedegress
o freedom regarding symmery. Therefore, we dosarved the vartex didribution with intereding fegiures as fdlows (1) The
vartex configuration is modified dearly from a wdl-knoan dhdl drudure of the drde plate to an exatic arc drudure of the
Pecmentshgped plate: (2) Thevartex configuration dways prefersto dhare aunique symmtry linewith the bisector line of the
ddfet. (3) By dtamding the apaning andle of sedtord defet, we disooverad the existence of the megic nunber in the vortex
configuration of the Pacrmen geometry. Howvever, it isquiteinteresing to nate thet the transient tage to multi arcsinthe Paomen
pettemn can eadily be contrdlled by tuning an opening angle of the sectord dfect. (4) By comparing the freeenagies of vortex
ddributions wefound that the muitiple metadable vartex Sateswill gppear & the same vartiaty when therdio of the outer-arc
vartigty to the innar-arc vorticity becomes goproximatdy two. (5) To confirm the predidions from the GL cdaulaions we

sysardicaly absarved the vortex corfiguration in aMagGey Pacmen thin film pettem of 85um diameter and an opening



anged 30 degresshy usng the scanning SQUID microsoope Thewesk pin oocasiondly happened inasuperconductar sothet

varticescannat tekeasymmadric configuraionwith shaiing thesame symmery linewith the Pecen pettem. .

Chapter 4 presristheddalsof our propogtionto design how to fetricateavector SQUID senar. (1) Theparamgarsof vedtor
SQUID s are gptimized to achieve the high sanditivity and the preferentid naise charedtaridtics by considering the sensor
paramdeasasthesreaning paramge b, =1 andthe Sewat-MoCumber parardter b, = 0.7. (2) Thestandard fabrication prooess
isebleto faricate by aminimel areadof Jossphson jundion of 22 pnf and the ariticdl current loof ad about 1250A whichis
sutabletoimprovealoopinductance, andit isnecessary tokegp therdationb, =1 andthecondiionof /'=00138<<1a4K. (3)
Wesuooesded infalricating thevedtor ssnsor onadhipsizedf 29 mmx 29 mm, wherethreevedtor pick-Up collsarelocated at a
comg o thedhip. (4) Thepasitionsof vedtor pickup coilswearedesigned to dign dong apardld sndelinetothe sample aurface
inorder tokegpthethree pickup cdllsa the samehdight fromthe urface during scanning. (5) Thehdight of thevectar pidkup call

with respect to ssmple surfaceisreduced as sl aspossible by pdishing thecomer of thesilicon chip of an asfrepared didance
o 70um from the tip to the Z-cal canter. (6) In order to improve the sansitivity of each sensr, the vediar SQUID sansr is
enuipped with adoukdewinding srudure, of which theffect was confirmed by our exparimentsbly comparingwith asingecall

SQUID sasr. (7) Theindudtance of theZ pickup coil wesfabricated as 20 pH whiletheindudances of the X pidkup call and the
Y pidkup call werelimited to 10 pH by thethidessand the number of Nband SO, layers (8) Thevedtor pickup coil systemis
connected diredtly to awasher wheretwo Jsare plaosd with agriplinefully covered by aNb thinfilm. (9) In order toinvetigete
the dnaradteridics of each vector SQUID sansor, we congrudied the messuramant system by paying careful atentionsto reduce
thenoisss Themesauramant sydemisfully contraled to operate proparty by alLebVIEW program (10) Wewerethardfarecle
to messre the charadteidics of the different SQUID sensorsrather sydaticdly such asthel-V cunves and ussd to esinmgtea
aiticd aurent of the SQUID sensor sl = 27 pA. Al of theindudtances of the SQUID sensor weredetermined by andlyzing the
paiodic asalldions of the VAR aurves of the testing chip with chenging a current gplied to each indudtance: (11) The V-

charataidicsdf avedtor SQUID sasor show adear odillation asafundionof anextamd megndicfidd under vaiousdifferat
hiss curants (12) The V-F (1) curveindicates that we suoossdad in cancdling the LC resonance of our ssnsor dthoughit isthe

besic requiramantsto caatureavedtor megneticfidd over awider rangedf hisscurentstunebleby aFLL reedout drrauit.

Chapter 5dexxibesthecongrudion of avedtor scanning SQUID system (1) Wefinished to draw every detaled designsof the

vedtor Scanning SQUID systemby usngaCAD software, and dl the partswiere mechined by our university workshop. (2) We



interfacesuccessfully our vector SQUID sansor witha3-channd SQUID reedout drauit. Thisisanimportant task tocondruct the
scanning vedtar SQUID micrasoope by aursdves (3) We usea GiffardHiVidMiahon aryoooder of the codling powver of LW &
4K whichisadeto cod aminimd temparaturedoanto 35K for conduding longtime sysematic messuremants (4) Westan
theaailsinthe2D Catedan coordnateinagep toimprovethegoatid resolution of vedtar megnetic fiddimegesby usngan XYZ
piezo-driven scanner with ahigh petid resdlution of 10 nm. (5) We use atemparature contraller to contrdl the tamperatures of
sarpleand sanar. (6) To enarefor maintaining the 6-MHz bendwidth and for reduding adi turbencefrom environment noises
the dedtricd leads from the vedtor SQUID sansr are fed into a vaouum connedtor & room temperature through Banyllium
Coppe Loomcahles (7) Thefirg testing of our vecdtor scanning SQUID microsoopeisaitained by pladng atiny fidd aall onthe
sarplehdder to produceamegrdic fidd to the vector pickup coilsat around the oanter of the aoil. We suoosaded in messuring
thepaiodic charadaisticsof theV-F charadtaristicswithinareesing thegpplied megneticfidd. (8) Beforecompleting to construct
anaew vectar SQUID micrasoope, we meartime usad the platform of acommerdd scanning SQUID sensor to test our new
SQUID sansrs (9) Inandlyzing of three componentid megnetic fidd imeges wefound thet thedamegndic Mdassner effet in
X, 'Y and Z coil influences to eech other to modify the arigind prafile of megretic fied. (10) A remeining sep to consirudt the
sysemwoudindudethewiring of the SQUID sensor, thereedout arauit, the XYZ steges and thetemparaturecortralling sysem
We ds0 need acontrdling program and an imege processing Software to treet the megndtic fidd prdfile abtained by scamning

SQUID micrasoopy.

Chapter 6 gves condusons of the thess and we emphesize the impartance of our achievamants We do disouss posshle

fuuregoplicationsof thepresent work.
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