(@) A) JGLICH

=
(]
e
[6}
(7]
£
(0]
£
(0]
Q
N
=
o
e
£
(0]
T
—
(0]
©
©
ks
>
=
=

[MpuroToBneHme, CBONCTBA N NPUMEHEHMUSA

BTCI1 nneHok, nepexoaoB u NT CKBOoB..

M. . Panen
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NnaH goknaga

= BBepneHue.

= [lpurotoBneHune n ceonctea BTCI1 nneHok,
nko3sedcoHoBckux nepexonos un NT CKBUos..

= BTCI CKBUObI Ang 6uoMarHUTHbIX CUCTEM.
= MarnutosHuedanorpagpusa ¢ nomowbio BTCIT CKBIALosB.
= BbiBOAbI.

= [lepcneKkTuBel.
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BBeaeHuve

O 3a nocneaHue ToAbl MPOU30IIEH IPOTPECC B U3YYEHUH MUKPOCTPYKTYPHBIX
cBoiicTB U TexHoyuoruu BTCII mieHok, 1k03e(COHOBCKUX NEPEX0A0B U
CKBH/IoB, 0030p KOTOPBIX OyJeT IPUBEICH B JOKIAJIE.

O BTCII IIT CKBU/Ib! gocturian ayBcTBUTEIbHOCTH ~ 4 GT/T'i"? mpu 77 K
cpaBHuMOM ¢ yyBcTBUTENBbHOCTHIO HTCII (4.2 K) MOI' cuctem u Mmoryt
MOCHYX UTh 3aMeHOU Hu3KoTemrieparypabiM CKBH Jam B cucrtemax MEG.
HaOuro1aeMoe B rociiegHee Bpems YBEINUEHNE CTOMMOCTH JKUIKOTO TeJIUs
ctumyaupyet pazpadotky BTCII IIT CKBH/loB konkpeTHo st MOI'. B
PEJICTABIISIEMOM 31€Ch pa0OTE OBLIIY MPOJICIaHbI IIEPBBIC AT B JAHHOM
HAIPaBJICHUM.

O CorpyaaunuectBo Mexay PO n FOmnxoM yxe npruHECI0 MHOXKECTBO
MOJIOKUTEIBHBIX PE3YJbTATOB JAJIs1 00€UX CTOPOH. ECTh BO3MOKHOCTH €0
YKPEIUTH B OOJIbIIIEM Auana3oHe ucciaeaoBanuii. O0 3TOM Takxke OyAeT
BKpaJ1e 00CYyKJICHO B TOKJIAJE.
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HT. DC SQUID technology at PGI-5 FZJ

 High oxygen pressure (~3 mbar) dc- and ri-
magnetron sputtering:
YBCO: T.~93 Kand J. ~ 6 MA/cm? at 77 K.

= DUV Mask Aligner MJB4 (SUSS MicroTec).
Resolution < (0.5 um.

=  AC-bias DC SQUID electronics from
Cryoton Co Ltd.
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Microstructural analysis at PGI-5 in FZJ

* Scanning electron microscope JEOL 7400F
for the analysis of the physical and chemical
microstructure of solid state materials at nanometer
resolution.

= FEI Helios Nanolab 400s FIB system for

UHRTEM sample preparation equipped with SEM,
EDAX microanalysis system and Pt deposition.

= HRTEM FEI Titan 60-300 PICO with
resolution of about 50 pm at 300 kV is a unique
fourth generation field emission gun transmission
electron microscope equipped with a high-
brightness electron gun, a monochromator unit, and
a Cs probe corrector.

= AFM, etc.

3. Dezember 2012
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MarHeTpoHHOe pachnbifieHne OKCUAHbLIX NAEHOK N reTepPOoCTPYKTYP
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HRTEM nneHkn YBCO Ha nognoxke SrTiO3
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M. |. Faley, In “Applications of High-T, Superconductivity”, ISBN 978-953-307-308-8, 147 (2011).
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YBCO nneHku nognoxkax MgO

Phase (Forward)

o Acguisition Data of <Unknown>

1000
|

AFM 1mages (2um x 2 um) of surfaces of 130 nm thick YBCO films deposited on
as-received (left) MgO substrates and on IBE-cleaned (right) MgO substrates.
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NneHka YBCO Ha cTpykTtypupoBaHHou IBE nognoxke MgO

YBCO

MgO

AFM image of a 140 nm thick YBCO film deposited on IBE-cleaned trapezoidal feature
on a (100) MgO substrate with about 3 degree slopes (left picture). The sketch of the
structure 1s shown 1in the right picture.
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High-T. Josephson junctions and d-wave symmetry

£k,

The SC gap function in d,,.,», symmetry in momentum space

ky L\.(f)wkf—kﬁ: (cos® ¢p—sin® ¢)sin #=cos(2 ¢ )sin 6

high-T, Josephson @
superconductor junction
/ — YBCO
%2
‘o

_—_- = = = = = [ emel - = e - - - -

MgO

YBCO

Slide-type step-edge Josephson junction

substrate grain boundary

Bicrystal Josephson junction C. Foley, patent US6514774 (2003)
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Old type
step-edge junctions

C L Jia et al., Physica C
175 545 (1991)

o< 45

|y,

45 << 70

—

o> 70

3. Dezember 2012 C L Jla et al., PhySica C 196 211 (1992)




Step-edge junctions on MgO

3. Dezember 2012 Mitchell and Foley, SuST 23 065007 (2010) oo 12




Slide-type step-edge junctions
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Mitchell and Foley, SuST 23 065007 (2010)
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TEM image of a step-edge junction on MgO substrate

®
i S L
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\ g]'iliﬂ

boundaries

HV WD det | mode | mag B |——— 500 nm
10.00 kV 4.0 mm | STEM Il | HAADF | 100 000 x D.Meertens PGI-S5/ER-C

M. 1. Faley et al., Accepted for IEEE Trans Appl.Supercond. (2013)
M. I. Faley, Patent pending DE102012006825 (2012)
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HRTEM of YBCO deposited on the textured step edge

HRTEM image of the YBCO film deposited on the top of the step edge.

M. 1. Faley et al., Accepted for IEEE Trans Appl.Supercond. (2013)
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HRTEM image of the YBCO film deposited on the top of the step edge.

M. I. Faley et al., Accepted for IEEE Trans Appl.Supercond. (2013)
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HRTEM image of the YBCO film deposited on the bottom of the MgO step edge.

20 nm

M. 1. Faley et al., Accepted for IEEE Trans Appl.Supercond. (2013)
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HRTEM of YBCO deposited on the textured step edge

&

M. 1. Faley et al., Accepted for IEEE Trans Appl.Supercond. (2013)
M. I. Faley, Patent pending DE102012006825 (2012)
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HRTEM of YBCO deposited on the textured step edge

M. 1. Faley et al., Accepted for IEEE Trans Appl.Supercond. (2013)
M. I. Faley, Patent pending DE102012006825 (2012)
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Step-edge junction without surface texturing

det |mode | mag H ] 500 nm
10.00 kV|3.9mm |TLD| SE |80 000 x D.Meertens PGI-5/ER-C

SEM image of the surface of an YBCO film deposited on an MgO substrate step edge without surface
texturing. The inset shows a cross-section of a similar substrate edge structure made by FIB-milling.
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Step-edge junction without surface texturing

det |mode | mag H ] 500 nm
10.00 kV|3.9mm |TLD| SE |80 000 x D.Meertens PGI-5/ER-C

SEM image of the surface of an YBCO film deposited on an MgO substrate step edge without surface
texturing. The inset shows a cross-section of a similar substrate edge structure made by FIB-milling.
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Textured surface of step edge on MgO

AFM-1mage of an IBE-textured surface of a step edge on MgO.

3.Dezember 2012 M. I. Faley et al., Accepted for IEEE Trans Appl.Supercond. (2013) Folie 22




Textured surface of step edge on MgO

Topography (Backward) Topography (Backward)
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=
[}
(]
o}
o ]
o}
=
=
=)
I
=]
= =
[}
o=
()
4
=
) 1 1 i
= ; ] . . . .
& =1 : : . : :
| | I | | | i
- a 1000 2000 3000 4000 5000
E —
1 2 3 4
1 [ 340874 nm 2461 &7 nm 771.024 nm
2 1g428rm N  s4cE72nm 263771 nim
3 187 659 nm 134 nm O 169084 nm
4 3514 nm 149.14 nim 16255 rm [
ey e L
| | | | | | rm
o 1000 2000 3000 4000 5000

AFM-1mage of an IBE-textured surface of a step edge on MgO.
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YBCO film deposited on the step-edge with surface texturing

|

det | mode| mag B

100 000 x | O Meerens PGI-S/ER-C

SEM image showing the aligned orientation of grains in the YBCO film deposited on the

step-edge with surface texturing.
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Slide-type step-edge junctions

(shunted SEJ, 4-May-2012)
231.3

200.0 /
175.0
150.0 77 K
125.0 -
oos 2 um SEJ -
5.0
50.0
25.0
0.0
250
500
75.0
100.0 o
- _-.____‘_..-"‘
125.0 .
150.0 /

175.0
-200.0 /

-225.0 -
2431 <

-651 -500 -400 -300 -200 -100 a 100 200 200 400 500 600
Valtage (Pv)

Current (pA)

IVC of a Pt-shunted Josephson junction on a textured and AE-buffered MgO substrate
slide-type step-edge: I.= 100 pA, R, =3 ohm, [.R,, =300 uV at 77 K
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High-T. DC SQUID with step-edge Josephson junctions

ER-C SEI 150k  Xe0000 WD4AAmm  100nm
3. Dezember 2012

M. 1. Faley et al., Accepted for IEEE Trans Appl.Supercond. (2013)



High-T. DC SQUID with step-edge Josephson junctions

]

ER-C LEI 150KV 2500 WD 5.0mm 10¢m
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High-T. DC SQUID with step-edge Josephson junctions

| El 15.0kY 2200 WD 20Tmm  100pm
3. Dezember 2012

M. I. Faley et al., Accepted for IEEE Trans Appl.Supercond. (2013)



High-T. DC SQUID with step-edge Josephson junctions
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BTCIN NT CKBUOLI ansi bBMoMarHMTHbLIX uccneaoBaHumn

to pick-up
loop

3. Dezember 2012

Lock-in
detector &
integrator
m Vout
- (AC-bias DC SQUID electronics
from Cryoton Co Ltd.)
Folie 30

M. 1. Faley et al., Accepted for IEEE Trans Appl.Supercond. (2013)



BTCIN NT CKBUOLI ansi bBMoMarHMTHbLIX uccneaoBaHumn
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Field resolution By(Ls) and voltage swings sVpp
for inductively coupled high-T. DC SQUIDs

B = Lpu+Li 1/2
N ()
kA, /L, Lg
R2 L2 2
12k,T| R S(@Vj S,
S R, | 2 4\00D
Sp =———~

o ~ 4 : LR, exp(1-3.57° kBTzLS)
00 @, 1, 2Ll P;
(DO

K. Enpuku et al., J. Appl. Phys. 78, 3498 (1995)
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BbuomarHutHaa cuctema ana MKIria ocHoBe asyx BTCI1 NT CKBU[ marHutomeTpoB
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Bpems, cek.

N3mepennblii B peanbHoM BpeMenu MKI' curnasa u pacnpeaejieHue MArHUTHOTO MOJIS 110
00J1aCTH CKAHMPOBAHUSA B MOMEHTHI Bpemenu: (a) R-, (b) S-, and (¢) T- nukos.
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Low-T. SQUID MEG system available at INM-4 in FZJ

1 ._-—-_-_._-_
i ‘ FITTIIN

| Meck Tube

| liguid Helivm

SOUIDs
O ol A Al i i A

Reservoir

KEelerence
Deteciors

Eiing: 248-channel-MEG system
7 “Magnes®© 3600 WH” 4D-Neuroimaging

Low-T. SQUIDs with white noise ~ 5 fT/VHz at 4.2 K

“He average refill interval is twice per week,

0. EeLCllivel 4LV 1«
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lNMpoekT: paspaboTka nameputensHou cuctemol ana MIAI Ha BCTI CKBUOax

Low-T. DC SQUID sensors:
“He refill interval: twice a week,
20-mm sensors ~3 fT /\/Hz@4.2K

To be replaced by

>

High-T,. DC SQUID sensors:
N, refill interval: once a month,
20-mm sensors ~3 fT /\/Hz@77K

Advantage: liquid nitrogen is cheaper, it 1S more convenient in
use, and liquid nitrogen cryostats require replenishing with the
cryogen much less often than liquid helium cryostats.

3. Dezember 2012
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MSR of INM FZJ
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Real-time signals of low-T. and high-T. systems in the MSR of INM FZJ

P s WO

LTC S.UlDS Nwﬂ/

HTc SQUII
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M. 1. Faley et al., Accepted for IEEE Trans Appl.Supercond. (2013)
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Measurements with current dipole in a head phantom

10 em

15 mm

-

Measurement with high-T, system and saline filled head phantom with 5 individually selectable
current dipoles at calibrated positions, between 1.5 and 5.5 cm below the surface
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M. |. Faley et al., Physics Procedia 36, 66 (2012).




Results of measurements with head phantom
o The peak-to-peak magnetic
fields measured by low-T,

system were 3.2 pT, 1.6 pT,
800 fT, 400 fT and 200 fT.

Measurements obtained using
T4 low-T, DC SQUID

and the high-T. DC SQUID.

Both data sets show
averages over 100 epochs
and were band-pass filtered
from 3 to 30 Hz.

2.4 pT

40 ms
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M. |. Faley et al., Physics Procedia 36, 66 (2012).




Photograph of MEG measurement with high-T. SQUID
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M. |. Faley et al., Physics Procedia 36, 66 (2012).




Contour plot of auditory evoked field and arrangement
of low-T. sensors
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Epoch: 1 Latency: 104.963 ms Date: Wed Jun 29 10:36:16 2011
Contour Min: -420 fT Contour Max: 360 fT Contour Step: 10 fT
Smoothed: ON
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M. |. Faley et al., Physics Procedia 36, 66 (2012).




BbiBoAbI

NMony4yeHbl BbicOKOoKavyecTBeHHble BTCI1 nneHkun, gxxosecgcoHoBCKMue
nepexoabl un NT CKBUObI Ha nognoxkax MgO. U3y4yeHbl ux
MUKPOCTPYKTYPHbIE U 3NEKTPOTPaAHCNOPTHbLIE CBOMUCTBA.

U3yueH rpadoanutakcnmanbHbin pocT nneHok YBCO Ha cTyneHbKax Ha
noanoxkax MgO. ObHapyxeHa BO3MOXHOCTb yrnpaBrieHUs1 HanpaBneHuem
pocTa NfeHoOK B NNOCKOCTU ab n ABe npenMMmyllecTBEeHHbIe OpUeHTaLumn
BepTuKanbHoro pocta: 0° n 45°, yTo NO03BONMNO co3a4aTbh BOCNPOU3IBOAUMbBIE
45-rpagycHble nepexoabl Ha CTyneHbKe (NogaHa 3asiBKa Ha NaTeHT).

YyscTtBuTenbHoctb BTCI1 CKBUoB goctatouyHa AnAa HabnwaeHusa
MarHuToaHuedanorpadgum YyenoBeka ¢c OTHOLWEHUEM CUrHan/Wwym
NpPUoNNXarwWmMMCcA K OTHOLWEHUI0 curHan/wym kommepydyeckon HTCI MaArr
CUCTEMBI.
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[lepcnekTuBbI

= U3rotoBneHue n uccrnegoBaHme MHOrokaHanbHbIX
cuctem gnsa M3Ir.

= Anpob6upoBaHue HOBbLIX NepexoaoB ANA NpUemMa U
reHepauuu TeparepuoBOro N3ny4yeHus.

= Opyrve npumeHeHunsa BTCI1 nepexogos n CKBUoB.

= COoTpyAHMYECTBO NO OMOMArHUTHbLIM N TeparepuoBbIM
U3MepuTenbHbIM CUCTEMAM.
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