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Study of vortex state in mesoscopic superconductors by Hall magnetometry
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Introduction Experiment

|Vortex state in a mesoscopic superconductor| Sample fabrication| By use of electron beam lithography Measurement

Sample size ~ coherence length & . GaAs Choice of I /V probes --- Two-letter-label \— L1 —(
--- Interaction between vortex and boundary becomes important. —I ‘ ‘ L Tc | TR

AlGaAs L, C, R=Voltage Probe —| [

Bulk superconductor Mesoscopic superconductor GaAs 4 ML|MC MR -

--- Abrikosov lattice --- affected by sample geometry Al T M. B = Current lead BL BC B

R
 Thickness ~ 240 nm . e _ )— —k
. . . . 2DEG (60 nm below surface) Lock-in amplifier : l,,= 1 pA , Freq. = 23 Hz T T
. . . ‘ . Property @ 1.6 K
‘ « Mobility ~ 64 Vs/m?
. . . « Density ~ 3.5+10'5 m™2
« Mean free path ~ 6.5 um
MVS GVS

eT,~12K : !
«&~240 nm He cryostat : T ;,~ 350 mK, AT <1 mK Probed area
Conversion
Anti-vortex
Superconductor
Hall magnetometry P
Hall resistance R, = V /I

* A ~300nm
Ry, = Local magnetic field By,., = Contribution of vortices AB

Hole (240 nm)
* Enhance four-fold symmetry T<T

=> Stabilize antivortex AW reissner state
« Separate vortices from antivortex R, .

--- dependent on B at cross-section. 8 Nt
Change of vortex state T<T, - l AB \ ,,,,,,,
=> Change of local magnetic field e
= Change of Ry, / / -
Multi-probe =» Field distribution By B L
Result 350 mK UP Discussion —
Change of vortex configuration is speculated for
Minor loo I * T~350 mK, 700 mK
P o hd °© « Sweep direction : UP, DOWN
Large hysteresis due to thg surface barrier o ([ The results were almost the same.
= Measurement of the minor-loop =) o Step Il and 111 have two choices for each.
(i) Set the start field
(ii) Sweep up/down to the target field and measure Ry 350 mK DOWN
(iii) Repeat (i) and (ii) 350 mK UPl 700 mK UP/DOWN
Each branch = different vortex state
) ~
NESRE .‘ S AB = const n-i|o® Y i | o ® ‘. | Difference = position of this vortex.
Eof ] --- Vortex configuration is not changed. : ® : ¢./ -+ The stability is not so different.
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< ] = The exit of vortices 2
2T ] \ E ! AT B = " Easyto get out Not occupied.
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B 2-T¢ E = 0 e 1 =0 1= --- Strong expulsion from third vortex
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AB=0 --- No vortex is near the probed areé/

Pinned by the hole No vortex = Meissner state




