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Contactless Resistivity Measurement for Quantum Phenomenon Studies

C. Colllott, S. Nanot?, B. Jouault®, P. Landois® and S. Contreras!
‘Laboratoire Charles Coulomb (L2C), University of Montpellier (FRANCE), CNRS

‘Abstract : This work explores a contactless resistivity measurement method dedicated to the study of quantum\
phenomena. The method belongs to the category of RadioFrequency (RF) eddy currents and is based on a gradiometric

inductive coil. )
/Context: The resistivity measurement is a /  Resistivity oscillations phenomenon @ low Tand highB

trivial way to characterize and study ~ Low temperature revealsthe quan- A E

electronic properties of materials. tization of energy levels. Landau

The experimental methods based on = Magnetic field (B) accentuates the i = + levels (i)

electrical contacts (needle probe and/or wire | separation of the energy levels [4,5]. g - ___ . L.

bonding) are: When an energy level (i) crosses the | =3 »

. : : Y

- Van der Pauw method [1] - o= qnj Fermi level (Ef), it tecomes depleted = hao,

- Hall eFfect V., =IB/ng and the result is a release of charge — = v

Drawbacks : parasitic contact resistance, @~ caffiers modlfymg the resistivity. =1

mechanical alteration of the surface, Schottky | Thus, when B increases resistivity oy

barrier or thermoelectric effect. oscillations occurs (=Shubnikov de Sampl

Contactless  resistivity =~ measurement | Haasoscillations). ampie

methods: capacitive, RF eddy current, or | The period of oscillations is | = A (l)_Z_q
\microwave 12,3]. / \related to the carrier concentration : B’~ nh /
ﬁhe susceptometer:a Rh / Overview of the analytic modelling \

eddy current technique Resolution of the Maxwell-equations et a0 @ 100K —varows R ratos

. , => Bz distribution inside the sample iz R(=0,5mm)/H(=2mm)=0,25

EXC.ItatIOﬂ coil pr.od.uces d + dipolar magnetic moment (Bp(r)) : 1-4 —R(iU.SmmeH_(zlmnjFD.s

variable magnetic field — L N ey

inducing eddy currents P E——— .

inside the sample to be
characterized => the
magnetic field is expelled
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\ d¢(f) Analytic model vs measurment

120
BZ (r)_ Bsample / 2\ 3/2 7 1 100 — 3¢ ("Wh) — Measurement
4 r2+(&> 4\/r2+(ﬂ) — 80 — 3¢ (NWb) — Analytic model
FEM Simulation= : \ 2 | / E & 0, fit)~1,1X107° Q. m
Gr?diometric B =By Jolr/k & I(r):frje(r')zm”'Hs ar'
coil measures e Jo(Rs/k) 0 .:.
the unbalanced ) with kZ:_l/(j CUO'MO) 1000 meu ] 100000
induced voltage: Outside the sample (Rs>r>Rgradio) i
\(‘Seoca)égb(p,a),RS,Hs)/ Qsample:]g0 & sz::sj@(r')an'Hsdr —>5¢(,0,a),RS,HS):fO Bz(r)ZJrrdr/
/ Experimental Setup \ / .Results \
Susceptometer design Liquid-Helium Cryostat A sample of cubic HOPG was measured

Cryostat (@4K)+ into the cryostat @4,2K & @100kHz
B Gradiometric voltage (HOPG sample) = f(B)
A(1/B)~0,25(T")
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Oriented =—\ Supra coils Magnetic field (T)

Pyrolytic S8~ & NA Ngradio-col ' The obtained carrier concentration is
Qaphite) - / consistent with litterature [6] /
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