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Pulsed-magnetic-field measurements of Hall potential oscillations ia-(BEDT-TTF),TIHg(SCN),
within the quantum Hall regime
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Using a variant of the Corbino geometry in pulsed magnetic fields of up to 60 T, we have made direct
measurements of the Hall potential in(BEDT-TTF),TIHg(SCN), within the quantum Hall regime. This
method enables the in-plane components of the resistivity tensor, which are normally very difficult to measure,
to be investigated and the nonlinear behavior of the sampl¥’€haracteristics to be studied. It is found that
an increasing probability of magnetic breakdown at higher fields leads to a degradation of the quantum Hall
effect.[S0163-182@99)50116-1

The quasi-two-dimensional(Q2D) metallic charge- In this paper, we describe measurements of the Hall po-
transfer salts a-(BEDT-TTF),MHg(SCN),, whereM =K, tential in a-(BEDT-TTF),TIHg(SCN), in this high-field
Tl, have attracted considerable attention over the past eighiinge, made using an analog of the Corbino geométgy.
years(see Ref. 2 and references therein for a recent review 1) applied to semiconductor systeffsRather than applying
One of the remarkable features of these salts is their ele@n external electric field, we have exploited the annular elec-
tronic density of state$DOS) at low temperatures in mag- tric field caused by the changing magnetic field of a pulsed-
netic fields ofB~30 T and above, applied perpendicular to field magnet when applied perpendicular to the sample’s
the Q2D planes. At such fields, the Fermi surf§€8) con-  conducting planes, this induces a circulating curfért,
sists of a Q2D hole pocket and a pair of quasi-one-which produces a Hall electric field, perpendicular to both
dimensional(Q1D) sheet$. In many samples, the Landau B and the currentE,, will be roughly radial in a cylindrical
levels associated with the Q2D FS section are very sharplgample in whichp,,~p,,, leading to a Hall potentiaV/y,
resolved; atB~30 T, the Landau-level spacindiw.  between the center and the outer edge of the sample. In a
~1.4 meV, while the broadening due to scattering issample with a circular cross section of radajs
~0.07 meV and the interplane bandwidth~€9.2 meVv3*
In contrast, the Q1D FS sections give a continuous contribu- ,IB pyy
tion to the DOS! The form of the DOS has a profound effect Vy~a 5t o
on the motion of the chemical potentiat asB is swept,u Pl
is alternately pinned within the sharp Landau levels and thes |ong as the charge transport is ohrfiie., the induced
Q1D states between the Landau levilsWhile w is be-  cyrrent is proportional t@B/at).
tween Landau levels, the carriers involved in charge trans- Equation(1) reveals one of the motivations for measuring
port cannot perform the closed orbits necessary to causg,: normally, the large inter/intra-plane anisotropy of
changes in the Hall resistivity,,, which therefore remains BEDT-TTF salts means that) and p,, are extremely diffi-

“ ” ,.6 1 . . . . .
frozen” at a constant valué;” it has been shown that the ¢yt to measure reliabl}f: especially at high magnetic fields.
plateaux inpy thus produced correspond to a manifestationyowever, Eq(1) can be rearranged to give

of the quantum Hall effediQHE).® 1! At the same fields, the
resistivity component p“w%(px)ﬁr pyy) exhibits deep

@

minima’®1® and the interplane resistivity,, shows large Py Vu @)
maxima® Pl a?(dBlat)
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BI[T] of current models of the BS

FIG. 1. (a) Measured Hall potential,, atT=400 mK forrising  tween the center and the edge of the samplehe back-
magnetic field, applied perpendicular to the Q2D layers. The dasheground induced voltage due to the open loop area between
line denotes the cyclotron energy divided by the electronic chargethe wires has been subtracted. At fields below the kink tran-
fhiw.le. (b) The interplane resistivity,, for the same sample & sition (atB~26 T in theM =Tl salt’'% marking the bound-
=2.1 K(solid curvé andT=400 mK (dotted curve The insetis ary between the low- and the high-field state, the signal
a schematic of the contact arrangement used to measure the Halisplays a strongly split wave form resembling Zeeman spin
potential; the dashed curves are the electric field lines for positivesplitting, in common with other types of quantum oscilla-
JB/at. tions observed ina-(BEDT-TTF),MHg(SCN),, M=K,

T1.237181%0nceq-(BEDT-TTF),TIHg(SCN), fully reaches
implying that a measurement &f, will give information its high-field phase aboveB~30 T, strong oscillations oc-
about the in-plane resistivity tensor components. cur in Vy. These result from the fact thay now exhibits

Ideally, a Corbino geometry sample should be a disk withvery deep minima due to the QHE®! The Hall resistivity
a pair of ring contacts, one about a hole in the center, and thg,, and the in-plane resistivity; oscillate in antiphase, with
other around the eddé. Since single crystals of peaks inpyy, and therefore peaks My [Eq. (1)], occurring
a-(BEDT-TTF),TIHg(SCN), are of a nonideal shape, we wheneveru lies between adjacent Landau lev&i8 Figure
have placed one contact on the center of the top surface aridb) shows the interplane resistivity,, measured on the
one at the edgésee Fig. 1; in contrast to conventional semi- same sample using conventional technicuiesAt T
conductor systemsg-(BEDT-TTF),TIHg(SCN), is essen- =2.1 K, the peak positions coincide with the fields wheare
tially metallic, so that external contacts have little effect onlies between Landau levels; this is expected from theories
the charge distribution within the sample, ameliorating themodeling the bulk interplane transp8rtHowever, atT
nonideal contact geometry. In addition, there is evidéhte =400 mK, the oscillations irp,, reverse phase, indicating
that the electronic states at the edges of samples ahe presence of a chiral Fermi liquid around the edges of the
a-(BEDT-TTF),MHg(SCN),, M=K, TI, constitute a chi- sample'®>?
ral Fermi liquid® of high electrical conductivity at low tem- Figure 2 shows the measured Hall voltage divided by
peratures and magnetic fields greater than 30 T; this wilk?(9B/dt) [see Eq(2); a~0.5 mm for the present sample
ensure that the whole of the sample edge is essentially atompared with the ratio o, and pj, obtained from con-
equipotential. Below we will show that such a situation oc-ventional magnetotransport experiments in quasistatic fields,
curs in the present experiment. The uniformity of BEDT- provided by a Bitter magnet at NHMFL, Tallahassee; lock-in
TTF salts ensures that the variation of the Hall fielgwith  techniques with an ac sample current of LA and 37 Hz
distancer from the center is approximately the same fromhave been applied along with special peripheral contaots
one layer to the next. With the contacts placed as in Fig. lobtainp andp,, . In order to compensate for the geometri-
the measured voltage should therefore be the same as that il differences between the two measurements, the data sets
a single layer. have been scaled to ensure that the oscillations within the

Contact resistances of-10 ) were obtained using low-field phase(well clear of the QHE regimeare of the
graphite paint; the voltage leads were connected to a higbame siz€2 Once the high-field phase is entered, the oscil-
impedance amplifier. Pulsed magnetic fields of up to 60 Tlations are notably larger in the static-field data. In order to
with a rise time to peak field o 10 ms, were provided by understand the difference between the pulsed- and
the NHMFL, Los Alamos;® temperatures down to 400 mK quasistatic-field measurements, we must understand the rela-
were obtained using a plastitHe refrigerator. tionship between the circulating curreinin the sample and

Figure Xa) shows the Hall potential/y;, measured be- its driving electromotive forc&/, provided bydB/at.
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FIG. 3. (a) Peak-to-peak siz€P of the oscillation amplitude of
Vy versusdB/at for different fieldsB=30 T, 35 T, 40 T andr
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background of Q1D statgsvill be weakened by increasing
the temperature; the consequent broadening of the Fermi-
Dirac distribution function aroung. will allow electrons to
access some of the Q2D states, even wjperis between
Landau level$. Thus, the minima iy will be much more
shallow®° greatly restricting the peak current that can flow
in the sample. Hence, at 1.5 K, the peak-to-peak size of the
oscillations inVy is reduce@?’ and the sample’s-V char-
acteristics are apparently ohmic, with linear fits extrapolating
through the origifFig. 3(b)].

An effect that will severely change the form of the elec-
tronic DOS is the onset of magnetic breakdo(WiB) be-
tween the Q1D and Q2D sections of the (S8e inset to Fig.
2).28 MB has been measured in the high-field phase of
a-(BEDT-TTF),KHg(SCN), in both magnetizatiofi-*° and

=400 mK; the curves, which are intended only as guides to thesteady-field transport experimeﬁfsrevealing a breakdown
eye, are fits to the data of the functionV} field of Bo~(70+10) T. A similar value can be assumed
=(y(ﬁB/ﬁt)VL"m)/(y(ﬁB/&t)+V','4m),A which has the correct |Im|t|ng for the M=TI Compoundz_gvgo This has profound conse-
behavior for gB/dt) — 0. HereVI™  which represents the limit- quences for the likelihood of the QHE at high magnetic
ing value of Vy caused by the current saturation, apdare fit  goj4s MB provides a mechanism whereby carriers from the
parameters(bnghe same folT=1.5 K, this time using linear fits Q1D sheets of the FS can tunnel through to the Q2D sections
of the formViy=y(B/dt). and perform closed orbits, allowing them to contribute to the
Hall conductivity. It also introduces Q2D structure in the
The 1-V characteristics of the in-plane resistivity in the DOS between Landau levels3? Therefore, both the deep
pulsed-field measurement can be deduced by plotpg minima in pj and the plateaux ip,, will be removed, de-
versusgB/dt at a constant field, taking into account that stroying the QHE. Assumin@, to be ~70 T, the break-
the induced voltage at distangefrom the center will be  down probabilitye Bo’® increase® from ~6% at 25 T to
V=(r/2)(dB/at) and thatl =Vy/p,, (pxy is constant at a ~21% at 45 T. The increasing importance of MB is the most
particular field and temperatyreFigure 3 shows such a plot |ikely cause of the tendency of the peak Hall potential energy
for the temperature$ =400 mK and 1.5 K. In order to re- to fall below# w, as the field increases beyord37 T. This
move any systematic errors in subtracting the backgroungs confirmed by the fact that the greatest nonlinearity in the
induced voltage due to the open loop area between the wirep,y characteristics is seen &=35 T, with the values at
the peak-to-peak size[} of the oscillations iV, has been B=40 T showing a smaller current and slightly more ohmic
measured. Data are shown in Fig. 3 for fields closeBto behavior[Fig. 3(@)].
=30 T, 35T, and 40 T, the sweep ratB/Jt was varied by We therefore conclude that the QHE in
changing the voltage to which the capacitor bank wasy-(BEDT-TTF),MHg(SCN),, M=K, Tl, is only possible
charged® For T=400 mK, we find that is proportional to  over a restricted range of magnetic field and by a fortuitous
dB/dt at low magnetic fields, i.e., the sample behaves in arset of circumstances. Owing to the persistence of vestiges of
ohmic fashion. Within the QHE regime, however, this de-their low-field states;’ these materials only attain the elec-
pendence becomes nonlinear, indicating a saturation of thgonic DOS required to observe the QHE abow
induced current at a critical valy€ig. 3@)]. This saturation ~27 T (M=K) and 30 T M =TI). However, the increas-
will restrict the size ofVy, explaining whyV,/(a?dB/dt) ing probability of MB will start to destroy the effect above
derived from pulsed-field measurements is smaller than thB~37 T. Hence, there is only a small field region over
ratio p,,/p| obtained from steady-field dataee Fig. 2 In  which plateaux in the Hall resitivity,, can be observed.
the quasistatic-field experiment, only the externally applied In summary, we have used a variant of the Corbino ge-
current (~10 w«A) is flowing in the sample; this is typically ometry in pulsed magnetic fields to obtain measurements of
several orders of magnitude smaller than the critical cuftent.quantum oscillations of the Hall potential in a crystal of
The current saturation is thought to be due to mechanisma-(BEDT-TTF),TIHg(SCN),. This enables the in-plane
such as Zener tunneling between Landau levels at the sampti@mponents of the resistivity tensor and the nonlinear behav-
edges:®?® This leads to a dissipation of the induced currentior of the |-V characteristics within the quantum Hall regime
and thus to breakdown of the QHE? The maximum Hall  to be studied. This can be used to establish the range of field
potential energy dropVy, between the center and the perim- over which the QHE is realized im-phase BEDT-TTF
eter of the sample is therefore limited by the Landau-levektharge-transfer salts.
spacingi w.. Figure 1a) shows that between 27 T and 37
T, the values of the peaks df, coincide with the cyclotron
energy* % w, divided bye. This is in agreement with esti- This work was supported by EPSRU.K.). The work
mates of the peak circulating current made in magnetizatiogarried out at the NHMFL at Los Alamos and Tallahassee
experiments:*° was supported by the DOE, NSF, and the state of Florida.
The effects of the extreme nature of the electronic DOSNe would like to thank Dr. J.T. Chalker and Dr. H. Yaguchi
(almost s-function-like Q2D Landau levels with a smooth for very helpful discussions.
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