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Abstract

Detailed studies of the magnetic field orientation on magnetic quantum oscillations in two charge transfer salts of

the molecule ET have been carried out. .After all conventional mechanisms affecting quantum oscillations have been
accounted for, we find that the amplitude of the oscillations has an underlying dependence exp(–a tan 0), where
f3 is the angle between the normal to the highly-conducting layers and the magnetic field, and a is a constant.
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Whether layered organic metals possess true

three dimensional (3D) Fermi surfaces, or whether
the interlayer transport is incoherent, has excited

considerable recent interest (see e.g. [1,2]). As the
temperature is raised, the resistivity in the inter-
layer direction rapidly passes the size at which
the mean-free-path is smaller than the layer sep-
aration. McKenzie and Moses have thus proposed
that the Fermi surface of ET salts are not neces-
sarily extended in the interlayer direction [1]. They

show that phenomena such as angle-dependent

magnetoresistance oscillations [3] do not neces-

sarily imply Fermi surfaces that are extended
in the interplane direction; “weakly incoherent
interlayer transport” , in which a quasiparticle
tunnels coherently between adjacent layers, but is
scattered before subsequent tunneling processes,
can give rise to similar phenomena. This paper
reports qutmtum oscillation experiments carried
out to detect any change in quantum oscillation
behaviour at different field orientations. We find
an anomalous angle dependence of the quantum
oscillation amplitude which was observed in two
very different ET charg+transfer salts and we

tentatively interpret this in terms of interplane
tunneling effects.

The samples studied were single crys-

t als of a-( ET)2. NH4Hg(SCN)4 and P’-
(ET)2SFSCH2CFZSOS, of approximate size 1 x 1 x

0.5 mm3. Both materials possess Fermi surfaces
consisting of a quasi-two-dimensional (Q2D)
pocket plus a pair of QID sheets [5]. De Haas-van
.41phen oscillations were measured using standard
field-modulation methods [5]. Temperatures down

to 20 mK were provided by a dilution refrigerator,

and magnetic fields were generated by a 13.5 T
superconductive solenoid. Shubnikov-de Haas os-
cillations were studied at fields of up to 33 T in a
Bitter magnet at NHMFL, Tallahassee, using low-
frequency AC techniques described elsewhere [6].
In this configuration, the measured resistance is
proportional to p=. [6]. The samples were moun-
ted in a cryostat which provided temperatures
between 1.35 K and 4.2 K, and allowed the sample
to be rotated around two mutually perpend~cular
axes [6]. The amplitude A of magnetic quantum
oscillations of frequency F caused by a Q2D
Fermi surface should be described by the following
variant of the Lifshitz-Kosevich formula [8]:
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Table 1
Experimentally determined values of m“, g“ and TD.

Material Expt. m“ (me) g“ TD (K;

a-(ET)2(NH4)Hg(SCN)4 SdH 2.7 2.25 2.0

a-(ET)2(NH4)Hg(SCN)4 dHvA 2.7 2.251 1.0

6“-(ET)2SFSCH2CF2S03 SdH 2.0 2.05 2.0

Fig. 1. upper Figure: predicted amplitude of quantum os-

cillations in ci-(BEDT-TTF)2NH4 (SCX)4 versus tilt angle

0, obtained using Eqn. 1 and the parameters in Table 1, The

dashed and dotted lines show the angle dependence of Rr,

RD and Rs; the solid line is Eqn. 1. The modulus of amp-

Litude is shown. Lower Figure: measured amplitude of Shub-

nikov-de Haas oscillations in ~-( BEDT-TTF)2NH4(SCN)4

versus tilt angle 6.

~Fm)2coS(2T[(&)–+l)~TRD& (1)A cx (—
e e

where Beff = B cos 0. Here RT, RD and Rs are

damping terms due to finite temperature, finite
scattering rate and electron spin, respectively [5].

Shubnikov-de Haas and de Haas-van Alphen

oscillations obtained for each angle were Four-
ier transformed. Values of m*, TD and g* were
found using conventional methods at O = 0° [5].
These values, summarised in Table 1 are in good
agreement with previous studies [5].

The parameters from Table 1 are then used in
Eqn. 1 to predict the angle-dependent amplitude of
the quantum oscillations (Fig. 1; top section) which
may be compared with the experimental angle de-

pendence (Fig. 1; bottom section). It is obvious
from Fig. 1 that the experimental amplitudes fall
off more rapidly with increasing angle than do the
theoretical predictions.

Fig. 2 shows the experimental quantum oscilla-
tion amplitudes divided by Eqn. 1 plotted against
tan 6 using a logarithmic vertical scale. There is
some scatter of experimental points caused by the
difficulty of accurate normalisation close to the
spin zeros. However, it is plain that the data for
both materials and for the two different techniques
map roughly onto straight lines, i.e., the exper-
imental angle dependence of the Wplitude A of
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Fig. 2. Natural logarithm of the ratio of experimental
quantumoscillationamplitudeto the predction of Eqn. 1
versus tan 6. The lines are straight-line fits to the data.

magnetic quantum oscillations includes a term pro-
portional to exp(–a tan 6), where a is a constant.

The cause of thh extra damping term is unciear,
but one possibility is an interlayer, inter-Landau
level coupling caused by the in-plane component of

the field [9]. Thk could lead to an apparent broad-

ening of the Landau levels scaling as tan 0. Sim-

ulations are being carried out to investigate this
possibility.

In summary, we have demonstrated a new damp-

ing term exp(–a tan 6) in the angle dependence of
the amplitude of the quantum oscillations of two
quite different ET salts. The effect occurs in both
magnetisation and magnetoresistance, suggesting
that it might be a very general phenomenon in Q2D
organic conductors.
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DISCLAIMER

This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or
implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States
Government or any agency thereof.
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