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de Haas —van Alphen studies of the organic superconductors a-(ET)z(NH4)Hg(SCN)4
and z-(ET)2Cu(NCS)2 [with ET = bis(ethelenedithio)-tetrathiafulvalene]
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We report measurements of the de Haas —van Alphen (dHvA) effect in the organic superconductors
a-( ET)2(NH4) Hg(SCN)4 and ~-(ET)zCu( NCS )2 in fields up to 15 T and temperatures down to 0.45 K. In
both compounds, the perfect 1/cost9 behavior of the dHvA frequency for angles 8 of the applied field up
to 70' from the normal to the conducting planes shows the strong two-dimensionality of the Fermi sur-
face (FS). The angle-dependent magnetic-breakdown orbit found in ~-(ET)2Cu(NCS)2 hints at a small
warping of the FS. The unusual angular dependence of the dHvA amplitude with up to 4 spin splitting
zeros is quantitatively explainable by a 1/cos8 dependence of the bare band cyclotron-resonance
effective mass. This distinctive behavior allows the separation of the mass enhancement due to electron-
phonon coupling from the measured cyclotron-resonance effective mass and the estimation of the super-
conducting transition temperatures with the standard BCS formula, which are in qualitative agreement
with the observed values.

I. INTRODUCTION

Since the discovery of the organic superconductor
(TMTSF)zPF& (T, =0.9 K at 12 kbar) (Ref. 1) in 1979,
where TMTSF stands for tetramethyltetraselenaful-
valene, almost 40 different organic superconductors have
been discovered, and T, has increased to just below
13 K at 0.3 kbar in a-(BEDT-TTF)2CulN(CN)q]C1.
Especially, charge-transfer salts based on the electron-
donor molecule BEDT-TTF [or ET=bis(ethylene-
dithio)-tetrathiafulvalene] constitute the largest family of
organic superconductors, and are the most promising for
even higher T, . Salts of the type (ET)2X, where X stands
for a monovalent anion, are characterized by a layered
structure, where sheets of ET molecules form a two-
dimensional (2D) conducting plane and the anions X
serve mainly as a separation layer.

Progress in the synthesis and in the techniques for
growing high-purity organic crystals of the ET family al-
lowed the observation of magnetic quantum oscillations,
starting recently with the Shubnikov —de Haas (SdH)
effect in ~-(ET)zCu(NCS)z, followed by a still growing
number of other (ET) salts. These experiments revealed
important information on the electronic band structure
and the Fermi surface (FS) in organic metals. A common
feature of all the organic compounds investigated so far is
the two-dimensional band structure, i.e., an almost cylin-
drical form of the FS, which is responsible for unusual
properties such as the very large rnagnetoresistance oscil-
lations in P-(ET}213, and a sawtooth form of the de
Haas —van Alphen (dHvA) signal in 8-(ET)213, as pre-
dicted by calculations of a 2D electron gas in a strong
magnetic field. The observation of these effects is only
possible if the electronic interlayer coupling is much
weaker than the intralayer coupling between adjacent ET
molecules forming the conducting planes. Nevertheless,
this interlayer coupling is strong enough to cause a slight-

ly corrugated cylindrical form of the FS in the simplest
assumption resulting in two extremal areas of the FS
yielding a beat pattern in SdH or dHvA signals as seen,
for example, in P-(ET)2IBrz. ' This warped structure of
the FS also results in a distinctive kind of angular change
of the beat frequency and the absolute amplitude of the
dHvA signal if the field is inclined from the cylinder
axis. " The angular dependence of the dHvA amplitude,
i.e., the increase at 0=15'—25', in a-(ET)zCu(NCS)2, for
example, has been thought to be due to a warped FS."'
As we have pointed out already in a previous„shorter
work, ' this assumption is not correct and we will show
in the following that the observed effect can be quantita-
tively explained by the angular change of the effective
mass. Here we focus on the dHvA effect in the organic
superconductors a-(ET)2(NH4)Hg(SCN)~ (T, =1 K) (Ref.
14) and v-(ET)2Cu(NCS)2 (T, =10 K), '5 and present a
comprehensive overview of our dHvA measurements in
these materials. Although several SdH studies ex-
ist, ' ' only one dHvA measurement for
(ET)2Cu(NCS)2, and, to date, one SdH study for a-
(ET)2(NH~)Hg(SCN)4 have been reported. ' We present
for both compounds a detailed study of the angular
dependences of the extremal area of the FS, of the dHvA
amplitude, and of the cyclotron-resonance effective mass.
We will discuss in detail the direct observation of spin
splitting in a-(ET}2(NH4)Hg(SCN)~ and the observed
angle-dependent magnetic-breakdown orbit in
(ET}~Cu(NCS)2.

II. EXPERIMENT

The high-purity single crystals of z-(ET)zCu(NCS)2 and
a-(ET)2(NH4)Hg(SCN)4 were grown by electrocrystalliza-
tion with a constant current applied over a few weeks re-
sulting in plate-shaped samples of a few mm side length
and smaller thickness. Samples used for the rneasure-
rnents consisted of irregular-shaped plates with an area of
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-0.8 X0.8 mm and a thickness of -0.5 mm. The
orientation of the mounted crystals was carefully checked
with a four-circle x-ray diffractometer.

The dHvA effect was measured in a He cryostat using
the field modulation technique. The samples were
mounted in a rotatable sample holder in the center of a
superconducting magnet providing fields up to H =15 T.
For a field orientation perpendicular to the conducting
planes (8=0') and at temperatures of 0.5 K in both crys-
tals, the oscillations were visible above -5.5 T. For
fields between 10 and 15 T, the dHvA signal of each crys-
tal was measured at more than 70 different angles be-
tween 8=270'. The modulation field (f=74 Hz) of a
few hundred Gauss was applied parallel to the slowly
varying field H. The dHvA signal was detected at 2f in a
pair of compensated pickup coils with a lock-in amplifier
and registered and stored in equidistant steps of 1/H.
Fast Fourier transformations (FFT) were made for each
field sweep run in order to obtain the dHvA frequency
spectrum. The fundamental dHvA frequency F was
determined to better than 0.5%%uo by plotting the arbitrary
number of the oscillation maxima versus 1/H. The slope
of the fit line obtained by linear regression of these data
directly gives the frequency F. The cyclotron effective
masses p, =m, /m, were obtained by measuring a few
periods of the dHvA oscillations for at least eight
different temperatures, recovering the dHvA amplitude
M(8) via FFT and fitting the data to the usual formula
M /T ~ 1/sinh( ap, T/H ) with a =2n kz m,

/equi

= 14.69
T/K. The dHvA signal was measured with a field-
calibrated RuO-SMD resistor in the temperature range
between 0.45 and approximately 1.5 K.

III. RESULTS AND DISCUSSION

A. a-(ET)q(NH4 }Hg(SCN)~

Two different samples were measured, of which the
first one showed only weak oscillations because of the
small weight of the sample and the high Dingle tempera-
ture of TD =1.3 K. The second crystal on which we will
focus in the following was of much better quality with
TD =0.6+0. 1 K. Figure 1 shows a typical result of our
dHvA measurements between 5 and 15 T. Oscillations of
the magnetization with one frequency, F =580 T, pro-
portional to the extremal cross-sectional area A of the FS
(A =2~eF/fi), are clearly visible starting at 6 T. The
Fourier transform of the data between 10 and 15 T,
shown in the inset of Fig. 1, reveals the good signal-to-
noise ratio of the measurement and the spectral purity of
the data. At the angle 0= —12', where the data were tak-
en, almost no second harmonic at 2F is visible.

We were able to measure dHvA oscillations in a-
(ET}z(NH4}Hg(SCN)4 for field angles 8 between —71' and
+71 . Figure 2 shows the measured angular dependence
of the fundamental dHvA frequency F. The data follow
perfectly the behavior F =F0/cos(8), shown by the solid
line, as expected for a cylindrical FS. The minimum fre-
quency Fp=566. 7+1 T is in agreement with a previous
SdH study reporting Fp 560 T. ' Although no band-
structure calculations are available for this compound,
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FIG. 1. Magnetization of a-(ET)2(NH4)Hg(SCN)4 vs magnet-
ic field, applied at an angle of 8= —12' normal to the conduct-
ing planes. The inset shows the FFT of the data between 10 and
15 T.
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FIG. 2. Angular dependence of the dHvA frequency in a-
(ET)2(NH4)Hg(SCN)4 with the solid line showing the 1/cos(8)
behavior. An angle of 0=0' means H is normal to the conduct-
ing planes. The inset shows the angular dependence of the cy-
clotron e5'ective mass p, =m, /m, with the fit curve obtained
using Eq. (2).

the electronic structure should look similar to that of a-
(ET)2KHg(SCN)4, where a closed orbit with an area close
to the observed value has been predicted and experi-
mentally observed. While the dHvA frequency shows a
behavior expected for a 2D electronic structure, dramatic
effects in the dHvA amplitude M(8) were observed. As
an example, Fig. 3 shows the oscillating part of the mag-
netization at 8=26 (the same behavior has been found
for 8= —26') between 10 and 15 T versus the inverse of
the field. The absolute amplitude of the oscillation is now
reduced compared to the data of Fig. 1 by a factor of -8.
The Fourier transform, although with a somewhat re-
duced signal-to-noise ratio, clearly reveals two peaks.
The first peak at F, =630 T corresponds to the funda-
mental dHvA frequency expected from the 1/cos(8)
dependence of Fig. 2. The second, larger, peak at exactly
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2F, does not belong to a new orbit, but is the second har-
monic of the fundamental. Obviously, at this angle the
spin-splitting factor cos(rag/z&/2) in the Lifshitz-
Kosevich formula (g is the spin g factor averaged over a
cyclotron orbit and 1Mb=mb/m, is the band-structure
eff'ective mass in relative units) is close to zero for the
fundamental (r =1) and, consequently, maximal for the
second harmonic (r =2). The observed maxima in the
measured magnetization oscillations at 0=26 can be as-
cribed to two sets of Landau levels separated in energy by
be= ,'g/3, H, —with P, =eh'/m, c =2 Bohr magnetons.
The Landau levels themselves are separated by %co, .
Therefore, the measured magnetization is the superposi-
tion of two sets of oscillations shifted by C =2m.hc. /Ace,
yielding the above-mentioned spin-splitting factor.

From the observed direct spin splitting shown in Fig.
3, we can extract more information about gpb. The field

H, where the Landau level n just crosses the FS, is given
25

F /H = n +y+ —,
' S,

where the phase constant y is normally close to —,
' and the

+ 55

spin-splitting parameter is defined as S=—,'grab. Plotting
the number of the Landau level versus the corresponding
inverse field, shown in the upper part of Fig. 3, yields by
linear regression of the data an average frequency for
both sets of F =627.0+1 T. The difference of the inter-
cepts of the fit lines at F/H =0 directly gives
S =2.43+0. 1. Because of the ambiguity of the correct
assignment of the Landau level number to the respective
magnetization maximum, without further information
the stated value of S is arbitrary. Actually, as can be seen
easily, every value fulfilling the condition S =r+Sp
with Sp=0.43+0. 1 would fit our data. Nevertheless,
from ESR measurements, ' the g value is known to be
close to 2, and as we will see later, the effective mass pb is
approximately 2.5 at this angle, resulting in S=2.5 and
showing the correct assignment of the Landau level num-
bers in Fig. 3. The phase constant then results in
@=0.54+0. 1 in accordance with the expected value of
0.5.

Inclining of the field to larger angles 0, the amplitude
of the fundamental dHvA frequency in a-
(ET)z(NH4)Hg(SCN)~ shows three additional maxima and
zeros. In Fig. 4 the measured harmonic ratio (HR) of the
fundamental M& to the second harmonic Mz is plotted as
the solid dots versus I9. At angles where the second har-
monic was not clearly observable, as, for example, in the
data shown in Fig. 1 and at angles greater than +50', the
noise level of the FFT was taken as an upper limit for this
amplitude, consequently, underestimating the HR at
these angles. The points with vanishing M& show up as
minima (e.g. , at +26') and those with vanishing Mz as
maxima (e.g. , at —12') in the HR. Obviously, in a-
(ET)z(NEI4)Hg(SCN)4 the spin-splitting parameter S, i.e.,
either g or pb, is strongly angular dependent. From ESR
measurements' only a slight decrease of -0.5% of g
with angle was found suggesting the effective mass to be
the changing part.

The bare-band mass is given by mb = (fi /2m )(BA /BE)
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FIG. 3. The lower part shows the magnetization of o.-

(ET)z(NH4)Hg(SCN)4 vs the reciprocal field at 0=26'. The inset
shows the FFT of the data. The upper part shows the number
for the two sets of Landau levels for spin parallel and spin anti-
parallel to the applied field. The solid lines are linear fits of the
data yielding a dHvA frequency F =627+1 T.
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FIG. 4. Angular dependence of the ratio of the fundamental
to the second harmonic amplitude of the measured dHvA oscil-
lations for a-(ET)~(NH4)Hg(SCN)4. The solid line represents
the harmonic ratio calculated using Eq. (3).



45 DE HAAS —VAN ALPHEN STUDIES OF THE ORGANIC. . . 3021

I c(8) pb0/cos(8)+pe-ph q (2)

resolving the mass into band structure, pb =pbo/cos(8),
and an electron-phonon contribution, p, h, was made.
This better description of the data with pbp=2. 23+0. 1

and p, ~h=0. 5+0.1 is shown in the inset of Fig. 2 as the
solid line. Now it is straightforward to explain the ob-
served angular dependence of the dHvA amplitude and
the measured HR. From the standard Lifshitz-Kosevich
formula, the HR can be easily derived:

M, (8) cos(ng pb /2) 2&2cosh(ap, T/H)
Mz(8) cos(~g pb ) exp( ap, TD /H)—

J2(2m.Fh/H )

J~(4m'/H )
(3)

where TD is the Dingle temperature, h is the modulation
field amplitude, and Jz(x)/J2(2x) is the ratio of the

Therefore, the 1/cos(8) dependence of the extremal area
A of the FS should also be reflected in mb. To prove this
assumption we measured the temperature dependence of
the dHvA amplitude to obtain the cyclotron effective
mass p„which is the bare-band mass enhanced by
electron-phonon interaction. Figure 5 shows a typical re-
sult of the effective mass determination for H almost per-
pendicular to the conducting planes (8=0.85'). The
dHvA amplitude M was measured in the field range
10—10.5 T between 0.46 and 1.3 K. The fit of M/T
versus 1/sinh(ap, T/H) results in p, =2.7+0.1. This
value is considerably larger than the value of p, =2. 1 re-
ported previously from SdH oscillations. ' The reason
for this discrepancy is not yet clear. Nevertheless, in
view of the following further analysis of our data, the
latter value seems to be rather small. The angular depen-
dence of p„measured at 11 different angles up to
8=+63', is shown in the inset of Fig. 2. A fit of the data
using the function p, =pa/cos(8) deviated somewhat
from the measured masses near 0=0'. Therefore, a
second fit of the form

Bessel functions of second order. The Bessel functions
are included in the above formula because of the modula-
tion field method, and in our experiment are always ap-
proximately constant at 0.25. From the measured, well-
defined, six extremal points of the HR, we obtain condi-
tions for the spin-splitting parameter S, i.e., gpb =2n —1

for the HR being zero and gpb =m —
—,
' for the HR being

infinity, with n and m integers. Assuming pb=pbp/
cos(8), the most probable values for gpbo are plotted in

Fig. 6 versus 0. With the fit value of pbp=2. 23 obtained
above, we get a g value close to 2 slightly increasing with
8 (-4% from 0' to 70') approximated by a linear depen-
dence as shown by the solid line in Fig. 6. With these an-
gular dependences of g and pb, with T =0.5 K, H =15
T, and TD =0.6+0. 1 K, we get an excellent quantitative
agreement of the calculated HR using Eq. (3), shown as
the solid line in Fig. 4, and the experimentally obtained
values. The value of H =15 T, necessary to fit the HR
data around 0', is somewhat large compared to the mea-
sured field range between 10 and 15 T. This discrepancy
may be explained by the error bar in TD.

Our experimental determination of both the enhanced
cyclotron mass and the bare-band mass from the same set
of dHvA data is unusual. The enhanced mass is obtained
from the temperature-dependent amplitude in the usual
way. The bare-band mass, determined by the spin-
splitting factor cos(mgp, b/2} appearing in the HR, is
found from the fit of the HR to the Lifshitz-Kosevich
form. This procedure is facilitated by the almost con-
stant g factor nearly equal to 2 and by the simple
1/cos(8) angular dependence of p,b.

With the measured values of the effective
mass and using the simplest form of the BCS
formula, T, =1.148D exp( —1/A, ), we can estimate the
superconducting transition temperature of a-
(ET)2(NH4)Hg(SCN}4. Calculating the coupling parame-
ter A, through m, =mb(1+A, ) at 0', we obtain T, =2.6 K
using the Debye temperature value of 8&=230 K ob-
tained from specific-heat measurements. This estimate
is in the right range of the experimentally observed T, of
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FIG. 5. Logarithmic plot of the amplitudes M of the dHvA
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shows the fit using M /T ~ 1/sinh(ap, T/H) resulting in
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FIG. 6. Angular dependence of the g factor multiplied by the
bare-band mass at 0=0' assuming a 1/cos(0) dependence of pb.
The solid lines show the linear fit of the data.



3022 J. %'OSNITZA et aI. 45

—1 K, but has, of course, large error bars through the ex-
ponential dependence of T, on A, .

Our analysis is based on the Lifshitz-Kosevich expres-
sion for a 3D FS, i.e., one with enough curvature for a
well-defined extremal orbit to exist. An alternative for-
mulation for an ideal 2D FS, where the cross-sectional
area of the FS is effectively constant along its length,
gives sawtoothlike oscillations with much larger harmon-
ic content than we observe. There are two conditions for
the sawtooth oscillations: the variation in cross-sectional
area of the FS must be less than the difference in area of
successive Landau tubes in k space, and the Landau lev-
els must be either full or empty, but never partially full.
Resistivity measurements of a-(ET)2(NH4)Hg(SCN)~ at
constant field show an angle-dependent structure ' which
could be explained by a slight warping of the cylindrical
FS." However, this warping must be less than
-0.5% of the FS cylinder diameter, otherwise a beating
pattern of the dHvA signal as seen, e.g. , in P-(ET)zIBri
(Refs. 9 and 10) would have been observed. Therefore, at
fields above -6 T, the distance between successive Lan-
dau tubes is larger than the warped structure, satisfying
the first condition for observation of the ideal 2D dHvA
oscillations. Apparently, it is the second condition which
prevents the observation of the sawtooth oscillations. In
a-(ET)2(NH~)Hg(SCN)~, there is more than one sheet in
the FS producing open orbits not observable in the dHvA
effect. These additional sheets provide a reservoir of elec-
trons which establish a chemical potential that is only
slightly dependent on the occupation of the Landau levels
in the observable closed cylindrical sheet. Thus, as Lan-
dau levels on the cylindrical sheet pass through the chem-
ical potential, their occupation changes continuously
with field. This violates the second condition and
prevents the observation of the ideal 2D sawtooth oscilla-
tions.

In the isostructural, nonsuperconducting, organic met-
al a-(ET)2KHg(SCN)4 at 0=0', spin-split SdH oscilla-
tions similar to the dHvA signal shown in Fig. 3 were ob-
served. ' " The spin-splitting parameter obtained in these
reports was S=1.4. The measured mass of p, =1.4 and
g=2 account for this value of S, suggesting that the
enhanced mass and the band mass are nearly the same.
This would imply that T, is unmeasurably small and may
explain the absence of superconductivity. The spin split-
ting was observable up to 0=15' and was not seen at
g =40'. ~ i4 Obviously, in a-(ET)&KHg(SCN) ~ the
effective mass is angle dependent and measurements of
quantum oscillations over a large angular range could be
analyzed in the same way as described above to confirm
this conclusion.
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FFT shown in the inset of Fig. 7 reveals the spectral puri-
ty of the data at this angle. The dHvA frequency for
this field orientation is F =598+3 T. As in u-
(ET)z(NH~)Hg(SCN)4, the measured angular dependence
of F follows perfectly the 2D behavior F= Fo/cos(8)
with the fit value Fo =598.5+1 T, p1otted as the solid line
in Fig. 8. This value is in excellent agreement with the
result (F0=597+7 T) from one SdH measurement. '

Other SdH (Refs. 4, 12,17, and 18) studies and one dHvA
(Ref. 20) measurement report a frequency between 2 and
10% higher than this value. One SdH study' reports
two different SdH frequencies with 596+2 and 645+3 T,
depending on the current Qowing transverse or parallel to
H, respectively. This unusual result has not yet been
reproduced. ' The reason for the slight discrepancy be-
tween our value of F and those in the literature is not
clear, but a larger value of F would be explainable by a
slight misalignment of H.

B. ~-(ET)2Cu(NCS) 2

The dHvA effect of a carefully aligned sample was
measured over a large angular range of +65'. The mag-
netization of the sample for the field between 5 and 15 T
orientated along a, i.e., perpendicular to the highly con-
ducting b-c planes, is shown in Fig. 7. Oscillations ap-
pear above 6 T, which is approximately the upper critical
field H, 2 of «-(ET)2Cu(NCS)2 at this orientation. The
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FIG. 8. Angular dependence of the dHvA frequency in ~-

(ET)2Cu(NCS)~ with the solid line showing the 1/cos(0) behav-

ior. The inset shows the angular dependence of the cyclotron
effective mass p, =m, /rn, with the fit curve obtained using Eq.
(2).
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(ET)2Cu(NCS)2 at 0= —22. 7 showing the appearance of a
higher frequency FMB. The inset shows the FFT of the data
with a peak at FMB =4250 T.

In addition to the fundamental frequency F, we found
in the angular range 20 —30' at our highest available
fields another frequency FM~. Figure 9 shows an exam-

ple of the observed behavior at 0= —22.7, where the
higher dHvA frequency of FMB=4250 T is clearly ob-
servable in the original data as small wiggles on the dom-
inant low frequency F. In the inset of Fig. 9, the FFT of
the data shows FM~ together with the fundamental F and
the second harmonic 2F. In the angular range where we
could detect FMB, it follows approximately a I/cos(8) be-
havior which extrapolates to a minimal frequency of
FM~0. =3940+80 T at I9=0'. This magnetic breakdown
(MB) orbit, and the closed orbit at F0 =598.5 T can be
well explained by the band-structure calculations. - At
8=0', the MB orbit with a frequency FMB =3860 T has
already been reported in two SdH experiments, ' ' but
only at much higher fields, above 20 T. In these experi-
ments, peaks at FMB+pF were seen, in addition to that at
FMB, with p=1,2. These orbits are only visible due to
the quantum interference effect in magnetoresistance
measurements, ' and, as can be seen from the predicted
FS, do not correspond to possible dHvA cyclotron or-
bits.

The MB field is approximately given by
HMa=(H/Ace, )(sg/EF), where ss is the energy gap at
the zone boundary and EF is the Fermi energy. There-
fore, the unusual angular dependence of the occurrence
of MB hints a k-dependent energy gap, i.e., some kind of
structure of the FS of ~-(ET)2Cu(NCS)2. On the other
hand, this warping of the FS must for the same reasons as
discussed for a-(ET)2(NH&)Hg(SCN)4 be less than
-0.5% of the basal area of the FS. An almost smooth
cylindrical shape of the FS is also indicated by the ab-
sence of structure that was not explainable by the usual
SdH effect in the angular dependence of the magne-
toresistance in a-(ET)2Cu(NCS)2. ' The open sheets of
the FS which lead to the MB orbit seem to be the reason
why no 2D-like magnetic quantum oscillations were ob-
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FIG. 10. Angular dependence of the harmonic ratio in ~-

(ET)&Cu(NCS)~ with the calculated line using Eq. (3).

served in ~-(ET)zCu(NCS)z either.
Similar to the behavior described above for a-

(ET)2(NH4)Hg(SCN)4, we also found in a.-(ET)2Cu(NCS)2
unusual angular changes of the dHvA amplitude. The
HR for the measured angles is shown in Fig. 10. Up to
8=+12' in the transformed data, no second harmonic,
M2, was detectable. Therefore, the points in this angular
range shown in Fig. 10 are obtained using the noise level
of the data as an upper limit of M2, showing, consequent-
ly, a considerable amount of scattering. At 8=20'-25',
the dHvA amplitude was maximal both for the funda-
mental and the second harmonic, and at 8=41.8' and
54. 8' we found clear minima of the dHvA fundamental.

In order to understand this behavior of the HR in anal-

ogy to a-(ET)z(NH~)Hg(SCN)4, we also measured for ~-

(ET)zCu(NCS)z the angular dependence of the cyclotron
effective mass p, . The result is shown in the inset of Fig.
8. The value of p, =3.3 at 8=0' is in good agreement
with the values reported in different studies presumably
done for this angle. ' The solid line in the inset of
Fig. 8 shows the fit according to Eq. (2) with
pb0=2. 9+0.3 and p, &=0.4+0.3. Using Eq. (3), these
values are not consistent with the measured HR and the g
value of -2 obtained by ESR measurements. ' Howev-
er, adjusting pbo to 2.6 resulting in pp ph 0 7 gives good
agreement with the HR and g =2 shown as the solid line
in Fig. 10 ( TD =0.5+0. 1 K, T =0.5 K, H = 15 T). These
values of p&0 and p, h are within the error bars of the
values determined from Eq. (2) and the adjustment of p&o
is reasonable because of the larger uncertainty in the data
of p, (8) compared to those of a-(ET)2(NH4)Hg(SCN)4.
The unmeasurably small second harmonic around 0
means gpb =m —

—,', where, in our case, m =6 and gpb is
close to 5.5. In order to also fit the measured zero points
of the HR, w'e therefore had to assume that the g factor is
slightly decreasing with increasing angle 0 consistent
with ESR results. '

In v-(ET)zCu(NCS)2, because of the higher effective
mass we could not find direct spin splitting as observed in
a-(ET)z(NH~)Hg(SCN)4 and shown in Fig. 3, although, at
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higher fields and lower temperatures it should, in princi-
ple, be visible. In previous studies"' it was suggested
that a slightly warped FS was responsible for the increase
of the SdH amplitude around 0=20'. With our results it
is obvious that this effect is due to the 1/cos(8) behavior
of the effective mass, and the g factor near 2. The good
quantitative agreement between measured and calculated
HR using Eq. (3) gives clear evidence for our interpreta-
tion of the data. The estimation of T, using the BCS for-
mula as described above results in T, =6 K for
(ET)zCu(NCS)2 with a Debye temperature 8D =215 K.
Again, this is in the right range of the measured T, and
qualitatively explains the higher T, in «-(ET)2Cu(NCS),
compared to a-(ET)z(NH~)Hg(SCN)~.

of the FS of a 2D metal. The areas of the FS in the basal
planes are in good agreement with 2D band-structure cal-
culations. In tc-(ET)zCu(NCS)2, the angular dependent
occurrence of MB gives clear indication of a small corru-
gation of the FS. At certain angles 0 of the external-field
spin-splitting, zeros were observed in both compounds,
and in a-(ET)2(NH4)Hg(SCN)4 the spin splitting could be
seen directly. This behavior and the angular-dependent
dHvA amplitude could be quantitatively explained with a
g value near 2 and an effective mass changing like
1/cos(8). With our data the electron-phonon coupling
constant could be estimated resulting in critical tempera-
tures in qualitative agreement with the observed I, .
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