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Abstract. Angle-dependent magnetoresistance oscillations (AMROs) have been stud-
ied in the isostructural charge-transfer salts(BEDT-TTFLKHg(SCN) and «-(BEDT-
TTF)2,NH4Hg(SCN), (where BEDT-TTF is bis(ethylenedithio)tetrathiafulvalene) in steady fields

of up to 30 T. The shapes of the approximately elliptical quasi-two-dimensional (Q2D) Fermi
surfaces that these organic metals possess have been determined at 30 T and are found to be
in broad agreement with recent band-structure calculations. The Fermi surface of the salt
(BEDT-TTF)KHg(SCN) undergoes a reconstruction at low fields and temperatures, resulting
in a change in the dimensionality of the AMROs from Q2D character to quasi-one-dimensional
character. This change is associated with the kink transition that is observed in magnetic field
sweeps and is attributed to the formation of a spin-density wave ground state. The phase bound-
ary of the change in the AMRO dimensionality has been followed to both the low-temperature
high-field (about 23 T) and low-field high-temperature (about 8 K) extremes. The data are
compared with recently proposed models of the AMROs and Fermi surfaces for these materials.

1. Introduction

Charge-transfer salts of the type (BEDT-TTK) where BEDT-TTF is bis(ethylenedithio)
tetrathiafulvalene, exhibit diverse low-temperature ground states including superconducting,
charge-density wave and spin-density wave (SDW) states [1]. In these materials the BEDT-
TTF molecules stack alongside one another in layers which are partitioned by sheets of
the anion X. Within the BEDT-TTF layer there is overlap of the molecutaorbitals
between neighbouring molecules which gives rise to quasi-two-dimensional (Q2D) metallic
conduction.

One interesting subset of this family of salts is an isostructural class of organic
conductors of the formx-(BEDT-TTF)LMHQ(SCN), where M= K [2], Tl [3], Rb [4]
or NH4 [5]. The first band-structure calculations for these salts were carried out by Oshima
et al and predicted almost identical Fermi surfaces consisting of a Q2D closed hole pocket
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and a pair of quasi-one-dimensional QID sheets (figum)16]; the close similarity was
not unexpected, owing to the isostructural nature othEhase salts. In spite of this the salt
a-(BEDT-TTFLNH4Hg(SCN), has a superconducting ground state with~ 1 K, while

the salts with M= K, Rb or Tl show a transition to an antiferromagnetically ordered state
below 7Ty ~ 8-10 K [6] and remain metallic down to less than 100 mK [7]. A wide variety
of experimental probes of the transition7at have led to the proposal that it represents the
onset of a SDW state (see [8] and references therein).

The availability of high-quality crystals has enabled a large number of experimental
studies of the Shubnikov—de Haas (SdH) [9, 10] and de Haas—van Alphen (dHvVA) [11, 12]
oscillations which occur in the resistance and magnetization, respectively, of these salts
at low temperatures. The sadt-(BEDT-TTF),NH4Hg(SCN), exhibits monotonically
increasing magnetoresistance and only a single series of quantum oscillations of frequency
F, ~ 567 T. This series has been identified with the Q2D hole pocket of the Fermi
surface (figure I)). In contrast, the salts with M= K, Tl and Rb display a pronounced
hump in their magnetoresistance and multiple series of quantum oscillations in the region
below a characteristic field known as the ‘kink’ fieg) [13]. Comparative traces of the
magnetoresistance of-(BEDT-TTF)pNH4Hg(SCN), anda-(BEDT-TTF),KHg(SCN), are
presented in figures 4] and 1b). The kink field occurs at about 23 T in the caseosf
(BEDT-TTF),KHg(SCN),, being manifested as a sharp drop in magnetoresistance. Above
this field the magnetoresistance of this material increases monotonically and consists of only
one SdH frequencyk, ~ 670 T. The behaviour af-(BEDT-TTFLKHg(SCN), above the
kink field thus resembles that aF(BEDT-TTF),NH4sHg(SCN}.

One interpretation [14] of the kink transition suggests that it corresponds to the point
at which the applied magnetic field overwhelms the antiferromagnetic ordering of the low-
temperature ground state. Below the kink field it has been proposed that the periodic
potential associated with the SDW causes the Q1D sheets of the calculated Fermi surface
of Oshimaet al (figure 1¢)) to nest, leading to a reconstructed Fermi surface of the form
shown in figure 1q) [14]. This Fermi surface consists of small Q2D pockets separated by
strongly corrugated Q1D Fermi surface sheets that are inclined at an angle of abooit 21
the crystallineb—c plane. At the kink field it has been proposed [10] that the Fermi surface
reverts to the form of figure tf leading to the recovery of magnetoresistance akin to that
of a-(BEDT-TTFLNH4Hg(SCN),.

While this model of thea-(BEDT-TTF)LMHQ(SCN), salts has been successful in
describing certain aspects of the observed quantum oscillatory phenomena, it certainly
does not provide a complete explanation of the low-temperature low-field ground state.
In particular it does not adequately account for the complexity of the SdH waveform below
the kink transition [13]. The context in which it has been most successfully utilized (and that
in which it was originally proposed) is in the study of angle-dependent magnetoresistance
oscillations (AMROS).

AMROs are measured by recording the resistance of a crystal of (BEDT;XTd&9 a
function of the angl® between its crystalliné* axis and a constant external magnetic field.
There are two types of AMRO that have been observed intfBEDT-TTF,MHg(SCN),
family of salts, both of which are periodic in the tangentofThe first are found in the low-
temperature SDW state of the M K, Rb and Tl materials [10, 14]. These AMROSs originate
from the Q1D sheets of the Fermi surface and are manifested asmhanpain the sample
resistance. The other type of AMRO has been observed(BEDT-TTF),NH4Hg(SCN),

[15] and has its origins in Q2D sections of Fermi surface [16]. These AMROs consist
of pronouncedmaxima In «¢-(BEDT-TTF),MHgQ(SCN), the AMROs have been shown to
undergo a transition between Q1D behaviour in the low-field low-temperature SDW state
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Figure 1. (a) Magnetoresistance ai-(BEDT-TTF)NH4Hg(SCN), with the current directed
perpendicular to the—c plane at 1.4 K.l§) Magnetoresistance of-(BEDT-TTF),KHg(SCN)
with the current directed perpendicular to tiec plane at 1.4 K. ¢) Calculated Fermi surface
from [2]. (d) Nested Fermi surface from [14].

to Q2D behaviour outside this state. This change in the AMRO dimensionality has been
observed ink-(BEDT-TTFLKHgQ(SCN), as a function otemperaturein fields of 14 T by
Kovalevet al [17] and as a function dield at a temperature of 1.5 K by Caulfiedd al [10]

and Sasaki and Toyota [18]. Recently Hanagldl [19] have shown that a similar change
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occurs in the AMROSs of-(BEDT-TTFLKHg(SCN), as a function of appliegressure the
transition taking place at about 5 kbar.

On the basis of the above results the phase boundary depicted in figure 2 has been
proposed for the low-temperature (SDW) stateoo(BEDT-TTF),KHg(SCN), [19, 20].
Recent data reported by Sasaki and Toyota [21] have, however, led to the suggestion of
a more elaborate field-temperaturB—{") phase diagram in which the high-temperature
and high-field states are not identical. AMRO studies by Kartsoeniéll [22] have also
indicated that these two regions of tBeT phase diagram may be dissimilar. Caulfietcal
[10] mapped out the shape of the Q2D Fermi surface pocket(BEDT-TTFL,KHg(SCN),
at 24 T and 1.5 K and found that its size and ellipticity were similar to the high-temperature
pocket of Kovalevet al [17] but that its orientation differed by approximately°9QThe
major axis of the ellipse found by Kovalet al lies at a shallow angle to the reciprocal-space
k, axis while that obtained by Caulfiekt al lies at a similar angle relative to the axis.)

This discrepancy is addressed later in this paper. Recently, a pulsed field measurement of
the dHvA effect ina-(BEDT-TTFLKHG(SCNY), in fields of up to 54 T [12], has shown

that the kink transition is broader in field than had previously been thought and is not fully
completed until about 27 T. In the light of this result it is questionable whether the 24 T
data of Caulfieldet al are truly representative of the high-field regime, and therefore it is
necessary to investigate tlie-T phase boundary of the AMRO dimensionality in order to
ascertain whether the high-temperature and high-field regimes are identical. In this paper
we present measurements of the AMROSs of a single crysi@(@&@EDT-TTF),KHg(SCN),
forl4AK<T<9Kand5T< B < 30 T. We have also measured Q2D AMROs in
a-(BEDT-TTFLNH4Hg(SCN), up to 30 T and we discuss these results in relation to those
obtained fora-(BEDT-TTF),KHg(SCN).

T A
~8 K
Normal metal Normal metal
(Q2D AMRO) (Q2D AMRO)
Prgposed SDW
state
(1D AMRO)

/~23 ! é
5 kt;# Normal metal
. / ar (Q2D AMRO)

Figure 2. Pressure—temperature—field phase diagram for the SDW state-(BEDT-
TTF),KHg(SCN).

2. Experimental method

Two single-crystal samples ofa-(BEDT-TTFLKHQ(SCN)Y, and «-(BEDT-TTF),
NH4Hg(SCN), were prepared using standard electrochemical techniques [23]. The resultant
black platelets each had 2b6m gold wires attached with platinum paint to the faces cor-
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responding to their crystalline—c planes. Standard four-wire AC techniques (90-130 Hz)
were then used to measure the sample resistance with the currenty(8}10 the direc-

tion of the crystallineb axis. Magnetoresistance measurements were carried out using a
cryogenic insert that enabled the sample to be rotated about two perpendicular axes with a
precision of+1°. Measurements at ¥ 4.2 K were performed in 4He flow cryostat in a

17 T Bitter magnet at the University of Nijmegen. Fields of up to 30 T were provided by
the Bitter magnets at the National High Magnetic Field Laboratory, Tallahassee. The same
a-(BEDT-TTFLKHg(SCN), crystal was used throughout the experiment although it was
remounted between the Nijmegen and Tallahassee data-taking runs. The sample orientations
were determined by polarized infrared reflectivity at room temperature [24].

3. Experimental data

3.1. a-(BEDT-TTF}KHg(SCN)

In figure 3@) the temperature dependence of the AMROs(BEDT-TTF),KHg(SCN),

is shown for a field of 14 T. These data were recorded at an azimuthal angle-6f40°,

where rotation with the magnetic field vector in the crystallmmeb plane is defined to

be at¢p = 0°. At this field the 4.1 K data lie well within the low-temperature SDW
state and exhibit clear minima, indicative of the presence of Q1D Fermi surface sheets.
As the temperature rises, it is seen that the form of the AMROs changes from one of a
gently curving background with superposed sharp minima to one where the background has
pronounced maxima superposed upon it. Note that the large central maximum éadx)

in the low-temperature data becomes a minimum above 7 K.

Figure 3pb) shows the progression of the AMROs as a function of field at a constant
temperature of 6 K, and at the same azimuthal angle=(+40°) as that in figure ).

It is apparent that the 13 T trace in figurebBpears a strong resemblance to the 4.1 K
trace of figure ), i.e. it is Q1D in nature. As the field applied to the sample is increased,
it is clear that a change in the character of the AMROs analogous to that in figare 3(
occurs, with the AMRO dips being removed while peaks appear. Again the central AMRO
maximum at low fields inverts and becomes a minimum at higher fields.

The change in the dimensionality of the AMROs from Q1D to Q2D demonstrates a
significant rearrangement of the Fermi surface between the low-field low-temperature SDW
state and the ‘normal’ metallic state. In particular we shall use the behaviour of the AMROs
neard = 0° to define the phase boundary; a convex maximum will be taken to represent
the Q1D AMRO state, and a concave minimum the Q2D AMRO state. This change from
convexity to concavity is reflected in the sharp change in the magnetoresistan¢BBDT-
TTF),KHg(SCNY), (figure 1)) from negative to positive at the kink transition which occurs
at about 23 T. AMRO traces for 5 ¥ B < 30 T (figure 4) show that this agrees well with
the observed change in the AMRO dimensionality. Furthermore the dimensionality change
exhibited by the data in figure 3 is seen to agree well with the phase boundary for the SDW
state proposed in [21].

It is seen in the 30 T data in figure 4 that, even at this high field, the AMROSs close
to & = £90° appear unchanged from these occurring at similar large angles but at fields
well below 23 T. This supports the suggestion of Caulfieldal [10] that the SDW state
persists at these angles even at high fields. The 30 T AMROs7&8t < 0 < +75
are unambiguously of Q2D character with large SdH oscillations of fundamental frequency
about 670 T superimposed upon it. At tilt angles of aboutai® either side of the trace the
peaks have the appearance of occurring in pairs (i.e. it looks like each AMRO peak splits
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Figure 3. (a) Temperature dependence of the AMROsHBEDT-TTF),KHg(SCN), at 14 T,
showing the change from Q1D to Q2D characteiis defined as the angle between the crystal
b* axis and the external magnetic field whigeis an azimuthal angle where rotation with
the magnetic field vector in the crystalline-b plane is defined to be at = 0°. (b) Field
dependence of the AMROs across the phase boundary(BEDT-TTFKHg(SCN), at 6 K.

into two separate peaks). In spite of this, plots of the peak periodicity ifi (Bgure 8@))
against index: confirmed that they are separate Q2D peaks.

The AMROs were also studied as a function of the azimuthal apngé a variety of
fields and temperatures. Fuylldependences were performed for the Q2D regime at 7.1 K,
14 T,and 1.4 K, 30 T and for the Q1D regime at 5.9 K, 5 T, and 1.4 K, 20 T. Representative
traces of this work, taken at 1.4 K, are presented in figure 5.

3.2. a-(BEDT-TTF)NH4Hg(SCN)

In figure 6@) the variation in the AMROs with field is presented for~(BEDT-
TTF);NH4Hg(SCN), at 1.4 K and¢ = +80C° (¢ is again defined to be zero for rotation

in the a—b plane). A single series of Q2D AMROs is observed for this material at all
fields. Further peaks on the trace occur at high fields owing to the presence of SdH
oscillations occurring as the field is swept througland have their largest amplitude near
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Figure 4. Field dependence of the AMROs in(BEDT-TTF)KHg(SCN), at 1.4 K showing
the change in dimensionality at about 23 T.

# = 0. No change in the dimensionality of the AMROSs is observed across the field
range. (The peak ne& = 0 in the 30 T data is attributable to a SdH oscillation.) The
¢ dependence of the-(BEDT-TTF)LNH4Hg(SCN), AMROs was measured at 30 T and
1.4 K (figure 60)).

4. Discussion

4.1. a-(BEDT-TTF}KHg(SCN)

We have applied the criterion of convexity or concavity neat 0 to distinguish between

Q1D and Q2D AMROs, respectively, and show the change in dimensionality in figure 7, in
which the full squares represent Q1D AMRO traces, and the full triangles Q2D traces. The
broken curve represents the phase boundary proposed in [21]. This curve takes the form

T(B) = Tspw[l — (B/Bspw)?]"? 1)

where Tspywy = 8 K and Bspy = 23 T are fitting parameters determined so as to
fit the temperature dependence of the kink transition as observed in magnetoresistance
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Figure 5. (a) ¢ dependence of the Q1D AMROSs in(BEDT-TTFKHg(SCN), at 20 T and
1.4 K. (b) ¢ dependence of the Q2D AMROs an(BEDT-TTF),KHg(SCN) at 30 T and 1.4 K.

measurements presented in that reference. Thus the phase boundary of the transition in the
AMRO dimensionality is conclusively identified with the kink transition.

The data points A-D in figure 7 are points at which a #ullependence of the AMROs
was measured. The¢ dependence of the data taken at point A (20 T, 1.4 K) is shown
in figure 5@). This point lies within the low-temperature low-field region of the
(BEDT-TTF)LKHg(SCN), B-T phase diagram and it is clear from figureapghat the
AMROs at this point are Q1D in character. Moving from point A to point B (30 T, 1.4 K)
involves crossing the phase boundary so that the data taken at point B are Q2D in character.
Figure 5p) shows thep dependence of the AMROSs at point B. Comparison of this figure
with figure 5@) highlights the differences between the two types of AMRO.

4.1.1. Quasi-one-dimensional oscillationsThe theory of Q1D AMROSs has been dealt with

by numerous workers [25], especially in the context of TMTSF-based organic conductors.
Recently a semiclassical description of Q1D AMROSs has been developed and successfully
used to model the AMROs and magnetoresistance in the low-temperature low-field state
of a-(BEDT-TTFLKHQ(SCN), [26]. This model describes the periodicity of the Q1D
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Figure 5. (Continued)

AMROs, for a general case, by the equation

b d
tang = + — (2)
nc C

in whichm andn are non-zero integerg,andc are parameters that quantify the fundamental
periodicity of the Fourier components of the warping of the Q1D Fermi surface sheets in
two perpendicular directions within the plane of the sheetsdapdrametrizes the obliquity

of the Fermi surface warping. At thevalues identified in equation (2), resonances in the
conductivity occur (and hence sharp resistance minima)a-(BEDT-TTFL,KHg(SCN),

the Fermi surface corrugation has very high harmonic content withinathe plane
because it is formed by joining together sections of warped cylinder [26]. The dominant
magnetoresistance resonances that occur in this special cas¢zhavé. For this reason

in the experimental data no ‘fractional’ AMROs are observable and equation (2) simplifies
to the form

tand = xv +« 3)

wherey andk are constants and=...,—-2, —-1,0,+1,+2,....
By plotting the position of Q1D AMRO minima in tahspace against the integer index
the value ofy was thus obtained as a function ¢ffor point A (20 T, 1.4 K) and point C
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Figure 6. (a) Field dependence af-(BEDT-TTF)pNH4Hg(SCN), AMROs at 1.4 K. b) ¢
dependence af-(BEDT-TTF),NH4Hg(SCN) AMROs at 30 T and 1.4 K: a.u., arbitrary units.

(5 T, 5.9 K). The azimuthal angular dependenceyofor the data taken at point C was
fitted to the equation

X0
coS¢ — ¢o)

with fitting parametergy = 1.26 + 0.03 and¢g = (+65.7 + 1)°, in good agreement with
earlier work [10, 15,17, 18]. The measurement at point C was performed at Nijmegen after
which the crystal axes of the-(BEDT-TTF),KHg(SCN), crystal used in this experiment
were determined. The crystal was remounted on its sample holder prior to the measurement
at point A, which was carried out at Tallahassee. The valugyasbtained at point C was

then used to determine the orientation of the crystal after it had been remountefiripg

¢o to begpy = +65.7° on the data taken at Tallahassee. Low-field low-temperature AMRO
measurements were carried out during the work at both Nijmegen and Tallahassee, and
identical results were obtained for the two cases. This method of alignment assumes that the
direction of the Q1D Fermi surface sheets remains constant across the low-temperature low-
field state and is independent of sample cooling conditions. This assumption is supported
by previous AMRO measurements [10, 17] and polarized infrared reflectivity measurements

x(@) = (4)
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that we performed upon the crystal subsequently to the work at Tallahassee. For point A
we found thatyo = 1.314 0.03.

4.1.2. Quasi-two-dimensional oscillationsQ1D AMROs are most pronounced when the
Fermi surface sheets giving rise to them are strongly corrugated [26]. In contrast, Q2D
AMROs are more dominant when the warping of the Fermi surface cylinders that they
originate from are only slightly warped. It is for these reasons that the nested Fermi
surface ofw-(BEDT-TTFLKHg(SCN), exhibits Q1D AMROs. In that case the Q1D Fermi
surface sections have been formed from the remnants of the Fermi surface cylinders of
the unreconstructed Fermi surface and so the Fermi surface corrugations are quite cusp
like, i.e. they have a high harmonic content. In the ‘normal’ metallic state-BEDT-
TTF),KHg(SCN), the Q1D Fermi surface sheets that are present are much smoother than
in the reconstructed Fermi surface and in this circumstance the AMROs become dominated
by those originating from the Q2D Fermi surface cylinders.

In this section we consider the Q2D AMROs recorded at points B and D. Point B lies
well within the ‘normal’ metallic regime and corresponds to the data in figubg. 502D
AMROs are connected with the vanishing of the electronic group velocity perpendicular to
the a— plane when a warped Q2D Fermi surface cylinder is tilted at special angles to the
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Figure 7. The phase boundary of the AMRO dimensionalityaif{BEDT-TTFLKHg(SCN):
A, Q2D AMRO; B, Q1D AMRQ; - - - -, phase boundary of [21].

magnetic field [27]. The special anglés between the axis of the warped Fermi surface
cylinder and the magnetic field, at which the Q2D AMRO maxima occur, are given by

bkytand; = 7 (i + 1) + A(¢) ®)

where the signs- and + correspond to positive and negatige respectively,b’ is the
effective interplanar spacingi(¢) is a function of the plane of rotation of the field that is
determined by the plane of the Fermi surface warpifgis the maximum Fermi wavevector
projection on the plane of rotation of the field and= +1,+2,.... Here positivei
correspond t@; > 0 and negative to 6; < 0. Hence from the gradient of a plot such as
figure 8@) the Fermi surface wavevector projection in the plane of rotation of the magnetic
field vector may be derived, i.e. rotation @at= 0° on our data yields; in the a axis
direction. The shape of the Fermi surface pocket could thus be mapped out at the points
where the azimuthal angle dependence of the Q2D AMROs was recorded.

This analysis has been performed for point B (30 T, 1.4 K) in figu®.8(f it is
assumed that the Fermi surface pocket being studied has an elliptical cross section, then the
projection vectork; (normal to the tangent) is related to the major semiéxisind minor
semiaxisk, of the ellipse by

ky = [k cos (¢ — &) + kZsinf (¢ — £)]Y? ©)

where ¢ is again the azimuthal angle describing the angular position in the plane of the
ellipse ands is the inclination of the major axis with respectdgo= 0°. For an elongated
ellipse, equation (6) describes a locus in the form of a figure ‘eight’ in galarspace [27],

as shown in figure &.
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Figure 8. (a) A fit of Q2D AMRO peak positions in 30 &-(BEDT-TTFKHg(SCN), data to

the indexn. (b) Elliptical Fermi-surface pocket with its associated dumbbell-like locus formed
by the callipered widttk; of the ellipse in the complete range of azimuthal angles(c) Fit

to equation (6) and resultant Fermi surface pocketdgBEDT-TTF),KHg(SCN); AMROs
recorded at 30 T and 1.4 Kd) Fit to equation (6) and resultant Fermi-surface pocket for
a-(BEDT-TTFRKHg(SCN), AMROs recorded at 14 T and 7.1 Ke)(Fit to equation (6) and
resultant Fermi surface pocket far(BEDT-TTF);NH4Hg(SCN) AMROs recorded at 30 T
and 1.4 K. Note that the data ic)E(e) are derived from measurement across a°1@hge of

¢ with the application of a symmetry operator.
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Equation (6) has been fitted to the data at point B (figurg))8(giving the major

semiaxis of the ellipsek, = (1.75+ 0.02) x 10° m~%, the minor semiaxis of the ellipse,

k, = (1.174+0.03) x 10° m~1, and showing that the major axis makes an aggie (15+5)°

with the crystallinea axis. The size and shape of the pocket associated with this fit are
shown to the right of it. The area of the ellipse is thijs= (6.45+ 0.21) x 10*® m~2
which corresponds t&, = 676+22 T, in good agreement with the observed SdH frequency
F,=671+1T][12].

Figure 8¢) shows thep-dependence of the Q2D AMROs mapped out for point D (14 T,
7.1 K) which has been driven into the Q2D regime by the increase in temperature. Again
equation (6) was fitted to the data. The resultant ellipse was found to have a major semiaxis
of k, = (1914 0.03) x 10° m~! and a minor semiaxis of, = (0.98+ 0.04) x 10° m~*.

The direction of the major axis of the ellipse was alohg= (18 + 5)°. The area of
this ellipse was found to bé, = (5.914+ 0.33) x 10*® m=2, giving a SdH frequency
F,=619+35T.

It is thus apparent that the Fermi surface pocket mapped out at point D has an identical
size and orientation to those derived for point B, within experimental error. The orientations
of these ellipses are thus in good agreement with earlier teigiperature(T” = 8.5 K) [17]
and highpressure(P > 5 kbar) [19] measurements of the Q2D AMROs ar(BEDT-
TTF),KHg(SCN), but differ from the orientation that have previously been quoted for high
fields by Caulfieldet al [10].

The size and shape of the Q2D AMRO pockets that we have derived in this paper agree
well with those derived at 24 T in [10] although they differ in the orientation of the major
axis of the ellipse. The field-dependent AMROs of figure 4 show that the orientation of the
Fermi surface pocket does not change between 24 and 30 T. This suggests that there may
have been an error in the assignment of the azimuthal angles quoted fordigendent
results of Caulfielcet al at fields above the kink transition [10].

The AMRO experiments in the present paper therefore provide no evidence for a
rearrangement of the Fermi surface @f(BEDT-TTFLKHg(SCN), between the high-
temperature and high-field extremes of the Q2D section ofBth€ phase diagram. This
implies that the transition induced by raising the temperature and that caused by increasing
the applied field are similar in nature.

4.2. a-(BEDT-TTF3NH4Hg(SCN)

As mentioned in section 3, the AMROSs in(BEDT-TTF),NH4Hg(SCN), originate from

a single Q2D Fermi surface pocket. The data in figurb) 8¢ere thus fitted with
equation (6) as shown in figuregd( The major semiaxis obtained from this fit was=
(1.49+0.02) x 10° m~! with the minor semiaxi&, = (1.224-0.02) x 10° m~1. This implies

a Fermi surface pocket with area corresponding to a SdH frequEpey 597+ 35 T, in
agreement with field sweeps which gi¥e = 567+ 1 T [28]. The ellipticitys = |k.|/|k, ],

of the Fermi surface pocket w-(BEDT-TTFLNH4Hg(SCN), is ¢ = 1.224+0.02 while, for
a-(BEDT-TTFLKHQ(SCN), ¢ = 1.49+0.04 (at 30 T and 1.4 K). This is partly responsible
for a large error in the determination of the orientation of the major axis of the Fermi surface
ellipse ina-(BEDT-TTFLNH4HQ(SCN),. This is found to b& = (+36+ 10)°. It should

be noted the negatiwe axis and the positive axis of the crystal could not be distinguished

by infrared reflectivity measurements and so there is an arbitrariness in our assignment of
the orientation of the major axis of the(BEDT-TTF),NH4Hg(SCN), Fermi surface pocket
insofar as it might lie along the reflection &fabout thec axis, i.e.& = (144+ 10)°. This
arbitrariness is absent in the(BEDT-TTF,KHg(SCN), AMRO data since the agreement
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of the orientation of the Q1D Fermi surface sheets in the low-field low-temperature state
with that obtained in earlier measurements can in that case be used to asswgraxise
direction unambiguously. We shall assume in what follows ¢hat (36 &= 10)° since this
agrees more nearly with the AMROSs in the Q2D regimexeBEDT-TTF),KHg(SCN),

and theoretical predictions of the Fermi surface.

5. Comparison with band-structure calculations

Recently Seoet al [29] have carried out extendeddiekel tight-binding band-structure
calculations for thex-phase salt structure as a refinement of the original simplified tight-
binding method of Oshimat al [2] (shown in figure 1€)). These calculations (determined
from the 104 K crystal structure) predict a Fermi surface hole pocket centred at the Z point of
the Brillouin zone that is tilted just off thE—X line in the same sense as the pocket measured
in our high-temperature and high-field AMRO study. A comparison of our experimental
data with the theoretical predictions of [29] is given in table 1. It is clear that the calculations
of Seoet al broadly predict the experimental findings of the present work, indicating the
validity of their method.

Table 1. Comparison of AMRO results with theoretical band-structure predictions.

Band-structure

Q2D AMRO result calculation prediction
Area Angle of  Area Angle of
(% of area major axis (% of area major axis
of Brillouin Ellipticity  to a axis  of Brillouin Ellipticity to a axis
Data set zone) ky/ky (deg) zone) ky/ky (deg)
a-(BEDT-TTFRKHgQ(SCN)  164+05 1494004 +15+5 12 15 +9
(30T, 1.4K)
a-(BEDT-TTFLKHg(SCN),  159+09 194+01 +184+5 12 15 +9
(14 T, 7.1 K)
«-(BEDT-TTF)pNH4Hg(SCN), 145+09 122+0.02 +36+10 10 1.5 +13
(30T, 1.4K)

In conclusion, in this paper the phase boundary for the change in the AMRO
dimensionality ink-(BEDT-TTF)L,KHg(SCN), has been followed from the low-temperature
high-field limit to the low-field high-temperature limit. Measurements within the low-
field low-temperature state have shown that the AMROs in this regime result from Q1D
Fermi surface sheets aligned at an angle= (65.7 £ 1)°, in agreement with earlier
experiments [10, 14,16, 17]. It has been shown that the form of the AMR@s(BEDT-
TTF),KHg(SCNY), in the ‘normal’ metallic state is unchanged across that region oBtHe
phase diagram; these result form a single elliptical hole pocket, tilted at a small positive
angle relative to the crystallina axis. This strongly suggests that the Fermi surface is
also unchanged in this region. The shape of the Q2D pocket is found to be similar in
the isostructural satt-(BEDT-TTFLNH4Hg(SCN), and agrees well with the high-pressure
AMRO study of [19]. Also, the experimentally determined Fermi surface pocket shapes are
found to agree well with recent band-structure calculations [29].
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Note added in proof.Recently, a model purporting to explain the general form of the background
magnetoresistance (including the field region in which the kink transition takes place) o&-(B&EDT-
TTF);MHg(SCN), (where M= TI, Rb and K) salts has been published [30]. This model attempts to account for
the magnetoresistive behaviour of these materials purely in terms of the magnetic breakdown of a Fermi surface
network qualitatively similar to that in figure d) of the present paper. The motivation for pursuing this idea seems
merely to be based upon a superficial resemblance of the magnetoresistance observedphate BEDT-TTF

salts (when the magnetic field is perpendicular to dheplanes) to that seen in magnesium and zinc. It ignores

the possibility of any field-induced Fermi surface reconstruction occurring in these materials up to fields as high
as 50 T, including at the kink transition. There is now a large body of experimental evidence that refutes the
latter underlying assumption of [30] (see section 1 of the present paper and references therein). In particular:
(1) The temperature- and field-dependent change in the AMRO dimensionality described in the present work has
been clearly associated with the sharp change in the magnetoresistance at the kink, indicating a Fermi surface
reconstruction [10, 17-18, 22]. (2) A rapid change in the form of the background magnetoresistance is observed
as a function of the tilt angleq, of the magnetic field. In particular, the magnetoresistance is ‘sublinear’ in the
first AMRO minimum and has a shaipcreaseupon traversing the kink field at this angle [31,32]. (3) The
observation of high-frequency~(4270 T) quantum oscillations in the low-field phase that are absent above the
kink transition [12, 32] also indicates a Fermi surface reconstruction; in a conventional breakdown network this
Fermi surface orbit would be expected to become progressively more dominant in the SdH oscillation spectrum
as the field increases. Therefore we believe that [30] is not a valid model for the magnetoresistarpieasé
BEDT-TTF salts.
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