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Magnetic-field-dependent interplay between incoherent and Fermi liquid transport mechanisms
in low-dimensional 7-phase organic conductors
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We present an electrical transport study of the two-dimensiof@D) organic conductor
7-[P-(S,S)-DMEDT-TTF],(AuBr,) (AuBr,), (wherey~0.75) at low temperatures and high magnetic fields.
The interplane resistivity,, increases with decreasing temperature, with the exception of a slight anomaly at
12 K. Under a magnetic fielB, bothp,, and the in-plane resistivity plang, show a pronounced negative and
hysteretic magnetoresistance. In spite of a negative residual resistivity ratio in zero field, Shubnikov—de Haas
(SdH) oscillations are observed in sorftegh qualityy samples above 15 T. Furthermore, contrary to the single
closed orbit Fermi surfacé=S) predicted from band structure calculatidmgere a single star-shaped FS sheet
with an area of~12.5% ofArg; is expected] two fundamental frequenci€s andF,, are detected in the SdH
signal. These orbits correspond to 2.4 and 6.8 % of the area of the first Brillouin 2apg (with effective
masseg,=4.4+0.5 andu,= 7.5 0.1, respectively. The angular dependence, in tilted magnetic fields, of
andF,,, reveals a 2D character of the FS, but no evidence for warping alorg tlieection(e.g., the absence
of a beating effect in the SdH signak observed. Angular dependent magnetoresistdA&&R0O) further
suggests a FS which is strictly 2D where the interplane hopRimg virtually absent or incoherent. The Hall
constantR,, is field independent, and the Hall mobility, increases by a factor of 3 under moderate
magnetic fields. Hence the field does not alter the carrier concentration, even in the presence of a large negative
magnetoresistance, but only increases the lifetijmeOur observations suggest a unique physical situation
where a stable 2D Fermi liquid state in the molecular layers, are incoherently coupled along the least conduct-
ing direction. The magnetic field not only reduces the inelastic scattering between the 2D metallic layers, as
seen in the large negative magnetoresistance and SdH effect, but it also reveals the incoherent nature of the
interplane transport in the AMRO spectrum. Finally, the observed Fermi surface is at odds with band structure
calculations. The observation of small pockets may suggest FS reconstruction. However, the very flat bands in
the electronic structure, combined with the variable charge transfer, may be the origin of these effects. The
apparent ferromagnetic character of the hysteresis in the magnetoresistance, remains an unsolved problem.
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[. INTRODUCTION netic anions into the structure of organic compounds. Here,
due to the physical separation of the molecular orkitat-

In the last two decades, the field of anisotropic low-ion) layers, and the inorganic anion layers, there is a corre-
dimensional organic conductors has become synonymousponding separation of the localized magnetic anion mo-
with the observation of unusual and exotic electronic prop-ments(for example, thed electron$ and the itinerant low-
erties. Examples range from the possibility of unconven-dimensional organic molecular electrons gas dlectrons.
tional, anisotropic superconductivity to the observation of Typical examples are the series(BETS),FeGa,_,Cl,

a variety of other ground states such as charge-density wavesmpound¥ and TPPFe(Pc)(CN}],.1% In the BETS se-
(CDW's),® spin-density waveéSDW's),* field-induced spin-  ries, the progressive substitution of Ga with Fe suppresses
density wavesFISDW's) (associated with the observation of the superconducting state and stabilizes an insulating antifer-
quantum Hall effect) and the spin-Peierl$SP state® A romagnetic(AF) state'? While in TPR Fe(Pc)(CN}],, the
considerable amount of effort has also been devoted tground state is also insulating and presents an anisotropic
fermiology’ and the properties of the metallic states of thesemagnetic susceptibility.

compounds. Non-Fermi-liquid-like behavior has been re- One of the main characteristics of magnetic organic sys-
ported in photoemision spectrand there are indications of tems as mentioned above is the observation of a pronounced
spin-charge separatidin some materials. In addition, un- or giant negative magnetoresistance under field. This effect
conventional electrical transport properties in the presence dfas been explained in terms of field alignment of the local
magnet-field induced incoherent hopping has beemagnetic moments. On one hand, it is expected to destroy an
proposed?!! eventual AF ground state, i.e., to close related gaps at the

More recently, new degrees of freedom are being added tBermi level(spin-flop transition'* and on the other, to de-
these already physically rich systems by incorporating magerease the spin scattering of itinerant electrons by these local
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a) AN S cell dimensionsa=b=7.3546 A andc=67.977 A® Inor-
[ I >:< :]I I ganic anion layers alternate with mixed organic-inorganic
N/ S S S layers, which has both ordered and disordered AwBiions,
along with a disordered ethylene grotipThe ratio of donor
P-S.S-DMEDT-TTF molecules to acceptor anions B:.(1+y), wherey has
been estimated to be 0.75. The value ofy determines the
area of the Fermi surface, which decreases with increasing
T " y.° Figure Xb) shows the calculated Fermi surface of
7-[P-(S,S)-DMEDT-TTF],(AuBr,),(AuBr,),,  y~0.75,
/\ which was calculated using the extendedckil tight bind-
T X ing method?® The star shaped Fermi surface, results from the
\/ fourfold symmetry of the molecules packing. While tad
i plane is metalligconducting the interplane electrical trans-
port displays an unusual nonmetallic behavior over the
whole temperature range. This behavior contrasts with what
is observed in most quasi-two-dimensionf@2D) organic
compounds, where &2 behavior at lowT, is followed by a
nonmetallic behavior at higher temperatures. A smooth
crossover from coherent Fermi-liquid excitations at low tem-
a peratures, to incoherent excitations at high temperatures, has
been suggested to occur in these compo@hds.
In this paper, we report the observation of Shubnikov de
FIG. 1. (a) A sketch of the P-§,S)-DMEDT-TTF molecule(b) ~ Haas(SdH) oscillations in ar phase organic conductor; the
Calculated Fermi surface of-[P-(S,S)-DMEDT-TTF],(AuBr,) 7[P-(S,S)-DMEDT-TTF],(AuBr,),(AuBr,), compound.
(AuBr,), and fory~0.75 (solid line). The dashed line represents Two fundamental frequenciés andF, were detected in the
the calculated Fermi surface fgr=0. (c) Configuration of contacts fast Fourier transform of the SdH signal, corresponding, re-
in relation to sample morphology for interplane electrical transportspectively, to 2.4 and 6.8 % of the area of the first Brillouin
measurements. zone (Aggz), Which is at odds with band structure calcula-
tions. Relatively large effective massés., for nonsuper-
moments. In any case, the necessary ingredients for explaigonducting organic conductdisy;=4.4+0.5 andu,=7.5
ing the magnetic-field induced enhancement of the conduc+0.1 were obtained fof, andF,,, respectively. The angular
tivity in these compounds, seems to be the presence of locadtependence df, andF,, reveals the 2D character of the FS,
ized magnetic moments, their interaction with itinerantand the absence of frequency beatings indicates that the FS
electrons, and the effects of the magnetic field on thishas no detectable warping along thedirection. The angle
coupled system. dependent magnetoresistanc®MRO) further suggests a
Nevertheless, there are other families of organic conducstrictly 2D FS, where the interplane hoppitgis virtually
tors, the compounds of thecrystallographic phas€whose  absent, or is incoherent. We find the Hall constayy to be
magnetoresistivity presents remarkable similarities to what iield independent, and the Hall mobiligy,, to increase by a
observed, for example, in A-(BETS)LFeCl and factor of ~3, under moderate magnetic fields. This indicates
TPHFe(Pc)(CN} ], although their structure isiot com-  thatB does not introduce additional carriers into the system,
posed by any magnetic element, see Fig).Here we report  instead, it decreases the carriers scattering #ate As nei-
on the electrical transport properties of  the iher the interplane nor the in-plane resistivity displays2a
7[P-(S,S)-DMEDT-TTF],(AuBr;),(AuBr;),  compound  gependence at zero field, we conclude, that the magnetic
[where y~0.75 and P-§,S)-DMEDT-TTF stands for field induces a crossover from a “non-Fermi-liquid-like” be-
pyrazino-@,S)-dimethyl-ethylenedithio-tetrathiafulvabeat  havior at moderate fields, towards a Fermi-liquid-type be-
high magnetic field$ and low temperatures. In this com-  hayior at higher fields, whose signature is the observation of

pound, an in-plane as well as interplane magnetoresistivity iguantum oscillations, i.e., the Shubnikov—de HaSsiH)
found to decrease by a factor65% when a fieldB  gffect.

<10 T is applied. A significant hysteresis is also

b)

¢)

observed?® which points towards the formation of field in- Il EXPERIMENTAL RESULTS
duced domains and has been interpreted as an indication of
the magnetic nature of these compouhdsiowever, mag- Several different single crystals ofr-[P-(S,S)-

netic susceptibility measurements revealed an almost tenDMEDT-TTF],(AuBr,) (AuBr,), (y~0.75), synthesized
perature independent paramagnetic term. This term is conby electrochemical method$,were used in the present in-
parable to those measured in other 2D nonmagnetic organicestigation. Gold wires of 12.5um were attached with
systems which are characterized by strong electronigraphite paint in a conventional four-terminal configuration
correlations?® for interlayer electrical transport measurements, see Fig.
The crystallographic  structure  of 7[P-(S,9)- 1(c); while a six-terminal configuration was used for the Hall
DMEDT-TTF],(AuBr,),(AuBr,), is tetragonal with unit effect measurements. Standard low frequenep@ Hz) ac
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¢ axis. Forall values ofB, p,, shows a crossover from positive to
negative magnetoresistance behavior at a crossover temperature

FIG. 2. Temperature dependence of the interplane resisfiyity 1a(> To)=18 K. Inset:p,, for both field up and down sweeps
of 7[P-(S,S)-DMEDT-TTF],(AuBr,) (AuBr,), (y~0.75) at zero (indicated in the figure by arrov)/sis.a function ofT and for two
magnetic field. The change in slope observed ats a character- values of field 5 and 25 T, respectively. A large hysteresis is ob-
istic anomaly in this materiaisee text served at 25 T.

T (K)

lock-in techniques, with currents of order of 10A were (i) Forall values of magnetic fielch,, shows a crossover
employed in the measurements. Samples were mounted infeom positive to negative magnetoresistance behavior at a
variety of fixed as well as rotating sample holder probescrossover temperaturg,(>T,)=18 K.
immersed in both®He cryostats and dilution refrigerators. (i) The kink observed aT}, is rapidly suppressed by the
Magnetic fields were provided by the resistive magnetspplication of a magnetic field.
available at the National High Magnetic Field Laboratory’s The inset of Fig. 3 shows the dependence gfon tem-
dc field facility in Tallahassee Florida. peratureT for two values of fieldB=5 and 25 T, respec-
Figure 2 shows the typical temperature dependence dively, and for #=0°. Arrows indicate increasing and de-
zero magnetic field of the interplane resistivity,, of a  creasing temperature sweeps. A markdddependent
-[P-(S,S)-DMEDT-TTF],(AuBr,) (AuBry), (y~0.75) hysteresis is observed f@=25 T (as well as smaller, but
single crystal, sample No. 1. Although the in-plane resistivitynoticeable hysteresis at 5),Tindicating some sort of first-
displays a metallic behavif, the interplane transport, as order domainlike behavior. The observation that all the
seen in the figure, is clearly nonmetallic and shows an abrupturves meet aff ,(>T,) suggests thal, does not corre-
change in slope af,=12 K. At this temperature, a metal- spond to a thermodynamic phase transition. Instead, it may
insulator transition has been suggested to occur, althoughdicate that charge transport in this system is described by
specific heat measurements did not provide any evidence féwo distinct mechanisms with quite different temperature de-
a phase transitidfiat T,,. BelowT,, thein-planeresistivity, pendencies and@, would correspond to the crossover tem-
in contrast to the interplane resistivity, seems to follow aperature between them. The mechanism that dominates the
logarithmic dependence on temperattit@his dependence transport at low temperatures clearly has a strong magnetic
was interpreted as an indication of either weakfield dependence.
localizationt®23 or Kondo effect arising possibly from ex-  Figure 4 displays the magnetoresistaRgg, from sample
change interaction between localized magnetic moments arfdo. 1, as a function of magnetic fie® for 6=0°, and for
itinerant conduction electrorfs.In any case, and as clearly four different temperatures 1.45, 1.0, 0.7, and 0.50 K, respec-
seen, the interplane resistivipy, does not display the typi- tively. All curves are vertically displaced for clarity with
cal T? dependence seen at Iowin other Q2D organic com- arrows indicating field-up and field-down sweeps. As previ-
pounds, which is the signature of coherent electricalously reported; the resistance decreases by a fact@5%,
transport followed again, by a significant temperature dependent hys-
Figure 3 shows the temperature dependence,pfor §  teresis. Furthermore, fof<1 K and for fields aboveB
=0° (6 is the angle betweeR and thec axig) and for several =17 tesla, Shubnikov—de Ha#&SdH oscillations are ob-
values of magnetic fiel®, as indicated in the figure. Several served. This is an indication of the high qualitgr long

significant features are observed. mean free path at high fielgef theser phase metallic single
(i) BetweenT, and 6 K, for increasing magnetic field crystals. = The  resistivity ratio Ap=[p(300 K)

(B>5 T), p,, exhibits a metallic character, i.ep,, de- —p(4.2 K)]/p(4.2 K) is generally used as a criteria for

creases with decreasifg judging the quality of a metal. Typically, to observe SdH
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FIG. 4. Interplane resistivity,, (sample No. 1as a function of
B for 6=0° for several temperatures 1.45, 1.0, 0.7, 0.5 K, respec-
tively. Curves are vertically displaced for clarity. Arrows indicate
field-up and field-down sweeps. FIG. 5. The SdH signal for-[ P-(S,S)-DMEDT-TTF],(AuBr,)

(AuBr,), . Upper panel: Total SdH signal as a function of inverse

oscillations, a\ p~ 100 or greater is necessary. In the presenfi€ld B~ for ¢=0° for different temperatures. Inset: The FFT
case, ot only ishy small, but negative. Here we find PeetT (TET0S Ko sgnal T remenens oy
Ap,~—0.9 at B=0 T and Ap,~—0.8 at B=27 T. ' i

Hepce the mechanism wh.ich produces the apparen_t nonm E'rzt.c()gteaemt(;ittf)grsduet;fﬁ?gr?g ;;dt'é?s:&zgﬁ_quendm compo
tallic behavior at lower fields does not compromise the
Fermi-liquid properties observed at higher magnetic fields.  The observation of two frequencies, i.e., two Fermi sur-
The upper panel of Fig. 5 shows the SdH signal as dace extreme cross-sectional areas, is surprising since, ac-
function of inverse field ! for #=0° and for several val- cording to band structure calculatiosthe FS of this com-
ues of T, as indicated in the figure. The SdH signal is herepound is composed of a single and closed star-shaped sheet
defined as ¢— oy,)/0y,, whereo is the conductance or the [see Fig. 1b)]. Furthermore, from published crystallographic
inverse of the actual resistivity of our sampealid if the  datal® the area of the first BrillouifFBZ) zone is given by
Hall component is small, which is the case heendo, is  Apg,=72.986 nm?2. Using the Onsager relationF
the background conductance, obtained by inverting the back= A(h/472e), whereF is the SdH frequencyA the respec-
ground resistancer,, is obtained by fitting the actual sample tive FS cross sectional area,the electron charge, anl
resistance to a low-ordddt or lesg polynomial. The SdH Planck’s constant, we obtained 2.4 and 6.8 % ofAhg; for
signal amplitudes, thus defined, may then be directly treatef, andF,,, respectively. In contrast, the ratio of the area of
with the standard Lifshitz-KosevictLK) formalisnf to ob-  the calculated closed Fermi surface in Figb)lto Aggz is
tain the effective masses of the carriers in terms of the freestimated to be 1:8, corresponding to a frequerlgy
electron mass, as well as the Dingle temperature, which de=955.8 T. Therefore, the estimatefélg is considerably
scribes the impurity level in the material. A fast Fourier higher than either value determined in the present work. It is
transform methodFFT) was used to obtain the SdH ampli- interesting to mention that the fraction of “disordered” an-
tudes vs temperature. In the FFT spectrum, shown in thénsy, which determines the area of the FS has been found to
inset of Fig. 5 forT=0.5 K, we obtain two peaks &, be time dependent in a related compound
=186 andF,=516 T, respectively. The lower frequency at -[ EDO-(S,S)-DMEDT-TTF]y(l3);.,." If in our sample,
F, can be seefby eyg as a slight variation of the wave-form the anion conteny differs from ~0.75, the actual geometry
amplitudes in the more dominaht, signal(upper panel, Fig. of the FS would necessarily differ from that shown in Fig.
5). To further verify that the FFT spectrum was not produc-1(b). But this effect would not explain this discrepancy since
ing theF, frequency as an artifact, we independently fit thethe area of the FS increasesyadecreases for intermediage
total SdH signal with the LK expressibffor F,, and then  Alternatively, it is possible that the “kink” observed &, is
subtracted the fit from the SdH signal. The result is shown irthe onset of an eventual AF transition; as AF transitions
the lower panel of Fig. 5, which clearly shows the presencevould open partial gaps at the Fermi level and also affect the
of the F|, component, as well as its temperature dependenceriginal geometry of the FS. However, to date no indications

1/B (telsa)’
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the SdH signalsfrom Fig. 5 vs temperaturd: F, (solid squares
Fy, (open circles Solid lines are fits to the Lifshitz-Kosevich for-
malism, were the slopes provide the effective masges 4.4
+0.5 forF, and u,=7.5=0.1 for F,,, respectively.

FIG. 7. Interplane magnetoresistariRg, as a function oB at
T=0.55 K and for several values of the angl&etweerB and the
interplanec axis. Dotted arrows indicate field up and down sweeps.

of a phase transition &t have been found either in specific . . )
heat or in magnetic susceptibility measuremefté. a function of magnetic field at T=0.55 K for different

Figure 6 shows the logarithm of the SdH amplitudesvalues of the angl® (betweenB and the interplane axis),
(from the FEFT of the data in Flg)&lelded byT vs T. The as indicated in the figure. Dotted arrows indicate field up and
solid lines are a fit to the LK expressiofisinhX whereX down sweeps. We find that the hysteresis in the magnetore-

= ap T/B,a=14.69 TIK andu, is the effective cyclotron sistance decreases for increasing angle. The angular depen-
mass in relative units of the free electron mass. The dence of the SdH oscillation frequencies is shown in Fig. 8

slope yields the effective cyclotron masges=4.4+0.5 and  [of Fi and Fn- The solid lines are fits to the expression
un=7.5£0.1 for F|, and Fy, respectively. These effective F(6) =F(6=0°)/cosd. The fit prowde_s values of 1843
masses are relatively high masses for an organic metal, argf'd 520-6 tesla forF, andFy,, respectively. It also clearly
in fact these values are not surprising, since the curvature ¢pdicates  that  the  FS  of the 7[P-(S,S)-
the proposed star-shaped FS presents singularities at its vétMEDT-TTF]>(AuBry) (AuBrp), (y~0.75) compound is
tices. Another possible origin for the high mass values idwo-dimensional as expected for an anisotropic layered com-
magnetism, given the hysteretic nature of the transport ob?ound- _ _
served. The exchange interaction between carriers and local- Figure 9 display;; as a function o for two values of
ized moments are known to considerably modify the transthe in-plane angle$=0° (dotted ling and ¢=45° (solid
port of carrier€® especially near a metal-insulator transition. ine) at T=4.2 K andB=14 T. ¢=0 is defined as the
In general, complex magnetoresistive behavioombina- ~ rotation axis normal to the'sample edge; consequemly,
tions of positive and negative magnetoresistivities as, for ex=45° corresponds to a rotation along one of the diagonals of
ample, in manganit¢sas led to theories for the formation of the square-shaped samplé. more detailed angular study is
magnetic polaron& i.e., ferromagnetic regions of local mo- described elsewhefd) Here we find no sign of angular de-
ments aligned with the spin of the carrier, via the exchange
interaction. However, direct evidence for magnetism in the 300
present case is yet to be observed.

Additional information can be obtained by the Lifshitz-
Kosevich formalism by plotting the amplitude of the SdH

700
600~

oscillations, normalized with respect B"2 From this, we S sor 7
obtain the Dingle damping factoRp=exp(—au.Tp/B) £ 4001 -
where Tp=h/(4m%kg7) (Kg is the Boltzmann constang, =~ 300k i

is the carriers effective mass in electronic mass units,and 200
is the relaxation time We obtainTp;=1.32+0.15 K, which
is a small value typical of organic metdlgnd indicates the
high quality of thisT phase single crystal despite the nega- 6 40 20 0 20 40 60
tive value ofAp,,. Hence the reason SdH oscillations are
difficult to see abog 1 K is due to théarge effective masses,
which enhance the LK damping factors. FIG. 8. Angular dependence of bdfy andF,,. Solid lines are
Figure 7 displays the interplane magnetoresistd®geas fits to the expressiofr () =F(6=0°)/cos6.

100 - -

6 (degrees)
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B=14 T.
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FIG. 11. (&) The Hall constanR,, (see textas a function oB
calculated from the traces shown in Fig.(B0 (b) The density of

pendent magnetoresistance oscillatioAMRO), which are ! 4 . ;

periodic in tan@), associated with a warped cylindrical FS carriersn as a function oB obtained f_rom thq traces i@). (c) The

topology?37 Furthermore, the observation of a central peakall mobility =Ry /p. as a function of field.

in R,,, i.e., for B|l||c, is quite surprising, since magnetore-

sistance is_, not gxpected under these conditions, as expectedopserved forB<2 T (compared withB<6 T for p,,

from quasiclassical transport theory. _ with sample No. L For this sample no quantum oscillations
The in-plane resistivityp,, as a function ofB from  \ere observed, although sample No. 2 was from the same

sample No. 2 for several different temperatures is presentegg trocrystallization cell as sample No. 1. This indicates a

in Fig. 10@). The respective temperatures are indicated i ariation in quality and/or physical properties may occur

the figure. The general behavior pf, is essentially similar during the synthesis proce&s.(We note, however, that
to what is observed ip,, under field: A large resistivity drop ' '

typically, in organic conductors,, gives a larger SdH sig-
nal thanp,,.) Figure 1@b) shows the Hall resistand®, as

W T T T T T T T a function of B and several different temperatur@sfrom
::3 08K i Fig. 10a). Ry is obtained by antisymmetrization of the Hall
—~ 35 135K | voltage Vy: Ry=[Vu(+B)—Vux(—B)]/21, where I,
é ] . N 30K | | =50 pA. We note thaRy is linear in field, as expected for
cé 25 T3 TR a metal characterized by only one type of carrier, whose sign
=, 20 . indicates that electrons are the charge carriers, in agreement
Q15 s with previous result$’ Moreover, Ry, is temperature inde-
Lo ] pendent below 4.2 Ksolid line in this figure is a guide to the
A A eye. The Hall constanR,,=E, /j,=(Ryt/B), whereE, is
30 ' the transverse electric field and is the in-plane density of
% current, is shown as a function &fin Fig. 11(a), from the
~ 20 traces in Fig. 1(). Except at low fields, where the Hall
g 1(5) S|gn§I is too smal! for an accurate determinatigy, is es-
. sentially constant in magnetic field f8rup to 30 T. In other
oo Sample 2 words, there is no clear evidence which could indicate Ehat
2 / o introduces carriers into the system, hence decreasing its re-

B (tesla)

1 1 1 1
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30

sistivity. An estimation of the density of carriers in our sys-
tem is provided by the standard expression for the Hall co-
efficient in a isotropic systermz(RXye)*l, wheree is the

electron chargen is presented in Fig. 1lh) and is basically
constant for B>4 T saturating to a valuen=3.75
X 10?7 m~3. By multiplying n by the unit cell volumey

=3676.9 A we obtain a value of=1.4 carriers per unit

FIG. 10. (8 The in-plane resistivity,, as a function oB from
sample No. 2 and for four different temperaturés) The Hall
resistanceér,; as a function oB for the same four values dfas in
(a). The solid line is a guide to the eye.
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cell. This value is remarkably close to the number of acception since nesting can lead to a spin or charge density wave
tor anions H (y=0.75)=1.75v !, considering the usual (SDW or CDW) ground state, which involves Fermi surface
uncertainty associated with the sample and contacts geweconstruction, and magnetism in the case of the SDW. Such
metrical factors as well as the inadequacy of the above exground states are known to exhibit hysteretic behavior in
pression for describing a temperature dependent Hall effeahagnetic fields, and the reconstructed Fermi surface can ex-
in an anisotropic 2D system. Consequently, and at least dtibit SAH oscillations that differ from those predicted from
low temperatures, the number of carriers seems to be givethe band structure calculations. Nevertheless, the observation
by the number of acceptor anions in thisphase system. of two SdH frequencies, which indicates a Fermi surface
Finally, as R,y<pyx, the Hall mobility, which is propor- topology significantly different from Fig. 1, remains a fact.
tional to 74, the inverse of the scattering rate, is approxi-Actually, for a high symmetry FS, as the FS depicted in Fig.
mately given byuy=R,y/py and is plotted in Fig. 1&).  1(b), we expect to find several nesting vectors satisfying a
As seen,uy is rather small, on the order of 16, and relatively poor nesting condition. This would imply FS re-
slightly decreases with increasir®) indicating thatrg in-  construction which would explain the discrepancy between
creases at higher fields. In the important low field regionthe calculated FS and the FS cross sectional areas detected in
where the resistance decreases considerably, it is not possilités study. However, this hypothesis still requires experimen-
to directly extract the real behavior gf; due to the uncer- tal verification.

tainties inR,,, as mentioned above. NeverthelessRasis In light of the anomalous behavior of the temperature and
remarkably linear in field, we expe®,, to be essentially magnetic field dependent resistivity, the complex structure of
constant in the whole field range. As the resistivity decreasethe tau-phase compound must be carefully considered. The
by a factor of~3, uy necessarilyincreasesby the same unit cell along the c axis involves four
factor. At the moment, it is not clear which mechanism is[P-(S,S)-DMEDT-TTF],(AuBr,) layers, where addition-

responsible for this magnetic-field induced reductiompf.  ally, there may be some variation in the interlayer (
~0.75) composition. This unusually large unit cell configu-

ration may give to the tau phase electronic structure addi-
lil. DISCUSSION tional degrees of freedom at which we may include the pos-

The primary findings of the present study &@ The sibility of disorder. In the present case, they may _contribute
presence of SdH oscillations clearly indicates the existenct® the very unusual ground state observed in thishase
of a well defined, two-dimensional Fermi surfack) The  ©rganic conductor and simple tests for ferromagnetic, SDW,
presence of two SdH frequencies is at odds with the singl€" CDW behavior may, for instance, not be straightforward.
frequency expected from band structure calculati¢r)sThe
Hall effect shows that the carrier concentration associated IV. SUMMARY
with the 2D Fermi surface is independent of magnetic field, )
even in light of the very large negative magnetoresistance !N summary we have presented an electrical transport
which is observed(d) The nature of the AMRO data show Study in the two-dimensional organic ~conductor
that the interplane transport may either be incoherent, and/dir[P-(S,S)-DMEDT-TTF],(AuBr;) (AuBr;), (where y
that the interplane bandwidth is vanishingly small, i.e., the™0.75) atlow temperatures and high magnetic fi@dBoth
2D Fermi surface is not warped. the in-plane and the interplane resistivities show a pro-
Notably, what remains unknown is an accurate descriphounced negative and hysteretic magnetoresistance, which in
tion of the ground state of this unique system. Although, toSome samples is followed by the observation of
date magnetic susceptibility measurements do not show evishubnikov—de Haas oscillations. Two fundamental frequen-
dence for magnetic transitions, there are still arguments th&iesF, andF, were detected in the SdH signal, correspond-
suggest that magnetic order of some kind may play a rolend, respectively, to 2.4 and 6.8% of the area of the first
Hysteretic effects in the large, negative magnetoresistanc@rillouin zone (Aggz), which differs significantly from band
(as well as history-dependent behavior for the in-plane angustructure calculations. High effective masses=4.4+0.5
lar dependent magnetoresistaneage suggestive of ferro- andu,=7.5+0.1 were obtained fdf, andF,, respectively.
magnetic order. Since none of the constitutive elements ifhe angular dependence & and F;, reveals the two-
[ P-(S,S)-DMEDT-TTF],(AuBr,) (AuBry,), (y~0.75) are dimensional character of the FS, while the absence of fre-
magnetic, magnetism can only arise from the electronigluency beats indicates the absence of warping alongthe
bands, or perhaps from localized spiiisordej. Recently, direction. Furthermore, the angle dependent magnetoresis-
Arita et al®! have considered the problem in terms of thetance(AMRO) suggests a FS which is strictly 2D, i.e., the
relatively flat (low dispersion bands of the material at the interplane hoppind. is negligible and/or incoherent. While
Fermi level. This can give rise to electronic correlations,the Hall constanR,, is field independent, the Hall mobility
thereby allowing ferromagnetic spin fluctuations, and consexy increases by a factor of 3, under moderate magnetic
quently an enhanced spin susceptibility. As noted abovefjelds. This indicates thaB does not introduce carriers into
however, this enhancement has not yet been observed, nthre system, but does decrease the carrier scatteringFate
has any significant “Curie tail” appeared at low tempera- Our results indicate that this uniquephase organic con-
tures, in magnetic susceptibility measurements. ductor structure is best described as a system of highly two-
Another route to understanding the ground state is to condimensional Fermi-liquid layers which are nearly decoupled.
sider nesting of the Fermi surface. This is an appealing opThe details of the mechanisms which give rise to the unusual
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