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Observation of fast oscillations in the magnetoresistance of the Bechgaard sakMTSF ),SbF;
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We report on a low-temperature and high-field studyTd¥ITSF),SbF; at ambient pressure, where TMTSF
stands for tetramethyltetraselenafulvalene. We observe in this salt a single series of fast oscillations in the
magnetoresistance inside the spin-density-wave state, with oscillation freq&enty0 T for Blic*. The
angular and thermal behavior of these oscillations has been explored and seems rather similar to that of other
salts having octahedral aniofBF;: F=230 T, Ask: F=206 T). However, the frequency in Spks surpris-
ingly much lower, a feature perhaps attributable to anion volj®@163-1828)06345-(

The Bechgaard salts (TMTSEX, where TMTSF stands used the standard four-contact techniqgeld paste and
for tetramethyltetraselenafulvalene axds an inorganic an- 17-um gold wireg to mount the samples. The resistivjty,
ion (CIO,4, NOs, PR;, AsF;, ...) have been extensively stud- and the transverse MR were measured using a 20-kHz ac
ied during the past 18 years because of the very rich physicgurrent(of low enough amplitude to avoid heating or non-
due to their quasi-one-dimensional charaétBifferent sys- Ohmic effectg flowing along the best conducting needle di-
tems of fast oscillatiorfFO) depending on the nature of the rection(a axis). A rotating sample holder that allows a 360°
anion have been observed in the magnetoresistdvBg in ~ variation of the B,c*) angle, whereB is tilted in the
the above salté* The MR of the two brother salts Rland ~ (c*,b*) plane, was employed for the study of the transverse
AsF, exhibits a single series of Shubnikov—de Haas—like FOnagnetoresistance angular dependence. It is our experience
at 230 and 208 T, respective'i)?.Rather similar behavior has that increasing the anion volume makes these salts more and
been evidenced: first, only tH& component along* is in-  more brittle. So, even using a very slow cooling rabel
volved (orbital effec), and second, a conventional increaseK min~"), we observed many cracks during cooling between
of the FO amplitude when temperature is lowered is fol-200 and 70 K. Aside from these, metallic behavior is ob-
lowed by an unconventional, sharp decrease around 3 K. F&erved down to 12 K, where the dielectric, spin-density-wave
many years, the origin of the FO has remained an open andDW) phase appears. The metal-insulator transition tem-
controversial subject. However, recent theories and experpPerature Tgpy=12=0.5K was conventionally estimated
ments from Kishigi and MachidaUji et al.® and Brooks from the extrema ofl In(R)/d(1/T) (see Fig. 11
et al® bring in new ideas and approaches to this phenom- The sample orientation was determined by the MR anisot-
enon. ropy whenB is rotated in the ¢*,b*) plane. As usual for the

It is known that the geometrysymmetry and orienta- Bechgaard salts, a rather sharp minimum was assigned to the
tional ordering of the anions play roles in determining theb’ direction (with an accuracy of+1°). This direction, the
low-temperature properties of the HBumber of series, fre-
quency, etg. After (TMTSF),PF; and (TMTSF),AsF;, it 10
seemed relevant if not pertinent to study the Stdmpound,
in order to follow the FO properties when increasing the :
anion volume, without changing the octahedral symmetry. 6l 1 v _
Here, we report the first observation of the FO in “
(TMTSF),SbF; as a single series of oscillations of frequency
170 T. The regular but significant decrease of this FO fre- .
quency, going from P{F =230 T) to Ask; (206 T) to Sbk; ar " e T
(170 1), is a strong indication of the influence of the anion.
Moreover, it is worth mentioning that the Sp&alt has never s . s .
been studied under high magnetic fields. " ok * ”

The experiments were carried out in pulsed magnetic
fields at Toulouse, which are characterized by a long-time FIG. 1. Resistance vs temperature, showing the SDW transition
decreasé~1 s) and a maximum field close to 40 T. We have near 12 K. Insetd In(R)/d(1/T) plot.
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FIG. 2. Magnetoresistance anisotropy ®+5 T rotated in the
(c*,b") plane. FIG. 4. Magnetoresistance amplitude and FO amplitudd,vs
showing that both decrease below3 K, similar to all the other
projection of theb axis onto the plane perpendiculardpis  TMTSF salts studied.
more relevant thab* for magnetotransport, as it lies in the
conductinga-b plane (unlike b*), and is normal to the in- The clear dependence of the FO frequency on the anion
terlayerc* direction. This sample orienting was done at 4.2species has to be explained. The anion mass should not be
K for a field of 5 T (Fig. 2. We can notice a very important involved in any case, so the frequency is more likely linked
anisotropy ratio, the MR being almost zera1%) for Bllb’ to the anion size(respectively, 94, 102, 118%for PF;
at +90° and around 140% foBlic*. Moreover, this MR  AsFs and Sbk at room temperatutd), which modifies both
follows very well a cosine law, indicating its orbital origin. the cell parameters and the Fermi-surfd€&) topology.

In order to search for possible FO’s, which are known toThis trend, which starts with the ClQ®alt (77 A%) where the
appear in the SDW state in the other salts, we have done BO frequency is about 260 %%?is shown in Fig. Gnote the
first set of experiments at different temperatures, from 2 tdnvertedy scalg. We also depict in Figé a corresponding

10 K. The MR up to 36 T is displayed in Fig. 3. As for the relationship between the FO frequency and the momentum-
PF; and Ask salts, the ambient, background MR has aspace area of the pre-SDW, metallic-phase first Brillouin
monotonicB dependence and exhibits a maximum near 3 Kzone, here defined asr(a) X (7/b). This linear dependence
(see Fig. 4. A single series of oscillations is clearly and may become important when one attempts to attribute the FO
directly visible on the MR. They qualitatively contain the to closed orbits on the nested Fermi surface in the SDW
two well-known characteristics of FO:B/periodicity and a  state.

restricted existence range, fror2 to 8 K with a maximum In one such model proposed by gji al. the FO are said
around 3.5 K(also in Fig. 4. The fundamental frequency, to be explained by magnetic breakdoWB) orbits arising
obtained from either an Onsager plot or Fourier transformsfrom a reconstructed Brillouin zone and reconstructed Fermi
is F=170=4T, the lowest frequency yet observed in the surface, after the nesting at the spin-density-wave formation.
Bechgaard salts. Here, we exclude from the discussion thesing a simple model for the FS, one would expect that the
64-T series found in the NQsalt, and the field-induced resulting orbit area is linked to the area of the first Brillouin
SDW (FISDW) resistance oscillations of nominally35-T  zone(precisely to siny/ab, wherey is the angle between the
frequency seen in Clpand PFE. In NO;, it is thought that a andb crystal axesand to the transfer integral ratig/t, .
bona fide closed orbits develop after the anions order, whil@hen, it would be interesting to know if an increase of the
the “slow” frequency of the FISDW gives the FO its name. anion volume modifies those two parameters in such a way
For completeness, we explored the angular dependence aé to decrease the orbit area. In the conventional
the Sbk fundamental frequency and the oscillation ampli- Shubnikov—de Haas(SdH) effect, the frequencyF
tude whenB is rotated in the ¢*,b’) plane(Fig. 5. The  =1/A(1/B) is directly proportional to thek-spaced orbit
usual cosine lawwithin the experimental errprhas been area. If the SDW transition is characterized by a nesting

found.
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SdH-like FO. To date, magnetization oscillations have only
leso been observed in the NGalt, and these are not thought to
be related to the F& No magnetic oscillations have been
detected in the Asfor PF; salts up to 30 T, in the tempera-
ture range 0.4 to 20 K, to a sensitivity level of
~10 2 A m2. If the postnesting, post-MB FS consists of
electron and hole orbits of exactly equal area, it is entirely
possible that dHVA oscillations will be averaged out by this
compensation. Magnetic oscillations have been observed in
the CIQ, salt in the FISDW state, but not in the ambient
SDW or metallic states. No data are available on magnetic
160 180 200 220 240 260 280 measurements in the FISDW state ingRIF AsF.
Fast Oscillation Frequency (T) A second problem lies in the temperature dependence at

FIG. 6. Variation of the fast oscillation frequency in low temperature: Conventional SdH and dHVA Qscillations
(TMTSF),X salts with anionX, as seen in unit-cell volumgight) are damped at high temperature by phase smearing, bUt satu-
and Brillouin-zone aredeft). rate to a constant vallue at low temperature. The precipitous

decay of the FO amplitude below3 K in Fig. 4, common to
o . ~all the TMTSF salts, was attributed by Ut al. to a gradual

vectorQspw=(Qx,Qy,Q;) which is less than “optimal,” it change in the SDW nesting vector, causing the compensated,
will leave behind finite-area electron/hole pockets, rathemg-formed orbits to shrink in size. As the nesting improves,
than completely destroying the metallic FS. If the nesting ishe orbit areas go to zero, eliminating the FO. Our problem
perfect, no FS remains, and we are left with an insulatoryity this argument is that the FO frequency, intimately tied
Charge carriers in these imperfectly nested pockets can Uy the orbit areas, is constant for all temperatures where the
dergo Landau quantization in a strong field. However, the=g's are observed, including below 3 K. The model of Ref.
orbit areas predicted by all band-structure calculations arg cannot be correct as it stands.
much too small to explain the observed frequencies. In a |y conclusion, we have studied the high-field behavior of
strong enough field, significantly larger orbits may form afterine MR of (TMTSF),SbF. The observation of a single series
magnetic breakdown, amounting to a few percent of the firsis po'g having a fundamental frequency of 170 T confirms
Brillouin zone. Th!s is comparable to the observed frequ.enthat (i) this type of oscillatory phenomenon is a common
cies, t.hereby Iendmg_ credence to the MB model of MaCh'daproperty of the Bechgaard salté) the conditions of appear-
as pointed out by Ujet al. o . ance of the FO are destroyed at low temperatdre 8 K),

Some puzzles and contradictions remain, however. Ongnjii) the anion nature has a strong influence on the FO

relates to the lack of corresponding magnetization OSCi"aTrequency(even keeping the octahedral symmetry
tions in these materials. If the FO are due to real Landau

guantized electronic orbits, one would certainly expect de A part of this work was supported by the National Science
Haas—van Alphen(dHvA) oscillations to accompany the Foundation, Grant No. DMR-970159%1.J.N.).
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