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The Shubnikov—de Haas(SdH measurements of the two-dimensional organic conductors
(BEDT-TTF),MHg(SCN), for M=TI, K, Rb, and NH, have been performed in order to investigate the
structure of the Fermi surface. In addition to the closed orbit and the magnetic breakdown orbit in the original
Fermi surface, many different SdH oscillations are found for the $MtsTI, K, and RH which have the
spin-density-waveSDW) ground state whereas only one frequency is observed for the 9di All the
frequencies follow the same angular dependence. On the basis of the relation between the SdH frequencies, the
Fermi surface in the SDW phase, which has no open sheets, is reconstructed. The origin of the magnetic
breakdown orbit and the large hysteresis in the resistance observed below the transition fietdTioiK, and
Rb is explained in terms of the coexistence of the SDW phase and the normal metallic phase.
[S0163-182606)01637-2

l. INTRODUCTION has one-dimensiondllD) and 2D Fermi surface&S'’s).1®
The schematic picture of the FS’s in the most conducting

Charge-transfer salts of the forBEDT-TTF),X, where  plane(ac plang is shown in Fig. 1. For the K, TI, and Rb
BEDT-TTF is bigethylenedithigtetrathiafulvalene, have salts, the SDW transition is considered to be caused by the
been extensively studied in order to understand the groungesting of the two sheets of the 1D FS. The nesting causes
states in low-dimensional systems. Among the various saltthe reconstruction of the FS and the models of the recon-
of the (BEDT-TTF) family, (BEDT-TTF),MHg(SCN), structed FS have been proposed by several grbps.
(M =K,TI,Rb,NH,) salts have been of particular interest due  Kartsovnik, Kovalev, and Kushéhconstructed the ES in
to the low-temperature properties.

The NH, salt in the (BEDT-TTF),MHg(SCN), family electron-like 1D
shows the superconductivity at about 1'Kdowever, the Fermi surface
other salts(M =K, TI,Rb) are metallic down to 50 mK, and -
show a magnetic phase transition at low temperatures j k hole-like 2D

€4— Fermi surface

At

Normal Metallic

(Ty=8-12 K).2=° The ground states of the sal§l =K, TI, Ne
ase

Rb) have been suggested to be spin-density-wgsgBW)

state$ from the magnetic-susceptibilfty and the electron- Ty
spin-resonance measuremetta. BCS-like jump in the heat

capacity is also observed &y, for the K and Rb salt$! The

phase diagram for the K, Tl, and Rb salts is shown in Fig. 1.

For the K salt, the SDW phase is removed by a high field of

about 23 T(Hg), where the kink behavior in the magnetore-
sistance is seeft*12-15A large hysteresis in the magnetiza-

tion and the magnetoresistance has been observed in the

SDW phase, and the presence of the additional phase line f. 1. phaser-H diagram of(BEDT-TTF),MHg(SCN), for

(Ha) in the SDW phase is proposédhe possibility of the  \=Ti, K, and Rb. The schematic Fermi surface in the normal

filamentary superconductivity in the SDW phaSend the  metaliic phase is also shown. The SDW phase is removed by the

superconductivity induced by the uniaxial stress have beemagnetic fieldH, . An additional phase linéi 5 in the SDW phase

reported at low fields for the K or Rb safts. is shown by a broken lin€Ref. 3. Hysteretic behavior in the mag-
According to the band-structure calculation, the netoresistance and the magnetization is observed in the field range

(BEDT-TTF),MHQg(SCN), in the normal metallic 1) phase betweenH, andH .

~

H
0 Hp Hg
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the SDW phase on the basis of the angular-dependent magtane is the most conducting plane. Using gold paint, gold
netoresistance oscillatiofRDMRO) and the Shubnikov—de wires (¢10 um) were attached on a fadac plane of the
Haas(SdH) oscillations. In their model, there exist 2D and platelets for the in-plane resistance measurements, and on
1D FS's, which have a lens orbit and an open orbit along thgysth the faces for the measurements alonghtheaxis. To
nesting vector, respectively. In this case, the observed twg,qiq sample heating, the dc currents were selected to be in
SdH oscillations are aSS|g_ned to the Iens_ o.rb|t and the magp e range between 1 and 10@. The samples were directly
netic breakdown(MB) orbit. The MB orbit is exactly the e in théHe-*He mixture of the dilution refrigerator.

same as the closed orbit on the original 2D FS in khe :
phase. The anomalous ADMRO results observed in the spwhe temperature of the sample was controlled by using a

phase are explained in terms of the drift motion of the Con_carbon resistor a_nd a resistance heater in the mixing cham-
duction electrons on the reconstructed 1D FS. Similar modper‘ The S_dH signals were me_asurt_ad by a standard low-
els of the reconstructed FS have been proposed by oth&auency field modulation technique in the frequency range
groups2%-22 These models are apparently based on the fadfom 17 to 37 Hz. All the SdH s.|gnals were detected at the
that two fundamental SdH oscillations are observed in thé&cond harmonic of the modulation frequency for the current
SDW phase. Such a reconstructed FS is obtained when tiR€rpendicular to the conduction plane.
cross section of the original 2D FS is assumed to have a
circular shape in thac plane. However, the cross section of
the original 2D FS is determined to be an elongated ellipse Ill. EXPERIMENTAL RESULTS
rather than a circle from the observation of the standard AD-
MRO in theM phase-®?%22When the 2D FS has an ellipti-
cal cross section, the reconstructed FS has a more compli- The in-plane resistance at 0.05 K for the Tl salt is pre-
cated topology than the simple models. We have observesented in Fig. 26 is the angle between the magnetic field
many SdH oscillations for the Tl s&it,some of which have and theb* axis. The SdH oscillations are evident above 10
not been reported by the other groups. The observation of. In this data, only one SdH oscillatigdenoted by, laten
these oscillations clearly suggests that the reconstructed Ffnd its second harmonic are evident. The nonoscillatory
is more complicated than their models. background of the resistance increases with field and shows a
To investigate the complete structure of the FS, we havenaximum around 11 T. The field where the resistance has
made extensive magnetoresistance and SdH measuremefia maximumH, ., is denoted by the arrows in the inset.
on the(BEDT-TTF),MHg(SCN), salts(M=K, Tl, Rb, and  increases as the field is tilted from thé axis to theac

NH,) over broad ranges of magnetic field and temperatureyiane similar resistance maxima have been observed for the
The various SdH oscillations fol =K, Tl and Rb have been K and Rb salts

detected down to 0.2 T by means of a field modulation tech- Figure 3 shows the in-plane resistance for the,Méllt.

nique. The SdH data shows that the K, Tl, and Rb salts haV‘I:'he zero resistance due to the superconductivity is seen in a

complicated FS's in the SDW phase. For the Jdalt, only low-field region. A SdH oscillation is seen above 8 T. In

one SdH oscillation is found, which shows that the FS has a irast to th its for the Tl salt t ob
simple structure as predicted by the band calculation. contrast to the resutts for the 71 sall, we cannot observe a

resistance maximum for the Nigalt. Osadat al.report that
Il. EXPERIMENT the magnetoresistance monotonically increases with field up
. to 30 T2* The resistance maximum is observed only for the
(BEDT-TTF),MHQ(SCN), single crystals were grown gajts \which have the SDW ground state. The correlation be-
electrochemically. The single crystals are platelet andathe een the resistance maximum and the SDW ground state
; will be discussed in Sec. IV.

A. Magnetoresistance
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FIG. 2. Resistance at 0.05 K for the Tl salt. The angular depen- FIG. 3. Resistance at 0.05 K for the Ndalt. The supercon-
dence oH,,,,and the resistance in a high-field region are shown inducting transition is seen at low fields below 0.2 T. The oscillatory
the insets# is the angle between th# axis and the magnetic field. part of the resistance in a high-field region is shown in the inset.
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8 | | FT spectra of the signals are shown in the insets.
s | g
5 _; i H are the SdH frequency, the modulation amplitude, and the
;’ < h v external magnetic field, respectively. The data in Fig) &
S - o ”s >3 %o . taken so that the high-frequency oscillations Fo+4000 T
Frequency (T) ] 1 ’ are detected predominantly than the other oscillations by se-
1 ] il . . . - . .
04 06 08 1.0 1.2 1.4 1.6 1.8 2.0 lecting the suitable modulation amplitude. This is probably
H ) the main reason why is easily seen by the field modulation

technique. Recently, Broolet al. observeds by the conven-
tional magnetoresistance measurements and found that the

FIG. 4. SdH signals at 0 05 K |n various magnetic field ranges | ative amplitude is enhanced by the pres§are.
e oo el 2 0012 1 002 T Toe FT -~ The abservaton ok, andj is consisent wihth calt
p 9 ' lated band structure shown in Fig. 1. Therefore, the results
seem to suggest that the FS is ffat least partially recon-
structed in this field region, which will be discussed in Sec.
Figures 4a)—4(c) show the SdH oscillations measured at V.
0.05 K for the K salt. In the highest magnetic field region
[Fig. 4(@], two fundamental oscillations;, and3 are evident

B. SdH oscillations

Below 10 T[Fig. 4(b)], we find other oscillations,, «as,
and ¢ for the K salt. The amplitudes of these oscillations are
in the Fourier transforniFT) spectrum[inset of Fig. 4a)]. much smaller than those af;, and 8 at higher fields. The
The «a; oscillation[F («;)=673 T], which is in good agree- similar oscillations are observable for the Rb $&ig. 5b)].
ment with the reported value, is assigned to the closed orbffor the Tl salt, they and « oscillations are observed in
on the 2D FS predicted by the band calculatjéig. 1@].  addition toa,, a3, and ¢ in this field regior?®
The B oscillation is assigned to the MB orbit whose cross- In Fig. 4(c), the low-frequency oscillationg and € are
sectional area corresponds+d.00% of the Brillouin zone in  presented for the K salt. The power spectrum is calculated by
theac plane. The two oscillations; and3 are also observed the maximum entropy methdd(MEM) to improve the reso-
at high fields for the Tl sait and Rb sal{Fig. 5a)]. lution [inset of Fig. 4c)]. The lowest frequency oscillation

Generally, the signal-to-noise ratio is greatly improved by(Ref. 27 is not evident for the K salt, but the Tl salt clearly
the field modulation technique. For the second-harmonic deshows they oscillation?®
tection of the modulation frequency, the observed oscillation For the Rb saltas, 7, k, and ¢ are not evident. The
amplitude is multiplied by a factod,(27fh/H?), whered, frequencies of all the observed oscillations fdf/b* are
is the second-order Bessel function. The variables, and  listed in Table I. The relative amplitudes of all the oscilla-



FERMI-SURFACE STUDIES IN THE TWO. ..

9335

TABLE I. Frequencies and cyclotron masses of the SdH oscillationsi fob* axis in (BEDT-TTF),MHg(SCN); (M =K,TI,Rb,NH,).

T K Rb NH,4
Label F(T) mc/mq F(T) m/mg F(T) mc/mg F(T) mc/mq
v 1.2 0.23 b b b b b b
é 11.2 a 10.8 a b b b b
e 12.6 a 11.6 a b b b b
n 38 a b b b b b b
K 69 a b b b b b b
¢ 183 2.0 180 1.4 b b b b
a 664 14 673 1.5 672 15 565 25
a 720 1.6 720 a b b b b
a3 768 2.0 777 1.9 773 1.9 b b
B 4261 3.8 4260 3.7 4265 4.0 b b

8ot measured.
bNot found.

tions (ay,a5,03,0,. . ) are sample dependent, but the frequen- The absence of thg oscillation is closely related to the
cies are sample independent. The sample dependences of M8 probability. The MB probabilityp at the Brillouin-zone
amplitudes may be due to the sample quality and/or the locdloundary in theM phasé® is

stress due to the sample cooling process.

These many oscillations are observable only for the salts p=exp(—Ho/H),
which have the SDW ground statéd =K, Tl, and Rb. This )
fact shows that the observed oscillations are closely related )
to the reconstruction of the FS due to the SDW formation. _ M By

A lot of the SdH studies have been done for these salts by °” fe Eg’

many groups. They have carried out the experiments at rela-
tively high fields(H>10 T), where the oscillationéx,, a3,  whereE  andE are the energy gap between the two energy
¥, 6, ande) have small amplitudes. Low-field measurementshands and the Fermi energy, respectivety.is the effective
by the field modulation technique are necessary for the obmass. The cross-sectional area of the 2D FS corresponding to
servation of these oscillations. a, for the NH, salt is smaller than those for the other salts.

In Fig. 6, the SdH oscillation is presented at 0.05 K for This fact means that the energy gEe between the closed
the NH, salt. Although we carefully measured the oscilla- and open orbits for the NHsalt is larger than that for the
tions, we could not detect any other oscillations except other salts. On the other hand, the effective masof a;
and its harmonics. The frequency af (F=565 T) for the  for the NH, salt is about 1.6 times heavier than that of other
NH, salt is smaller than those for the other s&fs=670 T).  salts as shown later. Both the facts suppress the MB, which
The oscillation amplitude oy, decreases with increasing explains the absence ¢ for the NH, salt.
field in Fig. 6. This is caused by the field dependence of the
Bessel function factorJ, due to the second-harmonic )
detectior’® C. Angular dependence of the frequencies

The angular dependences of the SdH frequencies for the
K and NH, salts are presented in Fig. 7. We find that all of
them follow the 1/co8 dependence, wher@ is the angle
between the magnetic field and th& axis. The same angu-
lar dependence is also found for the Tl and Rb salts. The
fairly good agreement with the 1l/céslependence shows
. that all the FS’s corresponding to the oscillations have nearly
cylindrical shapes.

T
NH, salt

0.05K
H//b* 7
1 e=0
| D. Field dependence of the oscillation amplitude

SdH Signal (arb. units)

T
A (arb. units)

D =
o o o 3

To investigate the field dependence of each oscillation,
we have performed the FT within 0.17 Trange of the
, inverse magnetic field. The FT spectra in various field re-
gions for the Tl salt are presented in Fig.H, means the
center of the field range where the FT is performed. For
H4=10.46 T, we can slightly see;, 8, and¢ in addition to

FIG. 6. SdH signal at 0.05 K at high fieldsl//b*) for the NH, ~ a; and its harmonics. As the field decreasesand ¢ be-
salt. The modulation field is 0.018 T. The FT spectrum of the signacome evident. Theax, oscillation cannot be well resolved
is shown in the inset. from o, and a; because of the limited FT field range.
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FIG. 9. Magnetic-field dependences of the oscillation ampli-
L ] tudes corrected by the Bessel function factor for the K salt.
£
] Wg/</ show monotonic increase with increasing fiéldlhe ampli-
10 ¢ | , 8 3 tude of @; shows anomalous behavior a6 T. The field
0 40 80 dependences of the oscillation amplitudes for the K salt are
0 (deg) shown in Fig. 9. Here, reliable data is not obtainedder 3,

6, ande because of the small amplitudes. In contrast to the
FIG. 7. Angular dependences of the SdH frequencies at 0.05 Kase for the Tl salt, an anomalous field dependence is seen at

for the K and NH salts. The solid lines show the 1/¢8sdepen- ~5 T for ¢ for the K salt. The anomalous behavior in the
dences. amplitude may be due to the field dependence of the
nesting?®

The field dependence of the amplitudesaaf 2«, (sec-
ond harmonic of,), a3, B, and¢ abowe 4 T are presented in
the inset of Fig. 8. Each FT amplitude is divided by the
Bessel function factod, (Ref. 28 to obtain the relative am- Temperature dependence of theand ¢ oscillations for
plitude correctly. Fory, 8§, ande, the oscillation amplitudes the K salt is shown in Fig. 1@. The MEM spectra at vari-

ous temperatures are presented in FigbLOFor compari-

T T T T son, the results for the Tl salt at 0.1 K are shown by the
Tl salt J b* dotted lines. We find that the frequencies of both the oscil-
lations approach each other as temperature increases, and
that they cannot be resolved above 0.13 K. The temperature
dependences of the frequencies and the oscillation ampli-
tudes are presented in Figs.(dland 11b). The amplitude
is obtained from the FT spectra because the amplitude is not
generally reliable for MEM. The amplitude in Fig. (d)
roughly shows the sum of the amplitudes ®&nd ¢ since
they are not resolved in the FT spectra. Similar temperature
dependences fof ande are reported for the Tl saft,which
are shown by the dotted lines.

E. Temperature dependence off and &

F. Effective mass

Amplitude (arb. units)

The effective masses of the oscillations were determined
by the temperature dependences of the amplitydegs.
12(a) and 12b)]. The solid lines show the fitted results by
Lifshits-Kosevich (LK) formula?® The effective masses of
the oscillations foH//b* are listed in Table I. The masses of
6 and & cannot be determined because the frequencies are
temperature dependent. The amplitudes;@nd « are very
small so that the reliable values of their masses have not

0 1000 2000 3000 4000 5000 been obtained.
Frequency (T) Figure 13 shows the mass plot for the Nsalt. We note
that the effective mass aft; for the NH, salt is significantly

FIG. 8. FT spectra calculated within 0.17 Trange of the in- heavier than those of other salts. This mass is consistent with
verse magnetic field for the Tl sall s means the center of the FT the reported results. This heavy mass has been discussed in
field range. terms of the mass enhancement due to many-body effécts.
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FIG. 12. Oscillation amplitude divided by temperature vs tem-
perature for,, 2a5, a3, B, and¢ for the Tl salt. The solid lines are
the fitted results by the LK formula.

However, the reason why the many-body effects are strong
only in the NH, salt is still an open question.

IV. DISCUSSION

We have found many oscillations in addition g and 8
in the SDW phase for the Tl, K, and Rb salts. These oscil-
lations cannot be predicted from the band-structure calcula-
tion. The observation of many oscillations clearly demon-
strates that the original FS is reconstructed in the SDW
phase. On the other hand, the observatioa,cdind 8 at high
fields suggest that the FS is consistent with the calculated
band structure. In this section, we proposed a model of the
reconstructed FS, and discuss the originBoand the char-
acteristic behavior of the SdH oscillations.

A. Model of reconstructed Fermi surface in the SDW phase

From Table |, we note that there are significant relations
between the observed frequenciég(a,)~F(aq)+F(k),

5 =) T T T T T H
NH, salt
4’9‘ 6=0°
=
> 1r 1
a E
&
0.5
~
<C
0.1 & I ; L | ;
0.0 0.1 0.2 0.3 0.4 0.5 0.6
T(K)

FIG. 11. (a) Temperature dependences of the low frequencies

determined by the MEM for the K sal(b) Sum of the oscillation

FIG. 13. Oscillation amplitude divided by temperature vs tem-

amplitudes ofé and ¢ obtained from the FT spectra. The dotted perature fora; for the NH, salt. The solid line is the fitted result by
lines are the results for the Tl salt from Ref. 27.

the LK formula.
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However, the ADMRO data in th&1 phase clearly shows
that the cross section of the 2D FS has an elliptic shape. If
we assume that the original 2D FS is elongated by a factor of
~1.6 and the longer axis is tilted from tleeaxis by ~20°,

the observed oscillations are well reprodud&iy. 14b)].

The shape and area of the orbits corresponding tg and¢

in Fig. 14b) is very sensitive to the detailed shape of the
original 2D FS. Although the model in Fig. @ is still
somewhat ambiguous, we can conclude that there are no
open sheets of the 1D FS in the SDW phase. Without further
precise measurements of the original 2D FS, it is impossible
to determine the detailed structure of the reconstructed FS in
the SDW phase.

The ADMRO observed in the SDW phase for the T, K,
and Rb salts, which is very different from that for the NH
salt, has been explained in terms of the reconstructed 1D
FS1%-22However, our results demonstrate that there are no
open sheets of the 1D FS in the SDW phase. Recently, a
theory of the ADMRO in the 2D system was proposed by
Yoshioka®* He treated the 2D system under the tilted mag-
netic field and the periodic potential induced by the SDW
FIG. 14. (a) Schematic picture of the Fermi surface in thle formatlo_n, and Calcula_ted the effective hop_pmg integral cor-

responding to the resistance along thie axis. The theory

hase.(b) P d i i . . . .
phase.(b) Proposed reconstructed Fermi surface in the SDW Theexplalns well the dip structure in the ADMRO. One of the

ti t d the orbit igned to the ob d SdH il- . . . :
&i;'nnsg;?sigv\?nﬁ © Orblis assigned o the observe oscl important features in this theory is that the existence of the
1D FS is not necessarily assumed, which depends on the
delicate balance between the size of the original FS and the
F(as)=F(ay) +F(n)+F(x), and F(¢)=F(7)+2F(x). - 9
The first relation, for instance, suggests that the cyclotrorpP VW nesting vector. For therjrla\hizl-falt, the standard ADMRO
orbit corresponding to thex, oscillation is formed by the due to the 2D FS is also fourtd™The observed ADMRO is

combination of those corresponding d and . Taking ac-  consistent with the single SdH oscillation.
count of the above frequency relations, we propose a pos-
sible structure of the reconstructed FS as shown in Fig.
14(b). The nesting vectoR is shown by the arrow. Some
groups have proposed the models of the reconstructed FS, Here, we consider the origin of th@oscillation observed
which have only one 2D FS and two sheets of the 1D FS irfor the TI, K, and Rb salts. Thg oscillation is detected with
the new Brillouin zoné®-?? However, our experimental re- a4, a,, a3, and¢ above~7.5 T. When the original 1D FS is
sults clearly show that the reconstructed FS has no 1D F8lmost perfectly nested3 should not be measuréd.The
and is more complicated. observation ofg suggests that the original 1D FS shown in
The smallest closed orbit is assigned to one/,of, ande. Fig. 14@) exists in the magnetic field range beloy .
The six orbits corresponding t@;, a,, a3, 7, x, and¢ are  Therefore, it may be expected that at least two phases, the
the MB orbits. There are two possible orbits fgyand three SDW phase having the reconstructed FS andNhg@hase
possible ones for.?® This reconstruction of the FS is con- having the original FS, coexist above7.5 T.
sistent with the fact that all the oscillations have the same The kink behavior in the magnetoresistancélatis sup-
angular dependence. In Fig. (b4 the nested 1D FS is not pressed by the pressut& The result shows that the SDW
shown. Although two ofy, 8, ande cannot be assigned to the phase is removed under the pressure. Recently, Campos
orbits in this figure, it is likely that they arise from the small et al. report that the kink behavior is easily removed by the
closed orbits formed by the imperfect nesting of the 1D FSuniaxial pressuré~2 Kban along theb*.*’ If some stress is
The shape of the cross section of the original 2D FS in thdocally present in the sample, the stressed part may have a
ac plane has been investigated by the ADMRO measurelower critical field. In addition, if the local stress is distrib-
ments in theM phase for the K salt. The ADMRO observed uted in a wide range, we can expect that the hysteretic be-
in theM phase is well understood in terms of the geometricahaviors in the magnetoresistance and the magnetization ap-
property of the single weakly corrugated 2D #SKovalev  pear in a wide field range from a certain low field upHgQ
et al. measured the ADMRO above the transition temperabecause the phase transition is the first order. For the K salt,
ture and found that the cross section of the 2D FS is elonan additional phase line in the SDW state is proposed to exist
gated by a factor of-1.532 The longer axis of the ellipse is at ~7 T from the observation of the large hysteresis in the
tilted from thea axis by ~30°. Caulfieldet al. mapped out magnetization and magnetoresistance abeveT >?°In this
the 2D FS, which is elongated by a factor 6223 The case, the additional phase line a7 T corresponds to the
longer axis of the ellipse is tilted from thee axis by ~50°.  field where theM phase partially appears. The coexistence
Sasaki and Toyota deduced an elongated 2D FS by a factof theM and SDW phases explains the hysteresis in the wide
of ~1.5, whose longer axis is nearly parallel to thexis?®  field range and the observation gfwith ay, a,, a3, and ¢
At present, the shape of the 2D FS is still controversialabove~7.5 T.

B. Origin of the B oscillation
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The characteristic ADMRO with the dip structure hashave been observed for the K and Rb salts but not observed
been observed at fields frol T to ~H for the K or TI  for the NH, salt. As mentioned before, the large MB orbit
salts, and the standard ADMRO arising from the 2D FS is(8) is evident for the T, K, and Rb salts having the SDW
not seen below-H, .1*~??The kink behavior in the magne- ground state. When the system has the 1D couples network
toresistance is evident only atH . These facts suggest that composed of the 1D and 2D FSs as shown in Figajl4he
the major part of the sample is in the SDW phase uplfo  conductivity tensor can be calculated by the path-integral
(~23 7). method?®3’ In the low-field limit, the MB is suppressed, so

Recently, Harrisoret al. reported the de Haas—van Al- that the resistance rises quadratically with increasing field. In
phen data measured by a pulse magnet for the K¥%@lhey  the high-field limit, the resistance decreases with increasing
observed they,; oscillation and its harmonics up to fourth in field where the MB dominates over the Bragg reflection at
the field range betweeH and 54 T(M phas¢. However, the zone boundary. Therefore, the resistance irMhghase
the MB oscillation8 was not seen within the experimental is expected to have a maximum at a certain field and then
limits. They argue that there may be another mechanism fodecrease with increasing field above it. The field where the
the B oscillation. Judging from their data, the amplitude®f resistance has a maximuit,,, increases and the maximum
is smaller than 3% of that of; even if it exists. Along the becomes broad as the scattering time becomes short. As the
MB orbit, there are four MB points. Therefore, the probabil- field is tilted from theb* axis, the MB is suppressed because
ity that the electrons travel along this orbit is given p§;  of the angular dependence of the energy gap and the effec-
wherep is defined by Eq(1). Similarly, the probability for tive mass. ThereforeH ., should increase as the field is
the closed orbif,) is given by(1—p)2. Although the esti- tilted from theb* axis as shown in the inset of Fig. 2. On the
mation of the MB fieldH, is somewhat ambiguous, it is other hand, the resistance in thkephase is smaller than that
expected to be in the range 30—108°Tn this case, the ratio in the SDW phase. The volume fraction of tMe phase in
of the probabilityp®/(1—p)? ranges from 0.1 to 0.0001 at the sample is expected to increase with increasing field
50 T. Therefore, even at 50 T, the relative oscillation ampli-above the additional phase line in the SDW phase. Therefore,
tude of B to @; may be very small. We should note that the if the two phases coexist, the negative slope of the resistance
relative amplitude of3 to «; is only ~0.003 at 10.5 TlFig. = may be also caused by the field dependence of the volume
8) and the oscillation amplitude is sample dependent. Theatio of theM phase to the SDW phase.
absence of3 in the pulse field data does not necessarily deny
that 8 corresponds to the MB orbit.

V. CONCLUSION
C. Magnetic breakdown and resistance maximum

at high magnetic field Many different SdH oscillations are found for

(BEDT-TTF),MHQ(SCN), (M=TI, K, and Rb salts which
The probability that the electrons travel along the cyclo-have the SDW ground state. On the basis of the relation

tron orbit corresponding to each oscillation is written as apetween the frequencies, the FS in the SDW phase is recon-
function of the MB probabilityp in Eq. (1). The observation strycted. Our results show that the Tl, K, and Rb salts have
of a; and ¢ down to 4 T, which are assigned to the MB the similar reconstructed FS, which has no open orbits. The
orbits [Fig. 14b)], suggests thattly is comparabled 4 T at  reconstructed FS is more complicated than the models pro-
most. In the case of the reconstructed FS shown in Flgposed by other groups. For the NEH":, On|y one frequency
14(b), the probability that the electrons travel along the orbitis ohserved, which shows that the FS is not reconstructed.
assigned ton; is given byp'? because 12 MB points are For M =TI, K, and Rb, thes oscillation assigned to the MB
involved. This function smoothly increases with increasingorhit is observable, but not for the NHsalt. The result is
field. On the other hand, the probability for other orbits as-ynderstood in terms of the differences of the cross-sectional
signed toa,, a3, ¢, 7, and « include the Bragg reflection area of the 2D FS and the effective mass. The observation of
probability (1-p), so that these oscillations should be sup-g at high fields is probably due to the coexistence of the two
pressed at high fields. Therefore, in the SDW phase, only thﬁhases, theVl phase and the SDW phase. The anomalous

a; oscillation is expected to dominate at high fields, which istemperature dependence of the nesting is found in the SDW
consistent with the experimental results. It is very difficult to Phase forM =TI and K.

simulate the field dependence of the amplitude of each osci
lation based on the reconstructed FS model because the os-
cejltl(laa;tsory term of the conductivity includes unknown param- ACKNOWLEDGMENTS
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