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ELECTRONIC PROPERTIES OF METALS AND ALLOYS

Static skin effect in organic metals  *

0. V. Kirichenko and V. G. Peschansky**

B. Verkin Institute for Low Temperature Physics and Engineering of the National Academy of Science
of Ukraine, 47 Lenin Ave., Kharkov 61103, Ukraine

S. N. Savel'eva

A. F. loffe Physicotechnical Institute, Russian Academy of Sciences, St. Petersburg, Russia
(Submitted December 19, 2002
Fiz. Nizk. Temp.29, 781-784(July 2003

Galvanomagnetic phenomena in layered organic conductors with a multisheet Fermi surface in
the form of a weakly corrugated cylinder and weakly corrugated planes are studied. It is

shown that in a strong magnetic fiettl unrestricted growth of the resistivity of such conductors
with increasingH is accompanied by the current lines being forced out to the surface of

the specimen. The main dissipation mechanism of electron current is charge scattering by the
boundaries of the sample, even in bulk conductors whose thickness is greater than the

free path length of the conduction electrons. For specular reflection at the surface the resistivity
increases linearly with the magnetic field. D03 American Institute of Physics.
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Unrestricted growth of the resistivity of a conductor with is of the order ofoo(r/1)? and the electric field is orthogonal
increasing magnetic field is usually accompanied by the curto the vectorH.
rent lines being forced out to the surface of the sample. Ina As a result, charge carriers that collide with the sample
strong magnetic fieltH, when the radius of curvatureof an ~ surface make the main contribution to the electric current
electron trajectory is much less than the charge-carrier mea#ensity
free pathl, the electric current can be concentrated com-
pletely near the conductor surfastatic skin effegt'~° This ji=owEx (1)
occurs in compensated metals, where the number of elec-
trons.equals the number of. ho!es, ar.1d in. metals with. an opefnq the resistivity of a sample with thickneds<I?/r in-
Fermi surface for magnetic field directions for which the ;regses linearly with.
resistivity increases withd. The reason is that the charge In a magnetic field an electron deflected at an angle
carriers colliding with the surface of the sample have ax|/r from the surface of the sample goes into the bulk of the
higher mobility than the electrons in the core of the conducconductor after several collisions with the surface. The elec-
tor, because the center of an electron orbit undergoes a juntpon mean free path.; is much less thad and equals
at every collision with the surface. The surface current der/sina. The result is that the transverse resistivity ) of
pends strongly on the specularity of the electron reflectionsompensated metals increases quadratically with the mag-
at the boundary of the sample. This allows us to use experiretic field for any ratio ofi andl, even if the surface of the
mental studies of théi-dependence of the conductor resis-Sample is perfectly smooth and the energy and momentum
tivity under static skin-effect conditions as a method forProjection on a plane tangent to the surface are conserved for

checking the state of the surface without destroying thePecularly reflected electrons.
specimer~12 Investigations of the surface state of layered conductors

In metals the static skin effect is most pronounced wherYVith a quasi-two-dimensional electron energy spectrum by

the magnetic field vector is parallel to the surface of theMeans of magnetoresistance measurements prove to be effec-

sample and orthogonal to the current density vecjto). g\étranlpnlemagneuc fields inclined away from the surface of the

This occurs when the effective free path lengih of the We shall consider the distribution of the current

electrons which are specularly reflected from perfectlyjineg iy tetrathiafulvalene-based  organic  conductors
smooth defect-free surfaces is limited by electron C°”i5i°”-°(BEDT—TTF)2x (where X is a radicalplaced in a strong

in the bulk only, i.e.l¢=I, and the conductivityr}" of a magnetic field. The organic conductors in this family consist
surface layer of thicknessrds of the same order of magni- of |ayered structures with a sharp metal-like anisotropy of
tude as the conductivityry in the absence of a magnetic the electric conductivity—the conductivity along the layers

field. In compensated metals the contribution to the transis much higher than the conductivity across the layers. This

verse conductivityrf)' of the electrons in the interior volume is probably due to the sharp anisotropy of the conduction
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electron velocityv=de(p)/dp at the Fermi surface(p)  effective free path of slipping electrons can be estimated as

=g, i.e. the energy of the conduction electrons les=r7"?(r/1+w) and the conductivity of the boundary
layer is
- anp, 12
S(D):E 8n(pxrpy)CO%T"_an(pxrpy) ) oSKn= ﬁf:o—rn / (4)
n-o 2z 00 0w
an(Px,Py) = — an(—Px,—Py), 2 The fraction of electrons which form the skin layer is

about»*?r/L and the conductivity of the entire sample
8n(pxrpy)zgn(_px’_py)

0,7~ a§'§“773’ T/l + 0'!2' (5)
depends weakly on the momentum projectipr=p-n along  gssentially depends only on the state of the surface of the
the normaln to the layers. , bulk specimen|(<L,d) in very strong and perhaps currently

Herea is the distance between the layetsis Planck’s | nattainable magnetic fields such thét< 72.
constant, the functions,(py,p,) decrease as increases, so The resistivity for the current flowing along the layers

that the maximum value of the functian(p) —eo(Px,Py),  saturates in strong magnetic fields and is of the order of
equal tofer at the Fermi surface, is much less than they;, \when the magnetic field deviates from the direction
Fermi energyer. . _ along the layers all sections of the corrugated cylinder cut by

The Fermi surface of layered conductors is an open surg,q planep,=const are closed and the resistance for the
face which is weakly corrugated along tpe axis. Experi- ¢ rrent flowing across the layers also saturateg fer.
mental observations of the Shubnikov—de Haas quantum 0s- s the current lines in organic conductors whose
cillations, first in the complexes (BEDT-TTHBr, and  kermj surface is a weakly corrugated cylinder and does not
(BEDT—TTF)2I313'l4a?é:J then in all tetrathiafulvalene-based coniain any extra sheets are uniformly distributed over the
layered conductors; in strong magnetic fieldSH  gniire cross section normal to the current. For any orientation
=(OH sin6,H cosd) for a wide range of prove that at least ot 3 magnetic field the conductivity is determined mainly by
one Fermi surface sheet is a weakly corrugated cylinder.  charge carriers that do not collide with the boundary.

In @ magnetic field oriented parallel to the layers many  Thg gistribution of the current lines is substantially dif-
electrons with energy equal to the Fermi energy move alongrent in a conductor whose Fermi surface consists of ele-
open orbits e =const, py=p-H/H=const in momentum  ants with different topological structure. There are grounds
space, and the resistance for the current flowing across thg, pelieving that the Fermi surface in organic complexes
layers increases without bound b_lsmcr_eases. (BEDT-TTF),MHg(SCN), (where M is either a metal from

. Let the sample be a plate with thicknegsand bound- 0 group(K, Rb, TI) or NHs) consists of a weakly corru-
ariesz;=0,d andy;=0L, whered andL are much greater gaieq cylinder and weakly corrugated plah®k such con-
thanl. At #=m/2 the conduction electrons near a saddleqyciors open sections of the Fermi surface cut by the plane
point of _th_e Fermi surface make the main contribution to thepZ: const occur for any orientation of a magnetic field and
conductivityo,, across the layers of the core of the sample. the resistivity saturates in a strong magnetic field for only
Then the following formulas hold: selected directions of the current.

When the magnetic field makes an angle (7/2— 6)
> n with the layers, the electron trajectories in momentum
space are almost indistinguishable. Magnetoresistance inves-
tigations of the interaction of charge carriers with the surface
of a sample prove to be effective in a wide range of angles

oy =ooyn’ nP<y<L,

oy =00y’ nhy=n"<1, 3

where g is the conductivity in the absence of a magnetic ider th h h dol lie in th
field 178 Its value is of the order of the conductivity of met- ~ COnsider the case where the corrugated planes lie in the

als such as copper, gold, and silver. Here and below, PxPy plane and_th(_a glectron drift ak_)ng tes; axi_s in mo-
—epe/eH is the radius of curvature of an electron orbit at MENtUM space is limited. The equations of motion

0=0; y=r/l; c is the velocity of light;e is the electron py e _

charge;pg is the characteristic radius of the Fermi surface, = T(Uy cosf—v,siné),

which is a weakly corrugated cylinder. If is not much

greater than the free path lendththe contribution ofo,, apy eHv,

from charge carriers “slipping” along the boundarigg ot ¢ cost, ®

=0, L must be taken into account. These are conduction

electrons with closed orbits. Their number relative to the dp, €Hvy |
total number of charge carriers is not largdout %), but ot ¢ oind
their mobility is higher than that of the electrons that do not . . .
strike the surface of the sample. For specular reflection o r charge carriers that dq not come into contact with the
electrons at the boundary of the sample, electron drift alon oundaries of the sample imply

thez axis is limited by volume scattering only. The displace- 1 (T

ment of an electron along theaxis during the time between Ux= ff dtv,(t)=0, )

two collisions with the surfacg,=0 is aboutr »*2 If the 0

probabilityw of diffuse scattering with partial erasure of the whereT=2mm*c/eH is the period of the electron motion in
memory of the past history of the electrons is low, then thea magnetic field andn* is the effective electron cyclotron
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mass. If the motion on an open orbit in momentum space isibility of specular reflection of charge carriers at the bound-

aperiodic,T is a time interval which is long compared to the aries y;=0L can be easily determined by studying the

free path timer. resistivity of a layered conductor under static skin effect con-
Thus the contribution to the conductivity along thke ditions.

axis by volume electrons for closed and open trajectories in

momentum space is inversely proportional H3, specifi- _ _
vol o (r”)z Reported at the 3rd International Workshop on Low Temperature Micro-
O .

cally, oy, = o ) gravity Physicg CWS-2002.
The drift of electrons slipping near the boundaries of thex g_mail: vpeschansky@ilt.kharkov.ua

sample is different from zero along tleaxis. The contribu-

tion of these electrons to the conductivity could predominate.
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