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Abstract. A mechanism is proposed to explain the oscillatory
negative magnetoresistance in mesophase pitch-derived graphite
fibers. To explain the observed second minimum in Ap/po, a

' field-dependent scattering process due to ionized impurity po-

tentials is taken into accomnt.

Introdyectjon

Some kind of disordered carbons with no lomg
range three-dimensional ordering exhibit a negative
magnetoresistance at low temperatures. This prob-
lem has attracted a good deal of attention by many
investigators, and several attempts have been made
to explain this interesting phenomenon. ™ * Among
them, only the Bright theory” can account for the
observed behavior of the negative magnetoresis—
tance. In view of its importance, an outline of
the Bright theory is summarized in the following.

1. A two-dimensional band model is employed as an
appropriate starting point, since pregraphitic
carbons lack three—dimensional layer correlations.
The density of states associated with the two—
dimensional Landau levels$:7 js introduced. The
effect of disorder on the density of states is
considered by taking into account the Gaussisn
level broadening caused by the collision process
and thermal broadening.

2. A small three-dimensional overlap offect is

included by adding an excess density of states N,
to the n = 0 Landau level.

3. An acceptor congentration of N, ~ 1018/ca?
located at E, ~ 107 “eV is assumed. The carrier

concentration n and p are functions of N,, N,, E,,
T and H. A simple two-carrier model is used to

oxpress the resistivity. Four adjustable parame-

ters N, N,, E, and the mobility p are chosen to
fit the observed results.

The increase of the density of states and carrier
concentration with magnetic ficld makes the magne-
toresistance negative. With further increase in
the magnetic field, the magnetoresistance becomes
positive due to the presence of the factor (“cr)z.
where w, denotes the cyclotron frequency.

Recently, Woolf reported an unusual magnetore—
sistance behavior in mesophase pitch derived fiber
(PDF)8 which is shown in Fig. 1. The behavior in
regions (I) and (II) can be explaimed by the Bright
theory. However, the Bright mechanism cannot
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Figure 1. Transverse magnetoresistance Ap/po vs.
vl for a p-120 fiber at various
temperatures (Ref. 8).

provide any interpretation for the behavior in
regions (III) and (IV) (see Fig. 1). It should be
noted that the second minimum in the magnetoresis-
tance is located at H =~ 6.6 Tesla independent of
temperature. Woolf® suggested that this second
minimum mwight be related to the guantum limit in
three—dimensional graphite which appears at H = 7
Tesla. However, Woolf could not provide any mech—
anism for regions (IXII) and (IV).

In this article an alternate theory is pro—
posed to explain the observed oscillatory magneto—
resistance, with particular reference to the be-—
havior (III) and (IV). In the Bright theory®, the
mobility p = et/m®* and the level broadening sre
assumed to be independent of the magnmetic field.
However, a field dependent relaxation process is
considered and is necessary to explain the observed
features in Fig. 1.



Oscillatory Magnetoresjistance in Mesophsse
Pitch Derived Graphite Fibers

As is shown in Fig. 2, the mesophase PDF has a
radial microstructure. Electric current flows
along the fiber axis and the magnetic field is
applied perpendicular to the fiber nxis.s Ve
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Figure 2.’ Nicrostructure of mesophase pitch
derived graphite fibers.

assumé that each graphitic layer contributes
independently to the total comductivity o, snd o is
given by

o(H) = 3 oy =

i
where nf =mn; £ py, By = wity, w; = ef;/m%, H; =
HcosB; and ©; denotes the angle between H and the
c-axis of the i-th layer. The dominant relaxzation
processes at low temperatures consist of two con-
tributions:

% e nipy[1 + (a383/0])21/ (a+pD), (2.1)

1z = l/xy + 1/xg, (2.2)
where l/fb denotes the crystallite boundary
scattering and 1/ty is the iomized impurity
scattering. 1/t, is field-independent, while 1/vy
depends on the f?eld intensity. The iomnized
impurity potential is givea by

Vir) = 1/@ 3 3 v(gqeid (FBy),
nq

v(q) = [(4nZe2)/el [1/(q2+qD)1, (2.3)

where 1 is the crystal volume, & the dielectric

constant, Z the effective valence of an ionized

scattering center and q, the screening constant
which in the Thomas-Fermi scheme becomes:

a2 = 4xe2 D(Ep)/e. (2.4)
D(EF) denotes the density of states at the Fermi
level and is given by5

D(Eg) = aH + constant. (2.5)

The constant term comes from the additional demsity

of states N.. For H = 5 Tesla, q4 is on the order
of ~10’cm™", and we have

v(q) = v(0) = D(Ep) (2.6)

The relaxation time Ty is easily obtained as
follows:
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1 _ 2n 2 D(Ep) -1 (2.7)
T e M V(0 1* ——="= DER ~,
where Ny indicates the ionized impurity concentra-
tion. Eecanso of Eq.(2.5), 1/11 decreases with

increasing H. This result was already obtained by
McClure and Spry in their solution of the quantum
transport problem in graphite. In the weak field
region, the effect of the magnetic field on the
mobility p;, is small since 1/vy > 1/t and in
rogions (I§ and (II) in Fig. 1, the Bright theory5
is applicable. VWith further increase of the field,
the decreaso of 1/ty becomes appreciable in the
layers with large crystallites where 1/11 < ll‘b'
These layers make a large contribution to the total
conductivity o, especially at low temperature.
Accordingly, AP/Po decreases again in region (IIIX)
and finally it increases with H due to the factor
(“1‘1)2 and the ineffectiveness of 1/11 relative to
1/%y at high fields. The effect of temperature on
the present theory is negligible at low
temperatures where Ep > kT is realized.
Therefore, the constant location of the second
minimum can be explained. In the quantum limit
region in graphite, the observed magnetoresistance
does not exhibit any negative magnstoresistance nor
a minimum, Therefore, Woolf’s suggestion does
not provide a mechanism for explaining the second
minimum,

To check the present theory, further detailed
experimental studies are desirable. The Bright
mechanism and the present model cannmot be
spplicable to the negative magnetoresistance
problem in intercalsated graphite fivorsll because
of their large Fermi energy. The effect of spin
disordering scattering is too small to account for
the observed magnitude of the negative
magnetoresistance in intercalated graphite fibers.

1. P. Delhses, P. de Kepper and M. Uhlrich, Phil.
Msg. 29, 1031 (1974).

2, S. Yugo, Y. Phys. Soc. Jpn, 34, 1421 (1973).
3. 8. Fujita, Carbon 6, 746 (1968).

K. Yazawa, J. Phys. Soc. Jpn. 26, 1407 (1969).
S. A.A. Bright, Phys. Rev. B20, 5142 (1972).

6. J.W, McClure, Phys. Rev. 104, 666 (1956).

7. Y. Uemura and M. Inoue, J. Phys. Soc. Jpm. 13,
382 (1958).

8. L.D. Woolf, Extended Abstracts: Graphite In-
tercalation Compounds, edited by P.C. Eklund,
M.S. Dresselhaus and G. Dresselhaus, Proc.
Symposium I, 1984 Fall Meeting of the Materials
Research Society, p. 180, and to be published.

J.¥. McClure and W.J. Spry, Phys. Rev, 165, 631
(1968).

10. K. Sugihara and J.A, Yoollam, J. Phys. Soc.
Jpn. 45, 1891 (1978).

11. V. Natarajan, J.A. Woollam and A, Yavrouian,
Synthetic Metals 8, 291 (1983); H. Ohshima, V.
Natarajan, J.A., Woollam, A. Yavrouian, E.J.
Haugland and T.T. Tsuzuku, Japanese J. App.
Phys. 23, 40 (1984).




