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It has been understood that boronation
of carbons results in a change of the Hall
coefficient(RH) equivalent to a decrease in

HTT. However, experiments show that R, re-

mains positive even for the highest dgses
and the maximum reached is much lower than
the maximum attained in direct heattreat-
ment of carbons or in neutron irradiation
of graphite. As to chemical donors, it is
shown that introduction of sodium or potas-
sium changes RH in a way inverse to that of

boron-doping; R, reaches a negative minimum

and converges tg a negative constant.

The magnitudes of maximum and minimum of
R, appearing in carbons doped with chemical
impurities have been often discussed in
connection with those of maximum attained
in heattreatment of samples. However, what
is the physical basis for that?

It is understood that the maximum in RH
appearing with heattreatment is due to vari-
ation of the carbon structure from turbo-
stratic to graphitic one. However, it is
shown by our analysis that the maximum ap-
pearing with doping can be explained in
terms of our band model[l] by locating impu-
rity levels deep below(for acceptor) or far
above (for donor) the band edge. '

Fig.l shows our schematic energy diagram
of a graphitic carbon in the presence of a
magnetic field. Each Landau level has a
state density proportional to a magnetic
field (=AH,A:constant). At the band edge, a
state density N, is included as a simple
expedient for the band overlap. An acceptor
level(Eé) originating from structural defects
is considered to be located at about 4meV
below the band edge; their density denoted
by N,. Whereas, we assume that the impurity
levels are located deep from the band edge;
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for example, boron level is evaluated to be
about 320meV below the band edge and potas-
sium level to be 340meV above the band edge.
Using this band model, we have calculated
the Hall coefficients of carbons doped with
chemical impurities. The results are shown
in Fig.2. At low temperatures(kTé(Ei), an
acceptor-doped carbon has a maximum in Ry
(=2/e(AH+N,)), and with increasing acceptor
concentration R

H
constant determined mainly by the acceptor

converges to a positive

level. With introducing chemical donors, RH
reaches a negative minimum(=-2/e (AH+N,)) and
then converges to a negative constant deter-
mined by the donor level. At high tempera-
tures(kT?ZEé), a maximum or a minimum is
also obtained, but its magnitude decreases
with increasing temperature. Therefore,
theoretical magnitudes of maximum and mini-

mum of R, are smaller than those of maximum

H
predicted in HTT dependence of undoped car-
bons and decrease with increasing HTT. The

limiting value of R. with high doses is inde-

pendent of temperatﬁre(calculation is up to
300K).

Experiments made on the soft carbons by
J.Bulawa et al.[2] and by S.Toyoda et al. [3]
show that the theory is in semiquantitative
agreement in both boron- and potassium-doped
carbons heattreated above 2200C (Fig.3). The
discrepancy in magnitude may be due to im-
proper evaluation of the band parameters (E,,

N, .N,) for lack of precise data of R, on the

H

soft carbons. In terms of this band model,

the effect of chemical impurities on the
magnetoresistance of carbons can also be
analyzed.
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Fig.l Schematic energy diagram
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Fig.3(left) Changes in the
Hall coefficient of a soft
carbon heattreated to 2400C
as boron is introduced in

a number of consecutive
operations.
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