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It has been understood that boronation

of  carbons resul ts  in  a change of  the Hal l

coef f ic ient  ( \ r )  equivalent  to  a decrease in

HTT. However, experiments show that RH re-

mains posi t ive even for  the h ighest  doses

and the maximr¡m reached is much lower than

the maximum attained in direct heattreat-

ment of carbons or in neutron irradiation

of  graphi te.  As to chenical  donors,  i t  is

shown that introducüion of sodium or potas-

sium changes RH in a way inverse to that of

boron-doping; n" reaches a negative minimum

and converges to a negative constant.

The magnitudes of maximum and minimum of

RH appearing in carbons doped with chernical

impur i t ies have been of ten d iscussed 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 R"

appearing with heattreatment is due to vari-

ation of the carbon structure from turbo-

st rat ic  to  graphi t ic  one.  Ho$rever ,  i t  is

shown by our analysis that the maximum ap-

pearing wilh doping can be explained in

terms of our band model [1] by locating impu-

r i ty  levels  deep below(for  acceptor)  or  far

above(for  donor)  t t re band edge.

Fig. l  shows our  schemat ic  energy d iagram

of a graphi t ic  carbon in the presence of  a

magnet ic  f ie ld.  Each Landau level  has a

state densi ty  proport ional  to  a magnet ic

f i e l d (=AHrA :cons tan t ) .  A t  t he  band  edge ,  a

state densi ty  No is  inc luded as a s impJ-e

expedient for the band overlap. An acceptor

level  (El )  or ig inat ing f rom structura l  defects

is considered to be located at about 4meV

below the band edge; their density denoted

by Wá. Whereas, \^re assume that the impurity

levels are located deep from the band edge;

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 th is  band model ,  we have calculated

the Hal l  coef f ic ients of  carbons doped wi th

chemical impuri-t ies. The results are shown

in  F ig .2 .  AL  l ow  tempera tu res (k t ( (n l ¡ ,  
" t t

acceptor-doped carbon has a maximum in R"
(=2/e (AH+N, ) ) , and with increasing acceptor

concentration Rn converges to a positive

constant determined mainly by the acceptor

level. With introducing chemical donorsr R"

reaches a negat ive min imum(=-2/e(AH+No))  and

then converges to a negative constant deter-

mined by the donor level. At high tempera-

tures (kT7El) ,  a  maximum or  a min imum is

also obta ined,  but  i ts  magni tude decreases

wi th increasing temperature.  Therefore,

theoretical magnitudes of maximum and mini-

mum of RH are smaller than those of maximum

predicted in HTT dependence of undoped car-

bons and decrease wi th increasing HTT. The

l imi t ing value of  R" wi th h igh doses is  inde-

pendent of temperature (calculation is up to

3 0 0 K ) .

Experiments made on the soft carbons by

J .Bu lawa  e t  a l .  [ 2 ]  and  by  S .Toyoda  e t  a l .  [ 3 ]
show that the theory is in semiquantitative

agreement in both boron- and potassium-doped

carbons heat t reated above 2200C (Fig.3) .  The

discrepancy in magnitude may be due to im-

proper evaluat ion of  the band parameters(El ,

N; ,Nr)  for  lack of  prec ise data of  RH on the

sof t  carbons.  In  terms of  th is  band model ,

the ef fect  of  chemical  impur i t ies on the

magnetoresis tance of  carbons can a lso be

analyzed.
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Fig.1 Schemat ic  energy d iagram

of our  band model  for

graphi t ic  carbon

TE XAS
2400

L .  N .

R.T .

\
7 6 5 4 3 2 r 0

NUMBER OF CONSECUTIVE
BORON DOPINGS

A: p=n= (No +AH )  /4  B 3 p= (N6 +AHl /  2  ,n=0
B : p =  ( N o + A H )  / 2 , n = 0  F : n =  ( N o  + A H )  / 2 , p = 0
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hf¿¿ : tota l  s tate densi tY between
E=0  and  Ec

tr {¿o : to ta l  s tate densi tY between- 
E=0 and E¿

r ig.2 Schemat ic  chemical  acceptor
( f e f t )  and  dono r  ( r i gh t )  concen t ra t i on
dependences of  carr i -er  concentrat ions
and Hal1 coef f ic ients at  low tempera-
tu re .
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F i q . 3 ( l e f t )  C h a n g e s  i n  t h e
Ha l1  coe f f i c i en t  o f  a  so f t
carbon heat t reated to 2400C
as boron is  in t roduced in
a number of  consecut ive
ope ra t i ons .
A f te r  J .Bu Ia \ ^ ta  e t  a l .  [ 2 ]

( r ight)  Changes in the
Ha11  coe f f i c i en t  f o r  so f t
carbons as the degree of
oo tass ium dop ing  dec reases
wi th increasing temperature
of  reheat .  The numbers in
the f igure indicate HTT.
A f t e r  S . T o y o d a  e t  a I .  [ 3 ]
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