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51.  In t roduc t ion

Elec t ron ic  conduct ion  a long the  c -ax is  o f
g raph i te  has  no t  been su f f i c ien t ly  unders tood.  For
ins tance,  exper inenta l  resu l ts  o f  the  abso lu te  va lue
as well  as tenperature dependence of the c-axis
res is t i v i t y  have been w ide ly  sca t te red  f rom author
to author and also fron sanple to sanple, intr insic
nature of the c-axis resist ivi ty having been not
establ ished. The present work reveals both absolute
value and tenperature dependence of the c-axis
e lec t r i ca l  res i -s t i v i t y  o f  h igh ly  c rys ta l l ine  graph-
i te  in  re la t ion  to  the  s t ruc tu ra l  per fec t ion  eva lu -
ated fron tenperature dependence of the basal plane
res  i  s t  i v i t y .

52 .  Exper i rnenta ls  and resu l ts

Graphite specirnens used in the present work
were kish graphite (KG) prepared by Toshiba Ceranic
Company, Japan and conpression annealed pyrolyt ic
graphite (CAPG) manufactured by Union Carbide
Corporation, America, The resist ivi ty neasurenents
were  nade by  neans o f  a  phase sens i t i ve  de tec t ion
technique, being confirrned to agree well  with those
of a usual DC anpli f icat ion nethod for the specimens
innersed direct ly in l iquid nitrogen. The specimen
th ickness  was ca lcu la ted  by  nak ing  use  o f  the
results of nass neasurenents and the theoretical
d e n s i t y  ( 2 . 2 6  g / c n \ .
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Fig .  I  i l l us t ra tes  tenpera ture  dependence o f  the
c - a x i s  r e s i s t i v i t y  ( f .  )  o f  k i s h  g r a p h i t e  s p e c i m e n s .
The paraneter  ind ica téd  shows ra t io  o f  the  basa l
p lane res is t i v i t y  a t  300 K to  tha t  a t  4 .2  K

[  , P o  { s o o )  /  l " { n . 2 )  =  R r ] .  I n  t h e  s p e c i n e n s  h a v i n g
R1 smaller than 10, f ,  has a maxinun around 50 K

and shows a  sen i -conductor - l i ke  tenpera ture  de-
pendence above i t .  l^Jith further increase of R1,
the naxinun of / .  around 50 K disappears and i ts
temperature dependence becornes gradually metal l ic
- l i ke ,  though a  markec l  meta l l i c - l i ke  behav iour
s in i la r  to  those ob ta ined by  Pr imak and Fuchs( f )  in
na tura l  c rys ta ls ,  and by  Tsang and Dresse lhaus(2)
in  o ther  k ish  graph i te  i s  no t  observed in  the
prcesent  spec imens.

A naximum of / ," around 50 K is often observed
in  var iour  h igh ly  o r ien ted  pyro ly t i c  g raph i tes  and
nay poss ib ly  re la ted  to  the  presence o f  such de fec ts
as  mic rocracks .  In  the  present  work ,  there fore ,  the
th ickness  o f  CAPG spec i rnen is  var ied  by  s l i c ing  the
or ig ina l  spec inen,  and the  e f fec t  o f  spec inen th ick -
ness on P is exa¡nined.
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Fig .  2  sumnar ized the  e f fec t  o f  spec inen
thickness on both /" and f,  of CAPG. The thick-
n e s s  o f  t h e  o r i g i n á f l y  s e t e i t e d  s p e c i n e n  i s  0 . 7 3  n n
and is  s tepwise  reduced down to  0 .016 mm.  I t  shou ld
be no ted  tha t  o r ig ina l l y  semiconductor - l i ke  temper -
a t u r e  d e p e n d e n c e  o f  {  b e c o n e s  m e t a l l i c - l i k e  a i t e r
b e i n g  s l i c e d  t o  0 . 1 9  m n  a n d ,  n o r e o v e r ,  t h e  n e t a l l i c
-1 ike  behav iour  i s  enhanced w i th . the  decrease in
th ickness .  Fur thernore ,  the  th innes t  spec inen has
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:he highest value of ,P¿ throughout the temperature
:ange examined and i ts semiconductor- l ike tenper-
ature dependence becomes less marked than those of
:he  th icker  spec inens .

I t  shou ld  be  enphas ized tha t  the  th ickness  o f
PG spec imen is  a  c r i t i ca l  fac to r  in  de tern in ing  the
c-axi.s as well  as basal plane transport phenonena
in  g raph i te .
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Fig .  3  revea ls  / .  o f  CAPG (so l id  c i rc le )  and
(G (open circle) at 300 K as a function of R1,
:ndicating that f ,  has a maxinum at R1 of about
:-1. The ¡esult suggests the fol lowing i tens:

: i )  I f  such  a  h ighLy  c rys ta l l ine  graph i te  spec inen
. - .av ing  R1 la rger  than 30  as  EP-14 o f  Sou le(3)  i s
cb ta iñed,  / . -cou ld  be  as  low as  10-3  1 , ,  cn  a t
300 K as  is  shown by  the  do t ted  l ine  in  F ig .  3 .

: i i )  The statenent describing that 9, /  fo of an
:deal graphite would be inf inity is obviously a
¡rong one (4), which night be nislead i f  only such
relat ively poor specimens as those having R1 snal-
ler than l0 are examined.

!3. Concluding renarks

- f .  of an ideal graphite could be as low as
10-r t I '  cm at room tenperature and i ts temperature
Cependence shou ld  be  ¡ne ta l l i c - l i ke  a t  leas t  be low
rcon temperature, The value obtained by Primak and
Fuchs( l ) ,  however ,  seens  too  low because R1 o f  the i r
:ratural crystals does not exceed 20. A simi, lar low
'¡ 'alue observed by Tsang and Dresselhaus(2) in other
kish graphite is not easy t.o be discussed in detai l
since they have not exanined tenperature dependence
cf fo- of the sane specinen.

Electronic conduction in c-direct ion of graph-
ite should be interpreted not in terms of hopping
conduction but on the basis of the band theory.
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