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f .  I n t r oduc t i on

Measurements of  the rnagnetoresistance (pxx(Bz)

and  pzz (8 " ) )  and  Ha l1  r es i s t i v i - t y  ( pyx (Bz ) )  o f  h i gh l y
or iented pyrolyt ic  graphi te have been made in steady
magnet ic f ie lds up to 23T. The star t ing mater ia l
(suppl ied by Dr.  A.W. Moore of  Union Carbide) is  the
best  qual i ty  pyrolyt ic  graphi te reported to date,  as
o r r i A a n ¡ a A  h v  f h ó  c i m i  l ¡ r ' i + r r  ¡ f  i f  e  a l o ¡ r r ¡ n

v l  e ¡  ¡ v

ert ies to those of  natural  s ingle crystals.  Detai l -s
of  measurements on the mater ia l  for  B<10T wi l l  be
found  e l - sewhe re  ( I , 2 ) .  Vüe  repo r t  he re  t he  f i r s t
work on graphi te in the f ieJ.d range at  300K, and the
f i r s t  a t  77K  o the r  t han  pu l sed - f i e l d  wo rk  ( 3 ) .  A1so ,
new  resu l t s  a t  4 .2K  and  f . lK  a re  r epo r t ed .

vühi l -e the exper imental ly  measured quant i t ies

are resist iv i t ies,  the conduct iv i t ies are needed for
comparison lvith theory. We use the standard trans-
f o rma t i on  and  ca l cu fa te  oxx (B r )  , oyx (82 )  and  ozz (B r ) .

¿ .  U X X ( E z l .

ClassicaI  theory predicts oxxB2 saturates j -n

the high f ie ld l imi t .  Ho\^/ever Mcclure and Spry (4)
f ound  ox fB - l  a t  4 . 2K  i n  ( pu l sed )  f i e l ds  up  t o  16T .
Later ,  Vüool lam et  a l (5,6)  showed pxx increases npre
s1ow1y than B in the high-f ie ld region.  our resul ts
are shown in Fig.  1 in the form oxxB vs.  B.  At  298K
oxxB alecreases and seems to have reached a constant
value of  -160kT/s lm at  23T. The data at  4.2K and 77K
are remarkably s imi lar ,  both showing a minimum at
-13-14T and the 4.2K data shows some structu.re at
h igher f j -e lds.  The data at  4.2K agree wi th Wool lam's
observat i -on,  and we see a cont inuing approach to
saturat ion in Qxx at  h igh f ie lds.  We also note
o x x ( B , T = 4 . 2 K )  < o x x ( B T = I . t K ) ,  i n  a c c o r d  w i t h  e a r l - i e r
r e s u f t s  b e ] o w  1 2 T  ( 7 ) .

3 ,  o x y

In s imple theory oxyB = (P-N) le l  i -n the high-
f j -e ld l imi t .  Mcclure and Spry [4]  found oxyB to be
constant  above about 8T.  We f ind (Fig.  2)  that
OxyB(T=4.2K) shows a maximum at  - f2T then decreases
with decreasing s lope out  to 23T. Deviat ions f rom a
smooth curve are seen at  th is temperature and at  1.1K.
The curve at  l - . ] -K has pronounced "bumps" at  -18T and
-20 .5T .  A  max imun  i s  a l so  seen  a t  - 11 .5T  bu t  i t  i s
much weaker.  AL 77K, oxyB shows a general  increase
w i t h  a  l a rgc  "bump"  a t  - 15 .5T ,  and  poss ib l y  a  s rn l l e r
one  a t  - 2 \T .  A t  298K ,  OxyB  i nc reases  un j . f o rm ly  w i t h
dec reas inq  s1ope .

4 -  p z z

Ear l ier  work on longi- tudj-na1 magnetor istance j -n

graphi te up to 8T [8]  indicated saturat ion for  tem-
perature of  7 '7K and below. Our resul ts sholv not  sat-
u ra t i on ,  bu t  a  max imum i n  pzz (F ig .  3 ) .  A t  298K  t h j - s
max imum occu rs  a t  16 .5T .  A t  77K ,  t he  max imum occu rs
be lov /  10T .  A t  t h i s  t empe ra tu re  pzz  f a l l s  I i nea r l y
wi th B above 15T. The data at  1.1K show a \ , /eal i  max-
imum at  -20T. No ¡naximum is seen in the 4.2K data
up  t o  23T .
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In measur ing the conduct iv i ty  anisotropy oxx/ozz

as a funct ion of  f ie ld,  we have used the approximat ion

o"r=p=r ' I ,  which is  a good approximat ion in th is f iefd

range .  The  resu l t s  a t  298K  and  77K  (F iq .  4 )  a re  r e -

markably s imi l -ar  in 1 ight  of  the vast  d i f ference be-

t ¡ deen  oxx (298K)  and  oxx (77K)  and  be tween  ozz (7 ' 7K ) rno te

that  at  23T the anisotropy changes by less than 5% in
go ing  f r om 298K  to  77K .  The  resu l t s  f o r  4 .2K  and  l - . ] -K

are qua] i t ively s imi la{ ,  both showing anisotropy

which j -s decreasj-ng wi th decreasing sIope.  The aniso-

t r opy  a t  I . IK  i s  l a rge r  t han  a t  4 -2K  ( - 5O% la rge r  a t

22' I )  .  This lncrease in anj-sotropy as the temperature

is lowered f rom 4.2K to 1.1K fo l - lows f rom our observa-

t i o n  t h a t  w h i f e  o x x ( B , T = 4 . 2 K ) < o x x ( B ' T = 1 . l K ) '
6 z z ( 8 , " 1 = 4 . 2 K )  > o  ( B , T = l - . l K )  .

Conclusions

The present resul ts shole structure in the galvan-
omagnet ic propert ies above the quantum l imi t .  I t  is

possib le that  th is is  re lated to maqnetophonon osci l -
lat ions.  A measurement of  the var i -at ion of  the am-
pl i tude of  osci l l -at ion wi th temperature would be
helpful  in determining i f  th is surmise is  correct .
Th i s  wou ld  r equ i r e  an  A -C  t echn ique .

The behavior  of  oxx and Oxy in very h igh f ie lds

is of great interest, particularly the approximately
I i nea r  dependence  a t  1 . f  and  4 .2K .  A  rev j - sed  ca l - cu -
l -at ion of  the conduct iv i ty  in th is regirne j -s cal fed
fo r .

r inal lyr  the conduct iv i ty  anisotropies reported
here are srnal l -er  than any rcported for  h ighly or ien-
t -ed graphi te (e i ther natural  or  synthet ic)  and sug-
gest  that  deiects are not  responsibJ,c for  the hic¡h
values of  oxx/azz forr .nd at  1ow f ie l -d in pyrolyt i -c
mater ia l -s (The anisotropy of  the present samples \ l ras
-  3 , 0 0 0  a t  2 9 8 K  r i s i n g  t o  - 1 0 5  a t  1 . 1 K . ) .
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Fig. 4. The conductivity anisotropy ratio as a func-
t ion of  f ie ld (Oxx, /ozz) at  L.L,  4.2,  77 and,
298K.
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P ig .  I .  oxx .B  a t  L . I ,  4 . 2 ,  77  and  298 rc .
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F i g .  2 .  O x y . B  a t  L . L ,  4 . 2 ,  7 7  a n d  4 . 2 K .
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