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TRANSVERSE MAGNETORESISTANCE OF (TMTSF),C104 I N  INTERMEDIATE 
FIELD REGION 

K E I Z O  MURATA, HIROSHI BANDO, K O J I  KAJIMURA, 
TAKEHIKO ISHIGURO and HIROYUKI  ANZAI 
E l e c t r o t e c h n i c a l  Laboratory,  Sakuramura, I b a r a k i  305, Japan 
S E I I C H I  KAGOSHIMA 
Department of Pure and Applied Sc ience ,  The U n i v e r s i t y  of 
Tokyo, Komaba, Tokyo 153, Japan 
G U N Z I  SAITO 
I n s t i t u t e  f o r  Molecular Science,  Okazaki, Aichi  444, Japan 

Abs t rac t  The t r a n s v e r s e  magnetores i s tance  a long  t h e  a a x i s  
e x h i b i t s  anomalous angular  dependence w i t h  r e s p e c t  t o  t h e  
d i r e c t i o n  of a magnetic f i e l d .  The behavior  v a r i e s  w i t h  t h e  
temperature  and t h e  f i e l d  i n t e n s i t y .  

I t  is w e l l  known t h a t  an i n s p e c t i o n  of t h e  magnetores i s tance  of 

t h e  meta l ,  as a f u c t i o n  of o r i e n t a t i o n  r e l a t i v e  t o  t h e  magnet ic  

and t h e  e l e c t r i c  f i e l d s ,  p rovides  a key t o  e l u c i d a t e  t h e  Fermi 

s u r f a c e .  This  is t r u e  p a r t i c u l a r l y  f o r  t h e  high f i e l d  magneto- 

r e s i s t a n c e  a t  low tempera tures ,  i n  which quantum o s c i l l a t i o n  

provides  t h e  s i z e  of t h e  Fermi s u r f a c e  and s o  on. 

I n  t h e  organic  s y n t h e t i c  metal (TMTSF)2C104, t h e  magneto- 

r e s i s t a n c e  e x h i b i t s  t h e  Shubnikov-de Haas- l ike o s c i l l i t i o n ,  b u t  

t h i s  does n o t  permit  u s  t o  i n t e r p r e t  t h e  r e s u l t s  i n  o r d i n a r y  

way. It i s  found t h a t  t h e  e l e c t r o n i c  s t a t e  t o  b e  i n s p e c t e d  i s  

modified by t h e  high magnetic f i e l d . '  

f i e l d  induced s t a t e  i n  t h e  h igh  f i e l d  reg ion .  To i n s p e c t  t h e  

m e t a l l i c  s ta te ,  t h e  a p p l i e d  f i e l d  should be  lower than t h e  

threshold  f i e l d  a l though i t  should be  h igher  than t h e  super-  

conduct ing c r i t i c a l  f i e l d ,  H 

2- 4 

I n  o t h e r  words, w e  meet a 

c2' 
A s  descr ibed  s e p a r a t e l y , 6  t h e  e l e c t r o n s  on t h e  Fermi s u r f a c e  
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I32 K. MURATA d al. 

based on the t i g h t  binding band model do not  br ing  about f i n i t e  

t ransverse  magnetoresistance f o r  the r e s i s t ance  along the  a 

d i r ec t ion  pa,, although pbb can be  we l l exp la inedwi th  i t .  This 

f a c t  suggests t h a t  pas is dominated by some unrecognized mecha- 

nism, such as  c o l l e c t i v e  modes. In  t h i s  paper we present  the  

aa' 
In Fig.1 we show the  t ransverse  magnetic f i e l d  dependences 

anomalous f ea tu res  observed f o r  P 

of paa(H) a t  0.5 K. 

t he  relaxed state a t  low temperatures. The denoted angles in 

Fig.1 ind ica t e  the  de f l ec t ion  of the magnetic f i e l d  from the  b' 

ax is .  

is normal t o  the  a axis. (We do not claim tha t  t he  standard 

d i r ec t ion  is b' r a the r  than b* i n  Fig.1, though w e  adopt b' here.)  

The angular dependences of p a t  constant f i e l d  a r e  shown i n  

Fig.2. Case I exh ib i t s  the angular dependence a t  0.5 T under 

which the  superconductivity remains when Hllb'. 

The sample was cooled down slowly t o  r e a l i z e  

The magnetic f i e l d  11 is ro ta ted  i n  the  b'-c* plane, which 

aa 

Cases 11 and 111 

MAGNETIC FIELD ( T I  

ANGLE (deql 
FIGURE 1 (Lef t )  

t h ree  f i e l d  d i r ec t ions .  

FIGURE 2 (Right) Angular dependence of paa(H). Cases I, I1 

and I11 a r e  f o r  the  relaxed state, whereas case I V  is f o r  a 

rap id ly  cooled sample. 

Temperature dependence of pa, a t  0.5 K fo r  
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MAGNETORESISTANCE OF (TMTSF),CIO, I33 

are given under 2 . 1  T a t  0.89 K and under 5.0 T a t  0.87 K ,  

r e s p e c t i v e l y ,  

The case 111 i s  copied as i n s e t  f i g u r e s  i n  Fig.1 and Fig .3 ,  t o  

i l l u s t r a t e  t h e  r e l a t i o n  t o  t h e  denoted angles .  The case I V  i n  

Fig.2 shows t h a t  t h e  l o c a l  minimum d i s a p p e a r s  when t h e  sample is 

cooled down r a p i d l y  and t h e  re laxed  s t a t e  i s  not  w e l l  e s t a b l i s h e d .  

(The sample was not  cooled down r a p i d l y  enough t o  r e a l i z e  a 

completely quenched s t a t e . )  

Note t h a t  paa(H) forms a l o c a l  minimum near  g//c*- 

I n  order  t o  c h a r a c t e r i z e  t h e  l o c a l  minimum, t h e  temperature  

dependences of p (H) a t  H = 5 T f o r  v a r i o u s  d i r e c t i o n s  are shown 

i n  Fig.3,  which i l l u s t r a t e s  c l e a r l y  t h a t  t h e  l o c a l  minimum appears  

below 4 K .  The onse t  temperature  of t h e  l o c a l  minimum is  de- 

creased wi th  decreas ing  t h e  f i e l d  i n t e n s i t y ,  as shown i n  Fig.4. 

The temperature  and f i e l d  dependence reminds us t h e  f ie ld- induced 

SDW s ta te .  However t h e  onse t  f i e l d  i s  lower than t h a t  observed i n  

t h e  Shubnikov-de Haas l i k e  o s c i l l a t i o n  o r  t h e  H a l l  e f f e c t ,  and 

t h e  decrease  i n  t h e  r e s i s t i v i t y  seems t o  c o n t r a d i c t  t h e  

aa 

- 
00 12 18 24 30 

TEMPERATURE IKI 

lTMTSFI&IO, 
.J 

I I I I I 4 I  I -  

TEMPERATURE I K I 

FIGURE 3 ( L e f t )  Temperature dependences of P a t  5 T f o r  

four  f i e l d  d i r e c t i o n s .  

FIGURE 4 (Right)  

f o r  d i f f e r e n t  f i e l d  i n t e n s i t i e s .  

a a  

Temperature dependences of Paa(H> a t  93.5" D
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134 K. MURATA a al. 

c o n t r i b u t i o n  of t h e  i n s u l a t i n g  SDW. 

We have confirmed t h a t  the anomalous angular  dependence is 

reproduced i n  d i f f e r e n t  samples and have no r e l a t i o n  t o  t h e  

c r y s t a l  twinning o r  domain. We should n o t i c e  a l s o  t h a t  t h e  

similar angular  dependences have been r e p o r t e d  by B r u s e t t i  et a l ?  

and Kwak e t  al! f o r  (TMTSF)2C104 and (TMTSF)2PF6, r e s p e c t i v e l y .  

Another anomalous f e a t u r e  i s  found i n  Fig.1,  f o r  t h e  c a s e  

- H//b ' .  I n  t h i s  case ,  pa,(H) i s  r a t h e r  independent  of 11, b u t  t h e  

v a l u e ,  which i s  reached a t  H i s  almost  1.5 times f o r  t h e  cases  

w i t h  Ffib ' .  These f e a t u r e s  cannot  b e  understood based on models 

proposed t o  d e s c r i b e  t h e  m a t a l l i c  ground state of (TMTSF) 2C1046 

and are open t o  ques t ions .  

c2' 

F i n a l l y  we  should mention about  t h e  r e s i s t a n c e  jumps, which 

appear  more o r  less d u r i n g  cooling' and dominate the r e s i s t a n c e  a t  

low temperatures .  The i n t r i n s i c  n a t u r e  of t h e  e f f e c t  has  n o t  been 

f u l l y  understood and w e  cannot r u l e  o u t  t h e  c o n t r i b u t i o n  of t h e  

e f f e c t  t o  t h e  anomalous f e a t u r e  presented  h e r e .  
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