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HYSTERESIS AND CHARGE DENSITY WAVE TRANSPORT I N  THE 
BLUE BRONZES 

J. DUMAS, A. ARBAOUI, J. MARCUS and C. SCHLENKER 
Labora to i re  d’Etudes d e s  PropriGtGs Elec t roniques  d e s  
Sol ides ,  CNRS, BP 166, 38042 Grenoble Cedex, France. 

Abs t rac t  We r e p o r t  t h e  observa t ion  of a dependence of t h e  
low f i e l d  r e s i s t a n c e  of b l u e  bronzes on t h e  e lectr ical  and 
thermal h i s t o r y  of t h e  samples. We suggest  t h a t  t h e s e  pheno- 
mena are r e l a t e d  t o  t h e  motion of charge-densi ty  wave domains 
boundaries  coupled t o  d e f e c t s .  

INTRODUCTION 

K0,30M003 and Rbo,30Mo0 

semiconducting incommensurate charge-densi ty  wave (CDW) s t a t e  a t  

180 K.l I n  t h e  low temperature  phase, non l i n e a r  c o n d u c t i v i t y  due 

t o  t h e  motion of e l e c t r o n s  condensed i n  t h e  CDW state i s  w e l l  es- 

t a b l i s h e d .  We have previous ly  repor ted  t h a t  t h e  c u r r e n t  r a r r y i n g  

s ta te  was metas tab le  involv ing  long t i m e  s c a l e s  (hours)  ,.3 Metasta- 

b i l i t y  phenomena wi th  s h o r t e r  t i m e  scales (ms) have a l s o  been 

f ~ u n d . ~ ”  W e  have r e c e n t l y  observed low f requency (- 1 Hz) cohe- 

r e n t  v o l t a g e  f l u c t u a t i o n s  i n  t h e  non l i n e a r  s ta te  on samples quen- 

ched from 300 t o  77 K wi th  an appl ied  dc c u r r e n t . 6  W e  r e p o r t  h e r e  

t h e  e f f e c t  of t h e  thermal and e lectr ical  h i s t o r y  of t h e  samples on 

t h e  low f i e l d  r e s i s t a n c e .  

undergo a P e i e r l s  d i s t o r t i o n  towards a 3 

EXPERIMENTAL RESULTS 

The samples used i n  t h i s  s tudy  are s i n g l e  c r y s t a l s  e l e c t r o l y t i c a l l y  

grown. E l e c t r i c a l  c o n t a c t s  w e r e  made by evapora t ing  indium on 

f r e s h l y  cleaved c r y s t a l s .  To avoid any J o u l e  h e a t i n g ,  t h e  exper i -  

ments were performed by immersing t h e  samples i n  l i q u i d  n i t r o g e n .  

Figure 1 shows t h e  d i f f e r e n t i a l  r e s i s t a n c e  obta ined  by ac 
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118 1. DUMAS et al. 

T i  dVCA) 

70n 

lock-in de t ec t ion  a s  a function of t h e  d r iv ing  cur ren t  f o r  

Rbo,30M003. A hys t e re s i s  i n  the  Ohmic r e s i s t ance  is found when the 

current has been swept above t h e  threshold cu r ren t  It up t o  a given 

value I I f  w e  denote R1 t h e  low f i e l d  r e s i s t a n c e  i n  t h e  v i r g i n  

s t a t e  and R2 the  r e s i s t ance  found a f t e r  t h e  cur ren t  has been swept 

above I t ,  we can def ine  a isothermal remanent r e s i s t ance  (IRR) as 

AR/R = (R2-Rl)/R1. Af te r  a f u l l  cycle (2-S), t he  following cyc les  

E 4 X '  

Rb03M003 

77K 2 
c 

a r e  near ly  i d e n t i c a l  t o  the f i r s t  one i f  one keeps the  same value 

f o r  I max' 

I 

FIGURE 1 Di f f e ren t i a l  re- 
s i s t a n c e  dV/dI as a func- 
t i on  of the  dc cur ren t  f o r  
Rbo.30M003 a t  77 K. 1 cor- 

responds t o  the v i r g i n  
state. 

Figure 2 shows the  e f f e c t  of t h e  thermal and e l e c t r i c a l  h i s to -  

ry  of t h e  sample on the  low f i e l d  r e s i s t ance .  When the  sample i s  

cooled from 300 t o  7 7  K with an applied dc cu r ren t ,  the  Ohmic re- 

s i s t ance  Rth i s  found l a r g e r  than t h e  r e s i s t ance  R1 obtained with 

a zero cur ren t  cooling. We denote t h i s  increase  a R / R  = (Rth-R1)/R 

the  thermoremanent r e s i s t ance  (TRR). The TRR increases not iceably  

when the  cur ren t  applied during cooling is l a rge r  than the  thre- 

shold cu r ren t  I t  a t  77 K. Both the  I R R  and TRR increases  near It .  

The TRR and IRR tend t o  s a t u r a t e  a t  comparable va lues  f o r  cur ren t  

l a r g e r  than I t .  The TRR becomes vanishingly s m a l l  near 130 K.  

1 

These r e s u l t s  have some s i m i l a r i t i e s  wi th  the remanent magne- 

t i z a t i o n s  of spin-glasses and a l s o  wi th  the  r e s u l t s  obtained by 

Tsutsumi et al.' on KO 30M~0 and by Hutiray e t  a l .  on TaS '. 3 3 
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HYSTERESIS AND CHARGE DENSITY WAVE TRANSPORT IN THE BLUE BRONZES 119 

FIGURE 2 Thermoremanent (TRR) and i s o t h e r m a l  remanent resis- 
t a n c e  (IRR) of K0.30Mo03 a t  77 K. The t h r e s h o l d  c u r r e n t  I t  a t  77  K 
i s  2.2 mA. The i n s e t  shows t h e  h y s t e r e s i s  i n  t h e  d i f f e r e n t i a l  re- 
s i s t a n c e  measurement (1 co r re sponds  t o  t h e  f i r s t  sweeping from 
a v i r g i n  s ta te ) .  The h o r i z o n t a l  a x i s  c o r r e s p o n d s  t o  t h e  c u r r e n t  
a p p l i e d  d u r i n g  c o o l i n g  f o r  t h e  TRR and t o  Imax v a l u e s  f o r  t h e  I R R .  

DISCUSSION 

The predominant r o l e  of  t h e  m e t a s t a b i l i t y  i n  t h e  b l u e  b ronzes  i s  

w e l l - e s t a b l i s h e d .  3 ' 4  A p o s s i b l e  s o u r c e  of  m e t a s t a b i l i t y  i s  t h e  exis- 

t e n c e  of c r y s t a l s  d e f e c t s  o r  i m p u r i t i e s .  I n  t h e  c a s e  of  t h e  b l u e  

b r o n z e s ,  t h e  Ohmic r e s i s t i v i t y  i s  n o t  i n t r i n s i c  and h a s  t o  be  a t -  

t r i b u t e d  t o  non- s to i ch iomet ry  a n d / o r  i m p u r i t y  l e v e l s  i n  t h e  P e i e r l s  

gapb6 I n  t h e  ' p u r e '  s amples ,  t h e s e  l e v e l s  may co r re spond  t o  l o c a l i -  

zed e l e c t r o n s  on Mo donor c e n t e r s .  These c e n t e r s  may b e  on t h e  Mo 

s i tes  l a b e l l e d  2 and 3 i n  Ref .  9. A f t e r  a c o o l i n g  p r o c e s s ,  t h e  

e l e c t r o n  p o p u l a t i o n  of  t h e  two co r re spond ing  l e v e l s  would b e  meta- 

s t a b l e .  I f  t h e s e  d e f e c t s  a r e  coupled t o  t h e  CDW, t h e  s l i d i n g  motion 

of  t h e  CDW would induce a r e d i s t r i b u t i o n  of  t h e  p o p u l a t i o n  on t h e  

two l e v e l s .  These r ea r r angemen t s  may i n v o l v e  e l e c t r o n  jumps on 

n e i b h o r i n g  Mo2 and Mo3 sites. One canno t  e x c l u d e ,  however,  some 

v a r i a b l e  d i s t o r s i o n  due to t h e  CDW motion which would l e a d  t o  some 

d i sp lacemen t s  o f  t h e  l e v e l s  i n  t h e  P e i e r l s  gap. 

5+ 
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