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J. DUMAS, C. SCHLENKER 

Abst rac t  We present  r e s u l t s  concerning t h e  d e f e c t  product ion  
by e l e c t r o n  i r r a d i a t i o n  and t h e  c h a r a c t e r i s a t i o n  of t h e  
e f f e c t s  of t h e  d e f e c t s  i n  t h e  b lue  bronzes. 

INTRODUCTION 

The b lue  bronzes are r e c e n t  a d d i t i o n s  to t h e  fami ly  of compounds 
present ing  c o l l e c t i v e  charge d e n s i t y  wave (CDW) t r a n s p 0 r t l . h  
o r d e r  t o  l e a r n  about the  role of l a t t i ce  d e f e c t s  i n  such p r o p e r t i -  
es we have s t a r t e d  t o  s tudy  e l e c t r o n  i r r a d i a t e d  samples i n  which 
t h e  c o n c e n t r a t i o n  of d e f e c t s  has  been a r t i f i c i a l l y  increased .  
Already t h e  f i r s t  r e s u l t s  i n d i c a t e d  t h e  i n t e r e s t  of such s t u d i e s :  
t h e  threshold  f i e l d  of t h e  non-linear CDW t r a n s p o r t  and t h e  meta- 
s t a b i l i t y  were found t o  be very s e n s i t i v e  t o  i r r a d i a t i o n 2 .  

IKRADIATION AND DEFECT PRODUCTION 

F a s t  e l e c t r o n  i r r a d i a t i o n  can produce d e f e c t s  i n  a s o l i d  by two 
b a s i c  mechanisms, e i t h e r  by d i s p l a c i n g  atoms i n  elastic c o l l i s i o n s  
w i t h  t h e  n u c l e i  o r  by long-l ived e l e c t r o n i c  e x c i t a t i o n s  t h a t  in- 
duce l o c a l  i n s t a b i l i t y  of t h e  s t r u c t u r e  and, consequent ly ,  d e f e c t  
c r e a t i o n 3 .  The f i r s t  process  is t h e  u s u a l  one i n  case of covalen t  
c r y s t a l s  or  metals, the  second i n  molecular  s t r u c t u r e s  o r  i n  case 
of  i o n i c  bonding. In materials such as t h e  blue bronzes w e  cannot  
exc lude  'a p r i o r i '  e i t h e r  of t h e  two processes ,but  our experimen- 
t a l  observa t ions  are i n  agreement w i t h  t h e  g e n e r a l  behaviour of 
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134 H. MUTKA rt af. 

t h e  displacement production. The defec t  production rate (Figure 1 )  
decreases with decreasing energy of bombarding e l ec t rons ,  and 
seems t o  ex t r apo la t e  t o  zero below a displacement threshold of 
about 150 k e V .  I f  e l e c t r o n i c  e x c i t a t i o n  processes were respon- 
s i b l e  fo r  the defec t  c r ea t ion  one would not expect any threshold 
but on the  cont ra ry  an increase  of de fec t  production rate with 
decreasing energy of incoming p a r t i c l e s 3 .  

However, i n  a recent  study Chen et  al.' observed a des t ruc t -  
ion of the  CDW d i f f r a c t i o n  s a t e l l i t e  spo t s  i n  the  e l ec t ron  micro- 
scope, a t  e l ec t ron  energ ies  as low as 60 keV. They concluded t h a t  
e l e c t r o n i c  exc i t a t ions  can produce de fec t s  which per turb  the  CDW. 
Our r e s u l t s  cannot exclude the ex is tence  of such a de fec t  product- 
i on  mechanism but they c l e a r l y  show t h a t  the  displacement process 
is f a r  more e f f e c t i v e  a t  high e l ec t ron  energies.  I n  f a c t  , i n  the 
e l ec t ron  microscope the dose necessary t o  des t roy  the  CDW is of 
the  order of 10 C/cm2 a t  least. We expect t o  reach a similar ef- 
f e c t  with a dose about two orders  of magnitude less using the  high 
energy e lec t rons ,  as i t  can be seen on Figure 2 t h a t  shows the  CDW 
t r a n s i t i o n  temperature as a func t ion  of the  i r r a d i a t i o n  dose. 

To ge t  an idea  of t he  de fec t  concent ra t ion  we have followed 
t h e  increase  of the  i n t e n s i t y  of a d-electron paramagnetic reson- 
ance l i n e  presenting a Curie l i k e  behaviour. Thus we ob ta in  t h a t  a 
dose of 1 mC/cm* (about 6 ~ 1 0 ~ ~  elcm-2) of 2.5 MeV e l ec t rons  in- 
c reases  the  concentration of magnetic de fec t s  by atomic frac- 
t i o n .  The production rate of any non-magnetic de fec t s  is su re ly  of 
t h e  same order of magnitude. This observation was made a f t e r  an- 
nea l ing  a t  room temperature which decreases  the  e f f e c t  and/or 
number of the de fec t s  as it w i l l  be seen i n  the  following sec t ion .  

THE EFFECTS OF THE IRRADIATION-INDUCED DEFECTS 

A f i r s t  impression on the  e f f e c t  of t he  de fec t s  is shown i n  the  
p lo t  of the  CDW phase t r a n s i t i o n  temperature versus the  i r r ad ia -  
t i o n  dose, Figure 2. The important decrease occurs a t  the  dose 
sca l e  of a few hundreds of mC/cm2 (1.e. 10-3...10-2 at .  f r a c t i o n  
of de fec t s ) ,  as i t  has been a l ready  observed f o r  many o ther  CDW- 
ma te r i a l s  i n  the case of i r r a d i a t i o n  induced defec ts5 .  An anneal 
a t  260 K h e l p s  t o  recover most of t he  decrease observed iauuediate- 
l y  a f t e r  the  i r r a d i a t i o n .  We can r e c a l l  t h a t  spec tacular  changes 
i n  the  non-linear CDW t r anspor t  occur a l ready  a t  doses w e l l  below 
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IRRADIATION INDUCED DEFECTS IN THE BLUE BRONZES 

0 200 400 ycltm' 

I35 

FIGURE 1 Variation of the threshold field Et of the non- 
linear conductivity (left) vs. dose at different energies 
gives us the damage production rate AEt/A@ as a function of 
the energy of the bombarding electrons (right). 

RlRo 

10 1 

0 1 2 
irradiation dose (mClcm') irradiation dose ( Clcm') 

FIGURE 2 
with irradiation dose. 

(left) Variation of the CDW transition temperature 

FIGURE 3 (right) The lorfield (single particle) 
resistivity as a function of irradiation dose at 21 and 80 K. 
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136 H. MUTKA cr al. 

1 mC/cm2 when the  cri t ical  temperature and, consequently, t he  ave- 
rage CDW amplitude a r e  hardly a f f ec t ed  a t  a l l .  

The curves presented i n  Figure 3 show the va r i a t ion  of the  
low-field ( s ing le  p a r t i c l e )  r e s i s t i v i t y  during in - s i tu  i r r a d i a t i o n  
a t  21 K and a t  80 K. It can be seen t h a t  a t  the lower temperature 
changes i n  a range of th ree  orders  of magnitude can happen. The 
d i f f e rence  between the very start of the  curves (a few 10 mC/cm-2) 
is most probably due t o  the  f a c t  t h a t  the low temperature trans- 
por t  is dominated by the  defec t  states of t he  e l e c t r o n i c  s t r u c t u r e  
while a t  80 K t he  t ranspor t  is c lose r  t o  i n t r i n s i c .  However, a t  
both temperatures the  subsequent decrease of r e s i s t i v i t y ,  w e l l  
co r r e l a t ed  with the decrease of t h e  c r i t i c a l  temperature (Figure 
2 ) ,  r e f l e c t s  the  e f f e c t  of de fec t s  on the  CDW gap i t s e l f .  The 
increase  of the low temperature r e s i s t i v i t y  at  doses exceeding 0.3 
C/cm-2 occurs when the  CDW gap is completely smeared, i .e.  the  
phase t r a n s i t i o n  no more e x i s t s .  This e f f e c t  is probably r e l a t ed  
t o  loca l i za t ion  phenomena i n  t h e  disordered metallic s t a t e  s t a b i l -  
i s ed  by defec ts5 .  The genera l  f ea tu re s  of t he  r e s i s t i v i t y  be- 
haviour reproduce those a l ready  observed i n  many CDW systems5. 

CONCLUSION 

The r e s u l t s  on the  cha rac t e r i s a t ion  of t he  i r r a d i a t i o n  induced 
de fec t s  and t h e i r  e f f e c t s  show c l e a r l y  the  i n t e r e s t  of t h i s  kind 
of s tud ies .  Further work is in progress t o  understand b e t t e r  the  
r o l e  of l a t t i c e  de fec t s  i n  the  s i n g l e  particle and c o l l e c t i v e  
t r anspor t  phenomena. 
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