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CHARGE DENSITY WAVE TRANSPORT I N  THE PEIERLS DISTORTED STATE 
OF THE BLUE BRONZES Ko,30Mo0 AND Rbo,30Mo03 3 

* * 
C. SCHLENKER , J. DUMAS*, and J.P. POUGET 
*Laboratoire  d’Etudes des  P r o p r i b t 6 s  Elec t roniques  d e s  S o l i -  
des ,  CNRS, BP 166, 38042 Grenoble, France. 
%abora to i re  de Physique d e s  S o l i d e s ,  U n i v e r s i t 6  d e  P a r i s -  
Sud, 91405 Orsay, France. 

Abs t rac t  Charge d e n s i t y  wave t r a n s p o r t  i n  Ao.-joMo03(A=K, Rb) 
i s  a s s o c i a t e d  w i t h  sharp  t h r e s h o l d  e lec t r ic  f i e l d s  and n o i s e  
v o l t a g e  inc luding  both  h i g h  (10-100 kHz) and low ( - 1  Hz) 
f requencies  as w e l l  as  h y s t e r e s i s  and m e t a s t a b i l i t y .  

INTRODUCTION 

The molybdenum blue  bronzes A MOO (A=K, Rb) are a t  300 K me-  

t a l l i c  conductors .  This  i s  due t o  t h e  charge  t r a n s f e r  from t h e  

a l c a l i n e  metal towards t h e  conduct ion band which would o therwise  be 

empty ( a s  i n  Moo3). K0,30M~0 has  been known f o r  more than  10 y e a r s  

t o  show a metal t o  semiconductor t r a n s i t i o n  i n  t h e  v i c i n i t y  of 

180 K . l  A t  300 K ,  both t h e  e l e c t r i c a l  conduct iv i ty2  and t h e  o p t i c a l  

r e f l e c t i v i t y 3  show a n i s o t r o p i e s  which e s t a b l i s h  that t h i s  compound 

is a q u a s i  one dimensional metal. This  i s  w e l l  accounted f o r  by t h e  

e x i s t e n c e  in the c r y s t a l  s t r u c t u r e  of i n f i n i t e  c h a i n s  of Moo6 o c t a -  

hedra along t h e  monoclinic b - a ~ i s . ~ ’  

shown t h a t  t h e  metal t o  semiconductor t r a n s i t i o n  is a P e i e r l s  t r a n -  

s i t i o n  towards an  incommensurate charge d e n s i t y  wave (CDW) s ta te ,  

t h e  b-component of t h e  q-vector being found t o  be q b =  (0.74 r 0 . 0 1 ) b  

a t  110 K . 6  I n  t h e  semiconducting s ta te ,  d e t a i l e d  s t u d i e s  of t h e  dc  

vol tage-cur ren t  c h a r a c t e r i s t i c s  have shown t h a t  t h e  conduct ion i s  

0.30 3 

3 

F u r t h e r  x-ray s t u d i e s  have 

* 

non l i n e a r  above a sharp t h r e s h o l d  e lectr ic  f i e l d  E t . l  Other pro- 

p e r t i e s  c h a r a c t e r i s t i c  of CDW t r a n s p o r t 8 ,  such as  q u a s i p e r i o d i c  

n o i s e  v o l t a g e  i n  t h e  frequency range of 10 t o  100 kHz have a l s o  

been previous ly  repor ted .  9 
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104 C. SCHLENKER, J .  DUMAS AND J .  P. POUGET 

I - STRUCTURAL DATA 

Sa t0  e t  a l .  have previous ly  repor ted  t h a t  t h e  qb component of t h e  

wave v e c t o r  i n c r e a s e s  w i t h  decreas ing  temperature ,  down t o  - 100 K 

and keeps an incommensurate v a l u e  (0.746) below.1° Fleming et  a l .  

have repor ted  t h a t  t h e r e  is a lock-in t r a n s i t i o n  a t  - 100 K. 

Pouget e t  a1.12 have found by x-ray s t u d i e s  a cons tan t  v a l u e  

0.0005 below 100 K. The low temperature  qb v a l u e  very  

11 

of 0.7495 

l i k e l y  depends on t h e  s toechiometry and (or )  t h e  p u r i t y  of t h e  

c r y s t a l s  and may be commensurate i n  the b e s t  samples. It should 

a l s o  be noted t h a t  t h e  q component may depend on t h e  appl ied  elec- 
C 

t r i c  f i e l d  above E t ,  which may i n d i c a t e  some deformation of t h e  

CDW. 13 

I1 - THRESHOLD BEHAVIOR 

Fig. 1 shows t y p i c a l  d a t a  f o r  t h e  dc  V v s  I characteristics. .Depen- 

d ing  on the ' sample  and f o r  a g iven  sample on t h e  temperature ,  t h r e e  

types  of behaviour f o r  t h e  threshold  are found. Most samples show 

a smooth threshold  as shown on Fig.  la.  Some show a swi tch ing  from 

t h e  Ohmic regime t o  t h e  non l i n e a r  one,  w i t h  v o l t a g e  p u l s e s  i n  t h e  

O h m i c  regime precursor  t o  t h e  switching.  F ig  l b  is c h a r a c t e r i s t i c  of 

a two s ta te  system, t h e  c r y s t a l  " h e s i t a t i n g "  f o r  E < Et between 

t h e  two regimes. On Fig.  l c  is shown a mixed behaviour w i t h  a lower 

smooth threshold  f i e l d  E t l  and a h igher  sharp one E t 2 . T h e s e r e s u l t s  

FIGURE la dc v o l t a g e  v s  

c u r r e n t  c h a r a c t e r i s t i c  of 

KO 3oMo0 3 
smooth threshold .  

a t  77 K showing a 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
06

 2
0 

Fe
br

ua
ry

 2
01

3 



CHARGE DENSITY WAVE TRANSPORT IN THE PEIERLS DISTORTED STATE 105 

I I' ' I I 

452 0.54 0.56 058 0.6 0 
I m A )  

FIGURE l b  V-I curve of  K0,30M~0 showing p r e c u r s o r  

pu lses  and switching.  
3 

FIGURE 1c V-I curve of 

Rbo,30M00 showing a smooth 60- 

th reshold  Et l  followed by a 

switching a t  E t  

3 
; 
6 z 2 '  

0.8 
I i rnAi  

0.7 

sugges t  t h a t  t h e  o n s e t  of t h e  non l i n e a r  regime is  r e l a t e d  t o  two 

processes  : t h e  nuc lea t ion  of conduct ing CDW f i l a m e n t s  p a r a l l e l  t o  

t h e  high c o n d u c t i v i t y  a x i s  and t h e  t r a n s v e r s e  propagat ion  of t h e s e  

f i laments .  The e f f e c t  of e l e c t r o n  i r r a d i a t i o n  induced d e f e c t s  on 

t h e  threshold  behavior  may c o r r o b o r a t e  t h i s  p i c t u r e .  l 4  The e x i s t e n -  

c e  of conduct ing CDW "canals" h a s  a l s o  been proposed r e c e n t l y  by 

Joos and Murray.I5 I n  t h i s  c o n t e x t ,  one can  d e f i n e  two i n t r i n s i c  
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106 C. SCHLENKER, 1. DUMAS AND I. P. POUGET 

threshold fielqds, a nucleation f i e l d  Etn and a propagation f i e l d  

EtP. Depending on the  r e l a t i v e  value of E t n  and EtP,  d i f f e r e n t  be- 

haviours may be expected a5 found experimentally. The da ta  obtained 

by Hall  and Zet t l  i n d i c a t e  that i n  t h e  case  of NbSe3 both threshold 

f i d l d s  have d i f f e r e n t  temperature dependences. 

I11 - ' H I G H  FREQUENCY' CURRENT OSCILLATIONS 

Fig. 2a shows the s p e c t r a l  ana lys i s  of the no i se  vol tage .  Several  

peaks corresponding t o  a fondamental and seve ra l  harmonics are 

found i n  the  range of 10 t o  150 kHz f o r  dc cu r ren t s  l a r g e r  than t h e  

threshold value. As i n  NbSeg and TaS3, t h e  frequency F is propor- 

t i onna l  t o  the  excess CDW cur ren t  JCDW (Fig. 2b ) .  a.c. conduct iv i ty  

16 

P 
iarl20pA 

o s o w K , u a  
Fraqwncy (KHz1 

FIGURE 2a Fourier ana lys i s  FIGURE 2b Frequencies of 

of t h e  narrow band noise  of t h e  narrow band noise  a s  a 

Ko.30M003 a t  77 K. Threshold func t ion  of t h e  excess CDW 
curren t  : 130pA. c u r r e n t a t  77 K f o r  two sam- 

p l e s  of KO, 3oMo03, 

measurements are a l s o  cons i s t en t  with t h i s  per iodic  noise." F i s  

t h e  so-called washboard frequency ; F - vd(X, where vd is t h e  

d r i f t  ve loc i ty  of t h e  CDW and X the s u p e r l a t t i c e  period.' The slo- 

pe F/JCDW - 1/neh where n is the concentration of e l ec t rons  con- 
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CHARGE DENSITY WAVE TRANSPORT IN THE PEIERLS DISTORTED STATE 107 

15 .a I 1 

N 

- 
\ 

\. - 
I 
5 
N 10- 

4 K0.3Moo3 u- 

5 I I MBO. 

densed i n  the  CDW i s  the re fo re  expected t o  be the  same f o r  

Ko.30M~03 and Rb 0,30M003. Our r e s u l t s  are incons is ten t  with t h i s  

pred ic t ion  (Fig. 3). The order of magnitude of t h i s  s lope  is  a l s o  

FIGURE 

of t he  

0.01 OD3 0 
J,, (A/crnz) 

3 Frequencies of t h e  narrow band noise  a s  a 

excess CDW cur ren t  a t  7 7  K f o r  Rb0.30M003 and 

func t ion  

found t o  be 20  t o  200 times l a rge r  than the  value obtained by assu- 

ming tha t  a l l  t h e  conduction e l ec t rons  a r e  condensed i n  t h e  CDW and 

with A y 4b. These d iscrepancies  might be r e l a t ed  t o  t h e  complica- 

ted band s t r u c t u r e  of t he  blue bronze, wi th  a doubly o r b i t a l  dege- 

na ra t e  conduction band. Fig. 4 a l so  shows t h a t  i n  Kg 3oMo0 

s lope  is  temperature dependent even a t  temperatures lower than80K,  

where t h e  P e i e r l s  gap should be cons tan t .  

6 t h i s  3 

FIGURE 4 Slope JCDW/F1 a s  a func t ion  of temperature. 
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108 C. SCHLENKER, J .  DUMAS. AND I. P. POUGET 

FIGURE 5 Voltage o s c i l l a -  

t i o n s  as a func t ion  of t i m e  

f o r  a V-doped Ko.30M~03 
sample quenched from 300 t o  

77 K with an appl ied  dc 

p,, - 
12 

low frequencies f ,  a r e  a l s o  found t o  be propor t iona l  t o t h e  excess 

CDW curren t  (Fig,  6). The s e n s i t i v i t y  of t h e s e  low f requencies  t o  

t h e  presence of impur i t i e s  c l e a r l y  i n d i c a t e  t h a t  they are the 

consequence of some i n t e r a c t i o n  of t h e  CDW domains (boundaries) 

with defec ts .  D
ow
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CHARGE DENSITY WAVE TRANSPORT IN THE PEIERLS DISTORTED STATE 109 

FIGURE 6 Voltage o s c i l l a t i o n s  frequency as a f u n c t i o n  of 

excess  CDW c u r r e n t  i n  pure and V-doped K0,30M~0 and in 

Rb0.30M003 quenched from 300 t o  77 K w i t h  a dc c u r r e n t .  
3 
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