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BROADBAND WISE I N  ORTHORHMBIC TaS3 

MARK 0. RORBINS, J. P. STOKES, S. BHATTACMRYA and R. A. KLDW 
Corporate Research Science Labora to r ies ,  Exxon Research and 
Engineer ing Company, Annandale, New Jersey 08801 

A b s t r a c t  We r e p o r t  exper imenta l  r e s u l t s  on t h e  broadband 
n o i s e  i n  s l i d i n g  charge d e n s i t y  wave conductor  or thorhombic 
TaS . The exper imenta l  r e s u l t s  a r e  i n  e x c e l l e n t  agreement 
w i t 8  a phenomenological model based on f l u c t u a t i o n s  i n  t h r e s -  
h o l d  f i e l d  due t o  deformat ions o f  t h e  s l i d i n g  condensate. 

The onset o f  n o n l i n e a r  e l e c t r i c a l  conduc t ion  beyond a t h r e s h o l d  

e l e c t r i c  f i e l d  ET  i n  charge d e n s i t y  wave (CDW) conductors ,  such as 

NbSe3 and TaS3, i s  known t o  be caused by t h e  s l i d i n g  o f  t h e  CDW 

which i s  p inned below ET by t h e  i m p u r i t i e s .  The appearance o f  

no ise,  b o t h  narrow-band and broadband, i n  t h e  n o n l i n e a r  conduc t ion  

regime has been s t u d i e d  e x t e n s i v e l y  i n  recen t  years.1s2s3 I n  t h i s  

paper we r e p o r t  measurements o f  t h e  broadband n o i s e  i n  orthorhom- 

b i c  TaS3. 

The measured broadband no ise  has t h e  f o l l o w i n g  c h a r a c t e r i s -  

t i c s . ( l )  F i e l d  dependence - The onset  o f  no i se  i s  sharp and 

c o i n c i d e n t  w i t h  t h e  onset  o f  n o n l i n e a r  conduc t ion  as ev idenced 

by a comparison w i t h  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  measurement. 

( 2 )  Frequency dependence - The no ise  power has a f-a spectrum w i t h  

a =  0.95 f .05 ( f o r  10 Hz < f < 10 a t  160 K and t h e  spect rum 

i s  f i e l d  independent except  ve ry  c l o s e  t o  t h e  t h r e s h o l d  v o l t a g e  

vT.4 ( 3 )  Sample s i z e  dependence - The r.m.s. n o i s e  v o l t a g e  6~ 
s c a l e s  as [a/A]1/2 where a i s  t h e  l e n g t h  and A i s  t h e  c r o s s -  

s e c t i o n a l  area o r ,  e q u i v a l e n t l y ,  6V2/V2 scales as t h e  i n v e r s e  

volume. These r e s u l t s  e s t a b l i s h  t h a t  t h e  n o i s e  i s  a b u l k  ( f i n i t e  

s i z e )  phenomenon and n o t  assoc ia ted  w i t h  con tac ts .  

5 
Hz) 
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64 M. 0. ROBBINS er 41. 

I n  o rde r  t o  q u a n t i t a t i v e l y  s tudy  t h e  behav io r  we propose t h e  

f o l l o w i n g  model. A t  cons tan t  t o t a l  c u r r e n t ,  f l u c t u a t i o n s  i n  t h e  

e f f e c t i v e  p i n n i n g  f o r c e  o r  VT, cause f l u c t u a t i o n s  i n  t h e  cho rda l  

r e s i s t a n c e  R ( =  V / I )  which i s  e x p l i c i t l y  t h r e s h o l d  v o l t a g e  depen- 

dent. W i t h i n  t h i s  model, t h e r e f o r e ,  t h e  mean squared no ise  

v o l t a g e  i s  g iven by 

w 

E -  
El- 
3 -  

< 6 V  2 > = I 2 2  <6R > = 12(% )2 <6V:> 

av T 

~ 

ISs3,lZOK TaS3.16OK 

. .:. (a) 

. .. . .  .. z . . .  

.... NOlSEVOlTACE.. 
- W W ? )  

D i r e c t  measurement o f  aR/aVT i s  n o t  poss ib le ;  so we assume t h a t  R 

i s  a f u n c t i o n  o f  (V-V,) on ly ,  i.e., aR/aVT = - aR/aV. The l a t t e r  
i s  evaluated n u m e r i c a l l y  from t h e  I - V  c h a r a c t e r i s t i c s .  Since 
aR/aV i s  o n l y  weakly f requency dependent below lfl0 kHz, t h e  
frequency dependence i s  e n t i r e l y  con ta ined  i n  <6VT2>, i .e,, 

F igu res  l ( a )  and l ( b )  show p l o t s  o f  t h e  f i e l d  dependence a t  
two temperatures o f  t h e  no ise  v o l t a g e  measured a t  one f requency 

( w = 300Hz, Q = 10) and o f  t h e  n u m e r i c a l l y  eva lua ted  v a l u e  o f  

I ( a R / a V T ) .  C l e a r l y ,  except  ve ry  near VT, t h e y  t r a c k  each o t h e r  
a c c u r a t e l y  . 

It i s  now known from va r ious  experiments4 t h a t  me tas tab le  

s t a t e s  e x i s t  i n  CDW systems corresponding t o  l o n g  wavelength de- 

6v2( W) = 12( aR/aVT)26VT2(w) .  

4 

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 



BROADBAND NOISE IN ORTHORHOMBIC TaS, 65 

f o rma t ions  o f  t h e  phase o f  t h e  CDW condensate. Such de fo rma t ions  

a l t e r  t h e  d i s t r i b u t i o n  o f  phases a t  i m p u r i t y  s i t e s  and t h e r e f o r e  

t h e  p i n n i n g  f o r c e  e x e r t e d  by t h e  i m p u r i t i e s  on t h e  s l i d i n g  conden- 

sate. We suggest t h a t  t h i s  i s  t h e  source o f  t h e  t h r e s h o l d  f i e l d  

f l u c t u a t i o n s .  I f  t h e  t r a n s i t i o n  between metas tab le  s t a t e s  i s  

t h e r m a l l y  a c t i v a t e d ,  t hen  a d i s t r i b u t i o n  o f  b a r r i e r  h e i g h t s  l e a d s  

t o  a d i s t r i b u t i o n  o f  r e l a x a t i o n  times. Even i f  t h e  b a r r i e r  h e i g h t  
5 d i s t r i b u t i o n  i s  s h a r p l y  peaked a t  an energy E >> kBT, one s t i l l  

o b t a i n s  a f'a power spectrum f o r  t h e  noise,  so l o n g  as t h e  d i s t r i -  

b u t i o n  f u n c t i o n  i s  s l o w l y  v a r y i n g  w i t h i n  kBT. 

We propose t h a t  t h e  f l u c t u a t i o n  i n  ET = VT/a i s  coheren t  

w i t h i n  a "coherent  volume,'' A3. The n e t  t h r e s h o l d  v o l t a g e  f l u c t u -  

a t i o n  across t h e  e n t i r e  sample o f  l e n g t h  a and c r o s s - s e c t i o n a l  

area A i s  t h e  i ncoheren t  a d d i t i o n  o f  t hese  f l u c t u a t i o n s .  Assuming 

t h a t  t h e  f l u c t u a t i o n  i n  t h e  p i n n i n g  f i e l d ,  <6ET >, i s  p r o p o r t i o n a l  

t o  ET , we o b t a i n  

P 

2 

2 

A3 S (  w,T) 2 2 a R  2 2 <6V (a)> = I (-) *ET 
aVT 

where S(w,T) i s  t h e  s p e c t r a l  weight  f unc t i on .  Equa t ion  (2)  p ro -  

duces t h e  e x p e r i m e n t a l l y  observed sample dimension dependence. 

I n  Fig. 2(a)  we p l o t  t h e  temperature dependence, f o r  V = 2vT, 

o f  SV2( W) measured a t  300 Hz. It grows r a p i d l y  below Tc and has a 

pronounced peak near 150K where an incommensurate-commensurate 

t r a n s i t i o n  i s  thought  t o  occur.6 F i g u r e  2(b) shows t h e  tempera- 

t u r e  dependence o f  I (aR/aVT)2 V: measured d i r e c t l y .  Th is  quan- 

t i t y  a l s o  grows r a p i d l y  below Tc and shows a pronounced peak a t  

150 K. 

I n  F ig .  2(c)  we p l o t  t h e  temperature dependence o f  t h e  r a t i o  

This, ac- 

c o r d i n g  t o  equa t ion  ( 2 ) ,  r e f l e c t s  t h e  temperature dependence o f  

h3S(w,T). T h i s  grows below Tc and s a t u r a t e s  g r a d u a l l y .  The peak 

disappears. Several i s s u e s  remain unresolved. F i r s t ,  we do n o t  

2 

o f  t hese  two q u a n t i t i e s  i.e., 6V 2 (w)/[12(aR/aVT) 2 2  VT]. 
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66 M. 0. ROBBINS er al. 

TEMPERATURE (K) 

FIGURE 2 Temperature dependence o f  (a )  <6V2> (300 Hz) 

know what r e l a t i o n  X bears t o  the Lee-Rice length, nor t o  the  dy- 

namic coherence leng th  5 i n  re f .  7. A more microscopic theory  i s  
desirable. Second, a model f o r  the temperature dependence of 
S ( q T )  i s  needed. 

To conclude, we have demonstrated t h a t  a phenomenological 

model o f  th resho ld  f i e l d  f l uc tua t i ons  can accura te ly  descr ibe t h e  
broadband noise i n  s l i d i n g  CDW conductors. It w i l l  be i n t e r e s t i n g  

t o  see i f  analogous models can be constructed f o r  noise generat ion 
i n  other systems, such as charge t rans fe r  sa l t s .  

(b )  12( aR/aVT)2VT2 and ( c )  X3S( w,T). 
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