
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 20 February 2013, At: 12:07
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Local Mechanism for
Generation of Periodic
Oscillations By Moving CDW
Lev P. Gor'kov a
a Landau Institute for Theoretical Physics, 142432,
Chernogolovka, USSR
Version of record first published: 20 Apr 2011.

To cite this article: Lev P. Gor'kov (1985): Local Mechanism for Generation of Periodic
Oscillations By Moving CDW, Molecular Crystals and Liquid Crystals, 121:1-4, 23-29

To link to this article:  http://dx.doi.org/10.1080/00268948508074826

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948508074826
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

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:
07

 2
0 

Fe
br

ua
ry

 2
01

3 



MoI. Cryst. Liq. CYSZ. 1985, V O ~ .  121, pp. 23-29 
0026-8941 /85/12 14M)23/$15.00/0 
0 1985 Gordon and Breach, Science Publishers, Inc. and OPA Ltd. 
Printed in the United States of America 

LOCAL MECHANISM FOR GENERATION OF PERIODIC 
OSCILLATIONS BY MOVIIJG CDVI 

LEV P.GORIKOV 
Landau I n s t i t u t e  f o r  Theore t ica l  Physics,  
142432 Chernogolovka, USSR. 

Abstract  Generation of t h e  quas iper iodic  %oisesf t  
by moving CDW, as observed i n  a number of t h e  Q1D 
metals, i s  ascr ibed  t o  t h e  boundary between the  
P e i e r l s  phase and a n  ord inary  metal on which t h e  
CDW cu r ren t  is  t o  convert  i n t o  t h e  normal one. The 
process is  due t o  the  p e r i o d i c a l l y  appearing phase 
s l i p  cen te r s  where the  l o c a l  e l e c t r o n  gap passes  
ac ross  zero.  The simple microscopic model i s  s ~ g -  
gested.  Some poss ib l e  regimes and t h e  q u a l i t a t i v e  
experimental consequences a r e  discussed. 

I .  The bulk of the  recent  experiments i n  t h e  inorganic  
Q 1 D  metals of the  NbSe3-type i s  concentrated now i n  
d i f f e r e n t  a spec t s  of t h e  so-called t lFrohl ich conducti- 
v i t y  mechanism" and the  problem of the  narrow band 
%oisestl  generated by the  moving CDW"3. The existing 
t h e o r i e s  meet d i f f i c u l t i e s  i n  a t tempts  t o  exp la in  t h e  
almost coherent cha rac t e r  of t h e  volkage o s c i l l a t i o n s  
generated i n  the  sample by t h e  cu r ren t  f lowing i n  t h e  
presence of an  e l e c t r i c  f i e l d ,  E , exceeding the  thre- 
shold f i e l d ,  E t .  It has been discovered experimental- 
l y 4 9 5  that the  o s c i l l a t i o n s  e x h i b i t  t h e  l o c a l  chara- 
c t e r  and are  probably eonnected wi th  t h e  v i c i n i t y  of  
con tac t s  ( s ee  the  d iscuss ion  i n  1.. The phenomenologi- 
c a l  explanat ion suggested i n  6t7  was based on the  as- 
sumption that t h e  e f f e c t i v e  e l e c t r i c  f i e t d  near con- 
t a c t s  is  s u b s t a n t i a l l y  decreased (due t o  t h e  b e t t e r  
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24 L P GOR'KOV 

c o n t a c t s  m a t e r i a l  c o n d u c t i v i t y )  and t h i s  s t o p s  t h e  
CDCI motion. The CDJI " t r a n s p o r t  of phase" i s  compensa- 
t e d  by t h e  s l i p p a g e  of some phase v o r t e x e s  The i n t e r -  
p r e t a t i o n 7  was based on t h e  phase hami l ton ian  us ing  
a n  onalogy w i t h  t h e  theory  of t h e  Josephson b r i d g e s ,  

mena occurr ing  a t  t h e  boundary between t h e  P e i e r l s  
s t a t e  conductor  and a n  o r d i n a r y  metal ,  i f  i n  t h e  
P e i e r l s  m a t e r i a l  t h e  c u r r e n t  is  p a r t i a l l y  due t o  t h e  
moving C D Q .  The main i d e a  was t o  s e p a r a t e  t h e  impuri- 
t y  CD:? pinning,which i s  t h e  bulk  e f f e c t ,  from t h e  sur- 
f a c e  phenomena connected w i t h  a conversion of t h e  
CDW c u r r e n t  i n t o  t h e  normal c a r r i e r s  c u r r e n t  a t  t h e  
border .  The important  comment is t h a t  any boundary 
c r e a t e s  some atomic displacements  which a r e  not  sen- 
s i t i v e  t o  t h e  low temperature  s t r u c t u r a l  t r a n s i t i o n  
i n  t h e  QlD metal .  The P e i e r l s  deformation is  t o  
match t h e  " t a i l "  of t h e s e  d i s t o r t i o n s  in t roduced  by 
t h e  contac t  boundary. Therefore ,  t h e  CDW is  s t a n d i n g  
n e a r  t h e  border  The crossover  between t h i s  r e g i o n  and 
t h e  d i s t a n t  region,where t h e  CD'J moves, t a k e s  p l a c e  i n  
a p e r i o d i c  phase s l i p p a g e  (PSI p r o c e s s , i n  which t h e  
d i e l e c t r i c  "gap" ( t h e  CDW o r d e r  parameter)  l o c a l l y  
passes  a c r o s s  zero .  This p i c t u r e  does n o t  depend on 
t h e  impuri ty  p i n n i q  i n  t h e  bulk and can be a p p l i e d  
t o  any pure enough sample (low v a l u e s  of E t ) *  I n  addi-  
t i o n ,  i f  a t  low f i e l d s  t h e  PS-centers a r e  l o c a l i z e d  
f a r  a p a r t  from t h e  boundary, i ts  roughness w i l l  be 
smoothed out  and w i l l  be unimportant f o r  t h e  n o n l i n e a r  
p e r i o d i c  regime, This  could e x p l a i n  t h e  approximately 
coherent  c h a r a c t e r  of t h e  observed o s c i l l a t i o n s .  

Independent ly  t h e  a u t h o r  has  s t u d i e d  t h e  pheno- 

I1 The complexity of t h e  e l e c t r o n  spectrum of r e a l  
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MECHANISM FOR GENERATION BY MOVING CDW 25 

Q1D metals leaves  no hope t h a t  a q u a n t i t a t i v e  micros- 
copic theory explaining all t he  experimental  f a c t s  
w i l l  be b u i l t  up some time i n  f u t u r e ,  Fortunately,  t he  
main p rope r t i e s  of t h e  CDW-type s t r u c t u r a l  t r a n s i t i o n ,  
a s  we understand now, can be descr ibed i n  s impler  mo- 
de l s ,  f o r  instance,  using the  approximate r e l a t i o n  
f o r  t he  e l ec t ron  spectrum 

€(p+O)*  - (1) 

Here e i t h e r  3 = (2Ks,0,0) and Eq. (1) takes p lace  ow- 
i ng  t o  the  quasionedimensional e l e c t r o n  spectrum, o r  
Q - equals (2KF,  1/2; 1/21, as  i n  t h e  t i gh t  binding mo- 
d e l  f o r  which Eq.(l) 
t r a n a i t i o n  acqui res  the  thermodynamic sense  e2tIier due 
t d ,  3D phonons, o r  owing t o  t h e  f i n i t e  t r ansve r se  e le -  
c t r o n  d i spe r s ion  ( t h e  l a t t e r  is probably c o r r e c t  a t  
l e a s t  f o r  NbSe3). On the  o t h e r  hand, f o r  t h e  Frohl ich  
mechanism t o  occur i t  is only necessary that t h e  Q-ve- 
c t o r  i n  Eq . ( l )  would have a n  incornmemurate component 
2KF along t h e  main conducting axis. For  th i s  t h e  Permi 
sur face  i s  t o  conais t  of a few open s h e e t s  l y i n g  n e a r  
&ISF planes i n  the  zone. I n  such a model t h e  microsco- 
p i c  theory with the  w e l l  def ined a p p l i c a b i l i t y  c r i t e r i -  
on can be formulated. The most simple equat ions f o r  
t he  o rde r  parameter A 3 Id1 exp ( i p )  (as usual,  

been obtained 8r10 i n  the  so-cal led ffgaplees l i m i t f f  
when impur i t i e s  almost suppress the  s t r u c t u r a l  t r a n s i -  
t i o n s .  

would be exact  ’. The P e i e r l s  

A i s  propro t iona l  t o  t h e  l a t t i c e  deformation) have 

These equat ions a r e  of t h e  form: 

i + l E x b - A + t N 2 A -  V2A = 0 (2) D
ow
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26 L. P. GOR'KOV 

and the expression f o r  t he  e l e a t r i c  cur ren t  i s  

E q s . ( 2 , 3 )  a l ready  conta in  dimensionless va r i ab le s .  
Their  e x p l i c i t  d e f i n i t i o n  can be found i n  'O'll. I n  
E q .  ( 3 )  A , ]  cc 1 arid t h i s  r e f l e c t s  t he  f a c t  t h a t  i n  
the  "gapless l i m i t "  ( C T  C 1) the  cur ren t  i s  mainly 
ca r r i ed  by the  normal c a r r i e r s .  This s u b s t a n t i a l l y  
s impl i f i e s  E q . ( 2 1 ,  because i n  the  f irst  approximation 
the  e l e c t r i c  f i e l d  Ex i s  f ixed  by the  cu r ren t .  The 
vol tage o s c i l l a t i o n s  obliged t o  the  PS-centers do ap- 
pear  a s  small correc t ions  i n  E q . ( 3 ) .  The r e a l  space 
sca l e  i n  Eqs. ( 2 , 3 )  i s  5 0 -  Rlr/7p and the  e l e c t r i c  
f i e l d  is measured a s  e E s o / G  . 

P 

111. E q . ( 2 )  suggests  probably the  most simple microsco- 
p i c  model f o r  the  study o f  t he  nonl inear  per iodic  re- 
gime with the PS-centers a t  the  boundary. On the  l e f t  
(i e , a t  x -P 00)  LJ = exp ( - i E t )  and t h i s  s o l u t i o n  
descr ibes  the  moving CDJ. T a k i n g  d f ixed  a t  x P 0 
( do = 1 f o r  s impl ic i ty ,  s ee  below), near  the  bounda- 
ry  one would g e t  t h e  s t a t i c  so lu t ion :  

JAI2= I -  Q2 3Q - AdA Q =  E X  (4) 

(here  Q = a p h  1. According t o  (41, Q i nc reases  
with 1x1  , while Id/ '  decreases-  A f i n i t e  Q =Vp# 0 
merely means a l o c a l  change of t he  nes t ing  vec tor ,  or 
some devia t ions  from the  optimal nes t ing  condi t ions 
Therefore, the  s t a t i c  s o l u t i o n  (4) i s  only s t a b l e  a t  

I A I  smaller  than some xo. Near xo the  exact  so lu t -  
i on  of E q . ( 2 )  becomes e s s e n t i a l l y  time-dependent and 
101 per iod ica l ly  passes  ac ross  zero This r e s u l t s  

i n  the phase loss (93 P 25- a t  each such a n  event.  
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MECHANISM FOR GENERATION BY MOVING CDW 

The form of s t a t i c  solut ion (4 )  showa that xo could 
be large f o r  a weak enough f i e l d  ( i f  E (< 1, Q -i a t  

However, the complex function d ( x , t )  is 
described by the nonlinear E q . ( 2 )  and the point xo , 
where the regime (4 )  becomes usatable, can be found 
only from i ts  etraightforwerd integration. It is impo- 
r t a n t  t o  emphasize that each PS-center has the dyna- 
mic s t r u t u r e  ( the regime represents a cycle). I n  f a c t ,  
l e$  us assume that tat some A (xo, t 3 0) -  Being 
l inearized i n  d , E q  (2) belongs t o  the parabolic 
type. Using the standard diffusion solution, one easi-  
l y  shows t h a t  f o r  the subsequent time moments, t 7 0, 

- &?8 

27 

x N E'l) 

xo 

4 f - x o , t ) +  0. 
11 The numerical calculations gave xo= 1.15 E 

( E < < l )  and t h i s  is not very sens i t ive  t o  the choice 
of  & #  1 Thua, while the PS-position, xo, exceed8 
the coherence .length ( go - 10 '6cm), the growth of 
xo with the f i e l d  decrease is comparatively s1ow.b 
t h i s  connection it is relevant t o  discuss again the 
boundary Conditions for E q . ( 2 ) .  Deformation,induced 
on the contact, is large and the solut ion i s  t o  ref-  
l e c t  t h i s  f a c t .  Near the boundary the three f i r s t  9 

terms i n  Eq. (2) can be omitted ( 1). The first 
in tegra l  has the form: 

The integrat ion constants, and Cf , are defined 
by the bulk solution. The demand t h a t  / d /  
growing behaviour a t  x 3 0 wouid give the rigo- 
rous boundary conditions i n  the form: 

have a 

1 4 ( t ) l s  fad,! Q = ~ % ~ = Z ~ ~ - D ;  a t  x 4 0 (6) 
So f a r  Eqta(6) have never been used i n  numerical calcul- 
a t  ions. 
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28 L. P. GOR'KOV 

I V .  The idea that near contacts the CDW is fixed, ma- 
kes possible the formulation of the threshold f i e l d  
problem f o r  the sample of a f i n i t e  length, L. If L is  
small, the CD'N motion i n  the i n t e r n a l  par t  of the sam- 
p le  w i l l  s t a r t  i n  a strong enough e l e c t r i c  f ie ld .  The 
numerical r e s u l t  f o r  Et(L) is 

2.25  L-l. 23 

This motion introduces the phase slippage inside the 
sample o r  near its two ends. The generation of O S C i l  - 
l a t ions  and d e t a i l s  of the nonlinear regime can be 
studied i n  good qual i ty  samples and a r e  not dependent 
on the impurity pinning, 

V .  I n  the above and i n  
ge ts  zero homogeneously across the whole sample, have 
been considered Obviously, such a 8olution i s  appli- 
cable only f o r  a t h i n  enough sample. I f  the tranaver- 
se sample s i z e s  a re  large,  the d i f fe ren t  regime would 
be p06sible. I n  t h i s  case the slippage is due t o  the 
transverse motion of the chain of dislocations i n  the 
Peier ls  euperlat t ice .  Each separate dis locat ion i s  t o  
compensate the phase growth [ Y l  I 2 r  a t  i t 8  motion 
across the sample. Their l i n e a r  density is therefore 
defined by the CDW current f a r  from the boundary. No 
numerical calculation have been so f a r  done f o r  t h i s  
much more complioated regime. 

hlicroscopic Eq. (2) of course overeimplifies subs- 
t a n t i a l l y  the s i tuat ion:  In the r e a l  material the ani- 
sotropy (or  "the one-dimensionality? i s  important. 
The main d i f f i c u l t y  COMeCted with 1D features  l i e s  
i n  a more appropriate account of the energy and nomen- 
turn relaxation between d i f fe ren t  exci ta t ions and betwe- 
en exci ta t ions (electrons and phonons) and the tfconden- 

the slippage a t  which d (q t )  
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MECHANISM FOR GENERATION BY MOVING CDW 29 

sate" .  The corresponding equationa can be w r i t t e n  down 
aga in  f o r  t h e  aimple model of Eq.( l ) ,  however, th is  
time they would be too  complicated even f o r  t he  numer- 
i c a l  approach. The most important new f a c t  is t h a t  t h e  
time evolu t ion  of the  phase is  charac te r ized  by two 
d i f f e r e n t  s ca l e s .  

of the  CDW cur ren t  i n t o  a cur ren t  of t h e  ord inary  e lec-  
t r o n s  near  t he  boundary aurface take  p lace  i n  t h e  non- 
l i n e a r  time-periodic regime of t h e  o rde r  parameter va- 
r i a t i o n .  The regime corresponds t o  discont inuous jumps 
of the  phase while t h e  magnitude of t h e  l o c a l  CDW gap 
passes  ac ross  zero Unlike the  approach wi th  the  phase 
hamiltonian o r  var ious  s o l i t o n  models, t h e  suggested 
p i c t u r e  does not leed t o  any d i f f i c u l t i e s  with t h e  
charge ac  cumula t ion  e i the  r. 

I n  conclusion, we have shown t h a t  t he  conversion 
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