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As ha s be en pointed out in rec ent expe riments (see, e.g., 
ref s . 11-31 ), sta tic charge density нaves (CDW) may exist in su
perioni c c onduc tor s ( SC) a s а r esult o f а nonuni fo rm distribu
tion o f moving ions in the crystal. А phe nomenolo g ical d e scrip
tion o f CDW in SC wa s proposed in / 4/ , and а microscopic model 
f or the development o f CDW due to the interaction of moving-ion 
de nsity fluc tua t ions with opti c lattic e vibrations wa s consi
dere d in / 5/. 

In the present paper the stability c ondition f or lattice of 
SC based on the mo de l / 5/ is a nal ysed. It i s s hown that CDW can 
d e v e l o p only due to in teraction o f movin r,-ion de nsity fluc tua 
ti oпs wi th a c oust ic phon ons as proposed i n / 4/ and CDW can e x ist 
fo r а s u ffic i entl y strong coupling in the temperature . range 
Т 1 < Т < Т 2 , whe r e Т 1 :; D :; Т2 , D be ing tl1e a c tiva tio n energy f or 
movi n g io ns . 

2 . !" е t u s cons ide r а mo de l fo r SC desc r i be d Ь у the Hami 1 to-
nian ana l o r,o u s to / 51: · 
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( 1 ) 

v1l1e r e at , а k are Fe r mi cre a t ion and a nnihil a tion op e rat o r s for 
а moving io n with t he momentum k and e nergy Ek = D+ k 2/2M, 
нl1e r e D is t he a c t· i v a tion ene r gy a nd М i s it s effective mass; 
р .. = ): a:J; a ..... I n wha t fol l ows we c ons ide r onl y the clas s i cal 

q k k k+ q 

limi t a nd the t ype o f ~ ta t ist i cs (Fe rmi or Bo s e ) i s irre l evant. 
V(q) = (1/ N) [ 4" (Ze) 21 q 2( v + {J (q)] is the Coul omb and s ho rt-range, 
{3 (q) , in t e rac t ion betwe e n moving i o n s wi t h c har ge Ze in а crys
tal with the d i e l e ctric con s t a nt (. The number o f uni t cells in 
the c r ys t a l of volume V is N = V/ v. Inte r a c t i on o f moving ions 
witl1 l a ttice vibra tion s f o r branc!1 j is given Ьу t he f unc tion 
g(q, j ) whi c l1 in the l ong- wave 1 imi t, q .. О, i s e qua l t o : g (q, О) "' 
,. iЛ 0 / q fo r the op ti c (О) pho nons , (;J q o~(;J 0 , and g (q,A) "' iЛAq 
for t he aco u s ti c (А) phonoпs , (;) А "' cq. Lat tice vibra tions are 
d esc ri Ьed Ьу the operato r s Р-.. J Р +-.. , Q -..= Q_ -. . , (;J qj are pho
non f r e que n c i es a nd the l a st ~erm 1~ ( 1) qtakesqlnto account the 
a nharmo ni c in te rac tioп o f pho no n s : l :q
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3. Equilibrium conditions for а crystal lattice in the model 
(1) can Ье obtained if one equates to zero an average force ca
nonically1conjugated to the normal coordinate Qq : 

d . 2 
-<-Р (t) >= ....!.<[P ,H]>=wq<Q_q> + 

dt q h q 

(2) 
1 1 о +-g(q)<p_ >+- I V(q,ql'q2,qз)<QIQ2QЗ> = ' 

yN q 8 q1q2qз 

where the statistical average < ... > is taken with the Hamilto
nian (1). When CDW exists, <pq>"O, it produces the correspon
ding lattice deformation, <Qq> .f. О, for the definite wave vector 
q= ±q 0 .f, О and branch j = j 0 : ±q 0 = (±q or J0 ) • In order to ob
tain the necessary condition for existing of а nonzero solution 
of eq. (2) for the order parameter y(q

0
) = y*(-q

0
) = <Q qq>/yN 

one should calculate the density fluctuations <pq ·> 1n the 
presence of arbitrary qeformation <Qq>· То this end we employ 
the equation-of-motion method for the thermodynamic Gr_een func
tion. In the lowest order in g(q) we get as in/5/ for the non
diagonal Green function 

+ Л(q) . 
_« ak+qlak>>w =[w-E

1
(k)](w-t2(k)] (3) 

with the usual notation for the Fourier-transform of the two
time Green functions. Here we introduced 

\ . 2 
E12 (k) .. (12 = D±ф(q), ф(q)=2y!IЛ/q)l, Л(q)=V(q)<p >+ g(q) y(q). (4) 

, • q 

In the classical limit of the Boltzmann statistics one obtains 
from (3): 

D 

_!_ <р > =- Л(q) sh ф(q) е- т =-нq) ~('I) 
N q ф(q) Т "' ' (5) 

where f('I) .. (1/'I) exp(-D/T) for ф(q) «Т. Now substituting (5) af ter 
taking into account definition (4), one gets the equilibrium 
condition (2.) in the form: 

y(-q)lw 2 - lg(q)l
2
f(T) + I B(q;q')<IQ -I~+B(q)y(q)l 2 1=0, (б ) 

q 1 + NV(q) f(T) q' q 

where we have introduced the anharmonic coupling constant: 
B(q) = NB(q, q), B(q, q') = 2V(q, -q,q', -q'), We point out that this 
equation has the same form as the equation for the order para
meter in the vibronic model of ferroelectric / 6/, 
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4. Nonzero solutions of еq.(б) y(q)=y(q ).f,O can exist only 
if the screened ion-phonon interaction is :ufficiently strong: 

r(q) = lg(q) 12 !(Т) > 1. 

1 + NV(q) f(T) 
(7) 

The latter condition can Ье fulfilled in the definite tempera
ture range Т 1 <Т< Т 2 , where 'I1 and Т2 are solutions of the 
equation 

D/T 
у ph -у с= 1/Df('I) = ('I/D) е . • ( 8 ) 

Here we introduced Ypь=lg(q)I 2 /Dw:, Ус= NV(q) / D. Eq.(8) has 
two real solutions T1~D~T2, when Урь -Ус >е. An estimation 
of the anharmonic term in (б) shows that in the case of а suffi
ciently small coupling constant TD(q, q') /w~wqS 5 10-2 , the tem
perature range, where nonzero solutions of eq. (б) exist, is gi
ven to а high degree of accuracy Ьу the same condition (7) (cont
rary to the model of vibronic ferroelectric in/6/ ). Therefore 
one can estimate the temperature range of the CDW formation as 
'I 1 <T<T 2 , where T 1 and 'I2 are the solutions of eq.(8). 

The value of the modulation wave vector Q.
0 

of CD\.J depend's 
on the maximum of interaction (7 ) : 

(dт(q) 1 dq) =о. q= qo (9) 

For орЧс phonons lg{qO)I 2/w:
0 

.. Л~/w~q 2 and r(q) has its ma
ximum at q =О, Jherefore CDW of q .j, О 'does not exist. For a cous
tic phonons lg(qA) 12 /w 2 ",Л l/c 2 and the maximum value of r(q) 
is given Ьу dV(q) /dq=O. qAPuttшf j3(q) = /3(0) + sq2 one gets in 
accordance with/4/: q

0
=(411(Ze) /tvs) 114• Since the dielectric 

constant Е i_n SC can Ье large enough, q0 may Ье sufficiently 
small, and CDW with а macroscopic period can develop. 

For strong coupling у ь-Ус»l one finds from eq.(8) Т1 «D, 
and CDW can develop in SC just after the phase trans ition to 
the superionic state at temperature 'I 0 > 'It • This type of si
tuation is probaЬly observed in Ag 2s/ 2/ and Agii~/ In f3 -
LiAISi04/l/ the incoппnensurate phase with а small Чо value exist 
in the temperature range 703 <Т < 7б3 К that can Ье obtained 
as solutions Т1 and Т2 of eq. (8) for the model parameters D = 
= О.Об3 eV and у ph- у с = 2. 720 > е, that seems to Ье physically 
reasonaЬle. 

In conclusion we point out that calculation of the phonon 
Green function <<QqiQ~>>wfor the model (1) shows that the fre
quencies of latticc vibration become unstaЬle in the same tem
perature range, where еq.(б) has nonzero solutions. 
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