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Abstract. The spatial distribution of the electric field E between two current terminals along 
the quasionedimensional T~SJ conductor has been studied using a multicontact conlipation. 
In the low-temperature range (30 c T < 50 K) for a DC voltage V applied between cutrent 
terminals less than the threshold value VT, we have measured a suong increase of E near lhe 
negative terminal with respect to its value in the middle of the sample. In contrast. E is reduced 
near the positive krminal. The distribution of E revealed by these experiments is suppased to 
be related to the formation of two Schottky banien on the metal-peierls semiconductor conkts  
which are biased one in the revem and the other in the forward direction. The region OF 
increased E corresponds to the depletion layer near the negative terminal When V is increased, 
both the sire of this region L and the appropriate band tending in the Peierls semiconductor are 
enlarged. In the range V z VT the spatial distribution of E is governed by an additional voltage 
developed nea  both current tenninalr to maimain the mnversim of the current of demons in 
the sliding charge-density-wave condensate. In this case the electric field increases near both 
contact?. and the spaIizl disuibutim of E becomes more symmetrical. 

1. Introduction 

Under the influence of various forces such as electric field, pressure, thermal gradients, 
etc, the charge-density waves (CDw) in quasi-one-dimensional (QID) conductors develop 
elastic and plastic deformations (see [ 1.21 and references therein). As a result, variations in 
conductivity and in optical properties, hysteretic effects, shift of the narrow band frequency 
in the sliding state, etc have been observed. 

In a number of works, it was shown that the CDW deformation in Q1D conductors between 
two current terminals is non-uniform. Measurements of the remanent CDW deformation after 
the application of current pulses of magnitude larger than the threshold current IT show that 
the CDW is stretched near one terminal and compressed near another terminal [3,4]. These 
deformations cause local variations of conductivity with opposite signs. 

The spatial distribution of the remanent CDW deformation was measured by means of 
laser beam scanning [SI. It was shown that the electrical conductivity variation due to the 
c D W  deformation is caused by the shift of the chemical potential of quasi-particles (electrons 
and holes) which is needed to neutralize the variation of the local charge density induced 
by the deformed CDW [S,6]. Similar results were obtained by measuring the remanent CDW 
deformation with a mobile contact [7]. With the same technique of mobile contact the spatial 
distribution of the potential V ( x )  along the sample length has also been measured with non- 
zero applied current [8,9]. In orthorhombic TaS3 at T = 120 K an additional voltage 6V 
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was shown to develop, which has approximately identical amplitude near both terminals 
( A V / V  N 5%). At T = 78 K the distribution of S V ( x )  becomes asymmetrical. At the 
negative terminal, the SV/ V value reaches 10% and SV exceeds the A l e  value, where A 
is the energy gap, while at the positive contact the voltage growth is considerably smaller. 
The interpretation of these results was based on the concept of the shift of the chemical 
potential level due to CDW deformations. However, in this context, it was impossible to 
explain the large 6 V value (6V z A/e) and the difference in SV values near both terminals. 

In the present work, using a multicontact configuration, we have measured the spatial 
distribution of the electric field, E.  between the two current terminals in the sliding CDW 
mode of QlD conductors. This distribution, which depends on the magnitude and the 
direction of the applied current has been studied in the low-temperature range between 
30 and 120 K. We have determined the characteristic size of the region of non-uniform 
electric field near terminals as a function of the current and of the temperature. We give 
a qualitative explanation of these results taking into account both the effects of the metal- 
Peierls semiconductor interface and the specific features of the CDW motion for E above 
the threshold field ET. 
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2. Experiment 

We have investigated the spatial distribution of electric field E along the orthorhombic TaS3 
samples with typical sizes l o x  1 x2ooO pm3. The scheme of the multicontact measurements 
is shown in figure 1. The 16 gold or platinum ships evaporated on a sapphire substrate 
were used as electrical contacts. These strips were 8 pm wide and separated by variable 
distances, between 40 pm and 200 hm. The TaS3 sample was placed across the strips. The 
16 electrical contacts between the strips and the sample were established due to electrostatic 
attraction of the TaS3 sample and the dielectric substrate. This method of contact preparation 
was developed earlier for NbSe3 samples [IO]. 

E .U 
La., 

8 1 0 1 2  14 16 

.I ' ' QV" ' : ' 
1 

As it can be seen from figure 1 two electrometers were used to measure the potential 
difference between two potential probes 7 and 6. The electric field E averaged over the 
small distance L,-7 = 40 p m  was obtained as E = (V, - v,)//&. The distance L6-7 
is much smaller than the length of the whole sample Lt-16 N Zoo0 pm, so this field E 
may be considered as a local field E ( x )  characterizing the small part of the sample. Firstly 
the current was injected through the ends of the sample (contacts 16 and I ) .  Tbe E(x) 
distribution at fixed current was determined by successively switching the positive contact 
from position 16 towards position 8 (figure I), which is equivalent to moving our small 

Figure 1. Scheme of the experiment. 1-16 are the 
contact ships. V6 and V, are two elecmmeteia far 
measuring fhe potentid difference between pmbes _ _  
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segment 6-7 towards the positive current contact. After every switching the local electric 
field E as a function of a distance x from the positive current contact was measured. 
The negative current contact was fixed at position 1 far enough from the segment 6-7 
(LI+ = 800 jLm) that it did not disturb the field in this segment. The E(x) distribution 
near the negative current contact was obtained with the Same procedure but reversing the 
polarity of the current contacts. To avoid the scattering of data due to the dependence of 
the properties of the CDW on temperature and electric field prehistory [ l l ,  121, we have 
performed the E ( x )  measurements beginning with the large current I >> IT and then 
decreasing the current. 

The typical value of contact resistance Rc obtained at room temperature was - I kf2. 
At low temperatures, T c 100 K, Rc increased, roughly proportional to the resistance of the 
whole volume. This behaviour is typical for the processes of current spreading near a small- 
area contact. Using the transformation from the anisotropic to isotropic case we can estimate 
the spreading resistance at low temperatures T < 100 K. This estimation shows that for 
the majority of the contacts the effective contact area is about 50% of the total geometrical 
contact area (sometimes it is about 10%). which is probably due to the roughness of contact 
surfaces and absorbed atoms. It can be shown that the potential contacts may be considered 
as unperturbative with fulfilment of the inequality Rc/Rv > 1, where RV is the resistance 
of part of the sample with a length approximately equal to twice the length of the contact 
strip. This inequality is satisfied in the whole temperature range investigated. 

As it will be shown below an unusual E(x)  distribution develops withii the sample 
when the same contacts are used for current injection. The investigation of this phenomenon 
is the subject of our work. In spite of some scattering of the contact resistance values, the 
results obtained did not depend on the individual properties of the contacts. 

3. Results 

We have carried out a detailed study of the spatial distribution of electric field E(x)  
between two current contacts as a function of temperature and current. The results obtained 
from different batches were similar. Below we show the results for three samples under 
investigation. The majority of our measurements have been performed on the insufficiently 
known region of low temperatures below - 60 K. Figures 2(a) and 3(a) show the spatial 
E(x)  distribution in sample A2 (T = 48.6 K) and B7 (T  = 35.5 K) and its variation with 
the applied current. Figure 2(b) shows the conductivity U normalized to the value at mom 
temperature as a function of the mean electric field .!? = V+,6/L1--16 for sample A2. The 
curves of the E @ )  distribution labelled 1-8 in figure 2(n) were obtained for the values of 
the mean electric field E ,  which are indicated by the same figures for the U@) dependence 
(figure 2(b)). The region of ohmic conductivity (I? c E;), the region of weak non-linearity 
with threshold electric field E!,. and the region of strong non-linearity with threshold field 
ET are distinguished in the u(E) dependence L13.141. The U(.!?) dependences for samples 
B7 and A2 are qualitatively similar. 

As can be seen from figures 2(a) and 3(a) for a weak electric field E 2 E; a certain 
non-uniformity of E has already developed (curves 1 on both figures). With increasing 
mean electric field .!? in the region between E; and ET the non-uniformity of the electric 
field near the contacts grows and it spreads out along a long distance from the contacts 
(figures 2(a) and 3(a), curves 4). In this region the E ( x )  distribution has an asymmetrical 
form: a large growth of electric field when approaching the negative contact and a decrease 
of electric field but with a smaller amplitude near the positive one. 
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Figure 2. (a) Spatial disvibution of elecPjc field E(x)  in sample A2 (7 = 48.6 K) at fixed 
currenfs. Current magnitudes for curves are 1. I x A; 3. 4 x IO-’ A; 4, 
6 x A; 7 ,s x lom8 A; and 8, 1 x IO-’ A. (b)  Conductivity 
0 normalized to ifs room-teryrature value uo as a funclion of mean electric field E for sample 
A2. The figures near lhe u(E) cuwe correspond 10 the Same currents as in (a). The inse1 shows 
the length L corresponding to the region of non-uniformity of E(%) near the negative current 
contact as a function of the mean electric field. 

A; 1. 2 x 
A; 5, 1 x IOm8 A; 6 .2  x 

It is convenient to describe the magnitude of the non-uniformity and the asymmevy Of 
the E(x)  distribution by the ratio AE/Eo ,  where EO is the electric field in the middle of 
the sample and AE is equal to the .difference between the electric field EM measured at 
the shortest distance near the current contact and EO: A E  = E M  - Eo. Figure 3(c) shows 
the A E  f Eo dependences for the negative contact (open circles) and for the positive contact 
(filled circles). As can be seen from figure 3(c), the AE/Eo values have different signs at 
opposite-polarity contacts. Their amplitudes grow with increasing E and they reach extrema 
at i? = ET (the maximum for the negative contact and the minimum for the positive one). 
The E @ )  distribution becomes most asymmetrical near i? E ET (figurr 3(u), curves 5 and 
6). For L? > ET the AE/Eo value near the negative contact begins to decrease (figure 3(c)). 
AE/Eo near the positive contact also decreases with increasing E above ET, goes through 
zero and changes its sign. In this electric field range the form of the E(x) distribution 
corresponds to the growth of the local electric field near both contacts (figure 3(u), curve 9 
and figure 3(c)). For a higher electric field, i? >> ET, the E(x) distribution becomes more 
and more symmetrical (figure 3(a), curve IO). 

The length L on which the non-uniformity of the electric field spreads out from the 
contacts within the sample is one of the most important quantities that are derived by this 
effect. In this work we determine L as the distance between the current contact and a point 
in the sample where magnitude AE increases by 10% with respect to the electric field EO 
in the middle of the sample. With another determination of L, for example as the distance 
for which the magnitude AE is two times smaller than its value EM near the contacts, the 
dependences of L on temperature and electric field have a qualitatively similar form. The 
L(E)  dependences for the negative contact are shown in figures 2(b) and 3(b) for samples 
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Figure 3. (a) Spatial distribution of local decvic field E(x) in sample B7 (T = 35.5 K) at fixed 
currents. Current magnitudes for curves are 1,  I x A, 4, 
7 x 1 0 ~ ' n A ; 5 , 1 . 5 r l O ~ g A : 6 , 4 x 1 O ~ 9 A ; l , 1 . 5 x 1 0 ~ 8 A ; 8 , 5 x 1 O ~ 8 A ; ¶ , l . 5 x 1 O " A ;  
and IO. 1 x A. (b) Length L corresponding to the region of non-uniformity of E(%) n e a ~  

the negative contacf as a function of the mean electric field. (c)  Relao've magnitude of the non- 
uniformity AE/ EO as a funetion of the mean electric field for negative coniact (open circles) 
and positive contact (filled circles). Eo is the elecvic field in the middle of the sample. 

A: 2, 1.6 x IO-'' A: 3, 4 %  

A2 and 87, respectively. The growth of L begins for I? below ET and continues up to 
ET. Near E = ET the L value approaches a maximum. In this electric field range the non- 
uniformity of the E(x)  distribution spreads out for a long distance of - 500 Mm for the 
A2 sample and - 300 pm for the B7 sample. At E > ET. some decrease of the magnitude 
of L is observed. 

In the high-temperature range (T z 100 K) the character of the E(x) distribution is 
considerably changed. Figure 4 shows the E(x) distribution for different current levels at 
T = 117 K. The development of non-uniformity near the contacts and the growth of L 
begin at E ET (curve 2). Increasing electric field is observed near both contacts, i.e. the 
E ( x )  distribution is symmetrical at high temperatures in accordance with [5] and 191. With 
increasing temperature the relative amplitude of non-uniformity A E / E o  decreases. 

We have compared the L(T)  values of different samples obtained at the fields B ( T )  
that correspond to an equal relative development of the non-linem'ty in the u(E, T )  
dependences. Figure 5 shows the dependence of L on the reciprocal of temperature L(T)  
obtained for such t? magnitudes when the conductivity d is ten times higher than the ohmic 
conductivity. As can he seen, when T is decreased, the L value grows approximately 
by one order of magnitude and at T < 50-60 K, L tends to saturation at the level of 
several hundreds of microns. Using another evaluation for the L ( T )  dependence, when L 
is determined for E =  ET, the L(T)  dependence is qualitatively similar. 

4. Discussion 

From the foregoing it follows that in Q1D CDW conductors a non-uniform distribution Of 
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Figure 4. Spalial disaibution of electric field E(x)  in 
sample 86 (T = 117 K) at fixed currents. Current 
magnitudes for curves are 1. 5 x IO-' A: 2, 1.5 x 

6. 1.5 x IO-' A and 7. 3 x IO-' A. 
10-6  a; 3.5 x 10-6 A: 4,i .s  x 10-5 A; 5 . 5  x 10-5 A; 

J ib 20 M 
1ooo/T (Cl) 

Figure S. Variation of the length revealing the non- 
uniformity of E ( x )  near the negative current constant 
as a function of reciprocal temperalure for samples 
AZ (open circles) and E7 (filled circles). For each 
temperature the field E ( x )  is such that ihe conductivity 
a(E) is ten time higher than the ohmic conductivity. 

the electric field is observed, the character of which changes with current and temperature. 
This question has been considered in a number of theoretical works. However, we do not 
know a sufficiently complete theory which is adequate for explanation of the dependences 
observed. Perhaps this can be attributed to the complexity of this problem. For this reason 
we will only attempt to present below a qualitative explanation of the results obtained. 

The most simple explanation of the spatial non-uniformity of electric field near current 
terminals could be the non-uniform current spreading near the small-area contact with 
the highly anisotropic QlD conductor. The results obtained, which show that the contact 
resistance grows proportionally to the volume resistance, could favour this explanation. 
However, the contribution of the spreading resistance should be revealed as a symmetric 
growth of electric field near both current terminals. In our experiments a strongly 
asymmetric E(x)  distribution is observed which varies considerably as a function of the 
current amplitude and current direction. In addition, the estimation of the characteristic 
length of current spreading I ,  = d a  (where d is the sample's thickness, and U,, and 
UL are the longitudinal and transverse conductivities respectively) shows that I ,  N 10 e m  
at 100 K and 50 pm at 30 K, which is considerably smaller than the characteristic length 
of the E(x)  distribution observed by us. Therefore, the effect of current spreading seems 
not to play an appreciable role in our measurements, and another explanation should be put 
forward. 

we  will make the assumption that at T < Tp and for weak electric field, E << ET, Q1D 
conductors are similar to semiconductors and that they show their specific properties due 
to CDW motion mainly in the high-electric-field range, E > ET. This dual nature of these 
materials can be demonstrated with measurements performed at low temperatures when the 
free electron concentration is small. As can be seen from figure 2(a) (curve 1) at low 
temperatures and for weak electric field, E N E+, a small non-uniformity already exists 
at E -+ 0 but with a very small amplitude. Most probably such a distribution of E is 
due to the contact phenomena of the metal (Au, PtFPeierls semiconductor flaS3) interface 
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associated with the formation of Schottky barriers [15]. 
At low temperatures the CDW is a well developed three-dimensional superstructure 

‘electron body’ [ 161 with energy gap A. In the ground state of this superstructure two main 
types of excitations can be developed: the first type is single-particle excitations (electrons 
and holes) due to thermal generation across the Peierls gap just as in semiconductors. The 
electrons and holes can contribute to both longitudinal ut and transverse UL conductivities 
(naturally taking into account the anisotropy). The second type is collective excitations due 
to local CDW deformations near defects and impurities. These CDW excitations comespond 
to amplitude and phase solitons which have a charge, effective mass and which are capable 
of moving through the crystal as quasi-particles [17]. In particular, the phase solitons have 
the activation energy LT TP. which is smaller than the Peierls gap, and they are capable of 
moving without dissociation only along the crystal chains, contributing solely to 011. 

In o-TaS3 at temperatures between Tp and - 100 K, U,, and n~ show an activated 
decrease with the same activation energy A Y 800 K, i.e. caused by thermally activated 
electrons and holes [ 13,141. Below 100 K the activated dependence of CJL keeps the same 
A N 800 K which indicates the conservation of the single-particle mechanism for the 
tranverse conductivity [13]. Simultaneously the log q ( I / T )  dependence deviates from 
linearity and evolves towards an average slope _Y Tp. These results and a number of others 
published earlier [13,14.18,19] show that at 7 c 100 K the contribution of collective 
excitations in q begins to prevail. 

When a Peierls semiconductor such as Ta& is put in an intimate contact with a metal the 
common chemical potential for quasi-particles must be established. This can be achieved 
by charge transfer from the semiconductor into the metal conduction band. However, the 
‘majority carriers’ in the Peierls semiconductors, solitons and dislocations, are not able 
to cross the metal-semiconductor interface. However, near this interface and across the 
crystal these solitons can dissociate into free electrons [I], which are able to cross the 
metal-semiconductor interface. The negative charge transferred to the metal electrode must 
be screened by the positive space charge developed within the semiconductor. As a result 
the depletion layer and the appropriate band bending develop within the semiconductor 
with a potential barrier at the metal-semiconductor interface like a Schonky barrier 1151. 
In the case of usual semiconductors the space charge is generated by ionized impurities. In 
our opinion, for a Peierls conductor the space-charge and screening effects are determined 
by appropriate redistribution of solitons and dislocations taking into account their pinning 
and depinning at the impurity sites. In the stationary state near the metal electrode a 
potential well develops for solitons and dislocations [20]. We suppose that the observed 
non-uniformity of E near contacts at E 2 E; is due to the formation of a space-charge 
region and appropriate band bending within the Peierls semiconductor (figure 6(0)). In our 
experiments we have two current contacts and, as can be seen from figures 2(u) and 3(0) in 
the range E c ET near both contacts, the derivative dE/dx corresponds to the development 
of positive space-charge regions near the contacts. 

For weak electric field, E N E;, the non-uniformity of E and its characteristic size, 
L, are small (figure Z(u) and 3(u), curves 1). The considerable growth of non-uniform 
E(x)  distribution is correlated with the appearance of non-linear conductivity at E z E; 
(figure 2(h)). As was shown earlier [ 13,141 the non-linear conductivity at E; c E .c ET 
can be ascribed to enhancement of the rate of depinning of the ‘frozen-in’ solitons 
and dislocations and to their transport which has a hopping character. This correlation 
is additional evidence in favour of connection of the space-charge origin with spatial 
redistribution of CDW collective excitations. With increasing E in the region E; .c E c ET 
we observe the growth of both L (figures 2(b) and 3(b)) and the additional electric field 
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Figure 6. Energy diagram of two Schottky barriers 
developd at the metal-Peierls semiconductor contacts. 
(a) The current is equal to zero. eVB i s  the 
potential barrier for eleckons passing from the metal 
IO semiconductor. & and E, art the energy of the 
battom of the conductivity band and the top of valence 
band. respectively. EF is the Fermi level. (b)  Non- 
 em current. V is the voltage across lhe sample. 
AV- and AV, art additional voltages corresponding to 
band bending near Lhe negative and positive contacts. 
respectively. 

A E  near contacts relative to the value Eo in the middle of the sample (figure 3(c)). When 
E is increased the qualitative form of the E(x)  disnibution is preserved the increase of 
electric field near the negative contact and the decrease near the positive one. However 
both A E / E o  and L are quantitatively different for the two terminals. As a rule A E / E o  
and L values near the negative contact are larger than those near the positive one (figures 2 
and 3). We associate such an asymmetrical E(x) disnibution with the fact that the two 
current contacts are biased in the opposite way (figure 6(b)). The contact near the negative 
electrode is biased in the reverse direction [IS]. Under thii condition the band bending, 
the potential non-uniformity and the L value are larger near the negative electrode than 
near the positive one. The additional voltage near the negative electrode A V  (figure 6(b)) 
can reach 600 mV which is considerably larger than the maximum possible shift of the 
chemical potential level within the CDW energy gap, A l e  2 60 meV, developed due to the 
CDW deformation. It seems that the development of the large additional voltage near the 
negative electrode is mainly related to the band bending. 

As was mentioned above, at low temperatures a large part of the conductivity is 
associated with the motion of solitons and dislocations. With increasing E the electron 
injection across the Schottky banier grows. According to the theory [21] every two injected 
electrons turn into a 2n soliton near the contact. The solitons are added to the intrinsic 
solitons and dislocations which have been created under the influence of impurities and 
defects in the CDW superlattice. In our case the condition of injection at the negative 
contact which is biased in reverse direction and at the positive contact which is biased in 
forward direction are different. For example, electrons near the negative electrode undergo 
a higher electric field ihan near the positive one. As a result the processes of conversion of 
electrons to solitons can be different near these two contacts. These additional circumstances 
can make a contribution to the asymmetry of the E ( x )  contribution. As one can see the 
processes involved here are rather complex and they cannot be reduced to similar processes 
to those in conventional semiconductors. 

approaches the threshold value ET. In 
this region the conductivity grows abruptly, and narrow band noise and a number of other 
phenomena develop, which are attributed to the beginning of the CDW motion. The physical 
mechanism which provides the CDW motion is a phase slip in those parts of the sample 
where the phase gradient of the CDW deformed by the applied electric field exceeds some 
threshold value [2,14,22-251. The solitons and dislocations created as a result of phase 

This difference becomes more evident when 
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slipping contribute to transport phenomena. At E N ET a sharp change in CDW dynamics 
occurs. The CDW becomes more mobile. The concentration of solitons and dislocations 
grows and their screening effect greatly increases. Thus the growth of AE/Eo  and L cease 
and they begin to decrease (figures 2(b), 3(b) and 3(c)). 

Finally, at E > ET the processes of conversion of electron current into CDW current 
become dominant. As is known, an additional voltage is needed to maintain phase slipping 
[2,10,26,271 and the motion of solitons, dislocations and dislocation lines which arise from 
soliton aggregation 1211. These processes mainly take place near current contacts, but they 
can spread out along a considerable distance within the sample [20,21]. The fact that 
at /? ET the local electric field near the negative contact is higher than that near the 
positive one corresponds to experimental observations [28] where it has been shown that at 
E ET the voltage pulses nucleate (as a result of phase slipping) first near the negative 
contact and then they propagate to the opposite contact. With subsequent growth of E the 
same pmcesses gradually develop near the positive contact and the spatial E(x)  distribution 
becomes more and more symmetrical (figure 3(a) and 3(c)). 

All the above-mentioned phenomena essentially reveal themselves in the low- 
temperature range. At higher temperatures (T > 100 K) on one hand the portion of 
electrons thermo-activated across the Schottky barrier increases, which reduces the influence 
of this barrier on the E(x)  distribution. On the other hand the volume concentration of 
thermo-activated electrons grows and consequently the screening length L is greatly reduced 
(figure 5). For these reasons, in the higher temperature range, in the weak field E < ET 
the regions of the small E ( x )  non-uniformities are practically invisible (figure 4, curve 1). 
At /? > E+ the non-uniformity of the electric field becomes pronounced and the E(x) 
distribution has a symmetrical form as in [9] .  

In conclusion, we demonstrate that in TaS3 at low temperatures the electric field 
distribution is non-uniform and asymmetrical. The form of this distribution changes as a 
function of temperature and cunent. The data are interpreted on the basis of the suggestion 
that at low temperatures the dynamic propelties of TaS3 are determined by the motion 
of solitons and dislocations. The contact phenomena at the interface between the metal 
electrode and the Peierls semiconductor TaS3 are shown to be the main reason for the 
asymmetry in the electric field distribuiton. The great magnitude of the additional voltage 
AV > A/e developed near the contacts is accounted for by the band bending within the 
Peierls semiconductor. 

Acknowledgments 

We would like to acknowledge many useful discussions with S A Brazowskii and S I 
Matveenko. We thank F Levy for providing us with TaS3 samples. One of the authors 0 
is very grateful to Centre de Recherches sur les Trks Basses Temperatures, laboratoue associ6 
B I’Universite Joseph Fourier de Grenoble, for kind hospitality and to M E Gershenson for 
help in preparing the platinum strips on the substrate. 

References 

[I I Feinberg D and Friedel I 1989 Low-Dimensionol Electronic Properties of Molybdenum Bronzes and Oxides 

[21 Nad’ F 1989 Churfe Densify Nc~ves in Solids (Modern Problem in Condensed Matter Science 25) ed L P 
ed C Schlenker (Dordreshc Kluwer) p 401 

Gor’kov and G Oruner (A”. Elsevier) p 191 



4640 M E Ifkis er a[ 

Janossy A. Mihaly G and Kriza G 1984 SoiidSmIe Comun.  51 63 
Mihaly Land Janossy A 1984 Pkys. Rev. B 30 3530 
1Uis M E. Nad' F Ya and Pokrovskli V Ya 1986 Sm. P h y r s . J P  63 177 
Artemenko S N, Volkov A F and Kruglov A N 1986 Sov. Pkys.JETP 64 906 
Brown S E. Mihaly L and GNner G 1986 SotidState Commun. 58 177 
Zaitsev-Zotov S V 1987 JETP Lett. 46 572 
Zaitsev-Zolov S V 1989 Synth. Met. 29 F433 
Monceau P. Renard M. Richard J and Saint-Lager M C 1986 Physica B 143 318 
Higgs A W and Gill J C 1983 SolidSlate Commun. 47 737 
Gill J C 1981 Solid Slate Commun. 39 1203 
Zhilinskii S K. ltkis M E. Kalnova I Yu, Nad' F Ya and Preobrazhenskii V B 1983 SOY. Phys.JETP58 211 
ltliis M E, N~ F Ya and Monceau P 1990 1. Phys.: Condens. Maikv  2 8327 
S E  C M 1969 Physics of Sem'codirctor Devices (New York Wtley) 
Anderson P W 1984 Basic Notions of Codemed Matter Physics (New York Benjamin) chs 3,4 
Bramvskii S A and Kirova N N 1984 Soviet Sciengc Reviews 1984 A: Physics Reviews 6 ed I Khalamikov 

Zhilingii S K, ltkis M E and Nad' F Ya 1984 Phys. Stntus Soiidi a 81 367 
BiljakoviC K. hjaunias 1 C. Monceau P and Levy F 1989 Europhys. Lett. 8 771 
Brawvskii S A and Matveenko S I I992 Sw. Phyr,-JETP I01 1620 
Bramvskii S A and Maweenko S I 1991 J. Physique 1 269, 1173 
Gor'kov L P 1983 JETP L e e  38 87; 1984 Sw. Phys.JETP 59 1057 
Ong N P and Verma G 1983 Phys. Rev. B 27 4495 
Batistic P. Bjelis A and Gor'kov L P 1984 f. Physique 45 1094 
Ong N P, Verma G and Mald K 1984 Phys. Rev. Lett. 52 663 
Gill J C 1986 J. Phys. C: Solid State Phys. 19 6589 
Borodin 0 V, Nad' F Ya and Zaitsev-Zotov S V 1987 Sm. Phys.JETP 66 793 
Csiba T. Kriza G and lanossy A 1989 Europhys. Lett. 9 163 

(New Y o k  Hanvwd) p 99 


