
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 21 February 2013, At: 12:39
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

One Dimensional Organic
Superconductivity in
(TMTSF)2PF6 and (TMTSF)2C104

Detected Via Tunnel
Spectroscopy
A. Fournel a , C. More a , G. Roger a , J. P. Sorbier
a , J. M. Delrieu b , D. Jerome c , M. Ribault c , K.
Bechgaard d , J. M. Fabre e a & L. Giral e a
a Dept. Electronique Université de Provence, 13397,
Marseille, Cedex, 4, France
b SPSRM, Orme des Merisiers, 91190 Gif/Yvette,
France
c Laboratoire de Physique des Solides, Université
Paris Sud 91405, Orsay, France
d H.C. Oersted Institute, Universitetsparken, 5 DK
2100, Copenhagen, Danemark
e Laboratoire de Chimie Organique et Structurale
USTL, 34060, Montpellier, France
Version of record first published: 14 Oct 2011.

To cite this article: A. Fournel , C. More , G. Roger , J. P. Sorbier , J. M. Delrieu , D.
Jerome , M. Ribault , K. Bechgaard , J. M. Fabre & L. Giral (1982): One Dimensional
Organic Superconductivity in (TMTSF)2PF6 and (TMTSF)2C104 Detected Via Tunnel
Spectroscopy, Molecular Crystals and Liquid Crystals, 79:1, 617-626

To link to this article:  http://dx.doi.org/10.1080/00268948208071004

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948208071004


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
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:
39

 2
1 

Fe
br

ua
ry

 2
01

3 

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


Mol. Crysr. Liq. Crysr.. 1982, Vol. 19, pp. 261-269 

@ 1982 Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

(Proceedings of the International Conference on Low-Dimensional Conductors, Boulder, 
Colorado, August 1981) 

0026-894 1/82/790 1-026 1%06.50/0 

ONE DIMENSIONAL ORGANIC SUPERCONDUCTIVITY IN 
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Electron tunnelling data in (TMTSF)2X-GaSb Schottky 
barriers support the idea that strong superconduc- 
ting fluctuations exist in quasi-one-dimensional 
(TMTSF) X up to temperatures which are about one 
order o$ magnitude higher than the 3-D ordering cri- 
tical temperature. Other tunnelling data tend to in- 
dicate that stabilization of superconductivity is 
possible at high temperature via chain cross-lin- 
king. 

[617]/261 
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ELECTRON TUNNELLING IN(TMTSF)2PF6-N/caSb SCHOTTKY JUNC- 
TIONS UNDER PRESSURE 

In a quasi-one-dimensional conductor the transition to- 
wards a zero-resistance superconducting state occurs at a 
temperature T (the index means the onset of three-dimen- 
sional 0rdering)which can be significantly lower than the 
temperature T at which long range order develops along 
each chain wikhin the mean-field theory approximation. In 
1-D conductors any amount of defects (or domain walls) 
suppresses the onset of 3-D ordering. However, as the de- 
fect concentration is low in the range T3<T<T the mean- 1 square amplitude of the su erconducting order parameter 
can still be large, i.e.lAy%A(mean fie1d)on nearly the whole 
volume. In the same temperature range, even without long 
range order a pseudo-gap exists in the density of quasi- 
particles of the 1-D fluctuating superconductor. The pseu- 
do-gap is large 2A = 2A(m-f) at low temperature T,2T3 and 
decreases smoothly to zero in the vicinity of T 

3 

1' 

Electron tunnelling through the Schottky barrier at the 
interface between the organic superconductor (TMTSF) PF6(l) 
and the evaporated N-type degenerate semiconductor 6aSb 
provides a dV/dI characteristics which can be interpreted 
by the existence of a pseudo gap in the quasi particle 
dersity of states at the Fermi level of the organic super- 
conductor under a pressure of 11 Kbar(21, figure 1. The 
energy splitting between the two dV/dI minima on either 
sides of the zero-bias provides an estimate for the pai- 
ring energy, namely 2A = 3.6 meV (40 K) at T = 0.1 K under 
11 Kbar. The tunnelling data of figure 1 are only weakly 
affected by a warming through the three dimensional orde- 
ring temperature (i.e.T3=1K)figure 2, suggesting therefore 
that the pseudo-gap characterized by the energy of 40 K 
is related to the development at high temperatures of 
superconducting order along the chains without interchain 
coherence. Although decreasing significantly at increasing 
temperature, the amplitude of the zero bias resistance ma- 
ximum, remains visible up to 15 K or so in a large number 
of junctions with relatively low background resistances. 
Moreover, the application of a magnetic field smears out 
the zero-bias resistance maximum,figure 2. The previous 
tunnelling data are consistent with a I-D mean field tran- 
sition temperature of the order of 12 K in fair agreement 
with the value derived from the knowledge of a pairing 
energy of 40 K, with the BCS relation 2AlkTc = 3.5. 
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v /W)  
m 

-20 -10 0 10 20 

FXGLJRE 1 
Schottky junction. The voltage difference between the 
two resistance minima is taken as a mesure of 2A. 

Differential resistance of a (TMTSF)*PF6-GaSb 
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-0- 

FIGURE 2 'I'he temperature dependence (a) and field depen- 
dence (b) of the differential resistance characteristics 
of a (TMTSF) PF6-GaSb junction. The modulation current is 
A 1  = A fa) and 5 x lO-g(b). 

THREE DIMENSIONAL STABILIZATION OF SUPERCONDUCTIYITY AT 
12 K I N  (TmSF),PF6 

Figure 3 displays two different behaviours observed with 
(TMTSF)2PF6-GaSb junctions (3)  .The state I corresponds to 
the tunneling characteristics of electronsthrough a Normal 
Insulator-Superconductor junction as discussed in the pre- 
vious section. The state 2 ,  exhibiting resistance anoma- 
lies at bias voltages of 2 A and 2A carr he understood 
in terms of single electron tunnelling (N-I-S junctions) 
and S .  I.S. tunnelling with the existence of tunnelling 
between two superconducting spots in (TMTSF)2PFb separa- 
ted by a thin insulating region. It is also conceivable 
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( T M T 5 F)z PF, 
P = 11 Kbar 

T = &.ZK 

FTClRE 3 
observed in a junction. State I (left) displays N-I-S elec- 
tron tunnelling. State 2 displays electron tunnelling with 
resistance anomalies separated by the voltage 28 and pair 
tunnelling (S-I-S) characterized by resistance peaks at 
5 2A. On cooling the value of the resistance at zero bias 
decreases, as shown by the 4.2 and 1.5 K curves. The dif- 
ferent I / V  characteristics are sketched in the insert. The 
dotted curve (b) refers to the situation of a (S-I-S) weak 
link between two superconducting spots. 

Differential resistance showing the two states 

that one of the superconducting electrodes is due to proxi- 
mity effects of the (TMTSF)2PF6 superconductivity onto 
GaSb. It is very likely that in the process of junction 
preparation, foreign atoms diffuse away from the surface 
between microcracks or even between the individual chains 
at a microscopic level. A s  a result interchain coupling 
becomes locally increased. In one junction, presenting a 
low resistance ( %loo) at elevated temperature, the zero- 
bias resistance (i.e.the resistance in the center of the 
dip in state 2 on figure 3 )  drops abruptly to zero below 
12 K, figure 4. This result, reversible in temperature, 
can be interpreted by a contact between (TMTSF)2PF6 and 
N/GaSb becoming superconducting below 12 K. Chain cross- 
linking via diffused foreign atoms may possibly stabilize 
locally the 1-D superconducting fluctuations into super- 
conducting spots exhibiting 3-D ordering at a temperature 
close to the single-chain mean-field transition tempera- 
ture (4). 

?, 
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(TMTSF),PF, - Ga Sb contact 
P = llkbar 

0 50 100 150 

FIGURE 4 The zero-bias differential resistance of a low 
resistance (TMTSF) PF6-GaSb contact. The contact becomes 
superconducting below 12 K. The residual resistance of 
0.252 corresponds to the series resistance of the silver 
dag contacts and the remaining bulk organic sample. Under 
the same conditions bulk (TMTSF)2PF6 is superconducting 
below 1 K only. 

TUNNELLING PROPERTIES OF (TMTSF) 2C104-GaSb JUNCTIONS AT 
AMBIENT PRESSURE 

With (TMTSF) C10 -GaSb junctions at ambient pressure we ha- 
ve obtained &Id? characteristics corresponding to state 
2(5). In some cases a deep resistance minimum is observed 
at zero bias together with two sharp maxima splitted by 
4A= 16mV, figure 5.  Following the discussion of the pre- 
vious section the corresponding 1-D mean-field temperatu- 
re would therefore amount to T1 = 2Al3.5 226K. This tempe- 
rature is thus significantly larger than the 3-D ordering 
temperature T321.2 K(6). 

(TMTSF)2C104-GaSb contacts happen to be extremely sensiti- 
ve to a microwave (v=9.6 GHz) irradiation. We take this 
extreme sensitivity as an evidence for the existence of a 
Josephson effect occuring in the S-I-S regions of the 
junction. However no Josephson current can be observed 
at zero bias, as a consequence of strong thermal fluctua- 
tions suppressing the dc Josephson current in high resis- 
tance ($ 20M) junctions ( 7 ) .  Finally a test junction per- 
formed with TTF-TCNQ and exhibiting similar electrical 

As shown on figure (6 ) ,  the characteristics of such 
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t dV'dl 

(TMTSFIZ C I  0~ 
P =  latm 

rnV 

-10 - 6  - 2  0 2 6 w) 

FIGURE 5 
contact showing sharp resistance maxima splittei by 
4A = 16 mV and a zero-bias resistance dip, according to 
the state 2 on figure 3. 

Differential resistance of a (TMTSF) C104GaSb 

specifications in the temperature domain 35-55K has failed 
to show any sensitivity to microwave irradiation up to a 
power of 10 mW. 

In conclusion the tunnel spectroscopy technique has 
revealed the existence of a very large pseudo-gap of super- 
conducting origin in the quasi particle density of states 
of the organic superconductors (TMTSF).,X. These results 
are in fair agreement with the recent aetermination in the 
same series of a far infrared pseudo-gap by optical spec- 
troscopy (8). 

lization of superconductivity at high temperature is indeed 
possible via chain cross-linking. 

Several experimental observations suggest that stabi- 
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A. FOURNEL ef ul. 

,......I..... 
0 

P= opw 

,P= sopw 
P.100 Jlw 
P.2M)pW 

T = 2 5 K  

FIGURE 6 
chrysocal junction put in a microwave cavity wigh different 
level of microwave (V = 9.6 GHz) irradiation, at T = 3.9 K 
(a) and 25 K (b). The absolute value of dV/dI is approxima- 
tely 20 fi. 

Differential resistance of a (TMTSF) C104- 
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