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Abstract. In a small range of pressure, superconductivity (SC) and Spin Density Wave (SDW) states are shown to coexist in 
the Bechgaard salt (TMTSF)2PF6 and the Fabre salt (TMTTF)2BF4. In (TMTSF)2PF6, a precise investigation of the (P,T) phase 
diagram has led us to demonstrate the coexistence of the two phases with a superconducting critical temperature which is 
pressure independent while the critical current at zero field is strongly depressed as the pressure is decreased. In 
(TMTTF)*BF4, using non-linear transport measurements, we present the signature of the presence of 1D superconducting 
filaments in a small range of pressure. We also investigate the compound under a magnetic field applied along the c*-axis : the 
upper critical field is more or less pressure independent and is about 2 Tesla (at zero temperature). We suggest that such a high 
critical field is compatible with the penetration of the magnetic field in the insulating regions of the compound in a similar way 
of Josephson vortices in layered superconductors. 

1. INTRODUCTION 

Quasi-one-dimensional organic compounds of the (TM)*X family where TM is either the tetramethyl- 
tetrathiofulvalene TMTTF or tetramethyl-tetraselenafulvalene TMTSF organic cations and X is an 
inorganic monoanion, can be described by a unified (Pressure, Temperature) phase diagram considering a 
different origin on the pressure scale for each salt. A one dimensional regime (1D) prevails in the upper 
left part (high temperature and low pressure region of the sulfur compounds) characterized by Mott- 
Hubbard localization, while spin density wave (SDW) and superconductivity (SC) compete at low 
temperatures and high pressures[l, 21. This question of competition of a magnetic state and a 
superconducting (or even only metallic) state is actually intensively studied in cuprates [3] and has been 
also recently adressed in the K-(BEDT-TTF)~X family.[4] 

We first report experimentally SDW-SC phase segregation in a narrow range of pressure in the 
(TMTSF)zPF6 salt. Such a behavior is also observed in (TMTTF)zBF4 which is shown to present 
superconductivity at least in the pressure range 33.5-37.5 kbar. In both compounds, the inhomogeneous 
coexistence has been established from critical current measurements. In the (TMTTF)rBF4 salt, the upper 
critical field is shown to be large, HC2=2Tesla, which certainly indicates the penetration of the field in the 
insulating regions in a similar way to Josephson vortices in lamellar superconductors. 

2. EXPERIMENTAL 

Low hydrostatic pressure was applied on (TMTSF)zPF6 in a regular beryllium-copper cell with silicon 
oil inside a Teflon cup as the pressure transmitting medium. The pressure was measured using an InSb 
pressure gauge located inside the cell close to the sample. High hydrostatic pressure, applied on 
(TMTTF)zBF+ was provided in a clamped cell made of non magnetic NiCrAl alloy with petroleum in a 
teflon cell as the pressure transmitting medium. In order to control the pressure when it is varied (only at 
room temperature), we have used a manganin pressure gauge located in the cell close to the sample. The 
pressure variation was controlled with an accuracy of around 100 bar. We have neglected the pressure loss 
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Figure 2. a) Resistivity versus temperature curves in (TMTTF)2BF4. b) Pressure-temperature phase diagram of (TMT1'F)2BFI. 
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Figure 3. a) V(1) characteristics in (TMTSF)2PF6 for two different pressures. b) dVidl(1) characteristics in (TMTTF)2BF4 for 
different pressures. 

On the other hand, we performed non linear transport measurements : voltage-current characteristics 
performed on (TMTSF)2PF6 are shown in Fig.3a while dV/dl characteristics are shown for (TMTTF)2BF4 
on Fig.3b for different applied pressures and at zero magnetic field. For both compounds, similar features 
are observed : the critical current decreases when applied pressure is lowered. In (TMTTF)*BFd, the SC 
critical current, I,, was taken at the first maximum of dV/dI (I). As the density of critical current for a fixed 
Tsc must be pressure independent in an homogeneous superconductor, the evolution of the critical current 
with pressure can be attributed only to a modification of the section of the sample which superconducts. 
The larger, the critical current, the larger is the size (or the number) of the SC domains inside the SDW 
phase. This segregation picture is reinforced by the observed decrease of dV1dI above I, which is the 
signature of the background SDW in the depinned regime. This regime is also visible above Tsc in the 
pure SDW phase. At 0.45 K, the extrapolation of the saturation of Ic(P) at high pressures gives a density of 
critical current in the homogeneous SC phase around 80 A/cm2 for an applied pressure of 40 kbar. This 
value is similar to the observed value in the homogeneous superconducting phase of (TMTSF)2PF6 : 
2 0 0 ~ c m ~ .  

The most striking feature of the dV1dI characteristics, in (TMTTF)2BF4, is the observation at the 
lowest pressures of strong peaks in the differential resistance. The shape of dV I dI is similar to previous 
reports in Sn whiskers [9] or more recently in nanotubes [lO].  This strongly suggests that the SC domains 
are filamentary at the lowest pressures with a cross-section, perpendicular to the TMTTF chains, smaller 
than the coherence length. This image is reinforced by the large value of the upper critical field obtained 
from resistivity versus magnetic field curves shown in Fig.4 for (TMTTF)2BF4. At 0.45K, the upper 
critical field is l.STesla, which leads to an extrapolated value Hc2= 2T at zero temperature. It should be 
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noted that the upper critical field is also nearly pressure independent as shown in Fig.4. This value is quite 
large compared to the usual 0.1-0.2T values for homogeneous superconductors in the (TMTSF)2X family 
but is compatible with old observations of a strong enhancement of the upper critical field as pressure is 
decreased in (TMTSF)2AsFb[ 1 11. We suggest that this enhancement is probably due to the penetration of 
the magnetic field in the insulating regions in a similar way to Josephson vortices[l2] in lamellar 
superconductors when the magnetic field is applied parallel to the superconducting planes. 
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Figure 4. Resistivity versus magnetic field for H//c* in (TMTTF)>BF4. 

4. CONCLUSION 

We have demonstrated experimentally the coexistence of superconductivity and spin density wave 
orderings in both (TMTSF)2PF6 and (TMTTF)2BF4 in a narrow range of pressure : the critical temperature 
is nearly pressure independent, while the critical current collapses as pressure is decreasing. In 
(TMTTF)2BF4, we were able to show that the upper critical field is also pressure independent. All these 
features are compatible with a simple model of phase segregation we presented elsewhere [5]. 
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