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Phase transition induced by a gate electric field
in (BEDT-TTF)(TCNQ) single crystallinefield effect transistors
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1. Introduction

Among various organic charge transfer complexes,
BEDT-TTF charge transfer complexes which exhibit
superconductivity, Mott insulator and charge onulgri
phase originating from electron correlation haverbevell
investigated. On the half-filled band of a materifaUes >>
4t then the material is Mott insulator, whédg; is effective
Coulomb repulsion antlis intermolecular transfer energy.
Uer In organic materials is smaller than that in ctgpra
because molecular orbitals in organic materialscaresist
of p-electron, whose Coulomb repulsion is smaller tinh
of d-electron in transition metals. Therefore, Coulomb
interaction in organic Mott insulator is comparatieother
interaction, including electron-phonon interacteis. As a
result, a weak perturbation would be enough toeahsise
transition, for example, photo induced metal-inkrla

transition[l] and gate electric field induced Fig1. Optical micrograph of (BEDT-TTF) (TCNQ) ctgs

Crystals <::J

superconductivity[2] etc., which are matter of degerest. grown on the SigSi substrate. Many needle like crystals
In particular, a large response induced by a smdérnal bridge the source and drain electrode.

field is expected at around a phase boundaries att M

insulator. standard vacuum evaporation techniques. The gapebst

For the triclinic phase of (BEDT-TTF)(TCNQ) crystal these parallel source and drain electrodes was
approximately 0.5 electrons transfer from BEDT-TiF  approximately 22 um. A chloroform solution of
TCNQ, which should result in quarter-filling of BEBITF ~ BEDT-TTF and TCNQ was dropped on the substrate
HOMO band and TCNQ LUMO band. However, surface and slowly dried in a glove box. With vapation
BEDT-TTF and TCNQ molecules form dimer band causedof the solvent, many needlelike crystals of
by the strong dimerization, each of half-filed échnd  (BEDT-TTF)(TCNQ) grew on the substrate as seenigrlF
electron band which conduct in BEDT-TTF and TCNQ The typical dimensions of needlelike crystals were
column respectively become Mott insulator. Hence th 0.8<300<0.1 um?®, although the number and the width of
2-dimensional hole band of BEDT-TTF and the the grown crystals are variable by slow vaporizatib the
1-dimensional electron band of TCNQ are coexisthia  solvent. With the development of the crystallizatioethod,
(BEDT-TTF)(TCNQ) crystal. However, it is recognized the authors succeeded in growth of less numberidérw
that TCNQ band have little contribution to the bulk Crystals compared with our previous work[6]. The
conductivity because of strong carrier locallizatidn ~ estimation of carrier mobilities were difficult irthe
addition, observed metal-insulator transition terapge  previous work because of the difficulty in deteration of
(Tw) had been defined by the maximum of electrical effective channel width and length for many scater

conductivity as 330 K[3-5]. Also, it was observédtthere  Crystals. This time, it is possible to count thgstals and
was a peak in the logarithmic derivatives of eleatr ~ determine the effective channel width. It is alesgible to

resistivity at 310 K. Further, it has been knowattfy, determine effective channel length by statistidse Tong
decrease by the application of hydrostatic pressuré  axis of the needlelike crystals which corresponc-axis of
phase diagram resembles that of th©M4]. triclinic phase directly bridge the source and wrai

electrodes. It also had been revealed by the X-ray
2. Experimental details diffraction that the high crystallinity and majgritof

A highly purified BEDT-TTF and TCNQ powder was triclinic phase, and spontaneous alignmerd-akis almost
provided by Nippon Steel Chemical Co., Ltd. A highl normal to the substrate surface[6].
doped n-type Si wafer with thermally oxidized $i@ 300
nm thickness was used as a substrate. Au/Cr samde 3. Resultsand Discussion
drain electrodes were formed on the SiDbstrate by a As previously reported[6], obvious ambipolar FET
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Fig.2. Temperature dependence of (a) electricatiectivity
of bulk crystal, (b) field effect electron and het®bility, and
(c) total displacement current. Metal-insulatonsition at 320
K, which is known in the prior art, is seen bottlie electrical
conductivity and electron mobility. Nobel phasensition at
280K is seen in electron and hole mobility, andaltot
displacement current.

characteristics were observed for (BEDT-TTF)(TCNQ)
crystalline FET. A precise analysis for ambipol&TFis
not so easy because distribution of carriers agetrét field

in ambipolar FET is more complicated than thatnipalar
FET. Therefore, gradual channel approximation for
unipolar FET is not available for whole properties
ambipolar FET. However, lowps (<< Vgs) region is
recognized as unipolar operation.

maximum ofg, at 260 K. Hence, the observagdand, in
this temperature region reflect only the carriendiction
of the Mott insulator/ gate insulator interface,t o the
bulk.

Figure 2(c) shows temperature dependence
displacement currer@-dVgddt at 20 V observed under the
application of continuous triangular wave of gatdtage.
The displacement current increase until 280 K apidiy
decrease at 285 K, then gradually increase witreasing
temperature. This displacement current include
contribution of capacitance of gate insulator, iearr
injection, and dielectric properties of (BEDT-TTFZNQ)
crystals. We have confirmed that the gate capamtas
almost constant in this temperature region. Since t
contribution of carrier injection and dielectricoperties
cannot be distinguished experimentally, we trie@ttract
the peak component at around 275 K by calculating
differential chargeAQ) to applied voltageAQ — V) cycles
between two neighboring temperature. The obtaiv@d-

V curve, which corresponds to the polarization &cteic
field curve in the parallel capacitance configuwati
exhibited ferroelectric-like hystelesis loop. Byadwgy with
the case of TTF-QG[7], one possible explanation for this
phenomena is excess charge transfer and lattitertdia
induced by an applied gate electric field.

of

the

3. Conclusions

We have revealed that the metal-insulator ttemmsi
originate from temperature dependence of electrobility,
not hole mobility and any other factor. We alsoééund
anomaly on the temperature dependence of elecindn a
hole mobility which is due to the interfacial phasessibly
including ferroelectric-like phase at the FET chelnof
(BEDT-TTF)(TCNQ) crystalline FET.

Acknowledgements

Figure 2(a) shows temperature dependence of bulk This research work was supported by Grant-in ad f

conductivity Epu). Metal-insulator transition, which is
known in the prior art[3], is clearly seen at 320 Hgure

2(b) shows temperature dependence of
field-effect mobility of electrong) and hole 4,) estimated
in the linear region of the ambipolar FET chardstis.
Electron mobility increases until 260K and haveoaal

Scientific Research from Ministry of Education, Dok, Sports,
Science and Technology, Japan. Part of this workuported

averageaom Chiba University Global COE Program “Advanc8dhool

for Organic Electronics”. The highly purified TCNQ@nd
BEDT-TTF powder was provided by Dr. Furumi and Bhii in
Nippon Steel Chemical Co., Ltd.

maximum at 260K, then decreases with increasingreferences

temperature from 260 to 280 K. However, abruptly
begin to increase at 285 K and take a maximum @tk32
On the other hand,us exhibits similar temperature
dependence until 290 K, and begin to decrease BaW¥.
In addition, threshold voltage for electron and ehol
injection is not show significant shift at aroun802K.
Temperature dependencegfat 320 K indicate an obvious
relation with metal-insulator transition observad-ig.2(a).
Therefore, it is concluded that the observed miataltator
transition originate from the temperature dependent
electron mobility, which is common in the channelda
bulk. On the other hand, there is no correspondirange
in opux to the abrupt rise ofe at 285 K and the local
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