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1. Introduction

Development of information and communication tech-
nologies relays on the miniaturization of devicealss
leading to the improvement of its performance. Heave
the miniaturization of device scales is expectedface
physical and technological limits. In order to ax@mne this
issue, new devices based on new materials diffierent
principles of physics, so-called beyond CMOS tedbgies,
have been intensively studie@ne of promising candidates
of beyond CMOS technologies is a field effect tisius
(FET) based on a metal-insulator transition (Ml)ciorre-
lated electron materials, so-called Mott transistdiott
transition (a Ml transition caused by the interptyelec-
tron correlations and kinetic energy) can be cdieoby
carrier doping.[3] However, it is hard to inducee tMott
transition in correlated electron materials by gsicon-
ventional FET structure, because the maximum ctgraoz
of the conventional gate dielectrics such as,S© 10°
cm?) is never enough to induce the Mot transition. For
example, sheet carrier density about*1® 10° cm? is
necessary to be doped in order to induce the Martsition

electrolyte as the gate dielectric. An electric loleulayer
(EDL) at the interface between the ionic liquid atik
channel material can reach a sheet carrier densif0"
cm® Using the EDL transistor (EDLT) structure, we @av
succeeded in the electric-field control of a Mins#ion in
(Nd,Sm)NiG; channels at room temperature.

2. Experiments

Nd;,SMNiIO; [NSNOK)] thin films were deposited on
NdGaQ (110) substrates using the pulsed laser deposition
technique. X-ray diffraction (XRD) measurementsséd
that the single-phase NSNX)( films were epitaxially
grown on the substrates. The thickness of the NSMO(
films was estimated from Laue fringe peaks observeat
the (220) diffraction peak.

The NSNO¥) film was patterned with a channel area of
10 x 100pm? using the photolithography and Ar-ion mill-
ing techniques. Layered Au/Pt electrodes for gategices,
drains, and voltage probes were deposited by eletteam
evaporation. The optical view of our EDLT is shoimrfig.

1.

in a highTc cuprate or a colossal magnetoresistance (CMR) Both the gate electrode and the channel area omre

manganite.[4] These values are more than 10 ticeed
than those achievable using conventional gate aliés.
Therefore, for the development of Mott transistmnrelat-
ed-electron materials with a Ml transition attaileabt sig-
nificantly lower carrier concentrations are reqdire

In this study, to demonstrate an electric-field tcainof
the Mott transition, we used rare-earth nickel&®Bg; (R
= Nd, Sm) for the channel materi&NiO; displays a tem-
perature-driven sharp MI transition due to the refrelec-
tron correlations and the transition temperatii§g)(can be
reduced by a chemical carrier doping. For examjie,
Nd;,CaNiOs, Ty, decreases with increasing Here, the
substitution of C& for Nd®** provides a hole. The ratio
dTw/dx is approximately -3200 K/hole.[5] From this value,
we can estimate that the accumulation of holes h it
sheet carrier density of ~f0cm? can reduceTy, of
NdNiO; by about 100 K. The reduction ©f, enables us to
obtain a large resistance change just belgyw However,
the sheet carrier density of “4@m? is still too high to
achieve by electrostatic methods using ordinarg ghe-
lectrics. In response, we have employed an iorgjaidi
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ered by the ionic liquid\,N-diethyl-N-(2-methoxyethyl)-
N-methylammonium tetra fluoroborate (DEME-BFThe
nominal capacitanc€ of our EDLT was about 1QF/cnt.
From this value, we can estimate a sheet carriesitjeof
~1.5 x 16* cm? for Vg = -2.5 V which is enough to control
the Ty, of NSNO channel. To avoid the effect of contact
resistances, we measured the channel resistplly a
standard four-probe configuration. The temperailirée-
pendence op of the electrolyte-gated NSNE)(thin film
was measured from 300 to 20 K at a cooling/heatite of
3 K/min. The gate voltage dependence of drain otiig
was measured just below thg, of NSNOK) channel.

3. Resultsand discussions

Figure 2(a) showp - T curves of EDLT with NSNO(0.5)
channel at gate voltagé; = 0 and -2.5 V. By applying a
gate voltage, tha,, is shifted from 288 K to 256 K. This
result indicates that as expected, the hole-caageumula-
tion reduce th&, of NSNO(0.5) channel at room temper-
ature. The resistivity below theTy, for Vg = 0 V changes
by more than one order of magnitude.



Figure 2(b) shows the/s dependence ofp in the Tw (Vg = 0). TheATy, decreases with increasing ttheThe
NSNO(0.5) channel at 280 K. Thg is increased by about solid line represents thé dependence ohATy, estimated
400 % when th&/s is decreased below -1.5 V. A large hys- from the C = 10 pF/cn? of our EDLT and thelTy,/dx =
teresis of thelp can be expected to result from the slow -3200 K/hole of NdNiQ@ and by assuming the accumulated
movement of ions in the ionic liquid in responsdhe gate  carriers distribute homogeneously in the channlelsgathe
voltage. Notably, our EDLTs show a high effectivelitity depth direction. As seen in Fig. 3, the experimeadta fit
Lest. From Fig. 2(b) ey of the NSNO(0.5) channel can be well with the solid line, suggesting the homogersedis-
estimated to be ~740 éi's'for Vg = -2.2 V. Such a large  tribution of accumulated carriers. This result segmcon-
Lest IS due to the strong nonlinear dependence of thigilen  tradict the anticipated electrostatic carrier acglation,

carrier density on doping - characteristic of fill- because the thickness of the carrier-accumulateyerl
ing-controlled Mott transitions. must be within the Thomas-Fermi screening lengthickv
does not depend on tlie Although the mechanism of the
Source

v homogenous distribution of accumulated carriers mats
G . . .
been understood, we think that this phenomenomésad
the peculiarities of the electric-field effect oorelated
electron materials.

4, Conclusions
We have demonstrated the electric-field contrahefMI
transitions in (Nd,Sm)Ni@channels by accumulating hole

Drain Voltage Probes

Fig. 1. Optical view of EDLT with the carriers with EDL technique. We found the two cleteds-
measurement configuration. tics of the electric-field effect on correlated @ten mate-
rials; an apparently high mobility and a homogersedis-
(a) (b) tribution of accumulated carriers. We believe tinég study
_ W . = can be potentially applicable to Mott transistod @alls for
£ further understanding of the mechanism in the etefield
% control of phase transitions in correlated electraterials.
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Fig. 3 The channel thicknesisdependence of
ATy for NdNiO; EDLTs. Solid line repre-
sents thed dependence ofAT,, estimated
from the capacitance of the EDLT and the
dTy/dx of NdNiOs.

Figure 3 shows the channel thicknessiependence of
ATw for NdN|03, EDLTs, Wher&TN” =Tw (VG =-25 V) -
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