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Increasing demands for inexpensive electronic components for (a) (b)
memory, logic, and displays have recently driven research toward 2
technologies involving organic thin-film transistors (OTFT&ey
OTFT performance parameters, including carrier mobility, on/off

optimized from two approaches: the improvement of device
fabrication techniques as represented by pentacene-basedOTFT,
and the development of new molecular semiconductors for active 3 )
OTFT materials:® Although a variety of pure organic semicon- 5 A N = S
ductors based on acenes, oligothiophenes, €ic., have been egree
extensively developed,examples of metatorganic thin-film
transistors (MOTFTSs) consisting of transition metal complexes are
limited to datet despite their several advantages. (1) The ability to consistent with the result from the electrochemical measurement.
generate active species for charge transport through the redoxDespite its interesting electrochemical activity, the application to
activity of both the metal atom and the organic ligand. (2) Fine- thin-film devices containing TFTs is scarcely reported to date. In
tuning of the HOMG-LUMO energy gap through the interaction this communication, we describe the preparation, vacuum deposi-
of the d-orbitals of the transition metal with the HOMO and/or tion, structure, and properties of MOTFT formed hy

Intensity (a.u.)

Figure 1. (a) SEM image and (b) out-of-plane XRD pattern of the film of
1 evaporated on a SiO

LUMO of the ligand. (3) Diversity of the molecular framework ~ The films of 1 (50-100 nm thickness) were grown by vacuum
based on the coordination number, geometry, and valence shell ofdeposition at a base pressure of 4orr during deposition at room
the selected metal atom. temperature. The SEM image of the film on SiQFigure 1a)

The complexes with radical-semiquinonate ligands have been révealed that vacuum deposition afafforded a uniform film
known to show a rich electrochemical activity. We noted dis( ~ characterized by highly interconnected grainslQ0 nm) UV —

diiminobenzosemiquinonate) nickel(ll) complex!t@sHgN2), (1),5 vis—NIR spectra of a vacuum deposition film bbn quartz showed
undergoes both oxidation and reduction on the radedlimi- an absorption edge of 1560600 nm, which indicates the
nobenzosemiquinonate ligands (Scheme 1) in solution %tdtes formation of a densely assembled structure with a band gap of ca.

0.80 eV. These results clearly point out that the filnmLa$ a good
Scheme 1 candidate for the semiconducting layer of TFT devices.

HoH o Hoon ) HoH - The single crystal ofl has been previously reportédThe
@: ¥4 D < g N D A @[/ h¥e D structure shows two-dimensional layers with a herringbone-type
[ N W -e W -e Y arrangement through Chinteractions in theb plane stack along

1 the c-axis with a period of ca. 12.6 A. The molecular orientation

within the film was evaluated using the XRD measurements. The

electrochemical measurement b{1 mM) was conducted in 0.1  out-of-plane XRD pattern (Figure 1b) of the film on Si@dicated
M (n-BusN)(BF4)/DMF solution. The voltammograms showed a a sharp peak at 6.8&orresponding to the (002) plane withda
reversible one-electron oxidation and a reversible one-electron spacing of ca. 12.9 A normal to the substrate surface. The sharp
reduction atE;, = —0.36 and—1.37 V versus the ferrocene/ diffraction peak and the existence of a higher-order peak corre-
ferrocenium couple, respectively. The HOMQUMO energy gap sponding to the (006) plane illustrate the high degree of crystallinity
obtained from the redox peaks is 1.01 €Vhe absorption edge in  in the film. However, the in-plane XRD pattern was distinctly
the UV—vis—NIR spectra measured in DMF solution also afforded different from the out-of-plane one; several peaks which indexed
the HOMO-LUMO energy gap of 1.03 eV, whose value is as fkl) planes were observed. These results indicate (1) molecular
assembly similar to that in the single crystal, (2) uniaxial orientation

T . .
¢ PREN. University of the film normal to the substrate surface, and (3) conduction
i Kyoto University. channels parallel to the substrate surface.

PRESTO. The molecular orientation within the film was also estimated

#Tohoku University. . ; : . T
I|CREST. using polarized electronic absorption spectra, and the transmission
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Figure 2. (a) Plots of drain currentd) versus drain voltagev) for various
applied gate voltage/) in MOTFT of 1. (b) Plots oflqg andl4'/? versusvy
at Vg = —100 V for the same devicé. = 30 um andW = 38.9 mm.

(T), and reflectior-absorption RA) IR spectra. The polarized UY
vis—NIR spectra of the film ofl did not indicate any in-plane
anisotropy with the normal incidence, which means the isotropy
of molecules within the substrate surface. The use of p- and
s-polarized lights at the incident angle of°48emonstrated that
the absorption intensity at 526 nm for the p-polarization is larger
than that of the s-polarizatiod\{5/Asssratio~ 2.4). This difference

in absorption can be accounted for by the largely perpendicular
orientation of the intramolecular transition moment to the substrate
surface. These results are in good agreement with those from XRD.
The T- andRAIR spectra in the region of theyy bands (3306
3325 cn1?) also agreed with the results of the molecular orientation
similar to the XRD and the U¥vis—NIR spectré.

We fabricated a MOTFT device df with a bottom contact
configuration. A heavily doped-type Si wafer was used for the
back gate electrode with a 400 nm insulating layer of thermally
grown SiQ on top of it. Drain and source electrodes (10/100 hm
Ti/Au) were fabricated on the surface of the gi@yer. The device
had a channel lengtiL) of 30 um and a width {V) of 38.9 mm.
During the deposition of, the substrate temperature was kept at
room temperature. This device was stable and, therefore, was
characterized in the atmosphere. Figure 2a displays a plot of drain
current (g) as a function of drain voltage¥{) for various applied
gate voltages \(;). The semiconductor layer of acted as a
p-channel.ly increased almost linearly with/y, followed by
saturation due to the pinch off of the accumulation layer. Figure
2b shows the relation betweépandVy at Vg = —100 V for the
same device. The left-hand side scale indicates an on/off ratio of 3
x 10% The hole mobilityx, and the threshold voltag¥, extracted
from the saturated region were 3:8 1072 cn?/Vs and —42 V,
respectively. Thist value is larger than those of MOTFTs with
metallophthalocyanines deposited on unheated substfatés.

Note that the reduction potential df is similar to those of
perfluoropentacene andsgobserved aE;, = —1.13 and—1.14
V versus ferrocene/ferrocenium couple, respectively, which are
known as excellent n-type semiconductors for OTFRS! In
addition, the HOMG-LUMO gap is considerably smaller than that
of quinoidal terthiophene, which shows ambipolar OTFT abiity.
Therefore, we expect that the ambipolar MOTFT witleould be
achieved by utilization of electrodes with small work functions and/
or slight lowering of LUMO level by chemical modifications.

In summary, we succeeded in the formation of semiconductor
film of metal complex1 as a MOTFT. The obtained film had
uniaxial orientation structure along the normal to the substrate and
showed good p-type TFT character. Although complexes with
radical o-semiquinonate are well-known to show both reduction
and oxidation with a narrow HOMOLUMO gap?>26.10 their
utilization as a semiconducting layer for TFT, to date, is scarcely
reported at all. To the best of our knowledge, this study is the first

report of a complex with radicab-semiquinonate ligands being
used as the conducting layer of TFT device. Further studies on
controlling of the assembling structure and fine HOMOJMO
tuning by the modification of (exchange of metal ion, introduction

of substituents, and expansionsefconjugation) are being carried
out in order to obtain not only high-performance but also ambipolar
MOTFTs.
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