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Fullerene field-effect transistor§~ET9 were fabricated with thin films of &, which showed
n-channel normally-on depletion-type FET characteristics. The KET device exhibited the
highest mobility, u, of 2.1x10 3 c?V~1s ! among normally-on fullerene FETs. The carrier
transport of this FET device can be interpreted as thermally activated hopping transport. Carrier type
(n-channel and transport mechanisrthopping reflect the electronic properties of theg,C
molecule. ©2004 American Institute of Physic§DOI: 10.1063/1.1695193

A large number of field-effect transistof(ET9 with N,N’-dialkyl-3,4,9,10-perylene tetracalboxylic diimide de-
thin films of organic molecules have been fabricated andivative (PTCDI-C8H FET device’
their characteristics have been studied for next-generation Recently we reported the transport properties @b C
electronics during the past decadfeThe field-effect mobili-  FET® Temperature dependence of the mobility suggested a
ties u of organic FETs are lower by four orders of magnitudehOPPing transport as a conduction mechanism_for thes_e
than those of conventional FETs with inorganic materials FETS: Furthermore, a complementary metal—oxide—semi-

Nevertheless, organic FETs are known to have many advar?—onducmr logic gate circuit was fabricated witg,@nd pen-

tages such as large-area coverage, structural flexibility, anﬁlcene FETS,which leads us to realize various type; of logic

S . .. Clrcuits such as NOR and NAND for computing and
low-temperature and low-cost processing in comparison with . .
. . . memory. The first FETs with metallofullerenes have been
inorganic FETs. In 1997 the mobility of a pentacene

realized with Dy@ G, and La@ Cy.2° These FETs oper-
p-channel FET reached 1.5 én~ts 1. Subsequently, a aeeq asn—channgl nc()g?mally—oer% dec\;ai(():e, which is substagtially
p-channel FET on single crystals of rubrene showed a Mogitferent from enhancement-type FETs withg,Cand
bility of 1.0 cnP V- ts 14 Cy0.26810 The output characteristics of fullerene FETSs,
The first fullerene FET was fabricated with thin films of therefore, reflect intrinsic electronic structures of individual
Ceo by Haddonet al® This FET device showed a high mo- fullerene molecules. This letter reports on the fabrication of
bility of 0.08—0.3cmiV~1s 1. The highu value of this higher-fullerene FET devices with thin films of§ and the
device implies that g, FETs can play an important role in FET characteristics and their temperature dependence.
future applications such as identification tags, smart cards, Schematic representation ofg/C(D,y isome) and a
and drivers for active-matrix displays based on the integracross-sectional view of thegeFET device are shown in Fig.
tion with organic light-emitting diodes. The mobility values 1(@). Commercially available & (99% was used for the
of n-channel organic FETs except for thg,&ET are much fa_bricat_ion of the thin film. Commercially available_
lower than those op-channel organic FETs? Furthermore,  S102/Si(100) wafers were used as substrates after cleaning
such highu value attracts interest in the physics and chem-W'th acetone, methanol, and28|04/H2_Q2. The thin film of
istry of Cqo FETs. The improvement of properties of thg,C CB‘l;NaS formed by a thermal deposition under a vacuum of
. . 10 ° Torr. The channel length and the channel widt/ of
FET device has long been examined, and very recently thﬁnis device were 75 and 400@m, respectively. The charac-
mobility reached 0.56 cAV 1s !, which is one of the i '

. ; teristics of the @, FET device were measured under
highest mobilities among-channel organic FETS.The 1076 Torr after annealing for 24 h at 120°C under

highest x of 0.6cnfV™'s™' was reported for 15-6 1o

The drain currentp versus drain—source voltagé,g
¥Electronic mail: kubozono@cc.okayama-u.ac.jp plots for the G, FET at 290 K are shown in Fig.(). The
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o . . FIG. 2. (8 u—T plot of Cg4 FET and Inu-(1/T) plot in the inset. Solid line
FIG. 1. (a) Schematic picture of £(D,4) and cross-sectional view ofgC s the line fitted with the equation |a~E,/ksT, wherekg is Boltzmann

FET. (b) Ip—Vpg plots of G, FET at 290 K. Closed and open circles refer constant(b) V=T plot of Cg, FET. (¢) | p—Vps plots of G, FET at 230 K.

to the points measured & #0V and V=0V, respectively(c) Ip-Vg Closed and open circles refer to the points measurédsat0 VvV and Vg
plot at Vps=10V. Solid line is the line fitted with equatiorip =0V, respectively.

=(uWGCy/L) (Vg—V1)Vps, WhereC, refers to capacitance of SjQC,
=8.22x10 ° Fem 2.

cally as temperature increases up to 32QHg. 2(a)]; the

plots show output characteristics nfchannel normally-on Mobility reached 2.%10"% cn?V™*s™* at 320 K. FET be-
depletion-type FET. Relatively largg, is observed even at havior was not clearly observed below 180 K because of
zero gate voltag®/ . By varyingV from —130 to 130\,  Very smalllp. The activation energi, was estimated to be
I increases a¥ increases as shown in Fig(tl. It can be  0-13 eV from the Inu versusT~* plot shown in the inset of
seen that the channel conductance decreases by applyind™#- 2@). These results show that the channel conduction of
negativeVs, presumably due to the depletion of carriers inthe G4 FET device follows a thermally activated hopping-
the channell , remained constant beloW;=—70V. This  transport model g ~exp—E,/kgT). One of the origins of
can be explained by assuming the existence of bulk currertigh « in the G4 FET may be attributed to the fact that the
which cannot be reduced by applying the negalye The  channel conduction occurs through a hopping between the
threshold voltage/; was estimated to be-42 V from the  delocalized lowest unoccupied molecular orbitdl&MOs)
Ip—Vg plot atVps=10 V [Fig. 1(c)]. The negative/; sup-  in Cgq, Which is different from that between the localized
ports that the g, FET is normally-on type. Very recently LUMOs dominated by encapsulated metal ions in
such a normally-on depletion-type property was observed imetallofullerenes.
La,@ Cyo FET? The threshold voltag®; decreases monotonically with
The field-effect mobility for the g, FET was estimated increasing temperature up to 320[Rig. 2(b)]. Such tem-
to be 1.x10 3 cm?V " 1s ! from the Ip—Vg plot [Fig.  perature dependence might be caused by an increase in bulk
1(c)]. This value is higher by one order of magnitude thancurrent. Actually the bulk current increased with increasing
those reported for Dy@g and La@ Ggo FETs®® This im-  temperaturé! which results in an apparent variation i .
plies that G, is superior to metallofullerenes such as TheV; values are positive at temperatures below 250 K, and
Dy@GCs, and La@ Gy as materials for an active layer in the FET property apparently changes from the normally-on

normally-on depletion-type FET. The increases monotoni- to a normally-off with decreasing temperature. As an ex-
Downloaded 01 Apr 2004 to 150.65.164.77. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp
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