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Organic field-effect transistors (OFETS) are a cornerstone in the
development of organic electronic devidesjth a simple device
structure allowing detailed studies of the effects of crystalline order
and interface modifications on device performance. Along with the
basic science that can be extracted from OFET devices, there are
many potential applications for OFETSs, including control elements
for displays, RFID tags, and sensdidigh-performance OFETSs typi-
cally require vacuum deposition of the organic layBealization of
organic electronics’ potential for simple processing requires the abil-

ity to form devices by solution deposition methods, preferably using e
simple, inexpensive, easily purified materials. Several research pro- » Z .
grams have addressed this issue by preparing soluble precursor mole- 4

cules that can be deposited by solution methods, with the desired

A,
semiconductor generated by thermal annealing of the4iuch .ﬁ%&f, : >
methods have yielded OFETs with mobilities as high as 09\t : i , %ﬁ p w‘;@m’zsw..

although a 200C annealing step is required. An alternative approach - .,
uses molecules with small, soluble aromatic surfaces where deposi- .,ﬁ%;’ﬁé%m"
tion involves crystallization of the molecules on the substrate. While

this approach yields devices with good hole mobility (126/ns),

Lo o e
it relies on the serendipitous growth of crystals across the source M M"‘ rb-

and drain electrodes and is not amenable to large-area prodBiction. -l -
Toal = -
SiiPrg - - M M
- ) -
| i %Mb
OOOOO Figure 1. Crystalline order of compounds-4 (top—bottom), as viewed
along the short-axis of the acene. Alkyl groups on front-most silicon atoms
L omitted for clarity.
Sii-Pra

deposited films £0.01 cn#/V-s)1%¢ As with pentacené,placing

We recently reported syntheses and properties of functionalized substituents on the central a.rlomatic ring of thg anthradithiophenes
pentacenel)® and anthradithiophen@)’ derivatives designed to 2—4 both improves the solublllt_y and tunes the mt_ermolecular order
exhibit enhanced-stacking interactions. The materials are easily 0 favor z-stacking in the solid state. Unlike similar pentacene
prepared in one or two high-yielding steps from commercial starting derlvatl_ves, small changes in the size of the substituent have a
materials, and derivative showed a hole mobility of 0.4 c#/+s dramatic effect on the solid-state order of these molecules, as shown
in an OFET prepared by vacuum depositfiohhe high solubility in Figure 1. Triisopropylsilyl derivative packs in a 1-D slipped-
of these functionalized materials {00 mg/mL in chloroform) led ~ Stack arrangement, with an average distance of 3.46 A between
us to investigate the fabrication of OFETSs by solution deposition. 7-faces. Triethylsilyl derivative adopts a 2-Dr-stacking arrange-

Silylethynylated pentacenes typically adopt either a 1-D “slipped- Ment similar to that of compourt except for a decrease inface
stack” or 2-D “bricklayer” arrangement in the solid stafEhe only separation (from 3.43 A foll to ~3.25 A for 3), and increased
derivatives that have so far produced acceptable performance inShort-axis displacement (see Table 1). Trimethylsilyl derivadve
OFETSs have been those that have adopted the latter arrangemenn@Ws & molecular order dominated by edge-to-face interactions,
exemplified by pentacene derivatie The crystal order of this  l€ading to a herringbone arrangement with mestacking. For
material is represented at the top of Figure 1. moleculesl—3, the distance of Iate_ral (short-axns_) slip is given in

Anthradithiophenes functionalized on the thiophene ring were TaPle 1 (values for all nearest neighbors are given for materials
reported to yield good hole mobility from vapor-deposited films €Xhibiting 2-Dz-stacking), along with the totat-overlap area for

(on the order of 0.1 cAV-s)l° and moderate mobility from solution- these d_eri_vatives. As w_ith the materials prepared in the original
anthradithiophene studié$,compounds2—4 were prepared as

;Correspondence author for molecule synthesis and characterization. inseparable mixtures afyn-andanti-isomers.

Correspondence author for device fabrication and characterization. Al ; R ;

t University of Kentucky. The su.bstrate for. the field-effect tranS|stors.conS|sted of a heavily
#Penn State University. doped Si wafer with a thermally grown oxide layer (370 nm),
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Table 1. Device Parameters for Functionalized Pentacene and

o
E
A

Anthradithiophene OFETs (1—4) and Degree of z-Overlap for 1—3 _ e ! g,_o :_'__‘“\ Y e
u s-overlap lateral slip % ' TUETv - / E1 . H\\ \_\. 07
(cm?V-s) ool ot (5] ) g7 — E \ .\\_. e g
1 0.17 10 7.73 09,17 S Sl Voo pee
2 <10 108 2.23 1.2 L H Voo fpewd
3 1.0 10 1.57 2.75,1.76 o4 = i oy e
4 NA NA (no overlap) (nar-overlap) N S & oo N -
D.xin-souré“; voltagé"[‘V) ¢ - é:m;:uone m‘l‘:ag:‘;\ﬂ v
serving as gate electrode and dielectric. Gold source and drain . N — 104
contacts were evaporated to yield devices with a channel length of __,| """ =~ 5, e
22 um and a channel width of 34@m. The gold electrodes were £ //7 i \ :::fg
then treated with pentafluorobenzenethiol to improve the electrode § | s "'\ 100
interfacel! A 1—2 wt % solution of the acene in toluene was spread 3°°[ " *" . \ | e
across the device surface using a plastic blade, and the solvent wa:§ g N (s
allowed to evaporate. The devices were then heated in air 90 = - % ? "\W_r o2
for 2 min to drive off residual solvent. All measurements were - ° "~ igas

i i e d 30, -20 -10 o 4 30 20 40 0 1o 2
performed in air at room temperature, and mobilities were calculated Drain-source voltage (V) Gate-source voltage (V)

from the saturation currents. Figure 2. Electrical characterization for OFETSs of functionalized pentacene
Pentacené yielded devices with hole mobility of 0.17 &iv-s 1 (top) and anthradithiopher (bottom). Left: plot of drain currentl f)

and an on/off current ratio of $0These values are similar in  Versus drain-source voltag¥(s). Right: plot ofIp andlp"? versus gate-
magnitude to those obtained from a vapor-deposited film of the source voltage\(es)-

same material, likely due to the strong templating effect of the silyl
group. The anthradithiophene derivatives present an excellent stud
of how subtle changes in functionalization lead to significant
differences in device performance. Triisopropylsilyl derivat®e

formed uniform thin films from solution, but they were amorphous:  aAcknowledgment. This research was supported by the Office

the best mobility measured was10™* cm?/V-s. In contrast,  of Naval Research and DARPA (J.E.A.), and the National Science
triethylsilyl compounds formed uniform films of excellent quality,  Foundation (T.N.J.).

yielding hole mobility of 1.0 crV-s with an excellent on/off

current ratio (19). The performance of this material is likely due Supporting Information Available: Experimental details and cif
to the closer-stacked interactions in the crystét.Trimethylsilyl files. This material is available free of charge via the Internet at http://
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poor coverage and no transistor action. Clearly, the ability to form
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