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Organic field-effect transistors by a wet-transferring method
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Organic field-effect transisto(©FET9 were prepared from an epitaxially grown film fabricated by

a wet-transferring process. 2,3,7,8,12,13,17,18-octaethyl-21H,23H-porphyrin pldtinuras

grown by thermal evaporation on tt601) surface of potassium bromid&Br) single crystals.
When the film was grown at room temperature, the planar molecules were aligned orthogonally on
the crystal surfaces along tHa10] direction with edge-on orientation to the surface normal
direction. The epitaxy film was transferred to on $IQi surface immediately after removing the

KBr on the water surface to product the OFETs. The calculaiggd; of the OFET for the
wet-transferred vertically aligned film were X304 and 2.2<10 * cn?V 's ! at the linear

and saturation regions, respectively,\gt=—50 V at anloy/l opr (0n/off ratios of source—drain
curreny of 10°~10°. © 2003 American Institute of Physic§DOI: 10.1063/1.1600518

Organic field-effect transistof®©FETY have attracted a The calculatedugct for the OFET for the case of a wet-
great deal of interest for use in applications such as thin-filmransferred film are 1.810 % and 2.2<10 % cnm?V st
transistors for active matrix liquid crystals or organic light- at the linear and saturation region, respectively gt —50
emitting displays, as well as low-end data storag#ectron  \ and anl o/l o (ON/off ratios of source—drain currérdf
and hole mobility has been improved via the production ofy gt~ 1cP.
highly ordered organic film via thermal evaporation using an  ptoEP(Porphyrin Products Ing.was grown from a syn-
optimum  substrate — temperatffé, Langmuir—Blodgett thetic quartz Knudsen-type cell at a pressure &fiD 3 Pa
films® or self-ordered films from solution casting with regu- after purifying the material by train sublimatidh. The

lar shaped organic p0|yme?§%o F_ilms With _edge_-on oriented PtOEP crystal was grown onto the air-cleav®0l) surface
molegule§ show a pracucglly .h'gh mob|l|ty,- since the StaCk'of potassium bromidéKBr) at a deposition rate of 0.04 nm/s
ing direction of thew orbital is in-plane with the current

direction of flow from the source-to-drain electroddsor- " less. After evaporation, the PtOEP films were transferred

ganic epitaxy growth on a single-crystal substrate has alsgdescnbed in the inset of Fig 1] to a silicon dioxid&(300

attracted attention because of the potential of electronic aan) (SiQZ)/ a heavily doped sili.con w.afe.(Si) by a we.t-
optoelectronic applications through highly ordered fifhg® transferring method. The deposited thin film on KBr single

Organic light-emitting diodes or photovoltaic devices usingC'yStal put on the Sig¥Si substrate in a precleaned glass
epitaxially grown films have been report&tf-® petri dish with the deposited face toward the upside. Next,

Herein' we report on the preparation of OFETs fromdeionized water was filled in the petri dish up to the level of
2,3,7,8,12,13,17,18-octaethyl-21H,23H-porphyrin  platinu-KBr surface. The PtOEP film was transported on Si€l
m(ll) [PtOEP, inset of Fig. @)] with epitaxially grown films  after complete dissolving of the KBr single crystal. The film
fabricated by a wet-transfer method. The morphology andvas kept in a vacuum oven with dynamic vacuum more than
crystal orientation of the films were investigated by means of h to remove residue water. The evaporation of gold through
atomic force microscopeAFM) and x-ray diffraction(XRD) a shadow mask to form source and drain electrodes on the
analysis. When the film is grown at room temperature, planawet-transferred PtOEP thin films served to complete the
molecules are aligned orthogonally on the crystal surface®FET preparation. This device has a channel length and
along the[110] direction with needle-like grains. The epitax- width of 20 um and 5 mm, respectively. The FET character-
ial growth of PtOEP was expected because the lattice paramstics were measured with KEITHLEY 6430 and 2400
eter 0f(001) plane of PtOEP matches well with that of the source-measurement units in an air atmosphere_

(110 plane for KBr. OFETs were produced using a wet-  QOrganic films were observed by AFM in the contact
transferring method containing an epitaxially grown film. ,q4e The AEM system used in this study was a NanoScope
™ (Digital Instrument, Inc. Santa Barbara, CAnd the
¥Electronic mail: yynoh@Kkijist.ac.kr measurements were performed in air at room temperature. A
b)Pres.ent a_tddress: School qf Materia!s Sc_ience and Engineeripg,_ College §i3N4 cantilever with a spring constant of 0.12 N/m was

Engineering, Seoul National University, San 56-1, Shinrim-Dong, .

Kwanak-Gu, Seoul, 151-744 Korea; electronic mail: jjkim@snu.ac.kr used ata scanning rate of 2—3 Hz. XRD measurements of the
9Electronic mail: k.yase@aist.go.jp evaporated films were performed I8y-260 continuous scans
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FIG. 2. XRD pattern ofa) 100-nm-thick films of PtOEP evaporated on the
(b) (001 cleaved surface of a KBr substratmset: molecular structure of

FIG. 1. AFM image of(a) 100-nm-thick PtOEP films evaporated on the PtOER and(b) 50-nm-thick PtOEP films directly grown on Sj@Si main-
(001 cleaved surface of a KBr substrate affl 50-nm-thick PtOEP fims  tained at room temperaturgnset. schematic illustration of wet-transfer
directly grown by thermal evaporation on Si5i maintained at room tem-  method.
perature. .
ordered crystal structure. The lattice constant, as calculated
using a RU-300 powder diffractometéRigaku Co., Tokyd  from the peaks, was 11.2 A. This lattice constant is almost
with Cu K, radiation. the same as the length of the long axis of this molecule
Figures 1a) and 1b) show AFM images of PtOEP films calculated by theeAcHE program. Therefore, this value indi-
deposited on KBr and SiJJSi substrates, respectively. The cates PtOEP molecules have an edge-on orientation to the
molecules were found to be self-aligned as needle-like cryssurface normal direction since the long period peak and a
tals on single-crystal KBr, and were orthogonally orientedseries of higher-order diffraction peaks were observed
along the[110] directions of KBr. The width and height of clearly. In other words, the stacking direction of the-7
one needle are-90 and~1.5 nm, respectively. The sizes of orbital is parallel to the substrate. Milgroet al. reported on
the needles decrease with increasing the film thickness as thiee crystal structure of PtOEP.However, the lattice spac-
result of strong interactions with neighbor crystals. On theings of PtOEP thin-film crystals on KBr are not consistent
other hand, polycrystalline domains several tens of nanomwith the lattice spacings calculated from single crystals. The
eters in size were formed on the amorphous ,3%) sub- reason for this is assumed to be the difference between or-
strate, as shown in Fig.(d). The grain sizes enlarge with dered thin-film structure and single-crystal structure.
increasing substrate temperature up to a temperature of Figure 2Zb) shows an XRD pattern of the PtOEP film on
150 °C. It was not possible PtOEP molecules to deposit othe SiQ /Si substrate. The location of the peaks is similar to
the SiQ/Si substrate at temperature above 200 °C since ththe XRD data of the PtOEP films deposited on KBr sub-
molecules can also be desorbed from the, %) substrates strates. This indicates that PtOEP molecules were also grown
at these temperatures. with an edge-on orientation, even though the molecule was
To determine the surface normal alignment, XRD mea-deposited on the amorphous substrate at room temperature.
surements of the evaporated films on KBr and Si® were  The intensity of this diffraction peak is smaller than that of
performed. Figure @) shows an XRD pattern of the PtOEP PtOEP films on KBr. Therefore, we conclude that the order-
film grown on the KBr substrate. Two strong peaks wereing and crystallinity of the films on Si©'Si is decreased to
observed at 26.8° and 7.86°. The strongest peak, at 26.88pme extent.
corresponds tq002 of the KBr substrate. The other long Before fabricating PtOEP OFETs from the epitaxy films,
period peak at 7.86° corresponds to the lattice spacing of thi¢ is necessary to verify that the molecular alignment is con-
PtOEP crystals deposited on the KBr substrate. The shargerved after the wet-transferring process, which could lead to

diffraction peak indicates that the deposited layer has a welldeformation of the film. Figure (8) shows an XRD pattern
Downloaded 26 Dec 2007 to 150.69.123.200. Redistribution subject to AIP license or copyright; see http://apl.aip.org/apl/copyright.jsp
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ments to confirm this. The calculateggt for the OFET are
1.4x10°% and 3.6<10 * cn?V~'s ! at the linear and
saturation regions, respectively, &;=-100 V and the
lon/lopr (On/off ratios of source—drain currentvas 1¢
~10°. Device performance is very similar to that for OFETs
fabricated by a wet transferring. This indicates that ghe+
value from the wet-transferred film might not be sufficient to
utilize as an OFET compared with other materials. However,
this may not be the result of the fabrication process, but may
be because of PtOEP itself. PtOEP molecules show a slightly
larger intermolecular gap with 4.3 A te— stacking direc-
tion than other molecule@ot shown. Therefore, we expect
that OFETs with higher mobility can be fabricated from ma-
terials that have superior packing properties such as penta-
cene.

In conclusion, we fabricated OFETs from epitaxy-grown
films on a single-crystal substrate by wet-transferring. The
mobility of hole andl gn/1 e for this device show values
that are similar to those for OFETs from deposited films on

Source-Drain Voltage (V) SiO, /Si. Even though some unconfirmed prob!em migh_t be
FIG. 3. (@ XRD patterns of 100-nm-thick PtOEP films on Si@fter a e_Xpe_Cted’ such as a bad contact, We_ are Certam that this fa_b'
wet-transferring process from KBr substrates maintained at room temperdication method represents a potential candidate for use in

ture. Inset of(a) and(b) show drain current versus drain voltadg4-Vps) further studies of the mobility of highly ordered organic
characteristics at different gate voltages for the FETs from wet-transferregi|mq
and directly grown PtOEP films, respectively. '
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posited on KBr by wet-transferring. The inset of Figaj3
shows a plot of source—drain currehi versus the source—
drain voltage Vo of the wet-transferred PtOEP film for a
p-channel device as various gate voltag¥g)( The field-
effect mobility (uger) of the OFETs can be calculated from
plotting Egs.(1) and (2) for linear and saturation regions,
respectively:®
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