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< Introduction >
7

Organic field-effect transistors (OFETS) have been extensively
studied for use in applications that require large-area devices, such as
artificial skin and sensors. In general, large drain currents are essential
to ensure high sensing ability and high responsivity in these
applications. Previously, we found that a silver layer deposited by
evaporation and then oxidized to form AgO, exhibited a high WF
(depending on the oxidation conditions). Moreover, we demonstrated
an increase in the drain current (/p) of pentacene-FETs by oxidizing
the surface of S-D silver electrodes. We hypothesize that oxidizing
layers can potentially promote hole injection from a metal contact into
an organic semiconductor when they are placed between these two Fig. 1. Schematic diagrams of the devices prepared for
components. However, the effect produced by the insertion of an evaluation of the BC-OFET structure containing Ag
oxidizing layer on the magnitude of /p has not yet been examined for nano-ink S-D electrodes and DPA organic semiconductor.
OFETs containing an organic semiconductor with a larger ionization
potential (IP) than pentacene. Therefore, in this study, we fabricated
BC-OFETs containing an active layer with a large IP and subjected the
silver electrode to oxidative conditions.

< Methods/Results/Conclusion >

BC-OFETs containing S-D electrodes oxidized for various time
were fabricated by vacuum evaporation on heavily doped n-type Si
wafers with a 300-nm SiO; gate dielectric layer. The fabricated OFETSs
had a gate electrode/n-type Si wafer/SiO,/Cr adhesive layer (5 nm)/S—
D electrode/organic active layer (70 nm) structure (Fig. 1).

Figure 2 shows the transfer characteristics of DPA-FETs with Ag or
AgO, S-D electrodes for different oxidation times. Without the
oxidative treatment, the OFET with Ag electrodes showed low currents
and poor transfer characteristics. Furthermore, the OFET could not be
made operational, even by employing a high gate—source voltage (VGs)
region of approximately —80 V; this suggests that hole injection from
the Ag electrode to the DPA layer was not significant due to the high
injection barrier at the interface. However, the highest current of Ip =
—578 uA was observed for an oxidation time of 600 s. The mobility
also increased with increasing oxidation time; the OFET with a AgOx Fig. 2 Transfer characteristics at Vos = —50 V of the DPA-FETs
layer oxidized for 600 s showed a mobility of ~1.1 cm? (VS). with AgO, layers fabricated by oxidizing the S-D electrodes for

Therefore, this result clearly indicates that hole injection was different lengths of time.
enhanced by oxidation of the Ag electrode surface.
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Available Facilities and Equipment ‘

Vacuum evaporator (ALS Tech., E-90, E80 etc.) C-V characteristic measurement system (NF, ZM2371 etc.)
Vacuum prober system with a thermal control (ALS Tech, VPS2-10) Semiconductor parametric analyzer (Agilent, E5263A)
Microfigure Measuring Instrument (Kosaka Lab., SURFCORDER, ET200) Displacement current measurement system (KEITHLEY, 6485 etc.)
Photoemission yield spectroscopy (Sumitomo Heavy Industries, PYS-202) Spin coater (MIKASA, 1H-360S)

Scanning probe microscope (Shimadzu, SPM-9500 J2) Solar simulator (ASAHI SPECTRA, HAL-100)
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