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ABSTRACT

This paper investigates the effect of gate dielectric structures on the low-voltage operation of solution-processed Diketo-
pyrrolopyrrole-thienothiophene copolymer (DPP-DTT) organic thin-film transistors. Devices were fabricated using 300 nm SiOx,
100 nm SiO;, and 32 nm ALOs gate dielectrics. ODTS and ODPA self-assembled monolayers were introduced on the SiO. and
ALO;s surfaces, respectively, to improve the semiconductor/dielectric interface. The device with 300 nm SiO: operated at 100 V,
showing an on/off current ratio of 1.93x10° and a mobility of 0.54 cm?* V™' s7'. Reducing the SiO. thickness to 100 nm lowered
the operating voltage to 50 V and increased the mobility to 1.4 cm? V™' s7'. Notably, the 32 nm ALOs-based device operated
at only 5 V with an on/off ratio of 1.86x10. These results demonstrate that gate dielectric engineering is effective for low-power
organic thin-film transistors.
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Fig. 1. Device design of DPP-DTT thin-film transistors for low-voltage operation. (a) Schematic device structures.
(b) Chemical structures of DPP-DTT, SiO., and ALOs. (c) Energy-level diagram.
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Fig. 2. Transfer and gate leakage characteristics of DPP-DTT TFTs with different gate dielectrics. (a—) Transfer curves of

devices with SiO; 300 nm, SiO: 100 nm, and ALOs 32 nm dielectrics. (d—f) Corresponding gate leakage currents.
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Fig. 3. Output characteristics of DPP-DTT TFTs with different gate dielectrics. (a) SiO. 300 nm, (b) SiO. 100

nm, and (c) ALOs 32 nm.
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DPP-DTT: Diketopyrrolopyrrole-dithienothiophene-
based conjugated polymer

TFT: Thin-film transistor

SAM: Self-assembled monolayer

ODTS: Octadecyltrichlorosilane

ODPA: Octadecylphosphonic acid

PEALD: Plasma-enhanced atomic layer deposition

Vin: Threshold voltage

Ves: Gate-source voltage

Vps: Drain-source voltage

Ips: Drain-source current

Is: Gate current

Low/lyy: On/off current ratio

u: Field-effect mobility

C: Capacitance
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