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Study on ambipolar OFET with DPP based polymer semiconductor

Gyu Bok Yoon

Dept. of Graphic Arts Engineering, Graduate school,

Pukyong National University

Abstract

Organic Field-Effect Transistors (OFETs) are expected to be used as a critical component
of flexible electronics due to their low—cost solution—processibility and mechanical flexibility
of organic semiconductors. In particular, there have been lots of interests on the OFETSs
fabricated with ambipolar semiconductors, that have both p-type and n-type properties in
single active layer because of their advantages that potentially allow easy fabrication of light-
emitting transistors or inverting logic circuits. A promising class of organic materials for such
ambipolar characteristics is based on diketopyrrolopyrrole (DPP)-containing copolymers, that
consist of DPP-acceptor and a large variety of donor blocks and exhibit a high mobility up to
>10 cm?/Vs, as has been reported by several groups.

In the thesis, we have fabricated OFETs using diketopyrrolopyrrole (DPP)-containing
polymer semiconductors, which are known to have ambipolar properties, as active layers. The
DPP polymer semiconductors used in this study were based on 3,6-di-2-thienyl-1,4-
diketopyrrolo[3,4-clpyrrole (T-DPP-T) alternating with intermediate 1,4-phenylene units
(PDPPTPT), 2,5-thienylene units (PDPP3T), and thieno[3,2-b]thiophenes units (PDPP2T-TT).
First, we examined the effects of the vacuum annealing on the ambipolar characteristics of the

DPP based polymer semiconductor FETs with BG/TC structure. Next, we have analyzed on

-V -



morphology and crystallinity of DPP based polymer semiconductor films and then fabricated
ambipolar OFET with TG/BC structure. After the electrical characteristics measurements on
the DPP based ambipolar OFETSs, the activation energy and the density of state (DOS) were
obtained by low—-temperature experiment. Finally, we have investigated the effects of donor
block in DPP based polymers on the charge transfer characteristics by applying the low-

temperature experimental results to the Gaussian Disorder Model (GDM).
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Figure 1. Structures of OFET
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Figure 2. sp? hybridization orbital of carbon atoms
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Y. Spin-coating

Figure 10. Spin coating process
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T}. Thermal evaporation
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Figure 13. Thermal evaporator in our lab.
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t}. X-Ray Diffraction (XRD)'® "
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source/drain electrodes (with channel width / length = 1 mm / 100 pm) (c) Schematic device
structure of ambipolar OFETs
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Figure 19. (a) Transfer curve and (b) Output curve of PDPP3T
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Figure 22. Schematic device structure of ambipolar OFETs
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Figure 23. Thickness of PMMA that speed is (a) 2000 rpm (b) 3000rpm and (c) 4000 rpm
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Figure 24. AFM images of (a, b) PDPPTPT (c, d) PDPP3T and (e, f) PDPP2T-TT
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Figure 25. Crystalline characteristics of the DPP based polymer films : 1D X-ray diffraction patterns
obtained from (a) in-plane and (b) out of plane directions of the corresponding 2D-GIXRD patterns

and 2D-GIXRD pattern for (c) PDPPTPT (d) PDPP3T and (e) PDPP2T-TT
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Figure 26. (a) Transfer curve and (b) Output curve of PDPPTPT
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Figure 30. Arrhenius plot, p-channel linear mobility of (a) PDPPTPT (b) PDPP3T and (c) PDPP2T-TT
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Table 1. Summary of key parameters for Density of State (DOS)

N (#/cm?3) o (meV)
PDPPTPT 8.24 x 108 443
PDPP3T 221 x 108 37.6
PDPP2T-TT 2.16 x 108 349
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Figure 31. Density of State (DOS) profile of DPP based polymer semiconductors
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Table 2. Extracted GDM parameters for DPP based molecules

Ve (V) PDPPTPT PDPP3T PDPP2T-TT
Lo (€cm?/Vs) o (meV) o (€cm?/Vs) o (meV) Lo (€cm?/Vs) o (meV)
-10 0.015 46.07 1.243 60.56 2.391 57.97
-20 0.045 42.79 0.494 46.82 0.806 44 31
-30 0.083 40.66 0.271 38.88 0.384 35.90
-40 0.141 40.33 0.205 34.57 0.267 31.62
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Figure 32. Fitting the temperature-dependent mobility data to Gaussian Disorder Model (GDM)
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