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Low-Voltage Operating N-type Organic Field-Effect Transistors by Charge Injection
Engineering of Polymer Semiconductors and Bi-Layered Gate Dielectrics
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Abdgract: Herein, we report the fabrication of low-voltage N-type organic field-effect transistors by using high capacitance
fluorinated polymer gate dielectrics such as P(VDF-TrFE), P(VDF-TrFE-CTFE), and P(VDF-TrFE-CFE). Electron-
withdrawing functional groups in PVDF-based polymers typically cause the depletion of negative charge carriers and a
high contact resistance in N-channel organic semiconductors. Therefore, we incorporated intermediate layers of a low-k
polymerto prevent the formation of a direct interface between PVDF-based gate insulators and the semiconducting active
layer. Consequently, electron depletion is inhibited, and the high charge resistance between the semiconductor and
source/drain electrodes is remarkably improved by the in corporation of solution-processed charge injection layers.
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Fig. 1. (@) Top-gate/lbottom-contact OFET device structure. Molecular

structures of (b) P(NDI20OD-T2) N-type polymer semiconductor, and
(c) various PVDF-based polymer di€lectrics.
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Table 1. Capacitance per unit area of various bi-layered
polymeric gate dielectrics with PS and PVDF-based polymer

dielectrics. [Unit: nF/cm?]
PVDF PSP PS/P(VDF- PS/P(VDF-
concentration  (VDF-TrFE)  TrFE-CTFE) TrFE-CFE)
30 mg/mL 221 35.8 34.9
15 mg/mL 63.4 95.4 106.6
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2.2 Polymer semiconductor and gate dielectric
layer deposition
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2.3 Characterization of OFET devices
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Fig. 2. (ac) Transfer and (d-f) output characteristics of P(NDI20D-T2) OFETs with high capacitance bi-layered polymeric gate
dielectrics; (a,d) PS/P(VDF-TIFE), (b,e) PSP(VDF-TrFE-CTFE), (c,f) PS/P(VDF-TrFE-CFE).
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Table 2. Fundamental device parameters of low-voltage operating N-type OFETS.

Classification Saturation mobility

Subthreshold slope

Threshold voltage Contact resistance

(cm?IVs) (V/dec) v) (Q-cm)

No-CIL treatment s
0.1+0.02 0.96+0.23 9.02+1.2 3.35x10

P(VDF-Tr-FE)

No-CIL treatment s
0.12+0.03 1.4+0.32 8.52+0.97 1.41x10

P(VDF-Tr-FE-CTFE)

No-CIL treatment .
0.18+0.02 1.00+0.2 9.22+0.8 3.86x10

P(VDF-Tr-FE-CFE)

CIL treatment R
0.16+0.03 1.45+0.64 1.2+0.18 1.57x10

P(VDF-Tr-FE)

CIL treatment 5
0.24+0.1 0.83+0.31 0.9+0.1 3.5x10

P(VDF-Tr-FE-CTFE)

CIL treatment 6
0.37+0.08 0.82+0.6 1.23+0.21 2.13x10

P(VDF-TrFE-CFE)
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