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Comparison of Physical and Chemical Doping Efficiency and Charge Transport
Characteristics between Semi—crystalline and Amorphous Polymer Semiconductors

Seung Hoon Oh

Department of Nanotechnology Fusion Optoelectronic Systems Engineering,

The Graduate School, Pukyong National University

Abstract

OFET has made great progress in the last 40 years since it was first introduced in 1983 by
F. Ebisawa of NHK Research in Japan. In particular, recently reported Diketopyrrolopyrrole
(DPP) based amorphous Donor—Acceptor type polymer semiconductors have a field effect
mobility of above 10 cm?V '*"! when it used as an active layer of OFET. However, there are
major technologies that required to develop the performance of OFETs. The most
fundamental and important technology is the doping techniques of organic semiconductors. In
conventional semiconductor technology, doping refers to the intentional introduction of
impurity or dopant into the intrinsic semiconductor or semiconductor thin film. By inserting
such impurities, the physical properties of the semiconductor can be intentionally modified,
thereby controlling the behavior of the charges in the semiconductor and the electrical

conductivity of the intrinsic material.

In this thesis, the electrical properties of high crystallined Poly(2,5—bis(3—
tetradecylthiophen—2yl) thieno (3,2—b) thiophene) @ (PBTTT—-C14) and Poly[2,5—(2—

octyldodecyl) —3,6—diketopyrrolopyrrole—alt—5,5— (2,5—di (thien—2—yl) thieno [3,2—
-V -



b]thiophene)] (PDPP2T-TT-0D), a DPP—-based DA copolymer with relatively low
crystallinity were examined according to chemical doping method using ion—gel composed of
ionic liquid and polymer and physical doping using F4—TCNQ via vapor phase doping. For
this purpose, each semiconducting polymer was dissolved in a solvent to form a thin film
through spin coating, and then the electrochemical transistor with 1—Ethyl-3—
methylimidazolium bis (trifluoromethylsulfonyl) imide ([EMI] [TFSA])—based ion—gel and
OFETs employing F4—TCNQ molecule doped semiconducting films as an active channel were
fabricated. The electrical properties of the transistor devices according to the type of
polymer semiconductor and each doping method were analyzed. As a result, PDPP2T—-TT-—
OD showed higher doping efficiency in chemical doping using ion—gel, and PBTTT-C14

showed higher doping efficiency in physical doping using F4—TCNQ.
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1. Organic Field—Effect Transistor
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2. Organic Semiconductor Materials
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Figure 3. CHEXQ |7| DEX} HEN =



3. Doping in Conjugated Polymer
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Z}. PMMA
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Figure 11. Molecular structure of Poly(metyl methacrylate) (PMMA)
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Y. Spin—coating & Annealing
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t}. Physical Doping
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Figure 15. Thermal Evaporator
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2}. Chemical Doping
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7}. Vacuum Probe Station
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Figure 16. (a) Vacuum Probe Station. (b) Keithly 2365 source meter. (c) Keithly 236

source-measure unit.
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Y. UV—Visible Spectroscopy
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Figure 17. UV-Visible Spectroscopy
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IV. 43843

1. Chemical Doping with Electrolyte
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2. Physical Doping with F4—TCNQ Molecular
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Y. Low temperature experiment
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t}. UV—Visible Spectroscopy
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Figure 26. UV-Visible spectroscopic data of PDPP2T-TT-OD
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