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Abstract  The formation and processing of organic insulators on the device performance have been studied in
the fabrication of organic thin film transistors (OTFTs). The series of polyvinyls, poly-4-vinyl phenol(PVP) and
polyvinyitoluene (PVT), were used as solutes and propvlene glvcol monomethyl ether acetatePGMEA) as a
solvent in the formation of organic insulators. The cross-linking of organic insulators was also attermpted by
adding the thermosetting material, poly (melamine-co-formaldehyde) as a hardener in the compound. The
electrical characteristics measured in the metal-insulator-metal (MIM) structures showed that insulating
properties of PVP layers were generally superior to those of PVT layers. Among the layers of PVP series:
PYP{10 wt%) copolymer, 5 wit% cross-linked PVP (10 wt3), PVP(20 wt%) copolymer, 5 wt% cross-linked PVP (20
wt%) and 10 wt% crosslinked PVP(20 wt%), the 10 wt% cross-linked PVP(20 wt3) layer showed the lowest
leakage current characteristics. Finally, inverted staggered OTFTs using the PVP(20 wt%) copolymer, 5 wt%
cross-linked PVP (20 wt%) and 10 wi%s cross-linked PVP(20 wt%) as gate insulators were fabricated on the
polyether sulphone (PES) substrates. In our experiments, we could obtain the maximum field effect mobility
of 0.31 em®Vs in the device from 5 wt% cross-linked PVP (20 wt%) and the highest on/off current ratio of 1.92
»:10% in the device from 10wt% crosslinked PVP (20 wtd%).

Keywords OTFT, organic gate insulator, PVP, field effect mobility, on/off current ratio.
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Fig. 1. Structures of some molecules used in the experiments.
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Table 1. Process specifications for organic insulating layers

Processes Copolymers Cross-linked polymers
solute/solvent materials (PVP,PVT)/PGMEA (PVPPVT)Y/PGMEA
hardener - poly(melamine-co-formaldehyde)
solute/solvent: wt% 10, 20 10, 20
hardener/solvent: wt% - 5, 10
two step spin coating 500rpm, Ssec - 3000 rpm, 30 sec 500rpm, Ssec - 3000 rpm, 30 sec
curing'? 100°C, 30 min 100°C, 10 min - 200°C, 5 min

ST 99.999%)2 AAE HeRlS 1000 A FA 0 7000 A 2 7500 A E YERT)

2 AF 52390 Fig. 2= A2 inverted staggered

OTFT®| (a) & F29} (b) A8 AHE BoJFaL 8l 3. 43 9 jE

o} EAR2E O] A= A5 AR Z(interdigi-

tated) %LZ 7, WiLERE FAd Aol 100: 1 PGMEA 47 PVP9} PVT §-2-2 10 wt%= LFERI
2 AADJEE Z; 10" um, A Zol; 10°um). Al copolymers®} ©1E°] poly(melamine-co-formaldehyde)S
°oJE Zé%‘l.@l 7= PVP(Q20 wt%) copolymer®} 5Swt%  5wt% H7F3F cross-linked 7] FAutE2e] AFAYG &
2 10 wt% cross-linked PVP2] 735-oll4 ztzk 5000 A, AL Fig. 39 et} Fig. 3914 PVP 7] A4

- 1000A

PES Substrate

(a) (b)

Fig. 2. Structures of the fabricated OTFT. (a) cross sectional view and (b) real image.
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Fig. 3. Current-voltage characteristics of MIM structures. (a) PVP(10 wt%) copolymer, (b) PVP(10 wt%) copolymer + 5 wt%
poly(melamine-co-formaldehyde); 5 wt% cross-linked PVP(10 wt%), (¢) PVT(10 wt%) copolymer and (d) PVT(10 wt%)
copolymer + 5 wt% poly(melamine-co-formaldehyde); 5 wt% cross-linked PVT(10 wt%)
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Fig. 4. AFM micrographs of (a) PVP copolymer, (b) PVT copolymer and (c) 10 wt% cross-linked PVP(20 wt%).
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Fig. 5. Current-voltage characteristics of (a) PVP(20 wt%) copolymer, (b) 5 wt% cross-linked PVP(20 wt%) and (c¢) 10 wt% cross-

linked PVP(20 wt%).
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Fig. 6. Output characteristics of the fabricated OTFTs. with gate dielectrics from (a) PVP(20 wt%) copolymer, (b) 5 wt% cross-

linked PVP(20 wt%) and (c) 10 wt% cross-linked PVP(20 wt%).
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Fig. 7. Transfer characteristics of the devices shown in the Fig. 6. (a) PVP(20 wt%) copolymer, (b) 5 wt% cross-linked

PVP(20 wt%) and (c) 10 wt% cross-linked PVP(20 wt%)).

Table 2. Electrical characteristics of the fabricated OTFTs

Values
Parameters PVP(20 wt%) 5 wt% cross-linked 10 wt% cross-linked Units
copolymer PVP(20 wt%) PVP(20 wt%)

mobility (1) 0.19 0.31 0.22 em*/Vs
on/off ratio (Loyor) 1.87x10* 2.58%10°* 1.92%x10° -
threshold voltage (V1) -6 -3 2 v
gate capacitance (C,) 2.21 1.91 1.76 nF/em?
Mot Vg slope 1.48%10° 1.73x10* 1.39x 10 VANV
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