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« Development of 3-layer-printed OTFTs

« Different types of printed inverter developed at NRC
» Enhancement-load PMOS inverter

» PMOS inverter (screen printed resistor)
» CMOS inverter

o Stability of printed inverter



Challenges in printing process
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Polymer based transistor backplane is required for

flexible/bendable electronics in the future

Polyera smartwatch using OTFTs  Flexible—> Curved-> Foldable> Bendable

Flexible/curved/foldable display market forecast
2015 to 2025
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Spin coated dielectric and sputtered gate electrode



NRC 3-Layer-Printed Organic Thin Film Transistors (OTFTs)

Inkjet printed layers

» Organic semiconductor
> Dielectric

> Ag top gate electrode

v No spin coating process
v" Printing process in ambient air

Semiconductor Dielectric Ag

Dielectri Semiconductor

Rms=1.2 nm 5 | ~ PET Substrate

3-layer-printed OTFTs




Thin and uniform printed dielectric layer enabled by the

coffee ring effect
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3-layer-printed OTFTs mobility up to ~1 cm?/Vsat 15V

Dielectric thickness~ 250 nm
Max. Processing Temp. 140°C

PET Substrate .
_ Average mobility of 0.86 cm?/V's (variation o~15%) with

3-layer-printed OTFTs on/off ratio of 10° obtained at 15 V.
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Printed PMOS enhancement-load Inverter and relative

logic circuits

Simplest printing process and excellent stability
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Printed logic gates NAND, AND, NOR and OR
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Printed PMOS inverter using screen printed resistor

Screen printed carbon ink for resistor

Printed inverter (Inkjet printed OFET/ Screen printed resistor)
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Development of printed CMOS inverter
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Development of printed CMOS inverter

Difficulties
» Compatible processing condition for

both P and N type materials j " il
» Compatible IV characteristics ~ e <) OV b
> Stability between P and N : ; g SRR
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Development of printed CMOS inverter

Printed CMOS driven at 10Hz (15V, exposed in air)
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> Full-swing output amplitude achieved +%E
» Gain value of 24 obtained 18]+ 80hrs
> Air stability testing without encapsulation
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Summary

> NRC developed printing process for 3-layer-printed OFETs, mobility of 1 cm?/Vs on
PMOS and 0.1 cm?/Vs on NMOS transistors have been achieved.

» Introduced coffee ring effect to achieve thin and uniform dielectric layer by inkjet
printing process.

» Gain value of 24 with a nearly full-swing of output voltage obtained from the printed
CMQOS inverter.

» Demonstrated the air stable printed CMOS without encapsulation
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