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Motivation: Printed Electronics

m Printed electronic devices and circuits for the Internet-of-Things:
interactive, secure, smart documents / packaging / product authentification




Key challenge addressed in FOXIP

= How to print inorganic oxides (semiconductor, conductor and dielectric)
without applying high temperature sintering,

on temperature sensitive flexible substrates like polymers and paper?
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Metal-Oxide Thin Film Transistor (TFT)

as driving, logic or sensing element

Source, drain & gate:
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— metal inks

— transparent conductors (TCOs)

\_— graphene
/Semiconductor:
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/Semiconductor:

Aim max. channel
mobility >10 cm?2/Vs

— In-Zn-0O
— Zn-Sn-0O
— In-Ga-Zn-0O




DUV-enhanced curing for solution-processed 1ZO semiconductor
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Excimer curing for reduced annealing temperatures
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Dielectric:
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Printed oxide dielectric
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Ink-jet printed YAIOx dielectric obtained by DUV annealing with maximum process temperature 150 °C

Bolat et. al, Adv. Electron Mater. (2019) 1800843



Printed TFT.... with synaptic function!
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Source, drain & gate:

— metal inks
— transparent conductors (TCOs)

\— Graphene, MXene&
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Printed ITO transparent security systems

Y

iy | _QEmpa

- nology Materials Science and Technology
{:

PX ' OEmpa

llogy Matenafs Science and Technology

|nk‘jet printed ITO ink After drying @ 250°C + phOtOhiC curing on flexible polyimide foil

e
////////////////////////////////// hde

Gilshtein et al., Adv. Mater. Technol. 5, 2000369 (2020)

12



Additive-free inks of 2D materials = “vdW inks”
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S. Abdolhosseinzadeh et al. Adv. Mater. 2103660 (2021)



Dry-only Graphene conductive ink

S. Abdolhosseinzadeh et al. Adv. Mater. 2103660 (2021)

"Homogeneous Emulsion and Suspensions of 2-Dimensional Materials”
European Patent Application, EP3848420A1
International application number WO2021/140139A1
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Printed devices from 2D material inks
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Examples of printed TFTs
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Conclusions

m Printing of electronic oxide inks is possible: ink-jet, aerosol-jet — linewidth ~50 um
m Photonic curing (UV lamp, FLA, excimer) enables electronic oxides at 150...200°C but not lower

m High-performance oxide TFTs realized on Si, glass, Pl and PEI foils but not paper / PET
(TFTs based on 2D materials, organics or electrolyte gates are feasible)

m Several results not foreseen in the intial plan:
m flash sintering of refractive ceramics (ITO, Al,O3)
m synaptic transistors with printed oxide dielectrics
m self-confinement printing using pre-patterned polymers
m additive-free dry-only vdW inks of 2D materials (graphene, MXenes)



Outputs

m 3 demonstrators

m 17 Publications
(x2 Adv Mater
x1 Adv Electron Mater
x2 Adv Mater Techs
x2 Sci Reps, and others)

m 2 patent applications
m enabled 3 new projects

m 3 PhD theses defended
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and Coating of 2D Materials

Sina Abdolhosseinzadeh, Chuanfang (John) Zhang, René Schneider,
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Processing 2D materials into printable or coatable inks for the fabrication processed into a printable or coatable

(or solvent mixture) which can be further

of functional devices has proven to be quite difficult. Additives are often ink. The behavior of these suspensions is
used in large concentrations to address the processing challenges, but they often described by the Derjaguin-Landau-—

drastically degrade the electronic properties of the materials. To remove the
additives a high-temperature post-deposition treatment can be used, but this

Verwey-Overbeck (DLVO) theory®l which
implies that the concentration of the
nanosheets in the suspensions has an

complicates the fabrication process and limits the choice of materials (i.e., no upper limit above which the suspension
heat-sensitive materials). In this work, by exploiting the unique properties of becomes unstable Nevertheless, high-

18



FOXIP team

Empa-TFPV

Sami Bolat
Evgeniia Gilshtein
Yaroslav Romanyuk

Empa-FP
Sina Abdolhosseinzadeh
Jakob Heier

EPFL-LMTS
Alessio Mancinelli
Jaemin Kim
Danick Briand

PSI-LMN

Barbara Horvath
Barbora Krivova
Konrad Vogelsang
Helmut Schift

¢ . N Strategic Focus Area
“&* Advanced Manufacturing 19



	FOXIP - Functional Oxides Printed on Polymers and Paper
	Motivation: Printed Electronics
	Key challenge addressed in FOXIP
	Metal-Oxide Thin Film Transistor (TFT)�as driving, logic or sensing element
	Metal-Oxide Thin Film Transistor (TFT)�as driving, logic or sensing element
	DUV-enhanced curing for solution-processed IZO semiconductor  
	Excimer curing for reduced annealing temperatures
	Metal-Oxide Thin Film Transistor (TFT)�as driving, logic or sensing element
	Printed oxide dielectric
	Foliennummer 10
	Metal-Oxide Thin Film Transistor (TFT)�as driving, logic or sensing element
	Foliennummer 12
	Foliennummer 13
	Foliennummer 14
	Foliennummer 15
	Examples of printed TFTs
	Conclusions
	Outputs
	FOXIP team��Empa-TFPV�Sami Bolat�Evgeniia Gilshtein�Yaroslav Romanyuk��Empa-FP�Sina Abdolhosseinzadeh�Jakob Heier ��EPFL-LMTS�Alessio Mancinelli�Jaemin Kim�Danick Briand��PSI-LMN�Barbara Horváth�Barbora Křivová�Konrad Vogelsang �Helmut Schift�

