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Fully Printed Organic Thin-Film Transistors ;

Progress and Challenges
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Abstract: In the past decades, owing to their intrinsic advantages of excellent flexibility, solution-processability, tunable
physical and chemical properties, and extensive substrate applicability, organic thin-film transistors (OTFTs) have exhibited
greater potential than conventional silicon-based thin-film transistors in the modern electronic industries including flexible
displays and conformal sensor arrays. OTFTs can highly integrate with various printing techniques by virtue of their solution-
processable characteristic, especially for printing the active layer of OTFTs channel. Starting from the fully printed OTFTs,
this review discusses and summarizes various printing strategies for transistor fabrication, including screen printing, slot-die
printing, gravure printing, inkjet printing, and other printing techniques. Furthermore, printing-compatible ink materials for
different components of transistor are summarized, including the metal nanoparticle ink for printing metallic electrodes, the
crosslinkable polymer ink for printing dielectric layer, and the carbon-based, conjugated small molecule-based, conjugated
polymer-based ink for printing channel layer. In addition, considering the working mode of transistors, this review further
discusses the transistor types available of fully printing fabrication, such as organic field effect transistors, electrolyte-gating
organic field effect transistors, and organic electrochemical transistors. Finally, the challenges and future research direction
on the fully printing of OTFTs and more complex circuits are outlooked.
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Fig. 1 The flow diagram of organic thin-film transistors fabricated via fully printing technique (a) and conventional lithogra-

phy-based micro fabrication technique (b)
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Fig. 2 Several printing strategies for the fabrication of organic thin-film
transistors; (a) screen printing, (b) blade coating, (c) gra-
vure printing, (d) inkjet printing, (e) other printing tech-

niques e. g. , slot-die coating, spray coating
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Table 1 Characteristic parameters of different printing strategies based on the printing organic thin-film transistors

Printing strategies Resolution/ pm Speed/(m « min™") Film thickness/pum Ink viscosity/(mPa - s)
Screen printing 30~50 50~150 5~100 500~ 100 000
Blade coating 50~100 1~10 0.1~5 1~200
Gravure printing 20~75 20~ 1000 0.1~5 1~200
Inkjet printing 0.4~50 1~100 0.3~20 1~40
Slot-die coating 50~100 1~10 0.1~5 1~200
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Fig. 4

Printable ink materials for electrodes, including metallic ink of Au nanoparticles covered with -conjugated Iigands[34], silver

[36]

nanowires ™" , copper nanoparticles[”] , and conducting organic ink of PEDOT : PSSt TTR-TCNQP () printable ink materials for

dielectrics, including DNA complex“ﬂ s PHPS!#! s cYTOp[# 45 , and PVDF-HFP ! (b) ; printable ink materials for OTFTs chan-

Tl 20, 47-49] (281 pcpm !

nels, including semiconducting SWCNTs , semiconducting conjugated small molecules of TIPS-pentacene

C,-BTBT!*) | NDI20D-DTYM2*" | and semiconducting conjugated polymers of P3HT'®2' | DPPT2-TT'**) | BBL'**/(¢)

3.2 ATATNEBEEMIRBFhE

AR IR E SRR Z —, A8M
FL A 20 R AE AT L AE FL 37 B Bl A O 2 0 ) 38 A
BT, WA E HOR 097 A T 2 e R K B, e
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(P 4b) . Liang %" 5@ id 31 58 e SN il 46 1+ /ot 3
= Hiz(OTMA) 5 DNA ME & W1ER AR, BTi%
AT BSOS 23 B R AE R 3 T 0 M2 A PR
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(PED) 145 T LLAEE BRI 0 B H M, XA n BIR
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YrOnE iR (OFETs) | FLR BT I T4 A HLA A4S (EGTs)
A PLRAL - SRR (OECTs) (K 5a) , X T A HLIZRU
AR S, PRI SR L 2 A 2 SRR T
A MR 1 o e, BB B XoF 1) T 2 S AR AT 8O0 B 2,
TR VA A 2 PR S A d )2 Z [ i A R R A
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Fig. 5 Three device types of printed organic thin-film transistors, including organic field-effect transistors ( OFETs) , electrolyte-gated organic tran-

sistors ( EGTs) , and organic electrochemical transistors ( OECTs) (a); intrinsically stretchable EGT array obtained through inkjet printing

technique(b) L4e], fully printed OECTs with green solvent processable DPP-based D-A conjugated polymer channel(c) 821, an printed OECT

and OECT array with PEDOT : PSS channel(d, e) (3]
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Fig. 6 Schematic of the fully printed organic thin-film transistors based on R2R technique
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