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Abstract 
New value-added, intelligent products with novel functionalities, 
e.g., sensors and simple displays have recently received much 
attention in the research community. For these types of products to 
come into everyday use, devices with reasonable electrical 
performance and negligible production cost are required. One way 
to reduce the manufacturing cost is to fabricate the electronics on 
inexpensive paper substrates by using roll-to-roll techniques 
(“Paper Electronics”), as an alternative to conventional 
electronics manufactured with batch processes on glass or polymer 
film substrates. The current work discusses printing of electronics 
on paper and demonstrates, as a proof-of-concept, a hygroscopic 
insulator field effect transistor device (HIFET) printed on paper 
with a custom-built roll-to-roll hybrid printer.  

 

Introduction 
The authors have previously developed a multilayer-coated, paper-
based substrate that is suitable for printed electronics and 
functionality [1,2]. In this multilayer structure, shown in Figure 1, 
a thin top-coating consisting of mineral pigments is coated on top 
of a dispersion-coated barrier layer. The top-coating provides well-
controlled sorption properties through controlled thickness and 
porosity, thus enabling optimizing the printability of functional 
materials. The penetration of ink solvents and functional materials 
stops at the barrier layer, which not only improves the performance 
of the functional material but also eliminates potential fiber 
swelling and de-bonding that can occur when the solvents are 
allowed to penetrate into the base paper [3]. The multi-layer coated 
paper under consideration in the current work consists of a pre-
coating and a smoothing layer on which the barrier layer is 
deposited. The top layer is thin and smooth (coat weight 0.5–
5 g/m², layer thickness 0.3–6 μm, RMS surface roughness 55-75 
nm) consisting of mineral pigments such as kaolin, precipitated 
calcium carbonate (PCC), silica or blends of these. All the 
materials in the coating structure have been chosen in order to 
maintain the recyclability and sustainability of the substrate. The 
substrate can be coated in steps, layer by layer, using conventional 
coating techniques such as blade, rod or reverse gravure coating. 
However, for industrial scale manufacturing, curtain coating 
appears to be a promising method since all the layers can be coated 
at the same time [4].  
 

 

Materials and Methods 
The details of the multi-layer coated paper-based substrates that 
were used in the current work are reported elsewhere [4]. The main 
difference of the substrates is the thickness and the formulation of 
the top-coating, which controls the printability of the functional 
inks. 

For printing of source and drain electrodes, two commercial 
conductive inks were used; Suntronic 5603 Ag nano particle inkjet 
silver ink, and Creative Materials 125-06 micron size particle 
flexography silver ink. Regioregular poly(3-hexylthiophene) 
(P3HT) dissolved in ortho-dichlorobenzene (DCB) was used as the 
semiconductor and poly(4-vinylphenol) (PVP) in ethylene glycol 
as insulator. Pedot:PSS (H.C. Starck) organic conductive polymer 
was used for the gate electrode. 

Transistors were printed either as a batch process or with a 
custom-built roll-to-roll hybrid printer. In batch processing the 
source and drain electrodes were inkjet-printed with a drop-on-
demand Dimatix Materials Printer (DMP-2800, Dimatix-Fujifilm 
Inc.), the semiconductor and insulator layers were spin-coated, and 
the gate was drop-cast. In roll-to-roll processing the printing speed 
was 10 m/min, the web width 100 mm and four 500 W infrared 
sintering units were mounted online. The source and drain 
electrodes were printed with flexography using an ASAHI DSH® 
(Shore A 69°) photopolymer printing plate with a ceramic anilox 
cylinder (Cheshire Engraving Cervices Ltd., cell angle 60°, line 
density 120 lines/cm, cell volume of 12 cm3/m2). A custom-built 

Figure 1. Cross-section SEM image showing the layer structure of the paper 
substrate: top-coating, barrier layer, smoothing layer, pre-coating and 
basepaper.
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