2.3 Coatings, Films, and Optical Uses

Cellulose Nanofibril Composite Substrates for
Flexible Electronics

Abstract. Flexible electronics have a large number of
potential applications, including malleable displays and
wearable computers. Current research into high-speed,
flexible electronic substrates uses plastics for the flexible
substrate, but these plastics typically have drawbacks,
such as high thermal expansion coefficients. Transparent
films made from cellulose nanofibrils (CNFs) have low
thermal expansion and therefore the potential to serve
as substrates for flexible electronics. Initial results show
that cellulosic nanomaterials are promising candidates
for electronic substrates, and research into the charac-
terization of these substrates and their interactions with
electronic devices is ongoing [1].
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Introduction. The demand for mobile computing contin-
ues to rise, and more than 1.5 billion mobile devices were
shipped in 2011 [2]. Mobile computing devices have al-
ready had a significant impact on the print media market,
and displacement of printed media by electronic devices is
expected to increase. Flexible electronics especially have
potential applications as displays, solar cells, smart cards,
radio frequency (RF) tags, and medical implants [3].

Recent advances have demonstrated enormous po-
tential for high-speed flexible electronics [3,4]. Research-
ers recently demonstrated the ability to transfer silicon
nanomembranes onto flexible plastic substrates to create
thin-film transistors having a 12 GHz maximum oscilla-
tion frequency [4]. Such speeds suggest a wide range of
potential applications, including RF identification devices
and wearable radios.

Although enhanced transfer and lithography tech-
niques can provide reduced feature sizes, the large ther-
mal expansion coefficients of plastic substrates present a
challenge in terms of dimensional stability and thus for
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Figure 1. Photograph of electronic device on a CNF substrate.

the long-term, practical performance of high-speed flex-
ible electronics. Cellulose nanofibril composites offer
good mechanical properties and low thermal expansion
[5-7] and have the potential to serve as substrates for
flexible electronics. Researchers have previously dem-
onstrated the use of cellulose nanofibril composites as
substrates for low-speed flexible displays [7]. However,
these devices rely on the deposition of organic light-emit-
ting diodes onto flexible substrates, resulting in devices
with severe performance limitations. This work demon-
strates the potential of CNF composites as a substrate for
flexible electronics for high-speed applications.

Methodology. Cellulose nanofibrils prepared from wood
pulp by multiple methods have been used to make sub-
strates for flexible electronics, although the characteris-
tics of these different types of nanofibrils have yet to be
explored. Films are prepared either by casting or by pres-
surized filtration of CNF suspensions, and cast films have
been found to result in much smoother surfaces, which is
desirable for transfer of silicon nanomembranes.

Cellulose nanofibril-epoxy composites were created
by laminating CNF films with a bisphenol A-based epoxy
resin system. The epoxy was coated onto the CNF film,
and the epoxy was cured under heat and pressure. In some
cases, mirror-polished plates were used to yield smooth
surfaces.

The fabrication of thin-film transistors using silicon
nanomembranes (SiNM) on flexible substrates has been
previously described [8], and the process used for this
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Figure 2. Schematic and micrograph of the final TFT device. S:
source; G: gate; D: drain.

study is summarized here. Nanomembrane strips were
first prepared from commercially available silicon-on-
insulator wafer substrates. The source and drain contacts
were then created on the nanomembranes before de-
position to the CNF composite substrate. The substrate
was cleaned prior to transferring the nanomembranes,
and UV-curing epoxies were used to attach them to the
substrate. The device was isolated by dry plasma etching
with SFs. The gate stack was formed by e-beam evapo-
ration followed by an acetone washing lift-off process
and consisted of 130 nm of amorphous silicon monoxide
(Si0), 5 nm of Ti, and 170 nm of Au. Finally, the source
and drain metal contacts were created.

Results. A photo of an electronic device on a CNF sub-
strate is shown in Fig. 1. A schematic and micrograph
of a thin-film transistor on a CNF substrate are shown
in Fig. 2. The direct current (DC) characteristics of the
transistor were tested and found to operate as expected
[1]. Research is ongoing to evaluate the performance of
the electronic devices and to determine how they interact
with the cellulose substrates.

Conclusions. The first example of using cellulose nanofi-
bril composite substrates for flexible electronics made by
transferring silicon nanomembranes was demonstrated
by fabricating and testing a working thin-film transistor.
The cellulose nanofibril composite showed good chemi-
cal and thermal resistance, which is necessary for elec-
tronic fabrication. A number of challenges and uncertain-
ties remain to be resolved. However, the use of cellulose
nanofibrils as a sustainable component for high-speed
flexible electronics is extremely promising.
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