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Bioelectronic devices work at the interfaces of biology and elec-
tronics. One of the most important targets of bioelectronics is to
real-time monitor electrophysiological signals and metabolite of
biofluids, including sweat, tear, saliva, interstitial fluid, etc. [1].
These biosensors have contributed to a large part of the market
in healthcare industry and their value is estimated to be US$13 bil-
lion annually [2]. Driven by the promise of the huge market,
researchers specially concentrate on noninvasive metabolite mon-
itoring devices, which can constantly monitor users’ metabolic sta-
tus and provide an important basis for the prevention and
treatment of certain diseases, such as diabetes, without any injury
to human body.

The flourishment of bioelectronics also brings many challenges,
among which the issue of energy supply is particularly critical. An
integrated bioelectronic device contains at least a biosensor, a
power source, and a signal transmission unit. The existence of
the power source, usually a commercial battery, enlarges the vol-
ume of the device, limits mechanical flexibility and increases diffi-
culty of encapsulation. Moreover, limited energy supply means a
trade-off between energy consumption and data quality, and the
device should maintain at low power consumption during contin-
uous, prolonged monitoring [1]. Especially for implantable elec-
tronic devices that require long-term operation, the extra power
source greatly limits comfort of users and service life of devices,
and multiple surgeries are even required to replace the battery.
Therefore, the power supply issue hinders the practical application
of bioelectronic devices significantly.

The past two decades have witnessed the tremendous
advances in conjugated polymers. Their good solution process-
ability and high mechanical flexibility endow them with unique
features in various optoelectronic applications, such as organic
field-effect transistors (OFETs) [3] and organic photovoltaics
(OPVs) [4]. Besides, the instinct characteristics of polymers,
including soft, stretchable, and mechanically comfortable, make
them proper candidates for bioelectronic devices [5]. Recently, a
new feature of conjugated polymers–mixed ionic-electronic con-
ducting, is attracting increasing attentions, since this feature
enables conjugated polymers with new applications, including
low-amplitude electrophysiological signal amplification, energy
conversion/storage, and neuromorphic computing [6]. Organic
electrochemical transistor (OECT) is an electronic device that
takes the advantage of the mixed ionic–electronic conducting
property of conjugated polymers. An OECT is similar to an OFET
in device structure, but it utilizes the ionic signals as the gate
input to modulate the conductance of the conjugated polymer
in the channel. OECTs can be operated in aqueous environment
and have exhibited superior performances over other types of
materials (e.g., graphene) in the amplification of biologically
related weak signals [7]. Several types of materials for OECTs
were developed, including p-type and n-type polymers [8,9].
Some p-type polymers based on polythiophene exhibited better
performance than the conventional OECT material poly(3,4-
ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT:PSS). N-
type OECT polymers based on naphthalene diimide (NDI) were
also developed, though their device performances still need fur-
ther improvement. The prosperous OECT materials provide enor-
mous possibilities for applications in bioelectronics.

Recently, a biofuel powered glucose sensor based on an n-type
conjugated polymer was developed by Inal and co-workers [2]. The
channel and gate electrode of the glucose sensor (based on OECT)
(Fig. 1b) and the anode of the enzymatic biofuel cell (EFC) all com-
prise the n-type polymer, namely NDI-T2 (P-90) (Fig. 1a). P-90 is a
typical donor–acceptor polymer, consisting of an alternating NDI
acceptor, bithiophene (T2) donor, and randomly distributed
branched alkyl and linear ethylene glycol side chains. The ratio of
ethylene glycol to alkyl side chains in the polymer was optimized
to 90:10 in their previous study [10], which enables adequate
swelling of the polymer and optimal ionic and electron transport
properties in aqueous environment. With only glucose oxidase
(Gox) coupled on the NDI-T2 (P-90) and no other mediators, the
miniaturized glucose sensor showed a reversible detection range
of six orders of magnitude (10 nmol L�1–20 mmol L�1). Composed
of a Gox coated NDI-T2 (P-90) anode and a polymeric cathode, the
biofuel cell can convert the chemical energy of glucose and oxygen
into electrical power. Both glucose and oxygen are readily available
endogenous substances in biological fluids and can be continu-
ously renewed through metabolism (Fig. 1c). The all-polymer
biofuel cell showed stability over 30 days at physiologically rele-
vant glucose concentrations. Furthermore, after assembled into a
battery array, the EFC can generate enough power to operate an
OECT from bodily fluids, e.g., saliva.
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Fig. 1. Self-powered glucose sensor with an n-type semiconducting polymer. (a) Chemical structure of the n-type copolymer NDI-T2 (P-90); (b) schematic illustration for the
sensor; (c) reactions that occur during the operation of the EFC. (b) was reprinted with permission from Ref. [2]. Copyright 2019, Springer Nature.
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Unfortunately, this work, while achieving the basic functional-
ity, did not combine the EFC with the glucose sensor to form an
integrated self-powered bioelectronic device, and the perfor-
mances in terms of the glucose sensor and EFC need further
improvement for practical use. But in many aspects, the achieve-
ments of this work are far-reaching and enlightening, since the
combination of EFCs with biosensors provides a potential
approach to realize self-powered biosensors, which can provide
convenience and more possibilities for noninvasive biotesting.
We believe the ease of chemical modification of conjugated poly-
mers could allow further improvement of the device performance
and exploration of the plenty room of self-powered devices. In
the future, this self-powered technology might be applied to actu-
ators of any integrated bioelectronic systems which run on
metabolites produced in living body [2]. By that time, many bio-
electronic devices could use the same energy supply mode as
human tissues or organs.
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