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ECENT advances in biomedical electronics have

opened the doors to pervasive/wearable technologies
as well as bioinspired systems. Traditional disease treat-
ment is shifting toward preemptive, personalized healthcare.
For these biomedical electronics to work seamlessly, careful
design of integrated circuits for sensing, signal processing,
and powering is crucial. However, biomedical applications
often are under unique and harsh environments, such as under
extremely stringent power budgets and fluctuating supply
voltages; on top of this, such applications require hermetic
sealing with robust communications. Moreover, we also need
to consider various aspects that other applications do not
normally consider. As an example, the human body absorbs
GHz range electromagnetic signals significantly, making typ-
ical RF communication and powering technologies such as
Bluetooth or wireless power transfer (WPT) in GHz not an
ideal choice in/around body area [1]. Also, with the rise
of artificial intelligence and machine learning, personalized
healthcare is becoming more popular, but for some applica-
tions, “personalized” means that training sets may get scarce,
posing issues to achieving high sensitivity and specificity
at once. This special section will present the latest devel-
opments in integrated circuits in biomedical electronics to
overcome the aforementioned issues: powering, sensing, and
processing.

Many biomedical devices, such as bionic arms and
implantable/wearable sensors, have limited energy sources;
hence they often exploit power transfer from an energy
source to the device of interest. Such WPT can be done
using a variety of methods, for example, exploiting the med-
ical implant communication system (MICS) band, inductive
coupling [2], or, more aggressively, using the human body
itself as powering medium [1]. Whichever methods we may
use, we need to ensure that a proper dc voltage is gener-
ated at the receiving end. This is done by exploiting suitable
dc—dc converters, which must comply with stringent low-
power requirements, as the energy efficiency of the powering
system is one of the designer’s primary interests.

With this in mind, the first paper [Al] by Lee et al. dis-
cusses powering implanted medical devices (IMDs) through
WPT paired with an automatically reconfigurable switched-
capacitor (SC) dc—dc converter. As many implantable
systems require a multiple-voltage domain, the proposed
SC dc—dc converter simultaneously generates multiple volt-
ages, with two regulated and two unregulated outputs; the

unregulated voltage output will then be fed to the subsys-
tems’ voltage regulators. Composed of an input-adaptive
dc—dc conversion stage and a regulating stage, the converter
automatically reconfigures the conversion ratio and connec-
tion order of the two SC dc—dc converters to adapt to the
different input levels. The adaptive reconfiguration allows
for high conversion efficiencies over a wide input voltage
range, with fewer flying capacitors than the typical dc—dc
converters. As the input level and load conditions fluctuate
greatly in IMDs, maintaining high efficiencies over varying
environments is extremely important. The converter is imple-
mented in a 180-nm standard CMOS process and achieves
95.5% and 77.4% conversion efficiencies for unregulated and
regulated voltages, respectively, over a wide input range of
1-4 V while providing four simultaneous outputs.

Once we have an adequate powering mechanism, now it
is time to have a sensor interface to capture high-fidelity
biosignals. The second paper [A2] by Ma et al. covers sens-
ing with particular emphasis on electrochemical electrodes
and readout. With its real-time response and high accuracy,
electrochemical sensing and detection are widely used for
health monitoring and medical diagnosis [2], [3], [4], [5].
Here, sensing quality will depend on both the electrodes
and the readout circuits, where researchers have contin-
vously improved both aspects for the past decades. The
paper reviews the recent material development of passive
electrodes and the evolution of state-of-the-art active elec-
trodes. When it comes to readout circuits, both voltage- and
current-based topologies are used; the paper compares the
pros and cons of each type. The readout circuits for passive
electrodes focus on high precision and high bandwidth. On
the other hand, for active electrodes, more emphasis is on
multichannel configuration and dynamic/adaptive nonideality
compensation. The paper also discusses recent breakthroughs
in device innovation for electrochemical sensings, such as the
ion-selective field-effect transistor (ISFET) [6] and organic
electrochemical transistors (OECTs) [7].

Another important field of research in biomedical elec-
tronics is processing/analysis. Unlike conventional DNA
analysis, which requires time-consuming sample flushing,
amperometric DNA analysis is performed with in situ sam-
ples; hence real-time analysis is possible [8]. One critical
point for a successful DNA analysis is accurate temperature
control. For example, DNA hybridization is highly depen-
dent on temperature; a 10 °C increase in temperature drops
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the redox current by 10% [9]. At the same time, polymerase
chain reaction (PCR) requires an accurate time-varying tem-
perature control between 20 °C and 90 °C so that DNA
multiplication is done properly. Such temperature regula-
tion becomes particularly tricky when the multichannel,
multimodal system has different temperatures across dif-
ferent regions. To address this, the third paper [A3] by
Jafari et al. presents a distributed thermal regulation tech-
nique for multimodal amperometric DNA analysis. With
the in-cell heating and temperature sensing integrated in a
130-nm standard CMOS, the authors integrated proportional—
integral—derivative (PID) control into the system to regulate
the local temperature within £0.5 °C of any desired value
between 20 °C and 90 °C.
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