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Abstract— Recent advances in the self-assembly of biomimetic
interfaces permit the development of biosensor arrays that
harness the unique sensitivity and selectivity of membrane
proteins. Integrating these interfaces into microsystem
platforms for point-of-care and high throughput screening
applications requires compact, multi-channel readout circuitry
to measure interface impedance over a broad frequency
spectrum. This paper described the design and characterization
of a biosensor array microsystem comprised of a new CMOS
impedance extractor and digitizer (IED) circuit and tethered
bilayer lipid membranes (tBLM) incorporated with gramicidin
ion channel proteins. The extremely hardware efficient mixed-
signal IED circuit measures the response of a tBLM interface,
extracts its real and imaginary impedance components, and
digitizes and stores the results. Occupying only 0.06mm? the
IED circuit can be instantiated more than 100 times in a single
3mm  3mm chip, making it well suited for simultaneous
readout of a variety of monolithic sensor arrays.

Many of the sensor materials suitable for chip-scale
implementation are best measured by observing the change in
their impedance. For example, impedance spectroscopy (IS)
is a favored technique to qualitatively or quantitatively
measure the kinetics and thermodynamics of electrochemical
reactions in many biosensors. Electrochemical biosensors [1],
with their high sensitivity and specificity, are ideal agents to
detect a variety of substances [2]. An emerging biosensor
technology involves embedding proteins into tethered lipid
bilayer membranes (tBLM) assembled on gold electrodes [3,
4]. Such biomimetic interfaces uniquely permit membrane
proteins, which otherwise quickly denature when outside of
their natural environment, to be studied (proteomics) or
employed as biological recognition elements in sensors.
Because of the critical role membrane proteins play in
cellular activity, diagnosis and treatment of diseases, and
discovery of new and effective drugs, tBLM biosensors merit
the development of new instrumentation platforms that can
harness their potential and provide the required IS
characterization.

INTRODUCTION

The post-CMOS compatible microfabrication (i.e.,
processing after CMOS fabrication) of the biosensors and
electrodes [5-8] is maturing to the point where microsystems
with high density biosensor arrays deposited on top of a
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silicon integrated circuit chip are conceivable. Such a
biosensor microsystem platform, as illustrated in Fig. 1,
enables the interrogation of deposited sensor interfaces with
significant advantages over traditional methods, including
increased detection sensitivity, reduced reagent costs (smaller
volumes), massively parallel sensing capability, and
adaptability to an assortment of biomedical applications. This
general platform, where electrodes and reservoir-forming
dielectrics occupy the surface of a CMOS chip, is suitable for
a variety of biological and chemical interfaces in liquid
measurement applications including high throughput
screening with robotic delivery systems.

This paper introduces a prototype tBLM biosensor
microsystem that utilizes a new impedance extractor and
digitizer (IED) circuit to characterize biomimetic interfaces
containing membrane proteins. The IED circuit block is ultra
compact, enabling simultaneous, multi-channel measurement
of a high density sensor array on a single chip. It is capable of
performing IS readout on a variety of sensor elements over a
wide range of frequencies typical for bio/chemical sensor
measurements. The circuit was combined with an electrode
array containing self-assembled tBLMs embedded with an
example ion channel membrane protein, gramicidin. This
paper focuses on the instrumentation challenges of this
microsystem platform and presents performance results of the
IED circuit as well as the prototype microsystem.

Fig. 1. Conceptual structure of a biosensor array microsystem on CMOS.
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