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Abstract: The two main reasons for the increasing
interest in microfabricated electrochemical sensors
and biosensors are the ease of fabrication and of
miniaturization. Enzyme electrodes are particularly
well suited for microfabrication. As an example, the
microfabrication of an implantable glucose sensor is

The sensors were sterilized by a 2.5 MRad dose of
gamma-irradiation. In vivo experiments were performed
in adult male Sprague Dawley-derived rats. The sensors
were implanted subcutaneously in the interscapular
region, with the electrodes facing the hypodermis.

presented.

RESULTS AND DISCUSSION

TNTRODUCTION

The microfabrication of the transducer part of the
sensor is at present a well established technological

Biosensor research has accomplished a large progress
over the past 35 years in both the development of new
sensing principles and materials as well as in the
improvement of classical ones. An important, although
still largely neglected aspect is that of the production at a
larger than laboratory scale of reproducible devices at a
reasonable cost. Another aspect to be considered is the
miniaturization which is a prerequisite for an in vivo use
and an advantage for analysis with small sample volumes.

For both these aspects, microelectronics technology
appears to be the most adequate, particularly for
fabricating amperometric enzyme electrodes.

Both thick- and thin-film

microelectronics

technologies offer a wide selection of materials and
geometries for the fabrication of planar transducers. The
membrane deposition techniques used in association with
planar transducers range from the simplest, such as dipcoating, and casting, through photolithography, lift-off,
screen-printing, plasma etching to electrochemical
deposition. The choice of enzymatic membranes and
other polymeric membranes deposition technique depends

mainly on whether the depositions are performed at onwafer or on-chip level.

A subcutaneous glucose sensor consisting of an
amperometric three thin-film electrode transducer, an
enzymatic membrane containing immobilized glucose

oxidase (GOx) and an outer diffusion limiting
polyurethane membrane has been realized and extensively
characterized in vitro and in vivo.

EXPERIMENTAL

The fabrication of the transducer involved the

AglAgCl reference elecffode.

The enzymatic layer was deposited using

glutaraldehyde as crosslinking agent and bovine serum
albumin as a carrier protein.

An outer glucose diffusion limiting membrane was
deposited by dip-coating from a mixture of
dimethylformamide and tetrahydrofuran containing 5
polyurethane.

Pt microelectrodes are comparable to those obtained on
conventional Pt electrodes. On the other hand, the control
of the membrane reproducibility and adhesion onto the
planar transducer is more difficult.

Using various enzyme deposition techniques, sensors

with widely different characteristics were prepared. For
the in vivo use, an additional polyurethane membrane has
been dip-coated. The main in vitro characteristics are: a
linear range up to 18 mM glucose at pO2 > 5 kPa, a
sensitivity of 2.5 nA + 0.9 nA/mM, a background current
of l.l nA/mM and a 95 % response time of 180 + 4 s.
Following the implantation and a baseline period,
different types of experimental protocols were used in
order to assess the sensor's short and longer-term
behavior: controlled glucose and/or insulin infusions,
intraperitoneal glucose loads and intramuscular glucagon
and insulin administrations. The sensor was calibrated

using either the two [2] or one-point [3] calibration
method.

Using these procedures, good correlations (within 20

%) between the plasma and subcutaneous glucose levels
were obtained.

CONCLUSION

The subcutaneously implanted sensors, in vivo
calibrated, monitored correctly the variations of blood
glucose levels for several days.
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