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Abstract

Being one of the most serious chronic diseases, diabetes has causes
0.3 billion patients troubled by the glucose monitoring routines.
Today, glucose test is usually performed by electrochemical methods,
such as electro enzymatic and electro catalytic approaches. These
invasive test procedures are periodical and can result in four to six
blood test per day. To the patients whose glucose concentration is
larger than 200mg/dl, wounds from these blood tests are difficult to
heal and inflammatory. To solve this problem, a reusable hydrogel-
based glucose sensor SoC is proposed. Hydrogel is a cross-linked
polymer that can absorb H20 molecular and swell. After glucose
sensitization treatment, hydrogel becomes absorptive to glucose
molecules and its volume can also vary according to the glucose
concentration. The difference in volume resulting from the varying
glucose concentration can be increased by H20 molecules, since the
absorbed glucose molecules help to loose the crosslink and hence
more H20 molecules can be filled with and enlarge the volume
expansion. The absorbed molecules are able to diffuse among the
crosslinks, which exhibits a reversible detection mechanism and
makes the hydrogel able to recover from the deformation for reuse.

By using micromachining techniques, the hydrogel-based sensor
can be fabricated on top of the chip and integrated with active
circuits. Through the minimally invasive surgery, this sensor SoC can
be implanted subcutaneously, and start transmitting the testing
results. In this way, the glucose monitoring can be more humane to
patients, and its ability in continuous data tracking can benefit the
personalized medicine readily.

The figure shows the glucose monitoring SoC and its packaging
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strategy. A capacitive sensing structure is formed by a glucose-
sensitized hydrogel that has a AAO (Anodic Aluminum Oxide)
membrane on-top and a MEMS capacitor plate on the bottom.
The volume of hydrogel varies with the glucose concentration and
makes compression force difference on the MEMS capacitor, which
leads to the changes in the air gap of this capacitor and a signal of
the capacitance variation for further readout. The glucose-induced
capacitance changes can be read accurately by readout circuits. The
readout circuits consist of a current generator, a capacitance-to-
frequency (C-F) converter, and a DCA processor. A feedback loop is
formed from DCA to current generator to minimize the detection
resolution. C-F converter, which embraces a sensing clock loop (SCL)
and utilizes dynamic comparator, uses digital counting approach to
reduce the power consumed by converting bio-signal from analog
to digital domain. The wireless ASK transceiver will be waked up only
by an external activation signal for saving energy. Wireless circuits
include LNA, Pre-Amplifier, Demodulator, Buffer, Ring-Oscillator, and
Power Amplifier.

In summary, An implantable wireless glucose monitoring SoC
with hydrogel-based glucose sensor is proposed in CMOS 0.35 um
technology. Owing to the reusable nature of the hydrogel glucose
sensor and the wireless readout ability of the circuitry, this SoC is
suitable for long-term and continuous monitoring. In-Vitro test shows
a resolution of 40 mMole in glucose detection. The total power
consumption of the SoC is 285 nW in standby mode and 11.9 mW in
data transmission mode.



