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Summary:

We present the sensing properties of a CMOS-compatible Charge- and Capacitance-Sensitive Field-
Effect Transistor (CCSFET) operated in liquid and gaseous environments. The device comprises two
sensing areas, each capacitively coupled to a MOSFET and OpAmp readout via a floating gate. The
CCSFET s flip-chip packaged onto a flexible substrate, which improves mechanical robustness and
ensures reliable signal acquisition. As a demonstration, we investigate sensing capacity of CCSFET at
room-temperature in both liquid and gas environments. We present the sensing characteristics of pH
with Ta20s sensing layer and hydrogen sensing using a thin Pd layer deposited on two different sensing

layers, Si;N, and Ta,Os.
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Background, Motivation and Objective

In this work, we introduce the CCSFET, a fully
CMOS-compatible device concept for sensing
application that overcomes the limitations of pre-
viously proposed miniaturized systems as it is
designed to operate in both liquid and gaseous
environments. The CCSFET measures changes
in both charge and capacitance of chemically
sensitive layers [1-2]. Our objective is to demon-
strate, on a single-chip platform, hydrogen de-
tection in air at atmospheric pressure and room
temperature using both sensing systems, Pd on
Ta,0s5 and Pd on Si;N,, integrated on the same
CCSFET chip.
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Fig. 1. Schematic of CCSFET device with sensing
area, counter electrode, floating gate), control gate
and MOSFET and OpAmp read-out.

The CCSFET is fabricated in CMOS technology
on a 200 mm silicon substrate. The chip has a
footprint of 4.5 x 4.5 mm? and incorporates two
circular sensing areas with diameters of 820 ym
and 520 um (Fig. 1). The sensing areas,
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consisting of SisN4 and Taz0s, are capacitively
coupled to a MOSFET and OpAmp readout via
floating gate. SisN4 was deposited by PECVD.
50nm Ta20s was sputtered on SisN4 grown by
LPCVD.

To improve robustness and simplify handling,
the CCSFET is flip-chip bonded onto a flexible
foil, as described in [3]. This hybrid packaging
approach yields a compact and mechanically
compliant sensor module. Only the sensing ar-
eas are exposed to the fluid to be sensed, while
the contact pads and interconnects remain pro-
tected. This design reduces parasitic effects and
enhances long-term stability in real environ-
ments.

For sensing Hz at room temperature, the gold
counter electrode is connected to a grounded
Faraday cup, which provides shielding and pre-
vents chemical reactions at the cup surface from
influencing the sensor response. This is particu-
larly important because the gas capacitance is
very small, and parasitic effects must be mini-
mized. A 5 nm Pd layer sputtered on SizN, and
Ta, 05 enables detection of H, between 500 ppm
and 1.6% in synthetic air at atmospheric pres-
sure. The sensors are placed inside a tight PEEK
gas chamber. The counter electrode is
grounded, and the control gate is used to define
the operating point of the CCSFET and to extract
the MOSFET input characteristics (Fig. 2). With
Ta,Os layer deposited on the sensing electrode,
the CCSFET is capable of monitoring the
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concentration of H* ions, enabling effective pH
detection. The counter electrode, when coated
with Ag/AgCl paste, serves as a stable reference
electrode, eliminating the need for an additional
external reference electrode. By applying a
20 uL droplet of a liquid solution onto the sensing
area, pH values ranging from 2.7 to 10 were suc-
cessfully detected. Figure 3 presents the source-
drain current as a function of control gate voltage
for different reference voltages, demonstrating
the device’s response to various pH levels.

Results

In Fig. 2, we show the MOSFET input character-
istics as a function of control gate voltage for dif-
ferent hydrogen concentrations for both sensing
systems, Pd on Ta,Os and Pd on SizNa.
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Fig. 2. CCSFET input characteristics: Source-drain
current (Isp) vs control gate voltage for sensing system
Pd on Taz0s5 (Top) and Pd on SisN4 (Bottom).
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Fig. 3. MOSFET input characteristics for
Vbrain=200mV using on-chip reference electrode
(Ag/AgCl paste). A 20 uL droplet of pH buffer solution
(pH 2.7, 4, 7, and 10) was placed on the sensing area
for each measurement. The Iprain-source Was recorded
as a function of VcontoiGate for various Vrer.

CCSFET is adapted to sense both pH and H..
For both, a shift of the MOSFET threshold volt-
age Vi to lower values is observed with increas-
ing H, concentration and an increase to higher
values for sensing pH in liquid. Vi is correlated
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with the chemical interaction of H, with the Pd on
Ta,O;5 and Pd on Si;N, sensing systems, as well
as to detecting H* ions in liquid which induces
charges at the sensing areas and leads to a po-
tential change at the floating gate. This potential
shift is then converted into a measurable electri-
cal response by the MOSFET readout as well as
OpAmp (will be presented).

Only the Pd on Si;N, system shows reversible
and reproducible sensing behavior toward H, at
room temperature (Fig. 2, bottom). The detection
limit reaches 1.2%. In contrast, Pd//Ta:0s sys-
tem doesn’t recover after Hz exposure: the sens-
ing error exceeds 5%, restricting reliable meas-
urements to about 0.3% H,. Our results contrast
with recently published work [4], which reports
reversible H, sensing for a Pd on Ta,0O; system.
We attribute the irreversibility observed in Fig. 2
top, to the fact that both Pd and Ta,Os are per-
meable to hydrogen, whereas Si;N, remains es-
sentially impermeable to H,. In the Pd on SizN,
system, H, absorbed in Pd can rapidly desorb
once the H, atmosphere is removed. In contrast,
H, captured in Ta,Os likely requires elevated
temperatures (around 150 °C) for efficient re-
lease, as suggested in [4]. To the best of our
knowledge, no prior experimental or theoretical
studies report H, detection using Pd on Ta,Os
and Pd on Si;N, sensing systems at room tem-
perature.

Conclusion

The CCSFET introduces a new class of CMOS-
compatible field-effect devices for dual chemical
sensing, pH and H,, in liquid and gaseous envi-
ronments at room temperature. Charge formed
at the sensing layer, from the reaction of H, with
Pd or from H* ions at the Ta,Os surface, is ca-
pacitively coupled to a floating gate connected to
both a MOSFET and an OpAmp readout, ena-
bling robust electrical detection. Critically, the H,
sensitivity and reversibility of the Pd sensing
layer depend strongly on the composition of the
underlying dielectric on which it is deposited.
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