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A Multimodal Biosensing System-on-Chip with

Integrated Wireless Transceiver and Power
Management for Stress Monitoring
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Abstract

This work presents an integrated multimodal biosensing system-on-chip
for psychological stress monitoring. Existing wearable stress monitoring
devices often rely on a single physiological signal, have limited system-level
integration, and are not sufficiently power-efficient for long-term use.
Since psychological stress involves cardiovascular activity, sweat gland
response, and biochemical variations, stress evaluation based only on
PPG-derived heart rate variability may be unreliable in daily-life scenarios,
where PPG signals are affected by motion artifacts, ambient light, skin
contact conditions, and individual differences. To achieve comprehensive
and robust stress assessment, this work integrates electrocardiography
(ECG), electrochemical sensing (ECH), galvanic skin response (GSR), and
photoplethysmography (PPG) into a single biosensing platform.

The proposed system consists of sensing front-ends, wireless transceivers,
a power management unit, and a backend readout platform. The ECG and
ECH readout circuits adopt a circuit-sharing technique, where a current-bal-
ancing instrumentation amplifier is shared as the analog front-end. ECG
isacquired as a differential voltage signal, while ECH is processed through
a common-mode sensing path. By sharing the same front-end, both chip
area and power consumption can be reduced. The current-balancing
instrumentation amplifier also provides high common-mode rejection and

low-noise performance, essential for weak biopotential signal acquisition.

The GSR readout circuit monitors skin conductance variations related to
sweat gland activity. Because skin impedance varies significantly among
users and electrode contact conditions, the circuit may suffer from saturation
under large input current variations. To address this issue, an automatic
input range adjustment mechanism is implemented to maintain stable
operation over a wide impedance range. Therefore, both slow-varying
skin conductance level and fast-varying skin conductance response can be
measured for stress analysis.

The PPG readout circuit acquires optical signals related to blood volume
changes. To overcome the small AC component, large DC offset, ambient
light interference, and photodiode parasitic capacitance, the circuit
incorporates ambientlight compensation, dynamic range enhancement,
and an improved pre-charging technique. The pre-charging method
reduces charge-sharing effects, prevents signal distortion, and improves
sensing stability, enabling reliable extraction of heart rate and pulse arrival
time.

For wireless and power-efficient operation, the system integrates a wake-up
receiver, an ADPLL-based transmitter, and an adaptive power management
circuit. The wake-up receiver allows low-power standby operation and
activates sensing modules only when needed, while the transmitter supports
wireless data transmission without external communication components.
The power management circuit uses adaptive gain and bandwidth control
to maintain stable supply voltage during workload transitions. Finally, a
backend readout platform displays real-time ECG, PPG, and GSR signals
and extracts stress-related physiological indicators. Overall, this work demon-
strates a highly integrated, low-power, real-time multimodal biosensing
SoC with strong potential for wearable healthcare and personalized stress
management applications.
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Fig. 2 Integrated multimodal sensing platform and measured biosignals.
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