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Abstract

According to statistics from the World Health Organization (WHO), This design, fabricated using 0.18 um CMOS technology, integrates
ECG and PPG detection circuits on a single chip, consuming only
19.2 uWand 37.2 uW, respectively. The ECG achieves a gain range of
23 to 65 dB, usable in a bandwidth of 0.3 to 500 Hz, while the PPG
dynamic range reaches 118 dB and its LED duty cycle is 0.744. The
chip micrograph and specification table are shown in Fig. 2 and
Fig. 3. This chip can simultaneously detect ECG and PPG signals,
making physiological signal detection more comprehensive. Its
miniaturization and low power consumption make it easier to
integrate with wearable devices, potentially reducing future medical
monitoring resource costs and achieving a more comprehensive
healthcare system.

cardiovascular disease is the leading cause of death globally. More
than half of these incidents occur at home. Therefore, developing a
reliable and convenient medical monitoring system is crucial to
reducing mortality rates caused by cardiovascular diseases.
Traditional cardiovascular disease monitoring techniques mainly use
electrocardiography (ECG) technology, while photoplethysmography
(PPG) can detect physiological parameters such as heart rate,
blood oxygen saturation, and more. These technologies have been
widely applied in medical devices, smartwatches, and other fields.

This study focuses on developing a non-invasive monitoring method
and designing a real-time, portable chip to achieve medical monitoring
in daily life. By combining ECG and PPG measurement methods,
the system can determine Pulse Arrival Time (PAT) parameters,
allowing wearers to assess their blood pressure in real-time. This
research implements ECG and PPG, suitable for wearable devices,
and provides a solution to the inconvenience of traditional blood
pressure measurement while enabling continuous monitoring.
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The system architecture comprises three main parts: the ECG AFE
circuit, the ECG analog-to-digital circuit (VCO-based Delta-Sigma
Modulators ADC), and the PPG circuits. The ECG circuit adopts a
dual-stage amplifier structure, combining a Current-Balanced

Instrumentation Amplifier (CBIA) and a Programmable Gain Amplifier
(PGA) to amplify the ECG signal and adjust the gain to ensure the Fig. 2 Chip micrograph.
output signal's amplitude is within a reasonable range. Positive

feedback loops (PFL) and DC servo loops (DCSL) are added to ECG PPG | VCO-based ADC
increase input impedance and reduce offset voltage caused by Lechiiology{nm) 180
electrodes. The VCO-based DSM ADC circuit includes a differential 2"""'(‘;(;) e AT 1':00

ain| - ax. Inpu
VCO with a level shifter, PFD-based quantizers, and capacitive feedback Ambien’: o £ nput 600 mV
DAC. The signal is converted from voltage to frequency through the Bandwidth (Hz) | 03-500 | "o vaiay | 0% | Renee
VCO and then processed by a digital signal processor. The PPG Input Range 27mVe, | Max.DR(dB) | 118 |
circuit uses a current-mode DAC to increase dynamic range and IRN(Vime) o 521255(;1H ) LEDDuty Cyc, | 0.748 | (dB) 67.2
restore the PPG signal. Along with capacitive transimpedance circuitry, i a
. . . . . Ap
it achieves correlated double sampling (CDS) for ambient light Power(W) 19.2p Power(W) | 37.2u | Power(W) | 0 trors)

noise elimination, enhancing SNR while reducing circuit complexity. Fig 3 Chip specification

31




