A Low-Noise Amplifier with V/I
Converter Applied to Front-End ECG
Signal Detecting Application
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Abstract

With the progression of biomedical technology and the improvement of personal health
consciousness, the importance of integrated circuits in biomedical applications has grown
steadily. Since the ECG(Electrocardiogram) is the key to assessing heart health, there are more
and more applications for ECG measurement on the market. Among these applications, the

biomedical signal amplifier in the front end plays a crucial role.

This project aims to achieve the analysis of the ECG signal. It applies a 2 stage structure
including LNA(Low-Noise Amplifier), V/I converter(voltage to current converter) and other
components such as pseudo resistors and CMFB(common mode feedback). Concerning the
amplitude of ECG signal, this project is designed to sustain the input voltage up to 8ml,, to
meet the requirements of different ECG signals. Regarding the frequency range, this project
targets a bandwidth from 500mHz to 1kHz to encompass the typical frequency range of ECG

signal.

The main topic in this project is the low-noise amplifier (LNA), with significant effort
dedicated to improving the common mode rejection ratio (CMRR). Enhancing CMRR helps to
suppress external noise, especially those from the human body itself, allowing for the
acquisition of a more precise ECG signal. In addition to the LNA, the V/I converter plays a
role in transforming the signal from the voltage domain to the current domain. With the V/I
converter, output dynamic range is less constrained by the power supply, enabling better

sampling quality in the subsequent ADC stage.

Since this circuit is intended for wearable devices, minimizing power consumption is
crucial to ensure long battery life. Concerning power consumption, we limit the voltage supply
in this project to be 1(V) and restrict the current inside the circuit to be within the nano ampere
range. Additionally, various factors in circuit design, such as area, stability, and noise, were
carefully considered. This project references multiple research papers and explores different
structures, including a common-mode feedback (CMFB) design that uses the bulk terminal as

its input, to address the challenges encountered during development.

This topic use the T18 process from TSMC to realize our layout and to do the simulation.
Based on the result of post-simulation, the bandwidth in our project is 293mHz~1.47kHz, the
common mode rejection ratio (CMRR) is 176dB, the input refer noise is 31.14uV,.,,,, the
power consumption is 8.0952uW and the range of input voltage can be up to 9.2ml,,,.
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