
GENERAL

an ecg front end device based on ads1298 converter
Published: September 19, 2026  |  Index ID: #-

Introduction

In recent years, the demand for portable, high �precision electrocardiogram (ECG) monitoring has surged, driven by

advances in wearable health technology, telemedicine, and remote patient monitoring. At the heart of many modern

ECG front �end systems lies the ADS1298 analog �to �digital converter (ADC) from Texas Instruments. The ADS1298’s

24 �bit resolution, low �noise performance, and built �in instrumentation amplifiers make it a popular choice for

developers seeking to build reliable, compact ECG front �end devices. This article explores the design principles, key

components, and practical considerations for creating an ECG front �end device based on the ADS1298 converter,

offering a comprehensive guide for engineers, hobbyists, and researchers alike.

Understanding ECG Front �End Devices

An ECG front �end is the first stage of an electrocardiographic system, responsible for acquiring the weak

bioelectrical signals generated by the heart and converting them into a digital format that can be processed,

analyzed, and displayed. The front �end must perform several critical functions:

•  Signal amplification – ECG signals are typically in the microvolt range; they must be amplified to levels 

suitable for digitization.

•  Noise rejection – Biological signals coexist with environmental noise (e.g., power �line interference, motion 

artifacts); the front �end must filter these disturbances.

•  Isolation – For safety, the patient side must be electrically isolated from the measurement equipment.

•  Data integrity – The ADC should preserve the waveform shape, amplitude, and timing accuracy.

Designing a front �end that balances these requirements while remaining cost �effective and compact is a complex

engineering challenge. The ADS1298 converter provides a powerful foundation to meet these needs.

What Is the ADS1298 Converter?

The ADS1298 is a 24 �bit, 8 �channel, low �power analog �to �digital converter specifically engineered for ECG and other

biomedical applications. Key features include:

•  Integrated instrumentation amplifiers – Each channel has its own low �noise instrumentation amplifier with 

programmable gain.

•  High sampling rates – Up to 10 kS/s per channel, supporting high �resolution ECG and other time �critical 

signals.

•  Low power consumption – Ideal for battery �powered devices.

•  Built �in reference and bias circuitry – Simplifies board layout and improves signal fidelity.

•  SPI interface – Enables easy communication with microcontrollers or processors.

Because the ADS1298 integrates many of the functions that would otherwise require separate components,

designers can reduce board space, component count, and overall cost.

Designing an ECG Front �End Device with ADS1298

Building a robust ECG front �end involves several stages, from selecting electrodes to final firmware integration.



Below is a step �by �step roadmap.

1. Electrode Selection and Placement

Choosing the right electrodes is the first step. Common options include:

•  Ag/AgCl disposable electrodes – Provide excellent biocompatibility and low skin impedance.

•  Dry electrodes – Useful for wearables but may suffer from higher noise.

•  Patch electrodes – Offer a balance between comfort and signal quality.

Proper placement follows standard ECG lead configurations (e.g., 12 �lead, 3 �lead, or single �lead). The electrode-skin

interface should be cleaned with alcohol to reduce impedance.

2. Pre �Amplification and Filtering

Although the ADS1298 includes instrumentation amplifiers, additional pre �amplification can be beneficial, especially

when dealing with very low �amplitude signals. A typical pre �amp stage uses a low �noise op �amp (e.g., AD8421)

configured as a differential amplifier.

Filtering is essential to remove unwanted frequencies. A common approach is to implement:

•  High �pass filter – Cut �off around 0.05–0.5 /Hz to eliminate baseline wander.

•  Low �pass filter – Cut �off around 150–250 /Hz to suppress high �frequency noise and preserve QRS complexes.

•  Notch filter – 50/60 /Hz to reject power �line interference.

These filters can be realized in hardware (RC networks) or digitally in firmware after ADC conversion.

3. Power Supply Design

Stability and low noise are paramount. Use a dedicated low �dropout regulator (LDO) for the ADS1298’s reference

voltage. Implement decoupling capacitors close to the device pins: 0.1 /µF ceramic for high �frequency noise and 10 /µF 

electrolytic for bulk storage.

For battery �powered units, consider a DC �DC buck converter to step down higher voltage supplies to the required

3.3 /V logic level, ensuring efficient power usage.

4. Isolation and Safety

Patient isolation is mandatory for medical devices. Two common isolation strategies are:

•  Analog isolation – Use a digital isolator (e.g., ADuM4160) between the electrode pre �amp and the ADS1298.

•  Digital isolation – Isolate the microcontroller’s SPI bus from the ADS1298 using an isolation IC.

Implementing isolation reduces the risk of shock and complies with IEC 60601 �1 safety standards.

5. PCB Layout and Signal Integrity

Careful PCB layout reduces interference:

•  Short trace lengths – Keep analog traces as short as possible.

•  Ground plane – Provide a solid reference plane to reduce EMI.

•  Controlled impedance – For high �speed SPI traces, maintain 50 /:’�–×�VF�æ6P.

•  Component placement – Keep sensitive components away from high �current paths.

Circuit Design and Component Selection

Below is a typical component list for a single �lead ECG front �end using the ADS1298:



•  ADS1298 ADC (Texas Instruments)

•  AD8421 instrumentation amplifier (optional)

•  LPF and HPF active filter ICs (e.g., TLV3012)

•  Notch filter IC (e.g., LM741 with RC network)

•  Digital isolator (e.g., ADuM4160)

•  3.3 /V LDO (e.g., MCP1700)

•  DC �DC buck converter (e.g., LM2596)

•  Capacitors: 0.1 /µF ceramic, 10 /µF electrolytic, 100 /nF tantalum

•  Resistors: 1 /k:’�Fò����ö³© for biasing

•  Microcontroller (e.g., STM32F103) with SPI

Signal Processing and Filtering

Once the analog signal is digitized, digital signal processing (DSP) further cleans the data and extracts clinically

relevant parameters.

1. Digital Filtering

Implement FIR or IIR filters in firmware to refine the signal:

•  Band �pass filter (0.05 /Hz – 150 /Hz) to isolate the ECG band.

•  Adaptive notch filter to suppress residual power �line noise.

Modern microcontrollers can perform these operations in real time without significant latency.

2. Baseline Correction

Baseline wander can distort the ECG waveform. Techniques such as moving �average subtraction or high �pass

filtering can correct this artifact.

3. Feature Extraction

Key parameters include:

•  Heart rate (HR) calculation via R �peak detection.

•  PR, QRS, and QT intervals measurement.

•  Heart rate variability (HRV) metrics for advanced diagnostics.

Algorithms like the Pan �Tompkins method provide robust R �peak detection suitable for low �power devices.

Data Acquisition and Transmission

After processing, the data must be transferred to a host for display or storage. Common options include:

•  Bluetooth Low Energy (BLE) – Ideal for wearable devices; low power and ubiquitous support.

•  Wi �Fi – Provides high throughput for real �time streaming.

•  USB – For stationary or laboratory setups.

•  Serial UART – Simple and reliable for short �range communication.

Choosing the right interface depends on application requirements such as range, power consumption, and data

rate.

User Interface and Display Options

Presenting the ECG waveform effectively enhances user experience. Options include:



•  Embedded LCD/OLED – For standalone devices, a small screen can display real �time waveforms and metrics.

•  Smartphone App – BLE devices can pair with mobile apps for visualization, storage, and remote monitoring.

•  Web Dashboard – Data can be sent to cloud services and visualized in a browser.

Ensure that the UI is responsive and displays critical information clearly, especially during arrhythmia events.

Regulatory and Safety Considerations

Medical devices must comply with regulatory standards to ensure patient safety and market acceptance.

•  IEC 60601 �1 – General safety and essential performance of medical electrical equipment.

•  ISO 14971 – Risk management for medical devices.

•  FDA 21 CFR Part 820 – Quality system regulation for medical devices in the U.S.

•  CE Marking – European conformity assessment.

Key safety measures include:

•  Patient isolation (electrical and software).

•  EMC compliance – ensuring the device does not emit harmful interference.

•  Proper labeling and user instructions.

Applications and Use Cases

An ECG front �end device based on the ADS1298 converter can serve a wide range of applications:

•  Wearable health monitors – Continuous cardiac monitoring for athletes or chronic patients.

•  Telemedicine platforms – Remote diagnostics for patients in rural areas.

•  Clinical research tools – High �resolution ECG acquisition for studies.

•  Educational kits – Teaching bioelectric signal processing.

•  Portable diagnostics – Field hospitals and emergency response units.

Each use case may require specific design tweaks, such as battery life optimization for wearables or higher data

throughput for research.

Troubleshooting Common Issues

Despite careful design, real �world deployments can expose issues. Here are common problems and their solutions:

1.  High noise floor – Verify that all decoupling capacitors are correctly placed and that the power supply is 

clean. Check for stray EMI sources near the PCB.

2.  Baseline drift – Ensure the high �pass filter is correctly configured. Check electrode contact and skin 

impedance.

3.  Missing data packets – Verify SPI clock speed and timing. Ensure the microcontroller’s buffer handling is 

robust.

4.  Power failures – Use a proper battery management system and monitor voltage levels.
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