
Technical Article
No Strings Attached: Creating Next-Generation Wireless 
Patient Monitors

Sanjay Pithadia

Other Parts Discussed in Post: AFE4900, CC2640R2F

Electrocardiogram (ECG) or photoplethysmograph (PPG) wearable monitoring systems have become 
increasingly popular in recent years. Heart-rate monitors, pulse oximeters and activity trackers are commercially 
available and already play an important role in everyday life. A wearable monitor significantly improves patient 
comfort by replacing long, cumbersome cords with much less obtrusive dry electrodes that enhance mobility.

The wearable monitor market is experiencing rapid growth, fueled by an increase in health awareness and 
the advent of improved monitoring services. Of specific importance is the Internet of Things (IoT) concept of 
tracking vital signs via mobile apps, with data transmission through the cloud to a doctor or health service. 
This concept, combined with machine learning and artificial intelligence, is expected to take fitness tracking and 
health monitoring to the next level by contributing to predictive analytics (and thus preventive care) to improve 
health and reduce health care costs.

A PPG takes optical measurements of an organ’s volume to estimate the oxygen saturation level in the blood 
(SpO2). There are two types of optical arrangements: transmissive and reflective. The transmissive case uses 
a bulky finger clip to transmit light through a light-emitting diode (LED) on one side of the finger and measures 
the absorption by placing a sensitive photodiode on the other side. The finger clip applies some pressure, which 
causes discomfort over time. In the reflective arrangement, the photodiode and LED are on the same side and 
the photodiode collects the light reflected from various depths underneath the skin without using the finger clip. 
This type of mechanism is easily incorporated into watches and other wearable devices that touch the body and 
do not cause any discomfort.

Conventional ECG monitoring uses a coupling gel on the sensing electrodes, which must be placed correctly 
on the patient’s body by a professional. Some patients develop allergic reactions and skin irritation when these 
electrodes are used for long-term ambulatory monitoring. Moreover, the gel also dries out over time, reducing 
signal quality and performance. In recent years, there has been a growing interest in using dry or ungelled 
electrodes for long-term physiological monitoring.

TI’s extensive portfolio supports emerging market trends. For example, the Wearable, Wireless, Multi-Parameter 
Patient Monitor Reference Design uses the AFE4900 single-chip bio-sensing front end for synchronized ECG 
and PPG measurements (see Figure 1). It integrates flexible LED drivers with complete receiver chains for 
the photo diodes. It communicates with the CC2640R2F SimpleLink Bluetooth® low energy Wireless MCU, 
which has an integrated Arm® Cortex-M3 and 2.4GHz radio-frequency (RF) transceiver, over Serial Peripheral 
Interface (SPI) (or I2C). The design supports wired data capture using a Joint Test Action Group (JTAG) 
connection, as well as wireless data capture, by sending it over Bluetooth® 5.
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Figure 1. Patient Monitor Reference Design Block Diagram

The key components of the design are:

• Synchronized PPG and ECG measurement using the AFE4900. If the ECG and PPG are measured in a 
synchronized manner, the time difference between the R-peak (usually the highest peak observed) in the 
ECG waveform and the arrival of the PPG wave in the extremities is a measurement known as pulse transit 
time (PTT). The reference design provides synchronized raw data for designers to calculate heart rate, SpO2 
and PTT. The AFE4900 is distinctive in the market with its level of integration, low power and size, and offers 
flexibility with ultra-low-power modes and integrated first-in first-out (FIFO), which can keep the MCU in sleep 
mode to increase battery life.

• Wireless connectivity using the CC2640R2F. The CC264R2F integrated Arm Cortex-M3 plus 2.4GHz RF 
transceiver supports Bluetooth® 4.2 and 5.0 profiles and is also used as host processor. The internal DC/DC 
converter helps improve overall system efficiency and extend battery life. The built-in low-battery detection 
algorithm helps reduce external components in portable wearable applications.

• Low-power operation with a coin-cell battery. The design uses a single CR3032 (3V, 500mA coin-cell battery) 
and is tested to give 100 hours of continuous operation and a battery life of 30 days for every 1 second per 
minute of transmission.

A LabVIEW-based graphical user interface (GUI) is implemented for testing the reference design. Figure 2 
shows measured ECG and PPG data on a remote terminal.
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Figure 2. Heart-rate Monitor Data (Using SFH 7072 Sensor from OSRAM) and ECG Data

The reference design was created for medical, personal health care and fitness applications, and comes 
with a design guide, schematic, layout and bill-of-materials files to help you quickly evaluate and accelerate 
product development. It facilitates real-time monitoring and data-logging capabilities and supports optimization 
for different configurations.

Are you designing a wireless patient monitor? What are your biggest challenges? Tell us in the comments.

Additional resources

• Watch the wireless multiparameter patient monitor demo.
• Check out these blog posts:

– “Optical heart-rate sensors for biometric wearables.”
– “10 lessons learned from 50-plus biometric wearable product development cycles.”

www.ti.com

SSZT672 – JUNE 2018
Submit Document Feedback

No Strings Attached: Creating Next-Generation Wireless Patient Monitors 3

Copyright © 2023 Texas Instruments Incorporated

https://training.ti.com/wireless-multi-parameter-patient-monitor-demo
http://e2e.ti.com/blogs_/b/analogwire/archive/2018/05/03/optical-heart-rate-sensors-for-biometric-wearables
http://e2e.ti.com/blogs_/b/analogwire/archive/2018/05/21/10-lessons-learned-from-50-plus-biometric-wearable-product-development-cycles
https://www.ti.com
https://www.ti.com/lit/pdf/SSZT672
https://www.ti.com/feedbackform/techdocfeedback?litnum=SSZT672&partnum=


IMPORTANT NOTICE AND DISCLAIMER
TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE 
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS” 
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY 
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD 
PARTY INTELLECTUAL PROPERTY RIGHTS.
These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate 
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable 
standards, and any other safety, security, regulatory or other requirements.
These resources are subject to change without notice. TI grants you permission to use these resources only for development of an 
application that uses the TI products described in the resource. Other reproduction and display of these resources is prohibited. No license 
is granted to any other TI intellectual property right or to any third party intellectual property right. TI disclaims responsibility for, and you 
will fully indemnify TI and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these 
resources.
TI’s products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with 
such TI products. TI’s provision of these resources does not expand or otherwise alter TI’s applicable warranties or warranty disclaimers for 
TI products.
TI objects to and rejects any additional or different terms you may have proposed. IMPORTANT NOTICE

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2023, Texas Instruments Incorporated

https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com

