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Of the four vital signs, temperature is most consistent from person to person and across time. We’ve all been 
taught that a normal body temperature is 37°C / 98.6°F. While most people are aware that this is an average, the 
assumption is that it’s an average across the population. What surprises many is the fact this is also an average 
in time, as our body temperature is in a perpetual state of flux due to physical activity, circadian rhythms, 
hormonal changes, weight, and even age. With recent events, there’s been a surge in interest for wearable 
temperature sensors to quickly warn the wearer of illness or infection, giving them time to self-isolate and reduce 
spreading a contagion further. For the first time, wearable temperature sensors can also provide key insights to 
a wearer’s thermal cycles, allowing algorithms that personalize what is normal for an individual, and detecting 
changes that could indicate an illness even before hitting the threshold for a low-grade fever (38oC / 100.4oF).

Looking for a discreet yet accurate wearable temp sensor?

Explore the new, low-power technology in the TMP117 digital temperature sensor.  

Before diving into wearable tech, it’s important to understand where the benchmark of 37°C / 98.6°F came 
from. First proposed in 1851, German physician Carl Reinhold August Wunderlich analyzed temperature across 
millions of axillary measurements for 25,000 patients. Factoring in all the variability mentioned above, he 
proposed the normal range for a healthy adult to be 36.2°C-37.5°C, the defacto standard even today.

However, a recent study from Stanford University questions whether 37°C is still a valid measure of normal body 
temperature. Analyzing records set back to 1860, Stanford researchers showed that average body temperature 
has steadily decreased by 0.03°C per decade of birth (adjusted for factors such as gender, age, height and 
weight). So yes … you are now officially cooler than your parents.

With all this variability, let’s consider the implications. Take an 80-year-old man. Because of age, it would be 
pretty normal for his body temperature to be 36.2°C / 97.1°F. He wakes up at 6 a.m. and takes his temperature. 
Due to circadian rhythms, there could be a 0.5°C / 0.9°F drop in core temperature placing him at 35.6oC / 96.2oF. 
For him to even hit the standard threshold for a low-grade fever (38oC / 100.4o) his temperature would need 
to increase by 2.4oC / 4.2oF, which would be substantial. While a medical clinician would know to use a lower 
threshold, things could easily get more complicated if the man also had a thyroid issue elevating or lowering his 
temperature.

As wearable temperature sensors help enable the vision of the quantified self, the continuous tracking they 
provide could launch a new era of personalized medicine to more quickly identify deviations from what’s normal, 
indicating a potential infection, hormonal shift or disease.

Technology advancements, such as our TMP117 temperature sensor family, are enabling accurate, compact and 
low-power wearables for personal or clinical settings. The TMP117M sensor, designed specifically for medical 
applications, provides an accuracy of ±0.1°C from 30°C to 45°C, fully encompassing the American Society for 
Testing and Materials E1112 and European Standard 80601 specifications for electronic patient thermometers. 
Available in a 1-mm-by-1.5-mm package, the TMP117M sensor’s small thermal mass enables fast thermal 
response times and compact industrial designs to improve user comfort in wearable designs.
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Compact high accuracy sensors such as the TMP117M are enabling a new generation of wearables, such as 
temperature tracking earbuds where size is critical to proper placement within the ear without impeding sound 
quality, as shown in Figure 1.

Figure 1. Body Temperature Tracking Earbud

Connectivity options like Bluetooth® Low Energy unleash the true power of a wearable temperature sensor. 
As a parent of a child whose fever often exceeds 40°C (104°F) when she’s sick, it would be a huge relief to 
receive a notification on my smartphone that detects when her antipyretic medication is wearing off – before 
her temperature spikes to dangerous levels. Translating the same Bluetooth-enabled temperature solution to 
a hospital setting could bring a range of benefits from enabling patients to move more freely without being 
tethered to a patient monitor in their rooms, reducing the load on nursing staff to manually take temperature 
measurements, or improving triage in congested waiting rooms. Figure 2 shows a simple temperature monitoring 
Bluetooth patch that can be created in a small form factor which can be easily applied to a patient.
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Figure 2. Bluetooth® Enabled Thermal Monitoring Patch Design

To accelerate wearable designs, be sure to check out TI's reference designs for body temperature 
tracking hearables and Bluetooth-enabled skin temperature measurement patch featuring the TMP117 with 
a CC2640R2F Bluetooth Low Energy wireless microcontroller. This design demonstrates how to construct a 
wearable temperature monitoring patch with an integrated antenna on a flexible substrate for maximum user 
comfort.

Additional Resources:
• Decreasing human body temperature in the United States since the Industrial Revolution
• Is Older Colder or Colder Older? The Association of Age With Body Temperature in 18,630 Individuals
• Body temperature tracking wireless earbud demo (Patient monitoring)
• Connect: BLE wearable patch demo

www.ti.com

SSZT286 – JUNE 2020
Submit Document Feedback

Personalizing Human Body Temperature with Wearable Temperature Sensors 3

Copyright © 2023 Texas Instruments Incorporated

https://www.ti.com/lit/ug/tiduex1/tiduex1.pdf?ts=1610390580998&ref_url=https%253A%252F%252Fwww.google.com%252F
https://www.ti.com/lit/ug/tiduex1/tiduex1.pdf?ts=1610390580998&ref_url=https%253A%252F%252Fwww.google.com%252F
https://www.ti.com/tool/TIDA-01624
http://www.ti.com/product/CC2640R2F
https://elifesciences.org/articles/49555
https://www.researchgate.net/publication/49839626_Is_Older_Colder_or_Colder_Older_The_Association_of_Age_With_Body_Temperature_in_18630_Individuals
https://www.ti.com/about-ti/events/ces-consumer-electronics-show.html
https://www.ti.com/product/TMP117#videos
https://www.ti.com
https://www.ti.com/lit/pdf/SSZT286
https://www.ti.com/feedbackform/techdocfeedback?litnum=SSZT286&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

