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’304 Patent Claim Samsung Accused System1 
11[pre] A 
measurement system 
comprising: 

Without conceding that the preamble of Claim 11 is limiting, Samsung Electronics, Co. Ltd. and Samsung 
Electronics America, Inc. (collectively, “Samsung”) have made, used, offered to sell, sold in the United 
States, and/or have imported into the United States, and/or, continue to make, use, offer to sell, and sell 
within the United States, and/or import into the United States, measurement systems, either literally or under 
the doctrine of equivalents. 
 
For example, Samsung provides a system including a Galaxy Watch Ultra, a Samsung smartphone or tablet, 
and Samsung Cloud (“system”) for measuring a user’s heart rate, blood oxygen level, and electrocardiogram 
(“ECG”). When the user wears a Galaxy Watch Ultra on their wrist, the watch measures information using 
various hardware components, such as Samsung’s “BioActive sensor,” and transfers the information to an 
Accused Phone/Tablet and to the Accused Cloud. 
 

 
1 The Accused System includes a Samsung smartwatch, such as the Galaxy Watch, the Galaxy Watch Active and Active2, the Galaxy 
Watch3, the Galaxy Watch4, the Galaxy Watch5, the Galaxy Watch6, the Galaxy Watch7, and the Galaxy Watch Ultra (each an 
“Accused Smartwatch”); a smart phone or tablet, such as the Samsung Galaxy A series phones, the Samsung Galaxy M series phones, 
the Samsung Galaxy S series phones, the Samsung Galaxy Z series phones, the Samsung Galaxy Tab A series tablets, the Samsung 
Galaxy Tab S series tablets, and the Samsung Galaxy Tab Active series tablets (each an “Accused Phone/Tablet”); and a cloud, such 
as the Samsung Cloud (the “Accused Cloud”), which collectively provide a system for measuring one or more physiological 
parameters of a user. Smart phones and tablets from other manufacturers, such as OnePlus, and clouds provided by others, such as 
Strava, may also be used as part of the Accused System. The Samsung Galaxy Watch Ultra, Samsung Galaxy Z Fold6, and the 
Samsung Cloud are charted here as representative of the Accused System. The citations to evidence contained within this chart are 
illustrative and should not be understood to be limiting. Plaintiff expressly reserves the right to rely upon additional or different 
evidence, or to rely on additional citations to the evidence already cited herein. 
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Source: https://news.samsung.com/global/galaxy-history-%E2%91%A2-evolution-of-the-galaxy-watch-
series-reimagining-the-watch  
 

https://news.samsung.com/global/galaxy-history-%E2%91%A2-evolution-of-the-galaxy-watch-series-reimagining-the-watch
https://news.samsung.com/global/galaxy-history-%E2%91%A2-evolution-of-the-galaxy-watch-series-reimagining-the-watch
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Source: https://www.ti.com/data-converters/integrated-special-function/medical-afes/biosensing-
afes/overview.html  
 

https://www.ti.com/data-converters/integrated-special-function/medical-afes/biosensing-afes/overview.html
https://www.ti.com/data-converters/integrated-special-function/medical-afes/biosensing-afes/overview.html
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Source: https://www.samsung.com/us/apps/samsung-health/ 
 

https://www.samsung.com/us/apps/samsung-health/
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Source: https://www.samsung.com/us/watches/galaxy-watch-ultra/  
 

 
Source: https://www.samsung.com/us/watches/galaxy-watch-ultra/  
 
 
 

https://www.samsung.com/us/watches/galaxy-watch-ultra/
https://www.samsung.com/us/watches/galaxy-watch-ultra/
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Source: https://www.samsung.com/us/apps/samsung-health/  
 
 

https://www.samsung.com/us/apps/samsung-health/
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Source: https://www.samsung.com/us/apps/samsung-health/  
 

https://www.samsung.com/us/apps/samsung-health/
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Source: https://www.samsung.com/us/apps/samsung-health/  
 

https://www.samsung.com/us/apps/samsung-health/
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Source: https://www.samsung.com/us/apps/samsung-health/#Improve_your_life  
 

https://www.samsung.com/us/apps/samsung-health/#Improve_your_life
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Source: https://developer.samsung.com/health/blog/en/health/blog/accessing-samsung-health-data-through-
health-connect  
 

 

https://developer.samsung.com/health/blog/en/health/blog/accessing-samsung-health-data-through-health-connect
https://developer.samsung.com/health/blog/en/health/blog/accessing-samsung-health-data-through-health-connect
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Source: https://www.youtube.com/watch?v=VQW-ZpdAm5M  
 

 
Source: https://www.samsung.com/us/support/answer/ANS10001399/  
 

 
Source: https://www.samsung.com/us/support/answer/ANS10001399/ 

11[a] a wearable 
measurement device 
for measuring one or 
more physiological 

The Accused System comprises a wearable measurement device for measuring one or more physiological 
parameters, including a light source comprising a plurality of semiconductor sources. 
 

https://www.youtube.com/watch?v=VQW-ZpdAm5M
https://www.samsung.com/us/support/answer/ANS10001399/
https://www.samsung.com/us/support/answer/ANS10001399/
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parameters, 
including a light 
source comprising a 
plurality of 
semiconductor 
sources  

For example, the Accused Smartwatch (“wearable measurement device”) is worn on the wrist of the user for 
measuring the user’s heart rate.  
 
 

 
Source: https://www.samsung.com/us/watches/galaxy-watch-ultra/buy/galaxy-watch-ultra-47mm-titanium-
gray-sm-l705udaaxaa/  
 
 
 

https://www.samsung.com/us/watches/galaxy-watch-ultra/buy/galaxy-watch-ultra-47mm-titanium-gray-sm-l705udaaxaa/
https://www.samsung.com/us/watches/galaxy-watch-ultra/buy/galaxy-watch-ultra-47mm-titanium-gray-sm-l705udaaxaa/
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Source: https://www.samsung.com/us/watches/galaxy-watch-ultra/buy/galaxy-watch-ultra-47mm-titanium-
gray-sm-l705udaaxaa/  
 

https://www.samsung.com/us/watches/galaxy-watch-ultra/buy/galaxy-watch-ultra-47mm-titanium-gray-sm-l705udaaxaa/
https://www.samsung.com/us/watches/galaxy-watch-ultra/buy/galaxy-watch-ultra-47mm-titanium-gray-sm-l705udaaxaa/
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Source: https://www.samsung.com/us/watches/galaxy-watch-ultra/ 
 
The Accused Smartwatch includes a light source comprising multiple light emitting diodes (“LEDs”), such 
as a green LED, a red LED, and an infrared LED, each of which includes a “semiconductor source.” 
 
Samsung states, for example, that its “BioActive Sensor is essential to bringing you better preventative 
health experiences on the next Galaxy Watch, with design improvements that enable even more precise 
health insights. Samsung engineers focused on three upgrades to the new sensor: enhancing the performance 
of light-receiving photodiodes, adding additional colors of light-emitting diodes (LEDs) and arranging 
them optimally across the sensor.” Samsung Newsroom, Unlocking New Possibilities for Preventative 

https://www.samsung.com/us/watches/galaxy-watch-ultra/
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Wellness with New Galaxy Watch and BioActive Sensor, Jul. 8, 2024, available at 
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-
watch-and-bioactive-sensor  
 
Samsung further states that “[t]he optimal allocation of Green, Red and Infrared LEDs sets new 
standards in wearable technology by improving accuracy and enabling exceptional performance across a 
broad array of health metrics. This allows the new BioActive Sensor to more accurately measure health 
metrics such as heart rate, sleep quality, blood pressure, blood oxygen levels and stress levels. Even the 
measurement of heart rate during intensive workouts is 30% more accurate compared to its predecessor.” 
Samsung Newsroom, Unlocking New Possibilities for Preventative Wellness with New Galaxy Watch and 
BioActive Sensor, Jul. 8, 2024, available at https://news.samsung.com/global/unlocking-new-possibilities-
for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor  
 

 

https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
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Source: https://www.samsung.com/us/watches/galaxy-watch-ultra/ 
 

 
Source: https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-
galaxy-watch-and-bioactive-sensor  
 

https://www.samsung.com/us/watches/galaxy-watch-ultra/
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
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Source: https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-
galaxy-watch-and-bioactive-sensor  
 
 

https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
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Source: IFIXIT, Samsung Galaxy Watch Ultra Chip ID, 
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327 

11[b] that are 
configured to 
generate an output 
optical beam with 
one or more optical 
wavelengths; 

In the Accused Smartwatch, the plurality of semiconductor sources are configured to generate an output 
optical beam with one or more optical wavelengths. 
 
For example, the Accused Smartwatch includes multiple LEDs (“semiconductor sources”), such as a green 
LED, a red LED, and an infrared LED. Different color LEDs and infrared LEDs each generate an output 
optical beam with one or more optical wavelengths. 
 
Samsung states that “[t]he optimal allocation of Green, Red and Infrared LEDs sets new standards in 
wearable technology by improving accuracy and enabling exceptional performance across a broad array of 
health metrics. This allows the new BioActive Sensor to more accurately measure health metrics such as 
heart rate, sleep quality, blood pressure, blood oxygen levels and stress levels. Even the measurement of 
heart rate during intensive workouts is 30% more accurate compared to its predecessor.” Samsung 

https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327
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Newsroom, Unlocking New Possibilities for Preventative Wellness with New Galaxy Watch and BioActive 
Sensor, Jul. 8, 2024, available at https://news.samsung.com/global/unlocking-new-possibilities-for-
preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor  
 
The following data types are supported by the Samsung Privileged Health SDK: 
 

 
 
Source: Samsung Developer, Samsung Privileged Health SDK, available at 
https://developer.samsung.com/health/privileged/overview.html 
 

https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://developer.samsung.com/health/privileged/overview.html
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Source: https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-
galaxy-watch-and-bioactive-sensor  
 

https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
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Source: IFIXIT, Samsung Galaxy Watch Ultra Chip ID, 
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327  
 

https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327
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LEDs outputting light at different colors do so at different optical wavelengths. For example, a green LED, a 
red LED, and an infrared LED all output light at different optical wavelengths: 
 

 
Source: https://www.photonics.com/Articles/Light-Emitting_Diodes_A_Primer/a36706 

11[c] the light 
source configured to 
increase signal-to-
noise ratio by 

In the Accused Smartwatch, the light source is configured to increase signal-to-noise ratio by increasing 
a light intensity relative to an initial light intensity from at least one of the plurality of semiconductor 
sources. 
 

https://www.photonics.com/Articles/Light-Emitting_Diodes_A_Primer/a36706
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increasing a light 
intensity relative to 
an initial light 
intensity from at 
least one of the 
plurality of 
semiconductor 
sources; 

For example, the Galaxy Watch Ultra increases the signal-to-noise ratio (“SNR”) of the PPG signal received 
from the BioActive Sensor. The BioActive Sensor has a peak system SNR of 115 dB, which indicates that 
the general output SNR is lower than this peak value. To achieve the peak SNR, the sensor is configured to 
increase the LED current (“light intensity”) of the LEDs (“semiconductor sources”). 
 

 
 
Source: IFIXIT, Samsung Galaxy Watch Ultra Chip ID, 
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb
_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw. 
 

https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw
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Source: Texas Instruments, AFE4510, SBASB19 – March 2024, at 1-4, available at 
https://www.ti.com/lit/ds/symlink/afe4510.pdf. 
 
 

 
 
Source: Texas Instruments, Application Brief, “Optical Heart Rate Monitoring (OHRM) on Wearables,” 
SBAA564, Nov. 2022, at 1, available at https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf. 
 

https://www.ti.com/lit/ds/symlink/afe4510.pdf
https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf
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Source: Texas Instruments, Product Overview, “Photoplethysmography (PPG) with Integrated AFE for 
Optical Biosensing,” Oct. 2023, at 1, available at 
https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fww
w.google.com%252F. 
 

https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fwww.google.com%252F
https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fwww.google.com%252F
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“However, increasing the LED current gives better signal quality from the SNR perspective. The 
optimal AFE configuration settings are completely dependent on the application. This includes the 
separation of LED and PD, location of the sensor, and other factors.” Texas Instruments, Application 
Report, “How to Design Peripheral Oxygen Saturation (SpO2) and Optical Heart Rate Monitoring (OHRM) 
Systems Using the AFE4403,” SLAA655 – Mar. 2015, at 3, available at 
https://www.ti.com/lit/an/slaa655/slaa655.pdf. 
 
“Coming to the next Galaxy Watch, the new sensor will enable advanced predictive and preventative 
wellness features never before seen on a wearable device — in addition to more accurate health 
measurements. . . . The all-new BioActive Sensor is essential to bringing you better preventative health 
experiences on the next Galaxy Watch, with design improvements that enable even more precise health 
insights. . . . This allows the new BioActive Sensor to more accurately measure health metrics such as 
heart rate, sleep quality, blood pressure, blood oxygen levels and stress levels. Even the measurement of 
heart rate during intensive workouts is 30% more accurate compared to its predecessor.” Samsung 
Newsroom, Unlocking New Possibilities for Preventative Wellness with New Galaxy Watch and BioActive 
Sensor, Jul. 8, 2024, available at https://news.samsung.com/global/unlocking-new-possibilities-for-
preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor  
 

 

https://www.ti.com/lit/an/slaa655/slaa655.pdf
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
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“The SDK supports an improved health tracking capability to allow your applications to track the user’s 
health data accurately with the accelerometer, raw ECG (Electrocardiogram), PPG 
(Photoplethysmogram), and heart rate including inter-beat interval. In addition, it provides more 
advanced health features such as the body composition measurement, to enable compelling use cases for 
health and fitness applications. The blood oxygen level and sweat loss after a running workout are also 
useful data to check a user's health status.” 
 
Source: Samsung Developer, “Samsung Privileged Health SDK,” 
https://developer.samsung.com/health/privileged/overview.html 
 

11[d] the wearable 
measurement device 
configured to 
receive a portion of 
the output optical 
beam and to deliver 
an analysis output 
beam to a sample; 

The Accused System comprises a wearable measurement device configured to receive a portion of the 
output optical beam and to deliver an analysis output beam to a sample. 
 
For example, the Accused Smartwatch (“wearable measurement device”) comprises one or more lenses 
positioned between LEDs and the wrist of a user when worn by the user. The lenses receive a portion of the 
output optical beam from the LEDs and deliver the analysis output beam to a tissue sample of the user (e.g., 
skin, blood vessels, veins).  
 

https://developer.samsung.com/health/privileged/overview.html
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Source: https://www.youtube.com/watch?v=lZ6Q7JqtiA0  
 
Samsung states that “[t]he Galaxy Watch uses light sensors that operate within the limits set by the 
IEC62471 safety regulations. However, people with photosensitive skin may have adverse reactions to 
light, such as skin discoloration or a rash.” Samsung Newsroom, Unlocking New Possibilities for 
Preventative Wellness with New Galaxy Watch and BioActive Sensor, Jul. 8, 2024, available at 
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-
watch-and-bioactive-sensor. Thus, the one or more lenses in the Accused Smartwatch delivers light that is 
output from the LEDs to skin of the user (“lens output light to tissue”). 
  

https://www.youtube.com/watch?v=lZ6Q7JqtiA0
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
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Source: https://www.youtube.com/watch?v=lZ6Q7JqtiA0  
 

 
Source: https://www.youtube.com/watch?v=jlW0i7u4FVk  

 

https://www.youtube.com/watch?v=lZ6Q7JqtiA0
https://www.youtube.com/watch?v=jlW0i7u4FVk
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Additionally, in a technical paper, Samsung engineers and pixel designers for photoplethysmography 
(“PPG”) sensors explained “applying micro lenses” and using “micro lens focusing” techniques to 
enhance the delivery of infrared (“IR”) light sources. J. Lim et al., “A single chip PPG sensor with enhanced 
IR sensitivity for low power and small size,” 2021 IS&T Int’l Symp. Elec. Imaging, at 2-3, available at 
https://library.imaging.org/admin/apis/public/api/ist/website/downloadArticle/ei/33/7/art00002. 
 
Samsung’s Galaxy Watch7 and Watch Ultra user guide also states the following: “The accuracy of the 
information and data provided by this device and its related software, including heart rate readings, may be 
affected by factors such as environmental conditions, skin condition, specific activity performed while 
using/wearing the device, settings of the device, user configuration/user-provided information, placement 
of the sensor on the body, and other end-user interactions.” Samsung Galaxy Watch7 | Watch Ultra User 
Guide, at p. 42, available at 
https://downloadcenter.samsung.com/content/UM/202407/20240717003704208/WEA_L30X_L31X_L70X
_EN_UG_XF3_070324_FINAL.pdf. 
 
The Accused Smartwatch (“wearable measurement device”) utilizes a biosensor manufactured by Texas 
Instruments (“TI”)—e.g., an analog front end (“AFE”) integrated circuit component for PPG, 
electrocardiography (“ECG”) and other biosensing applications. 
 

https://library.imaging.org/admin/apis/public/api/ist/website/downloadArticle/ei/33/7/art00002
https://downloadcenter.samsung.com/content/UM/202407/20240717003704208/WEA_L30X_L31X_L70X_EN_UG_XF3_070324_FINAL.pdf
https://downloadcenter.samsung.com/content/UM/202407/20240717003704208/WEA_L30X_L31X_L70X_EN_UG_XF3_070324_FINAL.pdf
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Source: IFIXIT, Samsung Galaxy Watch Ultra Chip ID, 
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb
_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw.  
 
Such AFEs from TI include AFE44S30, AFE4432, AFE44I30, AFE4460, AFE49I30, AFE4950, AFE4500. 
See Texas Instruments, Biosensing AFEs, https://www.ti.com/data-converters/integrated-special-
function/medical-afes/biosensing-afes/overview.html. 
 
TI’s AFEs enable wearable devices to perform multiple optical biosensing applications. For example, TI 
explains in a technical paper: 
 

https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw
https://www.ti.com/data-converters/integrated-special-function/medical-afes/biosensing-afes/overview.html
https://www.ti.com/data-converters/integrated-special-function/medical-afes/biosensing-afes/overview.html
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Texas Instruments, Application Brief, “Optical Heart Rate Monitoring (OHRM) on Wearables,” SBAA564, 
Nov. 2022, at 1, available at https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf. 
 

https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf
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Additionally, the following scientific report authored by multiple Samsung engineers further shows an 
analysis output beam being delivered to a tissue sample of the user: 
 

 
Source: E. Volkova et al., “Multispectral sensor fusion in SmartWatch for in situ continuous monitoring of 
human skin hydration and body sweat loss,” Scientific Reports (2023), at 3, available at 
https://www.nature.com/articles/s41598-023-40339-7.pdf. 
 

https://www.nature.com/articles/s41598-023-40339-7.pdf
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11[e] the wearable 
measurement device 
further comprising a 
receiver configured 
to: receive and 
process at least a 
portion of the 
analysis output 
beam reflected or 
transmitted from the 
sample, generate an 
output signal 
representing at least 
in part a non-
invasive 
measurement on 
blood contained 
within the sample, 

The wearable measurement device of the Accused System further comprises a receiver configured to: 
receive and process at least a portion of the analysis output beam reflected or transmitted from the 
sample and generate an output signal representing at least in part a non-invasive measurement on 
blood contained within the sample. 
 
For example, the BioActive Sensor in the Accused Smartwatch (“wearable measurement device”) comprises 
a receiver that: (a) receives and processes a portion of the analysis output beam reflected or transmitted from 
the tissue sample, and (b) generates an output PPG signal representing at least in part a non-invasive 
measurement on blood contained within the tissue sample. 
 

 
 
Source: Samsung Galaxy Watch7 / Galaxy Watch Ultra User Guide (06/2024, Rev.1.0), at 8, available at 
 https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-
L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf; see also Samsung Developer, Samsung 
Privileged Health SDK, available at https://developer.samsung.com/health/privileged/overview.html. 
 
 

https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf
https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf
https://developer.samsung.com/health/privileged/overview.html
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Source: https://www.samsung.com/us/watches/galaxy-watch-ultra/  
 

https://www.samsung.com/us/watches/galaxy-watch-ultra/
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Source: https://www.samsung.com/us/watches/galaxy-watch-ultra/ 
 

https://www.samsung.com/us/watches/galaxy-watch-ultra/
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Source: IFIXIT, Samsung Galaxy Watch Ultra Chip ID, 
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327  
 
The AFE4510 specification (excerpts shown below) describes a PPG signal receiver, a PPG signal 
transmitter, and PPG signal acquisition functionality for receiving and processing at least a portion of the 
analysis output beam output by LEDs that is reflected from skin and body tissue of the user (e.g., by 
photodiodes (“PDs”)), and for converting the received light into—i.e., generating—a PPG output signal. 
 
 
 
 
 
 
 
 
 

Texas Instruments AFE (Analog Front 
End) chip - AFE4510 

 

https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327
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Source: Texas Instruments, AFE4510, SBASB19 – March 2024, at 1-2, available at 
https://www.ti.com/lit/ds/symlink/afe4510.pdf. 
 
 
 

https://www.ti.com/lit/ds/symlink/afe4510.pdf
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The BioActive Sensor (“receiver”) in the Accused Smartwatch is configured to receive and process at least a 
portion of the analysis output beam that is reflected from a body tissue sample of the user and to generate an 
output PPG signal to enable multiple biosensing applications, including optical heart rate monitoring 
(“OHRM”).  
 
For example, TI explains OHRM using its AFE biosensors as follows: 
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Source: Texas Instruments, Application Brief, “Optical Heart Rate Monitoring (OHRM) on Wearables,” 
SBAA564, Nov. 2022, at 1, available at https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf. 
 
An exemplary “PPG signal chain” for a TI AFE biosensor (shown below) further illustrates how the 
BioActive Sensor (“receiver”) of the Accused Smartwatch is configured to receive and process at least a 
portion of the analysis output beam that is reflected from a body tissue sample of the user and to generate an 
output PPG signal. 
 

https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf
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Source: Texas Instruments, Application Brief, “Optical Heart Rate Monitoring (OHRM) on Wearables,” 
SBAA564, Nov. 2022, at 2, available at https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf. 
 
Samsung engineers further explain in technical papers a receiver configured to receive and process at least a 
portion of the analysis output beam that is reflected from a body tissue sample of the user and to generate an 
output PPG signal. 
 
For example: “Recently, the technology is migrated to wearable devices such as wrist-worn smart watch or 
a wireless ear set. Among them, PPG sensor is a health sensor that measures the change in blood flow to be 
modulated by the heart rate. When a separate light source (LED) is irradiated to the skin, the light 

https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf
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absorption by the blood vessel is changed in synchronization with the heart rate. A sensor measures, 
transmitted or reflected signal represented in Amplitude Modulation It has been used for a long time as a 
medical tool to measure oxygen saturation (SpO2) in a patient's finger in an emergency status [1]. For the 
use of PPG sensors as various health care products, features of low power and smaller size are essentially 
required.” 
 

 
 
Source: J. Lim et al., “A single chip PPG sensor with enhanced IR sensitivity for low power and small size,” 
2021 IS&T Int’l Symp. Elec. Imaging, at 2-3, available at 
https://library.imaging.org/admin/apis/public/api/ist/website/downloadArticle/ei/33/7/art00002. 
 
For example: “Nowadays, our Smart watches are equipped with Samsung’s BioActive Sensor which has 
evolved to become far more advanced and miniature technology and not only able to ‘just’ count HR, steps 
and calories, but also can monitor sleep, measure blood pressure and more. . . . At present, wearable devices, 
including smart watches and fitness trackers, routinely monitor/analyze the PPG signal and provide non-

https://library.imaging.org/admin/apis/public/api/ist/website/downloadArticle/ei/33/7/art00002
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invasive information of the aforementioned human health indicators with recent additions of temperature, 
blood oxygen level (SpO2), etc. monitoring capabilities.” 
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Source: E. Volkova et al., “Multispectral sensor fusion in SmartWatch for in situ continuous monitoring of 
human skin hydration and body sweat loss,” Scientific Reports (2023), at 1-3, available at 
https://www.nature.com/articles/s41598-023-40339-7.pdf. 
 
The receiver of the Accused Smartwatch has been detailed in other technical documents as well. 
 
For example: 
 

https://www.nature.com/articles/s41598-023-40339-7.pdf
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Source: Kim, K.B. et al., “Photoplethysmography in Wearable Devices: A Comprehensive Review of 
Technological Advances, Current Challenges, and Future Directions,” Electronics 2023, 12, 2923, at 7-9, 
available at https://www.mdpi.com/2079-9292/12/13/2923. 
 

11[f] synchronize to 
the light source, 

The Accused Smartwatch comprises a receiver configured to synchronize to the light source. 
 

https://www.mdpi.com/2079-9292/12/13/2923
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For example, the BioActive Sensor (“receiver”) is connected to the light source containing multiple LEDs. 
It is configured to synchronize with the light source by controlling the LED current (light intensity) and the 
pulse rate of the LEDs using LED drivers. To measure heart rate, for example, green LEDs are used with a 
pre-determined intensity and pulse rate. Different LEDs are used to measure other parameters, such as blood 
oxygen levels. Green LEDs (“light source”) blink when measuring heart rate, and both green and red LEDs 
(“light source”) blink alternately when measuring blood oxygen levels. This, among other evidence below, 
shows that the BioActive Sensor (“receiver”) is synchronized with the light source. 
 
The BioActive Sensor in the Accused Smartwatch features a biosensing AFE manufactured by TI (e.g., AFE 
4510). The AFE component used in the BioActive Sensor has a receiver that is synchronized to 
programmable LEDs (“light source”). 
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“The AFE4510 is a versatile signal acquisition system that supports acquiring PPG, EDA, ECG, and 
Bioimpedance signals. A PPG signal chain comprises a current driver for LEDs and a receiver that 
senses the signal from PDs. An ECG receiver with a Rightleg drive (RLD) can acquire a single-lead ECG 
from a pair of electrodes. An impedance measurement signal chain with integrated excitation & sense can 
be used for applications like BIA, EDA, and Impedance spectroscopy. The outputs of the various signal 
chains are digitized by a common ADC and stored in a FIFO which can be read out using an SPI interface.”  
 
Source: Texas Instruments, AFE4510, SBASB19 – March 2024, at 1-2, available at 
https://www.ti.com/lit/ds/symlink/afe4510.pdf. 

https://www.ti.com/lit/ds/symlink/afe4510.pdf
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Source: Texas Instruments, Application Brief, “Optical Heart Rate Monitoring (OHRM) on Wearables,” 
SBAA564, Nov. 2022, at 2, available at https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf. 
 

https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf
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Source: Texas Instruments, Product Overview, “Photoplethysmography (PPG) with Integrated AFE for 
Optical Biosensing,” Oct. 2023, at 1, available at 
https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fww
w.google.com%252F. 
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“The BioActive sensor has three sensors integrated inside. Apart from body composition, it can measure 
heart rate, ECG, and blood pressure. . . . It is one of the common uses of the BioActive sensor on your 
Galaxy Watch. The sensor relies on built-in green LEDs and infrared lights to calculate heart rate. 
These green LEDs are slotted between the BioActive sensor chips.” P. Shah, “What is Samsung BioActive 
sensor?” Android Police, July 17, 2024, https://www.androidpolice.com/samsung-bioactive-sensor-guide/. 
 
“The diverse colors of LEDs and new photodiodes enable the sensor to unlock new possibilities in 
health monitoring. One of the new features is the advanced glycation end products (AGEs) index, which is 
an indicator of metabolic health and biological aging.” “Samsung details BioActive Sensor ahead of Galaxy 
Unpacked,” fonearena, July 9, 2024, https://www.fonearena.com/blog/428320/samsung-bioactive-sensor-
galaxy-unpacked-2024.html. 
 
A product video further explains functionalities of the light source (LEDs) and receiver, including how the 
receiver is configured to synchronize to differing flashing LED colors on the Accused Smartwatch to 
facilitate calculating different physiological parameters. 
 

https://www.androidpolice.com/samsung-bioactive-sensor-guide/
https://www.fonearena.com/blog/428320/samsung-bioactive-sensor-galaxy-unpacked-2024.html
https://www.fonearena.com/blog/428320/samsung-bioactive-sensor-galaxy-unpacked-2024.html
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Source: Ultra Value Tech, “Green Flashing Lights on Back of Samsung Galaxy Watch 7 – What Are They 
& How to Turn Them Off,” July 21, 2024, at 0:24, 
https://www.youtube.com/watch?v=JG9pGlqmges&t=23s. 
 

https://www.youtube.com/watch?v=JG9pGlqmges&t=23s
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Source: Ultra Value Tech, “Green Flashing Lights on Back of Samsung Galaxy Watch 7 – What Are They 
& How to Turn Them Off,” July 21, 2024, at 0:37, 
https://youtu.be/JG9pGlqmges?si=IrcplcEOdHE3cB3l&t=37  

https://youtu.be/JG9pGlqmges?si=IrcplcEOdHE3cB3l&t=37
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Source: Ultra Value Tech, “Green Flashing Lights on Back of Samsung Galaxy Watch 7 – What Are They 
& How to Turn Them Off,” July 21, 2024, at 0:53, 
https://youtu.be/JG9pGlqmges?si=xMBhD11dBJQoADTO&t=53  
 

https://youtu.be/JG9pGlqmges?si=xMBhD11dBJQoADTO&t=53
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Source: Ultra Value Tech, “Green Flashing Lights on Back of Samsung Galaxy Watch 7 – What Are They 
& How to Turn Them Off,” July 21, 2024, at 0:53, 
https://youtu.be/JG9pGlqmges?si=YV8CQ6yVqkvL7ITZ&t=53  
 

11[g] capture light 
while the 
semiconductor 
sources are off and 
convert the captured 
light into a first 
signal, capture light 
while at least one of 
the semiconductor 

The Accused Smartwatch comprises a receiver configured to capture light while the semiconductor 
sources are off and convert the captured light into a first signal and capture light while at least one of 
the semiconductor sources is on and convert the captured light into a second signal, the captured light 
including at least a part of the at least a portion of the analysis output beam reflected or transmitted 
from the sample. 
 
For example, the BioActive Sensor includes a PPG sensor that operates in multiple phases, including (1) 
Ambient (when the LEDs, or “semiconductor sources,” are off) and (2) LED (when the LEDs, or 
“semiconductor sources,” are on). During the Ambient phase, the sensor receives light with the LEDs off 

https://youtu.be/JG9pGlqmges?si=YV8CQ6yVqkvL7ITZ&t=53
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sources is on and 
convert the captured 
light into a second 
signal, the captured 
light including at 
least a part of the at 
least a portion of the 
analysis output 
beam reflected or 
transmitted from the 
sample, 

and generates a first signal. In the LED phase, the sensor receives light from the LEDs and generates a 
second signal. 
 

 
 
Source: IFIXIT, Samsung Galaxy Watch Ultra Chip ID, 
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb
_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw. 
 

https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw
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Source: Texas Instruments, AFE4510, SBASB19 – March 2024, at 1-2, available at 
https://www.ti.com/lit/ds/symlink/afe4510.pdf. 
 

https://www.ti.com/lit/ds/symlink/afe4510.pdf
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Source: Texas Instruments, AFE4500 EVM User Guide, SBAU370 – April 2021, at 23, available at 
https://www.manualslib.com/download/2652772/Texas-Instruments-Afe4500evm.html. 
 
“To save power, the LED is pulsed at the PRF rate, turning on for a short window in each PRF cycle. Each 
turning on of the LED results in one sample in the digital data stream. . . . Input offset cancellation DAC 
cancels DC from both ambient and LED, and allows a high TIA gain setting for the best noise 
performance.” Texas Instruments, Application Brief, “Optical Heart Rate Monitoring (OHRM) on 
Wearables,” SBAA564, Nov. 2022, at 2, available at https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf. 
 

https://www.manualslib.com/download/2652772/Texas-Instruments-Afe4500evm.html
https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf
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Source: Texas Instruments, Product Overview, “Photoplethysmography (PPG) with Integrated AFE for 
Optical Biosensing,” Oct. 2023, at 1, available at 
https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fww
w.google.com%252F. 
 
A technical paper authored by Samsung engineers further explains a PPG signal receiver for use in wearable 
measurement devices configured to operate in an Ambient and LED phase: 
 

https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fwww.google.com%252F
https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fwww.google.com%252F
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Source: J. Kim et al., “Ambient light cancellation in photoplethysmogram application using alternating 
sampling and charge redistribution technique,” 2015 37th Annual International Conference of the IEEE 
Engineering in Medicine and Biology Society (EMBC), at 6441-42. 
 
Samsung’s Galaxy Watch7 and Watch Ultra user guide also states the following: “The accuracy of the 
information and data provided by this device and its related software, including heart rate readings, may be 
affected by factors such as environmental conditions, skin condition, specific activity performed while 
using/wearing the device, settings of the device, user configuration/user-provided information, placement 
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of the sensor on the body, and other end-user interactions.” Samsung Galaxy Watch7 | Watch Ultra User 
Guide, at p. 42, available at 
https://downloadcenter.samsung.com/content/UM/202407/20240717003704208/WEA_L30X_L31X_L70X
_EN_UG_XF3_070324_FINAL.pdf. 
 
Additionally, the following scientific report authored by multiple Samsung engineers further shows an 
analysis output beam being delivered to a tissue sample of the user: 
 

 

https://downloadcenter.samsung.com/content/UM/202407/20240717003704208/WEA_L30X_L31X_L70X_EN_UG_XF3_070324_FINAL.pdf
https://downloadcenter.samsung.com/content/UM/202407/20240717003704208/WEA_L30X_L31X_L70X_EN_UG_XF3_070324_FINAL.pdf
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Source: E. Volkova et al., “Multispectral sensor fusion in SmartWatch for in situ continuous monitoring of 
human skin hydration and body sweat loss,” Scientific Reports (2023), at 3, available at 
https://www.nature.com/articles/s41598-023-40339-7.pdf. 
 

11[h] wherein the 
measurement system 
is further configured 
to improve the 
signal-to-noise ratio 
by differencing the 
first signal and the 
second signal; 

The Accused System is configured to improve the signal-to-noise ratio by differencing the first signal 
and the second signal. 
 
For example, ambient light is considered as noise in PPG sensors. Therefore, the presence of ambient light 
decreases the SNR of PPG sensors. Ambient light cancellation is performed to cancel out the ambient light 
noise, thereby increasing the SNR. The BioActive Sensor of the Galaxy Watch Ultra performs ambient light 
cancellation (also referred to as “Digital Ambient Subtraction”), to increase the SNR, by comparing the 
measured signal when the LED sources are off (“first signal”) and the measured signal when the LED 
sources are on (“second signal”). 
 

 
 

https://www.nature.com/articles/s41598-023-40339-7.pdf
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Source: IFIXIT, Samsung Galaxy Watch Ultra Chip ID, 
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb
_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw. 
 

 
 

“AACM” 

Automatic Ambient 
Cancellation Mode 

https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw
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Source: Source: Texas Instruments, AFE4510, SBASB19 – March 2024, at 1-2, available at 
https://www.ti.com/lit/ds/symlink/afe4510.pdf. 
 
“To save power, the LED is pulsed at the PRF rate, turning on for a short window in each PRF cycle. Each 
turning on of the LED results in one sample in the digital data stream. . . . Input offset cancellation DAC 
cancels DC from both ambient and LED, and allows a high TIA gain setting for the best noise 
performance.” Texas Instruments, Application Brief, “Optical Heart Rate Monitoring (OHRM) on 
Wearables,” SBAA564, Nov. 2022, at 1, available at https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf. 
 

https://www.ti.com/lit/ds/symlink/afe4510.pdf
https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf
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Source: Texas Instruments, Application Brief, “Optical Heart Rate Monitoring (OHRM) on Wearables,” 
SBAA564, Nov. 2022, at 2, available at https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf. 
 

 

https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf
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Source: Texas Instruments, Product Overview, “Photoplethysmography (PPG) with Integrated AFE for 
Optical Biosensing,” Oct. 2023, at 1, available at 
https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fww
w.google.com%252F. 
 

 
 
Source: Texas Instruments, AFE4500 EVM User Guide, SBAU370 – April 2021, at 23, available at 
https://www.manualslib.com/download/2652772/Texas-Instruments-Afe4500evm.html. 
 

https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fwww.google.com%252F
https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fwww.google.com%252F
https://www.manualslib.com/download/2652772/Texas-Instruments-Afe4500evm.html
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Samsung engineers authored a technical paper further describing ambient light cancellation in PPG 
applications for wearable devices: 
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Source: J. Kim et al., “Ambient light cancellation in photoplethysmogram application using alternating 
sampling and charge redistribution technique,” 2015 37th Annual International Conference of the IEEE 
Engineering in Medicine and Biology Society (EMBC), at 6441-42. 

11[i] a smart phone 
or tablet comprising 
a wireless receiver, a 
wireless transmitter, 
a display, a 
microphone, a 

The Accused System comprises a smart phone or tablet comprising a wireless receiver, a wireless 
transmitter, a display, a microphone, a speaker, one or more buttons or knobs, a microprocessor and 
a touch screen. 
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speaker, one or more 
buttons or knobs, a 
microprocessor and 
a touch screen,  

For example, the Galaxy Watch Ultra pairs with the Galaxy Z Fold6 (“smart phone”). The Galaxy Z Fold6 
includes Wi-Fi connectivity, which requires the smart phone to include both a wireless receiver and a 
wireless transmitter. 
 

 
Source: https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-
f956uakexaa/  
 

https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-f956uakexaa/
https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-f956uakexaa/
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Source: https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-
f956uakexaa/  
 
The Galaxy Z Fold6 (“smart phone”) further includes a display, a speaker, and a microphone. 
 

 
Source: https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-
f956uakexaa/  
 

https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-f956uakexaa/
https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-f956uakexaa/
https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-f956uakexaa/
https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-f956uakexaa/
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Source: https://downloadcenter.samsung.com/content/UM/202407/20240729134626727/SM-
F956B_UG_EU_UU_Eng_Rev.1.0_240717.pdf [Page: 5] 

https://downloadcenter.samsung.com/content/UM/202407/20240729134626727/SM-F956B_UG_EU_UU_Eng_Rev.1.0_240717.pdf
https://downloadcenter.samsung.com/content/UM/202407/20240729134626727/SM-F956B_UG_EU_UU_Eng_Rev.1.0_240717.pdf
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Source: https://www.youtube.com/watch?v=xYIe5uDVDWI 
 

https://www.youtube.com/watch?v=xYIe5uDVDWI
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Source: https://downloadcenter.samsung.com/content/UM/202407/20240729134626727/SM-
F956B_UG_EU_UU_Eng_Rev.1.0_240717.pdf [Page: 5] 
 

https://downloadcenter.samsung.com/content/UM/202407/20240729134626727/SM-F956B_UG_EU_UU_Eng_Rev.1.0_240717.pdf
https://downloadcenter.samsung.com/content/UM/202407/20240729134626727/SM-F956B_UG_EU_UU_Eng_Rev.1.0_240717.pdf
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Source: https://www.youtube.com/watch?v=sPP6NW89Am0  
 
The Galaxy Z Fold6 further includes buttons (e.g., to increase/decrease volume), a microprocessor (e.g., 
Snapdragon 8 Gen 3 SoC (system on chip) having Qualcomm Kryo microprocessor), and a touch screen. 
 

https://www.youtube.com/watch?v=sPP6NW89Am0
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Source: https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-
f956uakexaa/  
 

https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-f956uakexaa/
https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-f956uakexaa/
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Source: https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-
f956uakexaa/  
 

 
Source: https://www.samsung.com/us/smartphones/galaxy-z-fold6/ 
 
 
 

https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-f956uakexaa/
https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-f956uakexaa/
https://www.samsung.com/us/smartphones/galaxy-z-fold6/
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Source: https://www.qualcomm.com/products/mobile/snapdragon/smartphones/snapdragon-8-series-mobile-
platforms/snapdragon-8-gen-3-mobile-platform  
 

https://www.qualcomm.com/products/mobile/snapdragon/smartphones/snapdragon-8-series-mobile-platforms/snapdragon-8-gen-3-mobile-platform
https://www.qualcomm.com/products/mobile/snapdragon/smartphones/snapdragon-8-series-mobile-platforms/snapdragon-8-gen-3-mobile-platform
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Source: https://www.youtube.com/watch?v=cn2UQ6Fr4hM 
 

https://www.youtube.com/watch?v=cn2UQ6Fr4hM
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Source: https://downloadcenter.samsung.com/content/UM/202407/20240729134626727/SM-
F956B_UG_EU_UU_Eng_Rev.1.0_240717.pdf [Page: 26] 
 

11[j] the smart 
phone or tablet 
configured to 

The Accused Phone/Tablet is configured to receive and process at least a portion of the output signal, to 
store and display the processed output signal, and to transmit a portion of the processed output signal 
over a wireless transmission link. 

https://downloadcenter.samsung.com/content/UM/202407/20240729134626727/SM-F956B_UG_EU_UU_Eng_Rev.1.0_240717.pdf
https://downloadcenter.samsung.com/content/UM/202407/20240729134626727/SM-F956B_UG_EU_UU_Eng_Rev.1.0_240717.pdf
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receive and process 
at least a portion of 
the output signal, to 
store and display the 
processed output 
signal, and to 
transmit a portion of 
the processed output 
signal over a 
wireless 
transmission link; 
and 

 
For example, the Galaxy Z Fold6 (“the smart phone”) receives the output signal from the BioActive Sensor 
via the Samsung Health app, processes the signal (e.g., generates Heart Rate Zones, in addition to other 
health and wellness metrics and reports), and then stores and displays the Heart Rate Zones (“processed 
output signal”).  
 
“The Samsung Privileged Health SDK is specialized for Galaxy Watch4 devices or later. It provides both 
raw sensor signal data from the Samsung BioActive Sensor and processed data with our differentiated 
features. 
 
The SDK supports an improved health tracking capability to allow your applications to track the user's 
health data accurately with the accelerometer, raw ECG (Electrocardiogram), PPG 
(Photoplethysmogram), and heart rate including inter-beat interval.” Samsung Developer, “Samsung 
Privileged Health SDK,” available at https://developer.samsung.com/health/privileged/overview.html. 
 

https://developer.samsung.com/health/privileged/overview.html
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Source: https://www.samsung.com/us/apps/samsung-health/. 
 

https://www.samsung.com/us/apps/samsung-health/
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Source: Samsung, “A friendly guide to Galaxy Watch Ultra, Watch7 and Buds3Pro,” July 24, 2024, 
https://www.youtube.com/watch?v=VQW-ZpdAm5M. 
 

https://www.youtube.com/watch?v=VQW-ZpdAm5M
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Source: Samsung, “A friendly guide to Galaxy Watch Ultra, Watch7 and Buds3Pro,” July 24, 2024, 
https://www.youtube.com/watch?v=VQW-ZpdAm5M  
 

https://www.youtube.com/watch?v=VQW-ZpdAm5M
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“The Energy score feature is available if the connected phone has version 6.27 or later of the Samsung 
Health app installed.” Samsung Galaxy Watch7 / Galaxy Watch Ultra User Guide (06/2024, Rev.1.0), at 53, 
available at 
 https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-
L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf. 
 

https://www.samsung.com/global/galaxy/apps/samsung-health/
https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf
https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf
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“The sleep pattern will have its four states (Awake, REM, Light, Deep) analysed by using your movement 
and changes in your heart rate while you are sleeping. You can check the recommended ranges for each 
measured sleep state in the graph on your connected phone.” Samsung Galaxy Watch7 / Galaxy Watch 
Ultra User Guide (06/2024, Rev.1.0), at 71, available at 
 https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-
L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf. 
 
The Samsung Health app data (“a portion of the processed output signal”) is synchronized with Samsung 
Cloud to enable transmission of data to Samsung Cloud over Wi-Fi (“wireless transmission link”). 
 
“If you just got a new phone or tablet, it doesn’t mean you have to lose your hard work in Samsung Health. 
Your workout and health information can be transferred to the new device; you just need to sync your 
Samsung Health profile with your Samsung account! Once your data is synced, you'll be able to access it 
on a different device.” 
 

https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf
https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf
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Source: Samsung, “Sync your data in Samsung Health,” 
https://www.samsung.com/us/support/answer/ANS10001399/. 
 

11[k] a cloud 
configured to 
receive over the 
wireless 
transmission link an 
output status 
comprising the at 

The Accused System comprises a cloud configured to receive over the wireless transmission link an 
output status comprising the at least a portion of the processed output signal, to process the received 
output status to generate processed data, and to store the processed data, and wherein the cloud is 
capable of storing a history of at least a portion of the received output status over a specified period of 
time. 
 

https://www.samsung.com/us/support/answer/ANS10001399/
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least a portion of the 
processed output 
signal, to process the 
received output 
status to generate 
processed data and 
to store the 
processed data, and 
wherein the cloud is 
capable of storing a 
history of at least a 
portion of the 
received output 
status over a 
specified period of 
time. 

For example, the Accused Cloud receives data from the Samsung Health app over a Wi-Fi connection 
(“wireless transmission link”). It processes the Samsung Health app data and stores it as a backup 
(“processed data”), enabling future restoration if needed. The health data can be backed up from Accused 
Cloud, indicating that the Accused Cloud stores the health data (“processed output signal”) received from 
the Accused Phone/Tablet. 
 
“If you just got a new phone or tablet, it doesn’t mean you have to lose your hard work in Samsung Health. 
Your workout and health information can be transferred to the new device; you just need to sync your 
Samsung Health profile with your Samsung account! Once your data is synced, you'll be able to 
access it on a different device.”  
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Source: Samsung Galaxy Watch7 / Galaxy Watch Ultra User Guide (06/2024, Rev.1.0), at 143, available at 
 https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-
L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf. 
 

https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf
https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf
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Source: Samsung Galaxy Watch7 / Galaxy Watch Ultra User Guide (06/2024, Rev.1.0), at 147, available at 
 https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-
L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf. 
 
“As we approach the weekend, the last thing we want to tackle is everything you need to know about 
backing up and restoring your valuable Samsung Health data. You’ll need this when you factory reset or 
replace your Galaxy phone. . . . The Health data you can download from Samsung's servers using this 
method isn't meant to be used for restoring information within the mobile app. The purpose of this feature is 
to help you keep an offline record of your fitness and health data outside the Samsung Health mobile app.” 
 
Source: https://www.sammobile.com/news/samsung-health-week-back-up-restore-data/  
 
See also Samsung, “How can I synchronize the Samsung Health Monitor data to Samsung Health?” Apr. 13, 
2023, https://www.samsung.com/ca/support/apps-services/how-can-i-synchronize-the-samsung-health-
monitor-data-to-samsung-health/. 

https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf
https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf
https://www.sammobile.com/news/samsung-health-week-back-up-restore-data/
https://www.samsung.com/ca/support/apps-services/how-can-i-synchronize-the-samsung-health-monitor-data-to-samsung-health/
https://www.samsung.com/ca/support/apps-services/how-can-i-synchronize-the-samsung-health-monitor-data-to-samsung-health/
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14. The 
measurement system 
of claim 11, wherein 
the plurality of 
semiconductor 
sources comprises at 
least one of: light 
emitting diodes 
(LEDs), laser diodes 
(LD's), tunable LD's, 
and super-
luminescent laser 
diodes (SLDs), and 
the measurement 
system further 
comprising a 
reflective surface to 
receive and redirect 
at least some of the 
at least a portion of 
the analysis output 
beam reflected or 
transmitted from the 
sample. 

The Accused System comprises a plurality of semiconductor sources that comprise at least one of: light 
emitting diodes (LEDs), laser diodes (LD’s), tunable LD’s, and super-luminescent laser diodes (SLDs) and 
a reflective surface to receive and redirect at least some of the at least a portion of the analysis output beam 
reflected or transmitted from the sample, literally or under the doctrine of equivalents.  
 
For example, the Accused System comprises light emitting diodes (LEDs) and a reflective surface on at 
least the underside of the Accused Smartwatch that receives and redirects at least some of the analysis 
output light beam that is reflected from the user’s skin. 
 
The Accused Smartwatch includes a light source comprising multiple light emitting diodes (“LEDs”), such 
as a green LED, a red LED, and an infrared LED, each of which includes a “semiconductor source.” 
 
Samsung states, for example, that its “BioActive Sensor is essential to bringing you better preventative 
health experiences on the next Galaxy Watch, with design improvements that enable even more precise 
health insights. Samsung engineers focused on three upgrades to the new sensor: enhancing the performance 
of light-receiving photodiodes, adding additional colors of light-emitting diodes (LEDs) and arranging 
them optimally across the sensor.” Samsung Newsroom, Unlocking New Possibilities for Preventative 
Wellness with New Galaxy Watch and BioActive Sensor, Jul. 8, 2024, available at 
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-
watch-and-bioactive-sensor  
 
Samsung further states that “[t]he optimal allocation of Green, Red and Infrared LEDs sets new 
standards in wearable technology by improving accuracy and enabling exceptional performance across a 
broad array of health metrics. This allows the new BioActive Sensor to more accurately measure health 
metrics such as heart rate, sleep quality, blood pressure, blood oxygen levels and stress levels. Even the 
measurement of heart rate during intensive workouts is 30% more accurate compared to its predecessor.” 
Samsung Newsroom, Unlocking New Possibilities for Preventative Wellness with New Galaxy Watch and 
BioActive Sensor, Jul. 8, 2024, available at https://news.samsung.com/global/unlocking-new-possibilities-
for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor  

https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
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Source: https://www.samsung.com/us/watches/galaxy-watch-ultra/ 
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Source: https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-
galaxy-watch-and-bioactive-sensor  
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Source: https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-
galaxy-watch-and-bioactive-sensor  
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Source: IFIXIT, Samsung Galaxy Watch Ultra Chip ID, 
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327 
 

https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327
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Source: https://www.samsung.com/us/watches/galaxy-watch-ultra/ 
 

15. The 
measurement system 
of claim 11, wherein 
the receiver 
comprises a plurality 
of detectors arranged 
along a first arc, and 
wherein the plurality 
of semiconductor 

The Accused System’s receiver comprises a plurality of detectors arranged along a first arc, and 
wherein the plurality of semiconductor sources are arranged along a second arc that is offset from the 
first arc. 
 
For example, the Accused Smartwatch contains multiple LEDs ("semiconductor sources") and multiple 
photodiodes ("detectors"). The photodiodes are arranged along a first arc, while the LEDs are arranged 
along a second, distinct arc, with both arcs following different circular paths ("offset"). 
 

https://www.samsung.com/us/watches/galaxy-watch-ultra/
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sources are arranged 
along a second arc 
that is offset from 
the first arc. 

 
Source: https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-
galaxy-watch-and-bioactive-sensor  
 
 

https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
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Source: https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-
galaxy-watch-and-bioactive-sensor  
 

16. The 
measurement system 
of claim 15, wherein 

The Accused Smartwatch contains multiple LEDs and multiple photodiodes. The photodiodes are arranged 
along a first concentric arc, while the LEDs are arranged along a second concentric arc. 

Photodiode 
(“detector”) 

LED (“semiconductor 
source”) 

https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
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the first arc and the 
second arc are 
concentric. 

 
Source: https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-
galaxy-watch-and-bioactive-sensor  
 

19[Pre] A wearable 
device for use with a 
smart phone or 

Samsung has made, used, offered to sell, sold in the United States, and/or has imported into the United States, 
and/or, continues to make, use, offer to sell, and sell within the United States, and/or import into the United 

https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
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tablet, the wearable 
device comprising: 

States, a wearable device for use with a smart phone or tablet, either literally or under the doctrine of 
equivalents. 
 
For example, Samsung provides a system including a Galaxy Watch Ultra, a Samsung smartphone or tablet, 
and Samsung Cloud (“system”) for measuring a user’s heart rate, blood oxygen level, and electrocardiogram 
(“ECG”). When the user wears a Galaxy Watch Ultra on their wrist, the watch measures information using 
various hardware components, such as Samsung’s “BioActive sensor,” and transfers the information to an 
Accused Phone/Tablet and to the Accused Cloud. 
 

 
Source: https://news.samsung.com/global/galaxy-history-%E2%91%A2-evolution-of-the-galaxy-watch-
series-reimagining-the-watch  
 

https://news.samsung.com/global/galaxy-history-%E2%91%A2-evolution-of-the-galaxy-watch-series-reimagining-the-watch
https://news.samsung.com/global/galaxy-history-%E2%91%A2-evolution-of-the-galaxy-watch-series-reimagining-the-watch
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Source: https://www.ti.com/data-converters/integrated-special-function/medical-afes/biosensing-
afes/overview.html  
 

https://www.ti.com/data-converters/integrated-special-function/medical-afes/biosensing-afes/overview.html
https://www.ti.com/data-converters/integrated-special-function/medical-afes/biosensing-afes/overview.html
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Source: https://www.samsung.com/us/apps/samsung-health/ 
 

https://www.samsung.com/us/apps/samsung-health/
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Source: https://www.samsung.com/us/watches/galaxy-watch-ultra/  
 

 
Source: https://www.samsung.com/us/watches/galaxy-watch-ultra/  
 
 
 

https://www.samsung.com/us/watches/galaxy-watch-ultra/
https://www.samsung.com/us/watches/galaxy-watch-ultra/
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Source: https://www.samsung.com/us/apps/samsung-health/  
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Source: https://www.samsung.com/us/apps/samsung-health/  
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Source: https://www.samsung.com/us/apps/samsung-health/  
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Source: https://www.samsung.com/us/apps/samsung-health/#Improve_your_life  
 

https://www.samsung.com/us/apps/samsung-health/#Improve_your_life
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Source: https://developer.samsung.com/health/blog/en/health/blog/accessing-samsung-health-data-through-
health-connect  
 

 

https://developer.samsung.com/health/blog/en/health/blog/accessing-samsung-health-data-through-health-connect
https://developer.samsung.com/health/blog/en/health/blog/accessing-samsung-health-data-through-health-connect
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Source: https://www.youtube.com/watch?v=VQW-ZpdAm5M  
 

 
Source: https://www.samsung.com/us/support/answer/ANS10001399/  
 

 
Source: https://www.samsung.com/us/support/answer/ANS10001399/ 
 

19[a] a measurement 
device including a 
light source 

The Accused Smartwatch is a measurement device including a light source comprising a plurality of 
semiconductor sources for measuring one or more physiological parameters, literally or under the doctrine of 
equivalents.  

https://www.youtube.com/watch?v=VQW-ZpdAm5M
https://www.samsung.com/us/support/answer/ANS10001399/
https://www.samsung.com/us/support/answer/ANS10001399/
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comprising a 
plurality of 
semiconductor 
sources for 
measuring one or 
more physiological 
parameters, the 
measurement device 
configured to: 

 
For example, the Accused Smartwatch is worn on the wrist of the user for measuring the user’s heart rate.  
 

 
Source: https://www.samsung.com/us/watches/galaxy-watch-ultra/buy/galaxy-watch-ultra-47mm-titanium-
gray-sm-l705udaaxaa/  
 
 
 

https://www.samsung.com/us/watches/galaxy-watch-ultra/buy/galaxy-watch-ultra-47mm-titanium-gray-sm-l705udaaxaa/
https://www.samsung.com/us/watches/galaxy-watch-ultra/buy/galaxy-watch-ultra-47mm-titanium-gray-sm-l705udaaxaa/
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Source: https://www.samsung.com/us/watches/galaxy-watch-ultra/buy/galaxy-watch-ultra-47mm-titanium-
gray-sm-l705udaaxaa/  
 

https://www.samsung.com/us/watches/galaxy-watch-ultra/buy/galaxy-watch-ultra-47mm-titanium-gray-sm-l705udaaxaa/
https://www.samsung.com/us/watches/galaxy-watch-ultra/buy/galaxy-watch-ultra-47mm-titanium-gray-sm-l705udaaxaa/
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Source: https://www.samsung.com/us/watches/galaxy-watch-ultra/ 
 
The Accused Smartwatch includes a light source comprising multiple light emitting diodes (“LEDs”), such 
as a green LED, a red LED, and an infrared LED, each of which includes a “semiconductor source.” 
 
Samsung states, for example, that its “BioActive Sensor is essential to bringing you better preventative 
health experiences on the next Galaxy Watch, with design improvements that enable even more precise 
health insights. Samsung engineers focused on three upgrades to the new sensor: enhancing the performance 
of light-receiving photodiodes, adding additional colors of light-emitting diodes (LEDs) and arranging 
them optimally across the sensor.” Samsung Newsroom, Unlocking New Possibilities for Preventative 

https://www.samsung.com/us/watches/galaxy-watch-ultra/
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Wellness with New Galaxy Watch and BioActive Sensor, Jul. 8, 2024, available at 
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-
watch-and-bioactive-sensor  
 
Samsung further states that “[t]he optimal allocation of Green, Red and Infrared LEDs sets new 
standards in wearable technology by improving accuracy and enabling exceptional performance across a 
broad array of health metrics. This allows the new BioActive Sensor to more accurately measure health 
metrics such as heart rate, sleep quality, blood pressure, blood oxygen levels and stress levels. Even the 
measurement of heart rate during intensive workouts is 30% more accurate compared to its predecessor.” 
Samsung Newsroom, Unlocking New Possibilities for Preventative Wellness with New Galaxy Watch and 
BioActive Sensor, Jul. 8, 2024, available at https://news.samsung.com/global/unlocking-new-possibilities-
for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor  
 

 

https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor


U.S. Patent No. 10,874,304 (the “’304 Patent”) 
“Semiconductor source based near infrared measurement device with improved signal-to-noise ratio” 

 

 
03.12.2025 Preliminary Infringement 
Contentions (P.R. 3-1) 128 ’304 Patent – Samsung Watch 

 

’304 Patent Claim Samsung Accused System1 
Source: https://www.samsung.com/us/watches/galaxy-watch-ultra/ 
 

 
Source: https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-
galaxy-watch-and-bioactive-sensor  
 

https://www.samsung.com/us/watches/galaxy-watch-ultra/
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
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Source: https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-
galaxy-watch-and-bioactive-sensor  
 
 

https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
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Source: IFIXIT, Samsung Galaxy Watch Ultra Chip ID, 
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327 

19[b] generate, by 
modulating at least 
one of the 
semiconductor 
sources having an 
initial light intensity, 
an input optical 
beam having one or 
more optical 
wavelengths, and 

In the Accused Smartwatch, the semiconductor sources are configured to generate, by modulating at least one 
of the semiconductor sources having an initial light intensity, an input optical beam having one or more optical 
wavelengths, literally or under the doctrine of equivalents. 
 
For example, the Accused Smartwatch includes multiple LEDs (“semiconductor sources”), such as a green 
LED, a red LED, and an infrared LED. Different color LEDs and infrared LEDs each generate an output 
optical beam with one or more optical wavelengths. 
 
Samsung states that “[t]he optimal allocation of Green, Red and Infrared LEDs sets new standards in 
wearable technology by improving accuracy and enabling exceptional performance across a broad array of 
health metrics. This allows the new BioActive Sensor to more accurately measure health metrics such as 
heart rate, sleep quality, blood pressure, blood oxygen levels and stress levels. Even the measurement of 

https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327
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heart rate during intensive workouts is 30% more accurate compared to its predecessor.” Samsung 
Newsroom, Unlocking New Possibilities for Preventative Wellness with New Galaxy Watch and BioActive 
Sensor, Jul. 8, 2024, available at https://news.samsung.com/global/unlocking-new-possibilities-for-
preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor  
 
The following data types are supported by the Samsung Privileged Health SDK: 
 

 
 
Source: Samsung Developer, Samsung Privileged Health SDK, available at 
https://developer.samsung.com/health/privileged/overview.html 
 

https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://developer.samsung.com/health/privileged/overview.html
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Source: https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-
galaxy-watch-and-bioactive-sensor  
 

https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
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Source: IFIXIT, Samsung Galaxy Watch Ultra Chip ID, 
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327  
 

https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327
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LEDs outputting light at different colors do so at different optical wavelengths. For example, a green LED, a 
red LED, and an infrared LED all output light at different optical wavelengths: 
 

 
Source: https://www.photonics.com/Articles/Light-Emitting_Diodes_A_Primer/a36706 

19[c] receive and to 
deliver a portion of 
the input optical 
beam to tissue, 

The Accused Smartwatch is configured to receive and to deliver a portion of the input optical beam to tissue, 
wherein the tissue reflects at least a portion of the input optical beam delivered to the tissue, literally or under 
the doctrine of equivalents. 
 

https://www.photonics.com/Articles/Light-Emitting_Diodes_A_Primer/a36706
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wherein the tissue 
reflects at least a 
portion of the input 
optical beam 
delivered to the 
tissue; 

For example, the Accused Smartwatch comprises one or more lenses positioned between LEDs and the 
wrist of a user when worn by the user. The lenses receive a portion of the output optical beam from the 
LEDs and deliver the analysis output beam to a tissue sample of the user (e.g., skin, blood vessels, veins).  
 

 
Source: https://www.youtube.com/watch?v=lZ6Q7JqtiA0  
 
Samsung states that “[t]he Galaxy Watch uses light sensors that operate within the limits set by the 
IEC62471 safety regulations. However, people with photosensitive skin may have adverse reactions to 
light, such as skin discoloration or a rash.” Samsung Newsroom, Unlocking New Possibilities for 
Preventative Wellness with New Galaxy Watch and BioActive Sensor, Jul. 8, 2024, available at 
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-
watch-and-bioactive-sensor. Thus, the one or more lenses in the Accused Smartwatch delivers light that is 
output from the LEDs to skin of the user (“lens output light to tissue”). 
  

https://www.youtube.com/watch?v=lZ6Q7JqtiA0
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
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Source: https://www.youtube.com/watch?v=lZ6Q7JqtiA0  
 

 
Source: https://www.youtube.com/watch?v=jlW0i7u4FVk  

 

https://www.youtube.com/watch?v=lZ6Q7JqtiA0
https://www.youtube.com/watch?v=jlW0i7u4FVk
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Additionally, in a technical paper, Samsung engineers and pixel designers for photoplethysmography 
(“PPG”) sensors explained “applying micro lenses” and using “micro lens focusing” techniques to 
enhance the delivery of infrared (“IR”) light sources. J. Lim et al., “A single chip PPG sensor with enhanced 
IR sensitivity for low power and small size,” 2021 IS&T Int’l Symp. Elec. Imaging, at 2-3, available at 
https://library.imaging.org/admin/apis/public/api/ist/website/downloadArticle/ei/33/7/art00002. 
 
Samsung’s Galaxy Watch7 and Watch Ultra user guide also states the following: “The accuracy of the 
information and data provided by this device and its related software, including heart rate readings, may be 
affected by factors such as environmental conditions, skin condition, specific activity performed while 
using/wearing the device, settings of the device, user configuration/user-provided information, placement 
of the sensor on the body, and other end-user interactions.” Samsung Galaxy Watch7 | Watch Ultra User 
Guide, at p. 42, available at 
https://downloadcenter.samsung.com/content/UM/202407/20240717003704208/WEA_L30X_L31X_L70X
_EN_UG_XF3_070324_FINAL.pdf. 
 
The Accused Smartwatch (“wearable measurement device”) utilizes a biosensor manufactured by Texas 
Instruments (“TI”)—e.g., an analog front end (“AFE”) integrated circuit component for PPG, 
electrocardiography (“ECG”) and other biosensing applications. 
 

https://library.imaging.org/admin/apis/public/api/ist/website/downloadArticle/ei/33/7/art00002
https://downloadcenter.samsung.com/content/UM/202407/20240717003704208/WEA_L30X_L31X_L70X_EN_UG_XF3_070324_FINAL.pdf
https://downloadcenter.samsung.com/content/UM/202407/20240717003704208/WEA_L30X_L31X_L70X_EN_UG_XF3_070324_FINAL.pdf
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Source: IFIXIT, Samsung Galaxy Watch Ultra Chip ID, 
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb
_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw.  
 
Such AFEs from TI include AFE44S30, AFE4432, AFE44I30, AFE4460, AFE49I30, AFE4950, AFE4500. 
See Texas Instruments, Biosensing AFEs, https://www.ti.com/data-converters/integrated-special-
function/medical-afes/biosensing-afes/overview.html. 
 
TI’s AFEs enable wearable devices to perform multiple optical biosensing applications. For example, TI 
explains in a technical paper: 
 

https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw
https://www.ti.com/data-converters/integrated-special-function/medical-afes/biosensing-afes/overview.html
https://www.ti.com/data-converters/integrated-special-function/medical-afes/biosensing-afes/overview.html
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Texas Instruments, Application Brief, “Optical Heart Rate Monitoring (OHRM) on Wearables,” SBAA564, 
Nov. 2022, at 1, available at https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf. 
 

https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf


U.S. Patent No. 10,874,304 (the “’304 Patent”) 
“Semiconductor source based near infrared measurement device with improved signal-to-noise ratio” 

 

 
03.12.2025 Preliminary Infringement 
Contentions (P.R. 3-1) 140 ’304 Patent – Samsung Watch 

 

’304 Patent Claim Samsung Accused System1 
Additionally, the following scientific report authored by multiple Samsung engineers further shows an 
analysis output beam being delivered to a tissue sample of the user: 
 

 
Source: E. Volkova et al., “Multispectral sensor fusion in SmartWatch for in situ continuous monitoring of 
human skin hydration and body sweat loss,” Scientific Reports (2023), at 3, available at 
https://www.nature.com/articles/s41598-023-40339-7.pdf. 
 

https://www.nature.com/articles/s41598-023-40339-7.pdf
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19[d] the 
measurement device 
further comprising a 
receiver configured 
to: 

capture light while 
the semiconductor 
sources are off and 
convert the captured 
light into a first 
signal, and capture 
light while at least 
one of the 
semiconductor 
sources is on and 
convert the captured 
light into a second 
signal, the captured 
light including at 
least a portion of the 
input optical beam 
reflected from the 
tissue; 

The Accused Smartwatch is configured to capture light while the semiconductor sources are off and 
convert the captured light into a first signal, and capture light while at least one of the semiconductor 
sources is on and convert the captured light into a second signal, the captured light including at least 
a portion of the input optical beam reflected from the tissue, either literally or under the doctrine of 
equivalents. 
 
For example, the BioActive Sensor includes a PPG sensor that operates in multiple phases, including (1) 
Ambient (when the LEDs, or “semiconductor sources,” are off) and (2) LED (when the LEDs, or 
“semiconductor sources,” are on). During the Ambient phase, the sensor receives light with the LEDs off 
and generates a first signal. In the LED phase, the sensor receives light from the LEDs and generates a 
second signal. 
 

 
 
Source: IFIXIT, Samsung Galaxy Watch Ultra Chip ID, 
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb
_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw. 

https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw
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Source: Texas Instruments, AFE4510, SBASB19 – March 2024, at 1-2, available at 
https://www.ti.com/lit/ds/symlink/afe4510.pdf. 
 

https://www.ti.com/lit/ds/symlink/afe4510.pdf
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Source: Texas Instruments, AFE4500 EVM User Guide, SBAU370 – April 2021, at 23, available at 
https://www.manualslib.com/download/2652772/Texas-Instruments-Afe4500evm.html. 
 
“To save power, the LED is pulsed at the PRF rate, turning on for a short window in each PRF cycle. Each 
turning on of the LED results in one sample in the digital data stream. . . . Input offset cancellation DAC 
cancels DC from both ambient and LED, and allows a high TIA gain setting for the best noise 
performance.” Texas Instruments, Application Brief, “Optical Heart Rate Monitoring (OHRM) on 
Wearables,” SBAA564, Nov. 2022, at 2, available at https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf. 
 

https://www.manualslib.com/download/2652772/Texas-Instruments-Afe4500evm.html
https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf
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Source: Texas Instruments, Product Overview, “Photoplethysmography (PPG) with Integrated AFE for 
Optical Biosensing,” Oct. 2023, at 1, available at 
https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fww
w.google.com%252F. 
 
A technical paper authored by Samsung engineers further explains a PPG signal receiver for use in wearable 
measurement devices configured to operate in an Ambient and LED phase: 
 

https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fwww.google.com%252F
https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fwww.google.com%252F
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Source: J. Kim et al., “Ambient light cancellation in photoplethysmogram application using alternating 
sampling and charge redistribution technique,” 2015 37th Annual International Conference of the IEEE 
Engineering in Medicine and Biology Society (EMBC), at 6441-42. 
 
Samsung’s Galaxy Watch7 and Watch Ultra user guide also states the following: “The accuracy of the 
information and data provided by this device and its related software, including heart rate readings, may be 
affected by factors such as environmental conditions, skin condition, specific activity performed while 
using/wearing the device, settings of the device, user configuration/user-provided information, placement 
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of the sensor on the body, and other end-user interactions.” Samsung Galaxy Watch7 | Watch Ultra User 
Guide, at p. 42, available at 
https://downloadcenter.samsung.com/content/UM/202407/20240717003704208/WEA_L30X_L31X_L70X
_EN_UG_XF3_070324_FINAL.pdf. 
 
Additionally, the following scientific report authored by multiple Samsung engineers further shows an 
analysis output beam being delivered to a tissue sample of the user: 
 

 

https://downloadcenter.samsung.com/content/UM/202407/20240717003704208/WEA_L30X_L31X_L70X_EN_UG_XF3_070324_FINAL.pdf
https://downloadcenter.samsung.com/content/UM/202407/20240717003704208/WEA_L30X_L31X_L70X_EN_UG_XF3_070324_FINAL.pdf
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Source: E. Volkova et al., “Multispectral sensor fusion in SmartWatch for in situ continuous monitoring of 
human skin hydration and body sweat loss,” Scientific Reports (2023), at 3, available at 
https://www.nature.com/articles/s41598-023-40339-7.pdf. 
 

19[e] synchronize to 
the modulation of 
the at least one of 
the semiconductor 
sources; 

The Accused Smartwatch comprises a receiver configured to synchronize to the modulation of the at least one 
of the semiconductor sources, literally or under the doctrine of equivalents. 
 
For example, the BioActive Sensor (“receiver”) is connected to the light source containing multiple LEDs. 
It is configured to synchronize with the light source by controlling the LED current (light intensity) and the 
pulse rate of the LEDs using LED drivers. To measure heart rate, for example, green LEDs are used with a 
pre-determined intensity and pulse rate. Different LEDs are used to measure other parameters, such as blood 
oxygen levels. Green LEDs (“light source”) blink when measuring heart rate, and both green and red LEDs 
(“light source”) blink alternately when measuring blood oxygen levels. This, among other evidence below, 
shows that the BioActive Sensor (“receiver”) is synchronized with the light source. 
 
The BioActive Sensor in the Accused Smartwatch features a biosensing AFE manufactured by TI (e.g., AFE 
4510). The AFE component used in the BioActive Sensor has a receiver that is synchronized to 
programmable LEDs (“light source”). 
 

 
 

https://www.nature.com/articles/s41598-023-40339-7.pdf
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“The AFE4510 is a versatile signal acquisition system that supports acquiring PPG, EDA, ECG, and 
Bioimpedance signals. A PPG signal chain comprises a current driver for LEDs and a receiver that 
senses the signal from PDs. An ECG receiver with a Rightleg drive (RLD) can acquire a single-lead ECG 
from a pair of electrodes. An impedance measurement signal chain with integrated excitation & sense can 
be used for applications like BIA, EDA, and Impedance spectroscopy. The outputs of the various signal 
chains are digitized by a common ADC and stored in a FIFO which can be read out using an SPI interface.”  
 
Source: Texas Instruments, AFE4510, SBASB19 – March 2024, at 1-2, available at 
https://www.ti.com/lit/ds/symlink/afe4510.pdf. 

https://www.ti.com/lit/ds/symlink/afe4510.pdf
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Source: Texas Instruments, Application Brief, “Optical Heart Rate Monitoring (OHRM) on Wearables,” 
SBAA564, Nov. 2022, at 2, available at https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf. 
 

https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf
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Source: Texas Instruments, Product Overview, “Photoplethysmography (PPG) with Integrated AFE for 
Optical Biosensing,” Oct. 2023, at 1, available at 
https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fww
w.google.com%252F. 
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“The BioActive sensor has three sensors integrated inside. Apart from body composition, it can measure 
heart rate, ECG, and blood pressure. . . . It is one of the common uses of the BioActive sensor on your 
Galaxy Watch. The sensor relies on built-in green LEDs and infrared lights to calculate heart rate. 
These green LEDs are slotted between the BioActive sensor chips.” P. Shah, “What is Samsung BioActive 
sensor?” Android Police, July 17, 2024, https://www.androidpolice.com/samsung-bioactive-sensor-guide/. 
 
“The diverse colors of LEDs and new photodiodes enable the sensor to unlock new possibilities in 
health monitoring. One of the new features is the advanced glycation end products (AGEs) index, which is 
an indicator of metabolic health and biological aging.” “Samsung details BioActive Sensor ahead of Galaxy 
Unpacked,” fonearena, July 9, 2024, https://www.fonearena.com/blog/428320/samsung-bioactive-sensor-
galaxy-unpacked-2024.html. 
 
A product video further explains functionalities of the light source (LEDs) and receiver, including how the 
receiver is configured to synchronize to differing flashing LED colors on the Accused Smartwatch to 
facilitate calculating different physiological parameters. 
 

https://www.androidpolice.com/samsung-bioactive-sensor-guide/
https://www.fonearena.com/blog/428320/samsung-bioactive-sensor-galaxy-unpacked-2024.html
https://www.fonearena.com/blog/428320/samsung-bioactive-sensor-galaxy-unpacked-2024.html
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Source: Ultra Value Tech, “Green Flashing Lights on Back of Samsung Galaxy Watch 7 – What Are They 
& How to Turn Them Off,” July 21, 2024, at 0:24, 
https://www.youtube.com/watch?v=JG9pGlqmges&t=23s. 
 

https://www.youtube.com/watch?v=JG9pGlqmges&t=23s
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Source: Ultra Value Tech, “Green Flashing Lights on Back of Samsung Galaxy Watch 7 – What Are They 
& How to Turn Them Off,” July 21, 2024, at 0:37, 
https://youtu.be/JG9pGlqmges?si=IrcplcEOdHE3cB3l&t=37  

https://youtu.be/JG9pGlqmges?si=IrcplcEOdHE3cB3l&t=37
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Source: Ultra Value Tech, “Green Flashing Lights on Back of Samsung Galaxy Watch 7 – What Are They 
& How to Turn Them Off,” July 21, 2024, at 0:53, 
https://youtu.be/JG9pGlqmges?si=xMBhD11dBJQoADTO&t=53  
 

https://youtu.be/JG9pGlqmges?si=xMBhD11dBJQoADTO&t=53
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Source: Ultra Value Tech, “Green Flashing Lights on Back of Samsung Galaxy Watch 7 – What Are They 
& How to Turn Them Off,” July 21, 2024, at 0:53, 
https://youtu.be/JG9pGlqmges?si=YV8CQ6yVqkvL7ITZ&t=53  
 

19[f] the 
measurement device 
further configured to 
improve a signal-to-
noise ratio of the 
input optical beam 
reflected from the 
tissue by: 

The Accused Smartwatch is configured to improve the signal-to-noise ratio by differencing the first 
signal and the second signal. 
 
For example, ambient light is considered as noise in PPG sensors. Therefore, the presence of ambient light 
decreases the SNR of PPG sensors. Ambient light cancellation is performed to cancel out the ambient light 
noise, thereby increasing the SNR. The BioActive Sensor of the Galaxy Watch Ultra performs ambient light 
cancellation (also referred to as “Digital Ambient Subtraction”), to increase the SNR, by comparing the 
measured signal when the LED sources are off (“first signal”) and the measured signal when the LED 
sources are on (“second signal”). 

https://youtu.be/JG9pGlqmges?si=YV8CQ6yVqkvL7ITZ&t=53
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Source: IFIXIT, Samsung Galaxy Watch Ultra Chip ID, 
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb
_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw. 
 

https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw
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“AACM” 

Automatic Ambient 
Cancellation Mode 
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Source: Source: Texas Instruments, AFE4510, SBASB19 – March 2024, at 1-2, available at 
https://www.ti.com/lit/ds/symlink/afe4510.pdf. 
 
“To save power, the LED is pulsed at the PRF rate, turning on for a short window in each PRF cycle. Each 
turning on of the LED results in one sample in the digital data stream. . . . Input offset cancellation DAC 
cancels DC from both ambient and LED, and allows a high TIA gain setting for the best noise 
performance.” Texas Instruments, Application Brief, “Optical Heart Rate Monitoring (OHRM) on 
Wearables,” SBAA564, Nov. 2022, at 1, available at https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf. 
 

https://www.ti.com/lit/ds/symlink/afe4510.pdf
https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf
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Source: Texas Instruments, Application Brief, “Optical Heart Rate Monitoring (OHRM) on Wearables,” 
SBAA564, Nov. 2022, at 2, available at https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf. 
 

 

https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf
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Source: Texas Instruments, Product Overview, “Photoplethysmography (PPG) with Integrated AFE for 
Optical Biosensing,” Oct. 2023, at 1, available at 
https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fww
w.google.com%252F. 
 

 
 
Source: Texas Instruments, AFE4500 EVM User Guide, SBAU370 – April 2021, at 23, available at 
https://www.manualslib.com/download/2652772/Texas-Instruments-Afe4500evm.html. 
 

https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fwww.google.com%252F
https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fwww.google.com%252F
https://www.manualslib.com/download/2652772/Texas-Instruments-Afe4500evm.html
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Samsung engineers authored a technical paper further describing ambient light cancellation in PPG 
applications for wearable devices: 
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Source: J. Kim et al., “Ambient light cancellation in photoplethysmogram application using alternating 
sampling and charge redistribution technique,” 2015 37th Annual International Conference of the IEEE 
Engineering in Medicine and Biology Society (EMBC), at 6441-42. 

19[g] increasing the 
light intensity 
relative to the initial 
light intensity from 
at least one of the 

The Accused Smartwatch is configured to increase signal-to-noise ratio by increasing a light intensity 
relative to an initial light intensity from at least one of the plurality of semiconductor sources, literally 
or under the doctrine of equivalents. 
 
For example, the Galaxy Watch Ultra increases the signal-to-noise ratio (“SNR”) of the PPG signal received 
from the BioActive Sensor. The BioActive Sensor has a peak system SNR of 115 dB, which indicates that 
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semiconductor 
sources; 

the general output SNR is lower than this peak value. To achieve the peak SNR, the sensor is configured to 
increase the LED current (“light intensity”) of the LEDs (“semiconductor sources”). 
 

 
 
Source: IFIXIT, Samsung Galaxy Watch Ultra Chip ID, 
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb
_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw. 
 

https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw
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Source: Texas Instruments, AFE4510, SBASB19 – March 2024, at 1-4, available at 
https://www.ti.com/lit/ds/symlink/afe4510.pdf. 
 
 

 
 
Source: Texas Instruments, Application Brief, “Optical Heart Rate Monitoring (OHRM) on Wearables,” 
SBAA564, Nov. 2022, at 1, available at https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf. 
 

https://www.ti.com/lit/ds/symlink/afe4510.pdf
https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf
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Source: Texas Instruments, Product Overview, “Photoplethysmography (PPG) with Integrated AFE for 
Optical Biosensing,” Oct. 2023, at 1, available at 
https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fww
w.google.com%252F. 
 

https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fwww.google.com%252F
https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fwww.google.com%252F
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“However, increasing the LED current gives better signal quality from the SNR perspective. The 
optimal AFE configuration settings are completely dependent on the application. This includes the 
separation of LED and PD, location of the sensor, and other factors.” Texas Instruments, Application 
Report, “How to Design Peripheral Oxygen Saturation (SpO2) and Optical Heart Rate Monitoring (OHRM) 
Systems Using the AFE4403,” SLAA655 – Mar. 2015, at 3, available at 
https://www.ti.com/lit/an/slaa655/slaa655.pdf. 
 
“Coming to the next Galaxy Watch, the new sensor will enable advanced predictive and preventative 
wellness features never before seen on a wearable device — in addition to more accurate health 
measurements. . . . The all-new BioActive Sensor is essential to bringing you better preventative health 
experiences on the next Galaxy Watch, with design improvements that enable even more precise health 
insights. . . . This allows the new BioActive Sensor to more accurately measure health metrics such as 
heart rate, sleep quality, blood pressure, blood oxygen levels and stress levels. Even the measurement of 
heart rate during intensive workouts is 30% more accurate compared to its predecessor.” Samsung 
Newsroom, Unlocking New Possibilities for Preventative Wellness with New Galaxy Watch and BioActive 
Sensor, Jul. 8, 2024, available at https://news.samsung.com/global/unlocking-new-possibilities-for-
preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor  
 

 

https://www.ti.com/lit/an/slaa655/slaa655.pdf
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
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“The SDK supports an improved health tracking capability to allow your applications to track the user’s 
health data accurately with the accelerometer, raw ECG (Electrocardiogram), PPG 
(Photoplethysmogram), and heart rate including inter-beat interval. In addition, it provides more 
advanced health features such as the body composition measurement, to enable compelling use cases for 
health and fitness applications. The blood oxygen level and sweat loss after a running workout are also 
useful data to check a user's health status.” 
 
Source: Samsung Developer, “Samsung Privileged Health SDK,” 
https://developer.samsung.com/health/privileged/overview.html 
 

19[h] the 
measurement device 
further configured to 
generate an output 
signal representing 
at least in part a non-
invasive 
measurement on 
blood contained 
within the tissue; 

The Accused Smartwatch is further configured to generate an output signal representing at least in part a 
non-invasive measurement on blood contained within the tissue, literally or under the doctrine of 
equivalents. 
 
For example, the BioActive Sensor in the Accused Smartwatch (“wearable measurement device”) comprises 
a receiver that: (a) receives and processes a portion of the analysis output beam reflected or transmitted from 
the tissue sample, and (b) generates an output PPG signal representing at least in part a non-invasive 
measurement on blood contained within the tissue sample. 
 

https://developer.samsung.com/health/privileged/overview.html
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Source: Samsung Galaxy Watch7 / Galaxy Watch Ultra User Guide (06/2024, Rev.1.0), at 8, available at 
 https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-
L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf; see also Samsung Developer, Samsung 
Privileged Health SDK, available at https://developer.samsung.com/health/privileged/overview.html. 
 
 

https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf
https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf
https://developer.samsung.com/health/privileged/overview.html
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Source: https://www.samsung.com/us/watches/galaxy-watch-ultra/  
 

https://www.samsung.com/us/watches/galaxy-watch-ultra/
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Source: https://www.samsung.com/us/watches/galaxy-watch-ultra/ 
 

https://www.samsung.com/us/watches/galaxy-watch-ultra/
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Source: IFIXIT, Samsung Galaxy Watch Ultra Chip ID, 
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327  
 
The AFE4510 specification (excerpts shown below) describes a PPG signal receiver, a PPG signal 
transmitter, and PPG signal acquisition functionality for receiving and processing at least a portion of the 
analysis output beam output by LEDs that is reflected from skin and body tissue of the user (e.g., by 
photodiodes (“PDs”)), and for converting the received light into—i.e., generating—a PPG output signal. 
 
 
 
 
 
 
 
 
 

Texas Instruments AFE (Analog Front 
End) chip - AFE4510 

 

https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327
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Source: Texas Instruments, AFE4510, SBASB19 – March 2024, at 1-2, available at 
https://www.ti.com/lit/ds/symlink/afe4510.pdf. 
 
 
 

https://www.ti.com/lit/ds/symlink/afe4510.pdf
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The BioActive Sensor (“receiver”) in the Accused Smartwatch is configured to receive and process at least a 
portion of the analysis output beam that is reflected from a body tissue sample of the user and to generate an 
output PPG signal to enable multiple biosensing applications, including optical heart rate monitoring 
(“OHRM”).  
 
For example, TI explains OHRM using its AFE biosensors as follows: 
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Source: Texas Instruments, Application Brief, “Optical Heart Rate Monitoring (OHRM) on Wearables,” 
SBAA564, Nov. 2022, at 1, available at https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf. 
 
An exemplary “PPG signal chain” for a TI AFE biosensor (shown below) further illustrates how the 
BioActive Sensor (“receiver”) of the Accused Smartwatch is configured to receive and process at least a 
portion of the analysis output beam that is reflected from a body tissue sample of the user and to generate an 
output PPG signal. 
 

https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf
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Source: Texas Instruments, Application Brief, “Optical Heart Rate Monitoring (OHRM) on Wearables,” 
SBAA564, Nov. 2022, at 2, available at https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf. 
 
Samsung engineers further explain in technical papers a receiver configured to receive and process at least a 
portion of the analysis output beam that is reflected from a body tissue sample of the user and to generate an 
output PPG signal. 
 
For example: “Recently, the technology is migrated to wearable devices such as wrist-worn smart watch or 
a wireless ear set. Among them, PPG sensor is a health sensor that measures the change in blood flow to be 
modulated by the heart rate. When a separate light source (LED) is irradiated to the skin, the light 

https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf


U.S. Patent No. 10,874,304 (the “’304 Patent”) 
“Semiconductor source based near infrared measurement device with improved signal-to-noise ratio” 

 

 
03.12.2025 Preliminary Infringement 
Contentions (P.R. 3-1) 183 ’304 Patent – Samsung Watch 

 

’304 Patent Claim Samsung Accused System1 
absorption by the blood vessel is changed in synchronization with the heart rate. A sensor measures, 
transmitted or reflected signal represented in Amplitude Modulation It has been used for a long time as a 
medical tool to measure oxygen saturation (SpO2) in a patient's finger in an emergency status [1]. For the 
use of PPG sensors as various health care products, features of low power and smaller size are essentially 
required.” 
 

 
 
Source: J. Lim et al., “A single chip PPG sensor with enhanced IR sensitivity for low power and small size,” 
2021 IS&T Int’l Symp. Elec. Imaging, at 2-3, available at 
https://library.imaging.org/admin/apis/public/api/ist/website/downloadArticle/ei/33/7/art00002. 
 
For example: “Nowadays, our Smart watches are equipped with Samsung’s BioActive Sensor which has 
evolved to become far more advanced and miniature technology and not only able to ‘just’ count HR, steps 
and calories, but also can monitor sleep, measure blood pressure and more. . . . At present, wearable devices, 
including smart watches and fitness trackers, routinely monitor/analyze the PPG signal and provide non-

https://library.imaging.org/admin/apis/public/api/ist/website/downloadArticle/ei/33/7/art00002
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invasive information of the aforementioned human health indicators with recent additions of temperature, 
blood oxygen level (SpO2), etc. monitoring capabilities.” 
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Source: E. Volkova et al., “Multispectral sensor fusion in SmartWatch for in situ continuous monitoring of 
human skin hydration and body sweat loss,” Scientific Reports (2023), at 1-3, available at 
https://www.nature.com/articles/s41598-023-40339-7.pdf. 
 
The receiver of the Accused Smartwatch has been detailed in other technical documents as well. 
 
For example: 
 

https://www.nature.com/articles/s41598-023-40339-7.pdf
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Source: Kim, K.B. et al., “Photoplethysmography in Wearable Devices: A Comprehensive Review of 
Technological Advances, Current Challenges, and Future Directions,” Electronics 2023, 12, 2923, at 7-9, 
available at https://www.mdpi.com/2079-9292/12/13/2923. 
 
 

https://www.mdpi.com/2079-9292/12/13/2923
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19[i] the wearable 
device configured to 
communicate with 
the smart phone or 
tablet, the smart 
phone or tablet 
comprising a 
wireless receiver, a 
wireless transmitter, 
a display, a voice 
input module, a 
speaker, and a touch 
screen; and 

The Accused Smartwatch is configured to communicate with the smart phone or tablet comprising a 
wireless receiver, a wireless transmitter, a display, a voice input module, a speaker, and a touch screen, 
literally or under the doctrine of equivalents. 
 

 
Source: https://www.samsung.com/us/apps/samsung-health/ 
 

https://www.samsung.com/us/apps/samsung-health/
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Source: https://www.samsung.com/us/watches/galaxy-watch-ultra/  
 
For example, the Galaxy Watch Ultra pairs with the Galaxy Z Fold6 (“smart phone”). The Galaxy Z Fold6 
includes Wi-Fi connectivity, which requires the smart phone to include both a wireless receiver and a 
wireless transmitter. 
 

https://www.samsung.com/us/watches/galaxy-watch-ultra/
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Source: https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-
f956uakexaa/  
 

https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-f956uakexaa/
https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-f956uakexaa/
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Source: https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-
f956uakexaa/  
 
The Galaxy Z Fold6 (“smart phone”) further includes a display, a speaker, and a microphone. 
 

 
Source: https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-
f956uakexaa/  
 

https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-f956uakexaa/
https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-f956uakexaa/
https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-f956uakexaa/
https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-f956uakexaa/
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Source: https://downloadcenter.samsung.com/content/UM/202407/20240729134626727/SM-
F956B_UG_EU_UU_Eng_Rev.1.0_240717.pdf [Page: 5] 

https://downloadcenter.samsung.com/content/UM/202407/20240729134626727/SM-F956B_UG_EU_UU_Eng_Rev.1.0_240717.pdf
https://downloadcenter.samsung.com/content/UM/202407/20240729134626727/SM-F956B_UG_EU_UU_Eng_Rev.1.0_240717.pdf
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Source: https://www.youtube.com/watch?v=xYIe5uDVDWI 
 

https://www.youtube.com/watch?v=xYIe5uDVDWI
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Source: https://downloadcenter.samsung.com/content/UM/202407/20240729134626727/SM-
F956B_UG_EU_UU_Eng_Rev.1.0_240717.pdf [Page: 5] 
 

https://downloadcenter.samsung.com/content/UM/202407/20240729134626727/SM-F956B_UG_EU_UU_Eng_Rev.1.0_240717.pdf
https://downloadcenter.samsung.com/content/UM/202407/20240729134626727/SM-F956B_UG_EU_UU_Eng_Rev.1.0_240717.pdf
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Source: https://www.youtube.com/watch?v=sPP6NW89Am0  
 
The Galaxy Z Fold6 further includes buttons (e.g., to increase/decrease volume), a microprocessor (e.g., 
Snapdragon 8 Gen 3 SoC (system on chip) having Qualcomm Kryo microprocessor), and a touch screen. 
 

https://www.youtube.com/watch?v=sPP6NW89Am0
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Source: https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-
f956uakexaa/  
 

https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-f956uakexaa/
https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-f956uakexaa/
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Source: https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-
f956uakexaa/  
 

 
Source: https://www.samsung.com/us/smartphones/galaxy-z-fold6/ 
 
 
 

https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-f956uakexaa/
https://www.samsung.com/us/smartphones/galaxy-z-fold6/buy/galaxy-z-fold6-512gb-unlocked-sm-f956uakexaa/
https://www.samsung.com/us/smartphones/galaxy-z-fold6/
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Source: https://www.qualcomm.com/products/mobile/snapdragon/smartphones/snapdragon-8-series-mobile-
platforms/snapdragon-8-gen-3-mobile-platform  
 

https://www.qualcomm.com/products/mobile/snapdragon/smartphones/snapdragon-8-series-mobile-platforms/snapdragon-8-gen-3-mobile-platform
https://www.qualcomm.com/products/mobile/snapdragon/smartphones/snapdragon-8-series-mobile-platforms/snapdragon-8-gen-3-mobile-platform
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Source: https://www.youtube.com/watch?v=cn2UQ6Fr4hM 
 

https://www.youtube.com/watch?v=cn2UQ6Fr4hM
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Source: https://downloadcenter.samsung.com/content/UM/202407/20240729134626727/SM-
F956B_UG_EU_UU_Eng_Rev.1.0_240717.pdf [Page: 26] 
 

19[j] the smart 
phone or tablet 
configured to: 

The Accused Phone/Tablet is configured to receive and process at least a portion of the output signal, to 
store and display the processed output signal, and to transmit a portion of the processed output signal 
over a wireless transmission link, literally or under the doctrine of equivalents. 

https://downloadcenter.samsung.com/content/UM/202407/20240729134626727/SM-F956B_UG_EU_UU_Eng_Rev.1.0_240717.pdf
https://downloadcenter.samsung.com/content/UM/202407/20240729134626727/SM-F956B_UG_EU_UU_Eng_Rev.1.0_240717.pdf


U.S. Patent No. 10,874,304 (the “’304 Patent”) 
“Semiconductor source based near infrared measurement device with improved signal-to-noise ratio” 

 

 
03.12.2025 Preliminary Infringement 
Contentions (P.R. 3-1) 202 ’304 Patent – Samsung Watch 

 

’304 Patent Claim Samsung Accused System1 
receive and to 
process at least a 
portion of the output 
signal, store and 
display the 
processed output 
signal, and transmit 
at least a portion of 
the processed output 
signal over a 
wireless 
transmission link. 

 
For example, the Galaxy Z Fold6 (“the smart phone”) receives the output signal from the BioActive Sensor 
via the Samsung Health app, processes the signal (e.g., generates Heart Rate Zones, in addition to other 
health and wellness metrics and reports), and then stores and displays the Heart Rate Zones (“processed 
output signal”).  
 
“The Samsung Privileged Health SDK is specialized for Galaxy Watch4 devices or later. It provides both 
raw sensor signal data from the Samsung BioActive Sensor and processed data with our differentiated 
features. 
 
The SDK supports an improved health tracking capability to allow your applications to track the user's 
health data accurately with the accelerometer, raw ECG (Electrocardiogram), PPG 
(Photoplethysmogram), and heart rate including inter-beat interval.” Samsung Developer, “Samsung 
Privileged Health SDK,” available at https://developer.samsung.com/health/privileged/overview.html. 
 

https://developer.samsung.com/health/privileged/overview.html
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Source: https://www.samsung.com/us/apps/samsung-health/. 
 

https://www.samsung.com/us/apps/samsung-health/
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Source: Samsung, “A friendly guide to Galaxy Watch Ultra, Watch7 and Buds3Pro,” July 24, 2024, 
https://www.youtube.com/watch?v=VQW-ZpdAm5M. 
 

https://www.youtube.com/watch?v=VQW-ZpdAm5M
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Source: Samsung, “A friendly guide to Galaxy Watch Ultra, Watch7 and Buds3Pro,” July 24, 2024, 
https://www.youtube.com/watch?v=VQW-ZpdAm5M  
 

https://www.youtube.com/watch?v=VQW-ZpdAm5M


U.S. Patent No. 10,874,304 (the “’304 Patent”) 
“Semiconductor source based near infrared measurement device with improved signal-to-noise ratio” 

 

 
03.12.2025 Preliminary Infringement 
Contentions (P.R. 3-1) 206 ’304 Patent – Samsung Watch 

 

’304 Patent Claim Samsung Accused System1 

 
Source: https://www.samsung.com/us/apps/samsung-health/ 
 

https://www.samsung.com/us/apps/samsung-health/
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Source: https://www.samsung.com/us/apps/samsung-health/  
 

 

https://www.samsung.com/us/apps/samsung-health/
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Source: https://www.samsung.com/us/apps/samsung-health/ 

 
Source: https://www.samsung.com/us/apps/samsung-health/ 
 

https://www.samsung.com/us/apps/samsung-health/
https://www.samsung.com/us/apps/samsung-health/
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Source: https://www.samsung.com/global/galaxy/apps/samsung-health/  
 

https://www.samsung.com/global/galaxy/apps/samsung-health/
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Source: https://www.samsung.com/global/galaxy/apps/samsung-health/  
 
“The Energy score feature is available if the connected phone has version 6.27 or later of the Samsung 
Health app installed.” Samsung Galaxy Watch7 / Galaxy Watch Ultra User Guide (06/2024, Rev.1.0), at 53, 
available at 
 https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-
L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf. 
 

https://www.samsung.com/global/galaxy/apps/samsung-health/
https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf
https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf
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“The sleep pattern will have its four states (Awake, REM, Light, Deep) analysed by using your movement 
and changes in your heart rate while you are sleeping. You can check the recommended ranges for each 
measured sleep state in the graph on your connected phone.” Samsung Galaxy Watch7 / Galaxy Watch 
Ultra User Guide (06/2024, Rev.1.0), at 71, available at 
 https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-
L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf. 
 
The Samsung Health app data (“a portion of the processed output signal”) is synchronized with Samsung 
Cloud to enable transmission of data to Samsung Cloud over Wi-Fi (“wireless transmission link”). 
 
“If you just got a new phone or tablet, it doesn’t mean you have to lose your hard work in Samsung Health. 
Your workout and health information can be transferred to the new device; you just need to sync your 
Samsung Health profile with your Samsung account! Once your data is synced, you'll be able to access it 
on a different device.” 
 

https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf
https://downloadcenter.samsung.com/content/UM/202407/20240711132033461/SM-L30X_L31X_L705F_UG_EU_Android_Eng_Rev.1.0_240626.pdf
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Source: Samsung, “Sync your data in Samsung Health,” 
https://www.samsung.com/us/support/answer/ANS10001399/. 
 

20. The wearable 
device of claim 19, 
wherein the light 
source is configured 
to further improve 
the signal-to-noise 
ratio of the input 

The Accused Smartwatch is configured to further improve the signal-to-noise ratio of the input optical beam 
reflected from the tissue by increasing a pulse rate of at least one of the plurality of semiconductor sources 
from an initial non-zero pulse rate, literally or under the doctrine of equivalents. 
 
For example, the Galaxy Watch Ultra increases the signal-to-noise ratio (“SNR”) of the PPG signal received 
from the BioActive Sensor. The BioActive Sensor has a peak system SNR of 115 dB, which indicates that 
the general output SNR is lower than this peak value. To achieve peak SNR, the sensor is configured to 

https://www.samsung.com/us/support/answer/ANS10001399/
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optical beam 
reflected from the 
tissue by increasing 
a pulse rate of at 
least one of the 
plurality of 
semiconductor 
sources from an 
initial non-zero 
pulse rate. 

increase the LED current (“increasing light intensity”) and is configured to increase the pulse repetition 
frequency (“PRF”) (“increasing a pulse rate”) of the LEDs (“semiconductor sources”). 
 

 
 
Source: IFIXIT, Samsung Galaxy Watch Ultra Chip ID, 
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb
_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw. 
 

https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw
https://www.ifixit.com/Guide/Samsung+Galaxy+Watch+Ultra+Chip+ID/175327?srsltid=AfmBOoriU1zDb_SwZ7O5CP4JIQFSWUnKHWqSe9g6SXYqF3F-NzUYIGpw
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Source: Texas Instruments, AFE4510, SBASB19 – March 2024, at 1-4, available at 
https://www.ti.com/lit/ds/symlink/afe4510.pdf. 
 
 

 

 

https://www.ti.com/lit/ds/symlink/afe4510.pdf
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Source: Texas Instruments, Application Brief, “Optical Heart Rate Monitoring (OHRM) on Wearables,” 
SBAA564, Nov. 2022, at 1, available at https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf. 
 
 

 

https://www.ti.com/lit/ab/sbaa564/sbaa564.pdf


U.S. Patent No. 10,874,304 (the “’304 Patent”) 
“Semiconductor source based near infrared measurement device with improved signal-to-noise ratio” 

 

 
03.12.2025 Preliminary Infringement 
Contentions (P.R. 3-1) 219 ’304 Patent – Samsung Watch 

 

’304 Patent Claim Samsung Accused System1 

 
Source: Texas Instruments, Product Overview, “Photoplethysmography (PPG) with Integrated AFE for 
Optical Biosensing,” Oct. 2023, at 1, available at 
https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fww
w.google.com%252F. 
 
 
AFE biosensors manufactured by Texas Instruments include a signal chain that “offers . . . LED current 
that can be adjusted to achieve the SNR requirements needed for high-end clinical pulse oximeter 
applications as well as the low power demands of battery-powered OHRM applications.” Texas 
Instruments, Application Report, “How to Design Peripheral Oxygen Saturation (SpO2) and Optical Heart 
Rate Monitoring (OHRM) Systems Using the AFE4403,” SLAA655 – Mar. 2015, at 2, available at 
https://www.ti.com/lit/an/slaa655/slaa655.pdf. 
 

https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fwww.google.com%252F
https://www.ti.com/lit/po/sbat014/sbat014.pdf?ts=1724246538793&ref_url=https%253A%252F%252Fwww.google.com%252F
https://www.ti.com/lit/an/slaa655/slaa655.pdf
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“However, increasing the LED current gives better signal quality from the SNR perspective. The 
optimal AFE configuration settings are completely dependent on the application. This includes the 
separation of LED and PD, location of the sensor, and other factors.” Texas Instruments, Application 
Report, “How to Design Peripheral Oxygen Saturation (SpO2) and Optical Heart Rate Monitoring (OHRM) 
Systems Using the AFE4403,” SLAA655 – Mar. 2015, at 3, available at 
https://www.ti.com/lit/an/slaa655/slaa655.pdf. 
 
 

 
Source: Texas Instruments, AFE4403 Ultra-Small, Integrated Analog Front-End for Heart Rate Monitors 
and Low-Cost Pulse Oximeters, SBAS650C, revised April 2021, at 9. 
 
Texas Instruments advised in an E2E design support forum regarding “Optimal AFE Settings for Filtering 
and Removing Noise and Motion Artifacts in Signal” to increase PRF to improve SNR: 

https://www.ti.com/lit/an/slaa655/slaa655.pdf
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Source: Texas Instruments, E2E Design Support, Data Converters Forum, “AFE4403: Optimal AFE 
Settings for Filtering and Removing Noise and Motion Artifacts in Signal,” available at 
https://e2e.ti.com/support/data-converters-group/data-converters/f/data-converters-forum/916586/afe4403-
optimal-afe-settings-for-filtering-and-removing-noise-and-motion-artifacts-in-signal/3391791?tisearch=e2e-
sitesearch&keymatch=AFE%25252520increase%25252520PRF#3391791. 
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Source: Texas Instruments, “Miniaturized Pulse Oximeter Reference Design,” Getting Started Guide, 
TIDA-00301, at 1, 11-14, 20, available at 
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https://www.ti.com/lit/ug/tidu475/tidu475.pdf?ts=1724347486358&ref_url=https%253A%252F%252Fww
w.google.com%252F%20. 
 
 
Samsung patent documents describe wearable devices that are configured to increase the signal-to-noise 
ratio by increasing light intensity of at least one of the semiconductor sources from an initial light intensity 
and by increasing a pulse rate of at least one of the semiconductor sources from an initial pulse rate. For 
example: 
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Source: US 11,974,838 at Abstract, 1:43-54, 6:6-38, 12:8-16, FIG. 5. 
 
 
Increasing SNR generally yields more accurate health measurements. Samsung advertises that the Accused 
Smartwatch provides health measurements with enhanced accuracy, indicating that Samsung configures the 
Accused Smartwatch to increase SNR using various techniques, including by increasing light intensity and 
by increasing pulse rate, as shown above. For example: 
 
“Coming to the next Galaxy Watch, the new sensor will enable advanced predictive and preventative 
wellness features never before seen on a wearable device — in addition to more accurate health 
measurements. . . . The all-new BioActive Sensor is essential to bringing you better preventative health 
experiences on the next Galaxy Watch, with design improvements that enable even more precise health 
insights. . . . This allows the new BioActive Sensor to more accurately measure health metrics such as 
heart rate, sleep quality, blood pressure, blood oxygen levels and stress levels. Even the measurement of 
heart rate during intensive workouts is 30% more accurate compared to its predecessor.” Samsung 
Newsroom, Unlocking New Possibilities for Preventative Wellness with New Galaxy Watch and BioActive 
Sensor, Jul. 8, 2024, available at https://news.samsung.com/global/unlocking-new-possibilities-for-
preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor  

https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
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“The SDK supports an improved health tracking capability to allow your applications to track the user’s 
health data accurately with the accelerometer, raw ECG (Electrocardiogram), PPG 
(Photoplethysmogram), and heart rate including inter-beat interval. In addition, it provides more 
advanced health features such as the body composition measurement, to enable compelling use cases for 
health and fitness applications. The blood oxygen level and sweat loss after a running workout are also 
useful data to check a user's health status.” Source: Samsung Developer, “Samsung Privileged Health 
SDK,” https://developer.samsung.com/health/privileged/overview.html  
 

21. The wearable 
device of claim 20, 
wherein the receiver 
comprises a plurality 
of detectors arranged 
along a first arc, and 
wherein the plurality 
of semiconductor 

The receiver in the Accused Smartwatch comprises a plurality of detectors arranged along a first arc, 
and wherein the plurality of semiconductor sources are arranged along a second arc that is offset 
from the first arc, literally or under the doctrine of equivalents. 
 
For example, the Accused Smartwatch contains multiple LEDs ("semiconductor sources") and multiple 
photodiodes ("detectors"). The photodiodes are arranged along a first arc, while the LEDs are arranged 
along a second, distinct arc, with both arcs following different circular paths ("offset"). 
 

https://developer.samsung.com/health/privileged/overview.html
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sources are arranged 
along a second arc 
that is offset from 
the first arc. 

 
Source: https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-
galaxy-watch-and-bioactive-sensor  
 
 

https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
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Source: https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-
galaxy-watch-and-bioactive-sensor  
 

https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
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Source: https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-
galaxy-watch-and-bioactive-sensor  
 

22. The wearable 
device of claim 21, 
wherein the first arc 

The Accused Smartwatch contains multiple LEDs and multiple photodiodes. The photodiodes are arranged 
along a first concentric arc, while the LEDs are arranged along a second concentric arc. 

Photodiode 
(“detector”) 

LED (“semiconductor 
source”) 

https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
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’304 Patent Claim Samsung Accused System1 
and the second arc 
are concentric. 

 
Source: https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-
galaxy-watch-and-bioactive-sensor  
 

 

https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor
https://news.samsung.com/global/unlocking-new-possibilities-for-preventative-wellness-with-new-galaxy-watch-and-bioactive-sensor

