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Infringement of U.S. Patent No. 11,721,714 

ISOCELL Image Sensor S5K2LD 
Samsung Galaxy Z Flip5 
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U.S. Patent No. 11,721,714 
Claim 1: A light trapping device, comprising: 

-2- 

Claim 1  
A light trapping 
device, comprising: 

The Samsung Galaxy Z Flip5 is a light trapping device at least because it includes a Samsung ISOCELL sensor.   

The images below show the Samsung S5K2LD image sensor from the Samsung Galaxy Z Flip5. 
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U.S. Patent No. 11,721,714 
Claim 1: A light trapping device, comprising: 
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Claim 1  
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U.S. Patent No. 11,721,714 
Claim 1(a): at least one light sensitive pixel having a light incident surface, a backside surface opposite the light incident surface, and a peripheral sidewall disposed into 

at least a portion of the pixel and extending at least substantially around the pixel periphery; 

-4- 

Claim 1(a)  
at least one light 
sensitive pixel having 
a light incident 
surface, a backside 
surface opposite the 
light incident surface, 
and a peripheral 
sidewall disposed 
into at least a portion 
of the pixel and 
extending at least 
substantially around 
the pixel periphery; 

The ISOCELL sensor from the Samsung Galaxy Z Flip5 includes at least one light sensitive pixel having a light 
incident surface, a backside surface opposite the light incident surface, and a peripheral sidewall disposed into at 
least a portion of the pixel and extending at least substantially around the pixel periphery. 
 
The scanning electron microscope (“SEM”) cross sections below show light sensitive pixels of the ISOCELL 
sensor.  Further, the images below show a light incident surface and a backside surface, opposite the light incident 
surface.  In addition, the images below show cross sections of the peripheral sidewalls, which extend into at least 
a portion of the pixel. 
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U.S. Patent No. 11,721,714 
Claim 1(a): at least one light sensitive pixel having a light incident surface, a backside surface opposite the light incident surface, and a peripheral sidewall disposed into 

at least a portion of the pixel and extending at least substantially around the pixel periphery; 

-5- 

Claim 1(a)  
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U.S. Patent No. 11,721,714 
Claim 1(a): at least one light sensitive pixel having a light incident surface, a backside surface opposite the light incident surface, and a peripheral sidewall disposed into 

at least a portion of the pixel and extending at least substantially around the pixel periphery; 

-6- 

Claim 1(a)  
The top-view of the ISOCELL sensor, shows that the peripheral sidewalls substantially surround the pixel 
periphery.  
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U.S. Patent No. 11,721,714 
Claim 1(b): a backside light trapping material at least partially covering the backside surface; and 
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Claim 1(b)  
a backside light 
trapping material at 
least partially 
covering the 
backside surface; and 

The ISOCELLfrom the Samsung Galaxy Z Flip5 includes a backside light trapping material substantially covering 
the backside surface. 

The SEM images below show that the backside surface is substantially covered by backside light trapping 
material.  
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U.S. Patent No. 11,721,714 
Claim 1(c): a peripheral light trapping material substantially covering the peripheral sidewall; 
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Claim 1(c)  
a peripheral light 
trapping material 
substantially 
covering the 
peripheral sidewall; 

The ISOCELL sensor from the Samsung Galaxy Z Flip5 includes a peripheral light trapping material substantially 
covering the peripheral sidewall. 
 
As shown in the SEM cross-section below, the ISOCELL sensor includes peripheral light trapping material 
substantially covers the peripheral sidewall.   
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U.S. Patent No. 11,721,714 
Claim 1(c): a peripheral light trapping material substantially covering the peripheral sidewall; 

-9- 

Claim 1(c)  
As shown in the energy dispersive X-ray spectroscopy below, the peripheral sidewall in the ISOCELL sensor is 
covered with a peripheral light trapping material, comprised of silicon, silicon oxide, hafnium oxide, aluminum 
oxide, and a void. 
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U.S. Patent No. 11,721,714 
Claim 1(d): wherein light contacting the backside light trapping material or the peripheral light trapping material is reflected back toward the pixel; 

-10- 

Claim 1(d)  
wherein light 
contacting the 
backside light 
trapping material or 
the peripheral light 
trapping material is 
reflected back toward 
the pixel; 

The ISOCELL sensor from the Samsung Galaxy Z Flip5 is a sensor wherein light contacting the backside light 
trapping material or the peripheral light trapping material is reflected back toward the pixel. 
 
As shown below, light contacting the peripheral light trapping material will be reflected back toward the pixel in 
Samsung’s ISOCELL devices.  
 

 
 

ISOCELL Plus: Leading the next generation of image sensors, Samsung Corp., 
https://semiconductor.samsung.com/news-events/tech-blog/isocell-plus-leading-the-next-generation-of-image-

sensors/ (last visited March 5, 2024)  
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U.S. Patent No. 11,721,714 
Claim 1(e): wherein at least one of the backside light trapping material or the peripheral light trapping material includes a high refractive index material sandwiched 

between two low refractive index materials. 
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Claim 1(e)  
wherein at least one 
of the backside light 
trapping material or 
the peripheral light 
trapping material 
includes a high 
refractive index 
material sandwiched 
between two low 
refractive index 
materials. 

The ISOCELL sensor from the Samsung Galaxy Z Flip5 includes a peripheral light trapping material substantially 
covering the peripheral sidewall, wherein at least one of the backside light trapping material and the peripheral 
light trapping material includes a high refractive index material sandwiched between two low refractive index 
materials.  
 
As shown by the graph in the image below, the peripheral light trapping material is comprised of, for example, 
HfOx sandwiched between SiOx and AlOx.  
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U.S. Patent No. 11,721,714 
Claim 1(e): wherein at least one of the backside light trapping material or the peripheral light trapping material includes a high refractive index material sandwiched 

between two low refractive index materials. 

-12- 

Claim 1(e)  
The index of refraction for hafnium oxide (black curves) greater than aluminum oxide (colored curves). 
   

 
 

Compiled from RefractiveIndex.info (last visited March 5, 2024) (Hafnium Oxide: 
https://refractiveindex.info/?shelf=main&book=HfO2&page=Bright, 

https://refractiveindex.info/?shelf=main&book=HfO2&page=Al-Kuhaili; Aluminum oxide: 
https://refractiveindex.info/?shelf=main&book=Al2O3&page=Hagemann, 

https://refractiveindex.info/?shelf=main&book=Al2O3&page=Boidin, 
https://refractiveindex.info/?shelf=main&book=Al2O3&page=Zhukovsky, 
https://refractiveindex.info/?shelf=main&book=Al2O3&page=Kischkat, 
https://refractiveindex.info/?shelf=main&book=Al2O3&page=Querry).  
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U.S. Patent No. 11,721,714 
Claim 1(e): wherein at least one of the backside light trapping material or the peripheral light trapping material includes a high refractive index material sandwiched 

between two low refractive index materials. 

-13- 

Claim 1(e)  
The index of refraction for hafnium oxide (black curves) is likewise greater than the index of refraction for silicon 
dioxide (colored curves). 

 

Compiled from RefractiveIndex.info (last visited March 5, 2024) (Hafnium Oxide: 
https://refractiveindex.info/?shelf=main&book=HfO2&page=Bright, 

https://refractiveindex.info/?shelf=main&book=HfO2&page=Al-Kuhaili; Silicon Dioxide: 
https://refractiveindex.info/?shelf=main&book=SiO2&page=Rodriguez-de_Marcos, 

https://refractiveindex.info/?shelf=main&book=SiO2&page=Gao, 
https://refractiveindex.info/?shelf=main&book=SiO2&page=Lemarchand) (last visited March 5, 2024) 

 

 

1

1.2

1.4

1.6

1.8

2

2.2

2.4

0.2 0.4 0.6 0.8 1 1.2

Case 2:24-cv-00291-JRG     Document 4-13     Filed 06/03/24     Page 14 of 14 PageID #: 
622

IPR2025-00689 
Apple-Sony EX1015 Page 14




