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Infringement of U.S. Patent No. 10,224,359

ISOCELL HP2 Image Sensor 
Samsung Galaxy S23 Ultra 
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U.S. Patent No. 10,224,359 
Claim 1: An imager device, comprising: 

-2- 

Claim 1  
An imager device, 
comprising: 

The Samsung Galaxy S23 Ultra comprises an imager device at least because it includes a Samsung ISOCELL 
sensor. 
 
In particular, the Samsung Galaxy S23 Ultra includes an ISOCELL HP2 sensor.  The ISOCELL HP2 is a 200-
megapixel image sensor for ultra-high resolution photos.  See, e.g., D-VGT Technology of ISOCELL Image 
Sensor, Samsung Electronics Corp., June 30, 2023, available at https://semiconductor.samsung.com/news-
events/tech-blog/d-vtg-technology-of-isocell-image-sensor/ (last visited March 7, 2024).  
 

 
Samsung Galaxy S23 Ultra, Samsung Electronics Corp. 
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U.S. Patent No. 10,224,359 
Claim 1(a): at least two adjacent light sensitive image sensor pixels each having a light incident surface, and a backside surface opposite the light incident surface; 

-3- 

Claim 1(a)  
at least two adjacent 
light sensitive image 
sensor pixels each 
having a light 
incident surface, and 
a backside surface 
opposite the light 
incident surface; 

The ISOCELL HP2 sensor includes at least two adjacent light sensitive image sensor pixels each having a light 
incident surface, and a backside surface opposite the light incident surface.  
 
The ISOCELL HP2 sensor includes 200-megapixels with trenches shown here in between each pixel.  Further, the 
image below shows a light incident surface and a backside surface, opposite the light incident surface of each 
pixel.    

 
 

See, e.g., Sungbong Park, et al., A 64Mpixel CMOS Image Sensor with 0.56µm Unit Pixels Separated by Front 
Deep-Trench Isolation, 2022 IEEE International Solid-State Circuits Conference, March 17, 2022. 
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U.S. Patent No. 10,224,359 
Claim 1(b): a peripheral isolation element at least partially separating said two adjacent light sensitive pixels; 

-4- 

Claim 1(b)  
a peripheral isolation 
element at least 
partially separating 
said two adjacent 
light sensitive pixels; 

The ISOCELL HP2 sensor includes a peripheral isolation element at least partially separating said two adjacent 
light sensitive pixels.  
 
The ISOCELL HP2 includes 200-megapixels, that are separated by peripheral isolation elements that make up the 
peripheral sidewall as shown below. 
 

 
See, e.g., Hyuncheol Kim, et al., A 64µm 4-Photodiode 1.28µm 50Mpixel CMOS Image Sensor with 0.98e- 

Temporal Noise and 20Ke- Full-Well Capacity Employing Quarter-Ring Source Follower, 2023 IEEE 
International Solid-State Circuits Conference, 2023. 
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U.S. Patent No. 10,224,359 
Claim 1(c): each of said pixels having at least one doped region disposed on at least one of the light incident surface and the backside surface, 
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Claim 1(c)  
each of said pixels 
having at least one 
doped region 
disposed on at least 
one of the light 
incident surface and 
the backside surface, 

The ISOCELL HP2 sensor includes at least two adjacent light sensitive pixels each of said pixels having at least 
one doped region disposed on at least one of the light incident surface and the backside surface.  
 
The ISOCELL HP2 sensor includes 200-megapixels, each with a doped region making a photodiode, as shown 
below.   
 

 
See, e.g., Sungbong Park, et al., A 64Mpixel CMOS Image Sensor with 0.56µm Unit Pixels Separated by Front 

Deep-Trench Isolation, 2022 IEEE International Solid-State Circuits Conference, March 17, 2022.   
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U.S. Patent No. 10,224,359 
Claim 1(d): wherein the peripheral isolation element comprises at least two materials having different indices of refraction, 
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Claim 1(d)  
wherein the 
peripheral isolation 
element comprises at 
least two materials 
having different 
indices of refraction, 

The ISOCELL HP2 sensor includes a peripheral isolation element wherein the peripheral isolation element 
comprises at least two materials having different indices of refraction.  
 
The ISOCELL HP2 sensor includes 200-megapixels with peripheral side walls shown below that contain 
peripheral light trapping material comprised of at least polysilicon and silicon dioxide.  
 

 
See, e.g., Sungbong Park, et al., A 64Mpixel CMOS Image Sensor with 0.56µm Unit Pixels Separated by Front 

Deep-Trench Isolation, 2022 IEEE International Solid-State Circuits Conference, March 17, 2022. 
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U.S. Patent No. 10,224,359 
Claim 1(d): wherein the peripheral isolation element comprises at least two materials having different indices of refraction, 

-7- 

Claim 1(d)  

 
http://zhuanlan.zhihu.com/p/605284749  
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U.S. Patent No. 10,224,359 
Claim 1(d): wherein the peripheral isolation element comprises at least two materials having different indices of refraction, 
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Claim 1(d)  

 
https://semiconductor.samsung.com/news-events/tech-blog/how-isocell-unlock-the-future-of-camera-experiences/  
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U.S. Patent No. 10,224,359 
Claim 1(e): wherein said peripheral isolation element comprises a first, a second and a third layer, wherein said third layer is disposed between said first and second 

layers, and wherein each of said first and second layer exhibits an index of refraction less than an index of refraction of said third layer. 

-9- 

Claim 1(e)  
wherein said 
peripheral isolation 
element comprises a 
first, a second and a 
third layer, wherein 
said third layer is 
disposed between 
said first and second 
layers, and wherein 
each of said first and 
second layer exhibits 
an index of refraction 
less than an index of 
refraction of said 
third layer. 

The ISOCELL HP2 sensor includes a peripheral isolation element wherein said peripheral isolation element 
comprises a first, a second and a third layer, wherein said third layer is disposed between said first and second 
layers, and wherein each of said first and second layer exhibits an index of refraction less than an index of 
refraction of said third layer.  
 
As discussed above, the Samsung ISOCELL HP2 includes a polysilicon layer disposed between SiOx layers. The 
index of refraction of polysilicon (black curve) is greater than the index of refraction of silicon dioxide. 

 

 
Compiled from RefractiveIndex.info (last visited March 8, 2024) (Polysilicon: 

https://refractiveindex.info/?shelf=3d&book=crystals&page=silicon; 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 8, 2024). 
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U.S. Patent No. 10,224,359 
Claim 18: An imager device, comprising: 

-10- 

Claim 18  
An imager device, 
comprising: 

The Samsung Galaxy S23 Ultra comprises an imager device at least because it includes a Samsung ISOCELL 
sensor. 
 
See Claim 1, supra. 
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U.S. Patent No. 10,224,359 
Claim 18(a): at least two adjacent light sensitive image sensor pixels each having a light incident surface, and a backside surface opposite the light incident surface; 

-11- 

Claim 18(a)  
at least two adjacent 
light sensitive image 
sensor pixels each 
having a light 
incident surface, and 
a backside surface 
opposite the light 
incident surface; 

The ISOCELL HP2 sensor includes at least two adjacent light sensitive image sensor pixels each having a light 
incident surface, and a backside surface opposite the light incident surface.  
 
See Claim 1(a), supra. 
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U.S. Patent No. 10,224,359 
Claim 18(b): a peripheral isolation element separating said at least two adjacent light sensitive pixels so as to reduce optical crosstalk therebetween, said isolation 

element comprising at least two materials having different indices of refraction, 

-12- 

Claim 18(b)  
a peripheral isolation 
element separating 
said at least two 
adjacent light 
sensitive pixels so as 
to reduce optical 
crosstalk 
therebetween, said 
isolation element 
comprising at least 
two materials having 
different indices of 
refraction, 

The ISOCELL HP2 sensor includes a peripheral isolation element separating said at least two adjacent light 
sensitive pixels so as to reduce optical crosstalk therebetween, said isolation element comprising at least two 
materials having different indices of refraction.   
 
The ISOCELL HP2 includes peripheral isolation elements separating at least two adjacent light sensitive pixels.   
 

 
https://semiconductor.samsung.com/news-events/tech-blog/how-isocell-unlock-the-future-of-camera-experiences/ 
 
 
As explained by Samsung, these peripheral sidewalls reduce crosstalk between pixels.   
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U.S. Patent No. 10,224,359 
Claim 18(b): a peripheral isolation element separating said at least two adjacent light sensitive pixels so as to reduce optical crosstalk therebetween, said isolation 

element comprising at least two materials having different indices of refraction, 

-13- 

Claim 18(b)  

 
 

https://semiconductor.samsung.com/news-events/tech-blog/isocell-plus-leading-the-next-generation-of-image-
sensors/ 
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U.S. Patent No. 10,224,359 
Claim 18(b): a peripheral isolation element separating said at least two adjacent light sensitive pixels so as to reduce optical crosstalk therebetween, said isolation 

element comprising at least two materials having different indices of refraction, 

-14- 

Claim 18(b)  

 
 

See, e.g., Sungbong Park, et al., A 64Mpixel CMOS Image Sensor with 0.56µm Unit Pixels Separated by Front 
Deep-Trench Isolation, Samsung Electronics Inc., Samsung Electronics Inc., 2022 IEEE International Solid-State 

Circuits Conference, March 17, 2022. 
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U.S. Patent No. 10,224,359 
Claim 18(b): a peripheral isolation element separating said at least two adjacent light sensitive pixels so as to reduce optical crosstalk therebetween, said isolation 

element comprising at least two materials having different indices of refraction, 

-15- 

Claim 18(b)  
The peripheral isolation elements are comprised of at least two materials, here SiO2 and Poly-Si.   
 

 
See, e.g., Sungbong Park, et al., A 64Mpixel CMOS Image Sensor with 0.56µm Unit Pixels Separated by Front 

Deep-Trench Isolation, 2022 IEEE International Solid-State Circuits Conference, March 17, 2022. 
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U.S. Patent No. 10,224,359 
Claim 18(b): a peripheral isolation element separating said at least two adjacent light sensitive pixels so as to reduce optical crosstalk therebetween, said isolation 

element comprising at least two materials having different indices of refraction, 

-16- 

Claim 18(b)  
 

 
http://zhuanlan.zhihu.com/p/605284749  
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U.S. Patent No. 10,224,359 
Claim 18(b): a peripheral isolation element separating said at least two adjacent light sensitive pixels so as to reduce optical crosstalk therebetween, said isolation 

element comprising at least two materials having different indices of refraction, 

-17- 

Claim 18(b)  
 
 
Poly-Si (black cure) and Sio2 (colored curves) have different indices of refraction.   

 
Compiled from RefractiveIndex.info (last visited March 8, 2024) (Polysilicon: 

https://refractiveindex.info/?shelf=3d&book=crystals&page=silicon; 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 8, 2024). 
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U.S. Patent No. 10,224,359 
Claim 18(c) at least one doped region disposed on at least one of the light incident surface and the backside surface, 

-18- 

Claim 18(c)  
at least one doped 
region disposed on at 
least one of the light 
incident surface and 
the backside surface, 

The ISOCELL HP2 sensor includes at least one doped region disposed on at least one of the light incident surface 
and the backside surface. 
 
The ISOCELL HP2 sensor’s pixels include at least one doped region.   
 

 
See, e.g., Sungbong Park, et al., A 64Mpixel CMOS Image Sensor with 0.56µm Unit Pixels Separated by Front 

Deep-Trench Isolation, 2022 IEEE International Solid-State Circuits Conference, March 17, 2022.   
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 U.S. Patent No. 10,224,359 
Claim 18(d) wherein said peripheral isolation element comprises a first, a second and a third layer, wherein said third layer is disposed between said first and second 

layers, and wherein each of said first and second layers exhibits an index of refraction less than an index of refraction of said third layer. 

-19- 

Claim 18(d)  
wherein said 
peripheral isolation 
element comprises a 
first, a second and a 
third layer, wherein 
said third layer is 
disposed between 
said first and second 
layers, and wherein 
each of said first and 
second layers 
exhibits an index of 
refraction less than 
an index of refraction 
of said third layer. 

The ISOCELL HP2 sensor includes a peripheral isolation element wherein said peripheral isolation element 
comprises a first, a second and a third layer, wherein said third layer is disposed between said first and second 
layers, and wherein each of said first and second layers exhibits an index of refraction less than an index of 
refraction of said third layer.  
 
See Claim 1(e), 18(b), supra. 
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